;}~e3ew. t| (6T. JP*HETERQIUNCTI ON BI CMOS SEM CONDUCTOR TECHNI CAL FI ELD The
present invention relates generally to sem conductors having heterojunction
" bipolar transistors, and nore particularly to the integration of CMOS
transistors into such 5 devices to forma Bi CMOS sem conduct or. BACKGROUND
ART Transistors are nulti-electrode sem conductor devices in which the
current flow ng between two specified electrodes is controlled or nodul ated
by the vol tage appyipq%: “ﬁﬂyﬁ I ansi stors fall

into two nmj or classes}a?le -é e??egggggﬁg?ggg Egﬁilo and bi pol ar
junction transistors (BJTs). FETs include a source, a drain, and a gate. A
voltage applied to the gate results in a current flow between the source
and the drain of the FET through a channel that is forned beneath the gate.
A comonly used FET is a conpl TheRlNECAINMITAID oxi de seni conduct or

transistor, or CMOS transistor. CMOS transistors can be either NMOS or PMOS
- transi st or STH pespetnthivegtion) e¢lateh echymatly ob  saniconiudioed ihaeingah&eioplnstiised to
formthe transistor. CMOS senjconductors include _both NMOS and K PMOS

t r ansi SPORE ApsigpR. aadimoss @adicslarlygotae dnpgratior of kMBSHransistars e syFlaced
back- t gshacks FmGl EM@S%&FFP&M Lig- each other, with one of the regions
common to both junctions. I's ?orns either a p-n-p or an n-pn transistor
dependi ng upon the characteristics of the sem conductive materials used. A
BJT 20 is a three-term nal device that can controllably vary the magnitude
of the current that flows bet BARKGROWNDIABTt erminals. The three ternminals
include a base termnal, a collector termnal, and an emtter term nal. The
movenent of Tehsistbrs aralmulbiadigerodarsemeoadidiat dpriadlinevigtie die bwadnt dlowispt fl ow

between the collector, and the emtter ternjnals vary dependent, upon,
vari at POHET e e elzgrodss i rembrlse o aneriaied b 3}%&&1&%@9@ & gehird
magni t 4egerlh eldeBoddl’ Tedtsistdds 421l YRb ¥wo HhAjSr lc%agh%spﬂélﬁfe@fec O &b Qs he

emtter and collector electrodes Is controlled by the vo#tage across the
bade- ewmid hipolaj junctiororansiReee®@ITg). demand for BJTs has i ncreased

si gni ficant because these transistors are capabl e. of erating,at higher
Spoeds and HETUPRORerBIE f AT SPASEEnAr HIPES RRTIOde AReeqe i bt E an
for hi glireap @66 bdtivedh fheeduReGMd GRTHRIM SATH.OME T AWREKE cBAGR] 86t IhR%Bed
required by cell phones and conputers. BJTs can be used to provide |inear
vol t ageensa thargetont Aaepsnmpily atsed e St semphmichtagamietal jozide ssimiggnstuctor
base- e LRSe rrent. at i erm na

resul tg%ﬁnsgsg&l’ éI(rJGe vaFl a ?t@ﬁg@ gﬁd$ﬁgpsgs?§r5u#n %g }t%egt%%u?rmpst Hfigtstors

t r ansi ddpendiagmpah she gpeusfesbnaisonlustive Shterialsdisgd ttalfolnd ghed ramibtGOVWVEMOS

swi t chi ng aeﬁéicailons swtching froman "off" state_ to an "on" state.
such BPREcondygtosninriuda bpBANMP Sand YOS eangisigrs i ongispraisionducierd i nt egr at ed
circuits, a u i.eS : ' adio fre . B _
seniconduct%{ggF%%?ﬁ%%ﬁ%g¥§§g%gﬁgk%gg%g%ﬁgﬁé?gF%kééhﬂyggﬁﬁyé n taghlo
sane sethegsidiuoeof theHBionacenBdiso hbhrjendtivas.ethis tfemsbsdther 4 pmsp bom h-$- a

het er oj unct.i on, bet ween sem cqnduct or, nﬁggrials of different, byt sigilarly
f unct i BHERYSIEY ferending Fpop theapsirsistirrrdbrreBisanduciiye magrals ued: ¥alll one

adyqant aoehede-Rahmdl ARVMY Bet tHnShnddilsKly B rh&mBAULtheUfidnt DalBOWSE aCt ure
silicon sem conductors. Silicon/Silicon rmanium 15 (S /S Ge) and

Si | i cobgtsetn ¢wn CethaeaimuinalSar bon tlirst /1@inGedy inclede wobasy pesniodl, ldBXdlea®r ng
conmpound. sem cgnduct.i.ve materials which ha ai ne opul ari due,to their
i on < BERBL AR PR RbF obVeREnbR P Bedl GTaBRbarin W REUt? | 1y

t o nangtasitall @irfeheflowHeRGedpl A6 @5BING HAPAL iehiifdraSriBAd viary 8fRndBRWHaEt Ur e
of silicon BJTs. HBTs have found use in higher frequency applications such
as cel varpiienes: the yeltegs orf thp dasedganisalhiderehy gavsingihe eppepitpde eiptbt comentdns
regquirj i i i satel Lit.e co i,cation
oot c oS 18R b, St ASREARRIAC bRlsh B SRR S RAL S eGORTIA 5 T
HBTs, wslege homoseihe bysesorhiter fi@cti@i.hods, this |ayer is subsequently subjected

to nultiple_thermal cycles, inplantations, and/or etching processes during
the fornat i Becegtlgpdenand; for BIdsdiah inrgeased significapily bprauppiness) spngsotsire
deposi {4 i I | avers,..nitri y em.tier. 25
Sevor al TaPie e aRiend Hond Spfle MINRingindst (b ©hes? MablBGl b€

sem conductive layer. Etching polysilicon, for exanple, adversely affects
t he conpound sem conductive | ayer beneath the polysilicon because the

et hchants used do not selectively etich only the polysilicon. Some of the
conpound sem conductive layer is also etched during this processing step
resulting in HBTs that are relatively slower and exhibit relatively poor
noi se 30 perfornmance.




Furthernore, to inprove the operating speed of a HBT, it is inportant that
the base | ayer be thin enough to mnimze the tine it takes electronic
charges to nove fromthe emtter to the collector, thereby mnim zing the
response tine of the transistor, and have a high 2 concentration of
dopant in order to mnimze base resistance. Typically, ion inplantation

t echni myestanr for Mghedpgedidegh fraqdencycanbaaratiay etwollievwavie hs thobd feqhigedBy que
has the problem of ion channeling, which limts the mninmmthickness of

t he ba@ﬂ@?@??ﬂd&?&m‘é@rs-di sadvantage of ion inplantation is that the

Si/Si G or StSi [-Svi ' '

i npl ant ati o%ﬁ%cfgleﬁ lcl)%gﬁlﬁfréw?éﬁﬁte aérrrper g‘?glrléé))ég%\r%ga I ngiclg{sfsé ggcua??%gn?% drive
t he dopartionsofithe basensitter wiltagayad bencthhcban nemént aythetisgt tdroieal e¢sultah t er s
the concentrat.ion profile within the various |ayers of sem conductjve

matr | B VRERIPG 20t ARG SIEFOF gprrenty A Ganga! CAHSIDS FREdn Gathich 11

manuf agiuithll RGict S pbRseswGRsh bebif@fidhCMMRRRG AR Snhaye BAE b tin dich? 1 cul t
to manufacture Bi sem conduct ors usi ng conmpound 1o sem conductive

mat er i shtg. tSuak Bddy dindrappkeation ibendlegend digikl ¢ircuiiBTind iiBegrated eirsuits at alése .

probl e hay: n_l.on ht but prior devel opnents have not taught or
suggesﬁg%egﬁlgs grgﬁu uldgontg ra‘%‘g,%eﬁﬁﬂﬁc?" solutions to these problens have | ong

el uded t hosBiCMOISI &hitdhdub®raicludel GGRdREMBS ThdksibtOMENIhhtrkRd TRehpr esent
i nvention praqvides a Bi CMOS sem conductor, and nanufacturing net hod
t ht} ef B¥me KOEeqd¥eiRBuct or substrate having a collector region i s provided.

A pseudo- ga (.S, f.0 e € r. i OF 1 ! i's
formed int g%s%%d?[jggt‘g}{%% P{)ér %&gdﬁérgo%%é)ijﬁéﬁghbgssef&e%l%%ﬁigp V&%ﬁ%ercut
r egi onsdntine@atubton npodrialoef diffetehe bpsdmiarly dire-tiosing aypesd HBT spsing denpinnd
intrinsic base.structuyre jin the undercut region. An emtter structure is

f or medSTHERUUEHY SRIPERS WiPRdeur FlFntagRe qfnbringsmenagures; EEE usmmag
i nter | gupliqflsel8&d ribC nlafifibnks SRR LAUBhdINGsSCMRRONIYHLOE Sulnkhghe, and

ik
connections are formed through the interlevel diel ectrlgﬂal ayer to the
. colli ectoSiGeyarmhSilichw Sdicon i (singnivas Eaton (Si/8i(&C)aard twh éymsi dftlEBTs tisingt ur e.

The intrinsic base structure .preferably ca i se conmpound. seni conducti ve
mt er | SER SERGRRLAE Bl B Pals AR Rprgpty GG thetr Bigh SpeedC

si | i COfnd SvIRIMCHIGaE HoREoapMWilidss cOPM Hifhoms IHIRK R mali¥8cifLaRA ulipy¥ent i on
provi des a Bi CMOS sem conductor conprising a hetérojunction bipolar

t r ansi BiosesspgBRpabiditiphysadoln Heseanudadtere safculiecand BRI g HBES haverfmod. us€dnt ai n

nbodi i i h dvar i di tI. i
ol ace. Dt s ap@RbhE Suct s e Ol BGATYBNT Ry B0 2 D vy o
t hose spplichishsirequitieg fister Switéhingtrandi®ad] 1@h af sdtéltd @nmmiogiceledicked

description when taken with reference to _the acconpanying draw ngs. 3
BRI EF DESCRABIWE] 8 seppoydvyaqaconduative laver Jag proven usslkin JEBES. omeP vi ew

of a Bi . ! L Cnt . ; ; .
accor Elg)nce ; fehrﬁ St%ﬁg pr egz:{eshtﬁ?? %\'ﬁ/}gﬂn{éis%%ﬁﬂ%@y%s@@&%ﬁﬁg%@#&rﬁ% %ﬁ%’ 1
aft er hoplasttiions afl/dr kechirenprocesdescduring thaf@matibn sleps bf BH@EmaivhstElserits ;

go Iu f c tegﬁﬂlglt[ﬁ#‘f tégqug%gt{'lf: E!aﬁ{glzo&\a?@f ; ee{t(fhéi'ﬁ %)fg {1]% é !a?rgrs?}clitr?deplla%r? la.{lé ﬁ'leogmitter.

25  Several of these processing steps inherently damage the compound semiconductive layer.

FI G

Etching polysilicon, for example, adversely affects the compound semiconductive layer
beneath the polysilicon because the ethchants used do not selectively ectch only the
polysilicon. Some of the compound semiconductive layer is also etched during this
processing step resulting in HBTSs that are relatively slower and exhibit relatively poor noise

30 performance.
Furthermore, to improve the operating speed of a HBT, it is important that the base
layer be thin enough to minimize the time it takes electronic charges to move from the emitter

to the collector, thereby minimizing the response time of the transistor, and have a high

2




. FIG 4 is the structure of FIG 3 after formation of an intrinsic base
structure in the HBT; 10 FIGS is the structure of FIG 4 after formation of
an emtter structure in the HBT;, FIG 6 is the structure of FIG 5 after
formation of a plurality of contacts in an interlevel dielectric |layer; and
FIG 7 is a flowchart of a method for manufacturing a heterojunction

Bi Cl\/DSccﬁﬁmtﬁa‘Dﬂﬁduﬁ‘tdﬁpanﬂhna@d&f thamidimi¢d Baskhesifihese nl‘yplaadgmm@ PmplhbtaB&EST MODE
FOR CARRYI.NG QUT TH INVENTICN In the follown descrlptl nuner ous

speci f eehnighesiare wiedlde foran » besgi lavera Homsvei dHs thshainge %ﬂlﬁ@rqﬁem 196

i nvent B&Hﬁﬁﬁa& d t the
|nvent¥%ghnay %e%?g%PFﬁgéhmﬁt out t %@gggbeC|Eﬁ%l&%?aA?BﬂkFﬁm%%%n E?o

avoi d afisoumplagtatine iqoﬂlesma&fSr@cem Sﬁlﬁe@dmrmbfterkdmmgedmyfthgmtdmng and
process S ar sed in 20 det .. Li kewi.se, the draw ngs

shobi nﬁﬂl@ o ﬁ{iél?eflg m@lgﬁbﬁ&%{we%@f@a is grourred dondrive Uandonst e scal e
and, pabihfttiaNhvbrs. SPHB afhelifis s Fnﬁmé%?%lt%fsethfe QBnéeﬂﬁaﬁénégfoTYe Qdthin the
presentation an are shown greatly exaggerated in the neraIIy, t he
deV|ceWﬂEwsbemnpéﬁams@ndwﬁaﬁynmwn@ﬁmekmgmmtﬁﬁﬁwhemuern1 hori zontal " as used

of & sem conlierapRadft HERReBPLT pufuet PablTrBREETH SR GRpEliadS Rt The”

term " MBTki &ak" ma®s armtﬁauatalmmfa&&ep@mm@ll Edﬁh@én(ﬁl@tohh%s n?%(i’[ﬂi&lﬁﬂ as
jUSt defined. Terns, such as "above" bel ow', "botto top ,

' sitle" sqrigondyctivg f@é‘ﬁﬁlﬂlls that hayg P}ﬁé@n 1o by b?ﬂéﬁmal ing{RFs:, and "under”, are
def I ned wi to,LASR t er e&rﬁ@lﬁgﬁ [ @E%l Easpﬁ%ht%u% p};()f dé\%’i(%Bme%so 3%%31{0@9 or

"processed” as use In 1ncludés depoSition o eria otoresi st,
pat t er muglgy, oresygsiiee anyl evlatiopnzant, thet eblutigns ®© ¢asd pblcanthdi lbﬂgrenmIbd of the
nateri&% Oéﬁﬁgol%&58i8t as required in formng a described structure.

Ref er r FIREF° 4 ig the - therein is shown a partial cross-sectional view of
a 5 sem conductor 100 in an intermedi ate stage of manufacture in accordance
with the present invention. The sem conductor 100 includes a sem conductor

substrate 102, such as apRghUSURDPFIrIEMTERAUONOr substrate of a first
conductivity type, for exanple a p doped seniconductor substrate. The

sem Conduct@% gsé?aﬁﬁxﬁﬁegua@@omsas%w% i o %&ﬂlfac inSHEodS 2

heavi |y doped region o cond con ype, or exanpl & an n+ doped
r egi onthefefamdA aemidondwitdrebstrate aving abﬁﬁecadm*egmhhe piwvidedd A phdudoigate isegi on

104, s ch ed re |Qn of. the .seco conduct j V|ty t for
exarrpl ﬁved%%ga E‘é%qra 10%65 Fretter iiadeyy if anme@m Bepsrudo SHHON 08 2and ¢ he
sub- COleitﬁﬁ;t.l@'baieesgf&ﬂlréo@nvﬁﬂd'ercg‘?rerg%neﬁérﬁgthtaop(ﬁ'ﬁoﬁ of &l ﬁs‘éﬁ&ﬁ-gé‘[@% Apmed7- The

sem conductor substrate 102 al so has an n-channel regi'on 105 in the area of
t he 15toRNVDBEdE pamgtissiobase sgmcﬁqrfam the un@mutyegimpeﬂnreagﬁt@rstmtturdue ferpwdrid

co uct,i vi t. for exa ed reqgion. e, sub-col l.ect or .regi on

O aneiter R BRweter 85 BT ahy Eo A Bt ve el e g o
convenbvamlaé seinfBoridiiBloR BilRtraRNard @R88&tiond B BAMRCORILE RS 1n$éﬂ%$&lrcﬁ&l@cﬁli@2 al so
has a plurality of shal l ow trench isol ati ons (STIs) 108 to isolate the

transi verts thocalecionmeien the exdrieic base stueisonrilibe smitarsguetaree 102. 20 The
plurality o BGSTLtilﬁ‘anS%rB ba§ %{rﬁgtu%eg) qura% r %ng%sﬁngggﬁlﬁéur}}dt ggrﬁgc%ﬁl%l% 1r\]/(5::iuCt or

substrate | enchés are | 1“8 at’l rifal to

f or m t hetaplalir sdcht Yasofsil{cohl s)hd 1QBicodensatifiac eormeylliédiegerPanivbPeabs€d odSi Ng a
chem cal nechanicaI:?oIish (CMP) process which stops on the surface of the
sefRi coffbingionsihaeefat e 102 so that the upper surfaces of the plurality of

STli's 108 argngoptand’ iddlioh"SpriPRES §UTHiRGOST stRGoAGIGO IS uRSt rate
heterojunction bipolar transistor (HBT) having low base resistance and high performance.
Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
30 from a reading of the following detailed description when taken with reference to the

accompanying drawings.




z5 102. The plurality of STIs 108 are individually referred to herein as a
first STI 108A, a second STl 108B, a third STI 108C, and a fourth STI 108D.
A first insulating |ayer 110, such as an oxide layer, is then forned over
the surface of the sem conductor substrate 102. For purposes of this

di scl osure and without intending to limt the scope of the present
invention, the |ocati GRIBFIMESORIMFOSTOF IFBADRXWINGSSTI 108B wi I | be
referred to as the 30 HBT region, the |ocation between the STI 108B and the
STl 108C- wi f1G. be fsefaeg&%gl teRoRScdtiRaNNE Y I 8010BiCHISK tRGidRRALILP NN PEL Ween
the STI 108C and the STI 108D will be referred to as the PMOS region in the
FI GS. ®itermpdifaterstigep! muwufagturt @ acRordanesr with thepresesomveriionst ruct ure of FIG 1

after for i .0f. a_plurali.ty-o t e struct s 200 in the sem duct or
200 The pr ticae if SredRiged Aoy i ToBteE B sfBmonfheE Ry 12he
polysi CMOS rhayi®érs202 over the first insulating layer 110: A second
insulating la 203, such as a nitride layer, is then fornmed over the

er » » - - +
pol ysi | i conFiGaydis fteostrystge gHolflor ek pBer jraplantatien @b gopluradily oh spaEe/deaiond
i nsul atJ : f , .ned, and processed to forma gate mask. The
gate ﬁ%% |é9%§é?§§§§59$%&ﬁ%rn1the plurality of gate strnctures 200 by
et chi ng t heFKRcbizdhe Budtate ¢TOFTIGRBesfte? A3maaibnt dfanpiotitsid beortrhayerin2@2. The
pluraljty of gate structures 200 conprises an NMOS gate 204, a PMOS gate
206, ant*a pseudo-gate 208, such as a pseudo-PMOS gate. The PMOS gate 206
andy the psepfipd & @8LRUARR FUM! 4 Sficrolith dandfAibbiARES depbonduct fve
“materi al ofpgﬂe H?rst conéﬁg??v$tyet§pe, £UCﬁnas arp+ doped polysilicon
| ayer: The RN gatle 2buctoengt FKes5 afteayematibn hday iplurality pefdcagantc andoict i ve
material of 1 second conductivity type, such as an n+ doped polysilicon
|ayer.m%F@H@dS%ﬁ?PF%ﬁFFEW@ apparent to those skilled in the art that the
pl acenent OFIG.IARSIaSHOK SchhRt §Ma tth@hsdBst hRhfabirifg RhésFoj@ctidf BiBMOE Or
ease of disclosure the transistor to be |ocated between the STI 108A and
t he STsemiggRlugior in #reordanes Wil theoprasent ineedBM. t he transistor to be | ocated
bet ween the STI 108B and the STI 108C will be referred to herein as the
NMOS transistor, and the transistor to be | ocated between the STI 108C and

t hes STI 108D wi | | S QEE%R%M?NG%T%%IWi stor. 20 After

formati on of the plurality of gate structure rst insulating

| ayer is patter and .et ched to _expose a.plurality.of source/drain w ndows
209 ad] acent” hATTIVEES JEEP 0, "R PrRBB g ATk Ars Bien 4 Bragidf ahPiayeht

sour ce{iidcadtindihNEOME iRRAtias.e Holleler MiBNMeappichitodihe 3RMCARH HR! Lt BaP@Bt to
forma first plurality of lightly doped drain (LDD) regions 210A in the

sem coHyeRiGY mayibst pragticed ovitheyf hoshepadiiec NveEds. gdit erdzodo ameidzobsewmnedithgs

pl ural | f. egl 1 LN 1 a L j-acent
Phe Pt linggeh R0 e oo RIS RS, SUBE M PRt

sopes cefigteidi n regi ons 21 QA adj acent the NMOS gate 204 are lightly doped to
forma first _plurality of LDD negions,havig% a second conductivity type,
such as by Fiksmass: thsglramings shopdng embpdiments ob thenppamafusiaye smisHagra@matiai n

regi on j t t : - L . second
o ar al 12 a0 JERERY, plEEHERoRR I i Hirlrichs G o P B F IngiaoR o LD

i mpl antndgreashpwa @peatly exitedeented mgthe dWG¢. 0GEhdEall g thd dvicei canite ophowwl inhey
structure of FIG 2 after inplantation of a first plurality of
sourcePH?ﬁﬁﬁ§L304A adj acent the NMOS gate 204 and a second plurality of
sogg ce/ dr ai mhe ROABIRHIGRANLs L& FMGR 198 hed A8 a pldtR HabdiRl toPthcahidn¥ioRd]

- source/drains 304A is 6 formed by heavily inplanting a material such as
an n+ glpant surfage bda gemichidustorphaferadr supsivite, segardlegsdx afis wsieB@d@1. oThe eemsecond

conduct.i Vvj.t ¥, type. The second pl.uralit f source/.drajns 304B is formed by
heavi | yVirtisafrRR g0 & dratin mirpehalinde 1 the HorP AR SlefRed Tetmiso e =

pl ural iy, ofab&esr CBEEHAE FBo@dm®, NGop?, I SdideodUEL FMldWallyPehigherTNelower”,
pseudo-gate 208 shown in FIG 2 is processed_using conventional

phot ol i‘e¥greaphireders arndefined vid reeneat tarthehenzoatal plangow 300 in the
pseudo-gate 208 and an extrinsic base structure 301. The NMOS gate 204, the
PMOS gate 206 and the extrinsic base structure 301 then each have a first

i nsul ati ng spacer 302 forned around their respective outer edges. The first
i nsul ati ng spacer 302 is formed by deposing a | ayer of insulating material,
1o such as an oxide or nitride |ayer, and then processing the insulating

| ayer to formthe first insulating spacer 302.




After formation of the first insulating spacer 302, the portion of the
first insulating |ayer 110 adj acent the outer edge of the extrinsic base
structure.301 is patterned and etched to expose a portion 303 of the
sub-col | ector region 106. The exposed portion 303 of the sub 15 coll ector
region 106 can receive the sane inplant that was used to formthe first
plurality ofheteuncptatessins cﬁOii,::@odessetlhes thgrelgi in¢ludds depesitienriof amisial or
substrate 102 to forma p Iurallt% ? pocket_ i nplant regions 306. Fornmation
of  t heOoPRISiEsiSly PRFTRiSEK ExPasHG SAYCIRRSbTin lching, Claim U oATemARALOIE { | me
as th%ﬁ@hﬁ%ﬂiﬁﬂto@ésﬁtIﬂ@réqhﬁé& upl*o%?flée{d’es&flbeﬁ%%gr ain regions 304A in the
NMOS r egi on Referring nowto F , therein i1s showmn the structure of
FIG 3 aft eRefeomganpwentooftI@n 1i rheremsisc shase as padiat wlr@s%ﬂzonﬁheﬂqmraﬁ an of

the first. ul a | ay. Olnte di at.e .t he inner, edge

ext | niorticosigiof 1 pf dp Rlsphedidle ekl THTERHUEdn cRETIBRE S The Rifeent
subcol {ngehtn. 'EE RhidHRueod €00 Id&md%ﬁrhtséﬁ[coﬁﬂm&\/\éu%&@ate RoBfQERBY ¥ ligh

i sotropic etch, such as a wet etch process, is used to allow the etchant to

under cdeped posmicorsiuctsr subsireter of & witil mndugtlvlayéypezsfonseﬁ@amhe tthe ideped edges
Of t hesegﬁ%éﬂcﬁlﬁfo? s%ﬁgtes t'lrhlécs%le %n&%tbr s-[l%g ré.t? t1 bt ﬂ% b&?e coﬁlttectiéﬁ}euroen 0 Is
dOSeXATCBh ive n'a eri a I'rs

Conducﬁuchla‘s ¥ Heyyby clldj)eﬁ h@@mfﬁ sicoitd ostalcBO0) type,ffor exdnfide ikl déyedaegiase
structure 400 in the bottomof the emtter wi ndow 300. Preferably, the

i ni® i n&ida prhseoliseion aegiens | Mpabqve the byrisd apflester eeion, k% swidisasta bl d@sﬂt aX| al
sili Cofbgﬁﬁdofsthé \&8ha 9&5&11%{1{,%%@ £ &ﬁhﬂ;% ﬁﬁ&%@ogﬂugﬁhcaf %epﬂlmgﬁeﬁ!

conmpound sem conductive nateri irst c tivity type

conbi nedlleotvs redien €04 andthelseb-enil¢dt@rregion dOd va0 (e rEfeereid md ns msoldechasegion
strucwg@e 400 also fills the portion under the extrinsic base structure 301
t hat undercut during the etching process. 7 During formation of the

intrinsic bﬁﬁ@séﬁ;&é&fdﬂé’fo@ st ] 0 ME@hbd dn Alchhdich 8LiGP YOS & fil%adréasoﬁﬁé i's
formed in the NMOS and PMOS transistors by form ng the conpound

setd coRNE itraasistaysersuoly as a H@hﬂmdfxpw dfcszlon ergleomomﬂjcaDMIVtmdymrgat e
204 anda{tnp PI\/IQ_Scl %'51%2106 Tﬁ‘ e&% : 63 ont reas ﬁ@sﬁ is al so
f or med“SV CoF et 0 eEﬁ) {166 %IHF% tr%gloré T8 the
extrinbé @rﬁﬁ&@t&%%ﬂﬁ&ﬁhﬁ@ﬁ%a&n&&ﬁ%@l ioﬂsmbﬁhtaﬁgn§)ﬁ%@§sf 402, such as an
oxi de or oxide/nitride spacer, is then formed around each of the first
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emtter wi ndow 300 by depositing a t he
secondwhinhduionsi an thy stgfpes; ofsthe Isemscoaduator %smtpdﬁfz polthagithe umbrlsm;fecres odind

proces i,l.bcon I er t. orm-t he r structure 5
Rerer s Mg B R 108 SR pesth with &R e ettt pl e P SRonir S8Stpeer
fobsrat 10N afhedplurality of STIs 108 are individually referred to herein as a first STI 108A, a

second STI 108B, a third STI 108C, and a fourth STI 108D. A first insulating layer 110, such

as an oxide layer, is then formed over the surface of the semiconductor substrate 102.
For purposes of this disclosure and without intending to limit the scope of the present
invention, the location between the STT 108A and the STI 108B will be referred to as the
30 HBT region, the location between the STI 108B and the STI 108C will be referred to as the
NMOS region, and the location between the STI 108C and the STI 108D will be referred to
as the PMOS region in the FIGs.




plurality of contacts in an interlevel dielectric layer (I1LD) 600. The
structures of the transistors that wll serve as locations for the contacts
have a salicide formed over themin a 2o conventional manner. Accordingly,
the extrinsic base structure 301 has a first salicide |ayer 602 forned over
the top of the extrinsic base structure 301. The emtter structure 500 has
a second saRéfeirte deewar FBDA, tlereinds shosvn thhetrectitet &iFISE 1 wdten farmation offhe
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sem conductor contacts are fornmed for the HBT and the CMOS transistors in
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form ng a pseudo-gate over the collector region;, a step 706 of formng an
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w ndow over the intrinsic base structure; a step 714 of form ng an
i nt er| 0@ regncatiedy.r Fer peaptle, the first plurality of source/drain regions 210A adjacent the

NMOS gate 204 are lightly doped to form a first plurality of LDD regions having a second

conductivity type, such as by implanting an n” dopant. The second plurality of source/drain
regions 210B adjacent the PMOS gate 206 are lightly doped to form a second plurality of

30 LDD regions having a first conductivity type, such as by implanting a p~ dopant.
Referring now to FIG. 3, therein is shown the structure of FIG. 2 after implantation of
a first plurality of source/drains 304A adjacent the NMOS gate 204 and a second plurality of
source/drains 304B adjacent the PMOS gate 206. The first plurality of source/drains 304A is
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25 over the sem conductor substrate; and a step 716 of form ng connections
through the interlevel dielectric layer to the collector region, the
extrinsic base structure, and the emtter structure. Thus, it has been

di scovered that the method and apparatus of the present invention furnish
I mportant and heretofore unavail able solutions, capabilities, and
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ndercut region; formng apn emtter .stryucture in e enmtte I ndow over
the’t e Geet ol bl kel Slint b irmt 1 PRrarlend fel g o
over t Bghose Aipeaisi0sS fdaeibcallesiordegichOrosl NTheCAMRSSE p&tfisn DS Qealk fie
interlevel dielectric layer to the collector region, the extrinsic base
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plurality of pocket implant regions 306. Formation of the plurality of pocket implant regions
306 can occur at the same time as the formation of the first plurality of source/drain regions
304A in the NMOS region.

20 ¢ Referring now to FIG. 4, therein is shown the structure of FIG. 3 after formation of an
intrinsic base structure 400. The portion of the first insulating layer 110 intermediate the
inner edges of the extrinsic base structure 301 is etched to expose the portion of the sub-

. collector region 106 under the emitter window 300. Preferably, an isotropic etch, such as a
wet etch process, is used to allow the etchant to undercut a portion of the first insulating layer

25  beneath the inner edges of the extrinsic base structure 301.

The intrinsic base structure 400 is formed by providing a compound semiconductive
material of the first conductivity type in the emitter window 300 to form the intrinsic base
structure 400 in the bottom of the emitter window 300. Preferably, the inirinsic base
structure 400 is formed by selective deposition of epitaxial silicon and silicon-germanium, a

30  silicon-germanium-carbon compound, a compound semiconductive material of the first
conductivity type, or combinations thereof in the emitter window 300. The inirinsic base
structure 400 also fills the portion under the extrinsic base structure 301 that was undercut

_ during the etching process.




wherein formng the intrinsic base structure conprises formng a region
conprising silicon 15 and silicon-germanium or silicon-germani um carbon,

or conbi nations thereof. 3. The nethod of manufacturing a Bi CMOS

sem conductor as clained in claim1l wherein formng the intrinsic base
structure fornms a region conprising a conpound sem conductive material. 4.
The net hod Bfrimpforbatenef the irtriBiChits stmniuco#iy atpburality of lrdbedesbuiae/drdias m 1 20
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gate structures of the first conductivity type over the collector region to
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st ructg,{tg Larrnﬁgg an interlevel dielectric layer over the sen conductor
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structure. 7. Th€ met hod of manufacturing a sem conductor as cl ai ned
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depositing a heavily doped polysilicon Iayer of the second conductivity type, such as an n"

15  doped polysilicon layer, and processing the polysilicon layer to form the emitter structure
500.

Referring now to FIG. 6, therein is shown the structure of FIG. 5 after formation of a
plurality of contacts in an interlevel dieleciric layer (ILD) 600. The structures of the
transistors that will serve as locations for the contacts have a salicide formed over them in a

20  conventional manner.

Accordingly, the extrinsic base structure 301 has a first salicide layer 602 formed over
the top of the extrinsic base structure 301. The emitter structure 500 has a second salicide
layer 604 formed over the emitter structure 500. The plurality of raised contact arcas 406
have a third salicide layer 606 formed over them. The plurality of raised source/drains 404

25  has a fourth salicide layer 608 formed over them. The NMOS gate 204 has a fifth salicide
layer 610 formed over the NMOS gate 204, and the PMOS gate 206 has a sixth salicide layer
612 formed over the PMOS gate 206.

The ILD layer 600 is formed over the structure and processed using a CMP process to

planarize the ILD layer 600. The ILD layer 600 has holes formed through the ILD layer 600
30  over the various contact areas. The holes in the ILD layer 600 are filled with a suitable
conductive material, such as tungsten, to form the various contacts.

Thus, a base contact 614 is formed through the ILD layer 600 in contact with the first

salicide layer 602 over the extrinsic base structure 301. An emitter contact 616 is formed



10 wherein formng the intrinsic base structure fornms a region conprising
silicon and silicon germanium or silicon-gernmani um carbon, or conbi nations
thereof. 9. The method of manufacturing a Bi CMOS sem conductor as cl ai ned
in claim6 wherein formng the plurality of gate structures forns a second
plurality of gate structures of the first conductivity type and a third

pl ur al itrqughf thgdlL® hiyeri60Q he sonthett Wﬁhshc@mlmdmaﬂudé ilagiel Y604 Soviey [ties erhfiter The

met hod of rra acturing a Bi duct as, clajmed in _claim®6
wher ei STYCBHF -ﬁé t%eoléﬁ??qrtcemaw Ty IoBhsfh oV HiK Biciieraes 40 0@ top of
pSEUdoﬂﬂ%thﬁ'aht}Jofrﬁsc%(g}f%t%@ Bzﬁfgtﬁ@gwc 1eBQr rékiGf g onduct or
substrate having a collector region; a pseudo-gate over the collector

regi on; an Arsotitcerconianti@( isrfotrhe m@LghahgéLE leyer f600 i @&ontestt withn ghiecfobeak e
structure;, t.he rinsjc basg structpure hayin i.on beneath a
oot o idetiiger B0b viEtbE mpdaey e e C S PR RS et B e e
under cCNIMOS ghietontédt G2 i€ forkde@rth@uEN el § Jaferl 418 if Rbhth& with M AWOMEAEidE he
intrinsic base structure an interlevel dielectric |ayer over the

sem COMGTCQE}O‘?GMNMC@S gaind0toNnddMihdrairneastash 62his formed theough the Blldct ri ¢
| ayer {.0. 1{ B0 CH! 'cgﬁt%gtr wﬁ@zlﬂ% M i "ﬁ%e% dg&f & vk tﬁgtpLiurah r(')? § s%gm 11

em tter> st ruct ur e Senic L% R
wher ei ovréeddrialiis 40M ST chelNISED SSlrarsBitatr e corrprl ses a corrpound sem conduct ive
material. 13. A Bi CMOS sem conductor as_ cl ai in claim11l wherein the

i nti nsi ¢ bAswuergatagh @26 isrisrmedthrayah the ALQriayeglﬁopd@ FoBiastaite the fogrth
sili Cogﬁlﬁﬁfe%r%(:@ep U] plﬂfah%y 60 PRI LRI NS 46S fof the PMOS ftransistor. A

PMOS gate contact 628 is formed through the ILD layer 600 in contact with the sixth salicide
layer 612 over the PMOS gate 206 of the PMOS transistor. A PMOS drain contact 630 is
formed through the ILD layer 600 in contact with the fourth salicide layer 608 over the
15 plurality of raised source/drains 404 of the PMOS transistor. Thus, the semiconductor
contacts are formed for the HBT and the CMOS transistors in the semiconductor 100.
Referring now to FIG. 7, therein is shown a flow chart of a method 700 for providing
-a BiCMOS semiconductor in accordance with the present invention. The method 700
includes a step 702 of providing a semiconductor substrate having a collector region; a step
20 704 of forming a pseudo-gate over the collector region; a step 706 of forming an emitter
window in the pseudo-gate to form an extrinsic base structure; a step 708 of forming an
undercut region beneath a portion of the pseudo-gate; a step 710 of forming an intrinsic base
structure in the undercut region; a step 712 of forming an emitter structure in the emitter
window over the intrinsic base structure; a step 714 of forming an interlevel dielectric layer
25 over the semiconductor substréte; and a step 716 of forming connections through the
interlevel dielectric layer to the collector region, the extrinsic base structure, and the emitter
structure.,
Thus, it has been discovered that the method and apparatus of the present invention
furnish important and heretofore unavailable solutions, capabilities, and functional
30 advantages for BiCMOS semiconductors having heterojunction bipolar transistors. The
resulting process and configurations are straightforward, economical, uncomplicated, highly

versatile and effective, use conventional technologies, and are thus readily suited for



14. The method of manufacturing a Bi CMOS sem conductor as clained in claim
11 wherein form ng the pseudo-gate conprises formng a pseudo-gate of the
same conductivity type as the conductivity type of the substrate. 15. A

Bi CMOS sem conductor as claimed in claim1l wherein the pseudo-gate 10
conprises a pseudo-PMOS gate. 16. A Bi CMOS sem conductor conprising: a

sem comamdhanrisg BIONMOS8 eémmofiducsir devickscti fullyy compatitHavwilh eorvehtieai or
regi on of second conductivity type; a plurality of gate structures; 15 an
em ttemawfﬁﬂwgwoa?swse%@twéﬁl@}/%wyst he plurality of gate structures of the
first condugiiyiole/int HRRHAE el et AbLER RhjntGbPWithd sfg%iﬁ‘b PBst§¥dde g c base
structure; an intrinsic base structure of the first conductivity type at

| east ioabe waddrsioerhdet nidny aterhatiyss, modifiodtiankearnsl waridtiony voll wpasmasnt aet ur es;

an em tter sfructyre of ond conductivity type in.the.emtter w ndow
over RSO F et ol e A R e HE P o AR BT i B  over
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dielectric layer to the collector region, the extrinsic base structure, and

t he emsaopeofdhe indlysed claims. pAR; ramtss détherclorfare sarforh herein msshpwndndhen 16
wher ei i S 5 J LSe m conducti ve
mat er i &i&&%ﬁﬁﬁg E&%@Zﬁ% %eolﬁ%&ér? %’?lﬁz&agngl al l‘r:ireé‘? e?qu%((:) gﬁ%‘&ﬁg% g'r ein the
intrinsic base structure conprises silicon and silicon-germni um or

si |l i con-germani um carbon, or conbi nations thereof. 13 19. A Bi CMOS

sem conductor as clained in claim16 wherein the plurality of gate
structures fornms a second plurality of polysilicon gate structures of the
first conductivity type and a third plurality of polysilicon gate
structures of the second conductivity type. 20. A Bi CMOS sem conductor as
claimed in claim16 wherein the emtter

10
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15 and silicon-germanium, or silicon-germanium-carbon, or combinations thereof.

3. The method of manufacturing a BICMOS semiconductor as claimed in claim 1
wherein forming the intrinsic base structure forms a region comprising a compound

semiconductive material.

4. The method of manufacturing a BICMOS semiconductor as claimed in claim 1
20 wherein forming the pseudo-gate comprises forming a pseudo-gate of the same conductivity

type as the conductivity type of the substrate.

5. The method of manufacturing a BICMOS semiconductor as claimed in claim 1

wherein forming the pseudo-gate forms a pseudo-PMOS gate.

6. A method of manufacturing a BiICMOS semiconductor comprising:
25 providing a semiconductor substrate of a first conductivity type having a collector
region of a second conductivity type;
forming a plurality of gate structures;
forming an emitter window in at least one of the plurality of gate structures of the first
conductivity type over the collector region to form an extrinsic base structure;
30 forming an intrinsic base structure of the first conductivity type at least partially under

the at least one of the plurality of gate structures;

11
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9. The method of manufacturing a BICMOS semiconductor as claimed in claim 6
wherein forming the plurality of gate structures forms a second plurality of gate structures of

the first conductivity type and a third plurality of gate structures of the second conductivity
15 type.

10. The method of manufacturing a BICMOS semiconductor as claimed in claim 6

wherein forming the emitter window forms the emitter window in a pseudo-gate.

11. A BiCMOS semiconductor comprising:
a semiconductor substrate having a collector region;
20 a pseudo-gate over the collector region;
an emitter window in the pseudo-gate to form an extrinsic base structure;
the extrinsic base structure having an undercut region beneath a portion of the
extrinsic base structure;
an intrinsic base structure in the undercut region;
25 an emitter structure in the emitter window over the intrinsic base structure
an interlevel dielectric layer over the semiconductor substrate; and
“connections through the interlevel dielectric layer to the collector region, the extrinsic

base structure, and the emitter structure.
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a plurality of gate structures;
15 an emitter window in at least one of the plurality of gate structures of the first
conductivity type over the collector region to form an extrinsic base structure;
an intrinsic base structure of the first conductivity type at least partially under the at
least one of the plurality of gate structures;
an emitter structure of the second conductivity type in the emitter window over the
20 intrinsic base structure;
an interlevel dielectric layer over the semiconductor substrate; and
connections through the interlevel dielectric layer to the collector region, the extrinsic

base structure, and the emitter structure.

17. A BiCMOS semiconductor as claimed in claim 16 wherein the intrinsic base

25  structure comprises a compound semiconductive material.

18. A BiCMOS semiconductor as claimed in claim 16 wherein the intrinsic base
structure comprises silicon and silicon-germanium, or silicon-germanium-carbon, or

combinations thereof.
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