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The semiconductor or integrated circuit (IC) industry aims to manufacture ICs with higher and

higher densities of devices on a smaller chip area to achieve greater functionality and to reduce manufacturing
costs. This desire for large scale integration requires continued shrinking of circuit dimensions and device
features. The ability to reduce the size of structures, such as, gate lengths in field-effect transistors and the width

of conductive lines, is driven by lithographic performance.

20 l IC fabrication techniques often utilize a photomask (also referred to as a mask) or a reticle.
Radiation is provided through or reflected off the mask or reticle to form an image on a semiconductor wafer.
Generally, the image is projected and patterned onto a layer of material, such as, photoresist material, on the
wafer. In turn, the patterned photoresist méterial is utilized to define doping regions, deposition regions, etching
regions, and/or other structures of the IC. The patterned photoresist material can also define conductive lines or

25  conductive pads associated with metal layers of the IC. Further, the patterned photoresist material can define

isolation regions, transistor gates, or other device structures and elements.

To transfer an image or pattern onto the photoresist material, lithography systems include a
light source configured to provide electromagnetic radiation or light at one or more wavelengths. The light

source may produce radiation at a wavelength of 365 nanometers (nm), 248 nm, and/or 193 nm. The photoresist
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30 Alternatively, even if complete pattern transfer has occurred, prolonged trimming (to achieve
very narrow features in the patterned photoresist material) can cause pattern deformation, such as, pattern
collapse, pattern bending, or pattern breakage. Since pattern deformation of a given patterned feature is a
function of its aspect ratio (i.e., the 1atio of the height vs. the width of the patterned feature), a thicker photoresist
material will more likely result in pattern deformation. Thus, using a conventional thickness of photoresist

35  material allows for less lateral trimming due to vertical consumption concerns. Namely, since the plasma etch
also thins the photoresist as it narrows the patterned features, the trimming process must be stopped before

maximum lateral reduction has been achieved to ensure that a thick enough layer of patterned photoresist
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another exemplary embodiment relates to an integrated circuit having a feature of sub-

25  lithographic dimension. The feature is formed by the process including patterning the feature on a photoresist

layer disposed over a substrate, developing the feature patterned on the photoresist layer, and changing at least a
portion of the photoresist layer. The feature is patterned in accordance with a radiation at a lithographic
wavelength and a pattern provided on a,mask or areticle. A top portion of the feature patterned on the
photoresist layer is changed to have a different etch rate from a bottom portion of the feature patterned on the

30 photoresist layer. The process further includes trimming the feature patterned on the photoresist layer to a sub-
lithographic dimension, and transferring the trimmed feature patterned on the photoresist layer to the substrate.
The feature in the substrate has the sub-lithographic dimension.
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Referring to FIG. 1, there is shown a wafer 13 in a lithographic system 10. Lithographic
system 10 includes a chamber 50, a light source 22, a condenser lens assembly 24, a mask or a reticle 18, an
objective lens assembly 26, and a stage 11. Lithographic system 10 is configured to transfer a pattern or image
provided on mask or reticle 18 to wafer 13. Lithographic system 10 may be a lithographic camera or stepper

20 unit. For example, lithographic system 10 may be a PAS 5500/900 series machine manufactured by ASML, a
microscan DUV system manufactured by Silicon Valley Group, or an XLS family microlithography system
manufactured by Integrated Solutions, Inc. of Korea.

Wafer 13 includes a substrate 12, a layer 14, and a photoresist layer 16. Photoresist layer 16 is
disposed over layer 14, and layer 14 is disposed over substrate 12. Wafer 13 can be an entire integrated circuit
25  (IC) wafer or a part of an IC wafer. Wafer 13 can be a part of an IC, such as, a memory, a processing unit, an
input/output device, etc. Substrate 12 can be a semiconductor substrate, such as, silicon, gallium arsenide,
germanium, or other substrate material. Substrate 12 can include one or more layers of material and/or features,
such as lines, interconnects, vias, doped regions, etc., and can further include devices, such as, transistors,

microactuators, microsensors, capacitors, resistors, diodes, etc.
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anti- reflective coating (ARC) over doped or undoped polysilicon. In
anot her enbodi ment , Chaayeeso o hog@phi syxent Oh citbs K vaBouk @)@ pres@id cHamRSfor v iS5 | 1 con
nitride | aya&fum@&avﬁlemﬁa)lhﬂloééﬁﬁf ChalB& s cgntﬁpaﬁ}(of lmﬁﬁéﬁ)ﬁs tfphlds a%gp){@es,%h%

ayer upon

patterned SSi cessin

substrate T%&éen W R{tet’ma'glel % {ég% qﬁr@ﬁ? “mfzé‘ﬁwm‘fﬂmji‘eémﬁﬁ"fh‘ﬁﬂ%’?ﬁhg’rnﬁ‘fdi‘“éct| ve
coati ng (Aﬁb?ﬁf@hsﬂﬁgaesfe&ft@migzeﬂaﬁéwpw@r nugnlger pfvavefsptbsdescribed in a limting
fashion, and can each conprise a conductive, sem conductive, or insulative
materi &. Phot or esi bt foergee?? prv Gdeglight o rPMags@ic @divian iuedgy copdensp featasemaity St

cheni cal s suihdicbletriel18and objdi@UERRRINGy 26 WnaRRkIG b QS oD S0k @éi!m%xt | ayer 16
s sel ect easesis?o@@lxb%maeha%gg 8k J S35H0015, 193 15 SPRONS S0 Bl Gk Omanet i ¢

radi ation emt froml sou S conprising’p OtOI’eSISt
| ayer 16 ngﬁ'ce Feacd L’ia%"aﬂeg’rﬁg J&’Ptﬁ@lfcgs capéble of emitting radiation havmg a wavelength in the

ultraviolet (UV), vacuum ultraviolet (VUV), deep ultraviolet (DUV), or extreme ultraviolet (BUV) range.

25 Assemblies 24 and 26 include lenses, mirrors, collimators, beam splitiers, and/or other optical
components to suitably focus and direct a pattern of radiation (i.e., radiation from light source 22 as modified by

a pattern or image provided on mask or reticle 18) onto photoresist layer 16. Stage 11 supports wafer 13 and can

move wafer 13 relative to assembly 26,

Mask or reticle 18 is a binary mask in one embodiment. Mask or reticle 18 includes a
30 translucent substrate 21 (e.g., glass or quartz) and an opaque or patterned layer 20 (e.g., chromium or chromium
oxide) thereon. Opaque layer 20 provides a pattern or image associated with a desired circuit pattern, features, or
devices to be projected onto photoresist layer 16. Alternatively, mask or reticle 18 may be an attenuating phase

shift mask, an alternating phase shift mask, or other type of mask or reticle.

Utilizing lithographic system 10, the pattern or image on mask or reticle 18 is patterned on
35 photoresist layer 16. After the patterned photoresist layer 16 is developed but before such a pattern is transferred
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matrix material or resin, a sensitizer or inhibitor, and a solvent.

Phot oresist layer 16 is preferably a chemcally anplified, positive or
negative tone, organi c based photoresist. For exanple, photores'%itjul r 16
may conprise PAR700 photoresi st nmanufactured by Sum tono Chem tal lsz}gany.
Phot oresi st layer 16 is deposited, for 15 exanple, by spin-coating over

| ayer 14. Photoresist layer 16 is provided at a thickness of less than 1.0
gm Chanber Y8928%023j t hogr aphi ¢ system 10 can be a vacuR¢TESI4EW pr essur e
chanber f OEntoLL?}ﬁof &Jlmde\r{}%g "Ila errns yulcl;[aI;?aV &iar?zl gntele \O/H}Qm el,xi ots‘.xr:1 Osgr 1%1 Ee@lxrhle (:aQS g»?nelg 50 can
contain any of  NUNEr ous ypes 0O Vat ADSpher s, such as-  Arttogen, etc.

Al ternati véllc' - LtphoyidRg gpdarpsprid dhatgwpter 18 pyito remeled e chipemper FOeadpositipned Hitingus ot her
types of | fifidwoghaajdnyndiorraiiffachit Brgironnént Vit goia pdalyast hat clitt@Seatls@et @ smgnet | C

radi ation atmiddirol IR ShosAE spavel engt hs. 20 25 Light source 22 provides
light or electromagnetic radiation through condenser |ens assenbly 24,
mask or 5reti cle 18, Inﬁ\@gecgglibga%tei( \cl)%relstgngiso?é§e§r§drlpalts¥ e%e6 ogg)ear{?pugt (gtlt;eo§ia.r§s§‘1stl ayer 16.
Li ght source 22 is an excl ner .11 aser, 1I'h one SAbodI en 7 ng a

wavel engt h®81e “FpBE ) i akexphd pésenslajrondeamd7in {ig 2. agresiiestigne] Wearla porignght

source 22 wdy 1hedipaignliretise fafureGt fngsmed indhndr 16 B shoeBdetaipet caringfrocesmiti t | NQg

radi ation &awviob@mer, MEKRLENAGERN hiflal bidSminabihtl:51 BYkAIbEIs of JbiYdximaiG 65d WilTckot I @vi ol et
(Vuv), dee&%ﬁtﬁ(}%gﬂ?glsy?tgm foDUV) , or extrene ultraviolet (EUV) range.

Assenbl i es 24 an nclude lenses, mrrors, collimtors, beamsplitters,

and/ or .pther optic C ents to sujtably focus and direct a pattern of
1 aéecmfn;g‘!(;;%%? i [ﬁér At re ey e g rra@t gy ™ adpat t er n

radiation (i.e., radia .
or i mage pP dWIRepLERcdbsakibabis flgod expestdevet 89 entrp pager ph Gheoriedidarea dleghpesouteds St age
11 suppor t & tweddeshod:3ypamd s@ s clRvEheabErD @6m hdontr@lichpaiter ib®. ASeapDY. 26. Mask
or reticl exdbfied sfa dectitln IRLYsullBE K ghdgratQQ%tio%(%QBQQ %ﬁhfacn%&klilég&onr\’ﬁ{b§ cle 18

e.g.,

i ncl udes aCO3Q)att1ransI ucent substrate glass or quartz) and an

opaque or parlgtfeoF'ned | ayer 20 (e.g., chrom um or chrom um oxide) thereon.

q)aquelg ayer 20 proyjdes a pattern or.inmage associated with a desired
circui t” pattern, feXtohrEEen g2 Hauficen ey oo it GrttiBaoeessoPrHBtEdresi st

| ayer 16. WRIyReppgielofiatesls, spohgkleqyies undetzp cihemickBeantiy, i.b.erogtliniizitetha ratiit iy phase
shi ft maskihe fadiofnl drapsvlihd PIGmERAGA! SBdidicli thEFREK are pIRSFREmbYRACTR borfRSK OF

reti cle. Uknk bedod 32 Ghat mbs LOAG BRI d§o¥x§pﬁo§eﬁqss Qw c&o@s%aﬁ%%&ng Lothpids a joh Bikon mask . or
reticle 18 s p_@tte,rne, on 35 photorests ,'lag/er PORPTSR *hETpaTT er ned
phot or esi s§ 0 Ay BF Porign o drefatys P elecirdeasat 1§ Prablastpperetate G Aenbapsfe-jadotomanst er r ed
5 2 8 3UL ReieB05cmmids D@2 (i3 302RBmPRET Bl 830Bmonti@ canynoafosstined wnder | yi ng

| ﬁyer S, SUBdpoilkf coplyeiecompbsitich)) BOkBGEHAR0 HEPTLLHURAFIOE 0p bR bS perforned, as
shown in

Tap portion 58 has different electrical, optical, and material properties relative to bottom
portion 60. Complete decomposition of the functional groups of the polymer material causes the electrical and
optical properties of top portion 58 to be different, increases the density of top portion 58, and decreases the

25 porosity of top portion 58 relative to bottom portion 60. Cured top portion 58 has greater etch resistance (or,
equivalently, a slower erosion or etch rate) than uncured bottom portion 60. Hence, in a resist trimming step
(FIGs. 3-4) following the electron beam exposure or curing step (FIG. 2), a greater amount of lateral trimming of

features on layer 16 (e.g., line feature 54) can occur without adversely thinning layer 16 than is conventionally

possible.

30 In FIG. 3, a cross-sectional view of a portion of wafer 13 during the resist uirﬁnﬁng step is
shown. The resist trimming step is preferably a plasma etching step. Wafer 13 is exposed to a plasma etchant 62
to trim or reduce the dimensions of features patterned on layer 16. Plasma etchant 62 can comprise a variety of
plasma etch chemistries, such as, O, HB1/O,, or Cl,/O;. In one embodiment, wafer 13 is in a different

processing environment (e.g., different chamber) than for the electron beam curing step of FIG. 2. A variety of



FIG 2. It should be understood that wafer 13 nmay be renoved from chanber
50 and positioned within a different chanber and/or a different
environnment with tools, such as a flood el ectron beam source (not shown),
for this electron beam exposure step. In the electron beam exppgype)mtep.
also referred to as an electron beamcuring step or a resist curing step,
wafer 13 is flood exposed with an electron beam52. In FIG 2, a
cross-sect i MY Ew of a portion of wafer 13, and in BSAFUSPIEENAr a |ine
feature 54 under goi he cur process.
In one en‘f)tpngar&e% etenIIS he asf}ﬁ’ Setut’j“rmg b%rﬁdsﬁ’égpgvgnﬁ&m 15°f taglg’a’tp LR Lﬂngt eral

di mensi on §F§eaf?f‘°f§’65?‘6ﬂ‘1ﬁ%'tlae¥‘?bi%zeﬁﬁletﬂePla%Waetmﬁ%m lit hogr aphl c system 10.
El ectron beam 52 is preferably emtted froman extended area el ectron
source (not shown) Elpuhaetihant 62 etsies fliprnmed Bifdcés uityedi 6hehiding thap aidsiddshreasl exposed
over the embicd bbbkt por&hﬁ)feye BREedrRnean e&e@fomgmégu{mc&m{ e'armg afp the col d

o s LG B IPRSL SR bR 8 ST A b P I BREIASE S P2 1

ions. An exa ron source Sui 0 generate
el ectron bB%?PﬁSS‘? ﬁﬁhﬁﬁﬁﬁ%éﬂﬁﬁwa‘ﬁﬁmﬁne@w%ﬂm§|1€@fr‘ihan Esdpipdiedeionef il 5 Waen
el ectron béame B2 Swfificglyf thd poitier v wiew extigyly £ 0§®s: ritéitha the at &6dtorpotian 60D ecul es

conpri sing teﬁlglﬁmly Qlﬂimﬁ R teallfd 54 l’I‘asl,hap(::uc fealuﬂyﬁ{e tht@d linoi % MEQ&H lhcesﬁa Lgk gger go a

chem cal ({J%t§4%r}brecomenc Cros ereISIStrtlr g to the extent that the functi onal
groups of ter a ASSOCAI®d therewith are conpl etely

decorrpoged The portion of ine feature 54 that has becone conpletely.
deconposed is shownP‘Sﬁ“@)@ysthﬁ%ﬂfk&ﬁ%"cﬁt°&WH‘°‘b?§r‘Fﬁ?1?°‘§%§‘°héhafsﬁﬁitafﬁﬂ}yfﬂl Bige %’g‘o“ (FIG 2).
The port i off Yol belcinppmed g either avaySifrulianeats wish tebmmtiotyéadriBPamowt of iedalltannting openet r at e
or bonbar dbottbm frtion @. DifiHioRi#s 3opPoriénl 5018 ddBuinell BNMRIpESrAAHREL L febm €2 , t he

pol ymer fumfa&a?& 12y QRN BS ek, ROLEAIVAOL Lk &Qenﬁgela&%&g}sz A8y oﬁ%gd to the

point of co deconposi |ont%5 tom portion rectly
bel ow top POt 8%“’8%”“ B Birlege tf"lﬁ’é’“’ﬂlgf‘fpe’i"éﬁ‘i“‘b@l“e‘i’?’ft’i‘ﬁ ﬂE?zRf“e“aB‘ﬁtl cal, and
mat eri dP pfea efeleqrasbenpf2atd igyer 16.0r ibesket wars. sghortheitidhne@0! torQompl 58t 48 adecoNPOSi| tion
of the fungbioodbn, G tHitka&s dfop pdiPn 3G AfiliBion dTBE REdetingG SRl RE ah #Ghd | cal and
optical prapetdohsBscaRfe &RRePRrtion 58 to be different, increases the density
of top portion 58, and decreases the 25 porosity of top portion 58 relative
to bottom portion 60. Cured top porti on 58 ,.has greater etch resistance (or,
equi valently, a slower erosion orgetLh t han uncured bottom portion
60. Hence, in a resist trimmng step (P Gs. 3-4) following the el ectron
beam exposure or curing step (FIG 2), a greater anmount of lateral trinmm ng
of f eat uresredyis hepprepatiggieftipin gicrons| {. iy the ficeeketatimeaolBebJor agy DG ¥.and dvi theldesity
adverseby éflm RigiB@erdaby gy B6)tpaR%.1 S conventionally possible. 30 In FIG 3,
a cross-sectional view of a portion of wafer 13 during the resist trinmng

S E ep | \S/\a ; sh 0\]/_\3 TherH: 88dica Br etcﬁ J0d ﬂqureitpmn 'oﬁayg'rle §s alahloy bﬁhem)s@'&gﬁcctir@rt c h![ E g
step. { oo Lyt 16HEs L cure (3 eam 10 osice €
di mensi ongb of fg,g E ?éh i %v%LQ Y ?%Engalgf’sﬁggﬁﬁ’ é‘fnét%p’éﬁ?o Tcan

conpr i se a WP . PVhe(ﬂxred poruon of layer 16 (e.g., top portlon 58) using a polysilicon efch or oxide etch plasma
chemistry is approximately 35-50% slower than the uncured or untreated portion of layer 16 (e.g., botiom portion

25  60). Apolysilicon etch typically includes the use of a HBr/Cl,/O, or HBr/O, etch chemistries. An oxide etch
typically includes the use of fluorine-based etch chemistries, such as C4Fg/Ar/O,.

The reduction in etch rate saturates for dose greater than approximately 2000 pC/em®. In FIG.,
6, there is shown etch rates for PAR700 photoresist cured with various doses of the electron beam. The PAR700
photoresist in FIG. 6 is provided over a silicon substrate, Each of plot lines 100, 102, 104, and 106 shows the
30  etchrate as a function of the dose of the electron beam. Plot line 100 represents the etch rate of the PAR700
photoresist when exposed to a HB1/O, eich chemistry. Plot line 102 represents the etch rate of the PAR700
photoresist when exposed to a HBr/Cl,/HeO, etch chemistry. Plot line 104 represents the etch rate of the
PART00 photoresist when exposed to a HB1r/HeO, etch chemistry. Plot line 106 represents the efch rate of the



pl asma etch chem stries, such as, 02, HBr/02, or Cl12/02. In one enbodi nent,
wafer 13 is in a different processing environnent (e.g., different
chanber) than for the electron beamcuring step of FIG 2. A vagijgtyjpf 6 2
8 JUL 2005 WD 02/080239 PCT/ USO1/ 48509 standard etch systens, such as those
manuf actured by Applied Materials of Santa Clara, California, or Lam
Research of Frenont, California, nay be utilized to provide plasm etchant
62. Plasm SOMRANR962 et ches aII exposed surfaces on | REEUSAESSP ncl udi ng
the top an cause di ff rent ortions of |ayer 16
have di ffe?‘é%’tog tor sxsg Wl fﬂ expOfedr |a0 V\A.glgr/()zfat% en'nllsgyc th},o(gee od1 uere}ctll,]céllen%s p5 (eg.,
top porti oﬁ”%‘e‘ég“'“%ﬂsom portion 60) t he di nensi onal reduction of all of
the surfaces of layer 16 will not be the same. As shown in FIG 3, the
vertical reducti &B/@ftch dheyestf @t ling B0)5 45 0T solwrexdbins ¢f R0 Whend fatidobr al reducti on of
line feature SdBroSpeesidsal |y, top portion 58 trinms vertically at a sl ower
rate than the sides of bottomportion 60, tenporarily making line feature

54 a "T%s shaped, frﬁﬁélme@mcmﬁmg&t@&ﬂm'wz S0 I sﬂc%as%fzro&%%ﬁ%@mo the shape of
l'ine feature 5§F€?l§{%§%cgwncerrent of the resist trinmng step. 10
i

Preferably, the " 8B™portion 58 is selected such that
substantially all_of top portion 58 will be consuned or etched away

si nul t aneous  wit AEVHTE: 8 AT @ g 04y Qelisrueebiaqrinto orade efr al trinmi ng of
bott om porti on BYHeGHle=2001¢kexs of top portion 58 is determ ned by the
penetration depth of electron beam52 into |ayer 16. By varying the

ener gy, accel eriaCimlg/osetit chdgisiry @bt aen6)esutmTOf700eW a6t Htio bt dRAPDS2 and/ or t he
processjipng gasyswépaf er tenperature associated with the el ectron beam
curing step, it is possible to control the penetration 15 depth of

el ectron beam 52 i nEnQ"‘Id Q%gﬂéssle@ﬂongl}xev&d? ﬁ‘t@gﬁw&%l §anc%$ple%gnofﬁlpr§s1s$ hi ckness  of

top portlon 58. roxi mati aon, tion 58 is a
function of ”"tmf?é“e&é%% I3€f §F ARG %°W6?mpéﬁe%tt9't“1mc?ﬁmffe§3 fhpis b‘?‘iﬁ]dterantyhe

rel at i onshiripmedapd hrportisnHB ésglasent] haying befporiple@Y Gtchgthlly plAGna gtchali 63 & infRisatirss54 kifve

penet r at i ome pl@fd dich hdd 2 @inGiEAASal did@sidnS4 b @veRicd BloBEsabs. B eNRpIE, ﬁgﬁaleﬂ'noﬁlﬂﬂ rgy in

keV, an@ dlalex%l dgnﬂgsmg%qssfSBMn thgrg.nf?xixedh r%ld%x%ﬁsgg& cgraaé Jaéh%n:(lg ahd verﬁé{lpr 16) in
g/ cnB. gﬁero ortion o ayer 16 is

det er ni ned Vesf?igeca“gl’(e)g‘éhebafige(@f]@%ofqo%)% beam 52. Wen | ayer 16 has been cured
with el ectron beam 52 having a dose of approximtely 1000 i C/cn2, the etch
rate of the cured pS‘?"t"’l"H’I‘l"‘"ﬁg"fIl%ﬁ?@lhm%P% ly gatterqd s ipquERipcimg heam ity o

pol ysi | i cofsat@tsbévingy nogiedl thesrabiingsnsiop biabarel 50 g vedubt ¢ triyimdd $o lespipameboitireingl y 35- 50%

sl ower t haRitodl Ge 1MAG GEEleRFingWiHnk ﬁl@srecﬁgnt ﬂ?&gsse!s Qo Rfn etcﬁ-M:@&:ss %Q ¥ tognsufﬁcnﬁ)ct tom

porti ong25,60) n.et ncl udes
PBr / 127 oo i e BRI L AR el SRR dfortiscloRe (65 BE i

resist thickness loss during the resist trimming step, the resultant features patterned on layer 16 can achieve

trimmed lateral dimensions similar to those achievable with conventional resist trimming processes but with more
resist thickness remaining. Alternatively, the resultant features patierned on layer 16 can comprise a resist
thickness similar to those conventionally achievable but with narrower lateral dimensions. Having a greater

25  thickness of resist remaining increases the probability that such trimmed features will survive subsequent

processes to be faithfully patterned onto underlying layers.

In FIG. 5, the trimmed line feature 54 shown in FIG. 4 is patterned onto layer 14 by an etching
step. Sufficient vertical thickness 66 of line feature 54 permits the shape of line feature 54 (with the reduced
lateral dimension) to survive subsequent lithographic processes, such as an etching step, to pattern feature 68 into

30  layer 14. Feature 68 is shaped similar to line feature 54 and has a lateral dimension similar to trimmed lateral

dimension 64, Feature 68 may be, but is not limited to, a conducting line, a transistor gate, an insulating line, etc.

In this manner, conventional photoresist materials, conventional photoresist thicknesses, and/or
conventional resist trimming processes may be utilized to form integrated circuit (IC) features having

significantly sub-lithographic dimensions without concerns of pattern deformation or destruction during pattern

8




typically includes the use of fluorine-based etch chem stries, such as
CAF8/ Ar/02. The reduction in etch rate saturates for dose greater than
approximately 2000 rC/cn2. In FIG 6, there is shown etch rates for PAR700
photoresi st cured with various doses of the electron beam The Johiitoo
photoresist in FIG 6 is provided over a silicon substrate. Each of plot
lines 100, 102, 104, and 106 shows the 30 etch rate as a function of the
dose of theY&%®B%Y¥n beam Plot line 100 represents théKEF@ﬁMFQPe of the
PAR700 phggfl rtohdflyin a%’en(s)egl r?ﬁedalg;f&%.?a ss1ve esmf 1 n% gs({ceswg]péamut eX %5 exto tddl I ne 102

represents the etc g ore _
HBr / C12/ He EE™ig tipe) befpesipsisictiqp of mafegyintiefigy s ikply 4o opquyrueie pyffigient fedst @slerrs r“él“é] e of t he
PAR700 photmieetsn bbm wwhienf thedeebed plodreast Br IcHRER10h Riin elh@atosive ypeciftbai | i ne 106
represents clﬁﬁ@emﬁ&:ﬁbacgo@;u@e 2 dési?z@le fodicRion tULhe %9Q§Ofmtogg!t %pl% 38.RCT/ US01/ 48509

PAR700 phot.or esi etc emstry. In one
enbodi rrgnt TR mfy aﬂ” ﬁ“étﬁlr’ getr?dﬁced %’g?lgq%’fhé?"gm‘él‘reé°’H’éas"f°b‘ietl‘°8\}\% 1. HBr/ 2 etch
chem stry (plot line 100) 15 ml, source/bias of 100/20 W and ratio of
HBr/ 02 =15/ 25 sccm Lt & copigapletes thet thesepfnoey arer kopmankeaiodified ogowterticdl i1t 102) 20
ml, sour ce/fhiskngss log furROEY rds@Oritfingatapibyra ddrietp of othér rBBrAFa/eckiedl lawer 160y 30/ 15 sccm

3. dHBri HeO%ipescn&aumh@m«e&tmyh ﬁtmte@remg raaene;%&evek@& trmefor@smg eﬁ.ﬁmvﬁtﬁa of 200/90 W
and ratio Qf ..

r/ chem stry
(plot Ijne 108} Hﬁgtggg% maf%ﬁmW’“%’ﬁV&r]l?ést%’a%“omr“ a’t‘ﬁ%’?ﬂa‘/‘ @f’ iy ‘7‘%@%/ 2 sccm
In FI G104, supmigcfropicplagnacsich anila) Hanhresfyvagus Huopsyohlprig orgfomippdortfinine gas miséses- dbnpl et i on
of the resﬂ@@wmwpmmw¢hguBhepm@ﬁm@mw3¢ma@@ehmwmmwumnawa@ﬁ@mmemSAMﬁow
conpri ses  bakd kRl b 1o Rneb b RRkiol\ @K, Boek, dateral Iy trimred and top
portion 58 is absent, having been conpletely etched by plasma etchant 62.

Line feature 54 aftﬁ‘fsuﬁdt}ﬁooﬁlﬁm&%&ﬂéneﬁ%oﬁm&l{dn&?&ﬁcLé&p%ﬁigngﬁ e on 64

and a vertjc t hi nomi nal ~ 15 | ateral
di mensi on E Rl %5ﬂ§mm¥% i ”°Wﬁ%§?qR§F§?%Tdﬁ@ﬁ@ﬁ@?%ﬁ“%4vﬁﬂﬁ approach 70
rimor Pes§°dsﬁﬁe°*\§embr m@r mﬂteﬁﬁtaék\ﬁ@we Bepe e rpngyef thapatitalence ef fhg daipfwith@D0- 6000 A.
Convent i ondebdring frdnovhatkSBintadn | | t hogr aphi cal |y patterned features w thout

el ectron beam curing, features having a nom nal |ateral dinension of about
150 nm cannot be trimed to | ess than about 110 nm w thout the features

di sintegrating during subsequent processes, such as an etch process, (i.e.,
due to insufficient 20 thickness of the remaining |layer 16). In contrast,
by nodi fying the top surface of layer 16 to slow the vertical resist

t hi ckness | oss during the resist trimmng step, the resultant features
patterned on | ayer 16 can achieve




trimmed | ateral dinmensions simlar to those achievable with conventi onal
resist trimmng processes but with nore resist thickness renmaining.
Alternatively, the resultant features patterned on |ayer 16 gaE ﬁﬁgprise a
resist thickness simlar to those conventionally achi evabl & gtk th
narrower | ateral dinmensions. Having a greater 25 thickness of resist
remai ni ng i ngre the probability that such trinmed features wll survive
subsequent gﬁd@@&gbs to be faithfully patterned onto underlying |layers. In’
FIG 5, the trinmmed line feature 54 shown in FIG 4 is patterned onto |ayer
14 by an etching step. Sufficient vertical thickness 66 of |line feature 54
permts the shape of line feature 54 (with the reduced |ateral dinension)

to survive subsequent Hjthoasmpihbd oPtrRGBRBeSfeatittChtBed dntfhotonist B, tO
pattern feature 68 into 30 | ayer 14. Feature 68 is shaped slfhrrilar tag I'i ne

feature 54 aH¥ mhatoresistlaver disperedonet asubstrate hrd the deature imaluding 8 éopeportion

di nensi on 64 I ut is.n limted to, a conducting |line,
a transi _stora%d;?ge?aasﬁrt?%ss{ﬁé{‘%ghgmﬁoﬁ@ns g_e:ftf:pst I's manner, conventional
photoresi st materi al s, modifyRglth©Rp|portval sTitRSfeaiurd pitekitaThake pRASHeSISt
conventional  resist trinmng processes may be utilized to formintegrated

circuit (IC)layesiodpmaampdiiigs topipgriiom; aacht 1y sub-1it hographi ¢ di mensi ons

wi t hout concerns of pajter i or, destruction, durin atftern 8 2 8
JUL 2005 WD 02/ 080239 BCIT %%@ggpﬁe %‘#"é‘rtﬁ?Bﬂ‘EfﬂiFé’rsf(/ja?’ﬁrg“’lq%‘@‘b?(s).

Mor eover, a trimmedfigtues siheteih@siettical friniFatghdd RELH IrilnSraRedr&hdsbeigked @/ith-
extended trimyng tine) before destruction of pattern integrity is likely
to occur duethedeatyrgand fthg vestical gémgate inslewerdban thpateral im edgte dve torthdeam
curing of th :nhot oresi st |ayer 16, the electron beam selected to
have speci filgmgg?aé?nlt&gﬁ%?lg@t eristics in accordance with desirable

nmodi fication to the suwheein wimmingtics fausd cdn@prizes eucihg diawitibofth oeticed ons
may appr oxi I e reduced by hal f_fromthose provided on mask or reticle
18. It is argétﬁﬁgﬁgﬂﬁﬁ?%?‘éhﬂg‘ﬁ&{apgﬁéh@ﬁqﬂ%e of layer 16 may be nodified to
slow vertical resist thickness |loss during the resist trinmng step by a
variety of other treatnents. For exanple, layer 16 may be exposed to an
ultraviolet (UV) |ight2aftelThdmethgdpfitihonicwheran thewsidifipag sbaptintdedesr e bei ng
trimmred wthya , wavel e tth at _whi ch t{;rg ma.éerial conprising layer 16 is
opaque. In afed@pogng QP PPYion 1o g elgglrorbeatly, e with 10 an ani sot r opi ¢

pl asma, such as, N2, H2, Ar, or various fluorine, chlorine or brom ne

containing gas mxtures. In still another exanple, |ayer 16 may be :
chemcal I'y treated befdre i|Th¢ methodofeldim 3, whetemal piicaj thickness efrithe or * | ayer

undor ot ood 1RGTER Rt Bl BBiantiE R asfrieeioe FoleRat B s ar o

gi ven, they dédronfbeamt he purpose of illustration only and are not limted
to the precise details described herein. Various 15 nodifications may be
made in the details within the scope and range of the equival ence of the

clai ms ‘without departjng T ERMU3H of Slafth §,' \gﬁeqein the modifying step includes

substantially decomposing functional groups included in the material comprising the

photoresist layer.

5. The method of claim 2, wherein the vertical trim rate is a

function of a dose of the electron beam.

6. The method of claim 3, wherein the dose is in the range of
approximately 1-2000 mC/cm?.
10



9 2 8 JUL 2005 CLAIMS: 1. A nethod of trimmng a feature patterned on a
phot oresi st |ayer, the photoresist |ayer disposed over a substrate and the
feature including a top portion and |lateral surfaces, the neth

conprising the steps of: nodifying the top portion of the feaﬁ@n@Lﬂ&Eterned
on the photoresist layer to forma nodified top portion; and trimmng the
feature patterned on the photoresist layer to forma trimred feature,
wherein a vertical trimrate and a lateral trimrate are associated with

the feature and the veyliigshethid OTifhe 1| SrBLRURpSARTIE helaiglut 11 m rate

due to the nodified top portion; wherein trinmn ature conprises
reduci ng t heasgporiting twfthep‘mpn pbthe fodtutemvingat smbdlthagr@lmmdnnemlbogw fopiac

di mension. 2. The had, of .claim 1 erein the nodifying step includes

f1 ood exp05|f?§tuf?1 ?)f)“ gpteihauing 3 syl %?%%‘E’H}?&ﬂPHB The method of claim
2, wherein a vertical thickness of the nodified top portion is a function
of a current or an accelerating voltage of the electron beam 4. The

met hod of claim 2, whe$.€ihe méthodrofiélam hgvisreip thetcimmieg stepubdudastplamay
deconposi ng f i |, groups incl.ud in th erlal rising the
phot or esi st ?tgv thegi%auf%e“‘ﬁ’@ﬁ’r? o%ﬁe‘g? %‘i?P"LSWQeggrtl cal trimrate

is a function of a dose of the electron beam 6. The nethod of claim3,
wherein the dose is in the range of approximtely 1-2000 nC/ cn2. 10 2 8

JUL 2005 7. The net hod9.gkn integrated ciruit fahucation ppodess, thy prociss ogmpriéngs ubst r at e
fo forma featurs in HERBiBa PUEEH IR R Bufs Pirmbreg R R RE R on. 6.
The net hod oincluiliBight leastdiefedtivet he trimm ng step includes plasna
modifying the patterned photoresist layer to form a top portion and a
bottom portion of the at least one feature, the top portion having a top etch rate and the
bottom portion having a bottom etch rate, wherein the top etch rate is different from
the bottom etch rate; and .’
etching the patterned photoresist layer such that the bottom i)ortion has
a sub-lithographic lateral dimension and a sufficient vertical thickness to maintain

pattern integrity.

10. The process of claim 9, wherein modifying the patterned
photoresist layer includes cross-linking the top portion to the extent that functional

groups of the material comprising the top portion are decomposed.
11. The process of claim 10, wherein modifying the patterned
* photoresist layer includes flood exposing the patterned photoresist layer to an electron

beam.

12. The process of claim 11, wherein etching the patterned photoresist

layer includes consuxﬁing the top portion and laterally etching the bottom portion.

11



- thickness to nmai.nt

etching the feature until the nodified top portion has been consuned. 9. An
integrated circuit fabrication process, the process conprising: devel oping
a.patterned photoresist |layer, the patterned photoresist |layer including
at least one feature; nodifying the patterned photoresist |ay&dlt&5orma
top portion and a bottom portion of the at |east one feature, the top
portion having a top ei’fgﬂlrate and the bottom portion having a.bottom etch
rate, wherein the top &d-cheaeeess of ¢laim £2.avherqin ghe bottam postiemearaprises that e
and et ching | t om portion
has a sub-| ?‘?ﬁ%ﬁ?@%ﬁ?@? ‘%ﬂt?%?g?étgﬁlgtﬁtse g%lggﬂ alil'(s)tt{‘&ﬁ ihgi{'gl%ttge\?ée‘}rbf i cal

t hi ckness t olithegraphiciatephtinemsionrind glid sufficid@ verival thickfes 3o afairthiaiptitdn
wherein nodifying the patterned photoresist |ayer includes cross-Ilinking .
t he top.portf% t the extent that functional groups of the materi al
conprising the top portion are deconposed. 11. The process of claim 10,
wherein nodi fying the patterned photoresist |ayer includes flood exposing
the patterned phot or esi4tTHegyevess of dainel B dtrtien colpfising dddectibgpapinetass of
claim 11, wherei.n etchi t he tterned photoresi st ayer includes

consum ng th%ss?‘aﬁtegéﬁl 'tg%elﬁﬁtﬂo‘{) to qopfigure g; thigknass obibe temprbeRi on. 11 28
JUL 2005 13. The process of claim 12, wherein the bottom portion conprises
the at |east one feature after the etching step, the bottom portion having
the sub- |ithographic latkhegroatssefdiiaon] 2 feticheompiiing seledting @atantotdrs

. 3" n pﬁlttern ntegrity. 14. The process of claim 12,
further conpfesitgd ¥dthdhs claeironbeampiosonticurs thecton etsh rafe 1of theier 8PEIORr on beam
to configure a thickness of the top portion. 15. The process of claim 12,
further conprising selecting paraneters associated with the electron beam
to configure the top etch rate of the top portion. 12
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