SILICON - GERMANIUM VIRTUAL SUBSTRATE AND METHOD OF FABRICATING THE SAME
BACKGROUND OF THE INVENTION (1) Field of the Invention 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 gg ginetaloxieier aamioandueianr Aield efsgigrapgistor (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 straingghsiigarnehsthe FegRm: Maedsuef rming 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 layer such as silicon - germanium can be

challenging since it encompassesgoarffellediNEIasH A P RPaERHGpNNd 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 1

(1) Field of the Invention

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 layer 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 layer, can deleterious influence MOSFET leakage and yield. The
crystalline quality of the relaxed silicon - germanium layer can be improved by growing a compositionally
graded, thick silicon - germanium layer, at a thickness greater than a micrometer. The compositionally
graded relaxed layer features decreasing germanium content from the bottom to the top surface of the
layer. This solution however is costly in terms of processing cost and time since between about 1 to 3

micromeiﬁ{&ﬂgfﬁlg‘jﬂ%%d' QRS nesdedidmh Agditienthadensity iafithadbiaesing pimisnatd
homogeneous in the relaxed silicon - germanium layer, therefore sometimes resulting in regions of
overlyingyg[a_ined 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 - germapiym AHiter JaXALy SPeSHIGRRPSIDANIUIDAYEL VGG S IGBR B PRI ; carbon

layer now features a lower density of threading arms or dislocations than counterpart silicon - germanium

layers foqlg%ﬂlﬁéglﬁ%?&%ﬁgg%éeﬂ?m&%ﬁ&ﬂ age %ﬁﬁ?%ﬁ%@%@ﬂ?}?ﬁ&é"g}@a@ﬁ%‘ﬁﬁ' germanium -

carbon compo con - germanium - carbon co onents o e composite layer act as a defect
g 4R e SRIOVE B lcohy SRR fO A2 [EREs WG GeTpyper v
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processing cost and time since between about 1 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 - germanium - carbon,



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 - germanium - carbon, 2 silicon - germanium and silicon - carbon;
growing strained silicon on relaxed silicon - germanium; growing epitaxial germanium on 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 components of the composite layer

are gfomﬁbﬂwdg%ﬁ%iﬁmaﬁﬂ%ﬁﬁ%ﬂl UL S graWiRcySifms iz Rlkawing multiple composite
layers comprised of silicon - germanium and silicon - germanium - carbon, to easily be obtained. These

advantageg e QPRGIRHHR JNANEE AR HAIDT SIARALP RS R [SRWRATIRE. AIESROCHOf

multiple silicon - germanium - carbon filtering components, as well reducing cost and throughput as a

result of Usig. i QIS RIOWN Y SIRARANELR SHIUIRE LOWHLISTIRR IRV fA: GACcamoRent of the
composite layer. SUMMARY OF THE INVENTION It is an object of this invention to form a strained

silicon layern 0 HRIYING (RPN BRITIANNEY B SHAYRN i ARUDRLABIES: gl s invention

to obtain a virtual substrate, relaxed silicon - germanium buffer layer featuring red threading arms or
defects. If is sl anQ %Ee%@ﬁ%&%?é%ﬁ%‘f%%%a‘i%é’d%%%kﬂtﬁ }%Yef&fﬁl?}s%?f&%&%%r fi‘f{gﬁe' YRR asa
silicon - germanium, featured'as an overlying component of multiple composite layers,

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 - germanium 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 - germanium - carbon layer component acts as a filtering layer enabling lower defect

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



each composite comprised of silicon - germanium and silicon - germanium - carbon, and wherein the
silicon - germanium - carbon layer component acts as a filtering layer enabling lower defect density of an
overlying silicon - germanium component to be realized. 3 It is still yet another object of this invention to
grow all component layers of the composite layer in situ, using the same growth temperature. In
accordance with the present invention a group of multiple composite layers, each comprised with an

overlying silicop rsGaIMRAABHIRY 86 ROHAMHNERENIEh SHCR\W AELRAPBHEhT LREPOBaNEEoRlSOLsEd tO
allow a reduced defect density of a silicon - germanium layer to be realized, and wherein the low defect

density, rglaxed SilicoRin JBIMARIERANENISHRed R, accommodate an overlying 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 temparature, IRIYA HE 5RE: HOWHAr LSR5 e haRRAANS  MUlRIGLonRgSIte layers,

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

germanim SRTBPQSHIAIS, TECLAR1e WoeA st comansiiiaust. shargn aqaighhe same

temperature Situ In the same gr position apparatus. An an proce IS per ormed at a
e L RS SOty o IR fe
underlyinI%ar 1£%é?gn§i l\iN Oer}é'%eth@?onvivugéflgé{e({énvg%h, trrf]: a%ﬁ%ﬁiﬂ: nSi—I iggr?nanium layer is used to
accommodate an overlying 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:



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: 4 Figs. 1 - 3, which schematically in cross-sectional style
describe the key stages in forming a silicon layer featuring tensile strain on an underlying stack of
composite layers, with each composite layer comprised with an overlying silicon - germanium layer and

an underlying gilicon - PermaniMmaarany 1a¥essPestoRAP RNQE BERARESERR Forming

EMBODIMENTS The method of forming a silicon layer with tensile strain on a relaxed silicon - germanium

layer, whetgihdhs.selepeas il quhs AU AR BITAYRICA ARV NS RNGE kA SRRPORKE.ARYer comprised

with an underlying silicon -germanium - carbon layer, and wherein the composite layer in turn is the top

component; o & AR O GARRRT!E: IAYE S RACEUMRIFE S Ah 160 hy FHBAN AU GYIRPOREL PN an

underlying silicon - germanium - carbon component, will now be described in detail. SEmiconductor
substrgte_ eﬁﬁa‘ﬁ?ﬁﬁri—b&%&tfh‘gﬂe?em invention and shown §chgmatiqally in Fig. 1, i.s comprised of P
type, singlé 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 DESCRIPTION OF THE PREFERRED EMBODIMENTS

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,



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 thyaaingdisiPratiaesiiike HyiggicsiiegRr. gafemeidmdayel asressdhnihging formed on a
silicon - germanium - carbon layer, 5 will result in a less defective overlying silicon layer. The presence of

a silicon - A8ENAYLMARAAARR IBNRESNIsEMRLi B lIGRI a1RRTTGRESD YAl IRNeSHiGaRIs kApRON Micro

crystals to be dispersed in this layer, with the silicon carbon micro crystals allowing formation of an

overlyingrelaxed siiGRN 1 SETMANIHEVIAYSH to/Be formas with less drsading disiacatipnsvihandound in

counterpart silicon - germanium layers formed on non - silicon - germanium - carbon underlays. Therefore

silicon - gefmanii G LARANIANG fays iR RS A& Itk IESTIRERYRS LR AR 1RandB dhagstroms via

molecular beam epitaxy (MBE), or via low pressure chemical vapor deposition (LPCVD) procedures, at a

temperat&éﬁxﬁ@%ﬁeﬁlﬁtﬁg‘!t 208401690 Fe NF0GRIANEDN disHIane A% ARIHGAR SOMiSS: ﬁﬁé@ﬂ fmane as

a germanium source, and usSing CH3SiH3 as a carbon source. Silicon - germanium - carbon fayer 2,
shown schematically in Fig. 1, is comprised with an atomic percent of germanium between about 20 to

0 . : 0 o ] )
35%, and with fﬂt atomic. percent of carbon b()e%vgg n grbgut 5 tocis . Qﬁtie[ﬂgersow)t of S|I|%on germanium

grefore Silicon - cermanium - I 3 farme {0 a g S between a ouf .
- carbon Iayer € carbon source Is turne an %I‘OW’[ 0] overlylng SiHicon - germanium layer 3,1s
20 to 500 Angstroms via molecular beam epitaxy (MBE), or via low pressure chemical vapor
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 CH3SiHs 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



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.1hg 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,6RAStAR, GELMANE ThALATIE SHNEAL Betarm AbUL R inR5%. AgaiRiRig Silane and

germane as 6 reactants. Although the presence of underlying silicon - germanium - carbon layer 2, in

Compositfaylﬁ‘)éﬁrw‘hl"é{ﬂ'o@xl'g%%s%ﬂiﬁémwg_EIiXiE'&ls-i" OR G MAHIAYRL SUh 23S SHERm

germanium layer 11, schematically shown’in Fig. 1, to be grown in a relaxed situation and with less

hreading_dislocati - silican,. MG R h
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defect de icon - germanium layers can be ac e silicon - germanium layer

's underigid, by, MulUplE COMBRSISHaYSTS. GG 8410 CmPIissd of 4D ungerlynoceligan O mapium -
carbon layer and an overlying silicon - germanium layer. |§. , Schematically shows composite layer 7,

n turn OV(?errll%{ yt}gd%%m&%slgesllﬁlé{gﬁ’ 1 ger%'a{ﬁﬁﬂrf lg}efe[,pg AR achieved if the silicon - germanium layer

is underlaid by multiple 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 8, 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 5 composite layers, all

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



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 8, o8 thiakpRSSHARUERH U0 ABIRIGMSH NG AV IR IeMpR' aiHe BngddAaactant

chemistry used previously for growth of silicon - germanium - carbon layer 2. In turn MBE or LPCVD
procedurgg ApeQiMLHRRAYIQRR REGYIRUBI @RRBIRY Egr%!iﬁ‘%(f?élj PO SIMANHTIR¥R O FYgi@gain

employed to grow silicon - germanium layers 6 and 9. The result of the growth of multiple composite

layers is 1§§a§mﬁikﬁly§a&waﬁ%ﬁﬁgﬁh it shoulehbe QRIGIAAL AROHARHILES ldvers Af composite

layers are described this invention, the ability to form a low defect density relaxed silicon - germanium
layer, ca@ilée?ccomplished using between about 1 to 5 composite layers, all grown in situ in the same
growth apparatus, and all grown at a the same temperature. The ability 7 to form the entire group of

composite layer in situ in the same tool and at the same temperature improves throughput as well as

manufacturabilfy, Again after grow ég% S A58 . lBVEHS: S 69N 2 Agfmanium layer 11, is
again in situ grov%ﬁ%’ﬁisﬁ{sssc%gmg%% t‘lg} % WERI%'I aﬁ%ﬂg% ?A}teer%¥§v§t]h %k’ &%emﬁll%}%pcomposite layers
and the ouerlying ihieker pilion SRR FLIAYEL s RorrGRIARSRLREREANS e ppripmed to

enhance% ICON - carpon
micro crystal formation which in turn results in a relaxed overlying silicon - germanium layer,
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

ambient 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 annealing 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 a result of being located in the strained silicon layer.



micro crystal formation which in turn results in a relaxed overlying silicon - germanium layer, 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 ambient comprised of either
hydrogen, nitrogen or argon, with the anneal either performed in situ after growth of the multiple

composite |ay€IE%1§’<§iﬂd*BJ§K‘éfe%i|iﬁ9ﬂhe9§ﬂ6%ﬁiéﬁﬂdﬁbéﬁ{s%cﬁrd§€h@%¢?€ﬁiﬁl terApatherapparatus.
Silicon - germanium layer 9, of composite layer 10, is now in the desired relaxed situation to allow an

overlyinggilic@neRy &lelQ e aTawis AL NRET 60 (1B AUBHYIHA SEEO TR HilkBeaarpRrised of tensile

strain, and exhibit a low defect density as a result of a minimum level of threading dislocations in

underlying, silican GR/ERaRIYTINES e ThaTRIOtR: AligRRJAYS 12 RENRTAOAIY SDOWA iRifig: 3. is grown

either in Situ in the same apparatus used for growth and annealing of the multiple composite layers as

well as f%éhiﬁh%uﬁi'iﬁﬁ&)agﬂmﬁ@&&@ 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 a result of
being located in the strained silicon layer. 8 It should be noted that the growth conditions, such as MBE or
LPCVD, temperature, source, etc, described in this invention for the composite layers, for the thicker
silicon - germanium layer, and for the silicon layer, were chosen so that the desired layer would exhibit

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.

What is claimed is:



the optimum epitaxial structure. 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. What is claimed is: 9 1. A method of forming a semiconductor layer with tensile strain,
comprising the steps of: providing a semiconductor substrate; forming a first type semiconductor alloy
layer on said semiconductor substrate; 5 forming a second type semiconductor alloy layer on said first
type semiconductor alloy layer, resulting in a composite layer comprised of overlying, said second type
semiconductor alloy layer on said first type semiconductor alloy layer; forming multiple composite layers
on underlying said composite layer, with each composite layer of said multiple composite layers
comprised with an overlying second to type semiconductor alloy layer and of an underlying first type
semiconductor alloy layer; forming a thick second type semiconductor alloy layer; performing an anneal
procedure resulting an overlying composite layer comprised

1. A method of forming a semiconductor layer with tensile strain, comprising the steps
of:

providing a semiconductor substrate;

forming a first type semiconductor alloy layer on said semiconductor substrate;

5 forming a second type semiconductor alloy layer on said first type semiconductor
alloy layer, resulting in a composite layer comprised of overlying, said second type
semiconductor alloy layer on said first type semiconductor alloy layer;

forming multiple composite layers on underlying said composite layer, with each
composite layer of said multiple composite layers comprised with an overlying second

10 type semiconductor alloy layer and of an underlying first type semiconductor alloy
layer;

forming a thick second type semiconductor alloy layer;
performing an anneal procedure resulting an overlying composite layer comprised
with a relaxed second type semiconductor alloy layer; and

15 forming a semiconductor layer under tensile strain on underlying, said thick second

type semiconductor alloy which in turn overlays said relaxed second type

10



with a relaxed second type semiconductor alloy layer; and 15 forming a semiconductor layer under tensile
strain on underlying, said thick second type semiconductor alloy which in turn overlays said relaxed
second type to semiconductor alloy layer of said overlying composite layer. 2. The method of claim 1,
wherein said semiconductor substrate is a single crystalline silicon substrate. 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 sgjd;fisaties: a8yl IRYRE IDRPRiInethywa molecular beam epitaxy (MBE)
or via low pressure chemical vapor deposition (LPCVD) procedures. 5 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 claimyg, WRRIGIN, PRSIt WG SETIRPRIHRIGH AR YRk ise SOTBHSRA W AR atomic

percent of germanium between about 20 to 35%, and with an atomic percent of carbon between about
0.5to 3%. 10 7. The.methpdgfclaim 1_, wherein se_lid se_cond type semiconpluctor alloy layer is a ;ilicon -
germanium layer. 8. The method of claim 1, wherein said second type semiconductor alloy layer is

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 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%.

10 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.

11



obtained via molecular beam epitaxy (MBE) or via low pressure chemical vapor deposition (LPCVD)
procedures. 11 15 9. The method of claim 1, wherein said second type semiconductor alloy layer is grown
to a thickness between about 20 to 500 Angstroms. 10. The method of claim 1, wherein said second type
semiconductor alloy layer is comprised with an atomic percent of germanium between about 20 to 35%.
11. The method of claim 1, wherein the number of said multiple composite layers, wherein each
composite layer is comprised with an overlying second type 5 semiconductor alloy layer and an

underlyingsfirst typs $eEYGORGHTPEIRNIAY |aVRLrdf LEINEEShaRA éeﬁ%&n%l%c%?%llﬂ?ﬁ'ﬁ?& of slain 1,

wherein said thick second type semiconductor alloy layer is a silicon - germanium layer at a thickness

between about 2,009 ;4,000,030 S9TRsiRFA YslhARsatomic percent of germanium between

about 20 to 35%. 10 13. The method of claim 1, wherein said anneal procedure is performed in an inert
ambient at a temperature between about 800 to 1000 C. 14. The method of claim 1, wherein said
semiconductor layer is a silicon layer. 15. The method of claim 1, wherein said semiconductor layer is

obtained via MBE, fr ¥ia lRGYE OG8HUres Al &R Ess RASSR ARSHIAAB B RYIAHRagtoms. 12

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

11. The method of claim 1, wherein the number of said multiple composite layers,
wherein each composite layer is comprised with an overlying second type
5 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 layer 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%.

10 13. The method of claim 1, wherein said anneal procedure is performed in an inert

ambient at a temperature between about 800 to 1000° C.

14. The method of claim 1, 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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16. A method of forming a silicon layer featuring tensile strain, on an underlying relaxed silicon -
germanium layer, comprising the steps of: providing a semiconductor substrate; forming a first silicon -
germanium - carbon layer on said semiconductor substrate; 5 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; 10 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; jer{oyfoing e PYARRILANER RIRESCHIFIR fikfe sulin AnouRRggomposite 15

layer of said multiple composite layer, comprised with said relaxed silicon - germanium’layer; and forming

said silicon layer [@ﬁ&ggwgﬁg&?ﬂ &%ﬂﬁiu‘?ﬁ‘lﬂ?&?@&ﬂ&fﬂ@;ﬁwg%% germanium layer which in turn

overlays said relaxed silicon - gefrmanium layer, with “formation of said silicon layer performed in situ in

same apparatus U5eﬂ&g{éf}@l@g8&1%&%8%@8%%%%9&%rS’ for formation of said thick silicon - germanium

layer, and for said

forming a first silicon - germanium - carbon layer on said semiconductor substrate;

5 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;

10 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

15 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

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

13



13 hydrogen anneal procedure. 17. The method of claim 16, wherein said semiconductor substrate is a
single crystalline silicon substrate. 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 5
deposition (LPCVD) procedures. 19. The method of claim 16, wherein said first silicon - germanium -
carbon layer is OrRWRJeA thicknesscbetineen 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 0 B ARG 1 AMANCIORICRELE UL R SHARAR S INSER AR Repeterdtai 18l The

method of claim 16, wherein said first silicon - germanium layer is obtained via molecular beam epitaxy
(MBE) or via low pfigssiigrshigmical 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 15 with a weight percent of germanium between about 20 to 35%. 23. The method of

claim 16, Wherei“1§Terﬂé'%@ﬁfoﬁﬁ%ﬁﬁﬁ“ﬂﬁ?lﬁh@éﬁpﬁﬁzﬂ%’ §‘i§coi{|"h§£ﬁi§hﬁﬁ‘l‘ﬁ@ -C,é’a{ﬁa%%sﬁﬁ)éfa}’ser Is

comprised with an silicon - germanium layer and an underlying silicon - germanium - carbon layer, is

between about | t8b§ained via molecular beam epitaxy (MBE) or via low pressure chemical vapor

5 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

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

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

15 with a weight percent of germanium between about 20 to 35%.

23. The method of claim 16, wherein the number of said multiple composite layers,
wherein each composite layer is comprised with an silicon - 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

14



24. The method of claim 16, wherein said thick silicon - germanium layer is comprised 14 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 anneal procedure is performed at a 5
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, whereingaid, SilicRRIAVSE R CRHBRLAIGY H AGRRS REONRSAARAYEI AP 0AQR Aingstroms. 15

atomic percent of germanium between about 20 to 35%.

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

5 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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