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Abstract. A р-ZnTe/n-CdSe heterojunction was used for making polycrystalline ZnTe-
based UV sensors. The heteropair components have the same crystal structure and close 
lattice parameters. ZnTe and CdSe were grown using thermal evaporation and quasi-
closed space condensation. A transparent current collecting electrode for the surface-
barrier structure of р-ZnTe/n-CdSe heterojunction was made of degenerate p-Cu1.8S. 
Surface relief of ZnTe grown on different substrates was studied with scanning atomic 
force microscopy. The energy band offset diagrams of heterojunction are built and 
photosensitivity spectra are presented. 
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1. Introduction  

The wide-gap II−VI semiconductor compounds are 
promising materials for making UV sensors. Among them 
are those based on the surface-barrier structures whose 
transparent component is degenerate copper sulfide p-
Cu1.8S, while photosensitive components are n-type 
semiconductors ZnS [1], ZnSe [2] or CdS [3]. The most 
efficient are p-Cu1.8S/n-CdS UV sensors. Their high 
sensitivity is determined by two factors: (i) at Cu1.8S film 
thicknesses of about 10 nm, the conditions for maximal 
absorption of UV radiation by the surface-barrier structure 
used are realized in the region of sweeping electric field, 
and (ii) a considerable contribution to photocurrent from 
hot electrons generated in the Cu1.8S layer by high-energy 
radiation [4]. 

Interest to p-ZnTe as a promising material for 
semiconductor photoelectronics is determined by both its 
wide gap Eg = 2.26 eV (similarly to the well known GaP 

UV photoelectric converters (PEC) [5] with Eg = 
2.25 eV) and possibility of making an abrupt р-ZnTe/ 
n-CdSe heterojunction. The same crystal structure of two 
semiconductors (ZnTe and CdSe) and a small mismatch 
of their lattice parameters (less than 1%) are necessary 
conditions for making a high-quality heterojunction. In 
this work, we studied the р-ZnTe/n-CdSe heterojunction 
with a transparent current collecting electrode of 
degenerate p-Cu1.8S. 

2. Fabrication of photoelectric converters 

The heterojunction components ZnTe and CdSe were 
grown using thermal evaporation and quasi-closed space 
condensation. Cadmium selenide (with the electron 
concentration n ≈ 1016 cm–3) was deposited onto Мо foil 
used as a lower current collecting electrode. ZnTe with 
the concentration of majority charge carriers (holes) р = 
(5…8)⋅1014 cm–3 was grown on CdSe. The obtained 
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structure was illuminated on the side of a transparent  
p-Cu1.8S electrode that was deposited onto the ZnTe 
surface using vacuum sputtering. 

It is known that structure perfection of hetero-
epitaxial layers as well as their physical properties 
depend largely on the density of defects appearing due to 
mismatch of lattice parameters of the connecting 
materials. For the ZnTe-CdSe pair, that mismatch lies 
within 0.16…0.95% [6, 7], so one would expect that 
rather good junctions can be obtained. 

It should be noted that it is possible to get an ideal 
lattice matching for the considered pair by using inter-
layers of solid solutions with variable composition [1, 2]. 
In this work, we used interlayers of (ZnTe)x(CdSe)1–x solid 
solutions. The layers of CdSe, (ZnTe)x(CdSe)1–x of 
variable composition and ZnTe were grown sequentially 
on the Мо substrate in a single technological cycle from 
two independent sources (zinc and cadmium 
chalcogenides) by using quasi-closed space condensation. 
We studied structural features of polycrystalline ZnTe 
layers obtained on different substrates: Мо foil, Мо/CdSe 
and Мо/CdSe/(ZnTe)x(CdSe)1–x. 

The surface relief was studied using the scanning 
atomic force microscopy (AFM) with a NanoScope IIIa 
Dimension 3000 system. The 3D height maps of typical 
10×10 μm surface fragments were obtained in the 
periodic probe-surface contacting mode. The AFM 
patterns of surface fragments for ZnTe samples grown 
on different substrates are shown in Fig. 1. The ZnTe 
film surfaces are typical for polycrystalline layers: they 
are close-packed grain arrays with clear faceting. 

Both grain size and faceting essentially depend on 
the substrate type. To illustrate, a ZnTe film obtained on 
Мо foil (Fig. 1a) has grains of the smallest characteristic 
diameter (within 2 to 5 μm) as compared with other 
films, and those grain faces have the biggest angle of 
inclination to the horizontal (about 30°). Small grains 
and big inclination angles may indicate a considerable 
level of stresses and defects. 

If ZnTe is grown on the Мо/CdSe/(ZnTe)x(CdSe)1–x 
substrate (Fig. 1b), then grain lateral dimensions are 
5…8 μm, and there appears a clear trend to form 
crystallites with faces oriented in the substrate plane 
(angle up to 10°). Also, attention is drawn to the 
presence of a number of growth terraces on the face 
surfaces as well as availability of small as well as very 
big grains. One may assume that the film has not reach 
equilibrium state under the given growth conditions. 

If ZnTe is grown on the Мо/CdSe substrate (i.e., 
directly on the CdSe surface), then the processes of grain 
coagulation and coalescence are accelerated. As a result, 
the characteristic grain size increases considerably (to 
5…10 μm) and the averaged angle of inclination to the 
substrate surface decreases to 10…15° (Fig. 1c). Under 
the given growth conditions, the crystal structure is 
formed in the conditions of equilibrium. This is 
indicated by presence of big smooth faces and a 
considerable number of 120° grain boundary junctions. 

a) 
 
 

b) 
 
 

 c) 
Fig. 1. AFM patterns of surface fragments for ZnTe samples 
grown on different substrates: (a) – Мо foil; (b) – 
Мо/CdSe/(ZnTe)x(CdSe)1–x; (c) – Мо/CdSe. 

 
 

Thus, the result obtained for heterostructure with 
(ZnTe)x(CdSe)1–x interlayer indicates that in such a case 
conditions for epitaxial growing the ZnTe layers with a 
perfect structure have not improved. Indeed, probability 
of ZnTe + CdSe ↔ ZnSe + CdTe exchange reaction 
seems to lead to formation of materials (ZnSe, CdTe) 
with drastically differing lattice parameters and 
appearance of structural defects at the initial stage of 
ZnTe layer growth on the Мо/CdSe/(ZnTe)x(CdSe)1-x 
substrate. 
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3. Energy band offset diagrams of heterostructures 
and photocurrent spectra of switching diode 
photoelectric converters 

One cannot understand the physical processes in 
semiconductor devices without knowing energy band 
diagrams. This statement becomes most evident when 
considering the features of heterojunctions. The 
principal item for abrupt heterojunctions is 
determination of relative position of conduction and 
valence bands on each side of interface, i.e., 
determination of sign and value of conduction and 
valence band offsets, ∆Ес and ∆Еv. 

For some time, the Anderson model [8] (known as 
the electron affinity rule) remained generally accepted 
when determining energy band offsets. In 1975, 
however, Kroemer drew attention to the fact that the 
above rule is unreliable. Even if having reliable data on 
the electron affinity value, still application of the 
electron affinity rule will depend on unobvious 
approximations made at determination of the interfaces 
between two semiconductors and much more abrupt 
semiconductor−vacuum interface. 

Let us use the data obtained in [9] to build energy 
band offset diagram for the р-ZnTe/n-CdSe 
heterojunction. The authors of [9] followed the 
procedure used in photoemission core level spectroscopy 
and determined the valence band offsets ∆Еv (separation 
between the valence band maxima of two semiconductor 
compounds forming a heterostructure) for III−V and 
II−VI compounds. The valence band offset calculated 
for ZnTe and CdSe according to [9] was ∆Еv = 0.66 eV. 
Partial overlapping the energy bands is realized for the 
above pair of semiconductors (Fig. 2a), so the 
conduction band offset can be calculated as  

∆Ec = Еg1 + ∆Ev – Eg2 = 1.22 eV 

where Еg1 = 2.26 eV and Eg2= 1.7 eV are the band gap 
widths of ZnTe and CdSe, respectively. 

To plot a quantitative energy band offset diagram 
for the heterojunctions obtained, one should, along with 
knowing the energy band offsets, estimate the Fermi 
level positions in ZnTe and CdSe (the absolute energy 
values F1 and F2, respectively). The concentration of 
majority charge carriers (holes) in the used ZnTe layers 
was р ≈ 5⋅1014 cm–3; it corresponds to F1 ≈ 0.28 eV. For 
CdSe, respectively, the electron concentration was n ≈ 
3⋅1016 cm–3, which corresponds to F2 = 0.1 eV. 

The total contact potential difference еUd specified 
by the difference in thermodynamic work functions is 
еUd1 + еUd2; here еUd1 (еUd2) is the potential difference 
in ZnTe (CdSe) in the state of equilibrium. It is easy to 
verify (see Fig. 2a) that  

еUd = (Еg1 − F1) − (∆Ec + F2), 

for the heterojunctions studied, еUd = (0.66…0.7) eV. 
This value agrees well with the maximal photo-e.m.f. 
values that were observed for PEC studied at white light. 

 a) 
 

 b) 
 
Fig. 2. Energy band offset diagrams for: (a) – separated ZnTe 
and CdSe; (b) – p-Cu1.8S/р-ZnTe/n-CdSe heterostructure (F – 
Fermi level, Ec – conduction band, Ev – valence band). 
 
 
 

Shown in Fig. 2b is the energy band offset diagram 
for p-Cu1.8S/р-ZnTe/n-CdSe PEC. The UV PEC design 
is optimal: d ≤ w, where d is the thickness of the main 
part (ZnTe layer) of photoactive structure body and w – 
space charge region (SCR) width in ZnTe. PEC is 
illuminated from the side of a transparent current 
collecting electrode (degenerate Cu1.8S), the thickness of 
which is about 10 nm. Thus, the investigated structures 
belong to the surface-barrier ones whose maximal 
absorption of UV radiation occurs in the region of 
sweeping electric field. 

Fig. 3 shows the photocurrent spectra for two PEC 
with different thicknesses d of photoactive ZnTe layer. 
Curve 1 corresponds to the case when d ≥ w + Ld (Ld is 
the diffusion length for minority charge carriers). One 
can see that photosensitivity is practically absent in the 
UV spectral region because of light and recombination 
losses of photocurrent in the thick ZnTe layer. Curve 2 
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corresponds to spectral sensitivity of PEC with optimal 
ZnTe layer thickness: d ≤ w. Therefore, the studied 
sensors do not rank below the well known analogs [5] in 
absolute values of photocurrent in the UV spectral 
region. 

4. Conclusion 

Our investigations showed that р-ZnTe/n-CdSe 
heterojunction pair, lattice parameters of which differ by 
less than 1%, are promising for making sensors of UV 
radiation in the case of the surface-barrier structure 
version. The advantage of p-Cu1.8S/р-ZnTe/n-CdSe over 
the known surface-barrier structures of Schottky barrier 
type is that the former ones have no parasite 
photosensitivity in the near IR spectral region that is 
related to emission of photoelectrons from metal to 
semiconductor. Our investigations of the crystal 
structure inherent to polycrystalline ZnTe layers grown 
on different substrates showed that it is impossible to 
achieve ideal lattice matching for the р-ZnTe/n-CdSe 
heterojunction pair by growing (ZnTe)x(CdSe)1-x 
transition layers. It seems that one should use CdSexS1-x 
solid solution to achieve ideal lattice matching and 
consequently increase UV sensor photosensitivity. 
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Fig. 3. Photosensitivity spectra for p-Cu1.8S/р-ZnTe/n-CdSe 
PEC: 1 – d ≥ w + Ld; 2 – d ≤ w (d is the ZnTe layer thickness, 
w – SCR width in ZnTe, Ld – diffusion length for minority 
charge carriers). 
 


