;gqre3ey Ug\ @ 6TBL #A~ WD 02/01i 182(1 PCT/GBOL/OSl .19 1 ' The present @ .
invention relates to bipolar transistors, and nore particularly to a

silicon ggig@iichan(Site) bipolar transistor which 5 inclugeg@gdiodfib! ¥
doped Si collector region and a Site base region that include carbon, C
continuously incorporated throughout thé collector and Site base regions. A

met hod of continuously incorporating Cinto the lightly dOpeiI'lﬁMllﬁlmumwﬁg

region and Site base region of a Site bipolar transistor is
herein. The termSite i s 4sedoeERiANIbR sEBoRENkStklrdi£ ON- ger neniugal | oys,
i.e., Sil_xGex. Significant growh in both high-frequency wired and

w reless markets has introduced new opportunities where conpound

* seni conduct or sTheypresgst Sinventigpperaidicgt dcabinmeagesnsiorpulddcmnsl enent ary

met al oxigdetiliseny conduGh 0o GMIRNi i Cl3Ned )0 GYpoldkt brddiestapipiadvancenent
of . epi t axjghzhayer; ﬁg@&gd%géa)@ cco'illte@taieaggmw R QL8RS 88Se r@wna&éu base

Site het er oj uncti on ar_transj stors have been integr

hi mst T e PO B EPROVES SABCATB RN E T GPORT 58 M RET oS o CahAE TR B di ng
t he advarfiggessef r&iiest edéhniregyed gertdmabey vairroRPoRdtiagdi € iptedtibke 20

mai nt ai ninghthe abpdd stt édiizeddropedifont el advanasd Gy echrmbogipbase for

digi tal '&Qh&s‘%‘o&%‘é LYo aPklfoR8LRLALMNGLE AR i Polal s LiaRSiSEYL (devices are
r gla0|ng silic ol ar uncé on devices, ag the primary elenent in all .

| og 25deé.’BbT ﬁfgi‘ §?rr9§ PYSor ot 'aPt**SFte heteroj unction bi pol ar

transistor is shown in FIG 1. Specifically, the prior art heterojunction
bi pol ar transisigalfidagat ugestiannndotSuhoM-kEeeqRhcy apMeed Hhahawtengs A mhayeads of

n- Si cold&CA ol ne&loggglta{mgpfg%d)mgr%gb%oagd fs%mdhbe&%ogﬁ ch'BE
transi stor, further JI’ICUES + B‘f e region for%ﬁ iont e lightly

doped Si BFecHtiSettier aBFl ge@%veﬁo BTy 4ncl udes n+ Si
ehf tter regierrdistendCehetepuerledns er’Fé“I tere rhasd advarstereode£18 which are
separ at eceditamadinBayy ps@idon@Phod dige Spdoestidf. pfdteb s, Obp Bkl 4B bakegi on 16

is an emd; @rh@e@gfmqgon?—%1p&%r%f§?is@£to@%olbalv%”b¥\4$ ntpéd}gl:@ri w§l:lrxe
transistors of presenc

i o ocat | ST TsNety Pret T e fRnRtE a6F Tk o oiire, ugyiains

di sl ocat i BssadvemEpgehet WBEA tardneidvetrrorntiyi ard RRdotdseierd whike regi on,
bepol ar pigieraigg, tUsEfushat 1S zatoi pf Rinpeadhacés CAO® t@cAR)IRYy Warkdfor
detract orgige S tlggpé ReLal;tt-gchnol ogy. 40 WO U2/ UC182(1 PCT/ GB(11/081~9 2
In the prlor art, is known to incorporate carbon into a bipol ar
structure so as to forma carbon | ayer over the base in the Site region
only. Such a stifgcheheaolwics owhiPelar| Gapshpierefiel icef erencerisgimg ailldpn
denot es tHigola0incEichofediayeras Tid $ridr9r eBkent eimhaiyueavdy ch forms a C 5

| ayer ovefphhe.dase. iR thecsl tpglslegﬂrenslrc;%smtte%j&c@l&arbagwﬁa\sfan%gm by

legt’jr[e){ Iengl nl HUSI OnE‘ %f t %pl&cn}trlcgfly, phaS%r{oe ! ot heIeroguncglon b:ILpSQlShown for
transistor includes an n+ subcollector layer 10 having a layer of n- Si

collector (i.e., lightly doped) region 12 formed thereon. The transistor
further includes p+ SiGe base region 14 formed on the lightly doped Si

30 collector region. One portion of base region 14 includes n+ Si emitter
region 16 and other portions include base electrodes 18 which are
separated from the emitter region by spaces 20. On top of emitter region

16 is an emitter electrode 22.

35 A major problem with bipolar SiGe transistors of the type
illustrated in FIG 1 is the presence of dislocations between the collector
and emitter regions. When these dislocations extend between the collector
region and the emitter region, bipolar pipe, e.g., CE, shorts occur; Pipe

shorts are a major yield detractor in SiGe bipolar technology.
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Carbon incorporation is typically enployed in the prior art to 10 prevent
the out-diffusion of boron into the base region. For exanple, it is known
that the {63 kf\s% enhanced diffusion of boron is strongl Y Assed in a
carbon-ric Icon | ayer, See H J. Osten, et al., "Carbon Doped Slte

Het erj uncti on Bi pol ar Transistors for Hizgh Fr equency Appl i cati ons”

| EEEBTCM 7.1, 109. Boron diffusion in silicon occurs via 15 an i ntersti tial
mechani smand is proportional to the concentration of silicon self-
interstitials. Diffusion o rbo qQut . of o] i gl n ses an
under sat urati df 5f° SFFFY confc’s JIat f o nng‘?'%tt%t lgﬁ@pgﬁg Qarli)oghlrItg %12) g?%?ﬂm on
of bor on StHUEthESest 8§i BhEOFE & GPHBsSRET PELpFise PBes rf@‘ Elb"'f élf% *&HPPt ess t he

*di f fusi oronof. bososh at At mucprrorisasiownreith@dc whiwbér<ld fefiemend® gyearat hed base in

tﬂe gl telcfeggil,éy] £081 9k ol a&%%fflfa%ﬁl V@hisnﬁfﬁﬁuﬁrtﬂgeﬁhﬁ%uﬁ hatits . £drfis e ew Of .
t he bi pol_ar orts broble ntio e QAatsiR nee
for the dlé"ygg pment_t %’ é)lgvxf}éegg e pr \r}gldrrrse?% o r[a%rb?a rsfgcat}:n%gl te
bi pol ar thtafsyisgof S fufiigthiog hthf éP%&F’r%ﬁéS%éﬁ%‘%}h t’FFé‘seFrﬁ“t &risfbo%ol | ect or
regi ons afoe sxt@iglantimakFie 3eli m nated, w thout narrowi ng the base width as
is the case with prior art methods. One aspect of the present invention is

Py oy oo, 2 MELBOl Lo L0 RIS LI OPLAT il BORLSLAT (LD Whi o

the formati on 6?'8ns IOﬂS er an ector reglons
ha¥e beerPreuft éﬁhoailtl 9 SEpre SERPORet PO J3YT dPAY ™t hef Pr GXT A of 1t

bi pol ar pispepown ghat Che Shosisnt 88haaned WRFfwspactt bprarhés prtesesity i nvention
is to pr geesas,eaemgdc%bohapfdrpahlr&gnala§t-.£eslabpolaaro&tehucgtuae i Rcadbomh t he

”ans'st% L &Gk of CRLLANI AL I 1O, Sl L EQNY §g§%lé§wre§%gnhgenhanced A

further aspect vent pr ovi f 40
fabri cat |Wlacﬁﬁl}96f ISFRRTCHr Ardsi $t%r BAFORAIEHUREPDON CahcHe OF S Pt at ed
inso the st Iint:émsltétimlt hecttanham raodi irgrté@rbagelwiatthe condEntQ2L 041 82U

PCT/ GBOL/ {8158 3efe Y 8hrirydines1 AS pRGEuSfont be cﬂh’:ﬁc&}ﬁaﬁt ig¥V eRd icRfbdrS riéh

provide a nethod of_ fabricati r%qugtpg pok asrll§ %@”ﬁ{&ts%t{’!g' ch i s cost
[

ef fective"dnd t hat can be eas ement ed. existin 't e bi pol ar

t echnol ogiesubt THES eliffysthaf b<§’§ﬁ’éc’t“st%ﬁf6 ’é?:ﬁf&ﬁf alje§upé}rrés%ﬁﬂ1| el?f‘egé’l % the

present ibeieptalde by supporssoried idagfusarhord boncn. t He s| pyietr| yrtdopeBrbdSrhickyer

asowel | agihBec Svbe HRSBade@hOthe bitecacefiodaning W Wbt tdecptBaeDd deBVEnHg ON,

the Clncor oration occurs during the epitaxial growh of the Site |ayer by
usi ng eposition process such as ultra-high vacuum chem cal vapor 10

dep05| tion (UHVCVD), rapid thermal chem cal vapor deposition (RTCVD),

nol ecul ar beamrepite@ef (IMBELpolir pirzsmgexinhenrbéen ceapiwal akeyer tdepdsisti on

( PECVD) , Whebat thudd Caddl0 Bo:S @HE CvE BSpmesit &¥Ph i dandBY mprgrleayhdtgod @xi Nventi ve

mLhod, ¢ aterBael%gcgme' Q&booqgkyufa%m@r; pe owgmu% gﬂa@aéo cold ﬁgarprthgegl on

ase~region.” Moreover, $ I cant s hat the

Qun
i nvent i veerﬁ'éff:ﬁﬁcf iLG8ECT ARAHRE ™A BPRFTEPE SR e\é%m?l\fé"’}tle 4" EBPPT essi ng
di sl ocatlmou#na:hh@ause widpbl 28 ipitPe cdfsr vith briqr Bit getkedsodi nent of the
present invention there is provided, a nethod of fabricating a Site bipol ar

transistor whig % %gp%&' 83 t%%ssmge llxv&&ltag Jp; RS f0Lhs - mhegkfdcal Iy, the

inventive mneth abricatih Site rotr nS|stor i_ncl udes the
st8ps of : FRRR P B %Ilsrf&eab?f’flﬁgttﬁFlés’\ﬁﬁ?‘EHn ‘?F‘)?E‘I gd'é}ée gi’r"faéég? °% bi pol ar

devi ce redisdncasiznd Yritpebarthdesiicbey egf orelierldondiasgont Hewasheer col | ect or
regi on of s@s2onfiaisy f@peetcieivitepetimpeatanmg tha @obba oanoipeler psubst rat e;

30 e.g., CE, shorts.

35 Another aspect of the present invention is to provide a method of
fabricating a SiGe bipolar structure in which the transistor yield of

epitaxially grown silicon/SiGe region is enhanced.

A further aspect of the present invention is to provide a method of
40 fabricating a bipolar SiGe transistor in which carbon can be incorporated

into the structure without narrowing the base width.



(b) depositing a Site base region on said collector region, wherein during
sai d depositing carbon is continuously grown through the collector region
and the SjlfyRRpgeregion; and (c) formng a patterned em tecqicERBsRY Over
said Site base region. More suitably the collector is fornmed by the steps
of epitaxially growing a Si |ayer on a surface of the sem conductor
substrate; formng an 35 oxide layer on the epitixially grown Si |ayer;

i npl anti ng a dopant of the first conductivity type into the Si |ayer; and
renoving the oxide Ja most, . sui tably th |deI Y. by
an HF etching Apﬁ’SEeé‘#hef ‘Fﬁ%ec ep %Sti Si o 6?%clél§§nto tg%%c'vjlée bgp%goﬁect ed
from t he afr Sapricahisios & Mipoder LﬁlFFatlﬁ‘Pﬁﬁ‘F't\?ac“ﬁ’dﬁPc’r?eﬁP%talef %ﬁﬁ?’eoeé‘ﬁogli‘? on

" (UHVCVD) , c40bamlae 1yt ampheantepivtiak yexft MBEY, S¥@pbibdlhertyrchnelrgyi cal vapor
deposition (RTCVD), and pl asma- enhanced chem cal vapor deposition (PECVD),

and is prefera HV/ roce ra L ggtout a

WO’ 02/ (101820 ’%&%? @gﬂ’% 8o Cre alnéir aat"d“rnéé‘gsefsn%ee agf“ggs‘% & PP deeEt At an

oper at i ngigyepsiaw by cha’f‘)Qﬁftat?H)cﬁ’Fkl’qnl Yt FEREY q’?%@duﬁﬁld\?ﬁe’braﬁc&%l

pref er abl as enérdied wige adgiant enpecatrdaececowifly aohe abea@ntS(iOVQIelalbo@eG%OC and

at an Opef&%kp&a@!i&?%@E@r@fduifr%rrtﬂ@%lt&lhtg}oaaotbtf 2 wibe i1Eges pyand al so
pr ef er abl‘g g ncl angparsacglssxtsldgl? COF[B:fh J%gx %&hms%%ggaﬂ%ﬁ?oxa Ge source

gas, olﬂ?ce 8%5 source source gas i s preferably a
silPane, t@@oeet@&uftﬁﬂcﬁﬁé éé?ﬁjar’féer“taﬁec}kf&‘llﬁ? é’BH?‘”céle@%'%ltB?’FIGR G 'the C
sour ce gasolethydrehesm mplipdysitEmie or phetrRamehanthe cheniwd yamwsdemppibeorused

undi | ut ed (@cvb, &emﬂnat EQBoM dhrad daBefd cgitoyeand tBe dnBEbdingByhde gas He,
AL O Bathe TO8R0ULR.92 Sse%ogaﬁugalgr@ ghidbudihitogiyced [ nto an epi

react or as separat e streans ove I ncludes the steps of
forning afPiiASEATaFe¥icPyerd the GFebalf’&sEegﬁéﬁl OTSPERT MPPANSENTL EEE wi ndow

i nst he i néwindt chat ke fioventige pudtised [drovidesnentracediviebd ofi Atkswas atedletschi ng
the pol ysilipeesinfn@id1ekaeithodinieat c0ke thigoDs2pepé shbvention relates to a
met hod of incorporating Cinto the collector region and the Site base
region of a bipolar transistor. In accordance with this enbodi nent of the
present 20 i nvEhE BH St REPWRRARID Of niCuRERS AT SRFROREITS 15 RGOR%E% e® base
regi on onmetholghtt EybuicpethsSia &uid btidrr riegheistonhdriehrexddbiry eebentially
degosi ti ngo 8L heRris, C@B&dlrﬁu@miyy OV, B i @1 GBL KJIE o £ Malb@EEAhing EHeon and

the Site baseyredlon Mrs suilabky. the deposiding step includes a
e

deposi ti on process selected fromt group consi sting of ultra-hi gh vacuum
chem cal vapor 25 deposition (UHVCVD), nol ecul ar beam epitaxy (MBE), rapid
t hermal ch@npearidiapor sdepdsice ivorich Fiﬁ@t@)e,s aMGEpFamiMhan@%’dceh@ﬁieal
vapor depgsid bosb16PERDre ARdommst1sdingady Yeddte adepasitd:ORepicacess i S a
YOV Pr 06885 o8 2130l Ve Eo N WP PLARRS S Sof AhbLAQYL 3 temperal ure

of about ess and ‘at an operating pressure of about 250 nmilli Torr
or less, and 30 nore preferably is carried out at a tenperature of from
about 500 (blo daberit 165 GCSaerl bate arrgdperat add grldsstare redidn, orhexbdytduging t o
about 20 piid adg¥ditidheatbdiCVD @mRcRsSs IRy rbnc ltudeudh gas ool Xddtbe eRpii Si ng

a Si source. qas, Sla;eC? L 20ULGEe gag,g @ B source gas and a C source gas,
preferably whereln e Si source gas is a silane, the Ge source gas is

e®mane, the 35 boron source gas is B2H6, and the C source gas is ethylene,
met hyl si | dme forminst happeteTinel soihtee (pgses avay wedudiéd Pardi Fegie®d-or in
conjunction with an inert gas, and are preferably He, Ar, Nz or HZ. The

source gases X ced. Lat ctof arat e
source g "g%ebglgéza%rfg o esneetcqug aﬂ: ]lcegr}:f}' 2he %@gpg% Eﬂ.tai@alsl%p

present i AYRHEPOh Srle}%ﬁeésc’lfc? ﬁu‘é‘{atcé % BBT‘ zf'remf?o élftﬁ s traE i ncfmldlgsan
_Sulsst ant i akide havedi oh ddat PRiFidéd1dot SrqypeSe Ay st \mlelr@nt:h%g énfienedf ehdhe
"col | ector i g ofmdusaiditst Eyed Uhes GRATHLI Sayd; and removing the oxide layer,

and most suitably the oxide layer is removed by an HF etching process.
The deposition process of step (b) may be selected from the group
consisting of ultra-high vacuum chemical vapor deposition (UHVCVD),

40 molecular beam epitaxy (MBE), rapid thermal chemical vapor deposition
(RTCVD), and plasma-enhanced chemical vapor deposition (PECVD), and is

preferably a UHVCVD process, which is more preferably carried out a



-

" S acollector region of a first conductivity type; a Site base region;

and an emtter region of said first conductivity type formed over a portion
of said b n, wherein said collector region and sai 'l?@é@ ion

i ncl ude car %%(ﬁgéozﬁtl nuously present in said collector and l%‘ g’égglo
regions and said Site base is further doped with B. Preferably Cis present
inthe Site base region in a concentration of from about 5x101' to about
1x1021 cm', nore suitably the Cis present in the Site base region in a
concentration of from about 1x1019 to about 1x10 cm' . 15 The Site bi pol ar
transi st or"PE"HIEE FUPPART ¥28ne WhttE APY RE BhPPERAT1PS REGAPHISSRY B Hoped
pol ysi | i cti?. nThd Terw entt Lo¥F -wi The BHBVGDr prqsass i icubreieyablescribied ¢t eefarence

"to the aceosppainyuragofliravh tPsut i svowhicBbo20 660 @ dnd HitpaLiPeiadion pressure

represent at i-ony, Qhod: fd, ag@%o@ 2% rpﬁ'ﬁ&oﬁrtaﬁ tLe-DiRotanpt{ amh&&e%r FIG 2
I's aplctorlal representati on o rior art laalpolar

transi st 0¥ REFUd n@o“grbg’r“e?yérsjg%%ce %Sr f"h‘ée 58%% °Y frnPy®B tsr‘f’é‘r%‘? tgé‘sregl on.
FIG 3 i s ardpkot sefir¢pogen. (Bhe Yerpurfeunry( &e)rraddraddvborsil@e.cohedstrati on
versus depiurcé Ajasf @srmphe prenar bodvat hagse Wher BjH), &nd hd30c ifaotparat ed over

the Site %@eﬂ@gh%ylgg)lﬂe ofl nle%hgnem C'E‘I@:r 's@\!lrcreega[£§eﬂ§}a§3€%egf ul‘ﬁilfl{lggc{rent
of the inventive . Site bipolar transistor incl u |g§ B‘a{d’eaﬁﬁv cont i nuously

grown in ?%énc%ﬁrﬂjgﬁf%rona‘ﬁ’cfhsﬁ?elnt?ﬁgegatsega}ngng Ef HeheSnlerti ve
SilPe bi pofar Thearrirseoyaselr vy Retprenies er pimseedsiedgindteps cpf terctor esent

i nvent i onsepkk&® ktrdshsare plots of boron (B), germanium (Ge) and carbon (O
40 concentration versus depth (A) for the inventive method wherein Cis

continuously i ated into the co cto ion _and the Site hase
Fog on. v 0308 E0 et G O e e P RRE N FHROEHY i B HIGHT o

directed ‘tV@ratlFﬁatsh%l bgre CeRgi PRUGRSTARY ﬂ%(ﬂmpb*?e&“t Wirfo@ imtthet hysulatghtil y doped
Siscol | ectaoaminggodnsidd ceelin ase tehéttSirt eiddase drdyetchang tmeSHdi1esbi ppehar
structure produced therefromw Il now be descri bed in nore detail by

referring tot r aw 0 5. 1he ent_inventij.on.

Ref erence is f]ﬂ"r sg ggg%meﬁgcffa%g rgg: RIS srgi?‘ieﬁn‘é? 3 PPUS 8F i on of
a f ragrrenjtnCSFP‘?"ﬁ‘élF%\%h{”fQ/éhS| ‘f‘élB?‘i?GI a?glPFla?fsﬁ shoSicgdeepffagabt ywE ghe Site
bi pol ar trigp3astternsixown. | MnFhdsoddaorpriSeshts bk odr thccgi@tn2 of a

fhpst conduehi M ytﬂé/aeu(&a Qﬁcﬁ;dta)!p@squ%g) délfsﬂvsgblﬂgs f&fc;@eﬂ'as%nréé%ﬁt Late
50. Ontoaplof te base region 54 which

rt|o oIIec tor, re I
i ncl udes ‘eni f’{”?lryp8 0%15%019% BnttISP h’refﬁ’sri Sﬂr’gt?dth?{éﬁ?%?ftégg’déﬁ&’%l an
i nsul at oris Tﬁ’étJSluP‘éSJD’agéowrbﬁhﬁ?Pgihst@na?Ja?@FéW Zediys apeithg Sifisebastith B. It
shoul d bersgabed wvhed stubiealliypohardehds itthag Sitsd QncSiddanai depbb(iénr efcesent s

gnl y a f{@ﬁg@ﬂ%dh@f:orﬁ n%ebgmbaéoﬁsaaaﬁigtsgprultlEfmeﬁ rualch@dl tcxemicl;@ QJ;Q:W ngs
t?gﬁs?rsnt o&re ?tuloer Félﬁ%bgpag\(lz\@r gﬁ%rebeeamy %%ey y(}vl elgé))e’nt]r 5 nveﬁ?m@ﬁ leeﬂ‘écﬁ te
base releﬂQoarﬁfp051tlon (RTCVD) , and plasma- enhanced chemical vapor dep051tlon
(PECVD) , and most suitably the deposition process is a UHVCVD process.
Preferably the UHVCVD process is carried out a temperature of about 650°C
or less and at an operating pressure of about 250 milliTorr or less, and
30 more preferably is carried out at a temperature of from about 500° to
about 650°C and at an operation pressure of from about 0.1 to about 20
milliTorr. The UHVCVD process may include a gas mixture comprising a Si
source gas, a Ge source gas, a B source gas and a C source gas, preferably
wherein the Si source gas is a silane, the Ge source gas is germane, the
35 boron source gas is B,Hs;, and the C source gas is ethylene, methylsilane or
methane. The source gases may be used undiluted or in conjunction with an
inert gas, and are preferably He, Ar, N, or H,. The source gases may be

premixed or introduced into an epi reactor as separate streams.



20 the collector region, i.e., lightly doped Si, include C continuously
distributed, i.e., grown, throughout these |ayers of the bipolar

transisto ISqenmphasi zed that the structure depicted i {8 unlike
pri or artwé) AZPOGE?BOI ar transistors in which Cis grown onI%TZ(E@\}@D? e Site
base region, See FIG 2. 25 In accordanceswith the present invention, the
concentration of C present within the Site base region and the collector
region is fromabout 5x101' to about 1x1019 atonms cmi', with a range of C
concentration of fromabout 1x1019 to about 1x102 atons cmi' being nore

hi ghly pref er r adfurdBeF hrmbpdinieot] afsEle ipgesStnimeenthen FAVETRS VR 3Pttt ure
shown i n BiGid-Witdnsnomshentes crdlnads isabsomeigdetyahd dylosfterr idegetts FI GS
"5-10 and the disgussion Lhal:appeanschigeeidbetown,, Spaai fiathy FIG 5 shows
an initiaf ssfr,ugture that 1's enployed in the present invention in formng
the Site $8™Hi*§oT4r transistor. The structure of FIG 5 includes Si
"sulsstrate 50 whi cdilientbudesiaobf ecEorsty 6gpBEER YT LW rst conductivity
type forned onaassder base refislbsia ate 50. The Structure shown in FIGS5 is
formed utilizing conyepti.gnal pro6assestt Adaudt&:ive! dypkneimel vihose
skilled in the art. For. exanpl e, tgle col | eclaor. region i sOII %]rngegignb%]s@e
surface oP°Euls8t PatE 10P46 By 8t t"AXT AN Y gt Mg & S -l ayer (not shown) on
t he subst ragion Anclededeadbayerontpproushowiesentt bt @ravENectarsathEnce d3fed on
t h|y sur f agegdnst Bes epiid Sickayee Bnduttieeaddedr with B- Grefedappe dpant is

I npl ant edﬁ'rgéeqxtt t.l]x? thev\élgelﬂagéeOGe&&%oiEqr/cg‘m%g.il_rétgéﬁ'cl‘.g tfofRbosl skayer-cand

the region I's activated using a nventjanal actijvating .apneali .eSS.
Fol | owi ng 3P8W ifpf arfi™at i ‘B‘?fea%ﬁltﬁ‘ﬁﬁ)éatl%fen%,lst reesgﬁ e P%leqesrl ?gbafs%% 2%:9?1?1()”]

t he surfacecefceanheatsiopuet drem mopwr 1660 donhrytt HELOS €871 ayer thereon. The
above processes result in the formation of the 5 collector region in the
supstrate. A prgfesfed,(Rans {Qhs{RBPVINGolNeuoXdde by fhedednbihecaplpicng a
HF et chi ng process.. A o%oh whi ch can be enployed in the present

er t hod

i nvent i on ¥n°F8FAFHY °fh pseub%n%yflec’tc(??' region is by utilizing a conventional
hi gh-energy P-inplant process. 10 Next, and as shown in FIG 6, Site |ayer
54 is formed omrkehgnveaki@Cciorl megher pditicziargyadesaritadl by depesitceore
process Wﬂ{h(e‘haéc%mﬁérﬂﬂgl_;ed&iui  taxialiby. growing a Site base region while
continuously growmng Cinto the base and collector regions. The Site base
regfon that is fornmed in the present i nvention typically has a thickness of
from about ZO t®¥G15 i@be'mmz@@f FRPTMSREa o8 @F abfiATmeRe °Fi § PBIE ST Fefi®Bn has
a thi cknesspefad romalaout. 50 to about 70 nm It should be noted that in the
present invention the Site base region includes C and B in the crystal
|attice. That is, the Site base region is.an alloye | te.reqi Lch

i ncludes Site, Behd TR ern. 207, eﬁ]ascégréoo%dgn%ggwﬁthgf haeggﬁ%)%s%%

i n9®nt i on,SiCAebBioler FargBsiskpErintayiBY fdr ABTEDYEUHT PYS fe UAGeViS ORBE,
RTCVD, PEQH#2 sicamegiwer. | i ke deposition process which is capabl e of
epitaxially formng such a Site |layer. O these deposition processes, it is
preferred to use a_ UHVCVD process. T UHCVD pr o S L0t pr esent
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‘invention, it g preferred, 9 ullLhZg As0as, MHLY &0l 60,1 feludesa silane
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the Ge souPeC BFIEPEINS SBAS L 43t eS8 S duY e *8Rd et hyl ene,

"met hyl sil anaost preferred to enploy ethylene as the C 40 source gas. WO
02/ U1182U PCT/ (3@5/ %lﬂgare plots of boron (B), germanium (Ge) and carbon (C)
40 concentration versus depth (A) for the inventive method wherein C is

continuously incorporated into the collector region and the SiGe base

region.



8 The source gases may be used undiluted or the source gases may be used in
conjunction with an inert gas such as helium nitrogen, argon or hydrogen.
For exanpy®) odiddfs2fe source gas nmay include gernmane in 5% igegidtgdas;@nd the
C source gas may I nclude one of the above nentioned C source 5 gases (about
0.5 to about 2% in an inert gas. Mreovgr, the source gases nmay be

prem xed prior to introduction into the epi reactor or the source gases nmay
be introduced as separate streans. The concentrations of Si and Ge enpl oyed
in the present invention is 10 not critical to the present invention_as
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art processes %Frreelnge Gd §: QL OWMLOLEr i vﬁlkﬁ Page.2Q:sL£gi@Bnanl y. The
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processes. |nsulat or S insul.a material jor it may
i n¢? ude 40théoﬁ?;|1ﬁ&'f‘?roﬁ§9’ocf“ n'bree th ’aﬁ%’ gY\ do?%‘iuﬁlat ot° rréﬁ & FRITITOEY 4

di el ect ri clistatkutedThd -pnsdraver thsawhpyt tthpse Jeugr ot tHhe b%@ééﬁt i nvention
may COFTpritS:%naﬂst@Xi. deat @s Rinphaddeeorthatconrbistaickaore dhpteefl. in FIO 026061820 9

PCT/ GBUL/ Gty i?e LG8 asfleogﬂﬁ;et Qﬁpo&zs]@ UCLHE B cREL B QI dit 871 NVpREl@WoRReRbSE: 62
has been for med roug | nsul at %r 60 exposing a surface of Site film The

emtter wﬂﬁoﬁf%p@ﬂ?% ®PE¥ offied TGt 1i zi ng conventional |ithography and
etehi ng such as reactive-ion etching (RIE). 5 FIG 9 shows the structure
after a | ayer ofn aBésddagt€ wpoh el peRnGdinventfion medhel eortcket@fion exf @i ndow

openi ng arsr%é’g‘%la!m 38 £ PMPENL hﬂGE %lea%gmhaamr thel RE11 d¥ebi r!:%'g@orpcils)’ﬂdml sBfut
whi ch for he emtter region of the t?:hp ar Sltetran3|stg£or{§)F B{?t;ged by
I

any conventi‘dnaf® i2Ro8} tlﬁfl& Ry° 18 dep05| i GRIprocess T hat i nown to
those ski | #stti icioHetambounfied?™ fa5PRF iyt Aeigolsrsi PIEdH PERFEF I the
stepcture, the polysilicon layer is patterned using conventional

| ithography andpngt BQ«&M £ QL4 A0 JrREn e tehbl CndE R :SBO¥ b Buddl Ghdih iSaitecti ve
etCFN|1g pr5¥¥asg§¥;be ggscrlbed in more detail by referring to FIGS 5-10 and the
discussion that appears hereinbelow. Specifically, FIG 5 shows an initial
structure that is employed in the present invention in forming the SiGe
35 bipolar transistor. The structure of FIG 5 includes Si substrate 50 which
includes collector region 52 of a first conductivity type formed on a
surface of substrate 50. The structure shown in FIG S is formed utilizing
conventional processes that are well known to those skilled in the art.
For example, the collector region is formed on the surface of substrate 10
40 by epitaxially growing a Si layer (not shown) on the substrate. An oxide
layer, not shown in the drawings, is then formed on the surface of the

epi-Si layer and thereafter an n- or p-type dopant is implanted into the



15 are capable of renoving portions of the insulator and the Site |ayer are
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aligned bipolar processes. 20 Wiile this invention has been particularly

shown and described with respect to preferred enbodi nents thereof, it wll
be understood by those skilled in the art that the foregoing and ot her
changes in forns and details may be nade wi thout departing fromthe spirit
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r&gion. 2. The'arét Sd 8 EPWR nP1F¥hér ef4F%t haé’echH Etf)?r“\eg Fofffed by the

st eps of epitatdrakégiogrovilagimm 8isdigyele dapesisiet @cecefs whiechs éricepnehrct or
substrat e;¢ Egimx@glﬁngeéswld@ b ayer wRet heyiopivnixt aldnyigicadly Srobaer; 20

|Tplant | ng.3 gopan %Ldt&%éuglo%t rERUIC LT L6t ¥RE LOSOn! BeSte | RYRLY . and
removi ng e oXl al erein the oxi de | ayer
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t h® deposiadduon2qr oses¥ood psebgrapby. ithe sHlCechad fewiont s grougkesatsPEti ng of

ul tr a- hi ghvowaesiin shesi gsdutVapa. Ct&p@ﬁci:d]deBe (obO\Rht iDERE Wraseheam
epi taxy (NBE). agw s&egfﬂgak &J@gm cl@;cle{@e%% Qﬁpgsmt ltgg c(rﬁ;féaiDiat@Leg

plasna en ance em cal vapor “deposi tion %vev ql %.d of

C ai m 4 wH&eitfr he %gﬁogaisﬁ B?FlﬁPo’cseé‘E ‘?1510?5‘9% Ifeﬁf‘%é’géc 3BC 9% Fhe

met hod of si@eai Tna&dwheamherein.he UHVCVD process is carried out a tenperature

okgabout 650C or |ess and at an operating pressure of about 250 mlli Torr

or |ess. In accordance with the present invention, the SiGe base layer may be

formed by utilizing UHVCVD, MBE, RTCVD, PECVD or another like deposition

process which is capable of epitaxially forming such a SiGe layer. Of

these deposition processes, it is preferred to use a UHVCVD process.

25

The UHCVD process used in the present invention in forming the SiGe

base region is carried out in a low temperature epi (LTE) reactor which
operates at temperatures of about 650°C or less and at operating pressures
of about 250 milliTorr or less. More preferably, the UHVCVD process is

30 carried out in an epi reactor that operates at a temperature of f£rom about
500° to about 650°C and at an operating pressure of from about 0.1 to
about 20 milliTorr. In the present invention, the UHVCVD process is
carried out using a gas mixture which includes a Si source, a Ge source, a
B source and a C source. Although a variety of Si, Ge, B and C sources can

35 be employed in the present invention, it is preferred to utilize a gas
mixture which includes a silane or other like Si-containing source gas as
the Si source, germane, GeH,, as the Ge source, diborane, B.H;, as the B
source and ethylene, methylsilane or methane as the C source. Of the
aforementioned C sources, it most preferred to employ ethylene as the C

40 source gas.
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7. The nmethod of Claim6 wherein the UHVCVD process is carried out at a 40
tenperature of from about 500 to about 650C and at an operation pressure of
from abou{yylosigdeabout 20 milli Torr. WO 02/ 0C1820 PCT/ @yldgoifoSlp49 11

8. The method of Claim5 wherein the UHVCVD process includes a gas m xture
conprising a Si source gas, a CGe sourceggas, a B source gas and a C source
gas. 5 9. The nethod of Claim8 wherein the Si source gas is a silane, the
Ge source gas is gernane t he boron source gas is B2H6, and the C source

gas is ethyl e gg&r@ adsegnr%yl e teg 61&\Qed Ipechgeétg.QE‘QEOJaS% an'\a@‘ Be Wher ei n
un

t he source ases are us ut e n coné unct1 gn with an’inert gas.
11. The r#eRoth GPRLYSE h?ri(y%anei%ertth%a% FEFE 3Faleigm Pt AP IS AR DY 12,
The met haddobgddl.ai M8 ewhrarlei ntiehge souree Jgasey ardupe ergirraee op 3% inert

i ntroduceghs BLP cal @@bufwgwrmagsn&apaé aine &t t@aghovd Jnehbeodsat badbupée C ai m

L gherel nakep &%L %Ckudeﬁbme £ apSaof: LOL 00 3R LORY| A JQuek the Site

base regi € Insulator; formn

pol ysi | i c%?r?eF rf“"’tyhée é’rﬁe{"%’é‘%‘j R}F:‘rﬁfoﬁi’ J&ﬁﬂoﬁc&ﬁ?ﬁdnfﬁéhﬁoe%oF%‘itﬂr c‘grn 44, A
met hod of sdurcergeeratraygb< inhtluche asoktrerrbe gtegien and the Site base

region of a bipolar transistor, the nethod conprising depositing a Site

base region onyg Si, e%uaeﬁtogg £gi 0 UL g LR 0RP IS g 25

carbon is cont| nuous r own rou < ﬁ@e%%s ector re lon, and the Site base
réfion. 1%t vhEiret H'r?d péF'é‘?rfﬁ i %ﬁé?‘élaﬁ tRs aBP5Si t1 AF9St%p i ncl udes a
deposi ti m@m@@%orgﬂelaeet%dfwmf:thefgrfm@pse‘émé‘ﬂas% ilagef ul tra-hi gh vacuum
30 chem cal vapor deposition (UHVCVD), nol ecul ar beam epitaxy (MBE), rapid

thermal chem cgl %%%%75(1&&%&4 QBO&BLQ/@mFa%veb@%%c@éhmc%glgf_@_%m cal

vapor deposition The rre Claim wherein the deposition
process |‘§3P£SUH9€\ET??§SB?%Cé§s°aPT]? ?ﬁec‘??étlﬁ‘b‘ﬂ‘sa)? TPEHIE T6 RArEFaIH F
UMYCVD prlorsessedioncag medl asuthe Stéaperatupgéopfofaprubipble srucedse -and at an
oper at i NgudHees&til apficahtditha?d Gothdl | thdOrdtheOtbdv@SHentdBned UHVCVD process

improves the yield of the SiGe base as well as suppressing the
dislocationg that cause bipolar pipe shorts. These findings are not
reported in prior art processes wherein C is grown over the SiGe base
20 region only. The present process thus represents an improved means of
forming a SiGe bipolar transistor, wherein C essentially forms an

intrinsic sink.

FIGS 11-13 illustrate the SiGe profile for the process in which C is
25 incorporated in the UHVCVD deposited epitaxial grown SiGe base and in the
Si collector region. The carbon is grown in discrete intervals separating
the SiGe base region and the lightly doped Si layer (i.e., collector) in
FIG 11 and is continuously formed throughout these regions in FIG 12. The
low concentration of C in the lightly doped Si acts asg an intrinsic sink
30 reducing dislocation formation. Incorporation of C does restrict the Ge
profile; therefore, as shown in FIGS 12-13, the Ge profile can be graded

and is not fixed.

Referring back to the inventive process, insulator 60 is then formed
35 of the surface of the SiGe film utilizing a conventional deposition
process well known in the art, See FIG 7. Suitable deposition processes
include, but are not limited to: CVD, plasma- enhanced CVD, sputtering,
chemical solution deposition and other like deposition processes.
Insulator 60 may comprise a single insulator material or it may include
40 combinations of more than one insulator material, i.e., a dielectric
stack. The insulator used in this step of the present invention may

comprise an oxide, a nitride or a combination thereof.
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WO 02/ 0GLl820 PCT/ GB1111051~9 12 18. The nethod of Caim 17 wherein the
UHVCVD process is carried out at a tenperature of from about 500 to about
650C and o #@pRration pressure of fromabout 0.1 to abgfSHyifsidol Torr.
5 19. The nethod of C aim 16 wherein the UHVCVD process includes a gas

m xture conprising a Si source gas, a CGe source gas, a B source gas and a C
source gas. 20. The nethod of Caim19 wherein the Si source gas is a
silane, the Ge 10 source gas is gernane, the boron source gas is B~H6, and
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epitaxially growing a Si layer on a surface of the semlconductor
substrate; forming an oxide layer on the epitixially grown Si layer;

20 implanting a dopant of the first conductivity type into the Si layer; and

removing the oxide layer.

3. The method of Claim 2 wherein the oxide layer is removed by an HF

etching process.

4. The method of Claim 1 wherein the deposition process of step (b) is
selected from the group consisting of ultra-high vacuum chemical vapor
deposition (UHVCVD), molecular beam epitaxy (MBE), rapid thermal chemical
vapor deposition (RTCVD), and plasma-enhanced chemical vapor deposition

30 (PECVD) .

5. The method of Claim 4 wherein the deposition process is a UHVCVD

process.

35 6. The method of Claim 5 wherein the UHVCVD process is carried out a
temperature of about 650°C or less and at an operating pressure of about

250 milliTorr or less.

7. The method of Claim 6 wherein the UHVCVD process is carxried out at a
40 temperature of from about 500° to about 650°C and at an operation pressure

of from about 0.1 to about 20 milliTorr.
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The method of Claim 8 wherein the source gases are premixed or

15 introduced into an epl reactor as separate streams.

13 The method of Claim 1 wherein step (c¢) includes the steps of forming
an insulator over the SiGe base region; opening an emitter window in the
insulator; forming polysilicon in the emitter window; and etching the

20 polysilicon.

14. A method of incorporating C into the collector region and the SiGe

base region of a bipolar transistor, the method comprising depositing a

8iGe base region on a Si collector region, wherein during the depositing
25 carbon is continuously grown through the collector region and the SiGe

base region.

15. The method of Claim 14 wherein the depositing step includes a

deposition process selected from the group consisting of ultra-high vacuum
30 chemical vapor deposition (UHVCVD), molecular beam epitaxy (MBE), rapid

thermal chemical vapor deposition (RTCVD), and plasma-enhanced chemical

vapor deposition (PECVD).

16. The method of Claim 15 wherein the deposition process is a UHVCVD

35 process.

17. The method of Claim 16 wherein the UHVCVD process is carried out a
temperature of about 650°C or less and at an operating pressure of about
250 milliTorr or less.

40
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20. The method of Claim 19 wherein the Si source gas is a silane, the Ge
10 source gas is germane, the boron source gas is B.H;, and the C source gas

is ethylene, methylsilane or methane.

21. The method of Claim 19 wherein the source gases are used undiluted or

in conjunction with an inert gas.

15
22. The method of Claim 21 wherein the inert gas is He, Ar, N, or H,.
23. The method of Claim 19 wherein the source gases are premixed or
introduced into an epi reactor as separate streams.
20
24. A SiGe bipolar transistor which includes substantially no dislocation
defects present between the emitter and collector region, the structure
comprising:
a collector region of a first conductivity type;
25 a SiGe base region formed on a portion of the collector region; and
an emitter region of the first conductivity type formed over a
portion of the base region, wherein the collector region and the base
region include carbon continuously present in the collector and SiGe base
regions and the SiGe base further includes B doped therein.
30
25. The SiGe bipolar transistor of Claim 24 wherein C is present in the
SiGe base region in a concentration of from about 5x10Y to about 1x10%
cm™,
35 26. The SiGe bipolar transistor of Claim 25 wherein the C is present in

the SiGe base region in a concentration of from about 1x10' to about 1x102%°

cm3,

27. The SiGe bipolar transistor of Claim 24 wherein the emitter is

40 comprised of doped polysilicon,



