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COMPLETE SPECIFICATION 

_Deposition of Crystalline Semiconductive Layer on Insulating 
Substrate. 

We. RADIO CoRPORATION OF AMERicA, .a ing the substrate at about 1000°C to about 
corporation organized under the laws of the US0°C while flowing silane over the sub­

· .. ·.. State of Delaware, United States of America, strate to decompose the silane and deposit 
of 30 Rockefeller Plaza; City and State of a layer of single crystal silicon on the sub- 4S 

S NeW York. United States of America, do strate. · · 
hereby declare the invention, for which we Figure. 1 is a flow diagram of a method 

.· ·' pray that a patent may · be granted to us, according to the invention. 
' and .the method by which it is to be per-

formed, to be particularly described in and. · . EXAMPLE I 
10 ·by tl;ie following statement:- · . A body ofsingleerystal alumina (sapphire) so 

• This ·invention relates to deposition of is prepared ·as the substrate. The exact size 
silicon~ and more particularly, to an im- and shape of the body is not critical. In 
proved· method of· depositing· a ·single crystal this example, the .sapphire body is a disc 

· silicon layer on a sapphire substrate. . about 0.020 inch thick and 0.375 inch dia-
ls Previously silicon has been deposited on. meter. Preferably the exposed surface of the SS 

a. sapphire (alpha-alumina) substrate by· crystal is clean~ smooth and of a predeter~ 
... - · ,_ flowing a mixture of silicon tetrachloride and mined crystal orientation. Single crystal 

hydrogen over the sapphire. At elevated alumina forms a lattice defined by three 
:: temperatures, silicon tetrachloride is reduced crystal axe8, known as the.A, Band C axes. 

. . . ·. ~-

20 by hydrogen, forming hydrogen chloride and It has been found advantageous to cut the 60 
· · · elemental silicon, which is deposited on the sapphire disc with the major faces of the disc 

substrate. This process has several dis- at an angle of about 60° to the "C'' axis 
advantages. First, the silicon . deposit thus of the crystal· lattice so that· a 2243 crystal 
formed by the reaction be~een silicon tetra- ~ iS exposed. While the exact mechanism 

25 .chloride and hydrogen generally consists of for the improved result thus obtained is. noi 65 
· > 1 several single crystal areas, with grain. certain, it is known that when sections of a 

boundaries between them, whereas it is . de- h~agonal ·crystal are made in different ways, 
· · ~-''> · '· ' · sirable for many applications to have the the spacing and density of the crystal atOms 

··.:···:·~.::· .•..•. '.·."····-.. --.: .. ,·:· ... ·,·.,._ .. '3···.:.<> .. -... · =~' · :~wn4~!~e v!ft1~ut co:~tu~: :t:~ e:E3sh!P:~ia;_ ~o;mfa:r~f lfi~ ·10 
_ .... boundaries. Fu11b.ermore; the silicon ·layer sapphire dise at a 60° angle to the "c" axis 

is generally of N-type conductivity, whereas to expose a 2243 crystal face, the spacing of 
· /: · it is desirable for some applications to use a atoms in this exposed crystal faee becomes 

semiCQnductive layer of P-type conductivity close to the spacing of atoms in single ~stal 
·. 35 · on an insulating substrate. · ·· . · silicon. It is presently believed that this· close 75 

. Accordingly, it is .an object of this inven- match in 'lattice distance produces the. best 
tion to provide an improved method of de-1 single crystal· iayets. Other .orientations. of 

:. · positing single crystal silicon on sapphire the· crystal which provide a similar lattice 
substrates. . .. . · . spacing may be used as well; 

40 The practice of the invention- comprises Apparatus 10 (Figure 2) comprises a, 80 
preparing a sapphire substrate and maintain- water-cooled quartz furnace tube . 11 pro-

[Price4s. 6d.] 
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vided with an RF heating coil 12. ·A helium out, as determined· by both. La*tJ Xifay~.r~'i · ·• .. 
tank 16 is connected to the.furnace tube 11 fiection techniques and electron diffraction . . 
by a quartz. line 22 suitably equipped with· .. techhlques; . A fairly high: degree of crystal- ':~ 
valves 23. liquid traps 24. and flow meters line periection is shown by the presenee .. of · 

5 .25. Hydrogen: source 17' is similarly con- Kikuchi lilies in the electron•· diffraction 70 
nected to fµrnace tube U .. Before reaclUng . patteyn of the siliconlayers,· . • · : ·, ..•. · 
the furnace tube, the hydrogen is purified by An.other . feature of . tlie <silicon · layers · 
passing it through a palladium diffuseJ: 18. formed as described· in this eXatriple is .. that· 

Gas tanks 19. 20 and 21 are also· can- they are uniformly of P~type conductivity •. 
10 nected to furnace tube 11 by quartz line8 22. wherea,s silioon layers formed/ l)y prior art. 75 

Tank 19 contains a mixture of hydrogen and methods ~e .reported to be all N~type. For 
about 1 to 5 volume percent silane. In this .·certain t}'pes of. devices~· it is preferred to· 
exall)ple, tank 19 contains a mixture of 97 use a P-type semiconductive layer. , 

. volume percent hydrogen and 3 volume per- It. app~s probable tha~ the improve(l r~ 
15 cent silane. Tank 20 contains a mixture of sults obtain.ed by the method of tllis inven- 80 

hydi:.o~en ~ .P.-8 which in<l;uces N-type con- tion may be due to the .fact that the only re-· 
ductivity m silicon. . In this· example, tank action product other than Silicon in this 
20 contains hydrogen with about 50 parts per method, is hydrogen, which is a harmless . 
million phosphine. Tank 21 contains a mix-· diluent in,· this. system. . Furthermore the de-

20 ture of hydrogen ~d gas which induces P- position temwature .·used , herein is much 85 
type conductivity in silicon. In this ex- .. higher than ,that temperature required merely 
ample. tank 21 contains hydrogen with about ·to decompos.e silane. The u~ of. a deposi-
50 parts per million diborane. . tion temperature in excess of the mitiimum 

. The polished sapphire substrate thus pre- required improves the quality of·. the silicon 
25 pared 15 (Figure. 2) is . positioned in the layer · · : · · - 90 

water-cooled furnace. tube 11 on a silicon . • · ... · · . ExAMPLE ii·. . .· .. · 
suseeptor block 14 with its . smooth face of The.· P~type · .··· monocrystalline . layer de-
the substrate 15 uppermost. in contact with posited as in Example I :above. in the ab­
incoming vapors. The apparatus 10 is senee of any coil.ductivity ·modifi~. exhibits 

30 flushed fust with .helium from tank 16. then electrical resistiVjty in the range . of- abOut 95 
with hydrogen from tank 17. The sapphire .01 to 20 ohm..,..cm. Hit is desired to de-
is heated in an ~bient of ft9win,g hydrogen posit P~type rilonocryStai®~ silicon layers 
for about 15 minutes at about 1250°C. This with low resistivity, the method descri~ in 
treatment cleans the surface of the sapphire Example I may be generally followed~ with 

35 substrate. The sapphire is then cooled to the addition of an aceeptor; When the ~e- 100 
about 1000-'-1150°C. while maintaining the hydrogen mix.tote from ta.nJc 19 is floWing 
flow of hydrogen. .·· : into the ·fui'nace tube. 11, the valve on tank: 

The silane-hydrogen :mixture from· tank 21 is opened 8o.that som~ Of the diborane 
19 is now passed into the fum~e tube 11. hydrogen mixture also enter8 furnace tu~e 

40 Pure silane tends to decompose with ex- 11. AS a t~ult. the silicon layer deposited 105 .· 
' plosive violence when· exposed to oxygen. on .the sapphkC substrate ci>ntains Some 

·but silane diluted With hydrogen decomposes boron _atoms,,. thereby increasing·· the con~ . 
smoothly to form hydrogen and elemental centration of hole~ (positive charge· carriers) · 
silicon. The former passes out of furnace in the sili.Con layer, and decreasing the elec-

45 tube 11 through the gas exit 26. while some trical resistivity of the .layer; • The leyel of 110 
of the latter deposits on the polished face of bor~m dopin~ in the sili~o,. layer niay be · 
sapphire disc 15 as a monocrystalline layer. varied as desired by momtormg the amount 
The rate of deposit of the silicon layer varies of dibor1U1e-hydrogen mixture flowing into 
with the concentration of silane in the mix- furnace tube 11~ 

50 tare. the rate of flow of. the mixture. and 
the temperature in the furnace. . •. . EXAMPLE ID · . .. 115 

After the monocrystalline silicon layer has H desired. N-type monocrys~e silicon 
· obtained .the desired thlckness. which may layers may· be deposited ·;ins~ . of P-type: 

for example be in the range of about 1 to layers. The method descnbed m ijxample I 
55 50 microns. the flow of the silane-hydrogen. is generally sol.table for, this purpose. with. 

mixture from tank 19 js terminated ... Ad- one change. When the .silane-hydrogen mix~ 120 
vantageously. the sapphire substrate 15 is ture from tank 19 is flowing into funiace 
cooled to room temperature iri a hydrogen · tube. 11. the ·valve on· tank:,2Q:is· opened.· so 
ambient without removing it from .. the fur- that .some of the phosphine-:l:J.ydrogen mix-

60 :Dace tube 11. For best results. a coolin,g tare .alsci enters the furlia~ .tube 11 .. : The 
rate of about 25°C per JllinuteJs preferred. silicon layer thu~ deposite<:! on: the· sapphire 125 
. Silicon layers ·· thus deposited · . on ~e substrate contains·· suftic~ent phosphorus 
polished face of the sapphire substrate have atoms to be pf N•type condu~tivity. ·. • .. -
been found·to be free of grain. boundaries~ Monocrystalline· silicon<·layers deposited.· 

65 and of ~od single crystal quality through- . on silico~ substrates as described above have 
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. . . -~ :i··· . . 
· · ,~ :l>een llffiized to fabricate inSulated~gate field- crystal silicon of a high degree of crystalline 

· · /· '':effect deVices. Transconduttai;ices as high perfection on all areas of said surface. 20 

\____,;· 

', ... 

"i'. 
f. • 

,;:"'. .· . 

. ~· as 1000 micro-mho were obtained with such 2. A method according to claim 1 where-

. · · devices. This is within a factor of two of in said silane is present in about 1-'--5 volume 

5 the highest. qansconductanee values obtained percent in hydrogen. 

for: devices of, equal dimensions on the best 3. A method according to claim 1 where-

brilk~grown Single crystal silicon, and is equal in said exposed surface has a spacing of 25 

. to: the tnin.Sccinductance values frequently atoms close· to that of single crystal silicon. 

·· ·· ~g~~ with ordinary bulk single crystal- . ~· A metho~.of depositing a sinfde crystal 

· 10 lilie M.con. silicon layer on an exposed surface of a 

' '· · sapphire substrate, substantially as described 

~WHAT WE CLAIM IS:--. with reference to the accompanying draw- 30 

..1. The ·method of depositing a single ings . 
cr,ystal silicon layer on an expesed surface 
of:a sapphire substf!ite, comprising the steps 

·· l.S . of ·inaintainin~ said substrate at a tempera- ' 
ture of 1000 C . to 1150°C while fl.owing 

. Silane over said surface· thereby to deeom-
.. ·· ~se said silane and deposit a layer of single 
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been. u'lllized to fabricate insulated-gate field-' crystal silicon of a high degree .of crystalline f ·:; .· _ ... . ': r_ effect d~ces. Transconduc~ces !18 high perfection on all areas .of. said ~ace. ::''··,~20\<.~:> 
, as 1000 m.tcro-mho were obtained with such .. 2. A method according to claim 1 where- pA'.;e.~·: ... 

deVic'es; This is within a factor of two of in said silane is present in about i~s volume ·;:~'.:,J''.:: :.. . 
S the_ ~est ti:anscondu~tance. V3:1-ues obtained .. percent in hydrogen. ·. _. _. . ., ,:, .. •.·~ .:',:}d/~dt;i;Jj'.:::,:: 

fot: devices of equal dimeO:Sions on the best · ' · 3. · A method acco~mg to cl81D1 l where:;~:;~·;?:;·-:~>:.' : 
brilk~grown single crystal silicon. and is equal . in said exposed surfac~ fuis ~ ,.~P~ . :.:.:)f,:~.-· 
to. the transconductance values frequently·· atoms close to that of smgle_crysta.I Si)iCQn~ ···,:,;:•.;,,,. 
ol;rtained with ordinary bu1k single crystal- :. 4. A metb.od of depositing a single:,crystal '..;;;/;r_ . 

10 J.hJ,~ silicon. ·. . : - '·_, o:··. ·.' ~ .·. ' · : ·_. ·:. silicon layer oii an exposed sm;.face .. of .. a~;;::~~.:::~-:~.,. 
j_'.. · .· · · · · · ::s8.J?.phire substrate.· substantially as~desCribecF··:·0 ·:, ''-·';-.: 

;WHAT WE CLAIM IS:~ · . . with reference to the accomp~ymg draw-. 30 
,,:d~t~~~fi~!"\~~:r ~~ '!:°C:::ed~s::1c: ings. . ·. ..· ..... , . ·.ir:-·; .. '.::_,_'):~~~:~~~;;:;;._: . 

_of-a 51!PP¥~e sub~trate, co1DPJ'.ising pie S.tel'S.._.... ANDREWS & BY¥NE.-~ · - ' .,-_ .· :·- -·· 
15 .9f mamtammg said substrate at a tempera-' Agents fot·the Applicants, .. · · ·-·-'.f2(;:z:;.,:.,: 

ture of 1000°C to 1150°C while flowing Chartered Patent Agents, 
silane over said surface thereby to deeom- 104/S Newgate Street,· 
pose said silane ~ deposit a layer of single . . . London, E.C.1. . . 
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