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““cause-the free ‘€lement to-bé ‘deposited ‘onto’ the surface.
This invention relates to-a, method of Adeposmng an_ 15 - Yetanother feature resides-in passing‘the heated, stable

element onto a selected surface -and, more. particularly,” ~“lower: halide vapors -of*the ‘element ‘over--and-in :contact
relates to a method for the controlled deposition of an  -“with-a selected surface- of-known area-at a-prédetermined
- element onto a selected surfaceto form a crystallized layer +flow rate-which-is measured by:the-weight of the’higher
-of: desired thickness thereon. . ‘“halide ‘of the- element-which is reacted -with-the element
_One of the known processes, for :coating an .element 20 per-unit of ‘time to‘form' the lower halide vapors:of the
.onto -a.surface - is~ by -electroplating: -wherein :the «article = element-which ‘are then:idecomposed-over and in contact
.»whose surface-is-tc. be ‘coated is placed in an.electrelytic ~with-the sufface’ to-form a- crystallized“layer of the ele-
:solution: containing the .coating .element .and :the: flow..of - ment ‘6f! desired ‘thickness: thereon.
_current .through -the -solution -and rarticle .causes . a :thin >Qther-‘ébjects;: features-and- advantages of ’ thls process
coating: of -the-element in solution to-be depositéd.onto 25 w1ll ‘becomemore apparent from the followmg descrxp-
-the surface -of :the. article. - Since the massof :any:sub- = :‘tion:of the-invention. -
stance which .is -liberated -at. .an-electrode ; during elec- - ‘Bisiedlly, the process: mcludes the: steps of-‘decompos-
~trolysis is proportional to:the quantity of electricity which - ing riermally unstable-halide. vapors-of -an‘element, such
-passes through -the electrolytic: cell, there may:be.azcer- as lower halide vapors which are stable only. at°an-ele-
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conductive, -fall - within -this - category. .~Another.-disad- -stable:..only-at elevated ‘temperatures  are: cooled land
vantage in.electroplating an article is:the:costiinvolved  ..decompose: .
.-in.depositing a layer of an element:of desired- thickness -
»onto a metallic surface, isince-it:takes 96,500, coulombs.of 49 2SlClz(vap ors)—>51+81C14(vapors) +heat :
~electricity to liberate a:gram-equivalent weight iof.any -For every.2 molecules of SiCl, which are- decomposed
.metal from.a compound by electrolysis. _.an.atom of, silicon is deposited.onto-the selected-surface,
Another known process:of coating: the surface of an  --and-a. molecule of - SiCl, vapor.is.formed. -Thislatter
.article is by dipping. the article:into a solution.or bath.of , compound, which is stable at room temperature; may-be
.the .coating material. :Although articles having-non-con- . - Wutilized in forming additional lower silicon halide-vapors
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Another object of this-invention is. to: prov»xdea aniim- gy temperatures as follows:”

.. proved 'method-of .coating an article. with-a: well-crystal— : Group III MX3+2M.—-3MX

- lized -layer-of .an‘element. : . Group.}V. ; MXAM=2MX,
+-Still. another -object -of -this, invention is'to prowde a .Group V: 3MXs+-2M=5MX;".

method of depositing .a coating: of an: element of desued here M is:the parttcular ¢lement- and Xis: aﬁhalogen

. thickness-onto-a-selected. surface. ‘ 60" cluded-among the elements whoselower halide vapors
-A further object of this invention is to provxde a method ..may: be decomposed:so: as: to depesit yer:ofithe ele-
for depositing a thin crystallized layer ofidesired thick- " | .ment .ontoca-surface;are. germamum, tin; boren,:alumi-
.ness of :an element: onto: a sélected surface by :exothermi- UM, ’—galhum, mdmm -arsenic, antlmony, bxsmuth and
cally decomposing an unstable lower hahde of the ele- '}the like. . L
-ment onto'the selected surface. - ) 65 .~As the: heated lewer hahde vapors of the elementapass
".Still another :ebject of :this invention is" to coat the . .over and come;in- -direct contact with the:cooler.selected
surface of an-article with::a continuous: crystalhzed layer * . surface at. a-controlled low: flow: rate, a:contintous orystal-
of :an element, which layer tenaciously. adheres thereto. lized layer of the element is deposlted thereon dueto! the
In attammg the - objects ‘of :this- invention -ené¢ feature - .- decomposition of the lower halide at the coolér tempera-
resides in .passing:lower halide vapors. of the element 70 ture. By using silicon as an example of the element to
-over the selected surface and-decomposing' these vapors . ,be deposited.. onto..a -surface  and since .the: equ111br'um

sover the.surface so as-to-deposit-a ‘crystalliZed layer ~ “equation’
of the element thereon. Another feature resides in pass- SiCly+Si=28iCl,
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;;besms at 800°.C., this /temperature would be the mini-*
<mum temperature’ of the . .gaseous:mixture-striking ‘the'se--

lected surface. - Thus, amcles or materials having melting
points in excess of this temperature may readily be used
.~as receptors for:the deposited element,  Those materials
LOf: .surfaces having a _much lower: meltmg point :that the

.- 'minimum;; .equilibrium equatxon stemperature;, cannot ‘be

- coated by this - -process.. Materials having: melting pomts
slightly: lower: than ‘the temperature of .the gaseous.. mix-
ture .can be _coated if the imaterials are in massive. form
-or_if they are placed on a good. conductor - so that the
. surface . temperature -of the material is. not too ‘high.;-
:.some -instances; surface . fusion. of the deposrted element
-..to the selected surface occurs and ‘may, be desirable,. .
L The‘thlckne,ss‘ of the Jlayer of ‘the element deposited

& ;onto‘ a . given  surface :is : very:accurately ‘controlled by

. either - setting the . residence -time,: or; by controlling the
_weight of lower thalide per unit time. passmg over:a se-
lected: surface ‘of specific area.:
as: hehum, pitrogen.and : the like; is used. to vary. the.per-

'cent-or. weight of. lower halide for a given flow rate of -

. the gaseous mrxture The flow rate of the lower hallde

vapors may: be ‘determined by reacting a known weight of
. the hlgher halide of the ‘element with -the element per
. unit of time, thus forming the lower halide ‘vapors of the
- particular element.- If ‘the flow rate, of lower halide va-
pors is too slow: or. too fast, the quantity of higher halide
of the element which is to react with-the elément. is cor-
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An inert carrier gas; such -

25.

_der.

'ume was . passed over commercial s1lxcon at 1190° C. to

form silicon difluoride vapors which were passed through
and in contact with the inner walls of a tantalum cylinder
placed adjacent the high temperature-zone. - Decomposi-
tion of the silicon diflucride vapors resulted in a thin layer
of silicon being deposited on the inner walls of the cylin-
The resulting' SiF, vapors were recovered.

" Example 4

A gaseous mixture-of SiBr,-and N, was passed over and
in contact with commercial silicon at 900° C. to' form
SiBr; vapors which were then passed through a silica tube
placed adjacent the high temperature zone. . The depos-
ited- silicon -resulting- from the decomposition of SiBrg
formed a continuous mirror;on the inner walls of the
silica tube. . SiBrg vapors and N, were removed and the
SiBr, was condensed.

-‘'While it is preferred to coat a selected surface with an

20 element which is unlike the surface (for example, a glass

surface ‘being coated with-a metal), it is ‘also possible to
coat a surface with ‘an _element similar to that of the sur-
face '(for example, asilicon surface can be coated with
a layer of silicon). Sillimanite surfaces have been suc-
cessfully. coated with ‘extremely adherent coats of silicon
up to approximately 3 mm: in thickness. ~An important
consideration in. the ‘selection of the surface material is

" its reactivity with the.depositing element at the decom-

_ respondingly increased or decreased. - If the flow rate of

the lower. halide vapors is too high;.a: powdery layer of
.'the elément is formed on the selected surface rather than

. the desu'ed contmuous crystallwed layer  obtained, by a

_Jow:flow rate,
The followmg examples of coatmg a surface by deposrt-
mg thereon . a layer of an element formed by the decom-
. position of unstable lower halide vapors of the element
are merely illustrative -of ‘the process and are.not to be
consldered as. llmrtmg the scope of .the invention.

Example 1:

,v A rmxture of lower s1hcon drchlorlde vapors and hehum
was formed by passing the helium at a controlled low flow
rate over silicon tetrachloride at 0° C. and then passing

the mixture ‘over impure silicon :at 1220° C. ‘The free -

gilicon in the latter reacted with the silicon” tetrachloride
to-form silicon' dichloride ‘vapors. = "A- tantalum- surface
- which was. to be: coated with sﬂxcon ‘was placed adjacent
this high' temperature reaction zone and the mixture of
silicon’ dichloride: and: helium'was passed’ ‘over -and in
“contact with- the cooler tantalum: surface’ at-a lTow flow
“rate, - Decomposition of :the unstable - silicon dichloride
resulted ‘in-a  continuous : adherent crystallized layer of

pure: silicon being- deposited :upon the tantalum surface. -

The rcsultmg silicon’ tetrachloride which was formed by
: - the: decomposition of the silicon : dlchlorlde vapors was
: removed and collected ina condenser

Example 2

Helmm was passed over slhcon tetrachlonde at 25° C.

" to form a gaseous mixture’ contaunng 31% by volume of
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position  temperature. . For-example, silicon reacts only
slightly with tantalum at high temperatures and, therefore,
a layer of silicon may be deposited on a tantalum surface,
However; if reactivity between the element and the sur-
face were not desirable, then it is only necessary to select
the materials with care so that such a reaction ‘does not
occur. - In some cases, a reaction layer of demarcatron

: mxght be desirable on the surface.

-The rate of deposition for the formation -of a continu-

- ous layer of an element on a selected surface is quite low
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"and in fact, several hours are requlred to build up a
thin layer: of silicon. This rate increases, however, as

the temperature of the equilibrium mixture increases and
the temperature of the collecting surface decreases.

A silicon surface can be readily and rapidly coated with
silicon because -of its high melting point. At a tempera-
tureof 1400°. C. for :the equilibrium -mixture, a high
deposition rate . of ‘silicon upon silicon is prodiced even
at the low flow rate required. for this particular process.

Among the uses for this process is the coating of sensi-

 tive-electrical components such as n-p-n junction transis-

tors. - Also controlled coating of glass with metals and

. .non-metals or the controlled coatmg of crystals is possible
- by-this process.

Glass  and :ceramics may ‘be coated for
absolute inertness to hydrofluoric acid. - Surfaces may

.-also be: coated with a thin layer of silicon in order to make
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silicon tetrachloride and this mixture was passed over and -

“:in. contact with | commercml silicon-at 1200° C. to form

. silicon dichloride vapors. - A tatalum ‘cylinder was placed’

-immediately adjacent this high'temperature ‘zone and ‘the
exothermic' decomposition -of :the silicon dichloride vapors
causedthe. deposmon of a well-crystallized: diamond' cubic
silicon: layer on'the inner surface of the tatalum ‘cylinder.
‘The flow rate was in excess of one gram of liquid silicon
tetrachloride per hour, and a layer of : silicon ‘one ‘milli-
meter in-thickness was deposited in 72 hours ata rate of
01t0023ramperhour E

Example 3 v ‘ o
A gascous mixture of 18% SIF‘ and 82% He by vol-

65

them inert to acids such as HCl, HySO, and the like.
The above processes are particularly adapted for coating
the inner surfaces of cylinders.. -Metals and other mate-
rials may also be coated with a photosensrtrve layer of

-silicon for use as.solar batteries.

While. only. several . specific. embodiments of this in-
vention have been described ‘and -only " several - specific

- elements have been listed, these examples are merely illus-

trative of ‘the inivention and. are not to be.considered as a
limitation thereon. It is intended in the appended claims
to include all such processes whlch fall within the scope
of this invention.

Havmg descnbed fully the invention, what is claimed

) .;i_s: .

1. The process of coatmg a thm well—crystalhzed con-

tinuous layer of silicon onto a surface capable of with-

70.

_,standmg .without physical_ change thereto. a temperature

~which is:.at least as high as the minimum ethbnum
- temperature of silicon: dihalide vapors comprising the
" . step- of passing-heated silicon dihalide vapors over and in

(]

contact: with said -surface at a predetermined flow rate,
.the temperature of said surface bemg relatively cooler
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than the temperature of said vapors and causing exother-
mic -decomposition of said silicon dihalide vapors into
free silicon and silicon tetrahalide vapors, said free silicon
being deposited onto said surface.

2. The process of coating a thin well-crystalhzed con-
tinuous layer of silicon onto a sutface capable of with-
standing without physical change thereto.a temperature
which is at least as high as the equilibrium temperature
of silicon dichloride vapors comprising the step of passing
heated silicon dichloride vapors over and in contact with
said surface at a predetermined flow rate, the temperature
of said surface being relatively cooler than the tempera-
ture of said vapors so as to exothermically decompose
the silicon dichloride- vapors into free silicon and silicon
tetrachloride vapors, the latter vapors being removed from
said surface while the free silicon is deposited onto said
surface.

[,
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3. The process of adhering a thin well- crystalhzed‘v

layer of silicon onto a surface capable of thhstandmg
without physical change thereto a temperature which is
at least as high as the minimum equilibrium temperature

of silicon dihalide vapors comprising the steps of reacting
silicon tetrahalide with silicon at an elevated temperature

to form silicon dihalide vapors, and passing said vapors
over and in contact with said surface at a predetermined

flow rate while simultaneously cooling said vapors, the -

resulting exothermic decomposition of said silicon dihalide
vapors forming free silicon and silicon tetrahalide vapors,
said free silicon adhering to said surface.

4. The process of adhering a thin well-crystallized layer
of silicon onto a surface capable of withstanding without
physical change thereto a temperature which is at least as
high as the equilibrium temperature of silicon dichloride
vapors comprising reacting silicon tetrachloride with sili-
con at an elevated temperature to form silicon dichloride
vapors, and passing said vapors over and in contact with
the surface at a predetermined flow rate, said surface
being relatively cooler than said vapors whereby said

20
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silicon dichloride vapors exothermically decompose into
free silicon and silicon tetrachloride vapors, said free
silicon being deposited onto said surface while said latter
vapors are removed therefrom. :

5. The process of coating a surface of known area with
a crystallized layer of silicon of predetermined thickness,
said surface being capable of withstanding without physi-

- cal change thereto a temperature which is at least as high

as the minimum equilibrium temperature of silicon di-
halide vapors, comprising the steps -of reacting a known
weight of silicon tetrahalide with silicon at an elevated

-temperature to form silicon dihalide vapors which are

stable only at said elevated temperature, passing said sili-
con dihalide vapors over and in contact with said surface
at a predetermined flow rate, said flow rate determined by
the known weight of silicon tetrahalide undergoing reac-
tion per unit of time, and cooling said silicon dihalide
vapors to cause exothermic decomposition thereof as free
silicon crystals and silicon tetrahalide vapors, said crystals
adhering to said surface..

6. The process of fusing a layer of silicon ounto a se-
lected surface having a melting point just below the mini-
mum equilibrium temperature of silicon dihalide vapors

‘comprising heating said surface to just below its melting

point temperature and passing silicon dihalide vapors
over and in contact with said surface at ‘a predetermined
flow rate while simultaneously cooling and exothermically
decomposing said vapors to form the free element and
silicon tetrahalide vapors, said element being deposited
onto and fusing with said heated surface. '
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