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Photoacoustic properties of softmagnetic
amorphous Fe81B13Si4C2 ribbon
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Photoacoustic properties of amorphous Fe
81

B
13

Si
4
C

2
ribbons were investigated. The

amplitude and phase photoacoustic spectra were measured as a function of the modulation
frequency of an He—Ne laser beam. Thermal diffusivity was determined by comparison
of obtained experimental results and calculated theoretical photoacoustic spectra for
a non-annealed Fe

81
B

13
Si

4
C

2
sample and an Fe

81
B

13
Si

4
C

2
sample annealed at 600 °C.
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1. Introduction
Since Rosencwaig [1] revived photoacoustic (PA)
spectroscopy, in the early eighties, various photother-
mal methods have been used to detect temperature
changes due to irradiation of a sample with a period-
ically modulated light beam [2—4]. The PA method is
widely used for the investigation of thermal, optical
and even transport properties of materials. The PA
effect represents a process of the generation of acousti-
cal waves in a material after the absorption of
a modulated energy beam. After this absorption many
thermal and the other deexcitation processes can
appear.

The PA signal can be detected using various config-
urations. In this work the excitation of the sample was
on one side, while detection of the acoustic response
was on the other side, e.g. the so called heat transmis-
sion configuration was used. The heat that transferred
through the sample can be defined by thermal diffus-
ivity, D

T
, which is defined as the ratio between thermal

conductivity, K, heat capacity, C
T
, and density, q.

In this paper thermal diffusivity of an amorphous
Fe

18
B
13

Si
4
C

2
commercial ribbon is investigated.

A modified open PA cell (MOPC) detection technique
was used, which has a much better signal—noise ratio
compared with the construction previously explained
in the literature [5—7].

2. Experimental procedure
The experimental amplitude and phase PA spectra
were obtained using a specially constructed PA cell
[8], which was an MOPC. Its construction was opti-
mized to obtain maximal acoustical protection from
surrounding influence. In that way a very good sig-
nal—noise ratio and a flat frequency characteristic in
the frequency range 60—600 Hz were obtained. The
modification made possible the obtaining of high
quality PA amplitude and phase signals compared
with similar previously published experimental
0022—2461 ( 1998 Chapman & Hall
diagrams [9, 10]. In Fig. 1 the geometry of the PA cell
used in this investigation is given.

Amorphous Fe
81

B
13

Si
4
C

2
ribbons were measured

using an He—Ne laser as an optical source. The laser
beam was modulated by an acousto-optical modula-
tor and the sample was irradiated by a large spot
(about 6 mm in diameter) in order to eliminate the
effect of lateral diffusion in the measured sample.
A sample holder of the PA cell was used which re-
quired a disc shaped sample with a maximum dia-
meter of 9.5 mm. Each sample was mounted directly
onto the front side of an electret microphone, which
had a circular window of 3 mm diameter as the sound
inlet. The Fe

81
B

13
Si

4
C

2
ribbon was 30 lm thick.

In Fig. 2a, b PA signal amplitude and phase dia-
grams, versus the modulation frequency, for a non-
annealed commercial Fe

81
B

13
Si

4
C

2
sample are given,

respectively. Experimental values are shown by dots,
while the fitted theoretical curve is given by a full line.

In Fig. 3a, b the amplitude and phase spectra versus
modulation frequency, for the same sample but an-
nealed at 600 °C, are given, respectively.

3. Discussion
Theoretical explanation and analysis of the experi-
mental results is based on the thermal piston model of
Rosencwaig and Gersho [2] where the PA signal is
due to the periodic temperature variations on the
boundary sample—gas surface which can be calculated
using the equation
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where P
0

and ¹
0

are the ambient pressure and tem-
perature; l

'
is the thickness of the gas; r

'
"(1#j)a

'
;

a
'
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'
is the thermal diffusion

coefficient in gas, with thermal diffusivity, D
'T

, and
c is the adiabatic constant of the gas. The samples’
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Figure 1 The experimental setup of a modified open photoacoustic
cell with a heat transmission configuration.

Figure 2 Theoretical (—) and experimental (2) amplitude (a) and
phase diagrams (b), versus modulation frequency for a non-
annealed Fe

81
B

13
Si

4
C

2
sample.

temperature fluctuation, at the sample backing inter-
face, h

4
, is an essential feature which should be ob-

tained. There are several one-dimensional theoretical
approximate [9] modes which can be used to deter-
mine thermal properties of Fe

81
B
13

Si
4
C

2
samples.

The distribution of the periodic part of the thermal
flux, h, is determined by solving the following system
of differential equations
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where r2
i
"je/D

Ti
; D

Ti
is thermal diffusivity of the

layer i ; s, g and b denote ‘‘sample’’, ‘‘gas’’ and ‘‘back-
ing’’, respectively.
1946
Figure 3 Theoretical (—) and experimental (2) amplitude (a) and
phase spectra (b), versus modulation frequency for an Fe

81
B

13
Si

4
C

2
annealed sample at 600 °C.

According to the Rosencwaig and Gersho theory
[2] the solution of Equation 2 for the case of a heat
transmission configuration is

h
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"
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0
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4
r
4
sinh(r

4
l)

(3)

where k
4
is the thermal conductivity, I

0
is the intensity

of the incident light and l is the thickness of the
sample.

The experimental amplitude and phase PA signals
were corrected in the modulation frequency range
10—100 Hz. Analysis of the experimental amplitude
and phase PA signals, versus modulation frequencies,
have shown that for frequencies below 60 Hz, the PA
signals decrease. The reason for this is a decrease in
the microphone sensitivity. To correct this, the follow-
ing procedure was performed.

First, the amplitude PA signal, for a reference
sample, was measured. This was a thin Al tape (25 lm
thick). For this reference sample the theoretical ampli-
tude PA signal was calculated (using Equations 1 and
3) and then fitted with the experimental one. Agree-
ment between the experimental data for the reference
sample and the theoretical predictions was very good
except in the frequency range (100 Hz. The differ-
ence between these experimental and theoretical fitted
curves were then used as an amplitude correction
factor. Therefore, all the experimental amplitude PA
signals of Fe

81
B

13
Si

4
C

2
samples were multiplied with

the previously obtained amplitude correction factors.



Second, the corrected experimental amplitude PA
signals for Fe

81
B
13

Si
4
C

2
samples were fitted in the

frequency range 10—100 Hz with the theoretical cal-
culated PA signals. In this case only thermal diffus-
ivity was used as a fitting parameter. Using this
procedure of amplitude fitting the phase PA diagram
for the same Fe

81
B
13

Si
4
C

2
sample was calculated.

The difference between the experimental and theoret-
ical phase diagrams was then used to calculate the
phase correction factors versus frequency, which were
then used to correct the experimental phase of all
remaining Fe

81
B
13

Si
4
C

2
samples. These phase correc-

tions were necessary only for frequencies (100 Hz.
The experimental amplitude phase PA spectra were

compared with theoretical calculated diagrams. The
values of thermal diffusivity and absorption coefficient
for commercial non-annealed Fe

81
B
13

Si
4
C

2
and an-

nealed (at 600 °C) samples, are given in Table I.
These data cannot be compared with any literature

values, because as far as is known they do not exist,
so it is interesting to compare them with the properties
of pure Fe and B. For instance thermal diffusivity
for Fe is about 0.2]10~4 m2 s~1 and for boron,
D

T
"0.5]10~6 m2 s~1. The value for the annealed

Fe
81

B
13

Si
4
C

2
sample was the same as for pure boron.

The thermal diffusivity for the non-annealed
Fe

81
B
13

Si
4
C

2
sample was about 50% higher.

This difference can be explained by the change of
structure of the measured sample. The absorption
coefficient of the annealed sample was slightly bigger
compared to the non-annealed sample. It is difficult to
say that this difference in the absorption coefficient

TABLE I The values of thermal diffusivity and absorption coeffic-
ient for Fe

81
B

13
Si

4
C

2
samples

D
T
(m2 s~1) a (cm~1)

Fe
81

B
13

Si
4
C

2
Non-annealed 0.73]10~6 4.9]1011

Annealed at 600 °C 0.50]10~6 1.3]1012
was the consequence of the change of the crystal
structure. Its surface was more rough after annealing
and this may be the reason for this difference.

4. Conclusions
In this work the authors have carried out, for the first
time, an investigation of thermal diffusivity of amor-
phous Fe

81
B

13
Si

4
C

2
ribbons using a photoacoustic

method with a heat-transmission configuration.
The thermal diffusivity for a non-annealed commer-

cial Fe
81

B
13

Si
4
C

2
sample was D

T
"0.73]10~6 m2 s~1,

which decreased to 0.5]10~6 m2 s~1 when the
sample was annealed at 600 °C. It was demonstrated
that the heat transmission PA method, as a contactless
method can be successfully used for the determination
of thermal diffusivity.
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