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WO 2005/ 117104 PCT/ 1 B2005/ 051636 1 Sem conduct or
devi ce and net hod of manufacturing such a device The
invention relates to a sem conduct or device conpri sing
wewosiraike and a sem conduct or body of sili ¢efiB2005/051636
havi ng a sem conductor |ayer structure including, in
succession, at least a first and a second
sem conduct or | ayer, and having a surface region of a
Sl dRluck B! dunl o 6P Eratbih Gliidgu QYbiled Wi th 2 field
effect transistor wth a chann a 5 second
conductivity type, opposite to the first conductivity
type, wherein the surface region is provided with
source and drain regions of the second conductivity
type for the field effect transistor and wth-
i nt er posed between said source and drain regions- a
channel region with a |ow doping concentration which
f or ms pakhe Wwfentidraeliss tmalsegderngenielisvios compyising arsubsiaterand a
s o o ST A g e <L ERLRROr Ly Monh R chodne
sucpessjop gt cbwstalrﬁtst\md e Rechad seanictmdigier lexsnced hvang osirfapategiog of a

j h ‘ h
U A58 O S R S S 1
sedondy emdinadiyity bype, appbsie s the dirsd corrdscimw tnfe Whﬂ@lﬁ 8t surfaergregion is
prq?:ﬂﬁg Vﬁthggl)ﬂ‘kecﬁid d&‘efén i‘e% Oglg optﬁ? Qe%&%jcotn &ﬁ({éw%tﬂ Fyﬁg ?Jr@ldsu Cf:{ld effect

ar mer con
tmn@tgcvr@nd pehviesrposaiheteecandd dfmuctmnd\dmrm tegioss-fachamegt! region with
n f
a 1o‘rig gd,’l%% co%@e%%r%% %%fohﬁf & noggt?]é sZeE(gdgrs %ﬁn{ug@%%“arnd%& a
burgsgrsemipoodiston regbmd:f i firstarbadiictivityt thpe shich Betuatdvomder the channel

ol AR 55 S LR L
reginatand dfhmheforlnmqmn of the irda¢riechdBttat laserp"ﬂteemtenhon also relates to a
L on U 1 hed Qn 7 Auqus
nwé@%%% n §§"c %%hﬁgﬁFé%z ESE?P%FIOH |%mﬁ?v%ﬁn%¥ g5k
takdAOS rfjean Kt thiln cOxdudigveSegibe betduat mjce b:lichdilsllnswmbh is formed during

oS5 Moo A b SRR STl 5 S PP

sengx@nipdter lp:ody yipeteldat the Nlh%e tHercaf svisdhorompyikds Cihtes glizy €@ channel
t he B rtue thereof, this transistor
regiph apg e CHa%glt?ﬁ%f"‘%’ﬁ%kbﬁ a high nobility in the

channel region, while, on the ot her hand, so-terned
short 25 channel effects are suppressed, as a result
of which variations in the threshold voltage and the

occur r esaéh Devive ahdinsbdd prietabwi B'bﬂxllghtedéﬁfa&ﬁ ipateflsPecification
seni conduct or

S  SA D ik o AR RL S rBaeleinyed o AR M e eh o

MOOEaVaRD tileSdaédndtctor %ﬁ?&lu}f c@m MEB a BENS . dop& chahirs bbde
E whi ¢ und sirabl e dhk rom.t he b ried zongghg
andy Blow aid AheBRel Zofe & pighly iEg O KPR ST °
tramdRebr RGcHNe e 8k 1RO B@uADrBA. B irtef th@edOhR RRdiskdrkBibits, on the
PCT/I82005/051636

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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2 sem conductor |ayer structure. The buried zone is
formed so as to be an inplanted sem conductor | ayer,

the channel zone is fornmed by a | ayer-shaped part of
woeeegnirmanduct or  body adj oi ni ng t he surf ace pafi/iBA0SI051636
sem conduct or body. The known device is very suitable

for the manufacture of 1GCs (:zlntegrated Crcuits)
conprising a CMOS (= Conpl enehtary 5 MOS) circuit for
sehii@hdifcte Gyenaicticg Tab biied ¢E5:Sk RGmaN e & to Bk gh trdpladtQUi C

nown deyi ce resides

SEFﬁC%Pﬁ%?tT '15’3’%? @E’Aﬁlfdr aE’o 23 etd@émﬁa}’ea IAPPE BATF ofifhe efpiqoguctor
bddiy tgﬂ)oﬁllhgqhkfm&cé’ (&m@? ﬁeﬁictfﬁﬁﬁuaﬁr lt%ﬂ?l Tee mlgﬁnia?@y ?s thérﬁz suitable
i cal, ne erefore I's.an object o e

f%&ls o e IP@glarﬂ gts) copaRrisg (FLomplementary
Mo tiedult Gorfiagh- ﬁailﬁn@rwéﬂap bdcSsy Adth: ‘dl'ghtﬁlrloglﬁ aMRIcXicRasy

t o manuf cture ﬂp %lac evefﬁg devi ce of the

type mentidGHeacK ot e Od‘ﬁ‘é{ﬁ‘i‘”ﬁ@f (ths ff 15 madequate for many
apphatiaelie ﬂiezlﬂgl fr@;uaﬁ@%ﬁg@ N¥aeh ¥4 ﬂu’ébﬂehﬁepﬂé}i? B bRidall Rtvioniat

uct or body provided not only with said

t he sem
field ef f@e%miﬂ &P %’?16?* OB@P PEGREI inypptipn fo B¥°§6’F &device which is

sultdbdd ot Sl Déipplidation s ardl wisiol fstvaly eady@f n@BufaduRkase region
and a col lector reglon of respectlvel , the second,

the fi rsto aggve this, adeviennf thedHerment W@(ymt%@en@a @2pgraph is

ch@gdtbiRd il aﬁ:@b@ﬁhd& Sv1fh%é‘ﬁdeﬂt1@n Htﬁat%ﬁé&ﬁgco%ﬁﬁﬂt&%gyﬁtpﬁfwded not
cmb'y r 15 and_t region_is formed in the first

hwdirid Eﬁfecr 5%}“0? #He serzitvit hipplas teanpigtor brvingragtenyifer

regdbd, a@ﬁhetréﬁoﬂ %%MIE&tMeé;!S@&f R P th@bdRNMe first and the
re uently require addi tion to signal processi ng

secoagf fen ductivty Ayneninskihe pmiteireeien deraed ih espoosd semiconductor layer
an@ihR bR redibP R TSl tHRBst §éib1t:5}ﬂh&mf Bjerl ﬁieﬁnﬂﬁﬁ&?ﬁ BaseB ikt of

the present invention is further based

allog é‘%ﬁ’g‘ REoENIHAN thahsaid anplieatians %ffﬁu@tfﬂysre@hremngéd@pn b signal
fJCEB%ﬁ%'n%% 9 tlaflsrhifGor VI cF Receidilo GRPRL I Sing (a large

mbér of) MOS transistors is condu0|ve on the one
h and, t Bipploraasisiorsasiuitelle Sr HiyPhposi a9¥-ther psergBtigyention is

furBlePPRED difBe ARHaniQbh tﬁl%@érgﬁdgx d30G: blﬁd'iﬁ'ttraﬁéi&Prs%?the device

integration can be achieved in a very sinple manner.
comppriséing (@ kergrenvarter B M@ trensistoeis erducivhaan the priediand; to bipolar

traﬁ’s@s@&g ha gfq{lgg Sgé%a?@? %ré?éa Qﬁ(g ?@é{ﬁh{) 'ﬂla't S1% QY f¥e l:gratlon

t he high erties o ar transis

carghpcpchigvadte a veytsimple mantes. Thissean be gituhn towlwefatts ipoh highly

dode K eaggyrde Qﬁ#@e%gggég %gplt%hge{k;f@gtﬁg%g@ﬁc%&ge&:&%fa

blpﬂlés ETMSIS’@F anmﬁocthﬁ fagtribat ierhaseaegion phide birolpe gansiseyrgamise formed

: smﬁﬂtﬁﬂ%lo&sl $H§ tﬂerﬁrgﬁﬁg Jicﬁféd b&jﬂd%%ﬁ&gfr th?@ﬁf&dha%gls{np s %result of which

recogn| I on enmtter re
the mepadiabiyrifproends iemaitseinpe dhd nsremcxmm ﬂmhexirasetdaguethe redagnition

Q_ober e _as, a chan
s PR A B S e
alldw YaMOSIpeiioeto efeete asaglhmm@fegiohethmpms sHoeld be hghtly doped

R N TN N AR

formcdamrsalﬂllmr bjnloaallyl iglhoducing ﬂi&tdeﬁtdddmpuﬂitids 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 advaniageous not only for the MOS transistor

but also for use in the bipolar transistor formed.,
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said layer. The invention is finally based on the
recognition that a mxed crystal of Si and Ge in or

near the first sem conductor |ayer is advantageous not

W 3003/ar7idshe MOS transistor but al so for usepcmiBives051636
bi pol ar transistor formed. WO 2005/ 117104

PCT/ 1 B2005/ 051636 3 In a pre%erred enbodi nent of a

sem conduct or device in accordance with the

i nv ent i om a ]bsﬁahed &8bddiridk 0P ébnkidda S BG WTic S BIHcERAGIE Wk the

e SRl Bt b TRy R St e ety

Almougmme Senfitonduttor lagsaial elterh@iRell BPihaR tiarkied by ridafts dfS@r

epltax of fer var i.ous I mportant advant ag
e"r’lﬁP‘F eipn Bolaniato qfi*s usepf Spfay offFrs vaugvs pregagt fefr@at?% Thsdatter
tedbinfq@ib iSO RA A1 g:rdvamegtha«ﬁfshseano@wct&l 18R witB Riveg Hand

provi di ng, t he d |ng p ofile with shape, al so
P@séﬁﬁ? pVidgedle dgpinedrels pih a delta Sheis Pks'aﬁe TG 2% Ekepkgpe: In
additidh, 9d0§1t tEdE MOSkrdnditop h&ﬁh@&p&lﬁﬂ%’sﬁﬁ;@éaﬂ%&eﬁﬁ E@aei by means

f or ned nmeans, . of a predom nant itaxi al process,

of; aﬁ’f%ﬁ‘i“&ﬁn%%’“a’é‘%‘u FRRESS: Eovaeh BA d?%f@%( brletion eeions ganplso be’
redd@@ dbriéd f10 iR ehse, IH3tH fAKS oSiBS BevidB At LIRE doSteRhedidiBeriftNI §Be,

are of the so-terne differential type, 10 which neans

whigh-means that part of e MOS trapgister and of thy hipo trpRstesjipgugied above the

isd1dt0 $¢ePdr0] wiish Sdrs¢8h6E nBR&WRodMallideSRABEION T egi ons,
whi ch parts contain non-nonocrystalline materjal.

Pr ef er abirerablye theifire seraigpndueipriayar spmpmspe p miwdseysiab of silicon
an o 8fnHfy sddthe Qcomd sleiu%ﬁducﬁﬁ thyges iR sUMcoR Mid l%%(rj may be used

second sem conductor |a contains silicon.

in ha Q'S Hragsisias te Sdfil the ellikgo B o ididFusionybyiriop whp(tbe SiGe
ledd0'f> d"ﬁhherl&ﬁﬁwﬁelﬂéﬁﬂ oF ineB; fgg eﬂhé‘nf:}'ﬁfoﬁﬁ'u@@éf th@lSlPOIMJnﬁstor by

the Si Ge | eads to a rther n@;ovenent o)

ViTHleqH itp F@ﬂl@éh@@g@ﬂ i yeid trapsistesf The{Bicknesylihe fipshspgriesngpciogayer
or ¥£4 5idR-cQhtatnlny 9y k&hicRRNASARydr Bod ghﬁj% i PRSI s%fr@crondu-mﬁ layer

t hi ckness of "the first sen1conduct ayer or
prefiredaly en hedowirisislethreohdp advapngeondy elasen 1053¢é140ht¢b¢td1@r ﬁﬂn?gn-
coﬁtﬁhﬁ;g sbdofd sHRBRARAUGT R wiVIRE a smmér% aenashtmﬁ a SiGe-

l ower side thereof, i's advantageously osen to be
conigigtng taya, iseehanipally stressedh Ruaki smsgnogw@srthe sehilibor dircaherge
car B g ML TP On SR high AL RS OO 105 Fansistor o
be SpprAves; Whilssit fors nebire ammvmfchtsytt B lachgorcdfdheapolar
“mﬁ i_ers in the channel region, causing the

I gh-frequency properties of the MOS transistor to be
i nproved, while it does not have any adverse effects
at the location of the bipolar transistor. 25 1In a
favorabl e nodi fication thereof, below the first
sem condue fayerabkeymedifigation thereof, below the first semiconductor 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 conient of the first semiconductor layer. Such a buffer layer
precludes the development of crystal damage in the semiconductor bedy or precludes at least
that the defects accompanying such crystal damage can reach the active region of the MOS

fransistor and the bipolar fransistor, 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 is situated containing a m xed crystal of

$id 20sym7e0ad ger mani um the ger mani um cont ent PCT/IB2005/051636

gradually increasing, in the direction of the first

sem conduct or | ayer, 30 fron1£ero to the germani um

content of the first sem conductor |ayer. Such a

buffer | ay Qﬁnt]@fee ﬁktﬁﬁiﬁﬁw& Re ﬂl@yﬁhﬂwﬁﬂﬁﬁtorﬁiygﬁ {S){J‘iéféljlably

n the sem co tor precl] udes_at .l eas
PR P O BEREOLEe § sriess foF et cala%'eafg‘@fya&w
whigRhictther s@ﬁ&lsld@eﬂ ﬁg‘h@fm(ﬂtﬁes& ARedoR Pabt T SHi@4-Gdntaniag fike
i pol ar éranslstor nd a V£rsely affect the

b
Seﬁﬂ:l%ﬁéwqf yret FaprsfueniyFnige patveatike pendmendanddhe ghepguel gegion

ofi‘éﬁe mm,ttta@ﬁadrf Jiﬁrhgilld&&apae@ve %ﬁaulﬁstioﬁltbaﬁ%ba@efﬂmf o.
ayer rererabnly ovi ded w a concentrati
profile Zhe %Iﬁﬁrﬁaglgw?f@ Pipolprasisiyior {5 Rretre bl formet by lqcpily

infeydWRing SR mperigts |1ﬁté‘t1@rsec§)ﬁﬂ k@nichrReer laﬂert P6fetabiydyRsSs of

dlrectlon Part, of a_Si Ge-containing fir

SRR £ STPeriaseat qusscrwﬁsvé@u@% Feygl‘%’r %‘E?f”@&y e phpens
po‘i:éﬁﬁalb:lﬁ]ie@ﬁog AR Gah BEcmRBIIB)ia § RYisATe regidh, al B8erifel well

transi stor and hence can serve as a di ffusion barrier
regign fsEmnding theWOS rprsistord At e mebigitoef cfctiorids Bluplbhigher than that

ofhbRE RSO thaBsiRbSireeAbl Ys SPNIRSAE B¥hsisRE Ald e bipolar transistor
|ntrodUC|n suitable inpurities into the second
Wdh apegjEr , preferably by means of

out di f f URIHQRLJd'? Mafu BRG] ACRIMonBR N HViSt SdnhrfiRig a substrate
silicon region, Preferably the channel potential of

angd g sengropndupiar Bedytaf siliseniseh is aravidsd|vath asemiceneusigr dayessiructure
colBHLRY in SuceQsibe, ra%gst ‘Q%At aﬂzpa §e%9ﬁ@§%n§ébﬁﬁ%%y@9aﬂdhﬁtﬂ\%rface

transistor. As the nmobility el ectrons i s nuch
regipmy Pl fiistHRRdUCH LY type whleh @smowfél withs: fivld pEfecs trapsistor with a
chifngf & PRbohdl 'cgncﬁ@tl @Eﬂest& e iﬂ%oﬁ&lﬁnak%@ lrWhv.arem the
transistor preferab an NPN transi stor

suggce FegiQrf W erayrded itk S@,lﬁ?ﬁ @drﬁi@m regiong efibe éece@mqnd@thgy bvpe for
theStRS LAk ﬁ'ansﬁwi] a3l séw'tw&q%dcafraﬁ kérg{oamaﬁmn%hregm

1S prOVI a senlconductor ayer structure
haviserp ﬂqwsiiwg qoncesltx@tms’éndws f<a‘tne¢i eaas to forpy pastof hecheepnd
sexﬁicsﬁﬁgm? %?&%Hﬁ%ﬁ{ Plhurled¥GhicGHRM] {\;Emﬁ ob e @%Jdaetmts} type

first conductivity type provi
Whﬁqhé$ gituetetl apder thepharinet mglomdwwmch bm:nmh foghen depdarpcentration

tha‘ﬁ%ﬁ‘iq léﬁ%éﬁ‘éf 113%,/1015 35%& whidR B?ﬁédts%mk%n&&?or ré%c?ht is ?(gﬁg&' 4 és tb F¥m part

ere surrace re
of ﬁl@ uﬁir&t ecmivendietar layerecig clomartasized imeicga'qud with ﬂi@umanmmt ip that the

selfu\f uf‘,l%{- bo Ifo{uﬁétpno?f %}? SJlthttﬁgﬁglh 2Ok ’trafrfyqsq?{%{ 'ﬂ?o with a

er pose PReen S4 I'ons-
blwbg tr@uslszc@ hhng agemittbovgidopibage regios end * aﬂlectnr mapiot of i s
. f of th econ g.con
e<RBTR0, 5y e TG ThPBEL Sy LURISEI M BTG
forfried &t the savdorCtemidanstudtor feyer mttﬂl thébdss r@udnuafoeniedjmdbs fitshe

Sm%bﬂ@@ﬁ%¥%¥$Jon and which has a nmuch hi gher doping

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 Iayer,
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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t han said channel region, and which buried
sem conductor region is fornmed so as to formpart of
the first sem conductor |layer, is characterized in
sacoosianoe W th the invention in that the 25 pCT/IB2005/051636
sem conductor body is provided not only with the field
effect transistor but also with a bipolar transistor
having an emtter region, a base region and a

IS@Ichdxﬁﬂ‘tﬂfH MO8 ta0¢istef and i & ttaMQitr, off 18 SorsLHO BSllcctol fepion or a
flrst a d the second conductivity type, and the

SOgHRy &YgfBn is formed in the second sem conductor

| ay e r anm‘hésb en&@s@ aE]S%Gis @R thie SnvieAtidtRbe hppateBirdrh hsd will be
sem conduc 30, Preferably, both the first and

| ay
elyqidateds B ‘d?fE‘PQS’fm‘F Lioseritied pefeinaferny  neans of
epi t axy, the first sem conductor |ayer being nade of a
m xed crystal of Si and Go and the second
sem conductor | ayer being made of Si. Bel ow t he

Si Ge- contmhdiRGidggyer, preferably, a graded
Si Ge- cont ai nj ng buffer layer is forned. The epitaxy

process Hay! & ’W&ﬂ%%g’&fﬁé?cyo?%f”ém Efﬁ%géﬂallﬁk‘ééo e Yhickness

ditdBHich, bff dHBsboBin{enf &Pl sSRAlBhdRfbr H&GEOn ﬁca‘o&ran&él%th the invention,
el ectrical WO 2005/ 117104 PCT/1B2005/ 051636

i sol at i oft8ot showe thororaglizad putest (g 9fthe BEOH FTER?FS&F of the device of

Fig, rla{ﬂ%.lfﬁﬁc@iﬁm of)the b&te OB E’r\h f&%ﬁ(ﬁﬁtdpd'm $A8bQ&NnA%n 3 Jinear scale,
so-ternmed wel | region’ These and ot her aspects of the

i nvent i of&at %103'5 Hﬂ&rréwlts i Kign 20 Ipgatithipis scal¢.uci dat ed
with refgg GJ]%WE Qletcﬁﬁoi? ﬁ:@ﬁghéff@f )(c?f)theqﬁﬁﬁéﬂ t@lﬁgstor of the device

her ei nafter. draw ngs: Fig. I 1s

of figa § Puprietion Qfﬂé?s%l@@@ﬂ%tﬁéﬂ view, at ri ght angles to
the 1t hi cifpesghowd ie@birim Bens (ﬁBf ﬁ@%@hﬁp— sis®r ofthe device of

sem conductor device in accordance the i nvention,
Fig 3 asp function plopg baspremiiisr weltage €bedurrent (1a) of the MOS

transi styg t)f,lgl(g‘flﬂg &,

the gate oéf{hgggﬁl \@/Sf)fé,}‘i g"’%’gg@r‘ﬁ‘%&’ %) rlgﬁrr?ﬂs\}% ta es&g% of Fig.
1 2gp fenclipmetthe swehtdensifsi @), a®l shows t he results of Fig. 2

onalo

fr equen%@ég( ?Fl?;b 1%@390%& g’%%r aﬁ’wﬂmm r?)gsﬁs\glétl T6r ‘? f ﬁréghé ERlGedo the
thldmeﬁl dyectionasf the davivetoif Gig. bﬁn tukeesgive stepes oltbasiatwyfadting phacess -

r f. th bi pol ar

ranS| s %%@*@ﬁg?%&cﬁé@%&&g@ﬂce%% emwf Retion of

the base-emtter voltage (Vbe), Fig. 6 shows the

current gain (43) of the, bipolar transistor of the

device of Fig. 1 as a function of the current density
(J), andhe Figures are not drawn to scale and some dimensions are exaggerated

e

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 8iGe and p-type doped, and a second semiconductor layer 3, here of Si that is lightly

_doped, 1n 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 farther part of the

semiconductor layer structure comprising in succession: another, n-type, semiconductor layer
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Figs. 7 through 9 are diagrammatic cross-sectional

views, at right angles to the 20 thickness direction,

of the device of Fig. 1 in successive stages of the
weonthaoirigi ng process by means of an enbodi mpotasfoesosiess
method in accordance with the invention. The Figures

are not drawn to scale and soge di mensi ons are
exaggerated 25 strongly for Clarity. \Wenever
9 pcﬁsﬂe blhese @mcroneﬁmﬁdasegfrmgbﬁﬂﬁmﬁtelypmd ® appRxiniibls teeth

hat ch nd the sane reference
S fsf%‘m%d‘{c %@?%ﬁ&??r&-tmsg@%ew%ﬂ%}fer 8 of SiGe
whidse Ge caiiteritiighé saanagsls elsat bﬂthb iest bdmiedadesas: laﬁ’lr 16K, irOiis cade

an e ﬁ bger\) ﬁi a sem conduct or deV| | accordance
BBRFPHGRE <7 AlvantieSRrctpgctog Pfcsé‘“‘itsfed? Jé’%lﬁ%Pﬁloé epitaxy.
conpr i seThe e@;ﬂ@xlﬂl ggowth )prcﬁ;e@l:l@ﬁlteh@.f)ﬁd 4 First hﬂle‘betwﬁaeﬁ B ré¥wth of

pe sili Osu stra nduct or | ayer
fhgﬁ?%‘ GrEoR rfaé'FfrP@* dhe gt ‘gﬁe@’éﬁﬁ‘ aﬁ%g]mr%r 9 maydsr tolocaily form
a heke col[éf:to&c(ﬁﬁeo@iﬁﬂ r@dnmh @Qﬁ@fﬁs %ﬁﬂ{i’lﬁﬂ%@ﬁ@ﬂlﬁ@h 1r1]np|1antatmn After
ere o | at is |i

cond
fhagﬁa fon %fa’elﬂwélumféaif?rén@ﬁ SEOBH FIOSFFE iRk scoond

tithd ialoBdes foOIme a8th@ sftégé REsseBIoNRBA rdofitMs 20,1k Bis case so-termed
seni conduct or | ayer 2 and ‘the substrate there is, in

trepfi-isoiianregigny 40 il systece olghe spicondugiorn bl bhisisigealso 2

p-Sbé Well kegﬂmcqmmgd RAGhd &nﬁé&ﬁ@@e‘é&'b@% 1 8N8A¢ REtion"bEEMRROS
sem conduct or | ayer WO 2005/.117104 PCT/ |1 B2005/ 051636

tragsiglonip bejfsmedyiad ét theloggipneof theibipolas fapsistqrie he formed a highly
doﬁ&ﬁdﬂ&étﬁ&&@bﬁ/s@ esrfemséa, BRR &%ng’e&ﬁé hﬁl&%ﬁ%wﬁ%@mﬁ%m @dcal

first sem conductor |ayer 2 and fdrther n-

the
ion WA Pelov thg gt FmI0dRs lagrio erecina dmilightly fi%Peti fputfer

layeR DB LhASplthddanSidbGontdnk 84 the ML GRARNALQS: hpyer 1, i.e.
in this case approximately 25 at.% The sem conductor

layer stThedey F@nicgn%ﬁoﬁﬁ‘dﬁt%ﬂs peoxidisd with &gpikagydelts-sippsd p-type
do 15% bvhileAd2, o Ok g3 drfor 74 & thid @atygldfoﬁng 4 ﬁ%hlytdoggi ep-type

ween t he rowmth of the further sém conduc

eroRd atep dA Gt He focation o dhaliMQsT trangigier Mg argl angther pration 3B forms a
ébhﬁﬁdﬂpﬁd’bafs@feﬁion 3BLY feq6ka¢i0h bpﬂi& Jgoﬁpﬁ‘éﬁl@ﬁf& B0AS x%&io?rﬁ.ﬂ@&lthe

means of a suitable |ocal ) antati o
Seqowé sqnyeopguGterdasss 3 comtaiping: dhis g@m éfmensi& sidieon fopas 2 ghannel

redid¥e3 D6ONE IO TORSHS, ﬂ, Sndihdr gaﬁmtaﬁ%&% ?ég%dsA is'fm%ad%t the

order to form at hi's st ge recesse 1 sol ati on

locptdon ofie bzmplarutﬂqﬂ&lﬁprsB by swansof patdiffgion of wfeblemeresmtm,u doping
atohﬁ Q‘fo %rys'ta‘ihﬁe@ﬁwgﬂ Hg%ejﬂﬁfwﬁé}?se%ghscé?&ﬂ&céogﬁecggg Yegion

1S sta e, also regi on

SAﬂdpﬁ@é r@gppmth@e Eﬁ@ﬂﬁOd@Imﬁsi@thase @@m;ctm_n mglouﬁBIIVdmeh is oepavted
s M 4 7RSS bEI 0005 ST BRI e RBET

coremsbaecgm el¢®gd@ b, Berei @tnflmﬂmﬁpolmwualhwlmos, Wleiciniy separated

b OB R RRIA s L AR 1058 orb 5| JPLAL LAY AR
deltinpitgid toly yso&@pgspabm ﬂ’ér’I‘htSodtrag/a]d diaan hegicing gA T 47 adjacent {BerGie arc

progﬁgcti & sBfod Iﬁghtﬁ oped 3t E:?Js%o%rs]gv & %;cterllc? dstar azs'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 systerns. The bipolar part of the device 10 then serves as a high-frequency

transtission/receiving part, while the (C)MOS part is used for high-frequency signal

proccssing. In addition, the device is very suitable for further miniaturization in future sub-
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The first sem conductor layer 2 is provided with a

spi ke or delta-shaped p-type doping profile 22, as a
result of which a portion 2A of this layer forns a
Waghbsdaped p-type ground area 2A at the | oeatii@neisicss
the NMOS transistor M and another portion 5B forns a

hi ghl y doped base regi on 5B a} the location of the

bi pol ar transistor B. A portion 3A of the 20 second

mﬁl%mpg&egugdhﬁmogmr m?anp edt, a:'aﬁ‘ b& glanufﬁbnh@a Ser§ @ésﬁy, as will be
stralned silicon forns_a channel reg |on f he

eXpleigTd Wy sprder dedil Aprsinheew it .flzﬁqfavoa?bl%momr&?s qfélgi @HICSAO in

ackorddn0f WRE tRlindeRBon WOORIHHGRr AfustR& Rk eRfw.t 1 anSI stor B
by neans_ of outdlffu5| on of suitable, here n-t

dopi ng  HEchEoFE Simnarpdsdiipenidld phise 305 E@ﬁwtozégf Figfdevice of

FigAlas Wﬁ:ﬁﬁoﬁ 6f 8 Bat@SolRBR OV, Plor ARRNGE aﬂamoﬁt@ges QR4 oA kneal Rale,
sai d ion there is also fornmed base connecti on

Wh\aléailgaﬁ shovay the proegrogudls g%p&gaﬁfé@l%alpf@msr?é Ehare pltpingd for a
dre{?ﬁ{ v ?E‘ aQk S@HN $BkRLd PP RACE! 341 fhis %%%Maﬁ f avﬂﬁi Si@dular

rISGS a gate el ecfrode 1 here al so

ﬁq%%rg it cwwﬂy@% thet|theswbdhrpshelgrplongps &5 idesads andyibe HIBL (=
D]’.'Blfl %uk%%menﬁg% %qu}ATPé/se Qfxlg@bt a?e gl'dﬁ:laﬁ'&‘et df 'eﬁceil@nt control

here of silicon dioxide, del imted by
of thg shert-rimgnd sty in therdevichén @@@rﬂ@!@e avith toiy igventipr Gugi yalaes must

beé&sﬁé&eﬁ%ﬁéﬁmﬁa@ﬁrﬁtI‘Han%ro?the%%Q&Qm\éé th shallow lightly

doped extensions whi ch extend as far as the gate

di el ect rHig 4showsthe Paeotfisequercy (B of thﬁthlﬁiﬂ%ifahﬂﬁﬁt@ o ghe device
of %C?Lifﬁh?tIiHn%'tﬂe C Sé‘g ﬁ?ﬁé g pﬁr trés%ftarﬁ Rk ah off tﬁ{syﬂ%mf shows

sdi t u catlons suc

that @Pém@m {ransigberiheaip vere favorekls ha&iti&ecmmqyxbmﬂﬁvr@iugﬁl‘he@mmum
cmsaﬁsfr ?%Xpéeggi@rgﬁ@rt of the device 10 then serves

as a uenc transnlsS|on/rece|V|ng part,

whi | e t Ffeg (5@}lwwhp gwrrent dengited) @ﬁhe bipglar tmlqt@en‘r‘ctye device of
Fi g: E%chﬁéfmﬁ%a@%em <1 ¥4 a% tﬂeefogv%ﬂ;l gt?tw'e Pnofi€. ré‘% 51

urt her tioon intature sub
corp@p@Yd 167the golleCPt 1BZOUIE /206 Q®%S2 ﬁbrwsmdhtoph@hﬁ@sgment Ib, while

the a%p{a%h%gyecga@% d \M%xs £45. erhascs@qe&%d %ﬂﬂlfxegg{og%l}%% VG Yhe

alned 1n greater
blPhbr‘@mbmrcbw sumtmﬁnllymdpﬁmmeabl e properties of the

devi ce C ordan he.invention w.ll, be .
furt her ]fp% |6lfs?"§s \rll\@é f/]\ll.e %Eloga.r & Sésgcg \R/s%e ﬁigvme of Fig,

1 amﬁmaﬂmmdhmmmnsﬁﬂym). Otﬁrvé BEstidas that ahiphYuiarin efceshiod 100 is

devjce o as f.unction of the gate voltage
éﬁeqNSfra‘éffdgﬁ&ggﬂf"“aﬁﬂ&‘i%niﬁdﬁ ages and on g | i near °
scal e, ThBidbwceI0nS thds Slaqipt: dah e SRR @S ihter 443, id the way
d Io%a |thr€F§ scal e. Curves 23, 33 are obtained for a
esgfptycbers, Je vd of 50 nV, whereas for curves 24, 34,
t hl S VOIFiROPYUMAS ale dagrimimirad drbseub@ionallvieaw ﬁlr@ht ahglek to the

e derived that e sub threshol d s] ope i
P Beren. i dronp HE LI Spy el Fha o gt asfaring process

by MR oF AYdmbdilideht BVa mIins@ﬁl Aadri@Se Mt the1Hvemabh. Wor Mt starting
excel l ent control 10 of the short-channel_effects in

malepl ugipivgade (55 Bt O A @icapifuPHTaih bl ofsilican i Qs Spbsfrate there is
proVigbd/f5n-19488 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 coutent is approximately 35 at.%.
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be consi dered unattai nable for many of the known
schenmes. Fig. 4 shows the cut-off frequency (fl) of
the bipolar transistor of the device of Fig. 1 as a
twonmbé/omaf the current density (J). The resubtamg2005/051636
curve 41 of this Figure shows that the bipolar
transi stor has a very favorabl e hi gh-frequency
characteristic. The maxi mum ‘15 cut-off frequency fT
exceeds R5Refadatly fbdPig.B) SEMMRN rbBoRUW0 8 MorBEN Bt ¥ thd Yorm of
of the bipolar transistor of the device of

sozfexmed WP%E%IF‘“PH&%‘B%%QQ VRSt Ferecessrd B dle Wy@)lduc?prtbﬁféy and

il thr 38dnhpl€ sTHREIEdio &, ¥RxDhe ¢ EWMM§ ananﬁém%y applymg
col lector_current Ic and curve 52 corresponds to

the, bafer fayey $a 0 this caspal pdypeSirSieaSubsequanide b glermsal &ﬁcalua% e
Pt ROS dn& a%Biiddle itk S $8pb QMR ANRE RN 9{ thé gb@éﬁfﬁantoh e

the 20 pol ar transi stor has substanti al
MQSéﬁewt?reM to by fprmed apdgpatiyns collediadegiond hw(fmﬂeéﬁt the focation

o &ﬁ%ﬂr&aﬁﬁﬂ&ﬁ%@ﬁeﬁfm&he device of Fig. 1 as a
function_of the current density (J). Curve 61 shows

that a hPgHeqyantly (see g o dhe &P ogegs is agsprphEbpIevigipg the first
sefidbhdlRtdr M@@ of S1Q3‘r55,r ﬁ%@ﬁmﬂﬁﬂ% ort P8 A8V Shel Qe E’Jntent

this exanpl e can manuf act ure inter alia, in
beingyhe pmeds et Pﬁbﬁsﬂ'@? layes Bewag ifs @gwthwr@qews@tbg bpyer 7a15 @rowded

widl] @ﬁg@ﬁgﬂg& ﬂ&rﬁ%%gitfp@dbﬁﬁgkleﬁbﬁt\é\’%n cdsd gJ}Bn sm&b q@exi Phe

t he ss dir of the device o

grewis @é@ess\}%cfmd@te%bwome theegsermd semicondyicisr l?(z'@@spf swmed silicon,
Jﬁﬁg %ﬁlieyn@l e @S@P has QfthiBfTB L afloedF3Q5 IRRGE W gh

estartlng materi al use I's nade
(see Fi gNeXIIsegﬂ“*lga1b1qwlp@nsmﬂanleeselﬁle@rﬂo§ Prisisésm M @yl bipolar
t f
traP§§t2rr1§ HPtI?én fogﬁﬁafr% E(fngpslégt%olfﬁaélg%lg\fﬁéjﬁg é}fs %ﬁrﬁtlx gzgxfse rientioned
hesvnawe_&udng ks dleseriproncftheadevice 4@ pfe‘dweestalﬂplem small number of parts
we?sﬁﬁ{t BRI la}{d Qot%fmmz/ Blttﬁf (ﬂ%ﬁ%&hi@lﬁ&hﬁe gbin@cttiog %onlhlﬁéﬁ)rs,
the growth process Is interruptéd and an n+
copted metaliizaHon, e'glethqr @bt inghe fomabf so-feonaddwnd byds amdgge omfiore

insglagﬁégld/cfr% n&lﬁﬁv%&gﬁl‘ 9e'ini Jnﬁgc?%g tlé%rgrs %e&egsap)egﬂ Qeﬁc'ir@c%tact

quent
metalliratiors ds whﬂs sepEEivaiion tmiﬁ@r Hretectivp dmrsrm.néi lyasafr taely o banBed.

m@\q&@a HRR40RCT LERROSOTARAR: oo HRSRAAN Ml SERpyraion

sol ation regions are
profc@aswuczhfas dgdug. er med trench-isol ati on regions 20 which

are rec eﬁl%%gvenﬁ?t} i %otsl%meﬁ ?@%H £ &% I%Q&%b?&g}e E vet? ? relnabOVe,

W th, for exa TEon
anq;)wmh:e;ﬂﬁ Scepeal‘flﬂle mmdmtma@puhymmg and hedifoitions aﬂe@ymblm those

S e S tlyg. ns .
sl b Nt F3Fodmelf ik R eion g s DB 1P bt BRS IR e
BifMOg e Biggdlir @c&@lamn&ry MefabOridd Sainicohductop)diat (Famtegrbted Kircuit).
The invention can also be applied to PMOS transistors in combination with a PNP transistor.

fom

W.

It is further noted that instead of STI isolation regions use may alternatively be made of
isolation regions obtained by meéns of the LOCOS (= Local Oxidation Of Silicon} techniéue.
The structure of a device in accordance with the invention mmay 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.



MOS transistor Mto be forned and an n+-type coll ector
region 81 is forned at the [ ocation of the bipolar
transistor B to be forned. Subsequently (see Fig. 9),
WeeoasaMed process is resumed by providing t hectigmbsiosiess
sem conductor layer 2 of Si-Ge in a thickness ranging
from20 to 40 nu, the Ge contfnt 10 being the sane as
that of the Si-Ge |ayer 8 ing its growth process,

the | ayeps deghds RhRitod @flaccialdte %nﬂﬂlﬂﬂd"indéﬁlﬁbﬁ'ﬂ &Rl F%pﬁ?es that

of p-type dopi el ements, _in_this case boron a
mmwanatméandgmmglfﬁﬁﬁ?w&%ssabée Earpsrapledhlishly dapadgattiobthe
erSIRGQRH oS R ﬂmﬁe&m be foAME! byPm@ns SF b Hif@sios frbinGR Situ-doped

which is |ightly ype) oped and has a thickness in
P@W@“Wﬂﬁﬁéﬂl@?n@hydn%s?& RBKE dPRBR Fig. 1), in a

manner known per se, the MOS transistor M and bipol ar

15 transistor B to be formed are conpleted by addi ng

the m ssing parts, which were nentioned hereinabove

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 include connection
conductors, contact netallization, whether or not in
the formof so-terned bond pads, and one or nore

i nsul ati ng and/ or conductive and/ or sem conductive

| ayers necessary for said contact 20 netallization, as

wel | as passivation and/or protective |ayers which may

or may not be used. |Individual devices 10 ready for

final assenbly are subsequently obtained after a

separation process such as dicing. The invention is

not limted to the exenplary enbodi nents given

her ei nabove, and within the scope of the invention

many variations and nodifications are possible to

those 25 skilled in the art. For exanple, 'the

i nvention cannot only be used in a BiMOS but also in a

Bi CMOS (= Bi pol ar Conpl enentary Metal Oxide

Sem conductor) IC (= Integrated Crcuit). The

i nvention can also be applied to PMOS transistors in

conbination with a PNP transistor. It is further
~noted that instead of STI isolation regions use nay

alternatively be made of isolation regions obtained
by nmeans of the LOCOS (= Local Oxidation O Silicon)
techni que. 30 The structure of a device in accordance
with the invention may be fornmed 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 advant ageously be made

of other m xed crystals such as a m xed crystal of S

and C. WD 2005/117104 PCT/ 1B2005/ 051636 9 As regards

a nmethod in accordance with the invention it equally

appl i es that
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many variations and nodifications are possible. For
exanpl e, the highly doped part of the emtter region
may al ternatively be fornmedOby neans of outdiffusion
fromin situ-doped polycrystalline silicon or by
means of gas-phase doping. 10 CLAIMS: 1. A

ClsdM¥onduct or device conprising: a substrate; a

sem conduct or body of silicon having: a sem conductor
| ayer structure including, in succession, at 5 |east

. a fiA sdmiailiuaios aewdbelcappiigignduct or | ayer ; a surface

region of a first conductivity type which is provided
with a firSPbst@Sect transistor having source and drain

regi ons qf. a. [V ype, opposite to
the fi rstgsglg}lc Elc'?‘%%%o?gt%gégf,cw?l%%g ‘posed by a channel
regi on with aalsomvichagudigor laparceantingd inclndidg] tisutesbionns
part of Hhe sgcond sem conduct o Ia(yser; a buried

seni cond @R HiskabhsePnd fmicPRACiAdRgict i vity type

Si t uat ed undep, 5 BRATIE 138 Ry RY Bt En B ffded

sem conductor reglion“forns part Tirst
sem condudthor fi¢ld pfect teandiston &adig seuree asldraimdregions of a

sem conduct or, regi an. has a dopi n oncentrati.on that

75 mich. S9OSPA CHRBIUY ISR TErORPOSHS TGS CFR ARMICHERY bife.

and a bi Bﬁbﬁbsédrﬁ}fhsé}fahfl?éi 1B&Y¥H REtha oS dphf conBeitRitionavhich
c egi

base region and "a collector r on of, respectively,
t he secomumsiag dfithessecandisenheobeiondryetonduct i vity

, Wh ' h it [ ' d i h
subond"sem canates Srie BN RE 8o 3 BREN oty voe
formed i gitkdd&l drides the2Bameir&am(] wieldin thd)tRiiied 3em#onductor

sem conductor device as clained in claim1l, wherein
the firstegieiorasaadef tie firghssmicandueipriayer, andwgerein the

t al Dt ' ; , i
cevond s Shecn ROty OGRS Nop HilkonblRtfod 1% e
sem condiipher thde that of the chh@ielmghiompand ai m 1 or 2,

wherein the thickness of ghe first.sem gonductor
| ayer or of a?PRAHFansisir AafAE AR GMitfel Fegion s bess regipn and

the a collector region of], respectively, the second, the first and the second
conductivity type, wherein the emitter region is formed in the second
semiconductor layer and the base region is formed in the first

semiconductor layer.

A semiconductor device as claimed in claim 1, wherein the first
semiconductor layer contains a mixed crystal of silicon and germanium, and

wherein the second semiconductor layer contains silicon.

A semiconductor device as .claiined in claim 1 or 2, wherein the thickness of
the first semiconductor layer or of a further semiconductor layer 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 is mechanically stressed.
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first sem conductor |ayer, preferably, on the |ower
side thereof and containing a m xed crystal of
silicon and germani umis solldi mensi oned that the
second 30 semi conductor |ayer is nechanically
stressed. 1 4. A sem _conductor device _ as.clained in
4. c| aifhronigendyctasdeyies as slainesy prkimi % o3, g@?f%ia%myttg? first
| ayg dakg ahll bEISS ﬁﬁ-ﬁg £ QAU REtdr BURE adjpini id
adj o?%ll?‘%g saél)@%%i rst sen?con uctor&f ayer, an%t]ﬁlélﬁngsal
s enmfosirsdmidontdudtanlayeri snghdrsamedndwrtodapirigsituatad coathining a
crystal ,of sjlicon an ermani u t he germani um
con Tued Gl ef 75con o cPanan Y, T eerun CEREToagpely
t he ifdresingS B1HhE AREHFINAT thEHRE serhicOiueRS Payef, #di8 zero to the
ger mani um<content of the first sem conductor |ayer. 5.
A seeinonguconienteithe Ershserpicandustbrilayeany one of the

precedi ng clainms, wherein the first sem conductor
| ayer is provided with a concentration profile 10 of

5. dopiAgnateimiciRdetibead dlamiedinndyehé ¥f thy p?éé@&ng @wgﬁg, a

delta character in the thickness direction. .

s enivdsrdn thedirsigeviieandaetor laypis grovidedvitl a eorsentratéon profile
pre ' ' rej 1.t r.eel

b1 oot il SRl e IS Suluch U e el S WA Py RackeP o e
senmtisickdsclivéctioayer by | ocally introduci ng dopi ng

atons for the second conductivity type into said

second sem conductor |ayer. 7. A sem conductor device

s ol ai . ) _ : . _
6 aneron EphciRioP DR, ChinlenSn BAF 6ROl BHRL g claime,
can wherawtheroptittedregioa o tiR(bipalsr sarsistdras firmgd dwthresetemin

region.fo o-ternped wel | regio rroundi t he
e stfishStuchiees By AU uendvBeciriaaans fu s setfad
In @Bﬂdlﬁﬂﬁitﬁfytpﬁz B RAi8 GBS A% chi @indBetor MP&T €1 n the first

conductivity type is the p-conductivity type, as a

result of 25 which the MOS transistor is an NMOS
7. : { g Sﬁieil{i(gﬁ{qd%gt%r Eigv%cebéilsp Cg"liﬁanredtilrl %{1]3? i)l% & thie ic’)recg&}ngl\l I(:;igims,
wherein the channel potential of the MOS transistor can be controlled via a
resistor-forming connection region for a so-termed well region surrounding the

MOS transistor.

8. A semiconductor device as claimed in any one of the preceding claims,
wherein the first conductivity type is the p-conductivity type, as a result of
which the MOS transistor is an NMOS transistor and the bipolar transistor is
an NPN transistor. I



