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SEM CONDUCTOR DEVI CE AND METHOD OF MANUFACTURI NG THE
SAME The invention relates to a sem conductor device
W@omeni®sng a sem conductor body with a bi pol apCT/1B2005/052263
transi stor conprising an emtter region, a base region
and a col l ector region of, regpectively, a first
conductivity type, a second conductivity type opposite
to the first conductivity type, and the first
SEMITOSAbEITON | 3BV IEY R&D MATEOLIdF AAMAROWHIRGI BurUSRdE t 0 form
one of the emtter, base and collector regions. In
this application, the term"nanowire" is to be taken
to mean a body of which at |east one | ateral dinmension
lies in the range between 0.5 nmand 100 nm nore
particularly between 1 and 50 nm Preferably,
di mensi ons of the nanowire in two |l ateral directions
liein s él@dn\feaﬂ@b@latesa%h SErRICHILtOR GG soBEISiag A seynicopguctor
o e R e pin SrSreBlog and a cpfectr
regjomtoregplettavely, A fies nnrc;hlpm‘ow type, A sedoad oprglurtingty type opposite to the
t| e )
firs &ﬁ%ti{r tg%)ap ' nl{h[ thg g}sggor%lgctfvng ﬁ%ebgfglgrélglga ncholg\gllilé 1S L}:SCd to form
onedefisd ¢ryitterbase ang ewltbctob re%ainsl dwmhlv eprilagdonathd term‘frﬁmdiwue is to be

and/ or n sem conduct or
kg 83 Dok of REh BBl Preclista) Grioioh SR P abEpes berppaayp-S om
and?l 0061y, nhdFP partiaulirly Eteeenuad 5B ke \Pr&ferablfddifidfidios oTeid@dowire
. arc known from the publication "Functional Nanoscal e
in ‘Eloé%t?liabﬁ‘ffe&“%“\)}edé §a‘g\§@"§ﬁ% Seeh leksrah §nsnsieabrnREtn Bt Agast not
easﬁ’&”ﬂequﬂgvealb?l th&oh@&ﬂgr&?ﬂ? WRIR b diMendibRPEE deSIrable inter

l'ished in SC|ence vol 2 February 2001,
ahas sncoaas@tlon With Ahajongetng meintatug zatéandp ithe ICm ln@g@tedéhrcsft) a
R P bl AP E L ol TP ARSILE bsh AR, BB SSitage
and gyprent aniér pewarrdusnipiion pf thg semenuductoe elements.du ¢liis wase ghe bipolar
nomnr e fornmed by neans of separation

an%R%QQ%?yawm 5§§%r§edramback of the known device

and the knomn nethod resides in that they are not

fully conpatible with nodern I C technol ogy.

Integration with other sem conductor elenments, and the

provi si ®uckh deviteddndSusidBetho®bretkhaws lfx‘@hﬂh& pmfhcau&ﬂﬁluhcuonal

surface area_are not easy; Therefore, IS an obj ect
Naggscalg Elegirenie Reviss/asiemblad Peing Sdiread aao‘wéwle'édl%eloaks by Yi

Cui¥ild @ﬁrlé‘wcﬁle@&epdbﬁE%dQﬁ’ @Pl@ﬁdemo? 200 1RdvR@irg Y0 leﬁﬁ. 854:853. In
t echnol og are suitab forintegration and

sai¢depyBNeRR Xe@mm isegivenggfa@ hml@;rﬁranmﬁoa@amd hmedgpét
nan%u;ﬁjeé oidéll%ﬂﬂnaﬂ r@sgg_ Bf'hﬁlletn-c%nh@é“vﬁg[ gnt}le gr&gécﬂfchvny type

power consunp leve t
andtty(pa-cnm;iuptmt}gdpep 1vaidhenoypiessi angyfopme gy alpztnsmé;' separation from a liquid
characterized in accordance with the invention in that

pm%%e of the emitter or collector regions
A drawback of the known device and the known method resides in that they
are not fully compatible with modern IC technology. Integration with other semiconductor
elements, and the provision of a large number of transistors on a small surface area are not
easy.
Therefore, it is an object of the present invention to provide a device and a

method which are very compatible with the current IC technology and are suitable for
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conprises a nanowire, the base region is fornmed at the
surface of the sem conductor body by neans of a
wo 200601 ®haped regi on, the ot her one of the en PCEIB2005/052263
collector regions is fornmed in the sem conductor body
bel ow t he base region, and thg emtter or collector
regi on conprising the nanowire is provided on the
integration@ad bightchmperent dansitios pud whishyiniadditioe have vy sreall
it t her ds
dm}eﬁ%nst ?c%ﬁ@?l 18"9 %égéddc?rfpé)@ge g s}lﬁé&@;m conduct or
body I Mot d@h&vmmneﬂcw& afehd 1ype nentdmied avihd opﬂﬁng/\ﬂmr:{gﬂapﬂl is

th t d .
chapgidiged Bractarihathdmytaign bR CoH & etk Gp it geeions

colifRBSa AnoGARBYBE biseRediod & féradnothe gurfacﬂa,ethersm&bhw&tdr$>ody by
based on the recognition that if only the emtter,
megjls|of adayer-ShaPPECEIN; the GHSH o the reiArcalicdipgpgions is formed in
thelséthREARCIo? Bod® L1 tHe ThiRgiBh, dndliey @hitdh df%eﬁéc%?%%l&l comprising
possible to a sufficient degree and in a manner t
theingngveire is praeided on thy syHaccotfithhwsgriegadpeton kodyi i #igb ¢ manher that the
longi'tdﬂla’&ﬁ; %)8 ?hepefof Eﬂ&ag %{?ter?d’l% ﬁ))fths{ ;ﬁ‘f‘fagg!)l} i Ee%lcdrﬁuétgrebody In
ase o so-terne ver pol ar transistor
thig Ihmrpataaimumts afchlcve_d; of winch hhrgm;w o¢. twd iof i Whree amtter; base and
c:olpf re 108%,Scan ??} lflfnzllygr?%g\fa rr]ezdleb nnsleacl)'ng f%‘oenrvs\? ?)énal Igl tS‘f’PélO]Ogy
Thel\‘nt/dfntmh licbaséded e secogiétiar thibin€ onllysiee dnhieterd bna@ilp thersli@tor,
t he othergparts In addlt t he |nve .on . is base

og g
CORRISEHBNAORHE R BiFerHiap and FrAHeHAR L [Hsrpidipgrpions is possible to a

suffEIERQIBEHE bhBinl ymirdet RSt i§ B kdseRiot fo pHR&NithvgtapRE tdchighé€ The
formation of the emtter (or collector) or for an

dimensiprs e @By Byoifaasmlcgpr inrihe rase RE2 Eicrmed inyested bipolar
trarfsRtdr et Hepatatndufl HEHrs lﬂﬂa%w@f rhilRedDYER W8 dlﬁ aP8289made of
on the recognition that all of the above can
selfrisgidicrigg ﬁt@hm@medh@&ntqwdamcr@fona ofrthevare, alangwish pﬂlan&tetors
s al
s A0t AL B S BT BAR A g c
receglmlcmatgadl rfaudp\mreome(ﬁtetdqxeimodlogyrly tontha mrfam:) Grasntuited for the

for AR g BRI ER oS RETPy BY Ry whict e emiter

(or eplldcedx) i@ |f0rhﬁ§l indlRNtha Ilmnﬁoﬂ‘ﬁls begkd on Yisd Btogaftion Itl|1dt ﬁll) Bf the above

nd ger mani u Such ue can ver suj t abl
can e gty apF Yﬁg]é’yl‘%%% Evﬁ Hepsgor e&m tﬁlwna%mefla%lﬁthat
such Aenduasias kBY V&Y cSﬁBattb'[BJ&nlbﬁlcrcﬁﬁ@ﬂt'IE t&ﬂhﬁMbgﬁﬁld%é bhvisaged
snmal | er bandgap by formng a mxed crystal of silicon
f‘“‘Hﬁ&C&éF’Pﬂ?ﬂyum in said base region. Besides
parti cul
Btch o oduimeRh PR, (bt R GE: Mnhcl b RERWan
epitglvieblayer provigrslran acubsirate, ihigh-epitergal dnyey cdyitaind aamlxed crystal of
Slh(th%lt%gﬁ :gglltng) O lrsgclg% ge,lcﬁﬂl gldl&sf ds%ltzggl%e ustegéo o aéyer -shaped
basCeagoomt Brddditiadj the bwlrglqimml thad betry,‘acblfy paslagediwith at $maller bandgap
attice consta of. t he pase r.egi.on @B adequat el yas
by %&@ﬂww Syt HicphaETrpLh (Brad B Yt region

| n fjhe ERsided pradicuthrigllsmyl BB @t i(@ collator 8RIEnSIBAS Sithfa¥eduction
| regl on.
of the bandgapgls very important to obtain, in particular, high-frequency bipolar transistors. In
addition, such a SiGe-containing material offers an improved and, by virtue of the Ge-

content, adjustable possibility of adapting the lattice constant of the base region as adequately
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In a preferred enbodi nent, the nanowire is fornmed by

means of selective epitaxy. Such a process is highly
wa@ewpatiotd e with the current 1 C technol ogy. ThBCT/IB2005/052263

nanowire for the emtter may contain, for exanple,

pol ycrystalline silicon, which is provided with the

proper doping elenments. By out-diffusion of those
as paseifisrie thaf ofghe ethistenon ooilectoriiggios é thi wepedhat adllaN wiateriak s been

tual emtter can be readily fornmed in the

Ch({ggtggdrrséﬁ?eﬁgogl' base region. Preferably, the nanow re

cont ai ndna pmfairezmmhmdtmﬁnt et mpwire isl forreaal byi hedns of selective

) ible, f . if.th d t IS .
ep SRt &P SRR ripg e Mk T PRI F e P By 116 abgivire
forttlhteelﬁmrtm@rcdha@i @ér eaﬁhelpteh@ljam@amwlmn Wmcpasrﬁrbﬁulédaxmh the

material is suitable for this

e m conduct or

proaa&%e wn% Py qut-diffisian pf thase eéermnfseffwm Hi 3RO ire Bow serving
as ﬂﬁﬁlﬁ‘(maﬁl bdWVih8 Qct@alle?rﬁtgéi‘r c@xal%jﬂ:@(ﬁ Dg%ﬁn&ﬁmamw&@hbﬂédtbg& region.

transistor. |In spite of |ower Di rect Current
Prefesably.rihgnanewirn eoraing emlcerlﬂuratemnaeghls Iftspeis is popéble, for example

r

LRI GREDEY e A ks ot BBt Bn
emgigr fegom apnfl thelmserptonen-pagsoles H@Wsengccmducttmndttamaé issduitable for
thldlurre&%l ons of the nanow re- enables a fast transistor

YR'BEf or med havi ng a |l ow current consunption and

hence a Byowirtpotkereof; @ansniret regitn dfia neneréd havdng 4 lagge bandgap may

nmodi fic tlonthe eof C i.tion of the
be st poihe Al st el PERODEUaT et GrreanuFORE b ace lower
curfchb @dsti s, tlﬁ\&@ft-oﬁfﬁbqb&&@ off Q@h@Rsantit6r MANOM bEhiBMYThis low current
contain,. for exan‘gei GaP, which is a material having

denélty, g}uylghsqi B}é th@é brfacmof g1e|eggtéqrr %mrcg)pqygg)‘g tp thetlafgral dimensions

of thPRETowRRL EnaBles tal'fgst E}Wrrt@ bé BFmERRa RS mq/ecdf'xfent efoggumptlon and
exanpl e, I nP, whi is a mterial having a snal

her@aﬁd@apmb@rtcoaswmlhn Hng@hettraglivegnedfication therqof, thfemo\sumgn of the
m-& :é&}é@ﬁ%h@s%n E&%b&%ﬁ:ﬁ@%t dde%nénsoﬁhé P37 'oﬁlza‘? tﬁeooa%‘x%gi%ﬁ the

erent nateri part
nanmamx@\maye:omamh faa emmwlﬁ ;t@aPe Watwlhusnag niatevvakitamrxg acert lageibagdgap.
At qucgtgoala(iloser 0 tﬁe %péa %a}rt gtt tpe e}{lé)w?r% glges I,Pé:rmadﬁ,gg C]'or neé(ﬁrtngle InP,
which 1sazdmafehalgﬁoimgla3snana+ bém@ag rbada mnth highdrieecaoPpmobility, enabling a
concentratli

oo feapance; gl PSeip s Ehess & Pitrpt Bntgmiatfat e wapsy patof the

narfoYrle Ot a VB € brdabRESRIWOSHMIE Goidek dRrddTEFdr Miekd Si€vther reasons, it
constant of the material with a nore desirabl e val ue,

is alfematiyely pespikic 1 hese on ofhes crbpdiments o pdyaniageauslyppply a gradient in

the\ﬁ%lsfn%@&&e&fradoh%{h@\ﬁﬁﬁwﬁn whi ch center on the use of
materials 1s the insight that just because of

t he smalAlthougheHEIV diatrsiaksi wpartishilanthederoay rad quaterhirg sxstems,

ma%eelt gf)s%g)let {3 p%{ﬁdé‘iﬁ{; ?a'?t cré%o ta}ﬁ%ﬁ'he Ee‘rfa?%ﬁh %%?ngféfraﬁl@@alue a
evel opnent de ec
factoo thart glsmplhgsra mlaegnelm calse‘lofa/aflamt h‘éiﬂle pweﬁmr\ehiclecdmmﬂ iomgetuse of
III-Q/‘ m%erslzﬁs 18 %l?enlglgl(g:ltlt t{lat Jus¥ lD((::ceausler})f %%Cs(r)nraﬁqateral dimensions of a nanowire,
problems related to non-matching crystal lattices, such as the development of defects, do not
play a part at all or to a smaller degree.
In a further preferred embodiment of a semiconductor device in accordance

with the invention, the nanowire is provided with a spacer, and the base region is formed so

as to be self-aligning with respect to the nanowire provided with the spacer. By virtue
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with the invention, the nanowire is provided with a

spacer, and the base region is forned so as to be
wa@edoboalosgni ng wWith respect to the nanow re prpvi/iB2d0s5/052263

with the spacer. By virtuethereof, a bipolar

transi stor is possible, wherein the position of the

nanowi re-form ng-theemtter with respect to so-terned
thergrf, ddipilardansstpsis possibbe gdereimthe positian dfdhe namgwire-forming-the-
e Bl PR o R 2L Pl hiE: hiBRL O REL YRR
behawiat.[In adld]flmﬂerjundtlbn betms:salby)aseaegibm ala;l th yolbdctor reglon can be

transi.stors can be for dJn aral | el r oW, n
ver S NGO AP o8 PRI PEGTONorHH Ph JUREL i pafallel by

gro®ROLpIaR Mty dfhahd\@feRfins eegidiar act eri zed in that the
emtter region conprises a Iafge nunber of seEarate

nanowi r €Y FeSantERtrodistent 1§ therelysi chpragiprized diipbthe cptar region
cofitReSH ot AGRInBEr NepRRTNERIILS Whbsd A portBS, which are removed

I'nterconnected by nmeans of a conductor. I'n a further
fromghosuatareoftbe samieendnesar badyearp anerapnnected hy miearspfa conductor.

tal,
et a H%'?ux‘ﬂﬁa{ ﬂvgﬂhg&%ﬁﬁcgﬁv e,ﬁt}?/éf xluanwkré c&ﬂﬁﬂeﬁﬁ nfe%l such as

mtter connecti on oW resi stance
alufmarumect. coPpart Tlosi Ermbley an emitiee canmsetiomfhatzilng aweryylowrradnttance to be
ons gf a _nano

h .a | .
forp PR T T P e T e S Atk ragpvirg sucna
lowpresibtancalis yf dradiatdshporitance.IThe et is fryfefablysforhéed, i this dse, by first

forigiech dophd PRGEHAR 0% in@wr@%%g PSR, HA SRR by means

of ®MdiiRlon' T @h Mt teGtbn! WhibIPR8&EREd il tht B@sebggasn rr&gb\aﬂg the poly-
renovi ng the polynanowi re, which is provi

nangaseVhigh 15/ eged vath & sRaserey whirhamrecessed latamn@sulaapé }ayetbpy
meﬂﬁ%ﬁ}%seﬁafctl('e?% Eﬁ)é AR} Wﬂ HhdWmo %tl\;lﬁ}r thﬁ@foﬁgﬁ:} bqﬁx be ﬁlled w1th the

nano-cavity t orrre can be fil'led wt e net al
metphiThisoptio mamkso &b soryttragtyoyif dretnanewireeonitdins: hidl-vV matenal After

all,ﬁg{}gﬁ%é al$ QIQ gg’sea o}‘ (leem nt%‘h%’ﬁ'f m \/ﬁé lﬁé ?I%Enttﬁ 1con.

§oare ¢ el emen orm a Opl ng
Phaspleoren tirséne from, fom examptidsP hoGabs cmlﬂcsmldlﬁfusfad(fmm fhemanowire

.. example, .In r GaAs.could be.diffused.f.romthe
‘m‘hzeﬁ‘ﬁ E%crrsg%ff Of &1 BREET [P IR ‘Sf"ocre?ﬁe%h“’éeﬁ‘? t"i’ & further
moﬂlﬁghtﬁh’m Wﬁlpﬁb'cﬂyStﬁnlaé ﬁ@tﬁﬁdreﬁh&frﬁlbﬁed ihto aahléhl{rfcbﬁfuctmty material by
fication, the ¢rystal]ine nanowre is
rea%wbwlé anqthgr &laéerﬁf)glhévs “Bhan fﬁyétﬁﬁlye ﬁ‘gf‘%‘f fay bggonverted into a
mefaf@héilOBy nkadioth n@mtpmride%h@.alu%lyc}yetamb 11108
poI ycrystalllne silicon AI{ be converted into a netal

sui ci de Afymensiapad kereinabewe. dhe dovisg injasgorianceayigh the invention may
als&%rﬂ(}frfsx %tsgltér{ngg Jﬁflﬂltécf:lg olﬁlAﬁah 3%t iR ﬂﬁgcﬁg rifd E@F&é?regkﬁe

device I n accordance e invention may a
cormuwpvr the @anpvars- Smhmetobnslntwehaseble thpmth&ﬁrs asraanpast ¢e a “nomal”

tranms?or t%gtstﬁé g)lfelﬁtor-ga%se iucntc %h mall er g %gnce?he associated
as
depcbamp aa;mdltztrme & srrmﬂr:mall, in dddans; tﬁhtohe elhittat cdnhecnon is sxtuated on the
col.l e égr-base unct |4on hg ng {9 su face an I’fl
lowepgde, it pemieap %tBT badygnd HFEEFT TnhOETT DY WEIS, ° Yriactn

modst gttt @Riqu,Rath dri@thRI the Bfe (TRPAGfIcH OBunh d;fs”slhgteai&ri iRt
the | ower side of the sem conduct or and hence can

conpertiogr Fesing impathenlas Ik Vaupewiseiedome rlﬁgollector the following

additional advantages are achieved. The collector-base capacitance is very low. The collector
can advantageously comprise a material having a large bandgap. In such a material, a higher,

critical electric field is possible, as a result of which the breakdown voltage may be much



10

15

20

25

30

technique, with or without the use of so-terned

"bunps”, instead of a wire connection. By using, in
w@anshtwéer, H -V nanowire to formthe col | ectBtT/IB2hE/052263

foll owi ng additional advantages are achi eved. The

col | ector-base capacitance issvery | ow. The collector

can advant ageously conprise a material having a |arge
highratleigap thel aasesefatrolestert o siligpn. Aaddvigghiaraccordanté with the invention
maih?&c&l e%ofr@ﬁ%edbotl’?tyﬁ'assgfgglkﬁumgﬁs ealg])[ég §rtjljﬁgrrel:o‘|§1%§94]aﬁctrantsls§)rs
wh@f:mahecmhittemtegmn (cbntsunh 8 QTIOWIrR, zthewa:lbs ane oA 0OY idacred trangiktors,

.course conprise both types of

the |
Wh??‘iﬁ@ 0?18?@ reg“’B Coglﬁ'éseéla TABYE™ normal " transi stors,

vvher ei n A hethedof eiuficd@ingh RedoatiGordelizs WthaGScm&%nductor
as one or nore jnverted transistors, wherein the

b°dé’dP W@&th&rbll?cgg B IS HPIEIed CaMALBBEAR @IS FR8IORGHDASE region and a

col RBOEcBfoh W) r@ﬂ)eéh»%ﬁma GRS duBtivifaYHE 8 sWohf céhductivity type
sem conductor body i n which a bipolar transistor is

opppgitntedheciivprondatiyity fyperandiths firsegpndvctivity bipsels chagpaserizash in
accgrdﬁ Hﬁﬁ-} Rt u{vglgtllo(?ﬂn ﬂ‘fat oh oskgﬁ’ecérh g@} and llgdt<§rsr£:%10ns 1S formed by

conduct T vi ty type, a second conductivit
medns of h@addwist th@d»amcglow istfprmbedpe rheasnrfactehzef tie seanconductor body by

con ut|V|t e harac rize ac
m"'%“ﬁegu {rf1 %haée‘f ‘%E“’P oﬁre"n(%f ' em‘rr?rtatng ﬁr?oor r%ﬁ‘?“ééi %’P“ed
undreegue bas rbgimfl ar tire derﬂnyormaansb@fy andanemitieeor doliectbrasgion formed
ion.is formed esurfae tf t he .sem conduct or
by 5 OE {Perhanpuirgs Pé°"|‘ ont gF PTdhs smicqngquctar gy i seh 2

waPfhat if€logTiudingl axddékidnal papéicul £ 16 Afe suffadeor Ned under
the base region_in the sem conductor body,  and the

em tt er Byrmeags phwuchp megigdondevaseria actoydaseiiyith gre inyeation is
realiBUBiA&l. i S provided on the surface of the

sém conduct or body in such a way that its |ongitudinal

axi s exteagsipeedsabdilinenteflaymetbod tieacearddnge &vithBhe meention, after

the ?ctrrrl%H?ﬁ%Pth%&@&gw% rggéftl gf gnsacﬁia{ gmat'ﬂg as\éﬂr%%oé Q?ormed a flat

invention is’rea a pre err
metghiegitn nelotallyfpravidast dmlie surfaae olthe sengieoniut for bdtky, which flat metal

reglog,gaq%:ﬁ n%ﬂinﬁgtf L8l 1&#0 %rogl%rqﬁlge ggtféﬂ rt'eglg ef gvh?cg?lﬁcer&noglre is

groth ahdmlﬁ@droplegmped ﬁethl&@@bh,}bnph@wrﬁeﬂoﬂﬁe tdmﬁc(ﬁidlnétaﬂla)dy, by
of hesmcond t or V\/gqc)hflat talb %{) d

e oL EHeREn OV GRS il e [N bfgpripined with the

exiftiR@ IO Rechadlbgy. Tohbdl tfct}ﬁl mepm §RpéBmBLORioHNEE bard iR matively
dr opl et - shaped net a?l on the surface of the

be @%‘iﬁ @@ﬁ%@t%@th%ﬂwomg, a‘?’fémﬁ\e ycq)lpadabpplationpf gypgtal
(coRp@fR§S- This nmethod can very suitably be combined

wi th the existing |IC technol ogy To locally forma

dr opl et Pedferpelsl, afisr thie foragitiom of l%ls @anpyireakaiéwirats wevigedywith a

spapg?]dlﬁ 9&1\1?91%;%% i tllc{;ﬁﬁatsg ?&am% }éé ?19 ’carI %{I fnogi'@fr% a s]blf Al Blfly’
maraket. én a ttherdbber medificatioo thetdod, thcammzvme provdaded withrtie spacer is buried
by Beans ofa %rst 1soEmng layer, after which the structure is planarized, thereby causing the
droplet-shaped metal region to be removed. This method is very suitable for the further
processing of the device in order to obtain a device which is ready for final assembly. The

undesirable, droplet-shaped metal region is removed automatically during said processing

and hence a separate process step is not required, which is advantageous of course.
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spacer. By virtue thereof, the base and emtter region
can be forned in a self-aligning manner. In a

wo 200608l06% nodi fication thereof, the nanow re prDIB20@&M52263
with the spacer is buried by neans of a first
isolating layer, after which ghe structure is
pl anarized, thereby causing the droplet-shaped netal
regi on tlo atferthes modiigation; p sonductidregiaon pélayges sgctiaip then ther

ol s GG LR S0 AR B G ey

secondlisshtizblagsr islappbld to- thh stpethreratdaprovided with apertuessexedding as far

ut omat i.cal ur i saj d..processi and_ hence )

os 8 bR RS bttt P sS R REER A0 Ba PeaPEnFer ot usine
coridstartnegatlsA afvieoduitstde For fimall ddscnitdy isrtaghi dbitidddl Iaddiion, the

conducti.ve region of |arger section thap the nanowre .
Congcty&s%arpmheye?dcswewea%gf%ﬁé&&ﬁb@é’&r ehinifeh aneires which
joiftfoRR NRWTiRer R ticafan¥ioeh & second isolating layer is

applied to the structure and provided with apertures.

ext endi AB aasryfaracixe mahog fay said dast-gentiered eparglfel piedifigetion, the

: . e an ¥ %

B A R R S B Y
reginsgnditd/outside the snash bameant. of etthmgdintthis metliddeby mrahsof bxidation
and GG e o 8 el CRBBE M SPo R PR A SuieF Gl taver
presdme cdnrterexicatiat; vielvad in prejeytiat, e fae hd the basetrbgion, fafier whiclda

| ast-nentioned, parallel. nodification, the napowi re .
congBe dBaT (RATRY e s i D mrropact thhp Sk Tabgs Hafio st fagion. In
thigasdnet veRecondyer desita pashtdradevHi @ ddibisdstal@hER gD bd ripddent

the mask by means, of etching. In this method, by neans
dengity ykh §&yi 1 RATSIEE crRaRtancenmwhich desuita e deyfeetrng a digher
velbGG! Phe GRdN 1BRrL URRHEEnLHhAnWiRGR: ProRétb@las Avdr@ ¥R the

présent can be extended, viewed in projection, as far
semjeondyetonlosy sp @gfoonakedhq ethenipgions of thaotmngistor gempapy tvo. | s

provided so as to be in contact with the side faces of

the base region. In this manner, a very conpact device

i s obtained which conbines a very high conmponent

density with ve nal.| rasitic capacitapces W ch

results T?Nﬁseaan é){i/ll}é{: BPREY Pﬁ%"' IVRIERTe igfp&a{)e@ | E?/r.n akﬂﬁ\él\vml be
elusidatd withieferahcedb tersibodBnadi(s) descritad bedemafter e

pr oj ect ‘id adg it were, on the sem conductor body so as

to make IS BIHBES r egi ons of the transistor conpact

too. Thase 1394 dﬁgﬁﬁfma@iﬁpﬁsis%e@tfonblhﬁe\b,rﬁtﬁ%hﬂzﬁ’n legfcEthe thickness

parent fromand will be elucidated with reference to

.ap ! . ) ) | .
dﬂ%ﬁ%naafi% amhHmeR)of dsemicPrBYIoR d W inpeeqrdanpe with ghe invention,
dr awi Ng¥igsHh throdghl 194 FagtArAgE bk, i h 0R8s-SRASAP VR, at right
view, at right angles to the thickness direction, of
anglas te Hisdbirknsse dirsction, 98 ke ombigs tidrA-Gen Tplan micwe hoddencef Fig. 1
A THEE R LU ety
methbg ht acaorghres with thhmverktionkness direction, or, like in

Figs. 14}1-’3;‘ 1 g:’is Zil (Ii]iagaragxlrn%ﬂc,\/(:ir()es\é\!’sec:ttP)Ielal%?evvsi/, a?riggt arlfiglgs' to:lfhe thickness
direction, of a second embodiment of a semiconductor device in accordance with the
mnvention,

Figs. 16 through 21 are diagrammatic, cross-sectional views, at right angles to
the thickness direction of Fig. 15, in successive stages of the manufacturing process by means

of a second embodiment of a method in accordance with the invention,
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i n successive stages of the manufacturing process by

means of a first enbodi nent of a nethod in accordance
woneaob/otoe | nvention, Fig. 15 is a diagramrati CPCT/IB2005/052263

cross-sectional view, at right angles to the thickness

direction, of a second enbodifrent of a sem conduct or

device in accordance with the invention, Figs. 16

t hr ough F2gs12m endﬂz;l@slmmmftsbertivelymsmrmebbib@imaﬂramismm

n to the thic rectjon of _Fi 1

nccigaftsciiin 8P FuelidiGnt Bt BhEt RER P SIS FERE P R B g
inveRal tEpalhr taan§1et©ﬂmdacecrf‘ﬂmbb methtthoiventiokidadd i n accor dance

with the in entl n, Figs. 22A and. 22B show,

respect iV} § nd Bl ngF’HE?I“ sl shii dhyagiatiomof the doping
coRERRANFANM e mlémeishﬁrebtmﬁere; {he RraAiflorGRbWE SPRIB B NYadOFik e B,

device shown in Fig. 15, and an inverted bipolar
respechiMlyst or in accordance with the invention, and Figs.

23A and H3R; régﬁm}d ols¥al Qﬂ s&H@dl}j%Béléﬁé 8 e)&f érgl%d for

dopi ng concenhtration in ness rection ter
clanlryeCoszpgnd:mgmeg@m)martn aﬁ-:| 1gd1022@;16b)amdan[§|o@ the22mBe hatching and the

res ectlvelg Th§ ures ,are not drawn to scal e, and
same refercpice nuinerals, whene 0S51bl

sore di frensi ons are e aggerated for clarity.

Correspondi ng regions or parts are indicated by neans

of the sanme hatching and the sane reference nunerals,

whenever possible. Fig. 1 is a diagranmatic

C r 0SS- s i1Gpaklia Ftaﬁiﬂnati@tcrdsis-@&iloﬂzﬂ Fieds at Bghit Afgleoakd @ ESEness

rection, of a first enbodi nent of a sem conductor

dlrea:élgp e afgst@&l?ﬁth@ptdgf aasemwﬁgfllg‘torﬂegﬁ% i & eQypprisipg a bipolar transistor

in @e&am@mﬁ. M fnDerdtidg. TH!:Vd%R}ch @G of a'llikeexgﬁple%mmségf(séeml 1a
exanpl e conpri ses (see Fig. a substrate 11, in IS

subgtsaie | hrin thig aseansptypesHicen Eiﬁlstr@t@,e)n vehticly |ayer-shaped p-type
sexﬁlé‘é/n%ctﬁh%gﬁﬁ gﬁ %&9&@? g\rﬁ%&%ﬁm Bse I gwn"ﬁot?tﬁe {rShsistor containing,

present, ase region of the transistor
in thisreasx; minirged crystal bf SiGedSe comtentiof epproxiystch] 2504t %) 486 haGeg a

ontent of .a 5 at. % and having. a
iR R b RRBLLR Bt s RertRi 8L P 20 gpriy covers
msslemmgndnmm here exgth@ lforﬂOot(ml‘-tbﬂn)e)d txavteinsulatisil) hWaicdh@re recessed in

f or m of o-terned trench
thejs RGP AC R bodi e A Byt s g dpciornay 8 AR gp the
reglR6¥0 detvesAs BRbMectr rédién $61he @RRKIKESOrOPRE YT e batd ﬂé@fbﬁd there is
bet ween,  t he regi ons 40 serves as a col | ector region

an gittepEegiop 4 id .tlsettanglstomhwbpméhls e WHPESGSEGIPAVDE %‘P] af aeIH -V

serﬁ1§orﬁﬁct@mn5t'é§£1 ha€ih @Rianeddr of Qﬁpr&flﬁﬂélysltoq{m Wﬂd Qngl‘th)f 100 nm.
his case, conprisSes a nanowre 30 of

Ar@@ms(%,lé sonitéer sagionpk Weteds a Brpo¢Yg, W thiis ahs@tOé mhmn dioxide, having a

wi(fs?lg P%H@q%%@ r1 é 81{1{] @uisn%h 1d@.‘f)h&p tthepfta é]rosga;%? reﬁx? ?(ﬂ g 5prov1dcd

ere C er
with aseetad filiside layen2 Id iswchi asi@latham sdg:ld%t \Mﬂdh kereés as a connection region

for %g r@?g( rlgglg)bgd"}lpeétge}ngﬁ?oi I%ngh g?e ge\S/?sgpga\%g&f: with a tﬁps? electrically
insulating layer 13, in this case of silicon dioxide.

On top thereof, a polycrystalline silicon connection region 15 for the emitter 1
is formed. Above said emitter connection region there is a second electrically insulating layer
14, in this case also of silicon dioxide. Above the emitter connection region 15 and the base
connection region 21, apertures are formed in the insulating layer(s) 13, 14, which are filled
with a conductive material 16, for example a metal such as aluminum or copper. The

substrate region 3 may of course also be a so-termed n-well formed in a p-type silicon
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with a netal suicide layer 21, such as platinum

sui ci de, which serves as a connection region for the
whame/o1we? on 2. The transistor forned so far iBCT/IB2005/052263

provided with a first electrically insulating |ayer

13, in this case of silicon dgoxide. On top thereof, a

pol ycrystallinc silicon connection region 15 for the
substrate tBe devics 10 ofrthr_s@xamble\rcel bamdndadtared m tbcmmenﬁridewribed
herrili’gel? hr%er:a%é gigﬁrﬁ% m80c¥j mg;lltlol %[)n!he al lolﬁla 0§d’all aeto \Ii\ylglg fhﬁ éXventlon

em tter Rigndecbughn Ma@rﬂnmaﬁcam dhd»hen baﬁ)es-mnmm tvied) at right

1 rtures ref the jnsul atin
angl g A fcine P Gieetiy oe T in Pt T4 Gt pla® Mbiatherdyise of Fe. |

in sﬁ'iﬁée@ﬁ{/@ét ﬁ%@ of he maB¥RbMAe Prod®k @5/ nfedfdofaSirad diiBoa e bf a
e substrate region 3 of course also be a

me%dﬂler%eelarﬁevvém the Byvaaipn; An g- tprpq gradg | § ofgpiicopdy ysad as the
starli *ﬂg P Qe Fig0f), InllaRi GBAMR, FsERNPR TR @Fstlhkfo‘ﬁ%dx'i‘de are
the manner deécrl bed herei nbel ow, by nmeans of a first
formad ot epataxialdfyea 2fhef Histt is then pewidedivodhinptrurtury by means of gas-
' Qg o b tis
pheilsggé%(# Osgfsd h%ﬁan fDélﬁgg’!’;‘ry%st&pg%b%ang eégs%{rén‘ép Ee‘glé%s 40 and
mohddrghtaibsesbetiv¢ea Gid dmsuladion rdgids. in Figs. 14-A-C, in a

of "t he NPT (1960 i dcBduing IR B e S

diogidb el proited Bfl nﬁaﬁ‘ﬁﬁifhﬂdhlb Bxa6ys16/CNAD e Chérhidalt Vidpor Deposition) on

i nyenti on. Fe substrate 11 of silicon is used
theiG¢ H@ers?toaémhﬁ@rq%ﬁ B0 i Browided gn topyof sgif] ingylaging layer.

subst r atige résiis Wyat 4008 phtRSHQAY inobf ﬁroltdrmrgréyhg Xl ig. 4),

are fornmed. An épitaxi aI | ayer 20 of
aftgs vehjghtbel ingilating layes is lgealiyrempyedrip gisopering isthn sesist layer 60 by

[ S [ I 4 [ I I :

el g S S B PR B A 0e0 5
proyiedvar thiseaselby msarsaf | wmrrzet@pno s} the&:ﬂuherq gandthng. (see

E: Igl CgZ]’NCFQPg(sc 151% ﬁt | Pﬁ fa %S%Fsg%’l Wlthh he r?mgtﬁ%%{ ﬁ{) iss removed, is
ap;fkmdirmllem,ovﬂb@pém mm:: ebdyek/ﬂpwhlcﬁ)emcmuited)oﬁ toprof tHeare Tt Geyer 60.

ore y.er 60 i,s ovid on top of
as il i o JoBRE) B BirresenEBhuy g e Jar g0, O
pat t er nekxbigedEighs), thk r@ﬁﬁhﬂF iphd GﬂﬂlamﬂMa)(e‘ﬁ ee isthétcdby, exposure
after which the |nsulat|ng er is locally renmoved
to hegle HpRIAR RgOssh a drrpletsbaned areayiro 60 fogmsb am gcgrased temperature.

In tﬁk%ﬁhrﬁ?e a%hmeqﬁuﬁﬁybYslllé’oﬁEHﬁLol{ze@’tﬁ&eln' n this case a
10 nmthick Au layer 70, is provided, in this case by

means ofSubssgesitly &tce &ig. 7drf Itanewre%(hlnt toi case ofaP s grown on the
Sldgqﬁer 0§ £¢ nfehik o 6§)g*as ?hAsE ogngx F)roggsgglﬁssglg p'rcgzew1 ih%lliré ﬁ-eshaped

resist layer rénove
mefreg®ndfl ig lnteed/&s it vegreras AGesnttiof whaohet is situagtdanh top of thp nafowire
30the resist layer 60. As a result, the Au layer 70 is
‘only present directly on the Si Ge |layer 20. Next (see
Fi g. 6) Satdheirs 3nfaims thg eprttdr refiort hef the! trhuiystdr td B fmed.

i o et SChEAGH (8 . ghe s rbhna pr B ol aa ey 50 ar
remloREPEY ﬁ%éﬂs%f etching and (see Fig. 9) a further photoresist layer 80 is provided over
the structure and patterned by means of photolithography. The superfluous parts of the
semiconductor layer 20 are subsequently removed by means of etching.

After the removal, (see Fig. 10), of the further resist layer 80, a thin insulating

layer is provided over the structure. This layer is subsequently largely removed again by
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In this exanple, a small quantity of silicon is

di ssol ved therein. Subsequently (see Fig. 7), a
wo2amemine 30, in this case of InP, is grown onP¢hB28)3652263

| ayer 20 by neans of a gas-phase growth process. In

sai d process, the droplet-shaped netal region 7 1 is

lifted as it were, as a result of which it is situated
mea of @pismfommcmmrﬁ@aiﬁmg p8ds themwiof, eviich éxgemd®t tigle angles to the
sur u%stglglrg élﬁ% b (?rgle télg ﬁaacer twh1 Slsusr}roglgrlr%st tﬁle ﬁgnogérre{g?dlg?xtt tﬁlg part of
the ipFtgp, aﬁyeﬂglabayﬁgxoﬁ Qo af SiGessitaed onhtyxdmamlmmahd bpaaey 22 is

and. (see Fi further hotoreS|st 0is .
profiley R4 ass Grived) dopig s bt st @by Hebliatigm 100.

phot ol i tSueggaaly (sctFez. IUP & midtdl Qler, Fad dxample df iR kel or platinum, is

sen1conductor | ayer 20 are subsequently renoved

apphechifer pmplectyi MYyns af spafteringe By €xpardre, lo haatdhisilgyer tEG?aCteéfW“h
the SQRicOMUCRE TayE£5, S4usln@¥Ghet8QilicRiel21ith bk RiHieat i ng | ayer

I's provided over thecstructure. This [layer is
subsequeé¥ext (se¢ Biggkd)ya ﬁ@hﬁ«éﬂcaagansulabya@amtsl 30 provided over the
0 |
strfd ré %hérxxgﬂgg%gg@mr%m& 4?% 1{?&9‘1@@ ?he SL ¢%etéxl;61§z{l %&’Jchamcal
Polmhm@) tsatatfrmd out hethsp:amﬁpleZa'lsoM‘lé divpsatHshapad dstal mlon 71 above the

nano $& ﬁ grttof the p-type,
nanloﬁ’)’fg éshrﬁB’é’&e 83 'OR aﬁﬁ‘ OGH's situated outside
nanow r @us&qaaﬂlyq@acﬁeg 12% alp‘élyfdf)@talldﬁdllwoﬁ Boredtionhiefion 15 is
pe) . dopi hg concentrati on

form?&awﬁﬁtl Alecsiralioepntagisacnmerite §0 e%%gfﬁaﬁh gas lf%fr lagratgimgnsions

thah 8M& hanolwife 30X BRPisicRibvedl mlt8ls case, BY ady Bﬂugm uh%@n@&ér @€ doped
for exanple by neans of sp utterin exposure to

poly 84 twhighip subisegpently pattemgd bé anoans of a%ﬁ@hgvmaebhwcqt@vng
| ayer 2 f
et (i TS B, TRpEha SHEFLHR, fodpiy RRr 1P RRcon dioxide
is plr@w@d n&aldsmpﬂ:nmgd@dr chamel $hepgt apagungs ere farfried whagh nuh tathe
anar I = m .
s111<"\)g ﬁagloncal gocr Egnnl%%tmn 136} §rr1 ?Ig e 1%hu§penﬁr%§ ?ﬁ%ﬁgﬂe% )\?’étrl‘}pal rg?tal 16,
mwhhsﬂuﬁmmnﬂbm@bpm=Shaped netal region 7 1 above the
nanow r .3 his planarization.s
Sibsequaii 1 sfets T sakof ulGar s SR e if b fispgfpetuing
pro€RE RELHIaR Nieve Bigd M AL Bhové thedtaRAhmitbeEspeh®ab Fig 8] Fiy. 14B shows
contacts the nanOMAre 30 and which has |arger |atera

the gtage that erespandhtodis-d Onaiddiae + ¢ Cadows thedfipad) siagsi t%éane%pﬁnds to

Figt hi s case, by applying a uni form | ayer of doped poly
Si, which is subsequently patterned by neans of
phot ol i tHiddP aphjiagragmatie piopgsecprhVicy, atgteht mgles ta jhe thickness

dlregﬁ&Q I’(l) a(;s‘éc%ﬁ{l Hnﬁ@cl&!nént o?ﬁ gérﬂltcbﬁ](glclo?ﬁg\;lcé% algéorédnlcé Qvﬂﬂ the

e I'S provi sal d I nsul at
invgrtmnnBliis xmaqoedmmdscllf-lhgsnwmbddonaﬁ af Whlpohll' npmtrartslstdn avhose
0.t he connect.i

stru\xﬁlrec 'If,loqreeséc%lelt S ?aé%e%ét]é tﬁl%q OF f éranm%tﬂr S Or“rvélt%? glgeg %Ihar%ds denoted
by thk wirhétefierexice @OMPRLs. will not be separately discussed here. A first difference
relates to the structure of the collector region 3 which, in this case, contains a highly doped
region 3B and a lightly doped part 3A situated above said region 3B. This structure can also
be advantageously applied in the device 10 of the first example. The most important
differences relate to the fact that a part of the silicon/SiGe semiconductor body 12 adjacent to

the nanowire 30 provided with the spacer 22 has been removed by means of etching. At the

locations in question, the semiconductor body 12 is provided with thinner insulation regions
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Fig. 14 shows, for the sake of conpl eteness, a few
stages in the manufacturing process in a plan view.
wa-2@6/01469 shows t he stage that corresponds to HTIB2605/052263
Fig. 14B shows the stage that corresponds to Fig. 10,
and Fig. 14C shows the (finalj) stage that corresponds
to Fig. 1. Fig. 15 is a diagrammtic cross-sectional
41, wihdoky, arafornnb@hy mengl of svet thetng ok idhttdm ddsvalsardethtnnenipsuddtioa
a. sem conduct or. devi.ce. |
reE Bt SR BRI IS FRIBACTOR ey e EEniely, daped
polﬁcﬁ’&s‘talﬁﬂld @idondayRaiden] iwhiit sebks & abd:(ﬁmb(afonmﬁmort sfaRSbtE QF Besides
whose structure corresponds | ar o th of the |
selfrgligning o srembediment 1§ Vﬁﬁygconfpactﬁ%% é é‘ﬁ%a%éﬂfo‘f’% Eorﬁlﬁtlon ofa
trarkﬁﬁ)rmnreﬁflﬁérqr&ﬁl RLAEE 3 ger\ﬁuhlbeﬂqtnaﬁ&vﬁﬁg@r RLBEVIS, only one
di scussed here. irs ference relates to the
such mAREYiTfris shypvy ﬁéiso’éllﬂmé é@rb@f coBigE k5o Be pvaptagequplyapplied in a
devi $ar AR&R &4 h&BLnfidr 1 ABIb
ed%§§§°ﬁ§9%ﬂ%% ?%uated gbve §a? sggﬁfgn tﬁ b 568
onlg bnaigrt omr the ccamraysdaﬂger muvhen oé:géxmhlhlynaapw rcse?d) iChe detvece 10 of

The nost i nporta
this aex]aﬁnglr% SA ge mralélll a(t‘t%refl %cﬁg% Igg mginer, élSlél rats[c‘?(;ofnd e g)odlment ofa
nwﬁmﬂmtﬂﬁéﬁm&%\@enmeﬁndumhor body 12 adjacent to the

nanowi r e..30. pr.ovi the s acer 22 has. been .
Femoved 15 NolReT affdivbrmmalt TR 1ogete] RN hrieht angles o

the @M ElGHeksUirecidit of @BTde@BSOIiQr1 58 ewccas%lde%ta@émtw@dawﬁdmrm g
thinner insulation re i ons4l, which are forned

progess By mepns,@fta se¢nd gEbodenLef] adﬁeth%lg\p@cggqn&e fvpfpﬁlﬁetpventlon

Imt'lanl§ Uth R EB RO cesh necoﬁa&%dflaqressa&te VJal;}eas Qé’s%ﬁbefd%b@é‘wnh
are in direct contact wth a hl

i ghl'y doped
resmr ipahe/Ersaenample asidiap dispuspesywith e Eitcobhuegh s
connect n, af e
sel f-al Ibgeglt sgtgt 1@ ar%_)ll%}% &pﬁgeﬁltoa?rg %@Z&Flgl (ig%]?%%t shaped r{%glon 71, a
spaeertZt‘Zelﬂdisyussezd Wil tederéroe t¢ Fig. tosiatmedn of a tr anS| st or
, \rl]maf,]gwa? ggg‘s;tﬁﬁgriﬁlﬁ](ﬁ‘%g'&’;}gf g‘?lét: 19% 18%%{1];0 K removed around the
nandh@ano pil'cfvllcﬁsdwat‘li tatfpacar22diy meas sfetellisg® Sstequently, an Sl—

advant age a i ed i .devi ce ris
coi S AL RIBE SopicoRPGr e 315 Brioves o i ThenS ehifng to
bey@ﬁmeljmﬁo@%tweame?ansm 3B thOMIkedbly3. a | arger
nunber of individ nanowi res 30. The device 10 of

this exaifpl eoekig bb. hamsrlatenuiegtens Al.rRers Brpetipgeans of a wet

the TR D& datidtSir0&s@ 1§ SRRV %@thﬁ%cc@i nd- d@?&hﬁglohﬁhave a higher
accordance with the invention. gs. hr ou

oxidationdita draammex p er Wrtﬁg@ns@@tammhlof wh@hshe laeulfrtiogh@glon 42 formed,

wh%ﬂ g!)\?eiqstthg ﬂ'éutx]% otf@ﬁe%geefﬁ gllu{n%xc %19 Pﬁ: 11(Psfulatt19$ %t?o\{ll ﬁesgggted at the

n successi ve 'stages o0
botmm@fehcsgxbyvmaned mfthcasesemduictefmmdgh ment of a method in
accor dange Initial

mant actirhyeprbleee HE Tohriaietdie PR orvie (lfee sheyt negiod o

timé &S@fvbtb@ﬂrrﬁ?&oweh Phokéks F@SR6H dio@.xdehﬁ isfdchigtedtkand Qirfaedof the
as di scussed with reference to Fi 2 throu%h 8. Next

senpeqndugtpigbodydy is expgRRd PN the Hawts ﬂ@cbaw fegion
dropl et \&haRedFize)ONpoiorysialline p-type Si layer 150 is provided over the

resultant structure, thereby forming a connection region for the base 2. For this purpose, use
can be made of, for example, CVD. To form the connection region for the base 2 on the side

walls of the base 2, use can alternatively be made of a selective epitaxial growth process.
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spacer 22 as discussed with reference to Fig. 10 is
fornmed. Subsequently (see Fig. 17), the SiGe |ayer 20

wo s00entiosel y renoved around the nanowi re 30 previ/B2005/052263
with the spacer 22 by neans of etching. Subsequently,
an Sicontaining part of the gem conductor body 12 is
renoved, al so by neans of etching, to beyond the
juncti orNeIsedsweEaig e ﬁnatttlsctﬁo@lly&Butaﬁng hle!elt:kﬁl ils emvtded&fter

/ t
wh%ﬁﬁlﬁ%&%g S ﬁl%,sc %séd wnﬁ fesPeH: ?% OXI ? gr% carrrfgg é’gtg res?ltmg in
the gendée showatin Bigl tihit i on process, n+doped regl ons have a
hi gher tion te than n- ions, as a
Feaut SHenai i 18 sttt eegmlbpda Ressonty o
accGﬂH&reSmfmﬁe foiveition a8l cbh@phHRmey (8.thd deviddisReved int FaN 5t Rl an
insulation region 4 1 situated at the bottomo t he

mvgrreéchnplarrdfaﬁ@m i aceradanssivat fFUBYHE OB Bidlieh ilystrates a third
exe ﬁ&fnlant (see Fig. 19), subjecting the device 10
r a short period of tine to a wet-chemnical etch
pr ocess Themosi inipegantdifforénte betimeen spidibyy teansigtorhuglatasfiethe fact

tha 5 t})ﬁ fa?t}gftran&llg{%r %ﬁ%rgﬁtgg%é ?gl gllp g ﬂ%?gi%ﬁélir% El? gegxgl%g?cgl@ of body 12,

bet@&)n thalr?pmhtymgrlyglbad 44, B¢, qmdttl)qn éheSiollbaagratgids 0 compyires ticdmdowire
t

30 E¥Rb 1 g TG Bp BHoreacsh Sk bigotaf fnstshirEhay ftasam

dinléfosaind Refer@d dogihg cometntexianpl e, CVD. To formthe
connecti_on reglon for. the base 2 on the side walls. of
the bas&8; 25andHP %eﬁgréwmfw@&syowwaéﬂmOféhe doping

con%@du%%ﬁ NS iaRhd BickAdss 8fr8Moh dFHORE BansNedriof (B8R ctivedy, FAL22A and
first electrically insulating layer 13 is provi ded,

Flga$2¢1?e mn giid Bigutehahpyatons sceians pe tadisaterskyearcatis of thesape eqference

s

notbegpdisussed hyreinkefor: he rdglqndr lama)t beafesnet iorth¢ manowire 30 or in the
accard ntJ g [ to.t

sub&acenq 1% ﬁle SCmICO%Hl tor ‘%ggy % %%?Orl]l\clgl %319«%: p18 lrt]lgersegncogguctor

bodyrlanElgs:tm clbdﬂﬁ;hows dante nmdxhretiﬁ)efommug rttei cotieatdri ot the inverted

illustrates a third odi ment e t
bippla SR LS alor <BPRfts RIEPLLEHY SR TR A AR Sy gver-doped
porfiéd fbEordeds bh@ebaget2.t hat, in the latter transi st or,

the emtter region 1 is situated wthin

sem condiie iyEnERId natzllm%eette\é@r?xmela{yr@%ﬁrogtm%s deseritsd derein,
and@ithift the s@% of Iﬂﬁ:tm'i'el?lﬁoﬁ ﬁahﬁ%r&hoﬁseﬁlﬁ%bc@ﬁ&aﬂﬂﬂsr dr8 Bsssiblt&o those

_hanow re formed on the surface. Furthernore, these
skllﬂqﬂon Hhepst. B@r examplsi e @rventiensan e ppRlicd met ofllverasbipplar dayige but

o BRI RO S F RSy S0
Intezgmtcrie@trmu) |1Ehe imvenpon cantaﬂﬂ@ behpplicdgs $N&i trapsistorsn Besidag ACs, the
mvenl?lon can Qes allpsp 1€ 1screte(:e g%elcar rgnes¥s¥drs Fig. 22A and

It is further noted that instead of STI insulation regions, insulation regions can
be applied which are obtained by means of the LOCOS (= Local Oxidation Of Silicon)
technique. A larger number of nanowires may alternatively be linearly juxtaposed with a
small interspace. In this manner, a nanoplane is quasi obtained. If the formed nanowires unite
during the formation process, even a true nanoplane is obtained, which extends

perpendicularly to the surface of the semiconductor body. Besides a mixed crystal of Si-Ge
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Fig. 22B. In said Figures, the various regions are
i ndi cated by neans of the sane reference nunerals as
WO m0okiogLoe®2. The regions TI, T2 formlightly de@EDB2005/052263
junction regions, which have not been di scussed
herei nbefore. The region Tl gy be formed in the
nanowi re 30 or in the subjacent part of the
for Eherhfas:eo aldel other mixed yrydtals cainbe adghiageoni@y iuseds sichat adhikad crystal of
S hg sen%w?nductor body 12. Fig. 23B clearly shows that
1apf & P PUE'r e 30 forming the col lector 3 of the
| nver t e\ floph aethod PNJccbidamsi vittothe irvenuni 15@@1@5 thbd hiany
ghly doped portion a d a thicker

d :
Va“ﬁB?ftS@BH mekliicafigs e RosoRle Fr cpamleghe lﬂ%@ﬁ Wsﬁ?%?f thgemitter
regﬁmna&lam&@ﬁiveﬁpbé REMEXSRERS Y f SO BRIk MRS FhloISIhS the

herein, and within the scope of the invention nmany
nangwirs and pries tefHing W rfanecaimtbwsthar@etﬂo@sthv@ |casey tre fpghpd is carried
out ﬁé(follhgg dffgr {h@% £EL has %Q% ]‘rﬁgﬁjz;r&nncf tﬁ@ n% doWAHaL §a%a919&1rp €an be
I'ed not y in a 0 device but also in
renBvc(cr:)Al\jmbt(on can p«zw he fc(rmcdrpy deerample) diffusiah fiori e gas phase or

o AT out< R B Rh B g A i s e
nanBe gt ased Gsly td define meantaﬂlmmmarsuﬁeceappl ied to discret e ,
blpolar tr nsi st or further .note I nst
ot PoT1 Fieflial BoRien S dhes SRS TATTN &0 e B regepn may
be BRI mwa@ﬁar%f&h@ﬁ&nawne drHeye for 2iR$hi® hpplietid s B erhi— layer-
Local Oxidation O Silicon) technique. A |arger nunmber

shapgyd rgginpwis te Be i#ksn macap gaplicitd) 3/1apd- Slhﬁwééfqawr%éada‘w&s

prolblin@. $HRNAridiRbEES R@GBonal RiviafiaesTBROSS the 8dVARA ?&l 13fgs to the
I's quasi obtained. If the formed nanow res un

factghatj inguethecdserihiaepsiat phelknossa difisteapmateripl fer tha parp Phthe bpss

regBP tb?lhi@ﬁ ?n1¥\421|0% it 'ilﬁﬂqgr C}Hce Btaggggggltlgerﬂmﬁa }ee 10%:1))@/&&1? {h%C e

confiectiGe fragiont tﬂnaebﬁns éqrmaﬂ s’ﬂlecstriaﬁ ﬂatmakchdlensng«stoé thee paambéwlt part of

dvant.ageous| suc CrY
the B BOEIPERAE oty T8 PO e B e BRE
differd \f@ini ihatofithe Sepfitondsctdrtaidy Iiﬁithy)sanafbt aiid oG th‘isndiewatlon causes

nodi fj cati ons ar ssi bl e or t he . h|
fewoigatlear s B de BlapTeRy S deliels Ry ot BTt Gy Haped
panf&Ttﬁ@@as@}’egmaafﬁlcﬁftheﬂ%ﬁntﬁﬁl@ﬁ %a@&m WeicRlb@sted @gsomaﬁot af all, from
the nanowire and prior to filling the nanocaV|t with

thatzf iy sgmicopduqter; body, 483y, be ere kAo ECQmPRalech Souhecion region

wmﬁthv@\eﬁmlcaéohﬁacu&h@oémcer has been formed around the
nanowi re, said nanow re can be renoved. A junction can
now be formed by, for exanple, diffusion fromthe gas
phase or from another diffusion source, such as
phosphor glass or polysilicon. In this case, the
nanowire is used only to define the small emtter
surface. Finally, it is noted that, in an attractive
variant, a part of the base region may be formed so as
to be part of the nanowire. Therefore, in this
application, the term"l| ayershaped
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region" is to be taken to nean explicitly a
| ayer - shaped area provided with a protuberance. This
wo 20bantedf f ers addi ti onal advant ages. One of PEBRIB2005/052263
advantages relates to the fact that, in such a case,
it is easier to choose a diffigrent material for the
part of the base region bordering on the emtter than
CLADMSt he other part of the base region wherein the
connection region thereof is fornmed. The snmall | ateral
di mensi ons of the protuberant part of the base region
ensure that, if a sem conductor material having a
lattice constant which differs fromthat of the
sem conductor body is chosen for said part, this
devi ati on causes fewer problens, such as the
1. devel opnﬂemmafnddabxeddv&e (BBsonhpssmg heemieomiuptionbgdy (12) with a

bipglY Fas T o A PR AR G oteebo el EiF Rogion 1, 2,3)

of, Bdspectilélp M firbEdondictib 1 ryped eostdlohdictivigpe ﬁﬁyosbemmaé @rst
sultable to accomodat e, a connecti on rdel gi on

h
conlgiva RS, B OTT GRIEGH A EPeceRagtsrizad Tahat one (1) 35 o the

emftt%ﬂbl%ﬂgd’!&tr@%wﬁ’se(\{ DeconbPlesGAIREWRE (10), ahSBITE i:‘égnﬂht(gj 8 formed at
body (12) w gol ar transistor conprising

the equcp @f theégm@ﬁndtat% 8dy (1ahhomea@La layst- Ff@e@cbiegwe&%nthe other
[
ond b, 3 P enler BRI (| D L e PNE bRy (12
below tidhubebd mgtoy (2),1@:51 thapatitteher dollestor weiod (&t3) omprisingyde nanowire
(302 gﬁ{roavcié nztﬁe surﬂc r:?ﬁle %]melccgn%uctgx)s l%(gc{y (tlé} in gl!{@ht trg{ g that the
ongihelnb:ihS)es ﬂﬁg!oﬁé\xtérﬂi)s pepefdicuiaty tatthd dmfawmﬁth@sz:nnéomtlﬂor body.
sem conduct or body (12) by neans of a |ayer-shaped
region (20), the other one (3, 1) of the emtter or
2. col | ect Q’[sefnﬁgd'nﬂﬁ&o{dewo%)(l(i)%sEﬁhﬁ&ﬂmic[hlﬁlh@characterized in that the
sem conduct or body (12) bel ow the base region ((%),, and
basg FREIQf2) EURPIESES %rbmﬁé@ﬁ ayqrééq)aﬁntemmgsﬁ)m@sﬁ%ﬁwtgh gilicpp and
re (30) is provided on the surface of the
gerRBRHAWM
sem conductor body (12) in such a manner that the
| ongi tudi nal axis thereof extends perpendicularly to
3. the sur d@?e?m% B&Sr &%59]?8?03%98& C(Piggy 1m% r’lé charactcrlzed in that
sem conduct or ev ce as clainme
the mhmvact (80) iz éatmied by meeang dfescloctse apdgiyon (2) corrprl ses an
epitaxi al layer (20) containing a m xed crystal of
silicon and germanium 3. A sem conductor device (10)
4. as cl ai resknicomghabndelicen1®,as claanabmemmedz bn3,tchaticteived in
n%novvi re (gﬁ%) is forned. bX nmeans lseI ective epitaxy.
thayyhe pangsised SROEPEF S AROTIGIUERY BAHA o) med i n cl ai m 1
2 or 3, characterized in that the nanovvi re (30)
conpri ses a sem conductor nateri sem conduct

5. devi ce (A epmigandpetar dayieei(H0)@s ﬁlafﬁ“ﬁl méf?éfflé’e?l@chﬁeé‘&eq n that the
nar#g/t@rgr(%(gﬁoﬂﬁﬂﬁé"arlﬁ ¥ 3icGRITBGE sG&ridy. | | 1 -V sem conduct or

6. A semiconductor device (10) as claimed in claim 3, 4 or 5, characterized in
that the emitter region (1) is formed by means of out-diffusion in the base region of doping

atoms present in the nanowire (30).



6. A sem conductor device (10) as clained in claim 3,
4 or 5, characterized in that the emtter region (1)
wo g00bo1wed by neans of out-diffusion in the baBer/B2go0$2263
of doping atons present in the nanowire (30).7. A
sem conduct or device (10) asglainmed in any one of the
precedi ng clainms, characterized in that the nanow re
7. (30) i s Apsemicohddcton deavica (B as elainfe@dh anyaont ¢fliee praseding claims,
reqi.on, . i.s formed .as t.o be self-alibgnin ith .
ehap G b RGP oy T S i e R pEnE bl apeion @
is férad} so 8s tofbeSelfaligitgl 6/ith resfet ke aaddhwirs30) mbvidet with thieyspacer
one of the preceding clains, characterized in that the
Rnitter region (1) conprises the nanowire (30). 9. A
sem conductor device (10) as clainmed in claimS8,
characterized in that the emtter region (&%ﬁconprises
8. a | ar ge Antpbeandygtosdayiceat Q) ap glabugdria any o) ofiporieceding claims,
1LONS, [ ch - : of the
e B Y by reans
of a conductor (15, 16). 10. A sem conductor device
(10) as ,clai.ned in an f i h .
9. that act dr 1P s EPee P a8 ki i oy SO iy tha he
emitef @kion 11). cofpsiedyi aClarpd moinber cdaefiacate (abOviras(30) athoeecnd portions,

f. clai th h 7, ch i.zed in that
iR Bk 17 1 (o O S TR FUZh iy pcByeted by
mednd.of AcRic@PIBuUcE0r device (10) as clainmed in any one

of the preceding clains, characterized in that the
dopi ng concentration or the conposition of the

10.mat erialy %i&&ﬁu&@f‘@é’vﬁef{% 639 L 1afhaind %ﬁ)i gﬁb $Afhﬂ“aims 1 through 3,

a
| ongi tudi nal direction of 'said wire. .
chagastrrigeshigilat dhe npaovee (101 09mpréseep gictd i n any one of the
precedi ng clainms, characterized in that the
| ayer - shaped base region (2) has a protuberance that
11.f or s pak senoéondhetondavoei(t® af 8B)metldn apy pmxt dfcdhims 1 through 7,

manuf act yy i a,sem condugct or device (1 it h a
chefRIHBE i B B A8 R Rl M U0ansi st or

is formed conprising an emtter region, a base region

and a cal |l ector, region , 2,.3)..0f, res tively, .
2870 st Canapmmrgr iy e 10as Ehisith 1 ot 7R bt hims.
chaPRRSSEd B thA tRdWplrg hcn@REHCIritNd doynpo¥ifien ofhe niakgiafl o fthé

conductivity ty characterized in that one (1, 3) of

e
naqOW@eé}H)tcbfagGSamg%bmg'é%w dirgsgiPB AESPAWIrS) s fornmed by
means of a nanowire (30), the base region (2) is
formed at the surface of the sem conductor body (12)
13.py nmeand\ gimigpnidygter deyicgd &) as lgirend ip a0y ong ¢feheprigeqdingrrdaims,
. ¢ L . .
chafscriag R BB b BleaBR (G0t O ML 4 FRLRERnt s Tl of
the maabywifel(2)), and the emtter or collector region (1, 3)
formed by neans of the nanowire (30) is provided on
t he

14. A method of manufacturing a semiconductor device (10) with a semiconductor
body (12) in which a bipolar transistor is formed comprising an emitter region, a base region
and a collector region (1, 2, 3) of, respectively, a first conductivity type, a second
conductivity type opposite to the first conductivity type, and the first conductivity type,
characterized in that one (1, 3) of the emitter and collector regions (1, 3) is formed by means
of a nanowire (30), the base region (2) is formed at the surface of the semiconductor body

(12) by means of a layer-shaped region (20), the other one (3, 1) of the emitter and collector
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30

surface of the sem conductor body (12) in such a way
that its longitudinal axis extends perpendicularly to

wo bwspurntace. 15. A nethod as cl ai nmed i n cl ai "lPABIB2005/052263
characterized in that after the formation of the
| ayer - shaped regi on (20) by npgans of which the base
region (2) is fornmed on the surface of the

regﬁ)ﬁm'lc B)d ierined ubdea yhe(b'hﬁc) regnf(R)ih tiedemicondgitarbody 0)2)) ad the

caII rOV|de fter .ting, fo into.
e cale APt et mforist Phineqn o] tHegpaay oL Prataded on the
surfA8efheé genlidihtudtsr EHAQ\WD)UR sesh oty ol @igitaiagesisaieals
qg)glon (71), on the surface of the sem conductor body
perp

iculagly tobg swrfase- 3 gas- phase growth process. 16. A
nmet hod as clained in claim15, characterized in that
after the formation of the nanowire (30), said wire is
15.pr ovi ded methpd 8s dpmedin ¢laip) 14 glxarac;&prrmd Hodatzadter thifereation of

e MBS APon ERREOSLEEL S b B L5, LRSI g
of the sestticarglodtart bady (122y=eflat(rig3l,regibn €10) wﬂoaaliy pheidetd rWhId:h,I after
anari zed e causin shape
meltfe SpAF B §opietepE el sBis 2D e VAR SHRRE G0) s erown
undét ehic AESHldt-Bhapled inftal Ye,glcﬁlf(a[)éwﬁ étfci seskeiof tHehb@inicdnductor body (30),
conductive region (15) of larger section than the
by REHS WA Péas(@@fe FOWHRIRERTS-on the exposed end portion of

the nanowire (30), after which a second isolating

| ayer (14) is applied to the structure and provided
6.wi t h apdynethedasslaipgd ihejaigs 15, gharaederizqg ihthateafiep fie dprmation of

the Q%)own%f(‘s@)f sa\M”w?Q ﬂ?&lg&f‘\gﬂﬁg'sffa%e{ §j on (15) and the

apertures are I'ed using a conductive material (16).
19. A nethod as clainmed in claim 16, characterized in

17.that, ugy fAgb §s ﬁ&%}ﬁ"‘u{ ?la&x??% chdr é{ér%éi’sv‘fg&ggé F%&?@%Q?@

(22) as a nmms
pro(ziﬂ@c) with thﬁa;bamér (:212) Sltﬂiaedl bﬁrrmkgf aa‘md msk&dgﬂayef aBmattrewhich the

strudcis P Rty Sros ST NeriEonlic Bttt Eiom {11 TR A emoved.

means of oxidation and etching, the side faces of the

base region (2) are exposed,_and a surface insylation
8.r egi on %4 o5thpd %széﬁfmS & elgims by éaara%?rgwéal Pat RFgfedive ggion
(15?§f 1h&er @én&hﬁamé ﬁaﬁ&@fcqnn(@ }orméd bh ﬁleaa%ﬁd)s%ﬂ @Ad Pdrtién of the
ur

t her insul ation reglon( , after
nangwie (04 afier Whigha s¢cpgdysojaging ﬂqyﬂ déhis applid to Bleﬁéfu‘Fter and

proglﬁga @ﬁﬁ aﬂﬂéralrbste;?f%ncﬁhg &s fa?gseﬁic Bgsetrggqorp@,eaft%teghfeﬂ tl{ezc)onductlve

region (15) and the apertures are filled using a conductive material (16).

19. A method as claimed in claim 16, characterized in that, using the nanowire
(30) provided with the spacer (22) as a mask, the part of the layer-shaped region (20) situated

outside the mask, and used to form the base region (2), is removed by etching.

20. A method as claimed in claim 19, characterized in that, by means of oxidation
and etching, the side faces of the base region (2) are exposed, and a surface insulation region
(40) present is extended, viewed in projection, as far as the base region (2) by the addition of
a further insulation region (41), after which a conductive layer (150) is provided so as to be in

contact with the side faces of the base region (2).



