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Cr,0/Al,05, porous Si decoration with different concentration strongly affects the Si@¥nicrostructure mainly
microstructure, optical and electrical at the level of porosity. Variable angle spectroscopic eliipstry demonstrates a stror
properties correlation between optical constants and k) of Sip/CeO3z/Al.03 and microstructure

properties. Dielectric properties of SipfO&/Al2Os such as electrical conductivity ar
conduction mechanism were explored using impedapeet®scopy over the temperatu
LQWHUYDO UDQJLQJ IURP WR f& $ VHPLFRQC
observed at high frequency.

excellent hardness along with high wear and corrosion
1. Introduction resistancg6]. Alumina chromium catalysts based om th
Cr,04/Al>03 binary system have been known for a long
Metal oxides such as TiKZrO,, SNQ, SiO,, Al,Osand  time and they are widely used in the reaction of dehydro
Cr,O; are very interesting merials applied in different genation of light alkangg-10]. The properties of alumina
high technological fields. These binary oxides are currentighromium catalysts depend on numerous factors: method
being investigated as potential Si€ubstitutes in the next and regne of the support preparation, nature of the
generations of semiconductor devidé$. Among these deposited component, and variety of the phase states and
materials, GiOs thin films ae of high importance for a degree of dispersitjl1-13]. When deposit oBip/Cr.0s3
wide variety of applications. alumina appears to be highly promising material because
They have found potential uses in oglectronic of its high electrical permittivity, a bandgap of about
devices, mainly as radiation filter for solar energy harvest2.98eV [14,15] and its excellent thermal stabilifyL6].
ing [2,3], electrode for electrahromic windows[4], and  There are ampleutes for the synthesis of Lx thin films
lithium batteries[5]. CrOs thin films have demonstrated such as laser ablatiofi7], e-beam evaporatiorj18],
chemical and physical vapour deposition (PMVD),20,
21], and spray pyrolysig?2]. PVD is selected in this work
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regarding too many advantagesich as large production A controlled HP4192A anaber operating in a
area and uniform thickness distribution. Using suitabldrequency range betweenHz and 19viHz was used to
precursors and pesteposition treatments, PVD $iability  analyse the electrical properties of SipbOs/AlOs. An
to have a fine control over a concentration of deposite@lectrical test has been conducted using electrodes
materials and oxygen vacan@s]. Actually, the nature of corfiguration. The electrodes were deposited on both ends
active catalytic centres in the #85/Cr,O3 binary system of the sample wusing silver paste. Electrical
for the reaction of alkane dehydrogenatisnnot well  charactedations were carried out over a large range of
known. The challenge of increasing the catalytic activitytemperaturdoetween 190 f& DQG WKH IUHTXHQF
and decreasing the abrasive properties of the alumina the 5Hz-13 MHz range.
chromium catalysts remains urgent. A detailed investiga
tion of the elecnic structure is necessary in order to solve4. Reslts and interpretation
these problems. Photoluminescence techniques (PL) are
well known for their high sensitivity in comparison to the 4,1 Morphology and structure of Sip/GOs/Al2Os
spectrophotometric investigation methods.

Their selectivity and nodlisruptive action appeart@b 4.1.1  Energy dispersive Xay (EDX) analysis
a promising direction for the investigation of samples with , » )
high chromium content (above 1@%), mainly the opte The film composition has been evaluated using EDX.

electronic properties of the ADJCr,0s system, in Figurel shows the EDX spectrum of the SipfOg/Al .03
particular, C#: Al,O; with chromium content up to thin films and the relative elementary composition. EDX

1.0wt%. Many methods were develapt probe the local analysis confirms the presence of mainly Si, O, Al, and Cr
structures of a nano volume of %Cthat allowed differ N the Sip/CFO/Al.Os samples. The atomic percentage of
entiating phase states of the doped matrix and investigatingj» ©- Cr. and Al is 45.8%, 31.8%, .0%, and 3.2%,
the local electronic structure[24]. Spectroscopic espectively.

ellipsometry (SE)25] is an excellent technique used for g

the analysis of very thin layers. It has been used for th js =
optoelectronic investigation ofSip/Cr.Os/Al,0s. Our : N
samples structure has been modelled as alternately ove s o
lapping layers; each lay&asits own intrinsic properties. £ At 00

The main purpose of this work is to study the influence of
the ALOs; content on Sip/GOs micro-structural and
optoelectronic properties.

2. Experimental details

The porous Si layer has been preplavsing electro
chemical anodkation technique. A current density of
10mA/cn? has been applied to a silicon substrate
immersed in hydrofluoric acid (HF) solution. The obtained
Sip layer was then etched in an acidic mixing solution
(HNOs: 10%, HF:20%, HO,: 70%) followed by rinsing Fig. 1. The EDX analysis of Sip/@Dy/Al ;05
with distilled water and drying under oxygen to produce a
Sip with an ordered pore structure. Using the PVD EDX surface mapping Hg.2) of Sip/CpOas/Al2O3
technique, we respectively deposited on the Sip substrateckearly shows a uniform distribution of all the elements
layer of CrN. The AlOs films were then deposited with throwing the whole surface.
different concentrations: (&6, (b)3.5%, (c)7%, ;

(d) 11%, (e)19%, (f)24% relative to the concentration of 412 SEManalysis
CrN by an RF reactive magnetron sputtering at a deposition Figure3 shows a cross section viefSip/CrO3/Al 203
WHPSHUDWXUH RI f &203 7dbtdined L Jayknd aftér Coating as a function of alumina concentration:
structure was then thermally introducetbian oven under (a)0%, (b)3.5%, (c)7%, (d)11%, (e)19%, (f)24%
R[\JHQ IORZ DW D WHPSHUDWXUH Hédate® theRoncenfr&iod/dRCYNX EVW LW X W H

nitrogen with oxygen and to convert CrN to,O4. In general, the growth of the layers begins with the
incorporation of aluminium cryats in Sip/CsOs pores.
3. Characterizations The material forms small pseudayramids by nucleation

[26,27]. The crosssection view showshe growth of a
The microstructure and elemental composition of thecolumnar layer where the thickness increases with #DsAl
Sip/CrOs/Al,0; sampleswere charactezed using &FE-  concentration.
SEM (model ZEISSJltra Plus) equipped with an EDX
detector and at an accelerating voltage ofk@0 The
crystallographic structures of SipAQrs/Al ;O3 were carried Evolution of XRD spectra of Sip/@Ds/Al.0s samples
out by an Xray diffraction (XRD) technique using a DQQHDOHG DW f BiglAVTIRGpebtid §hdwH G L Q
BrukerD8 advance Xray diffractomete working with  eight diffraction peaks corresponding respectively to
CUK, radiation ( &x. X X C). SIOz [101], A|203 [104], A|203 [311], A|203 [200],
Al;03[115], CrO3[115], CrO3[120], and A}Os3[511]

4.1.3 X-ray diffraction analysis
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Fig. 2. The EDXmapping of &5ip/Cr,04/Al ;05 thin film.

Fig. 3. SEM crosssectional images of Sip/@Dd; coated with
Al,O; at different concentration: (a) 0%, (b) 3.5%, (c) 7%,

(d) 11%, (e) 19%, (f) 24%.

A&
L
6amq
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Fig.4. X-ray diffraction patterns of Sip/€D; coated with
Al,Os at different concentration.

where D is the average crystallite size, is the
wavelength of the Xrays, is the Bragg diffraction angle,
and is the adjusted FWHM. The AD; crystallites size
increases from 2.8m to 6.7nm as the AlOz concentration
increases. The increase in the size of the crystallites was
probably due to a diffusion of aluminium crystals from the
surface towards the interior of the Sip coated withOgr
which improved the crystallinity of the structure of the
films.

4.20pto-electrical characterzation

4.2.1 Opticd analysis

The analysis of ellipsometric spectra requires the use of
an optical model fitting exactly the configuration of the
surface studied.

This will allow us to determine the optical parameters
with good precision. For this purpose, samples were
consdered as a multilayer, consisting of a succession of
layers of different compositions as shownHig. 5. The
compositions of each layer were reported @blel.

Our proposed model is in harmony with De Lattl
[29,30]. Based on the approximation of the effective
medium (EMMA) of Bruggemaii31] it is shown by our
model inFig. 5. It can be noticed that there are five layers
superimposed vertically (layer-layer 5).

planes of cubic Si phase, with a preferential orientatiol
along [101] direction. The integration of aluminium
crystals in the pores of Si coated with@sunder oxygen
flow gives rise to another phase of alumiwhich appears
at different orientations.
To calculate the average size ob®@d crystallites, the
Debye Scherrer equation has been used following the
equation below?28]:

Fig. 5. Ellipsometric model of the multilayer structure
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Table 1
Layer thicknesses and film porosity at differeahcentration oAl ;Os.
Al,O3 Layer 1+2 Layer 3 Layer 4 Layer 5 Porosity (%) RMSE
concentration Al Oz+Cr,0Os; Al O3tCr,0O;  Al;05+Cr,03 Al,03
(%) (nm) (nm) (nm) (nm)
x S S S S 82 0.019
x 82 28 37 13 73 0.028
7% 50 12 22 16 65 0.037
11% 46 13 24 17 55 0.046
19% 200 120 190 90 37 0.073
24% 220 130 160 110 20 0.09

The proposed structure is composed of vacuunof points,P is the number of parameters,refers to the
mixtures, C§Os, Si, and AJOs but each layer has intrinsic measured spectra ardefers to the simulated spectra.
compositions. The optical model is accepted when the After any optimzation, we have obtained a good
unbiased estimatpwhich is the root means squared erroradjustment between the experimental results and theory fit

(RMSE) is under 99432]. (Fig. 6). The curves exhibit an almost close agreement
throughout the spectral range. This methodatan beused
4/5' L to determine the thickness of the studied layer based on the

5 o« aa b 5 6 .. interference between the reflected rays.
Secoens A BP =07 FP=0f0 EK?KQG F?I0 %0 @ In Tablel the layer thickness and the RMSE values
(2 corresponding were recorded. The optical constauish
as the refractive index and the extinction coefficienk)
Determination of the physical parametersand k)  were extracted andvaluated as a function of the 28k
depends on the adequate optical model to fitdhe¥@and  (Fig. 7).
cos¥i H{SHULPHQWDO GDWD 7 KeéloF RQ Vitdréfadive dd&ahié bedd @uRdRo increase with
the multilayer gucture is schemated inFig. 5. Where the ALOs concentration, while the extinction coefficignt
and 0 denote the amplitude ratio amqzhasedifference,  decreases. For example, at 600 the refractive index
respectively, between thepolarization ands-polarization  increases from 2 to 3.5 while the extinction coefficient
components of the polastion state of the incident light, decreases. This behaviour can be attributed to the diffusion
or the secalled ellipsometric parameter.is the number  of cations along the grain boundaries of,@J which

Fig. 6. Experimentally measured (symbols) and fitted (red dots) spectroscopic ellipsometry data eOggwared with
Al,Oz at differentconcentration

Fig. 7. Effect of Al,O; concentration otherefractive indexh andthe extinction coefficienk of Sip/CpOy/Al 05
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creates an opposite flow ofwancies towards the surface Others pay attention to a variation in the radii of the
of the Sip/CsOs layer. The vacancies can condense andsemicircle of each sample.

then, reach the @Ds/Al Oz interface to form cavities under
the grain boundaries of ADs.

4.2.2  Conductivity measurements The grqphs showing the eyolution of the imaginary part
) ) Z" »of the impedane of the Sip/GIO3/Al,O3; sample with
~ The complex impedance diagrams measured on all th@equency at different temperatures are showrim 8.
Sip/Cr203/AI203 samples over a frequency range (100 Hijaximum ofZ" wgives the frequenchax relaxations which

to 13 MHz), and temperature (300 f& DUH VKR goveRed by the Arrhenitjg4-37] law:
the representation of Nyquist '[Z x')] in Fig.8. In

4.2.3 Imaginary part of impedance

practice, it is possible to find several contributions to a Ti a6

dielectric response of an oxid material (grains, grain BosL BAGA.

boundaries, interface, etc.). The semicircles corresponding

to Sip/CeO3/Al.0s show different radii nsimilar to Where Eaz x is the activation energy anfd is the

Debye). This effect is explained by a dipolar systemcharacteristic phonon frequeneyd ks is the Boltzmann
involving multi-relaxation processe®3] and indicating constant.

the semiconductor nature of all the samples. This also The activation energy associated with the relaxation
indicates a change in the resistage@s a function of the processEaz xwas determined from Eg3) by the plotting
deposited alumina concentrations. Variation in the peak Zlog(fmay Vs.reciprocal of temperature. We noteTiable2
intensity confirms the presence of a loapacity thatthe activation energy increases with alumina content to
semiconductor region that we can associate with th@.31eV, with an AbOs; concentration equal to 19% and
response of the @D; grain embedded inlumina, and of decreases theafter.

the vacuum percentage changing from sample to sample.

Fig. 8. Complex impedance spectra of SigQ4/Al ,Os.
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Table 2 during the externaloxide dissociation.One cause of the
Activation energyE, and barrier heightvn of Sip/Cr,05/Al 05 oxide dissociationis the excessof cations createdat the
rain boundaries, subsequently causing them to diffuse
Al0sconc.  Eaz deV) Eaco(&V) W (V) ?hroughthelayer. ConduC(]:tivityyfoIIowsgpowelaw with the
a 191 1.82 1.55 pulsation given by the equation bel@®@]:
b 1.99 1.86 1.65
c 2 1.89 1.68 &L &oEé&gb6a;a
d 2.2 1.93 1.73 . .
where & is the angular frequency, T is the absolute
€ 2:31 2.08 181 temperature, k¢ is the independerftequency conductivity or
f 179 179 164 dc conductivity andkc is the ac conductivity.

The observed variation is explained by the424 Frequency dependence of ac conductivity
incorporation of AlOzin Sip/CrOs, and the decrease in the
vacuum percentagevhich facilitates the ratef jump In order to determine the conduction mechanism of
activated thermally. The decreas&ig- yfor [Al0s] equal ~ dispersionsof Sip/CrOs/Al20s, we have calculated the
to 24% is probably due to the nuat®n of a new surface conductivity valuesof dispersionsover the frequencyrange
layer which AbOs crystals are very far apart which ceasesl1 Hz, 10Hz] and at different temperatureskiy. 10.
the thermally activated jum{B8]. This evolution could Dependenceof the alternative conductivity %
also beattributed to vacancies in deposited alumina and tavith
interface defects due to vacandieshromium occupied by frequency at different temperaturescan be modelled by
oxygen atoms after the surface coating withO3l The -RQVFKHUTV XQLYHUVDO SRZHU ODZ
values of Exz x for Sip/CrO3/AlO3 (Fig.9) show two
domains of activation energy with temperature. €l # ™.

Change in the electrical properties of the prepared thin
film can be explained by the presence of a new oxide A is the constantdependenton temperatures is the

formed in the pores of Si by transfer of the oxygen suppliedhaterial property which can have any value between 0 and 1,
and 1.ictha arrandiictivity

Fig. 9. Angular dependance &ip/CrO4/Al,Os.
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Fig. 10. Angular dependance afconductivity Sip/CrO4/Al,O; thin films.

The evolution oswith temperature is dependent on thetemperature. These results can be explained by the charge
FRQGXFWLRQ PHFKDQ LsVPH [3BKHH W/ ISStpHith Ras been described as a superposition of the
relative reduction in the size of alumina crystals withvarious conduction phenomena.  SipQ#AIOs

frequency and is defined as follows: morphology contains metal l&ds surrounded by
_ amorphous alumingegions. Electronic wave functions are
oLl 4 localized in amorphous regions but delozadl in metallic

xil regions. For the charge transfer, metal conduction takes
place in the metal islands while it is done by jumping in the

However, the frequency exponestraised from the amorphous regions. Inside the metal region, there is-inter

slope ofIn( 1) [Fig.11(a] decreases proportionally with

Fig. 11. (a) Temperature dependendetite exponens and (b)dc conductivity curve for Sip/GDs/Al,Os. The dots
are the experimental points and the solid line is the-sxpstre straight line fit.
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fibrillar and intrafibrillar conduction by hopping loads References
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5L s FD_Q) [2]
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