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The versatility as well as the potential of the photo-ramic carried out using the laser induced photoacoustic
acoustic (PA) technique as a material characterizatiotechnique. Since the material preparation was done at
method has been established by several workers [1-61.200 °C, some fraction of the lead may escape dur-
Apart from providing direct optical absorption spectra,ing the preparation, so the actual lead content may
the PA technique can also be used to perform deptbe slightly less than the initial concentration. Sam-
profile analysis, thermal characterization as well as inples were prepared with excess lead oxide in differ-
vestigation of nonradiative relaxation processes [7—10]ent weight percentages and the thermal diffusivity was
In a typical PA experimental arrangement the sampleletermined for each sample with different amounts of
enclosed in an airtight cavity is exposed to an inten-excess lead oxide.
sity modulated light beam. The resulting periodic heat- The experimental set up used for the present investi-
ing of the sample is strongly dependent on the intergation is similar to the one used by Geoajal.[19] as
play of three factors, namely, the optical absorptionshown in Fig. 1. The 488 nm line of an argon ion laser
coefficient at the incident radiation wavelength, light- (Liconix 5000 series) was used as the pump beam. The
into-heat conversion efficiency and the heat diffusionlaser beam at a power level of 70 mW was intensity
through the sample. The light-into-heat conversion efmodulated using an electromechanical chopper (Ithaco
ficiency of each material depends on the nonradiativédMS 230) before it was made to fall on the sample.
de-excitation processes taking place within the sampleThe sample compartment of the non-resonant PA cell
The dependence of the PA signal on the rate of heanade of stainless steel has a diameter of 8 mm and a
diffused through the sample allows us to perform ther-depth of 5 mm. The PA signal produced in the cav-
mal characterization, especially the determination ofty was detected using a miniature electret microphone
thermal diffusivity. kept in a side chamber coupled to the sample com-
Ceramics are considered as the optimum materialpartment. The output of the microphone was processed
to solve a number of scientific and technological prob-using a lock-in-amplifier (Stanford Research Systems
lems due to the availability of raw material as well asSR 510).
their resistance to corrosion and irradiation. The unique We measured the PA signal amplitude as a function of
electro-optic and photo-electric properties of transparchopping frequency. Charpentier al. have presented
ent ferroelectric ceramics (TFC) have helped them ta frequency analysis of the PA signal for the determi-
acquire a significant fraction of the solid state optoelecnation of thermal diffusivity based on the Rosencwaig-
tronic device market, particularly in high speed light Gersho theory for the PA effect [20, 21]. According
modulators and shutters, thermal and light filters, electo this model, knowing the actual thickneds) (of
trically controlled color filters, alphanumeric displays, the sample and the characteristic frequenéy) @t
block data composers, video projectors and optoeleonhich the sample becomes thermally thick, the thermal
tronic voltmeters [11-16]. The majority of the TFC
compositions include materials prepared on the basis of

the well-known PZT system with the AB(erovskite Chopper
structure. One such material is lanthanum doped lea Argon laser £ Mirror
zirconate-titanate (PLZT), in which some®tons in

the A sites are replaced by the higher valenc¥lians.
As aresult of the difference in the valency betweefitPb
and L&, some of the A sites and B sites will be vacant
in order to maintain electrical neutrality in the structure.
Earlier studies show that the nonstoichiometry of leac
oxide as well as the doping of lanthanum introduces ¢ Lock-in- _[ PA
large number of vacancies in PLZT [17, 18]. amplifier cell
This letter deals with a study of the effect of ex-
cess lead oxide on the thermal diffusivity of PLZT ce- Figure 1 Bloch diagram of the experimental set up.
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diffusivity (oe) can be calculated using the relation TABLE | Thermal diffusivity values of PLZT with excess lead oxide

o= fclsz [21]' . Excess Sample Characteristic Thermal
PLZT samples were prepared using the CONVeNraag oxide thickness frequency diffusivity

tional solid state reaction method [22]. Samples wer@weight%)  Is (cm) fe (Hz) a (cmP 571y £ 10%

prepared according to the general formula Rhay-

(ZryTi1—y)1-x/a"x/403, Where ‘b” represents the lat- 5 0.061 22.00 0.0819

tice vacancies created to maintain the charge balan 8'822 gi'gg 8'8322

between Pb" and L&*. Although the above formula
presumes that all the vacancies are in the B sites, the

actual location of these vacancies in either tife Ar  oxide causes a large concentration of lattice defects in
B** sites of the unit cell has not yet been completely re-PZT based compositions [17, 18]. The nonstoichiom-
solved. But the co-existence of A-site and B-site vacanetry of lead oxide as well as the doping of lanthanum
cies is a clearly established one [23, 24]. In the preseray make PLZT a material with a large concentration
case, we prepared three different sets of samples wittf defects. In the present case, deviation from the stoi-
5%, 10% and 15% of excess lead oxide with respecgéhiometry of lead oxide may cause formation extended
to the stoichiometric ratio. However, in all cases thedefects apart from point defects and this may affect the
amount of lanthanum was kept constant at 9 atom pethermal diffusivity values. Also, the thermal diffusiv-
cent, which is reported to be the optimum concentraity of lead (0.245 crf¥s) itself is higher than that of
tion of lanthanum for getting good quality PLZT. Thin pure ceramic. Therefore, the presence of excess lead
disc like samples sintered at 1500 were used for the may also have some direct contribution to the increase
PA studies. Then keeping the samples in the PA cellin the thermal diffusivity value. Detailed work in this
the frequency dependence of the acoustic signal anglirection is in progress.

plitude was studied. The log-log plot of the variation In conclusion, the effect of excess lead oxide on the
of the signal amplitude versus the chopping frequencyhermal diffusivity of PLZT ceramic has been studied
for the PLZT samples with three different excess leadusing the PA technique. The observed increase in ther-
oxide concentrations are shown in Fig. 2. The transitiormal diffusivity of PLZT with an increase in lead oxide

of the sample from the thermally thin to the thermally contentis supposed to be due to the appearance of addi-
thick regime is clearly indicated in the plot by a changetional defects other than the point defects introduced in
in the slope from-1 to —3/2. Measuring the character- the material due to the nonstoichiometry of lead oxide.
istic frequencyf. at which the slope change occurs and
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