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LI NE EDGE ROUGHNESS REDUCTI ON FOR TRENCH ETCH
BACKGROUND OF THE I NVENTION . Field of the Invention

wab@siosozemt i on rel ates to a nethod providi ng i PET/OSIA4/036746

line edge for a trench etch for Single and Dual
Damascene netal integration. 2: Description of the

rel [ t
for Nl UG MOBCRECERs KMIEXRON FOR FRENCI T CH
sem conduct or waf er processing, features of the
sem conduct or devyi ar e _defi [

wel | - known pat2eks ah i BEde es. In these
processes, a photoresist (PR) material is deposited on
the \NF_f &1 @PSint e nkisnexposed to light filtered by a
reticle. The reticle is generally a glass plate that

isp er -\ L
o oC i B2 YT R B ERTE B By 24 et con o
SihpRranp Tal Dgmhtvene gletdl heegrationcl e, the |ight contacts
the surface of the photoresist material. The |ight

changes JhgiiapreRd refRMREI tion of the photoresist
mat eri al such that a devel oper can renove a portion of

the phpt ]?Jefe%. e%rffe&ﬁ%s‘to it foﬂﬁatgﬁlscff BhidRdhdtbY&vices.
S erials, the exposed regions are

|t
phot ores na
renoved, and in the case of negative photoresist
mat er Datisg sdnhieontveiop oade pregsins feateres efhe semiconductor device
Thereafter, the wafer is etched to r

) enove.t he

undefingd inghewelsr naps fedrknowe Pafeae %g?emi'ﬂ%% GCysstigd} these
l: '

BSPLSE PPt pHOPLE AR S BTy 8 MO cxposc o
Egﬂ?ﬂﬁté(dgﬁu&\;) ﬁfiﬁl[éh adheretilesis ganealknogiass Metephailis paterned with
vi ol et photoresi st is_exposed by 248 nm|ljght. .
Peenipien [feature geomegies thah Blogk }lglpif)f@m P@pég%te}géﬁwgis the reticle.
cBoss-secti onal view of a layer 108 over a substrate
104, i . ' i: n
AR ARt g chakas s neerugy
plotbesiet %blleﬂalf OFhiilipdt ehapesctke tdnicallvenyposition ef ilstphotoresist
pattern has a critical dinension,(CD i ch e. Y
materiad sich thate d@f’elt)% CEREIR RS Hoé%‘gfb? he %@Q@%{g?éapq@]' In the
gé&% o@gbﬁﬁ'% ﬁ{o%&]escitst materials, the exposed regions are removed, and in the

case of negative photoresist materials, the unexposed regions are removed.

Thereafter, the wafer is etched to remove the underlying material from the areas that '
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
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 conventional processes:
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a typical CD for the photoresist may be 230-250 nm
usi ng conventional processes; Page 1Due to optical

w@eopestries dependent on wavel engt h, phot or esi BET/US2004/036746

exposed by | onger wavel ength |ight has |arger

RS Bt O s L e
ﬁﬁaﬁéﬂ!@ng’tﬁ lighthas|l&get theretled] ntiginpal @vitick dirﬁatsu,tmes Wit h

smal l er CD, features fornmed using shorter wavel ength
l'ight are belng pursued. 193 ntn hotore3|st I S

expos édﬁ@}ﬂ 1@@ Ay thgiybe e@@?dq’@lrwgé\ébe B Fﬂt‘?rFSIFté?talttET“e &s sy in
0 PO R, AR 8 o

akalvaeﬁgh Mgﬁwmd %eﬁlgf];ﬁmiuéd e198 him 1ehotddesddt 1é3c€kpbs@1 bmi 93Trhn hght
use of shaorter wavel ength photoresists na

Kemgmbesashifi refinlesrandofagt tenhaelogrs 410 %@n@f) p%ﬁ@@.swt patiern

RS ORAE T 9 s B9 RGNS b

RACd SP, OMLIU@M@UI d require nore expensive
|'i thography equi pment. Presently 193 nm phot or esi st
may not have.selectivities as high as |on

wavel digture phehosice sreelengih ah%agﬁswﬁré%%rgw%ﬁ agditigpghproblems
lél){]fgre rhort)cL]r %g@ u?%& Eorf#gf]gv'a%lg hs. ! Blp[glnf@f) AR Cﬁsg o B t eoretlcal
€ and dua scene ructures, trenc

‘hhﬁhth@ 1¥ladgraptlyl apparatiisishbiyl d the mesig lprdchse \dhleh eoutd mq(uafnmore
M etch) to formconnecting lines. A narrower viais

QWWGéﬁN%R@Y&%@Wp Peserty Y93 ghotgregistipak pet have
SRLEEA B SO PN S AR STt

mﬂ@qﬂ@nﬁetbmeomﬁ@@gnt i nvention, a nethod for etching
a trench to a trench depth in a d| el ectric |ayer over

asubstratels provided. An ARC is applied over, the

di el edn thecformytign ofsingle prd dual dpmascepe ?‘%HCFIH?S«%&VIG%“PFF@ 1
’&E%Ed ?’Q&{aﬁ}f] ﬁ}lﬁhﬁ% glﬁﬁ ?I%escilelg@tf‘% (mﬁ/[ laet%}g é& hﬂﬁﬁémm;féiﬁlg lines.

trench’1s etc 1Tnto

& shreswéra Isaybseqotiithy ecliideloagilstely tMuﬂha)ﬂmteemcs]hy&rtt@ form a

selectivity between : and 2:1.
contact.

SUMMARY OF THE INVENTION

To achieve the foregoing and in accordance with the purpose of the
present invention, a method for etching a trench to a trench depth 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, Awhere the photoresist mask has a thickness.
The ARC is etched through. A trench is etched into the dielectric layer with a

dielectric to photoresist etch 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, with a
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In anot her manifestation of the invention a nethod for
etching a trench to a trench depth in a dielectric

wo 2008/05000@r a substrate is provided. An ARC i SPEPPE10841036746

on the dielectric |ayer. A sensitive photoresist mask

R0, L A AR OR AR ESHBERS BEMRE, on
it rea¢iedd ihto tht dietdtiiclagert wigh dickheeichi ¢ | ayer with a

clean etch. In another mani festation of the invention

an apparatus for _etching a feature in a dielectric
| ayer iy Shgunepitestanop radiranpnbies 88 |aH1§ar%tH&§ﬂ5§F°thé% afeatureina

T s T
}ﬁmbﬁﬁng €hantbes dbmprisdse Cﬁlﬁ@l}beﬂ' Wwall Sormsgpplating gro@essmg chamber
substrate within the plasma pr OCGSSI ng chanb

eémlps%raesu 8rqe éwtet%r SYWOHIE2 oFtrate Jiithit e @lqsrvé processing

r Gl; r
R o TR 670 HBRSE S oo
ﬁﬂd@ﬁ&sﬁﬁgeclﬁimt éﬂdlSSLﬁ‘ﬂmeldcirode bleaécbcbpmmﬁ'ﬁmeﬂdtspadeﬂ @part
el ectrode for heating the electrode, a gas inlet far
5BV ihgiSHBS MR SUNRPE. ¢ Reater caunestqst tadhe elesiipderamisating the

n ur,
TR SH4 55 MIA B BRI Lol R SL 0002t
drsd b igad butldd fe0sxheastingpairom thbelagas prodesding dhamber enclosure. A
controller is controllably connected to at | east %
&1s sqveceiadn Sgid caneeionevidle thegge nleth e prydioler 1St<>ﬁ@trolla ly

r s
S R
ReulRsE tdded iht, A ehedelsaitlst. bel ow in the detailed
description of the invention and in conjunction wth

the followi ng figures. BRI EF DESCRI PTI ON . OF THE
DRAWY Nsserpisd gfhersieniurgsiof éba prevent VPRI dcedesejbeddy more

?étaﬁx %Qi% h tﬁ@ getg%d @é’scx\ﬁﬁt écf tilé fHVEI?tﬁdn sgld 1h Ro V\#}Hﬁﬁlon with the

raw ng
f@ﬁ@m@g@‘%ufggner aI s refer to siml ar eI ements and in
which: FIG' A and B are cross sectional views of a

trench etched into a dielectric |ayer accord| ng to the
prior art. BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and not by way of
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 into a dielectric

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

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

embodiment of the invention.

FIG.’s 4A-B are schematic illustrations of top views of etched trenches.
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FIG 2 is a flowchart of a process used in an
enbodi nent of the invention. FIG's 3A-3C are

wee@sssEecti onal views of a trench etched accordi/nsoime036746

an enbodi nrent of the invention. FIG's 4A-B are

sche LCe i : ' .

tr engﬁgs}‘. > Ejaégéeé %I&% 9%37' cgazﬁ ré’%%%lg | ce?Et/I?aZWh&g% gélsed ma

pref&esberabaiient dfhhd inveitidie used in a preferred

enbodi nent of the invention. FIG' and6B illustrate a

conputer system which is suitable for inplenenting a
1

cont r §1¢ és bApRY AP HpstrgtaerpmpRionsystenyFEhipiRpsEspigteor
| VE esent invention will now be
E@%eg@?ﬁgﬁ?@h with reference to a few preferred

‘enbodi ments thereof as illustrated in the acconmpanying

dr avDRIAILED DRSCRETIOM Off TS PREFERRED EMRODIMENTS
specific details are set forth in order to provide a
t hor ough under st andi ng.of the present jnvention. It
will ddeappapienyenty W BEbKP el i fhsenge to a few
the R SIUS i S HARY ; b &R MRS,
gﬁéeﬂéodr]&g #;&g]f‘e'ﬂﬁsh esé&;%éfglﬁbfl C &g?naﬁcg%?p n ot elj;d In the
tolkiveing @sscripibh, tkmeaougspecifis sletwile pee senfbfribrin stden ot proesle a
have not been descrjbed in.detagil jn _.order to npt
m@%@aﬂ@rqt%%%@{%m%@m@@% ftvveiapparcpy koweyer.go one
_ . ; . ' h
el Bl 10 R, RERE TSR Rlon A b RGeSl ot orall of
(e bpdeifid éethiilsy 6n Gdaet imtgncess wWelirkmedmqmoeessl stepsesnidfar structures
| ayer (step 204). FIG._ 3A is an illustration of
BriRatdwer deseaibed inedgtat meprderdp &6t pnecessgialy oBpmIg g pregent
?‘Hgﬁ{ig te 304. An ARC 0 is provided on the dielectric
ayer 308, as shown. The ARC 310 nmy be an organic or
inorganic ARC. The dielectric layer is a trench
di el ed6i 2 id aflew,chiun ofhipedtess afifaimitgaesnene 4 dielecticiascording
etched. Such a dielectrjic layer is not_a hard kK .
Fufherinvontioandin AR e elgsHYE Gradiss friogd 90 adigiesirig lpver
gﬂ%é 564 e33R if 88 ARisad8dn ofd &E@é&ﬁéﬁﬁl UIeSNG, dielectric layer
oresist mask is a thin mask. In a preferred
0B osemEenibstrite04. An ARC 310 is provided on the dielectric layer 308, as

shown. The ARC 310 may be an organic or inorganic ARC. The dielectric layer is a
trench dielectric layer, in which a dual damascene trench is etched.) Such a dielectric

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. Tn 2 more
préferred embodiment, the thin sensitive trench photoresist mask is between 2500 A
and 3000 A. Sensitive 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
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thin sensitive trench photoresist nmask i s between 2000
A and 4000 A In a nore preferred enbodi nent, the thin

W@ ensiosi70e trench photoresi st mask is bet ween PSDOSA04/036746

and 3000 A Sensitive photoresist materials are

SRl ot Bue bR AL EnBIR s P8R sombb G 0f PRprgsist mask
BeIbSd RS teshch eatidame t]ﬁ’é‘&%s%@ﬁbﬁth materials. The trench
pattern 314 has a width 16, as indicated. The

photoresist has a thickness 318, as indicated. A
sensi t]?hsﬁeARgéﬂQ hS prroed (Hep s12)neskonyeatidndb AR iteningtskiprinay

ore ist materjial, th i t hout

R ERE B ot T PRRkh FEA SonTBicfadif vieat Rt i taper 308
amsthb @_ﬁbﬁ@fb%(léﬂ affer tieeARD Plnaia0besi slens®sk before the
trench is etched to the desired depth. The ARC 310 is

opened gste 212). A conventional ARC opening ste 2/
be usediremhds ﬂm qt@heénnﬁw the,dieksiticoayeswith a clean cich (step 216). In

%%1%3%1 Cﬁle% ergljéllnlg:%se%@l%‘i{grlﬁscs th %% og%geneggjearn gas,

tncRItliAg afy tA€iBr £4sC Peelehmétoh it pliefrAty Moald &yﬂrowm th a
cl ean etch (step 216). I'n a _clean etch, heavy

PAlymitzaten é@cmdtkeme ceBiginipg AT 508 G s ha P@tl‘élﬁgrﬁas g(afber
lg)rr%i; l Ud nl?xbgé} ¥ne?1 r%%}? \7%%1:3 GA S%I ?19 rl&%ﬁl ‘r?) nent gaﬁels i1()8cause of

ef'era ["fow poI Yite oces

9811 6 BbEIRteh fafdofFudSnewih | itl’ﬂz@;e BAses.dass pﬁdﬁ%ﬂ embodlments
preferred enbodi nents may have NF3 or as princ

vowisbhe geseg ad i jsberdevel of Cerhontvhieh preswadhilayry d@ﬁ@l@pose to
of FI

T r(;%be:c orl:al%]eec%by Elggs y as? ]?IH’H%I‘ ﬁll?c[ ﬁ | ' flt%q(é]Pg ]MER chains.
ERibpesWTithdye RRES WM /CHQ ud:psg n@ﬂﬁgﬂp QatiRkRIdastarbon

| i ke  CFx, which can bond W th S|miar and forminto

mokegatlesMiR CHalion€H:ExGrtbi é\éomfpr@ﬂwbb/ ga&:, elsar} gieh hepyypplymer

BegahY S HASH NI g 2RO I BLESL S, PrilfuSh RS auses keen

BRIt rofffmbﬁhaa) gﬁﬁﬁ& fwﬁ%g@s|cﬁﬁl§oﬁéﬁﬂkoag%%f 1&&@ :1. In the
et chant gas. erably, these gases keep the ratio of

piefromred embodlpwlnynfathe firmrentiong tba@cmhmﬁéﬂmstado‘cv@elle@fg\gtyatl\/f01e

piRfRb Dot P ErsEirc by Bho S st of heprecqygbgut 11

RIED er aleYe art 8L %él@&%y%if@'ibl&&h@ﬁ)t ﬁh‘b‘tdr?z‘s&fofd ie hfé@ﬁsf ihét the
to photoreS|st of "bet ween about

dielectric layer is etched twice as fast as the photoreswt FIG. 3C is a cross-sectional
view of the dielectric layer 308 after the trench 324 has been etched. In the preferred

embodiment, 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.
Photoresist that is sensitive to an aggressive etch is photoresist that is etched as
quickly by an aggressive etch as the dielectric layer, so that there 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 plasma processing

chamber 500 comprises confinement rings 502, an upper electrode 504, a lower
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and 2:1, where an etch selectivity of dielectric to
photoresi st of 2: , nmeans that the dielectric |ayer is

wer@hesh7omi ce as fast as the photoresist. Fl G PGLUSR0H036746

cross-sectional view of the dielectric |ayer 308 after

t 3 t h ar. .
B sahE 300 64 BR300l EEf et Pubh o 184 BBarnapessing
&Jh@mbeﬁﬂﬁ) a;wbuﬁaeata mafémon h@p@ﬁtﬁfr@a ff6h ﬁi@b@&}éﬁ@éﬂtrodé BES. The
photoreS|st is sensitive to an aggressive etch

pewetleetagde 5t0ﬁ atlcqrgorg@ﬁgusmtdée suivs@rate a@@l@@me@amsoh(e;g,

R resi st et ched a Ssi v
B0 BLER e el bGP B8 B brrinin SR #Fer 304.
ettehestbeedi |528 ﬁﬂoogﬁr@es thelupper é@d@ﬁﬁ[@ﬁ[)@ di’sh@é@dem&dla’cely
process chanber 500 t hat na be used in the preferred

m@ﬁtmtbn {owr elesrofa et Tbmumen elepiredesyolbivves atectrodee508, and

PR e oR S 3 B oR S B0E OTR Lm0 TR boted o e
Fc@hﬁﬁéd g HomB08lunt 1985hs SOMCE 8160 IRoudteA 9111@%5@@1(1 iP fusted
520. Wthin plasnma processing ch hanber” 500, the

s‘tﬂmtthmoélfmad plasBaolumeibsiughdheehnfiipementrengs GABmand an exhaust

P e S PUPe SePuths RSO S phngs b o et for e

elLeld HOtRking chABBOAN ¢iddt REH R4 19516&’&1@2&1}} &ﬁﬂleé’c&f to the
supporting the substrate wafer 304. The reactor top

5p@ei ¢ledrqslers@tte &\ $dqendJB§espu@b @48 nmie:tﬁ@zllyd:osmxauto the lower

[ d'a Iectr de 508. . The

REPIE SRy FBREBS A DacieRar & ofisttenaoe ghiyhich he
C‘c@ﬁﬁhaﬁ&ﬁrﬂngg 509 Sthégﬁpéil%féc%dé bes, faﬁmﬁerls&éelpélé&mae 508 are
vol une . Gas is supplied to the confined plasma

i$pored. blyn qasngodineet5he s¢dond iRjhsoarqgdd 8 inmdystontptBe ai2d MHz

i s exhausted,f t he confi ned I sma vol.une t ugh
R S Bt Mk gewan g uia vale SRt hpe clade ) i gounded.
PHPRHSE cOMBRARSR ofmﬁnﬁfﬁgqﬁi pBWFRo A Q1dPlonBs fe %@%ible. A
outlet for the plasnm essl ng chanber. Afir RF

dweatec 845 Momsec&d:chtotthe up;bdr;elecctmdfemtdad able t6 heatdixpepper electrode.
el ectrode 504. A second RF source 548 is electrically

connecied taq.t ower ctrode, 508, a r wal

555" e Efatdes B3 eckElrfla Sl hSHeR s e TPRCE St o ek e
bRl 190 Sourkd 44 Ql@@éxlﬁhﬁ%ﬁ&ﬂﬁ()’s% he@f54918nd @WBES source 510.
el ectrode 508 are di sposed. I n one enbodi nent, the

e slowkerRFadsmay beccﬁmscinéyo th@rgas e 53 2Thd\kds inlet 543 may be a

single inlet for each gas source or a different inlet for each gas source or a plurality of

inlets for each gas source or other possible combinations.

FIG.’s 6A and 6B illustrate a computer system 800, which is suitable for
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 have 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
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 800.
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power source and a 2 Mz power source, while the upper

el ectrode 504 is grounded. Different conbinations of
w@osest7ding RF power to the el ectrodes are posSBCDUS2004036746

heater 545 is connected to the upper el ectrode and is

abl e t od t
cont Py S SRtBT Bt FlCE MR o BRPLSE BRI Afted
5}@[&&1 B mi’s(éﬁvﬁlé&anétg%f%b@btéﬁlsp PrRe$dHs) $229aR6afefred to
and the gas source 510. A showerhead nay be

@@ nﬁétatl emcgs:smgwmgsay GR g ereagpletie Styaegeudnvms M@ldiwmemory

I%za Iglnrllt for each gas sourc (F 1e

At 42 ircjudesJangonrass SpEPar D& ﬁeﬁ Py pgpory
R@lM)g A5 BAIHIClendWn BiLHE brt PROM BtStCipiHfcn dhth QRS instrbé¥ions uni-
A and 6B illustrate a conputer system 800, which is

slireetidnialy tothei GRIU ené RAY gs wsed dynieallyl te traggfer dateand igstructions in

SR T ot SR 57 LR s BT prte of

FRUESHEputéDRaGHIP HeBla RYSIRMbERYY. NAReBRK SRBYSAISAEoupled bi-
forms ranging froman integrated circuit, a printed

(dnnecmmlallb taCRU 323 itprevided additintlabilata dlovice sapasity endmay also

RS TRA G SO SUEL T R AP B oo
iy B8 préurkey ReAd, And #d 111@NAd3s FRHARY 8 ddoonihr§ ktoBdet medium

is a conputer-readabl e medi umused to transfer data to
&thas @rhatxbdmskl) that lsykw@mm@l inpay stogRE Glt 8l hesapgreciated that

a f b) t t
R HEwau s Tepurd e A5t E 526 Qe PR G be-
M&Eﬁﬁ% sﬁh@ﬁ@%’i&ﬁ&s Btdal (Rdnsty i€ hRMo8E’ I Rémovable disk
central processing units or CPUs) are coupled to

$ild maaydtakiethiedony of ary ofthe gompwtor-jeagable mvthaviescribed below.
i ncl udes random access mermry (RAI\/D and read-only

T aniras Sontses e il aobPENe CipeSrieRl s die o6 o° i
QoY BRHoBRAM10S MBS IV RIICRbARErS $B0. NAREA&E], Sainpufdeput device

instructions in a bi-directi onal manner. Both of these
tqmels: afy afevided display, tiack balde nziey keybaaeds micypphanes, touch-
ut er.- readabl e, medi a, descri bed hel ow. A fi di sk;
e dPRE ¥e@§?rﬁaﬂaaqey° PEDIs a8 ﬁe«a%e’is et
@E}qﬂéeg Siddsl Ha'nﬁ%ltmg AR fi-Os alSl@m%ﬁR@ Gdadd¥rsafitbtRg Y oRIpSkRrs.
i nicl ude any of the conpu?er-rea dabl e nedi a descri be
HER1G 822 Pptiehllyinsky B2&upted th enother computer or telecommunications

network using network interface 840. With such a network interface, it is

contemplated that the CPU might receive information from the network, or might
output information to the network iﬁ the course of performing the above-described
method steps. Furthermore, method embodiments of the present invention may
execute solely upon CPU 822 or may execute over 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 computer
storage products with a computer-readable medium that have computer code thereon
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 having skill in
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used to store prograns, data, and the like and is
typically a secondary storage nedium (such as a hard

wale@Epsazbmt is sl ower than primary storage. | tPeu/UB200€036746

appreciated that the information retained within fixed

.S ' riat be_.,ncorpor at ed, |
R T R R R
Refiwdao! maghaic Bddia saoh dsakfd dibles, ﬂ@gﬁ? Oikkaayd ﬁlfa%ﬁdﬂ'_@ tape; optical
conput er -readabl e nedi a descri bed bel ow. CPU 822 is

sléa gulias&ePRPOMs aad helographici depices;nagnato-aigighlomedia such as

S;:dl.s -804 rd 810, .muse.812 .an
BB, B e SR ol i IR BB R orpgpa exccue
P® %am e, stchaoashliationspecificigteghadd Srcults CESICS), programmable
keyboards, m crophones, touchsensitive displays,

logae davices (PE&rs) and R8I and Regvidlevicess Expaples of egreputer code

ders, t.ablets, styluses, voice or handwiting . ..
DERUEE RoalB0oR)<S it tSRBag b 2 SOl A Mk isfhoing hisher
PE1 834 BBt Ar0RALdUYedBYa BEnmaslsath doinfRRtRer CoMpR Riadable
or telecommunications network using network interface
Bgdia yway lalsehetrompitarwofk transpditedbea compitsr dasmsigng leatbedied in

hat .t he U,m.ght r.eceive infor.mation fromthe
4 Bt g et RepfiE £ iihed Bkl Pn Al BFcautapiq by o
ploegsvsr se of perform ng the above-descri bed nethod
steps. Furthernore, nethod enbodi ments of the present
| nventpigN4ABY 5 S¥RmHHR t§§ LelyotuPeth 21 88Re PIntd R ¥ielectric layer
execute over a network such as.the Internet In
£@8)) The twadls 442 tolfi thee treewchierhiGRYubtattiad ine edpeaoywgimesso X 1Gf 4B is
the processing. IL.n additjon, enbodiments of the
HPRRERRIG WPSATY 8 afrﬁvﬁh@‘ fieliegrptorafliglsHips daser §1%r Rgewalls 432

i 1 @ r- i X .

R A o R e TE G U IR Gabric
pulsiisitedrin 2093 entha (€M epefeatnce tie. anThéuswgdiaadaddor measuring line
conmput er code may be thgse specially designed and
%3%%?3@@?@%1?6@”#%%1%U®§6§§3 of the present invention,
or they may be of the kind well known and available to
t hose havi ngpskiohd 1TRs BAgS COMD & ion for h
arts. Exanples 8? ggﬁ%uteryﬁégg%o e ﬁi ?§§?nc%%gg?m%d¥ o
are nad quamifyd@®R:docabtigaetdth varaticn Suodtalasl] fraqubndy sdaponents

R TN R, O R
such at?(f 0 'frfbala. %gﬁﬁsdeﬁﬁﬁﬂmflé‘é%‘(@??o %ﬁi{hl%& SnifBVed5EM or
specially ¢ ecut e

Igured to store an )
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
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 definition, 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
LER, and the situation will grow worse as technology advances to 45 nm and

32 nm.
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program code, such as application-specific integrated
circuits (ASICs) programmabl e | ogic devices (PLDs) and

wORsAsIH0RAM devi ces. Exanpl es of conput er codeCT/nsio0de36746

machi ne code, such as produced by a conpiler, and

files L.k ' r.. |l evel code that,.are executed.

by & chtiols I esoiaRe Y oy B8 han B b S B actn of
R¢ltrandbyt adefies OFloCATTRAY AT a¢Rtnd (TRRGALGSLEVebYn tterval, which
conput er dat a S|3nal enbodied 1n a carrier wave and

Adpt leaddopuitmes asdeuearcibe dfaturn ét wistst AoHétaclh 41D SEM measures 32

e a_processar. FILG 4A is a schemati.c t.0
OB 57 P RS ST g o 5 Rt S PP MR
20hoSEM énedtilrks 68t B@intf ovieh & 2 uine Retin g Nickildin's phse aIvied no
l'i ne edge roughness. FIG 4B is a schematic top view
divantegetecgeinpabore 2w forrsmslifeatiess bot. spre sengsivitaags lost if you
Weent;‘]t\)'aiolvs?aﬂsz1 (gxthe trench 424 exhibit less |ine edge
roug nesss <1 Paper by Calvin Gabriel published in
2003 at the 1CM conference the an industry standard

for neasupproget forediRederedddiiphifiess $s B F6HESQtletadB with a
follows: "The 2002 | TRS netrol ogy roadmap [4] gives
sheleefuieito photeresisbetclh Byt isonerssaterive therd: 1| yqupvidinga heavy

HeBlerd i e G b bR B TR gy e

ttop bOtHe phiotaessidthe ptdtedd gy ;ﬂﬁ)yOregﬁgeiml\ﬁ%ﬁih atcH 8kleBtivityO Without
I's easil Erogranned on .t he VeraSEM or NoSEM t hese
tishiggie a8 bpendbicibeenye #lis biliewed thehsush heavt rolymerg agstisky and

[ -3 0ss, th eature of. interest,, w th.
Bifiap sAEsTHIRC pRLESSCRS: iR int B SRbnneld Whis also
Yebikved thet RARTYNs BEARFIAE RAhiPtht PRoGRARY RPRES rodfNening.
defined by the user. e 3-sigma standard devi ati on of

these scans follows the I TRS definition and is = )
r epor tldde pyea 1eegkaingmaps alse bsicgisad By mopse bitimgwhich is believed

S50k ARSUSEE S SR IS e e

tpRUINGL Fayn thepldniae Q6] the poBmnlReXvisith ¥ro2&ds he PRI ban indtde

a smal| length of the |ine scanned may not uncover |ow

pechgnisal forer whighl defosmghe mask and sghult ingy owehes sislewald for thin
e hﬁﬁé 8%10%1%%3 e t}tlp?caﬂléf Or%grérglgcg in thick PR mask situations (>300nm).
It has been found that with 193nm PR that C4Fs gas results in polymer, which can
deposit more heavily then CF, or C4Fs, but because of the deposition characteristics,
striation in holes and roughness 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

during the etch.

The invention reduces 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 CF4 with Ar, but, more generally, may also include gases with a high F
dissociation like C,Fs, or gases, which have a high fluorine dissociation like NF3 or

SF¢. Addition of gases to aid in the dissociation of F can also provide benefit for LER.
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32 nm Page 8Therefore, |ine edge roughness may be
guantified by neasuring the wwdth of the trench at a

w@esesn7ed | ocati ons and averagi ng the vari at i BCT/OSB04/036746
an i nterval, whi ch is at least four tinmes as |long as

% ST 4 St S .35 5o REYPE BI0Y SNala290scem)

As&e M@Ml eslailfih @id @baiMsTaREM R @%Hflﬁéb anﬁﬁlg%lﬁl Q¥6dn 2
2 urn rectangle. Calvin's paper showed no advantage to

gmlmig)nab‘@@é tie ngagtant samelndel eonvgntenab atchinggmecesses, it is believed

' t b 2
BT sh ooneR anS iranid Mo Blngstine Bofuiér §estBs phioresist o
ANciRh s seWctibitp @h@irﬁz@ﬁﬁé&p&%d@@ﬁlﬁ%@ Eéréﬁleﬁ‘:}sc Qucthr{ﬁ&t th&e clean

nore selective than 4:1 provi ding a heavy pol ymer
fqgmpqmgnwges @mmomaarytego\re;méﬁnérmvnnﬂ]s photorasast treiavnease etch

PRSP e IiSelsORe ol BReBERE eyt o Biesis i e

VYh&*éhM AbBvde: lb@%ﬁﬁ t&ﬂ‘lnf(fﬂl@@ﬁ%wd'etpoly%lebﬁh'aﬁéﬂ"@ Aot fakicky as heavy

such heavy polyners are sticky and provide stress on
timdympbistaod éei whichdspositivat lotatpnedsech pdlyeersdggy be more easily
bel | ans

SRR g sl iafn B e bR ieuro ncloaicbis s ghemasghe
Ltbﬁ‘l%el%%@ of ﬁiégﬂ)%&l A8ctoHE FAn? gO‘b@ tc?:QtLlé%gt W H3Ebelieved that

biting which is believed to be relate e Stress,
vﬁulylhen fomribkiclegherr wotnipendnd gasef wohkl d%@o!namethehyopbﬁ‘&hctrode

0Si I mers fromthe, plasm. Sp, the pol
E‘Hg ?Sétdg\% dignn @%P ‘é’ﬁesﬁgrdgbfg‘%%ﬁ THPPet § Efé%de to at

WBighaged %%%]E&smﬁ&l ﬂl@%ﬁ 3 chroli0isFe R4 hﬁ&lr%dﬂg éﬁg more

for thin PR enomnme is not ty |ca
idepbhitiok oi?lﬂlmpiﬂitomslsmnfaom sTlfeizatn 6)15 hblps hﬁ&chamnd control the
found that with 193nm PR thatﬁas results in

WRPEhelggtFoded s iature fuatdeast V9 yCr Mehprefeareg ﬁ@@@l%éﬁ% gpper
Cé‘leét}b%e Qﬁﬁg&hﬁé)ﬁ L RE L Eh 18kt 56 (F 8&?1&%&1& t'ﬁ‘n halds
S u i

and rou S In trenches can res Icatlon
gfrefehed BﬁibbﬂmkentAhs apperelgheds Rgpefatirbés mb@eswdltd at least 90° C.
ﬁpé{\' | e can_cauyse m cro-voids that follow the vertical

pmoFhEered smbedungitdie Bpper glochpdik RfEvsedo atfast 140° C
pﬂ%tﬁi{p%? él%&trécﬂ:tl@ A d¥ctfiiE kO At s dbBirate 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 substrate, so that the lower

electrode is heated.

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 provides
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

preferred embodiment the high frequency power source provides a power of between

500 W and 1000 W.
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The invention reduces |ine edge roughness by reducing
or elimnating heavy polyner forners that produce

whe@spspod ynmers. | nstead, cleaner conmponent gaBEBUS2084/036746

used. Such cl eaner conponent gases with a high

but - e BiEbARRe b A TR e et Toveer
hirgdfuehic RS Qwohals 2OVHZ) klubds ATREIm¥MI I ilt2dBeBsetieBtity. Tna

fluorine dissociation'|ikeNF3 or Addition of gases to
argferigdentbodiney thabinppows: spursa pralides aucovdr débdseref 0 W and

f +..Page 9T addition of .a,smal |l anmount of. O
(00T I s PSS b SRR 13T ppuet e Ok Awower
tet@bsh 0 W hh€c00 ®ati on of nore free fluorine by

bi ndi ng wth carbon conponents of the reactant gas.

Under GOomaat, BRRAYAIRE FWd1Y ihdred LG

t hat such c:orrf)gnent1 %g&’es %ﬁ%ﬁ}%ﬁ%éﬁ%e%r% z‘%?{“?{\ﬁg For
paxayple, a0\BOrmT tne ppdssdre hesbeeh found todredriigfuls elteadforeiii ¥ preferred

The ipventiaon provides plasma paraneters, such that
(RRdtre R chasthss RisAtire A5 6 weet o S A0 o n amore
oo . 0.1 nCr _
R ik I o e 3 S O S AP o il 300 T
direVided r [rcthe angsh ptederesi ahbddimaa] a clvedteapadsiab ofbetwech 80
Such techni ques provide polyners that are not as
plerpndLSAanlRrT Fdgrded and for whi ch deposition

| ocation of such polynmers may be nore easily
cont r ofinaldy, some finedhring 0éthetpaocenpeancbetpecoreplhad by further

Qi this is to incr e the tenperature of .the
dRLB b2t B oo FR elfiné BAREh Fetnf s ey mSyfR the
td\@talPODYWEile feti@éThg BR: SleRANEER COMRRAINARRNN FRERS, WRikh Bre known
deposit on the upper el ectrode, causing |ess

deperpasepelyrerizabop ke GnlasTE1E, HByCHAER cdsi ¢rg biehaddedipesmall

| ect t t | t 140 C h Pt [ t
SRR b 05 bt ond i AR5 LB R g cxemote
OdeRee bf OMFPAIdd®o RREEIEESAFTFIMN T/ B0 ProcEBerchERHSERO¥P~10% in
hel ps to increase and control the upper electrode

tanepesa s, €ld.fat CHeli ot other I droftucscasbefsean édlp but, the amount of
enbodi ment e _upper . el.ectrode tenperature is

8 PesdE ot BEoet B S R R e & & mor e
preferred enbodi nent, the upper electrode tenperature

i s i nctiaesione. iys aipereisthe fryertion Gpningls wsse thermobangt agideposited
Figfgg‘?bg@% %pgl%ﬁxeyﬁeﬁ{ cl& ee%l{aﬁfj ésEsls; éﬁs?%gl%?‘?r?cq?ats&ggﬁﬁ tgtal

€ upper €l ectro electro
whilyhert deposittals tveat thongh thetlea® giades depusil with a low selectivity.

Preferably, the trenéh depth is kept to a minimum, while still providing
sufficient electrical interconnections. One of the reasons, for this is that a thin trench
depth allows for a thin photoresist mask, when the selectivity is low. A thin |
photoresist mask allows for better critical dimensions. In the preferred embodiment,
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
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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pl aced opposite the substrate, the non-nounting
el ectrode. |If the substrate was nounted on the upper

webk@snsode, then the | ower el ectrode woul d be PEBUS2004/036746

el ectrode one which the substrate is not nounted and

IS opppsi ‘ t .50 _t-hat th ower el ectrode.

is heatp(zﬂoi. | Eﬁﬁ%&%???ﬁ 01§11ﬁ)tt‘|%{E Sl%z%aytt})eee%eg goujlr?amtaﬁg‘fble gh‘)tor“m ,
pimask diitnig depaited tobsveT00eA ity Bht Leb&knaN thitk ehn 88lyHEé imaged
p;%i%creates a higher density plasma further

I .

885 nkp wereasa iegolutjontoi ingge belaw (o2 vinathe£48 iphotresist mask is

[ i gh,frequency.po source
R B A I e A
nEulempr Ri@Efsad i eieed kdedivity iealldw B thih PEBREYt RRYETo be used to
source provi des a power between 500 and 1200W In

t4ieh adrghclpingreasasdide edpothughinss.t Reerplogh tiferisyngion ysgsokesmer

oG8 ALK E Tl ey A PSSP BB iy 0
Ple@idedi1i@ dds SoupBUE ah@ ytIARE a EEIEANBN Y 1RE tHaR YCh BiSe wse of .
VHz) reduces bonbardnent that increaSes selectivity.

| lawaselnc e elhaseiseyvald nethe suithide b provislowssugogtectvity to ensure the

BB SRS Bl R AT o S 2P PRy
PsreRkred FbMBE finfl (Wiamdl S8R Mihd dicipddi tion, providing
|'ower chanber pressure i'ncreases selectivity. For

exanpl gy, @e80 nlforr pressure has been found to be
hel pf uT". erefore in a preferred enbodi nent a chanber
pressure of n 60 mlorr and 400 nTorr. In a nore
preferred e]%’g%%Eerrergnt a chanber pressure between 70
mrorr and 300 mforr. is provid n.the npst preferre
enbodi exgmpledifas 1%?@%?29%9 ABioB eR B 61 over a
250 AERIchn nftriBE e¢h 486, @bl TG0 LRl
the pr oc?grsls can léqg%éor%l ?ék%&%@ﬁfaﬁétﬂ‘g? B8 sflcon
nognitrida{SI0N)ddyerhare fomeessret the siliedn axide layeeta foahiaamARC

' t he overall, CD while reducin

Ao Ve iy FRaUTRe. OPR QAT O 39S deBehc QLN Gvet was 300
KR0S A BHEASLHRAOKIBS AR d0 bk ot e wh! Brmed §¥br the

ARC layer. The ARC layer is opened using a conventional ARC etch.

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. The 27 MHz
RF source provides 800 Watts. The 2 MHz RF source provides 0 Watts. The etchant
gas chemistry is 70 sccm CF4, 100 sccm Ar, and 100 sccm Na. The etch takes place

for 32 seconds.

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 sccm C4Fsg, 3 sccm Oy, 300 scem Ar, and 100 scem Na. The etch
takes place for 14 seconds. The over etch more selectively etches the silicon oxide

with respect to the trench barrier and photoresist. The final depth of the trench from
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amounts to slow the erosion of the PR and hel p

decrease LER slightly. For exanple, 5 seem of CAF8
w@oaedsa7eo a very | ean Ar/ CF4/ N2/ Q2 process redPCBUSI0ER)36746

by 10% in one case. CH F or other hydrofl uorcarbons

I S nee
C‘%Q © saglgg) :‘% ?%Q%pb%gg%rtl §I§t T Smgg@ o ﬁS?%?@?eé&gfe a320
tﬂnnshlaﬁ phctorasist tayer is A¥@ItoieRh £O&Ch S ﬂYﬁ!ﬁi@rOQ tfi{'&ep. In such a
pol ymer i s deposited and provides a polynmer fromclean

e@r@P@ﬁi ordy Belf of the pheteeesist 15 emosedfuripg theetcbt al  pol yner
deposited, even though the cl ean gases dep03|t wth a

l OW S?ﬂeﬁllﬁ{dt&]eglg is an‘*? \t%ldl ‘an alé]lgn,% ftllP Vtéﬂet tihg als(helgé in this

rovi

5 eémipde tlad priesdued 13G8INe 0D aiRorr. ONige pf MHteRIF %ﬁ@@ﬁmvfd@é 400
this is that a thin trench de{})vth allows for a thin

pWGtter Ebe 3MHARE sofpreprerdesdbVaes The stchant pasghepmisthyiin 500
0 bett r critical

dJZ?r{élﬁltg 21;1% a3 Sgtﬂﬁl?és ?a gérr@asegﬁ‘bgdl ment, the

phot oresi st mask is th|n enough to provide the sane

critiTia etch sBp S Mayasishh@hefengd NElichreSirdlib 06tab 850 &iTorr. The
materials. This al I ows for Lré{l)rove critical

% Bh sowiee Reyiden dwp SYadtsndibe 2eMpleddi sperde Hfﬁﬁé?sa]pﬁﬁ)yw atts.
10 2Pyt SURBPEL AR SDRANE COerhic BAELSH A 360 soom

tNat Thelggenaporkeds pietfor Bsicsbndss used to provide the

desired trench depth, to m nimze CD. PageFor exanple,

248 n photoresist may be used to forma stable

photoresist mask if it is deposited to be 4000 A

thick. But a mask that thick can only be imged to 0.2

nm To incrg BaRfoIES gsol ution to inage below 0.2 nm the

248 photoresi st nmask is made thinner, for exanple 3200

A thick. As nentioned above, the use of heavy pol yner

f or mdns secondneaepdes tlsaedametsilbéttaye with did sameailidoh mxide layer, same
used to etch a trench increases

p resist, msk to b
15 Iffiﬁéq%eanfloﬁ?@ﬁﬁ’@%me Rlgteresisblaysrig usedy dRe SyRe qreadng process is
CJSE@&% d?lqhggqicf?gﬁers to increase selectivity to a

poi nt flclent o etch a trench with reduced |ine
edge roughness and ‘yet have a selectivity of |ess than
Tﬁt@esﬂum wxfidd loyerdeételdd wigh thedillewing revipd. Fetudper electrode

SUI abI OVI e e lectivity to

B8 PHoRsd @?Pﬁ%g&d%p ﬂ& RIFRSUFRAS HOtde &gg “ﬁ'f?“arﬁw 27 MHz

WE&IrE@pIWVH%S B00WERR" THELMIH, RH 6uk® provides 0 Watts. The etchant
20 gas chemistry is 5 sccm C4F3, 70 sccm CF4, 100 sccm Ar, and 100 scem Na. The etch

takes place for 32 seconds to etch a trench between about 260 nm and 300 nm deep.

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

25 source provides 600 Watts. The 2 MHz RF source provides 600 Watts. The etchant
gas chemistry is 7 sccm C4F3g, 3 scem O,, 300 scem Ar, and 100 scem N, The etch

takes place for 18 seconds.
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preferred for the final termnal steps of the etch
Exanpl es Exanple 1 In one exanple of the invention, a

WQ@2®6/0%0780 | i con oxide layer is fornmed over a 3BOI/BS2004/036746

silicon nitride etch stop, forned over a substrate.

For el RO ROk Py bRYF SR n i
| eagaﬁfple ltie prbstireeis 36Ab @00 memsl T 17yl RIS &SprovaIesl400

the other SiON |ayer was 300 A. A 3200 A patterned
pW@ftér &8¢ 3MHaRE sgprep P@DWS&W@W ebhesgtchans gasorhenystionie 500

e C r pened using a
conven .%12% IRF%EB%PQESQ ﬁ%&sﬁe Sh oxi de layer is

etched with the follow ng recipe. The upper el ectrode

i s al Tiewech ttop SEN ma@falt sdhea;htpmedl 4K prdfRerelds &30 260 hiTorr. The
set_to 180 mflorr. RF source provides 800

vk MLz H:ﬁémzcvaécs ééweaétSp Ffbv 2 AdHz &R\ seuics, pravides 150 Watts.
O
ST 9Bl ORI 3 B2y NS ST sy 080 s

e NTlsd Q@nﬁgrrpk@tmetf&elﬂeemd@g of the silicon oxide
| ayer, but provides a greater selectivity with respect

to the silicon nitride etch sto The upper el ectrode
i s nefbEveR@ndmpEves Baach GRenélingpdeeppegnspe The meve preferred

0 T B0 5, SR, 1 MR St

gasbeiieentst Tiedeexdmplee 6T hes@eMmtion B e phovida s tind 0dze

seem The etch takes place for seconds. The over ‘etch
nopghness alo-7yan yWhete heleasieenaqits @\sh 2 UF9R roRgerAre Bindde t

t I : [ [ d

o&t{r}ﬁn% {1@%%%6?&5%&1%5 a4 %{%Ea heY ﬁitjm ets1gt %\%gkr Eq ?ﬁ%ve T hﬁlal line
belgaeeuzhabswf 8260nHAMT: ﬁél‘éfo'i@ Qhé’hnd@ﬂ[bn maeithalyalecrrasdthe edge
n thick photoresist layer is used to etch a trench

| regghnepgeompryed o the epginglphotspsig maskcess, only hal f of

t he photoresist is renoved during the etch. The

phot Ofc}f‘eslh%ntfoﬁ i§ SI0YS nﬂoyﬁi'e qg&eﬁ'&re%ﬁﬂ beledn o' 01 to 0 14 microns

provi he ashi ng thi's 'exanpl e e pressure
sgfing 90 ﬂﬁﬁloﬂﬂ'wdmola'@e vTchMes IR 500k Q93 Bfrfphodﬁ‘ésﬂtoo

: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

etching process’may add additional heat to heat the upper electrode to 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 there are one or more layers
between the ARC and dielectric 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
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 barrier
(i.e. such as a F diffusion barrier, since F can cause PR delamination on FSG) or a

capping layer can provide a stronger layer to be more mechanically resistant to CMP,
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Watts. The 2 MHz RF source provides 0 Watts. The
et chant gas chem stry is 500 seem The ashi ng takes

w@b@sesf’or 40 seconds. The etch stop Si N | ayerPCEHUS19641036746

opened. The pressure is set to 250 mlorr. The 27 Mz

Vii 1 LS. RFK
S M er B e A R T g vers e
seeinblEAf th3Qidest (HS:sof08 SeRMAL mé&hdnidAdhoteray, thes
openi ng takes place for seconds. Exanple 2 I'n a sécond

RGNS 2 toughenlaties, saukeiimestacthini aols, tohwaistaireths istriigores integrity as
%%E%a | ayer, sane ARC | ayer, and sane patterned

p g%oresist | ayer is used. The same opening process is
used to open the ARC layer. The silicon oxide |ayer is

et chedWiilt khit hevefittdd Iowibeeh 86HBR! in TithsWTREVerQl Rotkfiade

is allowed to be heated above 140C. The pressudre is
ssrbodymargp thers pre altpratiops, prrputEEonsowEdiicaliens atd yagoes substitute

3. iid 0 oy
St T LB B e
Ahere afﬁkn&ﬁ%@alwﬁﬁvgh@yﬁbﬂiﬂqﬁl%t@r&izr? RS BrcflRbls 3d SRRAUMELRs of the

to etch a trench between abou 0 nm and 300 nm deep.
miessyeinventin. dt isharelnps iateaded thet the &dllavgng hppended ¢lhingore

oxj de | ayer Lt ovj des reater selecti.xity wt .
Tlefee S cpitil £ h ot Pl s o ieithphund various
subaitiedguivaleiBiad Fai WRBinahe Bhe bBAMAIAEpLof B Bresent invention.
pressure is set to 80 mforr. The 27 MHZ RF source

provi des 600 Watts. The 2 MHz RF source provides 600
Watts. The etchant gas chem stry is 7 seem 3 seem 300
seem Ar, and 100 seem The etch takes pl ace for

seconds. Page 13The photoresist is- renoved using an
ashing step. To provide the ashing in this exanple,

the pressure is set to 400 nTorr. The 27 MHz RF source
provi des 400 Watts. The 2 MHz RF source provides 0

Watts. The etchant gas chemistry is 500 seem The

ashi ng takes place for 40 seconds. The etch stop SiN

| ayer is then opened. The pressure is set to 250

mrorr. The
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27 MHz RF source provides 150 Watts. The 2 Mz RF
source provides 150 Watts. The etchant gas chem stry

w0 200905eem CF4, 30 seem CHF3, 200 seem Ar andP@DU0SHe€06746

The opening takes place for 14 seconds. The invention

i nproves trench CD and |ine edge roughness. The nore
preferred enbodi ments areCha\iMyed to reduce |ine-edge
roughness nore than the | ess preferred enbodi nments.

K s of the invention is able to provide a
I\lﬂlﬁgﬁggi&gﬂ?%ﬁghness of 6-7 nm where 32 neasurenents
over a mcron range are used to determ ne |ine edge
rioughnassetisidfonbieliag bheenph of Dir&shsdepiiEisk di@Ycthak§eddver a
initial |ine edge roughness of 8-10 nm Therefore, the
| SHOEFS-GRMPHYNECt ual | y decrease |ine edge roughness
conpared to the original photoresist nask. The

i nventj ] ' - ture width of

bet vveedr?% &l%g%%gggl%%%%ﬂgﬁﬁgaa g‘a’lgo nm node

technol ogy, which uses 248 nm or 193 nm phot oresi st.
The hefatmmmgmphotvotsidh aeisk bhehcaupREL whbkedt the plotocesikédMhask has a
IHskﬁad. the heater may heat the upper electrode to an

i HCEPTREi at e tenperature, such as 90 C, and then the
etchi ng process nmay add additional heat to heat the
upper &bifgs hosRhiRe ARG Gng! n ot her enbodi ments of the
invention, the ARC is formed over the dielectric

| ayer, so that the ARC is either on the dielectric

| ayer a¢hinhetrenchrintodhe distectrivrleydrayith sdibktinedn phiteredRCetch

an ielectric lLayer. The ARC |ayer is provided to

HE eﬁngﬁé&?%W?@glr'illt%géfl'the li thography to hel p depth of
focus on the bottomof the PR The hardmask is used to
performa different designated task during the etch. A

hard ARC (Si ON) perforns the sane role as an Organic
ARC for wafer patterning, the SiON nay be used as a

%t op-Thednethedas regited igcleive 1 Cuheaoip thst fopmife the photoresist mask

TRt EBbe Rt PagE R LRy SR es? aud b ARG PR Y
barrier (i.e. such as a F diffusion barrier, since F
can cause PR del am nation on FSG or a capping |ayer

can provide a stronger layer to be nore nechanically
resistant to CMP, Pa?e 1l4such as an Organic | ow k

rat er i e mpthed, gs By ay G clips 1Su stheteap fiedgrmiiag dies
EHh‘f‘)toresist mask forms the photoresist mask of a 193 nm or newer generation

photoresist.

4, The method, as recited in any of claims 1-3, wherein the photoresist mask is

sensitive to aggressive etch chemistries with respect to line edge roughness control.

5. The method, as recited in any of claims 1-4, further comprising:

placing the substrate into an etch chamber with an opposing electrode placed

opposite the substrate; and
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desirable, if the dielectric is too 'soft' to stand up
to nechani cal polishing, thus requiring a tougher

WO 20081050780 et i nes a thin one, to maintain the PCT/US2004/036746

structures integrity as etched. Wile this invention

has bdentidegerappesing slet@dddto Fhat HRYGIRLinp &L dERaches a
enbodi nents, there are alterations, pernutations,

teRPsiREEe Phideash itV 4r twing thebichingthetremhiivtalteadslectric layer.
which fall within the scope of this invention. It

shoul d al so be noted that there are many alternative
ways of inplenenting the nethods and apparatuses of

the present invention. It is therefore intended that

tthe f dltleanethod, ap pevitdd dh alyaiMtkile 1:9) RS HREhAdhe etching the
|nclua%g§ all such alterations, pernutations,

sark ARRET Pressyra s maniained befveenaleoud 60 nvidremtdsd MsmTorr.
fall within the true spirit and scope of the present

i nvention. PageCLAIM5 What is clainmed is: . A nmethod

for etching a trench to a trench depth in a dielectric

| ayer over a substrate, conprising: applying an ARC
dver tThe niéthodes récited ayay,of thims 0, svhpedt Qiird s Bt BRI the
on t.he ﬁiﬁé wherein the photoresjst mask has a

P ek R B TrogRIERAy Ry Wer S EhPTORdenrEwerh A0 L NEdRP0q W.
trench into the dielectric layer with a dielectric to
photoresi st etch selectivity between : and 2:1. 2. The
nmethod, as recited in claiml1, wherein the formng the

photoresi st mask forms the photoresist mask to a
Bhi ckridssnethodses vesited dbmpitof 2000s K 7antietd0Mrig the FoRing the

od,. as recited in .an f claj 1- erein the
b R Bt B o a helecp e WO ALY or csi st
mask of a 193 n or newer generation photoresist. 4.

The nmethod, as recited in any of clains 1-3, wherein
t he photoresist mask is

9. The method, as recited in any of claims 1-8, wherein the etching the trench

comprises providing an etchant gas selected from the group of CF,, CoFg, NF3, and
SF. |

10.  The method, as recited in any of claims 1-9, wherein the etchant gas has less

than 5% heavy polymer forming etchant gases.

11. A semiconductor device formed by the method according to any of claims 1-
10.

12. A method for etching a trench to a trench depth in a dielectric layer over a

substrate, comprising:
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sensitive to aggressive etch chem stries with respect
to |line edge roughness control. 5. The nethod, as

WO e@sO8doo n any of clains 1-4, further conpri SPEUS2004/036746

pl aci ng the substrate into an etch chanber with an.
opposi dpplyeheat ARCeoPtha cedectidPR§ét © t he substrate; and
Pageheati ng the opposing el ectrode so that the
opposi nhg el ectrode reaches a tenperature of at | east
140 C feiming§ sensitivs phitorgsistiaaskramiby AREL ovithreethickness between
' [ 6. The nmethod, as recited in any of
g#gpﬁék@fg?&aﬁggééh during the etching the trench the
chanber pressure is nmintai ned between about 60 mrlorr
and 4G@chilipthrough.thd ARArRhHOd, as recited in any of
clainms 1-6, wherein during the etching the trench a
hi gh frﬁguency ower _ squrce provi des between 500 W and
2000 \KFC .mgrﬁEel%FEltlH@cF,he disleciiq lager with aplgangtcls| aj ms 1- 7,
wherein during the etching the trench a bias power
source provi des between 0 Wand 1000W 9. The nethod,
as recited in any of clains 1-8, wherein the etching
the trench conprises providing an etchant gas sel ected
fi3om tHe rgethbad asfecibd in MERy 12neheBin theldch sEheetiniy bbdielectric to
as recited in any. of clains 1-9, wherein the etchant
éi@aﬁg%ﬁﬂ%‘%W?ﬂbflg@@%éavy pol ymer form ng etchant
gases. 11. A sem conductor device formed by the method
according to any of clainms 1- 10. 12. A nmethod for
etching a trench to a trench depth in a dielectric
| ayer over a substrate, conprising: Page 17applying an
ARC orf\n fathtes fot eichingladfpamre i ardi¢legrialayemsiotipvising:
phot oresi st mask on the ARC, with .a thickness between
about 4 . _etching through the ARC, and
et chi B éqgsg?dﬁ’erﬁg%mingt% garﬁ’%’ %ﬂn%ﬁ’ré%?g'i c layer with a
cl ean etch. :

a chamber wall forming a plasma processing chamber enclosure;

a substrate support for supporting a substrate within the plasma

processing chamber enclosure;

a pressure regulator for regulating the pressure in the plasma

processing chamber enclosure;

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
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13. The nmethod, as recited in claim12, wherein the
etch selectivity of dielectric to photoresist is

wheirdesn1oo and 2: 1. 14. An apparatus for etchiPQI/ES2004/036746

feature in a dielectric layer , conprising: a plasm

processi ng £ ae ' :

a plasma pr o%%srﬂg i nbgfog ﬁ}gﬁr%‘ggrﬁiggg%g ogﬁrﬁg,ﬁagﬁlg \L?%é(%ers éﬁ%@ﬂa%er

%MBB%&%-for supporting a substrate within the plasna

processi ng chanber enclosure; a pressure regulator for

regul ating the pressure in the plasma processing

chanber enclosurﬁ;,an el ectrode pl aced opposite from

and spaRASdouss M Trid srnpesion withithegss 188pport: a heat er

connected to the electrode for heating the el ectrode;

a gas inlet for providing gas into the plasm

pr oc e gstongrol trganepllahy Feomected taridedBhgenolithe gamoust thor

exhausting gas fromthe plasma processi ng chanber

ehehodeltks hent@athe PoE@e régldidrilitd o BNEChIdOMe Bhd butlhe

gas inlet, a controller controllably connected to at

| east one of the gas source the el ectrode, the heater,

the pressure regulator, the gas inlet, and the gas

outlet. 15. The apparatus, as recited in claim1l4,

wherein the controller conprises: at |east one
z0ce r, c r. l e, medi c rising.

dopar s ety 1Rl SERSHE, Fultel e SRR el

for etching a feature into a dielectric |ayer; and
conput?%?readable code for heating the el ectrode
duri ng* EEERNPIEE %A he el ectrode reaches a

tenperature of at least 70 C.

computer readable media, comprising:

computer readable code for providing an etch plasma for etching a

feature into a dielectric layer; and

computer readable code for heating the electrode during etching so that

the electrode reaches a temperature of at least 70° C.

16.  The apparatus, as recited in any of claims 14-15, wherein the computer
readable media, further comprises computer readable code for maintaining the

pressure between 60 mTorr and 400 mTorr.

17. The apparatus, as recited in any of claims 14-16, wherein computer readable

code for providing an etch plasma for etching a feature into the dielectric layer
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16. The apparatus, as recited in any of clains 14-15,
wherein the conputer readable nedia, further conprises

W@ 09plsiEn0 r eadabl e code for maintaining the prEGEUSM04/036746

bet ween 60 niforr and 400 mforr. 17. The apparatus, as
I8 RiptiSsh doﬁlﬁ%ﬁf 1&fdable o8B fol'garc;ﬁde X‘ﬁ%ﬁ?ﬁ' gl &1@9‘?5%{ bet een 500
readable code for providin or etc
g?g5§y¢nto the dielectric |ayer Page 19conpr|ses
€adabl e code for provide a high frequency
pomer bet ween 500 Wand 2000 W 18. The apparatus, as
recited in any of clains 14-17, wherein conputer

readabl e code for heating the el ectrode during etching
heats the el ectrode so that the el ectrode reaches a

tigMpe e uhBarius als réﬁﬁatm %Qy 8}' clcjnﬁls 1hhe, %Q&fr%dhéputésreadable

reC|ted in any of clalns 7, wherein conpu

B0 B e R Chﬂin%g% R Tt AT o

nEerature of at | east ;40 C. Page 20
reac es a temperature of at least 90° C

19.  The apparatus, as recited in any of claims 14-17, wherein cbmputer readable
code for heating the electrode during etching heats the electrode so that the electrode

reaches a temperature of at least 140° C.

Page 20



