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ABSTRACT

Cd,_Mn S(CMS) nanowirearrayswerefabricated inanodic aluminum oxide
(AAO) template by direct current (DC) electrochemica method. Theeffect
of temperature and current density on the nanowirein the deposition process
and the effect of different doping Mn concentration on the band gap of the
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nanowires were studied. The optimum deposition temperature and current
density were determined as 120 °C and 2.4mA/cn?, respectively,and the
band gap of the nanowire decreased first and then increased with the

increase of Mn-doped concentration.
© 2014 Trade Sciencelnc. - INDIA

Thell-VI group semiconductor CdSwith doped
by Mnionshasattracted great amount of interestsbe-
cause of their novel propertiesand potential applica
tionsin “Spintronics™¥ such as producing more effi-
cient photo-emitterswith ahighly polarized el ectron
beam, creating spin-memory devices?, spintransis-
torg®, and spinfiltering effect. Dueto the doping of
Mnions, The sp-d exchange interaction between sp
band e ectronsand 3d° e ectronsof Mnatomswill give
riseto agiant Zeeman Effect whichliftsthedegeneracy
of the spin-up and spin-down el ectron states.

During the past decades, GaMnN and CdMnS
nanowireswere successfully synthesi zed by chemical
vapor deposition (CV D) and sol ution phase chemical
synthesi S(SPC) methods®>®. However, thediameter of
these nanowireswas not uniform,which wouldlead to
the spin devicewithirreproduciblefunction”. Recently,
CdS nanowire arrays have been produced in porous
anodic aluminum oxide(AAO) templates by ac elec-

tron depositiont®. But there are many cracksand de-
fectsfor thiskind of nanowires, becausethebarrier of
AAOQO template and the change of aternating current
may |ead to poor crystallization and many defects. In
this paper, the barrier of the AAO template was re-
moved and uniform Cd,_Mn S(CMS) nanowirearrays
werefabricated by direct current e ectrodeposition. The
influence of temperature and current density on depo-
sition progress and the band gaps variation with the
change of concentration of Mnionswasstudied. The
structure and morphology aswell asthe atomic com-
position of the nanowireswere characterized.

The substrate materials of AAO templates were
99.9% a uminum sheetswith thicknessof 0.2mm, which
wereanned ed at 500°C for 5 h. The substrate materi-
asweredegreased ultrasonicaly in acetonefor 10min,
etched in 1M /L NaOH at 60°C for 5 min to remove
the native oxidelayer, and e ectropolished to amirror
finishina3:1 v/v solution of Ethanol (95%)/HCIO4
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(70%) at 18 V and 2°C for 1 min. Then, they were
anodized in 0.3 M oxalic acid agueous solution with
graphite counter el ectrodes. TheAAO templateswere
prepared by atwo-step oxidation processwith anodic
voltageof 40V for 9 h at 2°C. At theend of theanod-
izing process, thevoltage was decreased from40to 8
V by astep of 2VV/minto reduce thethickness of the
barrier before shutting off the power. After the anod-
ization, the remained a uminum wasreplaced by 5%
CuCl, solution, and thealuminabarrier layer wasre-
moved by 1mol/L NaOH solution. As counter elec-
trode, Authin filmwas deposited for the e ectrochemi-
ca deposgition.

CM Snanowiresweredeposited intotheAAO tem-
plateswith DC el ectrochemical method. The e ectro-
chemical depositionwascarried out inaglasscell with
platinum electrode astheanode and theAAO templ ate
asthecathode, by immersingthecdll inanoil bath. The
electrolyte sol utionsdimethyl sulfoxide(DMSO) con-
sisted of CdCl,(0.055moal/L)), MnCl.(0.001-0.005moal/
L), S(0.19mal/L). In order to clarify theeffect of tem-
perature on the deposition process,three sampleswere
prepared at 85°C, 100°C and 120°C with current den-
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Figurel: M orphoogyand microgtructureof CM Snanowi

N

esinAAO template: (a) theporousAAO template, (b) theremoving

sity is2.4mA/cm?respectively. Theeffect of current
dengity onthedeposition processwasa so studied three
samplesweresynthesised with 0.6mA/cm?, 1.0mA/cny
and 2.4mA/cm?a 120°C. After the deposition progress,
theAAO templateswith CM S nanowireswerewashed
with warm DM SO, acetone and distilled water suc-
cess vely, and then subjected to further measurements.

For convenienceof observingthemicroscopic struc-
ture of the nanowire, theAAO templateswith CMS
nanowiresweremounted on asilicon substrate with
conductive adhesive. Next, they wererinsedin 1mol/L
NaOH for 10-20minto removeAAO, and then washed
withdigtilled water severd times. Afterwards, they were
dried naturally in air. Scanning el ectron microscopy
(SEM) observationwas carried out on Hitachi S-4800,
and the conductivity of the CM Swas sufficient enough
so that SEM micrographs could be obtained without
an additiona conductivecoating. Highresolutiontrans-
mission electron microscopy (HTEM) was carried out
on FEI TECNAI G2 200 kV. For TEM imaging, the
nanowire suspens on was centrifuged and washed sev-
eral times, then asmall drop of the colloid was placed
onthecarbon/formvar filmssupported by Cu grids, and

barrier layer AAO templatewith theinset of thebarrier layer, (c) SEM imageof CM Snanowiresexposed by dissolution of the
oxidefilmin1M NaOH and EDSimage (inset), and (d) thebright field imageand HTEM image (inset) of thenanowire
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theexcesswater wasblotted off after 2-5min of partia
sedimentation. The X -ray diffraction analysiswascar-
ried out on D/IMAX-I1I, with the countingtimeof 1.5s
per step and thestep sizeof 0.02°. Thediffraction peaks
of thealuminum substratewereused asaninternd stan-
dard cdlibration, and UV visblereflection spectrumwas
carried out on UV-365.

Figure 1(a) showstheimageof AAO template. It
can be seen that the diameter of the highly organized
nanoporesis 60nm and the distance between poresis
80nm. Figure 1(b) istheback of AAO templatewhose
barrier isremoved, and theinset isthebarrier whichis
insulator, placing restriction on producing nanowiresby
DC method therefore we removed it with 1mol/L
NaOH. Figure 1(c) isthe SEM image of nanowires,
which areuniform and continuouswith length of upto

(a) T=85°C
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5um and. Thus, it can be known that the growth of
nanowires begins at the bottom of the pores and that
the growth rate of thenanowireisabout 1.6nm/s. The
inset of Figure 1(c) presentstheresultsof Energy Dis-
persive Spectrometer, and the atomic composition ra
tioof Sto Cdiscloseto 1:1, which suggestsMnions
aredoped in the nanowire successfully. Figure 1(d) is
thebright fieldimage of ananowire, and the diameter
of the nanowireisabout 60nm, which correspondsto
thediameter of the pores of theAAO membrane. The
inset of Figure1(d) istheHTEM imageof thenanowire,
and it can befound that thereisno cracksand compo-
Stion segregationinthe nanowire.

The X-ray diffraction (XRD) resultsof thesamples
deposited at different temperaturesare shown asFig-
ure2, inwhich h representshexagonal crystal structure

(b) T=100°C
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Figure2: Thex-ray diffraction patter nsof the nanowir eswhich wer edeposited at different temperature. Theinsetsof the
figureare TEM electron diffraction pattern. With theincrease of temper ature, the structur e of the nanowir e changefrom
tetragonal crystal structuretothehexagonal crystal structur e, and thehigher thetemper atureis, thebetter crystallization.
Thebest deposition temperatureis120°C. Fromthe XRD resultswecan know that thenanowiresgrow in AAO alongthe

[002] crystal orientation at 120°C
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and c represents cubic structure. From the XRD pat-
terns, we know that the structure of the nanowireis
cubic structureat 85°C, amixed structure of cubic and
hexagonal a 100°C and hexagona crystd structure at
120°C. Combined withthe TEM image, it can be con-
cluded that the crystal structureisbest whenthetem-
peratureis 120°C, and the nanowires grow inAAO
templated ong the[002] crystal orientation. Therefore,
the appropriate deposition temperatureis 120°C.

In order to clarify the effect of current density on
the deposition process, three sampleswere deposited
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Figure3: X-ray diffraction patter nsof the nanowireswhich
weredeposited at different current density. It isfound that
thereisnothing deposited in thetemplateat current density
is0.6mA/cm?, and when the current density is 1.0mA/cm?,
themain depostion iscadmium. Theappr opriatecurrent den-
sty is2.4mA/cm? All diffraction peaksof thetemplatedepos-
ited isassigned to CdS, Al, and AAO, without any trace of
elemental Cd, S,Mn or other compounds
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with current density of 0.6mA/cm?, 1.0mA/cm? and
2.4mA/cn? at 120°C for 15 min. Figure.3 shows XRD
patterns of the nanowires deposited at different current
dengity. It isfound that thereisnothing depositedinthe
templatewith current density of 0.6mA/cn?, while cad-
mium isdiscovered whenthecurrent density is1.0mA/
cm?. All diffraction pesksof thetemplate deposited with
current density of 2.4mA/cn?can beassignedto CdS,
Al andAAO, without any trace of demental Cd, S,Mn
or other compounds, which confirmsthat the as-de-
posited nanowire corresponds to highly crystaline
wurtzite CdS-typestructure.

Thereflection spectraof UV - visible spectropho-
tometer isshownin Figure4(a), Itisfound the absorp-
tion edge of nanowireswith different Mn concentra-
tions are 451.9nm(0%), 488.2nm(1%),
460.8nm(2.4%) and 452nm(6.3%), respectively. Ac-

cording to the formula(aE,) =K (E, ~E,),

wherea isabsorption coefficient, K isaconstant, Epis
the photonic energy and Eg isthe energy gap of the
sample, we can obtain the value of the band gap of
CMS with different Mn-doped concentrations. As
Fig.4(b) shows, It isfound that there is abowing of
band gap Eg with the small concentration of Mnions.
Thisconsequenceisprobably caused by sp-d exchange
interaction, The energy gap is

E,(x,T) = E,(CdS) + Dx—byT % where, D and b
are aconstant which isrelated to the materials, T is
temperature and y = (C,,x) /(T + ©x) ,C,,(X) is the
Curieconstant and @ ( x ) isthe Curie-Wiesstem-
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Figure4: (a) Reflection spectraof CM Swith different concentration of M nion and (b) theband gap of CM Swith different M n-
doped concentration, theener gy decr easefir s and then incr easewith increasing of concentration of M n.
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perature, both of which can be obtained from the high-
temperaturesusceptibility datafor asamplewithagiven
x vaue. Therefore, thevaue of energy gap of CMSis
tunabl e by changing the M n-doped concentration, the
energy gap of the nanowire decrease when the con-
centration of doping Mnlessthan 1%, and thenincrease
with the concentration morethan 1%.

CONCLUSIONS

In conclusions, CM Snanowiresweredepositedin
AAO by DC dectrochemical method. Theeffects of
temperature and current density on the deposition
progresswere studied, and the appropriate deposition
temperature and deposition current density were de-
termined as 120°C and 2.4mA/cn respectively. At the
optimum temperatureand current density, theuniform
CM S nanowire arrays with length of up to 5um and
diameters of 60 nm could be obtained, and the
nanowiresgrew inAAQO adongthe[002] crystd orien-
tation. By changing the concentration of dopingMnions,
theva ueof energy gap can betunable, and because of
sp-d exchangeinteraction the band gap decreasesfirst
and thenincreaseswith theincreasing of concentration
of Mn-doped concentration.
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