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Scheme 1 Preparation of polyimide/silica hybrid film.
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Fig.4 Measured (filled symbols) and
calculated (open symbols and solid line)
refractive indices for Pl/silica hybrids.
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Intensity of silica peak in IR spectra
Fig.5 Lateral CTE (¢« ) for free-
standing films.
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Intensity of silica peak in IR spectra
Fig.6 Silica content dependence of
estimated biaxial modulus (E</(1- 1£)).
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Fig.7 Silica content dependence of
average thermo-optic  coefficients
(dng,/dT).



KN
o
o

RUTEY, SIINAT VRO dng/dT 1T e | (ZHEIKAT

4
LCWpoinsmEhi B8 | |
BORARBO RIS (d@nydThiE, SUnEHR  ES w 0o, 8]
(XL T, dng/dT LS VD EEROLROGE O 53 of  Gaf ® f
~NTBNTIEL P-6F (TR, D% & A & §§ o w " 1
DRI LT (Fig.9), BT IS d(An)/dT 1% CR B
BURHT (AR KT Mo B, BURHTI L I Nertcal CTE, o ppmiK]

NOFEDBBN D, Felldasy T8 OREE L L Fig8 Vertical CTES (a,) vs. average
(SRR 7358 49 THIHIEE A8 7 0L ATl Thermo-optic coefficients (dna,/dT).

RO E ORI RS I RE T, S £ ]

iﬁmJiﬁFM%@%ﬂﬁ&K%vf7quﬁ%@>égfﬁ " :

BISEEHE E o TS0 ey e JEMOT 25 o0 g |
Ang=c'(ey —¢,) ®) g‘g POF 8, 8

LESHL, ¢ HREHC Lo THREDEHTH S, danydT £5 7 - I

TR @) DIREMA ISR A TESNS, Tl ]
M 0 0) o ) @) gy e

R anlsotroples n thermo—optlc coefficient

ZZC, FR EREHZ IS W TN CTE (o)) )X (d(An)/dT).

ay =ag =2ppm/K THVIEF IZ/MSW 2D d(An)/dT X ¥ 30

o WAL EL DR, dANAT Ea, BT BE S E Ll i
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Fig.10 Vertical CTES (e« ) Vs.

anisotropies in thermo-optic
coefficient (d(An)/dT).
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IRAFE (d(ANYAT) 23, EIMREMEIESR (o | WOBIBRIIRTE 32280 VRENT=, £i2, L Uh
GHBEEZDIEICED, BOLHAREUT £ 15%, BOUEFEARE ORI EIE = 25% D #iFHC
HIET BN TE,
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