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A Study on Thermal Conductivity Measurement and
Optical Characteristics of Thin Films

A A
(Hyuk Rok Gwon - Seong Hyuk Lee)

Abstract — The present article investigates experimentally and theoretically thermal and optical characteristics of thin
film structures through measurement of thermal conductivity of Pyrex 7740 and reflectance in silicon thin film. The 30
method is used to measure thermal conductivity of very thin film with high accuracy and the optical characteristics in

thin films are

studied to examine the influence of

incidence angle of light on reflectance by using the

CTM(Characteristics Transmission Method) and the 633 nm He-Ne laser reflectance measurement system. It is found
that the estimated reflectance of silicon show good agreement with experimental data. In particular, the present study
solves the EPRT(Equation of Phonon Radiative Transport) which is based on Boltzmann transport equation for predicting
thermal conductivity of nanoscale film structures. From the results, the measured thermal conductivity is in good
agreement with the previous published data. Moreover, thermal conductivities are estimated for different film thickness. It
indicates that as film thickness decreases, thermal conductivity decreases substantially due to internal scattering.
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Fig. 1 Gold heater patterns for measurement of thermal
conductivity using 3o signal.
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Fig. 2 Experimental apparatus for 3w thermal conductivity
measurement.
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Fig. 3 Experimental apparatus for reflectance measurement.

2203



BREEHE 568 12% 2007F 12R

3.0[2X wid A X

gg

M7y

7 249
A&7 YA Fig. 1l A %E* O%EH 74 €] Z%x}i
o ENANGEE

EZ\L 24 A

o013 m Ay

o oy o L &

_ cos(—)\—nmdm) ZSIH( A nmdm)
M=, . ®)
in, s1n(Tnmdm) oos ( 3 n,d. )

o} &3, WAL} F3 Fresnel A4 &3 go] 24
[M(1,1) + M(1,2)n Jn,— [M(2,1) + M(2,2)n.]

T IML D) + ML, 2)m it M2, 1) + M(2,2)m ]

2na
T LD T M2t ) 2.0 ]

HZ2H o2 BAl, £3 Fresnel ATE o] &3ty &
o Gz vWAERY FHE(NE Oy o 7
A THOII.

&

-1

—

[

a8 4 okE gap x| JiEE,
Fig. 4 A schematic of the multi-layer structure.
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3.2 EPRT(Equation of Phonon Radiative Transfer)
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Fig. 5 Transmission and reflection of phonon at an interface.
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Fig. 9 The schematic of thin fim for the prediction of
thermal conductivity.
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