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Abstract:
Superlattices of ZnO/MgO was successfully synthesized on Fluorine doped Tin Oxide
(FTO) glass substrates by electrodeposition method. Structural analysis ZnO/MgO
was achieved by way of X-ray diffractometry method. Scanning Electron Microscopy
(SEM) at 10000 Magnification was used for the morphological studies. Time of
deposition was varied for the optimization of film growth. Our result indicates that the
film thickness increased as time of deposition increased and the highest thickness of
1.626 um was achieved at deposition time of 2minutes. Valence band offset (VBO) of
0.1 eV and Conduction band offset (CBO) of 1.3 eV were obtained for ZnO/MgO
superlattice. The band alignment in our fabricated ZnO/MgO superlattice was found
to be type 1.
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1. Introduction
Semiconductor superlattices are structures consisting of alternating layers of two

different semi-conductor materials, for example ZnO/MgO, CdS/ZnS,
ZnO/Mg0.1Zn0.9O etc. According to Mazurczyk [1], semiconducting superlattice (SL)
is formed when alternating layers of two semiconductors with different band gaps are
deposited and thickness of these layers lies between 1 nm and 10 nm (which
corresponds approximately to 1 – 100 atomic layers). Smith [2] envisaged the
existence of two configurations of superlattice structure namely: compositional
superlattice which consists of alternating layer of two different semiconductors and
doping superlattices, which consists of alternating n – type and p – type layers of a
single semiconductor. The band structure of superlattice are actually different from
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those of the host material involved and can be tailored by changing parameters like
thickness of the layers or barrier material. For example, the band gaps of these two
semiconductors used in the formation of superlattice structure are different, and this
difference is the source of real interest in heterostructure. When the superlattice
structures are made of semiconductors with dissimilar bandgaps, an offset in the
energy band appears at the heterojunction [3]. The key to understanding the behavior
of semiconductor heterojunctions is the energy band profile which gives the plot of
energy of the conduction and valence band edges versus position [4]. The depths of
the conduction and valence band wells are determined by the heterostructure band
offsets ΔEc, ΔEv which sum to the band gap difference at the interface [5]. The
relative alignment of the conduction and valence band edges offers several
possibilities as shown in Figure 1 [6]. This relative alignment is referred to as band
edge offset.

Figure 1. The relative alignment of the conduction and valence band edges.

Band edge offsets act as potential barriers in opposite senses on electron and holes.
For normal alignment both electrons and holes are pushed by the barrier from the
wide gap to the narrow gap side of the heterostructure. The superlattice miniband
structures are divided into three different types, called type I, type II and type III. For
type I heterostructure, the bottom of the conduction subband and the top of the
valence subband are formed in the same semiconductor layer, i.e., normal alighment.
In the type II, the conduction and valence subbands are either staggered in both real
and reciprocal space, so that electrons and holes are confirmed in the different layers
or misaligned like in the broken gap. A type III heterostructure is formed when no gap
exist in one of the materials.

Figure 2. Types of Superlattice miniband structures.

Superlattices can be produced using various techniques, but the most common are
molecular-beam epitaxy (MBE) and sputtering. With these methods, layers can be
produced with thicknesses of only a few atomic spacings. Metal-organic chemical
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vapor deposition (MO-CVD) has also contributed to the development of
superconductor superlattices. Cho et al [7] prepared ZnO/Mg0.1Zn0.9O nano-scale
multilayer thin films by pulsed laser deposition method and obtained band gap of
3.34 eV to 3.70 eV. Tanaka et al [8] fabricated MgO/ZnO by molecular-beam epitaxy,
and the band-gap energy was artificially tuned from 3.30 to 4.65 eV. Jiang et al [9]
synthesized ZnO/SnO2 using chemical vapour deposition. Haislmaier et al [10]
synthesized series of high quality (SrTiO3)n/(CaTiO3)n superlattice structures on
LSAT substrates by employing hybrid molecular beam epitaxy. Talinungsang et al
[11] prepared TiO2/SnO2 and SnO2/TiO2 by the sol-gel technique.
This paper reports the fabrication of MgO/ZnO superlattice using electrodeposition

method and the analysis of optical properties and band alignment of fabricated
ZnO/MgO superlattice structures. Structural properties of the deposited superlattice
films were also evaluated

2. Materials and Methods
In this research work, the electrodeposition technique was employed to fabricate

ZnO/MgO superlattice on fluorine doped tin oxide substrate. The procedure used in
this work was similar to the one used in our previous work [12]. In this case time as a
factor that effect thin film deposition was optimized. The chemical constituents for the
deposited ZnO and MgO thin film are presented in Table 1.

Table 1. Chemical Constituents for the Deposition Time Optimized ZnO / MgO Superlattice.

Bath
Name Chemicals Concentrat

ion (mol)
Volume
(ml) pH

Deposition
Time
(mins)

Current
I (mA)

Voltage
V

(volts)

Temp
(K)

1

ZnSO4.7H2O
Citric acid
NaOH
+

MgSO4.7H2O
Citric acid
NaOH

0.5
0.5
1.0

0.5
0.5
1.0

10.00
10.00
20.00

10.00
10.00
15.00

8.6 0.5 2.59 2.60 303

2

ZnSO4.7H2O
Citric acid
NaOH
+

MgSO4.7H2O
Citric acid
NaOH

0.5
0.5
1.0

0.5
0.5
1.0

10.00
10.00
20.00

10.00
10.00
15.00

8.6 1.0 2.42 2.48 303

3

ZnSO4.7H2O
Citric acid
NaOH
+

MgSO4.7H2O
Citric acid
NaOH

0.5
0.5
1.0

0.5
0.5
1.0

10.00
10.00
20.00

10.00
10.00
15.00

8.6 1.5 2.46 1.60 303

4

ZnSO4.7H2O
Citric acid
NaOH
+

MgSO4.7H2O
Citric acid
NaOH

0.5
0.5
1.0

0.5
0.5
1.0

10.00
10.00
20.00

10.00
10.00
15.00

8.6 2.0 2.29 1.61 303
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5

ZnSO4.7H2O
Citric acid
NaOH
+

MgSO4.7H2O
Citric acid
NaOH

0.5
0.5
1.0

0.5
0.5
1.0

10.00
10.00
20.00

10.00
10.00
15.00

8.6 2.5 1.43 1.60 303

Film Characterization:
After the successful deposition of ZnO/MgO superlattice, the surface morphology

of the films were done with the aid of Scanning Electron Microscope (SEM) at 10000
Magnification. X – ray diffraction spectrum of the film was obtained using Bruker D8
Advance X – ray diffractometer with Cu K – α wavelength of 1.54Å. The absorbance
in arbitrary units was obtained with A Janway 6405 UV/visible spectrophotometer
and the band gap energies of deposited superlattice structure were obtained from the
absorbance data.

3. Results and Discussion

3.1. Structural Analysis of ZnO/MgO Superlattice
Figure 3 and Figure 4 show the structural patterns of fabricated ZnO thin film and

ZnO/MgO superlattice. It was found that ZnO thin film is single crystalline consisting
of ZnO hexagonal phase and ZnO/MgO hetero-junction thin films indicated a shift as
result of the thin layer of ZnO consisting of ZnO/MgO cubic phase which is in
agreement with other published work [13].

Figure 3. The XRD Pattern of ZnO.

The study of XRD pattern of ZnO thin film of Figure 3 show that the thin film
deposited had preferential orientation along 110 with two theta value of 56.65o other
peaks located are around two theta values of 32.42o, 36.25o, 41.53o, 66.26o, 68.89o
and 94.68o. The 2 theta angle of 56.65o with miller indices (110) has d – spacing of
1.625Å. The FWHM value calculated was 0.43° and crystallite size of 29.14 nm was
obtained. In Figure 4, the XRD pattern showed the simultaneous plot of ZnO and
ZnO/MgO. This gives a clear view of the relationship in their orientations. The crystal
structure that has been identified to be cubic phase was located at 2 theta values of
37.62o.
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Figure 4. The XRD Pattern of ZnO and ZnO/MgO Superlattice.

3.2. Energy Band Gap and Band Offset of ZnO/MgO Supperlattice

The graph of absorption coefficient squared ��� � against photon energy for MgO,
ZnO, MgO/ZnO and ZnO/MgO were plotted and presented in Figure 5, Figure 6 and
Figure 7 respectively. The optical band gap energy (Eg) of the films was estimated
from the plot of ��� � versus photon energy ���� curve shown. The straight nature
of the plots indicate the existence of direct transition, the direct band gap energies of
the films were determined by extrapolating the straight portion of the photon energy
���� axis at ��� � � t. It was found to be 4.40 eV for MgO, 3.00 eV for ZnO. From
Figure 7, the optical bandgap energies for MgO/ZnO and ZnO/MgO superlattices
were obtained. The values were found to be 3.00eV for MgO/ZnO and 3.10eV for
ZnO/MgO superlattice. A valence band offset (VBO) of 0.1eV and conduction band
offset (CBO) of 1.3eV was then calculated for the superlattice as shown in Figure 6.
The band alignment in this system was found to be type 1.
Figure 9 shows the graph of film thickness against deposition time. The film

thickness increases as time of deposition increases and the highest thickness was
obtained at deposition time of 2 minutes.
Figure 10 depicts the Scanning Electron Microscopy (SEM) at 10000

Magnification of MgO/ ZnO Superlattice Deposited at 2 mins time of Deposition.
The grains are thiny, extending the entire width of the film.

Figure 5. Plot of absorption coefficient squared versus photon energy for MgO Thin film.
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Figure 6. Plot of absorption coefficient squared versus photon energy for ZnO Thin film.

Figure 7. Plot of absorption coefficient squared versus photon energy for MgO/ZnO and
ZnO/MgO superlattices.

Figure 8. Band alignment in ZnO /MgO superlattice.
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Figure 9. Graph of Thickness (µm) against Deposition Time (mins).

Figure 10. Scanning Electron Microscopy (SEM) 10000 Magnification of MgO/ ZnO Superlattice
Deposited at 2 mins time of Deposition.

4. Conclusion
Superlattices of ZnO/MgO was successfully synthesized on Fluorine doped Tin

Oxide (FTO) glass substrates by electrodeposition method. X-ray diffractometry
method was used to obtain structural characterization. Scanning Electron Microscopy
(SEM) at 10000 Magnification was used for the morphological studies. For the
optimization of film growth, the time of deposition was varied. Our result indicates
that the film thickness increased as time of deposition increased and the highest
thickness of 1.626�� was found at deposition time of 2minutes. Optical bandgap
energies for MgO/ZnO and ZnO/MgO superlattices were found to be 3.00eV and
3.10eV respectively. The band offset for ZnO/MgO superlattice which describes the
relative alignment of the energy band at a semiconductor heterojuction of ZnO and
MgO was calculated. Valence band offset VBO of 0.1 eV and Conduction band offset
CBO of 1.3 eV were obtained for ZnO/MgO superlattice. The band alignment in this
system was found to be type 1. XRD patterns of our fabricated ZnO thin film and
ZnO/MgO superlattice indicated that ZnO thin film is single crystalline consisting of
ZnO hexagonal phase with preferential orientation located around two theta value of
56.650 in the (110) atomic plane. ZnO/MgO superlattice indicated a shift as result of
the thin layer of ZnO consisting of ZnO/MgO cubic phase. It revealed improvement in
crystallinity.
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