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Dielectric Properties of AI-Nb Amorphous Mixed Oxides

F. Di Franco,” M. Santamaria,** F. Di Quarto,®** F. La Mantia,? A. L. de 54,°
and C. M. Rangel*
etiocheniva! Mawriad Sclence Lubesadery, DICAM L st i Paldessio, YOI28 Falesie, Taly

P Zenteuns fur Elebtmcheniic, . Analviische Chewie, Rudie-Usiversitas Bochum, 348010 Boclun, German
7 Frel Cells and Hydnegen Unit, 1649-038 Liskoa, Portigad

An impedance study of amorphous thin exide films grown on sputtered ALND alloys s presented. The characterization of the
electronic properties of mixed amorphous oxide on the basis of the theory of amorphous semiconductor Schottky barrier has been
carrred out for anodic film on A 1924 %Nb in a very detatled manner, The semiconductor to insulator transition of formed oxides as
a function of the alley composition at fixed final voltage has been supported by differential admittance study. A possible rationalke for
this transitton has been suggested taking into account the changes of solid state properties. optical bandgap and electronic structure

ofthe fitlms, derived from the tting of the differential admitance curves at different frequencies.
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In order o sausty the requirement of miniatunzalion in modern
linear integrated crreuits. clectronic components are developing 1o
ward smaller volume. For electrolytic capacttors this issue can be
achieved by increasing the specific capactiance. 1. . by increasing the
dielectric constant and the roughness lactor AL Oz 1sawide ban zap.
E,. insulator with an amphotene character. widely emploved as di-
electne in electrolyue capacitors (g ~ 91 Itean be drectly grown on
Al metal by anodizimg. and an easy electrechenucal etching process
attows wncrease the spectlic surtace of thes metal.

NbOs 13 a n-type semueonductor with relatvely Tower bandgap
(E, ~ 330 % 0.1 eV)? and chemically sble i a wide raage ol
pH. A very high. field dependent. dielectric constant (& ~ 53)* iy
reported for htmiu mobia, which mekes this oxide a very appealing
high kK material. even if the possibility to use NbaOs as dicketric 13
mited by 1ts poor blocking chaccter.

n Refs. 37 the use of chenucally prepared Al Oz NmOs com
posite oxides 18 suggested as a viable route ko increase the dickectric
constant with respect & that of pure alunmina. This effect is also ob
served Tor ALNb nuxed oxides grown by anodizing sputter depostied
ALND alloys.® An increase 10 m dielectric constant up o 22 18
reported tor anodic hlms grown on Al-ddat 5% Nb. which was the Nb
richestinvestigated alloy,

I & recent work” we have shown how (0 ss possible o talor
bandgap. HNatband pokntal and behavior (n-type senuconductor or
insulatory of A Nb mixed oxides. prepared by ancdizing sputiering
deposited Al Nb alloys covering all the composition range belween
prre Al and Nh In this work the effect of AVND rauo i determin
ing therr diclectric and electrome properties was studied by means
ol both electeechemical impedance qm'u‘uscnp\ {EIS) and differen
tial admittance (DA) measurements. The dependence of admittance
components for the Nb richest investigated alloy will be discussed
guanutatrvely on the basts ot the amorphous Schotiky barner theory,

Experimental

Al Nb atloys were depostted by magnetron sputienng using an
Atom Tech Ltd system, with targets of aumioum (99.999% ) and aio
bium (99.9%). Sputtering was performed in 5 x 1073 mbar argon
after previous evacuation 1 5 x 1077 mber. The substrates consisted
ol high purity aluminum sheet thal had beea electropolished for 180
sat 20V m a solution of ethanol and perchlonc acd (4: 1 by voly at
283 Ko AL Nband ALND alloys, contarmning 9. 400 35, 66, 81 and
92 al.% mobwom have been obtamed. according to Ruthertord Back
Scattering (RBS)y analysis.®? Anodic films were grown potentiody-
namucally 9V ovss Ag/AgCl (alver/silver chloride: 00198V vy
SHE} on all the investigated allovs at 100 mV s~ 1 0.1 M ammo-
aum hiborate (ABE) (pH ~ 8510 where both ALO; and NbyO5 are
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reported o be thermodynanucally stable according 1o the Pourbax's
diagrams relative 1© Al Ha0 and Nb H,0 at room temperature,

Electrochemical impedance spectroscopy (EIS) data for anodized
alloys were obtained using a Parstat 2263 (PAR), controlled by acom
puter via Ekunxh\mnm PowerSuite software. A three-clectrode
arrangement was used. consssting of the ancdized specimen. a reler-
cnee electeode (stiver/siiver chlondey and @ Pt oet having a very high
specthe arca, immersed 10 0.2 M Nap HPO,. The impedance spectea
were generated by applving a sinusordal segnal of amplitude 10 mV
over the brequency range O 1 Hz— 100 KHz, The resultaat spectra were
analyzed with Zview soltware.

Results and Discussion

In Fig. [ we report the anodizing cunve relating to Al Goat. % Nb.
As typiead of valve metals. after an iitial tncrease the curreat den
sity reaches an almost constant value which remains vachanged up
to the selected Anal formation voltage: it s impontant W stress that
the charge density increases hnearly with the potential duning the an-
uxchzing, while 1 remeans constant dunng the reverse scan. according
o the theory of high tickd growth mechaqism oy valve metals. As
expected lor anodic barrier oxades avery fow current density 1s mea-
sured 11 the reverse scan. due the tormation of a blocking film. From
the overall charge curculaung dunng the anodizing. and by assuming
tor the oxide density and mokecular werght the values obtained by av-
eraging the density, p. and molecular weight. MW, of the pure oxides.
it was possible o roughly estimate the film thickness, as shown
Table [ An AUND rato no the oxXide comncident with that of the
hase alloy was assumed in agreement with previous results reported
in the hterature. based on Ruthertord Back Scattening analysis of the
anodie film composttion™ The estimated values compare well with
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Figure L. Current density and charge density vs potential curves recorded
during the polentiodynamic anodizing of Al-66al%Nb at 10 mV s~ ! in
O M ABE.
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