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In this paper, we reported Zn; ,Mg,O thin films were prepared by successive ionic layer adsorption
and reaction (SILAR) method. The prepared films were characterized by x-ray diffraction. The
hexagonal wurzite nature of the prepared material was confirmed. The micro-structural properties
such as grain size, dislocation density, texture coefficient and structural properties such as lattice
constants, bond length and bond angles were evaluated.
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INTRODUCTION
Zinc oxide (ZnO) has been successfully included in the
photonics, optoelectronics, spintronics, and gas sensors

applications [1-3]. Zinc oxide (ZnO), a wide band gap (3.37
eV) and a large excition binding energy of 60 meV
semiconductor, has attracted much attention for possible
applications in optoelectronic devices [4—6]. The properties of
ZnO nanostrucutres have changed considerably by doping
metal in Zn lattice such as Fe, Al, Mn, Cr, Cu, Na [7-12].
Especially, ZnO can be alloyed with another high optical band
gap 1I-VI compounds like magnesium oxide (MgO) to increase
its band gap. ZnO:Mg is a semiconductor composed of two
materials, zinc oxide and magnesium oxide, which can be
easily controlled over a wide range of temperatures because the
ionic radii of Mg®" and Zn*" are similar [13]. Improvements in
ZnO:Mg dopant technology [14] have led to many new
applications in electronics and optoelectronics [15].

Mg-doped ZnO thin films have been prepared using various
methods, such as spray pyrolysis [16], pulsed laser deposition
[17], chemical vapor deposition [18], radio frequency (rf)
magnetron sputtering [19,20], electro-deposition [21], SILAR

*Corresponding author: Karunakaran M

method [22], the sol-gel method technique [23]. It is also
experimentally established that the structural and optical
properties of these thin films are very sensitive to the
deposition conditions [24]. Among these methods, the sol—gel
method is an attractive one due to its simplicity and
reproducibility. In the present study, Zn; Mg,O thin films are
prepared by SILAR method with different Mg doping
concentration. The micro-structural properties such as grain
size, strain and structural properties such as lattice constants,
bond length and bond angles are examined by X-ray peak
profile.

Experimental details
Materials

The chemicals used in this process are zinc sulphate,
magnesium sulphate and sodium hydroxide. Deionised water is
used throughout the process. The chemicals are purchased from
merk India and used as received without further purifications.
Synthesis of Zn; . Mg.O nanostructure

Zn;, Mg,O thin films were prepared by using a dip coating
(SILAR) technique. The precursor solution comprising 0.1 M
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Zinc Sulphate ( 99% emerk), 0.2 M sodium hydroxide with a
pH value of 9£0.2 deposited at bath temperature of 90°C under
optimized condition for pristine ZnO thin films. Before
deposition, the glass substrates were cleaned by chromic acid
followed by cleaning with acetone. The well-cleaned substrates
were immersed in the chemical bath for a known standardized
time followed by immersion in hot water for the same time for
hydrogenation. The process of solution dip (step 1) followed by
hot water dipping (step 2) is repeated for known number of
times. The cleaned substrate was alternatively dipped for a
predetermined period in sodium zincate bath and water bath
kept at room temperature and near boiling point, respectively.
According to the following equation, the complex layer
deposited on the substrate during the dipping in a sodium
zincate bath will be decomposed to ZnO due to dipping in hot
water. The proposed reaction mechanism is according to the
following equations

ZnSO4+ 2 NaOH—> Na,Zn0, + H,SO,T
Na,ZnO, + H,0 —Zn0 + 2 NaOH

Part of the ZnO had so formed was deposited onto the substrate
as a strongly adherent film and the remainder formed as a
precipitate. For Mg doped ZnO films, suitable amount of
MgSO, are added. The proposed reaction mechanism for the
formation of Mg doped ZnO thin films is according to the
following equations.

Mn (SO,.H,0) — Mn*+ +S0,*
Zn (SO4.7H,0) — Zn*" + SO~
Na OH — Na" + OH

The formation of Mg doped ZnO Thin films process could be
expressed as

Mn (SO4.H,0) + Zn (SO4.7H,0) + NaOH — Mg ZnO
+2NaS04 + H,0.

Characterization method

The prepared thin films are characterized by X-ray
diffractometer (Model: XPERT-PRO) at room temperature.
The wavelength of Cu-Ka line used in XRD is 1.54060 A.

RESULTS AND DISCUSSIONS

The XRD pattern of Zn,; ,Mg,O thin films are shown in figure
1. The observed pattern indicates the prepared material has a
hexagonal wurtzite phase of ZnO (JCPDS card no0:89-7102).
As the Mg level increases, the intensity of (002) plane
decreases. Undoped and doped ZnO nanorods show the
maximum intensity corresponding to the miller indices (002)
[25]. This is the direct evidence that nanorods can be formed
by the SILAR method simply by varying number of dipping.

Debye-Scherrer’s method & Uniform deformation model

The crystallite size of the various doping levels of Mg doped
ZnO samples are calculated from Debye-Scherrer’s formula.
Let A be the wavelength of X-rays used and Phkl and 6 are full
width at half maximum and Bragg’s angle corresponding to the
maximum intensity peak. The Debye-Scherrer’s (DS) formula
is given as,

K A
B By cos6

The observed grain size for pure ZnO is 42.27 nm and Mg
doped ZnO is ranges for 12.14 nm, 16.35 nm and 16.29 nm, for
0.05, 0.10 and 0.15 of Mg doping level respectively. According
to uniform deformation model, we consider the prepared
material is isotopic in nature and the strain is assumed to be
uniform in all crystallographic direction. The Williamson-Hall
equation according to UDM is given by [26]

KA _
ﬁhkl Ccos ghkl = F + 4¢ sin Hhkl

The values of 4 sinfy, is taken along the x-axis and
Bri €0s Oy, is taken along the y-axis. The obtained plot is a
strain line and form the intercept along y-axis, the grain size is
calculated. The obtained grain size from UDM is highly
coincidence with the result obtained from DS equation. The
obtained results for crystallite size are shown in figure 2. High
grain size is obtained for pure ZnO sample. The crystallite size
decreases for Mg doped ZnO thin films.
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Estimation of strain

According to Wilson method, the maximum strain &gy, is
calculated by the d-spacing. Let d, is the standard d-spacing
and Ad is the difference in the d-spacing between the observed
value with standard value. The expression for strain is given
below.

Ad
Ehkl = d_o

The calculated strain for pristine ZnO is 2.434 x 10~ and 6.029
x 107, 6.004 x 10~ and 6.029 x 10 for 0.05, 0.10 and 0.15 of
Zn;,Mg,O thin films respectively. The results obtained, the
strain of pristine doped ZnO nanostructure is highly greater
than the Mg doped ZnO.
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Unit cell analysis

The lattice constants ‘a’ and ‘c’ and hence the bong length and
bond angles are evaluated.

1 4(h*+hk+k? +12
dz "~ 3 a? c?

Where d is the inter-planar spacing, ‘a’ and ‘c’ are lattice
constants and h, k and 1 indicate the miller indices. The true
lattice constants are evaluated using Nelson-Riley function
(NRF) as given in the reference 25. The bond length is

calculated as

1
L= §a2 + (0.5 —u)?c?

Where u is 0.25+{0.33a%/c*}. The bond angles are given as

a= g + arccos [(\/1 +3(c/a)? (0.5 — u)Z)—1]

-1

4
B = 2arcsin 3 +4(c/a)? (0.5 —u)?

The obtained lattice constants, bond length and the bond angles
are highly coincidence with the standard results.
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Table 1 Micro-Structural and Structural Properties
lg/:::lrc(;usrt:lulc,:.l;;?r::: Zny,0Mgo.000 Zn.9sMg.050 Zng.90 Mg 0.100 Zny 35 Mg).1s0
Crystallite size from DS equation (nm) 42.27 12.14 16.35 16.29
Crystallite size from UDM (nm) 54.35 20.95 21.02 20.85
Dislocation density 5597 x 10™ 6.787 x 10" 3.739x 10" 3.764 x 10"
Strain x 107 2.434 6.029 6.004 6.029
T.C 1.684 2.459 1.361 2.459
NRF 4.892 4.920 4.658 4.662
Lattice constant a (A) 3.24 3.02 3.94 3.98
Lattice constant ¢ (A) 6.01 5.60 6.08 5.77
Bond length (A) 2.0847 1.9429 23711 2.3576
Bond angle a(°) 116.19 116.17 106.38 102.92
Bond angle B(°) 101.98 102.00 112.37 115.14
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CONCLUSION

Zn;,Mg,O thin films were prepared by Successive ionic layer
adsorption and reaction method by varying the Mg doping
concentration, such as (Mg=0, 0.05, 0.10 and 0.15).
Crystallite size, strain, texture coefficient, lattice constants,
bond angles are calculated from the X-ray peak profile
analysis. The obtained results may trigger more work in this
field.

References
1. T.H. Fang, S.H. Kang, J. Phys. D: Appl. Phys. 41 (2008)
245303.

2. Anna Og. Dikovska, P.A. Atanasov, A.Ts. Andreev,
B.S. Zafirova, E.I. Karakoleva, T.R. Stoyanchov, 4Appl.
Surf. Sci. 254 (2007) 1087.

3. D.X. Jiang, L. Cao, W. Liu, G. Su, H. Qu, Y.G. Sun,
B.H. Dong, Nanoscale Res. Lett. 4 (2009) 78.

4. J. Liu, H. Xia, D. Xue, L. Lu, J. Am. Chem. Soc. 131
(2009) 12086.

5. C.Yan, D. Xue, Adv. Mater. 20 (2008) 1055.

6. H. Xia, W. Xiao, M.O. Lai, L. Lu, Funct. Mater. Lett. 2
(2009) 13.

7. C.Liu, D.Meng, H.Pang, X.Wu, J.Xie, X.Yu, L.Chan,
X.Liu, J. Mag.Mag.Matter.324, 3356 (2012).

8. W.Li, H.Hao, jMatr.Sci, DOI:10.1007/s10853-011-
6196-y.

9. S.Dhanuskodi, P.Rajeswari,
Nanotechnol.26, 275702, 2015.

10. S.S.Sartiman, N.F.Djaja, R.Saleh, Mat.Sci, Appl, 4, 528,
2013.

11. P.K.Labhane, V.R.Huse, L.B. Patle, A.L. Chaudhari,
G.H. Sonawane, J.Mat.Sci.Che.Engg.3, 39, 2015.

12. JHuang, J. Qi, Z.Li, J.Liu, Nanotechnol.24, 39503,
2013.

P.Sreekanth, R.Philip,

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

for Research

D.K. Hwang, M.C. Jeong, J.M. Myoung, Appl. Surf. Sci.
225 (2004) 217.

H.C. Hsu, C.Y. Wu, HM. Cheng, W.F. Hsieh, 4ppl.
Phys. Lett. 89 (2006) 13101.

T.H. Fang, S.H. Kang, J. Appl. Phys. 105 (2009)
113512.

P.P. Sahay, S. Tewari, R.K. Nath, Cryst. Res. Technol.
42 (2007) 723.

E. Bellingeri, D. Marre, 1. Pallecchi, L. Pellegrino, G.
Canu, A.S. Siri, Thin Solid Films 486 (2005) 186.

C.W. Lin, T.Y. Cheng, L. Chang, J.Y. Juang, Phys. Stat.
Sol. (¢) 1 (2004) 851.

P. Wang, N. Chen, Z. Yin, R. Dai, Y. Bai, Appl. Phys.
Lett. 89 (2006) 202102.

M.K. Jayaraj, Bull. Mater. Sci. 25 (2002) 227.

M. Fahoume, O. Maghfoul, M. Aggour, B. Hartiti, F.
Chraibi, A. Ennaoni, Sol. Energy Mater. Sol. Cells 90
(2006) 1437.

S. Dineshraj, M. Karunakaran, K. Kasirajan,
V.Annalakshmi, S. Maheswari, International Journal
in Applied Science & Engineering
Technology, 5(X1I), 2017 464-469.

G. Srinivasan, J. Kumar, Cryst. Res. Technol. 41 (2006)
893.

K. Yoshino, T. Hata, T. Kakeno, H. Komaki, M. Yoneta,
Y. Akaki, T. Ikari, Phys. Stat. Sol. (¢) 2 (2003) 626.
J.Oliva, L.P.mayen, E.D.Rosa, L. A. diaz-Torres,
A.T.Castro, P.Salas, J.Phys.D:Appl.Phys.47, 015104,
2014.

L.Bruno Chandrasekar, R.Chandramohan, S.
Chandrasekaran, J. Thirumalai and R. Vijayalakshmi,
Adv. Sci. focus 1,292 (2013).

How to cite this article:

Radhi Devi K et al.2018, X-Ray Peak Profile Analysis of Zn1-xMgxO Thin Films By Silar Method. Int J Recent Sci Res. 9(1),
pp- 23606-23609. DOI: http://dx.doi.org/10.24327/ijrsr.2018.0901.1498

skkokosk skokok

23609 |Page



