NULTLLAYER EPI TAXI AL STRUCTURE AND METHOD FOR FABRICATING S g% yhe present
|nvent| on relates to a structure of semi conductor natef? use in the
fabrication of a seniconductor device having an epi taxr%rfc/mbﬂu@t wePhnd to
a nethod of fabricating same. The nethod is particularly 5 applicable to
the fabfication of a sem conductor material on a substrate in a single
conti nuous operation in the chanber of a chem cal vapor deposition reactor.
Sem conductors of nmany types are forned on wafers which are conmonly nade
of silicon crystal material. The 10 material is produced by an epitaxial
growm h process in accordance with well known chem cal vapor deposition
principl es. The gromth of the material takes place in vessels called
chem cal vapor deposition (CVD) reactors specially designed for this

pur pose. Such reactors have 15 facility to control growth conditions such
as tenperature and pressure, as well as inpurity concentrations. Certain
types of sem cond@beopsesunch invepoiwer rdlates tanderiénendy wdesiehdves sypdci fi c
el ectrical paranmeter requirenents, for exanple, forward voltage drop

| eakage 20 RAFer BATTY ﬁéakﬂoﬁw?QW&FPéﬁé%tor\ﬂ?ﬁ&ﬁea?%9¥ﬂ31%ncﬁPft%&}a1

accurately contral by o v%ntal n,'aﬁo(f frugégﬁcﬂﬁéfﬁg s,f,uf,?A BB‘LOVI Y&

ep|taX|aI structure as propose osur e aceﬁrate

controls to naety rshsgﬂ@vci&&ﬁhsﬁé rd&a@"at@@ﬁ Pl@e tRAMDELBINGLS chbRi@ddi tion,
t he 25 need for inpurity diffusion is elimnated. REPLACEMENT SHEET
5 vapor deposition reactor.

Semiccnductors of many tyvpes are formed con wafers which are
comnmonly made of silicon crys:al material. The material is
produced by an epitaxial grown process in accordance with well
kxnown chemical vapor deposition principles. The growth of the

10 rmaterial takes place in vessels called chemical vapor deposition

CVD, reactors sreclally desizned for this rurposs Suzh
rezcoteors hazve facility tc corntrol growtih Coniltions such as
temperaturse end pressure, & wel: &S LTDUrity CJInnoeniraticns

Certain types of semicoriucters such as powsr diodes and

example, feorward voltage drop, leakace current and breakdown

voltazces, which are <ifficul
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o+

to eczcurzstely cIintrol b
conventionzl diffusion means. A multilaver epitaxiel structure
2s proposed in this disclosure will provide accurate controls to

20 meet the device electrical parameters requirements. In addition,

the said proposal will eliminate the need for impurity diffusion.
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2 The said nmultilayer structure is epitaxially grown with a top |ayer
havi ng high inmpurity concentration and mddle |layer having light inpurity
concentration deposited on a substrate of high inpurity concentration with
opposite or sane dopant type. 5 However, the formation of heavily
doped | ayers by epitaxial growh usually neans slow growmh rates and the
presence of high inpurity concentrationsdn the material |eads to problens
with "outdiffusion", where the high dopant congentration |l ayers tend to
cont ani nat e | ow coRt@ritais i tidpEeE sEELGHETendf cfR LY 2XAG L 1Yo AT AV iR Be
heavily doped | ayer is heated to high tenperatur of _processi.ng. Anot her
problen1assocf§?ega¥§¥t?ﬁhﬁﬂﬂInﬁggobgﬁuéiﬁ aﬁ&“&FPﬁr%ﬁ%ﬁéiﬁ“ay&%d?ge layer

"aut odopi ng" QWi c = S . LALOR sORSashéetvBa Bhi g @ Qﬁggqn

t oget her mﬁthhﬁrgﬂ?ypggﬁggﬁ#F§?§ ggggﬁ?éﬂﬁggﬂsggééconf%ﬁ?ngtggﬁt e re%gtor
chamber 15 amdgHUshbIr VB &chii@nthetebnrei fierRppot Ot e adeer 86psht Wiyine.
control on subsequent runs (the so called "nenory effect”). Consequently,
where hi gh $npuri tjoeenreentthe iforpatiienrefjdigeydlyi dopats lseensnby essiraxibd
formthe doped | ayer by diffusion in a separate vessel called a diffusion
tube. 20 ITPHER V53 L p P eddSe S BEAIBRY G TR LTI 279 e PESEEARE L high

Por T abrcat | nyBeRERY S ORShuBHE sRNMhE AN LY ODR AP KRR BTR! NOC

for fabricating sa ou Si on whi ch overcones t he
normal |y assoghaliedryd idhusqreMher hahs d¥dahtbgRcdBWtibY 1ayers tena
concentrations in a CVD reactor. The process to be described permts 25
epi t axi al t echmokogyatinaepllase adinkkusreani @ntliayeky, asAdcwr changkyalit
perpits the structure to be formed by a single continuous REPLACEMENT SHEET
1 containing the heavily doped layer 1s heated to high temperature
for processing. Another problem associated with heavily doped
epitaxially grown layer is "autodoping" in which dopant moves
“into the gas stream. This autodopant together with highly
concentrated dopant gas used, contaminates epl reactor chacber
15 and quartz ware and therefore tends to degrade resistivity
control on subsequent runs (the so called "menory effect").
Consequently, where high inpurity concentraticons are reguired, it
has been necessary to forr the &zpsd laver by diffusion in a

el a cdiffusion tube.

-

seperate vessel cal

20 There will be described below a rultilayer epitaxial structure

with heavily doped layers and lightly doped layer and a2 method

for fabricating same without diffusion which overcomes the

problems norrally essociated with use ¢f materlals with high
impurity ccrnzentraticns in & COVI reazctcr. Cur process permits
25 epitaxial technology to replace diffusicn entirely. Accordingly,

it permits the structure to be formed by a single continuous
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3 epitaxial process in a single apparatus. Mor eover, the method

descri bed produces a superior quality product, inproved device performance
and higher device yields. In brief, the fabrication of the sem conductor 5
structure starts with a heavily doped substrate of a silicon material,
preferably with a resistivity of less than .0035 ohmcm Very thin "cap"

| ayers are formed in succession. on the substrate, rapidly foll owed by

hydrogen purges which deplete the dopant concentration in the 10
reactor chafBaFaxial pro¢ess 1nedi FARFAF 2RPRAFETSnhi XPF e e o the Baryed

i ghtly dope nd_has_a_r LY high (S0 VL 1.t0 200 ohmcm) is
grown over t 5%“‘35%%ead"s‘éﬁlblgltér_ragg)étlékg F%}?% %és\éhg%lof'%%sdef\hlé:ﬁ f@ﬁ?ﬂﬁ‘ﬁrb .
A relatively shgaribiedopedisecanrdaapi taxial layer is then 15- grown -ever

the first epitaxial |ayer. The second epitaxial |ayer preferably
has a carrier contengeaétah, grreatseruchane Istart@] eith peteaniler dbpaad hence
a very relatively lowresistivity. It has a polarity opposite to that of

t he substrdt gubsrate of Fhaliaet mgsesial hernfesehlyi vientd giesdssby by usf
to provide a rrultila\B/er egitaxi al structure, and gtﬁt od for fabricating sane
n

whi ch over cont&$St iB2Br oBP ens° s &ti at’88Y Wi H d6B&Nt * ALAET 27t ffeemedaty
aut odopant effeetsibA 8, CHRMN Salst(aRar gﬁgpﬁiﬁ; 'f%’il&@é‘&t%? g}y%%;o?gég'g&gﬁﬁsch

formation of 25 a'multilayer structure an al'l "eprta
can take pl acgiich deph8gketEONUIPUMUSABEREBEAOIBA Anathk Bk L0635 SBhnnd e 2

substrate is capped with two thin sub-layers to mnimze outdiffusion to
the subsequefitrisy egibamial layer which is relatively lightly doped and has a
{ 10 relatively high resistivity (0.1 to 200 ohm cr.) is grown over
the "capped"™ substrate to a thickness of less than 100 microns.
A relatively heavily doped second epitaxial layer is then grown
over the first epitaxial layer. The second epitaxial layer
preferably has a carrier concentration greater than 1 x 10*® per

15 cm® and hence a very relatively low resistivity. It has a

polarity opposite to that of the substrate.

The practice of the present invention enables us to
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provide & moltilaver epitaxial structure and method for
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vtodopant effect in a chemical vapor
deposition reactoer, perrnitting formation of a multilayer
structure kv an 2il epitaxial process;

ic provide a

vk s R R P - by el
multllayer ezitaniel strouZture and methol for fabricati szre
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25 which includes a substrete capped with doped layers to mininize

outdiffusior. to the subseguently grown epitaxial layer;
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4 epitaxial layer and contam nation of the vessel. Patent specification
GB-A-2 019 644 (Philips) discloses a method of fabricating a

sem conductor material for use in the fabrication of a sem conductor
device, 5 conprising: providing a sklbst rate that is relatively
heavi | y-doped and of a given polarity; and producing a nultiplicity of

| ayers including a cap |ayer on said substrate by an all epitaxial process
10 performed in a CVD reactor chanber. In GB-A-2 019 644 ateapkovigerais
grown as a thick |ayer on one major surface of the substrate and )
subsequent - mptbpdhéarterex ing i Aldr epi by al Fuddipageersymnctarekresd) .
The etching st.ep_ al so En*ov.i. des .for. the gr owt h..of-_anot Per 215 ... Laﬁe{ -on the
opposi te maj &@NsGPKECBIBFe 1 HR &I St ECP THIRS: REEF 3T Ao afithE e

sem conduct orveggt&l:i al as set forth above is characterized in that said
multiplicity of Tayers is produced by: a) growing a first relatively thin
cap sub-l ayer 20 over the substrate and purging said chanbab peodopard
deplete said first sub-layer; b) growing a second relatively thin cap
sub- | ayer ovethelmieafli vaposuBepayiriandrpaess nip shiidhchaabely tdepegdpaagions
depl ete said second sub-1layer; 25 cé .groning_ a relatively

| i ght | y- dopedFare et agrar=Pagbed apihevtaransat gt 190b°f als :veisd 1d)

growing a relatively ’_hea¥i I%-do d %pi gaé(étalog yer Qésén e .Qpposi.te
polarity type to 3& d 8Gb8FFaPeE® ahove °7¢ 2°P P ipvention, a

multilayer epitaxial structure is provided comprising heavily

10 doped substrate of a given polarity. A doped layer is formed to
cap the substrate. A lightly doped epitaxial layer is grown
above the "capped" substrate. A heavily doped epitaxial layer of
polarity opposite to the substrate is grown above the lightly
doped epitaxial layer.

15 The substrate preferably has a resistivity of less than
.0035 ohm ce. The lightly doped epitaxial layer preferably has a
resistivity in the ranze of 0.1 to 200 chr cm. and a thickness of
less than 1CC microns.

Trhe lightly doped epitaxial layer may have the same polarity

20 as to the substrate or the opposite polarity. The heavily doped
epitaxial leyer preferably has a thickness less than 100 microns.

T
ifie C

W

rrier concentration of the substrate is preferably
greazter than 1 % 10677 per cx’. The carrier concentraztion of the
heaviliy dopz2 epitaxial layer is also preferably greater than 1 x
25 10% per cr'.

In accordance with another aspect of the present invention,
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5 said relatively lightly-doped epitaxial layer. GB-A-2 019 644 al so

di scl oses a structure of sem conductor material for use in the fabrication
of a semiconductor device, conprising: 5 a substrate that is
relatively heavily-doped to be of a given polarity, and a multiplicity of

| ayers including a cap | ayer epitaxially grown on said substrate. As

al ready stated above in GB-A-2 019 644, theé substrate is provided with a
thin mask | ayer whose 10 t hi ckness has been controlled by etching a

t hi cker | ayera fiulstilgyewnepht éhial fistuciuce THeprovisiedocapprisingofa t he thin
mask | ayer being dopant-depleted. According to another aspect of the
present i nverﬁ‘ﬁfr’?rattﬁehétlln%tﬁrée%‘fs"s‘é’ﬁﬂtbfoﬁﬁuﬁ?%? thamer PO it cf"brt Figpbve
is 15 charact eri zed: Igit ri.se

said cap |ayet" osrer?é)ﬂ‘d. SUSEQa%bant"aod)eﬁl glég an?jr%o%r/?prrml':sdl ng¥¥| rs‘i C} 3t§8§8nd
relatively thin:sul-layer §ua?a9}£'y91f wWirel tied Qgea@tugeabg&sdla)?&s a

relatively Ii ght]l y-doped [ayer grown over said cap layer; and a rel at ively
heavi | y- dopedg eyt hagriown aoyesised ¥l tyeliat ithel yahgghif Yedeperah agtelonanemnof
opposite polarity to said substrate. 25 In one inplementation of the
i nvention, thend d Ithiickgessar afiel ess Y BOOsmierors. ATkecendsepitiacial
preferably has a resistivity of less than .0035 ohmcm and preferably in

the range .0012X&F -, G(}Z“@ﬁﬁldcﬁP"Tﬁesq’idgrftllr?tdSBéHa’é’pﬁ]t dR¥§F. 1s grown having
a resistivity of less than .005 ohm cm. and thickness of less
than 100 microns. The substrate and the second epitaxial layer
( 10 are of opposite polarity.
The substrate preferably has a resistivity in the range of
.001 to .0C2 ohm cm. The first epitaxial layer preferably has a
resistivity of less than 50 ohm cm. The first epitaxial layer
preferably has a thickness in the range of 5-100 microns. The
15 first epitaxial layer preferably has a resistivity of less than
.002 ohm cn.

In acccocrdance with another aspect of the present invention,
an all epitzyial method for fabricatinc a wmultilayer structure is
provided. Z substrate of a given polarity composed of heavily
20

' doped materizl is formed. A doped "cap" layer 1s grown over the

substrate. & first epitaxial layer of lightly doped material is

then grown above the capped substrate. A second epitaxial layer
of hesvily <dcoped rateriel is grown above the first epitawiz:
leyer. The szcoond epitaxial layer has & polarity opposite to that

25 of the substrate.

Dreferably, the sten of forming the cap layer comprises heating the
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REPLACEMENT SHEET 6 | ayer preferably has a resistivity in the range of
0.1.to 200 ohmcm and a thickness of |less than 100 mcrons. The lightly
doped epitaxial |ayer may have the sanme polarity as the substrate or the
opposite polarity. The 5 heavi |l y doped epitaxial |ayer preferably has a
t hi ckness | ess than 100 m crons. The carrier concentration of the substrate
is preferably greater than 1 x 1019 per crferr]. The carrier concentration
of the heavily doped epitaxial |ayer is also 10 refers I reater than 1

x 10[err] per sehtrate, IW"GI‘P@“EFB%O%W‘F&H t‘?alsayé?h e9F i SYoRREtUGas to

nbod th t t bstrate. h ti Vit 5
ohm e "and pPEPE: ST dBiRS PRRGROET D01 % 08T Bh S ob ST e dt ol

epi taxial |ayg §, g%y &PQ\G‘; 13 erthepﬁé&ﬂasygrwfséplaeaeapvcay ARQeRs
1 VI

having a resis e range Of [ess than 50 ohm cm and a thickness
of less than 1QQ @“b%@@sm angtdecefienabhytiis wheneange of 5-100 microns. A
second epitaxial |ayer, situated above said first epitaxial layer, is grown
having a resi stivi Theo$t@p of |[fegminbahhe Oﬂ&ﬁmmténpr‘afﬁratbﬂbfckﬁ%@%ﬁs | ess
than 100 microns. The substrate and the second epif axial er. are

opposit e pol arfiarpingy ‘éF%r%‘b‘P%Frar"fepPécf‘l E?Wltar'}e“ﬁﬁPh%drecﬁlsttﬁﬁlF%v%t i3,

the step of faormn tWwo sub- e a ele 2
heat i ngpt he sUB¥Y gtoéggl RET o‘fﬂj’mpﬁﬁ)fs :é? {meth% Ba1h§é(r(£f\/\/| fbﬁéugggg%%%%%énas

to grow a thin,sub-whayes)aPdh is doped to a concentratlon of greater than 1 x

10 per cm®. Preferably the silicon is introduced into the
{ 10 chamber through the use of gases selected is from a group of
compounds consisting of trichlorosilane, chlorosilane or silane.
The step of growing the first epitaxial layer preferably
comprises the step of epitaxially growing the first epitaxial
layer in a chemical vapor deposition reactor in a hydrogen
15 ambient at a temperature between 1000°C and 1200°C. The layer is
formed with a resistivity of less than 200 ohm cm, preferably a
resistivity cf less than 50 ohm ck. and a thickness of 5 to 100
microns.
Preferably the step of growing the second epitaxial layer corprises the
20 step of epitaxially growing the second epitaxial layer in a
chemical vapcor deposition reactor in a gas environment which is

the source cf a dopant selected frex the group of arsenic,

phospnores ans entimony The step of grow:ing the second
epitexial laysr cormprises the step of epitaxially growing the

25 layer with a2 resistivity of less than .005 ohr cm. and a

thickness of less than 100 microns. Preferably, the layer is
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purgi ng the sub-layer with hydrogen to deplete the dopant fromthe | ayer.
Preferably the silicon is introduced into 6a the chanber through the use
of gases selected froma group of conpounds consisting of trichlorosilane,
chlorosilane or silane. The growing of the first, lightly-doped, epitaxial
5 | ayer is effected in the chem cal vapor deposition reactor in a

hydr ogen anbi ent at a tenperature between,1000[err]C and 1200[err]C. The
layer is formed with a resistivity of Iess than 200 ohmcm prefgrably a
resistivity odopebstd rarcohGeohnstimn &fdgget el kdeds 1ok L0t PSOE™T crons. 10
Preferably the growi ng of the second, highly-doped, epitaxial |ayer is
effected in the chenmmmakivaper «dapakiil enrueacteorandratgas Bmwvi ronnent
which is the source of a dopant selected fromthe group of arsenic,

phosphor us andaantdatdmg. sandhin secondangs vatPaltifydyensige otint WitPK a 15
resistivity of less than .005 ohm cm andﬁ% t hi cknesns,icr)lf Igg@i t han 100
microns. Pref BPaBPSETIORE PAGR TSI TRESR ACENERTASEREE Y 108 JETESTS a

concentr ati gn, L8 £ale hiAl:d rlOber{d 1ARE FEEES fdna Anhiddaver .
epi taxi al structure and netho ]for abricating sanme in accordance with this
invention will now be described with reference to the acconpanyi ng
dr awi ngs,
Fig. 1 is an idealized cross-sectional view of the
substrate:
{ Fig. 2 is a view similar to Fig. 1 showing the first
epitaxial layer on the "czpped" substrate; an
10 Fig. 3 is a view similar to Fig. 2 showing the second
epitaxial layer.
Certain modifications to the gas feed and venting system for
the CVD reactor, as described in detail in our
copending application of even date corresponding to United
15 States application Serial No. 015,658 filed 9th iarch, 1993

(Llovd Wise, Tregear & Co. Ref. 37927) ani =ntitled GAS F

4]
(X4

YSTEM FOF CvD REACTOR, rake the process more suitzble for use in
large scale production. This applicztion discloses a gas flow
system which reduces residue dopants which would ctherwise rerzin

20 in the reactcr or associated plumbing and may adversely affect

= iZ v

regard.

The invention is described herein in the context of the
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5 wherein like nunerals refer to like parts and in which: Fig. 1 is an
i deal i zed cross-sectional view of the substrate; Fig. 2 is a view simlar
to Fig. 1 showing the first epitaxial |layer on the "capped" substrate; an

10 Fig. 3is aviewsimlar to Fig. 2 showing the second epitaxial
| ayer. Certain nodifications to the gas feed and venting systemfor the CVD
reactor, as described in detail in ou8 copending application 94 301 700.4

(publication nunber EP-A-0670484), make the process nore suitable for use
in |arge scalpgopeedind i ®f.mableird adppbicahé ofetdiiset boefapgaerf Bovdey st erp
whi ch reduces residue dopants which would otherwi se remain 20 in the
reactor or assoeeatédubdukmbiusgfandinaghasvapmdicytddn drcagasshdenprecass by
degrading resistivity control. The reader is referred to that application
for further |94F@ﬁﬁﬁF?6ntW?1QQﬁ%§Sﬂ§§af8’ RN APehetl fifLugdorFi BeERdE % n

in the context of. t racessing._of erla f he fabrication. of
power di odes. F€FEFE 5a??ic Iéflélﬁgefufhm? Tieg alg f%é?logg eggﬁggfi?ﬂ

process el ismfak, CESS oL sf DLy AN RREK b ffysi RSN Iy
required wﬁe faq?|%§?|ﬁ§ sucﬁkﬁg%légs Qﬂk%mever thetﬁhven |Sﬁ@%82hould

not be constrdigd iasthehng ddHer ex@etso&fhtﬁespe@nfciisnapplﬂh@atflaamcaa&er uses
of the invention in the fabrication devices of many other configurations
wi || be obvi aieyitcest hfseaskidthed icontfhguastiornEheipl deesbviegisnsonthbsa
heavi | y doped P—type substrate
killed in the art
The process begins with a heavily doped P-type substrate,
{ 10 preferably with an impurity concentration typically greater than
1 x 10" per cr’ and a resistivity of less than .0035 ohm cgm,
typically in the .001 to .002 ohm cm range. It ray have a
thickness of 14 to 16 mils. Conventionazlly, such a substrate,
after being grown in a CVD reactor, would be transferred to a
15 separate vessel, known as a diffusion tube, for formation of the
doped regions using well known diffusion technigues. However,
with the present proposal , the rultilayer siructure, including
heavily cGoped laeyers can ke wade in the CVD charbsr itself, in a
single continuocus epitaxial process.
20 The susceptor in the CVD chanber is preferably silicon

coated. This minimizes autodopirg from the backside of the

substrate. Silicon cepping techrnigues are ussd to rinirize
outdiffusicn from the surtsirete
2fter heating the sazsirats in the CVI charbs &~Z clezning

25 the surface with HCl, the substrate surface is "cepgped". Capping

is accomplished by growing a cap layer 10 of very thin silicon
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10 preferably with an inpurity concentration typically greater than 1 x
10[err] per cnferr] and a resistivity of less than .0035 ohmcm typically
in the .001 to .002 ohmcmrange. It nmay have a thickness of 14 to 16
mls. Conventionally, such a substrate, after being grown in a CVD reactor,
woul d be transferred to a 15 separate vessel, known as a diffusion tube,
for formation of the doped regions usingowell known diffusion techniques.

However, with the present proposal , the nultilayer structure, including
heavi | y dopedsutslyearesscan bbenadestretehandviepkriing thes8ppant nleved qfl each
continuous epitaxial process. 20 The susceptor in the CVD chanber is

preferably si$tRlayedoRid@r 1¥his FPTeA zes aut odopi ng fromthe backsi de of
t he substrate.

Si licon_ capping.techni S ar . i 0i Qi e~ e
outdi ffusion froﬁ%é“?ﬁl&gfgkﬁgé.se% ntee?y%é)a?i ﬁ% %gaés‘%bemsto?g eE|§%o t%elnp\?lg
chamber and cleaning géretggnéy{]r{iﬁ aMst i Bl s Ju@ eS YRSt £8t forstiifarbe 1S
"capped". Capbing 8 acconpl I she y growng a cap layer 10 of very thin

silicon 9 syblavers amd beosuhstaes eiaandideplely ngadthe agpponinitasl 20fs
each subl ayer after it is formed. The substrate is heated to a tenperature
over |000[ err h€ctonarpd minmephepenioitidencagla sithé cohf$eyr eacyashiro siudr m
each 5 sublayer. The growth rate is relatively fast, approximtely 2.5

m crons per miapeer,is of Ay A& dpchebieGied tAf f PYRERFER MUTIGUBN I er i s

formed, it is subjected to a hydrogen purge .which depl etes .the dppant |evel
dramati cal | y. depheteycHe® i%°RAEN 1698? e‘?’éﬂ%;e;llcékgét edﬁé%_cfy_ﬁ:&te tlﬁe&g%% | ayer
10 is 1ormed %fre }erg':_glyl e'.aesgeattve\% %%bltﬂggréhe()fcageﬁ)g}e;?d1§'ié %@med%f p{esent,

two cap

( 10 least two sublayers of depleted silicon. At present, two cap

sublayers are preferred, although more may be employed, if
Gesirakble.
The silicon source for the cap layer 10 is preferably
trichlorosiliane. It is introduced in the reactor in a hydrogen
13 ambient of cne atmospheric pressure and at a temperature between
1000° and 1200°C. However, other sources of silicon, such as
chlorcsilans or silane, can be used with appreprizte temperature

Tre first layer is then epitaxially grown over the capred

LAl

20 substreze surface in the CVD reactor. This 1s a relatively
lightly dopzd, high ohmic region and can be of either polarity.

In the exac-le, the laver maybe K- type. AT apprrepriate source

gas pro..des the negessary irpdrities This layer has a
resistivity in the range ci C.1 to 200 ohrm cmi preferztly less
25 than 50 ohr cm. It has a thickness of between 0.1 and 100

microns, preferably between 5 an 100 microns. The structure

is seen in Fig. 2.
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subl ayers are preferred, although nore may be enployed, if desirable. The
siticon source for the cap layer 10 is preferably trichlorosilane. It is
introduced in the reactor in a hydrogen 15 anbi ent of one atnospheric
pressure and at a tenperature between 1000[err] and 1200[err]C. However,
ot her sources of silicon, such as chlorosilane or silane, can be used with
appropriate tenperature and growh rates. jlhe first layer is then
epitaxially grown over the capped 20 substrae surface in the CVD reactor.
This is a rel ati elsgcoinghiryedopedthéen gipidamial i egdonrramet Eha Hersf eit her
polarity. In the exanple, the Iager n%ybe N- tyge. An aepro (iate source
gas provi des®RHeHiededSaey tRpHPRt FER TeARtOT aytP HidRYE T 831 Lt PGieY 3 nP¥he
range of 0.1 .o, 200 ahmc pr. ef -t hapn 50, ohm, It has a

t hi ckness of°?ﬁﬁ%w§ﬁ$%?“1 ghg iﬁogéﬁgé%ﬁ?3§%F§§é§gb@?§ﬁ%tagg% h%n 100
mcrons.  Theg,SEdUptdir € 1ieS 1$€eRoliBvEl 9.0 opposiPe Ao SBHONY kBYERe! S Lhen
epitaxially grown on the first epitaxial layer in the CVD reactor. This

| ayer will sbeuwétpatledw ighning st egsen, N-and inespaliabi ¥ey Ybaaei hy dopaskcd idee

the substrate. It is, however, of opposite polarity to the 5 substrate, in
this case, Nehofflospis nenmmy Bétespatdvealso@rsendt phowpliocny Loms.can be
Alternatively, arsenic or antinony ions can be enployed. An inpurit

concent rat i ofPBEOX¥fRTat &M tIPRANTLEY €O FerncRf ePF§2t&F fhafe réd’;a/mi ReY¥ a
resistivity sim,/lar t tha% of .t he subgtratet The sfru&tuge S %e nin Fig.
ocBEEY ] HESGPSI ATY ety i erur8s

310 ThFBugifo &t St ETH Bk o err]
substrate. The structure is seen in Fig. 3
(
' 10 Throughout the process, the growth temperatures are 1000°

aﬁd 1200°C and pressure in the reactor is kept at 1 atmospheric
in a hydrogen ambient. Silicon capping techniques are employed
to minimize cutdiffusion from the substrate. Silicon-~-coated
susceptors are employed in the CVD reactor to minimize autodoping
15 from the backside of the substrates. Hydrogen purges are
employed to deplete the rermaining capping sublayers after growth.

Fast grewth ratess of apprexirately Z.2 zicrons per minute

This process permits the erntirs structure to be achieved in
20 & single continucus producticen run in a2 single apparatus.
Moreover, the process eliminates the nesd for front and back
diffusions rormally required for power semiconductor devices.

Tr.ige e-ructure and meithod irov

tn

Ve

the ferward voltage érop

L

’

[¥1)

leakage currznt and breakdowr voltzge distribution
25 characteristics of the semiconductor devices. The heavily doped

layers inprcve ohmic contact during retallization and packaging.

This Sheet Has Been Replaced

AU

THIS SHEET HAS prmn
| REPLACED



and 1200' C and pressure in the reactor is kept at 1 atnospheric in a
hydrogen anbient. Silicon capping techniques are enployed to m nim ze
outdi ffusion fromthe substrate. Silicon-coated susceptors are enployed in
the CVD reactor to minimze autodoping 15 fromthe backside of the
substrates. Hydrogen purges are enployed to deplete the remaining capping
subl ayers after growh. Fast growth rates pf approximately 2.5 mcrons per
mnute mnimze cycle tine. This process pernits the entire structure to be
achi eved in 20 alstrmpduasmtpraanssipgodters dry sdnpl Afping nthe pynsesst bs. be
Mor eover, the process elimnates the need for front and back diffusions
nornal |y reqét eGXPb?a’b’(Mera%rﬂtcéﬁ’Gué?B? WA dBRTOYRF sTRPF iR yiglds.
met hnd i nproves the f.or vol.t.age dro e,current and, breakdown

vol tage, distribu Fo?lh%\/\‘aé A RS %rppﬂel ggt%‘fat?’ﬁg §§ﬁ1 85?1%1%’3 ot Vi €8s

The heavily dapedelayers dSPY ANR, ANTHG (SR AG AUELDE BRRSLAT ZAL 180
packagi ng. so reduces proces |ng steps by sinplifying the process
to be all expietassaloanthist iddei fpBarel. NTeThatIvetukabl heabded ¥irrladsayl t
shoul d now be appreciated that there has been described a nultilayer

epi taxi al st deped; elandresist iviep tswbisdkate neft lvog polatabyi cathigh same. The
structure includes a heavily doped, low resistivity substrate of one
polarity, a HegASEa¥isYi v‘?%%dl?n Rier |9<‘§96P ‘@ﬂ"é\}(}ﬁ- GAPPRE Eabb'@éla%%@s*ldr ate

d h ly d d, .l t 1 t | t
SUbstrate. gr ORAVOATIAEPTE T | ARIsEiviey] FRE S eae BhapRRERT b R IGW EO
ohmi ¢ region %ubaseaygter LOPn | &Y e @nédwewzmeqh omclaegw&wb@dl@en

Iayer) formthe el ectronlc j unct1 ons.
10 one low ohmic region (substrate or top layer) and the high ohric

region (middle layer) form the electronic junctions.
¥hile orly a single erbodiment of the present invention has
been disclosed for purposes of illustration, it is obvicus that
many variaticns and modifications could be made thereto. It is
15 jntended to cover all of these variations and modifications which

fall within the scope of the present invention as defined by the

following clzims:

This Sheet Has Been Replaced

THIS SHEET HAS BEEN
REPLACE‘LL




REPLACEMENT SHEET 12 dainms 1. A structure of sem conductor materi aI
for-use in the fabrication of a sem conductor device, corrprl sing:. a.
substrate (P+) that is relatively heavily-doped to 5 be -of ‘@ gi ven

polarity, and a nultiplicity of layers (10, N, i ncl ucu mﬁ“ U\B!M“\
(10) epitaxially grown on said substrate (P+), character| z

multiplicity of layers (10, N+, N ) cozprises: 10 safd ¢ ap | ayer
(10) forned toCIt%e gopant depl eted and conprising first and second
relatively thi | ayers, each of which is dopant depleted; a relatively
l'ightly-doped Iayer (N-) grown over said cap layer (10); and 15 a
rel atively heavil y ldope@ |maglélllem %ﬁldxmlé\}eﬁ%ai:ﬁ“?%l%iﬁpvéﬁ}'ng a

i ght | y- doped | ay t d_subst :
The st} uctur e acﬁla’ 1 Waedhavnoesed ooty o U 2oRatity | v (fPrane
| ess than . 003p, ofugem 40 1ay§r Tpglasél\}oéf 5”8859219%8? R}‘i"@?& eélf‘ fa' d

substrate has a reS|s IVI'ty n the range
structure ofs; Gab/R lanWeraiia eabd1 spbstdid @ ha3aRivE5) HaViity &8 }?édthan
. 002 ohm cm 5. The structure of any preceding cla mwherein the 25

I mpurity concespitdst gl dfaysai dfspbsar bt ddposiite goeasd dikan poXadOfyes r|
per cnferr].
grown on said lightly doped epitaxial layer.
2, The structure of Claim 1 wherein said substrate has a
resistivity of less than .0035% ohm cm.

( 10 3. The structure of Claim 1 wherein said lightly doped
epitaxial layer has a resistivity in the range cf 0.1 to 200 ohz
cr:.

4. The structure of Claim 1 wherein said lightly doped
epitaxial layer has a thickness of less than 16C microns.

15 5. The structure of Claim 1 wherein said lightly doped

epitaxial layer is of said given polarity.

6. The structure of Claim 1 wherein said lightly dope3
epitaxial layer is polarity opposite said given pclarity.

7. The structure of clair 1 wherein said heavily doped
{ 20 epitaxial layer has a thickness less than 100 microns.
8. The structure of Clair 1 wherein the impurity

ccncentration of said substrate is greater than @ x 10! per cm’.

\0

Tr.e structure cf Cleir I wherein the irpurity
concentration of said heavily doped epitaxial laver is grezter
o5 than 1 x 10'° per cn.

10. The structure of Claim 1 wherein said substrate hacs a
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6.  The structure of any preceding claimuwherein said |ightl y daped

epitaxial layer (N) has a resistivity in the 13 range of
ohmcm 7. The structure of any one of Claims 1 to 5, ﬁ“ﬂ“m m ||“|
| ightly-doped epitaxial |ayer (N) has a resistivity of

ohmcm 5 8. The structure of any preceding claim wherei n said
l'ightly-doped epitaxial layer (N) hat3a thi ckness in the range of 5-100
m crons, 9. The structure of any one of Clains 1 to 7, wherein said

l'i ght | y- dopedrespiisttainmiidly Layene (fdngehas acthitskness oﬁmlct)m | ess than 100
mcrons. 10. The structure of any preceding claim wherein said

| i ght | y- doped epi t¥i afrhlea§é¥“<{%f)e PS 6Faimild vgieveAnper i iiightiy. dyped
structure of an doped

oo Lo nr P hy SR b s Bt pORh A ye2s shen S v Sharry.
12. The structure %epggﬁl@gkm %'fa%:a} inhergidtesal da eavid 13,09@933

epi taxial |ayer ( "has a't ness o ess than 100 m crons.
The struct upeepftanyalonayelr Fhaidmmnlickaedd, imhareirangai 6t heawd yrideprd.

epitaxial |layer (N+) has a thickness in the range of 5 to 100 m crons. 14.
The structure of any. ormheostOhctiure bft 614 2mwherte@ine ineheavilydaipeddepi t axi al
| ayer (N+) has a resistivity of 25 | ess than . 005 ohmcm

epitaxial layer has a resistivity of 'less than .005 ohm cr.

l4. The structure of claim 1 wherein said heavily doped
epitaxial layer has a thickness in the range of 5 to 100 nicrons.

10 15. The structure of claim 1 wherein said cap layer
comprises first and second sublayers of doped silicon.

16. A rultilayer epitaxial structure comprising substrate
having a resistivity of less than .002 ohm cm; a cap layer
comprising first and second dopaned silicon sublayers; a first

15 epitaxial layer, grown above said cap layef, having a resistivity
of less than 50 ohm cm.: and a second epitaxial layer, grown
above szid first epitaxial layer, having a resistivity of less
being of opposite polarity.

i 20 17. An all epitaxial method for fabricating a rultilayer
structure comprising the steps of:

(a) formin
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(b} c¢rowing & relatively thin silicon cap layer over the

25 substrate;

(c) purging the cap layer to deplete the dopant
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15. The structure of any preceding claim wherein the inpurity
cancentration of said heavily-doped layer (N+) is 14 16. A net hod of
fabricating a sem conductor material for use in the fabri

sem conduct or device, conprising: providing a substrate mmmﬂu““m‘l““"
relatively heavily- 5 doped and of a given polarity; and producing"a *
multiplicity of layers (10, N, N+t) inchudi ng a cap |layer (10) on said
substrate by an all epitaxial process perfornmed in a CVD reactor chanber,
charact eri zedcbAcéMetatsiaird thelrelipticity of layers (10, N-, 10 N#) is
produced by: a. growing a first relatively thin cap sub | ayer .over the
substrate and purgidy smiariclearbeelebivopant BEpyetershid Tt gpitakishyer;

b. growing a second relatively thinc sub-layer 15 over. the first
sub- | ayer and 1ﬁMP§|ﬁ‘@°%ea|*d‘9ct%PbéPYF6 d%%%nt depi ete said second sub-|ayer;

c. growing a re&ﬁ | velé/ lgﬂ' re agopgﬂét Ié&lvthy gpé@yseerccf(gg- %p@?%?afa' d

second sub-| ayer are vel'y eavl | ep! t axi al

20 layer (Nu), af %Qﬁvgpmélélersmoggatsyls]ypleaytee sehd sabtsid apa thRth1 aboyer
said rel atlvely I'i ghtly-doped epitaxial layer (N). 17. The nethod of Caim
16 wher ei n t heyasigt 8ape1 HEsL Y dppdisitivisd ytioft lofsshehaubstdG8% .ohmcem 25

18. The nethod of C aim 16 wherein the substrate has a )

18. The method of Claim 17 wherein the step of growing the
cap layer comprises growing a first silicon sublayer, purging
said first sublayer, growing a second silicon sublayer and

10 purging said second sublayer.

19. The method of Claim 17 wherein the step of forming the
substrate comprises forming a substrate of a material with a
resistivity of less than .0035 ohm cn.

20. The method of Claim 17 wherein the step of forming the

15 substrate comprises forming the substrate of a material with a

resistivity in the range of .00l to .002 ohr cRk.

[N

2i. The rethod of Claim 1& where

.

n the step of forcing the

2
Al
[

cap layer comprises the step of heating the substrate in an

(2

atrmosphere containing a source of silicon oktained from a group
20 of compounds consisting of frichlorosilane, chlorosilane and
silicone.
22. The method of clair 17 wherein the step of growing the

first egitexial layer conprises th

M

ster of growing the first

fv

epitaxial laver in a chewmical vapor deposition reactor in
25 hydrogen arbient at a temperature between 1C06°C and 1200°C.

23. The method of Claim 17 wherein the step of growing the
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of-Clainms 16 to 18 wherein the growing of said cap sub-layers ¢ Mo \he
step of 15 heating the substrate in an atnosphere co m m&m of
silicon obtained froma group of conmpounds consisting o?ﬂ C I Isang,
chl orosil ane and silane. 20. the nethod of any one of Cldink 16 to 19
wherein the 5 growing of said lighthy-doped layer 1is effected in a
hydrogen ambi ent at a tenperature between 1000[err]C and. 1200[err]C. 21.
The net hod offiasy emitaxfiall Akyer 16onpr PEesitdecEhep hef sgraringglt Layeoptr a

| ayer has a resistivity of | ess than 200 10 ohmcm_ 22. The nethod of

O ai m 21 whercdeRigal F4ROGALEQD dBRREt PRYRIthAs TESH 81 % Xidly 1655 EBant 3% 50
ohmcm 23. The nethod of any one of d.aims. 16 to 22,  wherein said
Iightly-dope&hpaﬁgr has a thickness of 5 to 100 mcrons. 15 24. The

method of any oneaof Ghll HRehBal 0r 2812 I PV IIA BRAVI o PGl ARG kS
grown on said Ilgﬁt[y- ope ayer in a gas environnent which is the Source
of dopant selmekedepitdRianseayer pbAsphOEsIxTnNEtapt bADfyowing the layer in
a chenmical deposition reactor with a resistivity of less than 50
ohm cn.
25. The method of Claim 17 wherein the step of growing the
first epitaxial layer comprises the step of growing a layer in a
10 chemical deposition reactor with a thickness of 5 to 100 microns.
26. The method of claim 17 wherein the step of growing the
second epitaxial layer comprises the step of growing the second
epitaxial layer on the first epitaxial layer in a chemical vapor
deposition reactor in a gas environment which is the source of

15 dopant selected from the group of arsenic, phosphorus and

antimony.
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