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ABSTRACT Thermal diffusivities, thermal conductivities, and specific heats of PI film and PI/SiO2

composite film at different temperatures were measured by laser flash method and differential scanning
calorimeter(DSC). The light transmission problem of thin films in the procession of testing thermal dif-
fusivity by laser flash method was solved effectively. The influences of temperature and silica content on
thermophysical properties of PI/SiO2 composite films were investigated. The results showed that thermal
diffusivities of PI and PI/SiO2 decreased, and specific heats and thermal conductivities increased with
increasing temperature. The addition of the silica could result in the decrease of specific heats and the
obvious enhancement of thermal conductivities, but the trend that the thermal conductivity of PI film
increases with increasing temperature would not be changed, which is inherent in amorphous materials.
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Fig.1 Scheme of laser flash apparatus for measuring

thermal diffusivities of submicro/micro-scale

thin films

?�IKL@D4 (Tektronix Inc., TDS3032B ;),

K1�L9�FDM6�6M356@D4KN6

MBE, A9,/"@FN4.
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7<8,=51J0K;( 8, LL+4CÆ</.
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&�67�26/,MI�QD)JN.

@�?@GO-�? (Perkin–Elmer Corp.,

DSC–2C ;) /,0� (Cp), �)"*>�,/, /

,P1� ±0.5%,B?� ±1%. /9�+",�0�

9, �&,�

λ = α · Cp · ρ (4)
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��P2UW<EV������+",, )V'�
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,=51� 40 μm, ,=;6 (>Z1�486) �

76 (5/'-F?6) VU�WVXY9, 51R
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R, �&,S$0�O)��� 3–4 3�-S, 1O

)*JN6�+",/-MI�QD.

2 YZ [\
2.1 ]PYZ^�!

�MYUN�>�$);/);��1�352

�+",/!?, �T_F/!� 41.5 μm �W Ni

X��+",, &�MI8 TPRC[9] 6W Ni ��+

",Z]=9Y[� (@ 2), " −50–200 >'7[,

^2<;\?(� 3.71%.

@ 3 � PI ��" 20 >0Z1�8#976�
U! '1D�.>, )*_9, Z]0`a%[^

'-F?, Va%E�\]E^.

�W/V6VU?WVXYEWX��E�U
Q�P26/,MI�QD, X1 PI ���/,M

I, ,/�,=RU�&��`, PI ��4_��`
� 2.34×10−4m2·K/W, VU�WVXYL?�a�
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Fig.2 Measured and recommended thermal diffusiv-

ities of Ni thin film with 41.5 µm in thickness

� 3 20 bd PI G;cf_fZ�dcgeh

Fig.3 Normalized temperature response curve of PI

thin film at 20 b
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"#2/,� PI ��"D'7��+",� 0.12–
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Fig.4 Comparison between the measured thermal

diffusivities in this paper and that in litera-

ture[4]

� 5 hn SiO2 am^ PI/SiO2 G;^<I=Jk�

d^iZ

Fig.5 Variation of thermal diffusivities of PI/SiO2

thin film with temperature at different SiO2

contents

jj

� 6 hn�do PI ^ PI/SiO2 G;^a<

Fig.6 Specific heats of PI and PI/SiO2 thin film vs

temperature

��0�%&7l, V'2 lmb�c�#0�
�\�@4. @ 6 de9�X1c�#0�\�@
4 [6] ,/� PI/SiO2(10%, l-O�) �0�=. )
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m 1 PI G;] PI/SiO2 [\G;a<^npf�

Table 1 Empirical equations of specific heat of PI and PI/SiO2 thin films

Quadratic fit Linear fit

Thin film Empirical equation Correlation Empirical equation Correlation

coefficient coefficient

PI Cp=0.863 + 0.0086T − 5E − 06T 2 0.9958 Cp=0.9126+0.0074T 0.9953

PI/SiO2(10%) Cp=0.7932 + 0.0082T − 5E − 06T 2 0.9954 Cp=0.8412 + 0.0071T 0.9949

PI/SiO2(20%) Cp=0.5659 + 0.0084T − 9E − 06T 2 0.9911 Cp=0.6538 + 0.0065T 0.9909

� 7 hn SiO2 am^ PI/SiO2 G;^<kJk�d

^iZgq

Fig.7 Variation of thermal diffusivities of PI/SiO2

thin film with temperature at different SiO2

contents
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20% 0, �&,�/`%&/;. �@1)�)%i
j\-�/\, SiO2 rspO%�>B(r�&�

t, ! �P�.
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3 Y \

1. �1�352/-E�������+",,

)*@�VU?WVXY�P2EWXE�UQ, 6
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SiO2 rspO%�>B(r�&�t, ! �P�;
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