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X-ray diffraction, transmission electron microscopy, and transmission electron diffraction studies
on zine telluride thin films deposited on glass substrates are made. The variation is studied of
different structural parameters like crystallite size, r.m.s. strain, dislocation density, and stacking
fault probability with thickness of the films as well as with substrate temperature. Maximum
crystallite size and minimum dislocation density are observed corresponding to a substrate temper-
ature of 573 K. The hexagonal phase is observed along with the predominant cubic phase at sub-
strate temperatures beyond 623 K.

Rontgenbeugungs-, Transmissionselektronenmikroskopie- und Transmissionselektronenbeugungs-
untersuchungen an diinnen Zinktelluridschichten auf Glassubstraten werden durchgefiihrt und die
Anderung verschiedener Strukturparameter wie KristallitgroBe, r.m.s-Spannung, Versetzungs-
dichte und Stapelfehlerwahrscheinlichkeit mit der Schichtdicke sowie der Substrattemperatur
wird untersucht. Maximale KristallitgroBe und minimale Versetzungsdichte werden bei einer Sub-
strattemperatur von 573 K beobachtet. Zusammen mit der dominierenden kubischen Phase wird
bei Substrattemperaturen oberhalb 623 K die hexagonale Phase beobachtet.

1. Introduection

ZnTe is a semiconductor belonging to the ABY! group with a band gap of about
2.25 eV at 300 K and is of great importance because of its use in switching devices,
solar cells, detectors, etc. Because of its importance several workers [1 to 7] have
made a detailed study of the crystal structure of ZnTe thin films. They have observed
that these films deposited on glass substrates kept at room temperature have cubic
zincblende-type structure with one-dimensional stacking disorder. An increase in the
stacking disorder resulting in the formation of hexagonal crystallites of wurtzite type
has been observed in case of substrates kept at higher temperatures. Brown and Brodie
[6] have also reported the formation of noncrystalline ZnTe thin films for low sub-
strate temperatures. However, most of these works deal with a determination of the
structure type and a qualitative observation of the defect and grain size from electron
microscopy. No quantitative determination of the different microstructural param-
eters like the size of the crystallities, microstrain, dislocation density, stacking fault
probability, etc. has been reported in case of ZnTe thin films. Hence in the present
paper a determination of the above parameters has been undertaken for ZnTe thin
films (400 to 1020 nm) using X-ray line profile analysis, transmission electron micros-
copy (TEM) and transmission electron diffraction (TED) techniques. Effect of
substrate temperature on the growth of the films has also been studied.
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2. Experimental

The films were deposited by evaporating ZnTe powder from a quartz crucible placed
in a tungsten coil in a vacuum of the order of 107* Pa on properly cleaned glass
substrates with the help of a Hind Hivac vacuum coating unit (Model 12-A4). The
rate of deposition was maintained at a constant rate of 2 nm/s. The thickness of the
films was measured by surphometer (SF 101) as well as by interference methods.

The deposition of films at high substrate temperatures was carried out in a suitable
apparatus described elsewhere [14].

The X-ray diffractographs were recorded with the help of a Norelco X-ray dif-
fractometer at a scanning speed of 0.5°/min by using monochromatic MoK, radiation,
Transmission electron micrographs and transmission electron diffraction patterns
were obtained with the help of a (JEOL, JEM 200 CX) electron microscope.

The intensities of the X-ray diffraction line profiles were subjected to variance
analysis [8] for calculating the crystallite size and microstrain. Since the method is
sensitive to the variation near the tails of the peaks, a careful adjustment of the
background was carried out following the method of Mitra and Misra [9]. The profiles
were corrected for the instrumental broadening by subtracting the variances of the
corresponding profiles of well annealed ZnTe samples. Assuming the broadening of
the line to be due to crystallite size and strain only, the variance can be given by
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where ¢ is the angular range, p the crystallite size, (e2) the mean squared strain, A the
wavelength of the X-rays, and 6 the Bragg angle. Dislocation densities have been
calculated from the particle size and r.m.s. strain values by using the relations given
by Williamson and Smallman [10].
The f.c.c. crystals are formed by
100 : - , a stacking of the densely packed
(111) planes in the proper sequence
ABCABC. .. A deviation in the se-
quence givesrise to the h.c.p. stacking
of ABAB type and is known as stack-
ing fault, The stacking fault probabil-
ity « is the fraction of layers under-
going stacking sequence faults in a
given crystal and hence one fault is
expected to be found in 1/x layers.
Occurrence of stacking faults gives
rise to a shift in the peak positions of
different reflections with respect to the

intensity (arb.units)

Fig. 1. X-ray diffraction profile of (a)
1020 nm, (b) 630 nm, (¢) 270 nm films
showing peak shift and line broadening. The
vertical line is showing the position of the
well annealed powdered sample

20




X-Ray Line Broadening and Electron Microscopic Studies on ZnTe Thin Films 517

) Fig. 2. Variance vs. range for 650 nm
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ideal positions of a fault-free, well annealed sample. Three typical experimental pro-
files, showing the peak shift for (111) reflection of films of different thickness with
respect to a well annealed bulk sample are shown in Fig. 1. Warren and Warekois
[11] have given a relation connecting x with the peak shift A(20). The stacking fault
probability « is given by

22
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In the present case the fault probabilities have been calculated from the shift of the
peaks of the X-ray lines of the films with reference to that from a well annealed sample
by using the above expression, The variance (W) versus range (o) plot for a typical
film of 650 nm thickness deposited at 573 K substrate temperature is shown in Fig. 2.
The linearity of the plot shows that the background has been adjusted properly.

3. Results and Discussion

The X-ray and electron diffraction patterns show that the films deposited on the
substrates kept at room temperature have face-centred cubic structure with o« =
= 0.610 nm. Tt is also observed from the X-ray diffraction patterns that the crystal-
lites are preferentially oriented with (111) face parallel to the substrate. The values of
the particle size, microstrain, dislocation density and stacking fault probability for
films of different thickness are given in Table 1. Corresponding values for films
deposited at different substrate temperatures are compiled in Table 2. The variation
of the crystallite size and r.m.s, strain with thickness of the films is shown in Fig. 3
and the variation of dislocation density and stacking fault probability with thickness
is shown in Fig. 4. The variation of the different microstructural parameters with
substrate temperature can be taken from Fig. 5 and 6.

Table 1

Microstructural parameters for ZnTe films of different thickness deposited at room tem-
perature in vacuum

film crystallite r.m.s. strain dislocation stacking
thickness  size p 104e2)1/2 density o fault probability
(nm) (nm) " (1015 lines/m?) o

400 6.0 304 49.5 0.351

630 6.8 225 33.8 0.073

700 7.2 231 32.8 0.067

800 8.0 250 36.9 0.067

1020 9.7 291 30.5 0.024
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Table 2
Microstructural parameters for ZnTe films deposited at different substrate temperatures
in vacuum
substrate film crystallite  r.m.s. strain dislocation stacking
temperature thickness size 104e2)1/2 density ¢ fault probability
T (K) (nm) » (nm) (1075 lines/m?) «
305 630 6.8 225 33.8 0.073
373 550 7.5 99 13.0 0.109
473 600 8.0 61 7.9 0.079
573 650 15.0 105 7.1 0.085
673 600 4.2 80 19.4 0.266

It is observed that the crystallite size values as well as the microstrain values
gradually increase with increase in the film thickness. The dislocation density value
slowly decreases with increase in the thickness of the films, It is also obsgerved that
the stacking fault value is very high for thinner films and decreases with increase in
thickness.

As had been mentioned earlier ZnTe has zince sulphide structure and can give
close-packed cubic or close-packed hexagonal structure. Since there is very little
energy difference between the two structures, sometimes both structures are observed
simultaneously. The only difference in the zincblende-type (cubic) and the wurtzite-
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type (hexagonal) structures is in the stacking sequence of the close-packed layers of
atoms, There is very little energy difference between the two types and faults in one
type give rise to the other type in the region of the fault. The stacking fault probability
o is the fraction of layers undergoing fault in the stacking sequence and 1/« gives the
number of layers after which a fault occurs. In the present case large values of «x are
observed for very thin films, With increase in the thickness it decreases initially, but
it again increases slightly for very thick films.

The transmission electron micrographs and corresponding electron diffraction
patterns are shown in Fig. 7. Values of the interplanar spacings obtained from the
electron diffraction patterns are tabulated in Table 3. The indices of the different
cubic reflections are given in Table 3 and those for the hexagonal phase are shown
within brackets.

An increase in the size of the particles with temperature is evident from the electron
micrographs. Formation of the hexagonal phase at higher temperatures and micro-
twinning is observed from the contrast in the micrographs (lamellas within the grains).
Similar observations are also made from the broadening of the X-ray and electron
diffraction lines. It is observed that with increase in the temperature of the substrates
the diffraction lines become more and more sharp thus indicating an increase in the
size of the crystallites, Films deposited at about 573 K show maximum crystallite size.
The X-ray line profile analysis study also shows that the crystallite size value increases
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stacking fault probability vs. substrate
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Fig. 7. TEM and TED photographs for films deposited at substrate temperatures a) 305 K (RT)
(60 nm), b) 428 K (58 nm), ¢) 523 K (60 nm), d) 573 K (61 nm), e) 623 K (58 nm), and f) 723 K
(57 nm)

with rising substrate temperature, The size value is maximum at 573 K and it decreases
with further increase in the substrate temperature. The dislocation density is also
observed to be minimum at the above temperature. With increase in the substrate
temperature an increase in the stacking fault probability value is observed. Faint lines
corresponding to the hexagonal phase are observed in case of films deposited at
623 and 723 K. Other workers [1 to 3] have also reported the development of the
hexagonal phase at high substrate temperatures,

Okamoto [12] had, from optimal absorption studies, reported that the optimum
substrate temperature for ZnTe films is 653 K, i.e. 0.38 of the boiling point of ZnTe.
Patel and Patel [4] have observed from electrical resistivity measurements that the



521

Films

n

ic Studics on ZnTe Thi

1CTORCOPIC

X-Ray Line Broadening and Eleciron M

€L 6L0°0
8L 080°0 eF9 180°0 8L 6L0°0
114 €800 1L 980°0 b 2] 800
(exeD)
0z9 LGO0 1134 e60°0 TIL ¢80°0
188 £0L°0 029 960°0 g8¢e £60°0
{0%22) SOI°0 188 €000 059 LBO0
(zgog)
118 9110 11¢ LITO 189 £0r'o
(gg13)
Ge¥ £clo ¢CF SET'0 11¢ LiT'o0 1€9 FOT1°0
€€ oF1°0 156 010 oy Fe1°0 11¢ S1T°0 169 €010
(£207)
00¥ 08I0 00F% £C1°0 1€€ o¥I'0 t444 ¥e1°0 118 8IT°0
(#000) (1202)
e0G SLLO 2%c LLTO 00% £C1°0 1€ o¥1°0 t444 Ge1ro 1¢¢ €010
11€ FRI0 Aﬂm v FRIO @C6 9L1"0 00¥ ¢ST°0 16¢ 0¥1°0 494 1o
0Z11
MMHEW 8BI'0 0z& SIE0 118 FBI°0 11¢ ¢8I0 00% Ge1'0 1€¢ 0¥1°0
011
06a ¥IE0 {z101) 94GG"0 0ée 9160 0ca cIz'0 11¢€ ¢8T°0 11¢ ¥81°0
008 S0g0 008 =) 008 ¢0g°0 (g101) oo 066 ¢1z’0 (1144 ¢1g0
111 £GE°0 T1L G880 11t 89g 0 111 16€°0 111 3ee o 111 £¢6°0
{ura) {wu) (uru) {wu) (o) (uru)
1y p Sueds Y p 3uoeds @y p Suoeds y  p Buroeds 1y p Buroeds 2y p Supeds
gootpur  Jeue]diejur goorpur  aeuepdieyur  sesipul  Jeue[drejul soorpur Jewepdaeyur  seorpur  aewedaejur  seorpur  aeuejdiojur
M gaL ="k M 829 ="°L MeLe =" M eee = °f M 8%F = °iL

(I4) 3 c0¢ = °f

eingeiaduray 9)pIlsqRs JUAIBEp Je peysodep sWfy o U7 I0f (([H.], Wodf paatssqo sv) seorput Surpuodsoiion pue sBuords teuvidiojuy

§HANL



522 U. Par et al.: X-Ray Line Broadening and Electron Microscopic Studies

optimum temperature is 573 K, i.e. 0.33 of the boiling point. As mentioned earlier, in
the present investigation it is observed from X.ray diffraction, TEM, and TED
studies that the crystallite size is maximum and dislocation density is minimum at
the substrate temperature of 573 K, i.e. 0.33 of the boiling point. Hence we can con-
clude that the optimum growth conditions for the films are at about one third the
boiling point of ZnTe. This is in accordance with the theory of Vincett et al. [13]
where the above criterion was obtained from thermodynamic considerations. At this
temperature the reevaporation rate of the disordered region becomes equal to the
deposition rate and there is substantial diffusion and recrystallisation in the films.
They have verified the above criterion for many films and have concluded that
sharply optimised properties are observed at substrate temperatures equal to one
third of the boiling point of the substance. Santhanam et al. [14] have also observed
a maximum crystallite size value for SnTe films at the optimum substrate tempera-
ture.

4. Coneclusions

The microstructural parameters for the ZnTe thin films deposited on glass substrates
were found to be critically dependent on the thickness and the substrate temperature
of the films, Increase in the crystallite size and r.m.s. strain, decrease in dislocation
density and stacking fault values are observed with increasing thickness of the films,
With increase in the substrate temperature there is an increase in the crystallite size
value and decrease in the dislocation density. The optimum values are obtained at
a substrate temperature of 573 K which is about 0.33 of the boiling point of ZnTe.
Further hexagonal phase of ZnTe is observed in films deposited at substrate tempera-
tures higher than 623 K.
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