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M. BREDOL AND v. LEUTE 

Institut ftir Physikalische Chemie der Universitiit Miinster, SchloJplatz 4, 
D-4400 Miinster, Federal Republic of Germany 

Received December 4, 1984; in revised form March 14, 1985 

The quasibinary system Ga2Te3/CdTe was investigated in order to derive its thermodynamic and 
kinetic properties. The phase diagram between 750 and 1000 K was obtained from powder X-ray 
photographs. The results suggest an order-disorder transition in the phase CdGa2Te4. Reactions were 
carried out between single crystals of GazTel and CdTe, between CdTe and CdGa2T4, and between 
GazTe, and CdGaZTe4. Reaction profiles and growth kinetics were determined by electron microprobe 
analysis. The morphology of the reaction layer is discussed with respect to the phase diagram and the 
varying concentration of structural vacancies and their ordering in the product phase CdGaZTe4. 
0 1985 Academic Press. Inc. 

I. Introduction 

The system CdTe/GazTe3 can be re- 
garded as a quasibinary section through the 
ternary system Cd/Ga/Te (Fig. 1). Among 
the different tellurides of gallium the com- 
pound Ga2Tej (Z-5) is the only one that 
crystallizes in the same lattice-type as 
CdTe. Both crystals (GazTex and CdTe) are 
characterized by a cubic face-centered tel- 
lurium sublattice. However, in the metal 
sublattice of the GazTez compound only 
two out of three available lattice sites are 
occupied by atoms. At high temperatures 
the Ga atoms are distributed statistically on 
the available sites. The lattice of this disor- 
dered Ga2Te3 crystal is called the defect 
zincblende lattice. CdTe on the other hand 
builds up the normal zincblende structure. 
With decreasing temperature the metal sub- 
lattice vacancies of Ga2Te3 are expected to 
become ordered, leading to a special type 
of superstructure (6-8). 

Whereas at low temperatures, in the or- 
dered phase, the vacancies can be consid- 

ered as interstitial sites of the superstruc- 
ture, they are part of the metal sublattice in 
the disordered, high-temperature structure 
and are called structural vacancies of the 
defect zincblende lattice. To indicate that 
both CdTe and Ga2Te3 belong to the same 
thermodynamic phase CdTe will be desig- 
nated as Cd3Te3, by analogy to GazTe3. 

The properties relevant to the miscibility 
of the binary components exhibit consider- 
able differences: 

Melting point [T(K)] 
1370 (CdTe); 1063 (GazTej); 

Lattice constant [a(pm)] 
647.7 (CdTe); 590.4 (Ga2TeJ); 

Electronegativity (9) 
0.83 (Cd); 1.13 (Ga); 1.47 (Te). 

Therefore, despite the same lattice type of 
the two components, a broad miscibility 
gap is to be expected. Furthermore, it is 
known (IO) that CdTe and GazTej form a 
ternary product phase of composition 
CdGazTe,, which can also be regarded as a 
slightly distorted superstructure of the 
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FIG. 1. The ternary system Ga/Cd/Te. 

zincblende lattice where one-fourth of the 
original cation sites are vacant. However, 
these vacant sites act not as defects in the 
metal sublattice but as interstitial sites of 
the superstructure. 

From measurements of the lattice con- 
stants by a Guinier X-ray camera on poly- 
crystalline samples the thermodynamic 
phase diagram of the quasibinary system 
was derived. To investigate the solid-state 
reactions in this system, couples of single 
crystals of the reaction components were 
used. The reaction zones formed during an- 
nealing at high temperatures were investi- 
gated by electron microprobe techniques 
and by optical microscopy. 

II. Experimental Details 

Synthesis of Binary Components 

The binary compounds were synthesized 
from the pure elements (Ga 99.999%, Cd 
99.999% from Koch Light Labs; Te 
99.9998% from Ventron). As Ga2Te3 cannot 
be purified by sublimation, tellurium was 
distilled before use in the synthesis of 
GazTe, . 

CdTe was synthesized by heating a stoi- 
chiometric mixture of the elements in an 
evacuated quartz ampoule up to 1373 K. 
Then the CdTe was sublimed twice in a dy- 
namic vacuum and thereafter reannealed at 
873 K for another 8 hr in a dynamic vac- 
uum. CdTe produced in this way has a com- 

position corresponding to the minimal va- 
por pressure. 

Crystal Growth 

CdTe and Ga,Te, crystals were grown 
from the melt by the Bridgman method. 

Small crystals of CdGa2Te4 were ob- 
tained by sintering and by recrystallisation 
of an equimolar mixture of CdTe and 
Ga2Te3. Some of the CdTe and GazTe, crys- 
tals were annealed for 8 hr in a dynamic 
vacuum (773 K for GazTeJ, 873 K for CdTe) 
to obtain a composition corresponding to 
the minimal vapor pressure. Another por- 
tion of the crystals was annealed in evacu- 
ated quartz ampoules together with an ex- 
cess of one of the pure elements of the 
compound. Crystals prepared in this man- 
ner (intrinsically doped) are metal-satu- 
rated or Te-saturated, depending on the 
added element (Table I). 

III. Investigation of the Phase Diagram 
CdsTes/GazTe3 

(1). X-Ray Diffraction Measurements 

The lattice constants determined by the 
Guinier method on quenched samples at 
room temperature are used for the investi- 
gation of the phase diagram. 

Samples with an overall composition be- 
longing to a two-phase region of the phase 
diagram show the X-ray line sets of both 

TABLE I 

CONDITIONS FOR DOPING OF CdTe AND Ga2Te3 
CRYSTALS" 

7’ Overall composition Composition of Annealing 
Material (K) of ampoule content doping mixture time 

GazTe, (Ga) 773 42 at% Ga/58 at% Te GaTe + Ga2Tq 

Ga~Te3 (Te) 773 38 at% Gal62 al% Te GalTe, + Te 
CdTe (Cd) 973 51 at% Cdl49 at% Te CdTe + Cd 
CdTe (Te) 973 49 at% Cd/S I at% Te CdTe + Te 

14d 

o The element in brackets indicates the component the crystal will be 
saturated with after annealing. 
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phases coexisting at thermodynamic equi- 
librium. 

To ensure that lattice constants calcu- 
lated from the X-ray reflections of 
quenched samples really correspond to the 
high temperature equilibrium, the samples 
were prepared in two ways. 

(a) Samples in Set I were first homoge- 
nized at high temperature, and then cooled 
to the equilibrium temperature 

(b) For samples of Set II the temperature 
was not raised past the equilibrium temper- 
ature . 

After equilibration the samples for both 
Sets I and II were quenched by dropping 
the ampoules into water. 

The equilibration temperatures and times 
are specified in Table II. Both sets of sam- 
ples yield sharp X-ray lines; for a given 
overall composition the mean lattice con- 
stants of samples in both sets differ by less 
than -+I pm. 

Therefore one can be sure that thermody- 
namic equilibrium was established, and that 
equilibrium compositions can be preserved 
by quenching. 

At 773 K (Fig. 2a) all samples with a 
GazTex content up to 70 mole% yield the 
same value for the cubic lattice constant as 
pure CdTe. Furthermore, all samples with 
an overall composition up to 86 mole% 
GazTe, show the presence of the compound 

TABLE II 

EQUILIBRATION CONDITIONS 
FORTHEPOLYCRYSTALLINE 
SAMPLESOFSETSI ANDII 

Set 1 

Set 2 

T Time 
6) (4 

973 46 
873 70 
773 72 

773 75 
873 92 
973 19 

CdGazTed. Since all samples yield the same 
values for the lattice constants a and c of 
the tetragonal CdGazTed compound, we 
conclude that at 773 K this ternary phase 
does not show a measurable solubility for 
CdTe or Ga2Te3. 

GazTe3-rich samples with Xo@e3 2 0.9 ex- 
hibit only a single set of lines. Here, the 
cubic lattice constant decreases continu- 
ously to that of pure GazTe, (a = 590.4 pm). 
Whereas, at 773 K, CdTe does not show 
any measurable solubility for GazTej, the 
solubility of Cd3Te3 in GazTej at this tem- 
perature already amounts to 10 mole%. 

With increasing temperature GazTeJ be- 
comes soluble in CdTe and this solubility 
increases much faster than the solubility of 
CdTe in GazTej. 

Above 900 K (Fig. 2c) the product phase 
CdGazTed also shows measurable solubility 
for CdTe and Ga2Te3. Deviations from the 
stoichiometric composition at higher tem- 
perature produce different values of the te- 
tragonal lattice constants depending on the 
type of solid solution (either CdTe- or 
Ga2Te3-rich) with which the product phase 
has been equilibrated. 

At 873 K (Fig. 2b) apparently a new 
phase is formed with a small existence re- 
gion on both sides of the composition Xoa2Tes 
I? 8. This composition corresponds to a 
phase with formula Cd5Ga2Te8, but apart 
from a shift of lattice constant, the X-ray 
lines of this phase are not different from 
those of CdTe. Above 900 K this isolated 
phase can no longer be detected, but now 
the solubility of GazTe3 in Cd3Te3 extends 
up to 50 mole%. In the region 0.1 < xoazTes 
< 0.5 the cubic lattice constant changes lin- 
early, according to Vegard’s rule 

XGa2Te3 = -1.70 x 1o-2 
X a(pm) + 11.04. (1) 

In samples for which Xoa2Te3 < 0.1 the lat- 
tice constant decreases much more slowly 
with increasing ~~~~~~~ than expected from 
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Eq. (1). This can be explained by a stability 
of the lattice against small amounts of for- 
eign atoms. Alloying small quantities of 
GazTeJ may be regarded as a type of dop- 
ing, for which the distance between the de- 
fects is still so great that the strain intro- 
duced by the defects can be balanced out 
locally by the lattice. This persistence of 
the lattice against small amounts of foreign 
atoms has also been observed in other tetra- 
hedrally coordinated systems, e.g., GaAs/ 
GaSb (II) or GaP/InP (12). 

Though the lattice constants a and c of 
the CdGa2Te4 phase have been measured 
on quenched samples at room temperature 
they show a measurable dependence on the 
equilibration temperature. The constant a 
decreases whereas the constant c increases 
with increasing equilibration temperature 
(Table III). 

It is not easy to understand why the c/a 
ratio of the product phase at temperatures 
below 900 K is distinctly less than 2, but 
approaches 2 when the equilibration tem- 
perature is increased. Samples of equal 
composition, quenched to the same temper- 
ature, and showing no phase transforma- 
tion, should yield the same values for the 
lattice constants. The observed behavior 
may be understood by assuming that a dif- 
fusion-controlled order-disorder transfor- 
mation of the defect chalcopyrite lattice 
sets in at higher temperatures. 

Because of the difference in electronega- 
tivities between Cd and Ga on one hand and 
the Te on the other hand the Coulomb inter- 
action between the lattice elements of the 
zincblende structure will contribute signifi- 
cantly to the chemical bond. Thus a cation 
vacancy will induce a repulsion between 
the Te anions surrounding this vacanacy 
and thereby contribute to a small expansion 
of the lattice. In the ordered CdGa2Te4 
phase these vacancies are arranged in the 

TABLE III 

DEPENDENCE OF THE LATTICE CONSTANTS OF 
CdGa2Te4 ON THE EQUILIBRIUM TEMPERATURE 

T WI 

a (pm) 
c (pm) 
da 

773 873 973 

610 608 605 
1186 1188 1201 

1.944 1.954 1.985 

OOI-planes such that all vanacies within one 
plane are equidistant (10). Whereas this dis- 
tance is equal to the lattice constant a, the 
shortest distance to the vacancies in neigh- 
boring 001 planes is d = a@. 

Therefore the defect chalcopyrite struc- 
ture has a higher density of vacancies 
within the base plane than along the c axis. 
For that reason a lattice distortion caused 
by the ordered vacancies yields a ratio of 
c/a < 2 for the tetragonal phase. 

Increasing disorder of the vacancies with 
increasing temperature should decrease the 
lattice distortion because the vacancies will 
then be distributed more and more statisti- 
cally over the cation sublattice. The mean 
vacancy density in the 001 planes will also 
decrease and thus the distortion of the lat- 
tice caused by the anisotropy of the va- 
cancy distribution will likewise diminish. 
The axial ratios c/a # 2 in tetrahedrally co- 
ordinated chalcogenides were also investi- 
gated by Robbins et al. (13). The phase dia- 
gram shown in Fig. 3 was obtained from the 
temperature and composition dependence 
of the lattice constants. The shape of the 
equilibrium curve of the CdTe-rich zinc- 
blende phase can be explained by a super- 
position of a purely thermodynamic mis- 
cibility gap within the CdTe-rich solid 
solution and of a structural miscibility gap 
between the zincblende and the defect chal- 

FIG. 2. Lattice constants as determined from Set II: (a) T = 773 K; (b) T = 873 K; (c) T = 973 K. 
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FIG. 3. Phase diagram of the quasibinary system 
Ga2Tej/CdJTeS in the temperature region 7.50 K < T < 
1050 K. (V): data taken from literature (1.5); (W): data 
calculated from microprobe analysis of reaction cou- 
ples; (0, A): data calculated from X-ray diffraction 
patterns of sample Sets I and II. 

copyrite lattice. The relative maximum of 
the equilibrium curve at about 20% GazTe, 
corresponds to the critical point of demix- 
ing of the CdTe-rich phase. 

The Ga2Te3-rich solid solutions at high 
temperatures crystallize in the so-called de- 
fect zincblende lattice with one-third of the 
metal sublattice sites as structural vacan- 
cies. The X-ray diffraction patterns of these 
solid solutions indicate that an ordering 
process starts below 700 K. From the weak 
additional lines observed in the X-ray dia- 
grams it was not possible to determine the 
superstructure of the ordered phase. 

IV. Reactions in the System CdTe/GazTe3 

(a) Reactions between the Binary 
Components 

The reactions were carried out between 
crystals whose polished surfaces were 
pressed against each other within a matrix 
of polycrystalline CdTe at a pressure of ap- 
proximately 10 kbar. 

Reactions between CdTe and GazTe3 
crystals were carried out in the temperature 
range 

773 K < T < 1023 K 

with reaction times ranging between 15 min 
and 400 hr, depending on temperature. 

Investigations of the influence of intrinsic 
doping on the growth process of the prod- 
uct layers were carried out at 873 K. The 
occurrence of two product layers in this 
temperature region permits parallel mea- 
surements of the two growth rates, which 
are expected to be influenced by intrinsic 
doping either in their absolute values or in 
their ratio. 

773 K. The X-ray intensity profiles for Cd 
and Ga measured with an electron micro- 
probe (Fig. 4) clearly show the formation of 
a CdGa2Te4 product layer. In the micro- 
graph (Fig. 5) this layer forms a bright 
stripe. At the GazTe3-rich border of this 
layer a narrow groove has been formed. 

FIG. 4. X-Ray intensity profiles of Cd and Ga for the 
cation exchange between chalcogen saturated CdTe 
and Ga2TeS crystals (100 hr, 773 K). 
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FIG. 5. Micrograph of the reaction zone between 
chalcogen-saturated CdTe and Ga2Te3 crystals (408 hr, 
773 K). Magnification: 500 X. The product layer 
CdGa2Te4 is situated between the groove and the CdTe 
crystal. 

Whereas in the CdTe-rich solid solution 
the Ga-intensity decreases gradually in a 
flat profile to zero intensity, in the Ga2Te3- 
rich solid solution, for annealing times 
greater than 8 hr, the Cd intensity does not 
reach the zero level even at a distance of 
100 pm from the phase boundary. For very 
long annealing times the Ga2Te3 crystal 
even becomes saturated with CdTe, indi- 
cating a high interdiffusion coefficient for 
Ga and Cd in the Ga2Te3 lattice. 

873 K. At this temperature the Cd- and The comparison between the thickness 
Ga-profiles (Fig. 6) show the formation of growth of the CdGazTeA product layer and 
two product layers, as one would expect the CdTe-rich product layer (Figs. 8a and b) 
from the phase diagram. The narrow shows no significant difference between 
groove between the CdGazTed layer and the metal-saturated samples and samples of 
Ga2Te-rich solid solution region is re- minimum vapor pressure. Thus, there is lit- 
flected in the minimum in the Ga profile as tle difference between compositions of 
well as in the maximum of the sample cur- differently treated samples. However, for 
rent. In the CdTe-rich product layer the Cd Te-saturated samples the CdGa2Te4 layer 
and Ga intensities change nearly linearly growth becomes retarded whereas growth 
across the layer. The porous zone within of the CdTe-rich product layer becomes ac- 

this layer-clearly shown by the micro- 
graph (Fig. 7)-is more pronounced the 
longer the annealing time. 

In the metal-saturated reaction couples 
these pores often aggregate into channels 
extending to the phase boundaries. 

- SPIJCQ 

FIG. 6. X-Ray intensity profiles of Ga and Cd for the cation exchange between CdTe and Ga2TeS 
crystals (15.3 hr, 873 K). 
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FIG. 7. Micrograph of the reaction zone between 
metal-saturated CdTe and Ga*Te, crystals (15.5 hr, 
873 K). Magnification: 1000x. The product layer 
CdGazTe4 forms a bright stripe between the groove 
and the porous zone. The layer “Cd5Ga2Tes” is situ- 
ated in the porous zone. 

celerated compared to the metal saturated 
samples. 

923 K. At this temperature the phase 
boundary between the CdsGazTes layer and 
the CdTe-rich solid solution has been elimi- 
nated. Rather, continuously running Cd 

2B- product layer A 

! . 

1 2 3 L 5 

- annevling time fi - 

and Ga profiles are formed, the steepest 
sections of which are situated in a composi- 
tion region corresponding to the critical 
point of the miscibility gap. 

The solubility of Ga2Te3 in CdCazTe4 in- 
creases with increasing temperature, and 
the groove shifts from the boundary be- 
tween the two phases toward increasing 
CdTe-content. At 923 K the groove is situ- 
ated near the CdTe-rich phase boundary of 
the CdGa2Te4 layer. 

The metal interdiffusion within the 
GazTe, crystal does not increase measur- 
ably even at higher temperatures. Thus at 
923 K for an annealing time of 6 hr the Cd 
intensity inside the Ga2Te3 crystal reaches 
zero level, whereas for a comparable layer 
thickness at lower temperatures and higher 
annealing times the GazTeJ crystal is nearly 
saturated with CdTe . 

973 K. The most significant differences in 
reaction behavior at lower temperatures are 
the flattening of diffusion profiles within the 
CdTe-rich solid solution, and the gradual 
disappearance of the groove (Fig. 9). 

l dop;rg of staffin! 

l Te-saturated 

). mn;mal vapor 
pressure 

FIG. 8. Thickness growth of the product layers for reactions between GaZTeJ and CdTe crystals at T 
= 873 K: (a) growth of CdGa,Te,; (b) growth of “CdsGazTes.” The thicknesses were determined by 
microprobe analysis and plotted against the square root of the annealing time, assuming parabolic 
thickness growth. 
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FIG. 9. X-Ray intensity profiles of Ga and Cd for the cation exchange between metal saturated CdTe 
and Ga2Te, crystals (1 hr, 973 K). 

1023 K. At this highest reaction tempera- 
ture the existence region of the CdGa2Te4 
phase extends from about 73 to 83 mole% 
of Ga2Tej. The solubility of GaZTe3 in 
Cd3Te3 has also increased up to 55 mole%. 
In spite of the very thick reaction layers (up 
to 100 pm), related to the short annealing 
times of less than 1 hr, the interdiffusion in 
the Ga2Te3 crystal does not increase per- 
ceptibly. 

(6) Reactions between Crystals of the 
Ternary Phase CdGazTeA and One of the 
Binary Phases 

CdGazTe4 + CdTe; 873 K. According to 
the phase diagram (Fig. 3), a single product 
layer with a small composition range near 
by CdsGazTes is formed in this reaction 
(Fig. 10). In contrast to the reaction be- 
tween CdTe and Ga2Tej, no porous zone is 

Cd@Tq /Cdl@ 
Cd& -matrix 
873K 91, 

* 

FIG. 10. X-Ray intensity profiles of Ga and Cd for the cation exchange between CdTe and CdGa2Te4 
crystals (9 hr, 873 K). 



38 BREDOL AND LELJTE 

formed within the product layer. The prod- 
uct layer growth is distinctly slower than in 
the reaction between CdTe and GaZTe3 for 
comparable conditions. 

CdGazTed + Ga2Te3; 873 K. In contrast 
to the preceding experiments the reaction 
couples of CdGa*Ted and Ga,Te, were 
embedded in a matrix of polycrystalline 
Ga2Te3. 

As no product layer can be formed in this 
reaction system, there is only an interdiffu- 
sion of Cd and Ga. No groove or porous 
zones are formed during this diffusion pro- 
cess. During an annealing time of 10 hr Cd 
penetrates into the Ga2Te3 crystal over a 
distance of more than 600 pm. On the other 
hand the interdiffusion in the CdGa,Te, 
phase is nearly negligible. 

V. Discussion 

The interdiffusion in the metal sublattice 
of the quasibinary system Cd3TeJGa2Te3 is 
characterized by the fact that the quasi- 
binary character only can be preserved if 
the difference between the Cd and Ga 
fluxes can be compensated by a vacancy 
flux 

JCd = JG~ + J,. 

It follows that in the solid solutions the va- 
cancy flux always occurs along the same 
direction as the Ga flux, and that the Ga 
flux must be about twice that of the vacancy 
flux. 

Structural vacancies in these solid solu- 
tions are distributed statistically over the 
metal sublattice sites and therefore can be 
treated as defects supporting the metal in- 
terdiffusion. On the other hand the struc- 
tural vacancies in the ordered defect chal- 
copyrite lattice of the CdGazTea phase act 
as interstitial sites; they can only contribute 
to the diffusion process if cations are trans- 
ferred onto those interstitial sites. 

Therefore, within the ordered CdGazTe4 

phase fewer defects are available for metal 
interdiffusion than in the neighboring solid 
solutions that crystallize in the disordered 
defect zincblende structure. 

Because of the difference in structural 
vacancies in ordered and disordered lat- 
tices the interdiffusion in the ordered lattice 
is the rate determining step of the solid- 
state reaction. As it is energetically more 
favorable to fill interstitial vacancies with 
metal atoms than to produce new vacancies 
in the metal sublattice the prevailing defect 
disorder in the CdGazTeA phase is an inter- 
stitialcy. As in related compounds with or- 
dered structural vacancies, such as In2Te3 
or GazSe,, it is difficult to produce such or- 
dered compounds with an excess of chalco- 
gen but easy with an excess of metals. 

With this assumption we can understand 
why growth of the CdGazTe, layer is faster 
in metal-saturated reaction couples than 
with the Te-saturated samples (Fig. 8). By a 
small metal excess some of the interstitial 
vacancies of the ordered structure are filled 
with Cd or Ga, acting as defects for the 
metal interdiffusion (2), whereas, by Te sat- 
uration, these interstitial defects are de- 
stroyed (3): 

Me (g) + Vi * Mei (2) 

$Tel (g) + Me; --, TeTe + MeMe + Vi (3) 

(Vi = ordered vacancies in the chalcopyrite 
structure.) 

As all structural vacancies in the disordered 
Ga2Te3-rich solid solutions act as normal 
defects in the metal sublattice, the defect 
formation portion of the activation energy 
of diffusion is omitted here. Therefore, the 
activation energy for cation interdiffusion 
in the GazTe3-rich region consists of only 
the migration part. This low activation en- 
ergy explains, why at lower temperatures 
(T < 900 K), where long annealing times 
(-10 hr) are necessary, the Ga2Te3 crystal 
in the annealed reaction couples is nearly 
saturated with CdTe, whereas for higher 
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temperatures with short annealing times 
(-1 hr) the saturation limit is not reached. 

The vacancy flux in the Ga2Te3-rich solid 
solution, induced by the exchange of Ga 
with Cd, has the same direction as the Ga 
flux. It is retarded at the phase boundary of 
the CdGa,Te, layer because of the much 
lower defect density in the metal sublattice 
of the ordered CdGazTed phases as com- 
pared with the disordered Ga2Te3-phase. 
Thus, enrichment of vacancies at the phase 
boundary causes formation of pores which 
can aggregate in the groove, as shown in 
the micrographs (Figs. 5, 7). This effect is 
most pronounced at low temperatures, 
where the solubility of Ga,Te, in the 
CdGa2Te4 phase is negligible. With increas- 
ing temperature the solubility increases and 
the vacancy density in the metal sublattice 
grows linearly with the GazTej excess (4): 

started from CdGazTe4 and Ga2Te3 no mat- 
ter transport is needed within the CdGa2Te4 
crystal. At 873 K the CdGa2Te4 lattice 
transforms into the defect zincblende lat- 
tice of the GazTej at the same rate at which 
CdTe dissolves in GazTej. Here vacancies, 
transported to the phase boundary by the 
interdiffusion process, are required for the 
phase transformation; thus no formation of 
porous zones or grooves occurs. 

CdGalTer 
Ga2Tej A 2Gao, + Vca + 3Ter, (4) 

The higher this vancacy density the 
lower the retarding effect on the vacancy 
flux and the lower the tendency for forma- 
tion of pores. Thus with increasing temper- 
ature the region for which the porosity is 
high enough to form a visible groove drifts 
from the phase boundary into the product 
layer. This mechanism explains the experi- 
mental observation that the groove drifts 
from the GazTej-rich border to the CdTe- 
rich border of the product layer with rising 
temperature. 

On the CdTe-rich side of the CdGa2Te4 
layer the solid solution crystallizes also in 
the defect zincblende lattice in which at 
equilibrium the vacancy density should be 
half the Ga density. Pores are formed pref- 
erentially in regions with high convex cur- 
vature of the Ga concentration profile. At 
low temperatures, therefore, pores are 
formed near the miscibility gap on the 
GazTeJ-rich side; at higher temperatures 
(923 K), where the miscibility gap has disap- 
peared, the porous zone is situated on the 
Ga2Te3-rich side of the steep slope of the 
Ga intensity in the X-ray profiles. At still 
higher temperatures the profiles flatten and 
the highest density of pores is then found in 
the region of the steepest part of the metal 
profiles near the pure CdTe. 

With further increase in temperature the 
degree of order in the CdGa2Te4 phase de- 
creases, as indicated by the temperature 
dependence of the lattice constant ratio c/a. 
This process also contributes to an increase 
of defect density. Thus, it is not surprising 
that at the highest temperatures, where the 
reaction could still be investigated, no 
groove occurs within the CdGa2Te4 layer, 
but a small one is found in the CdTe-rich 
solid solution (Fig. 9). 

The growth kinetics of the “Cd5GaZTes” 
layer is complementary to that of the neigh- 
boring CdGazTed layer. The former layer 
grows faster for Te-saturated than for metal 
saturated samples. In the “Cd5GazTex” 
layer about one-eighth of the sites of the 
metal sublattice are still vacant; saturation 
with tellurium does not significantly en- 
hance the defect density of this region. The 
acceleration of growth of this layer by Te 
saturation must be induced by enhance- 
ment of the diffusivity in the neighboring 
GazTe3-poor solid solution. Here the den- 
sity of structural vacancies is already so 
small that saturation with tellurium-as in 
pure CdTe-increases the density of metal 
vacancies perceptibly (14): 

In those cases where the reaction was 4Tez (g) - CdTe TeTe + VC~ 
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At temperatures higher than 900 K the 
phase boundary within the zincblende lat- 
tice has disappeared, as the miscibility gap 
closes at about 890 K. For reactions above 
the critical temperature the solid solution 
affects the transport properties. In the com- 
position region near the critical point the 
concentration profiles of Cd and Ga, as de- 
rived from the X-ray intensity profiles, run 
steeper than elsewhere in the solid solution. 
A maximum in the slope of a profile corre- 
sponds to a minimum in the diffusion coeffi- 
cient. Quantitatively this behavior is ex- 
pressed by the thermodynamic factor of the 
diffusion coefficient, which is zero at the 
critical point. With increasing temperature 
the solid solution becomes more nearly 
ideal, the cation profiles flatten more and 
more, and the thermodynamic factor ap- 
proaches the value of 1. 
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