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The T(z} diagram of the system (Agln),_.(Mnln,) Te, was
obtained from X-ray powder diffraction and differential thermal
analysis measurements. At high temperatures, there is a single-
phase solid solution across the complete diagram in a disordered
defect zinc-biende phase 8. This B phase shows a eutectoid reaction
at z = 0.63 and T = 465°C giving the two tetragonal terminat
phases @, AgInTe,, and y, Mnln,Te,, of space groups /42d and
I&2m respectively, At lower temperatures, the fields « and vy are
separated by a relatively wide two-phase field (@ + <) which
extends over the range 0.52 < z < (.78. Values of room-tempera-
ture optical energy gap E, were determined from optical absorption
measurements in the ranges of single-phase behavior, and the form
of the E, vs z data curve is discussed. The form of this T(z) diagram
is compared with those of related systems in which the terminal
compounds have similar structure but differ in space group. = 1995
Academic Press, Inc.

INTRODUCTION

Semiconductor materials containing manganese are of
interest because of the manner in which the magnetic
behavior associated with the manganese can modify and
complement the semiconductor properties (1, 2}. It has
been found that adamantine compounds with tetrahedral
coordination can accept a large amount of manganese in
cation substitutional solid solution. Well-known examples
of such materials are the alloys based on the II-VI com-
pounds, e.g., Cd,_Mn_Te (1). Similar alloys can be ob-
tained by introducing manganese into the equivalent ter-
nary compounds, the tetrahedrally coordinated I-111-VI,
chalcopyrites, e.g., AgluTe,. One way of introducing Mn
into these chalcopyrites is to form the alloys with MnTe,
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e.g., (Agin), _ Mn,,Te,, and these alloys have been inves-
tigated in some detail (3-5). However, another group of
compounds that show the tetrahedrally bonded form and
contain Mo are the Mn-III,-VI, compounds, e.g.,
Mnin,Te,, which have a defect /42m tetragonal structure
closely related to the J42d structure of the chalcopyrites.
These compounds have received some attention (e.g., (6,
7)), but much less than the chalcopyrites, and recently
alloy systems between these and the corresponding non-
magnetic compounds, e.g., Cdln,Te,, have been studied
(8—10). Because of the similarity of the two structures, it
appeared probable that appreciable solid solution would
occur between compounds of these types, and in the pres-
ent work, the T(z) phase diagram of the alloy system
(Agln),, _,(MnlIn,), Te, has been investigated. In addition
to the different space groups of these two compounds,
another interesting difference in the cation arrangement
is that while in the chalcopyrite-type AginTe, the Ag and
In atoms are fully ordered on the cation sublattice; in
Mnln,Te, the lattice vacancies are ordered on the cation
sublattice but the Mn and In atoms occupy the remaining
cation sites at random. It has been shown (11) for these
Mn-I1L,-VY, compounds, that those in which the Mn are
disordered have very different magnetic behavior from
those showing an ordered Mn arrangement.

SAMPLE PREFARATION AND
EXPERIMENTAL MEASUREMENTS

Alloy samples of (Agln),,_,(Mnln,) Te, with various
values of z were prepared by the usual melt and anneal
technique (12}, The components of cach 1.0-g sample were
sealed under vacuum in a quartz capsule, melted together
at 1150°C, annealed to equilibrium at 500°C, and slowly
cooled to room temperature. Previous experience indi-
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FIG. 1. Variation of lattice parameters « and ¢/a with composition

z for the (Ag)y - (Mnln,) Te, alloys: (@) experimental values; ( }
lines fitted to separate lincar equations; (-} line fitted to quadratic
equation.

cates that for this type of alloy, this procedure gives sam-
ples showing conditions corresponding to equilibrium at
200-300°C. Guinier X-ray powder photographs were used
to check each sample and lattice parameter values were
determined as a function of z, with germanium as the
internal standard. ‘

Transition temperatures were determined from differ-
ential thermal analysis (DTA) measurements with silver
used as reference material. The charge was of powdered
alloy of typical weight 50 to 100 mg. The temperatures
of the sample and the reference were determined with
chromel-alumel thermocouples, with the difference sig-
nal between the sample and the reference and the tempera-
ture signal being continuously recorded. For each peak
in the difference signal, a phase transition temperature
was determined from the baseline intercept of the tangent
to the leading edge of the peak (13). Both heating and
cooling runs were made, the average rates of heating and
cooling being approximately 15°C/min.

Slices of each single-phase sample were cut and thinned
to give specimens for optical absorption measurements
by the usual method (14). Values of in(fy/I), where Iyand [
are, respectively, the incident and transmitted intensities,
were determined as a function of photon energy hv and
corrected by subtracting a background value to give the
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absorption coefficient. Graphs of (ehv)? vs hy were then
used to give values of the optical energy gap £, .

EXPERIMENTAL RESULTS AND ANALYSIS

The X-ray photographs for the samples anneated at 500°C
showed the expected form, the alloys at the AgInTe, end
of the diagram having the standard chalcopyrite structure
a while those close to MnlIn,Te, had a pseudocubic (zinc-
blende) vy form, but with faint ordering lines indicating
the tetragonal symmetry. A few altoys close to the center
of the diagram clearly showed both phases. Values of
lattice parameters were determined in all cases and the
variations of & and ¢/a with z are shown in Fig. 1, The
probable error in the lattice parameter values was esti-
mated to be £0.0005 nm. In the two single-phase regions,
within the limits of experimental ervor, a varies linearly
with z and from the @ values in the two-phase region, the
limits of single-phase solid solution were estimated to be
z = 0.46 and z = 0.78. Straight line fits to the two linear
Tegions gave

d, = 0.6446-0.0209 z (nm) R = 0.993
0.6482-0.0288 z (nm) R = 0.989
1.960 + 0.0384 z R = (.951.

I
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DTA measurements were made on each sample and the
resulting T(z} diagram is shown in Fig. 2, the estimated
relative accuracy of the points being =10 K. The two
compounds show transition temperatures in agreement
with those published previously (135, 16). Thus AglnTe,
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FIG.2. T(z) diagram for the (Agln)y,_,(Mnln,).Te, alloys; (O) DTA
heating run, () DTA cooling run, (V) value from lattice parameter
data. @, chalcopyrite 1424 structure; B, disordered defect zinc-blende
structrue; v, ordered tetragonal J42m structure; 8, phase with zinc-
blende structure from Ag,Te~In,Te; section.
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FIG. 3. Variation of (ehw)? with hv for representative (Agln)y_
(Mnln,),Te, alloys: {a) z = 0.20; (b) z = 0.50.

has the tetragonal chalcopyrite structure « at tempera-
tures up to 625°C, above which it assumes the disordered
zinc-blende 8 structure, while MnlIn,Te, is tetragonal
I142m (y) at temperatures up to 630°C, above which it
disorders to zinc-blend 8. The zinc-blende S phase thus
extends across the complete diagram and disappears in a
eutectoid reaction at z = 0.63 and T = 465°C, In the
L + 8 field, the & phase is a phase in the Ag;Te-In,Te,
section, as shown previously {15). No DTA points were
observed below the eutectoid temperature, indicating that
the phase boundaries were very steep. However, the
boundaries representing the limits of the « and  fields at
about 200°C were obtained from by the X-ray data; dashed
lines being used to show these boundaries in Fig. 2.

Optical energy gap E, values were determined for all
single-phase samples. Representative curves of (ahv)? vs
hy for the alloys with z = 0.20 and 0.50 are shown in Fig.
3 and the resulting variation of E, with z is given in Fig.
4. Within the limits of experimental error, E, varies lin-
early with z in both single-phase fields, although the slope
of the E vs ¢z line is different in the two cases. Straight
line fits to the data in the two regions yielded

E,, =0.961 + 0.55 7 (¢V) R = 0.995
E,, = 1.107 + 0.241 z (eV) R = 0.884,.

Asdiscussed below, K, varies quadratically with z in many
cases. Ignoring the range of two-phase behavior, it is
found that the fit to a quadratic equation yields

E, = 0.95 + 0.662 z — 0.275 2 (eV) R = 0.996,

which is perhaps a slightly better than that given by two
straight lines.

DISCUSSION

As indicated in the Introduction, the limiting phases in
this system are very similar; both are based on the zine-
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blende subcell and are ordered to give a tetragonal lattice
with c/a ~ 2.0. However, there is a change in the space
group; AgInTe, has I42d symmetry with Mnln,Te, has
I42m. Alloy systems containing Mn under similar condi-
tions which have been investigated recently (8-10) have
the form II,__-Mn-1II,~V1,, e.g., Cd;_,Mn,In,Te, etc.
In those cases, the space group changes from /4 at z =
Oto /42m at z = L. Itis of interest to compare the resuits
for these Jatter alloys with the present data. For all three
II,_~Mn ill,-V1, systems, at room temperature and
above, a single-phase solid solution is found across the
complete composition range; the change in space group
occurs at a particular composition, and results in a discon-
tinuity in the phase boundary corresponding to the order-
ing temperature. Above this line, at z = 1, the structure
is the completely disordered zinc-blende 8 phase but at
z = 0, the structure is a partially ordered tetragonal form
«;. The transition from «, to 8 occurs at the same compo-
sition as in the lower temperature case and results in a
discontinuity in the solidus curve. One alloy system has
discontinuity in the lattice parameter values, while an-
other exhibits a discontinuity in E,. No two-phase field
has been observed at the change in space group, and if
one occurs, it wiil be very narrow in z.

In the present system, the behavior is quite different.
The two phases (« and ) with different space groups are
components in the eutectoid reaction involving the zinc-
blende 8 phase, which extends across the complete dia-
gram. A relatively wide two phase (e + ) field occurs,
and there are no boundary discontinuities. The variations
in lattice parameters and optical energy gap with 7 are
divided into two separate sections, and within experimen-
tal limits can be considered as linear. However, it has
been found in a wide range of alloys (17, 18) that the
variation of E_ with z is quadratic in form. If in the present
case, the E_ values for the two sections are treated to-
gether, it is found that the variation of E, with z can be
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FIG. 4. Variation of optical energy gap E, with composition z for
the {(Agin)y,_»(Mnln,},Te, alloys: (@) experimental values; ( }
lines fitted to linear equations; (----) line fitted to quadratic equation.
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fitted to a square-law form and that the fitted curve, quoted
above, is slightly better than the linear fits. However, a
stmilar fit can be made for the combined values of the
lattice parameter a, giving

a=0.6443 — 0.0169 z — 0.0082 z2 (nm) R = 0.9994,

which is at least as good a fit as the separate linear ones
given above, Thus with the present data, it is not possible
to be more precise about the effects of change in space
group on the values of a and £,.

Thus, as far as the T(z) diagrams are concerned,
although for the two different alloy combinations the dif-
ferences in the space groups appear comparable, the
behavior of the alloy systems is very different.
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