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The thermal conductivity of a bismuth telluride (Bi2Te3) thin film is measured at room temperature by using the 3

method.  The 3  method for thin films uses a single metal-line as both the heater and thermometer.  An ac driving 

current at angular frequency  heat the surface of the sample at a frequency 2 .  Since the resistance of a metal 

increases with temperature, temperature oscillations produce an oscillation of the electrical resistance at a frequency of 

2 .  Consequently, the voltage drop across the metal line has a small component at 3  that can be used to measure the 

temperature oscillations and the thermal response of the sample with Bi2Te3 thin film.  The differential amplifiers are 

used to subtract the  component of the voltage for the measurement of the small 3  signal as shown in Fig.1.  The 

amplified 3  component and the attenuated reference voltage are acquired to a personal computer through a 16bit DAC 

card.  The Bi2Te3 is flash evaporated onto a glass substrate, the thickness of the Bi2Te3 film is 600nm.  Silicon 

dioxide(SiO2) thin film is deposited on the Bi2Te3 thin film as an insulator, and the narrow Aluminum(Al) line and 

rectangular pads are made by evaporation through a shadow mask.  The shadow mask of silicon (Si) with silicon 

nitride (Si3Ni4) thin film is prepared by standard micro-fabrication processes (Fig.2).  The length of a metal line is 

2mm and the width is 18.4 m (Fig.3).  The measured temperature oscillations T from 3  signal is shown in Fig. 4.  

The slope of T versus ln( ) yields the thermal conductivity of the glass substrate (0.97 W/(m K)) as shown in Fig.5.  

The thermal conductivity of Bi2Te3 thin film can be calculated from the thermal resistance between the metal line and 

the glass substrate.  The measured thermal conductivity of a Bi2Te3 is 1.20W/(m K) and agrees with the reference 

data. 
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Figure 1 Schematic diagram of the equipment used 

for thermal conductivity measurements using the 3

method 

J113
The 27th Japan Symposium on Thermophysical Properties, 2006, Kyoto

- 24 -



1 2
2 2r x y

T Carslow Jaeger

[5]

0

P
T r K qr

l
                       (1) 

K0 0 1 q

2D i (1)

1qr

(1)

2

2 1 3

[3]

3

ln

4

PI dR d

l dT dV
                         (2) 

(2) 3 V Figure 

1

3 10 m

Bi2Te3 [6]

Figure 2

Si Si3N4 3µm

200nm CVD

20µm 2mm

0.5mm×2mm RIE

Si KOH

Si3N4

3

Al

(Corning7059) Figure 3

Bi2Te3 SiO2

Bi2Te3

SiO2 2

3 (2)

25~30 4

(1 ) 3

Figure 4 Figure 1

1 3 1

3

3

V3

P/l

V
3

,
V

t, s

Figure 4. The 3  voltage of the metal-line and the 

attenuated  voltage for Joule heating of the 3

measurement at 100Hz 

Figure 3 Evaporated Aluminum pattern produced on the 

surface of a glass plate 

2mm

Figure 2 Fabrication processes of a metal line for 

the 3  method 
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NOMENCLATURE 

b         :  half width of the a metal line, m 

d :  thickness of Bi2Te3 thin film, m 

I :  electric current, A 

l :  length of metal line, m 

P :  amplitude of the power, W 

r         :  distance from the heater, m 

R         :  resistance of the heater, 

T :  temperature, K 

:  thermal conductivity, W/(m K)

:  angular frequency, rad/s 
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Figure 5 Measured amplitured of the temperature 

oscillation, ∆T, of the heater/thermometer line as a 

function of the frequency of drive current. 
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