STRAI NED CHANNEL TRANSI STOR STRUCTURE AND METHOD FI ELD
OF THE | NVENTI ON [ 000] The present invention relates to
strai ned channel transistor devices forned on an
integrated circuit (1C) mafer and to a nethod of
grlcatln saj d__devi ces, garticularﬁxg,but not

TH CHW’@MH%WSFQ% LRUGTHRE ARDHYMFTHOD

channel transistor device and nmethod havi ng source and
drai n regi ons eaclFIEbPEPF SHAGNGEMNAWIN of a
strai n4nduci ng materi al. DESCRI PTI ON OF THE RELATED

[0001] ARTTHHEEh Sk ationeBRted @6 EtrAifed\@Bin il %8 stoN dENRRTSRYE on an
role in scaling the size of silicon CMOS device

1ntegrat%& H&L{J{I@? ﬁ;,?laﬁdj A fn%{iﬁ)d%? %a%%%&tfr{%hs%d Ji&%é?e Nfc%%/eé'{icﬁgrly, but

n r deV|c can lead to an increase_ in carrier
not eXCfﬂﬁS’Gf% Qla‘renuanf atepigra itm?%i haiel AN Hier daiseriod megthod having
the strain. [0003]Strain can be induced in the channe
source grsiydrom regions ¢OS comarising isbandd et a staibyindusing metesalur ce
and drain stressor denents in source and drain regions

of a device. DHESIRIPTIONIONTHFRPBAEEDARYSed to form
the stressor elements, they nmay be configured. to

[0002] ! [ g% ﬁu&gﬁél exan‘gpaseﬂlﬁ#écfeanol&ﬂ)%rtﬁ&%feqﬁ %&M%lgﬁfxé ﬁkgof silicon CMOS

| ements in trenches f in the source and dr
device FpEfiBRY (GHOWHOnE AUEBRE LA BgHEBICT A NARPER S e Wb channe
are formed by itaxial growh of a material having a
region ¢fzt EMEB @msmémce lant lead taedrt inereassnimlcharer oxobiilgy génp to four times
than that of the substrate upon which the device is

that in thalbdeaed etthe seqaendi ng on whether it is required to
i nduce a tensile or conpressive stress, respectively,

[0003] I n §tﬁ§n9 ﬁhucreﬁ% ch%uglg 1) ekll(& &hat ar%tst(ﬁrqeens forming

tran3|stor evi ce I 0] |n uce a

source and (frain stressor elements in source and drain regions of a device. Depending upon the
material used to form the stressor elements, they may be configured to impart either a tensile or a
compressive strain.

[0004] For example, it is known to form stressor elements in trenches formed in the source
and drain regions of a transistor device. The stressor elements are formed by epitaxial growth of
a material having a lattice parameter that is either smaller or larger than that of the substrate upon
which the device is fabricated, depending on whether it is required to induce a tensile or
compressive stress, respectively, in the channel region.

[0005] In the case of an NMOS transistor device it is desirable to induce a tensile stress in
the channel region. Therefore a material having a lattice parameter smaller than that of the
substrate is formed in the stressor region. In the case of a silicon substrate, the stressor material

may be a silicon carbon alloy.



t he channel region. Therefore a material having a
lattice parameter smaller than that of the substrate
is formed in the stressor region. In the case of a
silicon substrate, the stressor material may he a
[0006]Si | inciad casrrofaPMOS aynsisthORIEdelinistdesirabieste induca aRMIBressive stress
transi stor device it is desirable to induce a

in the cglgﬁmgetrl ge%?(g?/ e(fg{/si@ﬁ.gﬁtli" R nli&iab hARREh 14HeQ fRAfm &8N B that of the

a lattice paraneter |arger than that

substsfs T DAL B Bk T ok 0Py AL BBl ol e
may be a silicon germanium alloy, 100071It has been

may becadibeiregesaanivaxalioy. t he stress in the channel region of
a PMOS device can be ark higher than I.5GPa, an

[0007]i nClidas besahialdutayedahatdf thesttesa ifi det ahanied regigrhafid RMOS device can be
result. This corresponds approxi mately to a doubling

made }?%169 Riaa Ul SEPY, ah LiRPasOR dArridr QRABIHRWRMRAG a FadidtB¥eshEiild result.
ctors limt the extent to which Si Ge stressor

. elenments can. enhance ,deyi r :
This oqrsga i ePROR et e R BaeEd BF bR eain o 1
different for SiGe alloy conpared with S%" ' The
[0008]ext Blomayers svwbend dacsyrs kymsf the grierite vhicheSiiegifessopfigments can
formed over SiGe alloy conpared with Si, and this
enhandeelsuict peifernmnceducti on in the net inprovenent in
devi ce performance obtai nabl e using Si Ge stressor

[00091€! EFR&S th 10 PREd ANicidhtich WRIdBy i§ Biffek & f@75iSk @oy compared with Si.
compared with Si typically requires a higher

e SRS S Ra 60 25 AR GRS R B compare wi
Si, andst%irsergglltts r1]r€1Jl 18:. re%%gtioeleinithledrllje% ?rgprtg)%erfngrrltrﬂl '&gvigeia ;?eerfonnance obtainable using
SiGe stressor elements. Formation of a metal silicide on SiGe compared with Si typically
requires a higher temperature, which can result in agglomeration of Ge.

[0010] Secondly, the upper limit to the amount of stress that can be induced by forming SiGe
alloy stressor elements has been found to be lower than that predicted by theory. Increasing the
relative proportion of Ge above 25 atomic percent should in principle increase the amount by
which the channel is strained. However, it is found that strain relaxation occurs at Ge
concentrations in excess of around 25 atomic percent.

[0011] Thirdly, it has been found that existing device architectures are not scalable to smaller
sizes. This is because elastic relaxation becomes more significant as device pitch decreases,
reducing the amount of strain that can be induced in the channel.

[0012] Subsequent processing of the device structure can also be complicated by the

presence of SiGe alloy. For example, as traditional device structures are scaled to smaller

dimensions they are found to be less susceptible to damage during the course of implantation
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all oy stressor elenents has been found to be | ower
than that predicted by theory. increasing the relative
pi oportion of Ge above 25 atom c percent should in
principle increase the anmount by which the channel is
~strained. However, it is found that strain relaxation
operatiapg c ffosveser, the mensoenelrinereameg imowteelsEe b thg seugigreg sesults in a
atom c percent. [0011] Thirdly, it has been found that
corresp&xdisgly greheyd agowt of damedatoés ilitraivatdly) thetsams implagtation
sizes. This is because elastic relaxation beconmes nore
Opmamﬁkgnificant as device pitch decreases, reducing the
amount of strain that can be induced in the channel,
[ 0012] Subsequen r [ E devi.ce structure
can al so be conﬁﬁﬁ%§ﬁ§§§6§9Fﬁ ncf$of Si Ge all oy.
For txanple, as traditional device structures are _
[0013] scdirmbodimentaaf therinvintien searie mifigsfe arleast seme of Bieboyewentioned
suscepti ble to damage during the course of
problenishpl ant ati on operations. However, the presence of
i ncreasing anounts of Ge in the structures results in

[0014] @ Y . h%f {Hé%\%ﬁﬁ‘éﬁ gﬂdeérH PRIOSIRARECrIRVRE structure

I nt roduce y the sane 1 nplantation operations.

. SUMVARY HE | NVENTI ON 100131 odji nent s .of the
having FURHRANELTeLL SECPBPIFPLY GHFEY Bt TF SRTICLRSN 3¥ i s sipucture
ment i oned probl enms. [0014] Sone enbodi nents of the,
[0015] i nvame enbqstipentdef thepmEstion armyiida ay NYER Fansigtondevigestructure
havi ng an increased | evel of conpressive strain in the
having ehair@bed legdl of tedbild fieaid @vihe ehatnelietiohef tHOOS xkSameture.
enbodi ments of the invention provide an NMOS

[0016] tr %ccéoﬁiiﬂé tF PNt %p%l:tr HehdHnGention there is provided a transistor device

structure comprising: a substrate portion formed from a first material; and a source region, a
drain region and a channel region formed in said substrate, the source and drain regions
comprising a plurality of islands of a second material different from the first material, said
islands being arranged to induce a strain in said channel region of the substrate.

[0017] According to a second aspect of the invention there is provided a method of forming a
transistor device structure on a substrate comprising the steps of: providing a substrate formed
from a first material; and forming a source region, a drain region and a channel region in said
substrate, said source and drain regions each comprising a plurality of islands of a second
material different from said first material, said islands being arranged to induce a strain in said
channel region of the substrate.

[0018] According to a third aspect of the invention there is provided a method of forming a
transistor device structure on a substrate comprising the steps of: providing a substrate formed
from a first material, forming a source recess and a drain recess in said substrate; forming a first

layer of strained epitaxial islands of a second material in said source and drain recesses, said
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havi ng an increased |level of tensile strain the hanne
regi on of the device structure. [0016] According to a
first aspect of the invention there is provided a
transi stor device structure conprising: a substrate
secondRR4ttdi A halmpRdattic®pardmbier 8iffePdt GbhPd ¢orfREbrirROUftiee parameter of
region, a drain region and a channel region. forned in
: ' bst. .0 - ' .
soid ie§Eh o S48 B s bR AR (B RHAEE Phid BB hamnch region; and
. diifferent fronmateri al. ai d i slands being arranged to
filling 33 E@%C%a@t‘{ralinﬁe‘fq*% Fiith fEstmatenal egi on of the
substrate. [00171According to a second aspect the
i nventi on t h&RJEF DEFRIPTEANDOMEHEIIR AWINGFSri ng
transi stor device structure on a substrate conprising
[0019]t heEfibeisnddts oflih@ptesin thvantsaD& i1l @ive be destcribed teerdihsfsdr, by way of
material; and formng a source region, a drain region
anoe ' [ i@l @..sour ce and
examP%;bglll}ﬁwﬁggl onéccé%%h@%‘cg%??nj %&%@%f éﬁs‘ﬁlg‘ ‘of islands
of on terial different fromsaid.first .
100201y BIGET 0 SR b SRS BTGP AFOERGR AP R seEe graboditments of
~strain in said channel region of the substrate.
the inve@®@n81According to a third aspect of the invention
there is provided a nethod of form ng a transistor

devi ce str UBETAEBMDESSRIBTICGN OFCOHPINVENTIONe st eps
of : providing a substrate fornmed froma first

o075 2639 k9,440 g g g 1900 & s
embodgﬁ%lt’c gfgﬂ%hnéezllggggigg gtg%t%g,cfgrn 9xarrrn%tlee, rciorarlllpriiserg aSt%lain(sjis 2 OF fhe IC. The
transistor can be a metal oxide semiconductor (MOS) transistor. The transistor can be a p-type
or n-type transistor. A substrate 101 is provided. The substrate, for example, comprises silicon.
Other types of semiconductor substrates are also useful. An active region is defined by isolation
regions 104. In one embodiment, the isolation regions comprise shallow trench isolations (STIs).
The isolation regions are formed from silicon oxide. Other insulating materials are also useful.
The isolation regions separate the active regions from active regions of other device structures.
[0022] A gate stack 102 is formed on the surface of the substrate in the active region. In one
embodiment, the gate stack is formed at about the center of the active region. The gate stack
comprises a gate electrode over a gate oxide. Typically, the gate electrode comprises polysilicon
and the gate oxide comprises thermal oxide. Other types of materials for forming the gate
electrode and gate oxide are also useful. A dielectric cap is provided over the gate electrode.

Dielectric spacers can be provided on the sidewalls of the gate stack. Typically, a dielectric

surface layer lines the surface of the substrate. Various dielectric materials can be used for the



second material having a lattice parameter different
froma corresponding lattice paraneter said first
material, said islands being arranged to i nduce a
strain in said channel region; and filling said source
and drain recesses with first material. BRI EF
cap, spAOESERY PIEEN LDEr, FrEl DRANWONGS ride s iomrsed ararmombiatiopshercof. The
presentntion will nobed hereinafter, by way of exanple
type of 6itle&ttrid thiterigifiB e oieddpend big faceampid) yhen'gtdgfaﬁ% Reisemd ¢mployed.
whi ch: [0020]FIGS. | to 6 show structures fornmed in

[0023] Pr G&&: él?l?lg t%&ff%lzf E%gﬁégéﬁf%{ficl%g RS s&lfrcet/(!i}ﬁm regions of the

|nvent|o OF THE I NVENTI ON
trans1st<g . 1&2{%@%@3@ 8{25 Ia\feﬁg ag?egﬁnlgﬁ%so%?l:}fgﬁfr&)&yea %lorm the recesses.

|nvent|on The structure, for exanple, conprises

For exampdm gireacve s at¢ivng (RIET heocessansiiest riteman nisek stches @P substrate to
oxi de sem conductor (PvIQS) transistor. The transistor

form thé 8dteses.aTiRe parReencdmavkicypBe hkaf Hiask sich al phufosdsisat ©tHED fechniques
is provided. The substrate, for exanpl e, conprises

for forn?ilrig RABee fs%srb% alky B&FuIOTA B %I‘ﬁﬂﬁg Hfg BesSHDSE LALR SarfhEremoved.
a

0 use An active reglon [ efi ned by 1solation

T 0 104 ne .e the isolation regions
Leaving GHooE oveiihe PhufRRdS RS Pt oo (SH S5 The o0
isolation regions arc fomed fromsilicon oxide. Cher
[0024] | ndultha ¢mippdvmert; thelrecesses argd Homed tof prn substantiglhy tcieptire distance
regi ons separate the active regions fromactive
from the @@icatusk 002 af the ST Vi eBegichtlg auvatisof chEDR2d8 igpdoeidet &¢le portion
102 is formed on the surface of the substrate in the

of an SPE L YEmE @HbBBimdnfs, ARG &IRAUHRR tpantth et fhRek 11'1 §ome
ormed at about the center of the actlve regi on.

i mgegpondmg

S|I|con and the gate oxide conprijses therm
[0025] ox. erripglie Fig ypedisedntinge e seglieondgetor Gyer 13§ is wethg &each. The
el ectrode and gate oxide are also useful. A dielectric
disconti@pus snficandudied layeetonigitegqiianteh dotsn QDY or Blalddikersiractures. The
spacers can be provided on the sidewal k, of the gate

dlscontﬁlh@%(lay&yo%hgﬁlsésy forébxgﬂnF eegkfy’sﬁllﬁiérnflzﬁ%ll MEbud ﬂy?@ssofté?ﬁ‘stalhne

surface of the substra Various dielectric eria
materiagqJ élﬁ)?le?guﬁlicpp gsl?paﬁl'ufrp i(%lg}e) §B 18&12%56@ f aC um p osphlde (InP), or

conmbi nati on thereof. The type of dlelectrlc materia

silicon g@b@leégﬂ)@égég@bmtlom g}er@f,aaﬁg plso ugqfil. |ﬂ{e@g$cg{1q1@ﬁ)us semiconductor
schenme enpl oyed. 100231Referring to FIG 2, recesses

layer cahiffisand lattl@Opagarectbowhiel id diffecut fredhdhalatticeqyiammgeraff thd@ibstrate

to induce stress. The material used depends on, for example, the type of stress to induce on the
substrate. For example, in the case of a n-type transistor, the lattice parameter of the
discontinuous semiconductor layer is smaller than that of the substrate to induce a tensile stress.
Tensile stress inducing material includes, for example, SiC. In the case of a p-type transistor, the
lattice parameter of the discontinuous semiconductor layer is larger than that of the substrate to

induce a compressive stress. Compressive stress materials can include materials such as SiGe.



transi stor adjacent to the gate. Conventiona

t echni ques can be enployed to formthe ecesses. For
exanple, a reactive ion etching (RIE) process using a
patterned mask etches the substrate to fotrEl the

[0026]" ECESGRSembUAN AL theHNRehtRSHs SAlcdiRludtod Riyér ITRS hlest%hhh walls.
as photoresist. Other techniques for forming th.

Preferat':b C"?Hc'e %@%ﬁu%ois A ?E%Lct@tfgﬁnéf(hmrﬂa 1Hg erﬁi%?% $& as silicon.
substrate i s also useful 100241|n t he

For exyrBRles b ORR Rt GFSvRBITUS U st caEoR MY PE Bbg HOTE ] sigEMwal of the
di stance fromthe gate stack 102 to the STN.

trenchaSowstey teethe lggteatagkl Thobthemicenchstlewslli top pf theigdedtasy aad other
portion of an ST1l. In sonme enbodi ments, the recesses

portiorfd@f QS susfRadlof the Sulfrhiei€pditdteansaliclbdiris aer@ITbD dfBovksnuous
one or both recesses HO 120 do not extend as far as

i e té&ky. Oth
o GO ESE IR TT LA 4 MD i m Sn Ot
depost e S T S BB e P Shopt BSbonducorayeris
structures. The dlscontlnuous | ayer conprises, for
formedetxaPipinski-Krastapey 63K mederabaidally, in g $16@$0dtey@wttmg layer forms on
crystalline materials, such as silicon gernmani um
the trefchi sGehce dlLﬁ‘rﬁingEpaiiﬁ@ﬂdndﬁh(ch nfsisland hide simagpires pbifelenedMP)ther
or silicon carbide (SIC) or a conbination thereof, are

depomﬁ%ﬁ'@clﬁiﬁg&éél such € VAIREOWEbAYQYP) D688, GRNAUEELul] ayer

conpris attlce par aneter mhlch Is different from

t he Ia f. the s bstr at.e
1002711 ¢ B3l beREPREREILY: cGoHR PASBRIIS SBheia %Wﬂbﬁi@%&n&a“?fh%f
type of stress to induce on the substrate.
semlcoelsaamtr iglandy; seeheasdhe gzl the jslandg,she pyabei d§tl$3W oftlﬂ@nds (and
| atti ce paranmeter of the discontinuous sem conductor
therefdragherexicat wmhicie thetsnefacd dhvat wafchttheisknbs areddrenddas covdua will
a tensile stress. Tensile stress inducing materia

depend SInUAESpitak A ﬁﬁ?@ﬁﬁ'@bﬁiltlorﬁ' sElecteld. The gﬁﬁﬁﬁ cOdiforR-ihiB& the

t ransi St or, lattice paraneter o he di sconti nuous

depomé%rsaf? g ugtt{ngglr h\&ﬁg&pelgatgre o d Suf@‘?g uéohna\gv 1?% gﬁs {§lands are formed,
Conpressi ve stress naterlals can include materials
vacuurg gedifensgpnekso forth026] I n one embodi nent. the
di sconti nuous seni conductor layer |lines the trench
[0028]wal IAs shdwe freFldh My thetrbesse atedfd ted weitlosentieyreluctos crystalline fill
sel ectively formed on crystalline surfaces, such as

materisll i SQJ‘emIE(SHim@fftafHélrScesielﬁ 'a?e AlarGith SBceH, S&aig M@éb%ram stressor
sen1conductor | ayer of the bottom and si dewal | of the

reglon% @P %\gi]ell%Sn%ﬁgr ty;get% Otflgé’a@ﬁ 8 riddt ehs i I%ﬁ%tﬂg [re{u{ B0 also useful.

top o stac portions o
the surface of .the substr rot cted b
In the @n@rd@@?@tv the ﬁﬁ%}opngwwtﬁ Jfélim & fepshy Ritarig} growth,

| ayer can be famed by epitaxial gromﬁh such as
such asmubkculanbeadpeepiBkiie Predepds; the semicendweioguastating fdl weterial is formed
useful . Preferably, thei-c'hut sem conductor s-nductor

by selécﬁy@épltaﬁlai gfovRE. DyhePUERREIOh tédhakfuare a(sSKkefinde.
Typically, in the SK node, a wetting Iayer founs on

t h
oo SRS 6P R B ALl By oo
technlq es, such as, Val mer are a

transisipg - BiPS ApRAYS AIORRS Afp 1m%lﬁlﬁﬁ%@¥§?edm oo e mplanted for p-type

paraneters associated with the formati on of
transistor. In some embodiments of the invention, the source/drain regions are doped by an in-
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sem conductor islands, such as the size of the
i slands, the nunber density of islands (and therefore
the extent to Which the rrrace over vhich the islands
are formed is covered) will depend upon the epitaxia
growt h conditions selected. The growth conditions

situ doping pragesstih evhadpdsging ie pedfomnest duing fillveg ofcthp evwtaianel drfin region.
the surface upon which the islands are formed, vacuum

Other rie@hestdfaMSning id sd0rcb@Edii rediSHR28¢ ASo N in FIG 4,
the recesses are filled with sem conduct or crystalllne

[0030] fi ! | #Id'r%tsﬁfwhélm ill'té}nzﬁ% eﬁiﬂ%ﬁﬂhéﬁ% A thetll/?\genﬁlgﬁ € @ﬁov% %he source/drain

I con, 10lunng source/draln res

160 and 165, O her t pes.of cr stalllne
recesseﬁﬁ%eﬂril WG RO St b SReRendF B S B embogiment,
t he enbodi nent, the sem conductor crystalline fil
the recesggsaare &lled with (ﬁrrst@ud bscoagidisasintaiuogs samihondsigion laysrs 130 and 230, as
mol ecul ar beam epi taxy. Preferably, the seniconductor

described itsFigl 3.i P@vididd oth@t @mhiidr of dist@itinubys ali@EiduMer layers are also
epi taxial growth. Qher deposition techniques =z also

useful. u&ﬁér%nﬁuﬂlgg‘?egﬁ ﬁ&gﬂﬁ%dsysemtl&%dﬁﬁw lﬁgérde{ ?énﬂc&ﬁﬁhﬁp %rystalhne

opant at ons

i i A ISP S STPLRLSTL AAE RS (L0

enbodi ments of the invention, the source/drain regions
crystallineecapipe drypy ferrexample, spmprists silisgn frrorsddy epiaxinli growth, for
doping is perforned during filling of the source and
exampld) @bRcillegham efidak@r Preddrhisiglsthe terhieomdudehrichBtalline filler layer is
source/drain regions are also useful. [003011/10, 5
e f Y}
formed F SRt e B 2 DaRr LR md AR PHERb{ A cBfniques are
] %ﬁgrallty of di scontinuous sem conductor layers. In
aisous enbodi nent, the recesses are filled with first and
second dlscontlnuous sem conductor layers 130 and 230,
[0031] a5 lassmeiendadinenty of thginveniar, dhayoessh ef fomuirtget capping layer 170
di sconti nuous sem conductor |ayers are al so useful.
and sublédquently Gormimga laper it idisi anicheitalin Banacaudpleter (or
| ayer, a sem conductor crystalline capping |ayer is
multlla%"H Fednie ljhb ehBEFRAE §f PRI WeRR ill 'o?f le88taldrke of the same
tructures. The sem conductor’ crystalline capping
gonpri ses silicon formed by
cmnpo%%%}ﬁ%ﬁ%FﬁﬁpﬁﬂfﬁBmﬁﬁyr@xanple nol ecul ar beam epi t axy.
erabIY t he sem conductor crystalline filler |ayer
[0032] | s fbﬁ@rﬁb@l aphdiseontisequpscapionguepr lgyeis fFormex Hhbe recesses are filled
crystalline materials or deposition techniques are
with a sshf@ndsebuibrysthllida fi]limatsogies\eilae dilicemtts @ dduece/drain stressor
i nvention, the process of form ng capping |ayer 170

regions, as shown in Fig. 6. Other types of semiconductor fill materials are also useful. Various
techniques such as epitaxial growth or selective epitaxial growth can be used to form the
crystalline fill material. The source/drain stressor regions can be implanted with dopant atoms to

form source/drain regions. Alternatively, the stressor regions can be doped by an in-situ doping

process. Other methods of forming the source/drain regions are also useful.



and subsequently formng a |ayer of SiGe islands is
repeated to forma nultiple layer (or nultilayer)
structure, In the enbodinment of FIG 5, the islands of
each | ayer are of the same conposition as the islands

[0033] gfe BlHe Eor{f@(ﬁftﬁms [)@Q?%]i dvith abdsd ﬁo%%ibﬂzi. 3£ Q6thb BMBYEments,

m conductor | ayer otined, the recesses are

s A0 SR ST 5L AL g BUR b e,
regions, as shown in Fig. 6. OQher types of .

such asstberenswllycesical MRS FEe Ficarss ERBCHRETY AP0 thyfhapred rogion
techni ques such. as epitaxial growth or selective

[0034] epi Inesoinae engodwhénts, axthdp enatigredks 4re u§edrtmfermethe isiatdallB.nb some
fill material. The source/drain stressor regions can

embod¥ertdME AMRE W fobnéPabk 1BASFRoY. OnfsemBlea MU, Bieflslands are
egieAlternatively, the stressor regions can he doped

by an 1nssitu. dopin rOCess her nmethods of formng
fomedt%gni%ltg%oé'/ c#tgf?rnrg?t Igi‘ﬂgﬁge agsf‘oeusg so useful . [0033[ O her
configurations of jsland growh are als . ]

[0035] o1 mleodimente ineWhisHivws sre fosmah remana gk pyehras Siee ditferent
the portion of the recesses i mediately adjacent to he

compositiannef the aldaycdre asefalhdn geme embbgimestst ¢roployinglal8Geplleshia which the
recesses imedi ately adjacent to the channel region.

Ge cort @R 3HNRNSPIY 6 tehass fBMlaSeldnen abdingrsoaksniarperoese dn keme
formthe islands 130, in sonic enbodi nents the islands
are .t hroed f ' | 3 t In

embodfHyft B T ol Al By o D SRR ST BRONTES it Bcent

some SRR 1 G alopBALRR ToSC S o #PRLh o Found Y domic

conpositions of the alloy are useful, In sone
percenenbodi nents, enploying a SiGa alloy in which the Ge
content of the alloy is in the range fromaround 1 to

[0036]2T OWbnRDerldMikhEntP.ah€ S8 tcontiefit FaEalRIYLOH tie Ringe fifoen Gound 50 to
content is in the range fromaround 15 to around 2%

aroundalt()%rgtc%[n?g)tre‘r:c%ﬂtt. In'sBmE %ﬁﬁo&ﬂ%@, Frﬁr@esconwﬂ? of e alloy is in the range

conce o i S Ih the range om around 17 tao around
24 atom c pe t. [.0036]in_sone enbodi nents he Ce
from agghg L0 Gr0Crh LORRPBYC PacHlh PRET DTGB PHOR BURE. 5 Yl
around 100 atom c percent. In sone enbodi nents, the Ge
[0037]c onfrestmedmbtidements dylands inmespheivieaiiiferemtrlayprsare deraed dropalloys
around 100 atomi c percent. Other Ge concentrations are
havingddiffereds@imfositip8) 3 somesaitddandng ofitrtisvdnsibatsllon is an alloy of Si
respective different layers are fornmed from all oys
and Sn instead of an alloy of Si and Ge. Other alloys are also useful.
[0038] In some embodiments, islands are formed in source and drain regions by ion
implantation. Thus, in some embodiments of the invention, etching to form source and drain
stressor recesses is not required.
[0039] In the case where ion implantation is used to form particles of an alloy, where one

component is present in the substrate material already, one or both alloy components may be

implanted into the substrate.



havi ng different conpositions. In sonme enbodi nents, of
the invention the alloy is an alloy of Si and Sn
instead of an alloy of Si and Ge. OQther alloys are
al so useful. 190381l n sone enbodi ments, islands are
formed in source and drain regions by ion

[0040] i nThasyt fat Exempld huthe case of dmefoembioati ofeiGs idndshiea Si substrate, Ge
i nvention, etching to foimsource and drain stressor

atoms M0RSERSant& WRkout 8 detjuiRthent QA3 dnf ST BmS AELsoMeEBbdd@Rents, both
inplantation is used to formparticles of an all oy,

i QOS5 PP HOTRETE kS0 BT, YIS, AUBRAPh o, iy

i nplanted into, the substrate. [0040] Thus, for exanple

the strufthia AAOGASEAIBE SIRE A6Y MATISH SAYEHGe | ol ands | n a O
substrate, GCe atons may be inplanted w thout a

[0041] r eduitlreecmendf the formmkianmbf SiSnatlloysslaids is o iPe swWsbatdi Preatbsis may be
both Si and Ge atons are inplanted to form Si Ge al |l oy

implantb®! ARASalink B HRNEEuEHIROM rERINeE in §iReahbiBmehtstiMerder to form strained
structure to formstrained SiGe alloy islands is

SiSn allroﬁ %ﬂu{d‘gd iIt &@%%]a]gb&c}a%% tﬁ?t‘g‘tﬁ &E ctth?quo%ror%é 40mf Br %‘1 ?t'ams in these
all'oy Tslands in a. Si su strate, &ri atons nmay be

) i npl ant ed. Annealing of the structure.is required i

islands Bgbe ORI ATETSH CHPaLManGs AihsYFRigTisaoriag U '39 amount of
islands. It will be appreciated that the concentration

strain ito$ re@eired tymedare iStheathanseliregiomese i sl ands may be
different in different enbodi nents of the invention

[0042] deerdi PYapRediattdhatiiieiie chbodliraits tHetimpfanteRdblafidthré fot alloy
i nduce in the channel region: [0042]1t will be

tands SAPERLS 8 ek U SURGHLTEI: g NEoh FPLEULER otver i
onprising a single chem cal . elenent (such as (le or

clement} g7 a by CHL GRRBIMG TaberORE y,smcsﬁe SNk PR E Aot of o or
rather than a single chemcal element or an all oy of

more chewocal elemmangs. dhorsudable shemisat dempnty alkayi afghemicehelatnertb or

el enent, alloy of chem cal elements or conmpound of
compoudld&TicBéhical @emeaits niagbe Reed Sethdshid effddfthat hetrdh ici@tiuced in the

that a strain is induced in the channel of the MOSFET
channelSPhERIOSFET device.
[0043] It will be appreciated that islands having different compositions are likely to induce
different respective strains in the channel. Some islands will induce compressive strains. Some
islands will induce tensile strains.
[0044] In some embodiments of the invention, strained SiGe alloy islands are formed in the
source and drain regions of a PMOS transistor device, to induce a compressive strain in the
channel region of the device. A compressive strain is induced at least in part because SiGe alloy
has a larger lattice parameter than Si.
[0045] In some embodiments of the invention, strained islands are formed in the source and

drain regions of NMOS transistor devices. In this case, the strained islands are arranged to have

a lattice parameter less than that of the substrate material, thereby inducing a tensile strain in the

9



1004311t will be appreciated that islands having
different conpositions are likely to induce different
respective strains in the channel. Sone islands wll

i nduce conpressive strains. Sone islands will induce

channel £33 &F tBE AR)IES - In 084 &nbDdiBRAB, AIFRAAHI¥RIRS for@bd B a silicon carbon
Invention, strained SiGe alloy islands are fotH ed in

e _source.and dnai. eqi i .
aioy. B¢ pEBH S5 AR GRP dlsib 80 Blm BrobllT of HARA 28 flomic porcen
region of the device. A conpressive strain is indu . .
carbong h@a?éfborlﬁowfra%@@%@ms}q%éula|%§r m%{sr?%s frgle ﬂlsefﬁfgf inducing
|attice paranmeter than Si. [0045]1n sone enbodi nents
a tensilefstraingn ithrevaatmed megist. r ai ned i sl ands are forned in the
source and drain regions of NNAGS transistor devices.
[0046]! N Tﬁfoﬁgﬁtﬁ.ﬁ €he AR istonanARMtihS beihekSspatiBcalonaihg&ebrd comprise” and
have a lattice parameter |ess than that of the _
” u . ©. | n 5 : )
contaffy 818 SHAELEfe Honad, R R bl SUEPAGNE, AL ThhBriShs" Hhfhns
» enbodi nents, .the islands are fo froma silicon . .
incluing BORI IS o h e CPBOIIIRE A0 SR RHlE ofigh geieties
of fromaround | to around 25 atom c percent carbon.
additive, lkemporgnit mtegaeerstepst i ons are al so useful. O her
materials are also useful for inducing a tensile

Throughot@th® dedtribties kaheleimsr Fahio Bpeci {464, Ehe cughauincdipasses the plural
description and clains of this specification, the

unless %{c&é‘fex?%ig@rggﬁgé%i SIIIS: E%&i@lﬁlgr w3tk MafddRhihe0stillk if hd, the

and “conprises”, means
.~ incl.udin ut . nat |Ii 'teﬁ3to" d is pot .intended.to
specifigiia 56k WP BRGP SOBBP HEPE RBFERY ab vl BurpPYRES thiEs e
con‘p.onent S, . i nt egers or steps.
context requires otherwise.
[0047] Features, integers, characteristics, compounds, chemical moieties or groups described
in conjunction with a particular aspect, embodiment or example of the invention are to be

understood to be applicable to any other aspect, embodiment or example described herein unless

incompatible therewith.
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Thr oughout the description and clains of this
specification, the singular enconpasses the plural
unl ess the context otherwi se requires. In particular,
where the indefinite article is used the specification
is to be understood as contenplating plurality as well
as singularity, unless the context requires otherw se.
100471Features, integers, characteristicspounds,
chem cal nvieties or gr éﬁgwggscri bed in conjunction
with a particul ar aspect di ment or exanple of the
invention are to be understood to be applicable to any
I ot Hemelieg ek formgdmnssior deicestarpreoy asgbswts EUMPEYRE n
unl ess inconpatible therewith. CLAI M5 1A nethod of
f opndvidinga sebstistic Serored deont & rss matastalihayingrn tgansists regiare the
conpri si ng: provi ding a substrate fonned froma
tran$istostegivatiepicpdredhavth ngaw dand arbammtebregionginder,th¢ pee;
transistor region is prepared with a gate and a
chapighg feR s in WNCRbstEE€ingdlRe/drain regidn® bdjatt@it fGegHeS
in the substrate in source/drain regions adjacent to

whetd3€ a 9RdrRiel ae@l%ﬁ@d dls@ssd@mﬂherg@w g i s disposed under
the gate; and farm ng a di scontinuous |ayer of a

se cf&ﬂﬂn??hﬁ&rﬂfnu&ﬂ' layer '0? a gécéfl@ gﬁ&haf Which Eshﬁff{;ﬂeﬁtsﬂ‘om the

materirar 1n the recesses, SCOHtI nuous 1| ayer

ﬁrstgga r1a13I {é]'lg re ﬁ%sﬁ%tfﬁg %SCO{ltl%uOﬁIS laﬁle{ %Oén%l’ sgnurgnoag.ll%n unyfoct)sn thoef
S net had as _cl ai ne clalml
dlSCﬂ%?r&OH%%r capé%lsﬁq }I\‘?H%ﬁﬁéi‘SFa&?éP thechppy élpﬁ frangistor.
growh. 3A nmethod as clained in claiml V\/nerel n
form ng the source/ dramregi ons conpri ses:

2 A method as claimed in claim 1 herein the discontinuous layer is formed by

epitaxial growth.

3 A method as claimed in claim 1 wherein forming the source/drain regions
comprises:
forming source/drain recesses in the source/drain regions; and

forming a first layer of the discontinuous layer in the recesses.

4. A method as claimed in claim 1 wherein the discontinuous layer of the second

material is formed directly on the first material.

5. A method as claimed in claim 1 wherein the discontinuous layer is selectively

formed on the first material.

11



form ng source/drain recesses in the source/drain
regions; and loaning a first |layer of the

di sconti nuous | ayer in the recesses 4. A nethod as
claimed in claiml wherein the discontinuous |ayer of
the second material is forned directly an the first

nriateirial. A nmethod as clainmed in claiml
wherei n the di scontinuous |ayer is selectively forned
on the first material. capping layer. 7. A nethod as

claimed in claim6 wherein the capping | ayer conprises
6. a | Ayethaimsptimediy ddim 3 dongrisimgtceating the disconfinyaas trydr wih a

claimed in claim3 conprises filling the recesses with
cappinkildyjeer material. 9. A nethod as clained in claim38

wherein the filler material conprises the first

material. 10. A nethod as clained in claim9 wherein

the filler material conprises a doped first material.

7. 11 Anidaod C%El}l&i A dIBA d Wh&biR iR GppAPRykSédhrises a layer

sel ectively mng a second di scontinuous layer on
contqg]nesincgqﬁghggmla%gf. and the first material.

8. A method as claimed in claim 3 comprises filling the recesses with a filler

material.

9. A method as claimed in claim 8 wherein the filler material comprises the first

material.

10. A method as claimed in claim 9 wherein the filler material comprises a doped first

material.

11. A method as claimed in claim 6 comprising selectively forming a second

discontinuous layer on the capping layer and the first material.
12. A method as claimed in claim 11 comprising forming a multilayer structure of

discontinuous layers with a capping layer provided between adjacent discontinuous

layers.

12



17. A method as claimed in claimlIl conprising form ng
a inultilayer structure of discontinuous |ayers with a
cappi ng | ayer provided between adjacent discontinuous
| ayers, 13. Anmethod as clained in claimli wherein
the first material conprises silicon and the second
material is selected fromanongst SiGe alloy. InAs
al l oy, infi aIon and. SAC aIIay 14. A nethod as
Ia| m.ng t he. |scont|n ous
13, a?eweﬁ%ﬂe P FaBiaTgh el Ao g Mok g g HSOR and
ai med |n claim 14 wherein _the dlscontlnuous | ayer
the %ﬂ‘ﬁﬁr nafggalds @ecteﬂefr%l ABORSY SK1e alloynindg aloylahalltad SiC
conpri si ng: providing a substrate farnmed froma
alloyirst material, the substrate is prepared with a gate
of a tran3|stor and a channel region beneath the gate
in a transistor region and isolation regions isolating
the transistor region from other device regions;
14. f orAvinBho8 asicle@iedrinicRim ¢ ¢ edsesn foimingehsdibsintiats layer
adj acent to the gate; fanni ng a di sconti nuous
inclhd@¥ ¢6n BPYMMHdRNY @ second material in the source/drain
recesses, the discontinuous |ayer is selectively
formed on the first material of the recesses, the
di scontinuous |ayer conprises quantum dots and i nduces

a i A Thdd iay clgll&eedcln AN I1 4 t(xﬁ-l%l'e?rrthie %&?oﬁtlntuohﬂgyer comprises

SOUI'CG raln recesses w
SiGe.

16. A method of forming a transistor comprising:

providing a substrate formed from a first material, the substrate is prepared with a
gate of a transistor and a channel region beneath the gate in a transistor region and
isolation regions isolating the transistor region from other device regions;

forming source/drain recesses in the substrate adjacent to the gate;

forming a discontinuous layer comprising a second material in the source/drain
recesses, the discontinuous layer is selectively formed on the first material of the
recesses, the discontinuous layer comprises quantum dots and induces a strain in the
channel region; and

filling source/drain recesses with a filler material.

17. A method of forming a device comprising:

13



17. A met hod of form ng a device conpri sing:

provi ding a substrate conprising_a first material,

the substrate includes a device region prepared with a

gate of a transistor and a channel beneath the gate;

and form ng a discontinuous |ayer of a second

mate!' only in sourne/drain regions adjacent to the

gate, the discontinuous |ayer conprises quantum dots,

t heProwidingd: syhsteate eqmprising; of ffratrasterialy hapyhiate incldes a device

mat eri aL wherein the discontinuous |ayer induces a
regfdnrps¢pastdreitisa gate phatretsastorahd r elinonl benggh theigeteatdhod of

claim 17 wherein the discontinuous |layer is

sel pemingeal dischntinmeds tiyeitdfe sbéand matetab bnlglin saurdefdrain regions

source/drain regions, 19. The nethod of claim18
adj¥ieaf ®ithe §:0¢ MhdWsdoRBmbus Bt dofipRidss duap@m )i s8&hd material

form ng nultiple discontinuous |ayers in the first

is iR FromMHR TRt I A A G eif hﬁ@é%ﬁt‘fﬂﬁ@ﬁsﬂa&@ﬂﬁd&e@ﬁ Brst stress
separated by a capping layer forned over a |ower

On?%%ﬁgﬁgﬁmgkﬁpontinuous | ayer. 20. The nethod of claim
turthef conprises formng recesses in the
source/drain regions, the discontinuous |ayer is
formed in the rec 71. The method of claim 20 wherein

t he_di sconti pyaus_] ayer. i el ective forned. o he s
18 e B B OF ST P rarEh 0BG Ne s MR oo
claim 21 wherein formng the discontinuous |ayer
thedisshpnateread inf (e AOUEE/ FAITEHPE- di sconti nuous | ayers in the
first region, wherein adjacent discontinuous |ayers
are separated by a capping |ayer forned over a | ower
adj acent di scontinuous | ayer.
19.  The method of claim 18 wherein forming the discontinuous layer comprises

forming multiple discontinuous layers in the first region, wherein adjacent discontinuous

layers are separated by a capping layer formed over a lower adjacent discontinuous layer.

20.  The method of claim 17 further comprises forming recesses in the source/drain

regions, the discontinuous layer is formed in the recesses.

21.  The method of claim 20 wherein the discontinuous layer is selectively formed on

the first material in the source/drain regions.

22.  The method of claim 21 wherein forming the discontinuous layer comprises
forming multiple discontinuous layers in the first region, wherein adjacent discontinuous

layers are separated by a capping layer formed over a lower adjacent discontinuous layer.
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The net hod of cl aim 20 wherein: i sol ation
regions conprising a dielectric material isolate the

devi ce region from ot her device regions; first
sidewal | of the recesses adjacent to the gate and a
bottom conprise the first material; second
sidewal | of the recesses opposing the first sidewall
conprises the didectrie material; and t he

di scontinuous |l ayer is seleclivdy forned on the iiirst

material in the source/drain regions 24. The nethod or

claim 23 rein_formng the discontinuous |ayer
23-co%ﬁFP§@§$ﬂ$SPﬁ?ﬁg“ﬂﬁF?Fple di sconti nuous | ayers in

the first region; and a capping | ayer separating.

adjlsetdinn repiSSAMPTition 8 dickgptrcsmatgpid Aelate the device pegion from

cappi ng |l ayer covering a first discontinuous |ayer on
other Hevifd regionsi dewal | and bottom of the recesses al so

i nes the second sidewall of the recesses, and.

di fearidewldusthk dycessss adjatent toehd gatSindt satont tamy@iss the first

| ayer fim on the capping |ayer below, 25. The nethod
mat&fal:cl ai m 17 wherein form ng the discontinuous |ayer

conprises formng nultiple discontinuous |layers in the

1 k&donfl §ALOM o%@F&E&e@&B@S{ﬁgkhe%MMaﬂ% rib@YRY S

are separated by a cappl yer formed over a | ower

. J ..(di sconti nuous | ayer. The net hod of
<hd§ﬁ%?ﬁ$@bm, éfein, the recesses are filled with a

T A N A O
conmpri ses Si
source/drain regions

24.  The method of claim 23 wherein forming the discontinuous layer comprises:
forming multiple discontinuous layers in the first region; and
a capping layer separating adjacent discontinuous layers, wherein
the capping layer covering a first discontinuous layer on the first
sidewall and bottom of the recesses also lines the second sidewall of the
recesses, and discontinuous layers over the first discontinuous layer form

on the capping layer below.
25.  The method of claim 17 wherein forming the discontinuous layer comprises

forming multiple discontinuous layers in the first region, wherein adjacent discontinuous

layers are separated by a capping layer formed over a lower adjacent discontinuous layer.
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28. The nethod of claim 26 wherein the second nateri al
conprises an alloy haying any conbination of Si, Ce,
In, As, P, C, and Sn" inchidinn SiOe, InAs, [NP, SiC
and Si Sn.

26. The method of claim 20 wherein the recesses are filled with a filler material over

the discontinuous layer.

27.  The method of claim 26 wherein the first material comprises Si.

28.  The method of claim 26 wherein the second material comprises an alloy having

any combination of Si, Ge, In, As, P, C, and Sn, including SiGe, InAs, INP, SiC and

SiSn.
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