REMOVABLE SPACER BACKGROUND OF THE | NVENTI ON [ 0001]
The invention relates to the formati on of

wa@esmsoasduct or devi ces. [0002] In the formati oPCDUSIOMDE2723
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devices, a gate stack is fornmed over a channel.
Spacers may be forned @e E 0 he gate stacks,
so that the spacers ant nmasks and
di mensi onal spacing | ayers. SUWARY OF THE | NVENTI ON

[ 0003] To achieve the foregm ng and |\;1 accordance with

R

t he pur pose of t W&

ST L O B D R L e

plevoal i t ytnqﬁe ftFh@6n HOCMOB dévieks POEMEBRCISRIE®AGE BRr a channel.
sides of the gate stack is provided, where each cycle

c Snpersmay be SUmeil 9g the tidesoithq gric pRgksesa that thaspassistray be used
' d
¢ R TR 1) HAESeRl B PRI SPeon 2NC eant ng

phase that renpovesSUMMARY OFErHE MeVENWTIABE of the

substrate and sha es a profile of the de@kéited

m @3] al the qrffﬁﬂ%%@dn agesdance vathyhe puipasqfithgpresent
t %eﬁ@&y qqﬁetﬁ@@fb‘?'f F% QRN VRS fices 1%@ &?&eﬁn@( ate stack is
spacers are renove 004] I n anot her est at

offortiled ovaventrfaoa of a SEBmEo dplotadity bEcyicts rfmdfohymtgtmlymer

fol |l ow ng d. stack is forned
& SraeEnai s ol His ke ARl g rang el Slorfagises providing a
f QEFAsREbnHaYd @At c?e\%@ﬁ?srrﬁat@ﬁal%nCtﬁ§ si@s dMRe ﬁélfyﬁqels {6k dnd over the
provi ded, where each cycle conprises providing a
d epdadietal dre q@hatsaée,tahétor@@qhos atclanme ehpsel thgnemheesgiodigger over
of the. po S er,a over urface
sl DaPeoPER GorsaG e A e Pt S kB8 e et o Dagant i
?Mﬁtred M lthe i®sate hiaAae tRfpdli sl at £ddpadt ShdDEFhed
pro ile of the deposited material. Dopant is inplanted
|ﬂ?@bﬁt€hép§9t§§tf¢@ﬁéw9§| ng the pol ymer spacers as a
e 0,
TR e e e lon S R Re o L HARK el bt by
b éhecfetiowingatethod. margatetiedciiis fd@mlecbww:rrn duifacelef asdbegate. A

description of the invention and in conjunction with
t RBIIEY 06 ie for HuMmée PRIRNEFSPRESSERN PRFOR] tBE 2atpptack is provided,

by %e;@‘gl? L:gcgg ﬁ%)ringtq c?v?(ﬁﬂé a'd@(\{\(gsmenoﬁha'sec‘th'at Jléf)%gﬁsaﬁlgtgnal on the

not
sides of the polymer spacer and over the surface of the substrate, and providing a

cleaning phase that removes polymer over the surface of the substrate and shapes a
profile of the deposited material. Dopant is implanted into the substrate using the
polymer spacers as a dopant mask. The polymer spacers are removed.

[0005] These and other features of the present invention will be described in more
detail below in the detailed description of the invention and in conjunction with the

following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference

numerals refer to similar elements and in which:



[imtation, in the figures of the acconpanying
drawi ngs and in which |ike reference nunerals refer to

wa@2emsloens4@®l enents and in which: [0007] FI G 1 iBCHUK20gM082723

10

15

20

25

30

| evel fl ow chart of the formati on of devices used in

f ' [,00 2A
SDHEHEET T 0o biehru SPregRR o8 Ut obviesed dssier wegn an
tgmﬁ)mm%p@fjﬂhgmnﬁ&pm in FIG 1. [0009] FIG 3 is a

schematic view of a plasma processing chanber that may
bE0098¢d fEIlGSetzéhi aurg sehechasit viqupi afghe {o00a@in ¢l d@SicedtA¢ccBrding to

|IIustr ystem which is suitable for
[ 1%‘1 é% ﬁ‘g ﬁ F{)Cf Isler used in enbodi nents of the
PIEEONt | PR Bt @@che@ﬁ?é&ieﬁ%ﬂ%?ﬁ%ffﬂo@és% chhiisber that may be
PREFERRED EMBCDI MENTS [ 0011] e present invention
w.ulsqdﬁ%wb@g@@éémpﬁm in detail with reference to a
{9 o SR RTBOALIRALS AR AR AR, PhicHELAkER b
conpanyi ng raW| ngs. |

d(ﬁﬁpll’ehﬁhlnﬁg’la cdstumialeow@dﬁp embf)dhmedatoaltlhesmageat getnd@rt h

in order tao pr OVI de a thorouh understand| ng of the
presep ETAIL ESCRIPTION OF NBOD

“'f‘l ' Il ’Ptg: I'QSCE]EEIV@IH&OH \Wlaﬁov&t/ Pfd&%ﬁ 'il deYle\Wﬂ# fé@ergi%é toa

be practi ce out sone or a se speci
détvapieserrddrenaida@nents gtearot esillusedtbd kntheacqpngresisg sitm_sgs In

and/ structures have not been descri bed. i det in

o IS is e Ge B Py FEBLE GBI i Bt BEG order to provide
| pRBd h%de{s%ag% o-f‘?hé‘ idnt IRk Aden il Ot HoRevdr, to one
is a high |evel Iowc art of a process used in an
enbiddd rethe agf thantde presenttin wntioGatay bstpaaskisechwehdwspeg or all of

cFBhs SaBHERRED" o0 PP oot P hadtub el tiop apgionyperure

Whhve @t%@&ﬁ&ds@ﬁl@ed%ﬁ‘ﬁe@MQﬁ oV En@aihBet ACiKS oA QBreRBY Bresent
been formed. The substrate 204 has isol ation regions

205ention.addi ti on, an ion dopant has been used to form
| reibh Y
ALY PR RAUGRR ATRUAL 10, { B AIR AP OB proces
s tuseekin 20 @n{betigpent 08the ifeatipol @mrstz&pameﬁsmdeoxfeﬁﬁ gishtrate (step
using a plurality of cycles mhere each cycle copprises

a 18 ddft 2ors éﬁ%’é%s?célpéﬂ Vit %‘hﬁl“‘émﬁfhéfq Jracegphyith a
p'é’ﬁ?s?ra{esjo% d@hich tgh@ staels DGR ﬁ‘av%fb‘ééﬁ fo%ﬁl%H' ?H@Euﬁ’strgéé/ 2l has
the Internmediate structure 200 after a first
dépbmioniregians Hlbade additiep ablidy) dbyemt bascheed @stdato form lightly doped

GBI LA PET LYSLoG52 N this examle, the

L]

[0013] Polymer spacers are formed on the sides of the gate stack 208 (step 108).
The polymer spacers are formed using a plurality of cycles where each cycle
comprises a deposition phase (step 112) and a profile shaping phase (step 116). FIG.
2B is a cross-sectional view of the intermediate structure 200 after a first depositional
phase (step 112) has provided a depositional layer 212. In this example, the
deposition phase deposits material over the surface of the substrate. In addition, the
deposition phase forms sidewalls that are not vertical. In this example, the sidewalls
on the side of the gate stack are bread loafed forming thicker deposits at the very top

of the gate stack. In addition, the sidewalls have a curved bottom.



deposi ti on phase deposits material over the surface of
the substrate. In addition, the deposition phase forns
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sidewal I's on the side of the gate stack are bread

| f orni ng. .t hi cker di ts at th
: R, L. DR i el s ton R Sy abins kot BRP pfis Maping
htserttteg@ilé)]ha&ﬁpea Che ssdeawaqlr oqﬁe PRSI APin (gveh%ye Rfusdd®

er ‘a first profile shaping phase (step 116)
ha@n@\h:etbe thyehef rsatdleailfaiepsmtedl@eemh@fsmbsarawtvaé |f¢tgrw|dhasmfﬂ<sof the

¢ REewhl AR A uE e FRBE D e bl Y g

P"sﬁlfs@ﬁl@@:ir}é defii@l SisgRwAlL shadFiomf KtiBottp HRKE hE @hgle between 88°
Si devval Is. Vertical sidewalls are defined as sidewalls

t Haf0 ‘fwighths subssinte virfaep apakevmin g Pe- déewsefiic sbaning ggise
Wlntag %:IQSVEEHIQ%%re?gﬁd%%glft&f:r%ateﬁgl ¥ \{Wetj dle Folp%f tI%e gatg I&gck or
pro a

enove thela
depdiaily edhnmiag rsmab of themawedl, drfleavieahe m‘atehhled@a‘slaed over the top
stack, or partially etch away sone of the material, or
| @h{he seket4ekt298i al ~ deposited over the top of the gate

; lS 208r1d, 9Bk cFAs@se%thlSw@w%!f %Ss'ta%ﬁgft’epﬁl co}ﬂi ﬁ%o‘gftlonal

ack after a secon eposi ti onal phase
1 j)ﬁa&e (Sthie 1 523¢ drngl sdcamdsilepommlbtaseachﬂds tltedayeh@nltm/ﬁde\mﬂs and
the sid Ilsa 0 t he t ck and forns
B0 e g oAl AR R P T bR ] el
héﬁbs[fﬁtﬁea?so%ﬁ&@ bké%@flosz%‘attuxfeﬁl@m [0016] FIG 2Eis
a cross-sectional view of the stack after a second

plI6l e sH&DPREGs phrpse s¢ativay vievg pf th?tstacg ettormsegpd pIIOéile

%EE) I?%R}gjggﬁsgepf @]IER’E%E?I t%etggp(%{r)%/q? i Sg}ap é%’%lgw%?é% the tPayer of

Wi Adtiaf g ddrihPsubk@ataahy fdrais ke pofild csfahe sidelexa bvﬁlehﬁlg@m
vertical sidewalls may be twice as thick as t he

v ereferablly femprevgatiad SIaif:Wél.ls t He verticad sigewally maghbapyiggyas thick as
pg%s\%m% Eﬁegwgl\fgoaf 1Jfgt! }S}GE eQﬁXﬁPg gﬁ&e psqﬁéeqm os%ons have

ra nu cyc dewal I's r
désdn gforfiedkness. Dopant is then inplanted into the
substrate 204 using the vertical sidewalls 212 as

mb¥ 71 whi @ HeroRurRbH AGY 4G Hsptrsdaraeh adasigradhigkness. Dopant
r ?@ﬂh@r?ﬁnn}%g&ed o ﬁféos stfa@e f(bﬁphsn‘?%: the[v 1Q1%§1] smﬁwalls 212 as émask,

determnation Is made 1 f anothe ant is require
( sthegh foRA) heavily alnpaﬂsshutqecamdldrampégwns 229, asedpoivnenl FIG. 2F.

addi ti ona ol yner. s s are forned (ste 08)

ity i i BT R toT BTk 6 Piotee SoRERLDaEReB tpR 1), 1Fan

CQMHﬁb&ﬁfi?mﬁlaQﬁ@ oS ufie@ rhd@hﬁa%ﬁléoﬂ%ﬁ@r sbhédrs aRGoAnR! (?tebl 193) by

shapi ng stag (step 116) Gis a cross-sectional

vipetfiprofing pelurality of cycles where each cycle comprises a deposition phase (step
112) and a profile shaping stage (step 116). FIG. 2G is a cross-sectional view of the
intermediate structure 200 after additional sidewalls 224 are formed by a plurality of
cycles where each cycle comprises a deposition phase (step 112) and a profile shaping
phase (step 116). Another ion implant is formed creating more heavily doped source
and drain regions 228 (step 124).
[0019] The spacers are removed (step 128), as shown in FIG. 2H. Because the

spacers are of a polymer material, a polymer strip, such as an ashing, may be used to



internmedi ate structure 200 after additional sidewalls
224 are forned by a plurality of cycles where each

W@ y@Becsanpri ses a deposition phase (step 112)PenuSmo7/082723
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profil e shapi ng phase (step 116). Another ion inplant

Is formed creati re heavil oped source and drain

r éﬁ%‘ﬁ’gﬁ% HGCESt E'élg ?Egﬁ)sﬁa dme¥’fﬂ%8§lpsaﬂ8a°§ﬁ@feé ﬁ}ﬂéﬂa@@a the L
(2hiebe Ldfved %thWn&ﬂhn{ﬁB favidblh EEERESR vhhEr 1 SRARRIS.

are of a polynmer material, a polynmer strip, such as an
af0020y, nmaylehw ons sltkss tryendiistfbeneasipriceths . subssrateaand|gate stack

L (OB SR B L ORI R o iRy TR raver

digh afalybeG teinde kirayasyer FractiM QPR e Blindr&AS iheNPIOS drive
stress layer 232 is fornmed over the substrate and gate

s CRiERt O friayy beaocpmpaessiyR suessilayerfes a PMOSasvicgde ncpzse the

ed. The stress |layer 232 nay be a
{T%%(gi% égg‘?rgue%glql ayer for a NMOS device to increase the
NRMDR1{Ir i VIeorminig €8 tsperséym Rgobynianloe's ah ¢asystmess of the spacer,
| ayer for a PMOS device to increase the PMOS drive ]
c i rtllows2dqposigipRiohd Maie cupraive PECT IR al ¥l dyiRsy the muld
dlé%cg«\é\’?roﬁgss% 1désetﬂ91\éaue¥t al Elhgwacﬂ% GAlch 119@%&\}35 ﬁ%l%lgﬂﬁtl&h €The

tion of a nore effective siress yer.
addilti¢yole, prodess alsd miinimyizdseor pliodess depositickegvarsiieesubstrate, so that

vertical .sidewal ls, which jnproves inplantation. The

A REE P RiEds BPSisoch THPBG G R PR A Bgprovides bette
d@RRsitfnAPh@Vikes aRepladtIRli s R tSgetiR? toiNAkhd R RRAS @lubtures.

br eakt hrough 1s not needed. T%]e mul ti cycl e process

alEsampleovi des better deposition when gates are pl aced

Col5 © R SRl o o BRI by A S Bed AR Usrace

affey DUAE G OVEExashphd) Bisd gaad &adlS12OR cdRlise 4 Pollykilison, metal, or
exanpl e, the gate stacks 208 conprise a polysilicon,

métliglde oyer uedieayesy etheanbyiatez0d mgebe a waicgudstardayer, such as
204. i G r . i L . .
Rl s b e TR
meagidefcamsd Lisia@ towxhtenal eigillon taicheglat®nigocesses. The lightly
conventional shallow trench jsol ation, processes. The

| Fgpd SpuErs ped dsBR e and> draioRmP BB oW Aiono s
ggiﬁgsglg,qtﬂﬁ uaahg gst (%)tfn'e QB thak Bnd Bf the gﬁé@palcﬁs 2688 ud etoggnha

at” o the gate stacks 208 1s use
f OIMOA thivSot nihaicghiepiof thedgagnwidike 2091s tsheé taytrm asRMObs
208 i.s used to forma PMOS transistor. [0023] Pol ynmer
sPaRE e are formed on the sidewal s of the gate stacks

206926%t ePPolymer spacers are formed on the sidewalls of the gate stacks 208 (step
108). In this example, to form the polymer spacers as sidewalls to the gate stack 208,
the substrate 204 is placed in a plasma processing chamber.

[0024] FIG. 3 is a schematic view of a plasma processing chamber 300 that may
be used for etching and stripping. The plasma processing chamber 300 comprises
confinement rings 302, an upper electrode 304, a lower electrode 308, a gas source
310, and an exhaust pump 320. The gas source 310 may comprise a deposition gas
source and a profile shaping phase gas source. Within plasma processing chamber
300, the substrate 204 is positioned upon the lower electrode 308. The lower
electrode 308 incorporates a suitable substrate chucking mechanism (e.g.,

4



108). In this exanple, to formthe pol ymer spacers as
sidewalls to the gate stack 208, the substrate 204 is

w@b@smalsikm a pl asma processi ng chamber. [0024]PET/GS2087/082723
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is a schematic view of a plasma processing chamber 300

b Bebing el Yot Sonpie 09 Bbhe Rl Bhe Bt The
3%:@ R PIEhcsthSGtds Qﬁeeuﬁ%aearé&vm & d)%%dr ﬁ%gﬁe(ﬁzggl’y ddposite

gas source 310, and an exhaust punp 32
s therloweBdlectrraly 3@8mT hc gppfai e&@po@ﬂ 304 i’fpvga@l@ugd@éO?andd a

pF%%tlénlseﬁ}e?}E agﬁn%gp(r c{élgirp%\%«télﬂ?% baﬂ“é‘ is supplied to the

P& firied PRt niaPMurhO By t}@vgas s@ire@g I08f i3 @;Bhauuaa floaV\Be confined
el ectrode 308 incorporates a suitable substrate

C m?@mp wglwmqhmgh q eongineaprtaings SPAan¢ an ergherefriiogtdty the exhaust
35@ ﬂ]is ﬁﬁ gé!g\}ég )344{ %rel&? c‘iﬁl@%ﬁﬁ&%wﬁ‘{g o r%(&??r %lgérode 304.

Tﬁe eact or ncor ora er e
3MsedbpRE edumamis&ll@ﬂuycaﬂp posndcedtth ehd lower clettegler3oge
308. The quer el ectrode 304, | ower el ectrode 308,

d
c SRAmBERERES $32yEosebthg cpplinemans iaghii2, & tmpa%ﬁactrodg%él and
%qu%egégctﬁ %%08 S B%Hptlﬂl: lfl?g lifosog\ﬂ% ﬁgrﬁhﬂ 'ﬂ?edsegé)lﬁﬁﬁp so%rce 348
VO X

e gas source 310 and 1s exhausted fromt
cmufylcnﬁqbnpd: a8vIND pbovwer stobraeug 60 Midz powdri soerrendra hiyBz power

302 and.. exhaust ort b exhaust pu 320.

7 powt i GRS hartins on e asR P Fonisn e cinsieppossivie.
URPE pre@d i R PSRl Ot -of PheSiReHIdn Rihe 29WIAE, MIHZSand 2 MHz power
electrically connected to the | ower el ectrode 308.

Cheurbesrmateel Upsthg secosd Rfgraver strce oht conanetnd ta tha gw@@,’zectrode
per e e¢ t rode 304 el ac

path HRREb e e its oS e e Rl S0 B GesiRted o e

34&F JFBiteS M 3US Lexhadst piip ROVEIA RO HiCHurcd 300. Bukh pavaee is
source, and a 2 MHz power source. fferent

cémﬁbkaﬂfu repylyngthe peetirhef the chukar, 235 flove 2as exnbipgféons, RE

f enbodi nent of the
ven??%%ahgduh%?ﬁﬁﬁggcgéﬁﬁg&, and 2 MHz power sources
rrﬁmsm p tIG. Setoand BB ilhowate saunimecr34denoidoewhiet id aitable for
the | ower el ectrode, and the upper electrode i S

g/ BRisEEAtinga eHFaller $3y ussddn prabedimeptsiaf 41 Rrewshinuertian. FIG.
L AL ABWRGnS g&srsf‘b@ésﬂﬁy%al gﬁl& of%@aﬂﬁﬁut&%g@e% Of f Al el {ie

gas source evice Is capab ailng
t hemputes suteen ohy hivee mhlaly‘rjﬂarslcagﬁmnﬁ Irzmg,mgm;m an 1ntegrated circuit, a
for

Tl
Eﬁa&@ﬁa b Bgare a3 SR BEYEG B b LRugeupd A et
YOhHMA QBste DG hdlfies wnﬁ&moﬁ 49D dlgmiyemnh 'hBﬁlsn?% 406, a disk

controller 335 used i n enbodi nents resen
i duentdHa kepba@rd 410.gihdwgnene 4pds @mkl 4e14ph99<pmalhtelf -rpadataé

t I'r]needlu rrHsedeto traNstedta to an% oot g(’)mfnlﬁgr system 400.
[0026] FIG. 4B is an example of a block diagram for computer system 400.
Attached to system bus 420 are a wide variety of subsystems. Processor(s) 422 (also
referred to as central processing units, or CPUs) are coupled to storage devices,
including memory 424. Memory 424 includes random access memory (RAM) and
read-only memory (ROM). As is well known in the art, ROM acts to transfer data
and instructions uni-directionally to the CPU and RAM is used typically to transfer
data and instructions in a bi-directional manner. Both of these types of memories may

5



conput er system may have many physical formnms ranging
froman integrated circuit, a printed circuit board,

war@sacwsaml | handhel d device up to a huge supePCT/US2007/082723
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conputer Conputer system 400 incI udes a nonitor 402,

s i_%a Ble G g‘é%ﬁg@“%gaﬁ 5&‘;’ edioﬁjw A fixed disk

c qg@%tmo sRPRAY; QieRHMN HSEAUt@t f gfb%&rs ag@ltﬂ@nMQia@ans%rage
from conput er system 400. [0026] FI 4B is an exanpl e

of:amicb}/ ok mdy alyo amalfidsr anyorfplast @m}gy@rremdabmedm tesshibed below.
420 d of
PPERUSLE Ry 2 o Bp BhEF e, G e g R B picaly o

PKaLA8 Sl @@)ré’%’éﬂ th&diu@(sifeRlds h@f(ﬁdl@l@l-tﬁiltqg slo@eBth@h dfhary storage.
devi ces, udi ng nmenory 424. Menory 424 incl udes

&tﬁwélrheaﬁ@@%@wwtbe (mat@ﬁdet@@a@ oy fixashe sy 4 2RORY,. in
3P PRl o M pb o dh bean BEORID b R BBBRIEy iRffinory

[ &24LSRdmbyzﬂﬂ£&1|sk ¥14 ealy Itzﬁd&&flefordﬁif&h@&tﬂnlbm&tﬂewdﬂbﬂd)ﬂﬁsdih n

a bi-directional manner. Both of these types of
nERFPESPHAY: ncl ude any suitable of the

C ﬁer -¢P@UabLl; alg@gdlﬁl_ %%rdah OI?%IIIRIWOU uf Hé@&sdéu\%ff as
426 15 al so coupled bi-directionally to U 422; it
pﬂmplagf@t@élalchybbardrzﬂaD dabse @Qomﬂwed@psa@(l ;Jn @nniermayn alpadoutput
i ncl.ude a éhe copput er - rcgg) ﬁbl e &SCFI beﬁl

b&FYH mﬁ?f &n}SP RidpoalisRigyspigack datfs 1picey P/ ORTogHaivgrones:
dadiRh-seRGkife@splh ke randuéd chiitbsdid, YnRnSQCONABEVtape readers,
storage medi um (such as a hard disk) that is slower

t kebtetpshyieney, volagraadglendwiiting leFognézeap prandteeedaddiator oHer

i nf or mat i thip fixed disk.426 na in
BT C B2l o bl ik Po st IS RS e A ki on
aselddobirbiddicdIRAD hatwiork HEADAMwoAdintdRRa®YaR | Wi sskh 4 hétwork
may take the form of the conputer-readabl e nedi a

d éxerfadseld iengmplitod it thedPy zgghtge%u@dnf%msn@vfrm the

R L R e R
aabovepddséthedphidthoesese Fiaheleoraethbd embd(ﬁmedtssﬂklaylﬁﬁsent

track balls, mce, key boar ds, m crophones,
t GUERUILERSY F?%%Oéféy gpn PP anemy cassie pesaddictyork such as

%e'rﬁét %gncgﬁ)&'ﬁoh IR 1%%% éPUttﬁglsﬁﬁrés a ?Bﬁﬁoﬁ%? gleerproces sing.

v0|ce or Iting recogni zers, bionetrics rea
of{0028her looupitiver snbddiged2 2f Gptpirowal inyentiay flgha mclptleed

to another co er ar teleconnun i ons
PR T R PIoREs Pt SRR e D oRed g computer
| gb& haedn fértpen%nﬁﬁ@tv%ﬂpﬁsaé&l@blﬁaahlpqaﬁen%ﬂ&mhs The media

receive informationfromthe network, or mght output
i pdeomputencode mdyeertbosgspkeiilty dasegned an@;eonsfruged fayrthe pigyposes

t %? the present invention, or they may be of the kind well known and available to those

having skill in the computer software arts. Examples of computer-readable media
include, but are not limited to: magnetic media such as hard disks, floppy disks, and
magnetic tape; optical media such as CD-ROMs and holographic devices; magneto-
optical media such as floptical disks; and hardware devices that are specially
configured to store and execute program code, such as application-specific integrated
circuits (ASICs), programmable logic devices (PLDs) and ROM and RAM devices.
Examples of computer code include machine code, such as produced by a compiler,

6



above-descri bed nethod steps. Furthernore, nethod
enbodi nents of the present invention nay execute

wa@eloslogoswpon CPU 422 or nay execute over a net MOI/KSEOTO82723
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as the Internet in conjunction with a renote CPU t hat

sha a portion of th ocessi ng. 28] In .

a&E‘iE gfeé ﬁ?gté%&jli“ﬁ%f‘r’ft@eif&[ehtga‘ﬁr% %’ger”d’leg%y@rﬁof“}i’h‘tqf drRéH

r @dedipferd:0 1§EaBbRAGSa RaQdUee WBhdplte® code transmitted by a
conput er - r eadabl e nedi um t hat " have conput er code

t hempuatar flasa sigealfeorbvidieg iv archwiss weweput epraserpingrasseteahce of

oper ations, The nedi nd conputer code may be those
SRR Tt STl PG ERTREY e for the pur poses. of

t §0291 eseThe fbdﬂ?&ﬁ&t dpaders S fbMed iNale POcak chiiBbdsiznd. Weldxample
known and avail able to those having skill in the

c et fer theslepoatien plrass (stapcblp Peayidsh aguerswice 1@ aulasr. eThe
Me&loRd 'erhﬁéo $ o&"réé pl%rvfders]%bog\lf sta?§7 Z“R%féélt? (F%aql_o? 360
such as Hard drsksP™f oppy di sks, “and fragne P'C 1 ape;
opddnt IH;Fadd 486 steh s isEroddd Biedpdwdr ogn &plmCthd @lep@étion gas
rragtnet ooptical nedia such as floptjcal disks; _ and

h&t

BB e iSSP S ds BpRetoaPId ATt APPHAT Bltimg. An example
STQ & BF Eheﬁ{ﬁéﬁl%ﬁzggﬁggﬁlﬁa%&&gﬂﬁ%ﬁo@de% &Qﬁlbblcm]g‘%%sg&_ of 120

specific Integrat cuit A , progra
| aglicer. dEhwa eesnd PE pPejveasvarde@ivbandes AN Wetvd @eS. MHxadpprefile

of conput er de ingcl ude chine code, such a . .
o R 432 bl el FAAUAF | D 1801 Rt g hgeptile shaping
| eXeintE Sﬁlg.atrh@ﬁl%ﬁ@(ﬁﬁﬂﬁl%%ap% tReF QOPREISHTeHSE bAToPSY time.
interpreter. Conputer readabl e nedia may al so be

c i3 er Ryefteatly.dhesfarmingoofishe polymapeitaeers damarisdsgh east 3 cycles.

enbodi ed in a.carri.er ,wave and representin seguence
el G R A e R S b

[ p6U23] Theom@t TEIpl SRACESEE 120 ush i thedideWall BEacBFsQE SFSks.
chanmber 300. An exanple recipe for the deposition
phageentionaljon applapts saydesised pheenehenefspacers #Faped asTaesks.

e iR BB BeL RN Lo mi e B Qor o

ptienes daep 12¢he power transforms the deposition gas into
a (FI asma. The deposition gas is then stopped after a .
p&038h of The RRYMAPasEaRpIedema¥idfstep dPst He this sramele. the recipe

2 ?@?Eﬁgviﬁlg ??eesp(aéérg gro]v}(ﬁ% aRhMb eRufeAIRE RSP %e&o)nd

20 mr . "The Second RF power source provides 1
Wabtvsr sotur@ prividides 300pWafts it 7sMakziand 2063V afs ad 2 MHee v Bigping

IS provided. ;ge ower transforns the profile shapi

o3 Tl 5Eem LoRaBoTRE1BE Ph SR B st as PEsPHO e power

stRRPAE palvkelovdcdderieqastfa it LR 1o FARS PpHefyaicBpaterst e

form ng of the polynmer spacers conprises at |east 3

cyuicess.is Msnetqpped-er abl y, the forming the pol yner

S ?@(ﬁ%ﬁ S CR rsrgfr:slsslz?fer I1 f’;g %Cf Frlleef over the substrate 204 and gate stack 208. For
the NMOS transistor, a tensile nitride film may be provided which improves
performance by improving charge carrier mobility and velocity in the channel region.
For the PMOS transistor, a compressive nitride film may be provided that causes
compression stress, which improves performance by improving charge carrier

mobility and velocity in the channel region. These stress layers may be used as etch

stops for additional layers over the CMOS devices.



[0031] Dopant is inplanted (step 120) using the

sidewal | spacers as nasks. Conventional ion inplants
woregosloeosused where pol ynmer spacers are used asPOEBEEN07/082723

The formation of pol yner spacers and ion inplant nay

b for ne. or nore sitep 124). [0032]

i‘?@ﬁi Y@ gfys g}vsnv%wiaﬂt é‘iséﬂéefg‘é)tem%sﬁf F\Y%gl pre erred
eéﬁ%ﬁhlﬁlentsh fhelffb BRerhQ6ns! FEMMIDnt NEd SRAGR! SIbRIANI d8Salents,
a chanber pressure of 280 milorr. The second power

solnddapvothinlthe sBQ® Mfahis snventigy. Wskowddlsobe nvwmﬂsat gherQare
00 .seem O 1S provide

gy @by R A3 B me AR Rt 04%@%8%?%?8 st resent
5 PRIV UK ¢therbhe RIt@IRA thas thesBHowh dich®mp Bk W@ preted

spacers. The process is then stoppe |00 33] A stress

| ay welugig lksuch ahpgtione pemiuationpsind ypeEopsbatifttegativalents as

S : sile nitride

E@P&uﬁ%%ge QL oélﬁﬁangl%é @ﬂﬂ%ﬁ‘ggﬁéém%gp Qr mance by

I mprovi ng charge carrier nobility and velocity in the

channel region. For the PMOS transistor, a conpressive

nitride filmnmay be provided that causes conpression

stress, which inproves performance by inproving charge

carrier nobility and velocity in the channel region.

These stress layers may be used as etch stops for

addi tional |ayers over the CMOS devices.[0034] Wile

this invention has been described in terns of severa

preferred enbodi nents, there are alterations,

permut ati ons, and various substitute equival ents,

which fall within the scope of this invention. It

shoul d al so be noted that there are many alternative

ways of inplenenting the nmethods and apparat uses of

the present invention. It is therefore intended that

the foll owi ng appended cl ains be interpreted as

including all such alterations, pernutations, and

vari ous substitute equivalents as fall within the true

spirit and scope of the present invention.CLA M5 Wat

is clained is: 1. A nethod for form ng sem conductor

devi ces, conprising: formng a gate stack over a

surface of a substrate; providing a plurality of

cycles for formng pol yner spacers on sides of the

gate stack, wherein each cycle conprises: providing a

deposi tion phase that deposits nmaterial on the sides

of the



pol yner spacer and over the surface of the substrate,;
and providing a cleaning phase that renoves pol yner

wWo@u@®s/06(3¢0 sur f ace of the substrate and shapes BCPUSIO0T/@82723
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of the deposited material; inplanting dopant into the
substrate using the polyner ggic rs as a dopant mask;
and renovi ng the polynmer sp = 2. The nethod, as

r §Chdi @0 1hithedligdi m 1, further conprising placing at

| east one stress |ayer over the sem conductor devices

aflt er theetholl yordormspgcemsoadectorateyices .coBipriting: met hod,

as recited in any of clains.1-2, further conprising

For m néaes £ AERLIRSE shed Rt Gha IR | ng dopant

i nto tEﬁw&ubgh i itg o c 1By i@ﬁfdrﬁﬂn%ﬁﬂ&&bﬁﬁﬂberﬁ*@ﬂ@ﬂ%s of the
into the substrate after form ng the additional

s palestask, wherqineagheeysbiconyyisesci ted in any of clains

1-3, wherei : [ di ity .qycl f
formi ng pol JRorTEBAREE Ehate RuLRLL Rk G2 st of e
Thelymer knder agl ovee tHeadrfhde @mye afbsahi@aj amgl 1-4, further
conprising: providing an additjonal plurality of

cycles for P&leﬁ@aﬁ%a?ﬂﬁé Phass4baremgyesdqiobaacrgyves fhg surface of

g [ ' fopanrihpt o the

su e?t“?%%&ﬁ%?@ﬁn@@%%ﬁ% If-<=£éb?8n'pr| g%ghl provi ding a
deposi implan{ipdepahhiato e passtihie usatgghe adlyorr spreeisiad @ slopant
of t .eaélﬁol ynmer spacer and over the surface of the
stEstr¥t'e; and providing a cl eani ng phase that renoves

pol ymekeRVEA {Hggjoggﬁgr%gcepgﬁ t he substrate and shapes a
profile of t%e eposited material; and inplanting

addi t i dhaimetleslant recedintdhmsly betheacemafising placmgiadiaagf one

the addition luralijt f .cycl.es . for formn ol yer
SoTeaget b7 Rl iy on Ly R oG P Rovea.
135, wae @iethddngs Re@sd idiang of BRI unaturthyr &msiyeh Loraiy

form ng pol yner spacers forns pol yner spacers that -

f 8fidHige spacars afieqEmplpntingtapanidntorae gehstrastagg kmplantppgeadditional
wﬁéﬁz&q int& ers%lgétfa%gafté} f@l@ﬁng ftheceldﬂitmi\’lalls;agc:erg\.her eint he

renovi ng the polynmer spacers conprises providing an

oxXygen Tas hiefighd, 8s rediiel ifeinhod clagss t-8civhedin the aroyidihg the
clainms 1-6, wherein the renoving t he_({)ol %/msr spacers
CBH“&AF% Qt cxﬁl«bsvfpafqgan%poégmprr@_acers provides at least 3 cycles.

5. The method, as recited in any of claims 1-4, further comprising:
providing an additional plurality of cycles for forming polymer spacers on
sides of the gate stack after implanting the dopant into the substrate, wherein each
cycle comprises:
providing a deposition phase that deposits material on the sides of the
polymer spacer and over the surface of the substrate; and
providing a cleaning phase that removes polymer over the surface of
the substrate and shapes a profile of the deposited material; and
implanting additional dopant into the substrate after providing the additional
plurality of cycles for forming polymer spacers.
6. The method, as recited in any of claims 1-5, wherein the providing the
plurality of cycles for forming polymer spacers forms polymer spacers that form

vertical sidewalls around the gate stack.



9. A sem conductor device fornmed by the nmethod of any
of clains 1-8. 10. A sem conductor device forned by

wo b@soeisihod, conprising: formng a gate stack PUBUSH07/082723
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surface of a substrate; providing a plurality of
cycles for formn o] ymer spacers on_sides of the

o4 e SthERetepotraL e L B TEO ki s B SmeNt iy g
d?@@%le‘ir gmeﬁ%ﬁ@ﬁ%&%wﬁmn@yg&{ hiRl, on the sides

of the polynmer spacer and over "'The surface of the
s8bst r dthe metindl, py wvitell mging of keams h@, phase thhatmeanpthes
poll?g,mer over the .surfac.g. of thﬁ. substrate and shapes a
pP8 meés%q‘celisﬁgnﬁgﬁ%gsﬁr{)‘él e EPRE: | npl anti ng dopant

i Bt 0 t PeseptibSHduAtoe dessédBrinB@ b P eleyiBho® PRERT T cBEmA 1-8.
dopant mask; and renoving the pol yner spacers. 11. The
séhi cordisarienndyetor deviceformed by ey methed. &MPTISINET ur t her
conpri gj ' e l ayer over the
sem co%%ﬁg?g%l%%gggggévéarfata%é{agﬂgf %go]‘{bétr%r%t?’ spacers are

r enovegroviding A pRirsiériot onderclion forthénvg etymasspaeds bedidesof the

any of clains 10-11, further conprising formng
a8dfetsfaskalhepiacarscyels MRt ant i ng dopant into the

substrate a?%ﬁd‘[?%?%:ﬂa&ﬁuﬁ abd @Q@&eﬁgﬁ&%gteﬁﬂto‘ﬁ thg €ides of the

Substrate after g the additio spacers. 13.
Tipelysensgeadact orer dewudece afshe adistrate; aml any of cl ai s

10-12, further .conprjsing: praviding an additi onal

ol ural ity of RS cleghing ghiier b SHR) HoroLraver Gh surface of
siiesmb@tart A 9Rb& Shidtile Afth€lepgiid ARhengl; t he dopant

into the substrate, wherein each cycle conprises:

provi dimplaatizdepsnt intmthp lyalseratehringdbp peliytisT pipacersiash dopant
the sides of the polynmer spacer and over the surface
ofnals%’eangubstrate; and providing a cl eani ng phase t hat
renovesgerﬁ@\liy%'rﬂfep@l/}f}ﬁertsb@ewrface of the substrate and
shapes a profile of the deposited material; and '

i APl antlibpgeraganduceigievigepantecitedin claie 19 fiysthergompafsingrplacing

fpfapl\éh& R %}E{leasggb%r?l%%errﬁ!:&{dﬁu& YeRlesGYEL B pfogrmer spacers are

ormng po spacers.
removed.
12. The semiconductor device, as recited in any of claims 10-11, further

comprising forming additional spacers after implanting dopant into the substrate and
implanting additional dopant into the substrate after forming the additional spacers.
13. The semiconductor device, as recited in any of claims 10-12, further
comprising:
providing an additional plurality of cycles for forming polymer spacers on
sides of the gate stack after implanting the dopant into the substrate, wherein each
cycle comprises:
providing a deposition phase that deposits material on the sides of the
polymer spacer and over the surface of the substrate; and
providing a cleaning phase that removes polymer over the surface of
the substrate and shapes a profile of the deposited material; and
implanting additional dopant into the substrate after providing the additional
plurality of cycles for forming polymer spacers.
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