PATENT SPECI FI CATI ON (11) 1364 677 (21) Application No. 10283/ 74 (22)
Filed 7 July 1971 (62) Divided out of No. 1344676 (31) Convention

Application No. 7010204 (32) Filed 10 July 1970 in (33) Netherlands (NL)
- (44) Conmpl ete Specification published 29 Aug. 1974. (51) Intver/natrrpnal

d assifd cation HOLL 19/00 (52)1ndex at acceptance HLK 217 22Y 273 277 306
312 413 41Y 422 42X 511 515 530 53Y 54Y 555 556 55Y 578 579 581 583 91;
59Y 611 615 618 619 61Y 63Y 650 (54) SEM CONDUCTOR DEVI CESCAND - MET] OF
MAKI NG SEM CO\IDUCTO? DEVI CES (71) We PHI LI PS ELECTRONI C [ regi on

| ocat’ed “parti alPy | NDUSTRDES 3& é’%‘?nd
partially: vmthrnt e |taxral LI\/ITED “Abacus’ House 33 Gutter | ayer,
form rD-a(Zé} épréremkfo Il%ﬂéﬂ‘*on @?)ef"ﬂsir?l“lﬂ}ﬁﬂe .London, . 5 C Agsmwpll | i sh
Conpa (62 n Bivided ouf pfNoc F6#6dKi.al | ayer: where.’ it i s-sus? g )
decl /¥ t£7d) Corirentivd Applicatior Nofip1204 s daiciiied 10 July e Britied AHEes
sem coqﬂlu@bNethsla]tﬂsayL)t hat~a patent’ may be granted to
the und o4y Conplag Siecifichtion prblished|2% Are. et hod by which if §
sur f ac@ ofs1y hmempmtaleﬁlasaﬁcatmymmﬂoeuch a formed, to bd *\1;.,,;:3
dept h v -{53) Inedetat bdagprabesr i-ed- r egi on but* not. by the foI I SN
so deep as toHIEet217 k2y TSI W6 S12 AEATHIN #22 42355110515 | T N

rel ates t.o- seni cendggt?;éé Géglg‘? gf%ég:%&sv?{;f&yéﬁ 5%nd. form n"em. con-
t

devi ces arid- further ductor circuit conponent in the

I sol at’ed "por - ! siﬁﬁt@ﬁﬂ%%ﬁrbﬂﬁﬁﬁ%n METHODS oF it Lon of ‘the
epi taxial | ayer 1(‘0'2 amkmmbuamonq)mr&%e s 0 ‘Enbodi nent s of

the various aspects.. of Tt he our co- pendi- ng Patent Appl | cation 31839/ 71,
present .n@@nt.oWeMpanmevﬁlr’ﬁ&Tmevﬁ  gion loca nathml\ldle 1364676),

Lo whi ch Ao AR e e O AP A:E; r"g‘rﬁ'{e& bk o SRESEVi ted.
ACCOMPANYGNG ToRiORRITIRE  Bera Calibad ér tﬁtsutasrsect of the
presens dA/rue&by dedlam/ﬂratmamehhm&emch pecmntlgzl mﬁedsemoﬁﬂ)ﬁ mtc&rductorFl gures 1 to
4 are crogspmaedhal @ng

atent, imayyche (gsapied eto vjosidisae e wpnfegehduetdr sub- of.
porti ons “g%%‘:g ae Eﬂi‘%\‘g’ isiplelere Thmd %8%&&’%3" %ﬁﬁ%ﬁ&axr al |ayer
formed onythe ol c:cessr Ve stagg pr turlem&fn asstrate, a
buri edtor egThin mnttoherelam ab { mieondfictorf i thesprogaive: @wdmdtfmmnia/sem&on-n accordance

the epj t afiss: andy ep, felatesh 0. Sgthedsr oft edugtprgcireyy ¢ ip Akeipplatedpor-and

il 1ioe
ext endi*nd™SaF pEAEIERD k‘!;i“ﬁ?fﬁl R b atf:’;t‘.’g\‘%’éf"é? the vedolb fsBec of $hed
Cr 0SS- SeGht Qahaing B m;/rnc <36t OO Wl névP B @ ,lipuredi ng a
porti ol¥ C(Seral Heniiﬁmw.rm wblclbmﬂayenca‘ 1sa Ve C ofi (bxamplE, 2ith . efax'encentooihet he

epi t axi alm‘x r and -extending.’ BApPS d@%f@émiuh deviBssdalice. with the
[0 o depn e L L B e A @gﬁgﬂ

Mo 4 DCHLE WrionldUiewpOt SO deep
as to neekvideh@ompHsig r at &mlcondu&ort hﬁb—er’dﬂ omml&ﬁuua& aﬁeﬁs rﬁﬁedisand a
senm cofdustttaran emtaxeh layer ¢ '

b o He sulwr tan svcedsseae@ng@ mahd:mgmiaegrebf #o 4 the

otart g AR S SR ) ST T o ke

nmonocr yﬂeﬁﬁﬂﬁ:ﬁr{g}ma ﬂ%’ Qﬁlﬂé’@ﬂﬁflall a.ng mven cn, rﬁy-ﬁfrtlonal view of a

subst rat ehmaﬂyallﬁ J:sontm%ol esuﬁwdndxﬁg)ra promom,hf claedeaﬁductsnemdsz ohaleeéndr 70Ci rcuit
a

conmpon®&ntpo rrrmiegaductpp (dFwind S0 pegrdinee witk thensi st or
havi ng erﬁn%” %@b’t ;ﬁ?ed’“{‘%%ﬁt&m £ 040 S 80U RURq52 1 €01 ons
Wi t hi i ttaedlﬁotéﬁceﬁhueer du@ﬂtoto

@fexbﬂ:r: @F -type
region, épmtdaxmalthel dspared P Poronjiifi’ ent rwmxsmwm:ystalﬁﬂe amkon‘dmmeds The

r egi on?% 3Pi {85 f or m . 80. 35250 |G oF priyre gilicompia whidinsi st or .
o net wal e R SR Combll 1 B i it i 0L o

_t he pr.eMrégidag withinethal isofated Tpatiqgaabft $heOfang @i ldroﬁt&!@@eﬂﬂoyﬁ&mﬁ@?&yper}h’ﬁdﬁt ion there
proyi ceithxial fpgarhdbe bried rrpgionhmgse bey VA3 cirds forrhed. %qgion Tthes thedorint i80g naki ng

sem co"ﬁd ‘Efggrgg y‘g‘@%‘f {g)%ﬁsfs?ﬁ,g st de ﬂ% renglpsy theoregionsas s ysual
-in fornm rtg,tan FALTS o hve Dt fdsﬁa &aRt hods, an
oxi de | aymking Gs&mcaaudﬁ deis, cmmdﬁshrgorstagubsﬂub\at @, Figﬁrevn g i@ RsuPint axi al is
presen d?fmtqﬂ 2 sydmicepductesf fegiae Vet | (%0 12 rsmennetlnés,surom@bmfmt £

substr qt;t l@& acgbtﬁvw'ﬁ{m s 2in O Xduftbr - %i %i 'f'ﬁ 1sn w1 E‘FTner whi ch
causes a al‘fﬁltiﬂ of ﬁh—nQﬁ ‘in hr y 1‘¥dr 0-
puriti-es pfurmm fMethesamdi regm jnforthei rAuoric 4dde - f uori ¢ aci d epitaxial |ayer

durin b Jgr  dRFPE Hes -0 ':t@mpm |1av1e ﬁér %98, 90 45
b ot ST T I o ey

This - st ck is then
deposrte QN Jsei on int.o the eprtaxreg a¥$ 110 j;rnrwv I %’srlrcon body
61. This deposﬁgron can be EE' ERRATA SLIPATTACH:R

1,364,677 ;. 2 effected in known manner
by deconp05|t|on epitaxial | ayer 68 and in the groove itself. of silane or
a reaction of halogen silane After-a treatnment tinme of approximately
wth hydrogen EUrrng this deposrtron the 16 hours a sunken oxrde | ayer

I ~ o~ o S v o




| ayer 62, since boron diffuses nore rapidly conductor may be found in
Canadi an Patent than arsenic. No. 826, 343, U. S.
Patent_No. 3,544,858, 10 |n known manner, the surface of the epit- and

Philips Research Reports, 25, 118-132, 75 axial layer 68 is covered wth a
thin silicon April 1970. nitride Iayer 65 and then with a silicon :
During the oxidation treatnent, - the oxide |ayer 66. The silicon nitride

| ayer 65 boron-doped p-type buri ed | ayer 63 has may be deposited by, for~
exanpl e, hea&ing further expanded in t hk36d6T72 axi al layer. In 15 the baly
61 with the, eprtaxral Ia er :68 at ‘a -Thal stag e or arter_subsequent

heating 80 tefp¥rattr a r r‘t’é FREPes “1@% er(§8 ‘H‘da'n é@?“l‘?’e‘ﬁ?‘f it

adjoins the lo \oﬁtﬁ ,@H&f ﬂg@)éi ggnt%g (ﬁ; m‘fﬁe.i_

thick- for rred réxionK &2 dnﬂSGBL athich Nbekdie EBu g’r&rvesr\‘.ﬁ&sdc@ $He dxfgen. .

nitride | aye? ilagery '_ ___.._'_emand insth tem alsla é8| ﬁllmacthm ofiginaFigepavee 63 sufismetialipt 4
' ur@s ri%talhow Bisyandedther nt-

0.15 micron. B B

d
island 20 ' veryyihen g saté"ﬁ%ﬁ;ﬁagm’;t o eafxmaely nd§ vrﬁtyrm%une SR WiEED are
separ at ed fromﬂeﬂmhumt her 85 be used for NeX BIRB43, QU.S.aPiendXINGTRS,£44)858, by

means of isd atrIBri<11l - 5@8d thS]ResemEiRIenouart?j'oi(ISdeH,ayér
66 having a ﬁ%ﬁﬂ' %ﬁ'ﬂﬁ& ﬁrnd\% %red hi cktrrtess of .0.2
mcron i s depogi dy 6] Ii'ﬁesxf?coﬁ)ﬁﬂﬁdel E%?%SG%O & OfleyBd THuHAE 1y Y%E 535 for
exarrpl e from_amay blerdekdmtﬂd/l’lbymia’mﬁamplé deating a fpther edpynde® ai) SheQeptaxial MyUﬂ’ €n

consi sting df aheclaﬁsr plit jal @Iaaharthadr StiggssrcmnaMt lsuinehsuent heatmg 80
seni conduct or ° Tﬁ?ﬁﬁﬂlﬂ\ﬁp P GRFTentn it adieing dhe lopzf s;@ll_ﬁfc
CONPONeNt s can fedas hiide yeD @ Appfobl. Aleabiie ok teC Gk THislen BAYBE
serves i sl angs mafelyr. 0&5(6!“191018 Btldwe the- pityidet’ aal’tﬁltasiabhyet' @8 psrﬂheaitxdddrid@rﬂlgﬁun%
silicon agai nsge%ﬂ‘ ilicon g YROTIOE SROWR @NaH, {pantionswhich @ otsid] feoox eagh @lert 83N
in a subsequentesth & FREREI 5% rmtgﬁ r QY ’é’%“?aézﬂ“&j feitall
material 78 t henidkhddk 60.2 Nctbiisl @Postrady @i thef S |1ng3{163‘3><|

arseni c- dopeyg Isiicongutriicaippar 662f0rﬁxam®8 from ehesy 0¥k BadiB 13 dedigie v} aaégrss 66

and col | ector gﬁ:%ﬂ Q’Eﬁm %m%%%? d odtmmirgdxﬁﬁmoapeethdds‘,eﬁmmrrﬁucmow ded

> d
above the p-ty bl P l?é;r?eﬂ %ﬁ’%',’jw binr thed
:%'mm tter

regions 63 |i k@MIlpﬁ)&cﬂ findediyingf gifcon @it otida- al

di f f usi on ofsgn Mmksub?@?ent R o bi@nmgo idadsy reg&x,a

i's provided byﬂgl?s ‘gf ’ﬁd Vﬂg&‘lednd nhet. xgenioxdopkd tbmydarlay%62 nAr @i on
76 formed by .dig ﬁﬂ’e@n { i igsmerd during ¢ and
a phorus. Theurrtedswm hm’va & ﬂs fsﬂnowihar rlt, Q't:z"' , gﬁp%cfoﬁ&‘%@ev ‘51%‘&

after which 4 ghe%gﬁ?fe gﬁ mﬁand eaittede préied b ke nlipe d

Since it has b asegonrrﬁeldpmrgdfhvr diffysion of ahoet ¥R ng
any of  manuf agjdséor a(tld rwmdasth a ?51"? A%efeﬁ{ltﬁ’é g SagormyiBr 65
with ort hophospdmmm natnecfamd omddéayertdrratlsed he‘gg'iy&r ‘RdpR- géépemg@é&eﬁurg.‘QSth@cr 'd.
63, the di stgnée® iR er F‘?O o nc GnubteureMbei the Gink&dinehladl@Chayedr € i S
at | east 5[err]md5_.5‘ t 3é se BRI ¢ viider. ghit <h-P-tW?| h@ru@ﬁng
the nitride oxi: dH:erm&Krofl@ucBEpertﬁG is g:rla@r\/ﬂs M’% g‘f;ﬁg ?‘ﬂg_ (ﬁ%n With
st andi ng t he fWénic usipgy tthet hitsidp pxide Inalﬁlmg o) !

The resul ti I]g }iﬂ?@@f#@ dﬁgﬁ% wish ad;oms the sunken msulatlon layelAzo shown
di agrammati cal sYsh wih it FipdteS2 he o>§| de. Asayewn @ giammbivally inelmmedﬂf buiot he
upper side of t thermllater @0 it a;eerreﬁ&ed By MERErPPEST sids @dhﬂ/@ﬂ%ﬁ“@% el’ 70.is

_u-

hydr of | uori c asieshs dita Zpy) otidyacid g at % e asaﬁﬁ the
bl jacent s £

assenmbly is %hémm. : :\%fa ‘ng B edeg&l 5 L [er,, 50

to an oxidi zi n&efe&&ﬁl‘dj&.b c&nﬁ ofrktﬂcoﬁ'dﬂ nF1gurc B 8 F &Qé'rl etﬁecW 116

reference to- dﬂelség@rnmdéay&hg pmmengsthc nglogévess ifori fmmng)xsplah@p “regiong, uﬂ:e 4, a

t hi ck t ndeglyjng silicon | augside tt e ofng t
e e IR TR R Tl et T et

t he grooves 67atmo£pﬁ&e axd 4t Qricmsepanel bfdpp: 1)6in h| Qon@attWiadbws Nay| Be provilld @xa di2ai ng

treat nent nay Bételyet(0ot r(bdrhetmg'nleltiiyemter:tasﬂbeemulmﬂdsedonb? drrsurrfvmg the

55 in steam a@%‘%&iﬁ%’e %t??a I %ghrrt}rqugdtmgr ”6?"""
at mospher e 3pd pabwed 6, SRUGEA AT F E i and su;',’ffém@ TR
provided in a thAdiciEfoahiyg iﬁ&Osrﬁw ihe&‘orm e priferably eﬁzﬁa pratees ossitidover 125

i nsul ation I ayekboervx hecqlmsam!l svmrd ble :ge ndrelrntl yrface of the . .
- o

silicon fromt ‘;ﬂ‘%l‘g‘ ‘i—;‘;st’ﬂ"tg iTRof “the
oxi di zi ng atwosaaﬁet axeg tﬁfﬁlﬂtﬁ@f pioﬁdéal ithtllhe xs%ﬁ&sgﬂ besl“cﬁ%@ns 60
grooves 67, however, the steam can act on and supply conductors may be
used which the silicon form ng oxide. Since the formed preferably extend
as much as possible over 125 silicon oxide occupies well over double the
the insulation, layer 70. volune of the original silicon which has It is

obvr ous that ot her cr rcurt corrponents been converted the oxXi de form ng at'

o o . o o o, o o o - ~ - Y b1 o

S



t he sunken insulation layer 70 can also be separated from each other by
an inter- 10 wused. nedi ate portion of the sunken
insulation 75 The above exanple d ' e
buried | ayer 102; however, eace to Figures 1 to 4 relates to a p-type as
descri‘bed hereinafter, the layer 102 may substrate and an n-type epitaxi al
Jayer. ‘In form a connection between the islands 106 a correspondl ng
manner of course, an and 107, -Ii, , LSl ands 107 and 108 are sepa- n-type
T a &y ot-her B the
sunken g @%myﬂteeustﬁgdr %ﬁqvﬁ)h‘?n St&ﬁtdﬂw wats&t.bxalr@as cakifibg ON | ayer 109,
t he endFigae 4ss pleseitne - Whi ch in a  cor pafige nfititgsufien mealadda daypentoOus  buri ed
| ayers 10ttdesngﬂ 6iRg fag locah %%Pheﬁﬂe@r@%ﬂ&n@cb 05| ag elpé can al so be
chose aﬁ’dm‘;p ‘F"n n@&&%’tg‘f“ @a?. g %ﬂ‘{jb Lt Okg espodi ngly
ot Her™ ¢ Faiies layéd %ygaeé"“mt%ﬁtaeﬂa kayird Y02 dkdasd 1or exanpl e,
Seni coneBiet @tz clléwueﬂmﬁmpbmm-@pﬂamebﬁem%atgg dnmé?me used as a
di opi nglafee)r62t Ko depizpdsye docpl %m megion j 1.t élanbI %Qﬁd:!!\ r4TEd Iayers 63
of Figu synken, dnsulgrion pyor, 0 cag, bT)y &§ used

dopi NG &L labétk ekiinptd -HdsGBE waotrtauboragaa 1 th@girﬁdﬂ ﬁﬁoz sSho® provided in
t he n- tgqaetq:)mgﬂqaharustl lpcdages ta ave bnrémaftyr, ithe layesllahdm ortion 107.

An undembﬂaﬁ WPQEFPI"?PH nﬁquf@ ’ﬁrﬂ s do not
| ayer ’@%gﬁ ~ %e g Sf
R  THe Otied taEemé ua&mg axt:aaﬁapdxy % n% L w

separ at hﬂeﬂ mdaethe adpaiendf @ Figure 5 a
nono-  twhich in-at rmmter variqus N bywied d4yprs 193rand m)fmmacrhm@h%ubst rate body

i s usedTE ﬂ?‘ébl“ﬂ@ f g P%Iﬂ&te s % dFsieda HigRRRIE onal  sane
condugt BT E 1Y G e T GOt SR AR e Al il Bnbhdetibliy GOMRONENT , T oOT
exanpl Epﬁ_oﬂfﬁﬁﬁﬂé us‘ems"ea@mgﬁheﬂaémmay » Nfanfidr| inCh&e iddalid.ect or a p-n-p
transi sbmedhm as A5n-4ob s Tiest by b’&dg exppple, poprtips diffuse or  exanpl e,
o {1 or 4% &; S7hiemaa oy Ly BB M g o

resi gbi es! &b ,Q,goya& Q4 exgople, 1
ohm cm dbﬁ& gﬁtlﬁr.aXI aI I ayer 104 i sl adpsiatemsmnﬁﬂtehﬁbdnmet y lleyet 102, it may
i of e 59! Wﬁn ﬂvfn-memaan@,dnysepvrema%lan@ nnect i on.

present tIhaheempodigw
Such a %ﬁ i' } VW‘;@ ﬁgl xe' connection
102 133y pR&nt ' # Mdviny.a hes boundary
of the submmte palysu(ml yoxﬁkteafor rmmp&d,eemmdeegnﬁ atnwcnncn-rtypeshaiastegxate body and
t he epi Pfa’kFSP? tha B*bt’ff‘i“_?fp heﬁ}l p"rtﬁv? 8 106 nunber

of burlg‘zt@’g} % 1 g mas é? '%ha Yshown in

Fi guss e gondubbivi 28d) ChpgraRmatély PcénbiBonS1021 ke be, for esainple,Se @wdmot that the
regi on ﬂ@&amhrnsmway e\tphebmdananﬁthar enos,cipesitdit ﬂdtuig; @hwtroeacfntwor%ches t he

buried M jtheq Epite k‘sBFdsr’i‘éPFrow regi ons
o R L RO ER e vt yoe

mat erupalareofarestette sepddited TEQM. el’reaﬂﬁgﬁﬁrlﬁm ys’inmleYsoMbd etyr fsrate and

t he epi odlisEityla geg Ofﬁﬁnwmgomeu ,oare miton of) @mdtr lamewtmm ed |layer 102

| ayers .-e‘ s neicthe hl%ﬁﬁﬁm xraI | ayer

104, 45 jayetd) Gro QPRI CES1D SEADEH, it ko © o0 WIS FBE. dAf m la nm4| structure

cor r dipemidhay exttaodedjﬁc@u thnehmmmyebsubsm aislendl peqtﬂutgamailo Figure 5
. can als lf?g and &en e af@neli)gmdaquog de tuﬂ%i 8l deposi tion
~and  p- GEREn Hﬁ'{f %” o W ecil 10 % | Ere at ment .

axi aI rratmﬁmaﬂe ibPe sids oﬂaﬁ\epid@dl B inliy Very qozmmstwash e of the
epi t &R al suhlayemsulanont qu [pu progided, azyelfmnécol 102 and 103  are 50 amsunken

i nsul at ﬁl?ﬁi] gl ’_‘ cef orXigis) to be noted that the Figures are

115 e AR arreex B o Rt e v o, ik B gtnor o 1 hat
the Fi gummlamp.r msmamxl m&wph@me Thl ¢ stfr&mmat to indicate
t hat 5% { hedia sqy rregigrgl e perfents [eowa ametnbm wet |mlﬁe3enof 12he the
present 3 %ﬁn@ \

ﬁ’z@.ﬁ %ﬁ%’aé ‘gﬁ,'@:kgg 109

i nsul at akgh. aYRbided RRALY . B¢ Gt
i nt er__alsteips @xxeldinapﬁomh&e rrop \ipea,rfdgi Sdstkypepent s s ovvn are not limtative.

Di ff@Peﬁ’t”mI atliygedslarer ed £ e!@qshm 0 2f cthe] isvention ok uct or
circuit Qiﬁjoia ’(‘ y“@ Evkwy %@e et 3¢ | W 409 may

pr ovi ded ffsoros,exmrnloe S Clog Wi DL ém,&gg:lg,]rég SnBigoshied |ocally as
inter geehpmted from_the atyre mlmrse 1160/1b3n g porelotr tRigkes 1, @fand Bhef 154 faidp&- €xt endi ng

fr om®t B& P@piupgons a’\do?‘e s%ﬁ@ékﬁi"“!yp@‘d%o Paeﬂ}éarrpﬁpelmmr e31839/Ft al3dpart of a
buried | ayer A further enbodi nent of the invention 125 such as the
| ayer 102. In this manner the wll now be described as a nodification of

epitaxial layer 104 is divided into n-type Figures 6, 7 and 8 of the
acconpanyi ng i slands 105, 106, 107 and 108 which are draw ngs. These
Figures 6,7 and 8 corres- separated frontthe n- type substrate 100 by pond

. — a - ~ Y M o



10 Application for specific details of the con- sunken insulation |ayer
20 and partly of the struction and manufacture of this sem con- underlying
part of—t-he—depteti-on—tayer—2t—duetor—deviee—which will be described

The extent of the depletion layer 21 is indi- inafter only in outline.
cated -by broken lines in Figures 7 and 8. A monocystalline-p-type silicon
sem con- Thus the epitaxial layer 2 is divided into+15 ductor '
substrate bo y 1 is provided on one |sj.§1 %Jportlons 22 which are
|aterally sep side with an . n-type silieom “expitaxul. layer _rated fr;mi
each other by a ot AV Teki ness see
formed partly b rog%& 3%%&8»&&!@@ % ye% m&!%&m@mze?&é’%ﬁ?%r ﬁd% Sm
regions are 20 cmduttcatdeiweawggztr sungssmwpetams.l aiprgh ometmorgeﬁthe dedigallh VI ded

('ﬁ%b& rgerem?:? 5‘52 ggq

to form burued rngufea)senbss 3e a:ﬁtddeélthe'wfae Bg-the Aﬁecaéiﬂﬁu&g'liy&,tzheormfn&al Rithdssed
in Figures the @mﬁamvahomlmytu%nggﬁed mtbar M@ﬂﬂ@pe‘dtbe epitaial Byer do toa?él cate
the extensio 0 oy SHHY n
oyers' S ang WA S e R g sl
sunken oxi de | ayledor2fvites-which wﬂhmmm 'ﬂ_:’éexrent yiepletﬁn Giyersal ib @iz
nitride is deposﬂa e'donl}i__ﬁh - 4 l “fa ersﬁa b)hHman 1!5 B%P‘Pﬂ $n knovvn

: —;' E':??icg%epﬁﬁ&ﬁﬁﬁhﬁoéj g;h

3 2 . - frol
However in a nodk havi:a i_hhdéesk foed?ns mnd:rens,d&el af dﬁarﬂyﬂ\by tﬁesuna:exehsula‘umchyeron
which is in acc née‘&\ﬁeﬁlﬁrd ik ele s AR pél.-ly:b ﬁ%@frﬁ’ Eo be
iom 1iyBr 31, 2% a

formed sent jynyg m& Ed el ¥
| ayer 23 apert ukefor %rb%ﬁé 5 | : - difig: nﬁlxﬁmﬁdieuswmkmgm@m de
insula- 95 in tﬂkaeemxlall d@omonadd!ei ms!nﬁd 7t Brterindésgta [the- extiision of the pegied 20.
In this case it ™ B3pvideg,in ﬁhﬁg“bﬁtﬁt"eﬂ@“ﬁﬁs Kaveng 3 sndrd insghe 16 ﬁ%‘@ﬂ‘“‘t 1yes 2 e
grooves surog Chi f@ b2 O AoVl 2t e i e R D) b e ik 301t O
a depth of over mkﬁmwfnfmmn&néd e\@ﬁﬁmzm& f oo &ondthﬁh&'ﬁgumﬁ lieaijmi‘de 1hemc6p’e0n
The stage shown apdy aFisitieep coxil gyerz Zeﬁm red Oéﬂ&djf =‘? inyepgion. jRls o tveryin @rmadigy er
20 35 now obt g‘%menc";s;‘l‘:gdehw 6. At ﬁ g R T= 00 A A (et
yer:

effective 108 Witk epiisaiiiyes 3 e SO abeOF B O seee ggon
for the islands nﬂi‘he xﬁmﬂkoxity la)hs se'rrﬂmmmet aion Hayery 20. ﬂmbmitmhowdgbmm -

manner sem cond ’é?% ipgfsifirgt pged & oS 05 £ pridy
conponents may FE-;."?'- A gl iy~ b gﬂﬁﬁfin : &5 the
grooves 22. gon.wtobﬂaaaw

1 f USkon.MeLhads. rm'&.e.:- Pty &etlb,erml e Qs 100

pattern 20 sunk +Whie: Mtﬂhe mnedcp!h édfor Ildca slande?-l ayer © of 2
T 5 reuy

mcrons. The re ? lzmg mg\za e i pm“qg{e reuy

bod R AL

provide a in Fi ¢} 3 : -'i- - hiechd8 nkhs Ste.
However, thi 4onist the-ohdde | ﬁypmeﬁﬂm Mmaehebtayeamlo&darld désmdgpﬂxadnﬁlde tidyer- 6 10‘5

maybe renoved arph2rej bgﬂlaﬂg ptagohis. Wh@% y (PSEPO T ;'\lseézt ovideher
argenl c 0X| de It%ljgf‘?ma% § 1 1 : m%;e i '5 ?‘;e
“Itﬁﬁ(ﬁv ﬂlﬂten .

[ =1

old nitride masky ; : i
i nsul ati on mﬁmnﬁga.l DY er: may SI rruLtaneOUSIcyd hmdumdungllayzeﬁamnwm 11

substantial ly atz: u@awede °f fieeunien dig Sﬁ;ﬁ‘ rs'%“g@f‘y éiEj‘f’o“*f%vel
et g;ﬁ ng |

as the upper si | Of
surface coating Th h joR U ik QFe | inftatabraded aanoe in

manuf act ur ed sbeviyer20 E@resma ea d@@nqesf ment “Higurg - Sdh@nsme’n@ictoag gm- 115
Figure 8 shows : - unedl Lo 2 gf% Q@%ﬁﬁi}g@ e -
p-n junction 21"y, ,bfs Qfdnd

A S 23 8 ¢ 2 ’
p-type substrate. OETeﬂfei' Ghe&ftﬁélﬁ-nﬁﬁicﬁo’iﬁ@labe- aMéﬂtrﬂ!smthaZﬁﬂ altlﬁrdanslindrasﬂmdesl and
an the type nﬂewcealtheoa‘ubm lgdtth&#mﬂ -feyesr % _,y—quurthn%ﬁnétao#eﬂ%ce flr 420

second island a S BRGT 5 t t or
NG mﬁ L R
| ayer. 27, and |vn1 mugsﬂhlsd mdsaradd _.imrandécheheee@qnasdaefbhmnm Bafer 21
i s present, feéx ﬂu if- thgep _'l_ﬂ'thi_@fél ﬁdus‘?a‘é?r?l Pf° ’- cepier diffusion, Zory 125-
the The tran5| _~ L S o) s "" t afy ;gf‘kggfg B
potential when G%ineE Bl iedRY, i Gepler mmﬁ mgcmnquag heS lemitek BENegbti - ;’
vol tage is appl |ﬁﬁmaclreolsxser$ia!bdf jtheminﬁen)dnsulill vided::ifykhie basetrégioned 1 cXheeqollstotr e -
buri ed | ayer & tondewp 20.THewevery preferbly theyle- Hsovidsi-ton urtame afsrial 30- of ey gpit=’ Bl e
31 is provided by acceptor diffusion, for 125 the depth of the sunken

i nsul ation | ayer 20. exanple boron. By locally diffusing a donor, nay be
chosen such that w thout applying - for exanple phophorus, using known-
an external bias voltage, thi-s depletion |ayer planar techniques, the
emtter 32 |s pro- adj 0| ns the | ower side of the sunken insul a- 'vided |n

Y T T

o . - ~pr— g



t he sunken insulation |ayer 20. The buried device conprising formng a
sem conductor 70 layer 3 is a highly-doped collector region region
within a sem conductor substrate, which extends from beneath the base 31
to growing an epitaxial layer on the surface of beneath the collector
cont acting region 33. the substrate in a manner which causes a 15 The
transiistor 25 is provided at the surface nmovenent of i mpurities fromthe
sai d regi on in_known manner wi.th a t hi n 183%7at i on..| ayer, i nto t he

epl taxial | ayeraxgyrld QQZ snﬁ F ed Ia Zr5 f?\r mxcgn’rpleeiorafwhsléhl | C?u?ﬁ dﬁgﬁa 6ng _

wi ndows  whi fon! isO olat:eqrb =N

34 on the coI I ercgmr 33 toheher 1s| fbtmhdt‘hﬂmeptr]ilﬂm isdlatbgwon ﬁoxﬁO:rtm- Qregions
contacting Vegltb*h 1ax1al tf°85°f the)eid eiguip gg’l kiclt are| pre-
partial |y wi thigg ‘éﬁf\ gfoévr‘ AP RO e 058" lﬂleo"rﬁ’gax"‘l
substrate and gaftt ofadd Periphdri éulaﬁé{d a1a 4 A tehRofdasen ddq')fce BE tRinedtih | PS
to the contact dayet 3 ekhe cbl!ﬁcm rr@@mi veyl dy@laimorl toh® wherein ﬂﬁ&uﬂaﬂ:¢ 35

and 30 my o T ’E%‘mﬁ%ﬁm %S&ﬂff “fef?f;?ﬁfﬁmffﬁgh: SERERAI | o5 m

a seni conduct orlajenr3 te4 cighly-dopedt Memrmgusmcfeglem withth a1 saMicondlios! Gedstrate,
oxi di zi ng-t he e?ﬁ;g oy bengath fthet bage BE to t growing)fn kpi@xiflj layer| o filfecsytface of

;;azﬁ:f:ﬁ;i%ﬁ%?m ot Teat i G A ‘;’%’;ﬁg‘g‘”fd;m

so deep 85 feafbmmplanﬂsmmdmﬁdecmmgnﬁnwfvs thhicldﬁWeme:tofesultsam 1D exr&ion fol
substrate, coma e g ”?5;0 @e 8’°ﬂe n jinfo W‘%@ﬁml eftthéms?a# d co-
tective | ayefo, - o iqfé, gmgét {efﬂ’d P TE%@
31839/ 71, cir Ghithe CORATD MR strips ftd) ﬂ:el & fndifga 9 ote §e(5ﬂ

1364676) . 34, 35 and 36 may be prphd;depllmvm afar:d éc eplhduaylamrwlatel mriaSsubF e

possi bl e wi t hodPZHE a8 ingulatigg, cl a° tepq
From the scass wl 4 b Yal “@ﬁgﬁfm el s

con- tion. The dmslaleerand nmﬁeﬁstorms, hxmyfar ofigy @QafimeetCthic uridd 'l'égxoi ybﬁxama ess

seni conduct or %‘iﬁ wt cprle@ehtaﬂ 19 mmethgﬁs%ﬂam Tetheying tbt pat eis

of a second co > rjgjmf ng.
a| m é O{heg‘é@%% fNayes) S uFiatl%‘/’?;{rs?dlpomg? Fra

The 7. A 3oet
conprise w den- M@hsalvmaﬁqnswbepemble twiirirout Rip+ Ot ﬁctiedneﬂroeas dhimed b ChHS 5,f96

exanpl e ser vi ng2E8E Aog § peape ?fc#‘e Breseqit igrep resm Aedf de 1hcqyr| or
to the nunber ik ef’ g‘::%

ﬂ%ﬁ;’ll ad itf;c%}g%a um% c‘% for

external supdl )exm;m:akcd @iﬁmga@e for wmag,cﬁ
Cl ai s 40 conrfe'gé?gwsulﬂftmm amqyl comprjse swidegler Chaip 6, wherein the unproféctedimessedrel 85

protection | ayéfs o@ﬁ%}%‘ﬁ@l” d’s \Rér}‘@ﬂ%?:n?‘; fﬁJr‘E;'Fj%‘? to o predsterpipedcdepthprion o theo
buried region iwhefe€eidirka® plﬁsn o Bt e g) Al i iy of Claj

oxi dati on t hd0s chunedidde for regeanplenbsi s)ldémgl ect ricaltbyz, hhen&nsemo&eﬁuﬂunieerls dmb’l ce
conprising a isolated from ot her unoxi di @E@Fd vsbema:mﬂlerssmmmadmgtme 100

substrate, an eF’W&gﬁ' ductor surfa r‘lc%relq
substrate, a bur kﬁl&bﬂaﬁct& dess;uce Qomﬁxsﬁ}?taho da 1 eé{hg : re m Eg?feﬁ’ﬂ’( s
105 45 the |ntsgn¢tad®toofsubstwe,e tepitaxial yayeducandnta&:eereg:&wto 8 wher el n t he

sem conduct o TREs 8 g idi p A "tﬂl°élaP imed gn aniyeof o8 nt
on conel o S SR i

i sol ating regiepiasBir igs, as cﬂel&&ich@ctﬁaranﬁgegtegi&x Qdrves N afeélle&& &'gfoﬁfmnlﬂ% ng a
portion of the regsintssroundling p portion of the epitagigle rtr@mtorext end| ng to a depth

therein i1 SEATEINLR SRS oy 2 iy e e é% o

buri ed regi of tber e bnictalotr R VBELS Llﬂ:ofﬁﬁr ?ﬁéﬁﬁgﬁe on { com
meet the subst rcaitepmpmdztaormemmm sblatedl pogd I materfal isSeftionS1 | 1 CON NI tri and

t he sem conduct‘t%l Ehetep(\ﬁ‘@ %ﬂt formed in the isol at ed é)or- rraterl al is
{

S|I|con ti o Qi : o ‘P semni co Id‘%‘ﬁ as cl ai med
in conﬁf}‘mfﬁm;g}?(;l_ %}? @lym,edl V\/nerelaﬁjl%ﬁ}%&,am ggf)ﬁﬁuctor ,
Ci rcui-.j regl%yAqlaﬁheewcttoPatehct ewrt conponent Shsftssurji BRasé, st or, and t he
i e Claim 1 ltr s®, & is thigle%lﬂ neWCaH &8, t he
transig or. P“mdid&ﬁ emggg 8%@ 9 3 A 'Fﬁts dsAPBlicelsyi ce as
O Publish %i’
‘Agents for the #&n%imm%&%%m sﬁf‘ﬁﬁ %‘e)m l\@?nesty S
f/ Ofice, by the Courier Press Lean ngton Spa, 1974. Published by
g O fice 25 Sout hanpton Buil di ngs, London WC2A 1AY, from which
e obtained. - 5
B 5 axial layer 2 and the
fUCt O region which reaches the buried 60 highly
Av a2 v ]"6i hing contact region is isolated by a portion of the-
d| eI ec- reg| on 33 to the coIIector |s formed within trically isolating

- "

.4




whi ch extends from beneath the base 31 to growing an epitaxial |ayer on
the surface of beneath the collector contacti ng region 33. the substrate
in a tramrststor—25—ts provi ded at the surface
noverent of inpurities fromthe said region in known manner with a thin

I nsul ation- Iayer xial layer during its growh, 75 for
exanpl e of si I | *mm!mlg“l“ﬂut“m W ndows whi ch novenent results in an

ext ensi on of for «a col Lectors contact 34 on the collector the region |nto
the epitaxPal |ayer tQ form a cont act i1#§*#% 1 35,
Sar o0 reg ONuli@ R D B belblka Hkls c?og g,gj; b, 30 c&gf&t% et

n 4 gy
36. Connecti o y S @% cgﬁtg o Ydglofi theldidldde Torm
of netal stri mmﬁ 33 tth ehec @fitcme tiss forhaly @ithin  oicatlyn fyolatin rzegnmcfrome)tﬂeayegmnon t he

sur- 80 34, U8 epipial ymé%fn @ﬁvsa@dfox noma le‘ﬁ’é de’ﬁ@?’% IEATe BT a

| ayer where*i ﬁxaﬁ‘g % Ui ﬁ%@i&sg of the’epitax qugant ly

i ntended to f?irfnoﬁltSQ)@h]Sh&@ tsfrkent DluldiBt Al @mtenﬁdamuaana&vrcuat cleimed@ gl T Or ma--
devi ce, oxi di Elsmg’.Ot Whe coligton tcmcmt uslexa3?of artvhef Q@mstll th oﬁhaMnSﬂrélsetfade ef f ect

t t 2 di od
it e 0 St *tfémgﬂ masm ?ﬁ{,@ ot s iRl 0 00°

so deep 85 f @gdrus s aahighi lc&lﬁ&nbrOﬂ:ﬁmD rdgld 1corﬂﬁctdr051ﬂ$&&le,the
substr at e, rewbtvh eng$ Erop rt@neatﬁl base 81 to eﬁl@W@a@e eplslxmhhyet onl thesurfgse ofai d co-

tective |aygr? ﬁ%l #9833 ofhe tion
31839/ 71, 01 L2 '“‘" el " i ﬁm P E&fgﬂ%ﬁg&“ﬁw@%
1364676) . for example of silicon oxide, ﬂxb]t&xgaﬁndo&xl avhichk ayoesmentMRauts o aitemein:s oﬁ.r e
possi bl e wi t héuta gallector cogtact 34 ene theowllegtor cldmfm ipty tey ?ﬁmlygff $ing
fromthe scg p§°‘;ﬁfg¥aﬁégj§&§s{% %ﬁ/ b &pegﬂnﬁ é E " ®a first
con- tion. The ekiienof Mesd A aacrd B Yay & Ofbtming] uteMa &ﬁm@@&i

sem conduct or 34ud5- axﬂr?.ésma;ebt @msndemm }mbmemce lohtltet'ﬁmtaml Mdswhefeon is sibr at eis

of a second c &£ a_I édeqagﬂal%ea# ﬁ(ﬁ"ﬁcmﬁ? ring.
The 7. ‘ésma ﬁ st&ﬁ Wﬂh 2ol

conprise w deamde R aad 1 Q:t&éﬂpﬁﬁfoaﬁéeetﬂe ﬁzeasegahemu%sd ags, 83 0r

0,

exanpl e servi tua:sc%aad mdﬁmo:;;(@ﬂthégdevse@heg%%oomw bptrate; emexdhg b piv- pri or
to the nunber Figue pdnvited fofhe said cony tegtive gﬁ’ ere
ext er hal Stgpp(g'mgl APE%“%“Be 31839471, p M CHAGI e ges C xglen%ggdrp" °g/n

d ainms 40 COnl‘MﬁiyEdnatfoﬁH a@)@mleewﬂyutsm derd. n.g mcthod as lain@d 7in mﬁﬁ‘f &l, No@
protection | awmg from (thesedpe ofrthd prdvat @ven- f mhsrnerthqr eaid (mlonelac!lﬁlangmt ke~ 100

buried regi on % 'i? sﬂns w?éfé‘@ﬁ"&i&ﬁ ??maf W AP agucer sub- -
Q' ca eilhod %ﬁﬁﬂe&%‘

oxi dation tsgi §§,‘;‘;’;,;;e og odevice
conprising a sinkel ﬁstuhdon yeﬁmay Eewmmﬂ d]lamdi “&mmtmpmut@mhméoss
substrat e, an iﬁgﬁﬂaﬁ%ﬂ 1;: %(jnl_g%?tmrfms&rte ngféﬁsfmmﬁ‘bﬂwﬁdprm w the
substrat e, ’ ai s
105 45t hegi RécictedCr @E?ég TN 2yt ANhe %%&édqng&yd%hég n the

sem conductor circuit subst rate and extendorm phard p fluther ragion rtablﬂng teni®onent

by
Sorati no- reo BRIy RGN 52 ep“a“'rgg Fﬁlﬁﬁmﬁﬁeﬁﬁﬁm g a

portion of theenfahdudiét atbstrdtd, aditSb;ﬁtta oY @bct@ N il Ng to a dep!
wherein it for@ed gp mststtbdatasa birigd mnlan a Pomet@bthasmbmeﬂ(}nw ofnGlaims 10he

buri ed regl"énﬂl% ‘P‘fﬁﬁd%gg%@%“&lday%a‘tdo% p%ﬁé% ﬁ:“ta gh:Q F&Ve“!"ﬂ%er com
neet the subste @ugflgfngmrggm §8{vl=:s$§s5a éo etf'l‘I and
t he sem condue Wﬂdf phitiGh] | mﬁsbtbrl sol at ed por- rrat erial is

silicon. ti onlﬂﬂf atideextending %9 %udepthy@mmz g @e raathed g claimedjinany, of Glaimg | HP ned

i n .. meet e s O%P J#: rise ﬁlH@g%t% S BC‘OHH%OI’
circuit cuit ﬁ(u&&{gﬁm et ; ﬂe_.gt 1héo§ a°tT ansi st and t he

buri ed tion of the eﬁaﬁhlulny;er House, reg| on is the collector of the
transi stor. (212 Alsem;lwn eitarey damedur, 3. A s nFcé L4 devi ce as
i i am 1, W %;';gl aim 1 ﬁﬁu ?m%erei n a
Rl | cants. Pri ghae J I\/ajestys

Cl al rTEd In component 1s :

sem con- region is A@ QFth '

Stationery Ofi%eA stn}«cmdmtooamqee!s clammdsmLeam ngt d«uandsp CZ:EEMS, Publ i shed by
The Patent Of fF%®B Lot ShilhZnphesip BUEPEPngs, | onfisas Applicantsy om whi ch

copi es may be ob® ffdﬂ HerMa m W%\\qﬁs Bys, Mige 2, |ine
61, after form ngp&lnsseer PR S Gopids may bd\dbta I EEtglguas ’?f‘a’a t han Page
2, ling 117, after of insert a Page 3, line 88, for 112 read 113 Page 3,

i ne 95 after collector insert of Page 4, line 7, for be read |lie Page 4,

line 108, after renoved delete and insert entirely and be. Page 5, |ine 25,
for trangistors read transistor Page 5, line 50, after deep insert as




