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ELECTRICAL PROPERTIES OF SIS
HETEROSTRUCTURES n-SnS,;/CdTeO3/p-CdZnTe

Conditions for the production of rectifying semiconductor-insulator-semiconductor (SIS) hete-
rostructures n-SnSs /CdTeOs /p-Cdi_ Zny, Te with the use of the spray-pyrolysis of SnSsy thin
films on p-Cdi—_5Zn, Te crystalline substrates with the formation of an intermediate tunnel-
thin CdTeOs oxide layer have been studied. By analyzing the temperature dependences of the
current-voltage characteristics, the dynamics of the heterostructure energy parameters is deter-
mined, and the role of energy states at the CdTeOs /p-Cdi—5Zny Te interface in the formation
of forward and reverse currents is elucidated. By analyzing the capacity-voltage characteristics,
the processes of charge accumulation and inversion in SIS structures is considered. An energy
diagram of the examined heterostructure, which well describes experimental electro-physical

phenomena, is proposed.
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1. Introduction

Thin films of tin sulfides with various phase contents
are characterized by perfect physical properties. In
particular, tin monosulfide SnS has the band gap
width E; ~ 1.3 eV [1], which is sufficient for the
creation of a photoactive layer in phototransducers,
whereas tin disulfide SnS, (E, ~ 2.45 ¢V [2]) and
the SnyS3 compound (E,; ~ 1.9 €V [3]) are suitable
for applications as a frontal layer in solar cells. The
films of sulfides contain the chemical elements Sn and
S, which are low-toxic, widespread, and cheap. When
designing photo-converters on the basis of hetero-
structures with a wide-band front layer, SnS, films
have an advantage over the SnsS3 compound because
of a wider band gap and, correspondingly, lower light
absorption and recombination at the front surface
[4]. Most often, SnS, films are used when produc-
ing and studying the photosensitive heterostructures
n-SnSs /p-SnS [5, 6], but their efficiency is not high
(n = 1.4%). Tin disulfide is also applied to create the
rectifying heterojunctions n-SnSs/p-Si [7], as well as
SnO2/SnSs structures, which are photo-sensitive in
the ultraviolet spectral interval [8].
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When fabricating thin SnSs films, such non-va-
cuum methods as the spray-pyrolysis of aqueous and
alcoholic solutions of Sn and S salts [7, 9], the spin
coating using organic solvents [10], and the chemical
bath deposition (CBD) [11] are preferably applied. A
rather simple equipment required for those methods
makes it possible to conveniently correct the film de-
position regimes in order to obtain desirable physical
properties.

A high quality of heterostructures on the basis
of n-CdS/p-CdTe [12] and the band gap width E,
in SnS,, which is close to that in cadmium sulfide
(2.42 €V), stimulated an experimental research aimed
at creating a heterostructure based on the n-SnSs /p-
Cdj_;Zn, Te heterojunction and studying its electri-
cal properties. The results of this research are re-
ported in this paper.

If compared with CdTe, solid solutions
Cdi_,7Zn,Te with low z-values are characterized by
a higher mechanical strength and structural perfect-
ness [13, 14]. The application of Cd;_,Zn,Te makes
the production of high-quality heterojunctions more
feasible. The choice of the spray-pyrolysis method
for depositing SnS,; films onto the Cd;_,Zn,Te
surface is related to its low cost and successful
application when fabricating the films of metal
sulfides [15-19].
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2. Experimental Part

The heterostructures were produced on substrates ob-
tained by cleaving Cd;_,7Zn,Te crystals with the p-
type conductivity, which were grown up using the
Bridgman vertical method under a low cadmium va-
por pressure. At a temperature of 295 K, the sub-
strates were characterized by the electrical conduc-
tivity 0 = 3 x 10732 @ 'em ™!, the charge carrier con-
centration p = 3.5 x 10 cm ™2, and the hole mobility
pi = 54.0 cm?V-1g—1

The n-SnSy/p-Cdy_,Zn, Te structures were fabri-
cated by depositing SnS, films about 0.3-0.4 pm
in thickness using the spray-pyrolysis of 0.1 M
aqueous solutions of SnCly - 5H,O and (NHj)2CS
salts under atmospheric pressure onto the surface of
Cdy_,7Zn,Te substrates heated to the temperature
Ts = 350 °C. The pyrolysis resulted in the forma-
tion of a binary tin disulfide compound SnS,; with
the n-type conductivity (o ~ 3x 1072 Q~tem~1!) and
the band gap width £, = 2.4 €V [6]. With regard for
the low mobility of electrons in polycrystalline films,
p o= 2.43 x 1073 ecm?V~1s7! [9], the concentration
of charge carriers in SnSs films was found to equal
n = 2.7 x 107 cm~3.

The creation of optical contacts with low-ohmic
crystals of the p-type CdTe and Cd; _,7Zn, Te with low
x-values faced some difficulties [20]. In the examined
heterostructures, a contact to the p-type Cd;_,7Zn,Te
was formed by irradiating the substrate surface with
a ruby laser (the wavelength A = 0.694 pum, the pho-
ton energy hv = 1.79 eV, and the substrate absorp-
tion coefficient @ = 6 x 10* cm~!). The laser radia-
tion of this type initiates the recrystallization of the
Cd;_,Zn,Te surface, which is accompanied by the
evaporation of semiconductor components. Since the
partial pressure of Cd vapor is higher than that of Te
vapor, the substrate surface becomes enriched with
cadmium vacancies Vcq, which are acceptor-type de-
fects. A high concentration of acceptor centers in the
near-surface region favors the formation of the ohmic
contact, when gold and copper are precipitated from
their chlorine and sulfate aqueous solutions. Contacts
to the n-SnS, film were formed making use of a silver-
based conductive paste.

3. Results and Their Discussion

The analysis of the current-voltage characteristics
(IVCs) of n-SnSs/p-Cdy_,Zn,Te heterojunctions at
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Fig. 1. Forward IVC branches of the n-SnSs/p-Cdi—;ZngTe

heterostructure, and the temperature dependences of the po-
tential barrier height g (a) and the series resistance Rg (b)

forward and reverse biases in the temperature inter-
val T = 288+-328 K testified to rectifying properties
of the structures. The rectification factor at |[V| =1V
exceeded a value of about 102. In order to determine
the mechanisms of current formation through the he-
terostructure and the energy parameters of the latter,
the forward IVC branches were analyzed (Fig. 1).
By extrapolating the linear sections of the for-
ward IVC branches to the voltage axis, the poten-
tial barrier height gy in the n-SnSs/p-Cdy_,7Zn, Te
heterostructure was estimated. As the temperature
grew from T =~ 290 K to T = 328 K, the value
of qpr was found to linearly decrease from 0.7 to
0.64 €V (Fig. 1, inset a). The temperature coefficient
of the gy variation within the indicated tempera-
ture interval was determined to equal d(qyy)/dT =
= —1.38 x 1073 eV/K. This is by an order of mag-
nitude larger than the temperature coefficient of the
band gap width variation in the basic semiconductor
p-Cdy_,Zn,Te, B = —4.01x10~* eV /K. This fact is a
characteristic manifestation of an increase in the con-
centration of intrinsic charge carriers and the effective
state density in the allowed energy bands at the tem-
perature elevation [21]. The main component of the
heterostructure series resistance Rg is the resistance
of the base region p-Cd;_,Zn,Te. Calculated from
the dependence Rg = f(10%/T) (Fig. 1, inset b), the
conductivity activation energy F4 = 0.19 eV agrees
satisfactorily with the ionization energy of an accep-
tor level in the undoped CdTe and solid Cd;_,Zn,Te
solutions. This level corresponds to complex defects
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Fig. 8. Forward IVC branches of the n-SnSz/CdTeOs/p-
Cd1_47Zn,Te heterostructure in semilog coordinates at various
temperatures T’s, and the determination of the depth of the re-
combination level E,4 in the SCR (a) and the activation energy
Eq of traps at the CdTeO3/p-Cd1_,Zn; Te interface (b)

with the participation of a doubly charged cadmium
vacancy and a background admixture of the donor
type (Veg-2DT)™ [22].

The obtained experimental value qp = 0.7 €V (at
T = 290 K) was used to put in agreement the energy
parameters of a band diagram constructed on the ba-
sis of the Anderson model for heterojunctions [23] and
the real energy profile in the n-SnSs/p-Cd;_,Zn,Te
heterostructure. In so doing, the literature data on
the electron affinity, x = 4.9 €V for SnSs [3] and
x = 4.28 ¢V for CdZnTe [12], as well as the forbid-
den gap width, E, = 1.53 €V for CdZnTe [24] and
E, = 2.4 eV for spray-pyrolysis SnS, thin films [16],
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were applied. The positions of the Fermi level in the
forbidden bands with respect to the bottom of the
SnS, conduction band (6; = 0.1 €V) and the top
of the p-Cdy_,Zn,Te valence band (d2 = 0.26 €V)
were determined from the expressions for the equilib-
rium charge carrier concentration [25]. The calculated
value 6; = 0.1 eV for SnSs thin films agrees well with
the energy parameters of tin disulfide that are used,
when simulating electronic devices [26].

According to the Anderson model, the contact po-
tential difference across the n-SnS;/p-Cdi_,Zn,Te
heterojunction equals gy = 0.55 €V and differs from
the experimentally observed value qpy = 0.7 €V. The
difference is a result of the formation of a tunnel-thin
high-ohmic (dielectric) CdTeOs layer at the interface
between the materials. When producing the hetero-
structure with the use of the spray-pyrolysis method,
the p-Cd;_,Zn,Te substrates are heated to the tem-
perature Tg = 350 °C under atmospheric pressure,
which is sufficient for a thin oxide film to be formed.

The fabricated n-SnSs/CdTeO3/p-Cd;_,7Zn,Te
heterostructure is classified to semiconductor-
insulator-semiconductor (SIS) structures. In work
[27], the formation of a CdTeOs film up to 50 nm in
thickness was observed, when a p-CdTe surface was
thermally oxidized at temperatures of 100-500°C. A
tunnel-thin oxide layer can increase the height of the
potential Schottky barrier at Cr/CdTe and Au/CdTe
interfaces by 0.1 eV and more [28,29].

The CdTeOj3 oxide is characterized by the band
gap width E; =~ 4 eV and the electron affinity
x = 1.3 €V |29, 30]. The energy diagram of the n-
SnSs /CdTeO3/p-Cd;_,Zn, Te heterostructure, which
is shown in Fig. 2, correlates well with the electrical
properties at the voltage drop Vi = 0.15 V across the
dielectric layer. A specific feature of the CdTeOs/p-
Cd;_,7Zn,Te interface is the breaks of the conduction,
AFEc =~ 3 eV, and valence, AEy =~ 0.5 eV, bands.

To determine the mechanisms governing the for-
ward current flowing through the n-SnSy /CdTeO3/p-
Cd;_,Zn, Te heterostructure, we used the IVCs plot-
ted in the form In I = f(V) (Fig. 3). At forward bi-
ases 3kT/q < V < 0.15 V, the slope of the depen-
dences In I = f(V) was characterized by the coef-
ficient of IVC nonideality A ~ 2.8. At lower biases,
owing to a direct shift of the heterostructure barrier
height to a value of qpr — 0.15 €V, the main mech-
anism of current formation is the recombination of
electrons in the space charge region (SCR) located
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in p-Cd;_,7Zn,Te. The activation energy of the re-
combination processes in the SCR, Eq = 0.22 eV,
which was determined from the plotted dependence
Inly = f(103/T) (see Fig. 3, inset a) by extrapo-
lating the linear sections in the forward bias interval
3kT/q <V < 0.15V to the In I (ordinate) axis, testi-
fies that energy states at £y, +0.22 eV in the forbidden
band of p-Cd;_,Zn,Te participate in the formation
of recombination currents.

At forward biases 0.15 V < V < 0.7 V, the depen-
dences In I = f(V) are characterized by the coeffi-
cient A ~ 7. High A-values were observed in aniso-
type heterojunctions with a similar energy profile of
band diagram [31]. They emerge as a result of the
formation of forward currents due to the transition
of electrons into the forbidden band states located at
the interface between the semiconductors and their
further tunneling into the valence band of a semicon-
ductor with the p-type conductivity.

In the case where electrons tunnel through
CdTeOg, are captured by traps in the forbidden band
at the CdTeO3/p-Cdy_,Zn,Te interface, and after-
ward tunnel into the p-Cd;_,Zn, Te valence band, the
forward current is described by the expression [31]:

I(V) = BNyexp [~a(er — V)], (1)

where B is a constant, N; the concentration of traps
in the forbidden band, and the quantity « depends
on the effective electron mass for the localized states
in the forbidden band at the heterojunction interface,
the dielectric permittivity, and the acceptor impurity
concentration. Since the occupation of electron traps
is determined by the Fermi—Dirac distribution func-
tion, the product BN; exponentially depends on the
temperature, so that the activation energy Fiq can
be found from the tangent of the slope angle of the
dependence In (BN;) = f(103/T). In particular (see
Fig. 3, inset b), we obtained Eq = 0.06 eV, which cor-
responds to the energy position of holes in the traps
in the valence band with respect to the barrier top.
The reverse IVC branches for the n-SnSs/CdTeO3/
p-Cdi_,7Zn,Te heterostructure in the voltage inter-
val =03 V<V <0V (ie.0V <V, <03V) at the
temperatures 7" = 288+-328 K are described by the
power-law dependence I ~ V™ with the power expo-
nent m ~ 1 (Fig. 4). This behavior is typical of cur-
rents that are confined by the negative space charge
of electrons in the SCR in p-Cd;_,Zn,Te near the
CdTeO3/p-Cd; —,Zn, Te interface [32].
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structures at the reverse bias voltages V. > 0.5 V for various
temperatures T', and (inset) the temperature dependence of
the parameter ag

At reverse bias voltages V. > 0.3 V, the IVCs of
the n-SnSs/CdTeOs/p-Cd;—,Zn,Te heterostructure
are described by the expression [23]:

ILey = agexp | =by (1 = V)%, (2)
where ag is a parameter determined by the elec-
tron occupation probability of the energy levels, from
which the tunneling takes place, and b, is responsible
for the rate of current change as the bias voltage is
varied.

According to Eq. (2), the IVC is a straight line
in the coordinates InIf,, versus (¢ — V)~'/2 (see
Fig. 5). The temperature dependence of the param-
eter ap makes it possible to determine (in the first
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approximation, i.e. assuming that Inag ~ —E,/(kT)
[33]) the depth of the level in the forbidden band
of p-Cdy_,Zn,Te, from which electrons tunnel and
form the reverse current. The value of ag was ob-
tained by extrapolating the linear sections in the plot
InIt,, = f [(px — V)~1/?] to the ordinate axis. Being
determined from the temperature dependence of the
parameter ag in the interval 288 K < T < 328 K
(see the insert in Fig. 5), the level depth with respect
to the p-Cdy_,Zn,Te valence band top was found to
equal 0.48 eV. The obtained value is in good agree-
ment with the depth of acceptor levels of complex
defects including the doubly charged cadmium va-
cancy [22].

The high-ohmic CdTeOgs layer (its properties are
similar to those of an insulator) in the n-SnSs/
CdTeO3/p-Cd;—,Zn,Te heterostructure makes the
capacity-voltage characteristics (CVCs) of the lat-
ter similar to those typical of metal-insulator-
semiconductor (MIS) structures [24] (see Fig. 6). The
dependence C = f(V) is determined in this case by
the capacitance C; of the high-ohmic CdTeOj3 (di-
electric) layer, the diffusion capacitance Cp of the
near-contact region inthe p-Cd; _,Zn, Te semiconduc-
tor, and the capacitance Cs associated with sur-
face charges located near the CdTeOs/p-Cd;_,Zn,Te
interface. The equivalent scheme of the n-SnSy/
CdTeOs/p-Cdy_,Zn,Te structure is exhibited in
Fig. 7, a. The total capacitance of the heterostruc-
ture is determined by the formula

L S ) @
C Cp+Cs C;
168

In the absence of bias voltage (V = 0 V) across
the examined n-SnSy/CdTeOgz/p-Cd;—,Zn, Te hete-
rostructure and as a result of the difference be-
tween the electron work functions for n-SnSs and p-
Cd;_,Zn,Te, there arises an inversion layer (gps >
> qpyp) in a region adjacent to CdTeOgs (Fig. 2). This
layer is characterized by a considerable electron con-
centration and a large diffusion capacitance Cp. The
total capacitance of the structure at V =0 V equals
C =522 pF (at f = 10 kHz). As the further analysis
testifies, the main contribution to this value is given
by the diffusion capacitance Cp, because Cp < C; at
an ac signal frequency of 10 kHz.

At forward biases across the n-SnSs/CdTeOs/p-
Cd;—,Zn,Te heterostructure (Fig. 6, section 1), the
diffusion capacitance Cp of the inverse electron layer,
as well as the total capacitance of the structure
(C = Cp), decreases. At forward biases, when the
Fermi level crosses the middle point in the band gap
of p-Cd;_,7Zn, Te, there arises a hole-depleted region
near the CdTeO3/p-Cd;_,Zn,Te interface from the
semiconductor side. This region behaves itself as an
insulator that is connected in series with CdTeO3. In
this case, the increase of the forward bias decreases
the contact potential difference between CdTeO3 and
p-Cdy_,Zn,Te. The thickness of the depleted region
decreases, and its capacitance increases at that. As
a result, the total capacitance of the heterostructure
becomes larger (Fig. 6, section 2). A further growth
of the forward bias voltage leads to that the condition
of flat energy bands becomes realized in the absence
of a contact potential difference between CdTeO3 and
p-Cdy_,Zn,Te (gps = 0).

A specific feature of the structure concerned in
comparison with classical MIS ones [25] consists in
that the transition from the flat-band condition with
the capacitance Cprp to the appearance and expan-
sion of the depleted region (decrease in Cp relative
to Cprp) and the formation of an inversion layer (in-
crease in Cp) occurs, as the forward bias voltage de-
creases from 1.4 to 0.4 V (Fig. 6). Under strong in-
version conditions (gpp(inv) = 2qep), the thickness
of the depleted region saturates, and its maximum
value W, is determined by the formula [25]

4kTepeg In (Non;)
W, = , 4
\/ Nog? )

where N, = p, (at T = 300 K), n; = 105 cm™3
is the concentration of intrinsic charge carriers in
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Fig. 7. Energy diagram of the n-SnSy/CdTeOgz/p-Cd;_4Zn, Te heterostruc-
ture in the inversion (a) and accumulation (b) modes

Cd;_;Zn,Te, €g is the dielectric permittivity of the
semiconductor (es = 10 for CdZnTe [12]), and ¢y =
= 8.85 x 107!2 F/m. According to this formula, the
maximum thickness of the inversion layer in the con-
tact region of p-Cd;_,Zn,Te equals W,, = 1.84 um.

For reverse bias voltages across the n-SnSy/
CdTeOgs/p-Cd;_,Zn, Te heterostructure (V < 0 V),
the charge density in the inversion layer increases,
the external electric field does not penetrate into this
layer, and the further expansion of the inversion area
is so insignificant that it does not manifest itself in
a change of the capacitance Cp in the experimental
CVC at -2V < V < 0V (Fig. 6). The insignifi-
cant reduction of the structure capacitance C' with
the growth of the reverse bias voltage at frequencies
of 10-50 kHz is associated with a reduction of the
contribution to the total capacitance made by the
capacitance Cg of surface states at the CdTeOs/p-
Cd;_,Zn,Te interface (C' = Cp + Cs).

The minimum capacitance Cpin, at which the
strong inversion takes place, is determined by the for-
mula [25]

Cmin = cocs (5)

d—+ eieglVVm’

where d is the thickness of the insulator (CdTeO3),
and ¢; is its dielectric permittivity (¢; =~ 16 for
CdTeOs [34]). According to expression (5), making
use of formula (4), and taking into account the ex-
perimental value Chyin = 50 pF, the thickness of the
CdTeOs dielectric layer in the n-SnSs/CdTeOs/p-
Cdy_,7Zn,Te heterostructure was found to equal
d ~ 50 nm.

The diffusion capacitance Cpgp of p-Cd;_,7Zn,Te
semiconductor (under the flat-band condition) can be
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calculated using the formula [25]

€0€s
C = 7, 6
DFB = 7~ (6)
where Lp is the Debye screening length. The latter
parameter equals

kT egeg
Lp = 7
D=4/ i (7)

and, for p-Cd;_,7Zn,Te with the hole concentration
pp = 3.5 x 101 cm ™3, amounts to Lp ~ 0.21 pum.

Provided the flat-band condition, the heterostruc-
ture capacitance equals C' ~ 451 pF. This value was
observed in the experimental CVC at the forward bias
V = Vg = 1.4 V. If the voltage drop AVgrg across
the series resistance of the structure is taken into con-
sideration (according to the IVC, the forward current
at V =14V equals [ = 1.4 mA, and if Rg = 500 €2,
then AVg = 0.7 V), we obtain good agreement be-
tween the energy diagram parameters (Fig. 2) and
the experimental CVC. According to the diagram and
the CVC, the forward voltage applied immediately
across the heterojunction under the flat-band condi-
tion equals V =0.7 V.

If the forward voltage exceeds Vg (V > Vrp), the
energy bands in the contact region of p-Cd;_,7Zn,Te
become bent in the direction opposite to the inver-
sion (Fig. 7, b), so that there arises a layer enriched
with the majority charge carriers. The correspond-
ing accumulation of holes leads to a larger diffusion
capacitance of the structure. When the forward bias
voltage is changed from Vpg = 1.4 V to Ve + 0.3 V,
there appears a capacitance maximum in the CVC
of the n-SnSs/CdTeOs/p-Cdy_,Zn,Te heterostruc-
ture at the voltage V = 1.5 V. This maximum is
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a manifestation of the contribution made to the to-
tal structure capacitance by the capacitance of en-
ergy states at the CdTeOgs/p-Cd;_,Zn,Te interface
(C = Cp + Cs). The rate, at which the capacitance
of interface states Cs changes in the interval from 1.4
to 1.7 V, varies with the change of the Fermi level
position at the interface from Fgp — FEy = 0.26 eV
to Brp — Ey = 0 €V. The capacitance maximum cor-
responds to the charge modulation (since the mea-
surement was carried out by means of an ac signal)
of energy states located at a depth of about 0.16 eV
from the valence band top. At voltages V' > 1.5 V,
those states are ionized (they create a positive charge
at the interface) and do not contribute to the total
capacitance, the latter diminishes to diffusion capaci-
tance values in the CVC section from 1.5 to 1.7 V. At
V > 1.7 V, the diffusion capacitance continues to
grow owing to the hole accumulation.

At the ac signal frequencies f > 10 kHz, the
diffusion capacitance of the n-SnS;/CdTeOs/p-
Cdy_;7Zn,Te structure, which is associated with the
inversion layer (V < 0 V), decreases (Fig. 6). The
ability of electrons to trace a varying signal, which
is determined by the generation and recombination
rates in the near-contact area of p-Cdy_,7Zn,Te, di-
minishes. However, even at the frequency f = 1 MHz,
the observed capacitance is high (Cp > Chin) in com-
parison with MIS structures metal/CdTeO3/p-CdTe
[27, 35]. For the latter, Cp = Chin at f = 1 MHz,
which testifies to a higher limiting frequency for the
n-SnSs /CdTeOs/p-Cdy —,Zn, Te heterostructures.

The changes in the forward branches (V' > 0 V)
of CVCs occurring with the increase of the measure-
ment frequency f > 10 kHz are associated with the
influence of the charge of surface states located at the
CdTeOs/p-Cdy_,Zn, Te interface. At V' > 0 V, the
Fermi level at the interface is shifted downward, so
that the surface states become empty from electrons
and charged positively. This positive charge reduces
the surface potential pg. In the accumulation mode
(V' > 1.4V), a higher voltage has to be applied across
the structure in order to achieve a required semicon-
ductor surface potential pg. As the signal frequency
grows, the positive surface charge increases, and the
CVC section corresponding to the charge accumula-
tion becomes shifted along the bias voltage axis. This
shift is particularly noticeable in the CVCs measured
at frequencies of 100, 500, and 1000 kHz (see the in-
sert in Fig. 6).
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In the inversion mode in the interval of forward
voltages from 0 to 1 V, the electric field of positively
charged surface states has the same direction as the
electric field of the inversion layer, which results in
a shift of the inversion section toward higher volt-
ages. The electric fields of the surface charge and the
depleted region are co-oriented, which reduces the
thickness of this region and increases the minimum
value of the heterostructure capacitance Cy,i,. With
the growth of frequency, the capacitance associated
with the charging and discharging of energy states
with the energy Ey + 0.16 €V at the CdTeOgs/p-
Cd;_,7Zn,Te interface decreases.

4. Conclusions

The method of spray-pyrolysis of 0.1 M aqueous so-
lutions of SnCly - 5H50 and (NHs),CS salts on the
surface of p-Cdj_,Zn,Te crystalline plates heated
to Ts = 350°C is used to fabricate the rectifying
SIS heterostructures n-SnS, /CdTeO3 /p-Cd; —, Zn, Te
with the built-in contact potential difference ¢y =
~ 0.7 V. The electric field of the contact is dis-
tributed between the majority-charge-depleted region
in p-Cd;_,Zn,Te and the tunnel-thin dielectric layer
CdTeOs. Under the condition of SnS, film spray-
pyrolysis at Ts = 350 °C, a layer of CdTeO3 up to
50 nm in thickness is formed on the p-Cd;_,Zn,Te
surface.

At forward bias voltages lower that 0.15 V,
the current runs through the n-SnSs/CdTeOs/p-
Cdi_,7Zn,Te heterostructure owing to the recombi-
nation in the SCR, which is located in the near-
contact region of p-Cd;_,7Zn,Te. At forward biases
V' >0.15V, the main mechanism of current flow
is the electron capture by traps located at the
CdTeOs/p-Cdy_,Zn,Te interface (these are energy
states located by 0.06 eV above the valence band
top) and the further electron tunneling into the p-
Cdy_,7Zn,Te valence band.

The reverse current is confined by the space charge
region of free charge carriers at voltages lower than
0.3 V. The growth of the reverse voltage above 0.3 V
results in the electron tunneling from the energy lev-
els By + 048 €V in the p-Cdy_,Zn,Te forbidden
gap into the n-SnSs conduction band. The CVCs
of the n-SnSs/CdTeO3/p-Cdy_,Zn,Te heterostruc-
ture are formed by the processes of charge accumu-
lation and charge-carrier depletion and inversion in
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the p-Cd;_,7Zn, Te near-contact area with high limit-
ing frequency values (>1 MHz), which is favorable for
the application of researched SIS structures in high-
performance electronic devices.
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EJIEKTPWYHI BJIACTBOCTI
HAH-TETEPOCTPYKTVYP n-SnS»/CdTeO3/p-CdZnTe

Peszowme

JoctiizKeHo yMOBH BHUIOTOBJICHHSI BHIIPAMJIAIOYHUX TeTe-
POCTPYKTYD HAIliBIIPOBiTHUK—/Ii€JIEKTPUK—HAaIiBIPOBITHUK
(HOH) n-SnS2/CdTeOs/p-Cdi_zZngTe wmeromom crpeii-
miposi3y TOHKHX IUIBOK SnSp Ha KPUCTAMIYHI IIigKIIaIKH
p-Cdi—zZngTe i3 dopmyBaHHAM NPOMIXKHOTO TyHEJIHLHO-
ToHKOro okcugHoro tmapy CdTeOs. aHaI3y
TeMmIeparypHux 3ajexkHocreii BAX BcraHoBiieHa uHaMi-
K& 3MiHH €HEpPreTHYHUX IIapaMeTPiB TIeTePOCTPYKTYyPH Ta
3’sicoBaHa poJib eHeprerndHmx craHiB Ha Mexi CdTeOs/p-
Cdi_zZngTe upu dopmysanni
crpymiB. Ha ocroBi C'—V -xapaKTepuCTHK JOCJIiIZKEH] IPOIECH

Ha ocuosi

IPSMOrO  Ta 3BOPOTHOI'O
akymysanil Ta imsepcil B HIH crpykTypi. 3ampononosana

MOJIeJIb €HEPIeTUYHOI JiarpaMu reTepOCTPYKTYpH, sika Jo0pe
OIIUCY€E €KCIIEPUMEHTAJIbHI eJleKTpodiznyHi ssBuIa.
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