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INVESTIGATION OF ELECTROPHYSICAL AND PHOTOELECTRICAL PROPERTIES OF
GexSix /Ge HETEROSTRUCTURES OBTAINED BY MOLECULAR-BEAM EPITAXY
METHOD
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The structures investigated in this work were obtained by molecular beam epitaxy method on Ge substrates. The parameters of the
samples were determined by the method of X — ray structural analysis. The method of spectroscopy of combinational light scattering was used
to control the content. After irradiation the samples become more photosensitive in the regions 1.0 <hv<1.11eV than the origin ones.

At modern stage of scientific and technological
revolution special emphasis is placed on the advancement of
those fields of science the achievements of which define the
wide prospect of technological development. These fields of
science include semiconductor physics, one of the main tasks
is search, study and modification of crystal properties with
high values of applied — physics characteristics in order to
develop new materials promising different technological
applications.

Solid solutions of Ge and Si are of great interest from
scientific and technological aspect. This interest is
conditioned by multiple unique properties: complete
solubility, continuity of electrical properties’ change,
resistance against thermal actions, large energy gp width, high
fusion temperature, mechanical strength, resistance against the
effect of highenergy particle bombardment and others.

At present it was experimentally shoved that Ge and Si
really from solutions not only in liquid state but also in solid
state and the quantity of lattice parameter of Ge,Siy solid
solutions change almost linearly with the change of solution
and alloy composition.

Practically, all the investigations carried out dealing with
practical realization of atom layer epitaxy of Ge;,Six
structures have been based upon molecular beam epitaxy
method during the recent years.

In the present work structural characteristics of thin films
Ge/Ge;,Si, obtained by molecular ray epitaxy (MRE)
method with (100) and (111) orientation oas been tidied.
Epitaxial layers Ge,,Siy had thickness from 50A to 1 mem
and Si contend x=0,05+0,15 (fig.1).

GeSi,/Ge solid solutions are considered one of
perspective materials used in modern electronics. As the band-
gap energy in these solutions is less than that of Si, but
mobility of charge carriers is more than that of Si, these
solutions are used to prepare heterostructure.

Nowadays transistors, anodes and integrated circuits
distinguishing by their accuracy, mobility and restlessness
have been developed on the base of Ge;.,Siy solid solutions.
Ge;.xSiy solid solutions have been obtained by Czochralski
method.

Fig. 1. UVP — 71P3 grade vacuum assembly and used facilities:
1 — cover; 2 — high vacuum pump; 3 — ion lamp;
4 — Knudsen cut; 5- effusion cut; 6- substrate heater;
7 — substrate; 8 — floating mask;9 — mask — kepper;
10 — quartz thickness gage; 11 — thermopair;
12 — cross — section; 13 — effusion cut heater.

During the process the crystals were detected (alloyed) by
boron and phosphorus. Crystals were cut into perpendicular
boards from 30 up to 42 in diameter in <110> direction.

P-type Ge,,Si, boards polished like plate glass were
used to develop diode structures. Here specific resistance of p-
type Ge;,Si, boards was p=4.8 Ohm-cm, but specific
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resistance of n-type Ge boards was p=5+4.5 Ohm-sm,
nthickness of the boards = 400 mcm.

After the heterostructure had been obtained, p” and n”
layers of boron and phosphorus 8-10 mcm in depth were
obtained from p- and n- sides of the sample and silicate glass
by diffusion. The contact pieces were made of nickel.

Diode structures with the field = lem?® were cut from the
obtained samples. Current-voltage characteristic of the
samples were measured at room temperature at constant
current. In order to obtain thin Ge|,Siy (x= 0.10) on Ge
substrate the sample from the side of Ge|,Siy was
mechanochemically polished, so Ge;Six solution with ~ 400
mkm density was obtained on thick Ge substrate. Elastic
voltage and defects of the crystal structure were studied by
X-ray topography method using continuous synchronous radiation.

10 —

Ly Lh G000

L1078 A
L1108 A

.|.|.|.|.|.|.|'|
0 002 0.04 006 008 010 0.12 0.14

[T
20 ?
< 10
0
0 1 2 3
U, v

Fig. 2. 1 —proportional current-voltage characteristic,
2 —not proportional current- voltage characteristic;
a — current-voltage characteristic for proportional street,
b —for not proportional street: 1 — before radiation,
2 —after radiation 30 krad, 3 —100krad

It was revealed that variety of thermal expansion
coefficients and parameters of Ge;_,Si; and Ge crystal lattices
leads to considerable increase of tension. At the result of this
tension crystal lattice is exposed to elastic and plastic
deformation.

Current-voltage characteristic of the samples obtained
was measured before and after radiation.

As it seems from fig. 2 resistance of the samples
increases after radiation and the current passing through the
sample decreases.

It was determined that during radiation of Ge;,Six
(x=0+0.15) solid solution linearity of current-voltage
characteristic deteriorates and three fields are observed. These
dependence shows that there are deep donor layers in
restricted band of Ge,_,Si, solid solution.

During the experiment after radiation defects generate in
restricted band and their concentration increases
simultaneously with the increase of radiation dose. n-Ge;Siy
solid solution is compensated after radiation and this provides
its light-sensitivity.

For additional information photoconductivity of the
samples at room temperature was measured.
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Fig. 3. Photoconductivity of Ge,Si, samples before and after
radiation at room temperature; 1 —before radiation,
2, 3 — after radiation.

As it seems from fig. 3 light-sensitivity of the samples in
heterostructures after radiation in 1.0 < Av< 1.11 eV field has
increased. The sensitivity of heterostructures increase more in
comparison with that of solid solutions. The generation of this
additional sensitivity can be manifested by deformation of
crystal lattice as hypothesis in the meantime.

It is clear that the presented experimental data don’t allow
to elucidate the nature of given complex. Considering the
analogy between silicon and germanium and eventually
bearing in mind the coincidence of basic properties of Ge and
GexSiy with x=0.05....0.15 we made an attempts to exsplain
the structure of this defect [3].
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Fig. 4. Spectra of absorption bands of p - Ge,,Si, samples prior
(1-4) and after (1'-4") irradiation by electrons with
energy 4.5 MeV. ®@. cm? ;1 - 5-10'%,2 -4 -2-10",

1 —x=0; 2 —x=0,05; 3 —x=0,10 and 4 —x=0,15.

In [4,5] there have been carried out various investigations
of irradiated Sin including the methods of EPR,
photoconductivity and IR — absorption, on the basis of which
there has been created a model of radiation defect responsible
for absorption bands 1.8, 3.3, and 3.9 pum in the spectrum of
IR — absorption of Si. These bands appear as a result of
absorption in deviancy that may be in various charge states. It
has been shown in these works that the absorption zone at 1.8
pm is due to electron transition that is possible only in
divacancy at neutral or single — charge negative state whereas
the absorption zone 3.9 um appears only at single — charge
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negative state. Considering all above mentioned facts and the
results of the previous electrophyisical and optical
investigations of defects at various charge states [2] and
assuming that many crystallographic and electrophyisical
parameters of Ge;,Si;, with x= 0.005...0.15 re similar, we
suppose that it is deviancies that re responsible for absorption
band in the range of 0.3 to 0.9 eV (fig. 4). As a zone was

observed in n - Ge|,Si, samples only after n — p conversion
as a result of irradiation [4] the most likely that divacancy
might be only at to charge states: neutral or single — charge
negative. As is shown above similarly to silicon in p - Ge;,Siy
when divacancy is at neutral stet the absorption band appears
in the range 0.3...0.9 eV.
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MOLEKULYAR DOSTODON SOPILMO YOLU iLO ALINMIS Ge,.Si,/Ge HETEROSTRUKTURLARIN ELEKTROFIZiKi
VO FOTOELEKTRIK XASSOLORININ TODQiQi

Ge1,,Si, asasinda Ge altliq tizorinds molekulyar dastaden sopilme yolu ilo alinmis heterokegidin parametrlori rentgenstruktur analiz vo

rekombinasiya olunmus isigin sopilme metodu ilo toyin olunmusdur.

Siialanmadan sonra heterostrukturlarda niimunslorin 1,0 < Av < 1,11 eV oblastinda isigin hassasligr artmisdir vo heterostrukturun

hassaslig1 bork mohlula nisbaton yiiksok oldugu agkarlanmigdir.

Qiisursuz Ge/Ge,_,Six nazik tobagenin alinmasi yiiksok yiiriikliiys malik tranzistorun hazirlanmasimda byiik shemiyyat kesb edir.
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HCCIEJOBAHME 3JEKTPOPUINYECKHAX U ®OTOIJTEKTPHYECKHUX CBONCTB .
I'ETEPOCTPYKTYP Ge,,Si/Ge , TIOJTYUHEHHBIX MOJIEKYJISIPHO - IYUYEBOU 3IIMTAKCHUEHA

CTpyKTypbl, UCCIEIOBaHHbIE B HacToAllel pabore, momydyensl MetogoM MJID na Ge moanoskkax. IlapameTprl 00pa3ioB onpeaeneHsl
METOZIOM PEHTTEHOCTPYKTYPHOIO aHayi3a. MeToa CIEeKTPOCKONHHM KOMOWHAIIMOHHOTO PACCESHHUS CBETa HCIOJIb30BAICA JUIL KOHTPOJISA
cocraBa. Ilocne 0bay4enust o0pasiel cTaHOBATCS Oostee POTOUyBCTBUTENBHBIMU B 0bmacti 1,0 <Av<1,11eV.

Received: 12.12.08



