METHOD OF ETCHI NG A HI GJH ASPECT RATI O CONTACT TECHNI CAL FI ELD [ 0001]

Enbodi nents of the invention relate to gas chem stries and net hods of

pl asma etwbi2oep/dssggh aspect ratio contacts (HARCs) in oxipdE/usaysnsso2n

sem conductor devices, insulating |ayers such as silicon dioxide (SiO),
doped oxi de such as BPSG and silicon nitride, are used to electrically
separate conductive | ayers, such as doped pol ysilieon, netals ~refractory
metal suicides, %fm@i?@i%ﬁﬁﬁﬁwka L@ GAY% éa% 0@(%1@ #s a key
process for form ng cont dct € in erconne I ONs rou |nsul ating |layers
to an active device area or conductive Iayer in high den5| ty integrated
devi ces. HARGCs require etching prioCHSEEs\It BEEE Ur oduce a vertical profile
and a defined critical dinension (CD) Another application for HARC features
in diel egragiits iEnbdiembas obfhe @nrmiﬁorc&paemt@a@ chemGoitt ahdertistis uCplases in

st acked capam tor DRAM In a t IC‘ZI%-#bgl ch| ng, a substrate is
posi t i on8WEE TSt He %fﬁﬁ’§“§§ e D O%i{e ‘éﬁant gas is introduced into

t he chanber, and the chanber pressure is reduced. An energy source/ power

supply creates a char ged ghegtdroinrapmygaioN i el d through

el ectrodes positioned within the chanber to energi zé the etehant gas into a
pl asma Sgiﬁ}tﬁ The & fxﬁgﬁcﬂﬁtcgﬁéw'c& b sﬁﬂﬁﬁ&@'ﬁﬂ;@g sdgﬁ £ QidhSRS0ctAbedasagt ur e
of uncha ge neutral s as well as electrons and positive ions. Typically,
the posi biide sicdns B30 andsllieratitddd, ord hred gubisa;macﬂbf sigyaratertad«iiwm grgency

(RF) biased el ect heat h d| ng di neg nal it ng._vertical
Cont act ROVES S 5P mﬂé& - PR R OB e ﬁij 2P High e bFaprgnE!

bot t om et Bskeodenands Gapy Fﬁ)g@w%@ﬁi@i@ﬁ}ﬁ@%@&@‘&gt ldidecRARMEEorS QRHEER inkhigiihoNns
react with the substrate thereby renoving the exposed materi al fromthe
seni condiaytisrio dewdtte device @mer abhductise kimanindigh beessssegdrd deddisng! tRrdugh

silicon dioxid t o underd yin I.C [Qresidicaomn ni
f 1 uor ocat¥6i® @%‘)(“&Ipﬁ 15 1 g %%g?%tcaiopn&gjf%gﬁﬁ u?J(%“Ir 5§1ar %ﬁltcﬁ%g&é@]?es by
t he acti aRokr 8 Ié 2B ARoUBA B © Seall6td Malidladiical shahehaion drapddiat caatitomrt he

Si O substrate. For exanple, in some high density plasmas, CFf , CF2
structures in stacked capacitor DRAM.

[8003] In a typical plasma eiching, a substrate is positioned on a chuck in a gas chamber,
an etchant gas is infroduced into the chamber, and the chamber pressure is reduced. An
energy source/power supply creates a charged electric or electromagnetic field through
electrodes positioned within the chamber to energize the etchant gas into a plasma state. The
etchant gas is transformed into a disassociated mixture of uncharged neutrals as well as
electrons and positive ions. Typically, the positive ions are accelerated to the substrate by a
radio frequency (RF) biased electrode sheath providing directionality for forming vertical
contact hole profiles, and the chuck supporting the substrate acts as a bottom electrode and can
be biased by a second RF power source. The ions react with the substrate thereby removing

the exposed material from the semiconductor device.

[§004] Generally, standard processes for etching through silicon dioxide (810} to
underlying silicon and/or silicon nitride use flusrocarbon gas plasmas. The dissociation of
the fluorocarbon molecules by the action of plasma gencrates active radicals and/or ions that
act on the $10, substrate. For example, in some high density plasmas, CF', CF," and CFy'

ions generated from CF; and other C,F, radicals (where x isup to 11 and y isup to 15) are
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" and CF-/ ions generated from CF3 and ot her CxFy radicals (where x is up
to 11 and >' is up to 15) are of 16dom nant etching ions for SSiOwth Ar

i ons sputwenrnmgssior fil ns on oxi de and | ess fliorinat edpcadiScaB®sqel g., CF2
and CF) are adsorbed on the sidewalls and bottom surfaces in the contact
hol e of the Si O during the etching process and polynerize to forma

nonvol atil e fluoropol yner layer that inhibits etching by the ions. Precise

control af.the. balanee.betyeen, %9{ i@h@gvu&%%g?@f Sad,-8LG4 ARGy 1pS during

Si O contact plasma etching 1§ i rrgor ant 'to situltaneously passi vate the

si dewal | $tuofindttrbradpehi(ng., A¥rd sek CE€heakctabsorbtddn fhe onewalls ardebdiont vmiaess Whe
openi ng. However, .such control is difficult when using copventional ..
ffuor ocaf*}bd_r‘lm@ﬁ?e}ﬁfi}%?&g@& 1[%6@]“2‘?)?%%@8ﬁé@ﬁ“ﬁﬁcﬁnﬁ&tﬁ’&‘%%ﬁn&n _igh%?%}rw{a\%"sti ng
of the opgRIREISIRL LB AGCHRILINEIAGHARE: REGNBRisEL&aRo! &f theidal st babeam a
substrate fragment (e.g.. wafer) dési'gnated generally as 10, show ng

f or mat i ondsvfbing colichdvaihéngligns durinadbieh eetipdtelasapeatching ¥ gnaniaméer | yi ng

substrate | ayer 16 by.prigr art etchjng neth oW NG, i lcl 4 FIG
e gengra Byt Phetibalt PLIPE TP R Aokt BB ' o
the si dewnltks:p&ial. Hbece@NRE ompEnt Bighidd: Wi nghpatoahémgniibftcowsrpory ) and
| aterally attacks and etches the exposed sidewalls producing a

char act eER&EFEEchowi ng 20 During typi cal HARC etches, charge buildup al ong
the sidewalls 18 of a narrow and deep opening can deflect incom ng ions

causi ng i&g%@ges ﬁ&iéxﬁ?g&fﬁr@%ﬂix% /LRSI OShe MRk Ben bddbatnat ed in

FIG 2, e cause y asynmetric pol yner “"deposition 22 along the

si dewal | SIATBC dighiéan giétss hinidiubtreteonjubmctic Gngwittic Be atalrre dehgagidrggrewly ch can
cause a deflection of incom ng etching, ions and a chapged traj.ectory
(arrow) bt ﬁ%ﬁ OV BRLOTAGHOf R iy mf’?‘ﬁ “’}%%9%’\5\%5‘5 ii”ﬁ&”é‘iiay%ﬁ%‘nﬁl %I?O%%ﬁ%‘bcont act

hol e 12 frmi@ iRRF ie6l bioVat tickak mrrddsl Boitd) itheshelieFi€ndiingedepsar d one
side or the other. TwiSting of the contact hole can | ead to m_salignment
and an i hperef épthosattmotol et leerinavbishosgueneey oadpodaads d8nitetiotechet al

cubst rar e0ate BTN SR ad et o P S B BT i1

nonver ti Gakwalls producing a characteristic bowing 20. During typical HARC etches, charge
buildup along the sidewalls 18 of a narrow and deep opening can deflect incoming ions
causing changes in the trajectory of those ions. Twisting, illustrated in FI&. 2, can be caused
by asymmeiric polymer deposition 22 along the sidewalls 18 during etching in conjunction
with feature charging, which can cause a deflection of incoming etching ions and a changed
trajectory (arrow) of the ions, resulting in the twisting or bending of the contact hole 12 from
a perfectly vertical profile with the hole tending toward one side or the other. Twisting of the
contact hole can lead to misalignment and an imperfect contact between a subsequently
deposited conductive metal and an active area landing region 24, for example, in the
underlying substrate 16. Deviations such as bowing and twisting can also result in a non-

vertical contact hole and shorting of the contact to an adjacent contact or other structure.

[0006] It would be useful to provide a method and etchant gas for etching high aspect

ratio openings in silicon oxide layers that overcomes these or other problems,
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contact hole and shorting of the contact to an adjacent contact or other
structure It would be useful to provide a nethod and etchant gas for

et chi ng hwgho@ssead rati o openings in silicon oxide | ayecs/ushais/ ossser comes
t hese or other problens of 16Enbodi ments of the invention are described
below wth reference to the foll ow ng acconpanyi ng drawi ngs, which are for
illustrative purposes only. Throughout the follow ng views, the reference

nunerals will be used ignifefr@mnesoans the o ﬁ@@igrence nunmerals wll
be used throughout the ”SE’VWW%I on to indicate

same or &, par, 8 .
resul ts I{?]d%b \F/)\A Etfgbcafi Iglnif bi&ic { hO{ &?%\ﬁ?ﬂ%ﬁﬁgde&i pﬁl ng“ﬁf % %x?&fg?@ﬂg}lw&%
i | ust r ab@snipapying ﬁr(&nﬁgspmwsae ﬁg zﬁmmwce@uwm bniyt iitstighguiohe drloemtact

hol e during etching [OGI ustr es an el evation s
cr oss- sedEVEnEE “xf?‘@ﬁ?‘o‘?w%efbjé P 1§’ﬁ ‘-‘é?‘ i3 ‘%‘?Jg@fvl‘i&t‘*eﬁ“éittgh%?‘é’lg‘??’?i’“rﬁétr“f}mem 3

processi ngy st age ?%ﬁ@%&]t Bg: L0 anierb o AERL d&t,n%tlﬂﬁl Rriesent sdhsed ggure. 1]

FIG 4 is a cross-sectional view of the substr depicted in FIG 3 at a
subsequentriprocessi ng stage Hie followi ng description with reference to the

drawi ngs pr ovi des illustrative exarrpl es of devices and nethods according to
enbodi rre. ent on._.Such descri pt.1on. ks f . rat, ur poses
only and! fﬁg g gg of WIS Phg - THE éétn%&%i%?mlm%tcﬁe 8121&%%%@00]( t he

current @@;@,&gg@;{lh@n the terra "sem conductor substrate" or "sem conductive
substrate" or "serni conductive wafer fragnent” or "wafer fragrrent" or
"wafer" will be understood to nean any construc i on conp

sem condﬁfﬁﬂg} natEr £ aARstREr G@i“ﬁéa%ﬁfmﬁ%“in% {f TP i“’ﬁ%“ﬁﬁ‘l’% @rﬁ“%&ﬁﬂﬂfé?l ve
material g, é%{[c}%ﬁ a sem conductor wafer (either alone or in assenblies
conpri sing Faterials ther eon), and sem conductive material |ayers
(either alone or in assenblies conprising other materials). The term

"subst r afdg196} ef FUE. § olimtryics applrsiogl staseretuivealiiey gl ngit obut anwestiicrtt ed

to, the
a preliminary processing stage according to an embodiment of the present disclosure.

{0011} ¥IG, 4 is a cross-sectional view of the substrate depicted in FIG. 3 af 3 subsequent

processing stage.

DETAILED DESCRIPTION OF THE INVENTION

[9012]  The following description with reference to the drawings provides llustrative
examples of devices and methods according to embodiments of the invention. Such

description is for illustrative purposes ouly and not for purposes of limiting the same.

88131 In the context of the current application, the term "semiconductor substrate” or
"semiconductive substrate” or "semiconductive wafer fragment” or "wafer fragment” or
"wafer' will be understood to mean any construction comprising semiconductor material,
including but not limited to bulk semiconductive materials such as a semiconductor waler
(cither alone or in assemblies comprising other materials thereon), and semiconductive
material layers {either alone or in assemblies comprising other materials). The term
"substrate” refers to any supporting structure including, but not limited to, the

seraiconductive substrates, wafer fragments or wafers described above.
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serni conductive substrates, wafer fragnments or wafers descri bed

above. [ 0014] As used herein, the term "high-aspect ratio" refers to

dept h-t o-wDaDIv/088G60di ameter) rati o of about 15:1 or nor @eCT[UBMS}086921

Enbodi nents of the invention relate to nethods of piasma etching doped and
undoped dielectric materials used in sem conductive m croel ectronic device
processing to produci ng openings to fabricate high aspect ratio contacts or
cont ai ner, 59 st B Bede LQR “NEOMLAES 1 RE OGBS S kNG f-Qrtdhe
ctching o1 e g e paet T b S DR L e st ng
of the cortcastabopeldihgr gord. ng etching, maintain a critical dinension (CD)
for the entire depth profile of the contact hole, and produce a contact
hole with ertical,. profi that .is bstantial ly.cylindeical with m ninal
roper - ForRskarrERahEalbls MR BT Ih B S Ry o B0
nm and anhei-hamiRiofhaabaltusdbrbluinintid iercetnstderedceagrobavinago t he
required CD profile control. An enbodi mnent of a nmethod according.to the

i nvent i ofrqdcinglcastipat Bdebicalr ek avepicalie somtrasor gwpings GABLRY St rates a
substrat ¢, ff ' Rfid&'cggf&%sﬁg ygﬁﬁl%tﬁjs e 0 Etlahigigfo? E%ﬂﬁleasg&t RUTRLRlacd@e At @
prelimnary processing stage. e substrate tragnent 10" conprises an

i nsul at i bt erduck ebeiehahd thvayes oflifkt chancrededng dusubsitiiiag endiagpera &@ical and an

active area or elenent 24! (e.g., a.diffusion area, contact, canductive
line, et é%r%lﬂ?mméﬁgﬂﬁgfti#laﬁ%mgr‘iaﬁﬁ*fﬁ&?i& ﬂ}%ﬁﬁ%ﬁ&@?@%fﬂ@&ﬁm@bﬁ‘bﬁ?‘gﬁgaﬁc
sen condyelof v Nl hroTHD LI AlELALnhNE WRIBL AL IR SNk 8l 1IN S RRHIERSS
| ayers formed thereon, including one or nore sem conductor |ayers or other
f or mat i onsptadndthacddpieodeboap? rablkéopoit didhismafand erfictiomdue o rbEe ¢ -dESm
[0017] The %‘fgl ﬁect_{ii“cﬂl ayer. 14, 1,i)i'sv.fe%r(ﬁﬁd Q;[fﬁ amre(l ected thickness to be
et ched t & dBF I R é‘gﬁ%‘ci?gpﬁt?é}‘%‘ AEACI S FE H or exanpl e, a thi ckness
of about 2-3 mm The dielectric |ayer 14" can be formed of undoped silicon
di oxi de (®ii®) om AOPRHMGHQI 2 th@hodxatRligy tosht rvemiaxis désdeposiithed from
tetraei hyl orthosilicate (TE@% bor ophosphosi licate (g! as§ (BPSG) .,
bor osi Hotfereateded IlBsGd. Wila pHBYFHoS PPeaieigrmex ippedyd grepiermt eri al s
such as pid.rl Frebhl 105k d (G AT BES LAEK 6PN ) TRUGHsAS e Pladr@ht AP | 1 CON
oxynitri mgéslre%%%%lg Sggai n % a”sglﬁrng ‘ew{ﬁa o %rlgﬁuif’ti pﬁegT gyerbs.a"’l%he under | yi ng
subst r at ecthmyes ad Gisubonp s iliciconal lhyerdésKirmi-d an atsobditage layer 16, and an active

area of element 24" {e.g., a diffusion ares, contact, conductive line, etc.}. The substrate

fragment 10" in progress can comprise a semiconductor wafer substrate or the wafer along

with various process layers formed thereon, including one or more semiconductor layers or

other formations, and active or operable portions of semiconductor devices.

[8817]  The dielectric layer 14' is formed io a selected thickness to be etched to define
high aspect ratio contact hole, for example, a thickness of about 2-3 um. The dielectric layer
14" can be formed of undoped silicon dioxide (8i0;) or doped Si(h, for example, silicon
oxide deposited from ietracthylorthosilicate (TEOS), borophosphosilicate glass (BPSG),
borosilicate glass (B8G), and phosphosilicate glass (P8G), or other materials such as nitrides
{e.g., silicon nitrides (SL,N,) such as 8i3Na} or silicon oxynitrides (S1O.N,), in a single layer
or multiple layers. The underlying subsirate layer 18" compositionally dissimilar to the
dielectric layer 14°, and can be composed of a nitride etch stop layer {e.g., SulNg), a
refractory metal nitride such as titanium nitride, tungsten nitride, ete.), a silicon dioxide layer

with different doping than a silicon dioxide dielectric layer 147, a silicon layer such as
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dielectric layer 14', and can be conposed of a nitride etch stop |ayer
(e.g., S13M), a refractory netal nitride such as titaniumnitride,

t ungst en wot2ne9dsgeeet c. ), a silicon dioxide |ayer wth dipCrarsess/ospi ng t han
a silicon dioxide dielectric layer 14', a silicon |ayer such
asnonocrystallin e silicon or polysilieon, a doped silicon region, a netal
silicidc such as titanium suicide, a netal interconnect, or other materi al

| ayer. | gagvtc‘zt}&y'%lgiii‘il%tﬂfi@})ﬁgr ?W&c@; ad &%mﬁ&% rt on'asmcsbqgh@i@t Ry agont act

area 24! g’, polysilico An étch resistant mask |ayer 28!. for
exanpl e, upmﬂtmsﬁsuktammmhamﬂxmasw omtibed mdteritldafoor rede dwstraefexanabect ric

| ayer 14 S IS patt ed an tched to define openings 30
that expdds ”ﬁ@ﬁ% ﬁqgg Wﬁgﬁéa a@P%%ﬁﬁ{ "ga§8gﬂ?ﬁ%fErrlng to FIG 4 the
dielectric layer 14' is etched to forma high aspect ratio contact opening

12" (i . ejpg18pnt agt «1h9l@isandmvtialay @r280tibes 08N iphgiosuthotsrdniaslenateyial,
extendlng to the underlying substrate |ayer 16" for formng, for_exanple, a

contact HKdpemghevaathd Heleriesmmeeld'|sadels depichuh & nelteaes %etc}é’déﬁﬁ%?‘t or
el ectrod Vi various devices or circuits,
such as gﬁﬁ@§§§%R£%E8§““ 0ﬁﬁ§p&%§§?§%%kﬁg&%%ntact opening 12' is etched to

a high aspect ratio of about 1:15 to about 1:40, or about 1:20 to about
1: 30, wi {18} cr iRdfeahg o RERSE, dre (EB)ri¢ Wiydt BY' iotichab® fotran hhoupect 68ionm or

b 25-70
2nggg|neﬁ@gmgkp?ﬁgag%ﬁéhtF@%&%Pﬁﬁgﬁgé‘%&f?? rWﬁ?@%&T§13$£i%$%%éﬂg%$n¥orn1a

contact hplgqddyiHs kﬂ&tﬁmh&%@;@%r BLASHE fhahhaws:, d oduidd HgRTRF 8t Rerageeedi ng
to the invention utilizing CF (octafluorocycrobutane) F (hexafluorobutadl

ene) or &vai xigareltdredacfcapantoogiygerticsoniveeic. anthe Arbricaden olgggioppdevices

nbi nat ' h gh "
gener at eocr s ion sl e SN BRAVEER S0Me "oyl Semalie, SAedfeE”,

ions to ﬁigﬁﬂséé&@nﬁiddf@@ﬂﬁqxﬁdi@ abayer:40, lo asm Enb@aommcs withhecrgtcehant gas
consists essentially of or consists OCF and/or C F , e% j rce(s),
i nert gaéml)smnah@@mh\ offiess dgentisiditree og airihes 7?6‘%“ é&%a‘bﬁl}g WA ¢5 H (Q)
car bon ngp 2 m% e m xtures thereof, in anmounts that do not di m nish
t he perf é of %e etchant gases. The oxygen source will react with the
car bon and quorlne containing ions (CF ) within the

{0026 In embodiments of the invention, the dielectric layer 14" is etched to form a

contact hole 12° using a HARC gas plasma (arrows | }]) generated according to the invention
utilizing CqFy (octafluorocyclobutane), CaFs (hexafluorobutadiene) or a mixture thereof, an
oxygen source, and an inert gas in combination with CoFy (tetrafluoroethane). The Cafy,
CuFs and CoF, gases generate CFo radicals as a gas precursor for polymer deposition and
CFy" ions to eich the silicon oxide layer. In some embodiments, the etchant gas consists

essentially of or consists of C4Fy and/or Ca¥s, an oxygen source(s), inert gas(es), and Caly.

16021]  The oxygen source can be, for example, oxygen (Oy), carbon monoxide {CO), or
mixtures thereof, in amounts that do not diminish the performance of the etchant gases. The
oxypen source will react with the carbon and fluorine-containing lons (CF.) within the
plasma to adjust the amount of carbon and {iuorine that attaches to the sidewalls 18, and {o
suppress "etch stop” that can result from carbon deposits on the bottom surface 26° of the

contact 12" hole.
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plasma to adjust the ampunt of carbon and fluorine that attaches to the
deposi t w0 bivababt om Surf ace 26 of {he contact 12 holenSpsouably. th
om sur face "o e contac " hece/ 08 0B@ , the

et ehant gas includes an inert carrier gas, which is known in the art?/ such
as argon (Ar), xenon (Xe) 5 neon (Ne), krypton ([Cr) and helium (He).
Carrier gases are present in the etchant to dilute the etcha pt g(gasZas SO
bl asmm balig! gendravaa e GERET L AR EREREh A5 B hg
B o tsed aa o oo rier oae n L et ot or L combi nat i on it h-ar gan (ALY

, as, 1 n . i n_ conbination with argon (Ar),
[0023] | BrSpbsaiiveitienon dihe i&?ﬁ%@h%f}f@ﬁﬁstsﬂélaﬁ SHRSPOEHT HYRE P’é%ﬁ’bg‘g@nﬁg“
Cgbﬁpofsedn%'f&éo%ﬁ%%n{zh%ﬁ m_@b%%%ag\é%ﬁd%nd%%ﬁ%aéﬁ@&ﬁ%ﬁ%%ﬁﬁ;zg?%- n ot her
enbodi nment's, I s conbin with or” replaced by CO andZQr_‘Ar s repl aced
by or corbiingtbrudesh Xesprmembidlinamgd, cxamm){e[),mevxa@%@u@l@(ﬁﬁ@ﬁptﬁemlxs),a_m twdf eed
00241 THo" GHER baa GBhObB T SHAPT P har HBrBHa br more addi tional | o
i l uorocarbon gases having the general fornmula C Fj, where x = 1-6 an vy
;22 ﬁ, ffJFﬁmyrmlm c;in@b_'éin{eﬁ%rdg@lﬁh ﬂ(iaeémaa‘n:, ﬂx@ﬁiudﬁ))earb&;ﬁed(gaei@afdmi@isabt han e), C

exal | uor opropyl cne), C F g (octar]|uoropropane), C Fs , :

(octaf | uémbaég?dr”\@'ﬁém i-e‘%sé-?z/éﬁég% q Qatﬁe'ﬁﬂsdar%gé*rﬂz cheyenrBhyiBEREr 92 %and
CombI nat LOgBHRSEAMEweockl t0R%, [ UNR A hekepRll plo Rl 0l KT RESEL D
gas, prowidfestthin depos bmzbgdinmhtsatlabh‘édd @Bdaz@@ﬁﬁpﬁs&monlpioi @sﬂgﬁiaﬁia@ém 22' to
rotect gEFhel IEAPERATE R ng and mni m ze twi Sting and bow ng of the.

k imz Wi sting an owi ng o e
conéact hol e, hpart |bcul arly during ﬁn OVﬁl’etCh to renpove remaini ng residual
oxi de over the substrate 16', without having to conpensate for the added
oSt ts From the add ion of ol to a O E g andl or CAF ot ch gas provi d

etc as pr
an | npr obednpaEsosE] BrmbayoF, thet s Sonformad. aRaxample, CFs (catbon”
np P ¥ IS et oral, dhd

tetraftuoride), CoFg (hexafluorocthane), CaFg (hexafluoropropylene), CsFg
{octaflucropropane), CsFy {octafluorocyclopentene) and Cg Fs (perfluorobenzene) among

others, and combinations thereof.

(06251 It was found that adding CF4 during a HARC etch utilizing an etch chemistry of
CyF3 or C4Fs with an oxygen source and inert gas, provides the deposition of a thin and
conformal polymer layer 227 to passivate the sidewalls 18" of the contact opening 127 during
etching to protect against lateral etching and minimize twisting and bowing of the contact
hole, particularly during an overetch to remove remaining residual oxide over the substrate

16', without having to compensate for the added polymerizing gas (i.e., CoFg).

[0626]  The CPy-based polymer deposition that results from the addition of CiFqto a Caliy
and/or C4Fg etch gas provides an improved passivation layer that is conformal and
symmetrical, and deposits over the sidewalls as the contact hole is etched. The conformal
polymer layer prevents ion-driven lateral etching or "bow" in localized areas of the sidewall

o maintain critical dimension {CD) throughout the depth profile of the contact hole and
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symmetrical, and deposits over the sidewails as the contact hole is etched.
The conformal polynmer |ayer prevents ion-driven |lateral etching or "bow' in
| ocal i zedwenrze@msedsot he sid ewall to maintain critical diPoEns2@8/0§63R)

t hroughout the depth profile of the contact hol e andreduce contai ner
deformati on. The deposition of the conformal polynmer [ayer on the sidewalls
of the contact hole can also serve as a weak conduction path to dissipate

charge atreéul&re cARLEOBA A8, CORE 8GTo 0L 81 AR L AIUSE IS kG onihSO,
symmetric pol yner deposition reduces the probability of formng a |ateral

el ectri c sfdewelltofithe cintzeeuleesn kisb stivags 2 kereguldaciian weh indisnpatathvagaaie

pl asma-d sited I r materials are known to transfer, intg the substrate
to be et ?% d}ﬁﬁ%iﬁg%@%‘r%gg‘l“é‘?déﬁﬁ% E)"?%F%‘F%gﬁ(‘]“?’a?%”ﬁ“%‘r‘c B%W%g“pr?ﬁit ‘8rial that
i s gener ®dod¥e bRGPHBSENLHIARG i6heMtstdy feruses defek miiieons and defects
i the contact hole, while the Sinultaneous ion bombardnent suppresses

absor pt i dnepdartdisposintrabhiupopipser-deppstiberey el PRETES &t EHSVHBIHBHEOIN he
contact hole, .thus .facilitating etchi i I LAG. L w21 that is
mvesti oaborS KRR ANttt o R bR b AE BL Bt AR ot

trifl uor ghaedapebhalie:LaR3IR/ARgCtet hakl e thanery Rdhcds. deHowetiens, an€F | 1S
not a preferred etch chem st r,r\ébec‘ause it is arg)idggl y ‘corrosﬂiﬂv% l?as and
does not SPEFE Tt e g8 B0l R ev g 2a98es YEHOFEETEHTE APTREF P8I e. The
present hoSREMh ST LRI GONE: LNER S AL AR ARk naRthAE NV B @ dhypan ¢
equi li br:‘%ﬂ%&‘s‘ﬁ%ﬁ%ﬁ%ﬁ%ﬁg@i gi\é%ﬁ&?g&qééigosi toedﬁang&r enrmved at laboﬁlt thg sane
rat e, whechingretent suyetthe spap and provi des conti nual passivation whereby
the sidewalls are not exposed, this preventing a bow effect. The etching
gases can also be controlled to avoid deposition of excess polynmer residue

t hai can, e twisting of the contact hol % q. i:n. ElG 2) and to
limt t hé@giu “a‘lsfl%aﬁg%?‘&‘b‘l %f‘ﬁgﬁrégﬁc’i%@gigfntméﬁgﬁ ﬁf’?%%ra g?é ggl El‘J}g"soc%on the bottom
surface 241ucdbiclfBeBRNITG) L2 tethiiuenbodidENFS. ¢lovtdver, iREBMbonprefdredet ch
gas plasma can be a m xture of gases for hi g{h aspect ratio etchi g% pf
silicon %hgBeapion bajypi ¥ ichehl Wirgher sratie CRARCPRITPIE AnBPOF“SPE i con
substratg,| %&%dl Bt act ﬂ\gg%%dfﬁe. %Q@ﬁﬁg&@ e@ﬁ%h&hi%i%{@ obSrcBing Bl seh@GEL VRt O
nitrides and silicon. Su an etch gas plasma allows the etching of an
oxi de | ayéfievk4! dycamtt domilebrBumbsidhah® polymer is deposited and removed at about the same
rate, which prevents etch stop and provides continual passivation whereby the sidewalls are
not exposed, this preventing a bow effect. The etching gases can also be controlled to avoid
deposition of excess polymer residue that can cause twisting of the contact hole (e.g., as in
FIG. 2) and to limit the accumulation of plasma-deposited polymer residues on the botlom

surface 24" of the opening 12%,

[6028]  In embodiments of the invention, the etch gas plasma can be a mixiure of gases
for high aspect ratio etching of sificon oxide at a significantly higher rate than a nitride and/or
silicon substrate layer §6", that is, the etch gas plasma is highly selective to nitrides and
silicon. Such an etch gas plasma allows the etching of an oxide layer 14" down to a substrate

layer 16" without substantially damaging nitride or silicon layers,

[0029]  In other embodiments, the etch gas can include a hydrocarbon such as CHy
(methane) and/or one or more hydrofluorocarbon feed gases having the general formula
CH,F, where x = 1-6, y = 1-6, and z = 1-6, such as CHF; { iriflucromethane),

CH,F (diflupromethane), CHyFy (tetrafluoroethane), CHsF (methyl fluoride),
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| ayer 16" w thout substantially damaging nitride or silicon layers. )] In
ot her enbodi nents, the etch gas can include a hydrocarbon such as CH4
(et hane)wandésnssene or nore hydrofl uorocarbon feed gasesTh@uiosgsdbe
general formula QHF - where x 1-6, v ::: 1~6, and z 1-6, such as CHF
(trill uoromethane), Cl-12F2 (difluoronethane), CH F4 (tetratl uoroethane)
CH3F (nmethyl fluoride), C2HF5 (pentafl uoroethane), C H2F

(Letral | ugneethanelo. cAuRe Lol thHarhdeln 3R (ReptaldugTopr opene) . C

HF7 (hepta opr opane) , hexaf | uor opr opane) .
(trifruokhpfefrene)lcOpH3ES:) Penf-af kot aprppame), CLERP} dE4aiiuoropropane),

(gt LaTT o gt ARl SALET (LR LSt RBUL S e G e aant Pt on @)

(nonaf | uer,ppeni-eneorcEatdit, €, NHEGAHAURECR: SR, ANE)F,, MexafMyorbydEa),

fl uorobenzenc (eg, C HF ) anong others. Enbodinments of an etch gas

i ncor por &gy (acthlferrebiinet) o dibonogdlsctonerian, Cidl 1 éxuspiBIorgEnierp, © ZAr
anong Ot<e.7 . ’| n, “zyr on Gt G JZor. a

hydr of | ugir%?%%%@ﬁ@*?@%lé&ééa@-~=r?ﬁﬁ?&ﬁ?ﬁ@?@%‘?@n%ﬂ% inpEpla PR 2
Si @2, i n¢doaeiongingfOfydexanrpberbai dak Gan:dal foriedengle, §.5/SIF/OgachrasgS 3 4)

[ 0030] The benefit of wusi ng C F4 is that the ,depgsj ted }pol ¥me%i IS a.
CF- based °B615y ne [pHEtion 87  Bejrrsrrain fegpddioadned »é%rﬁ@&? Q4PER §ed &8h¥Fai ni n

pol yners ugcqgﬁﬁ@’Itclﬂynopg{i&%&ﬁ&@&hg's%ﬁxg Sﬁi&%ﬁﬂii%?%f%%%@pﬁssi@dﬁ Mirdefdoor SiCU

The CF-based polyner generated from C2F4 i's very coiiformal, which allows
the C F ¢adl swhbe Sadded wi t hout having to alter the anbunt of Q2 in the
CdV(Q Fe etch gas to conpensate for the added pol ynerizing gas (&F4). In

addi tion u C F4 .does t. result.in.over:depositt:hat, C " choke
off the é%ﬁ?gct S@B%Fﬁg gibsige (gf‘éléé}?%g?‘i %55)?18’[16’0%%1&,5\7? ’gf}bagédeﬁ%%g%f]r}g%t s
t he et chiplasnargasydiofedombifd @ §-gasiphovbiesé hemdesy hedegsoninnml
pol ymer deposition during etching, C2F4 gas is highly flammbl e and

unst abl esighens piskios Sed. &Rd © HCspohe afidwed polpsrysroeiael e dal FivA¥s and
during storge:if. dal.o-trace . o DL §; i ki zed
but the SeapT ST BOSRY &t B B Ao ey A RSP Ol P
(CO 2) orhehygit/achd Ol gasacicdmbtiGhie, foctn addhdesdehyriahf eet (C:F,). In addition, the

use of CoF; does not result in over-deposit that can "choke off" the countact opening (i.e.

breadloafing).

{0031}  Althongh embodiments of the etch plasma gas formed with CoF; gas provides the
desived conformal polymer deposition during etching, C,F s gas is bighly flammable and
unstable when purified and can spontaneously polymerize in gas lines and during storage if
exposed to trace amounts of Oy, (3F4 can be stabilized but the stabilizing agents such as

d-fimonene (CoHis), carbon dioxide (COz) or hydrochloric acid (HCI), can adversely effect

Qs

the eich process. In addition, the expense of using CoF4 can be prohibitive.

{30321  In other embodiments of the invention, a contact opening is ctched in a dielectric
layer using an eich gas that is composed of C4F; and/or CyFs, an oxygen source (e.g., Oz

and/or CO), inert gas(es), and a haloflaorocarbon that will generate UoF 4 to provide the same
or similar polymer deposition during a dry eteh of oxide as pure CoFy fed into the CaFe-Cally

ctch plasma.
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the etch process. In addition, the expense of using C2F4 can be prohibitive
[0032] In other enbodi nents of the invention, a contact opening is etched
in a di elwotzneomsk@yer using an etch gas thai is conpose#CcTfuS2008gs@atiZor CAF
an oxygen source (e.g., O andZor CO inert gas(es), and a hal oi |l uorocarbon
that will generate CoF4 to provide the sane or simlar polyner deposition
during a dry etch of oxide as pure CF4 fed into the CAF -C4F g etch

pl asma. Tgﬁrr)gg?l of; q{a?o(fﬁs Rﬁ@rbﬂﬁiu%ig%%%ng% %Irbﬁ 5%1@ bt QQ% rOh3 oAt _least one of

1.2-dibr etra Iuoroe an e 1, 2-diiodo
tetrafludnbmeﬁhmnea@ﬂﬁﬁoﬁﬂmkwﬁ%LE2H4B){aﬁﬁfdﬁypd@<ﬂmﬁlmﬂﬁﬁmeﬁhﬁnew(CF2H)

The forega r.obons,.are stabl e li sources .t

di ssoci at%fghngfg @’F&f}‘é i‘:%i &g dé‘(?‘iﬂl% angdip g'rij g}?]‘d%&ﬁif’lgf“\?ﬁ% W%Z‘Ebéjbﬁl ate
under expRSHNf: B@m@&%ﬂu’g&h@mi(&ﬂigimso@@@ ulri%?(} MaikQs fof Prdnd WH,BHanlin a

pl asma, fornms two units of radi cal s. The use of C F4 or the

fore90|n@fEéiwﬁl@m&m@é@b@hsemﬂh@ﬁﬁpFmah@ﬁdﬁ%G”ﬁﬁdﬁé@@%t@éﬁmﬂkésﬁﬁkén&ﬁl|ng
mor e preci s antrg, ; égF hddlcal generation in the plasma gas,
resultlnaaﬂ’ila Hgﬂ?‘$%%?l "H%%¢9ul ar and conforraa! polymer |ayer on the
sidewal I s of the contact opening during etching to m nimze bow ng and

tw stingignd] i nprevee pf Qi}TJcﬁ?tl&%td’g@ingdﬁidﬁh@rmﬂﬁm@tn DOl anTibe Chredogasg
hal of | uor ocar bons functi on as anal ogues F and rOV|ge a grocess i npact
and pol yREFMA&PUYIE B e PRI GORTHIY T %ﬁz TSR] SRRt %Wr‘£ PSRAERRL is fed

into a C[ugu@i% 9%, Q’\FmﬁEo% f%l ie;év\(}%’angl&nﬂﬁu ! r}%ﬂﬁxﬂéﬁﬁyé%ﬁ%é Gil¥w ARG WL hout

t he probl ens ose pure | e and can expl osively
polynerlzanmp@mmﬂmQ@sun@ewbmgmygwmmuﬂﬁﬁumh@smhﬁwﬁy@b@dgmngﬂaméﬁﬂgEpmﬁd|ng

any known U|table tchin vi ce, _ et.cher avai :

exanpl e, 0{ 8¢ ‘Bﬁi5@3égﬁt%ﬁgggﬁiﬁﬁngFCd%F@ ‘§§§P3ﬁﬁﬁﬁ§ﬁﬁﬁbb¢$§dawgterials,
Inc., th ro%%@oa F%edar r‘%ﬁélo‘i ta@drp&k; 20 LamuRes earish « 90r Ao abdiente furd ELEURRL y
SCOM Di efectric Etch from Tokyo El ectron Linmted, or any other hi gh

density pifasindo etloFe fm@ @@aﬁaﬁ@h plSTe Ut pridnreainosa bbb Re FESOFOHE B _
et chi ng ar eg grsiﬁgiraé st?eit/; Vlv}.HCﬂ 31 st %@ﬁ Vn%%%}o%ﬁ%iy ;%iy%?&%%%m?%x&lsure%' chis

connnnly PYE € rea
CXYEC

[8835]  The plasma may be generated utilizing any known suitable etching device, such as
an etcher available, for example, the Applied Centura Enabler® Etch system from Applied
Materials, Inc., the 2300 Exelan system from Lam Research Corporation, a TEL Unity
SCCM Delectric Bich Chamber from Tokyo Electron Limited, or any other high density
plasma etcher. Examples of equipment and techniques for plasma etching ave described in
1.5, Pat. No. 6,123,862 to Donohoe et al., which is commonly assigned. It should be readily
apparent to one skilled in the art that depending upon the particular etching apparatus utilized
to generate the plasma various etch parameters such as the gas mixture, temperature, RF
power, pressure, and gas flow rate, among others, can be varied to achieve the desired etch

rate and ctch characteristics of the plasma system.

[00836] A substrate 18 (e.g., waler) having a dielectric layer 14" to be etched is placed
into a plasrua reaction chamber of an appropriate apparatus for conducting the etching
process, and the eichant gases are generally flowed into a plasma reaction chamber, and

power is applied to induce a plasma from the etchant gases. In general, a plasma is formed

Gofl6



apparent to one skilled in the art that dependi ng upon the particul ar
etching apparatus utilized to generate the plasm various etch paraneters
such as tWwe 2g@ssdout ure, tenperature, RF' power, pressuPreT/israsgs®2f| ow
rate, anong others, can be varied to achieve the desired etch rate and etch
characteristics of the plasma system A substrate 10' (e.g., wafer) having
a dielectric layer 14" to be etched is placed into a plasma reaction

chamber, 8leAfle SBRLOBE 1B\ EANRALAIS A Ar CORIHG! Lng. Lhec 8L chipaiprggess. and

t he etenant gases are genera a plasma reaction chanper, and
power i swappld ada tppbnduckick sphastiag fheanbithe:, & chaktatgase§ord hegexsral , a
plasma is fornedover the surface of the wafer and a bias, paower is. supplied
Do the 8BSt FETEY EBrvERTH r%‘ﬁ?lﬁé?%?érﬁ@&?‘ S agort Sor Bl IO SUEFONE
the substral g L&i13G80henREE 1 QP ddaM L8 easiant thﬂﬁ%ﬁ%hé onRntatiek
surface. Species forned fromthe etchant” gases (e.g., fluorine ions)

i npi nge &Pon cadivrapact adiarhe tretdr bay. GF-ntrhéducdl, ethedtmichd esielile1@n héxposed

t hrough the patterned mask 18* .to.etch away, and advance the etch front.
By- pr odu&t ’f““’\f)ﬁi‘ré}ﬁ‘ ﬁﬁ\}eaﬁig%i@)}?aﬁ?erg‘,m%&%@d fausted from the reaction

chanber through an exit port. [0037] The etch process is conducted under
condi ti opEysrhat kruhtppngeuslcyndakaneet hadatoab ipr deesispedusly. halgpbasra
generating reactive neutral and ionic species, which .et%g%ii electrics if
the i onsSCERIOOFsHbEsREETE BETTHINGAPAENE PENTR aPpITETIBY o NeU) b &6‘- %8t the
waf er ang, Sidy terl alo Vi ; I Galo N, the sl Il's 18
o The oo B < B e b P g D A ded by
i ons dur Begpsapobver etaadrid (vioCleradi@ly) envwesidawalisdBbdinha gomeagiogeahs oxi de

over the substrate 16'. ?8] The gas flows of CAE8, CAF6 and C2FA are
control | B‘ﬂieticgi 'og}fqehﬁjt?ﬁ‘ ?“Iﬁ%Lé& i %I‘Fléﬁrj‘ﬁ“gﬁ}ﬂ Hﬁpgﬁm?éj\ﬂ (&“eeﬁg‘?li FEoey i

enbodi MeA$,@funl henkiPgLdan: 8ida o04RaLG k@t 1€ F9ZC F4 etch gas, the gas
flow rates into the plasm chanber are about 10-100 sccrn for CF g or CF

(or about 50-70 seen), about 50-150 seem for C2F4 gOr about 80400 seen),
about 108G3keerhtkaps tpvy of Cdbdut's 20d 40F swergnirollad lapBuri <5 85-UB0eticdem f or
inert gas(es) «.or .ah 00-:1. 300 .se % (€T J.khe Labie OC.A4F8 C 2F4
0o ShPEL OLoaRRNY. HO0TRBRR P n IR AL AR R RIS €
about 0. 2% theSiad fborraabaud (0. Bl chamber are about 10-100 scem for CaFy or CiFe (or

about $0-70 scom), about 50-150 scem for CoF, {or about 80-100 scem), about 10-60 scem

i ng

for (3 {(or about 20-40 scem), and about 500-1500 scom for inert gas(es) {or about
900-1300 scem). Generally, the ratio of C4Fg:CoFy 15 about 0.25-1.5:1 (or about 0.5-1:13, and

the ratio of CiFg:CoFs 18 about .25-1.5:1 {or about .5-1:1).

{6839] In embodiments of a CaFo/CaFs/CF4 eich gas, the gas flow rates are typically about
-100 seem for CaFs {or about 20-70 scem), about 0-100 scem for CaFs {or about 20-70 scem),
about 50-150 scem for CaF (or about 80-100 scemy}, about 10-60 scem for Oy (or about 20-40
scem), and about 500-13500 scem for inert gas(es) {or about $00-1300 scem}, the combined total
flow rate for C4Fs and Cy4F being a range of about 30-100 scem {or about 50-70 scomy).

Generally, the ratio of CqFy and CoFs (combined )y CoFy is about 0.25-1.3:1 (or about 0.5-1:1).

[0048]  In embodiments of the invention utilizing a halofluorocarbon to replace Cply the
etch gas flow rates into the plasma chamber are about 10-100 scom for CiF5 or Gl {or
about $0-70 scem), about 50-150 scem for CF4Bra or CpF 4k, (or about 80-100 scem), about

100-300 scem for CFal {or about 160-180 scem), about 10-60 scem for O (or about
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[0039] In enbodinents of a CF ZC F OZC 2F4 etch gas, the gas flow rates
are typically about 04 00 seemfor F8 (or about 20-70 seem, about 04 00
seem f or WORM®/088660about 20-70 seen), about 50450 seem Pom/US20080869about 804
00 seem, about 10-60 seemfor 2 (or about 20-40 seem, and about 500- 1500
seemfor inert gas( es) (or about 9004300 seen), the conbined total flow
rate for C F and C4F being a range of about 30400 seem (or about 50-70

seen) . e CAE s+ab

0. 25, 1. 520 (or et So £ B1pbo K B M UiBatRRER A o8 o hE tab et B
utili zi ngfa,halalf Hdmc%azhtzcﬂ‘h me ig ﬂmia@ex@ F1 (daabems,ch Sgias), e ratoas i Nt o
t he pl asna_chanber are about 0 seem for CAF or CAF (or about 50-70

scorn), &bbutr Gosideh é*c@oﬁt@eﬁ 1@2#4‘&“‘2’9‘&0&'5@ (or about 80400 seem,
about 100-300 seemfor CF212 (or about 160-180 seem, about 10-60 seem for

X or ag%&éﬁo AR oaeeEhbaNthBRot RIGIBO0 eemid of Jindrd ciaasten) abai about
900-1 300 seem. The ratio or C2F412 is about 0 25-1.5:1

(or about(-1{.Beit forl(sf sa:mchbph’é_ﬁ%@ swnﬁfandde@ﬂ@riM§ﬁﬁ¢ﬁ2q Asiler abbviut

0.25-1.5.,1 for a 04 ot h errb d| t. gas
f1ow rat &8 %‘r{)ﬁgg a"é)r% “&%a‘r‘r@iﬁ”ﬁ%@ %Ba&?dgﬁ nr%%?l c%)?} stfr&gm(%g&about
20-70 Se&m“i()ae@&n}iﬁ%ﬁt 50: 1500 cs0em QT BLATE, E.ar (bbbt Bzoi'ﬁ?l(kn&ﬁﬁm‘mwth t he

conbined total flowfor CF6 and C Fs at about 30-100 seem (.or about 50 70

seenm), abButiiseu feCEbdar tlont EORABscwH), Sma | 960 cerm APJdt{oBrRoLb Y-8 AT
about 50 131‘%8{)038(%{25 g?g@ schgll I%r %‘%T ﬁg‘égﬁf?g%%@gg@? \?@ $m§’90lﬁae ?'Qioqvq ?eﬁ? if or

(or abouf and “about sSeem I'nert gas(es about
900- 1300 CSE@@)R;BIP&GELHQﬁbti@ﬁ&i&ﬂﬁ((@ﬁﬁﬁﬁ@ﬂzﬂm aad d@ fadb 3t Cilg aaﬁ)out 0
25-1.5:1 (or about and the ratio of C5F8 and CAF6=CF2l 2 i s about

0. 254. 5; i’&t\‘oﬁéb%ui‘?m@ G&S.tlé)l WF@@%Q]O Thé) et ch gas can optionally include
addi ti onal Huorocarbon gas(cs) (e.g., CF, CF6. etc.) with gas flow rates

up to abesiyp0 SEEMLas %Pf@%uolQﬂ5§lm§§§®idmb%4§h&J@PHc@ﬂ@L ey (cithemgt ch gas
can al so I nclude about™ a hydr ocarbon such as i cal \flow rates for

CH4 are @pFd¢ otcabotit g6 fbeemigor topbte SAlsoun ¢ \@mbge‘feiﬁ‘ﬂ? )t or
hydr of | uor ocarbons up to about 5 seem (or up to about 20 seem). The flow

rates of (i) vard QRaf0 M SN o928 SnRhad BB 1 9ARES: GRA Dergd) usted as

Typical flow rates for CHy are up to about § scom {or up to about 20 scemy), and for

hydrofluorocarbons up to about § scem (or up to about 20 scemy).

[0044]  The flow rates of the various constituent gases of the etch gases can be adjusted as
needed to provide suitable etching according to the methods of the invention, and to
accommodate the size of the etching chamber and the wafer being etched. The power level
of the plasma associated with the etch chamber and the pressure in the eich chamber shouid
be sufficient to maintain the etching process. The source power level typically ranges from
about 1000-3000 watts, the bias power level ranges from about 2000-7000 watts and the

pressure generally ranges from about 18-30 mTorr.

{63451 The present invention forms coniact holes having a high aspect ratio without
causing bowing or twisting of the hole, with the hole having a diameter {CI3) that i3

substantially the same throughout the depth of the hole.

ilofi6



needed to provide suitable etching according to the methods of the

i nvention, and to acconmopdate the size of the etching chanber and the wafer
bei ng et cheaoosrisesepower | evel of the plasma associ at ed RCThuSkévs/osdoeh
chanmber and the pressure in the etch chanber should be sufficient to

mai ntain the etching process. The source power |evel typically ranges from
about 1000- 3000 watts, the bias power |evel ranges from about 2000- 7000
vwatts angd,the pressyre. general |y, es,.tr om aboyt,, 10- Ofdh .. 45] The
present GRS FoRTe drhs B BRb Rsp b Rl A PR Bt ol md ol o
causi ng hewkng 10kr P shitkg Rfrehbecd@lrippedi fdh ckhephobedyavinng aitdanet er

(CD) that is substantjally the same throughout the depth Pf' the hole. After
the et ch S8FSTHBAHHMSHEE S ar Apa wesetelp yh ettagnhy Pﬂéa%@@% aypEk)-28' and

pol ymer |ayer 22' can then be renoved (stripped), for exanp e by dry

et chi ng énﬁ} an Qxygeq. fl agna, ﬁﬁ@@r%&p&%@{% 61953@9‘:}{:15@5{ LS £0 M Dianbhfi anha
cl ean (H2SO4/ H2Q2). [ 0047] The subsStrate 10! can undergo post-etch
processi ngixtieps dbhat! campokaownt drexthpleate resolithaoontat leoldes) cedbecbmponent s.
For exanple, the. resulti _iﬁgnt a,c,g,ho!“s‘ | 2! ‘g.anrgas fhr[t er processed, for
exanpl e, PESFOTF PRETRER B Hetar8R TORdl e TR TYRTEITRY S &R S8 Copper

al um nuMaiShikiG 0Dkicor, TN DarddMNGLQt REF&m Eutdcey 5 candaet $iney, feeRAupk] 1o
lines, for exanple, to an underlying active area, contact, or conductive
line, or swip#erlyiReRscalve prpsubcItas. repaiuctivg Kok of 8 1hGrRvieapadrosrSaiskRK a
dielectric.material s ‘ . [ G2~ N anch-t-he ke in the
fabri cat it%‘fﬁ}q%f C%}; ér‘lctaﬁé’ 6°r ‘§§28 ?%iéfé("g%%a%g\%ﬁé}g}é é’s %‘ﬁ)’ %}%C?%(r) ﬁ/ @ggw ’caeﬂg . tﬁﬁﬂr{ﬁ shed
sen condigihe fzwahess oLakgdaediiteuiinicoictd @sh aphicatvrpdyvitdseFidehetiur t her
processed into integrated circuit c¢hips, gnd i_gcogpor %tFed in e|lectronic

devi ces. SPEPRHSTRIVAEAPE S Pe CEnBie disre e S D FAE N HR BN IPLRPPEE &t hd

descri be%tl;%%&%&@irbﬁit W blaxgﬁn@t%&%%d%tl%gc@éfnigz hosee.0f ordinary skill in the
art that any arrangenent ich’i's calculated to achi eve the sane purpose
may be substituted for the specific enbodinents shown. This application is
i nt ended [#0#8¢ ov exittamyh aptapiationbmorts hayrd lwei dhstelvdenépercabed weeiordivig to

(e PGB S EL 0 PR8G0S T B EL A1 P LB

t her eof . (Th@idk3d @Y 8Fp&k RATRNMS:H kel 85aRE §Secific embodiments shown. This
application is intended to cover any adaptations or variations that operate according to the
principies of the invention as described. Therefore, it s intended that this invention be
limited only by the claims and the equivalents thereof. The disclosures of patents, references

and publications cited in the application are Incorporated by reference herein.
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and publications cited in the application are incorporated by reference
herein. 32 of 16WHAT IS CLAIMED IS: 1. A nethod of etching an opening in a
di el ect riwol2agpansgéeoonpri sing: formng a pl asraa et chi ngprgaarsteosmsdS2F-6, C F
g or a mxture O C4F and C Fg, an oxygen source gas, an inert gas, and CF
; and etching the opening through the dielectric layer to an underlying
substrate with said plasma etching gas, wherein a conformal polynmer |ayer
_ ] &l ong wal | s of the opening during said etching. 2. The
G CR TR in the plasma etching gas conprises CF C F C4AF :
C2F4 or C4F§ and/\@?dﬁ@o&n%‘fc‘h g @ dRbing 19k dadeutic Qy@Sedmprisdlng: 3. The net hod
of daiml, wherein the dielectric |ayer conprises a oxide. 4. The nethod
of O ai m 1,fowneees Masiestelias setiran Oy ErFoomprides o§ Chicpa Gl v ena8yeiid t he
pl asma, r onpri ses a hydrofl uorocarbon having the general
formul’ aﬁ%:%& E’%nqg(sﬁé% &gé i ZE—Hal 6 and = 1-6, or a conbinati ongt her egf 5.
The met hod «fhik a;cmpl,mng,\ﬁheﬁ@i the tiléecopeliargo ias uadﬁﬁbm't@mbbm&: withrsaid trench
havi ng .an aspect rati o of abaut 6, The rre hod of. C ai m wher ei n
the coNfFERMEFIIPEEYTEeTEyeFOHRTR @ngﬁé&ﬁef’:‘f’ “"f”“taﬁ‘@ ) é‘ﬁiq?ﬁi@wﬁg%g%{%?hi ckness
of abaq epth profile of the opening. 7. The nethod of
d ai m%mﬁ@r%gllﬁgttﬁa i’Eiélpigllg’tcaictrl c is etched at rate of about 3000-6000
Almnute. 8 The i i gt
essenti al | y‘ of sia}ﬁ%gggdéghg%@i%%mﬁﬂg{ g GQIE%Q%E%C@V\%%? Lﬁﬁf@?{ oirsm@%lﬂ” t he
pl asmeC gt chifngrdas ., sonpH; €88, & lhowing frhet gasdss:at a flow rate of about
10- 100 seemfor CF or C F and at about 50-150 seemfor C2F,,. 10. The
met hod of @ ai m'ihe WRBEELNCTAR M Rerbhehpiasimiched gagricanprdxsks flowing C
F and CF at a conbined flow rate of about 30-100 seem and C F at a flow
rate of about  themethod of Claim 1, wherein the dielectric laver comprises silicon nitride and

the plasma etching gas further comprises a hydrofluorocarbon having the general formmula CHF.
where x = 1-6, y = 1-6 and z = 1-6, or a combination thereof,

3. The method of Claim 1, wherein the opening is a contact hole or a trench having
an aspect ratio of about 20-30:1.

6. The method of Claim 1, wherein the conformal polymer layer on the sidewalls of
the opening has a thickness of about 5-20 A for the depth profile of the opening.

7. The method of Claim 1, wherein the dielectric is etched at rate of about

3000-6000 A/minute.

8. The method of Claim 1, wherein the etch gas consists essentially of said gases.
8. The method of Claim 1, wherein forming the plasma etching gas comprises

flowing the gases at a flow rate of about 10-100 scom for CaFg or CyFp and at about 50-150 scom
for CoF,.

10, The method of Claim 1, wherein forming the plasma etch gas comprises flowing
C4Fe and C4Fy at a combined flow rate of about 30-100 scem, and C;F; at a flow rate of about

50-150 scom.
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50- 150 seem | L A method of etching an opening in a dielectric |ayer,
conprising: formng plasma etching gas from C4F. 5, C Fg or a m xture

t her eof awoaoddmsenal e of about 50-70 sccrn, an oxygen ®ouruseoogamseat a fl ow
rate of about 20-40 seem an inert diluent gas at a flow rate of about

900- 1300 sccrn, and CaF at a flow rate of about 80-100 seem and etching

t he opening through the dielectric |ayer to an underlying substrate with

sai d plasrm et chi g4y AGLELT, Ru6ONL QAL ROLYIEL L AYER,T s mai ntal ned

al ong sidewal'ls © eni said etc fiethod of et chi ng
an openi ng fofmmpdilsheckdtig fAYem CORPILEI stg mappt iengfat pllasmaicet ebiung gas
to etch ghe dielectric layer to an underlyi ng g bstrate, thf gl asma et chi ng
gas f orITEeSEFb AT GRS SPUES §pS Middi U B¢ REFIOTT 20-Ah SRy G A S b st ¢ 2an
inert @giJ uent.s - agrdy apohal.of peie l-8¢t.8d K o Gf@UP consi sting
arc F o SR S G A e B e P ouiar s i mt ai ned
al ong si dewatitisg ok cpheng femigighddrdavgrieibphitngn ntdriyFesuretrHodiibfsad ai m 12,

T o BAFE TR, SOSN8 3 BT LU0 D AR

hal of | URKOGAKBAR sAk cRH[AL e of about 50-300 seem 14. The nethod of O aim 13,
wherein thé plasma etching gas is fornmed by flowng in C2F Br2 or C F412 at

a rate of a%ouf[ 59}%% &%@dﬁn%& et iAh BEREL10E 3RQHEink00- 300 seem 15.

The met hod Cai m 12, wherein e ‘pl asma etching gas conprises or CAF g and
CJ' Vhal ocardpptyiaz apkati oicbingabott eith 26-Heis:tds layer to aFederbtihpeiohag i m 12,

wherein the tﬁil,asn_n‘q tchc}t ggﬁg furt Qer .gg}mggi s_}saagr‘vadgi,‘jt\érg{ga& i,rl h!}%%ocar bon
gas hdvifiy' Thée" gétierat® QeCAy® RhEFETY D95 1 P60 Rka yUEDY B 17 he
met hodyiREnGal Mak2halhekQlafbohheledieg fRRt feGrddy@hsieRPsi SABS] CIGhnmai tri de,
and the plasma etching gas further conprises a hydrofl uoroearbon gas having
t he geredal
wherein a conformal polymer layer is maintained along sidewalls of the opening during
etching.
13, The method of Claim 12, wherein the plasma etching gas is formed by flowing in
CyFg, CaFy or a mixture thereof at a flow rate of about 10-100 scom and the halofluorocarbon at a
rate of about 50-300 scoem,
14, The method of Claim 13, wherein the plasma etching gas is formed by flowing in
CoFBr; or CoFb at a rate of about 50-150 scom, or CFoly at a rate of about 100-300 scem.
15, The method Claim 12, wherein the plasma eiching gas comprises
CaF s halofluorocarbon, CuFychalofluorocarbon or C4Fy and CqFgihalocarbon at a ratio of about
0.25-1.5:1.
16. The method of Claim 12, wherein the plasma etching gas further corprises an
additional flnorocarbon gas having the general formula C,F, where x = 1-6 and y = 2-§,
17.  The method of Claim 12, wherein the dielectrie layer comprises silicon nitride,
and the plasma efching gas further comprises a hydroflucrocarbon gas having the general
formula CHF, where x = 1-6, v = 1-6, and z = 1-6, or a mixture thereof.
18  Anetch gas for etching a dielectric material comprising at least one of C4Fg and

C4Fyg, and an oxygen source gas, an inert diluent gas, and CoF, in amounts effective to form a
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formula CHF where x = 1-6, y =i1~6, and z ~ 1-6, or a mxture thereof.

18. An etch gas for etching a dielectric material conprising at |east one
of CAF6 awmd 9%gs6eand an oxygen source gas, an inert dilpgenis2@asgesand C F
in amounts effective to formaplasm etching gas to etch an opening through
the dielectric layer while maintain ing a conformal polynmer |ayer on
siciewal | s of the opening during said etching. 19. The etch gas of Claim

18, further conprising.a additiaopal fl.uoragcarbon. das.haying. th I
For mul Heoseg ST ey o CrtighingdiPuss L GRSEORYERTIORURE PR PR,
f ur t hegoicRPPEEIAGIRwANE LDk UREBeaERORy gaseibiaving the general formula C H ;
.F where x = -6, y =1-6 and z ::: 1-6, or a mxture thereof. 2 1. An etch

gas for plagma efichingsa icehiar!d isGrileA¥hpiSRARE b&iiRhAtiubeasboops of CAF
arid CAFS, an oxygen source gas, an inert carrier gas, and a

hal of | keoinpcise borrd éhsotied.fyrekmt he Igf oupy €ansi sting of 0--.F Br , C F4l and
CF212 i amounts effective to forma plasma etching gas to etch an openi ng

t hrough a difel ecths et gapert Ghtiivl B3, faithet admpngnas bphbbnamikapoh gardravingybs on

sidewal | s the o ing during said etching 22 .The etch.gas of Caim 21,
consi s¥ifi ?gg%ﬁ%%*‘gﬁ?ng‘?“ ai ‘Q’gg)a§§§(?a ;e ?%eo%? gﬁmaﬁgsigfﬁe%‘m of 21, further
conprising of at |least one of an additional. fluorocarbon gas having the
general f ordhul a 4 pichgas @7 plasmp crhipgp Gelscigic iy C&“W?ﬁ%fal%,&dfﬂd’élﬁrﬂf)gﬁ{ fgas
havi ng, e, rgeneidhed QLY BAs G WRRESYK, andlr Bilo MioTo k@B Rfefed Troht B
group consisting of ChF4Bry, C;F4]; and CFalp in amounts effective to form a plasma etching gas

to etch an opening through a dielectric layer while maintaining a conformal polymer layer on

sidewalls of the opening during said etching.

22, The etch gas of Claim 21, consisting essentially of said gases.
23, The etch gas Claim of 21, further comprising of at least one of an additional

fluorocarbon gas having the general formula C.F), where x=1-6 and y = 2-8§, and a

hydroflucrocarbon gas having the general formula CHLF, where x = 1-6, y = -6 and z = 1-6.
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