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ABSTRACT

The present paper is based on the study of polycrystalline ZnO:Co thin
films deposited on glass substrates by pulsed laser deposition (PLD)
technique using pulsed Nd-YAG laser with wavel ength (A=532 nm),duration
(7ns) and energy flounce (1.4 Jcm?) with different doping percentage (1
wt.%, 3 wt.% and 5 wt.%). The X-Ray diffraction patterns of the films
showed that the ZnO films and ZnO:Co films exhibit hexagonal wurtzite
crystal structure and high crystalline quality. Through the electrical
properties: the dc electrical conductivity at atemperature range (27-300) °C
for ZnO:Co filmswere studied to confirm that these filmshave two activation
energies. Hall effect is studied to estimate the type of carriers, from the
result we deduced that the ZnO:Co thin films are n-type. Seebeck
measurements are used to obtain the thermoel ectric power as a function of
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INTRODUCTION

Zinc oxide (ZnO) isan n-type semiconductor of
wurtzite structure, with adirect band gap of about 3.37
eV at room temperature?. Itisaquiteimportant ox-
idewhich exhibits near ultraviolet emission and trans-
parent conductivity. ZnOispiezod ectric duetoitsnon-
centrd symmetry, aproperty that makesit amajor can-
didatefor building € ectromechanica coupled sensors
and transducers?¥. ZnOisdso oneof themost widely
applied oxidegas sensing material g%, Various deposi-
tion techniqueshave been deve oped for depositing ZnO
thinfilms, including chemical vapor deposition, radio
frequency sputtering, magnetron sputtering, sol—gel, ion-
beam-assi sted molecul ar-beam epitaxy and pulsed la

ser deposition (PLD)®. Amongst them, the pulsed |a-
ser depositiontechniqueisinteresting becauseit offers
an easy way to add other elementsfor alloying or for
doping purposes. Animportant point isthat PLD gives
the advantage of carrying out thegrowth inahigh-O
partial pressurefor better control of possible oxygen
deficiency!®. Inthisstudy we prepared Co-doped ZnO
thinfilmsdeposited by PLD on glasssubstratesat 400
°C temperature. Wead soinvestigate theinfluence of la-
ser (1.4) Jem?applied during the deposition process
onthestructural and eectrica propertiesof thefilms.

EXPERIMENTAL PROCEDURE

ZnO:Cothinfilmswere synthesized by pulsed | aser
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deposition system using asecond harmonic Nd: YAG
laser. Thinfilmswere grown inavacuum chamber with
background pressure of ~1x103mbar. The Nd:YAG
laser was operated at the wavelength of (A=533 nm)
withtherepetition rate of (10Hz) and pul seduration of
(7ns). Thetarget to substrate distancewas (3cm).

X-ray diffraction measurement hasbeen doneand
compared withtheASTM (American Society for Test-
ing and Materials) cards, using Philips PW 1840 X -
ray diffracotmeter of A = 1.54 A from Cu-Ko. The
resstivity isconventiondly ca culated fromthemessured
electrica resstance. Theactivation energy iscaculated
from measuring the conductivity asafunction of tem-
perature using acryostat. Thetemperaturewas main-
tained by (MANFREDI L7C). Thebiasvoltagewas
supplied by (FARNELL E 350) power supply. (Kithley-
616 Digital Electrometer) was used to measure the
current.

RESULTSAND DISCUSSION

Figure 1 showsthe XRD patternsof ZnO:Cofilms.
It can be seen that the structure of al thefilmsare hex-
agond with astrong preferred orientation along (100)
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plane.

No diffraction peaksof Co or other impurity phases
arefound inthese samples. Theangleof the dominant
peak corresponding to (100) planeisat 26=31.7 for
the undoped ZnO sampleand it increased asthe con-
centration of Co content increased”.

Theconductivity of ZnO:Cofilmsdecreased asthe
valueof 1/T increasesat higher temperature (T > 27
°C), suggesting a thermally activated conduction in this
temperature range. Theconductivity for undoped was
about 1.587(€2,cm)* asthe Co content increase (1wt.%
and 3wt.%) but the conductivity decrease to 1.052
(Q.cm)?* of Co (5wt.%),these data were shown in
TABLE 1189,

Figures2 showsthedectrical activation energy of
ZnO:Co filmswhich were calculated from Inc versus
(1000/T) plotsfor different Co-doping concentrations.
Their valuesweretabulated in TABLE 2, it could be
seen that the values of conductivity haveincreased up
to 3 wt% then it becometo decrease. The activation
energy dependson the donor carrier concentration and
theimpurity energy levels. Anincreasein donor carrier
concentration bringsthe Fermi level upintheenergy
gap and resultsin adecrease of activation energy val-
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Figures1: XRD spectrum of ZnO pureand cobalt-doped ZnO thin filmsdeposited on glasssubstr ate.
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TABLE 1: Electrical propertiesof ZnO thin filmsprepared at different Co dopant concentrations.

sample Q.cm 6 (Q.cm)tat RT R N (cm)> cm?/v.8
p p H n
ZnO-pure 0.630 1.587 48.8 1.28 x10 77.13
Zn0:Co (1%) 0.351 2.845 17 3.6 x10" 48.36
Zn0O:Co (3%) 0.366 2.731 0.13 4.56 x10™ 0.374
Zn0O:Co (5%) 0.949 1.052 36 1.7 x10" 37.87
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Figure 2 : Lno versus 1000/T for pure ZnO and ZnO:Co films at different doping concentrations and

temperatures.

TABLE 2: Activation energy of ZnO thin filmsprepared at
different Codopant concentrations.

sample Ea; (eV) Ea,(eV)
ZnO-pure 0.28 0.034
Zn0O:Co (1%) 0.38 0.037
Zn0:Co (3%) 0.43 0.043
Zn0:Co (5%) 0.22 0.03

uesd,

Theresultsobtained from Hall effect show that the
pureZnO and ZnO:Cofilmsweren-type, whicharein
good agreement with the previouswork™3, Hd | volt-
age values decrease when the current increases, as
showninFigures3.

It was noticed that thefield applied at thefilm ends
hasaproportional relationshipwith Hall voltage. The

vauesof Hall coefficient R, at different concentrations
of Coaregivenin TABLE 1, thevariationsof N and
mobility u,, with Co concentrationinZnO: Cofilmsare
showninTABLE 1. ItisseenfromthisTABLE that the
carrier concentration (N) increasewithincreasing Co
concentration. Maximum valuesof N (4.56 x 10®° cmr
%) areobtained for 3wt.% of Co, but the (N) decreases
whenincreasing the doping to Swt.%. Themohility p,,
of theZnO: Co filmsdecreaseswith increasing dopant
concentration asin TABLE 1, and reachesaminimum
around Co 3wt.% withavalueof 0.374 cm?V1S?,
The measurement of thermoel ectrical power asa
function of temperature, isone of the most important
characteristics of €l ectronics, Seebeck coefficients(S)
of undoped ZnO and doping filmsfor cobalt are shown

Au Tudian Yourual



MSAIJ, 10(10), 2014 Nadir F.Habubi et al. 441

= Fyl] Paper

0 0
1 ZnO-pure Zn0:Co (1%)
] -50 A
-300 ]
] -100
= -600] = e ]
E 1 % -150 ]
3 _900_: < 200 —
250
-1200 ]
] -300 §
1500 F—— . ———— . . . T INN— e —
0 500 1000 1500 2000 2500 0 200 400 600 800 1000 1200 1400 1600 1800
Current (nA) Current (nA)
-64.5 - 05
Zn0:Co (3%) 2100 3 - Zn0:Co (5%)
531 200
65.5 1 ’3°°§
s ~ -400 E
£ 66 £ 5003
e i I 3
> 1 = 600 E
-66.5 ] 700 é
67 -800 g
] -900 3
67.5 F—r : e 41000 3—————— ————————
0 200 400 600 800 1000 1200 1400 1600 1800 0 500 1000 1500 2000 2500
Current (nA) Current (nA)

Figure3: Relation between Hall voltage(V ) and thecurrent (1) of ZnO thinfilmsprepar ed at different Codopant concentrations

0 45
1 ZnO - pure ~ 2] Zn0:Co (1%)
o I A2
¥ 27 > 0] A
> ] &
Ef E o 2:
T 4] x 7
i § 41
E ] o 1
17} ] £ 61
8 6] 8
5 ] MRS
o - 8 105
& 81 273
] ® 12
'10— L ! L T ¥ Ll Ll ' T ' Ll Ll L T v v Ll L T o, T L) T T N . Ll Ll ‘14: L) N . N T Ll Ll Ll T T T L) T L) T L] Ll Ll Ll T L T L T T T L Ll
1 15 2 25 3 35 4 1 15 2 25 3 35 4
0 = 0 =
] 1000/T (K ] 1000T (K
_ ] zn0:co (3%) (K _ 1 zno:co5%) () ‘4
P & .50
& 20 4 L
(=] - =4 T
2 ] 2 100
E ] -
G 40 - G 150
5 8 1507
5 ] 5
4 (] :
o © 2003
E.so- E ]
° ] g 250 4
& ] ) 1z
1 4

Figure4: The Seebeck coefficients of ZnO thin filmsprepared at different Co dopant concentrations asa function of
temperature
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inFigures4. The Seebeck coefficientsvauesof al the
samplesarenegativewithinthewholetemperaturerange
examined, indicating n-type conduction. Seebeck co-
efficient of undoped ZnO haslargeand negativevaues
of (-0.02to0-8) mV K™ from room temperatureup to
100°C, on the other hand, ZnO:Co films give smaller
but still moderate S va ues, withagenerd trendinwhich
theabsoluteva ueincreasesgradudly a roomtempera-
tureupto 100°C8. Thecal culated val ues of E_(Seebeck)
aretabulatedin TABLE 3for pure ZnO and ZnO:Co
films. We have ca culated the Seebeck energy (E),

TABLE 3: Seebeck effect of ZnO thin films prepared at
different Codopant concentrations.

. E
Carrier E s Ea -
Sample 3l (Seebeck) al
type (eV) (mev) ESeeb(eV)

ZnO-pure n 0.28 0.26 0.2797
Zn0:Co(1%) n 0.38 0.47 0.3795
Zn0:Co

(3%) n 0.43 2.05 0.4279
Zn0:Co

(5%) n 0.22 8.12 0.2118

which isfound undoped ZnO around 0.26 meV in-
creaseswithincreasing Co concentration.

Maximum va uesare obtained for 5Swt.% of Coand
were around 8.12 meV, Seebeck effect based on the
ideathat different temperaturesgenerate different car-
rier densitiesand theresulting diffus on causesthether-
mal emf, so any changein carrier concentration can
cause significantly different transport behaviorsand
Seebeck coefficient.

CONCLUSIONS

ZnO:Cothinfilmsweredeposited onaglass sub-
strate by pulsed |aser deposition at atemperature of
400°C and at 10 mbar oxygen background gas. The
structural and electrical propertiesarefound to be de-
pendent on thelaser fluence. Thecrysta structure of
thefilmsishexagona wurtzite. All thefilmsare poly-
crystallineand (100) oriented. By studying the el ectri-
ca properties, dc dectrical conductivity at atempera-
turerange (27-300) °C for pure and different doping
(1 wt.%, 3wt.% and 5 wt.%), werealized that these
filmshavetwo activation energies. Hal effectisstudied
to estimatethetype of carriers, from theresult wede-

duced that the pure ZnO and the doped ZnO:Cofilms
aren-type. Theca culated va ues of Es(Seebeck) pure
ZnO and ZnO:Co filmsrearound 0.26 eV whileits
valueincreased to 8.12 for Co 5wt% doped ZnO
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