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Studies on AC Dielectric Properties of Anodic Oxide Films on Superpurity
Aluminium From Glycol- Borate Electrolyte

R C SAINI·, KULDIP S DHINDSA, R K NIGAMt & R K MITTALt

Department of Chemistry & Biochemistry, Haryana Agricultural University, Hisar 125004

Received 3 November 1982; revised 25 June 1984; accepted 20 September 1984

AC dielectric properties such as resistance, capacitance, loss-tangent, dielectric constant of anodic aluminium oxide films
have been studied. The effects of thickness, ageing period and temperature on these properties have been investigated in
electrolytic capacitors in the frequency region 0.06-10.0 kHz. The hopping dispersion mechanism of charge carriers within the
dielectric is due to two or more types of polarisations under ac current field. Real and imaginary parts of the complex dielectric
constant alongwith ac conductivity have been deduced from the experimental values of capacitance and loss-tangent. The
magnitude of the spreading factor has been presented under the studied conditions.

The applications of high quality dielectric oxide layers
in thin film capacitors, resistors, optical devices etc.
have made the frequency-dependence of dielectric
properties a field of major consideration in the area of
thin· films! -6. Various techniques, viz. plasma
anodization, thermal oxidation, chemical vapour
deposition and anodic polarisation have been
employed for the production of uniform oxide layers
of requisite character3 -7. Different mechanisms-­
indi~idual relaxation processes6 or the narrow
distribution of these processes in conduction
carri¢rs8-have been put forth to explain the ac

diele¢tric properties of the oxide bulk material. But no
syste~atic study has been reported to predict the
behaviour of anodic oxide films on superpurity
aluminium, so far.

Biney6 in his work on thermally evaporated alumina
films showed unambiguously that frequency re­
laxat~on mechanism of charge carriers explains the
observed dielectric behaviour of alumina layers within

the experimental frequency range 0.4-15 kHz. The
statistical distribution of vacancies, defects or traps
withi\1 these layers, alongwith film formation
cond~ions, has a profound effect on the ac dielectric
prop¢rties of highly resistive oxide films. Their
dieleqtric properties depend considerably upon
frequ~ncy below 1.0kHz. The present investigation
has, . therefore, been undertaken to study the
dependence of these properties upon frequency,
temperature, ageing and thick ness of the anodic
aluminium oxide films.

Meth~ds and Materials

Superpurity aluminium specimens of 2 cm2 in area
were prepared by the method described earlier 7. The

tDepartment of Chemistry. Maharshi Dayanand UnIVCrSilJo
Rohtak.
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anodization of the specimens was carried out at
303.15 K using 30"" (wt/wt) solution of ammonium
hydrogen borate in ethylene glycol under constant
current conditions at 1.0 mA/cm2 current density.
Oxide films of different thicknesses, viz. 50, 125, 315,

625 and 1125 A were prepared 7, washed with distilled
water, dried and placed in a desiccator. Capacitance.
loss-factor and resistance of these electrolytic

capacitors were measured as a function offrequency at
a given tc. mperature with an accuracy of ± 0.02 K in an
electrolytic cell immersed in methanol maintained at
constant temperature. An LCR bridge coupled with a
low distortion audio oscillator-LDO II (UNITEC)

was utilized for this purpose. In order to see the ageing
effect on these properties specimens of 750 A thickness
were kept in a desiccator under high vacuum of the
order of 10 h torr for different time intervals (0 to 15

days) and the properties measured, similarly.

Results and Discussion

The plots of capacitance and loss-tangent of
anodized specimens as a function of frequency on log­
log scale are shown in Fig. I. The variation in the
region below and above 1.0 kHz, indicates that the two
properties are proportional to the function f" having
different magnitudes of n for different regions. Each
curve has a separate magnitude of 11. Figure 2 shows
the dependence of resistance of oxide film on
frequency. The resistance decreases sharply in the
lower frequency region and gradually in the higher
frequency region. The presence of minimum and a
maximum in the intermediate region -- which expands
as thick ness increases shows the' dependence of
conduction carriers on the dielectric thickness. For
dielectrics of lower thickness (50, 125, 315· A) the

behaviour is almost similar, which is expected as a
result of some short circuit effects in these films. While

studying the effect of ageing on dielectric,properties of
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Fig. 3-Plots of capacitance (---) and tan (---) versus frequency
for aluminium oxide film of 750A thickness. aged for different time

periods

such capacitors the plots of capacitance and tan 0
versus ageing period for a given frequency are given in
Fig. 3. The effect of temperature on capacitance and
tan (j (log-log scale) is shown in Fig. 4 for some chosen
frequencies. The capacitance and tan 0 are
proportional to Tn where T represent absolute
temperature.
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Fig. I-Plots of log capacitance (0) and log (tan b) (x) versus log
(frequency) for aluminium oxide films of different thicknesses [I. 6

=50: 2. 7= 125: 3. 8=315: 4. 9=625: and 5. 10= 1125 A]
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Fig. 2- Plots of resistance of oxide films of different thicknesses
versus frequency

Fig.4 Plots of log (capacitance) (0) and log (tan (l) (x) versus log (T)
at different frequencies for oxide films of 730 A thickness
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where i: is the permitivity of free space (8.85 x 10 -14
F Icm); Ds and Da are static and high frequency dielectric
const~nts, respectively; r is the characteristic time
constant and t is the response time of the current

carri~rs in the field. This response generates a complex
polarisation, according to which, the complex
dieledtric constant (D*) is given by Eq. (2)

'"o
...•

a. 1.0o

Fig. 5~Plo1S oflog (1:') and log (£") versus log(/) for aluminium oxide
film of 1125A thickness
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for all thicknesses of the films. AC conductivity of such

dielectrics vary with changes in the defects in this
dielectric region.

The effect of ageing on (Jac' £' and £" has been studied
and these parameters are calculated from the data in
Fig. 3. The observed time dependence of C is due to
variation of oxide bulk thickness, in addition to a

change in the dielectric constant to some extent. It is
noticed that both £' and £" decrease at a given

frequency with increase in ageing period at room
temperature for a sample of 750 A thickness. An
increase in the film thickness with ageing can be
explained on the basis of oxygen un trapped in the film
on the electrode, n:sulting in oxidation of metal and
the structural reorganisation thereon. This type of
behaviour may be expected due to the formation of
lower hydroxide, i.e. AIO.(OH)2 together with higher
oxides. Decrease in conductivity, which is pro­
portional to the dielectric loss-factor, also indicates

subsequent film growth on ageing (Fig. 3).
The change in these dielectric properties with

frequency and then temperature dependence have been
calculated from the data in Fig.4. The temperature
dependence exhibits higher dispersion in lower
frequency region as compared to that in higher
frequency region. At high frequency the loss-tangent
and capacitance show relatively less variation, thereby
providing yet another support for the observed
character of the carriers. These studies reveal that there

are two types of dispersion processes of carriers, at
least in these two distinct regions in each film. The
deviation of the plots of £" versus £' for a film of 1125 A
thickness (Fig. 6) from its curvature (convex) also
confirms the presence of more than one relaxation time
as defined by the Debye9 relation. This may be due to
different sets of polarisations in different frequency
regions. The modified form of Debye relation, when

'w

'w

... (3)

... (2)

... (1)

Fo,r real diekctrics there exist two types of
pola~isations (i) an electronic process which has quick

respqnse anti (ii) a process which is associated with the
relea~e of trapped charges whose response spreads
over ia finite time, with the applied field. The flow of
curre\nt as a slow polarisation effect, in case of unit
field !is defined by response function ct. as shown in
Eq.(O,

'() f;o( Ds - Da) , )ct.l t ~ -.' .exp-(t/rr

In Eq. (3) w = 2 nl where 1 is an applied frequency.
Dielectric parameters for oxide films of different

thicknesses at 298.15 K are calculated from the data

giveniin Fig. 1. The real and imaginary parts of the
compliex dielectric constant decrease with rise in

frequency. At high frequencies (:::::10kHz) the
magnttude of [;' for aluminium oxide films varies from
8.4 t09.8. The plots of [;' and D" versus frequency for a
fresh film of 1125 A thickness, shown in Fig. 5, indicate
two di~persion regions in the given dielectric film, one
above and the other below 1.0 kHz. The real dielectric

const~nt at higher frequencies approaches to a bulk­
like n~agnitude of aluminium oxide films, similar to
that reported in literature6•8. Similar plots are
obtained for a sample of given thickness when aged for
different time periods, at different temperatures over
the studied frequency range. The decrease of D' with
increa$ing frequency may be attributed to the fact that
anodized samples possess vacancies and defects or
traps which increase with the increasing thickness of
the dielectric 7. The abnormal decrease in i;" may be due
to the, presence of such layers which have high
dielectric constants near oxide/electrolyte interface,

In Eq. (2) £'( = CICo) is a real part of the complex
dieleC!l:ric constant in which C and Co are the
capacitance and geometrical capacitance of the
dielectric medium, respectively. Co can further be
defin~d as C= DoAId. A and d are the area and

thickI)ess of the dielectric film respectively. The
imagipary part of e* can be shown as e" = e' tan c5 in
whicil tan c5 is the dielectric loss-factor. Besides these

two p~rameters, viz. D' and D" of the dielectric medium,
the electrical conductivity has also been derived using
the E¢!.(3)
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material has a spread of relaxation times, is given by
Cole and Cole1o in the form of Eq.(4)

Fig.6-Plot of imaginary dielectric constant versus real dielectric
constant at different frequencies for 1125A thick aluminium oxide

film

£'-£0
, ." - e + .)1 k£ -1£ - "0 l-(lwr .. .(4)

In Eq.(4) r is the mean relaxation time and k(fractional

number) is a spreading factor 01 the actual relaxation
times above the mean value of r. The magnitude of k
has been worked out by extrapolating the curvature to
the £'-axis and finally measuring O-theangle between
the radius and the £'-axis (in radians). The values of k

thus obtained for samples of different thicknesses and
under different conditions are given in Table 1. The
spreading factor k increases with increase in ageing
period, oxide thickness and decrease in temperature.
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Table I-Values of Spreading Parameter (k) for Films of

Different Thicknesses at Different Ageing Periods andTemperatures
Thickness (A)

501253156251125
k

0.1590.2530.4410.5330.712

Ageing period

025815

(days) k
0.5330.5670.5780.5830.595

Temp(K)

246.0259.7274.4288.4302.8
k

0.6330.6220.600. 0.5670.533
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solution was kept at 25 ml; the corresponding volume
for silica gel was 50 m!.

0.112

0.451
0.456
0.430
0.433
0.456
0.454
0.414
0.375

Rate
constants

(k,min-I)

.-'7'""-

20 30 GO

MINUTES

Adsorbent: Silica gel
3.0 3.197 x 10- 3

3.75 3.888
2.5 2.880 x 10- 3

lO 3.376
3.0 2.793 x 10-3

3.5 3.124
3.0 1.732x 10- 3

4.0 2.588

Adsorbent: Graphite
1.0 2.405 x 10- 4

10

Table 1 ~Adsorption of Dyes on Silica Gel and Graphite
[Temperature 30 ±0.1CC]

Initial Amount adsorbed
Cone. (gjg adsorbent)

(M) x 105 at equilibrium

Rhodamine B

Methylene blue

Malachite green

Methylene blue

Crystal violet

Adsorbate

Fig. 2- Variation of adsorption of dyes with time on graphite at
30°C.
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Fig. I-Variation of adsorption of dyes with time on silica gel at
30°C.

Results and Discussion

Figs 1 and 2 indicate that adsorption is fast during
initial stages, and appreciable fraction of the total
uptake is completed within a short interval of time (




