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Measuring the thermal boundary conductance between graphite and thin film
by time-domain thermoreflectance

N B (HKBE) e EREE GRORER)
clE T #F (HRCKB2) fIE Julll 5k (RKB2)
clE R E-E GROKBR)

Takafumi OYAKE', Yutaro IWASA', Shohei CHIASHI', Shigeo MARUYAMA' and Junichiro SHIOMI'
'Dept. of Mech. Eng., The University of Tokyo, Bunkyo, Tokyo 113-8656

In this study, we measured the thermal boundary conductance (TBC) between highly oriented
pyrolytic graphite (HOPG) and metals by the time-domain thermoreflectance. To get the
thermoreflectance signals, we deposited an aluminum thin film on the HOPG substrate and measured
film thickness using acoustic echo generated by stress pulses induced in the metal film by the laser pulse.
As a fitting model, we constructed one dimensional multi layer model, and used two fitting parameters,
thermal conductivity of the HOPG and TBC between the HOPG and aluminum thin film.
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Fig. 1: A diagram of time-domain thermoreflectance setup.

Probe
@ (b)
Pump >
T
Althinfilm kg Dy du Al thin film /
THOPG T, Al

z HOPG kior Drora

dyorc HOPG FG(TAI - T HOPG)

z

Fig. 2: Illustrations of the heat conduction model in this study: (a)
sectional view; and (b) TBC model.



{q}_ cosh(gd) —;meWD{%}_M{%} )
I} | Zkgsinh(gd)  cosh(gd) |0 o

—J5, iR 1 SR 2 O R EICRT 2 BVEEIZRG) TR T
5.

o el -6

Q) EX@)EHNTHAOITRT T L =7 AHEE-HOPG
P TV OREIERE 6, & HOPG IR O K HEHIEE 6, DRGNS
KEB.

it G-l ol
fb HOPG © AI-HOPG Al f; C D f;

I HIT, ERER CEWRIR =0 RKET DL, ROWIHRTE
HRE DA > 7OV RIS Ho)B3RED.

H@F—g ®)

ZIZTRDE Ho)ld LTEY 2 b—2 g Y OMEETE
92 EW, R icxt+ 2 7 v —7oR RN ¢ 128
F %2 7 FOIRIE EAFRDF(6)DHRED.

Z(@,) =AY H(w, +mao,)e™"" ©)
I TV 2 b— g VEERE, o373V AL
B, AR TmES T a—T HMmEIC L o TR E D
EBTHD. A #RELIIRODDZLIIREETHL 7D, 4
DOIEDOFTHEEEIT, FEEDORE TOH N ERE & —Ed 5
XA DBBAILEAT -T2,

3. BRBLUBE

A FEBRTIT HOPG (Z SPI Supplies £1:0> SPI-1 Grade % i [
L, ZORMEIIPIEZEAELEEZRANTT VI =0 AL
L, o PV EER L. £, BELEZ7 LI =0 A
OIREZRET D720 05 ps A THADY 7Y v 7 &AT
W, SV Z DR AR DT, 3R TIETENS, i
2OV ADEHIE 24.0 ps THDHZ LRGN0, ZOEHIIR
LCT7 A= ADEH 6420 m/sO% V5 = & TIEE 77.1
nm BARED.

SOV T NITENT, SV A L —F—0# Y K LB K
80.21 MHz, E¥ = L — ¥ 3 VA% 9.58 MHz, & /17L&
JEHI X W RDTFEE, £ 1IZRT T A =7 5K ONHOPG @
WYEEZ AW CTHEET A EZFHH L, kuorss Garnors & 22X
ELTCERE~DT 4 T 4 T EIToT-. I BYHET L
BT E L TWD T, R 7 k- The &
NETNVI=TLOBEBFN T4 ) VNI RX AT —FE LT
A RPTECTE I B A Y, KRR & WIRE T L O TRk
BHDEEZEZ LI, KL TIE IR ~E -T2
A9 EF 2 HID 200 ps OIRIEME THAALZITV, ZILLIRE
DEBRAE L MIRET MK L TR/ RIECE-TT 4 >
T4 T Tl T4 T4 TRERE, T4y T4
WZE o> TRD BT Garnorg PIEE 20 %EHE w7541
B ER 4 12739, ZHUCKVRE 572 kyopg 1 6.7
Wm'K!' TH Y, Ganorg 13 33 MWm?K! TH %. HOPG D
BUALERIMOEROBEICL DL 6 WK FRETHDO,
AEBRTRESMHELIEE TS, 2y, SE0FER
12 &5 TRD 7 HOPG OEMRER T IE LW & B X b, [FIRE
WHIE S =7 0 2 = A-HOPG filo TBC 33 MWmK! 1%
RYEPMETHD EEZBND. FOMEITFREUEEZIT -T2
Va7 nI=u s TBC ThHD 350 MWmK ' © L b
B LT—H/NEL, TS ZANLRET HEEENT =D
+oEWNEITE 2720,

549 [ H AYGE R D AR (2012-5)

Table 1: Thermal properties of aluminum (Al) and HOPG used in
the physical model.

Volumetric heat capacity Thermal conductivity
[10° Jm™K ] [Wm'K]
Al 2422 238
HOPG 1.612 Fitting variable
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Fig. 3: Acoustic echo data from the AI-HOPG sample. The time
between the echoes is 24.0 ps. By taking the longitudinal sound
speed of aluminum 6420 m/s, the thickness of the aluminum thin
film 77.1 nm is obtained.
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Fig. 4: A TDTR amplitude signal of HOPG and the best-fit to the
theoretical thermal conduction model. The dashed lines are
analytical results using the TBC between Al thin film and HOPG
with -20% and +20% changes to the best-fit value, respectively.
The best-fit thermal conductivity of HOPG and TBC are 6.7
Wm'K ™" and 33 MWm?K, respectively.
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