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TRANSI STORS YI ELD DESCRI PTION Field of the Invention The present invention
rel at es twosemmonduct or heterojunction bipolar 5 transi CarEPo2/edd3 nor e
particularly to a nethod of fabricating a Si Ge heterojunction bipolar
transistor in which the SiGe bipolar yield is substantially inproved by
suppressing dislocations that cause collector-emtter (CE) | eakage or
shorts, or collector-base (CB) | eakage or shorts. Background of the
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epi taxi al -1 ayer pseudonorphic Si Ge deposition processes, epitaxial-base
Si Ge heterojunction bipolar transistors have 15 been integrated with

mai nstream CMOS devel opnent for w acceptance, providing the
advant ages of Si Ge technol ogy foBEﬁ%ﬁ%ﬁgﬁ\& RF circuitry while

mai ntaining the full utilization of the advanced CMOS t echnol ogy base for
digital_ | o%i c circuitry. It is well docunented that excess interstitials
cr eat edi®Jg qf ihe dmtendigiage 20 cause the fornation of dislocations in the
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yield can be reduced by as much as 20 to.50% for dislocations originating
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that t leliéstonbasa(CB) heleee alishbrsi on of boron is strongly WO 02/101810
PCT/ EP02/ 06923 2 suppressed in carbon-rich silicon |ayers; See, for

exanple, HJ. Osten, et al., "Carbon Doped Si Ge Heterojunction Bipolar
Transi gRk§rduld & BB IRVE&MYHCY
10 Significant growth in both high-frequency wired and wireless markets has

introduced new opportunities where compound semiconductors such as SiGe have
unique advantages over bulk complementary metal oxide semiconductor (CMQOS)
technology. With the rapid advancement of epitaxial-layer pseudomorphic SiGe
deposition processes, epitaxial-base SiGe heterojunction bipolar transistors have
15 been integrated with mainstream CMOS development for wide market acceptance,
providing the advantages of SiGe technology for analog and RF circuitry while
maintaining the full utilization of the advanced CMOS technology base for digital
logic circuitry.
It is well documented that excess interstitials created by implant damage
20 cause the formation of dislocations in the collector and emitter regions of bipolar
devices. When the dislocations extend between the collector and emitter regions,
bipolar pipe shorts, i.e., collector-emitter shorts, may occur. In such a context, SiGe
bipolar yield can be reduced by as much as 20 to 50% for dislocations originating in
the collector region.
25 The incorporation of C, carbon, into SiGe heterojunction devices has been
carried out in the prior art to prevent the out-diffusion of boron into the base region.

For example, it is known that the transient enhanced diffusion of boron is strongly



Applications”, |EEEBTCM 7.1, 109. Boron diffusion in silicon occurs via an
interstitial mechanismand is proportional to the concentration of silicon
5 sel f-i mverigtidmsiiml s. Di ffusi on of carbon out of the carb®@cTmPohodes)i ons
causes an undersaturation of silicon gelf-interstitials. As a result, the
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25 These and ot her cts _.an vant ages are achieved in the present
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One object of the present invention is to provide a method of fabricating a
SiGe heterojunction bipolar transistor wherein improved SiGe bipolar yield is
achieved.

Another object of the present invention is to provide a method of fabricating a

20  SiGe heterojunction bipolar transistor in which the amount of dislocations present in
the device is substantially reduced thereby avoiding pipe shorts.

A further object of the present invention is to provide a method of fabricating a
SiGe heterojunction bipolar transistor using processing steps that are compatible
with existing bipolar and CMOS processing steps.

25 These and other objects and advantages are achieved in the present
invention by implanting carbon, C, into certain predetermined regions of the SiGe
bipolar transistor. Specifically, applicants have determined that by incorporating C
(via implantation only) into the sub-collector, the collector, the extrinsic base and the
collector-base junction region of a bipolar device, separately or in any combination,

30 improved SiGe bipolar yield can be obtained. The carbon implant(s) may be carried

out by blanket or masked implant techniques well known to those skilled in the art.



i nvention is obtained when all the Cinplants, as defined herei nabove, are
enpl oyed. The inproved Si Ge bi polar yield obtained by the present invention
is a siogwbfizaersto advancenment in this art since it resul t CIrEPA2/0®23 ce
havi ng substantially 5 | ess pipe shortg than heretofore possible with prior
art Si Ge heterojunction bipolar devices. Broadly speaking, the present
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conprises the ste 6 of : (a% royi ding . a structure which includes at |east a
bi pol arNYEYHL 1 eg tgined; aviaen 1all insoCarimplantse ase gledinedc berrinahbong, aare east
a coll ot i < GOl | O . L.Ce . er
Forned auBr/RariRe IPLBFa %65 Bpgkl 3l a8l RIS Brodi ifiedhifh o
conpr i ssiggifieant] adveincamenttini this artbsisee itegafts and devieel Hadi@subs@atiamnct i on

regison, wherein said intf{gi nsi c base region i s abutted b¥fﬁ extrinsic base
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sel ect e&’e\fié said collector, said sub-collector, said extrinsic base

regions and said collector-base junction region. In one embodiment of the
present i nveBroadly, speukiy,Ghel preseni mventom indiuddsza tgethadionimpraaid e epi
process.. ln t h%z enbodi nent, the SiGe |ayer would include 20 extrinsic
base reginipglssyialdywhishcomprises the #1888 ofegi on. In ot her enbodi ments, the
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collector, said sub-collector, said extrinsic base regions and said collector-base
junction region.

In one embodiment of the present invention, the SiGe layer is grown utilizing
a non-selective epi process. In this embodiment, the SiGe layer would include
20  extrinsic base regions abutiting the intrinsic base region. In other embodiments, the
SiGe layer is formed without extrinsic base regions. In that embodiment, the
extrinsic base regions, which may or may not include germanium, are formed
separately from the SiGe layer.
In a preferred embodiment of the present invention, the method of the present
25  invention comprises the steps of:
(a) providing a structure which includes at least a bipolar device region, said
bipolar device region comprising at least a collector region formed over a
sub-collector region;
(b) implanting C into said collector and said sub-collector regions;
30 (c) forming a SiGe layer on said bipolar device region, said SiGe layer
comprising at least an intrinsic base region and a collector-base junction region,
wherein said intrinsic base region is abutted by extrinsic base regions;

(d) implanting C into said extrinsic base regions;



WO 02/101810 PCT/ EP02/ 06923 4 (e) formng an insulator layer on said SiGe
| ayer; (f) providing an emtter opening in said insulator |layer so as to
expose a wpaettosm of said intrinsic base region and i npl arCirmpozndohs ough
said emtter opening and through the_,exposed portion of said intrinsic
base region into the collector-base éjunction region; and (g) form ng an
enmi tter pol ys) forminy aegisutatonlayer dnisaidBilielayesyer, including in said
emtter operzbng A.further aspect of the present invention relates to a
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b| pol arSnGerrmtsmmtuondzximrlaisteansnatwemmnedsmtor substrate of a first
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an emitter region formed on a portion of said intrinsic base region, said

emitter region comprising at least an emitter polysilicon region, wherein at least one

region of said structure selected from said collector, said sub-collector, said extrinsic

20  base regions and said collector-base junction region includes a C implant.

In another preferred embodiment of the present invention, the bipolar
transistor comprises:

a semiconductor substrate of a first conductivity type including at least a
sub-collector region and a collector region which are both doped with implanted C;

25 a SiGe base layer formed on said substrate, said SiGe base layer comprising
at least a collector-base junction region formed over the collector region, an intrinsic
base region‘ and extrinsic base regions abutting said intrinsic base region, wherein
said collector-base junction region and said exirinsic base regions are doped with
implanted C; and

'0 an emitter region formed on a portion of said intrinsic base region, said
emitter region comprising at least an emitter polysilicon region.

Note that each of the C-doped regions is formed by implanting C into the

specific region by utilizing the method of the present invention.



emtter region conprising at least an emtter polysilicon region. Note that
each of the Cdoped regions is fornmed by inplanting Cinto the specific
regi on bywotehowing t he net hod of the present invention. WOTEPIZEDSIO0

PCT/ EP02/ 06923 5 Brief Description of the Drawings FIG 1l is a
cross-sectional view of the inventive Si Ge heterojunction bipolar
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the bipolar device region depicted in the drawi ngs. 15 Before di scussing
t he pr d3elailed Raseriptien Phihgelnyentiont is noted that the drawi ngs depict the
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junction region. Such C inplantation into all four regions represents the

nost & regionsad Wellea digital Irgicsicsitat mayenfaraed aeiacentdedhe bipplant i on
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In the pr ' nti o,

| nst ead, ent” inve "at | east one of the regi ons nust
i ndisude C i ripdferd disctreding ¢ine preseritiingdniionde detaif;liGsInotedahar #ier ragitigs a

cross-3 e%tici:tot glpr\é}eerrvédoémbodiment of the invention wherein the SiGe layer is formed

with extrinsic base regions abutting the intrinsic base regions. In this embodiment

the extrinsic base regions are formed by a non-selective epi deposition process. In

addition to this embodiment, the present invention also contemplates SiGe layers in

20  which the extrinsic base regions are formed separately from the SiGe layer. Also,

note that in the description that follows implantation of C occurs in all four regions,

i.e., the collector, sub-collector, extrinsic base regions and said collector-base

junction region. Such C implantation into all four regions represents the most

preferred embodiment of the present invention. The present invention is however not

25 limited to C implants into each of these four regions. Instead, in the present
invention, at least one of the regions must include C implants.

Reference is first made to FIG 1 which represents a cross-sectional view of
the inventive SiGe heterojunction bipolar transistor.  Specifically, the SiGe
heterojunction bipolar transistor comprises semiconductor substrate 10 of a first

30 conductivity type (N or P), sub-collector region 14 and collector region 16 which are
both doped with C via implantation. lIsolation regions 12 which are also present in

the structure define the outer boundaries of the bipolar device region and serve to



the inventive Si Ge heterojunction bipolar transistor. Specifically, the

Si Ge heterojunction bipolar transistor conprises sem conductor substrate
10 of a fwosr/1eBiconductivity type (N or P), sub-coll ect oPCrapopm9oisl and
col I ector region 16 which are both dgoped with C via inplantation.

| sol ation regions 12 which are also present in the structure define the
out er lisviatiatheebipolartdeyide pegien shewrct FEgiloflomnddjiacenedevic¥\@e§idhd qhseO0
PCT/ EP02/ 06923 6 isolate the bipolar device region shown in FIG 1 from

adj acerft ice regions (not shown). The Si Ge bipolar transistor of FIG1
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I nvention, the collector-base junction regiaqon, and the extrinsic_ base

r egi onscog?%t T ﬁeMﬁ‘i'B”vCPQW”CQ%ﬁi glsp fplesieddoiin the Ret @s theapedesdal regiqryof i ne
separ aty} h | ' el QW Sj - i Ge
7o on 1S d0RREMRINALMIAEN, YT URENBBErOoh I ey Bl T,
of 181 Gpretaired embpdinwﬁhdrﬁihet pregerydiioveribnywine fa:o}!lé&oi'-gabﬁ%ﬂctﬁm iréggﬁﬁe,d

I nsul at or, | ayer. .30 I C as an emtter ening, forned therein and a

r egi on 2H¢ tbﬁﬁxt“é’?s'?)gg% f¢9IeB% a@%pyp H@Begﬁ"“gﬁ Yig koplapiation; ¥etedhat theayer
as  welgblidSinkNsss rdiicdNeb RN &inal hideranol ¥si Lican i heal |y
doped oA DEo AR B p PR Mine BROF Toioft oY ] ShERioSidnfices,

f r om t tegioniis referrpdity i thecan aissa fatiel fegied. i nto the intrinsic base region
formng em tter diffusion, regi 4 jn the 20 intrinsic base region 26. It
is noted that'® P@%?rp?fﬁaﬁ'siqraﬁgn;s@)r{ SRAPOMPTIses erider iragiopyéd whigh
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that after formation of the emitter polysilicon, dopant from the emitter polysilicon is
diffused into the intrinsic base region forming emitter diffusion region 34 in the

20  intrinsic base region 26.
It is noted that the bipolar transistor shown in FIG 1 has improved SiGe
bipolar yield because the C implants in the above identified regions, i.e.,
sub-collector, collector, extrinsic base and/or collector-base junction region, reduce
the number of dislocations that are present in the structure. Note, that it is possible
25 to have improved bipolar yield (i.e., emitter-base or emitter-collector leakage yield)
when at least one of the above-mentioned regions is doped with C implants;
however the greatest affect is observed when all the regions include C implants. In
the present invention, bipolar yield may be improved as much as 20 to 50%;
therefore the present invention provides an improved structure compared with prior
30 art SiGe bipolar transistors which do not contain C implants in the collector,
sub-collector, extrinsic base regions and/or the collector-base junction region.
The method and various materials that are employed in forming the SiGe

heterojunction bipolar transistor shown in FIG 1 will now be described in more detail.



when at | east one of the above-nentioned regions is doped wwth Cinplants;
however the greatest affect is observed when all the regions include C
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any seﬁ?‘%@ﬁ!ﬁj@ﬂlpﬁfja?@d is G@mpaized, af Agy EQ'F"WUCU”W%G”QHnCIQP“ngdéUt tGe,
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materi al s s preferred th subs te 10 be conposed of Si
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epitaxial growth process. Note that the drawings depict a sub-collector region that is
formed into the substrate via ion implantation. lsolations regions 12 are then formed

20 by either using a conventional local oxidation of silicon (LOCOS) process or by
utilizing lithography, etching and trench isolation filling.
Following the formation of isolation regions in the substrate, collector region
16 is then formed in the bipolar device region (between the two isolation regions
shown in FIG 1) utilizing conventional ion implantation and activating annealing
.5  processes that are well known to those skilled in the art. The activating annealing
process is typically carried out at a temperature of about 950°C or above for a time
of about 30 seconds or less.
At this point of the inventive process, the bipolar device region shown in the
drawings may be protected by forming a protective material such as SisN, thereon,
0 and conventional processing steps which are capable of forming adjacent device
regions can be performed. After completion of the adjacent device regions and

subsequent protection thereof, the inventive process continues. It should be noted



16 is then fornmed in the bipolar device region (between the two isolation
regions shown in FIG 1) utilizing conventional ion inplantation and
activati rgoannemiio ng ,5 processes that are well known to PhogPoyiiokd ed in
the art. The activating annealing progess is typically carried out at a
tenperature of about 950C or above for a tine of about 30 seconds or |ess.
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Note that the C implant into the sub-collector region may occur during

formation of the isolation regions or may occur after formation of the isolation

20 regions, as is shown herein. Insofar as the collector region is concerned, the

collector region is typically implanted with C after the adjacent devices have been
formed and protected.

Applicants have determined that the first C implant step mentioned above

allows for a carbon source to be present in the structure that will reduce the level of

25 free interstitials forming dislocations at the base of the SiGe layer. Without wishing

to be bound by any theory, the mechanism of reduction of interstitial levels due to C

implant is believed to be as follows: C in substitutional or interstitial positions reacts

with interstitial Si atoms. The C-Si pairs are either complexed with other C atoms or

diffuse out from the high concentration interstitial region. This causes a reduction in

30  the overall concentration of interstitials thereby reducing the level of dislocations that

may be formed. C implantation into the sub-collector region typically occurs prior to

C implantation into the coliector region.



collector region is typically inplanted wwth C after the adjacent devices
have been fornmed and protected. Applicants have determ ned that the first
C i npl antwetoeporsent i oned above allows for a carbon sour c@Cr@®EPbBOgeEsent in
the structure that will reduce the levgel of 25 free interstitials formng
di sl ocations at the base of the SiGe layer. Wthout wi shing to be bound by

any theory, The neuthlaplcﬁrth@fprewudmwm’uomf isi ghfowvrsini FIGaY. |Iavieissiglire, SIG&
|rrplan i S é(g to be as follows: Cin substitutional or interstitial
posi ti dA¥er2Qds rmrﬁdtcm susirade 10 ag well agtQisolatien regignspla. r in ageordanger
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SiGe layer utilizing the processes mentioned above.
To reduce dislocations at the base region, a second C implantation step, as
20 shown in FIG 5, is performed. Specifically, it has been determined that C
implantation into both the extrinsic base regions and the collector-base junction
region reduces the level of dislocations present in the structure. The second C
implantation step which implants C into the extrinsic SiGe base regions is carried out
using a C dose of from about 1E13 to about 1E16 cm? and an implantation energy
25  of from about 5 to about 200 keV. More preferably, the second C implantation step
is carried out using a C dose of about 1E14 cm? and an implantation energy of
about 15 keV. The same or different C source as used in the first C implantation
step may be used in the second carbon implantation step. Noie that in some
embodiments, the second implant step, i.e., C implant into the exirinsic base
30 regions, may be omitted.
An N-type dopant implant (not shown) may optionally be carried out in the
pedestal, i.e., collector-base junction region 27, and/or collector region 16 at this

point of the inventive method so as to form a device which operates at high-speeds.



To reduce dislocations at the base region, a second Cinplantation step, as
20 shown in FIG5, is perforned. Specifically, it has been determ ned that
C i npl anvatozomsint o both the extrinsic base regi ons and Phg/EPOI@e3 or - base
junction region reduces the | evel of ;dislocations present in the
structure. The second C inplantation step which inplants Cinto the

ext ri nsihe Spliendlabletype gdapant i implantr isedawied ouls usiggacshvingional procsssiiput 1
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em ttelrnsg%ei3'[ r}ﬁatiesriaf %rsn%gmpared to the SiGe layer. At this point of the present
invention, C may be implanted into collector-base junction region 27, also referred to
in the art as a pedestal region of the device, using a third C ion implantation process

20 that is carried out using a C dose of from about 1E13 to about 1E16 cm™? and at an
energy of from about 5 to about 200 keV. More preferably, the third C implant is
carried out at a C dose of about 1E14cm™ and an energy of about 50 keV. Note that
the third C implant step includes the use of the same or different C source as the
first C implant step and that in some embodiments the third implant may be omitted.

25 Following formation of the emitter opening, emitter polysilicon layer 32 is
formed on the insulator layer and in the emitter opening by utilizing a conventional
deposition process such as CVD. The emitter polysilicon and the insulator are then
selectively removed so as to form emitter region 28 on the SiGe base region, See
FIG 1. Specifically, lithography and etching are employed in forming the structure

0 shown in FIG 1. It is should be noted that a single etching process may be
employed in removing portions of emitter polysilicon layer 32 and insulator layer 30,

or separate etching steps may be employed in removing these layers.



utilizing lithography and etching. The etching step used is selective in
renmoving the insulator material as conpared to the SiGe |layer. At this

poi nt of wbezpewssent invention, C may be inplanted into ®olliEpor/e®2base
junction region 27, also referred to in the art as a pedestal region of
the device, using a third Cion inplantation process 20 that is carried out
using a C d @envehtibnalnBiOMOS Iprotasdingableps falyltharmbe peforhednonether gy of
fron1ab?ut 5 t bout 83 keV. More preferably, the third Cinplant is
carried rHGY“rﬁtS i. absin thatiomfies @ﬁHS@H sy p4ois fapped ivotheev.
Not e t e of the sane or

differ gﬂﬁlngbgﬂgalﬁe?gb%n%%% '?é]ta %fb%@qb@ﬁam '%gestg@r that in sone

enbodi ments the third i nplant may be onltted ?5 Followi ng formati on of the
emtter opening, emtter polysilicon layer 32 is formed on the insulator

| ayer and in the emtter opening by utilizing a conventional deposition
process such as CVD. The emtter polysilicon and the insulator are then
selectively renoved so as to formemtter region 28 on the Si Ge base
region, See FIG 1. Specifically, lithography and etching are enployed in
formng the structure ;0 showmn in FIG1. It is should be noted that a
single etching process may be enployed in renoving portions of emtter
polysilicon layer 32 and insulator layer 30, or separate etching steps may
be enpl oyed in renoving these |ayers. WO 02/ 101810 PCT/ EP02/ 06923 11
Conventi onal Bi CMOS processing steps nmay then be perfornmed on the
structure shown in FIG 1. Note that emtter diffusion region 34 is forned
inthe intrinsic base region 26 during a subsequent annealing step. WO
02/ 101810 PCT/ EP02/ 06923 12 CLAIM5S 1. A method of inproving the SiGe

bi pol ar yield of a sem conductor heterojunction bipolar transistor
conprising the steps of: (a) providing a structure which includes at |east
a bi polar device region, said 5 bipolar device region conprising at |east
a collector region formed over a sub-collector region, and a Si Ge | ayer
formed over said collector and subcollector regions, said SiGe |ayer
conprising at least an intrinsic base region and a collector-base junction
region, wherein said intrinsic base region is abutted by



extrinsic base regions; and 10 (b) inplanting Cinto at | east one region of
said structure selected fromsaid collector, said sub-collector, said
extrinsi cwbagaomegi ons and said col |l ector-base junction PegiEM2/06223 The

met hod of Claim1 wherein all four regions are inplanted with C. 3. The
met hod of Claim1l1 wherein step (b) includes a source of carbon. 15 4. The
nmet hod of Claim3 wherein said sour@AIMSCi s CO2. 5. The nethod of Claiml
wherein said collector region is inplanted with said C using a C dose of
fromabout 1 E13 to about 1 El16cm 2 and an inplantation energy of from

about to o] V. t hgyeh Of i el n ' ctor
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an i nphaterejunotior bipaiar Mnaﬂoubomﬁnklﬁy thé stdgeeofret hod of Claim 1 wherein
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base regions are i ant th cusin

cm2 aextriaeicibaﬁeatragmns;’andnergy of about 15 keV WO 02/ 101810

PCT(éEPOZI 06&% J[ }h od of da 1 wherein said collector-base
Ktion re n%nt'n%ﬁ 'QFﬂ ahlsgst pnepgias e& sAl strustesseelseted: samasridt 1
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about 200 keV alm 11 V\,her I'n sal or -
Junctlmnchetgrceglohs 5 inpl ant ed vmth said Cusing a C dose of about 1 E14
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3. The method of Claim 1 wherein step (b) includes a source of carbon.
15 4. The method of Claim 3 wherein said source of C is‘COz.
5.  The method of Claim 1 wherein said collector region is implanted with said C
using a C dose of from about 1E13 to about 1E16cm™® and an implantation energy of
from about 5 to about 200 keV.
6. The method of Claim 5 wherein said collector region is implanied with said C
0 using a C dose of about 1E14 cm™ and an implantation energy of about 20 keV.
7.  The method of Claim 1 wherein said sub-collector region is implanted with said
C using a C dose of from about 1E13 to about 1E16ecm™ and an implantation energy
of from about 10 to about 1000 keV.
8. The method of Claim 7 wherein said sub-collector region is implanted with said
5 Cusing a C dose of about 1E14 cm™ and an implantation energy of about 400 keV.
9. The method of Claim 1 wherein said extrinsic base regions are implanted with
said C using a C dose of from about 1E13 to about 1E16 cm? and an implantation
energy of from about 5 to about 200 keV.
10. The method of Claim 9 wherein said extrinsic base regions are implanted with
0 said C using a C dose of about 1E14 cm™® and an implantation energy of about 15
keV.



het er oj uncti on bi polar transistor conprising the steps of: (a) providing a

structure which includes at | east a bipolar device region, said 10 bipolar
devi ce regpDo/iesmpri sing at | east a collector region fornmPdT@mPEr/0@23

sub-col lector region; (b) inplanting {zinto said collector and said

sub-col l ector regions; (c) formng a SIiGe |ayer on said bipolar device

regi onl1sai th&i ethoyeof Claimpri swhareih baials tcolactonbasasjunctias eragign oig and a

col | ector-base junctiaon region, 15 wherein said intrinsic base region is
abut t oHMBANISE WthSAld Beissing ads §Rse of P ABPHR] EAG leabavio] 516 eTEiand 8 ¢

base rﬁﬂbl%ﬂfétion.(ﬁ%rbwm%ﬂl Aot %56{&2‘ ggyon said SiGe layer; (f)

provi di ng an em opening In sald i1nsulator’ |l ayer so as to expose a
portiomn2of Fke dmettiod refi Cldimsd 1r egiarsinasdid rgdliedlordas€ jumctioghregionl em tter
openpi nﬁ'go! 0, and. thr ough t he exposed_portion of said intrinsic base region
into t fePlapiacwitd saihdisinga & fese pbgbewt TR o) andanirmplastation energy

pol ysi bj r4i on said insulator layer, including in said emtter
openi ng.gq(%jﬂft.ﬁg'h%vhet hod of Caim 13 wherein said collector region is,

i npl ant@d wAt Imethiod ©f impwiimy theC 8ihe bipdidonyigkiowf k Edémiconalbetdr 1
E16cmﬁ and, an i n“Bl_ antation energy of fromabout 5 to about 200 keV. 15.
The neb@legolgnClPm piRolar ansidercyBpesipg the stens ¢fegi on is i npl anted with said
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1E16cm an@ %n i@rg)l antation energy of fromabout 10 to about 1000 keV. WO
02/ 101B1YCPEIRPEY®E023 14 17. The nethod of C aim 16 wherein said

sub-col | ect P IS i | ' _MSi se of about 1
El4 cm 2 angf)alm in@ﬁgn?éﬁt??g@%@%%&% da%%tq% ugo%lﬁfegg\r/ﬁ‘eggﬂg,r he met hod of
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15 wherein said intrinsic base region is abutted by extrinsic base regions;
(d) implanting C into said extrinsic base regions;
(e) forming an insulator layer on said SiGe layer;
(f) providing an emitter opening in said insulator layer so as to expose a
portion of said intrinsic base region and implanting C through said emitter opening
0 and through the exposed portion of said intrinsic base region into the collector-base
junction region; and
(g) forming an emitter polysilicon region on said insulator layer, including in
said emitter opening.
14.  The method of Claim 13 wherein said collector region is.implanted with said C
5 using a C dose of from about 1E13 to about 1E16cm™? and an implantation energy of
from about 5 to about 200 keV.
15.  The method of Claim 14 wherein said collector region is implanted with said C
using a C dose of about 1E14 cm* and an implantation energy of about 20 keV.
16.  The method of Claim 13 wherein said sub-collector region is implanted with
0 said C using a C dose of from about 1E13 to about 1E16ecm? and an implantation
energy of from about 10 to about 1000 keV.



20. The nethod of Claim 13 wherein said extrinsic base regions are
i nplanted wth said C using a C dose of from about 1E13 to about 1E16 cm 2
and an iwploanomie on energy of fromabout 5 to about 200 PEV/EPADOR23 The
met hod of Claim 20 wherein said extriggic base regions are inplanted wth
said Cusing a C dose of about 1 E14 cm 2 and an inplantation energy of
about 175 kebhe methaSUe)flr@IahngeoWhﬁ}ah rsgioBsmbexoﬂéctos aﬁgionqé:clﬁ?plwﬁe@gam
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about 2QQ keV. 23. The nethod of C aim 22 wherein said collector-base
junction region is inplanted with said C using a C dose of about 1 El 4
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15 implantation energy of from about 5 to about 200 keV.
23. The method of Claim 22 wherein said collector-base junction region is
implanted with said C using a C dose of about 1E14 cm™® and an implantation energy
of about 20 keV.
24. A SiGe heterojunction bipolar transistor which has improved SiGe bipolar yield
20 comprising:
a semiconductor substrate of a first conductivity type including at least a
sub-collector region and a collector region;
a SiGe base layer formed on said substrate, said SiGe base layer comprising
at least a collector-base junction region formed over the collector region and an
25  intrinsic base region, wherein said intrinsic base region is abutted by extrinsic base
regions; and
an emitter region formed on a portion of said intrinsic base region, said
emitter region comprising at least an emitter polysilicon region, wherein at least one
region of said structure selected from said collector, said sub-collector, said extrinsic

30 base regions and said collector-base junction region includes a C implant.



further includes isolation regions. 28. The Si Ge heterojunction bipolar
transistor of Claim27 wherein said isolation regions are LOCOS regions or
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30. The SiGe heterojunction bipolar transistor of Claim 29 wherein said SiGe base
layer includes polycrystalline SiGe regions abutting a single-crystal SiGe region.
31. The SiGe heterojunction bipolar transistor of Claim 24 wherein said emitter
15 region includes a patterned insulator layer.
32. The SiGe heterojunction bipolar transistor of Claim 31 wherein said patterned
insulator layer is composed of an insulator material selected from the group
consisting of SiO., Si oxynitride and multi-layers thereof.
33. The SiGe heterojunction bipolar transistor of Claim 24 further comprising
20  digital logic circuitry formed adjacent thereto.
34. A SiGe heterojunction bipolar transistor comprising:
a semiconductor substrate of a first conductivity type including at least a
sub-collector region and a collector region which are both doped with implanted C;
a SiGe base layer formed on said substrate, said SiGe base layer comprising
!5  atleast a collector-base junction region formed over the collector region, an intrinsic
base region, and extrinsic base regions abutting said intrinsic base region, wherein
said collector-base junction region and said extrinsic base regions are doped with
implanted C; and
an emitter region formed on a portion of said intrinsic base region, said

0  emitter region comprising at least an emitter polysilicon region.



