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W THI N SEM CONDUCTOR BUFFER STRUCTURES BACKGROUND
wOo-2@BM1400001] The present invention rel ates gePer/akio97/072252

to the field of sem conductor manufacturing and nore

specifically to the formati on of relaxed sem conduct or

buffer structures. Description of the Related Art

[ 0002] Strained senm conductor materials advant ageously

provide inproved electrical carrier nobility

properties as conpared to rel axed sem conduct or

BhRAREDLL Vs WAL SRR a0  a e sompcTurEs

| ayer is said to be "strained" when it is constrained

to have a lattice structgfEekcr@AINDbeast one di nension

that is the sane as that of the underlying material's
Fieddtice structure, but different fromthe inherent

latti onstant of the layer's material. .L I C :

st r af g Cur L st e ephEY Selafs ERHHRG it ot &8 sppjcqpductor
nfh@RAckuring OMdt ABreP§ebicAINS td HeMBihtifL 6£ Ril8&d VR conih&or buffer
mat erial i s deposited over an underlying structure

stfecsriesy a matching lattice structure. The degree of

train i trﬁkqﬁgg tpo several factors, including the
Lg@?%%ﬁ%éggg%iﬁﬁg—éggosited | ayer and the degree of

| at tijgu2 snSkHhRedSéniREAICRE HASRASI AR aBsRubIR prddie improved
the "underlying structure. [0003] Strained

ekemicelrrduertmebiligyneepericsrns isempanedtelrdaxed semirndicter materials, thus

.depositjn ilico Si. ver a Silicon-gernmani um

R B ) Frosf o AR Sb@iden o SRt b e e At cqgugfor laver

id Ehid Vbl estyahdPt Wha it 58 BbRARUE k@ haddR1dtEed stfR$ure SW @ least one
as in mcroelectronics fabrication. Because Si Ge has

dan¢nsrogethat as the samoas tthait off thenumsietlying nmatahalis &piiceastiusiure, but

o5 ERIR i EaP R 5 b S8 LR e i o
bEQRROS I Qb #8hé SepoSitdPiIRLEEpakt Fronl e PIBItIbAYS ndHERY b¥dupted when
silicon lattice. If a strained silicon layer is to be

theapeicrialdd depesited heersinGmderyiag stradiercdiagmglaunatehing dattige structure.

hould first .be."re|laxed". so that .the silicon |ayer :
ThE8ee o bbb oL Bior HhetbeiSy e y5RRset e doposited
1BeEamgethe aédrad NEdlaBiceemlishyfdh Mesvdehethd aayasitaNnabdrial and the
the underlying silicon lattice, a silicon |ayer
ugdgsbang soicbyer a strained SiGe layer will not be

U240 R b SSRGS Y o
A0t 8, AR R L LTSS gt o
uFRgdTAUS2 00¢ 0/2RieEy2 of epintcardudigry apidiselons sychsiasi momierpelectronics
fﬁ)nrcgtlioar{ egecsaiugee S}(?ey fis'a IEPg%{ ?at_t?creeco%stra]ulljtnt%% si%f:on, when epitaxial SiGe
deposition occurs over silicon (such as during deposition on a silicon wafer), the
epitaxially deposited SiGe is “strained” to the smaller underlying silicon lattice. If a
strained silicon layer is to be deposited over the SiGe layer, the SiGe buffer layer should
first be “relaxed” so that the silicon layer deposited thereover will be strained. In
particular, because a strained SiGe layer has the dimensions of the underlying silicon
lattice, a silicon layer deposited over a strained SiGe layer will not be strained. In

contrast, a silicon layer deposited over a “relaxed” SiGe layer will be strained to conform

to the larger underlying SiGe lattice. Thus, a strained silicon layer can be produced by
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approaches to formng a relaxed Si Ge | ayer over
silicon. [0004] In one approach, a SiGe layer is
waelepési4ed beyond the "critical thickness." ABCT/H82007/072252
t hi ckness of a strained SiGe |ayer increases beyond a
certain critical thickness, defects in the crystal
structure of the strained SiGe |ayer appear, thereby
e cu t
cBEMEL Ib SIS ek o (EE SO REC Bere' B, g mpgber of
approhdft&s aoTuuitingod remxsa SiGellagdrasat siicbngener at ed in the
Iayer during relaxation, which is a function of th o
el astlfQ04ner By oBe apRECAChY 8r Sikied layke 1%&6139%E6F10he3@ﬁ@r@9 “critical
s clea s
et AT TR P18 gl Bl b oy il

tigelowks) deft@s in gheOwh3tdl esifaeiiad Wr @he gasiARDiSIGE layer appear thereby
concentration, and the nunber of defects within th

indygie Tglaaaiany | Merirlexationocpiy dhe degiee of ainpEseat ispthp SiGe layer

4 B oL e TRLASIANIE R s Rlvaion

whygh éalal functaorsbﬁeher elaamednérgfz f(ﬂ‘rthh dywi dnd e m&vﬁt&ﬂl energy for
with an |ncreas ng.. (or " d"). concentration

disdecation m«w legtiom aod glidige T hy qﬁl@c@.t ickests desads g e Vtaféetb’r?é factors,
1% %)dm ?at?g g[‘cﬂ@tp rt&lle}?é g}g&r%ldn?x&{cemjr:ﬁfofn e%umber of
e cen n o mani u

can 1| ncrease

daiboutwﬂﬁdntthe b@te%ﬁ@er@ﬁl@the&%edﬁﬁbﬂophe Si(’ibd(baﬁgalﬁd‘lbe relaxed, for
ger rranl um concentration of the SiCGe |ay
cZRHEAIGAVE 0 MABTOBPI TXRARSINL by gRrgalipg the wkﬂr»%et aftre depassipn.

the ggﬁeﬁ:} rat ’iﬂﬁI gagfy] hts%g ?elﬁ)?édgfigfe&? ef‘psdde%@gi drﬁ' \E}itﬁnaﬁ Efncreasmg

t he ati o readi n t1 ons an

(af “gridedd)ddangerdiasibo Oﬁg&:rﬁﬂﬁlu&n fromethel pﬁde)rlym‘gum&ﬁ\éubstrate to the top
[0006] I n certain_enbodi nents, a sem conduct or
Swé%%p@fe@é relgnest puler lavers it sxample, dhe eqnugsaEptions gfegermanium can

nlld'?%a%g g 4dlp @"/a 1 REAEEn Pt QB%C Qﬁﬁ@cyon (thlaﬁmﬁaﬁhe germanium

strate, and |'east one stralned transitro

cbmeatratiért bf thetShGe dayed esl gradudllyoincebsd lagice ebastad viatd fetance from
| ayer. [0007]. I n certain enbodi nents, a seni conductor
theo rSklb$t failifpiass edaxption gt 1cap emingmizs) Hhee genmipHQy of threading

t
s@%ﬁ%@%ﬂaﬁﬁlgﬁgﬂst | gﬁé#gfgta(g}gﬁ)ga\}\ho? ﬁgr?ﬂ hE? 'ZI aggg buf f er

| ayer, the at |east one sSUMMA®RY ransitional |ayer
conf i ured to reduce a threading dislocation density
pr oxil olllp CerAin sepbodiments, pheemipndygion Wepkpisge comprises a

s{él?%ﬁ{ E(Pelbfe?lsoutfﬁ? lyglgl ﬁu&%@m A ;Ioptpcglgf]orrhéh &?{hte%hﬂstrate and at

nrents an 1 n cwt conpri ses
lwbsder sitamed arangitibaat &gebuithiarthd gésd portidbniol the raa)ml&ﬁiﬂér layer.
port| on fornmed on the substrate, and at |east one
st r ail}1¢ r als F?ﬂ%ﬁa?m‘P%’/@me £ heeEpRsugion duerkpisee j qwprises a

S rﬁgltagae d %l%%db@fﬁ{ f Fa manu# Ql?g]suﬂsﬂaf%e rah&“ﬁ lezasu Cc%ngr strained

ment s urirng a semcon

transikpna ¢eyer atithin the ﬁelmed\huﬁﬂeﬂgyér tslas ldasttare steiped irbmsifonal layer
a relaxed buffer Iager on the -2 WD 2008/014079
cotiguiesh iy 79dype asthreading dislocation density proximate to a top surface of the

- relaxed buffer layer to less than about 10*/cm?.

[0008] In certain embodiments, an integrated circuit comprises a substrate, a
relaxed buffer layer including a graded portion formed on the substrate, and at least one
strained transitional layer within the graded portion of the relaxed buffer layer.

[0009] In certain embodiments, a method of manufacturing a semiconductor

workpiece comprises providing a substrate, depositing a relaxed buffer layer on the
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substrate, and during depositing the rel axed buffer

| ayer, depositing at | east one strained transitional
WO 200801490Nf i gured to reduce a threadi ng di sl oce€T/082007/072252

density proximate to a top surface of the rel axed

buffer layer to | ess than about 104/cn®. [0010] In

certain enbodi nents, a nethod of manufacturing a

0 ; f -

Sy AR B e U R TR TG D0 UM Lot one sirained
tipndifienal ldyay eonfigurédie rsdirstar titeadimg dislovatiog dsndifygqmoximate to a top

r.ecur.sors, an r mani u recursors mhijJ e increasing
sﬁrf@g r&}ﬁ"&%h@@ﬁgﬁ%’gf fog]]t‘?gﬁ tﬁali P@%ig%?nﬁg first portion
of t IFtﬁ)er?l axgdedpifnf EhbodiRYRE, a ﬂie?}fbrd (fﬁﬁ%ﬂf&dtﬁl%g D€emiconductor
ufrfer layer, g

first portion of the relaxed b pausi n
workgqueaegeanfyeisesy provatingl anspysérater gepositinigid Brst portion wif agretaged buffer
flow the sjli Coﬂlﬁfﬁ ecursors, and, after pausing )
IBPORRAGS tHESTHET RE VAR S0P SEPLISQFs 3BY i der Ry uhsiegHeprs while
P in@ génﬁaﬁﬁm{ bt RCatf h&he lgﬁ%@ﬁ% 0% Cﬂo?ﬁmpgxe relaxed buffer

fl ow ng The germani um precursors and I ncreasing a
layer, rediter daposttorgcthiatiirsit partion 1of tiire rajaxedi hudfes éayony papsing iflowing the
of the relaxed buffer |ayer. J0011].For purposes of )
SRR 2P O™ i SHEBHED GoPh b s ah P BBO n M efiggpausing
fIBYSdg T GeRhidriim Prdours6R! HeoRitRABIa8ELshadeki LY aRE AIESd Yhutfer layer
the 1 nvention have been ‘descri bed hereli n above.
by ongseming t flowingo the padensiwopretivatrs n@hd necessiagi lay germanium

all such . objects or advantages.my be_ achieved in
oSneenP a0 ER s epsia ToEUn Lt bR BT TORYer he

i nventd . Thus e 3 d i

L TR iR P i B e s
agtaevedeaivepibe prionartpeam@in vbjatts aofiisdvasages ofphé mveasomhave been

dv. . f adyvant t aught _
gioyBeL Bk vt (IF e 1 BoiocRandt o el gpeseswarly all such
oB}RLS &k 2dPdn @g]y R AR RT AR acRBrduBOkn Ghy BHAGRS Effbodiment of

t
herein. [00 of these enbodi nents are i ntende

theanbentient [Aihns,ttheexsophe tiofse skidled imthe attiveoill rhergeiza that the invention
di scl osed. .These.and, ot her enbodi nents will. hecone

i 6 PP AT Pt O GG R GHTISHoR HePPAEorgi o ntage or

gfoﬁl‘gl SMAEnEBes2hd BHoHEHCHIBEH QN GEint WRhAT GBSy achieving other
enbodi nents having referénce to the attached fi gures,

objlkeets iongdvaniagnes aromapled tagghitionsugedstedheraimy parti cul ar

r ef e di.nent (s i scl osed. BRI EF DESCRI PTI ON
O TR AW NS DS ST P HESG S i 1BIHER el tiBl e scope of he
IFARREGT Bere@ s RNANTRAE %{1@ SthEN@nh @B QA bé’éoﬁﬁs‘h@%@ apparent to

herein are descri bed below wth reference to the
thdsawiknldsl ofi fheefirerfred thendiabivientdetailelli déscapton f ethd epireferred

to i.llustrate and not to limt, the invention. [0014] . .
cpaiimst i aiie i sihed hedien &I PRpata Dpw timited t
aiHartiOu1& zprEﬁhéd%&bQ&iHeﬁf(s)l AY¥BIsed[ 0015] Figures 2A

t'hrough 2G schematical ly "depi ct exanpl e enbodi nents of

ger mani um condSRIEFADESCRPYIGON @E Tald DRA VAINGES axed

buf f fJOll3?yerThe_sg and other features, aspects, and advantages of the invention
disclosed herein are described below with reference to the drawings of preferred
embodiments, which are intended to illustrate and not to limit the invention.

[0014] Figures 1A and 1B schematically depict workpiece bow due to a
relaxed buffer layer.

[0015] Figures 2A through 2G schematically depict example embodiments of

germanium concentration profiles across a relaxed buffer layer.
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WD 2008/ 014079 PCT/ US2007/ 072252 [0016] Figure 3 is a
schemati ¢ cross-section of a rel axed buffer |ayer.

WO 0®%/P)40F gure 4 is a schematic cross-section PET/HS2007/072252
rel axed buffer layer with one strained transitiona
| ayer. [0018] Figure 5 is a schematic cross-section of
a rel axed buffer layer with four strained

transjtional .l a S. 019] Fi gures 6A through 6D

cnonadieRn ) prefect R SRl crd Sedibot el Rt e

of %&6@1 | NegighRYLls & JARRMRS crB§sOeessn ofEbikb&Buffer layer with one
I PTI ON THE PREFERRED EMBODI MENTS [ 0020]

sphinpd tregrsiteanat River. pr ef erred enbodi ments and exanpl es

are dj osed. below, jt will be understood hgse .

0 RTIE °FRiaeH8 ¥ sshmtecmo s RS g e Yueet 1 with four
strReed frhgsifional Blysel osed enmbodi ments and/or uses of the

i nvention and obvi ous nodifications and equival ents

t her ¢8019] ThuEiguies 64 thioughn @&Y seheataticdlly depugiearpexarhple schematic
invention. herein disclosed should not be limted by
PIRRIEY PE I e S ABTELPIOES r | bed bel ow [ 0021]

Rel ax gsiz DAY DERYSRIBTUIOWF BUE PREFERRNIS EMBOBRVENTS

substrate can put a workpiece into a state of tensile
or cd¥Pdssi shetghagantaithptefared antaalineme akpicsemplsoare disclosed

d | due. I t i t.t
S0P dF i 8 eried PR b esitb et 1 Dt pipds pevond the
sPEENGER tdiR1dsed a¥@BodiHeh@ ah@¥er u@8d of NehebUh¥ention and obvious
substrate. A relaxed buffer layer can cause bow when

mdseficadiokp et equiwlensotherof. eThps, 1ttivinteaded thahfhersaene @)the invention

et Ve iRl og BORRE B e Selifbi rBodulhiaRiaeg betow.
its qm‘lgi Ci RBlax&f b BPdrs S¥RANE! Ridh AebEE@F&Nn a substrate can

anmount than the bulk - substrate will contract )
pate wiodipesetintoj a Hate obfehiils arpmpfessikie straih thak pannerpain wolllipeece bow

rkpiece remains b .and rped when the kpi ec
2 B0 5P bR B AL R Per dP P Bt RS T W RSB thorma
ek SRRk €enliBe BNAA Ibulfef AGerSint 8BSt Qubstratdl fA edi@R@Eemffer layer
in the coefficients of thermal expansion does not

cem uREses vt aithen athe ywerkpiec dav)cooledr (8-4.s ta raeastgnwersture) from a

t he.maxi nrum and, m ni,qung-devi ati ons of t rface o
R (RO R o ) D Bty R B b T AT ol contract
aBRAGE to0fts NRWFAME fethendl - expafsiSleRi aifReerYand @i ItBan the bulk
1A) or convex (e.g., as depicted by Figure 1B) the

stlestiobenwtll eontestt adverding foaidecasfficiend aldhapiabexpangiont The gvorkpiece

cente int versus,its edges. ind ndent .of...an .
rgiiek heuBT g maFr SNty freRTgRRet R e T, Petpmperature Ge.
RO RiPetdting Rl Raidothe skssadifd 8 difbreXQd iRWhd eeffid¥RE of thermal

12 is conpressively strained after cooling, causing

cypangion daswnpbcapse sehstantiallymord boowl Wage ispufnasure giythe maximum
t hat. . has | arger .coefficie of thermal. expansi o

spi g R By AR o pati SF M wotht iR Gl R rPlenge plane.
Bovs s nicabiere 1T iRREcohch®d fdaddddifitd bayesurd 3 Al)Sr convex (e.g., as
tensile strained after cooling, causing dowward bow.

dapicted ughFigurck PRt dedwmagionof thd Huthce of dlet wiorkpirseds at its center
p%pn% versus its edges independent of any thickness variations. In Figure 1A, the
workpiece comprising a substrate 10 and a relaxed buffer layer 12 is compressively
strained after cooling, causing upward bow (e.g., due to a relaxed SiGe buffer layer that
has a larger coefficient of thermal expansion than silicon). In Figure 1B, the workpiece
comprising a substrate 10 and a relaxed buffer layer 12 is tensile strained after cooling,

causing downward bow. Although workpiece bow is described in detail herein, the
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-4 WD 2008/ 014079 PCT/ US2007/072252 di scl osed

enbodi nents can simlarly be applied to workpiece
wormp/o1Eauati on 1 mat hematical ly descri bes t heChuszoof/072252

a workpi ece due to differences in coefficients of

t hermal expansi on between a substrate and a | ayer

gromn on a substrate for tenperature regi nes in which

f th
ARTE0 ot SO @ TS oS BRRRLAS, Bbivicps vapampiopation 1

Iﬁ@th@nﬁtidaﬁil dREdHdes @WB@W'C&P& /0 ‘F@éce&1u%etb3d1ff¥1%h<yesf1h>@@fﬁc1ents of

tenperature. 2 bcbo - (Egn. 1) [ 0022] As
therswl erransion bEGYReDi %wbttratmrltk euleceé ZEWR OB substrate for temperature

%_‘ﬁfegrlﬁ W%l %l thé 90&? ?16 e r a %Is%xg) %1 o1 alg{)g 1OX rﬁé‘tgly independent of

he square o
?éiﬁtu% féxatr@le ztsfheﬁtﬁtl«l&&éﬂ ﬁ)xhhatfdhrtﬁifreléﬂfr@ly fik&Btemperature.
fe

rence in coefficient thernal expansi on bet ween

the substrate and the gromn I Mﬁ @bé eb - af), and
the difference (AT) bétbxeeﬁ[ft de n (Eqn.

tenperature and the stablllty erature pl us the

IbB: }(' [ﬁb%@t ; a?‘g d%ﬁ &bnocfgg’%é&?é?érk 1S ner@g%st proE%tinonal to the

tBXRAGE OF tike gmwe 153:395(11;)6\&@ soMak @alﬂteyrattas)fattb substrataldiddeser (d) to
close to zero bout -5 mto_ about +5 mfor 300
(i e

thﬁﬁ%bﬂtfﬁ@ofhlcé(n%t Bisrage én W@fﬁelentsowlﬁmmt ¢Pxpansion between

resent. on t substrate to caus
B SRR, B8 R R e e o v ot e i fensf HED) Btween the
deBBGHBY tenPERANE aRM tHel stbility l@é?n&}atur-ghﬁugﬁ'ﬁ‘iﬁthhl &fount of bow (by).
tenperature or tenperatures are known fromthe
pr ocd8823ar alregenesal, Heebwk sbbdtiatey pliysropk paitanetery gret ¢mstant.  For
rature elom1mh h the .di.fferences in the
XGEPFE &MU, SOSFAE REHTALY 1R BRJCHBHODT CORk S UB (7 & DGl qS i to
0 i
L0 SR DRS00 ol GRS S, AE e SO S ERE LB on the
siipgratatd gausen o be\npmchtam b eelfoeeddayer 2b6thQ) different omeffidient of thermal
bet ween abqut % nd 500 C. [0024] The di aneter of
XRENSIder £0 & Q d)The eP%‘F%TWe{?@Fﬁ/@é FPIAsERETes gregegwn from the
‘}é&ss ?aﬁn‘x&%& el §he 11'it eteﬁt% tdrg 1i€"he chembgﬁfu?@lbelow which the
expan ion of the su does no
daffh:eh@as tin ahd yoedBgienmtsl oﬁ ﬁlmeatp@apanmreof thetshhsttaﬁam&ir tht wrewn layer
es of ere The bul k., thi ckness of
Ft%@élg@tf 5l§fet%fﬂé‘éu°ﬁwwraeetra<ftep b a@PﬂltY temperature is

§bi I%E)réql b@ﬂgout &7%5 i eﬁ&'ﬂ%ﬁ%e lfét\g&% a‘%ﬁtszﬂ)‘@&tfeﬁl‘ﬂ%oo °C.

gener rons ( thick and a 300
subst[0624] i s Tge deaneetdr v decubstrbO(dnig typecklly betweﬁaahomg 50 and 450
the dianeter of the substrate or decreasjing the

riiRisEss nef the HoeHis roft Bewmal | sxparsiot ofrdhe srliete (o) does not
sﬁfygt%ratllsr g’?ﬁ# Q)'neﬁﬁlpgt%t’lre qﬁ ethé Q%r}éﬁe%tﬁ&ufa%xggs of '1(nterest The bulk

ropo exa

tﬁfcﬁﬂ&s@%@ tl‘IéTBu‘tﬁkltrathH;} 1561‘3@1&2#3 ttﬁbltdﬁlfék ldkr ger mﬁnﬁﬁﬂ @btkpieces. For
750 mthick, while keeping all other variables (Hf
XAMPIRT R 200 TBmasibsirainfs Benerablysaboioly ypiczagnfum) thick and a 300 mm

substrate is generally about 750 pm thick. Increasing the diameter of the substrate or
decreasing the thickness of the substrate will have a measurable affect on workpiece bow
due to the squared proportionality. For example, changing the workpiece from 200 mm
diameter and 725 pm thick to 300 mm and 750 um thick, while keeping all other

variables (Hy Aa, AT) constant, can increase bow by 210%.
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-5 WD 2008/ 014079 PCT/ US2007/072252 [0025] Wafer bow

and warp can present nunerous problens at subsequent
wWEe@ses®7st eps (e.g., steps after cooling the MOF/KRI0QTET2252

to roomtenperature) that can decrease the yield of

t he wor kpi ece. Processing tools that perform an

alignment may incorrectly orient the wafer, causing

poor ess e

Cach GURTT " s BAPehy WERAGEhrABACHInBN Bl ot subsequen

PPO@EL GRS r(agesstéﬂsaziftear@ohﬁg sid ivgnigsleceBivravng twapEatiBy that can

al so cause phaotolithography tools to produce inages

deprspse Weoiglhrofdhe mrekidiccannPrasesing opldhetepsriey Mbahgnment may
RELE0 500 DS KA Sng PR ARy TS i gpn e
ead:li waletsunFpoiaxhmple, r;ﬁm&dltthmaphy bevitd Ithayg pr@ducelr BnagBOWhat are

al so_cause stress durln the die grlndlng prac
(0]

ess
rpinglenedBewsA g Eath goayl PR Rhotqlithogreptdaels To produce images that
f
B S P v LA SUe ARl s PR @EFRge. Sbme process
tpole eemy \dtesmﬁaﬂdﬂu’(gsinayvbe ubablerraycontastutht waferpall vacuum points,
bondi ng betﬁeen donor and receiving workpi eces, Thus,

f?wétm%@tlr?@s Ladlurs. b@SWh‘@P 159 GEpSst ém%ﬁaefl? grndigg process

e Vi e
BRIGeSR UL S B BB bRhcs of oo
vwdlbpnbceﬁ fomekamjole deer strafred sﬂhen-wnnkqmilaeme(ssom) frecdse ddﬁhbﬁi below,

for 300 di amet.er substrates. Bow and. war
bﬁﬁymawsrawam B RRIiRgG brtVESs oraﬂa@ fzid]e%qa@na é‘ﬁagplp?eén Thus, the

n?éthodM &rﬁleﬁ ﬂe‘f’é{ﬁ it gfefeqmé(ﬁme té)g% tgqggsth Wou? fSOaLtm more

stralned active layer over a relax ayer

poferfably 18sshsn ot DRYinG AL eveét maieprefdrablyt IBskSthHONhoAN Y fum in order
warp, due to the differences in the coefficients o

f%téfe earknisgss s bobonsabldens Q0ram drastersubsifdies: | ayer and
;ES S[HS’Z%}] glaggo% ?)\featg%wre})l gd&ggva?hage%us \Aslldmgr%%ssc’eecf ego e deﬁosmon of

nliﬁlhpleplbﬁer!; aYRF exg@plep ﬁlen@épbﬁﬁﬁﬁ iofal dtpairkt@SAotive Qﬁ’}yeb)bver a relaxed
uation 2. 2 bfn =b0 -3 d "AT' as 'jHin -
b(lg‘@h laypy ovar pssuhstratp guay7 Fause vitiais rﬂ}lde‘{ﬁu%llbﬁwt md mr @ue to the

r‘éllti' re‘::g tngrﬂ{ehco%&ﬁm&%s ?ﬁﬁ?ﬁnaﬁ gp%ls%@e%vee%d%%%fa)gd%uffer layer and

ence

tlﬁeh subgiraennd dyevect fidtRinct @6RR R dad Adreldred Stadi laldry The bow
enperature, and the product of the coefficient of

C@W@fi aIsuchesapkinds leyers ean bavmathempticsiii descaibed puEAuation % he
sum of the thicknesses (F&p) of each of n gro

| ayers minus the sunddf dt he u of
t hi cknesses (%ﬂﬁ)ébf4i; wﬁﬁfggér Bad Erﬁé (Eqn.
coefficients of thermal expansion (afn) for n gfown

| ayerneo27p! UsBbWEA), NédubR!th@ iR ofahe r&@%f(t@@aubs@&mmh%der (d) to

to Equation 1, the differences in coefficient of
then @nhﬁtatasilpahmss (&), ethe ediffersnse dATh bebvdsnnthei growa fdyer growth

t h@qrt th glefn % stab lfltyttlgr%per% % Santd(%h 1podu(§ft(:"(§ltI thEa hc%efﬁcient of thermal

expansion for the bulk substrate (os) and the sum of the thicknesses (Hj) of each of n
grown layers minus the sum of the products of the thicknesses (Hp,) of n grown layers and
the coefficients of thermal expansion (¢,) for n grown layers, plus the initial amount of
bow (bg). Compared to Equation 1, the differences in coefficient of thermal expansion are
expressed in combination with the thicknesses of the layers to represent the additive

effects of the layers. It will be appreciated that Equation 2 reduces to Equation 1 for a
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effects of the layers. It will be appreciated that

Equation 2 reduces to Equation 1 for a -6 WD
WQO®800DmAD79 PCT/ US2007/ 072252 singl e grown | BYEDS200TI072252

sonme enbodi ments, a plurality of grown |ayers may nake

the problens due to bow and warp descri bed above

Wwor se. [0028] The coefficient of thermal expansion

r S
S50 00 P T AL SR SIS g B 6 BOB A e e

pwbderﬂs o to Hoenpervedrp destribeduibdve sraréeenper at ur e
Equation 3 is generally accurate for germni um

concéml&l{t i ohke pestlielenf obsherpalgapppsgion (o) doxa,SiGe relaxed buffer
1;18«3?%1)1 % tl?n 4 LS ener 3 laélor?%géjso (?esgnbed%éf %gla o i Qﬁd 4 for

She&hErat ons meen
telﬁperkﬁlrewl ridar b@bm a&ﬁp@@mﬂi eEqﬁah’th 3 ﬁ&g&&b@l}ﬁ zﬁﬂﬁrat’@ilbrbg,%rmamum
different in other tenperature ran ax = (2.55 x +

congptratignsgetweenOe and 8% (bs, & <7< 8: 5) XEqua@og d)is gauprgly accurate

f(g‘ ggﬁﬁmﬁ% colx ga‘g%oglvsvs B ?\&&{ OES%haenrﬁqW ngpes 6 8§de ¢ 1') NP will be

appaciated it Itlﬁmﬁ]u@ﬁtbhd Bacbd @ffgfeﬁﬁh@thmﬂgmrz&ﬁ& rhgwsdue
to differences in coefficient of thermal expansion.

Assuning that all other =(2sBabk8%)riénwiM constant, the (Eqn

di fference between the coefficient of thernal

expansi on of the subst;a(’éSi as) 0.8d1QhéK coef fi ci ent (Eqn.

of thermal expansion for the deposited [ayer (af) wll
be | 40QpH f olnsertipi oéﬁquzstwmsﬁr@ﬂef’smas Eg@afwarﬂa oin? shows that higher

Conﬁ‘%%%ﬂcgfb I}}gﬁ{ I’cg]?ﬁ OS giffjlé/er rr\ggrgcp jes ogvn Iag? to differences in

cEéf‘ﬁ@Ieh@Bf thethall tparici0 €A bsubii@Nthahll bhRf Miab®$ReMainCddnstant, the
(ao.lo) of 2.86x 10-6/x, and when the gernmani um

dcf&remﬂ beiweem thescma@%lerapcpﬂ thcanalmxp@msmrEqﬁ the substrate (o) and the

ds a_coeffjcient, of thernmal e nsi 4
§15iERD 36 AToFh PEFig ot AP aros SRVS Y SUDPe e Gy silicon
tne e X r
i e
cenq@airstianis(148), applicition of BY6dtion Wyiklds hecoefficRBk d0théinal expansion
for O(gciﬁ%‘ mani um but vv| Il be 1.02x10-6/K for 40%

(Geohgh 101 i Wheay BiengeripRiuma goTIceRiEAsion is 149&e, application of
E@ﬁﬁtk(ﬂ{ ?éﬁelﬁ? w c%@ﬁ&e?lt L (El{e?x%ﬁ]te ;Q%mé%&? K& 4@()%%%'/6?&1@8& Thus, for

creas Ium concen

ﬁ%@gﬂoMIa@%t@ r@laﬁ&b SeGeant Siffabicerih e eRpPARRNL (ARY from a
e rel axed buffer Iayer can change t he anount of

stimmnlsmbatramrmm ececfflepent e)fahlrpﬂnml axpensioro (@) o6F2.60010 VI, will be

s SN G VAN ST WIS,

e HARIBRIER GOBR! ABtkpile B (BelARREBI Y SfbohBUEHY% for an
deposited over a silicon” substrate may conpfise a

Iwerse m gmnaumrrotongattmlnnlﬁmnato%h@%%t erf ace between
el axed buff er t

t he trafe and th h

ow AN ¢tioefine ePolfisfio i B sviicton o tprilaet butfe
14yt BarPchalpd {h%ralﬂo%ﬂ%f HoW ﬁ%&&?feb@l bt exhithledthe afholiB€of bow in a

crystal l ographic structure of the
workpiece will increase if the thickness of the relaxed buffer layer (H)) increases while
holding the other variables constant. A SiGe relaxed buffer layer deposited over a silicon
substrate may comprise a concentration of germanium at the interface between the
substrate and the relaxed buffer layer that is low enough that the crystallographic structure
of the relaxed buffer layer is substantially similar to the crystallographic structure of the

substrate. The proportion of germanium may increase gradually (e.g., linearly as depicted

-
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substrate. The proportion of germanium may increase
gradually (e.g., linearly as depicted -7 WO
WQe®8N0MAD79 PCT/ US2007/ 072252 in Figures 2A BCOUIBN7/072252
stepwi se as depicted in Figure 2C, curved as depicted
in Figure 2D, conbinations thereof, or any other
sui tabl e increases) t hrough the thickness of the
aded r{49n of .t he reI buf f | ayer f.rom e
mqﬁ ures 2 tAear% i]i? stepw1se ag F:?% ém Fl ﬁeef%’r E\ﬂlg\{; as deoq}1fte%i)§1 011gu.re 2D,

c@lhﬁmﬁﬂb@(tﬁérebﬂ fof efiy btwlesfu,ltaallehﬁ@babs)ttm@ugm HeaRisRBesk Bf the graded
ger mani um proportion are | ow enough that the

p@lﬁ@@t@f | thegelaped bulfer larerufremdhe shestiata toxidg thifspeace efyde graded
p?%lrc%la%fhtﬁé éaa{(]c?ecfj b f?e?rltﬁ%%?, tﬁ P%ﬁ ﬁleelg%‘%ﬁ&‘g%ﬁ ge@la%ﬂrg %rgp%rtlon are

1P RASIHN tbi DR EVNBgraphiRnetiuetuax sﬂtﬂa%ragéd bl@iYchlaj{rdﬂ i§ hét strained
strained transitional |ayers do not

thremghoubties thigknasgy Biéguresp efe dhroagly. 2G %luﬁtratﬁ stb?tatﬂéfd geymanium
%%n&gtr o% a'glﬁgé rfr%ﬂlsfetlzixgg l%}uﬂfg]% t§> tgle s{}ﬁ EE@ asﬁtrl] 1 ﬂglgrs do not

hhveashd inpAadiate) weﬁ@ He iaperkd el e 8s alistriite@ b9 lthe2$Eratied transitional
the strained transitional |ayer 2 _in Fleaure 2G), etc
layersqd de igwes dBoAnd, 2Rheurved é@(é@l ap allysgiat égyeﬂlensar;amed “ransitional

148 %pgin nfgﬂr g%ﬁt eg@ff%p thggtréie nsnx%?%l"ﬁ;%? ARHEurd 2G), etc.

ures
Asudstabddi Qdolvy, ﬂlb&élaxélbbﬁ)@éﬁ lagdri ms c@hpiech npisgtaded portion (e.g.,
[0031] Figure 3 illustrates a partial schematic
befweess - ahowt | londf 3 armkexdamited imdfiRwee h-eonpy ithe rybgantially flat
cguck%% rag eﬁ)ileac gg} g rel axed buffer layer 12 increasing
P ATons f¢entration from0%to 40% The

subst[m(mqs 10Fiigfirea3 SilhstG R fy\@ﬁﬁm Wetehatic lbsaBét®n 6f an example
200 mMm a thickness of 725 and a coefficient of

Wollem el cempaﬁggom substraﬁe 8% 1@1 &/ F@laxﬁﬁebvfé‘?fai@é@f Baf fosfeasing in

?lg%,gieurgtco gesntr%?ct)rglggrl%g g%)}s lﬁle gﬁi ?@ﬁ 1§24 sﬂlcon wafer with a
di2EaT St 200emef, é@&kﬁes@%ﬁz&) mAﬁﬂl 4 e@éfﬁ@ientoéf thmtek%smn of

1 for t he enbodi nent ill ustrated in Figure 3 results
26k 18  FowTlné redexed buffsr layer [10032} tHitknekeofrtel Aapumda profftle kemperature

oé%gt I(% il @%S%glﬂn?’s 2 n St)bg‘%}}l g gﬁg{fnogf g @é ioﬁla&lf-% 390:‘ é’pplication of
r a axe dﬁ’g t ?ﬁ}fﬁ‘;}ﬁrh ﬁg%.re 3 PshOGSS Q&f oft Ag)%ut 75 pm.

I ncreases. In or

pr odyoeas2q r eIfamaﬂaldiuﬁ beffer lagyrel2 Ivis tahthRk s nsﬁmsm, application of
concentration that %r adual l'y increases fromthe
Equatsany Aresultnined baw o! abenttRaimoghsiuiss wedkpisee bow m@ﬁmwhen the

tl‘[ni'f;:krt S o% ﬁ%eralﬁx? eée\%)ére @? gugér%%srgs ?lﬁigrs upsf?&l ce tayrela]xed buffer
1dyet ﬁ/ﬁtﬁ&tdgeﬁhﬁmﬁﬁ)y&h@éntﬁﬁélﬂﬁiaﬂgﬁéudll%ﬁﬂérbésﬁgﬂf)ﬁﬁﬁé sibdRate interface
plurality of internedi ate gernmani um concentrati ons.

trdre @pamfaée of te oeleed huffer éﬂl}@xethe rblamdebuﬂf@yléyerlls usually thick

0.
e{lg yfgélrto ta!(l)lX\éll IFla glc\;ftbo&qat Iajee phérlagél 58 i} feromet idt€ c tgfjs { eessrle§ueltdng from
tKeﬁplgra,htyJ@mserﬁx@dl&@Cg@}m@ﬁﬁrmanwmfa@me ll%f @idnqﬂe taBiy sGeo 4 relaxed
m nimze vertically propogating defect formation

buf,ﬂen teyer o awpaeallynthicker Somea Sisbuintataxed tuffer davexda allow gentle
ffer a 20% germani um at t he

8L3 n%gd til? éﬁ%aﬁ V\gys %6 %t u%)egglbrfaceygermamum QcdiBition to minimize

vertically propogating defect formation during relaxation. In some embodiments, a

relaxed buffer layer comprising 20% germanium at the top surface is between about 3 and

5 um thick. In some embodiments, a relaxed buffer layer comprising 30% germanium at

-8



5 mthick. In sone enbodi nents, a rel axed buffer |ayer

conprising 30% germaniumat -9 WO 2008/ 014079
wWEQNBBROD7/ 072252 the top surface i s bet weenP@busi007072252

and 6 gmthick. In some enbodi nents, a relaxed buffer

| ayer conprising 40% germani um at the top surface is

bet ween about 5 and 7 gn1 thick. In sone enbodi nents,

a relaxed huffer la onprisin O°/gerrran|u at th
Reolspeit Rt & PEMiser aboH ABBL0 & isks Tgrhon GRbOdieang relaxed
s R E Bl 3 tncl B Sl £ RTE pLRcB afE S gnd 7

tigok.t i edme ehfboﬂﬂmtss rbetixed buffer laysredoapeidingUiole gelngy@rm at the
conprl si.ng 100% mani um at the top surface is

toesuiEash 1 Beftnees a gcmg 613 {Itht]h&k Ip@gglg]emhq)dg@%s a relaxed buffer
enbaodi nent s he rel.axe ri.se

la%ygf comgrm%% '80“/ - SeraAnidn, éjt et? g é’g%% 1§ beiw eei abr?u§ 7%nd 9 pum thick.

h@@ﬂiﬁ%léimﬁwhrﬁéﬁt‘s CORclR BIETRER Y rébh@vibﬂag ®0% germanium at the top
substantial ly const ant ger mani um concentrati on

S@itéw%b@twe@mah@p%ﬁdﬂﬂemgﬂladted portion of the rel axed

buf f ye The n raded re fer se ment
pone 3] hols sPie, SRR Aot el bl SHeF SOpBHte Ry elaxed
nbf-ghdiRd JSUFR NGO RS EREHGH IcBfp ﬁBm% h&1idP and efrﬁ&rﬁulﬁf having a
the graded portion of the relaxed buffer Iayer such

sulvstantinle commng igaherhige gmntraticmwpom‘ecdmktgp ahthiegdraded portion of

i ST, e 136F o B POTECH EO R BB R geterally has
gﬁﬁheﬁfﬁﬂﬁs&ﬁféeﬁfﬁ\bhd&ﬂr Pl & tBé“ %eﬁﬁirﬁ?&ﬁdccﬁiégﬁtﬁ{tlon at the top
| ayer may include between about 1 and 3 gm (e.qg.

safengtof 2hgygiadert pertion gf thderel axadf udfer layegsneh that Elm}grim segment

use. of . hi gher r Lum c ncen ations rab
i el R T RS P LRt I b B b mfgbe on the
of®k dfafickifsf eforl &4 ﬁl'blé’r@l'ieet}ﬁéldh@éseﬁ rREERAUSRvE 18 the relaxed buffer
crystal structure is nore unlike the native crystal

layer notyuneludé bsiwden abputt hené Byumnegsadong2 pnheoSpaegradéd buffer
devices forned in the strained active |ayer. Thus,
ugh increases in device speed nmay desirably

enpl qump ghetne ABE SRt gl %eﬁnaeﬁurg%ﬁeahﬂaﬂbﬁ@ chif 'd@éiﬁ?rgr make a
buf f er ayers, higher  concentrations of germani um may

saihined artvedayealdepositedson topiof thermta&ai;bmffer\kmkmoe@ﬁrahwd/ because the
due.to both r(?ergt g di.ff er.ences |1n coefficients_of

B SEPCRReIS Fathy nagive spatal EiRd S1tseny fhgreby increasing
tﬁee 58 hrePReel lf&frﬁerd e sirafRel 3%E6k BRES € Thh@yﬁﬁ%uéfpﬁlcreases in

al so be thicker for processes that transfer
dsvicaspeed nmytdesgablaymplwdngmbbrmenmms o€ gmrtaamam geretaned buffer

rel axed buffer | r Ls referabl h|c en hto. .
T ESENAE CHBCEFDUE Ph BT GBRY D Fopult ginereased
Wi ASRE AROTI bAR offatdr ﬁﬁ"fér@rlc@g( ﬁfjcol%ﬁﬁ&&fts b@ﬁ‘l@ﬁnaﬂ fxpansion and a

thick enough to split (fo exanpl e, and w t hout
ghdaper tthickoess odtthé ed&edZS@ie)buf{e@O&@} [Reldxiad ’tmdifbsﬂa'yatsemaja also be

e B AR 0 TN 8 ARASKOESS B 120 O e e
réladdll BiMrereRPl GabRMLY tRAUREOQR to split, as described in detail below.
Preferably, the non-graded portion of the relaxed buffer layer is thick enough to split (for
example, and without limitation, at least 2 pm).

[0035] If the substrate 10 has a diameter of 300 mm and a thickness of 750
pm, and if the relaxed buffer layer 12 has a thickness of 6.14 pum, application of Equation
1 results in a bow of about 158 pm. That is, the bow is about 210% higher than the bow
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1 results in a bow of about 158 gm That is, the bow

i s about 210% hi gher than the bow -Q WO 2008/014079
WERMBBROD7/ 072252 of a workpi ece with a di ane@BUSN7/072252

200 mMm The probl ens associ ated wi th workpi ece bow

may becone increasingly inportant because the

historical trend in sem conductor rmanufacturing has

ogg%%r pleéét\JV}’glx %%m%%k?esf f "%8 ?nnw H&‘e ﬂn%gfe?% s&)% o Ng}b@’orkpmce bow

Irameters. For — ex anp I'NCr eas e su

niliyaBeddfic tifcrémbhgiim 1ﬁ1@drtﬁﬁtebédab§et e ensttdilil@krtﬁé&ﬁ D s&@itonductor
m woul d result in workpi ece bow of about 312 mfor the

mgnupctuging lags lpﬁeguﬁe)eutélz(cu substrates| Withy, iInFigpeRely Hagher Keameigys. For
eg(:QrB 2 ﬁlgpen%{lgttﬁe glg{btst@at? gan%o 1§56 fmlg?ag [ﬁ{qSubLt?QQ’ @JCMSS to 800

ain e rmati on o eas

usﬁ Wuﬂ?fbsul‘t @ Redrkpidabow aY @bow 3101 jin tfBL 1@ Aeednd of Figare 3 (ie.,
of the relaxed buffer |ayer can reduce or counter

Ao radpilese shanghe bows forn suibstrate withiaglianeeterf ¢fi 200 apmy of

ol elRRBLr £ B agBr “UBoNsa8: i BerBifta St dotrirt gro strained

tiaRETREKA 18R . wihSinUhE brade@r ®irflon o €hd eélmdcwelayerlcant@duce or
be given 1ts broadest ordinary neanln% i ncl udi ng, but

caenter wprkpiasd bow, duedo shijorsetiah seetfipicaistolithermal efmapspr between the
A e -SSP BB bt o
hefed, el “coshiteess ol @Rt broddesberdinafy MeMdhdl€ncluding, but not
sufficient to result in a wor kpi ece that is suitable
lingjtedftoy torpppops ansktogichig. an gpposimdirestiivdThatris,she strained transitional

%E F §|Fn rq?tt ; 15]cseI (%1' oﬁl%lpgt cgy ng %%ér%rs%% ﬁ/rsféga%& dgcesq}q/e afhount of

beRs®e Al Rk s@ﬂw&t td> fes6If iPa HaR@eHcEBIM S suithBle f&tfufth@gilocessing. In
transitional |ayer counters bow by about 25% 50%

symeeembodinrnts Vi steginsdritansifranad davieh profsrilpicarsters iowapagvalue low
for .sub nt essin The ned tr [ i

eflgl,)l/%’lr t ﬁg@gﬁ% n‘prglgég Process g%rélesr?ant%e(? I%lg 73 I}las %16 er%ﬁgcilments the
sEhinsd trahdtiondl@a d‘,&a&ﬁuﬁf&ts &owaby abowd 2304, asom@ d7584;tdrwehatever amount
| ayer deposited on top of the relaxed buffer |ayer, or

nagkes Hier wagkpiac gpitabigy fOTeS%bFr?ﬁll@lt PreqeBwes. nkhe straipnedyspasifional layer
rﬁ%{ Q pﬂs@%ﬁ% zgll’fé eaEeria?X? t eI s%bgt? Sthé ?51’11(9 ﬂla?erisct aé G Utained active

Subst ra Re rans i’ona

1§RAREbS:itcd tdnatdpe@r ﬁlbhbﬁ@éﬁ pliffeanaydeor rzxﬁétﬁéﬂ ﬁhhterﬁiheFor example,
conflguratlon of the nunber, thickness, and

cpSHMEN Wgvhich eEGe relaxadduier e lﬁudémﬁlteqi 39 @rsiliqegpubgdrate, the
sg'gﬁlgé (?109913 a?y Ifl?na{}hg ISEY(SJ %)Jr 11%1& %h éh
concen Ion O he re? g ayer an

cdhﬂg’(ﬁhtﬁfn @f thehRmbet, kpicke®s, dndQdéttioigasrthe gtrﬁgéd frafis@tional layer
g;;gg t he germani um concentrati on gradua
@a1

I
nﬁdotmst:(b@r} therqyefalicdhickegss @ad C@rrvén&rwo@mﬁé%%re&?fxed buffer
?a&{ﬁg%?an?quc%f(fﬂe ‘% H:@e rel axed buffer |ayer.
trainé ransi ti ona ayers 1, 2 (e.g., strained

si | i qooB7]canrRbfriny spch W Figure 24 e geaaethh Qohtedfa®idn gradually
the rel axed buffer layer in accordance with the

npﬁr@'@éﬁfrom Ketlodufeelr appss &)@aﬁhmkéesasofstb% &raded @amogﬂ of the relaxed
bﬂ?f@% f:a% 1. pall‘ll:el {n%‘l% onaq 121 ?gf' Ttrla?ne'czll %ﬁ"co } tfgéfmed within
germani um 1 on ncrea

the glaed Eortwntd’f tHe edlpagamfieAtdyet B accordance with the present disclosure,

?r material. The

for example as schematically depicted in Figures 2B through 2D. In Figure 2B, the
germanium concentration increases linearly from [Ge]y to [Ge]r, with decreases back to
[Ge)y in strained tramsitional layers 1, 2. In Figure 2C, the germanium concentration

increases stepwise from [Ge]p to [Ge]r, with decreases back to [Ge]p in strained

-10-



[Ge]lo in strained transitional layers 1, 2. In Figure
2C, the germanium concentration increases stepw se

WO e@af482j o to [Ce]F, with decreases back to [®Ee]/oS10n7/072252
strained -10 WD 2008/014079 PCT/ US2007/ 072252
transitional layers 1, 2. In Figure 2D, the gernanium
concentration increases in a curved _fashion from
tlsagrﬁlélgrﬁéel A IgZ%’fz twolf]lg‘rug ‘?lf?esge%mlaﬁgﬁl {oglc%:neq:\fﬁ%lgn 'uﬂcreases n a curved
fashédrefrorad Gefstto dGeRNtvith d[e@é:}@s backze[Gelplin etralnédm:{rmtio&al layers 1,
no_germanium at_the _interface between the rel axed
ol é‘i’rtql%%?fe%‘??d RIIBIGRE: Hatle iHFCTP 1-¢-hE1%5Y fsofth ggrmanium at the

iheAI Bdrf %)e artl THAQHB Rt ol the B
1appr ecll5 ate thﬁerlt a%%e?uofﬁeéé Be non- zer 6%1 and t he ainied transitional
layenc dnt2)atalthoughn iteivtiliebe (mpplteoﬂatedoﬂlat hGeht cad rbednon—zero and the

transitional |ayers 1 can qk:)e dlffe ent from

cPRFfation By citherohnth af thﬁéirél.ne BARHIPL A Iy ééiﬂbbe §itferent from
thORRBN rd18k AYTEs e?ﬁi&ddoﬁgéﬁtt tiofh [§e]@€" MaNI UM

concentration in po t on of the rel axed
buf f q0038:}yer Irﬁtsombeerbbxt&mamtsut}feagemmﬁnmﬂnec@tﬂmraneﬂ in a graded

transitjon suybstantially the sane as

PGB e th?ﬂﬁ@%ﬁé gﬁfflﬂal@yeaﬁt e b@“@’ina?&éfag%bfrth? Sfrpiisd tfa@émonal layer is

s{lﬁét%ﬁﬂ AR od @Y gFm?aﬁnﬁntﬂ CondRBtratttn 1ﬁ%egr9éedt ;Eﬁ'tlon of the relaxed
I gur es

strained transition ayer or exanp
baBentuyer2d, the hep aofaceof thatstamefl G?m]ﬂntwlml tldyer gFaldeadimple, in Figures

tjon of the related huffer layer is th |
Aty e RN SO Ciobit CHead SRR 1 i S51E1COrpar Tayer s the
sh¥ Qflreg:tly ?’9% d Bt B&B@eﬂl& rs?{ain@&‘ traﬂlgi\ﬁl)lgal'lﬁ'%ér he 86388 oncentration

portion © e rel axed bu l'ayer 1s the Sane
[Giet.eimt ﬂhy guintwdepaatich ob dleomldxké bafienlayedist tharssintidireaily above and

| ayer In sonme enbodi pents, the german .
vefifeahe s .tlﬁni%mg L Zpor 15 SAMSF emla%fin IPepigy dhe  germanium
cgﬂéécn%tl&?ﬂﬁﬁe %fad%éf' Borti8h bP @gﬁé%{(&?ﬁf%& %J%le at RS badIR Qurface of the

transitional Mayer i1s dif e germani um
stromeé ritansitipmd layertik eh@renieﬁdom pbe gemmanafm tcbncm&hao«edl the graded
strai

buf f er surface of the
pp]:t%qfttk%gqxea;&gg;r laygyrat tlgxtgp[ﬁpréacelqﬁhl}g %@f@g t@BSltlf’W’é layer. For
eﬁﬁ_’[ﬁﬁﬁnﬁﬁ @ﬁg&& ﬁﬁeiﬂeaco'neerﬁﬁﬁoﬂ TaERdiP el 38 PhortiBE of the relaxed

rel axed buff 1ayer below the strained transiti onal
bluﬂye faytr bslogi ﬂfeestmntedfirmmttohel Iasmclemst deftdaren frdmshe kcbncentration

By 0 et Biird, PRte L SLRe e ol S5 Hpoves e Sined transitional
1&5%9 qenhd ahd Qéhcz[eﬁ;@lt%fi‘i {GE]{ hg & 3eRdd RREGIOBF fe feled buffer layer

rel axed buffer Tayer ow thé strained transitional
beboye the2stiagnedi trdnsitmnal fayen? i diffeomt dronr dtei mmc{:m;tlﬁb [Ge]op in the

teﬂgdé)gr a%ﬁg’& ,ﬁf:%(gii bp ?fta}?}gqrr é\?ext g st?@ugéﬁetgarnswénal layer$ It will be

aﬁﬁﬁEﬁ%d%@tdthte N A EmARPEMH M CPRGERES AkQTY above and below the
differences ditectly above and bel ow the st'rained

straizng itehonenal laypsr k 21in Bigine 26 guarsmaH@naugl tanthle ga@dgjmrtmn of

that th raded portio re buf f er
therrped Sp P Rae rBmht fihwRd op gufes et it GSona e
| ayer;go3d] 0039 TRENIREMBUABAFRDG SAL fiRl kel Nhihe layer and the

rel axed buffer lTayer and the stral nehg transitiona
siraiped stramsifiohalv tyersymsay| haab | anypsuwifableepsifith stétatthdt hibe germanium

ermani.um concentration in the strained transitional
gasﬁélfra?%n inciie i el opal 14457 18 B P SETggRIu: Concentration
in the graded portion of the relaxed buffer layer at the top and bottom surfaces of that

strained transitional layer (i.e., so the strained transitional layer is strained). For example,
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in the graded portion of the relaxed buffer |ayer at
the top and bottom surfaces of that strained
W@ e@sdi4ronal |ayer (i.e., so the strained trapSI/UBWNA072252
| ayer is strained). For exanple, -11 WO 2008/014079
PCT/ US2007/ 072252 the concentration of germaniumin
one or both of the strained transitional |ayers 1, 2

P AR 030 D S s 1.2
Fléxrgﬁi]?»\@@ﬁm%’%‘ﬁbov@%?bé‘le@ @e%ven for a relaxed buffer

| ayer that has a gernanlun1concentrat|on bet ween
about[0040% anbh 0@ awbadieertsghewrhler of sfraindiblayeat edmtiween about

bUf f beé?\{x%ef,ﬁr 368@{‘ r‘gg @e of Slotlhlﬁ_fglgalg qt ge {ug}a Horlilc@ntratmn between

a%Hﬁ)toﬁ% Htl@O%tJiQhé‘Wfa&f of thé Eélé){éﬁ%ukﬁf/ R §r | BheABBY bF silicon to
one or two for a relaxed buffer ayer that has a

ggenamwiny srthus baiveen ebeut O8: load e EW. db certain SebadichepByshgmumber of

f f the relaxed buffer.l
st Byt G s’ e prE i i aked, Furp L el B ermanium
c%ﬁcel@faﬁ&gbgtafe% abduit 169 zirﬂ' 5% ﬁf"ﬁ’l@%;{‘fﬁﬁfa%e of e 1%143&’9& buffer layer.

of strained transitional ayers i's about two or three

Thgr ragio rag] salbieen tObgﬁﬁmemlumagsethuwbeﬂwean gbouteffi: Limand 75:25. In certain
0, 0,

R S e B R PR R b e ot

bhiffel ¢B8Rr §AHIS 'FERRANHI | onbditmtibe hHaRRRn MBBAUDL5%5indS3 Bt the top

65:35.” I n certain enbodi nents, the nunber of strained

surfaees pf therrglaxedpuifer layer. bBhawesin ofsdlisontthrasemamumeis ylus between

bl Bt ul e i e Mo aPhests B RREpLaineg tpogyitiona layers

i§ Béthaes abfut thie bl Averdr RWETRRId Budke layerWRh b aki@ar@im concentration
silicon to germaniumis thus between about 65: 35 and

@swm abput & taad 5 Entiotie fmsustace hEtherrghased bwf‘ferdﬁyeau rAdg ratio of
Fans i tional bet,we r six .f

IR ke e YR o eGP SR Bhn nORRal atopents e

ReIBee e sekinet tréfHicar19a%iabetivden hisdut %llrfzfil@%u@for 4 Rfaxed buffer

rel axed buffer layer. The ratio of silicon to

Tgpear el a genmantumy sonpenittn bebwern ouid> % and 54%: gghe fop surface of

e rtai 0 nber, of stralne

G RN SRR PO o Be AR o BT Bh IS s etsm goout 55:45
an@r458 5. ehaéasinuifodfmdry €ie Mrhiber df §@4iAGMrai¥itional layers is between
concentrati on between about 55% and 65% at the top.
abovif fveansk savpe fored @J@éﬁad lbuffﬁrelrawrayléh 2 anlﬂml |C@n¢@r1trat10n between
a%l | t|6.,§5q/n a}u? 65 SR J[o sur ace (g]futﬁe reﬁrﬁe nu e1gJ Elye i ratlo 09 aﬂicon to

In-ceftain e I'iment’s, Of strarne

gtefrﬁﬁlﬁuﬁll i9fals Heﬂy&hsabbﬁt 43335 IRRN3RENUM &ﬁél@éfﬂb(ﬁhﬂl@ﬁtsftﬁhé number
rel axed buffer layer with a germani um concentration

qf stroraed tratsstianabysra mb%%naabouw mdpelgletrfpm: eelagfed plker layer with
rel axed

g%ernrrrl‘grﬁmbn n%:olngerftﬁatlogég{w (estl 3 t/o §'g1f76’>‘§} 03 %1% g%}) %Jgfac? of the relaxed

Hufet Riybr. ETHGEHiGBNEi Beorl tb%eﬂﬂiﬂi@h iofhus bétdeBesbout 35:65 and 25:75. In
transitional |ayers is between about seven and nine

qeﬁpinaem@dgmg@s, ¢ fiamber 96 prajfiadhirznsyionaalayermis between about seven
Surrﬁ&e%or%% ?aﬁ(eg) %h efa]l g}b‘g‘#]# & rg%% anaurg c.?ﬁoé’n?r%&lérp get%vggn about 75%

ace e re ayer.

1185008 the teedurTane umhe |r§laid’<lltl§i1fféﬂd{§€1e NTlad@Yb o25iliédn @Ngermanium
15:85. In certain enbodi nents, the nunber of strained
is thus between about 25:75 and 15:85. In certain embodiments, the number of strained

transitional layers is between about nine and eleven for a relaxed buffer layer with a
germanium concentration between about 85% and 95% at the top surface of the relaxed

buffer layer. The ratio of silicon to germanium is thus between about 15:85 and 5:95. It
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transitional l|ayers is between about nine and el even
for a relaxed buffer layer with a gernmani um
W@ owsenorat i on bet ween about 85% and 95% at t heCT/O§2007/072252
surface of the relaxed buffer layer. The ratio of
silicon to germaniumis thus between about 15:85 and
5:95. It -1? WD 2008/014079 PCT/ US2007/ 072252 w ||
R t n
\ﬁgyb%biﬁﬁe% a?ece |l tlﬂgl%at{ g>f rs@ gl)gz go dgérgﬁb#; I%]Q%BQ JHREOR f hlrelaxed

badplayaangiies othdrei@mdgs. [ 0041] The quantity of
strained transitional |ayers may be higher for

substlPetlds Whe ﬁ]uqnﬁwafrstr@m&ﬁéna@slgonat&yerémweénghqx dor substrates
v\%\l}')ﬁ?{%{‘péeié 'cc:lgazne@ér VFSLe %ax%ﬁl%}/ g}e% t%%@%nfr\{l&)% ;{b%g% ma9rbe appropriate for

vastlpieteanaith atdiamemmbftzoenﬁmt benal addajemil snedaeankBionEdayer may
for workpieces with dianmeters of 300 nmand two _

bgdHrmed ngl’ werkfeprsd Withy diggietaroeé 300aen el d @ddigiongdstrained
CHRSHURIRLFOR 1 ih HEps8k AR SR e

quente tof dtrhias@ tamditidiae 1dybiscdsn ass tef selda’%d basddaose thelibifck@dss of the
| ayer and/or the deposition tenperature. [0042] The

r@w@mf& layer angéordhe denesidion femparatiSnal | ayer is
t hi .
OB PP GRERR S 4R ShSeLL SR, sgperty i

cofiparet! taxiel tlba&as&c@f thi &el@f@i’l@ﬁ‘ﬁerllﬁ}ydr ntAgr depbsited] thHeCuffer layer is
stress due to different germanium concentrations are

refaxes becale fn ¢hangest He ilgmpk datfigg sfrospaylue dp adifigrant ngprmanium
cgﬁcpe?l@aﬁé)r%'_%‘ we%a‘ﬁﬁ? OQIngrtg%StIB% Lf)glgtlg{‘ ﬁ%ﬂreP élra§ quﬁg thrugﬁ% (%Bosmon at

ebecaﬂm plhh&hﬂy@if@bﬂit&htrht&int dhafgs! rHiﬁ;@evdlr ﬁﬁﬁfa&ﬁﬁtbnﬁﬂd&ydrﬁs strained
t he abrupt chan back to in does

bswuéwﬂt@rﬂ@temaé #%tg g %Wéﬂ dlrf%gﬁ@rse El‘éF Wéhaﬂbmmhﬁzang%ﬁe g H@Ck to [Ge]o)

+ gi@ée's?ﬁ(})t'na?l&ﬁ tcl:llgl "i’r?é?&tlgﬂ? ﬁ’al[y% (fhl%]ﬁ)fg r”%'l‘?a ?sé tﬂela&ael:ngl?l% ﬁflﬁ%% %dopts the

coya;tatl agtics of the lawd loaiwigich itriadsiniddorEile Budfee rlayaf somad@pttep of the
the crystal lattice of the layer on which it i

sframfe &ransﬂé,@lall Tayeralsy adspiha sasiab s ﬂ%qwlémﬁyswlaph it is formed,

3058 gL OBl b Ak R 5 et

rH@ie(BblgferMyegbe‘lﬂwmﬂ(H@ ¢ospentration in a Si CGe rel axed
buffer |ayer the critical thickness of a _strained
si |i dBOA3y anE?rt 1 AP seEyEHURSOpeadBEond p naGe dplaxed beffer layer,

the PRELCAHT EI'];égg o'fla tl%n(éﬂ ds’il?éoﬁxtfﬂlsﬁlldﬁ%lelr éraéé@feases as tlée deposition

I NCr eases. Iven deposl era ure

t@hfaratued fetheb Sf@ee rrelagyte buffeh dayer | inceadest hiFok nesgvesf daposition
strained silicon transitional |ayer decreases as the
terapsrairu R @oribieniclexed Sutten laypre thy Gétl‘i"aélﬂélﬁ]@%f% @f fagftrained silicon

t}aﬁylﬁgnélqg% &ase's tﬁg Hrtl %ﬁl]?sb%n&{rxhr&@& ﬁ‘{ {h%' $1%% relaxed buffer

transitio ayer s g han e Cri

lizker eloneses. Iﬁ teabicbna3Byf the sttdined trinlyétidnaplagerds g’feaﬂaﬁthfaﬂ the critical
i nt erfaces between the strained transitional_ |aye
thigkneshedsiagtaieay ngrr ab thealpnrandfogdrofigi inigy ?%getween the strained

AR e R S0 S, WU GIPRIR By, T, e
chisiyalrthickhidss forty @hained transitional layer in a SiGe relaxed buffer layer with a hlgh
germanium concentration grown at a high temperature (e.g., 900 °C) is low. In some
embodiments, the critical thickness of the strained silicon transitional layers is less than

100 A (0.01 pm, 10 nm), less than 80 A (0.008 pm, 8 nm), less than 50 A (0.005 um, 5
nm), or less than 20 A (0.002 pm, 2 nm). In some embodiments, the preferred thickness
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ger mani um concentration grown at a high tenperature
(e.g., 900 © is low In sone enbodinents, the
w@eiosloc@r9 t hi ckness of the strained silicon  PCT/US2007/072252
transitional layers is less than 101 in Annivi A (
~vn.vO0i }.LTTi, iv nm-, less than 80 ti (v.vOg ITi, 8
i Bess than 50 A i X0.005 Van, 5 ran), or less

nm, )
L Y T
pRCTT 20 0B ét6éed about ofp Ah®.colur @hN& chnby &S 06 14006009 gﬁ% 5-9 nm), or

i s between about 10 A (0.001 m 1 nm and 100 A (
briwek0 ahot, 60k (e @aboum) 40d 20 ACOEO3 pm, 84mmm) and 90 A

(0.0 9 . Or et ween. ahout 60 0.006 m, 6
Ao APebiordie e i neloBa] el 45 g dggends on the
thibenc3t bRk B&tehirAR 31 1R 3tadb@B6Htiod! FIMIRRERADUARr I)6. In certain
t hi ckness and concentrafion of the graded portion”of

etritbedmadnds eidhe beifafireed transetional dayeey tasd posi@mivald irorghiys everle spaced

trai t I ti I itioned.r hi
OB o R B0 e SEEE R BE ML BB D 1o some
ROt Of tHeh@traﬁﬁé@’h%ﬂsiﬁb)ﬁaﬁefay&@yﬁ{angé MinS Bf8ortion to germanium
enbodi nents, the strained transitional |ayers change

conceptrafar it the grasled gronteomi efithe cdmodridit layar. i n ¢ontein embodiments,

raded portion of the rel axed.puffer layer.. In_.certain

o D nsob e e layeey s e PRI BF Srafe Py &f Gerefixed buttr
14yRF BEchrithichRridle KHrad&dpR0s iheR s@hinbd GakideRydUhiebe placed
"ayer at variable intervals. For exanple, a single

ab bp@ormthitly 0¥ pmoinah thaydstrateyif Be ghéaiepbrtian of the relaxed buffer
approximately 3.07 mfromthe suhstrate if the graded

1B(6F 1§ 8l 4olfmy %@kr eForxanpthsy rerapple; gy stiatned trpnsifippad; lgyers may be

[ . I fgur st kai ned Siti I .

rigd BE SbEPLinBRATH Cpmr 2 e 37 AR g1 37504 G fho SBHe if he

gadiidd portioh dftielRed butdstisgk & 6.14 ihahicRr aded portion of
the rel axed buffer layer is 6.14 mthick. £0045] As

descPAd abdvalesaribed @bovd, dbg ctitgad imelsassH b theestrained transitional
strai,ned..transi ti qnal | a deposi t ed wi.t hi a S G )
REESaRo FAP AP aepRCRiR SRR B i Rl F e grmaniom
coRnERti6R! PAsbespRERSRIPRRAMRIIE R BRYrollhBTE thitlss of the strained
control |l abl e thickness of the strained transitiona

transitipwal layess, ahd shisdermationrpfetraisied djandtonal daysistat demigr germanium
| ayers.at | ower .ger.nani u concent rations .m esplt, ..
cpfhar Shond Bru ButB et S Rbar g B PRl ebodiments,
tIRTe@skn6E Riaisitiond Saydd atd186t postivhel iRBEmateaietie BpeoMBe graded
positioned proximate to the top of the graded portion

peftiantad theredaxed bbiierflayer] ayer . [0046] Figure 4

illu es an e i pent  of rkpi gce i.n.accordance .
i 0 106905, B RRGERER of enfaBier MY SorfhiGe i rranssice wie
thexyREer el chiién SheRitherbldxeabaitbl R antl AWstradied transitional layer are
deposited at about at 900 C (1173 K). The workpi ece

depeasieil 9b gbent 2888 Fat(@1770K).a The merkpipesr qompises a quisirggs 10, a first

BT LNCOREBRE PR oo oay R G AR LB 23 concentraion
R BYT BoRinddle t00thé Qisatel IR0 20R; SUhé BHSuErhcd dTRhE Fifst bortion of the

portion of the ) ) .
relaxed buffer layer 14, a strained silicon transitional layer 16, and a second portion of the

SiGe relaxed buffer layer 18 linearly increasing in germanium concentration from 20%
proximate to the strained transitional layer 16 to 40% at the top surface of the second
portion of the relaxed buffer layer 18. The first portion 14 of the SiGe relaxed buffer

layer has a thickness of 3.07 um from the substrate 10 to the strained transitional layer 16.
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rel axed buffer layer 14, a strained silicon

transitional layer 16, and a second portion of the
w@e@@s/teraxed buffer |layer 18 linearly increasPeiyusae07/072252

ger mani um concentration from 20% proximate to the

strained transitional layer 16 to 40% at the top

surface of the second portion of the rel axed buffer

ThéFrenst rra%%ﬁo%ia PRisenBuden o A B e A5, The second

tqr 3l :
oA O GG IRRAThRLISE 0B Idheg e 3.h Bin the strained
ttandtiendl iloral 6 kaertod Suffias o thieh$iCiernelmsedbuffdd ldyef. OTH@thclusion of

m 4 .n The second port| f th
ﬂt?u’FtF?’é’ilQ sifieon frausttionah leyen Sy thesSi6ie FRlped RS Taver reduces the

S@t‘égorkg eggg 1+Q Eﬁ}éro;(?% %1}1 %gfﬁg Ot rtﬁgﬁ%ﬁﬂﬁqcﬂﬁ %ﬁﬁ) Eeduce the

aﬁbﬁﬁﬂ Fregork ?ieb@BdSw ttd @p}ﬁbilhﬂfb@ 20 pnedr 19dvehi As didied §oe, the manner
rel axed buffer |ayer reduces the anount of morkplece

opswding Cépybﬁ@ﬂleﬁﬂtaéIWCQS m O her configurations can
redu &0 AR %D dt}?e%%trrh o\éllrﬁe%t %Pgrvg&kg?é accordance

1
20 n1or omergu%& € manner

waNtheEpreddAe finvichAdn whe@aﬂae 1£RR4T buffeglayer fnd {Hetﬁﬁa[rﬁﬁetﬁansumnal
anot her enbodi nent of a workpiece in accordance w th

layges @e @@E@ﬁlteﬂ@bébﬂqt 3h 90k ¢ 411 HeK).e Th atprimrieqeeiompaipes a substrate
langutirst Pg'rglag % § gp Ixed u%ler la ly%y 56 Shn%&&%%?&&n&‘%ﬂ g%hnamum

csmﬁtratadrﬁfmﬂ;(l)% Prdxiihste t@ﬂfetsumram‘ 1oato$1 5% of gHeayesurface of the first
buffer |ayer 20 linearly increasing in gernmani um

pedivaesit Hiet fedaxef rowiendeysr Ri Aeftrst ﬁtéalmdetrmnabﬂaé/en@% & second
pgftf axeg %ﬁ%e Stlgg ?etfa{{eagguﬁér tlgﬂ%rfﬁz{ Sflneaﬁg d c?qugé t] ngg:lrmamum

uf fer | ayer fi'rst”straln Fans

cb@de@iratieh frdamS® Swllﬁi‘oxﬂﬂﬁﬁd ioOthe Girsttsh@inSil G@nﬁﬁbr@l eteb0? i®13.7% at
| ayer 24 linearly increasing in gernmani

theo Frre Arfagei A e BOG9R MioRe rfakaéed @uffPFelaﬁ’Pfr 44, a second strained
u%hélf}bﬁ‘a?‘i' }Ief 38 Sa{ &1 IB"()ll'tlo %\f?ﬁe %éetrgla}e%ﬁ l]u{‘fe?ﬁagu{ %%lrlﬁi%gly érrlcreasmg

surfrace seco n the rel axed

i ‘gcrrﬂalﬁ@ﬁod’dﬁhcéﬂtfaﬂbﬂ &ﬁbm tlB 617%7 ipkdxaale toaiersecthd Arairridrteknsitional
portion of the SiCe relaxed buffer |ayer 28 linearly
13vigE 2@ 42 2Ag Y phthg é?mﬁﬁfwwé dreceind pattiosrrithe rlapsd Mfer layer 28, a

9GP TP 5381408 BSEE SRR LR O Pt 2
lihbaly ehaxthgbud fgefmérﬁt)&ﬁrc&ﬁentﬁitloh hirerel 0. E%I pﬁﬁhmate to the third
transitional |ayer 30, a fourth portion of the Si Ge

sfraingk dungitipral rlayea;ﬁé)r t0324.1%4 plethe tgD isHEfpeeagl fg forrth portion of the
A SRR P P R BB Y b e fopion of he

Si@e ramédaﬁﬁfe@ﬂayteh% hﬁmlyhn@eﬁﬁmgam gdmbdiem doatax@ton from 24.1%
buf f er Iager 32, a fourth strained transitional |aye

prokimatedodhs fourth syained Gangtionah leyersidde 40e/p LT tcmﬁur%rae of the fifth
poﬁ}’o%r f? ol (3§ bﬂfféﬂ%{/e??% Ngnd ﬁrsgﬁwe to 2 he Slt e relaxed buffer

concen ratlon rom 2 pr oxi na

18ef Bhethidknasisdftl. @Al frdra iy suBérdt® 1 @r@%hatﬁrit lmafhe@ transitional layer
surface of the fifth portion of the rel axed buffer

2Paykhe B8t striredftransitioparlayes 32 2@s afthitkressp(65 Ac(0H068 wm, 6.5 nm).
uffer

etk ROTHOn 28 OF i $1CkGE ST it dover DAL (TR Pal, 47 wm from

the first strained transitional layer 22 to the second strained transitional layer 26. The
second strained transitional layer 26 has a thickness of 78 A (0.0078 pm, 7.8 nm). The
third portion 28 of the SiGe relaxed buffer layer has a thickness of 1.02 pm from the
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22. The first strained transitional |ayer 22 has a
t hi ckness of 65 A (0.0065 m 6.5 rin). The second
weslot724 of the Si Ge rel axed buffer |ayer heGI/ES2007/072252

thi ckness of 1.07 mfrom the first strained

transitional |ayer 22 to the second strained

transitional l|ayer 26. The second strained

4
séd'oﬂ@ Ssggfn%l] %Ila.ﬁl%lﬁgr?%l l%gr Eggor e tﬁfr gﬁlﬁfﬁ% ﬁgnséﬁ éﬁl {ag?rgﬂ)e gThe third
stathé® frah A @ial Nagr 30 mlas altmels@es%f ¥3 QR (0wd730int N8 nm)l SThe fourth
WO 2008/ 014079 PCT/ US2007/ 072252 second strai ned _
portnsi2 pf)ﬂeﬂ SllCew@iaxz@ buffer lagert hdsr @ thiekngbne0.63 um from the third
|t|o Th ird.
SEERE i hara B 208 Py B feine L ERSR Jevpry 3o 78pe fourth
sfﬂungd %aﬁsﬂﬁonaTh@yef @wﬁaB a ﬁ%és@%f@ Af (oL dvB9 Sirfes. QWe@he fifth
fer layer has a thickness of 0.63 mfromthe

psttroal Ftedf theaﬁlﬁetmlanal bliffigrdaye3hat @ thivkndse wif t2h425p1mafmm dhe fourth
tran |t|QnaI |.ayer. 34. The fourth trai

SEHRFE tendHenal |1axre 3432 thadonys cerifdbe Sipe sga&@d( ppffrsdayer. The

r
i ?‘E?}le ARG HURRT RO Glorh N R, SR8 buffer
Isjer pdnest the amsiritiod Rarkpidgdowdd approkineatelgR0sinm. f{Gther wwhfigurations
the Si Ge rel axed buffer |layer. The deposition of the
C%Lﬂdugft thgjapeynisefi warkpicee bovs o aperaimptsliel0sii t hi n t he
xe r c
Wor k&?@gi dIn # g%%?% %Xl?r)aflltﬁle%!fl,z%% reg%(ﬁ%‘ﬁﬁn II lagrer is grown in a

sih@RE waer %pitzﬁﬁﬂ ddf)@ﬁtlbl@@ét@:ﬁ)ﬂ hﬁ AaRpRt thefEpslokD Beo® (10800 mm
to approximately 10 m 0048£¢In a preferred

vk esesk iom ARM Amprse dnbof P em&y’e?zong Mc@wnrqf%alay, the relaxed
bﬁt]fn piéger. ﬁd]é%%b"éax(ll %l ﬁ(?na‘? ia r&]%%&ntxg thi tﬁe[ e&é&@ dgposmon

eces rom
T da, celthia. erﬁﬁodﬂh@ﬁél liX whiShi the ﬁélaxé@btﬁf@ﬂ@;ﬁe@ lcdkipyises SiGe, the
the rel axed buffer Iayer i ncl udi ng strained .
gemRasin conRantrpEgnemay be lingashirinaipaskd withinecash periondpr “segment”) of
| [

t %Pa?(e{l glgfe}'e lg%gf%ér%dps 112% & 8glrr§rl g%%%&%?ﬁbt h)éélﬂplwmhg IPemperature
of &h8Bd¥pYEti6N nm@yltb’eahdjﬂﬁte@&mdbﬂ Imoaequrbﬁerdbm rpas@élw of reactants
wi thin each portion (or "segnent") of the rel axed

COMPHERS | Silieen Hyeaors thay bee prslyred, ote pHpanef aeactanty rcomprising

SRR pENBSGETRE! BEUAGoh ¢ REwHRROS LRI L oRrising sitcon

pfeRagbanirklude0 b b lﬁtg lirhitéd @) GRS USRS, RJlaie chlorosilane, and
reduced, the flow of reactants conprising germani um

dt?ﬂ’é%ﬁ?@@? s Exagpplss of raclanls caMPEKREZCBRAIGIM PECETSAFH igclude, but are

ng s r
oBEBRLE T LD BESSUSCUROAS IS, B B0t 1
eﬁfbddmﬁﬁn@d’hhﬁﬁlﬁsh ﬂl@l’lﬁpoﬁ)ﬁ&fﬁ@ lpefodled £ addhabinperaming| thetab§ inducing
ger mani um precursors include, but are not limted to,

higherhows as g¢s§@b%@{@vemﬁp@r@§e¢m§mg§h@nne are preferred.
di Ch er MANErtaid emb %h ﬂtv% cﬂ tﬁ\éw cig(e'ﬂht%f layer comprises
¥ {hePEDy

depo n i's perforie enpera ures,
Si@e uad rtge stthig b trabsthoras 1@%5 @61Inbﬁ§bsaé&@m%d silicda U fiodtined silicon
ngr|5|ng chlorine are preferred. [0049] In certain
RAdAYS Gap Bthifemed He sl mxey cpitadad rdepagltéqan reactor by pausing
ﬂ%g}ﬂ) Itl? Yeac h@ec %si &t rag e%r c{uasgissl J) 19%§rshunt1ng the
£on, Trarne

I'ses Stral ne
reactants comprising germanium precursors to vent or stopplng the flow of the reactants

comprising germanium precursors. In certain embodiments, “pausing” flowing the

reactants comprising germanium precursors still allows the deposition of silicon
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transitional |ayer can be fornmed in situ in an
epi taxi al deposition reactor by pausing flow ng the
WO 2@80BUS conpri Si ng ger mani um precursors, foPCEKSIPT/E72252

by shunting the reactants conprising germani um

precursors to vent or stopping the flow of the

reactants conprising ger mani um precursors. In certain

EHbogl TeRt %x ﬁ;a‘%ﬁ' L0G (b VN0 ng rf?@q%fa%&t mprising germanium

conpr|s1n um precursors 19 Tt rows T e

peRpAStS dr0dh ﬂfloﬁiﬂdf eeRtants1onMRs2R0RE A0 Precursors remaining in the

PCT/ US2007/ 072252 germani um for exanple due to a

reastaat lines yin ceiipin cBROgMenisathesiiralion orderasiting the pirpad fansitional

1 ef" oy his S0drib] grbe?\pee%n?o%ﬂ{ Oqf ald ?&tsg&)%lﬁ s SRIRL org] %reiferablg between

ecursors remaining in e reac

abdiutdES taAd 13 @H@Qﬁl MR RbMe ehﬂﬁdﬂlhb’n@d, ithlﬁﬁtl(ﬁﬁ@D&dﬁoblﬂgg tiiestrained

stralned transitional layer is preferably between

trgpytionad layerng atolead conedeotation (o2 ndR dnisedf ayrabgryof rotations) of a
e nt

RGBS Pu PP no%ite B€ o RBRELOR, mel SRRFRTRAAEET i certain

ehibyéimdnss, alie be@ashivmm eomdehﬁzttidmmn(tﬁe @:radearponrﬂimﬁgieme relaxed buffer
nunber of rotations) of a rotatable susceptor holdin

laviseisibripntedly th%swrs@w foi b e bermrpb e shiRinedfrapsidonal layer as

r
(DRI} Sorcth RELATL WASORSAGN P b A oimar
td hige spnel ﬂfeosttamiaﬁarzt@tﬁ)hﬂ lbsbflrl @n ﬁhnﬁ)lwbﬁhﬁlag k¢l same deposition
tran3|t|onal | ayer a er mani um concentrati on_in

PerEIcgT R Befarmidiation tf@fdet)%tlcrneqﬁék% sfrangd tensitigalayer. Deposition of
sﬁgi%é} ’[fglﬁs‘ftlor{a?l #DFL]% u‘s@g p%w&féfy %&&ﬂf neg dégh&ﬁk%x‘ $r80&Ling equipment

or exa usi ng osition
dpsirabive represchief ome iteghatadii eosti haad dap oslmuodepmmubheof the strained
strained transitional |ayer. Deposition of _strained

trapsitienal i layess d‘l’eé)f@rt §ulgg§qqt,1@ll¥, affestdhe Fl}l‘oxégapgf pf]@e reactor or increase
ﬂﬁggkggﬂﬂygkﬁg)&koce55|ng equi prent  desirably

represents W I ntegration costs and the in situ
depog0a30pn oA stlamed tac@veiager rhayabes déposital on ti¢asfactoeSthe relaxed

not substantially affect the throughput of the reactor

bytfey r%%yweréas%lgu% chlustrafes apRariyr shPmalc creesection of an example
I

RHEARE L fiBE o SFREPRS, MRS BRI HMLPE 18 bomn

ifpaedsing] ins gehﬁnai:um cariceasatacwith nligtinca rfrcmxalmhﬂ)strate 10, a strained
wor kpi ece conprising a substrate 10 rel axed Si Ge

spigen é?anﬂg?’é%l lpwst tlboArd 3 stramed gefive layes 42 ab9gstPerrfhe relaxed SiGe
sg%% : gbl‘i%,ﬁg 91t h 3t ntgg"'s{srlcfﬁpgd $hANGEnal NS tllaeforrgy% 1Puffer layer

Stral ne I con transitional
sttictuzendd. alrs teredim embaditiens, theysraintd. acliogélybied? ig ﬁlmsferred from a

rel axed SiGe buffer |layer portions 14, 18 and t
dgROTAVIERICES HhR TecPigHS Subsdtgﬁéf‘r &1 shandievafeRhfife r‘\fieav@rstramed active

a}fef ysty rd@ (?S?ted l :Qr%gnt é'f W ﬁ&f@&déa?l?%[ &'gatta@?n #d @dIBE ‘évor 1ece for

ctive er 22" 1€ {ransferred donor wor ple
ekample rbgimmplamglgs}wﬂﬁigemmg ( HF HE] andhepedfiedéyth4 Figudé bArshows a

RO BLR UGS 40 b e crlatGRUte o35S 180 B™SHpY Bn Poeakness
n‘?aé/%@%xﬁmﬁ%é Qﬁhﬁrﬁlé ﬁgnJ}WrEﬁ@& Qf@r & !'é" andH\%)thc'iLR Iﬁutatlon in the
specifrc dept ows

Figure 6A' s |on of weakness
rdBxddnbiffee 1aywkr d¥pthelsuhined tdaagigonal &yemﬁ\&tﬂrthe wiistraegitonin some

of weakness

embodiments, a further layer (e.g., an insulating layer comprising, for example, SiO,,
tetraethylorthosilicate (TEOS), silicon nitride (e.g., SisNg), silicon oxynitride (SiOxNy))
(not shown) is deposited on the strained active layer 42 prior to association. After the

strained active layer 42 is deposited, the donor workpiece can be associated with (or
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may be anywhere within the donor workpiece, for
exanple and without limtation in the relaxed buffer
WO 20081014029 the strained transitional |ayer 16,PERtS1008072252
substrate 10. In sonme enbodinents, a further |ayer
(e.g., an insulating |ayer conprising, for exanple,
Si02, tetraethylorthosilicate (TEQGS), silicon nitride
o | . .
gﬁn )to % tﬁ%lggcgls?rlé %16 %% msfo%g?ane%% \/t}él)cl‘tlgg ggéﬂis depicted in

RidurercB)0 d%hs oegidhi @Ihweﬂfﬂeﬁ 40hie ccﬁlﬁgﬁleﬂetd aeilitse spiitRie of the

42 i s deposited, the donor workpi ece can be associ ated

comppsifeqiiructire Viry cpmmsta svpean besst 7 dirzegion of weakness 40 in
ongde e

t%%n’posg tt}él?fg% lab@f 18, 1%%‘1&1&{&5%1 g;&g&f @Eﬁ%“) dﬁ%e 08111&851%% ion of the

rdlbeed adicd nayef 18/\@&1@&361#}1@ susstﬁwm with edtrhmed aaivlellztyat & (e.g., as
S|Ittln oste structure. eco

dgflﬁt?étl& .Fgg%%lﬁcbelfém Feceivipgybstiasg b Hasoﬁ’fOHWe%fléh% @wé biuﬁfer layer
1&&?’1(%1(3% ?éﬁﬁmﬁ’% reftcgllb%éka%? ?’suﬁa%%#’{n{og&g rh%r | Be e%'abu fl?avre only the
straiyied adi&/earageraﬂl @C@J ET di]@uselbﬂi Figiee @) Wrhérezici 6fweakthess 40 is

active | ayer as_ depicted in Figure 6C). If

pr¢feraplycia; the ﬁ@la&slb@tf’?eaﬂ@yew%rbsgm%ﬁ@ ggnor W@rmp%&@aal be reused in
j t

B ol Bt oy Bl « S RT S ERLER o B 0367 Miping rtuca

baffenlayed] 8¢s.gy efteragtestinga é@ogd ,ar@sOfdxewknéseﬂ i sdﬁ'ng lemeodlments

6D).. The region of weakness 40 is preferably in
“F%‘Fdé%%an prvfaging laxeerthy gnsplaos re@aing 60 @ 4 pe \%?Wﬁlﬂléfeé portion of a

SRl RKide® uﬁleg)ng@ otteH Chhb &E’ﬂféﬂ{s”%@fug andﬁﬁi?ﬁhgé ’P%refa the insulator
second strained active aer on the“remainin
pbatédte thel ayfac:e dBthe evcgkpw@fdwmgfomﬁtmngﬁahsmgm@fama@esﬁ 40, and

.weakne I n sonme enbodi nents i ncl uding
i ngvsg ﬁ Figra bapding. (SROTiprRagrSss & cretag ﬁ§e%<eﬁ %%W?%nffé’ associating

the §orl '
5 SR, AL B0 ) b0 R Bt
desusibbatior detqit oh 4.5s Pateat No. f@e53, 73‘6 titpaedviddtghcr CH, 2005 entitled

uring.formatjon of the r f vveak ess 40, a
g%ve@rb%# SR8 iLAYer @é alaﬁ'@ F%tPf Materi rfn gmsorporated
hEl%g{ﬁ}pre@éreﬂ@:E}h%%ﬁmre soci ating the donor wor kpi ece
to the recelving substrate, and splitting the
conp¢&051¢ sthuctisie emboditests) iboed and detpaipresem Prdblems when
Pat ent . 6,953, 73 |ss ed Cctober, 11, 2005
a@?ff’PY“P?eéo as‘fﬁ}ct?é"é% 9nigE VYo fe FPﬁnﬁﬂSng L%ﬁ%?‘n%# active layer and a
%?e{ D Ebsed 9%@& thflathtﬁé &b togg%fﬁ?rtﬁé)fe@&@gﬁ sH64tBkds about

y re erence|n|1s entirety. n certal
Oeping dharembant bOBownNiEl thardonpr eseilieder 8 jrefeEbihbelow 50 pwm, more
attenpting to associate a donor workpiece conprising a
peafergh éaﬁlg\&tZi/ML ayeevemaore preéaetly balpvs b e 00 mm diameter

[ that th a unt of bowin the r ivin
SRRl oty i 2 N R GURGRe bR [ buffr ayer
c%ﬁﬁém@@i&@e@?@t ihe ttﬂf QireabdyddBRMnI iR 3V have an amount of

preferably bel ow 25 and even nore preferably belo
bﬁwnmif arouBUO pom dndaﬂmsewould wios be asughle Asr amso@xtampiveh aareceiving

SHoRE Fe k IFFelgtﬂ‘H’go aé% Srasi %ﬁwg’m{lgéaﬁ%%; gggcgrggnce with the

cABBI & ﬂ&cgb&i"ﬁéelﬁ)caﬂﬁﬁvmé/g%oﬁ’sny PRERE 1 amount of bow, thereby

making the donor workpiece suitable for association with a receiving substrate.

[0052] Additionally, the implantation generally penetrates the workpiece to a

constant distance from the workpiece surface. Formation of at least one strained
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bow of about 75 m and thus would not be suitable for

association with a receiving substrate. The formation
wW@tooanidoeast one strained transitional |ayer iPCT/US2007/072252

accordance with the enbodi nents described herein can

advant ageousl y decrease the anmount of bow, thereby

meki ng the donor workpiece suitable for association

f I

tf%élflaﬁatl 1%%5%&419&61%3?%%%55%&2% Jtﬂ? rﬁggﬂ \A%fr {i(’J‘&‘é ‘t% of %19 gmplant that
cmttm’lﬁreﬁi b tvaslarsd, okt Ifeeemedmhe mk;setmfae@astant distance from the

For mati on of at |east one strained -18 WO 2008/014079
SP’@@WU@ZG@’FFWEEBZ“OTP AT tiHheHt Workpdgcechgy and warp.  The strained

h/‘pg’? gﬁtﬁ 4 ythglfeg zft t s t éﬁ%&ﬁ%ﬁnﬂ{}\%&ﬁ%&ﬁ% hydrogen)

agmmdtthat@oﬂ hﬁw\mmlesn 4 endacanothsichn leadi ts leweresut facenrdulgbness after

surface, .is substantially nore pI nar with ug )

SpbREi whichomay %arwar@ e%ﬁ?etssq fras aqueé&ter elCt &y Selpgfive etch)
I t

by B0 Rl T RER! - R, M SPRE! Oy cran

emindhahmﬂsa ke Ipealdon ofl thevstrained ftmnﬁtlmmll dhyeesi® aid ére energy of the

splitting, whjch enhanpce the effects of
@ab'ﬂee&ee e Seierted é“@h thay the fruplenty PP (© eegwﬁgeﬂt@ncentrate
S r I i ng substrate 44.

f‘ﬁﬁg\éﬁ g&% ent}g%t%ﬁds%]hlgﬁal @%t? ?%n of the strained

tr ans[()mSac}naI In agredin badndnios thdﬂealt dyasofont hetrained trans1t1ona1 layer
antation are sel ected such that the .inplante

%g@cme%l integgpted Al & rﬂxa%f?c@wgwt ligitsting aﬁﬁfebemg cut from a

fo?ﬁféﬂaééj o%ss nsgefn ﬁéé’o?daﬂgg wWithd Pt {n &H@Aduln@ﬂtg rdeén@rbe% ngl%%l As an
ert odi nents, the at [east one straine

dxampk:; fin omdm Ieﬁyberhm@m’s ad $ntegratad cirntie gompasescd subsirbte, a relaxed

xanpl e .and w t hout tation after being cut .
bl“?fréﬁf or eldpiecc grag ?doe%&g%ggrpw 4 98B AREaey oA g strained
RABAghARRLS: ARG Ithe %&ﬁﬁefé&ﬁoﬁsocfaﬂle RXATR! GuffdrMayer. In some

certal n enbodi ments Integrated circuit conprises a
emhk»dtrnmtsa fon exahplx exhenbthé fserinkd yransitioul llaiyen gs &ragsfadedby SSOI,
rtlo forned. on_the sub and at st one
oFtiou b dhe FleERd PEF sfnlayenaa?}er e it &rﬁelt@ngld‘éxerwambaﬁemoved
(9% Ii_l)‘g%tcﬁ%] ﬁ&#ﬂﬂi;gg ?tg I) %)% furth; I?f%@smg ghadivwibisee. f OF

en t transitional "l ayer 1Is
trandfes4jed DyfeBSCn trapiivhaloreaxef lbllf&rr kiyax ecinbiehd eto threading

Gidven Serdtiys (g at%%g%%%agﬁéi Gt U T dnegelaced butte
1hyitd hep (ﬂft?{%ﬁifﬁ%ﬁ%ﬁl@l&) Pl% Xfol%gs?'cﬁlgestrair{ggﬁzlntsg%ﬁﬁcfa%ﬂ fescribed

traditiona er | ayers can
hetairehelpstp redusd BOEX prorineken B 4 tc@ssu(fﬁ&))f the réletedetmrffer layer to less
bo 104/ cn? and 105/ cnP e rel axed buffe
ﬁﬁg R, b B g b e gl leagtipge 3iraingd fpnsifignal layer helps to

récM 21159 B%&)ﬂﬂl%jﬁet 100N duPUES ofjfh%% Q@buifé?rlﬁy gea!bBét dilorder of

uce proximate to a tOp sur ace (0] | axed
Iil)agnitede l(agerto tlﬂ:ldvesaboutt a0’ /£6dY. c fdr ekmngkemdeposmng three strained

enbodi ment s e at t one strained t ition
qaa%Pnﬁgmés vy mrae%fé?e@g%efﬁe YK SRHPESHE S a?f?pz SR ArigQgmm wafer
9h 18d¥erol EhB* 6o U 1P¥nRBauh ?élaﬁddﬁlffe?fl In anoth
cma\gnaltat S de ?’é ° tp%f‘dgmllﬂow%; out 4x 1%3/ cn?) et anotiet
ezxapiel elepdﬁ‘pmgl ﬂwon gtrathed drambitianal e thyers w1th1n a relaxed buffer layer
comprising SipsGeg2 on a 200 mm wafer can lead to TDD below approximately 10%/cm?
in the relaxed buffer layer. It will be appreciated that a strained active layer deposited

over a relaxed buffer layer with a low TDD can result in a strained active layer with a

substantially similar level of defectivity if the strained active layer is less than about its
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transitional layers within a rel axed buffer |ayer
conprising Si0.8G0,2 on a 300 mmwafer can lead to
waDpsioedoow approxi mately 104/ cnR in the rel axeRCHusioer/072252
| ayer. In another exanple, depositing two strained
transitional layers within a relaxed buffer |ayer
conprising SiO 8CGe0.2 on a 200 mMmwafer can lead to

oFgaroRReshy Hor e apler Soat B8 e 6T EHO i tised buffe

lﬁ}%y ebm! D%ﬁﬁﬁé 'Stlo%@}eP DU thRed SfadeadrRuitibasl lhfl#@ bn W 300 Bm wafer can
can resul't in a strained active layer with a
I%ﬂbm gD dlelow sippiokimattlyy)*/cof nileth@cstraquyaqtfvet lager. In another
er,.is.less than abo

ned active |a ..
SRk LrpSsntr HRIREH PIPORT! STF: foiel RiliRe Jayel gpnprising
3@@5 8and ﬁb@paﬁlﬁémar@n&hmaw&si 026 DOV @nrh 3Y:Er @M 88addo TDD below
rel axed buff layer conprising Si0.8CGe0.2 and three
approximadlyt H)ahm tindha b‘traluagds pciive rlayeer 3 d@lemfwmafh@rmmhon of strained
TDD bel ow teI

appro 04
i e 8 agope SRR ASCHAES ST AL Wolkpiger: figp e not
c@trﬁhérﬁélﬁﬁdb@«%d van&/ayewvaﬁaéar @.g el Rykpicbesl f ®ith! AYRT germanium
conprising Si0.8C0.2 and two strained transitiona
dongesrations).a 200 nm wafer can lead to TDD bel ow

appr qxj nat el 04/ c in the straine cti,ve ] ayer,. .
Thor dPOR" © KuBPRERE bivofn BB i of (hfGHtext of certin
PrétéRES eﬂ’@&dlﬁieﬁ@ 208 eNBBH1ES, it Vill BAMERrRIdast thodetkilled in the art that
wor kpi eces that are not detrinentally bowed and/ or

tha ppesent( mventionnextiiscesysndvithien speguﬁcg]éy disgloged embodiments to other

t 551 Alt h t t.i
SRR codlitnis spRer Bahe e Beop Rt STRRo P dfications and
RIRA’L M08 N dn CARAMING Whillet seéral vRatioRE F $ho @keddon have been
those skilled in the art that the present invention

sbawerrdd dssgthed inhdstath ethicr ineedifisatigns cvlugle dreeviibia tﬂi@rﬁ:@pe of this

.to other...alternative /or

ity B SRR et En e TRk 18 e B vadei lsiMfsctosure.
it hese @611‘[61&121&1@6@1‘1 tHat GRrioWhicb@bmaNeisabr “ab-tahbiBgorf of & specific
i nventi on have been shown and descri bed i n detai

feathess andaspierts af theresbogdimertts mjebwm pnd 11l 138 epthimthe scope of the

e arent 0.t hos f .
ihrpion; Y RS e Whderoroy IR P dusSRARE S pe Rople 3 48 disclosed
RBiBaE AP hat ehdifat w‘i’tﬁr bOUSHsERIRRI Rl b Snéther in order to form
sub- conbi nati ons of the speC|f|c features and aspects

orying enasieh od |th@rdmlomi,/ inentiert e Thuel létlfli liteded| thel thm ggope of the

cQ ho under
et GRETERS Heed (iRLREh R Rug e S finftsd Tyl DR RRLGRE: disctosea
RBYAh RO dSscEiBBd RBowOHhE BiRfhildVbE Reteprhinsd Bty bytaefirf@iding of the
one another in order to form varying nodes of the
daimeltled éelldwivent i on. Thus, it is intended that the
scope of the present i nvention herein disclosed
should not be Iimted by the particul ar disclosed
enbodi nents descri bed above, but shoul d be determ ned
only by a fair reading of the <clains that follow -2n
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WO 2008/ 014079 PCT/ US2007/ 072252 WHAT IS CLAIMED I S:
1. A sem conduct or workpiece conprising: a substrate,;
w@2eehatoed buffer |ayer including a graded porPEDOS2007/072252
fornmed on the substrate; and at |east one strained
transitional |layer within the graded portion of the
rel axed buffer layer. 2. The workpiece of Caiml,
ngﬁrpi&ncima) iseast one strained transitional |ayer

- of workpiece bow due to differentia
coef fi.ci enA sahicohdrcealworkypes®indisiogTE) contracti on of
the rel axed buffer layer relative to CTE contraction
of the subBPFE!S. 3. The workpiece of daiml,
wherein the - i ned Wy | ay, X
tends to g%ﬁ%%gg%§§£%%8§H®E%¢hg??%é%%@&#%&?ﬁgHWdOﬁtﬁgmﬂmum&
wor kpindce due to differential coefficient of thernal

expansioné&CTE) contraction of the rel axed buffer )
| ayer rel attilgast e sepmed drnpisienal Jaysrwithia thesadedtrortion of the

4. T i f daiml, wherein the rel axed
buffggb%giégkﬁgsﬁgtmeen about 2 and 10 mthick. 5.

The vibr kpi HeewofkpldcaiofhClaimvibeivensint the o ti¢a8t bRe strained transitional
transitional |ayer is _between about 1 and 10 nm .
lpyfr ceducss apnamoigi i werkpisce dow A o diErential cpgfficient of thermal

) o I _
SRR AE) Bygd TR ANYCIS Aifufionor e
sebsteditered transitional |ayer conprises strained

silicon. 8. The workpiece of Claim1l, wherein the .
straihed tHen¥pHpEig ot |<§§;1§r 1, whrrsty Yest dgashppfegrained transitional

la%ér' el gﬁr et tn gﬁo@eom{rgﬁés‘e € A WorRbite due to differential

erein the relaxed buffer l'ayer conprises  silicon

canfficipt o tliennal d@ansidre(CTR)kqpintreeionfof Charatax@d bukfer Riyer r@lative to
.ghest germani um concentration in the relaxed buffer

$i§é?mﬁ§lﬁ%9 qubsHdet 15% and 25% 11. The wor kpi ece

of daim @e SRR .legi%% 11 Qnbdeh $e" RIBEE buffer }ayteli1 (ias between

transitio l'ayers within the graded portion o
abeltexadl tufihehickayer. 12. The workpi ece of C aim 10
wherein the graded portion of the rel axed _ buffer_ . i
| ayer5-con‘p1;hes workpiece of Claim 1, wherein the strained transitional layer is
between about 1 and 10 nm thick.

6. The workpiece of Claim 1, wherein the strained transitional layer is
between about 6 and 8 nm thick.

7. The workpiece of Claim 1, wherein the strained transitional layer
comprises strained Silicon.

8. The workpiece of Claim 1, wherein the strained transitional layer
comprises strained silicon germanium.

9. The workpiece of Claim 1, wherein the relaxed buffer layer comprises
silicon and germanium.

10.  The workpiece of Claim 9, wherein a highest germanium concentration in
the relaxed buffer layer is between about 15% and 25%.

11.  The workpiece of Claim 10, comprising one to two strained transitional
layers within the graded portion of the relaxed buffer layer.

12.  The workpiece of Claim 10, wherein the graded portion of the relaxed

buffer layer comprises:

21-



-21 WO 2008/ 014079 PCT/ US2007/ 072252 a first portion

of the relaxed buffer |ayer forned on the substrate, a
W@eeoaaniorm concentration in the first portion RPET/UR®07/072252
rel axed buffer layer higher at a surface distal to

the substrate than at a surface proxinmate to the
substrate; a first strained transitional Iayer fornmed

on the di st ace the fj orti

001 e b Rt TGES Sy Bixkd bRlrer BOEE (et of M substrate, a
rel a@&n&ﬁﬁﬁl%n&@mﬁoﬁ o the dir@ Hotth d‘ﬂﬂﬁ@ltela&ted auffada %er higher at a
transitional | ayer, a dger mani um concentration in t

sec orF@rprﬁrdl$téH0c§he substrate thanatia swifice @roxnayf@rto m@ubartraéﬁ,
a surface d he.fir a|n ansi. ti
| ayer t harld glf& a ra&]ed % %Sétloprlragﬁayer ttil ?;Tlsstal f?lce of the first

stralgbeﬁbﬂdfaﬁ@fdlma@hffbﬂuﬁr anki3. The vvor kpl ece of
Claim 12, wherein the graded portion of the rel axed

buf fer | ayesecpud Phléiondlfrfbﬁ irelaxed buffesdeyey fommed orethe first strained
tr ansj dag'xsf? eLl 1L1 {]rglrarﬁ‘lz:?naxe g%%?aftdl Sltl %he se%r{cg;?]odﬂgn of" El% relaxed

secon por rayer

t hi r dhuer Ialy@rrmgmertah@ stirlcaxiasthl el fierst! seyied trafigi®ehal Myer than at a
t he second strained transitional |ayer, a germani um

conc esﬁf Aeg prERmate torfbe first plepipgsk ransiioptl leyes r el axed
buff l a¥gle QOI?C??CCC %tf é]laﬁrliI rlPa%v%el%l S(‘I%l %rfj r?&aggﬂl%gco%%e relaxed

stralned transi onal han

umﬂaqdﬁﬁﬁnm@xbhgmgagond stralned tranS|tionaI | ayer.
14. The workpiece of Claim9, wherein a highest
ger mani um&BeeBhSHANEG rirapgitiona} dayes| fawaed @ufth% distelysaipface of the

|s b%%ﬁ%rbo?‘?&%ft.ﬁ%g@%gbﬁﬁ lﬁgé@ '[ihe wor kpi ece of

stralned

t ransi t i onathirdl gysrs oftchieixtd Bufféraided foanéd om tiaf sdcb@d strained
rel axed buffer layer. 16. The workpiece of Claim
wher erasifiopilgprast 2 GEFMAITY PoRGHEaReT it therthird poftm of the relaxed

rel a\)}@gl?{(ep ﬁ&%ﬁﬁl&%&é . s'ut?f_al_n%e&m% tﬁg Qélj:'bnc? Etr{%lg&l?% %ﬁ@o&%ﬁayer than

The rrsin

strai dﬁadultﬂic&l’lﬁd))hhﬁfb&b thd ﬁy@{(ﬁstwﬁehltﬂanilﬁen@ i8ded
portion of the relaxed buffer |ayer. 18. The workpiece
of i m FTheywiekpiere af Gl mercabp dighest Aeraniim copeentration in

tﬂé %Sgd%grf{ef ]%ger(?% %tl% er{ ﬁloﬁ%@%%ﬂ&%%f/ layer at a

ace O east one stral ne transitional

| ay er1spr oxXiteak erkpizct be Cidiinst4, beiphising tws ttadireaktryinédh@ansitional
as. a_germani um concentratlon in the graded

IW% W&hmdhe grrded poriior af hgrelaxed bigisr layer. o surface of
th t I | ..
o7 i L P RReRG SRS o SRRt Bk Ayt Yoo

thdresledied buffer layerheaawcaaﬂaao&tw%mﬁd 45%ansi tional |ayer

'S conflgured to reduce_a threading dislocation
densi kA v pr"Ja;g Wwerkplees) of Cﬂ% K, compuasigg three to five strained transitional

layers within the graded portion of the relaxed buffer layer.

18.  The workpiece of Claim 9, wherein a germanium concentration in the
graded portion of the relaxed buffer layer at a surface of the at least one strained
transitional layer proximate to the substrate is substantially the same as a germanium
concentration in the graded portion of the relaxed buffer layer at a surface of the at least
one strained transitional layer distal to the substrate.

19.  The workpiece of Claim 1, wherein the at least one strained transitional
layer is configured to reduce a threading dislocation density proximate to a top surface of

the relaxed buffer layer to less than about 10%cm?.
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the rel axed buffer layer to | ess than about 104/cn®.
-22 WD 2008/ 014079 PCT/ US2007/ 072252 20. The
wowrmRpiwte of Caiml, wherein the at | east onBCT/US2007/072252
strained transitional layer is configured to reduce a
t hreadi ng di sl ocation density proxinmate to a top
surface of the relaxed buffer layer to | ess than

b 4 3/ .. 21, kpi e. f iml1, . .
FurtRr o MBSk Cmmba Brebe 1 R Sieofinpdgfpnsitona
li}’%@ i @n#sedd Ry tdaRbe b anBidin2dislof RPN KR} 86Rineite fd /LI surface of

wherein the strained active quer conpri ses
thes telaoh buffer, lagRieo lesy thph ebant éK1@Yai'm 21, wherein a

Surf ade. of teneSEBIes? REGCRER) Uer Pt IRRTRE o el active layer
Rt onlBd 1 Md baffer ThY&. wor kpi ece of Caim 21, wherein

a threading dislocation density proxinate to a top

surf 28e oflheheorkpices nE&laint 2 s evhessinrth¢ straipgk agtivgriayer comprises
aﬁput 4x 103/ cnR. 25. The workpi ece of Caiml,

SMi8Fei n the rel axed buffer | ayer conprises a region

of wegknesghe BfkpiRei &N CUimVeaKABSEir qnfﬂr@knh% dis®ocation density
facilitate splitting of the workpiece. 26. e

piikpiedio @ toif swfage af B8 streined adtivetldysr isdeis dranoboweHKfeer's

is doped w.th dr og 27. Lntegrated circuit . .
conpr'si ng® yoliseRr o CIgy P bl gt pavedig Gfficeation density
pr&¥ahde tB A tap SirBde of PR fsirhifBd hAVERE P 1EREhMUEDSHT AL1®7/cm?.

and at |east one strained transitional |layer within

t he gbadedbsoverkpiscopl Cladm F.eWhoreld thefdlesed| tuféer layzg comprises a
seni cqnduct or rkpi.ece .conpri si ng.. .a.substrat.e; .
PP LB P Ty B0 Of PRHkOR St LR, PalsItyE prlfting of the

waRgikcHNe strained transitional layer within the

relaxed buffer |ayer, the at |east one strained _
t r an<iot i onfdle wagpiececoflay2éovheacindarregioa affyeakiagsp ds doped with
hQi%chation density proximate to a top surface of the
ngg&%d buffer layer to |l ess than about 104/cnR. 29.

The wgr Kpi pcittatéd @idwitdBmplisingher conprising a
strained active layer fornmed on the relaxed buffer
| ayer, a tafubsithteig di sl'ocation density proximte to a
top a relaxed buffer layer including a graded portion formed on the substrate;
and

at least one strained transitional layer within the graded portion of the
relaxed buffer layer.
28. A semiconductor workpiece comprising:

a substrate;

a relaxed buffer layer formed on the substrate; and

at least one strained transitional layer within the relaxed buffer layer, the at
least one strained transitional layer configured to reduce a threading dislocation
density proximate to a top surface of the relaxed buffer layer to less than about
10*/cm?.
29. The workpiece of Claim 28, further comprising a strained active layer

formed on the relaxed buffer layer, a threading dislocation density proximate to a top

surface of the strained active layer less than about 10%/cm?.
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surface of the strained active |layer |ess than about

104/ cn2. -1) g WD 2008/ 014079 PCT/ US2007/072252 30. A
woreaoRottoed nmanuf act uring a sen conduct or wor KpPEDES20011€72252

met hod conprising: providing a substrate; depositing

a rel axed buffer layer on the substrate; and during

depositing the rel axed buffer |ayer, depositing at

| east,one strajned. transi.ti.onal |ayer.confjqured t

reducd a thradi et afRbigh ¥ snBBha R, HeE L e, method

cb@prisiupf ace of the relaxed buffer layer to I ess than

about 104/cn®. 31. The nethod of O aim 30, further

conpri si nGreednE gagubsietonor kpi ece, wherein the at

| east one rained tr i tiqnal laver.is.configured to

reduce V\Drdéé)(i)sz%neg %%xggﬁ%ttf "ot PR et ?%a}te’ aﬂ%r mal

contracti @arigg dglhﬁitfn@ tB¥ edlavditufer 18¥€ depSitalg MQedsPone strained

the substrate uring cooling. 32. The nethod of Caim

30, fiansiHenal dsiepeordigatpdde seduaeg a thyeadips digloedton depsibst rrprimate to

the aliol 6%k APRSLERALNRER [8BRIULRNA JBKPTotfgpds to

counter” an amount of stresse i'n"the workpliece due to

di ffenent iThe megbli 6f eMimoBO} HgwEal comppRtgl esblingTh: workpiece,

contraction of the relaxed buffer layer relative to

WhPEeiR gin #deast ore yraineddragsibionsldeyst égonnguies 40 radgce werkpiece bow

dgg ?(% H&f%&%aﬂhe%ﬁ'c%égcﬁo T {éla%%g %ﬁffglj lggertre tif& {oa%g %ubstrate
ufter Tayer conprises depositing silrcon an

dggngesulin® i N an epi taxial deposition reactor. 34. The

met hod of Claim 33, wherein depositing the at | east

one SErai dég methedsok Clavea 3PafEthes sopiisig erqbiesi thienyorkpiece,

O , o Cr 5
TIN5 Bl RO 99 B i o s
iwthe wérkpiebedue fordffsiehtiz) BatficRYEsf themal gR8sidR POTE) tdidraction of
silicon and germaniumin the epitaxial deposition )
theagtaxed bukferdayps rofativedmCddnecatrestian ofihe Bihsirate duipgcopling.

| east;,0ne rai |, t4 : 1.

LGS B300° 7 A5, 4 IR Aoy TR bR pyter e
cainplissiepodigngsilieond getrh@iiGhtin am apitdxay déposiion rddvsor.

nmet hod of Claim 33, wherein a highest gernmani um

concéftt r atibgimpthod (i Clabn 33e Fhstdin sleppsafjng thesatplopsiernte strained
0 50 7. .. . ..d-:ai . '
A0S PR ol 5yISh e b S ot oetsl

deposist i nThen@ethod tofoClaint &3nechetdimigbbditpathel ayRas. one strained

38.. . The nethod of C aim 36, wherein depositing the. o
trapsiEQRA 1B(eF FRmPTiEs) dleposiiigpyilicnsandreppainmag the epifaial deposition

r%%g)tr,' 1 é%hngﬁﬁmrc%ln%%tlgﬁlflgv%r ill WEht IQXst fohg %‘@rﬂgedsirllﬂsﬁ%al layer

than at the surfaces of the relaxed buffer layer proximate to the at least one strained

On

transitional layer.

36. The method of Claim 33, wherein a highest germanium concentration in
the relaxed buffer layer is between about 15% and 25%.

37. The method of Claim 36, wherein depositing the relaxed buffer layer
comprises depositing one to two strained transitional layers.

38. The method of Claim 36, wherein depositing the relaxed buffer layer
comprises:

depositing a first portion of the relaxed buffer layer by flowing silicon and

germanium precursors, a germanium concentration in the first portion of the
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ger mani um precursors, a germani um concentration in the
first portion of the 74 WD 2008/014079

WERMBBROD7/ 072252 rel axed buffer |ayer increbSi/ngRar072252
the first portion of the relaxed buffer layer is
deposited; after depositing the first portion of the
rel axed buffer |ayer, depositing a first strained

transition, | r _by. pausin | ow he mani u .
pr eca et oy et BPTHaD B e ol Bartof of dhe B gt layer s
t ransiepospted] ayer, depositing a second portion of the

rel axed buffer |ayer by resum ng flow ng the germani um

pr ecur sor @fter deppsitingrihe firs ociéa efthcanlaked bulderslayasndepositing a
porti on grf 'ntehﬁr re%iaxled %uffe. I&Xer t'kncr easing as the d
second> pEPTFO AT IIThEY P AV RREH S P VI (P gapapium precursors; an
deposi t ed.afid3P degdr@rirge tHROHrs0 fstrbdn@dil NradSitioWhi@y @i Qepositing a second
depositing the rel axed buffer layer further _

conpogs: ofhe mlaxgd hufet layey byhnesusueg Adwingrthé germahiunhprecursors,

rel axe utfer layer,..deposjitin secon traine

transi g‘f'o RV n%e)lflgrﬁté?}% F)Ihéhef |S%‘%nﬁgp‘{fﬁ%“ é’g rtﬁ%ﬁ%ﬁﬁdd buffer layer
Pr eClifi€dskig BNKe seabhEpordPOSthE rdlkddRfRLRIAs dbgRitaed
transition |layer, depositing a third portion of the

rel a¥@d bifhremethaderf Glaimedynvhegeinl daposiging Hbe gelexasnbuifier layer

.S,.. a germanium concentration in the third
f%‘élfeﬁéé%ﬁ%?est he rel axed buffer |ayer increasing as the

third por tafiend&ositifg tededonRihdtibrl 6f thk 2¥@tedi tuffer layer, depositing a
deposited. 40. The nethod of C aim 33, wherein a

hi ghé&etongstraigd transttincleyar bymoepening Howingdhe germeaignbpreewsors; and
| ayer is n_about, 25% and 35% .41...The net hod .of .
G i m 40, L AERRER e BB PrdRo dbaiobinFE APy pe o wina
CONMpPhbiih depOfdldxied GuffOai® btyﬁ‘ésﬁllﬁligé flawi@dhe germanium precursors,
transitional layers. 42. The method of C ai m 33,

wher @i Beraan|uh ceonceyiation | 10 nibe oadnpedion oof the ralaxed buffer layer
rel a fer r.i.s_bhetwe u 5% and 45%. 43.
The. ARt raie oo ek G AE BN At P c

buf f a@0. | ayite meMEPof CREmMATNGRld¢NG Rib&E gbPndnitt® concentration in
strained transitional layers. 44. The method of Caim

thpyelagpd putfer loyrs inbetiverisabopindd %s erdidHéd transiti onal :

| ayer,; i s nf i e .reguce th hr i

a1 ddat SRR oot Efkh o0 S BE dHSA0L Mo reaged puffer tayer
cIhgrisstdepesitibg Gratoth30 striibéd thalsitoanayss.ng deposi ting

a strained active |ayer on the rel axed buffer layer.
46. The mdthsgaetbed of Silana®3, witeseisianhighgst genmgniyay concentration in
' oVl .1 4600, », The net hod of
t%%}a%@%b?ﬁ&mﬁ%feg F%Eéttﬁg&satb?{é% én%/g a%%??(?e | ayer has a
t hr eadi ng The method of Claim 40, wherein depositing the relaxed buffer layer

_O

comprises depositing three to five strained transitional layers.

44, The method of Claim 30, wherein the at least one strained transitional layer
is configured to reduce the threading dislocation density to less than about 4x10%/cm>.

45. The method of Claim 30, further comprising depositing a strained active
layer on the relaxed buffer layer.

46. The method of Claim 45, wherein the strained active layer comprises
silicon.

47. The method of Claim 45, wherein the strained active layer has a threading

dislocation density less than about 10%/cm?.
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di sl ocation density | ess than about 104/cnR. _75 WO

2008/ 014079 PCT/ US2007/ 072252 48. The nethod of Caim
wa2osmerei n the strained active | ayer has a tPCBESINY072252

di sl ocation density | ess than about 4x 103/cnR. 49.

The method of C aim 45, further conprising

transferring the strained active layer to a receiving

subst rat e..50. Th hod, .of . Cl aim 49,. wher ei .

Crancar 1 TS esilOC BB abp PR My SRpint & fgdaver has a threading

dif6&ikivh denssiy D&k Hiadnabealoyes?. after depositing the

strained active |layer, creating a region of weakness _

in t4e rdihgxmgthodf ofefldimyéd, further ceypusingfirapsipkiies the strained

nfi gur o.f.acilitate splitting of the workpiece;

agﬁ eefr:1196 etégsfl&telwﬁrég %‘Wé&%? rai ned active |ayer,

assoaioat i Mhetethé® 6£ CVHiIM04% istditransfhing thd§irShddoddfied layer to

active layer to forma conposite structure; and

thprecelyinggubHetcempBisete structure at the region of

veakness el DB Ee e 85 BBL g IOEBE P s in

the thetedased bRt BYer] By €EgiGOOPWEAASssI FRfigiEd RPfadllitdle splitting of

hydrogen. 52. The nethod of O aim 33, wherein

depodhe WagPidsE: rel axed buffer |ayer conprises:

depost t1 %l SELIRALYE SANEEULA MR L0i0ReE] i80ne substar

buffer | ayer rox ott surtace®o

| eastwite straiaedgdive laRrsio fofhalcompysite, str@bre; daPosi ti ng
t he germani um concentration in the rel axed buffer
| ayer proXphiing the cempesife stipstrccatdhe reggom el wegkdiesoivethe relaxed

strai sitional layer. 53. An integrated
circ&ﬂ?gﬂ%&%?actured by the nethod of Claim30. 54. A

met had. of THeNUERGE WFiTlgina 56 cWheehdtieitily NREdPh OF veakit®s in the
nmet hod conprising: providing a substrate; depositing
relaxed Lyffes daver emmpisen mplpetinevidukydeganayer on t he

substpat e iy b HOCRiL! £0NRLEGUSOLENANM: JORIBNBHAY: fayer
precursors WhilTé€ I'nCreasing’a germani umconceniration
cofpkie&: growi ng first portion of the relaxed buffer

| ayer; after depositing the first portion of the

rel axed byepesitingyfergerparisingonsangwiony inhdhegaelened Upmtfer layer
prec E)E&Sfrﬁte% IaI bg)ttgﬁ)l%kﬁyé S & IEASP%et Jﬂreairlse'dltf'aﬁgﬂonal layer; and

precursors, an
depositing the germanium concentration in the relaxed buffer layer

proximate to a top surface of the at least one strained transitional layer.
53.  Anintegrated circuit manufactured by the method of Claim 30.
54. A method of manufacturing a semiconductor workpiece, the method
comprising:

providing a substrate;

depositing a first portion of a relaxed buffer layer on the substrate by
flowing silicon precursors and germanium precursors while increasing a
germanium concentration in the growing first portion of the relaxed buffer layer;

after depositing the first portion of the relaxed buffer layer, pausing
flowing the germanium precursors while continuing to flow the silicon precursors;
and

after pausing flowing the germanium precursors, depositing a second

portion of the relaxed buffer layer by resuming flowing the germanium precursors
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after pausing flow ng the germani um precursors,
depositing a second portion of the rel axed buffer
WO 20081014099 r esunmi ng fl ow ng t he ger mani um pr ecuPGDDS2007/072252
_,A_ WD 2008/ 014079 PCT/ US2007/ 072252 and i ncreasing
a germani um concentration in the grow ng second
portion of the rel axed buffer layer. 55. The nethod

of O aim wher ei n i ncreasi %the er man. " £ th
concé‘ﬂi1 r‘%“tr?déwg T RETHEGY SRR TS ‘%‘8 rgF‘?‘?S‘HgoSFCWePO ton o the
r el axgekdwdRy 1dygyer conprises reducing flow ng the

silicon precursors. 56. The method of C aim 54, _
wher édn i rfdeceesthorpof (Elelng &#-nethdreim ieeaséng the gporaniyn celpgntration

Igr 1k ng’é{&é frﬁ?‘]f{ pg)gti%nlno fgd I)wlg Xlggerrﬁcé)f f %%,ﬁis re%ucmg flowing the

siMcBR Bree@fsdrs. 57. The et hod of Claimb54, wherein a

duration of pausing flowi ng the gernmanium precursors

i s béﬁweerT halverihodfiClaiva S40vheeiortecase, thy permmaiure dowsfentration
rati o flo

iR e BRCeat 0y Rl sllreL BiSE CfortlsBiskabiBg nowing he

géﬁﬂﬁﬂﬂﬁpr&ﬂrsoﬂ’she nmet hod of Claim54, wherein a

duration of pausing flowing the gernmanium precursors

i s asti me Ther mathpdtadt @billré swapi@mrahbllrftﬂongoﬁ pausing flowing the

wor kpi ece to rotate e 9 % The met hod of
iR E ool i B Gsal o P S Ses% er mani um
Pr eCygsor sTheOiBthod &St dﬁtﬂﬁsﬂ | WBersinl & di@fionl bf pAingd Howing the

The method of C ai m 60, wherein the deposi ted stral ned
geimantan nr@uw@r%bptweammutﬁ) Saamd 519condst hi ck. 62. The

ot o 9SSR SRR B ASPE L1 SIS i e

2BBh @6 Predk s imwhier @tdﬂat@lﬂ@ shgrgptol BYIdRE thb&orkpiece to rotate
ger mani um precursors conprises depositi ng strai ned

aklepstopac.ger mani um 64. The nmethod of O aim 54, further

d
ol ol bt oepisye PP Qaih R "HRrREbifing Z6find Mt "ermanium

pY&raridcdniifised deporiitdg sedihadEsiliener conprises silicon.
66. The nethod of C aim 64, further conprising

trandflerr ﬂihg métkodselr Glaime 60, wearpindhg @%p@sltqdcﬁtrameé cBicon ffgbetween

?ub[slt rat& The met hod of O aim 66, wherein
ans errlmﬁ 1%1?11% strai ned active layer to
62.  The method of Claim 60, wherein the deposited strained silicon is between

about 6 and 8 nm thick.

63. The method of Claim 54, wherein pausing flowing the germanium
precursors comprises depositing strained silicon germanium.

64.  The method of Claim 54, further comprising depositing a strained active
layer on the relaxed buffer layer.

65.  The method of Claim 64, wherein the strained active layer comprises
silicon.

66. The method of Claim 64, further comprising transferring the strained
active layer to a receiving substrate.

67. The method of Claim 66, wherein transferring the strained active layer to

the receiving substrate comprises:
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the receiving substrate conprises: W 2008/ 014079

PCT/ US2007/ 072252 before depositing the strained
wa@easeelorayer, creating a regi on of weakness iPCT/H82007/072252

rel axed buffer layer, the region of weakness

configured to facilitate splitting of the workpiece;

after depositing the strained active | ayer,

associ at i the receiving suhstrate wth.the strai.ne .
Setive | apRirs fenogpine bR A Rrer e e B Webhness in
spl i tid RexbNB ithe ré%de&ﬂ\Héaﬁknéds cbﬂﬁ%dr&gtdi’ﬁciﬁﬁfate splitting of
weakness in the rel axed uffer layer. 68. The net hodp

of Citled wokPiecaher ei n creating the regi on of weakness
in the relaxed buffer |ayer comprises inplanting.wth
hydr ogen. a&t@; Eepﬁgﬂﬂ%?rﬁos a d@tg{%ﬁ,@é‘eﬁ,’ as\sl%:igr%lélfgﬁhe regewm% substrate

deposiity the striifeSREVB thyRPlol bR 2 @bmbbsite strat@xgdnduf f er
| ayer conprises flow ng the gernmani um precursors such

that a gersphitingriie eonpesie skuetore 4trihe kgign pEwegaress ignthe relaxed
of tgeg%re%aé(red buffer |ayer proximate to a bottom
surfat ¥t he strained transitional | ayer is

substeant i athkYméthed SATRIRASCR vERIHR Bicdith € EHRGRBloh Af ivdakhdds in the
t he second portion of the rel axed buffer Iayer

releosd brdfee layer epnapspses i latmgorith neiregonai ned

i o3 hYRh ot L BRI e portion of e
relaxed buffer layer comprises flowing the germanium precursors such that a germanium
concentration in the first portion of the relaxed buffer layer proximate to a bottom surface
of the strained transitional layer is substantially the same as a germanium concentration in
the second portion of the relaxed buffer layer proximate to a top surface of the strained
transitional layer.

70.  Anintegrated circuit manufactured by the method of Claim 54.
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