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Evaluation of Thermophysical Properties of Out-of-Plane Direction of
Thin Films by a Perodic Heating Method
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We developed a thermophysical property evaluation instrument of the thin film in out-of-plane direction by the
2o method. The 2m method is based on periodic heating and thermoreflectance methods. The measurement result by
the 20 method agrees well with the calculation result on the basis of one-dimensional heat conduction model. The
analysis method of the measurement result and the evaluated thermophysical property of the thin film depend on the
heating frequency. The 2® method is expected as the thermal conductivity evaluation of the thermoelectric material
film.
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2. AERE
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20iEDEE OKNIX % Fig.2 12757, &R (/8 Layer
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Fig.1 Condition that thermal wave a) perfectly passes to Layer
2, b) perfectly doesn’t pass to Layer 2, c) hardly arrives to Layer

a) b) c)

.

—

3. Layer 1, Layer 2 and Layer 3 shows front layer, thin film
and substrate, respectively.
Differential
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Fig.2 Schematics figure of measurement instrument by 2m
method.

Table 1 Thermophysical property evaluation method in thin film.

Method Heating method Detecting technique Heating surface Detecting surface
Pico-second Light pulse
thermoreflectance method heating Thermoreflectance Rear / Front Front
Time-domain Light pulse
thermoreflectance method heating Thermoreflectance Front Front
AC method Light pf.:I'lOdlC Thermocouple Front Rear
heating
Light-acoustic method Light pe?rlodlc Acoustic Front Front
heating
3 method Electric perlodlc Resistance Front Front
heating
Light periodic heating Light p(-.:nodlc Thermoreflectance Front Front
thermoreflectance method heating
2@ method Electric P criodic Thermoreflectance Front Front
heating
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Fig.3 Dependence of relative in-phase amplitude on the minus
square root of the angular frequency in polyimide film at 1 um
(open circle) coated on Si substrate and 5 pm (open triangle)
coated on Si substrate. The vertical axis is Acosé. Solid lines are
results analyzed on the basis of one-dimensional heat conduction
model.
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Table 2 Thermophysical property in polyomide film.

d/pm A/Wm'K! C/Im>K"'
1 0.23 1.6 x 10°
5 0.26 1.6 x 10°
1.4
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Fig.4 The measurement result of SiO, thin film by 2® method.
Dependence of in-phase amplitude on the inverse of the square
root of the angular frequency.

4, BEENEREZZ2ITEBAL TWHEH
4.1 BIEHRH L& BEES

RIEATFEE L7277 v 2 S EER (A473T, 5tk 7 8, 1000 pm)
12 PECVD ¥EIZ 1 Bl U 72 SiO, M54 Yifi L 7=, ) i
DO 1.7 mm x 15 mm & RF A28y Z 1 (RFS-200, 7
NNy TR CeBEERBE L, &BNE 2.3 Pa @ Ar
FHHK T TS50V OEEE 187 MT 52 LI2X Y 100 nm
WA L7, JIENE, IR - BZEhTfTV, INEVE R 50

250 Hz — 10000 Hz DO FEIR CEM L7~

4.2 BIEHR

Si0, HIE DM ERE R % Figd | TRT, ETORTHEIL,
RODHENELL 2D LR L, EED W
BORERHBREEER L9 2 TR ZHY, HIFEORE
RIHBEAT > 7o, NI CRE R T L T EROBWIEEIC
DNTIE, 30iE TRl L2 8YmEER (164 Wm' K1) W
B4 v JEORREHER R (B X A R) 2.8 x10°T
m> K ZFIA L, MO BRI ET (1.6 x 10° T m™
K" ZRELE,

TR D BRI SR D% B % Table 3 2759, PECVD 75 TfE
R L7 A 3o TR L2 R M e ik L= TF — 2 &
Fig.5 12737, SRIOWAERRIL, MEICHE STV DG
REFROEEZRL TN,

Table 3 Thermal conductivity in SiO, thin film.

d /nm A/Wm'!K!
108 0.93
211 0.96
305 0.87
408 0.93
516 0.98
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Fig.5 Thickness dependence of thermal conductivity in SiO,
thin film.
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Fig.6 Dependence of in-phase amplitude on the inverse of the
square root of the angular frequency in Si (open circle), Ge
(open square), SrTiOs (open triangle) and SiO, glass (cross).



0.0014

T T T
——y=-8.1052e-6 + 1.7594x R=0.99978
0.0012 | i

0.001 E
0.0008 - E

0.0006 - E

slope (a.u.)

0.0004 - E

0.0002 - i

0.0004 0.0006

b1 s m K

0 0.0002 0.0008

Fig.7 Dependence of slope of Fig.6 on thermal effusivity in
Layer 2.

6. AEMHFEADICHA

6.1 #&

AEMEHIRE DXL - T, BXNRESEZERY Ky
DIz, FAERFZENE AN I > TG, BB B OPERER
Bz X, EReiE EIRE O (ZI) & L TUTORXTRS
ns,

Anzgf ®)

Ap

S, A, plE, TNEFNE =y 7RV K, BYER W m!
Kl BREHROmMmAZRT., T—_y 7R OEEN
<, BVRER L BEBLSIEPRMERER RO SN D, T/
MEOSGA, RFEEN/NE S BMREROZE LB S H
IND, T/ EEEFFOBGEMEER CIL, MR K
T RH T ERBESATNG,

T A— MV —F OBEMEHER 2 RN 5 72 D121,
BRI R AR ER 0 L7 T TIT O BERH D,
WA FRIEDGEE, (KEVRE R IR o @ BVRE sl R o
FHIICE L TW AR, 200 X 5 RFETIE, SMRER
FER EOERBVEE SRR OFARICHE LT\ D, 7/ A— |
VT —Z DEEMEREIZ DWW T 20751 K B HIER 2 Kk
#iTRT,

6.2 EIEH

Si FAK (280 um) L SiGe #E (200 nm) DOFITEHE T
% Fig.8 |TR"7, MlIQw) ™ TH Y, HEflE in-phase
amplitude TH 5, HE L2 HHAO)ITESNTRRE
REHETHL 58Wm! K TH 5,10

1.2

-045)
o S =
IS =N % —
T T T

/ In-phase amplitude(0.00631)

o
)

In-phase amplitude((2 @)

"

0 0.002

0004 0006  0.008

Qay*S

Fig.8 Dependence of in-phase amplitude on the inverse of the
square root of the angular frequency in SiGe thin film.
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