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Abstract

Beryllium Zinc Oxide (BexZn1xO) ternary nano thin films were
deposited using the pulsed laser deposition (PLD) technique under a
vacuum condition of 107 torr at room temperature on glass substrates
with different films thicknesses, (300, 600 and 900 nm). UV-Vis
spectra study found the optical band gap for Beo.2ZnogO to be (3.42,
3.51 and 3.65 eV) for the (300, 600 and 900nm) film thicknesses,
respectively which is larger than the value of zinc oxide ZnO
(3.36eV) and smaller than that of beryllium oxide BeO (10.6eV).
While the X-ray diffraction (XRD) pattern analysis of ZnO, BeO and
Be 02 Zn o8 O powder and nano-thin films indicated a hexagonal
polycrystalline wurtzite structure. The crystal structure showed a
preferential orientation line at (101). Besides the nano thin film
BeosZnosO has all orientations of ZnO and BeO. Moreover, the
calculated average crystallite size for nano thin film was 16.48 nm.
The surface morphology of the nano thin films investigated by
atomic force microscope (AFM) showed a decrease in the average
grain sizes (94.8, 79.2 and 59.4 nm) with the increase of films
thickness due to quantum confinement effect.

1. Introduction
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Zinc oxide (ZnO) is one of the most important 11-VI semiconductor compounds

and has unique properties [1]. Furthermore, because of its exceptional electrical and
optical properties, its direct bandgap of 3.37 eV and its excitons binding energy of
about 60 meV at R.T, ZnO has been reported as a good candidate for ultraviolet range
optoelectronic device applications [2, 3]. In the last decade, the band gap of ZnO has
been modulated by alloying with other 11-VI oxide semiconductors such as MgO,
BeO, etc., and this has been studied by many researchers [4]. In recent times,
beryllium oxide (BeO), with a wide direct bandgap of 10.6 eV, has been suggested as
a good candidate to prevent the difficulties in the ZnO/MgO system, as the crystal
structure is hexagonal for both ZnO and BeO. The well-known phase segregation was
not found between ZnO and BeO with different values of Be concentration, so the
energy bandgap could be controlled continuously from 3.3 to 10.6 eV by alloying
BeO and ZnO with various percentage ratios [5, 6]. Consequently, BeO is considered
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a suitable choice for energy band gap modulation in the manufacturing of
optoelectronic devices based on ZnO. Depending on that, the structure and optical
properties of the BexZn1xO alloy have been the focus of many researchers [7-13].
Many techniques, such as radiofrequency magnetron sputtering, molecular beam
epitaxy (MBE), chemical vapor deposition (CVD), and pulsed laser deposition (PLD),
were used to deposit BexZn1xO films, due to the high energy of the ablated particles
in the plasma plume produced via laser interaction with target material [14, 15].

The aim of this work is to investigate adding a suitable concentration of BeO to
ZnO then studies the optical, structural, and morphological properties of the BexZn;-
xO nano thin films with different thickness and concentrations to obtain a wide energy
band gap which satisfy the requirement applications.

2. Experimental work

BexZn1xO thin films were deposited in a PLD system on glass substrates. The
target of the compound BexZn1.xO was prepared, by mixing pure beryllium oxide and
zinc oxide powder (of 99% purity), for three values of x (0.2, 0.5 and 0.8). By cold
pressing (of 6 ton), the target was transformed into pellets of 10 mm diameter, 2 mm
thickness, and 1gram weight. The glass substrates were ultrasonically cleaned with
ethanol, then placed parallel to the target surface on a holder at a distance 3 cm from
the target (BexZn1-xO pellet) and at an angle of about 45 degrees made by the normal
laser beam and the target. The substrate holder was in the optimum (adjustable)
position for the plasma plume's center. A double frequency Q-switched Nd: YAG
laser (532 nm) was used and operated at an energy of 500 mJ/pulse and a 6 Hz
repetition rate under vacuum conditions (10 torr) using a rotary pump at room
temperature. The BeZnO thin films were deposited at different thicknesses of (300,
600, and 900 nm). Film thickness was measured using the interferometer fringes
method, which is an application of Fizeau fringes equal spacing using a diode laser of
532.8 nm wavelength. With a UV-Vis spectrophotometer (Shimadzu 1800), the
optical properties of BexZn1-xO thin films at room temperature were characterized. X-
ray diffraction (XRD) pattern conducted with an X-ray diffractometer (XRD-6000
Labx, made by Shimadzu) with a radiation source (Cu Ko X-ray) of A=1.5406 A.
Finally, the surface profile morphology of BeosZnosO thin films was observed with
an Atomic Force Microscope (AFM)(CSPM AA3000 AFM supplied by Angstrom
Company).

3. Results and discussion

3.1. Optical properties

The absorbance spectra for different films thicknesses (300, 600, and 900 nm)
are shown in Fig.1. It is clear that the optical absorption edge has appeared in the UV
region and shifted to a shorter wavelength with an increase in the film thickness, at
(362, 353, and 339nm) for film thicknesses of (300, 600, and 900 nm), respectively.
Furthermore, it is clear that the increase in absorbance is proportional to the increase
in films thickness [16]. Based on these absorbance spectra, the absorption
coefficients, a, of the films were determined by applying the following equation [17]:

a=2303% 1)
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where A and t are the absorbance and the thin film thickness, respectively. Fig.2
presents the absorption coefficient against wavelength for Beo, Znos O thin films of
300, 600, and 900 nm thicknesses. The absorption coefficient curves were of a similar
behavior to that of the absorbance (A) curves. They showed a sharp absorption edge
at wavelengths (363, 353, and 339 nm) with maximum magnitudes of o (1.6x10%
1.4x10* and 0.9x10%) cm™ for the thicknesses (300, 600, and 900 nm), respectively.
This indicates a high probability of allowed direct transition [18]. According to Beer-
Lambert law increase concentration in gas phase or increase of the film thickness in
solid state, means more light is absorbed and decrease transmittance i.e. the intensity
of absorption is increased which causes a blue shift that depends on the nature of the
matter. This agrees with Nithya and Radhakrishnan [16].

Linear fitting extrapolation was used to find the optical energy band gap Eg which was
calculated using Tauc’s equation [19]:

ahv = B(hv — E )" 2

where hv is the energy of incident photon, B is a constant, Eq is the optical band gap
energy, and n=%% is for the direct transition. The energy gap value of Beo2 ZnogO was
3.42 eV, 3.51eV and 3.65 eV for the film thicknesses (300, 600, and 900 nm),
respectively (as listed in Table 1 and shown in Fig.3). These values shows that the
ZnO energy gap of 3.36 eV has increased as a result of the BeO effect which is
considered as a strong evidence for the existence of BeO in Beo2 Znog O deposited
thin films. The band gap energy of the BexZni1xO can be tailored by alloying ZnO
with BeO [20-22]. Moreover, as the thickness increases, the optical energy gap also
increases which is in relation to the increase of the optical absorption [16, 18].
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Figure 1: The absorbance spectra for Beg, Znog O with (a) 300 nm (b) 600 nm
(c) 900 nm thicknesses.

55



Iragi Journal of Physics, 2022 Ali L. Abed and Mohammed T. Hussein

b o
<
. @ = (b)
=R Z 216
16 &7 14
— - =
g - 1.4 a2 1.2
= = 1.2 [= " 1
= .2 1 £ 5
s E <35 038
Zz3508 =
<306 5 0
2 04 S 04
802 0.2
S 0 0
200 400 600 800 200 400 600 800
Wavelength (nm) Wavelength (nm)
=
= 12
=
_x (c)
St
- =
es 0%
232 os
=3
E:E 0.4
g o2
=
0
200 400 600 800

Wavelength (nm)

Figure 2: Absorption Coefficient against photon energy for Beg2 Znos O thin Films with
(a) 300, (b) 600, and (c) 900 nm thicknesses.

Table 1: The optical energy gaps for Beoz Znos O thin films of different thicknesses
compared with bulk ZnO and BeO.

Film thickness (nm) Optical Energy Gap Eq(eV)
300 3.42
600 3.51
900 3.65
ZnO BulK[16] 3.3
BeO Bulk [11] 10.6
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Figure 3: Plots of (ahv)? as a function of photon energy (hv) for Beo2ZnosO thin film of
(a) 300, (b) 600, and (c) 900 nm thicknesses.
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3.2. Structural properties

The XRD analysis shown in Fig.4 was conducted for ZnO, BeO and Beo.2ZnosO
powder where the ICDD-Card no. for ZnO, and BeO is 36-1451, 43-1000,
respectively. The indexed peaks positions were (100), (002), (101) belonging to ZnO
at 20 = 31.8° 34.4°, and 36.2°, respectively and peaks of BeO for orientation
(100),(002) and (101) were at 26 = 38.6°, 41.3° and 43.9°, respectively, while
Beo2ZnogO which combine all of the above orientations is illustrated with structural
parameters in Table 2.

Table 2: Structural parameters for the ZnO, BeO and Beg.2Zno.sO powder.

hKl | Peak position (26) | FWHM B (deg.) Crysg’zg 'r;e) size A"er;%‘z ‘(:mt)a"'te
ZnO(100) 318 0.63 15.04
Zno(002) 34.4 0.81 26.69 766
Zno(101) 36.2 0.538 1558 '
BeO(100) 38.6 0.49 17.92
BeO(002) 413 0.48 18.45 18.46
BeO(101) 43.9 0.47 19.01

BeZnO
BeO
ZnQO

(100 02) (101,

Intensity (a.u.)

T T T T T T T T T T T T T
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Figure 4: XRD peaks for the ZnO ,BeO and Be 92 Zh 03O powder.

Fig.5 shows XRD patterns for Beo2ZnosO nano thin films with different film
thicknesses 300, 600 and 900 nm. They exhibit a strong peak at 26 = 31.8°, 34.4°, and
36.2° for orientations (100), (002), and (101), respectively. It is clear that the
crystallinity of the films improved with the increase of the film thickness.
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Figure 5: XRD peaks for the Be 0.2 Zn ¢g O thin films with different film thickness
(A)300nm, (B)600nm and (C)900nm.
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Fig.6 shows the crystallinity planes of BeZnO with different Be concentration
ratio as (Beo.2Znog0) , (BeosZnos0) and (BeosZno20) to verify the influence of Be
content on the crystalline structure for a selected film thickness of 900nm.
Furthermore, as Be content was increased to 0.5, the diffracted peak intensity
increased and showed strong peaks orientations but when Be content increased to 0.8
the BeO diffraction peak disappeared. This indicates a non-crystalline structure.
Therefore, changes in the optical band gap energies to values greater than that of ZnO,
indicates that Be atoms were well-substituted into Zn sites. Thus, the XRD results led
us to consider that the Be atoms substituted the Zn in the crystal lattice [23, 24].

The crystallite sizes(D) of deposited films were measured by the Scherrer
formula Eq.(3) [20]:

091
- BcosB (3)

where A is the wavelength (1.5406A) of X-ray, B is full width at half maximum
(FWHM) (in radians units) and 6 is the diffraction angle of the peak. The calculated
results are listed in the Table 3.

The results show a decrease in crystallite size as the Be concentration in the
composite films increases. Beryllium oxide has a smaller molecular size than Zinc
oxide, where lattice constant of BeO (2.698 A, hexagonal) and ZnO (3.249 A,
hexagonal) which results in a smaller crystallite [24].
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Figure 6: X-ray diffraction pattern for nano thin films thickness of 900nm with different
Be concentrations (A)Beo 2Zno.s0, (B)BeosZnos0 and (C)BeosZno.20.
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Table 3: Structural parameters for the, BegsZnos0 thin film for 900nm film thickness.

hkl | Peak position (20) | FWHM B (deg.) Crysé?::;e) size Aversgz i;ﬁt)a”ite
(100) 317 0.63 137
(002) 34.4 0.52 16.7
(101) 363 0.52 16.8
(100) 385 0.4 219 16.48
(002) 413 0.6 14.7
(101) 43.9 0.6 14.89
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3.3. Morphological properties

The non-contact mode atomic force microscope (AFM) was employed to
characterize the surface profile morphology of the Beo.2ZnogO thin films. As shown in
Fig.7, the morphology of the surface of the grown Beo.2ZnegO thin films show low
roughness as the film thickness increases [25, 26]. The uniformity of grain sizes on
the surfaces of the films was consistent with the XRD results.
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Figure 7: 2D AFM images of deposited Beo2Zno.gO thin films with different thicknesses (a)
300nm, (b) 600nm, and (c) 900nm with granularity cumulative distribution chart.

Fig.8 shows AFM 3D images of deposited Beo2ZnogO thin films scanned over

1.5x1.5um?. There are two significant differences between them, namely grain size
and surface roughness. The surface for 300 nm film thickness consisted of several big
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grain sizes, so the average diameter was 94.8 nm and the root mean square (RMS)
roughness was 27.3 nm. The surface of the 600 nm film thickness showed many small
grain sizes 79.2nm and (RMS) 40nm. Lastly, with a film thickness of 900nm, an
increase of the average diameter to 59.5 nm and the RMS roughness was 41 nm were
noticed, as listed in Table 4.
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Figure 8: 3D AFM images of deposited Beo2ZnogO thin films with different thicknesses (a)
300nm, (b) 600nm, and (c) 900nm.
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Table 4: AFM morphology parameters for BeZnO films.

Film thickness Average particle size Average roughness RMS
(nm) (nm) (nm) (nm)
300 94.8 23 27
600 79.2 32 40
900 59.4 35 41

4. Conclusions

Ternary nano thin films BexZn1xO were prepared via pulsed laser deposition on
a glass substrate with different thicknesses and concentrations. It was found that with
the presence of Be, the energy gap has increased. Moreover, it was observed that with
increasing the thickness, the grain size has decreased and the energy gap increased,
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this is due to the quantum confinement effect. Finally, both BeO and ZnO have
hexagonal crystal structures this leads to a decrease in the phase segregation between
BeO and ZnO to form BexZnixO with a wide energy band gap which satisfy the
requirement applications.
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