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In this work are presented the results obtained from the depositiomaf £thx Te nanolayers using as precursor the vapours of the elements

Zn, Te, and a mixture of Cd and Zn on GaAs and GaSb (001) substrates by Atomic Layer Deposition technique (ALD), which allows the
deposition of layers of nanometric dimensions. At each exposure of the growth surface to the of cation or anion precursors vapours, this
surface is saturated. Therefore, itis considered that the process is self-regulated. The ZnTe layers were grown in a wide range of temperatures;
however, ZnTe nanolayers with a shiny mirror-like surface could be grown at temperatures between 370 @nddbperatures higher

than 400C were necessary for the CdTe growth. The layers of the. @&nx Te ternary alloy were deposited at temperature range of 400

and 428C. The grown nanofilms were characterized by Raman spectroscopy and high-resolution X-ray diffraction. The Raman spectrum
shows the peak corresponding to LO-ZnTe at 208 Enwhich is weak and is slightly redshifted in comparison with the reported for the

bulk ZnTe. For the case of the CdTe nanolayers, Raman spectrum presents the LO-CdTe peak, which is indicative of the successfully
growth of the nanolayers, its weakness and its slight redshifted in comparison with the reported for the bulk CdTe can be related with the
nanometric characteristic of this layer. The performed high resolution X-ray diffraction measurements allowed to study some important
characteristics, as the crystallinity of the grown layers. Additionally, the performed HR-XRD measurements suggest that the crystalline
quality have dependence with the growth temperature.

Keywords: 1lI-V substrates; Cd_ xZnxTe ternary alloy; Zn, Te and Cd mixture of elements; atomic layer deposition (ALD); defect
generation mechanism.

En este trabajo se presentan los resultados obtenidos de la depdsicianocapas de Cdyx Znx Te utilizando como precursores los vapores

de los elementos Zn, Te, y la combinartide Cd y Zn sobre sustratos de GaAs y GaSb (001) péctiada de deposian de capas amicas

(ALD), la cual permite la deposién de capas de dimensiones nagtmcas. En cada expositi de la superficie de crecimiento a los vapores

del precursor, de cationes o de aniones, esta superficie es saturada, por lo tanto, se considera que el proceso es autorregulado. Las capas
de ZnTe fueron crecidas en un amplio rango de temperaturas; sin embargo, las hanocapas de ZnTe con una superficie brillante tipo-espejo
pudieron ser crecidas a temperaturas entre 370 Y@Ilemperaturas superiores a 43fueron necesarias para el crecimiento de CdTe. Las

capas de la aleamn ternaria Cgl- x Znx Te fueron depositadas en un rango de temperatura de 400°C4R&s nanocapas crecidas fueron
caracterizadas por espectroscopia Raman y difbacde rayos X de alta resoldci. El espectro Raman muestra el pico correspondiente

a LO-ZnTe en 208 cm', el cual es dbil y ligeramente desplazado hacia el rojo en companacon el reportado para el ZnTe masivo.

Para el caso de las nanocapas de CdTe, el espectro Raman presenta el pico LO-CdTe, el cual es indicativo del crecimiento exitoso de las
nanocapas, su debilidad y su ligero desplazamiento hacia el rojo en corbparasiel reportado para el CdTe masivo puede relacionarse

con la caractéstica nanoratrica de esta capa. Las mediciones de dif@actdie rayos X de alta resolaci realizadas permitieron estudiar

algunas caractigticas importantes, como la cristalinidad de las capas crecidas. &cdésms mediciones de HR-XRD realizadas sugieren

que la calidad cristalina tiene dependencia con la temperatura de crecimiento.

Descriptores: Sustratos I1I-V; Aleadn ternaria Cg x Znx Te; mezcla de elementos Zn, Te y Cd; Depdsicile capa @imica (ALD);
mecanismo de generaci de defectos.

PACS: 81.07.Bc; 81.15.Lm; 71.55.Gs; 82.20.-w; 83.85.Hf; 87.64.kp

1. Introduction ing these last as substrates. 11l-V semiconductors compound

have showed to have large important optical characteristics,
With the renewed interest of the nanostructures and nan@o they have found a wide field of applications for radiation
electronics, materials studied extensively as CdTe, ZnTe, an@nd detection as is the case of GaAs and GaSb used as sub-
its ternary alloy have also returned to be of interest in theirstrates in the present work. From the above pointed out, the
nanometric form. In addition, these materials are explorednain goal is to take advantage of the properties of ZnTe and
in combination with the 111-V semiconductors compound us-CdTe nanolayers in combination with the 1ll-V compounds
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when are used as substrates. [1-4]. In the case of its ternar
alloy, the Cd_ xZnx Te (CZT) band gap energy can be mod-

ulated from 1.45 to 2.25 eV, property that can be used for
designing a large variety of radiation detectors [5,6]. In addi-
tion, the layers with nanometric dimensions can be obtained
with relative not complex growth techniques as is the case of ja
the known as atomic layer deposition, which can be imple-
mented using high purified hydrogen combined with a vapour
phase deposition of the precursors on the substrate. So, it i
not only an interesting issue but also and relative inexpensiv
way of obtaining nanolayers for future optical device fabri- 2—» 5 p

. 1 ‘_
cation. e mm # = E 4 \Movément
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2. Experimental procedures | [
<:| Hydrogen flux

Growth system: As is known, the ALD is a vapour phase
technique based on the sequential saturation of the growth _ _
surface. It is tightly related with the CVD and PVD growth FIGURE 1. Details of suceptor used for growing the samples. Inthe
techniques. This growth technique was developed by Suripper part the photograph of the used boat is shown and the bottom
tola and Antson in 1977 [7] for depositing ZnS, and it was part is the suceptor diagram, which is constituted of 1) Elemental
. . ' source, 2) quartz container, 3) slide strip holder, 4) GaAs and GaSb
known as Atomic Layer Epitaxy (ALE). Nowadays due to the :
f ial d hi ubstrates, and 5) purge hole. All components are into the quartz
great success 0 nanomaterla san nanostructures, this tg famber with a constant flux of purified hydrogen.
nigue, has been extensively studied, the amount of materials

that can be deposited has been increasing. Literature about .
ALE includes a large number of papers and reviews [7-13].grOWth chamber. The computer program allows sequencing

As main characteristics of this growth technique is the ex—the layer growth and provides the desired exposure times.

cellent control of the thickness of the grown layers, deter-ThIS system allows growing samples W'.th more than 800 lay-
ers. The procedure employed for growing the CZT structure

mined by the number of exposition of the growth surface to'g\ this case, was based in the use of a cation source prepared
the precursor vapours. In addition, the nature of the vapour . ' i . .
P P b aking a mixture of Cd and Zn, combined by weights. Dif-

and the number of allowed sites for the molecules or atom . . . : o
on the substrate surface limits the grown layer thickness. I'erent We|ght combinations give different molar composition
the case of samples presented in this work, when the growt‘ﬁ' the final grown layer.

surface is finished with Zn atoms (cations) the next layer Te  Substrate preparation: The layers were grown on (001)
(anion) is grown. For this growth type exists a set of condi-oriented GaSb and GaAs substrates. The substrates prepa-
tions that are considered as a window for the growth paramration was as usually; degreased with organic solvents, ox-
eters. The growth technique employed in this work is knownide elimination using HCI followed by a chemical polishing.

as “isothermal closed space” this has been reported by othém the case of the GaAs substrate the used etching solution
authors [14]. In summary, the growth system used in the exwas H,SO,:H,05:H>0, 5:1:1, while for the GaSb substrate
periments is an adaptation of a LPE system with the graphitevas used a solution based in tartaric acid, hydrofluoric acid
boat adapted for the solid precursors, and the heater systemmd hydrogen peroxide [15]. After the chemical etching, the
and the gas system conserved, as is illustrated in Fig. 1. Bubstrates were rinsed in deionized water and then dried by
has a horizontal geometry; the body of the reactor is madblowing nitrogen onto their surfaces. As next step, the sub-
of a quartz tube while the suceptor is made of high puritystrates were introduced into the growth chamber and were
graphite. The experiments were carried out using a higiplaced side-by-side on a graphite rule. In order to guarantee
purity Pd-diffused hydrogen flow of 300 ml/min at atmo- the same growth experimental conditions on both GaSb and
spheric pressure. The substrates were exposed alternativeBaAs substrates, the two substrates were loaded simultane-
to the precursor vapours by sliding the graphite rule conously at the same growth run. This was accomplished cut-
taining them. The elemental precursor vapour arrives on théng rectangular substrates@b x 1.0 cm and placing them
substrate surface from little quartz tubes where are containeside-by-side to form d.0 x 1.0 cm substrate. In this way

the precursors. In this way both of them, the anion flux andvere eliminated possible factors produced by nonintentional
the cation flux saturate the growth surface one after the othesariations in the growth processes assuring the same growth
making the process self-regulated. All, the graphite sucepexperimental conditions for the epitaxial layers on both sub-
tor, substrates and precursor sources were maintained at terates and allowing the direct comparison between the layers
same temperature during the growth process. The graphigrown on GaSb and GaAs substrates. The experiments were
rule with the substrates is coupled to a step motor controlledarried out using a high purity Pd-diffused hydrogen flow of
by a computer program. This motor is located outside of the800 ml/min at atmospheric pressure.
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Sample characterization: In order to study the charac- 0.6

teristics of the grown epitaxial layer with temperature and r @ ZnTe/GaAs
Vv ZnTe/GaSb

o
o
T

thicknesses, high-resolution X-ray diffraction (HR-XRD)
measurements were performed. All diffractograms were ac-
quired using a Philips Analytical diffractometer. The param-
eters used for scanning were Cy,Kline, A = 1.540597 A,
AN/ =2 x 1074, and 0.10 sec as time per step, the diffrac-
tion plane was (004), with a continuous mode scan type. All
the used substrates were cleaved from the same epi-read
GaSb wafer and in the same way for the case of the GaAs sub
strate. For assessing the thickness of the grown ZnTe layers
ellipsometry measurements were performed using a Gaertne
ellipsometer L117 with a He-Ne laser and\a= 632.8 nm, . . . . . .
varying the incident angles and obtaining the extinction pa- 0.0 370 380 390 400 410 420
rameters. Raman scattering experiments were performed a Growth temperature (°C)
room tempergture using thg 632'8 hm line of a He—'Ne Iaser:IGURE 2. ZnTe thicknesses Measurements showed that the
at normal |nC|d_ence for excitation. The laser spot light WaSyqwth rate was 0.3 nm, the corresponding to a monolayer per
focused to a diameter of pm at the sample using a 50 rowth cycle, for both substrates used.
(numerical aperture 0.9) microscope objective. The nomineﬁJ
laser power used in these measurements was 20 mW. CaTée ZnTe layers thicknesses were evaluated by ellipsome-
was taken to avoid the heating of the sample inadvertentlyry measurements. The normalized results are summarized
to the point of changing its Raman spectrum. Scattered lighh Fig. 2, in this figure the presented layers were grown us-
was analysed using a micro-Raman system (Lambram modglg different number of surface exposition to the element
of Dilor), a holographic notch filter made by Kaiser Opti- vapours; from 300 to 900. The horizontal scale corresponds
cal System, Inc. (model superNotch-Plus)2i x 1024-  to the growth temperatures explored in the experiments. In
pixel CCD used as detector cooled to 140 K by liquid nitro-the same figure, can be observed that the average value of the
gen, and two interchangeable gratings (600 and 1800 g/mmjhickness is in dependence of the number of surface exposi-
Typical spectrum acquisition time was limited to 60 s to min-tion which was around 0.3 nm that is the value correspond-
imize the sample heating effects discussed above. Absoluifig to a monolayer of ZnTe. This indicates that the growth
spectral feature position calibration, was adjusted better tharegime is the known as Atomic Layer Deposition (ALD). As
0.5 cnT! observing the position of Si peak, which is shifted mentioned earlier, this growth regime allows to have a very
by 521.2 cnt! from the excitation line. good control on the layer thickness due to tight dependence
of the final thickness on the growth cycles performed.
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~
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2.1. ZnTe growth procedure
2.2. AFM Surface Morphology

The ZnTe layers were grown in a wide range of temperatures;

however, ZnTe nanolayers with a shiny mirror-like surfaceln order to explore the samples surface morphology, AFM
could be grown at temperatures between 370 and @ topography images were taken, the results of these are illus-
both GaSb and GaAs substrates. In the case of the GaAgtedinFig. 3. In some cases, the AFM images present some
substrates, at temperatures higher tharf @lte layer sur-  Structures as artifacts due to the tip adherence and contamina-
faces were deteriorated and showed a hazy appearance, gi@n. The vertical scale is presented in nanometres, in the case
on GaSb substrates the layer surface remains shiny even @tthe 3D images can be observed that the maximum height is
temperatures near at 420. In other series of experiments, around 20 nmin the analysed area, which @asx 2.0 um.

the exposure times to the Zn and Te vapour sources werRS can be seen in the surface images that the grown layers
explored to determine the shortest exposure time that coul@f the ZnTe compound were highly uniform in the surface
be used for growing these layers. From these experiment§)orphology. The measured roughness wa2.37 nm in the

it was found that for exposure times less than 2.5 s ther§ase of the average roughness and 39.69 nm as the root mean
was no growth on the GaAs substrate, while in the case cfquare.

GaSb substrate the shortest time was found to be 1.5 s for

385°C. This difference in the exposure times indicates that3,  7ZnTe high-resolution X-ray diffraction

the growth kinetic is different for GaSb substrate compared

with GaAs substrate. Additionally, these exposure times arés result of the HR-XRD measurements, the peak corre-
not determined by the transport of the reactants on the growtsponding to the (004) diffraction plane of ZnTe was identi-
surfaces. After the experiments with the exposure times, ified and investigated. In Fig. 4, the thin peak abouit 8&-
adopted 3.0 s for growing the follow samples, and 3 s for theesponds to the (004) diffraction plane from the GaAs sub-
interruption time, as other researchers have reported [16§trate, which was used as reference for the ZnTe layer peak
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FIGURE 3. AFM topography images on ZnTe epilayers grown by the ALD regime. a) Typical ZnTe depth profile image, b) ZnTe same zone,
¢) ZnTe 3d topography and d) Height distribution of the ZnTe sample.

position adjustment and its comparison. The wide peakshe two materials are very closegasp = 0.60959 nm and

at the left of it, correspond to the (004) diffraction planesaznte = 0.61034 nm. In addition, the interface defects and
from the epitaxial layers, its intensities were amplified bythe nanometric thickness of the ZnTe layers are factors that
200 times due to the weaknesses of these peaks as a conaee related to the width of the diffraction peak [19,20]. The
guence of the thin thickness involved on the diffraction. Thedescribed above is shown in Fig. 5, in which is presented a
full width at half maximum (FWHM) of the diffraction peaks X-ray diffraction curve of a typical 125 nm thick ZnTe layer
were very wide (600-800 arcsec) indicating a highly distortedthat was obtained performing 410 growth cycles on GaSh

lattice due mainly to mosaicity [17]. In addition, in this figure /4
as is expected can be observed that the intensity of the peak —A—ZnTe22, 450 cycles, 385°C
increases with the thickness of the layers. Moreover, as the o onresy 820 gz::: e
layer thickness increases, the peak position shifts away from = —o—2ZnTe38, 700 cycles, 370°C
the peak corresponding to GaAs substrate towards the posi _: 4 ’\
tion that must have the corresponding to the ZnTe in bulk. & [ ©
This effect could be attributed to the relaxation of the layers >, \ J
and the increase of dislocation defects in the interface due-g / \ §
to the fact that for highly dislocated layers the peak position § [ e L0 @
is determined by the mean distortion of the lattice [18]. For £ P =
the samples whose diffractograms are showed in Fig. 3 the [/' ° o
calculated thicknesses were ranged between 135 to 270 nm. ,,v" ,."'ﬁ I‘,A"‘ Ia
v oA
In the case of ZnTe layers grown on GaSb was not pos- Lo i, |

1 L
/
sible to resolve clearly the ZnTe diffraction peak from the 2L 200 #0.2 231‘,‘0 202 S04
one corresponding to the GaSb substrate. This is a conse )
quence of the smaller lattice mismatch between the ZnTeicure 4. ZnTe on GaAs, peak position shift is related with the
layer and the GaSb substrate since the lattice constants ofcrease of interface dislocation.
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29/( ) FIGURE 6. Raman spectra of the substrates used in the growth of
ZnTe nanofilms.

b) ZnTe/GaAs

scattering measurements were made to the substrates used to
have a reference if there had been thin film growth on differ-
ent used substrates.

For assessing the quality of the ZnTe grown layers Ra-
man spectroscopy measurements were performed. The ob-
tained results are shown in Fig. 7. As was mentioned above
it the measurements were carried out at room temperature on
W samples (001) oriented at normal incidence. It is noteworthy
\ . . A, 2 b S %'%1 that first and second order Raman dispersion was obtained of
297 300 303 306 309324 32.7 33.0 the grown samples. The TO-ZnTe mode is forbidden in the

20(°) experimental measurement configuration geometry for (001)

) ) substrate orientation, which becomes active by the break-

\I/:vli?hutii ;'Jbgt':farticuggkcj)"gac’;éh:nige(;g?) peak compared o of the selection rules in the backscattering configura-
peak. ' tion. This breakdown is attributed to the generation of struc-

tural defects as misfit dislocation in the layer-substrate inter-

substrate. In Fig. 5, as a result of the deconvolution trea . 7
ment of the X-ray diffractogram can be observed the pealzace_ _and other Cr_ystalllnlty prob Iems 0”9'”‘7’“6(* f“’”? com-
corresponding to the ZnTe layer near the dominant peak coPOS'_t'On_al fluc_t_uat|ons find by elastic scattering from ionized
responding to the (004) diffraction plane of the GaSb sub-dolomg impurities. In Fig. 7 are shown the Raman .spectr_a of
strate. Compared with the GaSb substrate peak, the gregrf\mples grown on G.aSb and GaAs substrates. F!g. 7aillus-
peak width of the layer and its weakness resultant is evideng""tes the deconvolution of two Ramaq spectra, which present
irst and second order Raman scattering of the ZnTe, the fre-
quencies of these peaks are shown in Table I. In these ones,
4. Characterization by ZnTe Raman spec- therearetwo dominant peaks, corresponding to the tellurium
troscopy related bands around 123 and 141¢nj21-23]. The dis-

cussion of Raman scattering will be divided into two, corre-

Back scattering geometry has been used to record the RgPONding to the Raman of first-order and second-order.

man spectra of the (100) GaSh and GaAs substrates that are First-order Raman. ZnTe has a crystal structure of the
shown in Fig. 6. GaSb Raman spectrum presents a dominarincblende type with two atoms per unit cell. Thus, it would
band at 237 cm! that is associated to longitudinal optical expect three degenerate optic modes of vibrations at the cen-
phonon (LO) frequency of GaSh, and other that is related tdre of the Brillouin zone =0); however, the binding is par-
metallic tellurium observed at 274 crh that was found ex- tially ionic and in this case Poulet [24] has shown that the
perimentally. The weak shoulder on the low-frequency sidemacroscopic electric field associated with the longitudinal
of the GaSb-LO band at 229 cthis the GaSh-TO mode, in mode of vibration increases its frequency above that of the
principle forbidden in this experimental geometry. Its weaktransverse mode of vibration. The first-order Raman spec-
intensity in the Raman spectrum indicates that the crystallinérum consists of two bands: The highest in frequency is as-
quality of the Te-doped GaSb substrate is very good. Simisociated to the longitudinal optical (LO) branch and the low-
larly, to GaAs substrate, which only shows a Raman peak atst is the doubly degenerate transverse optical (TO) branch.
293 cnm! that is associated with GaAs-LO mode. Raman  Thus, the peak observed at 208 thtorresponds to the

26=33.031

ZnTe nanolayer
20=30.26°

GaAs Substrate

P

Intensity (arb.u.)
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ZnTe longitudinal optical phonon [25-28]. The Raman spec-
tra exhibit peaks related to the substrate characteristics. For
the ZnTe Raman spectrum of the layers grown on the GaSb
substrate, it can be observed three dominant peaks between
90 and 150 cm! that are associated with Te. As in the case
of samples grown on GaAs substrate the peak at 208'cm
corresponds to LO-ZnTe [26,29]. In addition, as can be ob-
served in figure is evident the weakness of the peak corre-
sponding to LO-ZnTe and is slightly displaced in compari-
son with the reported for the ZnTe in bulk, possibly due to
the layers stress and the nanometric nature of these layers, as
ZnTe17/GaAs has been reported by other authors [23]. In the second-order
scattering process, the energy of the scattered photons differs
from the energy of the incident photons by the energy of two
vibrational quanta. The two phonons involved can be from
the same branch (overtones) or from different branches (sums
or differences). The wavevector of the phonons involved is
usually orders-of-magnitude larger than that of the photons
and conservation of crystal momentum therefore requires that
the wavevectors of the two phonons be equal and opposite in
sign. Thus, the two phonons involved, although they may
T e - ' be from different branches of the spectrum must come from
100 150 200 250 300 350 the same pomt_ln the zone. Thl_s of course is still allow, two
phonon scattering from any point in the zone and the scat-
tered spectrum will consist of a continuous background with
peaks corresponding to critical points in the two-phonon den-
sity of states [30].

The critical points in the zinc blende phonon spec-
trum [31] are at the pointsI'(0,0,0), X(1,0,0),
L(1/2,1/2,1/2)andW (1,1/2,0) in the Brillouin zone. Bir-
man [31] has worked out the selection rules for second-order
Raman scattering from these critical points in zinc blende
structures. In Fig. 7 observes the features of the second-
order spectrum and Table | contains a list of the frequencies
corresponding to these features. Column 2 of Table | gives
e the mode assignments of these features. The features below
160 cnt ! could be due to combinations of transverse acous-

ZnTe34/GaSb

Raman intensity

ZnTe39/GaShb

ZnTed40/GaSh

Raman shift (cm'1)

b) ZnTe17/GaAs

ZnTe39/GaSb

TABLE |. Frequency of active Raman lines detected for the ZnTe
samples grown on the two different substrates [32].

Raman intensity

Order Raman Mode assignation GaAs GaSb

Te20-related 126 128
First Te-related 144 146
LO-ZnTe 208 208
it P it \ N Ceeececcce
2TA(L)-ZnTe 96 96
100 150 200 250 300 350 ©
. A 2TA(X)-ZnTe 105 106
Raman shift (cm )
(W1+W2)-ZnTe 159 159
Second (TO(X)+TA(X))- 226 228
FIGURE 7. a) ZnTe Raman spectra of samples with different thick- ZnTe
nesses gnd _sul:_)s_trate. b) Decomposition of the measured_ Ra_man (LO(X)+TA(X))- 238 238
spectra into individual components for two samples grown in dif-
ferent substrates GaAs and GaSh. The circles lines are their respec- ZnTe
tive fitting. 2LA(X)-ZnTe 273 275

Rev. Mex. Fis64(2018) 206-215
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ya
— - —CdTe29, 405°C
— = CdTe30, 415°C
— o —CdTe31, 420°C
4, —>—CdTe32, 425°C

tic phonons (sums and overtones) or to differences such as
LA(X)-TA(X). In these experiments, it was observed that the
width of all the features below 160 cm decreased at the
same rate with increasing temperature, and in addition were
strongly polarized. On the basis of these observations the
low-energy features were assigned to overtones and sums @
transverse acoustic phonons.

Intensity (arb.u.)

5. CdTe X-ray diffraction characterization

GaSb substrate

In the case of CdTe samples, these were grown on (100) ori-
ented GaAs and GaSb substrates as in the ZnTe layers cas ="
although the range of growth temperatures for the CdTe depo- 2s.0
sition was slightly different. Temperatures higher than“4D0
were necessary for the CdTe growth. As in the ZnTe case, the
exposure time under the vapour sources was selected as 3 glGURE 9. Influence of growth temperature of CdTe/GaSb on the
diffraction peaks position.
The explored temperature range used for growing the
samples is presented in Fig. 8; these were higher thahCl00
and lower than 43TC. In figure are shown the X-ray diffrac- §.  CdTe Raman scattering measurements
tion curves corresponding to (004) CdTe diffraction plane for
samples obtained with different growth temperatures. All theFigure 10 shows the Raman spectra for CdTe nanolayers
presented samples have the same number of growth cyclescited by 532 nm wavelength light. Two Raman spec-
that as has been seen are directly related with the layer thickra were fitted with Lorentzian peaks (black circles) that
ness. The sample labelled as CdTe29 was grown &@05 are shown in Fig. 10b. The peaks at 95-98, 120-125 and
which is close to the minimum temperature required for the140-143 cmt! have been identified from trigonal Te [33].
layer growth. As can be appreciated in Fig. 8, the (004) planerhe 120-125 cm' peak is due to a phonon with A1 sym-
diffraction peak presents a shift toward angles correspondinghetry and the 95-98 and 140-143 thnpeaks originated
to lower lattice constants, which is indicative of stress accufrom phonons with an E symmetry [35]. However, the 140-
mulation. In comparison, the sample grown near’4lfhat 143 cnt! peak could also be assigned to the TO phonon in
showing a shift at angles corresponding to the increase of thedTe because of it is very close to one as reported [31,33].
lattice constant, which suggests that the stress produced Byccording to Raman studies of CdTe [33,36] the peak located
the lattice constants difference between the layer and sulxt 157-160 cm'! can be assigned to the LO phonon of CdTe,
strate has been relaxed due to the dislocation and defecis spite of a difference from 171 and 167 ctireported by
generation mechanism, favoured it by the increased of usedlam et al. [37] and Amirtharajet al. [33], respectively.
growth temperature. In addition, with the defects propagateth order to the best of our knowledge, there have been no
from the substrate and from the interface layer-substrate. reports of the assignment for the broad band located at 265-
270 cnT !, which probably originate from combination bands
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and we tentatively assign them to the overtones of E and Al
modes in Te. The 295 cni peak could be assign at LO-
GaAs. The peak at 321 cm is associated with the phononic
replica of the longitudinal optical mode of the CdTe [38].
A high concentration of tellurium exists in the as-prepared
CdTe nanolayers, as shown by the Raman study [39]. Similar
phenomena were reported in CdTe film synthesized through
the liquid-phase epitaxy method [37] as well as the surface of

x400 /] | \\ :é single crystal CdTe in bulk form [33]. One possible explana-
/ / \ \ é tion could be that the free energy of Te is smaller than that of
/ / \\ \ 7 CdTe and thus Te crystals can easily form during the synthe-
{i / / \.‘*\‘ \ % L sis of CdTe. However, further study is still needed to confirm
A 4 kﬁ‘ % U] this one. One implication for this is that the surface property
e ) : of the nanolayers may not be as expected. Isolated elemen-
EE 289 el 223(% S0.0°.33.00 = 33.05 tal domains (Te) are formed or precipitated on the surface of

FIGURE 8. Influence of growth temperature of CdTe/GaAs on the
diffraction peaks positions.

nanolayers; it may affect their applications in optoelectronic
devices since its elemental properties are different from its
compound properties.
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a)
TABLE Il. Frequency of active Raman lines detected for the CdTe
samples grown on the two different substrates.
Order Raman Mode assignation GaAs GaSb
Te-related 98 95
Te,O-related 125 120
> J First TO-CdTe 143 140
& I LO-CdTe 157 160
c f _
8 CdTe28 U 189
= , LO-GaAs 295
- CdTe2 2LO-CdTe 321
g Second (E+A1)-CdTe 270 264
©
(14 CdTe30
7. Cd,_xZnxTe growth
CdTe31 - .
. After successfully obtaining the ZnTe and CdTe layers, it was
CdTe32 proceeded to grow the layers of the,Cg Znx Te ternary al-
. . . . . loy, which was grown on (100) oriented GaAs substrates. The
' ' ' ’ ' used temperature range was between 400 an8GLl2% or-
100 150 200 . 250 _1300 350 der to grow the layers was used as precursor a solid source
Raman shift (cm ) prepared by weighing the corresponding amounts of zinc and
b cadmium and mixing them. The procedure for preparing the
) CdTe29/GaAs precursor source was accomplished by combining Zn and Cd

in different amounts and then were melted into a liquid form
at high temperature and then this liquid was cooled rapidly
for its solidification to form a new solid. The resulting solid
was used as the cation precursor source. Its vapour pressure
was controlled by controlling the temperature. For the sam-
ples studied in this work and shown in Fig. 11 were used the
combinations of Zn and Cd weights presented in Table Il in
which, the column labelled bya"in the grown layer” rep-
resents the final molar composition of solid {CgZnx Te
layers. The molar composition of these layers was evaluated
CdTe32/GaSb using the Vergard's Law/(x) = 6.103x + 6.482(1 — x), S0,

Raman intensity

Cd,Zn _Te
t1, Cd(16.8%), Zn(83.2%)
t5, Cd(42%), Zn(58%)
—~ |17, Cd(56.6%), Zn(43.4%)
= F i
g8
[
&
2
: . 7 /
- - - - : el 2
100 150 200 250 300 350 .":3 ,l %
" -1 — ! o
!
Raman shift (cm ) w00 :
/ <
FIGURE 10. a) CdTe Raman spectra of samples with different et | et

thicknesses and substrate. b) Decomposition of the measured Ra- 28.0 28 5 29 0 29 5 30 0 30. 5 33 00 33.03

man spectra into individual components for two samples grown in 20(°)
different substrates: GaAs and GaSh. The circles lines are their
respective fitting. FIGURE 11. X-ray diffraction of Cd1-xZnxTe on GaAs substrate.
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Zn molar composition was varied from 83.2 to 43.4% but
TaBLE Ill. Cation source composition used for growing the ternary the variation of the molar composition of the grown layer
Cdi_xZnxTe. was from 92.5 to 89.7%, respectively. The full-width half-
maximum (FWHM), of these peaks are above 3600 arcsecs,

Sample Solid .s.ources @ n the grown that can be considered large and can be attributed to mosaic-
composition (%) layer (%) ity, combined with the nanometric dimensions of the layers,
Zn Cd and to the generation of misfit defects.
T1 83.2 16.8 92.5
T5 58.0 42.0 90.0 8. Conclusions
T7 43.4 56.6 89.7

In this work we reported the successfully growth of ZnTe on
the Zn molar fraction: was determined from the observed both GaAs and GaSb substrates by the Atomic Layer Depo-
d-values obtained from the position of the respective (0045pition regime as was shown from the thickness measurements
diffraction peaks, for each sample presented in Fig. 11. Theerformed by ellipsometry. In addition, CdTe and the ternary
results of these measurements are summarized in Table l@lloy Cdi_xZnxTe were grown successfully by the same
from data presented in this Table can be observed that witgrowth method by preparing a mixture of cadmium and zinc,
the increase of the molar concentratioof the cation solid and then melting it was possible to form a solid for growing
source the molar concentration in the final grown solid layeithe Cd _xZnx Te alloy. The molar quantity: of the grown
was increased too. The obtained concentrations using thesgyer was varied modifying the composition of the solid used
three different solutions were: for sample labelled as t1 wa@s cation source. X-ray diffraction shown a dependence of
92.5%, for the sample t5 90.9%, and for the sample t7 wa#he (004) diffraction peak position with temperature and with
89.7%. the sample thickness which can be attributed to the lattice
So, from these results can be concluded that different morelaxation produced by the increase of defects. In addition,
lar concentration of Zn in the layers of the ternary alloy canRaman characterization shown that the samples obtained pre-
be obtained, preparing the solid precursor source with differsented Te inclusions and a large density of defects possible
ent Zn and Cd combination. In the presented samples, thdominated by misfit dislocation.
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