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Experimental observation of band inversion in the PbSnTe system
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The band inversion in the PbSnTe compound has been observed by optical and electrical
measurements. The samples, high quality RBnTe epitaxial layers, have been grown by
molecular-beam epitaxy did11)BaF, substrates. Optical transmission measurements have revealed

a change in signal of the energy gap temperature derivative for samples with>0<3&70. In the

same samples and at the same temperature, a minimum in the resistivity has been observed, showing
a interrelation between the optical and electrical measurements. However, the temperature, for
which the inversion occurs, is not that predicted by the band inversion model. This discrepancy is
supposed to be due to the relatively high hole concentration of these sampldf9%American
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The lead-tin telluride alloy system has been investigateanuch heavier effective masses in these doped samples as
for many years and applied mainly in the fabrication of in-compared to the values expected for undopeg PBnTe
frared photodetectors and diode laserSNew interesting and an energy gap which does not go to zero, in contrary to
research possibilities were opened by alloying with rarethe Bl model. They concluded that it would be difficult to
earth and magnetic elements such as Eu, Yb, and'Mrhe  say if this behavior is essential for PbSnTe or just a result of
growth of lead salts on silicon to obtain monolithic integra-In doping. Therefore, although the Bl model is widely ac-
tion of detector arrays with silicon read-out circuits, has re-cepted, its direct observation, for the PRSnTe system,
cently received much attentiér. has not been achieved yet.

According to the band inversiorBI) model® the Recently, we have reported on the growth of high quality
Pb,_,SnTe energy gap &) initially decreases as the Sn PbSnTe samples, covering the whole composition rahge.
composition increases, and vanishes for an intermediate alhe layers were grown on(111)BaF, substrates by
loy composition. Further increasing the Sn composition, thénolecular-beam epitaxy using solid PbTe and SnTe sources,
E, starts to increase, with the band edge states inverted, (@ emperatures between 250 and 300°C. The samples were
to the SnTe value. The Sn composition for which the bandharacterized by  high-resolution  x-ray  diffraction,
inversion should occur varies frori~0.35 tox~0.65 as the (€mperature-dependent resistivity, Hall mobility, and infra-
temperature increases from 4 to 300 K. However, it is ver)fed transmission. The films, grown using stoichiometric

difficult to determine the band edge structure near and be-PT€ and SnTe sources, have shown a hole concentration

— 7 -3 —
yond the band inversion region, since only high carrier conPetweenp=1x 10"em 3, for PhygsSrysTe, and p=2

9 a3 ;
centration samples can be obtaife@he energy gap of IX 10: cm ,C}‘or anTe. Tf:edvazu& Ol;ﬁervtfﬁl for SnTe, is a;c
Pb,_,SnTe has been experimentally determined only or cast one order of magnhitude ‘ower than the one previously
<0.25. The Burstein—Moss shift, caused by the high hc)Iereported in the literature. Details about the electrical charac-
S . . .~ . terization of these layers have been published previddsly.
concentration, which is observed in the samples with higher . X )
In this work, we focus attention on the optical character-

tin composition, imposes difficulties in the determination of.___. .
o . . 1 ization of these layers, measuring the temperature depen-
the “real” gap by optical-absorption measuremet! For

higherx, the only E, experimental data available has beendence of the energy gaf, has been determined from the

determined by tunneling measurements in A@J/SnTe transmission spectra, measured using a Fourier-transform in-
) frared spectrometer in the range from 4500 to 800tm
structures? The realE4 of pure SnTe p~10cm™3) is P g &

. L 0P with a resolution of 2 cm!. A liquid He cryostat was used to
0.18 eV, while tg]e optical energy gapHg ) was found to cool down the samples between 5 and 300 K. At each de-
be near 0.5 eV

X ) h ) . sired temperature, the transmission spectra of a clean BaF
Using In doping to reduce the carrier concentration,qsirate, taken just before the sample, was used as a back-

Takaokaet al!® have determined the effective masses andground reference. Figure 1 sholi as a function of tem-
Eq a@s a function o, across the band-inversion region by heratre for two samples outside the Bl region. As expected,
the far-infrared magnetoplasma method. They have observggg energy gap increases with temperature, for the sample
with x=0.15, while it decreases, for the sample with
dElectronic mail: sukarno@mail.ufv.br =0.82. But, in contrast to the model, the absolute values of
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FIG. 1. Optical energy gap as a function of temperature for twmo fEn Te
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FIG. 3. Temperature dependence of resistivity for the same S Te

samples outside the band inversion region. The solid lines are best linear fiamples which are shown in Fig. 2.
to the data.

the energy gap temperature coefficierd&f/dT) were very
different. This occurs because the energy gap taken from thehows the temperature dependence of the energy gap for two
transmission spectra B¢, which takes in account the ef- Pbl,_XSrg(TeO%?mples with=0.39 andx=0.56. In contrast
fect of the band filling, Burstein—-Mos¢BM) shift. For  © Fig. 1, Eg™ first reduces, reaches a minimum and than
Phy g:Sy 15Te (p=23% 10" cm™3), the BM shift is negligible starts to increase. Again, due to the relatively high carrier
and the measured values®f anddE,/dT are the expected concentration of the samplésbove 16°cm?), the tempera-
ones'® On the other hand, for the sample with=0.82 (p ture coefficient ofESpt is much smaller than the expected
—1x10cm9), Egpt is higher tharE,, by almost 230 meV value. The change in signal dEgpt/dT, is a direct evidence
and the optical energy gap temperature coefficienPf the band inversion in this alloy system.
(dE°PYdT) is almost three times lower. The observed tem- The electrical characterization of these PbSnTe layers
pergture dependence is a combination of the chandg, in has also revealed two distinct behaviors, for samples, inside
and in the position of Fermi level with temperature. Prelimi-and outside the band inversion region. Foi BiSnTe lay-
nary calculations of the absorption coefficient, using the for€rs With x outside the Bl region, the resistivity always in-
mulas proposed by Andersdhwhich include the BM shift, Créases as a function of temperature. On the other hand, all
can reproduce this decrease die?*Ydt for PbTe samples samples with Sn composition in the Bl region exhibit a well-
with high hole concentration, showing that the band filing isd€fined minimum in the resistivity curve and a correspond-
the responsible for this behavior. The results of these calcdd Maximum in the mobility. Figure 3 shows the resistivity
lations will be published elsewhere. as a function of temperature for two samples in the Bl region
The behavior ofE is completely different for the (the same shown in Fig.)2This anomalous behavior is sup-
samples withx betwee% 0.35 and 0.7. for which the band P0sed to be related to the band crossing since it happens only

crossing should occur according to the Bl model. Figure ZOF Samples in the band inversion region. o _
Besides that, the temperature where the minimum in re-

sistivity occurs correlates perfectly with the temperature of
minimum Egpt. This coincidence can be clearly seen in Fig.
4, where we plot the temperature of minimum resistivity and
minimum E4 as a function of Sn content for all samples
measured. The band crossing temperature expected from the
Bl model is also plotted in this figure. It can be observed that
the experimental data are close to values predicted by the
model only for samples with low tin composition and the
difference between theory and experiment increases as a
function of tin composition. This discrepancy, observed be-
tween the model and the experimental values, is not yet
clearly understood, but we believe that the increasing carrier
concentration in the Bh,Sn Te system withx, is respon-
sible for this effect. As we have already mentioned, the high
carrier concentration of the PbSnTe samples produces a
strong Burstein—Moss shift, leading to a big change in the
temperature dependence and absolute value ofBgFé
Since the Bl model does not take this effect in account, we
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FIG. 2. Optical energy gap as a function of temperature for two f&n Te
samples in the band inversion region. The lines are guides to the eye.
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' ] crepancy between the inversion temperature values predicted
»sob |Pbl,xSnxTe ] by the Bl model and our experimental data.
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