Al aglad) Al e daaly dlaa
GEN AL ol sl n] dsaal) Jad 2025 s 13 232)) 47 daal

Jo dady oUall dyigilly dagaiyll jailadll duulys
bl ddgslay d yiano 09-1-i9% 319 Sl gaaamdi
gsladl

Ol s pualialf el Ale Lo aganl) Juand

P oedda

Cro DUl Lagd Blide (a5 o053l 5 gl (o 42, DU et
e P o e asal Z7Cl, 2558, 2585 ZnCl, Sl a)6lsl 4lasll Jillall
dasds (IM) 3dgas] Zr: 170 4] 2SO Ll daws dal e 53))sSl5 (galad) 2 sl
$ha Gilays die pana) DY) Guali &L gyhal) Al dsyhay 550°C die Al cuwsis)ha
Lbidall 2ulY) st die Jaa g 10000 sshis (700 — 1100) 0 Jladd) e ddlisg
2uSY Z 1) add e JilE dae s Gl A0Sy 25a0 2 1) add dglle G 55077 da)all xie
b 2amy (alids) Spmnall DY) Cyelsl 8000 570007 8yha culays diey casisS)ll
sk o3l Sl el i ¢ s 3l 2 el aad 2Ly il 2SY ey
Gsh 53 a5 )3l sl Helal (900 — 1100) 17 Jlaall 85 . ApnSa 45k Ay (385
Zn0 A1) 2wl A sas g aan Aol AaN cul Glua 25 L Judl Lolal 2l
Jsa— Oymalys ADle o1a3iul; 1000°C 5yhall daya aie Ziald) 485dly Z70, 5

Gan 100007 8yha sy vie Zialaly spanall DU A3 el Calal dul)y s
S el Jlad) dll Gad Cuse (300 — 1100)nm Lasadl JIskY1 Jla
Ey =4.39eV Jaslue ailSy 48 all 5 yiasll

81



geal) A8y g B a2 5 98 )30 9 i3l (g daaS) (pa ABB ) aDEY A guall g 4y guial) ailuadl) Ay
Al

oghaal Jlaall = ol fl) — 4B, D - sl Aalide clals
Study of Structural and Optical Properties of
Zn0/Zr0O2 Thin Films Prepared by Spray
Pyrolysis Method

Faisal Al-Hamoud, Dr. Abla Al-Zoubi, Dr. Nasser Saad Al-Din,
Abstract:

Thin films of zinc oxide (ZnO), zirconium oxide (ZrO2), and their
Composite were prepared using chemical solutions of zinc chloride (ZnCl.)
and zirconium chloride (ZrCls) as starting materials. These films were
deposited on glass and quartz substrates using the spray pyrolysis method.
The deposition was carried out for an initial oxide mixing ratio of 1:1, a
molarity of 1M, and a constant deposition temperature of 5500]. The
prepared films were then annealed at various temperatures within the range
of (700 —1100)[71, with a step of 10017.

When the mixed oxide was prepared at 550(1, most of the diffraction peaks
observed belonged to zinc oxide, with only a few peaks corresponding to
zirconium oxide. At annealing temperatures of 700-800 °C, the prepared
films showed a decrease in the number of zinc oxide diffraction peaks and
an increase in zirconium oxide diffraction peaks. Zirconium oxide exhibited
crystallization with a cubic crystal structure. In the range of (900 —
1100)[1, zirconium oxide showed a phase transformation to a monoclinic
structure.

The lattice constants and unit cell volume were calculated for the primary
oxides, ZnO, ZrO2 and ZnO/ZrO, composite. The grain size of the
ZnO/ZrO, composite annealed at 1000(! was calculated using the
Williamson-Hall relation.

The transmittance spectra of the as-prepared and annealed films at 1000
were studied in the wavelength range of 190-22500 nm. The calculated
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forbidden band gap energy for the prepared composite films was found to
be 4.39¢V.

Keywords: composites - thin films - spray pyrolysis - band gap energy.
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a = 3.246 (4°) c=5.171 (4%
V =47.202 (4°)3

1:1 Ay agaisSlly Bl G ASpal) aSEU Al clal) aaa Glus —4-1-4
1000°C 5 ))a da,a dis dsalally
1000°C )ys sy die a5is€) s sl (e A€ pal) DB Aol lipal) aas Qs
([23] Aaladl aas Al Williamson-Hall Jsa —¢ygualys ale aladiuly

p.CosO = g + £.5in6 9
dexiiall Al 4a5Y) dase Jsa A = 1.78897A47 5 dyyslll sl aas D :of Can
QL) 5 &1y Agsly B 5 Ol )iy cakaell 328l Caidline wie Kl n el B
Bcosh clyail Sl Jiaiall sy @lldy Jlail) sl L (9) Al aadis o) oKa
4sinf N
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i3l (g sl DU B (mylly Int. (%) 32805 20 e IS ad (5) dsadl G

-1000 °C Bl 4as vie a50158) 5

(5) Jdsaad
skl Int. [%] B (® 20 (°)
Zr0, 14.12 0.2952 28.2125
Zro, 9.39 0.2952 28.7858
Zro, 100 0.2952 33.1216
Zno 94.4 0.2952 36.9501
Zno 32.04 0.1968 40.5379
Zro, 21.41 0.2952 41.487
Zno 44.11 0.1968 42.6414
Zr0, 11.52 0.492 45.7114
Zro, 16.21 0.2952 47.9958
Zr0, 11.03 0.2952 52.7454
Zno 10.99 0.2952 56.0817
Zro, 20.35 0.3936 58.1406
Zro, 30.24 0.1968 59.2499
Zro, 16.83 0.2952 63.9036
Zro, 17.07 0.492 65.548
Zr0, 12.56 0.2952 66.3651
Zno 16.05 0.1968 67.1479
Zro, 11.47 0.2952 67.8588
Zro, 17.67 0.492 71.2915
Zno 29.62 0.2952 74.8044
Zro, 12.3 0.2952 78.3495
Zno 10.92 0.3936 82.6079

sl (e A5l DU 4sind ANy Beosh @bl Sl asidd) (9) J<al oy
.1000°C syhall da 0 xie Lokl 1] Ay 258,505 Sl
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Al
0.015
Equation y =a+ b*x
Plot B 1000 °C
Weight No Weighting
7 | Intercept 0.00504
Slope -1.6442E-4
Residual Sum of Squares 3.67353E-5
Pearson's r -0.06619
0.010 — | r-square(cob) 0.00438
Adj. R-Square -0.04303
D
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101 Ay agaisS)3lly il st (e 45al) U 45iN0 NS BCosO cipss (9) Jsid)
.1000°C 5 al) day vie dialally

afisall 1oall Qe (g0 Jai) lial (9) JS8N 8 cillanall i)l slSkaall oaind

Optical Properties dsigall sailadll — 2-4

s3a ol e (@Y1 ol dabial) cilipdaill e 588 lacly Al (ailiadll duy maus

sbanall Jlaall 48Uay Apaliaia¥)y dd sl Lailadll

100



Al aglad) Al e daaly dlaa
GEN AL ol sl n] dsaal) Jad 2025 s 13 232)) 47 daal

L pal) a9 00219, Ml il (o] DY Laliaial )y Agdgdil) — 1- 2- 4
AP PRE IR RSN PPV S5 PRE S PRI I N TP U A ERT g
A G+ slagighs fiSund) Slea aladinly (300 — 2500)nm sl Johall Jlae 4

 wanal) Sl Al 4 el Cada (10)

70
60—-
50 H
40

30 H

T %

20

10 +

-

T T T T T
0 500 1000 1500 2000 2500
A (nm)

- paaal) il suus) aldl 43580 Cigha (10) Jsl)
Y il el s el Jlaall 8 Calas @bl awst ol o1 (10) JSEN (g Jaadls
o) (368 Jlaall 8 daliaial Aila 5S5 Syl Candall (e Jlaall 138 3 Al 4336l
cpanall 0553 ] A3 ol (11) S o

101



geal) A8y g B a2 5 98 )30 9 i3l (g daaS) (pa ABB ) aDEY A guall g 4y guial) ailuadl) Ay
Al

70 A /

60

50

u—"

T%

40 -

30+

20+

10

T T T T T
0 500 1000 1500 2000 2500
A (nm)

- panal) 94158, as] ALl A3l Cida (11) JSi
ea¥l iy ) Jlaall 8 Ale a6 3 T DT Adlas of (11) JSall (e Jaadls
Jlaall 3 dvaliaial ddla ()5S el cahall (e Jlaal) 138 8 Ale 335880 (Y <yl
c il (358
dap vie Aaldly 17n0: 1210, Ay syasall DU bl Cala (12) JS& oy
.1000°C 3)))al

102



Al aglad) Al e daaly dlaa
GEN AL ol sl n] dsaal) Jad 2025 s 13 232)) 47 daal

70

60

T T T T T T
0 500 1000 1500 2000 2500
A(nm)

.1000°C 5l da s sic Lialally 5ydanal) L 4380 bl (12) Jeil
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1
A =log(=) %)
 wanal) Gl s Al gl Jslall ANy dpaliaia ) cilyas (13) JSal) o
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204 m
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