MANUFACTURE THERE D TECHNI CAL FI ELD 5 The present invention

rel ates generallymmmm ransi stors and nore specifically to double
pol ysilicon bipolar tragpsi,stors. BACKGROUND ART 159159' Bipolar transistors
were originally devel oped many years ago but were generally |0 superseded

by CMOS transi st gs@UBHE POINSIIITON BIPOPA TRANSEFOReS{pdi fficult to
manuf acture, and thus | ess expensive. Al though a great deal of effort has

been spent over the yMEEBHOBOKNVANUFACTIIRE TFHREREFOR, they have not

i nproved to the point where they are as popular as CMOS transi stors.
Recently, demand for bipolar transistors has increased significantly
because these 15 transistors are capable of operating at hi gher speeds and
driving nore current than CMOS tgapgicd@Rp These characteristics are

i nportant for high-speed, high frequency comuni cation networks such as

t hose i | phones and conputers. Mst bipolar transistors in
use toﬁ%g‘d‘%]ﬁgl@gﬁcal | ed "doubl e poly" bipolar transistors, which use a
t wos pol ysi | iTaeprasbhtUaléttRe reRfs gfeﬁéraﬂ? tEBipblae frafdistofst ddanéredpacifieiB@ 20
for a base structure. The conventional bipolar transistor is difficult to
manuf adewhle palysilicers bipplar trangigtors. probl em The transistor is manufactured by
i npl anting a substrate with a dopant to provide a buried

additional layer of silicon covers the inplanted substrat i!mmmmmmmmmﬂ
di vi deBagrGRewshalRpPWtrench isolation (STI) are forned in tn 159§i ['1 con
substrate. The STlI's 25 define an intrinsic base region over a‘buried

col | ect or aRipodarc Bansisters rwerg poresnHbyc develansd tTRaNY YEHE AL PUteW elST Estalen t wo
of ,§ he @Eoeﬁe?%& Wéﬁ?&&r%isft&&% P g ﬁ;%%r Fand! Q08 1e§§’ta§ﬁ‘ﬁgﬁ%' y, a
first I yer o ol'ysiTiconi1s dep05|tecf overt e upper silicon and is

pr oces srdufaotut e rand shusdess eppénsiiel iAltough aigeday deal iofi effon has been spbnttdver the

intrinsic base region. One portion of the base polysilicon structure is
f or medYSare HOBEPVEIENPAIGT figRsisArse teythave Bt rapoved i ths RARLBRETF BNt or e

W t hin oﬂularas’%ﬁ{tfsst}anisﬂﬁygé.ati ng |layer is deposited over the base

polysiplcon structure a is renoved in the opening of the base polysilicon

struct ure oRecertlye demtnd fsi bipotes eransigions hby ieredsed gighoeantly Hebauss tbhsser at e.
The process inheren roduces a rpough surface.an the substrate. get
P hor TBER e capably pF BRTH G HaNEiih PeSLrey S GFuktugar ten cMOs

i nsul afrhfGstors! ay efneRd cRRadtBiEsticOUAR Stiidor@Rt Ofort NMEgRARRES akigh HGuémyah
surface causes a major problem because the silicon germaniumgrowh s

i r r eguFemmanigaiionsnetiorksrsusls ag hosroreqeinedshyaeell phones andsemputdrs.t he r oughness.

Thi s | eads r.fgrmance probl ens with the,devic nd.di.fferences from
dovi ce o abbr PbARETERRBE i lah, 8 pFore i fallnnd FERNG Shsticover
t he bagenddfbyswhichaie laGwstpolysilivod sBiittusess 66ORE ahsnittad iti@tirayed aisscagidown
over the silicon germanium The second insulating |layer is then renoved
oveé? t Fu adiase &Etyer mani um on the intrinsic base region. A second |ayer of
pol ysiliconmj i . : ] ysi )i
Crricture, B SHEPETEhALBN, RAAAGRARCURAIEITH AR BELES Sha BAWS d hRE

st r uct problemlh®hetatidisigr is Snanateased yy implpiting dsubspatnvithr a dspaatia prevideant act ,

but it causes_anot her j.or 15 praoblem w th upwant ed capacitance between
the enPPE®d collfgiasen a_@ygwﬁeﬁﬁ oo foders ¢ il@P’c’*&k?Qc%P“gM% gﬁ&‘?@ém&ovm
the Opﬁfv?&éré)%%féﬁ shFl?o\PJt&Hél?fsoPaEiaﬂ%S?g%e fhmed 3f fe dﬁiﬁé’cﬁ‘{ subStrA€Pak isggsover

the emtter ysilicon structure ‘and 1's processed to form spacers around
t hes enil¢firer arpoityissi¢ basenregtonuatenachuriéd doliteot aykn cdlledterctapi nhegtet td thet hen
deposited pver the emtter d e polysiligcon structures and the second
oul ait Sedlpelor Bty g pOihe SO 2ol Sentfised BMUE ISFRH B FFRekt or - the
base, and tBebREUHE! a HBE1aGE bLHSIEiliEANIsPddposixddetvly thO P& silidhd ddangr

| ayer dielectric and the second i1nsulating layer to the collector tap
connecpwgessed thformua basg polysilison structure in contact with the intrinsic base region. One

portion of the base polysilicon structure is formed with an opening for an emitter polysilicon

30  structure to be formed within.



The base contact extends through the inner layer dielectric, the first
insulating layer, the silicon germanium and the second insulating |ayer,
and into the base polysilicon 25 structure. The emtter contact extends

t hrough the inner layer dielectric into the emtter polysilicon structure.
AS_pr evi ous lyigPRkhiafE1ayb e a8l byAThy Bhdl fopRitRoh UGkt S0Ss kaRsydine
base polysilicon structufe because it is necessary to provide roomfor the
eni tt ein thewpatihg oSthedasd polyslichesstuatireovay tainginsivebage esgi@pbyastchimgldowas

possible, it is desjrable tq have the 30 emtter. polysilicon structure as
Sl | B U Bice. ThoRses Iher ity ALeest R ERVERSHTTaS BB SHOYREE si ze of the
em tter conrgGlet Wighbr p@RAmaRce sflidbh B&mAMRIRYs RIS Brb®h QvELthelifsulatingM t T er
shadowi ng effect where the size of tThe emtter confact cause different

cur § entaygaandson thegaggh suréace of thessubpindte.si The congbtsurfocaicansesor mags profdemni tt er
dopant ., wi | | @e il"B' anted.at di ft er ent ﬁ getgihsl.fréeThi S Ff\ffe t causes

per f or REREEE U5 1ISPT SRR i8Ry Brts ftregilar apd it FPkness 1sfior GPTr5at Ap ABTSifty v
Despi t gf RNYuRRES Dhis €818 36 ﬁbrf@ﬂdind@}éﬁibmxﬂ@mth tBOiMieONT difetdneseirpobl ens
have been I&ldg sought but have |ong eluded those skilled in the art. 5

DI SCL €Y19E: | NVENTI ON The present invention provides a bipolar
transi stor, . rin re .t r havi ng
a collector Tfﬂggﬁ"&? gg%%%gng%]s rem g’? {)%g%egr{eo ?lhrégrhzlgn;ﬁAﬁm\égrrﬁ @F Zt?aﬁg?;?o 1 08?1 ch(raog is

f ongredstewtiretang Dewond tirsuddting dayerds gRovex ovemthie Giliwacgedinaniainr he sedondmed
over the base structure and over_ the collector region beside and spaced
fr om t Heulatng layer isthepgemoned ver the %ll@ne&ema@umawge IYringp haseregioBver t he

substrate and egll -+ - LOsLeqb rUCLUE t he
i tter ot rnofirnic el Rl FRMARTR okl G PR A7 T [ el
f ast er palgsitiedn strycturegwhiet is exedrcladdnsasl everlaputhedrase polyvilioon stayrdine] iTthyg,

i nproved performance, and/ oy reduced cost over th rior art. t};he .

manuf aEY"tEE’Pn‘@ NRSPHRY CeRPVES 1oRE T n¥k Pryfer moa@egﬁalﬁdt SEUSES APNEV FREY for a

SMpOt R MAHE uRWEhted Q%gicfi‘traﬁéé‘ BLiveBR e R and GAHCSSly SRRAC si@Ress, 19

betweeh the emtter and base structures, and elimnates emtter shadow ng
ef f ect ThiSerpawitancedbous dewn thewpetahien ofitherttipalar thesistost her advant ages in
addition to,or | ace ,of t nti oned abagve. The advant ages wi,l |

i h
become appafolPRcedayids dSRasitee Stferi e FRNGE FODRHISHR SUHEUE 315 BPPRSEIP! owi ng

det ai | mdea6érs REdRE W itk sidof sirRt@FENAS ih&rlhi?& cﬁ@l@@cﬁ@%&@r Y then
drawi ngs. 20 BRI EF DESCRI PTI OF THE DRAWNGS FIG "1 is a cross-sectional

vi ew ofleppsitgdeneaithe gmittet anddrase polysilicen siruetutesans the serond insplating dayeur e i n

21 281 Gopost ol AhrblARE RS bt Bleshor e Pt ald e BIHE 0%, 06 G Pcture

of FIG 2 afhercotleqosicbntaet ettends ebilidhethes inndetlayed digleetiicans e dedondg an
emtter structure inplant; FIG 4 is the structure of FIG 3 after
deposi inswlatipg layer tithejcqlleetor tapsgonneqgiedito thy byrig collegtye eni tter structure

| ayer and pehl 643 G et BfasCifk %ﬁrthé}rﬁ)\émaggle?ie@:ﬁc the %rfs{ Pﬁgﬁgggwée of

FIG 4 after deposition of spacer layers a ormatf on
ar oundthehsilieon tgeenmarpmhy ;and the second insulating layer, and into the base polysilicon

25  structure.

The emitter contact extends through the inner layer dielectric into the emitter
polysilicon structure. As previously mentioned, the emitter polysilicon structure overlaps the
base polysilicon structure because it is necessary to provide room for the emitter contact.
Since it is desirable to make the overlap as small as possible, it is desirable to have the

30  emitter polysilicon structure as small as possible. However, this means that variations in the
size of the emitter contact will lead to a further major problem referred to as emitter
shadowing effect where the size of the emitter contact cause different current gains through

the emitter polysilicon structure because the emitter dopant will be implanted at different



FIG 6 is the structure of FIG 5 after deposition of an extrinsic base
structure layer and during a base structure inplant; FIG 7 is the
structure of FIG 6 after chem cal mechanical polishing of the base
structure layer; 5 FIG 8 is the structure of FIG 7 after processing and
pat t er gefifls.t OTHST diYedt RaSRs Sheritpinbh@ viriddond ihSbibbRr Skanbislor &rfeht fatitingd as
the conpl et ed doubl e polysilicon bipolar transistor in accordance with the
pr esentapabilgpt i on; and FIG 10 is a sinplified flow chart in accordance

with the present invention.. 1o BEST FOR CARRY.I NG THE. L NVENTI ON
Ref or 11 ng” nOTRR R S5ors i aPRAT DRSSP ICEr JOBHERE 19 A PUPATRO RS

bi pol abedr RAS kGighk bdGfive TortlidddensRGkidled i iaGe. of manufacture in
accordance wth the present invention. A sem conductor substrate 102 has

been inplanted with a dopant to forma buried collector 104. An epitaxial
| ayer 106 of substrate material has been deposited over the 15

senf conduct or substrate HIBCERPYRE BUFHEINIGAENEGNr 104. The bi pol ar
transi stor 100 has also had insulating dividers formed into the

sem conduct dhe pudssnt mventio@2pramides hebipglant tiaisidtor aydr mebod lvdimanuéaceiraigl ow

o ¢ nor teretaf gHE sbirate Bvingsp edlles BRpiEN 2R 2 Bins Sedelie et o Rl
col | ect@fictd@4s faHEd Vet thel as@ sthgttirre|ad QA R&EHrsTh38 ktrhdtufe!s feriddavienthe20

| ayer 106. The epitaxial |ayer 106 on the other side fromthe collector tap
112 habass stmgkre awshevarithacolingtagregion bpsideand spaechirodioibe smiter tmatursf At he

burj ed ,col 10 . f [ 4 ively,
b S REEC]Bk AOferRBied Bl ug RO eI P sl Bb RRLE,
r egi onbdskktirctuke, ke EmftRE siRktire aagd tike Balddeslledtor. EPhedbipdlhBtramsistst hagfakt&econd

thin dielectric layers 116 and 118 have been depogsited _ over the 25
epi t axPpgralion; apdurgd sizeneonsistent cument SEVERIcaPAbIN Y impEved iperfpayics, andéorand

118, b
col | colabBLEoddtod (BEBIaRht PRE R RoERE RURAUEIGR oYY Bl plesi
et chedsteps] prbeidés fart a tshioothdsidisiateraver Itiey aitridsié baserdgionyetdiees eeghcitbide hi gh

selectivity to the surface 120. This {_eaves the surface |20 extrenely
snddt h beveRn thesamiftprandhgse gryopurgs, and eligHates sikiersBadowinggffedy The term

" hori zont al ¢efin'thifbdiedtEb AL ivenflSh hARCothst a@vmﬁg& iR3GdkibR o bintPisce
conventional plane or surface of a warer or substrate, regardless of its
or i ent af tlmwse mMkndoneal shovee rfhiecavintagedsevidl hepome dipparent torthpser ghelbedi imuthamrtt o t he

hori zontal as just fi . .Terneg,. such as. 4 "on", "above'., "be] ow',

o1 or oty o irabig b Ffowing gibited tepisiilion whehdpeen AR Seirenst o Hiee
def i nedcadnipanyiagResting® the horizontal plane. The term "beside" refers to
two structures, which are side by side with neither overl apping the other.
The term "processi ng" as used herein includes deposition of material or
photoresist, 5 patternin exposure, devel opnent, etching, cleaning, and/or
redbval of the materiaPR FQESQW%HQN QfsTHgWgHNGSform ng a descri bed
structure. In one enbodinent for an NPN transistor, the sem conductor
substrat e 1BEGi b i$ agitodsyseRtiatmp aricvared at hipolau trassistbe it en integneiate istagesoft he
sem conducf O{&l{substr%te 10@}11\%th lisgiht Ir%{. Ndoped (5E16 to 8El17/cnB). The
bur i ed ™EBMAEY B FEXANE W HTERYBYTYP> 112 have a N+ 1 o doping. The

first and sppeWisAd stfuchi® oARIG. Wldfiet dBpdaRionind Pddedidg oSl bask me&hgs W t h

grown silicon oxide liners filled with deposited silicon oxide. The first
and second FHin3 ds theestructure |od\idfs 21afer glegogition efantraniger sryatwgrlaystiard and
silicon nitride. ' | ess than about 600 (err). Since a highly
se%%act aglgﬁ%@c%ggfa%#%é&&l}]segégﬁgﬁrem)ve the silicon oxide fromover the 15

si li con subPBIG.at 8.thd fifuchirt bf BIG. Sudfter depasitivnl df alikiré gsie didletdiylayarasvehed,
whi ch neans that the surface 120 will be extrenely snmooth for |ater
deposi EMEHE stragtpre layes gng pafteraing oftheemiftelestBiChi¢;s shown the structure of

FIG 1 afte ! C i s terial
122, The baciimnrart SgESrHIGnEeRL N tpthiifh D2 R S AN} e [Rmalan B R

ext r enspagesraomind thaenittet poly; free so as to result in a good base coll ector
20 junction | eakage property. In one enbodi nent, the base material 122 is
silicon germanium which greatly enhances the speed of the bipolar

transi stor 100. Also shown in FIG 2 is an optional selectively inplanted
collector (SIC) 105, which can be segarately i npl anted to i nprove the
performance of the bipolar transistor 100 by about 10% The SIC 105 in one
enbodi nent has a N+ doping. 25 Referring nowto FIG 3, therein is shown
the structure of FIG 2 after deposition of an emtter structure |ayer 124
and during an emtter structure inplant 126. In one



enbodi nent, the emtter structure |ayer 124 is of polysilicon and the
emtter structure inplant 126 is of a N+ dopant. Referring nowto FIG 4,
therein is shown the structure of FIG 3 after deposition of a 30 third
thin dielectric layer over the emitter structure layer 124 of FIG 3. The
third thin @@l £¢d feGtudde oPPIG.INERE A b iof bF Wh (e irfsl AYARE skiduRaMGeoeen
processed to | eave a CWP stop layer 130 over an emtter structure 134. In
one enbodidwing 3 bashstr@restippanit;ayer 130 has a t hi ckness under about 1500
(err). 5 shaul d be not ed t_the se. material 122.i.s sli.ght
trenched at i:L(I“ﬂ'o Ilﬁlég% SifuG UG Ql; Eﬂit@é‘ &hf ?‘%‘Fgg?’?f}@f’lﬁa pelisping: I‘?gqgchh%ﬁeders
132 f ogiiucdire@Xferi NSi C base part 136 of the base material 122 beside the
emtter structure 134 and inte%ral with a thicker, intrinsic base g&rt 138
of $he baseFHat 8rip dhe spacturedef HGe 7eafiartypcessing gindr pattegning Itey forme aNPase
exanpl e tthe_ 5 intrinsic base part 136 is noderately P-doped while the
extri ng'ilr%c Wise part 138 is heavily P doped. Referring nowto FIG 5,
therein i s piEWIsithestaicikre o FEGf adthGeorhpRiddedouBRORS VSilicuh Bipolar@ariiesrer

| ayers _and formation of first and second spacers 140 and 142 around the
em t t ein agcprdancs with the presenpiiwentigivandrent, the first and second spacer 140

5''s ‘an opt ISl Bl ARy PRLER 8GR il et 17 T O

epitaxial layer is deposited selectively to formthe el evated source/drains
144 and 146. I n one enbodi nent, the el evated source/drains 144 and 146 are
heavi | y P-doped ( BEETNMODE RORTARRBINGTOUT THHs INVENAdOA™Nt age t hat t he

coll ector epitaxial layer can be thinner as the 15 extrinsic base part 136

of the baseReRirfhig alowl 2@ HIEY Sl,| thédeftl id RhoRef £ ictdshgedlidnal didwt Gf £ bigdigr ei n
is showmn the structure of FIG 5 after deposition of an extrinsic base

st r uct treesistary d PO 1igoary iptermediaty siageeof Manifastusada agcprdancs avithytheapresem2. | n

one e Laent, i NSl - j | ¥isi,ldcon
and ¢ nVEREET 4 dehfoFHLELP Sl RaTR2 Tht M IEG IR inf 2 obdy €4 A e
Ref err toltectoaw (40 BInGepitaxidl Hayeei 106 of siitnwatet thatetibl iad béeh Gépdsitéd oberafhicer
chem cal nechanical polishin of the extrinsic base structure | ayer

CVP
1503 TWWW%V@“FF&U&@Q%W( P‘Hi'*ﬁ)dt‘}?éle‘ét?’f F9sic base structure |ayer 150
and stops Ofpl hﬁ'inM? F4RRdr2Y 66 1@%0 alsB h?@vﬁs@?@i&o cﬁfﬁﬁé@c?oﬁni to! I8

extrinsic base structure |ayer substantirally TToplanar wth the top of
t he CVEersicopductoyesubstBe 103 aRdfthe epmaxialolaydrol (6l {Bat Bre ¢haHowi trerich isdiatiomst he

struct ,of FIG 7 after processi the extrinsi¢ base stru re.layer 150
Lo Tor M hoeFisandsecand SR ficrard stsson siflsr s of b locusiess LA 00eHE | 56
is forp&thebRdiislene RLAVLILELE 104,108 WAth WYIREavill RRpedTihpBht lthdehidga1134. A
rapid thermal anneal (RTA) is performed to drive dopant” fromthe extrinsic

bage stayeriQfr.eTheepitania layes 19ptoncthe lothes isisletfeam éhexceltestor dapul 2 haly alower144
and 146 and/qr into.the 30 base materjal 122 to formth xtrinsi ¢ base
o t 1 SaRgptedton’ fiCatmies BBe 4t Mo S e ol BIGRET Fob A KPR R
emtt ebouse‘cfdﬂeégimelﬂﬁ%bmc@yélpsethawﬁemmfctoall04,&Be tolldcairtap DE2,1afd EdWmbC base
part 138 of the base material 122 and a shallow emtter structure (not

shown) celigctor gegion | 1hwilkboreferaddpas agglleggor regiondhdul d be noted that the

extrinsic b 156 1.5 for ly 0 i 1.t her
ctructure 1508 Fid HEbHE ol a0 118 L Ry bih BipchitEy S 85
haws ngepitdxtildaycbd96. IHri fisamnbsaosd shiardidearic layesul tesandn1 Bjnaad Hiagé also

frequepc erformance degradatign. In the past, the extrinsjc base .
St r uct Y ng?FéF‘?ﬂrT‘iaof"QB?er SHiRes 1§Ré>vsmhft88b cellpcter geion M cﬁils_swg&ﬂelad ina
| ar 0T dRARICAIaRR! M8Icah 60Ary ERAR diddhe fitst thip HlledICRIRE 1 1dRAEN 08 ARA

reduces'the_ emtter-to- base structure and base- ector structure
capaci withdesh salentivitfido plaessurface 0120.ulbis 1Refee thd swyface w20 exEerdelySmaotiewdhn i s

shown theqBl BY!Rharldidfs bt SectHe, COMP! et ed
30 The term “horizontal” as used in herein is defined as a plane parallel to the
conventional plane or surface of a wafer or substrate, regardless of its orientation. The term

“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as

4



according to the present invention. An interlevel dielectric (ILD) |ayer
160 has been deposited over the structure of FIG 8. Openings in the ILD

| ayer 160 have been nade for the to various contacts. A base contact 162
has been deposited through the ILD | ayer 160 into an over-etched part of
the ext‘éﬁ"]%B‘ov@G}S‘BeISW",U‘Fsldé'”?asliﬁﬁ‘sidé@aﬁ%ﬁigﬁerﬁ,o%\@&t’, dRérhasd haprrderosi t ed
through the ILD Il ayer 160 through the Stop layer 130 into the emtter
st r uct defneti3with Aespsict b ther harimontad tplang6 b taymefbedisled sefersdta twagghctules, | LD

| ayer 160 .and the first. and.second thin dielectric layers 116 and 118 into
cont acf”?\?ﬁhtaﬁet“lqg%Xé}iee‘%lflb?e“rhﬁboﬁefgpp'fg%‘i 91t§?rl'y, a netal layer is deposited
and processqfe ttémf Glflﬂbé?@i%g’f aSikdd BdreindNelu8&Y depotifibn \f m@fterial Or phétdresisid 174
respectively connected to the base, enmitter, and collector contacts 162,
1645 apattrg®g, Repesurd, rdgvelopment, Ritching Ocleantig, eand/drsregtayah of the mpateridleer 1 ow
chart 200 in. accordan Lth t [ t .jovention. The manufacturing

nmet hodpﬁ%tgfeﬁgggs. g lg?cg% f‘é‘%&ﬁlg#ﬁg&%‘%ﬁéﬂgﬂ 0 substrate having a collector
regi on; a shepneembodinfeat forrg NPNat@sisior, the vémicondictdriabsialtd €02 & ligtlyi on;, a
step 206 of formng an emtter structure over the base structure;

) Lure, a step
208 of Prdspsd and e Bbrqollseipe ragionel 14 s the srraicendiictar srbgmte L0 with lightlyN-besi de
and sp 113t errLat : i {90
di el ecta §§egi {S?yi?rtz’%ﬁel?%i; éI‘ l?%sl{uﬁg leé?ﬁ‘écrg% gdﬁ%edsajglc%ilgggfga?n% lnzggaé‘%nanlggt i ons
t hneugldoping. dlled ficst rand seeytrlr STBs t108 andt Flidnsdncbd aseventionud t SiFletreriches evitht t er

25 structure,. and the collector region. ile the invention has beep,

descri BEY ﬁ‘l’e%joﬁfhgt s e it semtpé\gﬂggp Giife, The frst e oo dBiPs t oo
t hat tq LA ' igBi| L : neaxt to

those ST iR as S E, ML B0 BliSgn 900 454 shlcof Ml of srFidReanen

Accor dihaglapouti 600iA. i nt ended to enbrace all such alternatives,

nodi fications, and vari ati.ons ich fall within the.spirit d 30 scope of
the. | not udedtise 3 fighy efecis Fsh o Beitird i besiIEBR Oidgaranpver Tehown

i N 1§ he sieaR TREIHAL) 3hél sAbbR Gabafale WAl R és@&rﬁfalﬂzeﬁrﬁﬂzhbd‘, #ich! hesds’ @hi MR and
non-limting sense. THE I NVENTION CLAIMED 1S 1. A nethod of

manuf asunfacerlg0avillibgsktemelysmoioth for laterdeppsitions: forming a substrate having a
col l ector region; forni se. structure over th .l ectar region:, 5
Form ng an Bufras ngh IR 358 FHSUREE Sfhe Ol offe Aopdeitallli nsi c
base spfdeedsitiglof/Bdse sirtcttiResst tabé MatediaP1 ZM AT/ Bdse nfiferfed 122 64 SowheBiepthebesi de
and spaced fromthe emtter structure; depositing a dielectric |ayer over

t he suB&facatl@l, whigh ioriiemglanenth enddefeetrfrassgras theesult & @eeed basp sglkactaro t he
extrin . r : e I ; .

¢ ogh on bt SFREELI MERHLE 1 O Afo SIERCineidElali 1385 o BBRR
st r uct whéch greqtbr dnhanaes tieedpesdof the bipotprtdaasisst 10MSi ¢ base structure. 3. The

nmet hod as clained in im,1 addi.tionally conprisipg:, fornj extrinsic
base part oflt opaon B 2ot aﬁleptl%m@@sct%'vsfymﬂ?véaréﬁ{] fﬂ%@t%@@%@gewgﬁ% of
the bags 5¢ bt Pimftantlldfo HRABONE DetbAhAMRE of thoifIAR anRAittr1 00 B9labot
conprising: formng an extrinsic base part of the base structure; and

f or m ng0%. JhedCilPé iebry anbadisent lias/ad¥-aidopihgyer over the extrinsic base

part and arqupd.the em rostructure. 20, 5. The d,as, clainmed in claim
5 11 onaf PPTEBRBPY aP 14T dr WP i CaNAdES FEFYe BN RdTELPRBTER Thn ¢ he
substr g enfifte? sBétutOTay’t 122€ af®! duinOfin re@fitt@N strifotur® TRAIAAC 196, In one
manuf acturing a bipolar transistor conprising: formng a substrate having a
col | ecembodiggnt the §roittet stipchurb dayer $24 sof polysidigen andthesntitterctmctureipant 25
deposi tlb{'% oq,afi_[% a%?l ysilicon |layer over the base structure; doping the
first porysil %on Ifay‘er to forman emtter polysilicon |ayer; depositing a
thin di el ecRefegrih@yew t@ ¥EGE. 4, hRereifiiié tiewrpe $&hittuesT HIGY 8raftef Q¢pvisitigntdfa
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olysilicon |ayer dow_to.the first thin dielectric layer to renove 5 the
Basg pm“ag'ie?ﬁ r?b<ﬂPé|15¢Qém over the enitter structure?/ form ng the base
polysilicon layer to forman extrinsic base structure over the collector
regi on beside and spaced fromthe en%tter structure by the spacer;
depositing an interlayer dielectric Tayer over the substrate; and



form ng connections through the interlayer dielectric |layer to the
extrinsic base 10 structure, the emtter structure, and the collector
region. 7. The nethod as clainmed in claim6 wherein: formng the emtter
structure is perfornmed before formng the extrinsic base structure and
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I ncl udes: 15 ping the base structure to forman ‘extrinsic base part on
t he cobesidd the engitfeosinoture Hd4s Ubet shatklersahi® fdepomi ¢rtrigsic besesparbhdp of the

olysilicon | aye er.the extrinsic b rt. 8 The method as.clained in
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form ng a%nextri nsic base part of the silicon germaniumusing a rapid
t her maP°®fheal ; and wherein: 25 depositing the first polysilicon |ayer

deposi ts t h@efdrfifig nBW! t¥ FIG! § Otheted & show@Ithé BRudtifeSdf FIGH 4s4tep Aepskitednesit i ¢
| ayers and the silicon germani um depositing the second polysilicon |ayer
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t her mafraguisring, 17 ofe BAFEaRAt, % pishinlocb i thetel [RIMANT ARMIONd Sificth

addo t i oxidklayd siviop histidg: form ng a sel ective el evated source/drain as part
of the extrinsic base structure and around the emtter structure and the

spacer: andA showR HOFLO- a4 ppiianghpe ssisriéva clayated squsesiilsgn 1t 2adilfeer
truct : L S t . ied in

ol i m (el SR EbARLE sIoiRRE) B BHEIY Govaldh sof e/ dFERD R B2 B HEC !

f or m ngn& emboldmedntyr tHeaglevdted wourge/dramsr i 441 and| l4é6carerheasity Ptdopedr (tE1§ @ sub
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base structure over the coll ector region; an emtter structure over t he
base struct Reterringinewtto iFA6i 6, thaxeem istshownithe sionaturetdfFIga s eafiet depasition efnd

over the collector reqion beside and spaced . fromthe emtter structure; a
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and the collector region. 12. The bipolar transistor as clained in claim1ll

addi t i effedterg implapt 1 53 Wl a Popdopent.

20 Referring now to FIG. 7, therein is shown the structure of FIG. 6 afier chemical
mechanical polishing (CMP) of the extrinsic base structure layer 150. The CMP removes
material from the extrinsic base structure layer 150 and stops on the CMP stop layer 130 to
leave a top surface 154 of the extrinsic base structure layer 150 substantially coplanar with
the top of the CMP stop layer 130.

25 Referring now to FIG. 8, therein is shown the structure of FIG. 7 after processing the
extrinsic base structure layer 150 to form an extrinsic base structure 156. The extrinsic base
structure 156 is formed beside, and by definition not under, the emitter structure 134.

A rapid thermal anneal (RTA) is performed to drive dopant from the extrinsic base
structure 156 into the optional selected elevated source/drains 144 and 146 and/or into the

30  base material 122 to form the extrinsic base part 136 of the base material 122. The RTA also
drives dopant from the emitter structure 134 into the base material 122 to form the intrinsic
base part 138 of the base material 122 and a shallow emitter structure (not shown) in the

intrinsic base part 138.



spacing the emtter structure fromthe extrinsic base structure. 13. The

bi pol ar transistor as clainmed in claim1ll wherein the base structure has an
25 extrinsic base part and an intrinsic base part. 14. The bipol ar
transistor as clainmed in claim11l additionally conprising a selective

el evated soy $RLKIBY AotbdWRk theVé?Jtm@mcDBés% sﬁ{lcthifbelﬂﬁﬁ%ﬁﬁédlé?ﬁlyro% Afecidy eund
the emtter structure. 15. The bipolar transistor as clainmed in claim1l
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oveo t Wericusheontaetse; A basacasanid2 diag beat dépositadythroughahe Thip layer d60dntelanct ri ¢
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dielectric layer, "'the silicon germani im having an extrinsic base part and
an 20 stmatuneslig. b’as@ilqumrtconmat 16ﬁﬂelslbﬁpodazosu¢®mm®dhe HsD dayzr 160 andhthel ai m

sccand it arossebrd WRgisteedlefond 1 mpdd Rt forfaqt BARDRY Slecle Ty PO o™

segond di el Fﬁiallyca hﬂﬁﬁ@yeﬁ*@é’délﬁsﬁéﬂ SRERHoBEsET BV for@thaké nfittdr, Ax@Pesldgort he
col | ector gl on of the 25 substrate; silicon germani umover the collector

regi on“élscpdg dli%ra@dglﬁ%m@emwﬁy cameectedciorilie bpes, ennitterc andigellestoraipntagiser ei n:
the fi he %ﬁ&gl d d6con | ayer is on the silicon germanium and 30 the second
pol ysi I r'con 1 I's over the silicon germanium 11 19. The bi pol ar

transi stor R&fd?hﬁg 18 to FIG! 20,thdGins eh@m a 3R IifledTRIW YheFOPW inSdcBerdarice
sel ective el evated, source/drain over the intrinsic base part and around the

eni t t eVitht thg dreseat Hyygntione Jpeadwanufaghing method includes: a step 202 of forming a
20  substrate having a collector region; a step 204 of forming a base structure over the collector

region; a step 206 of forming an emitter structure over the base structure; a step 208 of

forming an extrinsic base structure over the collector region beside and spaced from the

emitter structure; a step 210 of depositing a dielectric layer over the substrate; and a step 212

of forming connections through the dielectric layer to the extrinsic base structure, the emitter
25  structure, and the collector region.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the spirit and

30 scope of the included claims. All matters hither-to-fore set forth herein or shown in the

accompanying drawings are to be interpreted in an illustrative and non-limiting sense.



dopant fromthe polysilicon extrinsic base structure in the selective

el evated 5 source/drain. 20. The bipolar transistor as clained in claim16
wherein: the collector region of the substrate includes: a collector tap, a
buried collector, and 1 o a sub collector region; and additionally

conpr i SHYINVER t@NtGIy‘QMEDqQI anted collector in the sub collector region
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4. The method as claimed in claim 1 additionally comprising:
forming an extrinsic base part of the base structure; and
forming a selective elevated source/drain layer over the extrinsic base part and around

the emitter structure.

20 5. The method as claimed in claim 1 additionally comprising forming a

selectively implanted collector in the substrate as a portion of the collector region.

6. A method of manufacturing a bipolar transistor comprising:
forming a substrate having a collector region;
forming a base structure over the collector region;
25 depositing a first polysilicon layer over the base structure;
doping the first polysilicon layer to form an emitter polysilicon layer;
depositing a thin dielectric layer over the emitter polysilicon layer;
forming the emitter polysilicon layer to form an emitter structure having the thin
dielectric layer over the emitter structure;

30 forming a spacer around the emitter structure;
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forming the extrinsic base structure includes:

15 doping the base structure to form an extrinsic base part on the collector region
of the substrate; and

depositing the second polysilicon layer over the extrinsic base part.

8. The method as claimed in claim 6 additionally comprising:
depositing first and second dielectric layers over the substrate;
20 exposing the collector region through the first and second dielectric layers;
forming silicon germanium over the collector region exposed through the first and
second dielectric layers;
forming an extrinsic base part of the silicon germanium using a rapid thermal anneal;
and wherein:
25 depositing the first polysilicon layer deposits the first polysilicon layer over the first
and second dielectric layers and the silicon germanium;
depositing the second polysilicon layer deposits the second polysilicon layer over the
first polysilicon layer; and
forming an intrinsic base part of the silicon germanium using the rapid thermal

30 anneal.
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forming a buried collector, and
10 forming a sub collector region; and
additionally comprising;:

forming a selectively implanted collector in the sub collector region of the substrate.

11. A bipolar transistor comprising:
a substrate having a collector region;
15 a base structure over the collector region;
an emitter structure over the base structure;
an extrinsic base structure over the base structure and over the collector region beside
and spaced from the emitter structure;
a dielectric layer over the substrate; and
20 connections through the dielectric layer to the extrinsic base structure, the emitter

structure, and the collector region.

12.  The bipolar transistor as claimed in claim 11 additionally comprising a spacer

spacing the emitter structure from the extrinsic base structure.

13.  The bipolar transistor as claimed in claim 11 wherein the base structure has an

25  extrinsic base part and an intrinsic base part.

14.  The bipolar transistor as claimed in claim 11 additionally comprising a
selective elevated source/drain layer over a part of the base structure and around the emitter

structure.

15. The bipolar transistor as claimed in claim 11 additionally comprising a

30  selectively implanted collector in the substrate as a portion of the collector region.
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a polysilicon extrinsic base structure having a top coplanar with the thin dielectric
layer, the polysilicon extrinsic base structure over the base structure and over
the collector region beside and spaced from the emitter structure by the spacer;

10 an interlayer dielectric layer over the substrate; and
connections through the interlayer dielectric layer to the base structure, the emitter

structure, and the collector region.

17.  The bipolar transistor as claimed in claim 16 additionally comprising:
a first dielectric layer over the substrate;

15 a second dielectric layer over the first dielectric layer, the first and second dielectric
layers having an opening provided therein exposing the collector region of the
substrate; and

silicon germanium over the collector region exposed through the first and second
dielectric layer, the silicon germanium having an extrinsic base part and an

20 intrinsic base part.

18.  The bipolar transistor as claimed in claim 16 additionally comprising:

a first dielectric layer over the substrate;

a second dielectric layer over the first dielectric layer, the first and second dielectric
layers having an opening provided therein exposing the collector region of the

25 substrate;

silicon germanium over the collector region exposed through the first and second
dielectric layers;

and wherein:

the first polysilicon layer is on the silicon germanium; and

30 the second polysilicon layer is over the silicon germanium.
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a selectively implanted collector in the sub collector region of the substrate.
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