APCVD (ZnO:Cu)

[22] Singh, J., Semiconductor Optoelectronics
Physics and Technology, (McGraw-Hill,
Inc., 1995).

[23] Dekker, A.J,, Solid State
(Prentice Hall, Inc., 1958).

[24] Ali, H.M., Mohamed, H.A., Wakkad,
M.M. and Hasaneen, M.F., Thin Solid
Films, 515.

[25] Al-Sabayleh, M.A., J. Sci. Med., 20(1)
(2008) 17.

[26] Khodair, Z.T., Ph.D. thesis, University of
Baghdad, College of Education-Ibn Al-
Haithem (2011).

Physics

[16] Thangaraju, B. and Kaliannan, B., J.
Cryst. Res.Technol., 35 (2000) 71.

[17] Habubi, N.F., Mishjal, K.H. and Ziad,
T.K., Journal of College Education, Al-
Mustansyriah University, (2002).

[18] Omar, A.M., Elementary Solid State
Physics, (Addison-Wesley Publishing
Company, First Printing, 1975).

[19] Banerjee, A.N., Ghosh, C.K., Das, S. and
Chattopadhyay, K.K., Physica, 370 (2005)
264.

[20] Stenzel, O., The Physics of Thin Film
Optical Spectra, (Springer-Verlag, Berlin,
Heidelberg , Germany Press, 2005).

[21] Islam, M.R. and Podder, J., Cryst. Res.
Technol., 44(3) (2009) 286.

103



Article

ZnO :(3)
(380 nm)
Zn0 2.639
Zn0:Cu (3%) 2.376
Zn0:Cu (5%) 2.368
Zn0:Cu (7%) 2.258
Zn0:Cu(9%) 2.189
.
.
.
APCVD

[9] Ismail, R.A., Al-Naimi, A. and Al-Ani,
A.A., e-J. Surf. Sci. Nanotech., 4 (2006)
636.

[10] Elanchezhiyan, J., Shin, B.C., Lee, W.J.,
Park, S.H. and Kim, S.C., Cryst. Res.
Technol., 44(12) (2009) 1319.

[11] Xiaming, Z., Huizhen, W., Shuangjiang,
W., Yingying, Z., Chunfeng, C., Jianxiao,
S., Zijian, Y., Xiaoyang, D. and Shurong,
D., Journal of Semiconductors, 30(3)
(2009) 1.

[12] Table of Periodic Properties of the
Elements, Sargent-Welch Scientific
Company.

[13] Hlican, S., Caglar, M., Caglar, Y. and
Demirci, B., Journal of Optoelectronics
and Advanced Materials, 10(10) (2008)
2592.

[14] Caglar, Y., Zor, M., Caglar, M. and Ilican,
S., Journal of Optoelectronics and
Advanced Materials, 8(5) (2006) 1867.

[15] Caglar, M., Caglar, Y. and Ilican, S.,
Journal of Optoelectronics and Advanced
Materials, 8(4) (2006) 1410.

102

[1] Adachi, S., Properties of Group -IV,III-V
& II-VI Semiconductors, (John Wiley and
Sons Ltd., 2005).

[2] Sharma, R., Shishodia, P.K., Wakahara, A.
and Mehra, R.M., Material Science-Poland,
27(1) (2009) 225.

[3] Shan, F.K., Shin, B.C., Jang, S.W. and Yu,
Y.S., Journal of the European Society, 24
(2004) 1015.

[4] Oztas, M. and Bedir, M., Thin Solid Films,
516 (2008) 1703.

[5]Yi, G.-C. and Wang, C., Semicond. Sci.
Technol., 20 (2005) S22.

[6] Johnson, S.E. and Owen, J.R., Journal of
Physics, 5(11) (1995) 871.

[7] Kumar, R. and Khare, N., Thin Solid
Films, 516 (2008) 1302.

[8] Jeong, S.H., Park, B.N. and Lee, S.B., J.-
H., Surface and Coatings Technology, 193
(2005) 340.



(5)

Refractive Index

Refractive Index

APCVD (ZnO:Cu)
ko
(n) (R (10)
:[25]
1+\/§
T (11)
(3)
©)
Zn0 pure
2.8
26 3
24
2
T 22
2 2]
B 18
Z 16 4
14 i
1.2
1 i et e
300 400 500 BOD 700 800 800
Wavelength{inm}
Zn0:Cu 3% Zn0:Cu 5%
28 28
26 1 36 3
24 34 7
272 5 22
s
2 7 £ 2]
g
18 ;§ 1.8 1
16 ] £ 18
14 =14
17 1 1.2 3
1 i, - . \ i - ? i 1 i i
300 400 500 GO0 700 800 800 300 400 500 800 F00 800 900
Wavelength (nm) Vilayelength{nm}
Zn0:Cu 7% Zn0:Cu 9%
2.8 28 3
26 26
24 7 24
22 X 227
kol o
2 £ 24
feid e
1.8 Z 187
5 ;
16 3 £ 169
@ e
14 294 ]
1.2 12 3
1 N N N N ;E 9 i i
300 400 500 8O0 700 8O0 90D 300 400 500 BO0 700 800 900
Wavelength (nm) Wavelength (nm)
:9)

101



Article

ZnO pure

0z

e o8 3
B " ™ S
JUSEILIB0.) ORI

U0 Q00

700

400 500

300

Warvelengoth (nm)

Zn0:Cu 5%

Zn0:Cu 3%

g
Lo
b3
roCy
g
P
r oo
oL
L~
e
P
e
e
g
el
I
oL
posr
MG
4 Gt
o
o ] o o] =
o = - = =4
< < L] <
JUBIIIIC BONIUTINT
o
[
[
L
)
o
L
=
e
o
L)
“©y
g
&
L
g
o
=
e
e SaRes MRaase S
. .
! 8 @

©£

- - b

o o o [
JURIIIIIO) UONIUNNG

Waveleneth ()

Wavelenath (n)

Zn0:Cu 9%

Zn0:Cu 7%

0.2 7

v T
™~ w
- <

0.04 ]

©
< o [l
ISR 0. OTNITIX

8O0

600

500
Waveleneth ()

400

0.2

Lol ¢4 o M
= B &

@ @ o =
JUREIELERO.) HOTEMIINT

400 500 800 700 800 900
Wavelenath ()

300

200

700

300

:(8)

100



APCVD (ZnO:Cu)

ZnO pure
0.24
0.2 3
s
" s ]
2 ]
§ 6.12
k]
T 008 ]
R T
0,04
0 ] 3. 3. 3. 3. 1. i 1.
12 15 18 21 24 27 3 33 38
Photon Energy (V)
Zn0:Cu 3% Zn0:Cu 5%
0.24 0.24 1
0.2 4 0.2 .
%
o018 hL
g P
B 2
§ 012 ] Eo12 ]
g g
T s 1 0.08 -
B
0.04 0.04
§ Arerebererbererbererberrr bbb S S S S S—
12015 18 24 24 27 03 33 38 12 15 18 21 24 27 3 33 38
Photon Energy (eV) Photon Energy (eV)
Zn0:Cu 7% Zn0:Cu 9%
024 024 7
0.2 02 7
o~ 016 ~ 018
= g ]
S 012 g 012 ]
g e -
3 0.08 ] = 008 ;
0.04 4 (104 -
[} 1 i L & + i £ G i b i i 3 i i
12 15 18 21 24 27 3 33 386 12 15 18 241 24 27 3 33 38
Photon Energy (eV) Fhoton Energy (V)
:(7)

99



Article

:(2)

E, (eV) E, (eV)
Zn0 3.25 3.20
Zn0:Cu (3%) 3.20 3.12
Zn0:Cu (5%) 3.18 3.10
Zn0:Cu (7%) 3.16 3.08
Zn0:Cu(9%) 3.15 3.03
transmittance
[22,21] N) absorbance
C reflectance
ZVz;;zno—%o ) :[20]
R+T+A4=1 (7
b T R
) 1A
( ) n,
o ®) ™
extinction (hv)
coefficient
[23]
(8)
(7)
(4) ()
4
:[21]
[24,21,20]
A
: : Ky =7 ®
2 T
n =[R2 1) 2R o)
1-R 1-R

98



APCVD (ZnO:Cu)

ZnO pure
4 DE+03
%\ 358403
8 3.0E+03 ]
£
N 258403 ]
L
e
§\ 2.0E+03
3 158403 ]
S
T 0EA03
5.0E+02
0.08+00 i .
141618 2 22242628 313224
Fhoton Energy (V)
Zn0:Cu 3% Zn0O:Cu 5%
4 0E+03 1 0E+03
o 3.5E+03 3 5E+03
o o ]
S 3.08+03 ] 8. 30E+03 ]
§ 256403 § 2sev0s
N
L ;5 oE+03 o 2.0E+03
@ N ]
S 15403 ] 156403 3
S 1.0E+03 ] & 1.0E+03
et I8 3
5 0E+02 " 50E+02
0.0E+N0 5 5 . ; ; s 0.OE+0D 3 4 ; 5 4 : : :
141618 2 222426238 f; 3234 141618 2 22242628 f 3234
Photon Energv (V) Photon Eniergv {e¥)
Zn0O:Cu 7% Zn0O:Cu 9%
4.0E+03 3 4 0E+U3 4
o 35E+03 3 35E+03 7
& 30E+03 D 3.0E+03 3
S 256403 § 25E+03
g— 20E+03 O 2.0E+03 1
3 Loy 7
i:} 15E+03 S, 156403
3 1.0E+03 § 1.0E+08 3
5.0E+02 § 50E+02
0.0E+00 Fomries o : T e :
141618 2 22242628 13 3234 141618 2 22242628 b 3234
Photon Energy (eV) FPhoton Energy (el

:(6)

97



Article

ZnO pure

4.5E+10

i

3.BE+10

i

2.7E+10 ]

1.8E+10

(ahol (eViem ¥

9.2E+09 1

2.0B+08 A
26 27 28 28 3 31 32 33 34

Photon Energy (el

Zn0:Cu 3% Zn0:Cu 5%
4.5E+10 452410
%E\ 3.6E+10 “g 36E+10
S N
= 27E+10 % 27E+10
L Rl
N EN
\ 7 X .
% 188410 ] 2 1ee0
3 3
=~ GIE+09 §.2E+0G
2 0E+08 —— PR ot e M——
26 27 28 29 3 31 312 33 34 26 27 28 28 5 34 82
Photon Energy (eV) FPhoton Energy (eV)
Zn0:Cu 7% Zn0:Cu 9%
4 5E+10 4.58+10 ]
% 3.6E+10 *‘g 368410
) S
S 27E+10 S 278410 ]
3 L
186410 ] S 1BEH10
] )
- g IE09 - T G.2E409 -
2.0E+08 o— Y C— ZUE05 bt ;
2B 27 28 39 3 31 37 A3 34 2B 27 28 249 3 31 37 33 34
Photon Energy (V) Fhoton Energy (e1)

(%)

96



APCVD (ZnO:Cu)

ZnO pure
7 5E+04 1
EN ]
§ 6.0E+04 ;
N ]
= ]
S 4 SE4 A
S :
kel E
(] F
& 3.0E+04 4
& 4
) 4
X ]
Z 15E+04 ]
’5{" .
0.05+00 -
12 15 18 21 24 27 3 33 38
Photon Energy (eV)
Zn0:Cu 3% ZnO:Cu 5%
7.5E+04 5 75E+04
‘%‘a.eem ] 3 608404 ]
<2 N
= 5
2 4 5E004 ] 3
S 45E+04 A 8 455404
§ ' g
~ 1 &
S “ aod
FELTE F B0E+04
R B
Z 1 EE04 ] Z 158404 ]
& ; &
B R S R 0.0E+00 T A TS R S —
12 15 18 21 24 27 3 33 38 12 15 18 21 24 27 4 33 38
FPhoton Energy {el) Photon Energy (€17
Zn0O:Cu 7% Zn0O:Cu 9%
75E D4 7 5E+04
2 1 EN
5 60E+04 ] § 6.0E+04 ]
vt o
B =
g ] B
B 4.58+04 A 3 458404
5 5
S ] 3
5 3O0E+04 5 30E+04
s L3
£, ) =S
E 15E+04 o Z 1 5E+04
= =
BOE+00 Jrrrebrrrrbrrrrererbrerrerrrbrrerd 0.0E+00 Hrerrbrrrrbrrrrbrrreberrrbereebrrerber
12 15 18 21 24 27 3 33 386 12 15 18 21 24 27 3 33 35
Photon Energy (eV) Photon Energv (V)

{0



Article

94

Transmittance (%)

Transnuttance (%)

100
90
a0
70
80
50
40
30
20

100

80

30
- /7

60

50

40

30

Transnuttance (%)

20 o
10

300 400

Zn0:Cu 3%

/

10
300 400 500 80O ToO 800 900
Wavelength (run}
Zn0:Cu 7%
100
an
an
70
50 Bt
//
50
40 /
A0 gj
20 r j
10
300 400 5000 BOOD 700 800 900

Wavelenath (nin)

500 G600

700 800 800

Wavelength (nm)

100
90
a0
70
60
50
40
30
20
10

Transmittance (%)

Zn0:Cu 5%
/’x’
P
7
4
/
!
j
'

300 400 500

100

600 700 800 900

Warvelength ()

Zn0:Cu 9%

80

30

70

80

50
40

30

=

Transmuttance (%)

20

/

10

~J

300 400 500

600 700 800 900

Waveleneth (i)

{R))



APCVD (ZnO:Cu)

(10 cm™)
17]
optical band o
gap
(K =0
:[18]
(ahv)’ = B?(hv - Ey) 5)
(cthv)? (5)
((ohv)*=0)
(Eop)
2
.(3.15eV)  (3.25¢V)
:[19] o
(athv)”® = B* (hv - Ep) (6)
( (xhv)2/3
((ahv)** = 0)
(athv)™ (6)
(Ey)

-(2)

()

a=-In(T)/d

(300-900 nm)

:[16]

(90%)

(4)

(380 — 400 nm)

(4)

(hv < 3eV)
(3-3.2¢V)

[15]

4)

93



Article

92

intensity {arb.Units)

Intensity {arb.Units)

~ Zn0
1648 ]
1488 =)
1328
1168
1008
B48
GER
s28 - =
IGE 5 E
208 I
48 L"‘lrl\-‘w ' s -
22.9 26,9 0.4 4.4 38.4 42.4 46,9 50.4 54,49
28 (deg)
1648] Zn0:Cu
1!1-99&
1328 I
=
1168 =2
1DDB_
Hdﬂ;
G88|
s 28] -
| — -
3592 = E
ZIJB_ a | k
-I'-‘I-H- et e s . T PEPERR—
224 26.4 2D.4 FJ44.4 IB.I E- b . E: T ) 50.4 L .
28 (deg)
:(2)
ZnO (1)
Undoped ZnO | ZnO:Cu at9% | JCPDS for ZnO
002) 002) 002)
20 34.452 34.481 34.422
d(A) 2.6011 2.599 2.6033
d % error 0.084 0.080
a,(A) 3.2470 3.2440 3.2498
¢, (A) 5.2022 5.1980 5.2066
Grain size (nm) 60.44 45.96




(@)

(n

(Cu0O)

[9.7]

(101) (100)
(1)

:[13]

1 4 W+hk+k

73

o

.Miller indices

094
“  Bcos@

Relative percentage error =

(ZnO:Cu)

(26)

2d sinf) Bragg’s Law

(JCPDS file no. 36-1451)

(c)) (ar)
(1

(h,k,1) :

:[13 7] Scherer

)

.FWHM ‘B

:[14]

|ZHZ_ Z| x100 (3)

d  Zu

d Z

p= T
A ’ pmml
-+ X 7ZnO = Protal
X Cu
(Transmittance) (Absorbance)
(300-900nm)
(UV-1650PC)
(0.1 nm) (SHIMADZU)
(Cu ko) (SHIMADZU)
.(1.5406 A)
1
(26)
[8] (Host)
[9]
(9%)
(Polycrystalline)
(101) (002) (100) (Hexagonal)
(002)
[11,10]
(Zn? = 0.74 A) [12]
) (Cu™ = 0.69 A)

91



Article

(Nanorods)
[26,5]
(CVD)
(Zn[CH,COO1,.2H,0) Chemical Spray )
Thermal ) (Pyrolysis
(% 9-3) (1M) 2] (Sputtering) (Evaporation
(Cu(No3),.3H,0) (APCVD)
(Liquid) (APCVD)
[7.6]
(3-9 wt%)
(1)
sample furance quartz tube
Reversible Valve subsirate
Flow meter
Out
Reactor Thermocouple
.APCVD (D
(APCVD)
(Hot Wall)
(3000 A) (2 X 2.5cm)
) 10) (TCE)
(
_mm
A : pd‘l()
(my — my)
.500 °C .1
p Oomo .1.5 L/min 2
.20 min 3

90



103-89 . 2012 2 5

ARTICLE
(ZnO:Cu)
APCVD
Received on: 11/10/2011; Accepted on: 22/4/2012
(% 9-3) Zn0O
(APCVD)
. (500°C)
) (002)
- 3.25) (

(90 %) (ev 3.15

Studying the Structural and Optical Properties of ZnO:Cu Prepared by
APCVD Technique

Mekhaiel Manssor
Physics Department, College of Education, Mosul University, Iraq.

Abstract: Undoped and Cu-doped ZnO at (3-9 wt. %) thin films have been prepared by APCVD
technique on glass substrates at 500°C. The structural and optical properties of these films were
studied. The results of the structural tests showed that these films are of a polycrystalline hexagonal
structure with a preferred orientation in the (002) direction, the optical properties included
transmittance, energy gap, absorption coefficient, reflectance, refractive index and extinction
coefficient, the energy gap values were found to decrease from (3.25 to 3.15 eV) and the average
transmittance was found about (90%) in the visible region.

Keywords: TCO; ZnO; APCVD; Optical properties.

PACS: 60:70
(Oxygen Vacancies)
[3-1] GaN (Hexagonal)

(High Transparency) (Wurtzite)

(3.37¢V)

(Transparent Conducting Oxides)

II-) (60meV) (Exciton)
(n-type) (VI

[4]

Corresponding Author: Mekhaiel Manssor Email: mekhaiel53@yahoo.com



