STRAI NED CHANNEL TRANSI STOR STRUCTURE AND METHOD CROSS- REFERENCE TO RELATED
APPL| CATI ON [ 0001] This application is a divisional application which clains
benefit of copending patent application Ser. No. 12/025,788, filed on
February 5, 2008. Al disclosures are incorporated herewith by reference.

FI ELD OF THE | NVENTI ON [ 0002] The present invention relates to strained
channel tranIRASINERGHANN W&&WWR&WQFMMMETH@D waf er and
to a method of fabricating said devices, Mre particularly, but not

excl usively, the i nGROSHRERIRGENGE T® REEATEINABPEAXTIEIN t r ansi st or devi ce
and net hod havi ng source and drain regions each conprising islands of a

strai rppeduci 'Tﬂlsg?f)ﬁ’éa‘n%h is PEIRIRT AN cSonN cRElM ERART of QPERik Uag n

engi neering has ayed an inportant role in sealing the size of Silicon

CMOS deyi ce tln est nt _of an
appr o;ﬂalyeé]? %pph[CP er Nf) Cgi/ @#aﬂé? ?Te?d g%wféﬁ‘gesé’f r*"Yevi ce can
|l ead to an |ncrease in carrier m)blllty of up to four tines that in the
absendBeggporated hggepdthpy el@WpSt rai n can be i nduced in the channel region of
a MOS transistor device by funning source and drain stressor elenents in
source and drain regions of BIH&OFLHDEYERNITRGNUpon the material used to
formthe stressor elenents, they may be configured. to inpart either a

tensil|@o@d] & TAEPFR&TH iMRnfbd Alldles to strained channel transistor devices formed on an

integrated circuit (IC) wafer and to a method of fabricating said devices. More particularly, but
not exclusively, the invention relates to a strained channel transistor device and method having
source and drain regions each comprising islands of a strain-inducing material.

DESCRIPTION OF THE RELATED ART
[0003] Strain engineering has played an important role in scaling the size of silicon CMOS
device structures. Calculations suggest that inducement of an appropriate strain in the channel
region of a CMOS transistor device can lead to an increase in carrier mobility of up to four times
that in the absence of the strain.
[0004] Strain can be induced in the channel region of a MOS transistor device by forming
source and drain 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.
[0005] 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.



[ 00051For exanple, it is known to formstressor elements in trenches forned
in the source and drain regions of a transistor device. The stressor

el enents are forned by epitaxial growh of a material having a lattice
parameter that is either smaller or larger than that of the substrate upon
whi ch {¢ueevilaehd @isé attun NG rardiéyperidivicg itas desirebleeo inducé s tonsitptressint o

i nduce a tensile or conpressive stress, respectively, in the channel

regi onge &%@%ég{bnt. MRS aQhatdfalNYiRg b ARSd Sdr@hetdLdthARr tHanitifat d€er abl e to
i nduce a tensi stress the channel region. Therefore a material having a

lattice rameter ler than that pf e | r 1

str essﬁqbgﬁgtﬁil%f??n?‘igﬁhg SERERr 1§80 é} F(‘:%% of Et)égfc?)g%&t%a éthgtsggésggfolrlﬁa{r?g? eri al
may be a silicon carbon_ alloy. [0007jIn the case of a PMOS transi stor

devi cemay beg sien catbpealley-i nduce a conpressive stress in the channel

regi on. Consequently a material having a lattice paranmeter |arger than that
of t he[@OBE! r dhehd @sereth PMOS hansstorelssioe itiedésombleitminduee ¢ egraprossive siekd con
substrate, the stressor material may be a silic [0008]1t has been

cal cul af &d chiiakl lie%ioh.h €onbdqRsftly MmhRealchhRiipel lattied boaneter farfYandtawi afehecan be

made higher than I.5GPii, an increase in cattier nobility of around a

factor qf, 4 sheuld,resul | r S i s of
on- cur PRREAETO R G pht iRefl, O HRIRRTARRIEH ELALY b PR, oy
to which Si Ge _stressor el epents can enhance devi ce perfornmance.
[ 0010] Fay Pefaypilicop genpangyB @H0%; | i ci dation window is different for SiGe alloy
conpared with Si.

[0008] It has been calculated that if the stress in the channel region of a PMOS device can be

made higher than 1.5GPa, an increase in carrier mobility of around a factor of 4 should result.
This corresponds approximately to a doubling of on-current (Ion) gain.

[0009] However, a number of factors limit the extent to which SiGe stressor elements can
enhance device performance.

[0010] Firstly, the Ni-based silicidation window is different for SiGe alloy compared with Si.
The external resistance of NiSi contacts are higher when formed over SiGe alloy compared with
Si, and this results in a reduction in the net improvement in device performance 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.

[0011] 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.



The external resistance of NNSi contacts are higher when formed over Si Ge
all oy conpared with Si, and this results in a reduction in the net

i nprovenent in device performance obtainable using Sick stressor el enents.
Formation of a netal suicide on SiC e conpared with Si typically requires a
hi gher tenperature, which camresult in aggloneration of Ce.

100111@HeHnd| Vhirdlheat bigsdeen foumdtthdt @xtsheg dewice drclufecBiresems notisatlaiglamo beallerduced
by formng SiGe allay stressor elenents has been found to be | ower than

that RrRdi Thigk R¥aldBePste rdlNGHEABEARE s Mork Slgalficke: RIARPRE hitetHdRfeat®, above 25
atom c percent should in principle increase the anount by which the channel

'S st &fdu%ﬁl%-thwxﬂ@ﬁ’rﬁrof's&aih?1?31%h’ﬁ‘ﬂe %J&géed%brﬂ?é dhahfidiaxation occurs at Ge
concentrati"ons i n excess of aroun atom c percent. sizes. This is
because el astic rel axation becones nore significant as device pitch
decr ed8W3] r edehsparynt HOCessHEM ths deyics eI aﬁ%@ Berrane aat?cﬁbx channel .

[ 0013] Subsequent processing of the device structure can al so be conplicated

by t h peespneseiti@e olloySi Keg eahhple, asforditeorahidvece stisicturesdire saatedlto dmullare
structures are scaled to smaller dinensions they are thund to be | ess

suscepihMseorks hlamBeRind ¥ bOBst ARGUBISO damabeBhail @k Ol sOPEihildreftfon

However, the presence of increasing amunts of Ge in the structures esults

in a ondi ' - ' . t he
same. P RSFaRRar Sk b EieARE S iRhRhe R AT R R PR IR et s of
the invention seek to mtigate at |east so of .t he above ntji oned

pr obl EAECSPPBGNEIYIBsE2EABBAFAEHIdeMILe ke 1?‘H3§‘H‘1"fi Bﬁr&ﬁﬁ%ed’élp BUeR transi st or
devi ce structure having an increased | evel of conpressive strain in the
channepemggison of the device structure. [0016] Soni ¢ enbodi nents of the

i nvention, provide an NMOS transi stor device structure

SUMMARY OF THE INVENTION
[0014] Embodiments of the invention seek to mitigate at least some of the above mentioned
problems.
[0015] Some embodiments of the invention provide a PMOS transistor device structure
having an increased level of compressive strain in the channel region of the device structure.
[0016] Some embodiments of the invention provide an NMOS transistor device structure
having an increased level of tensile strain in the channel region of the device structure.
[0017] According to a first aspect of the invention 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.
[0018] 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
3



havi ng an increased |level of tensile strain in the channel region of the
devi ce structure. [0017] According to a first aspect of thecation there s
provi ded a transistor device structure conprising: a substrate portion
formed froma first material; and a source region,a drain region and a
channemateeigl diffetenr froth said 83t thateuibls baid istands being arrangedao thdicaa straie ¢ cad
conprising a plurality of islands of a second naterial different fromthe

first M&p@bons,at@sluggta&@s being arranged to induce a strain in said
channel region of the substrate [ 0018] According to a second aspect of the

h f..f
tot ur o GOL cubEet Bl iR a Rttt HE huBli PPl sy P PARER Qb rARE S O e

froma first material; and form ng a squrce regign, a_drain region and a
channeraRSyPIHFVIGs SERFETCAB TPaRe cglapam%theétepaﬁe e uding AsEhs forp
conprising a plurality of islands of a second nmaterial different fromsaid
first fratesfist magaia fehingsshecagesn andje drairorecesd ue said swhistratienformingai fikst
channel region of the substrate. [0019] According to a third aspect of the

i nvent i 98- §M@amel SpRO@MiiflSeHsf a¥BENA I REridl & $Hidudcd dnANFdif kéessds \shide
structure on a substrate conprising the steps of: providing a substrate
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of said first material, said islands being arranged to induce a strain in
said clﬁamgeslaidse)gtcmm,nddmﬂn fackdsenyith dird nsdertabe and drain recesses with first
mat eri al . BRI EF DESCRI PTI ON OF ME DRAW NGS [ 0020) Enbodi ments of the present
inventionl now be descrBREEF heseRMEf N OF THE DRAWINGS

[0020] Embodiments of the present invention will now be described hereinafter, by way of

example only with reference to the accompanying drawings, in which:

[0021] FIGS. 1 to 6 show structures formed in processes according to some embodiments of

the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0022] FIG. 1 shows a process for forming a structure 101 of an IC according to an

embodiment of the invention. The structure, for example, comprises a transistor of the 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.

[0023] 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
4



exanple only with reference to the acconpanying draw ngs, in which:
[0021]FIGS. 1 to 6 show s structures fornmed in processes according to sone
enbodi ments of the invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
100221FIG | shows a process for formng a structure 101 of an |IC according
to an enbodi ment of the invention, The structure, for exanple, conprises a
t r ansicemprisesfa gatreelearodtiomen a gate Pxiter Trripalbe the geadectiode gempases polysilicedr
(MOS) transistor. The transistor can e a p-type or type transistor. A

subst raad eheldile b:3dPeoanpribes thefhal oxides t@Othtetypdsaf neaterighd for fararimg theeatesi | i con.

O her types of sem conductor substrates are al so useful. An active region

i's defijdigdadynd %@é ﬁ)g{if’ﬁkeraﬁgi&@ﬁl. 1Q%ie1dHioRS S BRAGM AN r theBBtel hkrBHE.ON

regi ons conprise s ow trench isolations (ST is). The isolation regions

are fhi.ned fromsilicon oxide. ter ins ti terials.are. al usef ul .
The | SiRBes e Ghoeepivate PRakbiCY BLaRe B rTHRLITE BeRelRons o

ot her device structures. [0023] A qate stack 102 is forned _on the surface
the sybdacedeerlines the sadaqend thesyybsirate.| Wageus delpdar mstrrialy gae bgased Ok i s
farmed at about the center of the active region. The gate stack conprises
a gat eap)spadetoaiel savface Bnegadueh ax sitieon diyrpdec silikyn otile ogat@nehatodir tbekeo otpr | ses
polysilicon and the gate oxide conprises thermal oxide. Oher types of

mat er irdleSofdlledtfi@hdatddd] £808 HRlEAHG! P ELaARE, tHatiRe@Xtiditschéfe BhpRyasef ul . A
dielectric cap 1s provided over the gate electrode. Dielectric spacers can

be praoyided o he si is of t stack. Typical . ielegtric
surfa éb‘ﬁg'iyer RF{eﬂw ?ﬂ;gzﬁ%rrf%eé%esc}f%taﬁgﬁ ZQJ Brsetafg el 1¥%§§S)Sgdl%%§?d e gto? :ﬁlg

materi al s can_used for the cap, spacers and surface |iper, sych as silicon
ni t ri densisior ediAcesk lod@e grtca CoptpItipag] EHNIGHSE 68T be oRRlOYSAHE TBfm HicdPesetss; ¢
materi al used can depend on, for exanple, the integration schene enpl oyed.
10024]H3eteamplagn teactRleGon 2ichingREgrokiOuangla pAraedembshratds the smbstrateiodr ai n
regions of the transistor adjacent to the gate. Conventional techniques can

be emoy el kOsQr Mhth&itéREERE8ScanftRNa LRIk SuciRad SRtdeds. iMAeratdRiqes (R E)
process using a patterned mask etches the substrate to formthe recesses.

The pattgrned sk can be;a so .Sk, hni ques
for fOPHABTEHE Fosseous 1P adahl  RRCP R 7 uPupbe i ahqcatbdRinb B8, 1C
mask can be renoved. Leaving the mask over the substrate is also useful.
10025 Mieavipg dhemasor iee Hie subHEts 8@dsodseilhr e formed to span substantially the
entire distance fromthe gate stack 102 to the Sals. Consequently a wall of
each r[eezs{s i & theembdéithdny, the oedsesare ddrmeed tSFpan substantillythoetitmedistince he
recesses do not span this entire distance. in SUM enbodi nents, one or both

r ecesS@sin IHsatd #EkdQNG khEXTBN EoaSeqEntBSa WHIE o ich @8qedip@yi&eddy a portion |
[ 00261Referring to Fig. 3, a discontinuous sem conductor |layer 130 is in

the traNGRT THE. M SGRRIAAUAN S RILER0AAE Qlhah AXELnt O BRIMSE Sindflum dot s

(QD) o structures. e discontinuous layer conprises, for
exanple, a crystalline material, -Various types_of ctystailine erials,
such aEnbgdimenss Og‘épﬁjﬁ?#lﬁ?ﬁeé@ﬁéé?’,lqorf{ﬂ Wé@é@ﬁq freay ﬁ‘ﬁﬁgﬁr?sﬂoﬁgl‘inﬁ E?nosphi de
(liiP), or silicon. carbide (SiC) or a conbination thereof, are also

usef ul[004le dRsfeorng UGRS3, sehscootimuwes semicaydirctardagsr il 3@ ia thedrancke Thar anet er
which is different fromthe lattice paraneter of the substrate to induce

st I es SischiBniBik 86 Abnigest 19RRBASHAR uakituBXBNPIED) éislahd HRe fuchireL SEhet O

i nduce on the substrate. For exanple, in the case of a n-type transistor,

the | a&igcio(r:lﬁn o%rs?fg/% gcgmglfisets,%r example, a crystalline material. Various types of crystalline

materials, such as silicon germanium (SiGe), indium arsenide (InAs), indium phosphide (InP), or
silicon carbide (SiC) or a combination thereof, are 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
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di sconti nuous sem conductor layer is smaller than ha of the substrate to
induce a tensile stress. Tensile stress inducing material includes, for
exanple, SIC. In the ease of a p-type transistor, the lattice paraneter of
t he di scontinuous sem conductor |ayer is larger than that of the substrate
t 0 i nddseorminaougreassindectst lagads sigaligantiemshatef shea ebsirat@toeindedes teawileistredsude
materials such as Si Ge [0027] I n one enbodi nent, the discontinuous

sem comngiig @fredsﬁﬂ(ﬁ{ciﬂg;c M8SridNEcIhd &N eahpis, Sibr ¢h Bleallidof 4 NBpe BAh&G QDL wed or

| ayer is selectively Tormed on crystalline surfaces, such as silicon. For
exampl e,..this for he di sconti nuous .sem.con [l aye t he. bot.t om and
o1 deva iR A e B PURS R SRL PGl UG albe AR
sidewal |, top of the gate stack and other portions of the surface of the
subst r HIOECS SCHRRReERYeEy ERBpPEetYS Hresnmaterials caminglude matitalsyeh as SiGe.

sem conductor |ayer can be forned by epitaxial growth, such as nol ecul ar
beam effiR@ky. IDoheembtetosnt, tlenliseatimiopnesnepedwiadayes Bhaeslthe Perehevalsl y, t he
di sconti nuous sem conductor layer is formed by SManski - Krastano (SK) nobde.

Typi cabteferabl®, thhSerBonREeor 1@em_tsteieeﬁ1vélfmed 0h 0B s@NlineRerfidesNEbh a3/ifiase
during deposition on which the island like structures arc fornmed. O her

deposi F{)P%ah%? '&h@ Htins tﬁeuﬁgcgﬁﬁﬁl}a/@s rggﬁl%cy)\ﬁ&)l?clior(lﬁ% PFH]Q %Dtt&{q%naltsizigw\%ﬁ t%ﬁﬁllteh e

[ 002811 e apprecia certaln par ers assocl a

formati on of sem conductor islands, such.as the size of the islands, the
nurber TERGAST RSATHto g g&%ma%(aﬁf eﬂ(]jl&f SRR oo P B HPTRHENE ot f ace
over which the islands are forned is covered) wll| depend upon the

epi t axpertiogy oithe sedaed of thessbirteis peatectathly die ngaserchlt Tberdistondinudes t he

deposition rate f material, the tenpesature of the surface upon which the
i sl andsensiténduetoriiier Sbatidome sl dpiarial ookl QuétodstholdQ0ZDEAS cphaxy) Oel! G
4, the recesses are filled with m conductor crystalline fill material. In

one € %isﬁ%ﬁttechh%gsg %ﬁgﬁ?ggﬂﬂf & bfekdnRd i &igboﬁlihﬁ(ﬁlg @fmfcgﬁ(mcﬂg 1BRPC e/drain

stressor realons O her types of crystalline matericals for

filling the trenches are al useful. .in the epghodi ment. the sem conductor
cr yst Al oy SR RERer 0 (§R) BRfea ol fkr SR gpSodn e iqiafE Rufron
n-type clop= atons are inplanted while p-type dopant atons are inplanted
for p- thgpeeneh gréics during deposisiae oa o the ilanddikersiactuies eaformed.  Othhe
source/drain regions are doped by an in-situ doping process in which doping
i s per dosiidn dechhigged, stidhi 830V ddinet-Mecbep(WWe nrkdd, ade alsousedgl on. Ot her net hods
of form ng the source/drain regions are al so useful. 100311FI G 5 shows an

al ter ngjon¥F enpedi Befpr@iatdd@al é&}‘_ﬁﬂ%ﬂa?ﬁgneté% aS3EMRd Willfthd WhGOA LRI N

recesses are filled wth a plurality of discontinuous sem conduct or
"layers. .in pne e dinment, .the recesses, are filled with.first and second
di o oniHERERGe R U ot o S PE HE 3905 mE symogSSeplle O b R °5!
Provi di ng ot her nunber of discontinuous sem conductor |ayers are al so

usef i dthepforethe extent fywhich the sustace pyer oriticnibe idansis arecforaetis seviredeyill 4

sem conduct or crystalline capping layer is fornmed to fill the space between
t he i stigrdd hpdrethstepiticdial rgeswthToadisiens sdevthdc tTte geowthtcahditioes ieelpge thg | ayer,
for exanple, conprises silicon fornmed by epitaxial growth., for exanple,

ol eculidosRiea e BE hdteYial, Hicat@paitite of 1hE st @B WRIANhEis)anliphrbithienddl | | er
layer is formed by selective epitaxial gowth. OQther crystalline naterials

or depgsitio i e al so usefid. [00321In sonme enbodi nents of the
inventV%Wynv%@hgﬁgggggggﬁ) orm ng a capping |layer 170

[0029] As shown in FIG. 4, the recesses are filled with semiconductor crystalline fill
material. In one embodiment, the recesses are filled with silicon, forming source/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,



and subsequently formng a layer of SiGe islands is repeated to forma
multiple layer (or multilay6r) structure. In the enbodimne t of FIG 5, the
i slands of each |ayer are of the same conposition as the islands of other

| ayers. 100331After the | ast discontinuous sem conductor |ayer is fonned,
the recesses are tilled. with a sem conductor crystalline fill material,
such asclsad mokeaylat ieeafrospitas puPeédralrlzi the semiessbictor egistaiime fdbmgieoakis iormiElg. 6.
O her types of sem conductor fill naterials are al so useful. Various

t echnigugRcBWCpiagiaPRlolaxi ;@lheﬂﬂ%ﬁioﬁrtecﬁl_ﬁlc{ﬁ § ir¢@lsopiséfaxi al growth can be
used to formthe crystalline till material. The source/drain stressor

regio n be. i npl ant e it h . r.m i LONS.

A ternatfel y SubiEi Ry le Shlipo BRRTRbCRH Aot ol PP QUEF YO, Pl SRS o
O her nmethods of formng the so rce/dra}i n regions are al so SefLiJ.

10034 LOREIOTAHPF goRat PO 6% MRIPRAG W BREHPSWA] %ﬂba@émra&edl AT RGRE
enbodi nents, islands are only fornmed in the portion of thimediately

adj acernsiswrt hesonteammieldimeys ofithesuehtian, thheougesdraialrbgionsedre dopdd byadn 18- of t he
recesses i medi ately adjacent to the channel region 10035]In sonic

embodi giRMopingPrbi@Es MBYIAEH abSsin@ s ekoBfed Qudr fillihf of ihslsamds adBarain RgidaNE
enbodi nents the islands are foinmed fromInAs alloy. In sonme enbodi nents,

the i i(:)%glg%ﬁ%rags é%ﬂﬁﬂﬁfﬂéﬁ% ) &:}’(g alrg%wnsqug?fso dﬁjt:l als are al so useful,

100361TT Fments 1A\ n are torne roman alloy such as
orpl oyi0hElla. S SBS PATGRFGH: HHE BB BT APPB). 6 STHOT HET ange
fromaround 1 to around 50 atonmic percent. In sone enbodinents the Ge
cont enecdssesiane fihed withgeliralomod dsaetinius senzieendngtop Biyenso i enganleaiiment| n some
enbodi ments, the Ge concentrationthe r17 to around 24 atom c
the recesses are filled with first and second discontinuous semiconductor layers 130 and 230, as
described in Fig. 3. Providing other number of discontinuous semiconductor layers are also
useful. After forming the first discontinuous semiconductor layer, a semiconductor crystalline
capping layer is formed to fill the space between the island like structures. The semiconductor
crystalline capping layer, for example, comprises silicon formed by epitaxial growth, for
example, molecular beam epitaxy. Preferably, the semiconductor crystalline filler layer is
formed by selective epitaxial growth. Other crystalline materials or deposition techniques are
also useful.
[0032] In some embodiments of the invention, the process of forming a capping layer 170
and subsequently forming a layer of SiGe islands is repeated to form a muitiple layer (or
multilayer) structure. In the embodiment of FIG. 5, the islands of each layer are of the same
composition as the islands of other layers.
[0033] 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

7



percent. 100371l n sonic enbodi nents he Ge content of the alloy is in the
range fromaround 50 to around 100 atom c percent. In sone enbodi nents, the
Ge content of the alloy is in the range fromaround 80 to around 100 atom c
percent. Other Ge concentrations are al so useful. 100381In sone

enbodi E?Etaﬂinei 2l magsial. MHegsPRGAdrAIL stildskbraegidhs Eaayrritpahedivaitth@shaht fomatd oys
havi ng different conpositions. In sone enbodi nents, of the invention the

all oy iSna% el/d}iﬁn(}%%}'ﬁns. a?‘lg%ggilvleh@ﬁ{e%ﬁgssg re3fbn@lchid¥e ?‘i‘iegb?é%?%% d&giRer

all oys are also usefT _ “sone enbodi nents, It h s fornmedin
of 1 hePrHGEn bR MERe g FenE ot el e tBUSor recesses 1 not
required. 100401l n the case where ion inplantation is used to form
parti cl@B4bf oAthgr canfiguigkiensoigplend sippdh arstaljopossiblse it sqme erROMTBRIET at e
mat eri al al ready, one or both alloy conponents may be inplanted into the
subst r @fllands are only formed in the portion of the recesses immediately adjacent to the channel region,
such as the generally vertical walls of the recesses immediately adjacent to the channel region.
[0035] In some embodiments, other materials are used to form the islands 130. In some
embodiments the islands are formed from InAs alloy. In some embodiments, the islands are
formed from InP alloy. Other materials are also useful,
[0036] In embodiments in which islands are formed from an alloy such as SiGe, different
compositions of the alloy are useful. In some embodiments, employing a SiGe alloy in which the
Ge content of the alloy is in the range from around 1 to around 50 atomic percent. In some
embodiments the Ge content is in the range from around 15 to around 25 atomic percent. In
some embodiments, the Ge concentration is in the range from around 17 to around 24 atomic
percent.
[0037] In some embodiments, the Ge content of the alloy is in the range from around 50 to
around 100 atomic percent. In some embodiments, the Ge content of the alloy is in the range
from around 80 to around 100 atomic percent. Other Ge concentrations are also useful.
[0038] 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.
[0039] 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.



[00411Thus, for exanple in tht caseof the formation of SiGe islands in a Si
substrate, Ge atons may be inplanted without a requirenent to inplant Si
atons. In sone enbodi nents, both Si and Gc atons are inplanted to form Si ee
alloy islands. In some enbodi ments, annealing of the structure to fouE
strained SiGe alloy islands is required. 10042]In the case of the fotmation
of Si $9044 | oyIni thé easd svhiere ian Snputasivn &t wed Sufoamgngichesyoflae alley vehsteehe
Anneal i ng of the structure is required in some enbodinents in order to form

strai RefhpShel is grbdeYinl the aMdEate Inhatiidl hirbRly2HR @ Uodt ;ﬂﬁ?f[dbﬁipoh&ﬁs gapeentration
of Ge atons or Srt atons in these islands may be different in different

enbodi. J ti on dependi ng upon the anmount of strain it is
r equi rnggﬁ%%dﬁ%tgbtgegsqbﬁt\@ﬁe channel region. [00431lIt will be appreciated that

in sone enbodi ments the inplanted |slands . are.pnot .alloy is|ands, but rather
i sl and¥Hdnpr T8 T sxanpgiie therrass %'}é?‘e %rﬁ’ﬁ'@ﬂ‘ﬂ of g’ﬁ%’dglﬁg‘?%@ a§‘ SURRFatst ﬁ’gr
suitable elenent), or a chem cal conpound rather than a single chem cal

el enentonoy may bairmmynted Withwe aocrequiineent keymlait Se htomsntls someymbeditrgbiseboth

chem cal elenent, alloy of chem cal elenents or conpound of chem cal

el emeny; sndrey akind/&6 tnplaated haforinnBiGelaflee tsldndat Irsosid @hbvdiBerits) dugedingdft he
channel of the MOSFET device. [0044]it w |l he appreciated that islands

havi theditHﬁg%@%@?ﬁ .(S)grﬁeés?ls ygsl &%Lﬁthﬁe& nduce di fferent respective

strains in anne nds nduce conpressive strains. Sone

islands wi ll induce tensi trai 045] I n . i ft
: nvent[pQﬂv;\Fﬁ,] st i“a %é"ﬁ;eg? gﬂ; Haﬁp%y)rq%;frsiﬁaél?%%léﬂaﬁ %ﬁ%gﬁiseggﬁgé’gggfoswofa%{;%r ain

regions of a PMOS transistor device, to induce a conpressive strain in the
channeinplaatsido A rofealingeo fdeajtosturdiciogpiressig isvme smbailiments inpedes éeifoam strained | n
part because Si Ge alloy has a larger lattice paraneter than Si. 100461In
sei ne RoHAyBALSs. af wilhBe hfprenitb@ hat tHefcdhdetaiisl 8NAS a@h® of Shrend in théve

source and
islands may be different in different embodiments of the invention depending upon the amount of
strain it is required to induce in the channel region.
[0043] It will be appreciated that in some embodiments the implanted islands are not alloy
islands, but rather islands comprising a single chemical element (such as Ge or any other suitable
element), or a chemical compound rather than a single chemical element or an alloy of two or
more chemical elements. Any suitable chemical element, alloy of chemical elements or
compound of chemical elements may be used that has the effect that a strain is induced in the
channel of the MOSFET device.
[0044] 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.
[0045] 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.
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drain regions of NMOS transistor devices. In this case, the strained
islands are arranged to have a |lattice paraneter |ess than that of the
substrate material, thereby inducing a tensile strain in the channel region
of the device. In sone enbodinents, the islands are forned froma silicon

car bon ggspy. TAREmEHDOBInERAR! ke HRYNtRA, btfnildigslhddigRe &rmibd @NhakeMDElald t 0
around 25 atom c percent carbon. O her carbon concentrations are al so

02T NS S 5 G PhaR el o LBL IR B AUl A
B b e LTS, JoRTPLL S8 contaly andvachati ns, of e vords,

to", and is not intended to (and does not) exclude other noietjes,
addi t i viemnekrsgioowéfeglevicar bysamee anbatimpats, trhistandhangtiomins o e silison earbemd
clainms of this specification, the singular enconpasses the plural unless

the corll@XtTiRd daetion datehLfEY be i the Ranga bt fonl @syndth@rLourde2 s aislaicipeideat articl e
is used, the specification is to be understood as contenplating plurality

as wel |85, Sbi@ikabbt YoncHittfRgs hdGILARERXt O fefls A AEM RS for inducing

10048] Features, integers, characteristics, conpounds, chem cal noieties
eties or groups desc Bed jn conjunction wth a particul ar aspect,
enbodiﬁﬂﬁgﬂﬁf %&Hﬁ%?@ et%@“?nvention are to be understood to be
applicable to any other aspect, enbodiment or ex' described herein unless

i nconp#it4d] e tHupestiovhthe dyyeaiptips ard elpimscpiitkis sgucKiqeton, the wexds c eorspnissr 784 ng:
substrate having a device region;
“contain” and variations of the words, for example “comprising” and “comprises”, means
“including but not limited to”, and is not intended to (and does not) exclude other moieties,
additives, components, integers or steps.
Throughout the description and claims of this specification, the singular encompasses the plural
unless the context otherwise requires. In particular, where the indefinite article is used, the
specification is to be understood as contemplating plurality as well as singularity, unless the
context requires otherwise.
[0048] 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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What is claimed is:

CLAIMS

1. A device comprising:

a substrate comprising a semiconductor material having a device region;

a recess having surfaces which include sidewalls and bottom disposed in the substrate
of the device region; and

a plurality of quantum dots lining all the surfaces of the recess comprising the
semiconductor material, the quantum dots form a discontinuous layer without filling the

recess, wherein the discontinuous layer induces a strain in the substrate.

2. The device of claim 1 wherein the device region comprises a gate of a transistor and a

channel beneath the gate.

3. The device of claim 1 wherein the substrate comprises a first material and the

discontinuous layer comprises a second material.

4. The device of claim 2 wherein the discontinuous layer lines the sidewall and bottom of
first and second recesses adjacent to the gate comprising the semiconductor material, the first

and second recesses include source/drain regions of the transistor.

5. A device comprising:
a substrate formed from a first semiconductor material having a transistor region, the

transistor region comprises a gate and a channel region under the gate; and
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source/drain regions in recesses in the substrate adjacent to the gate, wherein

a recess of the recesses comprises surfaces which include sidewalls and
bottom,

the source/drain regions comprises a plurality of quantum dots lining only
sidewall and bottom surfaces of the recesses comprising the first semiconductor
material, the quantum dots form a first discontinuous layer without filling the recesses,

the first discontinuous layer inducing a strain in the channel region of the transistor.

6. The device of claim 5 wherein the first discontinuous layer comprises a crystalline
material.
7. The device of claim 5 wherein the first discontinuous layer of a second material is

disposed on the first semiconductor material of the substrate.

8. The device of claim 5 wherein the discontinuous layer is selectively disposed on the

first semiconductor material in the source/drain regions.

Q. The device of claim 5 wherein the first discontinuous layer and exposed sidewalls of

the recesses are coated with a capping layer.

10.  The device of claim 9 wherein the capping layer comprises the first semiconductor

material.

11.  The device of claim 10 wherein the capping layer comprises a doped first material.
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12. The device of claim 11 wherein the source/drain regions further comprise a second
discontinuous layer selectively formed on the capping layer and the first semiconductor

material.

13. The device of claim 5 comprising a multilayer structure of discontinuous layers with a

capping layer provided between adjacent discontinuous layers.

14. The device of claim 7 wherein the first semiconductor material comprises silicon and
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.

15.  The device of claim 5 wherein the discontinuous layer comprises a doped second

material.

16. A device comprising:
a substrate comprising a first semiconductor material, the substrate includes a device
region prepared with a gate of a transistor and a channel beneath the gate; and
a plurality of quantum dots of a second material in source/drain regions in recesses in
the substrate adjacent to the gate, wherein
a recess of the recesses comprises surfaces which include sidewalls and

bottom,
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the quantum dots lining only the sidewall of the recesses adjacent to the
channel and bottom of the recesses having surfaces comprising the first semiconductor
material, the quantum dots form a discontinuous layer without filling the recess, the
second material is different from the first material, wherein the discontinuous layer

induces a first stress on the channel region.

17. The device of claim 16 wherein the discontinuous layer is selectively formed on the

first semiconductor material in the source/drain regions.

18.  The device of claim 17 wherein the discontinuous layer comprises multiple
discontinuous layers in the source/drain regions, wherein adjacent discontinuous layers are

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

19.  The device of claim 16 wherein the discontinuous layer comprises multiple

discontinuous layers in the source/drain regions, wherein adjacent discontinuous layers are

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

20.  The device of claim 16 wherein the discontinuous layer comprises a crystalline

material.

21.  The device of claim 5 wherein the first discontinuous layer is formed by epitaxial

growth.

13A



22.  The device of claim 21 wherein the epitaxial growth comprises molecular beam

epitaxy.

23. The device of claim 5 wherein the first discontinuous layer is formed by Stranski-

Krastanov (SK) mode or VVolmer-Weber (VW) mode.

24. The device of claim 5 wherein the recesses further comprise a semiconductor

crystalline fill material.

25.  The device of claim 16 wherein the first semiconductor material comprises silicon and

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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