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Thermal diffusivity a is a very important parameter in the study of some thermal processes and phenomena. But it is
difficult to measure for some thin samples, e.g. thin films and coating layers, with traditional methods. Recently a new
technique for detecting thermal diffusivity with PAS has been developed. This paper describes the theory and
experimental results using this technique.

1. Theory The I-D solution T;(Z)exp(iwt) of region j
(j=0, or 2) is given by
Assuming only the sample absorbs the light with

absorption coefficient for excitation and located in To(Z) = [BP|nk\(B* — oD)]
region 1. The radial dimensions of three regions _
are considered as infinite because their lateral sizes *[(r = D(1 + b)exp(ah)
are much larger than the light radius a and their + (r + 1)(1 — b)exp(— a1l1)
thermal diffusivities length u=(2a;/ w)"* and I,>uo, . _
LL,>u,. The temperature rise 7(r, ) in each region +2b = nexp(= fh]
satisfies the following equations *[(1 + g)(1 + b)exp(a:l1)
— — - — DT
BT, 1) — (1/@)[9T(r,)/90] = O, (1= &l = Dexp(= bl
-exp(0oz) (3a)

(j=0,2) (la
D’Ti(r, ) — (1] a)[d T (r, 2)/ 19]
= (— 2Pof | n*atk:)
-exp[— fz — (2r*/ab) + iwt] (1b)

To(z) = [BPo/nki(B* — ai)]
*{[(r + 1)(1 + g)exp(a1l1)
+(r = 1)(1 — g)exp( — a1h)]
-exp(— ph) — 2(g + )}

and boundary conditions «[(1 + 21 + bexp(oih)
To(r,0,1) = Ti(r,0,1), — (1 = &)1 = byexp(— o)™
Ti(r, 1, t) = Ta(r, I, 1), (2a) -exp( — 022) (3b)

ko[9To]9z)-0 = kn[9T1/ 9z, where a=(iw/a)), g=Kooo/kio1, b=k:02/ k101,
ki[dT1/9z)=1, = k2[0T3/ 9z)=1. (2b) r=f/01, w=modulating frequency, k=thermal
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conductivity, a=k/pC thermal diffusivity, p=
density, and C=the specific heat, and Po=the light
power. If the medium in region 0 or 2 is gas, the
PA signal p(¢) is given by

PO = (= yPIT) |, Texp(iwi)dz
= [~ yPwexp( — in/4)/\/2 T T(z)
-exp(iwt) 4)

where j=0 or 2, z=0 or /;, y=the ratio of the
specific heats of gas, P and T=the ambient pres-
sure and temperature, respectively. When both
media in regions 0 and 2 are gas and the sample is
a strong light absorber, the phase responses of the
PA signal in region 0 and 2 are obtained from Egs.
(3) and (4) with g, b<1 and r>1 is:

po(f) = (— 7/2) — tan '[sin(2x)/sh(2x)]  (Sa)
92(f) = (- m/2) — tan '[tan(2x)/tanh(2x)] (5b)
where x=(nf/f.)"?, and f.=ai/Ii=the character
frequency of the sample. If the thickness /; of the
sample is known and its phase response @;(f) is

determined, its thermal diffusivity a is obtained
from Eq. (5) easily.

2. Determination of phase response for detection
system

The PA detection system is shown in Fig. 2. The

Region 0 1 2
microphone sample microphone
Laser
%
— z
-1y 0 1, 1,+1,

Fig. 1. PA cell and three-layer theoretical model.
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Fig. 2. PA detection system.

measured phase response @(f) consists of the
sample and detection system phase response

9(f) = 9i(f) + ps(S). (6)

The theoretical sample phase response @;( f)
calculated from Eq. (3a) is shown in Fig. 3.
Obviously, @;(f)=0 and ¢(f) when f<2.5f.
Selecting a sample whose f is lower than 0.4f/L( fL
is the lowest interested frequency), the system
response @s(f) can be measured with a ceramic
sample whose f.=0.44 KHz and /;=1.503 mm (Fig.
4). Therefore the ¢;(f) can be obtained by de-
ducting the ps(f) from ¢(f) in 5-1000 Hz. When
the sample is a thin strong material, we put it into
the PA cell and determine the phase responses
or(f) and gr(f). Reducing the gs(f) from ¢(f),
the phase responses gor(f) and g:r(f) are ob-
tained. Fitting the por(f) and p2r(f) to that given
by Eq. 5a and 5b by a microcomputer, the thermal
diffusivity a; of the sample and fitting error Q can
be obtained immediately. If the sample is diamond
powder, we place the powder in just one layer of
thickness /i, equal to the average diameter of the
powder on a transparent paper as a sample. Then
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Fig. 3. Theoretical sample phase response.
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Fig. 4. Detection system phase response.
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Table 1. Experimental results of thermal diffusivity (cm/s)

PAS technique Thermoconductor
Sample A Front exic. por(f) Rear exic. gar(f) )
a(cm/s)
mm)  gemis) Q%) alemds) Q%)
Cn
Armoc Fe 0.635 0.17 1.70 0.18 1.56 0.18-0.20
Cu 2.200 0.95 3.90 0.96 0.23 1.01
Alloy Al 0.611 0.583 1.30 0.542
Ge 2.152 0.352 0.56 0.35%
Diamond ceramic
Hs 2.250 1.59 1.03 1.56 3.50 1.64
His 2.200 2.00 2.10 2.03 2.40 2.10
Hio 2.478 0.44 0.63 0.48 1.28 0.48
Paper
2-3 0.249 2.9x107 433 3.1x107 8.63
2-1-2 0.261 3.4x10 2.10 3.5%107° 6.91
Blue 0.120 6.9x10 4.74 7.2x107 4.83
White 0.143 1.1x107° 1.61 1.1x107° 8.71
Diamond powder
JRS 0.280 2.70 2.16
JR} 0.323 2.99 2.82
JRS 0.309 3.45 3.67 2.88-4.12%*
JR3 0.284 2.73 2.48

*This value and **this value are given by Ref. 2) and 3) respectively.

the @or(f) and the thermal diffusivity can be
obtained by the same method.

3. Experimental results

The thermal diffusivities of some samples are
measured by Microphone-PAS. The results are
shown in Table 1. The results determined by Laser
Thermoconductor are also given in Table 1. They
are in good agreement.
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