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Thermal diffusivity measurements of transparent conductive thin films
using a nanosecond thermoreflectance technique
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Thermal diffusivity of tin doped indium oxide (ITO) thin films with thickness of 200 and 300 nm has been measured using
newly developed nanosecond thermoreflectance system. ITO films sandwiched by molybdenum (Mo) films were prepared on
fused silica substrate by dc magnetron sputtering using ITO and Mo multi-targets. During deposition of Mo films, total gas
pressure was maintained at 1.0 Pa. On the other hands, ITO layers were deposited under various total gas pressure between 0.5
and 3.0 Pa. Such Mo/ITO/Mo layered structure was fabricated without exposure to the atmosphere between each deposition.
Mo films with thickness of 70 nm are necessary because the wavelengths of pulse lasers used in this study are 1064 nm as
pump beam and 830 nm as probe beam at which wavelength ITO is transparent. Thermal diffusivity measurement of the
three-layered films was carried out using nanosecond thermoreflectance system. The heat diffusion time increased with the
increase in total gas pressure as well as the thickness of the ITO layers. The thermal diffusivity of the ITO films decreased when
the total gas pressure increased. Such behavior of thermal diffusivity of the ITO films has been discussed in terms of the film
structure. This research was supported in part by the New Energy and Industrial Technology Development Organization

(NEDO) in Japan
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Table 1 sputtering condition

Material Thickness / nm Total gas pressure / Pa
Mo (layer 1) 70 1.0
[TO(ayer 2) 200,300 05,0.7,1.5,3.0
Mo(layer 3) 70 1.0
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Figure 1 Block diagram of the nanosecond thermoreflectance
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Figure 2 XRD patterns of the ITO films

deposited at various total gas pressures.
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Figure 3 Nanosecond thermoreflectance signals of three
layered thin films for (a) Mo(70nm)/ITO(200nm)/Mo(70nm)
and (b) Mo(70nm)/ITO(300nm)/Mo(70nm).

2
— (CITO + 4/30MU)TM0 + (CMO /CITO + 1/601"1"() + CMu)TITO

A
Crro +2¢y,
" 2¢i100m, 2clzwo )
Crro + 2Cy,
72720,
d2
Tiro = o 2
1m0
42
Tyo =22 Q)

Mo



ZIT, FIRAFIIENEN Mo|ITQO|Mo| Fused silica
ITO fi5E Mo ROETHHZ & e

ZRLTEY, d BLOWL, £ Lhirmal diffusion
NI LOBMEHER T
BB, Fiz, ¢ 3. HATHRRY R R
EODHAGRC EAED |

. o ok K ITO K M
HWTHRFEDNLERTED,
c=Cd 4 dy, diro dy,
5 Figure 4 Schematic diagram
ITO & Mo DBAIAFEHT=D0  of thermal diffusion across

HBGE T, Zhenogivs three layered film.
OtH%262X10° T/ m* K BLU253X10°)/m* K #fvv-, %
77 Mo JEOBGEBERIT, RIS CERL 7= Mo BRI T
DA —FY 7L 72 ZFEN I ARIER 244 X 10° m’s &
FH =, AR, [RICAEIZIB T, ITO THROIRIEAS 200 nm
L 300nm Tdbb 2 FFHOREE AEL QD LIR-> T, B
BlF D k0 &K BEOR DIENRENENZEUNEETHZET,
(DD ITO JEOBEELER S 1TO/Mo FUHOEMEHUEE I 2 123k
WHZEINATRETHD,
42 ITO FEEDOREELZHEE

Figure 5 (2., TTO SO MR FUEEMSHIO SR 7%
IRT, RIEOHEINZES 2N BYERERI TR L, 7, HE X R
XRD 7% — (Figure 2) 7>HEE, ITO FEOFEBEIME 95, L
7oy o T, BEOINZ IFEREMDSELESN DT80, 74/ DEL
LR A2 D2 LISBMIERER DI DIFINE & 2 i, £, 2
1.5Pa,3.0PalZEHT5&, XRD 7 F—NZBWTCE, 2T E
VT 7 ATHOREGEDE K BITTEZRNIS, BMLEER) ST, 1
FIRE NN RENDT EDN53D, —HRANT, Ao I CRiES
TV TSI MRS 3. Thornton |2 XA @S CHIM LS Rl
FEOD FHTRE (Tt Tonet) EIET AL /3T A— S — LG5~
5L (Figure 6) TR BZEMNTES, InyOs-10wt%Sn0, 1D
AU, 9 1800K” THY | Tt/ Trner V1 90,17 £725, 2%
Figure 6 [Z 4 TIH TEZ HL, 2JT 0.5 Pa Tl Zone T OAHIEIC
JBL. 22Tl OB BN S B RS E A L DT L0
WTCWD, F720.7Pa Tt BXHE Zone T & Zone 1 DEEFUZHT=
0, TR AERAEE DS BRSO DB CTHD, AU, TR X BT
BIIHXRDFERE—Ed 5, £/-. 2F1.5,3.0PaTiE, Zone 1 &
FEEIDZEBRRCALD SN B FE DR EIRA SIS, Zone | T
TXENWVRIEDT=DIT A S ZRITDS Ar 5y L1253 DRER) &
722, UTeh3 o CHEIZERELA IR T T, A HRI LT
X —ZHRRL ., B EICRWCH a7 e tes 372 L7
HERATERT 5, FE-IEBIS TS AHIRIE72 2728 | Figure 7 D85
VWZEI TR CTROIZ AT DR 7538720, ZbiTibaE%d
E 1T G N RN B VAl IV S S A TR st S I<7 i LY

2.0e-6 2.0e-7
- ®  Thermal diffusivity of ITO
4 Boundary thermal resistance
of Mo/ITO 1.5¢-7
1.5e-6 1

1.0e-7

1.0e-6
5.0e-8

A\A\‘\A—)
00 05 1.0 15 20 25 3.0 35

Total gas pressure / Pa

Thermal difusivity / m"s

5.0e-7 0.0

Boundary thermal resistance / m’KwW!

Figure 5 Thermal diffusivity of ITO thin film and boundary thermal
resistance of Mo/ITO as a function of total gas pressure.
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Figure 6 Thornton zone model
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Figure 7 The model of the shadowing effect.
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NOMENCLATURE

4 : Incident angle of X-ray diffraction ,degree
d : Film thickness, nm
c :Heat capacity per unit area , J m? K!

G : Heat capacity per unit volume , J m™ K!
A : Areal heat diffusion time , s

T : Heat diffusion time across thin film , s

K : Thermal diffusivity of thin film , m’s™
mo : The value represented ITO film
Mo : The value represented Mo film
R : Boundary thermal resistance / m’Kw!
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