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Abstract

In the given paper we present results of -V characterization of thin film heterojunctions
on the basis of (nCdS)—(pAs,Se;). Structures have been obtained via spray pyrolysis deposi-
tion of polycrystalline nCdS layers on glass substrate and consecutive thermal vacuum depo-
sition of the amorphous pAs,Se; layers. The possible mechanisms of the current passing
through obtained structure are discussed on the basis of results of I-V measurements per-
formed at the different polarities and electrical field intensities in the heterojunction.

Introduction

In the last time the intensive search of a new measures and materials for optical infor-
mation recording and processing is observed. For these purposes, heterojunctions and multi-
layered structures on the basis of glassy and amorphous semiconductors [1, 2] are utilized
very often. Heterostructures, in which heterojunction is formed by polycrystalline and chalco-
genide glassy semiconductor (ChGS) represent particular group of the structures [2]. A com-
mon opinion regarding the electric transport mechanism in such structures still does not exist;
at that, as a rule, every investigated pair of materials is described by its own physical model.
The latter, in its turn, is determined by the technology of heterojunction creation.

In the given work, we present the results of study of the electrical current passing through thin
film (nCdS)—(pAs,Se;) heterostructure prepared by the combining of the chemical pulveriza-
tion and vacuum thermal evaporation methods.

Experimental

nCdS layers were deposited by the spray pyrolysis technique under atmospheric pres-
sure on glassy substrates with already formatted bottom low-resistive SnO, electrode
(T4ep=450°C). Solutions of SC(NH;), and CdCl, were used as precursors for thin nCdS film
formation [3]. Chemical reaction of nCdS film formation undergoes in accordance with the
following reaction

CdC1,+SC(NH,), + H,0— CdS{+ Cd(NH,)O T+ 2HCIT. (1)

The thickness of deposited nCdS layers ranged from 1 to3 pm.

At the next stage, the amorphous pAs;Ses film with thickness from 0.3 to 3.0 um was
deposited over nCdS layer via vacuum thermal evaporation technique at the residual vacuum
pressure in a chamber P=1x10"* Torr. Substrate temperature was kept at 25°C. At such tem-
peratures the chemical interaction and atomic interdiffusion between two deposited layers can
be considered ignorable. So, we consider the heterojunction structures obtained in accordance
with described procedure as a junction with “sharp” interface.
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The topology of investigated samples, shown in Fig. 1, has allowed studying the proper-
ties of the separate nCdS, pAs;Se; layers as well as of heterojunctions (nCdS)—(pAs,Ses) in
the whole. Self-transparent Al pads (2x2 mm?) served as top electrodes. At the room tempera-
ture the resistance of As,Ses layer amounted to 10" Ohm'cm.

I-V characteristics of the (nCdS)—(pAs,Ses) heterostructure were studied in the tempera-

ture interval from 20 to 100°C and applied voltage ranged from 0 to 50 V.

Results and discussion
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Figure. 1. (nCdS)-(pAs,Se;) he- cient magnitude. Its growth is accompanied by the
terostructure topology: 1) glass sub- direct and reverse I-V curve branches approaching to
strate; 2) SnO; electrode; 3)(nCdS) film; the abscissa axis. It was found that the maximal value

4) (pAs,Se;) layer; 5) Al top electrodes.  of the recti™™ ™ fication coefficient Ky~10> is ob-
served at As;Ses layer thickness d~0.3 um (see insert

in Fig. 2).

With further thickness growth the value of K sharply drops. It is obvious that at the
thickness d=0.3 um the field of the contact potential difference (CPD) is concentrated basi-
cally in the pAs;Ses; layer and the field is presented in the nCdS layer some degree only. Fur-
ther growth of ChGS layer thickness leads to the situation when general resistance of
heterojunction will be determined by resistance of high resistive amorphous p-As,Se; layer.
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Figure 2. [-V characteristics of (nCdS)—(pAs;Ses) obtained at T=300 K and different thicknesses
of As,Se; layer (um): 1-0,3; 2-0,5; 3—1,8; 4-2,6; and the thickness of CdS layer of Insert: the depen-
dence of the rectifying coefficient on the thickness of pAs,Se; layer.
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For better understanding of the mechanism of electric current passing through (nCdS)-
(pAsySes) heterojunction the obtained direct I-V curves were re-built in semi-logarithmic

(curve 1) and logarithmic (curve 4) scales as well as in Schottky In/ np,\/? (curve 3) and

Frenkel 1n /n # .V (curve 2) coordinates (Fig. 3). One can see that experimental points can

not be fitted by the straight line in all considered cases in all voltage diapason. The I-V char-
acteristic analysis shows that the exponential dependence of the current on applied voltage
describes the curve trend up to voltages y - 20k% fairly well (Fig. 4, curve 1) (here: k is the

Boltzman constant, T is the temperature, and e is the electron charge). In other words, the be-

ginning region of the direct I-V branch is described by the low Igi: ~ exp [eV nkT} . At that,

the coefficient 7 in the degree factor is varying in the range 4+15. With temperature growth

the value of 7 is decreasing noticeably (cf., curves 1-4 in Fig. 4) that indicates the domination
of recombination mechanism in current passing [5].
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Figure 3. (n-CdS) — (p-As,Ses) heterostruc- Figure 4. I-V curves of the (n-CdS) —
ture at the direct bias. I-V curves built in the dif-  (p-As,Ses) heterostructure at the direct bias
ferent coordinates: 1) In Iy = f(V); 2) In I;/V=  for different measurement temperatures (°C):
f(\V );3) Inlg= (/7 ); 4) In 1= f(InV). 1-20;2 - 38; 3 -47; 4 - 107.

Another one exponent region is observed on the In/, = f(V)curves at the voltage

higher than 0.5 V. In this region current is described by the expression I = o exp [eV nkT}

(Fig. 4). Also, one can see, that in this region the [-V curves slop, built in logarithmic scale, is

ignorably changed with temperature and determined by the value of 7 ranged from 15 to 20.
The obtained experimental results can serve as the evidence of the potential barrier exis-

tence on the interface between amorphous and polycrystalline layers with height eg about
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0.40 eV. Its presence is confirmed by the observable asymmetry of I-V curves. Thus, we can
consider that a general expression for (nCdS)-(pAs,Ses) heterojunction has the following form

1, = Bexp [— %j[exp %J . (2)

Linear dependence |, /. ~ 7 [ % J for different thicknesses of the As,Se; layer
(Fig. 5) serves an additional confirmation of the Schottky emission effect. Therefore, the
emission mechanism for the direct electrical current passing through (nCdS)-(pAs,Se;) he-
terojunction is very probable.

However, Schottky emission mechanism can be observed only under the small voltage
biases. At the sufficiently large direct voltage biases the complete barrier compensation and
over-barrier emission should take place, leading to the increase of electron injection from CdS
to As,Ses layer. In its turn the increased injection electron fluxes can lead to the appearance of
the Space Charge Limited Currents (SCLC).

In all studied heterostructures the thickness of As,Ses never exceeded the value of a few
microns, so the intensity of electrical fields higher than 10* V/cm could be achieved at the
applied voltages of only few volts. The I-V curves, built in logarithmic coordinates
In/, = f(nV) (Fig. 3), show that experimental points are properly fitted by straight line

beginning from voltage U>10 V; that is, the current is changed in accordance with power
law/l, ~V". We observe two regions on the curve: at low voltages the power coefficient
n=1 and at the higher voltages the value of power coefficient is >3. Such dependence is
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Figure 5. The direct current vs. Figure 6. The reverse current of the
temperature dependence of (nCdS)- (nCdS) — (pAs,Se;) heterostructure meas-
(pAs,Se;) heterostructure obtained at the ured at T=300K and built in different coor-
T=300K. As,Se; layer thickness (um): dinates: 1-In Iog,, V3 2 -In Losp/V, /¥ 5 3 -In
1-0,3; 2-0,5; 3—1,8; 4-2,6; 5-3. Losp, V7 34— 1-Inly,, V.
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characteristic of the SCLC at the continuous exponent trap distribution [6]. Investigation of
the I-V curves on dependence on the As,Se; layer thickness has shown that for superlinear
regions of curve the current density is inversely proportional to the thickness of amorphous
layer Liir~1/d° that also confirms the presence of SCLC.

At the direct bias applied to the heterostructure practically all voltage drops on the high
resistive amorphous As,Ses layer. Its high resistance is stipulated by the large amount of the
trap levels continuously distributed in the band gap. The concentration of given trap states
was calculated proceeding from the SCLC theory [7] and amounted to N(f)~10" cm™eV™".
This value is in a very good correspondence with data obtained for localized states concentra-
tion in As,Se; films [6].

For more detailed investigation of the [-V curves at the reverse bias (Fig. 6) they were
re-built in logarithmic (curve 4), semi-logarithmic (curve 1), Schottky (curve 3), and Frenkel
(curve 2) coordinates. As one can see from the graphs, no transport mechanism considered
above can be used for charge carrier transfer description. It is possible that the regions where
the current is changed ignorably with applied voltage are characterized by the domination of
the generation mechanism of current passing through heterostructure, stipulated by the pres-
ence of surface states on the interface.

Conclusions

Thus, we can conclude that in the heterostructures of (nCdS)-(pAs,Ses) type at the di-
rect bias and electrical field intensities up to E<10* V/cm there is observed the electric current
passing mechanism, stipulated by the over-barrier Schottky emission. In the case of electrical
field intensities E>10* V/cm the regimes of SCLC are observed.

Similar laws are characteristic for the structures of metal-dielectric-metal type at the
presence of high concentration of the surface state on the interface [7]. In this case the low
resistive interlayer can serve as effective injector of the charge carriers in amorphous material,
leading to the SCLC appearance.

High specific resistance of the film heterostructures (nCdS)-(pAs,Ses) (p>10"> Ohm-m) and
high photosensitivity [1, 8, 9] allow us to successfully utilize them as photoconductive media.
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