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Abstract. We investigated transverse photovoltage generated in semiconductor heterostructures by a
modulated illumination. A complicated form of the photovoltage spectral curves for Ge-GaAs
heterostructures and NbN-GaAs Schottky contacts is determined by interaction between photocurrents
flowing in the bulk and near interfaces.

An additional unmodulated illumination of the samples during the measurements of the photovoltage
spectral curves changes the interaction of photocurrents. This leads to modification of the photovoltage
spectral curves. An analysis of their features enables one to put forward models for interaction of
photocurrents flowing near the interfaces and obtain the characteristics of the interface uniformity in

composite semiconductor structures.
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1. Introduction

When a metal-semiconductor (or semiconductor-semicon-
ductor) physical contact is formed, then, in almost all cases,
anonuniform band bending [1-5] or nonuniform transition
layer at the interface [6,7] appears. These processes were
observed for various contacts (Au-Si, Au-GaSe, Al-GaS,
Au-SiNx-GaAs, Si-Si0,) and were studied using different
techniques, such as ballistic electron emission [1,2], tem-
perature dependence of current-voltage characteristics [3],
photoemission-spectromicroscopy [4,5], scanning near-field
optical microscopy [6], medium energy ion scattering
spectroscopy [7], etc.

The obtained experimental results give impetus to dis-
cussion about mechanisms for formation of the above
nonuniformities both at clean semiconductor surfaces [8]
and in metal-semiconductor contacts [9].

Itis known that illumination of a semiconductor crystal
with non-uniformly distributed impurities generates a bulk
photovoltage in it. This photovoltage has a component
oriented along the interface [10]. A non-uniformly doped
semiconductor layer, as well as thickness fluctuations of a
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metal film, in their turn, may cause a band bending
nonuniformity in metal-semiconductor contacts[9,11,12].

Here a unique photoelectric technique is used, namely,
we study spectral characteristics of the transverse pho-
tovoltage in Schottky contact and the semiconductor
heterostructure that stems from the above nonuniformities.
A technique to measure an alternating photovoltage that
occurs along the interfaces of semiconductor structures
(e.g., Ge-GaAs heterostructure or NbN-GaAs Schottky con-
tact) involves concurrent illumination of a sample with modu-
lated and unmodulated monochromatic light beams. By
changing the unmodulated light wavelength 1(i.c., by chang-
ing coefficients of its absorption in Ge and GaAs), one can
change the nonequilibrium charge carrier concentration in
the heterostructure layers and, correspondingly, conduc-
tivity of these layers.

By probing the sample studied with modulated light beam
and simultaneously changing its wavelength, one can ob-
tain spectral characteristics for photovoltage. Their features
depend also on the unmodulated light wavelength, that
serves as a parameter.

An analysis of spectral characteristics for the bulk-gra-
dient transverse photovoltage [10] generated in Ge-GaAs-
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type heterostructures or NbN-GaAs Schottky contacts
under illumination with monochromatic light on the film
(Ge, NDbN) or substrate (GaAs) sides allows to find if
transition layer that may appear during contact forma-
tion is present.

Besides, it enables one to refine such characteristics
as resistivity distribution over the semiconductor struc-
ture studied.

Both Ge-GaAs-type heteroepitaxial structures and
Schottky contacts can serve as a good model to demon-
strate efficiency of the above technique.

It is known that, as a rule, semiconductor crystals have
native resistivity nonuniformities. Additional nonuni-
formities may appear near interfaces when contacts of vari-
ous types are formed. It should be noted that we took no
special steps aimed at formation of nonuniformities or gra-
dients of doping in the samples studied.

2. Ge-GaAs heterostructure
2.1. Experimental details

Shown in Fig. 1 is the diagram of the Ge-GaAs hetero-
structure sample used in our experiment. The thickness of
the p-Ge film (p = 10'%cm ) was 0.1-0.2 pm; that of semi-
insulating GaAs substrate was 300 pm. The contacts C;
and C, were deposited on the film side; the intercontact
spacing was 12—-15 mm. The sample width was from 2 to
3 mm; the illuminated part of the sample (/ X w) was (5 x
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Fig. 1. Geometry of experiment and mechanism for transverse
photovoltage appearance in the Ge-GaAs heterostructure:

U (Ge) and U (GaAs) — the transverse photovoltage generated in
the Ge film and GaAs substrate, respectively, under modulated illu-
mination; V' — the transverse voltage that appears in the Ge film
under additional unmodulated illumination; / — the length of the
illuminated sample section; E¢ — the conduction band bottom; Ey —
the valence band top; Er— the Fermi level; C; and C, — the measur-
ing contacts; mod. ill. — modulated monochromatic illumination;
add. ill. — unmodulated monochromatic illumination.
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x 2) mm, the width w of the illuminated part being not
indicated in Figs 1 and 3.

Some steps have been taken to exclude contact illumi-
nation with exciting radiation during measurements. To
prevent generation of stray barrier photovoltage, the sam-
ple near-contact regions have been screened with a black
nontransparent material. The spacing between the
boundaries of the illuminated part of the sample and con-
tacts was 3 mm. This is far in excess of diffusion length
for nonequilibrium electron-hole pairs in both Ge (hun-
dreds of microns) and GaAs (tens of microns). [llumina-
tion was realized on the film side normally to the sample
surface. The modulated monochromatic light beam and
additional unmodulated light beam illuminated the same
section of the sample.

Images of slots from two monochromators were fo-
cused on the sample surfaces. These images served as
sources of modulated and unmodulated radiation. They
were light beams of rectangular cross section (22 mm long
by 2 mm wide). The above length (22 mm) was over that
of the illuminated part of the sample. The light intensity
was the same over the whole cross section.

The alternating photovoltage U was measured across
the C; and C; contacts at the light modulation frequency
of 538 Hz. Use of synchronous detection enabled us to
note when the photovoltage relative polarity reversed.
Our technique made it possible also to study photovoltage
distribution along the sample using a movable monochro-
matic light probe 0.3 mm wide. We could change both
the velocity of probe movement and wavelength of excit-
ing radiation, i.e., the depth of light absorption in the
semiconductor structure.

The measurements were performed at room temperature.

In Fig. 1 the resistivity gradients in the Ge film and
GaAs substrate (due to nonuniform doping of the hetero-
structure regions adjacent to the interface) are shown, by
convention, as slopes of the Ge conduction band bottom,
Ec, and GaAs valence band top, Ey, levels, respectively.
It should be noted that presence of a smooth resistivity
gradient of the same sign over the whole illuminated area
is not necessary for bulk-gradient photovoltage to ap-
pear. It would be sufficient that such a gradient (or its
component) was present in the crystal region whose size
is comparable to (or bigger than) the diffusion length of
the nonequilibrium electron-hole pairs.

In Fig. 1 such pairs (generated by modulated illumi-
nation) are shown, by convention, as circles with wavy
arrows, while the nonequilibrium charge carriers (gener-
ated by the additional unmodulated illumination) are
shown as circles with straight arrows.

Relative polarities of voltages U and V are determined
by the direction of charge carriers motion, i.e., the orien-
tation of the same resistivity gradient (band slope) in Ge
and GaAs, respectively. It is evident that both polarities
are the same. This is shown in Fig. 1 for U(Ge) and V(Ge)
(as well as for U(GaAs) and V(GaAs)) by arrows oriented
in the same direction.
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2.2. Discussion of results

Shown in Fig. 2 are the representative transverse pho-
tovoltage U spectral curves taken for the Ge-GaAs struc-
ture. Curve 1 corresponds to the case without additional
unmodulated illumination. The intensity G of modulated
illumination was the same (2x10'# photons/cm?s) over
the whole spectral range used.

The physical reasons for the complicated photovoltage
spectral curve are related to the fact that the resistivity
gradients of the film and substrate along the interface are
oppositely directed [13].

This is evidenced by the experimental studies of pho-
tovoltage distribution made with moving monochromatic
light probe. The type of distribution was different for
photovoltage of a definite polarity, and polarity reversed
when the wavelength changed from A =0.65 pm to 0.89 pm.

This is related to the fact that a transition layer of
variable thickness may be formed between Ge and GaAs.
In this case a nonuniform band bending and variable SCR
thickness are realized along the interface. As a result,
the near-interface layers of semiconductors that form a
contact have different conductivities.

In the wavelength range A = (0.54-0.7) um, the
photovoltage U (Ge) is generated predominantly in the Ge
film. As the wavelength A grows, and the coefficient of light
absorption in germanium decreases, the modulated light
becomes absorbed predominantly in the GaAs substrate
(where the resistivity gradient is oriented oppositely to that
in Ge film). As a result, the photovoltage U (GaAs) reverses
its sign (Fig. 2, curve 1). Curve 2 was taken under addi-
tional unmodulated illumination of wavelength A = 0.68 pum
(the corresponding photon energy 2v=1.82 eV) and inten-
sity G =2x10"*photons/cm?s, i.e., the same as that of modu-
lated illumination.

Fig. 2. Spectral characteristics of the transverse photovoltage meas-
ured for the Ge-GaAs heterostructure at the modulated illumination
intensity Gyop = 2x10'% photon/cm?s:

1 — without additional unmodulated illumination;

2 — at additional unmodulated illumination of intensity Gapp =
= 2x10*photon/cm?s.

500, 4(4), 2001

For additional monochromatic illumination with
wavelength A = 0.68 um the coefficient of light absorp-
tion ain Geis 10° cm™! [14]. When Ge film thickness d is
(0.1-0.2) pm, then this light is absorbed predominantly
in the film. Here a continuous photovoltage V is gener-
ated. The corresponding electric field is oriented along
the interface. It affects the movement of the electron-hole
pairs generated by the modulated light beam in the GaAs
substrate close to the interface.

The photovoltage spectral characteristic taken under
the above additional illumination shows a change: the
photovoltage peak near the GaAs intrinsic absorption edge
reverses its sign (Fig. 2, curve 2). There is some kind of a
photovoltage «surge» of the opposite sign. It is obvious
that the additional illumination wavelength, at which the
above effect is observed, depends on the Ge film thickness
(the sample was illuminated on the side of this film).

Similar photovoltage «surge» was also observed when
the sample was illuminated on the GaAs side.

The reason for the above effect is that photoconducti- vity
(atalight modulation frequency) arises in the field E generated
by the unmodulated additional illumination [15].

This additional illumination leads to appearance of a
continuous (unmodulated) bulk-gradient photovoltage and,
as a result, additional continuous field in the sample. In this
case, when the sample is illuminated with a modulated light
beam in the semiconductor intrinsic absorption region, then
avoltage appears in the above field: Uapp = —VXRXAQC.

Here V= Exlis the photovoltage across C; and C; con-
tacts generated by the continuous additional illumination;
[ is the length of the illuminated part of the sample; R is
resistance of this part, Adis photoconductance appearing
due to the modulated illumination. £ is the direct electric
field generated by the additional illumination.

Itis apparent that, depending on the values of coeffi-
cients of modulated and unmodulated light absorption in a
heterostructure, a situation may occur when the additional
voltage due to photoconductivity, as well as the transverse
photovoltage, are generated (at a modulation frequency) in
both the GaAs substrate and Ge film. The resulting voltage,
being an algebraic sum of the two above components,
may change its polarity, depending on the ratio between
their amplitudes. This is just the effect we have observed
experimentally.

When explaining the obtained spectral characteris-
tics of transverse photovoltage, one should analyze pos-
sible contribution to the measured signal from the «late-
ral» photovoltage. It may be generated along the inter-
face between semiconductor layers of different conduc-
tivity values [16].

Such voltage can be photogenerated when the illumi-
nated part of semiconductor structure is located asymmetri-
cally relatively to the measuring contacts, as well as when a
nonuniform band bending exists either near the surface or
at the interface of the semiconductor structure studied. A
nonuniform distribution of the light probe intensity can also
contribute to such voltage. The necessary condition for the
«planar» voltage generation is nonequilibrium charge car-
rier injection from one layer to another.
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Itis known that near semiconductor surface both band
bending and, correspondingly, SCR (not shown in Fig.1)
exist. For Ge-GaAs heterostructure there is band bend-
ing at the interfaces too. Thus, in the samples studied,
there are formally the conditions for generation of such
voltage.

Our previous investigations have shown, however, that
the main contribution comes from the voltage related to
resistivity gradients. They appear during the Ge film growth
on GaAs substrate [13].

First, of all, the voltage did not reverse its polarity when
the light probe moved along the sample (such change
should occur at generation of «lateral» voltage). In addi-
tion, the dependence of voltage amplitude on the exciting
illumination intensity was nonmonotonous.

First the amplitude grew with light intensity, but then it
abruptly dropped. Similar changes of amplitude were ob-
served when the intensity of unmodulated additional illu-
mination increased. These features are related to the pres-
ence of recombination-drift barriers in the bulk and near-
surface layers. Such barriers appear in heavily doped or
compensated semiconductors. As was stated above, similar
voltage «surge» is also observed when the structure is illu-
minated with unmodulated light on the GaAs substrate side.

Thus, one can conclude that the principal effect on the
features of spectral characteristics of transverse voltage stems
from the gradients of dark charge carriers. In this case, pos-
sible contribution to the measured signal from the «planar»
voltage is less than that from the bulk voltage.

Let us discuss the mechanism for the effect of continu-
ous field (that is generated by the additional illumination in
both the Ge film and GaAs substrate) on the alternating
photocurrent.

When a structure is illuminated with unmodulated light,
then a direct voltage across C; and C, always appear. Both
amplitude and polarity of this potential difference are deter-
mined by the voltage generation mechanism.

In general, the voltage is an algebraic sum of ampli-
tudes of voltages generated in different layers of semicon-
ductor structure. It is of importance that generation of
photovoltage by modulated radiation occurs when the
above direct voltage is present in the sample.

Thus, an unmodulated additional illumination may af-
fect the conditions for current flow in the structure layers in
two ways.

On the one hand, an increase of charge carrier concen-
tration in a semiconductor at unmodulated additional illu-
mination results in band bending changing at semiconduc-
tor surface or structure interface.

On the other hand, a direct voltage generated, say, in
the semiconductor structure bulk is applied to the whole
structure and affects conditions of current flow near the
interface or in SCR.

A distinguishing feature is that amplitude of the
photovoltage «surge» drops abruptly when the additional
illumination wavelength is increased or decreased relative
to the value A = 0.68 um. Wavelength decrease results in
absorption of the additional illumination in the Ge film, while
a wavelength increase leads to a growth of the absorbed
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light in the GaAs substrate farther from the interface.
Therefore, if the additional continuous field is generated
near the interface, then it substantially affects the alter-
nating voltage. From this, one may conclude that the
peculiarities of the transverse photovoltage spectral curve
are determined by the properties of those film and
substrate layers that are adjacent to the interface. The
above peculiarities are formed due to absorption of modu-
lated light in these layers.

3. NbN-GaAs Schottky contact
3.1. Experimental details

For a metal-semiconductor NbN-GaAs structure the spec-
tral curve of the transverse photovoltage has some spe-
cific features.

The typical curves presented in Fig.3 were taken for the
structure where the NbN film thickness was 0.01 mm and
that of the n-GaAs substrate was 200 mm. It should be noted
that there is a big (0.5-0.8) eV [17] depletion band bending
near the interface of the NbN-GaAs Schottky contact. At
the dark charge carrier concentration of 5%10!° cm= in
n-GaAs the space charge region (SCR) width, Lgcg, is about
0.2 pm.

The samples were (10x12) mm rectangles. The illumi-
nated part of the sample (/xw) was (5%2) mm. [llumination
of the sample with both modulated and unmodulated light
beams was performed on the GaAs substrate side. For both
beams the illumination intensity was 8x10'4 photons/cm?s.
As in the case of Ge-GaAs heterostructure, the modulated
illumination intensity was the same over the whole spectral
range studied.

The near-contact areas were covered with a non-
transparent material, just as it has been done when meas-
uring voltage for Ge-GaAs heterostructure samples.

r 0.85

0.87 0.8
A, um
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Fig. 3. Spectral characteristics of the transverse photovoltage meas-
ured for the NbN-GaAs Schottky contact at the modulated illumi-
nation intensity Gyop = 8x10'* photon/cm?s:

1 — without additional unmodulated illumination;

2,3 — at additional unmodulated illumination of intensity Gapp =
= 8x10'* photon/cm?s.
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One can see from Fig. 3 that without illumination the
photovoltage changes its sign near the GaAs intrinsic
absorption edge (Fig. 3, curve 1) and then goes down
smoothly at photon energies below the GaAs gap. Curve
2 was taken under the monochromatic (A = 0.88 pum, pho-
ton energy 4V = 1.41 ¢V) illumination. In this case the
photovoltage was of the same polarity over the whole
light wavelength range. Its amplitude dropped in the A =
(0.64-0.86) pm range.

Curve 3 corresponds to the photovoltage spectral char-
acteristic taken under additional illumination with A =
0.92 pm (photon energy ~v = 1.35 ¢V). The photovoltage
value at A = 0.85 um (hv = 1.46 eV) increased under this
illumination as compared to the curve 1.

We have also measured spectral characteristics of the
transverse voltage for the Schottky contact samples illu-
minated on the NbN film side. The features of these char-
acteristics, however, were pronounced but slightly, and
the amplitude of measured signal was very small. This
seems to result from the fact that most of exciting radia-
tion was absorbed in the film.

3.2. Discussion of results

The spectral curves measured for the NbN-GaAs struc-
ture may be explained assuming that there exist nonuni-
formities of both GaAs bulk doping and band bending
along the NbN-GaAs interface (see Fig. 4).

A sort of correlation is to exist between the nonuni-
formities of the bulk doping level and depletion band
bending [9]. When the bulk concentration of charge car-
riers in the dark is decreased (increased), then the above
band bending grows (drops).
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Fig. 4. Mechanism for transverse photovoltage generation in the
NbN-GaAs Schottky contact:

U — the transverse photovoltage generated in the GaAs substrate
under modulated illumination; V' — the transverse voltage that ap-
pears in the GaAs substrate under additional unmodulated illumina-
tion; Lgcr — the space charge region width; (for other notions see
Fig.1).
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It was noted earlier that band bending nonuniformity
might be affected also by the metal film thickness varia-
tions along the interface [11,12]. This means that the gra-
dient of positively charged ionized donors concentration
in SCR (that lies along the interface plane) is directed
oppositely to the gradient of dopant concentration in the
GaAs bulk. So the nonequilibrium charge carriers pro-
duced by illumination in SCR of variable width Lgcr
generate a photovoltage of opposite sign to that of the
photovoltage generated by the charge carriers produced
in the bulk.

There is a resistivity gradient in the GaAs bulk that is
oriented parallel to the illuminated sample surface. Such a
gradient may be modeled (as in the case of Ge-GaAs
heterostructure) with slopes of both the conduction band
bottom, E, and valence band top, Ey, levels.

In Fig. 4 a smooth Lgcg change in the illuminated region
(whose length is 1) is shown, by convention, with a dashed
slanting line, according to the slopes of the valence band
top and conduction band bottom levels in GaAs. By “plus”
we labeled the charged donor atoms in the depletion region
near the Schottky contact interface.

If the NbN-GaAs sample is illuminated on the GaAs side
with monochromatic light whose wavelength A = 0.88 um
(the corresponding absorption coefficient in GaAs is
a =800 cm™! [18]), then the nonequilibrium charge carriers
are produced in the GaAs bulk far from the interface (the
GaAs substrate thickness dis 200 pm) and move in the field
of charged dopants concentration gradient parallel to the
interface.

The experimentally found photovoltage polarity is de-
termined by the above gradient (Fig. 3, A = 0.4-0.88 mm).
When the light wavelength is close to that corresponding
to the GaAs intrinsic absorption edge, then charge carriers
are produced both in the whole bulk and near the NbN-
GaAs interface (where the near-surface field oriented along
the interface is opposite to the field in the bulk). The
photovoltage generated in SCR becomes predominant. Due
to this fact the sign of the photovoltage spectral curve is
reversed at A > 0.89 pm (v < 1.39eV) (see Fig. 3, curve 1).

At photon energies below the GaAs gap E presence of
photovoltageis related to the charge carriers production from
the surface levels [19] (see Fig. 3, curves 1-3, A =0.89 um).

An additional illumination with A = 0.88 pm causes oc-
currence of photoconductivity and also the photovoltage
amplitude drop in the A = (0.64-0.84) mm range (as in the Ge-
GaAs heterostructure).

Presence of a longitudinal field in SCR may result in: (i)
a decrease in SCR width; (ii) smoothing the band bending
nonuniformity at the metal-semiconductor interface (in Fig. 4
SCR atillumination is shown with a dashed line that is par-
allel to the NbN-GaAs interface); (iii) an increase in the
recombination flow of the nonequilibrium charge carriers
towards the interface. All the above factors will decrease a
contribution from photocurrent (flowing along the inter-
face) to the total photovoltage [20]. In this case the
photovoltage polarity is determined predominantly by that
of the bulk-gradient voltage over the whole range meas-
ured (see Fig. 3, curve 2). An additional illumination with
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photons whose energy 2v =1.35¢V (i.e. A =0.92 um) is
below the GaAs gap does not result in appearance of an
additional field in a sample. No photoconductivity ap-
pears in this case, so it cannot be the reason for a de-
crease in photovoltage amplitude.

A slight increase of the photovoltage amplitude near
in the spectral region of A = 0.85 um (v = 1.46 eV) may
be related to generation of charge carriers from surface
levels by the additional illumination. This leads to con-
ductivity growth in SCR near the GaAs surface and, cor-
respondingly, increases a contribution from the lateral
photovoltage.

The photovoltage amplitude dependence on the in-
tensity of exciting radiation has some peculiarities.

To illustrate, if (without additional illumination) the
modulated radiation intensity is changed, then the volt-
age amplitude changes too. It should be noted that in this
case both the form and sign of the corresponding portions
of spectral characteristic do not change. The voltage
amplitude does not change proportionally to the light
intensity. When the intensity of modulated radiation is
doubled, then the voltage amplitude is increased by a
factor of about 1.5. This may serve as indication at pres-
ence of contribution from the «planar» voltage to the sig-
nal measured.

At the same time additional illumination of the sam-
ple with unmodulated radiation whose intensity is equal
to that of modulated radiation (Fig. 3, curve 2), i.e., a
twofold increase of intensity, changes the form of spec-
tral characteristic rather than the voltage amplitude.
From this one can conclude that effect of direct voltage
generated by unmodulated additional illumination on the
conditions of current flow in the structure studied is quali-
tatively different.

An additional evidence that the features of spectral
characteristic of the voltage studied are related to band
bending nonuniformity at the NbN-GaAs contact lies in
the fact that they depend on thermal annealing [21]. Af-
ter the structure is annealed, its spectral characteristic is
a curve with a pronounced peak near the GaAs absorp-
tion edge (A = 0.89 um) and abrupt drop of amplitude at
both sides of the peak (i.e., this curve is similar to curve 2
in Fig. 3).

It is evident that both thermal annealing and unmodu-
lated additional illumination result in a decrease of the band
bending nonuniformity at the Schottky contact interface.

Another evidence of a drop of band bending nonuni-
formity is that unmodulated additional illumination does
not affect the form of the spectral characteristic of vol-
tage, chaging its amplitude but slightly.

Conclusions

The presented results prove that the technique at which a
semiconductor structure is excited by concurrent action
of modulated and unmodulated radiation is informative
when studying layered structures, heterostructures and
metal-semiconductor contacts.
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The effect of transverse photovoltage generation in
the structures studied serves as a typical demonstration
of interaction between the photocurrents arising in their
different layers.

The term «transverse photovoltage» is used here as a
generalized one. From the above results it is obvious that
a signal measured at the sample contacts is an algebraic
sum of several voltages (that are generated in different
layers of the structure studied and are characterized by
different generation mechanisms). These are (i) bulk volt-
age related to nonuniform distribution of impurities; (ii)
voltage due to nonuniformity of the transition layer; (iii)
«planar» voltage related to band bending nonuniformity
at the interface or semiconductor surface, as well as to
asymmetric position of the illuminated sample area rela-
tive to the measuring contacts.

All the above voltages have, however, a common fea-
ture. They are generated (or have a component) along
the direction that is normal to the gradient of concentra-
tion of the nonequilibrium charge carriers that are mov-
ing from the illuminated surface to the sample bulk. So
one can conclude that use of the term «transverse volt-
age» when dealing with a signal measured in our experi-
ments is quite correct and justified from the physical view-
point.

For the Ge-GaAs heteroepitaxial structure an inter-
action between the currents resulting from photoconduc-
tivity and photovoltage leads to changes in both the spec-
tral curves form and photovoltage sign. This is due to the
fact that resistivity gradients near the interface are ori-
ented oppositely in the Ge film and GaAs substrate.

A direct field generated in the film and substrate by
an unmodulated additional illumination affects the spec-
tral curve of the transverse photovoltage.

For Schottky contacts where depletion band bending
is pronounced at metal-semiconductor interfaces the in-
teraction between photocurrents flowing in the bulk and
SCR is complicated too. A continuous field generated by
an additional illumination and oriented along the metal-
semiconductor interface leads to the decrease in SCR
width, smoothing band bending and an increase in the
recombination rate for electron-hole pairs at the metal-
semiconductor interface. In this case a contribution to
the total photovoltage (due to illumination with modu-
lated light) from the photocurrent flowing in this region
decreases.

For semiconductor heterostructures and Schottky con-
tacts not only the spectral characteristics of transverse
photovoltage are similar. Their features stem from the
same physical reason, namely, nonuniform distribution
of the dark charge carriers in the semiconductor bulk,
near interface or near surface.

The principal conceptual conclusion from the work is
as follows. In semiconductor structures with concentra-
tion nonuniformities in the bulk and at interfaces, unmo-
dulated light generates nonequilibrium charge carriers
and an additional direct field (voltage). This results in
changing the form of spectral characteristic for the trans-
verse photovoltage.
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Another conclusion is that the transverse photovoltage
measured in the above structures is a complicated alge-
braic sum resulting from photocurrents mechanisms of
which are different.

Hence an analysis of the spectral characteristic form
for the total photocurrent allows one to determine the
area of a semiconductor structure where the light absorp-
tion occurs, as well as investigate the uniformity degree
close to the interface.

This is the principal feature of the presented technique
for investigation of composite semiconductor structures.
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