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Lattice Matching and Thermal Expansion in the Pb-Sn-Te System 

Lead tin telluride in the form of LPE- 
grown multilayered structures is a semicon- 
ducting material used in opto-electronic de- 
vices. In the case of laser diodes, special 
attention is paid to reduce the threshold 
current density, Jth, to permit cw operation 
at relatively high temperatures. In the III- 
V system, the use of a double hetero- 
structure (DH) configuration has resulted in 
a remarkable improvement in the perfor- 
mance of the prepared lasers, compared 
with that of lasers prepared from homo- 
structures (e.g., Ref. 1). Similar improve- 
ments were expected for the PbSnTe DH 
lasers; however, the performance of 
PbSnTe DH lasers did not differ signifi- 
cantly from the homostructure analog 
(2, 3). This was explained by the high dislo- 
cation densities at the heterointerfaces, 
which probably act as nonradiative recom- 
bination centers increasing Jth significantly 
(4). The main source of the dislocations at 
the heterointerface is the lattice mismatch, 
Aa, of the adjacent crystals at the hetero- 
boundary (5, 6) at growth temperature (7), 
provided the thermal expansion coefficients 
of layer and substrate are similar. Other- 
wise, on cooling, postgrowth stress due to 
the difference in the thermal expansion co- 
efficients results in an additional generation 
of dislocations. 

Recently, room-temperature lattice- 
matched heterostructures of PbTe,-,Se,/ 
Pb,,Sn,Te (X = 0.21, y = 0.08) lasers were 
fabricated (8). However, these lasers still 
operate at low temperatures with higher Jth 
than lasers prepared from homostructures 
(9). This was also attributed to higher struc- 
tural defects at the PbTeSe/PbSnTe hetero- 
boundary than at the homostructure bound- 

ary. The most important aspect of lattice 
parameter control and generation of misfit 
dislocations is the fine adjustment of the 
layer-substrate misfit at the growth temper- 
ature. However, the lattice constants of 
Pb,-,Sn,Te (0 5 x I 1) and PbTe,-,Se, (0 
5 y 5 1) alloys were measured only at room 
temperature (10) and the thermal expansion 
coefficients of these alloy systems are un- 
known. 

In the present study, accurate measure- 
ments of the lattice constants of several 
Pbl,Sn,Te and PbTe,-Je, alloy composi- 
tions were carried out in the temperature 
range 25 - 600°C. Special attention was paid 
to the common LPE growth temperature 
range, 400-6OfPC, and the compositions x 
and y used in laser fabrication. 

Polycrystalline Pb,,Sn,Te (0 5 x 5 1) 
and PbSe were prepared directly from the 
elements, and PbTe,-Je, (y = 0.08) sam- 
ples were prepared from the appropriate 
amounts of PbTe and PbSe. The materials 
were of 6N grade, with Pb and Sn etched 
before use. The stoichiometric charges 
were sealed under high vacuum (--lo-’ 
Torr) in a cleaned quartz ampoule, heated 
to 1000°C in a rocking furnace for -20 hr, 
and then quenched in a water bath. After 
grinding the polycrystalline material into a 
fine powder, further annealing was carried 
out at 350°C under high vacuum, for about 
4 days. The samples were furnace-cooled to 
room temperature. 

The Bragg angles of the (6,2,0), (6,2,2), 
(6,4,0), and (6,4,2) reflections of the sam- 
ples were measured by a vertical Philips 
powder diffractometer using a Cu target. A 
PW 1158 high-temperature attachment was 
used to obtain powder patterns at elevated 
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FIG. 1. Lattice constants, a, of the Pb,,Sn,Te sys- 
tem for various x values as a function of temperature. 

temperatures. The sample, held in a tung- 
sten boat, was placed in a slot on a tungsten 
sample holder. The diffraction lines were 
measured at 20, 400, 500, 600, and again at 
20°C under constant pumping, the vacuum 
in the sample chamber being -10e5 Tot-r. 
The sample temperature was monitored by 
a suitable thermocouple (& 5°C). The scan- 
ning rate was O.l25”/min, with an accuracy 
of kO.02” in the determination of the dif- 
fraction angles. 

No phase changes were observed in the 
polycrystalline samples of Pb,-,Sn,Te (0 5 
x 5 l), PbSe, and PbTeO.,,Se,,.oe on heating, 
up to 600°C. The diffraction patterns of the 
samples taken at room temperature before 
and after heating showed identical reflec- 
tions. Hence no material decomposition oc- 
curs during the prolonged (- 10 hr) heat 
treatment of the samples under constant 
pumping. 

Figure 1 shows the variation of the lattice 
parameters of the Pb,,Sn,Te (0 5 x 5 1) 
alloys with temperature. The straight lines 
demonstrate a constant thermal coefficient 
of expansion over the temperature range in- 

vestigated. Therefore, the lattice parameter 
of any composition x in the Pb,,Sn,Te sys- 
tem can be calculated for a given tempera- 
ture from the relation 

a T = a,(1 + aT), (1) 

where (Y = thermal expansion coefficient, a, 
= lattice parameter at OYJ, and aT = lattice 
parameter at temperature T. The Q and a0 
values for any composition x in the PbI-, 
Sn,Te system are given in Fig. 2; o can be 
taken as a linear, inversely proportional 
function of x. The difference in lattice pa- 
rameters of any two given PbI,Sn,Te crys- 
tals with different composition x decreases 
with decreasing T. 

Although the lattice parameters of the 
samples at various T were determined for 
polycrystalline powders, it is assumed that 
these values represent the lattice parame- 
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FIG. 2. (a) Lattice parameter at WC, a,, and (b) ther- 
mal expansion coefficient a! for the Pb,,Sn,Te alloy 
system. 
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FIG. 3. Cleaved and etched cross sections of (a) 4- 
pm-thtck PbTe epdayer on PbO.aO Sn,.,,,Te substrate, 
Aala (25°C) = 4.26 x lo-$ (b) room-temperature lat- 
tice-matched 4-pm-thick PbTe,&e,., epilayer, 
on 7-pm-thick Pb0.8,Sn0.,sTe epilayer grown on 
Pb,.8,Sn,,.,3Te substrate (x 260). 

ters of any grown epilayer with the same 
composition x, provided the epilayer thick- 
ness, d, is high enough. For the GaAlAs 
system, the layer thickness threshold, dth, 
in which the misfit strain is relieved by gen- 
eration of misfit dislocations is known to be 
about I- 2 pm (11). Since the lattice mis- 
match at the LPE growth temperatures of 
PbTe/SnTe is 2.30 x 10m2 compared with 
1.41 x IO-* for GaAs/AlAs, it is reasonable 
to assume that for the PbSnTe system dth < 
1 pm. Any Pb,,Sn,Te grown epilayer with 
d > 1 pm will have a lattice parameter simi- 
lar to that of any bulk crystal or polycrys- 
talline powder of the same composition x. 
Therefore, the lattice mismatch between 
any two adjacent epilayers in PbSnTe 
heterostructures can be determined from 
the lattice parameters measured in the 
present work, for any temperature between 
25-600°C and any composition x. 

In order to study the effect of lattice mis- 
match on the interface quality in the 
PbSnTe system, three types of epilayer 
structures were grown: (I) lattice-mis- 
matched heterostructures, (II) homo- 

tice-matched heterostructures. The experi- 
mental details of epilayer growth were de- 
scribed previously (12). Examples of 
cleaved and etched (6) cross sections of 
each type are shown in Fig. 3: type (I) PbTe 
epilayer grown on Pb,,8$n0.B,,Te substrate, 
type (II) Pb,,87Sn0.13Te epilayer grown on 
Pb,&Sn,.,,Te substrate, together with type 
(III) PbTeo.9sSeo.os epilayer grown on 
Pb,.87Sn0.13Te. The homointerface (type 
(II)) cannot be detected. However, the 
heterointerfaces are clearly observed be- 
cause of the line of successive etch pit (mis- 
fit) dislocations at the heteroboundary. 
While the PbTe/Pb,,,,SnO.,,Te interface is 
relatively rough and broad, the Pb 
Te,,,Se0.051Pb0.8,Sn0.,,Te is quite flat and 
narrow. 

An example of a change in lattice param- 
eters of room-temperature lattice-matched 
materials PbTeoszSeo.08 and Pb0.80Sn0.zoTe as 
a function of temperature is given in Fig. 4. 
A difference in the lattice parameters de- 
velops with increasing temperature, reach- 
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FIG. 4. Lattice constants, a, of PbTe, PbSe, and 
room-temperature lattice-matched PbTeO.&eo.n, and 

structures, and (III) room-temperature lat- Pb,,.,,Sn,.,Te, as a function of temperature. 



ing a value of Aala = 2.38 x 10s3 at 600°C. 
The two materials have different (Y values, 
with a nonlinear behavior of (Y with Tfor the 
selenide case. The improved interface qual- 
ity of the PbTeo.enSeo.oe/Pbo.,,Sn,.L,Te struc- 
ture compared with the PbTe/Pb0.8,Sn,.,,Te 
structure is a result of the lower lattice mis- 
match at the LPE growth temperature, 
-500°C: in the former Aala = 1 x 10e3, 
while in the latter Aala = 5.63 x 10m3. 
However, the misfit dislocations of the 
PbTeo.BaSe0.08/Pb,.,,Sno.BoTe system formed 
at epilayer growth do not disappear on 
cooling, although lattice matching exists 
at room temperature. Hence the difference 
in thermal expansion coefficients of the 
adjacent materials in the heterostructure 
explains why introducing the selenide 
component (8) in order to obtain a 
room-temperature lattice-matched hetero- 
structure could not lead to a DH laser diode 
with high-quality performance, as reported 
for the AlGaAs system. 
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