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formng a self-aligned bipolar transistor with a raised extrinsic base.
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resistivity extrinsic base region result in the generation of interstitial
defects in the single crystal portion of the extrinsic base. The presence

of int ersﬁiéﬂcﬁ%ouﬁ#%f(ﬁ%élﬁ(fﬂ\ﬁ%ﬁs the transient enhanced diffusion of boron

fromthe extrinsic base region into the intrinsic base during subsequent
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of the boron incorporated in the epitaxial base |layer which | eads to the
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typi cal npn bipolar transistor. The extrinsic¢c _|ink base region_ (Rbshl)
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resistivity extrinsic base region result in the generation of interstitial defects in the single
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 translates into a high base resistance.
Figure 1 illustrates a cross-sectional view of a typical npn bipolar transistor. The extrinsic
link base region (Rysh) comprises a thin Si, SiGe or SiGe:C epitaxial layer as used in the
intrinsic 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 cal cul ated dependence of base
resi st ancwORbo4/@m820he | i nk base sheet
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[0004] The graph shown above illustrates the calculated dependence of base resistance Ry,
on the link base sheet resistance (Rysn) for a given device geometry. A factor of three
reduction in the link base resistance (Rysn) 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
Jayer 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



2 WD 2004/ 027820 PCT/ US2003/010496 surfaces. In order to inprove process
selectivity, a heavily p-type doped Si Ge maybe optionally deposited, where
t he concewDratd/mm20f Ge to Si is gradually reduced frompralrase003®io46 cl ose
to 0% during the epitaxy process. As such, the second epitaxy |layer has the
hi ghest concentration of Ge near the int erface of the first epltaxy | ayer
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Fi gure 1 highesfcopeangiation phe near ﬂé‘? ’@@eéfasc%EﬁhSﬁiﬁt epitaxy lgyer, ¢ 5P bri or art
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Cross-sec Vi ew o a npn transistor 1n accordance wth t
i nvent i orthe s[e@ﬁﬂc?e]pltﬁxgmgeorBA illustrates a cross sectl onal view of an

exenpl ary,_ s conduct or |ce own at exe ar t hod of
Form ng. SR RESHS-t Ftrs Sl br haneimidn pall PRI OF0053]
Fi gure 3Bkl Usib fi‘él@@an@aﬁ'ix%ﬁwﬁﬁ%é Rl &é@éﬁéfd &E@Iﬁ%ﬁm@m&ﬁﬁhconduct or
device shown at a subsequent step of the exenplary method of formng the

npn bipolar transistor in accordance with the invention. [0014] Figure 3C
illustrates a cross-sectBRIFHIDES GRIPGLONASF dXBhPRAWINEGH conduct or devi ce
shown at anot her subsequent step of the exenplary nmethod of formng the npn
bi pol ar 9%% drawe ystrgtes arpaawi Brogf-sa5tpPA VG efq% o2l poerat o "g‘a?lér 3D

i1l ustratgsqa,£ross-sectional view of the exenplary sem conductor device
shown at anot ﬂer subsequent step of the exenplary nethod of form ng the npn
bi pol ar [001dhFigtre? i]ilustlatesalpdﬁtfauterow -bdetivind view efd ipmbipp o tiefsiFogiur e 3E
illustrates ros ectional view of the exenplary sem conductor device
shown at aacog@agxg © WWVERIYF t he exenplary method of forming the npn

bi pol ar  y§@R$ 'Fféu% 3Allustrates a cross-sectional view of an exemplary semiconductor device
shown at a step of an exemplary method of forming a npn bipolar transistor in accordance
with the invention.
[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.



accordance with the invention. [0017] Figure 3F illustrates a
cross-sectional view of the exenplary sem conductor device shown at a
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26. The bipolar transistor 20 conprises a p-type substrate 28 and a p-type
Si, SiGeimpcgidBacviitheinventionayer. 1t shal | be understood that the
substrate emtter region, base region, and collector region my be doped
with the opposite co e n-type, the
emtter may be p- type%ﬁgi\%%?Egrcég?giaﬁéﬁl?iﬁme alﬁd the coll ector
regi on nggoAY tF@ee 2 [(02Ates hvgossisedtional \h@@lo@a ngﬁ biylgrtimeistorn 2peh ysi | i con
emtter 34 having a first portion with a th a, a second portion with a
wi dt h b, aaeradance myithdhe givenen. whebipolyy taétqﬁwtor\métaéﬁﬁ typs epyittos regionrid -y st
portion n hird
Por i on a0t a2 et bhein RIGR, dARe L T et oo 20 kol o
t he em t tagr-type sulistrate 28eagidarp-type SudB&e ar Sﬁe*@cepﬂagtahieyall Itsshiall be deddrsiped 36
such as CoS|(er or TiSj(err) to reduce o] act resi stance wth. emtter
cont act S s AbriEie SRt LR, thor Betot, g Callsios riging Bagpe dobed Wit the

opposite conductivity, i.e. the substrate may be n-type, the emitter may be p-type, the base

region may be n-type, and the collector region may p-type.

[0022] The emitter region 22 comprises a polysilicon emitter 34 having a first portion with
a width a, a second portion with a width b, and a 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 c. 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. Emitter 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 nitride.

[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 extrinsic 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



the polysilicon emtter 34. In the exenplary enbodinent, the emtter
spacers 40 are forned froma dielectric such as silicon dioxide or silicon
nitride. WOQaG)02T¢286 base regi on 24 has an intrinsic basecrdgeead/od@9and an
extrinsic base region 44. As can be seen in Figure 2, the extrinsic base
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102. It ipSt Qla%érddiﬁﬂv&dhear%ﬁid axial layer 106 may conpri se mJI tiple layers
such as a [ower BNg{)e | ayer doped with boron and a thin -type | ayer

doped wi 10025 <m opizalitrisls-conds) sk d&6 isi fpﬂmﬂeorbsbﬁ@@mtea wbereiusthﬁor ned
th
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di oxide layer 118, a silicon nitride |ayer 120, g dttop silic n di.oxi de
| ayer 1 2 lioxyigslayesi 118, a silicon nitride layer 120, and a top s1hcon 1oxide layer 122. he thin

silicon dioxide layer 118 is thermally grown over the epitaxial layer 106 to a sufficient
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 illustrates 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 emitter 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
protect the surface of a base region from contamination and to improve implant uniformity.

A self-aligned collector implant is then performed by ion implanting an n-type dopant such
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at a dos From , 1E12 to 5E13 cm 2. The n- type ions pass ' through
the base [pggf] (F?%dr@ 3EQHH§t?até%3ardr9éé{ RBEHHAM HRThd 8&hnPlary dehideghgdot gidase
region and Sel gned to the emtter wi ndow 124, After performng the
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| acl|< by a combined process which includes chemical mechanical polishing (CMP) and etch
back.

[0028] Figure 3D 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, 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 130 is formed 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 etcher.



accordance with the invention. In this subsequent step, a polysilicon
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germane concentration causes the Ge concentration to diminish near the surface 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 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, 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
nitride layer 152 is etched 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



met hod, the epitaxial |layer 140 is deposited in a chem cal vapor epitaxy
device wherein heating elenents raise a susceptor to a tenperature between
650 to 75@0DRoo«GEasee such as silane (SiH(err)), a boronPcantsacasiong9gas and,
optionally, germane (GeH4) are introduced into a process chanber. Gernmane
is typically.introduced to inprove the selectivity of the deposition on
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Figure 3G illustrates a cross-sectional view of the exenplary sem conduct or
devi ce 168, and cablettheeontach fed skown)sreformedt he exenpl ary nmethod of fornming a
bi pol ar t i.stor.in .accordance with the invention..ln this.subsequent
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emtter region 142 in order to prevent t he emtter silicide |ayer from
shor t i ng chapgen maydeynade theretodegarting fiom thedroasepspiat andscppeokihe mveatieni t t er
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etching back the siJicon nitride |layer, 152. In the exenplary nethod, the
silicon rRgadedde apalustrativorather hapfdgsthgé¥e #jc-a reactive i on etch [0033]
Figure 3Hillustrates a cross-sectional view of the exenplary sem conduct or
device 100 at anot her subsequent step of the exenplary nethod of formng a
bi pol ar transistor in 7 W 2004/027820 PCT/ US2003/ 010496 accordance with
the invention. In this subsequent step, a silicide layer 154 is formed at
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surface of the raised extrinsic base region 144 and the top surface of the
emtter region 142. 100341 Figure 31 illustrates a cross-sectional view of
t he exenpwaryosenswonduct or device 100 at anot her subsegaarseoste@oef the
exenplary nethod of forming a bipolar transistor in accordance with 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, base contact wi §deWM$0, and col | ector contact w ndow
(not sho% are patterned and etched through the interlayer insulating
film 156 ﬁfdsﬁlég'ée Bntacts 162, an enmitter contact 164, and collector
contact (not shown) are formed. [0035] In the foregoing specification, the
i nvention has been described with reference to specific enbodi ments
thereof. It willl, Howshgd offerngipg abmolariensivior. COUPINIG f i cati ons and
changes may b .departing fromthe broader spirit and scope of
the inventi on%rgﬁgﬁggghﬁfa%, the rai sed base approach can be adapted to

wor k in vari ousrrsingerfist epﬁtakm]zliam ontthesuhatatefté Ciral a Basetrégon hedhgae. The
specificatjon and drawi ngs are, cordingly, to be regarded in an
T Ust r atPGESicdeseeionand an cEeinsic ar ezl e 8 VIO 2004/ 027820

PCT/ US2003/ 0104:96ing Gh AhiMeer si¥Rlon e ﬁ%@&ﬁ@%ﬁs 1. A nmethod of formng a

bi pol ar transi stor conprising: providing a substrate; formng a first

epi t axi al | ayenising th@@ctsuhsbaﬁtreglbmbydimrmmg baexendegltmalﬂayﬁir og tlenfirst nt ri nsi c
base regi oq gldl an extrinsic base region; formng an emtter stack on the
subst r at PUEHY ‘P¥si ng the extrinsic base region by forming a second
epitaxial layer on the first epitaxial layer. 2. The method of claim1,
wherein the b| ol ar_tran i n n bi pol

asi,.
transi stor. The ThstR E ‘?Sn?fo@?% }nviher%él;ﬁﬁol@h‘ga@atquﬁg e %§§€r%é@ﬁ &n has
a thi Ckn%ﬁb&‘polﬁ%nh@ﬁ)r' ntrinsic base region has a thickness y, and wherein

X >y.
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:C layer and the second epitaxial layer is a p-type Si or SiGe layer.

6. The method of claim 1, wherein said forming an emitter stack on the
substrate comprises:

forming a first oxide layer over the first expitaxial layer;

forming a first nitride layer over the first oxide layer; and

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, wherein the first nitride layer is a silicon nitride layer, and wherein the second oxide

layer is a silicon dioxide layer.



4. The nmethod of claim1l, wherein the substrate is doped with p-type
dopant. 5. The nethod of claim1l, wherein the first epitaxial layer is a
p-type Siwo0@27¢0 Si Ge: C | ayer and the second epitaxi @CThEspens/viswa p-type
Si or SiCGe layer. 6. The nethod of claim11l, wherein said form ng an emtter
stack on the substrate conprises: formng a first oxide |ayer over the
first expitaxiSal | &hemethébofvlaim @ Whergn suiffeindag fheyfast exide layerecomprises oxi de

| ayer; a farm .a_se d_axi. | ayer aver.the first.nitri.de |ayer. 7.

Tho et ndgrrBri PlffiSe BEIRRSp eyt Bhofiid iplie e alft e v Cor

di oxi de cbayeikes dpBsihda bifliGor hitidde Y1 aewh@ ¥Rl saldSfolmBiglth€ Seond bxidge | ayer,

and wherein the second oxide _layer is a silicon dioxi de | ayer. 9 WO

2004/ 0273B6T PETPUSS dopystieoslien dipgdedayRbd of clai m 6, wherein said

formng the first oxide |layer conprises thermally oxidizing the first

epitaxial layer, wherein said formng the first nitride [ayer conprises

deposi ting a &1 i cdmemathodiel qlaiyed, fudla camprising: sai d forning the second

oxi de |ayer ¢ i.se enosi ki i oy | ayer. 9. The nethod of
Wgﬁ@%@%pa% e(ilmaar_s 1515%{;?){6% ovEL %18 %'coﬂd %ﬂcféi,ﬁayﬁag“

claime6, furt rising: ernrng an em sk | ayer over the
second oxi de lsaisetivel petckial itheadeyoitl ehddmyéhadsee indnimtddRytey dormang t he
first nitride layer to forman emtter w ndow, and ion I nplanting through
the enit BRI VHABY; #Werein the ion inplant is a self-aligned collector

i mpl ant. 10. - mat had i hSk 00 I; 1] - Q

pol ysilicon | g%‘ﬁ@%"ﬁ. é[&fsoﬁl éﬁ%@?telfe\%&{:td?%“@g{éa{fth%g&g%?p;}é@llﬁgﬁf ?lé. &d ,
wher ei n tchBedtapinplant.ace of the polyslicon [ayer is coplanar with or
recessed below the top surface of the second oxide | ayer; and sel ectively
removi ng the second oxide |ayer to expose an emitter polysilicon
structure. 10.  The method of claim 9, further comprising:

forming a polysilicon layer on the substrate;

etching back the polysilicon layer, wherein the top surface of the polyslicon 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.

11.  The method of claim 10, 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.

12.  The method of claim 11, wherein said raising the extrinsic base region by
forming the second epitaxial layer on the first epitaxial layer further comprises:

placing the substrate in a chemical vapor epitaxy device;

heating the substrate to a relatively low temperature to minimize diffusion; and

introducing silane and diborane or other boron containing gas.

13.  The method of claim 12, wherein said raising the extrinsic base region by

forming the second epitaxial layer on the first epitaxial layer further comprises:
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11. The method of claim 10, further conprising: formng a second nitride

| ayer on the substrate; and isotropically etching the first nitride |ayer
and t he swomodorg2oi de | ayer to forma thin nitride spacarus2di/ioidee net hod
of claim 11, wherein said raising the extrinsic base region by formng the
second epitaxial layer on the first epitaxial layer further conprises:

pl aci ng the sustdusing germanconiing eriduslapdictienin geradegacBow heachieny % he
substrate to rel ture to mnimze diffusion; and

i nt r oduciSFe g?‘i ?15 ﬁb%ysﬁ(é?%‘\{neéntg? @H‘Aérr boron containing gas. 13. The

met hod of claim 12, wherein said raising the extri n5| c base regi on by
formng the s nd it er the f I er further
conpri ses: ﬁo ag‘gfﬁ?%%ﬁg C%éﬂ@s?’%@@)‘bﬁ%‘i@’gmd}l @F?ﬂa?ne with a
gr adual "c@ﬂﬁﬁ&és%ﬂnbl@ ﬂ@ﬁ&?@ﬁ GEnd 10ahOraAs i SHn ﬁb&ft%d@do%%rd%ﬁpf' le in the
second epitaxial |ayer. %’ he nmet hod of claim 12, wherein said

i ntroducing silane and gernane conprises a nole fractlon of gernmane to
silane rangi anfrO%@wﬂ éﬁoﬁo@aulqolsp%%m salégradﬁaﬁyﬁaﬁaﬁgt ei:éeﬁta 8
wherein said gradually reduci ng thé percentage of = gernahe an eposi ting
t he seco;gdlmnetvdn]eaiepbagmg thwnt;madsapstameldaynmgmpheesrmdl@lm @ctmaicn ﬁaétzonga? mane
from about -1 ercen to Ies tha ercent. 16. The nethod of claim11,
further ‘E‘babouli H?éceéi‘ (r}h"r‘ﬁ fPPr(‘Ignrayer on the substrate; and

et chi ng back the third nltrlde | ayer to increase the thickness of the thin

nitride spacer toforma rldes wherein the width of the emtter
region is |ncr1éaseghFPE?ﬁbq 1agjm WE‘HﬁFBPW%S”%e nitride spacer. 17. The

met hod of cl a',f&?rrﬁ? aftlﬂf&ﬁﬁ{deq%'bh%@ﬂlbstfrﬁé%ﬁg a silicide layer on the
second epitaxia % er and the polysilicon emtter structure; formng an

i nterlayer instehag bagk thid third nittibelagetyetinerease the thickness of the thin nitride spacer

to form a nitride spacer, wherein the width of the emitter region is increased from fto g

when forming the nitride spacer.

17.  The method of claim 16, further comprising:

forming a silicide Iayer on the second epitaxial Iayer and the polysilicon emitter
structure;

forming an interlayer insulating film on the substrate;

patterning and etching the interlayer insulating film to form an emitter contact
window, a base contact window, and a collector contact window; and

forming an emitter contact, a base contact, and a collector contact.

18.  The method of claim 1, wherein said raising the extrinsic base region by
forming the second epitaxial layer on the first epitaxial layer further comprises:

placing the substrate in a chemical vapor epitaxy device;

heating the substrate to a relatively low temperature to minimize diffusion;

introducing silane, diborane and, optionally, germane; and

gradually reducing the percentage of germane while depositing the second epitaxial

layer.

19.  The method of claim 1, wherein said heating the substrate to a relatively low

temperature comprises heating the substrate to a temperature ranging from 650 to 750 °C.

11



patterning and etching the interlayer insulating filmto forman emtter
contact w ndow, a base contact w ndow, and a collector contact w ndow, and
form ng awoenvd/d2es20cont act, a base contact, and a col | eeCaruseanstoac®de 18.
The met hod of claim 1, wherein said raising the extrinsic base region by

form ng the second epitaxial |layer on the first epitaxial layer further
conprises: pl & ng Thieanefuskefrcdaim 1, rwherein eaiil grdduelipmadueipi theperenidgsef

heating the subst.rate t.o a,relatively .low tenper.atu t O minimi .

di 11 ust orforgi PalsisPag faf reetbnd BishnuorGORERR s draife Hsdhola forion of

gr adual | yerresheChdig abhi8 SPEY s@tdndgelesd thee!l pefentwhi | e depositing the second
epitaxial layer. 19. The nethod of claim1l, wherein said heating the
substrate to a relatively low tenperature conprises heating the substrate
to a tenperatuyne ran@inkhdd SMBIERO1, whefdtR sdid forkdiny\éh 2R@r QREB3A the

PCT/ US2003/ 010496 20. The nethod of claim 1, wherein said gradually

r educi ng stbsrafpegogamiisasie of ger mane whil e depositing the second epitaxi al

I i educ I ' Of . f b -
ot cent Lo | oquba T O o bRk AR R BFET o m 1 nor ei n sai d

form ng an enfeinéifig §tfRetiteide tdyer ovdtlisd figt exidonPed; ses: formng a first oxide
| ayer over the first expitaxial layer; form.ng a first nitride |ayer over
the first oxidemingeasecondoxidedayes oxadbafrsdmitide 12a§%r over the first nitride
| ayer; patterpning: 1 I nd oxi de | ayer;
selectively e %III;I%IQ nﬂ%&%ﬁ%@%ﬁé@%ﬁ@%?gcgﬁg%?ﬁgq I ?’st nitride layer to
forman emit tselectivehyletohing itk seoond oillalayémmmdtthe Hrsghittidwelagen tb tfenm wa ndow,
wherein the ion inplanting is a self- aligned collector inplant. 22. The
met hod ofetBites Windowy#ik ei n the first epitaxial layer is an SiGe:C

epi taxial | aygg, implanting through the emitter window, wherein the ion implanting is a self-

aligned collector implant.

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

epitaxial layer.

23. A bipolar transistor, comprising:

a substrate;

a base region having an intrinsic base region and an extrinsic base;

wherein the extrinsic base region is raised relative to the intrinsic base region;
wherein the extrinsic base region has a thickness x and the intrinsic base region

has a thickness y, and wherein x > y.

24.  The bipolar transistor of claim 23, further comprising an emitter structure,
the emitter structure comprising:

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

wherein ¢ > b > g; and

wherein the first portion defines an emitter base junction, and wherein the third

portion defines an emitter contact region.
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23. A bipolar transistor, conprising: a substrate; a base region having an
intrinsic base region and an extrinsic base; wherein the extrinsic base
regi on i swoanegat7s2l ati ve to the intrinsic base regi on; pCaheeeisrnitde
extrinsic base region has a thickness x and the intrinsic base region has

a thickness vy, .and ﬁﬂeéeln x >y. 24. The bipolar transistor of claim23,
further conpriPng AACBiPplar Gansdsteref claim 24, pyhereindheregpitter vegion frgheronpr i si ng:

a pol ysi | L&apri&iat i ' e ' ' pdth a, a second
portion withﬁ% \%n'tl%t egl?a\égﬁ r% ft"ﬁ?ﬁéelgg‘m %lﬁ%ﬂngﬂ\?\# th c; whereinc > b
> a; and wherein the first portion defines an emtter base junction, and

wherein the thhed i [: .em r..cont . ion. 12 WO

2004/ 027820 Pc%‘§'us2ggékf@%ﬁgfglt‘él%‘.so%%ﬁ{%%o a1 ‘?{r}laeﬁeg‘%% Sfbad regren 24,

wher ei n t benpmsest er regi on further conprises a nitride spacer directly

adj acent to thef olgsiLH on em tter. 26. The bipolar transistor of claim

23, wherein th&IStEPaRsllayssa0d egi on  conprises: a first epitaxial |ayer:

and a second epkiRNH BhitdxdN 4veP Bn Wireridkt & Pi ial layer. 27. The bi pol ar

transi stor of clain12]; whe9§ tﬂe fﬁrs#ﬁ%%ﬁtégﬁgl | ayer is a SiGe

epi taxial layer and the second epitaxial layer is a heavily p-type doped S

Ot ronePt axdfl | HRY Sibolaf fansT6: &Y s, WiRfhE hRl offnhithfB 7% 8819 2"
epitaxial layer and the second epitaxial layer is a heavily p-type doped Si or SiGe epitaxial

layer.

28.  The bipolar transistor of claim 23 being an npn transistor.
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