LATERAL HETERQIUNCTI ON Bl POLAR TRANSI STOR AND METHOD OF MANUFACTURE USI NG
SELECTI VE EPI TAXI AL GROMH 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 polar transistors and a method of manufacturing therefor
usi ng selective epitaxial growth. BACKGROUND ART A popul ar device for
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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 voltage across the hgggmpodsemigter termnals controls the
current flow through the emtter and collector 15 termnals. The term nals

of a BJT ar o, {6 ' d ' r
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j unsti easicplagiged hdackmterbadgloldrntralstses pndxd Method of eanbf:otuhiap, theicfd one
of the regions common to both junctions. There is a first junction between
the bagangseicsthe PH¥ReFoWEhd a second junction 20 between the emtter and
the collector. This fornms either a p-n-p or an n-p-n transistor depending
upon the characteristics of the sem conductive materials used to formthe
BJT. Recently, demand for BJTgabgGroengaagd significantly because these
transi stors are capabl e of operating at higher speeds and driving nore
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circuits and in %grgt ed ci r%ui ts at . al frequenci es from audio to radio
f r equelesf terminal thereby causing the magnitude of the current to vary. Thus, the voltage across

the base and emitter terminals controls the current flow through the emitter and collector
15  terminals.

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
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



Het eroj unction bipolar transistors (HBTs) are BJTs where the em tter-base
junctionis 5 fornmed fromtwo different sem conductive materials having
simlar characteristics. Materials wused in formng the base-emtter
junction are preferably conpound sem conductive materials such as

Si |'i cofpag@tdrasinuilsd SeGakd aSid 5wt gedival WHC aidoowbSiwething applécations.
conbi nation thereof HBTs using npound sem conductive materials have

i sen PREpESES i yplisation nta1eloe RIGKL S GHRRt OUEBEEET P gl
capabi %r'e(ﬁ]de%éies ﬁg#ﬁ‘@?“ey&ﬁ@iog@ﬁaﬁfél ty to manufacture 10 t hem using

processing capa S use manuf acture of silicon BJTs. Lateral
HBTs are HBEgrdjmatiohdipdlirerawisten{HBT9wre 8J Pawhticehe toittehdasyjuhaom iof t he
substrate on which the HBT is _manufactured.. HBTs. . haye found use in

hi gher fargg é@ﬁb?”%%‘ﬁgf%ﬁ?%gn@{%ﬁe iatesialy hagifgrrbgilar %ﬁwt?&ﬁmﬁ- Hdpterialig

ot her Righ; BV AL LR 2Bl My LR bSIndSMHi CIMANG i BRRHSL OF S,
such agéegg?fglﬁ?#g cona’?fg%%ﬂétg‘?ij%ln g\?i cgllse. r15yAIt oungh t he uselof corlr%(%und
seni cosebiicas vidicompemamien NE8Ger cilienngsahadiuhmatiBiis(SiGel) eorf o raosdirayion

exi sti t , this materjal i Se nt | bj.ected to | tiple
Cher naiteretp o TS miiBaizonih scutapdicoas A patseti S0 Fopptagtty a8 5

for mat 100 135eRfe@fanl MGy LRERICH] Msc SlpaPBIRLS cBiplbd'@ithle abitNoThaRSadnite! ude
the deposition and etching of oxide |ayers, nitride |ayers and

sub& eqthent ising proesdingehyailitiesoned ayibe mansagradt sticonidde. paiscd B Tarst eps

20 inh tly.d e the conmpound sem conducti.ye material .. Etchi .

ol yoi o SoeR RO Suil SRR SR B RIE RO LY Bl Gishishd BRI b e y
af f ect fahPRCEAAPOMBT's IaesFaRadisetinh WeaHRRR hdtkcy REFiAsSOnd k\ﬁ:h&tscdﬁaﬁgi}ﬁmbtﬁ ed do
not selectively etch only the polysilicon. Sone of the conpoun

seni conptigat ifiper, axdepthar high-gaienet eprdivations rguitngsiaster swesking gragsisiors,

resulting in th and exhi bit poor noi se performance 25

conpar &S S%ttléﬁlgefcq@én%éﬁ?ﬁ%&i%%b sem conductor wafer. The adverse effects
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nportant, however, that t'he base structure have a high cohcentration of
dopant compander sepdconductive  layer, for example, adversely affects the compound
semiconductive material because the etchants used do not selectively etch only the
polysilicon. Some of the compound semiconductive material is also etched during this
processing step, resulting in HBTs that are slower and exhibit poor noise performance
25 compared to other HBTs on the same semiconductor wafer. The adverse effects of etching
the emitter window persist however. During the operation of etching the stack over-etching
still occurs. The lack of adequate controls and reproducibility of over-etching typically
results in the intrinsic base being implanted afier formation of the emitter window.
Implantation on the over-etched surface does not overcome the problems associated with the
30  over-etched surface.
Furthermore, to improve the operating speed of a HBT, it is important that the base
structure be thin enough to minimize the time it takes electronic charges to move from the

emitter to the collector, thereby minimizing the response time of the HBT. It is also




m nim ze base resistance. Typically, ion inplantation techniques are used
to forma base I|ayer. However, this technique has the problemof ion
channeling, which [imts the mninmm thickness of the base |ayer. Another
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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 skilled 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 structure. 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, shallow trench isolations and deep trench isolations are unnecessary.
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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-collector
capaci tance because there is no extrinsic base directly contacting the
col | ector. Barkkieicpteeamices nwentuad. dhse isahidieredtdtione thevdol lactex kiistraig

bi pol ar conplinentary nmetal oxide sem conductor (B ) processing
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becone apparent to those skilled in the art froma reading of the
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acconpanyi ng, drawi ngs. BRI EF DESCRI PTI THE DRAW NGS FIG 1 is a
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FI G is the structure of _ after formation of an extrinsic base
stack; 15 FC@taid cdmbotlivecnds eflibe inventidn ki@ otieraflvantages imadditom tof oain place

i nsul at i spacer around the extrinsi ase stack;. Fl 4.1s the structure
of " F ot dRaRPRRT Rl B, e afhiaei il REREGRRSALE Hore'wited BanE ks

st ruct yogh Qf rdaliiee df afet ®1lchangaletaged afes@iptiont whas itskelagRh Sbfdgicdr®; theFl G 6
is the structure of FIG 5 after formation of an extrinsic collector

wi dfowacmEnp@ng prgwinghe structure of FIG 6 after formation of an
extrinsic collector structure and an emtter structure; FIG 8 is the
structure of FIG 7 after formation of a collector contact, a base contact,
and an enitter cont aCtBR[@@DE&@I&PTW'OWTHEWAVHN‘C@’H? FIG 9 is an
alternate enbodi mrent for formation of the collector contact, the base 25
cont act, anglé‘hi.em tter1 Ccont_%gtt Aag tehe ?tru ture tof Elj Ggﬁ‘ FIlG .10
plan view of ‘& Ci'¥ UP3EP3 LOBTRECRINL VAT &F 8 TREPIUSRI Y] BHLEF taPgaer dp&p
manuf aghimedidtd stagcor HanFecrietif atdded e SeMithd presdnt i@BtidT; G 11 is a plan
view of a rectangul ar |ayout of a heterojunction bipolar transistor

manuf act ur ed1¢? Bdeosttimhire olF i@}t HEer porayeing of AV eXtingnbagotFkG 12 is a
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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;



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 of FIG 14 after
formation of an intrinsic base layer; 5 FIG 16 is the structure of FIG 15
af ter formaFIGniof tanstiesut af Fi{g 1@pdieeformagon dfven crminer-bmsistachase | ayer;

FIG 17 is the structure of 6 after formation of a bhi-layer spacer;
FIG 18 is th létlﬁltf}t‘-‘tiﬁ?’é?t%? OEF% 1%73 demagen 4 ajiResss ﬁ%’i“&gﬁé‘f‘s“é%’éfte?g%%eure;

FIG 1Qks the structure of FIG 18 after formation of an emtter layer; 10
FIG 20 1s the structure of FIG 19 after formation_of an enmtter
structure; FIG 126 thestideairs bf Gt Udeftof foEn@ioR0f af mamstcdrasatayen of an

emtter con t,_ a has cont d.a collector contact in an interlevel
dieteotric Figer® e sy of 10 Snanf e tonal ety Bing el ot tene

I ntringkEinBasasedhydict ure, and the collector region of FIG 20; 15 FIG 22B
is a cross sectional view taken along line 22B-22B of FIG 21; FIG 23 is a
partial cro$$Gsktwitongdruciirent BIG.d ohnéter foginatien pionbibliaperi saacery ansi stor in an

i nt er mredi at t age ,.of .manuf i ordance with further enbodi nent of
the present %I(ﬁh@%ﬁttﬁ%%fucﬁ.‘r&%%gﬁﬁg #‘ngg%nrﬂ@{w’cebag? &Efcére’ZS after formation
of an insul @GN sayestiuchlle 6f BG.A3 dier fhi@asdd vCidkgitef lahbie 24 after
formation of a collector window and an emtter window, FIG 26 is the

strifict ure of 16 29 isghe druckire pOFHatldodicn formatiomelareamitgr #acdieal in the
col | ect or widoy, %Q%?é gﬁ—B&met oI @@%\‘*{H Bttt doad Q@gtﬁa& " ddfitadf 8%;15' G

26 after formtion o ase Sta ructure’o G 27

after fontaedt haha oflicarr icostattdh anghtspaebdickewiengyei-he base stack; FIG 29 is
the structure of FIG 28 after. formation of an intrinsic base wi ndow, FIG
30 is the stidctitds aplan dewxd the pwpter Sigiiico MeoRirENiG base siegterep abthe

it i S dtrio e slpueture of TS 30 aier formdion of an
f origat i on offl@n2BX tsra arssssectadrabeicortalstralmtglme 22822 Binf ElG.t2tler struct ure;
FIG. 23 is a partial cross-sectional view of a heterojunction bipolar transistor in an
intermediate stage of manufacture in accordance with further embodiment of the present
invention;
FIG. 24 is the structure of FIG. 23 after formation of an insulating layer;
20 FIG. 25 is the structure of FIG. 24 after formation of a collector window and an
emitter 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;




FIG 33 is an enlarged cross-sectional view of the relative position of the
collector structure, the intrinsic base structure, and the emtter
structure of FIG 32; 5 FIG 34 is the structure of FIG 32 after formation
of a collector contact, a base contact, and an emtter contact in an
interlevel #i@l a¢tisitlee btayweure ENBEICFI R afl& fematidd ofvackdlettoofcoatantetahbdeof
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an internedi ate stage of manufacture in accordance with the present

|nventpdﬁmﬂwwe 25 HBT 100 includes a sem conductor substrate 102, such as

lightly d e t I v, le, a

2 15O, SaRe RTINS ] e P e SRR &

| ayer, pléclopkifgttedfarsehit@ndemcoidtiot wibstratihsgaidies GR. or»ﬁn&esmn’dm rsul ati ng
| ayer 106, such as a nitride |layer, is formed over tké%flrSt i nsul ati ng
| ayer loatica wefersdoarimrtan I?@Wnélj‘fé‘;laff@éhe qszrntgs asiysidatined.| A5, S48 #or ned

over thgn”, * side” (as in “sidewall”), “higher”, “lower”,

% (13 kxl 33

top”,
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20 The term “processing” or “processed” as used herein includes deposition of material
or photoresist, patterning, exposure, development, etching, cleaning, and/or removal of the
material or photoresist as required in forming a described structure.

Referring now to FIG. 1, therein is shown a heterojunction bipolar transistor (HBT)
100 in an intermediate stage of manufacture in accordance with the present invention. The

25 HBT 100 includes a semiconductor substrate 102, such as a lightly doped semiconductor of a
first conductivity type, for example, a p~ doped silicon substrate.

A first insulating layer 104, such as an oxide layer, is formed over the semiconductor
substrate 102. A second insulating layer 106, such as a nitride layer, is formed over the first
insulating layer 104. A third insulating layer 108, such as an oxide layer, is formed over the

30 second insulating layer 106. The first insulating layer 104, the second insulating layer 106,

and the third insulating layer 108 are processed to form a collector structure 110, such as




30 second insulating |ayer 106. The first insulating |ayer 104, the second
insulating layer 106, and the third insulating |ayer 108 are processed to
forma collector structure 110, such as 6 lightly doped silicon such as an
ri doped epitaxially grown silicon. Afirst insulating structure 112 is
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st nict ur e ofheFk@ringicdfasestaglo2phis tonmod barsleppsiieng ﬁﬁ@iiwrspﬁd‘@rm@@t)alséhmih as a
nitride r around. the e n5| base stac 0. The atin pacer
500 | 5 TREF RS aRpHHERHER 200 RUinal FRgtharifny and fbge DRI PR
layer, forgNthePdiReass) HOtHeN& s badel Agcld 2RI TUSS, NHe CRMMETR BRBatack 200 is

sem conduct or processing techniques. Referring nowto FIG 4, therein is

shown tbrepeteduet theeoxsfingy Gaseastatatiare 3035 e fiow sfcidm stromiuierdQ4, ke sctpade
W ndow. n4sgf% mg Qt?uét@x%{}?@sﬁﬁ tggﬁl?rdvﬂlﬁgﬁmsgks?rg\ u§e (ﬁ%r med by providing a

photoré3|s and processed. The intrinsic base

w ngow 400 R&ferxﬁ@g‘ iRl [y IR, tiardh fgshawalr e stwdurebof FIE@. I hitgrdoingishatfiang
| ayer 108 and then performng a wet hydrofluoric acid/buffered omgl etch
( HF/ BOESugiipe sppgee B 00s sudh s iilside spages ha“?‘ﬁldf e e ESiq hper tagk ¢ €404

under %Rt 1}1%9@2}%5\%{)(?%6%‘}15& B 'd%%&ﬁﬁ%:?ﬁgﬁgﬁlagrggma ?laﬁ%{la{ hd RY; tﬂ@gn\’ﬁ)& FI G

5, therern struc ormat i on o
i ntri nah€ploassingtthe ttsuladnd Dfer tbive: photaies] sinibaylectodf@cstsogicdmidie& 4 is

stripped off. The intrinsic base.structure 500 i sel ect.i vel
growi ng a cBRFEHHENSE S E&rdﬁé}ﬁr‘?}% 1S SRt H%\P“‘I‘Cé‘frérogﬁ@ ge?ﬁ‘?rﬁrém&%loln S eBr Y
st rzFlct Hifinstd Ga ?ﬂ‘ﬁ 86:@bla, e HARQLBGseS fdRNdue ik "f@mé@%?rﬂn%hdﬁ%“ ses

east one o I con- germani um (Si/Ge), silicon-germani umcarbon
photoresist layer 402 that is then masked and processed. The intrinsic base window 400 is

formed by performing a dry etch of the third insulating layer 108 and then performing a wet
hydrofluoric acid/buffered oxide etch (HF/BOE) dip, which is an isotropic etch to form an
undercut region 404 under a portion of the extrinsic base stack 200.

25 Referring now to FIG. 5, therein is shown the structure of FIG. 4 after formation of an
intrinsic base structure 500, The photoresist layer 402 shown in FIG. 4 is stripped off. The
intrinsic base structure 500 is formed by selectively growing a compound semiconductive
material laterally on the collector structure 110. Preferably, the compound semiconductive
material comprises at least one of silicon-germanium (Si/Ge), silicon-germanium-carbon

30 (Si/Ge/C), and a combination thereof.

The intrinsic base structure 500 also preferably is heavily doped in situ to provide a
heavily doped compound semiconductive material of the first conductivity type. The

compound semiconductive material can be doped in situ, for example, by adding boron (B) to




30 (Si/Ge/C), and a conbination thereof. The intrinsic base structure 500
al so preferably is heavily doped in situ to provide a heavily doped
conpound sem conductive material of the first conductivity type. The
conmpound sem conductive material can be doped in situ, for exanple, by

addi ngtHeododipoluBd st@icoRdiidiec arapoding isBndebwtideigtibreedmi drd laterasidd of the
selectively forned on the lateral side of the «collector structure 110 in

the un8efe fSFé@fPf?nl o theapslsroyt regronailirhensith hefadringicase 586k 28 erri ng now
to FIG 6, Bhdnd® PR, E:iR 1Y HEhA e QludilrBof PIAIS e rOfTRINAT AT 2N

extrinsic co ect r w ndow 6 e extrinsic collector wndow 600 is
f or med ektyinsip pabl}mnq mndBwp’x‘ﬁ)Gt dite sk ginslcaypdiect6 0 indbhet(ihio tfomesd st appdiyeg a602 is

Si b oPPRAESEhIBLEGE I BEPaFEELEIS BbouER HRELIHLPBResR erere

intri n%{;ﬁﬁ@%@u@&&%&u&@ 620 QnitBe §iak BB the BALEHF §tRBIHIOWM 6, pFbSe tHe s&i@%ﬁe' nis
shown the structure of FIG 6 after formation of an extrinsic coIIector

st r uct whech?0irdnuosiabasesirnttere D0risitroned. 702. The extrinsic col | ector
structure 7Q0.and the e st.ructure /02 are f b in the
Bhot or 51 st e b5 SRSk Firren i RS Rl o E e TRy ARR g T ayer
i N the o@)ihkic NS ec@d! du@ehPE 700 NEAWaH AbnittePRButOret hE2.1 ”Tllié RstrfsRAasgdstdadow
400 shown in FIG 4 and FIG 5. The polysilicon layer is doped in situ to

cr leat elsaiuctsmte?ifé)ﬁlanddhe pzaytter sopctuie’ (9o frimedrinsttipring therypeoressidayeadOan ri
|
pol ysi ﬁtetﬁgqnwﬁ}ée S qnﬁepﬁ?@é%bgé&ﬁoqﬁ%f‘é’ogtuwé ih g exﬁﬁﬁ {ﬁolfég&)? uﬁﬁ’ vt 60

subst a ace nsu atl ng | ayer

108 t hap@hy tHeGnMindE BaBE wexdow NS0 shosal IneElnrd arglt IF‘IlﬂI:tsur’EhJQ@yﬁhﬁbd heeeigi tt er
structure 702. If necessary, a rapid thermal anneal (RTA) can_ be perforned

to dri vepehia dbpintreatatiopelbslipn tawl Plbis Jeagut consuetirityabipgetyeh asp@ n -
extri n?)B@Sﬁ'l%{)lll P r Tﬁ& itlcbn a(%fg e:‘iQ hEIHREL, ﬁtt W n‘t:ial;?t VepRihe

f ormed ivel y W ng a - dope SI I'I con rra eria e second
cor;ducthevu;bpertsuﬁ‘ece oﬂﬂxcsmfh 1aﬁilﬁmgnl-hydop(ﬁitlmé‘twsfoltmmgnﬂlela‘xttﬁrlmﬂac extaciansi ¢

col l ector wi ndow 600 and nthelntrl sic base w. t he
ext r i nsirectess| WOQ&nérth%temettﬁt Sty ol ieesetvs § SPICHRGBE ARBAGR A or med,
a secggg x%éﬂe?i'tg%ﬁl 3?“3@45}1& oll-QliERMA0Mer the extrinsic collector

structur ICI cture 706 is forned over the emtter
structure YMternﬁheeisethe redtrmtsllucolldwrssttnuutuwﬁ’@o 2%l the 4mathet strhefutehi(2ctagibki ci de

SLructine T0 e gL, el SeTEntl snal, pLoceasl ae (echalaues  kpown 1o
i's 2§h0‘§ﬂcht 5&3ar§ ht Wehad £0198i1iEdGin theabliBhsit QbMBLbORIAbwAG00 and in the intrinsic
base window 400.

After the extrinsic collector structure 700 and the emitter structure 702 are formed, a
second silicide structure 704 is formed over the extrinsic collector structure 700. A third
silicide structure 706 is formed over the emitter structure 702. The second silicide structure

25 704 and the third silicide structure 706 are formed using conventional processing techniques
known in the semiconductor manufacturing industry.

Referring now to FIG. 8, therein is shown the structure of FIG. 7 after formation of a
collector contact 802, a base contact 804, and an emitter contact 806 through an interlevel
dielectric (ILD}) layer 800. The ILD layer 800 is formed over the structure shown in FIG. 7

30 by depositing a dielectric material, such as an oxide, and then planarizing the dielectric
material, such as by using a chemical mechanical polishing (CMP) process. A number of

trenches are formed in the ILD layer 800. The trenches are filled with a suitable contact




col l ector contact 802, a base contact 804, and an emtter contact 806
through an interlevel dielectric (ILD) |ayer 800. The ILD | ayer 800 is
formed over the structure shown in FIG 7 30 by depositing a dielectric
material, such as an oxide, and then planarizing the dielectric material,
such asndwtiall Sidhgasaucdsem (%) tonfeehaig callecpolcosthitriy2( GYBhsqraces 804 Anditieber  of
trenches are forrred in the ILD |layer 800. The trenches are filled with a
sui t ableB S seREE 308 naterial such as tungsten (W to formthe coll ector

contact 802;pLhe1108sE AR 30h 8 ntadint fign tﬁéﬂltbel Ay &OSIPRE o 3Rt Wiltethe

coll ector contact 802 1s forned through t LD | ayer 800 in contact with
t he saeamd sdididecitubetuse W%Dmréh@emmmelcolliMIMﬂums?Qﬁ cbid st gontsetr8ddt ur e
700. The .base conta 4 d thro t he,. DIa 0 i n,contact
TR {ReRR e OME Bled it e b b GOty e PR e e e 20

202. TheufRictda8E sthRiia0b2 888e b&ltf(é?rcﬁﬁﬁctt 060N hriatlohbh biayRID 896 801 in
contact with the third silicide structure 706 over the emtter structure

702. Rebataeti wigh tb@\ﬁhanSﬂIcIG@ stgucttlme’froéwweﬁ he shidigy stipctatet BEnat e enbodi ment f or

formation o act .902 b n n n tter
ontact 000 Referrifiehef it 2GS thiteha 2 Rowd up GRS BB L o ARG TS |

f or med chbhéstdontdesdd Ba@y @6nt&9@0|4 NakogH @bftteedhiadt 0906 @Iutr@rsmbd@e of Ftcme
extrinsic collector structure 700. The base contact 904 is forned t hr ough

t he 0] LI§ Tlsw@rllestgo conthgtAghis tiranadnthrangh ibe el ilagr $P9 ik eitect oigh theriudeigh t he
Second S(gé é f': ans% (w:ecw %tnugt9168’7 ndl“ﬂe 259 (ﬁiﬁg& 9%%0&15}%(3 Héﬂzr;n ﬁ%lltﬁ' de

struct ure extrinsic ase structure cont act

906 i s 14y 1300, thh;rughgllib thnel 1hk1[1hth@ﬂfuc8ﬁ9 208, thanizAcke vdcbid tdselaaug, erruaulcée of
15 the emtter structure 702. Referring nowto FIG 10, therein is_shown a

pl an viZef ¥¥ ig centogiividh ﬂwafyémlh%é@@iu&%ulet2ﬁé ahme the gxigiaifrdapsstriceye 202,
thr 0u9hl"h| § tt@rcc%ﬁ{ag%t%els%mdttnfo h&REND 1a ﬁgﬁd ﬁ’l%nt-gt}tewﬂﬁ'tﬁecdﬂt&rsu?eaéfom

1000 i nc es an emtter structure 1002 1 n e center of the circular
| ayiout thelﬂﬁﬁterﬁmoaxerml’m c base structure 1004 surrounds the emtter

structure 100 arate Eb%g 0 first insul Pf'g’f F | | ect or
structure 1 1% PeEHad hd P S POp AP f‘r 8? ClUyhiey ZQ’BBfaf by a
second th@ﬁ-ﬂ”[ﬁtl 0(5‘9 &Y Fi@p5} tHrbugM blin ba%c&@@ﬂiel %tﬁ"@l&a@%@ém tiﬁvénlﬁgﬁe 'ISA%' Il ed

in the art at t e circular layout 1000 could also be oval. Referring now
t o FI Geirtdlar {dyeniei ¢00 mckidosvan anpltemstwuicame 002 in gt cantgulodirthé aycuim lbyo@ of

L FETolR0 e L0, Gyl RN, JEOMt achur el G501 dange wih the
st ryct ups ihdidAidoeadedobn A bsl&esitancRbe 10 GeeuadotkakirtBiostse $d08ureAn
extrinsic base structure 1104 surrounds the emtter
1004 separated by a second insulating layer 1005, It will be readily apparent to those skilled
in the art that the circular layout 1000 could also be oval.
Referring now to FIG. 11, therein is shown a plan view of a rectangular layout 1100
of the HBT 100 shown in FIGs. 1 through 9 manufactured in accordance with the present
25 invention. The rectangular layout 1100 includes an emitter structure 1102 located in the
center of the rectangular layout 1100. An extrinsic base structure 1104 surrounds the emitter
structure 1102 separated by a first insulating layer 1103. A collector structure 1106
surrounds the extrinsic base structure 1104 separated by a second insulating layer 1105. It
will be apparent to those skilled in the art that the rectangular layout 1100 could also be a
30 square.
Referring now to FIG. 12, therein is shown a HBT 1200 in an intermediate stage of

manufacture in accordance with an alternate embodiment of the present invention. The HBT

1200 includes a semiconductor substrate 1202 having an extrinsic collector structure 1204,



structure 1102 separated by a first insulating | ayer 1103. A collector
structure 1106 surrounds the extrinsic base structure 1104 separated by a
second insulating layer 1105. It wll be apparent to those skilled in the
art that the rectangul ar | ayout 1100 could also be a 30 square. Referring
now t osidtGs aluriddhetiedtor tegicnithweing ABhtd00co Rc@n strindterenedé atueh a§ ageb-of
manuf acture in accordance with an alternpate enmbodi nent of the present
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| ayer 1212, such as a field oxide layer. A first insulating |ayer 1214,
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for med i@xeitingtiRgerfionst A nasd pblysibcdlager 12%4 suéh 5@@Qra§lvlly15¢rdeatpdmsﬂhamer
1218, such as an oxide layer, Is 15 forned over the base polysilicon |ayer

1216, Asveenf theditsipesingugtiiadnpe dgeexanmpo a s stoped golysilinemlavey ifopagd over
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i NSyl atfpmged @yeerthe BE&B%OK%MMHdSy@I’ﬂ 20K] d& bmtmr pobysfliebmedycoMer,tdueh ewiat t er
pol ysilican | ayer 1220. hotoresrst X 1224 i s, used to create % mask
over t h&ayily é@perdwsérqorrglar%wrt g pgepnd me Wity e Jor pyRile, 300 1990ed; g
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Referring now to FIG. 13, therein is shown the structure of FIG. 12 after formation of
an emitter-base stack 1300.  The emitter-base stack 1300 is formed by using
photolithographic techniques to remove, such as by etching, the third insulating layer 1222,
the emitter polysilicon layer 1220, the second insulating layer 1218, the base polysilicon

25 layer 1216, and the first insulating layer 1214 shown in FIG. 12 in the areas not covered by
the photoresist layer 1224, There is thus formed an extrinsic emitter structure 1220A formed
from the emitter polysilicon layer 1220 shown in FIG. 12, and an extrinsic base structure
1216A formed from the base polysilicon layer 1216 shown in FIG. 12 in the emitter-base
stack 1300.

30 Referring now to FIG. 14, therein is shown the structure of FIG. 13 after formation of
a recess 1400 around the emitter-base stack 1300. The recess 1400 is formed by removing,
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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25 layer 1216, and the first insulating |ayer 1214 shown in FIG 12 in the
areas not covered by the photoresist |ayer 1224. There is thus formed an
extrinsic emtter structure 1220A formed fromthe emtter polysilicon

| ayer 1220 shown in FIG 12, and an extrinsic base structure 1216A forned

fromthe bagefd@@h%/ S it€ BIG.| 18y Eferdin 16simhaviie situdthiGof F2GI 14 bike fefmdtioarofbase
stack 1300. 30 R errin8 nowto FIG 14, therein is shown the structure of
FI G 1anaﬁtfle$1c1b@freriﬁ:fqrdﬁ of The pheterssist aen! 224 shawnimE G4 sasmpvede Theack

1300. ntuﬁ%gg)a%é %{ 15fO@rgeH)nl?l drlﬁg‘aé%&?({né ﬁu&lh] 4 %?k&‘?ﬁ%go BnpfnRort i on

of the her side o basé s reveal

an uppesmizondicdiite omatetial oAtthe NSist walih@eiter typer umtlurae dao&peaocxﬁ@ﬁcemﬂl ng
nowto FIG 15, therein is shown the structure of FIG 14 after formati on
of S anSPRtPGHsHiye paaterial Ayer ﬂles@telctqiﬁeshawatlar%@ st | BRfprablyp hestymPwd FI G

14 is rsﬂ%ﬁ&lfmw%e f ol emeoép%ﬁ& U8 odo 9P suﬁzopogegﬁgwgﬁf(lﬁggt%i' ting

a thin y dope conp un sem conduct i ve naterla
conductsileﬁ-}gemymeum&aﬂ)bnaS1/Ge/ﬁ) ddpesbndongounberbofSem conducti ve materi al

over the structure sho 14. Pref rabl t o]
Qo comduct PAHAE 8oy af Pt fiekein s ponghing dab el EL0° IR ghfhormation of
si |'i cony gRG AN L%‘g&e$'ll6§§))ver tﬁb|1ht?;%§1c%§érpa@fbxuﬂs(ﬁ)ar’bﬁ)@n{sﬁaﬁﬁfé@cel geuh B

conblnatlonth Referring nowto FIG 16, therein is Shown the
st noct domnedf byFti@ositBgait iesulfioraramianl, slich an aimgideapvaghe paeevrelbodndeer the

intringj se |la 150 nsul at.in 16 0

deposi ?:'l[ﬁgl?gr?nfjn%%i’eﬁ‘flﬁ ‘Fré‘i‘sélfalt Mgl %s%dg Fh[ at‘%é?ac%ig@qmﬂ‘&eur e
shown ijfkubahitse sﬂ&e@'ﬂéb(pé@@@%sﬁd?ﬁoﬁ Bﬁth’e ngthat bAg lﬂ?éielfSO@bmﬂ Surft: & Rever

i nsul ati ng spacer 1600. The insulating spacer 1600 covers a portion of the

i nt ri notiomayehd emiter-bEBetaghd 38 faroed by the Tesessrl 400t he isulsing sracer 1600
e iR TRt O ARy s h0P 38 00 ] MY 8L P asgCer

1600 &% es 0 e em er-base S o“cover

finst icResRitaB@sthayee 12204, antihke dRogX isiinghe 14yas 82 IStafuld entel-Bd®ArackRnd t he
second |nsul ating layer 1218 of the enmitter-base stack 1300. Referring now
to FIGI3®Y, therein is shown the structure of FIG 16 after processi ng t he

intrinsic b?%g%laﬁé%)wltg%(}t 97, tﬂ&%h@:sb%;(;l)vg%{ﬁ{]s@@&&%rof%%eo16 Iﬁﬁrefn%[:és'sfﬁ

base | ayer enoved, Ing, except in't area tnder
the i nskd mtimg Bpaderr 16@0tsformn RAaymepadeed7@br Thomulidd2bat Idyee [0 isi nsi ¢

base | ayer 1500 remains., Thus, the | ayer sp 1700 conprising the
unet ch&empwids isBeh 2507 @ehipdecicrpl im ecaiﬁ%lélé‘d?*aﬁ’@rmi@%“gaﬁwcgﬁ (i)soné 148t i ng

spager y}6fed EOIftIQB M&H2 of the intrinsic base layer 1500 remains. Thus, the bi-layer spacer
1700 comprising the unetched portion 1702 of the intrinsic base layer 1500 and the insulating
spacer 1600 1s 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,
ann’ polysilicon layer over the structure shown in FIG. 18.
Referring now to FIG. 20, therein is shown the structure of FI1G. 19 after formation of

an emitter structure 2000. The emitter structure 2000 is formed by masking, etching and

11




Referring nowto FIG 18, therein is shown the structure of FIG 17 after
formation of an intrinsic base structure 1800. The intrinsic base
structure 1800 is forned by renoving the 25 insulating spacer 1600 thereby
uncovering the unetched portion of the intrinsic base |ayer 1500. The

i Nt ri NBioGedIBFEhS tekriérlinger 1800 b Fofre e emated yiraktilRe2 (801 dviee thebiagtnsit Besk 1300.
The intrinsic base structure 1800 is in contact with_ the extrinsic base

st r uct st 1880 RAMErPAg PAdIANT of Mecemitler sithelies AVYS IS FoRAnERe "EPrigt ur e
of Fi Gextgiﬁsi@%\gx%%?fsgg&ﬁfé 2808 in 1 erfiiel-h¥e S{&ng%@%o. The emtter |ayer

1900 is torne positing a sem conductive 0 layer, such as a heavily
doped pol ysRefeerdnp hay éx FIis. 21heesen tndhosmrtte structire pf FYQP20 ditar fexatiphef an

n+ pol ysilicon | ayer_ over the structure sho in FIG Referri now to
Fi @p 287, CPHEF GORRS 2§%mbqsﬁéog&aﬂu@t®r gngh g e&tml@mméﬁo?d? ﬁatlmaﬂg‘be_rl an
emtt eEiie%g}&qulébg }aégpgi()é-!—h?he?mﬁ Ka%r §I(§61f§tf91[r§ed5(8%9 HeSstiuet B thdwn fHBSIK. N9,

et ching an essing the emtter |ayer 1 to formthe emtter
st ruct 20 &y2Rp0Osionen ditlectiintaterilcsushse ansixidis tand éhehgianarikeg thepbelegort i on

of the emitter structure 2000 is in contact.with extrinsic emtter

ot r ot GREEb0AT i 0 HEV Gk CTePioaa e ARk DO (B} PTG ot TETHE &' 21,
ther ei pehches BRMH#BE 8 FKUAIDINRePD 1 68. GThé AreBERc ard BIIBRLIION, Qhitable Sdht&iN tter
contact 2100, a base contact 2102, and a collector contact 2104 in an

i ntler | ewsdrial giadl acungger (WDyo feppethexpoger Thdact D0, dle basz1@mtacs 21 & med over
t he st uctgrg shcavn hp |G 20 by depositing a dielectric material, such
as an 8XiGeccghe 458 %‘anari zing the dielectric material, such as by

usi ng a chemj¢amit@cdanice al 0Bl foshbd ehrOE¥Phe ALOCRSS: 2 WonundiRktacofwitht thenches
are formed in the ILD | ayer 2106. The trenches are filled with a suitable

cont acexttiosigenttierastrustien 13304 uridst ase coytagta? 108 ripmfemed dhfaugh the Halp dexer 2100,

t he ba qnt ] : {100 - GORE ¢ 1 ont act
2100 | 296 eaeh A s Alinsiq B8 ieB5 B0 RO o R op R0es ML ke o
em§t efhrSlighuat ULB [dy220A06 thenkeswith o @ctins?d 821et®r ftorated 1206.ough the 1LD

| ayer 2106 _in _contact with the extrinsic base _structure 1%£A. The

col | ector cBht d8te 9awact &l Ropndwniyg Py An e PLs| b odseieliom 1’gl}ﬁnt act
W Eh L BGRXbhAS! £1BIbt eali i%fgﬁ-géfégta%ﬁ. 1208 belirlases 6PMUACRLOR e Shown

in phantomin set fromt emtter” contact 2100 for
cl ari t yrtoffiat pheclsmatcabtacr? 102 tis wéthdllyhmbstppiadlyi iatiad wbih thbesétes kbhiaetd? 10 ashe

art that t_ge pase contact IS aéﬁ substantially in line with the
eni t t eFexXH ?%E’twﬂ%m&&mﬁ@gﬁ?éeﬁd‘%i%ﬁac geser! Ff?a‘i'?‘ﬁ- FIG 22A and FIG 22B
desgri bed belawin?QoReheric. N2 AMekf ! Fowd2plhNGERT &F 1he ShavNsBudhan vi ew
of the emtter 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. 21. 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
insulating 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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2000, the intrinsic base structure 1800, and the collector structure 1207
of FIG 21. The emtter structure 2000 covers the intrinsic base structure
1800. The collector structure 1207 1is substantially perpendicular to the
emtter structure 2000 and the intrinsic base structure 1800. 25 Referring

now t o firitGasu?ad Bgtlhes @8 04,isticls homnodd€ 1965 is@ehtdoadr tid emitakiRbtoakaigalel ne
22B-22B of FIG 21, The em tter_contact 2100 s formed by etchi ng the third
i nsul atPhg |%yS@F0ndlz§21aflag 48P 25RO+ Fesheat i mElde lawsn t‘%rfor?teldu‘é‘fﬁurt 1osoA,

The base fRMEARIe 2308 PRy elichiNByel B4 fid e sBéolh'd%blﬂ&ldgla%g ga. Lhe

extrinsic enttter structure the secon I nsul at1 ng to
st op onrd Henegbedsnsi osmgaecoélkectuct\ﬂmemiﬂdﬁﬁ\ex;ﬁﬁe Repation mgf the\semu:oh'dh@xorZS

therein js sho a_HBT 2300 in a |nt nuf acture in
accor daHeErel £302a Fsr ERESONSHEIGTPsitete op %6’? &%ﬁ? tq ﬁxy@rﬂ"%ﬁ trefghel 38T
2300 i ragh YAeSH (REh 9999'&&E@tﬁer%wlaﬂfraﬁtlﬁrﬁ%@%oné&mtﬁém?e bightne deped

sem conductor substrate of the first conductivity type, for exanple, a p
doped seikadenductwe 280Hs¢ thet sscondl chZlutm\rls/c tylpn,swhlahlméodrrmﬁerfor’z&amplesdwh as

id er, f d. th 2302. A d
nsol eSS B dopat on TR ol Rf P anY B RBbnlifey & Ot by oy
I nsul attwgmhﬁa@eo@&% strtldfird DEGY. mnmdaﬁl»smgmhwa%r 2§pz4 sﬁ@l@ al RehgeTR0d

insulating |ayer 2306 are then processed using a collector well nask to
expose lwepos fqrtmzd@rﬂ therfersistearicb 8 @,Ianﬁhe Seeauddteneh &3 K302 fourHeinsdatinglagirct or

b h 0 d d
A 2R VR AR R R A S AN A

intrinsic eufdrEgabwsb TPIBG'EM eh&&aas sovih@ieSEeand EIdues aRtbd friyts, ofwhi ch
is forned, for exanple, i mpl ant i n? a dopant in the intrinsic collector

struct @rfeftm@@@atlrrgw@y@o%fwfh suchaf 2 IEQY faven Tha Bith inselating fayes 2400is fereedor
t t
Tayer . YR e st Pore 208 e oG 2461 pRHCDNBE a8 RIS

f oust h dxiteWralEGS 1dyay eThe AB8A4nsubtiap lasr 2400 tifehdrﬁdér@y@r 3 clienitdrmedanvar t he
third insul ati n%al ayer 2312. WE&@EHI ng rflow to FIG 24, therein is shown the
st r uct PPESIHICHPEandten iy weesp inq tBe frrst trepeh $3 [0pad) the porgndl dach 2400,

such as, Eﬁ | ayer. The fifth insulating |ayer 2400 is formed by filling
t he fll‘gt treéhch 23 10 and the second trench 2311 with a high-density

pl asma ( HDPRef&rioy inde torFICEEZS thayiaris sﬁﬂvm fhiefstrhetuiresafIFAGL 2 aftayferm@4600ft hen

et g B TG B e P AT gl o5 e
]Bg‘;z‘rér; { :egrgtteé}QWnHQWES@I a2 fortnB& b ipfoViding r&%t&r@ﬁst%fe‘r@tj@ﬁ ev&fa Fdiffon SftaRf ter
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.
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a collector wi ndow 2500 and an emtter w ndow 2501. The coll ector w ndow
2500 and the 20 emtter wi ndow 2501 are fornmed by providing a photoresist
| ayer 2502 over a portion of the fourth insulating |ayer 2314. The

phot oresi st | ayer 2502 is masked and processed to formthe collector

wi ndow 25001:awigl Bhppedtidiéeby whadaw i280led Thde hauhithhé poutsaingngedsanenn2314
is renoved, such as by etchi n%,sgi n the area of the fourth insulating | ayer

2314 uanhsleadivsg nnRlGspRSt Breadhs 26| aypebe pstformes at dreapety, bemrnipg eldi§i ng

i nclud i opi . i r.Qpi f] t he
ol | ectaraieREsE 00 The JeFiRE of 160 1T 2300 B3] CARLE Shfil b0 I8 bPE,
26, thes@plnicatashovealt drdds tsembdondectaf (EMQS)2Toadst e o bidolargeondiplinkentary

col | ector wi ndow 2500 and_the emtter w ndow 2501 with an insulating
mat &r i HetBeppic segragndudon (BACMOS)g%9F8S-or the TECS. The photoresist |ayer

2502 as Show@férﬁnsgﬁcﬁv 1@ P15 W R §showhBe SRLAEL P F1cM NARNL 250 RAD  he
emtter vmndowé |G 25 f

1 shown in'F are filled with the 30 insulating
mat er i alba2660Ack TITE0. righ basengaakal H0i mlclu@d60on tenamsientkse gestuee TP pilbcess

d the second insul ating. | 306 he third insul ating.l 2312
Are refgvaNe MR Dy OB Tre g bY SgeoSui b Y sh oDt Mo <
skill eqs ifpibded 3 ot de LRANRAE W2ES SirMGu Bt RS HROWY haislydesped igogdilicanFl Gs.

23 through 26 can be performed at the very begi nning of the manufacturing
| i ne. Timgerrabnhibadiest cohdudbeitlpe230b a5 hgn doped prdydilivomed as part of a

conpl enent ary t al .oxi de i,.conduct or ) . QF QCESS Qr bi pol ar
conpl i ment ar‘\/ ﬁrE% s?r]é‘flgﬁ 1@’)‘?? 322%1%9%0@10%&(:@%;;3 flhistll’l%&) ﬁﬁ?roé%s@?nﬁeg \éeflrtihﬁg now
t 0 Fl Gexidihsictagd Qifdnirs 250DWar bhensit I BiE8dpositiaf aRhfer o2Gilifdeavef efomayérast of a

base stack 2700. The base stack 2700 includes an extrinsic base structure
2702. Thbsiliesn farmitigthp gssinsiorhges srustweg@203.s formed, for exanple, by

bace. st ruat o B go g alghit B30k 108 gg aB ) SRR ' FATRLS, PP "1 e

finst ceodue!isvbinyed omRe thesfuehsiBadalayer 2pe thrpabyigic] b deposibingianstisubdtinigci de

| ayer 2704, such as a tungsten silicide layer, is fornmed over the ,

ext ri ndder pe dhassilicide layer. 2 Focond dpswatmgtractugs 2 8 pBsh 25 A gitdp sugturgs is

silici er..t l-ay.er : i f ) h MIRY :

atruot (ruRrtyst e (RChs Rhinf Sllle, #2018 Bk BYIADR, 0 I888uine

st r uct wieridl overahanplletinglaTEOBrmibfy the fitet irsnfing strdotura@@0@ver the first

silicide | aé_?r 2704, exa deposi t'bnlgy an insul atin over
1p deg gp

the siliciddnpdpss .Stas&I SR qr}fﬁééﬁ&?ﬁ?@“&ﬂ& BE YO ABETS YRt a%'lbgg(raﬁrﬂfjr i de

Z;%ﬁ;f g)? ei;ls!i@eg{gg{, F?{ﬂ(&}@d‘é I?,;%F}gfito{sﬁlg d BEl Y RehsB LRy SN &clahB®he Tous
layers to form the 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 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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material over the insulating layer formng the first insulating structure
2706. The base stack 2700 is fornmed by depositing the various |ayers just
described and 20 processing them for exanple, by exposing a base poly
mask and then etching the various |ayers to formthe base stack 2700.

Thus, twheidhagseo® iadkn 2of82di lcitsiea the fextlr imslatinpdser Itdusiduse tik/0R&h a
first silicide layer 2704 on top, of the extrinsic base structure 2702, a
first inshlatinalaysy24ed chabettomed tihintaisiobase mandew P04 Ancngetionifesic 704,
and a Q i j C i oy i Structure
2706. S%%Féé?ae\';v?tfﬁgﬁﬁgﬂ%agﬁﬁ d ﬁg@fb % ﬁ%?%f*’ﬁﬁ?% E{ﬁg&ﬁﬁ{%@é@%%@% MR e

27 af t aisefvoindel 29000 of foranan nsddrattiregios paekad;2800 thesuthsmscollectot stndeurspacer ,

around t he base stack. The insul atjn spacer 2800.is fo by depositing
an ?ns%@%-i%?rﬁlﬁ’&m%&n%%é %%@S é?"%&tltl PPN @ﬁﬁgeb?ﬁ?ﬁﬁ%ﬁ%ﬁ% | ayer is then
processed t Q.fpifB 486 td PRYI AL bRGkis RAGBHYnIBO GritSh R O f FRNVENEAQTBImation of

sem conduct or manutracturing techniques. 30 Referring nowto FIG 29,

t her ei an figrigkiownase steicetre 36OUr GhefintEinGe b2ge sifucture f3000ms faamedfby selectimtlyi nsi ¢
base wi.ndow 2900. The int.rinsic bas i ndow 29Q0 i.s formed by. praviding a
phot or &T‘E’E‘g 12§ UFP 2?’erﬁ*ﬁ%'ld§'ﬁ8‘t“_i)r“é3§?r\gil Vayr > %ﬁﬁi(’; s‘?gﬁggga‘%‘?goéessed
to def kP&tGeSPR8EN (RY BRALAR efibhiN0sh GhHRS & WO AR AWintrRe: bRsULialbNg

material 2600 in the intrinsic base 14 wi ndow 2900 is then etched to stop

on 16 he29Qhr t Prefanghuy athien inttingre rbagd sruetng 490G lvempripashat [qagiubat iaddgsiliegrer 2400

at the bottom of. t.he i,ntrinsic.base,w ndo 0Q. ;An_ani. [ OpI t such
as a wet " ?%%{Sge;g}%p-&em’gawpﬁqns b’lgre P Aed % %n%qf@%}otnh@egef)gewa | of
the i niftfiRsit Bascaseuvd POMIZO PR &G & Bl ik RTES &rml eUEay 2924 nadiadent
the intrinsic collector structure 5 2308. The undercut region 2904 extends
beneat hf dhpdist epndyrtivite tyres ssush ke 27 (BPeREOEMONAY KBVEREUE|VG M3tEtiather ef n
is sho the structure. I +f L : L ptrinsi se
st uct LPE G At a2 B0 Blrh Ty ERLHEGn RnsicEhsl B NZARNBr ey
f ongi Ngorgn soEMEINoiRN 3mduct i ve material on the sidewall of the intrinsic

collector structure 2308 in the undercut_ region 2904 shon? ifn FIG 29 of
the intri nsREIBARBNQW HRISHH 13> Soogn irtherarths sYuctpg oTiFE, $halter thgayiogidtyct ur e
3000 c ' : i b - ger ' S 00 i -

11 conTasmRs: BhucRRraDg, foryrhe IRirdR SRR HRIOFIR00 p Forpe b

i nt ri ndegoshiagea Sfecanelt phaoRR00 ales G 102.ef Breabtopnd phdapedsti laysi 3102 & flenm a

lightly doped material of the first nducti vi t , such as .a.p,doped
compoultiEarTEonatREa/e (e B it RReT o ¢ HYY | Fis FrHSRS Bdedbess
St pyct p&ﬁo&%ﬁg H%ﬁitsb@tgzdié’ efch!drend MSuthity hARHE BNV MG clBwed Byf 0NN
an emtter w 3ow 300Z.
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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Referring nowto FIG 3 1, therein is shown the structure of FIG 30 after
formation of an extrinsic collector wi ndow 3100. The extrinsic collector
wi ndow 3100 is formed by depositing a second photoresist |ayer 3102. The
second photoresist layer 3102 is then masked and processed to formthe

ext ri Npidee§O hlagCho hembinetawi f3dRssafh €o pirReeHsi dipahtntlioidBS 2Bimper talladiorg an
ani sotropic etch of the insulating material 2600 shown in FIG 30 foll owed

by a stierterei3260 papihe catiter, stagiwre $0%40 gpfapcibe diepred dopanipaldlet he | at er al
side of t heR'ﬁO\t}imrj]ﬁ%]Eéé& St? %%l ?fttﬁ)ér?i%}:lF éﬁ(;vgriglé %ﬁlg?gefil%%s fs%&t[b%a?%‘ébvtﬁoﬁ'& 32,

therein is s ructure o ormation o an ‘extrinsic
col | ectiq refitive @bsitien 32 €2 axnthsan ceivctdratrustureut200 ehe3i2GhsicTdodleenst stiwsire

coll ector 25 structure 3200 and the emtter structure 3202 are forned by
remdvi RAVE HBe deiEigra Yirprerdwiest000aged tay it ool BFG o8ihe e nsic
col | ecipg; 351 rHg! e&gﬁns?@%ae&&%ﬂﬁﬁrg3?@@1&5%5{;%&5.]@%@%@@3@@%% rifBLer ! al

of the second conductivity type, or ne e extrinsic collector
w ndowcdll&forshavinrd 28081 Adj&tnt thhepposite el of theuotrinse @N0&or gnfcora®F in t he

em tter, w ndow 3002 shown i G. 30.. The sem co tive material .can be
o't her TSIBORLG i Grout S00C o i e SGHar 00 S getror bferiiccouch
as an R3oeRidaxd ahitst bk 3962 deposi ted polysilicon that is doped in

situ, such as an n+ doped polysilicon. The senmi conductive naterial is then

et ahed back Reterriegess to FlGard, tled¢iy i shommt the sisugtfged FéE. 3heaftdriformationsd] at i ng

| ayer 2304. A RTA rocess erformed,if nec to. dri t he
dopant 4 betehEte AL £ SEE OB b TR Al b e et iR 06 drb . ND
struct yyer 3302 t0 sehindl dilidife 16ep 3nedl idenant Prefthd extriBsit abolibaer rowwie FI G
33, therein is shown an enl arged cross-sectional view 3300 of the relative

posi t i A0GT Atthied eikitide favice34Id) i demmnd oyer ietegniderapoctura W2 ntrinsi ¢ col | ect or
structure 2 1.1 he, i-~pt.ri-nsi str §.e. _.an he_.emt.ter
structure SyEI0B0n YIRS JoERELEHRL IR0 AIF APRTLHRG

st nect wiyer 3201 ahashabdsk &k i20@r fraseoBa08: aintdet BAE) Isnbimébiheoughahd ecbor
structure 2308. Adi acent the opposite side of the intrinsic collector

st r uct daver 388%in entachwith e sepaiccsibeide laver b0 pver Sworririnsiecqlisetor gy EuBase
struct 3 c ' it h ' r e
3905, 100kor A, VRS SaaGCong, (HoGhts foudPHE, W kb S4BE! didtnihe SEAHEZ,
32 af t efisufsingatiuanreod’08aambtirewthothe st iasdlatddDrucaurb a5 e6 doodraat wW340Re and
an emtter contact 3406 through | a erg§408. A second SiH{fi de | ayer

30101 SrCIHHE BEr 2 IR 1 SRTIENE SFTSURGIS 27 0 e SvaBBomact i 10US

LS S SRR 0 BT i S U R BB e 0
si | i ci @mttter structure 3202.

Referring now to FIG. 35, therein is shown a flow chart of a method 3500 of

manufacturing a HBT in accordance with the present invention. The method 3500 includes a

step 3502 of providing a substrate; a step 3504 of forming an intrinsic collector structure on

25  the substrate; a step 3506 of forming an extrinsic base structure partially overlapping the

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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15 layer 3412, and the base stack 2700. The collector contact 3400 is
formed through the ILD |ayer 3408 in contact wwth the second silicide

| ayer 3410 over the extrinsic collector structure 3200. The base contact
3402 is formed through the ILD | ayer 3408, through the second insulating
structure 2708, iang bdhighvede thitribé nichfud! i pgadtususatiie @redé@Ginkéntivant act
with the first silicide layer 2704 over the extrinsic base structure 2702.
The eniftrpish éd@perdantt 3ad oherstojyet ypmedabler selgHonshecamapilitiggye andadgrctiandont act

with th ir i Lici - QV e e, i 11 ek St : .

Ret or r gt 13 el OGuta Rl Hpdh Bl Srns B Brodiiind o o
manuf acsnfigungrions Heke |sirafbicforwtaic excondhichlh e uproagdichted nviggily onersditle, nmthod
3500 includes a step 3502 of proyid%gp a substr&if; agftep 3504 of. form ng
an ¥ nt EITREIVE: U8¢ | OBy Btiogel trehiplasish 25T pife iigoisedily suited Jple assistusing
formn IS Grs / | i kntrinsic
coIIecggﬁgﬁﬁﬁgg?ﬁﬁ %ﬂgégﬁgéhéggg%ggjgﬂﬁﬁﬁéﬁﬁ@§ﬁ9¥ﬁ%$$ﬁgg@g%ggggg%ructure

adj acent t h&Vhilenthe iimshtion bid eh desgtbed dd oomgumitidn wther spichEioghest mnde, dt Base
structurg; a . step 3?10 of fPrnin an emtter structure aﬁégcent_the

i ntrindg & pladersioed fhat many gltenatvess modyicationsaaRd) VAHauSes Yk PE aPRBF1 L or
Struct WRe agiiREGAThL BR ih rl‘ig,hi bBbite ﬁ%%bﬁf‘gt RscritiodC L AE®diR 1?/,[ 8A;s 3xddedf to
forming an 30 interlevel dielectriclayer; and a ste 3% 6 of formng a

pl upal etmpraot aosuchcaleerdivesghodifieatidngg and esmdtiods dhasctal i withiaythe spiittang

extrinsic collector ,structure,, the ext.rinsi¢ base.structure, .and . the
em tt ereaprtlotarbcogdl Hls " A adeR eyt are AT e HERol (R
appar abssnffaning RHEeNEreitd ¥ tbiProted MR iBlstialPOAL Efin- Rndidesesicof or e
unavai |l abl e sol utions, capabilities, and functional advantages for

manuf act uri ng heterojunction bipolar transistors. The resulting process and
configurations are strai ghtforward, econom cal, unconplicated, highly
versatile, and 5 effective, use conventional technol ogies, and are thus
readily suited for manufacturing devices fully conpatible with
conventional manufacturing processes and technol ogies. While the invention
has been described in conjunction with a specific best node, it is to be
understood that nmany alternatives, nodifications, and variations will be
apparent to those skilled in the art in |ight of the foregoing
description. Accordingly, it is intended to to enbrace all such
alternatives, nodifications, and variations that fall within the spirit and
scope of the included clainms. Al matters hither-to-fore set forth herein
or shown in the acconpanying drawings are to be interpreted in an
illustrative and non-limting sense. it
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17 THE INVENTION CLAIMED IS: | . A nethod for manufacturing a

het eroj uncti on bi polar transistor conprising: providing a substrate;

forming an intrinsic collector structure on the substrate; 5 form ng an

extrinsic base stack partially overlapping the intrinsic collector

struct g INVBNTIOY GLABGEDISUNnder the extrinsic base stack adjacent one

side of the |ntr|n5|ﬁ@ oIIector strugcture, forg]ng%an i.ntrinsic. base
g

structure adj acert M€ PP RGuing 9 Retprgungtion, RSO CRRPLISt e

extrinsic bZ’ﬁﬁ“&h 8Gkubdiald1e recess; 10 forming an emtter structure
adjacent the intrfnsic base structure; forming an extrinsic collector
struct ure adyradeptn itendintaliea®i stremireenttbe suhstratcl ure apart fromt he

intrinsic base .struct f terl evel dielect
For i ng & pRoFHnE ) CE e LT DR BU EHen T BPPBUETe B IRy er 1o

the extrinsifgrmid® LRILRACHRIer $hd BRtiHEe, ba%@%ta%%tefd?d&éhtcoﬁ%ﬂ&%eséff e tikiRsicand
the emtter structure. 2. The method of manufacturing a heterojunction

bi pol ar transi st epllegtorcitaptey in claim | wherein form ng the intri nS| c
ve. nat er

base structure .sel ect,i.ve ct

oo scent U hibRRE aR St Ek bpd PRk FORREY Y BT PREEL G R Wder o
manuf acturing a mm@{t@hgﬂ@sgse@ﬁcibimhaécegg ansistor as claimed in 20 claim|
wherein: formng an extrinsic base structure surrounds the emtter

strifict ur e wifetmingen sxitdr gpgureldec the it baspairydwsi ng the col | ector
structure Sg@%ﬁ%’{g%ﬁ g&%sﬁéc&ﬁ%@&l Gl ag u]ﬁacéhqttlli'er ti‘Mswcéli%% or rhﬁﬁrteo part

structure. manu I'ng a terolunc i on bi pola

transi stor as cl gomecheiiftrinsik dugastrusfues;ei n forming the emitter structure,
the extrinsic base structure, and the collector structure forns at | east
one of substemtipapn jterdvebdiclepsicddyesiasd substantial |y concentric ovals,

subst ant i al 'é’mﬁﬁg%gﬂ{;{ah@ 19&)%%}%' t‘ﬁ?o Oghé?:ﬂ&t}éx%!( L LANEROLS | t'ﬁcthé%ﬁ‘irn% and

conbi nati ons manut act ur | ng a hetero unction
bi pel ar transi st epllasorctacieg then?xtrmsm base structure, and the ernitter structure.

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

semiconductive material adjacent the intrinsic collector structure in the recess.

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

structure,

25 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
structure forms at least one of substantially concentric circles, substantially concentric ovals,
substantially concentric rectangles, substantially concentric squares, and combinations

thereof.
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claiml wherein; formng the emtter structure forns an emtter structure
substantially covering and parallel to the intrinsic base structure; and 5
formng the collector structure forns a collector structure that is
substantially perpendicular to the emtter structure. 6. The method of

manuf acturi 9g a Méketiahahel memuifhétpohas httearisicsive bipddarcladtis®e as tlaindddinm 1
wherein formng the intrinsic base structure forns a structure conprising
at | eastaiBrevh@¢ingi | i con- ger mani um si | i con- ger mani um car bon, and a

conbi nati on . . d i : j-410Cti0n
bi polar tr arﬁéslji&g{llg?ﬁeag&gf%iS}rlqe;gt%f%\r%rgﬁa?r%?ﬁ%ﬁg&@%}% %d}rgﬁaﬁtéﬂﬁlg(g%i@gi atndg ic
base stack over phellenbrhasititostobdsestrortust andct ure further conpri ses:

formng an emtter strycture in the extrinsjc base stack. 8. The nethod of
mandf act ur i %fnan%épér%]T’Gﬁ@f | HCHIFHIPERS 13 SREFE o pLrUdUrE é@héﬂ %UEStaqtgﬂtﬂm aiml

wherein form ng %)Ql?ehagﬁ;iap@itﬁegﬂgtte@%@&u@;ructure conprises: formng a
first trench in the substrate; and formng a second trench in the substrate

spaced from.t he # g 0t L NS re
botasen ¢ heot i st TFRisgPae s tadi iR b Heiord iR Bl Mo Aok PGy Sl
manuf actdithi INghaehdbanmguhe trtomibbgsosatcturafoahs b strudaeppinprisigye at BAstpsnevi di ng
a substrate; formng a collector structure on the substrate; formng a base
stack ©6FYEPREHGBHIRHFGORIENHHER-EE bt f & CHRBINaP e hsi ¢ enitter

structure over the collector structure; formng a recess into the collector
strifct ur e adj acerirempdheshelbmanfasturinsa heferd) wiptian binelatitiggsistop as elageeduidt ur e
In Contcﬁl(i:l%. I\Mth hreltnhi%rr%ﬁgthg%kt?in?x%so%ses Et'é%i(c 5\Vé’r§hea&%1 s?cdéo%ﬁt@} st%’&%ul%%!“{ﬁ&t or
structure in the recess;, formng an intrinsic emtter structure in contact
Wi th themgxidest nsic emtter structure and adjacent the intrinsic base
structure; formng an_ interlevel dielectric layer; and 30 formng a
plurality offoBypg & e@itias sBUGH RS $idssieDBE sHEkl ectric | ayer in contact

with the collector structure, the extrinsic base structure, and the
extrinsic efitterlhesngtied of @anufgeturing a heterojunction bipolar transistor as claimed in

15 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.

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

structure.
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10. The method of manufacturing a heterojunction bipolar transistor as
claimed in claim9 wherein formng the base stack conprises: formng a
first insulating | ayer over the collector structure; formng an extrinsic
base structure over the first insulating layer; 5 formng a second

i nsul ating {@yer TRY 8fetHoe reXdnufRirh gRaisRers fuhbgd bipolar frafisittigasadlaiget ih NSi C
emtter structure over the second insulating layer; and formng a third

i nsul atlaing 9 véheeain daraying the besa Hedkslogpsiset t er structure. 11. The nethod of
manuf acturing a heterojunction bipolar transistor as clained in claim?9
wher ei n: t ofdrming sfjrsaimselating hgecovsathe cetledet dmetwelr rounds the enitter
structure wi.th.the extrinsic base structure; d forming the collector
structure s P‘b‘lﬁ“lﬂ’sexttﬂ%“‘é%slﬁisﬁg‘%we@é’%%t{&ﬂéﬁﬁ%l%1?Wr’t he col | ector
strycture. fmiddesd¥BtdaduRfing PR dck tel AgiidwikeEdidanet i on bi pol ar
transistor as clainmed in 15 claim9 wherein formng the emtter structure,
t he extri nsfamiagse etrivgde endter siectehevedhe eeaoad insstafing dayes ahér ns at | east
one of substanti al concentric circles, .suhstantial concentric ovals,
subst anti al %Vmé%%%drlp%&?ﬁ@@ti%eéIO(X,%r,%%ﬁ’f)tgflsalﬁﬁngtltffrf%g%)tﬁ%&ent ric squares, and
conbi nati on thereof . 13.. The .net hod of manufaciurjng a.heterqj.unct.ion

bi pol ar t rai%i st %E‘e gethodafppgufactursg %}Feé?rﬂiu@"m{”@f’h,r %F%ﬁlg'?ln?f @%’féne M'tter
struct Ung, bQreign emtter structure substantially covering and parallel
to the intrinsic base structure; and formng the collector structure forns
a ¢ol | ect or feming tuertrinkiatbass stoudhet antrpeidsythe paitirs stiieiurearith dhe petrigpict t er
structure. 25 14, The net hod,of manufacturing a heterojunction bipolar
transi stor as cl H?ngftﬁm’@?%i m 9 wherein forning the intrinsic base
structure CRhihsSas colliti ReicRird @ERAIPOB eREMsIchRsbatR et a4tk thabslle@foewi ng a
conpound sem conductive material in the recess. 20 15. The nethod of
manuf acturi ng a Beg®dwg) unction bipolar transistor as clained in claim?9
wherein formng the intrinsic base structure forns a structure of at |east
one of sil izon- Gae maethadnf rsaruifeouringey deroinmeten bipnjar andsigocandpinediion

t her eof .

s claim 9 wherein forming the emitter structure, the extrinsic base structure, and the collector
structure forms at least one of substantially concentric circles, substantially concentric ovals,
substantially concentric rectangles, substantially concentric squares, and combinations

thereof.

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

perpendicular to the emitter structure.

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

growing a compound semiconductive material in the recess.
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16. The method of manufacturing a heterojunction bipolar transistor as

claimed in 5 claim9 wherein; formng the base stack fornms an extrinsic

base structure in contact with the intrinsic base structure; formng the

extrinsic collector structure fornms a sem conductive material adjacent the

intrinsic cabl ectlae msthadotfunaufanaidga heterjurgtididipoldr tiansistor entlbiesd in

struct u{agmf ri(ls gem .conducti.ve terial adjacent the intrinsic base
THCRIR

struct PEHBE (HE HBRSIE; 38T AFUSENOFEE Gr SEUSHEE 16 gl deast gne ot

substr afigen- %@mﬁd?ﬁ&ﬁ NS GnGRMhEG LA catbdr %&15 %oxBBM'aG& Eﬁefe%? ess on the
substrate; I5 an extrinsic base stack’ partially overlapping the recess in

the intrinsig Coﬁhg?ﬁe od. GYrhafu: iriin Cgtaé‘hét ﬁu ﬁb&b%%?a‘f— tr%h%x%igfrh’{ﬁaﬁ&dﬂﬂe

recess adjacent e |n rinsic co ure e extrinsic
base sthimturisreian enmtter structure adjacent the intrinsic base structure;
20 an extri su: cql l.ector structure adjacent the intrinsic collector
structure; ﬁnn&ﬁ@rha@@éﬁa@& fImScAy %ﬂﬂ%@@fme GRS Bl ERnAgGt t‘vﬁb@edwéeet s
through the integLew %lucﬂhﬁl ectric layer to the extrinsic collector
structure, the extrinsic base structure, and the emtter structure. 18. The
het er oj unct ifamihg el etritsicangiestoo stragure| fainmed sénmcedduictivd Matehiek &ljacenhihe 25
intrinsic base structur a structure conprising at |east one of
si | i con- ger mani ufﬁ“g?‘?F@&‘}toréE}‘ﬁﬁ’fﬁ 8% carbon, and a conbi nation thereof.

1940 The het g5@lisnald @0iRIPGhAMer khaRaieShfhs @%eﬁﬁ@nﬂﬁawer}nﬁtkﬁélrﬂd}e?cem'ée' n:
the emtter structure is surrounded by the extrinsic base structure; and

the col | ector stinidoue bassgtrndureds the extrinsic base structure. 30 20. The
het er oj uncti on bipolar transistor as clainmed in claim 17 wherein the

em tter strudture hdtdrejuaxtion mipblar basesteit sougirising; and t he col | ector
structure format |east one of 21 substantially concentric circles,

subst ant i al Py" entric ovals, substantiall y concentric rectangles,

substant i al Ly 1&99&@%Iléc&r§%&ﬁ%avﬁ% 1%9&9'09%6! s%ar&t@er eof . 21. The
het eroj unction bipolar transistor as clained in cl alm 17 wherein;

15 an extrinsic base stack partially overlapping the recess in the intrinsic collector
structure;
an intrinsic base structure in the recess adjacent the intrinsic collector structure and
under the extrinsic base structure;
an emitter structure adjacent the intrinsic base structure;
20 an extrinsic collector structure adjacent the intrinsic collector structure;
an interlevel dielectric layer; and
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
25  intrinsic base structure is a structure comprising at least one of silicon-germanium, silicon-

germanium-carbon, and a combination thereof.

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.

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

emitter structure, the extrinsic base structure, and the collector structure form at least one of
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the emtter structure substantially covers and is parallel to the intrinsic
base structure; 5 and the collector structure is substantially
perpendicular to the emtter structure. 22. The heterojunction bipol ar
transistor as clainmed in claim17 wherein the intrinsic base structure is
adj acegibstahgaliyntdohasitée catdagtbstaitialigt uoicen@d. oThle, Retisembialinctdneantbicpol ar
transistor as clainmed in claim17 wherein_the extrinsic base structure
isin 5m5@§@&§95ﬁ%“ﬁﬂﬂﬂﬁEﬁmgéﬁﬁWPﬁﬁﬁﬁl‘Qﬁﬁ%W¥WPﬁ§WE”§nltter structure. 24.
The heterojunction bipolar transistor as clained in claim17 wherein the

intrinsic cblIecﬁb¢h@@Km@Eﬂﬁ@b&@Hmﬁﬂéﬁgﬂl@Hﬁmﬁgﬂlﬂﬁ@ﬁéﬁ7mﬁwﬁW@ substrat e;
and 15 a se ond rench. in_th e sp. ench to
formthe intti Hgftersgug a8 bs?anﬁ%]ll?ﬁ&g ure’ argt g&gg‘rllle{ﬁe%% P{r%rs}{‘ {Eaesr?c PSR t he
second trench. 25ad A heterolunctlon bi pol ar transistor conprising: a
substrate; a collector structure having a recess on the substrate; 20 a
base stack 8wrepH P%Pliﬁméﬂ“%%tﬁubﬁélﬂt@“biﬁ@eﬁifhﬁﬂ@f by e gmiftes Srestiic nsic enitter
structure over the collector structure in the recess; an intrinsic base
structure a@}aceffhe theterejohétinnt bipokr rtgansists; asaplajmed imsiadmed twhereist thact ur e

adj acent .t he, i nt si ¢ base ructure; | evel dielectric |ayer; and
25J a plHnys P?egéﬂé}gﬁt%é? ¢ "E&%d%mtg]ﬁé:o%lﬁ(fq%r ﬁr%ﬂk(/;{aulre d| el elct ric | :ayer |yn
contact with the | | ect or ure, the extrln se ure, and
the extrinste EHIP? f”@PPﬂ&Fb @OE é““ﬁﬁgwh@%é?ﬂf gﬁmbfédy °ipr Bssi st or

as ¢l appRdsitBasd s%leﬂu?éls"m‘3rb@!;enstacktfﬁﬁhc?rr@o‘ﬂp%suﬁt ruct ur e is surrounded by the
extrinsic base structure; and 30 the coll éctor structure surrounds the

extrinsi c basextsinsinemitte . stru@2re?7. The het eroj unction bi polar transistor as
claimed in claim25 wherein the emtter structure, the extrinsic base
structure, and thHaedetdremhcions bipatdr urasfsanrmsatiaieabtin evdmol7 whidveihathei al | y
concentric circles, substantially concentric ovals, substantially

concenfifipsic pellactos §irudureSOB¥YARY i al |y concentric squares, and conbi nations
thereof . a first trench in the substrate; and

15 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.

25. A heterojunction bipolar transistor comprising:
a substrate;
a collector structure having a recess on the substrate;
20 a base stack comprising an extrinsic base structure and an extrinsic emifter structure
over the collector structure in the recess;
an intrinsic base structure adjacent the collector structure;
an intrinsic emitter structure adjacent the intrinsic base structure;
an interlevel dielectric layer; and
25 a plurality of contacts through the interlevel dielectric layer in contact with the
collector structure, the extrinsic base structure, and the extrinsic emitter

structure.

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

30 the collector structure surrounds the extrinsic base structure.
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5 28. The heterojunction bipolar transistor as clainmed in claim25 wherein;
the emtter structure substantially covers and is parallel to the intrinsic
base structure; and the collector structure is substantially perpendicul ar
to the emtter structure. 29. The heterojunction bipolar transistor as

claimed in ghai mae wha@bRhidBipdasetrartsihtdit &C klagaepin S@sim asfihatin the
insulating layer; an extrinsic base structure on the first insulatin

| ayer ; emitksctneura dhn eRifingc basgpstrugives: apd dhesallertes shugiaiedonh af kagfrane o
extringi,c.emtite t oV, ' [ : H a
hi rd TSR or b HE HEdesd HZbub MR RO T th Ay Mo BBy Bt
het er ojrethigiadnsubktantidly dohansiis praraasare] a@imbedhtions dleatcaf) 25 wherein; the
intrinsic base structure conprises a conpound sem conductive material in

thes recesspg3l. Tha@eResj@icRiod ol fNraRkibk a¢ clhih@dSh el 2aSwigdr@hied in claim
25 wherein the 20 intrinsic base structure conFrlses a structure of at

| east one othes¢mitieppregderaawhsiantiaBy coesnandyisresatic in bainoasic Hage dructure;
conbi nati on theregé. 32. The heterojunction bipolar transistor as clained
in claim25 wheréi'n; the base stack conprises an extrinsic base structure

in contact whddvifeb@r ktRictird s wbbastallygierpmidicuy t@hetchdtt@stiitisd. ¢ col | ect or
structure conprises a sem conductive material adjacent the intrinsic

col l ector sbyuct ung:heRReuhdiRn B bt dstc®dimSl ik elabth © 5CORMREN L IBS bike
sem conductive material "adjacent the intrinsic base structure. 23
10 stack comprises:
a first insulating layer;
an extrinsic base structure on the first insulating layer;,
a second insulating layer over the extrinsic base structure;

an extrinsic emitter structure over the second insulating layer; and

15 a third insulating layer over the extrinsic emitter structure.

30. The heterojunction bipolar transistor as claimed in claim 25 wherein;
the intrinsic base structure comprises a compound semiconductive material in the

TCCESSs,

31. The heterojunction bipolar transistor as claimed in claim 25 wherein the
20 intrinsic base structure comprises a structure of at least one of silicon-germanium, silicon-

germanium-carbon, and a combination thereof.

32.  The heterojunction bipolar transistor as claimed in claim 25 wherein;
the base stack comprises an extrinsic base structure in contact with the intrinsic base
sfructure;
25 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 base structure.
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