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The surface micromorphology of PbTe epilayers, doped by Ge, Ga and In has been
researched, using Tapping mode of AFM Nanoscope 111a. All the studied thin films
grew layer-by-layer. The source temperature increase caused the presence of step
wander in-phase with regular space. The precipitated phases, which probably played
a role of doping component getter were observed on the growth surface. Having
moved along the epilayer surface, they possibly changed the composition of their
fraces and this way created quantum wires. Their density and composition can be
controlled by technological parameters, so the method of nunowires creation with
pre-assigned parameters can be proposed.

Introduction

AYBY! semiconductors are materials of
great scientific and practical interest. They
are more suitable for infrared detector crea-
tion, as they are more technologically fit,
uniform and stable in comparison with
A[IBW.

Hot wall epitaxy (HWE) method allows
to control the vapour pressure of parent ma-
terials and to accomplish epilayer growth in
conditions, close to thermodynamic equilib-
rium.

It is known [1] that the growth character
of films, which were precipitated from a va-
pour phase, is mainly specified by substrate
and source temperatures, partial pressure of
components and the growth rate.

Surface morphology in subnanometer
scale characterizes the features of growth
mechanism. It is well known, that these fea-
tures can influence appreciably on the epi-
taxial layer propernties. Particularly, step flow
growth mechanism, which usually allows to
obtain epitaxial layers of the highest struc-
ture perfection, is often accompanied by
monoatomic in-phase step wandering [2]. In
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this case in the areas of creating terraces the
mechanism of impurity embedding into the
lattice is changed. As a result in the epitaxial
film the terrace riser leaves the trace, with
the doping level, which differs from other
ones. That 15 why the study of such kinds of
specialties is very important to obtain the
layers with high electrophysical parameters.

The purpose of the work is to learn the
dependence of morphological features of the
systems, based on lead telluride on the impu-
rity type and technological parameters.

Experimental

PbTe films, doped by Ge, Ga as well as In
(Pbr..Ge,Te (x=0.006), Pb.,,Ge,GaTe
(x=0.06, 3=0.003) and Pb; . GeTeln
(x=0.12, C\y=0.01)), were grown by modified
HWE method on fresh cleavages of Balks
(111) in vacuum chamber at pressure about
10° mm Hg. The four-zone fumnace was
used. It consisted of hot wall tube and three
vapour sources to evaporate the semi-
conductor and the doping components.
Substrate temperatures were varied within



HaykoBwuii BicHuk Ykropojacbkoro yHiBepcuteTy. Cepist ®izuka. Bunyck 10. — 2001

430+600°C. The thickness of the obtaned
films was in the interval 1.6+44 pm,

Crystal lattice identification was carried
out by X-ray diffractometry (XRD). The lat-
tice period is practically the same as in bulk
material. The films are single-crystalline
tvpe. The average angle of block misorienta-
tion is within 3.0+3.3 minutes, the dimen-
sions of the regions of coherent. scattering
are ~ 6-107 cm and ~ 5107 c¢m lengthwise
and crosswise to the direction of the wave
vector, The nonuniformity of interplane dis-
tances (Ad)d was about (4.9+7.4)-107
These data confirm high structure perfection
of the grown films.

The surface morphology of the depos-
ited films was studied by atomic force mi-
croscope (AFM) Nanoscope [Ila (Dimension
3000). Tapping mode was applied for meas-
urements. Commercially available silicon
probes CSG10 (produced by NT-MDT?} with
nominal tip radii ~10 nm were used. The in-
vestigations were carried out at ambient con-
ditions.

Results and discussion

During the epitaxial film growth physi-
cal and technological parameters determine
the character of condensation and postcon-
densation processes. The growing film sur-

face is the result of complex superposition of

all growing processes and, consequently, the
level of structure perfection of the film.

It is well known, that for heteroepitaxial
growth three types of growth modes can be
realized, depending on the specific surface
free energies of the substrate-vacuum (Ej),
substrate-overlayer (£ and overlayer-
vacuum (£;). If Es<E+£;, than the nuclea-
tion of three-dimensional (3D) clusters onto
the substrate occurs {Vollmer-Weber growth
mode). On the contrary, if Es=E+F; a ho-
mogeneous two-dimensional (2D) wetting
overlayer is formed (Frank van der Merwe
mechanism) {3]. If one includes also the pos-
sibility of a lattice-mismatch between the
overlayer and the substrate, in many cases
after a few monolayers of wetting overlayer
the growth changes to 3D island (Stranski-
Krastanow mechanism) growth.
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In all researched systems the layer-by-
layer growth took place. For Phy . Ge,Te
(x=0.006) structures, obtained at the source
temperature of 5302°C and the substrate tem-
perature of 487°C regular array of steps was
observed (Fig. 1a). If the source temperature
increases up to 518°C, the terrace straight-
ness is disturbed and step wander in-phase
with regular space (100+250 nm width and
about (.68 nm height) becomes predominant.
(Fig. Ih).
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Fig.! AFM images of PbGeTe film surface, obtained

al the substate temperature of 487 °C and the source
temperature of 502 *C(a) and 518 *Ci{b).
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Fig.2, Terrace growth wedge-like protrusion, formed
by Ge phase precipitation on PhGeTe film surface,

The step height complies with the PbTe
lattice period (~0.64 nm). Besides, the pres-
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ence of single precipitations of another phase
is typical for this surface. Most probably it is
germanium phase precipitation, which is
caused by the partial pressure boost at the
evaporation temperature increase, The lateral
size of the precipitations is about 20 nm.

The precipitated phase is an intense get-
ter, which evinces in the wedge terrace
bulge, which achieves up to 1.2 nm height
(Fig.2). The growth mechanism is to be
learned thoroughly, since one can suppose,
after precipitation the dopant phase nanoin-
clusion is displaced towards the step growth,
while gettering Pb and Te atoms actively.
This gettering stimulates the film growth in
the areas, close to the precipitations.

Fig.3. The surface of PbGeTe film, deposited with the
additivnal Te source application at the evaporation
temperature of (a} 375°C and (k) 403°C. The image is
obtained by the optical microscope. The field width is
S60%560 pum.
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Component phase precipitations are
typical at the process of the film growth in
the quasi-closed space [l1]. It especially
evinces in the case of component doping
from the additional sources. In Fig.3 one can
see the surface image of PbGeTe film, which
is obtained with the usage of additional Te

SOUrce,

Fig.4, The oprical (a) and AFM (b) surface image of
the film, deposited with additional Te source applica-
tion at the evaporation temperature of 542°C.

The film is densely covered with 3D is-
lands, which are caused by precipitated Te
phase. The bimodal distribution of the is-
lands in size is observed at the temperature
increase. At microlevel growth terraces are
not visible practically and the nanoinclusions
are also absent. The further temperature in-
crease of the additional source causes the
precipitation amount decrcase. Since, the
precipitations on the film surface, deposited
at the additional source temperature of
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542 °C are not observed in the optical image
(Fig. 4, a). AFM image demonstrates the
presence of a great quantity of submicron 3D
islands (Fig.4,b).

PbGeTe film growth with the additional
Pb source application has the similar charac-
ter. At the macrolevel the precipitations of
the component phase on the {ilm surface is
not observed practically. The growth of 3D
islands may occur and their density de-
creases with the additional source tempera-
ture increase (Fig.5).
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Fig.5. AFM images of PbGeTe film surface,
deposited with the additional Pb source ap-
plication at the evaporation temperature of
{a) 600°C; (b) 750°C.

Doping by Ga causes more ordered film
growth in comparison with the previous sys-
tem. On the Pb,GeGaTe (x=0.06,
y=0.003) film surfaces monoatomic steps in

the width of about 150+-350 nm are ob-
served. If the substrate temperature increases
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from 427°C up to 447°C and the film growth
speed decreases, the epilayers are formed
more homogeneously. In this case the films
are more structurally perfect.
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Fig.6. AFM images of PbGeGaTe film surface depos-
ited at the substrate temperature of 427°C and the
growth rate 3.5 um'hour (a); 447 °C and 1.0 um/hour,
respectively (b

The Phy.Ge,Te:dn (x=0.12, C=0.01)
epilayer surface, deposited on the BaF> sub-
strate at the temperatures of 450+480°C suc-
ceeds the above-mentioned PbGeTe film
morphology. Since, as the Ge concentration
in this system is greater, the density of Ge
nanoinclusions and the resulting wedge-like
protrusions is higher (Fig.7.a). The substrate
temperature decrease and the source tem-
perature increase causes phase precipitation
of the other components (Fig.7.b). Unfortu-
nately, it is impossible to clarify the exact
nature of those phases by the applied meth-
ods. We can suppose that those phases could
be nanobumps of In.
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Fig.7. AFM images of PbGeTe:In epilaver surface
deposited at the substrate and the source temperatures
of (a) 487°C and 501°C, respectively; (b} 430°C and
S17°C, respectively,

Conclusions

AFM is one of the most valuable meth-
ods for the surface micromorphology re-
search of HWE-grown epitaxial layers.
While using tapping-made of AFM one can
obtain high-quality images of thin f{ilm sur-
faces,

Lead telluride epitaxial layers, doped by
Ge, Ga and In grow layer-by-layer. Both
tracked in the epitaxial film space terraces,
and the protrusions have to cause the crea-
tion of the “tails” with another doping level.
They may be considered as pieces of quan-
tum wires,

The density and composition of those
nanowires may probably be controlled by
technological growth parameters. This way
the prototype of nanowire creation methods
can be proposed.
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BUBYEHHSI MOP®OJIOI IOBEPXOHD

EMITAKCIMHIX IVHBOK TEJYPHAY CBUHITIO,
JET'OBAHUX TEPMAHIEM, T'AJIIEM TA THIIEM.
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BHKOPHCTOBYIOYH JOTHKOBY MOLY aTOMHOI0 cuioBoro Mikpockeny (ACM) Nano-
scope [l1a, 6yno sreYeHe Mopdonorik NoBREPXOHL eniTakcifiHux wapis PbTe, nero-
pauux Ge, Ga ta In. Piet yeix rnisox Oys nowaposum, Axkui 3 NiaBulUeHHIM TeM-
nepaTypH mxepena HaGyeap 3IBHBMCTOrO THTY. Ha noBepxHAX pocTy JOCHIIMEeHHX
ILNBOK COCTepirances BHalieHun a3z KOMAOHEHT, WO, HANEBHO, BIAIIPABAIH POk
reTepie Aeryl4dHx fomiwox. IIpocysaroyHch No MoBepxHI eniTakcifiHoro wapy, Bo-
HH, BipOTilHO 3aMHWIAIOTE 38 COOOMD CRil, 3MIHFOKYH CKNAl MIBKH T2 YTRODIOHYH
B Takuii cnocif ksauTORI ApOTYH,

OckiNeKH TEXHOAOTYHHMH MAPAMETPAMH BUPOLLYBAHHA eniTakcifHuX Wwapis MOX-
Ha PErymOBATH FYCTHHY Ta CKMAA reTepis, TO eQexT YTBOPEHHA OCTaAHHIX MOMWHA
puzrmma‘m AK MMPOTOTHI TEXHE}I[D!"['I' {PDFM}’H&HHH KBaHTOBHX ﬂpﬂ‘l‘iﬂ 3 Hangpen 3a-
JaHHMH NapaMcTpaMH.
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