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non-si | i cwo 20et8ri4al s nay provi de superior device 5 perPornmaae/ncionever ,
for some quantumwel | devices, |oss of short channel performance has been
attributed to | oss of strain due to etch/inplant damage in the source and
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cross sectional side viewthat illustYME&s a guantum wel | channel device
prior to 10formation of the source and drain regions; Fig. 2is a view
simlar to Fig. 1 showng the device of Fig. 1 after formation of source
and drain recesses; Fig. 3is aviewsimlar to Figs. 1 or 2 show ng
the device of Fig. 2 after provisi BaCE6REEYI ce and drain regions in the

recesses; 15 'uﬂnurgxdeﬁ tindid Y A5 AR ShAY %Ifbrl]sgﬁégﬂggvﬁm‘ﬂ%&%@% cand Fig.

5is a sche eprcrono a systeminclu evice according to an
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descr i bedmpidovdmetesses ael g}klbrluteedrerMealeldeharteélewalarab@retdmd\}ahtagecogm ze that t he

vari ous enbodi ments may be g rchﬁced V\nthoutdfne or nore of the specific
details, or with other repPREEMESEREHENGE AEIRAYNG? net hods, materials, or

conponent s. Fig. Dishesosk R&tiamng eide vierlthat KneWResSd duastuty @8] chafiet ﬂebv@deé‘p,rioﬁ)fo
oper ati ons are not shown r described in detail to avoid obscuring aspects

of vali od¥MeEIHIIRG jrurreen ?lra’cnrféglP‘i‘ﬁ’/entl on. Simlarly, for purposes of
expl anati on, FgpeiiafiGy AHIREH Fig, 1 showing the device of Fig. 1 after formation of source and

drain recesses;
Fig. 3 is a view similar to Figs. 1 or 2 showing the device of Fig. 2 after provision of
source and drain regions in the recesses;
15 Fig. 4 is a flow diagram showing a method embodiment; and

Fig. 5 is a schematic depiction of a system including a device according to an embodiment.

Detailed Description
In various embodiments, a germanium channel quantum well semiconductor device and its

20  fabrication are described. In the following description, various embodiments will be described.
However, one skilled in the relevant art will recognize that the various embodiments may be
practiced without one or more of the specific details, or with other replacement and/or additional
methods, materials, or components. In other instances, well-known structures, materials, or
operations are not shown or described in detail to avoid obscuring aspects of various

25 embodiments of the invention. Similarly, for purposes of explanation, specific numbers,
materials, and configurations are set forth in order to provide a thorough understanding of the
invention. Nevertheless, the invention may be practiced without specific details. Furthermore, it
is understood that the various embodiments shown in the figures are illustrative representations
and are not necessarily drawn to scale.

30 Reference throughout this specification to “one embodiment” or “an embodiment” means
that a particular feature, structure, material, or characteristic described in connection with the
embodiment is included in at least one embodiment that falls within the scope of the invention,

but do not denote that they are necessarily present in every embodiment. Thus, the appearances
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materials, and configurations are set forth in order to provide a thorough
under st andi ng of the invention. Neverthel ess, the invention may be

practi cedwoizbtrast748peci fic details. Furthernore, it is eodarssiiondivhat the
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descri bed enbo Vari aus add ti onal eratj ons nmm rmed and/ or
dosor | bed opBEEEaRS AR S Gt echery L PE G a1e SHEeRgRg gy o0 and

per f or mam@gsidtdrs, Geditors tcaplRithis fc. 0N adcrBidbslutdl @ .4 8ilBon) subtag) att@slcatlyracui t
(10 transi stors capaci tars, on.a gemc nductor (e.qg.,

| St or S,
si i clén) Hetpasftcroatcewse cdrdpring destgp. eaalgﬁrreranﬁaetreron@ MOPQeass-d6Fi ng desi gn,

manuf act dkfapl@idriAp@s h 2N mehufhdi@s Or feming@$ meﬁpbm@é(@miﬂdﬁdudi’&r(M@IS)des' gn and
manuf acture or form ng of netal oxide sem conductor (MJS) transistor

devi ces, URUHOTEViEFogEh g5 B WehindsopIPkmsatRr Petakaxide Seaarca%dt@@ﬁ{%fﬁ)ét.ét or

(CMDS), iidofled Rlt@No fRMAEEHoethehNFRBS NS 'TPNQ?WGSfdeellc@ 6L 935 chddndk tydpe MOS
device (n-MO S)channels and to increase novenent of positive charged hol es

in P-typé MEsagendvercityf pedjvechargphaes InPRege MOSyarianetMoS) phagadedskayg
devi cg p?ﬁﬁ&%@ﬁ%@se?§néd@1c@?yf Gand8l N QUEcht BliiRrdiaY £ BivEleSds @ VWRidage. This

paraneter Is comonly ref er to as transi stor rive current or saturation
current (0 h@@ata)neteorsr opmmpptyrrefetred to aafibestterdiriyy cirsant or wturdigh cimait (Beat). he

et .95 GRPISHTERY g ety e shengsy TSl ge |
channel basiswaen Thie dsocreefoamacdsaffosyd b3a<rhamteﬂr awobititye(erga lcariesinghibtyoe theRe xt )
(e.g., t hﬁannel bebw ne%tl the source and drains); and the external resistance (Rext) (e.g., the external
25 resistance seen between a contact to the source and a contact to the drain).
The mobility of carriers (i.e. holes and electrons) in the transistor's channel region may be
affected by the channel material composition, doping, and strain (e.g. tensile or compressive
strain). Increased carrier mobility translates directly into increased drive current at a given design
voltage and gate length. Carrier mobility can be increased by straining the channel region's
30 lattice. For p-MOS devices, carrier mobility (i.e. hole mobility) is enhanced by generating a
compressive strain in the transistor's channel region. For n-MOS devices, carrier mobility (i.e.
electron mobility) is enhanced by generating a tensile strain in the transistor's channel region.
Rext may be affected by channel material composition, doping, and strain. Rext may also

be affected by source and drain material composition and doping; source and drain contact

35 composition and doping; and interfaces between source and drain contacts and the source and
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25resi stance seen between a contact to the source and a contact to the
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confined ener egi on g. is a regi a | ower handgap t hat
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bottom regi on of i ndi um 15 al um num ar seni de ( n . Enbodi ments however
are not PRPLteR "agiarhiBy e pevide spiimampe ot éfrrrlﬁrﬁﬂrerchwn@l florer ¢ealsow and f or
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a buried channel structure). Also, the bottom region may be described as a bottom "buffer" layer
such as to provide confinement of carriers in "channel" layer (like the top layer) and also
improve the electrostatic integrity by insulating the channel from the bulk (e.g., for a SOI like
scheme).

25 Below the bottom region may be a substrate. The substrate may be a bulk style substrate or
a silicon-on-insulator (SOI) substrate. The substrate may include a graded buffer below the QW
bottom buffer. Below the graded buffer may be another buffer region or a substrate layer, such as
a silicon handle wafer. Alternatively, below the bottom barrier may be an insulator layer, and
then a substrate, such as to form a silicon-on-insulator (SOI) or heterostructure-on-insulator

30  (HOI) structure. Generally, layers below the QW bottom buffer region may be described as the
substrate, or as part of the substrate.

According to some embodiments described with respect to FIGS. 1-3, locally straining
transistor quantum well (QW) channel regions may be accomplished by the provision of
epitaxially grown source and drains in recessed regions extending down into the bottom buffer

35 region, where the material of the source and drain regions have a different lattice spacing that a
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is a schematl c cross-sectional view of a portion of a substrate having a
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surface 125 of substrate quantumwell (QWN 1 te el ectrode 190 is

formed othegaeepedpietxempleiacirouplV. Qrpurpldl-V ve Gmy@él Vébet@rawmcwe wherp{frf er regi on
132 that ofgafk thtelaa&orh B&éf&q%sorﬁsg%ﬁlb&ﬁte HBlRhT i Bl R d Akt QHa) G g{ﬂ ng

channel region . Channel™ 10 region 134 1s or 1ncl u es a chann mat eri al
formed on or AseiunWmQKbdt ﬁléqstrértegz(bmdm@@a@&flﬂéﬁherwl Quanl@EwWES 12daideludds or
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25 hlgher bandgap. For example, a quantum well may include layer 134 of germanium (Ge) or
silicon germanium (SiGe). It can be appreciated that layer 134 may include various materials
suitable for forming a QW "channel” of a transistor device. A transistor device QW channel may
be defined as a portion of the channel material of QW 124 under top or layer 132 above layer
136, and between surfaces of junctions formed adjacent to electrode 190. Specifically, a source
30  and a drain may be formed adjacent to QW 124, so that QW 124 is a quantum well between the
source and drain. The source and drain may each be a junction region, such as an opening
formed adjacent to a quantum well (e.g., through a channel region), and then filled with junction
material.

Gate electrode 190 may be formed by processes described above with respect to forming

35 gate dielectric 144. Gate dielectric 144 may be formed of a material having a relatively high
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Si ni | %r | yeyinddeyniae p Ry seioloecdhna we coht yhseordine fonercmbadimsgs 8158vedr N-t ype

junction 8619 mlehze?mcg@a 500 Y AnusdeeaiPleldche: Bale; 18l epbsRdmebafar e al so
shown, and @nﬁ% include a dielectric, such as silicon nitride

(Si . sub. MgiQUB64Jaid gliarpagisely dhoyridich amembedipynt maydrefereninlly sigd tsttdler
appropri %égorgﬁag‘bﬁ&'a%ﬂ%h@{allgﬁ%}ﬁ@dﬁe@ﬁ&fe r;andratpemcaﬂalsetcé@alelbgweﬁregeﬁ '1'36 sol ation

regions 1 are al so Turning now to Fig. 2, according to
enbodi memtush mjogndewlynlong theddt Eleplanedo dirami an{1d peficet@s thgretch proceeds much more

35 rapidly in other crystallographic directions. Additional wet etch chemistries include

5



25 recesses 270 may be fornmed adjacent to gate el ectrode 190, for exanple
in a self-aligned manner using |ithographic processes, to arrive at the
devi ce stwocbuwms7280 shown. Source and drai n recesses 2POTnsgoboci103 mred by
etching through the QV 124 and into the buffer region 136 as suggested in
Fig. 2. According to some enbodi ments, defining recesses 270 may include
us 11 ng fOINHﬂM[BIOjH% '[MA(\HtKeHQNaOH HTMPEbtliihdanﬁﬂeﬁbﬁedT&bmt ie@dh drl;‘f\x%ha:lh}/l@bn et g h or
a dry etc ude usin etc owed by a
wet etch emhefg % "E% aBPf@’“E’r?f?&’dg%"E?ﬁt anth ek clpedn ?fé&or high Ge WK b, 40H
that is suhkstoandd ikl sh SEheBdsby &chat, ien{idd ddsed @ciRht Ridilhbe whtlibishizé®gi on
136. Said alternatively, the wet etch of an enbodi ment may preferentlally

et ch t he V3tsrfide diletsd ammféaeseeégéaﬁ@ﬁluewy%ftaa|er11'9@$11515wi ig amr%@ﬁiﬁbr} 280 n

par ti gul it fhest Mﬁel%gfeﬁ %fchin@ili RorlR8 Wik B Jﬁeﬁlge@duﬁév&fxp@bﬁﬂgtewe {111}
plane to forma 11111 facet as the etch proceeds nuch nore 35rapidly in

ot her cr Pstvapn ydagpisi € adPBdesren . Igndimbiodiment, wdtS weight petseiNgt-#ybedOH ncl ude
WO 2012/ J4B8PGT hM5H20 03 oJ h NafoH jor an
am ne- baggét et e anet, eg%a%?% En%%pan'gg%%(b%n%%ms a pﬁdg%:lgﬂr_%om mat el y
gr eat er twsgo 01 approxematelr dlinanemetef wirdewlt ddptht inen weproxdmetelyl @ speonfigipred with
an am ne- bas oni zed
wntor. The o enirodient MaSy@ R B B RIEL Y Bk the Sl B dPld RHGL

appr oxi maf@hmy ﬂze Pretale @By @hﬁirm%lhtampéﬂE)edlp tcaneaee Hygetveedgdeahat may edst oni zed
water at a tenmperature appr oxi en. 24. degree,

90. degr ed: ﬂE Snﬁgces Oytlil%lgtfflrrrrée)gg 6'{3{, tghege#] e efanrb (O:G/[e]hnten ena%veféﬁésol ution

wi th dei emaedbyatitte aydrampfrmmnﬂmmnlayi aﬁﬁmdmgtteelesmﬁl Mcheswslodyi@ezed00 and
drain 601 regjons roximtely 170 nanomet er und t depth in an
appr ox mAEEF B ST BRLCIPHAGH @ OHERTEN HeRBE. Gt-oll B

enbodi rrerehqbbdaméﬁxrmibhhlezemmre@ﬁremndeddfyadnp bliaes 58 dibh al%&mm@yar@@e@troeceded by

a hydrofluoric acid dip tor ve an tive oxide that may |st on
t he slirf &R C4PPIPRE? %qearng t&ﬁ’i‘%ﬂ%&@?&“‘g%&g‘fréﬁ hcanpxigg. 3%%88% , the
native 0%hd@bbEmERFRYEGHIRY bfdlotved By MOl 4 RRibEdigfehd thdirinke QR faAPRSIYG Mat e
1:50 to 1:400 ratio wth deionized water atéﬁgﬁrﬁom matel room tenperature
(e.qg., apprei%shuteinsowithadlowgatcef yoproximagly AR AR 35t1H@rS ReftMipBteokhede i s

removed @Ms@d}%n REbb&mest mxdwianelefthngah §ﬁ16&d1ﬁ1@r{tglﬁfcﬁfr?} tb 901111%1 The WY &ch.
approximately 20 angstrons to 30 angstrons of therma | i con oxide. The

wet et ch lpfn embadirarsditheeinseaijme DetyvRer the et el angdler thyje & appli%@latqlhb%tW%H
embodiyTeRlp ani R LA Yher ahke ich Rk OO BRINA G NI @I aRS@OVE I 3 T ow
rate of approximately between 30 and 3 ters per mnute. The rinse of an
enbodi nemnaimrlmasloetdhﬁnadéw aghageriadfhapi r@rsmuiorthmvetcﬂnh@htmlsm F@ldmrr bk the wet
etch. In he
Finse i s anee O TRty Lo RTEb el AP G ORER R bt G O

used to @rowviodech éleem@sA 187G (ndzthboxgamﬂn@@)rcofﬁdeﬂlaboxterthﬂwtesetlmtrodayl dn@rdefl ned
by a materia at_is resjstant t wet etch che r Fug her t he wet
etch cheli &Pk L’“Ct i ey H5e S e Bk eyl Owﬁi ﬂ%?a‘t’“eetre@“ 1575 rfp?mdsby 24y %ojf BV e so

t hat ist smhset zalrltdlramh feyesdes@gOnfot exahple, mhﬁclslan@s nAyrhﬁslked(fmotﬂae sﬂjrcmzrh)thanwybe

provi ded abave .t he gate.electro i rder to 0 he same during the

et et ch o ru s Tibfing: RoRE G uBaaf ioghanbigH Bfon RS TR M2 s our ce
and dr ai and/eCRESRE (R0 2) nrcalew@aﬁpkeelateamha@bmhﬁsmﬁtatgaarymaﬂne fblStedsofrép’lct he dry
etch that ﬁvcont ain mxtures incl udj chlorin hydr ochl ori c

aci d ( HCE, SHyRs B wakcippnel W@L nFy OF §ifdn hz}% g%ﬁso yn mrttai x5 %he

appr eci atediry bigh m@% RS lexShipit Boh SrebadicPiSRANES, anfl e v beRInk RRY 6tcH Eto®hchi ng
t he quant um wel | annel material, nmay be used. In the case of an initial

dry etch thetqpenipg gregied by tha gy %Qhaé%aﬁ‘ﬁp’elu%‘t“@ﬁ recRweHOr L8 cebgf BASAE  and t he
vet et chapfin B Hefeff@a%fos&am% iARAIFAG el 8ALES bhYIiEE: AL Yostchant to

formjunction recesses 270. The etch of the source drain recesses may be
ef f ect ed dfadF reescapish & thygae slestfadg plagkad specariexd theymgiiigataidagcs he source and

drain recessF%t §§ho‘ix@ tﬁé&%b&ﬁie%f%ﬁ%@tah&%rrﬁhg% s&HE'e a%‘ae}ﬁaﬁﬁ ?eg%cnsggt?am%' gat e

devi ce. shows strate Fig. after formng the source
and drai to #eyé @irﬂSVIB@ﬁW&WdB H¥5s sleover: r Ageording @@mb@ém@mswbc truece300 deggn shown.

Accor gi n gegticgls 8 %’ Qrgf 18 %a%’betpp&/i(fea %9 %ﬁita@ﬁh@ly %Ecﬂ%ﬂg the source and drain material, such
6



35 regions 380 and 385 nmay be provided by epitaxially grow ng the source
and drain material, such WD 2012/087748PCT/US2011/ 065193 as, for exanple,
a Si Ge alwoyoirmmsor48ecesses 270. It is understood howeverCrhsolembds ment s
include within their scope the provision of any material into the source
and drain recesses 270 that would present a lattice msmtch wth respect

to a mat afifél ex@hpleesiboetallomnuibicetes L@ PR unaer@tbskeltoxte@eﬂ tipandbodingh ai n,
whet her ConpreSéﬁxg or tensile, . to the cha nel ion. The thus 5 rOV|ded
epi t axi a|“}°31}1 ) #if %OP&S?GEWHHHSO@%Y %‘FB “’&P Prﬁ@a rapseset st ant

di f f er enthak aamdtptb@tnt@ﬁatﬁ&amgﬁt@ﬁ ivith r@pedt fen MbAA LS 1he Bbdin bder rédiéhinas, for
exanpl e, a Si Ge having Ge concentration that is different fromthat of an

under | yi REICSIOCRPEGP Fféﬂ’m Wﬁﬁ%‘%‘iﬂ“t%@@ﬁ%[? pitepiilsvia the aharnehipeiens &hs thet ude pure

Ge, of aRrwfer eﬁtltalxﬁlyly AL f'ﬂﬁ‘ltrﬁi}l mphiQf a ﬁlgf%r@l(}fd(flﬁ% a Lo At H@ﬁfe%f‘t%aﬁmy for
exanpl e i ncl ude a doped materi al or exa e source and drain

j unct i on theaekihs material ofghe yEerrspien 1thisnch a h@agtpmsﬁﬁrhat’mgmﬁﬁ be f| |l ed
W th t hecbt’r&?ﬁt%zi]gﬂ (R Sl rcdnt AT haBorSHRAGANGRISi¥c BORE dThd, ﬂﬁ%ﬁ?t

ger mani um o source an rain regions 380 and 385 co or exanple be
doped wi fitmbuy eko arclule prickipoi m Sxaaloy.oThawpatetial orpha sppese dopilig regotshe

same, or f.Qf,& %g@t' Sacab d t%%ﬂétgnal pﬁ@r{gﬁﬂggﬁh%ou?c% h&‘ﬁﬁ}{l Lifti3h ﬂ?atengg 0 and

impart a n- type ping to t € sane. surce and drain regl ons
385 nmay amg@edmmgwﬂmwbnmggnbmdwnﬁm@y@wﬁ@wﬂwbbM@mwanbmnmeMSUMﬁace of the QW

| ayer to s%%sgﬁ%g%{ d EO'PIE Sell ermaagéﬁlltjt% fitfti]%souge‘l OXV draln e b18rtlst S(? ?}gfl ool of the

QW | ayer tom*suf ace of* ayer.
PreferabMyﬁxmmﬁebedq&swdepbhmusaﬁm0mnmbnmdm$@mqﬂﬁgqtWpﬂ&yh@tahﬁuhmégﬁ

Angstro belo ottam surface of the |.aye sted in Fig. 3,
the: sour ¥ SSHEP BrAPATUGiTHE 350 “LHETSGY ToEdhly RGP TN ©dNY ai Sed
source aRrghhérain regions According to one enbodlnent the recessed source
and drain regjons xt end ab sur f ce of t | ayer to a
sourcé and d%é‘i upeS éfh rawé?%@&%éﬁaﬁéé%fﬁ%aw g & pney 9/\/ 5Eigdelow

Pr ef er ablaYottéh SurfRb bEBe AW et REGMpth BetRBAUboH Gkt ﬁa@@tﬁe%&oﬁla@fmet he
top surface of the QNI ayer. According to enbodlnents t he undercut portion

of the s@ﬁﬂl@&"é#ﬁeﬂfpébwt aen /éﬁ%strsg@b%lﬁw thpg ot oy SURage Ao Walewsra| dept h

anywher e ptdrgapiDahdicdsk Ui Witk {006 0L ATes @18E0Abod m@mhgstr%;&g élbhat is, the
edge of the spacers 112 furthest fromthe gate electrode 190) to extendlng

under t h&otpmswfracy efxhe @NAlagcr: He syegestedindtig riothe spycaandghrap sigickepthansf  about
20 nm, PrefgLak| e éottt:pnt@ta%t@tou%%tt dRfn lregﬁﬁtstrtgt%t&ﬁg toRRE tﬁle&ﬁmtlﬁ tﬁpout 5

nm Source and drain regions 380 and 38 ornmed may | npart
conpr essirecessod squeaesing draumicgivisahaysexteaidnbovs adosiarce afité QMolayer thM@hmw nel

region, i i I i E§t C i

channel F@%@gﬁl%%QFB&Q&méggﬁﬁe t?@%ﬁ%ﬁﬂgn %%tto%?%ﬂyf@?§§%g?%ﬁao t he
quantuntMe@husmhmEMMbAmﬁnvmsﬂﬂwséke@ammﬁquﬂhm@WBbwrceAaﬂdmdgain regi ons
and for th uf f er |on to.ensure that e latti n f the source
and dr ai PRl e nd SRRl T SobREbnd Moo RO PR B N 17 7 S ey
a unlaX|ahmsmmpmnmﬂWMxéﬁmmmBagfmdt®nhﬁﬁ%ﬁ@ﬂm@@oénhaﬁQEKDmﬁmmg%eBnﬁmﬁlty and

0, Leueg TR (3 SR S o G O bR P T RE T e
t he sour e @tctlectrode to a lateral depth of about 20 nm. Preferably, the lateral depth of the undercut

portions is about 5 nm. Source and drain regions 380 and 385 thus formed may impart a

compressive or tensile uniaxial strain to a MOS transistor's QW channel region, in addition for

30  example to a bi-axial strain caused in the channel region by a top barrier region and a bottom

buffer region of the quantum well. Materials may be selected for the source and drain regions

and for the buffer region to ensure that the lattice spacing of the source and drain regions is

different from that of the buffer region. In this way a uniaxial strain may be imparted to QW 124

to enhance channel mobility and to reduce Rext (as compared to without the uniaxial strain) as

35 described herein. The percent different in lattice spacing between the material of the source and

7



WO 2012/ 087748PCT/ US2011/ 065193 drain regions and that of the bottom buffer
regi on may be anywhere fromjust above 0% to about 5% and preferably from
1.5% to awoun1225748n sone enbodi nents, the material of wPhe/tsounmesiand drain
regions may be graded according to application needs. Such grading may for
exanpl e be achieved using multiple differing epitaxial layers to fill the
source afdfhndfe@ioﬁs ﬁrﬁl&ﬁﬁ%ﬁﬁhe%@ﬁbm 5@@@%@@&@@ v 85ehért Iﬁ@nbnﬂgﬂiaf)cﬁv%l’()e@{o adbadtt i CS
constant fromt evi ous | ayer cording to.one odi source an
drain r eé. ® @@H&r%g Sty aB@lt@@erIﬁa?% ‘?Oélé{?%‘éﬁ YRS ﬁffjhe ¥HEal i ng,
and/ or f |aﬁ‘<§ﬁ‘raﬁ‘ﬂ8@6ﬂs'tﬁ'@ 13250 il aécoi/&hﬁ o%pﬁlfohﬁérﬁ{&dst @ﬁ@@g@ﬂmg hal BorGRMSSlect hem
to forma sufficient vol une of an oy with the channel material_ at an

i nt er f ac&e pehigyed ugng mﬁﬁlplec%ff%mg@a&tw Jaypis tneld fhespece tulian reeatser A to

cause ;a %&m@%&@bm§%hﬁgQdﬁ@nﬁh@ﬂﬁ@bm&éﬂtﬁ&nﬁgrkaﬁﬁﬁﬂﬁﬁ (or enhance) channel
mobi ity and to reduce Rext (as conmpared to w thout the uniaxial strain).

The source afecaiding i e gmbpd&mant| Jourpgypad drag egienset) apd 35 may bpleiwgyt han t he
material (Qfi.§ ﬁeh(gﬂf;%%ﬁneraﬁlgé R/ dr3Bush SHcL kG Rl Qith @%@@ﬁ%rﬁ%@ﬁ%lto mobi ity

t he devi ce. e mat erl in source raln regi ons 380 and 385 may
have a | atusp d@rrlstpé@rnmfuaﬁmlerw gblume of mllowszvlﬂhahag@nanmdh mteuﬁl a¢ pmintastace (ven t hat

of the ”E'E&i{c i orotIor(P:P)fI:{c]e%eefl?{%Ilggnn%ﬁ?at@lnﬁt ?ﬁer %&H@ﬁﬁﬁ?ﬂ éh% 19e1 1%4@.‘85' | e

15uni axi a raln I n ‘channel can e appreC|a at ot her
sui t abl e invedaey (oabhasas) Ehapnd miobiloy M®®C®Remxasabmpaﬂ®m@wmhstmlamml in a

g;?plt g;n Vn\g,(lf | : ::Il;ars?guerces nd::aa O{aélg%s)o%s bﬁl% ave a d1 erentt pal?nc% rslga%m% a@ﬁee {nat%h%,l(?g qﬁat OEe
SubSequemtﬁMTQpQ£EE$ﬁﬂﬂﬁﬂﬁﬁ@ﬁmmammhaﬁkmethOMf@ﬁwanmmd[QBMMRE@IQﬂs 380 and

385. For exa ar a cessed to, b a
dovi oo 1 e S RRRLS M TRY e D RS SRR i YR 9 o (A
al t hough oagmarbodh MRNGT theatota @fﬂﬁwmgilﬁdl%bﬁ&'&uwdz 4 borhi@eRe br feBsik pl anar

devi ce, enbod ment.s j nclu within their scope the provision of source and
dr ai n'’r edirgiia Sérémdegfwﬂégi i Hea erﬂaeéﬁarﬁmefs@fhebothgaalﬁbi%mﬁer&é%b| e-gate or

tri-gate s@kﬁweﬁﬁo catRl @ bI-a:0 cHBYiessiv strbi@l-in 4 quatiiB VA BhAA89 GhayRio 14 @Gkd for
depi ct ed. shown in Flggtg 25 met hod 480 i ncl udes at bl ock 410 providing
rr}e

a buffer thﬂé@ﬁwl Rap e Hgieriplapl/ g Rptiorbeisrapateriff. bl ock 420

providing a ﬁHﬁthH{@O(‘ﬁha{ Ben@hRghentIf PiR& s Qo ke Rk 8o SR ARd d@tn BEiBEK 430
providin per barrier region conprising a | arge band gap material on

t he quang&@ﬁ1 8I5 M@ﬁmle rgpAreRs 3@ may| kegkoweagd fir kanagioh g YPPEGe iBarri er

regi oj cggggg %%%f B8 (+gap material on the quantumwel| channel
regi on, oviding a gate dielectric on the
It is noted that, although an embodiment has been described above with respect to a planar

device, embodiments include within their scope the provision of source and drain regions as
described in a non-planar device, such as a double-gate or tri-gate device.
Referring next to Fig. 4, a method embodiment 400 is depicted. As shown in Fig. 4,
25 method 400 includes at block 410 providing a buffer region comprising a large band gap
material, at block 420 providing a quantum well channel region on the buffer region, at block
430 providing an upper barrier region comprising a large band gap material on the quantum well
channel region, at block 440 providing an upper barrier region comprising a large band gap
material on the quantum well channel region, at block 450 providing a gate dielectric on the
30  quantum well channel region, at block 460 providing a gate electrode on the gate dielectric, at
block 470 defining source and drain recesses at respective sides of the gate electrode, and at
block 480 providing source and drain regions in the source and drain recesses by filling the
source and drain recesses with a junction material ##.
Referring to Fig. 5, there is illustrated one of many possible systems 500 in which

35 embodiments of the present invention may be used. In one embodiment, the electronic
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30quantum wel | channel region, at block 460 providing a gate el ectrode on
the gate dielectric, at block 470 defining source and drain recesses at
respecti weon#87m8 t he gate el ectrode, and at bl ock 48@Cpruseddiond 9sour ce
and drain regions in the source and drain recesses by filling the source
and drain recesses with a junction material ##. Referring to Fig.
5,nbt ger e afrSngdebatsiOD@ g ireNde @i infeaPYcddesit Bl Binslysihe HEB&@@d¢dr1chevsfgt}cﬂ 35 ]
enbodi ne ts of the present inventio e, use ne enbodi nent, the

ol ect  oniEve 0?2 1ig éeqilﬁ%qﬂ@?ﬁ A b9 e%afgsdew g%a@re#é?{?g%@ar P Pnel ude an
i nt egr at gdle Gitdgedibd ciRdR 5!0’1§1L1§dﬂirt'ﬁ& iAclEM A 16haN iy G indtakl R GicRiic (chreﬁQﬁ)sp@sfed Fig.

3. The device 300 may be part of a device |layer of integrated circuit 510.

The i nt e§P#teclgvies }%f%ﬁ %ndalmurﬁﬁsv of awtah@?eslnﬁeql%@ betpen the lmegrla@f?r Jiglecdic | ayer

di el eGt r iifehsay 84311 khSPPHBEhPN ArRR RNt R%O'ﬁ%r%ﬂhe@ﬂﬁl@e@'n&ié@bﬂo&éés&f &t al
lines interl eaved between the inter-layer dielectric 5 layers in_a

wel | - knowheragin ?F@'POdllA?frtdh@ elaefrnicropagomept F9P mHeindluclap deligaancpepfiokessor .

In an al t i i ude an
ool | cat | FRARERR, b RS (A0 Sl AARTRRL coh ALY
(e.qg. gmaphﬁQ%*agﬁmmdwoahmmduﬂhm@demeséﬂs9mwﬁwoalso be packaged |n

g;cgir g?”g? Mh@éli%’ r@%@he}ﬁ&éd lfﬂ*@ &éxﬁ’@oo 8% algﬁ%cﬁﬁ%%g};{,%éné pi cted

e sys e a mal n” nenor raphi cs
proce@soﬂOGD@gmpmcnmwgwsndﬂ&@@mmmwmcﬁgdmﬁ&elamﬂhmﬂmamimmmhwbmun@nm:nDduIe

1008 Cougg@jcou eg? t%eerrb b\%(}/\’\@% bus %(?lgbuss hg'OJ'OExa%'lsples ?Yﬁ% memo m?(l)(ﬁs of the

menory 1 thim PP dom aceeds nenory
( SRAM amdhdiy Ib&ifﬁrﬁn(ﬁt&]lﬂd@ﬂ]t@ﬂﬂ&&ﬁndﬂfﬁfﬁ&b@% (IBBAM(SREM)mﬂH dgnanfic talnéorﬁaasss

storage devi ce are not hard di |ve

conpact dreBieTGTS T cBRTISS of e yiRtedh oS Rty R ety boo

}‘ orth. dlﬁaﬂﬁ@dﬁﬂi&l@& angnipb]@ disR@tité @lﬂ)p?lﬂlgfm%ﬂsalléaﬁﬁdtl‘ﬂﬂdﬂlld. E)l Mdtsodsigh. not )
imted to oar cursor contra ran s, .a display, a networ

| nt er f ac &g éﬁ @rawtf?utpé&a%rlaéé%fmw% LS Tplimisddy AU ST ot
limted tontml @@5 HigBREeAtala dEPRY T Dhetivork Sitbrdes, MmBGd Yorll Fxadpes bitAdsEs Y16t andar d

Architecture E bus, and so forth. In various enbodi ments, the systen1

500 may Bslugle fraé? patdinjitsg tq wpssinberal controldnterdarsi(Peh) Gt and destySindards” pocket
PC, a tab|i&titeBGre (?SA%%@ RAQK, f3kh. & Heivkd é?ﬁ’oo%lgn&l@s”&@tsﬁ‘srtem 30 @hy bOPwhO%s @

medi a- center PC, | ayer, and a server. t he foregoing
specific atqbdﬁph%ls@d?erﬁoealélpﬁa@msmmsa Bocketdds @M%%@C %mmp@k PCvaﬁkert@ﬁ

modi f J,cathAn% e th (HARAES mPRY - ngrgerrﬁd%ﬁmbaya Wdtan@UE, departing from the

broader spirit and scope o dinménts as set forth in the clains. The
speci fi cati o thatrepomsaispepsfication, spasdisredibadinentstage dvecribedidtaresder, narns

i2 i) ll ;}S Bg?%fég&%gg%ﬁé@g@eg %&%a%dﬁlg‘je}/e?o Sn i dep%ﬁing\#gm the broader spirit and

scope of embodiments as set forth in the claims. The specification and drawings are, accordingly,
to be regarded in an illustrative rather than a restrictive sense.
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What is clainmed is: 1. A device, conprising: a buffer region conprising a
| arge band gap nmaterial; 5a uniaxially strained quantum wel |l channel region
on t he buvbepiwmsgisen; an upper barrier regi on conpri si ngCa/usasigeciiahd gap
material on the quantum well channel region; a gate dielectric on the
guantum wel | channel region; a gate electrode on the gate dielectric;
10recessed source and drain regions @iamnespective sides of the gate

el ectrode,, the source and drain regions including a junction materi al

havi ng avwg?ﬁﬁ%%m%%ﬁStant different froma lattice constant of a materi al
of the buffer region. 2. The device of claim1, wherein the buffer region
conpriseﬁ a Si éﬁé e x material, and the junction material conprises S
iy Gey materi Vﬁﬁf?n?“ﬁggdifferent fromx. 153. The device of claiml,
wherein the junction material conprises one of silicon germanium pure

ger mani um anda bufifer gemiomervmpnsing 4 larghimnd ean wetendl; cl ai m 1, wherein the source
and drain regions are raised source and drain regions. 5. The device of

ctai med, wher el SaRNAhol R HAPEEN PR Haidifd ROLERY i DUT T er 1 egi on

20have a lattice spacing er ent oma lattice spaci'ng of the channel
region. 6. The device of claim1, wherein the upper barrier region

conpri ses si | fEeEpehey i i¢gipn comprisifpa lafes/hapd gaif mefedplpnthe qyaatual welk he buf f er
region is directlybelpw.ije quantumwel I channel region. 8. The device of
claim1l1, wherein the barri et region is directly above the quantum wel |

a gate dielectric on the quantum well channel region;
a gate electrode on the gate dielectric;

10 recessed source and drain regions at respective sides of the gate electrode, the source and
drain regions including a junction material having a lattice constant different from

a lattice constant of a material of the buffer region.

2. The device of claim 1, wherein the buffer region comprises a Si 1.x Ge x material, and

the junction material comprises Si 1y Ge y material where y is different from x.

5 3. The device of claim 1, wherein the junction material comprises one of silicon

germanium, pure germanium and tin germanium.

4. The device of claim 1, wherein the source and drain regions are raised source and

drain regions.

5. The device of claim 1, wherein each of the upper barrier region and the buffer region

20  have a lattice spacing different from a lattice spacing of the channel region.
6. The device of claim 1, wherein the upper barrier region comprises silicon germanium.

7. The device of claim 1, wherein the buffer region is directly below the quantum well

channel region.

8. The device of claim 1, wherein the barrier region is directly above the quantum well

10



WO 2012/ 087748PCT/ US2011/ 065193 channel region. 9. The device of claim1,
wherein the source and drain regions are epitaxially grown regions. 10. A
met hod cowpr20sy/038g7485pr ovi di ng a buffer region conpri si ngCa/usasigdeizand gap
material; providing a quantum wel| channel region on the buffer region;
provi ding an upper barrier region conprising a |arge band gap material on
t he quanthdmnwatgiohannel region; providing a gate dielectric on
t he quantum wel |l channel region; 10providing a gate el ectrode on the gate
dielectric; defining source and drain recesses at respective sides of the
gate el edtrode; The dwicki afglagour ekeranthedpaicoandsdyaio megions aterppiteoallycggowmd dr ai n
recesses by filling the source and drain recesses with a junction nmateri al
havi ng a'i%1tfi ce constant different froma lattice constant of a nateri al
of the buffer region. 1511. The nmethod of claim 10, wherein the buffer
region c rise Lqds X material, and the junction materia
conprisegagi 1_3X%§ﬁ%d%%ﬁg}|§ where y is different fromx. 12. The net hod
of claim 10, wherein the junction material conprises silicon gernmanium
havi ng a hi gheiovidasednifenicgion conprierzrelaiza hindegn metasialii con ger mani um of the
buf fer region. 13. The nmethod of claim 10, wherein the junction

mat eri al  conpPpiosRmheNRaRimSdil hAMhe2RcBR LABRIKMr BY0L 9€r mani um and tin
germanium 14. The net hod of cIa|n1§0, wherein each of the upper barrier
region and the buffer region have a lattice spacing different froma

| attice spaci HGViGMenaPRH RRHST regiop comprising largg Randedan spptiial ot e At ™ wher ei n
filling the sourceyandhafiicdiddionecesses conprises epitaxially grow ng the
junction nmaterial in the source and drain recesses. WO

2012/ 087748PCT/ US2011/ 065193

providing a gate dielectric on the quantum well channel region;
10 providing a gate electrode on the gate dielectric;
defining source and drain recesses at respective sides of the gate electrode;

providing source and drain regions in the source and drain recesses by filling the source
and drain recesses with a junction material having a lattice constant different from

a lattice constant of a material of the buffer region.

15 11. The method of claim 10, wherein the buffer region comprises a Si | x Ge  material,

and the junction material comprises Si 1., Ge y material where y is different from x.

12. The method of claim 10, wherein the junction material comprises silicon germanium

having a higher concentration of germanium than a silicon germanium of the buffer region.

13. The method of claim 10, wherein the junction material comprises one of silicon

20  germanium, pure germanium and tin germanium.

14. The method of claim 10, wherein each of the upper barrier region and the buffer

region have a lattice spacing different from a lattice spacing of the channel region.

15. The method of claim 10, wherein filling the source and drain recesses comprises

epitaxially growing the junction material in the source and drain recesses.

11



16. The method of claim 10, wherein defining source and drain recesses
conprises etching the recesses using a wet etch. 17. The nethod of claim
16, wher ewo 2defismi4sg t he source and drain recesses conpPCIas2@tiobiing t he
recesses using a dry etch followed by the wet etch. 518. The net hod of claim
10, wherein providing source and drain regions further conprises thermally
treatingithe junmee hféfhoff%fﬁﬁlirraio afhtRMn defihing Burce ah.drdn fyek@MBoEPARKI Si Ng:  an

integrated circuit conprising a device layer conprising a
pIural|t?wBPgH§VF%@?S“@W%38€V¥€bs including at |east one 10device
conprising: a buffer regi on conprising a Iarge band gap naterlal a

Cnoar padti or e s Beho Ak ol o, SRR BE ik R Sl M UFn B1ECSR srB Bt am

wel | Chalafctﬁingﬂ&gb@@ses 198 gatyetdifell@aidiyehowettettd. quant um wel | channel

region; a gate electrode on the gate dielectric; recessed source and

drain regions at respective sides of the gate el ectrode, the source and

dr ai nsredBons iﬁbbu@ﬂmgoadwunhthmmemaneﬁﬂmgSMEmﬂmgdamiagthEMhenstant

different, from attice copst an onnlenﬂmﬁm-ﬁl of the buffer region; 20a
&

plural ity 8F"5h Snmvgt“mnn ?%%?FIC ayef's" di'85osed on the device layer; a

plurality of netal Ilnes i nterl eaved betmeen the inter-layer dielectric
| ayers; 3qgd a gpgggg&% ggssor coupled to the integrated circuit. 20.
The system of clalmelQ0 erein the silicon gernmaniumconprises a Si], Ge

material, and t lae ijtegrged orrurreomprisang: conprises Si iy Ge y nateri al mhere y
I's different from 4 dev%g layer comprising a plurality of devices, the devices including at least one

10 device comprising:
a buffer region comprising a large band gap material;
a uniaxially strained quantum well channel region on the buffer region;
an upper barrier region comprising a large band gap material on the
quantum well channel region;
15 a gate dielectric on the quantum well channel region;
a gate electrode on the gate dielectric;
recessed source and drain regions at respective sides of the gate electrode,
the source and drain regions including a junction material having a lattice
constant different from a lattice constant of a material of the buffer region;
20 a plurality of inter-layer dielectric layers disposed on the device layer;
a plurality of metal lines interleaved between the inter-layer dielectric layers; and

a graphics processor coupled to the integrated circuit.

20. The system of claim 19, wherein the silicon germanium comprises a Si 1. Ge «
material, and the junction material comprises Si 1., Ge y material where y is different from x.
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