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Abstract Key words 
     Zinc Oxide (ZnO) thin films of different thickness were prepared 
on ultrasonically cleaned corning glass substrate, by pulsed laser 
deposition technique (PLD) at room temperature. Since most 
application of ZnO thin film are certainly related to its optical 
properties, so the optical properties of ZnO thin film in the 
wavelength range (300-1100) nm were studied, it was observed that 
all ZnO films have high transmittance (˃ 80 %) in the wavelength  
region (400-1100) nm and it  increase as  the film thickness increase, 
using the optical transmittance to calculate  optical energy gap (Eg

opt) 
show that (Eg

opt) of a direct allowed transition and its value nearly 
constant (~ 3.2 eV) for all film thickness (150, 180, 210, and 240) 
nm,  so Zn0 thin films were used as a transparent conducting oxide 
(TCO) in various optoelectronic application such as a window in a 
thin film solar cells. 

ZnO thin films, PLD, 
optical properties.  
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 ةبطريق ةالمحضر )ZnO( اوكسيد الخارصين ةلاغشي ةتاثير السمك على الخواص البصري

 PLD )ترسيب الليزر النبضي (

  ميسر امين سالم محمد

  العراق ،بغداد، بغداد ةجامع ة،الھندس ةكلية، الطاق ةقسم ھندس

  الخلاصة 
حضرت اغشية رقيقة لاوكسيد الخارصين بطريقة الترسيب الليزري النبضي على ارضيات من الزجاج عند      

) لحساب nm)300-1100درجة حرارة الغرفة وقد استخدمت النفاذية البصرية ضمن مدى الاطوال الموجية 
) %80) تمتلك نفاذية عالية (>ZnOاوكسيد الخارصين ( ةبين ان جميع اغشيالخصائص البصرية للاغشية وت

) وتزداد النفاذية مع زيادة السمك، وقد nm)400-1100ضمن الاطوال الموجية المرئية وتحت الحمراء القريبة 
الطاقة ان جميع الاغشية تمتلك فجوة  ) وتبين (Egoptاستخدمت النفاذية البصرية لحساب فجوة الطاقة البصرية

                              لجميع الاسماك المرسبة، ~)3.2eVذات الانتقال المباشر وكانت قيمتھا تقريبا ثابتة (
nm 150, 180, 210, 240)) لذلك تستخدم اغشية اوكسيد الخارصين (ZnO كاغشية شفافة وموصلة (

)TCO الحال في نوافذ الخلايا الشمسية ذات الاغشية الرقيقة.) في مختلف التطبيقات الكھروبصرية كما ھو  
 

Introduction  
Zinc Oxide (ZnO) a (II – IV) 
semiconductor compound is one of the 
transparent conducting material 
(TCO), it has a direct band gap of 
(3.37 eV) at room temperature. That is 
suitable for short wavelength 
optoelectronic application [1–5]. 

Undoped ZnO is usually n- type   
semiconductor, which may be due to 
the presence of nature point defects 
such as oxygen vacancies and 
interstitial Zinc [6, 7]. a polycrystalline 
ZnO thin films attract much interest 
because of their unique optical and 
electrical properties, such as high 
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optical transparency in visible and 
infrared wavelength, high electron 
mobility, high chemical and 
mechanical stability in hydrogen 
plasma, in addition to its low cost and 
nontoxicity  [8, 9]. for those properties 
various applications in electronic and 
optoelectronic device such as a 
window in thin film solar cells 
[antireflection coating and transpiring 
conducting material], transparent 
electrode in liquid crystal display 
(LCD), photodetector, short 
wavelength light emitting diode 
[LED], heat protecting window, 
magnetic memories, and surface 
acoustic wave device, in addition to the 
traditional application of ZnO film 
could be used in integrated optics and 
gas sensors [10–13]. 
The most frequently used ZnO thin 
film growth techniques are pulsed laser 
deposition (PLD), magnetron 
sputtering, metal oxide chemical vapor 
deposition (MOCVD), molecular beam 
epitaxial (MBE), spray pyrolysis , sol- 
gel method etc…., [2, 4, 5]. 
 Pulsed laser deposition technique 
(PLD) was chose for ZnO thin film 
deposition, since it has several 
advantages  compared to the others, the 
composition of the target used and the 
prepared thin films are quite close, 
PLD  film were crystalline at lower 
substrate temperature with respect to 
other physical Vapor deposition (PVD) 
as a result of high kinetic energies of 
the ejected atoms and the ionized 
species in the plasma, so this method 
was used to grow ZnO films on a 
flexible panel display in addition to 
ZnO thin film is an extremely smooth 
surface [13].  
In designing modern optoelectronic 
and optical device, it is very important 
to know film thickness and their 
optical properties such as transmittance 
(T), absorption coefficient (α) and 
refractive index (n) as function of 
wavelength (λ) to Predict the 

photoelectric behavior of the device, 
unfortunately there are great 
discrepancies among various studies 
on the optical properties of ZnO thin 
film, Reliable determination of the 
optical properties of ZnO thin film is 
still Issue [14]. 
Researcher have found that the optical 
properties strongly depend on the 
thickness of ZnO film, In this work 
ZnO thin film of different thickness 
were prepared by pulsed laser 
deposition technique (PLD) on 
ultrasonically cleaned corning glass 
substrate at room temperature and the 
effect of film thickness on their optical 
properties were studied. 
 
Experimental details 
Zinc Oxide (ZnO)  thin films were 
prepared by pulsed laser deposition 
technique (PLD) on an ultrasonically 
cleaned corning glass substrate, Target 
were prepared from pure Zinc oxide 
powder (99,99 %) using cold pressing 
(5 Ton  on 12 mm diameter pellet), the 
substrate. was placed on a rotating 
holder, at a distance of 1.5 cm above 
the target, the target (ZnO pellet)   
were ablated using a-ND–YAG                       
(λ =1064 nm), the fluence of 5 mJ/cm2  
were  kept constant, the ablation were 
carried when the substrate at room 
temperature and an ambient Oxygen 
pressure of 0.02 mbar for a period of 3 
to 6 min at a pulse repetition of 6Hz. 
all the prepared ZnO thin films were 
annealed to 450 C˚ in air for 3hr, to 
increase Oxygen absorption which will 
predically Improve stoichiometry 
through elimination of Oxygen 
vacancies [13]. 
Weighting method were used to 
estimate the amount of ZnO needed to 
prepare given thickness (t), according 
to the following formula [15] 
t=                                              (1) 

 
where  m: is  the mass  of  the  material 



Iraq

 

to b
(targ
p: i
evap
perc
whi
wer
follo

t = 

 
whe
frin
The
thin
usin
spec
 

  
the 
decr
radi
110
to ( 
tran
resu
abso
ener
elec
ban
whi
abso
whi
the 

qi Journal of P

be evaporat
get) to the 
s the densi
porated, 
centage of 
ile the prec
re measure
owing form

  
∆

            

ere x is th
ge shift.  

e transmitta
n films 
ng Shi
ctrophotom

Fig. 1: T

 transmit
rease as the
iation increa

00) nm till th
λ- 380 nm)

nsmittance (
ult due to
orption of 
rgy is su
ctron transi
d to  the
ich will 
orption at t
ile as the f
transmittan

Physics, 2017

e (gm), R: 
substrate d

ity of the m
(gm/cm3) 

 this met
cious thin fi
ed accord

mula using [

                 

e fringe w

ance spectra
were 

imodzu 
meter. 

The transmitt

ttance (T),
e energy of
ase (λ decre
he energy c
)  drastic de
(absorption 
o the incr
f photons 
ufficient to
ition from 

e conductio
be shown
the related 
film thickn

nce (T) in (4

7                      

is the sour
distance (cm
material to b

the err
thod ~ 30%
film thickne
ding to th
16]. 

               (2

width, ∆χ: th

a for all Zn
measur

UV1650P

tance spectra

 In gener
f the Incide
ease) in (40
correspondin
ecrease in th
edge) whi

rease in th
because i

o cause 
the valen

on band [3
n in stron

wavelength
ness increas
400-1100) n

                     

116

rce 
m),   
be 
ror 
%, 
ess 
the 

2) 

the 

nO 
red              
PC 

R
T
fi
2
ra
tr
fi
U
F
of
In
go
th
ra
C
th
tr
 

 

a of for ZnO

ral  
ent 
00-
ng 
he 
ch 

the 
its 
an 

nce 
3], 
ng 
hs, 
se, 
nm 

in
re
(A
to
th
th
ph
an
T
ra
ca
re

A

F

                      

 

Results and 
he optical 
lms of diff
10, and 24
ange (300-1
ransmittance
lms were m

UV1650PC s
ig. 1 shows
f ZnO thin 
n general a
ood optical
heir high 
ange make 

Candidates f
hin film so
ransistor [2]

O thin films o

ncrease slig
esult in a d
A) as shown
o the incre
hickness inc
he grain bo
hoton scatte
n increase in
he absorba

adiation fo
alculated ac
elation [17]

A = log      

ig. 2 shows

      Vol.15, N

discussion 
properties

ferent thickn
40) nm in t

100) nm w
e spectra fo
measured u
spectrophot
s the transm
film of diff
all ZnO th
l transmitta
transmittan
these films

for transpar
olar cells, a
. 

of different t

ghtly, which
decrease in 
n in Fig. 2 t
ease in the
crease, whic
oundaries t
ering decre
n the transm
ance (A) o
or ZnO th
ccording to

                  

the absorba

No.32, PP. 114

n 
s of ZnO 
ness (150, 
the wavele

were studied
or all ZnO 
using Shimo
tometer.  
mittance spe
ferent thickn
hin films s
ance (˃ 80 
nce in vis
s  an exce
rent window
and transpa

thickness. 

ch subseque
the absorp

this may be
e grain size
ch  in turn c
to decrease
ase resultin

mittance [15
of the inci
hin film w
o the follow

                 

ance spectra

4-121 
 

thin 
180, 
ngth 

d, the 
thin 

odzu 

ectra 
ness, 
show 

%), 
sible 
llent 
w in 
arent 

ently 
ption 
e due 
e as 
ause 

e, so 
ng in 
5]. 
ident 
were 
wing 

 (3) 

a for 



Iraq

 

ZnO
the 
as 
abso

  
Fig.
(α) 
cert
the 
shar
380
the 
equ
tran
con
wav
(α) 

Fig.
(K) 
diff
beh

qi Journal of P

O thin film
absorbance
the film t
orption c

Fig. 2: 

. 3 shows th
as a functio

tainly  show
absorbance

rp  absorpt
0 nm) [the 

energy of 
ivalent to

nsition from
duction b

velength the
decrease ve

Fig. 3: T

. 4 shows th
as function

ferent th
avior of t

Physics, 2017

s of differe
e (A) in gene
thickness i

coefficient 

The absorba

he absorptio
on of wave
w the same
e (A), gene
tion at wav
absorption 
the incide

o make 
m the valanc
band [8], 
e absorptio
ery slowly 

The absorptio

he extinctio
n of wavel
ickness, 

the related 

7                      

ent thicknes
eral, decrea
increase, th

(α) we

ance spectra 

on coefficie
elength whic
e behavior 
ral it show

velength (λ
edge], sin

ent photon 
an electro

ce band to th
for long

on coefficie
as the energ

on coefficien

on coefficie
ength (λ) f
the sam
 absorptio

                     

117

ss, 
ase 
he 

ere 

ca
re

α 

 

of for ZnO 

ent 
ch 
of 

w a 
~ 

nce 
is 

on 
he 

ger 
ent 
gy 

of
in
co
(4
th
T
re
el
w
fo

K

 

nt of for ZnO
 

ent 
for 
me    
on 

co
co
th
ag

                     

alculated ac
elation [18]

= 2.303   

thin films of

f the incid
ncrease) 
onfident (α
400-1100)
hickness inc
he extincti

elated to the
lectro. magn

were calcul
ollowing rel

K =          

O thin films o

oefficient(α
oefficient 
hickness inc
greement  w

                     

ccording to

                  

f different th

dent photon
while th
) in the wa
nm decre

crease.    
on coeffici
e exponenti
netic wave 
lated acco
lation [19] 

                  

of different t

α), i. e 
(k) decre

crease, this
with the resu

  Maysar A. S

o the follow

                  

hickness. 

n decree 
he absorp
avelength ra
rease as 

ient (K) w
ial decay of
in the med

ording to 

                  

thickness. 

the extinc
ease as 
s result wa
ult in Ref. (

Salim 
 

wing 

  (4) 

s (λ 
ption 
ange 
film 

which 
f the 
ium, 

the 

 (5) 

ction 
thin 

as in 
1).  



Iraq

 

The
dete
αhγ 
 
whe
pho
coef
dep
allo
gap 

Tab
gap 
for 
for Z

qi Journal of P

Fig. 4: T

e optical en
ermined usin
γ = B[hγ -Eg

ere B: is T
oton energy
fficient, for
endence, w

owed transit
where calc

F
 

ble 1 shows
(Egopt) nea

all thicknes
ZnO thin fi

Physics, 2017

The extinctio

nergy gap 
ng Taue equ

g]
r                

Taue constan
y, α is th
r r = ½ a li

which descri
tion, the op

culated by p

Fig. 5: The v

s that the o
arly constan
ss, so the va
ilms are wit

7                      

on coefficien

[Eg
opt] we

uation [20] 
                (

nt, hγ: is th
he absorptio
inear relatio
ibe the dire
ptical energ

plotting (αhγ

variation of (

optical energ
nt (~ 3.2 eV
alue of [Ego

thin the rang

                     

118

nt of for ZnO
 

ere 
 
6) 

the 
on 
on 
ect 
gy 
γ)2 

ve
st
ph
F
th
th
di
ne
ag

 

(αhɣ) as a fu

gy 
V) 
opt] 
ge 

of
w
ce

 
 

                      

O thin films o

ersus (hγ)
traight Line
hoton energ
ig. 5 show 

hin film of d
hat the optic
irect  transi
early const
greement w

unction of ph

f optimum 
window in p
ells) [10]. 

 

      Vol.15, N

of different t

and ext
e portion o
gy axis (hγ) 
(αhγ)2 versu
different thi
cal energy g
tion  (1-5) a
tant (~ 3.2

with result in

hoton energy

value to 
photovoltaic

No.32, PP. 114

thickness. 

trapolating 
of this plo
(i.e αhγ = 0
us (hγ) for Z
ickness, it s
gap (Egopt). 
and its valu

2eV) this i
n Ref. [21]. 

y. 

be used a
c devices (s

4-121 
 

the 
ot to 
0).  
ZnO 

show 
of a 

ue  is 
is in 

as a 
solar 



Iraq

 

  
The
the 
rays
of t
calc
rela
A +
 
Fig.
Zn0

Fig.
inde
diff
to th
the 
ener

qi Journal of P

Table 1: T

e reflectanc
interferenc

s from the u
the thin film
culated u
ation [15]. 
+ T + R =1  

. 6 shows th
0 thin film o

Fig. 6

. 7 shows 
ex (n) for
ferent thickn
he behavior
refractive i
rgy of t

Physics, 2017

The optical e
Film

ce spectra r
ce between 
upper and l
m, the refl

using the

                  

he reflectan
of different t

6: Reflectan

the variatio
r ZnO th
ness (t) wh
r of the Ref
index (n) in
the incide

7                      

nergy gap (E
m thickness (t

150 

180 

210 

240 

result due 
the reflect

lower surfa
ectance we
 followin

                (7

ce spectra f
thickness, th

ce spectra fo

on Refractiv
hin films 
ich is simil
flectance (R
ncrease as th
nt radiatio

                     

119

Egopt) for Zn
t) nm O

to 
ed 

ace 
ere 
ng      

7) 

for 
he  

 
R
th
de
ra
as
R
ac
re

n 

 

or ZnO thin f
 

ve 
of 
lar 
R), 
the 
on 

in
as
w
th
R

                     

nO thin films
Optical energ
Gap (Eg

opt) e

3.2 

3.205 

3.21 

3.22 

Reflectance
he energy 
ecrease (λ i
ange (400-1
s thin film

Refractive in
ccording 
elation [22].

= [ 
	

 –

films of diff

ncrease (λ d
s the film 

wavelength 
his is in a

Ref. [21]. 

                     

s of different
gy 
ev 

(R) in gene
of incid

ncrease) in 
100) nm, w

m thicknes
ndex (n) w

to the
. 

– K2 ]1/2 - 

ferent thickn

decrease), w
thickness i
range of (4
agreement 

  Maysar A. S

t thickness. 

eral decreas
dent radia
the wavele

while it decr
ss (t) incr
were calcul
e follow

             

nesses. 

while it decr
increase in
400- 1100)
with resul

Salim 
 

se as 
ation 
ngth 

rease 
rease 
lated 
wing          

  (8) 

rease 
n the 
 nm 

lt of        



Iraq

 

 
Con
Zine
diff
240
clea
puls
tech
high
thic
wav
the 
thin
ener
near
incr
ener
with
valu
opto
cell
 
Ref
[1] 
Kh.
Inte
Inno
Man
(201
[2] 
Jour
3, 2

qi Journal of P

Fig. 7

nclusions    
e oxide 

ferent thickn
0) nm were 
aned cornin
sed laser
hnique, all 
h transmitta
ckness (18
velength ran
optical calc

n films  h
rgy gap (E
rly constan
rease, the 
rgy  gap fo
hin  the ra
ue to be u
oelectronic 
s. 

ferences    
M. F. A. A
 Al-Lamy

ernational J
ovation 
nagement 
13) 198-203

E. Y. A
rnal for Pu

25 (2012) 17

Physics, 2017

7: Refractive

(ZnO) thi
ness (150, 
grown on u
ng glass 
r deposit

ZnO thin 
ance (80% 
80-240) n
nge (400-80
culations sh

have a dire
Eg0pt ~3.2 

nt as the fil
value of 

or ZnO  th
ange of th
used as  w

devices  s

Alias, R. M.
y, K. A. 
Journal Ap
in Engin
(1JALEM),
3. 
Abed, Ibn 
ure and App
79-185. 

7                      

e index (n) fo

in films 
180, 210 an
ultrasonical
substrate b

tion (PLD
films sho

-85 %T) f
nm in th
00) nm.  al
how that Zn
ect transitio
eV), it w

lms thickne
the optic

hin films  a
he  optimu
windows  
such as sol

. Aljarrah, H
W. Adem

pplication 
neering 
, 2, 7, Ju

Al-Haitha
plied Scien

                     

120

for ZnO thin 

of 
nd 
lly 
by 
D) 
ow 
for 
the 
lso 
nO 
on 

was 
ess 
cal 
are 
um 

in 
lar 

H. 
m.  
or 
of 

uly 

am 
nce 

[3
C
O
[4
A
m
Jo
25
[5
Z
S
(2
[6
L
B
E
[7
G
R
W
of
54
[8
R
Jo
(2
[9
of
3 

                      

films of diff

3] N. Bo
Chabane Sa
Optics and P
4] K. Lov

Angelov, M
mikli, D.
ournal of P
53 (2010) 1
5] Z. Raza K
ulfequar, M
ciences an
2011) 340-3
6] R. Rom
einen, F. 

Barrado, M
ngineering 

7] T. Yang
G,Z.Xinga,c,
R.Denga, Y
Wanga, T. W

f Alloys an
426-5430. 
8] G.Anil 

Reddy, K. N
ournal of 
2013) 17-23
9] B. Kuma
f Nanomate
(2011) 128

      Vol.15, N

ferent thickn

uchenak K
ari. Americ
hotonics, 1,

vchinov, H
. Sendova- 
Dimova –

Physics, Con
-6. 
Khan, M. S

M. Shahid K
nd Applic
345. 
mero, M.C

Mart In,
Materials 
B, 110 (200

ga, B. Yao
, H. Wan
.R. Suia, L

Wue, D.Z. 
d Compoun

Kumar, M
arasimha R
Physical S

3. 
ar, T. Rao, 
erial and Bi
1-1287. 

No.32, PP. 114

nesses. 

Khelladi, N
can Journa
, 1 (2013) 1

H. Nichev,
 V. ssileva
– Malinov
nference Se

Shoeb Khan
Khan, Mate
ations, 27

C. Lopez, 
, J.R. Ra

Science 
04) 87-93. 
oa, T.T. Zh
nga, H.L.p
L.L Gaoa.H
Shenb, Jou

nds, 509 (2

M.V. Ram
Reddy, Rese
Sciences, 1

Digest Jou
io Structure

4-121 
 

N.E. 
l of 

1-5.  
 O. 

a, V. 
vska, 
eries 

n, M. 
erials 
7, 2 

D. 
amos 

and 

haoa 
pana, 
H.Z. 
urnal 
011) 

mana 
earch 
1, 6 

urnal 
es, 6, 



Iraqi Journal of Physics, 2017                                                                                        Maysar A. Salim 
 

 121

[10] M. Kang.s. Kim, Y. Kim, J. Ryu.  
Journal of the Korean Physical 
Society, 57, 2 (2010) 389-394. 
[11] R. Seshadri, Current Opinion in 
Solid State and Materials Science, 9 
(2005) 1. 
[12]  S. liang, H. sheng, y. Lin, Z. Huo, 
y. Lu, H. shen,  J. Cryst. Growth 225, 
2-4 (2001) 214-220.  
[13] N.F.Sanice, structural, "Electrical 
and optical properties of transparent 
Conducting Si-doped ZnO thin film 
grown by Pulsed laser Deposition" 
MSc. thesis University of Birmingham, 
Great Britain, (2009). 
[14] W. Ming-Dong, Zhu, Dao-yun, 
Liu yi, Zhang. Lin, Zheng  Chang-xI, 
He  Zhen-Hui, chen, Di-Hu, Wen Li—
Shi, J. Phys. Chem. Solids 25, 2  
(2008).   
[15] L. K. Chopra, "Thin Film 
Phenomena", Mc.Graw. Hill Book 
Company (1969).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[16] P. K. Nair, M. T. S., Nair, A.   
Fernandez, M.  Ocampo, J. of Physics, 
D: Appl. Phys., 24, 22, (6), (1991). 
[17] S. Bini, K. Bindu, M. Lakskshmi, 
cs Kartha Kp. Vijayakumar, y. 
Kashiwaba., J .of  Renwable energy 
20, 4 (2000) 405-413.  
[18] S. M. Sze and K. K. Ng,”Physics 
of semiconductor Devices”, 3rd ed., 
John – Wiley and Sons (2007). 
[19] J.Tauc, "Amorphouse and Liquid 
Semiconductor", Plenums Press. New 
York and London, (1974). 
[20] A. Jain, P. Sagar, R. Mehra, J. 
Materials Science – Poland, 25, 1 
(2007) 233-242. 
[21] S. M. AL- Jawad, A.F. AL – 
Shareefi, A.K. Judran , Iraqi Journal of 
applied physics, (2011) 11 -16. 
[22] J. Pankove, "Optical Process in 
Semicondutor", Prentice Hall Inc 
(1975). 


