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[8803]  In atypical plasma etching, a substrate is positioned on a chuck in a gas chamber,
an efchant pas is infroduced inte the chamber, and the chamber pressure is reduced. An
energy source/power supply creates a charged electric or clectromagnetic field through
electrodes positioned within the chamber 1o energize the eichant gas into a plasma state. The
etchant gas is transformed inio a disassociated mixture of uncharged neutrals as well as
electrons and positive ions. Typically, the positive ions are accelerated to the subsirate by a
radio frequency (RF) Based 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.

[0604]  Generally, standard processes for etching through silicon dioxide (81(;) to
underlving silicon and/or silicon nitride use fluorocarbon gas plasmas. The dissociation of
the fluorocarbon melecules by the action of plasma gencrates active radicals and/or ions that
act on the S$iQ; substraie. For example, in some high density plasmas, CF', CF,” and CFy’

ions generated from CF; and other C,Fy radicals (where x is up to 11 and y is up to 15} are
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underlying subsirate 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 siructure.

F0086] Tt would be useful to provide a method and etchant gas for etching high aspect

ratic openings in silicon oxide layers that overcomes these or other problems.
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[ 0007] Enbodi nents of the invention are described below with reference
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[6098]  FIG. 1illustrates a prior art processing that results in bowing of a contact hole

during etching.

[6009]  FIG. 2 illustrates a prior art processing that resulls in twisting of a contact hole

during etching.

[6816]  FIG. 3 illustrates an elevational, cross-sectional view of a portion of a substrate at

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

[0611]  FIG. 4 is a cross-sectional view of the substrate depicted in FIG, 3 at a subsequent

processing stage,

DETAILED BESCRIPTION OF THE INVENTION

[6012]  The following description with reference to the drawings provides illustrative
examples of devices and methods according to embodiments of the invesntion. Such

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

[8013]  Inthe context of the current application, the ferm “semiconductor subsirate” or
"semiconductive substrate” or "semiconductive wafer fragment” or "wafer fragment” or
"wafer" will be understood to mean any consiruction comprising semiconducior material,
including but not limited to bulk semiconductive materials such as a semiconductor waler
(either 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 supporiing structure including, but not limited o, the

serniconductive subsirates, wafer fragmenis or wafers described above.

a



[0012] The follow ng description with reference to the draw ngs

provides illustrative exanples of devices and nethods accordin
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hol e, and produce a contact hole with a vertlcal profile that is
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comprises an msulating or dielectric Jayer 14* formed on a substrate layer 16', and an active
arca or clement 24' (e.g., a diffusion area, confact, conductive line, ete.). The subsiraie
fragment 10" in progress can comprise a semiconductor wafer substrate or the wafer along
with various process layers formed thereon, inchuding one or more semiconductor layers or

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

{0017]  The dielectric layer 14" is formed fo a selecied thickness to be etched to define
high aspect ratio contact hole, for example, 2 thickness of about 2-3 wm. The dielectric layer
14" can be formed of undoped silicon dioxide (Si0y) or doped 5i(, for example, silicon
oxide deposited from tetracthyiorthosilicate {TEOS), borophosphosilicate glass (BPSG),
borosilicate plass (BS(), and phosphosilicate glass (PSG), or other materials such as nitrides
{e.g., silicon nitrides (Si,N,) such as $izNa) or silicon exynitrides (SiO.N,), in a single layer
or multiple layers. The underlying substrate layer §8' compositionally dissimilar {o the
diclectric layer 14", and can be composed of a nitride etch stop layer {e.g., StaNg), a
refractory metal nitride such as titanium nitride, tungsten nitride, ete.), a siicon dioxide layer

with different doping than a silicon dioxide dielectric layer 14', a silicon layer such as



reference to FIGS. 3-4. FIG 3 illustrates a substrate fragnent

i ndi cat ed \%enerall with reference to nuneral 10" at a prelim nar
processi ng Qtz&ﬁ’é“ss%l’ie substrate fragnment 10' conprises %’P’P%Wlﬁf%hg
or dielectric layer 14' fornmed on a substrate layer 16, and an
active area or element 24' (c.g., a diffusion area, contact,
conductive line, etc.). The substrate fragnment .10' in progress can
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(d) of about 1-73 for exanpl e.
[6021]  The oxygen source can be, for example, oxygen (O3), carbon monoxide (LCO), or
mixtures thereof, in amounts that do not diminish the performance of the etchant gases. The
oxygen source will react with the carbon and fluorine-containing ions (CF,) within the
plasma to adjust the amount of carbon and {inorine that attaches to the sidewalls 18", and to

suppress "etch stop” that can vesult from carbon deposits on the bottom surface 26' of the

contact 12 hole,



[0020] I n enbodi ments of the invention, the dielectric layer 14" is

etched to forma contact hole 12' using a HARC gas pl asha Sarrows
111) gener WO 4BE88P di ng to the invention utilizing C4lPG/US2008/086921

(oct af | uor ocyel obut ane), COs (hexafl uorobut adi ene) or a m xture
t hereof, an oxygen source, and an inert gas in conbination with C2174
(tetratluoroethane). The Cos, C4F6 and C2F4 gases generate CF2
radi cal s dﬁﬁﬁ}ga@mh}aaﬂyg gerichart gpoingindes aiaép@stctﬁi@rgaand!"@ﬁstxn@mn@ theart,

etch the silicon 0% t S odj, fch .
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stop"” that can result from carbon deposits on the bottom surface 26
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1002210ptional 1y, e etchant gas includes an inert carrier gas,
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krypton ( r r r the
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and to enhansi yfr.]@e unlformty of the etching process. In sone

enbodi menfePix8 ‘(r%’é))mg?f‘é??n (Ne), and/or krypton (Kr) are used as a
carrier gas in lieu of or in conmbination with. argon (Ar). 100231lin
enbodi ments of the invention, the fluorocarbon feed gas is conposed
CAF5/ 07/ A[#0Z3R1, TA#6l 02/can b@Ridllp inc@@ﬁ@h@dﬂ-‘rﬁm@ 24drid@2 ﬁacroLﬂbmt Fpses
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others, and combinations thereof,

[0025] Tt was found that adding CaFy during a HARC etch utilizing an etch chemistry of
C4F or CiFs with an oxygen source and inert gas, provides the deposition of a thin and
conformal polymer layer 22' to passivate the sidewalls 18' of the contact opening 12" during
etching to protect against Jateral etching and minimize twisting and bowing of the contact
hole, particularly dﬁring an overeich to remove remaining residual oxide over the substrate

16*, without having {o compensate for the added polymerizing gas (i.e., CoF4).

[6026]  The CFy-based polymer deposition that results from the addition of CoF4to 2 CuFy
and/or C4Fgetch 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 lon-driven lateral etching or "bow" in localized areas of the sidewall

to maintain critical dimension (CD) throughoui the depth profile of the contact hole and



havi ng the general formula CAI?), where x = 1-6 and y = 2-8, for
exanpl e, zécar bon tetratluoride), C2F6 (hexarluoroetharte), C3F6
(hexaf | uorW}ﬂ' PAI8EG8) | CB-Fs (oct af | uor opropane), C5F2 PCT/US2008/086921
(octal I uorocycl opentene) and C6 F6 (Perfl uorobenzene) anong ot hers,
and conbi nations thereof. [0025]1t was found that adding ClF4 during
a HARC etch utilizing an etch chem stry of CA4F8 or CAF6 with an
oxygen sourdss andeinereicfongaidn. fhoviepegionhé tdepodindl galyofer iyehimiband
conf or nal SSLV.
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Synmmet ri C%Ener&&f ‘%Q@&E %(ﬂ}y ?(E P% perShaenalig: &émﬁ%ﬁv.tg&m a@ifozla hind dha
etched. The cont Br a ay ! prevents 1on-driven Tatera

et ching ordebet@wt thi nmﬁmt adslﬁze}dleaiheaismiiﬁnmh@os|bdrawatﬂmmcsummmmorpﬂbﬁ
critical di 0 h e rofiLl e,0f the L act
hol e and reem%% 121 &Halrr?er 8 @ﬁbo Héotfj p8(smt?"%hﬁk’b¥1m d%%%%g
conf or nal mbin}gﬂﬁtmhtay@actmgtiﬂaﬁ SI dewal |'s of the contact hole can al so
serve as a weak conduction path to dissipate charge at the bottom of
the contact hole and reduce twi sting. Also, symmetric. polyner

deposi ti og uc r0ba X ‘,J |l ectric
rord, w N7 eafbsttgRaRagtecibi B 0guil St B

pl asma- deptiBioteacicpathsme (C}rfh)teati ltcatasluam;ethkmm 4h.OHb wewts f@’;t ismooa piederred
substrate to be .etched. The ul ar and ,conf a of

pol yrer r‘rﬁ?g f.][te(,sﬁ stf}}.lté&calfsg ”d%ﬁé}gfﬁlye y“'? B3 amq ggr‘ésﬁl[o?pcr [CTIN. ¢ as)(evelil in achieving

CAFsi CAF6#ifcdE4rdaasat.tHARGreMeNTEE pitsdne Btuk Sisend@fiey t@tdoaRSh@pB dradeheigtagd
in the contact hole, while the simultaneous ion bonbardnent

suppr essedCHEYE GRS caviiprénn speh tha PeBIPREdepesiteh abicER VY 3 sbod the ae
bot t om of 4 %vhﬁ:@:%%ﬁts E&b%’foptaﬁw $rdvakh kéﬂtﬁ%lr}ﬁsﬁﬁaﬁbﬁ Qfeobd DRUdewalls are

i npacting t aper. 027] I nvestigators have described patterning Si02
using a ga¥ crtm@tw@s pfeventingiadom dtsietitaidingGaragaapigo be controtled to avoid
tetrafl uo EI%F I ¢

chemi st), : g’%gﬁlg?fe( ?2\1’31145?% s {héigér: %(féll%é&ggg an (}gé‘%{eté&ﬂcﬁt( 'gf ?SOLP m
as wel | |EI{é.Cﬂjlaaad/tcﬂgn’tﬂlegdtasmtrtmdﬂcmmt@mh»ah@is&a@@ﬁmireeud’ﬂm oprﬂ*e:stmﬁbm
etch chenjs % ?ﬁ ,t]ose drawbacks and achi eve a dynam c

equi librit ag‘h o ’é(tOFBB}% i s deposited. and renoved at about the
sanme rate, which prevents etch stop and provi des conti nual

passi vat i @nz Wermkmynﬂohm@tsdﬁww inscraioe, thottcleypoiadsa cahbsa pmemmnf' BGS a

bow ef f ec eetchln ase an aI obec trolled to avoi

deposi 1| ol B GeEaB D aFRE b LGP UOUeE T AS TR BUNE s GS ARG Poice gl
contact hglign(s@braie [@%r 16, ks, B} e@Agad NadrldTh high@cRESWT hakii@nuaf

pl asma- dep05|ted pol yner resi dues on the bottom Surface 24' of the

openi ng 12Hcon] GegBIN Tichesns pfswe dHewo e eifBing oY anerion|ayeinkd’ dowh iqpipdsirate
plasma ¢ 8,470 Xk LG o R aTEYe] o 8Gtvefati o etching of
silicon g)% géatHilét&&s:s%‘b§t dggﬁtt% {1@ gr ras?izogt %aﬁ a nitride and/ or
silicon substrate Iayer 16' that is, the etch % S plasma is hlpﬁhly
sel ecti vd®8¥ni tiniothes clah@ll@mtbdbﬁewlsa@waam»h@@@ ydigaaben swhas &
the et chi rheih 1ﬂ%d%¥btg=e lt‘?thgﬁl ' 1- é\ﬂm}nofc&‘} ﬂ(ﬁé{btﬁlk[nartt?» thg‘.\éﬁaﬁ forQula
w t hout subst al'l arraln e or sificon

C.H)F. where x --1 -6, w==i -8, cmdz--—l 6 such as CHF; (tmﬂuoromethane)

CHoF, (difluoromethane), CHaF4 (tetrafluoroethane), CHaF (methyl fluoride),




[0029) I n other enbodi nents, the etch gas can include a hydrocarbon
such as CH4 (nethane) and/or one or nore hydrofiuorocarbon feed gases
havi ng t heW§HeY ¥ or nul a CrEl yF, where x 1-6, y 1-6, BHidUR0uB0§6921
such as CHF3 (trifiuoronethane), Cl-12F2 (difluoronethane), CH2F4
(tetrafl uoroethane), CH3F (nethyl fluoride), C21-1F5

(pentafl uoroethane), C21-12F4 (tetratinoroethane), C21-1517? (ethyl
fluoride) GBF1L E@n(ﬁﬂémpaﬁlﬁn%r%ﬁnht{eﬁeﬁllor@%lluttﬁ}z %Helpfeﬁml flovisis? opane) ,

C3H2F6 ( hexaf.l

(pentanﬁo?ﬁ%ﬁ6H%h%ﬁﬁ8§§@$%ﬁﬁisﬁ? ﬁmé%ﬁ%%?@%ﬁ qﬂ‘?ﬁé%ﬁgﬁggggopm“x

(hept af | udl;tkEst(eifRpropARS;, Cﬁﬁﬁatﬁm@ﬂmﬂuﬁmp&)ﬁ (GH1E X 2R6flucropropane),
hexafluorp 2F8 afl uor obuyt an F , i

Enonal | uor'd BZh& R%ilum “@if"*@‘? H@é@%@ﬂ%‘fa&aﬁﬁ% &) g‘m’ﬁirﬂugrwmme)

hydr of | uor{gtqmzsaeﬂt(cee@m@ﬁ 3EB) (noATRBSpOABRN %,tﬁﬁp@dﬁdﬁ@ﬂﬁoﬁolﬁﬁtaa@ or

etch gas |n0ﬁ$§orat|n hydr of Iuorocarg gas .include, |er exanple,

CAF8/ CHF3R0D oﬂth?eeﬁegs%Hrﬁé antoﬁePﬁ@tboﬁntbpdwtgﬁdtfeeat%aﬁ (e.q.
CH4) and/ %co?powﬁtgelﬂgaem%we&a tfe%@tz&esfo Sxdssal 7 ;@H@t,erm@gm

di el ectrics other S 02, 1 ncl ?or exanpl e, I'T con nlgrjde
(e.g., Siwthersy !éla@m@m&fethﬁiroc@b@amgﬂ@%emﬁmath*@ifrrﬂh@mtglbezlﬁwduf,gb s

that the deposit, L a S i I i St
strlpped/g eaned Eg‘ﬁg“%ﬁﬁﬂtoae*?%%ﬁpgr%?Wg%é ﬂ%%ﬁ%@ﬁ%g?ﬁg§§%§ﬁ¥&gu
pr ocesses Sibl, aghan SeNgh gas such as Si 114, SiF4 or SiCl4. The

CF- based polyner generated fron1C2F4 is very conformal, which allows

the C2F4 ﬁ}ég ot C 116??0%8&1‘? g’?}é tp%r C’Fcf’-f’a["‘ ((}jté}'ngl‘e tsa%uf?asc %01391%\.,1 flat

t he C4F5/ 0 Co yirert zi
(C2F4) . | i castihi ‘ttilnﬁm;i/ctdaﬁewﬁqﬂfed@?Fﬂccdmﬁmtgl pfoiyﬂﬁsdbﬁwd@» qtm&:msdemﬁlsg dn

[0031] Al FOBGH BRbBHS B e DI he 1Bt LR BF i 4R e RBH O R R E347a

gas provi dagokhe waal sedsarnt gy g&d 100 ¥ AERINwidRROS V0D sl i @E S Oin
C2F4 gas is highly flammabl e and unstable when purified and can

spont aneoti§|Gyl Poifseishisarta seupassale fape afteddabmirgupearaer s loajdoiadine
to trace W'ﬁt P (F%{bﬂ Qo resq:%F ﬂ ogé'rhe %iﬁaiﬂg "&1 féc Qﬂi"t thE ?@nt%t @pénliﬁoz(" B9

agents suc I nonene , car IOXI
hydrochlohwmﬂaﬁH@J(FK» can adversely effect t he etch process I n
addition the expense of using C2F4 can be prohibitive. [0032]in

ot her gfé'%ﬁe Nt 81050 bbb BVRRL P he AnGRMLAGks ARARE DO SRELARAH AN 1@

dlelectrl
desired conformal polymer deposition during etching, C)Fs gas is highly flanmable and

unstable when purified and can spontanecusly polymerize in gas lines and during storage if
exposed 1o trace amounts of Oz, CaFy can be stabilized but the stabilizing agents such as
d-limonene {C;oH;s), carbon dioxide (CO2) or hydrochleric acid (HCI), can adversely effect

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

{0332}  In other embodiments of the invention, a contact opening is etched in a dielectric
layer using an etch gas that is composed of C4Fg and/or CaF, an oxygen source (e.g., Oz
and/or CO), incrt gas(es), and a halofluorecarbon that will generate CaFq to provide the same
or similar polymer deposition during a dry etch of oxide as pure CoF. fed into the CqFs-CiFy

eich plasma.



| ayer using an etch gas that is conposed of C4F8 andl or C4F6, an

oxygen source @e.g. 02 and/or CO, inert gas(es), and a
hal ol | uor oW2rBEWEH e wi || generate C2F4 to provide thePGCUpRBO086921

simlar polyner deposition during a dry etch of oxide as pure C2F4

fed into the CAF6- CAF8 etch plasma. WD 2009/ 088660PCT/ US2008/ 086921
[ 0033] The hal ofittorocarbon utilized in the etch gas is at |east one
of 1,2-di H#E# t diledplolopoearbamailicst GrRROREBEas ipat legraRrf) , 1, 2-dl i odo

tetyal uonoLkRAng, &&%g&%%gw PR be)o 208, 290u:04d quggf&f%%h{}ﬁ@e

)
(CF212). oregoin tuorocarbons are 'stdble sources
that wil | (HI%8EBd] at@Filstzad CE2ia diflumahsthime @ Halp ST foi€@hBwiafhdr@aFbshe

w |1 dissoci nder expasure to UV |.ight.(e.q., 266493 to.form
o i, e e BT SRR WP hA O fng b P nst ey in 0BARE. CtOB 4P e
use of C2I4r M wilh@sdhehraAPEAG.pRbvAlih UOr RERDENS6d-10InAL GoraNO/Q vkl a
etch gas plasma enabling npre precise control of the CF2 radical
gener at i oRlaaRENIResHs §aST21rdi&d-ting in the formation of a regul ar
and conformal polyner |ayer on the sid.ewalls of the contact opening

during et giy3np t qhELfH M@e, HOW RGRNG HaWHbiodgHhadn b RIRF 0ME/oP COFd didh gas
control of the contact hole. The foregoi ng hal of | uorqcarbons function
as anal og@smpenablipg mirippsisnqogoleltiedegsdirsgararativedn Beplassp gas,
deposi ti oQ. giinh 83 rilhk L] B0 ob QroRlikiGofreked he sifi&fhil Rt gea
C4F6 and/ gerb %&f—@g%}t cﬂ{%figégr%l%ﬁ% % tc% é)r 'eé?’eolg%gt a%?’lal%tv and vvist hoﬁt
t he probl esrgagpopadnhyipyreeh®R 17 hivihiizstbopdng draltwibhe amhichpeawe profile control
expl osi vel y,, pol Lize Mpen exposure to ox n...1.0Q35], The. ptas. y
be gener at %e/tg" ﬁ?iﬁ%ﬁ 219%:9 Tﬁgyorﬁ%eg\?%mzo&ﬁtog Cﬁgjo}e{%c ITEH{? a gr\}%l%%%b g%%%q%%g:n
et cher avatdvalelagyrodest ingeargati @olyteedoyppitive durGend diy atcknmblae to guke Efighbat
system fro 0pl i Materials, lnc., the 2300 Exe|lan system from Lam
Resear ch l‘;‘gJF %t ﬁgﬁwﬁé’%@%&?ﬁ@i}%wﬂf t‘)i“g‘lgéfi?f? FEL%{YC%%&@HB% ef“r"b%fm
Tokyo El egi88y ki ¢, @dwhRh iPMufitheindtiab Rxsleaediy Yolpinasimupeh e@isure to
Exanpl es of equi pment and techni ques for plasma etching are descri bed

in'US PHESSNo. 6, 123,862 to Donohoe et al., which is commonly
assigned. It should be readily apparent to one skilled in the art

t hat depe[yéé@]g UPRNpThEa Ray bé %&h’a@[&d@iiﬁhﬂn@Eh@lézﬂﬁﬁﬁéu%bwbtichihg a6kt such as

generate the plasna various etch paraneters such as the gas mxture,

t enper at u#kesiciRE Ay adle; fop eersnle, dhe Aprdicd Ssnrobirabler® FragrFgudiaiegpican

be variedyi,0 8606V e, AR g51 Kol €8k hfl €eB0th LD A0ALAGHENLE) | CS

of the plasna systém g% g] f{ %u?)gst r a?'e%%ol‘ &'S%g. 9 ‘V\;él?ér’)aaih'a'\?{ n% a

di el ect ri 8CCRYyBrelettic iich Ghanglee Frooh Tokyp Edwadn Limited, or any other high density
plasma etcher. Examples of equipment and techniques for plasma etching are described in
U.8. Pat. No. 6,123,862 to Donohoe et al., which is commonly assigned. Tt should be readily
apparent to one skilled in the art that depending upon the particular etching apparatus utilized
to generate the plasma various efch parameters such as the gas mixture, temperature, RF
power, pressure, and gas fow rate, among others, can be varied to achieve the desired etch

rate and etch characteristics of the plasma system.

[0036] A substraie 18' (c.g., wafer) having a diclectric layer 14' to be etched is placed
into a plasma reaction chamber of an appropriate apparatus for conducting the etching
process, and the etchant 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



into a plasma reaction chanber of an appropriate apparatus for
conducting the etching process, and the etchant gases are &Gener al lﬁ
ce

flowed i nt BOZBYEA [eaction chanber, and power is appf (A6 P6

a plasma fromthe etchant gases. In general a plasma is formed over
the surface of the wafer and a bias power is supplied to the
substrate containing the wafer or to a. support or chuck supporting

t he subst ratdhe swizgeeidheralee ambmms N’mr tdrepplédce dutsuiseronewarithe t he

surf ace. %@&l{}@? %@%@mf I}% R %o&'ﬁ} %bﬁ% %u&?*l&'ue s 4R ﬂ;%{%%ﬁﬁ?

i mpi nge upon and T8 are fric layéer
exposed t lgas&u ghwardithe patiicer Bpeﬁbmésdnﬁia‘mni e etcbimt gumy (eegiﬁﬂmndmaurﬂﬁ) Jtr-’rpazg,e
etch front. pr o

Che r eact PORT EHARHLI T BIAE A QAT s I ORI ARG Che B Bcaa e

conduct ed ygned %fch("aﬁi@ﬁ kihd AREndeNBY oG Abthil AIGALEIH, WRLRARS bt b@iau@; & be
process, i gener ati ng reactive neutral and ionic SpECI es,

whi ch et chtl H‘l“ép‘gé?‘ﬁﬁlﬂé%f”??mpﬁéam‘?ﬁﬁ§h1("€ﬂh%liﬁ}ﬂ@’8§sess sufficient energy
supplied by the bias power at the wafer and deposit polynmer materi al

(via CV, r@gdirral She 0on biesS idQuahdi hder @hdiBss G BGIaneNRRI MhneE the
hole 12'. The bottom surface 26' is bonbarded by ions during an

overetth Figharges o plasousnaipEresbiva Reirat el iaviarpesies dihiply eleh diglactrics
substrat e 1 tond &93 8] g%ﬁ%ﬁ@é&lm@é\@%g{ su %@&gﬁé‘bﬁs ARG, GPIREGor and

controlle to optl e + ron densities.
enbodi mentsposit ptinect meteritli(vin (3% rali@iNFen ﬁ&ﬁiﬂde@fﬁiiﬂﬁ“—‘w 167 I€4nie¢i@lnvrga$0r

the gas f rates.into t about 00 for
Grstor ChteForiap et sylss s IpmSaRaty uht SufBirrish Wi o
about 80- fAfHdvs esyematthgiesidii 6Rids eemthotubfud bF. about 20 40 seerr),
and about 500- 1500 seemfor i nert gas(es) (or about 900-1300 seen.

General ly e A out 0.25:1.5: 1.(0or .about ..

o money Yol 1ahs Gl By aiteshd CRS Hinsgnfolstag ot R Moy

?I 5-1: 1) az{cﬂ@!gﬁldnﬂivﬁsﬂlﬁl?%d Hiﬂ%ﬂb@ﬁﬁ%&?%gﬁ' iﬁéﬁﬂ&?ﬁiﬁ@& aﬁgﬁa/etm B Gl CoF hetglgas
owrates are t cally a out eemrt.or

seen), ab¥itth egasf@maéféﬁv%?t g %%Ebrb%%b bi%ﬂ%%é??)fm @3@&{ 8@% (4550

scorn forfeRddoté @;rcngb%ﬁ: F0rsbQ0:r3 €810, 1, @PMHur $821 6Dsc3kg,Mb@ QQ@ s(,é%

about 20-40 seem, and about 500-1500 scorn for inert gas(es)

about 900&1@@@30@@@%)40 -40recrob Al Hlet S BI00speaniur apat gagtes F@boahd C4F5

being ar t , oF 1k Yang
the rati oﬁgg%é@ﬁh ’%%g% ’gg? o] ne% 86%24#?@%%? %ggmr dbgﬁ ﬁ .
about 0. 5ti&rm)o.otmnﬂoz]ﬂgfsabaducﬁ}cﬂaniaﬁnﬂgosoﬁbouﬁémlri\}ent| on utilizing a

hal ol | uor ocarbon to replace C2F4, the

[0039] In embodiments of a CsF/CalFs/CaFy elch gas, the gas flow rates are typically about
0-100 scom for CyFs (or about 20-70 seem), about 0-100 scem for C4Fs {or about 20-70 scem),
about 50-150 scom for CyF4 {or about 80-100 scemy}, about 10-60 scem for O, (or about 20-40
scem), and about 500-1500 scem for inert gas(es) {or about 900-1300 scem), the combined total
flow rate for Cql's and CyFg being a range of about 30-100 scem (or about 50-70 scem).

Generally, the ratio of C4¥Fy and C4Fs {combined):C;F, is about 0.25-1.5:1 {or about 0.5-1:1}.

[0046]  In embodiments of the invention utilizing a halofluorocarbon to replace CoFy the
eteh gas flow rates into the plasma chamber are about 10-100 scem for CuFg or C4Fs (or
about 50-70 scemy), aboui 50-150 scom for C3F4Bry or CFyly {or about §80-100 scem), about
100-300 scem for CF,l; {or about 160-180 scem), about 13-60 scem for O (or about

¢



etch gas flowrates into the plasnma chanber are about 10-100 sccm for
C4178 or CAF6 é‘%‘% about 50-70 seem, about 50-150 seem for C2F 4Br?2
or C2F4l 2 VE&2'4HBEY80- 100 seem), about 100- 300 seem f oFCTHERAI/ (B!
about 160-180 seem, about 10-60 seem for 02 (or about 20-40 seen),
and about 500- 1500 scorn for inert gas(es) (or about 900-1300 scorn).
The ratio of C4F8 or CAF8: C2F413r2 or C2F412 is about 0.25-1.5:1 (or
about . 0. 3304403rempaokd shvet &1 HiotortiFSnot g@ARErCRDLRS0%5 ! Hifootm). The ratio

025 o fs Sl A B e SRR B B SRR et S 6

(or about 20; ¢0CFe.OF) isabcutalzait. 5Q-(304boscmsN:1hor CAF6 (or about 20-70
scorn) with the conbined total flow for C4F8 and C4F8at about 30 100

scorn (or t r.n about ,50-150 scor F

Sz (oltBiye oot Guibys ke ionag Sl he P Pet B i cbow
about 80- lﬂﬁiﬁ%@@ﬁ@h(‘@?@'ﬂbb&@95@0%&%)%{1@501@3 i@O&L@bﬂUK‘¢Q§Xnﬂ%o&€em
and about 500- 1500 seem for_ inert gas(es about 900-1300 scorn)
The rati o 28f70carahyidh bgrembyrd ity fow fem:zim znqi Catggbihorh3 B0 sogm {or hput

about 0. 5- )s €n.k - }
0.25-1. 5: faa(%'r el hdefS %E?é%)%%&? LR ﬁ%&(}ggz%g%m g%(??%ﬁlg ot

i ncl ude adﬁtiﬁﬂ(&n@lﬁ fof Eﬁdn buaibbwri?ﬁglé@(‘:g@)), ?@ugm -6ORgm iop O7 Gr abewd 29-40iseam),

fl o]
o0as] opt Fangy o PP 1 dnEBls) OF AR YN LAIRBTF iflio et Cepyne

such as 06341?,, priaﬁat c;zrﬁtm alatuee 28.dr5: Crdt alsve OUpl :1 )0 ambiba rati @éhmﬂ@dr up

bg ?go;LO o ;@Io%(é f* ut8)1‘501r5 PY Omtbog p&ar bons up to about 5 nom (or

{0842}  The etch gas can optionally include additional fluorocarbon gas{es) (e.g., CFa,

CyFs, ete.) with gas flow rates up 1o about 30 scom {(or about 10-50 scem).

{0043]  Optionally, the etch gas can also include about a hydrocarbon such as CHa,
Typical flow rates for CHy are up to about 5 scem (or up to about 20 scem), and for

hydroflucrocarbons up to about 3 scem (or up to about 20 seem).

[0044]  The flow rates of the varions constituent gases of the etch gases can be adjusted ag
needed to provide suitable etching according to the methods of the invention, and 1o
accommedate 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 efch chamber should
be sufficient to maintain the etching process. The source power level typically ranges from
about 1000-3000 waits, the bias power level ranges from about 2000-7000 watts and the

pressure generally ranges from about 10-30 mTorr,

[6045]  The present invention forms contact holes having a high aspect ratic without
causing bowing or twisting of the hole, with the hole having a diameter {C1} that is

substantially the same throughout the depth of the hole.

11



[ 0044] The flow rates of the various constituent gases of the etch
gases can he a J ust ed as needed to provide suitable etching according
to the nmet NOFY15%¢hRe i nvention, and to acconmodate thef %T’g%ZUWUSPHé
et chi ng chanmber and the wafer bei ng etched. The power |evel of the
pl asma associated with the etch chanber and the pressure in the etch
chanber should be sufficient to maintain the etching process. The
sour ce poweiddievelitar yl]m atell nt»zyﬂw amfreshéie d2hiaboulcttd 0l 30G0axwatd'sndt he

bi as power_ | evel about 000- wat t.s ,and th pressure

Gener a1 |y FRRIELPEEA SR R By SRS Fmped B s SrBe BB RORA o
forms contaggertisan danivik B@p.oridy @Rved 8RB Ofithadtitaohy ¢ ERAELSCASD MY bow ng
or tw sting of the hole, wth the hole having a diarreter (CD) that is

subst ant i hout t he h of the ho

3000/ 05564045 e S BdS LA S R Et it L TE R i he
12" is Cort@mh@ﬁe dédred BREKorcAN e ForXamdRIHR U ARE chay@hok2 12:Gan bé Reder
be renoved (stri %ped) for exanple, by dry et chi ng wi.th an oxygen

pl asma ashFERGSSEEapr eXgmpisy by fijieg @%hcwnv\%-it W eandieh shRatcsleueh as copper,
(f12804/ 144204}, ﬂ[\l@c%ﬂ?”] ke a§"f§9§ el et') ¥om &Q'Ehci‘ér])g %519.‘?&9\%3& =8 UG °<amp1\,, to

pr ocessi ng steps t hat afe knowh 1 n the art Fabricate dESI red
conponent $it vElyEeativesres, kenirdswl mnﬁgue@hmmem wiph awtal-sulgbmrpdal-stack

Thither pro )?'I%%%Qicﬁ LA, 13 hSiic R?é’trv gucﬁ'gb %bg@dm?g?ﬁg‘ﬁg ¢ gé}gﬂﬁ% 5%’

mat eri al suc al'um num 1'con.

form cont acths f@mcetmmdﬂcmimretgﬁ kest delve:les axanphemotyoleaivetideshed ng
active area,, - Of nductjve line, or witha, .
ot a1 <1 nsaREGRHEE ypeolt e el s PRk AR gt e arospises o,
materi al  s46hatas cifhidQBipsland Oorpéfalld, in Sledirdlls daidst he like, in the
fabrication of integrated circuit devices such as nenory devi ces.

Fi ni shed tor vvaf a into dies ich,
finther plOBRLscd FHEds Fhtbh FabeRmErt Bieethl BErt Aeorboy et § T
el ectroni g %ﬁ%é&‘ﬁ@ byl Q4RI rAkdihaY gﬂns@ﬁﬁlahltsm@ﬁiomr@&aéﬁ WHaMEis BESNated
illustrated and described hereip; it wil
to achieve the same purpose may be substituted for the specific embodimenis shown. This
application is intended to cover any adaptations or variastions that operate according to the
principles of the invention as described. Therefore, it is intended that this invention be

limited only by the claims and the cquivalents thereof The disclosures of patents, references

and publications cited in the application are incorporated by reference herein.
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be appreciated by those of ordinary skill in the art that any
arrangenment which is calculated to achieve the sane purpose nmay be
substituted for the specific enbodi nents shown. This application is
intended to cover any adaptations or variations that operate
according to the principles of the invention as described. Therefore,
it is intended that this invention be limted only by the clains and

the equi ts thereof The disclosures of patents, references and
public MANS! ited in the application are incorporated by reference

herein. CLAIMS: 1. A nethod of etching an opening in a dielectric

| ayer, .conpr, sing: . formng .a pl.asma etching gas froma feed gas
conpri st ng &ﬁ%thgﬁefeté?ﬂ.&%%a%e 3 ard“%‘i‘i‘?%iaaéf T HWd CAF8 gases, an
OXygen sour GanBasa pREmh Bekihg @astromRdeldd cgﬁﬁﬁsiﬁ?dﬁﬁ gas, C48L S PG thiRBire
openi ng through the dielectric layer to an underlying substiate wth
sai d ploA&nks aad {Fngpsera an oxirasn spyrcasasontf merhshs, pod Grlbrgabapér i s

mai nt ai ned i || . all I | {.Ng:

The ot hod or BEL iR ol HIRIARER A0 ah DRIATLE B ER W e
gases, pi#m3 cChing gasdsrcion cbing aslyard 14546 ntZ2kidinghslesg sitlewallsalfitle of
about 0.25-1.5:1. ké' The nethod of Claim1, wherein the dielectric

| ayer CBFBPS LUUESIASIFMRE 4 The method of Claim 1, wherein the
dielectric layer conprises silicon nitride and the feed gas further
conpri ses a_hydrofl uorocarbon gas_haying the general formula CallyFr
wher e ¥ = 1T8¢ mgthed pf §lasmd , wherein the fogd gas ewmmisaabifoiCFheasenCaFs:6:F4The

et hod ogle G4, ) dos JMDBLRICIEL DROBSI ATl Sl 625 3CE ol e or a trench

havi ng~an ‘aspect®rati o of e nmethod of Caiml,
wherein the conformal polyner |ayer on the sidewalls of the opening

has a thi ckages, 811300, 30! 80 olNniSBL BhOkid 8 Sligkhe oPeni no

4, The method of Claim 1, wherein the dielectric layer comprises silicon nitride and the feed
gas further comprises a hydrofluorocarbon gas having the general formula C,H,F; 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 feed gas consists essentially of said gases.

9. The method of Claim 1, wherein forming the plasma etching gas comprises flowing the
feed gases at a flow rate of about 10-100 sccm for C4Fg gas or C4Fg gas and at about

50-150 sccm for C;F, gas.
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7. The method of Caim1l, wherein the dielectric is etched at rate of
about 3000-6000 A/m nute. 8. The nethod of Claim1l1, wherein the feed
gas consists essentially of said gases. 9. The nethod of Claiml,
wherein formng the plasna etching gas conprises flowing the feed
gases at a flow rate of about 10-100 sccm for C4F6 gas or C4F8 gas
and at about 50-150 sccm for C2F4 gas. 10. The method of Caiml,
wherein formng the plasma etching gas conprises flow ng C4F6 gas and
CAF8 gas at a conbined flow rate of about 30-100 sccm and C2F4 gas
at a fl16w r &he nathodld iaimOl, Hereircfonming ke plasmettbiddg gis @imphisexgllewing C,Fg

openi n n electric la r, comprjsing: formn a asna
oP ohi b it st somoyal ToHBRILAAGH G0 geien e Epbls Sof Ig e of
m xt ur ghéhisnash sadma fl ow rate of about 50-70 sccm an oxygen source

gas at a flow rate of about 20-40 sccm an inert diluent gas at a
flow rate of about 900-1300 sccn1 and C2F4 gas at a flow rate of

about 10 I ugh the
dle|eC§?IC 5@%@ 8ﬂgﬁnﬂ%g% ghgggﬁ$$g$@$a-gﬁnsal% pl asma et chi ng
gas, wherei fmmmg)mﬁlammétclpﬁg gamﬁroxh ayexd das cdﬁlfﬁplﬂﬁlﬁig Gﬁd gai @hB; sasdewalikisure
of the o durln ai hi 12. An etch for etc

G ol ootRFHhe BV e 38%?%5 ﬁ@ SSETD o QEYEEUIGH SRSALE TlgIaTasAfS o Qﬁlﬁ%og@s
and an seuny, 38 Andr O uest g 9t a BHw Ir&t8 b alfblut 9N 30D3Sem 2dhd (GBI bA @8 Fobtate of
amounts_effective to forma pl asma et chi ng gas to etch an openi ng

t hr ougAPeUSOd0B e apd | ayer whil e maintaining a confornal pol yner

| ayer on si ch

gas of Clal%@@@%hﬁﬁﬁ%ﬂﬁgﬁngﬁ%nhg?ﬁﬂﬁg%ngg%%%|onéﬁnyﬁggwgégFﬁgﬁﬂd%

havi ngpladsma gehmgahs, vdrenaih a c@eFymalpelyenex layerlis admaingd alodz Sdewalld of THee
rther conprising a hydrofluorocarbon gas

etch gas_ of u
haV|ngoPﬂEF%éiﬂﬂgéﬁ%%e?WWﬁ a C, HyFz where x = 1-6, y = 1-6 and z = 1-6,

or a mxture thereof.
12. An etch gas for etching a dielectric material comprising at least one of C4Fg gas and C4Fg
gas, and an oxygen source gas, an inert diluent gas, and C,F4 gas in amounts effective to form a
plasma etching gas to etch an opening through the dielectric layer while maintaining a conformal

polymer layer on sidewalls of the opening during said etching.

13.  The etch gas of Claim 12, further comprising an additional fluorocarbon gas having the
general formula C,F, where x = 1-6 and y = 2-8.

14.  The etch gas of Claim 12, further comprising a hydrofluorocarbon gas having the general
formula C,H,F; where x = 1-6, y = 1-6 and z = 1-6, or a mixture thereof.
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