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CdTe and CdSe single layer thin films and CdSe / CdTe multilayer (ML) thin film were prepared by
using physical vapour deposition method. Optical properties of CdSe / CdTe multilayer thin film shows dif-
ferent behavior due to type II band structure alignment. Energy band gap value of CdSe / CdTe ML thin
film is shifted to higher value than that of single layer CdTe film. This is due to decrease in crystallite size
to dimension smaller than the Bohr exciton radius of CdTe (14 nm). Crystallite size of the multilayer sam-
ple was calculated with the predictions of the effective mass approximation model (i.e., Brus model). It is
observed that the photoluminescence peak of CdSe/CdTe ML thin film is red shifted compared to the
peaks corresponding to individual CdSe and CdTe thin films. This may be due to the presence of type II
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quantum dot formation in the CdSe / CdTe heterostructure multilayer thin film.
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1. INTRODUCTION

Multilayer thin films of II-VI semiconductors pro-
vide opportunity to analyse quantum effects such as
carrier confinement, spin-orbit coupling, splitting of
valence bands [1, 2]. Quantum dot is a portion of mat-
ter whose excitons are confined in all the spatial di-
mensions. It leads to larger spacing between the energy
levels as the size of the particle is reduced. Qualitative-
ly this confinement effect is similar to the problem of
particle in a box. Size dependant reactivity [3], optical
non linearity [4], efficient photo electron emission [5]
and melting point reduction [6] are some of the inter-
esting properties exhibited by nano particles. Size con-
trolled spectral tunability adds advantage to quantum
dots in the fields of optoelectronic devices, bio-labeling
and photovoltaic applications [7, 8].The nanostructures
of II-VI materials such as CdS [9],CdSe [10], CdTe [11]
have attracted more attention for their great funda-
mental, experimental and applied interests. Combina-
tion of heterostructures form II-VI semiconductors
promises the techniques for “band engineering”. Heter-
ostructure multilayer thin films result in the formation
of Type I and Type II band alignments[12] as shown in
Fig. 1.
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Fig. 1 — Schematic diagrams of a) Type I and b) Type II
heterojunction band alignment
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In Type I heterostructure thin films, the energy le-
vels (valance band and conduction band) of lower band
gap semiconductor is placed in between the energy le-
vels of higher band gap material. Whereas in type II
heterostructure thin films, only valance band energy
levels of lower band gap semiconductor is kept in
between the energy levels of higher band gap semicon-
ductor. The conduction band of lower band gap materi-
al is seen above the conduction band of higher band gap
semiconductor. Type II heterostructure nanocrystals
spatially separates photo generated carriers within the
nanostructure such that the electron wave function
mainly resides in one semiconductor and hole wave
function in the other [13]. Recent investigations of type
II CdSe / CdTe heterostructre nanocrystallites are ideal
materials for their long range photo-induced charge
separation and could be applied in photovoltaic devices
[12, 14, 15]. CdSe, CdTe and CdSe/ CdTe tetrapod
nanocrystals perform well in nanocrystal-polymer hy-
brid solar cells [16-18]. Few researchers have prepared
Type II CdSe / CdTe tetropod nanocrystals in chemical
synthesis route [19-21]. In the present work, we report-
ed the formation of Type II heterostructre nanocrystals
in CdSe / CdTe multilayer thin films prepared by using
Physical Vapour Deposition method where thickness of
each layer can be controlled accurately up to few na-
nometers. Optical properties of CdSe/CdTe ML thin
film is compared with that of single layer CdSe and
CdTe thin films.

2. EXPERIMENTAL DETAILS

CdSe / CdTe nanocrystalline multilayer and single
layer thin films were prepared by consecutive thermal
evaporation of CdSe and CdTe (99.99 % Aldrich Chem.
Co.,) from two independent molybdenum crucibles at a
vacuum at a pressure of 5x 10-°mbar. Glass sub-
strates were not intentionally heated during the depo-
sition process. The nominal film thickness and deposi-
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tion rate of each sub-layer were controlled by calibrated
quartz crystal monitor. The substrates were fixed at
the greatest possible distance for which the tooling fac-
tor was calculated. A step-by-step procedure was
applied in the deposition of each sub-layer in the multi-
layer structures. Variation in thickness of each layer
and total number of layers tremendously altered the
properties of materials in multilayer thin films.
CdSe / CdTe ML thin films were prepared with thick-
nesses as shown in Table 1.

Table 1 — Details of the CdSe/CdTe multilayer thin film
samples preparation

No | Material | Number of | Thickness og Sub- Total
Layers in the layers (A) Thickness of
sample CdTe CdSe | the film (A)
1 CdSe 1 — 500 500
CdTe 1 500 — 500
CdSe/
500 200 3500
31 care 10

To compare the properties of multilayer film with the
single layer films, CdTe and CdSe film of 50nm thick-
ness were prepared. The absorption and emission prop-
erties of the samples were studied by using uv-vis spec-
trophotometer (JASCO V - 550) and photoluminescence
spectrometer (FLUOROLOG — 3 HJY) respectively.

3. RESULTS AND DISCUSSION

3.1 Optical Properties of CdSe/CdTe Hetero-
structure Multilayer Thin Films

CdSe / CdTe heterostrucure multilayer and single
layer thin film samples coated on glass substrates were
subjected to optical absorption using JASCO V-550 UV-
VIS spectrophotometer in the range of 300-1100 nm. As
both CdSe and CdTe are the members of II-VI semi-
conductor compounds, conduction band is no degener-
ate and almost isotropic whereas the valance band
(mostly constituted of the telluride (or) selenide anion p
orbital) [22] is threefold orbitaly degenerate. The ab-
sorption edge of this material exhibits three excitonic
peaks [23] usually labeled as A (valance band of T'g
symmetry), B (valance band of I's symmetry) and C
(valance band of I'7 symmetry) [24]. Based on the works
done by Baldereschi & Lipari [25], the transitions close
to the fundamental band gap (Eg) of II-VI semiconduc-
tors arise due to the spin-orbit split of valance band
energy levels. A direct band to band transition energies
of CdSe/ CdTe heterostructure multilayer and single
layer thin film samples were found out by plotting a
typical graph between energy(hv) and (ahv)? as shown
in Fig. 2 and 3, respectively.

As seen from Fig. 3, the energy band gap values of
CdSe / CdTe ML film has two transitions near to the
band gap value of the bulk CdTe material (1.54 eV).
Thus the transitions equivalent energies (1.62 and
1.8 €V) are lying in between the energy values of the
individual CdSe (1.9 e¢V) and CdTe (1.5 eV) thin films.
The transitions in CdSe/CdTe ML film shows the
presence of spin-orbit split of valance band energy level
[25].
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Fig. 3 — hv vs (@hv)? graph for the CdSe / CdTe ML sample

The same behavior is observed in the absorption
spectra which are shown in Fig. 4, of CdSe / CdTe ML
and single layer thin films. This result agrees well with
the results produced by the researchers who have pre-
pared type II CdSe/ CdTe quantum dots in colloidal
form by chemical synthesis method [19-21]. It is known
that the quantum confinement effect can be observed if
the radius of nanocrystallites becomes less than the
Bohr excitonic radius of the corresponding material.
The bulk Bohr diameter of the Wannier exciton in
CdTe is 14 nm [26]. Size of the crystallite for ML sam-
ple was calculated from the shift in energy gap by using
Brus equation as given,

2n*n*
Eg(optical) = Eg(bulk) +W (1)

where, Egopticay 1s the band gap values obtained from
optical studies, Egpuiry is the band gap of bulk CdTe
(Eg=1.54¢V), d is the diameter of the crystallites and
H 1is the effective mass of electron-hole pair given by,

1 1 1
—=t+— (2)
Ho o Hy

where, 4 and g, are effective mass of electron and

hole, respectively.

It is evident that the nanocrystallite sizes of the
CdSe / CdTe heterostructure multilayer thin film sam-
ple is much smaller than the Bohr exciton diameter. If
the ratio of nanocrystallite size to Bohr exciton diame-
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ter is lesser than 2, then the sample exhibits a single
particle confinement behavior in which electrons and
holes are independently confined. Hence, the prepared
CdSe / CdTe heterostructure multilayer thin film may
exhibit the strong quantum confinement effect.

The average size of the nanocrystallites calculated
using equation (1) is 12 nm for CdSe / CdTe ML film.
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Fig. 4 — Absorption Spectra of CdSe, CdTe and the
CdSe / CdTe ML samples

3.2 Photoluminescence Studies

Emission spectra of CdSe, CdTe single layer films
and CdSe/ CdTe heterostructure multilayer thin film
are shown in Fig. 5. The peaks of CdSe / CdTe hetero
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Fig. 5 — Emission Spectra of CdSe, CdTe and the CdSe / CdTe

samples structure multilayer thin film have apparently shift-

ed from the peaks of CdSe, CdTe individual layers towards red
region in the emission spectra
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Moreover, the emission of the CdSe / CdTe hetero-
strucure ML sample is more structured than the indi-
vidual CdSe and CdTe bands. There is a splitting of the
emission maximum observed with the bands centered
on 410 and 435 nm in the ML sample. This may be due
to the emissions from the split up of neighboring excit-
ed energy state. In this type of heterostructure multi-
layer thin films, the energy of the emission thus de-
pends on the band offsets of the two materials (lesser
band gap and higher band gap) which results in emis-
sion of energies lesser than the energy band gap of both
the materials.

Therefore, formation CdSe/CdTe crystallites can
tune the energy band gap from visible to NIR region
depending on the thickness of the individual layer of
CdSe and CdTe materials.

4. CONCLUSION

A novel method of preparing CdSe/ CdTe hetero-
structure multilayer thin film has been proposed in this
study. It is found that the transition energies (1.62 and
1.8 ¢V) for CdSe / CdTe ML film are lying in between
the band gap values of the individual CdSe (1.9 eV) and
CdTe (1.5 €V) thin films. There is a red shift oberved in
the emission peak of CdSe / CdTe heterostructure mul-
tilayer thin film with respect to the peaks of CdSe,
CdTe single layer thin films. Quantum confined effects
in the optical properties of CdSe / CdTe have been ob-
served. It is very useful to tune the band gap from visi-
ble to NIR region especially in case of semiconductors
such as Se, Te etc., which form nanocrystals of very
different sizes in a standard crystallization procedure.
Further studies will be carried out in order to produce
II-VI semiconductor nanocrystals with suitable sub-
layers.
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