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MICROSTRUCTURAL FEATURES AND COMPONENTIAL ANALYSIS OF THIN FILM 

CdS-Cu
2
S PHOTOSENSING STRUCTURES AS ELEMENT OF IMAGE SENSOR

The mechanisms of signal relaxation, associated with the removal processes of 
nonequilibrium charge from the space charge region of the image sensor on the basis 
of non-ideal heterojunction were investigated. The mechanism of the observed two-stage 
process was determined. Microscopic techniques (AFM, SEM) were used to estimate 
heterojunction properties (grain size, roughness) and their relations with heterojunction 
processing parameters. Novel results concerning CdS-Cu2S heterojunction surface 
morphology and impurities depth distribution were obtained. In particular, the question 
of observed variation of surface photosensitivity and components interdiffusion on 

methodics (electrodynamical spraying and vacuum evaporation techniques) was made. 
X-Ray diffraction (XRD) was performed in order to detect Cu–S compounds at CdS – 
Cu2S heterojunctions, fabricated by the vacuum deposition of CdS on a glass substrate and 
Cu2S layer, formed in substitution mode. The distribution of several stoichiometric phases 

Heterojunction (HJ) structures can serve as 
basic material of photodetectors for use in opti-
cal communication applications [1]. HJ structure 
between p-type Cu

2
S and n-type CdS is a rather 

complicated system because of the interface be-
tween two materials with different band gaps 
and crystal structure. Nonideality of considered 
CdS-Cu

2
S structure causes the effect of photon 

induced modulation of HJ potential barrier, that 
can be used in opto-sensorics and X-ray imaging 
applications [2, 3]. High spatial resolution, signal 
storage and large working surface are reported as 
main advantages of obtained sensor.

The mechanisms of signal relaxation, associat-
ed with the removal processes of nonequilibrium 
charge from the space charge region of the im-
age sensor on the basis of non-ideal heterojunc-
tion were investigated. The mechanism of the ob-
served two-stage process was determined: phase 
of slow relaxation - implementation of the ther-
mal emission of localized charge, that depends on 

temperature; phase of rapid relaxation - the result 
of tunneling mechanism of ejection.

CdS- Cu
2
S is considered as an interesting com-

CdS- Cu
2
S sells are reported to have conversion 

fabrication [4]. 
However, the heterojunction structure between 

p-type Cu
2
S and n-type CdS is a rather complicat-

ed system because of the interface between two 

gaps and crystal structures. The lattice mismatch 
and interdiffusion of components cause defect 
states at or near the interface that strongly affect 
the junction properties. In particular, there is Cu 
diffusion into the CdS adjacent to the interface, 
which leads to stoichiometry changing of CuxS 
layer and may cause shunting effect in CdS layer. 
But this process can be used also in positive way.

In [5] the possibility of controlling the phase 
structure, composition, and stoichiometry of Cu

x
S 
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-
tain optoelectronic properties of studied material 
for the fabrication of devices such as nanoscale 
switches, sensors, and solar cells.

The research of current transfer processes in 
nonideal geteropare CdS-Cu

2
S allowed develop-

ing image sensor in the X-rays and optical range 
with high sensitivity and possibility of signal ac-
cumulation [3, 6]. 

The data-storage time and sensitivity of the 
sensor are determined by relaxation time of non-
equilibrium positive charge. Possible ways of 
captured by traps holes removing from the barrier 
of non-ideal heterojunction were considered: the 
thermal holes emission to the CdS valence band; 
direct holes tunneling  from trapping centers to 
the Cu

2
S valence band; two-stage free-electron 

tunneling from CdS quasi-neutral region to the 
space charge region and subsequent recombina-
tion with nonequilibrium hole; tunnel-hopping 
recombination.

Relaxation curves of short-circuit current at 
different points of the sensor were obtained ex-
perimentally. The relaxation curve has two well-
marked area: rapid initial photocurrent drop and 
then its relatively slow decay. At different points 
signal showed decrease with the same character-
istic relaxation time, but very different in mag-
nitude. This suggests, that sensor heterogeneity 
on the photosensitivity is caused by a substantial 
change of trapping centers concentration along 
the surface, that determine the thermal emission 
probability.

To clarify mechanisms implemented by charge 
release, sensor signal relaxation characteristics 
at different temperatures were studied. The time 
constants of later relaxation stage decrease with 
temperature increasing. This shows the imple-
mentation of thermal mechanism, which deter-
mines relaxation kinetics at this region. Relax-
ation time constants derived from experimen-
tal data and theoretical calculations are in good 
agreement and demonstrate the same temperature 
dependence. Thus, the current relaxation in con-
sidered part of current dependence is determined 
exceptionally by thermal charge emission from 
the deep hole traps.

The magnitude and the slope of initial part 
of the photocurrent decay don’t depend on tem-
perature. This demonstrates the implementation 
of photocurrent relaxation mechanism in this re-
gion, which isn’t due to the thermal release and 

has apparently, tunneling character. Assessing the 
contribution of tunneling mechanisms in trapped 
charge relaxation was carried out by calculating 
the barriers tunneling transparency for the cor-
responding transitions. Calculations were made 
taking into account the changes of potential bar-
rier shape under illumination [7]. The lack of tem-
perature dependence of relaxation curve is due to 
the fact, that the values of barriers tunneling trans-
parency don’t depend on temperature. Account of 
tunneling processes leads to characteristics har-
monization of the short-circuit current relaxation 
curves obtained experimentally and theoretically. 

Experimentally observed phenomenon of in-
vestigated sensor signals relaxation considered 
and analyzed theoretically within the model of 
relaxation processes in the heterojunction CdS-
Cu

2
S.

(Fig.1). Novel results concerning CdS-Cu
2
S 

HJ surface morphology and impurities depth dis-
tribution were obtained. In particular, the question 
of observed variation of surface photosensitivity 
and components interdiffusion on heteroborder 

formed by two different methodics (electrody-
namical spraying and vacuum evaporation tech-
niques) was made (Fig.1, 2). 

Fig. 1. SEM scanning results for surface 

of sample, obtained by electro-hydrodynamic 

2
S 

 (b, 

Fig. 2. SEM scanning results for surface of 

sample, obtained by vacuum evaporation me-

2

under 3500  
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Obtained results enable to understand better 
the features of HJ layers forming procedure, the 
junction components surface interaction and in-

-
ples surface characteristics.

Also, various microscopic techniques (AFM, 
SEM) were used to estimate HJ properties (grain 
size, roughness, luminescence depth distribution) 
and their relations with HJ processing parameters

The revealed differences in doping and traps 

electrical characteristics of junctions, can be as-
cribed to layer deposition regimes, to layer thick-
nesses and chemical combination of present com-
pounds.

Main parameters – substrate temperature and 

-
tivity and size of formed microctystalls. 

X-Ray diffraction (XRD) was performed in 
order to detect Cu–S compounds at CdS – Cu

2
S 

heterojunctions, fabricated by the vacuum depo-
sition of CdS on a glass substrate and Cu

2
S layer, 

formed in substitution mode.
Also phase composition of the deposits was 

examined by an X-ray diffractometer D8 Advance 
(Bruker AXS) with Cu K  radiation ( 1.54183 
Å, U

a
 40 kV, I

a
 40 mA) separated by a curved 

multilayer monochromator mounted on the pri-
mary beam. 

Fig. 3. XRD pattern of CdS-Cu
x
S HJ sample 

(t
dep

 = 8 min, T
sb

 = 220º C)

Symmetrical /2  geometry and grazing inci-
dence (GIXRD) techniques were used and in the 
latter case the incidence angle (  angle) was 0.5 . 
The XRD patterns were measured in 2  range 
from 20 to 70  in a step scan mode: a step size 
( 2 ) 0.04 , counting duration 5 s.

The diffraction angles some of main peaks cor-
responded to those of hexagonal CdS, and their 
relative peak intensities were also similar to those 
of the CdS (Fig. 3).

In XRD investigations of considered samples 
stoichiometry changing in copper sulphide layer 
was observed. Figure 3 show the diffraction an-
gles and relative intensities of the XRD peaks of 
the CdS-Cu

x

this study. Each arrow shows the peak that corre-
spond to possible written compounds (diffraction 
angles taken from JCPDS cards).

Cu
1.96

S, Cu
1.92

S, Cu
1.81

-
tions together with Cu

2
S were detected (Table. 

1). So in this case copper atoms diffuse from  the  
Cu

x
S  layer  to base CdS layer during the fabrica-

tion process and later with time. These impurities 
can create acceptor centres, which  compensate 
or even overcompensate for  the  initially existent 
donors in CdS [8]. 

Table. 1. 
Number of XRD peaks for different compounds 

in CdS-Cu
x
S HJ

 Cu
x
S compound

Number of 

peaks

monoclinic Cu
2
S (chalcocite) 5

tetragonal Cu
1.96

S 2

monoclinic Cu
31

S
16

 (djurleite) 3

hexagonal Cu
1.92

S 3

tetragonal  Cu
1.81

S 3

hexagonal Cu
9
S

5 
(digenite) 0

monoclinic Cu
7
S

4
 (roxbyite) 10

orthorombic Cu
7
S

4
 (anilite) 1

hexagonal CuS (covellite). 0

Also Cu diffusion between grain borders of 
CdS microcrystalls can cause shunting effect. 
Changing of Cu diffusion conditions (and as a 
result variations in electrical characterisitics) is 
directly connected with deposition time t

dep
 and 

substrate temperature T
sb

. This initial thermal 
-

ty and depth. It’s seen, that more Cu
x
S phases in 

samples are observed (Fig. 3). For these samples 
t
dep

 and T
sb

 were maximised. 
Diffusion process may continue and later, at 

degradation of samples photoelectric properties 
with the time.   
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Abstract

The mechanisms of signal relaxation, associated with the removal processes of nonequilibrium 
charge from the space charge region of the image sensor on the basis of non-ideal heterojunction 
were investigated. The mechanism of the observed two-stage process was determined. Microscopic 
techniques (AFM, SEM) were used to estimate HJ properties (grain size, roughness) and their rela-
tions with HJ processing parameters. Novel results concerning CdS-Cu

2
S HJ surface morphology and 

impurities depth distribution were obtained. In particular, the question of observed variation of surface 

of samples formed by two different methodics (electrodynamical spraying and vacuum evaporation 
techniques) was made. X-Ray diffraction (XRD) was performed in order to detect Cu–S compounds 
at CdS – Cu

2
S heterojunctions, fabricated by the vacuum deposition of CdS on a glass substrate and 

Cu
2
S layer, formed in substitution mode. The distribution of several stoichiometric phases of  copper 
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