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METHOD FOR ASYMVETRI C SI DEWALL SPACER FORMATI ON
TECHNI CAL FI ELD The present disclosure rel ates

wgensroatdsy t o a sem conduct or manufacturing precEess2004/017708
and more particularly to a nethod for formation of
spacers S C g
BACKG?QJN%T%ETg%s 9%%@?%25 s&g% {gé‘LsiL t<'§1‘r'HZ£eéE3sPe N@g ?gN\S/ arious
functions during sentconductor devi ce manufact uri ng.
For exanple, if differential offsets are needed for

TEC%&&&&{@% dopi ng requirenents of source or drain areas
———near—a—fgge structure, oftentinmes asymetric spacers

ar Ih%éflgslar{t lgcg(ﬁﬁr' E]e% s F%’Fral{lﬁga %egll%cﬁ% gt!bl'rsﬁnea%%faCA i I'I[(I;E?SS a%d more
pam@pag @ragoetibd for foesitiondf tiaphen ge@osiistorotaonieushgiaemis|
insulator layers and nultiple inplantations with

nuner ous photoresi st maski ng and etchi ng processes to
BAQEﬁEﬁHEElégg desired offset. This technique is

ti me-consum ng, and the nultiple masking and etching
St gt spagers eusprhianifagions finptions dyorgsemigengestod ilqvige ppanufacturing. For

exam-gréqlf &t fial 0%6[5%;6'?1%%?&,&%1 dx aSerV IQJP'?}? E@%&retn@xﬁsgﬁ sqkQ bt &Hﬁareas near a
e usef ul
gate wurtrret? et} ASEmETie gPaegsgre Yilipeddq r‘fﬁﬂnrpktht% 5%53@?"5’% erployed

techdidub B8 the &vrhapity of@syememnit Spateks utibdes @tlgyde date stvarefsidgullgssultaniayers and

mult%lgmgfaﬁg‘h% oﬂlfl Jl%eggs%?tgﬂ’eﬁ% g‘rﬁ% cﬁng IJ: Qéess%)tm&uge tgé (ﬁgred offset.

SI ons some 0 Rents are exa gerate
This feghnigu¢ iy Eme-ppngiingy ang fhe rakipla mPSésrlg eqdatClUtlgﬁtePGda & the manufacturing costs
amm@@ﬁ@ntages features and characteristics of the
present di scl osure, as well as nethods, operation and

:?‘E%trlﬁtgtgf a &%&w%ﬁn&t rcoenlleg ntgrsc’)blgrl;ls \tsl’otufd%]gt uFuF and the

parts an i es of ‘manuf acture,

MA|| becone apparent upon consideration of the
BRIEPDESMBFIGESF rRigr Nt cl aims with reference to the
—acconpanying draw ngs, all of which forma part of the

S p %Fwd‘l b&é %&Jeccf%ped tlprF sgrhlﬂlclt}l ejﬁg c1£ &rﬂ aﬁozp YRR I11 strated in the Figures

signat e correspon g parts e various fligures,

haveaﬁtdle%rr;eﬂebqqn drfyrctg scale. Fajexspngles the(ﬁunanlws psapeof therglements are

exag%@&ﬁél&ﬁ@fo'o@x@n eleB AR fgm&kﬁ Oder adiﬁﬂtbééﬁ fdAmares! S%ﬁdaﬁcteﬁﬂms of the present
rocess steps,.according. tg at ea one | t

I RN T N -

of pafibnd ledduériNds ofianhifretuges va B momechpgmno@m enfideoiprokd the dolirwinf dageription

and Jlﬂls \%ﬁ%‘%‘kg to(thesapc% SJnylL?&rMés Al o R GR! a%&@offﬂ% specification, wherein

Integration 1nto a hahufacturing process for
like fefyreprgmpneadis depignatgicerresRondinearLia the rarigwfiseessand yderiig) | a5

an apparatus created according to the teachlngs

d [ SRBd}sDBﬁid)uﬂﬂD @luktrate] i1 @rofsabdiiog) sdﬁﬁdbﬁdubtﬁﬁﬁwﬁdﬁﬁnﬁlﬁc&@ﬁg prbcess steps
accordml% t({ %S?Org d)ds tegtuog\t.h r%ser?t\(ie L Se m con d uct or

clos .
orm ng-a si dewal | | ayer overlying the
gate structure and substrate, wherei n the sidewal |

BES'TM@]BE(IS% CARRYANG DUFTHRANVERIGWVEr | ying a first
€ gate structure. phOt or esi st
st r’Ilﬁg %rgsrelﬁ dis osm Rwﬁ&r gﬁgm@ﬂl‘ 2% sBacErl}&‘mfitko;l §15propr1ate for integration

porti j ected to an ion yeam The phot or esi st
into QPW@FW% pg)eqsq,f@rsmtpgated circuit semiconductor devices, as well as an apparatus created

according to the teachings disclosed herein. The method comprises the steps of forming a gate structure over a
semiconductor substrate, and forming a sidewall layer overlying the gate structure and substrate, wherein the
sidewall layer comprises a first portion overlying a first sidewall of the gate structure. A photoresist structure
is then formed adjacent to the first portion, and subjected to an ion beam. The photoresist structure serves to
shield at least part of the first portion of the sidewall from the ion beam. During ion beam irradiation, the

wafer is oriented such that a non-orthogonal tilt angle exists between a path of the ion beam and a surface of
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shield at |east part of the first portion of the
sidewall fromthe ion beam During ion beam

wono@tiason, the wafer is oriented such that &CT/US2004/017708
non-orthogonal tilt angle exists between a path of the
ion beam and a surface ofr the first sidewall. In an
enbodi nent, the nethod enables the formation of

the B8 YIOFRILI nGn SRAGRES, (RAERIS &aﬁl&dﬁe&ﬁﬁn@tﬁbndﬂﬁﬁﬂﬁeﬁ&pacers because

i B dE oS S P B St HRP RRRa frar . I
anotheg efntztiiment, thidiatidelmrdeging@n bdeed ie grehid aaynunegRispcas y"mmrmbthode disclosed
resuff RAGHE Ea%mgsTJQ@r c%rﬁ@gﬁ prgéegsgé t9 g‘r@é?e Jsﬁl%ﬁélu{calls&céré fgﬁso I‘ng é{tensmn
over conventional processes to create asymmetrica
offiéhacers for source/drain extension offsets. FIGs. 1
through 8 illustrate, in cross-section, sem conductor
deHIGe 1 teongh &iﬂﬁsl:ﬂité mgcrm-mssmﬁib@p&toaa@mé dlinfugmttualg process steps
h resent clo {
acco?J% %r@?ﬁl?l?nﬁ s Of th'é gr%segt d‘}’as:lgsglr;?t gsicjé? Iﬁa c&mni /_}a%: gfesented in FIG. 1, gate
strucirg {peand pidewply lay% rﬁ@ihas'r bPew@rnlled epy tae subgirate 4 Thbgaterstrfcoraidan include

vari®d¥ Bferd ah@or%b‘rh&k&@sts@ch:hga gay'lﬁldgﬁife@ ﬁﬁﬁc%ﬁ&&r@ubl@at&l@%an be a mono-
va s and/ or Cﬁ%'ﬁonents such

rious |a
eyt Gy Sl Bt oot DS P PO EBe e gicomon
msulaombsrrgts,taaﬂhédnne sapplite ubkiragLdd e fild &ate Alrdc@rer1dtisl gebkally poly-crystalline or

amog)hl %ch%ﬁ ﬁavﬂugl e 81 t@alt o %gg;aatpglﬁlatkoln %H/o@?xl%gers]é dsqde%ylplg%e; c%ﬂ include a

I cCon-o0 at or

| CON ONn sa
Flm g o congiFis o Qe sich 58 ot e I $oeh og o kg, o SION, and
may B&fodned by &basitloh fé&u@ﬁesm;ﬁlﬂrhtﬁé«kﬁt @g | FECWD, BTG the ‘ﬁked trhe thickness

var y a on an roce
orsifed S B intly RiseS a4 plorhe Rt StiaP R E R B e o
techwildgy.cAtra lm p@la dguirgltheawmBrc@ring mocpssipoftice of ageenll Byec ) @il serve as gate
| for med by
S b et frnlout e (A SR B A= pECuD
LPCVD and the |ike. The thickness of sidewal I
t y S irates fEss-feptism Petion YO 95 Be sspigardrevndevias gf Flﬁax/foﬂowmg
formdtéoh Yf aegebah Kig-kmp StRLI0R @ § fath@g heﬂqih&glyswt At’uctﬁreh at Hie p}amﬂaﬁt of the
phot?r%lg’islt algctEI‘P ?1 irsTE éjnfm%eé CHl ag[qge cfe):r OCs ) e ncg or t %llmng) Sflen etwaéetenmned
“layer w serve as ¢ pac
whicH g#¢ sgctaresurasisy AyemericsBPBls. ema@ﬁ gllsoiqtemnlpri ahicladeviors shOFld@e shielded

fromdor ﬂolnb’a?&ﬁeﬂtt a3 tﬂelibla&rnféﬁt%f ﬁ%&;ﬁk]g @h'ucfﬁféﬁ Eu'clgaﬁ phA8esRE sthif¥Ge 11 are planned
n UCt or. devi ce. Q0 ornmati on

accoglﬁxrqyo orB;éaa'FHeblf %Elme?f&al gilepval(l}ta{?rdgswcﬁ asplelﬁla§, @ggtglreswt structures cfould be
plac@ibva bitheesde of gagtstrue@ireUliSas showh & §ib.a&C alraiely) fyninfa@ical sidewalls can be
I

creat&hl? gﬁl?ﬁ% aspthot§1te%§1! %%U ?Igﬂé&%}?&/te u{g g\%ﬁ ngéﬂfe 15 glotésﬂc%vn? &S 1&‘1 g%wentlonal
procews: A hgats alsathe eréipn pfaat shiglding ¢ era@ymﬁ ?tfueturs il esshdfing & symmetrical
thin Jidb@hllsl Bombidatibss oft8S @hVEhAL tkHidald 2AEMd 568nt FBASH Rull Blso be utilized as

ds(!;i el ded fromion bonbardnent, and the pl acenent of
1°8hot or esi st structures such as photoresist structure

are planned accordingly. For exanple, if symretrical

si ddinadebasition aad devsiopraadt of plyitnresisiciirwpgire 13 hetrieon &6 witl be subjected to

1rrad§a¥151“ﬁqdﬁﬁ)€a§ns cl@!lﬂdq 7 QpF 18! l ﬁ‘b%ﬁnr_glq}ﬂad%'n&d“ g glde%zlal(ljﬁort%fn 39k fewall layer 10 will
structure shown Al t er nat el

be O%e;vﬁﬁ@thﬁ‘reéaw-%rfha@aﬁ (]t anelediwesa theparh pidhe ipyeap bt ‘W‘ Agrigoe of the
side vl @brEi6ES biSibn B¥BS K7 d apHetar bwmwemlay bufilgdighaiit Gheofi-tiEtopdned tilt angle
has a(‘l algtle of HlCl\(QQl): orf r?d {())nth%]% VS ?ﬁ&e 10f1 geam 1 tf]ﬁ 2 rci tgeqsarfe-l[:e ?Ir 51de\f1a§1 portion 3 or
mde@dlrpa@pw rengwe@ewwn Agedrass and ﬁfréqgrepse é{sleopm qf the m@rewﬁapgosal tilt angle is

base&YIR thB Atk QB BF sﬁlemﬁll ﬁ?dﬂ?fﬁxﬁtsth&riﬁi and BERIHLOMES cADGrub8 15, as well as

nt net hod l d al tilized as needed.
the hreJlght oi photoresist structure 151 It shoulg be noted H’lat irradiation byslon eam 13 and ion beam 17

typically occurs using the same ion beam equipment at specific times, e.g., ion beam 13 has identical
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After deposition and devel opnent of photoresi st

structure 11, portion 100 will be subjected to
wonro@mdiizson by ion beans 13 and 17 of FI G 2. pOUMSz®4/017708

irradiation, a sidewall portion 3 of sidewall [ayer 10

will be oriented to have a ngn-orthogonal tilt angle

bet ween the path of the ion beam 13 and a surface of
charbdtrgisti®s @ @webedm [0k thedie Bs safé ioh BAMP@B helofie@idn/lt Sigld 8FYRon 100

Chﬁl‘g%g% on7beanIn{1]rac§Q Sgr}aprnnﬁgrqcfiont he non-ort hogonal tl l t

has an ang ence formed by the path of

the ion beam 13 and and the surface of SI devvall

portip i a3, iddwdeliverediarges Bam tetwesthii gyl W'staiie bran gmbodiment, the
ion lﬂﬁ@ l£ &"Scoﬁ@ﬁse$5spgcﬁ‘d§ LA emSe {Vﬁpatrﬂ a®hicQfimbdd Sreater than nine, e.g., germanium
(Ge)o nsor ESJ;ogonaI tilt angle is based upon the thickness

of ]t“h idewal | layer (filmstack 10) and the hei ght

of the gate structure 15, as well as the height of

p hatsesea g HE. % the photomsiet struchure 14 Ipowideb shieldingfrentliob beain 13 for sidewall
portiof: 8, Wl@s‘i&e@ﬁl 133%1011 ORynRE ﬁ@e%ﬁpoﬁ@sde@ﬁl 1@ gi@e!@aﬂ gorﬁéﬁpll ‘ﬁ%l lo ¥orrespond1ng

ccurs usi ng the same i on beam e specli
shielflingstructurg ff@m Ton bﬁfﬁl 13 erafhis hgreforsubi fq T &lléﬁeagthcs@retrewsu cT:hlS produces

radidtion daGiAgele€feans td.ﬁde&fsll oy 7aTs Iﬁchﬂloﬁ &Jﬁﬁgd rﬁ’d&ﬂé@tﬁmha@a&ﬁucﬁ B&idewall
[ nal.e.of ~porti qn dur i
portl.lgl([) ?;]s%gﬁetg%’gn dl%?nl Eh etc r(()) nss gvn ;1 go@ovlvs i0 om eg egh s19e%ﬁlzpqrtb0ﬁ 7 B&Jghemh ata
greatgryate than féi@@i@ldd@flfiewelhwwp é,rvg@sn Ihﬂfrrﬁbet ween 10 2 to 1015
cm2. In an enbodi nent, the ion beam 13, 17 conpri ses

a P GBSt itos@icOibR %rtMﬁ Idﬁ oflfle @mgﬂdﬁct&ldm% rof ﬁ@eﬁﬁ)ﬁ{mg

photoresmpstnp angiiogce/gramte%gnrs%ﬁ I{I%Frp% ITg%lcaﬁ{/ Iﬂ‘tsflce{c% grgpefﬁ’WI tca@gn the sidewalls
27 algIWB e;sl ad pRgptrbpiodry étdrehdngsuyno GFAf@GIF 3/9\!r deadehctipedod d_tcmljbro&;ss at a power of
greaeéﬂheinqo@Wgt%V\ﬁh Lsn@% Edd%man t%h@g i s the opposing

to sidewal |l "portion has no corresponding
shleldln structure fromion beam 17, and is therefore
e%?&ieé?g the pforgmentioneq radiption desage to sidewvall aertieny7as diyqyssed above, the
resulpaﬁtephdﬁe$ hasads thickneds ﬂﬁﬁiﬂa@@ceﬂﬁf ®kiELSwak Qroﬁbtéiﬂiﬂﬂ'l |phd3&ésts|: s@ﬁcture 11.

That ?s the ]g%ilﬁ id a%?r&n%‘nc sﬂewaﬁ S u ¥ a?cL%I 3]11%:14:?1% 90{ Pa%og g%%% is typlcally in the
rangwfé%%n%ﬁPwarﬁ@ielﬂmksew @ﬁlublmwbariﬁnmwalbsmdemgd of 60-200 angstroms.

Aftelﬁﬁbr crda@ of th¥bilidwaBipadarsat arfd 28] SRtk o0 @Fegdyttm&eémurce/dram extension
si dewal I, portion as seen in 3. FIG 3

€
m‘pl‘fnfa ‘?I%‘g? frsares sﬂ“r‘fﬁ'dffé‘ée"?%st"tn re8iens 3P4 %%n 100 of t he
sem conduct or device of FIG 2 follow ng photoresist
st PuptodndifSruredethidknads het@sch sk hanfl grataa b3, @R soulky p\ﬁe:ea{ehs)b,n region
24 wIll%deﬁk Ccl? bp GQEAS, %helé§t§ grugtgre 19 gyj’gntamglm?'%;ga%}(\ﬁ%ﬂ:tﬁ %_Héle '&)’ctenswn region

IS an_ani sotropic é chem str
26. Tt the Haip @éﬁﬁ‘t@%sé’nuﬂ‘@wn ¢ éﬂﬁs rp?f oedapshezgntc By J5awelr as g sqrce sitlesxtension
regmh barnf a]éaﬁ}cé/ﬁieteﬁtensﬂﬁlﬁ n&%ﬁfﬁ@enﬁﬁo@%pﬂ%ﬂﬂftﬂe Re, BRE IR channel
ntioned _radi ation danpge

e of
e R L T R R S
adva@@a efavoidifg hasrciresss of this sidadisige ¢ohditiont hienddiiang e di@Bsuretioedfor

deco%a oﬁﬁ&éaﬁ&ﬁ& the Bk B8 a‘ﬂﬁl et 51§§§p§cteli HEEUSLYES sumeJ?c%%&Jg?ﬁtor

result is asy mretric sid acer”S
e B B oG B i3 st P (S AT Toghapineefagveen nput (gt
and o@intgdain)fterBall Q@ov&&ﬁ@,&ﬁsﬁfﬂﬂ&t ovaikg of Qﬁ dndD oG OB Squifed for beddi thakisistor

drive> Bé}}%ﬁﬁy u%é?ﬂ &'%Pe%u){co p%c 1S ax¥ hrlmrg dt htﬁat ce OI ovarge\Récir %e glsgl (?%‘1’ sgurce must

troms. e crealon eSI
bea smgle gpf‘@swg'pased Wﬂ@fﬂﬁ optigfration of ]eg@jymtllgr’ vapaketpye and higher transistor drive.

This &&lbﬁlﬁ@dlﬂﬁ/@foﬂth@?éilﬁﬂ§h pdi)tdnﬂﬁ oA Bt s d 4{9&11‘1%1'3 %ep@ﬁd@ﬂfyes
source drain extension regions 2 Due to the

d HShaRgerbm L Blkness between spacer, 27, and. $RacSh 4

illustrates, in cross-section, a portion 200 of a semiconductor device in which the photoresist structure and non-
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24 will underlie, or be closer to, the gate structure
15 by an anobunt greater than the drain side extension
woegismn7®8. Thus the drain side extension regi 8aT282004/017708
does not overlap the gate by as nuch as the source
side extension region 24. |[f.,a source side extension
is not sufficiently overlapped with the gate, then
orthS gl G b&ndﬁp@hamebeeb&ﬁlﬂdceﬂ aﬁkﬁﬂhbtbﬁilst btfip Qﬁ@fcﬁﬁjgﬁﬁve taken place. In the

Vi ce I mance.
exalg@e ﬁl],lsgrgta%/ né @%C; Ip&lg{?rﬁsm? ‘\’}‘érﬁ ?F\aas Orme 6{{} 6?@?&“3 logeﬁlgn Eom that of the
photgeesistpirusiyeed | of FIBRILS tmehesherstiptves ibohded Homve, ik FIGad dhe thider, spacer 37
is oﬁp@ﬁte %a@sﬁ&vgﬁh‘ﬁ@ al ﬁe@é’t@e strﬁ%f)méjﬁlﬁ QPSR 'oMt ﬂh%reggt 's;tructure 31is

he source side and drain_sid acer | cknesses.
Sh°‘§1m§ HIEPre P%H&]f 1St bp d%i’PEE" Frhtretie EFPE’?SIS%“‘PB% 30 reylf by byfen located
rlgalbﬁbeamd‘rzﬂiaﬁinn Tha isglas pr[nelﬁal diffeted UG Rech BE embtdinde@ riﬂustrated in FIG. 3
and ﬁl@@xﬂ%d Ht(iﬁ.‘_g ‘?Jd‘ﬁt?ﬁ& 4 aglgﬁat e pglotores sy sth'ec d rain)
termna Wever, a su f I'cl ent Povert ap gate and
source is required for best transistor drlve
Cur lrénembpdiens dhegyathe perpiss thefermation ofgymmptrigrstweli ag apyntoiegric spacers, as

seenhﬂEIGCleHG% 1Q|fstrﬁééeiﬁ tr3gR-séc@bn, HS’&ﬁdﬁr?’@O (ﬁ” a@ﬁﬁcoﬁ@fét@ﬁ&w%ﬁn@ﬁ
N based tim zation of

deci,si 0]

P e i R PR " g o PUTER G i opposing
sidegizlls y&and Fhiagd alewod geustrestad 460vih ofoking divewalis &3 and &1, iamrfor{ned over a
subsg@cte hfn "Fk@trés&rétng gﬁ%&le@ﬁfs Q%(i qj} St t%er}g{% gaqé’]s%ﬁcg&r!: s are %llel to each

t hod exi pac

fers 1ty as cation of
Othea§§ﬂﬁﬂ§?t tPiFaseaf%f ﬁ?é?é??%“ﬁ OpROging sadewﬁls ang 57 pf thesseqond gatp, smpcnlre 46
FollewifiSBmaBaiof B8 gatestrkirdsi4® Bnd20 0 Akh sidck 36 FirGRBCIVEIyR 1EME G ctures 45

mmhgmﬁﬁwumqwgwepamm?re5|st structure and nonorthogona
ea osUré have been conducted, and phot or esi st

strip and etchlng have taken place. In the exanple
i | | dgrevigpsbodijoppsd) d; plagement qf s phntessisstruaurgsicdetgmencddeing the design

planhifg $Rd (;Jnﬂr t@meHuf-f RN tvhe!n@tqme'teﬁﬁlnefdrvﬁﬁﬁh EMruQJrestrJhﬁlre asymmetric
esi.st structure, of

cre
el o AT P sy 20 e 6y, ppagest sk g and
photg:pas_(t epsk3y hdve beppfoosid irathd Ibations oMMed abcofdingito tBis plBﬁ&ﬁ@UB}fbtoremst
strucﬂré' 410G, @ﬁf& ﬁg&alﬂ pmgneﬂgl ogxyﬁee%? 1%%' g’u%rg ‘w t@g.grres‘etsﬁ ftlgutcture 42

structure I s shown as a I ne
servesdhhicld sifpelleortipns 4 pdtSd deing BTadlsttofl beion b@mv\bkﬂndi 5have been

| ocated during ion beamirradiation. That is, the

pri deuﬁb’cﬂppdﬁi'n_ﬁ il&%v@lnﬁkﬂlobﬁtw\ﬁﬁﬁhdtﬂﬂ Ere ﬁiﬁl’&d 1069 BYE not subJ ected to an ion dose
s B0 i il b S R S Pltiece nbig i oo
Strucglles 46 pnd#p are piro il srelinthat ainpreortiredohad dnmexf imbitlegicd digts badwarBb patinof an ion

bear@fl Sydaet Edbgalﬁﬁly\fﬁlleontﬁ%urﬁééé UPEEJ éale%tnﬁg@eg #4 s 4§SW§§eesg ohg}xted
ustrates, 1 n cross-section,

S ik Lt EHat by T EE o et e, and s diion
damapad Uh acdm]bbduﬁglt Hie agtEorM6gdadl igh@f infiddnberarfRbs8®8dn 7 and 45 degrees, and is

base&i{ép%g |thg TithdRss f Bie ﬁm staﬁ€40 a?id gl/ ! %c%l d%?‘ ! selons(ﬁ C%lﬁ 8P hgff)rgsmt\l\é'ucgres 41 and

poSi ng S de a8 se
49. At heffas, tiphovld Ge yoited ﬁlabpﬁh%lpmly 1@1 hﬁ@u\éll 4nd ioB Beagu$Q tswallyapcsrs using the

samef 1@1{ H'éﬁﬁl e@‘ibﬁfent ahowpit ﬁe@ésﬁrﬂ%gt thelBBe i3 RES tdn YL RAS hdAGkal

" t gndm47 of first gate structure 45 are
c araﬁ&?fl%ﬁ 8 r°n1b%ame5 ehihgpppeeneraid by the spme o oFren SguEEent. e priggiation/sl
angle @ppeat 300 ehamapdmngugacsandmwof imphidatpAdlt Séuld ﬁlsdﬂa @ot8E:B4d idre than one

maskga"ﬁ& thhss'ie'b u%l%ﬁt%erég cif bg lellnﬁw Fg) n{egtr acrggr( dQSI% pFrame er%?ctiesued such as is

structures m st a

prescg{pe oy the; exampien of HiGs-d aad & uct ures 45 and 46 and their
respective sidewalls. As previously discussed, the
pl adenehiteryof the e dfbHhRE §Fikal rafds B6h V&R 162 1 @élarn{ﬁ, A€ghotoresist

Smcg}n{fﬁ ﬁ ?%18 %1% ?r? ?1 &S| &gequglan p[ortlrcl)g 303)2%8' %&Fﬁ(teﬁ écaa?\rﬂlﬁigogrﬂpicggfh'gng process. The
structures require asymmetric sidewalls, and which
require symetric sidewalls. In the exanple of FIG 5,
phot oresi st mask 4 1 and
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phot oresi st mask 49 have been fornmed in the |ocations
i ndi cated according to this planning. Photoresist
webkowsmimme 41 serves to shield sidewall porti oRC#1S2004/017708
during ion beamirradiation, while photoresist
structure 42 serves to shielst sidewall portions 43 and
57 during irradiation by ion beans and 55. Because
radiatinp dosigaigidswadlpnaibh S3a btcloavay 474 faséiSate ﬂﬁdth5}7roia¢’t&1 sidewall portion 57,

and ﬂ& &o?elctgc? gdew&lh%ﬁg & aﬁ@ 53 g’gipkegﬁtg ﬁqhetfg %%on 09 o agyrrﬁ%mg pacer 0% on

radi a ation, a substant
gate Wﬁﬁmsaho“@lmﬁlﬁcfe Sparceq TAioh gade FTBFIHTRES Bsnityentr ﬁucéneﬂszhan gifacers 73 and

77. A@@Juﬁng%t deﬁkéﬁ&&all“;@rtﬂﬁ@:& 4 @ roﬁga%rsh&ﬁﬁ@ﬁtv&%t&ﬁagy fhotoresist
exl sts et wee

n- ort hogonal e en
stuctgy g 4‘“ % SR é%?ﬂ* c Sl%\sﬁlég g fL7g pigEtaR gipge a5
hori zontal surfaces of the gate structures 45 and 46.
WhFdllewiggthemisemipickich siockesna fidpan erimplawed &Bfonf a oirtanids xekion area 64
adjonﬂ& éat% stﬁt@&xre&@ 51@4\&‘2@ % ’Ithﬁ lﬂrﬁpléntatlénsfoﬁﬂ @aﬁ%&t&ﬁmﬂ 6@ 511%%5 gcfjommg

i on , and is radiation damaged. In _an e odi nment
gate sfrygl: r%‘t?ﬁlds‘mﬂﬁagaa Well 2s aigipiae ste S}nff&ﬁff‘o"é fidewqlls Gisad 6h dugiodhe 7
asymmﬁb nﬁﬁredﬁgé E@Sallsatthate Srub@s eel théR@icetaRe 64; naeka @ﬁ%at@éuu&h\e 46 by

and a yertical di mensi. ? C}%
o et Pol 85 8 %y B USSP BRA AR g B

previgye suhgiangiellympraerthpgonal @nnévtanmﬁp@ye i @pmrheainairgin ehedtad fhetiyeea gatdGructure 46

and 45.Y1Rk Gifhldr Yas @6 Wnfindd S4uRY alefd@arR BRatb PR REAINE GNERG, 7.
though not necessarlly at the sanme tines, e.g., ion

FI? has j denti cal char é&g{lstlc to_ion beam5 )
s PHEUARE> B S at By DD ST FBeSEAHAb L pHURY ecorine
an enibbriment of @ pbanodisclosurd. AR fhe nenuGittugd@rstagaqmes304 icthasxg@yste of FIG. 7,a
pluralgygf{ g&g s&uﬁtﬁr@géf}agé ol SQE e Pden foHPJd%OJﬂ?'ﬂlé 9 lesnjﬁge 83 PL%% 8’ th%lpﬁ'lghty of

er re an one mask and
gate Sffb’f&@ftﬁt“ h7el?aé anowﬁlda‘éaﬂé ReingnfEY dirgstioppdepoted byt 9t9é1 aﬁd %ﬁewdjwmg a
secon alfeaﬂiﬂﬁl d%ﬁotedl bﬁ/ 9471 es, |af1d§£d$ Tﬁdﬂ‘rh dﬂ&tldrﬁigcpih@ S8t @&kclidh a¥J!1§prox1mate1y
After .delive

oppos§ ere tlon igacter l F?Ie aOIIT f;l m}egﬂveé%xe ’F‘P%lr‘?"( B @Pﬁé%%“‘ﬁﬁéz@’ chs t%ﬁrirgspectwe
0ppom1dewah%91rﬂ3@n¢ﬁ4é§| st structures 4 1 and 49 are
stripped away, and portion 300 is subjected to an

a nf&@&lﬁ fn?atu% dt Eﬁa% lapé'r @6: %&ﬁon 4-55' £ adioad ﬂthGreQQ BRGEMs such as 81 and
et ch at ‘a faster rate

evval ort]
59 o e Rgee PSP Pl et 1 oY Gprined 5 anpigg s prorto
underfakiog mhiﬁdurﬁlg,dtewahd)uslp Okdubsed 9t sﬁ&lmdot%matﬁhlpﬁcdhﬁﬁtuf thSphodresist
structgrt;ksiilJ gerL 8?2% i}%m x%%res%ﬁ o\%ﬁ XMﬁpéOf %(B?@g rl%cé ; enggca%gg s$or lphotores1st
structeey (Tog Qppiationd rwalserrgme@ftﬂ@rde‘tlhuu&w@yéet@rmaﬁ pm@,sémaslmmarn @nd thus

placerfoht loAEEO Mbrd W nYone RAE AhSRaddtisRN@Lith sEéQ GfillzR8 $he $r3seBiHbitbd may be
re.45 were rotecte by phot oresi st

({ 3’8 ng?st ruct
requirgg o greraignalisapirgents of T°8]F d&hi ng, symetric
sidewal s 63 and 67 are present on gate structure 45.
FoPicopiiotpgesisthyguctinis § bind§P haye btee Forppd gosivs 400avild bprabitetad 0 an ion dose.
Prior {omhﬁéjmﬁ gbsﬂlg 59&1@}1 FE W, &Jﬁsteﬁls&i:ﬁ thg?g tﬁﬂﬁfst@ E‘etx%eﬁ: Rn gélim 555 paths and

Joining gate Structure sid
the P‘Wﬁ‘ﬁ’( Astiatemres Grits Db ta swméezfaé%wﬁmarrsga%b% palhigorgie tvo
dlrectaﬁk;l &mﬁbbﬂégts OBk examiple, umuaarna 54511a$é fd[&WﬂH:ctﬂnZ], cofBond@ 501, &8 a second
dlrectionell {:qn oxggt S%Qfe %nro?écci:{) o{u(I:3 arrons ?c’dr% b mSFlg %% ‘91& exam?I%IG 7, the
placergqnt of @hqtnr@‘lsmuct\tmél QW e@ula ircthe i siund@r&fi isidesvail Héregea&mm an

unshlesctea W& h&e Boft®n lga/ama @ssa @yh&wgﬁr@@t,&&estshmct&rh 81 SRl HdRRER, and
| acene phot oresi st_structure

PhOto&fast afww'ﬁgg eids 5‘1““@’(? 195 e S%‘E‘HWY éﬂ‘”l“% 10R B8 P P HERGGHA
i on beam exposure, a common drain is created between
gaih ¢he pirtiaptat dpsign stBen@rghmpl illubtrated incHIE 7, the mndsdnf onshicld@idomlls ofa
gate s%%gecfee 35 Sq3s tﬁaglrﬂheQGmﬁ;e';‘ @@h@l@ed@%%%%‘f a%gt'é @[ﬁlbtul%si SS@&Q]d bg] In the
G7.’FIG 7 [ustrates, I n cross section,
400 of a sem conductor deV| ce manuf act ured accor d| ng
to
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an enbodi ment of the present disclosure. At the
manuf acturing stage presented in the exanple of FIG
wa20m@/phaesal ity of gate structures 85, 86, andp8T/usana/ 017708

been formed overlying a substrate 82. Each of the

plurality of gate structuress-85-87 has opposing

sidewalls facing a first direction, denoted by 91, 92,
varioggreaib@iBnenta nfthd mesem disdosge pbrhediof gotoresin stndare tueldaskpyot&ésist
struct%@s 8 ladﬂ&iSéi@one Ta@t%r \tzﬂlcfh%gtexqﬁxfefﬁé Asﬁﬂm@xggr stygﬁ t@%{f gaﬁle structuAe sidewalls.

di rection are approxi mte posite rons
The subsequent squige/dpin geiensign qogingeag f"é‘t)"elp cctnn@n BIvEe Sgpigns fomggan drain
extenSénk, e §epir@S soBe $id dARExtbRBhY, dh@IREGloh ¥ ARRP AFIUGr placement of
mmmmmqsmmhrs 91-93 and 94-96. Follow ng formation of
ayer 80, portion 400 has various photoresi st
structures such as and 89 fornmed. The placenent of
phBCo¥ Butrates, cropsepatipw the aprtion890 pfx sehaitanpyyion dedtic mammfactured according

to an ah@&memgftgs A86nt mgdwaﬁret&mm&ﬁtft%g&pm ?E‘gﬁ*’?fﬁ’éi’ B¥IG. 8,

di scus It sh ul.d _be noted
resist Bt%i‘éé et gt “affé‘ftdl?aél‘sfi% ded 1 NRje bt rsis! ek Rrigflimgatetto remain,
howevek, Gipicdllyy @lpesisseaks ibntrafedanNFIGR wama IrdmoOefd 400 8BS dMdsks added. Therefore,
mask ?é ﬂ%m 'ikt iC ﬁ}aatdﬁ?epeﬁt r]xcx %ﬁ m@ﬂ.?tfs es @1‘% %?Eolél{tgﬁ’ as, n;l;s 89 in FIG. 7.

eration requl rement s y
The ag ioapl w%@eSﬁﬁwbtﬁ@WS%gsﬁmend@w@m aceazhfa riutaliy ofdatectsyppirgs 86 and

87, Wiu;acpmtd,r@sm sutmrssltﬂamemﬁoms& joh @ folidwd dh@tah&lrbfmnabmch that

ut i ent net hod na be required to

ot g et b P! BRSPS e BT A BT e i, o
beam Glgethpévotpose &wi dkctistat coddporeats, daned BRthhalidanbeesD1fand 4’[’9,d;vhlle
photoﬂggttsﬂr&ﬂreé%)an%é}! oxpcg sﬁé‘l@ﬂxffé; geag: sh%3991| a95]9 Qeg‘ Cti g ior to

conmenci ng | on 05|ng, portion 4 J ‘uch

that a tilt exists between ion bean1555 p ths and the

pl P al Pesiratesra cpayseetiond! vigy oftsporsisn 409 of thy semicendgees dpvigeioE 0. 8
followtt_(glpﬁétd_@disaitm}ﬁsﬁl& anisoBdpicR@AIY &aﬁehﬁle\fkﬂlmEﬂ 88 CAflel\livery of a 1on dose 551
and 5 xl;vﬁghtrla SEH Fl%ot!&;@enqsﬂ ¥081.015 5191‘5 the 8&%%818%%8“ %g IEBSE étre Sﬁlaped away,

directi onal
and p@nlqné@@ is etrb&lcte@e Bpwtelrpic Emmng umqm Elep righjetibrhdamegst! gade dewdies

(unpr(%?:aed Y9G 3 thaioB) Wil &h afa fadid r&ﬂﬁan%%?@éc@d Qafte skrhire s?dew!ﬂﬂ@l 92, 94,

d9¥ﬂ$16"%”t1$ g%otore5|st structures and 89 results in
an soetlls et foetire! sesemrhitararero ) padlQ] o gig sigypture 85; asymmetric
spacers i@ ané | ed gitosrudhos &, indasyminetic Baesfs 06 afd.1031dagate structure 87, as shown
wFId Bterveni ng photoresist structure shields sidewall 94,
and photoresist structure 89 shields sidewall 96 of
ate structure 87 during ion beans 555 irradiation. In
t rFé’ PHirg theagiseirorig 66k ypresciioniat is impipted tojfprmg seureg addor idygin extension
areas JutHas 164, 1460 ﬁSSIhlﬂmr DQe_f to e sdyinebeleshnsd dasahdvaidbr @teFRlcRire 85 and
86, the s:%)urlél%: %{%&Sldn ar a ?65 eﬁigl% ti%lgagezsﬁ'léctcuge?%%&tg?ﬁz}ngolfll&})greeéterot{ag &16 gﬁa&l extension
area 16fgundqrlips Eﬁ@ﬁiﬂamr@&@ Berrbwaf trepltcsmet ofiphaorpriseg@etre 89 during the previous
substagﬁaﬁyLdaseuﬁ&gona%@%mksu%f paleleine e lesidnsidh z{r%ﬁ%é?lfs Erat eflon gatc

J) tor S|st structures and is one factor I C
tm°“ﬁ%t SPI Tnd S Rlantafiop Aopatt e3p °8‘F1Pr§§/ﬁ¥tﬁbi“y’f Bteriglet chep borop () earsenic
(As), phogiehomi (PF borddiflGribs@guent source/ drai n ext ensi on

dopi ng can result in conmon source extensions, conmon

d
e;ﬁ;&g%&%?élﬁgp § éﬁ%lrksm %afe‘? g%%%ﬁ%ﬁgﬁ%gg %g%a@e Qucglrets tl}ere were two mask and

etch pigpesser IRiFftIead fo tbqwfewx@ti@svif e dayicp pidi@ Ve §her421a@e Bpwever, numerous other
designl podsibBiiésakieisg thé ﬁlac@rﬁ&tﬁaﬁld S@el (9 hasktsP@wRQ bl cQRes MAP thOe ofthe examples

of FIGé ﬁlg% 8 ﬁg%ﬁltd g%rfoprﬁ Eagﬁ#cf iTp aléllrplg g‘ﬂffl é(:?l gtggglafcglélmg to tlTe design needs of
a partiepden gfpéication: i ng st ep fO||OMAng that of FIG 7. In FIG

8, resist mask has been renpved, and resist mask 88

added. Note that resist mask 89 is illustrated to

remai n,
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however, typically, all resist masks illustrated in
FIG/ will be renoved, and new nasks added. Therefore,
worels/8»n FIG 8 is typically a different naBkTiUS2004/017708

FIG 8 that occupies the sanme | ocation as mask 89 in

FIG 7. The additional photoresist mask structures 88

has been forned adjacent to plurality of gate

st Flige tUs egosg6ectord! iBigtratiphotla@orpérol00 bssesicongtdiad 6dvict Madu@stured
accor®i@EQ ah mﬁlﬁgnt oﬁﬂe ﬂr&ght glgc?cgurg qlhnl: Qﬁ’l\ﬁlﬁQJ %&?awe ﬂlc%%oeg n%c show all of the

" gortlon 400 such [t exist en ion
catuigeof DHTEINPQ0 i grfet éeep Iﬂ’lﬁ Fl%lfqat“gi‘ from bgiag @ut@teﬁ Jorayes sougs argbbr drain
extenfdott redighs DISroBEl ivakin ﬁﬁstraﬂe o, &&ﬁfﬁrﬁ@ﬂceﬁ@b NSse€ %rﬂgﬁde & LoMRe drain
ofo] e s o

c naI n
imp Ia% %(% 2515 G RRT | Wlta‘ﬁSfj 181%(2%"?@?997? U Pes tg‘g’“lg hﬁnoé‘:ﬁ that although
the exgmplg prefentedin BIGHP F@W bt thy aaeers308+@0Gednt 891Idvedonsh 193 place adjoining their
respeEtﬁ@ Q&@ b3, Y&l 975h giher%mbcldhﬁéﬁtts fde §hcds SO0 g@oscaﬁ ﬁcqelja A daljn subse uent

of _the portijon 0 of the sem conduct or vi ce

Pf°°eﬁ-*rnéstef§ if fzﬂtfe eﬁg%b%ins Frawjaees, wiisly wpuldibg orgasiddnbspient decp

implagthtdh pracesOsdtepd, e n&liltlevwdddlin H1@yler 80. After delivery of a
i on dose 551 and 555, which ranges from between 1012

t OIn]aQ éréooﬁlmetﬁ of &x@;ﬁ- ds@xﬂ Qrs&fs§§ j% 65’151’211%% Efk‘%at%‘g’ Stgre? Q %h zglmg Iiirst and

strip ec
second qug%ttgrs@b\yaéls t)le pﬂrgmﬁaptel@ g@gsﬂe Tigpstiong i ifaamédg ﬁhqugmg_ggydzlls face a first

direct@asechSd Qﬂl@%hﬂd 983 G WpMﬂte @ k&6hd sReFIGace) seé%ﬁ‘cddu%énon,\%clh las 91,92,
ter rat panthe rotected gate

and 9? P%uﬂic?u/} gaoe?l?g%em lfcfngle yg]g the gl al tgﬁ afpgtiro s,sanc} WY GTSF§1 photoresist
mask pipyctpdaeselpgivetnfommd. o ioa heaaxszylﬂrbmisafdl tcdaphconer R4 Paiatto ffddiation, a
tilt is %hs@@ﬂe%ve%ﬁ Hhich bafa pgtﬁ and%%%ﬁ%[yro&' gatess%q‘tﬁgs%o 610 Ens% 6 glre%gogal

on gate structure asymmetri c spacer
compangr Hbthe S@@p@ ieeptiofc tTm @stgryﬂewagssof & FSomd p,lqr]ahm of gategstructures are subjected to
a firsthmldbs V\lll“]ibge&)ﬁﬂ)hﬁﬂitﬁﬂtgﬁtﬁﬁxhl&ur@ 1§zhsuBJeﬂﬁ @8 Birst PurlRpS Blte dtSctures that

has le%as %Blé @n érﬁg lurzgg (1% gé{é s%rf es nggaerrl]l [ ref%é\gusenﬂfg é%%&gﬁ ﬂ‘ga third plurality of

gate stug{preBtsybjagstediatagecendgpn dobre Thé HiewirhIisy dfgate gatterest spsettolithefirst
pluralBPof 3Rt @Qured L 123 QL i€ Rss @5k B ﬁlls%ﬁlw A6auiderlies the
gat e st ructure 86 by an anount great & than t he drain
xIt on ar.ea 1$ ?Tgerlles gate structure
T SO e PR R ERIRIGE S WW@%%%“"%&E‘WE f“ﬁtf“ély giplusive to
the se@ud plurghty dfeatp stevtines) SThetud) sxbmmtmla hﬂu;txal[y&ﬁeh&i’vb hoganaat thofst plurality
of gatg %?srﬁs@ﬁﬂ\b% lfygrgent & Irﬁ: %g&rplg o I Yitfe @% ?erc]g'ng %Elrﬁ?{y_?ﬁ%agé 6[11 another

creat et ween te struct ure

embogimgst, é‘}‘i’ftﬁt“?lb’ﬁn“ﬂl?’@aq’fﬁlu%‘ﬁ indiseiersher Gefint nngttibieaf eads has less than 10 percent

of meBtks8i dodin®n wikiGEsedsnd POl of gBiks. 12 ek lefo@ﬁlknt smgﬁtﬁh%ﬁxﬁ@ally
seen | an

oro flou
excmsgve | indicgiasihat c%rﬁ g‘raﬁ#yr?ggages E?S)lﬂer“‘%\‘f‘?“tl))’e‘ﬁ?m é’fegl 1 iR GeRgogdth the
Secon¢m'ealeywe¢t® two mask and etch processes which lead to
the formation of the device of FIG 9. There can be,
hmg,mﬂlﬂﬂﬁf 9Hl§t @Hﬁ@& B CY cgna %%e?fiymh h% Ei}s?s?de\g%f 1¥én% oglcally

| acenent and nunber o structures an
cahedy §Hn t WEEEOSHe frfi g% gupsroend PR oR Yl Spaper 35 cusrising Bpedond idewall
is anispiepiedlyRiched di inCsphcermmsite,secodid sﬁié\iva'ﬂt iAQﬁpanﬁBﬂietﬁh@ant&ltt@ﬁ&a a source

extens%ﬁ Qrg;{ a%g)%gtﬂ% E%%ﬁde%ﬁ 149 drrz]im eX ens1o arg'a {a(')gmqg%le S?CP dt81dswallo 1';1” he source

Ero8sT et "6ha "us
extensyn B’Gar‘tnfi‘ﬁlﬁs Yo gatofirugiurs Bydnamauhtigreatr thaethé drein erdaneifrercdalns ewdn, for
exampRCR Q¥téhkibidaré-®3 AR Feernedi ment of the present disclosure.
The sinplified diagran1mhich does not show all of the
at yr es ortion,90 order. to keep th .
ST bt g PR 1o i e s adiignal nove
elemerggpaly dinclogbd hésivesetkeseitemis Gistedr egi ons 985-988 wit hin
substrate 912, secondary spacers 991, used to define
deep source drain
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i npl ants 909, and interconnects 977 within a
dielectric layer 979, are shown. It should be noted
woOheds/atwbhough the exanple presented in FIG 9preimsz004/017708

that the spacers 901-906 and 991 have been left in

pl ace adjoining their resped-i ve gates 95, 96, and 97,

i n other enbodi nents these spacers 901-906 can be

r efimvidAimethed dogeriping fitrmipg © gaswiange Staspsiconiifctongbstrate; forming a
mdewﬁl?ﬂ&& Ex%ﬁym ofe SnRRI agc[ i AR5 R0r sm&a?ehwmm tﬁie sl'i“h%wall layer

creat ed Supseq uent eep I ant at | on process st eps,
compr§eg,a ﬁé&POtﬂPfr ?Y%rﬂweé&t sidewpl] ¢the gefe styupfurg;forays @ ghatasesist sypeture adjacent

to thetfif®pdaticRSMA Eubﬁbtﬁl@ the {Shd)foﬁiaslst&h’ﬁchiiestb arPibAbedth ﬁh).‘re@fthegﬂlt&esxst structure

. tu flrst and second opposi ng
Shwkég%r%%ngs SETH %?mgpprgglﬁafgfy opposite directions is

forned. The first sidewalls face a first direction,

S Ugdh Z’iSTI%%Cthggof 3R v&@refn ﬁhe tls;ﬁ')f Sle_] ectM}' cl) A8 %néﬁﬁ%%:dﬂxst s1gewa11 to

sidewal | s. face a second direction, suc as
have @‘?ﬂ‘°ﬁhqg?f’ei tiltanglobegisen sathiof thejon pesmpapdt arutiace oidhe it pideviathe

plurality of gate structures, and any desired

P hl?emof fl-lf =) thn?kat am% C 'e}rjl ru {Seﬁt%% lﬁ.b\'t%gr é%z/n?qrévfgfe rn(r)r%%hgg,on%l 81’[ angle
havmg ?Iraagit eftnlceinnce ﬁ)ﬂtiqd by the Baﬂa@' the dinébepniyat the emfatclvéthe Gust silewai ranging
betweR2f dbgRQAnd Peiebral ity of gate structures to conprise

a directional conponent in the second direction. The

first sidewalls of a second plurality of gate
St TeucA urtealeabceofeabjz edbreid sttbj}ctﬁlgfﬁirth&tcorh@f@es & Eng tHeMBn-orthogonal tilt

te s S a subset of the
m%kﬁggﬂgg { u$$ féé&s£mgﬁ ruc %gg§m§ﬁ AHEE | ess t han
t he flrst plurallty of gate structures. In an

€ nf‘té‘ﬁﬂ‘l MBR nethbd & itk Q\’ﬂgreﬁ E@ﬁ%& lﬁmﬂér cﬁnﬂn@és Egecﬁﬂglfﬂe%loﬁ Brﬁmo gonal tilt

ate structures is su1ecte to a second 1on

a“glel?aﬁ i Fhgiepoh e PhotofesiE s ®ee st ruct ures a subset of the

first pIuraIity of gate structures that has that is

! ﬁ?etﬁ.‘h ar e t!ﬂ%i Jf I1tgn? \x{ﬁ%{gurt fal.h ect}étg % 7 g(]gn?&n;g’/gs [ ?Jag%aglsdehvenng a dose
rmgmgﬁ?@éﬂﬁﬁ%éanéos@%stant|aIIy nutually excl usive to the

second plurality of gate structures. That is,

substantial |y nutual |y exclusive indicates that t he

f 87 pihg fnﬁthgw itgpp 1, yhérein suliseting Euther comprises the jo peagypempyfses a
speciefreiub eleiBent Withc:A BT nivhHeherédrethaeond plural ity of gates.

I n anot her enbodi nent, substantially nutually

exclusive indicates that the first plurality of gates

hdtem| 3 skhe mitherl qf dene B mrherejf sultiseting Fusthdr pongpoises tha ionbeakm cbingrises an
eleme 860 1Bth We 3lold ééns@stm#@&ﬁ&n, gteﬁhaﬁmfl Uhd 65 enbodi nent,

substanti al I'y nut ual exclusi ve indi cates that the

first plurality of gates has | ess than 1 percent of

NERDEr STh M@ N Wlwhthelﬁ hﬁje&ﬁ@ Qutkkr Pdnipkicek tht Yon 6§am@Bh@Ges a

specie &lahglg%gﬁ Whadiatign. a.figst portion of the spacer
ayer over ylngmtﬁe I TSt sidewal | is ani sotropical ly

etched to forma spacer on the first side, and a

sarANG., 1€ FnbthQANde ng i b}ﬁergiﬁ)ﬁﬁﬁﬁg 4 QM6 1%%0&}{1115%4 Afwall layer

secondd idewal | is anisotropically etched to forma
comprisgBa 2 8% the second sidewal |. A dopant is then

|nplanted to forma source extension area adjoining

Ll LS 1 R i) MBS SRR oo o
compriginggn ¥ifgler | i es the gate structure by an anDunt greater

than the drain extension area, as seen, for exanple,

in e sion area 987 in FIG 10. Sp eC|f|c i tens of

B2y BEERaRG e G rmeF g ciclif 4B gorion ofa sidewll
layer t@fopn @gpa@t @ch firdn sitle, ad dhhilan€itiped dopemi/e lform a source extension area on the first side



10

15

20

25

30

el ements are disclosed besides these itens |listed:Item
. A nmethod conprising formng a gate structure on a

W@ eossoongiict or substrate; form ng a sidewal | |BYBDS2004/017708
overlying the gate structure and the sem conduct or
substrate wherein the sidendl | | ayer conprises a

mma | ESL ortion overééé‘ﬁg t1érst sidewal | of the gate
SR eoR 2P B TR oS FISTeaY R P Wee 2 EpsipR £t @d%fli?séhféﬁf stugjure by
anmmh@gﬁmmgmmp@de@mmmamdmsubject|ng t he photoresi st
structure to an ion beam wherein the photoresi st
structure shields at |least part of the first portion
f r §7 131 & mieind pfderming p sastsopductptisvippeaomprdsing forning arfirgt, gate structure

havm‘gfﬁ ﬁfsﬁdld% fzﬂ:ﬁh@ a ﬁfsﬁﬂre&fon Skt sedohd G f&ﬁl@ﬂ Eéc&ﬁ%u&ﬁbnewﬁéréﬁgthé 138 side and

0 on: or.t hogona ilt an
e s e i BNt PR o S S g B g dirsion
formipg § Sttewsll leenenetlying] thegfist Bate stthaurershéveial the fiddwihak hiye? conwpkies e filat sidewall
layer §Mgdn%%r1yﬁg tﬂce Wt %r anﬁ 9 E@(gnld §1§<§Na ﬂ?er B&Ponoorvg @ % coxgdI s1d% and

having an ang I nci ence or me
subj eE}Flg fhﬁ brst S&ﬂﬁwglelasm %m@n forfé I%I&P-‘F Hbile thgyseqopdsidepll yespoat@m npt subjected
to theriadgbeng bet ween 7 degrees and 45 degrees. Item 4. The
nmet hod of item 2, wherein subjecting further conprises
sel ecting the non-orthogonal tilt angle based upon a
t hltenk Hie $he npfthotl hisites)i 18 eanapkibing faryring aawdndagah etingiote hafingtalfigst side facing
the ﬁgﬂcﬁ@ctéﬁ r&iﬁlﬁtswoﬁd s1cletf§>mg ﬁre seﬂ;}ﬁ dg&h%}g o ng t!hé .ﬁ&pw“ll lay\/ypg)ém the

subj ecting further conprises se
secon gt WTW&@@W&P thesiigal hﬂg‘ff Eopsssa tirp Bl et gertiongperlyjpg the first
side qf he beodnd $htS ftrusthuk LhGd afotxth sldb@dM 16 er p_Ehﬁn Bﬂéflﬁ@h&ficohd §id¥lof the second

[ Ui { t
gate sggﬁ%{re\ei Iér?ll sﬁléllgiélg g\ I:hlrg s1cfiewaﬁ Q er oﬂlog%é)m%s\g%l X OToxli)gnntPe f?rﬁfdlf%ofé}m first

ose ra rom
gme@&ﬁﬁﬁ@ﬁ@@@mﬁﬁeenethod of item, wherein subjecting
further conprises the ion bean1conprises a species of
an_element with an atom c nunber greater than 9. Item
8. lteph- Hherpgd ofitom & firther cppprisiag ppisSisjcalbtiohige # fitpaion of the first
Sldewﬁlﬂ)m[’ PBERB owmmg 08 il 16 PIPE épS@Sorﬁlib fedt ei0® a:tlso&@uﬁn;t ewlmg a
$lst of si l.icon
seconE E&'mn OF Lﬁlwa ng rﬁ rﬁ %verly{,né iecor\iﬂ,]sglfe et(?%rn% ung ?Tﬂ tlheﬁecond
side; ¢nd mﬁaéﬁng@dﬁmni tg fogm p prairce eivienijercaaedipiping e firsizids paleidedn esfension area
adJonﬂt% 1R sBIIRNMide\HleRinHb silrQI Tk Ensial LA B3 The b@RuSure l)}t S dt greater

" d= net hod of item 1, wherein formng a sidewall layer
an it PEBYOYAE si dewal | | ayer conprising a nitride.
Item. The nethod of item 1, mhereln fornlng a

Si flje%xvﬁl ’i“hel 1@& k‘}tg:m?%,lﬁlr%er c?r:perlaﬁ% nmn%a rRhito ?1st s & Or'JI% adjacerﬂgo the

an oxli de.
first thedimgppidles| ng anlsotroplcally etching a first portlon of
a sidewal | layer to forma spacer on a first side, and

Iant n ant to forma source extension area on
t h emr 5y @t %ag%fﬁtam &% ST OB R O Apbeigredy starctuis adppgpt to the
second sidle, wherein the source extension area underlies the
gate structure by an anmpunt greater than the drain
extension area. Item 13. A nethod of formng a
s elffci§nthg areted efdem ¢ fustbergerimsisingorfenting ppstantiblfyrhgtizogfaltserface of the

gate s@lcfubtlb Bk a non-orthogonal angle of incidence between a path of an ion beam and the substantially

horizontal surface of the gate structure.

Item 19. The method of item 17, wherein the non-orthogonal angle of incidence ranges between 7

degrees and 45 degrees.
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having a first side facing a first direction, and a

second side facing a second direction, wherein the
woiowsto1m9sle and t he second side are parall el teceaskos/017708

other, and the first direction is substantially

opp03|te the second directidh; forning a sidewal

er first ate tructure, wherein the
o1 Mt Fembal i 7 mbisEh 0 R oo g bascd upon e
thickngesrof the) sidegriblayeyand g vértiel dit¢nsibn &fia@hgtoraistktrachgecond
sidewal | | ayer portion overlying the second side; and
subjecting the first sidewall |ayer portion to an |on
d ol ZnTheanethpdofdters dh yhestinl thoigh Hosp erpges fromp batwash 10 °go pitcm™
subjected to the ion dose. Item 14. The net hod of |tem

I Si form second gate struc ure havi ng a
T fltténe?igttfﬁan e ey el i sl e g ppacer
adjoirgigdle fira siderhgvitgvefirs dobimss ald & @adet afvinifgoiierstdg side @aviigdesvadd
thickde@Y€r overlying the second gate structure, wherein the
sidewal | layer conprises a third sidewall |ayer
portion overlying the first side of the second gate

2 t léd;kfii?; UK Qleth&feb@* foéﬁmfolweﬁiﬁorglhéoifﬁr\&t@dldg c&%(i:‘lgi%% fa%ﬁé aQldst plurality of gate
V S S
s Ee S“ﬁ’%tﬁtﬁ h g%ﬁ%ﬁéplt“ﬁ‘éty R P @ frgfyid facing a first

directjonrapd oyacohd Hdn fidne a smddoseonividaeii thefift dirstiorsdnd the @kborki liRection are

approjntnﬁtélgl d,%&t@ dﬂre%noiy *?dn‘ﬂ%&& g gi)aéepla%p §Veh§9£]g tge gp‘ilﬁaht}l c;fgms a5d usti'ﬁ]@% tilt

her conprising ani'sotropi
berwegy aemfﬂ’@aﬁapaflt aﬁ‘é@e By %fﬂate ftrupties t jcqraprisey difesfienel comagrent in e
secon@)ﬂifebﬁoﬁj’hul@&ﬁﬁd thd g s1ﬂehtﬁ' afsécﬁrﬁitphﬁdh%f Ea@e sf:r@ftﬁés@o asﬁ}ﬁ%rdo& Mywherein the

secon& nl?rfalfl I <r) gta gl dt%fes 1s ?%sa: .cal lll,u¥l|1t2§fc Fttllie%tﬁat &3@? 1}1% Lhegﬂrst
ﬂmﬂmhégge@@ﬁmﬁ8|de to forn1a spacer on the second side;

and inplanting a dopant to forma source extension

area adj oi ni n the first side and a drain extension

art&R 24dhemehertef e s hemerisng subjgqnsdiercoptksids of i thigd plurality of
gate sCtueR &l a@Eot i@BdobH) Gk did tﬂ&thircrkﬂurgﬁyt & gk SdGihr i€a PsePIT the first plurality

nt .gre han dr |n extenS|on area. ltem 16.
f
of gat t%&%%?%%ﬁﬁﬁﬁﬁ??eﬁﬁﬂyéﬁ aﬁ Y¥Hri sing forming a
phot oresi st structure adjacent to the first the first

S i I@:ﬁl 25! I ’fh@ metiu?d- of T&’?Z?t%lt%ﬁ%e%rd' piu%ni'tyjog atef suﬁctnlge%és substant1a11¥ mutually

npri si ng form ng phot or esi st dirficture adj acen
exclusf 10 s EREPIFIET o Ry Tes WS SRTREHY SRRl @rplvss indcats that the
first plutalifly ligateCIAN s tihh B@pefieht @dénitGrs & GRS Wi thedbdodd plurality of gates.
hori zontal surface of the gate structure to forma
non- ort hogonal angle of incidence between a path of an
i drsmiPéakhe amitiod dfi genspdeminttiedlild plukadityiof guetserbctugay isfsgis@nt@fly mutually
exclustv@ % tﬂ%@&n@ﬁlﬁrﬁlﬁ}t Hofe sttultGl ngeresttﬁﬁstam19 ngmglfy kb S Jn?mates that the

a %% t he. non- ortho onal ang i ncrdence rang
irst p‘B’é{“%@ tesphaglsgsythap 40 perrat aEmembgts é’efé’mF’t’fvehZ‘GF SeCPFFethfﬁlttMéateS

of item 17, wherein the non- orthogonal angle of

I I}\‘;‘éh‘t%? nﬁlg metﬁod o'?%emdB gmtthh %urtd iura? @} %Ha sErlb éeg llS g%bstantta ly mutually

tal drrenst on
excluse/p tolﬂeetsmoei plqrtlemfzate stritperesywhebpirdsuostantialip pmitddly exclusiveindicatek that the

first pllu@ﬂy F058s K2 RGN | Eé?&htb)@ IVERR id @hthoh RithlHe s%cocﬁﬁ'ﬁuralllty @FEates

The nethod of item 12, further conprising etch
the sidewal | layer to forma spacer
Item 28. The method of item 22, further comprising anisotropically etching a first portion of the

spacer layer overlying the first side to form a spacer on the first side; anisotropically etching a second portion
of the spacer layer overlying the second side to form a spacer on the second side; and implanting a dopant to

form a source extension area adjoining the first side and a drain extension area adjoining the second side,
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20

adjoining the first side having a first thickness and

a spacer adjoining the second side having a second
wohbwskness. Item2 . A nethod of forming a PCT/US2004/017708

sem conduct or device conprising formng a first

plurality of gate structureslbverlying a substrate,

each of the first plurality of structures conprising a
whepqity thg sowrpqyatepsinnjares underfips thergalg ptrugiareiby o amaprd gmatgdico fe dgindgension
ared. aci ng a second direction, wherein the first direction

and the second direction are approxi mately opposite

directions; formng a spacer |ayer overlying the

pl ultet 3% 5 methodyatpmsing fetining b patgstrecntré drta sbﬁ%dﬂ&n&fbr &BstfaR¥orming a
mdeb/@lﬁlg}epﬁrem gtdtg @lrugﬁdéraﬁ‘rl tlné Qémgf)nd gc% gub‘g' age wher L etge sul%wall layer

rpse di rectional conponent
coma{l ﬁrft@ﬂho%qygjlyg)@ta |ﬁf-§gs14eﬂféll qfithe ggte gq‘u@;@re,d‘pnnglgg@mq;lst structure adjacent

to thelfiesk wirtichyandfubig@ing ths bowedsi s@Stkddo ah ibA Bedih, Wh@x@m%%ﬁotoreswt structure
wmm@%mg?pmkggh%m ““?%B$3$g% ¥ of gate structures is a

- of gate structures that
is less than the first plurality of gate structures.
| t ebhe sthodrad anparmtlregf providenfolekible mmqmemetmpr Algtionig the invention has
bee&dé%@é&hb@eﬁﬂ%p@%@%gnp‘fek %l@ge a@patréﬂ{ th glo&l sk'iflé%l 1f1 {hg 'ﬁrptgat the invention

@ it e dt ures to a second ion dose, wherein
is 0 (e ‘ﬁ?‘ FietRpelst fgnpramele fhgdistlpsue isjdiscugsed bﬁ%PﬂWIﬂm@ regard to

asynﬁmqtrs:t spgﬂenfplaiauctn)for@fCl\g}H devisd, hdweter RSnvetidh can Be drSed \ﬁ@lrbther device

techﬁchc%wg {o clseLte %@é& Jp%{\cﬁ%fdurgl td%h 2 E‘n%?‘l'&acta.ree n aldé;lfl?nt ywxglfbe @Qfeélated that
ms“‘é“f ?fﬂ?&‘fﬂﬁ’f% sidewadlg to seharee ithalr btyh mtes, theyt thay be kerdensi tv @dico thtihech rates.
For &@&1¢) elitrget Ea’iﬂbb tn&bla@fed Qﬁﬁn@seﬁ&tfv&' GaMERS Ad%ﬁlgil Qmous t)ipﬁs of deposition

anti al nmut ual si ve indicates that
and ‘Fc*&qe"%““ Rl Fy"Fys Bt© ?ﬁﬁé §Vaﬁ9£§ vihigh eoutdibe spitafple f5pise erpipying the
methqépﬁqug]g; hergin.cldomaiso, that bkhot dhen eatodiment jpf the ;&ésEﬁt Yvéitiorat ®8n shown and
deschlge@ liH d%érl he]'-é?l? al@i‘fgtxﬁfﬁ(ierﬁtn \Jartiaﬁglﬂl%x%of\m S]gsih T v?n Flillglodlr.lrr_lljfl glfltlui}:orporate

rality of gate structures 1S s
the t gﬁ & %n‘te’éf“’f‘ 8y keecadii epnpiugtectyi thoge ssilledyin the astt Bqn@ﬁtu ptbe advantages,

and atueiée td’prcﬁaléb@ haebde @ HdsyfibBALHL bR Witk 1@t & loWSdcNiE erhibinfeRL. QPowever, the
s. has | ess than 10

benehg %Elva% £es fsohgnso% tQ Proglearlﬁsl %Eéﬁ%ehegrw g}]thatt Fay capse awobebqﬁb ,a%ypqt*gy or
solu’r@p tcg;ggue ar be¢opme mo@‘;')rond'dneedrmmhludbeaf)nstrﬁeﬁm PBitivdn, eé’q&irdd drBRential feature

or elénkbhnt o2 alﬁll onflladné ctlaYmso fAc yS{hE &Qsterlrl éne/%tﬁn? is ﬁ&fbn?/engep th> bael 11]1rXted to the

& exclusive to e secon ura

P ec@? e f‘“ﬁ%@% herej, Byt gt fhe %‘Iﬁfﬁ‘iﬂ’ it mtéﬂdF%/tO RRYELFE¢h] aiief@;ﬂkl@ﬂsusqufeatlons and

equivaleols, e9dag Be fedaatablp Inetudeld Fvfthin b kpird bhd Yop@ br BALRSAAS | ess
than 1 percent of nenbers in common with the second
plurality of gates. Item 28. The nethod of item 22,
further conprising anisotropically etching a first
portion of the spacer |layer overlying the first side
to forma spacer on the first side; anisotropically
etching a second portion of the spacer |ayer overlying
the second side to forma spacer on the second side;
and inmplanting a dopant to forma source extension
area adjoining the first side and a drai n extension
area adj oi ning the second side, wherein the source
extension area underlies the gate structure by an
anount greater than the drain extension area. |Item 29.
A nmethod conprising formng a gate structure on a
sem conduct or substrate; form ng a sidewall |ayer
overlying the gate structure and the sem conduct or
substrate, wherein the sidewall |ayer conprises a
first portion overlying a first sidewall of the gate
structure; formng a photoresist structure adjacent
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to the first portion; and subjecting the photoresist

structure to an ion beam wherein the photoresist
webkowsmaye shi el ds at | east part of the first poTwiSew4/017708

fromthe ion beam The nmethod and apparatus herein

provides for a flexible inpld2entation. Al though the

i nvention has been described using certain specific

les, it will be apparent to those skilled in the

ﬁi@éﬁggﬂéﬁﬂgRé&invention is not linited to these few

exanpl es. For exanple, the disclosure is discussed

her &i n pAinwapd dfyorming hschegatuclortdovisyipaiogi C Spacer

f or patLl QMQE owev .the invention
can g%@g;%% e %“V\n f avgg % b6 svi‘ce? g’é RO gidesecery side facing a
create a@%‘?ﬁé‘f qetiq, @m&@é@eﬁrﬂﬂ §ifld andythel evgdnd eidevaenprkadielttakagh other, and the

I n addi t fiiredtibn Muh)itanhﬁly@ﬂgglﬁ%e%cgﬁh éxjgaﬁ)nl nstead of
ance their etch rates, they

bo [

o PR 3 i T B s Wi e compies s
ex an‘pl e, smmlr lagepridanvedeing thipfirasidedndd seddhdsige@hIBGfel Mtion overlying
si dewal |1ﬁeseéﬂ&’§1&é gnally, various types of deposition
and etch techni ques and devices are currently
av altbisgsipehefsteiderad daver ppgonsta pr ighflase Wigle thesevondrvidewqlillaygtipagion is not
t he net haslead td @eighdosdier ei n. Note al so, that although
an enbodi nent of the present invention has been shown
and described in detail herein, along with certain
vard ant sThe rethetdf claimeirygmpisiver  vari ed embodi nent s that
| NCRLRRY, V
easily ¢ g%gltlérgﬁ%tstu%é%@ k sti%ft s& i}%mégh R i lﬁemon dasecond side facing
Benef i t she sstopddiregigpant ages, and sol ut| ons to probl ens

havienhgenr sidesa ﬂdybﬁ)der@ﬁ@ W8 sebnll |§at5 Tapte] v&h@relﬁ BRGilidlaf layer comprises a

enmbodi ngpt t he benef advant ages,

sol uti ons dtssg CVE?I\QE Fré’r?gm %Yﬁrdi"% ‘JET t Sfestite §‘)°°‘tdr$étﬁ Strygfgyre, and a fourth
cause arvifewdliefi nortiomehedyitgaigasecond sidOF it setind bade AEEWE; aff

be GRBBinME Bird HRDAVRRE SR Gl Ae i {n% REHEONSH LGRS B eis
critica uired,” or essentla Peattr e of "o BrsAr: &f

any or gqueC{eﬁg) taiofdege. Accordingly, the present

invention is not intended to be limted to the

spegci fi f for herei.n, but on the contrary,

|t%| s i (r:ir 80;5”& Folau?:lg ‘[3‘51 SRERELit er nat i ves,

o diigqtregieally efehingafickt oapion v &thefiitsidevadl lasramoﬂnen dsvetaieifkyside to form
i ncl uded swcdrBh e ER¥QiSPI rit and scope of the

inventiaon, \HAT IS CLAIMED |S: . A nethod of formng a

s e ATEAYGLY grhing@gsoand peremafitheissrgud sidgyati leygy partiph pvstlyingahessecond side
st r uct utefolgspigr d tifeisécsild siiilediﬁd facing a fir st

di L ansecond
di ?@g T on 4 dﬁ‘} ereln the fi ens“fn a&a&@ ’g’ﬁ the ﬁ'ét S§18 o egjignsion area
are par afipiging theseequd bide whresin thesonkcd dx@nsidnrgh udbdiesali g sthture by
subst anti ahduit LRPBIARIN R dhh&xSREAA. di rection; forming a
sidewal | layer overlying the first gate structure,
wherein the sidewall |ayer conprises a first sidewal
| ager p@hdmatvd ofdih ¥,ifitthetcb@prising flrmisig SighotoRBE sPucBRGGAEN to the
first thd £1G\WAL,! | ayer portion overlying the second side; and
subjecting the first sidewall |ayer portion to an ion
dose while the second sidewall |ayer portion is not
subj ect egt ddtholt BRI N 1HBSRommi smgﬁﬁm 2 }ﬁxglgreggt stﬁ:lcéllemi deent to the
gpr|3|ng form ng a second gate structure d
PPSt side facing the first direction, and a second
si de facing

S€COo:

6. The method of claim 1, further comprising orienting a substantially horizontal surface of the
gate structure to form a non-orthogonal angle of incidence between a path of an ion beam and the substantially

horizontal surface of the gate structure.



the second direction; formng the sidewall [|ayer

overlying the second gate structure, wherein the
weoiizaswaltd9z| ayer conprises a third sidewall | ayecT/us2004/017708

portion overlying the first side of the second gate

structure, and a fourth sidewall |ayer portion

overl yin t he seco

str th ur ghet Mg i g‘ﬁ Ay %hgr%fl ﬁle n?”horth%gona éwg?meieﬂfferfmgeS between 7
e%ﬁﬁ?ﬁé%‘??ﬁn1the i on dose when the first side of the

first gate is subjected to the ion dose. . The nethod

of ¢l ai e rising: anisotropically etching

a f |§r st mg,cl)er 9 8& O%gami.‘ ﬁg‘}ﬂfrF‘F the peryogaard aqggyéméﬁmem Tegppd upon the
mwa@mﬁwﬁﬁ@m@MEWimm$Wmﬁﬁmmmh@mia%qm@m&ﬂaﬁﬁ&m@n the first

side; anisotropically etching a second portion of the

second sjdewall |ayer portion overlying the second

si d& to Fhsmsihad ofislamel, wherein the ion desoradzes frohe betweanl 10 to 10 cm

i nplanting a dopant to forma source extension area

adJ nin irst side and a drain extension area
adj (f)HI ni nghetnﬁ’gl ‘g%t{?](si 1 &]ﬁgf‘é compsigipgtrhing the sideyaH dageer to form a spacer
adjoinitgdipdir sidechaging afivgl ¢iidkhessant h@a@ﬂicﬁ)ﬁﬂgrﬂhb(‘s&ddﬁcﬁslcﬁma@@ a second
thicefd@Qunt greater than the drain extension area. 4. The
method of claim11, further conprising formng a
phot oresi st structure adjacent to the first the first
side; 5. The nmethod of claim1, further conprising
form ng a photoresist structure adjacent to the second
side; 6. The nethod of claim11, further conprising
orienting a substantially horizontal surface of the
gate structure to forma non-orthogonal angl e of
i nci dence between a path of an ion beam and the
substantially horizontal surface of the gate
structure.7. The nethod of claimb5, wherein the
non- ort hogonal angle of incidence ranges between 7
degrees and 45 degrees. 8. The nethod of claimb5,
wherei n the non-orthogonal angle of incidence is based
upon the thickness of the sidewall |ayer and a
vertical dinension of a photoresist structure. 9. The
met hod of claim11, wherein the ion dose ranges from
bet ween 1012 to 1015 cm 2. 10. The nethod of claim1,
further conprising etching the sidewall layer to form
a spacer adjoining the first side having a first
t hi ckness and a spacer adjoining the second side
havi ng a second thi ckness.




