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Correction of Edge Effect in AC Calorimetric Method
for Measuring Thermal Diffusivity of CVD
Diamond Films'

Y. Gu,>° F. Liao,> and I. Hatta*

In the thermal diffusivity measurement of a CVD diamond film using an ac
calorimetric method, the reflection of an ac temperature wave at the edge of the
film sample should be considered due to the limited length of the sample and
its high thermal diffusivity, i.e., the edge effect. In this case, the measured ther-
mal diffusivity is given as a function of frequency. The relation between the
measured thermal diffusivity and the frequency is represented as an analytical
expression. The real thermal diffusivity is obtained by correcting the edge effect
by two means. One is an iterative method using the directly measured edge
length of the sample to fit the analytical expression. The other is a parameter
estimation method by which a simplex method is used to estimate the edge
length and the real thermal diffusivity. Thermal diffusivities of two diamond
films were measured, and data were analyzed using the above methods. The
result shows that the parameter estimation method is relatively accurate and
convenient in processing test data.

KEY WORDS: ac calorimetric method; CVD diamond film; edge effect;
parameter estimation; thermal diffusivity.

1. INTRODUCTION

An ac calorimetric method for thermal diffusivity measurement of thin films
has been developed successfully in recent years [ 1]. A chopped light beam
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is applied to the surface of the platelike sample of thin-film partly
shadowed by a mask moved along the surface. A modulated uniform light
beam irradiated on the surface of the sample converts a uniform heat flux
Qe™'. A temperature wave with the same frequency as the heat flow
propagates along the surface of the sample. A fine thermocouple with a
diameter smaller than the thermal diffusion length is attached to a part of
the sample lying under the mask. The ac temperature amplitude is measured
as a function of the distance between the thermocouple and the center of the
heat source. By measuring the relation of the amplitude with the distance,
the thermal diffusivity in the direction of propagation can be given by
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where |T(x, t)| is the amplitude of the temperature wave and w is the
angular frequency of the heat flux.

For the case where the sample has a high thermal diffusivity and
limited length—for example, a diamond film—usually the temperature
wave will reflect at the ends of the sample. This reflection will cause the
measured thermal diffusivity from Eq. (1) to vary from the real thermal dif-
fusivity. This is defined as an edge effect. In order to obtain the real thermal
diffusivity, a correction for the edge effect should be carried out.

In this paper, two methods of correction of the edge effect are presented.
The first is an iterative method using the directly measured edge length of
the sample to fit the analytical expression which gives the relation between
the real thermal diffusivity and the measured value with the edge effect. The
second is a parameter estimation method developed recently. The second
method is recommended because of its accuracy and convenience. The
results of experiments on CVD diamond films are reported.

2. PRINCIPLE

As shown in Fig. 1, an ac thermal energy with uniform strength Qe™*
was applied by chopper light irradiation.

The distance between the center of the irradiated region and the ther-
mocouple is denoted by /. For the case where the sample has a high ther-
mal diffusivity and limited length, when the temperature wave reflects at
the edge denoted by —n, the edge effect should be taken into account. The
real thermal diffusivity of the sample is different from the apparent value
and can be determined by the following equations [2]:
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Fig. 1. Schematic view of ac calorimetric method.

where k =./w/(2a) is the decay constant of the ac temperature wave, o is
the real thermal diffusivity, and a, is the apparent thermal diffusivity
obtained by Eq. (1) in the experiment.

There are two ways to correct the edge effect and calculate a with

Eq. (2):

1. After measuring the value of (n—/) directly in the experiment,
obtain a by an iterative calculation with data on a series of
apparent thermal diffusivities and frequencies f, i.e., o [3].

2. Apply the parameter estimation method to estimate (n—/) and
o simultaneously with data from a series of apparent thermal
diffusivities a, and frequencies f, i.e., w.

For the parameter estimation method [4,5], we define the object
function J as

J= ]ZV: [oai— fln—1 o ;)] (3)
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where i=1, 2,..., N, and N is the number of measurements.
Using Eq. (3), the values of n—/ and « for which the variable J
obtains a value less than a previously set maximum can be found by using
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parameter estimation programs. These values are the desired optimal
values of n —/ and a.

3. EXPERIMENT AND RESULTS

The ac light was supplied by an optical system with a halogen lamp
as a light source. The sample was placed in a vacuum chamber with a ther-
mocouple attached on the surface to detect the temperature signal. The test
frequency f (w =2znf) ranged from 0.4 to 8.0 Hz. The heat loss was con-
sidered to be negligible.

Free-standing CVD diamond films were tested. The thermal dif-
fusivities of two samples, A and B, were measured. The SEM images of
these two samples are shown in Figs. 2 and 3. The amplification coefficients
of the two images are both 600:1.

Fig. 2. SEM image of sample A.
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Fig. 3. SEM image of sample B.

Table 1 presents the measured and calculated results for samples A
and B. The thermal diffusivity of B is much larger than that of A. This
result is expected since the grain size of film B is much larger than A as
shown in Figs. 2 and 3.

Table I. Measured and Calculated Results for Diamond Films

Method 1 (measured) Method 2 (estimated)
Sample  Thickness (um) n—/ (mm) « (cm?-s7') n—1I (mm) o« (cm?-s7")
A 50 11.80 2.99 12.89 2.98

B 140 10.44 6.12 11.96 6.30
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tape holder sample thermocouple

Fig. 4. Installation of sample on holder.

From Table I it is noted that the estimated n — / is slightly greater than
the measured value. After reviewing the method of installing the sample on
the holder in the experiment, tapes were attached to the sample to suspend
it on the holder as shown in Fig. 4.

Obviously the tapes reduce the edge effect, since, when the tempera-
ture wave propagates at the sample end, part of the wave can disseminate
into the tape and not be reflected. The effect is analogous to prolonging the
sample somewhat. The estimated value of n —/ includes this installation
effect. In Fig. 5 the results of method 1 (measuring n—/ directly) and
method 2 (parameter estimation) are compared.

The data points (stars) from method 2 fit the theoretical curve
calculated from Eq. (2) better than those from method 1. Thus, the use of
the parameter estimation method to determine the thermal diffusivity a is
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Fig. 5. Edge reflection effect.
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more accurate than directly measuring n —/ and then iterating to find the
value .

4. CONCLUSIONS

1. An ac calorimetric method can be successfully used to measure the
thermal diffusivity of CVD diamond films. Because of the finite length of
the sample and its high thermal diffusivity, an edge effect correction to the
measured value should be made.

2. Two ways of correcting the edge effect are presented. It is shown
that the parameter estimation method is more accurate and convenient
than the iterative method with direct measurements of the value of n— /.
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