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ABSTRACT

Achieving a precise control of defects in chalcogenide semiconductors is paramount to
optimizing their thermoelectric properties. Recently, p-type InTe has emerged as a potential
candidate for thermoelectric applications in power generation, mainly due to its extremely low
lattice thermal conductivity. Here, we show that the concentration of inherent In vacancies in
both single-crystalline and polycrystalline InTe samples can be successfully controlled through
saturation annealing. This process, performed on both the In-rich and Te-rich sides of the
solidus line at 943, 893, 843 K and 943 K, respectively, results in variations in the hole
concentration from 4.9x10%° to 8.5x10'° cm3at 300 K. This narrow density range suggests that
the defect chemistry in InTe plays a less critical role in determining its thermoelectric properties
compared to other state-of-the-art thermoelectric chalcogenides. The increased partially-
degenerate character of transport with increasing the annealing temperature lowers the
thermoelectric performance, with a peak ZT value of 0.9 achieved at 800 K in as-synthesized
InTe.
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1. INTRODUCTION

Thermoelectric energy harvesting provides a versatile way for directly converting waste heat
into electrical energy or vice versa. The conversion efficiency of a thermoelectric material is
determined by its dimensionless thermoelectric figure of merit ZT defined as
ZT = a®T/p(k, + kpn) Where a is the Seebeck coefficient (or thermopower), p is the
electrical resistivity, T is the absolute temperature and k. and k,,, are the electronic and lattice
thermal conductivity, respectively.'-3 Effective strategies to optimize the ZT values center upon
either increasing the power factor a2/ p through band-structure engineering (band convergence,
resonant levels or introduction of magnetic ions)**° or lowering the heat propagation. This last
strategy can be realized in materials with high intrinsic anharmonicity or by using specific
synthesis techniques to modify the microstructure from the nano to the microscale.6-22

Over the last decades, chalcogenide semiconductors have stood as the best candidates for
mid-temperature-range (500 — 800 K) thermoelectric applications in power generation.?3-31
Most of the best-performing chalcogenides exhibit deviations from their ideal stoichiometry,
with vacancies and antisite defects being the main type of intrinsic defects.!:? Because both of
them can strongly alter the electronic and thermal properties, controlling their concentration is
a central aspect to effectively design high-performance thermoelectric materials. As robust
approaches for controlling the chemical composition of chalcogenides, phase boundary
mapping and saturation annealing have been applied to several thermoelectric materials
including CoShs,* the Zintl phases CasZna+xSheand MgsSh2,%32* GeTe,* PbX (X =S, Se, Te),¢
3 Bi2Tes (Refs. 40 and 41), SnX (X =S, Se, Te).*>* The former strategy relies on a systematic
investigation of the phase diagram around the targeted composition by probing all distinct
multiphase equilibria to access the full range of thermodynamically-allowed defect

concentrations. However, an unavoidable drawback of this technique is the presence of small



concentrations of one of several secondary phases that can affect the carrier mobility and trigger
instabilities upon thermal cycling. Saturation annealing enables to circumvent this issue by
investigating the maximum deviations from the ideal stoichiometry at a fixed temperature on
every side of the solidus line.3>%° Furthermore, this synthesis process, performed under strict
thermodynamic equilibrium conditions, yields reproducible results from sample to sample,
prepared in both single-crystalline and polycrystalline forms.

Here, we show that this technique can be also applied to single-crystalline and
polycrystalline InTe, a chalcogenide semiconductor that has recently emerged as an interesting
thermoelectric material due to its extremely low lattice thermal conductivity.*6-¢° This process,
realized on both the In-rich and Te-rich sides of the solidus line at selected temperatures varying
between 843 and 943 K, results in hole densities ranging from 4.9x10%° up to 8.5x10*° cm at
300 K. While the results obtained on the In-rich side are consistent with the presence of a small
amount of singly-charged, acceptor-like In vacancies, the lower hole density achieved for the
sample annealed on the Te-rich side suggests the formation of donor-like defects that partially
compensate holes.*®> In spite of the narrow hole concentration range accessible, the low-
temperature transport properties markedly vary with the annealing temperature. The ZT values
of all saturated samples, that range between 0.7 and 0.8 around 770 K, are slightly lower than
the peak ZT achieved in as-synthesized InTe (0.9 at 710 K) due to their increased degenerate

character.

2. RESULTS AND DISCUSSION

The PXRD patterns show that the non-annealed and saturation-annealed samples (see

Supporting Information for experimental details and Figure S1 for a photograph of the

experimental procedure of the saturation-annealing technique) on the In-rich side are phase pure



(Figure 1) within the detection limit of this technique. All the reflections are indexed by the
tetragonal crystal structure of InTe (space group 14/mcm, No. 140).4%%0 In contrast, the sample
annealed on the Te-rich side showed additional reflections at 26~25° and 26~42°, indicating
the precipitation of a secondary phase. These two peaks may correspond to the two main
reflections of the cubic In2Tes phase (space group F43m, No. 216).5! Hereafter, the as-
synthesized sample will be labelled as InTe, the samples saturation-annealed on the In-rich side
at 943, 893 and 843 K will be referred to as In943, In893 and In843, respectively, and the
sample saturation-annealed at 943 K on the Te-rich side will be labelled Te943. In agreement
with XRD, SEM analyses did not reveal the presence of secondary phases in InTe and in the
In943, In893 and In843 samples. Regardless of the annealing temperature, elemental X-ray
maps (Figure S2 in SI) further evidenced a homogeneous spatial distribution of In and Te. For
the Te943 sample, the presence of small regions of a Te-rich phase evidenced by PXRD was
confirmed. This difference between the In-rich and Te-rich sides suggests that the shape of the
homogeneity range in the vicinity of the stoichiometric composition InTe is not symmetric,
with a possible decrease in the solubility of Te with decreasing temperature on the Te-rich side
of the phase diagram. Such a retrograde solubility, observed in Sb2Tes and GeTe,5263 may
explain the internal precipitation of Te, being removed from the lattice during the quenching
process and leading to the formation of a Te-rich secondary phase dispersed in the InTe matrix.
The fact that only precipitation of Te is observed suggests that the diffusion coefficient of Te
in InTe is significantly higher than that of In, similar to the strong difference between the
diffusion of Sn and Te in SnTe.®*%> This phenomenon is consistent with the lower density of
this sample (~91%) after saturation annealing with respect to the samples saturated at the In-
rich side, the densities of which have not appreciably changed upon annealing. Thus, the
cooling rate applied during quenching is likely fast enough to prevent the sublimation of Te at

943 K but nevertheless too slow to avoid internal precipitation. Note that the quenching rate



achieved by using a mixture of water, ice and salt might still be too low to prevent Te
precipitation, with the efficiency of the quenching rate in preventing internal precipitation being
limited by the specific heat and, most importantly, the very low thermal conductivity of InTe.

All samples display a similar microstructure (Figure S3 in Sl), with grains formed by
stacked plate-like InTe layers. This layer-like structure originates from the (In3*Tes?) tetrahedra
chains weakly bounded to each other that lead to easy cleavage along the (110) plane in single-
crystalline InTe.>>6.67 This characteristic explains the anisotropic transport properties observed
in polycrystalline and single-crystalline samples.46-69

Figure 2 shows the temperature dependence of the electrical resistivity p. Hereafter,
because all the samples show only a small degree of anisotropy that remains similar from
sample to sample and as a function of temperature, only measurements performed in the
direction parallel to the pressing direction, that is, the direction along which the thermoelectric
performance is the highest, are shown. Measurements performed along the perpendicular
direction on the as-synthesized and saturation-annealed samples can be found in the SI (Figures
S4 to S11). The effectiveness of the saturation annealing process is demonstrated by the distinct
behaviors in p(T). For samples annealed at the In-rich side, p(T) exhibits a complex
temperature dependence, which contrasts with the simple linear-in-T behavior expected in
conventional degenerate systems and observed in single-crystalline InTe. The temperature at
which p(T) deviates from the linear dependence decreases from 500 K in InTe to around 300
K in the saturation-annealed samples. Below these temperatures where a minimum is reached,
p(T) shows a thermally-activated behavior mimicking a semiconducting-like dependence. This
behavior persists down to 175 K where a shoulder is consistently observed in all samples. Upon
further cooling below this temperature, the variations in p are strongly lessened with decreasing
the annealing temperature. In particular, while the p values of the sample annealed at 843 K

slightly decrease upon cooling, a pronounced rise in p is observed for the sample annealed at



943 K with no sign of saturation down to 5 K. The temperature of the shoulder is consistent
with the magnetotransport anomalies observed in single-crystalline InTe and is likely connected
to the disordered In* cations, residing in the large tunnels of the crystal structure, that undergo
a static-to-dynamic crossover between 100 and 200 K.>* Due to the precipitation of a secondary
phase and the lower density of the Te943 sample, its p values increase by two orders of
magnitude upon cooling. Despite this distinct behavior, the shoulder observed in the samples
saturated at the In-rich side is still visible near 175 K.

The distinct trends in p(T) and the thermally-activated behavior observed upon cooling
below 300 K is likely associated with intrinsic resistance from grain boundaries. This impact
of the microstructure on the electrical resistivity, already present in the as-synthesized sample,
is strongly lessened in samples saturation-annealed at 893 and 843 K, resulting in a nearly-
metallic behavior recovered in the latter. These results are consistent with the metallic-like
dependence reported previously in as-grown, single-crystalline InTe and in the single-
crystalline sample saturation—annealed at 893 K (Figure S10 in SlI) for which grain boundary
scattering is absent. The fact that the thermally-activated behavior tends to fade with saturation-
annealing may be due to an increase in the average grain size leading to lower electrical
resistivity. These results contrast with those reported for SnTe, for which as-synthesized
samples show metallic behavior that remains unaffected by annealing treatments,* but are
similar to those reported for the Zintl compound MgsSb2where saturation annealing was shown
to suppress grain boundary resistance at low temperatures.3*

A link between this crossover and the low-temperature shoulder in the p(T) data is further
supported by the Hall coefficient Ry, shown as a function of temperature in Figure 3a. The
Ry (T) data of the InTe, In943 and In893 samples are characterized by an anomaly around 175
K, which is also observed in measurements performed perpendicular to the pressing direction

(Figure S2 in SlI). The fact that this anomaly is not clearly visible for the sample annealed at



843 K is in line with the lessened shoulder in p(T). Similar to what has been observed in single-
crystalline InTe,% this anomaly does not influence the sign of Ry, which remains positive over
the entire temperature range, characteristic of a dominant hole-like response.

At 300 K, the hole concentration pj of 4.5x10'° cm™3 (Figure 3b and Table 1 where the
room-temperature data are gathered) for the as-synthesized InTe sample is in good agreement
with the sample prepared by Back et al,>® but comparatively higher than those reported in prior
studies.*®®0 p, hardly evolves with temperature regardless of the annealing temperature,
following the trend expected for heavily-doped semiconductors. On the In-rich side, py tends
to increase with increasing the annealing temperature from 4.9x10%° to 8.5x10%° cm23at 300 K
for the polycrystalline In843 and 1n943 samples, respectively. The similar p, measured in the
saturation-annealed and single-crystalline samples (9.5x10*° cm at 300 K for the single-
crystalline sample) indicates that the annealing times applied were sufficient to reach
equilibrium at all temperatures. This conclusion is further confirmed by the p,, value similar to
within experimental uncertainty measured in a second saturated single-crystalline sample
(1.2x10%° cm3 at 300 K) that was placed in the same silica tube. Furthermore, these values are
similar to those achieved in the two polycrystalline samples, further demonstrating that grain
boundaries had little influence on the diffusion process. Note that the direct comparison
between the p, values measured in polycrystalline and single-crystalline samples should be
taken with some caution due to the small but discernible anisotropy that exists in the Ry values
in both types of samples. Nevertheless, the fact that this anisotropy remains small and constant
upon cooling makes the present comparison reasonable.

For the Te943 sample annealed on the Te-rich side, pj is equal to 5.2x10*° cm3 at 300
K, that is, close to the value measured in the as-synthesized sample. Of note, the dispersed Te-
rich secondary phase evidenced by SEM is not expected to contribute charge carriers to the

matrix. Thus, this value can be considered to correspond to the deviation of stoichiometry at



the effective quenching temperature, likely slightly lower than 943 K. The persistent p-type
character of the samples, which is independent of the annealing temperature and annealing
conditions (In- or Te-rich), is consistent with formation energy calculations of native defects in
InTe, indicating that vacancies on the In'* site is the dominant defect under both In- and Te-
rich annealing conditions.® Relatively close in energy are neutral Frenkel defects formed by In
vacancies and In intertstitials, the concentration of which is expected to remain low.>” The
presence of a low concentration of In vacancies agrees with the lightly-doped character of all
the samples, corresponding to a chemical potential pinned near the top of the valence band
manifold and confirmed by low-temperature specific heat measurements.>* However, the hole
count generated by In vacancies is expected to be the highest in the Te-rich side, similar to the
case of SnisTe where the concentration of Sn vacancies & is high under such conditions.#243
This expectation seems inconsistent with the experimental result that the hole concentration of
the as-synthesized and annealed samples are relatively similar. This contradiction might be
explained by the formation of donor-like defects partially compensating holes provided by the
In vacancies. Similar contradiction between experiments and theoretical predictions of native
point defects has notably been underlined in PbTe for which the accurate determination of the
position of the valence and conduction band edges and the inclusion of spin-orbit coupling were
found to be essential in reproducing the experimental trends.®® The fact that the band gap of
InTe experimentally observed has not been reproduced so far by calculations might explain the
present discrepancy between theory and experiment.

Combining all these data, a hypothetical solidus line was drawn (dashed line in Figure
3c), with the possible retrograde solubility of Te highlighted on the left-hand side of the plot.
This portion of the diagram is qualitatively similar to that determined for Sb2Tes,®? but with a

significantly narrower hole concentration window experimentally accessible in InTe.



The Hall mobility u; increases with decreasing the annealing temperature by one order
of magnitude below 175 K (Figure 3d and Figure S11 in SI) from 2 cm?V-1s'to 20 cm?V's
Lfor the In943 and In843 samples, respectively. This variation with the annealing temperature
is consistent with the higher hole density measured in the In943 sample with respect to the
In843 sample, corresponding to a higher concentration of In'* vacancies and hence, enhanced
point-defect scattering.

Uy remains temperature independent between 5 and 175 K indicative of neutral impurity
scattering. An exception to this behavior is the sample annealed at 943 K for which uy
monotonically rises upon heating to 300 K, indicative of grain boundary scattering. The two
other samples show a similar behavior above 175 K with a steep rise in u, which also indicates
that grain boundary scattering prevails up to 300 K. The significantly lower u, values of the
Te943 sample that vary down to 1 cm? V! st at low temperatures are likely due to
microstructural effects, that is, the lower density of this sample and the presence of the
precipitated secondary phase. The activated behavior observed for all samples annealed at the
In-rich side are consistent with the presence of intrinsic resistance from grain boundaries that
limits their electrical conductivity. The fact that this effect is strongly reduced in the In843
sample agrees with the higher u, values compared to the other samples and the strongly
lessened activated behavior in p(T). The data measured on the single-crystalline sample
saturation-annealed at 893 K show that conventional acoustic phonon scattering prevails
(Figure S10 in SI), demonstrating that grain boundaries govern the temperature dependence of
Uy in InTe. The comparison with the data reported previously on the as-grown single crystal of
InTe reveals that the saturation annealing process leads to a significant improvement in the hole
mobility.

Figure 4a shows the temperature dependence of the thermopower «. The a values remain

positive for all the samples down to 5 K indicating a p-type electrical conduction, in agreement



with the sign of R, and with prior reports on single-crystalline and polycrystalline InTe.46-60
Below 50 K, a(T) shows a weak but discernible maximum near 20 K, suggestive of a phonon-
drag contribution, as observed in SnTe for instance.®® For all samples, a(T) increases with
increasing temperature up to about 650 K reflecting their degenerate character. Above this
temperature, a(T) reaches a maximum before decreasing upon further heating. This variation
signals excitation of electrons across the band gap E,, that can be estimated using the Goldsmid-
Sharp relation E; = 2e@q, Tnqx Where e is the elemental charge.”® Using a4, = 225 pV K-
! reached at Ty, = 725 K yields E; ~ 0.33 eV. This value is in fair agreement with those
inferred from absorption spectroscopy on Cd-doped samples and for single-crystalline InTe and
polycrystalline Pb-doped samples.535%% The « values decrease with increasing the annealing
temperature, reflecting the increase in p,. The absence of significant anisotropy in a between
the parallel and perpendicular directions below 650 K (see Figure S6 in Sl) is explained by the
nearly-parabolic valence band that gives rise to weakly-anisotropic ellipsoidal hole pockets
forming the Fermi surface of lightly-doped p-type InTe.5*%8

Due to the high p values, the power factors P = a?/p remain moderate in the entire
temperature range (Figure 4b). The P values are in good agreement with those measured in
single-crystalline InTe, with an optimum value of 0.51 mW m K-? achieved at 660 K in InTe.
The decrease in the a values due to the increased hole concentrations in the saturation-annealed
samples is responsible for the lowered P values, with a peak of 0.47 mW m* K-2 achieved at ~
665 K for the In893 sample.

The a(py) dependence (Figure 5) at 300 K is consistent with the theoretical curve
calculated using a single-parabolic-band (SPB) model. All the samples fall on the curve
corresponding to a density-of-states effective mass of 0.74m,, indicating that varying the defect
concentration likely corresponds to a mere rigid shift of the chemical potential deeper inside

the valence bands.
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Figure 6a shows the temperature dependence of total thermal conductivity k. Below 300
K, all samples behave as typical crystalline compounds, with an Umklapp peak near 18 K in
agreement with prior studies on InTe.5>5758 Comparatively, the temperature at which this
maximum is reached is higher than in single-crystalline InTe.%®®" This difference stems from
grain boundary scattering that affects both the magnitude and temperature of this peak. The
significantly lower peak observed in the In943 sample is consistent with the strongly reduced
hole mobility indicative of enhanced point-defect scattering that dominates the charge and
thermal transport in this sample. The extremely low x values measured in the Te943 sample are
mostly due to the low density of this sample. Upon warming, k¥ monotonically decreases to
reach values as low as ~ 0.4 W m* K-1at 800 K. The saturation annealing process has little
influence on k with only slight differences observed above 300 K that disappear at high
temperatures. The lattice thermal conductivity k,, has been determined by subtracting the
electronic contribution «, calculated using the Wiedemann-Franz law «, = LT /p where L is
the Lorenz number. The temperature dependence of L has been estimated using the SPB model.
Regardless of the annealing temperature, k,,, decreases with increasing temperature to reach ~
0.25 W m* K at 800 K (Figure 6b). These extremely low x,, values have been shown to
originate from the disordered, rattling-like In* cations.>*>" Associated with the thermal motion
of these cations are low-energy optical modes that shape the low-energy region of the phonon
spectrum.>* By strongly limiting the phase space of acoustic phonons, these modes significantly
lower r,p,.

The temperature dependence of ZT is shown in Figure 7. The combination of high power
factors and very low k values results in high ZT values of up to 0.9 at 710 K for the InTe sample.
The increased hole concentration induced by the saturation annealing process leads to reduced,

yet still high ZT values ranging between 0.7 and 0.8 at 770 K. These values are similar to those

11



reported for single-crystalline InTe, but remain lower than those achieved by alloying with Pb

with a peak ZT of 1.05 at 780 K556

3. CONCLUSION

To control the defect chemistry in InTe, polycrystalline and single-crystalline samples were
subjected to saturation annealing on the In-rich and Te-rich sides of the solidus line at
temperatures varying between 843 and 943 K. The concentration of In vacancies was effectively
modified, with hole concentrations increasing from 4.9x10%° to 8.5x10'° cm=at 300 K upon
increasing the annealing temperature. The resulting enhanced degenerate character of the
annealed samples tends to lower the power factor and hence, the ZT values compared to as-
synthesized InTe that exhibits the highest thermoelectric performance with a peak ZT value of
~ 0.9 at 710 K. Further first-principles defect calculations would be an interesting undertaking
to devise effective doping strategies for either increasing the hole concentration or possibly

achieving n-type electrical conduction.
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Table caption

Table 1. Hole Densities py and Hall Mobilities u; Measured at 300 K for Non-Annealed
and Saturation-Annealed InTe Samples. Experimental Uncertainty is Given in

Parenthesis (see Sl for further details).

Sample py (x10%° cm3) uy (cm? V-ist)
InTe 4.4(0.2) 15.9(0.8)
In943 8.5(0.4) 9.0(0.4)
In893 7.6(0.4) 17.1(0.8)
In843 4.9(0.2) 18.4(0.9)
SC In893 (first) 9.5(0.5) /
SC In893 (second) 11.8(0.6) 66.1(3.3)
Te943 5.2(0.3) 1.0(0.05)
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Figure captions

Figure 1. Powder x-ray diffraction patterns for non-annealed and saturation-annealed InTe
samples. Note that the anisotropic crystal structure of InTe tends to result in preferential
orientation of the crystallites, explaining the differences observed in the relative intensity of the

peaks from sample to sample.

Figure 2. Temperature dependence of the electrical resistivity p of the non-annealed and
saturation-annealed InTe samples measured along the direction parallel to the pressing

direction. The lines are guides to the eye.

Figure 3. Temperature dependence of the a) Hall coefficient Ry, b) hole concentration py, C)
temperature of the saturation-annealing process as a function of p, and d) Hall mobility u, of
the non-annealed and saturation-annealed InTe samples measured along the direction parallel
to the pressing direction. In panels a), b) and d), the solid lines are guides to the eye. In panel
c), the dashed line represents the hypothetical solidus line. Note that the difference between the
data of single-crystalline (SC) InTe and polycrystalline In-rich sample, all saturation-annealed
at 893 K is due to the more pronounced anisotropy of the transport properties in the former.
The direct comparison of data measured on single-crystalline and polycrystalline samples

should be taken with some caution.

Figure 4. Temperature dependence of a) the thermopower a and b) the power factor P of the

non-annealed and saturation-annealed InTe samples measured along the direction parallel to

the pressing direction. The lines are guides to the eye.
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Figure 5. loffe-Pisarenko plot at 300 K for non-annealed and saturation-annealed InTe samples
measured along the direction parallel to the pressing direction. Data for single-crystalline InTe
and from prior studies are also included for comparison (error bars corresponding to 7% have
been included for both axes). The black solid and dashed lines were calculated using the SPB

model with density-of-states effective masses my,,s 0f 0.74me and 0.98me, respectively.

Figure 6. Temperature dependence of a) total thermal conductivity x and b) lattice thermal
conductivity k., for the non-annealed and saturation-annealed InTe samples measured along

the direction parallel to the pressing direction. The lines are guides to the eye.

Figure 7. Dimensionless thermoelectric figure of merit ZT as a function of temperature for non-

annealed and saturation-annealed samples along the direction parallel to the pressing direction.

The lines are guides to the eye.

25



Intensity (a.u.)

Sy gy

| 3 Te943

‘ l In843
‘ l In893

I \ In943

InTe

2

o

40 | 60
20 (%)

Figure 1

26



N —s—InTe

- -a-- 1943
= v In893
~ - In843

N
200 - A.“‘
‘A
a
150 -\"‘“*u,:.
. ‘A_:._..
A e,
100 AA“::. ®oqy L ,
TR—TTR s B St
Ty, -
0 T T T T T T T T . T : : I l ' |
0 100 200 300 400 500 600 700 800
T (K)

Figure 2



a)

30
*— InTe b)
1--+- In943
v In893
% « InB43
O 204
=
£
5}
o~
8 15";.-4,.70 - e .\\ - ———
-._:E Jw e - * - \h/- - " * =
x 10
- R - PR
et et R T SRS ST S
54
0 T 1 T 1 1 I
0 50 100 150 200 250 300
T(K)
1000 d)
o mTe N
950 4 ¢ In-rich N \
v Te-rich i S
| 4 sc | \
\
i
<& 900
é R gl ,|+A< +Ad
= ’
/
1 /’
’
,/
850 4
W/
’
. 1
800 .
1 10 30

p, (10* cm?)

Figure 3

1 21
0 ——InTe
--+- In943
v In893
«In843
@
£
"9’ 20
2107
R S Sk ST G §
e e e S e
1019 T T T T T
0 50 100 150 200 300
T(K)
100
*—InTe
--+- In943
v In893
+-In843
Tm .
>
o~
£ 104 v
S -
=
=
3
JUNp
1 10 100 1000

28



a) Sl — InTe
{--+-1n943
v In893
2004 * In843
e 150
=
=
-
3
100
50
o
0 1 I v 1 N 1 I I 1 I
0 100 200 300 400 500 600 700 800
T(K)
0.8
b) ——InTe
--+- In943
1+ In893
~~--1n843
—~0.6 -
2y
X
€
50.4 s
o
Z
o
0.2 -
0.0 T T T T

Figure 4

I
800

29



a(uV K"

400

300 ~

200

100

InTe
In943
In893
In843

SC InTe
Jana et al.
Back et al.
Pal et al.

4po

AvVvae

—— Mmpos= 0.74m,
- - Mpos= 0.98m,

10"

Figure 5

107

30



25
—+— InTe
--~-1n943
v In893
2.0 + -+ |n843
X 15
£
=3
«1.0
0.5+
00 4Y———F——T—T— T T 1
0 100 200 300 400 500 600 700 800
T (K)
25
b) —e—InTe
--~- 1n943
~--v-- In893
-+---1n843

00 T T T T T T T T I
0 100 200 300 400
T (K)
Figure 6

T
500

L
600

I ! T
700 800

31



ZT

—e— [nTe

{--+- In9a3
~v- In893
- +--In843

T T T T T T T T T T T
300 400 500 600 700 800

Figure 7



Table of Contents Graphic

T(K)

This work reports a detailed study of the saturation annealing process applied on single-
crystalline and polycrystalline InTe on both the In-rich and Te-rich sides of the solidus line.
This technique enables a precise control of the defect chemistry in chalcogenide

semiconductors.
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