LI NE EDGE ROUGHNESS REDUCTI ON FOR TRENCH ETCH BACKGROUND OF THE | NVENTI ON
1. Field of the Invention 5 The invention relates to a nethod providing

i mproved |ine edge for a trench etch for Single and Dual Danascene net al
integration. 2. Description of the related art The present invention
relates to the formation of sem conductor devices. During sem conductor
waf er processing, features of the sem conductor device 10 are defined in

t he wafer usi s. In these
processes, m@gﬁg@wmﬂaﬁﬁpﬁéNﬁ%Mﬁﬁﬁfﬁ waf er and then
IS exposed to light filtered by a reticle. The reticle is generally a
glass plate that is patterned vmth exe IaEry feature geonetries that bl ock
i ght from propagati ng BACLBGIRS 3 OFlthily [NeVERFION passing t hrough the
reticle, the light contacts the surface of the 15 photoresist material. The
| i ght changes theFﬁﬂ%’ﬂlﬁ%veﬁﬂgﬁjos' tion of the photoresist material such
that a devel 1(:)per can renove a portion of the phot o(rée5| st material. In 'Ejhe
case of. positi ve
and 115t he casoBp e Rah RbFLN Db EaESAER O ER BB BT 0.
ar e renovesinglthad DailDamasdehemel iategiatioret ched to renove the underlying
material fromthe areas that 20 are no |onger protected by.the photoresist
material, and thepeRyipefdfae thpdaesired features in the wafer. Various
generations of phot oreS| st are known. Deep.ultra violet (DUV) photoresist
ohamat o cr aser R Ao S e ek & 204 wi th

Wi a
patterned 25 photoresist |ayer 112, over an ARC (Anti -reflective coati ng)
110 over the |a19*e'mg§@8monﬂucbewei6tmebwm, igaeseof Shegsemricppductor §evigthot or esi st

G 0B, s Rl iR valt IR bl et e Btay Brobesiheltbte o O {12

phot or esi sprob@yesephdifesddPR)Mimtdsal 9 gemmadamtth@mfer gidakeds egjosed to
light filtered by a reticle. The reticle is generally a glass plate that is patterned with

exemplary feature geometries that block light from propagating through the reticle.

After passing through the reticle, the light contacts the surface of the
15  photoresist material. The light changes the chemical composition of the photoresist
material such that a developer can remove a portion of the photoresist material. In the
case of positive photoresist materials, the exposed regions are removed, and in the -
case of negative photoresmt materials, the unexposed 1eg10ns are removed.
Thereafter, the wafer is etched to remove the underlymg material from the areas that
20 are no longer protected by the photoresist material, and thereby define the desired
features in the wafer. ) '

Various generations of photoresist are known. Deep ultra violet (DUV)
photoresist is exposed by 248 nm light. To facilitate understanding, FIG. 1A is a
schematic cross-sectional view of a layer 108 over a substrate 104, with a patterned
25  photoresist layer 112, over an ARC (Anti-reflective coating) 110 over the layer 108 to
be etched forming a stack 100, The photoresist pattern has a critical dimension (CD),
which may be the width 116 of the smallest feature. Presently, for 248 nm photoresist

a typical CD for the photoresist may be 230-250 nm using conventioqal processes;



1 Due to optical properties dependent on wavel ength, photoresist exposed by
| onger wavel ength light has larger theoretical mniml critical

di rensions. A trench 120 nay then be etched through the photoresi st

pattern, as shown in FIG 1B. In order to provide features with smaller

CD, features forned using shorter 5 wavelength |ight are being pursued.
193 run photoresist is exposed by 193 nmlight. Using phase shift reticles
and ot her DlgfeRtisahpropsrizs damodeniprmaymiensts glw@?swbamoeqdrby IpREeT he f or ned,
usi ng 193 g%@p- ' ' . L1 ks qvide a feature wth a
CD of 90-1 v@l qa%hﬁﬂggéghgﬁﬁﬁ#tguﬁgﬁgﬁgﬁ%%ﬁw%%%¥bresists mayprovi-de

addi tional problens 10 over photoresists using |onger wavel engths. To
obtain CD s cl oddrench 120enaybar et dtaded thrbughithe hhterdsist fetigmagstshowppar at us

shoul d be recise, whi.ch uld.requijr re ensi.ve J|ithography
equi prent . %gi@lo eﬁ@éﬂ%&pﬁ‘?%w &%‘ﬁgﬂ‘%&%mﬁe&%&egé‘pﬁ%fkfc\ﬁeﬁ es as hi gh
as |onger vavebemIlisht a&%ﬁggﬂsaécﬁ 198 A B 10iR sBis @ATstdbydBh aiighinder  pl asma
etch conditions. 15 In the formati on of single and dual danmascene

st r uct ur es Usingphase shiftaetidiesiand otherteeinology.ta W 100 noy CP photresiphpetien t he

dielectric )t r |- kRES. roper via is
subsequent yaﬁﬁf(%]%nga’g‘gﬁlﬁllg%Iéﬁ%prﬁ)?egggﬁfﬂé ?%#g%%rlﬁtgéraygrato orma
contact. SEMHARYD GFO0FHID AdNVENTI ON 20 To achi eve the foregoing and in
accordance with the purpose of the present invention, a nmethod for etching

atrench to at enchg th in zqndielectr-j(':layer a substrate is

.. over.
provi ded. An AREDG & 9hHIELWVEKEA g@@OWFﬁas@&wippV}dgyé&fﬂmﬁl IS resist mask
is f d ' : | . The ARC
is forpe %oergaggﬁ&@g_ X g@g&nﬁa@nﬁ%tg&.% éﬁtmﬁr@fackﬁ Jufse thk RieptenEas e

is etched thr Atre s etc into the electric layer with a 25

di el ect ri c lymt therlithogregliysappaiuh siweldtwtraate pieciss tiichrwobldireguitt 12or¢. | n_anot her
mani est at iogn. ol RSk kA BRI Un SRRy bR Lo 2
selectivities as high as longer wavelength photoresists and may more easily deform

under plasma etch conditions.

15 ' In the formation of single and dual damascene structures, a wide trench is
~ etched partially or fully through the dielectric (an M1 etch) to form connecting lines.
A parrower via is subsequently etched completely through a dielectric layer to form a

contact.
SUMMARY OF THE INVENTION

- 20 | To achieve the foregoing and in sccordance with the purpose of the
present invention, a method for etching a trench to a trench depfh in a dielectric layer
over a substrate is provided. An ARC is applied over the dielectric layer. A
photoresist mask is formed on the ARC, 'where the photoresist mask has a thickness,
The ARC is etched through. A trench is etched into the dielectric layer with a
25  dielectric to photoresist étch. selectivity between 1:1 and 2:1.

In another manifestation of the invention a method for etching a trench to a
trench depth in a dielectric layer over a substrate is provided. An ARC is applied on

the dielectric layer. A sensitive photoresist mask is formed on the ARC, witha



trench depth in a dielectric |layer over a substrate is provided. An ARCis
applied on the dielectric layer. A sensitive photoresist mask is fornmed on
the ARC, with a 2. thickness between about 2000 A and 4000 A. The ARC is

etched through. Atrench is etched into the dielectric layer with a clean
etch. In another manifestation of the invention an apparatus for etching a

feature in,a,  dielectrigc | IS vj ded. pl a processi ng chanber is
provi ded. q*ﬁ‘é‘“’ﬁfsj‘?ﬁﬁeegaﬁ?‘ﬁgé@i{&ﬁﬁdg@%gﬁ‘e&ﬁ%ﬁ%@ggﬁn : 061 1 forming
a pl asne piQaeRaing IR 1afR Wil Gn eRnSUPSt rate support for supporting
a substrate within the plasma” processing chanber enclosure, a pressure

regul ator for regulating the pressure in the plasma processing chanber
encl osure, an elcBpheraagifesetion oiphebivension apapraratis fprrtehingafasture if 2 om t he

ol oot r odo, TR mePiclRlBla, TRORGRL B:chdod tBnrfEbisREn Al alBBe D Chanber

encl osur e, proeeding chanbed Bbinpiisck achatieawsll fodgiingasldsfaPrdcbginglcagnir pr ocessi ng
chanber encl qsure. A gas source is in fluid connection-wth the gas inlet.
A cont r ol | B1clpe 8 siksEpte sppRert ferpeeriinge fugsteate Within theplasma Pracesingas sour ce

the el ect t ' ’ f: pnlet, and th
e el ect rgeenpe BRINGAL Eﬁﬁfﬁgé?re%gﬁtﬁﬁ& f‘egulﬁﬁ%]% fesure lﬂﬁleﬂa?}a%m'an et, an e

gas outlet. 15 These and at ures ol resent i1rnvention wll be
descri bed puocassing chatebeniehslodned, envelectradh plackel appbsitd fidesandispdckdapactf t he

i nvention and jin copjunction with the follow ng,figures. BRI EF DESCRI PTI ON
OF THE DRA&\PR?C%G %‘ﬁ’ég F SURDATL & TR P‘i"'@ﬁ"t?‘g‘"iﬂﬁ &ngﬁfl@gﬁl%n% of exanple, and
not bylomyelei;tmc%Qa bdshik@fol Pdwiding dabitd thePlaGiia fbcdsife HeRMERRBNERE dr awi ngs

and in which like reference ‘ nunerals refer to s_im ar elenments and in

whi ch: Fl Gnda pas quiler Tpr eghausting gas faan the plesina pioesssing thamber ensbisuret dhed into a

dielectric__| r.a rding to th rior.art. Fl 2 1s | ow chart of a

process usee ﬁao)énlecgﬁs 1@%@’6&1 9 ?ﬁtmgf‘m@ﬁ% gaﬁ%‘ﬁt }s‘ocﬁl.ltr&er' 15 contrthaLly _
connecied to at Jeast one of the gas source the electrode, the heater, the pressure

regulator, the gas inlet, and the gas outlet.

15 These and other features of the present invention will be described in more
details below in the detailed description of the invention and in conjunction with the

following figures. -
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and not by way of
20 limitation, in the figures of the accompanying drawings and in which like reference

numerals refer to similar elements.and in which:

FIG.’s 1A and B are cross sectional views of a trench etched intd a diele'ciric

layer according to the prior art.
FIG. 2 1s a flow chart of a process used in an embodiment of the invention.

25 FIG.’s 3A-3C are cross-sectional views of a trench etched according to'an

emnbodiment of the invention,

FIG.’s 4A-B are schematic illustrations of top views of etched trenches.



25 FIG's 3A-3C are cross-sectional views of a trench etched according to
an enbodi nent of the invention. FIG's 4A-B are schematic illustrations of
top views of etched trenches. 3 FIG 5 is a schematic view of a process
chanber that may be used in a preferred enbodi nent of the invention.
FIG's 6A and 6B illustrate a conputer system which is suitable for

i npl enenting a controller. 5 DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS The FE#-esiatschempinviewof aibracess shanther thetwpy bratsed in adet ai | with
reference : iments thereof as illustrated in the
acconpanyi kgef%%ﬁ%bggﬁ&{nﬁ@tﬁgm%%ﬁﬂbw ng description, nunerous specific
details are set forth in order to provide a thorough understandi ng of the
present inventi §H3.’d §A mid 6B Dlmstegipacamtuter hystway evhichtioswtasle @ skilled in the
art, that the present invention nmay be practiced w thout sonme or all of

t hese specil?’P]fRﬁB ar%o.ntrf’ﬁerot her instances, well known process steps and/or
structures’ have not been described in detail -in order to not unnecessarily
obscur & t he prBEFAILED DESCRIPTION-GGIHE PREFERREBDVERIBODIMIINTSE process of
formng a trench in a dielectric according 15 to the 1nvention. An ARC
(Anti-Reflective,Coating) is formed on a dielectric layer (step 204). FIG
3A is an il ust raf PERebiivenianse -%ﬂ@?ﬂﬁ?&bewpéﬂa%mﬁfﬁ%@%& T‘%eé"’ | ayer 308
over a sub e bdiiht ARG 1 [e1CTo] Lelectfid. | ayer 308,
as shown. %"}I%fg&%l?c 310 may b_ggfa?g(‘f%“é%ﬁ.&gﬁl‘or inor %Efﬁgq},&gggi%{etﬁ%i electric

| ayer is a follavang fesdiiptioncournaroussspenific detrilsaiecht farth iredrdataoprovidae trench is

etched. Suc¢h a diel.ectri.c | ayer.is not_a.hard mask,|layer. A sensitive
Crench photbyBubuiioRilendif of e pRihimiSiin, 1t il Be Sormeeg by Sieh dugne”
sensi tiye tskidBekh @ &&,%ﬁ%@reﬁﬁﬁkvénﬁo@m&ﬂb@prﬁ&ﬁ%d withou sethdr@ilogd

enbodi ment, the thin sensitive trench photoresist mask is between 2000 A
and 4000 A thase specifisrdetails. In other instances, well known process steps and/or structures

have not been described in detail in order to not unnecessarily obscure the present

invention.

FIG. 2 is a flow chart of a process of forming a trench in a dielectric according
15 tothe invention. An ARC (Anti-Reflective Coating) is formed on a dielectric layer
(step 204). FIG. 3A is an illustration of a cross-sectional view of a dielectric layer
308 over a substrate 304, An ARC 310 is provided on the dielectric layer 308, as
shown. The ARC 310 may be an organic or inorganic ARC. The diélectn’c layeris a
trench dielectric Iayér, in which a dual dammascene trench s etched.‘ Such a dielectric

20  layer is not a hard mask layer.

A sensitive trench photoresist mask 312 is formed on the ARC 310 (step 208).
A sensitive trench photoresist mask is a thin mask. In a preferred embodiment, the
thin sensitive trench photoresist mask is between 2000 A and 4000 A. ‘In amore
préferred embodiment, the thm sensitive trench photoresist mask is between 2500 A
25  and 3000 A. Sensiﬁve photoresist materials are materials that are easily etched. Thin
193 nm photoresist and newer generation photoresist are considered sensitive
photoresist materials. The trench pattern 314 has a width 316, as indicated. The
photoresist has a thickness 318, as indicated. A sensitive trench photoresist mask

provides such a thin mask of sensitive photoresist material, that without some added



preferred enbodi nent, the thin sensitive trench photoresi st nmask i s between
2500 A 25 and 3000 A Sensitive photoresist materials are nmaterials that
are easily etched. Thin 193 nun photoresi st and newer generation

phot oresi st are considered sensitive photoresist materials. The trench
pattern 314 has a width 316, as indicated. The photoresist has a thickness
318, as indicated. A sitive trench photoresist mask provides such a

se
thin mask &fotestipgithy %wgﬁ'ab&f%}@ie&h asay gheisensitive frgrehghoteegist meslee added 4

prot ecti on piidfes iHetRah Bk : y the sensitive trench photoresist
mask before theetrenclﬁ ﬁgedé‘f?%egdgﬁﬁidﬁeﬁ%@desi red depth. The ARC 310 is

opened (step 212). A conventional ARC opening step may be used. FIG 3B is
an illustrationldf ARES Usis opaed (stapad1 2y i vonvéntionel ARE bpmingisephayer 308 5

over the s rat.e~304.af t.er the 310 has,been .apeped. .A tr h is then
et ched i nt gpﬁ%eece(ﬁ G gﬁf’sr 6&"%"@?‘1 ‘%gtccﬁos s n@%’m‘”«?i"cﬁf%ﬁ%ﬁh’fﬁ@q g&i a clean
etch, heavyviahy sEYstrate 304 Her YRSSRC TBKRasbied ofed han 5% of the etchant gas,
i ncluding any carrier gas. A clean etch nost preferably would be a | ow

pol ymeri zati on process |ike %ge containing CF4 or C2F6 as ‘a principle gas.

Qther 10 pref er Fefens _ F‘hgﬁ} na heibiglectigRayes itbpaleas eteh (stpi2pfle R onponent
gases becaygRafletc Eﬁ@%ht?gmﬁ‘ V\%ﬁlﬁ}gﬁ gzgeshgllﬂﬁeacrpqesgfthaﬁ'ﬁ%&ftﬂeeet?ﬂg{t.}tgag,hese gases.

Less preferred enbodi ases W th a higher of Carbon
whi ch - pr es inehisliygz ewpdattied gaso fpdem dich mosd pefmbiswhilébe £y whi ch can bond
with siml ar, and. forminta,l onger VER ?’gai n(z?g Exanpl ﬁzs of fhese gases

i ncl ude C4BEYIEEEEIOnERpGess le onp geptaming Ly on Golfe pRARTEERIGS QB np) ecul es 1 ke

CH2F2, 100H3 brefdpdddlemBdaiBenty @AERAE NE; of SFAs plifAle S3hibnBR RN BRLYERE forning
gases make up | ess than 2% of the etchant gas. Preferably, these gases keep

the ratio &®highdissosiationrainefitharingovithithese gases. Losspueferndentbodiments at | eas t
3L L1l e PRl TR oy A B o AR 61" "
di el ect ri ¢ mofecitellis €Fk skhich cdhcdone @it 3fxdlat ank fbrn? ht@lREge? MER Whgise an et ch
sel ectivit %xa?nfapﬂais g!‘f glgéergiagestigcllgdg%;;%{, %i%"g? EZ.;FCG),f of%:ig]]-ﬂy sr;teu?a[’:esd 1&}'@2}0&1‘%21?
15 molecules like CHzF,, CH3F, C;Hy. More preferably, in a clean etch heavy polymer
forming gases make up less than 2% of the etchant gas. Preferably, these gases keep
the ratio of fluorine to polymer forming gas compornents to less at least 3:1. In the
preferred embodiment of the invention, the trench etch has a low selectivity. More
pfeferably, the trench etch selectivity of dielectric to photoresist o‘f between about 1:1
20 gnd 2:1, where an etch selectivity of dielectric to photoresist of 2:1, means that the
dielectric layer is etchéd twice as fast as the photoresist. FIG. 3C is a cross-sectional
view of the dielectric Iayér 308 after the trench 324 has been etched. In the preferred

¢mbodiment, the trench is etched to a depth of between about 200 and 400 nm.

In the preferred embodiment, the photoresist is sensitive to an aggressive etch,
25  Photoresist that is sensitive to an aggressive efch is photoresist that is etched as
quickly by an aggressive etch as the dieleciric layer, so that thete is a low etch

selectivity.

FIG. 5 is a schematic view of a process chamber 500 that may be used in the
preferred embodiment of the invention. In this embodiment, the i)lasma prdcessing '

30 chamber 500 comprises confinement rings 502, an upper electrode 504, a lower



dielectric layer is etched twice as fast as the photoresist. FIG 3Cis a
cross-sectional view of the dielectric |ayer 308 after the trench 324 has
been etched. In the preferred enbodinent, the trench is etched to a depth
of between about 200 and 400 nm In the preferred enbodi nent, the
photoresist is sensitive to an aggressive etch. 25 Photoresist that is
sensitive tQ an _aggressive etch is photoresist that is etched as quickly
by an aggr €asstrpde 8% B 2asssopree 50, andan exhenst pyrap 5205 Withinplasheprecissing | ow et ch
sel ectivity, j | k&, Miew.of a process ch €L oD t hat may
be used in %hha@bgpsrogfﬂg? F%ééégb%% ?r&e4nlt pgﬁ?%guij%\}g% qwgﬁgleq%ﬁg? %qss odi nent
t he pl asma lpwensssiote S08iAcarbantbes sii@dble cehaRktk safkiag Mchamank.gl,i ngs 502, an
upper el ect re(%g_e 504, | ower 5 el ectrode 508, a gas source Elo, and an
exhaust purfpFEoHateY W%fﬁ%%r%@@é@ﬂf@r supperfib the sgptrate wafes3ldst r at e

waf er 304 imheReskdr! HRRPb . . wer el ectrode
508 i ncorpora?gas%kg t%iﬂt%abl e g%t%?th% %{' ?:Iﬁéuu?lélg ggpﬁ%@g%nﬂlﬁsﬁ% %e?)g. ,

el ect r ost atdpposiisgbhlemiereltctoda il fithe uppereletrddels6d, 16wer etacirpders0Bgdt he

304 i apos AR ted 2 68 MushrErRae B S rstmied R Rper
el ectrode SRAfinddMamaSloRGHd 1R Rfoe 0 robH dad BB BE3 LidIPSER%del i ne the

confined plasma vol une 540. s is supplied to the confined plasma vol une
by gas sourfean Sregonfiredpdsma vglameithrough the @nfineménd ringdsnéaeh exhawsin t he

confin pl he confine t. rings 50 ng an exhaust 10
port bgﬂt hﬁex é%%%ﬁpus%&éggﬁmﬁee Gt OWGQQEBPWEJ“%I%&S outlet for
the pl asmplgmmageseisig HaabherA fikt RF siceRA4 Soskctitoalif dorinsotdl g eler § cal |y
connected to the upper, electrode 504. A second RF source 548 is-
el ectri cal I‘%PPE"cﬁi??ge 4 o sagend Riaqurcedidl is glestricallpgonneniedip dhe lowigr) s 552

|

define a plasgBiEaR L@l ' i ggﬁ@t- 4 502, the upper
el ectrode 504, an tﬁ’gﬂ%‘gﬁi‘gﬂrgﬁggp?%gp%g@%&e n.él%hg(%‘?éeed. I n one
enbodi nent confmensacungt RE, thoupreeelbahdatld, andihe ieer aledvod5@8 arpower sour ce

and a MHz,. power _sour ce, ile the er electrode 504 is_grounded.
125 dLJfoose . Inone en%bodvlr@ent, the second soutce 528 may comprise a 27 gﬂ-lz

power source and a 2 MHz power source, while the upper electrode 504 is grounded.
Different combinations of connecting RF power to the electrodes are possible. A

heater 545 is connected to the upper electrode and is able to heat the upper electrode.

A oontrol_icr 535 is controllably connected to the first RF source 544, the
20 second RF source 548, the exhaust pump 520, the heater 545 and the gas sotirce 510.
A showerhead may be_coﬁnected to the gas inlet 543, The gas inlet 543 maybe a .
single inlet for each gas source or a different inlet for each gas source or a pluralify of

inlets for each gas source or other possible combinations.

FIG.’s 6A and 6B illustrate & computer system 800, which is suite_xhle for
25 implementing a controller 535 used in embodiments of the present invention. FIG.
6A shows one possible physical form of the computer system. Of course, the
computer system may bave many physical forms ranging from an integrated circuit, a
printed circuit board, and a small handheld device up to a huge super computer.
Computer system 800 includes a monitor 802, a display 804, a housing 806, a disk
30 drive 808, a keyboard 810, and a mouse 812. Disk 814 is a computer-readable

medium used to transfer data to and from computer system 300.



D fferent conbinations of connecting RF power to the electrodes are
possible. A heater 545 is connected to the upper electrode and is able to
heat the upper electrode. A controller 535 is controllably connected to the
first RF source 544, the 20 second RF source 548, the exhaust punp 520, the
heater 545 and the gas source 510. A showerhead may be connected to the
gas inlet 543. Th%ggas inlet 543 may _be a_ single inlet for each gas source

or a different FlG &% ispppxampinofedlockaliggean for campytersyster §0bAttachidet s for each
gas source | ' ' ' Lld.ustrate a
conput er sggtgjés%&rg%@\?%?%ﬁldl%gﬁgu {)f;%f)éé&?%rs ) g@%%%ﬁi%eﬁ@ﬁ?\g&%&egéﬁt roller 535
u?]ed. i nI epmdénmhplﬁcasﬁing heitsor €PEIRY are nm%cmdjtostoragé &icvri]ceﬁﬂcﬁmmg&n@ﬁn(ﬁypossi bl e
physi ca t he_conputer system course, the _conputer system may
have nmany %g]s %Q}OW %fﬂnap‘iﬁé?nﬁ i %‘ﬁmPWt@éil\’Qtaé@Ire@ﬁi‘P’élﬁﬁe}méy print ed

ci rcui t5 bogreéMANE i@ wsTRhdwARENE], ROIFULE R tHAsfeCdath dH FRUEURRE maOTPUL er .
Comput er system 800 includes a nonitor 802, a display 804, a housing 806, a

di sk 30 dr idinect®glly @ theGBdand RaMis vasidypicatiyts bagfe datDagkingtustiors im

conput er - regdahl e. di um ysed transfer data to.and from conputer system
500, 6 i G g trdionfnieR, IS ef Gesh ARt it R B TS B em 500
Attached tte ngiuesiiréidabld 22diaFe@RrivédiR1NAT A Eix¥d Sifk $1605 X15¢ @wpled Bi-ocessor ( s)
822 (also referred to _as central processing units or CPUs) are coupled to

storage devhitedionaliviiol GRIY BeP; tigyiides additional datp storagoopphoify andimay #lshdom access
menor y;  RA Tel S . ' d ' he art, ROM
acts tlodt r%%?dé%ng g?‘%@%ﬁ%@%%??%%%ﬁqm P‘%@"&’ﬁ%‘%%#‘%%oﬁ‘@h% CPU and
EAMdi S usedstd/pistont pipgtams] cLaaer,l ?ﬁtﬂiﬁe tiad @d&ﬂ@picfﬁl&t & 3¢Cdridany Stordge _rr&,dilumd

I -di rectignal mapner,, th of these types of nemprjes may I nclude any

sui tabl e ofS¥ ﬁ%agﬂﬁﬁeﬂﬁgﬁm%%m ARy slewes hay! bravstreiakdthaked di sk 826

I's also coypl ﬁﬁrﬁhﬁoﬂefaﬁﬁﬁmﬁ{ﬁﬁédm}(%ﬁﬁéh géﬁr?pafa%vdaﬁg,%eaddi tional data

storage capacity and may also 10 iInc he conput er-readabl e nedi a
descri bed hedogporatéd metendard asBR6 asreiytullenenuse th memey 82 Renogmblediskdat a, and

the Ii f(ﬁe a%qﬁl Irr'lsaytté}ﬁ% It_l%eé%olix 0 ar;sy%%%:lrf]:dc%rrn\fmtse}-%;g& e M .1a{ deseribed below.

CPU 822 is also coupled to a variety of input/output devices, such as display
804, keyboard 810, mouse 812 and speakers 830. In general, an input/output device
may be any of: video displays, tr_ack balls, mice, keyboards, microphones, touch-
sensitive displays, transdu'ce.r card readers, m_é.gnetic or paper tape readers, tablets,
20 styluses, voice or handwriting recognizeré, bipmetrics readers, or other computers.
CPU 82ﬁ Oj)tionélly may be coupled to another comi)uter or telecommunications |
network using network interface 840, With such a network interface, itis
contemplated that the CPU might receive information from the network, or might
output information to the network m the course of performing the above-described
25  method steps. Fuﬁhermore, method embodiments of the present invention may _
execute solely upon CPU 822 or may execute ox'zer a network such as the Internet in

conjunction with a remote CPU that shares a portion of the processing,

In addition, embodiments of the present invention further relate to cofnputer
storage products with a computer-readable medium that have computer code thereon

30  for performing various computer-implemented operations, The media and computer
code may be those specially designed and constructed for the purposes of the present

invention, or they may be of the kind well known and available to those baving skill in



(such as a hard disk) that is slower than primary storage. It wll be
appreciated that the information retained within fixed disk 826 may, in
appropriate cases, be incorporated in standard fashion as virtual nenory
in menory 824. Renovabl e disk 15 814 nay take the formof any of the
conput er -r eadabl e medi a described below. CPU 822 is also coupled to a
vari ety of input/output devices, such as display 804, keyboard 810, nouse

812 and spd¥xeapueaFoityaregenExamnplenef computer-tadable mefliainclude, aargmotany of .

vi deo di spk; I ) rds, .. crqophones, touch- sensitive
di spl ays, ih f}%i?]eg Jhclglfgé%g aﬁgtﬁgg@gﬁg?m@ég%ﬁogp yoqlsr%a ggnatgg%g ’t&}pga%pglpgl, tabl et s,
20 styl usesmedinsch apCDAROMsmhd holograiodsvices, miagndtb-0pidal hédia fRAAEr s, or ot her

conput ers. U.822 optional ly nmay be coupled to another conputer or
tel ecommnﬁSggF%ﬁés Sﬁ@%‘h@fﬂkfﬂ@éﬁﬂ@?%&tmrsneqla%kyépa%@eedgwpre\m@ BXesUeh a
net wor ks i Nhgydag@odd. lsud ARLSIRBL e d; e ' £6El

I nformati og fTom '?hé %gfa\ﬁgﬁﬁi,&or ﬁ\%’ﬁ?mﬁt ut%%({ﬁ%}u%ﬁgrs%?’%%; ?‘%lﬁ%\{g net wor k
in the coutegdc dévigas(Psjiand ROM amdlRAML dbeies. Esdpl@Sofnampae cotleps.

Fur t her nor t hod.enbqodi ments _aof the present inyention, execut e

sol ely upoﬁmg%rg rc,oﬁﬁﬁ‘r%éaé@f?%gcef}&@ra %mﬁﬁ?rmﬂd%\f%sd’eﬂa EOHE nternet in
conj unct i ofeved tédeahdt @rxScutdl byl d RpERAHSS @ iRRkdt&N CephBreM:8£ESSI Ng. I N
addi tion, enmbodi nents of the present invention further relate to conputer

sth orage pr B¥dka Bayplsn byconnvis cede-trapsmittpd by hwhnﬁmrﬁmsiggdv@bc@Mt er C(r)]de
A . . i) Pone. +
od o a2 gaitier e B ReRsckihd PHSuGRTRHb eI (TR EEBRE Y0 0T uct od for

t he purposemcefsor.he present invention, or they may be of the kind well
known and avail able to-those having skill in 7 the conputer software arts.

Exanpl es of compiGesA iseadidhaic fpidy o CirstdR 40PbtbhediRo BleleckicByefd toO:
magneti ¢ nedi a _such as hard disks, floppy:disks, and nmagnetic 'tape; optical

medi a such4® The wellsd12mnd thesreneh exbihitsubsantiobiine edgeponghnespFIGAB isedi a such
as flopti ' . r |ces that are s il l igured to
store and g)%}ééglltla?ééc’pp‘?ig\g * gf‘gn&co é@4 g@%‘%ﬁﬁ% aaﬁ%f’cltréca y%ﬁ?és: p@?i%llggi%t egrat ed
circuils (#8HetjencipaDpeshibiribdseine edge roughness, In a paper by Calvin Gabriel

published in 2003 at the ICMI conference the an industry standard for measuring line

edge roughness is discussed as follows:

"The 2002 ITRS metrology roadmap [4] gives one definition for how
to quantify LER: local line width variation (3s total, all frequency components
20 included, both edges) evaluated along a distance equal to four times the
technology node. Such a definition is easily programmed on the VefaSEM ot
NanoSEM: these tools measure a critical dimension by performing 32 or more
line-scans across the feature of interest, with each line-scan spaced apart from
- the previous one by a small increment according to the measurement box
25 defined by the user. The 3-sigma standard deviation of these scans follows the
ITRS definition and is reported by the software as Sigma(B).

The ITRS deﬁhiﬁon, however, suffers under the “four technology
nodes” requirement. For a 65 nm technology, this requires a box only 260 nm
tall. Such a small length of the line scanned may not uncover low frequency

30 LER, and the situation will grow worse as technology advances to 45 nm and

32 nm.



| ogi ¢ devices (PLDs) and ROM and RAM devi ces. Exanpl es of conputer code

I ncl ude machi ne code, such as produced by a conpiler, and files containing
hi gher |evel code that are executed by a conputer using an interpreter
Comput er readable nedia may al so be conputer code transmtted by a
conput er data signal enbodied in 10 a carrier wave and representing a
sequence of instructions that are executable by a processor. FIG 4Ais a
schematic top vi BiFrepredineedpriqugimgssanastheduantified y wieashndeg the widtapfr  408. The

wal I's 412 ofet,h ey Egjg ntial li.ne edge roughness, FIG 4B is
a schematic f op&i/]flzrégvg% Sgﬁtakgeﬂr(\)c% }%%F%ﬁg}? xﬁaﬂ%}bongv%iagluﬁg%li %’ﬁ‘lcgyer 428.
The wal | s 4i82t [ebst ddur ties by longis UL Zad ik biide. |22BRadhi 0P SENDRedsotéghmess. In a
paper by Cal vin Gabri el %{EUbl i shed in 2003 at the ICM_conference the an

i ndustry stV PYETRJ MR ReasP [nkedae myhness dniplied Maigrigls ussed as

fol | owss " TEnoRBAR meARRs B8 hbiRts QY 4 P T8 j i tion for how

to quantify LER |local Isi ng 1V\A'Sdt hr vari ati oké]( g%%ﬁ)gﬁ%?ggﬁfedfnr%equency

conmponent s adyantagecto gdiag abdye2ine fiy es)l] fatutasdbg dorad engtivitydias i@sbifgoequal to

four times chnol 9 node. Such a definition is easily programred on

t he VeraSEw%ﬁbgﬁgnao%g%l%%hese tools neasure a critical dinmension by

performng 32 or nore line-scans across the feature of interest, with each

| i ne-scan spaceddmgspidach toasduck lige-pdgevibiibsiesd Ao Pyovitle 3 BIch with Gr enent

accordi ng téﬁ t he rre&%ur ement. hox, 25 defined by the user. The 3-sigm
PISETFIE P

standard d st eich s nposy sedsiva thad 41 PRIFodidingmiberoh and i s
report gg b%}ﬁﬁﬁeﬁ&fxfdﬁ@?ﬁgg‘ﬁc ; Oeg@ﬁ er}&%eksTﬂﬁﬁlgﬁéawg&@& m)gp ver, suffers

under the "four techno equl reme rim t'echnol ogy,
t hi s requi rtep ofithe pkotorebiyt 12 Gtact the phatbiesistSinggroving etell delectvigt Wafout he |i ne

scanned may,_not ver | ow frequen LER _~and the situation will grow
Wor se as te‘@ﬁﬁif_}g g%@“'o%?&%}%h‘é&m%’ ot B eﬁ%;ei%@t sugh heayy polgmers are sticky and

provide stress on the photoresist mask that increases line edge roughneés. It is also

believed that_reactiops occurring within the photoresist increase roughening,

15 Line edge roughening may also be caused by mouse biting which is believed
to be related to the stréss, which is induced in the top of the PR layer by the deposited
polymers from the plasma. So, the polymer, which protects the PR, can induce
mechanical forces, which deform t]:_1e_ mask and result in a rougher sidewall for thin -
PR. This phenqmena is not‘typically ol;sewed in thick PR mask situations (>300nm).

20 Ithasbeen found that with 193nm PR that C4F¢ ga$ results in polymer, which can
deposit more he‘avily then CF; or C4Fs, but because of the deposition characteristics,
striation in holes and roughnéss in trenches can result from modification of the PR
mask. Also, roughening of the sidewall profile can cause micro-voids that follow the
vertical plane. These can be caused by the break down of the photoresist integrity

25  during the etch.

The invention rédﬁces line edge roughness by reducing or eliminating heavy
polymer formers that produce heavy polymers. Instead, cleaner component gases are
used. Such cleaner component gases with a high fluorine to carbon ratio are most
preferably CFy, with Ar, but, more generally, may also include gases with a high F

30  dissociation like CoFs, or gases, which have a high fluotine dissociation like NF; or
SF¢. Addition of gases to aid in the dissociation of F can also provide benefit for LER,



Therefore, |line edge roughness may be quantified by neasuring the w dth of
the trench at a series of |ocations and averagi ng the variation over an
interval, which is at least four times as long as the feature is wide. A
Hitachi CD SEM neasures 32 points over a 1 umbox to nmeasure |ine edge
roughness. An Appl led Materials 5 NanoSEM neasures 60 points over a 2 urn
rectangle. Calvin's paper showed no advantage to goi ng above 2 urn for
smal | feat uThﬁsaddmon 0§®mall;aneunt Df/Oi@ 1fas:nl) asd/oi € flopoof Na@o20tsetmy a 2 urn

box. An ap e line- hness .i,;s..to provide an etch with a
dielectric o p%’(‘:')lﬁ ore | e%?@?noﬁﬁlg éee#ﬂlplgn% | BlRdine, it ¢804 1 by provi di ng
a heavy 10cquporems of (e Feadignt §as Undcaneasmal R@lhﬂéﬁt?rbcécs&'é Bk defied @ heavy
pol ymer over the top. of the photore5|st to protec hot or esi st ,

i mpr ovi ng thatsugh papnongitgpses wouldaet formipatieotive p&dym@ ommh@ph@wremm y, it is

bel h
phot or 651 st 7 salt PRAFAYY TREUNRcR R Res oSl SO B i 68 £ | OV

that react i amsponentigases figmwoibiprotédiee Polgherces: thé photsésdsainéreagleni ng. 15
be caused by mouse biting which is believed

Li ne edge ro eni n
to be rgl at ¥ F e@%&%cum of fthe; edeh; of digckigecttic to lﬁbOt?@EStG$ ngthe PR | ayer by
t he deposi tggreadl IanV%'Qsl fgugmetcﬂgg g?dﬁ’d vﬁ%e%igq?aor m]:%éﬂ%rstlc s%ﬁa\f}r otects

the PR can induce nechanical d'result in
a rougher sIPQi‘.@mBBnd‘brMﬂohdepd@lﬁoanwaBoqﬁfemrhrml}mwma}djemgtpea:séilyl y observed

in thi >30 t has heen found that with 193nm
PR thafd<c4|56° 8 ed’l‘s %%f qﬁeév@ ﬂ‘ﬂ?ﬂ’e n@&ﬁ’?gﬂﬁ%ﬁé‘é?‘g@?ﬁ?ﬂéﬁ heavily then
CF4 or MF&empahmm%p&felédﬁ%dd&&aw C%lat%&@tr 1et er t%é befigved tﬁ%t“ ation in
hol es and roughness in.trenches can result from nod | icatiron of the PR

mask. Al so,Palpoetiom thy cleaner hempinget/gabds woulifdepesitoarthegpseletirods- voi ds t hat
o110 e <ol ePlogBlic PUSRGnESH, B sSSRe b S B0, oF LR
roughness lyast @401, fig depostiononthé tpp@r éleckolle is PEIYSRE ndfr&tlyRassidgiAére Pr 0duce
heavy POl y r?eposrucl)nnosnt t%? ghotgrles?g‘.ggrrfacgo g ]?ea?etr 5 Salfe?;s t? In%rease and control the

upper electrode tempera_.ture to at least 70° C. In a preferred embodiment, the upper

electrode temperature is increased to at least 70° C during the etch. Ina more

preferred embodiment, the upper electrode temperature is increased to at least 90° C.

In the most preferred émbodiment, the upper electrode is increased to at least 140° C.

20  The upper electrode is the ele_ictrodc to which the substtate is not mounted and is
 placed opposite the substrate, the non-mounting electrode. If the substrate was
mounted on the upper electrode, then .the lower electrode would be the electrode one
which the substrate is not mounted and is opposite the substtjate, so that the lower |

electrode is heated.

25 In addition, it has been found that providing higher power at high frequency
(such as 27 MHz) creates a higher density plasma further increasing selectivity using
clean etchants. In a preferred embodiment the high frequency power source provideé
a power of between 500 W and 2000 W. In a more preferred embodiment the high
frequency power source provides a power between 500 W and‘ 1200 W. In the most

30 preferred embodiment the high frequency power source provides a power of between
:500 W and 1000 W.

0. .



used. Such cl eaner conponent gases with a high fluorine to carbon ratio are
nost preferably CF4, with Ar, but, nore generally, may al so include gases
with a high F 30 dissociation |ike C2F6, or gases, which have a high
fluorine dissociation like NF3 or SF6. Addition of gases to aid in the

di ssociation of F can also provide benefit for LER 9 The addition of a
smal | anmount of 02 (,.2-15sccm) and/or a flow of N2 (20-200sccnm) are known
to aid in the criBdftiBen sevingp lover bias powesstyrpeovigingliessionsr tailowercar bon

conponent s i khe BER b GeSy onventional etching.processes, it is
bel i eved that g‘ﬁ’ch @gérlgéc%r%ent )grgé{gg?é\%% e&% HP‘?{F%’FS&@%&&&E%H ymer over
t he phot or epeftred embodimentdiastasrivecicurte tpyovideh @ pbwet R bét@Ben WVindes pl asma

par anet er s, hat these cJegn 6 conponent gases form sone protective

pol yner ovew%kﬁg' bh%%?ég?fg?ec{%ﬁioﬂﬁe@g@‘é bigg peyver Qe RIPVifles\d Power e t he

sel ecti gi t Yoetednteweinglao@fy t he dielectric to photoresist is not increased
above 2:1. Such techniques provide polyners that are not as sticky as heavy

pol ymers and for ks aRaghd 1 i . such pol vners. may be nore
easily 10 cont ro[fl}éﬁd;%}ﬁ%e tec fﬁ?’glﬁéeh%ﬁartp%v%%%% Hl%ﬁgseﬁgq?%c%ﬁg’i%"isf: T doi ng this is
t 0 i ncr easeexatmple, sedhmlat pressuné hdstbeer ot todk Gelpfud dEhclataeidpretched at | east
140 C. It is ,believed that gsglrélrga?r fromthe cleaner conponent gases woul d
deposit on %%O%HB Fdé“}“glefplﬁ re o1 Oghyeerh E md e apbHnTome ngAmarp e

phot or esi stpref@ited AbGARENY chilfbe fé_@gur@lge?\ﬁéehgg ‘E:f]togp Al 30(? £38k 40 C the

deposi tion on the upper electrode 1s reduce ndirectly causing nore 15
deposi Pon mavided Infts:mest piefarred embodimentThehambert pressird 51 betweza 800 | ncr ease and
control the e ectrode- t.enperature to at least 70 C. In a preferred
enbodi rrent,m?ﬁlgg‘tﬁ%%idrm %rfégcptr?vd@eé_l'tenper ature is increased to at least 70 C

during the etch...In a nor referred enbodi ment; the upper el ectrode
tenperature i's |Fﬁ?ﬁlqé'a%°81?f§’8 ng‘glz’l Pr%S@a“bPﬁchWéh%@PYg\'@Prerred

enbodi ment , mbdificatiBR S the pRIBELAS Bind § pbIRE i Rhtathd theC 20 The
upper el ectrodeci s the EI e_ctsr ode tg \%ﬁl%ﬁ?ﬁrg%@ﬁ%ghtlér ate t|aﬂs.‘é'(fa11§t nount ed and
is placed VPP whilpredydingthe averall LRR. Tierdditionof gageseiich arodteowd T t he

substrake nt.ed on.t e ect t hen .t he.l qwer el ectrode
woul d gé i }'@?rgr%%’ chgger gonhﬁkeu&@"s,&H?Il' ,?ﬁ, éﬁ%, efc., can be aﬁdedC{n smal?
amounts to slow the erosion of the PR and help decrease LER slightly. For example,
5 scem of CAF8 added to a very lean Ar/CF4/N2/02 process reduced LER by ~10% in
one case, CHF3;,CHyF;, CHiF or other hydrofluorcarbons can help but, the amount of

gas needed would depend on the dissociation properties of the gas.

20 Therefore, this aspect of the invention controls where the polymer,is deposited _
and provides a polymer from clean etchant gases, instead of increasing the total

polymer deposited, even though the_z clean gases deposit with a low éelectivity.

Preferably, the trench depth is kept to a minimum, while still providing

sufficient electrical interconpectioné. One of the reasons, for this is that a thin trench
25  depth allows for a thin photoresist mask, when the selectivity is low. A thin

photoresist mask allows for better critical dimensions. In the preferred embc;diment,

the photoresist mask is thin enough to provide the same critical dimension as higher

generation photoresist materials. This allows for improved critical dimensions

without new and more expensive lithography and stepper systems. In addition, it is
30  preferred that all or almost all of the photoresist is removed, so that just enough

photoresist is used to provide the desired trench depth, to minimize CD.
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whi ch the substrate is not nounted and is opposite the substrate, so that
the lower electrode is heated. 25 In addition, it has been found that
provi di ng hi gher power at high frequency (such as 27 MHz) creates a higher
density plasma further increasing selectivity using clean etchants. In a
preferred enbodi nent the high frequency power source provides a power of
bet ween 500 Wanéi%zooo W_In a nore preferred enbodi mrent the high
frequency power SEGKERPIHRAS pechoipresisivany bratsobierforBoostbleplbta2on W In the

pover ot berumaes XA TEbe B8 AR BLEAHER G AR oy BV RE Tulelner b as
power, by ptodk2 tianJolimsmspesatntidnco ke belohi0EeE, ﬂﬁéfzﬁlﬁ%ﬁ#@ﬁt @dskds MHz)
reduces bonbard hat ri % selectivity. a preferred enbodi nent
the bias po%?“:@ﬁ’&%g’ Wﬁé{o fﬁ Asmeﬂb@tedé@vedhvwmihemoo W Ina nore
preferred e {ae%ﬁﬂeﬂfeﬂﬁerithené?éa%‘ésl ng%]'i:y ﬁ%ﬂ&&ﬁﬂﬁn;o]%k&gﬁst?naﬁ%’% usay gt ween 0 W

and 600 W addition, provid ower ressure i ncreases
sel ecti vi tyefCIF@FrenCéX@m?B@ ling ed@0ovghness. Phesioner the hﬁsnttmaexsesfcﬂnaﬂd to be

helpful. T h f bet
0. hror; angg e B RS S vio T Pl Silicidhs i i rorih SHBDGr pr sesur o
bet ween 70 reliaded liaeedgd Qughl@s hnd 3‘?31: ﬁ&era@él&étﬁﬁ?oﬂbéa thdd®: OBle SE §f € r ed

enbodi nent, ‘a chanpber pressure of between mrorr and 250 mforr is
provi ded. IﬂIOWaﬁeWW%?@SW Wl nefibe sgtable to nl@‘quc mglsseéfa;nvxlb;etoammnﬁbl shed by

furtheng oflnd r.izat I me which
mai nt ai’ ns E érq%%/%? @egjgaﬁl}ﬁqﬁée)&%@ 591 ??gantoﬁg gr‘tﬁn?‘l@ﬁﬁei"?ﬂ‘él{ydgdi tion of
gases, whi qbreﬁnedﬁndwﬁnﬁ&eﬁmnalmepeaﬁﬁe @el.yneri zation |ike CAF8, CH3F, H2,
CH2F2, etc., can be added in small anmounts to slow the erosion of the PR
and hel p decr easgxahlpssl i ghtly. For exanple, 5 sccm of CAF8 added to a very
| ean Ar/ CF4/ N2/ 02 process reduced LER by -10%in

Example 1

In one example of the invention, a 2500 A silicon oxide layer is formed overa
15 300 A silicon nitride etch stop, formed over a substrate. Two different sﬂlcon
oxynitride (SION) layers are formed over the silicon oxide layer to form an ARC
layer. In this example, one SiON layer was 285 A and the other SiON layer was 300
A. A 3200 A patterned photores1st mask of 210 nm photores1st was formed over the
ARC layer. The ARC layer is opened using a convennonal ARC etch

20 The silicon oxide layer is etched with the following recipe. The upper electrode
is allowed to be heated above 140° C. The pressure is set to 180 mTorr. The27 MHz
RF source provides 800 Watts The 2 MHz RF source provides 0 Watts. The etchant
gas chemlstry 13 70 scom CFy, 100 scem Ar, and 100 scem Ny, The etch takes place
for 32 seconds

25 An over etch step completes the etching of the silicon oxide layer, but provides a
greater selectivity with respect to the silicon nitride etch stop. The upper electrode is
maintained at at lease 140° C. The pressure is set to 80 mTorr. The 27 MHz RF
source provides 600 Watts. The 2 MHz RF source provides 600 Watts. The etchant
gas chemistry is 7 scom C4Fs, 3 scem 05, 300 scem Ar, and 100 scem N,. The etch

30 takes place for 14 seconds. The over etch more selectiveiy etches the silicon oxide

with respect to the trench barrier and photoresist. The final depth of the trench from

12



one case. CHF3, CH2F2, CH3F or ot her hydrofluorcarbons can help but, the
anount of gas needed woul d depend on the dissociation. properties of the
gas. 20 Therefore, this aspect of the invention controls where the polyner,
is deposited and provides a polynmer fromclean etchant gases, instead of
increasing the total polynmer deposited, even though the cl ean gases
deposit wt ow.sel ectivity. Preferably, the trench depth is kept to a

a .
mi ni mum  whiie&tdand pves eteh isheiren sbmut 260 amend)®om desp) Themforecodfect i ons. One
of the reasgnShick Bhotd kst 1dver i j 0 depth allows for a thin
phot or esi st rrasl%,ﬁﬁv\%en & hgé ];slgP%tgtt??/tlh%ﬂfﬁs&ﬁ%sgvﬁmﬁgmHﬁ%o?%?‘@gi%st mask
al | ows for proeessrontylialf of e plibtorsisi io renovkd dibig thy dher red enbodi ment,  the
phot oresi st mask is thin enough to provide the sane critical dinmension as

hi gher gener at4 t i st terials. This_allows for  inproved critical
di mensi ons  wi tﬁ%ﬂih%g?ﬁ%éﬁﬁe%?@%%%ﬁ% siep-t RORPRphipe afingiodBper syst ers.
In addi 6i onexaiiple, theJespurefsaetted0d ATbmralrhe O7 MM TASHuRS Fro@ifde“lﬁ) phot or esi st

is renoved, _so that just enough photoresist 1s used to provide the desired

trench dept Wattgolhg RE sopree provides 0 HedtapThe etchadt gaschemiciyriesist may be
used to forgE.a Gt ( [ sk if it is deposited to be 4000 A
A (Z;k tle%%%ﬁacﬂor 4%&30

thick. But a ma can ont y"B&% maged to 0.2 nm To increase
resolution to inage below 0.2 rim the 248 photoresist nask is nade

thi nner, for exkheptoh sBPCIN leyeihis tien openedeThd mrawsete ixeme 250 hdottshef heavy 5
pol yner for to allow a thin photoresist mask to

N OF%¢

be used to %@%0%5&%%;?@%';’:%@ MHg &F spyemprevdes AV eisore, the

| nventilon USset€HafPiAS Ehenfity¥8B0 Scfcﬂr@e%,r %Oegg@?li@ﬁﬁ@ﬁ‘ﬁccﬁkﬁ%é !Mééc{rj;o a poi nt
U

sufficient to etch atrench with r i ne edge roudghness and yet have
a sel ecti villy Bie dpering takesplae for IFiseconde of . | ow sel ective chenistry will
not be suitable to provide enough selectivity to ensure the 10 barrier is
not renoved during the main etch, so an overetch with a higher selectivity
is preferred for the final termnal steps of the etch. Exanples

Example 2

In a second example, the same substrate with the same silicon oxide layer, same
15 ARC layer, and same patterned photoresist layer is used. The same 6pening-process‘is

used to open the ARC layer.

The silicoﬁ oxide layer is gi:chéd with the following recipe. The upper electrode

is allowed to be heated above 140° C, The pressure is set to 180 mTort. The 27 MHz

RF source provides 800 Watts. The 2 MHz RF source provides 0 Watts. The etchant

20  gas chemistry is 5 sccm C4Fs, 70 sccm CFj, 100 scem Ar, and 100 scem Ny, The etch
takes place for 32 seconds to efch a trench between about 260 nm and 300 nm deep.

An over etch step completes the etching of the silicon oxide layer, but provides 2
greater selectivity with respect to the silicon nitride etch stop, The upper electrode is
maintained at at lease 140° C. The pressure is set to 80 mTorr. The 27 MHz RF

25 source provides 600 Watts. The 2 MHz RF source provides 600 Watts. The etchant

gas chemistry is 7 scem C4Fs, 3 scom Oy, 300 scem Ar, and 100 scem N, The etch
takes place for 18 seconds,
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Example | I n one exanple of the invention, a 2500 A silicon oxide layer is
formed over a 15 300 A silicon nitride etch stop, fornmed over a substrate.
Two different silicon oxynitride (SION) |ayers are formed over the silicon
oxide layer to forman ARC layer. In this exanple, one SiON |ayer was 285
A and the other SiON | ayer was 300 A. A 3200 A patterned photoresist mask
of 210 nm phot or.esi st was formed over the ‘ARC layer. The ARC | ayer is

opened using a CesRhIESSHhisremRe! bsingan ashing bep. sTQprotfidet}masimlglaylus is etched

with the fo C s allo be heat ed
above 140 Céiﬁﬁfl@%eggsh@g1slsgﬂ§g§’(9@%118gﬁen%f @%ERF hwats sour ce

provi des SOWaM.tTheZWM?MBBvﬁiemmttprmﬁdiﬂﬁn@aMehﬁs T&@ooetchant gas
chem stry is 70 gﬁ'ﬁ qﬁ%a%%o SCH mAr and 100 seem N2. The etch takes
place for ¥ Jeshingtaes plagetor 40 sasoudsep conpl etes the et ching of the
silicon oxide |ayer, but provides a greater selectivity wth respect to

t he siliscon ni tTHeGchek Nt r | ml.ampped at at
GPBINUSRr is TR opiRRE Tlﬁ'tsJ ﬁ@srsﬁrxﬁgoesze% ﬁl\%lagﬂaggﬁ THE

| ease 140 C. The pressure is set to 80 mlorr source
provi des 6087 Mtz ¥ sopree providey 1 5F-Wettu rldw 20vHe REssuréOmovides k50 Wiits. et chant

gas chem st 0 30 Ar nd sccm N2. The
etch 30 takzgeég ace&gggé @(Sag@?]c %ﬁpfh%osc?%(r&@t%gbb%%ﬂ&@?%g& ey et ches
the sili conNgXI‘ltheopemgfakésqﬂ@e(fér M@edoh&s. t rench barrier and photoresist. The

final depth of the trench from 12 the etch and over etch is between about

260 nm and 3001?]}e dee Jherefore, a 320, nmthick photoresist |layer is
used to etch a %@?rqvﬁ%ﬁe@b@DrﬂW(y‘ééﬁdgeFW@%ﬁ The perg predssredon| y hal f

of the jphot &ﬁlﬁﬂhﬁéﬂté fre bERYEE 1 ﬁﬂf: Eﬁro‘ﬁ §s Jﬂ@ ﬂﬁﬂ%ﬁe%s@?pe?érréds removed

using an ashing step. To provi exa
pressure i se@@dlm@ltﬂdﬁlemrmmpleﬁ' d:fetthvMﬂnn Rl-‘abbctu po@idending édge 400 V\at ts. The

2 MHz RF so ts. The etchant .gas chem'stry is 500 sccm
62 The acn SRl FE TR Mhatol? Gipsuaeiayer & midlon racgs ar psed fo

determine line edge roughness and where the photoresist mask may have an initial line

edge roughness of 8-10 nm. T_’herefore, the invention may actually decrease line edgé

15 roughness compared to the original photoresist mask.

The invention is able to provide a feature width of between 0.11 to 0.14 microns

using 90 nm node technology, which uses 248 nm or 193 nm photoresist.

:The heater may not heat the upper electrode to 140° C. Instead the heater may
heat the upper electrode to an intermediate temperature such as 90° C, and then the

20 etching process may -add additional heat to heat the upper electrode fo 140° C.

In other embodiments of the invention, the ARC is formed over the dielectric
layer, so that the ARC is either on the dielectric layer or j:here are one or more layers
between the ARC and dieleciric layer. The ARC layer is provided to help the integrity
of the lithography to help depth of focus on the bottom of the PR. The hardmask is |

25 used to perform a different designated task during the etch. A hard ARC (SiON)
performs the same role as an Organic ARC for wafer patterning, the SiON may be
used as a ‘stop-indicator’ during the Cu CMP step of metallization. A capping layer
may be provided between the dielectric layer and the ARC to act as a diffusion batrier
(i.e. such as a F diffusion barrier, since F can cause PR delamination on FSG)ora

30 capping layer can provide a stronger layer to be more mechanically resistant to CMP,
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The etch stop SiN layer is then opened. The pressure is set to 250 niforr.
The 27 MHz RF source provides 150 Wafts. The 2 MHz RF source provides 150
Watts. 10 The etchant gas chemistry is 90 sccm CF4i 30 sccm CHF3, 200 sccm
Ar, and 200 sccm N2. The opening takes place for 14 seconds. Exanple 2 In
a second exanple, the sane substrate with the sanme silicon oxide |ayer,

sane 15 ARC égg/er and:same patterned photoresist |layer is used. The same
openi ng pr o4 as Oreauig lpvy kmatsasl veithen THES oriR4T capTRuchsiappinglayasiamde | ayer is
etched wt | i G ) er electrode. . .is allowed to be
heat ed abm%és{fﬁ%é’gth‘%ﬁfgggpggﬁ?g@ :sqggtggtp otof'g%ﬁarﬁct???ﬁmq‘ﬂ% MHz RF source
provi des 806qWing & toughme ledy/bimdRines o thi€ eneploandistein th: Mhtties infdpeinedschant 20
gas chem stry i,.s 5 sccm C4F3, 70 sccm CF4, 100 sccm Ar, and 100 sccm N2.
The etch t%é‘@g' pl ace for 32 seconds to etch a trench between about 260 run
and 300 nm deep. An over etch step conpletes the etching of the silicon
oxi de | ayer, butWhilotisd@mnBortias Béet desibQTih tdthb ¥t Wvbhl fr&eh&ct to the silicon
nitride etch stop. The upper electrode is maintained at at |ease 140 C
The pr essur@abodinagats, theregee shipripns, Fauttions-modifica®ns adrvedoysrsobstitids 600

Watts. The RE QY] tts. Th chant chem stry

is 7 sccm é&@ﬁ%@ﬁ?ﬁ%ﬁ%ﬁ%ﬁ%%ﬁﬁ%%@ﬁ? -%&,%S :ﬁ&n%ﬁss@gﬁi& REO Q‘?}lé(’t%f%ﬁt t akes

pl ace for IiBerseranaty altédBativeevaphefti@pRalesingithe MEBUERId Bfjafusadofaidi Ng st ep.
i i exanpl e, the pressure I's set to 400 .niforr.

To provide the ashi ngnl ngfnr:l S : _

The 27. MPTRENSBYRIHEN. it FheefareApendeghat the fofiowing apppndeg-claiosibee provi des 0
Vatts. 1ghe igi6hant .Qaguahen b g - Hsiaz g dakes place
for 40 secondfsi#&S The gtC”I ssti%lgj gnﬁro?g %@%@%éﬁd;(ﬁég%@g%&%%m%gessure is
set to 250 syifditute eqiiealentas ¥alwiRin the wrue epifit adisda® of R pYédt savedthm. 2 Mz RF
source provides 150 Watts. The etchant gas chem stry is 90 sccm CF4, 30

sccm CHF3, 200 seem Ar, and 200 sccm :

15



N2. The opening takes place for 14 seconds. The invention inproves trench
CD and |ine edge roughness. The nore preferred 10 enbodi nments are believed
to reduce |ine-edge roughness nore than the |less preferred enbodinents.
These exanples of the invention is able to provide a |ine edge roughness of
6-7 rim where 32 neasurenents over a mcron range are used to determ ne

| i ne edge roughness and where the photoresist mask nay have an initial |ine
edge roughness of 8-10 nm Therefore, the invention may actually decrease

| i ne edge 15 roughness conpared to tQlcABMBgi nal phot oresi st mask. The
invention is able to provide a feature width of between 0.11 to 0. 14

m crons using 90 nm node technol ogy, which uses 248 nmor 193 nm

phot or esi SWhat Bhbrithelds:er nmay not heat the upper electrode to 140 C. Instead
the heater may heat the upper electrode to an internedi ate tenperature,
such as 90 C, and then the 20 etching process nmay add additional heat to
heat the upper lehAegipantie fdr etcliidga fatuderin odiblectrielaxodiompridiig;: of t he i nvention,
the ARC is fornmed over the dielectric |layer, so that the ARCis either on
the dielectric layer or there are one or nore |ayers between the ARC and
di el ectric | ay@mlasminprogsuing chgraber,icomprisingi ded to help the integrity of the

|l ithography to help depth of focus on the bottomof the PR The hardmask is
25 used to performa different designated task during the etch. A hard ARC
(Si ON) ® perforns théc@aﬁéﬂr@lfm@%lsasma@mi?&‘éin&ﬁ@nfomenvmﬂ@ patterning, the
SiON may be wused as a "stop-indicator' during the Cu CWMP step of
metal | ization. A capping |layer may be provided between the dielectric

| ayer and the ARC t & Sibfrelgssuppog fof JupneRIng o pybsiyate withig the plagmg progegsing
diffusion barrier, since F can cause PR del am nation on FSG or a 30
capping |l ayer c anrov'de a stronger |ayer to be nore nmechanically
resistant to F’eﬁﬁmgﬂﬁﬁ as an Organic low k nmaterial with a TEOS or FSG
cap. Such capping layers are desirable, if the dielectric is too soft' to

stand up to nechanical polis in?, thus requiring.a tougher |a er,
far the P%apqg gy chamber

sometimes a thin on®ProPErCTRIRORe regyieting the prepiued Pryeesyn
enclosure;
10 an electrode placed opposite from and spaced apart from the substrate support;

a heater connected to the electrode for heating the electrode;

a gas inlet for providing gas into the plasma processing chamber enclosure; and

a gas outlet for exhausting gas from the plasma processing chamber enclosure;

a gas source in fluid connection with the gas inlet,

15 a controller controllably connected to at least one of the gas source the electrode,

the heater, the pressure regulator, the gas inlet, and the gas outlet.
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etched. 5 While this invention has been described in terns of several
preferred enbodinents, there are alterations, pernutations, nodifications
and various substitute equivalents, which fall within the scope of this
invention. It should also be noted that there are nany alternative ways of
i npl enenting the nmethods and apparatuses of the present invention. It is
therefore intended that the foll ow ng appended clains be 10 interpreted as
including all such alterations, permutations, nodifications, and various
substit ut e equidvBicappasatessasfredited inictafm f, wheeeirt theieonggller ¢ampaised: scope of t he
present invention. 15 CLAIMS Wiat is clainmed is: 1. An apparatus for
etching a feature in a dielectric layer, conprising: a plasma processing
chamber, conpr iakleasteneprosesstiaarer wal | forming a pl asma processi ng chamber
encl osure; a substrate support for supporting a substrate within the plasna
processi ng chanber enclosure; a pressure regulator for regulating the
pressure in th&OPPUE FRediblegediss ramprieRg&nber  encl osure; 10 an el ectrode

pl aced opposite from and spaced apart fromthe substrate support; a heater
connected to the electrode f [ heating the electrode; a gas inlet for

provi ding gas into F‘H’ép“fﬂr%#g epﬁog‘?: § BIOKging A3 sl PlasiedlPioeiiing 2 153ikre 0 gas
outlet for exhausting gas fromthe plasma processing chanber enclosure; a
gas soyrce in fluid onne%tion with the gas inlet, 15 a controller

controll ably cSH’ﬁ’é‘E‘F@“ “t3%t | east one of the gas source the el ectrode,

the heater, the pressure regulator, the gas inlet, and the gas outlet. 16

2. The apparatus, ag, et t&datid) cSdeMoMdurind WE' Sldtodd Gurb2 by & nGOHPT ' S€S:

electrode reaches a temperature of at least 70° C.

3. The apparatus, as recited in any of claims 1-2, wherein the computer readable media,
10 further comprises computer readable code for maintaining the pressure between 60 mTorr and

400 mTorr.

4. The apparatus, as recited in any of claims 1-3, wherein computer readable code for
providing an etch plasma for etching a feature into the dielectric layer comprises computer

15 readable code for provide a high frequency power between 500 W and 2000 W.
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at | east one processor; and conputer readable nedia, conprising: conputer
readabl e code for providing an etch plasna for etching a feature into a 5
dielectric layer; and conputer readable code for heating the el ectrode
during etching so that the electrode reaches a tenperature of at |east 70
C. 3. The apparatus, as recited in any of clains 1-2, wherein the conputer
readabl e nmedia, 10 further conprises conputer readable code for

mai ntai ning the ressure bet ween 60 niforr and 400 mlorr. 4. The appar at us,
as recited i n anyNoPPaREs. s recitgl ingag of clainsolnph uthsreinr eomputet wadrblgecofiofor
providing an etch plasma for etching a feature into the dielectric |ayer
conpri ses conpu% 15 readabl e code for provide a high frequency power
bet ween 506RHRBaME chstsesieyguring etchingy, beats ther electrade aos theg dhe élﬁ"tf ¢ dFFNSf 2 c| ai s
1-4, wherein conputer readable code for heating the el ectrode during

et chi ng hSats t he %JF éggg so that the electrode reaches a tenperature of
at | east gUBPeRMIEoigtle paratus, as recited in any of clains 1-4,
wherei n conmput er readabl e code for heating the electrode during etching
heats the el ectrode so that the el ectrode reaches a tenperature of at

| east 140 C. 7. The apparatus, as recited in clainms 2-6, wherein the
conputer readable nedia, further 10 conprises conputer readabl e code for
providigng a bi gsppo bi as Wand. 1000 W
dur i nglst he et C%I Eﬁ’e %ﬁﬁﬁraﬂ %g]reﬁnedBm a?ﬂ8Pglﬁlﬁnasrla¥d@mg‘scopé’mﬁ %eﬁ‘%iblﬁ %fhs 2-7,
wherein the conputer readabl e nedia further conprises conputer r eadabl e

de f i, di t ¢hant t 15 C2F®6,
c g; for Regidh %@Qle@@od@ &RAP RS BELCHE CHeck bR B8t WL YRt te FEdhes 4

temperature of at least 140° C.

7. The apparatus, as recited in claims 2-6, wherein the computer readable media, further
10 comprises computer readable code for providing a bias power from the bias power source

between 0 W and 1000 W during the etching the trench.

8. The apparatus, as recited in claims 2-7, wherein the computer readable media further

comprises computer readable code for providing an etchant gas selected from the group of CF,,

15 CzFﬁ, NFg, and SFﬁ
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