;e3e&" " #| $: SHYEA&T&R 6METHOD AND APPARATUS FOR A HETERQJIUNCTI ON BI POLAR
TRANSI STOR USI NG SELF- ALI GNED EPI TAXY TECHNI CAL FI ELD The present invention
rel ates generally to sem conductor technol ogy, and nore 5 particularly to
het er oj uncti on bi pol ar transistors (HBTs) and net hods of nmanufacturing
HBTs. BACKGROUND ART Dermand for heterojunction bipolar transistors HBTs has
i ncreased significantly because these transistors are capable of operating

at hi gher spEEVHGIDAND AFFORATUS FOR A HETERONNETEON BIIGLARL i CS are
i nportant for high-speed, hrgh frequency conmuni cati on networks such as

those required by CRRANR ? %%‘ %Hqﬁgpgg used to provide
| i near vol tage and current anpli {1 on because Small variations of the

vol t age between the base and enltter term nals, and hence the base current,
result in large variations of the current and voltage output at the
collector termnal. The 15 transistor also can be used as a switch in
digital logic and power sw tchThgHNIPAIcBRELdhs. Such HBTs find application
in analog and digital circuits and integrated circuits at all frequencies
from audi o Tiee padest frvedtiangylatcRegmeialigdioa BeRIBAL R trNteBRIMI6REC t Ad Rfbre
transrstona rnth conpound s% ?onductrve material s have created a renewed
i nter SAHEHATY, &0 heterajungiops bipalas; tapsitors (KT s rand, mstiods if negafctigng

t hree-fyp@i nal device that can controllably 20 vary the magni tude of the
electrical current that flows between two of the terminals. The three
termnals include a base termnal, a collector termnal, and an emtter
termnal. The novenent of electrical charge carriers produce el ectrica
current flow between the col | dACKGRAINRARKi tter terminals varies
dependent upon variations in the voltage on the base term nal thereby

causi ng t heDemgnl tfod detfojtuigionubipeldr fransistory . HBMsIshast fereaedd ag@ifkahdss t he
base and 25 emtter, t erm nal trols the current. fl ow through the emtter
and. PRI RCR RS ATL e PRRANG PhoPRPEIESH Highs) thasds apd AHEREEBOTE GUFTRR; 1

r egpecthese cﬁﬁ‘ﬁ@tenﬁf@s lgc fzﬁ’r%or?aﬂg fér rﬂl%ﬁ eedl hidfd 1153 ﬁ%’r % :ﬁ?ﬁiurh%l Sn%ﬂ)v&?@ duct or
substrate. BJTs conprise two p-n | I ons plag I'n close
proxrnﬁ@basﬁmeanmmntmbydePMhm&amiaﬁnmhasreglons common to both 1

unctions re i n etmeen t he bas nd the emtter, and
g second jJﬁE?F8W1§EPW§t 'ﬁ%%%ﬁF?FeWJQﬂBaPﬂéugﬁﬁl Pa“¢ﬁ ?mPﬁrﬁﬁgLither
a p- n-arRtiofloMthp vBlthgetivedrothe YBREMH HEitePRANINS, ShRhatkehd Bk Cireft t he

senm conductive materials used to formthe HBT. HBTs are BJTs where the
eni t t eleshit lqrgmyaiiagions ofithe euterttr and volagdidutmsit entthe celiwiar druniosli vEhe

ri v, 1| r ris terial ed in.formng the
bassg e@é@ i Al%c%l g%\ ug‘lrédef(;1 gr%a%ﬁ/(%i g ‘%g@%nlagﬁn%rl%?ﬁv%%ﬁ@e%@w{ms such
as si I$1mhnHBm§ find iapphcagion NaNadatog( ShdRligitablcihitd GON-iBREMR bRt HRI A0MI
(SicGQ, or a gonblnatlon t hereof. HBTs using conpound semni conductive

mat er | AFREReiceIPMANAIG t radipdtegrency. Reqent advanesmentss gBpudeEtaing trangistors

e ect IwhRbofiBbaf £ARAALL S Haic AYRERL- I FREWRR I LAY ih BrTREE AR @t hem
10 using processing capabilities use ure St ITE€0Nn "BITs. :
HBTs have fﬁdnﬂﬂwsenmnmhMghameU&mnamayﬂﬁ@pkhﬁﬁhlda&csumhcﬁﬁcﬁﬁﬁbﬂﬂﬂpneS,

t | d o | t f ast
oA S Py B Hineaidsr & e sikctikel BN it BB hPER oY b Eeig%Sn sifrﬁ%ugh
t he US@I&HG&%EREQHQU&@ H‘H&Q@%‘:’ﬁﬁdal’%hﬁale%fdr%ﬁmpés aRd QY ShidaSkHhink RIS,

once forned by existing net I's material s subsequent y subjected to
mul t i pheverhent wéleletBicel chasgs carriplsgmoditce clhetravali banrere tolw hepween dessdisctdrir i ng
the for Lon. s.of the remaining elenents.of th HBT Suych ste

ol it R SRRBHe bt LB hoR O RTBEE R 45 Bheoliat P d o Sl
subseqherby YalsM i@ HnsHd bEAR JuRYAT - vasey Thad, 1 vara%@ %cﬂrsé)%so%sélgn&t eps

i nherent] y damage the conmpound sem conductive material. Etching polysilicon
oV FreiFspisimmalsaniekdiceuneat flaydhrougltheswatten 2aad colowtesstetnyinalif ect s t he
conpound

The terminals of a BJT are connected to their respective base, collector and emitter
structures formed in a semiconductor substrate. BJTs comprise two p-n junctions placed

back-to-back in close proximity to each other, with one of the regions common to both




20 sem conductive material because the etchants used do not selectively
etch only the polysilicon. Sone of the conpound sem conductive material is
al so etched during this processing step, resulting in HBTs that are
relatively slower and exhibit relatively poor noise performnce conpared to
other HBTs on the sane sem conductor wafer. Furthernore, to inprove the
oper at]uﬁgﬁ@fﬁeé'ale@f isan fystrjuniction Setiwepo theabase tanétthﬁt t@tt@awd%se@ondmmmlm be

‘thin e tronlc charges mave from
the em er {ﬂ% %]Hmem Fcoale{{ﬁer té%“sa% I%ns ana PHEP A Pofide t%a%‘s%f t he
HBT. | depieadia apon ﬂiﬁ@hh@ﬂbnstﬁ'v@\&fﬂ&fsenﬁébmﬂuéth% H@88als iifedab Woen e \FEBR hi gh
concentration _of do ant | n order to mninize base resistance. é&cal ly,

i on i npl antBBT&mAre gthete dhe cputier-hase fiypsHon Badermedy Sem pyaediserent hi s
techni gnclinciie B{eﬁgis%mg%& f UADRRLIGs WHChalchll halil ST 30
t hi ckness 0 ase layer not Isa vanta e of 1on 1npla ion is

t hat tbﬁese@nn’qbﬂunnbtmamreﬁmﬂﬂgcts a/eompgmud Seﬁn@fnﬂ&d:tnd&ﬁﬂgﬁﬁl suyh tab eilicemandlur i ng
|nplantt|on Addi ti hte erat uyre nellngtylcallyls

requi r 34°¥6E ‘H‘F“ia(}]émﬂbﬁgai §’¥ |SH{C8 e P’F‘&ﬁ&%&@é&?@ OF 8y maPl‘?Pst hereefeal i ng
step, ABWE\&g c%h{;f%hﬁd Eaﬁlcgﬁcﬁfch’v@ n%&erﬁa@é’ﬁaﬁ%tﬁs%h'lﬁ liBogularl

dopants within the various layers of sem conductive ri aI S t?or m ng t he
transi speod 2nd 1@We%1@(éﬂ§ﬁrldmser W@lm®Mpbdmth dle wbnhm rco ieaufaatuire tism

pr ocﬁl gsm%g%g SRl Sabl ﬂ o‘%fg g‘%rﬁ? #‘ﬁ%%ﬁéﬁ{cbﬂggjfgrﬁ@%' avs igid |“E§ge

| mpl aninelijles- f?dqﬁe@yr@@hbzﬁﬁms atch &oagl Iﬂ{ogewpaéaz%@arm&ﬁﬁéf h’e&ﬂénc
Addi ti onal ly, e processi ng@mat hods used tend to require relatively |ong

nmanuf a F%Sé%llféﬂ& fasiss swiiehing wansigiepsivole agisreellic wﬁénme@ﬁmpnémms of two
epi t axy de have b sought
but prior #d(%#gﬁlgeo a(\:/gi%noo Ht%g%bo %C?%E%%éerf? ga r{f/w%no ﬁﬁ

t hus, smzlelibmm}sb)t existipsibethodd) e amanaiod id @ibge@bntieshblerddostulsisiel th&ﬁihall n the
art. 3(?% URE OF THE | NVENTI ON The present invention pr OVI des a

hel%r of {fSt 1 a‘btf“B%‘}Saﬁmdt/ FraiSHes (BFOCGF?BTﬂmE& dheviprmatien sephgl e wowinipgr ef or.
The HBJcfenR rom?esHBTs esmc Q%&ﬁdéﬂ&@%ﬁ@sﬁ@od"ﬁ&ﬂ Ohifls 62 Io{gﬁ%tl ord, %ﬁpﬁg
plurality of insulati ng rs over the sem conductor str east
one 15lagérstdrel puhscqudntly ﬁ)hnmhspdlm]mg leygest s Smmah@fanhesmqimceMng agbon over

the col | ect e a base structure of a conpo sem ductlve

nat er|1<’5‘:h 8¥H{§u%ﬁ P%Lﬁonfp(?lj']l‘irf’emécw}’ﬁ% foAtetig Lﬁ}& P&tl? PP PVEvRr t he
under Céﬁm}ﬁcﬁﬂﬂorbenﬁébn@ﬁ&tweerla?érr UGSIUT Sxanthld, NEaddEREIQW, a3 td N | &) %ﬁi
dielectric layer, and connections through the intérlevel dielect ayer

t 028 hesdgrisendyelive: tmaterialt hecagsd tthe retelantsc usede doandt tsblectilly eitclforonﬂsegh@n The

base s e o em truct ur abl r.med i,n the
same pﬁ(; géééés%}’nng@éﬁ] o fie ?#18@1@% %?mf(‘r’{éd%ﬁ%‘é gr}#er}ai r?i/S]O tg]b‘?}jgflg%??eg“f he
probl epmcasimgatapt egultinglin GUEYs @itcare Rdativieesleatl afteadhalit RidRelySpdRt nbRe

i npl ant ati on and anneal i ng, _and i nconsi stency of manufacturability

exper i anep oprrarsdig ol iBLs 3 thy ﬁﬁﬁﬂ?&@ﬂhﬁ?@i@forﬁﬂf@ In addition, the

present inv V, t e | oad
capaci t anceﬁﬁj{ﬂeﬁﬂo{%ﬁ&kﬁ gVér‘lggel %gar}g% gz?%%j e man ﬁﬁaﬁ) ({rﬁ% {e)gl%ugfsenlgag%)nl
ongs epsttukyre e akinherotiglp fo @éiﬁhaizmtherﬂmd htrmlaésSeléxftrdnhﬁchalﬂg@rtblrﬁdWeh&Mm thé her

advant ages i n addi |on t E’ Iace g_f@ t hose menti oned above. The
advant%‘gg@r\ﬂ’l etfé? éﬁffa 3ér¥"cu BNt ERpesedime afhibe JBT r Hnisaalseadi ng

of theinhagiVHagedst ?dalt ?ﬁie 688 GEhBUHORVNE R gh Ao RBentatibn LEUEFERGE ofr tbe

acconpanyi ng draw ngs.
minimize base resnstance Typically, ion implantation techniques are used to form a base

layer. However, this technique has the problem of ion channeling, which limits the minimum

30  thickness of the base layer. Another disadvantage of ion implantation is that the compound
semiconductive layer is often damaged by the ions during implantation.

| Additionally, high-temperature annealing typically is required to drive dopants into

the various material layers. This annealing step, however, alters the profile of concentration




BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a partial cross sectional view

of a HBT in an internedi ate stage of manufacture in accordance wth the
present invention; FIG 2 is the structure of FIG 1 after formation of a
coll ector structure and a base 5 structure; FIG 3 is the structure of FIG
2 after formation of a polysilicon layer; FIG 4 is the structure of FIG 3
af t er Tewelenfi ba depanty withintthe verious dayiess of s@nicondtivh enaterials tfomeingfthe| G 4

after LId lLating; laygr and a fourth jnsulating |ayer; 10
Fla oriiRifio Sl el bt iofies Hm Peal BPdB et ng "Spacer o
around the Bxistitg esiddy cdfineaufhdtGring HBTY bl Hatvel ehd! pRMmI hésocibed  WRR
processing of a first insulating |ayer and a second insulating |ayer; FIG

8 is tPETSehipg hedefineptyl effegts od ok implanigtien end anseating, argl ¢ansistracyfuct ur e
of £l i 0r [ ' I or n in an
o | neay BGhELeT PRI, (o froRiihe ARHUCL AN R TR GRAN G o
an HBTmanufactuiing eryekeditiates atdagee ekpemsivel dod uo ethk nregaeaneanc® twb t épiaret her
enbodi pent. of the present invention; FIG 11 is the structure of FIG 10
after FOPHEOPSHPYf a base window and an enmitter 20 window, FIG 12 is the

structure ofoiflibas t%]th@sffetﬁf)blteﬁlrs ¢ BBerPfond sggéﬂg H'E@}SHBIV ﬂev%?éﬁlz_xregt)‘s f._)La}eitIﬂ)Ft‘

structure of FIG 12 after formation of a b structure S the

st r uct igpghtodr Flg@estaBany selntidroy aral, itlors, eblutions tor thieset yrobiensolmvadbsg ichudad

inwrl Vgelskdf edi%ﬁ%ri llayer; and 25 FIG 15 is a flow chart of a nethod for
manuf act ot | r’iéea T ‘oj unction bipolar transistor in accordance with the
present invention. BEST MODE FOR CARRYI NG OQUT THE | NVENTION I n the

foll ow ng description, nunmerous specific details are given to provide a

t hor ough under st andi ng oDISEEOSHIRMOFCTHE HIWEWEITON t wi | | be apparent to
one skilled in the art that the 30 invention may be practiced w thout these

specific deThd Ipgreschh i@¥cd@bn t HroddRE O AREEH L&D @gaoﬁle[reﬁﬁﬁ!stisté)ﬂq\(ﬁﬁfl‘g,o @ﬂd Sone
~ wel I -known semi conduct or configurations, "and process steps are not
manufacturing method therefor. e HBT comprises a semiconductor substrate having a
collector region, a plurality of insulating layers over the semiconductor substrate, at least one
15 of the plurality of insulating layers having an undercut region over the collector region, a base
structure of a compound semiconductive material in the undercut region, a window in the
insulating layer over the undercut region, an emitter structure in the window, an interlevel
dielectric layer, and connections through the interlevel dielectric layer to the base structure,
the emitter structure, and the collector region. The base structure and the emitter structure
20  preferably are formed in the same processing chamber.

The HBT of the present invention overcomes the problems associated with over-
etching, the detrimental effects of ion implantation and annealing, and inconsistency of
manufacturability experienced in existing methods of manufacture of HBTs. In addition, the
present invention results in a HBT having lower collector to substrate load capacitance, lower

25  base resistance and can be manufactured using only one epitaxy growth step.

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
from a reading df the following detailed description when taken with reference to the

accompanying drawings.



di sclosed in detail. Likew se, the draw ngs show ng enbodi nents of the
apparatus are sem diagramatic and not to scale and, particularly, sone of
the dinensions are for the clarity of presentation and are shown greatly
exagger ated in the FIG. Cenerally, the device can be operated in any
orientation. 5 The term"horizontal" as used herein is defined as a pl ane
parallel to the convefRIGAIPERCRATION QlirFEHE PRAWINESseni conduct or
substrate, regardless of its orientation. The term"vertical" refers to a
di rection pEiGhdndi eupatialt orokh eedtomal oidvalofas IHBEtindelﬁiiﬁ&dnedi@ﬂerrﬁagéoﬁh as
above side" (as in "sidewall"),

" hi ghe’F]aDU%‘ftBWelPaccor@é})éfamg’alhﬁpméﬂd ‘Penha‘f"e defined with respect to the
hori zontal pi@ane;s hheuh&ufd oPERL. dﬁaftélofoﬁﬁgt%rﬁof ? cBﬁ@ctétt SHfhHE S5d avmsgh are
side by side with neither overlapping the ot e term"processing" as
used h@iﬂeﬂﬁeﬂ ncI udes deposition of material or photoresist, patterning,

e SR OB, oA R o

"conduct i vi FiG. WMpeie shisiclasest TIET Siaftef RiMESor 6f & SEiec@nRUEE] ve material that.
15 uses either electrons as the ‘grl mary carrier of electrical charge, on

one hand oFIhal is dhggiruchie of Fifar 4 aberremervalgifl sethisdtingudatingdnpar gad adhutthe

ot her oé?ﬁ& gring nowto FIG 1, therein is shown a parti al

Cross- sectl view of a heterojunction bipolar transistor (HBT) 100 in an
i nteer nedi at EiGst@ge thef streenué adtliGe 5 aft@coahadsic of Wsulkiihp esppés affunt ¥ent i on.
The HBT100 i ncludes a sem conductor substrate 102 20 haV| ng a coll ector

r egi onH% SHYEUEL i conduct or substrate 102 al so has a nunber of shal | ow
trench isol T e Ay I r
exanpl e, ﬁl‘(’(e}t gﬁ?sngét %ti%g%‘ggfl -rght t?e seﬁrg%frsl‘s i togralgﬁsbq:{mﬁla{tﬂl ”lgger %nnad t hen
form n@PCa ingelating lagier; | ayer, such as an oxide layer, into the trenches to

formthe n r,.of. STlIs 108 The m conduct or substrate 102 is a
lightly dog@g}e&‘ﬁt&&gﬁﬁﬁ%‘ﬁ Q/feFI%g?él%Fa? I61atORi st conductivity type, such as
a ps doped SFIG.oPR thEh@rueRkd BTG, B GieP Torkfioh Drand ©aMd, |e¥11ﬂ&pﬁﬂl collector

sem conductive material of a second conductivity type, such as an n+ doped
sili co@?ntmémtlh‘@ﬂ@‘(ﬂlld@éﬁtcmc laggsi on 104 and the number of STls 108 is

formed a nugper;pt, Lns Ia er 109. enbodi nent .sho in FIG
|, the number (PI nsuﬁa?ttll ncglio ay §rlgn 0" 78 %‘h%&?gég 4 nigrgedia E’%&

| ayer ﬂnﬂlﬂufaau&aﬁ(aﬁ@brdmubaﬂi amgtﬂeambodah%m@fﬂqapfe@eﬂtwanﬁbh ng |ayer 114 and
a fourth insul at| ng layer 116. 5 The first insulating Iayer 110, such as

an oxi de | ab&t 11§ theptictrs & F16h &0 @Ben @@métwrreéacbﬁsemmdowetdemaonyterthe
fisst iRuating layer 110 conprises a thin oxide |ayer between about 50
angstrons and about 150 angstrons in thickness. The first insulating |ayer
110 i s coveFl&d 1Bys theetrsetorensf FIGs il afténfgrrhatioarofhlbse cavdty; as a 5 nitride

| . Pref h | 2 hi ck
i Tr e | oy Dt e rud i o a0 ARG PO S dBoREEBED angat r o i n
; g
t hi ckness. PTI@?' 14hisr dle ispasthat bNBICG AYE Lt %n'nﬁtn;lp Bﬁgg%hgr}’:ﬁfya{:}:q@olﬁﬁﬁg ﬂfﬁrll ‘d

i nsul atin a 112, such as a thin oxi ayer
.| nsul alnfark thai}lelﬂctmtthayonmpdl ses a thin TECS | ayer between about 300

trons aﬁz 0 _an § tﬁgkf 10 The fourth insulatin yer
11 such as 4 thicR (i“t’r(i PLa§ dPCNPY 1PH MABHIAGHREINE: Mt PR ORs 8
Iayer thdrkistoiliR abidddnde Wiiih@blebéht iB)Rfion.S et ched preferably using an
ani sotropic dry etch process. The third insulating |ayer 114 is etched
using an isotropic etch process to forma base cavity 118 in the third
insulating |ayer 114, For exa .. 1f the third insulating layer is an
oxi de 15 | ayer, a BESTM %%@Nﬁﬁ)% THEINYINTE)MN t he base cavity
118. The second insul ati ng Iayer 112 and the first insulating |ayer 110 are
each et chedlnibé¢ fdloawingdéssopii@p nometosis spﬂc{tﬁxedﬂaitscaregiyes ¢ propifetai thoroogh t he
coIIecto eglL o 4. The t hus, fo Wi ndow he f
i nsul a‘tlrf ar"%&gr‘)fltgﬁmvteﬂtéonseféfﬁwavqrn% Mk PF ﬁapf}rglyép 0pg 5Kl ﬁ?‘i!lléntﬁ’ﬁ thtﬁé%” ating -
| ayer 1h$ént10@ﬂ@la§r e gr kD Withsul ﬁfché"g)écﬁ}(ﬁﬁetél@ Hlv&rdef"td)%dlﬂ %s&ﬁm hge 20 :
coll ector region 104 of the sem conductor substrate |102. Referring now to
FI G 2presamg trétenthns semewrellt ko ver seadeanduciof chnf@urdtionstand frocavasiepnaeinoa
collector structure 200 and a base structure 202. The collector structure
200 preferably is selectively grown epitaxial silicon, such as lightly
doped epitaxial silicon of the second conductivity type, for exanple, an n
doped 25 epitaxial silicon, over the exposed portion of the collector
region 104 in the sem conductor substrate 102. The coll ector structure 200
is grown to a height that preferably extends slightly above the | evel of
the second |nsul at| ng Iayer 112 for exarrpl e between about 50 angstroms to

NN o Y o -




Preferably, the collector structure 200 and the base structare 202 are
grown in a single processing step. The collector structure 200 is

sel ectively grown over the exposed portion of the collector region 104 in
t he wi ndow 120. The collector structure 200 can be grown in a suitable
chanber used for epitaxy processes in an atnosphere of SiHZO 2 + PH3, for
exanpl disclgseddndetaild d skeveige, tthé diandags. shting smbddoments efithei apgartatvs are semi-

i t 102 f t i taxi i hamb t
ot ros sk lac 8 O Coepitcengl RENG Beblet The BnEE5a: Atk BE R THr e
pr ocespicgaitaioardndrare Ahdwh gillgUkhi:@iated e i PRSP NGERrhiSy, Ghaae@de toh Bt HZCl 2

+ GeH4 + B2H6 to formthe base structure 202. The col |l ector structure 200
and t hePgsEedinsay RItenaliop02 are thus formed in a single processing step of

epidaxially i - 2 HUCEUEEes A i_nal in h r.
Ref§er ring ng%r ‘%@‘“Eﬁ?ﬁt‘%@%ﬁt %%rleltdgllé?éslyg %e\/f\‘f/ﬁl g&i %Segg r Sg)ta%;lgf;%?tﬁ %F%\‘V%Eﬁl{gl? er

f or nat planc of sarfpcd yhithd sanicbadietor 3@Bsisate hragardbesh edVitd yrickamesh. samecenguct i ve
‘material of the second conductivjty type, for exanple, .an n+ polysjlicon

| ayer . Vﬂﬁ%‘f%oﬁ"?%’? fq %aﬁeqt@yéﬁr@@éfce t%@te dopéertalsieg detped. yTermsy sushanpl e
with aesenighQe PROSBRO! Obisorty 4B, T QIR (M Oksidiguitp RALNGE! LEQRA BYET
300 to avoid ion inplantation or subsequent annealing StepS. Referring now
t o Fl G'owr”, tandr‘ainder’ sarshdefined Ivaths taspat vo ehohofrddtal Dlafd eThé cermatbosidedf an

structure 400. mtter strugture 400 is fornmed Qy etching the

emtter he em. tur

oot Tefo e Ty el pivaEs pido BY G WHLIT 06 PYFFARIE 484 HEET ayor 116, or
per f orm ng Bhe hem ‘GRbechBANBR GRH HRAlH Hhilides (dePpbitich §PmakhD6r PROYRLI, cOn
| ayer 300. Alternatively, the emtter strcture 400 20 can be selectively
gr own BAtEmipgecxpsares developmenty sichipeh adeaning, doped reinbyaloef dfe thterigboond
conducfd v IV . -an._n+ si.licon, or appropriately doped
pol ysi #’%léé%}r?gls%ggwlfeﬁggrffg@vuﬁ%aE?Séggg‘,?gp}?gf’r& nis shown the structure of
FIG 4 afteThe emmvabndictivitg tfpetirk RistdBetbit fehtgs tay eémibdBdside ket i
insulating,|layer 114. The fourth insulating |ayer 116 and the third

i ndUl at§ed Githefydecteony ag ihe praperyedrriar o elselingl ehdrgss oaonsihrgd, errhalgs astther
suitab - LRI eSSe rhi.pg now to FIG 6, therein is shown
t he sttﬁlgt r%lh{l) %EF%QH%EQ tagée %Fl%g{tﬁ%r#agg a first insulating spacer 600
and a seconBeferming abimntp Fiaices Ed&Enaisostrovt e pariat topdsssetionhli rvievd OF. aThe

first jnsulating.spacer 600 i ,. for exanpl.e, by depositing a first
i nsul aif‘%}ﬁrﬁﬂ}’?ﬁb@?ib olarg frapsistar Zﬁgﬂﬁg}g N3y IBt!eHEn%é%tF 8¢ OEH}aF’Bj Whdnfj r st
| nsul ahddBeABAGRN 1ROPresc Srv3RSECPRIHBTIBY Qﬁdlﬁ&s%%ﬁﬁéonﬁgéof ﬁlbgﬂéteﬁéz by
depositing a second 1nsulating material, such as a nitride, and processing
i t29 0 hoving 2 hellestnrseglon A8l at i ng spacer 602. The third insulating |ayer 114
is then re ed, such as b tchipng to.stop on,the.s nd i nsul.ating | ayer
102, 7 Relds PERIFORS oS ERe 0% AP i SUBhERAT SRS sk AP & 6
af ter (BTEESEH. NThohubdber SESVRA1 088! fhéd) hAYmPd bR BRhindardichatin the
insulating layer 110. The structure of FIG 6 is masked using a photoresi st
| ayer sowicondyietopsubwiass i ed. andythen fyming ap ansulsting dayendsysh seeosedde iyenove a
port ! O Qlhel RACRRGS Rétnd AEWLALLAG S Y365 112 and a portion of the first
i nsul ati ng layer

25 The semiconductor substrate 102 is a lightly doped semiconductive material of a first

conductivity type, such as a p~ doped silicon. The collector region 104 is a heavily doped
semiconductive material of a second conductivity type, such as an n” doped silicon.

Above the collector region 104 and the number of STTs 108 is formed a number of

insulating layers 109. In the embodiment shown iﬁ FIG. 1, the number of insulating layers

30 109 comprises a first insulating layer 110, a second insulating layer 112, a third insulating

layer 114, and a fourth insulating layer 116.




5 110. It should be noted that this nmasking and processing step could be
used to provide a salicide block mask (not shown) el sewhere on the

sem conductor substrate 102, if necessary. Referring nowto FIG 8, therein
is shown the structure of FIG 7 after salicidation. The photoresist |ayer
700 shown in FIG 7 is renoved using readily avail abl e sem conduct or
processi ng Tl first quedating leydri i0d sugy eces oxids lepery iethrogd aver devenilectoe ar eas

f h ' . :1h d ion of the b 202
o covirtll I SPeld BE i S RaB RG0! W homhed rabiCeriiE Fapt bfdisth ¢

cover eghddy 5@aneaofd afahbsitds0 hayeionQR thigk@sa portion of the col | ector
region 104 is covered by a third salicide |ayer 804. Referring nowto FIG

9, therein TRe mbinsuletiag laven tt Qiseconere bg thgsesppd ﬁnstl@itinaﬂa}@nlbg siclhase

cond act: ' o] -.cont ac i n
ncer | s8Rl S kb i RRE A GTLITENRPIGRN 35 MReL IR (o
exanpl bstwben ateyno3000 agsiacms msdihtaiut RYONAIced@s in thitkhegs oxi de, and t hen
per form ng rocess to pl %nari ze .the upper surface of the ILD | ayer

R §
908. The | LH'S Wrdrngpaimedaysdid4 s Humed oner e serardipavaimedaysidid 2asueh @ | ed
wth a;¢aR ' [ | : t ( j t lQUS
contacts O]E&kﬁ]éel\é %ﬂ%?%%fér%ﬁ% %ggglrggl}#%?? gég’z%rul\si\&fég%ﬂig%%q@fﬁﬁéﬁj e? rench
t hr ougbetivhen ahoDt BoY args80ds ahdab® 700 amestromsttisickhe first salicide | ayer 800
over the b tructure. 202. The enitter_ contact 904 .is forned jlling a
Or Bhoh' "t hr o b erd ity Rrerg 8. S EURECH T dehdS SudVea et | ayer
802 ovekulbhifs RFEtti@r structure 400. The collector contact 906 is fornmed by

filling a trench through the ILD | ayer 908 that connects to the third
sal i cide | alks fcgolh ipsdstingHeyesdas plebedbprefesailpmsing4n apBomepiedry aigh powesn Fl G

10, th A g - rt..a sectional .view of .an HBT.1000 i.n an
"o o nEbEled B0 PP AL Hloned 856 SRR ot S B PorlPd BABSE IRne of
t he préseii thenlied insaiutingheydriBT4 1000 dxﬁlﬁ?hd &Stha tisediRoRLE | Ber SURBbXIAE €

1002, such as_a silicon substrate of a first conductivity type, for exanple

a P dopseer HE weiridupeessscen brpwdde fbivg betcravitiBddr at e 1002 has a buri ed
col | ector Tl ot A0fuiENARS: P ERY LY SESRRIRL IE0LON 0O .56 S0E
npt e, R 'ghd a sub-¢

conductivity type, for ex an n+ doped regio ol I'ector
r egi onusifén asisotnoss cihl probxsk yo deysed armgiiom ob thet dudlestoe adpdorc 00 uTherei it y

type, for .exanple, an doped region. ., Toget her the burjed collector region
1004 aﬁ'ﬁ‘s tf‘PFgleg%oWB&%I""e&OoW &Sﬁrgdni‘gﬁﬁl@gﬁerr@% heeygoons! weplating layer112,
col | ecfiRr thir@Gin@Matird0fayes 114.THE %@%ﬂﬁdﬁagﬁ@%%%ﬁgﬁr Eggﬁoﬁggfp i8R_dtofe 2

nunber of shallow trench isolations (STls) 0 Tl's 1008 is
f oRGredcollegtor esgiompl & ofihe sarsiespmdyctarenbsttate 102. t he semi conduct or substrate

1002, and then formn iyisul ati.ng | ayer, . such n.oxi de layer, .into
the trenche eféglqgoli"(m&gﬂ%%‘?e%fw %ﬂ@%@@c e@%"éﬁ@eﬁ TPREPRPE R egi on
1007 apglidehie stturRr200fan$hlbaseliR@nirs 2021 med a nunmber of insulating |ayers
1009. In the enbodi ment shown in FIG 10, the nunber of insulating |ayers

- 1009 conpr i Sk celleviorstruptysn PeA pregerblydp saleatdielaeeva et silisonl sichag | ayer
1012. i i i | | , . i.de | i-s, f d
over "t T, PRk, G NING BYRE sethld ARG, APsr Tl Hiel IS on b opsrtd™

seepndepitaxitl ailicog, dwy ehic dfpbled portionas the d6llsdidriregien [18¥ 6h thd SerhiosiRGtBVEr
the fi rla% i nsul ating Iﬁyer 1010. Referring nowto FIG 11, therein is shown
the stfietaiFelBs Hhe cotloctar sERctumsy Mt ioaroym i Balisiehi thalonreforaldly sgxéends

em tteg; M {alait ' -al S | Rgow
1100 aﬂﬁlﬁgﬁﬁn&% elregs& Qitdatc})l?v%%%%% %}?@H{sn?%%dgg% g?yrfgf r %géé]?lg-c%g‘g%%gﬁ? eggecond
i nsul aangsgomayeabans 5O angsardins highenihaa el cse nmif denduaidoinsylahgeagdrig?.

t echni ques Il’ﬁe

sk .and .
lggse structure 202 is grown over the collector structure 200 and into the base
30 cavity 118 in the third insulating layer 114. The base structure is formed of a compound
semiconductive material, such as at least one of silicon-germanium (SiGe), silicon-

germanium-carbon (SiGeC), and combinations thereof.



15 etch the second insulating |ayer 1012. Referring nowto FIG 12, therein
is shown the structure of FIG 11 after formation of a base cavity 1200 in
the first insulating |ayer 1010. The base cavity 1200 is formed by
perform ng an ani sotropic etch, such as a wet etch, of the first insulating
| ayer 1010 in the base wi ndow 1100 and the emitter w ndow 1102 t hat
partial | y uPgérahly.she pellestos shdctae 300sandahe bagestiyenrel29Pare grosymainl asifiglom t he

edges e Mi_n nd e emtter window 1102. Referr.ing.nowto
i e 1§t ieate”, MO bR b0 SRVl S Bertl SynFih oo o
base stheuotledter 3 103 fnhbe hasdow L0t Whé 200ectdh@riRase 260 b by eowPPPal S
formed by, sel ectlvelé growi ng an epitaxial material in the base cavity 1200

shown fufaplehamber used forppitany processet iras atmosphicrs of HlleClvelHy, lier axemiplsst or

regi on 7 [ h - i A 1 r i

f ogrgf;rnedw(]:;?L Qél e%g%poun eggé%r}%gﬁglgg@ ygéﬂ%‘élﬁg%ea?e%g@?ﬁggg E{é%%fakeéagotzlf%%% %?

si | i coepigeialraprocassigSi hambesi thec amm@pheranissth wargbon hsi édlettor adithcture is

combi nations thereof. The base structure 1300.is lightly doped to provide a
i

i ght | §¥a369ed fo Pepesssifec Stet@rvationothe; #mosphese i¢ ghanged feh as a
p dopediteenpoeng, SeBlEORMaL NSbAR MRERE 802 fnalik {dr's&gwﬁwmﬁ% then
is formed over the second I nsulating |ayer 1012 and the base structure
1300. Restetmitme AGvateohi Grmed, intahgnge proesshgwiep tdfepitxialty growiof thdses. 13
_ aftugr formation of .a nunber Cg_lfag{ﬁ)ontacts in an interlevel dielectric (ILD)

| ayer THEHTCNR AshEIF RSS! Plicture 9 1401 and an emitter structure
1402 are f orseidiynd CFIE, 3, Merdlfif HoW e RGOS SATGTRHMIRP FGHatiBRbF 8hi N9
(CWP) process on, the polysilicon layer |302 shown in FIG 13 to the |evel
of t hePelzgibeen flaysn|30i pephi ay ér baayily. daped sqmpieendigtivedeateridl ofhtheestaondsi ¢

0 o -~ 02 iall
b SEi, ML, S ARl HOR A . e

ext ri ndopedb@geomiatelgl Greexkddple iviittp afsericn@d phaghPoas,edghiy f@matioy iofeha
heavi |l y doped sem conductive structure of the first conductivity type, such
as!d pRolydpecn lpenAi0ilp aupid iomnplantalqr orgupseapentannerlipgis¥Ppat t er ned” and
processed tQ, @f&gé%ﬂ) PRAVI -0 ' [ t f o1 second
conduct i vi tyetyp . such as an ha %?%@ﬁg%{%lﬁid%gﬁflqg%ﬁ}‘g{)ﬁ%aﬁo\r}é) 3“ t he
ext ri nemnttebagactater 406t uTke dditer ahdcttireed @hist foaned by erhimeetht 408 stdaon Heyer

sel ect L yel r over Lhe hase structu 1300 ysing approprjate|y.doped
epi tax?gft‘iiﬂ%i %\é\’% Bﬁ'/ﬁ’ﬁp%? APSEme g@fﬁéﬁ%o‘?ry%‘ir# . a/f(g‘m&ic@LH%Jéﬁu%agove

Wi th rgsip@ale (VP8P LBUMO PalySIRaIRN 0! AlRfaBYESEMe d '

pr ef ergbl : tg&bgsgﬁgtrucguyg 1300#%t he extrinsi c§baseéng¥tr&ﬂ%t?%?lere fggl and
t h@0 entant be sdeqtivelyugrewnsoved tie base stuciuesiusing hesiilyglapeg sives sifribe s¢cepd The
extringj se structure 1401 and.the emtter. structure are selectively

gr own g&l\)/n?}l Q@W@ t&%c%%lbasp%]r?i%oﬁegflhf% %&E@OBWtﬁ]é’t#’PE&JR‘g@ﬁilc%r exanpl e, the
base struct Refrrirdfbve BNFI® I fIQMEIn i slbvaiiht aRh@ufy TTEES i RGeLRARE! otided for
epi taxy praqocesses in an atnosphere of SiH2C z + GeH4 + BZH6 to formthe

base stawidtipyudatingdayer il nd fhe thisd insulatingilavgt d e Tenfushdosdaingdaysstliat e
1002 f . i i. t 0.
oot ¢ ax ] s e RERETE Mo 016 DAy ed 160 SLIE 1S fotifle AHANATEL Ggher,

changestrippagprécesdesr m t he em tter structure 1402. The at nosphere can be
changed by ﬁ\érra?cuati ng the processing chanber of one _gas and then

i nt roduci ngRETETEROE TG G theagia it proVEpibe SR TeeotH o Siter formstior pEa
contin ; . r; : trinsi &.has re
Ta01, g AR, plaF RONACH MBR Gul il bR I EbON o WP LENEIY

pr oces40thgThe Epst ofisubgingaspacd 660 osvfdrmed, falekample, py degsiingsa Get insabtiagt to

cover the areas for the,various caontacts, Th . .
material, such as an oxide, and process%lg ?t to form t%e first insulating spacer 600. The

30 second insulating spacer 602 is formed by depositing a second insulating material, such as a
nitride, and processing it to form the second insulating spacer 602. The third insulating layer

114 is then removed, such as by etching to stop on the second insulating layer 112.




. extrinsic base structure 1401 is covered by a first salicide |ayer 1410.
The emtter structure 1402 is covered by a second salicide |ayer 1412, and
a portion of the collector region 1007 is covered by a third salicide |ayer
| 414. 30 The ILD layer 1400 is fornmed, for exanple, by depositing an
insulating material, such as oxide, and then perform ng a CMP process to

pl anari ze tRefeupigarovs ir FKe.€7, dhertings shdvh dyeestruitt@® of Fie 6 bfed myerssihd 00 i s

th d to f t hes, t hat . filled wit duct terial,
such RRERG bl By PGHATR PR it il ded POt et 806 16
The bag@sie@niigta pibdfledist 1428 T8O Die phdthicBiat BydrR0GHpathi@iadhatiseckdeR th ayer

1400 that connects to the first salicide |ayer 1410 over the extrinsic base
st r uct IpMOVeAgprtighel ihgiseqond lewvatimetlayer 122 jagd paortian ¢fithé ifirstiingylasing deree h

th h | to th licide | 1412
(hrouOR % bR B Bl 108 HeSHIDSRE BrkBebiouBRRlY b B AR 1
fillingaliidertdoukimashr(aotghoivhpelbdsbhdraye thelséficdndattocamerat 302,01 héRsdaby.r d

sal i ci de Ia%e 1414 over the collector region 1007. Refernng now to FIG
15, t her ei nREISTEMORRY 40 FlGwS clhsiein by shevwrethp siuatstsoof BIC. vapiidrasticidation. a

het er 0j | 4 t I:st bk ' | ntion.
The. ot ol La00) HeT odee S Na B KRG, b5 AFRRLEINGE gl ekl SRR BEC  are
havi ngpmcdwingdietledques. r&ghlieide aratespis| abrdedodutftoravivergtha #pasrfat iieyvafous

i nsul ating_| t h i conduct trate, | east one of th
ol 0 ai P Y RS GaEh goRiapariahe dave g saan? churiebbe r e Boe detcor
regi ongo@ Bhedmited Gnhurt Q00 EhRrelan S KbMEiicRIc Uy 862 MAWKbrtion of the |

seni conductive material in the base cavity; a step 1508 of formng a w ndow
i n t hecollestor aedionyl (4isepverod by aitirbsadicidedaner $94.a step 1510 of form ng an

emtter str re in th indow;.. a step 15 1512 of I n interlevel
dielectric #%:gr%n Ner Itq ﬁ%d\'l:dqnglﬁﬁr%lpil%équﬁb%ﬁg;Sl“?i%tﬂrea‘)fsélg}p@f%%ﬁ?%fna%? fig
connecbasersntaby 32Qhn tMétdr Bbetatte)0el andia@loBisdttr Conlt:RY 906 LiPard Me:rRasialisbeMet ur e,
the emtter structure, and the collector region. Thus, it has been
di $TovEFED leyrat908ne The thBdlaxerdd (o atosmmad fer cxanenlpr by drapositingesn insulatiogni sh
i npor t ; I i ol C iLidiles.. an
fUnot | Gater] SulEl R HARTRUL BSE OMY g 8ERs LT ARTHE dd Gy Mg ot
r esul t thredLprlepe998afite CoDflayguOas isthen proeesséd w0 fohh frehyiass dhat @800 wigh a
unconpl i cated, hi gg]:,é-l ersatile d effecti ve, use conventional
t echnofYYLELYC IR W?Bi(ﬁ& o prpwide the vapgrs sortadty e FEYId08] unct i on
* bipol ar devi i ! i k
or bceases. an Pachrtict 82 TP R e R RUEDE R0 TROCL Sl D08 ot | |
coRf uneetineeis i the fastsypbicide layeh8e ovendles base sirectoe 208. (id enstieradntabio®04nmny

alternativ di fjcations,. an i atl w il be arent to.those

Sk 11 omperea b ST & i e o et iy Yoy R oo oMb bR, 1
I's int gorledertBe efitaCtrugluke 30N TAE LENORGH da%act 906H] forakl %S}Sﬁlliﬁ%% tY@chat i ons
that fall within the spirit and scope of the included clains. | matters

hi t her threnghothe 1E&E layer DAS meat connests hthenthird salieidgdayer B8Apavey ity calteator ngs
areto%%)' yerpreted in an illustrative and non-limting sense. 11 THE

| NVENTT ATMED I'S: 1. A nethod of manufacturing a heterojunction bipolar
transi stor Refepiigshdvgto PIGVIMithgeia is €hovw0aGuatad craiy bedibailevibR\bfag BT
collector region; formng a plurality of insulating |ayers over the

sem contftinom Bimaedigestags of rempfacthie i aqcgydance pithipeoier pmbpdignest of the

| nsul abl0gh i AGHSn "N BB ﬁclﬁ@é’s’atélenﬁx&{duh%? s&l%t;rlraﬁclto%? gu%glag)g;silfcgrrlm pg a

base structure of a conpound sem conductive nmaterial i'n the baSe cavity,

f or m nenkatraenddw first tdoadpdtivitgl iypy, odr exmwplatd py dopydrsilicoviesulisttatebadde

cavity; . i .

Semiconductor substrate 1002 has a buried collector region 1004, such as a heavily doped

30 region of a second conductivity type, for example, an n' doped region and a sub-collector
region 1006, such as a lightly doped region of the second conductivity type, for example, an
n” doped region. Together the buried collector region 1004 and the sub-collector region 1006

are referred to herein as a collector region 1007.
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formng an emtter structure in the window, 1o formng an interlevel _
dielectric layer; and form ng connections through the interlevel dielectric
|l ayer to the base structure, the emtter structure, and the collector
region. 2. The method of manufacturing a heterojunction bipolar transistor
as cl ai ned 'declaim wher e base structure forns a structure

A a st
conpri si ng PERLON N Oro?u%litga ?lqu%égﬁs‘{;g?%rﬂ%ﬁer St shaldow gesngrisalatianar bon,
and co(dIept OGSDSTE&M%r-Qf%TIIhQOSTFé hemheaf f&%&%ﬁ%?%ﬂ&%j@ﬁ&%ﬁésgin“ﬂﬂ%t 'on

bi pol ar transistor as clainmed in claiml Wwherein .
st r uct sAmeiconvgtor sebstrate 12, end thearfogningcnuinsulftingrayer, badeassin oxitieitgegnd an

em'tt_e{nttéh{eu[&%ﬁ%t{)?o&nh%ﬁ%%ﬁpmjb%rchanber. 4. The net hod of

manuf acturing a heteroju ansistor as clained in 20 claim1l

further conpbbed the chREMbMGgRNCODY QEE He BIABE ERTTOVRIS it BEmGQ! d SELRY: Jregi on
under the hase structure. 5. The method of manufacturing a heterojunction

bi pol alSPieHRg lagersr1082. & diepambordiment showm inyRIET. di0nthe mambet dEiosdating layet ur e,

t he ba 3 ) I cture.are vertically aligned. 25 6.
A ot nod o ) £ MR RTEL 610, B ¥ eSBTABh B e R, “compri i no:
provi di ng aTbke first dnahlatingrlagarbigt Oam&:hhﬁ\/dnn@ﬁde @H,Q@tf@lﬁl%eﬁe&l& :ﬂlie &?l’e@ie‘i‘gg?gn
f insul ati I r having a base cavity therein over e collector r ,
19 orm nbegéPang)g ‘gﬁﬁ%&nﬁ%‘l t0g spbsisiuHZs evisecond detulafimgtavas 1032, suoh ahe base

i T Vi L0 ' irst portion of the base
cayg t ynithi@ H%é]?lseiﬂn&@ dVef fhesﬁrﬁt:{ﬁélﬂiitﬁl&ﬁéfééé?rlé.

structure; 3 ormng an Interleve I'c layer over the collector
regi on, theRegsngnowtt biGe ldnthetdie isstotvhahe structet of EIG.aHﬁafﬂe% forrrfa@ibmom?
connections. throu the inter]evel dielectric |layer to the base structure,
Che. ont LR wirto R ok i SapdcariiR S bt svond msviRgbaswBd OB, The
manuf abisdniigow 1160 GHOKMGHIRR WHRGH 1101 ERNHS iy hBLIE sl dle AR O
further conprising form r]g, an extrinsic base structure over secon

por t i ofSwatiRg daysr paise reedilycavaileblessentitnmdmetoh prbcetsimp tachaigtes tongask and

heter oL gl Q0,1 %%ﬁ%lége@t%h?'m as claimed in claim6 wherein formng the

base structure an emtter structure are forrred_in t_he same
processi ng Réatrhgrnovdto AIE 10ptheath RBfshowawhagtuetird 8f BIdN el 1E4m: WeliBR opi pol ar

transi as gsre gasvit():fl fEOHEig tihQ first insulating layer 1010. The base cavity 1200 is formed by

performing an anisotropic etch, such as a wet etch, of the first insulating layer 1010 in the

base window 1100 and the emifter window 1102 that partially undercuts the second

20 insulating layer 1012 laterally from the edges of the base window 1100 and the emitter

window 1102.

Referring now to FIG. 13, therein is shown the structure of FIG. 12 after formation of

a base structure 1300 in the base cavity 1200. The base structure 1300 is formed by

selectively growing an epitaxial material in the base cavity 1200 shown in FIG. 12. The base

25 structure 1300 is grown over the collector region 1007 and into the base cavity 1200. The

base structure 1300 is formed of a compound semiconductive material, such as at least one of

silicon-germanium (SiGe), silicon-germanium-carbon (SiGeC), and combinations thereof,

The base structure 1300 is lightly doped to provide a lightly doped compound

semiconductive material of the first type, such as a p doped compound semiconductive

30  material. A polysilicon layer 1302 then is formed over the second insulating layer 1012 and
the base structure 1300.

Referring now to FIG. 14, therein is shown the structure of FIG. 13 after formation of

a number of contacts in an interlevel dielectric (TLD) layer 1400. An extrinsic base structure



10 claim 6 wherein formng the base structure forns a structure conprising
at | east one of silicon-germanium silicon-germani um carbon, and

conbi nati ons thereof 10. The method of manufacturing a heterojunction

bi pol ar transistor as clainmed in claim®6 further conprising; formng a
second_insulating | ayer over the first insulating layer; 15 formng an

ext ri nstH ped ansemifter ytaiciure 11462 sase oivemech iyl efching, loayrerforming ahdheaical

formn ' . r m.tter, str ure in econd
I s (O s e T e P R MR e
seni cokdelodithe sedoat imubating iy 181Z.01The abpér sueBEGT tRO caripbid habd $ivichlre
I nsul ai%cﬁg%ha%ers .over the sem conductor substrate, at |east one of the

pl ural RSTIHRD sty 8 ravivhyantiabasopiaas with shepprassudetd dcher
reg Onéecan(pﬁédaﬁltl%}é?&ljﬂﬁzof a conpound sem conductive material in the base

cavity; a windowin-one of the plurality of insulating |ayer over the base
cavity; an € extemnsist base tstroeturen 140le isnpattbonegd 2 processed b ewevidéiachaaeilyi ¢

| ayer; ,and connecgtions throu the interlevel dielectrig |ayer to the base
st ruct El‘?p?, Sf’f‘i‘écog_ﬁr‘il"tt‘tvgrﬂrg‘ftf‘{?c‘%{]ﬂ‘%?“séﬁﬂn‘f‘%‘f&l"%m’écﬁuﬁh_aﬁ &t sapedipolysligon.

het er o Cdnhi@Br iReha! 408N PL@bmaS MldaipiResdd & Sﬂ}iﬁé INREGIN ddpeq base
structure is a structure conprising at |east one of silicon-germanrum

si | i cosemgjeendaaiivarsiegtaardfche sepodd condictiaity dyrs, sher #oén nl 8opedifolysihieon.

h ' |- bi,pol ar. t. | st l.ai ' Laim1l wh in the b
e LS UL 05 S, 1R TR Bl .
subst agdléctively gzowh aRar the bdse sthRtRE U 80PLHAE hpRBpRAtRIg! Rped Eﬁi%{ii:ﬂtsﬂfcotﬁ%r

e

claimed in claim11 further conprising a collector structure over
col | ectRoRTE1E dopgdpalyidlétons he base structure. 5 15. The heteroj unction

- bipolar t raps Hﬁkl?srsedagl%oye?vﬁg?%ﬁﬂ)e{l{ gér ﬁig réLvlll?ﬁ%’he rb%idﬂné e(r%tf i Oegér%:;tn }rnlvgxatréogl?t lige A

t he base structure, ructure are
het er opmefrcablpthb bael satuctura tEils therextrdishy bt BuctareSlelri aad thcdmittessthghurat e

havi ng col l ector .,regi.on; an insulating_ |ayer having a base cavity therein
ov&t _th‘g)zg:%rlel J‘E’E‘PB R GgPIBHS POCHSIBEsHCRst riberafanssy basecrsbind 48bminddheluct i ve
he. bagm el sl ate soeh el Fovar o i L aTirtF piilen ke fose dbpfliden
r egi onFort dxemipées theshase struntered 300 chebe grown in a suitable processing chamber used for
epitaxy processes in an atmosphere of SiH,Cl, + GeHy + B,Hg to form the base structure
1300. Then, without removing the semiconductor substrate 1002 from the processing
20  chamber, the atmosphere is changed to grow epitaxial polysilicon to form the extrinsic base
structure 1401, and then changed again to form the emitter structure 1402. The atmosphere
can be changed by evacuating the processing chamber of one gas and then introducing
another gas to create the appropriate atmosphere for the continued growth. The base
structure 1300, the extrinsic base structure 1401, and the emitter structure 1402 are thus
25  formed in a single processing step of epitaxial growth.
A salicide process is carried out to cover the areas for the various contacts. The
extrinsic base structure 1401 is covered by a first salicide layer 1410. The emitter structure
1402 is covered by a second salicide layer 1412, and a portion of the collector region 1007 is
covered by a third salicide layer 1414.
30 The ILD layer 1400 is formed, for example, by depositing an insulating material, such
as oxide, and then performing a CMP process to planatize the upper surface of the ILD layer

1400. The ILD layer 1400 is then processed to form trenches that are filled with a conductive
material, such as tungsten (W), to provide the various contacts of the HBT 1000.
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emtter structure; and connections through the interlevel dielectric |ayer
to the base structure, the emtter 15 structure, and the collector region.
17. The heterojunction bipolar transistor as clainmed in claim16 further
conprising an extrinsic base structure over a second portion of the base
structure. 18. The e%tﬁ@ounctlon bi oI ar transistor as clainmed in claim1l7

wher ei n t hel kbase &pnig up domd hellimgra trenchdhrongh the Hefp dajres 149Q thapr ned
inas I ol i stor
L o) fAaats \EE i Shcldieler 47D Yer HGAALE ALURGLLAR PIAC Bl hARR °1 0T
have upméact 3422 achemehdly fdling aubsichniioagh yhecmi]) elaayar 14@(Dtha1'hem{eetsetbcth¢mct i on
Ialrredln claim 16 wh base structure

bi |
cl)ﬁ{;r ?iﬂ&éﬁfgg i é%oiﬂyan% 155 0% | the 81%1115%%1&%13 @Bﬁob}%‘itﬂ’aﬁ‘i’lﬁi‘ﬁt clé% dh, and
C Y @3' nﬁh‘ﬂ@dﬂ By FieteOfrenchhrshgh A% A l%?erA‘MO%\{hﬁ%oﬁﬂébtsb% the Ard Saficiid 147 Xn' 1s*

| M Pl }x’s‘Hl4d)VZ] &J&]C@H?Qt‘al]n@al]%apﬁa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] a ca] C ] calallv

E'!}xsnid ?if%]r]c%] %f%a tgf%ﬁ] ésa]ﬂ&‘)a‘]fb%] ﬁ%‘]vcﬁ]méta]’%ﬁ] roeipad 1099 9 ca) cay

ca] ca] ﬁl@ﬂlﬁadtﬁﬂﬂl @]hb&]r@ @h@tﬂilﬁﬁbﬁﬂ} &ahdistor ' acdbthitd $iddBe present invention.

YAWRBBRD' g O/d.* 12 3V459N

}xs n| d Hceee & @91} aap ]Déaf} ceprapdudierajubaireta) waingal ca) ca]
T LY dape @d ¢ ubsirata] heai

%\}%}gﬁﬂ 8 ‘\Efplc ;ﬁogfég]aég g‘]'ﬁg] C a]p ]ﬁ {c%@c a a;]%eagﬁ cga Fgc aiflc ajcalc

%]Z ca&%ﬁrﬂ]ﬁb@ﬁhﬂ&?&] mgcaébﬁabt&hip&lmmgqofa?mﬁt ] ]s]%a]vhl ]Kb] ; OO?PP]
Xsni CalCal Ca| Cal|.Ca| Ca| Ca| Ca| Ca| Ca| Ca| Ca| Ca|Cal|Ca
ca] ca] B¥fc c%}%a{%&]ﬂeaﬁ} é%@%]%fa]f Hes | & Jpeajstgepre of a compoun

[al[] réeh%tg\du%egmateh%l%ﬁ@ﬁ Sg(é{ﬁgﬁ f Q’b@ b R Qwﬂcio‘%@ Clﬂ% Gis, Cai‘ ajcajc

aJ ca] ca] ca] ca] ca] ca]ca]ca]ca ca] ca a] cal caJcaJca ajcalc
a] ca! nlajeropiep prpdepse cavity; ssstapt 1510 of forming an emltter structure in the window; a step

calbar ERiEcSh Wi e SRy S B S IBME AN SR B P 11 1
~~D| Brhinex Sohnoiink GRdoa sl €R] medradcabiealicahralis dcadcalwalralieataasal cal

a] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal™ {>f PZ: @7: } xsni d_Z]]ca]ca]calc

- a] ca] custre.adnd Awenllealos &gter} ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢

Trom & () - Clboh R b UMb it bl pilRE P e amroont dmvpignon on o

"()- ! ful#0 Y%nhoriant , ifﬂlQ’féﬁetéﬂO‘re Wi 1¢ ) solttiogdddakhlities, and functional
10\ <VI0% & () -, 7TTHLI0% & ()-1., 6T#10%\ & () - PA" 100 & () -, - T#100% & () -1 * %0% \

& - hil(}\g@n‘ﬁ\gy:i\ ﬁ@_dt%ﬁgpj(lyctmnp@pgb@gal(glstorsw/ﬁ]@)/&e&u]@}lg process and configurations
109R& 43} %&%éﬁ‘tf&)‘)va#&',o%ggh&ﬂlcal, uncomplicated, highly versatile and effective, use

‘conventional technologies, and are thus readily suited for manufacturing heterojunction

bipolar devices / fully compatible with conventional manufacturing processes and
technologies.

25 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 foregoing description. Accordingly, it is intended to

embrace all such alternatives, modifications, and variations that fall within the spirit and

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

30 accompanying drawings are to be interpreted in an illustrative and non-limiting sense.
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The method of manufacturing a heterojunction bipolar transistor as claimed in

claim 1 wherein forming the base structure, and forming the emitter structure forms a base

structure and an emitter structure in the same processing chamber.

4, The method of manufacturing a heterojunction bipolar transistor as claimed in
20 claim 1 further comprising forming a collector structure over the collector region under the

base structure.

5. The method of manufacturing a heterojunction bipolar transistor as claimed in
claim 4 wherein the collector structure, the base structure, and the emitter structure are

vertically aligned.

25 6. A method of manufacturing a heterojunction bipolar transistor comprising:
providing a semiconductor substrate having a collector region;
forming an of insulating layer having a base cavity therein over the collector region;
forming a base structure of a compound semiconductive material in the base cavity;
forming an emitter structure over a first portion of the base structure;

30 forming an interlevel dielectric layer over the collector region, the base structure and

the emitter structure; and
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11. A heterOJunctlon bipolar transistor comprising:

a semiconductor substrate having a collector region;
20 a plurality of insulating layers over the semiconductor substrate, at least one of the
plurality of insulating layers having a base cavity over the collector region;
a base structure of a compound semiconductive material in the base cavity;
a window in one of the plurality of insulating layer over the base cavity;
an emitter structure in the window;
25 an interlevel dielectric layer; and
connections through the interlevel dielectric layer to the base structure, the emitter

structure, and the collector region.

12. The heterojunction bipolar transistor as claimed in claim 11 wherein the base
structure is a structure comprising at least one of silicon-germanium, silicon-germanium-

30  carbon, and combinations thercof.
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10 a base structure of a compound semiconductive material in the base cavity;
an emitter structure over a first portion of the base structure;
an interlevel dielectric layer over the collector region, the base structure and the
emitter structure; and
connections through the interlevel diclectric layer to the base structure, the emitter

15 structure, and the collector region.

17. The heterojunction bipolar transistor as claimed in claim 16 further comprising

an extrinsic base structure over a second portion of the base structure.

18. The heterojunction bipolar transistor as claimed in claim 17 wherein the

emitter structure and the extrinsic base structure are formed in a second insulating layer.

20 19.  The heterojunction bipolar transistor as claimed in claim 16 wherein the base

structure and the emitter structure have upper surfaces that are substantially coplanar.

20.  The heterojunction bipolar transistor as claimed in claim 16 wherein the base
structure comprises at least one of silicon-germanium, silicon-germanium-carbon, and
combinations thereof.

25
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