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Estimating Error of Measuring Thermal Conductivity
Using a T-Type Nano Sensor
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We discuss measuring error caused by fabrication and measurement of a T-Type nano sensor
with suspended sub-micrometer Pt hotfilm heater which have been developed to measure thermal
property of individual nanowire materials. Comparing numerical simulation and 1-dimenshional
analysis, it is appeared that thermal conductivity of nanowire material such as carbon nanotube is
calculatied 17% lower. As example, thermal conductivity measuring result of SiC nanowire is
reported and error caused by contact thermal resistance is depend on the contact length and it
becomes as much as 20% sometimes. It can be said that future measuring has higher reliability by

these error estimation.
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Fig.1 Analysis model of T-type nano sensor
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Fig.2 Fabrication process of T-Type nano senor
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NOMENCLATURE
A;  :cross section area of nanowire, m?
A error element of A;, m?
A, :cross section area of Pt hotfilm, m?
SA,  error element of A, m?
A. :contactarea, m?
D: :diameter of nanowire, m
- heating current, A
N  :number of measuring points
Q :heating rate, W
R :electrical resistance, Q
Ro : electrical resistance at 273.2K, Q
R, :electrical resistance at g,=0, Q2
Rt. :thermal contact resistance, K-W!
Rt; :thermal resistance of nanowire, K-W™
Rty : total thermal resistance, K-W™*
&R, :error element of, K-W*!
Ry :error element of, K-W?
T  :temperature distribution (function of x;), K
To :initial temperature, K
OoTy :error element of Ty, K
T, :temperature distribution (function of x;), K
T, :temperature distribution (function of x,), K
T¢  :temperature distribution (function of x;), K
AT average temperature rise of Pt hotfilm, K
AT : temperature rise of Pt hotfilm edge, K
V  :voltage, V
a :gradient (AT/Q), K-W™
& :error element of a, K-W*
b :gradient (AR/Q), Q-W*
&  :error element of b, Q-W™
d : thickness of Pt hotfilm, m
& :error element of d, m
| - length of Pt hotfilm, m
d  :errorelement of I, m
I, - length of left-hand of Pt hotfilm, m
Ay :error element of I, m
I, :length of right-hand of Pt hotfilm, m
A, :error element of I, m

I :length of nanowire, m
At :error element of I;, m
I, - length of contact area, m

g :volumetric heat generation rate, W-m™
gr : heat flux of nanowire, W-m?

r : radius of nanowire, m

w :width of Pt hotfilm, m

Sw :error element of w, m

X, :coordinate of Pt hotfilm, m

X1 . coordinate of Pt hotfilm left-hand side, m

X :coordinate of Pt hotfilm right-hand side, m

X :coordinate of nanowire, m

AR electrical resistance change, Q

a  ratio of ATy and A7] at measuring thermal
conductivity of Pt hotfilm

£ temperature coefficient of resistance, K1

1% : ratio of AT;,g and A7 at measuring thermal
conductivity of nanowire

A :thermal conductivity of Pt hotfilm, W-m™ K*

A :error element of A, W-m™* K™

A :thermal conductivity of nanowire, W-m™ K*

S error element of 4, W-m* K

A.  :thermal conductivity of amorphous carbon,
wW-m?K?
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