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be noted that this is the temperature of the     erly  Radio  Corporation
of America), a  substrate material and that the temperature     corporation
organised  under the laws of  of the gases in the reacting atmosphere will
50     the State of Delaware, United  States of  be somewhat lower. 5
America, of 30 Rockefeller Plaza, City and    The reaction zone is normally
maintained     State  of New  York, United  States of  at  or  just
slightly  above  atmospheric     America, do hereby declare the invention,
for  pressure and, as will be appreciated from     which we pray that a
patent may be granted  the description of appartus hereinafter, may  55
to us, and the method by which it is to be  comprise also a suitable means
for delivering 10  performed, to be particularly described in  the reactant
gases, in well mixed form, to the     and by the following statement:-
region surrounding the heated substrate.       This invention relates to
the glass coating  Any suitable substrate material may be     of
substrates.                             coated by this method. In
particular, any of 60       According to the invention we provide a  the
materials typically found in semicon- 15  method of forming a silicate
glass coating on  ductor  devices,  such  as  semiconductor     the surface
of an object comprising the steps  crystals, monocrystalline  or
polycrystalline     of maintaining said object at an elevated  insulator
materials  and  metals, may  be     temperature while contacting said
surface  coated. The substrate material will influence  65     with a
vaporous mixture of an inert gas,  the choice of glass composition; that
is, the 20  silane, oxygen and at least one reactant  glass composition
should be chosen to have     selected  from  the  hydrides  of  boron,  a
thermal coefficient of expansion which     phosphorus, antimony and
bismuth, the alkyls  matches as closely as possible the thermal co-     of
aluminium and zinc, and mixtures of such  efficient of  expansion  of  the
substrate  70     hydrides and alkyls, said temperature being  material.
Where there are large differences 25  such that said silane and said
reactant are  in thermal coefficients, relatively thick layers     oxidized
and the resulting oxides interact to  cannot be made without cracking of
the glass,     form  a glass coating which is deposited on  although thin
layers are achievable. For     said surface.
example,  when  pure  silicon  dioxide  is  75       The single figure of
drawing illustrates a  deposited on silicon, cracks will begin to 30
typical apparatus suitable for carrying out  appear when the film  is about
2.5 microns     the present method.                        thick. The
proper glass composition  for       The present method includes the step of
coating  a  particular  substrate  may  be     heating a substrate to be
coated in a reaction  determined empirically.                80     zone to
a predetermined temperature. The     Glass compositions disclosed herein
have 35  temperature required is one sufficient to cause  been found to be
especially suitable for en-     thermal oxidation of the hydrides and
alkyls  capsulating  and  protecting  silicon  semi-     of the cations
desired in the oxidic con-  conductor devices. In particular, these com-
stituents in a selected glass composition. The  positions are the
borosilicate, phosphosilicate,  85     temperature  at which  the
reactions  are  aluminoborosilicate,  and  zinc  borosilicate 40  carried
out will depend on the reactants  glasses. Other glass compositions of
interest 



selected, but will ordinarily be in the range  for silicon devices are
antimony, bismuth,     of 300 to 600[err]C, a temperature around
aluminium, and zinc silicates.     450[err]C, being  preferred  for most
com-    Silicon dioxide is a constituent common to  90     positions.
Accordingly, the temperature  is  all these glass compositions, and is
obtained 45  relatively  low   and  most  semiconductor  by the thermal
oxidation of silane. To pro-     devices may be coated without
substantially  vide a combination of boron oxide and silicon     altering
their electrical properties. It should  dioxide, the starting materials are
diborane     [Price 5s. Od. (25p)]        2
1,202,631                                        2     and silane. If a
phosphosilicate composition   The conduits 23 and 25 are alternative     is
desired, phosphorus pentoxide (P[err]O[err]) is  inlets for oxygen, and the
conduit 22 con     the secondary glass constituent, and may be  stitutes
the inlet for the gases to be oxidized.     obtained  from  phosphine
(PH[err]). Bismuth  The conduit 22 is connected through a shut- 5
silicate and  antimony  silicate glass com-  off valve 28 to a main conduit
30. A carrier  70     positions can be similarly achieved by com-  gas, for
example nitrogen, is supplied to the     bining the silicon dioxide with
oxides derived  upstream  end of the conduit 30 from  a     from bismuth
hydrides or antimony hydrides.  nitrogen source, not shown, through a
header       Metal alkyls may provide still other ions  32, a branch
conduit 34 and a regulating 10  to yield more complex glass compositions,
assembly 35. The regulating assembly 35  75     such as
aluminoborosilicates and zinc boro-  comprises a series combination of a
precision     silicates, for example. The alkyls can be  regulator valve
36, a calibrated flow meter     oxidized at the same temperatures as the
37 and a shut-off valve 38. Each of the other     hydrides. The lower
alkyls are preferable for  regulating assemblies in the apparatus 10 15
use in this process since they react to yield  comprises a similar series
combination of  80     clean oxides. The higher alkyls often are  regulator
valve, flow  meter, and  shut-off     incompletely oxidized to intermediate
com-  valve, as shown.     pounds such as metal alkoxides.                A
vacuum  conduit 40 is connected into       A  preferred apparatus useful in
carrying  the main conduit 30 at a position just down- 20  out  the
present  method  is  designated  stream  of the regulating assembly 35, the
85     generally by the numeral 10 in the drawing.  vacuum  conduit 40
being employed to aid     The  apparatus  10  includes  a  reaction  in
purging the system  of undesired gases.     chamber 12 having a generally
bell-shaped   Typically, the apparatus 10 is alternatively     glass
housing 13 which is supported, as by  flushed with nitrogen and evacuated
for this 25  depending feet 14, on a base 15 so as to be  purpose.
90     vented to the atmosphere.                      The hydride reactants
are gases at room       Disposed within the lower portion of the
temperature and are supplied to the main     housing 13 is a substrate
holder 116 on which  conduit 30 from  pressurized storage tanks,     the
object 17 to be coated is placed. Sup-  illustrated at 42 and 44. These
reactants are 30  porting structure for the substrate holder  supplied
commercially in dilute form, in an  95     16 has been omitted from  the
illustration.  inert gas such as argon. One tank 42, con-     The substrate
holder 16 may be stationary  tains a secondary hydride, indicated by the
or movably supported, a movable support  general symbol  M[err]H[err],
which  may  be     being preferred so as to continuously change  diborane
or phosphine, for example. This 35  the position of the object 17. This has
been  gas is supplied through a connecting conduit 100     found to result
in a more uniform  coat-  43 and a regulating assembly 48 to the main
ing.                                        conduit 30. The other tank, 44,
contains       A  resistance heating device is employed  silane and is
connected to the main conduit     in the apparatus 10 and is represented by
a  30 by means of a conduit 45 and a regulating 40  circuit 18 including  a
resistance  heating  assembly 46. When the various valves are  105
element 19, near the substrate holder 16, a  opened, a mixture of nitrogen,
silane and     battery 20, and a control rheostat 21.       the other
hydride will be delivered to the       The reactant gases are supplied to
the  main conduit 30 of the regulating assembly     reaction chamber 12
through conduits 22  48. 45  and 23 connected to the upper neck portion
Some of the metal alkyl reactants men- 110 



24 of the housing 13, extending radially there-  tioned above are liquids
at room temperature.     from, or through a conduit 25 which extends  To
introduce these materials as vapors into     axially into the housing 13
and terminates  the housing 13, a bubbler 50 is provided,     in a
downwardly flaring funnel 26 at a  which is connected into the main conduit
50  position vertically above the object 17. The  30 through a regulating
valve 51 and a  115     conduit 25 is movably mounted in a precision
branch conduit 52. A charge of liquid 54 is     sliding joint 27 at the top
of the housing 13,  provided in the lower end of bubbler 50.     to enable
adjustment of the vertical position  The liquid 54 is supplied from  a
liquid     of the funnel 26 with respect to the object  reservoir 56, which
may be a commercial 55  17. The introduction of the reactant gases
pressurized  vessel containing  the  desired  120     laterally into the
relatively small volume of  reactant liquid. The reservoir 56 is connected
the neck portion 24 of the housing 13 pro-  to the bubbler 50 by means of a
conduit 58     vides for efficient mixing of the gases before  provided
with valves 59 and 60, a surge     they reach the object 17. As the gases
pass  chamber 61 and a pipe 62 extending down 60  down toward the object 17
from  the con-  into the bubbler 50 to a point normally  125     duits 22
and 23, they will be deflected by  below the surface of liquid 54.     the
exterior surface of the funnel 26 and will    Nitrogen, as a carrier gas
for the vapors     then flow turbulently toward the object 17  of liquid
54, is supplied to the bubbler 50     from all of the radial directions of
the hous-  from the nitrogen source through the header 65  ing 13.
32, a  branch  conduit 64, a  regulating 130          3
1,202,631                                          3               5, a
conduit 66, and then through  adjustment of the regulating assemblies 75
vaive 68 to an intersection with the con-  and 76, a constant volume of
oxygen-nitrogen     duit 58 leading to the bubbler 50. When  mixture  may
be  supplied,  with  wide     the regulating assembly 65 and the valves
variations in the proportions of the two con- 5  68 and 60 are properly
adjusted, nitrogen  stituents.                                      70
will flow through the surge chamber 61 and    It should be noted that, when
the present     the pipe 62 and will be bubbled through the  process is
carried out for the purpose of en-     liquid 64, thus entraining its
vapor. The  capsulating  semiconductor  devices  which     vapor-nitrogen
mixture will then pass from   include layers of metal, certain precautions
10  the bubbler through the conduit 52 into the  should be observed just
prior to the de-  75     main conduit 30 where it will be mixed with
position of the encapsulating glass layer.     the other gases coming from
the hydride  First, the object to be coated should be heated     tanks 42
and 44.                             to the deposition temperature in the
absence       As stated above, the conduits 23 and 25  of oxygen to prevent
the device metallisation 15  are alternative oxygen inlets. One or the
other  from oxidizing. Second, the reactants should  80     of these
conduits may be used depending on  be introduced into the reaction chamber
in     the particular glass composition which is  the correct sequence, so
as to avoid the     being formed. For some compositions, it is  formation
of oxygen-deficient films. With     preferable to mix the oxygen with the
other  respect to the second condition, if diborane 20  reactants in the
neck portion 24 of the hous-  and silane are introduced into the reaction
85     ing 13, and, for this purpose, the conduit 23  chamber in  the
presence  of only  trace     would be employed. For other compositions,
amounts of oxygen, a poorly insulated film     better results are obtained
when the oxygen  will result. The sequence of gas introduction     is
introduced into the reaction chamber at  as follows will perevent the
formation of 25  a location closer to the object 17, and for  such
oxygen-deficient films.              90     this the conduit 25 and the
funnel 26 would    The heating circuit 18 is first actuated     be
employed. The conduits 23 and 25 are  to bring the system up to the usual
deposition     connected through a three-way valve 88 and  temperature,
that is, about 450[err]C. The     a shut-off valve 69 to an oxygen conduit
70,  regulating assembly 35 is then turned on so 30  the three-way valve 88
allowing for selection  as to deliver nitrogen to the interior of the  95
of the desired conduit 23 or 25.             housing 13, the rate of
nitrogen flow being       In the synthesis of some glass compositions,
adjusted to such a value that the pressure     it is desirable to maintain
the total volume  within the housing 13 is slightly higher than 



of gas flowing into the housing 13 at a sub-  atmospheric pressure so that
flow of atmos- 35  stantially constant level, while varying the  pheric air
into the housing 13 is not possible. 100     amount of oxygen available.
For this pur-  The housing 13 is then lifted briefly from its     pose, the
system  is arranged so that the  support, the object 17 is placed on the
sub-     oxygen is diluted with nitrogen before it is  strate holder 16,
and the housing 13 is re-     introduced into the conduit 70, this arrange-
placed. 40  ment allowing for the regulation of the ratio  After the
desired temperature has been  105     of oxygen to nitrogen. To this end,
oxygen  reached, the flow rate of nitrogen through     is supplied from a
suitable source, not shown,  the regulating assembly 35 is adjusted to the
through a conduit 72 and two branch con-  value desired during the glass
deposition.     duits 73 and 74 to a pair of regulating  The
silane-regulating assembly 46 is next 45  assemblies 75 and 76, which are
constructed  opened. At the working temperature and in  110     so as to
supply gas at a relatively low rate  the absence of oxygen, no deposit will
form     and a relatively high rate, respectively. The  on the surface of
the object 17.     branch conduits 73 and 74 are connected to    After a
short time, about 20 seconds, of     the regulating assemblies 75 and 76
through  silane flow, the oxygen flow is begun. As 50  respective three-way
valves 78 and 80, which  mentioned above, oxygen is supplied to the  115
enable alternative connection to the afore-  housing 13 through either the
side conduit     mentioned nitrogen source through a pair of  23 or the
funnel 26 depending upon the     conduits 82 and 84. Thus, with the three-
particular glass composition which is being     way valves 78 and 80 in the
positions shown,  formed. When the gases are introduced in 55  nitrogen is
supplied through the low-rate  this sequence, the oxygen will react with
the 120     assembly 75 and oxygen is supplied through  silane before it
can oxidize any metal which     the high-rate assembly 76, to provide an
may be present on the object 17.     oxygen-nitrogen mixture in which the
major    Because  the  borosilicate  and  phospho-     ingredient is
oxygen. When the three-way  silicate  glasses considered  herein  contain
60  valves 78  and  80  are moved  to their  elements which  can  act as
conductivity  125     alternative  position,  oxygen  is  supplied
modifiers in silicon, it is recommended that     through  the  low-rate
assembly  75  and  a base layer of silicon nitride or silicon di-
nitrogen is supplied through the high-rate  oxide be first provided as a
diffusion barrier     assembly 76, and the resulting mixture is  on the
surface of the object 17 if that object 65  predominantly  nitrogen. Thus,
by  proper  is silicon. To this end, for example, silane and  130
1,202,631                                         4      oxygen may
conveniently be supplied alone to  layer according to some prearra.     the
reaction chamber 12 for a time sufficient  gram.     to form a barrier
layer of about one micron    In terminating the process, regardless of
in thickness.                                variations in the flow rates
during the de- 5     After the base layer of silicon dioxide has  position
period, the sequence of terminating  70     been grown to the desired
thickness, a binary  the flow of components should be as follows.     or
ternary glass encapsulating layer may be  First, if diborane or phosphine
is a second-     added as follows. The regulating assembly  ary
constituent, its gas supply  is always     controlling the introduction of
the secondary  terminated first, followed by the metal alkyl 10  oxide
component for a binary glass com-  and then the silane. The flow of oxygen
is  75     position is actuated at the time that the  terminated a short
time after the last gaseous     silicon  dioxide  layer reaches the
desired  reactant is stopped. Ordinarily, the flow of     thickness. The
important requirement here  nitrogen through regulating assembly 35 is
is that sufficient oxygen be flowing into the  then increased to purge the
system of residual 15  reaction chamber to oxidize both the silane  gases.
80     and the secondary reactant to the desired      The glass
compositions formed as des-     degree. If such is not the case, a poorly
in-  cribed above are satisfactory without further     sulating film  may
form.                     treatment for many purposes. It has been
For ternary glass compositions, the metal  found, however, that certain of
these glass 20  alkyl reactant is introduced right after the  compositions
will devitrify if they are sub-  85 



flow of the secondary constituent is begun.  jected to conditions of high
temperature and       The flow rates of the various constituents  high
humidity. Since such  conditions are     will control the proportions of
the con-   often encountered in the operation of semi-     stituents of the
reactant mixture and, con-  conductor devices, it is advisable to modify 25
sequently, the proportions of the oxide con-  the glasses to avoid the
problem. This can be  90     stituents of the glass. Tables I and II give
accomplished  by  a  post-deposition  heat     the flow rate data for
several typical glass  treatment, as follows:     compositions which may be
formed by the        After a glass coating is deposited on an     present
method. Table I contains flow rate  object, the object is placed in a
suitable 30  data for the reactants and Table II contains  furnace and
heated for a time and at a  95     flow  rate information for the oxygen
and   temperature sufficient to produce a change     nitrogen flow through
the respective regulat-  in  the  physical  structure  of  the  glass,
ing assemblies 75 and 76.                    manifested by a densification
and a decreased       Nitrogen carrier glass is supplied through
solubility thereof. In general, the temperature 35  the regulating assembly
35 at about 1900  should be as high as possible without ad-  100     cubic
centimeters per minute (cm[err]/min.) in  versely  affecting  the
metallization  of the     each of the cases given and the substrate  device
or   without  causing   undesired     temperature is maintained at a
temperature  additional diffusion of impurities in the semi-     between
450  and  475[err]C. in  all cases.  conductor. Ordinarily, the heat
treatment 40  Deposition of the films ordinarily takes place  temperature
need not exceed 900[err]C.        105     at a rate between 800 and 1200
Angstrom         At high temperatures, the densification of     units per
minute. Glasses of good quality  the glass takes place quite rapidly, so
that     have been achieved under these conditions  only short treatment
times are required. If     in all of the examples given.                it
is necessary to keep the temperature low 45    If  no  adjustment  of  the
regulating  in order to avoid changes in the internal 110     assemblies is
made during the process, a   structure, of the coated object, the treatment
uniform  coating is produced. The various  must be carried out for longer
times.     regulating asemblies may be adjusted during    As one
illustration of this post-deposition     the coating process, however, to
vary the   heat treatment, the etch rate of a standard 50  structure of the
glass film  as it is formed.  borosilicate  glass  composition,  like  the
115     An example of this, which has already been  medium  borosilicate
glass given in Table I,     given, is the formation of a diffusion barrier
in a buffered etching solution was measured     of silicon  dioxide between
the  final en-  and etching was found to take place at the     capsulating
silicate glass layer and the object  rate of about 7 A per second. The
etching 55  being coated. Thus, distinct layers of glass  solution
comprised a mixture of 454 g. of 120     of different composition may be
added as  ammonium  fluoride, 680 ml. of distilled     desired by varying
the proportions of the   water, and 163 ml. of 49%  hydrofluoric acid
reacting gases discontinuously, that is, by  solution. The coated device
was then heated     adding or substracting constituents at pre-  at a
temperature of 850[err]C. for a period of 60  determined times.
10 minutes and an etch rate measurement 125       Apparatus 10 may also be
operated in such  was again made. The etch rate after heat     a way as to
vary the glass composition in a  treatment was about 4 A per second, show-
gradual manner. For this purpose, the various  ing that the glass had been
densified by the     regulating assemblies are continuously ad-  heat
treatment. 65  justed during  the deposition of the glass        1,202,631
[err]        



6                                           1,202,631                 [err]
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7        WHAT  WE CLAIM  IS:-                        coating as claimed in
claim  1 further com-        1. A method of forming a silicate glass
prising the step of contacting said surface  60     coating on the surface
of an object compris-  after heating to said elevated temperature     ing
the steps of maintaining said object at an   and prior to said first
mentioned contacting 5   elevated temperature while contacting said  step,
with a vaporous mixture of an inert     surface with a vaporous mixture of
an inert  gas, silane and oxygen whereby a layer of     gas, silane, oxygen
and at least one reactant  silicon dioxide is deposited as the first layer
65     selected  from   the  hydrides  of  boron,  on said surface.
phosphorus,  antimony  and  bismuth,  the       14. A method of forming a
silicate glass 



10  alkyls of aluminium  and zinc and mixtures  coating as claimed in claim
1 wherein the     of such hydrides and alkyls, said temperature
proportions of said inert gas, said silane,     being such that said silane
and said reactant  said oxygen and said reactant are varied  70     are
oxidised and the resulting oxides interact  during  the  deposition  of
said  coating     to form a glass coating which is deposited on   whereby
said coating has layers of different 15  said surface.
composition.        2. A  method of forming a silicate glass      15. A
method of forming a silicate glass     coating as claimed in Claim  1
wherein said  coating as claimed in claim  14, wherein said  75
vaporous mixture contains said silane, said  proportions   are   varied
discontinuously     oxygen and said reactant in such proportions  whereby
distinct layers are formed in said 20  that said coating is a composition
having a   coating.     thermal coefficient of expansion substantially
16. A method of forming a silicate glass     equal to that of said object.
coating as claimed in claim  14 wherein said  80        3. A  method of
forming a silicate glass  proportions are varied continuously whereby
coating as claimed in Claim  1 wherein said  the  composition  of said
coating  changes 25  reactant is diborane.
gradually throughout the thickness thereof.        4. A method of forming a
silicate glass       17. A method of forming a silicate glass     coating
as claimed in Claim  1 wherein said  coating on the surface of an object
accord-  85     reactant is phosphine.                        ing to claim
1, comprising, in sequence, the        5. A  method of forming a silicate
glass  steps of: heating said object in a reaction 30  coating as claimed
in claim  1 wherein said  chamber  in  an  atmosphere  of  flowing
reactant is a mixture of diborane and tri-  nitrogen to a temperature
between 300[err]C.     methyl aluminium.                             and
600[err]C.,  admitting  silane  into  said  go        6. A  method of
forming a silicate glass  chamber,  admitting   oxygen  into  said
coating as claimed in Claim  1 wherein said  chamber, admitting a reactant
selected from 35  reactant is a mixture of diborane and diethyl  the
hydrides of boron, phosphorous, antimony     zinc.
and bismuth, the alkyls of aluminium  and        7. A  method of forming a
silicate glass  zinc and mixtures of such hydrides and alkyls  95
coating as claimed in claim 1 wherein said  into said chamber, and after a
time, dis-     reactant is antimony hydride.                 continuing the
flow  of said reactant, said 40     8. A  method of forming a silicate
glass  silane, said oxygen, and said nitrogen.     coating as claimed in
claim  1 wherein said     18. A method of forming a silicate glass
reactant is bismuth hydride.                  coating as claimed in claim
17 wherein said  100        9. A  method of forming a silicate glass
reactant is a hydride-alkyl mixture, the flow     coating as claimed in
claim  1 wherein said  of the hydride component of said mixture 45
reactant is trimethyl aluminium.               being started before the
flow  of the alkyl        10. A method of forming a silicate glass
component thereof and being discontinued     coating as claimed in claim  1
wherein said  before the flow  of the alkyl component is 105     reactant
is diethyl zinc.                     discontinued.        11. A method of
forming a silicate glass      19. A method of forming a silicate glass 50
coating as claimed in claim  1 wherein said  coating on the surface of an
object sub-     substrate is heated to a temperature in the   stantially as
herein described and with refer-     range of 300[err]C to 600[err]C.
ence to the accompanying drawing.            110        12. A method of
forming a silicate glass     coating as claimed in claim  1, including the
For the Applicants: 55  further step of heating said coated object
MATTHEWS, HADDAN & CO.,     for a time and at a temperature sufficient to
Chartered Patent Agents,     densify said glass coating.
31-32, Bedford Street,        13. A method of forming a silicate glass
London W.C.2.            Printed for Her Majesty's Stationery Office by the
Courier Press, Leamington Spa, 1970.           Published by the Patent
Office, 25 Southampton Buildings, London, WC2A lAY, from
which copies may be obtained.    


