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ABSTRACT KEYWORDS
ZnO codoped with Mg and Cd in various proportions were prepared by Codoping of ZnO with
chemical method and annealed at 600 C. The structural and optical Mg and Cd;

properties of these oxide samples were systematically studied by XRD,
SEM, EDS and PL spectrometer. XRD pattern shows ahexagonal wurtzite

Preparation of nanoparticles
by chemical method;

structure. The size of particle as shown by XRD machine and calculated XRD;

by Scherer’s formula are found in the nano range. The formation of particles SEM;
showed that they were polycrystaline. Due to large ionic and covalent EDS,

radii of Cadmium than those of Zinc a lattice deformation occurs with Photoluminescence
development of strainfield. New phaseswere observed in XRD pattern of emission;

few samples. SEM micrograph show the formation of nanoparticles. EDS
study confirm the codoping of ZnO with Mg and Cd. Optical properties
like photol umi nescence emission showed a blue shift in peak wavelength.
General conductivity and photoconductivity was found high in sample
containing certain proportion of Mg and Cd in comparison with pure ZnO.
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Photoconductivity.

INTRODUCTION voltaic cdl in place of expensive Indium Tin Oxide™.
ZnO nanowireshavea so been investigated asgas sen-

Zinc Oxide hasattracted alot of researchinterest  sorg23. ZnOissuitablefor UV detection by usingits

duetoitsenormouspotentid for gpplicationinavariety
of optoelectronic and € ectronic device. Themain ad-
vantagesof ZnO for optoel ectronic applicationsareits
large exciton binding energy [60 mev], wide band gap
energy of 3.2 ev a room temperature and the exi stence
of well developed bulk and epitaxia growth processes.
ZnO can be prepared by easy and cheap chemical
method. It isnonpoi sonous so can beused widely. ZnO
thin filmsare used astransparent el ectrodesin photo-

photoconduction properties®. ZnO normaly formsin
the hexagona (wurtzite) crystd structurewith a=3.25
Aandc=5.12A. TheZn atomsaretetrahedrally coor-
dinated to four O atomswherethed-electronsof Zn
hybridizewith the p-electronsof O. Layers occupied
by Zinc atomsalternate with layersoccupied by Oxy-
gen atoms. Presence of freee ectronsin undoped ZnO
has been attributed to Zninterstitialsand Oxygen va-
cancies¥. Theintrinsic defect level sthat lead to n-type
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doping lie approximately 0.01 to 0.05 ev below the
conduction band. The photol uminescence study of ZnO
reflect theintrinsic direct bandgap, astrongly bound
exciton state and the gap states dueto point defects™.
Visibleemissionsinviolet blue, green and red orange
rangein case of ZnO are dueto transitions between
self activated centersformed by doubly ionized Zinc
Vacancy and anionizedinterdtitia Zn+, Oxygen vacan-
cies, donor acceptor pair recombination involving an
impurity acceptort.

For the fabrication of optoelectronic devices,
knowledge about the properties of impuritieslikedo-
nors, acceptor and i soel ectronicimpurities, isof essen-
tia interest. Itisknown that isoel ectronictraps can en-
hancetheéefficiency of the radiative recombination of
electronsand holes®.. | soel ectronic propertiesare gen-
erated by substituting ahost atom by an atom from the
same column of the periodic table. The binding mecha
nism can be described as aconsequence of thelattice
deformation dueto atomic sizedifference betweenim-
purity and host atom. Thereplacement of host atomon
cation sitehas been reported in many journas. Prepa-
ration and characterization of dloyslike (Zn-Mg-Cd)O
areimportant for band gap engineering, asp-njunction
gpplicationsand creating anew combinationstoforma
substance of modified optica properties. Electrical con-
duction hasbeen found to increasefor higher concen-
tration of Cdin ZnO®9, Covalent radii of Zn, Mgand
Cd are122, 141 and 144 pm respectively. Similarly
ionic radii of Zn, Mg and Cd are 88, 86 and 109 pm
respectively™. Mg and Cd havinglarger radii cansetin
placeof Znin ZnO lattice structurewith few deforma:
tion. Few work have been done on the doping ZnO
with Cadmium but work on codoping ZnO with Mg
and Cd has not been done. Our effort istofind certain
proportion of dopant like Mg and Cdin ZnO which
will increasethe conductive behavior.

EXPERIMENTAL

The chemical routeissimpleand economical for
preparing high qudity nanomaterid likeZincOxide Zinc
Oxide nano particle can be prepared by treating Zinc
Sulphate or Zinc Nitrate with Sodium Hydroxidein
aqueous solution and then heating thewhite precipitate
[Zinc Hydroxide] at atemperature greater than 100 C.
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All chemicasusedwereof high purity takenfromMerc
IndiaLtd. To prepare pure Zinc Oxide nanomaterial
Zinc Nitrateand Sodium Hydroxideweretakenin sto-
ichiometricratioin agueous solution and stirred for 12
hours. Thewhite precipitate was washed with deion-
ized water 8timesso that only Zinc Hydroxide precipi-
tateremained. It wasthen dried at 100°c for 2 hours.
Dried sampleswereannealed at 600 C for half an hour.
Next for doping with Mgand Cd, their nitrateswere
mixed with Zinc Nitratein theratio such that the num-
ber of atomsof Zn and those of [Mg and Cd] werein
the ratio of 90:10. The amount of Mg and Cd were
varied to obtain samples containing the number of Mg
and Cdin[0,10],[2,8],[4.6],[6,4],[8,2],[10,0] per-
cent ratios. The percentage of Mg and Cd can be ex-
pressed by equationasZn, Mg Cd, , O, wherex =0,
0.02,0.04, 0.06,0.08 and 0.1. Each samplewasdried
and then anneded at 600C. The XRD patternsof these
sampleswere obtained by Rigaku Miniflex 2 X-ray
Diffractometer with Cu Ka x-radiation of wavelength
1.5406 Angstron. Morphol ogical study of onesample
[ZnO-7.3] of thisserieswasdone by SEM at acceler-
ating voltage of 10 kV and magnification of 30k and
70k. Thedetection of presence of doped element and
base d ement wasstudied by EDS. Photoluminescence
spectraof all samples were studied with excitation
wavelengths of 254 nm by help of Fluorescence spec-
trometer [ Perkin EImer LS 55]. The photoconduction
studies was done by pressing ZnO nanopowders on
sdf designedinter digita eectrode (figure 1) and cov-
eringitwithglasscavity andilluminatingit withvisble
light from general 100 W bulb kept at two heightssuch
that theilluminanceat the sampleare 40 Lx, 332 Lx,
and 1640 Lx respectively. The effective areaof cross
section (A) and effectivelength between two dectrodes
(L) for thecaculation of resistivity weretaken as[2.4 x

Light\I/ l l J/
v —
Voltmeter with
power supply
A

Ammeter Inter Digital Electrade

Circuit for photoconductivity measurement

Figurel
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0.15x 7+ 3.6x0.5=4.32cm?] and 0.15 cm respec-
tively by measuring thedimension of e ctrode.

RESULTSAND DISCUSSIONS

The ZnO samplescontaining different proportion
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of Ca and Cd are coded as given below.

n,;Mg,Cd,,O :- ZnO - 7.1, Zn, Mg, ,Cd, O :-
ZnO 7. 2 Zn0 Mg, 04Cdmo ZnO - 7.3,

n,sMg,,Cd,,,0:-Zn0-7.4,7Zn Mg, Cd, O:-
ZnO 7.5, Zn Mg Cd,O:- ZnO 7.6

XRD pdterns(flgureZ) of PureZinc Oxide showed
that formation was polycrystalline. Thedoping of ZnO
with Mg and Cd such that the number of doped atoms
areupto 10% of the number of Zn atomsform the new
substance. They have the same phasesasthat of ZnO
except theformation of few new phasesin samplenum-
ber 7.2, 7.3 and 7.4 representing the presence of Cd
and Mg. Thesizeof nanoparticlewasintherangeof 20
nm to 50 nm. The peakswerefoundinbasically 8 di-
rections [100, 002, 101, 102, 110, 103, 112, 201]
among which prominent peak wasinthirdi.e. [101]
direction. Thedistance between two planesof crystal
and thesize of nanoparticleswerecal culated by Rigaku
software and by Scherrer equation, { D=0.9\/Bcos0}
whereD isthegzeof crysta, A is the wavelength of X-
ray 1.5406 Angstron, B is the full width at half of
maximum[PWHM] and 0 is the angle of diffraction. The
XRD pattern of al samplesZnO pure, ZnO-7.1, ZnO-
7.2, ZnO-7.3, ZnO-7.4, ZnO-7.5 and ZnO-7.6 as

$4800 10 0kV 8. 4mm x30.0k SE(M)

"' 5oonm
SEM micrograph of Zn Mg, ,Cd, O [ZnO-7.3]
Figure3
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found are shown below in order.

SEM micrograph (figure 3) showsthat ZnO pow-
der waswithsmall grain of sizeinnanorange. The SEM
study of samplesweredoneoneyear after itsprepara-
tion so the size of grain wasincreased comparing to
that found by XRD machinewhichwassmaller than 50
nm at thetime of preparation. Thestructureof grain
waslikeflat stones. Thepictureisgiven below.

The atomic percentage of all elementsasstudied
by help of EDS of Zn, Mg, ,,Cd, ,O[ ZnO-7.3] are
asfollows.

(@] Zn
60.2% 37.16%

Cd
2.64%

Atomic percentage

EDS study confirm the presence of doped e ement
Cd in ZnO. The amount of doped elements Cd are
found lessthan the actual amount intended to dopein
ZnO. Thepresence of Mgwasaso not seen. Thismay
be dueto inhomogeneity of sample.

The spectrum (figure4) obtained by EDS study of
Zn, Mg, ,,Cd, ,O[ ZnO-7.3] isgiven below.

S —

Figure4

PL measurement of doped Zinc Oxidewasdoneat
excitation wave ength 254 nm. Thefollowing figure5
represent the PL spectraof doped Zinc Oxide at exci-
tationwavelength of 254 nm a roomtemperature. There
are five sharp peaksin case of pure ZnO and three
peaksin case of doped samplesat room temperature.
Theexcitonemission[in UV range] isfoundin caseof
pure and doped ZnO but peaksare not found. Thefirst

Zn0-C
- | ~2Zn0-8
Current 98 —Zn0-A
inmicro
Am ere‘:“‘l 1 s
P B- 332 Lux
0.2 C- 1640 Lux
|
0 10 20 P.D.inV

Conduction of pure Zn0
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peak in caseof PureZnOisat 414 nmwhilein case of
doped arefrom 413.5-417 nm[Violet range]. The sec-
ond peak isfound in case of pureZnO at 429 nm but
thoseareabsent in doped ZnO. Third pesksarein 481-
483 nm [Bluerange] whilefor pureZnOis491.5nm,
fourth peaksarein 526-528 nm [ Green range] while
for pure ZnO 534.5 nm. Third and fourth peaks are
little blue shifted dueto moree ectrons contributed by
thedopant and fifth peak isonly in case of pureZnO at
616-620 nm[Redrange]. Theradiationinvisblerange
are due to recombination between point defectsand
oxygen vacancies. Theintensitiesof peak arenot in
certain order because the number of defects depend
on the amount of oxygen present in the atmosphere
duringannealing of samples.

360 460 560 660 7
Photoluminescence spectra of ZnNMgCdO [ZnO-7 series]

760 WLIin Nm
Figure5

The study of photoconduction reveal that pureand
doped ZnO are photosensitive. Theamount of current
increasesasthelight intengity falling onthe sample sur-
faceisincreased. Thesampleilluminated withlight in-
tensities40Lx, 332 Lx, and 1640 Lx arecoded asA,
B, and C respectively. Theamount of current isvery
low incaseof pureZnOi.elessthan 0.6 pA. The amount
of currentisenormoudy highin caseof thesampleZnO-
7.1 and inwhich amount of Cdis10% and currentis
not uniformly increasing or decreasing accordingtothe
amount of Cd and Mg changes. The observed resis-
tanceand resstivity of dl samplesaregiveninthetable

Ael0 L - —2n0-7.1¢
; 20000 4B-332 Lux w—7n0-7.1-B
Current C- 1640 Lux —7n0-7 1-A
in 15000 - uelhsin
icro A
miere 2 10000 -
5000 -
g
0 10 20 P.D.inV
Conduction in ZnMgCd0O
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given before conclusion. Theleast resstivity of doped
ZnQOli.e.Zn Mg,Cd, O] wasfoundto be 2.984256
x 102 Q-Cm which is very small in comparison with
that of undoped ZnOJi.e. 976.27118 Q-Cm|. Theleast
resistivity isstill higher than that of doped ZnO found

ness of powder in comparisontothat of film. Thecur-
rent [in wA] verses potential difference [in V] graph at
different light intensitiesare shown below (figure6).
Thedataof particlesize, interplanar distance, av-
erageresistanceand initia rate of decay of current can

by other researcher. Thisisdueto thelesscompact- betabulated asshown below.
Particlesizein Interplanar Average Resistivity .
Sample [101] direction distance [d] resstance(AV/Al)  (p=RAL) " rareot de:f‘g’ of
in (nm) in Angstron inMQ in Q-Cm "
Pure ZnO 26 2.4590 33.898305 976.271184 0
ZnO-7.1 411 2.4704 0.0010362 0.02984256 0
ZnO-7.2 335 2.4694 0.5025125 14.4723600 0
ZnO-7.3 41.4 2.4617 0.1640689 4.72518432 0
ZnO-7.4 29.6 2.4628 0.1250000 3.60000000 0
ZnO-7.5 355 24731 0.5649717 16.2711850 0
ZnO-7.6 37.7 2.4650 0.1226994 3.53374272 0
CONCLUSION REFERENCES
ZnOwasdoped successfully by verysmplechemi-  [1] U.Ozgur, Ya.l.Alivov, C.Liu, A.Teke,

cad method. XRD pattern showsitshigh crystdinity. New
phaseswere obtained in few samples ZnO-7.2, ZnO-
7.3, Zn0O-7.4. The SEM micrograph showstheforma
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with Mgand Cd. Photoconductivestudy reved that dop-
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and that of Cdis10% the conductanceisvery high.As
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