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DI ELECTRICS 5 Rel ated Applications This application is related to the
commonly assigned U.S. Patent Application No.: (Attorney Docket No.:

LAM P147/ PO675) entitled UN QUE PROCESS CHEM STRY FOR ETCHI NG ORGANI C LOW
-K MATERI ALS, by Helen H Zhu et al., filed concurrently herewith and

i ncorporated 10 herein by reference. This application is also rel ated to

the conmonly asySBGE M&WNMIMM@MHE AV TIONCKET NO.

LAMLP1491P0685)  SCROMASIRENGEY BRG XKID Dawiip NH3 FOR
.ORGANCSI LI CATE GLASS LOWK Di ELECTRP?‘E I?%ﬂ%tp ICATI ONS, by 15 Rao V.
Annapragada et al., filed concurren ere and i ncorporated herein by

reference. This application is also reI ated to the conmmonly assigned U S.
Patent Application No.: (Attorney Docket No. LAM P152/P0692) entitled USE
OF AMVONP A FOR ETCH NG ORGANI C LORetated Applizations, 20 by Chok W Ho et al .,
filed concurrently herewith and incorporated herein by reference. Field of
the Invention The _present .invention-.relates to sem conductor manufacture.

More 25 parti cul B gpplication isaelated torthesempanlyassigrad US. Patent Applisationon of
m cromaski ngNeuring et chi ng(aftodeydecRédiect AMIP14WPOBYS Y hfitREOCESSI Ng Of

sem conduct ofiRRPROCESS CHEI TRy FSR EPEHINGCORGANIC LOW-K

MATERIALS, by Helen H. Zhu et al., filed concurrently herewith and incorporated
10  herein by reference.

RN

This application is also related to the commonly assigned U.S. Patent
Application No.: (Attorney Docket No.: LAM1P149/P0685)
entitled POST-ETCH PHOTORESIST STRIP WITH 02 AND NH3 FOR
ORGANOSILICATE GLASS LOW-K DIELECTRIC ETCH APPLICATIONS, by

15  Rao V. Annapragada et al., filed concurrently herewith and incorporated herein by

reference.

This application is also related to the commonly assigned U.S. Patent
Application No.: (Attorney Docket No. LAM1P152/P0692)
entitied USE OF AMMONIA FOR ETCHING ORGANIC LOW-K DIELECTRICS,
20 by Chok W. Ho et al., filed concurrently herewith and incorporated hereinby

reference,

Field of the Invention

The present invention relates to semiconductor manufacture. More
25  particularly, the present invention relates to the elimination of micromasking during

etching of low-k dielectrics during the processing of semiconductor wafers.

Background of the Invention

Integrated circuits use dielectric layers, which have typically been formed from
silicon dioxide, SiO,, to insulate conductive lines on various layers of a semiconductor

.30 structure.  As semiconductor circuits become faster and more compact, operating
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extent required to avoid increased coupling capacitance levels.

In an effort to reduce the coupling capacitance levels in integrated circuits, the

15  semiconductor industry has engaged in research to develop materials having a dielectric
consiant lower than that of SiOz, which materials are suitable for use in forming the
dielectric layers in integrated circuits. To date, a number of promising materials, which

are sometimes referved ta as "low-k materials”, have been developed. Many of these new
dielectrics are organic compounds. In the specification and claims, a low-k material is

) 20  defined as a material with a dieleciric constant “k” that is less than 4.

Low-k materials include, but arP: specifically not limited to: benzocyclobutene or

BCB; Flare™ manufactured by Allied Signal® of Mormristown, NJ, a division of

Honeywell, Inc., Minneapolis, MN; one or more of the Parylene dimers available from

Union Carbide® Corporation, Danbury CT; polytetraflucroethylene or PTFE; and

25  SiLK®. One PTFE suitable for IC dielectric application is SPEEDFILMT™, available

from W. L. Gore & Associates, Inc, Newark, DE. SiLK®, available from the Dow®
Chiemical Company, Midland, Michigan, 15 a silicon-free BCB. .
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15 The etching of dielectrics may be advantageously accomplished in a dual-
frequency capacitively-coupled, (DFC) dieleciric eich system. One such is Lam®

- Research model 4520X18™ and Exelan-HP™, available from Lam® Research
Comporation, Fremont CA.  The 4520XLE™ system processes an exiremely
comprehensive dielectric efch portfolio in one system. Processes include contacts and

) 20 vias, bilevel contacts, borderless contacts, nitride and oxide spacers, and passivation.

Advanced etch systems like the 4520XLE™ perform several processes in the same
system. By performing many different semiconductor fabrication steps in a single system,
wafer throughput can be increased. Even further advanced systems contemplate the
performance of additional steps within the same equipment. Again by way of example,

25  but not limitation, Lam® Research Corporation's Exelan™ system is a dry etch system
capable of performing many process steps in a single apparatus. Exelan™ enables

- hardmask open, inorganic and organic ARC etch, and photoresist strip to be performed in

situ with a single chamber. This system’s extensive process portfolio includes all dual

damascene structures, contacts, vias, spacers, and passivation etch in doped and undoped
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the wafer. Becg se nman ghotfresi sts have siml|ar chem cal conpositions
with respectt®? Dlslﬂﬂék el duns the eichugadadeatyregp garater, p dgrd jpask is often

dielectricsg dg&éﬁ]@' Kobbidrisder to ensure good dinmensional control
during the e]tn?ﬁcigﬁg of afe turre i|(Sn a wafer, a hard nask is often enployed

beneat h t he phot oresi st.
An example wafer stack incorporating a hard mask layer is shown at FIG. 1A.

The wafer, 1, baving a patterned layer of photoresist, 10, is shown. In this example,

13 wafer 1 mncludes a silicon substrate, 22 having deposited thereon a silicon carbide or
silicon nitride barrier layer, 20. Deposited over barrier layer 20 is a first layer 18 of
organosilicate dielectric, for instance Novellus Coral™. A metalized struchure, not
shown, may be formed under the first layer of organosilicate dielectric. A thin silicon

] carbide trench stop layer 16 is disposed between first blank layer 18 to form a dual

- ) | 20  damascene structure, not shown. A second blank layer, 14, also of Coral™ s deposited
over trench stop layer 16. A hard mask layer 12 is deposited over second organosilicate

layer 14, completing the example in wafer stack. Hard mask may be formed of Si02,

Si3N4, or other hard mask materials, especially inorganic hard mask materials. Patterned

photaresist layer 10, previously discussed, is'app]ied over hard mask 12. Of course, it

25  will be recognized by those having skill in the art that this wafer stack is exemplary only.
Alternative structures and films, known to those having skill in the art may be ntilized to

implement alternative integrated circnit designs.
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bottom of etched features during etchin as shown at In FIG 1C The
anmount of rfn@kmgmdrﬁqdﬂmﬂ:sﬂe@sfe% igisedn m| mgrggrapbmtmt@mwgpulﬂscﬁfh erhard
nor e .evi dent in zes a

energy. Mcr o8
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througfs t hghepéfaMpass”, and it is the sputtered hard mask that micromasks the SilX, which

forms the “grass”. The micromask of course not only slows the etch rate of the feahire,

but it can render the etching of the feature erratic and irregular, leading in extreme cases

to poor profile control and yield reduction.

Fluorine, F, may be added to etchant gasses during etching to mitigate the effects
| ) 20  of grass. A problem may exist with the use of fluorine. First, the use of fluorine may
- have a negative impact on critical dimension, CD, control during etching. This is

because fluorine may cause lateral etching of both the hardmask material and the organic

low-K mateiial.

| What is desirable is 2 methodology which mitigates, and preferably eliminates the
25  formation of grass during etching of features in integrated circuits while maintaining

good CD control during that etching.

Finally, it would be very desirable if the these advantages could be implemented

using existing integrated circuit manufacturing equipment.
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5 WD 02/ 065530 1 1 AUG 2005 PCT/ US02/ 03615 These and ot her features of the
present invention will be described in nore detail 1in the section entitled
detail ed description of the preferred enbodinents and in conjunction with
the followng figures. 6 Li 1 AU G 2005 WD 02/ 06530 PCT/ US02/ 03615 Sunmmary
of the Invention :
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To achi eve the foregoing and ot her objects and in accordance \Aﬂt%ﬁuﬁemgs
pur pose of nt invention for etching a feature in an i d
circuit vvaf\*e@,%z”&%sﬁ'g)ewaf er incorporating at |east one diel ec?ﬁl’zﬁﬁ%g@%ﬁg
generally, is disposed within a 5 reaction chanber. An etchant gas
conprising a hydrocarbon additive and an active etchant is flowed into the
reaction chanber. A plasma is forned .fromthe etchant gas wthin the
reaction chanber. The feature is etched in at |east a portion of the
dielectric layer. Several sourcesSofimagpsfdn leerdionydr ocar bon are identified
as suitable. to practice 10 the present invention. These include, but are
speci fically not |im tBEdathevedhéfireguing 488 ldther oljettanrd irCddordaaceiwitk theane,

"CHL. WD 02/0Q i i.pLi f- the | i .
PCT/ US02/ 036‘%@‘?‘%%? ﬁ#&’?&?ﬁ?}%ﬁ@?&éf BFesing %ﬁe&%ﬁ%%o%%g"f‘ é” %%@%’%%%5?’?{% ntion,
T ef erence i sthewaer incorpanatingnt deaptaonei digeddiclajargganarallyeisfdisposed wihibet ai | ed

Descri pt£on ; r Er?%cy [ k-0 - LA 1S an
schenat i5(: cr‘ggscgg’gg]é%%‘%ﬁﬁ?‘éw of ao@.ﬁ%@ggg?%rﬁagjﬁ}é%%ﬂ?e f@(@%m{:s a
schemati ¢ crafdauidadipwsd spto fheagagionchambis drplasmnnis formad) %mm ctefustt 88 an

et ch using avifhin B rédctiof Chithby. MBE faehre folefohed ilatiSasPl pBAloRIFesE

Cross-secti %geﬁ?lg VIIS%V of section Aof FIG iB. FIG 2is a high level flow
chart of an B AEFt of the invention. 10 FIG 3A is an schematic

cross-sectional yiew.of a wafer befor tching. [FIG_3B is._a schemtic
cross-secti onal 5?‘@6@10*“{%@%?@%%%5??& negre Jdentified; afpuitablerie prasdichg a

pref eried SRRty Btia THel fiitddR bt B Spedtifatlynd] Ficil Yoy 2Ha;
cross-sectional vi ew of section B o?’rbléll ée%g%. Cfncﬁ i's aoég glr?an ’i((:: ’
cioss- sect i ethamsf Cglpvahe metheat, @y, be used-in a test etch. 15 FIG 4B is a

schematic cross-section of the wafer of FIG 4A after the




antireflective coating has been etched. FIG 4Cis a schematiof 4 6. 2005
cross-sectiwg ¢@hsdzhe wafer of FIG 4B after the hardnask I&{ﬁ:@%ﬁ@gen
etched. FIG 4D is a schematic cross-section of the wafer o ( after
the dielectric 20 |ayer has been etched. FIG 5 is a flow chart of the
process used in three test exanples. Reference nunbers refer to the sanme or
equi val ent parts of the invention throughout the several figures of the
Drawing. 8 ,1 1 AU G 2005 WD 02/ 065530 PCT/ US02/ 03615 Det ail ed Descri ption
of the Preferred Enbodi ments Th&efln@sEition ST DRnd €aches a novel etch
chem stry incorporating a hydrocarbon additive tor etching a wide variety
of feature sizes and shapes in wafers incorporating. Such wafers my

i ncor porate | ow - Kormereesmples imnéargiendieg ofthel prsset inveotomfreferense anide 5
.,material, sugh as SilL t the i.nvention l so be. us for et ghi ng
ot her di el ect?ﬁlgg.ccomlfﬁgg’(’ﬁg Bﬂﬂﬁgdﬁ%fﬁﬂawgﬂ?{e&%lcﬁ%s eq%‘ggh‘fﬁr@f%ﬁrmti on
of m cr omaskiEnbolineitss M kEd@finghar dmask conponents during etching. The
met hodol ogy taught herein further results in mninmal RI1E |ag, m ninal
bowi ng of the vias and trenches formed by the etch process, good etch
profilesS good reBiGstlAsisrnseliewatiy crogersettional Ivigvao ks walfo bafospetebingr ol , and
good 10 etch uniformty across the wafer. in order to etch a variety of

features, includi t- . s ifi.cally not Limted.to ~trenches vias, in
wafers: i nol udi ng pyahie P Paskedbut VR fiuk Sart BV TIFRS A
present i nvediing An R BARM fid B ctthfipgGhetBodlydr ocar bon, for instance CHA,
C2114, and C(C21-16, as an additive during etching. The invention may

pr ovide a C2HA/ H21N2 etchant 15 gas, or a C2HANH3 ettchaut gas, or a
C21'i 1/ @2/ N2 et ch&¥e. Hads anrenlargeyl gregsescetinpel vigwrafeectivn A gfBIGelB.t 0 practice

the process, 100, of the present invention a wafer is situated within a

reaction vessel gapap§ s {QLMBRP M SHaf bnbodfiEht of the fnvention.

10 FIG. 3A is an schematic cross-sectional view of a wafer before efching.

FIG. 3B is a schematic cross-sectional view of the wafer shown in FIG. 3A

during an eich using a preferred embodiment of the invention.
FIG. 3C is an enlarged cross-sectional view of section B of FIG. 3B.
FIG. 4A is.a schematic cross-section of a wafer that may be used in a test etch.

J 15 FIG. 4B is a schematic cross-section of the wafer of FIG. 4A after the

antireflective coating has been etched.

FIG. 4C is a schematic cross-section of the wafer of FIG. 4B after the hardmask
Iayer has been etched.
FIG. 4D is a schematic cross-section of the wafer of FIG. 4C after the dielectric
20  layer has been etched. ‘

FIG. 5 is a flow chart of the process used in three test examples.

Reference numbers refer to the same or equivalent parts of the invention

throughout the several figures of the Drawing.
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situ within a single chapbrfled Bkictiptiad oMbe PreférpyERbodisnent cour se be
utilized. The wafer, previously having had a_| ayer, of patterned. photoresist

applied to | et 2Fhamrsenisyemion ieRkssagiovel dchelenissy WeeRpRRs & hyfrasiben

(-step 102), and..an.etch.pl as stru £ (ste . hgnt gas
is int roduce&%%f?ﬁgcmm[& Vﬁg%t@ﬁ%%ﬁ@’l‘? gl%%%dﬁéﬁﬁﬁﬁcgﬁgé?ggﬁmgéast
one hydrocar kaph wWifekd b fhcoRidtats RACk Hictadtdcy, &ﬁécihmé@ie&ém‘b@ofﬁ&gmael ect ed
f:-romthe group consisting of nmethane CH4, ethane H6, and ethylene C2H4

and an act i venagiriahanch asT$ieKabei the inventiannayalso bongediforctehipgether digieriogen, 30
i a, "ot h t by th -or di .skill.in the art--

e e f act | ve Thometpiglogu et dlwinats frlopBhitep Shtistbacking Tvh il e

struck bef or g, Rgd ke d8Ang Scling. ﬂ%@@ﬁoﬁé@r%ﬁﬁ%’é&ﬂﬁﬁﬁ&k&%& 8675

of the etchant gas, 1f other plasma processes areée perforned before the
di el ectric emitimal BEdRgeniniinal mvwieg oftib viks aehtrsndhies farmef by thepich pragése,
I ntroduced befaqre_ the_plas I S truck so.that the pl IS, struck. using
the ot chant 888 P RTRTIeE0Rd Zoi5 Fleabitzh 200 S Diralsh BOBH A FrobaPd §o98o)
t he waf ?16 iset&lvuﬁ-jéfoﬁ%tg.a&%sthév&aﬁrher processing as required (step 110).
e

Wi} e the succeedi ng di scussion of certain preferred enbodiments are
céntered around Jnogden¢d eickh shiiety oSfeatpresi includidg e speviferally nodnbifed tvose

having skill in the_art that the present, invenjion may conyen ently. be

i npl ement ed Eegchsa ppd yiasdinafers oludingargapie Egr-ﬁéﬁeleeﬁﬁ& %F%@%éffm ﬁ%ﬁﬂl&

speci 1 cal |y, GonEADIAh S RIenR BN b iy ERNEH B iR BhOPeN, WH,nelui ng

dielectric &f¢ regl nes, Pncorpora I'ng the principles enunerated herein.

Havi ng r ef engHg &s anwididvE itingddching Themmpémtionahsy proside a GilyfhiNsetplat er ned
15 gas, or a C,H/NH; etchant gas, or a C2H4/Oy/N> etchant gas.

Having reference to FIG. 2, in order to practice the process, 100, of the present

invention a wafer is situated within a reaction vessel capable of forming ai: etch plasma
(step 102). This reaction vessel or chamber may be an item of single purpose ctching
;';%.;:.equipment, or may be a multiple purpose wafer processing system. One equipment
20 I;articularly well suited for practicing the present invenﬁoﬁ is the Bxelan™ system dry
) etch system, available from Lam Research Corporation, Fremont, CA. Exelan™ is
capable of performing hardmask open, inorganic and organic ARC etch, and photoresist
strip i situ within a single chamber. Alternative equipment may of course be utilized.
The wafer, previonsly having had a layer of patterned photoresist applied to let
25  upper surface thereof, is mounted within the chamber (step 102), and an etch plasma
struck at (step 104). A flow of etchant gas is introduced into the chamber (step 106).
The etchant inchudes at least one hydrocarbon incTuding, but specifically not limited to
those selected from the group consisting of methane CHj, ethane C,Hg, and ethylene
C;H, and an active etchant. The active etchant may comprise oxygen, hydrogen, |
30  ammonia, or other efchants known by those of ordinary skill in the art to be effective for
the particular dielectric being etched. The plasma may be struck before the introduction
9




| ayer of photoresist, 310, is shown. In this exanple, wafer 30§ 4 rmjgj%%;a
silicon s g[{ggssﬁzz havi ng deposited thereon a silicon carbide or
silicon nitride barrier |ayer, 320. Deposited over barrier FGl/HPO2B61§ s 3
dielectric layer 318, which may be of an 15 organic low -k dielectric such
as Dow(r) Chem cal Conpany Silk"". A netalized structure, not shown, maybe
formed under the barrier layer 320. A hard nmask layer 316 of SIiQ2 is
deposited ov ' heC i K fetoluns) [ t%ﬁﬁ’g@ | f st ack.
Pat t er ned phgéfggt%%ﬁF%g}O%e? Ia%%lrg \rll ous%j%%&%aggﬁ%?e , I'S egdﬁgg?%%egc\&/l‘er har d
mask 316. O Hewewesau otler emboditnents dongelianeghshyaytbedsieoduesd befordht bldsmatise
art that this fer stack is 20 exenplary only. Alternative structures and
filns, known S@@mgk%@éttggplaﬁrgagq@qqckpﬁngﬂ@e@h@mg@.y be utilized to_inpl ement

1, known _ <ing uti|ized to.impl
he roact ] on chanonct {5y ssrath ke Bee ity flen by e Tl & Sl o

fl ow of &@n ethaitisen progassingrsiredliineg (degrytyocar bon. additive is introduced
i nto the chanber t.ep, 106). Accgording to one enbodi nent l this etchant gas

25 is a nmixture i sRpcRpadingydsrusypn of sedpmgEeferrepem ifyrepraierab HA

This m xture,] : tﬁ:ﬁghé. . l.] 1 L] ng.alt ernatiyve
etch steps ianl'lgﬁlét?r%ﬁ g%lé% a ert ébt&/%%edfn gﬁalﬁ’p g biﬁ%’%%ﬁ%&@gﬂﬂ@eﬂp@% ¢

ei t her bef or pregunt AfvertiomBapéivenively baiedlansdéd fPpatt of RYAIOGHP AL AgReE. di ng
to the present invention, Having reference nowto FIG 3B, as etching

proceeds, eshrecraiennyeloaspasifigpllyrcontzoplates 2k suplourulti-step sipgbregu®s, as shown

in FIG 3B, ; Sk | way, - 10 02/ 0655530 Ali AUG
205, pC UsBPHRE ARSI AEFetie, IRoofiaRE B Micipl R eia BB o 1.
Section "A" is eHavidpadfeainck hbw t8 EIG. I en Ry ahpRWIENIGK Bhéihy A phbmgd a thin
| ayer 340 over the hardnmask | ayer 316 and the photo resist |ayer 310,

whi ch hel ps 1967 pr Rlinioresisth310; g5 ghowm; Ay thit examwls avafrd6k incdydss azilgon By
preventing L Qrd-bi I 2 ' t he. s ering..of the.hardmsk | ayer
Bn6, “The 8 Pz Ok ol SN Blep ol IHGRR ol 1 op e B bk ng
and "grass" 320. Ddpesited over barrier layer 320 is a dielectric layer 318, which may be of an

15 organic low-k dielectric such as Dow® Chemical Company Silk™., A metalized
structure, not shown, may be formed under the barrier layer 320. A hard mask Iayer 316

of Si02 is deposited over dielectric layer 318, completing the example in wafer stack.
Patterned photoresist layer 310, previously discussed, is applied over hard mask 316. Of
course, it will be recognized by those having skill in the art that this wafer stack is
20  exemplary only. Aliernative structures and films, known to those having skill in the art
‘ ) may be utilized to implement alfernative integrated circuit designs.
The wafer 301 is situated within the reaction chamber (step 102). The eich
- plasma is struck (step 104). A flow of an etchant gas including a hydrocarbon. additive is
introduced into the chamber (step 106). According to one embodiment, this etchant gas
25  is amixture including nitrogen, N,, hydrogen, Hy, and ethylene, C;H;. This mixture is of
course highly application specific, and altemative efch steps implementing alternative
etchants and diluents may be used either before or after an etch step incorporating a

hydrocarbon according to the present invention.

Having reference now to FIG. 3B, as etching proceeds, especially tﬁc efching of
30 - the dielectric layer 318, as shown in FIG. 3B, photoresist layer 310 is etched away,
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bottom of the feature,-as shown in FIG 3C, providing a nore (dni f 2887

regul ar et chwo bamegssner al a power source with a frequency frogpplRitestts Mz
to about 60 MRz nmy provide upper frequency power |evel. Mre pre era‘T)Iy
t he upper frequency power |evel has a frequency between 20 MHz to 35 MHz.
Most preferably the upper frequency 10 power |evel has a frequency between
25 Mh z and 30 MHz. In the preferred enbodi nent, the upper frequency power
| evel has a fexpquedpyrions a npapk {gyer 3Thdeneapefection §A ne yulprand at FEE. 3@e

pper tr equerty Bl Bauartive P2 B ik 20 Vet e R Gn B v S B o
prefer ably_stgblo retibela|in, WMo RRURE e UBlidihe 18 hohakiEl e BYeaD !

15 500 to about 900W st preferably e upper frequency power is set at
‘about 700W By pevaital e aguibcandlyuredwcing the spuftedgpienthe Tardummsib bayer 01@5thivHz
to about .7 Miz nmay provide | ower freguency power |evel. Mre prefgrably
the I'ower f r SCHFBRE T5H0ET Provens o LG oA HIE ey TEORBEHng, oV g 4 iy
Most prefera BeiHe QB el 156 ] . nﬁgm en 1
MHz and 3 M_Ebﬁfolr% thﬂg pr efe’erregﬁ'g%gg?%ﬁ),ﬂ@%ﬁ%ﬁe %%1?61 requeﬁ%ljg/le%%ﬁer

| evel is about 2 Idfmnerbhepbweyesoufceerjttemfiyqueneyefioh ebalt 10V Betio absul SONIERt OV

to about NOWN More. preferably, the | ower frequenc% power level is from
about OWto HEBBOVERNPPRLEIUEROTROE I§rel 1 Mpre prefeeablyfhe RPRo dERaBrRSy NOWRE r

level is s @11\%@@ AT1elN r
frequency pg\%‘é%th#sjgse afﬁgé}%%ﬁ[??%@%ﬁhe etc an%regﬁlgomﬁsigg%e@%e
et chant B0 andhoaveh etreDiearalfosyuentsibetween Z5dHz hyd B0 dETH oln thegrefigred hydr ocar bon

sel ected fromthe group consjsting of t hane CH4, ethane C2H6, and
et iyl ene C2i5mbogient.4he BoRer Sierrenek oavver lsveldes a Seqisacyotahont 37 MEENERe seem

f1 ow of " diggarianc ANl B doq e 008uh 9l RBvp% AR sEE o DIV,

the ratio of“"the see | ow of active etchants ccm

hydr ocar bon Misldiptaferebly] the 3@pdrifaudndYdwhtr levelSd furaed s ibgut abeWablajoutt he
ratio of the _seemflow of active etchants to the seemflow of hydrocarbon

addi tives i $3¢¥mMorepusiorably stilloibe upmer fraquensy pEPT leyel if st et botwepn Bbapt) 1
e . J hqsV8{ soiflo abBut 900W. Most preferably the upper frequency power is set at about 700W.
In general a power source with a frequency from about 0.25 MHz fo about 7 MHz

may provide lower frequency power level. More preferably the lower frequency power
level has a frequency between 0.5 MHz to 4 MHz. Most preferably the lower frequency
power level has a frequency between 1 MHz and 3 MHz. In the preferred ernbodiment,

20  the lower frequency power Ievel is about 2 MHz. The lower frequency power level is set

from about OW to about 100W. More preferably, the lower frequency power level is
from about OW to about 50W. More preferably still, the lower frequency power level 1s
set at between about 0 to about 25W, Most preferably the lower frequency power is set at
about OW.

25 The etchant gas comprises active efchants and a hydrocarbon additive. The
hydrocarbon may be a hydrocarbon selected from the group consisting of methane CHy,
ethape CoHy, and ethylene C;Hy. The ratio of the scem flow of active etchants to the

‘sccm flow of hydrocarbon additives is from 10,000:1 to 100:50. More preferably, the
ratio of the scem flow of active etchants to the sccm flow of hydrocarbon additives is

30  from 1,000:1 to 500:25. Most preferably, the ratio of the sccm flow of active etchants to

~ the sccm flow of hydrocarbon additives is from 1,000:2 to 1,000:15. Preferably, at least
11




WO 02/ 065530 PCT/ US02/ 03615 |. sccm of a hydrocarbon additive i3 ‘priovi dag:
More pref ergBlonsddss ween 3 and 300 scan of a hydrocarbon ad%i}t'i ve Is_
provi ded. Mst preterably, between 5 and 10 seem of a hydrd’ (HIA4d3i ti ve
is provided. Etching proceeds at a controlled tenperature, for a specified
period of time. In 5 the exanple under discussion, the first etch may
proceed at tenperatures between 0C and 60C. Modre particularly from about

5C to about S0fcem bbs bydratdrbeuaddisive is pidvided f Mok pritantly, etk eraband 308Qccm
Again, to accanplish the preceding tenperature control, the tenperature of
the wafer isof Raydrasarso dm%ilhmvwdg&qswwb&@P@fﬁenéﬁdtlﬁrwgwf fhe
chuck, somet'h S rgaferr d to as.daghel ectrostatic chuck (ESC), retaining the
wafer in the O?aéaoc?tﬁd VEERE i s f1 ow of cool ant gas, for instance

helium is at a fE@wﬂg?}&eédtmh%ﬁ&%nedItaﬁlﬂ@m&@f@a%&cﬁe@p&ﬁﬁmtfmé.ezn
preferably from about seemto about 50 seem nore preferably still from

about 103scchetsaaple ynderlissassing Hie Gretstchomast proedsidyat tampesgures betwes 87 Et ch
times may furt % from | fractions of sacond t o abhout

i nates. 16W Ky Bloke REAVET FepAREA L aBowoats Mire i RaHy st v
etching at thguiMPelitoRb&teNe0! @ RRVRY acBehblishARe pidasling leRierird chRitgISmat ur e,
the etch was acconplished in about 60 seconds. Exanples: 20 Tests were run

to verify tHemperelrenf thé wafee is themmlly omintgEngl byaflow of coclhgasitbrough the
cross-sectio f a wafer fhat my b sed.. i ‘ etch. The fer 400 in
F G an coripits slneltPapkert 1o ay e tauaie Al FE5GL P AR e e viTe D, i 1
this exanpl @eactibievesti ST1GE HblorlcAYRAt g8 %ol Risfah@ 1R, i atla oW BafeiBinShodt
hardmask | ayer 412 is placed over the 25 dielectric layer 404. A bottom

anti r ef | ect ilwecns tretionty1 (BARD) mbtSpicferalafrent aboelr? sdem tolebpuintbiccinagere 412. A
aced over t rdmask. | ayer 41 is a

Plow chart BIeHERAY ShlbEREEAHGE0R fofn o A afigh 800 TRkt B fergily abmaRtHb oo
scem.
Etch times may further vary from small fractions of a second fo about 10 minutes,
15 and are sitnation dependent. Tn the example presented here, etching at the most
preferable power settings, gas flows and temaperature, the etch was accomplished n about

60 seconds.

Examples:
20
Tests were run to verify the working of the invention. FIG. 44 is a schematic

R

cross-section of a wafer that may be wsed in a test etch. The wafer 400 in FIG. 4A
comprises a dielectric layer 404 placed over a substrate 408. In this example, the
dielectric layer 404 is Flare™. In this example, a hardmask layer 412 is placed over the
25  dielectric layer 404. A bottom antireflective coating (BARC) 416 s placed over the
hardmask layer 412. A photoresist mask 420 is placed over the hardmask layer 412.
FIG. 5 is a flow chart of the process used in three examples. In all three examples
first the antireflective coating (ARC), which in this example is a BARC 416, is etched
(step 504). FIG. 4B is a schematic cross-section of the wafer of FIG. 4A after the
30  antireflective coating 416 has been etched. Next, the hardmask layer 412 is etched (siep
508). FIG. 4C is a schematic cross-section of the wafer of FIG. 4B after the hardmask _
12




first the antireflective coating (ARC), which in this exanple iﬁ&%@uw
416, is eten@todsiep 504). FIG 433 is a schematic cross-segigygicis he
wafer of FIG 4A after the 30 antireflective coating 416 has been etched.
Next, the hardmask |ayer 412 is etched (step 508). FIG 4Cis a schemtic
cross-section of the wafer of FIG 4B after the bardmask 12 WO 02/065530 1
1 AUG 2009 PCT/ US02/0361 5 | ayer 412 has been etched. Next, a first

di el ectric elayekr 418 hoebe¢wraiched( dexp adirst)didertiteich uinsrfosmed (stapaydd) onthe

yar 0a ¢ GoeRfgaes 0h ha. Bclna PiTTN bt 518 & Petibiide
first and semondosdbobRpldit fn B bEthe UlifechROhi Bk Dukiny Bhe AiROuBMCHRI et ched

"away due to the simlarities 5 between the photoresist |ayer 420 and the
di el ectric |diylestrid 6ithesths phoforesisblaysel28 oidy\bietejchet) etvap due tdfbe pinulasitiesi st

| 42 dth i el tr.i | 404. F 4D i h i ..
o1 o55- S8t | PR PR ET LY HED s eliotis B HTOR SEETRE S o8 SFeok#Y has
been et Ched-bew;beg'tﬁe_ PHYSEsiSPIBTR USG and A8 d&ieeﬁicrygy@fzx%hgh:m?{km ted *‘ﬁ%ﬁ%f%@w

coating (step 504) 1's perfornmed at a pressure © Itorr.

power sour cermesegiohed theowaict HEFIGoAC afifr the tisleeiria ipper0d fels beaneatchellect r ode
I's used to provide an upper freguency paower. ,TPLF u%ger .frz%uen(%. ower
|l evel is provi dedd 2l thogsexampies, the etchipgot s gofir loGH t&ConHBE FRLeR o ei t her
or both the o ' | [P uency
pover . The Ponaieq B8 pieatite of GRIIREE, A27 MR bRl Enect Bl
conpri si@s abélihlati@pber antiilewerd edectiibdois, uséd to provdaad ipeer dleghany powehi The ar e
oxygen, 02, C4Fs 15 and CF4. Ar is provided at a flow rate of about 160
sccm 47 | sUpRep{paneacypower leyel s providedat 300 Wails- vh 4 MHzpoueesuess | s

provi ded at . ' | MpT=Tok Hai p may be
conti nued u%‘#’?iﬂa‘%cﬁ%%étr]%t;%e Iecteﬁlgg@c%g?é ng 411‘% Oiaés)&g%sg%g) tﬁ%ﬁglﬁgﬂfv%n al |

t hr ee exanphrependyiymvet.c The dpvedr ficheerog pdwadlkval oat 000gWass.epn50hpnt gasper f or med

at a pressure of 55 mllitarr, The per, frequenc r level i vi ded
at 1400 \ato§priseRp ditpent, Geeh J\Sraé%?&e#gfnﬁa%"ﬁqqf&?@fg reich et xR0z Ao
etchanys 9a%nd T’ %??sspﬂvﬂieh YEL How rate of about 160 scem. Q is provided at 15 scom.

C,Fg is provided at 5 scem. CFy is provided at 40 scem. The ESC is maintained at about

0 °C. This step may be continned until the antireflective coating 416 is eiched through.
In all three examples, the etching of the hardmask coating (step 504) is performed
| at a pressure of 55 millitorr. The upper frequency power level is provided at 1400 Watts.
20  Thelower frequency power level is 1000 Watts. An etchant gas comprises a diluent,
which is argon, Ar, and active efchants, which are oxygen, O, and C4Fs. Ar is provided

s

at a flow rate of about 140 scem. O, is provided at 9 scem. CaFyg is provided at 15 scem.
The ESC is maintained at about 0° C. This step may be continued until the hardmask
layer 412 is etched throngh.
23
Example 1 - Control Test without Hydrocarbon Additive
In the first example, the etching of the first diclectric etch (step 512) is performed
at a pressure of 160 millitorr. The upper frequency power level is provided at 700 Waits.
The lower fiequency power level is 0 W. An eichant gas comprises a diluent, argon, Ar,
30  2nd active etchants nitrogen, Ny and hydrogen, H. Ar is provided at a flow rate of about
100 scem. N is provided at 750 scem. Hj is provided at 250 scem. The ESC s
13




which is argon, Ar, and active etchants, which are oxygen, 02 arfd! Qg 2085
IS provide f.how rate of about 140 sccm 02 is provid cm
ey FEASRET, o

CA-F8 is provi ed at 15 stem The ESC i s mmintai ned at abo

maybe continued until the hardmask | ayer 412 is etched through.. 25 Exanple
| Control Test without Hydrocarbon Additive In the first exanple, the
etching of the first dielectric etch (step 512) is perfornmed at a pressure
of 160 nill it eedtaidddetupogro . enﬁ@ﬂ%p’mﬁﬁﬁ@&oﬂﬁﬁﬁé‘d whifl 1R @kletd 1afer 4QPis\VAL t S,
The | ower frequency power |evel is W™ An etchant gas conprisés a diluent,
argon, Ar, 3aailyxétieddireughant s nitrogen, N2 and hydrogen, H2.- Ax is

provided at a flow rate.af .about 0 m I s, provi ded 50.seem H2

| lded at 2o EBiond SRR 6o 5168 R vatbmnS s st 0B bed it

PCT/ US02] 036 1 8 iy Aorb Mt  pfvidbliab 760 PP HBE 1500 ik the
Rl it o [l tpche}tltaﬁ7 y IWE@%WC etch

dielectric layer 404 is partially e rough A seco
(step 516) i deyskisfbWhedn atchantgreasuprised bf dfife sfchints nitrogen, Theandiperogen,

frequency power.level is _prgyjided .700 ts. _The | qwer_frequency power
5 level is o\fsz I&Aﬁs B‘i%’ﬁ%ﬁtﬂt %{LSG& 2i1§5¥?‘% 2290 5c0my cﬁrﬁ%cﬁimﬁd@@%‘,i akp,
and hydrogen oN2 | : : - | ' sccm
The ESC is ng?dr#gi & ks ﬂé‘gﬁ%ﬂ?%&{@z‘?‘ﬁ@ﬁ%ﬂdmﬁ%ﬁ% e%ér){fj‘?%ﬁ%@l%%?u t he

di el ectric | eiylesd thdighs conpl etely etched through. in this exanple, the
The 10 _etch rate

etch rate of thee]gi Jectrii; IS 2128 Angstraons/.nm nute.

uniformty was | ﬁﬁéf@&%@@ eiehdalRoEiie diplgpic irddf dinastioms/mame, Thmi s
exanpl eyjgaus WeTs TN ' | resultjong ass, as
shown 1 0 Friaen BB R AR 2 AL RITES O SR ERCARTITT
second exanpdxemplevausidedipgfiodt kneudtiof sticrdinablaaf bhdreghiting k€ Ps Blodn ius

FIG. 1C.

) Example 2 - Test with Hydrocarbon Additive
15 In the second example, the etching of the first dielectric eich (step 512) is
performed at a pressure of 160 millitorr. The upper frequency power level is provided at
700 Watts. The lower frequency power level is 0 W. An etchant gas comprisesa
diluent, which is argon, Ar, and active etchants, which are nifrogen, N3, and hydrogen,
H;, and a hydrocarbon additive of C;Hy. Ar is provided at a flow rate of about 100 scem.
20 Njis provided at 750 scem. Ha is provided at 250 scem. C,H, is provided at a flow rate
| of 5 scem. The ESC is maintained at about 0 °C. This step may be continued until the

S

dielectric layer 404 is partially etched through.
A second dielectric etch (step 516) is performed at 160 millitorr. The upper
frequency power level is provided at 700 Watts. The lower frequency power level is 0
25 W An etchant gas comprised of active etchcants nitrogen, N; and hydrogen, Ha,and a
hydrocarbon addifive of CoHy. Nj is provided at 750 sccm. H; is provided at 250 sccm.
C;H; is provided at 5 sccm. The ESC is maintained at about 0 °C. This step may be
continued until the dielectric layer 404 is completely etched thréugh. - |
In this example, the efch rate of the Adielcctric is 1797 Angstroms/minute. The
30 etch rate uniformity was less than 3.6%. The RIE lag was greater than -9.4%. This
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perforned at a pressure of 160 mllitorr. The upper frequency pb‘]rveerU@vﬁmS’

IS provide Q0 Watts. The |ower frequency power |evel is
et chant gagmgtgr%g‘rgoes a diluent, which is argon, Ar, and ac?thlésoéfﬁaﬂants

whi ch are nitrogen, N2, and hydrogen, H2, and a hydrocar bon additive of
C2H4. Ar .is provided at a flowrate of about 100 sccm 20 N2 is provi ded at
750 scent H2 is provided at 250 sccm C21-4 is provided at a flow rate- of

5 sccm The FERkmple sipifithaiiyRAudid dREHtindledthe Iﬂﬁbﬁntﬁif%ﬂcﬂ&&iéslﬁﬁ ‘&ﬁﬂ' EésﬁHﬁ%
until the dielectric layer 404 is partially etched through. A second

dielectric egus, psregng f@yureswishot grasadisahow6d G BCt orr . The upper
frequency power level is provided at 700 Watts. The |ower frequencypower
‘level is 0 25 W An etchant gas conprised of active etchcants nitrogen, N2

and hydr ogengysigniel oy, tWﬂI :ﬁp%gﬁiu% of C2H4. N2 is provided at 750
sccm. 1-12 is p]Pow ded at sccm H4 1's provided at 5 sccm The ESC

i's maint&ined at htthmthlﬂe@amm thestabinpnafithdfrst rhalctmwaﬂa(mplﬂlz) ize

dielectric la r 404 is conpl ly.etch throygh. In this exanple,, the
etch rate ofP 4R 1L 60 P %ﬂgggPBW eﬂ%ﬁnéym’werlcgel 18 Prayidedd

uniformty F?sa& his 14
11 1 Au : Zwmztﬁgﬁoﬁw%@%é&%gmexam e sign |cmrﬁ%fs§g(0roe uced or
elimnated tdimemtrmogont Aofandiactivaeteiskitsrdiragsi, Ne sud hydoggengHa smd aiydvacdibog:
features without grass, as, shown in FIG 3C. Exanple 3 - Test with

Hydr ocar bon 2Agigive Pf/@zf@% 14 i pEovidadsad adlpxragtect abped @P@Pﬁlﬁgl‘bﬁs PW@lqﬂdlaF 350
di el f
el ectyy ¢ eLgh ﬁs s%?oxﬁ&ga t7%0 59§£ g;ﬁgﬂ %vﬁgd%%%@:%@tt chfl eﬁrz} ovver

The; upper frequenty ‘power fevel

f requency pfwmmuiamealat sl OVC, &mlsedtgmajrb@a@tﬁaémﬁntﬂel@h (ﬁfaleamcdaydﬂaoa i/ar gon,
Ar, and active etchants nitrogen, nd hydrogen, H2, and a hydrocarbon

addi tive of PEfiplly etphed thrayebyi ded at a flow rate of about 100 scorn. N2 is
b 1 e 2, 750 A0, AU 950 Phei A GE T S i 0°0, 212
conti nued uéquenésfovitirédvelisrorévil@y&r70808 attss The lower frequency power level is 0
15 'W. An etchant gas comprised of active etchants nifrogen, N; and hydrogen, H, and a
hydracarbon additive of CoFly. N is provided at 750 scem. Hy is provided at 250 scem.
CH, is provided at 10 scom. The ESC is maintained at about 0 °C. This step may be
 continned until the dielectric layer 404 is completely etched through.
In this example, the etch rate of the dielectric is 1590 Angstroms/minute. The
20 etch rate uniformity was less than 4.2%. The RIE lagwas gre.ater than -17.6%. This
example sigpificantly reduced or eliminated the amount of micromaslang and resulting

e

grass, providing features without grass, as shown in FIG. 3C.
The inventive process provides several novel advantages. First arnong these is the
fact that etching proceeds without the effects of the previously discussed micromasking
25  slowing the etch down. Of course, alternative embodiments of different materials having
different thicknesses, or performed with different process parameters, may produce

greater or lower etch rates.

A second advantage is the extraordinary degree of control of profile control

enabled by the methodology of the present invention.
30 Without being bound by theory, it is believed that the hydrocarbon additive forms

a polymer, which is simultaneously and contmuously formed from the hydrocarbon
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partially etched through. A second dielectric etch (step 516) (sl AdGf 8805ed

at 160 m |l |y =de upper frequency power |evel is provi -at _700_

Watts. . .Thew g\%\gﬁrmﬁequency power level is 0O 15 W An etchgﬁ?ﬂ&é@&m’

conprised of active etchants nitrogen, N2 and hydrogen, H2, and a

hydr ocarbon additive of C2H4. N2 is provided at 750 seem 112 is provided

at 250 sccm C2H4. is provided at 10 seem The ESC is naintai ned at about

0 T. This st edditteyalbdepositidionitkesurfate bf b photbaisBrinesicarddy derdifakkilsyer and
through. In this exanple, the etch rate of the dielectric

letely etch ,
?SWESSOGA%ggﬁ%B‘?e@#‘?ﬁYrMB thewiching i Rolvmecerednemdhseispiiypenaray of hean 4. 2%
The RIB | - 17 6% . TNi.S 1 i anif] | duced
o't nat ed-t ARReHEER Rlmb Bttt midhd AR B &G (Rl kg o

features w t hnierig aSthe haGnakle \Whsielindthdtng 3Cat [EAL sdbISR kI RidY @€€SS provi des

several novel ~advantages. First anong these is the fact that etching
proceedsSV\A' t mamempskangegfeskbt s of the previously discussed micromasking 25

| owi ng the etch - | t t diments af djff t
materi 5l s havi ng T PEPRE S bR el el 13t e n BRREH SRR SekP Rt ocess
paranet ers, g sBEPRYES mafhedd B siildr ?y@ertfe& QAthtRS ?ﬁ)torﬁsﬁ@éb%gt 1Bd¥RRR0e 1S

p ro

the extraordi nary degree of control of profile control enabled by the
met hodol ogy sefectivier istweerarthe lomvk atgaoi digdectny lavenandlibe phptoresisilapsr mayder v, it

i s believed th hyd ditive,f | whi ch i
o okt aneous Py AR WAt AV GOSRD b Helarty e iavet ey 1 e edPrer el 031065530
AUG 2009 PCEICHRE2Fasthidreastdli 4 hite ni3fl 1HRPRYsEEH RBvilib atidhibh g ¢€ninthife

phot oresi st nask and/or hardmask |layer and etched away during.the etching.
Thi's pol ymefritiead diesnsions afi¢riteeplioferesistdaypy has beeh etchpdawaie fince dhrsphatoresist

hardmask | ayer,, there | ] m nat.i r at l.easf seriously. reducin '
sputtering S9°H8 bRck %%éompﬁ‘& iheggf%iﬁgtmﬁﬁuiﬁmﬂesﬁ&fs‘}f@%ﬁy %B%?@D’} educi ng
the additive, the hard mask would be sputtered. The hydrocarbon additive forms a layer that

helps to significantly reduce the sputtering of the hardmask. In other embodiments,

15 where the etch mask is 2 hardmask alone, it would be desirable to use a hydrocarbon

additive, even if the dielectric layer is not low-k or is inorganic.

By maintaining the ion density and ion energy at a low enough level, fluorine is
notrequired to eliminate grass. At high ion densities fluorine may be required to form
volatile by products with sputtered materials, so that the volatile by products may be

20 removed from the chamber without redepositing. But at low ion densities, the
. ) . hydrocarbon alone may sufficiently prevent sputtering. The lower ion densities are
achieved by having lower power to the plasma. By providing only a high ﬁequency {on
the order of 27 MHz) power and providing no low frequency (on the order of 2 MHz)
power the ion energy may be kept low, since ion energy is increased by the low
25  frequency power. The reduction in plasma density causes a lowering of the efch rate, but
still may provide a satiSfactory etch rate. Part of the reason for why the lower etch rafe
may be salisfactory is that the low-k dielectric Iayer may be thin.

Since fluorine is not used in the inveption, critical dimensions control may be

improved and bowing may be reduced.
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5 micronasking effect. The invention may be nost useful for etgh,i F;gGaZE](Iﬁw
-k organi c%%kﬁftgédc | ayer, since such |ayers may have the _]It/m ar
properties tH the photoresist so that the etching select iR W%’é’?%en
the low -k organic dielectric |ayer and the photoresist |ayer may be very
close to one. As a result the photoresist |ayer may be etched away during
the 10 etching. For this reason, a hard nmask |l ayer is used to provide
patterning to mai Alsyefic Gablé 6AthePréBMShRRToRisiEnovaabIRYLE fas Sadr@)dr has
been etched away. Once the photoresist |ayer has been etched down to the
har dmask wi t madetly varping sigs eontempéranenmshy with execbiont prefilaicontyel andrwitly

sk
i ld b d. . The, ,hyd b di t,i f i I t hat: I '
S gni 11 cant | B i niab o SEe N 3P g AfbEeBess A S o Afed o
15 wher e t herglehidMBoky, uid Eoéfétgﬁﬁﬁh)rﬁﬁt?'a@ro_sé mfwwr,qvm gesidatbkerto use a

hydrocarbon additive,”'even if the dielectric layer is not lowk or is
i norgani 6. Bsigmfcantlyireduaipgmieromaskingrasd giesand i on energy at a | ow enough

I [, .fl i i.S. t. i red,t i m nat . At hi.gh i d iti
fluorine may be. r&Ble PEtinyeRtpa LR Do) detbed iy brs oV e PRI t er od
materials, sgnidagherdtd %cY@éx@%itE:%ﬁ@ﬂs, ?exaﬁmoﬁs R shftiRie EQIPMEsts| Whith FIE

chanber without redepositing. But af low ion densities, the hydr ocar bon

al one may sufithin therstbye qfitiey srvent@ut ¥ ehouldjalsd bendtedibat fhore ate meAnyiakiermaitee
achi eved by having |l ower, power to the plasma. By providin nly-a high
frequency (dYeys phespisraeiting theme §a‘}513%8?r3%63‘§rﬂ6‘§?r8? ]IH%HF%SVV i quency
(on theord i | T BY iEpKER ad RMudSlgWBsULAN
ener gyellds) iﬁ%g%ﬁggeég%ﬁ%&%tﬁ%ﬂ{%%%gﬁﬁg%ﬁ%y power. The reduct iu(_)n I n plasna
densi ty caugBerafiodspp@minfition, ahd suletiaite eqfelentuds fal within theyrysrspuitdeda
satisfactory etch rate. Part of the reason for why the lower etch rate may
be sati sf actey of thegresenkipeentigh: k di el ectric |ayer may be thin. Since

fluorine is not used in the invention, critical dinensions. control my be
i nproved and bow ng may be reduced. 16 1 AUG 2 96 WD 02/ 065530
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PC (/USQ2/ 036 is A specific feature of the present invention is its novel
ability to formfeatures of widely varying size conterrporaneously/O\a/tZIOOS
excellent profile control and with mnimal R E lag, mninmal bow ng of the
vias forned by the etch process, good etch profiles, good resist
selectivity, and good etch uniformty across the wafer, while elimnating
or Ssignificantly reducing m cromasking and grass. Wiile this invention
has beenjdescpihétlod forlefhil OfeattfMiflaaliclBitaé Biyeest a witegdidmehed there are
al terations er mut ati ons, and substitute equivalents, which fall wthin
the scopf EBPIYHE s i nvention. It should al so be noted that there are many
alternative dayssing thi mpfeemethin arpaction ¢hetibeds and appar at uses of the
present inventiQlncihd a Hewt? ah Q&Bﬂt%f’céd?ﬁ@cwgh%&ééarﬁﬁﬁadfdﬁ VeQWi1 A a@pReNded

clains be jnterpreted_as |nc udi n erati o ernutati ons, and
subst i tuﬁt@fi@&mom@w@z@ ) 1ntq g peastion ehathee ‘glpﬁf?mfh%wdmg@aaés of the
present sedacssit fr@n a gtohplcbhfiShmOSICH,, CAHTRIG QHE, ovhetdin tiettydeochdbahhaeai n a

di el ect 1 b, | AYSE Ao WAL ynd 8 S TRINde OIS crdhSRAR) figh e vl er

within a reac oduc gas conpri sing
a hydr ocb!'d@@ﬁﬁrmdﬂitlﬂéIaﬂ@mdﬁ,%)@tllméo éﬂchant conprising N2 and H2, into

the reaction ﬁ»ﬁﬁiﬂg &Y plasiiEfiéth thd fighay %ﬁﬁﬂ%k&tmﬁ%hﬁﬁﬁ&d froma group
consi sting of C%Eaii and C2H6, rof‘f 4 ?rocar H@ ‘“ﬁ f.low rate
of at |east 16 firg in at{cash e POIUISP of Fe ipIGGIavEE PYFE R RS RUSIECIES, 1 he
fl ow of laperds beawladardohesit iayer; argl f r om 10, 000: 1 to 100: 50; formng a plasnma

fr th t S i i i t
1 Gokt ' A por ¢ 1 bluftRGpty il B6in i AR QST Rlohicl S Wbchfer 1711 2 11 2
bel ow a arethedsid mag}@lﬁyerawpdy?mﬁréia Jiterifor i ng from t he hydr ocar bon

and etching away a polymer |ayer above: ‘the hard mask |ayer to reduce

har dmas k2 S pUt'ltheernl‘lg{ﬂbd, as recited in claim 1, wherein the hydrocarbon has a flow rate between 3

and 30 sccm and wherein the etchant gas is fluorine and oxygen free.

3. The method, as recited in any of claims 1-2, wherein the hardmask is disposed below

a photoresist mask and wherein the dielectric layer is an organic dielectric layer.

4, The method, as recited in any of claims 1-3, further comprising performing a hard
mask etch.
) 5. The method, as recited in any of claims 1-4, wherein a ratio of the flow of active etchant

to the flow of hydrocarbon additive is from 1,000:1 to 500:25.

6. The method, as recited in any of claims 1-4, wherein a ratio of the flow of active etchant

- to the flow of hydrocarbon additive is from 1,000:2 to 1,000:15.

7.  The method of any of claims 1-6, wherein the active etchant further comprises nitrogen gas
and a reducing gas.
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2 The method, as recited in claim1, wherein the hydrocarbon has a flow
rate between 3 and 30 seem and wherein the etchant gas is fluorlhg0&8YR005
oxygen free. .3. The nethod, as recited in any of clains 1-2, wherein the
har dmask is di sposed bel ow a photoresist mask and wherein the dielectric

| ayer is an organic dielectric layer. 4. The nethod, as recited in any of
clainms 1-3, further conprising performng a hard nmask etch. 5. The nethod,
as [1 ecited i nA&ﬁ?ﬂllﬁ foe]lcst%hnig alfc&turg\/iﬂerd@dcliébnﬁ?c Tagér dffaafraféﬂ;lefggxgem/\theﬂiea%giczle ]
et chant . rocar itive s froml, 1 to 500:25. 6. .
The et hlc?g?”gggl?‘év& nggnllagr;lygax&%fengﬁrhé? ne -4 "herein a ratio of the flow of
active et chandispasingithewsfepwitoin snedetipmaphpwheraddi tive is from 1,000:2 to

1,000: 15. 7. ﬁhsaatﬁgwﬂo@fofaawtcﬁimgh@édiﬁp-isﬁfgawaﬁa&'m%gtajhgi/t%g;ah%g% s%@eint
a .

further ¢ i ses .nit en._gas n .redqucin as.,

met hod 18 ELERMRESaE Na e Fa ipfo B irogicnstimber aherein g rgio e O%RLr i n ¢ he
di el ect ractive bhanr to thelflowoot lyydhaadbomadditivaisdrom 1 J000Tab KOG26pNpr i si ng:

di sposing th Wﬁﬁ]gr |t hi ' cha ol Qﬁ!lffﬁi g a flow of an

et chant gas gfg r ;@#ﬁé%@;@ﬁ%@%{éﬁ&w f'l?\i&{eergdr?gsgn ac élg’ve et chant,

conpri si ng NP mm,aq}aﬁi@aﬁl?@cmeaction chamber, wherein a ratio of the
flow of actispguiinebdl for@idgdikMimgodwaactiayer alehd thy Baddsmdsk aget , 000: 1
to 500: %g;rJorgi nqagl(%uﬁsna.frgmthe etchant gas within the reaction
chanber ;' "g&rf 8FIHRY P4 #B8k etch; sinultaneously forming and etching

away a pol ynetching/tbe faboe o atheashapation skthealjadectric ryereduce har dnmask
sputtering; and etching the feature in at | east a portion of the dielectric
l'ayer. 9. The_nethod, as recited in claim@8, wherein the_hydrocarbon has a
flow rate of B mehod: as reoiedim chim Symdiersimthe hydrocaham hasalow sate pfia I3t and
oxygen firgeem ah@ whtheén fhetehbdnt gas iy Mwirinednd Bx@dey fek. cl ains 8-9, wherein the
hardmask i s di sposed bel ow

10. The method, as recited in any of claims 8-9, wherein the hardmask is disposed below
a photoresist mask and wherein the dielectric layer is an organic dielectric layer.

11.  The method, as recited in any of claims 8-10, wherein a ratio of the flow of active etchant -

to the flow of hydrocérbon additive is from 1,000:2 to 1,000:15.

12. A method for etching a feature in a dielectric layer of a wafer, the method
comprising:
- disposing the wafer within a reaction chamber;
; ) introducing a flow of an etchant gas comprising a hydrocarbon additive and an active
etchant, comprising N, and Ha, into the reaction chamber, wherein a ratio of the flow of
active etchant to the flow of hydrocarben additive is from 10,000:1 to 100:50;
forming a plasma from the etchant gas within the reaction chamber; and
etching the feature in at least a portion of the dielectric layer.

13. The method, as recited in claim 12, wherein the ratio of the flow of active etchant to the
flow of hydrocarbon additive is from 1,000:1 to 500:25 and wherein the etchant gas is fluorine

and oxygen free.
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a photoresist mask and wherein the dielectric layer is an organic
dielectric layer. 11. The nmethod, as recited in any of clains 8-10/08%2005
aratio of the flow of active etchant to the flow of hydrocarbon additive
is from1,000:2 to 1,000:15. 12. A method for etching a feature in a
dielectric layer of a wafer, the nmethod conprising: disposing the wafer
within a reaction chanber; introducing a flow of an etchant gas conpri sing
a hydrocarbon additive and an active etchant, conprising N2 and H2, into

t he reaction chanber, wherein a ratio act eLe t he
flow of Rfdr odhs B Oﬁoﬁrﬁ?lwlpyaf‘?&?ﬂ rﬁ‘ﬁgh‘iraf‘ #%:? gﬁ%% agma
from t he agt,ctdRlirodaBohddHivt &T@ni €806:2981.00805er | and etching the feature
in at least a portion of the dielectric Iayer .13. The nethod, as recited
in claiml12, wherein the ratio of the flow of active etchant to the flow
of hydrocarbon additive is from1,000:1 to 500:25 and wherein the etchant
gas is fluorine -and oxygen free. 19 11/08/2005 14. The nethod, as recited
in claim12, wherein the ratio of the flow of active etchant to the flow
of hydrocarbon additive is from1,000:2 to 1,000:15. 20
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