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The thermal diffusivity and thermal conductivity have been determined for lead iodide &bl

room temperature, using the photoacoustic spectroscopy. The result shows a thermal diffusivity
as=(25.0+0.4)x 10 3 cmP/s, a value very close to other semiconductors of current technological
importance. The electrical conductivity is also measured and discussetl99® American Institute

of Physics[S0021-897®8)03010-3

The sensitivity of a modulation frequency in the photoa-the experimental determination for the thermal diffusivity,
coustic spectroscop§PAS) technique has been amply dem- using PAS techniques. The conventional experimental pho-
onstrated in various thermal diffusivity measurements oftoacoustic setup, consisting of a periodically exciting light
semiconductor$:’ The fact that the PA signal depends on source an the photoacoustic cell containing the sample and
how the heat diffuses through the sample enables us to megicrophone is show schematically in Fig. 1.
sure its thermal properties. Thermal diffusivity, as optical ~ The aluminum open-ended cell used is show in Fig. 2.
band gap energy, is an important physical parameter to b&he cylindrical gas cavity has its top closed by a quartz
considered in device modeling. Like the thermal diffusivity, window, the bottom being closed by the sample itself. This
the thermal conductivity is particularly an important param-cell configuration allows different ways for the sample
eter to manufacturing devices. The measurement of thermaixcitation, i.e., from its front side and also from its rear
diffusivity « allows us to obtain the thermal conductivky ~ side. The choice between these possibilities determines the
once the density and the specific heat, are known. We kind of spectrum obtained, transmission or reflection, as
determinek by the relationk= a,pC, . well as the suitable model for treatment of the experimental

A better knowledge of both thermal and optical proper-data.
ties leads to improvements in the whole processes of device A Kondo 50 W lamp was used as light source and the
fabrication and its optimizatiot.*3 heating frequency modulated by a HMS 220 mechanical

Recently, we have determined the optical band gap enchopper, varied from 20 through 150 Hz. This modulating
ergy of lead iodide Phlby PAS, having so demonstrated the beam passes through a convergent lens and a water filter.
utility of this method to investigate the optical properties of The latter is used to “cool down” the light beam, cutting off
semiconductorg. The spectra are obtained directly from the IR spectrum components.
the amount of heat generated in a sample due to non- The acoustic signal produced in the gas cavity by the
radiative absorption processe®:}? The single crystal of sample is detected by a Sennheiser condensed microphone
Pbl, was grown by Bridgman’s method with the-axis (model KE 4-211.2and analyzed in respect to the modulator
oriented perpendicular to the growth afisTthe thermal reference by a lock-in amplifier ITHACO 3961B.
diffusivity was only measured along tleaxis, because of The amplitude and the phase angle of the photoacoustic
the difficulty of cleaving the Phlsamples along other direc- signal are recorded and interpreted as a function of the chop-
tions.

Pbl, is a wide gap semiconductor, 2:3€,<2.36 ev®

with large applicability as a room temperature deteft4r'® THERMAL
The detector leakage currentl] is proportional to the con- LENS CELL

ductivity of the material. As good detectors are expected to
have low value otd, the electrical conductivity of this ma-
terial would also be highly desirable.

Studying the Phlthermal properties, we have performed
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dpermanent address: LabonmtoAssociado de Sensores e MateridiaS),
Instituto Nacional de Pesquisas Espaci@ilPE), C.P. 515, 12.201- FIG. 1. The schematic experiment setup for thermal diffusivity measure-
970 S Josedos Campos, SP, Brasil, electron mail: ferreira@Ilas.inpe.br ments.
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60 mm per frequency by the data acquisition system, hooked up to a
—J|:||_, -} personal computer.
FRONT-SIDE _ MICROPHONE For the transmission arrangement, corresponding to the
LLUMINATION rear-side excitation of a thermally thick sample, the thermoa-
8 REAR-SIDE . . . . . 5—7
min ILLUMINATION coustic phase contribution is given by H®):
60
L %, winbo - 12_ -1
— ) WINDOW d=d,+arctafL (7/ag)f]-—1} ", (1)
O-RING SAMPLE ; St ; ; [
whered, is the initial phaseg, is the thermal diffusivityl ¢
FIG. 2. The thermal diffusivity cell in detail. is the sample thicknegt =200 and 25Qum), andf is the

chopping frequency. These parameters are determined by a
numerical least-squares fitting procedure.

In Fig. 3 we show the rear-PA intensity as a function of

the chopping frequency for the Pby sample. It is shown
that the PA intensity is proportional b *, for our best set
of measurements= —0.930+ 0.004. In Fig. 4 we show the
chopping frequency dependence of the rear-signal phase. The
solid curve represents the best fit of the data to (By.The
room temperature thermal diffusivities of Bblere mea-
sured for two different samples of 200 and 250, respec-
tively. The values obtained werea,=(24.8+2.0)
x 1073 cmé/s and as=(25.0+0.4)x 10 > cné/s, respec-
tively. The better error bar, associated with the second
] sample, is due in part to the thickness difference, but also to

0,005 ' e — the fact that we have covered its back side with a carbon-

2 40 e 8 100 black layer. This procedure enhances the PA signal stability,
CHOPPER FREQUENCY (Hz) . )
but is not recommended for too thin samples.
FIG. 3. PA intensity vs chopper frequency for the 25@-thick sample of Using the values for Pblfor ag, p=6.16 g/cni and
Pbb,. C,=0.0421 cal/g/K at 300 K, from Refs. 16 and 17, respec-
tively, one gets the value &f displayed in Table I.

The a4 is a physical parameter characteristic of each
material. Beyond its intrinsic importance, its determination
gives also our best value is one order of magnitude higher
than for Hgb (ag~10"3cné/s), which has a
Ey~2.3eV>™ The value ofas to the Pbj may also be
compared to the values of the very narrow band gap semi-

conductors PbTe Eg~0.3eV) and SnTe 539”0-2 ev).
8 Their thermal diffusivities arex,=14.2<10"3 cné/s and
1 as=26.2x 10 2 cné/s, respectively. Recently, the PA mea-
surements of the thermal diffusivity have been done for other
materials of current technological importance such as
ZnSeTe,_, and Ge:Sb:Te alloy5!® For the ZnSgTe,_,
. wide band gap alloys with €x<1 and 2.1Z%E,
<2.63 eV, the values ofs are around 16,010 3 cn/s.
200 Our value of ag=(25.0+0.4)x10 % cné/s for Pbl is

CHOPPER FREQUENCY (Hz) closely toag=(27.0+1.4)x 10~ 2 cn/s of the GgsShygTesg
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FIG. 4. Chopper frequency dependence of the rear signal. The solid curves . .- . . ;
represent the best fit of the data to Ef). The best value for the thermal Using a voltage divisor technlque, the electrical conduc

diffusivity of Pbl, is ag=(25.0+0.4)xX 10"3 cn¥/s. tivity of the Pbl, samples with gold contacts was also mea-
sured. A stable dc voltage sour@@P6632A and a multim-
eter(HP3478A were used in the measurement. The value of
TABLE |. Measured values of thermal diffusivity and thermal conductivity the electrical conductivity at room temperature is about 5
k for two samples of Phl The thermal conductivity was obtained from the X 10~ 1 0~t em™, which recognize Phlas a good mate-
relationk= aspC, rial with potential to be used as, for instance, ionizing radia-
tion detector.

Thickness(um) as (1073 cné/s) k (102 W/cm K)

200 24820 26,843 Th(_-} autr_\ors{N.V.) and(A.F.S) W(_)_uld like _to acknowl-
250 25.G- 0.4 27.4-0.9 edge financial support of the Brazilian National Research
Council (CNPg-Brazi).
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