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present invention relates to sﬂmmmﬁﬁmm het er oj uncti on bi pol ar

transi st oma) 02anmgieor e parti cul hod of fabri ce¢i/pen2meias Ce

het eroj unction bi pol ar transi stor *i6§6thi ch the Si Ge bipolar yield Is
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suppressing "dislocations that cause collector-emitter (CE) leakage or shorts, or

collector-base (CB) leakage or shorts.

Background of the Invention

10 Significant growth in both high-frequency wired and wireless markets has
introduced new oppo;'tunities where compound semiconductors such as SiGe have
unique advantages over bulk complementary metal oxide semiconductor (CMOS)
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 teéhnology base for digital
logic circuitry.

It is well documented that excess interstitials creéted 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



carried out In the prior art to prevent the out-diffusion of boron into the
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avoiding pipe shorts.

A need also exists for a method of fabricating a SiGe heterojunction bipolar transistor

using processing steps that are compatible with existing bipolar and CMOS processing steps.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention, present carbon, C, is implanted
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, 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.

The greatest enhancement and most preferred embodiment of the present invention is
obtained when all the C implants, as defined hereinabove, are employed. The improved SiGe
bipolar yield obtained by the present invention is a significant advancement in this art since it

results in a device having substantially less pipe shorts than heretofore possible with prior art

SiGe heterojunction bipolar devices.
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carried out by blanket or masked inplant techni ques well known to those
skilled in the art. The greatest enhancenent and nost preferred emgtm
of the present invention is obtained when all the Cinplants, b
her ei nabove, are enployed. The inproved SiGe bipolar yield obt ai ned by the
present invention is a significant advadcenent in this art since it
results in a device having substantially | ess pipe shorts than heretofore
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of a sem gaHifisQhe &g‘;sedfm unction bipolar transistor conprising the steps
of: (a) providing a structure which includes at |east a bipolar device
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intrinsic base. regl on is, abutted by, extrinsic base regions; and (b)
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col | ect orintrfiicthasdRepfonlid @cﬁﬁt@ﬂ byé)@thQS@}Sﬁsre rggslbr?s bape regions and said
col | ector-base UHCFI on ion. According to another aspect of the present
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of: (a) provid’ng a ructure PHc
regi on, sm@gidn. bi poI ar device region corrprl sing at |least a coI | ect or region
formed over a ol | ect or n npl ant i n%PC iinto said collector

and said sub- ‘i°|° B f0 praghes ri’§gl 085 “feo?rﬁ%eﬁb Ny eRiiqte theag és PioWided iagmpthpe ofr
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region and a co Iector- ase junction region, wherein sai rinsic base
regi on i sCoRmpSIgdhasfersely i nsi c base regi ons;

(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;

(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;

()] implanting C into said extrinsic base regions;

(e) forming an insulator layer on said SiGe layer;

® 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 and through the
exposed portion of said intrinsic base region into the collector-base junction region; and

(2) forming an emitter polysilicon region on said insulator layer, including in said
emitter opening.

According to still another aspect of the present invention, there is provided a SiGe
heterojunction bipolar transistor having improved SiGe bipolar yield comprising:

a semiconductor substrate of a first conductivity type including at least a sub-collector

region and a collector region;
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(d) inplanting Cinto said extrinsic base regions; (e) formng an _
insulator layer on said SiGe layer; (f) providing an emtter openi nd 2 DEC 2005
said insulator layer so as to expose a portion of said intrinsic base
region and inplanting C through said emtter opening and through the
exposed portion of said intrinsic base-#degion into the collector-base
junction region; and (g) formng an emtter polysilicon region on said

i nsul at or | ayerSiGetabdidyéigfotedén Shid SiBstrhR sakPSitid Whse P@@pé&ﬁm_iﬁéat%ds{ b
anot her aspect of the present invention, there is provi d_ed a Si ‘
het er oj urfOIPSRr-BAsp dynetion regian &arpied 961 Wy colprteniseaiosiacd apiipwingic baseragion,
conpri si ngs 1 reaS: f 1 Chhvdr Yoch RS
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[ R\ LI BPRESBBOI, adtinglAvi@sthPSTORGegion=nd4 a Si Ge base | ayer fornmed on said

Substrate, said Si. base .| ayer conpr.isipg.at lLeast a collegtor-base
junction regi St eftg%ggg@gé?m{eﬁém&p? o) 8?%‘@5? iczbage é‘?g“?%ts?‘ﬁﬁg}“&rtﬁ%%“
region, doRpiieing abRiat dnidniittBSpdlylan rb@6h,Ohdréin aPlehdt e PaEiSKbS datPbtruchRs e _
regions that are located in upper regions of a single-crystal SiGe region;
and an enﬁeﬁwﬁ‘ froy padh opliscts dsagshsub-qodieetpb maigexginisie bane ragrans and said coligsitarn,
said emt ; i ioft ARLdeS i east an emtter polysilicon region,
wherein a}%agfjgggt?in%gemﬁegi odr?§g1l‘&qgg)?%1lt'st ructure selected fromsaid

col | ector, saiAtceudingtsl stdtamothersmpett @ftthé pebent imeatioggtheresis pnevidal & SiGe

| | ector, junction region includes i npl ant. According to still
anot hor _dEBaRR R Tl R P P e Re Friied a S co

het er oj unct i on sem@ndiictbr ABSARE Of a GRIPSAdILRGLy S RlcAire ANSsE4 Ab-CARPLE Ses:
a sem conduct or suq%}ir ate of a first conductivi té type 1 ncluding at | east a
il

sub- col | SE8187 a4 BeRitsionFrEion whrh atechorh dapgrl rithimplntcdis bot h doped wi th
inplanted C & SiGE®alka@Ger OMFLd (}tﬁari@glb@ ars Aafll SiRYabMaSer GRiis ﬁecég 1358

| ayer conprising at leaSt a collector-base junction regiontorimed over t he
col | ect orcoHegiprdbpse function rdginyi formed everghé oollectmdegien tani inginsichase regig] ombs

abutting S irdic gakd ie%?oing agﬁtﬁgg o5 iirﬁ'pmsic\zlvgaesreeriegr}or?,a\iz}ger&g lslli Cctoﬁgc_t(?r?bsa%e %u%gt%r; on
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 emitter region
comprising at least an emitter polysilicon region.

According to still another aspect of the present invention, there is provided a SiGe
heterojunction bipolar transisfor having improved SiGe bipolar yield comprising:

a semiconductor substrate of a first conductivity type including at least a sub-collector
region and a collector region;

a SiGe base layer located on said substrate, said SiGe base layer comprising at least a
collector-base junction region located over the collector region and an intrinsic base region,
wherein said intrinsic base region is abutted by germanium-containing extrinsic base regions
that are located in upper surface regions of said SiGe base layer, yet not in direct contact with
said intrinsic base region; and

an emitter lregion located 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 base regions and said collector-

base junction region includes a C implant.

[RALIBPP]03507.doc:AVC



region and said extrinsic base regions are doped with inplanted C, and an
emtter region fornmed on a portion of said intrinsic base region, sl DEC 2005
emtter region conprising at |least an emtter polysilicon region.
According to still another aspect of the present invention, there is
provided a Si Ge heterojunction bipol ar4aransistor having inproved Si Ge

bi pol ar yield conprising: a sem conductor substrate of a first conductivity
type including at |east a sub-collector region and a collector region; a
Si Ge base Iaycef{\ | ocated on said substrate, said SiGe base | ayer. conprising
at least a coPfeEBE fosell aP?Jt:l?Ert ?SBHCtr‘B"g‘LBrﬁ’rqsﬁ‘&tdpé‘a’“@()eﬂlet%@ rieyided o gyiGe
regi on angkt@Biunbiidn B1816r [EYaYaF r €} hd inske phase region is
abutted by geJr mni.ungcont?‘giéﬁgoﬁlgggg ]rnllpnrg?a? %ta}ggﬁ@eégiyﬁ)ﬁ%%sgngre | ocated in
upper surface #sagienslugtpr subisdatgioCe fins senduatieity typetnchating at lckist estb-callecmet
with sai gf-omaébg%%)ﬁecleoqﬁgi ggion; and an emtter region located on a
portion of “said I ntrinsi dse region, said enmtter region conprising at

| east an eni t teSiGecbays ldybciobatedgn eald sildaaR] hi@Bideast 18RLHBSiHp Afcaah d
structure .selected fromsaid collector, said sub-collector, said extrinsic

base regi BWETHA S d1erUion Paet feated aver (haroflpaler Tegignawdi ancintitnsis kascraginh ant .
[ R\ LI B Whertifd3sakd tntrifkde ba® Mgfonlid doefed B %oh—g%ﬂnarﬁﬁrﬁoéog't%qné %x%\'sicl base
anot her aspect of the present 'invention, there I's provided a’Si

het er oj un€gioBh thst 9es ocated dm yppercurfaen ragtpns mirseideSiGSi @se iypn| &t nyi @ direct
conpri si ng, LGQRE . rate of a first conductivity type

i ncl udi ng&é{%ﬂ%} gggltsﬁgﬂgﬂﬁégé Sﬁg%?%nr’ anc‘r?egi on and a collector region; a SiGe
base | ayer | ocatenitternregiahdoctddsdn’ ep@tion 8f shidintinsRAbRe ki, sHiQM Rk irBfoft

| east a coll|lector-base juncti ?n.r_egi on located over the collector region
and an i fPIREIS B LEE PRl polyailisonitreien:; hersip ot leastonp segion efaishstrusture
abutted hyleoRa-fam BRACOMBcERNAd AILAbIRAE, Bl & trBRR ba éf‘egﬁo%%n& DRk cBfi&tor-

| ocated in upper surface regions of said S Ge base fgay r, yet not In direct
contact iaRIUagkien Tegopiingdydes pAsiEplangi on: and an enitter region |ocated on a
portion of said intrinsic base region, said emtter region
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conprising at least an emtter polysilicon region, wherein at Ieasé ZIOBe
region of said structure. selected fromsaid collector, said sub-col E:QZﬂﬂS

'said extrinsic base regions and said collector- base junction region

i ncl udes wodmh@nt. [ R\ LI BPP] 03507. doc: AVC 12 DEC 2008940391810
PCT/ EP02/ 06923 5 r Brief Description_of the Drawings FIG1 is a
cross-sectional view of the inventive®Si Ge het er oj uncti on bi pol ar

transi stBrisf DeseAptionaf tskeBrdwingsor porated into the col l ector, sub-collector,
and extrinsic base regions and/or collector-base junction region of the

devi ce. 5 FI & 3.1 @cpssrapctionalyipwnell theiiaventivei Sikies heterojunatiost bipelanr e of
FIG 1 ' ' .of t tion. Detailed
besr i pt EogS WD KBIeRC S ShEBtSRIGT i, ik RUREEE, s PR 4l 1o ¢ he

use of exirimpicdwaise régions andfoy collect&i-as umlowregidﬁldt% bbviggw be descri bed
referring to FIGS 1-7 and 10 the discussion that appears

I n ngre detaH §)y g . . ]
her e? nbel ow. " 135 &7 iyeearasfsectionalhvews auhialy sshawre the strusture sefoRt rig

el ement gyraii6h Valdis" { ' Iﬁ{'% als. Also, for sinplicity,
only one bi%'(')l ar&{iglg%ée&#r?g?tghgﬁys ow%&?tﬁm{%gﬁhr awi ngs. Gt her bi pol ar
device regions as well as digital logic circuitry may be fornmed adjacent to

t he bi pgl.ar vice.reqi.on depicted In the draw ngs. 15 Before discussing
t he pre@gﬁ'legﬁéﬁf'ﬁb% %ﬁﬁaé@‘éﬁe]t',oni t is noted that the drawings depict the
preferred enhioglprazeit ehtish WA reRtM R BN deNGt §ii)r§§lajn?§’ fdr il’nérofv[?fﬁg.

a : i's

enbod nEIfts DERIE! Jd MICnew e desculidiis mare cBtainkycig magriorFI6sl B7tdnd: op
R0 P BR5etal Bopded 4 8ol i TGS VB b B B ooy o
f or med eX¥REPeNding elementharsi @ferrad do. byllike, referenes tiaherals. t h&ls8essr i pti on
that f Oéih?)‘ﬂ@it)j,.%ﬁf&ﬁ@rb%ﬁjo?aroée\%cg %:gukr)ﬁ Ié ghg\}vk iltl ?Hé Jrg\%n%rs].s 'Other bipolar
device regions as well as digital logic circuitry may be formed adjacent to the bipolar
device region depicted In the drawings.
15 Before discussing the presént invention in detail, it is noted that the drawings
depict the preferred embodiment 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 séid 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 blipolar 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. Isolation regions 12 which are also present in

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



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

col l ector-base junction region. Such Cinplantation into all four12@gt9m§
represents the nost preferred enbodi nent of the present invention. Thé

present | mwenbii@si s however not 25 limted to Cinplant $dmitpgysash of
these four regions. Instead, in the present invention, at |east one of the
regions nmust include Cinplants. Reference is first made to FIG 1 which
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101810 PCT/ EP02/ 06923 I sol ate the
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] ungti o lon 27, .also referred to In the ar

![ h e(i{):l ev ;55&4881?(3 ﬁ@}?dgpg%ﬂf Bragent dnvestion.clbe| eallestorbage gunction region,
accor daand thé bltrinsié Bgﬁtﬂ(;%m the: £ nt,i t he
col | ector - base jnu?l'c?fiagﬁﬁggfigg,r@ andat e ‘g@{ rCi ﬂ%.‘@@ﬁ%@'%e%ﬁ%@“ﬁ% bot h
doped wPPlifl e isgparaing sashi palycrietalinerSiGet tegions frofditta sieglseppstal SIBb each

ot or r orpdtan IR Iare o PP B b BEA Tre' b pol ar transistor of FIG 1
al so conpri s&ke diipelartransigtamnol &FIGhic Alsolbomprdesdemifat t&giaehd WHidRt O
| aygy 39\0%5& rbatﬂtgﬁneat‘jningtrlrllaiotrelzrslyglp Sglwrl’gcﬁc %rag%(ljw érﬂﬁtre?o?)ening formed therein
and a region of emitter polysilicon 32 formed on said patterned insulator layer as
well as in said emitter opening. The emitter polysilicon is typically doped N+. Note
that after formation of the emitter polysilicon, dopant from the emitter polysilicon is
diffused into the intrinsic base region forming emitter diffusion région 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 junétion region, reduce

the number of dislocations that are present in the structurs. 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

10 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 detall.



and a region of emtter polysilicon 32 formed on said patterned insul ator
layer as well as in said emtter opening. The enitter polysilicodZ BEC 2005
‘typically doped N+. Note that after formation of the emtter polysilicon,

dopant fro@dhReisgm tter polysilicon is diffused into thgrgisbdsd ¢ base
region formng emtter diffusion region 34 in the 20 intrinsic base region
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Si Ge  bRegdrance ishirdt mﬁaa|u§¢=|@mewﬁidhrmimttﬁe Umdlmmpegicﬁem an irfighI" €gi ons,

i
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greatest affect is observed when all the rggi ons include Cinplants. In
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PCT/ EP02/ 06923 7 Reference is first nmade to FIG 2 i ch shows the bipolar
devlce SPRYGUUGtars.an ilavered substiatesr compsisings thepl e3rea igr tdilferantsent
inventigg febvh tod .. gt t : pe I ' trage 10
(havi ng oot eRely matbridh Bitk, JUSL 8 BYSIA! arg e cOAPICIEER SRR L8F T g1 ons
12 f or thase $amiepndugingmeatetialscit is preféroechthat sebstrate i19 HeabompasertiofiSi. ng

ST ABRBhSHERTAT o, AR B RLE N S5BSURe'R PR MBS 0 L
ar e useddpendihglonithatypegoftdewicoatotbe subseqasmtiyfbemedubstrate 10 i s conposed of
anys sem con ld Eciorl]gctg}51 lt'e%rignalm iisnfgln%gid r|]r9, o?%tepn%ively on the substrate by using
any well known technique that is capable of forming a sub-collector region in such a
structure. Thus, the sub-collector region can be formed via implantation or by an
epitaxial growth process. Note that the drawings depict a sub-collector region that is
formed into the substrate via on implantation. Isolations 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
procesé is typically carried out at a temperature of about 950°C or above for a tirr'le
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



limted to: Si, G, SiGe, GaAs, InAs, InP and all other I11/V cogpound 10
~sem conductors. Layered substrates conprising the sane or differ tDEC 2005
sem conducting material, e.g., Si/Si or Si/SiGe, are also contenplated
herei n. Gvooth@ms®m semiconducting materials, it is preferpcakphh@pbysubstrate
10 be conposed of Si. As nentioned ove, the substrate may be a N-type
substrate or a P-type substrate depending on the type of device to be

subsequihat Iryséme rembodlhefteptrohdjacdritidevRel rRGiohd dré fériidMakdrbonflletely
alter n?abvel on the substrate by using any well known technidque that is
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30 seconds or | ess. Aﬁpthl s paint of the inventive process, the bipolar
devi‘ce %ﬁ??{ﬁyﬁizﬂﬂm akoyt 9 tocﬁ'b(%M" 1§90 kay ipemploesdoeimplgnting Giintg the
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stteps which are capable of formng a J acent device regions C
per f or HSING A dpse ehpbeuti Uil bemErandaan inelantation ienergyeofi abrout 20cke\s fdrs equent
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adj acemay bewsed neat)(iennonrmixed), rardt mby do mixew vithedry insftagits @hi atgHbhe
bi B3 o L4 2R%68L YHnplants may be blanket or masked using technigues well known to
those skilled in the art. In some embodiments, it is possible to omit implanting C into
the collector and subcollector regions.
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 protécted.
Applicants have determined thaf the first C implant step mentioned above
allows for a carbon source to be present in the structuré 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
0 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 collector region.



The next step of the inventive process is shown In FIG 3. Specifically, FIG
3 shows the ion inplantation of Cinto sub-collector region 14 ant? pec 2005
‘collector region 16. 5 The source of carbon used for inplanting these

regi ons i woo2@emsaat ai ni ng material such as C02 or any otpeErEkg20Ms ai ni ng
gas source. This first Cinplantation,step which may be carried out
utilizing a one or two-step process ig carried out using a C dose of from
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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
fegion 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. Note that in some
embodiments, the second implant step, i.e., C implant into the extrinsic 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.
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utilizing lithography and etching. The etching step used is selective in removing the
insulator material as compared 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
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.

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
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.



is carried out using a C dose of about I E14 cm2 and an inplantation
energy of about 15 keV. The sanme or different C source as used in1ﬂh6ECZW5
first Cinplantation step may be used in the second carbon inplantation
step. Notwddavisaim sone enbodi ments, the second i npl ant p&i/gR2/06928., C
inplant into the extrinsic base 30 regions, my be omtted. An N-type
dopant inplant (not shown) may optioﬂ Iy be carried out in the pedestal,
i.e., colledConvemisral BICMOS pregiseing? GlopaneHagr tHipl b@\fﬁ@ﬁom @m #p at this
point of the inventive nethod so as to form a device which operates at

hi gh- spiure;snyarin g 1ap Note thak emitterlifnsion 0egiea 34 ds Terenashin theal
N-type i ; i I V. i onal processing

t echni qﬂgg@ﬁl%%é%‘lﬁgm&%fd@ﬂ{%gﬁ%%géghﬁ%eﬁﬁgﬁ% the art including, for
exanple, ion inplantation and activation annealing. It Is noted that
during this inplant step, dislocations may also formin the structure
causi ng shorts due to inplantation 5 damage caused by the inplant. The
region where this occurs inis typically just belowthe intrinsic SiCGe
base region. Next, and as shown in FIG 6, an insulator layer 30 is formed
on Sl Ge base layer 20 utilizing a conventional deposition process such as
CVD, plasma-assisted CVD, chem cal solution deposition and other |ike
deposition processes. The 10 insulator may be a single |layer, as Is shown
in FIG6, or it may contain nulti-insulator |ayers. Insulator layer 30 is
conposed of the same or different insulator material which is selected
fromthe group consisting of Si02, Si oxynitride and other |ike
insulators. Emtter opening 31 is then fornmed in insulator |ayer 30 so as
(to expose a 15 portion of the intrinsic base region, See FIG 7. The
emtter opening is fornmed wutilizing |ithography and etching. The etching
step used is selective in renoving the insulator material as conpared to
the SiGe layer. At this point of the present invention, C may be | nplanted
into collector-base junction region 27, also referred to



in the art as a pedestal region of the device, using a third C lon

i npl antation process 20 that is carried out using a C dose of fron1gggﬂi @
E13 to about 1 E16 cm2 and at an energy of fromabout 5 to about 2 Q@ :
More preferably, the third Cinplant is carried out at a C dose of about
1E14cnm2 and an energy of about 50 keV:-1Note that the third Cinplant step
i ncludes the use of the sanme or different C source as the first Cinplant
step and €haiMEn sone enbodi ments the third inplant may be omtted. t5
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etching steps. may be enployed in reppoving these | ayers. 12 DEC 2005 %b
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region 34 is forned in the intrinsic base region 26 during a subsequent
anneal i ng stepgb) 12mpRginn@into kP leasplons region Afnwid odudirei sghaceedi figmt $add Si Ge

bi pol ar i f 1 C ojuncti.on hipolar transistor ..
conprisiﬁ%ﬁ%ﬂggé?gbgagyﬁgggy %@%&?gﬁﬁ% %%nggg?%ngﬁﬂF€ﬁ°$ﬁ§V%@§%“§?“Wbast
a bi pol arregiew.i ce region, said bipolar device region conprising at |least a

col l ector region formed over a sub-collector region, and a SiGe |ayer
formed over said collector and subcoll ector regions, said Si Ge |ayer

2. The method of claim 1 wherein all four regions are implanted with C.

3. The method of claim 1 wherein step (b) includes a source of carbon.

4, The method of claim 3 wherein said source of C is CO;.

S. 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 implanted with said C 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 1E16 ¢cm™ 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 C

using a C dose of about 1E14 ¢cm™ and an implantation energy of about 400 keV.
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conprising at least an intrinsic base region and a coll ector-basey} tion
region, wherein said intrinsic base region is abutted by extrins?zﬁﬁ J&h
regions; and (b) inplanting Cinto at |east one region of said structure
selected fromsaid collector, said sub-collector, said extrinsic base
regions and said collector-base juncti-of3-region. 2. The nmethod of claiml
wherein all four regions are inplanted with C. 3. The nethod of claim]

wherein siep (e mékédeaith $WHetsn 0fid CRIHRAGE basehregibA® afEihipPshtdf with 33
wherein said source of Cis The method of claim1 wherein said

Cc2, 5.
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1E13 to afgiits dEL8GHod k@0d an inplantation energy of fromabout 5 to about
200 keV. b. f%e nethé@ o?'clain15 wherein said collector region is

inmplanted with said C using a C dose of about 1 El14 cm2 and an
i npl ant atjon keV. . 7. The nethod of claim1l wherein said

, 2
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1E13 to abpigla QB3R ofabut ARU4 3R 2iaHP bR MhFhhtiorediRfedYoraboltgevabout 10 to
about 1000 keV. 8. The nethod of claim7 wherein said sub-collector region

is inplanted with said C ‘using a C dose of about 1 E14 cmz and an
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and an iqglan%agign §ng?ﬁy from about 5 to about 200 keV. 10. The

nmet hod of g(ﬁﬁé WA @%rd extrinsic base regions are inplanted with
said C using a C dose of about IE14 cm2 and an inplantation energy of
about 15 keV. 11. The method of claim 1 wherein said collector-base

j uncti on Yegi dieinethodplimgl hwvhereingaidroteqias-bage surction segiasr isfimplentedovith 1E13

to about s} glGugng 2CHEe S IPIFARLATT 41 ANRHBNt8bn ehd P ARRYE 2Pk P about 200

keV.

13. A method of improving the SiGe bipolar yield of a semiconductor heterojunction
bipolar transistor comprising 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;

) implanting C into said collector and said sub-collector regions;

(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;

(e) forming an insulator layer on said SiGe layer;

® 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 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.
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12. The method of claim 11 wherein said collector-base junction regi %n
inplanted with said C using a C dose of about 1 E 14 cm2 and an DECZUUS
i npl antation energy of about 20 keV. 13. A nethod of inproving the SiGe

bi pol ar yield of a sem conductor heterojunction bipolar transistor
conprising the steps of: (a) providing B structure which includes at |east
a bi polar device region, said bipolar device region conprising at |east a
col | ect or14. egi Te rhethoddf dyier 1 hwkerbincsald w@tie@br fegidndimpliktpd vithlsaidtd 0gnga i Nt 0

a1 b pot dpapdTrom SPuf B Con et S SR st nnensy otinee soghi S 0

i ntrinsi cadasmoriei.on and a col |l ector-base junction region, wherein said
intrinsic base region is abutted by extrinsic base regions; (d) inplanting
Cinto sai d extri nsic base regi ons; (e) form ng an i nsul at or I ayer on said

to expose a por ion Frnsic ase r

said em t(EdosecqfeaboutgEamdmtzfnmdlaghnﬁlhﬁtatn@xmsgd)fmebﬁtlmmem said intrinsic
base region into the collector-base junction region; and (g) formng an
emtter polysilicon region on said insulator layer, including in said

em tter openi Nthe rh&hbd—'oBEﬁ]rQ&@o\Zhéiélﬁ ﬁ)ﬁc‘su%a:oﬁg&olz n 1sjlﬂi£ia4lted-r\bﬁh %H@d (C)Zf

claim 13 wherein said collector region is inplante C using a
dose of fYsHIE mbolpse of fromzaboyt ABbL o abomt 116 am? %ldcﬁnamnlanmt@ntmtngamfé‘m ay
of from aRgut1PiolaBoutdPBlke 00 keV. 15. The nethod of claim 14 wherein said
col l ector regi or(1) |(s)u| ?p?la%\tzed wth said Cusing a C dose of about 1E14 cm
2 and an inplantation energy of about 20 keV. 16. The nmethod of claim 13

wherein sajd ion i.s inpl d wwth said C using a C dose
of froma 0ut 1’36‘%‘ EB{'ﬂm q%évaeéeleﬁ?‘gp%‘ﬁcfoﬁﬁ“f’hﬁg%t igtiglntsdev gy sad G r om
about 10 dsingabOdbseldIQBoa¥14 &h? ah@n 'ffﬁlslmgn&i‘ erfékg%ﬂéﬁai',@ut%@fk%vn sai d
sub-coll ector region is inplanted with said

18.  The method of claim 13 wherein step (c) comprises a deposition process.

19. The method of claim 18 wherein said deposition process is an ultra-high vacuum

chemical vapor deposition (UHVCVD) process.

20.  The method of claim 13 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.

21.  The method of claim 20 wherein said extrinsic base regions are implanted with said C

using a C dose of about 1E14 cm™ and an implantation energy of about 15 keV.

22. The method of claim 13 wherein said collector-base junction region is 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.

23. The method of claim 22 wherein said collector-base junction region is implanted with

said C using a C dose of about 1E14 and an implantation energy of about 20 keV.
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using a C dose of about 1 E 14 cm2 and an inplantation energy of about 400
keV. 18. The nethod of claim 13 wherein step (c) conprises a deposin@EC 2005
process. 19. The method of claim 18 wherein said deposition process is an
ul tra-hi gh vacuum chem cal vapor deposition (UHVCVD) process. 20. The

met hod of claim 13 wherein said extrinsik- base regions are inplanted with
said C using a C dose of fromabout 1E13 to about 1E16 cm 2 and an

i npl antation energy of from about 5 to about 200 keV. 21. The net hod of
claim 20 erejn_sai d extrinsic base regions are inplanted with said C
using a @V‘\{gosé& o$‘%‘§bg‘ﬁtter°1‘lt_'§ﬂ°%n?‘PQIafarF&P“éﬁtOF nkAViE dBPEYed neiGsy binolapyifld 15
keV. 22. bheridgbhod of claim 13 wherein said collector-base junction region
is inplanted with said Cusing a C dose of fromabout 1 E 13 to about 1 E
16 cm 2 and ard Semptoaducien sirsteatephy fist corfducivintivpe insludingas deast 2O0-dodlvetor 3,

The net hg_g%g{) ﬁ&l ngcf%éry%%nei n said collector-base junction region is
sai u

i npl ant e ng a C dose of about 1 E14 and an inplantation
ener gy of aboutSi?e baslayé¢rRokrhd BRPAB sublitatel0idMGebdsdaGer2Mprisiy aldeasts Si Ge
het er oj unchi on lléaiﬁ]gol ar. transi stor having i nproved Si Ge bipolar yield,

conpri si fgHeAOERAF LYIHOR FeO% Tismed ave B callkiordeeien ABY @R iivringic psreregion,

i ncl udi Ngwiddreih @A lintfinSib BageQLi6e IsUbuttéLH) %ﬁﬁs‘?@b%c? i+1ﬁctflﬁraré 0948 in \g)pg% Ge

base | ayer fornmed on said substrate, said SiCGe bas ayer conprisin
| east a TegiPnetfiaginglersesialibificiregion,@gilon formed over the coll ector region

and an intrinsi eqi ereil.n said intrinsic base region is.
abutted by exts<1 lf‘%ﬁ@?%ergégg fé%gigefig\r@l Ifqr%gn%f?sgldl eare ais%reﬁk?ﬁeﬁa’g?@&fe(’jﬁ%gl% a
si ngl e- cropsipaisingiaCeastegi entitteramdysiivos T dior wheagh oledsd bAE bgih ¢f AR dtiuefrof

said intripsic base.region, sajd emtter region  conprising at |east an
emtter €8F§?§ |fﬁ°8bﬁ‘“5 8‘3*6&?,“ Sr"«?rﬁrg?haﬁton éﬂg xgmgicbagf wRions 2 paid selisgtoryr e
sel ect ed HakOfim&aindegioh h@ﬁkj@gacqgjpmnﬁub- collector, said extrinsic base
regions and said collector- base junction region includes a Cinplant.
25.  The SiGe heterojunction bipolar transistor of claim 24 wherein said substrate is a
semiconducting material selected from the group consisting of Si, Ge, SiGe, GaAs, InAs, InP

and layered semiconductors.

26.  The SiGe heterojunction bipolar transistor of claim 25 wherein said semiconducting

material is Si.

27.  The SiGe heterojunction bipolar transistor of claim 24 wherein said substrate further

includes isolation regions.

28.  The SiGe heterojunction bipolar transistor of claim 27 wherein said isolation regions

are LOCOS regions or trench isolation regions.

29.  The SiGe heterojunction bipolar transistor of claim 24 wherein said SiGe base layer is

an epi-SiGe layer.

30.  The SiGe heterojunction bipolar transistor of claim 29 wherein said SiGe base layer

includes polycrystalline SiGe regions abutting the single-crystal SiGe region.
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25. The Si Ge heterojunction bipolar transistor of claim?24 wherein s;yz{n 2
substrate is a sem conducting naterial selected fromthe group consi's |ﬁ6 05
of Si, Ge, SiGe, GaAs, InAs, InP and |layered sem conductors. 26. The SiGe
het er oj unction bi polar transistor of claim25 wherein said senm conducting
material is Si. 27. The Si Ge heterojuncte-on bi polar transistor of claim?24
wherein said substrate further includes isolation regions. 28. The SiCe

het er oj uncti on bi pol ar transi stor of cIa:n127 wher ein sa;g |$ﬁlag!gg

regions are L > regions or trench isolation regions. 29. The Si .

hetg er oj undti onl @i %Qlea*?etwl&ﬂ%ti%lt jpolay transiston @&clmgéi whesgin paig epitigpsegiomyer

is an ephag Y&Ed i@l i Ge heterojunction bipolar transistor of
claim 299\}/]vchl§$§%nda§ai (Ejd gﬁthoggh?g | ayer includes polycrystalline SiCGe

regions abutting the single-crystal SiGe region. [R\LIBPP]03 507]; dloc_: Avg:4
12 DEC 2005 - .16 .. IThe.Si Ge heterojunctiaqn bipelar transistor o aim
wher ei n gsgi'd e etﬁé? hptgraiigton E‘@P@H Sﬁ%é’?flﬁ'ﬁgg ”YE}WEEGP éi‘gpaﬁteéﬁ}@'.ns‘gﬁpr The
Si Ge het dagyr URCbin@Bsddi AR inshlafRShat@dl sefectel aidth e BRRHEIIAsBRAL oPRIDLENEd
insulator |ayer iIs conposed of an insulator material selected fromthe

group corf&yeiigepndmufidayes;thergelni t ri de and nulti-1ayers ther eof . 33. The
Si Ge heterojunction bipolar transistor of claim24 further conprising
digital logic circuitry formed adjacent thereto. 34. A SiCGe hetgrolunctlon
bi pol ar t3ansilediGe batsrojwictign bipblotramsistorarfsianct4 fncthirdosgsising digltall logic
sem condugt o trate of, a first conductivity type including at least a
sub-col | éﬁcgﬂr{rﬁ?%zﬁdoaﬁjaﬁﬁn t}éer%t& |l ector region which are both doped with
inplanted C, a SiGe base |ayer fornmed on said substrate, said SlGﬁ base ]
| ayer conprising. at |east a collectaor-base junction region forne over the
col | ect orr egiAbg‘, eé}?tquPP?t%ib@%ﬁé@“?@gi HIPTIEHIE: Dépalaritiaapistope@yepisedji ons
abutting sai dalRnidoR@hGoABfrah S Lhtrst YRLE VY IH Fin RIS Gt WasPASS-dotB&h ON
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 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 extrinsic base regions are doped with implanted C; and

an emitter region formed on a portion of said intrinsic base region, said emitter region

comprising at least an emitter polysilicon region.

35. A SiGe heterojunction bipolar transistor having improved SiGé bipolar yield
comprising:

a semiconductor substrate of a first conductivity type including at least a sub-collector
region and a collector region;

a SiGe base layer located on said substrate, said SiGe base layer comprising at least a
collector-base junction region located over the collector region and an intrinsic base region,
wherein said intrinsic base region is abutted by germanium-containing extrinsic base regions
that are located in upper surface regions of said SiGe base layer, yet not in direct contact with
said intrinsic base region; and

an emitter region located 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
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region and said extrinsic base regions are doped with inplanted C 19%%05
emtter region fornmed on a portion of said intrinsic base region, sai
emtter region conprising at |least an emtter polysilicon region. 35. A
Si Ge heterojunction bipolar transistor having inproved Si Ge bipolar yield
conprising: a seniconductor substrate of7-a first conductivity type
including at | east a sub-collector region and a collector region; a SiGe
base | ayeatletted ditoadsaid csltdcthr ssassubadotiectoisald Skimsiods s teghont atdgid colidgi@rat

| east a .col|ector-base junction region |ocated over the collector region
and an i rﬂanJHB?t@"Hﬁ%‘@“I“E’ﬁﬂdgﬂ?cWW?&“ in saidintrinsic base region is
abutted by gernmani um contai ning extrinsic base regions that are |located in
upper surface regions of said Si Ge base |ayer, yet not in direct contact
with said i ntlihienSGe hrderejunetiinobipolan trapsistemdf tlerm r3&gwhereinosad eubstmateais a

portion qf said Lntrinsi e reqgipon, said emtter.regio npriSi at
| east an%grr?‘?ct% b g‘%alb} Ir@aé?rfa?(%%%a?deg?or@e fioap é?r}flsélf’gIoggétc’e%r?é@?’(acgﬁ%ﬁnhﬁs’g% d
st ruct ur enfl Riyeted BE¥] 08B Tordloc: AVC 12 DEC 2005 - 17 selected fromsaid
collector, said sub-collector, said extrinsic base regions and said

col l ector- base junction region includes a Cinplant. 36. The Si Ge

het er oj ungt i orTHRiPGE f?a@te?dj@ﬁl:%bﬁtbgfolé?ftraﬁ!si%frbfgéla}mgg%H&reﬁﬁ'sgd%y{?%fa%i{ugthhs. a
sem conducting material Selected fromthe group consisting o I, . SiGe,
GaAs, | nAscludegsolation régignss ed seni conductors. 37. The Si Ge heteroj unction

bi pol ar transistor of claim35 wherein said substrate further includes

i solation regions. 38. The Si Ge heterojunction bipolar transistor of claim

37 wher ei38. saiTtieiSGt tieatjurictigh diplar AfafsiOCEc1niRYBD WheMin bdi€ N aticaqb@bhON
regi ons. 39 &ﬁ% Si.Ge het er}(l)ifurcti on, bi polar transistor of claim 35 wherein
said Si GEHHIEOBsaiPny ¢ trepsh isgiation Fegiqnsyer - 40. The Si Ge heteroj uncti on
bi pol ar transistor of claim 39 wherein said Si Ge base | ayer

39.  The SiGe heterojunction bipolar transistor of claim 35 wherein said SiGe base layer is

an epi-SiGe layer.

40.  The SiGe heterojunction bipolar transistor of claim 39 wherein said SiGe base layer

includes polycrystalline SiGe regions abutting a single-crystal SiGe region.

41. The SiGe heterojunction bipolar transistor of claim 35 wherein said emitter region

includes a patterned insulator layer.
42.  The SiGe heterojunction bipolar transistor of claim 41 wherein said patterned insulator
layer is composed of an insulator material selected from the group consisting of SiO,, Si

oxynitride and multi-layers thereof.

43, The SiGe heterojunction bipolar transistor of claim 35 wherein said sub-collector

region and said collector region are both doped with implanted C.

44.  The SiGe heterojunction bipolar transistor of claim 35 wherein said sub-collector, said

collector, said extrinsic base and said collector-base junction are all doped with implanted C.
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i ncl udes polycrystalline SiGe regions abutting a single-crystal Si D 5
region. 41. The Si Ge heterojunction bipolar transistor of claim 35 ngzqq
said emtter region includes a patterned insulator |ayer. 42. The Si Ge

het eroj unction bi polar transistor of claim4l wherein said patterned
insulator layer is conposed of an insul&tor material selected fromthe
group consisting of Si2, Si oxynitride and nulti-layers thereof. 43. The
Si Ge het e450] unkt bitie Ihiefeedjaiiction abipblat ofranefstos | Raving3 Amphaeei BiGaibibolar yield
sub-col l ector, . region and said collector region are both doped with

i mpl ant ecPOBIPTERE: The Sj Ge heteroj unction bi pol ar transistor of claim35

wherein said %ﬁﬁéﬂnﬁﬁ&&oﬁbsﬁaﬁé df a Gk b&iduBlivit m%?ﬁtdfdgn;ﬁ 'l&\ PRS- ct%fa' d

col | ector-base junction are all doped wth i rplanted LI BPP] O
507. doc: Avgon andEeolkges regiag 45 A Si Ge heterojuncti on b| pol ar tranS| st or

h d duct trat
of o i rar conaieti vt PRy pEt & tid GV Rt} RTlER R WA anc

a col | ectmilectagbasa L]ura:tlﬁh Cegibabratedyeér tho call@toraBgidaiabd aHhskihat dassSRiglbnSi Ce
base | ayer, canpri | east. a rﬁ%| I ecf)or- base junction region |ocated
over the %%ﬂf?‘&c%f ‘%ha%inf&g% is (fPpites by nﬁaﬁmw%ﬁont%@: ExtHingig; hase

i Ntrinsi Gefidse tHabdiORchisd FPUppE bubiiceRBIHUS HLIRA LHR}@%QEealagb gre?ﬁ%trﬁlnc?i &t base
regions that are |ocated in upper surface regions of sal ase ayer,

yet not idondFywith said initingie bask ragiamapetl i ntri I’ISI c base region; and an enmtter
r egl on | ocat edan%lﬁerﬂgélgh? a%d o%aa %)[[‘{l(l)’]% 5 d 1 rggs aFe %lgg)ﬁ) eg‘r%&lc?r}r cast

regl on conpri sing at eaS an em
one regi (ntbmphsmgladl@ktran(ﬁrmtter pcﬁﬁhl&mheegléﬁrf wne&m gt legdt be€tepion &Ehlaﬁll structure

sub-col | ec sald |nS|c e regions and said col| ector- base
junction SF%ﬁ'iegrfr “hfﬁ‘ ec&’r(fa?‘ﬁﬁ‘\%acr?ﬁleg% saifririgsiebasrercaiont ateaid rollicisst ar

transi st QJaS@jun@ti@iﬁglﬁﬁlmegh@,g@lzgltsubst rate is a sem conducting materi al
selected fromthe group consisting of Si, Ge, SiCGe, &As, InAs, InP and

| ayer ed sem conductors.
46.  The SiGe heterojunction bipolar transistor of claim 45 wherein said substrate is a

semiconducting material selected from the group consisting of Si, Ge, SiGe, GaAs, InAs, InP

and layered semiconductors.

47.  The SiGe heterojunction bipolar transistor of claim 45 wherein said substrate further

includes isolation regions.

48.  The SiGe heterojunction bipolar transistor of claim 47 wherein said isolation regions

are LOCOS regions or trench isolation regions.

49.  The SiGe heterojunction bipolar transistor of claim 48 wherein said SiGe base layer is

an epi-SiGe layer.

50.  The SiGe heterojunction bipolar transistor of claim 49 wherein said SiGe base layer

includes polycrystalline SiGe regions abutting a single-crystal region.

51. The SiGe heterojunction bipolar transistor of claim 45 wherein said emitter region

includes a patterned insulator layer.
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47. The Si Ge heterojunction bipolar transistor of claim45 wherein fﬁi d
substrate further includes isolation regions. 48. The Si Ge heteroj AEC 2065
bi pol ar transistor of claim47 wherein said isolation regions are LOCOS
regions or trench isolation regions. 49. The Si Ge heterojunction bipolar
transi stor of claim48 wherein said Si@GYbase layer is an epi-SiGe |ayer.
50. The Si Ge heterojunction bipolar transistor of claim49 wherein said

Si Ge base layer includes polycrystalline SiGe regions abutting a
single-crystal.region. 51. The, Si het er ojunctiqn bi pol ar, transjstor of

cl ai m 45 Vher e?‘r?esggfe&etgf‘ﬂ”ﬂc pn Pﬁ’ﬁﬁgﬁa”ﬁlﬁ%rl ‘h(’fgaémaﬁp‘ﬁlﬁetrg? §ed PRiEneLnShlatoRy e |
[ R\ LI BPRRQ350 2oftp6selVEt dr? iddflato? QR&erial Sefolied Thfin $h&Carddpt BnokChf Qb bispol ar
transi stor of .claim51 wherein said patterned insulator |ayer is conposed
of an i nsUvattdde spdimayltidpyesethereebd from the group consisting of Si02, Si
oxynitride and nulti-layers thereof. 53. The Si Ge heterojunction bipolar
transi stor of claim45 wherein said sub-collector region and said

col | ect or33: egildre 3iGe hatiejwhoped bigioldn trampis@ntof dbldim 88 . whenein Siafde sub-collector

het er oj unrctii on (Piap(gl (g[ ggr ansi st Oh Bf cl ai m 45 1Whec{gi n said sub-collector,
said col T8RP aPY SUGrofeglor reeh) 4r¢ BABopevUl iiaPlenIFq &ct or - base j unction are
all doped with inplanted C. [R\LIBPP] 03507. doc: AVC

54, The SiGe heterojunction bipolar transistor of claim 45 wherein said sub-collector, said

collector, said extrinsic base and said collector-base junction are all doped with implanted C.
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