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DESCRI PTI ON | ON | MPLANTI NG METHODS TECHNI CAL FI ELD

This invention relates to ion inplanting. BACKGROUND
W@ABR07oor712 npl anting i s one net hod wher eby mat ePCBIUS2086/020600

introduced into a substratel Energetic, charged atons

or nolecules can be inplanted into an outer surface

regi on of the substrate, and/or deeper within the

substrate dependi ng up&gﬁEMi ng energy inparted
to the atons or nol ecu . typical use, ion
i nplantation intr | M nhanci ng dopant
i gﬁs into and thr@ﬂgﬁﬁé%ﬁi%w%ﬁ)gem condgct oP
substrates, such as crystalline silicon. By selecting
a suitable inplant species, an inplant dose, and

TECI tF rgy, the artisan can form desired regions

bstrate. Many ion inplantation techniques

dr iMhés tiventioplretdted tepeaiieplamting.t he substrate froma
di rection perpendi cul ar/orthogonal to a general/gl obal

orientation of the substrate. However in sonme
BAGKSRQHN&ARH is desirable to forman inplanted region

o G RS R e FobenB DRI TGRSRl it &
subaﬁe&n‘plEln%hgéﬂikﬂ stergedi atonsTpl andlendlesatab ®eciomplaetetlinto an

outdh s RREF it el e Rate par LIl PESRehguEingihe substrate
depehtlngt upenh ftbatd*“\ﬂngr@ierlglyounmdﬁe_d It«i)ghé m%tomsbst m@dﬂ?cgles In
rate
oner BERH 4571 2y TRRENt I o e TGS 6 SORHEREY S RAFRNEIE dopant
iond éatoues bobhghatﬁersmmbezlaissemﬁag&im«sr sSﬁstrad:em such as
uce, . the

orveiglif e BNGPelr<Rion’s afiablE Rip Bt RbRoics, ar PHbIER: dose.
andg’fﬁ;ﬂa?ﬁhygérfgyptm B ks am canﬁbanltcmflwee!?l;agnommmmlm m?jlbmmte
enea
n g et on) et ibles iV Ba e TutBRqt SpERieR dptp the
ubmylteofrd)nnmat atirecilom |pmwehdmuladodhbgohamtbea lpgenehal/global

orle%g%tgm%?%?gsu%s@ﬂg a?—’ioWetv% ‘%lyo%rlggganc\@ pé“gndeswabha to

rpretative or other mtlngreferenceto
forns pecinfpleateidorggiamdo ibe exivelhat éasttgartinly deceritme sfucture

or fgngrX%ﬁ%Sﬁs§9%§ over the substrate. To accomplish the same, ion
implanting can be conducted at an angle from orthogonal whereby an

implanted region is received at least partially beneath a structure/feature
that projects from the substrate. However, a trend within the semiconductor
integrated circuitry fabrication industry has been to make the features both
taller and closer together. Such can effectively preclude, or at least reduce,
the degree to which an angled ion implanting method can effectively provide
an implanted region to be received beneath a feature.

While the invention was motivated in addressing the above identified
issues, it is in no way so limited. The invention is only limited by the
accompanying claims' as literally worded, without interpretative or other
limiting reference to the specification, and in accordance with the doctrine of

equivalents.
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The invention includes ion inplanting nmethods. In one
i npl ementation, an ion inplanting nethod includes
wo eoomiomg1a pair of spaced and adj acent feat ur eBCT/US2006/020600
projecting outwardly from & substrate. At |east
out ernost portions of the pair of spaced features are

§Mﬁﬁally pul | ed away from one another with a

rned photoresist |ayer received over the features
aﬂiﬁhwhi me][ms:namrgﬂ?mﬁe@g foher %halldmn@j \Igedeihmtder medi Bi € one

. the pair of space eat ur es. | ch s

implegarliationape PA(EIRIENYnGMebad Welyley Bumigg; ppair of spaced

and| aaja@ggqﬁdfdd’aaﬁesstmafe"o@hg LY G LY Wn¢hal§ut5§6£thedAt least
| ower an the pai

r aced features
oute TS RATAENS | HelheaPaR Hoabas (ralifes 4rey Btotally SHlsh away
frond rcsm@ t:{]ﬁotﬁ@bs\?r‘tﬁta pblﬂegﬁ@dlf @Mtezm@@tsatlbye; r%@eiv@%l over the
antl n od I NCl yaes ormn
foatlffp AAFALEID HUnE0IBETNS e g SHETRE B DS the pair of
spa@é&bfﬁéét?ﬁrés Mﬁgé%tucﬁeépééfeﬁféﬁtal‘ﬁbﬁé Iﬂéeﬂ%ifsfsurﬂ@d a species
. . para er | S ne | C or
s 0D BRE o RsTte T ateE ! SYubhiindereRea, euendbfn dne pair
of spAcOPesafiget hexfmrrnh@e@w weslahfihgl mslipatteride pheddreses, layer
teral separation of outernost

res ul‘% ina fir F
is remeYed oMy he sy Fga Sres of the pair. A patterned
phii @nesirfpldntdrtation, bar ivadimpRintinge nfebdriasiudesnriing a
second set aof @hoto FSi st%ﬁproceSfl ng ara t&rs whi th
Pa'rr%fsiﬁi'%e Angd ALBGRE" [SAHISY PEYFSFAR YHWaFdlyLitom a substrate.
A firgtitset rﬁfsﬁr;dleréé.l@ﬂﬁrdﬁesfshﬁ; fp@ﬁéMbeérsV\l?ol @ehtelrmirgécemrﬁéh would
t.he

th ar.ation. e patterned
upoEATelG; &t PRl el aves the' Bkt Heliife an
opehmg ltrféﬂeantredeivﬁtjowﬁ@rbﬁédlat@ that EataiesMheGblti i® a first lateral
|veg wer than the pair of spaced f®atures

After
SePRFREaTL 8 HIFARPF NGO UHE (it Vi fRAp ot 61 B0, agepefigmed
photcﬂsmsedlafyre)mls h&rsmblstm@tre thé nfextarésplsngnbatseaondaset of
hotﬁ{ Sﬁl{p agt stg et I;od eg 7 ﬁl['} " n Fiest, sséecon d’Iateral
P gSthi PEOFeAT Y e £3HFB] %tsl ny"'§ tw&SH M ofh &
sepatd:tsirf af EtherSlﬁeSr&OSh@ofr’&GﬂJﬂRff fhe fﬂmre/sedvhmm ds neladd e than
and t.hird, feat \ out
the R PHE SRR+ W ST Riare e d R By imsover e
feathmsrailsbymerswandntlmp@arﬁedhetssobet]‘atesatalesal/\whicmls received
‘ d phot oresi Ia e celvgf e H IS
low h% ﬁ?aendp?ﬁ éfe Sfpégfaur\e(egtu‘l;r%e péot otoPesrlhls he
pattlearyai phstaresatﬂaybraatrenai\geobﬁxem tl’hesebsimmﬂz feature and
br Ilrggonse bl%\tpvlvgr%réngheonf ! 5ﬁt lo%mFmplantmg method includes forming
first, second, and third features projecting outwardly from a substrate. The
second feature is received intermediate the first and third features. At least
outermost portions of the first and third features are pulled laterally inward
toward the second feature with a patterned photoresist layer received over
the first, second, and third features. The patterned photoresist layer is
received entirely over the second feature and bridges between the first and
third features. The patterned photoresist layer exposes laterally outer
sidewalls of the first and third features. While the first and third features are
laterally pulled, a species is ion implanted into substrate material laterally
outward of and adjacent the first and third features and which is received
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third features. The patterned photoresist |ayer
exposes laterally outer sidewalls of the first and

wo biordofreant ures. Wiile the first and third feapPdr/@s20a6/¢20600
| aterally pulled, a species3is ion inplanted into
substrate material laterally outward of and adj acent

the first and,third, features and ich,.is. . .
lowsrodantolicodit 3 (e EpLieRng AME gt dey eplantng, the
pattéheed pgoiom@éiemdm,iztrbmq&@mfemlflnetd\epehrbttvatesi ?t Layer is

repgpve romthe. substrate. Ot her, aspects of the

| nOMe Porecls tE%Ht"S L8 CONBHINAISPESCR PTI ON OF THE
DRAW NGS Preferred enbodi nents of the invention are
ge ilhed bel awwith _reference to the foll ow ng
BeCopaty g —araw ngs— 9. 1 i S a di agrammatic
septdfenal ermbadimehtsaf shebistardion afe desveibéd baloprwitrereferemce to the
ol accordance with an aspect of the invention. Fig. 2 is
ollowing;a&aPBraHIe EPY9Y substrate fragment at a

pr aiigs i iwg astEyranysatit esdctional ha¢wsbbansbpstrate frfhgment in

Fi % 3is g Vi ew.{%{) t he Fi g %?subsetrate fragnent at a
ProgRss BT 059YeH WL RR AFRSE PO MBS by Fig. 2 .

Fi §ig.4 iis aavieweof the tHig. Figubsiratalfsdagratat it agpmwdesainastep

rocess,i t subsequent to that shown by Fig. 3.
S”bg—?%ﬁ'e% tPgﬂ3§8ﬁ§\6PM?9'cﬂsecti onal view of an
al Feg.maie aevibadbfremg Fglb2tsudistrate ga@ment at pr poesssing step
accor dan ith an aspect of the invention. Fig. 6 is
SUb%\eg%%nqﬁpgt\ﬁ/agn%?w&hb%%fg'vé‘th Fig. 5 being taken through
| i Feg.54 s lanviewgof Ghe Fig g3 stbsirade ragmeht bhex praressing step
substrate fra t . rocessi ng step subsequent to
subggdietitonnab SRR EFIE P 7 5 TS S View of the Fig. 7
subid.ratie 4 rdiggemmaticasectimedsviey of gn sitbseafecambiodiment
Ei ' [ Vi ' :
suoiifle 8NPy pldeedy n, Sbfydinies i b dhast 48 thiinydntion.
t h&ig.shdisva fop VFieg o8 FiPEFAWIADF DESCREPD GteDFthTEEgh line 5-5
in Ffil ERRED EMBODI MENTS First exenplary ion inplanting
itiods i n accordance wth dspects of the invention
ar €igleé s iabeig¢wnof ithe dfigr Ereub stateifgagment) at B grocessing step

sub8ERHEASioBhat shown by Fig. 5.
Fig. 8 is a view of the Fig. 7 substrate fragment at a processing step

subsequent to that shown by Fig. 7.
Fig. 9 is a view of the Fig. 8 substrate fragment at a processing step
subsequent to that shown by Fig. 8.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

First exemplary ion impianting methods in accordance with aspects of

the invention are described with reference to Figs. 1-4. Fig. 1 depicts a
substrate fragment indicated generally with reference numeral 10. Such
comprises a substrate 12 having a series of features 13, 14, 15 and 16
projecting outwardly therefrom. Substrate 12 might comprise any one or
combination of different materials, and in one implementation preferably
comprises a semiconductor substrate. In the context of this document, the

term "semiconductor substrate" or "semiconductive substrate" is defined to
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substrate fragnment indicated generally with reference

numeral 10. Such conprises a substrate 12 having a
waesormsl7of features 13 , 14, 15 and 16 proj ect P@DUS2006/020600

outwardly therefrom Substréate 12 m ght conprise any

one or conbination of different material s, and in one

e BT SS RLB1 A o SRR eR 5By R arele Shhging. ot
not' digntedriduchwk semitaratuctiver niateniatoralistt iage a semiconductive
waﬁéérbn‘gélfﬁérealdlfé %?f 'nnS%érﬂgﬁéQ @&nggﬂﬁqé a%r: ﬁgateﬂa{ It]l?ﬁreon)

sem C nduc ive materi
and | semeigonduciive kalebntRMetrsve(eImEer |aad>r$e saech las asssembhes

cot GRS HRURLES (04 a3 008 i) LS FRupportng
strls@tntir@,oridgbtdif\v@, reatteniohl liméteer so( etl'tehareralcrmmeluctlvensubstrates
l |b%§$co FthéF N +RL r1:"°0rn’cg>@tt tﬁll Sé??{rmhgn etrhré] term "layer"

SUDSt rat e’ ersto any supo |ng
en¢aiopagses), bOlibltthﬁosmgulmrtaam ttbe plbealsemlemmnénvmee indicated.

in 5161?1%” )&%9@\ H?pqer‘?nl%ﬂ\f IOfFur strJ Y thgécgcg%rﬁé%lﬁgs bulk

thi's docunent, ayer" SSRcOpass
sermqvg\ﬂuamvanmatheabl tmalexamﬂlesmtunhleawysdopedl gatnedrystalline

silitgn ON€ %Fégﬂ% Y upRLapRNt afon,, Sugo%{rsgt eFo%g?gﬁ%l fed, with

conpri ses sEMPCoRduet Ve il er i
semigonidysieapnyneldptad subsémtes thaling het sinki @empldry eypat e

subsiigies & elépf1§9HP 5 | @u‘?'@ 8{‘ e A D size apd shape, or

seni conduct or - ori-1 nsu bstrat es” beéi ny
of diftarsnirat lsgsd. orefusize p@d MapQS dndthis dapgd:tbdbexefnplary

emBBSmﬁé‘ﬁrﬁ fégﬁﬁﬁénl% s@a 9H(ﬁr?sreeﬁéldaéffé&at%ngg?or gate

Sl ze an e 1 C
Staéh%mm@rnwngf%aaﬁee:bemtrmayqrs1§n@ Qend@mme $aydri 20 cand an

msﬁfafti%‘ét chpagisi 4,pr, x%mrﬂaﬁ} %ﬁgf%rféﬂgalté'd]gle%éﬁ"’@tl%yer comprises

dielectric layer duc ayer
silicers digkidge PEadegd tOAﬁne%éﬁmpéaw ;ﬂﬂleke%s:cbfgéﬁé\ngstroms An

exéihﬁia@?tddrﬁidcﬁvsrlagmw é&ﬁgéb%%o'?oé %siﬁon% qmcﬁ(egoﬂ/glhcon

an exenpl ar ness
'ay%bnaﬁct @We%afé\gsmnﬁ)nﬁ\*@s egleeme’m@l Ahgas‘tlun)'lrrdavhr 026 a 150

Fysis! 'tl‘?QR ltlﬂ%’%s’teg‘lnltﬁaes% Sig OR 4t hi Cllf)oeAﬁggt%r%ls thick

i tanium | ayer rons thrck t
e'emetrkt?kj@ﬂga?m lyer 3hdAa qmmegsttnrgfmre%mwletltemapamatenal

cont\;b'ﬂgéé QNidAY RitridO- oM @AER! X i £1E T e?xérﬂélﬁr%lﬂ}’c?(ness of

mat eri al conprises sillicon n|tr|de
15%} &wga&re% An exemplatyywidih drdke indivisoy getgsstacks .13, 14,

15 éﬂde?@"@é. ey a4 @H@séﬁérétfb% Bk YEvahygah ?mﬁ%@d%%f%l}%d;acent

5 and 16, as we he separation distanc
gatgéatt%léq,, |§,ﬁ{§§aﬁag§qr9m§dj adehithereby provides an aspect ratio of the

spacing between the depicted features of about 3.5.

For purposes of the continuing discussion, processing is described
with emphasis on features 14 and 15 which, in the exemplary embodiment,
can be considered as a pair of spaced and adjacent features projecting
outwardly from substrate 12. The processing herein further described is in
conjunction with at least one common cross-section within which the subject
features are received, and not necessarily with respect to an entirety of the
features as received over substrate 12. Outermost portions of the pair of
spaced features 14 and 15 can be considered as having a lateral separation
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gate stacks, is 750 Angstrons. Such thereby provides
an aspect ratio of the spacing between the depicted

wo e@v00es2 of about 3.5. For purposes of the coPtT/neiong020600
di scussion, processing is described with enphasis on
features 14 and 15 which, in the exenplary enbodi rrent

. f d
dis e . 07 BT e c.‘*ﬁés%rﬁf%eaat@nf - B 668 R reif el 35 amentation,
the pfeatessi 0§ ther pair hawbhesmtﬁsmtld;sednfl 3t ||éast931(31m@’cdhm space
it I - t i C
the{dichyBbn, FAVI ¥ BRI FROSTREGT Ietbtna Ondebetidplp the
exemplbry depeied tspage @htin rtbé;daﬁicﬁekiecnfoeatwc&bras Further, in one
' t,rat t t t
prefified {ASIEAHIAR e alfres, B 166 Bt B0 AEPGel tatldks of ot
lea$ia4/i0m31daalaia@eaﬂh%epaw@&emhdvmigammesasct ratidvef deﬂrl;]aﬁt@do.
I L at t

featellfd 8 g’ 3, WRRAHGLCRBAMATR: FIE PG 4f Upakief reatures
14 8n@ 1&nhiaee bpaoéatdterlyekm&ﬂlweawmmmg oae a@sgker with aatferned
ohbrdof e o e IR 514 SpRIRIRL 30 ARP' £1° 2P Fherei
phobo eefséstr kadernﬁpz drasnibat bpaningh84f easteivaxt tbérdiheinpaimediate the

. e t s .of .at st, 4.0 a pa
paifﬁo\f séﬁ? & fea%n‘e% 1%an%gsﬁ]:52t }r}itt?ng %?7 g?ict 83 1ih|§L %ocument
phoRefesisti rig taoyFlrgatalal coMpEnEisY porphaioactiet enmadund that
e r v n t [L.y.
unq% ﬁ?@é% &érﬁ?ctawrkggﬁéo%ﬁ@?ﬁéro&% Eo g'ﬁgg%f}r g&e%ck%c energy, or
the pllrkﬁ oseah §hat a;rermfazerh@lcea vagableeof f paitemdsg 4singdsdiBent or

: : P '
cn$rS D SIS, | P PSSP B o2
mclﬂdat unterials/teyers5in | addiioncdot etotofesis. s docwmentpreferred
lmpﬁ)é]ﬂéﬁfaq%' ; hg'a?te?ﬁ]é(d %‘Eér%ls O@y%rs' 39 oMK s%a;sCtéﬁ’eorgamc

oun under goes a chem ¢al' réact’o
Phqt@@@dfﬁse to exposure to actinic energy, or the li ke,

S’Uell?wet hiﬂ'i/eﬁhs 'TWaesr ' @duc@d%pﬁgcﬁcgf tﬁ{en' QQO\Vé'dggcrlbed

sol vent or processi ng sub sequ er\{{mﬁo act
exegmdany Pé@(fﬁdjrsf{ﬂ @mb_csq;merewttﬂzgm a nomidel 3,150 Angstroms thick

layéFaBP’s'EﬁiFﬁfd)ﬁ o‘io+é“s&dg{/éu'lémetf%ﬂﬂhghHLE%éétChé c]%n%o Ltd.;

pre erred | | ement ati on otoresis

6-1320btampachie -Qhomegaﬁil'&yqﬂﬁykére'&lmo moloﬁxf‘renﬂapalnwasSuch
phort@,%@%q%gg s%%?(%tb@eto"\é td?et%o%@%eoa%ss H?Sd%%?@%' & donds,

referred enbodi ment utilizi'ng nom n
an Aﬁg@PﬁbﬁEPPﬁlﬂ"@« bl%?eﬁt of1 OSQPFQ?'OEOpIS@p@ﬂdSJ stThIW@ilrmabB@n of

openityB2hivitnF PhotdEiSRlay e 32 Wdb nominally selected to be from
0.5 micron to 5 microns wide in the depicted cross-section and from
0.1 micron to 100 microns long. Such resulted in a lateral pulling of each of
the features of the pair at 6° from orthogonal to substrate 12 (with
orthogonal being shown with numeral 40).

Preferably, the lateral pulling of each of the exemplary features 14
and 15 of the pair is from 1° to 10° from orthogonal to the substrate, with a
range of from 5° to 8° from orthogonal to the substrate believed to be more
preferred. Further, in one exemplary preferred implementation, patterned
photoresist layer 32 is received over less than all of each of features 14 and
15 of the pair. In the depicted exemplary embodiment, the patterned
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6-1 , Ohtemachi 2-chone, Chiyoda-ku; Tokyo 100- 0004,
Japan. Such photoresi st was subjected to a

w@e@exposur e bake of 115C for 90 seconds, andP@r/UsS2006/020600
post - exposure bake at 110 G for 90 seconds. The
di mensi on of opening 34 within phot oresi st |ayer 32

| ted t b 5
phofSZsitdalEn Y recaifed e it 40Ot Bafh S WBakifeR 1 gna 15
of thé padr onThe H@Entibar alk®, I@ﬂﬂ@ou&u@h cbawhb%leés ntha patterned

ool 8k b seS 7D s s 6% U5 S Sk beplile ethures,

as wellregs showm ovet hwarmﬁe%alof%)ch & eierfadiuyes.t gl & eealcts the

ot s 67 e 1858 SRR o BEBHERS pb AL B o
featsidxs tidadred 1%i which is emgetezrfthbhotlmas of d)at&rélrsrrpa)atnbngzmal

FuRHEFTY R 63 ée%gg'lﬂr‘lﬂjl(‘e"’\al{ dStB??%? %’@%ﬁﬁ? $hd 1% bejpg laterally

pullpdt awanddomhoberasitbér, | aysaitaBl |3$>ebeecse|3/ecd1 dmpradteelsmto the

t ha Il of e of features 14 d 15 e pair

maba o P B el huBaeliest Sl than 8 BEIof SBaced

featpads e‘rmeadmdﬁor Shicdt id appicted aecfermm:g m\neEXabmuarySGWusnon
of the paj,f

of f featur S an
reaidh, off I orinai G “SfEmelhr Lo mpientatertotis, o Milaptgd capecies
conurites easmsmdbayenty kmmagmmag:edwmwvfer é)&;ﬂ*ﬁplehaenth%%mfon or

ars&i%hm&hla{mﬁéd ¥e§i1 >§esrhp%§§vasl ledcgtzfrgvpgert% F1a%g$%|e§9% é)’tc 1 X

10 5psllotet:lexag/crrta%uISeuurh‘;;lcrmirapIlazﬁnttmga:mlgshipiama gan@mal:]ss oothoiglomal to the

subgwa?% g%elfl B{Itt]ﬁ\%tnﬁn‘g a]nfn? é{ﬁecﬁeg‘d' %?%V\Ay %2¥écelved lower

grea separ errin
than ¢h&ipgir 8f spandd ieaturepadedntl eth, Lmﬁsndmalandth%emedergat least

as-iLSYSﬁelgﬁ?écl y A&‘éorgﬂﬁyﬂ@\&ér‘““ﬁnf”t%gﬁ”ﬁt H\%r coﬁﬁe&?'otfatms document

Ies i s
doesulysitr sequite whplemting recdiirectlyl beoeatinaa fémtupai r bbwever
t 1 :
alteFAERE A8 HERS ol PRy 2p SHHAncE ARSI iofng the tssues
W-hieb(emﬁpltiaayed rthEerrmqnapnorthet Fon iimpllamtiegl ispechdycted at some
S ducty Vi L ng..dopant., ~df
A I g S ke L P RO e L paf S Rcona
andofacicootingiy i$0alscs paty esﬁrnm substratex rmeneﬁladpeme;gﬁdrmirectly

ben2atiPUeld @3 HAPLARL 45, MQPL rﬂgdgeq%ragk &2%239%2%' depicts

to the substrate, where e 1nplante
exen‘e@aahamoéver thedianate Ifmnerortmrtaisilmttono‘ﬂo sfmam@wbstrate 12,

o SR ARSI, o WG S Qet 8dfoeso
leagionpantiallyf Ipq:,ngatbocf@@@mes 14 and Accordlngly in one
implementation, laterally pulling at least the outermost portion of the pair of |
spaced features provides greater room to enable an angled ion implant to
occur relative to substrate material over which features 14 and 15 are
received, and regardless of whether the implanted species is received
directly beneath the projecting features. The angie of ion implanting, if other
than orthogonal, might be at the same angular degree of the outermost
portions of the pair of features resulting from the pulling, or might be at an
angle greater of less than such angular degree of pulling.
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does not require inplanting to directly beneath a
feature. However alternately, and nore preferably in
wa@ewanademze with overcom ng the i ssues whi ch npCT/v81086020600
the invention, the ion inplanting is conducted at sone
angle from orthogonal to the substrate (i.e., at 1 to

SubPIE o8 D) Rl ed TR e aBr s Rop i Bgmoved
frorﬁébwhsﬂalé 1asaftapltlae1t|ed.|n11'sﬂ>ainte‘imamﬂtmh Fergovihgdapglet Be by any

il ol LRl PAT SBI088 gl ol PeRcexEbSH Shisting

techmigudefs (medowg‘efms;i’laemaega'smmngw I Bypieaigi vaed aprdfersdly, the
et B PBTRE PR B i Rpo S TStk B e

sepeuatémmétthep@utemom‘ poh&)rusaofr fexftusgzat 8 arfcedbUfirem what it was

i.des bl e an i 0
i BYGE LERBF =P AR S0 Bl Bl Muction
of theatdegese 1ef daigrdls s&paramlmmt anlg begaadialssoroimight also
er_t p S ei ved d|r |y
pret){f%ﬁ&t rl]oet ﬁg F\;\?Fgéteé ﬂ@gf F |e t ssth?h org?]%tll%n of t%lﬁ patterned
photoneisiait lapgt. |Fr'|goﬂhéeplcltmrexemmaqoped»qesmn@guwﬂmeay thieeiateral
d e I t .port of the
seoS o 38T B e Dby R BH AR b S1R1 iEF sibafefin 25 o
Flgbé d0f anueney| asppodaitadrthefinvestgorn lmante;mpratanmjlraduction of the

r f Il rr rned
dedlg 8F Brel| SRR Al SRy b, PG, Bets oot 1ateral
sepazatam & sohee |veiuer mfbh@mthargthésmmtmgnmﬂuagomrgm flwendtyon of
the r%t@pélsﬁsttl ng or yet-to-be devel oped techni que. One
@ "ary” exi sting technique is by oxygen plasma
as H\-lalheyal Whlmldfyatamsprtbéewlabrmost pertiems\dfradjatent spaced
feaﬁ?é% eépsg]&h@%?u%%%éh?yo%ug?bﬂ%h rﬁ?ﬁin sla?osdee(fﬁsgem or

at er separ at I on “o I"ons
by suhseqesntiy develased roethvitds |Fammswﬂenopatacértnednpact the

degl?gé’to‘?r@?éréi I;Ju"i‘lzr?gf ggf'?sﬁ’?c%dr F{agh?’eesd J?S&gorgs st C%’i‘\qg?]%ltlon and

reduction o gree of tera separ atl
the helightisf tharsnaded watnigght Far ssampés, euadbryewe:res temdto result -

in étgré‘Qt%rpéé eet Bftlgf‘erfaprdﬂiﬁﬁofn efirthSe étew %osmons which

hot oresi s icts eXe oces
tenfd\ﬂéréwet% a attl@lﬂglr d;e@maea@f @hrlBBage Fpgn allrmsacbeeumg after
dep"o@ﬁ%e%r*ba?g r(a@uhhiﬁ ? %éfallaté%’la Ifa% {é gvhlclh exhibit
cour se, ects o e |nvent

lessr eshustkags. of W@Qfegﬁféia @fgalr@\leéﬁalofséqﬁuml bﬁlgfdnand resist
corfEiA R Rl SRR LA e ROIS AT s o
bakgftime tends to increase subsequent shrinkage, and thereby the degree
of lateral pulling of adjacent spaced features. Likewise and regardless,
increasing at least one of post-exposure bake temperature and/or time tends
to maximize shrinkage, and thereby lateral pulling of the outermost portions
of spaced adjacent spaced features. Further and regardless, thicker
photoresist layers tend towards greater lateral pulling than do thinner
photoresist layers.

In another considered aspect of the invention, an ion implanting
method includes the formation of a pair of spaced and adjacent features

projecting outwardly from a substrate, for example and by way of example
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the photoresist. Lateral pulling of at |east the

out ernost portions of adjacent spaced features, or
w@rtdenof7ent ures, m ght occur by any nethod di SBCDESZTNG6/020600

herein, or by subsequently %level oped net hods. Factors

di scovered to inpact the degree of lateral pulling of

spaced features include resist. . c ositjon and the .
only; B8 RS cHB SR UL AONBEF T b MBS chn b st $5 §faphotoresist
prodeRRinyg epatfndidre rweuldetérmiacgr aslhieh degllde 0pohatemaing a

E%n . Further, reS|stot?,o OStItIO s which tend to herei
pattBined FHiOLOFR R 2 YRIgPYET dhosTa G BH P | oPening therein
recdiV €€ 8AtrAie e thel etSrdd, O sudtnith & finsesalelral Segdi@aioar of the

| ateral pulli F?*ﬁ% an t hose whi ch. exfl;i bit le

r

SS
outesR1qs] IonEQ eater Yalltf BEY: of Of SHAMRIEHBNYHY way of
examiple @y Sthe Girposiet i gfNphoRdesis prptessixgoparendi@ks could be

tenmperature and/ or pre-e sure hake ti tends, to
deterupeds ¥ Miclborulin TR | WeRgE S TAIASERRIAEY (Fle iy igrmost
porttdnd af eiélpapudt éﬂ@c{:ﬁﬁ featupes Mhisipas eite fsaaiaiaeshat when such
ar dl ess

featpist 258 poatay BRI dmeuloneosn iRt (fs] sfgratipn which
is drexteri o 18bsi theagehe ?aebrbh@eqiaégtiahewlth@ué%éc;@ déatules as
. ...out er npst rtjons.,o . t t .
G} SRS, bh S St AT BE Bl SERES hdGAL oo
likelyeind!ddsrahesog reatedorhBinatiainspefl phoreba laert thiclresss, pre-

hot or esi st | ayers. 1 n_anot her consi dere asQect of |
oxpPRRTS RGBS ah oSkt XPRBN Gt PIRFHStTbd qfic| (dlesetdEPIe as
des&ﬂbaﬂta'b_@veof a pai:r o; spaced gn? a?j ac;ent featu:res ;

t t 0 ubstr.ate, for exa e .

by TSR Tad SrRLieY 5ok 8 sRoloteRid Refisos e ine Ea e S niant
occwr tly fﬁrmin@.a#btgdtbsési_sietadmmmmt_ ar sghsitater ba\feisugi thg features

ar anet termn ic ul d, rnin
andgmgaesrur{grigsp\ﬁégbr sP8Y | %?eoegr'\g?%%qf ggﬁ'ﬁgeé’%ﬁg}vﬁ %égm the
processipgnpararhatarei ntitizedi verthe nswrsteakeatneighhendteddeurtes, very

[t i f.i | at I t] h
suob3H} i ehshubll Bidt, BERBEAG oy M1 P HEHIEE suon
subbjrateay Altenatplye thel Wetéheining sof site dfrsphestorodspstcessing
[ t b t ' i.ch ,

parBipgfEs hSnE U< Bt SpieiR Grofufel: FIAHFS, WithElt pegagsarity
actydiyt reansriog pthiodoEmist fofmafav e/ ereatyuselsstvwatiech i s t he

o2 el hOnt s VAR U REIAEr 8 bRl el iR Soarures
using easesorat skeo$ phvdoreashst pricesaing ppearaetesa wiichhesults in a
sec8R8%SPerE?§%H5?§no%§ of the outermost portions of the features which is
greater than the first lateral separation. By way of example only, such is
depicted in connection with Fig. 2. In one implementation, the second set of
photoresist processing parameters comprises a thickness of the patterned
photoresist layer which is greater than that in the first set of photoresist
processing parameters. In one implementation, the second set of
photoresist processing parameters comprises at least one of a pre-exposure
bake temperature and a pre-exposure bake time which is less than that in
the first set of photoresist processing parameters. In one implementation,
the second set of photoresist processing parameters comprises at least one

of a post-exposure bake temperature and a post-exposure bake time which
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initially formed. Such first set of photoresist
processing paraneters would |ikely include one or nore
wa@ eoviomeriz ons of photoresi st | ayer thickness, PCBEUS2006/020600
exposure processing, post-exposure processing, etc.,
for exan‘pl e as descri bed above. Determning such first
ho or.esi

ht
s apeateg tolng ity e HEBE SRR 00 pRElERS relefaing Raramsters.
Anyt hﬁsﬁelat\ﬂarrmsaﬁétatedsplhid)mgembatprocésﬁng_,pedeg’(eiers)fof the first

at er ul | i ccurs fromthe pracessing par anet ers
a”dmﬁ""?e%e&sfﬁé‘?‘ga St tceoq{]sah%er?&m he very
sulhgliiteaties pa’e’eerrvdrd photurksaquayér nsrmzmstﬁbn@atm@st %, spdcies is

t.b uc bstrat Al ter atel .t determning _.
ion JrAinief i Sluirdb Bhfridl W RGNS Fatiaivei Sl ihShahfipair of
spacedyiehieiresr footharmpiedas ihzg beéhahowrearddarddseribed above in

act ual I()ﬁ/ rlf_el% i,f i ng photoresist formati on over any
conpERien W F8h eafter, a patterned photoresist |ayer

i s Affieir nihe mre:mpim]tﬁ@tuh\reesaue'rrmgi photoeistsklyeofis removed

hot or e r CeSSI ararreters which results in
fron (s GUpST 8IS TeEraAlPBn S 18 e eFhdd8: by 7 ad been
desttibed ema:veeswploehyl and rpeateeablyha;rmchhnemowag bfather phtterned

PoRFIRRlSRnle B o i T e, " e R Yo Talal et oot the

outeretastdpsrtionef ophh)e deasirses pf teegsindrqrar what ét svas when the

BB iafbeid SRS I rkEMAR, STRP e PR ST pemmiany

premmmobpﬂm&sslrm scedsErmispasahetczibed dlbbowsén connection with the

first- g@éc‘ﬂ[)ee'y %ﬂl mentsﬁoﬁg%%r&dass&éctg fQng rgﬁo:g

processi ng rane ers- conpri'ses at ‘of a
pr @m)x}pmsexmbbaw ibanipgrlanting raathoa jpr sceopiasweewlihkaspects

of thﬁgﬁw‘é’ﬂ'nSR dleSéﬁbé&‘asﬂutEh%‘fe}éh _h?? Lﬁnégé 556! ¥igs. 5 and 6

proce
depm’rpa estmﬁtwtteohagmts-ﬁs@owmﬂpesln@f aphobsirats $10. Substrate 50
SsS rs ri st zgne f a
conf RS LORBHAIRLE, SpEAB 82  TholdF L5205 Bl Aptervening
elediakally |m&uIWm/ehlssﬂagrceatreglctmaﬁGt Faat e|><amtpHIe ¢Qmptlsm@t one or

mord oPé‘iﬂE{?ﬁ %‘%{»ﬁhe ﬁlﬁgf@o‘ﬂgn@ﬁ&@m?\ hﬁah@“é!f Féatﬁtécé%s g0, 62,
varli ously s or esi st rocessin raneters o

64 ame 66i arst showdn §etmad agut srmegmlg dudwardy fowursustiate 50. In
C L R8d o x L St Lpe 0 LStelay j .

the oé\?é‘;grfb’{éﬁe%e I§r Qﬁ\bngtl@g gsglugn é&ﬁ?ﬁé?afh%@defﬁ{:tz transistor

gateusteckat éommalle \Mavm i ther @@ma/eekemmlafyt hanstrietion and

des Of{tlo(ﬁf as o? ?ﬁ% Wr@tsdeg&rlbgd( ST SR 2APERN 15 M tures
escr | a

ove
might be of the same snze and shape or of different at least one of size and

shape. In one exemplary preferred embodiment, the features have aspect
ratios of at least 3.0 and, in another implementation, have aspect ratios of at
least 4.0. The separation distance between immediately adjacent features
might be the same as that of the width of the depicted features, or different.
For purposes of the continuing discussion, features 60, 62 and 64 can be
considered as comprising first, second, and third features projecting
outwardly from substrate 50, and wherein second feature 62 is received
intermediate first feature 60 and third feature 64. In one implementation,
feature 62 comprises a dummy gate. A “dummy gate” in the context of this
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connection with Fig. 3. After the ion inplanting, the

patterned photoresist |layer is renoved fromthe
wanienoerie, for exanple as is shown in Fig. 4 pem@URAS6/020600

been descri bed above. Typidally and preferably, such

renovi ng of the patterned photoresist |ayer wll

reduce, the degree of lateral separatio

of the
docynedt niss@ SEEi bR Rt NG AT PSRN PFLIY thgpPerable
circiigt drid Watichhinay tee gpaindsdel gthetRIRsheld ke yehowesperabie

recei ved over the features enplary preferred . o
Pmed}t@ié’égf%°|r§“'6‘tyh8P‘\?\53§lé’”as Sd’ggc'?’i'%dg%%%'d?ﬂ gu””g circuitry
fabric2iterCtd Ritilatd fdbrecdtionssf dessistdrastape garnliddd ang spacing

and asggﬁts of the invention. Another exenplary ion

betyeg)t 8RLF HSfet hod i n accordance with aspects of the
I NRAéHHY itS FigST| kbeshs the bafahmiiepdiohsost. filst Feature 60

Fi .. 5 and depi.ct a substrat [ agnme 49
and thfig; i e af LayB Haars e b muled iRTSE ki seeond feature
62 Wilemacp_adaﬂ’céd/phatarbsgt di ey ngte@eis/ea%ve@mtcﬂ\ei(sﬂr?se,r yeturiy and
. ectric nsu tive | sojatlon_r | ONn or .
third (SR eS R 52 B, g dEap Rt Of PEEraet Aliasafsistlayer 70
prefgrablgdadtieg isdﬁli? d’tt@!lf)lwtfe@ ad yhade tHestubves ib8onhBeti6R with the
own

.64 and 66 are s med an rojecting, outward|y
firstrdemiiamo erarat e i e Shent cPeanaiurara Gver $2. Further
prefendiog] protessing rcarobpr ¢eed ddtet daefderttivetansdsd dor gabarting

. the y ack'?);%{ ;l)%tﬁ? ﬁnﬁhiggihg\%ﬁ%ﬁggls%?\ﬁg%%ég{p@y 70 is received

entifely vettessonkield aeurzo6i2 mand .is Agriging tikewteatflrsefeatugh60 and
tnird Se@ire 42 T SebEie Sroateaticth 6 vt paiigined photoresist
layepr 20 esxpubesntuidraiynoutdrheidesat|lsr 63 bAViesiagqmtate réll iad@ third
of at, | east 3 nd, Jin_another | | ement ati,on, .have
featte B4 ' PAflesdols ¥ 1olsBe{BIMBE of BR SHE R <1 Pur bR raeeach
of thet Viestn andnifdrditfebiurad) mc érm f ¢attor ¢9° nirgimt ooholglomal to the
as.that of the width of the depicte eat y.e r
sub$fiffe, "B S, Fsthe bhe Brdd EahER 5ERY HPBL L cRy & from
orthbgahal de @ sGBstatk. 64Pstharnesl phiodo chsistdlaysr cONps | siefigrably
f.irst thd 1 r [QLectin r di
ocd Vet I8 e gl AN AOH BB S L own
Suchegatiemed phetoresisblay drimightfatraceived aued daboutdb0% of each
. ' I fi t .
of thE sk B snilh 180, LIPLOAPIEE ko 808! oF Eaff of fhpefifst and
thirdffeatuiregdoocuorat maeahgat 80 %i afeeach of dheifitgt anddpadaebéures.

oy GR oL IBEBRARE 7 b Yo AU I Pyer 70 being
received over about 40% of each of the first and third features.

Referring to Fig. 8, and while the first and third features are laterally
pulled by patterned photoresist layer 70, a species has been ion implanted
into substrate material laterally outward of and adjacent first feature 60 and
third feature 64, and which is received lower than first feature 60 and third
feature 64, thereby forming the illustrated implant regions 75. Such ion
implanting might be conducted orthogonal to the substrate, whereby typically
the implanted regions would include very little, if any, portion received
directly beneath the first and third features at least as-implanted.
Alternately and more preferably as shown, the ion implanting is conducted at
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15

potential during circuitry operation. Such m ght be
provided during circuitry fabrication to facilitate

wo adwrioeeriz on of consi stent shape gate |ines anPICHEPSm0eIR0600
between gate lines. Referrilhg to Fig. 7, at |east the
out ernost portions of first feature 60 and third

n SRR MESS N o, WL RbErRIRy Bhel Brgieby, W crubstrate

matédial eeekbivedi beaecatthahéi fistt, asecioind, featdrédi ruihéeahguree@f ion

L te h t t
mofali 7 SR PR Rae e ghir el B e aSSVRbparee of
the degtermbet porticrenoé dfeaturesi 60 dritk 61 Irestmtda@(ffdrbel@he pulling, or

t h t ot
migB A o 1 elfal S5 o e WP € oo et ctifossof pulling.
Impwmstmg bmétlaenoasthbgbnanparettlmg anhlée fiese artredydrail efal example,

is &leétfHaerth/ %’ c?esc ng\{eﬁﬁlgséakg %tgorzgwlgﬁi hgqcerfg\ég%escribed

emibedivearisfir st feature 60 and third feature 64 in the

N o

laydredd (net ﬁ&)\amﬂhahlbre@nfmnwesd 66m Bretababrhis. ABewith the first-

I a I 0 o he &os ort| ns of each of
s PhEpeboUh O by S BEPE! (BETPARET L hREfielt raver
ty pieatiy ogah ap reffer atothve rsu!lusbsathze dmgrlaeaofma&eraargecpuratnon of the

out?nrr%gtr %8& %ngFﬁt??{ﬁggaga&%fnﬁl%{%(%g ugggr?géjlr@tr ny%osnegzlontd feature.
Sugbr eddurcdiving of e‘wld\e@dee\muaﬂm stdpamanbm rofight ibesbnly partial, or

cor 01l 3 g0 LA LD ST B By proorsi

lay exb otito B8 $NYf isceibierafset heeférartsly aesn@lestdntre:d fbaver es,
over |ess than 50% of each of the first and third
features, or over nore than 50% of each of the first
and third features. By way of exanple only, Fig. 7
depi cts patterned photoresist |layer 70 being received
over about 40% of each of the first and third
features. Referring to Fig. 8 , and while the first
and third features are laterally pulled by patterned
phot oresi st |layer 70, a species has been ion inplanted
into substrate nmaterial laterally outward of and
adj acent first feature 60 and third feature 64, and
which is received |lower than first feature 60 and
third feature 64, thereby formng the illustrated
i npl ant regions 75. Such ion inplanting m ght be
conducted orthogonal to the substrate, whereby

typically



10

15

20

25

the inplanted regions would include very little, if
any, portion received directly beneath the first and

wo boordof7ent ures at | east as-inplanted. AlternaPel/ySzEne020600
nore preferably as shown, tike ion inplanting is
conducted atan angle fromorthogonal to the substrate,
and thereby, into subst rzsé!g%LE(eri al received beneath
the first and third feat —he angle of ion

Whdt igodlainigdng, i f other than orthogonal, mght be at the
same angul ar degree of the outernost portions of

fegtures 60 and 64 resulting fromthe pulling, or
i 3ht bé\miomimelagt l@QdF%ﬁ\Og? COMRIIBYE han such angul ar

de%@ﬁm@f aPp4il i SWspadBY anti AgjaeBat h@ét&é&@%@é@tn%bu%ardly
an angl e fromorthogonal, for exanple, is prefera
froma %fé'%%?r“f”l?red above in connection with the

finsterdppcsiinag snbeélsmmérm&é&f BoHiows ¥ khd. pAr a¥d spaced
after the ion rnplanting, patterned photoresist |ayer

featpfes yals HQR ) eadneeen w'élm/eattfef Phetagsistrlayel regeived

oveW'thE feeufds’ aheewhIchDREs &I QBERRTY thEMGR re@BRMINthtefmediate
atterned photoresist |layer typically and

the;?laé'fg i PRSP ERAILESS:t he degree of lateral separation of

t heylg eédmsbpﬁeédlwu@fs the fétéﬁéllyaﬂ&nltéﬁ I tbrf Gﬁipulé@ﬁng a
fromthe second feature. Such reduction of the

spegtes iitor sUbstale dnatsiaki ‘(‘jhtChbéS JRCEIVRE dPWRr than g‘e pair of
spae@drkataky; hadwhataftdr Was iOhi diplaatihge fedidBhg Othedfpatterned

e pattern oresi st layer. Processing is
pho&‘?rﬁél‘%'@%eb?@f“gh%ﬁy bsiaiescri bed above. CLAI MS Wat is

claimed is: 1. An ion |rrpl antlng nmet hod, conpri si ng:

forym ng air,of s adi acent f eat ur es

or & ect i U RaRY BB avbRES T ik oRGE deyof the same
sizepghtighgpat | east outernost portions of the pair of

spaced features away from one another with a patterned

phot oresi st | ayer received over the features and which

has’3 an dpenimgfhbbeofeclaimetavhagein rherfeatlirasearehef gifarent at
lea "?%f?‘pzefgﬁ{’ h%?) whil e said spaced features are

a? I'on inplanting a species into

substrate materlal which is received | ower than the

paig of ﬁ%‘iﬁgtﬁo%ato‘f”@l% and el &n ttﬁ‘@ fe%?u:‘éé}"c%mﬂr% field

removi ng the patterned photoresist layer fromt
effest fransasieor gate stacks comprising a gate dielectric layer, a conductive

layer and an insulative cap.

5. The method of claim 1 wherein the features of the pair have

- aspect ratios of at least 3.0, and a space therebetween having an aspect

ratio of at least 3.0.

6. The method of claim 1 wherein the features of the pair have
aspect ratios of at least 4.0, and a space therebetween having an aspect
ratio of at least 4.0.

7. The method of claim 1 wherein the patterned photoresist layer
comprises an organic photoresist.
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2 . The nethod of claim1l wherein the features are of

the sane size and shape. 3 . The nethod of claim1
wok@reorTit he features are of different at | easPCDNS2008/020600

size and shape. 4 . The netthod of claim 1l wherein the

features conprise field effect transistor gate stacks

conpri si a te, dielectric |ayer, conductive ] ayer
an(rlg)'an iﬂ%ﬂrﬁgﬂ‘\/’ed c FE).C?%'.mT ewﬁé{ﬁ'&d%? CRET R f’”'}'” of the

outefravei pottlnsf edeack ofahet featpaist ohtieepaspectomat 1 @ 10P from
at a space therebetween having an

| . 0 d
ort %%Oé%q%ég?&’ug% reﬁ‘lte'l east 3.0. 6 . The nethod of claim

1 wherein the features of the pair have aspect ratios

of at | n C her ebet,ween_.havi n n

as pgg'ct ra él 0"4'891%(? ?fe}s!gﬁﬁ. g W.er%We tﬁgt ﬂaotgr%lf pg’\'@fi’% qf the
outatrepei pottiomnspat egche@f preofeateses bf lthy graic tsnirars e &an8° from
Ortlfwéﬁorm?tsghgﬁa%_. 8 . The nethod of claim1 wherein

era ng of the outernost portions of each
of the features of the pair is from1l to 10 from

or tfpgo : e : of cl.al
V\he{tgi n t eehf%tbg?aﬁp%ﬁ%lﬁfhgwggrﬁlﬁgﬁggféerﬁﬁg@% Bgrtﬁllegﬁnagtemed
phajpresasth layert reddees Wegreef of Hetqrail rseparhtiom 6f tthe8 outermost

por@FQ?’m@Fl’éﬁggmlreé Ot H?en?éﬁ’isﬁ‘rro GvhaQis IR Wﬁo‘?hé’fpattemed

erein the renoving of the patterne
phojptasistday st Wagy@ceivatliover thegfesduists dhither phirsepar ati on
of the outernost portions of the features of the pair
fromwhat is was when the patterned photoresist |ayer
was! I ec iR adhed Qﬁq@laﬂ@ai(ﬁrvxﬁser@fn thee remioving of thrpepatterned

phdtBid¥qst q)idyéﬂ A dey reknof h‘été’r@ﬂ%ﬁ?ﬂaﬂgnt BE the outermost
porEatter ne Phot oresi st 1ayer reduces degree of | ateral

apardit ihentestutese o Rathswap arrtaroies fgmatipn pémaid atterned
phdtoredigd |ayerwas prior to formation of said patter ned

photoresist layer. 12 . The nmethod of claim 1l wherein

the ion inplanting is conducted at an angle from

or tfmgorie hiethbe sfublatmat &herdih the idH Mnpladsingaiseconducted

mat er | al - .
at an angle from orthogonal to the substrate, and is into substrate material
received beneath the features of the pair.

13. The method of claim 12 wherein the ion implanting angle is
equal to angle from orthogonal of the outermost portions of the pair of

spaced features resulting from said lateral pulling.

14.  The method of claim 12 wherein the ion implanting angle is
greater than angle from orthogonal of the outermost portions of the pair of
spaced features resulting from said lateral pulling.

15. The method of claim 12 wherein the ion implanting angle is less
than angle from orthogonal of the outermost portions of the pair of spaced
features resulting from said lateral pulling.

16. The method of claim 1 wherein the patterned photoresist layer
is received over less than all of each of the features of the pair.
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recei ved beneath the features of the pair. 13 . The

nmet hod of claim 12 wherein the ion inplanting angle is
weewaloot7o2z angl e from ort hogonal of the outer NDBECT/US2006/020600

portions of the pair of spd¢ed features resulting from

said I at eral pulling. 14. The method of claim 12

whe he ion i nt | angle is greate n an

't o or « TS sheog o, A8 . AgEin GiepSle fad Phgogasist iaver
is reteivpdomve f &tad utr 50%rfsad dh ofytHer ﬁmtﬂ&tsdof tHeepair.

pul ling. 15 . The nethod of claim 12 wherein the ion

inplanting angle is |less than angle from orthogonal of

t hel®dut eFmp swethodt ofociainnf1a waaepaiinrth@fpsnnanmdi peatoveeist layer

| Lt na f e hod
s rEEaiel oy IbRE A8 SoE o BenMt s Ree e Bk i s

recei ved over |ess than all of each of the features of

theygai rdd methdg I «%Igﬁg 1Q§c w%?é.'ﬁ‘ e Eﬁ‘@t%r%'er&! éﬁgtore%ﬁ&/layer

patterned photoresis I'S received over out

is r@ﬁel@sdrp\cefr mpee than 60&s Obﬁach@fﬁbe featiBes Highewtsiod of
claim 16 wherein the patterned photoresist |ayer is
recei ved over |ess than 50% of each of the features of
t hezGai rAn ion implantingt Methed, GAMPHSDE: wherei n t he

patibAhiRf aPBalrobESpated BURS aHfacfe‘?ﬁeFe‘é%e‘%‘z’gFojgﬁﬁlf%LMWardIy

50% of each of the features of the pair
frommpuRsirate net hod, conprising: fornming a pair of

SPQQ@aﬁVdp@mdn@C%f‘tIefagﬁtdift@ﬁngétolp%‘?ﬂbﬂg QIUttH\@ngéiY &f YPaced

a substrate; laterally pulling at |east outer
fealiypsi 6W§yof'°ﬂ7he°?)%|€i”%heérfé‘é@d1f’e& 0es framyorthesenaleto the

sub@ﬂ%tt@ ayith r:PattetPed P nbisras it IB?QP rr‘é‘lzeﬁ/@dt&eersf%ﬁé'ﬁh fes and

th a patterned photoresist |ayer received over
Wh'FBaf‘B?e%”aﬁBemgcﬁhW&é“ aiecepeEd rptarmadiate the epaisdof spaced

featuresl MRslirahRirbBofodel pAt HERASE Gsheat lﬂéﬁés otfhﬁ I%%@’é lé)r@Sand a
ai r having aspect ratios of | east 3

5pa§ﬁa¢i‘@r? RINaRI Iﬂé\é'ﬁgkﬁd%?ﬁ@e%ﬁﬂraéb"p%f:?t I%’ﬁts"é'* &t aI I east

3 QNthhl dfdsepdceparafufaptdteesatirflly ap @i | YorPUiHrﬁQntmg a
anting a species |into substrate materi al

I
speciEy ég& FEPSHARr MBI WOIGHhT$ W%%éaWﬁéat@aneghe palr of

spa%éddféamrémﬂsamllﬁﬂ mepladtingNHEEe Conlduate ANl 8nf BABle from
tho thto the substrate and into substrate

ortr}pég( C%ft{ﬁér@ Béar@atrﬁotws rate material received beneath the

features of the pair; and

after the ion implanting, removing the patterned photoresist layer from
the substrate; said removing of the patterned photoresist layer reducing
degree of lateral separation of the outermost portions of the features of the
pair from what is was when the patterned photoresist layer was received
over the features of the pair.

21.  Anion implanting method, comprising:

forming a pair of spaced and adjacent features projecting outwardly
from a substrate;

determining 'a first set of photoresist processing parameters which
would, upon forming a patterned photoresist layer over the features having
an opening therein received intermediate the features, result in a first lateral
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features of the pair; and after the ion inplanting,

renovi ng the patterned photoresist |ayer fromthe
waeusoerte; said renoving of the patterned phoPOT/ES1086/020600

| ayer reducing degree of |dferal separation of the

outerrmst portions of the features of the pair from

s, was when t he d photoresist. |ayer was

seppetian, SkS Geaosheoriafs PO FETRESH AT e Dair: “an i on

lrméranhgngwdrqianminedonmbt@neecst fagef Bera tR@i fea@fires using a

dj acent features ojectin utwardly from
seodfd Rt T otoEIel hroaRs 186 MArerielets BPghsravising Sebond
late pHIOSBRF RGN rtarta@ebmesmmmqibrmuk bf tHpoeat e’ Which is greater
rgﬂ.t’t rar}e]d ﬁtoresnst | ayer over the features having
thar, fhe, JEsHi ﬂﬁ?pr? BPRFRC e ved i nternediate the features,
r esulite itnea pfalttfe$t|edi ab&b&br&emr aéy@m iof oout etii@steatures, ion
ortions of form.n

LI, . th
impfidiing: haaopirst DreSteetals &ratlal MR i< HeRUEd Jeip then the
panﬁ@fcwuteﬁeﬁea@ﬁreﬁh@hdr esi st processi ng par arret ers which

results in a.se | at er al para

oubekdat i prng: TR wnd i satited protarsistaver from
the shbstratee first lateral separation; while the patterned

photoresi st layer is over the f eat ur es, ion inplanting

‘a species into substrate material which is received

| ov@r t hae mledqumiaf adhirs gt edhereat theespcand sHtt eff phbworesist

v h tern IS .
prog g haBAeRers, RIS SD5ERAAS B M8 MBS bhorpresist
laye/mwmmm is restyotithrs dhabfin phet Hrsdssadt opmdodesdgigt processing
&)r%r?épgters conprises a thickness of the patterned
pho sist layer which is greater than that in the
first set of photoresist processing paraneters. 23.

The smet had QltCd@IdP dain e dte i the SELBHY SEt ?f ghotoresist
phot or esi st processing paraneters conprises at
proesRsiog pammeetesposemerisaReat depet aang eofagd pae-exposure bake

par

tem E?at%wgﬁﬂref ppﬁ@ foisTPe Waikehirhe WIseR ik hass tt‘\é‘t ﬁwht‘f'ne first

irst set resi st processi ng paraneters
Setmﬁ@hﬁﬂfﬁétﬁit@FOW%ﬁ'ﬁgmrﬁﬁ@f@T% t he second set of
phot or esi st

24. The method of claim 23 wherein the second set of photoresist
processing parameters comprises a pre-exposure bake temperature which is

less than that in the first set of photoresist processing parameters.

25. The method of claim 23 wherein the second set of photoresist
processing parameters comprises a pre-exposure bake time which is less

than that in the first set of photoresist processing parameters.

26. The method of claim 23 wherein the second set of photoresist
processing parameters comprises a pre-exposure bake temperature and a
pre-exposure bake time which are less than that in the first set of
photoresist processing parameters.

27. The method of claim 21 wherein the second set of photoresist

processing parameters comprises at least one of a post-exposure bake
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processing paranmeters conprises a pre-exposure bake
tenperature which is less than that in the first set
w@booploot7or esi st processi ng paraneters. 25. TheP@rBURIA6/020600
of claim 23 wherein the sedond set of photoresist
processing paraneters conpri ses a pre-exposure bake

ss than that |.n th first
temERUIBT 14 SoPORCS T Aol BiEs Wi ISrhesHiet fln et in the
firstbat of Rowdrest probessing padtanettea’. phot or esi st
processi ng paranmeters conprises a pre-exposure bake
tenperature and a pre-exposure bake tine which are
| es28.t hahhe magthiod bhela‘ilinr 87 wherah thboteowmsl skt of photoresist

o5 AP = B0EPEADR oL e rdure i

is graatarghansthabivpthes éastaetetloefapgﬂtotorﬁnst‘ pBoessinErpeEhtirs.
baket enperature and a post-exposure bake time which is
greater than that in the first set of photoresist
pr ctfbssi hige paetinest ef slaimg27 Thkersdn Hbd sdcaridaisat 27 photoresist

pro%@élﬁgneptéggn%%@dco?ﬁﬁrl%s pgo§85?§k8 HOGERE N which s

conpri ses ost - dsUr & bake temper at ur
gremrcﬂhaunsth@rt dathe flrﬁaﬁrettd'fanhotpremt procsssig pafameters
phot oresi st processi ng paraneters. 29. The nethod of
claim 27 wherein the second set of photoresist

pr ot®ssi hige pasthest et slabmndy i wberain 1bst sesqiss aet oh wtoresist
proEleQ?in\thélthméte% Rngpriddan b@ﬁtekﬁ‘oélﬂ% Bil{étter%ﬁter&fu][e and a

P hot oresi st rocessi ng par amet ers.
positexnpspTe whe |tﬁn?hwhmcﬁf§ gegatef mm@h@tsﬂrstthe first set of

phdbREASEH L RAS hefrsefefgpPri ses a post-exposure bake
tenperature and a post-exposure bake time which are

greater than that in the first set of photoresist

pr QEﬁSSiﬂgeWtﬁb’Bt(ﬂ‘rcﬁaI@ZJI whBgsiAet hod of claim2 1
gel n, secopnd set of é)hotore5| st processing
part 3

ﬁe?%?%n offpir PEAhalprass Pr%?%s%?gapi‘f@@%tﬁb%mp”ses at
leabebge :cﬁ@ﬁf@-bbtbes@l@bék@&@T%P?ﬁM?%rﬁﬁits%rélé’ﬂi‘)to\%lré Ibaik® time
SS a rst. s 0 ot oresi s
whishoRde8e Hyafanahih 47S Arshact AEPLBIRYRAI dirogessing parameters;
ancphotore5| st processi ng paraneters conprises at | east
of a post-exppsyre bake tenperature and
p03DSeBERAT e5takb RNGIRT&iE o RTPEoRHA RAT3TRIR"S RAmPprises at
Iea‘.ﬁihenél oSl pest-exp@nbobase SbnperafFsi H8d a post-exposure bake
time which is greater than that in the first set of photoresist processing

parameters.

32. The method of claim 21 wherein the removing of the patterned
photoresist layer reduces degree of lateral separation of the outermost
portions of the features of the pair from what is was when the patterned

photoresist layer was received over the features of the pair.

33. The method of claim 32 wherein the removing of the patterned
photoresist layer reduces degree of lateral separation of the outermost
portions of the features to what it was prior to formation of said patterned
photoresist layer.
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paranmeters. 32. The nethod of claim2 1 wherein the
renmovi ng of the patterned photoresist |ayer reduces
walegreel7of | at eral separation of the outernostPEDUE20061620600
of the features of the pain7fromwhat is was when the
patterned photoresist |ayer was received over the

fe res.of t ai.r. 33.. . The nethod .of claim32.

wherbi n THRomelfied s 1af 2ev faf RS dop G Bui s conducted
at dapelle Edne estichagy r%ftoftHea?emﬁlra&ewmfAiQﬂoQéuﬂéﬁhte material

yt er.nost tions of t eatures to at it was

rec%megrbc?rbe%tgghgtfﬁaﬁur&s %{'}?’8 '??alf't erned phot oresi st

| ayer.34. The nethod of claim2 1 wherein the ion

i nti [ duct ed. at., an l.e fromorth nal to, .

tgg’%ubsﬂ%at@?t%gﬁd%?s&gh 034:u\%§$'%é? eﬁ‘ﬁa{oé} i'@lp?%é&'bq Fagle is

beresputat t¢ laa die fitam egthodgdried gidhe.olBrmdbepoaridmedobthe pair of

cl aj [ o ' Nt | ngle is equal to

anaP P (KRBl B gL Rol TR BRI B  Tone of the

pair of spaced features resulting fromsaid |atera

puldd ng. . . 0f~ £ Al 34 erejn i .

[ rrp#dént iTn%Gg?}Jt{jodrgtf g‘? gg\?e?ﬁtvﬂg%?eg%gtr\% Pﬁor’nm&))ﬁl%{[g%ﬁéﬁgle 1S
gregtert thancanglentiom poiogenal of theeoyigrmost poptices of the pair of

t ' S ulling. 37. The

spafﬁg?hfggﬁgfé‘?éghmn%gfrm%@al'a??]aﬂﬁﬂmgﬁg 9

clarm rein the ion Implanting angle is
| ess than angle from orthogonal of the outernopst
pord7. onsyy midiRo@dt1cifin SRAGRErdiFhETES i | 0
said | ateral gu?l ing. 38. The net ﬁﬁ% Ig? |@;5§Hrﬁr{2d”%néfe ¥ less
thapyritade fremecrtbaganak ofithe sutersostapertignse ofitite s1papef spaced

feafiffes TOSUINRETPEMOSai6l 1BtdPaPpdiiiger ein the features are
of different at |east one of size and shape. 4 1. The

met hod of claim2 1 wherein the features conprise

fidal effffrrcindthagsostRiimIRY BvBé ek The oLl @sNHréd 083h€ same
i electric layer, a conductive |layer and an insul ative

. d
siz@ 39 shapPe. The et hod of claim 2 1 wherein the features
of the pair have aspect ratios of at least 3.0, and a

:s%p(a);%e t hﬁ'nreert%teettwggnofhca\a/lnqgz1a\rf]vhae%)i%cttt'ner 1€jleta|’t8reosf a?‘et olf %laf?etrent at

least one of size and shape.

41. The method of claim 21 wherein the features comprise field
effect transistor gate stacks comprising a gate dielectric layer, a conductive
layer and an insulative cap.

41. The method of claim 21 wherein the features of the pair have
aspect ratios of at least 3.0, and a space therebetween having an aspect
ratio of at least 3.0.

42. The method of claim 21 wherein the features of the pair have
aspect ratios of at least 4.0, and a space therebetween having an aspect
ratio of at least 4.0.

43. The method of claim 21 wherein the patterned photoresist layer
comprises an organic photoresist.
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42. The nmethod of claim2 1 wherein the features of
the pair have aspect ratios of at least 4.0, and a

wa@ paceot7her ebet ween havi ng an aspect rati o of PCT/USE®E/020600
4.0. 43. The nethod of claitth2 1 wherein the patterned
phot or esi st Iayer conpri ses an organi c photoresist. 44.

The cl ai 1 ereint patt er ned

oy ccing Megfad ofictain Elvihofibnhe Rt enad prgtopzsist laver
is recsihedfovidheedetian ai dfeddheoptid featbresTbfthaepdied of

cl ai m 44 wherein the patterned photoresist |ayer is

recei ved over about 50% of each of the features of the

pai4s. 4@ heTmetned lmcﬁotla)ifm ddawhedginvthermditternbe padtoessietllayer

is rg%en&g o§/I @b}p@i%& %ﬁqc\éfe%g reatlﬁr‘?ssgrfhtbgﬁfgﬁiﬁg? 8]1:

claim 44 wher ei n the patter ned photoresist |ayer is

re ve v t % f.e

i hg%pa ?fh% gfetlﬁ& i%f ché?'tpn ?tgln Rgre(%ﬁctpﬁgiaat J}ﬁe r&iﬁﬁnggyg layer
is réceinedpvier igss ttsaartﬁﬁ% oanach thrtUeffeatLueesﬁpher@mt i ng

outwardly froma substrate; the second feature being

received internediate the first and third features;
| atd4eral IYhepmethed) odiclaieadd wheerindbe paitarnedsplodtoresist layer

is rébéﬁ%dmr%rredthfa%aﬁ@%eéf Eé‘&ﬁr ?|t|l1 & NRES of W@'bg { he

second feature wth a patterned photoresist |ayer
recei ved over the first, second, and third features;

t heygat taf RAdirAREhAREShethdRYImBRkiRg: T ecei ved
entirely over the second feature and bridgi ng between

¢ ndOFT G MEatd SERPPE, oAk LHES fephEcpAoRGiag outwardly from a

subBhRtEr B Sécd Y BSatBrP BEiRg rkatreal therPrtgcﬁéteSHﬂ?\f@étl §nd third
of the first and third features; while said first and

featuipsy features are laterally puI led, ion inplanting a

Spegieeslly n;smnﬁ%bét riahst NeiteFhakt |p}'Hrﬂ6ﬁla| ¥t QHEV\WQ ‘éfnd third
e first and third features and

and asgéace
fealis; (HATAIBnePWERdn LOWRId | 1 36RPTCh Pt UTEatlithea mtemed
pho%lte%fstt tss/elromdemécarﬁv&gthé g8y | 88cdhe RAHT #iREdeatures; the
P % i St atyer fromthe substrate
patierned photoresist layer being received entlrely over the second feature
and bridging between the first and third features; the patterned photoresist
layer exposing laterally outer sidewalls of the first and third features;
while said first and third features are laterally pulled, ion implanting a
species into substrate material laterally outward of and adjacent the first and
third features and which is received lower than the first and third features:
and
after the ion implanting, removing the patterned photoresist layer from

the substrate.



