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ABSTRACT. Photoacoustic spectroscopy was utilized to investigate the carrier transport and the thermal dif-
fusivity in GaAs and Si. From the frequency dependence of the photoacoustic signal, it is found that heat source was
originated from the instantancons thermalization process in low frequency region. In high frequency region, however,
the heat was generated by the nonradiative bulk recombination and the nonradiative surface recombination processes.
It was also shown that the photoacoustic effects in GaAs of a direct band gap were govemned by all three processes
and those in Si of an indirect band gap were produced by the instantaneous thermalization and the nonradiative bulk
recombination only. The phase of the photoacoustic signal showed a minimum valut in GaAs. In Si, the phase of the
photoacoustic signal was monotonicalty decreased as the modulation frequency was increased, demonstrating the
above-mentioned mechanisms of the generation of heat. By measuring the photoacoustic signal, thermal diffusivities
of semiconductors were determined to be ~0.35 cm’/s for GaAs and ~1.24 em®s for Si. In addition, the similar
values of thermal diffusivities were obtained from the curve fitting of photoacoustic phase spectra.
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Fig. I. Schematic diagram of the opcn photoacoustic
cell. In the figure, g and s stand for gas and sample,
respectively.
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Fig. 2. Schematic diagram of the experimental assembly
for the frequency dependence of the photoacoustic spec-
troscopy.
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Fig. 3. Schematics of OPC(Open Photoacoustic Cell)
with the use of the front air chamber in a common elec-
tret microphonc as a transducer medium.
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Table 1. Characteristics of intrinsic GaAs and intrinsic
Si semiconductors used in this experiment
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GaAs Si
Item
Depant None None
Thickness (urm) 350 351
S“'fa:’ I:"“Sh Polished Polished
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Etched Etched
Back c
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FFGol| A M= A 8EE 2oz FA
S ARE S, 2000 Hz o|Abe] WEFIol A&
vlo| AR EY ZHgAgs) & PLYAlF U3}
7} Bo]A) ¢7) wiEel| WHz:Fupp o] 200~
2000 HzQ) 7belld AjlE S3ysiaiot. A o4
AF2-3F Z1 A (intrinsic) GaAss} 214 Si HEE A2} B
A& Table 19| el gie}.

2 3 2§
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Fig. 4. (a) PA signal amplitude and (b) phasc of PA sig-
nal for the intrinsic GaAs and Si as a function of mo-
dulation frequency.
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Fig. 5. Log[PA signal amplitude] for the intrinsic GaAs
and Si as a function of log[frequency].
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Tabie 2. Linear slope of logjphotoacoustic signal] vs.
log[modulated frequency] in various frequency ranges

Frequency Slope

range(Hz) GaAs Si
200~520 -1.9002 - 1.5037
540~680 -1.6211 -1.5322
700~1000 -0.7520 - 1.6671

1020-2000 -0.7032 -1.6137
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Fig. 6. Phase of PA signal and data fitting from theoret-
ical PA phase equations as a function of modulation fre-
quency for (a) intrinsic GaAs and (b) Si.
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