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Abstract:

Far infrared spectra of sintered PbTe doped with boron were analyzed. The measured
infrared spectra were fitted using a modified plasmon-phonnon interaction model with two
additional oscillators (at about 195 cmi* and 285 cm™) representing local B-impurity modes.
The obtained results were compared with previously published data for a single crystal PbTe
sample doped with boron.
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Introduction

Properties of AB"' compounds and alloys doped with group IIl eleménits, Ga,
Tl, B) have been intensively studied for more tloawe decade [1-5]. Special attention has
been paid to doped alloys, where impurity centexsvige the existence of Fermi level
pinning and the persistent photoconductivity effettlow temperatures [2]. Although
particular attention has been paid to alloys dopath indium, the strongest effect was
noticed when PbTe was doped with boron, becauskdian atom is very small compared to
the Pb and Te atoms. Boron ions in PbTe are ntteatenter of inversion symmetry and
vibrational local modes could be both far infraraeld Raman active [4,5]. For a boron
concentration of about 3 at%, the plasma frequerasy the lowest at about 130 ¢fd]. As a
consequence of this one should expect a decreasbeofree carrier concentration and
increased mobility. These properties are important the production of infrared high
performance lasers and lead telluride-based serisorspace-born applications. Since all
these properties were determined for single crgstaiples whose production is expensive the
idea was to determine if sintered PbTe+B samplesldvhhave similar properties. Such
sintered samples could be used for making muchpanethick film devices. Thus, in this
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work we have studied sintered (from powder) ledidride samples doped with boron. Their
structural and optical far-infrared properties wereasured and compared with single crystal
samples [4,6].

Experimental

PbTe powder (Alfa, purity 6N) was milled with 3%t B (Alfa, purity 2N) and then
pressed into pellets 10mm in diameter with a pressfi 1.5 GPa. The pellets were then
evacuated in quartz tubes and sintered at 600 @efC 7#or 10 hours (denoted S1 and S2,
respectively). These two sintering temperaturesvedosen in order to get some idea of the
influence of the sintering temperature knowing thatmelting temperature of PbTe is 9T7
The sintering time of 10 hours was selected asna for which the sample should be fully
sintered. Obviously, in order to determine the ropti sintering procedure, a study of the
influence of different sintering times and temperes should be conducted. In this work we
wanted to analyze whether sintering PbTe with Bogave samples with applicable
properties.

The crystal structure of the samples obtained wasstigated using X ray diffraction
on a Philips PW 1710 difractometer with Ni-filteré€uK, radiation. SEM analysis was
performed using a JEOL LSM-840A scanning electrdaroscope. Room temperature far
infrared reflectivity measurements were performeathwear normal incidence light in the
range between 50 and 500tmsing a Bruker 113V FTIR spectrometer. All samplese
polished first with silicon carbide P1500 sandpag@t then with @m grade diamond paste.

Results and discussion

X-ray diffractograms obtained for samples S1 anda&2given in Fig. 1. All Bragg
reflections belong to a PbTe lattice with a NaGiapgroup.
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Fig. 1 X-ray diffractograms of sintered PbTe doped withr@h

The microstructure of sample S1 seen on Fig. Zamposed of bigger and smaller
grains with scattered regions where open porositfisplayed. At 700 (Fig. 2b) — sample
S2 the structure becomes more homogeneous, comjoatteel microstructure seen on Fig. 2a,
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with obvious formation of areas with closed ponpsitdicating the final stage of sintering
process.

The density measured for these two samples wast &8 for sample S1 and
6.464 g/cm for sample S2. The density of single crystal PIsT8.24[7]. Thus the density
measured for the sintered samples was 73.8% aB&07@ the single crystal value, showing
that the obtained sintered samples had a certaosipp that was confirmed by microstructure
analysis (fig. 2). There is obviously space fopiovement of the sintering conditions (time
and temperature) applied in order to achieve higkesity values.

Fig. 2 Micrographs of PbTe doped with Boron sinteredt6 (a) and 70TC (b

The room temperature reflectivity diagram, as acfiem of the wave number, for
sample S1 is given in Fig. 3a and for S2 in Fig. Bhperimental results are given with
circles, while the full line was calculated usingredified four parameter model for the
dielectric function [8] that takes into account tkistence of plasmon-LO phonon
interactions [9]'

o
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1)
wherew; andy; are parameters of the first numerator which reprethe eigenfrequencies
and damping factors of the longitudinal-phonon (LBy waves, which arise as a result of
interactions of the initialig.o, PbTe andv,) modes. First denominator parameters correspond
to transversal (TO) vibrations, is the damping factor of plasma. The second term i
equation (1) represents the local impurity modéw third term represents uncoupled modes
of the host crystal. The reflectivity spectra wereasured down to 50 ¢inso the value at 32
cmi’ for the transverse phonon frequenay,was taken from the literature. [3]. The values of
plasma frequency were calculated using the follgvequation [9]:
W14 2 (2)
[

The values of the optical parameters calculatenigusguations 1 and 2 are given for

both samples in Tab. I.

C()p=
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Tab. | Optical parameters determined for sintered PbTmedowith Boron (all values are
given in cn, excepiy, that is in crVs andep)

W | (7] Wi | Y1 | W Yor | Gh2 | Y2 | Wopbte | Morote | W | En Hp

S1| 126) 31.2 30.8 24P 147 194 b0 286 103 104 8Q7 nz13| 980

S2| 134| 49 30.8 249 90 1968 70 285 Y5 104 316 1326 |11193

Looking at Fig. 3, one can see that besides wglbsad plasma, there are two local
modes better exposed for the sample sintered dtehitemperature (70Q). Also in
agreement with this statement one can see in Ttdat ithe damping factors of both modes
decrease for the sample sintered at the highegrgigttemperature. The plasma frequencies
are slightly different. Using the method of Mossakf{10] we calculated the optical mobility
of free carriers in both samples. For sample Sloglial mobility was calculated to be 980
cn/Vs while for the sample S2 it was 1193%¥s. Looking at the shape of plasma minima
for both samples in Fig. 3, this is expected.
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Fig. 3 Measured (circles) and calculated (full line) fiafrared reflectivity spectra of PbTe
doped with Boron sintered at 6@(a) and 70TC (b)

Using the hot point method, we concluded that lmathsample were of the “p” type.
Knowing that the standard value for room tempegatuole mobility of PbTe is only 750
cn/Vs one can say that our sintered PbTe doped witbrbsamples are of a very good
quality. This means that these sintered samplekl dmi used for making IC detectors and
sensors for infrared astronomy. Our results carcdrapared only with several published
papers [4,5].

For single crystals PbTe doped with boron, threallmmodes at 156 ¢ 210 cnt
and 260 cm were observed and analyzed [4]. There it was ssgapthat, similarly to PbTe
doped with In, boron in PbTe has an unstabfesBite which may transfer to a less unstable
form: 2 B?=B*+B*. Also, the B state can transfer as follows' B B*+2e. The metastable
state (B for single crystal PbTe doped with boron was debeed at 156cim while two
electron stable states Bwere at about 210 chrand finally the (B") empty center was at
about 260 cm [4]. In the case of sintered PbTe doped with baamples only two impurity
modes can be registered, one at about 195 iostead of 210 cthand the second one at
about 285 ciinstead of at 260 cthThis mode shift could be the consequence of théeapp
sintering procedure. Compared to single crystalpdasnthe sintered samples have a lower



P.M.Nikolic et al./Science of Sntering, 39 (2007) 223-228 227

density, resulting in open and closed porosity thetclearly seen in the sample
microstructures (Fig. 2). Porous PbTe was studigd 1] and the spectral dependences found
differed for the ones obtained for the single alsthis was attributed to possible quantum
size effects [11,12] and this could also be thes das sintered PbTe with Boron. The third
local mode registered at about 156 cfar single crystal [4] could not be observed forr o
sintered samples as we observed a plasma effetttatinfrequency range that was much
stronger and could cover any other effect (mode).

Conclusion

In this work we have measured and analyzed faaiat reflectivity spectra of PbTe
samples doped with 3at% Boron sintered at two teatpees (600 and 700, for 10 h). We
observed plasma minima for both samples, sintete80@&C and 700C, at very low wave
numbers that is consequence of the high samplétyjubhis was proved by calculations of
the optical mobility of free carriers for both sdegpthat was higher than for standard single
crystal pure PbTe. This means that sintered Pbpediaith boron has improved properties
and could be used for making much cheaper thick fiintered sensors than single crystal
ones. Two local impurity Boron modes were obserae@bout 195ch and 285 cil and
their position slightly differs from single crystalodes due to the applied sintering procedure
or even possible quantum size effects.
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Caopicaj: Ananusupanu cy uH@paypeeHu cnekmpu 01080 Meaypuod OONUPaHoe ca OOPoM.
Hsmepenu cnekmpu cy pumosanu xopuwhersem mooena niasmoH-gpoHOHCKe unmepaxyuje ca
06a dooamna ocyunamopa (na oxo 195 u 285 cm*) koju npedcmasmajy nokante modose Gop
Heuucmohe. J{obujenu pesyimamu cy ynopehenu ca pawuje nyOIUKOBAHUM NOOAYUMA 34
KpUucmai 01080 meuypuoa 0Onuparoz Oopom.

Kuwyune peuu: Onoso menypuo, bop, cunmeposarse, ungppaypsena pegiexcuja




