STRAI NED LAYERS W THI N SEM CONDUCTOR BUFFER STRUCTURES

BACKGROUND Fi el d [0001] The present invention relates
woaRBEERhy to the field of sem conductor manufmedudof@rzes:

and nore specifically to the formati on of rel axed

sem conductor buffer structures. Description of the

Rel ated Art [0002] Strai ned sem conductor nmaterials

advant ageously provide inproved el ectrical carrier

nobility properties as conpared to rel axed

sem conductor materials, thus increasing the speed at

whi ch sem conductor circuits can operate.
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increasing the speed at which semiconductor circuits can operate. A semiconductor layer

is said to be “strained” when it is constrained to have a lattice structure in at least one
dimension that is the same as that of the underlying material’s lattice structure, but
different from the inherent latiice constant of the layer’s material. Latfice sfrain occurs
because the atoms in the deposited film depart from the positions normally occupied when
the material is deposited over an underlying structure having a matching lattice structure.
The degree of strain is related to several factors, including the thickness of the deposited
layer and the degree of lattice mismatch between the deposited material and the
underlying structure.

[0003] Strained semiconductor layers can be formed by epitaxially depositing
silicon (Si) over a silicon-germanium (SiGe) buffer layer. Silicon-germanium films are
used in a wide variety of semiconductor applications, such as in microelectronics
fabrication. Because SiGe has a larger lattice constant than silicon, 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 underlymmg 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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silicon (Si) over a silicon-germanium (Si Ge) buffer
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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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[0007] In certain enbodi ments, a sem conductor
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[0011] For purposes of summarizing the invention and the advantages
achieved over the prior art, certain objects and advantages of the invention have been
described herein above. Of course, it is to be understood that not necessarily all such
objects or advantages may be achieved in accordance with any particular embodiment of
the invention. Thus, for example, those skilled in the art will recognize that the invention
may be embodied or carried out in a manner that achieves or optimizes one advantage or
group of advantages as taught or suggested herein without necessarily achieving other
objects or advantages as may be taught or suggested herein.

[0012] All of these embodiments are intended to be within the scope of the
invention herein disclosed. These and other embodiments will become readily apparent to
those skilled in the art from the following detailed description of the preferred
embodiments having reference to the attached figures, the invention not being limited to
any particular preferred embodiment(s) disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] These 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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sl Borftract according to its coefficient of thermal expansion. The workpiece

remains bowed and warped when the workpiece is below the stability temperature (i.e.,
the temperature below which the stress due to differences in the coefficients of thermal
expansion does not cause substantially more bow). Warp is a measure of the maximum
and minimum deviations of the surface of the workpiece relative to a reference plane.
Bow is a measure of how concave (e.g., as depicted by Figure 1A) or convex (e.g., as
depicted by Figure 1B) the deformation of the surface of the workpiece is at its center
point 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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rel axed buffer layer. [0015] Figures 2A through 2G
schematically depict exanpl e enbodi nents of gernmani um

con ation profiles across a rel axed buff
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schematic cross-section of a relaxed buffer |ayer.

[0017] Figure 4 is a schematic cross-section of a

rel axed buffer layer with one strained transitional
disaloeed nURhdritgwne Smilarlg lschpplidd ¢o cvakpicsecwvirpn diquation 1

a relaxed buffer |layer wiith fqu ) . .
mathematically describes theybow of a woﬁipgece due to differences in coefficients of
thermal expansion between a substrate and a layer grown on a substrate for temperature
regimes in which the coefficients of thermal expansion are approximately independent of

temperature, for example as a first order approximation at a relatively fixed temperature.

2
bDCbO—Hf-[—g:-) (A - AT) (Bqn.
[0022]  As described by Equation 1, workpiece-bow (b) is proportional to the
thickness of the grown layer (&), the square of the ratio of the substrate diameter (d) to
the substrate thickness (H), the difference in coefficient of thermal expansion between
the substrate and the grown layer (de = o; — ¢), and the difference (AT) between the
deposition temperature and the stability temperature, plus the initial amount of bow ().
[0023} In general, the bulk substrate physical parameters are constant. For
example, a bare substrate typically has an initial bow close to zero (e.g., about -5 pm to
about +5 um for 300 mm silicon substrates) because there is nothing present on the
substrate to cause it to bow, such as a relaxed layer with a different coefficient of thermal
expansion (i.e., by = 0). The deposition temperature or temperatures are known from the
process parameters. The stability temperature is the temperature below which the
differences in the coefficients of thermal expansion of the substrate and the grown layer
do not cause significant differéntial expansion or contraction. The stability temperature is
typically room temperature (e.g., 25 °C), but may be between about 400 °C and 500 °C.
[0024] The diameter of the substrate (d) is typically between about 50 and 450
millimeters, and the coéfﬁcient of thermal expansioﬁ of the substrate (o) does not
substantially depend on temperature in the temperature ranges of inferest. The bulk
thickness of the substrate (H;) is typically thicker for larger diameter workpieces. For
example, a 200 mm substrate is generally about 725 microns (um) 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 tom and 750 pm thick, while keeping all other

variables (H; Ao, AT) constant, can increase bow by 210%.



strained transitional |ayers. [0019] Fi gures 6A through
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than silicon). In Figure 1B, the workpiece conprising

a substrate 10 and a3rfelaxed Dbuf f :EI aye&lz i's

tensile straiAed &ftgr 509l iMy| %adstng dotlod-d bow. (Eqn.
Al t hough wor kpi ece bow'i"8/descri bed in détail herein,

the [0027] Bow (bs) equals the square of the ratio of the substrate diameter (d) to
the substrate thickness (F;), the difference (A7) between the grown layer growth
temperature and the stability temperature, and the product of the coefficient of thermal
expansion for the bulk substrate (o) and the sum of the thicknesses (f) of each of n
grown layers minus the sum of the products of the thicknesses (Hj,) of » grown layers and
the coefficients of thermal expansion (og) for n grown layers, plus the initial amount of
bow (by). 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

_6-



di scl osed enbodi nents can simlarly be applied to
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workpicce will increase if the thickness of the relaxed buffer layer () 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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process steps (e.g., steps after cooling the workpiece
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i ncreas to t [t o
ASTEREAER 45 eSO CRORL AL, Py PR £abRR0E ofon s
b&WREN bt axafld byfifgy, depkddd Qv EFigires USLGake thR\subgstally flat

strain, and thus bow and warp, due to the differences
coneentidiops ef ¢achilenlrs of thernal expansi on between the

| ffer | he_ s
Gt ol AT oo Rl 1 TlRls' ¢ Bt LioRl e TP ERr bl Srampte
woigi fRWesRPSEHg by sibiiftdubt bRl & FraMeAsbefer RFer 12 increasing in

mat hemati cal | y described by Equation 2. 2 bf" = u 4 Hs
gern@aiunT caneentrgtipn freny 0%orto 40%, The substrate 10 is a silicon wafer with a

diameter of 200 mm, a thickness of 725 wm, and a coefficient of thermal expansion of
2.6%x10°%/K. The relaxed buffer layer 12 has a thickness of 6.14 pum, a growth temperature
of 900 °C (1173 K), and a stability temperature of 500 °C (773 K). Application of
Equation 1 for the embodiment illustrated in Figure 3 results in a bow of about 75 pum.
[0032] If the relaxed buffer layer 12 has a thickness of 7.5 um, application of
Equation 3 results in a bow of about. 92 wm. That is, workpiece bow increases when the
thickness of the relaxed buffer layer (Hj,) increases. In order to produce a relaxed buffer
layer with a germanium concentration that gradually increases from the substrate interface
to the top surface of the relaxed buffer layer, the relaxed buffer layer is usually thick
enough to allow relaxation at the plurality of intermediate crystal structures resulting from
the plurality of intermediate germanium concentrations. For example, a Sig.¢Geg 4 relaxed
buffer layer is typically thicker than a SiggGeoo relaxed buffer layer to allow gentle
grading to the ultimate desired (e.g., upper surface) germanium concentration 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

-R-



(Eqn. 2) [0027] Bow (bi h) equals the square of the
ratio of the substrate dianmeter (d) to the substrate

W(ffbb@lﬁlﬁ'ﬁ)s (H, the difference (AT) between tNhg0688072252
ayer growth tenperature and the stability

tenperature, and the product of the coefficient of

t hermal expansion for the bul k substrate (as) and the

sum of the thicknesses (45,) of each of n grown |ayers

the top ssutface fUbetekert Aeouprdoand 6 umfthicke Ihsonlenasiseidments, a relaxed
(Hfit) of n grown |ayers and the coefficients of

befferlayar cempaisiRegdioYs germaniviy at the demfprtaca yebeween ghovt fand 7 um
Lnjtia 0 . b .

o4l BB R R b R B o

tod QRSP ILBEREed Bbou@BRInAE [IPNthik! n lsbfe tehibolMesH$E S r6faxed buffer
the layers to represent the additive effects of the

layew eargprising 69%| gepwatippr asdhatopdsurfaet istptrtdanaabont ¥ edd@qun thick.
S kAl s B Sy SRS n kB o o
B3 Ry iy S PO B BR. Tor excpans, on (% Tor
pansion (% for a

Si Ge [008Bhx ednbsoinfse embodiments, the relaxed buffer layer comprises a relaxed
non-graded buffer segment or section comprising silicon and germanium having a
substantially constant germanium concentration deposited on top of the graded portion of
the relaxed buffer layer. The non-graded relaxed buffer segment generally has a
germamium concentration corresponding to the germanium concentration at the top
surface of the graded portion of the relaxed buffer layer such that the non-graded segment
layer is substantially relaxed. The thickness of the non-graded buffer layer may be on the
order of microns. For example, the thicknesses provided above for the relaxed buffer
layer may include between about 1 and 3 pum (e.g., about 2 pm) of non-graded buffer
segment.

[0034] The use of higher germanium concentrations can desirably make a
strained active layer deposited on top of the relaxed buffer layer more strained because the
crystal structure is more unlike the native crystal structure of silicon, thereby increasing
the speed of devices formed in the strained active layer. Thus, although increases in
device speed may desirably employ higher concentrations of germanium in relaxed buffer
layers, higher concentrations of germanium may also undesirably result in increased
workpiece bow due to both greater differences in coefficients of thermal expansion and a
greater thickness of the relaxed SiGe buffer layer. Relaxed buffer layers may also be
thicker for processes that transfer a strained active layer to another workpiece because the
relaxed buffer layer is preferably thick enough 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
um, and if the relaxed buffer layer 12 has a thickness of 6.14 pm, 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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| ayer changes with the germani um concentration x, as
descri bed by Equations 3 and 4 for tenperatures near
erature. Equation 3 is generally ac 252
w%@?%%ﬁ% concentrations between 0% and 85% ?}:'t!f'ﬁﬁ?zogﬁ(ﬁz °
<x < 0.85). Equation 4 is generally accurate for
ger mani um concentrati ons between 85% and 100% (i.e
0.85 < x <1). It will be appreciated that the
Oéq watlindens withya Biamgier 06 2ehmni. nTls preblems asociatadrveith workpiece bow

anes ax = + 2..010-6 /K(Egn 7.
- nle "B’ ooy, hagfipodepir, B Rt Hind, il dighnductor
neﬁdfaﬁruhﬁg Chab (R | 16 Nutiliz8 rsuBstedi@Waith Naéreiigdie highet ram:mm For

concentrations can |l ead to greater workpi ece bow d
examples inreasiog the subsiente fiagetantto 450 mye and theesupsirle &nchless to 800

PR 3Ll e BR3P BhRL bt R o
4?1%@@1& fhalfthd B&w Sotasdubatae il difkté T 200 eﬁ:ﬁ; ci ent of

t hermal expansion for the deposited Iayerm% will be
| ar g¢@036dbr shnl icertain scmbwmets, alse gfenmtmmu at least one strained

Con“‘&% lr}%tf I& S‘J}rg,%llé‘ﬂf g?g? e (EF,/QO % %1%\’(‘3@‘3%%2‘31@31- can reduce or

cgl%%@zt \k/@x‘kpijecé! 'b@i;vdcﬁle&o @%érfaﬂtfdl Qhffieients ME iR MaP&RARSLE Between the
. "a) of 2. x1 0-6/ K, and when the germani um

St;hmta@randéh@ mlameé buffos laggypipPi sodling befowre stabilighemppratireis As used

a co f|C|ent f ..t her,mal. expans

B OB B Br g o RRpE hefing freludie, butnot
11§h&3ﬁ to pPbéd AldeB Gt inant diﬁ)bﬁi&l diexRaMSTRAL i6,dRg sh4iA4A @ansitional
silicon substrate with a coefficient of thernal

layepaeed ot redme the amogrtlof By to gfo) bigeprofepabl trdgpse the amount of

10% &l ni b be 1..02x1 0/ :
bagrr ﬁ% uﬁ‘? é?nggglreglé]u i %B'Oflﬁ)éecﬁ'glgﬁ ﬂ%% %le %}Ither processing. In
SHRE lembeaﬁnéa@éNtﬁéoémmdlmmﬁaﬁﬁ 18)¢r 9M¢thb1§@6ﬁﬁtél@ bo@Nto a value low

i ncrease in germani um concentration from10%to 40%

epoezbold pedern & ASOhsRReRE A8 slesaibed rabaye-t HE s ewbpdigents, the
%Ilm%cﬁ] %ah§ Jugﬁ(eg qa)pey fcf) exls DS Rg Aot f%l%g %0")1 %SWTDMhaﬁéver amount

owin a wor of ex nount” Gf bow
1P kAP kDB kit |sh1tab’ﬂ@ feaxaBsdghett hﬁodebsmg( na@hs sthined &ansmonal layer
rel axed, bu fer | ayer i ncreases while hOlagl
rmm@mwﬁ. thp sege &ﬂﬁwiﬁﬁ thepsulgstegte, e 55088 TRAFHE2S | a%‘?&md active
I%Fe? % oo\ﬁefo oisﬂrll | CRRe B T&r Eag/& '5?3&1 HP |28%iaf For example,
onc ger mani um at f nt er et ween
dﬂlﬁdﬁn&aﬁi ifna\‘sflilch mCB1Gb eclagddobudtr bayef ﬁrdepe’s}ted onl'aamhaosl dubstrate, the

enpughthat the crystal | ograaphic strycture oféle .

sramgt depstirnal laysy arey; SOBRHSE AREING [YcEnnt AFohg paterial  The
r

c%{r:l%{%l%rgﬂt +rg gf g%%@r}% ntH%kHér?ng{d n}%éégtgo%s eﬁlgsgéf; %E %‘[1‘3.111@(? transmonal layer

rhaynigaddtyresediened bethe dverdt hidkesss2nd annbeﬁ&atlcat mﬁ(ﬂm: seéaxed buffer

as de‘gl cted in Fltgure 2C, curved as depicted in Figure
Ipyst apdd tsidiameteiel e PE®ICCeor any ot her suitabl e

I ncr ) the
s8R RS L AT, O oty
iheasesl ole €Gelh to NGchraded thothidkmpssoéf M@m@ﬂapoe’ﬂbn of the relaxed

buffer |ayer, although the increases . in germaniu
bydtep ver. o ajped Fwt@ﬁiéh}@ﬁerﬁ Rat (¢ g(est{q,iw Sé]rlq:(glg E%z formed within

i B, & e B R BF L B BraanSe B t%%;%f’és&ﬁ%clowm

fol ledahpRt £ §dnamatldsee1yguwpﬁméd UnFOmASERB riatough 2EhadyFigure 2B, the
fromrel axed buffer layer to the strai ned tran i tional
geapaRiymyePnReRITaaY dnerersse linpastygiremd Gepyue [fslr %t%f’ﬁéﬁiaé?f back to
h St ! r

e sBind bBHEaLE St |5 h e g 20 eﬂlﬁﬂﬁln concentration
inbrchisek r agwas®Virdhe[Gd)f ab NEse]L, rahbi ddcﬁﬁ’a%s bmke It(S [Ge]on in strained
Fi gures 2E through 20 and the strained transitional

layer 2 in Figure 20), etc. Asldescribed above, the

rel axed buffer |ayer may conprise a non-graded portion
(e.qg., between about 1 and 3 pm), depicted in Figures




[0031]Figure 3 illustrates a partial schematic
cross-section of an exanpl e workpi ece conprising a

10 and a relaxed buffer layer 12 i £88

W(?%mg@#rﬂﬁam um concentration fromO0%to 40% Thnlgé 06’9072252

substrate 10 is a silicon wafer with a dianmeter of 200
nun, a thickness of 725 pm and a coefficient of
t her mal expansi on of 2.6x 106/ K. The'rel axed buffer
tﬂaa§1‘@¢nai Jayeessl, 2. thiligie 2P, die rmanipm coac@w@%@h increases in a curved

BB 158 e 168l Bich 95sief borIF 8 R pnsiiopy tovers 1.

21 TOgertah pRIFGIEdl SBPddimkhisS[Gel} &zdrd (Fe JtHete B m@geﬂrﬁe@mm at the
in a bom10f about 75 pm [O If the relaxed

nttglffac@rbdha@@rthq 2elppepsd lalffeh layRn ézy%ﬂw@fsubstl@ LPh mfﬂa@ plraingd tamsitional
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produce a rel axed buffer layer with a germani um

telaned bytienlayerponenmietion {Gde-eases from the
subst er e op, s f d
buf f éﬁﬁsiyer {’fggr e dﬁ;g&gé ?n er %Flfé%érﬁm?sm&g ua aﬁbﬁxﬁ a graded
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i nternedi ate crystal structures resulting fromthe
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offe BB e 16 R0 6P e BB Sbyck 46 plchple,in Figures
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[g%gpf 1ﬂgthF: %Q&éﬁt 09{??1} ép rﬁlféo%% o rmp?a&rgﬁs 1ast ﬁte hs%in%)iﬁ{%cﬂy above and
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enbodi nents, a relaxed byffer |ayer_ conprising 30%
cgarsRErAtieindfe staded pepion af thgglarced BRTaRdeITr abibe Poloma AU of the
3 | .
AR Shach PR MRS 00 L AhNAY SRR et
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buffer .l ayer c rising 60% ni.um at th

cxplee in FiEwest gl e gatateh aﬁicﬂa i g gygde ﬁo’éﬁﬁeof the relaxed
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thordded peflomliernemains exlavedtonanthet sidehef thopassurdratleyas.

t hat 0BT onTh: ra uugemcerigon s ti blpl pufty fver and the
s'h%lrfé& eﬁiansﬂbﬁlaf ITA)gf‘sn ﬁ’é&? Rivel Y BRRLY ?@ﬂe babh ecfxatl € bermanium

be on the order of mcrons. For éexanple, the
dohcmitnaasls @sthersowingé tranditorel 1layer isHewercthax tid deahéenm concentration

layer mm |nclud bet wee t 1 and 3 gn1(
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H3 oA ool 0R LR (R I Th ARGRR BSOS 1P LSRRI o exemple,

rel axed buffer layer nore strained because the crystal

structure is nore unlike the native crystal structure

of silicon, thereby increasinglthhe speed of devices

formed in the strained active |layer. Thus, although

i ncreases in device speed may desirably enpl oy higher




[0035]1f the substrate 10 has a dianmeter of 300 mm and

a thickness of 750 gm and if the rel axed buffer |ayer
wd%o&) fb thickness of 6.14 gm application ofpdgadohPivazsy

results in a bow of about 158 gm That is, the bow

|s about 210% hi gher than the bow of a workpiece wth

a dianeter of 200 mm The problens associated with

wor kpi ece bow may becone increasingly inportant

tH:eecxmcsmxatiha dfi gtmammal intomerodt bioth il straidied transitional layers 1, 2 in

manufac n S beepn to g}t'lize substrates with

FgEesess ?759'%’ é’f"oﬂ dA¥Sel: For exanple, increasing

the zﬁ'lhﬁ)z ratg d.f:ﬂetﬁ? CrdiA of Q@aﬁé@ﬁ?&r@ls%etween about
nes d

thic to 800 um wo résult 1 n workpi ece” bow of
oabantl eBvan for & aelakdiebufferdayerrtbatdfas i gamaniBn( comentrationdbetween

o gl Tl o i RS e PR on
geﬁn-(ﬁﬁlgh%@ﬁlhs BBGvesh HBhH 99: 1t frATB1 00, O 3brtdiR ¥RibolintdAis) tHetimber of

graded portion of the relaxed buffer |ayer can reduce
strained Umfees 13/\/alndqb|cmce01btwo dorea trolagkd beffemlayel that has a germaniam

cgﬁq%grlp’rgélg %}Sl(agl{ ﬁltg)hlls & MW ]ajb&lg |t o et R g 8%‘ H%Or& aixH% buffer layer.
THR! Ak BESHIRRE! t! Jerh&HBET RUHAE bethRen! %ﬁéhth@ff £ Bnd 78@5. In certain

term”"counter” IS to be given its broadest ordinary
embadinmts, rthwhumhem of stbmnedrmSinonaltlexm i5,abowt mppmélgeaﬁu arelaxed

t in.an 05|ted|r That is
biafiaf vt B = DR P S e R b B B at the top
sﬁﬁ'a@eeépthe%faxm shfsahlt. Merings 6%1@&&6%@&19&Wsttﬁu@bewveen
val ue sufficient to result in a workpiece that is

abonttt o2 Fearfdoys: 35;rlrﬂ1:@rta1preud@§snm@9 thermsahres obsftrdriidriragsiiional laYerS
R IR S TN S a—

HRESEhI DBt ﬁ%\éﬁd 45% SONB t&TRRH-aBN R, refahed Bufféd [apd. The ratio of
transitional |ayer counters bow by about 25% 50%

silgun to gexwtaarm & thanbriweematioas61:A2 %5%65 efrecesiain emhogiments, the

for sy s roce r t 0

et AT pRE0SG BO B 1 PGl PANRIE FRBL R e
e vae'® ﬁﬁia@!ﬂn@ o@nRatidnl Bitwesh vt ¥8%|ay S5%d s itdpeshrface of
on top ? t he rel axed buffer |ayer, or another

thawrapied butfesavex ahe eatiogafiselinoneR BeTTRaniyR it Fvg bgfvegsm about 55:45
; ﬁlﬁxs%d Ig%f {‘tﬁl&] nﬁy qﬁéolq l%eq-%f Q ecf | layers is between
Lhpstrate, e rai n ST anst o ona yer may

HONPfive end tdvah Hech fldxied Baffr lagaokiet mhamuml conddmgration between
confi |$clur ation of the nunber, thickness
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n 655
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diisaaiite tragditiddae lapeskpbetween JUdaBsik Rad eiphi fog 2 agaied Hudfer layer with

Fi gure 2A, the germani um concentration gradual l

3 m@a@escww%@]b@twm[@qﬁpﬁ% %ZS%WgtWPE ﬁ\%@% offthe relaxed
ey 94,80 ARG bPRIiGn %ﬁ%@éﬁgﬂ{&%&ﬁ{%st Y&t 35:65 and 25:75. In
&hirc@ndodigBnethk auamadr of thaifed bensti@de thyporisibetwearhi about seven

the rel axed buffer layer in accordance with th .
sdeianforc wied (usfer jayer with FpcEmARUECINBRATakgN Dytween about 75%

SR S Do LS A3 LOLONG e nERO & BRond Benmaniun

rumc Ion I nCreases 11 near Yy fro

i%th[s(%]t\EeerN\aHd&t degs eas d3:95ack defaihGaltwdimerss, iad nedber of strained
transitional layers 1, 2. In Figure 2C, the gernmani um

tranHionek lypiss besyeasthout p@lﬁ\m@eﬂw@n@g @e]etba&es fugger payer with a
gvc\gr}ngﬁﬂﬁac 50%%%&?&*%%%&/&!1 a%%]rc kﬁ/o%ﬁ Z@'5'5)"3 gt the top surface of the relaxed

buffer layer. The ratio of silicon to germanium is thus between about 15:85 and 5:95. It

(

~12-



-10- transitional layers 1, 2. In Figure 2D, the
ger mani um concentration increases in a curved fashion
W {09&761[49%]0 to [Ge]F, with decreases back to [£#@}uéRoror22s2
strained transitional layers 1, 2. In certain
preferred enbodi nents, [Ge]) is zero (i.e., there is
no germanium at the interface between the rel axed
buffer layer and the substrate or in the strajned
will bagppriccinted thatyks rtios opyilicen tongsumganivm mpy be Bidferent if the relaxed

reci ated .t ha 0. _can be non-zero and the
b@fg’%clg%elrroglppgﬁesi %h%%%}?eep&m both of the strained
t r angaggrpnal Tﬂeﬁc}iﬁhﬁtfyjof sBaigad rh@ittdal BYe8imdyiRrhifie for substrates

initial relaxed buffer layer concentration [Ge]o. )
withdagkt diageters. aycaumple: e quantitige pravidedrabevnelibe appropriate for

in a graded portion t he | axed.. buffer.|layer at t
g S0t & st 06 200y ol it pin Epaftbpd yer may
b8 WBsha tibA WotkpiBs SRR dSmERE G€rITBNIHN HANGAN alditiof4l strained

in a graded portion of the relaxed buffer |layer at the
treiayitional fayers rody bhformed Srieerkpicesssiith dimetarsgied 50 mghmeters. The

I i. ' d ; .
of TR priel e e Bt 8 Rl S BORA AL B s or
rél e ARy ytesidlor teDdupesifos iddgeptnche st rai ned

transitional layer 1, and the concentration [Ge]lz in

|
the RM@bd pBhre ithipkesss tdfethee Stasine Hipnsiipnglalpyer jis geperally thin

R R Ty -

rél M BEHIEE GRE Ihbhgks| BN intBrmhh @atfe@ dadsspané i ondidferdnd egermanium
rel axed buffer Igjger at the bottom surface of the .

cenqenfrpianst ara meadurbergueh dhairthe dulfer jaypemey frelsi dupig deposition at

r | n i . . .
o5 0 BT RRLF P B b5, HANSE, DL AR B0 s sined
betduad fRdnicfra fifideqsnRbs difahce fay toathaamupt cHangd{agll Bk to [Ge]o)
.2B, the concentration [Ge] la in the, graded portion of
1 fees et Akey thetpasitions) yeb ko slext nehak {s Hierfgapsitional layer adopts the

[ ] I r [: iff t
oL ARA 0Pl RNty LSS0 DSy o on o o e
streinad ednditidiab layboaler adupovie tlystab latiidenddhd lagersint whichlit is formed,

| ayer_ 1, and the concentration ]2a in the. graded

sp &rip plsA refrxeddhecuse eyt iptiee P@% siralapd rasional faier qagiches the
b AR Lt d ' i{ferent fromthe

r%:loncenl%ﬂr‘egwg#?gég]ﬁtz(%gf’i(}?h% graded portion of the

r el ayeed3juf f Bor 4 given ghamdumhenséntatioedn briifsei relanedbuffer layer,
layer 2. It will be appreciated that the gernmani um

thoridsal ithickisss off e deEied edlin  siipnallgyer ShErase Hnhprileposition
r S ur . .-

SHERRASY J RSO TRl e BRIl 325 e dspotin

témpdreturd ay arSiGenmiansd beffax &gennheictities] thickeessfoftdetrained silicon

transitional | ayers. [ 0039] The germani u

UEBHEERALIIAYS dlfeeAses RE the sgseRr R oBrena R %ﬁ& i relaxed buffer
r | . Wi s

556 Bt USR8 of XSS EONEar Ul B e i

thickdspedeftctansivt d@nnhi fey®op drgl/drovetont haerfides between the strained

ger mani um concentration in the grad of tion

. ed f the
tragriREY YT B hayielaxell DENE (5 ARIcIbo MRBRE JF SRR offhus, the
- cgitlﬁeﬁl tﬁfcgﬁétsg ¢ 4 §tﬁﬂ§'dlt&aﬂ§1ﬁbneh. Fidd S&e J)eﬁi??:& Beerer lzl%ar gvith a high

rained transitional layer is stralne or exa
defRationcesicemtation gbwgen meliphnermperane @g.b20h °Cf it lnev. In some
strained transiitional layers 1, 2 in, Figures 2B-2D may

abodipeis.che setieal thigsiess of Buatyeined sdliqoni Bili 1w & less than
1008 W BP§lin, oo 545, A5 S &K' D.do’ (RS ¥ESS 18R%MEn 50 A (0.005 pm, 5

nm), or less than 20 A (0.002 pm, 2 nm). In some embodiments, the preferred thickness

o
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one and eleven for a relaxed buffer |ayer that has a
ger mani um concentrati on between about 1% and 100% at
urface of the relaxed buffer |ayer. F(‘ggméﬂabjnﬁ‘uzsz
W(%%bﬁgjlbﬁlﬂ'fcgzn to germaniumis thus between about :1 and
0: 100. In certain enbodi nents, the nunber of strained
| ayers is about one or two for a relaxed buffer |ayer

that has a germani um concentration petween about 15%
ofith¢ spBied trangigonab faysuis oatreceniabowicl Or & (@R@HHB. gy and 100 A (0.01

B ) St eensons Ak @@5&%@’@??@?%5 M@Qi%ms? m), ot
blieeR SBR 602! (B0 ub) BRESY KA0W0m 8 S = 20t
ger mdi44in c dPusitivnigf ofnhbetrired alitiondb YyenhlR6%epends on the

the top surface of the relaxed buffer | ayer. e, rati )
thjpknsss E%?Prtcent&éwm ithriraded OOt e FREO NP 1. o certain
eﬁl@gdiﬁﬁehﬁ‘r',s'thé rhn%ﬁ{eha&ﬂls?[mp'lﬁ%g Sre @Eﬁa $oudhly evenly spaced

strarned’transitional Tayers s between about three
flaraagHouy ¢hd driclmesse bfxied ginded qorticaay ef the telaxed dexffeardayem In some
égng,ent ration bet v(\gen abou$ l:‘4a5% a&g 45% at the.t oQ .
SBIRPFIRE o f P hETHUa LRSI HORH o 2V PI3y €128 HE PERPCEIQS o getmanium
I ORI . 35 :
Cétgé:e&g?ﬁblﬂn&c%fgtgal nH ZS %%)Dgll (?rfgﬁ‘tg gg&% he nlfg nb@%%ofﬁﬁg%gg? E;glaomments,
ther stradrietli toamaitiohalyleyess s foehedbwithinbibe graded podiod ofithe fabaxed buffer
a relaxed huffer layer with a germani ym concentration
layet 9@@9&@. SET S0, ok P ayBblecs Sip Sffswe‘i HrApsiion iwwaybepiaced
¢ Ay . e i
o SHASERMY 5%, L Dt Bl GALERRRof e et
1BRF tabn 4 oHickE NF &, arotteer rRubiple, GdurSdtanicdarhnsitional layers may be

transitional |ayers is between about five and seven )
plased at peuraxistrtivifliGpm, 2ylepmaidthpe, ged fenigniom the substrate if the

concentrati.an bet n..ahout . 55% and, 65% at the top
%”3‘??88%10&“ g agfl’\gﬁ‘g rﬁ@fefésré(%% .mcghe rati o of
siliqomsyo JRE NBEIBEA abotd) UBe BRLME SRicRRAY bf 48 BEaifdtransitional
35:65. In certain enbodi nents, the nunber of strained

lzyeemnédéposidetavithiay e 84Ge selpeadibeieradpyatdependsandragh efhthe germaninm

a relaxed huffer |laver W th.a .germniu t] .
Bttt S ARy Ry B BT FEABRRIG e srsined
tragsidxed 19t ahd axabmatlte dadtdaed firagkitibeNajeds at lower germanium

germaniumis thus between about 35:65 and 25:75. In _ _
cergeniptionsrpatics hinsincreped puedsas captrok t fngierfai preferred embodiments,

transitional..l ayers is_between. v [N
o4, 3050 PR Tl Bug B G o REHFLA Mo BB the graded
peaREaITithafdaad bettwaeyerabout  75% and 85% at the top

surface of the relaxed buffer |ayer. The ratio of )
si|idefdeio gBigreend illsirates B smbedimash of B a(prkpisserm agperdance with

15:85. .| | ' '
A5 M 0 P W PRSP U e
depdsitdd lae bBoig Gt DOd PEr(1l AY &Y. Wik wakgietdTedthptibes a substrate 10, a first

concentration between about 85% and 95% at the top .
peottinaefca BiGe tetaxed baslenlaper FMelingagly aRcreapiig 1p gerrpargpm concentration

ilheon to ni ' ; .
£ D5 PRy A R sl {MEa0% RE Porfilib S0 e brtion of the
rélakd LT dr Qay@E lﬂ!&fﬂt@cﬁ[ﬁeﬁ%ﬂid@ﬁ tenéifiena Myet 16,laR8 arset@dambrtion of the
buffer |ayer conprises other elenents. [0041] The
Sidanelexgd butfertleyarniddlingadisnercasing in agrmesiv gonsentstigetrom 20%
for. substrates.w.th |l.arger, di e F a
el Rl R 08 it s BRTR 1k eokeShdu dithe REAERe ot second

POREdEPb L ERSreliixbd baffed Ryet B3, The ZR6 poRiob Ul odnhe SiGe relaxed buffer
addi tional strained transitional |ayer may be formned

leyer haoa fpélacessofid. @ huwi foore ther sibgtfatg b0 tanie shiainediyansitional layer 16.
additional strained transitional |ayers may be forned

for workpieces with dianeters of 450 mllineters. The
quantity of strained transitiobdl |ayers can al so be

sel ected based on the thickness of the relaxed buffer

| ayer and/or the deposition tenperature. [0042] The




-13- of the strained transitional |ayer is between

about 10 A (0.001 pm 1 nn) and 100 A (0.01 pm 10

dygh ween about 40 A (0.004 inn, 4 nm an
W( .%%lg@fgnn 9 mu), or between about 60 A (O. Spcgﬂyéiom/mzzsz

nm and 80 A (0.008 pm 8 nm. [0044] Positioning of

the strained transitional |ayer al so depends on the

t hi ckness and concentrati on of the graded portion of
Thégtrainddatcaditontf yerl Ifyies 2 thivkaesstodidf fe (O mené am)t Adke second

strained transitional |layers are po |t|oned r oughl

gfg}%gae strained

pertian (1§ of the aiPg Wlaléisa Rutfer laye hai s Of 3ty
BRGSO 1 SRR B SKStmnd 00 hyer, T i o

thie NstiirRA odilicamntrimsitimahbayet) midhan denSiGe tedaxed rbulffee lgyen deahices the
portion of the relaxed buffer layer. In certain
anags dif rvmfkglecq bR 4o ppOreRimately AS i oREheT aRfigusatipng can reduce the

the raded t4on_of ;the rel axe ff
St Ol AT < PPy a1 IR, B R e B manner
oﬁérﬁﬁh@%%hééﬂ&%f&hﬂﬂﬁéar' ayer rmy be pl aced at
approximately 3.07 pmfromthe substrate if the graded

por t [MH7bf tHigured Jébaetcatmnoéherlemb@dnme@t of qusmm igkaccordance
th |
B R e e e

lalybrd aré B6boditdd RMBEJuO B YIS YbBA =Y. eThé ﬂdﬂ@l@d’ﬁ&ﬁ)@ﬂmses a substrate
ortion of the relaxed buffer layer is 6.14 | AMthick.
(F omisth@ru@ls of iabbifFeatstixed buffer tayet 2@ dinely Beresi@gdn germanium
, cctg}rgzg%@ tleo'naii %Plfog rm::}tg ?oa%he g@%sir%? Sﬂﬁ%%sf%%g the! t{)}ﬂ sdtrRe of the first
pEEOABIT e 16 RREE HuFfef l:y8r zﬁ’r @@Sﬁstf@ﬁ@lnﬁm@it&rﬁﬁkybt 22} a second
t he control | abl e thi ckness of the strai ned
pettignsiof | imalSiGeaysstaxed ghefferh dayer o?‘ha]ﬂlleéﬂ}’ ofUCERaPIAE Ny germanium
tranltlo al el Sidl I ry
concen a‘uon1 1? A Wn rr%)g%e Ge %\r’\@% gg% g r 'E%aﬁﬁfi&?ﬂtl%)@ Q@ 05 13.7% at
thier ﬁ)fpeMrﬁide &H@@%cﬂiﬂnlbtﬁ'tmﬁ e e rrelianed buffan Syt mn,ah second strained
| ayers are not tgg-s'tl oned proximate to th

trapsaidrn] et 218 tBird parsionof Sec Gsuslersd hufire Fayer e flncatty Sncreasing
1&@9@{1&9 L&oﬁcéﬂaﬁ!}ﬁ%ﬁ?tﬁ%{’/ﬁﬁnﬁﬂ | {IBAL s8for@ strained transitional

ece I'n accordance w resent 1 nvention
Iawbleﬂ@ td De.2vehtake doufrfaee of &;eethlrdlpdrtidmeofsthe adlmed buffer layer 28, a

it e T P S Reatiomob (o R reages Sufer layer 32
Ii%%a{rt{ga }rfb%a%in n;Pf Fﬁnaﬂ&ﬁ {katBtioR Uid A" 20 8% F)I(')o%;’g‘r%'xate to the third

rea I N gernmani um concentr at romO
stpained It[ﬁﬁﬁtnbmll tlhl;&rSlﬂ)b’&t 241% 4t0thedoR Guvface ofénet foprth portlon of the
surface_of the first portiaon of the rel

Sl DUe? 1ayes 2o HOBTLTTARE AR iio B Gt ) By gportion of he
Sgﬂg\gf@aﬁﬁ%@f& Pagrfext BQHn&frlytlH&eﬁlx%qn meél:fnf:&{trahal‘:{ %fom 24.1%

Inearly 1 ncreasing i'n gernani concentration from
pﬂﬁﬁmmedfx itheafoarth atrhined shnsifiovmtl layeadvbiot405mat the ag{emrmﬁe pbthe fifth

DPRICRSATB SR DA o S6rrdnt SOt FORT B SiCRized butfe
1 Flgﬁz%s g thitk ugss kblfflf(?ﬁllx&‘?t%ﬁg rﬂ%{%ﬁg&?arté b 6K FistQrafhed fraftfional layer

Straf e ained transitional
2baym@k ik strained transitional layer 22 has a thickness of 65 A (0.0065 um, 6.5 nm).

The second portion 24 of the SiGe relaxed buffer layer has a thickness of 1.07 pum 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 um, 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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The strained transitional |layer 16 has a thickness of
40 A (0.004 gm 4 urn). The second portion 18 of the
' paxed buffer layer has a thickness of
wcflrogﬁ'](]{:tﬁe strained transitional |ayer 16 to thgcﬁgjsﬁmmnzsz
surface of the SiGe relaxed buffer |ayer. The
inclusion of the strained silicon transitional |ayer
within the SiGe rel axed buffer |ayer reduces the
segAnd giraiped wgnﬂztpm& dayBoRp tcotb&ptbn@ ﬁh&tﬁ@tbﬁgﬂ%@lﬂam%ﬂ"he third

SRR AT B S M e 3PP (b D 3ot o

fﬁ%ﬁ%’z of 1" ﬁ@e%la%é@ btiﬁeptak}&f hdshREhitknR8abE 0.63 m from the third
0047]Figure 5 illustrates another enbodi nent of

steaindch iresetionel dEjEBD rifatc thewfaultht $stminedetsansitional byt am The fourth

S&/\Q};ﬁg@p&@ﬁé}el xed b fer@g%aqut%nO&a@h trai neggdm@ The fifih
phrtibA 36/t gﬁ@@g@f&qggx (RS BicRHRSGrALA A fréhn the fourth

St™ por ayer
strdifeR irtbivsititiel @agt 39 ththe epTBIRIfALE ofathe GG adlkosd lﬁwffam 189&r. The
proximate to the substrate 10 to 6.5% at._the to

depgsttipnentohe o girainad siifon msistongllay re MsbEy thyg Pifis relexed buffer

Ver 2 i LT i- N
B pe SRS b B T B 1SS Fs iguations
card RAAE the aGUBIRST RS kpiBcJRIWR MppRa:6@AREBNE0 j@hi on from
6.5% proximate to the first strained transitional

| ayeIIOfEi@] t o In3z mefarred wmbrdimentr thacrelaxed bydieodyer is grown in a

th [ d_buff I 2
sglect Al Spiinig APl reier Ty, Skl Py TsPBRo00) (pg00 mm
w%n&?ﬁedesj A3R0A SV ARkrit2 18, of Bhbdne Nridbnh MR ptelgably, the relaxed
germani um concentrat i on from 13. 7% proxi mte to the

be#elaperdneluiling ¢traing endigonal layazgses sxevn withio, theppitaxigh deposition

Ge: of .t ird ort | axed buffe
e s it i o0 e e Bk o) e Sice, e
géibninn l@@ﬁéelnﬁﬁh(ﬁf mbBe &@lyﬁﬁdzréa%%d wathld &ich |paiytﬁih (82“segment™) of
linearly increasing in gernmani umconcentration from
tl@(xew@%g@ﬁﬁdam by gdiugiéng ¢gposition paiapmstrrs r E skamplgathe temperature
r ur, e u
o% 3%? : %B%g%1¥18{1 ﬁlgia}l e@ %]E]\L}g rosf1 é{l/cg‘g gfbﬁbﬁf {h% ﬂ&!& of reactants

coipAsing dsilic@nN Pirtduedad hay e 3Huced)dtim okt Imfp@mttmﬁm @fmprising
the Si Ge relaxed buffer layer 36 linearly increasing
SPFNASEHAEPTEEHFQD Taenh O dnetgaserly o Bramplesoqf 5a¢tants é’offﬁmts% silicon

{e%wsé%r ﬁlta([:@1 ’oﬁ gtt %lrea%ﬁf @‘hﬂ‘%gl}? : %%ﬁ%f ?1}1 ‘rgr?saxed (g%%? Seﬂrane’ and

dioh]kﬁbsﬁﬁe Brembles S rpotahisaiongPistly dehfariereairaxeticlude, but are
buffer |ayer has a thickness of 1.0 pin from.the

ngy, pémpied o101 02T 1a0Re HETPANG | Fhliorfé’&nmr&ns?ltq od%%hlowog?@i*ane In

oo BB NS BRI ROk Y R ey ncucing
hipbet bon a2 éemﬁbémeoo‘s‘ze Greduedonx eshnridifiechloréyeedre haefereed.
t hi ckpness of 1. mfromthe first strai ned

t r and9949%nal Iy ﬁfif@lm sobpdiments Hewbish the relp¥regbutfer layer comprises

08k T SR LA,y s s
taMRitidndd layer %ebé iorirdd pRr #ii.0fh 28 epftatifiedpotition akaxedby pausing

buffer |l ayer has a thickness of 1.02 pmfromthe
flowdng dhe r&aﬁtaﬁ@dcqmmna Befamitg yecusgers, Jox Krampip iy shunting the

B aaﬁé%“?o% (SR kA KSR oifiCal st St AP i thg reactans

c@m 5 % u?ih réddiobd) PAr térfin Ihtlinidits, Sffatsing” flowing the
uf fer Iayer has a thickness of 0.63 m{rom

reao:tan@mmompmsm. gednaniun sprerwrers bl e3lloss thy depositiny tof silicon

strained transitional |layer 34. The fourth strained

transitional |ayer 34 has a thickness of 69 A (0.0069

pm 6.9 nn). The fifth portioni®6 of the SiCGe rel axed

buffer |ayer has a thickness of 2.42 p.mfromthe

fourth strained transitional layer 34 to the top

D-.



germanium for exanple due to a relatively |ow fl ow of
reactants conprising germani um precursors or an anount
nts conpri sing gernmani um precursors £
wcf’%oo#/ﬁ%ﬁ?sgact ant lines. In certain enbodi nent S%@ﬁ%ﬁbﬂ&zzsz
duration of depositing the strained transitional |ayer
is preferably between about 0.1 and 10 seconds and is
more preferably between about 0.5 and 5 seconds. In ]
georaitendiot exampls due iea delatielolovoflow ef seActanteonipsising germamum
- strained transitianal |ayer is.at |east one rotation. . th
PIEEWGOTS S0 FRTE PL A BEE OrmPrSg ORI B PIECH BT R AU g n the
rSAUBAERER! TH ek 8mbBEmMatsk e @afation of AepdianRShs bitiined transitional
chanber. In certain enbodinents, the germani um
layon teprefexably rbetweanhaboyt 8deando & seevmde And i mose prederably between

buffer | ayer is sybstantiall.y the _sa [oxjmate..to .
st o epdimssrottie e safporigety (RoRiipt ok PoSitg ghe strained
treRd BN UBYe O CANeE s drRNrotationN@. LI afl Gftepa fi@BerOdf tdiftions) of a

rel axed buffer |ayer proximate to the top of the

radetablensesceptan Jiolding ahe | wgdkpiece on theadposition dedmhyrt hén certain
S . deposgi tion ra rs .befor fter t
BBl PR e, Bt P e LR R Bl U e relmncd bttr

1ePRSubititially (B Sadhd\Rexiniabd R the BOBdm bR sSralhell M@nsitional layer as
previ ously existing sem conductor processi ngme!&ui pment

theegdrmanivin esenttationsn |theiadedpertion of theostaxe erHayeqr proximate

sit u, deposition of the strained transiti | | s
QRS ROR BBt ot Bty SRR P W ¥ Bfle deposiion
phRafetds b&ford A ARS theldePodist ofthe blenaDide]tRagl 1ayd 0 B@pdsition of

strai ned active |layer may be deposited on the surface .
shingdh wansifionab lpyprsfusiae prajesly wisfinssemconfingiey pragessing equipment

B AT LS8R0 300 bW, SIATSiop,of he smined
tiatififiedal [1ayeey dearidt eubstddialll ffoattthe itlnouggst 0fthenceactor or increase

ger mani um concentration wth distance fromthe
t olthe wpgkpigeest rai ned silicon transitional |ayer

16, st hal AR, 4 ,

121 SO, AP B b0 B RSEL Bl of e o
baffenilsnes tFigns tAoilaktritey ar pakfiall sovhenatid ukdsersedtimeof an example
structure 39.. In certain enbodi nents he strained

vikRiGe peRRRSing 4 Sibsiraln sl relatedt SKrR BudeniyerBokipsedd 18 both

. . e vi . - (OF .3 " .
RO ARk S WL Rl st
silieak neasitional lagercliteandd simintd actienbyerty. k Pogdiesr, herrelaxed SiGe

exanpl e by jnplanting hydrogen (e.qg.., +, ) .to a

buler (4L PERISER . L4Fil§ e b, SER B &@ﬂ%@aﬁl% 31336? %eﬁameé uffer layer
sftflotlf? d1e i eLanR Andthinidard Rlirahioa 4AVEYREr 42 he uh@GLRAR from a
of weakness nmay be anywhere within the donor

donsikworkpiece tos reexiving sabstrude (rt ‘handle Wafer't)aldi ofier thet dhmined active

rel axed buffer layer 14, the strajned transjtional .
lasiy &2 19 Gepasiats hEERIL Sl PEEeTDCEN F SisAe iR RA reoTkpiecs, for

i LNgH @+ I CRAPS 118508,
by e e e b B | B g T e SRy 9 64 shows 2
regibm ob weaknass d6 i ¢hegrelaxSil By, lagerd 1& oHowryanj theirelgon of weakness
(Si Ox (not .shown), is deposited on the strained. . .. .
%b%@%&? W@mp% SPORIOVALRIGES 4P WPZ? e Weth%ufqmtahon mn the
| BeraGd irfed ttafisi ' d0R%rate 19. In
rév\%iri pI ecerqg%éﬁ %éhg)slsg{)a%:nfégt%%sﬁsﬁzﬂq%}%?q6“ %%ﬁ%leg) to"a)e t%e some
ermbodiverny & filnter ddyer 4d gt anfiagutatinge byposorerisiag, fot exanple, Si0s,
(e.q., as depicted in Figure 6B). The region of . )
vl dostiohs SMDgeTEh MH0T Kott PEKS UEPRGVPd SON)
e [ t : j t t ;
(AR I Whefbd YELE Sraid I oG 0, MG RIcRE, After tho
struinéractioy eayel &2 isadepbiiied ttiendenot omerkpiecy kg be associated with (or
conprising a portion of the relaxed buffer |ayer 18
and a receiving substrate 44 wiTh a strained active
| ayer 42 (e.g., as depicted in Figure 6C). If the
receiving substrate 44 has sone of the relaxed buffer

D)




constant distance fromthe worl cpi ece surface.

Formation of at |east one strained transitional |ayer
W(P?dﬁs yant ageously affect the uniformty of thepgepbiors:

of the inplant that creates the area of weakness,

whi ch penetrates the workpi ece a constant distance

fromthe surface, is substantially nore planar w thout

wor kpi ece bow and warp. The strained active |ayer 16

“bepded et dhg regeiving: sybsizate &hto Rrm ardeapoilt stmchde {pe casedepicted in

e. g..~hydtogen) around the . .region-of k 4OBEQ
Fg%]ﬁgt%%‘re €] gé%nt%foﬁlg%esssépflgcce{mﬁ u§ ~nt§s%%§$%tgr8p g of the
cmgbéitei shdictud)i THe ¢oRypoRé sturt ign B &R s tHefregion of weakness 40 in

su

sequent etch Séﬁe.g., a selective etch) designed to_
thecvelaxed baifer layer $8.Geslfingnn Adopaicwprkpirge SOmBTFAg & ption of the
N rtarn e di ts..th By [ [
ro PRl R TR Rt Y BB 4 i Bl BRI 2 o
depibled it Fich@$ 68Y.e1fIBd AotiOthgSubfrdid1ad hidwniegh thetditked buffer layer
species (e.g., hydrogen) concentrate around the
13 @i it dpokThing, eet%ﬁbacéﬁ, 96 @ther awidable pregess|madsebe ugpd to leave only the

. di . : _
TRV R RIS P 98 B0 o 0
pedferabliytin the frelexedplfter dner W8 tHeealise therlérk ivaotkpibieetan be reused in

bei ng cut froma workpiece processed_in accordance , .
syl pmbedimgnis byrAspenitig e socgad shrpibed asibiedpyer ongdhe Frmaining relaxed

er 0 e .
AT E 18 o 67 R SpRHEE bIPY Sl JLRHAG) S Shh€ Bhbodiments
inoheditigl b Gnonl @i g &k, e insaktdratmigtis @0 ak e bs Wiksinsalb@r portion of a
and at | east one strained transitional |ayer within
M devisgednpenmes giveh pmbpémeasaislpdings aepusitiating layer the msulator

ofEETs BENABRPHE B v Rkpi AR AR TE K, FRIOAH weakness 40, and

if femoved axfoet tutidirgy ISDeromesds dor drdating bacgiedof weakness, associating

transitiopal |ayers may be renoved, (e.qg., by etchback,

throfonoy wRIkpiges: t0) thy apesiang syhstate, ﬁrdosﬁg‘gﬁ%w&r’ﬁtpﬁéﬁe structure are
b eCeqatail 3 [ f {d ; I b I ;

R TF e ™ U b ot M ST BT, QP! 11, 2005, entited

“Biroskssc Adri Dransferrivigt & day¢rTRDStraned tewdermdabtion Mdteddl ¢ nihcorporated

and 105/cn? i.n.the.relaxed buffer layers. In certain
h@??ﬂ'béﬁ'??é‘?’ff’%‘felflﬁté eBreYeast one strained transitional

| ayerpsagcr | hedehshetRvbfihiiis! B dnae E@D EQ¥ TR h
to a[topﬁsur?gcg of tlﬁe rtﬂgaf’eg) bufferwl yé? to Irﬂéésems whe
attbraptid® 4¢ casgcidte as domr ewladidien® mbsiprising atstrhised tacvee layer and a

straineq transjtional _ | ayer hel to reduce .TDD .
IR DS TR 4 WmE et & mPURRL O %%Eﬁfﬁ&ﬁlf"f%rs‘#’ﬂ%? is about

a o) .
S R L
phefanbiyt baowl 23 ae nad wéh era prefdraig below Seml fay 800 mm diameter
conprising Si0.8G0.2 on a 300 nmwafer can lead to
stiptragns| dv anpremplenatdengr wokpire compHiHBg p 61 14ed referaddutier layer

| ayer. | ot h xanmpl.e. .deposi.ting..tw) Strai
coPieREne: S ditos 40 e RGRRRR G RBRSLACHHRD A% an amoun of
HoRTRS hSduR 7558, 8f€ Ak KByl 1R e TMUBIE Sbr 6RBcB8S Wil a receiving
TDD bel ow approxi mately 104/ cn® in the rel axed buffer

shbspete. The foninbtitreofqgdeast bre gthinddetansitionaldiyesdn acoordagce with the
PR RSB S S Ll DXL A LR wrny
a8 Ridoadd %o&b{&é &litabRMBE aRbciIewih ¥ bdc¥ivirdg dubSrate.

strained active layer is less than about its “critical
t hi cfes]. Faddaioasiby, ehe thepasetiomgereralyrmenaedesatiwekpiece to a
| ayer qQver a relaxed buffer |ayer ri,sing Si0.8CGe02

b4,y BFBalisn 2agot

cqntiagtnfisianes (fEam Jhe t WorkBieps SHERCT ayHr@ialion T80t one strained
wafer can | ead to TDD bel ow approxi mately 104/ cnR in

the strained active layer. In another exanpl e,

depositing a strained active |-88er over a rel axed

buffer |ayer conprising Si0Ge0.2 and two strained
transitional |ayers on a 200 nm wafer can |lead to TDD



preferred enbodi nents and exanples, it will be

understood by those skilled in the art that the

(gj h7d Nvention extends beyond the specifi 01%1*/1)1‘52007/072252
I scl osed embodi nents to other alternative enbodi ments

and/ or uses of the invention and obvi ous nodifications

and equi valents thereof In addition, while several

variations of the invention have been shown

trgesiiionab lger ¢rncdy antageously arfeskiin witormityod thWﬁPthoféhs implant that
C%MB%E l}ﬂeén%&fe OF‘?gOS € b?‘&%sﬂebé}%{aﬁ&t e arl%% %as 2% nﬁg‘%ﬂi‘& Ce from the

stlifie] @ssubstantially snoaé planao mtidionl wotkpidchdiow and ousp. The strained
conmbi natj ons or sub-conbi nations of the specifjc

agtiver Myl Gapey apreby belpr tor mcwa‘sﬂwempémﬁs&smeeﬁésg hydrogen)

g Lol A R SEORECS 5 VBRI s s
spiittibfewllich chas edhairb ahié riftts ofansiteeqembictthde. t & selestive etch)

substituted for, one anothg in orde[ to f rmva4% .
dpdensd & teRmwova; Serdgale PibnyERm gif Tegeldne ; ubpteate certain

<5 i, A0 SHLEFRRE SEHOTEL 8D e ey of

ntiplsﬁiaﬁsle dlre stleciedrendts thohe shoe uhpid:ma&b apecied (i g.s hpdrbgen) econcentrate

determ ned. only by a fair reading the clai ns that
a‘;’%‘Pﬁé‘WPOSW‘m‘PPﬁ@ﬁ%WFI 1"‘qla"y‘?'ri)é-l. A seni conduct or

wor k c B St Teast one Strafile@Efhsitional 1
buffi‘bﬁgiy oﬁ?%c d%ﬁnéﬁa grg%le por(taaisor(ljn orrreg tS]hle)Il e
existasihrantiategtdos] divdultp forl exymiplecamdpwitisiun dinsitakion aﬁer being cut from a
g mani um ha({) g a concentration of germani um

lé%?sli’fﬁ’ﬁesﬁ? H pererdaneR Pttt @rtss i P OGREI06F bpppp. As an
aé] S g%fgﬁﬁn eRBddiments alf‘ﬁnt%]e o g E\gt %F)ﬁa?h&%da substrate a relaxed

layer wwthin t portion of
buﬁblabagei' 1hu]ilﬁmlg d g‘ﬁéﬁ‘d, dehen &irmed astthe md:sﬁtﬂleaambat least one strained

transi ti.onal a conc a
Uiaass?n% h&Wert Wé ﬁlet‘ersf d; portige f-hﬁa ayef " some

emst)&sﬁenlt@xsf cRROME A tBElsQRInkD %raﬁhnbmaayee e uﬁﬁgfalré@sy SSOI,
transitional |ayer such that the at |east one strained

portams iof ﬂmmlaXbéiaefferr leyir@md/on theastmnmt trofsitionaklpyers eaydg removed

| at I t t t
e O PRI BF SRart i Yoo Bl
bei nqoghsg tngfeHsefne %ﬂﬁbnﬂoﬁéii:deﬁ' Eﬁferofayétﬁ eéa!iialead to threading
expansi on (CTE) contraction of the relaxed b

dllszi@cetlom Jeutitiiase( D )GYEbetwernr shout Hih/aof” mdelibd@ms tln zﬂueerelaxed buffer

Th r k. wh t | t
IEEF T GOEF B Do BaR1 et Iebi e, Srobie B SRR 14} describea
hARAK REIBS & fé'dﬁcet PDE érﬁﬁﬁﬁﬁé tPd 1opOekfats btk retbxdd it llayer to less

expansi gn contraction of the rel axed buffer

theay BY/ongl alim swmet oni@riimenntthaet least ok strimed ingssitienad layer helps to

DTSSR REeP 5 S hon A B Sont o

magnitude (e.g., to below about 4x10%cm?). For example, deposmng three strained

transitional layers within a relaxed buffer layer comprising SigsGegpz on a 300 mm wafer
can lead to TDD below approximately 10*/cm? in the relaxed buffer layer. In another
example, depositing two sirained transitional layers within a relaxed buffer layer
comprising SiggGeg, 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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4. The workpiece of Claim1l1, wherein the strained

transitional layer is between 6 and 8 ran thick.
wo 200aEoPr kpi ece of Caim1, wherein the strap@pdsieerners:

ranS|t|onaI | ayer conprises strained silicon.

6. The wor kpi ece of Claim1, wherein the strained

transitional |ayer conprises strained silicon

ger mani um 7. The workpi ece of Claim1, wherein

ctitieal rteickxasl [Fof Eramplaydepositing rri smined iactiveo layanaver a relaxed buffer
germani ym wherein a h| hest qer mani um.concentrati on

13T POEPRENG DlseChur 116 ek iamed trsupians] 105655 an g @@%ﬂn wafer can

1830t IS bRiok %pﬁ’b%?ﬁﬂel?omﬂc&ﬁ R tHeN@raiflae¥@ieblldrer In another
ayer conprises rst portion of the rel axed buffer

ekayple, fdepowitihgon sthvinelubsativealayer avere rmmtrxedn buffer layer comprising

GO centrtlonlnth f t ti f th I
(st g ansyionsl Tape 806 b WalbisR o (TR below
aéﬂ:% &&1 M%&Z% tRe LOMREY SuvEaSRr. ﬂlé?éf&’enﬂfehﬁsérﬁz‘ﬁ? bf strained

f the first portionis closer to the
tmnhsomeat lydrh ana,)t latsou‘pm asefslité acducef deftnts fim rvsarkpicedsi tat are not
a first stgaln ansi tional Iayer ornmed o
f

t .
@W%@lyo f F“ll P p&PR%n (§E-t NEOTRBISE d f]t]lg}” germarum
cbﬁy&[ramy_ from t he substrate, and

[0055] Although this invention has been disclosed in the context of certain

preferred embodiments and examples, it will be understood by those skilled in the art that
the present invention extends beyond the specifically disclosed embodiments to other
alternative embodiments and/or uses of the invention and obvious modifications and
equivalents thereof. In addition, while several variations of the invention have been
shown and described in detail, other modifications, which are within the scope of this
invention, will be readily apparent to those of skill in the art based upon this disclosure. It
is also contemplated that various combinations or sub-combinations of the specific
features and aspects of the embodiments may be made and still fall within the scope of the
invention. It should be understood that various features and aspects of the disclosed
embodiments can be combined with, or substituted for, one another in order to form
varying modes of the disclosed invention. Thus, it is intended that the scope of the
present invention herein disclosed should not be limited by the particular disclosed
embodiments described above, but should be determined only by a-fair reading of the

claims that follow.
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a second portion of the rel axed buffer |ayer fornmed on
the first strained transitional |ayer, a gernmani um
concentration in the second portion of the rel axed ,
buffer | ayer higher at an upper surface away fromthe
first strained transitional |ayer than at a | ower
surface , wherein the |lower surface of the second
portion is closer to the first strained transitiona

r.t the upper surface of the second portion. 8.
“”L#ﬁﬁ$§%ﬁﬁgﬁg%g'of Caim7, wherein the graded portion
of the relaxed buffer |ayer further conprises: a
se¢ond atsemidvadudisrangkpicanalmprzingt f ormed on the

surface of the second portion of the rel axed buffer
| ayer afd{PSEPSm t he substrate; and a third

porti ony Riaxed ®uffel RY&dinbMAMera fad&r pdrEbiesin@a dnhe substrate, the
second strained trangitional | ayer, a gernmani um

cohetlsit loser enmpripingnh silicon rEgrpEYER okpvETE B HONFRIEKey of germanium
bufif sih?Yran thb AlREa@to beﬁ%ﬁff%e sTid @ffer BYRY ahd OM the

second strained transitional layer than at a | ower

sur f aceat leaghencestrainteldgransitienal dayer adthinthet giededtyiortgon of the relaxed

POy t 4 i osef.. t.o th c ' It :
A e T
9. geranivar lopiee cieanahe Cbrademratjonvdfegeamaniambin ghebiffer layer above and

ge ni ym concentrati.on in the | axed ffer layer is .
DePrIBE S 6 e pjeined ehstopgal G Gish dttcBE abfOA ieprained
9, trE@iiinaBlaé rbiitet Bn hitbest StwalkprRAe boRnslative fathe relaxed buffer

| ayers within the graded portjon of the rel axed b%ff r.
| ajpypr without at lepgt onirajpsdidmstiionsk ey HervorkRkre; fwpeing due

hi ghggter SR1IMRBEMRHP %@Q?rﬁrgag/iegﬁaﬂsfbﬂ terpetantadibylofehe relaxed
0

l ayer is between 35% an ¢
uffer layer relative to CTE contraction of the substrate.

2. The workpiece of Claim 1, wherein the at least one strained transitional layer
counters stresses in the workpiece due to differential coefficient of thermal expansion
(CTE) contraction of the relaxed buffer layer relative to CTE contraction of the
substrate.

3. The workpiece of Claim 1, wherein the strained transitional layer is between 1
and 10 nm thick.

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

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

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

7. The workpiece of Claim 1, wherein the relaxed buffer layer comprises silicon
and germanium, wherein a highest germanium concentration in the relaxed buffer layer is
between 15% and 45%, and wherein the graded portion of the relaxed buffer layer comprises:

a first portion of the relaxed buffer layer formed on the substrate, a germanium

concentration in the first portion of the relaxed buffer layer higher at an upper surface
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12. The workpiece of Claim1ll, conprising three to

five strained transitional |layers wthin the graded

portion of the relaxed buffer |ayer. 13. The

wor kpi ece of Claiml1, further conprising a strained

active layer forned on the rel axed buffer |ayer.

14. The workpiece of Claiml, wherein the rel axed

buffer | ayer conprises a region of weakness, the

regi on of weakness configured to facilitate splitting
ofaWdyefrwm thepiubsteate than at a ldver sérficet, vddrof thedowkaarface nfjthe first

DT R IStok (bt P e b EpiRG S fes I R P

| ayer OEDﬁI'sJﬁ Qtroibe Erhﬁglﬁoﬂlﬂ 14yle® ot drodaBE SiHfSceCETRE Fisdtp@rtion of
I con preCUTSOTS and germani um precur sors, t he

but\hP éffla’feé)bé‘if 3 @ﬁﬁrrf}"éq)’rfgo% ithe %‘Gﬁrﬁ%ﬁﬁﬁm um havi ng a

CORGERnkHokRth Of th BEITR BiTTc: T4y/ef ASihidd Jnﬁﬁ@“ﬁﬂ%tramed
substrate to a top surface of ‘the buffer Iayer,

trangitiph#ldaykspe getmanjumieenceitzation ipihé é@comdyﬁ@rtlordeﬁti@ﬁ?laﬁgd

t e
ot AT R POk A e
lowdrlsoradeh evigidin theroweresnrtasnofthe savdnd portion mdbseng) thh @rst strained

ece ere n t east one.s . .
wang i -5 F e T Gbf sfiebron B8t gt or T vaRissgor Claim 7
wheledyViie grhwemi pdio oNtRAtIaréd BiFf@f germaniumin the

buffer | ayer above and bel ow the at | east one strained

lmﬁfﬁ%wgﬁWF%ﬁﬁFslayer such that the at |east one strained

transitiQnahg |sﬁ‘¥1§éc} frﬁgi{ﬁ)?él 187kr 3R onGhe WREAERLERR BN portion
due to differenti coefficient of thermal expansion

( CoBic egmraddurticolayerf awdydrane thocubistipid. #ed | ayer rel ative
N g S
onaassiticiahkgler! B @oSnaniumn abndemyaron in the tl’llrd portion of the relaxed buffer

layer higher at an upper surface away from the second strained transitional layer

than at a lower surface , wherein the lower surface of the third portion is closer to the

second strained transitional layer than the upper surface of the third portion.

9. The workpiece of Claim 7, wherein a highest germanium concentration in the
relaxed buffer layer is between 25% and 35%.

10. The workpiece of Claim 9, comprising two to three strained transitional layers
within the graded portion of the relaxed buffer layer.

11. The workpiece of Claim 7, wherein a highest germanium concentration in the
relaxed buffer layer is between 35% and 45%.

12.  The workpiece of Claim 11, comprising three to five strained transitional
layers within the graded portion of the relaxed buffer layer.

13.  The workpiece of Claim 1, further comprising a strained active layer formed
on the relaxed buffer layer.

14.  The workpiece of Claim 1, wherein the relaxed buffer layer comprises a
region of weakness, the region of weakness configured to facilitate splitting of the workpiece.

15. A method of manufacturing a semiconductor workpiece, the method

comprising:
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16. The nmethod of C aim 15, wherein the at |east one
strained transitional |ayer counters stresses in the
wor kpi ece due to differential coefficient of thermnal
expansi on (CTE) contraction of the relaxed buffer

| ayer relative to CTE contraction of the substrate
during cool ing. 17. The method of C aim 15,
wherei n depositing the rel axed buffer |ayer conprises
depositing silicon and germaniumin an epitaxia
deposi t providimgacdubstratsyherei n a highest gernanium

concentratiqQn in.th ed buffer s bet we

To0 ancoPaY A LG BEiEr TG the PSR B d| RS HaRRS
layer cQmifrisiRSilicon precu%@?ﬁa‘iﬂdtgeﬂﬂarﬁuﬁqlpﬁﬁhrs@% tHewufief layer
t he rel axed buffer 'ayer by flowing silicon and

ger mani SARIIsEEUTICON SerBAIKR RANRNE oERIFEBAY RS SR An{umRcreasing
first p?tgﬁﬂtﬁ)ensﬁgtrétgfo 4 ?Jp%ﬁﬁgcemffﬂfmeﬁuf{fé‘Yﬁfer .increasing

as the first portion the rel axed buffer |ayer is

deposi téding depOSItlagttlw relexasks bufiferglayére depasitingpalr tepsi rongf strained
X ffer |ay

PR ] Sl B RO RS L Ol

prﬂ@mmmﬂﬁﬁmn@ndnwstandfter depositing the first

strained transition. |layer, deposit ng a sec ti
of the q.ogﬁlg& W ng:e,%/\g pingdhe Flt:elgl ﬁ& s?rfuag\ﬁ? ﬂ\'&gﬁ?ﬁrﬁ@la? Tayer has

gef RBIHIRE 6E 8RidhiuA 16@ENHUNUIR: COne&ttatioh | d@Ngdriatidd in the
second portjion of the relaxed buffer |ayer jncreasi gh

asbutfrs layse abrycpadthelny gie atHeast encsteng fFamsitional layerjsych that the
defasis efe str?llned transto alh‘%ep?édﬁegs &f agoﬁﬁtr%fl\ZorléMk%E %‘oﬂr due to

depositing the rel axe fer layer further conprises
af disferettipossicfficienttcf sheaymebeipapsion i(GRED pontrastipe o§ eecrelaxed buffer

bulf &gr I iaﬂ¥§ by C?’Epgfﬁrgét% oqf tﬁee &ﬁ)@gat%tdﬁﬁhg %goﬁ Fa'tfv% %‘ relaxed
Iay r By pausrrng t1own er mani um recu nd
af bweffer qupns/iimbmt@t dast csecstranhed; teasined] {ayansi t | on I ayer :

d e : ISL 61 mo d%‘p o téIS ngp%fgmt &6% ag:j‘l Sg% ?tlglalf & trar@{t%nal layer
coun@@f mgésgh ;I]?mﬁ@fktpie%b ido@ td mfiek@titahwedﬁ@arttdfmﬁbrmfal émnsmn (CTE)
rel axe uf fer

contigetion at the relaxgd &#]elélle{yggr %?#é‘t%déﬁggq%gg&ﬁndo sugstrate during
cooling.

17. The method of Claim 15, wherein depositing the relaxed buffer layer
comprises depositing silicon and germanium in an epitaxial deposition reactor, wherein a
highest germanium concentration in the relaxed buffer layer is between 15% and 25%, and
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 relaxed
buffer layer increasing as the first portion of the relaxed buffer layer is deposited;

after depositing the first portion of the relaxed buffer layer, depositing a first
strained transition layer by pausing flowing the germanium precursors; and

after depositing the first strained transition layer, depositing a second portion

of the relaxed buffer layer by resuming flowing the germanium precursors, a

germanium concentration in the second portion of the relaxed buffer layer increasing

as the second portion of the relaxed buffer layer is deposited.
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19. The nmethod of Caim 17, wherein a highest
germani um concentration in the rel axed buffer |ayer is
bet ween 25% and 35% 20. The nethod of C aim
19, wherein depositing the rel axed buffer |ayer
conprises depositing two to three strained
transitional |ayers. 21. The nethod of d aim
17, wherein a highest germani um concentration in the
rel axed buffer layer is between 35% and 45%
228. TheThwahéthdd of CHimi I, 8herevhdepmisitingahosilaxed puffeelayer further
rel axed buffer |ayer conprises depositing three to
compiSGR strai ned transitional |ayers. 23. The

et hod gfer @epbRidDtheVe6RI PortidR oRlihd RASled HIETes U4 Rl N®bositing a
transitional |ayer reduces a_ threading dislocation

despsprd,stegined tragpition iaygely Bausingdlovang dsesnatism pragpesors; and
to | ess . . . . .
afel ﬂﬁ%c}sgﬂ%‘e}ﬁg Secogd strainéd tranSitiGH ﬁ?&f Eéepoﬁgltnﬁ gdthlrd portion

manuf acturi m conduct or wor kpi ece; _

c orfpthesietaxed pruflrdiager &y sngbemingt Bowing the gepwuiinmngfegursors, a
first portion of .a re fer i .Sii . .

<1 ¥oha Sl Rl ani o TR 1Y Bl b0 U Rl BRI MR ingressing os
prige thisigrostiandt the retmed boffpr legerisdeppsitdd. | e | ncreasi ng a

ger mani ym concent.ration_in the growng first portion. .

or % ho A BewaT BEAR | Lysperein £hightel detrndiiimEPiorgfacion in the
relaxbdBuffdrSler RUV@R 2305 sde3gvel axed buffer |ayer, pausing

fl ow ng the gerpani um precursors while continu

ing,to
fl 7&N t he"s léth _05 (dalim sldh Vg e feRgsiting tp%églllaxgql] duffer layer
comptist@ddpBetihg ARG ol thRR&lrainad Binsitidl layers.

21. The method of Claim 17, wherein a highest germanium concentration in the
relaxed buffer layer is between 35% and 45%.

22. The method of Claim 21, wherein depositing the relaxed buffer layer
comprises depositing three to five strained transitional layers.

23. The method of Claim 15, wherein the at least one strained transitional layer
reduces a threading dislocation density at a top surface of the relaxed buffer layer to less
than 10%cm®.

24. A method of manufacturing a semiconductor workpiece, the method
comprising:

providing a substrate;

depositing a first portion of a relaxed buffer layer comprising silicon
germanium 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 to deposit at
least one strained transitional layer; and

after pausing flowing the germanium precursors, depositing a second portion
of the relaxed buffer layer by resuming flowing the germanium precursors and

increasing a germanium concentration in the growing second portion of the relaxed

4.



after pausing flow ng the germani um precursors,

depositing a second portion of the rel axed buffer

| ayer by resuming flow ng the gernmani um precursors and

i ncreasing a germani um concentration in the grow ng

second portion of the relaxed buffer |ayer, wherein

the at | east one strained transitional |ayer has a
concentration of germani um | ower than the

concentration of germaniumin the buffer |ayer above

anihiffee loper, twieerdih theeatdtasonse sttaimidneshsitionrldayer dagh chmopetration of

such that the | past one str |ned transiti | .l aye

? cERRR i joAn e (BF CusPRETRL S PRIaLT i e 1278 Bbove and
I bR dhd i ieﬁﬁt bRy Qfainkdt fisitiohslelapdr dueR3hatGHE ab ldast Giedstrained
tran3|t|onal t he wor kpi ece bom1b ing due to

di Fansitongl layer e%%lfﬁ % asRunh T Werkpiget bk ﬁgfeé?la(f‘t*ﬂ’ﬁfi buffer layer

CORth@f tth© Bt Rafasttéh% Jtﬁhﬁaet&nbi%ﬁﬁ MayeRY e v(r&k%iteée\/ﬁo% Qeing due to
CTE contraction of the substrate. 2 The

medifforentisl @edioiane of ‘ngreRberpsIte (GTEbporsractiequef Hg relaxed buffer

fl ' . ' - LS between 0.1 and 10
se@%&ﬂgm£u§MQ?f ggdﬁﬁ¢ﬁ§¥*%§gééyétla m 24, wherein a
duzat i oﬁmmeﬁm&oﬁglmmw,nghtﬂem gdundimiruof presiug flomsng the

sl R = B Ok YR, 97, The

mezdiod Die fletlicd QACIREr B4 nwbald:ﬁi ﬁ@iu_ﬁ’dttm ofphing flowing the
gernlggqﬁjg%g@sgrgelé: g ‘Elggzrf%q-g g&pﬁ@bﬁgﬁs%ﬁfﬁﬂg’%gt}fét% Flggehto rotate at

leastbh& deposited strained silicon is between 1 and 10 nm
t hi ck. 29. The nethod of Caim 27, wherein the
deBbsi t Bap methad ab6laim 24c piherein prwsiediovanaHie SrrANUM precursors

comllppngpegfl gl vori ce of G, wherel
ge2frani Tim method of Ciin®Y, whe@d the deposited strained silicon is between 1
and 10 nm thick.

29.  The method of Claim 27, wherein the deposited strained silicon is between 6
and 8 nm thick.

30.  The workpiece of Claim 1, wherein the at least one strained transitional layer
has a germanium concentration of 0%.

31 The workpiece of Claim 15, wherein the at least one strained transitional layer
has a germanium concentration of 0%.

32.  The workpiece of Claim 24, wherein the at least one strained transitional layer
has a germanium concentration of 0%.

33 The workpiece of Claim 1, wherein the germanium concentration in a portion of the
relaxed buffer layer at a bottom surface of the strained transitional layer is the same as the
germanium concentration in a portion of the relaxed buffer layer at a top surface of the strained
transitional layer.

34.  The workpiece of Claim 15, wherein the germanium concentration in a portion of
the relaxed buffer layer at a bottom surface of the strained transitional layer is the same as the

germanium concentration in a portion of the relaxed buffer layer at a top surface of the strained

transitional layer.
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31. The workpi ece of Caim15, wherein the at |east
one strained transitional |ayer has a germni um

concentration of 0% 32. The workpi ece of Caim
24, wherein the at |east one strained transitional
| ayer has a germani um concentrati on of 0% 33.

The workpiece of Claiml, wherein the gernmani um

concentration in a portion of the rel axed buffer |ayer

at a bottom surface of the strained transitional |ayer

| 35, he ERneorsicdeld Qgimm) whereinothe gatiaatiincontentration in a portion of
the et ot i RHGROTERGna e sy nsfondl Joyet g BE Same as e
germ¥MRrk RbfGRtrdtion Gh @i prtibn, of W TeixBd blierd@yeaina WP surface of the strained

concentration in'a portion of the relaxed buffer |ayer
transitipnad layest t om surface of the strained transitional |ayer

| S3¢ he &N |HPOE BB G6Hah ] Qhcdrfrafion change from the

pgﬁ'i onlﬁ]ﬂ%][W rﬁéergﬁax%gln%u%{féer ﬁa%er. at a tgp surnf%?ége
relaxaf buffeelagdr tathe stchined drassitianaliayer fsdgmediate. 35. The

workpi ege of, G ai 4 el ej. 3 ' .

cofont PETBIP TR § CBiin N ofhah el epBFilfE BhisBlcpuion phapee from the
relax@t buifeblaydr Gomhs stedfimederanditidnaElaydr isdmnediater ansi ti onal | ayer

Is_the sane as th ermgni ym.concentration i

POt | oritisrverkRieqe N SHUR 4GP RFI [y sErmapny Consptifipn dhages from the
relax@f bdfRLlafdriihd Sehinddanadifidranaler idi@lediate. ~ 36. The

wor kpi ece of Claim 1, wherein the germani um

concentration change fromthe rel axed buffer layer to

the strained transitional |ayer is inmediate.

37. The workpi ece of Caim1l5, wherein the germani um

concentration change fromthe rel axed buffer layer to

the strained transitional |ayer is imediate.

38. The workpi ece of Caim24, wherein the gernmani um

concentration change fromthe rel axed buffer layer to

the strained transitional layer is inmmediate.

-26-



