WD 2007/ 001712 PCT/ US2006/ 020600 1 DESCRI PTION | ON | MPLANTI NG METHODS 5
TECHNI CAL FIELD This invention relates to ion inplanting. BACKGROUND ART 10
| on |nplantlﬂg i s _one nethod whereby material is intrody§ﬁ€] @?

substrate V¢ W&@WF% charged atons o nol ecul es can be F 3 I'nto an
outer surface region of the substrate, and/or deeper within the substrate
dependi ng upon the driving energy inparted to the atons or nolecules. In

one typical use, ion inplantation introduces conductivity enhanci ng dopant
15 ions into and through the sur {BESCRIPT@Ni conduct or substrates, such as
crystalline silicon. By selecting a suitable inplant species, an inplant
dose, and |nplant energy, tION IMRLANTINGEIMETIdODSdesired regions within a
substpsate. Many ion inplantation techniques drive the inplanted species into
the substrate froma direction perpendicul ar/orthogonal to a general /gl obal

20 orientation of the substrate. However in sone instances, it is desirable
to form JECHNICALIFELD egi on to be received at |east partially beneath a

structure n{ﬂ_‘eainl‘} ﬁt:é\ﬁ E!téé tg%mag\%r the substrate. To acconplish the

"di
sanme, ion condu h angl e from orthogonal whereby
an inpl ant ed region is received at least partially beneath a

str uct ur ﬁéﬁNﬁAlﬁ‘Fat projects.fromthe substrate. However, a trend

Wi t hi integrated circuitry fabrication i ndustry has been

to marae the fden unelarﬂmtghls oakl method whereby metrrialeis. indiedtiaeshindefacti vel y

precl ude,g @ty ? ) F SR UGS ea@toﬂ\%géreﬁmq%d‘l@é %Qnarﬂe ﬁggla‘?ﬁe&i Mol 4! ant i ng
ecti ?/ provi g

nmet hod can e Ive ant regi on recei ved beneath a
f eat ure. @oerMBuUlfgce rfegutm/eqft fhen swagtrprtq i yd/ed defep@dawebm e 1 sz e

identifi ed%penﬁﬁﬁeﬁpohtthésdﬁﬂn@ rTéySlf‘?!p"a!rt@dtt%cl he QFoth‘(ﬁ%b%u'ler O y

limted by the ~acconpanyln I'1teral cilwor ded, w thout
i nt er pr etats twpical ldﬁehelpﬂ i f\tfﬁ@w biteadisss eQnduelivilycRmhaneing siepaahd i n

accoré 82?%‘ gbgﬁ% SU n?rré)fsur%é' \Sf"é’e’?ﬁn%onm PO atéd, such as

PCT/ RY The invention includes ion inplanting nmethods.
In one iafpsteiting: siticem, Banselestingd anitablg imMHEReRieSdRR IMBIFALAPSR: pai r of

spaced  ang implant energy, the artisan can form desired regions within a substrate.
Many ion implantation techniques drive the implanted species into the
substrate from a direction perpendicular/orthogonal to a general/global

20 orientation of the substrate. However in some instances, it is desirable to
form an implanted region to be received at least partially beneath a structure
or feature which is formed 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

25 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 preciude, 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.

30 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.



and adj acent features projecting outwardly froma substrate. At least 5
outernost portions of the pair of spaced features are laterally pulled away
from one anot her with a patterned photoresist |ayer received over the

features as an opening therein received inte pair of
20306 PR sﬁoﬁ/gio 6

spaced fe ures. 'l e such spaced fegtures are |ateral y pu a species
Is ion inplanted into substrate material which is received | ower than the
pair 10 of spaced features. After the ion inplanting, the patterned

phot or esBYMMARYr is removed fromthe substrate. In one inplenent ation, an

lon inplanti N$¥n tn\%n'tl%%l gfrﬁﬁlfé&r mleﬂ a1m bf|n8f Aﬁ%@ﬁ@&’s and j

features proj ec i ng out war roma substr irst set of p otore3| st
processi ngptemematlens ansnodenmimtnmj metheth indudds foBningoa Hair af Apacedat t er ned

Phot of esi;als EAKRIrV Aok TSBIIIRG DM oD sBshlR o1 AT Rogt ved

i nt er med? a e ures, ate separation o

out er ﬁostouwmostnmr@rbmshef tr@aparre@ gfacede fgrires Ar@aateealﬂte@ullpﬂcﬂmmi st

| ayer is r’r&qs eylifa d i%tr DPt QF&Sk

pr ocessi nrfg(afoar ane%{rgértgg\?\h cﬁ B Egﬁ?ﬁ&n%ﬁéiﬁe& I| tera Ceég se&ér ation of the
out er nosfegtores and whichhkag eato,neéungm@em secpivad émtetrm@ﬂlateﬁéemalsml at eral

separati Qhaclibédile, ARHIESRRH RARR Rakaes AL FlIcHNS fasser oo, 2

speC| es I on | Into su rate materi IS recelve | ower

t han t he ipéan 1r@mla§p%d;e@t0f%a:ta§r@e materiel wihiigh lsofﬁqerhfﬁfhm\ﬂ/?fgthatnh@e RRIf t er ned
phot %es'étsg'aés\éérfeéﬁjrégn‘)Nﬁ& tfh%qahtlﬁﬁpnémﬁ rmteepat?émba totdRsemgat at i on,

an ion inpl ntln‘g I ncludes formng “first, second, andthlrdfeatures
proj ect i ngy'YNPVRF drgmthe Bulskatsst rate. The second feature is recei ved

i nternediate {herd ﬁrﬁb|eaﬁ@hthhbﬁdaﬁe@wnﬁﬁanﬁﬁ lRafiod mﬂl@dé@%mﬂﬁgté ons of
the first and third f r@tures aréatulle Iaterall d the second

feat ure WPIMORSRATEDANEIAYREEDY Erdtdies pipdecling v %’d&éwr@@ FH%Stffi‘tPst,

second, anfirdthigtdhff plRdtoresist phaceRaineparindtess os eitsiminadarnhich woelgei ved
enti agly over the second feat ur r|d es bet\/\ﬁ]en the first and third

f eat UPes UPPRe T YIR'DEr AeRIPRLIES é’g‘i"g‘i’reﬁﬁe'? Bk & s Meafeatres HANRY 2% dewal | s
of the f Iorp%hmy\dhérh!m drelcebiedr Rsernyddibie tine featuses anssdihin & Fiestt Istes) ar e
oot | hoBaHh o FRERR Ryt R e BT A& i o
|'s recei \pmdtdﬁ@sialovdmﬂéZfd?ﬁ“é/dum%tr&Z%awre3 ueiwry 4 hedcdrie ddtr of and
O et R bchiRrk BeHIRR S  ueh Pen OB LAY SRR '
cont eipl sepdratidn BRItEE QESOCRbET pONidds dHENORARIUNES which is greater than
the first lateral separation. While the patterned photoresist layer is over the
features, a species is ion implanted into substrate material which is received
lower than the pair of spaced features. After the ion impfanting, the
patterned photoresist layer is removed from the substrate.
25 In one implementation, an jon implanting 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
30 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 intc substrate material laterally
35 outward of and adjacent the first and third features and which is received



Preferred enbodi nents of the invention are described below with reference to
the follow ng acconpanying drawings. Fig. 1 Is a diagranmatic secti onal
view of a substrate fragment in process in accordance with an aspect of the
i nvention. Wé%(ﬁh@lnﬁ is aviewof the Fig. 1 substrate fpgaaBsksofsii
processi ng step sequent to that shown by Fig. 1. Fig. 3 is a view of the
Fig. 2 substrate fragnent at a processing step subsequent to that shown by
Fig. 2. Fig. 4 is aviewof the Fig. 3 substrate fragnent a rocessi ng
step 15 lauesdhasnthe Jinshadnd nihise %WMFQS 3.Aflgry the jan Jmp a@ §c

sect i onal atte‘?ﬁ\é@bhafbreétsenéwras&e‘ﬁ@%mmm tﬁalsabmtte fragment in process in
accordance W th an aspect  of |nvent|on'altp(£|g 6 is a top view of Flg 5,

with Fig. 5 b&t ?@'aﬁaﬁﬁﬂqtﬁ?w&ﬂhqn g cgntgmp ig. 6. 20 Fig. 7 is a view of
the Fig. 5 substrate fragnent at a processing step subsequent to that shown
by Flg . 7 substrate fragnent at a processing
step ZIos ~ 7. Fig. 9is aviewof the Fig. 8
substrate framﬁe@émaowmesmmneémbn arbdebuhisaeipeiow with réfemincs todne by Fi g.
8. DETAI Ir_fE‘ DESCR PTI ON OF THE PREFERRED EMBODI MENTS First exenplary ion

i mpl ant i QW%WQmPﬂ"Va'&:W Wi98e with aspects of the invention are

descri bed wi t hFigefeienc diagrammatic Jsefhtloﬁag view (tEfpiacmmsiratéOfragtnent ane
fragment indicated eral | y. W.th e ce. n 10. Such conprises a
subst r at LP5EHAN ﬂﬁgﬁggg‘f?é'étrb?nfaesgt fgg mv%gﬁ %5 and 16 projecting

out watodl y t herfé§r 2ris sSutest odtiee Fign cgubstrane fiapmeamtyatoacprocessiogistemt i on of
di fferent enentation preferably conprises a

sem conducL{B%P%g' ﬁ! fd %('t%g%hl ntolﬁg %rpi ‘ext of this document, the 35 term

"sem conduct orFlsuBSSraatleéw@rfthed’rtgc@rﬂjmsttﬂat@ faagmentagtea grocdesingedepro WO
2007/ 001748 R n any construction conprising

sem conduct vgméa eri 3%?’2‘910% %refbut not limted to, bul k sem conductive
material s sucHias4dsserievondtaeifie. Svbsirateiftagmeni ahe RIOCPASIAISHEADI i es
conpryssi NG, HARBEN{TRY ﬁ-fdt%'h%vs;rhﬁi? q‘:(p@)?, and sem conductive nmaterial |ayers

(either alone or 1.n assenblies onprising other materi al sg The term
"substrate" rdfigr& 'tsoaa‘?fﬁgéfﬂbﬁtﬂ*tq Rectional yeewr ef apnaiteraate epRedimant| i it ed

to, the sm&m&%@mansu&%&e&e& ablesraahbe tviehaM aspeiet biReie invehfigncont ext
of this docunent, the term?"l| ¥
Fig. 6 is a top view of Fig. 5, with Fig. 5 being taken through line 5-5
in Fig. 6.

20 Fig. 7 is a view of the Fig. 5 substrate fragment at a processing step

subsequent to that shown by Fig. 5.

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

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

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
First exemplary ion implanting methods in accordance with aspects of

the invention are described with reference to Figs. 1-4. Fig. 1 depicts a
30 substrate fragment indicated generally with reference numeral 16. 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
35 term “"semiconductor substrate" or "semiconductive substrate” is defined to



enconpasses both the singular and the plural, unless otherw se |ndicated.

I'n one exenplary inplenmentation, substrate 12 conprises bulk 10

- sem conductive material, for exarrpl e intrinsically doped nonocryst aI l'ine
silicon. WOResmMeIH2substrates are of course contenpl at €& T/{§2P46/020600

seni conduct or-on-i nsul ator substratest being but one exenplary type. Features
13, 14, 15 and 16 m ght be of the sane size and shape, or of different at
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elemental tungsten layer 30. An exemplary preferred insulative cap material

comprises silicon nitride, for example provided to an exemplary thickness of

1500 Angstroms. An exemplary width for-the individual gate stacks 13, 14,

25 15 and 16, as well as the separation distance between immediately adjacent

gate stacks, is 750 Angstroms. Such thereby 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,

30 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

35 spaced features 14 and 15 can be considered as having a lateral separation



phot oresi st | ayer 32 received over features 14 and 15, and wherein 10
phot oresi st | ayer 32 has an opening 34 received therein internedi ate the
pair of spaced features 14 and 15. In the context of this docunent,

phot or esi gq 5@7@&);1 terial conprising a photoactive cop@pgsodéraéoo
undergoes a chemcal reaction in respgnse to exposure to actinic energy, or

the like, such that the material is capable of patterning using solvent or

15 ot her processing subsequent to actinic energy exposure. Layer 32 m ght
i ncl ude rastapral2y ialher depistedigresopestirpnin oneshreferred igpdepeatationed
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phot oresi st. The inventjon was reduced-t o- praﬁt | ceﬁ%t go'&he above- gescrl bed
at’: 3,
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el ieved T0 be re preferred. Further, i1 n one exénplary preferreé

i npl enentrhatoresigiatis eangd Mmptesiabr eemprisirmyez Bhotanativeei cawdpowed theds t han

all of e t ; 30 f ' ' enpl ar

rbodi mery Ut oeS 3 Heic G0 it Rloss Bae Mpldasstd b alsERe kARl B oY
| ayer is thecfsesudydhatiibatmstprialfiscarnaiie ¢fepptipeyng4uaing selvest orhe pair.
The ifavendthep prbedssing sqmge'a@ent:qstséfmi@té%%@?ﬁee%s%ne@ayahsé%fqﬂtst. layer

bei ng received over |ess than 50% of each of features,” as we as over
nor e t harNSGSRoMARERIHRYERE Nea?dRilaN f7 gphotogesipkbt s e | BRdePd pul | i ng

resul ti ngmipleehgitRndl paeafed | pRo@Pesikt t RGePUBLT MBIThpHOES | 8RS o?%anif:eaff ures
14 and 15 ich.i,s greater than that of lateral separation 25. eferring to
Fig. 3, a‘?ﬁPWetsl'\s"spaced features 14 and 15 being laterally pulled away from

one anot her, arteiiihabhios padise Tedtcé@ o prattadyd ewith ntive t BBovERIeREHBEJ Of

SUbStiOat eexlezmp airyc?’rei Rriec %irn\ﬁec%ir%g\rlu\?ruti‘igﬁmg ghneor#%iarl S?TI 58%6}1(:9%?roms thick

layer of SEPR701 photoresist available from Shin-Etsu Chemical Co., Ltd.;

6-1, Ohtemachi 2-chome, Chiyoda-ku; Tokyo 100-0004, Japan. Such

photoresist was subjected to a pre-exposure bake of 115°C for 90 seconds,

and a post-exposure bake at 110°C for 90 seconds. The dimension of

25 opening 34 within photoresist layer 32 was 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).

30 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

35 15 of the pair. In the depicted exemplary embodiment, the patterned
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10 features 14 and 15. Such Is depicted as formng an exenplary diffusion
region 38. In one exenplary inplenentation, the inplanted species conprises
a conductivity enhanci ng dopant, for exanple either boron or arsenic

i mpl ant edwog’ho ¥@npl ary dose of froml| x 1011 speci espeEi@siofsdzoe60 1015
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2007100171 PCTI US20061020600 Réeferring to Fig. 4, patterned photoresist
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| at eral sepkr fomprorffogsfnal to the substrate (: e., at 1° to 10° from orthogonal),

and accordingly is also into some substrate material received directly

beneath features 14 and 15 as-implanted. For example, Fig. 3 depicts

exemplary arrows that angle from orthogonal direction 40 from substrate 12,

25 and wherein at least some of the depicted diffusion region 38 is received at

least partially beneath features 14 and 15. Accordingly 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

30 received, and regardless of whether the implanted species is received

directly beneath the projecting features. The angle 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.



-Fig. 1. O course, aspects of the invention contenplate no reduction of the
degree of |ateral separation, and reduction of the degree of |ateral
separation to sone value other than the starting value prior to formation of
~ 15 the phw&ioﬁ?b(ﬁ?n Lateral pulling of at |east the outgefpsioodi@bdobons of
adj acent spaceo{ eatures, or other features, m ght occur by any nethod

di scl osed herein, or by subsequently devel oped net hods. Factors di scovered
to inpact the degree of lateral pulling of spaced features include resist
conposi tion af@feminghto frig.ght Pattefnad Bb‘a@é%ﬁ'ﬁgbﬁ)’lﬁfé’s?. hpgrbesmmgmeved g | er

feat ures R bRrakS Ybl aftéNtie WLahBlantRY! eSutd rémbRiid righi b8%y &wy t her,
resi st conpositions which tend to undergo a higher degree of shrinkage upon

d
al | proced§tHg 9% eret-19apesidevsiPrashdtechniogsyl 1 PRegreRmpanat ®Fai"$ul | i ng

than thosgchWigad RXMWybidxydedspladthnkaliag. FuTydiealiangndr pesrerdiaps tié feature
hei ght, and resi st

25 co si.tion, reduci r e- exposur e bake t erature
and/ oP préMaViys of Battgay gtﬁhr?éc”teéhﬂ ayey Bgé’\%ﬁ,a@é’ugﬁ Sqﬂ"é%‘tees?lfre{gﬁ ré'ge, and
t her eby tdepadstipreef tid oludéreiadt portibhs®f déandéadening pacrdnf edttiitesas Li kew se

and regardl ess I ncr easi ng_.at, |l easf, one of .post-exposure, bake tenperature
and/ or ti"ﬂée'? RAtESdPheter '?t'asyﬁlri U3 eH ge@h}é rg&yelr.afs £ IreSHFW'?\g of the
out er nostofptire idegses bfotatepsic edparftmhentighipantyd Jeegtartiak. oFunigheralsmd

regardl ess, .t hjcker hot,or.esi st_ | ayers.te t.owar great.er pul i ng
t han do t‘?{fefﬁ{@bﬁ' S‘r?ottgr é‘}sqasttﬁl 3’{/% s‘?(”ﬂ’n t%n@'\%heff’y\%gﬂépdé’?eh"eeaséﬁg{ce%% t he
i nverttOi orphctorasist lagpt. altignd demittsodxéemplandggotassihgrwheraly tife Btgmlr of

spaced a | u rojecti t war dl r rate, for
cxanpl o ARPRBILIS S Fiaaaes HerBuRuEt B KA B R B SR 3 o
descri bedFighdveOf noutameaspeasts wif tthe Fygntibn gortemplateenogkedphtiomodédhet

pr ocessi anet r 1 N | I 0 ' tterned
photoresirasaefd}?{ziy(@agrF %\r}%rraqt %gﬂ? L%Edl;ﬂr’egqﬁ\zg@{eﬁgc@r?Po%fentﬁ%grq%%g} %9 faé%'%?ved

i nt er nedi sararatien tesomeyalyeother thanathe startingveiug psiepde dormation ofhe 5
out erstinBYHJrSresft. the features of the pair. For exanple and by way of
exanple only, the first set of photoresist processing paraneters could be
det er mi ned whil@erdAnirg jof at kgassithe quieranosdpeitionsopl afiaaest SReERBDSt

portions fahtires, BRbthdt fexlafRd MRt Weesr WRidHy methd® i56Bs88 Heldih, when such

features are |n|t|alth%/c1iorrred, or result in sone first |ateral separation

whi ch 10 B% syPagagen eloped, metodsat diaftotse sigcrvesRdoto iReashdbed

feat ures @sgrebnift latdray JudlimPdf spaedf feadires ShcRidePFedior eshfposRiodCangi Ng

ugde one_or nore, conbi nati ons of photoresi st

ar angt er | d i kely inc
Ipaye;%t hi@ﬁ\r?%g%ht ?;thg_e sa/aced }ea ures. For example, taller teatures tend to result

in a greater degree of lateral pulling. Further, resist compositions which

tend to undergo a higher degree of shrinkage upon all processing after

deposition tend to result in greater lateral pulling than those which exhibit

less shrinkage. Further and- regardless of feature height and resist

25 composition, reducing pre-exposure bake temperature and/or pre-exposure

bake time 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

30 of spaced adjacent spaced features.” Further and regardless, thicker

photoresist layers tend towards greater lateral pulling than do thinner
photoresist layers.

[n another considered aspect of the invention, an ion implanting

method includes the formation of a pair of spaced and adjacent features

35 projecting outwardly from a substrate, for example and by way of example



“exposure processing, post-exposure processing, etc., for exanple as
descri bed above. 15 Determ ning such first set of photoresist processing
_paraneters mght occur by formng a photoresist |ayer over a substrate

havi ng thgv(f)?@wﬁ H5 and neasuring what, if any, degr eege,ﬁlpg?[;o%ﬁk Opul l'ing

occurs fr processing paraneterg ut| lized. The su m ght not be
the very substrate over-whi ch subsequent processing occurs, or mght be
such 20 substrate. Alternately, the determ ning of the first set of
processi ngly padassticed atqle irbeotneationputterFigr 1ot Adirstreeleof pioteiresistit

necessar | 'é’ces%ﬁwtaq’%éé’ ré&&h‘b%?& BQ@%&W&\ Slyhf Ormgg [ 268h 36k *[g!;bsérate

Ther eaf t & otoresis ayer 1s e features using
a second pgéterl‘(ﬁd m#@tt@mﬂsﬂaymfogegrs ithe) featurmst bavinghaohopesimgt theneima 25

second | ab&dided IRRATRLIOR fe 12U AL F8MP in ROTiE AR SEPRIARA b % WhI h 15

greater than the first lateral separation. By way of exanple only, such is
depi cBed outeramsiarartion Af the features of themair. n'd'—lfé’némfam%ﬁ"dt%é wayc8hd set of

phot or GSIe&hmw@wl fHe PREAEBE %'fSprmgﬁérsisieéro%e%glr&}kﬂﬁﬁéneferg F&Lnatsé%r ned
photoreS|st I'ayer which is greater than in first set of photoreS|st

30 procedét @“B%ﬁ' alBigtt srespfis oite 4 rﬁ:SF’brﬁW%'t ﬁ?rﬁ’ar‘t‘tl'@" s¥icdhe Qutergpst

phot or eSIp%trtm@@aafe ﬂgurp@fr apERicRy foabiERIWHIEH i8tthbasfhe aiRethat whell Quaxposur e
bake tem%erature and

ure’ b ke ti ess an in
Che 11 r stsadren,aroo B Prrey ot etepdy sartiater Gleral, ssharatal S a i on,
t he sigconsl grehteﬁfophéé@rmlnsthqon@massagamnroa:rrefeths spapsd sfeatw'ttaslwst one
osure ake ti whi ch

35 of a post exposul e er gure and ost ex

W0 2007/ B0T91S BEHES B0EF J5BERA! ob BhBtgPil aloRasiB Earame et L "cer of
phot or eSIInk'erpirthEiESbng cmarrwretcmnsbmaﬁ@rys of pmmdsreswtllagae# ymekraéssd preot or esi st
processin Bg rs t he and second sets, co al sq. . of course,
be condi TREOCHR T SeReSing ¢ EPRbEXRASIE: EXPeroagerotrs dob SHiBPIEatTr os.
speci es |ctesc5bednab|onpl anted into substrate material which is received | over

than e Palt cfon RGE LRI E8: of o B1EBL 8 i, BERInahou,ARY 15

descrlbed above n ng, the
pat ter nedosHObYr rMing | anydrotoresisdnisy e OVEr arsubstreteb bavitee thed deatexesipl e as

i's shown Jny 'Fﬁélasuﬂlr@n%ﬁ'ﬂs Peﬁﬁy J:JQ s o lﬂﬁ%ré\bgﬁﬁm T cﬁ?é | %oANghe

preferably, such rermoving qcﬁ terned phot or esi t yer w1l reduce t he
degr ee ofPrPERSHIRG B%ﬁ?dﬂ‘éfteirﬁnu'@fz e Toet éﬂhﬁgﬁtﬁ)dﬂtg*ﬁngobfbﬁ héef egfur es of

the pair gypgffamhavert wmshmﬂssetq%m nbtessing BRELAY, e8F ShidrayBe ¥@sh recei ved
over the f%g%rgtrees Al?xerggtee‘y, the determining of the first set of processing
parameters might be by computer or other modeling without necessarily

actually requiring photoresist formation over any substrate.

Thereafter, a patterned photoresist layer is formed over the features
using a second set of photoresist processing parameters which results in a
25 second lateral separation 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
30 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
35 of a post-exposure bake temperature and a post-exposure bake time which



"preferred processing is otherwi se as descri bed above in connection with the
15 first-described inplenentations and aspects of the invention. Another
.exenplary ion inplanting nethod in accordance with aspects of the invention

I s descri Regrjotn7ief erence to Figs. 5-9. Figs. 5 and 6pceepioosodsemubstrate
fragnent 49 conprising a substrate 509 Substrate 50 conprises

sem conducti ve active area regions 54, and intervening 20 electricall y

i nsul ative isolation regio ri sin one

ns 5 X
silicon & &Eraierah@nsthatclonths S'rr Hée?,@afﬁ'lﬂtaqut' Bfog &?rg@n?%'ﬁ 62, 64
and 66 arA@nySbewcfﬁQfammsmdtaiedjmmtomuaupmedbmgf parametess refttaeSst In  the

depi cted exe ary rise field effect transistor gate
st acks, %ﬁ’ﬁl %e%ﬁﬁ\ﬂ @Epﬁ?e ifﬁé" FAPPINEShst ruction and 25

desi gnat i on ayhirotee pattehreed photordsist laykeds enbothatadtureiga spedibe if eat ures
m ght _be.of .t iffere east one of size
and Shapd" 'mRF"‘\S‘E%d éni8nﬁ5’|e°§'?§?qﬁrr@?%ﬂaé hé‘ﬁb@df%ﬁ\fe&[%eﬁ‘@ﬁnuﬁ]&pﬂﬁﬂ aspect
rati os ofspatcet daaturd@s Ofcarekanm pleamdthiasrbdaemps leovemtaatd Bndederiiedapees imati os of
at | east .The .separ ati on di stance between i nmedi ately adj acent features
30 m ght G@Qngﬁgogﬁvrjr@ P? t%:‘lat of the width of the depicted features, or
different. Fd¥itgruthgoies iroplatimge ahei mltergedi pltetosesiat 1dyert s e@M60ed 62 and
64 can b o] rat, 0 d,t Qi pd a S

pr oj ectlﬁg nciou dS% %ﬂ-a?ef I[sTpe{)strate E R Shé%hg'?e[:@]sgcghg Pégt %?éeﬁ\GZ S
receilPed dasmléeﬁeahmee i vpma“i'eaandméefsoawdswh rempyitdoé tea patierpeed

I mpl enent 5 t ugpy a in the
cont ext o@tc{tﬁ%ﬂé '%7%81?‘%%&%0%”@%8@?%20600 10 3%@3%@.‘? ttﬁ)egate l'ine

not for midt§edmogpRedions phithe Jpatufes opfet@opair EPrcunatylt wad Wittcihéay be

gr ounded pytte@h@@rm&er&ﬂw 1h e rd W T88EUEH| SverP & YoblredUr I By Rplappi L1y
operati on. fSuch m ght provided during circuitry fabrication to

facilitatREereIfRd Eéﬁq%ﬁ"& '508%"‘5’!5&1?3 §ﬁ§5@b%@€°I"PHE§%°§'BQC"¥'H@) the pet ween

gat e 16 NGk st- E?@émaemgnm@narqmlans ahd|a%%‘ébtst@ﬁth‘éufh%ﬂﬂéh portions of first
feature 60 a d t ird fea ur e ve been | aterally (E)ulled i nward toward

second 'f eat ur e'i/\Fi“Ff“B ad'é{t'f’gr a’btl'ﬂﬂm‘eé PN [agrRrdancs Wik IRELBYer the
first, sesgom@ ira@dtiohhisr debembed agitldGefdréned dobrigs” &ﬂ@ectmggl %. affaté er ned
ARl I LR L LR T A A
phot or esicompriseesr 8@midanductive paictfver abtfesa mghcﬁssmg o bénteprehigg ed . as
e A U R S S N e
bri dgi ng rbelta/\efaamton Shomdata,rrdasmboan'dtrlde A plurality of features 58, 60, 62, :
64 and 66 are shown formed and projecting outwardly from substrate 50. In
the depicted exemplary embodiment, such comprise field effect transistor
gate stacks, for example having the same exemplary construction and
25 designation as those of the first-described embodiment. Again, the features
might be of the same size 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
30 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 recejved
intermediate first feature 60 and third feature 64. In one implementation,
35 feature 62 comprises a dummy gate. A “dummy gate” in the context of this



'15 third feature 64 in the depicted cross section, Further, patterned
phot oresi st |ayer 70 exposes laterally outer sidewalls 67 of first feature
.60 and third feature 64. Preferably, the lateral pulling of the outernpst

portions ofo98¢herRy the first and third features is froe@rishesbfod r om
orthogonal to t(1 substrate, with a gere narrow preferred range being from

5 to 8 from20 orthogonal to the substrate. Patterned photoresist |ayer 70

is preferably received over less than all of first feature 60 and third
feature 6lpcumeninisve gatachnpateleforddngnatopresratlel agdr ohithat operaiRei ved

over abouircafi¥, Oén@%hch%a?]hfé gréwidetn@r tdthéfvikBakatb e, aQ'Vcﬁf o(k})ét‘%ﬂolé han 50%

of each of the first and ird features or over nore than 50% of, each of
the firstPoi@etialrdyring sifcyites operatign. WSYChMiahi g Broyided durigg °7"°dJé$5¥ct s

pat t er nedaBREL NS S Shcilitite fafficRRINEF cortsiciene@hapergAldines e ofagtagh of the
first and third features. Referring to Fig. 8 and while the first and third

feat urfes REWeRRIAAEIINES. pul | ed by patterned photoresist |ayer 70, a species
has been ion irgreanhgdo Figt saubeéstatre oateemost dortiensildffirsttewure 60 and

dj t f t t 64, d whi ch d
Fouer -t nend e i€ pd hefecheen Iatpetvrslat Bidre BRErLBSSPorTeRER e
i '] ust r atezlwithipa aitteregd mhmt&ﬁésns“ﬁtla?en 0 receipedrdviengheifigst, seeoadndndt ed
el ude iy s 65; 2 gna 1 BBk bR ¥gt i FBIGERER AP 207 Vot
and tHl r dpreéatablyebasatthé easte ai:tnbmelsaaﬁ Hithse38egdritmadint eblyn@crﬂbrmy'rtb tpeef erabl y

h t

o O BSOS TAAb I TP Bl NOLROB T30, rurey
t her eby, mrﬁtfefa@iv@snrpseemnga@@n ibgl cmwteéda%@néavhed rebavier far immartingr d
features. thgheeé‘&%é‘d g.fatérgr‘ pé.l Imﬂ anﬁ’ét’?&me‘df gﬂbﬂffrésfs@qué’lr tW@Q@&elvgﬁght be

at the same angul ar degree he outerno portions of features 60 and 64
resul ti ngehtireht eyer gg,q:cpqqléeatgfe an?@ﬂt's baidginghetreg e figgtdaptitref30 peds t han
such gnguh rdaeiressin EWé 'deH:ted bFHHsaélédtﬂﬂw whgkther, ﬁtié?ﬁgerﬂﬁ%oté’rres?stt an

angle from ortho onal, for exanple, _is preferabl descri bed above in

connect i dAYSF t19 FHBO?‘?? é?tedé@trquﬁ%rds'd@r‘f{ﬂiﬁl frének fi Eﬁefe@rtll"%sot angithirdg and

after thefeatirel ¢! mw@@bupahé%fwdl phmﬁgr@ﬁth%t outlef?nio%y%rt?&né BPleaghown) has
been rermveﬂbéc romthe first- described enbodi nent,

such remo?i HF dirst r?@dpiﬁtfa {‘Fé'&”rﬁﬁotso\r?n'@é“ st’ Itayé? TE3/pi 85hP9°'&?1'dtcbrtBPerabl y
reduces tmsd@géeawﬂf d azﬁ@feaha&ewapaéfe%dofrarw@ bedhg effMSE° per B drgmof .t he
fi rst ortthl rd fleat res fbr th s crond f Léjrre ¢ lgucr e uctlfon of the
degr & or MR e IF HUPSHAT-orEIBE 50 PROLRTERit, 124" 76 EoREPEIRAY to what
it was prnetaewteml oV lessrtabnatl of firshéegtaté SONETY lu'hﬁdl s |Ars B4, as shown.
Such patterned photoresist layer might be received over about 50% of each
of the first and third features, over less than 50% of each of the first and
third features, or over more than 50% of each of the first and third features.
25 By way of examplie only, Fig. 7 depicts 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 photoresist layer 70, a species has been ion implanted
into substrate material laterally outward of and adjacent first feature 60 and
30 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.
35 Alternately and more preferably as shown, the ion implanting is conducted at



| ayer. Processing is otherw se preferably as described above. 12 CLAI M5
What is clainmed is: 1. An ion inplanting nethod, conprising: formng a pair
of spaced and adj acent features projecting outwardly froma substrate;
using a pgf ?,5 sphotoresi st |ayer received over the fgatgsRsessBscol aterally
pull at |east outernmost portions of tfje pair of spaced features away from
one another by lateral pulling action of the patterned photoresist |ayer on

at | east the outernost portions of the pair of spaced features, the
pat t er ne@NpREYE dE9rat OFWSP“Hb\FPnH‘earF‘B’ﬁéFﬁt%g afle thpieYe CIBEY ctHASHAL nedi at e

the pair pitefiBRGE6eivat bERSath MR FirsRliathdS AL dehtRnéslr e$hér angret of abn y
pul l ed, ion i ecies | nto substrgte material which is received

| an
s hiRPlaTgaT ofer 43R Gth el BUTh iRy Ak e Fame AnGH S SAREHE Che,

removi ng tlﬁélﬁbln@rtrh@étnﬁdrtmt 6f fsdtated sxoeand Bamreduling Uhsrhr teepulling Toe met hod
sane Sl z

f cl 1 i f eat d sh . w3.. Th
oot hod ofMaNas 3t aRerapl PHARE AT J8s BAD SRTHRRPaRsTo%E® PhRM Pone of
size and Imlpmmg4wh“élﬂeemtthoglowdl et at emlanglerfeom dritieod eadlyfesexample, se fiel d

ef f ect tranS|s at e, st r|S|n a gate dielectric.|layer.
conduct i V& PRIERDh, B eiRBen, EBTRE I, Ve edfiof M i ifstaiRhoafer o n
the feat lﬂm}bodlﬁ’lemltle palr have aspect ratl os of at least 3.0, and a space

t her ebet ween egt of claim
1 wherein theh%ﬂe 6) %anorghbﬁg\?ge 'C?ﬁ whél%ﬁmét att%é?gg eas? and

a spd€e tiaxeerema(mweshdmw) Im@s aaeaspmvedrfmmdhefsu@ﬁtﬂaéastAs4w(th the frrsﬁe rret hod
phot or e etREEE, SibaBifighi AT BRRAME Srothe! BARE e SRR A e
out er nosttypigAHY oard gireéereploireduees cheuregrast of hiateral rsmanaﬁl@m 9;8 the 10 from
or t hogongjuté@nbddtepSHHs" 8f e Jirstl BRdMBiRICEERlirds Ao Shahsd®ing fdikuleat er al

pulling of the outernpst portions of each of the features of the pair is
from 5 t ouschs feffction of the degree of lateral separation might be only partial, or
15 completely to what it was prior to the formation of the patterned photoresist

layer. Processing is otherwise preferably as described above.



orthogonal to the substrate. 13 10. An ion inplanting nethod, conprising:
formng a pair of spaced and adjacent features projecting outwardly froma
substrate; laterally pulling at | east outernobst portions of the pair of
spaced features away from one another with a patterned photoresist |ayer
received over the features and which hagzan opening therein received
internmediate the pair of spaced features; while said spaced features are

laterally pulled, ion inplanting a spegifgMg Nto substrate material which is
received | ower than the pair of spaced Teaf:ures and after the ion

i npl ant i ”%hé?ﬁ”&hﬂ%&@e pat t er ned phot oresi st Iayer from the substrate,
the renmoving o e patterned photoresist |ayer reducing degree of lateral

separation of tlhe OAl %mpaggaflrﬁgﬁ oaf ¢ BWP mﬁ? ures of the pair from what
f

Wh h f
5 vas when Uaglly S otia gt wﬂ%ﬁnﬁ

pat t f;nr;gg' "BRo gogﬁ Eféﬁqf %%S?essgg ; P e%vaetde 3 %r f% qufae T

: eé'a y PN Ig ute rs f of ed gf‘
said patt o ta%eea g et PFB Hm ﬂ*}? P thth"”
is into s |° ernp%sé borﬁer? a? CSQ q.a {”ﬁees
The net ho 8}'?1 ﬁ\é NI | Hﬁ'l" Qﬁtv\% |3nrge|c8|vegl 'n&ﬁ%‘f’ angl e

from ortho Grﬁﬁ'r ortiop Hﬂ pai r aced features
resul ting fro Fc?a ?%?%ﬁ 'I‘reﬁg 118t erq}ﬁ)ép Efol? 'ImQJPaF SREF i n the
ion inpl an'f‘ chgsu ﬁHIaEe lrgateg‘,,aéa\fv Fectiyed 'PWsh h('.i'@%n%"?'ro‘? RSt er most
portions Jdeatyespand of spaced features resulting from said |ateral

pul ling. 15. TH@eﬁéﬁ%!ﬂf HFP'@PHP& eMaKBedhs Rﬁ’féeméﬁ HW%P'éﬁﬂﬁtH@Y%'nﬁP@ is |less
t han angl ehera®stet®ogonal of the outernpst portions of the pair of spaced
features resulting fromsaid |ateral pulli ng{_.eef16 The nmethod of claiml
wherein the anBt er nébe preshedefickaim hyehrereinsthedeatures aseaf thesamesdreal | of
each of thNdshapg.es of the pair. 17. The nethod of claim 16 wherein the
patterned photoresist layer is received over about 50% of each of the
features of thad. pai The h8ethdHef miiotl vdfereinaihe fedtuies raze rof tdiffeneat aér ned

phot or esi sleastagrez of size and shape.

4, The method of claim 1 wherein the features comprise field effect
transistor 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.

8. The method of claim 1 wherein the lateral pulling of the
outermost portions of each of the features of the pair is from 1° to 10° from
orthogonal to the substrate.

9. The method of claim 8 wherein the lateral pulling of the
outermost portions of each of the features of the pair is from 5° to 8° from
orthogonal to the substrate.



I's received over |ess than 50% of each of the features of the pair. 19. The
nmet hod of claim 16 wherein the patterned photoresist |layer is received over
nore than 50% of each of the features of the pair. 14 20. An ion inplanting
met hod, conprising: formng a pair of spaced and adj acent features

projecting outwardly froma substrate; liaterally pulling at |east outernost
portions of the pair of spaced features away fromone another from1 to 100

from orthogonal gt 0 hRGon SHBRNtRAYEM FoRMrigngied photoresist |ayer
received Over %&ﬁ«.ﬁ&%tb%@%faasﬁc rfa nafeaweéy PR LI SeR) ved

i ntermedi ad |,_teo spaced features the featurés of” the palr havi ng
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angl e from or 8 R%I Baff‘ Ieea%HPeSstél%tlgtirE IgdsHJl?'nS H? ﬁtl tegé@éleg ecei ved
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out er nost ortP I?) @Q?ﬂ?eé rﬁ V'f"'ﬁe er1n|e rﬂw fesps&ﬁ%%r Th the
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| °Ll't8F 3{’ rtgo[ﬂ % dhirét j acent
f eat ures él;;tg Bht'?/vgl‘ £a§‘iﬁ5§‘?q hot Yféf%r'ﬁi"ﬁ Hbasarq.qqnéq set of
phot or esi s‘E’V Sef§ SUiES SAF lﬂfrs whi ch  woul d, upon form ng a patterned
phot or esi st Iayer over the features having _an opening therein received

i nternedi ate tHé: f edthfr BEthed fiidaim, 1§ "Fh‘?r@t” F"éﬂ é?"é‘lov'r!@erﬁ%ﬁﬁ Pateqted
out er most PAtOresis Hverneedusgsufegress of Hatgral rsePr&RtioTh ﬁ@;ﬁ%‘!tﬁéﬁ“ﬁéﬁ

phot or esi sROMtiaperof diher faakieresetar wihat ituwiasgprior Efé&ﬂﬁ‘aiats‘,@'t opfsafthopBeEgdt
processi ngphpeipEesistdagerahi ch results in a second |ateral separation of the
outernost portions of the features which is greater than the first |ateral
separ ation, saild. secidhvedmeihed af capal awhenein ssellien implantingetsstonducked t from
| at eral pudll amgngdt from loythdgenphte éhasdbpireteprasd &t intaysaibstriate meatebpl t he
second setreagkiveddiaoreath she featoessofthepzaianet ers on at | east the outernost
portions of the features; while the patterned photoresist |ayer fornmed by
the second set 18f 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.

patterned
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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 resuiting 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.

17. The method of claim 16 wherein the patterned photoresist layer
is received over about 50% of each of the features of the pair.

18. The method of claim 16 wherein the patterned photoresist layer
is received over less than 50% of each of the features of the pair.

19, The method of claim 16 wherein the patterned photoresist layer
is received over more than 50% of each of the features of the pair.



phot oresi st processing paraneters is over the features, ion inplanting a
species into substrate material which is received |ower than the pair of
spaced features; and after the ion inplanting, renoving the patterned
photoresi st layer from the substrate. 22. The nethod of claim 21 wherein
the second set of photoresist processing paraneters conprises a thickness
of the patterned photoresist |ayer whi4h is greater than that in the first
set of photoresist processing paraneters. 23. The nethod of claim21
wherein the sep@mnd meiloroimplaating esethiod, powpeisSkigng paraneters conpri ses at

| east one of afopméineeapatuofesiaded aridcagjecantufeataned projrctingxqpdswardlybake ti me
whi ch is Ifess a$uebsttdtaf in the first set of photoresist processing

par anet ers. 15atetdlly Thellinet bbdeast ouberm@3 pbrtiamisn of hidhes paim df sspacefl

phot or esi featpres ey ynhdrgrar ametaroshen fimpm skS ta poe-fesposathegbadle te dhper at ur e
whi ch is substratehavitht Aapatternet eptiatossistdayerf rededtest oves thefesteses mgd

par amet er swhighh haSlae opstrtingl thvéreit pdaai i3l inhenmed¢diatehthespaiowf spacedf phot or esi st
pr ocessi ndeptaresyether teataresr ofsthe paprimvinpaspeet tailes of ak ledstchOiand @ss  t han
that in tispate therebetwedn baﬂngrmasneqbrr@?d@géiah%z?&rBa@net ers. 26. The nethod
of clai m 23 whehide saidnepareddiedtures ase Iptesaly pylled, iopriovdanting apmegiest er s
conpri ses iatopsebetkpies matepiak evhighpisr secaiednewar thae- thedair of bspacedi ne

whi ch ar e feetgses;hsaid dorimplanting beingcosductet athan enals Epm prtbegers!

par anet er $he substmage mgdh o oubskraiten matefizé rereived deneasm dhs dieatirep it or esi st
processi nghp@eiiénér s conpri ses at | east one of a post-exposure bake

t enper at ure andfter Bssioncirpyantied beateovingdhaiatierned pheseresist trxertfim in t he
first set tBe pHst@tesiseid gemdng f e Retiesned piwtomsistniayRbdedHCiBBai m 27
wher ei n t Ie95ee GhdpteER! TRPapRlde™ O SN toutpaeHsRITkigNS A et ieakuresiithges a
post - expoR@e foak Whalnise MasuvBennthen paEernade ahetoresish layRlt Was faseivedr st set
of phot or &¥esthe feptbEas algthsaPdifet ers. 29. The nethod of claim 27 wherein the
second set of photoresist rocessi ng paraneters conprises a post-exposure
bake time whi cRli s fndem énplaritng method, koMmising'st set of phot or esi st
processi ng parf@rexrg 8. padoof sprcegedntbadigrent taafres RIBIGEING eH¥wasdond set of
phot or esi ITOMpY 8esSEAtAY par aneters conprises a post-exposure bake

t enperat ure andetgrmiyag- exiesuset Bék@"qtpfﬁis'f\&hP&Feéﬁ@ggpééﬁr@?tecrﬁawhtcﬁat in

the first wetldopppndPEMing:3i Rattyingd sdhgtatesistrlanet ever the features having
an opening therein received intermediaté the features, result in a first lateral

separation of outermost portions of the features of the pair;

forming the patterned photoresist layer over the features using a
second set of photoresist processing parameters which results in a second
lateral separation of the outermost portions of the features which is greater
than the first lateral separation, said second lateral separation resulting at
least in part from lateral pulling action by the patterned photoresist layer
formed by the second set of photoresist processing parameters on at least
the outermost portions of the features;

while the patterned photoresist layer formed by the second set of
photoresist processing parameters is over the features, ion implanting a
species into substrate material which is received lower than the pair of
spaced features; and

after the ion implanting, removing the patterned photoresist layer from
the substrate.

22. The method of claim 21 wherein 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.

23. The method of claim 21 wherein 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.



31. Anion inplanting nmethod, conprising: formng a pair of spaced and
adj acent features projecting outwardly froma substrate; determning a
first set of photoresist processing paranmeters which would, upon formng a
patterned photoresist |ayer over the features having an opening therein
received internediate the features, result in a first lateral separation of
out ernost portions of the features of i1the pair; formng the patterned
phot oresi st | ayer over the features using a second set of photoresist
processi ng par2dhet efbewhiethod efuldim 28 whereiroible seaord set sfpehetoresistof t he
out er nost procassigs pafaniéters camprises ehprarekpogyrediake tamperates wihicht is| at er al
separ at i onessvithianethahén pha ficatrset of pbotaresist pracegeingfparABEters.t he second set
of photoresist processing paranmeters is over the features, ion inplanting a
speci es into s¥bstrahe methad af cldinch3iwhergieithe secondrset ir{nphatergssts of
spaced fedraeessingaPBEIMERIS| AMPIgLR@ PIRyeXpesiiei hgke HEMBawhishnisd less
phot or esi $hamn &hat inftherfirst et efipRetosesist precesHRd RAryBELYSF. phot or esi st
processi ng paraneters conprising at |east one of a pre-exposure bake
t enperat ure andb-a pﬂ'beéﬁftﬁﬂﬂ of istate 2B nwhergin ¢he isecped sef minphataresist t he
first set PIPCEHSHITIPELITOELGIF 0CBRBIISRF PaPEATEXROSUIE bake temperiuseciidaset of
phot or esi drexPOsdrs hake Hmmwhighsaredeps HRamihaitinithgdirsbaet of Photpiraistexposur e
bake tenpdraeeFESEBPANaN§Es3.- exposure bake tinme which is greater than that
in the first set of photoresist processing parameters. 32. An ion.
i npl anti ng nethbd, doapnethasyof fcg'm Ay whersin tbe segapeseirnf phptacesist
feat ures PEfESINhPasAMRERTE FOMPIrises aak Ue23tr an8; otic NIRIAXPYSHIE ihake set of
phot or esi $eMpesrieseiand HapairerRIsratake timguwhich ipgreater thary thatyatther ned
phot or esi Jtrst s8feaf RIREPrasid Areaessing PREAMRIErs-an openi ng therein recei ved
intermedi ate the features, result in a first lateral separation of
out er nost por t2®ns dhetmethashofickimoR 7t weensin the fsecand et ief phatoeesisid
phot or esi ftrotesséng pakametiess tempuises auxisteexposyrecbake tempefatphowhidsisst
pr ocessi ngrpatenrtbare tbatnini thie first get of pmotaredstoprcessingparameparsat i on of t he
outernost portions of the features which is greater than the first |ateral
separation; wh29e tNbepaetlcel ciot a2V eshertein dpersecondesttof phetosesisind set
of processing parameters comprises a post-exposure bake time which is greater

than that in the first set of photoresist processing parameters.

30. The method of claim 27 wherein the second set of photoresist
processing parameters comprises a post-exposure bake temperature and a
post-exposure bake time which are greater than that in the first set of photo
resist processing parameters.

31. 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
separation of outermost portions of the features of the pair;

forming the patterned photoresist layer over the features using a
second set of photoresist processing parameters which results in a second
lateral separation of the outermost portions of the features which is greater
than the first lateral separation;

while the patterned photoresist layer formed by the second set of
photoresist processing parameters is over the features, ion implanting a
species into substrate material which is received lower than the pair of
spaced features;

after the ion implanting, removing the patterned photoresist layer from
the substrate;

the second set of photoresist processing parameters comprising 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;
and



phot oresi st processing paraneters is over the features, ion inplanting a
species into substrate material which is received |ower than the pair of
spaced features; after the ion inplanting, renoving the patterned
photoresi st |layer from the substrate; the renoving of the patterned
photoresi st |ayer reducing degree of |ajgral separation of the outernost
portions of the features of the pair fromwhat is was when the patterned
photoresist |ayer was received over the features of the pair. 33. The
met hod of claim 32 wherein the renoving of the patterned photoresist |ayer
reduces degr eetN§fSqcapd sst of @HRFAEFISh PEHCEERIBIRRT@PIRSSTS C%BP'E'?'BHsatﬁ?a§the
features thewphe Pestagpqsurerbaks fPRaratere andsaiRPSERMPOSHER] PagRIBEes| st
layer. 34.Whigle isetafeatest teami Matl ivhEieifirst nget oif ipRgkenesishg Pracegsifguct ed
at an anglP@ramererért hogonal to the substrate, and is into substrate materi al
recei ved beneath the features of the pair. 35. The nethod of claim 34
wher ei n the i odR.i npRariohngpéarging methedyuwcomprisingyl e from ort hogonal of the
out er nost por tfioomingh pdicopspacedfand pdiaedntf featwressprogsatiingi augwlardim sai d
| at eral pudtdmregsuldfiratéhe nmet hod of claim 34 wherein the ion inplanting angle
I's greater thdeteamgiiegf aofinsbr $¢togbnEtotofesidie pmdessings paoneiarsiswbicht he pair
of spacedvduddt upes foeaing amptierard Sehatotesistrlayempalén the f&turdhbavieghod of
cl ai m 34 @neopdning tibereim receivedhintegmeadigke the féatsses, treanltdamgl &rst lateral
or t hogonalsepération adutwenmsest portiarsnef the fedmirpaiof thd psisaced features
resul ti ng fronficsainy | thiee paktepnkd | priptoBBist Thayeneovierd thé f=Hadumas2 singerei n t he
features aeeond sehefspintoredistepartdssihgpmaratnete@Owhidie remiltsoth af sedoadm 21
wher ei n t hatetrslagapaestion of ahedftbanest pattionsesfstheofeatofessivhizhaisdgrebegre. 40.
The net hodheh thé fiirso 13ferahsssaratibhe features conprise field effect
transi stor gatwhpé atks pattepidds iphdteregit cladeelfemhed Cby ayer seeorebraucdfi ve
| ayer and photoresist aprocessiag, parbmeters netdved e ¢éatunres) lioshémelantinige af eat ur es
of the paispebi@geintasqastratat masertdl athidhedstredeiled alotver Hacehé heaiebst ween
havi ng an spaped featueds;o of at | east 3.0. 42. The nethod of claim 21 wherein
the features odftéhehepininfslgetingsEesévingithepatteratd Iptassredisd layardremspace
therebet waps fabstrddeprthas p@dbvingalbf achef pattetrds iphbtéresist layer reducing

degree of lateral separation of the cutermost 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.

34. The method of claim 21 wherein the ion implanting is conducted
at an angle from orthogonal to the substrate, and is into substrate material
received beneath the features of the pair.

35. The method of claim 34 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.

36. The method of claim 34 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.

37. The method of claim 34 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.

38. The method of claim 21 wherein the features are of the same
size and shape.



43. The nethod of claim 21 wherein the patterned photoresist |ayer

conpri ses an organi ¢ photoresist. 44. The nethod of claim21 wherein the
patterned photoresist layer 1is received over less than all of each of the
features of the pair. 45. The nmethod of claim 44 wherein the patterned
photoresist layer is received over about 50% of each of the features of the
pair. 46. The nethod of claim44 whereinliZhe patterned photoresist layer 1is
recei ved over |less than 50% of each of the features of the pair. 47. The

met hod of claim44 wherein the patterned photoresist |ayer is received over
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46. The method of claim 44 wherein the patterned photoresist layer
is received over less than 50% of each of the features of the pair.

47. The method of claim 44 wherein the patterned photoresist layer
is received over more than 50% of each of the features of the pair.

48. An ion implanting method, comprising:

forming first, second, and third features projecting outwardly from a
substrate; the second feature being received intermediate the first and third
features;

using a patterned photoresist layer received over the first, second, and
third features to laterally pull at least outermost portions of the first and third
features laterally inward toward the second feature by lateral pulling action
of the patterned photoresist layer on at least the outermost portions of first
and third features; the patterned photoresist layer being received entirely
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.



53. The nethod of claim48 wherein the first, second, and third features
have aspect ratios of at least 3.0. 54. The nethod of claim48 wherein the
first, second, and third features have aspect ratios of at |least 4.0. 55.
The net hod of claim48 wherein the patterned photoresist |ayer conprises an
organi ¢ photoresist. 56. The method of c{gim48 wherein the lateral pulling
of the outernost portions of each of the first and third features is from1l
to 100 frontorthogonal to the substrate 57. The nmet hod of cl aim56 wherein
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57. The method of claim 56 wherein the lateral pulling of the
outermost portions of each of the first and third features is from 5° to 8°
from orthogonal to the substrate.

58. The method of claim 48 wherein the removing of the patterned
photoresist layer reduces degree of lateral separation of the outermost
portions of the first and third features from the second feature from what it
was when the patterned photoresist layer was received over the first,
second, and third features.

59. The method of claim 58 wherein the removing of the patterned
photoresist layer reduces degree of lateral separation of the outermost
portions of the first and third features from the second feature to what it was
prior to formation of said patterned photoresist layer.

60. The method of claim 48 wherein the ion implanting is conducted
at an angle from orthogonal to the substrate, and into substrate material
received beneath the first and third features.

61. The method of claim 60 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.

62. The method of claim 60 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.



66. The nethod of claim64 wherein the patterned photoresist layer is

recei ved over |ess than 50% of each of the first and third features. 67. The
nmet hod of claim 64 wherein the patterned photoresist |ayer is received over
nore than 50% of each of the first and third features. 68. The nethod of
claim 64 wherein, the lateral pulling of the outernost portions of each of
the first and third features is from 101820 10 from orthogonal to the
substrate; the first, second, and third features have aspect ratios of at
least 3.0; the ion inplanting is conducted at an angle from orthogonal to
the substratebdnd iThegnsthest ehelaimeiCewharein dbeiigrdmpiandinchangle isilesst and
third fedbhaneanglefiorn motheganal nvg the quierpast epriiansppbthe @airsef sraked r educes
degree of fepires sgsultenafam saidoletenabpelingr nost portions of the first and
third features fromthe second feature fromwhat it was when the patterned
photoresi st |8§er ae metwd elclgirartt wherginghe patteyngd phedorasistdayerat ur es.
69. The ne$ eekivdd ever leseghamal «f eachof (the dirsll andithirdéeadirehe  out er nost
portions of each of the first and third features is from50 to 80 from
orthogonal to 6he slmemeihed ofglaimhed miterein e pAtterned Phateresist |aYes r enovi ng
of the patis &eeRivied pret abewl 5% efjeachrefdihedystiand dbirdiffeptatres.al separation of
the outernost portions of the first and third features fromthe second

feature to whabbit s mpthast of clairorafawihereinftheiatteraed ahodaresisstlayersi st
| ayer . is received over less than 50% of each of the first and third features.

67. The method of claim 64 wherein the patterned photoresist layer
is received over more than 50% of each of the first and third features.

68. The method of claim 64 wherein,

the lateral pulling of the outermost portions of each of the first
and third features is from 1° to 10° from orthogonal to the substrate;

the first, second, and third features have aspect ratios of at least 3.0;

the ion implanting is conducted at an angle from orthogonal to the
substrate and into substrate material received beneath the first and third
features; and

the removing of the patterned photoresist layer reduces degree of
lateral separation of the outermost portions of the first and third features
from the second feature from what it was when the patterned photoresist
layer was received over the first, second, and third features.

69. The method of claim 68 wherein the lateral pulling of the
outermost portions of each of the first and third features is from 5° to 8°
from orthogonal to the substrate.

70. The method of claim 68 wherein the removing of the patterned
photoresist layer reduces degree of lateral separation of the outermost
portions of the first and third features from the second feature to what it was
prior to formation of said patterned photoresist layer.





