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ABSTRACT

Silicon monoxide, Si0, is volatile at temperatures
above 1100°C and can be readily vacuum deposited to form
amorphous films with small grain size, high dielectric
strength and good adhesion to glass. The films are not
hygroscoplc, are chemicaliy stable at low oxygen pressures

and temperatures below 200°c, and show good abrasion

resistance. It has therefore gained wide acceptance as a
thin film material for such diverse applications as:
electrically insulating layefs, capacitor dieleccrics,
optical films, protective overcoats for front surface mivrors
and microcircuits, intermediate layers to increase the -
adhesion of other materials, and buffer layers to reduce
chemical interactions between other materials. The detgiled
‘cptical and electrical properties of silicon monoxide films
_depcnd strongly on the rate of evaporation of the material,

- type of source used and residual atmosphere in the vacuuﬁ
chamber. With a reasonable amount of care, however,
reproducible films of highly desirable characteristics

can be obtained.




INTRODUCTION

Of all the simple chemical compounds such as sodium
fluoride, lithium fluoride, boron oxide, cryolite, zinc
sulphide, bismuth oxide and magnesium fluoride, that have
been studied by the authors and other Workers in the thin

film field, silicon monoxide has the most suitable physical-

properties for a wide variety of uses. Good films of this

material are readily prepared in wacuum -systems capable of

- .producing only'modest‘pressures,-2x10-6 torr or better, on

a reproducible basis.

I

Silicon monoxide, in general, deposits as an amorphous
film in compressive stress with small grain size and good

adhesion to glass. The films are not hygroscopic and are

chemically stable at low oxygen pressures. Films have been

prepared with thickness in excess of 20,000 A° without
crazing or peeling.

The existence of silicon monoxide was first reported by
Potter in 1907 and since that time has been the subject of
much investigatiégsand controversy. While it has been
firmly‘established that it does exist as a compound in the
gas phase, there is still some question concerning its

existence as a true chemical compound in the solid state.

In bulk solid form silicon monoxide is an amorphous black



solid that may in truth be a mixture of amphorous silicon
and silicon dioxide. When heated above 400°C some
crystallization takes place and subsequent x-ray diffraction
studies show the crystallization to be due to the formation
of crystalline silicon and quartz as a result of dispro-
portionation. When condensed in a vacuum, the vapor phase
~compound -also probably disproportionates according .to the

reaction
2 8i0 &= Si + 8i0y
The deposits, as a result, vary somewhat in composition énd
- .properties depending on the rate of evaporation, oxygen
pressure in the system during deposition, and substrate

_temperature. Extensive studies of these variations have

6 . 7 g
been made recently by Hass, Siddall, and York.

A SILICON MONOXIDE DEPOSITION SOURCE

Silicon Monoxide begins to show appreciable sublimation
in vacuum at temperatures as low as 1100°C. Useful
sublimation rates for thin film work are achievedfat
temperatures between 1200°C and 1250°C with high quality £ilms

" resulting. Where extremely high rates are necessary,
temperatures up to 1350°C may be used, however, the resulting .
films tend to contain many defects and pinholes, temperatures

above 1300°C should be avoided.




Early work with silicon monoxide was conducted using

open resistant heated boats. Because silicon monoxide
sublimes rather than melting and evaporating, these simple
sources are subject to spitting and particles of the material
are scattered. These particles cause pinholes and defects in
the films. Further improvement was obtained by using a crucible
-, with either: a:radiant:tungsten:heater. or a tungsten. filament

~embedded in pea :size-chunks of silicon monoxide, ‘While many
thin film workers still use this type of source difficulties
are ‘experienced with-spitting and only small quantities of
silicon monoxide can be handled. More:recently.Drumheller
~has overcome many of the difficulties experienced with the
simple exposed source by using a chimney design which
eliminates the direct line of sight from the silicon monoxide
to the substrate. These.sources are capable of handling large
quantitieérat a single ioading but are difficult to properly
load and maintéin. | |

To £ill the industries needs for any easy to load and use

source for silicon monoxide, one of the authors, R, D. Mathis,
has desigﬁed a new source (Fig. 1). Exhaustive evaluation of
this source has shown its value in minimizing pihholes. Minor
variations in design allow it to be used for'éither up or down

evaporation, and models have been built to handle charges of
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SILICON MONOXIDE DEPOSITION SOURCES




1.5 to 40 grams. The basic design incorporates an all welded

tantalum construction for ruggedneéss and a tripple optical

baffle to eliminate particle spitting. Silicon monoxide is

loaded into the source by simply removing a cap(s) and placing
thé material directly into the source chamber(s). Removal of
the source from the vacuum system for loading is neither
rnecessary mor “recomnended. A single source of this design can
::normallyfbe‘usedmforﬁten:tovfifteen:dePOSitions-Without
.feloadihg. By exeréisiﬁgfcare'in_operation aﬁd-loading,“many
hours of running time can be expected from this type of source.
Sufficient radiation shields'arezproﬁided to prevent excessive
”:heatingfof:the:substrate.and‘vacuum.chamber by the-hot source
when ‘extended runs. are made. |
Typical operating chliaracteristics: of the 6.5 gram
"S0-10" source are shown in (Fig. 2). The normal operating
range for these sources extends from 240:to 260 amps
- providing temperatures in the range from 1150°C to 1230°C.
Best film results are achieved when pea size, +10 mesh,
chunks of silicon monoxide are used to charge the source.
When a new source is first placed in the vacuum system.

it is customary to condition the source and fresh charge by

"slowly'" raising the temperature to the operating point. The

deposit resulting from this conditioning is collected on a

kS
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TYPICAL OPERATING CHARACTERISTICS OF AN 50-10 SOURCE




shutter inserted between the source and the substrate or the
initial deposit is made without good substrates in place.
During this initial stage, the new source will outgas and
some spitting may be noticed. Conditioning should be
~continued until wvisible spitting .ceases. . Subsequent runs
may be made without further conditioning. Best results are
-achieved with 'silicon monoxide-source material that has .also
been preconditioned. This iSﬁmoét-easily.accomplishedaby.
emptying a small quantity of silicon monoxide into a glass
beaker placed on the base plate of the vacuum system and
storing it there during and between depositions. -Continuous
- conditioning will then occur as:a result of normal .operation

of the vacuum system,

~PROPERTIES OF SILICON MONOXIDE FILMS - .
The‘propértieseof‘silicon monoxide films resulting from.
the use of the above described- sources or other similar:
sources will vary somewhat depending on the parameters used
during deposition. The most important parameters to be
controlled are, total presSuré during evaporation, deposition

source temperature, substrate temperature, and oxygen partial

pressure.

4

Films deposited at total pressures of 10 “torr (mm,Hg)

or greater tend to be less dense than bulk silicon monoxide
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2.15g/cm3, porous, and loosely adherent. For best results
total pressures of 5510 0torr or better should be used.
Where it is desirable to use an oxygen partial pressure

of greater than this value, the deposition should be con-
ducted in a ﬁacuum system pumped to this pressure into

which pure oxygen is bled through a controlled leak valve
‘adjusted to produce the desired pressure. Use of gases
other than pure.oxygen will result: in gases incorporated
into the film and poor adherence. While a ultra high vacuum
. system is not needed, there is no substitute for a reasonable
system. A liquid nitrogen trapped oil diffusion pump system
1s usually adequate.

Because of the tendency of silicon monoxi&e'to-dispro-
portionate. when heated_to-excessivettemperétures;.films
deposited at-high rates and low oxygen pressures will contain
small concentrations of free silicon. The resulting films Wil '
be extremely dark in color: due to the strong ultra violet and
blue light absorption by the free silicon. The‘fﬁlms will
further show low dielectric strength and electricalAresisEivity;

When silicon monoxide is sublimed at moderate rates in
the presence of small concentrations of oxygen, the oxygen will
be taken up (gettered) by.the fresh silicon monoxide resulting

in films with an oxidation state somewhere between Si0 and'SiOz

i
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and containing no free silicon. It has become customary to
specify these films as films of Si0, (where 'x'" can take values
between 1 and 2). 1In general, films obtained by fast evaporation
and/or at pressures below 1072 torr will closely approach Si0,
while films obtained by slow evaporation and/or at high .oxygen
pressures will closely approach 8i0,,

”Thé:eléctrical.properties of the films when used as an
‘electrically insulating layer, are not greatly affected.by the
_oxidation state .of the films. However, the films must be
~-non~porous and should not;cqhtain any. free:silicon. . Optimum
films can be achieved with a source temperature of IZOOOC,
deposition rates. of between 10 and 60A°/sec at 9 incﬁes.
‘Capacitor elements, on the other hand, will show some
variation in value due: to the change in dielectric constant
from approximately 6 for pure $i0, to 4 for pure:SiOz, however
With‘reasonable-care, tolerances of 107% or better can be
achieved.

The optical properties show a greater variation with
oxidation state than the electrical properties with $Si0 films
showing a refractive index of approximately 2 in the visible,
and Si0y films showing a refractive index of approximately
1.4. Pure silicon monoxide films have a high absorption in

the ultraviolet spectrum which extends well into the blue end
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of the visible spectrum. The absorptioﬁofalls off linearly
to zero as the oxidation state varies from Si0j g to 810y 5
and the films are non-absorbing in the near ultraviolet
and blue for oxidation states greater than Si0j 5. This
absoprtion should not be confused with that due to the
presence of free silicon which causes an even greater
Labsorptionr‘ Pure silicon monoxide has a strong:characteristic
\minfrargd-absorptionfat'a wave;length-of‘lo‘micronSmandupuré
“silicon dioxide has a similar characteristic absorption at
. 9-microns,ngvaporated“films;in.geheral have ‘an absorption
maximum lying somewhere between these.two . extremes. The
exact position:of thig absorption.maximum can be used to
‘determine the exact state of ‘oxidation. fo‘cafefully varying .
'either-the.evaporation\rate-and/oruthe oxygen pressure, films . . .
with-properties anywhere:between. two extremes: of pure’Si0 and-
pure‘SiOZ can be reproduced.

Films deposited on room temperature gléss substrate
show evidence of extremely high stresses and thick layers
of.siliconrmonokide.Will-peel'after-short~exposures.t0“
atmospﬁere. Films deposited on substrates heated to between

200 and 300°C however, are apparently annealed and films of

20,000 A° can be deposited.
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