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PHOTOELECTRIC PROPERTIES
OF SiGe FILMS COVERED WITH AMORPHOUS-
AND POLYCRYSTALLINE-SILICON LAYERS

The deposition of thin layers of amorphous (a-Si) or polycrystalline (poly-Si) silicon onto the
Ge0.25Si0.75 film already covering the surface of a crystalline silicon (c-Si) wafer is found to
significantly reduce the magnitude of the negative surface photovoltage (SPV) generated in the
Ge0.25Si0.75 film. At the same time, if the light penetration depth is sufficiently large, so that
light penetrates into both the deposited layers and the near-surface region in the Si substrate,
a positive SPV is observed within time intervals exceeding 10–20 𝜇s after the light pulse ter-
minates. It is also found that the saturation of the a-Si layer in the a-Si/Ge0.25Si0.75/c-Si
heterostructure results in a substantial (by a factor of six) growth of the positive component
of the SPV signal. This effect can be used while developing efficient solar components on the
basis of a-Si/Ge𝑥Si1−𝑥/c-Si heterostructures.
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1. Introduction

In recent years, the interest in the photoelectric
properties of Ge/Si heterostructures, especially in
a spectral range of 1.3–1.55 𝜇m, has considerably
grown. New types of photodetectors based on in-
terband transitions in low-dimensional silicon and
germanium heterojunctions are intensively devel-
oped. Such devices can be used in fiber-optic com-
munication lines and in monitoring systems [1–3].

In addition, the interest in Ge/Si heterostruc-
tures reveals itself through the promising prospects of
their application to solar energetics [4–7]. However,
the technologies used for the manufacture of high-
performance solar cells still extensively apply struc-
tures based on crystalline silicon (c-Si). It is known
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that dangling bonds at the c-Si surface behave as ef-
fective recombination centers and decrease the life-
time of charge carriers [8]. In order to increase the op-
tical absorption coefficient and the lifetime of charge
carriers, the front surface of solar cells on the basis of
c-Si is usually covered with an antireflection passiva-
tion SiO2 or Si3N4 layer [9, 10].

In an alternative approach, amorphous silicon (a-
Si) can be used as a passivation layer on the c-Si sur-
face [11–17]. In the cited works, it was emphasized,
e.g., that a-Si/c-Si heterostructures have some ad-
vantages, in particular, a larger separation length for
photogenerated charge carriers with opposite charge
signs [18], when the charge carriers are repelled from
the interface, which results in a reduction of the sur-
face recombination rate.

Besides c-Si, solar cells fabricated from a-Si and
polycrystalline silicon (poly-Si) are widely used as
well [19–21]. However, poly-Si suffers from the pres-
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Fig. 1. Experimental samples: Ge0.25Si0.75/c-Si (F), poly-Si/Ge0.25Si0.75/
c-Si (F1), a-Si/Ge0.25Si0.75/c-Si (F2), and a-Si(O)/Ge0.25Si0.75/c-Si (F′

2)

ence of grain boundaries, which worsen its electri-
cal and optical properties and affect the device effi-
ciency. In the case of poly-Si, this efficiency in many
respects depends on the charge transfer properties,
which are restricted by inter-grain potential barriers
and defect states. In order to reduce the influence of
those states, the latter can be passivated, e.g., by the
plasma hydrogenation [22–25] or by the treatment in
H2O vapor [26].

At the same time, there are practically no works de-
voted to the study of the specific features of the pho-
toelectric conversion in Ge/Si heterostructures. The
available reports deal with the improvement of the
energy conversion efficiency in the double heterojunc-
tion a-Si/c-Ge𝑥Si1−𝑥/c-Si [27], a reduction of the re-
combination rate in the 𝑛-Si0.85Ge0.15/𝑝-c-Si struc-
ture, when the upper layer is coated with a passiva-
tion film of hydrogenated a-Si:H [28], and the pro-
cesses of over-barrier activation of charge carriers at
heterojunctions in the a-Si/c-Ge𝑥Si1−𝑥/𝑝-c-Si struc-
ture [29]. In our previous study [30], we demonstrated
a significant increase of the photovoltage magnitude
in the structure “Ge𝑥Si1−𝑥 nanoislands/c-Si,” when
the silicon-germanium layer was coated with a passi-
vation a-Si film.

Therefore, the aim of this work is to study the
photovoltage in the structures composed of a 100-nm
Ge0.25Si0.75 layer on a c-Si substrate and coated with
an a-Si or poly-Si film.

2. Samples and Experimental Technique

Samples of Ge0.25Si0.75/c-Si were fabricated using
the method of epitaxial building-up – Low Pressure
(Rapid Thermal) Chemical Vapor Deposition [LP

(RT) CVD] – of a specially undoped 100-nm silicon-
germanium layer on a Cz–Si(100) substrate of the
𝑝-type with a resistivity of about 10 Ω cm (sam-
ple F). Afterward, the Ge0.25Si0.75 layer was covered
with a film of intentionally undoped amorphous sil-
icon (a-Si) 10 nm in thickness (sample F2). The de-
position was carried out at a temperature of 520 ∘C
using the method of plasma enhanced chemical va-
por deposition (PECVD). Some of F2 samples were
heated up at a temperature of 400 ∘C for 5 min in
the oxygen atmosphere (sample F2). In order to cre-
ate a film on the basis of poly-Si, some of samples F
were covered within the PECVD method with a layer
of intentionally undoped amorphous silicon 15 nm in
thickness. Then they were annealed at a temperature
of 640 ∘C. In the course of annealing, the a-Si film
crystallized into the poly-Si one (sample F1). All sam-
ples that were used in measurements are presented in
Fig. 1.

The distribution of the germanium concentration
across the Ge0.25Si0.75 layer was analyzed with the
help of a flight-time mass spectrometer Ion-Tof-SIMS
IV, by sputtering the surface making use of oxygen
ions with a beam energy of 1 keV. A necessity of this
control is associated with the fact that the temper-
ature annealing of, e.g., sample F1 may lead to the
smearing of the Ge0.25Si0.75/c-Si heterointerfaces due
to the germanium diffusion. In the course of previous
studies dealing with the growth of thin Ge𝑥Si1−𝑥 lay-
ers on silicon substrates at a temperature of about
700 ∘C, it was found that this diffusion may be sub-
stantial, especially in the field of spatially inhomo-
geneous deformations [31]. The results exhibited in
Fig. 2 testify to the absence of the germanium diffu-
sion into a poly-Si film in our samples.
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Fig. 2. Profiles of silicon, germanium, and carbon impurity
distributions in samples F (upper panel) and F1 (lower panel).
The peaks at the Ge0.25Si0.75/Si heterointerface are associated
with an enhanced sensitivity of the method in this region

The experimental setup for measuring the sur-
face photovoltage is shown in Fig. 3. The photovolt-
age signal was generated with the help of semicon-
ductor light-emitting diodes (LEDs) with two max-
ima in the radiation emission spectra: at 𝜆𝑝 = 400
and 870 nm. Rectangular pulses of the LED sup-
ply voltage 1 ms in duration were generated mak-
ing use of a generator G5-54. It is known that light
with a wavelength of about 400 nm is strongly ab-
sorbed by a-Si and poly-Si films: the light pene-
tration depth 𝛼−1 ≈ 30 nm, where 𝛼 is the opti-
cal absorption coefficient [32]. Light is also strongly
absorbed in the Ge0.25Si0.75 layer (the light pen-
etration depth is about 20 nm) [33]. As a result,
the nonequilibrium charge carriers will be predom-
inantly generated in a thin layer in vicinities of the
a-Si/Ge0.25Si0.75 and poly-Si/Ge0.25Si0.75 heterojunc-
tions. At the same time, light with the wavelength
𝜆𝑝 = 870 nm is less absorbed in a-Si, poly-Si,
Ge0.25Si0.75, and c-Si (the light penetration depth

Fig. 3. Schematic diagram of the experimental installation:
glass (1), translucent electrode (2), sample (3), mica (4), pres-
sure contact (5), load resistance (6)

Fig. 4. Electric circuit allowing the relation between between
the photovoltage signal value (𝑈PV) and the output of the am-
plifier to derive. 𝑅𝑠 is the sample resistance, 𝑅𝑖 the load resis-
tance, 𝐶𝑚 the capacitance between the sample and the elec-
trode, and 𝐶𝑖 is the input capacitance of the amplifier

is about 15 𝜇m) and induces the almost uniform
excitation of nonequilibrium charge carriers in the
Ge0.25Si0.75 layer, i.e. in vicinities of both heterojunc-
tions formed at the boundaries of the Ge0.25Si0.75
layer.

Light passes through glass, the translucent elec-
trode, and mica and achieves the sample. Between
the sample and the translucent electrode, there is a
thin mica layer about 20 𝜇m in thickness, which forms
a plane condenser. The sample is fixed with the help
of a grounded pressure contact. The signal obtained
from the translucent electrode is amplified and sent
to an oscilloscope. The load resistance before the am-
plifier was 1 GΩ. To prevent the influence of external
factors on registering electronics, the measuring cell
was arranged in a metal screening box.

The magnitude of the output signal can be related
to the surface photovoltage signal using the equiva-
lent circuit scheme depicted in Fig. 4. The calculation
gives the following formula describing the relationship
between the output signal values of the amplifier, Δ𝑈 ,
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and the photovoltage signal:

Δ𝑈 = (𝜔𝐶𝑚𝑅𝑖𝑈PV)/(𝜔𝐶𝑚𝑅𝑠 +

+𝜔𝐶𝑖𝑅𝑖 + 𝜔𝐶𝑚𝑅𝑖 + 𝑖(𝜔2𝐶𝑖𝐶𝑚𝑅𝑖𝑅𝑠 − 1)),

where 𝑖 is the imaginary unit, and 𝜔 the cyclic fre-
quency of light modulation.

The obtained signal Δ𝑈 was read from the oscillo-
scope screen. Afterward, the curves of the photovolt-
age decrease were processed on a computer.

In order to study the change of the photovoltage
kinetics with the change of light intensity using the
integrating sphere method, the dependence of the ra-
diation emission power of the LEDs on their supply
current was studied, which showed a fairly good lin-
ear characteristic. This dependence revealed a rather
exact linear behavior.

3. Experimental Results and Their Discussion

The formation of the photovoltage signal is known
to occur owing to the spatial separation of non-
equilibrium electrons and holes (𝑒− and ℎ+, respec-

Fig. 5. Schematic diagram explaining the appearance of a sur-
face photovoltage in the semiconductor located to the left from
the vertical line. 𝐸𝐶 and 𝐸𝑉 are the edges of the conduction
and valence, respectively, bands. As a result of the absorption
of photons with the energy ℎ𝜈 (process 1), free electrons (𝑒−)
and holes (ℎ+) are generated. Due to the existence of a space
charge in the near-surface region and the corresponding band
bending (dotted curves), 𝑒− and ℎ+ become spatially sepa-
rated in the processes indicated by arrows 2 and 3. The energy
𝑈PV sat corresponds to to the photovoltage value in the satu-
ration state, which is observed at high light intensities, when
the band bending is completely compensated (solid horizontal
lines)

tively, in Fig. 5) by the field arising in the near-
surface region of the space charge in the semicon-
ductor. In this case, the energy band bending in the
near-surface layer (the dotted curves in Fig. 5) de-
creases. It is evident that, together with the growth
of the incident light intensity, the generation rate of
non-equilibrium electrons and holes will also increase,
which will be accompanied by an increase in the mag-
nitude of the photovoltage signal and by a smaller
band bending. One should expect that, starting from
a certain incident light intensity, the generation rate
of non-equilibrium charge carriers will reach such a
value, at which the energy bands will be completely
straightened (solid horizontal lines in Fig. 5) [34]. In
this case, the magnitude of the photovoltage signal
will reach its maximum value 𝑈PVsat (see Fig. 5),
and the latter will not increase, if the photogenerat-
ing light intensity grows further. The maximum value
of the photovoltage signal and its sign determine the
absolute value of the equilibrium band bending and
the direction of this bending, respectively. In partic-
ular, in the situation depicted in Fig. 5, electrons
will be localized under the semiconductor surface (ar-
row 2). But if the direction of a band bending is op-
posite, the accumulation of holes in the near-surface
region will be observed.

However, this method of determining the band
bending can be applied relatively easily only to struc-
tures, in which the photovoltage signal is formed at a
single interface (e.g., near the surface, see Fig. 5). But
if a semiconductor structure – each of the structures
examined in this work can be taken as an example –
has a few interfaces (heterojunctions and the surface),
the separation of non-equilibrium carriers at each in-
terface will give its own contribution to the resulting
photovoltage magnitude.

For instance, a schematic diagram in Fig. 6 demon-
strates a band structure for sample F. It was plot-
ted taking into account that the Ge𝑥Si1−𝑥/Si het-
erojunction is formed as a junction of the second
kind [35, 36]. It is clear that if light is absorbed in
the near-surface region (at 𝜆𝑝 = 400 nm under our
experimental conditions), electrons 𝑒− that are pho-
toexcited in processes 1 and 1′ can be localized in the
energy minima both in the near-surface region (arrow
2) and at the surface of the Si substrate (arrow 2′). In
both cases, holes ℎ+ will be accumulated in the depth
of the Ge𝑥Si1−𝑥 layer (arrows 2′′). As a result, there
arise two ambipolar components of the photovoltage
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signal, −𝑈PV1 and +𝑈𝑃𝑉 2 in Fig. 6, with different re-
laxation times. The resulting value of the photovolt-
age signal equals 𝑈𝑃𝑉 = −𝑈𝑃𝑉 1 + 𝑈𝑃𝑉 2. However,
if light (at 𝜆𝑝 = 400 nm in our case) penetrates into
the Si substrate and is absorbed at a larger depth,
the processes of electron and hole photoexcitation
(they are designated by arrow 1′′ in Fig. 6) also take
place. The concentration of holes in the Ge𝑥Si1−𝑥

layer depth will be higher owing to their displacement
from the Si substrate (arrow 2′′′ in Fig. 6). As a result,
the photovoltage signal component +𝑈𝑃𝑉 2 will sub-
stantially increase in comparison with the case where
light is absorbed in the near-surface region only.

In addition, each of the terms −𝑈PV1 and +𝑈PV2

will be maximized with the corresponding straighten-
ing of the band bending at various photogenerating
light intensities. It is clear that the presence of an
additional a-Si or poly-Si layer on the structure sur-
face in samples F1, F2, and F′

2 makes the situation
even more complicated. This means that the limiting
value of the resulting photovoltage signal (𝑈PV sat in
Fig. 5) cannot be used for the determination of the
equilibrium band bending at each interface.

Taking those facts into account, we selected the
intensity of photogenerating light that satisfies the
condition of low level excitation, but at which the
variation of the band bending induced by the illu-
mination at each interface is much smaller than the
equilibrium band bending.

A typical modification in the photovoltage kinet-
ics depending on the light power in the selected
power intervalis illustrated in Fig. 7. The presented
curves of the photovoltage signal recession are well
approximated by the bi-exponential law |𝑈PV| =
= 𝑈1 exp(−𝑡/𝜏1)+𝑈2 exp(−𝑡/𝜏2) with the relaxation
time constants 𝜏1 and 𝜏2 quoted in Table 1. The ob-
tained data testify that a change in the light radiation
intensity practically does not affect the form of the
photovoltage kinetics (close values of relaxation times
in Table 1 for various illumination powers). Further-
more, there is no saturation of the photovoltage signal
intensity in the examined power(𝑃 ) interval (see the
inset in Fig. 7).

The time dependences of the photovoltage signal
recession, which were registered for various experi-
mental samples after the switching-off of the illumina-
tion with 𝜆𝑝 = 400 and 870 nm, are shown in Figs. 8
and 9, respectively. One can see that, in the case of
photoexcitation with the wavelength 𝜆𝑝 = 400 nm,

Fig. 6. Band diagram of the Ge0.25Si0.75/c-Si heterostruc-
ture (sample F) and the probable photo-induced processes of
charge separation. The bending of the 𝐸𝐶 - and 𝐸𝑉 -bands at
the Ge0.25Si0.75 surface (on the left in the figure) corresponds
to the sign of a photovoltage registered at the illumination
with 𝜆𝑝 = 400 nm. The band bending at the Ge0.25Si0.75/Si
heterojunction is not taken into account

Fig. 7. Photovoltage kinetics in sample F at the excitation
with 1-𝜇s light pulses emitted by a light emitting diode with
𝜆𝑝 = 400 nm and at the powers: 𝑃 = 1.2 (1 ), 4.2 (2 ), 13.1 (3 ),
and 23.2 mW (4 ). The dependence of the peak photovoltage
value at the moment when the light is switched-off (Light-off)
on 𝑃 is shown in the inset

Table 1. Results of approximation
of the data in Fig. 7 by a bi-exponential decay function

LED power, mW 𝜏1, 𝜇s 𝜏2, 𝜇s

1.2 (curve 1) 4.0± 0.1 21.2± 0.3
4.2 (curve 2) 3.9± 0.1 21.5± 0.3

13.1 (curve 3) 3.6± 0.1 20.7± 0.3
23.2 (curve 4) 3.7± 0.1 21.0± 0.3
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Fig. 8. Photovoltage kinetics in experimental samples F (1 ),
F1 (2 ), F2 (3 ), and F′

2 (4 ) at their excitation with 1-𝜇s light
pulses from a light emitting diode with 𝜆𝑝 = 400 nm

Fig. 9. Photovoltage kinetics in experimental samples F (1 ),
F1 (2 ), F2 (3 ), and F′

2 (4 ) at their excitation with 1-𝜇s light
pulses from a light emitting diode with 𝜆𝑝 = 870 nm

Table 2. Results of approximation of data
in Fig. 8 by a bi-exponential decay function

Sample 𝜏1, 𝜇s 𝜏2, 𝜇s

F 0.6± 0.1 5.6± 0.1
F1 0.6± 0.1 –
F2 0.6± 0.1 –
F

′
2 0.20± 0.05 –

the photovoltage signal becomes negative with the
corresponding 𝐸𝐶- and 𝐸𝑉 -band bending near the
Ge0.25Si0.75 surface (see Fig. 6). In the initial sam-
ple F, the photovoltage signal amplitude is maximum

(curve 1 in Fig. 8), and the rate of photovoltage reces-
sion is the slowest (the kinetics is the most hindered
in this curve).

The deposition of the poly-Si and a-Si films (sam-
ples F1 and F2, respectively) leads to a considerable
reduction of the photovoltage signal amplitude: by
a factor of 12 for the poly-Si film and by a factor
of 19 for the a-Si film in comparison with the corre-
sponding value for sample F (compare curves 3 and
2 with curve 1 in Fig. 8). The kinetics of the pho-
tovoltage signal recession becomes also significantly
accelerated.

For sample F′
2 covered with an oxygen-saturated a-

Si film (curve 4 in Fig. 8), the amplitude of the photo-
voltage signal became more than twice as large as the
corresponding value for sample F2, when the a-Si film
is not saturated with oxygen (curve 3 in Fig. 8). At
the same time, the kinetics of the photovoltage reces-
sion is quicker for sample F′

2 in comparison with that
for sample F2.

The sections of the photovoltage signal recession in
Fig. 8 were approximated by the sums of exponential
curves. It turned out that the recession section for
sample F is well approximated by the bi-exponential
law, whereas, for samples F1, F2, and F′

2, by the
monoexponential one. The recession time constants
𝜏1 and 𝜏2 calculated for those samples are quoted in
Table 2.

If light with 𝜆𝑝 = 870 nm was used for illumina-
tion, the time dependences of the photovoltage sig-
nal became significantly complicated (curves 1–4 in
Fig. 9). During the interval of the 1-𝜇s light pulse ac-
tion, the photovoltage signal monotonically increases
by magnitude and reaches a negative peak value. Af-
ter the exciting light has been switched-off, the photo-
voltage signal begins to decrease by magnitude down
to a certain time moment, when it changes its sign
from negative to positive. Afterward, the signal in-
creases, reaches a maximum positive value, and then
begins to decrease monotonically to zero.

After the deposition of a poly-Si (sample F1, curve
2 in Fig. 9) or a-Si (sample F2, curve 3 in Fig. 9)
film, the negative peak value of the photovoltage sig-
nal under the illumination decreased by a factor of 5.5
or 10, respectively, in comparison with initial sam-
ple F (curve 1 in Fig. 9). The saturation of the a-Si
film with oxygen (sample F′

2, curve 4 in Fig. 9) re-
sulted in the growth of the negative peak value of the
photovoltage signal by a factor of 4.5 in comparison
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with sample F2. When comparing the data depicted
in Figs. 8 and 9, one can see that the film deposition
and the treatment of samples in the oxygen atmo-
sphere affect the negative section in the photovoltage
relaxation curve in a similar way for both types of
photoexcitation.

On the contrary, the positive component of the
photovoltage depicted in Fig. 9 demonstrates a some-
what different tendency at the deposition of the poly-
Si and a-Si films (the maximum positive values in
curves 2 and 3 for samples F1 and F2, respectively,
exceed the corresponding value in curve 1 for sam-
ple F). When the a-Si film is saturated with oxygen
(sample F′

2), a significant (by a factor of 6 in com-
parison with sample F2) growth of the photovoltage
value in the positive section of curve 4 in Fig. 9 is
observed.

It is evident that the difference between the pho-
tovoltage recession curves shown in Figs. 8 and 9
is associated with different light penetration depths
into the samples at 𝜆𝑝 = 400 and 870 nm. As was
mentioned above, this depth equals about 20 nm for
𝜆𝑝 = 400 nm and 15 𝜇m for 𝜆𝑝 = 870 nm.

The schematic diagrams of band structures in sam-
ples F1 and F2, in which the results of previous
researches [21, 37, 38] were taken into account, are
plotted in Figs. 10 and 11. Similarly to sample F
(Fig. 6), the excitation of charge carriers by light
with 𝜆𝑝 = 400 nm, their separation giving rise to the
photovoltage generation, and their recombination,
which determines the photovoltage recession kinet-
ics, predominantly take place at the a-Si/Ge0.25Si0.75
or poly-Si/Ge0.25Si0.75 heterojunction. Those photo-
excitation processes are designated by arrows 1 and
1 ′ in Figs. 10 and 11. As a result, the negative pho-
tovoltage component marked as −𝑈PV1 in those fig-
ures will dominate. In the case of samples with the
deposited poly-Si and a-Si films, a reduction of the
photovoltage amplitude at the moment, when the
light is switched-off, can be associated both with a
decrease of the band bending near the Ge0.25Si0.75
surface (Fig. 6) occurring exactly owing to the film
deposition and with the formation of rapid recom-
bination centers for charge carriers in the poly-Si
and a-Si layers and at the poly-Si/Ge0.25Si0.75 and
a-Si/Ge0.25Si0.75 interfaces. For sample F1, the lat-
ter effect is illustrated in Fig. 10, where arrows 3
and 4 designate the processes of electron capture
onto the recombination centers (RCs) in the poly-

Fig. 10. Band diagram of the poly-Si/Ge0.25Si0.75/c-Si het-
erostructure (sample F1) heterostructural band pattern. The
notation RC means recombination centers in the poly-Si layer,
and the notation IS stands for interface states at the poly-
Si/Ge0.25Si0.75 interface

Fig. 11. Band diagram of the a-Si/Ge0.25Si0.75/c-Si het-
erostructure (sample F2)

Si layer and onto the interface states (ISs), and ar-
rows 3 ′ and 4 ′ stand for the corresponding processes
of hole capture.

The data from Table 2 testify to the invariance
of the fast component of the photovoltage reces-
sion with the relaxation time 𝜏1 in samples F, F1,
and F2. But this component becomes significantly re-
duced after the a-Si film has been saturated with
oxygen (sample F′

2). The initial sample F demon-
strates a two-component kinetics (𝜏1 and 𝜏2 in Ta-
ble 2), which may testify to the existence of cap-
ture centers in the Ge0.25Si0.75 layer. On the other
hand, the deposited poly-Si and a-Si layers generate
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additional recombination centers in themselves and
at the poly-Si/Ge0.25Si0.75 or a-Si/Ge0.25Si0.75 inter-
face, which accelerates the photovoltage relaxation
on the whole.

A matter of some interest is a growth of the photo-
voltage amplitude (curve 4 in Fig. 8) and a simulta-
neous reduction of the photovoltage relaxation time
(𝜏1 for sample F2 in Table 2). Really, the photovolt-
age amplitude in the stationary case can be presented
in the form [39]

𝑈PV(0) ∼
𝑒𝜏𝐺𝐿

𝜀𝜀0
, (1)

where 𝜏 and 𝐺 are the lifetime and the generation
rate, respectively, of photo-excited charge carriers;
𝐿 is the spatial separation length of nonequilibrium
electrons 𝑒− and holes ℎ+; 𝜀0 is the electric constant;
and 𝜀 the dielectric constant. From this expression, it
follows that the decrease of 𝜏 (and the corresponding
decrease of 𝜏1 in Table 2) should be accompanied by
a reduction of the photovoltage amplitude 𝑈PV(0),
which is not observed in sample F′

2. The annealing in
the oxygen atmosphere evidently increases the mag-
nitude of the product 𝐺𝐿.

The excitation of charge carriers by light with 𝜆𝑝 =
= 870 nm and their separation and recombina-
tion take place at both heterojunctions: poly-Si/
Ge0.25Si0.75 (or a-Si/Ge0.25Si0.75) and Ge0.25Si0.75/c-
Si (arrows 1 ′′ and 1 ′′′ in Figs. 10 and 11). Just this
circumstance is responsible for the emergence of the
positive photovoltage component +𝑈PV2, quite sim-
ilarly to the photovoltage in sample F considered
above (Fig. 6). The change of the photovoltage sig-
nal sign observed in this case can be explained by
the fact that the recombination processes of nonequi-
librium charge carriers in the near-surface layers of
samples F, F1, and F2 are much faster than the re-
combination processes at the Ge0.25Si0.75/c-Si hete-
rojunction. Furthermore, we may assume that, at the
saturation of the a-Si film with oxygen, not only a
reduction of the nonequilibrium charge carrier life-
time in a-Si takes place, but also the Fermi level in
Ge0.25Si0.75 becomes partially shifted, which results
in an increase of the band bending and the separation
of non-equilibrium charge carriers (the increase of 𝐿
in expression (1) for 𝑈PV(0)) at the Ge0.25Si0.75/c-Si
heterojunction. As a result, starting from a certain
time moment after the light has been switched-off,
the positive component of a photovoltage signal be-

gins to dominate over the negative component of the
signal, so that the resulting positive photovoltage is
generated (Fig. 9).

4. Conclusions

1. In this work, it is found that the Ge0.25Si0.75/c-Si,
poly-Si/Ge0.25Si0.75/c-Si, a-Si/Ge0.25Si0.75/c-Si, and
a-Si(O)/Ge0.25Si0.75/c-Si heterostructures excited by
light pulses with a peak wavelength of 400 nm gener-
ate a monopolar negative photovoltage signal. If they
are excited by light pulses with a peak wavelength of
870 nm, the generated photovoltage signal is bipolar.

2. The deposition of thin a-Si and poly-Si layers
onto the surface of the Ge0.25Si0.75 layer leads to a
significant reduction of the magnitude of the negative
photovoltage-signal component and the acceleration
of its relaxation rate, as well as to an insignificant
growth of the magnitude of the positive photovoltage-
signal component.

3. The saturation of the a-Si layer in the a-Si/
Ge0.25Si0.75/c-Si heterostructure with oxygen gives
rise to a substantial increase of the positive photo-
voltage-signal component. This effect can be used for
the development of effective solar cells on the basis of
the a-Si/Ge𝑥Si1−𝑥/c-Si heterostructure.

4. A model for the formation and relaxation of the
positive and negative components of the photovolt-
age signal is proposed. According to it, the indicated
processes are governed by the spatial separation and
recombination of non-equilibrium charge carriers at
heterojunctions that emerge at the interfaces of the
Ge0.25Si0.75 layer with the Si substrate and the a-Si
or poly-Si film. A substantial increase in the magni-
tude of the positive photovoltage-signal component
in the a-Si/Ge0.25Si0.75/c-Si heterostructure with the
oxygen-saturated a-Si layer can be explained, on the
whole, by an increase of the band bending in the
Ge0.25Si0.75 layer, which stimulates a more efficient
separation of photogenerated electrons and holes in
this layer.
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ФОТОЕЛЕКТРИЧНI ВЛАСТИВОСТI
ПЛIВОК SiGe, ПОКРИТИХ ШАРАМИ АМОРФНОГО
ТА ПОЛIКРИСТАЛIЧНОГО КРЕМНIЮ

Р е з ю м е

Виявлено, що тонкi шари аморфного та полiкристалiчно-
го Si (вiдповiдно a-Si та poly-Si), нанесенi на поверхню
Ge0,25Si0,75, суттєво зменшують величину негативної фото-
ЕРС, вiдтворюванiй у шарi Ge0,25Si0,75, нанесеному на пiд-
кладку кристалiчного Si. У той самий час, при достатнiй
глибинi проникнення свiтла, що включає обидва нанесенi
шари та приповерхневу область пiдкладки Si, у промiж-
ки часу, бiльшi за ≈10–20 мкс пiсля закiнчення свiтлово-
го iмпульсу, спостерiгається фото-ЕРС позитивного знака.
Виявлено також, що насичення киснем шару a-Si в гете-
роструктурi a-Si/Ge0,25Si0,75/c-Si призводить до суттєвого
зростання величини додатної складової сигналу фото-ЕРС
(в 6 разiв у наших експериментах). Такий ефект може бути
використано для розробки ефективних сонячних елементiв
на основi гетероструктури a-Si/Ge𝑥Si1−𝑥/c-Si.
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