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20c urdeshowhlipan mp—n transisodr hewingran natype emiiten 24 da pgype base 28, and an

n-type collector generally represented by doped collector pedestal 32 formed in a

wafer 36. In addition to collector pedestal 32, wafer 36 includes a first deep trench
insulator 40 and a second shallow trench isolator (STT) 44 for isolating transistor 20
from surrounding microelectronic components (not shown), e.g., other transistors,

25  capacitors, or the like. A heavily-doped sub-collector 48 underneath the collector
pedestal and the STI 44 provides a low-resistance link to collector contact (not
shown). Emitter 24 is often generally has a T-shaped vertical cross section so as to
provide a relatively small lower portion 52 proximate collector pedestal 32 (to achieve
a small cross-sectional area to limit the current flow to the collector) while providing

30 arelatively large upper portion 56 to interface with an emitter contact 58.

Base 28 typically comprises an intrinsic base 60 that includes a thin, generally
highly p-doped layer (not shown) located between emitter and collector and an

extrinsic base 64 that provides an electrical pathway between a base contact (not
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DISCLOSURE OF INVENTION
In one aspect, the present invention is directed to a bipolar device comprising
a substrate having a collector and an emitter spaced from the collector. A base has a
first portion located between the substrate and the emitter and a second portion
30  surrounding the first portion. The base includes a first conductor located within the

first and second portions and has a first conductance in the first portion and a second
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invention, wherein the transistor has a generally T-shaped emitter and the portion of

the extrinsic base beneath the emitter has a relatively low electrical resistance;

25  FIG. 3 is a cross-sectional view of the transistor of FIG. 2 during fabrication

illustrating the growth of an intrinsic base layer, an i-Si layer, and a first part of an

extrinsic base;

FIG. 4 is a cross-sectional view of the transistor of FIG. 2 during fabrication
30 illustrating the formation of a dielectric landing pad on the first part of the extrinsic

base;

FIG. 5 is a cross-sectional view of the transistor of FIG. 2 during fabrication

illustrating the silicidation of the first part of the extrinsic base;
3
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the nuneral 100. Transistor 100 may include an emtter
104, e.qg., a T-shaped emtter having a | ower portion
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25

30

nore shal | ow and/ or _
Referring now to the drawings, FIG. 2 shows in accordance with the present

invention a BICMOS transistor, which is identified generally by the numeral 100.
Transistor 100 may include an emitter 104, e.g., a T-shaped emitter having a lower
portion 108 and an upper portion 112, a collector (illustrated by collector pedestal 116
and heavily-doped sub-collector), and a base 120. Transistor 100 may be formed on a
substrate 124, such as a wafer, in which collector pedestal 116 is formed, usually by
ion implantation. Substrate 124 may also include one or more shallow and/or deep
trench isolations 128, 132, and a sub-collector 136 providing electrical
communication between collector pedestal 116 and a collector contact (not shown).
Base 120 generally includes an intrinsic base 140 located between lower portion 108
of emitter 104 and collector pedestal 116. Intrinsic base 140 may be formed from a
plurality of epitaxial silicon layers, at least one of which may be relatively heavily
doped with a doping type opposite the doping type of emitter 104 and collector
pedestal 116. For example, if transistor 100 is of the n-p-n type, emitter 104 and
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25 152, which may also be formed using a silicidation process.

FIGS. 3-10 illustrate various steps of one method of fabricating transistor 100

so that conductor 148 (FIG. 2) is present both underneath, and out from underneath,
upper portion 112 of emitter 104 so as to produce transistor 100 having high fr and
30  fmax values. Referring to FIG. 3, and also to FIG. 2, substrate 124 having isolations,

128, 132 and collector pedestal 116 formed therein using well-known techniques may
be provided. Substrate 124 may be a conventional wafer, such as a lightly-doped

silicon wafer. An intrinsic base layer 156 may be formed on the surface of substrate
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oxidation, photolithograph patterning, and etch techniques that are well known in the
25  art.

Referring to FIG. 5, and also to FIG. 2, FIG. 5 illustrates thé formation of
conductor 148. In the embodiment shown, conductor 148 comprises a silicide region
176 formed by a silicide-forming process, applied to at least a portion of first extrinsic
30  base layer 164. This process may include sputtering a single element of a metal, e.g.,
Co, Ti, Ni, or a combination of two or more metals with or without a nucleation
element, such as Nb, followed by an anneal so as to form MSi or MSi, M =Co, Ti,

Ni, and the like). This process forms a silicide “ring,” wherein silicide region 176 is
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Referring to FIG. 8, after upper part 188 of emitter trench 172 has been

formed, a nitride spacer 200 may be formed on the walls of the first part of the trench.
This may be accomplished using techniques known in the art, such as the deposition
of nitride in and surrounding first part 188 of emitter trench 172 and using a

30  directional etch to remove the unwanted nitride. Following formation of nitride
spacer 200, a central portion of landing pad 168 may be removed to form an aperture
204 in the landing pad, e.g., by COR etching, which may optionally be followed by a
buffered hydrofluoric acid (BHF) clean. After aperture 204 has been formed, a
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base 180, base I'solation |ayer 184, and/or the .

pr alopingiof dirsteyinsicrigse kkieky oauses s ByeHeexidizg pers quickly than

first t 1 f.em ratr 1] ' .
el BpRyshiB0 BpIof T o SRR ifcosf obhbe Uil ined (o avoid
5Af teREeskivesér apgy dxidABnof ueddpet ¢ayer 1t 60 cSindd Brshadrihsie base layer 164

formed, photoresist 192 may be stripped fromthe .1
uppEcomes refatiyely bighdy exidizgd, W]%Pr?ﬁsdndggediﬂleé rlgh IpeT nqygidized
188, of o5 i bABSIably Echéd &vn to th
sparfiob s iihe HEEPARRILBatTRyh AR Ho2OMROIply Athed i o the
parindoped lagers ¢.gnuofing TKIOGR ey, thdome e senohd pae @12 of emitter trench

techni ques, known in r ch_as the depositiQ

P s SR ﬂ%ﬁﬂgiﬁdgff“?f&ﬁfft Cxfipsic gt 382164 3 pen etched.
100 ' EdgifterdifehcBN2 Wilyhe ptidhdIRCdlé@BR Lsigk 6 dilhe hyarsnaerit heid (DHF)

unwanted nitride. "Fol'owing formation of nitride

spadean. 200, a central portion of |anding pad 168 may

be renoved to forman aperture 204 in the | andi ng pad,

e.g., by COR etching, which may optionally be foll owed

by a buffier ed ilnyseaes tecoiBativai of cqfitr)10¢) which nédfytberdoped in-situ

aperture 204 has been forned, aportion 208 of fi rsimi

hi gandyforagsesinsqanyerdianaldepesifigy.dithogsaphye ik gtphipg fechniques.

Y i i i i itter 104,
10 e 107 og B S B8 up S, EMRRiAL @ Tiimagion of enitc

hi gliesptidagl migidefcaf layst (neksirowms nayhepeovided rRefetingda Es. 2, the

it SaE b R bR L AL e
ti nﬁgla{i%bpa‘f@ﬂ BIGFEE SO h8or Bfotdiive 1%+ Gdt i/lﬁﬂvr%g Tilw gpnadilly be

| ayer ."Since first extrinsic base |ayer, ) .
be ceneyed, ellawingthy s¢viogh Eytriosic basedayerdpbe sitisidated ip a granner similar

ayer 160 do not, oxidi,zed [ 8 fi .
o, 5 opBren bR PRtors ks GEBRED SPPI I wibrellfhe fhichacion
to phersifdRPRdionayieide feordl nndétéaily upperPB tialf enditterfiOd v as to
a second part 212 of emtter trench 172. This is
i || fpsmrsgeqnd dopdymtes 158, Ths @dltfqnﬁ%ﬁtﬂl%sﬁqqnﬁg%&s%%feduce the

o A VS BT R ot
( DHE)corda@ewith conventional practices.
25
While the present invention has been described in connection with a preferred
embodiment, it will be understood that it is not so limited. On the contrary, it is
intended to cover all alternatives, modifications, and equivalents as may be included
within the spirit and scope of the invention as defined above and in the claims

30 appended hereto.



FIG 10 illustrates the formation of emtter 104,
whi ch may be doped in-situ and fornmed using
we@eoemwsem2donal deposition, |ithography, and et cPCTIgS2004/019906
techniques. Emtter 104 may be suicided or
unsiwhidasmeiql.l ow ng the formation of emtter 104,
an optional nitride cap |ayer (not shown) may be
provi ded. Referring to FIG 2, the layer(s) above
secondl eﬁbl ‘2\1 i_ base | ayer 180 surrounding emtter
104, e. g™ "BEEIGE AT M Eyer 184 (FIG 6) and/ or
protecti g d apskaté ABtnS He¥MktorY Optionally be
renoved, allowi ng the Second ektrinsic base |ayer to
De siliclyanemitter spa¢ralrfraen sail epllestort 0 convent i onal

transi st istor .20 of, FIG 1, wherein

the i i O St Baving %?‘5& PREUOR dOGRESS st esny saidybstratgrand said
under neat h espparandorstedid p&u&f@uﬂoﬁﬁdégﬂaﬁ%?cj:o}&bnf Qaliﬁrbase
second Congﬁfg@ﬁ 152. Thi's additional “silicidatioh

further Phe frg spadustnr dogstedexithin naid irgtand sd@ﬁd portlons
Further pr roceed in
QhEH 1H% a?ifrsttcf)ﬁlﬁlfc AL %ail fé_lgs? f{?}\ﬁml én(f A second

accordance wt nvent i ona prac

1Gresent i neenductmed assabibeoontbsartion eheréin 688 TR oRMctance and
vvlthapreferred% It wll| be understood

nbo
that it is HOECEH |°Pﬁ$‘{céadlce ex5 sthuantisy ithe same as ang another.

i ntended to cover all alternatives, nodifications, and
equi vaI ents as may be included within the spirit and
scope 2of Apipolanigsice pecvrdisg tedlaine t, alavie saidbabdcdrises at least

cl ai s ereto. is clainmed is: 1. A
bi pol ar a(gjgv:ﬂﬂ%gaﬂg%@ngvaﬁﬂa(%f) a substrate having a
15col | ect or; (b) an emtter spaced fromsaid collector;

(c) baé% having a first portion | ocated between said
subst ?at inodpr davige aerording ateinel sewoeid spidrepiiter includes an upper

surroun d bas cIu

et cooniet ot bhhRIbl e anEleRer Pafon e cpcon saia

por t i onsippedpdraon agl @id ¢olktios,RidUSESIGRHiGh §13daﬂi BdsE Bling located
portion a%jf‘@flé cond conduct ance in said second

portion, UWPRFTPGHon of sagherpisten ardesaichsibsimate,
20second conduct ance are substantially the sane as one
another.
. A bipolar device according to claim 1, wherein said first conductor comprises

a silicide.

5. A bipolar device according to claim 1, further comprising a second conductor

25 contained only in said second portion of said base.

6. A bipolar device according to claim 5, wherein each of said first and second

conductors comprises a silicide.

30 7. A method of forming a bipolar device on a substrate having a collector,
comprising the steps of:
(a) forming an intrinsic base layer on said substrate;
(b) forming a first conductor above said intrinsic base layer, wherein said first
conductor has a substantially uniform conductance throughout; and

9



2. A Dbipolar device according to claim11, wherein said
base conprises at | east one epitaxial sem conductor

wo 20081004281 A bi pol ar devi ce according to cl ai nPdT/US2004/019906
wherein said emtter includes an upper portion distal

fromsaid.s frate and.a | o ortion | ocated

bet ween gcgi fép &p e%??ih&?ﬁmﬁ\r%g{eé iAPOE @8’@8% extending over a
second por tpoetiorDéf sl Grsbangudrsi. Ng | ocat ed bet ween sai d
upper portion of said emtter and said substrate. 4. A
bi pol ar device according to claim1, wherein said

first o | Ses.: ui.ci de. 5. .A.bipaql ar,

devi o atcnrn by B3ah AHfedEseg s iR iyhing a
Second conehtiohalty waioped hgek. only in said second portion
of said base. 6. A bipolar device according to claim

5, wherein each of said first and second conductors
conprige i Gdcdgs . ' L pol ar.
dovt o op B KcRting o FuillEh MRl e EThIGA SPiRRE 3 s
t he ste&pinsistbasg¢a) forming an intrinsic base |ayer on

said substrate; ..(b) form a first conpductor above

said int lf’a,y %rsa}ngl SB&&%“P%}%‘# %W’?éfrgﬁsﬁ hasg [3yet prigr to step ¢ so as to form
1condughidrfirkkas a substantially uni form conduct ance

t hroughout; and(c) form ng an em tter having at | east

a porti ofPndHEiPEof ~ ext endi ng over a portion of said

first conductor. 8. A nethod according to claim7,

wherein step a includes formng an intentionally

undopdd. Aayethod &comlinpEiolefdma; edetbimged B f&diak Mcludes forming a
wher ei nn]glt@iggb i ncludes formng a first extrinsic base

| ayer a Paq 8ap sHg tasficatrmsicdaselayen mior ¢o slisidatingysid first

15prior t O3 GasE®y@p (0 formsaid first conductor.
10. A net hod accordi'ng to claim9, wherein step b

further includes formng a
11. A method according to claim 10, wherein step ¢ includes removing a portion

of said landing pad to form an aperture.

20 12. A method according to claim 11, wherein step ¢ further includes oxidizing
said first extrinsic base layer beneath said aperture so as to form an oxidized

region and removing at least a portion of said oxidized region to said intrinsic

base layer.

25 13. A method according to claim 9, further comprising the step of forming a

second extrinsic base layer above said first extrinsic base layer and performing
a first etch through said second extrinsic base layer to said first extrinsic base

layer and then performing a second etch through said first extrinsic base layer

to said intrinsic base layer.

30

14. A method according to claim 7, further comprising the step of forming a

second conductor that does not extend underneath said emitter.

10



| andi ng pad atop said first extrinsic base |ayer prior

to silicidating said first extrinsic base layer. 11. A
woredoloai2accordi ng to claim 10, wherein step c PCDUSHEE019906

renoving a portion of said |landing pad to form an

apert ufs. r di .cl al.m 11.. wherein

SFep o iy Thds AEeAe LRGSR s b clipFicRinds formed by

base | aysilicideti@at h sai d aperture so as to form an

oxi di zed region and renoving at |east a portion of

said oxidized region to said intrinsic base |ayer.

13. A nmet hod according to claim9, further conprising

the step of form ng a second extrinsic base |ayer

above said first extrinsic base |ayer and performng a

first etch through said second extrinsic base |ayer to

said first extrinsic base |ayer and then performng a

second etch through said first extrinsic base layer to

said intrinsic base layer. 14. A nethod according to

claim?7, further conprising the step of formng a

second conductor that does not extend underneath said

emtter.15. A method according to claim 14, wherein

sai d second conductor is formed by silicidation.

11



