METHOD OF FORMING A RELAXED SEMICONDUCTOR BUFFER LAYER ON A SUBSTRATE WITH A
LARGE LATTICE MISMATCH 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 used to form a relaxed semiconductor buffer layer prepared for subsequent accommodation of

an overlying semiconguate AR feAtMINGCAASRSIIA Strains (RN ResqIntion ORRIOFARThe ability to form

devices such as a metal oxide semiconductor field effect transistor (MOSFET) in a semiconductor layer

comprised with tensjig sispimRaR allouerrie paxermanes ebihe MASRFETIainerpased via enhanced

mobility of carriers in the strained semiconductor layer channel region. This can be achieved for several
applications such as a strained silicon layer on an underlying relaxed silicon - germanium layer, or an
underlying relaxed InGaAs layer on a GaAs substrate, accommodating an overlying strained layer.

Methods of forming tensile straigadHRyass)sH¢B e BHCRNRXEFiesan example, include forming the

silicon layer on an underlying relaxed layer such as a silicon - germanium layer. The relaxed silicon -
germanium layer located 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 e{‘ﬁ%&é%%‘%ﬁe%%&ﬁ'&? nucleation, propagation, and interaction of misfit 1

The present invention relates to methods used to fabricate semiconductor devices and more
specifically to a method used to form a relaxed semiconductor buffer layer prepared for

subsequent accommodation of an overlying semiconductor layer featuring a tensile strain.

(2) Description of Prior Art

The ability to form devices such as a metal oxide semiconductor field effect transistor
(MOSFET) in a semiconductor layer comprised with tensile strain has allowed the performance
of the MOSFET to be increased via enhanced mobility of carriers in the strained semiconductor
layer channel region. This can be achieved for several applications such as a strained silicon
layer on an underlying relaxed silicon - germanium layer, or an underlying relaxed InGaAs layer
on a GaAs substrate, accommodating an overlying strained layer. Methods of forming tensile
strained layers such as a silicon layer as an example, include forming the silicon layer on an
underlying relaxed layer such as a silicon - germanium layer. The relaxed silicon - germanium
layer located 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 which will be employed for
accommodation of a subsequent device. The defects in the strained silicon layer propagated 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 &gernesitianalbraradedithigksiican r-asimanieniayanatathicknesmareatepdhana
micrometer. The compositionally graded relaxed layer can be achieved via increasing the germanium

content fropm; the PAItamB:(Q,HaRdoR SurAGSR! thercamrositionally araded sHicon mpsrmapibmlayer, with

this sequence resulting in increased lattice mismatch at the top surface of the graded semiconductor

alloy laygy. ARGIHALARPRACHIMDIERYILPS (HRIGREIRG R G5R U OME PR IS CERRH AN Os Rlayer

compositionally graded silicon - germanium layer, however featuring decreasing germanium content from

the bo“"g]lié]%ae%‘?&? RSHAeSALH %&RJB{?H)%E‘%‘G!Q’ ﬂ&‘e‘?ﬁﬁqu%%ﬁ%@&‘ diictar 9%%19%%%T@§r?9£{ oach

uses the t lattice mismatch, as well as the maxim Islocation formation, near the underlying

semicon_%gf rri%ﬂgf dl%%%glﬂ)f@%@ﬂeiga}%%g %gﬁe(ﬁ’é%benefits when compared to counterpart

compositionally graded semiconductor a rior art such as Chu et al in U.S. Pat. No. 6,649,492
B1, Fitzgerald in U.S. Pat. No. 6,646,322 B2, and Cheng et al in U.S. Pat. No. 6,515,335, have described

methods of vayying, germaniu ORIRatin.2 Slicpn,, oeimanium et as well as foriipa a graded siicon

- germanium layerto sprezg(l:ll?afﬁce misma Ceh m|n|m|2|igig 1’(EI%IFOCE[IO propaga{fg)n. ﬁe b%ve &
a compositionally graded, thick silicon - germanium layer at a thickness greater than a
micrometer. The compositionally graded relaxed layer can be achieved via increasing the
germanium content from the bottom to the top surface of the compositionally graded silicon -
germanium layer, with this sequence resulting in increased lattice mismatch at the top surface of
the graded semiconductor alloy layer. Another approach which will be featured in the present
invention is creation of a compositionally graded silicon - germanium layer, however featuring
decreasing germanium content from the bottom to the top surface of the compositionally graded
semiconductor alloy layer. This approach uses the highest lattice mismatch, as well as the
maximum dislocation formation, near the underlying semiconductor surface resulting in yield
and process benefits when compared to counterpart compositionally graded semiconductor alloy
layers. Prior art such as Chu et al in U.S. Pat. No. 6,649,492 B1, Fitzgerald in

U.S. Pat. No. 6,646,322 B2, and Cheng et al in U.S. Pat. No. 6,515,335, have described methods

of varying germanium content in a silicon - germanium layer as well as forming a graded silicon
- germanium layer to spread lattice mismatch minimizing dislocation propagation. The above

prior art however do not describe the unique sequence described in the present invention for

formation of a semiconductor alloy layer featuring a relaxed, low defect layer needed for



prior art however do not describe the unique sequence described in the present invention for formation of
a semiconductor alloy layer featuring a relaxed, low defect layer needed for 2 accommodation of an
overlying strained semiconductor layer, that is a process sequence allowing the largest lattice mismatch
to occur at the semiconductor substrate - semiconductor alloy interface. SUMMARY OF THE

INVENTIRN iRt shiginvertiaméa ieima RiRibethpemicandugriclavseygringesiiieanas an

example, on an underlying relaxed layer such as silicon - germanium layer. It is another object of this
inventiondia fra elRxe s AOR-ATRART filiE R - BRFMIMT | AYSNAR 2 camaaritienaliigyaded silicon -
germanium layer which in turn is formed on a semiconductor substrate, with the highest lattice mismatch
occurring atthgdnterface of the compositionally graded silicon - germanium layer and semiconductor
substrate. It is still another object of this invention to form a compositionally graded silicon germanium
layer comprised with a highest germanium content in the bottom, and with a lowest germanium content in
the top portion of the compositionally graded layer, resulting in the desired location for the greatest lattice
mismatch, and wherein an overlyingw&ﬁ@dﬁﬁ@ﬁwﬂ@ﬁmanium layer can be grown
featuring a low defect density. In accordance with the present invention a compositionally graded silicon -
germanium layer is formed on a semiconductor substrate allowing growth of an overlying low defect

density, It is an object of this invention to form a strained semiconductor layer using silicon as an

example, on an underlying relaxed layer such as silicon - germanium layer.

It is another object of this invention to form a relaxed, non-graded silicon - germanium
layer on a compositionally graded silicon - germanium layer which in turn is formed on a
semiconductor substrate, with the highest lattice mismatch occurring at the interface of the

compositionally graded silicon - germanium layer and semiconductor substrate.

It is still another object of this invention to form a compositionally graded silicon
germanium layer comprised with a highest germanium content in the bottom, and with a lowest
germanium content in the top portion of the compositionally graded layer, resulting in the desired
location for the greatest lattice mismatch, and wherein an overlying non-graded, relaxed silicon -

germanium layer can be grown featuring a low defect density.

In accordance with the present invention a compositionally graded silicon - germanium
layer is formed on a semiconductor substrate allowing growth of an overlying low defect density,
relaxed, non-graded silicon - germanium buffer layer to be accomplished. Epitaxial growth
procedures are employed to grow a silicon - germanium layer on an underlying semiconductor

substrate in which a first portion of the silicon - germanium layer is a compositionally graded



relaxed, non-graded silicon - germanium buffer layer to be accomplished. Epitaxial growth procedures
are employed to grow a silicon - germanium layer on an underlying semiconductor substrate in which a
first portion of the silicon - germanium layer is a compositionally graded 3 silicon - germanium layer,
wherein the germanium content in the silicon - germanium layer is continuously decreased as the growth
procedure progresses. After growth of the graded silicon - germanium portion a non-graded portion of a
silicon - Qcﬁ'i%m‘geir@{f?ﬁﬂ§IQ%W%H&éﬂﬁtﬂé@?ﬁ%mgrﬁ%R@ﬁqﬁ'Bﬁé')ﬁiﬁ&%ﬁe%éﬂﬁ?ﬁﬂuhg?J}EgﬁﬂiUm portion.
The configuration of an non- graded silicon - germanium component on an underlying compositionally

graded siligan ARIPANHTEOTRAPSRLESHIR iR BlRYRL s AONAERgRskilicPRe gRTmANiT, RamPonent

featuring a low defect density as a result of the highest lattice mismatch located at the compositionally

graded s{iGan, ; 461 DAL, SR BISABHYEIRGR ISR JNte HassTrah MQs fEdko aRRiigafions a silicon layer

is grown on the relaxed, non graded silicon - germanium component, With the silicon layer featuring the

desired teRalR AR RIS GRIET NG JHmRRABINGS The dischandplehagyantages of
this invention are best described in the preferred embodiments with reference to the attached drawings

that include:;;Eigs:: 1 - 3, - Whi ' ' ss-sectional. ibe. t in th
romatiort e S e yer

wherein thergraded silicon -]%erma jum Iagfar f%atures dgc(rlea ingIl ermanium
germanium component, résults 1n a rélaxed, non-graded S1lic - germanium component

featuring a low defect density as a result of the highest lattice mismatch located at the
compositionally graded silicon - germanium - semiconductor substrate interface. For MOSFET
applications a silicon layer is grown on the relaxed, non graded silicon - germanium component,

with the silicon layer featuring the desired tensile strain.

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:

Figs. 1 - 3, and 5, which schematically in cross-sectional style describe the key stages in
the formation of a relaxed silicon - germanium layer on a compositionally graded silicon -
germanium layer wherein the graded silicon - germanium layer features decreasing germanium

content extending from the bottom to the top of the graded silicon - germanium layer.

Fig. 4., which graphically represents the relationship of lattice mismatch as a function
of configuration location, with the configuration ranging from the top surface of the

semiconductor substrate to top surface of the non -graded semiconductor alloy layer.



content extending from the bottom to the top of the graded silicon - germanium layer. Fig. 4., which
graphically represents the relationship of lattice mismatch as a function of configuration location, with the
configuration ranging from the top surface of the semiconductor substrate to top surface of the non
-graded semiconductor alloy layer. 4 DESCRIPTION OF THE PREFERRED EMBODIMENTS The
method of forming a low defect density, relaxed alloy layer on an underlying compositionally graded
underlying alloy layer featuring decreasing content of a component of the alloy layer, extending from the
bottom to the top of the underlying compositionally graded alloy component, will now be described in

detail. To facilitate this desegpiqp it OrAgIMPREFEWHBS HReEESINE: Rfample of the alloy layer,

however it should be understood that other examples such as a relaxed InGaAs alloy layer
accommodating an overlying strained InP layer, can also be obtained via the identical process sequence

described for the relayer;Siigon: SLIMANMT: SXAMALS: SemigoniyasuRsalR . sither N or P type,

comprised of single crystalline silicon is used and schematically shown in Fig. 1. For'thé InGaAs relaxed

ayer & CRABSHRSIAIS O B dsRec TR SSRGS AL IS NGIEN s e pmfen o arelaxed

semiconductor nium, via‘a lattice mismatch with an nderylng
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relaxed I%¥§({e\gig anrg(i)rr}ilrppo%rgngf\%iﬁIgg%ti@engeggggggj%gi 'agtg?n:i"([)hle:flculﬂga%lﬁil?sgdescription silicon -
germanium will be used as the example of the alloy layer, however it should be understood that
other examples such as a relaxed InGaAs alloy layer accommodating an overlying strained InP
layer, can also be obtained via the identical process sequence described for the relaxed silicon -
germanium example. Semiconductor substrate 1, either N or P type, comprised of single
crystalline silicon is used and schematically shown in Fig. 1. For the InGaAs relaxed layer a
GaAs substrate would be required. The essence of this invention is the formation of a relaxed
semiconductor alloy layer such as silicon - germanium, via a lattice mismatch with an underlying
semiconductor material, with the relaxed silicon - germanium layer featuring a low level of
threading dislocations so that an overlying semiconductor layer such as silicon can be grown on
the underlying relaxed layer with a minimum of dislocations propagating from the underlying
relaxed silicon - germanium layer into the overlying tensile strain silicon layer. To achieve the
above objective a compositionally graded silicon - germanium portion will first be grown with
the largest germanium content introduced into a first or bottom portion of the layer, and with
successive portions grown with decreasing germanium content. This will be followed by growth

of an overlying, non - graded silicon - germanium portion, comprised with relaxed strain.

Therefore the initial portion of the compositionally graded silicon - germanium layer initiates



relaxed silicon - germanium layer into the overlying tensile strain silicon layer. To achieve the above
objective a compositionally graded silicon - germanium portion will first be grown with the largest
germanium content introduced into a first or bottom portion of the layer, and with successive portions
grown with decreasing germanium content. This will be followed by growth of an overlying, non - graded
silicon - germanium portion, comprised with relaxed strain. Therefore the initial portion of the

compositippaliyedradad st 'ﬁﬁ@on@%&?ﬁﬁfﬂmﬂ%&'Qﬁtgﬁlﬁdﬂ'ﬂg%ﬁﬂﬁ%’\?&h@iﬁQO'ﬂs TEGRIBRAIIM portion
2. Silicon - germanium portion 2, is formed via molecular beam epitaxy (MBE), or via low pressure

chemicalygRerieRestien: (B CVIRL piacadsespia A ichaIRRS PEIRSR ANAKAAGIOVINO Angstroms,

using a growth temperature between about 500 to 600 C. Silane or disilane is used as the reactant for the

silicon C%H&%Hﬁ@sofosﬂ'ﬁﬁ&n&%rﬂé?\%éﬂ‘d%[ﬂ%@td/"mtﬁ)%{%%ﬁlks 5RY JQRFQM{de the germanium

component. Silicon - germanium portion 2, denoted as Si(1_xl)Gexl is comprised with a germanium

weight p?éﬁa?%&&ﬁ%%%%&b%ﬁl‘%@’an&%‘“éos‘ﬁa%e/%rﬁ%fm?é‘fk‘ﬁ%&i’@st‘%ﬂé Klactill #6; e greatest level

of germa, ormed when compared to successively grown overlying silicon - germanium portions, and
thus the argest lattice mismatch will occur at the interface of silicon - germanium portion 2 -

semicondycier sBSIIR TS IAras ismatch 2\ ik nisrace il gtmatelvalinuanovstiing sifcon -

cr
germanium layer b egrown axe form rylng the unwanted threa |§g Ic?s]ilocatlons in the

underlym&)smcnent gr{n on germamum portion 2, denoted as Si(j_x1)Gex; 1s comprised with a

germanium weight percent denoted as x1, between about 50 to 0 %. Germanium content x1,
will be the greatest level of germanium formed when compared to successively grown overlying
silicon - germanium portions, and thus the largest lattice mismatch will occur at the interface of
silicon - germanium portion 2 - semiconductor substrate 1. The large mismatch at this interface
will ultimately allow an overlying silicon - germanium layer to be grown in a relaxed form,
while burying the unwanted threading dislocations in the underlying silicon - germanium
portion 2. The result of the growth of silicon - germanium portion 2, is schematically shown in
Fig 1. The growth parameters such as pressure, sources, etc, are chosen so that the layers

deposited are epitaxial and smooth.

Growth of additional portions of the compositionally graded silicon - germanium layer is
continued with each successive portion grown with less germanium content than the previously
grown underlying portion. Silicon - germanium portion 3, denoted by Si(;.x2)Gex» is comprised
with a germanium weight percent x2, between about 50 to 0 %, wherein germanium weight
percent X2 is less than germanium weight percent x1, in underlying silicon - germanium

portion 2. Silicon - germanium portion 4, denoted by Si(;.xn)Gexn 1s comprised with a germanium



portion 2. The result of the growth of silicon - germanium portion 2, is schematically shown in Fig 1. The
growth parameters such as pressure, sources, etc, are chosen so that the layers deposited are epitaxial
and smooth. Growth of additional portions of the compositionally graded silicon - germanium layer is
continued with each successive portion grown with less germanium content than the previously grown

underlying feitiBBcMGAN bIRENRMSM FOHANG, HEBRIAL X DGENHIS CAMBT IReHMylN a

germanium weight percent x2, between about 50 to 0 %, wherein germanium weight percent x2 is less
than germaRiuRVBRIORL PREGRH e HRCRTIVINGAiEANe SREEIBNIHER MAHIPNIZoR iSRRI GRIAaniUM

portion 4, denoted by Si(I_x")Gex" is comprised with a germanium 6 weight percent xn, between about 50

10 0 %, WIRIEIR SeTARHPINEIS RIRRRLXRS Arealeh amasie: ibleasdhan he,gegipanium content

in the directly underlying silicon - germanium portion 3. The compositionally graded silicon - germanium

layer showp schamaticallyinEidy Al be.comRriseshyithite Jaest attice Jpismaleh &L ih njgrface of

silicon - germanium portion 2- semiconductor substrate 1, with the density of threading dislocations less

silicon - g with the density
in ficon sGNNI BOTHEN & bar ROMARRd iedliancina sialagaIaNBI HUSEng Silean.

germanium portions, portions featuring greater germaniu attice mismatch. Silicon -

germanium_portions ngi,‘% again groyn via MBE rLPGYD procedures. %‘?in at growth
pararmet 4 B e R ctween about 500

to 600 C’glejrsrllgla(-%llsﬁlhall rf)%r 1ro(rjlls?I}')%?t;elo%g(}egﬁlrrq}lagngere%%egegae(r:}gﬁlsdnl% %ggtglﬁgtl\gﬂﬂ%arger lattice mismatch.

Silicon - germanium portions 3 and 4, are again grown via MBE or LPCVD procedures, again at
growth parameters allowing a smooth, epitaxial layer to be obtained, such as a temperature
between about 500 to 600° C, using silane or disilane and germane as reactants. Each portion is
again grown to a thickness between about 50 to 200 Angstroms. Compositionally graded silicon
- germanium layer 10, now comprised of thin portions of silicon - germanium in which the

germanium content decreases from silicon - germanium portion 2, to silicon - germanium
portion 4, is schematically shown in Fig. 2. The thickness of compositionally graded silicon -

germanium layer 10, is between about 200 to 1000 Angstroms. It should be understood that
although only three thin silicon - germanium portions are shown in this description the grading of
silicon - germanium layer 10, can be comprised with numerous thin portions, with each overlying
thin portion comprised with less germanium than the underlying portion. Graded silicon -
germanium layer 10, can be formed during a single growth procedure featuring varying growth

parameters such as reactant flow, during the growth procedure.

Silicon - germanium layer 5, shown schematically in Fig. 3, is next uniformly grown without
germanium grading, to a thickness between about 2,000 to 10,000 Angstroms. Silicon -

germanium layer 5, homogeneously comprised with equal amounts of germanium, between about



again grown to a thickness between about 50 to 200 Angstroms. Compositionally graded silicon -
germanium layer 10, now comprised of thin portions of silicon - germanium in which the germanium
content decreases from silicon - germanium portion 2, to silicon - germanium portion 4, is schematically
shown in Fig. 2. The thickness of compositionally graded silicon germanium layer 10, is between about

200 to 1090 ANgSTOMSoBLFAMILDABRASEIRET o QiaAug B aNbHIPERs SR SHERR atgRiTsANIYM

portions are shown in this description the grading of silicon - germanium layer 10, can be comprised with
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underlying portion. Graded silicon - germanium layer 10, can be formed during a single growth procedure

featuring /aRgRg %éﬁﬂ&ﬁiuﬂ?[ et é&&ﬁ*}@ﬁt{{eﬁqﬁé‘éJlﬁ%"a&%fﬂ&lﬂ%@eﬁrﬁ%’ﬁ}&b%%ﬁUre- Silicon -

germanium layer 5, shown schematically in Fig. 3, is next uniformly grown without germanium grading, to

a thicknegs; hefwean, abau 2,008 46,1000 ANGR TS SIiCoR: HETHANM [3YEL, 34 hamogeneously

comprised with equal amounts of germanium, between about 7 20 to 100 %, is obtained via MBE or
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i e B B A e i
relaxatio, ThePIORRASIY Skt InA. disleralo T R UOPSYA.Rations ol gradsd siigap s germanium
Fig. 4, graphically represents the magnitude of mismatch, correlatable to threading dislocations,
as a function of position in both compositionally graded silicon - germanium layer 10, and in

non-graded silicon - germanium layer 5. It can be seen that the largest lattice mismatch occurs at

the interface of compositionally graded silicon - germanium layer 10, and semiconductor
substrate 1, with a reduced lattice mismatch resulting from growth of non - graded silicon -

germanium layer.

If a device structure such as a MOSFET is desired silicon layer 6, shown schematically in
Fig. 5, can be grown on relaxed, non- graded silicon - germanium layer 5, via MBE or LPCVD
procedures, accomplished in situ in the same apparatus used for growth of the silicon -
germanium layers. Silicon layer 6, comprised with tensile strain, is grown to a thickness between
about 100 to 200 Angstroms, at a temperature between about 500 to 600° C, using silane or
disilane as a silicon source. The strain relaxed form of underlying silicon - germanium layer 5,
allowed silicon layer 6, to be obtained with the desired tensile strain. The use of underlying
compositionally graded silicon - germanium layer 10, featuring the largest lattice mismatch at the
semiconductor substrate interface allowed threading dislocations to decrease as the thickness of

the layer increased, thus resulting in little dislocation propagation into silicon layer 6. Thus



layer 10, resulting from lattice mismatch, do not reach overlying silicon - germanium layer 5. Fig. 4,
graphically represents the magnitude of mismatch, correlatable to threading dislocations, as a function of
position in both compositionally graded silicon - germanium layer 10, and in non-graded silicon -
germanium layer 5. It can be seen that the largest lattice mismatch occurs at the interface of
compositionally graded silicon - germanium layer 10, and semiconductor substrate 1, with a reduced

lattice migimasaNfRs\Wling e i oudh ©f Rebmarred.Siliaan:: AsiaRsuMIBxeE1 &lrRWGmRrERUCtUre
such as a MOSFET is desired silicon layer 6, shown schematically in Fig. 5, can be grown on relaxed,

non- gradgdl AUGAR e ARHBADIMERYRS R WAMBERR bPHY RaRIeCRIHES1ALEOMRISHE o filtig the

same apparatus used for growth of the silicon germanium layers. Silicon layer 6, comprised with tensile

strain, is ggwn{R.a MIEKRESA PEIYEE@RHL 100 10,200-A00RIIOMS aL,7 IRMARTALpE.hetyeen about

500 to 600C, using silane or disilane as a silicon source. The strain relaxed form of underlying silicon -
germaniynlay§ioRs ﬂgﬁl\"(ﬁl‘i{lé‘.ﬂﬁﬁ (€L 6, to be obtained with the desired tensile strain. The use of
AIOM § .
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underlying compositionally grade 1S| icon - germanium layer 10, featuring the largest lattice mismatch at
the semiconductor substrate interface allowed threading dislocations to decrease as the thickness of the
layer increased, thus resulting in little dislocation propagation into silicon layer 6. Thus 8 silicon layer 6,
can now be used to accommodate a channel region of a MOSFET device which will feature enhanced
carrier mobility as a result of the tensile strained layer, and will also feature

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. For example a relaxed, non-graded InGaAs layer can be formed on an underlying
compositionally graded InGaAs layer, which in turn is formed on a GaAs substrate, with the
highest lattice mismatch occurring at the interface of the compositionally grade layer and the

substrate.

What is claimed is:



a low defect density and the prospect of a low leakage device as a result of non-propagating dislocations
from underlying layers. 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. For
example a relaxed, non-graded InGaAs layer can be formed on an underlying compositionally graded

INGaAs layer, whithinuliniSJOrneshan a:Hads URsHAIBy Witk the Jishes iadtigg,mismatch occurring at

the interface of the compositionally grade layer and the substrate. What is claimed is: 9 1. A method of

forming a semiconduyctas allew laygl. SRMRUS BB HgSteps of. providing a semiconductor substrate;
growing a graded, first semiconductor alloy layer wherein the content of a component of said graded, first

semiconductor alloy fayeijs degiaasatasdiraraibPliRAIgide distiemirancyior aloy layer

progresses; growing a second semiconductor alloy layer on said graded, first semiconductor alloy layer,

wherein the conteny IR SPDRRDRNLIN SR SeenR BRmIAnIUEIRr RGN e i WG fng wherein

said second semiconductor alloy layer is'in a strain relaxed for

said graded, first semiconductor alloy layer progresses;

growing a second semiconductor alloy layer on said graded, first semiconductor
alloy layer, wherein the content of said component in said second semiconductor alloy
layer is uniform, and wherein said second semiconductor alloy layer is in a strain
relaxed form; and
forming a semiconductor layer on said relaxed second semiconductor alloy layer,

wherein said semiconductor layer is comprised with tensile strain.

2. The method of claim 1, wherein said semiconductor substrate is a silicon

semiconductor substrate, or a GaAs substrate.

3. The method of claim 1, wherein said graded, first semiconductor alloy layer is a

silicon - germanium layer or an InGaAs layer.

4. The method of claim 1, wherein said graded, first 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 component in said graded, first semiconductor

alloy layer, for a silicon - germanium alloy layer, is germanium.

10



forming a semiconductor layer on said relaxed second semiconductor alloy layer, wherein said
semiconductor layer is comprised with tensile strain. 2. The method of claim 1, wherein said
semiconductor substrate is a silicon semiconductor substrate, or a GaAs substrate. 3. The method of
claim 1, wherein said graded, first semiconductor alloy layer is a silicon - germanium layer or an InGaAs
layer. 4. The method of claim 1, wherein said graded, first semiconductor alloy layer is obtained via

molecular beam epiigy/ MR ATeYignloN RIRESHIE.khemical MARQEneRRsIiaN tHBEMMREQEeAMres. 5.
The method of claim 1, wherein said component in said graded, first semiconductor alloy layer, for a

silicon - germaniym ARV IAYEhisRIMBBIHDd B Sohheamsiradof claim 1, wherein said graded, first

semiconductor alloy layer is grown to a thickness between about 300 to 1000 Angstroms. 7. The method
of claim 1, wherein said graded, first semiconductor alloy layer is comprised with a group of

semiconductor allpyiayerRarions daRategias.Ri L GtV RRIEEIS N6 SANIARY M yueight percent of

said component, and wherein xl is the content in weight percent of said componerit i the portion of said
graded, first S?m&%%@&%%t@rﬁ'iﬁ)é '@%ﬁ?'%@éﬁﬂé% Hﬁ%}?%ﬁii‘o‘g'f%é‘fﬁ%%&%tfﬁh%t%ﬂ@@%%ﬁﬂéé’)!,'th
decreasing weight percent of said component denoted by x2, x3, xn, wherein xn is

wherein x is the content in weight percent of said component, and wherein x1 is the

content in weight percent of said component in the portion of said graded, first

semiconductor alloy layer located at the semiconductor substrate surface and with

decreasing weight percent of said component denoted by x2, x3, and xn, wherein xn is

the content in weight percent of said component at the top surface of said graded, first

semiconductor alloy layer.

8. The method of claim 1, wherein the content in weight percent of said component in

said graded, first semiconductor alloy layer, ranges between about 50 to 0 %.

9. The method of claim 1, wherein said second semiconductor alloy layer is a silicon -

germanium layer or a InGaAs layer.

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

(LPCVD) procedures.

11. The method of claim 1, wherein said second semiconductor alloy layer is grown

to a thickness between about 2,000 to 10,000 Angstroms.
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the content in weight percent of said component at the top surface of said graded, first semiconductor
alloy layer. 8. The method of claim 1, wherein the content in weight percent of said component in said
graded, first semiconductor alloy layer, ranges between about 50 to 0 %. 9. The method of claim 1,
wherein said second semiconductor alloy layer is a silicon germanium layer or a InGaAs layer. 10. The
method of claim 1, wherein said second semiconductor alloy layer is obtained via molecular beam

epitaxy (MBE) or yig 10 pressust ehgmical KaRek darqsiinn (el Rmredyasedt. cbigmethod of
claim 1, wherein said second semiconductor alloy layer is grown to a thickness between about 2,000 to

10,000 Angstroms;d1, A2 Ehemethegbriaimbohiereinsaid S65an% ssmigonductor alloy layer is

comprised with a weight percent of said component, between about 20 to 100 %. 13. The method of claim
1, wherein said semiconductor layer is a silicon layer for the silicon - germanium example, or a InP layer

for the InGaAs exampig. 4:4mHaeMeIAA o Glalmh L RERa, Sl SE Tl 9@99%19(:&%3/1%:({& Rpigined via
MBE or via LPCVD procedures at a thickness between about 100 to 200 Angstroms. 15. A method of

forming a strain relaed siican.;ARKMANTJAYEL FRTRASRY MELRIGAS HKample.

14. 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.

15. A method of forming a strain relaxed silicon -germanium layer, comprising the
steps of:
providing a semiconductor substrate;
growing a graded silicon - germanium layer wherein the content of a germanium
component in said graded silicon germanium layer is decreased as the growth of said
graded, first silicon - germanium layer progresses;
growing a relaxed silicon - germanium layer on said graded silicon - germanium
layer, in situ in same apparatus used for growth of said graded silicon - germanium
layer, and wherein the content of germanium component in said relaxed silicon -
germanium layer is uniform; and
forming a silicon layer on said relaxed silicon - germanium layer, in situ in said

apparatus, and wherein said silicon layer is comprised with tensile strain.

16. The method of claim 15, wherein said semiconductor substrate is a silicon

semiconductor substrate.

12



providing a semiconductor substrate; growing a graded silicon - germanium layer wherein the content of a
germanium component in said graded silicon germanium layer is decreased as the growth of said
graded, first silicon - germanium layer progresses; growing a relaxed silicon - germanium layer on said
graded silicon - germanium layer, in situ in same apparatus used for growth of said graded silicon -
germanium layer, and wherein the content of germanium component in said relaxed silicon - germanium

layer is uniform; endrfRrming.a silicamavenarsaidirlaxeekaiiarnn IsEmARim RYeF i silinkysaid
apparatus, and wherein said silicon layer is comprised with tensile strain. 16. The method of claim 15,

wherein said semigonduRIQn SURSHALS it & INEBR)SEMISQDHUHAL SMASHEAIR 21 2abbr ThSMEsHOd of claim

15, wherein said graded silicon - germanium layer is obtained via molecular beam epitaxy (MBE) or via

low pressure chemigphyBpRrSERAULAD (HRGHR) BERsedyiBsu (oA ickARSS ARsAD about 300 to 1000

Angstroms. 18. The method of claim 15, wherein said graded silicon - germanium layer is grown using
silane or disilane as a silicon source, and using germane as a germanium source. 19. The method of

claim 15, wherein S/ radag e o OPSMoRLAT A mRdarS - L0iRuR Gl sligans getapanium

portions denoted as Gex, wherein x |

using silane or disilane as a silicon source, and using germane as a germanium source.

19. The method of claim 15, wherein said graded silicon - germanium is comprised
with a group of silicon - germanium portions denoted as Si(;_x)Gey, wherein X is the
weight percent of germanium, and wherein x1 is the weight percent of germanium

in the portion of said graded silicon - germanium layer located at the semiconductor
substrate surface and with decreasing weight percentages of germanium denoted by x2,
x3, and xn, wherein xn is the weight percent of germanium at the top surface of said

graded silicon - germanium layer.

20. The method of claim 15, wherein the weight percent of germanium in said

graded silicon - germanium layer ranges between about 50 to 0 %.

21. The method of claim 15, wherein said relaxed silicon - germanium layer is obtained
via molecular beam epitaxy (MBE) or via low pressure chemical vapor deposition

(LPCVD) procedures at a thickness between about 2,000 to 10,000 Angstroms.

22. The method of claim 15, wherein said relaxed silicon - germanium layer is grown
using silane or disilane as a silicon source, and using germane as a germanium source.

23. The method of claim 15, wherein said relaxed silicon - germanium layer is
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weight percent of germanium, and wherein xl is the weight percent of germanium in the portion of said
graded silicon - germanium layer located at the semiconductor substrate surface and with decreasing
weight percentages of germanium denoted by x2, x3, and xn, wherein xn is the weight percent of
germanium at the top surface of said graded silicon - germanium layer. 20. The method of claim 15,
wherein the weight percent of germanium in said graded silicon - germanium layer ranges between about
50 to 0 %. 21. TheJnsthed RfiglaimtArayHiarein saigdelareskalicarpSaropRiuaylgyer is obtained via
molecular beam epitaxy (MBE) or via low pressure chemical vapor deposition (LPCVD) procedures at a
thickness between about 2,000 to 10,000 Angstroms. 22. The method of claim 15, wherein said relaxed

silicon - germaniuny|ayer is.erowsr Using %Ians. o disiangiasASlicanapuIea R Hsing: germane as a

germanium source. 23. The method of claim 15, wherein said relaxed silicon - germanium layer is 13

comprised with a GeHmRKTL WRIGREPEICSTHRRANEATANOWEARIP A T208 % [8le-gagthod of claim 15,
wherein said silicon layer is obtained via MBE or via LPCVD procedures at a thickness between about
100 to 200 Angstroms. 25. The method of claim 15, wherein said silicon layer is grown using silane or

disilane as a SOU@?.‘"ET?& method of claim 15, wherein said silicon layer is grown using silane or disilane

as a source.
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