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Optical and electrical properties of aluminum oxide films deposited
by spray pyrolysis
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The optical and electrical characteristics of spray pyrolysis deposited aluminum oxide films are
reported. The films were deposited from a spraying solution of aluminum acetylacetonate in
N, N-dimethylformamide using an ultrasonic mist generato100) Si substrates. The addition of
water mist during the spraying deposition process resulted in an overall improvement of the films
characteristics. The substrate temperature during deposition was in the 450-650 °C range.
Deposition rates up to 90 A/s were obtained depending on the spraying solution concentration and
substrate temperature with an activation energy of the order of 31 kJ/mol. The optical energy band
gap for these films was 5.63 eV and the refractive index at 630 nm up to 1.66 was measured by
ellipsometry. The electrical characteristics of the films were determined from the capacitance and
current versus voltage measurements of metal-oxide—semicondM@S) structures
incorporating them. A dielectric constant of 7.9, interface states density of the ordertbf 10

X 1/eV cn? as well as breakdown fields higher than 5 MV/cm were determined in this way.
© 1998 American Institute of PhysidsS0003-695(98)03514-1

Aluminum oxide films deposited by a wide range of scribed in detail previously® It consists of an ultrasonic
deposition techniques have been evaluated for their applicaienerator used for mist generation from a spray solution. The
tion as dielectric layers on different types of microelectronicmist is transported through a glass tube to the substrate sur-
devices!? In particular the high chemical stability, high ra- face which is being heated to achieve the pyrolysis reaction.
diation resistance, high thermal conductivity and low perme+or this work, aluminum acetylacetonate dissolved in
ability to alkali impurities that these films present make themN, N-dimethylformamide has been used as a spraying solu-
good candidates for application on metal-oxide—tion. The concentration of this solution was varied from 1 to
semiconducto(MOS) structures as gate oxides among sev-12 gm of aluminum acetylacetonate in 100 ml of dimethyl-
eral other applications such as passivation layers, and dielelermamide. Some of these samples were deposited by adding
tric films in chemical sensors! All these applications a stream of water mist in parallel to the spraying solution.
required films with good homogeneity and low surfaceThe films were deposited amtype silicon wafers of 0.1)-
roughness and good control of thickness for films of thecm and on quartz slides for the optical absorption measure-
order of 1000 A thick or less. Also good dielectric charac-ments to a thickness in the range of 900-1300 A. For the
teristics and density of the films are required for such appli-€lectrical measurements MOS structures were fabricated by
cations. Spray pyrolysis is a deposition technique which igshermally evaporating aluminum contacts with an area of
frequently used for film deposition on applications that re-1.1x 10~ 2 cn¥ on top of the aluminum oxide film deposited
quire large area, low cost processes. However it is not reen the silicon substrates. The silicon substrates were given
garded as a technique with a large degree of control whethe standard RCA cleaning procedure before the deposition
thin films below 1000 A are required. In the present work weprocess. Substrate temperatures in the range of 450—650 °C
report the deposition of thin aluminum oxide films using thewere used during film deposition. Thickness and refractive
spray pyrolysis technique in which excellent control of thick- index were measured with a manual ellipsometer at 630 nm.
ness homogeneity and surface roughness has been achievite optical absorption measurements were performed with a
for films of the order of 1000 A or less. The optical charac-commercial ultraviolet-visible(UV-Vis) spectrophotometer
teristics of these films indicate a dense material with a rein the 190—-900 nm range. Commercial automated equipment
fractive index of 1.66. An activation energiz{) of the order was used for the capacitance and current versus voltage mea-
of 31 kJ/mol was determined from the deposition rates asurements.
different substrate temperatures. These films have good di- The aluminum oxide films were deposited at different
electric characteristics with a dielectric constant of the ordespraying solution concentrations and at different tempera-
of 7.9 and they are able to stand electric fields up to Rures. The activation energy for the deposition procésg (
MV/cm without destructive breakdown. was determined by plotting the deposition rai;) as a

The spray pyrolysis deposition system has been defunction of the reciprocal substrate temperaturel {Lin a
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FIG. 1. Arrhenius plot of the deposition rate. FIG. 3. Refractive index as a function of the spraying solution concentration

for samples deposited with and without an additional stream of water mist.

semilogarithmic scale and fitting a line to the data. Figure 1

shows this type of plot for films deposited with a sprayingPresented the best dielectric characteristics. It is assumed that
solution of 10 gm of aluminum acetylacetonate in 100 ml ofthe role that water plays during the deposition process is to
dimethylformamide. The activation energy in all cases wagollect the residual carbon from the acetylacetonate decom-
in the range of 27-35 kJ/mol. These values are in agreemefPsition process, reducing in this way the total amount of
with previously reported activation energies for aluminumcarbon and water impurities that remain in the oxide film
oxide films deposited by the chemical vapor depositionafter deposition. The optical absorption measurements per-
techniqué’.® Figure 2 shows the square of the optical absorpformed in the UV-Vis range studied were not able to deter-
tion times the photon energy as a function of photon energyhine whether this is the case or not. Further measurements in
From this plot it is possible to determine the optical energythe infrared(IR) region are under way to assess this point.
band gap for these films. In this case the band gap is equal fogure 4 shows the 1 MHz and quasistatic capacitance versus
5.63 eV. It is observed that these films are transparent in theoltage characteristics and the density of the states deter-
whole visible range, and comparable to the best quality filmgnined for these measurements, respectively. The inset shows
obtained by other techniquésThe films were found to be the density of interface states obtained from these data. It is
amorphous by x-ray diffraction measurements in all casesPbserved that the density of the states at midgap is of the
The refractive index as determined by ellipsometry is showrPrder of 1< 1/eV cnt. These density values are compa-
as a function of the concentration of the spray solution infable to a good quality dielectric layer usually required for
Fig. 3 for samples deposited with and without water. It ismany microelectronic applicatio8.The insulating charac-
observed that the higher refractive indexes are obtained fderistics of these films are illustrated by the electrical current
the films in which water was added during the depositiondensity versus voltage characteristic curves shown in Fig. 5
process. These results might indicate that films depositetpr @ MOS structure fabricated with an aluminum oxide film
with water have better density. This is confirmed by the elecdeposited at 550 °C. The current density observed at electric
trical measurements of the films, since the MOS structure§elds below 2 MV/cm is of the order of 18 A/cm? and it is
fabricated with films containing water in the spray solution
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FIG. 4. High frequencyl MHz) and quasistatic capacitance vs gate voltage
FIG. 2. Squared of the optical absorption times the photon as a function ofor a MOS structure incorporating an aluminum oxide film. The inset cor-
photon energy for a film deposited on quartz. The line represents the besesponds to the density interface statBg)( calculated from capacitance—

linear fit to determine the energy gap. voltage C-V) curves(the energyE, is measured from midgap
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num acetylacetonate dissolved MW N-dimethylformamide.

It is observed that the addition of a water mist stream into the
spraying solution mist during the deposition process has a
dramatic effect on the refractive index and on the overall

dielectric characteristics of the deposited aluminum oxide
films. The density of the states for the MOS structures fab-
ricated with the deposited films is of the order of'10

x 1/eV cnf, and the destructive breakdown electric field is

larger than 5 MV/cm.
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FIG. 5. Electrical current density as a function of applied electric field for a

MOS structure similar to the one used for the previous figure.
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