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crystal portion of the extrinsic base. The presence of interstitial defects promotes the
transient enhanced diffusion of boron from the extrinsic base region into the intrinsic base
during subsequent thermal processing. Interstitial defects also promote transient diffusion
of the boron incorporated in the epitaxial base layer which leads to the effective base
widening and the device speed reduction.

[0003] Another problem associated with the fabrication of higher speed bipolar transistors
is the need to form thinner base films, which directly trauslates into a high base resistance.
Figure 1 fllustrates a cross-sectional view of a typical npn bipolar transistor. The extrinsic
link base region (Rysy) comprises a thin Si, SiGe or SiGe:C epitaxial layer as used in the
infrinsic base. Although heavily doped, this region will have higher resistance for thinner
base films (faster transistors). |
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[0004] The graph shown above illustrates the calculated dependence of base resistance Ry,

on the link base sheet resistance (Rpsn) for a given device geometry. A factor of three
reduction in the link base resistance (Ryen) will result in a significant (approximately 80
ohm) reduction in base resistance (Ry).
[0005] In view of the above, it is apparent that there is a need to provide a high speed
bipolar transistor and a method of fabricating a high speed bipolar transistor which reduces

or avoids the above mentioned problems.

SUMMARY OF THE INVENTION

[0006] In accordance with the invention, a new and improved bipolar transistor and a

method of forming same is provided. The bipolar transistor has a raised extrinsic base such

that the link base resistance is reduced by providing an extrinsic base which is thicker than

the intrinsic base. The increase in thickness of the extrinsic base provides a less resistive

layer of the heavily doped link base region.
[0007] The method of forming the bipolar transistor includes depositing a first epitaxial

layer on a substrate to form a base region having an intrinsic base region and an extrinsic

base region. The extrinsic base region is raised by depositing a second epitaxial layer over a

portion of the first epitaxial layer such that the thickness of the extrinsic base layer is x and

the thickness of the intrinsic layer is y, wherein x > y.

[0008] The second epitaxial layer is deposited using a chemical vapor epitaxial device

where heavily p-type (e.g. boron) doped silicon is deposited selectively on exposed silicon
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[0013] Figure 3B illustrates a cross-sectional view of the exemplary semiconductor device
shown at a subsequent step of the exemplary method of forming the npn bipolar transistor in
accordance with the invention. '
[0014] Figure 3C illustrates a cross-sectional view of the exemplary semiconductor device
shown at another subsequent step of the exemplary method of forming the npn bipolar
transistor in accordance with the invention.
[0015] Figure 3D illustrates a cross-sectional view of the exemplary semiconductor device
shown at another subsequent step of the exemplary method of forming the npn bipolar
transistor in accordance with the invention.
[0016] Figure 3E illustrates a cross-sectional view of the exemplary semiconductor device
shown at a subsequent step of the exemplary method of forming the npn bipolar transistor in
accordance with the invention.
[0017] Figure 3F illustrates a cross-sectional view of the exemplary semiconductor device
shown at a subsequent step of the exemplary method of forming the npn bipolar transistor in

accordance with the invention.
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[0022] The emitter region 22 comprises a polysilicon emitter 34 having a first portion with
a width a, a second portion with a2 width b, and 2 third portion with a width ¢ wherein ¢ > b
>a. The first portion defines an emitter base junction having the width a, and the third
portion defines the emitter contact region having the width ¢. A surface of the emitter
contact region includes a refractory metal silicide layer 36 such as CoSi; or TiSi; to reduce
contact resistance with an emitter contact 38. Emiiter spacers 40 directly abut the walls of
the polysilicon emitter 34, In the exemplary embodiment, the emitter spacers 40 are formed
from a dielectric such as silicon dioxide or silicon niiride.

[0023] The base region 24 has an intrinsic base region 42 and an extrinsic base region 44.
As can be seen in Figure 2, the extrinsic base region 44 is raised relative to the intrinsic base
region 42. The base region 24 may be further defined as comprising a mono crystalline
portion and a poly crystalline portion. The mono crystalline portion is directly over the
mono crystalline portion of the substrate 28 and the poly crystalline portion is supported by
an oxide layer 50. A surface of the exirinsic base region 44 is raised relative to the surface

of the intrinsic base region 42 outside of the intrinsic base region 42. The extrinsic base
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(oxi de- nltrlde oxi de) stack determ nes the final height of thé polysilicon
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thickness to serve as an etch stop for silicon nitride reactive ion etch. The silicon nitride

layer 120 may be deposited by low-pressure- chemical-vapor-deposition (LPCVD) or other
processes known to one skilled in the art to a thickness ranging from about 50 to 500
Angstroms, and the top silicon dioxide layer 122 may be deposited by PECVD to a
thickness ranging from about 1,000 to 10,000 Angstroms.

[0026] Figure 3B illusirates a cross-sectional view of the exemplary semiconductor device
100 at a subsequent step of the exemplary method of forming a bipolar transistor in
accordance with the invention. At this subsequent step, an emitter mask layer is formed
over the top silicon dioxide layer 122. The emiifer mask layer may be formed of photo
resist material or other materials that can serve as a mask for a subsequent process of
selectively etching the top silicon dioxide layer 122 and the underlying silicon nitride layer
120 to form an emitter window 124. The thin silicon dioxide layer 118 is left in place to
f)rotect the surface of a base region from contamination and to improve implant uniformity.

A self-aligned collector implant is then performed by jon implanting an n-type dopant such
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100 at another subsequent step of the exemplary method of forming a bipolar transistor in
accordance with the invention. In'this subsequent step, the polysilicon emitter 130 is
exposed by selectively removing the top silicon dioxide layer 122, In the exemplary
method, the sidewalls of the polysilicon layer 128 are exposed as a result of the oxide wet
.etch.
[0029] Figure 3E illustrates a cross-sectional view of the exemplary semiconductor device
100 at another subsequent step of the exemplary method of forming a bipolar transistor in
accordance with the invention. In this subsequent step, a thin nitride spacer 132 adjacent to
the polysilicon emitter 1301s fbnned by depositing a layer of silicon nitride 134 having a
thickness in the range of 0.01 microns to 0.1 microns and isotropically etching the layers of
silicon nitride 134. In the exemplary method, the silicon nitride layers 120, 134 are
directionally etched with a plasma eicher. |
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epi t axi a|Pr?°§§%$hﬂ¥%r-i Gemnangdt Hpiepl]y fitpduraddy improye thy selechiuity of gl
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i Trer S R BoRASRER NI Pl GHage SPERR RiERIIDT NGKICAGE,
| ayer of zexowpereenbibetwernd. 3 parerdland Ripdrent) bucht that thx penpbmage bymmbleofilactibhe

epi taxial layer 140, is deposjted in_a chem_cal . vapor, epiftaxy device wherein
heat | ng- of Exdes Esieelei B enipen Tk BXbao 10 PERE AL LE PeeBbines i C
Gases sU@Rpifiy peoded® 1€s3ithih) 1 p@cHRMRA- 6O BiRbIthBBp#aS Rhshss.optional Iy,

ger mane H4) "are introduced into.a process chanmbér. Germane is typically

intr oduc&@p&lb Onep the & Ge lseedsis Iferanddy theygeghanernencendation miayrbegadusied indle still
relative .nitri.de. Parcentage of, germane i s gradual | reduced t near
ool pur phfidh bty JARRT BRSNS AR RAR L By AL IR ik REHERS bP e O
by nol e bemdnk @Bncefratiid! CHIBS tHeGelconSdntrafien BAEMIIESH Bas &% dur@te abpdt 5 to 10

percent near the beginning of the ) . .
raised extrinsic base 136. As aresult, it is easier to form silicides on the top portion of the

raised extrinsic base 136. As an option, a self-aligned silicide formation of the extrinsic
base region 136 and emitter region 142 may be performed (not shown).

[0032] Figure 3G illusirates a cross-sectional view of the exemplary semiconductor device
100 at another subsequent step of the exemplary method of forming a bipolar transistor in
accordance with the invention. In this subsequent step, the thickness of the thin nitride
spacer 132 is increased to a thickness on the order of about 0.1 microns to increase the
width of the emitter region 142 in order to prevent the emitter silicide layer from shorting
with the base silicide layer and in order to prevent the emitter contact etch exposing the base
'region 144. The thickness of the thin nitride spacer 132 is increased to form the nitride
spacer 150 by forming a conformal silicon nitride layer 152 on the substrate 102 and
selectively etching back the silicon nitride layer 152. In the exemplary method, the silicon
nifride layer 152 is eiched back by a reactive ion etch .

[0033] Figure 3H illustrates a cross-sectional view of the exemplary semiconductor device

100 at another subsequent step of the exemplary method of forming a bipolar transistor in



expitaxy process to less than 1 percent near the end of the epi ar_x ng%
process. | %&0;10939 the Si Ge seed is forned, the gerna %dbﬁi y
be reduce(}&)@ I'le st‘?l | providing epitaxy w thout i ncreglgclﬁgél@ﬁe 1
tenperature in the reactor. The reduction of the germane concentration

causes t hecdoria@0&#A ticinveitiono At sibsépueepdter, ASilidd 1894 184 i§ RRmed 8i Hed
extrinsic base 136. As a result, it is easier to formsilicides on the top

portion ofurfase of theiraiser exiringiobase regier 148ad the temsusiaes ofthe smitserfregipn dA2d

silicide j f. t ] NS G e I eqlon n 1 (. yegion 142
may b pel PaTpiisit SRt dof 8o iyt e Prefilied Sl defe

cr oss- seci(batahotheesubséquichiestgxeitht axtemplayinsahelief Prmilg\d dpolad éhsatoranot her
subsequent step of the exe Ia[[¥l met hod of form n? a, bi polar, _transistor in
accor danc¥°fid9aRes ¥ Fh?v‘@ﬁ?q R. The syigcs of theswhsterte 193 ispoated avithygugriseagerof
the thin pithides icSn | : { g‘?ﬁ{ﬁ of
about 0.1 nliu(%rons]nt§gg?ﬁ{:cﬁléagégcté%g{bﬁﬁgtﬁﬁgg@?ﬁegemm&t er P@g?%ﬁgé‘gﬁg&order
t o pr evenbast hentestivindow 460, aniddellédgrarontacbwisloar tnbhdhown) bt faternbdand si | i ci de

| ayer and_i,n .qrder, t.,0 .prevent. the. emq,tt contact etch exposing the base
regi on 14%°befRropgh big Bl %ﬁ?@%ﬂlﬁ{ﬂ_#ﬂnﬁ?ﬁr ?Iﬁg’aéﬁﬁ%‘gﬁdié_ 128 STHEGTSRBIAL ¢ o
form the 194 bddi&IleeRESHtad FRotRYowRY &k RknRRgconformal silicon nitride |ayer

152 on the substrate 102 and sel ectively etching back the silicon nitride
| ayer 152[0035] Inike foregamaspecifisationy thetiheertiohhes beani desribed| vigterefarBieits et ched

Viow of CHESEE bREPanRihEden dDdE RoyEit b Sen A AP RoBERRIRER o1 op
of the extapiemyaythimadt bretddepaftthedddh B tibader gpisit BiDEcops o%e%@&%‘@i@ﬁmzo 6

Feb 2006 PCT/ US2003/ 010496 accordance with the i'nvention. In this
subsequerior sxapplegths raised bse ppnreschiosn be sddpsededverk i Watiousisehemes Wilizinge

rai sed e LNSkG: .Qn 4 e top,surface of the ] tter region
142. [o@%&érﬁg‘&f%ﬁ%g ?‘%Ilu%g't %ﬁ Selgeggﬁcrgﬁ %chdergwgf © \?Fce%&g\gﬁ’t ebeexenpl ary
sem conduyegaadediaindiustiafiVe afthatiginheresigidideesisent step of the exenpl ary

met hod of formng a bipolar transistor in accordance wth the invention.
The surface of the substrate 102 is coated with an interlayer insulating
film 156 such as silicon dioxide and planarized. An emtter contact w ndow
158, Dbase contact w ndow 160, and collector contact.w ndow (not shown) are
patterned and etched through the interlayer insulating film 156, and base
contacts 162, an emtter contact 164, and collector contact (not shown)
are formed. [00351 In the foregoing specification, the invention has been
described with reference to




speci fic enbodi ments thereof. It wll, however, be evident that various
modi fi cati ons and changes may be made thereto departing from tBddh QOBB
spirit and scope of the invention. For exanple, the rai sed base approach
can be adapted to work in various schenes utilizing the sacrificial emtter
feature. The specification and drawi ngs are, accordingly, to be regarded
inan illustrative rather than a restrictive case. 8 6 Feb 2006 Wat is
clainmed is: 1. A nmethod of form ng a bipolar transistor,- conprising:
providing a substrate; formng a first epitaxial |ayer over the substrate
to form a¥BasdsrekiidadHaving an intrinsic base region and an extrinsic
base region; formng an emtter stack on a portion of the first epitaxial

layer over jthe SubSIhate:rafdent A4 80 PO AT HLRe Bbkpiashpghase

region by “selectively form ng a second epitaxial layer on portions of the
first epitaxoxidiagen subsitdateéhe emtter stack. 2. The nethod of claim1,

wherein .t bi. pal ar .t Sj i I i kSR LP
transistorE%§m1$ﬁegn£%%%g %§£§§%$%%?F§%ﬁ%§§%%’t S gg???ﬁé?% Egsgb?égion has
a t hi eckbass xeghdnt hevingramsict bixsei ¢ disen regdoa bhidcknesst3insaad wherein
X >y, 4. The.nmethod of claim1, wherein the substrate is doped with p-type
dopanP258. T$HERet hod of claim 1, wherein the first epitaxial layer is a
p-type Si, £Si6Engran Skifet Gapidtadlalon ay groraridnt bé sheofitlrspi t axi al | ayer is
a select'velg deposited avi | -type doped Si epitaxial layer or a

sel ecFP%t?’)'?l )deﬁgg‘?]f ¥ Hedvid f%’ & Sdof8dsi Ge epitaxial |ayer.

raising a portion of the extrinsic base region by
selectively forming a second epitaxial layer on portions of the

first epitaxial layer outside the emitter stack.

2. The method of claim 1, wherein
the bipolar transistor is a 8i, SiGe or SiGe:C npn bipolar

transistor.

3. The method of claim 1, wherein
the extrinsic base region has a thickness x and the

intrinsic base region has a thickness y, and wherein x > y.

4. The method of claim 1, wherein

the substrate is doped with p-type dopant.

5. = The method of claim 1, wherein

the first epitaxial layer is a p~type Si, SiGe or
- SiGe:Cepitaxial layer and
| | the second epitaxial layer is a selectivély deposited
heavily p-type doped Si epitaxial layer or a selectively
deposited heavily p-type dopedSiGe epitaxial layer.

6. The method of claim 1, wherein



6. The nethod of claim1l1l, wherein 6 Feb 2006 said formng formng |ayer;
formng layer; and an emtter stack on the substrate conprises @ Feb 006
oxi de layer over the first epitaxial first nitride |layer over the first

oxi de second oxide | ayer over the first nitride a formng a l|ayer. 7. The
met hod of claim6, wherein the first oxide layer is a thin silicon dioxide
layer, the first nitride layer is a silicon nitride layer, and the second

oxi de | ayer iLlicon_di e Ia ' wherein
sai d forn1n aﬁﬁaf%rWs?gOX|dgé}a & %%%%?fgés %hgﬁkgﬁgagéxgéﬁgg%ge?he first
epi taxi al |ayer, fsamdnéomrﬁimpﬁfuxidesmaynﬁluw&a thgeficotpepseaxdapositing
silicon nitride |layer, and said form ng the second oxide |ayer conprises
deposi ting 43YELFi con di oxi de | ayer. 9. The nmethod of claim®6, further

conprising: patEgrming AnFierst et iRk lagieer ovver thBersesonaxbdéede | ayer;
sel ectively etching the second oxide layer and the first nitride layer to
form an em LtRERTH w, and ion inplanting through the emtter w ndow,

wherein the ion forming a second oxide layer over the first nitride

layer.

7. The method of claim 6, wherein
the first oxide layer is a thin silicon dioxide layer,
the first nitride layer is a silicon nitride layer, and

the second oxide layer is a silicon dioxide layer.

8. The method of claim 6, wherein

said formiﬁg the first oxide layer comprises thermally

oxidizing the first epitaxial layer,
said forming the first nitride layer comprises depositing a

silicon nitride layer, and
said forming the second oxide laver comprises depositing a

silicon dioxide layer.

9. The method of claim 6, further comprising:

patterning an emitter mask layer over the second oxide

layer;
selectively etching the second oxide layer and the first

nitride layer to form an emitter window; and
ion implanting through the emitter window, wherein the ion

implant is a self-aligned collector implant.
10. The method of .claim 1, wherein

said forming an emitter stack on a portion of the first

" epitaxial layer over the substrate comprises:
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inplant is a self-aligned collector inplant. 10. The nethod of claim1,
wherein said formng an emtter stack on a portion of the firstg@Eah 2008

| ayer over the substrate conprises: a 10 6 Feb 2006 form ng a first oxide

| ayer over the first epitaxial layer; formng a first nitride |ayer over
the first oxide |layer; formng a second oxide |ayer over the first nitride
| ayer; patterning an emtter mask | ayer over the second oxide |ayer

sel ectively etchi t.he second oxide |ayver and.t fi.r A llayer to
forman emtter \ﬁg%ﬂ%ﬁr,g 3nglf%ﬁ ?%‘?%nf% egr t%"?eorugr‘}%’et f%r%ﬁ:ri tgk)EeLE:a\%gﬁ ow,
wherein thelayes;inplanting is a self-aligned collector inplant. 11. The
met hod of claim 1, wherein_the fiyst, epitaxial |a is.an, _Si Ge:.C epitaxial
| ayer. 12. The Pﬁﬁangfacf%ﬁﬁﬁJﬂlﬁﬂﬂéﬁgi%?ﬁqﬁaQ¥§F¥$h§i%lﬁﬁgeogéaﬁon i's
provided tojkower a resistance of the base region. 13. The nethod of.claim

1, wherein the second epitaxial layer is insulated froman enittgr of the
emitter stack. 1HOTHRRRY rbtRIPIS Qﬁ%QQn¥EYQQJPWﬁ€rtESn%FF%FnE?tﬁF Br to

rai sing a pepybpn of the extrinsic base region, formng a dielectric side

wal | spacer around the emtter stack. 15. The nmethod of claim1, wherein
patterning an emitter mask layer over the second oxide

laver;

selectively etching the second oxide layer and the
first nitride layer to form an emitter window; and

ion implanting through the emitter window, wherein the

ion implanting is a self-aligned collector implant.

11. The method of claim 1, wherein
the first epitaxial layer is an SiGe:C epitaxial layer.

12. The method of claim 1, wherein
the extrinsic base region is provided to lower a resistance

of the base region.

13. The method of claim 1, wherein
the second epitaxial layer is insulated from an emitter of

the emitter stack.

14. The method of claim 1, further comprising:
prior to raising a portion of the extrinsic base region,
forming a dielectric side wall spacer around the

emitter stack.

15. The method of claim 1, wherein
the intrinsic base region is the portion of the first

epitaxial layer located under the emitter stack, and

11



the intrinsic base region is the portion of the first epitaxial |ayer

| ocated under the emitter stack, and 11 6 Feb 2006 the extrinsi© bal&®006
region is the portion of the first epitaxial |ayer |ocated outside the
emtter stack. 16. The method of claim1l, wherein the substrate has a
collector region. 17. A nethod of form ng a bipolar transistor, conprising:
providing a substrate including a collector region as a collector of the

bi pol ar tra S i LizC I over
surface e%géﬁlg %é%é;lgrg%ll ng asn%g{r% %er S 8E g§3r§¥ﬁ% fi rst
epitaxb@itamha¢omayéay%mc&ﬁmﬁtdmt&idﬁnthﬁ<ema$tam etmatker of the bipolar
transistor, a region of the first epitaxial silicon |ayer under the
emtter stack being an intrinsic base region; selectively depositing a
second epit&ﬁLaJTB&Im@Mnxiaﬁékﬂaﬁﬁ1ﬂormm@msinf the first epitaxial silicon
| ayer Iocatgg?out5|de e en1tt stack, the second epitaxial silicon

| ayer on |§H& 3%1 5 As©9 qﬁ%gr FegﬁPPCon | ayer |ocated outside

t he enitter stack belng a raised extrinsic base region with a thickness
?Lfffﬁgléhb se Hg Sﬂg&{%@r@gp@é%'e%?ﬁlggsg as%t?%gﬂgﬁﬁgfgéi :tgebase
of the bi pcpmvidmgsmstsubsmchlﬂel daweidudingi atcoligetdB. rddiometshaed of claim
17, wheregjn.int eppsitin f the first epitaxial silicon |layer over
t he SLﬁ?i3§F§ﬂr Oﬁe gﬁ gﬁpghgg gfanﬁﬁﬁ °Efystalline portion of the first
epi t axi al dﬁﬁdﬂﬂiﬁnb&yeflrstdép@ﬁakﬁdlOSBIl@bﬁﬁﬁHyaﬂ)ﬂﬁeﬁ|aIhﬂqﬁmdﬂ on
of the substrate;
providing an emitter stack over the first épitaxial silicon
layer and the substrate as an emitter of the bipolar transistor,
a region of the first epitaxial silicon layer under the emitter
- stack being an intrinsic base region;
selectively depositing a second epitaxial silicon layer on
portions of the first epitaxial silicon layer located outside
the emitter stack, the second epitaxial silicon layer on
portions of the first epitaxial silicon layer located outside
the emitter stack being a raised extrinsic base region with a
thickness greater than a thickness of the intrinsic base region;
and
wherein the intrinsic base region and the raised extrinsic

base region provide a base of the bipolar transistor with lower

resistivity.

18. The method of claim 17, wherein
in the depositing of the first epitaxial silicon layer over

the surface of the substrate,
a mono-crystalline portion of the first epitaxial

silicon layer is deposited over a mono-crystalline portion

of the substrate and

12



of the substrate and 12 6 Feb 2006 a poly-crystalline portion of the first
epitaxial silicon layer is deposited over an oxide |ayer porti@rFeb 2006
substrate. 19. The nethod of claim 17, wherein the first epitaxial silicon
|l ayer is a SiGe:C epitaxial layer. 20. The nethod of claim 17, wherein the
providing of the emtter stack includes formng a first oxide |ayer over
the first epitaxial silicon layer; formng a first nitride |layer over the

first oxide layer; form ng a second oxjde |ayer over the first_nitride

| ayer; patterniﬁbpgﬁyéﬁFVgE?lﬁéE? POt om b éhﬁagﬁﬁﬁﬁuﬁpé§ﬁﬁéallayer;

sel ectivel y stiGhiong 1kRerses0adpoxi €8 | deF ANDbANRR 1fEviest pBirtibdecFayer to
forman emtter wndow, and ion inplanting through thé emtter w ndow,

wher ei n thetﬁeoﬁupﬁﬁFéﬁ?ing is a self-aligned collector inplant. 21. A

nmet hod of forming a bipolar transistor, conprising: providing a substrate;

formng a first eﬁitaxial | ayer_ over_ the substrate to form a base region
havi ng an i #fri n&he Bakked gk dn @hetiedsi ¢ base region; forming an

em tter stagkeO¥efst NGoSsid RIS 1A 16563 18 theiextii BsicaPase region by
formris a second epitaxial layer on thé first epitaxial” layer including
pl aci nga¥YB&: substrate in a chenical vapor epitaxy '

20. The method of claim 17, wherein
the providing of the emitter stack includes

forming a first oxide layer over the first epitaxial
silicon layer;

forming a first nitride layer over the first oxide
layer;

forming a second oxide layer over the first nitride
layer; | |

patterning an emitter mask layer over the second oxide
layer;

selectively etching the second oxide layer and the
first nitride layer to form an emitter window; and

ion implanting through the emitter window, wherein the

ion implanting is a self-aligned collector implant.

21. A method of forming a bipolar transistor, comprising:

providing a substrate; _

forming a first epitaxial layer over the substrate to form
a base region having an intrinsic base region and an extrinsic
base region;

forﬁing an emitter stack over the substrate; and

raising the extrinsic base region by formin§ a second
epitaxial layer on the first epitaxial layer including

o placing the substrate in a chemical vapor epitaxy

13



13 6 Feb 2006 device; heating the substrate to a relatively |ow
tenperature to mnimze diffusion; introducing a silicon-cont afFdly-2H6
di borane, and, germane; and gradually reducing the percentage of the
germane while depositing the second epitaxial layer. 22. The method of
claim 21, wherein said heating the substrate to a relatively | ow
tenperature conprises heating the substrate to a tenperature ranging from
650 to 750 QC. ,23. The nmethod of claim 21, wherein said gradually reducing
the. percenf&d&C8f gerrmane while depositing the second epitaxial |ayer

conpri ses reduci Rgatheg nEle Sulatiiaee eb gershaeitedy hbouterpeltatipmy cent to
| ess than 1 percent 24. The nethod of claim?21l, wherein the second
epi taxi al | By erinimies ¢tif i Prdeposited on the first epitaxial |ayer. 25.

The nmethod of C'ﬁhﬁ@&ﬁqﬁ@raeisﬂ1ibbﬁ—§bh£§@ﬂiﬁ@-nga'sniditgacgm:é,s atid,ane. 26.
A nmethod of formng a bipolar transistor, conprising: providing a
substrate; 9oFmaARRy &%d rst epitaxial |ayer over the substrate to form a

base region having, 4R} HedSctn§asRe F 88188 EAGe 2 SXid i iintandda®d Teegi on;
14 6 Feb 2006 formng a enitte?asta%kﬁover‘the substrate including ,
depositing the second epitaxial layer.

22. The method of claim 21, wherein
said heating the substrate to a relatively low temperature

comprises

heating the substrate to a temperature ranging from

650 to 750 ©C.

23. The method of claim 21, wherein
said gradually reducing the percentage of germane while
depositing the second epitaxial layer comprises
reducing the mole fraction of‘germane from about 5-10

percent to less than 1 percent.

24. The method 6f claim 21, wherein
the second epitaxial layer is selectively deposited on the

first epitaxial layer.

' 25. The method of claim 21, wherein

the silicon-containing gas is silane.

26. A method of forming a bipolar transistor, comprising;

providing a substrate;

forming a first epitaxial layer over the substrate to form
a base region having an intrinsic base region and an extrinsic

base region;

14



formng a first oxide |layer over the first epitaxial layer, formng a
first nitride |ayer over the first oxide |layer, formng a secofdekxi2006

| ayer over the first nitride layer, patterning an emtter mask | ayer over
the second oxide layer, selectively etching the second oxide |layer and the
first nitride layer to forman emtter wi ndow, ion inplanting through the
emtter window, wherein the ion inplant is a self-aligned collector

i mplant, formng .a polysilicon |ayer over, the_ suybstrate, tchi ng back the
pol ysi | i con fP&jery ﬂﬁe?’éjrﬁt?%esﬁ%ﬁfg BHT 4 GFIHE A6 g}gﬂlfl@aﬁm ayer is

coplanar with or gorRERgSLArPEdOL R oy SuUIdRGe tole rhesseephtdaniale |ayer,
and .selectively renoving the second oxide |ayer to expose an emtter

pol ysiliconla¥elieture; and, raising the extrinsic base region by forning a

second epi taxi akol@ayet OMedNG Hiksh LPIAEAbyedYehe 2{rsEhexigéhod of

claim 26, further conprising: rmng a Second nitride |ayer on the
substrate; aAwerisotropically etching the first nitride |ayer and the

second nitride 'dfgﬁﬁiﬁqgggt dBohdl B ! e %%E%hgi?%r?&'%ﬂ@f:f@@ of claim

27, wherein said raisi e extrinsic se region orm ng the second
epitaxial |byeerpon the first epitaxial layer further 15 6 Feb 2006

conpri ses: patterning an emitter mask layer over the second oxide
layer,‘
selectively etching the second oxide layer and the
first nitride layer to form an emitter window,
ion implanting through the emitter window, wherein the
ion implant is a self-aligned collector implant,
forming a polysilicon lafer over the substrate,
etching béck the polysilicon layer, wherein the top
surface of the polysilicon layer is coplanar with or
- recessed below the top surface of the second oxide layer,
and
selectively removing the second oxide layer to expose
an emitter polysilicon structure;
and,
raising the extrinsic base region by forming a second

epitaxial layer on the first epitaxial layer.

27. The method of claim 26, further comprising:
forming a second nitride layer on the substrate; and
isotropically etching the first nitride layer and the

second nitride layer to form a thin nitride spacer.
28. The method of claim 27, wherein

said raising the extrinsic base region by forming the

second epitaxial layer on the first epitaxial layer further
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pl acing the substrate in a.chem cal vapor epitaxy device; heating the
substrate to a relatively low tenperature to mnimze diffusi ddFeim@006
i ntroducing a silicon-containing gas, and di borane or other boron
containing gas. 29. The nethod of claim 28, wherein said raising the
extrinsic base region by formng the second epitaxial l|layer on the first
epitaxial layer further conprises: f introducing germane with a gradual
reduction in ermane gas flow to achieve a graded Ge profile in the
secondQQﬁHF fﬁgr | ayer. 30. The nethod of claim 28, wherein said

i ntroduci ng si | apgaahfg gelidgrandhrgyd 39S aa chelnécafllr #apbenepi tgey mane to
silane rangi.ng.from about 5 to 10 .percent 31. The nethod of claim 29,
wher ei n saigegfﬁaﬂally reduci ng the percentage of germane while depositing

the second epit anbatihqydie GUNNHrSee LOJHCHBIathoelP! Bolir 6hpOrairger mane
from about 5-10, percent to less than 1 percent. 32. The nethod of claim

27, furt her tRoRHRIRI#R): diffisHoRg 8n€hird nitride layer on the substrate;

and et chi ng bacintRSdddiingd anistini @enl-ayRtaiAih§CHESS CakdCairhb Sde TS Of the
thin nitride spacer to forma nitride spacer, erein the wdth of the
enmtter redg? Py PIGRT CLNEFINEBE Pa6o g 16 6 Feb 2006 when fornming the
nitride spacer

29. The method of claim 28, wherein
said raising the extrinsic base region by forming the
second epitaxial layer on the first epitaxial layer further
comprises:
introducing germane with a gradual reduction in
germane gas flow to achieve a graded Ge profile in the

second epitaxial laver.

30. The method of claim 28, wherein
said introducing silane and germane comprises
a mole fraction of germane to silane ranging from

about 5 to 10 percent.

31. The method of claim 29, wherein -
said gradually reducing the percentage of germane while
depositing the second epitaxial layer comprises
reducing the mole fraction of germane from about 5-10

percent to less than 1 percent.

32. The method of claim 27, further comprising:

forming a third nitride layer on the substrate; and

etching back the third nitride layer to increase the
thickness of the thin nitride spacer to form a nitride spacer,

wherein the width of the emitter region is increased from f to g

16



33. The nethod of claim 32, further conprising: formng a silicide |ayer on
the second epitaxial |ayer and the polysilicon emtter structuBsFeb@0069
an interlayer insulating filmon the substrate; patterning and etching the
interlayer insulating filmto forman emtter contact w ndow, a base
contact wi ndow, and a collector contact wi ndow, and form ng an emtter
contact, a base contact, and a collector contact. 34. The nethod of claim
l.ayer _over the substrate is an n-type doped

26, whereinzéhe.pol ilicon.

ponsiIWQﬁﬂl‘%g%VEI§§@ ?ﬁgr&gghgaa%?rtlain126, further conprising: prior to
rai sing the extrinsic base region by formng the .second epitaxial |ayer
on the first, epitaxial layer . form a diel.ectric spacer .around the
emtter stack.” 36. eTﬁlgth'S h8g 8?alcr1lan:?2m Zéfr%ﬂ?é:r ecioﬁnprt%ﬁé% il i con-cont ai ni ng
gas is sil afermdng Zheimtthad bdyed adrmid: severel epdaiactindi deggrt bed
extrinsic base nigion b%.fornin tq? second epitaxial layer on the first
epi t axitd® PRy &FifdFPhef 1E5ﬁ5r?ék%ﬁ‘¥§%bving a silicon dioxide layer. 38. A
bi pol ar tramsirali QG afOIREEBlAgsr ihsalbalingl €114/ ob kBl 2006tzabase region
having an intrinsi¢ base region and-an extrinsi¢ base; ,wherein %he
extrinsi c bBEELPERLRG #Rdrefduipg dhe ipderdayre 1PﬁPiPﬁ§PS Séi@ Bgi on;
wher ei otheafXéhi fEef LHEaFEHiNAMGS adbbBeCkBAsaCck FRHdLRE and a

collector contact window; and
forming an emitter contact, a base contact, and a collector

contact.

34. The method of claim 26, wherein
the polysilicon layer over the substrate is an n-type doped

polysilicon layer.

35. The method of claim 26, further comprising:
prior to raising the extrinsic base region by forming the
. second epitaxial layer on the first epitaxial layer,

forming a dielectric spacer around the emitter stack.

36. The method of claim 28, wherein

the silicon-containing gas is silane.

37. The method of claim 28, wherein
- said raising the extrinsic base region by forming the
second epitaxial layer on the first epitaxial layer further
_comprises:

‘removing a silicon dioxide layer.

38. A bipolar transistor, comprising:

a substrate;
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intrinsic base region has a thickness y, and wherein x > vy. 39. The bipol ar
transi stor of claim38, further conprising an enitter structur8 Febe2006

emtter structure conprising: a polysilicon emitter having a first portion
with a wwdth a a second portion with a width b, and a third portion with a
width c; wherein ¢ > b > a; and wherein the first portion defines an
emtter base junction, and wherein the third portion defines an emtter

contact regiQn,,49.,d [ 1 ansik-st ot - af [ wheg el the
emtter region ?%rt%é?ﬁggégg#é s%% E?F?Fgélgpggég %% é%?ly gﬁfacent to the
pol ysi | éxonimmic thkmse41. The bipolar transistor of claim 38, wherein the

extrinsic b | C ris : Lr Ltaxial.layer.: 1d_a ,se d
epi taxial | g'%gerfeglﬁit & %@%ﬁlﬁ%%ﬁ §)a(\:;§|f%%égl#_;.%faﬁe?bxfeploa}aéa}%e[ rtéjns%?]s or of
cl ai m dilnt miverie tHeesd imestiongpi taxi al layer is a SiCGe epitaxial |ayer and

th d i.taxial | 1S, ] -t doped Si Si G Lt axi
[ ayer . 43, TRETRLIEE EHRAPELB Porecrer TR G e RIATS of 208 S1sr . 16
intrinsic base region :

has a thickness y, and wherein x > y.

39. The bipolar transistor of claim 38, further comprising
an emitter structure, the emitter structure comprising:

a polysilicon emitter having a first portion with a width a
, & second portion with a width b, and a third portion with a
width c:

wherein ¢ > b > a:; and _

wherein the first pdrtibn defines an emitter base junction,

and wherein the third pbrtion defines an emitter contact region.

40. The bipolar transistor of claim 39, wherein the
emitter region further comprises a nitride spacer directly

adjacent to the polysilicon emitter.

41. The bipclar transistor of claim 38, wherein the
extrinsic base region comprises:
a first epitaxial layer; and
- a second epitaxial layer on the first epiﬁaxial layer.

_ 42. The bipolar transistor of claim 41, where the first
- egpitaxial layer is a SiGe epitaxial layer and the second
epitaxial layer is a heavily p-type doped Si or SiGe epitaxial

‘layer.

_ 43. The bipolar transistor of claim 38 being an npn
. tramsistor. : !
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