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COMPLETE SPECIFICATION 

i>R~WINGS ATTACHED 

. seifil~ndbctor Devfce 
~-;: ~- -~-~ . . ~ 

·· We~ Tu:xAs IN~ INcoitPonTED; 
a tor.po:ratiori orgamsixl. · a0<:ording io the 

laws of the State of·.~Ja\vate; United. State&· 

of America; Of 13SOO. North. CemtaI Ex. 
's· pre&&Way, · J)all1lS. :Texas, United States -~ 

AlilerK:a~- ·db·, h~~by dee~ tlie · in-y~nti:()'~, 
f<x· wliich W-e ~'.Y ·that a patetti. may. be 
Jtraintea to us; ~ the niethod by which it is· 
tb be~~ • .robe par.µ~ula~Iy d~ibM 

10' ih-a:rtd by the· fO>ll~ing Slia·~etit:- .. : · 

: The . .Presient' ittvenltion relates lo sei:rii­

odridnct:or· deV:iceir ind" m&thbds 6f mafdrtg 
s'4'11ie: ' '·' ... · '; '.. . : . . . 

. ·The ~- jiliVell!tion 1s a method of 
1-S Dlakin:g a sefniet>ll&tctot:devi~ hB.ving t'hete~ 

in. -~ ~: .:~m)t'. . iu~ctio~ •. said 
~thott o3mprising epitdxially . d~~g 

from the vwpour base a single crywd layer 
of seiniCOttdibctJ: matCiitt on . ii sifigle 

:2.0 cry.stm ~. sdbst:ta~ : of. sM<t settiioontb.ictor 

nmterlal' with iliolusiorr :ooe in ~h of the 
nv0 ®nstst1~:0~ ;Sli1a lay& i<tid kaid stib­
~ate ·.of. "t\Vo :.i~Untie1s -~~ni · the' 

~& ~ivi~··type ind: .of '1i~~ <:dit~. 
'· 25 ¢etitratiom' am. the flnthet i'iicltiSlon . i'n tlillt 

ode ~ .. tlre. ~-:~ing .·t~. greater ,itn­

ptltizy ~tic;tf Of .. a fterthet imputify· 
Of a tx>li'cetttiiltion intennedii.llte to those c;r 

. t~: bthltt' tito iJn•pfi:rni~; det~iilihg. t11,e 
:30 oppbsite · Mtld"l16ivitY. type·, a-pd 9f sub; 

Stanti~l~Y:'. ~ter • apru~ron. cOefficien:t th=an 
t!fat,Of.:the',iinpdrity_ Of said ~ter 00,rt­
oeutra,~.<?'!1~~ ·~ '. :sim'Cl~tane&usly. diftiiSifi:g tQ.e 
t:wo imipurit1 concimtrations in .wd: one of 

'.!S tlie two:; ac.r0$S>tffif; •bOOndirty · l:)e~ tlit 
«Vo-- td \fOrliii:safd '..jtin~tio:ris in the·· othet of· 
fire iWo:·-r:;·;:;,:L, Y<>:- {:-:·-' , . ·· ·. ·. 

~ description of t~. F6ral·techiibJ.Ogy-­
. . re~uting to: ~}iti"Xnay:'lii~dds -~ :dtcVites is 
~ given>itf -th~-fidblioaitiort'by· S1glet, J; and: 

WateJ:ski;:..s.~-;~tititled :Ep/taii~l Techiiiq~ 

·· in~·' .. Si!mil:bntliJCtiJr.::.: DltVice, Solid •State: 

JOd-tf!hl; 2. '~19.61):·,•. -This tt'Chno~ogy in-

(NtQ ~-~l<' . 

eludes rl1t, gtoWi~g an a singit cry9t~i l[!Cmi­
cond:uct()r subst:rate .of .a Single. czystal layer 4S 

of the sambi ~conauctot ritateriaJ. from 
the:' vaipoitt phase'. This ~ carried o~t by· 

heating the. substrate to a predeterzni~ 
elevaited tbrnperatute and supplying i'n the 

pr~te ~ the.h~ted ~bstrate ~ vapour Of 50 
a ... Sehiie<>nd11ctot.. oom)_C)un<l · a11a hydro~rl-. 

The .~oonduotor .. OOtn:Pottnd is normallJ 
a hiitlid6 Cbiapoun<i · .Of tlie· seinitondilctor; 
and- th~ lfttat 11.hd .hydrogen redooe the -com­
~Ittl: to . an· 11cid of the .. halide and the SS 

el.emenotal senlioohducto~ the latter · de-pOsit~ 

ing ·on- the substrate and 1"<>wing ·as a ·single 
crystal to ~oduce a continuation of .. tlfo 

~rigfoa-1 9Ubstraa;. _ M~ny va:riil:tions ~n and 
sQ.bstit~tiobl!. t?. the. ab'Ove met~od are J?OS- 60 

sible, as deecb;])ed.ih the Sigler publication; 
supra; . and a.9, ~ill, ~ more particularly 

~ted out hemnefter. · . .. • . · 

Although use oif epitaxial riiethods ar:-e be­

cdiuiilg. more,· promjn~Dt: : in ~mic0ndu¢tor 6S 
man:ufacture beCailse (1f. the varioos alivan­
tages >a-si100iated therewith. it is neverth~­
less desirable -to· oontiriue the . mainifaefiire 
Of most of . Jhe . devi.¢es whose.· operating 

c'ha.ta-cteristic8 ari identical t6 de~ces· riiade 70 

according to older methods. In ·this· sense. 
epit8.ial ·t~logy provides a ne:W and iin­
pf()Veil mliod of making devices Whose '~ 

operating chaiacteristi<:S are urichanged' over 
the older . devices, although in :many. . in- 7S 

stances the device structure itself will be 
different. ~ . ·:·~ · ,. . . 

·.·The· present .in'Ventlon. takes adivanta~- ot '..": 
and utiliz.es ep:!taxiat techniques in coi11unc;.. 

tion· ·Witli :diffiision · technology tO".·pro.vide 80 

devie6$ h-a\ring es8entially the saine· awlica• 

tl<>11S,a-s·:some of 'therequivalent dmoeima.ae, · 
a:ccordit)g to>older tneth°°'; whereiif, :.the ; 'J 

charactetistits• ~6 impr<>Ved ahd the'..tteviee; 
stnrctO.te=oliag' adva.itttages . ·heretofore·' .. on. SS 

te'a:lized·. : In:· particular, the· illlVentiOil. ·is 
: .. ": .:. ·:... :·.· 

•· ..... ;·. :_· ....... . 
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0 : :-~~P:~ i~th a .~~du~or device material is grown on the s"Qib~~ to pro- 01 

· • li•a!vm'g·l·pair of rectifying Junctions formed vide a oontinuation t . ··· ::'In. another .• 
by .t~e simulta~~ diffd~i~n ::of, •t'Wo. ~m~ as~t the two impu~~-~- l~~ in the ·-..;i' · 

'.· ~ -P..u,t';!,t1~ 'Of oPPQSlte <;on<Jiu,ct,tv:1ty ~t~PlWJ.11'.!.g . selllloonductor compQtJM ~ . . , . 't(f produce. . , JJ 
! tV~ .~ of Q.iffere:iµ,~usi()n r~1es· A por~ .. epitaxia~ _growth fr~ m~~\i!i.P.9.i]t'..phase,:'in': 70,. ""3 

tion-'of"the boo.y or the· semioortduetot de~ .which ca8e·· the ·ll:np: ~ • '"'.,.. ':,'<».ntained. , E 
vice is epitaxially grown o~ a s~ngle' ·ety~a.t' · within the . ~itaxiaa ,I.a , ·- .· ' • ·· · ·. .' : (.i) 
substrate, and &i'multaneo'us' · therewith~--· or·· · with and/or· subsequ~t:.''' .. ,.;.; ,~:·:~epitaxial 
subseqqent therc:to, which~er is m,~re..:·a<1:. :s:owth.of the·Ia:yer, the';-.~~Ofl~·ties are 

lO vantageous as will be explained b..~nm1.'@ftey, $.lm,ultaneously dUfqsed fro.atpre"pOi'tion of 75 
th~e is ~lll'ri~d o}lt .~e. ~i~~iM.an~~~ dif- th~ . sem,iconductor body wherein they are . 
fuSIOD Of :two impimties ·contamed; Ill the OOtJ.itainedJ i.l1ltO the epitaX:ial layer 'or the . 
body to form a pair of junctions. The im.- original sub&trate, whichever is> the case. 
purities are . either it11COriporated in the Tha.t is to say. the impilrlties are diffused 

15 original substrate so that the junctioo:s: are from the region of higher impurity concen- 80 
diffused in the epitaxial layer, or the im.- tration to the :(egion of lower impurity oon­
purities are deiposited with the epitaxial ce:trtration; ··The concentration of the faster 
layer so that the junctions are dif- diffusing impurity is less than that of the 
fused in the su~ate. The siQ!"illtatiCoo.~ slower. diffli~ing impurity, so that after dif-

20 dialssiee of opposite tyt)e impurities of dif- fusion, the slower impurity will be in a SS 
feting <:tiffu$ion · C®fficients .to. :fo.l;"Dl . a pail:. ~ncentration · SQffi.cient to cause, the. forma-
of .rectifying junCti.ons.: is very advanta~us. tion of a .rectifying . ju:m:tion by; C(>Dlpen.sa- · 
in: that: the widtli of the re.gion ·between- the tion Of the, fast« impurity. .· On- the other 
junctions' (nonnally ·: the ~s.e region:· of a: hand, the ·faster . impurity "outruns ~· the 

2S tiansi&tor) .may be:~e. as' nal'l."ow as de- slower and .fontls another. rectifying ·jun~ 90 
~fredaaj CQntrolled;to V«Y. cln~.tolerances. tion spaoect,from. th,ejuncti.Qn form,ed:by the. 
Mor«>v-~ .. u will :~e ,aippa~Lllerein.. slower iJnpurity. ln the ease where· .the two 

... aft~r. the: absolute .impurity CQlK:ent-raiions im.p~ties are oontained within the originail 
citn' be closely con~rolled>as .. a: :conseque,n~ substrate, the setniconducter compound use(f 

30 of using . epitaxial ; method$; ,>,AU of these. to provide the· epitaxiaUayer' is. also doped·· 9S 
advamages a:rirdl ,others·to be discussed ·here- .with an impurity of the same type as that 
inafter make' possible the'· manufacture of . of the ·slower diffqsi.ng: i:mpmity to provide. 
de'Vices:more:ex.~djen.tly .at lower- costs·:and the epitaxfa.l layer with the desired electii.e.ai 
with: closer -toleram:es than heretofore -p<>s-·· condm:tivity of t)le same.1type .as Jhe slawer 

35 Bible. · · · · · . · . :~., impurity,. ln the case where. the iwo· im~ 100 
The in'Veittion will. now ·be described, by purities are . contained: :within the et)itaxial 

· way of :example, with refereilce to· the ~c- layer, the original substfate· is doped with. 
OOJD:i.panying drawings, wheteil'i like reference this impurlfy. ~-<. _ · .. · .· 
nlimemls refer- to~ like parts throughout the . In· or4ei: :to facilitate the 'description of 

40 several -figures, and ·-in which: ;· the invention, reference will be ·had to an· 105 
·Fig . .I is an.illustrative stctional view of a n-p-n siliCQn transistor wherein two im~ 

.· · furnace for epitaxially growing on a sin~le purities· of opposi1e con4'uctivity qeterminins 
crystal Sem,iconductor substrate a •. sin.gte· ~ are contained within a' si11gle. crystal 
crystal layer of the semiconductor material; silicon SQb9t:ratcf and a ·single ·orystal ·· silioon· 

45 :. Fig. 2 is an elevati(jfial view in'section ol layer is ~taxially grown ·thereon .. In· this· HO 
a Sem.icondructor body . having a pair. of case the rectifyingjunctiotJS. are form,edr with-

. rectifying Junctions made by the: method of in the epita~iat layer l?y diffusion;.·· .. How-
the invention; . .· · .: •. .: · · : . , · . ; . ever, it is expressly· · reoognized ·that the 
. Fig. 3 is a sectional view' in elevation· of method is also' appli~ble ·to the provision 

.SO a portion of the semiC()Ilductor body of Fig; of the two .impuriHes in· the compound of JlS 
2 and 'a graphicali..Uusttation of'the im'Purity the semiconductor iii the vapour phaie used 

· . concentrations as a fl,lnction of distance to prcxluce the: growth ()f the epitaxi&l layer. 
through the,body; and In such.·~. the ,juIK;tions .are·formed 

Fig. 4 is an illustrative view of a trans.;. within the original' ·substrate by· dilfusion. 
55 istor made' according to .the :method of: the The methocl"is also a:ppli~ble to any semi- 120 

invention.... ... . .·•. . : ... '· .. :: .. · : . condu~rs capable oLbeing;:.diffuSied :with· 
'-': :,Ac'cording to one a&pect of :the inven:ti~: impurities and which are susceptible of 

a_ seipieonductor device· -is .. :made. by.:: an:. epiraxial growth. . .. . . . . __ . , . 
epit.a:J1:ial .pr<1Cess wherein.two impu.rities, of .:A. sing:le •CfYS't-8:1 silic91l $Ubstrate, usually .. 

60 opposite.oonductivity deterni-in-ing tyipe&;and; in the form of a.wafer, .. is dope<FuniformlY· 125 
oL different d.iffusion cOefficien~ ·are , mn:. throughout with. :both ~" p;.ty·pe. and{n4ype· 

:;' :, tained.wi.thilll a si~le crystal semiconductor hn·purity, :· For exam:ple,-,boro:n :is: ,suitable· 
substta-te,. and by an epitaxial pro~. as a IJ:".type impuricy and arsenic.is suitable 
according to the Sigler pu:blieation, supra, a as an n-type impurity, the· f9f1n:et" h.aving a 

65 single crystal layer of the semicood!uctor greater diffusion coefficient" lban tlie latter. 130 

. --- ..... _______ ~··-· --- -·- . 
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· The ar&enic ··~--~m0r~:··h~~lly .. ·~9ncemrated of tke · ~ · ;hich the wafer is maintained ~i- "·-~···-,, ,,.,, 

f0r;_'die0:i~:#.Qte(J::i.bci~e..~···ncf wa.£61: 'is::. the!!t'. "tc:mpera..tures}" .. Jn the· method' of thfS·· 

pf<jvided' by aji!~<s.uit:abt~.;ilJi~ 'si.toh. ,~·~ inveri<µc;>11; th,~ ~taxial gro\Vth is contintied 

gtowirig ·a single'ciystal itigotf*Qm' a silfooti' · until the layer ~Ches the desired thickness·. 

5\°=~f ~!~~~t:.J~~trtt~;l:~'.~ !!;· t~~~=/~::i~~\~lJ:e ~:.1:; 1~ 
lftom 'the·'• ·:.so':m~(~~ . ..t~ It~· i1:1· «>D,e'· piiriti~· .. ~!ai~ ··in . ~he ~ubstrate· fo •. dit~-~ 

cryst!ll ~~:' '!h.~1$; ~~11Y, ilie l'~"l;t·· fU~.10 ~!'.1(~}1~ii;<f,d-_4epth into the la}'.er,t9 · 

plan~ tot silicon/ ··T~e. 'faces· df . the wafer fo~ ·· the.ooi~ -a ·pair of spaced, rectifymg 

l.~ at:e. ~e~ .1Jlech~~If·<~~d'/<;>t ~etniC~Y, iu~~ '~ Ii;t .. :w~ eve~t that the ·epita~i~J ~~., 

· · 1 pplisb.ed by ·con~ntirn.tal JI!~hbq.$ ti:>· ·perf~ ·. layer th1~kii~ JS. obtained before the · diif. · '· '· 

th('.m ·~ :~e ·~~ghesf~ble' de~.· ·~· · :· fusion·haef··been .sufi.jcien~ carric:d out/the 

. ·A'. ·mngl.e crysta:l #Jicon · lay~! . ts •. then fiow of. tlie · vaipounzed IIllxture IS stopped. 

epi~alfy growri:'OO. a face ·of· the ·wafer; As. and the wafe-r· is niain~ained at the elevated 

15 showndn Fig~J the ner now:de&ignated'at: temperature to contimie the .dilfusion with- ~ 

\,r: 4'.' ~ · 1>1acoo.<witliiit)i furnace de8ipt¢ out the conitU:t:u¢Si''growth Of .~h~ layer. Or, · '· 

gen~I'allly -~ 2~·whiC11 ~~ ~.It:eric
~oWte.. a:lterllately~ the fio~ is stopped., the tem~· 

having an 1p1et and ~- ~utlet and nieans for perature of the wafer·lowered', and the wafer. 

lcrcally heallitg 'tbe''Wafer to .the: 'desired:· removed ft'om the furnace and subsequendy' 

19 elevated ··t~titre'::-'-. Th~.·'fttrnace' corii-' heated to ·complete the d'ift'usion. · · · 8~. 

,, pri8e6 a quartz 1u;be '8 · haVit:i;g an' <:>utlet 10-' The . foregoing ··is · a · description of the · · 

adjacent 'one·· ~d-:thete<,lf; and Jiaving art igener.al steps for carrying out the method~ 

inlet 12 ·· adj_a.Cerii _the 'Oihe.r'·'end.' ··A.· rcinov.< In peral the epitaxial growth is carried out·. 

ab~: ·st>Opper' or plug' 14'.blookS one· ·end Qt. in a'QCC;>rdiance with the description in the. 

·2) .. the" tooe a:i;id. provides·. access to''.the -IIiteriot Sigler public;:atioir supra. Any suitable fur- gq_ 

' thereof. . Pa'.SS'ing tlifuugh the plug .are 'two.: nace'that provides a.:n en9lo9Ul'e and localit.ed: ' 

eleetricahxmneCtiOiis ·t6 .and 16' that' sup·~- heating ca;a:i be u~. The localized ·heating: 

port and are. electricailly connected to :'a· Of the wafer without corresponding heating' 

gl'a_phite platform 1 S ' \VhiCfr ls:;:,Used ai_ i of the furriaoe. walJS' ~erely Pft?Vents . de· . 

30 resiBtanoe ·heater.··· The wafer4·tes.t$ on this-, positing the ·semiconductor material on' t~e 9S 

r iplatfootm.: : ·Tlie ·~lectrical; . coririe9tlons .are _walls bf the' fumaoe. .. .· . . . 

cOOiiec!ed": 10: a clirren~ stiipply; f9t .paSsing There is. ~own in. fig. 2 the epitaxial 

~lit !Jttougb. th6'platf~'for··h~ating the· silicon· body ma.de a«ording_ to the fore-­
water; ' .. ' . .. . . . :; . ' ~. '. \ ' .. ·• ' gOing d~ipt.i@ with" two reCti.fying junc-. 

3.S. '· C~t:is· passed .th~ugh th~·hdater l8tg· tions separatiug·t.he -body into three regioos 10()­

. '; rai9e .:,~e temp«arute of 'the Si.I,.i~ w!ller <?f allternatins ccmductivity ·tYPe: 111~ dasheQ. 

to .a:bQut lOOQ°C·to, qoo°C. · A: vapoµri.ze4: bne 20 represents the •-mecbarucal mterface• 

. niittu!e Of· "hydrogen· and a·• silicon-halide between the otigin:a.I substrate wafer 4 and 

ci)ilip0u.Dd'··49P00·' ~th ::~'.,..Uital:>le·'n-:~Yi?,e the' ~pitaxial _fayer, now 4~ted at 22. . 

4? cc?~Ctj.vio/,·~bt~iD~~g, lliipui;itY)s ~. Ideally, ~e.· m.ecJ.tani~!. in~ace is· pe.rfect 1~ 

1 
• thrQUgb.,·tlie. iJtlet: 12 ·and Q'Ver. tl!e face:'of. and Q()nst1tu~ ·a: continuation of the sub"'· ' 

the· .~er:,·· ·:ni.e aQ<>Ye · t~ture ~~·iii· strate crys~~ • '.although · in' practice there 

sidliclen.tly· ·tii8Jl t~. ~ause"- the' _?¢U;Ction 9f are some irtegularit:ies at .this interface; The 

the silioon,J.liaitide ~d iii' t,;ie ·pr~~ sµn.uitaneoiuS <tiiWsions of the .two impuritl~. 

4S. of . hydrogen:·· fo' elemettt:al · .silioon ·:and·' an· contained in·tbe Wafer proouces a fu:st· junc-' 110 

' aCid o.r·the.:~lide; ·~e.~elemen~·sin&n tion·24,camredby.thefaste:rdiffusing~r(
fa; , :.' 

~its• ~:if ~e ~~ ·~JP:e:_:y,~er and a,nd ~- ~on~ . ~Wiction ···26; :~~ by : the: 

grows as ··a: single. ~al t<J ·prpv1de 'a ~- slower difiusmg ~ · more heavily concen­

tilidaiio:il 0'0f, tlierwafer Crystal}'· BeC8.U8e ()£' trated airseJij<;. ·The epita.X.ial layer is dOped 

. ~ the"<im.Pllriiy cootaiiliecf iin'. ',jthe -Va '. ··urize(f With an iIQpu.rity such as phosphorus . as:· us. 

, ··~;the· epitaXial 'layer ~1.rin ~the a.Muded" to ·atiove, bUt' the eoncelitraticm of · 

· t:aee·or·the warer·is"d6Pecf'a1id•resutt9 in·rlie the·· phosph•'.·is· ~ci~lY: low·. to be·· 

cb:rtdiQCtivity type'.of''this itnpuritY. wlifoh;'it'i d.Ominated. by the boron between the. junc-· 

this 'case 'is ·n-iype·-Co.OOucliVit:Y' •. '.''·- :: ''·· tioos 2A 'aild 26~ Thus the pprtiori 2$ of 

~S, '·Sfmultanerilis' With 'ther'e ··ta.Xi&,l :··. riwtb- the e· "mJalclfl; er between• the Surface 'of 120 

, '·; the illii>llrlties c<Qn~he<f i1rffi6··warer ~gm~ the I~r ·a:mt tKe j'Un¢tion "24 cOnstitutes a tt 

b.f<Wfusion ititO. .. ~ ''itaXiat la ei:, ·The first region.'·.Of':1t'fir8t· coriductivity iype; n.~' 

eifenf of•·ddlfllsi6n .wl'!.'Of :rouJ ··:~····~ t:ype ili'tliis'·.etattiple; the portion ·30 ·or· the 

termined by the ~ture of tlie; wafer· layer 'bCtwe~iLtl(e two ·jutictfons 24 lllid'.26· 

-~- aiia 1-~Y.~ :ili!d;;~e'.~ti:c~ifQf time that· the oonstitJlte&' •a)eoond region of the ijpp_osit1f ~7S 

, elcWated {0$P«attife' is;mainta'.moo; wherem coridtl#iVit'f•·;tjipe; p~~ in· the exampl~;; 1.•r' 

. sPOOiDS: "times aDa·•:t~~ :Wiu ·be ~set ancl thl'. entirety:' of the· origina I 'substrate an'd 

forth bel0w: ' For Silicon, ho~ •. d.ifftisiori the· portion" of the layer between the 'inter.;' 

iS Sligh{at·lOQ0°C';ancfiS tiuite extensive at. faee 20''and'('the junction 26 constitutes a.: 

.(;S. l300°C, sµbj~/of oolit'Se'/to tli~ duration third i"egi<)i:I'.' of the same conductivity · ·typ~ 1)-_0 

...... -,~-
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tions for the corresponding diffusion co­
efficients. Moreover, semiconductor materials 
other than silicon can be used. If ger­
maniqm is QhOscm as the semiconductor 

S material, it is well understood that, in 
general, the same impurities that are effec­
tive in determining a particular conductivity 
iype in sill.con are also effective in deter­
mining the same conductivity type in ger-

lO manium. However, the faster diftusing im· 
purities in silicon generally are the slower 
diffusing in germanium. Compaund semi.­
conductors can also be used, and suitable 
impurities and their diffusion coefficients are 

l.S well known. The requirements of the 
method of this in·vention state, however, 

· that the relative eonoentrations and relative 
diffusion coefficients of the impurities used 
must be chosen to produce a pair of recti-

:20 fying junctions in the semiconductor when 
simultaneously dilfused into a region of con­
ductivity type the same as .the slower dif­
fusing impurity. However. there· are no 
partiCQlar requirements as to the depths 

25 to which the impurities m,ust be diffused or 
the absolute concentrations thereof, as this 
will vary according to the particular device. 
In this connection the invention bas been 
described with reference to an n-p-n silicon 

:30 transistor of very narrow base width and 
the impurity concentration of which is 
graded throughout the base. 

The flow rates and· concentrations of the 
various constituents for the epitaxial pro-

35 cess have been described with reference to a 
silicon n-p-n narrow base transistor. ·How­
ever, the. Sigler publication. supra, discloses 
variations and! modifications to these para­
meters. and it is expressly understood that 

40 the particular flow rates and concentrations 
given above M"e for illustrative purposes 
only. These parameters will vary acconting 
to the particular device lUlder consideration. 

The invention is not limited to the simul-
45 taneous diffusion of two impurities· from 

the original substrate into the epitaxial layer, 
but, alternatively,. the original substrate can 
be doped with a single impurity of :rela­
tively low concentration, such as about lots 

:SO atoms/cm3 of phosphorus, and the vapour­
ized epitaxial mixture can be doped with 
two opposite type impurities. Here, the 
migration of impurities by diffusion is from 
the epitaxial layer to form a part of 

SS rectifytng junctions in the origin•al · sub­
strate. In this event, the regions of the semi­
conductor body shown in Fig. 3 a-re re­
versed. 

The advantages gained by fabricating the 
60 device by epitaxial growth are manifold a"S 

compared to older methods of simulta·ne­
ously diffusing two impurities into a semi­
conductor body to form therein a pair of 
rectifying junctions. In the older methods 

65 of growing a portion of a semiconductor 

l
'i!l 

-. .. -...... . . 

. . t~:.:q?·~={?·~.:.;:::~~;·: ;~-<,:· 

body from a melt do~ with a fi,rst im-
purity, andi subsequently adding two op-
posite type impurities and continuing the 
growth while tlie impurities· difiuse into the ~ 
body. there is much difficulty encountered 70 
in control:ling the exact <;<>ncen:tration of the · 
impurities. This is largely due to the segre- .. -­
gation of the ilnpurities in the melt upon 
freezing of the semiconductor during "· , 
growth, and the non-uniformity of mixing 7S 
of the i:Dl'Purities in the melt. Moreover, the 
junctions formed in a .melt-grown process 
a:re curved due to the crystal growth, and 
thus the j~nction locations from the end of 
the crystal vary throughout the diam~er 80. 
thereof. · - · .. ·~, 

Another previous method includes the · '' ' 
simultaneous dllfusion of two impurities 
from the vapour state into a semiconductor 
body. It is ~on knowledge that it is 85 
very difficult to ~ontrol accurately the con­
centration of the impurities at the surface 
of the body. where this conoenttation deter­
mines the concentration of the diffused im-
purity within the body. 90 

In the present invention the concentrations 
· of the v.arious impurities can be very accu­
rately controlled in the original substrate· 
material and in the epitaxially grown layer. 
In fact, the impurity control that can be 95 
exercised by epitaxial methods far exceeds 
that p<>BSible by the older methods. 

By using ej>itaxial methods, very little, if 
any. of the semiconductor material is wasted 
in production. Fmally, the junction profil~ 100 · 
are flat, in <:OJ?trast to the older melt-grown 
method, because of the flat interface between 
the substrate and the epitaxial layer. 

The invention is not intended to be 
limited to th~ specific details mentioned lOS 
above in connection with the description of 
the preferred emibodimen'tj thereof, but 
modifications and substitutions within the 
scope of the invention as defined in the 
appended claims will become apparen·t to 110 
those skilled in the art .. 

·WHAT WE CLAIM IS:-
1. A method of making a semiconductor 

device having therein two spaced rectifying 
junctions, said method comprising epit- 115 
axially depositing from the vapour phase a 
single crystal layer o.f semiconductor material 
on a single crystal substrate of said semi­
conductor material with inclusion one in 
each of the two consisting of said layer 120 'd 
and,(.,substrate of two impurities determin- 5Cl1 
ing ihe same conductivity type and of dif-
ferent concentrations and the further in-
clusion in that one of the two containing 
the greater impurity concentration of a 12S 
further impurity of a concentration inoter­
mediate to those of the other two impuri-
ties, determining the opposite conductivity 
tyipe, and of substantially greater diiffusion 
coefficient than that of the impurity of said J 30 
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tiOD$ for the correspoodmg diftusioo -co­
efficients. Moreover. semio6nductor materials 
other than sili¢on <:an be used. If. ger­
ma.tiium is ch<>stm as the semicond'Qctor 

S material. it .is w~ll understood that. in 
- general, the same· impurities that are effec-
-- tive in determ.in:inlg a partiCular eondtuctivity 

iype in sildcoli are also effective in deter­
miniDI the Ba'ID,e conductivity _ ty!X' in ger-

10 manium. However. the fa8ter dllfilsing im­
purities in silicon ge.Derally aTe the -slower_ 
<tiifusing in germ:anli.um. Compound semi­
conductors can also be used, and suitable 
impuritj.es and their diffusion coefficients are 

1~ well known. The requirements Off the _ 
': - method of this- invention state; however, 

---- that the relative eonOemra:tions and relative 
diffusion coefficients of the impurities used 
must_~ chosen to produce a pair of recti-

20 fying junctions in the ~iconductor when 
simultaneously diiffused into a region of con­
ductivity type the same as the slower dif- -
fusing impurity. However, there are oo 
parti~lar requirements as to the depths 

25 to which the impurities must be diffused or 
the ab6olu.te concentrations thereof. as this 
will vary a.ccording to the particular device. 
In this connection the invention has been 
described with reference to an n-p-n silicon 

30 transistor of very narrow base width and 
the impurity con.OC'lltmtion of which is 
graded throllgihout th~ base. 

The flow rates and· QOncentra-tions of the 
various constituents for the epitaxial pro-

-35 eess have been deooribed with reference to a 
silicon n--p--n Dal"l"OW .base transistor. How­
ever. t~ Sigler PQblioation. supra. discloses 
variations and modifications to these para­
meters, and it is expressly undemood that 

40 the particular flow rates and concentrations 
given above are for illustrative purposes 
oniy. These pammeters will vary according 
to the particular device under consideration. 

The in1Vention1 is not limited to the simul-
45 taneo-us dilliusion of. two impurities from 

the origine1 substrate into the epitaxial layer. 
but. alternatively •. the original substra·te can 
be doped with a sinigle impurity of rela­
tively low concentration·, such as about 1 ou 

:SO atoms/cm.3 of phosphorus, and the vaipour­
ized epitaxial mixture can be eloped with 
two <?Pposite type impurities. Here. the 
migration of. impurities by diffusion is from 
the epitaxial layer to form a part of 

:SS rectifying junctions in the otjginial sub­
strate; In this event, the regions of the semi­
conductor body shown in Fig. 3 are re­
versed. 

The advantages gained by fabricating the 
60 device by epitaxial growth are manifold as 

compared to older methods of sim,ulta·ne­
ously <liffilsing two impurities into a -semi. 
conductor body to form therein a pair of 
rectifying junctions. In the older methods 

6S of growing a portion of a semiconductor 

body from a melt dnped with a first im­
purity, _ and subsequently adding two op­
pOSite type impurities -and continuing tbe 
growth while the 'Pllpuritie&' diffuse into the __ 
body, there _is much diffi~lty encountered 70 
in contro:tling the exact concen.tration of the 
impQritieis. · 'Il1is ,is largely due to the segre­
gation of th~ .impurities in the melt. upon 
freezing of the .seiµ.ioondiuctor during 
growth, and the non-1.tn:ifonnity of mixing 75 
of the impurities in the inelt. Moreover. the 
Juti.ctions form,ed in a .m,elt..grown process 
are curved due to the crystal growth. and 
thus the junction locations from the end of 
the crystal vary throughout the diameter 8Q thereof. - · -
- Another previ0us method include& the 
simultaneous diffusion of two impurities 
from the vapour state into a semiconductor 
body. It is common knowledge that it is 85 
very difficult to rontrol accurately the con­
cenitration of the impurities at the surface 
al. the body, where this conioenttation deter­
mines the concentration of the di1fused im-
purity within the body. 90 

In the present invention the concentrations 
of the v.arious impurities can be very aocu­
raitely controlled in the original substrate 
material and in the epiWtially grown layer. 
In fact. the impurity oonitrol that can be 95 
exercised by epitaxial methods far exceeds 
that poosible by the older methods. 

By using epitaxial methods, very little, if 
any, of the semiconductor material is wasted 
in produc~ioo. FinaHy, the junction profiles 100-
are fiat. in Q<mtrast to the older me1t-grown 
method. because of the fiat interface between 
the substrate and the epitaxial layer. 

Thie invention is not intended to be 
limited to th~ specific details m.enitioned ios: 
above in connection with the description of ,J 
the preferred embodimentJ thereof, but -1 
modifications and substitutions with:in the 
scope of the invention as defined in the 
appended claims will become apparent to 110' 
those skiUed in the art. _ 

WHiAT WE CLAW IS:-
1. A tnethodl of meking a semiconductor 

device having therein two spaced rectifying 
junctions. said method comprising ep.i,t- 1 lS 
axially depositing from the vapour phase a 
single crystal layer of semiconductor material 
on a singl~ crystal substra:te of said semi­
conductor material with inclusion one in 
each of the two consisting of said layer 120· 
andtsubstrate of two impurities determin- 5e1;d 
ing "the same c;onductivity tyipe and of dif-
ferent concentrations and die further in-
clusion in that one of the two cootainin-g 
the greater impurity concentration of a 125 
further impurity of a concentration inter­
mediate to those of the other two impuri-
ties. determining the opposite conductivity 
t}1)e, and of substan1ia.J.1y greater diffusion 
coefficient than that of the impurity of said 130 
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~ concemratio11,, and_ Slimuttaneously 
dilfqSing the -two iJilPU.tit¥- concentrations 
in said -one Of tru, two .aero.· the boQJlctaq 
between the two to form s8.id junctions_ in 

· _J the other _of the nvo. -_ _ -· - -:_ 
- -- • 2 . . ?1. method a~ to olaim, };_ wtiere~ 

m 98id one of the two 1s :tho' substrate. -
• - 3'. ~ meth_oo·~~.-~~' ctami l .. wher~· 
_1n said one. of .tbe :~O l!J _,fue ,Jayer. , -

-lO 4. A mclhOd ~ - - - -- teQOdi -

-:_ claim wherein said simruta:0:1a&usion1 
oamed -ou.t -simultaneously- With_- -said.-_ ~it· 
axial 4ep0sitioil. - - - •-- _ _ 
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