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Sem conduct or devi ce and net hod of manufacturing such
a device The invention relates to a sem conduct or
waoeviscie7wenpri sing a substrate and a sem condueConBOsY51636
of silicon having a sem conductor |ayer structure
including, in succession, at_least a first and a
second sem conductor | ayer, bnd havi ng a surface
h is provided
Seral SO0 fivi R AE bl W IRIED 2 PT
second conductivity type, opposite to the first
conductivity type, wherein the surface region is
provi ded with source and drain regions of the second
conductivity type for the field effect transistor and
wi th- interposed between said source and drain
regi ons- a channel region with a | ow dopi ng
concentmmatitveRiels i@k BBmiRakducRt dbi& SRfRBRAg a substrate and a
sem conductor layer and with a buried sem conductor
semigoagiespr bidytof siliper kayingangmagandnetyr law Striine Angluding, in
Sl R oo Rl I B il (15 eglon o
first ctdnduaﬂ’vam gle wlech © mrcamtédv\mlnmfieﬂd Bffsct manslstotf withhe clianneltof a

T G B AU 00y Ay P
provided ﬁ'dh shuate drdeirkie repions il tivadedonidohduchieity Bipe Ifortth)e figld effect
fi conduct% e regio betmegg source an

f he
tranSWﬂr& F"éthT BrrRage Y"ﬁﬁ’ BYetPdt© 4R 11 §78'or F"%‘i gFeglon with

a lowlipideedoibentidfibrPeRich €S Part oS the@edtd lsetkRBnduRt o BABr #hd with a
part of the sem conductor body situated at the surface

bunefl [ierpisgRducis regioncfiihe fissbeondpetivaly type vghich isiteaiedhnsier the channel
e 500 13 ey sl 0, LU S B P o
regiog pad W&uahefommpat!@f SheXmst BBicondudsor leyeedlisrineniioalse relates to a
meth 89%}8 1 l}a 1n yHEvncEe f ??o 4 Io?etd tgeﬂ estegnvgh gl” a t'c\)/%

? ?1f & en1conduc %3 o ansistor ¢o rlsing a
taker to@itah yhedhmaxdmdnkmm edgiondieewaendouroe hioivrsial dhmhl anfoahed during

one,. a h| ed buried zone, for, e le p-typ
operftin g1 fitgsaniot, 108 REm Bl E e Or Tt St Behn R Plime
semidnduitot blytsher@dt thet fukfEicd thaiasf, sthidh xiptibdst Biter @fa, tthechannel
one hand, a hlgh mobility in the channel regi on,

regiofang ghe channehio kst fopsediihgigin: so-t er med short channel
effects are suppressed, as a result of which
variations in the threshold voltage and the occurrence
of so-termed punch-through effects are precluded. In

the knoypy, gé\@é e A %&?ﬂ‘ﬁk}&t(ﬁﬁteﬁ %gate%ﬁaea ent specification

cont ai ni ng presen ween
US 6ax7d,56 hepublighied dn Gtﬁaiguyt 2001 yipeaiddonenenh 8 dascriptatl is gofen of a
ffu5|o from.t.he

sirabl e d e

Mo rateab e Sodiraiactes| 55 u chPrpne Peulclhaff gimbdrene
and, Bé16hw 558 chatine PAng NEg I dbpditirie@ oms B ek anslb pLidie ih %)NMOS

structure. The buried zone is forned so as to be a
transistpg,) el gerves as the ground area. By virtue thereof, this transistor exhlblts on the
one hand, a high mobility in the channel region, while, on the other hand, so-termed short-
channel effects are suppressed, as a result of which variations in the threshold voltage and the
occurrence of so-termed punch-through effects are precluded. In the known transistor, a
semiconductor region containing SiGe is present between the channel zone and the buried-
notably p-type- zone, as a result of which undesirable diffusion from the buried zone to the

channel zone is suppressed. Both the channel zone and the buried zone form part of a
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sem conductor |ayer, the channel zone is fornmed by a
| ayer - shaped part of the sem conductor body adjoi ning
woOhersgariace of said sem conductor body. The kROWIB2005/051636
device is very suitable for the manufacture of I1Cs (=
Integrated Crcuits) conprising a CMXS (=
Conpl ementary MOS) circuit f hi gh-frequency si gnha
semiB6:REORS 126r @ﬁl@!ﬁ@e’ Tk %ﬁeﬂl zohOH fenﬁemoéol £34 bﬁ&?mlapt‘fhr}tesd

dr awback "of the known device resides Iint

semicoptieign Hver, ﬂ&rchﬁmw Z%ns p$ foraed s laym-ﬁhaeedwagmﬂtheemémrﬂuctor
body ﬁ@‘?@?‘% %ﬁrﬁée mﬁc%b&ﬁpg d}o rTh%%lb lde\qge %rxa/ sultable

reit Is an 0 resen I nven
for tipr meidetae dEICoE Imhbgtakedl @lrcsus)tcabipeslﬁlg n 08 (= Complementary
and whi.ch.is ver nuf a ture To
vo§fRekf B iiten 8t B pedsinY e R s o RE o s
openi ngA dedvatgelaphthe Snehpdaidegtdidesdn that amﬁﬁ&qaﬁe foMnldy
the inv nhwﬁp in that the sem conductor body |
applisptinps a%ﬁl -BrAUFDGH 1Rees sicl 2F mobye islspbery or C&’rﬁ'é?lﬂeBY(’ka
but ~al spherdfbia ifislah BBjedof ttl{e%ﬂ%eﬁtt iBVertidN tdBrodHde %'@e@ﬁ:@&/hlch is
reg |on a base regi on and a coll ector regil on of
Smtab@sfﬁ’é“@!d appligatiopp andwhishd, verhessy ke menefaciurche sec ond
P S Y Adlerk HRE 0 ROfo LPte BT ioh ORI, S b pIRE R i

the secon en1cdn uctor
char#amrnted:l in gecotdendei Wlﬁt ths évientémdu ¢tiad thel salymmndtﬂm& tody sr;trmoded not
an t sai

onty BRI LG 1R Bort D s B P S daniot B e et

reglq’mt mbmsegign ambdcolledtof foRidE B, SBIpREtHRNE AR seEEethy |ﬁ|ﬂ§ and the
ransi stors are sgltable for th

olar
secor ? g%}lv% %P SERHFE TSP f9raed i the pqond ﬁefBlﬁ%Jd'C‘é’h layer

and thB 8ade@EAGM [stfoﬁﬁbd ndhe firl eMidhiRRorAhyss UBHR iRV RBbALs based first of
transistors in the device conprising (a |arge nunbe

all oy the regognition gt §316 prplications figaednils reqwire; inadditien kasighal t 0
Eale] r B:dL€eauency properties
pﬂwgﬁﬁgn%%n%ﬁgﬁ%?ﬁﬁggﬁgnd&Hgﬂgt eﬁﬁ%n i ntegration can
be achiBipeldr iransistorearg switatrisl for ﬂliwrmepose Tdmdshe:pmsebemventlon is

rj tothe t . that r.e
for B AL PO B L Bhiliin DG oa oo B i il G R Bl e
comypisoipen ﬂérgtsnmﬁbeﬁ ob) MoliSatantistarsss sdrrliiciae,thnt the Inhﬂaah&,&b bipolar

that, th on of the ol ar, transi stor _ can be
“anSfS&?ﬁEﬂ’“g%] S xpgppﬁﬁﬁehartﬁ of e hey haw}i&zf t Bjihian gotegration

can lie%ﬁﬁe@efd s/ Embleafingt This ca® beathfsudd o ¥e MAIEN oty
nuf acturi ng process renmains sinple. The invention |s

dopefl, preREPAEAIoBsH, DS Tpgie rTeYesihe high-frepecngyproperties of a
blpofaﬁﬁélﬁﬁtd?ﬁﬁd G t‘*ﬁ@ £Re tHaFﬁg b&s\é ré%{ﬂfﬁﬁthk/%@m‘? 1r3RG88 % an be formed

sem conduct or ayer transi stor
simubgreonsle with the mgblmdepedrblgleé monet dfitlse M@Seﬂraxsismul ad almult of which

v kB RESs BRF B ROBS UL B Sorgin

that the emitter region may also be readily formed in the second semiconductor layer. To

allow the MOS transistor to operate as a channel region, this layer should be lightly doped,
and a highly doped emitter region of the opposite conductivity type can be readily locally
formed in said layer by locally introducing the desired impurities in a high concentration into
said layer.

The invention is finally based on the recognition that a mixed crystal of Si and
Ge in or near the first semiconductor layer is advantageous not only for the MOS transistor

but also for use in the bipolar transistor formed.
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formed in said |ayer by locally introducing the

desired inpurities in a high concentration into said
woayeri17ibhe i nvention is finally based on the PCT/IB2005/051636

recognition that a mxed crystal of Si and Ge in or

near the first sem conductor | ayer i s advantageous not

only for the MOS transistor But al so for use in the

bi pol arptradrsiat @hbddahsRdsh Qerﬁcgm&%; a@{i%eeitﬂ%gwrmeé wath the

. a_sem conductor device in accordance w ‘
inveptinpe heth die, firBlond thehaecpnd ssmiconduatdrdayss ersrfarmseshiyoneahs of epitaxy.

. epi {

Aoy hthe GhflodrDhEE lths HRQ IR R Ky TR Blledel oy
exaniiple, nemingplakatiohothe excarfiEptaxyi afferds vapioaninagdriant adviueages eTlaf latter
|t f [ [ t ant. adyant ages. . The .

techufiye {7 Pgtichar IES ko idipg T8 dit SOrmicBRAUGo: FRE ilh A cwhish
dopifig ksd pré eitting APy prbfleevitid ddita dhape! MsdtieGired @P hd\pil@lape. In

Joroviding the doping profile with a delta shape, al so
addifegy, bpihete MO SHisengisior ndib pipo oy HraBYIPR 428 e TGN farped Ripmicans
ofa ?{ea&ﬁi‘nﬁﬁtyepﬁaﬁaﬁ }H@cégé, RRLALch iAnsirsd @51aﬁ(ﬁ{1re§1|%n§ eadiidobe

ormed by neans of predom nantly epitaxial process,

readily, fopmed An tthecage diotheppris o6 thatdevine rie@if thesodenmed| diferbaial type,

. ' is. . t. i.ce
o, bl G AR 581 0 DBl Ry 65
isolatibmtegmas,twitth padres dvfBint nomnsomkystading nodteridhe bi pol ar

transi stor i i tuat ed. abov he isolation.regions, . ..
whi ch FAREEO o Mee ORI S SRS AAvEe o of slicon
and grebeiaabing, thé beohd sclicaRINtEORNGAkins 3)R6n. ALY & @fyde used
' crystal silicon and, germani um . and the secon

) n1xq§ ?f , d the s d
in the M2 Brrstriarde Y dhe wlhmemmsiuastion of dittusiondaprigsarhifedle SiGe

leadd® aU8RELriRpiREmXf tHeaRSH- #EQfendsPprbpdrditd df thd¥Gipolar transistor by
wel | - known function of diffusion barrier, while the

virtugjotis sraallgs bangeap fnpeideansisivp rldw dnelmessodf thiyBrst semiconductor layer
ob f . ¢ . N

oo} S5 AIHFICHRE DB NERYD P o) Bl EPTASH Al e

prefarihily kméwdowér sideghéreo ts ademitagonijctiosen taybersudr thatfthasilicon-

Si Ce- i ni f h ' d l. b [
conighrg spe3pt Fdiobi B AR BT Pl st RSBl
contsihidlg ldybe is@échanisalfydsteded 0@ N Sirass lvpeaeds thomobilisyietthé Blakrge

carri% ﬁ% Ielﬁ él%glcrggltagj %hgg%ag%q%%%(@gﬁq%%%rqj ltﬂaeylser'S transistor to

be iInreREOWhA A6 oY, anky 3dVERENARLE 81 Y 16thfiSiSs@He bipblp
stress increases the nobility of the charge carriers

trang§40rt he channel region, causing the high-frequency
properties of the MOS transistor to be inproved, while
it does not have any adverse effects at the |ocation
of the bipolar transistor. In a favorable nodification

ther eOfIh at%s?\;o(r)e\l%lé rrﬁ%difﬁicerlﬁc'otn t}sxeerg:rci)f? l())quvlv'l %tleotlirstl Shidon@ctor layer or
below the further semiconductor layer adjoining said first semiconductor layer, another
semiconductor layer is situated containing a mixed crystal of silicon and germanium, the
germanium content gradually increasing, in the direction of the first semiconductor layer,
from zero to the germanium content of the first semiconductor layer. Such a buffer layer
precludes the development of crystal damage in the semiconductor body or precludes at least
that the defects accompanying such crystal damage can reach the active region of the MOS

transistor and the bipolar transistor, and adversely affect the properties thereof.
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bel ow t he further sem conductor |ayer adjoining said
first sem conductor |ayer, another sem conductor |ayer
wooesitiuated containing a m xed crystal of sil PCoAB20H051636
germani um the gernani um content gradually increasing,
in the direction of the first, sem conductor | ayer,
fromzero to the gernanlun1céntent of the first
sem confufkRtionedY8kinaRehthd b biBicoh RXRE 1496L8 pHd&aniy he
devel opnment of crystal danage in the sem conduct or
proviged yvidya qomeRntigHensprafilel of deping Rlgmentsdorthe St onductivity type,
whichE AR SRR Hhhn SRR P pPAS{ i Wi K
semlpomhlstos lam:r is apwbequintly siglajeddfefverh thdimriad @per aidghe channel region

d h
of it 108 B s 85T ar R Fon bivGist bton v
concent Tiat dngifternegibih bethe bipdti iagsi ebEisprifgatlp lfortﬂee bii |1<5csny

onduct. t whi ch is delta or spike-s
intradging ﬂfl@ﬁiﬁé%@ RS P s ecqui serrigonguictgr e e ARl Yﬁg means of
outdfffilsfin FRTh SARAHENOpoll @YRE11ihSsiRMSEIBR NirkMrabiyl tHabiRfnel

bet ween the buried zone and the channel region of the

potepmd of the AP 8 tigpsigprrandp centicdiad yigragesistivegegiph fagitermed well
regi uHoﬁﬁdl {h@WS EIQI?SIJ‘Z&@AS E% tIyto?rele&g&qugpg fulléﬁer than that

pol ar t ansi stor 1s pre era
thq'lm’ thedOS rtglns'sfpt prbfeeablynis an NM@S tnamlsimt e theeblpnldr trans1stor
mﬁﬁgggg Igﬁﬁ&%r mgﬁs preferably by means of

fusion a superjacent polycrystalline
si | i conAmeghodrof nRmefsetshg ¥ sérhﬁon‘dﬂlamﬂ dbvipotaaitirisilg alibstrate
sj stor. can_be .contro via.a re3|§tive

and g éf‘gﬁl%/?%%u fog Bodyeht StigonapichipoEHe b SuRHIgd s [qvepstructure

com ﬁﬁﬁgs B §iREessibf, dt NRAstRE] dnbi¥ s@éonﬁ's%lcbﬁd{lﬁ:tdrf’tay@ﬁﬁﬂ with a surface
her than that of hol es, the MOS transi stor

regum faeﬁrabcﬂog)dti%wmmmlqhﬂan@vsi@é withracfiald effest emsistor with a
chanﬂlélad'isa' sl Bh&faY: o?g@s’é&u o NP @RS RLAYit @Pm&f’e‘i{n the

manuf act uri ng ctor deV|ce co
surf@a lbegioTRis @rca/mda\'lémumg A dnamrregﬁodgmﬁthe sacbnd:emdm;wiu type for

the fféﬁc?é{ffé%?gaﬁ%stcg} ﬁldsiz%ﬂ %RQ Hsced%etvreex e%ld%‘f%lr?&g#)ng-na dchgnnel region

uccessi
havm@m h:wddcs;mg @mnﬂmetlm whmh &y foanell sl dshio forsLyakrantehe @géxmln

s e TR U R o A S RN S M

Whldl‘aciﬂ ﬁuﬁfed\uhﬂéf the/@Rnndd RRP@SH 4 WiAcH R of mﬁ&ihlw dbisihg Yorc¥ntration
wherein the surface region is provided wt

than S0 ChamagE @A Yhieh isd semicerdustos sveiprcis Aarmed isq py tp form part
of the YP& s&ﬁfcoﬁd?ﬁtofr 15k iedhhReteritdiBR Stk @nce A )Y ﬁlbetﬂtmn in that the

i nt er posed bet ween said drain regi ons- a channe
semigegiueior hedsi in gravided woldohy wgh ¢lenfacdeh effert tramsistdri bhalsg with a

e 1830390 ST A0 oS TSRS REPL ORGSO
respédtllvsly, thosatund, ithd firgt etnylp)& sehoreiconduivity ajpedandlrtﬂeﬁmiﬂbﬂegion is
formg% iR Zlﬁ tser‘cgpg éeﬁnnlcgn uctor a%‘r al?lg%heabarsrggeglol?ll 19 Poerrrne 9rP tlh(ra] %rst
semiconductor layer.

Preferably, both the first and the second semiconductor layer are formed by
means of epitaxy, the first semiconductor layer being made of a mixed crystal of Si and Ge
and the second semiconductor layer being made of Si. Below the SiGe-containing layer,

preferably, a graded SiGe-containing buffer layer is formed. The epitaxy process may be

advantageously interrupted once or more times to form isolation regions for the electrical
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than said channel region, and which buried
sem conductor region is fornmed so as to form part of
woOheosfiiv®es sem conductor | ayer, is characteri zedTiB2005/051636

accordance with the invention in that the

sem conductor body is provid%d not only with the field

effect transistor but also wth a bipolar transistor
1solak‘1@ﬂ 'of“gxe A0S Mahdi®br Jn@ghé)lﬂ ol3r RARR CF O PorNHe @ollecﬁ)r region or a

| ector region of respectlvely, t he second

SO*@h@@ﬂ@Hﬁ%Q@he second conductivity type, and the

en tterT%@ghM%h& afsggc&%qtﬂenn& Boft %g%gﬁargﬁrﬂ nm GhPle

| ayer an ase region 1s ftornme

eluckleteil sothdeetepce toayeemb@hmém(s)kiés;cnbabhdnemztfer.f| r st and
t he second sem conductor |ayer are forned by neans of
epitaxy, the first sem conductor |ayer being nade of a
m xed crystal of Si and Ge and the second
sem conduct or | ayer being made of Si. Bel ow t he
Si Ge- coRtths feNgSayer, preferably, a graded

Si Ge- copypaj ﬁ'arlgaé%ﬂnﬁﬁt’ic ¢B%Sectichal AEWEH right'hoBRItd % ¥hickness
process mmy be advantageously |nterrupted once Of nore

diregtionesf anenfbedimeant of zaqqrmcppnﬂ@@@rdi@glcpm aqchwslance with the invention,
e! ectriggly scﬁ?)l“gttfleoﬁbrg]fahz{ela% { é‘ﬂﬁé ﬁd’s‘ rgiﬁgst(;r%? the dev1ce of

blpolar ransi st or e co
Fig. & as o furetioe df the lghte rvegagar(.\/g)'lfnewmam drant \méuagﬁsapd ©h$1 lrnéar scale

he i d | uci dat ed
win rergrenRetl BRERER e reRI e e betbea

her ei nafigef shok tlideat-@Ffiqagey () @f thk biold: tinSigoABIEE Hévice
vi ew, at ht angles to the thickness

ectiona
OfFﬁlf I?mQﬁféﬁﬁ%ﬁ%ﬁﬂW%%h@%of a sem conduct or device

in aC corig @%Wtﬁ&u‘h@ﬁt deﬂM?ﬂ% i &he bibBlar #arsieNDF Eﬁ?ﬁievwe of
normal i zéd current t ransi st or of

Fig. §ayp &mcten pf e bqseaegmﬁerfvlgpﬁ@gq (Mbebf the gate volt age :
Vg) f d
l(:l g? q!:lﬁ V(%Ho% Ihé cruﬁle L g\églo(gﬁgf gle %gy%lag tragﬁlstor oefa{{l%éev?ce of Fig.

ows the resu
1assﬁakaonﬁimecmnamdm&nyﬁszmdt of f frequency (fT) of the

bi pol ar_.tr i st.o t he device of Fi 1l as a

P unot L P IBeRbR0 Rl mR i o Fpetiaptllyvidwd 3t ek spsles to the
thick@edsdaattiche 65the )de\(ldé oforfi 1% e sbédesdia stdge@bths hRhu@btutiReprocess

device of Fig as a function of the base-enmtter

by megpsiof ga e{nbeél)menwfga mgthed B\ pscqrp@nce withdhg inyentien( b) of
t he bi polar transistor of the device of Fig. 1 as a
function of the current density (J), and Figs. 7
through 9 are di agranmatic cross-sectional views, at

right aﬂglf@gc‘m&oarg Hgt drawn to scale and some dimensions are exaggerated
strongly for clarity. Whenever possible, corresponding regions or parts are indicated by
means of the same hatching and the same reference numerals.

Fig. 1 is a diagrammatic cross-sectional view, at right angles to the thickness
direction, of an embodiment of a semiconductor device in accordance with the invention. The
device 10 of this example comprises (see Fig. 1) a substrate 11, in this case a p-type silicon
substrate, and a semiconductor layer structure comprising a first semiconductor layer 2, here
of SiGe and p-type doped, and a second semiconductor layer 3, here of Si that is lightly
doped, in which both a MOS transistor M and a bipolar transistor B are formed. Between the
first semiconductor layer 2 and the substrate there is, in this case, a further part of the

semiconductor layer structure comprising in succession: another, n-type, semiconductor layer
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t hi ckness direction, of the device of Fig. 1 in
successi ve stages of the manufacturing process by

worenss 104 an enbodi ment of a nethod i n accor darC®1B200$1051636
the invention. The Figures are not drawn to scal e and
sonme di mensions are exaggeraégd strongly for clarity.
Whenever possible, corresponding regions or parts are

9 of KNGk whbse d}etnpnwﬁam&eés‘es flof HPRRINALEeRGo apstokASIRIR Ge

referenenuner I . 1|sad|arammt|
conteptof the gﬁttSP%‘H:aP Cékawea@ apq glﬁiﬂhﬁh@%’@ Sts@wpﬁ@chnlwn 8 & SiGe

whoSH 66 €4t@ is 18 s KATRAGE R HrsQbmBoi@BGRRHEHY 8{16(5) | G&

in accordance wth the invention. The device .
apprpyinmteby 2hefl %e. therspmicvaducterdeycFitgucthury issfoyndsslyyr means bf epitaxy.

this Cagl%cﬁntgm lia/@gwt% Sdrbcceg 1sshli{g opt@(f eﬁrs? P 1%e %Ftweeltl the growth of

semi con truc ure c
the faghdrcematundustor laygeandzhe hﬁmesenﬁco‘ﬁﬂﬁhoﬂmtbr 18;% ivi peded dxptbdally form

an second em’ cond | ayer. 3, re qf. S that
a b e SR A it B oo Qe igbie fOr gt IR Afer
the fbirRloalof tHeaighes k@hicBadictr 86N dhe BotIERBcdsHa 1f1!efr§f)ted a second
sem conductor | dyer 2 and the substrate there is,

tlmet“ﬁ Peletodarm.t this tsrregsated, iplationeregiont &bt @re Fcagﬁémed

trenchLfdIatioH R foRIVRY, kSR Quﬂfﬁbe%’f %es%ﬁﬁ&ﬂduc%}%to fﬁ ' AfkhisYBge, also a
sem conduct or Iayer of SI Ge whose con

p-typeneelbrsion Ofis Emag pr g sericendpctoe bed:t batdb@}ooaaqmmf@thme

transg%xctﬁ BL 8Hned fanh Q?th]; '1&% or> ?f%g ﬁ%gﬂg {rgﬂsw#oqég E:cé% Vxﬁxeg a %@Iy

n-type sem conduc 0S€
dOped(mﬂaMr regiot b€ isfanmed dothhagiond bdlﬂ@fofmédsﬂiy siedns o Baitadledbcal

. A, 0. e. t hi ro t eI 25 %
on B Plsfo i bR SRRSO b B pf o
layeie]d hevitig. thel SieneeqIGE asmtaht ag thvirkt slaﬁ@bﬁ&&tcbﬁaydﬂtzer rupted a

first t bet ween _t he growth of the furt
sem co ntﬂ?cffr%trsellnéﬁ?éﬁiu%daxeﬁ ¢ ippREided with @ éﬂ‘@i@l 6F eiltarshyrad p-type

dopifs Broffil 2, 384 rek@t bOGRiLH ¥ pbRfoRA (ﬁl{fnb %eﬁﬁ%?& 11%'111 (]lopie((l) ptype

connection regi on 50 by neans of a suitable
groupghprea Adt therdocappn ef tht: RV tirasistonModnd emethfeupqrhem 5B forms a

highgﬁpgggg%ty gé&@(g égﬂmﬁe BreatiddCordk geﬁ% a%gﬁn? B % _ortion 3A of the

second ti1nme |n
second Sﬁgle'cmdu@ssleyhr 3i @otaating mn théxyiass) S‘st%@nedr’ mhbm forma g ehannel

i sol at,i on . N e
reaichys4 FESEMOSEN A, BrooBlpegPortiSh o Biyide el A B Bffhed i e
locatrmi offtlkee bipdlhr tr@gismm Bbbyl Bedns biregldiffisivh ef sefblepide sit@e, doping
alt the .| ocation of _the l\/ﬁgtranmstor to be
atomg %ﬂﬁﬁapo msstgl ting HECIIIESPP gt grhighnieriss popmaitier fopestiongpgion
5A1 tIﬁ shig ré A6 ereds M Ifrined aBER BB RidhSH 10PiaIis! sSparated
formed, both regions being fornmed by neans of suitable

from|the ginitienh by ke 40 ol ing Bpacen . Hbe MOS transistrdd dientier or
com;%]rgséfél égt% Eg&;&le 13 ]?Eé% Qfg@ ﬁr{atelér:] tgf]%dslyctrgs%ﬁﬁ& é?l?éofne{;vh Y Jepgrg‘ted
fromgberilmonad vegior 3A by erga.dicléngrid 16, deresd pilicandiugideyankd awtdch iR
dehm1§ed%y%’olégmg spacers 187 ~%Re léo%rc?erangedlrz}il? fesél{]o%g ﬁg RB Xj%cent thereto are
provided with shallow lightly doped extensions which extend as far as the gate dielectric 16.
The device 10 of this example has excellent high-frequency properties and is
very suitable for ICs used for applications such as mobile telephony, optical networks and
anti-collision robot systems. The bipolar part of the device 10 then serves as a high-frequency
transmission/receiving part, while the (C)MOS part is used for high-frequency signal

processing. In addition, the device is very suitable for further miniaturization in future sub-
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doping profile 22, as a result of which a portion 2A

of this layer forns a highly doped p-type ground area
wa@Ao@t11tioe | ocati on of the NMOS transistor M &Ra@/1B2005/051636

anot her portion 5B fornms a highly doped base region 5B

at the location of the bipolar transistor B. A portion

3A of the second sem conductor |ayer 3 containing, in

mlcr&mx%cgs@se%hno@ aidnﬁdany Shdel @aelrbefrewfacauw elsily, ee@'vﬂﬁ be

i n anot her portion, an emt

eXplfrUe@ 1@ rgwslmrudgtafl éwlmbelaw Fing, tho aoradie woparties of |t1;mlearce 10 in
acco{ga@&%ﬁ?ﬁ e &ge{m{@fm f%h&qﬁ%nfa&w 1%%%{ goul Hanl e,
atons fr ’talli
silico rFlg e@shom ﬁAInowhalrzhd senrama sld)a‘sftmeOSeUtamxmn ef:ihie davice of

Fie. | G5 SRphor e eRRv Sise® O 80 Eu e Blades By oD 1mce Scate,

whﬂemgt 8 eliowss Y sdiRaBsul®fon @aNogasndic isede. TRRERN3 158 ard BBtaie® for a
ran5|§tor M further conprises a gate el ectrode_ 14,

drainpyaltage,Vd OF A%, Stheysas (e Pyesad Phabsiveliegsny Wk ¢h In garticular

ﬁonﬁi%g ar gt b depied M b %Dt%}esﬁ&@ lsfaﬁe RSV ARG Gnd the DIBL (=
dielectric 16, here of [i con dioxide, and which

Drainjlidneqd: Barripn L dveesing is 39 ns\ﬁa’ﬂ@sesvaims afthiadisatiecd ewﬂﬂent control

. 4 >
of thg\/I Elﬁgﬂg{?ﬁ l%ﬁ’%ﬁfts ﬁ)ht @e\g%l ﬁﬁ%@%&?aégeg{v%% %ea;% enﬁ{)ﬁ) \gugﬁ galgesas must
be considerzd uhkt&ugabteefodmah}emﬁthé kndkén schtreedevi ce 10 of this

exanpl e..h excel | ent .hi gh r rt| dis.
v ory s T abEs Bie oRbaer Heflipnpt TS e oho Fataifitn e dvice
of Figolbasl aefuheth@pﬂ@lwcunemtdeﬁﬁty (MR tTWe Eds Gl Surd 41 of@Mis| Figir® Bhows
Fot systens., The bi g gt of the device 10 then
that the pipglar Fanspips hgha ppg \@%@9 ighfeApesy Shpeenstioi Hy maximum

cut-oBBdquetldyl fTeexbhs 669 &3S part is used for hi gh-frequency
si gnal Igr ocessing. In addition, the device is very

sui t abltég-fiothowg leewsfrenhdﬁmsawm of 4hq kjpolpmirangisier ef the device of
. n
Fig. PHOERALA, O REERS o DERAGYVEBHip iroflia SARR mdRNCARe 51
corregpcmds t;rthd eblkctor Iqmrmt hb@idmmvel—ﬁZrcs)tresgohés tfbalweohmb berrent Ib, while
t he.,device 1 nce ., W th
the a?slgg gaﬁ fi ﬁectorrqasebvol‘rfa%er 1ts I%grro ?plls &% i ?,rg}eggya n?eém&omﬁhat the
bipolkt @ansRts haysubkistialigideal prbpeftlesur r ent (1d) of the MOS
transi st or_of the device as a function of

the gatfde-foihpyy the cygyntgain ([%} ?#tg? Bipplagransister of theglowica gfFig.
1as epfhn@tlclﬂ S&AL Rt @ensf(ﬂﬂ Cudh1 s’flg !kg itk eﬁ@eBQ{;% f;:()O is

on a logarithmc scale. Curves tal ne
attainablgraxena wirletramge offdurndnt 8ensitigs. wher eas for curves 24,

34, this Vv ar fr om

Ut can g A ot ok Rartyfl bl pPRRMIEMRS, LTl hing day
describéddecidbeleand the DIBL (= Drain Induced Barrier

Lower i hese val ues ar di.cative

ool | das-aSmtve e RE i e Ao i s p g agles to the
thickf®Y diection, HOROUSRRGE FYY. 1 hn bR edsRAREELHT: thﬁﬂﬁﬁlﬂ@lhﬁ@sprocess

nust be consi dered unattai nabl e for many of the known
by means @faa embodiment of a method in accordance with the invention. For the starting

material use is made (see Fig. 7) of a p-type substrate 11 of silicon. On this substrate there is
provided an n-type buffer layer 9 in a thickness of 3500 nm which comprises Si-Ge and
whose Ge content increases from approximately 0 at.% to approximately 35 at.%. Next, the
growth process is interrupted and an n+ connection region 5C1 is locally formed, by means
of'a mask, for the bipolar transistor B to be formed. Subsequently, a 500 nm thick Si-Ge layer

8 is provided whose Ge content is approximately 35 at.%.
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Fig. 4 shows the cut-off frequency (fT) of the bipolar

transistor of the device of Fig. 1 as a function of
woOhersaurmwent density (J). The resultant curve 2Ct1Bf005/051636

this Figure shows that the bipolar transistor has a

very favorabl e hi gh-frequencyé characteristic. The

maxi mum cut - of f frequency fT°exceeds 250 GHz. Fig. 5

shows tﬁ\ﬁ)s&}ifeﬁ@}nﬁseéjﬁlﬁsg)t iéol%‘tlan f?:%lotnlé‘ 90 foﬁ?ﬁﬁéﬂ here i in the form of

transi stor devi ce of I . as a function
so-tarimed b@yé-léfiﬁtﬂqferﬁgh@m Zhjlick Wé?ceﬁfﬁ?dtﬂh dlefsemmndhcautblodxe and

L
O LA I RS e T e
the Hulfifer agerdi) atthnt casl dfmettypsr Sibas (SubsrquagBI, bg meedsaf 10cal i5n
h ows .t hat the

imp o d HED BLs ARTIERI CaBA0 oG bl e locptig ofgh

MOS h@ﬂt@stdrhﬂ t€ b¢ feefikd giad dh d+Hypetolldar Biga S is éraea lasthe location
the device of Fig. 1 as a function of the current

Ofthaéf'f@hr?afl?}ﬁtor%ﬁ?b"efo@nﬁd shows that a high gain in
excess QfbsdftntlP(s8e Fl ﬂa{ﬁle %rcﬂfytﬁg)r&ew idReshABEy Fxf v1d1ng the first

current densities. device hi s exanpl e
semigendygioniaet 21p e Ge maethlchmqsarangmgtﬂ’ven Rt Howorthhed content

belng ﬁ{e%lalﬁlxg &b ¥ o t;hg 8i-G& la'fyglr lT?ﬂlél tlt@ ?ovﬂh ggc{c%@“@% lé:yer 2 is provided

ross-section VI ews,
withtaHiighkdrgsieg S)Jmkeelﬂmf@ﬁyp&)dopurfgaldﬂmt&;m this dakgybordn htoms. Next, the

s RSB RSBy B T bR BE B §5he Naesivcon
whichHeligheptiise) dopear antl hes Sihaskhésign MRtreidef 545 €0 hﬁl made

(see Fi p-type substrate 11 of silico On
this subitlkedisn A ria PatngE Fop W Acras, the RS UBRAFEM and bipolar

trandiANEE to%bd J‘Bnﬁed fk cknpeRd o) 138R0 tHé'Hn‘@ﬁh%f)hrfé%Eh $f% mentioned
Si - Ge and whose Ge content increases tfrom

hereinabave durag &eyie@crmlon/@f the dppecold efethisieyargple.ab smill Nember of parts
verl RO SSFIEY1 S BEURLHIPLES ARG BRNRGH R
contadh alebﬂlpzaham, whedn:s DBmcm in Be fonbed sbetbmmad bofudi b&isqamhmle I mare

insulge B rfbofdheite Gor R looBadofy Pl 0% DEGes IO RY o3 coppact

metaBlizgtion Jas wieHab @iSSﬁﬁtldrﬂglﬂﬁlﬁ @ro?&f&:uaé erybgrwtieh mhl;;%ﬁnv\%y’lndth Be used.
f f.

R R e ETETC N T X .

proc¥ds skch ds@icigxanpl e, sili con di oxi de. Next, the epitaxy
process is continued pl ying the buffer | ayer 80,

i n t hi sThedgeengion i Wb’g%{@if octhe el gabediyentsgiigs Anrsinabove,
and @fthlh %co#@@fr tlelg'lﬂ}gﬁlﬂfoﬁtxﬁ ?%ﬁﬂneggmg aﬁdjﬁto@#ﬁlc%édtﬁlggﬁ R 11t)1ﬁ lo those
Sklllwlj@ t]uer ahdios er?piﬁ the ibveenfion pagobordy Anused-in y BeMOGS| tuealsoin a
Bicl\ﬁ%%i(-g- %igolg'r (bgm{)l%)en ary%etalrt?mldé) gemlconductor) IC (= Integrated Circuit).
The invention can also be applied to PMOS transistors in combination with a PNP transistor.
It is further noted that instead of STI isolation regions use may alternatively be made of
isolation regions obtained by means of the LOCOS (= Local Oxidation Of Silicon) technique.
The structure of a device in accordance with the invention may be formed so as to comprise
one or more mesa-shaped parts, but also so as to be (substantially) entirely planar. Besides a

mixed crystal of Si-Ge use can also advantageously be made of other mixed crystals such as a

mixed crystal of Si and C.



of the bipolar transistor B to be formed. Subsequently

(see Fig. 9), the growh process is resuned by
wonoesiidirng the first sem conductor |ayer 2 of BCT@2005051636

a thickness ranging from20 to 40 nm the Ge content

bei ng the sane as that of thg Si-CGe |layer 8. During

its growh process, the layer 2 is provided with a

hi gh dogi f%aﬁ@ b lRtidd iR hcddrdMREwHR ﬁieriﬂve%lu&'irﬁ régédlly applies that
this case boron atons. Next, the growh process’is

mang yaritiepeendpodifigrionsate essiie divd e)saemﬁl@ éhmluehla idopegd it f the
[

o S S R e, Sy et O o i SRE e

poly(nsyewlhﬁa gilicdn) or bmnaanmﬁgarpﬂasmdmplwr se, the MOS
transi stor M and bi polar transistor B to be forned are
conpl eted by adding the m ssing parts, which were
nment i oned herei nabove during the description of the
device 10 of this exanple. A small nunber of parts
were not nentioned and not shown in the draw ng; they
i ncl ude connection conductors, contact netallization,
whet her or not in the formof so-termed bond pads, and
one or nore insulating and/ or conductive and/ or
sem conductive | ayers necessary for said contact
netal lization, as well as passivation and/or
protective |ayers which nay or nmay not be used.
I ndi vi dual devices 10 ready for final assenbly are
subsequent|ly obtained after a separation process such
as dicing. The invention is not limted to the
exenpl ary enbodi nents gi ven herei nabove, and within
the scope of the invention many variati ons and
nodi fications are possible to those skilled in the
art. For exanple, the invention cannot only be used in
a Bi MOS but also in a BiCMOS (= Bi pol ar Conpl enent ary
Met al Oxi de Sem conductor) IC (= Integrated Circuit).
The invention can al so be applied to PMOS transistors
in conbination with a PNP transistor. It is further
noted that instead of STI isolation regions use nmay
alternatively be made of isolation regions obtained by
means of the LOCOS (= Local Oxidation O Silicon)
techni que. The structure of a device in accordance
with the invention nay be formed so as to conprise one
or nore nesa-shaped parts, but also so as to be
(substantially) entirely planar. Besides a m xed
crystal of Si-Ge use can al so advantageously be nade
of other m xed crystals such as a m xed crystal of S
and C. As regards a nethod in accordance with the
invention it equally applies that many variations and
nodi fi cations are possible. For exanple, the highly
doped part of the
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emtter region may alternatively be forned by neans of
outdiffusion fromin situ-doped polycrystalline
weizbosciamoer by nmeans of gas- phase dopi ng. CLAI MBCTAB2085/051636
sem conduct or device (10) conprising a substrate ( 11)
and a sem conductor body (1), of silicon having a
sem conduct or | ayer structurg)lncludlng in
cLANEcession, at least a first and a second
sem conductor layer (2, 3), and having a surface
region of a first conductivity type which is provided
wth a field effect transistor (M with a channel of a
second conductivity type, opposite to the first
conductivity type, wherein the surface region is
provided with source and drain regions (4A, 4B) of the
second
L s ok aP pA e k0] Qg B P el i gpomiconductor
bodsdnpEelieanchatingiarsemisghduetor layer sarehme mchglum m(s&pc)esmn lat last a
forms
firs a3t SEBAS G B 030 el el Moo bt
condmetivigyampeiwhioh isrpegiided Wizt field effeet thansistor Qdndith hickaringl of a
type which is situated u r the. channel .re
secolyl BSTHRLiite: BResft e e on S g e e 1 sifticd rgion is
provﬁﬂe@hﬁﬁl doli@d at @hinQbgibRe(4ah aBNe thé @&b@@c&ﬁﬁéh\&g(ﬂyﬁ’gﬁﬁﬁhe field

formg part of the flrst sen conduct or | ayer

cffect fARSEM) 8] Wik ineposed Boirn a%emléqeoqndmly re(g1c)n81 %channel
regi’:ﬁ)&%q}%ﬂ ar19\tv d\?\f‘l % cé‘ﬂc%ﬁtraﬁ%h%lﬁéﬁoﬁn@{wefrﬁ&f th% Gﬁfd sdnfEonductor

ut al so bi po ar transi s avi ng an
layer(@y erdeyvith egumd Sean@aé@ct@regglgm (2ot ahecfmst @mﬂuntlvrtggyp@nvhlch is

sfcua{e%?ntdﬁféhs il r%% n‘ﬁ@% I%%/l%l ¥v§1 o}{x hag Q o a;[)i' §§ ?%n%bn&atit%{x tha[i is much

highergfamothat GM)e dhenfed ragach (3A) taindewh&h cﬂmrdlssmmocf dredirsttsemiconductor

SRR AT SN NN SRR S

effedd &ﬁmﬁ@or((M))buﬁﬂs&Wﬁh a®eholdt tahadtsr (B) hevias as Elﬁ[ﬂei %%mlnna base

t hat first. and the second sem conduct or e
fegl%)anﬂraéo trioreeeiny (e aBs S6i ole prspegkyelyghe ﬁ@cgé%ﬂaeo%rawﬂd e
secoﬁ’@éfdn@ﬁctf t]-tg)typ'és arkd @t BBtk B c%'fdna(S R & Bfmet 1n9ﬁ€a§e@&{d%reh1¥c%gductor

i n that first sem conductor”layer (2) contains a
layerr@k@ui the Yase apgionf (5B) is oonedindheshemicmductodiaydrd2s econd
sem conductor layer (3) contains silicon. 4. A
sem conductor device (10) as clainmed in claim3,
2. char act4sémiechduptot faticet (he) atsltilaithb'ﬁsclaifn 1, kkRarhdterided in that the

duct 2 r,.of urt her se nduct or
frst FELE SREHE ipesiEhs i oo P Bt B RO aycr
preferably, on the | ower side thereof and containing a
1 xed tal of i con and, germaniumis
3. i nensi ORISR %f‘é)l%ee(é%)rﬂﬁ leg‘ﬁ%@rfdil T llo?rii shpapcterizpd jnsthat
the fARGEARLERICIOY la‘%{ €5 E&Qalﬁs a AiRATHeN AHETi0n Qﬁ‘@eﬁiﬁant w)and the

as claimed in‘claim3 or 4, characterized in
second semiconductor layer (3) contains silicon.

4. A semiconductor device (10) as claimed in claim 3, characterized in that the
thickness of the first semiconductor layer (2) or of a further semiconductor layer (8, 9)
bordering the first semiconductor layer, preferably, on the lower side thereof and containing a
mixed crystal of silicon and germanium is so dimensioned that the second semiconductor

layer (3) is mechanically stressed.
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bel ow the first sem conductor |ayer (2) and below a
further sem conductor |layer (8) adjoining said first
weemisgenuct or | ayer, anot her semi conductor | aper/ig8)s/051636
is situated containing a m xed crystal of silicon and
germani um the gernaniun1con@ent gradual 'y increasing,
in the direction of the first® sem conductor |ayer (2),
fromzero to the germani um content of the first
sem conductor layer (2). 6. A sem conductor device
(10) asA etmicomdiicion detrige (@Rkaselaimpdinpranetiping chiragtenized in that
Lot
belo%?%" it ECuesBL R 0 B bl PR ARSI % B g nine
said &itsp B@mf:mdut:ﬂ@e lafyer, sitotieo netticonduictoy ldyyp@©) aswiumed eortiehihg a mixed

cter in the thickness.direction. 7. A L
erys DB oed BB e RGP EP R TR Ryegiies: df e
direddibf 6 € thie Fst GbrdicHBductod Myae 2§ ot derb fo thRerrhdi@ure BbdtéR of the first
regj on éﬁA of the bipolar transistor (B) is fornmed in
San@%%h%@ﬁ # @&ni conduct or layer (3) by locally
i ntroduci ng doping atons for the second conductivity

type into said second seniconductor |ayer. 8. A
6. seni condlswnicpndieior devigel@9) assladingd ineshyiome aﬁ;}ne oresedifig clains,

n
char&%e?%ﬁc? innt?at(“qg@%' ﬁ? ﬁ{}%@(ﬁ'{dﬁ%ﬁlﬁ]ﬁg%rgg) 1§ ro@%‘ﬂ 8;61 ({ﬂ? 1@8 ion proﬁle
of do@u@mm for tHedliinst cogdwtinite Gipe daving gidelte dharacer sothb dncrkﬁehs
dﬁa%e region (6) surrounding the MOS transistor. 9. A

8% conduct or devi ce (10) as clainmed in any one of the
preceding claims, characterized in that the flrst
conductjvity type is .the p-conductivity t

resul t ‘ofemsPrdyciondewitsd 1Pl ageiaimedin quyone §¥§1ﬁ pme%ng claims,

chardckeSd & @4t tﬁ@antalaﬁregioa Qb&f ofttrl@shgbﬁié RhnsisBr (B§ls%ﬁ\48'\h the
transi stor. manuf act ur i ng

Secogcbm@ﬂmu@tﬁbkamé%) laeloedb')mfe@vpmgsipnrgg atomskfgt thasecopd 1)
25@ i con which
COHda&gjl@é g(g{r%sg%% Lﬂ().or % ayler ! struct Iur e 'S

conprising, in succeSS|on at least a first and a
second sem.conduct 3 nd with.a surf.ace .
7ot on Dreenuet St Blsiefimed ekl 18 bR ms.
charab'tdrhe(ainf thetlthle eHfahexl potehial SF ’&l‘e(MOS Manyitbhcaa b@haﬁlﬁﬂled &la A
%ond conductivity IQN}?ype 03|he t.o he fir
d 6515’86 RITRS SANDGCHORFESIon 108 P &P FFr{nﬁ% welresin 69 é‘@‘F‘BWde the MOS
transif@Vvi ded with source anddrain regions (4A, 4B) of the
second conductivity type for the field effect
transistor, and with- interposed between said source

9. and dra RieGlRBR: d&i&NIHNE oG Ahnk 3N oPRY pABeding Qms,
characterized in that the first conductivity type is the p-conductivity type, as a result of which
the MOS transistor (M) is an NMOS transistor and the bipolar transistor (B) is an NPN

transistor.

10. A method of manufacturing a semiconductor device (10) comprising a
substrate (11) and a semiconductor body (1) of silicon which is provided with a
semiconductor layer structure comprising, in succession, at least a first and a second
sémiconductor layer (2, 3) and with a surface region of a first conductivity type which is
provided with a field effect transistor (M) with a channel of a second conductivity type,

opposite to the first conductivity type, wherein the surface region is provided with source and
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dopi ng concentration which is fornmed so as to form
part of the second sem conductor |ayer (3), and with a
wouoisad7®en conduct or regi on (2A) of the firstPCT/IB2005/051636
conductivity type which is situated under the channel
region (3A) and which has a ch hi gher doping
concentration than said channel region (3A), and which
draif Wi 59 f(45 mB)Qﬁ‘@:{é%EéUndrc%Hd&ﬂvﬂt}styf)Qf&% ﬁ&d Bffedt rah Q%P and
part of the first sem conduct’of (2),
Wlth: irieraesed bpixegn paid sovaee andalraie rﬁgmﬁdmha@nellmgiyn (3¥) hiaging a low
d@@%%&lx gtgat%ﬂmﬂ?éﬂ % f s egrsg ?g;f{gﬁg ?%rrﬂ){@?ts%con gesr{ﬁ%gnd’uctg\%yer
(3), emd witien bl sxamlccmdmasteregxeg '(zm o itigk ﬁrst:mnkimivdy ty;egvl@crh is

s fingEBne Bl R S R 50 b bt Shaion

thanrsa@il ohinrebiyion(3ARrane d/hﬁdh bhh@d &ﬁﬁ&ﬂﬂu&@{fie@ﬁiﬂgyt‘&ﬁéd s0 as to
is forned in the

er and .t he base reqi

forng Pciyl*s é%%v&%ﬁ%ff&da?wx léy@r(%( l}araqepzesi\%@ﬁma seaicendyptapbpdy
(1) s ProvidRl Mbtldhly FRBHRACHSY EE&H trhRist D) 15c>'i11'3211§d Wit a"{‘) 1dr RGnsistor

second sem conductor layer (2, 3) are forne means
(B) byfvingsint eapitfer region, & bpse regivnasd e Icalﬂm r¢giorc (S5, n'rB;LiC) of,
resp%&f%@ctthg Etja:%ﬁ&i th@fi{%p %{ed dtilg rgecfs)lil fc‘otndﬁcq{plt&(%g[g J %111(9 tée elrﬁlt?er region
(5A)31@ |f<vrm¢d imthe aempntl Isensemctmnwr tgen padiche baselragaeﬂ (A83)is fosmed in
the FRAE Of ?ucto gla (%)3 A nmethod as clainmed in claim 12,

ﬁ g’é‘ié‘ Y% ©Phat bel ow the first sem conductor

| ayer (2) and beI ow an adjoining further sem conduct or

| ayer ( d cr st al of siljicon and ger mani
L3 Furt 36(9 ql‘éylé’r chawpcteriged @rth@dh%ﬁfsha%tk%ﬁcond
semieb ¥Rk 1a9far Qi 5y £8 fbraled bP RlcARIUFUpANGOSe ger mani um

content increases in the direction of the first

sem conductor layer (2). 14. A method as clained in

claim1l t zed i ' | al:

2. O ot n o el s CEAREAE BT bl dBha Il B Lticonductor
laYeI @) srmagstodd Imnabcrastalmfrsmcoﬂl aesgeinanipmoaidihe secosdeaticaductor
.0 for the electrical isolation of the MOS
]aye{ég%srﬂidteg)% %]l%) ‘and the bipolar transistor (B), or to

formparts (5C) of the collector region (5C or to

forma so-terned l]. regiqn (6).
E method as cla\ﬁged in c?a?m 12, cgha%acterized in that below the first

13.
semiconductor layer (2) and below an adjoining further semiconductor layer (8) of a mixed
crystal of silicon and germanium, a further semiconductor layer (9) is formed of a mixed
crystal of silicon and germanium whose germanium content increases in the direction of the

first semiconductor layer (2).

14. A method as claimed in claim 12 or 13, characterized in that the epitaxial
growth of the semiconductor layer structure is interrupted once or more times for providing
isolation regions (20) for the electrical isolation of the MOS transistor (M) and the bipolar
transistor (B), or to form parts (5C1) of the collector region (5C) or to form a so-termed well

region (6).



