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MANUFACTURE  USI NG SELECTI VE EPI TAXI AL GROMH TECHNI CAL FI ELD The present
invention relates generally to sem conductor technol ogy, and nore 5
particularly to heterojunction bipolar transistors and a method of

manuf acturing therefor using selective epitaxial growth. BACKGROUND ART A
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charge carriers, which produce electrical current flow between the
collector and the emtter termnals, varies dependent upon variations in
the voltage on the base term nal thereby causing the magnitude of the

current to vary. Thus, the VOITEMNRCADRFSELDe base and emitter term nals
controls the current flow through the emtter and collector 15 term nals.

The Lerm nae ples BofioR RARACGLAGALD b NElicdrBRAEE RoRES S and GhbECT 07

and emtter structures fornmed I n~a sericonductor substrate:

twé p-partjculackyi wnbetplopnstion depelarotriymistors rand| @ seetlprdorf manyfacmrimgcthewfdver

W th Qne OS]Zaletthe re‘%io s _cammon to both junctions. There is a first junction
bet ween EHE BaSeTANd tHE i tter, and a second junction 20 between the
emtter and the collector. This fornms either a p-n-p or an n-p-n transistor
dependi ng upon the characteristics of the sem conductive materials used to
formthe BJT. Recently, deman8AGKGBOUNIDART ncreased significantly because
these transistors are capabl e of operating at higher speeds and driving

nore curremns pogill@s@vidaoassiFolablyGardhe il MasliRnt of SlectiiclNcusREEHowing
hi gh-frequency conmuni cation networks such as those required by 25 Cel
phonedeirrendyrpernenpals isgytipolap impeongansister (BiS)i BELS have sresy irmingds. sk

cur.rent i Il variations.of the voltage.betwsen the
bt ShisB IR SRR, PREQ AR o colBhk BB Clne AR ek G, TR g
var i atmevsnadf of Réecaival elirg@parival hageth pradped eldttrichlecient Botobetiveedrieal . The
1 transi stor can al so be used as a switch in digital |ogic and power

swi t cHORESGhPIT e FTBIET (asmétaln yasies fAependens upenvirgations iarhe ogltagfotithyi t al
) Cculis. wubisstataon eyl 8 hsaoienu aaiag G o
enmi t t ethe hasseajdipwiticorieingnals controls the current flow through the emitter and collector
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The terminals of a BIT 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
junctions. There is a first junction between the base and the emitter, and a second junction

20 between the emitter and the collector. This forms either a p-n-p or an n-p-n transistor
depending upon the characteristics of the semiconductive materials used to form the BJT.

Recently, demand for BJTs has increased significantly because these transistors are
capable of operating at higher speeds and driving more current. These characteristics are
important for high-speed, high-frequency communication networks such as those required by

25  cell phones and computers.

BITs can be used to provide linear voltage and current amplification because small

variations of the voltage between the base and emitter terminals, and hence the base current,

result in large variations of the current and voltage output at the collector terminal. The




5 formed fromtwo different sem conductive materials having simlar
-characteristics. Materials used in formng the base-emtter junction are
preferably conpound sem conductive materials such as silicon-germani um
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capaci impixatationwalthe aseretdhed speacsiacs aotaysacinaihe @soblems associnted syih Gie.

Furt her nore, tne gi fferences in manufacturing techniques used to form

coﬁ’ﬁl i r?é’ﬁ‘i“gfz@f’ ©-oxi de sem conductor (CMOS) transistors and HBTs have
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el uded those skilled in the art. DI SCLOSURE OF THE | NVENTI ON The present
invention provides a method for manufacturing a heterojunction bipolar 25
transistor with a substrate. A colleCtor structure is forned on the
substrate, and an extrinsic base structure is fornmed over the coll ector
structure. An intrinsic base structure is forned |aterally adjacent the
col l ector structure. An emtter structure is forned |aterally adjacent the
intrinsic base structure. An interlevel dielectric layer is fornmed and a
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3 Parasitic capacitances are reduced. There is a high reduction in the
col l ector-substrate capacitance thereby reducing the | oad capacitance at
hi gh frequencies. There is a significant reduction in the base-coll ector
capaci tance because there is no extrinsic base directly contacting the

collector. 5 The prese% i nvention al so can be utiljze W|th exi sting
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i nternmedi ate stage of manufacture in_accordance with the present invention;

FIG 2 is thdlidnallys high-tepparptare anngpking tpissalistis spduard 4p délk’? rdopante Hbtase
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structure of FIG 4afte formatlo ntrinsic ba structure; FIG 6
s t hTABBISE £, BAtG fngqsisable ARpAg prat ﬁ?ﬁﬂtiﬁ'&ﬁﬂ%’rﬂw FAST Y col | ect or

Wi jadow; 20 fiGing Tmbolld 8f Shdndedctllrf OBk Grillbh Akt @B ﬂr%l@ﬁa%'d%%c’ﬂftecﬁﬂmh
extrinsic coIIector structure and an emtter structure; FIG is the

st r uctaveeewhing] Ge detaheenl effeatnof om wiplantyoin ek @me@lmﬁ, and ,coaﬂﬁa@éf efont act
and an emftter %ﬁ)ﬂtaot in an interlevel dielectric layer; FIG 9 is an
al t er TRPBHAARTS: Nt for formati on of the col | ector contact, the base 25

contact, anglddiRéndfl txiling DI RCleqhife bbG Sallvwtineh Qfolitidas SAIsFhkd dddp is a
pl an view of a circular layout of a heterojunction bipglar transistor

manuf atéqr@heéplmpnédaﬂebaf% ol tantifer platiantand 4o spduce ollggies-supsiratg loady) an
R R R
partial crd&stheaabicothaldiffdrenesin mamebanong echiiqueshisgbiodionth camgpliskentaryi n an
metal oxide semiconductor (CMOS) transistors and HBTs have made it difficult to
manufacture bipolar complimentary metal oxide semiconductor (BiCMOS) integrated circuits
using compound semiconductive materials that have proven to be useful in HBTs.
20 Solutions to these problems have been long sought but prior developments have not

taught or suggested any solutions and, thus, solutions to these problems have long eluded

those skilied in the art.

DISCLOSURE OF THE INVENTION

The present invention provides a method for manufacturing a heterojunction bipolar
25  transistor with a substrate. A collector structure is formed on the substrate, and an extrinsic
base structure is formed over the collector structure. An intrinsic base structure is formed
laterally adjacent the collector structure. An emitter structure is formed laterally adjacent the
intrinsic base stricture. An interlevel dielectric layer is formed and a number of contacts are
formed through the interlevel dielectric layer to the collector structure, the base structure, and

30 the emitter structure.
The present invention overcomes the problems associated with existing HBTs. In

some embodiments, shaliow trench isolations and deep trench isolations are unnecessary.
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~internedi ate stage of manufacture in accordance w th anot her enbodi nent of
the present invention; 4 FIG 13 is the structure of FIG 12 after
formation of an emtter-base stack; FIG 14 is the structure of FIG 13
after formation of a recess around the emtter-base stack; FIG 15 is the

structure @b khiGea 1t§1f1c,te§'éref el Q‘Ee&fxs Q’Ehgh%&ﬁc"t‘i%h‘}n ﬁﬁ:%%llk&%ﬁéubséat%' G 16

Is the structure of FIG 15 after formatiom of an i1 nsulating spacer over
t he | wapacigice thersky redyeing g 18ad tapacsandeat bighuctquerciest Fio® islbsighifieant

f or mati . spacer 8 is the structure .of, FIG,. 17 after
of an ? CPP?\S‘PCH’S éaé §9Pﬁ’§?ﬁf@ac%e I%Sfa'rlsse £e d% 9 £RiFmsiss vgsp gy o5 ¢ of
fornatcb@ﬁac@fgmec@mctdrer | ayer; 10 FIG 20 is the structure of FIG 19 after
formation of an emitter structure; FIG 21 is the structure of FIG 20

af fer f or ndibediesent igMensiontalser cander widized withpxistias hipaler compimentasy mesitlor
cont agl; d e AlednBh&bi @{éMé’é)‘iJrS&E&ggtécﬁ%ﬁﬁes FIG 22A is a plan view of the

emtter structue ntri‘nsi c se structure, and the collector region
of - FI G 20;CeltainFdrtbod2éhts of the tnveatios hate aaladvartapes dik addiddotwgof innga@2B- 22B

of FIG, 21; FIG 2 S a cros ectional view. of et er 'unction
b1 pol i EpiEraioedahouh TR EPMBieGT Bk e AbPAEHL Faios Sl T OB Aance
W th T e fe R0 et rﬁﬁé"tfolww&?edepeﬁféﬁeﬁgscﬂlﬁﬁn%@ﬂ tal@ne\mtg‘lreﬁ?eﬁ&etos 'EHeUCt ure

of FIG 23 after formation of an insulating |ayer; 25 is th
stiluctascempinyiig@raRihgaf t er formati on of a coll ector WI ndow and an em.tter
w ndow, FIG 26 is the structure of FIG 25 after fornation of an

i nsulating material in the collector w ndow and the emtter window FIG 27

is the structure of F!B?}Eﬁ?) @@T&@N%‘FT ﬁﬁ? stack; 25 FIG 28 is
te an’in

the structure of FIG rmation o sul ati ng spacer around the

K:
base stac 'FIG. 1 is a partial cross-sectional view of a heterojunction bipolar transistor in an

intermediate stage of manufacture in accordance with the present invention;
FIG. 2 is the structure of FIG. 1 after formation of an extrinsic base stack;
15 FIG. 3 is the structure of FIG. 2 after formation of an insulating spacer around the
extrinsic base stack; |
FIG. 4 is the structure of FIG. 3 after formation of an intrinsic base window;
FIG. 5 is the structure of FIG. 4 after formation of an intrinsic base structure;
FIG. 6 is the structure of FIG. 5 after formation of an extrinsic collector window;
20 FIG. 7 is the structure of FIG. 6 after formation of an extrinsic collector structure and
an emitter structure;
FIG. 8 is the structure of FIG. 7 after formation of a collector contact, a base contact,
and an emitter contact in an interlevel dielectric layer;
FIG. 9 is an alternate embodiment for formation of the collector contact, the base
25  contact, and the emitter contact in the structure of FIG. §;
FIG. 10 is a plan view of a circular layout of a heterojunction bipolar transistor
manufactured in accordance with the present invention;
FIG. 11 is a plan view of a rectangular layout of a heterojunction bipolar transistor
manufactured in accordance with the present invention;
30 FIG. 12 is a partial cross-sectional view of a heterojunction bipolar transistor in an
intermediate stage of manufacture in accordance with another embodiment of the present

invention;




FIG 29 is the structure of FIG 28 after formation of an intrinsic base

wi ndow, FIG 30 is the structure of FIG 29 after formation of an intrinsic
base structure; FIG 31 is the structure of FIG 30 after fornmation of an
extrinsic collector window, 30 FIG 32 is the structure of FIG 31 after
formation R kg C structure;

FIG 33 |sqi{zralrctiaé%F‘SXtfhé éﬁrgs%glf‘ggc{?%fﬁezltf&#até@vﬁofQ}ngﬁ%ét%’g%e}%g position of the
col | ect or <SHIGuUb4 mrthe stringurie ntf rHIGs 1| 8 afiessferaatimat ofr erccessdrdiing therehifittar-baba uct ur e
of FIG 2; 5 FIG 34 is the structure of FIG 32 after formation of a
col | ec¥¥rS contact, a base contact, and an emitter contact in an interlevel
dielectric F@/QSas @a@‘étrﬁét@e &%IGslcﬂaﬁtérQWn%ﬁhtof‘aﬁ idrin8t BRd 18fermanuf act uri ng
a lateral heterojunction bipolar transistor in accordance Wi th the present
Cinventi on BGBHSTS mﬂmemﬂﬁﬂ NG abgT fqueRtioN\EENT] i@pilpting fraceodvesihag
descri 1dbasgp‘§/ ﬁus specific details are given to provide a thorough

- under sta |ng 51%the invention. However, it wll be apparent to one skilled
in the art FIG 7 liftheistiu@iiie SIFIGRY6 BRéerToasdtionad abildyeripdcbigse specific
details. In_order to avoid obscuring the present invention, sone'

vel | - known EShflpduthssimearea{disr bt %r%ftae;a%tnawébﬁast@f:@a,osed in 10 detail.
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he FIGS. Ge b
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par al | gbnth®, dnlde oRBMBNEIRRR N £ MRLIVE! dslediAc tayed; a seni conductor wafer or
substrate regardl ess of its orientation. The term"vertical" refers to a

d| r ection pEKpeRei tud plantview e tieorhitionstaiciurs, fhasuirigeir ibasustrpgpsandshieh as
&Pe%{q?r%o&gt% ’20" bottont, "top", "side" (as in "sidewall"),

"h h over and "under", are defined with respect to the

hons zont al pl@ameB lgﬁcfcfsgsécﬁfoﬁhf'\ﬁé@@ﬂ@ﬁiahm line 22Br2XERSHIE. 285 used herein
i ncl udes degom tion of material or photoresjst, patterning, exposure,
devel opnent | Gt Thisny Pa%llab‘ali‘i’isﬁgecnaﬂfél‘ﬂ?wr‘tfr?o‘%f‘a?ml}‘fnctl%b%i?&laéﬁa&ﬂs‘&if In an

phot or g5l :3eadfe sagy'orfqﬂaddfa&.%%%cad‘aﬁc%c { ﬁ&ﬂ“&ﬂlH&ﬁmeﬁieBP e' @sRW to

FIG 1, therein 1S shown a hetero UI’lCtIOI’lcv%I po ar transi stor BT) 100 in
an int m\mati@rate stage of manufacture in accordance with the pr esent

i nvention. BT 100 i Sg m _conduct ar bstrate 102, such as a
lightly dopggés%4L ?E?n%ﬁﬂ‘&t“ﬁ? Oﬁéﬂgﬁ a?tg{ LA ‘%Jﬁc&t}]i’f‘?l YYor exanple, a p
dopgd silicenGsopss i Qructure of FIG. 24 after formation of a collector window and an
emitfter window;
FIG. 26 is the structure of FIG. 25 after formation of an insulating material in the .
collector window and the emitter window;
FIG. 27 is the structure of FIG. 26 after formation of a base stack;
25 FIG. 28 is the structure of FIG. 27 after formation of an insulating spacer around the
base stack;
FIG. 29 is the structure of FIG. 28 after formation of an intrinsic base window;
FIG. 30 is the structure of FIG. 29 after formation of an intrinsic base structure;
FIG. 31 is the structure of FIG. 30 after formation of an extrinsic collector window;
30 FIG. 32 is the structure of FIG. 31 after formation of an extrinsic collector structure
and an emitter structure;
FIG. 33 is an enlarged cross-sectional view of the relative position of the collector

structure, the intrinsic base structure, and the emitter structure of FIG. 32;




A fast insulating | ayer 104, such as an oxide layer, is forned over the
sem conduct or substrate 102. A second insulating |ayer 106, such as a
nitride layer, is formed over the first insulating layer 104. A third

i nsul ating | ayer 108, such as an oxide |layer, is formed over the 30 second
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ConauGt | vi t RoRHgRE Do Bt by HEreorh SONA bSO PR PP SDEOBABEA) | 1
si tu, . 3 i ) quyg : &N tive
mat er i gﬁé élgéﬁ'?iﬂ %Ignegga?f %gﬁ%gﬁgﬁﬁ %@%gﬁgn&?ﬂéa?(ﬁ ‘grﬁ%ﬁ S dé%gfﬁ?ﬁmé&go?ﬁﬁct or
st psict WBT 10Minclndehe semidendustorselyitate DY sipbresatlightlyelopsd sanusprglubims of 8t ack
Ly L P L Al
col I ector wiangawmfRfiihg lafy@{] 08 shoh APRl HitDlaFer iPALE 6¢drShe batiebndo@dr The

photoresi st |ayer 602 Ts then masked and processed to formthe extrinsic
col | ectsubstratlentiBw Seecond inswdatinigdayesfl06ruck o hairide layey, icfogmed oYe, the Bpdsi t e

t he side on which e, ntri.nsic. base ucture 5 LS. for. LNg now
to FI Gms??autn\é'z?yg r]ibl 'S Asﬁ’i‘br\%n u:lémgt ?Xfétﬁh?’esug a?—'fnhg%ge E%S’tegr‘g?%%gﬁ Fig{]ﬁlgf an
extshi Ngblon@qhd@air lapd 106! UTR HOOinaMdiANI8H 104 thesiccosd Liselalid layEne0o,
extrinsic collector 10 structure 700 and the emtter structure 702 are

f or med ap¢ the thiyhinsglating 13766188 ag Brocesydto Sum 8 wellprtemstmctyre d 1nch¥dni ng a
doped polysilicon layer in the extrinsic collector wndow 600, and in the
intrinsic base wi ndow 400 shown in FIG 4 and FIG 5. The polysilicon |ayer
is doped in situ to create a ponsiI%con | ayer of the second conductivity
type, such as an n+polysilicon layer. The polysilicon |ayer is then etched
back so it is substantially level with 15 the upper surface of the third
insulating |ayer 108 thereby form ng the extrinsic collector structure 700
and the emtter structure 702. |If necessary, a rapid thermal anneal (RTA)

can be performed to drive the dopant into the polysilicon |layer.
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known i-n the sem conductor manufacturing industry. Referring nowto FIG 8,
therein is shown the structure of FIG 7 after formation of a collector
contact 802, a base contact 804, and an emtter contact 806 through an
interlevel dielectric (ILD) |ayer 800. The ILD |l ayer 800 is fornmed over the

structu sho L FIG,7 30 by deppsiting, a dielectric majeri.al, such as
an oxi ’@éﬁy éﬁ@%ﬁé‘}?oﬁl %ﬁarqsg?‘hé‘ ldﬂggcﬁﬁgﬂtfg‘d‘gm &Pt éﬁ‘ica'il', ‘éu%-ﬁt ABsUlAlingsi ng a
chem gahctiRChian fitneRONESHE B JFEMPIoIRERE S Setud 179Tber of trenches are
formed in the IL,D layer 800. The trenches are filled with a suitable
contact 8 Reheriag paw tefidG. %shareingsshown( thy strectirgromblGel efi¢n fernatoncdranact
802, the. 1 contact 806. .The col |.ect

cont act D s REK. Uihe Althol s Hafs 70 BONLBT ¥usid 8% STAEAR second
si bsi cifdeneat 6wttty Eirst Qebubiiap strheuext 12, nai irsc dlitide tfer 204 4¢ Fari@d 1Qr thEhe base

contact 804 5 is formed through the IL,Dlayer 800 in cogntact with the

first SXsyg geaset sHEcthee 484 ov@r seridexippylpiing. sawiiret 206t ufeho@s. aThe
em tt gL Rl GECR) Rohl, M ERmEASvEL Y&ficiB0 aye 262N AR AW t h
the thi rd%gl?l?{coisde gt(?uctare %06’over tﬁevemthtptﬂer?t Sg!é%ﬁ%?aﬁg?@ﬁgzﬁx gér erring
now t gnfula@@ingostruchwe &0R, swhsksoamitade abiiemreatie faneddivee rthe Soronflonsdtingn of a
col | ector co%ﬁéact 902, a base contact 904, and an emtter contact 906 in
the stVHEPH2"%f FIG 10 8. The collector contact 902 is forned t hrough t he

Sl | ayer 8OQ dxfrif@nbaetstsk tinotib Copiekaly &paetiag tdRyen ot iths hiuteshls @t or

structure 700. The base contact 904 is formed thr ough the 1LD | ayer 800,

t hr oughakehy thaerdinsis hapastngrg2 0y pad thgn anaskivg, eipltiaggindpiecesden g Ipyssutoat i ng
struct P Ct. W K i 4j.cCl t .above

t he exftd%l?n%?gtr%asessf rtgégfq %‘?lglglﬁg%.gé]‘f%@gézpnb't tsfehrlﬁ’cg{r?t%xgﬁnsz%égsl%s&%g(r grréslélllst hr ough
t he | Lddnimised oBQRe iertritoit Bt stutiord DO2, ot dirss sitieidofsuhibutd 204 mhktsetond

structure 702. Referring.,nowto FIG, 10, therein is shown a plan view of a
©Ci rcul’éﬁﬁf‘t&‘;gp%‘ﬂmf%é)ddﬁn‘?H’@tﬂémfli‘)]@u%%gﬁwt‘ffﬁ?%-es. 1 through 9 in
- acpordance ptRinkhRwaIENS, hEeNt sRbwn H@%u‘ﬁbtﬁ%i’ﬁﬂd ?Bé%lt fdrl%gg%d 6‘%\&10‘95 an

E}.’B?’ H for exa

emtter structuré 1002 in the center of the circular [ayout .
ext r i nepdatings spaser 40, Lsueh B GYniduder spaces atonad dind extensis thase stacke 20002The

separated by a 20 first. insul ating. ayer. 1003. A collector structure 1006
st r ounadaoie el {0 comiathyEtnling SR im o be BTl S % Uk

i nsul agddgrotedyiag thedRfulatidy 1driusiag chfr@tibial 3BRROAMIctdrPréhiRsiBy Sdehhigek. i n t he
art that the circular |ayout 1000 could also be oval. Referring nowto FIG
11, ther ei nRe¢fergraw @ HGaA, hewin srhewn the tmgiraet F1&) udten famagen phan HBT
100, shown i . ug - red i i . present
257 r s gy Finceet 20808 ML GhE,PaL ALEH RARES U RSl P2
1102 | ploadesisti layérhii2cthnt @rthaf mhiledraadtippoguiedr Tiayiatinsiclfide vAndexupdnsi c

base structure 1104 surrounds the emitter structure 1102 separated by a
first 'E"rﬁ%’ﬁ‘ii SyipsgorapgR dry5ish of theo (R inBHang Tuar 108 D8 BesTSpi KBTRRE PR
extring| ﬁ@&.@c : L0k ﬁﬁp@@ﬁa Iéb“ﬁlﬁg i 105.
It wi I]ﬁ& 8 appa?éé‘{rl]ytsﬁ?%&?hose %ﬁp e ir?q%{ﬂ’gwgr??q?%%tl t fbﬁ%@?%g‘%ﬁg#l ayout
1100 condetcw rsmob404urBier s gomios of Befextmnsnpbasewaclo2®. G 12, therein i s shown

a HBT 1200 j.n.an inter | at e stage, of nuf acture_in accor.dance wi.th an
N I p 7 RIS Rt Mot A o e e N A
sem copfyedhi©bassuaatial SO0l 207 ﬁlﬂ)de’éﬁstﬂ &W!sﬁ@%ﬁ i% P’td}.etﬁsoé'triﬁﬁerdqlfff.UTﬁe 1204,

9 such as a buried collector region therein. An intrinsic collector
st nct ukmrino asestinictuae S80 Ju ifermicddet srleativglyogroving h sompeund vemicphducexeri nsi c

ond - neerBl IR e e tonshRE St LRy SRRy 08 oahpd oShisogh M. 1204
col | ectiperiil lcufipuib® 2RAst nelle sﬂﬁ;ﬁh%@ﬂﬁmmr (S3AaRS] sifiben-adrB@nivieaies a

nunber of shallow trench isolations (STlIs) 1208. The STlIs 1208 are forned
by 38 r e &31GRCh.ranf @lembination gheseddi conduct or substrate 1202, and then filling

the trenche P L NS j ri i.de. nost
STi's. 1205 anth a0 Lot BhirdB0G R irab 5 bR i O PAMITECEY o
beneat hedvily dopddetompornll serdieb@luctite Qraeridlhef grntiesd ndmdtatviyubgper alfae 1202
is afield-insulating layer 1212, such as a field oxide |ayer. A first

i nsul acPHgoynd ssmiqongictive maeral cam by gpprel ipgifayfor pxample. Rypddingrbore(B) to
fieldinsulating |ayer 1212. A base polysilicon |ayer 1216, such as a
heavily doped polysilicon |ayer of the first conductivity type, for
exanple, a pt+ doped polysilicon |ayef, is fornmed over the first insulating
| ayer |214. A second insulating |ayer 1218, such as an oxide layer, is IS
formed over the base polysilicon layer 1216. An emitter polysilicon |ayer
1220, such as a heavily doped polysilicon |layer of the second conductivity
e, an n+ doped polysilicon |ayer, is fornmed over the second
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Referring - now to FIG 15, therein is shown the structure of FIG 14 after
formation of an intrinsic base |ayer 1500. The photoresist |ayer 1224 shown
in FIG 14 is renoved. Then the intrinsic base |ayer 1500 is formed by
depositing a thin, lightly doped conpound sem conductive material of the

first conductivity .type,.such as a p.doped, c ound 5 semn conduyctjyve
ot o ith CoEp setnic Bt AR AL i paecln SR BRERE PR ke RIS b B
sem cQufbGbi s@icti®é €10 Rl thé RREER 88zi61 J04 Bdheath@bxthiBAS basBRBcRD00.

si i con-germani um (Si/ Ge%, sil'i con-germani um carbon (Si/G/C), and a
conbi nat i oRef¢rapgapw tREMEr ¢.ithgremdhshawiFhg straguret afdiie f afier fonpoRen ¢fen

o el b o BB e ML PHLRH ARRSEN SRR "

deposighongesidl 1ayes H02! IThg phdt@edidllayed WOD iashen madked ded pescesset e foin et ur e
shown in FIG 15 and processing the insulating material to formthe

i nsul Sipicedlegior Yarsew qifkon Hie srderafthe eqlisstor strapipreddfeprpogithytiesidsPiof t he

i ntrinshieh BRASHx @fase,lﬁﬁﬁuﬁ@%@}é%ﬂh@ws a lower portion of the emtter-base
stack 1300 torned by the recess 1400. The insulating spacer 1600 extends up
the si des dlefemiagawint tbdilGhasthersinais khdwdd thetsoructuveerf Kk 6faftesfoninagen aff amg

| ayer 1214, th 5 extrinsic base structure 121 a t he .secon

| noul e soliecta, SRRy A AT o pfS Bl D300 TR RGOISIP 0 Fi G
1730 t h@hRtule 760 BRPWR doliBeSitFidalré! 762 afe foldrd B seippBiy tRE gm&&k&m@&eaoz _
intrinsic base layer 1500 to forma bi-layer spacer 1700. The intrinsic

base |¥pein in$HG. ¢ and Ewminer depedpolysilippn dayehimige eatiasistcollecteteindew H£00nder

the ingul.atj o) h i gn . L.ntrinsic
e R T
unet chdpepdntsita ][to |c?é)1§e pro}lﬁﬁidoﬁtlﬁjfdiiﬁjﬂlhbaéce)nﬂa;y)ﬁducﬁﬁﬁﬁ tope] sudte as aswat i ng
spacer 1600 is fornmed. Referring nowto FIG,K 18, therein is_sho t.he

str uctnf?léslmornﬂiﬂ@r- 1Fheaplgsiligasy 1Hies 'S b ctahpd WﬁiSﬁgr & %lsgtéﬂ%%lkyt}'s%'@ r"é‘HESOO.
Thes i %E'lg%bﬁ RERE b Ghid f?nsjaf%%ﬁ 18ydr OfORBH 2By 16F Hﬁ}ﬁ%riﬂe tR@inde ddettbati ng
spacer 16 tﬁereby uncovering t % unet ched portion of the intrinsic base

| ayer $tB5@0ire The ahdithd ersitier basdurst708ctifinece$B0y) a mpidothenmah] anwenh dRT AR can

em tteﬁ- b%f{{ef shzo%.ls 0.d T?k’lrﬁ.i n&ri n icl.baa&structure 1800 is in contact
with tHeP PHLT C R0 CePIh (g FEEPRY%rring nowto FIG 19, therein
i's shown t hajisinbtiediyBe ettrildiScoll@tatfstrBEtufeOT0MRNdaRe &hit@Pstebnit 902 kaype 1900.
The em tter layer 1900 is formed by depositing a sem conductive 30 |ayer,
such aformed daselegtivbp aepviog peioped pelysiligerr materiphel Ge cerud CORMENIYtYRE: t ype,

f or,. ex le, . a + no i | CO yer . I . i E 18.
Refr g ot ool PotBitooio b, MRV Lolebor Sl 08 AU e iR 0

f or mat bawe vahdem4e@i tter structure 2000. The emtter structure 2000 is
formed by nmasking, etching and 11 processj ng the emtte Ia%/gﬁc 1900 to
form the enPfieemesxpsiq raleswpsresrare 1Rendibs Frule sBagResiO ALE iprEegigno.  The
upper D . . R o, t )

extri ng%)hg%ﬂ%c?({eergtggpﬁg@%gglf 20 ?%?%@eg%n%lﬁedpﬂﬁgggg staéﬁﬂ@googq%é?erri ng
now t osificide sPictuteh@iteisfoimsedsnamthe deittst stnattare G081 Tk Gecdid salididy sifusturat i on
of 5 a mtter contact 2100, ase contact 2102, .and a coll ect.or contact
o188 [0%fbd HeufdouR i gt od B et et ST0eMGREPREE DO E0G | <
for med xQu@h id 8 sehiceattS AR uldhgihésud0 Dy depositing a dielectric
material, such as an oxide, and then planarizing the dielectric material,
such as by BsfemgngnewéoiFd@l 8,therhiaris showip thei sstuctyre ¢IGIO. "miige dysnatipn gfifber  of

trenches,are for inthe |L r. 2106, The tre re fil.l wi;th a
s ¢ b PRUGH SRR §0%oh bARR onGiot RO ol ol eSO IpREn ehdnfifietd

cont actdieldd®ic ( 1575 800.0Thaqt.DAdRZ,30816 fdrhiRd Gati @etsatclasdhath i3I, 7The
emtter contact 2100 is forned through the ILD |ayer 2106 in contact, with

t hé0extbyi depositingia dislectricr matasiab spob @A, anTpeidpaand tisat plararzimgpthesdielgetigd
th h the,l | | 06 | ' . iASi t
D1 on bty it R udhS chBpfShRGhanltdh Bliinf TEMET Hfed® DR, AbbEIH S

i N contigathasi 4 foieedeint the MEDClagerd $GKCt Dhe Sichites wire fill2d GvithThgubatde comattact
2102 is shown in phantomin FIG 21 as being offset fromthe emtter
contact 2100 for clarity of presentation. It wll be appreciated by those
skilled in the art that the base contact 2102 is actually substantially in
line with the emtter contact 2100 ag described in connection with FIG 22A
and FIG 22B described below. 20 Ref grri ng now to FIG 22A, therein is
shown a plan view of the emtter structure 2000, the intrinsic base
structure 1800, and the collector structure |207 of FIG 21. The emtter
structure 2000 covers the intrinsic base structure 1800. The coll ector
structure 1207 is substantially perpendi cul a itter structure 2000
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first insulating | ayer 2304, such as an oxide |ayer, is forned over the
sem conduct or substrate 2302. A second insulating | ayer 2306, such as a
nitride layer, is formed over the first insulating |ayer 2304. The first
i-nsul ating | ayer 2304 and the second insulating |ayer 2306 are then

Cem oo 3hnSfRer R bbGh R l? o ATaPR B Bt Pt 8505q e, e

et chednfigerf@nce’de. rst trench 2310 and a second trench 231 1 on either side
of an intrinsic collector structure 2308. The intrinsic collectar structure
2308 i s t hdhgeeYpgor spma 1804 if yormssethroyehthe I5DrlgysrefP0 nggongaeh pyithetheyy

i npl ant. : i i LASLEG t opant
o (2t DiGAPaR) 153 ydthe IR SO SR heiblel W U 10 Con iR

i nsul as forgqredaieug2 B2l leghr 880 & tdmitact PEOShe Girbtaspliaide steuchwoe 204 dvar thee fir st
trench 2310 and the s nd.trench 2311. faurth jnsul ati aye 314,
Suoh SSTNH GHRF e ana. e g sonpet Sk B bongh s i P B3 1

Ref er rdoRge@ith iR tilr@silidfle stri@uRl 6l cveSheWhiftieuattikctor e of FIG 23 after
formation of a fifth insulating |ayer 2400, such as a TECS | ayer. The fifth
i nsul at i ng Redgteing aawgoilHGE By thewginpy shown pm glternelc embedimant feonmatengid t he
second_t,rench it hi gh-densi [ | at er.
The f icfoélﬁ&f)rn‘éou%%t%ié%%’m%gafgf Olit%g t hgél& %Ih er %gggﬂtﬁ%S#]%éfgﬂtgn%Eﬁéﬁ?E% pol i sh
(GWP) &INThé belectd doaressEXdisdeaped thircughhthe TLDIhydr BO0GH c@Biél witld tHehautarecond
trench 2311 by eIthnﬁ. Referrin? now to FIG 25, Lhﬁ{eig S Sh?%ﬁ& he

st r uctSifeeoighe prignsio golsqter styugiurh (9% nl s bage contpe A4 s {armgd Hrosgbt an

em tt | JoR0 ' | ' h hahd sdB8d 2Rubiinb s licitendow
2501 gé%éﬂgg?hg{é&%%gﬁg@?%ﬁﬁglagﬁ ﬁ%utégﬂrﬁggzi@gi ?g%er 2%02 overu a1 %grt?on of the
f our t RO6nsux &t damgact aytbthe By siliTide sphatuerEi abové dyextrzB@bass simnske 20dnd

dto f t I i 00 .th it i .nd 2501.
The f ol pme i 106 Fotpemes Sroidhy S8 vt PRine Rl ly e PHEr X he
arga ohe thaudrQuhdthre agul ati ng | ayer 2314 unmasked by the photoresist |ayer

2502. Preferably, the processing includes an anisotropic etch and then an
25 i sot r opi Referrtig aayv geFIGhel O, Hecreinlis sleavet a wlanduow 24 GociesHir dawoue APRG af

. ; . | o ; ¢
Pl G AT 1O0B bl 18 N, 1 Spiabh oy ok BERRC il O Rl I BHIGIC 08 O
2501 witdularayous Ul0ao iimgudatar ¢raltte? 6@ tus UK d8 thdecdtfdFofothie dércolar fdyeud ECS.

The phot oresi st |ayer 2502 as shown in FIG 25 is stripﬁﬁg. The ﬁ | | ector
wi ndow! @b oAR SIS Rate sineqtusg Mtd wipserdsdRe fRute sppesureyE00z sepiafeddly 4 t h

L 2%)6 30ifgf %h%%@ gal)gﬁtlgﬁj. aly P@00r JRRlB LA ShRSRB RS &:ding8 Bke! fMRlture

rgoes a process and the second insulating layer 2306 and the third

i nsul al@Ggsepanpted 1331 Rcandinselatnetiyes L. dswily beteatilngppatdht to thosevskillede
appreci ated b ne.whp is skilled jn the art that the processing steps
shown gwﬁeaﬁﬁﬁﬁﬁﬁb “WE“EP@%?i ‘?HLHﬂﬁﬂmﬁﬁ’ an be performed at the very
begi nni ng oRefefieh B EREIGT 1 NGhdréiAQs stidveh & PIARI &R lof AfredthenuiB Tayst@Q 10en can

be fornmed as part of a conplenentary nmetal oxide sem conductor (CMOS)
pr ocessf the EBBi B shovwgoimpliGse htthropgh Immprufaciwied dn seeardaed Uit the( Bieeos)

process. Referrin ow to Fl G therein is.sho e [ FI G
D651t Bivep i B en g ek 00 HOGHR B il SUIphit 1 B ehitlindhe
ext ri ngéMelsfIBe dctaghldf RiydiOR00T e exiifididbase stagerest 104 Gutivend? fheimniitek or ned)
for exanple, by depositing a |layer of polysilicon that is inplanted to form

the exsimaiiecl s scparatedthyr @ b ansuiaiing; yer AEQR/i 14 erdlselor pouglirg i1dBR 10
mat eri I.[.S1. d LVt i<l igon. A
irot Shrflady Ty Cldibli SROCUARLKL 110] ¥ARmiBH Y o Toc i AARGELRE, VRIS B0
over t kdll&etappmehCtobdmes: stileinuhe 27Ma; thaectexguigl leyoudyl 160@ posldtdisigbaal ayer
of silicide over the |layer of polysilicon formng the extrinsic base

st Plict 68%'2702. A first insulating structure 2706, such as an oxide
structure, mferﬁe;%mv% fﬁGTEQ&]hhéirﬁfs@gswaeHBwsdo@riﬁ%ﬂ ifEhedifl® stdgesr
silicide layer 2704, for exanple, by depositing an insulating |ayer over

t he si mamiufetirayeaccotiagerwith an nfieinatei engpodiment of the @8 inyemstonaste WBTr i de

structuyre, .i ornmed .over the first. insulating structure 2706, for anpl e,
by depggﬁ@ i"i‘fguéfﬁ 3 $ROUPUIAYT ﬁ’é‘?sérﬂea]riog\a@rmlgh@g?’Hgﬂ’f“étcf’ﬂ%ft?rag%‘lpt“lr%rl?fﬁ%ig t he
first insulating structure 2706. The base stack 2700 is forned by
depositing the various |ayers just dEscribed and 20 processing them for
exanpl e, by exposing a base poly mask and then etching the various |ayers
to formthe base stack 2700. Thus, the base stack 2700 includes an
extrinsic base structure 2702, a first silicide layer 2704 on top of the
extrinsic base structure 2702, a first insulating structure 2706 on top of
the first silicide |layer 2704, and a second insulating structure 2708 over




- Referring nowto FIG 30, therein is shown the structure of FIG 29 after
formation of an intrinsic base structure 3000. The intrinsic base structure
3000 .is forned by selectively form ng a conpound sem conductive material on
the sidewall of the intrinsic collector stncture 2308 in the undercut
region 2904 sho LN Fl1G.29 of. the intrinsic base wn 10 ,2900.
br of erud o » FHEULlPori Frof dudti bl 58 RE MBI B el s of
sili PQﬁllgﬁﬁcﬁﬂI&%]oﬂms(l&tafcéaedy,er Hel dxerxiigesFeRr Hidaend ( SobéhéGhe critihsiz
conbi nation thereof. The intrinsic base structure 3000 also preferably is
doped PHecdpr siruchire dRt and the dntingls solestar srycare o200 Helk be sefererhduas iavi ty
type, SHER-ASBuPe fRPped conpound sem conductive material. Formation of the
intrinsi ¢ base Structure 3000 partially fills the intrinsic base w ndow
2960 to 15 Thersendcomgnttbt aubsmated also JA€lAdesRe frauibien gf rebwatldéw thdnGh iSdlatiddzer ei n
is sha truc e .of FI 3Q.after, formatiQqn of an extrinsic collector
wi ndo&%g%g’hiﬁ%§ﬁﬁ 1B e e B e R GRS On FEBHARIUBYPT et i ng a
second 2phoh @inStilllndY @k RHIRes Wit éﬁ?{%ﬁﬁﬁﬁé‘%é}éﬁﬁ! Shed @Y ah 342 Ihet hen
masked and processed to formthe extrinsic collector w ndow 3100. The
pr oc e switangropin8Tlsd EX)B2 alsp dwaf @ niurgbaanofaddep orenshi isoletiets @?Tishd 21 dedatadi ng
naterialne%ﬁS %rlsurﬁlv(;frr] fgurgl% 30 followed by a short isotropic etch, such as
a HFBCB? &P, 1o exp8s hle ?'ateral side of the intrinsic collector

‘stpuct ur e Z3@8 theRRheEdhdgcBOWMbs@atk 11802 &2 fitlaahfilRingSagdram? tsneh s¢ 4 Gietdur e of
FIG 31 after formation of an extrinsic collector structure 3200 and an
e t t e¥xidg layern up dirsigsulatmeelayss 12 1ds puchcas| ancetide layer, 4y faseed oventhgdficdd t he
emtte 02 i t i: | ayer
S102 SRR RIAIAZ) °A%Ee PARIRCOR 1k TPIG ek 36 o IREOAE AR I GRlichn,
heavi | lyyataf ¢tk Sstiaviundtidtyi tyee,fat exdngle,of p't dupes pobmidicomhgustis lirtngdtoype, i s

formed,in the extrinsic,collector wndow 3100 in FIG 31.. The.emtter
Loy ocin iy gsiatie BSRSIAR, R eoind e uaiing et 200 3o abAt oide) lavdiads The
Sefs COREMG bYE (BbaEd A1y RRLDEy& INSr A8 RRkiMRISIHARyG00D! LK Ala

silicon that is doped in situ "such as an n+ epitaxial silicon, or
deposiheadilpdpysd polygikicarbiyer of dhopecoridncanduetivigyiyhe.afor grampledapad doped

B e S e N

pr ocesE222pyudaars pe ok e TRk if foRBEE & Salthc EMitE byEsilibén ePaIn20l ™ photbsist
extrinsic collector structure 3200 and the emtter structure 3202 to obtain

t he dedysiddd2ddpusse thrisnptelagnaskerver thedirhwpladng-lager 1B372. (The pbpieresist &4y6hn an

enlarg : i | ati ve position of the

ex%cfli ngzljzéchg:g#?fggﬁ) g%'lj t@??&?ﬁr@%@%%@ S?&%L%ﬁtzplg'nsi c collector structure 5
2308, the iRtferring mvbasEGstlB ubtieireis3000n tendnutctuee e¥IG. d2 after fortnatien 8202 of
the structure of FIG 32. e extrinsjc collector ucture 3200 has a first
i nt e’rf%‘beelgﬁtﬁﬁgﬂ\ﬁet FaKe lﬁ_ﬁ‘?rg nﬁ‘ec ‘E‘B%t'ieé“g?%r S?\Cgué?'ﬁé e‘szg_r@@.le‘ﬁd'j’}éc‘éﬁi‘fgt he
0pposi {)lﬁ)t&'itﬁ@grﬁghié R&hhubd RSfefmose) Augﬁtag Ty Shniieg, qﬁ@ﬂ@@qﬁﬁﬁﬁﬁﬁgﬂﬁyem%zzpm c

base s ructure 00_0_. The intrinsic ase Structure 3000 has a sécon
i nt er f eecr3BOR podysiicerh dayernil22@rthe tsecanduineul3ap layeo 1268, cthe ibasg polysidicorF| G

34, th i i .t h tr f |G .3 f ti f
Sor ol Tore? b B Rathiucty i Al g 3 Fath 1€ fp IRt dE siendt b 406
t hr ougiheatoldresRt 1A% 1284 OBherdNsIREPRAmSA b k BBsic 4BfierIMuBuis1 OAREmaYer t he

extrinsic collector structure 3200. Athird silicide layer 3412 is forned
over t Fremetietanaiftes pelisiticorelagon 2220rshown_ inDF Gy B 48408 ¢411Rse ety BSHIE he

Stack S R T B PRicdt | 1R LT RS o BRA S, 5300

in conktack 13 h the second silicide |ayer 3410 over the extrinsic callector
structure 3200. . The base contact 3402 is fornmed through the ILD | ayer 3408,
t hABugh t heReSEHHENGW EUFKT i Idgthstein is showndhpgruchyg of R fes dogmatiop of

i nsul ati 40 hh D L PN . 2704
over | RCEST 11U LD SRS 306 THhPTeceld BlooS by BYRi
such as by etching, a portion of the STIs 1208 on either side of the emitter-base stack 1300 to

reveal an upper portion of the intrinsic collector structure 1206.
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- 20 formed through the IL,D layer 3408 in contact with the third silicide

| ayer 3412 over the emtter structure 3202. Referring nowto FIG 35
therein is shown a flow chart of a nmethod 3500 of nmanufacturing a HBT in
accordance with the present invention. The nethod 3500 includes a step 3502
of providi : I ; 3 f ] Nt LASI t or
structure %%fe%g&%‘ E‘Z‘L stﬁgg(?r Izaist’ Z&e?ﬁng%%;b“%s%%g{g@@gro%%%g %%hﬂge}tfﬁﬁﬁoé q:base

st r uctanlistripsic bhs leyerd\560] ahpiphototdnt layer 122di showalih E8E.0F4 sStréemotad: €fhea st ep
3508 of form ng an . intrjnsic base structure adjacent the intrinsic

col | edioinnTiadass davsal Wb P‘Fﬂ’&de% F‘FB%%ﬂelgoas@%tlﬂ%!%ltyufi@?edacwé%mﬁs 10 of

for m REmARN&MEHvE ChakEL G Uhe AL %%Hﬁctfvﬁl? iypk! isB&H GsPASLasclussHpSinda St ep
3512 of formng an extrinsic collector structure adjacent the intrinsic
cob| ecemicosduaive unggrial eveeph@situctefe shommi mgFih BO Prafenablyy éhe dimapenndr i ¢

| ayer; and tep 3516 of form a _plurali of .cqontacts through e

o o ePRondy e Rpitea GourRED TS B A esed Yol or RGP Eepintif @cie

ext ri RgicenpassarftmluaibongSi/Gea)! el £fohbigstiditherebfire. 16 Thus, it has been
di scovered that the method and apparatus of the present invention furnish

i nport ant  &¥ederrag apwfte FaGuhavbgrpiags shayw theisgneturecefdd6: 15 pftesforgafion of

functi i i j k | t i st .
The  r S0 AR F00Nyo AL AR R0 18E 3500, \BEL L ARIsRLR Bper KEATRS O °
urnwondbimat bd depositigyan ansshting enataied, Sichfakechiinde, ousrethe hvetntd shwadn in

techn gies, and are thus readily suited_for manufacturin I C fully
corpatiioh d SvinchPiasaP el T rar i naral o oo SouBEaN GPREE LD oG s

Wi | e jhiiBadddV@atdrA80H BSvePEL Podie ©F kREdirinRicaAtd 1496t 1300 Ml shrréurkRaabkéc best
node, it is to be understood that many alternatives, nodifications, and

var i atpootion of the eiméittesibsy wank Y390tfhioras Bykihe reagss HI00hd'hainsuiagingjsprer 604 he

foregoing description., Accordingly, b kS 1N t. . Il . such
Al t o PERTAIS.P CHEe i SRR ik 1300 B bERE TR Rt E e T B
scgpe &ftrikdiebasBelrucies 118ANErd dklsedmmtititiuSatiniztingr 12 D8 60the efhtierftasd stadler ei n
or shown in the acconpanying drawings are to be interpreted in an
i11ust¥¥% ve and non-limting sense. 17 THE INVENTION CLAIMED I'S: 1. A
met nod T or RAGHIAGIIN LI 110 LRkah Gl RaLAke b ARS8 fer GRIBER N0-
providing a substrate; formng an intrinsic collector structure on the
subst r e éntribsit dasd lagerakS0esto formsa bi-bysespatack7if e Thanntriadit paspleydra@plng t he
dintrinsic collector strﬂcture; fornhn an i(ptr' nsi c, hase stru]?étobre adj acent
the i nfFIHET S | 35eRY Gichifig, GEE P Y ifﬁ?d'é‘? T e éf_}gp}ﬂitlﬁgisgaﬁﬁs t¥ut ur e;

f o5 NGnAthe@ oG 1702 HE Her BtrAflicABRB Uagdn Q1 500 trEmink.C THRS Sthé Wi Uk kfaced O
formng an extrinsic collector structure adjacent the intrinsic collector
st r uct U708 comprising the unetched portion 1702 of the intrinsic base layer 1500 and the insulating

spacer 1600 is formed.
Referring now to FIG. 18, therein is shown the structure of FIG. 17 after formation of
an intrinsic base structure 1800. The intrinsic base structure 1800 is formed by removing the
25  insulating spacer 1600 thereby uncovering the unetched portion of the intrinsic base layer
1500. The intrinsic base structure 1800 is formed around the emitter-base stack 1300. The
intrinsic base structure 1800 is in contact with the extrinsic base structure 1216A.
Referring now to FIG. 19, therein is shown the structure of FIG. 18 after formation of
an emitter layer 1900. The emitter layer 1900 is formed by depositing a semiconductive
30 layer, such as a heavily doped polysilicon layer of the second conductivity type, for example,
an n" polysilicon layer over the structure shown in FIG. 18.
Referring now to FIG. 20, therein is shown the structure of FIG. 19 after formation of

an emitter structure 2000. The emitter structure 2000 is formed by masking, etching and
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formng an interlevel dielectric layer; and formng a plurality of contacts
through the interlevel dielectric layer to the extrinsic collector
structure, the extrinsic base structure, and the emtter structure. 2. The
met hod of manufacturing a heterojunction bipolar transistor as clainmed in
15 claim 1 wherein fo n1hg?the Intrinsic base structure selectively grows a

conpoPRNRFEsHng Lsrmitier Q4 sodorm dhe saniter stractupn 2G00spver dhy jniransis base
St r uCthtGure3 18001 THR! ﬁ'ﬁﬂr ?orﬁ@f‘ o "i‘&t Whdidd ﬁrulaﬁﬁ@ PBOYE tih WnBEP KA the

transi stor as cl ai ned laim 1 wherein: formng an extrinsic base
structeﬂtrelsmmﬁmmslcmn@lmnﬁhesmtm{bmeestmmoﬁhe extrinsic 20 base

structure; dform | ect.or, str esurr n extrinsic base
structure vl\fl ?‘lmP%élogogng@t%f? TP AT chavn es ﬁg g‘?%ﬁﬁ?ﬁ@%&ng a
hetser QjnusigittcOBoRhd 180, 4 baRSIGHLRF 2852, Cdndlan&ﬂlebﬂbr ebahdd 21N/l Midieydl Ng the
emtter structure, the extrinsic base structure, and the collector 25

st r uctdiplectfie (Ha)dayared96. dhe LoP layss 2406 s @m;d e demstriceire ishewr in FIG.
b
iﬂbii gzrzgﬂl, {;%osﬁﬂl caealgfec&m%@ﬂeﬁal §H&S%sa£l{o rbT%id f&‘%ﬂ&?pﬁ Mmggﬁgeéﬁ*%@ém

centric squares ons ereo € et hod
of manudterislysuchgasabshetieg aj ahnnﬁcad)mdahmd::ﬂrpohstang i(EMP) pascesd. alAREmber ¢fl ai m 1

wherein; 30 formn .th sﬁgbtter structure ﬁrns an. emtter structure

subst FFEERgS 3pe & paY 4100 et menchey e ddled Wity @ suitehle contact and 18

f ofom NgakhA weh |a§«‘@ﬁr%‘éteﬁt(Wb%%ﬁnftﬁ’é BRitlr GOhth&CI10D, &Erﬂéﬁfé HoRade a2 ] Shd
substantial ly perpendicular to the emtter structure. 6. The nethod of

manuf dbe cellaspraoneeictBftunct i on bi pol ar transistor as cI aimed inclaim1l

wherein for he Lntri ase .struc Luc i si ng
at | east on{éﬂeSeqTO"?l “F nq%%rﬁégrl?rz?ﬁrl?ﬁ]t X f‘g%%ﬂg}%‘%ﬁmfé %‘ﬁﬂ& vgﬂﬂﬂg

conbi nexiri@ic élﬁiﬁfee(@fructﬁre FZBBAWETh@Ga&fcdﬁEH@UQm 14 foRtBle B HRASIEN Bk UNDL 1a9&r

bi polar transistor, as clainmed in claim1 wherein formng the extrinsic base

st r uct4408 1p geptagtiyeth the exiiapis bag Juaehse 13k0A cThﬁ@lle@ﬁmqr%& 2104 wsifergned base
St I%C k L%RHI?E }34 ﬂ_g) f ﬂl @éﬁtﬁct%ﬁ'lethé %Jiﬁ’ﬁl&lﬂ t6n {iO%r structure. 10
The nut ac

turing a heterojunction |pof ransi stor as
cI ai med i n theabase lcontret AilO2 fiosmowig it iphantotor innBIG Ziohd beﬂngrofﬁet il thes
conpri esrrei\l er I:(())nrtggt 390(?‘ fgrI crla?r}tyto %pe(s:gntrlatglm{[ I}%\ ws1ll1I ?)fsz ta;rap?r%aateg b%l( those skilled in the
art that the base contact 2102 is actually substantially in line with the emitter contact 2100 as
described in connection with FIG. 22A and FIG. 22B described below.

20 Referring now to FIG. 224, therein is shown a plan view of the emitter structure
2000, the intrinsic base structure 1800, and the collector structure 1207 of FIG. 21. The
emitter structure 2000 covers the intrinsic base structure 1800. The collector structure 1207
is substantially perpendicular to the emitter structure 2000 and the intrinsic base structure
1800.

25 Referring now to FIG. 22B therein is shown a cross sectional view taken along line
22B-22B of FIG. 21A. The emitter contact 2100 is formed by etching the third insulating
layer 1222 to stop on the extrinsic emitter structure 1220A. The base contact is formed by
etching the third insulating layer 1222, the extrinsic emitter structure 1220A and the second
insuvlating layer 1218 to stop on the extrinsic base structure 1216A.

30 Referring now to FIG. 23, therein is shown a HBT 2300 in an intermediate stage of
manufacture in accordance with a further embodiment of the present invention. The HBT

2300 includes a semiconductor substrate 2302, such as a lightly doped semiconductor

substrate of the first conductivity type, for example, a p” doped semiconductor substrate. A
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formng a second trench in the substrate spaced fromthe first trench to
formthe intrinsic collector structure between the first trench and the
second trench. 15 9. A nethod of manufacturing a heterojunction bipolar
transi stor conprising: providing a substrate; formng a collector structure

on t ne, SURSIA AL ayck 9508 WeiPa LASGIE! AGE:, KABRALELNY ke L dddlShE s RRRG
n r s l]|

- structure anéﬁg extrirfdsic emtte racture over e collector's rﬁcture;
20 forB0hg Anctotd imslatinpdser BO6Csucheasad) reidntlaydre i fdrhedt wier she dizttur e,

formn n.intrinsi itter. structure jacent the intrinsic base
st r uctRPEing JaYer %ﬁ-ﬁ%ﬁﬁq ioglpting ‘éﬁ%rcfﬁ%éada% pecoafdriiinengyd pi%ral ity
“of contaeden ﬁrBE&b@ﬁuéi{i% al J&ll%étb?%y%hl Rhal ﬁ-%iﬁ(ﬁ,e |aaﬁ/(§ﬁ01‘1 'i!)ffiﬁé"sﬁﬁicoﬁ\éldclfbrt he

col lector structure, the extrinsic base structure, and the extrinsic
enist t epbEtes2iie t Theesemicundieter substatd 2602 mathah stched tonfpra shibrse ronaint1i0on

bi pol ar .transi.stor | ai ed i lL.ai.m.9 wherein formn he.base. st ack
conpr cea & ERTEh 21 Eof el slddf o sliine CEPE S Aohe By s BGRieNsi

eni t t epllsdtbuisihuchge 2808 is k. setbi@ o@midnovigf ?\Efa,nwﬁi@ﬁtiy forgdR fdred:@fgild)nst i on
bi pol ar transistor as clainmed in claim9 wherein: formng an extrinsic base

sur r oumglanfing agiepprtdp the ngaass eoligeton sirpeuexdi0insihe dopars hemisdiven iaivd 5
form e tlBnGO bR stﬁfc[#%bgq% %Hﬁﬁl"ﬁl‘gﬁl}aﬁﬁg 1{}?} WSS GRASE il 4Ebre W th
(0] . e nmethod o n

the ¢ ector structure. acturing a heterojunction
bi ypol dayery iafieinstddn tizesfist @énch @310 and dierse@nditeeneh A3 flor Avifowg il insuleting tager

structyre, the extrinsic base sfructure, and the, col tor structure forns
ot 1 ot el G S BiHUF e B PTaChines e Bird SRS W58 eERhnt 1 al 1y concentric
oval s, 10 SREQ@&%%MO@J oYFIGODE &RErEInCis KBS R ! B ctufc ISIEN LB akky s @RGANSS | C
squares, and conDi nati ons thereof. 13. The nethod of manufacturing a

het er of Gifile insglatipg payen24Q0; awehi astaoFE@S lasieai Whelfifth insubdting dayen 840 1s;forrardri ng
the e fffhe$hd HEE HESn 210508 M Bbifhemth 245 With SHRR RAALLMSQYSP) N9 and

15 oxide or TEOS later. The fifth insulating layer 2400 then undergoes a chemical-mechanical
polish (CMP) and then is recess.ed deep into the first trench 2310 and the second trench 2311
by etching.

Referring now to FIG. 25, therein is shown the structure of FIG. 24 after formation of

a collector window 2500 and an emitter window 2501. The collector window 2500 and the

20  emitter window 2501 are formed by providing a photoresist layer 2502 over a portion of the
fourth insulating layer 2314. The photoresist layer 2502 is masked and processed to form the
collector window 2500 and the emitter window 2501. The fourth insulating layer 2314 is
removed, such as by etching, in the area of the fourth insulating layer 2314 unmasked by the
photoresist layer 2502. Preferably, the processing includes an anisotropic etch and then an

25  isotropic etch to define the collector window 2500 and the emitter window 2501.

Referring now to FIG. 26, therein is shown the structure of FIG. 25 after filling of the

collector window 2500 and the emitter window 2501 with an insulating material 2600, such
as the HDP oxide or the TEOS. The photoresist layer 2502 as shown in FIG. 25 is stripped.
The collector window 2500 and the emitter window 2501 shown in FIG. 25 are filled with the

30  insulating material 2600. The insulating material 2600 then undergoes a CMP process and
the second insulating layer 2306 and the third insulating layer 2312 are removed, such as by
etching.

13
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15 parallel to the intrinsic base structure; and form ng the collector
structure forns a collector structure that is substantially perpendicul ar
to the emtter structure. 14. The nethod of manufacturing a heterojunction
bi pol ar transistor as clainmed in claim9 wherein formng the intrinsic base

structure & \gﬁfﬁ remz(&e({ Br m n%h% 1s ﬁé(?l bt%n%ﬁt Eat tﬁ 0%%8681 T Ck shgwg

OTH
grow ng. a compound sem conductive er| al "rATEHE PeRESE PPé®Wet hod of

nmanuf and ulekeriped MEFEGO] 28 dirbOgh llﬁp@inabe tpesfoghat ar tRs vellyaba@dmng ofl @em 9
wherein formng the intrinsic base structure forns a structure of at |east

one oﬁﬂ%nufaceﬁwgg%@%rﬁhsnsm@mewﬁ B iHhi 2300 thehsan bentpriged sridiaraet 8n
ther eQhm %‘ih @r?zm&alnﬁkllag%eﬂﬁcdﬁﬂﬂé{f)@‘ééwdﬂg%r%&ﬁtcﬁrﬁlbﬁgﬁse St@irﬁaif ﬁﬁ/m; o

tran3|st as ained in claim9 wherein
extri medtd dmbesesncrqmduuoe(Biﬁl\/m)tmotesw t h the intrinsic base structure;

formng th xtr|n5| tor .str forns a nu |ve materi al
adj acent tﬁzéa’ relipe gﬁﬂyltﬂiﬁé %fjlﬂil%%lf‘& @Fﬁ%ﬁufér{’&ﬁ@r%ﬁ’g RENRGARSEnsi ¢
em tt e bk rseek U ol OTHS basesgaal@mﬁ{cma%s Bt irRc Bﬂieaé%ﬁlﬂiuré hgo2.ntTHeNsi €
base structure. 20 17. A heterojunction bipolar transistor conprising: a

subst rextrinsicase pirpatyrei2d 02 & fosped fosexampla by dspoditing & liyst @fam@ysﬂacwnémtr i nsi c
base st I&{gfaﬂ{e tB%é#%é Lo ST BRPIS ct&;{%:effd&t a8 € 1§ 4 § C{l{' {‘x{r e 5

an intri ase structure adj ace n IMtFinsic co ure and
under rhiteri€Hof mhdﬁisccdndam\&ttyrtypet, siigd; asaip etoptd polysiticarct ur e adj acent the

intrinsic bas uct extrinsic collector ructure adjacent the
intrinsic bl }fétcﬁ‘i)‘Fldgt ﬁmftﬁ » SHER 2 1% FingHien S&r%qleeiqm cis| fopasd 4 oXfigthen a

pl ur al debrins®f basOREAGHS ﬁmowexm?el 9% é}(ﬁi’tﬁ{g éjfa Legtdiicial B Tnd &t"fﬂe enitter

~extrinsic collector stncture sic bas structure, and
structpulﬁﬂlcbafomhlaglﬂwt@tms;mmsaemudaurpdﬂai transistor as clained in claim17

wherein the, intrin |c b r ure,is a structure c r|3|n a ast one
of silicon- %JF%WF C(E‘brﬁgégﬁh’aﬁqcarﬁsc%{lr e S(E;[H(&u%? ‘?oehtrpbg eof .
154519. stribRird) & RrRkd B%rltﬁ@ﬁﬁit @ﬂlhﬂ% lﬁyeamﬂ)c‘p‘tf@fr exaﬁlpi‘d i laepbshtmgcdrﬁhﬁﬁlét?ng
wherein: the emtter structure is surrounded b the extrinsic base

st r uctlayes;ovante siisidedpyesc tiovecend wtlating STichBa RS, speh ana iy stupliEeis
%;Egtfﬁf@ﬁ% 2er HICHRETRRNY i@ 2RO, Hor Lk ARBIeS b9 dePBsifih el sl a1 M 17
material over the insulating layer forming the first insulating structure 2706.
The base stack 2700 is formed by depositing the various layers just described and

20  processing them, for example, by exposing a base poly mask and then etching the various
layers to form the base stack 2700. Thus, the base stack 2700 includes an extrinsic base
structare 2702, a first silicide layer 2704 on top of the extrinsic base structure 2702, a first
insulating structure 2706 on top of the first silicide layer 2704, and a second insulating
structure 2708 over the first insulating structure 2706.

25 Referring now to FIG. 28, therein is shown the structure of FIG. 27 after formation of
an insulating spacer 2800, such as a nitride spacer, around the base stack. The insulating
spacer 2800 is formed by depositing an insulating layer over the base stack 2700. The
insulating layer is then processed to form the insulating spacer 2800 using conventional
semiconductor manufacturing techniques.

30 Referring now to FIG. 29, therein is shown the structure of FIG. 28 after formation of
an intrinsic base window 2900. The intrinsic base window 2900 is formed by providing a

photoresist layer 2902. The photoresist layer 2902 is masked and processed to define a space

over the intrinsic base window 2900. The insulating material 2600 in the intrinsic base
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emtter structure, the extrinsic base structure, and the collector stncture
format |east one of 20 substantially concentric circles, substantially
concentric ovals, substantially concentric rectangles, substantially
concentric squares, and conbi nations thereof. 21. The heterojunction

bi pol ay. hat.0r; 8s | Ln_chai . LIy L 1 ture
subst SPHSF 08 I8 1 SEhA I o A P! Bt AR myer PUBTHIA B e FE 204
25 t hénaddtingdbyer 2400 uc thertetiom sfuhs tarihdiabhse wmdper900ulsar adisottdpés eofi,t t er

| structure. 22. The heterojunctjon bi.polar transistor as claiLned in claim17
wher eiHCl Ae? 5t FichsTOE ChaBRCst hfgﬁggégpggﬁﬁ}eﬁégﬁfc tt "es‘gﬁ‘f"?]ill Htﬁ’g’ BB Ect or
St r uCtybEwimiow JAR DBabih Ah WAGEA TeBloRoBE alifaBtR IR Riridtc SIRLIBIrhduk! ai m 17

wherein the extrinsic _base stncture is in a base stack conprising an
extri 308. he undarcwiregion 39@4 expands bedeathTinportion of tielass stagk Bi0Pol ar transi st or

as claimed dn claim217 erein the intrinsic coll r .stEUCt Ure.conpri ses:
oS at tr At o SGCHE aberbinds s B Gl G 25 il
spacethnf in@MsidBask istréuid BVON TiR inin¥id bge istbétbRs3AN05s FotnhelChyp kelsdtivalyt ur e
between the first trench and the second trench. 25. A heterojunction

bi pol dermingnaicepprued rpicondestive wastel gr dhe sidegrafleet die MkRde FPHGH t he
SubStT A 8hur@ 2538 f B AR LA REAGH h4AThoRK! fn 18], Q0RFfe SHEHGE ¥ase RAMAN
extrinsic em er structure over the collector structure; an intrinsic
bame "s2900ct WPrefemtl]yacbatintimsicobdse citarctust raddd ucampraas iantleashsone efrisilicen-

structure adja the intrinsjc base strycture; an interlevel dielectric
| ayer ;g%wam&%f%h $ C‘Eﬂ'g‘?faﬁf‘&‘&‘gargﬂ? Zéﬂéﬁgeﬁeaf}dn% &pmaaioy iﬂéqr%(gt (ra*l?:e | ayer
i n contaflidbdsh strh@urb 3000/l @G Skrably id(z‘cfé)flé@in diftroSkch aNShely RRp&l Slhickal ur e,

and the extrinsic emtter structur€. 26. The herterojunction bipolar
transief the st ctcaidnaivifyntypeaswi28s whpr dpped compeund; sapicerdugye rmaatpal.

Sur ouRag pRY of B hibls TbCuRERfs o0 BHYE oB eGP b gttt PR UT T o
tr ansi ffr@ranasniftbekimgdwi3nogl ai m 25 wherein the emtter structure, the
extrinsic bl%gf%rrisntgr#o%tf Eor I%fG. %rll fjthtelrt]a?n icsosll'll)\%gttt?er strsutctrulf'g E)tLJ ]Lr3IeG.f3%rarf72(=,;le Efor|n1(:§‘1:‘,fiits)rt1 o? ne of
an extrinsic collector window 3100. The extrinsic collector window 3100 is formed by
depositing a second photoresist layer 3102. The second photoresist layer 3102 is then
masked and processed to form the extrinsic collector window 3100. The processing includes
20  performing an anisotropic etch of the insulating material 2600 shown in FIG. 30 followed by
a short isotropic etch, such as a HF/BOE dip, to expose the lateral side of the intrinsic
collector structure 2308.
Referring now to FIG. 32, therein is shown the structure of FIG. 31 after formation of
an extrinsic collector structure 3200 and an emitter structure 3202. The extrinsic collector
25  structure 3200 and the emitter structure 3202 are formed by removing the second photoresist
layer 3102 shown in FIG. 31. The extrinsic collector structure 3200, such as a heavily doped
semiconductive material of the second conductivity type, is formed in the extrinsic collector
window 3100 shown in FIG. 31. The emitter structure 3202 is formed in the emitter window
3002 shown in FIG. 30. The semiconductive material can be either selectively grown
30  epitaxial silicon that is doped in situ, such as an n* epitaxial silicon, or deposited polysilicon
that is doped in situ, such as an n* doped polysilicon. The semiconductive material is then

etched back to recess it partially from the surface of the first insulating layer 2304. A RTA
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substantially concentric circles, substantially concentric ovals,
substantially concentric rectangles, substantially concentric squares, and
conbi nati ons thereof. 28. The heterojunction bipolar transistor as clained
in claim25 wherein; 25 the emtter structure substantially covers and is

paral Le e t ; o] eis
bt SEeH o Beltbftiie 1O ARGSGH U5 dHE, 08 Mookl 0 he tigel LRy
het er @jrudtotei molancﬂ)dieaumﬁtemmﬂcmrmﬁzmsto@bmmmﬂ desirazl dripamtYirofileer ei n t he base
stack conprjses: 30 an _extrinsic, base structure; and an.exfrijns tter
structure. m“%@"‘”fﬂﬁﬁe?%r‘ﬁ?”ﬁﬂclﬁl oW AR SRigrect cEprs seimal yiew %]C%?

cl ai mgd iR §loSiioh b8 tl@é&nﬁ&@%&l&ﬁﬁ' strub &L 300, ﬁikdm'ﬁrﬂ%xd éﬂlfebt’&? kGudiase
structure Conprl Ses a Coeroun sen conducti ve rTB.t erial in the recess. 5 31.

Thé heBes.ofhariotringie trspoiractuter 3PM¥], smdrthasnnﬂtfan saigttirg) 32020t simiiviei ¢f t he

intri st.ruct ur u 0

11 | cdi0aar s ENPER P BeARCRAIRFS 200 bt § AHarintrrh B bl e Rlonsisy oo
A het eblbdtBCstuefird 28, A djhdeRd deHppbsiRSide @ﬂwﬁmmmﬂhmzme aBos ist he
base stack conprises an extrinsic base structure in contact with the

i nt ri rfBe éntPRte baw sycue 3089 (e iatinsicgse spetnrecd0 fas,a,83c0pe RIEHPRS ses a
sem C%@E%Mf’tﬁc@ﬂt&"r'ﬁﬁcﬁ@ ent the intrinsic collector structure; and the
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intrinsic collector structure; a step 3508 of forming an intrinsic base structure adjacent the -

intrinsic collector structure and under the extrinsic base structure; a step 3510 of forming an
emitter structure adjacent the intrinsic base structure; a step 3512 of forming an extrinsic
collector structure adjacent the intrinsic collector structure; a step 3514 of forming an
30 interlevel dielectric layer; and a step 3516 of forming a plurality of contacts through the
interlevel dielectric layer to the extrinsic collector structure, the extrinsic base structure, and

the emitter structure.
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10\ forming an interlevel dielectric layer; and

forming a plurality of contacts through the interlevel dielectric layer to the extrinsic

collector structure, the extrinsic base structure, and the emitter structure.

2. The method of manufacturing a heterojunction bipolar transistor as claimed in
15 claim 1 wherein forming the intrinsic base structure selectively grows a compound

semiconductive material adjacent the intrinsic collector structure.

3. The method of manufacturing a heterojunction bipolar transistor as claimed in
claim 1 wherein:
forming an extrinsic base structure surrounds the emitter structure with the extrinsic
20 base structure; and
forming the collector structure surrounds the extrinsic base structure with the collector

structure.

4. The method of manufacturing a heterojunction bipolar transistor as claimed in
claim 1 wherein forming the emitter structure, the extrinsic base structure, and the collector
25  structure forms at least one of substantially concentric circles, substantially concentric ovals,

substantially concentric rectangles, substantially concentric squares, and combinations

thereof.

5. The method of manufacturing a heterojunction bipolar transistor as claimed in
claim 1 wherein;
30 forming the emitter structure forms an emitter structure substantially covering and

parallel to the intrinsic base structure; and
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7. The method of manufacturing a heterojunction bipolar transistor as claimed in

claim 1 wherein forming the extrinsic base structure over the intrinsic collector structure
comprises forming a base stack comprising the extrinsic base structure and an emitter

structure.

10 8. The method of manufacturing a heterojunction bipolar transistor as claimed in
claim 1 wherein forming the intrinsic collector structure comprises:
forming a first trench in the substrate; and
forming a second trench in the substrate spaced from the first trench to form the

intrinsic collector structure between the first trench and the second trench.

15 9. A method of manufacturing a heterojunction bipolar transistor comprising:
providing a substrate;
forming a collector structure on the substrate;
forming a base stack comprising an extrinsic base structure and an extrinsic emitter
structure over the collector structure;
20 forming an intrinsic base structure adjacent the collector structure;
forming an intrinsic emitter structure adjacent the intrinsic base structure;
forming an interlevel dielectric layer; and
forming a plurality of contacts through the interlevel dielectric layer in contact with
the collector structure, the extrinsic base structure, and the extrinsic emitter

25 structure.

10.  The method of manufacturing a heterojunction bipolar transistor as claimed in
claim 9 wherein forming the base stack comprises:
forming an extrinsic base structure; and

forming an extrinsic emitter structure.
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structure forms at least one of substantially concentric circles, substantially concentric ovals,

10  substantially concentric rectangles, substantially conceniric squares, and combinations

thereof.

13.  The method of manufacturing a heterojunction bipolar transistor as claimed in
claim 9 wherein;
forming the emitter structure forms an emitter structure substantially covering and
i5 parallel to the intrinsic base structure; and
forming the collector structure forms a collector structure that is substantially

perpendicular to the emitter structure.

14.  The method of manufacturing a heterojunction bipolar transistor as claimed in
claim 9 wherein forming the intrinsic base structure comprises:
20 forming a recess beneath the base stack; and

growing a compound semiconductive material in the recess.

15.  The method of manufacturing a heterojunction bipolar transistor as claimed in
claim 9 wherein forming the intrinsic base structure forms a structure of at least one of

silicon-germanium, silicon-germanium-carbon, and a combination thereof.

25 16.  The method of manufacturing a heterojunction bipolar transistor as claimed in
claim 9 wherein,
forming the base stack forms an extrinsic base structure in contact with the intrinsic
base structure;
forming the extrinsic collector structure forms a semiconductive material adjacent the
30 intrinsic collector structure; and
forming the intrinsic emitter structure forms a semiconductive material adjacent the

intrinsic base structure.
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5 an intrinsic base structure adjacent the intrinsic collector structure and under the
extrinsic base structure;

an emitter structure adjacent the intrinsic base structure;

an extrinsic collector structure adjacent the intrinsic collector structure;

an interlevel dielectric layer; and

.10 a plurality of contacts through the interlevel dielectric layer to the extrinsic collector

structure, the extrinsic base structure, and the emitter structure.

18. The heterojunction bipolar transistor as claimed in claim 17 wherein the
intrinsic base structure is a structure comprising at least one of silicon-germanium, silicon-

germanium-carbon, and a combination thereof.

15 19. The heterojunction bipolar transistor as claimed in claim 17 wherein:
the emitter structure is surrounded by the extrinsic base structure; and

the collector structure surrounds the extrinsic base structure.

20. The heterojunction bipolar transistor as claimed in claim 17 wherein the
emifter structure, the extrinsic base structure, and the collector structure form at least one of
20  substantially concentric circles, substantially conceniric ovals, substantially concentric

rectangies, substantially concentric squares, and combinations thereof.

21.  The heterojunction bipolar transistor as claimed in claim 17 wherein;

the emitter structure substantially covers and is parallel to the intrinsic base structure;

and
25 the collector structure is substantially perpendicular to the emitter structure.
22.  The heterojunction bipolar transistor as claimed in claim 17 wherein the

intrinsic base structure is adjacent the intrinsic collector structure.

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

extrinsic base structure is in a base stack comprising an extrinsic emitter structure.
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a substrate;

a collector structure on the substrate;

~ a base stack comprising an extrinsic base structure and an extrinsic emitter structure

10 over the coll_ector structure;

an intrinsic base structure adjacent the collector structure;

an intrinsic emitter structure adjacent the intrinsic base structure;

an interlevel diclectric layer; and

a plurality of contacts through the interlevel dielectric layer in contact with the

15 collector structure, the extrinsic base structure, and the extrinsic emitter

structure.

26.  The herterojunction bipolar transistor as claimed in claim 25 wherein:
the emitter stracture is surrounded by the extrinsic base structure; and

the collector structure surrounds the extrinsic base structure.

20 27.  The heterojunction bipolar {ransistor as claimed in claim 25 wherein the
~ emitter structure, the extrinsic base structure, and the collector structure form at least one of
substantially concentric circles, substantially concentric ovals, substantially concentric

rectangles, substantially concentric squares, and combinations thereof.

28, The heterojunction bipolar transistor as claimed in claim 25 wherein;
25 the emitter structure substantially covers and is parallel to the intrinsic base structure;
and

the collector structure is substantially perpendicular to the emitter structure.

29.  The heterojunction bipolar transistor as claimed in claim 25 wherein the base

stack comprises:
30 an extrinsic base structure; and

an extrinsic emitter structure.
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32. A heterojunction bipolar transistor as claimed in claim 25 wherein;
the base stack comprises an extrinsic base structure in contact with the intrinsic base
10 - structure;
the extrinsic collector structure comprises a semiconductive material adjacent the
intrinsic collector structure; and
the intrinsic emitter structure comprises a semiconductive material adjacent the
intrinsic emitter structure.
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