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; e3e\ pb. 6dTze. ~ ~nuh~o~mmu A LOW TEMPERATURE RESI ST TRI MM NG PROCESS FI ELD
. OF THE | NVENTI ON The invention relates to a nethod of fammummmnmmlwm
wintegrated circuit in a mcroel ectronic device or MEMS
¢mcro-el ectronechanical) device. Mre particularly, the pressnt«invention
is directed to th | (A J At toresi st which
translates after ﬁ%@ﬁ%ﬁ%&*Pﬁ%ﬁgﬁﬁT&wWén@?ﬁ? MOS transi stors.
BACKGROUND OF THE | NVENTI ON One of the key steps in the manufacture of a
Met al - oxi de- sem conductor fi f t [ (MOSFET) is formation of
a polysilicon or netal gate. gﬁ'&ﬁ\é%ﬁh%mﬁég{e conducting nmetal is
typically e of the smallest dinmensjonps in the device. To satisfy a
const ant* detREEVPRHONRIFIES (R MR R ACEPHERNGERN INlaRSdCkeHb R h or cr i ti cal
di rension (CD) which is act |y measured as the width of a netal line is
Cont | nuaMSToBacHENEdisyerP IMEMS S e B TecrasiaRl ARy JaoTe AR o ¢ he
100 nm t echnol og%j node that is currentlﬁ/ bej n’% i_ngl emented in )
manuf act 4 REpsegbinkentiongs Rueeledda-die metiiasofdrimming hedinewidth of PRetserfistd. one
shortcom ng of state of the art |ithography processes is that they are
i ncapabl avhigh tanglates iaftBr gtcphiramnsiendo sherterrgate iangfwon MQ@Siteansistais er t han
about 100 nm WMany sem conductor manufacturers have overcone this problem
using a trinmm ng process which laterally shrinks the photoresist line with

an etch step. MOSFETs ar eBAZKGROUNDh@&THy INVENTIONf i ni ng active areas in
the substrate by form ng isolation regions consisting of insulating

material |ike silicon dioxide. The isolation regions can be generated by
| ocal oxi daphewf tHe Kdy stepein(thOFApufasturyofa Mt loRitet epmiedhduredr Feldetfdcb T )
techni que. A gate oxide |layer is grown over the substrate i uiuiui~i ~~i n~oi

bet ween tthmsistsH (MOSFET RS FaHfatiohea @g@g@n@rmté%mhéw&h of Hegats

polysilicon is deposited and patterne bove the gate oxide |layer. The gate

| ength i %oﬂﬂggtﬁﬁgggf}_l f}%txﬂéie‘i(a)ﬁp)j Ghd ¥f tﬂétshﬁl]lgétgﬂn%n%ﬂg H 6! RvidedNS] sé?i@@lﬁe*

gate electro enings I n otoresist are transferr

through the.gat aeﬂna}ﬂg ‘forﬁ%fgﬁ’@rgilbgfo%aﬁcé){jlé\ag%, ﬂié:gatg;\;%ﬂré :oP Pgt?}dg%)hﬁruﬁgrgﬁdnon s

used to formsourcée/drain“re ns whi c nder the
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e s e bR kR oBR clob bR Sh" £/ G F0B P cRRSIoB) kg tNe

that is currently being implemented in manufacturing, gate lengths as small as 60 or 70

nm are being produced. One shortcoming of state of the art lithography processes is

that they are incapable of controllably printing features in photoresist smaller than about

100 nm. Many semiconductor manufacturers have overcome this problem using a

trimming process which laterally shrinks the photoresist line with an etch step.

MOSFETSs are typically made by first defining active areas in the substrate by
formihQ isolation regions consisting of insulating material like silicon dioxide. The
isolation regions can be generated by local oxidation of silicon (LOCOS) or by a shallow

trench isolation (STI) technique. A gate oxide laye}' is grown over the substrate
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The photoresist material which is pattemM se exposed through a reticle can
be either positive or negative tone. A positive tone photoresist undergoes
-—a reaction in exposed regions that renders them soluble in a devel opi ng
salution which is nornmally aqueous tetrabutyl ammoni um hydroxi de. Unexposed

Por 1 07 oSS Thhoh TS STBE BB Rl s oHBUGHEESH e o
P b A GavelontL A e WxRset, Borh o8 RS peshed sue

material or part of a bilayer system In bilayer applications, the pattern
formed i itially paReinifgy® REOIOESRISt 12yer ondhe gatgQleelrodailay e olithoreningsdr dihe

under|l ayer that is used for its planarization and anti-reflective

pr oper t i BROtoTesIY @R transferred threugly the gl dayep hy opans &fa plasaleieht etherHpah i s
very opaque to the incident exposing radiation such that only a top portion
near t heimplantaien isussndds feine seyrceldain cegions whichideaiine & chanaggengtb ussetur . Top
surface imagi ng techni ques are frequently conbined with a silylation
process thei gatefoxides TheSinaboteps irs glaking theldgvica censiitef addingsigewaltispacers
unexposed regi ons. A subsequent oxygen etch renoves photoresist in regions
t hat ar eadjatempttottiee yaie digcttdue, depodititg ammsdiating ldyee ohithersuieterand st abi l ity
of photoresist features are typically in the range of 90C to 150C. Any

pr ocesseforinid ehtads b arsoetabesn tdfidng andlovthe gatepsiedtrodeds i n this range
or above the thermal stability Iimt will cause the resist to flow and

di stort. Thend phdieisrP Matdti=p Whsch iy pRttefrvisipblisBdithuph atretiee cah babove the
gate | ayer generally invol ves exposure tools which use wavel engths that are

sel ect ed oinGAbi@IHeBhrfOnBIMA Sosite B8 phBlorsditLrider AN Iagfurpiect | on

el ectron tools t e the capability of imaging 50 to 70 nmresi st

features i I i } . X-ray
and i on Bl AT AR IR U AR IRT SOl WA SRR, Dot
in gener -l i j ith the
st adv 27880 B5enPt ARt MRl NERBL A bioRY of LR Thor gl !
enhancenent techni gues.that are currentl i |l e | nuf acturi ng, the
i i o FORAY BoQHOE T Hig Svaibres TLEGHIME ARiRedS adtsaRteBSRE ' 1Y about
100 nm This, size is not spall epough to ef the depand for spb-100 nm
gate | engiaRlinkd orfsecoms Sheoriss heofbie i dlopsr vhie Tna PostbEoriate, | eq
to other nethods that require trimmng the pattern in the masking |ayer
that is S®veghehewsyin eguqqusibasesobtiony Fhataresist caabe applikd ayasingige
process of accurately and repeatedly etching patterns has been the subject
of si gni fayesmatedsiar peraie bileypresyistam.y In bilayge applications, sagrpaitern dermed in a

el ectronics. The extent to which integrated circuits can be mniaturized
depends dhintimagingdayeidy etehdranefeiregid thraughaf thioker yadariayar thgt isnisedifemitang
processes. The etching process involves the use of a nask to selectively
al | ow an pédrenizationt and anibveflectide ptopertipss disomecdasesra singledaybrqhotozesisttier i al
t hat has been exposed through openings in the mask pattern. Al though wet

L et chantsglevted WhicBi®Veryespagae & thedhoidemt exXpobingFadiation yctpthat erily @edophen t he
mask is a patterned photoresist |layer. One of the original methods of MOS

mask i s a patterned photo ! et hods of V05
| EEE. B cr o e e SR Aoy e g A el S o e T e B P, .

pl asrma ets%ﬁiaeg irﬁ%ﬁibgrt’éé?‘fnfc*ﬁe@%rg?regﬁ%ﬁ?’&o%ﬁ?ﬁecf\%%%@P%ﬁ@@ﬂr&%’és?@ of 50

Watts was USé teralty trim toresis ore an etch

transfer ;nto~ag. rl yi Sili r. radicalq react with
el enent s fé&%oggl l%%%%gﬁgecgg?lﬁ?r{ %@eﬁNﬁ?g’l‘éaoggtortu?é%/%dtrﬁgﬁoﬁgc respondi ng
oxi des such as 2) HO0 2 and S02 which are s t_away in the exhaust
orream  AUsPRuT gt shremp TP oS Bty el HRLarh I piled SEREI

Vol. 13, p. 1740 1743 (1995) nentions the use of oxygen plasma asking to
achieve 40 nmgate el ectrodes. The lateral trimmng is about 15 nm mn. and
i s al nost independent of the original photoresist dinmension which varies
from216 to 324 nmin width. Besides ghe |ateral erosion of the photoresist
i mge, sone top |oss can also occur during the trimmng process which is
unacceptable if there is not enough resist thickness remaining to serve as
a mask for the subsequent etch into the polysilicon |ayer. The verti cal
trimrate of a photoresist inmage can be nore than twice as fast as the

hori zontal trimrate. Jeon et al. in J. Vacuum Sci ence Tech. B, Vol. 12,

pp. 2800 2804 (1994), utilize a Deep Utraviolet (UV) hardening with

wavel engt hs near 300 nmto harden the photoresist after a trinmmng step and
then proceed with etch transfer into an underlying hard nmask. The hard mask
(silicon nitride) then becones a mask for etching polysilicon gates. The
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mechani sm However, other resists such as those i maged by Deep U (248 nm
radi ati on whi ch contain pol yvinyl phenol polyners can be crosslinked or
_hardened as well. The particul ar wavel engths sel ected for hardeni ng depend
on their absorbance in the photoresist film A high absorbance will cause a

hardeni ng 4.n._only the_.outer skin wil | ow absorbance will result in too
"Tiire eRerbsmiEy Fiarms) Sehll & theuaahEBTaR Bhyalt Bibngende

har deni ng é)rcpcess. dh sone cases a bottomanti-reflective coating (BARC) is
fornmed off YhE 180 1GayRRY pracesseinelidingrRiadsna ichies deatinvRlve tempegeturason
control reflectivity during the photoresist patterning process. This |eads
to a ti gtiefangerarebovetheithegnal Sakilitydimihwillneauge the fesist ta flow Bpd disort.Pat ent
5,804,088) a Ti N BARC al so functions as a hard nask for the polysilicon

et ch step. TheSithégraphy pEoess usadtapattern ts phdterasist abbveathecgajalsiyer BARC whi ch
is isotropically etched wwth the photoresist at a 1:1 selectivity. However,
$ARC | aygesenally)involyee expasure 400!s yhichduseewavelengihe et armselactéd drost a rangene
manuf act uri ng process. Organic BARC can be difficult to rework and strip

si nce it of 45@Bmetoaiuby20fumrad Highethr@@gigaut rdjestionrelestiamgoean tomdisthabbak the U. S.
Patents 5,866,473 and 5, 776,821 involve form ng an oxide |layer on the

verti cal capabilty of inaging S0¢d 7pwiny sidist deatugestare st irddevielopmagnit @ndepa soores sone
of the polysilicon and when the oxide is renoved the polysilicon gate has a

snal | er  dip@setd impihént. Dbyl aididhibeantimagingsystems hxed alse Peehtfed to
additional formation and renoval processes that can add to the overall cost

of the dguage phdtordsistdt ih geHeyalldrb Mot fANANRARMS/oRAe RandfIREuUNMg me8Xi Sti ng
mat eri al s and equi pment to mnimze device cost. Another photoresi st

Lo e ng B HGR  SBEQuIS 0G4 eBSEal B RBRS 1o
oo B AR L MRSl AN,

har dens e sur resi s nor e
Fendency "t utrane I Hah B sefacty Bhagadn oGBS B s LM M nfe SFutBef e e

gate is sepsitjve to high tenperatures. Therefore, an. inprove hot or esi st
P71 i ng Toh ael Spudh B Beet GRERaRd 2 sue B0 S 68 Aeth Br S rBfe 1 o
allow a significant retention of filmthickness that will provide a good
mask for deMiEepoPy 4 Tesubrihadndysty bgsypsarted tpothenmethads thal requredrimeniag owed
to allow a good control of the reSUting feature size. The process should

i deal | y dhWepattemdn the maskiog layer éhat iasukspapentietch tregsfierred de éarem thagiaterr ocess
steps and add cost to the device. SUVWARY OF | NVENTI ON The present

i nvent i oelédrogenet hod of preparing reduced photoresist |inew dth di nensions
during the fabrication of integrated circuits for sem conductor devices,

m cr o- el ect Tlherpritass ohacqur&my) ardirepeatediyostching pattemsihaseehdhe sebjectraf t he
formati on of patterned features on a substrate. One objective of the
present isigrifidentdeveloprment; espatially imtsaareafof sehictinagctoh elelctronias.dThe ektent

phot oresi st pattern that is used to define a gate length of a gate

el ect r oddo which iMegrétéddireiitecaniibe misibRriaed depemdsieh thie acumzcandséﬁetbilftyaat ure
shoul d be sl ow enough to allow the reduced feature size to be forned In a

control | Qﬁtﬁé‘ﬂaﬁéfﬁ{r@% ét{:l‘ﬂn Pd?ﬂsseél?lr?ﬁ@é&hir@prbbéés"lﬁ%ﬂl&s?‘{hetdsierﬂﬁang of

the photoresist w be slowed as we to provide enough thickness
‘ . I . . . .
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material that has been exposed through openings in the mask pattern. Although wet



A further objective of the present invention is to provide a nethod of
reducing the linew dth of a photoresist pattern that does not involve the
.formation of extra layers or use of newtools that can add to the cost of
manuf acturing the device. A still further objective of the present

invention,i,s to provide a nethod of reducing the |inewdth i_ncreasing
e spac it ol BY SHiRtE & Y PsmEeih if decaly ree/BEE R e otk i &
transferred through an underlying | ayer or substrate. The pattern is not
restri ct fRatepagpiicteresistByer.ne but can consist of dense Iines and spaces,
contact holes, trenches or other comonly used photoresist features. These
obj ectives 8ne cidhg engisalbyetbpds PEMQS deyige falrisatiopinyolyingsgale langihsless a
substrate. The photoresist nay be positive or negative tone and can be

i maged withan 200am istpublishediti IkEEoRleswon Devicerletteds, Vpl. &, &t dopp. 86188
ultravi ol et sources that have a wavel ength or wavel engths sel ected froma
range of (4B88}byil60HIMA plabmb@ictiog systemawith & Caypressure o6300 d optartdoiREsi st
is selected froma group of materials including single |ayer photoresist,

bi | ayer ipovegrod SOy atsrwvas ased dp laenatly tran arpigptorgsisyfeatums befane anetanbodi nent ,
the width of the photoresist profile is controllably reduced by cooling the
subst r at erarsférda® dhandetBgbolysiicoinaayerg Oxygen hadibald easdt withaiggentsafic, ar gon
based plasma. The net hod further nmakes use of a | ow pressure inductively

coupl ed pHarNand 8Grihe\biedterasist BefdraRheipcbrreyRidingoaded s 4PCOLaHE a

renot e high density oxygen and argon rich plasma. The plasnma al so forns an

| ntense whpgt@na@@gwﬁieﬁ'fa?é E\ﬂ@pt‘%ﬁ‘i&%b%&ﬁ&@%ﬂé&bﬁ. hardens the outer

portions o e resist feature he plasma etches away t he photoresi st

| verti cal andd\baaiitbatid GFM. O in 1N SaGAIR SAL Tah & VRO Bl fhug at e

and WV hardening re etch rate so an adequat e

;;'gggggglﬁz P45 DREbP Bl Ste (5% A BF0nl PR PR Beblee AT oefd, 7

Fate. and SECaeh e RipalfmdbSiSansh TR i A Ros dheREoldiite of
|1 h ' ' idth. This n d full )
ol crrent BUITe) RTRHTBASABSRIog; waich Vgt AN A oo £23 N 1 WM it bt o one

that is onl ry$ 0.08 mcrons or 80 nmwth vertical sidewalls. The photoresi st
pattern wit iPasifsdBe latensbaragion ofdhe RRAIORSIH dHage S fapdass P@%ﬁ'sgﬁpg‘dﬁ ropic
manner into an underlying substrate such as polysilicon during the

fabri cat i dwing the tNOSHET PERoEse whicghhy unaresniatkie lfﬁ%@@dﬁ ast enoygh resist pped by
conventional nethods. As an alternative, a UV hardening process is

per f or medthickness remaihingtteisenienas 8 mask far iherawbsequant gteinvata the ipelysilioen
exposure systemcan be used to apply radiation with sel ected bandw dt hs
from t he BFer.t thelOertinahtrimmgts ofdephotdresist ipage cérebé amgre dinah fwite as fastas
Normal Iy, a one to four mi nute exposure is conbined with a thermnal

t r eat ment thef hdrizontal Gintrate. J46Cetalin 3 adulincEeishcd DedtarB]afol.t 12 ppu2BI0 —
surface of the photoresist feature. The substrate is then subjected to the

pl asnma et gBOp (LA sutiles arbéepUitraviong (O Rardeniredvitfenhvelbigths BE&I0300 nm to

enbodi ment, the photoresist pattern is gor med on a substrate or on a hard

mask over hérc@??@% Pgbgﬁ"szﬂ%t Sggﬂgiirg% Senddfien piteed viiftAdten YafdfBr info an

phot or esi st can ation i nes and spaces, contact

hol es) or r I t .
aed‘uc)es tHhaéﬂ@?iﬁa@e@%‘ﬁ%%é%mi‘% %ﬁ?ﬁﬁﬁ@%@ 8 ??E?@@%ﬁg‘%ﬁﬁfﬁ?@ﬁml
ensity etch j.n an | CP_cha r with oxygen and argon pl.asm e es a slow
ctch ¢ hat PRVAIFP3ates. TBPERORrerSUE 135 RRDPR i SrLB R R BB Py ne
hori zontal conponent. s The advant ages of the enbodi nents of this

i nvent i on MBRYING FAL CRBIANSRAVOLALT SRBYWHIEh PaseBe Arosalinkeddn the\Ardeningt or esi st
trimm ng process are controlled. No extra coatings are required. Since the
etch and UV hardening can take place in the sane chanber, a high throughput

process i s possible. Furthernore, th% | ow t enperat ure process does not
di stort the photoresist inmage.



BR1EF DESCRI PTI ON OF THE DRAWNGS FIGS. 1 a -1 d depict the various steps
of the nmethod for formng a polysilicon gate structure in accordance with
- an enbodi ment of the present invention. The structures are not necessarily
drawn to scale. FIG 1 a is a cross sectional view of a patterned

photore5|st on. bstrate, FIG. 1 hot or | means of
a pl asnma &S Eﬁ”'sm dﬂowe&e Iy Other L3RS Sggféﬁgﬁ%% 'magﬁﬁz)?'ﬁe B?&gggnﬁfter etch
transfer of the trimed photoresist pattern throu h%'i\ﬁr derI i ng
pol ysil i (E%‘Ha'l'%ﬂ/\é’h":hliqoﬂta”lpG'YV%‘YbO"@r@EWQ@@W BRHP egf &Ag er
formng the gate el ectrode, form ng sourcel drain regions, add| ng si dewal |
spacers awalag‘ém pamculwewgmlewgihséeie@w@l fomhardesingidegend endbeis absoroarce in
sourceldrain regions and to the gate. FIGS. 2a - ~c are cross sectional

vi ews dermaphotatesis filrowA tiigh gbecrbance wilkecalsera lardehiag apphliydie bateniskiani ng a
space width in a photoresist pattern followed by etch transfer into an

under | yi mghilsubioiv aisorbdhce T8 UItED tod-RORIeREIgYNb g 2bforbedyBNThéINmIded am esent
i nvention has been found to be effective in reducing the linewidth of a

phot or esigxtedshadly polomgerl sardéming lpestesgnner and is particul arly useful
during the formation of gate electrodes in MOSFET for sem conductor or MENMS

devi ces. Thm gorid108sexadn bbitoraRptiirefledtivetcoalimg (BAROEIsSomtedbn the/§4te ddyper Of
features including isolated |ines) dense |ines, contact holes and trenches.

Ihe 11y SRtola et rerspsnty ooy ssitertatoteLe ] |1

s patterning process. This leads to a tighter control of dimensions in the printed pattern.
in U.S. Patent 5,804,088, a TiN BARC also functions as a hard mask for the polysilicon
etch step. U.S. Patent 6,010,829 describes the use of an organic BARC which is
isotropically etched with the photoresist at a 1.1 selectivity. However, BARC layers
require extra coating and removal steps that add cost to the manufacturing process.
Organic BARC can be difficult to rework and strip since it is generally cured over 200°C.

Other trimming methods found in U.S. Patents 5,866,473 and 5,776,821 involve

forming an oxide layer on the vertical walls of an etched polysilicon gate. Oxide
formation consumes some of the polysilicon and when the oxide is removed the
polysilicon gate has a smaller dimension. Again, the formation of an extra layer
requires additional formation and removal processes that can add to the overall cost of
the device. Preferably, any trimming process can be done with existing materials and
equipment to minimize device cost.

Another photoresist hardening method which allows more photoresist thickness to

be retained during the etch steps is described in U.S. Patents 5,876,903 and 6,232,048.



typically silicon wwth a field inplant of an inpurity such as boron is
provi ded which has an active area | ocated between two isolation regions 12.
-.Isolation regions can be forned by a LOCOS nethod or in this case, shallow
trench isolation (STI) features 12 ' are depicted The STI regions 12 are
filled with an insulating material such as silicon oxide or a |ow k

di el ect r BeOMbardment W'”NOQE@Q Réxticdes Wil epergies af 3%#0&98 thﬁé@?ﬂséiﬂﬁ suEge®ns 12
by placing substrate 10 in a thernmal oxidation furnace where a dry oxygen
anbi ent af themhotoresist ang meBegis mosdEsistantis plasma gebwQie drwhack isytbat f rom
about 15 to about 100 Angstrons thick. For high performance MOSFETs, a gate
oxi de t hilekicasneody atd Wighstoseavera thatencyite danefgerthe substrate whiakt ¢araot such
as RTO (rapid thermal oxidation) may al so be used to grow an oxide |ayer. A
pol ysili b@l‘eas?yahnééied &bk #ogateliS 8BndNNGstor g ténipataPedAngst roms i n

thi ckness is deposited on substrate 10 with a | ow pressure CVD techni que.

In FIG 1 arhea:emta?rrﬁﬁjrcs\tedogﬁdt@resnslt’nmmmgﬁ@eaeésxsmﬁéde@m@tewtheQeﬂrcbriyer
16 by a standard I|thography nmet hod. Dependi ng upon the desired width L1

the phot @t@siatd ist MW RSSIOWRY siiflcaht RAGRIDAWS iR thitKRESE tHatWilt privide 4 0 1
m cron or higher. Normally, io the height HL of the feature is not nore

than abowhod idsickof tHEBsolPsHidoRldlen 8@plwhileQh® heMesHtall fr8cd2ak Wioveld'te Riow a
col l apsing while in the aqueous base devel oper or subsequent D) water rinse

Process. &5'88 oBHf?Bloéffiﬁé %suﬁﬁ'@ 1BSues SRer Th@%réééé% sPoufiadaall ?’T s‘ﬂ;“@ and may

consi st a single layer |'ayer or top-surface |nag|n system A
bi | ayer r ayer that
s col ect SIS ERra RS AR ol R riaPYiEoa B o sl ol o

i mge |s4é med in the top layer, the pattern is etch transferred through

t he under a&@r A TSI systemis normally a single |ayer material that

hi ghl y absorbs the inmaging ra ly a top portion of the

| ayer undergoes a chemi cal cha%@@%?@?‘@i\z@a@q A gas phase silylation
is then used to selectively formO-Si bonds in either the exposed or
unexposed reglons Then an oxygen RIE nethod is used to renpve regions

whi ch do nofhe grsenhingessionyis fudethdaf peepasingiredwcadfipieresist ieyddth
organonetal I'i c conpounds can be used to form O-Z bonds where Z is an

el ement whimeasions during thedgbreation of intaarated gjeavite fenremicondustasdeyiseag

radi ation used to pattern photoresist 18 is typically ultraviolet Iight
with a wanicreaigetromechanichl¢WiMS) devicase or athgedévicen thbbraquirs thenformetitre bbw
200 nm Those skilled in the art recognize that 193 nm exposure tools are
bei ng i nyatteemdcefdaturesran af sublstrafeng wi t h capability of sub-100 nm i magi ng.
Wthin a few years, 157 nm exposure systens are projected to have 70 nm

i magi ng capapiel ddjectiveobirechresentehearitionns iepovisies means\bf redasipglthd ity to
image 50 to 70 nmfeatures are expected to be commercially available in the

near f ut Urwidthéf aXshiofdfesiof patiin BRANE G3PRIAIPe A gatedith 6K GRleasie@tfode
radi ati on sources that couId be used in the future to pattern sub-100 nm

features jhry ROYFETESde. f ThéRaterdN@inithing Pk dH&Y&@éer@attﬁe aﬁéura bBisigl to the

type of exposure systemand is not Iimted to the size of dinensions Hl and

L1 in FI Gnolgh @alioitisd %dtﬁéﬂlfé(aturtd“ﬁi@ dBStdeed if %F’ﬂrﬂﬁsidc &Hd & chﬁ%frolé(!:“atnhbg

m ni mrum | 1 ne~or space Size 'S sna |l er than t e smallest L

reliably X one
cases) dﬁh@ﬁﬁtjnﬁﬁ$€wgqn JBRE%L§W¥§®bt %§§v§ﬁ§§§ﬁg%HU%?%begﬁmﬁg@ﬁn|ques
|ncIud|ng attenuated, qr, alternatin |ft masks, t o _achi eve

L1 51 ve hidiBanough a3 Spialion el 3awe i BB o shave. n a1 /oS not
capabl e of achleV|ng the desired feature size, especially for gate |engths.
The i nverMask duangadubsesentatch transias @ thepatiesn infe eyrderlyinassubstiale: ni mum
feature size which avoids costly changes in the exposure process. |nstead,

t he, i nproved net hod makes use of existing etch tools to achi eve dinension
L2 in photoresist 18 as shown in FIG 1 b that is smaller than L1 which is
the snall est feature size that can be printed by |ithographic nethods.
Substrate 10 is placed in an etch chanBer which is preferably an I CP

(i nductively coupl ed plasm) chanber. The chuck that holds the substrate in
pl ace inside the | CP chanber has capability to cool the back side of
substrate 10 while plasna etchant is renoving photoresist 18 fromthe front
side. The I CP chanber provides independent control over ion flux and ion
energy. In this enbodinent, the inventors nmake use of a | ow pressure

i nductively coupled plasma wherein an I CP coil power is applied to create a
renote high density oxygen and argon rich plasnma. This process can work

with or without a separate bias power applied to substrate 10. One of the
key features of the ~present |nvent|on i's that substrate 10 |s cooled to

o " o P 1 AR A a2




"The | ow tenperature plasma etch slows the etch rate in the horizontal and
vertical direction which allows a nore controlled and reliable trimm ng.
.The sl ower etch also enables intense UV radiation fromthe high density
"plasma to sinultaneously harden the photoresist inmage as it is being

tri mmed. The, hardeni ng nechani sm by UV radiation is believed to involve a
crossl i nki nyfu SEPP@ﬁt?V@le\KB%R“%ﬁem é\”@ﬁ't'o'b@I@rﬁ’éﬁ""%ai"?f’é}"?ﬁ?Pﬁ'ﬁﬁ’uﬁlﬁg the

phot oresi st. For photoresist that has been patterned wth wavel engt hs above
300 nm Anewigtoefl § phetetesis patiem thet dersonetdnvales the famationcefextsallgyens od
photoresists are inmaged with 248 nm (Deep UWV) radiation and contain

pol yvi nyus@bénewdoolhiatzan aakido thmeddtyof orarsiéddturigtheideicappr opri at e

radi ati on. UV hardeni ng of photoresist 18 further retards the etch rate in

the 1 CP chauiidrfurtér disiectivegstheprsent meoasticrliedo providessn mextygLof rebigaihg 8iee i N
the range of 5 to 10 sccmcan be used alone, the trimrate is | ower when

oxygen i fing\wigith bnineiaBingahé gpayd witita belaphatorésiét patterrithat f subsefGerflly etg@e M
The ICP coil power is fromb50 to 100 Watts and is preferably 50 Watts. The

pr essur e igRsfehvdd thdugR Mfideli§ing 18F8r r ls0bstFat8 OfHe pdtiirh 7PRGtabstABEd\E Fhi cal

etch rates fromtwo recipes are sunmarized in Tabfe 1 and Table 2 bel ow.

No hat - - i ' !
te thateddigd YR bl ain bbiddiiohGehde MUY & SRUBLYoHARMORS, AL dMer

hori zontal etch rate. exanpl es, ate 10 is coole

the ICP %Pﬁ.{ﬁir&?m Fa ebﬁ&@l'es‘igtiféﬁtgr%ts.e is measured with an ellipsoneter and

hori zont a I'S measured with cross sections froma scanni ng

T 2" or ons MR SREANES e bbby b G e BB B Saveh e 80
1 Ver t1 o 2HBRFA; RREQBCRNFEHBA BRReE R P BPel Faah RN can 4P 15Rged iR al
(Al i n. ) NBEREl 9B sauRas b Ec lpeln brh s Tet Saus8 18 Bate 85 scom
1 95 iavBlength or wavelongis selected oM & S of Abouk 430 7im to BBl 200 i,

and X-ray sources. The photoresist is selected from a group of materials including

single layer photoresist, bilayer imaging systems, or top surface imaging systems.

In one embodiment, the width of the photoresist profile is controllably reduced by

cooling the substrate to less than 20°C while etching in a high density oxygen and

argon based plasma. The method further makes use of a low pressure inductively

coupled plasma (ICP) wherein the ICP coil power is applied to create a remote high

density oxygen and argon rich plasma. The plasma also forms an intense ultraviolet

radiation which simultaneously hardens the outer portions of the resist feature while the

plasma etches away the photoresist in vertical and horizontal directions. The

combination of slow etch rate and UV hardening reduces the vertical etch rate so that

an adequate thickness of photoresist is retained to serve as an etch mask for a



Hori zontal Trim Rates in |ICP Chanber on Patterned Wafers at 6.5 C Drawn CD
unmLl (umL2 (umEtch Tinme mn. Rate A/ m n. Reci pe2l. 641. 525120. 05 sccm
-.0210. 7330. 5335200 05 sccm OzO0. 80. 540. 3385202. 05 sccm OzZ21 64l .238256. 25
sccm OZ10. 7330. 2598296. 25 sccm OZ21. 641. 545100. 05 sccm OZ + 45 sccm

Ar 10. 7330, ggﬁl 4.0 + 45.SC Ar.Q. 80, 540, 37 2. cm Oz + 45
sgcm Ar 2%."% . gbeﬁcﬁ'}%%ggrgie@nm?zt@ “i@%%‘&ﬁﬂﬁ‘b@%ﬁ%@ﬁ%&aﬁ% sccm 02 +
45 sccm Ar Q. 80. 540 1889195. 6S sccm Oz + 45 sccm. Ar Tabl e .1 indicates that
the vert P8 ﬁfﬁg9r&h9pgfa§erﬁgetggggt[e 'ig]c’c“é?"é’ﬂ% eomEcal iR a@@ IS WRP 53RE50T s
m xed wth 5 sccm ox(;jgen t han when oxygen is used alone. Trimrate varies
sl i ght | y 1eP¢® 209 Aagsliems pefmingta fercfeaiwensmallerthar 1 migrandAwridbt dihisng t he
trimtinme can be controlled to within a few seconds whi ch maintains the
verti cal matsed has heembuccessiuljimpleémenteghigdrimi a pedtordsist ive haviad ahat t he
vertical loss in Table 1 is nuch less than is observed when substrate 10 is
et ched amicroanwititnpenetthas EABMD.08 nJ6GHhs @ 8alymv with Teeticaf sidewalls. The

photoresist pattern with reduced linewidth is then etched transferred in an anisotropic

manner into an underlying substrate such as polysilicon during the fabrication of a

MOSFET device. Any remaining photoresist is stripped by conventional methods.

As an alternative, a UV hardening process is performed prior to the trimming step. A

commercially available flood exposure system can be used to apply radiation with

selected bandwidths from the 220 to 400 nm range, depending upon the lamp and filter

set. Normally, a one to four minute exposure is combined with a thermal treatment of

from 100°C to 240°C and is sufficient to harden the outer surface of the photoresist

feature. The substrate is then subjected to the plasma etch process described in the

first embodiment.

In a second embodiment, the photoresist pattern is formed on a substrate or on a

hard mask over a substrate as depicted in FIGS. 2a — 2c. A space widthin a

photoresist feature which can be a combination of lines and spaces, contact holes, or

trenches becomes larger as the lateral etch from the plasma reduces the photoresist

dimension. Simultaneous UV hardening and high density etch in an ICP chamber with

oxygen and argon plasma enables a slow etch that minimizes a vertical loss of

photoresist while controlling the horizontal component.



"a higher H2 is achieved at |ow tenperature than when operating at room
tenperature or in the 50C to 70C range. The photoresi st hardeni ng that
-results fromthe intense radiation fromthe high density plasna contributes
to a slower vertical etch rate. Even at tenperatures of < 20C, a trend can
be observed wherein the trimrate increases as tenperature increases as
shown i n Tdhecadyantageshthe empedinatepkthis ipvertionarg thak vertiseband hetizantsie
Coupl ed Pl asma Etcher from Surface Technol ogy Systens, UK. Table 3 Trim

Rat e vs. elphiratesTiumngraaphoteresist timaingpraeessalgontolied-Naexirasostingsrarecess

Condi tionsTenp. (C.)TrimRate (A/mn )Coil = 50W Bias = 0, 5 sccm 2, 45
sccm Ar, reluired= Sificenthe@datd 8ad UV-hardeninBicas takdplabe fcihe saithe diamipara figh Ti ne
= 10 m n. 10399Coi|l = 50W Bias = 0, 5 sccmQz, 45 sccmAr, Tine = 10

M n. 204 1thrdtigHput P soedb $Oposiisie aFaRhamn@rel thelOWREMpBRGRIRScerS dag\Mdt i N
Table 4. A coil power of 50 Wis preferred since i1t provides the | owest

trimrat gistorfifeSprbtdriekist fisdde. vs. Coil Power on Unpatterned Wafers in 02/ Ar
Process Process ConditionsCoil PowerTrimRate (A/Amn.)Bias = 0, 5 sccm Q2,
45 sccm Ar, Tenp.= 6"C, Tine = 10 mn.50 WB79Bias = 0, 5 sccm @2, 45 sccm

Ar, Tenp.= 6"C, Time grl€rH NBEaHEDRAVINGS™M 02, 45 sccm Ar,
Tenp.= 6"C, Tine = 10 nr\‘)ljfn. rlﬂgos%{s%?;ﬂgygeﬁ?ow rate ﬁas a small effect on
the trimrate as shown in Table 5. A lower oxygen flow rate provides a
slower tri G §4_ 1d depict the various steps of the method for forming a polysilicon gate

structure in accordance with an embodiment of the present invention. The structures
are not necessarily drawn to scale.

FIG. 1ais a cross sectional view of a patterned photoresist on a substrate.

FIG. 1b shows photoresist trimming by means of a plasma etch.

FIG. 1cis a cross sectional view of a substrate after etch transfer of the trimmed
photoresist pattern through the underlying polysilicon layer.

FIG. 1d is a cross sectional view of a MOSFET after forming the gate electrode,
forming source/drain regions, adding sidewall spacers adjacent to the gate electrode,
and forming contacts to the source/drain regions and to the gate.

FIGS. 2a — 2¢ are cross sectional views demonstrating how the present invention
can be applied to widening a space width in a photoresist pattern followed by etch

transfer into an underlying substrate.



"15 Table 5 TrimRate vs. Ox en Flow on Un atterned Wafers in 02/ Ar

Process Process ConditionsOxygen FlowlrimRate (Almn.)Coil = 50W Bias =
-0, Tenp. = 6"C, 45 sccmAr, t = 10 min.5 sccnB79Coil = 50W Bias = 0, Tenp.
= 6"C, 45 sccmAr, t = 10 mn.10 sccmd02Coi|l = 50W Bias = 0, Tenp. = 6"C

45 sccmAr, t = 10 m n 15 sccmdl 2 Anot her p’_ocess condition that can be
varied i s bias powerD ETAL BN OESERIPIIONOmTHE NVENTIRMN eased as bias power
beconmes | arger than zero as seen in Table 6. Table 6 Trim Rate vs. Bias
Power on Unpatterned Wafers in 02/ Ar Process Process ConditionsBias

Power Tri m F@naspl(e&em inver@min has 5@ fo8nd ¢tz be @ffectivg is cetncing thedimewidtboCa t =
10 mn. 0 WB79Caoi | 50W 5 sccm 02, 45 sccm Ar, Tenp.= 6"C, t = 10 mn. 10

WA36Coi | oﬁﬁwlsﬁeam@‘irﬂacoﬁ@olmﬁﬁer a'FﬁWQpart@'i;FérlyMsefulGu m%:thb‘?o%fbn'rhe

results froman experinment involving unpatterned wafers in ich the

process tgf ﬁﬁté"@éct\"@désq{al MOSFET f805aRIEBAductb &t MEMS déVitard Sméﬁmaﬁl%hecaﬁ in

that there’is little change in trimrate wth tinme. Furthernore, the

results g b f tMiligAhe sia%ith VetiehP offelitired IntRRirg1stdldt s, dédgs  Tabl e
lines, contact holes and trenches. The invention is not limited to the specific examples
described herein.

In the first embodiment, as illustrated in FIGS. 1a — 1d, a substrate 10 that is
typically silicon with a field implant of an impurity such as boron is provided which has
an active area located between two isolation regions 12. Isolation regions can be
formed by a LOCOS method or in this case, shallow trench isolation (STI) features 12
are depicted. The STl regions 12 are filled with an insulating material such as silicon
dioxide or a low k dielectric material. A gate oxide layer 14 is formed between STI
regions 12 by placing substrate 10 in a thermal oxidation furnace where a dry oxygen
ambient at approximately 600°C to 800°C is used to grow an oxide layer from about 15
to about 100 Angstroms thick. For high performance MOSFETs, a gate oxide thickness
of 50 Angstroms or below is preferred. Other methods such as RTO (rapid thermal
oxidation) may also be used to grow an oxide layer. A polysilicon layer 16 from about
1300 Angstroms to 2500 Angstroms in thickness is deposited on substrate 10 with a low
pressure CVD technique.

In FIG. 1a, a photoresist pattern 18 has been formed on polysilicon layer 16 by a

standard lithography method. Depending upon the desired width L1, the photoresist

thickness may vary from about 200 nm (0.2 microns) to 1 micron or higher. Normally,

10



Trim Rate vs. Process Tinme on Unpatterned Wafers in Oz/ Ar Process Process
Condi ti onsProcess TimeTrimRate (A/mn.)Coil = 50W Bias = 0, 5 sccm @, 45
~sccmAr, Tenp.= 6"C3 m n.377CoiI = 50W Bias = 0, 5 sccm 02, 45 sccm Ar,
Tenp. = 6 C.5 mn.357Coil = 50W Bias = 0, 5 sccm 02, 45 sccm Ar, Terrp
6"C. 7 69Coi | Q Bi as = ccm Ar
i 1. 3748 OB ot \s%aiufﬁ 'Sé‘%‘é%ﬁéﬁanﬂ o b relalarad Lo
m'n. 379Coi | 50W Bias = ccm 02, 45 sccm Ar, Tenp.= 6"Cl11
m n. 37068\"5!\’953t %‘G\K?atsf%ﬁom Q?”aBS@GH‘fH"@Zn t%awmseﬂ@woaere@r@ubisqwm I
360 16 L Starting with a given HL in FIG 1 a, H2in FiG 1 b is high
enough f B watarginseqrogess) dlw photanesiseaande ether pesifve senegativedens and nray
hi gher H2 is an advantage in the next step where the photoresist pattern is
t r ansf er cenbistdf@ sihgle lanaer bilayegosiopsduriate imagiag (T8 isgsterh eA bhidyeri3y stest
remain so that mcro grooves which can formin the sidewalls of the

phot or estsinpelsed athiRtimagiag tayerlantranidker uederidyepthan s sepoted forgen. | n
addi tion, inperfections in the photoresist inmaging process can generate L1

in FIG klazﬁah% b dril diplretiblivRIsToabtes, UheeldRAikbs 1PforinB if iritob faydiang

directio perpéndi cular to t X-y plane repreSented by the draw ng). This

non- uni fgggb,tnym e&ﬂ?&%@éﬁé{ﬁuﬁrﬁédﬁﬁ%tudﬁ%ﬂéﬁéﬁ?\e Fsﬁeﬁ‘nh@n%l@%@h@é 18

wher e rounding can occur aqueous oper step. A’genetal rule

o o polch Shre My o r BRter Rl MAdh g GUARN Jh IO L T RI8E " ac
pr aser ved it A ErAEEO3G P oipica gl BnglogiSCReD i B8 Bl SR L
vertical LAl LabRiel, AMNG. FAohfs A0%3h PLES o?'in@f&:{?e@rrggﬁné SyhLxed

with 5 s& an when oxygen 1s used oxygeén and
argonls referr e it results in.narr res fllesthat
are verti aq gﬁﬁ?ﬂﬁ egﬁ?r‘?'ﬁ\ﬁésrerdo\%rﬁﬂ‘(?f'ﬁf%%ﬁ)g?wﬁlcﬁé@ dé%qnﬂ Only
oxygen pl have a sl oped si dewal i re L2 is |larger at the to han at
oo ot | SRR lon tagest qtfer SrasnomplaT asiira e £h %ﬁw@eﬁrﬁ?ﬁqr coul d
be controll ed to wi.thin a few seconds, and di nension L2 coul d be maintai ned
wi t hin abongawhers éip anﬁle;B%ﬁMh%&t%ﬁ? iIsrgsigkant faRLOXILE eéch%ltl ceabl y | ower
etch rate. In order to mnimze (L1 - L2) and reduce etch t

l'i t hograp hy Th® 8¥R@siNg\ ﬂ¢at\9§‘uﬁ>leﬂ>i° pattatn photeresist 48 is tyaigally U‘ﬁfﬁé‘ﬁ@t I'@httVYﬂhs
region, the effect of linewdth L1 on the trimetch rate is fairly small. m
Opt i onal laywaveiengthionwavelengths ib éhelranigedtbn aboutt4a rim de below2bnmplThose used
only for the purpose of UV hardening the photoresist 18 is generated for a
peri od ofskiletddin theram tdoagnizeithat 1938 firnraxpbswure todls are baing émplehested inResul t s
fisted in Table 8 confirmthat UV treatnent associated wwth Ar plasm

har dens  trhenuractufing withtcap8bitilyruf eub+ 0D nrtireagingr WVithis adew Avars|, asTrant i ne

i ncreases. However, the two stage alternative is not preferred because the
et ched phgbpesge @%td?ﬁ@éﬂel 5jeltc’ tBHave T Ovah imagihg 28pabiRty. Projection electron
beam systems with capability to image 50 to 70 nm features are expected to be
commercially available in the near future. EUV, X-ray, or ion beam exposures are other
examples of radiation sources that could be used in the future to pattern sub-100 nm

features in photoresist films. The present invention is not limited to the type of exposure

system and is not limited to the size of dimensions H1 and L1 in FIG. 1a.
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conmbi nation of Ar and 02 plasma are sinultaneously applied. In addition, a
| ower trimrate can be realized wth the conbination of Ar and 02 pl asma.
-Table 8 TrimRate vs. Ar Plasma Tine on Un atterned Wafers in 2 Sta~Process
Process Conditions (Coil =50 W Bias = 0, Tenp. = 6C)Ar Process TineTrim

Rate (A/mn : : : : a&% . : 100 1 N486Step 1:
45 sccm Ar; Eisgig-ﬁg|lé t?é%m Cg%"ﬁa géﬁaﬂgéam n é%%‘ter{)gifw"%zg] ngg'g%méb@gesﬂ)zg 5
scem OZ f,01,.3 mMin. 7.5 Min. 4 ; cem. Al St.ep 2:.5 scem Q7 for 3
o m oS sRellef pendhe s e ERndRaRieby BTedh & EdiebraBor
transferred by _ap etch process into polysilicon |ayer 16 and oxi de |ayer
1 A et apdacisoige! 5 Some pes BN RcKiERTsieve cespried 3 Adu@naesh, cal |y
etch the polysilicon to formthe gate el ectrode structure. The poly etch
reci pe i dV¢BingleR taghpiques incdudiag aBenyated oy alierpatingphaseuaift xasks i aghieve
pertormed at ~5 niforr pressure) 400 Wpower and 30 sccm CF4 for 40 seconds.
Then a mea smalierH-1 snzapBﬂowgdewtmesetait@rmailveg\ﬁrﬁgutt@n@ﬁtb'iamisuswﬂy aeunRat
magnetic field; 100 nTorr pressure; 400 Wpower; 80 sccmHBr; 40 sccm d z;
and 5 scaapablecoftdehERing the wesiredh fasturesize) especially foogate lengthpoi nt. Final |y,
a 60 second over etch is performed wwth a 30 Gauss nmagnetic field, 80 mforr
pressure, 1%AeVventars hal®dissovdretidrmethiod that can achieve a desired minimum
feature size which avoids costly changes in the exposure process. Instead, the
improved method makes use of existing etch tools to achieve dimension L2 in
photoresist 18 as shown in FIG. 1b that is smaller than L1 which is the smallest feature
size that can be printed by lithographic methods. Substrate 10 is placed in an etch
chamber which is preferably an ICP (inductively coupled plasma) chamber. The chuck
that holds the substrate in place inside the ICP chamber has capability to cool the back
side of substrate 10 while plasma etchant is removing photoresist 18 from the front side.
The ICP chamber provides independent control over ion flux and ion energy. In this
embodiment, the inventors make use of a low pressure inductively coupled plasma
y wherein an ICP coil power is applied to create a remote high density oxygen and argon
rich plasma. This process can work with or without a separate bias power applied to
substrate 10.
One of the key features of the present invention is that substrate 10 is cooled to less
than 20°C during the plasma etch. Most prior art examples of photoresist trimming

processes use oxygen plasma at low pressure and low power either at room

temperature (20°C — 30°C) or at medium temperature (50°C to 70°C). However, the

12



sccmof a HelO02 m xture. There is a reduction in vertical size of

phot oresist 18 fromH2 to dinension H3. The top al so becones rounded but
.conditions can be optim zed to reproduce dinmension L2 in polysilicon 16.

" The sane etch step or a separate process can be perforned to trimgate
oxide 14 to di ns on this point, ion inmplantation can be used to

f or m souR'OEPEH: 8l ?%C'P'Bg aoc?{g)torpﬁ@{ Gr e)g)?h@fgne geﬁcgﬁB@@i caysSSE ¥ @" A@8nal
strlpplng process, Shall ow j nctlons 22 1 % are formed_to further
define cleaiResatupsio rgpiiheingrense amdanfasiyr ‘?%‘}ty’ép posrsistewalingafley osdded as
part of the final device. The |nproved method illustrated in FIGS. 1 a -1 ¢
has enabdigtprtion whenr &8 rpachesrdaprssions pearprenimately JOBOM 6F 1888 t hat is smal |l er
than the snall est dinmension L1 which can be reliably printed in photoresist
18 by a |i {Thedowpémpematweadasma btehl shaws thepatchirate én therbiriziootal andivedical ow or
distortion of the photoresist image that can occur at higher process

t enper at dirgtion Witich alowsaperaicongolsttarndreliabldammming: oTihé siowieo efohilssle a
hori zontal trimrate that is controllable and can reduce a dinension L1 to

achi eve bdatfleg RitedsRS9V radiatidiPRomMthe MyHedRity plisea shalanclslyRaders fe
damage the substrate are avoided. The nethod is a high throughput, |ow cost

brocess Lidibréil iBo6as iy b8l EHRIe g hABBNhA Hidthannl bIEY BaRAUAT | !

does not require ex ayers to orne enove I’TB.kGS use of

exi sti ”gbélfe%ﬁ to 'h%r?t: %I&ﬂ( rtévre'é%ﬁé’r‘?gétﬁlgoﬁtoﬁerHt ﬁt?@-hgrr Gl \ﬁ&ﬁp‘fﬁé h

di mension"L1 as s rior he etc ep. This

process f n
Visopc PROVELYSIR, fo; bPOE RNt B ol FRBRRL Y W%f%&tené@g%gﬁa 3ppifi. 8
avail able_in ring. line sure S fitted with

i 11 er enboPARY Ui polfings roleannt. RIDE AT LR et S about 200
nmto 500 nm cte erein I C ubs 10 is placed
on & chulmadeswith 2B auT (et g&‘?ﬂaﬁ%m@mﬂa‘) A RBRTE Bebediad g
the radiati. n tr nt. to V|de uni f osure aer 0ss rate 10.
An' H Nbd CBBIETPES DKER afth Rl e U Feidhiti ppfaS i bebeEen 200
and 300 nm Several recjpes are effectlve and general ly involve heating the
subst r at EetRfdsNEStc@te nobe G Fhamber-and exposing the substrate for a
period of from1l to 4 mnutes. Substrate 10 is then subjected to t he pl asna
et ch descr i\bide pryaaroRlasya graerated freman exyagn ﬂ@Ws’?Eﬁt'nLth r#ngs &€ S tp 10
Vertical and horizontal etch rates can be obtained simlar to those |isted
i n Tabl e stcramanteblisedalongy th trive cate is owes mhenmagere fsousediin sombatatipg with
initiated and only the outer skin of photoresist 18 is hardened. The ratio
of H21L2 apgah &34 fléwmate of 836\to 68 menchi rithedlCR dodl powarns frofm SMhte 100 Wakth abl is
hardening step but the same mninmmfeature size L2 is produced as

descri begrefardblye50 Watts? TrRCsress @8t the WO chanftsern®fromds af 10 hiropr esent
invention is used to trima photoresist feature and sinultaneously increase

a space \Md#HzBnialh aAd Raiticaréich Fabs freth thoetipbs afe bummariaed irs Pasie 3)arkont act
hol es, trenches, or other shapes that are commonly used in |ithography.

Ceccasi Onaje}tbﬁézgﬁfdw*@l\l@te'théthﬁg t,aﬂttbpmatrmﬁsss%apprbx.hfatéwWcadsefatt%sqhent a

feature a space w dth smaller than I'ts intended size in the nmask

desi gn. zéaaﬁa%nr w%g\eegagfdé%@ggma%m%&sa S$B3OE Witdl gp D1 i n

FIG 2a than are iIn e mas eto av0| printing undesirable

ohot or esiapsy Sef i Big %L*gééﬁ%%ﬂt%aﬂ"ﬁa%ﬁ%f%%"déf&?‘f 3T P
E?Er%eraé‘ ﬁ;é’%%ﬁ%@%ﬁé%%ﬁgh”“fi ace%f&%ﬁ:' d tété’a:rﬁa&rﬁ E%Eﬁmt nlgslt‘ﬁﬁt‘m”ﬁd
Thi < 20 BRI S POAORS! TRIAMINS T Ficbc FTPEN BRF BRSbF TDRS 1 8¢ IBude and

focus latitude which is necessary in a manufacturing process. The second
enbodinent is illustrated in FIGS. 2a - 2c. In FIG 2a a substrate 30 is
provi ded upon which a hard nask 32 is deposited. Substrate 30 nay be
silicon, Site, or other materials thag are useful for fabricating
integrated circuits in sem conductor or MEMS devices. Hard mask 32 is
selected froma group of materials including silicon dioxide, silicon
nitride) Si QXNY) or other inorganic oxides or inorganic nitrides. A
photoresist 34 is then coated on hard nmask 32 and patterned to forma space
wi dt h of dinension D1 and hei ght D2. The photoresi st can be positive or
negative tone, single layer) bilayer, or a top surface inmaging material.
The exposure systemused to formthe pattern in photoresist 34 is selected
froma group consisting of electron beam X-ray, EW, ion beam and
broadband or ex0|ner tools that produce a mavelength or mavelengths |n the
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~Vertical loss fromD2 to D4 is reduced which allows a sufficient film

t hi ckness retention to serve as an adequate nask for the subsequent etch
.transfer into hard mask 32. Dinension D3 in FIG 2b is transferred into
“hard mask 32 in FIG 2c by enploying an appropriate etch chem stry for the
particul ar hard S Sone etch gas. m xtures may rapidly etch photoresist
D and | SMedSiin @ SHPS TGOS (30 W PP BT REE VGBS ey d rrack. 32
in regions under photoresist 34. A conbination of |ow tenperature and

si mul t ankRieresist REafdeni ng affords a larger D4 than attainable with other
etch nethods. At the point where the etch conpletely renoves hard mask 32
and reaches _substrate 30, the etchebddnistry is usually changed and the
substrate nay be noved to anot her chanber to conplete the etch into
substrate 30. Laywrti@PTaarRass iadCP GhambatonfRattermbd Watigs atrd $°GGubstrate 30 and
phot or eFistialPhidkfessi [t Fiasl THickneaeld BiohiTiget e eRafe i nfo sulstip@te 3D or is
renoved| by, AngkiolBPi NAn PIngGesAs af t emidle etich{Axgid p ¢onpl ete. Fig.|2c
represents TNgsFLT UCUUT € gy dijmensign D3 (af tgfs ¢ e[ et gy |g g,5 1 i shed
and the| photoresist |34 is renmoved. Hard mask 32 may renajlpscggugpe .Fubstrate

or it I’Tﬂ‘Y“b’EIﬂ"?luved to—fapricating—tihe Fayerc 1n_the—deyi ce.
Ther ef o e) alfleature ﬁgé%ace W dt hbDl i N photoresist > Z(fcnéaldﬁ‘;kbe
i i oK
control ah
etch transteldadl int o X
in allifr oel Thie-

pr
W t
t hen

P

o—a S38%t rat during—t1 j 121 ptegr at ed
circuit ect r O3BL _or _MEMS Bevicd ow famlassf’céﬂ ke pl asma
etch in conbination with W harde_lni rpg prevents any distortion or flowin

phot oresi st 3 _ _ : does not
origontad kripRates in IR Chamber| on| Beytened Wrfgss
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Table 1 indicates that the vertical etch rate is about 10 to 20% slower when 45 sccm

argon is mixed with 5 sccm oxygen than when oxygen is used alone. Trim rate varies

slightly with time but is within acceptable limits. In manufacturing the trim time can be

controlled to within a few seconds which maintains the vertical loss to within a tight
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the art that various changes in formand details may be nade w thout
departing fromthe spirit and scope of this invention. 23 CLAIMS 1. A
-.method of trimring a linewdth in a photoresist pattern conprising the
steps of: (a) providing a substrate, (b) form ng a photoresist pattern on
said substrate, and (c) exposing the pattern to a | ow pressure, high
density, ranaauaﬁh@eld)b%@ﬁpélaatﬁhayﬁam@ﬁeﬁﬁ invhalie 1is uehiess hee is absasvrcd,
said plasma generating an intense UV radiation that simul t aneousl y har dens
the photwhesssuhstegte 10 15 etcbed RbtponptemprIatuse ﬁ%ﬁ’%fe 4 &)rﬁr@b@mr &herefare,
photoresist is positive or negative tone and is .further characterized as a
si ngl e lakighpr HR2liagpehieved atloy tempeeatard thagiwhgnsypsrating & rofinde mpetadareadr
claiml1l wherein a UV hardening step is inserted after pattern formation and
bef ore tihene6oAC g 76P@pangai Thérphoterssisl hargertireg thet fesuite drowi thie iatebbe f | ood
exposure tool or in the etch chanber with plasma froman inert gas |ike

argon. Aradigtion Tinere 1 h@bﬁSl dlavharcenttibubss tdubsibwert wertical @B¢H ee.t Bvéh
tenperature | ess than 20C an preferably to 6.5C. 5. The nethod of claim1l

wher ei n 4themparfSresbr AR FIRITERT b@bBsER¥dMefin the trim rate increases as

temperature increases as shown in Table 3 for unpatterned wafers etched in a Muitiplex

Inductive Coupled Plasma Etcher from Surface Technology Systems, UK.

Table 3
Trim Rate vs. Wafer Temperature on Unpatterned Wafers in O,/Ar Process
Process Conditions Temp. Trim Rate
. °c) (A/min )
Coil = 50W, Bias =0, 5 sccm O,, 45 sccm Ar, Time = 10 min 6 379
Coil = 50W, Bias =0, 5 sccm O,, 45 sccm Ar, Time = 10 min. 10 399
Coil = 50W, Bias =0, 5 sccm O, 45 sccm Ar, Time = 10 min. 20 419

Trim rate also increases as coil power increases as shown in Table 4. A coil power

of 50 W is preferred since it provides the lowest trim rate.

Table 4
Trim Rate vs. Coil Power on Unpatterned Wafers in Oy/Ar Process
Process Conditions Coil Trim Rate
Power (A/min.)
Bias =0, 5 sccm Oy, 45 sccm Ar, Temp.= 6°C, Time = 10 min. 50 W 379
Bias = 0, 5 sccm Oy, 45 sccm Ar, Temp.= 6°C, Time = 10 min. | 100 W 601
Bias = 0, 5 sccm Oy, 45 sccm Ar, Temp.= 6°C, Time =10 min. | 150 W 733

Oxygen flow rate has a small effect on the trim rate as shown in Table 5. A lower

oxygen flow rate provides a slower trim rate.
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“~flowrate of from5 sccmto 10 sccmand preferably 5 sccm and argon at a
flowrate of from35 sccmto 65 sccmand preferably 45 sccm 6. The net hod
is from25 Watts to 100 Watts and is
* preferably 50 Watts and | CP chanber pressure is fromabout 5 to 10 nforr.

~of claim1 wherein the ICP coil power

said substrate

t han 100 an\hPﬂoeeSsE@ndAé@m cal
d to a sufficient extent to function as a

smal | er
retaine

7. The nethod of cl a| m 1 wherei nTabsearate bi as power can be applied to
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rate is increased as bias power becomes larger than zero as seen in Table 6.

Table 6

Trim Rate vs. Bias Power on Unpatterned Wafers in O»/Ar Process

(c) trimmng tThe

hi gh

msal d

ens t he

Process Conditions

Bias
Power

Trim Rate
(A/min.)

Coil = 50W, 5 sccm O3, 45 scem Ar, Temp.=

6°C, t = 10 min.

ow

379

Coil = 50W, 5 sccm O3, 45 scem Ar, Temp.=

6°C, t = 10 min.

10W

436

Coil = 50W, 5 sccm O3, 45 sccm Ar, Temp.=

6°C, t = 10 min.

15W

550

The results from an experiment involving unpatterned wafers in which the process

time was varied are in agreement with the findings in Table 1 in that there is little

change in trim rate with time. Furthermore, the results in Table 7 indicate there is no

clear trend in rate vs. time.

Table 7

Trim Rate vs. Process Time on Unpatterned Wafers in Oy/Ar Process

Process Conditions Process Trim Rate

Time (A/min.)
Coil = 50W, Bias = 0, 5 sccm Oy, 45 sccm Ar, Temp.= 6°C 3 min. 377
Coil = 50W, Bias =0, 5 sccm O, 45 sccm Ar, Temp.= 6°C. 5 min. 357
Coil = 50W, Bias =0, 5 sccm Oy, 45 sccm Ar, Temp = 6°C. 7 min. 369
Coil = 50W, Bias = 0, 5 sccm Oy, 45 scem Ar, Temp.= 6°C 9 min. 374
Coil = 50W, Bias = 0, 5 sccm O, 45 scem Ar, Temp.= 6°C 10 min. 379
Coil = 50W, Bias = 0, 5 sccm O, 45 sccm Ar, Temp.= 6°C 11 min. 370
Coil = 50W, Bias = 0, 5 sccm O,, 45 scem Ar, Temp.= 6°C 15 min. 360
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lphotoresist as it is etched, (d) etch transferring the pattern with tri mred
| i newi dth through the underlying conductive netal and gate oxide |ayers,
.and (e) conpleting the MOSFET by form ng source/drain regions, contacts to
the sourceldrain regions and gate el ectrode, and sidewall spacers on the
gate el ectrode. 10. The nethod of claim9 wherein the substrate is silicon
and the i sStatingwithepgivers Hiria FdGala,dIR i Bl H biis bightenouighder gatestchi1. The

net hod of claim9 wherein the photoresist is positive or negative tone and
i s furt hellowingrthe methakdf the presanm ghventiay.e A highdrdi2is, anoadviantageLin e rextnmagi ng
system 25 12. The method of claim9 wherein the photoresist has been

pat t er nestepiwiiers &t plidtoresise pati¢rads trapsfetredrintoghe andeérlingguisstratd. t Aavi ol et
wi th wavel engths in the range of 450 nmto sub-200 nm el ectron beam

X-ray, Bificiamchdigit HBaist fetaairl B thatrhietb Gloovbiviich cdnebeh h hasidawsisr at e
Is cooled to a tenperature |less than 20C and preferably to 6.5C 14. The

met hod ot thb PnBtoPe IEIRING dtE1eafASGIrdr3fdrRRY ihfeRne RRIRRACORT h SXdEs) at a flow

rate of from5 sccmto 10 sccm and preferably 5 sccm and argon at a flow

rate of jfQMedRoiCiths PhBRIESSAGMJPrBEEAVgéRraR L™ in FIG. 1a that is not

uniform along the length of the line in the z direction (perpendicular to the x-y plane
represented by the drawing). This non-uniformity is especially evident near the top of
the photoresist 18 where rounding can occur during the aqueous developer step. A
general rule is that H3 should be at least 100 nm to prevent irregularities along the top;
of photoresist 18 from being etch transferred into the polysilicon. As the desired L2
dimension shrinks to near 100 nm or below, a method that preserves thickness H3 will
be quite valuable.

Table 2 indicates that the vertical etch rate is about 20 to 30% slower when 45 sccm
argon is mixed with 5 sccm oxygen than when oxygen is used alone. A mixture of
oxygen and argon is preferred because it results in narrow photoresist profiles that are
vertical and uniform. Narrow photoresist lines 18 trimmed with only oxygen plasma
have a sloped sidewall where L2 is larger at the top than at the bottom of the image in
FIG. 1b. In manufacturing the trim time could be controlled to within a few seconds and
dimension L2 could be maintained within a tight linewidth specification. Large lines
have a noticeably lower etch rate. In order to minimize (L1 — L2) and reduce etch
times, the lithography process will usually print L1 smaller than 1 um and in this region,

the effect of linewidth L1 on the trim etch rate is fairly small.
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15. The nmethod of claim9 wherein the ICP coil power is from25 Watts to
100 Wwatts and is preferably 50 Watts and the chanber pressure is from about
.5 to 10 mforr. 16. The nethod of claim9 wherein a separate bias power can
be applied to the wafer, said power is in the range of 0 Watts to 100
Watts. 17. The nethod of claim9 wherein the linewidth is trimmed to a

di mensi on &ptiopally, thestripetchrimay be divdeghintetwangages-t Aon RIAsER Head ool feme
photoresist is retained sufficiently to function as an adequate mask for
step (d)thersirpgseeofikdy hatiasingingi photorgpist 8 s genavatrd fereh Paiiedefehtd $ i nsert ed
after pattern formation and before the etching step, said hardening may be
per t or neahintespaorv foimaionai osaxygen psma. Resulisdistaddn Tavin® eenfimtithapl asma
froman inert gas like argon. 19. A method of increasing the space width in
a phot or &¥itematmant assocE=tepwith iAngplasmea bardpss Hie plictpresisd B dineg tamgatest r at e
and a hard mask | ayer upon said substrate, (b) form ng a photoresist
pattern decreasss a31Asplasing timathcPéases, However, the lwo stageaitensativeés sgtace wi dt h
of the pattern by exposing to a | ow pressure, high

preferred because the etched photoresist profiles are not as vertical as when a
combination of Ar and O, plasma are simultaneously applied. In addition, a lower trim

rate can be realized with the combination of Ar and O, plasma.

Table 8
Trim Rate vs. Ar Plasma Time on Unpatterned Wafers in 2 Stage Process
Process Conditions Ar Process | Trim Rate
(Coil = 50 W, Bias =0, Temp. = 6°C) Time (A/min.)
Step 1: 45 sccm Ar;  Step 2. 5 sccm O for 3 min. 3 min 486
Step 1: 45 sccm Ar; Step 2. 5 scem O for 3 min. 6 min 443
Step 1: 45 sccm Ar;  Step 2: S sccm Oy for 3 min. 7.5 min. 438
Step 1: 45 sccm Ar;  Step 2: 5 scem O for 3 min. 9 min. 430

Referring to FIG. 1c, dimension L2 in photoresist 18 is transferred by an etch
process into polysilicon layer 16 and oxide layer 14. An etch gas consisting of Clo,
CClg, or HBr is used to anisotropically etch the polysilicon to form the gate electrode
structure. The poly etch recipe is comprised of three parts. First, a breakthrough etch
step is performed at 25 mTorr pressure, 400 W power and 30 scem CF4 for 40 seconds.
Then a main etch is applied with the following conditions: 30 Gauss magnetic field; 100
mTorr pressure; 400 W power; 80 sccm HBr; 40 sccm Clg; and 5 scem of a He/O:
mixture which is continued to an end point. Finally, a 60 second over etch is performed

with a 30 Gauss magnetic field, 80 mTorr pressure, 150 W power, 100 sccm HBr, and 5
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density, inductively coupled plasma while the substrate is cool ed) said
pl asma generating an intense UV radiation that sinultaneously hardens the
.photoresist as it is etched, (d) transferring the pattern with increased
space width into the underlying hard mask using a plasma etch, and (e)
transferring the pattern in_the hard mask into the underlying substrate.
20. The reemcd aoflelSdanidure. Whereeisid tedactinay i viegtinal pize & phetoeesistridifiam 2oup
consisting of silicon oxide, silicon nitride, silicon oxynitride, inorganic
oxi des, dodimensigahidc Tiettop dé. bexdmeBreundedbut esinditions can Pevapdimized tohe
phot oresi st has been patterned with radi ation selected froma group
consi st i mgpaduoé dirmensidreL.2 m pdlysiice] £810The sametdieh stapae acdephidle prodess
sub-200 nm electron beam X-ray, EUV, and ion beam 22. The nethod of

cl ai m 19 cahasesparidrireanbainigas 6xide 14rotirénsowlanegati ve tone and is
further characterized as a single layer, bilayer, or top surtace inmaging

system 23. Aflies pEIRRsh itipl&aitation éh MO REEH b fohf RREdPdrairtRBfINS! Prdtoresist
| i nesl spaces, contact holes, trenches or a conbination of two or nore of

the af or ofgisoBaéd by coffentiifal SPHBRE Whodds?l SRadw HiRkiRNS 221 FRESHq glee of

the said features has been under exposed so that the’space wdth is less
Lo e oG RErRbC erRoeneP AT Seth 28 e Pl sgt st ot 1
added as part of the final device. The improved method illustrated in FIGS. 1a — 1c has
enabled a reduced photoresist dimension L2 to be formed that is smaller than the
smallest dimension L1 which can be reliably printed in photoresist 18 by a lithographic
process. The low temperature condition avoids flow or distortion of the photoresist
image that can occur at higher process temperatures. The low temperature and UV
hardening combine to provide a horizontal trim rate that is controllable and can reduce a
dimension L1 to achieve L2 sizes less than 100 nm. Moreover, high energy ions that
can damage the substrate are avoided. The method is a high throughput, low cost
process that can be easily implemented in manufacturing lines because it does not
require extra layers to be formed and removed and makes use of existing tools.
Optionally, a UV hardening step on photoresist 18 with dimension L1 as shown in
FIG. 1a may be done prior to the etch step. This process involves a flood exposure in a
commercial tool such as a Fusion M150PC Photostabilizer System from Fusion
Systems that is generally available in manufacturing lines. The exposure system can be
fitted with different lamps and filters that emit wavelengths in a range from about 200

nm to 500 nm or selected regions therein. Typically, substrate 10 is placed on a chuck
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27 ,v St 26. The nethod of claim 19 wherein gases in the | CP chanber are
oxygen at a flowrate of from5 sccmto 10 sccmand preferably 5 sccm and
.argon at a flowrate of from35 sccmto 65 sccmand preferably 45 sccm  27.
The nethod of claim 19 wherein the ICP coil power is from25 Watts to 100
Watts and is preferably 50 Watts and the chanber pressure is from about 5
to 10 niTorside the.expheungathiaotberf Tokahock & mtated during hegad@ationieatnedwer can
be applied to the wafer, said power is in the range of 0 Watts to 100
Vatts. 2frovideea neiftiod embostireiaorck9 substratertOt n Haviod balbkis ipseferpd abith wi t h an
I norgani c or organic bottomanti-reflective coating (BARC) |ayer. 30. The

met hod obradudesahintehes eVnetidrgy BatwkbdpZd0 asd 800 hine (SeviadaltrBeippb BT esi st
serves as the nmask for the et c¥1 transfer into the underlying substrate. 28
t S 1 effective and generally involve heating the substrate from between 100°C and 240°C

and exposing the substrate for a period of from 1 to 4 minutes. Substrate 10 is then

subjected to the plasma etch described previously that trims L1 to dimension L2 in FIG.

1b. Vertical and horizontal etch rates can be obtained similar to those listed in Table 1

and Table 2. UV exposure is performed before the etch is initiated and only the outer

skin of photoresist 18 is hardened. The ratio of H2/L.2 and H3/L.2 may vary depending

on the extent of the initial UV hardening step but the same minimum feature size L2 is

produced as described earlier.

In a second embodiment, the method of the present invention is used to tnm a
photoresist feature and simultaneously increase a space width in a pattern that may
consist of lines and spaces, contact holes, trenches, or other shapes that are commonly
used in lithography. Occasionally, during a lithographic process, it is desirable to print a
feature with a space width smaller than its intended size in the mask design. One
reason for underexposing to form smaller space widths D1 in FIG. 2a than are in the
mask design could be to avoid printing undesirable side lobes in contact hole patterns.
Another case for underexposing a photoresist may accur if there are more than one
type of feature in a pattern. For example, if line/space combinations are printed at the
same time as trenches, the largest common process window for printing the two

different features may require one of the two features to be underexposed. This
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Dimension D3 in FIG. 2b is transferred into hard mask 32 in FIG. 2¢ by employing an
appropriate etch chemistry for the particular hard mask. Some etch gas mixtures may
rapidly etch photoresist 34 and it is valuable to have sufficient height D4 to protect hard
mask 32 in regions under photoresist 34. A combination of low temperature and
simultaneous UV hardening affords a larger D4 than attainable with other etch methods.
At the point where the etch completely removes hard mask 32 and reaches substrate
30, the etch chemistry is usually changed and the substrate may be moved to another
chamber to complete the etch into substrate 30. Layer 32 serves as the mask for
etching into substrate 30 and photoresist 34 is either consumed during the etch into
substrate 30 or is removed by a stripping process after the etching is complete. Fig. 2¢
represents the structure with dimension D3 after the etching is finished and the
photoresist 34 is removed. Hard mask 32 may remain on the substrate or it may be
removed prior to fabricating the next layer in the device.
Therefore, a feature with space width D1 in photoresist 34 can be controllably and

reproducibly enlarged to give a space width D3 and then etch transferred into a
substrate during the fabrication of an integrated circuit in a microelectronic or MEMS
device. The low temperature plasma etch in combination with UV hardening prevents
any distortion or flow in photoresist 34 and is a low cost, high throughput process that
does not require formation or removal of additional layers. The method can be
performed in existing tools and does not damage the substrate with high energy ions.

The method is useful when two or more different features are present in a photoresist
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_ pattern and at least one of the features is underexposed in order to provide a larger

common process window.

Optionally, a UV hardening step of photoresist 34 with space width D1 and height D2
can be performed prior to the ICP etch. The UV hardening is carried out either with a
two step trim etch in which an Ar plasma hardening treatment precedes an oxygen
plasma trim or by subjecting the substrate 30 to a UV hardening process performed in a
commercial tool such as a Fusion M150PC Photostabilizer System. However, the
alternative of hardening the photoresist prior to the trim etch is not preferred because
the etched photoresist profiles are not as vertical as when a combination of Ar and O,
plasma are simultaneously applied to provide hardening and trimming. In addition, a
lower trim rate can be realized with UV hardening occurs at the same time as trim
etching.

While this invention has been particularly shown and described with reference
to, the preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made without departing

from the spirit and scope of this invention.
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2. The method of claim 1 wherein the photoresist is positive or negative tone and
is further characterized as a single layer, bilayer, or top surface imaging system.

3. The method of claim 1 wherein a UV hardening step is inserted after pattern
formation and before the etching step, said hardening may be performed with a UV
flood exposure tool or in the etch chamber with plasma from an inert gas like argon.

4. The method of claim 1 wherein the substrate is cooled to a temperature less
than 20°C and preferably to 6.5°C.

5. The method of claim 1 wherein the gases in the ICP chamber are oxygen at a
flow rate of from 5 sccm to 10 scecm and preferably 5 scem and argon at a flow rate of
from 35 scem to 65 scem and preferably 45 scem.

6. The method of claim 1 wherein the ICP coil power is from 25 Watts to 100
Watts and is preferably 50 Watts and ICP chamber pressure is from about 5 to 10
mTorr.

7. The method of claim 1 wherein a separate bias power can be applied to said

substrate, said bias power is in the range of 0 Watts to 100 Watts.
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source/drain regions and gate electrode, and sidewall spacers on the gate electrode.
10. The method of claim 9 wherein the substrate is silicon and the isolation
regions are shallow trench isolation features.
11. The method of claim 9 wherein the photoresist is positive or negative tone

and is further characterized as a single layer, bilayer, or top surface imaging system.
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fi: '1;) }/;32/‘)&:' f‘) (Tsl{l B@gﬁwgwfycﬁw&vhgenp !tl'ieolo%l?, g?il( powey Js from 25 Watts to 100
?: lli)ol/oo %&V%tfﬁ) qrﬁ%ﬁéﬂ@&é éqﬁg&g&xrﬁ t_hle!cf@%be&.pfgs_syrﬁgs from about 5 to 10
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16. The method of claim 9 wherein a separate bias power can be applied to the
wafer, said power is in the range of 0 Watts to 100 Watts.

17. The method of claim 9 wherein the linewidth is trimmed to a dimension as
small as 100 nm or less while the vertical thickness of the photoresist is retained
sufficiently to function as an adequate mask for step (d).

18. The method of claim 9 wherein a UV hardening step is inserted after pattern
formation and before the etching step, said hardening may be performed with a UV
flood exposure tool or in the etch chamber with plasma from an inert gas like argon.

19. A method of increasing the space width in a photoresist pattern comprising the
steps of:

(a) providing a substrate and a hard mask layer upon said substrate,

(b) forming a photoresist pattern on said substrate, and
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21. The method of claim 19 wherein the photoresist has been patterned with
radiation selected from a group consisting of ultraviolet with wavelengths in the range of
450 nm to sub-200 nm, electron beam, X-ray, EUV, and ion beam.
22. The method of claim 19 wherein the photoresist is posttive or negative tone
and is further characterized as a single layer, bilayer, or top surface imaging system.
23. The method of claim 19 wherein the pattern consists of lines/spaces, contact
holes, trenches or a combination of two or more of the aforesaid features.
24. The method of claim 23 wherein at least one of the said features has been
underexposed so that the space width is less than the intended size.
25. The method of claim 19 wherein the substrate is cooled to a temperature less

than 20°C and preferably to 6.5°C.
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29. The method of claim 19 wherein the hard mask is replaced with an inorganic
or organic bottom anti-reflective coating (BARC) layer.
30. The method of claim 19 wherein the hard mask is omitted and the photoresist

serves as the mask for the etch transfer into the underlying substrate.
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