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fcgizé: ea(c::ltvanced CMOS technology base for

SiGe heterojunction bipolar transistor devices are replacing silicon

bipolar junction devices ag the primary element in all analog

25 applications. A typical prior art SiGe heterojunction bipolar transistor
is shown in FIG 1. Specifically, the prior art heterojunction bipolar
transistor includes an n+ subcollector layer 10 having a layer of n- 8i
collector (i.e., lightly doped) region 12 formed thereomn. The transistor
further includes p+ SiGe base region 14 formed on the lightly doped Si

30 collector region. One portian of base region 14 includes n+ Si emitter
region 16 and other portions include base electrodes 18 which are
separated from the emitter region by spaces 20. On top of emitter region
16 is an emitter electrode 22.

35 A major problem with bipolar SiGe transistors of the type
illustrated in FIG 1 is the presence of dislocations between the collector
and emitter regions. When these dislocations extend between the collector
region and the emitter region, bipolar pipe, e.g., CE, shorts occur; Pipe

shorts are a major yield detractor in SiGe bipolar technology.
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. region and the emtter region, bipolar pipe, e.g., CE shorts occur; -@% 05
shorts are a major yield detractor in Si Ge bipolar technology. 40 6JUL OZ:Q
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pipe shorts.

In view of the bipolar pipe shorts problem mentioned above, there is
a continued need for the development of a new and improved method for
25 fabricating SiGe bipolar transistors in which dislocations between the
emitter and collector regions are substantially eliminated, without
narrowing the base width as is the case with prior art methods.

One aspect of the present invention is to provide a method of
30 fabricating a SiGe bipolar transistor in which the formation of
‘dislocations between the emitter and collector regions have been

substantially suppressed therefore avoiding the problem of bipolar pipe,
e.g., CE, shorts.

35 Another aspect of the present invention is to provide a method of
fabricating a SiGe bipolar structure in which the transistor yield of
epitaxially grown silicon/SiGe region is enhanced.

A further aspect of the present invention is to provide a method of
40 fabricating a bipolar SiGe transistor in which carbon can be incorporated
into the structure without narrowing the base width.



~epitaxially grown silicon/SiGe region is enhanced. A further aspect oé bgg
present invention is to provide a nethod of 40 fabricating a bipolar dPedlls
transi st or MMO2ILA carbon can be incorporated into the stPULGBOEOMIE hout
narrow ng the base width. WO 02/061820 3 - 6 JUL 2005 PCT/GBO /05149 A yet
further aspect of the present invention i's to provide a nethod of
fabricating a bipolar Si Ge transistor which is cost effective and that can
be easily inplemented with existing Si Ge bipolar technology. 5 These and
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(a) providing a structure which includes at least a bipolar device region,
said bipolar device region including at least a collector region of a

25 first conductivity type formed in a semiconductor substrate;

(b) depositing a SiGe base region on said collector region, wherein during
said depositing carbon is continuously grown through the collector region
and the SiGe base region; and

30

{c)  forming a patterned emitter region over said SiGe base region.

More suitably the collector is formed by the steps of epitaxially
growing a Si layer on a surface of the semiconductor substrate; forming an
35 oxide layer on the epitixially grown Si layer; implanting a dopant of the
first conductivity type into the Si layer; and removing the oxide layer,
and most suitably the oxide layer is removed by an HF etching process.
The deposition process of step (b) may be selected from the group
consisting of ultra-high vacuum chemical vapor deposition (UHVCVD),
40 molecular beam epitaxy (MBE), rapid thermal chemical vapor deposition
(RTCVD) , and plasma-enhanced chemical vapor deposition (PECVD), and is

preferably a UHVCVD process, which is more preferably carried out a
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epitaxy (MBE), rapi.d thermal chem cal vapor deposition (RTCVD), and

pl asma- enhanced chem cal vapor deposition*(PECVD), and is preferably a
UHVCVD process, which is nore preferably carried out a 6 JUL 2005 WO

02/ 061820 PCT/ GBOLl/ 05149 4 tenperature of about 6500 or less and at an
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accordance WItIA thy srenbadi t.1:9% e £5 nygeption, the hod
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the depositing step includes a deposition process selected fromthe group
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process nayoihel JG&SaSY48ohy ﬁ’ﬁr‘éeﬁ?éﬁb‘ﬂgsﬁhﬁ’ dnGludes a deposition process

selected from the group consisting of ultra- -high vacuum chemical vapor

25 deposition (UHVCVD), molecular beam epitaxy (MBE), rapid thermal chemical
vapor deposition (RTCVD), and plasma-enhanced chemical vapor deposition
(PECVD) , and most suitably the deposition process is a UHVCVD process.
Preferably the UHVCVD process is carried out a temperature of about 650°C
or less and at an operating pressure of about 250 milliTorr or less, and

30 more preferably is carried out at a temperature of from about 500° to
about 650°C and at an operation pressure of from about 0.1 to about 20
milliTorr. The UHVCVD process may include a gas mixture comprising a Si
source gas, a Ge source gas, a B gource gas and a C source gas, preferably
wherein the Si source gas is a silane, the Ge source gas is germane, the

35 boron source gas is B,Hs, and the ¢ source gas is ethylene, methylsilane or
methane. The source gases may be used undiluted or in conjunction with an
inert gas, and are preferably He, Ar, N; or H,. The source gases may be

premixed or introduced into an epl reactor as separate streams.
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met hane. The source gases nmay be used undiluted or in conjunction with an
inert gas, and are preferably He, Ar, N2 6r H2. The source gases may be
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fragment ofbamtprkor® amt’, Sidde sitpolyarhéransi steodent FfGtle isSica et 96didh in

represent af iQRcoficAchibABFRRLord hnduP ik Pdr Akt apgn Bk{@e Rjpol ar transistor
rtncluding a C layer grown over the base in only the SiGe region. FIG3 is

| ot of boron (B), germanium (Ge) and carbon (C) concentration versus
deﬁ%h (A) for PFROELER tPHRet Ho FE2WHEERT i SCHPet S8BEdigoPToMAEERIPovRs SFABES] Ge
base regi ofs cPigikedson dobed aollatiligpresent ation of a fragnent of the
inventive SiGe bipolar transistor including a Clayer continuously grown

inthe collect Ple Elﬂgerﬁlgﬁ xpﬁﬁebé %Egr&artlcularly described by reference to
the accompanying drawings, in which:
20

FIG 1 is pictorial representation of a fragment of a prior art SiGe
bipolar transistor.

FIG 2 is a pictorial representation of a fragment of a prior art
25 SiGe bipolar transistor including a C layer grown over the base in only

the 5iGe region.

FIG 3 is a plot of boron (B), germanium (Ge) and carbon (C)
concentration versus depth (A) for prior art methods wherein C is

30 incorporated over the SiGe base regiomn.

FIG 4 is a pictorial representation of a fragment of the inventive
SiGe bipolar transistor including a C layer continuously grown in the
collector and SiGe base regions.
35
FIGS 5-10 show the inventive SiGe bipolar transistor through the
basic processing steps of the present invention.

FIGS 11-13 are plots of boron (B), germanium (Ge) and carbon (C)
40 concentration versus depth (&) for the inventive method wherein C is
continuously incorporated into the collector region and the SiGe base

region.



.35 FIGS 5-10 show the inventive Si Ge bipolar transistor through the_ E@ilﬁ '
processi ng steps of the present invention. FIGS 11-13 are plots of bg 2005
(B), gernmawawr/(&d8)0o and carbon (C) 40 concentration versuspgerigbifodysof Or
the inventive nmethod wherein Cis continuously incorporated into the
collector region and the Si Ge base regiom. 6 JUL 1005 WO 02/061820

PCT/ GB01/ 051 X49 6 The present invention which is directed to a nethod of
continuously incorporating Cinto the lightly doped Si collector: regi on as
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In accordance with the present invention, the SiGe base region and
20 the collector region, i.e., lightly doped Si, include C continuously '
distributed, i.e., grown, throughout these layers of the bipolar
transistor. It is emphasized that the structure depicted'in FIG 4 is
unlike prior art SiGe bipolar transistors in which € is grown only above
the SiGe base region, See FIG 2.
25

In accordance with the present invention, the concentration of C
present within the SiGe base region and the collector region is from about
5x10Y to about 1x10** atoms cm™®, with a range of C concentration of from
about 1x10* to about 1x10?° atoms cm™? being more highly prefefred.

30 ' '

The method used in forming the inventive structure shown in FIG 4
will now be described in more detail by referring to FIGS 5-10 and the
discussion that appears hereinbelow. Specifically, FIG 5 shows an initial
structure that is employed in the present invention in forming the SiGe

35 bipolar transistor. The structure of FIG 5 includes Si substrate 50 which

' includes collector region 52 of a first conductivity type formed on a
surface of substrate 50. The structure shown in FIG 5 is formed utilizing
conventional processesg that are well known to those skilled in the art.
For example, the collector region is formed on the surface of substrate 10

40 by epitaxially growing a Si layer (not shown) on the substrate. An oxide
layer, not shown in the drawings, is then formed on the surface of the
epi-Si layer and thereafter an n- or p-type dopant is implanted into the



. The -nmethod used in form ng the inventive structure showm in FIG 4 now
‘be described in nmore detail by referring to FIGS 5-10 and the di sc:glsﬂﬂ.cﬁﬂ%
t hat appeaWé) RO Mbel ow. Specifically, FIG5 shows an initPGI/GB81/931¢q ur e
that is enployed in the present inventiog in formng the Si Ge 35 bipol ar
transistor. The structure of FIG5 includes Si substrate 50 which includes
collector region 52 of a first conductivity type forned on a surface of
substrate 50. The structure shown in FIG5 is forned utilizing :
convent i orai-Pr deessesd tthat regienwsd lackhownd g ihhos @cskéeddiedal rct hearant .
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i npl ant at on anne oxi d a IS rem)ve rom e surface of
the structur em%rio?' lflgt gtesen% hnvengﬁﬂe ¥{f AP PG o PR EBEVEEHIPB CES ses
result in® ¥H§£6?’|’F§t Fo?Pndﬁn’flf?é‘aB igPr ertray 3dgbbart Rredressubstrate. A

preferred neans for renoving the oxide |ayer is by enploying a HF etching
precess. Anot haéxmetah@daswehm ¢anrIche, edmé%%rlem therpnesent « fé‘ve““ on in

form ng t | g Lchfgion is . Ut il a_conventj onal hi gh- energy
P-i npl ant g?r%%ggg J %&Net ;and as sgo% ‘ljlrf’c’l‘i‘fL T PEPETS WP 5% 9°893P 1 ned

on the | DPAEBFLALEYi Grovihd 5 $1FR) PaSS (Fegath @bk eertimwupheessinghich i s
eapabl e bitephedeisal ind grbwiongr are8iGss hase siegimmenhidionCaiti M Edehyd
growi ng CinithieOptdiRnbasReatitbnC oy} RGO HaBTL Q'R@cknmg & Eohazfut &g @ that

f d || k f f bout
e N

t hi ckness™ot™ af’?‘btmsﬁb%%tab%‘ﬂ)t t78 hodt S?T?uﬁ?nbel potifotifiet e Hest edetdmEt in the
present —iPNAEHEPDIFhENBLGE Besebaseiqnegrdmdencl edes Cnaritk Bristaiheawriyst al

lattice. THhatisi Shet hiseSh&e: hageod egi ONal o2l 4deovesh 5 (i e sh AR i ch
i ncl udes siler §ldaedthgrg§)§re| n. 20 In accordance with the present
IR?%\/MI on, the Si Ge base l'ayer may be formed by utilizing UHVCVD, MBE,
D, PECVD or another |ike deposition process which is capable of
epi taxi al |y foFmias§osdrdigeavisihGehd ayesentOinvenhdége Gbposicki Brrepl0eeSsEs bei t
i's preferfashetiobyisieini AdyGVDCPD OOBES.RTCVD, PECVD or another like deposition
process which is capable of epitaxially forming such a SiGe layer. Of
these deposition processes, it is preferred to use a UHVCVD process.
25
The UHCVD process used in the present invention in forming the SiGe
base region is carried out in a low temperature epi (LTE) reactor which
3 operates at temperatures of about 650°C or less and at operating pressures
of about 250 milliTorr or less. More preferably, the UHVCVD process 1is
30 carried out in an epi reactor that operates at a temperature of from about
500° to about 650°C and at an operating pressure of from about 0.1 to
about 20 milliTorr. In the present invention, the UHVCVD process is
carried out using a gas mixture which includes a Si source, a Ge source, a
B source and a C source. Although a variety of Si, Ge, B and C sources can
35 be employed in the present invention, it is preferred to utilize a gas
mixture which includes a silane or other like Si-containing sourxce gas as
the Si source, germane, GeH; as the Ge source, diborane, B.,H;, as the B
source and ethylene, methylsilane or methane as the C source. Of the

aforementioned C sources, it most preferred to employ ethylene as the C
40 source gas.



. 25 The UHCVD process used in the present invention in formng the Sige L 200 ’
base region is carried out in a low tenperature epi (LTE) reactor whi CIH 5
oper at es aWVQ &M9d828t ures of about 650C or |ess and at oper apCDGRIN/GSIHN €S
of about 250 mlliTorr or less. Mire preferably, the UHVCVD process is 30
carried out in an epi reactor that operatses at a tenperature of from about
500 to about 650C and at an operating pressure of fromabout 0.1 to about
20 mlliTorr. In the present invention, the UHVCVD process is carried out

using a gas m Xiué SowdteCHadRChAHBS Bed uSRULES] 2 G& §9&¥Cceega@e@m§%%rece and
a C sour C%‘seé‘l $$%H9§4n%t¥§£|wgg%{ acl)lf ir?é t Ggé s%c na(.js g fDUI’ ces can 35 be

enpl oyed in _the present [ nvention, Tt P8 prefett 8 18" \R1§HegER a 3ga% °F

mi xt ure WHYERPYSTC| uBRIS eXe 8 eanidicoFe otavare |96 Leptidai arumgns olar 68 igastas
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sQur.ces referred.to enpl et
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inert gas such as helium nitrogen, argon or hydrogen. For exanple, the Ge
source gas may ThaCtIRngeIvIBAS JeNsd%niangs te ay Iy S
) uce g, ol e ahare ot [anet -sott b aiset ol BT oy
in an inert gas. Nbreover, "the solfce  gasés ?‘F&/aﬁe"‘ rEmR8dL%rior to
i nt roduct FBACTHEEE1INE B8Pt SUEEEYIGRE or° £REN sEifceagmderenmy be introduced as
separate streans. The concentrations of Si and Ge enployed in the present
invention is 1@ Notogehtingal tioabhR-RESSSALS IUAYERS LOB.AS QNG dhe S
and Ge cogggggirt%ﬁ%cg%g sufficient to f%%nuauslllGe base Ia%/er. t is noted
that the gbove-mentl oned UAVCVD Brocess TOr 1 e 8t e %1508 T oHI M ScE s es)
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wherein C T8 grown &VaP™ 1115 ZioGESHids ¥PotPiPegi Gn Ity oveph&hpridSemaspr ocess
t Hls r epr BT OBl i nPRrowEdssEansoasiss flsnieryeaeSisGen binpebard heansbst or
wher ei n Cressiegt & adileg bQidIBr adransHtok NSIHRersiNk. essentially forms an

intrinsic sink.

FIGS 11-13 illustrate the SiGe profile for the process in which € is

25 incorporated in the UHVCVD deposited epitaxial grown SiGe base and in the
S8i collector region. The carbon is grown in discrete intervals separating
the SiGe base region and the lightly doped Si layer (i.e., collector) in
FIG 11 and is continuously formed throughout these regions in FIG 12. The
low concentration of C in the lightly doped 8i acts as an intrinsic sink

30 reducing dislocation formation. Incorporation of C does restrict the Ge
profile; therefore, as shown in FIGS 12-13, the Ge profile can be graded
and is not fixed. ’

Referring back to the inventive process, insulator 60 is then formed

35 of the surface of the SiGe film utilizing a conventional deposition
process well known in the art, See FIG 7. Suitable deposition procesges
include, but are not limited to: CVD, plasma- enhanced CVD, sputtering,
chemical solution deposition and other like deposition processes.
Insulator 60 may comprise a single insulator material or it may include

40 combinations of more than one insulator material, i.e., a dielectric
stack. The insulator used in this step of the present invention may
comprise an oxide, a nitride or a combination thereof.
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Si col I ect®¥P %M2418&h. The carbon is grown in discrete inter BILGBEASHS: i ng
the Si Ge base region and the lightly doped Si layer (i.e., collector) in
FIG 11 and is continuously formed throughout these regions in FIG 12. The
| ow concentration of Cin the lightly doped Si acts as an intrinsic sink 30
reduci ng di sl ocation formation. Incorporation of C does restrict the Ge
profile; therefadne,s aboshowe EruEbGS afPer] 3pittre @ndowodpdrdngaa? bes dpeaded
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| 'i t hography and etching such as _reactive-ion etching (RIE). 5 FIG 9 shows
the structure affEer £OFRIRG tBE BOAYFHASPR 58Py s FedPtouctyrs. féened in the
emtter w pdbyeidpeon gves isebittasneal esitdechneuliotar 1itkyeephylhedidatchingi c
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et chi ng preeessasi&hat vifi1akeperpaddL of renoving portions of the insulator
and the SiGe |ayer are then perforned so as to provide the structure shown

in FIG 4. The inventiyve nethod can also apply.to. processes commpnly known
inihe art as LBITS AT GRUG HIPorsh PEPDERCbLAlarly shows and dedcribed with

respect to preferred embodiments thereof, it will be understood by those
skilled in the art that the foregoing and other changes in forms and
details may be made without departing from the spirit and scope of the
present invention. It is therefore intended that the present invention
25 not be limited to the exact forms and details described and illustrated,

but fall within the scope of the appended claims.

30
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Samdaiing | | be
Iskilled in the art that the foregoing and ot her chan -
details may be made wi thout departing fromthe spirit and scope of t heb JUL 2005
present i#RREPRLCAN. It is therefore intended that theNgw pepnts izavedbon 25
not be limted to the exact forns and details described and illustrated,
but fall within the scope of the appenlcbed clainms. 30 6 JUL 2005

1. .A nethod of fabricating a Site bipolar transistor including Cin the
collector region as well es the Si Ge base regi on which conprises the steps
of (a) 'providing a structure which includes at |east a bipolar device

regi on, the bipolar device region i 8828 ng at |east a collector region of
a first * conductivity type fornmed in a sem conductor substrate, (b).

deposi ti ' b ' ctor lop, .wWherein during the
deposi ti % ?éﬁ%)g%di %gﬁﬁgﬁg%ﬁ&fﬁig\%ﬁqﬁr %ﬁ'gnﬁife%é: g%‘l"f’%‘?ﬁ’o# rlr"‘eEfP‘on and
the site DASEPEA®BH" AR deE)3% F Ra4e, FeehtRethich fomarises fibsnsteper t he
Si Ge, baf¥iregion; wherein the collector is formed by the steps of
epitaxially growing A Si lays; on a surface of the sem conductor

subst r at eta) fredidigy al seiicitre whesCindlabd AeCRiabed Bidaiad f&mﬁ&-iﬁ\é?f :

|l ant | Rge G100RAN ke Abe L N1Ge L alruab AN dUCLIaKL LY LMBBLA L0, L0, faYEM: and
removing th ue?ﬂﬁe Iy%\ée%. 2. .Jhe merhod 9 ‘%lém 1 wher e?n_ the®o e layer
i s renovEd DY an BF YEet tHPRY P D EEBLORIS PR FRALIMEY of O aim 1 wherein the
deposition process of step (b} is selected fromthe group consisting of

ul t r a- hi gh! deperirtiod @nBitsl baseposgicn amosha obleEthi/Erflon, Mteeein asrilngam

epi taxy ¢hBieposiaphgl cabiton e cehEiiu6dly grown through the esollectar region

N~ and the SiGe basae region; and

(e} forming a pattarnad emitter regien over the SiGe base regiecn;

wherein the collecter is formed by the steps of epitaxially growing
& Si layexr on & surface of the semiconductor substrate: ferming am oxide
- layer on the epitixially grown Si layer: implanting a dapant of the first
conductivity type into the Si layer; and removing the oxide layer.

2. The method of Claim 1 wherain the czide layer is removed by an HF
etching process. ' }

3. The methad of Claim 1 wherein the deposition prucess of step (k) is
selected from the group copsisting of ultra-high vacuum chemical vapor
depasition (UHVCVD}, molacular beam epltaxy (MBE), rapid thermal chemical
vapor deposition (RTCVD), and plasma-enhanced chemical vapor depoaition
{PECYVD) .

4. The methoed of Claim 3 wherein the deposition procmas is a UHVCVD
process.

§. Tha methed of Claim 4 wherain the UHVCVD process iz carried cut a
temperature of about 650°C or lcss and at an operating prassure of about
250 milliTorr or less.

6. The mathod of Claim 5 wherain tha UHVCVD process is carried suft at a
tempurature of from about 300 to abouk 650°C and at an cparaticn pressurs
of from about 0.1 to about 20 milliTorr.

3
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' (PECVD) 4. Th'e method of Claim 3 wherein the deposf"t'l ‘on process i1s a.
CHVCVP process. S. The nmethod of O aim4 wherein the UHVGVG process ~|$ Jul 2005(

carri ed cagapsorghenperature of about 6500C or ices arﬁwag,aﬁn PR ﬁ?“a
pressure of about 250 mlliTorr or less. 6. The nethod of erein

the UHVCVD process is carried out at a tenperature of- from about 500" to
about 6$0C and at an operation pressur® of fromrabout 0.1 to about 20
mlliTorr. AVENDED SHEET TO 15 e 6 JUL 2005 New page: 8 July 2003 11 7.
The nethod of C aim4 wherein the DBVCVD process includes a gas ' mxture

COMPri i N0 anid néiGEE @l £ ViRrSAUERE it &gg.%gwﬁgélgaggsa i @ C source

gas. 8. t

sour ce gysl%:s@ge%g%ingt ﬁegpbfﬁ“ﬁﬁ“s%ﬁrc‘egﬁzfguf%' B * E AAE Mo &pte gas
i s ethyl éend®W5R8 #Psi | ane or nethane. 9. The method of O aim7 wherein the
source ganes are used undiluted or in conjunction with an inert gas. 10.
The met had - ofheChetineu Bos\Reiini 7 whbfetnneiel sg3suich s 10 sbfar@l Hia &d. The

met hod Ofsollad Gud mszzw. t bR BOMGE Godlas S Ao Bl O Th E%.Oé .n'&pévé]gs'uced into

an epi reactgr .as se StT eans aim rein step -
(e) incl 51 e%atyﬁg“ét%%g‘ygfﬁfﬁ? iy h&?ﬁ"l nsul ator ever the Si Ge base region;

opening an emtter wi ndow in the insulator; formng polysilicon in the
em tter \i-nothe, mekhdd sifc Alaig 1 vberqial stei kouron.gasds efe wweé hadibDited or

| ncor por dhi éhiGnetdbh iR @Okded€tgus.r egi on and the SiGe base region of a

bi pol ar transistor, the nmethod conprising depositing a Site bass region on

a Si coII ct re erein t he caqllector f O t he stops of
epi t axi al* I y gé‘ovm% s Mj’l“é’ﬁ}er"%'rf'é“s%?f%‘&’étﬁf tif"i'eE°' g‘Fd é%nd:u Btor
swbstrate; formng an oxide layer on the epitixially growmn Si |ayer;

i mpant i ndla dbpasrthed of helafi1s theomdd tbeisourge gyps ard porédisedior

introduced into an epi reactor as separate straanms,

12. The method of Claim 1 wherein step (s) includes the steps of foxming
an insulator ever the 5iGe base region; epening an emitter windew in the
insulator; férming polysilicon in the emitter window: and etching the
polysilicon.

13. 5 method of incorporating C inte the collector region and the SiGe
base region of a bipolar transister, the method comprising depasiting a
34CGe basze region on a 51 collacter region, wharein tha collestor is formed
by the steps of epitaxially growing a Si layer on a surfacas of the
semiconductor substrate; forming an oxide J.a}ver on the epitix:!.illy grown
8i layer; implanting a depant of the firat cenductivity type intc the 54

N\ layer; and removing the oxide layer, characterised in that during the
depositing carbon is coutinuously grown th.rnugh the col.'l.ec:tor ragion and
the SiGe base xagion.

14. The method of Claim 13 whercin the depaslting step includes a
deposition process selected from the group censisting of vltra-high vacunm
chemical vapoer deposition (UHVCVD), molecular beam epitaxy (MBE), rapid
thermal chemical vapox deposition (RTCVD), &nd plasmu~anhanced chemical
vapor depasition (PECVD). .

15. The method of Claim 14 wherein the deposition process is a UNVCVD

process.

¢ -AMENDED SHEET




< ing the oxi de | ay§ .
dep05| ting carbon is continuously “grow s i : FOEIE DR
the Si Ge base region. 14. The nethod of CI aim 13 vvherel n the dep05| ti ng

step i ncldydesnsqs depositi.on process selected fromthe group consisting ﬂUL 2005

ul tra-hi gh. vacuum chenical vapor deposition (URVCH™ FafeadliMaty B8%

epi t axy (I\/BE), rapid thermal chem cal vapor deposition (RTCPU), and plasma
enhanced chem cal vapor deposition (PCVD). 15. The nethod of Caim 14
wherein the deposition process is a GlLI VCVD process. AVMENDED SHEET f ~ ~
New page: a auly 2003 - 6 JUL 2005 12 16. The nethod of C aim 15 wherein

Bl an Operaling Braed sECCUB A estin, SRENGR P biccagy R0 S0TK, ot nod
of daim I%P"Wﬁg?g tﬁ?@“ﬁﬁ\?&\ﬁfﬁr’ﬁ&%@l? B3, 9PPERFLBg (Prassre Qfombeat ure of

from ab38f ™Aditwratodess650' C and at an operation pressure of from about
0.1 to about 20 milliTorr. 18. The method of claim15 wherein the GSVCVD

pr ?nceszlmcl qﬂesmaguamf éﬂa&%e«m?m lefté v :e%grg{ A5 S5 of o m‘fgo\%gree .
g i
the Si soéﬁ:&egg%% §§a£|% 3Peie §9ﬁ1g é”%ou?ce‘ﬁi?ﬁé‘ GRPRRERR Pfﬂb*“ﬁ!)r on
source g88 FRSmprhRmt %Hd""t mBeE QHEETgES s ethylene, nethylsilane or

nmet hane.. 20. The nmethod of C aim 18 wherein the source gases are used

undi | ut ed8or Thé metH®R} ¥HCNRNA 16/ iHar @i ERE bLEVEDSproddss LRELMRE QOQan G ain 20
wher ei n m&Me&ng@énb% BE. soffoe fdd Qrcel bourde: Juheg @L&&Q-%fepaln%{ mn19

wherein %ngcﬂg gases are prem xéd or introguted into a reactor as
separ ate st rea AVENDED SHEET

- 15. The method of Claim 18 wherein the Si source gas 1s a silane, the Ge
source gas is germane, the boron source gas is BaH,, and the C source gas
is ethylene, muthylsilane or methane.

20. The method of Claim 18 wherein the source gases are used undiluted or
in conjunction with an inert gas.

21l. The method af Claim 20 wherein the inert gas is Ha, Ar, N; or H..

22. The method of Clain 15 wherein the source gases are premixed or
introduced intoc an spi reactor as Separate gstreans
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