STRAI NED CHANNEL TRANSI STOR STRUCTURE AND METHOD

FI ELD OF THE. | NVENTI ON [ 0001] The present invention
relates to strained channel transistor devices forned
on an integrated circuit (1C wafer and to a nethod
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channel transistor device and nethod having source

and drain regi ons eBERGRPHEIMNMYENSI@Nds of a

strain-inducing material. DESCRI PTI ON OF THE RELATED
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role in scaling the size of silicon CMOS device
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appropriate strain in the channel Tregion of a
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the str.ain. 3] Strain . c nduc d.in the
souree AR gD rf‘@gqn% S ot e B oS BEPF i ng
source and drain stressor elenents in source and drain
regi ons of a deNEeeRITHPAAN AFELRBERATED MTeri al used
to formthe stressor elenents, they may be configured
[0002]0 i Ppamtenginkérdrg leastpéaysd hreingrorant wbmiprsed sigitkee e @i silicon CMOS
[ 0004] For exanple, it is known to form stressor

devi®) BUBRES. (0Alch28060$oE0 tHABRMdLEN e oS popriaftttrdindh he channel
regions of a transistor device. The stressor el ement s
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tice parane er is elther sna er or
t hat t he. substrate upon which the device is
ﬂMtWQ@?wﬁgwﬁﬁ hfel8Hdi ng on whether it is required to
uce a tensile or conpressive stress, respectivel _
[0003]n t ISératrean helindusey iorihe clpond region phie MO sansfstaggle y forming
transi stor device it is desirable to induce a tensile
sourstandsisain strestdresl ahantaial soneg amhdraithegiehoofa devigt érdpading upon the
having a lattice paraneter smaller than that of the

mateSilnskd & ®rih $hd DFARA elethehREhSY HR§ $6 Cori Bk &@No ithPart Bigher a tensile or a
case of a silicon substrate, the stressor materia

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.



may be a silicon carbon alloy. 1 [0006J In the case of
a PMOS transistor device it is desirable to induce a
conpressive stress in the channel region.
Consequently a material having a lattice paraneter

[000%[’1r 94h wak: (BMM@‘S tI‘aﬁ%StO? Hgﬁ&{ it sedek ?abfleotro cﬂg:e 4 caltn ressive stress
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stress in the channel region of a PMOS device can be
subsialgas forgerbin theysifessor seppan. larthe erse ebsallipen sbstrdte the stressor material
nmobility of around a factor of 4 should result. This
may borsgspopasaappr didymat el y to a doubling of on-current
(lon) gain. 100081 However, a nunber of factors limt

[000Yhe ExiRbbed &loMME S 1%e%%%$§ He GheIE %g%m PMOS device can be
enhance devi ce performance. [0009] Flrstly, t he

f
madd hgggacgﬁpn%g?g% %h qt?(%réa%@ m%a.?.%&%db%ht off ol a f C Oﬁ é)§4 C:Plould result.

exte resi's
fNi SI contacts ar e hi en formed over Sire alloy
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t he net inprovenent in device performance obtainable
[0008)sj nglovgiverea sumbersyfacspre fgnt the eRentrtathorh SGeatromsordlements can

silicide on SiGe conpared with Si typically requires
enhaacehdeyhvepetfempacat ur e, which can result in o

aggl oneration of Ge. [0010] Secondly, the upper limt

[0009]0 t Imsmmﬁ -BfscdbiliBiagti SN \Rnd6R s PigretRoRe @%QMIJy%mp%d with Si.

all oy stressor elenents has been found t

The éﬂ?ﬁggll rlaﬁé’ﬁhcte %@leﬂ %Hfa?tts gge }Hé%tr %%é%om&e (rg:?](/gr 1§F %gm compared with

prop ortlon ove
. LN e increase the anoynt by _which t
51, a‘b‘ﬂtg‘m{sffulﬁs éfp &t ‘i%élftﬁ’é’o‘ theRE yaprovepent dn #‘B’&‘f?cpeﬁ‘?g{la@ﬁ Phﬁawable using
.. relaxation occurs at Ge concentrations in excess of
SiGegirgesngeloments.oheraagen ebnmetal gidieitl omSiGeltgmpared Witk Sbigpivally
found that existing device architectures are not
requisesal taglice tanmpesaterie] which sizesult Hhigglonsrhisaalise. el asti c
rel axati on becones nore significant as device pitch
[001@lecT 8a&R8ly, 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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reduci ng the anmount of strain that can be induced in
the channel. [0012] Subsequent processing of the
devi ce structure can al so be conplicated by the
presence of SiGe alloy. For exanple, as traditional

opergt%ﬂs c ?Io%?éfcfhg rp?e%ergéé e f HRRdSH taﬁloﬁtﬁ‘% bEBE in gte q&ﬂccthlgg rc’esults ina

hey are foun | ess su ceptible to damage
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structures resuIts in a correspondingly increased
opergliffiint of damage to be introduced by the same

i npl antation operations. SUMVARY OF THE | NVENTI ON

[ 0013] Enbodi nent SUMMARE ORVIGHHE INVENEERNt o mitigate

at |l east sone of the above nentioned problens [0014]
[001SP e BRdcth RO SthO fnveiteod fevie ) tfipaRra@af@ome BVIER above mentioned
transi stor device structure having an increased |evel

gLonpressive strain in the channel region of the
evi ce structure. [ 0015] Sone enbodlnents of the

[ tion vi de NMOS transi. ice strjicture
001[y %@%ﬁ%@%ﬁ%@b@%ﬁnw travids FEMAEY tion derie tructure

channel %lon of the device structure. [0016]
a"lm&%‘blr“ﬁﬁehijd @yehof qoyresgygstreingn therpBanngl egtone theeyweisgucture.

provided a transistor device structure conprising: a
[001§ubstSoateenpodinmaits dfahermdedtionmravifié asNMES aansédtor d@nide atructure

source region, a drain region and a channel region

havih@iMRerehddd JQicHo SteRllsBhiR in THChERH Fe%tcﬁ\rﬂi toH @dyitelsBAERRS
conprising a plurality of islands of a second nateria

[001@ ff q{c%g'l[d%rIg s J[Tgteasééct ?f thg%v%ﬁi!lﬁ’l thg%?%ﬁrﬁ)x edl%h grl]rqgm?tgrl ?egltce

rarn 1 n sal

substrate 017 A@ ord to.a secQ ect of
structylg o HORS G R OGD B e ROGa0s a@f StFrg Tagion, a
transi stor device structure on a substrate conpri sing
drain yegiogapgha chynnelyegivn dormgdan s sebsirets, the serser arndrdspin gegions
first material; and formng a source region, a drain
compr&@mgmplamlit)aofdkiamdseif arsegindmadteriad diffbrens Gilost the fiest nmddridl, said
source and drain regions each conprising a plurality

islan@§ béisg andie®io iBdSRG@WAEin in said channel region of the substrate.

prob

[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

3



material different fromsaid first material, said

i slands being arranged td i nduce a strain msaid
channel region of the substrate. [0018] According to a
third aspect of the invention there is provided a

secogg%&é?égigﬁéa\érp amralﬂg:le %araﬂﬁzgeq ?lfge%(%rt grg.givzlb ?og‘{/eféétgﬁréigﬁ%ﬁﬁicg Bar‘félmeter of
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forming a first layer of strained epitaxial islands of
filling sgislsonee gad draimlecisaessaitlfiispmeaaland drai n recesses,

said second naterial having a |lattice paraneter

di fferent fromMBRIBFODESSRITAONGOF atiH DRANAMNGSt er of

said First material, said islands being arranged to

[0019dUCEN B dBhERS B thB pRAEM iSRANREiI KAV 9P deRABed ferdihd 09, by way of
said source and drain recesses with first material |

- PTl THE DRA .(0019]. Enbodi nent s
exanfft iy B EIR Bk L Ry Bl
her ei
1002

fter, hy way of exanple only with reference tao.
%énb%@?br%j" HusthregermedyingEgcepses perosdipe for seie ebogiments of
6 show structures fornmed in processes according to
the iggamtiornbodi ments of the invention. DETAILED

DESCRI PTI ON OF THE | NVENTI ON 10021] FIG 1 shows a
process for DBTAIIED ®EICRIETION OFOIHBIN&ENTIOAaCcor di ng
to an enbodi nent of the invention, The structure, for

[0028K 26, 1 ST d [3168es@ I tARShS b Hru@ire110€ of fn Id R&ording to an
transi stor can be a netal oxide sem conductor (

emb{xiiﬁ{éﬁi (?ittl% fnv%lleont 130 %{r&étﬁr%lﬁ)?gxarﬁ?plgi c%fnt&%igeelshaet(r)alrnsﬂfotr%? fhe 1C. The

ransi stor. substrate I STpro e

substrate, fqr exanple, conprises silicon O her

trangisfyefan O apgigl 0 &g%ﬂon %%nrﬁ%{?%)sﬁagﬁlé% LBe {ransisiar came a p-type
active region is defined by isolation regions 104. In

or n-#ype tepBBidr. b sebstratee Gl Sopravided Thegiubsgateopeiaswls lsainposes silicon.
trench isolations (STIs). The isolation regions are

Othefr oypee df ferraenndiidtocamstoateiae alsh hesfuli PaLddive Bggidtik defiddddy isolation
are al so useful. The isolation regions separate the

regic§ 1 DY T Q@IS Afk RN RS IsbMBok RYIRE Sobrid AN oW §¥A&Ssolations (STIs).
structures.
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



10022] A gate stack '02 is forned on the surface of
the substrate in the active region. In one
enbodi ment, the gate stack is fornmed at about the
center of the active region The gate stack conprises
a gate ele r at e. T

cap, SoREsdp@eFF BNG i SURBH RS Pliser HBiG St myligion thereot. The
oxi de conprises thermal oxide. Other types of

type phfiglecticanytenial pedhangepsd ogafas exqgn@&ﬂhw@&aﬁwngahwe employed.
oxi de are also useful. A dielectric cap is provided

[0023er Rdfi@rigateelrl€l. @cterepdes. 1 10Rné|12¢ turei fornsgolac engcdmirbegions of the
provi ded on the sidewalls of the gate stack.

transi(@H d@plckit.to thetia®. @Tdnkb@ionSMedBEich B)tESe dnhflEedith €orm the recesses.
surface of the substrate. Various dielectric materials

or &%H)S att Rﬁgg lﬂ%@ﬁ\l’{ fg)ﬁ e{nc:ﬂ?l I(glﬁﬁﬂoTﬁ§%g§]§% P%&Qﬂeﬁ%e{sﬁ%&hké R& Substrate to

fomﬁgggelcgsg%sl glglg The I_?Bﬁ%étonflzf élelﬁlzl}?ei:sg&kg)ﬁ: A eg)ther techniques
schene enployed 100231 Referrlng to FIG 2, recesses

for fqrugng g receesea pe Aorwelili AftsoioramedharepespesgingmaslsFan breremoved.
transi stor adjacent to the gate. Conventiona

Leavirgrthnngslesver dlme dubsteatplsgysedistfol.f orm t he recesses. For
exanple, a reactive ion etching (RIE) process using a

[002Rt t &h BREMPRIkn&k ahetctles SYhsiTeat®sgal subsenfalithe entlre distance
recesses. The pat terned nmask can be a soft mask such

r

ﬁ°m?‘§%g%ﬁ%%lﬁ?@‘sﬁ%%ﬁ%ﬁ%ﬁ Ryl B ealRELAT pi88ided by a portion
t ver t

of ary s oF it PRoaf b TR tiocss PR P Fite BBt ien d: some
the recesses are fornmed to span substantially the

embediments, picor fpbaccesscs hl Pnig0gigtnet extardastiapastthe ¢qreesepmding STIs.
Consequently a wall of each recess is provided by a

[002p)or t iRgrerring toalfig S, ta"dikcontbm®osreeneindyalictoe kiysr, 130ds & the trench. The
recesses do not span this entire distance, In sone

disconiBoslisemi®nd @i 18yer BOhPrise qessn dbEQDY 2R isihdNKe structures. The
extend as far as the Correspondi ng STls. [00255]

d1scd%%f1§<?1fs' l%%(r) E@gﬁﬁ%s tfﬁlé e)?ar 1S %%Pir%ﬂ%%tglgﬂ} ?%ﬁgﬁ'é:ttyﬁés of crystalline

matc A Y RSl bR PLEDHTHEELS oyl Sosphice @), or

rises, for exanple, a cr stalline material.
s111cq;aaqairlag§(811§;b@;5a g}lmbllp%;@péhqrqueare also useful. The discontinuous semiconductor

layer comprises a lattice parameter which is different from the lattice parameter of the substrate
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.



materials, such as silicon germanium (Site), indium
arsenide (InAs), indiumphosphide (Ind'), or silicon
carbide (SiC) or a conbination thereof, are al so
useful. The di scontinuous sem conductor |ayer

[002§ﬁmrlh dHS erﬂbodlﬁteﬁt' i d?s%{nﬂ{fﬁligsgs ue#n (ﬁ!?iul:t%r @ rﬁ%%? Hw tleh i alls.

[attice amméer rMe

th
Profighie B spiFel-Po Drid aégva%%&égﬁgd?&e&%{@ﬁexa”ﬁces such assilicon
exa in the case of a n-type transistor, the
For gxgpp n?ec &hlb@r@ﬁrﬁteetlscennrmes seisewshieion lryersofdeshaonutt sitewall of the
| ayer is smaller than that of the substrate to induce
trenches parsirite tistgaestack. Teasibketratchagiswhndup bhfe paic&tacRhnd other
i ncludes, for exanple, SiC. In the case of a p-type
portibh@&sths bidface bi@e sﬁ&h‘aﬁeQ%)ﬂ%?erc ARy Rliel &ftri¢ Rterial. The discontinuous
di sconti nuous semn conduc | ayér is Iarger than t hat

semlgoncfugt%r ﬁt?fplséa[l%% SothRd b PQ:?H:%{? &\%Kpgueé lec g’ealn%epltaxy Other

ressrve stress nm i nc ude et

h a . 10026 Q Lment, the
depodiiGH it e datietaedtgrn y@s&wﬁmwn}lwﬁeﬁor layer s
wall's. Preferably, the sem conductor |aver is
formeg b Stranski-frastanae (S ohmedsy skymidalpdn she Slaowde, sswettingayer forms on

silicon. For exanple, this fornms the discontinuous
the teech swfadedirorg deayatiorndn whieh biat isiand Hkéestaictevwdrt f@fetl hOther
trenches nearer to the gate stack. The other trench

depositid® W@hhiquésOfuchfas VoangalvebSt(FeK) @08k, ate@o usPRlt i ons of
the surface of the substrate i s protected by

[002 aele?tc\&gl'n eg{alﬁag &hzbt-ggﬁalg :pglﬁ&gfersnéé%ﬁﬁe(? \%ml ?l?enf%ynqetlt%rn of
ul ar heam epi de ositio tech ues
Semlg?@ugtr)w[a&@%ﬁmh Rt %@w e T SRR AR ?1s bnds and
sem conductor_ layer is fornmed by Stranski - Krastanov
therefasg fhergyérat toryhyel Bie syrfagopvenwhish enisigads aie fmed igeavared) will
forms on the trench surface during deposition on
depemhinpdn thhepitaxizhgobwth kenditionsctlacted. Anegbottinadhditionk afclude the
deposition techni ques, such as Vol ner-Wber (VW node,

depo#itién &dt& of stefiall the 1kfitudetof\thd Jurfage @RRNAGERHE ‘i‘sl&ﬂ@i@tare formed,
certain paraneters associated with the formation of

vmmﬁﬁQ%ﬁgﬂgMpﬁgfﬂt@ fgnds, such as the size of the

I sl ands e nunber density of islands (and therefore
00247 Rt o o ePes St e EASHE o RO Gt T
mateg%g%g@g grglgl)dtirlngr?t,sthg ?éc%gstese gfe ﬁ-ll-lr(]ag V\%trhos\?ﬁcrg)n?g)?rglir}gl sgﬂrsée/drain stressor
regions 160 and 165. Other types of crystalline materials for filling the trenches are also useful.
In the embodiment, the semiconductor crystalline fill material is formed by epitaxial growth,
such as molecular beam epitaxy. Preferably, the semiconductor crystalline fill material is formed
by selective epitaxial growth. Other deposition techniques are also useful.

[0029] Subsequently, the source/drain regions are implanted with dopant atoms. For a n-type

transistor, n-type dopant atoms are implanted while p-type dopant atoms are implanted for p-type

transistor. In some embodiments of the invention, the source/drain regions are doped by an in-
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deposition rate of material, the tenperature of the
surface upon which the islands are forned, vacuum
conditions, and so forth. 10028] As shown in FIG 4,
the recesses are filled with sem conductor crystalline

. f | nmat er. esses are

st iy Shich BRPE R oL Bitiiad e pEHE SRERe Bi rain region
regi ons 160 and 165. Ot her types of crystalline

Othgraacthqdsof farping the pouiee/diRm repientHe dlsapectl so usef ul .
in the enbodi ment, the sem conductor crystallinc fil

[0036ht erflgl 5 S@Wm@@rmy'vepmb(aﬁinaﬂlt o timanhientios UAR sAswn, the source/drain
nol ecul ar beam epi taxy. Preferably, the sem conductor

recessey sicadlllell Rethfa ﬂlhraﬁ%cﬁ“ disabntirtiofiPdeBebndBMoSRYGE L Inifhe embodiment,
epi taxial growth her deposition techniques are al so

the Ilé&%gédlar ﬁl%%g&hvﬁ{éﬁé%%%ﬁd Hscohfifiio 99&19%619{11%{0? lzfyglgsl 190%nd 230, as

are IITp ante ant at ons.

deseb @R o b B R E PR ber St e g wwéﬂctma'yeers arcalso
transistor. In sone enbodi nents of the invention, the

usefigly fHites ferminmthe &igit SrsonfrmoppIEHCHugAr fapersa sinpigordlpion gfystalline
process in which doping is perforned during filling of

cappittpdagay iy Demethe fdi diespacedietreen ti@ iklend hied todsiref Theserhiegnductor
the source/drain regions are also useful. 1003]] FIG

crystall$i8 Quypi@laidr] BF BRdrh)E, RIPRIdEFEINon Fbrnidady PUSAAL %@wthﬁﬁ)r
shown, the source/drain recesses are filled wt

1T b Yar Bt A ip &4

exan(lgi;ne enbod E|lrme?1t P e r%{glggl eglg]gr e{}? h‘ﬂcﬁ% \l;\’ng Vaﬁl{[‘% fie layer '

o384 0 B S B P Rt s

I scont i nuous sen1conductor | ayers are al so

abnggﬁ After forming the first discontinuous
sen1conductor | ayer, a sem conductor crystalline

[003¢hppilmgorhagrebodimeits ofithd in@nfibh, Ithe precespat forinetgweappinp éayer 170
island |i ke structures. The sem conductor crystalline

and whpRuagly }eing afl Ofer ORBITR ilandsa8RIpe8ES toSfolrh @ A1 SIE MBS (or
by epitaxial growth, for exanple, nolecular bears

multﬂ@e?)asﬁ%ctuper af, %{eaéi’lllﬁ/odlﬁlaﬁ 0P B1G;. (‘50 RAYSERs Fle¥ S lg#lér Wof t}he same

I'er Tayer is finned by sel’éctive epitaxia
com st%% agli%siglgtll(is SR aeyrerlsaI s or deposition teChm ques

[0032] After the last discontinuous semiconductor layer is formed, the recesses are filled
with a semiconductor crystalline fill material, such as silicon, to form source/drain stressor
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.



al so useful. [0031] In sone enbodi nents of the
i nvention, the process of form ng a capping |layer 170
and subsequently formng a |ayer of SiGe islands is
repeated to forma nultiple layer (oor- multilaycr)
ru re. Ln the e diment . of FIG 5, . the islands..of
0033 hﬁtﬁif&nﬁ%m&ﬂsPﬁg?@gr%owté&%%gq RassieadS et RERHBES
.. of other layers. [0032] After the last discontinuous .
islandppre oBldaenest in|thg/eqrtipnoff the FRsesses ivunediately sdigcant & the chasgel region,
with a sem conductor crystalline fill material, such
suchas tlei deherolly vértcdl ovalts sHthe caresheainmmediatelysadjacent eégihermbannabregion.
shown in Fig. 6. OQher types of seniconductor fill

[0039Pt el Sdre &hBodnSAs WHRS WhaterM® drOUSed td BSHNhE LM S YSH RSome
epitaxial growth or selective epitaxial growth can be

emb&ﬁr%gntg ?Ha];iglﬁmsu?g fortnbd ﬁ‘%@ll IMAQ gllé .. | Ih 55[1?15 ﬁﬁ'bg(lg]x géra;ﬁh? I1]slands are

source aln stressor regions can be I mp

dopant.  at qns form source/drain regions.
formﬁﬁ? %Sm?iaﬁ@"y&,)&‘?ﬁ’éla?fliﬂéé? SG¥GiUons can be doped by an
in-situ doping process. OQther nmethods of formng the
[0038kur deFubediment i Bhshasiendalasforrsest fipm o a[lasEh aebifes ditferent
configurations of island growh are also possible. In
comgsitene nbihdialieynirs usefuls [lanaae ambodimleytsf enipleyng a Sidkealloy in which the
portion of the recesses imedi ately adjacent to the

Ge c6MaiEkhd 88k Hin thSHGPe ASmtaRRINEaNS hethuhd 59 @fdnti6 g&rcm.l ISsome
of the recesses i Mmedi ately adjacent to the channel

| A
emb3E3eR8 e GO < TRVEL ETRGK pHE0A T2 (D488 RLEE A eont In
the islands are forned. from]|nAs alloy. I ortie .
some i et bR eo e Gigs i uhC FaR BaT oY /30 aidhag 24 etomic
O her materials are al so useful, [0035] In enbodi nents

percgnh whi ch islands are formed froman alloy such as
Sl Ge, different conpositions of the alloy are useful,
[0036]n s dmeonesobbhdienits,, the@pkaytbuntef theSillde isinltioyrange fsbin@bound 50 to
the Ge content of the alloy is in the range from

aroud] P00 Wothichetde@t ME sofle 8inBHditeRR! B8 Te- cohRnSETRe alloy is in the range
enbodi ments the Gen content is in the range from

fromBEAHA%R013 alcdndh @G‘thm?épe%éﬁm StHREEE Ccentrlions are also useful.

[0037] In some embodiments, islands in respective different layers are formed from alloys
having different compositions. In some embodiments, of the invention the alloy is an alloy of Si
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.



some enbodi nents, the Ge concentration is in the range
fromaround 17 to around 24 atomc percent. [0036] In
soni ¢ enbodi nents, the Ge content of the alloy is in

t he range fronlaround 50 to around 100 atom c

cent n.saome odi e nt . of

10043} 6 HHus bR § ST BElE robtiindo S Mg S gipstrate, Ge
atoni c percent. her Ge concentratlons are al so

atomg%afyme 1mpta@tp§7;]'1thoHt SEBIEREB &S p{gﬁ@rg 1 jatomsn, dg sqmpe embodiments, both
respective different |layers are fornmed from all oys

St arlly¢ atgmd iafef igpéanteddo hiposPiGearlsy islands.o mesogrdrodiodamings, awfealing of
the invention the alloy is an alloy of Si and Sn

the strastu@ad f@in arnirdddFe alfioySilaadds Gauirkd.her al | oys are
al so useful. [0038] In sone enbodinments, islands are

[0047PT m:hq e baSOMH tﬁ f&ﬁ%&{ S dish &1 ndinla® substrate, Sn atoms may be
e

IITp ant ati on. In sone e I'ments o

on 0 fornls rce and.drain_.str
1mp1?@8§sé'a%eahgg ﬂf@ P%‘éﬁﬁﬁ‘ff St yiEREAFoR hadiEiedls il ARt g sirained
nplantation is used to formparticles of an allog ]
Sisn gy leie ltadhbe aepiecipted gragdenwpneentratien of Baters er Sn atoms in these

mat eri al al ready, one or both alloy conponents may be
islandsyplag he ddferant o differestibsbadaments pOB4 jveThiasdepeodingugmthe amount of
in the case of the formation of SiGe islands in a S

strai Ubstegaikrel to@duca o chdyebRgionp! anted wi t hout a
requirenent to inplant Si atons. In some enbodi nents,

[0049Ft h \§111 l?e’%ggcﬁltéﬁttﬁmn 23 e b (l)(ﬁl%sﬁtg tﬁe‘:’i Jn%ﬁkl%ﬁds aﬁe not alloy

| oy |s an I'n sonme e I rent s, anne |ng 0

islan: % bug sﬁa@&i g%%]'nﬁssuﬁgr]agmg% g 81?@10?@26@%\1 ﬁl a%asf)r g}yéﬁher suitable
aIon |slands in a Si substrate, Sn atons naE be

clemppiy) % Aa e AHHEROAG ragher e asinalieeherucal slemeghotrascllpy of two or
sone enbodi ments in order to formstrai ned SSi Srt

moreghicaycal sleamuls. Any switdble demagp elewicat eldoyt dtahemvel elements or
concentration of Ge atons or Sc. atons in these

compind dd shameiyal REntbnfs iRayeld used tidt hisahe sffect A0 8 kBN isSin@iced in the

the invention dependi ng upon the anmount of strain it
chanh8 JFERUWIDRHET QL aduce in the channel region.
[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



[0042] It will be appreciated that in sone enbodi nents
the inplanted islands are not alloy islands, but

rat her islands conprising a single chem cal clenent
(such as Ge or any other suitable elenent), or a

chanﬁ%] I‘ﬁ%lgl? of t%o \ggﬁn { a%?%{t\kégl?}fen%n@:ﬁ !%rﬁlé%?ee eci from a silicon carbon

el enent s. A ny smtabl e chenmical el enent, al I oy of

alloye ﬁ@»“nce@m sPRiFRARaY Bsrin thegapgsinfdrost aionad caprowrdappaic percent
maybe used that has the effect that a strainis

carbgm doibedcaront dogcenttabenselre dfo tdvdul MOBKE adenalcae als@043il for inducing
It will be appreciated that islands having different

a tenSiNPAEH initBnshaan@ rédikel y to i nduce different

respective strains in the channel. Sone islands will

du u c

o0 @R trgﬁﬁi"‘ééfﬂof%ﬁfﬁj%ﬁ%lagﬁﬁgﬁgﬁb%%?ﬁg%?ﬁ‘ g op “GBimprise” and
cont n\gentl on,. g ﬁ &se “I sl ands arngz1 Jornmed in

AL and yare é"“ﬁﬂ By gy %rgei’%‘HB of “APPNEE ¢ aﬁ%’i“&‘i‘%?? fneans

device, to induce a conpressive strain in the channel
“inclpdige Grt rtt linfisd 4y peckis nat wmgediospuddegsmatiexelyds plbercaeicties,

at least in pan because SiGe alloy has a |larger
additiives t doowopents netegars ohwigpsSi . [ 0045] I n some enbodi ments

of the invention, strained islands are fornmed in the

ThroGghoue ﬁle&ﬁd:npﬁbﬂhﬂiﬂ E18i sUT$hi® p JIMIatib, ANSi B 0T el@dthySiSes the plural
In this case, the strained islands are arranged to

unles@@f@con@exlt @Eh‘éfvﬁ?e Raﬁ@é@th? g% 1€1§1§r WH% thd ﬂ'ﬁleﬁrﬁltet J}@cle is used, the

substrate nmateri al t her y|n u0|ngatenS| train

v A TS0 $2ud B i
carbon alloy. The carbon content may be in the range

conteyf rqIMERT APEURE- | to around 25 atonic percent carbon.
O her carbon concentrations are al so useful. Oher

[0047lat eFeatbss.dnegers,sbanastefisticsf @mpondds; chgnica ma@etsdsloe groups described
strain in the channel region. [0046] Throughout the

in coflmctidnpitio B paviidulal &ps®, @hbddihent®pegdnfiple af iheMavehiiéh are to be
words "conprise"” and "contain" and variations of the

unde¥WRiodSo b BppIRABITRS Sny GREMEHE, Rehbodtknt 6PERNpRESescritlRABRin unless

incompatible therewith.
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"including but not limted to", and is not intended to
(and does not) exclude other noieties, additives,
conmponents, integers or steps. Throughout the
description and clains of this specification, the

Wha%tsr@ﬁ}ngalencorrpasses the plural wunless the context

herw se requires. In particular, where the

indefinite article is used, the specifi cation is to
be understood as cont enpl a@?ﬁéMﬁl urality as well as
singularity, unless the context requires otherw se.

. [ 004mpsiFeatlem esstruchregermisinghar act eri stics, conpounds,
chem cal npieties or groups described in conj unction
W & butatripa pbitonl farmealsies b fire mpoehaent or exanpl e of the
invention are to be wunderstood to be applicable to

anys&&éwef;@apﬁ&am 2pBR thTE BlanREl r@é@ﬂ?&rﬁlfg%?&ﬁd a%gtrate

herei n unless |ncorrpat| ble therewth

cl (%I qg\q'cé gnd (glﬁln i 1pElons (iompr1ts1r nazpr%urfaogy rPqus\f?n%g IQ? %ge%'lc%tp(i {naterial

conprising: a e por
mterial: _and a rce r a (t region and . a
diffegeyh R tL? gt BiFtcriah M SARISher i gt ‘atnédw? A&trap ip gaid channel

and drain regions conprising a plurality of islands of
regiog of dlecomvbistrede-eri al  different fromthe first material,
the islands being arranged to induce a strain in said
charnel region of the substrate. 2. A structure as
claimed in claiml wherein said islands are fornmed to

2. beagpiLtEX AlclahbdirAlaim ERBbreR sQer 151'aﬁ’<ﬂ; RE fo?ﬁle&i to be epitaxial with at
substrate. 3. A structure as clained in claim1l

least %H?dn%f%@fd‘%ub%ia?ends are provided in said source and
I ons ow a surface of said substrate.

3. A structure as claimed in claim 1 wherein said islands are provided in said source and

drain regions below a surface of said substrate.

4, A structure as claimed in claim 1 wherein said first material has a lattice parameter of a
first value and the second material has a corresponding lattice parameter of a second value

different from said first value.

5. A structure as claimed in claim 1 wherein said first material is silicon and said second

material is selected from amongst SiGe alloy, InAs alloy, InP alloy and SiC alloy.

6. A structure as claimed in claim 1 wherein the source and drain regions each comprise

multiple layers of said islands.

11



4. A structure as clained in claiml wherein said
first material has a lattice paraneter of a first
val ue and the second nmaterial has a correspondi ng
Iattice paraneter of a second value different from

sai,d \Y A structure
V\:hé rel n salS ?q‘l#lgd % e?s iwialf:refnseag%l %yg ?{agﬁce}sdlg%(r 5d° gf@&%‘?ﬁl‘m a layer
mat eri al ﬁ sel ected from anongst Si Ge alloy, |nAs
of a&ﬂmgﬁﬂnﬂﬁﬁlalloy and SiC alloy. 6. A structure as
claimed in claim1 wherein the source and drain
regi ons each conprise nultiple |layers of said
islands. tt 7. A structure as clainmed in claim®6
8. Wwharsiubtuetsitldiayen @dinsAivtleledl AiGphing eRadrRd cWhprisedsaid first
| ayer o= a Dapping material. 8, A structure as
matestaftl Med in claim7 wherein said capping materi al
conprises said first material. 9. A method of formng
a transistor device structure on a substrate
conprising the steps of. providing a substrate forned

f éf material; and form ng "a source region,
9. fﬂeth%? ARG A4rRHAARGTVIGSYREHTS N S ebaraapaTPrYRs the steps of:
sald source and drain regions each conprising a
pl pioaldinga sybstrase fomaisd 6omea St wattrinbbed i al  di fferent
fromsaid first material, said islands being arranged
t ofdrinthgcesoarcetrégion) aidrais aég(ﬂorﬁitﬂlrmﬂianndl egli@inGhidsabdrate,
substrate. 10. A nethod as clained in claim9 wherein

sabd b @A iR rdeRiRecH &n%sﬁl%' a}@ﬁﬂaﬂhod’f‘lgl&d@tof a E&gﬁttl material

a portion of said substrate. as cla

dlffelferl]lt ﬁjoﬁl smd Gﬁr?ﬂ‘ﬁgtg%ﬁ sam3 1sf’angzpbem z];r(r)a:nrge(gg) ﬁlécesat grﬁmolp said channel

ai'n regron
source recess and a draln recess in said
13@9?&&§?H§P rateand subsequently forming a first |ayer of
said islands in each of said recesses.

10. A method as claimed in claim 9 wherein said islands are formed to be epitaxial with at

least a portion of said substrate.

I1. A method as claimed in claim 9 wherein the step of forming the source region and the
drain region comprises the step of forming a source recess and a drain recess in said substrate,

and subsequently forming a first layer of said islands in each of said recesses.

12. A method as claimed in claim 9 wherein said islands are formed as islands of said second

material directly on said first material.

13. A method as claimed in claim 9 wherein said islands are formed on a wetting layer of said

second material, said wetting layer being formed on said first material.

12



11 A nethod as clainmed in claim9 wherein said islands

are fornmed as islands of said second material

directly on said first material. 13. A nmethod as

claimed in clang 9 wherein said islands are fortned on

a wett r of said second mater]j sai .
e wef*tmﬁbO? %Vé?l ithgfaibt hE i IaPa Siep P foaﬁag é%‘?? &rst layor of islands

14. A nethod as claimed in claim1l conprising the
Wlthsltcépploglad@atl ng said first layer of islands wth a

capping layer. 15. A nethod as clained in claim14

wherein said capping | ayer conprises a |ayer

conprising said first material. 16. A nethod as

15. ¢l AiA&eod & &élﬁl'em&éla&mm%@ﬂeﬁgsakﬂ%pﬁlhg Payef an‘lﬂrlsleanla er
each of said recesses with a faller materi al X

d in claim16 wherein said falter
‘”“@ﬁﬁéﬁ%@fﬁmgﬁg?rges said first material. 18, A method
as claimed in claimt'? wherein said filler materia
conprises doped first material. 19. A nethod as
claimed in claim14 conprising the step of formng a
16. sebamuthodasealaimrd is¢lainul canensingihd steppplilliggleaghert sa@dgecesses with
A nethod as clainmed in claim19 conprising the step of
a filltlonmterig. @ mul til ayer structure of said islands, said
mul tilayer structure conprising three or nore | ayers
of said islands, a capping |ayer being provided
bet ween adj acent |ayers of said islands. 21. A method
17. 23%%&%@%&1{1{%% %{ gﬁu P f}g\,‘v;'/ﬁér%m sa dﬁller a%enarg trgprlse sauil ﬁgt
rom anongst Site aIon, InAs all oy, TO all oy, and
mategF‘]t al l oy. 13

18. A method as claimed in claim 17 wherein said filler material comprises doped first
material.
19. A method as claimed in claim 14 comprising the step of forming a second layer of islands

over said capping layer.

20. A method as claimed in claim 19 comprising the step of forming a multilayer structure of
said islands, said multilayer structure comprising three or more layers of said islands, a capping

layer being provided between adjacent layers of said islands.

21. A method as claimed in claim 19 wherein the first material comprises silicon and the

second material is selected from amongst SiGe alloy, InAs alloy, InP alloy and SiC alloy.
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2?7 . A nmethod as clained in claim19 wherein said
i slands of said second material are forned by ion
i mpl antation into said source and drai n regions of
said substrate. 21, . A nethod as clained in claim22

whar ej i g, hal . comprises SiGe all.oy an

2 e e R ALl S Bl R B os e R ave ormed
.transi stor .devi.ce structfure: on a substrate conprising

by iq{Rnigeh 0 Salg PRV PO AN EHERT AR dSYPHBE- f r om a
first material; formng a source recess and a drain
recess in said substrate; fanning a first |aver of
strained epitaxial islands of a second material in

23. saidnebodt oeclamdd idelainn2? eheetegid saod Baeed donPtisdsiSaGe alloy and
having a lattice paraneter different froma

said GRS cBBPRAAEODns | at tice paraneter of said first
material, said islands being arranged to i nduce a

strain in said channel region; and filling said
source and dramrecesses with first ir.-aterial. 14
24. 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 second material having a lattice parameter different from a corresponding
lattice parameter of said first material, said islands being arranged to induce a strain in said
channel region; and

filling said source and drain recesses with first material.
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