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ABSTRACT

A now eehnigue of growing silicon dioxide film is deseribod. The fifm (s ebtained
Jrom a arganosilane devivative, The filin is evaluated for bond-strain, poresite, et .,
by infrared  spectroscopy,  Pectch, density  and  refractive indey o sedsnrenients.
Though the as-doposited film Tucks desivable propertivs. « very gaod fidme can be
obtained by densification of the deposited  film.
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INTRODUCTION

High temperature (900° C-1200" ) oxidation of silicon can produce
very pure and stable silicon-dioxide films. But high temperature  thermal
oxidation process suffers from the disadvantage of junction movement and
junction degradation [1]; also this process cannot he used for deposition
of silicon dioxide on other substrates.

The films of SiO, have also been produced by decomposition of cthyl.
silanes such ag tetraethoxy silane [2] or oxidation of situne {3} but these tiims
suffer from the disadvantages of high porosity, high etch rates and a high
load of carbon contamination and less stabilily towards moisture.

In this article we will describe a new technigue of growing oxide and
evaluate its physical and chemical properties.

EXPERIMENTAL, PROCEDURE
(a) Oxide Deposition

The oxide film is deposited from a organo-silane compound {(ucyloxy-
silane). The compound is dissolved in a suitable organic solvent (¢.¢., acetone)
and is applied on the wafer which is mounted on a * Spinner . The centyi-
fugal forces distribute the liquid evenly and the excess material is thrown
off at the substrate edges. The compound reacts in the air and produces
Si0, layer almost instantaneously.
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Silicon wafers of »n- and p-types of different resistivities and two types
of crystal orientation ( (100} and (111)) are used as substrates. No
change was found in the deposited film properties (described latter). The
surface finish of the substrates is a very important tactor. On badly pre-
pared surfaces discontinuous films are produced. All descriptions that will
follow are regarding to optical-polish-finished surfuces. The cleaning of
the substrates is also an important factor. If the surface is not properly
degreased no films could be grown. The wafers are clcaned by the method
described in {4].

The thickness of the film is dependent on the spinner speed: with higher
speed the thickness reduces as shown in Fig. 1. In general, uniform thick-
nesses of the film is obtained for spinner speed greater than 3000 rpm. In
the 1000-2000 rpm range, two regions of films are obtained as shown in
Fig. 1 inset. The region A covered almosi all of the wafer but region B,
which is at the edges of {he waferis of higher thickness. The reason of this
is that due to surface tension the liquid film is thicker at the cdges which
gives rise to thicker oxide.

(b) Evaluation

The deposited oxide is cvaluated by infraved spectroscopy, p-cich and
refractive index measurement. Some meachanical properties are also

evaluated.

Infrared spectroseopy.-~The half widths and position of bands near
1090 em.~! and 805 cm. ! in the infrared spectra of SiO, is greatly influenced
by the bonding character, stoichiometry, density and porosity of the films.
All infrared spectra is taken on double beam Carl Zeis instrument. In all
cases, a bare silicon wafer of the same thickness is placed in the reference
beam to eliminate lattice absorption of silicon.

Figute 2shows the spectra of as-deposited film. The main bands are
450 cm™, 805 emr™ and 1070 cmr’.  The weak band at 935 em! is attributed
to silanol group. The film is subjected to densification at 800° C for 15 min
in steam and purified dry nitrogen atmosphere. The spectra are shown in
Fig. 3. The Si-O stretching band shifts to higher {requency and the half-
widths are reduced. By comparing the figures in Table I we conclude that
steam de‘nsi fication is more efficient.  Also the band at 935 em? is removed.
To test the moisture stabilily, the film after densification, is boiled in water
for one hour but there is no significant water pick-up which could be detected
by infrared spectroscopy. C
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Fre, 1. Oxide thickness vs. speed of the spinner. Inset shows two regions of oxide layer
for speeds «<3,000 rpm.

P-etch technique—A very commonly used etchant is P-etch [5] in which
the etch rate is highly dependent upon density, bondstrain and porosity and
the etch rate is a good indication of the film quality.

The P-etch rate of as deposited fllm is very high but can be reduced
drastically by the heat treatments. The various values are given in
Table II from which we conclude the steam densification is the best.

Thickness, Refractive index and density —The as deposited film is porous
and can be densified by heat treatments as described earlier. After the densi-
fication there is a marked change in thickness, refractivg index and density,
The various values are shown in Table III,
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FiG. 2. The LR. spectra of as-deposited film. The bands are at lower frequency and band
widths are maore.
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Fie. 3. The LR. spectra after densification; continuous Yine , densification in steam
for 15min at 8_00“ C. dotted line ...... densification in dry N for 15min at 800°C, The $i-0
stretching has shifted to higher frequency and band widths are less,

Mechanical property.—The oxide film was found to have good mecha-
nical properties. Sharply defined scratch marks can be made without the
formation of any ¢rack. Indentation tests were also carried out on the oxide
film. A sharp diamond point (136° apex angle, square based pyramid)
was pressed against the film and successively weights are added and the point
was viewed through a microscope. The weight for which the film develops
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fracture gives a quantitative measure of mechanical strength. For as—deposited
film, the required weight is 120 gms whereas for stem densified film the
required weight it is 155 gm. In Fig. 4 a photomicrograph of the fracture
is shown.

Fue. 4. Photomicrograph of the fracture which shows hair-like lines, Magnification,
x 400.

Discussion AND  CONCLUSION

A new technique for oxide deposition is described in this paper. The
most altractive aspect of this process is that the film is deposited at tempera-
tures as low as room temperature. The apparatus required for depositing
a uniform layer is also simple.

The properties of the film are evaluated by the combination of different
techniques, e.g., infrared spectroscopy, P-etch rate, refractive index, etc.
From the infra-red spectrum of the as-deposited film Fig. 2 it is concluded
that the film consists only of SiO, because the absorption peaks due to
other oxides of silicon (e.g., SiO and $i,0,) are absent. By comparing the
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infrared spectra of us-deposited film and heat anneakd filos Figo 3 i is
observed that after heat treatments the absorption peaks are shifted o higher
frequencies and bandwidths are reduced. The reason behind this 1~ that
the extent of polymerization in the oxide film is increasing and more covalent
bonds are produced [6]. The fact that the density of annealed tilms are
higher also supports that higher degree of polymerization iy obtained in
heat treated films.

From P-¢ich rate, refractive index and density data it is concluded that
the as-deposited film is porous. Porosity of deposited fibus is @ common
characteristios and the lower the lemerature of deposition, the greater s the
porosity. The etch rate is high because the points for chemical wttuck is
more. This porous nature of the film can be removed by densification (reat-
ments described carlier and the etching properrty iy improved. In some
photolithographic processes, sometimes it may however be, desiruble to have
a layer with high-elch rate [7].

Steam densification is found to be more cfficient thun other processes.
In this process a thin layer of thermal oxide (& 100 Ay is produced. But
this thin layer cannot account for all the improvements us it ¢un be seen
that there is a very little differences between the properties of purified dry
nitrogen densified and steam densified films.

Mechanical properties are helpful in evaluating the adhesion of the film
to the substrate. 1t is found that after heat treatment the adhesions is very
strong so that when scraiches are made there is no peel off along the scratch
edges.
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