IN1LEG RATED CI RCUI T AND METHOD OF FABRI CATI ON ' HEREOF FI ELD OF THE MENTI ON
[ OOM The present invention relates to integrated circuits (I Cs) and a

nmet hod of fabricating an integrated circuit. In particular, but not
exclusively, the invention relates to integrated circuits having : STET and
PFET transi stor devices. DESCRI PTION OF THE RELATED ART Loomnl n conventi onal
integrated circuit integration schenes, spacers are forned on sidewalls of
the gate slacks oi NFET and PELT devices by form ng a bl anket |ayer over

the wafer, and selectively etching the |ayer to form such spacers. [0003]As
devi ce di nensi O%TWT%éWIH SMEEIOD DF FABRYATION HERF P pr e difficul t

to control the profiles of so L.h.Junctions and source and drain
ext ensi ons associ at ed m@th phg&§§Vﬁ£§§8&ghngﬁgson for this is that the
do pants us gﬁ?deE r %Eep p? Cs;[:nlt }{19? i(l)'ln.nr(ca:l%ltlesq{)1 ﬁlte%r%tlélg ?hnl'cgi% rgl.%%)s %crl'l zll Cet?bqg)f Q}%{c%q‘ have

di fferent sion‘characteristics th silic unctiron pro S may be

severel y degraded duning parﬁ&iap,gln B QGEN Sy Nk ifenifn ARYds ©finiEdMi & e Quindli £ USi on.

Differences injunction profiles between MEET and PitieT devices can result

i n i ncreaseagyigd ifm@renees atweenicNW and PEET devi ce perfornance
characteristics. [00041In order to inprove the performance of FET devices
as devi ce di nensi ons cont i DESCRIRTIOE OF FHERELSTERSBOr s may be i ntroduced into
each device in order to apply a strain to the channel region of the device.
Stressors r@§02be frgrommediohy) inteagpicd ritchingtegra@pasiemésyspoets hre fovafden i n t he
vicinity of the source/drain regions of a device. Alternatively, stressors
may be f or risgwaly oidhedsiesigeka o NIEE ¢ad FHET depéceshy feraded Plankst [R8esveHee  and firming
a stressmmaterial in the recess. Straip may also be applied to the channel
regi on of awatﬁeé’\?chséleﬁyel&S‘é'P‘?gﬁbelfyﬁ’émfi’é‘{}?‘ifgsw h a strained |layer of nmaterial.
W)051in th e qQf ~pna _devices,. stessors .fhat cause conpressi ve stress
to be deveﬁo@gg iz‘s iiél?f e%lﬁ’ﬁnﬁ}%ﬁcofr“gﬁ?t8§e°§rasee’4%eﬁ?1m SteEhnance ‘fqt} per f or mance

of the devi ol tﬁF ; l;§st0|;c Sour@lm dgiﬁlr]ﬁi'[g:f%nls Xwgmrah&ﬁai@&teﬁﬁgnrs §s>§(ic§1led oBt er i al

havi ng a | arger tice constant 'than the substrate
the devices. One reason for this is that the dopants used for respective junctions (such as arsenic

and boron) have different diffusion characteristics in silicon. Junction profiles may be severely
degraded during thermal processing of a device due to diffusion. Differences in junction profiles
between NFET and PFET devices can result in increased differences between NFET and PFET
device performance characteristics.

[0004]  In order to improve the performance of FET devices as device dimensions continue to
decrease, stressors may be introduced into each device in order to apply a strain to the channel
region of the device. Stressors may be formed by implanting a dopant into the wafer in the
vicinity of the source/drain regions of a device. Alternatively, stressors may be formed by
etching a recess in the source/drain regions, and forming a stressor material in the recess. Strain
may also be applied to the channel region of a device by coating the device with a strained layer
of material.

[0005] In the case of PFET devices, stressors that cause a compressive stress to be developed
in the channel region are found to enhance the performance of the device. Such stressors

generally comprise an epitaxial material having a larger lattice constant than the substrate



material. In the case of a PEET device forned in a silicon wafer, the
stressor material may be epitaxial silicon germanium [0006]in the case of
NFET devi ces, streSSOFS that cause a tensile stress to be developed in the
channel region are found to enhance the performance of the device. Such
stressors generally conprise a material having a smaller lattice constant
than the substrate material. In the case of NFET device forned in a silicon
waf er, the stressor material may be epitaxial silicon carbide [0007]1n
order to formstressor recesses, etching of the substrate is required.

Et chi ng oi | m4fsiak i8¢ qagerala PIFETrdsyien ferpedis & siliconavalss dhe stresser paeral gy bper f or ned
after forning sFacers on siclewails of the gate stacks of the LET devices.
SUMVARY OF °PliEEia] S{URABEMESYY™008] It is an. ai m of enbodi nents of the present

i nvention t | east par itigate | east s. of .the above nentioned
probl ens. A@%@i di ﬁﬂ'ﬁ‘? cégéé’f S ev‘%?]_%’g%sf‘fr%%'atf W@eait%n\s}lger?g?s%%’_,be %‘iv%lﬂgelgls? provi ded a
rethod of 1o G BfnsR'SHE ARt pitttm AT i 6L OGRE Liplid iyt EPS O

formng a first and secon evice region on a sarl aceof a warer, formng a
spacer of aofpdiss h mWekH RavOB a SnadibdQMR |chns@i 1An Tk Eidtra@RlaRrif! RGlke chdd of he first
device region, formng a spacer of a second width on a sidewall of a second
gat e stack anINFEDheevae annid iflesicoewifegth®diresstMntattrifl iy bd dpBdxialdildbincalideng

different fromthe second nit:1h. [0009] According to a second, aspect or
the inventiapy- the formation of the respective spacers is followed by the
formation, in the same processing run, of stressor elenents for applying a
stress to tlA®7} espewder pdormlsgisveiecasssy icloline o e pubsiptsritequired- Widhiag efitee first and
second gate stacks. The stressor elenents for applying the aforenentioned
stress to tHEUPSOIUREIIO ErraMThE PUREPREREedAler fmingspaets@rdetalls e source and
drain regions pﬂ(tﬂg}%ﬁ%gective gate stacks or stressor |layers over the
respecti ve EHAAREP Tegi O™ [ 0010] By providing | PA' devi ces having

different thicknesses of gatgnalag¥ opt NSBRcer it is possible to
control a distance between a stressor nenber and a channel region of each
FEI | [0008] It is an aim of embodiments of the present invention to at least partly mitigate at least

some of the above mentioned problems. According to a first aspect of the invention, there is
provided a method of forming an integrated circuit structure comprising the steps of forming a
first and second device region on a surface of a wafer, forming a spacer of a first width on a
sidewall of a first gate stack in the first device region, forming a spacer of a second width on a
sidewall of a second gate stack in the second device region, with the first width being different
from the second width.

[0009] According to a second aspect of the invention, the formation of the respective spacers
is followed by the formation, in the same processing run, of stressor elements for applying a
stress to the respective channel regions corresponding with the first and second gate stacks. The
stressor elements for applying the aforementioned stress to the respective channel regions may be
stressors in the source and drain regions of the respective gate stacks or stressor layers over the
respective channel regions.

[0010] By providing FET devices having different thicknesses of gate stack sidewall spacer

it is possible to control a distance between a stressor member and a channel region of each FET



device. Thus, in the case that 50111CC and drain stressor elenments are
formed in source and drain stressor regions of each | 4ET device, the

di stance between respective stressor elenments and the channel region of the
PET device will be proportional to the thickness of the respective gate
stack sidewall spacer. [09111In the ca.se | hat a stre.ssor iayer is fornmed
to coat the PET device, the distance between the stnssor |ayer and the
channel region of the ',ET device will also be proportional to the

t hi ckness of the gate stack sidewall spacers. Thus, by providing an

i nt egr at ed dviece dhs. ig the gise tiptaousssdnddrat stisyer elpmettyds foanee insguresind ¢éiBgr at ed
circuit structure_havingFgﬂte stack sidewall spacers of different

t hi cknesses BT Heorey &l deyiee fhe Jigiancg Bweep fespRptye JERSPrelgentinf {18, ent
stresses may_ be appl i t.he .channel. regions .of different r ctive
c¥1anng regR)F Gt)lﬁgli—ﬁfftodewcel \Ylﬁ: € epr(g)ortlona? I% ﬂ{er&ackfl%ss %I tl}e erefs ec{;'ve atg %B:ﬁ

types of devices. W pprecrate a rence to gate stack
si dewal | spagens,Qf. di fferent thicknesses does not include reference to

gate stack sidewal |l spacers of nomnally the sane thickness but having very

smal | di ff qo@nges i bfitekNESRorRSEMEBMcA B\bA 88 FEt ddviiE isa@ndype due to
expected variations in process uniformty. BRI EF DESCRI PTI ON OF THE

DRAW NGS 1(fai:3dntrdnaeksdsrentrandihe dhlymeclpegis @nhe FETVA it va alvd Helprop@onbigo descr i bed
herei nafter, by way of exanple only, with reference to the acconpanyi ng

dr awi ngs, ithe tiblingds of thQOREATa¢k| s@ewdll sgdrorpusThas, &Y pronddingrag inftagratye dircdiy stivpigrea pr ocess
of fabricating an integrateAl circuit according to the prior art;

100151F| GS.2n9a meghop of fabjigaténe pyinteaipiedcicwi syaeure Aving griestask B@alsspafersPhbri cat i ng

an inte ar atd?fgere(r:li t i(c:klillicstsesa(')g gi?fgr(ejrilt rr]egpf;:tct(i)ve ?yrgps%ghﬁe&giges? iffeg'erlllte strie:sgce\g ?nrz]i;[r Leo n,
applied to the channel regions of different respective types of devices.
[0012] It will be appreciated that reference to gate stack sidewall spacers of different
thicknesses does not include reference to gate stack sidewall spacers of nominally the same
thickness but having very small differences in thickness between devices of the same type due to
expected variations in process uniformity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Embodiments of the present invention will now be described hereinafter, by way of
example only, with reference to the accompanying drawings, in which:
[0014] FIG. 1 shows a structure formed during a process of fabricating an integrated circuit
according to the prior art;
[0015] FIGS. 2 to 7 show structures formed during a process of fabricating an integrated
circuit according to embodiments of the invention;
[0016] FIGS. 8 to 10 show structures formed during a process of fabricating an integrated
circuit according to embodiments of the invention; and
[0017] FIGS. 11 to 14 show structures formed during a process of fabricating an integrated

circuit according to embodiments of the invention.



[0016] FIGS. 8 to 10 show structures ibrmed during a process if fabricating
an integrated circuit according to enbodi nents of the invention; and
[001.7]FIGS. Il to 14 show structures formed during a process of

| abticating an integrated circuit according to enbodi nents of the

i nvention. DETAILED DESCRI PTI ON OF THE i NVENTI ON [ 0018] The fol | owi ng

enbodi nents amintended to illustrate the invention nore fully w thout
limting their scope, since nunmerous nodifications and variations will be
apparent to those skilled in the art. [0019]FIG | illustrates a structure

Formed during a process BFALEDLIESGRIFFIINGF T @B’rFéItTEH‘T circuit according to
the prior ﬁ{gﬁ}ls The_ structure includes an array 9 E.T deyices | and an
array of P deviTeeiolioyingsmpedimgnis aje indgrged tp flipst é‘tﬁg’ﬁé“r"e“é‘f"é‘ﬁ‘érﬁ Y3 are formed

on sidewal k gjoutq.n%e}lt% stack.structur %%%QJ According to

the prior artoproeas Moy raresiice apner sré“r)défs tmsan V%nag nSWQﬁeﬁ‘Lé’ sane thi ckness

as each ot htggsesk[ﬂgggl]tﬂlelzawther more, accordi ng to the prior art, stressors are
formed in the source and drain

[0019] FIG. 1 illustrates a structure formed during a process of fabricating an integrated
circuit according to the prior art. The structure includes an array of NFET devices 1 and an array
of PFET devices 2. Gate stack sidewall spacer elements 3 are formed on sidewalls of a gate stack
structure 5 of each device.

[0020] According to the prior art process, the spacers 3 are formed to have the same
thickness as each other.

[0021] Furthermore, according to the prior art, stressors are formed in the source and drain
region of each device in order to form strained channel MOSFET devices. In the case of NFET
devices, stressors are formed to apply a tensile stress to the channel region 6 of each of the NFET
devices. In the case of PFET devices, stressors are formed to apply a compressive stress to the
channel region 7 of each of the PFET devices.

[0022] The stressors may be formed by implantation of a material. Alternatively stressors
may be formed by etching a stressor recess and forming a stressor material in the stressor recess.
In a still further alternative, stressors may be formed by depositing a layer of stressor material 4
over each of the FET devices.

[0023] FIGS. 2 to 7 illustrate structures formed during a process of fabrication of an
integrated circuit in accordance with a first embodiment of the present invention.

[0024] FIG. 2 shows an integrated circuit structure having an array of NFET device elements
10 and an array of PFET device elements 20 (only one device of each array is shown). It should
be understood that while the specification refers to an array of device elements, this is merely to
reflect what is the norm in current industry practice and as shown in the figures, the invention

applies to integrated circuit structures having one NFET device and one PFET device also.
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region or each device in order to :brill strained channel MOSFET devi ces.
In the case of NEET devices, Wsson are fornmed to apply a tensile stress to
t he channel region 6 of each of the NTET devices. In the case of PItT
devices, stressors are fornmed to apply a conpressive stress to the channel
region 7 of each of the PERT devices. [0022] The stressors may be formed by
inplantation of a material. Alternatively stressors may he fornmed by
etching a stressor recess and formng a stressor naterial in the stresser
recess. In a still further alternative, stressors nmay be forned by

deposi ti ng [B935hy e Faghideviqerclsmens pf thegrraysiofdevige depespts & dhhas p repiseiVEHERE devi ces.
[00231FIGS. 2 to 7 illustrate structures formed during a process of

fabri cat i oras¥ SHAUE At dGFY R ETPeET P £t PO e Bt dance with a tirst enbodi ment

f th i tion. 0024].F 2 sh ed ci :
havi ng an- PP of R gL E aoEd i En gt e v PG bt Bovi co”
el ement s 201"11% g}{‘ll 1%,{\%%3215 tgﬁnyt!ﬂ%?fr&lg Yﬁalcspacglre'ie%?tg @ill%p ﬂ)mgd'on lh% siﬁm#lg ogtth

under st ood t e specitication refers to an array of device

el ements, tRdSnhSui®i&hY, 210 reflect what is the normin current industry
practice and as shown in the figures, the invention applies to integrated
circuit strpgearyr e cddanighgih®mne: eNebaimde e Giet @adiaDhg bPkibn Giede.CRa s@heS 0.

[ 0025] Each, device el enent of the arrays of device elenents 10, 20 has a
respect i ve a@b@msisatikonsixide tbyireased InsteRi orarromiinatiesgisifiton vedchdrsineh regi on 14,
24. [0026]A. first layer of a first nutter:al 30 is forned over the arrays
of device eligfefiksr s@atingdow-Kmaterfajscampagiple with GYIOP groggssipged dombingtiogsm whi ch
spacer elenents will be forned on the sidewal k of the gate stack structures
11, 21. [O00»HAREdidrHY to the first enbodiment, the first material nay be

silicon ni t[E)bZ(g? Hz} §ghr£§vs the structure of FIG. 2 following formation of a first mask member 41
above the array of NFET device elements 10 and not above the array of PFET device elements
20. The first mask member 41 may be formed from tetraethoxysilane (TEOS). In some
embodiments of the invention, the first mask member 41 may be formed from silicon oxide.
Other materials are also useful for fabricating the first mask member 41 including conventional
photoresist materials.

[0029] The structure may then be subjected to an etch process in order to remove a portion
of the first layer 30 thereby to form a pair of sidewall spacer elements 22 on sidewalls of the gate
stack structures 21. It will be appreciated that the thickness of the spacer elements 22 on
sidewalls of the gate stack structures 21 will depend at least in part on the conditions under which
etching is performed, such as the time period for which etching is performed. According to the
first embodiment, the etch process may be a reactive ion etch process. Other etch processes are
also useful.

[0030] According to the first embodiment, the thickness tpger Of the spacer elements 22 on
the PFET device elements 20 is preferably around 15nm. In some embodiments of the invention,
the thickness tprer may be in the range from about 10nm to about 20nm. Other thicknesses are

also useful.



enbodi nents silicon oxide may be used instead, or a conbinalion or silicon
oxide and silicon nitride. O her isolating, lowk materials conpatible with
CMOS processing and conbi nati ons thereof are also useful. [0028] FM 3 shows
the structure of FIG 2 following formation of a first mask nmenber 41 above
the array of NFET device elenents 10 and not above the array of WET device
el ements 20. The iitSE mask nenber 41 may be fornmed fromtetrael boxysil ane
(TECS). in SOTFI C enbodi ments of the invention, the first mask nmenber 41
may be formed fromsilicon oxide. Qther matcrial.s are al so useful for
fabricati ngl0PHeé fiFiG ¢ shows e prpigs el AS- 3 Rkawingidprpsitie pl & HEerseHarr BRéY or esi st
materials. [0029] The structure may then be subjected to an etch process in
order to re %Ct!éfe'gﬁ?t“i‘eésﬁr Byer ?%rgay%{’f’?é'{lcof’ ajrigr H@?JOETVH@%WO?WW?WJQ pair of
sidewal | spacer el enents. 22 on_sj | k_of the tures 21. It
w1 e apnp it AP R Wrr DEEARIhR by hISR & ShAEhelidE O

si deval | S _Olfdyel'ﬁe ’Iﬂ@&r@ss&‘ﬁ@&lﬁs &Bﬁéﬁﬁ:ﬁ Wbty 2é0n}fﬂ'egslivegt?epsqggle éﬂandeﬁm@g‘i&q 4N parF on

t he conditions under which etching is performed, such as the tine period
for which esrehth pEET &vipesriRaARG: PHNIGRVEEMY to the first enbodi nent, the etch
process may be a reactive ion etch process. Oher etch processes are al so
useful . [ 00BGI2AC c oT@ 5 8wk te tthredeiof BG. Aiiedign@ntval of hefittmacknessc 41y i of t he
spacer elenents 22 on the ftbh, T device el enents 201s preferably around
15nm | n sohwebe brodigteafirs layér of firet magpvig 30 pwnthe arfag of NEG Idpress slemp™ED, may be in

t he range from about 10run to about 20nm O her thicknesses are al so

useful . [ B3 Fregtion ofasengrd ask mepberd qyfrdhegiraymf FETeyien demiiptheP- deposi ti on of
a stressor l{”ﬁ%ﬁr 25 over the structure. The stre.ssor |ayer 25 y be a
silk :on ni e FEy&rhonalr ﬁ@'c%lre8g‘ﬂﬁossff’]lkiw(‘)‘}¥ 28 PELNYEY 'TEP 6P RS Copr essi ve

stressed | af¥rsqua'y ?Dlgluﬁereb n%%o%'r’lhaelﬁrs of ai[ieev‘vaﬁllspsa(%r %1%%‘ f sIIZI)nO s%de%vgfs%}ti'}&[g a{erggick .
stresses-| ayer ? . eys ressor f’ayer I'S contigure 0 app %/ a conpressive

stress to the channglurgdlPRied 1@ naRtReFER. JEV kel 12t NSiadyN8 of PEET
devices 20. [0032]FIG 5 shows the structure or Fla 4 follow ng renoval of

the first @@éﬁte@ﬁéﬂ%@’ﬁcttﬂ'@s,llmﬂfeﬁﬁy at@éﬁﬂ(ﬂsﬂaﬂgn thB Eonfiitibrs LndeBytdh eRhinf & I St
material 30 over the array of NFET device elenents 10, and the fornation of
a second nagkormedyberthedine@eiid firlvaichEtctang ioferfBiEd. Abesdiliggodle@rsent s 20.

[ 0033] FK1. 6 shows the structure of FIG 5 following an etch process to
renmove a pombpémendfthefejch grocdsayayibe 3@adiieipedish rasesk.orm a pair of si dewal |

spacer elenments 12 on sidewidls of the gate stack structures 11. It will he
appr eci at ed0®Hht Hheordingitelbpbsiembedingyp th s lpfretfEis sRacer dleseiisdp fdwal | s of

the gate stack structures 11 wi |l depend at |least in part_on the conditions
under whi cHNERE dges <lemsits FOt preferablusiannd frmy ihhﬁé?mﬁéfP‘?°8kTB?t6?f”\‘ﬁH‘i‘V8ﬂ‘°%t ching is

per f or n”ed: @g tﬁj‘tg]l(’r%sis rt];%gr.tm% Behlg thfe ira';lget fro?nnggguqildrﬁ?nq}) aboitltt}SmI?.t&tper Ec Ce%s%és areI:TB‘ y be a
reactive 1 on etch. OCesSsS.

also useful.

[0035] FIG. 7 shows the structure of FIG. 6 following deposition of a stressor layer 15 over

the array of NFET elements 10. The second mask member 42 has also been removed, following

deposition of the stressor layer 15. The stressor layer 15 is a tensile stressed layer and is arranged

to apply a tensile stress to the channel region 14 of each device element of the array of NFET

device elements 10.

[0036] It will be understood that the first embodiment of the invention allows control of the

amount of stress applied to the channel regions of respective arrays of NFET and PFET device

elements of an integrated circuit structure.



[ 0034] According to the first enmbodi nent, the thickness ts;rr of the spacer
el enments 12. on the NFET device elenents 10 is preferably around 15nm In
sonme enbodi ments of the invention the thickness ENFET nay he in the range
from about 10mm to about 20mm. O her thicknesses are al so useful.

[0035]FIG 7 shows the stncture of Ha 6 foll owi ng deposition of a stressor
| ayer 15 over the array of NFET el enents 10. The second mask nenber 42 has
al so been renoved, follow ng deposition of the sttessor |ayer 15. The
stressor layer 15 is a tensile stressed layer and is arranged to apply a
tensile st rB&Y]t oFerisemplsatihatouptefitess mpnbaPiteledbyqavipgehisksiehPast the array

of NTET device elenents 10. [00361l.i w |l _be ubpd'glr%}?%oﬂ that the first
enbodi ment GMHRY S GBHTIIEHS PSR AR of T 8P8 PRECHIRBIhTC 85t r ess appl i ed

to the channel reqgions.of r ective a s, of NEET . ice elements
of an int egerrl]eg{elétcsjﬁ%?v? {(l;“ﬁ‘lhg g %?Jl%tsﬁ?ssé).r Elye[r E)%%%ﬁg%?harénfﬁe “?%2? Ot%@ag‘%dﬁt of
stress may IQ% e i ?llnelcﬁ)gerlal_\é stfedoy lay201 As {omegmﬁéﬁe Bh (i.%.Rﬁ‘:Csﬁlﬁlle?!h@ ks on gate
stack sidewalls of respective arrays. Varying tﬁe t hi ckness of the spacer
el ement s al |i@wsht Reatdlirs b@REGe 1 bhahltereSibd ®S Bke shraiy®@laydD5.t om t he channel

region 14 of each device to be controlled. The closer the stressor |ayer 15
is to the dhésnel Thegioom ofsirese cantihldisioiadr bigtnati Vel b8 p@aalled W diingant he greater
the stress in the channel region due to the stressor |ayer 15. [0038] The
anount of simoes sf sgem initie resgebiite sorssw fayad 1Se?rfermed elesthdyespeatimt aroisi €k by varyi ng
amount of stress in the respective stressor |ayers 15, 25 formed over the
respect i ve Egalcaligamoppof yiewlinpe rerpectidhiyesier [yers &% ¥%§‘§ greperifetrse8 Jct i ve
stressor layers 15, 25, the greater the stress in the respective channel
regions. [ODBELYHEPeIH™ i rst enbodi ment, spacers formed on sidewal |'s of
the gate st structures_11. 21 are disposable spacers..Th acers may be
forned for Phe! puf pvc%‘éaelorbstf{k%grzi e’lmrt{(éd’ms]?ﬁl?ts%g rseorrmé)’s(f)ne% "uwa@[é%‘f’?%ag"rséﬁi stressors

in NFU and/ 2 [ OIAl S [ L sri@bid.ne devices
havi ng di ffsgﬁcé‘ﬁigﬁgﬁ?g%ﬁgé’g‘gﬂse@%aﬁg REDT aad ‘E%Ea‘ﬁ%‘if"?ﬁgﬁ“‘?“&ct o ets“fg

respect i vel WiavleR@pesti iR SRSt shAWR ifNFEeMment PRBIrQxidl. B @smih@sphdd® o€ hannel s or
respecti ve devices, thereby enabling control of the anmpbunt of stress

appl i ed t o sidesfr 6t tha/dvied anngldsterehtulitdiesaon BFET dae PERTI deviteystriocqrdsOr m spacer s
with different thicknesses enables tailoring of overlap control for

sour ce/ dr airespecEgilio ths stasrdrs boe differed pevkimitex alrshangs df gspedive fleicesmt  devi ces
types. Once the stressors are funned, the spacers can be renoved and
subsequent tbqr@ax enabling gor@‘g]rpg the praeynt of stress applied to respective channels. Furthermore, the

ability to form spacers with different thicknesses enables tailoring of overlap control for
source/drain regions and source/drain extensions for different devices types. Once the stressors
are formed, the spacers can be removed and subsequent processing continued.

[0040] According to the second embodiment of the invention, a process of forming spacers
on sidewalls of the gate stacks of the array of PFET device elements is performed, substantially
as described with respect to the first embodiment of the invention (FIGS. 2, 3).

[0041] FIG. 8 shows the structure of FIG. 3 following implantation of dopant atoms to form
doped stressor elements 26, 27 in the source and drain regions, respectively, of the PFET device
elements. The stressor elements 26, 27 apply a compressive stress to the channel region 24 of

each of the PFET device elements.



[ 0040] According to the second enbodi nent of the invention, a process of
formng spacers on side:walls of the gate stacks of the array of FEF, T
device elenents is perforned, substantially as described with respect to
the first enbodinment the invent: (FIGS, 2, 3). [00411FI G 8 shows the
structure of FIG 3 following inplantation of dopant atons to form doped
slressor elenents 26, 27 in the source and drain regions, respectively, of
t he PFET device el enents. The stressor elenents 26, 27 apply a conpressive
stress to the channel region 24 of each of the PFET device el enents,

[ 0042] Accor @Ry t detariinede tiprraond apbsdimeief the invantien thalppant 4t ferthe PEBT | | at onrs
for the PEET devices may be germani um atons, but ofher dopann atons are

al so usefule“?ﬁPmYH§?5W%@maPWS9&FP5VP8WEM8W”?ﬁ@°E%@%H@r@ &di®ment, the
dopard atons . d|un1 other

var1a Xs ({P ﬁle sec nd(emgt}dlment he do I%IR ato n r?r hﬁlm FStn) atomsf 1(1:}§J ar{x ?{} atormns

sui | abi e dopant omarone or i'n conpi natt y hi gh

atord o si 2€, GATRRY Mkl dblinde 480 or h QML G, aqaazg@;{ LipPugli yst ure of FIG

8 follomnng remova Itst nmas ormati on of a second
mask nenber cohdar@Math stiib. array of PFET device el enents 20. Etching of the
first layer 30 to formspacers 12. on sidewalls of each gate stack 11 of

t he array Of004FET raevsioes et aneni sf HIO. drasowalgsandva enhpesimasetembitathi ng of the
first layer 30 is perfuned in a simlar manner as that described above with
respect to andérhitiosbf agedoonaviemtmtof 42tdve thepuraraf PIGIT. defiGCA4kis 78, E@hishows t he
structure of Hu. 9 follow ng inplantation of dopant atons into the
structure t¥tedrshiagsd}te ©rapice iop sidavalbed gch gfteatpsint 1ol the aray pf §iddpect i vel y of

t he NFET device el enents. [0045] According to the second_enbodi nent, the
dopant atoﬁ?“ﬁﬁ?mﬁgsHQP&@H”E?BW@”mBthﬁFg mﬂgﬁgﬁ?33FBﬁ@“§W€”hlso usef u

In variations, of, Lhe. 8 %Cdgrc‘r‘?tbﬁr%o &I‘Pr spec{%o 18 onant; %‘Er%ﬁﬁe H¥je phosphor ous
al0111S, or any other Surt nt omalone o onbi nat i on havi ng a

relatively [IOQM] at % %o &b\%&h&%&% 8‘%1(‘;"."9%]]0%& ﬁnﬁ)%tatlon of dopant atoms into the

structure to form source and drain stressor elements 16, 17 respectively of the NFET device
elements.

[0045] According to the second embodiment, the dopant atoms may be carbon atoms, but
other dopant atoms are also useful. In variations of the second embodiment, the dopant atoms
may be phosphorous atoms, or any other suitable dopant atom alone or in combination having a
relatively low atomic size compared with silicon.

[0046] The source and drain stressor elements 16, 17 are arranged to apply a tensile stress to
the channel region 14 of each NFET device of the array of NFET devices 10.

[0047] It will be understood that the second embodiment of the invention allows control of
the amount of stress applied to the channel regions of the respective arrays of NFET and PFET
device elements of an integrated circuit structure. The amount of stress may be controlled by
varying a thickness of spacer elements on gate stack sidewalls of respective arrays as discussed
above. The amount of stress can in addition or alternatively be controlled by varying the size of
stressor elements 16, 17, 26, 27, and the amount and type of dopant used to form the stressor

elements.



[ 0046] The source and drain stressor elenents 16, 17 are arranged to apply a
tensile siress to the channel region 14 of each NFET device of the array of
NEET devices :0. [0047]it wilt be understood that the second enbodi nent of
the invention allows control of the anobunt of stress applied to the channel
regions of the respective arrays of NEET and PEET device el enents of an
integrated circuit structure. The anmount of stress may he control |l ed by
flaying a thickness of spacer elenents on gate stack sidewalls of
respective arrays as di scussed above. The ampbunt of stress can in addition
or al ternati0W8ily Becosdiste pihirkembedimgn pithagventng, agirocess gffoginesresest ote| enent s 16,
17, 26, 27, ,and the anobunt and type of dopant used to formithe stressor

el ements. [HEAEF f:ta‘bﬁ"a&iSH@}‘Sf’{)‘h"’atar‘iah?frpgméﬁadﬁgfl?“l“in@ﬂﬁpe’é‘frqufébsfaﬁ ht%ion, a
process of for.p.ng spacer n sidewalls of t ate.s f the array of
PreT dovi ce ST Badr SRS T PR AL ECUTbaRalend Py Rk gBbA B Wi (1 Tespoct

to the fir S@?@ﬁ‘d %ﬁﬁ??ﬁ&ﬁé@&%&ﬁ@&ﬁ#{@‘éf@&@gk%ﬁ&é o?&ctﬁrg'ogﬁe stacturd)

[ 00491FI G shows the structure o oW ng process of etching
of the str ugkdihSired@r EQREIPoRibASERE DA FREES S PRl il RBiofBeack Bick Alerhdde SOUr CE
and drain regions of each device elenent of the array of nu]: device

el ement s 20of thA@eQodPFRT dedceteR@eitior de@rddpdd Memird énitadiped @e soceed ofet chi ng t he
structure to formthe stressor recess portions 28A, 29A nay be a reactive

i on et chi ncetqhime de simictufzise foot thestresbratress gorpere 8&/s 2% mashsaeagtiveveh kicldbech pr ocess,
are al so useful. [00501In each of the .first, second and third enbodi nents,
the gate stRARRSSSUHEAIThingHEewstes c1B Aphtellelch propesy apalsfusefited from sil i con.
nitride. The reactive ion _etching process nay he perforned using a reactive
i on et chi ngd @i uff LA the Sk gseony ar h‘é‘c‘*&’r‘?&‘gmg‘l}‘/sr eI LA I58E! 835 con nitri de.
Consequentl%( etg ir;,% f the s bstra eTRf tpe Structure Soccgrs and not
etching of THE YAt BYIF RERSOFST TN 9% AT S ' EHEAE P9 T 85 1] I n sone
enbodi nment - {1 . i . ctivity
beteen oi 11omr g QR P g P e P B SRR Chennss as
deposi t ed irﬁm-aéaic%lgeauemiy,rhténrn?efthetsebsa@t@bfe%%mt&@&ca% an8 RAEBKing¥r B Bate [ 00521FI G,
12 shows the structure of PIG |i followng a process of hirmng a sttessor
mat eri al i nstdchedeshll @aG@OdlenteRi€ @SS porti ons 28A, 29A of the device el enents of
the array of PEET device el enents 20. By neans of this process, stressor

el ements 2800329 alssohoemedimens o thedssoion, toRilE oeBun2@#4y, be 208w sebsipéigt | vel y. The
stressor material is arranged to apply a conpressive stress to the channel
regi on 24 detvsercHicPRET sitikop pigrisle dh Bivstse, thsfspacréhicknesgap derfosippyl Frhickervince el enent s
20. [0053] According to the third enbodi nent of the invention, the stressor
mat eri al mswdeb@ achieve a target spacer width.

[0052]  FIG. 12 shows the structure of FIG. 11 following a process of forming a stressor
material in the stressor recess portions 28A, 29A of the device elements of the array of PFET
device elements 20. By means of this process, stressor elements 28, 29 are formed in stressor
portions 28A, 29A respectively. The stressor material is arranged to apply a compressive stress
to the channel region 24 of each PFET device element of the array of PFET device elements 20.
[0053] According to the third embodiment of the invention, the stressor material may be
epitaxial silicon germanium. In variations of the third embodiment, the stressor material may
instead be silicon germanium carbon, silicon tin, silicon indium germanium, or any other

functionally equivalent stressor material.



epitaxial silicon germanium In variations of the third enbodi nent, the
stressor material may instead be silicon germani um carbon, silicon tin,
silicon indiumgermani um or any other functionally equival ent sttessor
material. vapour depOSid.013 (CVD). Ot her deposition processes are al so
useful . [0055] The first mask nenber 41 is then renoved, and a second. mask
menber 42 formed over the array of pFET device el enents 20. The second mask
menber 42 is also showmn in FIG 12. [0056] F1(3. 13 shows the structure of
Cl 2 following a process of etching the first tayer 30 to form spacer

el ements 120081 si deswadine tothe thiiderpptimenit thgoskressor maferid gehbedfeiedley cingierbnt of t he
array of NETT device el enents 10. [0057] Etching of the first |ayer nay be
per f or med byPPPHESeEsiton (QVIe QEbes dGResHigPrEEHiIMGPPBEEss but ot her et ching

I ful. 058]. Fol | ow t chi ft first | 30,
P o0esees, ayfdl oanigli A0SRl S 00, S CHLG.Oln S Lty | 20T 0.
recess por i gng. 0 AN Ea8lA0 b e MERTLUS LRSS0 AR NGIO L he Tirst

enbodi nent, etc e stressor recess portions may be
performed by, nmeans of a reactive ion etching process. The reactive ion
etching process may he performed using a reactive ion etching medi umthat
sel ecti vel y[0846¢ hesis i1} iR hSMdctObr 86110 CMBwing £ $rbdd@ of &g @[ Banhyey, et ching
of the substrate 100 of the structure occurs and not etching of the gate
stack si dcwalib foapgaer clehcerehbmssidbRalls pOBbH ] elstackil lof cabiedegippiic@entat ®e t hat 1 n t he
case that spacer elenments 12, 22 are fabricated froma material other than
si | i con ni tamagel NEETd¢vice elements 18t ch nedi um may be required. Simlarly, in
enbodi nents where the substrate is not a silicon substrate, a different
etch Medi UWW} b@tclhi@glgﬁtlfeé'gst layer may be performed by means of a reactive ion etching

process but other etching processes are also useful.

[0058] Following etching of the first layer 30, further etching of the structure is performed in
order to form stressor recess portions 18A, 19A of each of the NFET devices. According to the
first embodiment, etching of the stressor recess portions 18A, 19A may be performed by means
of a reactive ion etching process. The reactive ion etching process may be performed using a
reactive ion etching medium that selectively etches silicon and not silicon nitride. Consequently,
etching of the substrate 100 of the structure occurs and not etching of the gate stack sidewall
spacer elements 12.

[0059] It will be appreciate that in the case that spacer elements 12, 22 are fabricated from a
material other than silicon nitride, a different etch medium may be required. Similarly, in
embodiments where the substrate is not a silicon substrate, a different etch medium may be
required.

[0060] FIG. 14 shows the structure of FIG. 13 following formation of a stressor material in
the stressor recess portions 18A, 19A of each device element of the NFET device elements 10.
By means of this process, stressor elements 18, 19 are formed in stressor recess portions 18A,
19A, respectively. The stressor material is arranged to apply a tensile stress to the channel region

14 of each NFET device element of the array of NFET device elements 10.
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[ 0060] FIG 14 snows the structure of Ha 13 following formation of a
stressor material in the SMSSOF recess portions 1BA, 19A of each device

el enent of the NFET device el enents 10. By neans of this process, stressor
el enents 18, 19 are forned in str ssor recess portions 18A, 19A,
respectively. The stress& material is arranged to apply a tensile stress to
the channel region 14 of each NW device elenent of the array of N RET
device el enents 10. [9061] According to the third enbodi nent, the stressor

material may be silicon carbon. In variations of the third enbodi nent, the
stressor rraﬁy“%‘?lil al Aveydingde thedid gebodiment o lresst BBITIP RES pHBER a1  con
phosphorous, .or a ther suitable stressor naterial atone or in

conbi nat i on‘.’arlft@@%f’ﬁ“rg&’fﬂ?ogﬂ’fmat HEEPY TBEeRRY [MHEALAE T cagbé’{}i ce el ements of
NFET type Vi el nt ' f PEET ving different

t hi ckness 2%%%%%§“6§£?3§§%§F%@§r%?B§g§3Ph§§%§%é§¥§§%%%gi urt her nor e,

vari ous aspgabsaRf. the invention enable a reduction in the nunber of mask
steps that are required in order to forman integrated circuit having

strai ned ch@oergl NRGERoR G RIFETC RMiSE dRIcE BBRNE of FIGIT (@ ae@ee I N the case
that it is required to forman integrated circuit having strai ned channel
NFET and PEEched vi RFET 1ypt fiefosiies pavimgfdifeteathhickgesofpa@rsfon skpebtdy @pestod f or m gat e
stack sidewali spacers and etching the substrate to form stressor recesses
can be perf®rined without a requirenent for an interveni ng maski ng step.
[0064] In other words, once a first |ayer has been etched to formthe gate
st ack si dewdf§3] spewegnors yaripus appgts ¢ 8 @gendipyenalde pedgitan e Pumbewbr  mask
before a process of etchin tge substrate to. form source and gé%jn stressor

recesses i sm?SEF‘?Péfhﬁ’é‘&i AT P ertS‘?aé?ﬁ'haé‘é“t‘Egﬁ”éedﬁir“é‘é‘&ﬁvé‘_@ sginet et | ayer over
the gate Stz%gg %Liceo eEeOter(?tgtFot g(gm Q‘ tir? theS éasaé at It l’sCr)é’n Qe%lt(p ) e:}n(‘irng (fia'tedFur t her nor €,
the presence of the nask ne ber over a su ;ef of 't he eV|cé% of opposite
type to thogeubaliRgShGNEAnWNEET RIIPERElevRAl e 24005@EchiRf ordeWt GRS100f Opposite
type from being etched. This enables stressor recesses of ditfferent sizes
to be for medmagdjecacaiidet IBpgat thaslcRieKGe Qibsith@ X6 strisor Ncddkes adhe PFFT devi ce

el ements. [00651Various aspects of the invention also enable the first

| ayer to bepegbroheditioa alrégnirenehidewa interepagceiskingig. t he silicon substrate to be
etched to formstressor recesses in a single wafer processing, run.. This

i s because 09643 omin @rbweiivrent slinflayeties hepvaeitd oforiife seaftek sidoe not need to
be renoved fromthe chanber or other environnent in which etching of the
first | ayersPcarsygidp FohRIFRseRTY i PoYicked fufthsy mesk bprp grrofessioh gchingiierspbitate P o he
per f or med.

form source and drain stressor recesses is performed. This is because the presence of the first
layer over the gate stack will protect the gate stack from being etched. Furthermore, the presence
of the mask member over a subset of the devices of opposite type to those being etched will
protect said subset of devices of opposite type from being etched. This enables stressor recesses
of different sizes to be formed adjacent the gate stacks of respective NFET and PFET device
elements.

[0065] Various aspects of the invention also enable the first layer to be etched to form
sidewall spacers and the silicon substrate to be etched to form stressor recesses in a single wafer
processing run. This is because in some embodiments of the invention the wafer does not need to
be removed from the chamber or other environment in which etching of the first layer is

performed in order for etching of the substrate to be performed.
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an etching process in a process thand using a first gas to etch the first
| ayer. Subsequently, the wafer nmay be subjected to an etching fA0CeSS in

t he sane process chanber using a second gas different fromthe first gas,
in order to etch the substrate. [0067]It will be appreciate that the third
enbodi nent of the invention and variations thereof have the advantage that
etching of stressor recesses may be perforned in the sanme hardware nodul e.
That is, the process of etching to formthe spacers and the process of
etching to formthe stressor recesses can be performed one after the other
in a singl el0Paph. [Fer eaanimler inpypesnbodientseol he inpeptione dgl whlgymay bpiubiedasido of r enpval
or formation of a mask inhetween the steps of etching to formthe spacers
and et chi ngfteEMPHPAICHS L RerEsuBPergnesiad g 1 goes i QEne bt AF ct | ES of
the inventi on, a ont.i nyous e .chi ncg process i.S Eerbf orned i ndwhi ch the

et ching condlti"Bhe APEE AR GEU SIRER™ 8 LhiP RGP R HEF Y08 2 1°508 %t 0 form t he

si dewal | Sp&ﬁe‘?&ntﬁ&ﬂﬂ?ﬁ{s&ﬁ!,%o?&%le@ﬁ %e SuIgsqrgﬁnle_exarrpl e, in sone enbodi nents the
che

et ehant gas nay be sw roma first layer etch gas to a substrate etch
gas. |In son@o@bodiieitSpredifiein g tre Hid ImPIaREP thEBYenlsh duldl LhEHPEEDs f ol | owi ng
etching of the first layer to formskinsll spacers and before etching of

t he str essofavd RERASHRGe th) 60 FoTheekoitedatsss iy bt fefofce maftsahdMMefvagi OB1 have
been described in which the first mask nmenber is fornmed over the array of
NFET devi cemahlen®nt s, tiaptctsh ef egbiopdornalsispareniye theippcsudfsegjuen fdry tk or ned over
the array of FEET device elenents. It will be appreciated by those skilled
in the art SBaer recppecs £4nbe perfepack opreafipralie athsUin d singlatue ald other wofdsrtheeeds ver t he
array of PIPET device el enents and the second mask nenber subsequently
formed over™fHe AFEy olgPmNEEeT ogRAP LY 2 dagstreen tf"bs(‘??b‘]f?‘r‘i}l“ﬁﬁf@ feathct he
description_and c(ilegc%j?q%toggmtt}peisﬁesg ecification, the words "conprise" and

" L sRa €IS an receases. " .. "
contain" a varia ns- of e words, for exanple "conprising" and

) conpr [ Ses"[00 an s:) 984136 lmglgs Q.llﬁe iIR’Q&tiOJl,ia &Itiﬁlguste%'hinégllagesg i§%er1]f91tmeji Ellt ended to

(and does not) exclude other noieties, additives, nponents, 1 ntegers or
steps. theyiihifealchiloR@iBonk RE ciafdl §Xdn RENESAMTR [G9 W th:8Sne slddwir ticul ar,
where the indefinite article is used, the specification is to be understood
as cont enpl spicedt@mahttlis adniplcye. &6r s@hdle, RSordd dA@udiRéntd e, etddith £8 Saf bte cont ext
revises otherw se. [0972] Features, integers, characteristics, conpounds,
chem cal nowétheé§oms figrlgepschdeses subedte etch gas. In some embodiments, the eiching

process may be interrupted following etching of the first layer to form sidewall spacers and
before etching of the stressor recesses.

[0069] Embodiments of the present invention have been described in which the first mask
member is formed over the array of NFET device elements and the second mask member is
subsequently formed over the array of PFET device elements. It will be appreciated by those
skilled in the art that the first mask member could instead be formed over the array of PFET
device elements and the second mask member subsequently formed over the array of NFET
device elements.

[0070] Throughout the description and claims of this specification, the words “comprise”
and “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.
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ha conjunction with a particul ar aspect, enthorlinent or exanple of the
invention are to be underastOod to be applicable to any other -neet.,
enbodi ment or exanpl e described herein unless inconpatible therewith. What
is clainmed is: CLAIMS A nmethod of formng an integrated circuit structure
conprising: providing a substrate; formng a first and second device region
on a surface of the substrate; formng 'first spacers of a first wdth on
sidewalis of a first gate stack in said first device region; form ng
second spacers of a second width on sidewalls of a second gate stack in

sai d second0®fdyi cdhpegypus e description snéelarnpef tis specificalipntheingylaficprospsEs s or
elements in a first source/drain stressor region in the substrate adjacent
to thete stBCRUEHPEES b Eone ey seagires, mRpts ’ﬁ"?‘?‘ﬁg‘eﬂd?@lte %‘ﬂf‘r‘&'ésf‘gr ain
stressor el egnents have a first proximty to a first channel .in.the

Substrat et B pHan oy Buntefios SRy iy Ml by AR a0l 2 . ane

form ng SeQBﬂQQEQM&Qﬁég&ﬁ%n stressor elenents in a second source/drain
stressor region i'n the substrate adjacent to the second gate stack with the

second spaqe#R) WeGH&sNntdR, BeEARGticS Qotifolddd cRdnlicabh6iQR SR IzrofhsABRM8 have a
second proximty to a second channel in the substrate bel ow the second gate
st ack det erifitdagdctioy with€pagRaiaisheapadEdisent 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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A nethod as clainmed in claiml wherein said first device region conprises a
n-type transi stor and said second device region conprises a p-type
transistor. A nmethod as in claiml wherein: formng the first spacers of a
first wwdth further conprises formng, in a single run, the free/drain
SfreSSOT el enents for applying a stress to the first channel region; and
formng the second spacers of a second wxtth farther conprises formng, in
a single run the second source/drain stressor elenments for applying a
stress to he econd channel region. 14 4. A method as clained in claiml
wher ei n: M FIPEL Swidth is di fferent fromaid second width. 5. A nethod
as claimed in claim1l wherein fornlggJ d first source/drain stressor
el enents conprises inplanting a fir erial into said first sonme drain
stressor regi n? . formn ai
ol erents Eonprh relof pispmivs %ﬂtsgf%s‘igfrfaﬁ R
source/drain sg&glgor %qg&

g a subs

pnd sog&ce/draln si ressor
it said second

forming a first and second device region on a surface of the substrate;

forming first spacers of a first width on sidewalls of a first gate stack in said first device
region;

forming second spacers of a second width on sidewalls of a second gate stack in said
second device region;

forming first source/drain stressor elements in a first source/drain stressor region in the
substrate adjacent to the first gate stack with the first spacers, wherein the first source/drain
stressor elements have a first proximity to a first channel in the substrate below the first gate stack
determined by the first spacers; and

forming second source/drain stressor elements in a second source/drain stressor region in
the substrate adjacent to the second gate stack with the second spacers, wherein the second
source/drain stressor elements have a second proximity to a second channel in the substrate below

the second gate stack determined by the second spacers.

2. A method as claimed in claim 1 wherein said first device region comprises a n-type

transistor and said second device region comprises a p-type transistor.

3. A method as in claim 1 wherein:

forming the first spacers of a first width further comprises forming, in a single run, the
first source/drain stressor elements for applying a stress to the first channel region; and

forming the second spacers of a second width further comprises forming, in a single run,
the second source/drain stressor elements for applying a stress to the second channel region.

14



6. A method as clainmed in claimwherein the step of conning said sou 'drain
stress() elenents conprises the steps of: formng a source and a drain
sgessor r. .css. respectively in said source/drain tressor region
associated with said first gate stack and formng a first material in said
recesses of said first gate stack; and formng a source and a drain
stressor recess, respectively, in said source/drain stressor region
associated with said second gate stack and form ng a second nmaterial in
sai d recesses of said second gate stack. A nmethod as clainmed in claim
6 wherein said first gate stack conprises a gate stack of an n-type

transi stor and sajd second .gate stack conprises a gate stack of a p-type
transi stdr, tHe™ WﬁﬁﬁgFﬂﬁﬂﬁgwnb ¥%ing the step of formng a

tensile stressaor, .material.jn said ﬁgres or..recesses associated with said
ntype transi stsﬁlfi,ﬁrséﬁ’&{thls dlf%efefi?%"hﬁa‘ ¢ %ﬁﬁ% 'sive stressor material in said
stressor recesses associated with said p-type transistor. S. A nethod as

claimed in claim3 wherein: the step of form ng said second

sour ce/ drai n SAE Lh&RoPds c?al1 Sl Elaiglomﬁéreslg §or&nh Sél& fR¢ § chﬁ/ﬁfam sp’%ss@r e?e%%gtgd
n, -an e p of

stressor Tayer over said second device regfron, ste
form ng Q%kﬁﬁ&'rst source/drain stressor elenent conprises the step of
formng a rst shessor |ayer over said first device region. 9. The nethod

of claiml wh q{nﬁl'al[&m% Q%rs? hﬁ{%ﬁgfintg %&Th@gso%ja/grafni s(rt?s‘éor%n? &fdon d spacers

conpri ses:
forming said second source/drain stressor elements comprises implanting a second

material into said second source/drain stressor region.

6. A method as claimed in claim 3 wherein the step of forming said source/drain stressor
elements comprises the steps of:

forming a source and a drain stressor recess, respectively in said source/drain stressor
region associated with said first gate stack and forming a first material in said recesses of said
first gate stack; and

forming a source and a drain stressor recess, respectively, in said source/drain stressor
region associated with said second gate stack and forming a second material in said recesses of

said second gate stack.

7. A method as claimed in claim 6 wherein said first gate stack comprises a gate stack of an
n-type transistor and said second gate stack comprises a gate stack of a p-type transistor, the
method further comprising the step of

forming a tensile stressor material in said stressor recesses associated with said n-type
transistor; and

forming a compressive stressor material in said stressor recesses associated with said p-

type transistor.
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depositing spacer |ayer over the substrate coveti ngand second regi ons;
formng a first mask | ayer overbstrate; patterning the first mask

| ayer to renove a first portion of the first mask | ayer to expose the
spacer layer in the first region and | eaving a second portion of the first
mask | ayer covering the second region; patterning the spacer dielectric

| ayer exposed by the first mask layer in thet region o formthe first
spacers of a first width; renoving the second portion of the first nask

| ayer; form ng a second mask | ayer over the substrate; patterning the
second mask layer to renbve a first portion of the second mask |ayer to

expose t ce the s nd region and | eaving a second portion
of the seCOnd%Nﬁg mﬁéik?“%%@%??ﬁgwﬁﬂ%nflrst regi on; and patterning the
spacer diel ect yer. exp second region

to formthe se o na sp°§1(r:né1§§nf? Seﬁondb%‘tlrﬁggralfﬁgesﬁ” egf%ﬁllﬁ(foménsei g FHEd’in claim 9

wher ei n V}‘ r%ul?sa s%lc:on%a{ressorgar gllovg‘rnsq Ssce:c% Jﬂilev%cg%e or San‘?ir e_ differ ent ) 11. A net hod
for processi sem con tOI’ S ructure co rfrsing:

the step of forming said first source/drain stressor element comprises the step of forming

a first stressor layer over said first device region.

9. The method of claim 1 wherein the step of forming said first and second spacers
comprises:

depositing a spacer layer over the substrate covering the first and second regions;

forming a first mask layer over the substrate;

patterning the first mask layer to remove a first portion of the first mask layer to expose
the spacer layer in the first region and leaving a second portion of the first mask layer covering
the second region;

patterning the spacer dielectric layer exposed by the first mask layer in the first region to
form the first spacers of a first width;

removing the second portion of the first mask layer;

forming a second mask layer over the substrate;

patterning the second mask layer to remove a first portion of the second mask layer to
expose the spacer layer in the second region and leaving a second portion of the second mask
layer covering the first region; and

patterning the spacer dielectric layer exposed by the second mask layer in the second

region to form the second spacers of a second width.

10. A method as claimed in claim 9 wherein widths of said first and second spacers are
different.
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fornmtng, in a single rim one or nore spacers of different widths for
di fferent devices and form ng source/drain recesses adjacent to a
gate in the devices and filling the source/drain recesses with a filler
material to formstressors for applying tensile or conpressive stress on
the devices, A nethod of formng a :ince cong. provi ding a substrate
prepared with a first device region with first gate and a second device
region with a second gate; selectively fowing first spacers of a first
wi dth on sidewal k of the first gate; selectively formng first stressors in
the first device region by forning first source/drain recesses in the
substrate adjacen%>i? the first and filling.the first source/drain

ﬁP or

recesses P¥T?§?g%§"PP Clof Yoy fioPPYERe soar ce/ drai n stressors,
the first stressors.co ising a first stres el .ec nnin second
e cor s of o OGN W B o0r St Reef® oeal BHER il Ll

devi ce reglon Iter seI ct ive i rst. spa nd the first

Gt 1 essor o andomTLePRYRY G 1B 4 Ge IelBle SRl ALl e

regi on, tljg(%ss%g&r?ﬁ'g{iﬁér m%?eflﬁlgo ?orl%%?psg e %Orr]% ?ylfg‘atgrﬁqg or CE)mS%?SIVC sgfé%s on tfh| rst

nettledmhereln m ng Irs F 658015 conprises - formng a

stress | gyef.over tego n. 14, The nethod of claim 13 wherein formng the
second stressors conprises formng a second stress |ayer over the second
devi ce region.

12. A method of forming a device comprising:

providing a substrate prepared with a first device region with a first gate and a second
device region with a second gate;

selectively forming first spacers of a first width on sidewalls of the first gate;

selectively forming first stressors in the first device region by forming first source/drain
recesses in the substrate adjacent to the first gate and filling the first source/drain recesses with a
first filler material to form first source/drain stressors, the first stressors comprising a first stress;

selectively forming second spacers of a second width on sidewalls of the second gate in
the second device region after selectively forming the first spacers and the first stressors; and

selectively forming second stressors in the second device region, the second stressors

comprising a second stress.

13. The method of claim 12 wherein forming the first stressors comprises forming a first

stress layer over the first device region.

14. The method of claim 13 wherein forming the second stressors comprises forming a

second stress layer over the second device region.
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15. The nmethod of claim 12 wherein form ngte ors conprises inplanting first
type ions into first source/drain regions adjacent to the first gate, the
first type ions formfirst source/drain stressor regions having the first
stress. 16. The nethod of claim 15 wherein fonning the second stressors
conprises nplanting second type ions into second source/drain regions

adj acent to the second gate, the second type ions form second source/drain
stressor regions having the -cond stress. 17. The nethod of claim 12
wherein form ng the second stressors _ conprises: form ng second source/drain
recesses Phe §8‘5§W‘8‘F ef chirp 4 aherein doring thelirglfiessert copppyises implanting fifst gt he
second source/drai.n recesses with a second fiIIer_pnterLaI to form second
sour ce/ driEedonsinte Ssbource/ gpmtrEr i gdiaceaia thediry gate, theyfygst tpgdonsfarmdstor ¢l ai m 12
wherei n one 9f the first apd.second stresses conprises a tensile stress and
ot her of SPHE® ‘ilrf‘lf’?tresé‘ﬁ&egé"éﬁgﬂalgél?er d¥SESSconpri ses a conpressive stress. 19.
The nethod of claim 12 wherein the first wwdth is selected to cause
the first stress to apply a first. desired amount of the first stress on a

first Channel eneat e fiLrst te. d the second width is
Lol oot on 180" A0E BeRhdotcln 15 Mo 3 Rimg Whorapd sresleREech PHERTNSEE = 0 L he

d . h l. . h hod
of ol ai mer gAEyifs RGO ARl REPRThlccD BRERA B8 sl pnd O, T O

I rs rst spacers 1S rent from

the secong il sdulb&/ AT R PRBGnAhving TREOGE Qlessl Or M ng a devi ce
conpri sing:
17. The method of claim 12 wherein forming the second stressors comprises:
forming second source/drain recesses in the substrate adjacent to the second gate; and
filling the second source/drain recesses with a second filler material to form second

source/drain stressors comprising the second stress.

18. The method of claim 12 wherein one of the first and second stresses comprises a tensile

stress and other of the first and second stresses comprises a compressive stress.

19. The method of claim 12 wherein:

the first width is selected to cause the first stress to apply a first desired amount of the
first stress on a first channel beneath the first gate; and

the second width is selected to cause the second stress to apply a second desired amount

of the second stress on a second channel beneath the second gate.

20. The method of claim 19 wherein the first width of the first spacers is different from the

second width of the second spacers.

21. A method of forming a device comprising:
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providing a substrate wth first and second device regions; formng first
spacers of a first wwdth on sidewal k: of a first gate stack in the first
devi ce region. form ng second spacers of a second width on sidewalls
of a second gate stack in the second device region; and form ng
first source/drain stressor elenents in a first source/drain stressor
region in the substrate adjacent to the first gate stack wwth the first
spacers, wherein the first source/drain stressor elenents have a first
proximty to a first channel. in tg; substrate below the first gate stack

det er mi ned by RAdipg 3 wpsteatsathiust apdsecopddleyigd 1/GASHf ¢l ai m 21 conpri ses

form ng second, squrce/drain_sire.. second ur.ce/drain stressor.region in
the substrate 8’3?‘%1%%ﬁtt3p?°8rst°ﬁ%ﬁ‘sgbwgﬁ’dmd%f"é(agtog?: ISt IS4 mttﬁeefs‘rgted(%lﬁ spacers,
wherein the second source/drain stresser elenents have a second proximty
to a second thannel in the substrate bel ow the second gate stack determi ned

by the s ecpnd fs gr%r(l: esrecs:dndzs 3a'cer-sl_hP a sré%ng%thﬁ]:m (%lleavsi/am 211 s‘é@o%& eeiltg stz];c%rirmhg g first
source/ drai n stYESEroerdients conpri ses forrcel driain’ Fecesses tn the
substratqwa%h%g%%%qg the, first gate stack and filling the first

O . . . .
sour ceecesses W Pt st filler material to formthe first source/drain

stressor ele nqgltnﬁn%grét SI{I&%G/&E&IQQ&S(Q%IC&]IC&L {H azfi'rft\gﬁttﬁ{;eﬁdgrﬁ? Et%s{gr {:b%ioB '11{ tﬁé

source/drain stressor elenents conprises |Inp Irst type 1ons into

first soupg Ilaﬁj:raﬁjia&n{ £9ahs /g?tgjst@&%mh tfl@ﬁlrs%aéce}sf@ﬁeraﬁ"ﬁl@ it aplce/atle first type

ions formthe first source/fdrain stressor region.
stressor elements have a first proximity to a first channel in the substrate below the first gate stack

determined by the first spacers.

22. The method of claim 21 comprises forming second source/drain stressor elements in a
second source/drain stressor region in the substrate adjacent to the second gate stack with the
second spacers, wherein the second source/drain stressor elements have a second proximity to a

second channel in the substrate below the second gate stack determined by the second spacers.

23. The method of claim 21 wherein forming first source/drain stressor elements comprises
forming first source/drain recesses in the substrate adjacent to the first gate stack and filling the
first source/drain recesses with a first filler material to form the first source/drain stressor

elements.
24. The method of claim 21 wherein forming first source/drain stressor elements comprises

implanting first type ions into first source/drain regions adjacent to the first gate stack, the first

type ions form the first source/drain stressor region.
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