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ABSTRACT

Transparent dielectric thin films of (MgO) has been deposited on glass
substrate at different temperatures (400,450, and 500) °C, and thickness
kept at (80+5) nm in all cases by spray pyrolysis technique. The thermal
behavior of the (MgO) is described in the results of X-ray diffraction
(XRD), and atomic force microscopy (AFM). The (XRD) resultsindicated
that the synthesized MgO thin films have a pure (FCC) structure. Thefilms
crystallize in a cubic structure and (XRD) measurements have shown that
the polycrystalline (MgO) films prepared at temperature 400°C with (111)
and (200) orientations are changed to (220) orientation at(450)°Cand the
appearance of new diffraction peak of preferred orientation (311). At a
temperature of (500)°C was vanished two peaks(111) and (200) finally. The
surface morphology of the prepared (MgO) thin films was examined
by(AFM). It showed that the surface roughness decreases arisein substrate
temperature. The measurements (UV-is) showed that films prepared at a
temperature of (500)°C had the highest increase in the optical transmittance
(> 96%) were found on the energy gap directly change from (4.25-4.38)
eV at a temperature of (450)°C and (4.38 - 4.52) eV, at a temperature
of(500)°C.  © 2016 Trade Sciencelnc. - INDIA
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INTRODUCTION

(MgO) has interesting material properties of
good thermal and chemical stability aswell as use-
ful electronics properties, including an interlayer
with amagnetic memory device structurewhile also
being ahigh-yield secondary electron emitter.

Better characteristics, such as a higher second-
ary electron emission coefficient, a lower outgas-
sing rate, and adenser film structure have been pur-

sued by researcherd*2. The surface morphology and
structure are considered as important properties of
(MgO) thin films. (MgO) is a dielectric material.
For thisreason, reactive deposition starting with pure
Mg is associated with severe surface oxidation of
theMgtargets?. (MgO)isabest candidateto be used
asdidectriclayer duetoitsexcellent propertiessuch
as has high dielectric constant (~9.8), large energy
gapintherangeof (7.3-7.8) eV and has higher break-
downfield (12)MV/cm compared to commonly used
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dielectric layer which is silicon dioxide (SiO,)1*2.
Duetoitsexcellent dielectric properties, (MgO) has
been proposed to be used for capacitor applications
because (MgO) can improve the storage capability
of a capacitor. Other characteristics of (MgO) that
comparable to (SI0,) are due to its chemical inert-
ness, eectrical insulation, optical transparency, high
temperature stability, high thermal conductivity and
secondary-electron emission with a lattice param-
eter of (a=b=c=4.21) A9, known to be made of
p-type semiconductor by doping lithium etc™. Due
toitsexcellent properties, (MgO) has been proposed
to replace current dielectric material (SO,). The
exciton binding energy in cubic (MgO) (E,~80) meV,
which bodes well for high Mg content material in
that it might be advantageousfor deep UV excitonic
light emitter applications®. Here, in this research
we deposited (MgO) on glass substrate by a chemi-
cal spray pyrolysis method. We have also studied
the structural, morphological, and optical proper-
ties of the thin films with the aim of understanding
physical properties of the obtained (MgO)
nanostrucuter.

EXPERIMENTAL

Chemical spray pyrolysis is one of the major
techniques used to deposit awide variety of materi-
asincluding metal/alloy oxides. The experimental
work of spray pyrolysis for growth of (MgO) thin
filmwascarried out in areaction chamber. The depo-
sition system consists of four sections which in-
cludes:

1- thereactantsand carrier gasassembly connected
to the spray nozzle at the entrance of thereaction
chamber.

2- thereaction chamber in which thereis aresis-
tive heater used to heat the substrate to the re-
quired temperaturefor thin film deposition.

3- thetemperaturecontroller that monitorsthe depo-
sition temperature and control s the desired sub-
strate temperature.

4- theexhausting gasmodule.

The (MgO) thin films were deposited on glass
substrates by spray pyrolysis technique. The spray
solution was prepared from (MgO). The 0.1M
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(MgO) agueous solution was selected as a precur-
sor solution. with purity of 99.5% was purchased
from Aldrich chemical company and distilled wa-
ter. Automated spray pyrolysis equipment is used
for the synthesis of thin film in thiswork. Nitrogen
was used as a carrier gas and to atomize the spray
under constant pressure (4)bar. Glass slides cut in
(2.5x2.5) cm? piecesare used asasubstrate on which
films are grown. These glass dides are cleaned us-
ing ethanol, and distilled water. Then these glass
slideswere ultrasonically cleaned. Thethickness of
the film was installed to be (80+5) nm during time
spraying. The (MgO) thin films were deposited at
different temperature(400,450, and 500)°C. After
deposition, film crystal structure was investigated
by X-ray diffraction (XRD-6000,Shimadzu X-ray
diffractometer) using CuKo X-ray source. (AFM)
was used to characterize the surface morphol ogy of
the film. The optical properties of the (MgO) thin
films were characterized by (UV—Vis) spectropho-
tometer at room temperature.

RESULTSAND DISCUSSION

This paper reviews our results starting proper-
ties of structural (MgO) films X-ray diffraction in-
cluded and display microscopic images of the to-
pography of surfaces thin films that have been ob-
tained using an (AFM) and show some results opti-
cal schemes. These results included a diagnosis of
films prepared surfaces using an (AFM), aswell as
the diagnosis of the nature of the crystallization of
film prepared by X-ray diffraction (XRD) and ab-
sorbency using thesefilms (UV-Vis).

Structural properties

(XRD) patternsof thegrown (MgO) samplesare
shown in Figure (1)at different temperatures
(400,450,and 500) °C. Three prominent diffraction
peaksviz. (111), (220), and (311)for the cubic struc-
tured (MgO) phase has been observed. The pres-
ence of prominent diffraction peaksreveal sthe poly-
crystalline nature of thefilms.

Therefore, it can be concluded that al the films
deposited in these experimental conditions show
strong a-axis (200) orientation growth as previoudy

e, Patiricly Science

An Judian Jowrual



428

Sudy of structural and optical propertiesfor MgO films prepared

MSAIJ, 14(11) 2016

FPull Peper e

400 °C
450 °C
(311) g
(220) 500 °C

-

F—

: }

3 1

a8 PP PO e B AL s bl n\.v:-wh b P it el

£ (220) (311)

= (111)

- |

E ‘m'ﬁ\‘JJM"r‘-ﬁ"l'-.**v'}'at.w«»» Pl S g oo o Aok sl Ao AL My

g a1 (2007 |

= |

A A Yol e o e o i L L s ks )
20 30 40 50 60 70 80
20 (degree)

Figure 1 : (XRD) Patterns of (MgO) thin films deposited on glass substrate at different temperatures : (a) 400

°C,(b) 450 °C and (c) 500 °C

TABLE 1: Summary of X-ray characterization and topography statistical characterization of MgO

Ts(°’C) 20 (hkl) d(A) FWHM Gs(XRD) Gs(AFM) a=b=c 8X10"* 7X10™* wrface RMS(nm)
Sample (deg.) plane observed (deg.) (nm) (nm) (A) (linm? (lin2m*) roughness (nm)
400 4480 200 0.202  0.19 470 91.01 4.04 453 7.664 2.840 3310
450 7395 311 0128 0214 485 79.54 4.246 424  7.459 0.867 1.010
500 7135 311 0132 0205 4974 9631 4379 4.04 7216 0.805 0928
reported by Dyachenko et. d'® and Soo Gil Kimet.  low(8 19,
a9, Figure (1) showsthe X-ray diffraction pattern B cos@
which givesthe crystallite size as the X-rays deter- I (3)

mine the crystal structure by determining the close
pack planes and distance between two atoms. The
resultsreveal ed that the grain sizeareincreased with
the increasing of the substrate temperatures,which
isin agreement with the researcheg®1011121314]

In all samples deposited at different tempera-
tures, because the low thicknessleadsto avery thin
film, (200) and (111) diffraction peak was detected.
The average crystallite size (G.) of the films were
determined by the Debye-Scherer formul&d*>1¢ the
peak widths of the strong diffraction planes have
been taken from cal culation using thefollowing equa
tion (1), and their values were listed in TABLE(L).

qu 0.94 A "

- B cas@
Where (B) isthefull width at half maximum of char-
acteristic spectrum in units of radians.

AWh? + k2412
a’ e .
2sin @
o1 RZ+kZ41
L dz az (2)

The lattice constant (a)[*") of the cubic structure
can be calculated using the relation (2) as given be-

The strain value (n) and the dislocation density
(6) can be evauated by using the following rela
tions (3 and 4)1529,

1
°=a (4)

TABLE(1) showsthe strain and dislocation den-
sity of the (MgO) thin film samples (a) and (c), the
strain of the thin film varies from (7.216 to 7.664)
x10*lin2, m* and the dislocation density of the same
thin films samples (a) and (c) varies from(4.04 to
4.53)x10%in m2. Theresultsreveaed that thestrain
and dislocation density decrease with the increas-
ing of the average grain size?!. For the (200 and
311) planes, the calculated values of (a) and (b) lie
between a= (4.04 and 4.246) A. The calculated av-
erage crystallite sizes, the d-value, lattice constant
(a) and for the (MgO) thin films deposited at differ-
ent temperaturesare shown in TABLE(L).

Figure (2) shows the three-dimensional (3-D)
and (2-D) surfaces morphology of the (MgO) thin
films sample (a, b, and c¢). The calculated values of
surface roughness and the grain sizes from (AFM)
aresummarized in TABLE(1). It has been observed
that a minimum surface roughness has been found
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(a) 400°C

(b) 450 C

(c) 500°C

Figure 2 : (AFM) Images of (MgO) thin films at different temperatures. 400 °C,(b) 450 °C and (c) 500 °C

for the (500)°C,(0.805)nm samplewhilethe (400)°C
sampl e hasthe maximum value (2.84) nm. Similarly,
the smallest grains were found for the (450)°C,
(79.54) nm and largest for the (500)°C,(96.31) nm
film samples.

Optical properties

The (UV-Vis) absorption spectroscopy is an ef-
ficient technigue to monitor the optical properties
of (MgO) film. The absorbance spectrum of the
(MgO) film deposited on glass substrate by spray
pyrolysistechnique. Theoptical characteristic of the
samples is investigated from the optical measure-
mentsin the range of wavelength (300 —-700) nm.

Transmittance(T)

Figure (3) shows the transmission in (UV-
Vis)spectraregion for (MgO) thinfilmsat different
temperatures (400,450,and 500) °C have athickness

(80+5)nm!?., For al thefilms, the average transmit-
tance in the visible wavelength region A=(400—
700)nm is greater than (96%).

The maximum value of the transmittance is
greater than (99 %) was obtained for these films.
The slope of the absorption edge are softened and
there is an apparent shift of the absorption edge to
the greater wavelength for increasing substrate tem-
perature MgO the observed shift in the absorption
edge towards the lowest energy,which isin agree-
ment with the research®. The transmittance of the
thin films decreases with increasing substrate tem-
perature in the films, and when the transmittance
decreases the grain size increase.

Absorbance(A)

The absorbance spectra of the MgO thin film
deposited on glass substrate at a growth different
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Figure 3 : Transmittance vs. wavelength for (MgO) thin
films at different temperatures: a- (400) °C, b-
(450)°C,and c- (500) °C for thickness (80+5) nm
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Figure 4 : Absorbancevs. wavelength for (MgO) thin
films at different temperatures:(400) °C, b- (450) °C,
andc- (500) °C for for thickness (80+5) nm

temperatures(400,450,and 500)°C, and the measured
at room temperature is shown in Figure (4). In the
high energy spectra range, and at high temperatures,
wherethe filmis strongly absorbent, and the absor-
bance of filmsincreases with theincreasing of tem-
peratureinthefilms. Whichisin agreement with the
researchi4.

Reflectance (R)

The Figure (5) shows the reflectivity of the
(MgO) pure as afunction of wavelength was Inde-
pendently calculated reflectivity for the transmit-
tance and the absorbance and from the note that the
reflectivity be the maximum value (0.146) at the
wavel ength (350) nm and go down to (0.089) when
the visible wavelength. When the temperature
(450)°C will riseto (0.352) and shifted towards high
wavelengths anddecrease until it reaches (0.1286)
and that the decreasein reflectivity isdueto thehigh
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Figure 5 : Reflectance vs. wavelength for (MgO) thin
films at different temperatures. a- (400) °C, b- (450) °C,
and c¢- (500) °C for thickness (80+5) nm
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Figure 6 : Absorption coefficient vs. wavelength for
(MgO) thin films at different temperatures: a-(400)°C,
b- (450)°C, and c- (500)°C for thickness (80+5) nm
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transmittanceinthevis ble spectrum region and there
is another reason the fallen energy photonic be
greater than the energy gap (Eg).

Absor ption coefficient (o)

Figure (6) shows the absorption coefficient (o)
of the MgO thin films for different temperatures
(400,450,and500)°C and which determined from
absorbance measurements. The absorption coeffi-
cient of MgO thin filmsincreases with the increas-
ing temperature and decreased sharply in the UV-
Vis. boundary, and then decreased gradually in the
visible region because it is inversely proportional
to the transmittance. As it is well known that the
absorption is a percentage decrease the flux of ra
diation incident to the unity of the distance in the
direction of wave propagation within the middle
power, and depends absorption on incident photon
energy (hv) and on the properties the semiconductor
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Figure7 : Direct energy gap vs. photon energy for (M gO)
thin films at different temperatures: (400) °C, b- (450)
°C,and c¢- (500) °C for thickness (80+5) nm
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Figure 8 : Extinction coefficient vs. wavelength for
(MgO) thin films atdifferent temperatures. (400) oC, b-
(450) oC, and c- (500) oC for thickness (80+5) nm

interms of forbidden energy gap and thetype of eec-
tronic transfer'®. Thisisconsistent with the sources
confirmed that the forbi dden energy gap of the com-
pounds (I1-V1) are directly gap!?!l. Absorption coef-
ficient (a(cmr?)) associated with the strong absorp-
tion region of the film was calculated from absor-
bance (A) and the film thickness (t) was used the
relation (5)!%1,

- i
@ =23037 -

Direct energy gap (Eg)

The variation of the absorption coefficient (o
(cm)) with the photon energy (hv (eV)) isrelated
by the relation as (6)1.

ahv = C(hv — Eg)lfz (6)

Where (C) is a constant, assuming the absorption
coefficient (o) corresponding to the direct energy
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Figure 9 : Refractive index vs. wavelength for (MgO)
thin films atdifferent temperatures: (400) °C, b- (450)
°C,andc- (500) °C for thickness (80+5) nm
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Figure 10 : Optical conductivity vs. wavelength for
(MgO) thin films at different temperatures. a- (400) °C,
b- (450) °C, and c¢- (500) °C for thickness (80+5) nm

gap of the cubic structure for (MgO) films, in the
fundamental absorption region, better linearity was
observed from the (ehv)? versus (rv, which was used
to determine the energy gap (E ) (4.25(eV#, while
it is slightly higher than that (4.38eV)increase the
temperature of (400- 500)°C previously reported by
Chen et. al®”. Energy gap increases with decreas-
ing grain sizedueto quantum size effects. Thedirect
energy gap (Eg) of the MgO thin films was evalu-
ated from the transmission (or absorption) spectra
and the optical absorption coefficient (o) near the
absorption edge for allowed direct transitions.

The characteristics of (ahy)?vs.(hy ) (photon

energy) were plotted for evaluating the energy gap
(Eg) of theMgO thinfilms, and extrapolating thelin-
ear portion near the onset of absorption edgeto the
energy axis as shown in Figure (7). As can be seen
clearly, Eg values of MgO thin films are (4.25,
4.38,and 4.57)eV corresponding to the substratetem-
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Figure 11 : Real dielectric vs. wavelength for (MgO)
thin films atdifferent temperatures: (400) °C, b- (450)
°C,andc- (500) °C for thickness (80+5) nm

peratures (400,450, and 500) °C respectively. In
other word, the direct energy gap of MgO thin films
become lower as temperature increases and can be
precisely controlled between (4.38 and 4.25)eV.
Whichisin agreement with the research3,

Extinction coefficient (k)

Figure (8) show of the amount of change in the
extinction coefficient vs. the wavelength change
within the spectral range (300-700)nm. It decrease
in the extinction coefficient occurs when increase
the wavelength from (365 to 4000) nm, and thisis
duetoincrease the amount of spectral transmittance
within thisregion of the deposited film. Stability of
the extinction coefficient rel atively within the spec-
tral range (500- 700) nm, dueto the relative stabil-
ity inthe measured spectra transmittanceof thefilms
within spectral range'?®.

Refractiveindex (n)

Figure (9) shown that the refractive indices of
the MgO films are influenced by the temperature.
The refractive indices decrease asthe temperature
increases. And the refractive index increases as the
wavelength increases, in our research the increases
in grain size with the decreasing of refractive index
is observed.

Optical conductivity (o)

Figure (10) shows the variation of optical con-
ductivity as a function of wavelength for different
temperatures (400,450,and 500)°C of the MgO thin
films. From Figure (10), we can see that the optical
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Figure 12 : Imaginary dielectric vs. wavelength for
(MgO) thin films at different temperatures: (400) °C, b-
(450) °C,and c- (500) °C for thickness (80+5) nm
conductivity increases with increasing energy and
reaches a constant value. This suggests that the in-
creasein optical conductivity is dueto electron ex-
ited by photon energy, and the optical conductivity
of theMgO filmsincreaseswithincreasing tempera
tureinthefilms.

Real of dielectric constant (e,)

Figure (11) shows the real dielectric constant,
wherewe note that thereal dielectric constant isthe
maximum value (11.31) at thewavelength (316) nm
and down to (9.62) of its value at the wavelength
(378) nm. And at high temperature (500)°C will de-
crease to (10.25) and shifted towards longer wave-
lengths and then decreasesto (9.98).

Imaginary of dielectric constant (¢,)

In Figure (12) we notethat theimaginary diel ec-
tric constant is the maximum value (0.052) at
thewavelength (325) nm and decrease to (0.0036)
a thewaveength (525) nm. And at high temperature
(450) °C will increaseto (0.61) and shifted towards
shorter wavelengths.

CONCLUSIONS

(MgO) films have been successfully prepared
on glasssubstrate at different temperatures(400,450
and 500)°Cusing the spray pyrolysistechnique. The
process parameters were optimized to have good
quality crystalline films. The films were optically
clear, adherent and uniform. Growth rate and crys-
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talline qualitywere sensitive to the substrate tem-
perature. (MgO) film started to crystallize above
(400)°C and preferentially oriented in the (200) di-
rection as the substrate temperature increased to
(500)°C. At (450)°C, preferential peak along (311)
orientation was also detected. From the (XRD) mea-
surements, the average crystallite size in the range
of (47-49.74) nm, Theresultsrevea ed that the strain
and dislocation density are decrease with the in-
creasing of the average grain size. (AFM) studies
confirmed the uniformity and well grown crystal-
line morphology of the (MgO) films prepared at the
optimum temperature. The (MgO) thin films with
cubic structure or (FCC) have been synthesized at
different temperature (400,450 and 500) °C of num-
ber (20) sprays have polycrystaline structure. The
grain size of the thin films calculated from (AFM)
intherangeof (79.54-96.31) nm. All the films were
transparent in the visible and IR range of radiation,
with transparency greater than 97% and the associ-
ated energy gap value is (4.42) eV when the sub-
strate temperatureisincreased to (450)°C. Also, the
(UV-Vis) studies optical showed that their optical
energy gap is (4.42) eV for (MgO) thin films. All
the films were transparent in (UV-Vis) spectra re-
gion, with an average optical transmittance of 96%.
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