| NTEGRATED CI RCU T AND METHOD OF FABRI CATI ON THEREOF CROSS- REFERENCE TO
RELATED APPLI CATI ON [ 000] This application is a divisional application which
clainms benefit of copending U S. patent application Ser. No. 11/946, 843,
filed on hbvenber 29. 2007. The above- nentl ed a or por at ed
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present invention relates to integrated circuits (1Cs) and a nethod of
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DESCRIPTION OF THE RELATED ART

[0003] In conventional integrated circuit integration schemes, spacers are formed on
sidewalls of the gate stacks of NFET and PFET devices by forming a blanket layer over the
wafer, and selectively etching the layer to form such spacers.

[0004] As device dimensions continue to decrease, it becomes more and more difficult to
control the profiles of source and drain junctions and source and drain extensions associated with
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.

[0005] 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



decrease, stressors may be introduced into each device in order to apply a
strain to the channel region of the device. Stressors may be fomrd by

i nplanting a doparit into the wafer in the. vicinity of the source/drain
regi ons of ~a .devige ternatively, .stressors nay pe fornmed by etching a
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coat i ngf materidbvi ce with a strained layer of material. [0006]1n the case of
PEET devi ces, stressors that cause a conpressive stress to be devel oped in
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of an NFET device forned in a silicon wafer, the stressor material may be
epi t axkepitaxgdllsilivon gemidnige. 1000811 n order to form stressor recesses, etching
of the substrate is required. Etching of the substrate to form stressor
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the invention, , ere is provided a nmethod of fornmng an integrated circuit
st r uct eempaspMRisTiabhaving asregler datti¢egonstanithan thersgbst@ﬁmmg@@éhgnd@ﬁaé@f egi on
on a surface of a wafer, formng a spacer of a first wwdth on a

an NFET device formed in a silicon wafer, the stressor material may be epitaxial silicon carbide

alloy.
[0008] In order to form stressor recesses, etching of the substrate is required. Etching of the
substrate to form stressor recesses is usually performed after forming spacers on sidewalls of the
gate stacks of the FET devices.

SUMMARY OF THE INVENTION
[0009] 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 widthon 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.
[0010] 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



sidewal |l of a first gate stack in the first device region, formng 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 fromthe second w dth.

[ 0010] According to a second aspect of the invention the formati on of_the
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circuit structure _having,gate stack sidewall|l spacers of different
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stresses may be applied to the channel regions of different respective

t ypes sthckisidévealbspaf@013]1t will be appreciated that reference to gate stack
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thickness of the gate stack sidewall spacers. Thus, by providing an integrated circuit structure
and a method of fabricating an integrated circuit structure having gate stack sidewall spacers of
different thicknesses on different respective types of FET devices, different stresses may be
applied to the channel regions of different respective types of devices.

[0013] 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
[0014] Embodiments of the present invention will now be described hereinafter, by way of
example only, with reference to the accompanying drawings, in which:
[0015] FIG. 1 shows a structure formed during a process of fabricating an integrated circuit

according to the prior art;



exanple only, ith referenc to the acconpanyi ng draw ngs, in which:
[0015]FIG | shows a structure fornmed during a process of fabricating an
integrated circuit according to the prior art; [O016]FIGS. 2 to 7
showstructures forned during a process of fabricating an integrated circuit
accor difj6l o bid? e AsBowstraetares fivraredidgang pmm&mfc%@n@ms an gtegigigd
structures forned during a process of fabricating an integrated circuit

accor dicipenit secerdmglioraitiodlirnénts bfthe ientiorgn; and [ 00181FI GS. 11 to 14 show
structures fortned during a process of fabricating an integrated circuit
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| NVENT 00191The ow ng enbodi nents are Iintended to iTlustrate the
i nvention.

modi 11 AT BReoitE GreEiite ol Fr ETHEEPEn: b i hose skilled in the art.
[00201FIG 1 illustrates a structure fornmed during a process of fabricating
an i nt &YH81 ed FIGS. 11 to 14 show structures formed during a process of fabricating an integrated
circuit according to embodiments of the invention.
DETAILED DESCRIPTION OF THE INVENTION
[0019] The following embodiments are intended to illustrate the invention more fully without
limiting their scope, since numerous modifications and variations will be apparent to those
skilled in the art.
[0020] 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.
[0021] According to the prior art process, the spacers 3 are formed to have the same
thickness as each other.
[0022] 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.
[0023] 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.



circuit according to the prior art. The structure includes an array of NFET
devices 1 and an array of PEET devices 2. Gate stack sidewall spacer

el enents 3 are fornmed on sidewalls of a gate stack structure 5 of each
device. [002According to the prior art process, the spacers 3 are forned to
have t he KlRiSe R e d dllgstratestmeiprasdprmedodrmigmproenss ppfabricivasif@ing to the
prior art, strcssors are forned in the source and drain region of each

devi ceintégrated eirciivinf aztondsiideavites fiedh ambedinnbbithe peasemiésventiont he case of
NFET devices siressors are formed to apply a tensile stress to the channel
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stressorsed to apply a conpriessive stress to charinel region 7 of each
of the PFET device 23] The str ors may be forned by. i npl antation.of a
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recess and formng a stressor material in the stressor recess. In a_ still

f ur t hebe andesstped thabwhile thesperication refersito praerap pf depesselemenys.dhis ismerehf to
stressor material 4 over each of the FET devices. 100241FIGS. 2 to 7
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integrated circuit in accordance with a first enbodi mrent of the present
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array of NFET device elenents 10 and an array of PFET device el enments 20

(only evice, of each ar i.s_sho .. 1t shoul under st ood t.hat
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merely to reflect what is the normin current_industry practice and as
shown staek strustirred 1, 21hand; awpsprctivhchappelitegiond4i #t-egrated circuit structures
havi ng one NETT device and one PEET device al so.

[0027] A first layer of a first material 30 is formed over the arrays of device elements 10, 20.

The first material is a material from which spacer elements will be formed on the sidewalls of the
gate stack structures 11, 21.

[0028] According to the first embodiment, the first material may be silicon nitride. In some
embodiments silicon oxide may be used instead, or a combination of silicon oxide and silicon
nitride. Other isolating, low-k materials compatible with CMOS processing and combinations
thereof are also useful.

[0029] FIG. 3 shows 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 tetracthoxysilane (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.

[0030] 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



100261Each device el enment of the arrays of device elenents 10, 20 has a
respective gate stack structure 11, 21 and a respective channel region 14,
24. 100271A first layer of a first material 30 is fornmed over die arrays of

device elenents 10, 20. The first materi s a materi al fromwhl h spacer
el ementidewpily offhe geie siaak simuatwres 31 salhden 3@% leagtdn gagt @n hegopdiions pp espll,
21. [00281According to the first enbodinent, the first nmaterial nay be
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[0029] FI G 3 shows the strulLture of FIG 2 followi ng formation of a first

mask menber above the.array of NFET device elenents 10 and not above the
array SICHET H&ViCe® fugrrents 20. The first mask member 41 may be formed

fromtetraet hoxysil ane &TEOS I n. sonme, enhaodi ment s gf the i nvent| on, the
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al so useful for fabricating the first nask nenber 41 including conventional
phot or ési RREThédwcd alérmentf 00 30jréfeeabdy aroundit Bnmmin sonenerbleodimbijte of thet ineentian,et ch
process in order to renpve a portion of the first layer 30 thereby to form
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structures 21. wi |1l be appreciated that the thickness of the spacer
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[0032] FIG. 4 shows the structure of FIG. 3 following deposition of a stressor layer 25 over
the structure. The stressor layer 25 may be a silicon nitride layer having a composition arranged
to form a compressive stressed layer. Other materials are also useful for forming the stressor
layer 25. The stressor layer is configured to apply a compressive stress to the channel region 24
of each PFET device of the array of PFET devices 20.

[0033] FIG. 5 shows the structure of FIG. 4 following removal of the first mask member 41,
thereby exposing the first layer of first material 30 over the array of NFET device elements 10,
and the formation of a second mask member 42 over the array of PFET device elements 20.
[0034] FIG. 6 shows the structure of FIG. 5 following an etch process to remove a portion of
first layer 30 thereby to form a pair of sidewall spacer elements 12 on sidewalls of the gate stack
structures 11. It will be appreciated that the thickness of the spacer elements 12 on sidewalls of
the gate stack structures 11 will depend at least in part on the conditions under which etching is
performed, and the time period for which etching is performed. According to the first
embodiment, the etch process may be a reactive ion etch process.

[0035] According to the first embodiment, the thickness tnger of the spacer elements 12 on

the NFET device elements 10 is preferably around 15nm. In some embodiments of the invention



sidewal I s of the gate stack structures 21 will depend at least in part on
the conditions under which etching is perforned, such as the tine period
for which etching is performed, Accordi ng to the first errbodi ment, the etch
process rrtg be a react ion etch roce Q her ﬁéCh pr ses are al so
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spacer elenents 22 on the PITT device eI enents 20 is preferably around
15nm Riso8&Kl. enbodi ments of the invention, the thickness tpFET may be in

t he range from about 10tun to about 20nm O her thicknesses are al so
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a stressor |ayer 25 over the structure. The stressor |ayer 25 may be a
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100331FIG 5 shows the structure of FIG 4 -DA-towi ng renoval of the first
mask memdmly 4 fensilhisirasbio thr phainaregion 1#iafsacl dgvege ebémdrit o€ therpautagiof FEI0 over
the array of N FET device elenents 10, and the formation of a second mask
menber déddcoOdlemchtiaoarray of PFET device el enent 100341FI G 6 shows the

structure of FIG 5 following an etch process to renove a portion of first
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enmbodi elementstafien éntegraisd soewis stmejurbe a reactive ion etch process.
[ 00351According to the first enbodi nent, the thickness t NFET of the spacer
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about 20am O her thicknesses are al so useful. 100361FI G 7 shows the
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elements allows the distance of the stressor layer 15 from the channel region 14 of each device to
be controlled. The closer the stressor layer 15 is to the channel region (i.e. the smaller the spacer
width), the greater the stress in the channel region due to the stressor layer 15.

[0039] The amount of stress can in addition or alternatively be controlled by varying an
amount of stress in the respective stressor layers 15, 25 formed over the respective arrays. The
greater the amount of stress in the respective stressor layers 15, 25, the greater the stress in the
respective channel regions.

[0040] In variations of the first embodiment, spacers formed on sidewalls of the gate stack
structures 11, 21 are disposable spacers. The spacers may be formed for the purpose of locating
suitable respective different stressors in NFET and/or PFET devices. By forming spacers on
sidewalls of the devices having different thicknesses on NFET and PFET device structures,
respectively, the stressors have different proximities to the channels of respective devices,

thereby enabling control of the amount of stress applied to respective channels. Furthermore, the



the array of NFET elenents 10. The second nmask nenber 42 has al so been
renoved, follow ng deposition of the stressor |ayer 15. The stressor |ayer
15 is atensile stressed layer and is arranged to apply a tensile stress to
t he channel region 14 of each device el enent of the array of NTET device
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invention allows control of the anmount of stress applied to the channel
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integrated circuit structure. [0038] For exanple, the anount of stress may
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sidewal | s of respective arrays. Varying hi ckness of the spacer
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an anpusntlesofibat with sespectitd éherfastpectiddwecstof dssioveldtmpd FEGS.2, 35 f or med over the
respective arrays. The greater the anmount of stress in the respective
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device structures, respectively, the stressors have different proximties
to theemdharfrthéBFETdee’s@eletrienm. devi ces, thereby enabling control of the
anount of stress applied to respective channels. Furthernore, the ability
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control for source/drain regions and source/drain ext ensions for different
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the inventjon, a process of form ng spacers on srdemalls of . the te stacks
of the
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described with respect to the first enbodi mrent of the invention (FIGS. 2,
3). [ OodatyitiEr sBitshlespdrhetost alon¢ ar i@ combitaBon Baviog lagwiktigely hphatimicisoe of
dopant atons to form
compared with silicon.
[0044] FIG. 9 shows the structure of FIG. 8 following removal of the first mask member 41,
and formation of a second mask member 42 over the array of PFET device elements 20. Etching
of the first layer 30 to form spacers 12 on sidewalls of each gate stack 11 of the array of NFET
device elements 10 has also been performed. Etching of the first layer 30 is performed in a
similar manner as that described above with respect to the first embodiment of the invention.
[0045] FIG. 10 shows the structure of FIG. 9 following implantation of dopant atoms into the
structure to form source and drain stressor elements 16, 17 respectively of the NFET device
elements.

[0046] 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



doped stressor elenents 26, 27 in the source and drain regions,
respectively, of the FITT device el enents. The stressor el enents 26, 27
apply a conpressive stress to the channel region 24 of each of the HET
device el enents. 100431Accordin to,tr]e second enbodi nent %f, the_ invention
the doPdtbeARGPRIOFQYS afqres, BEEY ol LERDIRAIPH 2lpat ploag B MDA hayiBR ant
atons are al so useful. For instance, in variations of the second

enbodi nedatively losv atopandizatcommredyitheilicom (Sn) atons, indium (in) atons or
any ot her suitable dopant atom alone or in conbination having a relatively
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second : T i nts 20. Etching of
the fi FW?%@ f%of%agpn%ﬂ%?cgérvg&{%engfg ewa ﬁﬁ%‘g&gg?h gate stack 11 of
the array of NFET device el nts 10 has al so be perfonned. Etchi of
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with respect to the first enbodi ment of the invention. [00451FIG 10 shows

t he st thecmouat of stfésgaargplicditd thei chgnnehpdgaoms aff itlwresfectoparaays af OWE T amddRife
structure to formsource and drain stressor elenents 16, 17 respectively of

t he NFBdvidevlegents o€ bR HtSoratk@06liAGARIGE. MhetdhduRCoSRLONEap BO B6litARRE byt he

dopant atons may be carbon atoms, but other dopant atoms are also useful.
phos prer o Bt S SRR e RN B R bk A ARORE vl T P of Biscnmucd
o e o RN Lol 8 SRS S OB S
tensile stress to the channel region 14 of each NI FET device of the array
of NFEStrepser alemmert9]6,[10028]2A7 and the abwuniatetspeoeidiopheitusethte Hevdhelisteastssdi ment
of the invention allows control of

elements.

[0049] According to a third 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 and second embodiments of the invention (FIGS. 2, 3).

[0050] FIG. 11 shows the structure of FIG. 3 following a process of etching of the structure

to form stressor recess portions 28A, 29A in the source and drain regions of each device element

of the array of PFET device elements 20. According to the third embodiment the process of

etching the structure to form the stressor recess portions 28A, 29A may be a reactive ion etching

process, but other etching processes, such as a well etch process, are also useful.

[0051] In each of the first, second and third embodiments, the gate stack sidewall spacer

elements 22 may be formed from silicon nitride. 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 of the structure occurs and not etching of the gate

stack sidewall spacer elements 22.



t he amount of stress applied to the channel regions of the respective
arrays of NETT and PFET device elenents of an integrated circuit structure.
The amount of stress nmay be controlled by varying a thickness of spacer

el enents on gate stack sidewalls of respective arrays as discussed above.
The amb¥2] of Larspmesmbedimentyerhe insgntion, sha R mediye] paphe elblawslackvthy
varying the size of stressor elenents 16, 17, 26, 27, and the anmount and
t ype obethapanilicos edd sibcdromimidehn thisraases thie spaesrehicknesh 80dPpsitias thiclgrtio a
third enbodi nrent of the invention. a process of form ng spacers on

si dewabldr @f adhl&cYahi@eSdpasdtsvigfh. t he array of PFET device el enents is
performed substantially as des bed iith respect to the first and second

enbodi of i pventio FI , 100501FI G shows t he

truet B30, e T2 B bRy e s G L oB SRR Ry ot etV R bR (o form
stressor recess portions 28A,  29A in the source and drain regions of each
devi cematEinb it the tresser igegsg porsionpR iz, 24y pE theglewive glements of fhe@tfayi HEFES t he
third enbodi nrent the process of etching the structure to formthe stressor

r ecess dpact clomsnt 20, B¥Seamayf ties procesacdties®r iclemeatsil8n 99 predossal infstressot her
etching processes, such as a well etch process, are also useful. 100511In

each ohokidgs DEASIOA BREQNMeBN AheRirtdoLMBRARIE Rbrdngddnte %ﬁﬁ&% cohripedssivt deval |

spacer elenents 22 may formmed fromsilicon nitride. e reactive ion
etchin r [ f in [ Lve. i e e j hat
sel ect ?Ov%ie%ﬁgrﬁ%h%?%b%on e&%}gﬁgﬁg? dé? ?glgﬁleﬁfffﬁb%%&ayé){r}g eq u{génvt1 yéﬁgélgglkélg of

the substrate of the structure occurs arjd riot etching of the gate stack
si dewal9038pacetceordps i the shird embement pfdheinventinng thestessopmatgsigl WAy 8fit i on,

the RIE nedium may be of |ow selectivity between silicon and silicon
ni t ri depitaxmalsticen garsmnitrhe Irspaationg dff thi teslsenals dileputsihe stiesser mhieoklenay or der
to achieve a target spacer width. 100531FIG 12 shows the structure of FIG

11 f ol irRvdad Be dilR6A E&STanAfm LA NAiddntn! SIHEEH inﬂﬁﬁ@?éﬁ{anilﬂn,tdﬂﬁnﬁ bmessor
recess portions 28A, 29A of the device elenents of the array of PERT device

el e”e”hﬁlcagﬂaﬂ?ﬁq.ﬂﬁﬁiéﬁgﬁksggj atBEHCess, stressor elements 28, 29 are forned

in stressor p respectively. The stressor material is

arrangcd to apply a conpressjve stress to the channel regi.on of eac
PFET d&5ek el %F@ngﬁor@ﬁéhl ?%W%mempﬁrp saéwegla&qr@ler@ﬁy ge ﬁmne%y 2hemica

[ 0054] According to the third enbodi nent of the invention, the stressor

mat er i shpowadesitepi (C3D)alOthel depositige progeisesare lalsowaefuht i ons of the third
enbodi ment, the stressor nmaterial nay instead be silicon gernmani um carbon,

sili CO[D(ISB]L Sfﬂé ﬂr@ﬁnbﬁ]&hé&ﬁb&&fl%lﬂidﬂ%mg{/e@aﬂd Rtaghd AR et by f@felival ent
stressor nmaterial,

over the array of PFET device elements 20. The second mask member 42 is also shown in FIG.
12.

[0057] FIG. 13 shows the structure of FIG. 12 following a process of etching the first layer
30 to form spacer elements 12 on sidewalls of the gate stack 11 of each device element of the
array of NFET device elements 10.

[0058] Etching of the first layer may be performed by means of a reactive ion etching process
but other etching processes are also useful.

[0059] 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

10



[ 00551According to the third enbodi nent, the stressor material may be
formed by chem cal vapour deposition (CND). Ot her deposition processes are
al so useful. 100561The first mask nenber 41 is then renoved, and a second
mask nmenber 42 forned over the array of PEET devi ce el %mants 2Q. The second
mask nmEhBEFRCUYC 108 clghang IAeREH A Feresiveon e[cgﬁ’@ﬂ@‘?e&sm% & RERRME ST ALt ur e
of FIG 12 following a process of etching the first 30 to fetal spacer

el enentective ion esdhitegg medibm thét seleetively etcBesesdlicani andfnotsibibordeitridse (sinsespantliof

the array of NEET device el enents 10. [00581Etching of the first |ayer may

be per tRhIRDrie dBage 000 af the ettt dcbirs @hé RbNAch@6EMHS ghiélstaok RRlewal chi ng
processes are also useful. 100591Followi ng etching of the first |ayer 30,

furthe i fothe structure is pciformed in order to form stressor
recessg%agrgfgglﬂgntgé% | 9A of each of the NFET devices. According to the

first enbodi ment, etching of the strcssor recess portiqns 18A,. |9A may be
per f or KH90by e xAd be apprgcipie hatiig the;case Batspacy efﬁ"éf‘g‘é%]sz.’ agﬁ@ g@é‘fﬁt‘?‘ﬁ%"mén
etching process nay be erfornmed using a reactive ion etching nmedi um at
sel ect magdrial ethehtben silicpi oitridmd differesti dt¢homadinint mayles reqomedk gRienlatly, inet chi ng
of the substrate 100 of the structure occurs and not etching of the gate

st ack ginBediddehtsSPIRGE the@uBERId & nb2a silidO®AYstrate] 4 Hifleeendploh @tddaire niafde in the
ease that spacer elements 12, 22 are fabricated froma

required.

[0061] 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.

[0062] According to the third embodiment, the stressor material may be silicon carbon. In
variations of the third embodiment, the stressor material may instead be silicon carbon
phosphorous, silicon phosphorous, or any other suitable stressor material alone or in
combination.

[0063] In various aspects of the invention, device elements of NFET type and device
elements of PFET type are formed having different thickness spacers on respective types of
devices.

[0064] Furthermore, various aspects of the invention enable a reduction in the number of
mask steps that are required in order to form an integrated circuit having strained channel NFET
and PFET device elements. For example, in the case that it is required to form an integrated

circuit having strained channel NFET and PFET devices, the steps of etching of a first layer to

11



material other than silicon nitride, a different etch nmedium may be
required. Simlarly, in enbodinments here the substrate is not a silicon
substrate, a different etch mediummay be required. [0061] FIG 14 shows the
struct re of FI 3 followng formatjon of a stressor material in the
stress m}&%}séﬁwé vehsporan and siahtie the s e Ty SREE TSESEheIET devi ce
el enments 10. By neans of this process, stressor elenents 18, 19 are forned
i n sir pedormesiceiloy arequiresenBiy ad dncrvemsg ewiskinglsiep. The stressor rnatcri al

is arranged to apply a tensile stress to the channel region 14 of each NFET

devi ce [@)g3ENt IQfthdrRforas, loave 2 firdNbér BR\Weef eRheIMbim M palOQAIMSANdI ng t o

t he thlrd enbodi ment at eri al may he silicon carbon. In variations of the

third ‘§§'§% i {I‘%‘{mt nelggSS%% t@ﬁl%%de%ﬁhér%a 6r@%t ?&% % &l 1%1%81'8 sﬁﬁ’sftB

phospho orous, “or "any o ssor erla
al one in conbln tion, [0063]In varj ous aspects of the i nvent n devi ce
el emen %mbwurimﬂ (dFaa SHRSSORISGPSES 18 ParamIed. thlﬁSﬁC%lvﬁgleé}reewﬁﬁf]ég € Hs¥i ng

di fferent thickness spacers on respective types of devices.

[ 0064] Fayet brearthegaty staclowi! propretths gofe stack framv being etchedh albirtheemoredlihe presanden

t he nunber of mask steps that are required in order to forman integrated

Ci r cui bf hRh& réigdrReer £adRaelf thdkelipdf bgolitd 8)pe t¢& tHkepaAE stchédwilexanpl e,
in the case that it is reqU|red to forman integrated circuit having

S a1 g anasluNERTaAndsB gg%ﬁgt@%mﬁ Qﬁn%gﬁﬁgCofhlggﬁ%l&%trggso@refclesrsﬁé

orm gate st acers hin € substrate

ifﬁ{ " v BhRG SR el 8 B %%?%%rac it Er AREPREI e Has been

etched to formthe gate stack S|demell spacers it is not necessary to
provi delesmentsr t her mask before a process of etching the substrate to form
source and drain stressor recesses is perfoi'lied. This is because the

presen¢@eef t hearidusSkpdcaydth@it@entidheal @érRbRItAE KirstMdykr foretcttied thforgat e st ack
from being etched. Furthernore, the presence of the mask nenber over a

subse! slwhf S AR HEOLLORRABILR L RERAID0SE, BRLLR Elehed, by ptect

sai d su]bset evl ces O opposite type rom etc

LR T = A L AN NN (05 TES B SR 081 2k
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.
[0067] For example, in some embodiments of the invention, the wafer may be subjected to an
etching process in a process chamber using a first gas to etch the first layer. Subsequently, the
wafer may be subjected to an etching process in the same process chamber using a second gas
different from the first gas, in order to etch the substrate.
[0068] It will be appreciate that the third embodiment of the invention and variations thereof
have the advantage that etching of stressor recesses may be performed in the same hardware
module. That is, the process of etching to form the spacers and the process of etching to form the
stressor recesses can be performed one after the other in a single run. In other words, there is no
need for a process of removal or formation of a mask inbetween the steps of etching to form the

spacers and etching to form the stressor recesses.
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[ 0066] Vari ous aspects of the invention also enable the first |ayer to be
etched to formsidewal |l spacers and the silicon substrate to be etched to
form stressor recesses in a single wafer processing run. This is because in
sonme en&o iments of the lnventi&g_the_mafer does not need to, be renoved
from t NE0Shanblysogie rhndimens Pt Be Mpisation agenHpuqus Sihig ipceshis rerlegned iy er

is performed in order for etching the substrate to be pc-1 rined. [0067] For
exanpl evhi¢hmths etrhirgvoditives érs chiinged evlien\eeahingootf, the Aest ayteto fomy tHeesidewajlect ed
to an etching process in a process chanber using a first gas to etch the

first |spuef eleeRSesstnblb, Fohex @18 in B8 BRALEUIRIAL! RS efcRard BaSingPbOY Process
in the sanme process chanber using a second gas different fromthe first

gas, | r . 11 ill he appreciate that the
Phira SRS EhR Gl SR BRI R R RLed o Mo PR EGe B etk anc e
that etching of stressor recesses nmay b erformed_in the same hardware
modul e PrOgRst My be ’cnltFéTU[?lt‘?Sicftré@@WH’Ig ctehing ?@ﬁ? 15t 43yt tonfera sidewinl sparersiaid process
of etching to formthe stressor recesses ¢ be performed one after the other
in a sbafprectching of thestiassooratssses.here is no need for process of renoval or
formati on of a mask i nbetween the steps of etching to formthe spacers and
et chi ngo¢70] f 0. hRbSINREGVT theHieSheMmventi HORIE bBerb QR¥BrivIIAH TENhS Rft MRR

i nvention, a continuous etching process is perforned in which the etching
condi ti m@ﬁﬂ ' . 1 ' for . Si dewal
Spacer e er?tf;{nstef gﬁ?@g\ge?rﬁ eter %Eg\@ﬂgg%%?ee%ﬁ?%d&s %@eihgég%gﬁ%eaﬁ?g{n ﬁ%?ést chant
gas may be switched froma firs aver etch gas to a substrate etch gas. In
some emSaAHEHY omadeover beiargy B% Bﬁ%ﬁéeﬁmdﬁ@eﬁﬁt Yoy SeamoresidsHEos chi ng
of the first layer to formsidewall spacers and before etching of the

st r ess&killedietbs eg that dlo7irsEmbsidinambescapid inkeagh be femied omerghe away diRIEHeen
described in which the first mask nenber is for ned over the array of ?WET

devi cedevies@lbingntd Afd tieses@iansskRakberRubRGuétlySHRsaDsRR tHearfaglofBFBIVEr t he
array of PFET device elenents. It will be appreciated by those skilled in

the arfedibatichgsfirst mask menber could instead be formed over the array
of PEE deV|ce elenents arid the second mask nenber subsequently forned

over h f ET device el ements. [0071] Thr oughqut. t he description an
ol ai e GEh 'S\EEB op (g dCeFRIPTIOR dnd plages @gﬁapg‘gﬁcat@ﬁdt <Rt oG and

variations of the words, for exanple , 'prising"” and "conprises", |eans
"i ncl udéanépimlandncriatiprs efdbe words, tmgxaspledromptigng tand: ‘somarisesdoesansot )
excl ude other nvieties, additives, conponents, integers or steps.

[ 0072] Tackd@ladit nbiiemieb©r] #idii9 AotdiRttngéddonBndiodstos explRdé biheatnotdlics,t he

si ngul ar enconpasses
additives, components, integers or steps.
[0072] 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.
[0073] 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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t he plural

i ndefinitei
plurality a
100731Feat u

unl ess the context otherw se requires. In particular, where the
s used, the specification is to be understood as contenpl ati ng
s well as singuiartty, unless the context requires otherw se,
res, integers, characteristics, conpounds, chem cal noieties or

&caws 8%@@#$@émﬂﬂnsconjunctlon with a partlcular aspect, enbodi nent or
exanpl e of the invention an. to be understood to be applicabk, to any other

spechodii"p
clained is:
having firs
-first spac
first devic
second ‘gate

| e described herein unless inconpatible therewith. What is
CLAIMS 1. An integrated circuit device c prising: a substrate

t and second device regiQﬁ%AﬁM a surface of the substrate,;

ers of a first width on s maFIs of a first gate stack in said

A secgq@ gacers.oﬁ a second width on sidewal k of a
3%1§5W' EEBHYBEN®e region; first source/drain stressor

el ement s haV|ng afirst proximty to a first channel in the substrate bel ow

the first g

assbsiragechaving feshindagend devicetrpgions gpngtafase ofihg substrate;

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

second spacers of a second width on sidewalls of a second gate stack in said second

device region;

first source/drain stressor elements having a first proximity to a first channel in the

substrate below the first gate stack determined by the first spacers; and

second source/drain stressor elements having a second proximity to a second channel in

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

2.

The device of claim 1 wherein said first device region comprises an n-type transistor and

said second device region comprises a p-type transistor.

3.

4.

The device of claim 1 wherein said first width is different from said second width.

The device of claim 1 wherein:

the first spacers of a first width is formed in a single run with the first source/drain

stressor elements for applying a stress to the first channel region; and

the second spacers of a second width is formed in a single run with the second

source/drain stressor elements for applying a stress to the second channel region.
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second source/drain stressor elenents having a second proximty to a second
channel in the substrate bel ow the second gate stack determ ned by the
second spacers. 2. The device of claiml wherein said first device region
conprises an n-type transistor and_said second device_ region conprises a
p- t ype 5t r andihgdeyice oficlaimn b vehetdin saidfirst seyrae/Arajjheressas cloapents is farmegdi byt h
different fromsaid second wwdth. 4. The device of claim1l wherein;

t he fi implaspace fisst afataial intsh fiedtdoirce/drdiostrassoriragian andighid second wéurbe/ddam f i r st
source/drain stressor elenents for applying a stress to the first channel
r€gi ONtr@RGk elements is%rrﬁ&?ﬁ’ﬁﬁinﬁm&%r Ssc@bnPmaRAMNE M cbnd Sout QIR strlssBr
singi.e run with ¢ second 'source/drain stressor elenents for applying a
stress to the second channel region. 5.The device of claiml wherein said
first §8Pte/drain stressor elements is foined by inplanting a first
material into a first source/drain stressor region and said second
source/drain stressor elenents is fornmed by inplanting a second nateri al
into a second source/drain stressor region. The device of claim4
wher ei 6. sai @hsdavicebdficlainn4 siheess eaid ebrroRddam steeséopelenedtshy fanmsedbyasoard a
drain stressor recess, respectively, in a source/drain stressor region

associ gh@d awlid fr&8dideddss, Sbspad Rl iRg KodBddmir étfbor ﬁ‘?%i@ﬂi h@dbcibfdd $athkaiECcesses
of said first gate stack; and a source and a drain stressor recess,

respectively-.in a l.drain [ or..regron i A i cond
gat o ot etbeR B0 3 sy by TA PO ReuloG¥) B BETORE K, kol Sad e
st ack. . The device of ¢claim6 wherein said first gatg st ack. co i ses
a gat e dEainsiRessAT T8epsh respEelively AR p S EC/dradn HEgSePr Sediomassgelple é’flﬁ)c%ldc%ﬁﬁ&ﬁ ses a
gate stack of a p-type transistor, and said stressor recesses associ ated

wi t h saatd stack ypda secand insttaial cosaid fsesenof @ikiccendgatestackmt erial in said
stressor recesses and said stressor recesses associated with said p-type
transi stor conprises a conpressive stressor material. 8. The device of
claim3 wherein said second source/drain stressor clenment conprises a
second,stre rJ i i .on, i g
sour ce/ dr ai ﬁ\ﬁgtd Féélgéslgi;dgﬁﬁewr?ft%}eg%%g%:ﬁgsgétg\é*al%gsc{)ﬁg{l?%é Ebdﬁ%%eér%ag\?etﬁ%ai d

first device region. 9, The device of claim erein said first,

sour ceFapsistar aydrsaukssrond gite ek coraprisss F‘r@@lteisﬁcéowi’é%’p%%@sl?g)rd?%s 3kt r essor
region in the substrate adjacent to the first gate stack with the first
spacer stresapiresasa ssswintel wohsaid/ndiyne trastisterseorpriseeatensite tiress mgtenialinisaida
second source/drain stressor region in the substrate adjacent to the second
gat e sgRE&koMetddsdshRdSedandssoP Akedsss associated with said p-type transistor comprises a

compressive stressor material.

8. The device of claim 3 wherein said second source/drain stressor element comprises a
second stressor layer over said second device region, and said first source/drain stressor element

comprises a first stressor layer over said first device region.

9. The device of claim 1 wherein said first source/drain stressor elements are formed in a
first source/drain stressor region in the substrate adjacent to the first gate stack with the first
spacers, and said second source/drain stressor elements are formed in a second source/drain

stressor region in the substrate adjacent to the second gate stack with the second spacers.
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10. The device of claim9 wherein the first spacers of a first width
is formed in a single run with the first source/drain stressor el enents;
and the seem spacers of a second width is formed in a single run
with the second source/drain stressor elements. 11; A device conprising: a
substrate prepared with a first &vice reghh wand a second device region
wth a second gate; first spacers of a first wwdth on sidewalls of the
first gate; first stressors in the first device region adjacent to
the first gate, the first stressors conprising a first stress; second

spacer $00f gh8a6ARd IS0 VReidewal | s of the second gate; and second

stressors in the second devi ce regi on adj acent to t he second gate, t he

secon_d str eﬁ?e%ré&s%%g rr%g %f o X%‘%‘ECO d S ! |er zlpgle T wﬁﬁ?hedl%%{ goqlré)e/(%r fga} Imr ;',g'

wherein the stress layer
device region. 13. The device of cla|n12 wherein the second stressors
conpri §EesEorcdemems:gpfess | ayer over

the second spacers of a second width is formed in a single run with the second

source/drain stressor elements.

11. A device comprising:

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

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

first stressors in the first device region adjacent to the first gate, the first stressors
comprising a first stress;

second spacers of a second width on sidewalls of the second gate; and

second stressors in the second device region adjacent to the second gate, the second

stressors comprising a second stress.

12.  The device of claim 11 wherein the first stressors comprise a first stress layer over the

first device region.

13.  The device of claim 12 wherein the second stressors comprise a second stress layer over

the second device region.
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t he second device 14. The device of claim 11 wherein the first stressors
conprise inplanted into first source/drain regions adjacent to the first
gate, the first type ions formng first source/drain stressor regions

havi ng _t he first_strﬁés. 15. The d%yice of claimllé wherein t he second
stressofts cdhprryec ebdainylt ypercinihe et stresiprs Omprisn ey HpsdensdbydHd
source/drain regions adjacent to the second gate, the second type ions

f or mi ngmplected dnts dustceve/diain sigiassdjacenddd tredirbiageia thet first type omnd fatiesBrst 16.
The device of claim 11l wherein: the fi spacers of a fits width is fornmed in
a si ngkeurbd/raM $thesddr@edibisHaviio thS Higt Stres8Nd t he second spacers of a second
wdth is forned in a single run wwth the second stressors. 17. The device
of claim 11 wherein one of the first and second stresses conprises a
tensile stress and other of the first and second stresses conprises a

con’pre?si ve Btress, %18,. The device of ¢laim 1l wherein: .the first
wi dth i3 seil8gfedcs of dams it wherem the pecopd sliessers capiprie secpnd bpe isithat @& npunt
of the first stress on a first channel beneath the first gate; and t he

secondimpldntied irgo sedoad sewtce/drapmregens adjaset dnthesteandgatey thesptonddysesioond
desired anpunt of he second stress on a_second chapnel beneat h ;he second
gate. fokbhingd &RoMEYIEE/ @hinCdiRbIBr 2ékiMICH0ING thd@csihd Wreds.h of the first spacers

is different fromthe second width of the second spacers,
16.  The device of claim 11 wherein:
the first spacers of a first width is formed in a single run with the first stressors; and

the second spacers of a second width is formed in a single run with the second stressors.

17.  The device of claim 11 wherein one of the first and second stresses comprises a tensile

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

18.  The device of claim 11 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.

19.  The device of claim 18 wherein the first width of the first spacers is different from the

second width of the second spacers.
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20. A device for con
region of an NFET o
sidewal | of a gate

trolling the amount of stress applied to a channel
r PFET device conprising a spacer with varied wwdth on a
of said device and a stressor that is in a source/drain

stressqr regi on.associ at with said gate.
20. %x(?evicef% d

stressor that is in a

r controlling the amount of stress applied to a channel region of an NFET or
PFET device comprising a spacer with varied width on a sidewall of a gate of said device and a

source/drain stressor region associated with said gate.
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