SI LI CON - GERVANI UM VI RTUAL SUBSTRATE AND METHOD OF FABRI CATI NG THE SAME
- BACKGROUND OF THE I NVENTION (1) Field of the Invention The present
invention relates to nmethods used to fabricate sem conductor devices and
nore specifically to a nethod of formng a rel axed underlying |ayer used
to accommopdate an overlying stained silicon |layer. (2) Description of
Prior Art The ability to form devices such as a netal oxide sem conductor
field effect transistor (MOSFET) in a silicon |ayer under tensile strain,
has al |l owed the performance of the MOSFET to be increased via enhanced
mobility of carriers in the strained silicon channel region. Methods of

form ng tensile straismggosi-dGreonanayer iR U darAarmg this ayer on an
underlying relaxed |ayer such as a silicon - germanium | ayer. Rel axed

silicon - germani um oy as MEERHTH WRTABRICAGONG TeEbBSivat e has been called a
silicon - germaniumvirtual substrate. The growth of a rel axed

sem conduct or | ayer such as silicon - germanium can be challenging since it
enconpasses controlled nucl eation, propagation, and interaction of msfit

di sl ocati ons that ter”i”Q%£$MGRBUb&96§%ﬁFQ&V@%ﬁﬁoﬁhat extend to the surface

and then can be replicate n subsequently grown | ayers such as the
overlying strained silicon |ayer needed for accommbdati on of a subsequent
device. The defects in the strained silicon layer resulting fromthe msfit

di sl ocat h?lgifsaldio?tk;[erfr%ehtion

The present invention relates to methods used to fabricate semiconductor devices and more
specifically to a method of forming a relaxed underlying layer used to accommodate an overlying

stained silicon layer,

(2) Description of Prior Art

The ability to form devices such as a metal oxide semiconductor field effect transistor
(MOSFET) in a silicon layer under tensile strain, has allowed the performance of the MOSFET
to be increased via enhanced mobility of carriers in the strained silicon channel region. Methods
of forming tensile strained silicon layers include forming this layer on an underlying relaxed
layer such as a silicon - germanium layer. Relaxed silicon - germanium on an underlying silicon
substrate has been called a silicon - germanium virtual substrate. The growth of a relaxed
semiconductor laver such as silicon - germanium can be challenging since it encompasses
controlled nucleation, propagation, and interaction of misfit dislocations that terminate with
threading arms that extend to the surface and then can be replicated in subsequently grown
layers such as the overlying strained silicon layer needed for accommodation of a subsequent

device. The defects in the strained silicon layer resulting from the misfit dislocations in the




underlying relaxed silicon - germanium | ayer, can deleterious influence
MOSFET | eakage and yield. The crystalline quality of the relaxed silicon -
germani um | ayer can be inproved by growing a conpositionally graded, thick
silicon - germanium | ayer, at a thickness greater than a mcronmeter. The
conpositionally graded rel axed | ayer features decreasi ng germani um cont ent
fromthe bottomto the top surface of the layer. This solution however is
~costly in terns of processing cost and tinme since between about Ito 3

m croneters of a relaxed layer is needed. In addition the density of the
threading arns i s not honbgeneous in the relaxed silicon - gernmani um

| ayer, therefore sonetines resulting in regions of overlying strained
silicon hageelyimgwélided ailibirghefmanihanydesh deeens R padsid-MOMEORiGsE sia The
present invention will describe a nethod of formng a buffer |ayer
conprisedgietf silicon - germanium via use of inserting silicon - germani um
- carbon layers into a conposite layer that termnates with an overlying
rel axed silicon - germanium buffer layer. The silicon - germanium| ayer,

overlying artsichk@miRe quAlisy TR MAked sBREDORrhANER 1%99’&5 S@‘{n’lf:}rr&%d By g@%{& density

of threading arns or dislocations than counterpart silicon -°ge ni um

layers f Qeampbswohl1QUkadl@itbk sifcchQTRANREAM lgﬂzr,?it & Fﬁfl%ge%g Fllg?tlerqxzﬁlra conpri sed

with a silicon - gérmnium - carBon conmponen con -~ germani um -
i1 owi ng T Raa e A ap OSSP PRkkoh BT PEYAS (AN B A BT, e vt
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Pat. No. px%t:égiﬁg go%?and%rnliéns'?n rebgtgveeanl abicnrﬁ I to 3 micrometers of a relaxed layer is needed. In

addition the density of the threading arms is not homogeneous in the relaxed silicon - germanium

layer, therefore sometimes resulting in regions of overlying strained silicon layers with a higher

than desired propagation of defects.

The present invention will describe a method of forming a buffer layer comprised of
silicon - germanium, via use of inserting silicon - germanium - carbon layers into a composite
layer that terminates with an overlying relaxed silicon - germanium buffer layer. The silicon -

germanium layer, overlying a silicon - germanium - carbon layer now features a lower density of
threading arms or dislocations than counterpart silicon - germanium layers formed without being

a component in a composite layer comprised with a silicon - germanium - carbon component,
The silicon - germanium - carbon components of the composite layer act as a defect filtering
layer allowing the top layer of silicon - germanium to be a relaxed, low defect density buffer
layer for an overlying strained silicon layer. Prior art such as Kanzawa et al in

U.S. Pat. No. 6,645,836, Canaperi et al in U.S. Pat. No. 6,524,935, Brunner et al in

U.S. Pat. No. 6,403,975, Chu et al in U.S. Pat. No. 6,350,993, and Chu et al in

U.S. Pat. No. 6,251,751, describe methods of: growing silicon - germaniurn - carbon,




U S. Pat. No. 6,403,975, Chu et al in US. Pat. No. 6,350,993, and Chu et
“al in U S Pat. No. 6,251,751, describe nethods of. growing silicon - .
germani um - carbon, 2 { silicon - germaniumand silicon - carbon; grow ng
strained silicon on relaxed silicon - germanium grow ng epitaxial

~gernmani umon strained silicon - germanium and growing constant or graded
silicon - germanium However none of the above prior art describe the
procedure described in the present invention in which all conponents of the
conposite layer are grown at the sane tenperature in situ the same growh
system thus allowing multiple conposite |ayers conprised of silicon -
germani um and silicon - germanium - carbon, to easily be obtained. These

advant aggfcal-@cexpret 8d slitod mm\»iegrgvbﬁﬁ%aﬁe%%ﬂ%n%{eakéh rel axation as a
result of the presence of nultiplie silicon - germani um- carbon filtering

conponentificondSseM@inlunf; %Q)U@Ag’@lt&;@é“itgenﬁﬂﬁn;% LHIOPY RS g agl%Hll fnd ngovb‘l 5L Ng a

single growh systemand a simlar growth tenperatur eac onent

of the cm&&grah&yﬁqmnsw %o@t‘ﬁau}%ﬁume%mle 15 ?f%’eﬁmtyrc?ft of this

invention to forma strai fi con yer on an  un “axed
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obtain a Virtual strate, relaxe Icon -
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layers comprised of silicon - germanium and silicon - germanium - carbon, to easily be obtained.
These advantages are expected to improve the degree of strain relaxation as a result of the
presence of multiple silicon - germanium - carbon filtering components, as well reducing cost

and throughput as a result of using a single growth system and a similar growth temperature for

each component of the composite layer,

SUMMARY OF THE INVENTION

It is an object of this invention to form a strained silicon layer on an underlying relaxed

silicon - germanjum buffer layer.

It is another object of this invention to obtain a virtual substrate, relaxed silicon -
germanium buffer layer featuring reduced threading arms or defects.

It is still another object of this invention to obtain a low defect density, relaxed layer such
as a silicon - germanium, featured as an overlying component of multiple composite layers,
each composite comprised of silicon - germanium and silicon - germanium - carbon, and wherein
the silicon - germaninm - carbon layer component acts as a filtering layer enabling lower defect

density of an overlying silicon ~ germanium component to be realized.




as a silicon - germanium featured as an overlying conponent of nultiple
“conposite | ayers, each conposite conprised of silicon - gernmani um and
silicon - germanium - carbon, and wherein the silicon - gernmanium - carbon
| ayer component acts as a filtering |layer enabling | ower defect density of
an overlying silicon - germani um conponent to be realized. 3 It is stil

yet another object of this invention to grow all conponent |ayers of the
conposite layer in situ, using the sane gromh tenperature. |In accordance
with the present invention a group of nultiple conposite | ayers, each
conprised with an overlying silicon - germanium | ayer and an underlying
silicon - germanium - carbon |ayer, are used to allow a reduced defect

density of apngistill§@MnothGRLFBIY R nddEbn Lohrble all EGRoh& R hyeRBEURGLSsH the | ow
defect density, relaxed silicon - germaniumlayer is used to accomobdate

an over | ¥Han st difafe Shnlel SO k@Y Rfaturd. S described. A sem conduct or
substrate is used to acconmopdate a first conposite |ayer conprised of an

underlying silicon - germanium- carbon |layer, and an overlying silicon -

ger mani um | aﬂledEQOI'(FdﬁgJ]WM lﬂ%"grtegeglf ﬁ%m??%?ré)‘]ﬁ giprg&lﬁél?é T}%)rgitg fa;[(elils ieglcli]it he same

growth or deposition apparat! COnMpos yers; éach conprised
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ger mani uggcorﬁ\mgéaltci e?nOonerlying strained silicon layer, is described. A semiconductor substrate is

used to accommodate a first composite layer comprised of an underlying silicon - germanium -

carbon layer, and an overlying silicon - germanium layer, each grown at the same temperature

in situ in the same growth or deposition apparatus. Multiple composite layers, each comprised

with the same underlying silicon - germanium - carbon component and overlying silicon -

germanium component, are formed on the underlying first composite layer, all grown again at the

same temperature in situ in the same growth or deposition apparatus. An anneal procedure is

performed at a temperature greater than the temperature used for composite layer growth,

resulting in a low defect density, top layer comprised of relaxed silicon - germanium. A silicon

layer is next grown on the underlying relaxed silicon -germanium layer, with the resulting silicon

layer featuring the desired tensile strain condition,

BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention are best described in the preferred

embodiments with reference to the attached drawings that include:




| ayer is next grown on the underlying relaxed silicon -germaniumlayer,
with the resulting silicon layer featuring the desired tensile strain
conditi on. BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect and ot her
advantages of this invention are best described in the preferred _
enbodi nents wth reference to the attached drawings that include: 4 Figs. 1
- 3, which schematically in cross-sectional style describe the key stages
in formng a silicon |ayer featuring tensile strain on an underlying stack
of conposite layers, with each conposite |ayer conprised with an overlying
silicon - germanium|ayer and an underlying silicon - germanium- carbon

| ayer. DESCRI PTION OF THE PREFERRED EMBODI MENTS The nethod of forming a
silicon | ayeFigit-13, wBRE kdhematidaly M BRs-BeckiblaBu S dsdlibGAe sggéquFHnHmrg | ayer,
wherein the relaxed silicon - germanium |l ayer is an ove?ly ng layer of a

conposi t @ sliidFlhyer &CAMPRE 881 WrhiB oR % Hﬂigﬁﬁl %:étm of E(%nlslgﬁ)?%elé £ GRfLAN - car bon

| ayer, and wherein the conposite |ayer turn : op conponent of a t
roup of . e L X ilicon - germani um conmponen
o A, U S R KR e Bl i \l/)‘\*ndfﬁ’f“r%os{ﬁ;f}‘é |
descri bed,/l ai .conductor substrate 1, as described in e presen
inventiong%ﬁ%ﬂgﬁoﬁ%bmgg éhatically inFig. 1, is conprised of P type,
single crystalline silicon featuring a <100> crystallographic orientation.
However if desired sem conductor substrate 1, can be conprised of N type

material with crystal bageaphld BFSR AR LIRLRNAIE 100> First

conposite | ayer 4,

The method of forming a silicon layer with tensile strain on a relaxed silicon - germanium
layer, wherein the relaxed silicon - germanium layer is an overlying layer of a composite layer
comprised with an underlying silicon -germanium - carbon layer, and wherein the composite
layer in turn is the top component of a group of composite layers each comprised of a silicon -
germanium component on an underlying silicon - germanium - carbon component, will now be
described in detail. Semiconductor substrate 1, as described in the present invention and shown
schematically in Fig. 1, is comprised of P type, single crystalline silicon featuring a <100>

crystallographic orientation. However if desired semiconductor substrate 1, can be comprised of
N type material with crystallographic orientations different than <100>. First composite layer 4

comprised of underlying silicon - germanium - carbon layer 2, and overlying

silicon - germanium layer 3, is formed on semiconductor substrate 1. The essence of this
invention is to form a silicon - germanium layer with a minimum of defects and a minimum of
threading dislocations such that the silicon - germanium layer will be in a relaxed situation in
turn allowing an overlying silicon layer to be formed wherein the silicon layer will be in a

desired tensile strain situation. The decreased level of threading dislocations in the underlying

silicon - germanium layer as a result of being formed on a silicon - germanium - carbon layer,




conpri sed of underlying silicon - germanium- carbon layer 2, and overlying
“silicon - germaniumlayer 3, is forned on sem conductor substrate 1. The
essence of this inventionis to forma silicon - germanium|ayer with a

m ni mum of defects and a m ni numof threading dislocations such that the
silicon - germaniumlayer will be in a relaxed situation in turn allow ng
an overlying silicon layer to be formed wherein the silicon layer will be
in a desired tensile strain situation. The decreased | evel of threading

di sl ocations in the underlying silicon - germaniumlayer as a result of
being forned on a silicon - germanium- carbon layer, 5 will result in a

| ess def e@li kaéBit MEEs MbREive 'olférB/Q@ h@&?fayerﬂf’ﬁe RELREF & s@BEor? q%hlllz{nﬁj%p

germani um - carbon layer underlying a silicon - gernmaniumiayer allows

silicon caGal ReH u%&l&ﬁgggﬂ@&ﬁl g%rrhé?mpf?la %aﬁ&% s?l?c%n' b Sick c%l{;:{als ghLh the

silicon carbon"mcro crystals allowng tormation of "an ‘ov ¥ el axed
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than found in counterpart sificon - gerrra |um

carbon | 48R RO 3?&?#@“3*3@8“*’0 HoRSoe Be el g%zqﬁfo%ga@ ug%%”x;g“s; roms
deposi t o Rrpe o E belivadhs f?aifor%%? SR 5P BETHEYR - SBRAMOBILo 600 G
using silane or di SI lane as a silicon source, using gernmane as a gernmani um
source, and CH3SI H3 as .a %ra%)l?ﬂ%egfur ce. Silicon - germanium - carbon

| ayer 2, O\A'Il/;ﬁqerrs}%ﬁ SHSPT CEPPRPIYR - .4 foppshp i hekngiis DRt waen dbowini ¢

ercent mani um bet ween_ about 20 to 3596 and with an atom c percent
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car bon deposition (LPCVD) procedures, at a temperature between about 400 to 600° C, using silane or
disilane as a silicon source, using germane as a germanium source, and using CH3SiH;3 as a
carbon source. Silicon - germanium - carbon layer 2, shown schematically in Fig, 1, is
comprised with an atomic percent of germanium between about 20 to 35%, and with an atomic
percent of carbon between about 0.5 to 3%. After growth of silicon - germanium ~ carbon

layer 2, the carbon source is turned off and growth of overlying silicon - germanium layer 3, is
achieved in the same apparatus and at the same temperature used to grow underlying silicon -

germanium - carbon layer 2. Silicon - germanium layer 3, is grown to a thickness between about
20 to 500 Angstroms, featuring a germanium atomic percent between about 20 to 35%. The
composite layer of silicon - germanium on silicon - germanium - carbon acts as a buffering layer
allowing a thicker silicon - germanium layer 11, grown with a constant germanium content to be
grown on the underlying composite layer, with the thicker silicon - germanium layer 11, allowing
for subsequent overlay of a strained silicon layer which in turn will accommodate a transistor
device. Thus silicon - germanium layer 11, is epitaxially grown in situ on the underlying
composite layer at a thickness between about 2,000 to 10,000 Angstroms, with a constant

germanium atomic content between about 20 to 35%, again using silane and germane as




| ayer 2, the carbon source is turned off and growth of overlying silicon -
‘germanium | ayer 3, is achieved in the sane apparatus and at the sane
tenperature used to grow underlying silicon - germanium- carbon |ayer 2.
Silicon - germanium|layer 3, is grown to a thickness between about 20 to
500 Angstroms, featuring a germanium atonic percent between about 20 to
35% The conposite |ayer of silicon - germaniumon silicon - germanium -
carbon acts as a buffering layer allowing a thicker silicon - gernmanium
layer 11, grown with a constant gernaniumcontent to be grown on the
underlying conposite layer, with the thicker silicon - germaniumlayer 11,
allowing for subsequent overlay of a strained silicon layer which in turn
will accegpmglate a transistor device. Thus silicon - germaniumlayer 11,
is epitaxially grown in situ on the underlying conposite |ayer at a
t hi ckness bet ween about 2,000 to 10, 000 Angstgggp, with a ponstart o and

i 1 n.about 20 to 35% ajn uysing silan
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overlying“silicon - ger : ! _ _
h i I . ig..1. to he grown in a relaxed situation and wth
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- ger mani - carbon |ayers, further defect density reductions in silicon -
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derlaid b | tiple conposite |ayers, each again conprised of an
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rmanium |l ayer. Fig. 2, schematically _ o
gernma g‘ ungglmd by muQUple composite layers, each again comprised of an underlying silicon -
germanium - carbon layer and an overlying silicon - germanium layer. Fig. 2, schematically
shows composite layer 7, in turn overlaid by composite layer 10. Silicon - germanium

component 9, of composite layer 10, will feature an even lower defect density than

counterpart silicon - germanium component 3, of composite layer 4. The specific components of
composite layers 7 and 10, are formed using identical growth conditions previously described for

the components of composite layer 4. Therefore MBE or LPCVD procedures are again used to
grow silicon - germanium - carbon layers 5 and &, to a thickness between about 20

500 Angstroms, using a growth temperature and a reactant chemistry used previously for
growth of silicon - germanium - carbon layer 2. In turn MBE or LPCVD procedures and growth
conditions previously applied to grow silicon - germanium layer 3, are again employed to grow
silicon - germanium layers 6 and 9. The result of the growth of multiple composite layers is
schematically shown in Fig. 2. It should be noted that although only three layers of composite
layers are described this invention, the ability to form a low defect density relaxed silicon -
germanium layer, can be accomplished using between about 1 to § composite layers, all

grown in situ in the same growth apparatus, and all grown at a the same temperature. The ability




conposite layer 7, in turn overlaid by conposite |layer 10. Silicon -
;Qfﬁgniuchonponeng 9, of conposite layer 10, will feature an even | ower
defect density than counterpart silicon - germani um conponent 3, of
conposite layer 4. The specific conponents of conposite layers 7 and 10,
are formed using identical growth conditions previously described for the
conponents of conposite |ayer 4. Therefore MBE or LPCVD procedures are
again used to grow silicon - germanium- carbon layers 5 and 8, to a
thi ckness between about 20 500 Angstrons, using a growth tenperature and a
reactant chem stry used previously for growh of silicon - germanium -

carbon | ay&trmdhe ddird gtbip dvegmﬁcfsnb RBGMLh Q[uoiﬁ%léﬁﬁé o%pQ]d%ngl%zpme Egr%ndl fl.ons

aratur
previously applied to grow silicon - gernanlun1 ayer §nployed
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mul tiple conposite l'ayers is schematic §ﬂ8uld be
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this invention, the ability to form a %@d“5|llcpn -
gernanluqy%@yer can be acconplished using between about 1 to 5 conposite

| ayers, alT grown in situ in the same growth apparatus, and all grown at a
the sane tenperature. The ability 7 to formthe entire group of conposite

d t enperature i nproves
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featuring a defect density minimized as a result of the reduction of threading dislocations. The
anneal procedure is performed at a temperature between about 800 to 1000° C, in an inert

ambjent comprised of either hydrogen, nitrogen or argon, with the anneal either performed in
situ after growth of the multiple composite layers and thicker silicon - germanium layer 11, or

performed ex situ in another apparatus. Silicon - germanium layer 9, of composite layer 10, is
now in the desired relaxed situation to allow an overlying silicon layer to be grown, and wherein
the overlying silicon layer will be comprised of tensile strain, and exhibit a low defect density as
a result of a minimum level of threading dislocations in underlying silicon - germanium layer 9.
Therefore silicon layer 12, schematically shown in Fig. 3, is grown either in situ in the same
apparatus used for growth and anglealing of the multiple composite layers as well as for thicker
silicon - germanium layer 11, or grown in a different apparatus, again at a temperature between
about 500 to 700° C, using silane or disilane as a silicon source. Silicon layer 12, grown to a
thickness between about 100 to 200 Angstroms can now be used to accommodate a device such
as a MOSFET, wherein the mobility of carriers in the MOSFET channel region will be increased

as aresult of being located in the strained silicon fayer.



germanium | ayer 11, a critical anneal procedure is perfornmed to enhance
‘silicon - carbon mcro crystal formation which in turn results in a

rel axed overlying silicon - germanium |l ayer, featuring a defect density

m nimzed as a result of the reduction of threading dislocations. The
anneal procedure is perforned at a tenperature between about 800 to 1000 C,
in an inert anbient conprised of either hydrogen, nitrogen or argon, wth
the anneal either perfornmed in situ after growth of the nultiple conposite
| ayers and thicker silicon - germaniumlayer 11, or performed ex situ in
anot her apparatus. Silicon - germanium | ayer 9, of conposite |layer 10, is

now in the déshégdbe ed@xes s drovathicomiddis AbOW MIBE BMEFd W Rénkdil£0N | ayer to
be grown, and wherein the overlying si i con | ayer will be conprised of

tensile sbdrad,Bic, abdrigxhh Bidin@enliofo@t eshpHRORIL-Y f(ﬁ'%he RickSSikdn Of @ m ni mum
| evel of threadlng di sl ocations in und er?ylng silicon - germaniumlayer 9.
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in situin the same apparatus uSed for growt anne ing o
nultlpleﬂ%QmHQth$HL@M%%§ug§ wel | as for thicker silicon - germanium | ayer
11, or grown In different apparatus, again at a tenperature between

about 500 to 700 C using silane or disilane as a silicon source. Silicon

| ayer 12, grown to a thickness between about 100 to 200 Angstrons can now
be used to accommbdate a device such as a MOSFET, wherein the nobility of
carriers in the MOSFET channel region will be increased as a result of
being located in the strained silicon layer. 8 It should be noted that the
grow h conditions, such as MBE or LPCVD, tenperature, source, etc,
described in this invention for the conposite |ayers, for the thicker
silicon -

While this invention has been particularly shown and described with reference to, the
preferred embodiments thereof, it will be understood by those skilled in the art that various

changes in form and details may be made without departing from the spirit and scope of this

invention.




germanium | ayer, and for the silicon layer, were chosen so that the desired
| ayer woul d exhibit the optinmumepitaxial structure. Wile this invention
has been particularly shown and described with reference to, the preferred
enbodi ments thereof, it wll be understood by those skilled in the at that
various changes in formand details may be made w thout departing fromthe
spirit and scope of this invention. 9 What is clained is: 1. A nethod of
form ng a sem conductor layer with tensile strain, conprising the steps

of . providing a sem conductor substrate; fornmng a first type sem conductor
all oy layer on said sem conductor substrate; formng a second type

sem conductor alloy layer on said first type sem conductor alloy |ayer,
resulting in a conposite |ayer conprised of overlying, said second type

sem cowducisefaiatd By | ayer on said first type semi conductor alloy |ayer;
formng nultiple conposite |ayers on underlying said conposite |ayer, with

each conpogig&hddoresmahg & sédicHhtiuctod |5 CONP Mkl Estran) S6:BpERiPIhe SePs Wi th an
overlying second type seniconductor alloy |ayer and of an underlying first

type senicq&ductor alloy layer; formng a thick second type sem conduct or
all oy layer;"

providing a semiconductor substrate;
forming a first type semiconductor atloy layer on said semiconductor substrate;
forming a second type semiconductor alloy layer on said first type semiconductor
alloy laver, resulting in a composite layer comprised of overlying, said second type
semiconductor alloy layer on said first type semiconductor alloy layet;
forming multiple composite layers on underlying said composite layer, with each
composite layer of said multiple composite layers comprised with an ovetlying second
type semiconductor altoy layer and of an underlying first type semiconductor alloy
layer;
forming a thick second type semiconductor alloy layer;
performing an anneal procedure insitu in an hydrogen ambient resulting in an
overlying composite layer comprised with a relaxed second type semiconductor alloy
layer; and
forming said semiconductor layer via LPCVD or MBE procedures wherein said
semiconductor layer is formed under tensile strain on underlying, said thick second
type semiconductor atloy and wherein said semiconductor layer is formed in same

apparatus used for formation of said thick second type

10




perform ng an anneal procedure insitu in an hydrogen anbient resulting in
an overlying conposite |ayer conprised with a rel axed second type

sem conductor alloy |layer; and form ng said sem conductor |ayer via LPCVD
or MBE procedures wherein said sem conductor layer is forned under tensile
strain on underlying, said thick second type sem conductor alloy and
wherein said sem conductor |ayer is forned in sane apparatus used for
formati on of said thick second type 10 sem conductor alloy |ayer and for
sai d anneal procedure. 2. The nethod of claim1, wherein said sem conductor
substrate is a single crystalline silicon substrate. 3. The nethod of
claim1, wherein said first type sem conductor alloy layer is a silicon-
germani um - carbon layer. 4. The method of claim1l, wherein said first type
seni conduct cyenaddndycibraafley ldysr bt fai sredlanneslpromteeul ar beam epit axy (MBE) or
via | ow pressure chem cal vapor deposition (LPCVD) procedures. 5. The

met hod nf ¢l Hidthdthod\bfRilginn, Sbieebid bdid tentiyRRIuSEIMSOREAY RlQlingdd ér?étalliﬁc‘/er i's
grown to a thickness between about 20 to 500 Angstrons. 6. The method of

claiml1, wheLglsh sakgledirst type sem conductor alloy layer is conprised
with an atom c percent of germani um between about 20 to 35% and with an

3. ‘The method of claim 1, wherein said first type semiconductor alloy layer is a silicon-

germanium - carbon layer.

4. The method of claim 1, wherein said first type semiconductor alloy layer is obtained
via molecular beam epitaxy (MBE) or via low pressure chemical vapor deposition

(LPCVD) procedures.

5. The method of claim 1, wherein said first type semiconductor alloy layer is grown to

a thickness between about 20 to 500 Angstroms.

6. The method of claim 1, wherein said first type semiconductor alloy layer is
comprised with an atomic percent of germanium between about 20 to 35%, and with an

atomic percent of carbon between about 0.5 to 3%.

7. The method of claim 1, wherein said second type semiconductor alloy layer is a

silicon - germanium layer.

8. The method of claim 1, wherein said second type semiconductor alloy layer is
obtained via molecular beam epitaxy (MBE) or via low pressure chemical vapor

deposition (LPCVD) procedures.
i1




atom c percent of carbon between about 0.5 to 3% 7. The nethod of claim1,
wherein said second type sem conductor alloy layer is a silicon -
germanium | ayer. 8. The nmethod of claim1l, wherein said second type
sem conductor alloy layer is obtained via nol ecular beam epitaxy (MBE) or
via |l ow pressure chem cal vapor deposition (LPCVD) procedures. 11 9. The
met hod of claim 1, wherein said second type sem conductor alloy |layer is
grown to a thickness between about 20 to 500 Angstrons. 10. The net hod of
claim1l1, wherein said second type sem conductor alloy |layer is conprised
with an atom c percent of germani um between about 20 to 35% 11. The
met hod of claim1, wherein the nunber of said nmultiple conposite |ayers,
wher ei f. eacheontpod pf dainafsevheran sadrprcosétypaisticandug e pllgy Jagersisgenven t ype
sem conductor alloy layer and an underlying first type sem conductor all oy
| ayer, is {eithetncsabemiced aticnt 30 tol30 Awtroet.hod of claim 1, wherein said
t hi ck second type sem conductor alloy layer is a silicon - germanium | ayer
at a thickness between about 2,000 to 10,000 Angstrons, conprised with an
atomc erc t hod of
i@ vmg&;eﬁng{hgg?gagln%ngamr %g%%%@a%gggsyp gg?‘hg?ﬁ@&ﬂr%@(’y %gﬁgrléggen anbi ent

at a t erper ggr%ljprr%e %tit a%rglto%gc lﬁt;:rcgn %f };enn]amum bc(t:ween about 20 to 35%.

I1.  The method of claim 1, wherein the number of said multiple composite layers,
wherein each composite layer is comprised with an overlying second type
semiconductor alloy layer and an underlying first type semiconductor alloy layer, is

between about 1 to 5.

12.  The method of claim 1, wherein said thick second type semiconductor alloy fayer is
a silicon - germanium layer at a thickness between about 2,000 to 10,000 Angstroms,

comprised with an atomic percent of germanium between about 20 to 35%.

13.  The method of claim 1, wherein said anneal procedure is

performed in a hydrogen ambient at a temperature between about 800 to 1000° C.
14.  The method of claim I, wherein said semiconductor layer is a silicon layer.

15.  The method of claim 1, wherein said semiconductor layer is obtained via MBE or

via LPCVD procedures at a thickness between about 100 to 200 Angstroms.
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14. The method of claim1l, wherein said sem conductor layer is a silicon

| ayer. 15. The nethod of claim 1, wherein said sem conductor |ayer is
obtained via MBE or via LPCVD procedures at a thickness between about 100
to 200 Angstrons. 12 16. A nethod of forming a silicon |ayer featuring
tensile strain, on an underlying relaxed silicon - germanium | ayer,
conprising the steps of: providing a sem conductor substrate; formng a
first silicon - germanium - carbon |ayer on said sem conductor substrate;
formng a first silicon - germanium | ayer on said first silicon - germani um
- carbon layer, resulting in a first conposite |ayer conprised of said
first silicon - germanium |ayer on said first silicon - gernmanium -

carbon, with the formation of said first silicon - gernmanium | ayer
per f or nigd i nAsintthod nf fdumirpeansi@ppiareataatiring echsflostraQomah vaderdfingai d first
silicon - germanium - carbon layer; formng of nultiple conposite layers in

situ, on sai defakécdiili€HDBREABUHINRE, co) tphbmgﬁféfste pé@fposite layer of said
nultlple conposite | ayers conprise an overlying silicon - germani um

| ayer and of aQwHﬂﬂﬁgkykﬂﬁ &kﬁb%pgﬁm¥ggrnanlun1- carbon |ayer; formng a

thick silicon -* ger R um T ayer per ornlng a hydr ogen anneal procedure in

situ, resulting.an ov osite of said nmultiple conposite
| ayer, conprisganﬂfgﬁﬁgg% 15 Eré n&WFlﬁﬁ a&%PHﬁﬂﬂGﬁPW&Q@meéﬁﬁmﬁw

forming a first silicon - germanium layer on said first silicon - germanium - carbon
layer, resulting in a first composite layer comprised of said first silicon - germanium
layer on said first silicon - germanium - carbon, with the formation of said first silicon -
germanium layer performed in situ in the same apparatus used for formation of said first
silicon - germanium - carbon layer;

forming of multiple composite layers in situ, on said first composite layer, with each

composite layer of said multiple composite layers comprised with an overlying silicon -
germanium layer and of an underlying silicon - germanium - carbon layer;

forming a thick silicon - germanium layer;

performing a hydrogen anneal procedure in situ, resulting an overlying composite

layer of said multiple composite layer, comprised with said relaxed silicon -

germanium layer; and

forming said silicon layer featuring tensile strain, on underlying thick silicon -
germanium layer which in turn overlays said relaxed silicon - germanium layer, with
formation of said silicon layer performed in situ in same apparatus used for formation

of composite layers, for formation of said thick silicon - germanium layer, and for said

13




formng said silicon |ayer featuring tensile strain, on underlying thick
silicon - germanium | ayer which in turn overlays said relaxed silicon -
germanium | ayer, with formation of said silicon |ayer performed in situ in
sane apparatus used for formation of conposite layers, for formation of
said thick silicon - germanium|layer, and for said 13 hydrogen anneal
procedure. 17. The nethod of claim 16, wherein said sem conductor substrate
is asingle crystalline silicon substrate. 18. The nmethod of claim 16,
wherein said first silicon - germanium - carbon |ayer is obtained via

nol ecul ar beam epitaxy (MBE) or via | ow pressure chem cal vapor deposition
(LPCVD) procedures. 19. The nethod of claim 16, wherein said first silicon
- germanium_- carbon |layer js grown to a thickness between about 20 to 500
Angst rons. 2YIOERR ARRARHFGCHIE| ai m 16, wherein said first silicon -

germani um - carbon layer is conprised with an atom c percent of gernmani um
bet ween about 20 to 35% and with an atom c percent of carbon between
about 0I5 t OI'8%nctRdd of e, hbereof said iriech@uctohaibetidic Bai shelid E§tafink i con -
germanium | ayer is obtained obtained via nolecular beam epitaxy (MBE) or
via | ow pr essiivon sghsatecal vapor deposition (LPCVD) procedures, grown to a
t hi ckness between about 20 to 500 Angstrons.

18.  The method of claim 16, wherein said first silicon - germanium - carbon layer is
obtained via molecular beam epitaxy (MBE) or via low pressure chemical vapor

deposition (LPCVD) procedures.

19. The method of claim 16, wherein said first silicon - germanium - carbon layer is

grown to a thickness between about 20 to 500 Angstroms.

20.  The method of claim 16, wherein said first silicon - germanium - carbon layer
is comprised with an atomic percent of germanium between about 20 to 35%, and with

an atomic percent of carbon between about 0.5 to 3%.

21, The method of claim 16, wherein said first silicon - germanium Jayer is obtained
obtained via molecular beam epitaxy (MBE) or via low pressure chemical vapor
deposition (LPCVD) procedures, grown to a thickness between about 20 to 500

Angstroms,

22, The method of claim 16, wherein said first silicon - germanium layer is comprised

with a weight percent of germanium between about 20 to 35%.
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22. The nethod of claim 16, wherein said first silicon - germanium |l ayer is
conprised wth a weight percent of germani um between about 20 to 35% 14
23. The nmethod of claim 16, wherein the nunber of said nultiple conposite

| ayers, wherein each conposite layer is conprised with an silicon -
germani um | ayer and an underlying silicon - germanium - carbon | ayer, is
bet ween about | to 5. 24. The nethod of claim 16, wherein said thick
silicon - germanium |l ayer is conprised wth a thickness between about
2,000 to 10,000 Angstrons, and conprised with an atom c percent of

ger mani um bet ween about 20 to 35% 25. The nethod of claim 16, wherein said
anneal procedure is perforned at a tenperature between about 800 to 1000 C,
in a hydroge argon, .or_nitrogen anbient.. 26. The nethod of claim 16,
wher ei n aidqg?F?g@HOfﬁvg?1ﬁéw@%Fgﬁﬁ%ﬂm#WéONBE“@ﬂRWkaHmP@Vﬁm$r®cedures.

27. The method of claim 16, wherein said silicon |ayer is obtained at a

t hi ckness beYhesdn cabsampese lpyer 20@mmigsd wohen silibon - germanium layer and an

underlying silicon - germanium - carbon layer, is between about 1 to 5.

24.  The method of claim 16, wherein said thick silicon - germanium layer is comprised
with a thickness between about 2,000 to 10,000 Angstroms, and comprised with an

atomic percent of germanium between about 20 to 35%.

25, The method of claim 16, wherein said anncal procedure is performed at a

temperature between about 800 to 1000° C, in a hydrogen, argon, or nitrogen ambient..

26.  The method of claim 16, wherein said silicon layer is obtained via MBE or via

LPCVD procedures.

27, The method of claim 16, wherein said silicon layer is obtained at a thickness

between about 100 to 200 Angstroms.
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