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Polycrystalline samples of (AgGa),+,MnZ,Tez alloys were prepared by the melt and anneal technique 
and were used in lattice parameter, optical energy gap E,, and differential thermal analysis measure- 
ments. Both chalcopyrite (Y and zinc blende p single-phase fields are found and the results indicate that 
in both of these cases ordering of the manganese can occur at lower temperatures to give ordered 01’ 
and p’ structures. The composition and temperature ranges of these fields are shown on a T(z) diagram. 
It is found that the manganese ordering has an appreciable effect on E,. This is demonstrated by the 
different aiming points at z = I .O for the E, vs z lines in the different fields, the values being -2.2 eV for 
CL, -1.9 eV for p’, and I.35 eV for (Y’. <l 198X Academic Pres, Inc. 

Introduction lays can be derived from the chalcopyrite I 
III VI2 compounds, the ternary analogs of 

Semiconductor alloys containing para- the II VI compounds. To retain the electron 
magnetic manganese ions are of interest be- to atom ratio and thus the semiconductor 
cause of their magnetic as well as semicon- properties, it is necessary to replace one I 
ductor properties. Pseudobinary alloys of and one III cation simultaneously by two 
the form II,-,Mn,VI, such as CdlmzMn,Te, manganese atoms, so that the alloys of in- 
have been investigated in much detail (1-4) terest have the form (I III),-,MnzzTez or in 
and the work has been extended to pseudo- the more general pseudoternary case IIti(I 
ternary alloys such as Cd,Zn,Mn,Te (X + III),Mn2,Te2 (X + y + z = 1). 
y + z, = 1) (e.g., (5, 6)). In all of these Lattice parameter and optical energy gap 
alloys, the manganese ions are arranged at data have been obtained for the systems 
random on the cation sublattice and as a Cdz,(CuIn),Mn2,Te2 (7) and Cd&AgIn), 
result the alloys show spin-glass behavior MnzzTe2 (8) and magnetic measurements 
at low temperatures. These alloys have made on various (I III),-,Mn2,Te2 alloys 
been given the names semimagnetic semi- (9). The results indicate that ordering of the 
conductors or diluted magnetic semicon- manganese ions on the cation sublattice oc- 
ductors. Other possible semimagnetic al- curs in these alloys and that this has a sig- 
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nificant effect on the magnetic behavior and 
on the optical energy gap values. In order 
to examine these effects in more detail, it is 
necessary to have information concerning 
the phase diagram and the ordered struc- 
ture of those alloys. Aresti et al. (10) have 
used differential thermal analysis (DTA) 
measurements to give a T(z) phase diagram 
of the (CuIn),pZMnz,Tez system, but did not 
obtain any indication of ordering tempera- 
tures, etc. They suggest that in the range 
of chalcopyrite behavior, the manganese 
tends to order on a stannite type of arrange- 
ment. 

In recent work (II), the T(Z) diagram of 
(CuIn)imlMnz,Tez has been repeated to de- 
termine ordering temperature values in 
both the chalcopyrite and zinc blende fields 
and the corresponding T(z) diagram deter- 
mined for the (AgIn)l-3Mn2:TeZ case. It has 
been shown that while the lattice parameter 
values are not noticeably affected by the 
ordering of the manganese, the optical en- 
ergy gap (E,) values in the ordered and dis- 
ordered alloys are appreciably different and 
that the value of E, is a good indication of 
the state of the alloy. 

In the present work, the T(z) diagram, 
lattice parameter, and optical energy gap 
values of the (AgGa)i~,MntTe~ alloys have 
been investigated. 

Experimental Methods 

Polycrystalline samples of the alloys 
were prepared from the elements by the 
melt and anneal technique (7). The anneal- 
ing temperature to be used was uncertain 
until the T(z) diagram had been determined, 
but annealing at 600°C for about 20 days 
followed by slow cooling to room tempera- 
ture gave good single-phase samples for the 
initial work. (With the furnace switched off 
at 6OO”C, cooling to room temperature took 
about 10 hr). Other heat treatment condi- 
tions to vary the value of E,, will be men- 
tioned below. Debye-Scherrer powder X- 

ray photographs were taken to determine 
the phase condition and lattice parameter 
values for the various samples. 

DTA measurements (12) were made for a 
range of sample compositions, with 50-100 
mg specimens being used. Since the work 
was part of a program for the investigation 
of semimagnetic semiconductor alloys, the 
range of composition investigated was lim- 
ited to 0 5 z I 0.7 and the behavior of the 
MnTe-rich phases was not considered. 
Thus a maximum temperature of 1000°C 
was sufficient for the work and silver was 
used as the reference material. Heating and 
then cooling runs were carried out on each 
sample investigated. 

Room temperature optical energy gap 
(E,) values were measured by the usual op- 
tical absorption method (13). For each sam- 
ple, a slice was polished down to a thick- 
ness d in the range 50-150 pm. The 
variations of I,, the intensity of the incident 
radiation, and It, the transmitted intensity, 
were determined as a function of photon 
energy hv and values of l/d In l,/l[ found. 
These values were corrected by subtracting 
a background value to give the absorption 
coefficient (Y and the relation ahv = ACE, - 
hv)“’ was then used to give a value for E,,. 

Phase and Crystallographic Results 

The results of the DTA measurements 
are shown by the points in Fig. 1, where 
heating and cooling data are indicated sepa- 
rately. The proposed phase boundaries de- 
termined from these points are shown as 
full lines. The dashed lines show phase 
boundaries estimated with the help of X-ray 
and optical energy gap results. In Fig. 1, the 
values at z = 0, i.e., AgGaTez, are in good 
agreement with the results of Palatnik and 
Belova (14), for the AgGaTez point in the 
Ag,Te-GazTe3 diagram. In the present 
work, (Y is the chalcopyrite phase, p the 
zinc blende phase, and y the hexagonal 
NiAs structure of MnTe. As is seen from 
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FIG. 1. T(z) diagram for (AgGa), -,MnZ,Tez alloys. 0, Heating run; 0, cooling run. 

the diagram of Palatnik and Belova, two 
different zinc blende fields are present, ac- 
counting for the p and p, phases in the 
present diagram. By comparison with the 
(CuIn),-,Mn2ZTe2 diagram (IO), the 6 phase 
has the rock salt structure shown by MnTe 
above 1050°C but which exists at lower 
temperatures elsewhere in the general dia- 
gram. The present section is clearly not 
pseudobinary. 

The ordering of manganese on the cation 
sublattice occurs in both the chalcopyrite 
and zinc blende structures, the ordered 
fields being labeled CY’ and p’, respectively. 
Estimates based on ordering line positions 
in the (AgIn)r-,Mn2,Te2 alloys (II) indicate 
that the manganese atoms probably lie on 

planes perpendicular to the c axis. The or- 
dered structure of that system plus the 
present one is being investigated in more 
detail by neutron diffraction work. 

For sample slowly cooled to room tem- 
perature after annealing, the X-ray photo- 
graphs showed the samples to be either 
single-phase chalcopyrite or two-phase 
chalcopyrite plus the hexagonal MnTe 
structure, i.e., as shown in Fig. 1 there is no 
zinc blende field at the lower temperatures. 
Lattice parameter values were determined 
for the chalcopyrite phase in the different 
samples and it was found that the variation 
of a with z was of the same magnitude as 
the experimental scatter in the values. This 
small variation is not unexpected in this 



case, since the results for (CuIn)i~,Mnz,Te~ 
(7) and (AgIn)iP,Mnz,Te~ (8) indicate that 
the value of a extrapolated to z = 1.0 is 
0.6333 nm. The value of a obtained here for 
AgGaTez is 0.6326 nm, so that little varia- 
tion of a with z is to be expected. Thus the 
usual method of using a discontinuity in 
slope of the a vs z curve to find the limit of 
the single-phase field cannot be used in this 
case. However, the optical energy gap data 
given below indicates that the z = 0.5 alloy 
is single phase while the X-ray photograph 
of the z = 0.6 alloy clearly shows lines of / / 
the MnTe phase. Thus in Fig. 1, the phase 
boundary at lower temperature has been 1.4 x 

taken at z = 0.55. k 1 J 
- -- 

_--- 

The value of c/a also remained constant / 

over the range of chalcopyrite structure 1.2 / 

with values in the range 1.900-1.905. This / 
/ 

is in contrast to the results for the (AgIn)imZ 
Mnz,Te2 alloys (8), where c/a increased to- 
ward 2 as z increased and the alloys showed 
zinc blende structure in the range 0.38 5 
z 5 0.72. 

/ 
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Optical Energy Gap Results 
FIG. 2. Variation of room temperature optical en- 

ergy gap E, with z for (AgGal,-lMn,,Te2 alloys. 3, 

The room temperature values of E, as a Samples slowly cooled to room temperature; x. sam- 

function of z and for various heat treat- 
ples air quenched from 500°C: a, samples water 
quenched from 600°C. 

ments are shown in Fig. 2. First, for sam- 
ples cooled slowly from the annealing tem- 
perature to room temperature, and thus 11) that for the Mn-disordered zinc blende 
having the Mn-ordered chalcopyrite struc- materials, the aiming point at z = 1 is E, = 
ture (Y’, it is seen that E, shows a linear 2.8 eV and so an attempt was made in the 
variation with z and extrapolates at i: = 1 to present case to produce Mn-disordered 
a value of E, = 1.35 eV. This is in good zinc blende j3 alloys by quenching from 
agreement with the results for the (CuIn)i-; 600°C. It was found however that rapid 
MnZZTe2 and (AgIn),-,Mnz,Tez alloys quenching in water did not retain the Mn- 
which both showed this same aiming point disordered form and for samples in the 
for E, values in the Mn-ordered chalcopy- range 0.3 I z 5 0.5, values of E, were ob- 
rite CY’ range. In the composition range 0 5 tained, as seen in Fig. 2, which showed an 
z I 0.2, it was found that samples air- aiming point of E, - 1.95 eV. As found pre- 
quenched from 500°C gave a different set of viously (7, 8), this is the aiming point of the 
E, values, which show an aiming point at Mn-ordered zinc blende phase p’. Thus the 
z = 1 ofE, - 2.2 eV. This is obviously the z = 0.35 alloy can take the p’ form. The /? 
value for the Mn-disordered chalcopyrite (Y and p’ boundaries in Fig. 1 were drawn 
alloy. It has been shown previously (5, 7, with this fact in mind. 
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If these zinc blende p’ values are ex- 
tracted to z = 0, a value of E, - 1.0 eV is 
obtained, as the energy gap which AgGeTez 
would have in the zinc blende form. Similar 
extrapolations for the AgInTe2 and CuInTeZ 
cases gave values of -0.7 eV. Thus in all 
three cases, the difference between mea- 
sured gap of the chalcopyrite compound 
and that extrapolated for the zinc blende 
form is -0.25 eV. 

Conclusions 

The results obtained for the (AgGa)lmI 
Mnz,Tez alloys show that a wide range of 
solid solution occurs for both the chalcopy- 
rite and zinc blende structures and that for 
both structures an ordered form, attributed 
to the manganese ions ordering on the cat- 
ion sublattice, occurs in the range 300- 
400°C. In contrast to the (CuIn)im,MnzlTez 
and (AgIn),-,Mn2,Te2 cases (II), the zinc 
blende field does not extend down to the 
room temperature range and all alloys pro- 
duced by slow cooling show the chalcopy- 
rite form. 

The Mn-ordering has an appreciable ef- 
fect on the optical energy gap values and 
the value of E, is a good indication of the 
state of the alloy. Extrapolation of the mea- 
sured E,, values to z, = 1 gives a value char- 
acteristic of the particular structure as 
shown previously (II). These values are 
1.35 eV for the Mn-ordered chalcopyrite (Y’, 
-2.2 eV for the Mn-disordered chalcopy- 
rite a, -1.9 eV for the Mn-ordered zinc 
blende p’, and 2.8 eV for the Mn-disor- 
dered /3 structures. Extrapolation to z = 0 
indicates that E,, - 1 .O eV for the hypotheti- 
cal AgGaTe2 in the zinc blende form, giving 

good correlation with similar values ob- 
tained for AgInTez and CuInTe;! (II). 
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