; e3e~B~TR>z6TBt i 06437USA TI TLE OF THE | NVENTI ON: USE OF HYPOFLUORI T
FLUOROPEROXI DES, AND/ OR FLUOROTRI OXI DES AS OXI DI ZI NG AGENT I N FP ON
ETCH PLASMAS BACKGROUND OF THE | NVENTI ON [ 0001] Dielectric nmaterials are
principally used for formng electrically insulating |ayers within, for
exanple, an electronic device or integrated circuits (1C). Selective

ani sotropic etching of dielectric materials is the process step extensively
used to produce features in 5 the manufacturing of integrated circuits
(1C, mcroel ectronechani cal systens (MEMS), optoel ectronic devices, and

m cr o- opt oel ectroni c- mechani cal systens (MOEMS). [0002] Device features on
a wafer are typically defined by patterned nasks. These patterned nmasks are
general ly conposed of an organic photoresist nmaterial; however "hard" mask
materials, such as silicon nitride Si3N,, or other material that may be
etched 10 at a slower rate thap#heqgit@|Eefidgripp-erial, my also be used
as the nask material. Sel ective ani Sotropl ¢ etching aIIows for the

formation %ﬁi@ﬁﬁ%@%ﬂdﬂ@% EBQbﬁ@PEﬁEﬁ@xbﬁ%‘ @R{Ef&ﬁjﬁ‘wéﬁw AISxRSE sqast a
ARp

portion of g{& @% preserving
t he patterned mask eI ec ric materia e seI ectively renoved from

under the mask openings include: silicon in |ts various forns such as

crystalline silicon, 15 poI ﬁbkb%l[w@@f ?ngqﬁlV%'N"l*I(fll conand epi t axi al

silicon; conpositions contarnrng silicon such as Si di oxi de (Si02);

i1 oate gpefd Mgl riidide HEORRRESIY LR B T LG R i R

bor ophos phvétin, igaxemgleass e{d8PSEL degice Dcwmegiatdedmlrctnltsgé@) coeiecivaianigotrapier i al s

s o = MR OAE AR A e LSRR ) Ul i o

hfav! ng5a dm@heouiactunogmsmmgrateﬁ c#ctﬁtsc(rc ) m@oelemtcckmmaﬁicabwstm&nsj@p@@)
ol ase. ( OrSEIedEgiRe e el EB el AT e e SYaRES VREELsi o™ ¢
porous. | P2 Ee TR e i s e a"@@éf%ﬁ&fpa%e%%ﬁ%ﬁ%%% ane

manuf act umpiatigrnied oquaske meengeme‘raﬂy csmimseu veamnigeotorWptaesisahetetial boweehi ng
i ncl ud h tch rat t.h d
ol v Dhgl Bl B 0%, MR0E oL A B TR BB BT O

t he dilel ect eistowestrateitidn iheelel¢dide nnﬁnafmﬂ:@ralscb be uaemasathm maskt ietecial. t i cal

i g ani SSIERYS SRR RSP s Pl SRR R ettt Sotlind o

over feat lhsb@ssbyzremoamg atlzasi 4 yortibn ef thenmdmfgung) H@:Bazl:ltnmgnaifehamme duisghtially

sel ectl Vi t over un i ng  etch a u as S C a silicon
oo s L el PetBREMA T e d48Rat Pbrat Bhsq e vanae i@l florh

pos] t-etch uﬁ_sémh g ,ma%lkrdpppﬂngg irehdieosiicomisitegariéds fohes sustegoemgalieg Blltlr:]@‘l‘re nt E ,
acnl e g etc S ec IVIty electric materials .over the S
e ter 5 sl Eedt el Rea  iorad entSigl s boSetit feoRla e Pl oy
be the nosk silicpeHicaide ($ElL);IURdopBStiliehahlze8 gl BG);RRPEOEITBME gldseGuLh agent s to

are i nor ode q(%&?@ﬂes%ﬁ'ﬁateméﬁﬂﬁﬁ%@é%%hgpﬁaﬁa@fe BBERSF SRbEOE T hoor aphy

at subI |20(B;|ortrp3hosp1ﬁusmcét9?glm(Bm@qi @lﬂtginimwd rlath?]éa@m:htgreﬁg flatereiesichls are
enera eSS e M, el C an. ol aer - ge
Bhot or s SlCHRTEIES SN g EHbr4 P CETE RRERE SEoT RTRe Y B st | s

typi cabl y neiénal@héeny Bumdai%%tr@fcdnamaﬂ@t@r Bavird 4 diefec@onstzet ang.esrl ess 15
t han 200 nm because of the absor tlwiﬁ( resi st

rar ol s s St B iR dops T gloth (P ob iR S aREs4OeR) T he

t hi ckness opfarfohgordisticartdiags (0BEH), pEIPmEBORTaddrays aikh ds@ﬂbk@é%ﬂnd&@héw\(%@ to 1
Nm Howev%@t he mni mum feature sizes of _the contact and via hol es

penetr at i te 28F 1ty silsespaipaanasdIFR BRIPosHe® B 2 Rety! PEURM1aN% he

hol es et cheghusiidbbridhe: direlpebiatGiamat eri al need to be highly anisotropic
and have 20 high aspect ratios (HAR), defined as the ratio of the depth to

the npai Mmpoos) disdnef ofand REEmahli@btuAsg esduirefients foHAR CtRE GhisBlofit didieteet ri c

materials may require vial/trench depth of over several mcrongters oy an
order of mgt’ﬂg%d‘?u"@?rﬁb‘?tdﬂ Fri of e Lﬂﬁirsev/éﬂ%gs'e&fﬂq TReterRSe; ZerR e 1t ORRP

evol ution of photolithography technol ogy-to | ower wavel engths, i.e., 157 nm
and EWV photolithography, may lead to the need for even higher etch 25
selectivity between the underlying dielectric nmaterials and the photoresi st
mat erials. [0005] Fluorocarbon plasnas are comonly used for selective

ani sotropic etching of silicon-containing dielectric materials such as

S|02 The quorocarbons used for selectlve anlsotroplc etching include: CF4

MY O T ~1 I~ " o .



06437USA the sidewal | s of the etch features which is referred t ‘ﬂﬁ!{ 1 as
the polynerization reaction. (0006 For selective anisotropic e §l
applications, the substrate typically contains one or nore dielectric
| ayers covered with a patterned photoresist coating to provide a 5 feature
such as a contact or via hole wthin the dielectric material. Depending on

factors s atjon st.r.at Ly
fl uorocar %%I”ﬁ/eﬁg a%yei ﬁfgtl% (t:h =@ tvei%cﬁh dde i#‘?@? Fenlr?t@? %fg\éeﬁrgﬁ% U %’ace
chemi cal mﬁa@tal ;onaintaifimg teampta d|mérsnctrtsm‘intan:aaﬁmneq)mymaln@wrfg)d&fﬁlr&d

Ceactive Sitrgte i PRE SRRt bt T B TisRouf 60Re rPIREP Rl 1o 10

t he presenrasatioh o@ﬁyf@emrwstzbs andl kengliyel. @che microfatding aal‘feeta;dugm gdzieetwey gyei ons

of "vor s  PEIit Gt AR Ipver P RE i oMy B e RLob ThT ARl e

vol atile ﬁ@t@ﬁh@ﬁcé‘rﬂﬁé@&htl?Fr@ﬁb&diﬂn@b@hetbl&aemln@,r‘stlﬂ:mingmnd/etameir}g r@itbeed from

t he reactor via vacuum u Qr .ot etc C does
not typic rf"'%‘”%@ﬁ“”‘é’ﬁeﬁﬁ Tl '9F§E}$‘fsfieé:§it‘g\? Of\}ﬁﬁg'eﬁ)er‘:% {}E %%% fs?'lgnce
there is Rfaskeibt&@reag etmmammgphegnmz dptmsione of Bet patietnestmésicieay be the

Ther ef or e, the fl uorocar bon rovide a rot ectl or passivation
| ayer on St (RERLEI é@&ﬁyﬁnw B%/”‘gtr“a&aw% PegsiPe E"‘\rﬂevval l's

wher eas the eSrrE‘ reacti on of the fluoroc r&) with the ex osed
el o281 0od) mAsus i peanee et Hor RO TrA Tl S Dr BRSPS, ol
Thus, at thepted Qir%@bbluﬁra%wlétQDelVR bh&oRASgapegacdubefod fa, 20, 183 wner i zat i on
reaction, or the fl uor ocar bon sour ce for the r actlve

fluorine M3ve ﬁ@gteﬁcRUrVe%{?ﬁJ‘?rSﬁ'SP'B?éV*PGé’dggrﬁé?ergmt 188 FPYRiant 42 BBETE S P oV ed

SO that Nenanl ASSrQRAERABN PALMIESIst REALITRIS. aF@r%é?“thbhﬁcl@i@@Q@emed])leVectrl c
surface thereby inpedi t?y the etchin rocess 007 .To pratect tne exposed

phot or esi BPORBIFSIAEYPIPeIVREYY BEPWAETITE gf e NSO BYAPHBHEH asnma

that s htmlzoonﬁhyd&éugé thé@b%@my&geu\hmgrt@ ltiﬁ?éte@l%t pfatdriaes. fBataueear bon
pol ymer. However, exposed dielectric sur fat{cjﬁéi i f the etch reaction

cannot coﬁ‘b@ﬁé‘”%ﬁstsﬁt ?h@‘eE@FrﬂFrFﬁ?@&ﬁ?W'ﬂ)ﬁh? BUEBHO igleGiHe YA Bcar bon film
can accunybadighid réfeceBitebwb S8 ISurB Ko oS, thtéqﬂmphurmfa@utemezeemﬁél ng

reacti ons of et'ching and pol ynerization, nolecul ar o0x is routinely

added to CAEasYansrizBelsdRenYTEINERNS Aigerkic Iayes mavde bel 5\@ Oot |S"t“hé‘\scﬂ wekltric

material fRyndISs ét@ﬁéc?@ﬁﬁﬁ thd d@fécﬁ@%ﬂ@halbfé'eéﬁ'@ Be hRfhweasdtitpiccaimeiveng
reactions can be achieved. Unfortunately can attack the or

phot 0?@si Sichrmspestiratios HAdVedsiined@sdhe faﬁﬁ’ thttte Btk & Bsineipingye i Etotc Thi s
may resul fofen H.ﬁt?aéméé??danhlm ARAfRAS Rlicdcrfd ﬁwate?elsqﬁé*]r«éqwe Qfa/tidieh

dielectric mateti al over the photoreS|st material within the substratfe

06437USA (epibgf odiresevera Myameters Reanppeiee pt BagniugsMigher BiRR tjadueness ©
sel ecti veyanhggt ﬁ%@'f&n@r%kfsrat.asa &ﬁo@&hﬁ%r%@emtd@%id@ﬂv@v% e of CFQ

and CHF3, to C4Fg, recentl nore recently to COF6. nt|I now,
mol ecul ar i-8xJ5&AM(OR) Elﬂ‘deh@@éﬂvog@@bya@ay leadds thei nasd feevandughas sich

f1 uor g{,ar QQI@ctRJﬂ?%E%e%Qhé‘%PB@ryﬁw@t ﬁ@le@t%'rﬁ‘atéﬁ‘éis BRd %%olﬂﬁe%ﬁﬁat%n@tbgh etch

rate of dielectric materia 1gh etch selectivity of dielectric over
phot or esi t ARPY thegbf mt of
the 02/fl ornrgia(ritE)dgr?‘t[£ Cr%dﬁﬁé@%@é aFé%”e&nﬂgg? g%%%ﬁgll\%ﬁg serf&e%??@ehan?%ot ropi c
HAR di el esflieerccetieiningglielectde aaterialy B1ehfasadiQe e The Hearocqrbonmyserer sriedhear t
provi des éﬂg&r%i {gﬁﬁup Mﬁédé &H, r(f%?rhfiud?t?r%th‘ént#%ﬁ'Hﬂﬁ&%ﬁ{eh%%) fF, 10

various etc eani ng I cations.” For "exanpl e, European Patent

Applicat i mﬁﬂ@om@%@tad@b&Fd@@ta{ih@rogwwtmoﬁﬂdﬁs (f@é(afib&orﬁﬁe?‘rsel ves or

|02 9 XL ghbl) FHbeRBblong SUCEAF BBl B ASRACEAIN Bl 020
oxygen coﬁp@l@ ﬁgcl‘gas fri ex@mplecOf, 8E;. wﬁﬁefcaﬁ@eﬁmyﬂcééﬁﬂa spepipa MEYEeVige

fl t 1A

desor i bos TS Eane Sour AR IS g Bl Al el b e A e L sel ¢
or in a mneteriads iodhne piesence of, fiy éxaypele. enerbgiir iog damberinagmi hgribgistheJapanese
Pat ent Q38 f
i RS A e
bi s- (t1 uoroxy)di fl uoronet hane




(BDM as a cleaning gas to renove deposits from CVD chanbers. Des ite these
20 alternatives, there remains a need in the art for a new et chO¥ Mss‘try
that can provi de a hi gher etch rate of dielectric materials along with a

hi gher etch selectivity of dielectric materials over photoresist masks.
[0010] Al references cited herein are incor porated herein by reference in
their entireties BRI SUMVAR 011] The resent

i nvent i on 'S¢ FE‘P’?’ESO%?F‘E‘?%FFG%HFSé{‘{T]'C(H:B{e Ed FPeE'é%rg'” %?[tBﬁBOQPte”@ 'Y ovi ding a
m xt ure ameacgionet hod conprising sane for renoving at |east a portion of a
dielectric material froma |ayered substrate. Specifically, in one aspect

of the pr¢seos] iRy eabine, arlisteiopicisichMi@apisliedtiensiihet dubstratetymiatipiodgtains
dielectric materi al | ayer ed substrat 300 risin Iluor carbon
Snd an oxCHF PEFCESHEltuE RS POMSSY O RIS Ry ol HgVEEE o

f 1 uor oper exdtge, suah fak dioptdct exvid ﬁoleamdmcmétméletm@ RatdrRr BependifPdrfactdrs

anot her as ect of the present |nvent|oElil there is provi dedpéalym' xture for

et chi ng aSHFERREOLAIRN. sHbratarhsRishy. i diss elighhe REOEERY PRYRGE MaY
f 1 uor ocar homt@amtifct)orerbmQddnta-sdrface Qb middbredcBBAs3] Fdrexamply, ther aspect  of

t he present invention, there is provided a m xture for etchlag dielectric
mat erial | HoracwgyePeungeuﬁsatyrfama@b%?tv@"%er againslIudearHEHMaRE Ohargon

f1 uoroper wﬂs%d/dr%w}eddﬂvysée&ém hies ﬁnagmvett i pﬁdt'&e@téteﬁﬁ—‘l&t:e I B \r//e;@htregn
there is prow ded a mxture for 5 etc dielectric material in a

| ayer 80 s HESHPSEOC MEVGas Wi ter delBFige AMSBIR 2RH NOTaNGEROPRS BIFIRENS [ 0015]

In a still, tarufﬁetwpoeépeerecetc s’thScePﬁﬂ%?%E;lltbt@\tﬁéﬁdrﬁt@ttoﬁ beydfatiisS spcias wigeh a
met hod for the r enoval portion oOf dielectric material froma | ayered

subst r at e [SCGHRSFEIP ﬁ'@re"bﬁ%tmer@cft FF@CP%B/eT%V@EﬂH% epaties AT fom the £44h on

chamber ; pééevb@lbaﬂb@r&ﬁﬁyP@rﬁéwdqr&ﬁmyﬂeﬁb@gv@ vt@u&dqt;bgrr@ccﬁrotm rdémsand an
oxi di zer gﬁ@iw&se ected fromthe group consisting of hypofluorite, a

f 1 uor oper ¥er, ther ¢tglo repcherospefenot Arricadly B F WA T5ﬁ§'q€Wé gdfaces AR ener gy

to 1t hes gagreftndsWifeliRedqs Hb‘?”cﬁwtﬂydfﬁba?&%hteﬁtplr?d}% GHH RE VeRGal derakay er ed
substrate wth the active species wherein the "active species react with and
renove t héhpsfare offie dfotoRarbgn @obeter imayriPwde alprotestiveol pepsivationdayaian the pect
of the pr eaezaoségtﬁetttdtmakhstﬁch%sﬁéétwed&@e\@au@ﬁm%sftﬁé RGBhAHA theast a
portion of a dielectric material fro | ayered substrate conpri sing:

cont act i nfuerearbay eplaes wils the@xrogpd Hielasdricierms ¥olatle spedestherehy rRiGVEY
conpri SI n gpaq% n consi sting
of a h 93%‘%'}9 F@E rf%fjo'rl‘t(;@é;ragﬁegdnéi@étnﬁ%H@%%e?ﬁ%iﬁ‘br?ﬁ@ctgﬂ g(%)ﬂ)l nati ons

t her ed? m'@i’r@nhattqneree@tonv@r thp dupresaipnipelysierparvesadd SPURE foe gt 'gagiMeh and
renoves ayy,beash tt‘?eh@teﬁ o nrbNgedirat ﬁ%&ﬁ FS aBEr%{rD téi?lremé\%a]s_‘dthghﬁ§e and

ot her aspects of e present’ AMAvent | on up{oparent fromthe

fol | ow ngﬂu@r@@amp@ PolymMeBREEMUNESERN R moeed SE\FERiX sUAEER\Eh sTRDYTIFIP SPRAW NGS
25 [0018] ”@‘%Hﬁ*ﬁ O%E%YI des an illustration of an apparatus used in one
enbodi ment od of the present invention. (0019] Figure 2 provi des

an exanpl mdgnggtg%&%@gﬁH?&ésreﬂtp%]pto[ré’sgé%rf @‘Hrﬁaf’ QBQA‘}a‘E?eStoghaw?r ghni ng

El ectron I'mage o m Vi a at was et usi ng one
enbod#Frenflugbcarhen plesmedhafis hlgelymoesmﬂzmgwtwamppwﬁge 8¢ foootih Fitgir e 4
provi des HcﬁgMHPHﬁgSlyR}fer aHQ é’r”&t‘tbé‘ Et?steg"tﬁaeﬁhg D&shSH 1R QB r&IERGH! ment
of the nethod o e presen nven -

cannot compete with the polymerization reaction, the thin fluorocarbon film can

accumulate and the etch process may stop. To optimize the competing reactions of

etching and polymerization, molecular oxygen (O;) is routinely added to the fluorocarbon

30 etch plasma. The etch rate of the dielectric material may be increased if an optimal

balance between the competing reactions can be achieved. Unfortunately, O, can attack

the organic photoresist materials thereby increasing the photoresist etch rate. This may

result in the undesirable decrease of etch selectivity of the dielectric material over the

photoresist material within the substrate.



06437USA [ 0022] Figure 5 provides a SEMinmage of a 0.35 Nmvia that was
etched using a conparative nethod. [0023] Figure 6 provides a S‘Ef\ﬂ:"i?ﬁ'i?d’b of
a 0.5 Nmvia that was etched using a conparative nethod. 5 [0024] Figure 7
provides a SEM inage of a 0.3 Nmthat was etched using one enbodi nent of
the nethod of the present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[ 0025] Th r invention provides a mxture a a t ho rising
Sare for THDET0 herirese T Bt TR adR i Eeoss B S EIIR PSR EPN hat | uses
a L } uor; lnarecrewioaétah:ﬁ%hae@ dw%wd worf rﬁﬁtdﬂ&’pﬂ(ﬁﬂ@ﬁc} CEiS,, tb kyf)g, PeqeetiPIo des

and/ or o-trioxides to ease the amount o r.r

oxygen (O%)ﬁ'[- &nd Fore IgaenpLie SCFr i‘gﬂl e ﬁCWrt%yaﬁ%(%%)%%ﬁS '?f"ﬁ%‘# bons
The m xt upRidgBeid fite-10Bé h@&o@érbbhgla@ﬁﬂse@bcmm@m@csmmr@ys Hmm&eﬁz:wém
exanple, for selecti ve ani sotropl C etChlpgchf a dielectric material froma

| ayeredl 15195fet raiR & diplRcide Mmaleialp ped Big he?%%?aw%ﬂft elegthig OMEHRANPIYCHRY be

exposed t%a@é}%IQrH@Pé\%retﬂéﬂ@Yno%Hg i%eébp%ﬁdhir@l tﬂ@‘hnﬂtfbf trr OVAGdrbyRbePECi es,
which then react with and renpove the substance fromthe substrate, [p0026]

I'n the prE8¥RABIY f/dhe Moat derpanding,esleaiye @nisalippic iR diglegiricetching at dee
fluori ne- apabakdHiNg spekdi zer such as a hypofluorite, a fluoroperoxide,
and/or a fluorotrioxide my be used in 20 place of sone, if not all of the

Qz, ther GFMOI@ eveBiiBdark PR VRIcASORR MerdditedRStadMonRptERicsbeaiBdrRrbal -
Furt her, | uori ne-cont ai ni ng oxi di zer_nmay increase the diel ect ric etch

rate By pMeNaUsi aiehingiand/posieaning appicaAtons: Jiks EFWPB‘GE Rdropeam Pateat Apeiraliny

subsequengbyndolegsihed BB e S cﬁf&@soﬂumtb% bytthsmaé‘lee%r iRERRAd U With e,
fl uor o- peroxi des, and/or fluoro trioxid | ace or_ si Ignl ficantly

reduce t hinefisgasof hgprogan phyHRger- @@Halnﬁgaam(&guﬁl Br, &6t @iniNi Be | east
one | uor eeaf AR CIAY, BRIBNSEoRRIN d Ry @rClbrkahiRg Bhs flce! GOl KbENDBL &4d al s and

the etch sel chvMy of dielectric ¥er|a | s over phot oresi st material s.

[0027] AsN&ehes arieriagamesit derdlugrocarioniagesr dananesh Eajanedenlication diit i on
conpr  5€s ohHPossHd1 AMLLrE RAAE LS | of eﬂs t |fﬁ.%?$m?tﬂﬁl Jr&0d0s8ERRRMANRE 1Y itself

fl uorine-contal ning oxidizer such hypotl Uorite, a fluoroperoxide,
and/ or a Pricr r@wur@x:p.@mum 2 hm@r@lem ﬁehydé@@qﬂ-wt@g@gtggs ad@PREshiPateite used

ner o1 1 ko BR:<SOEYS BB BSROHAGH 5@ @65 AMEBNR nolkp bPoignder st ood

that the reagents may d ivered directly a e reactor
del i ver edtrélgowmeamweL fleprogytrifiuosenpethanel (OV @r bisdflegroxpdifapemediangy an

ner i | g 628 oAbl 10 RAREAY e [ BANLBARA0ROICEDR Hekbre of the

pr esent I on cont S one or UOI’ ocar ases | n conj uncti on
with E%e eliternaiivesotherd nemnm@n@mmathﬁaﬁ@omhwzmh cherresttyethmcamlnj@w@%ar bon "

as used hﬁ é; bp?thﬁ'?étb'%?gle%%{r lﬁ%ﬂgégﬁ;&@%:ﬁ é’ﬂ}aﬁg ch l@_ﬁQEtWJPE?S|eQCﬁEd F

atons) , uor ocar bons (‘compoun ont ali

oxyhydrof m@éﬂr@dm@\tmnbd@rﬁ(mm”}mmds containing C, H O, and F), and

oxyfl uorocarbons (conpounds containing C, O and F). In one enbodi nent, the
per f | uor ofBHAIl |r®‘eaerca$rplmmlmbrha\ﬂrﬁgmn@ratad hatein iohRferahes sitheineniyeiesaunber
ranging from21l to 10 and i is a nunber ranging fromh to 2h+2. Exanpl es of
per fl uorocarbons having the fornmula ChF; include, but are not limted to,

CFQ (tetrafl uoronet hane), CQFg (octafl uorocycl obut ane), CSFe
25 BRIEF SUMMARY OF THE INVENTION

[0011] The present invention satisfies one, if not all, of the needs in the art by providing
a mixture and a method comprising same for removing at least a portion of a dieiectric
material from a layered substrate. Specifically, in one aspect of the present invention,
there is provided a mixture for etching a dielectric material in a layered substrate

30 comprising: a fluorocarbon and an oxidizer selected from the group consisting of a

hypofluorite, a flucroperoxide, a fiucrotrioxide, and combinations thereof.

[0012] In another aspect of the present invention, there is provided a mixture for etching

a dielectric material in a layered substrate comprising: a fluorocarbon and a hypofluorite.
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10 (octafl uorocycl opentene), and C4F6 (hexafl uoro-1, 3-but adi enre;é 4#},
anot her enbodi nent, the fluorocarbon is a hydrofl uorocarbon 8 %w ng
the formula GHkF, wherein j is a nunber from1l1l to 10, and k and | are
positive integers with (k + 1) fromj to 2j + 2. An exanple of a

hydr of | uor ocar bon conpound having the fornmula GHKF, includes CHF3

(trifluor ne)., .n _aoth nbodi nent s, ..t h C :

oxyt | uor ogggtgﬁngrfughef§ SBx;e}hy 1ot Fugﬁ (5%"5? or %h‘%f %%V%reg% qgl% E%rreé%hé? on
conpounds 4 dieleuilie npmerlidl oz aygcdopbstreeeompridimg: aﬁuabbam:)oacy@l obut anone,
hexaf | uor q%l ran hexaf | uor obut adi ene epoxi de,

tetrafl uoro&fé anedl one perfluorotet rahydrof uran (CaFeO,

hexaf | | f I I d
R Dl B L T B T
i ncl udés mCrmegoa dfdastricoayierialbn tdaydred glhimtmtmchmn‘ing‘. laftoomartzonargbs pr esent

inthe m (3 Xf}/ range from1l to 99% preferably from1l to 50% and nore
preferabl “P?O i eto 20~0 by volune. (0029] In certain enbodinents of the

pr esent ion, be preferable to se fl uoroc th a,l owner

P ro of TOOTRIRA sub byl aSteef bEE R GHec Iertiy fe's B HERad T ethed if e

rati o, b\MI trémnvdlh;earmhﬁmtdfe d@s’ctti@ mmgarfall ﬁo?oflayflemummme aofmpvsang F¢|£banr1]@t| o,
is beligv at the et ca orm f | uorocarbon p nmer s havi ng

L i ghor o5 el U tde A tea b g ibec Bt b 85 T0r COUPBERS for oy s

may beo _rYDITIQOH’cQSthb@h@aE an@ ahhﬁud&:;_lte@ yas Galégﬂed _riadrmmlreejwu%musimg @f het ter

protection to, the photoresi er and, sidewal | s. .

Pl tor ocar Bundiedls. RgRaHertodte. 5 Wplagite - fomai g B E st 258y 9030 1

addi tion tedetdy@o ey miAUTe td IoddrREad HstRSas; BRE comtsttirgethefayieha maret

i nvention c@ ains at | east one fluorine-containi oxi di zer gas sel ?ct ed

fromthe ¢f Jée BEWE DEFiIRY VO ARV E GPFTES regcty ?‘6%%”6%60‘8 pgrtion o

fl uorotri o dielechic raatémsrbi nati on thereof. A hypofluorite, as described

herein, refers to a nolecule that contains at |east one -OF group. The

hypof hgor ifo® enetAsab! ¥spest & the muﬁﬂnbwaoﬁgthbk&.sfuadsmﬁcaa %Wbmbh.m 7
06437USA wherein x is a nunber rangi n(F:; fromO nunber ran

from 0 to 81'rasha partign glagisledtrigmaicyart Wdax%eé?ubﬁﬁfan¥%cﬂm6fﬁs'@ COREHRY s

1, or 2. kxeppkes sabstiutd Githues hérs Slp@§iles16f3aHlﬂ@f@é@(ﬁ;ﬁrlsfdgl@ﬂm&é‘raﬁﬁ a(nFTl\/l
CF3-O-F), ne | hypof |l uorite (CH3O0F Pofluorous ag @&9 Ct’%?

trifluor oé)é@tz;?}/swgtsﬁ P‘feaﬂhﬁ‘&f?l@%@ g9t @ hgatleriisy B SHPIRREIesa

( CH3C( O Orfiuercaitskidel and EbHBina¥onsthédesd W@Eémmdtﬁwbe&e&t@&ést@aﬁ)auw

fl uor gperoxi de, as described herein, is a mplecule that contains at |east
one -&70 r%@%ﬂ”%ﬁﬂd\r/ﬁf@?\@sﬁﬂﬁ'@sf?pﬁB'P”éﬂtheo‘?'el?ﬁté‘clﬁ% Wen atoms in the

nol ecul e are repl aced with fluorine atons. n‘RI of fl uoro- Reromdes

i ncl ude FIEAIANEsEe FP%SW@B%?% efdie p@sgnbn@rm will be more apparent from the

(f 1 uor o-t kélblwity dBRfidn: per oxi de), CF3-O- O CF3 (bis-trifluoronethyl
peroxide), CF3-O O 10 CzFS (pentafluoroethyl-trifluoronethyl-peroxide),
C2F5- O O CZFS (bi s- pent af | uor oet hyl peroxide), CF20Z (difl uorodi oxirane),
CF30C( O OOC(O) OCF3 (bis-trifluoronethyl peroxydi carbonate), and

CF3-O- O (O F (f|mmueefmrowkidToN cpseveriv viessy9orehe prenvigs) - O O (O F

(bis-fluorofornyl-peroxide). A fluoro-trioxide, as described herein, is a
ol ecpke Th@ig] C@"Q{Lﬁé ﬁ%rﬁﬁdé%ﬂiuﬁ%on@fQ\@pp%%@s@ﬂ% WhEERLE@RRADS! ALl Of
the 15 hydrogen atons in the nolecule are replaced with fluorine atons.
Exanpl es a?eth-’@%frta% Pf%ﬁﬂ’d@‘éﬁﬂ“ﬁ&{ ude CF3-0O O O CF3
(bis-trifluoromethyl-trioxide), CF3-O-OOF

(f1 uor ot r (99'$r (Er‘%{r?@lpf@”f*‘i‘%@rd‘ééam%%ﬂf TheyesIsUBSER'®) F (f 1 uor of or nyl
trifluoronethyl-trioxide). The anpunt of fluorine-containing oxidizer gas

present i HOQ2% rﬁ%@;3@%@#3@&%@@@%%@@%M%%colsvé%%maerf?@rﬁ%51“81 75-~0,

and nore pahera a/tcﬁécpm.ag 5% eR¥LBNPbIURE meth6d 8GhE %Fés‘éanvé’rﬁioHﬁe of the
fluorine-containing oxidizer gas to fluorocarbon gas within the m xture may

rangeaf r ogpdd1i: Og}LPeZQchJ\ﬁldé%ra?éEﬂﬁma}gef of Q. Dy da it s bicheAdisiBcRe
preferably from % In addltlon to the reactive agents
descri bed®AEPEIMeNt phidptmeihedienihe garaest ByeMiods ar gon, nitrogen, helium
neon, krypton, xenon or conbinations thereof can also be 25 added. Inert

di | uent gases can, for exanple, nodify the plasma characteristics to better
suit some specific applications. In addPtion, ions frominert gases such
as, for exanple,



argon may provide the energetic bonbardment to facilitate the S@éf’ﬁfUS e
ani sotropic etch reactions. The concentration of the inert gas Wt

m xture can range fromO to 99% preferably from25 to 99ro, and nore
preferably from50 to 99% by volunme. 30 [0032] In sone enbodi nents, the
m'xture may further conprise an oxidizer such as, for exanple, 02, 03, CO

and I idl resent in the
i xt ur o o2l 1P SR SR rak o o TR M LBt EERGRLERER | 2
pr ef er abl yorhp@mt@e tretls@. % by volune. 8  06437USA [ 0033] The chemi cal
reagents can be delivered to the reaction chanber by a variety of neans,
such as, {[M23px&igres peoicesret BBNamagglof adey B Wafrat vak ietabey usipgteens, vacuum
delivery or liquid-based generators that create the chem cal
r eagent aﬁ%ﬁég%?%%%%aﬂsO%m xture at the point of use (PQU). In one
enbodi gren te r ) ri oxi des,
can beggeiqo\?greg@ﬁpeo?ﬁpoq{deeg’cfj‘sgﬁl I({ng O?B%r‘f?ghqgﬁ%owgsn&é%d ué; HQE)@%/I i nder . I n
an al t er natnbedirexanithe mathed oftbaipcedent esgraion. such as the hypofluorite FTM
can be generated at the point of use through, for exanple, the reaction of
1 or 2 nolar equivalents of fluorine gas (F2) with COF2 or CQ

Generated at the poi nt OF DLEGBECHFOUOR T RE P Ralv e oS o ar o

equi val enft026] f hacpréseet ugasntwntmoxﬁzﬂ)és a mixtore amdesemd'@do:fona)nsmgeslayetfor fhise

source, of Fz d COEz.in the f n C C m. sed
oyl 1 niter it e BRG] bslERE et e 8 Doy g BRBI8
Addi ti onabthqh asi:!iymanorﬁas Jenm- p&weslide&: anheJr}ﬂoomtnoiidesm ddceeaskelnd ambytt

di ssoci atipon of nol Fr gaui va ts o E"lﬁﬁ f.orm .Hz tand ﬁ) 5rn(10§34] The
process of" Pﬁreepa}?\‘?ewpeSHafngQf(g T 3%e S EFehd" SHBYPLRE Y SINEH

di el ect ri Hlusratebomsd. Trre)rmﬁmrslmlnslttm@mmoSwftthasb;bresemtbmgnabxemammmseayfobe used
i nclude, but are not m t ed Can ge rraterl gal l'ium
o sent de PR SHerhA kPRl SIS+ SkRls iR ot AR orns such
as criyst ablibstatssiihiceasin ppefeytsd bh’mﬂtme&iﬁQRWMUrﬁlrha)Cl@@exmdd e@bmami al
silicon, osi tions contai.ni on such as.silicon %&H é

(51 6o") , FOIY Pacsay Bairom (oed foimedile shctiry Sl tref {oust e pRe i
nitride (thSid\Nbitanse froeane eademetride ("Si CN'), organosilicate gl asses

(" OSG'), organofluorosilicate glasses ("OFSG'), fluorosilicate gl asses
("FSG'), poaept hethe ppgicopinvatins Hisbelates thar tha uﬁeLUT@SfILi)Hﬂé-EOfﬁtainﬁslngt rates

may further co vari et ers t hat ,inc for exanple,,.

Ty et 1 ofXrgd Rshee oot oy PUSOR RGBS B FEUR R ¢ and

13 nor gzoi fpléEe ohdené,al rsot allef tlesO S ﬂ(éﬁetﬁgﬁpr@@@ﬁg@ tag draslonret memnask O'dicf 1;\' usi 8835]
arrier i
Figure 2 S essE il o St oo ot M b P bd 20

i s suitabkenhfrae Htediideg ululn@netl figoifRd stemsahtottheerhesaitibn iaAd eﬂbsemently

Substrate dielectric I%er 20 such as Si 02 de 05|t ereupon A

1
mask | ayeweébg%ew%a% sgie B b PERGTEPTES. ThigHp- pg@x §° (ﬁr@?% &UPi% | ayer

20 atop atrlbRieks & Q;@Ia@@'fdr srgafﬂl:@ﬁtw r’é@u&,ﬁtﬁbldég of 5A|8§)the dagilkerah aphiRtues esi st
| ayer 30 is depicted as being patterned patterned Fhot reS|st is

typi ¢ | yC%@*H@a %iﬁ%&%ﬁ%@%@%Gﬁgtepa%'écetf%?f%%ﬂ% 1A' IBGFEE to provide

an i mage, maftiadenr! 9P ieftd dRLSHPSdAE@ri¢ Matddam Gvap phbeFdies ndhéei=py. esi st
| ayer on the substrate. This patterned | ayer then acts as a mask for

subsequenfoogvPshs aleatipRdd Srreﬂloﬂgly e miROASHISApRIBELIBS&RIoR WBMpASethehi ng,
dopi ng, andl or coating with netals, other sem conduct or, materials, or

i nsul at i nleMNgreagets: rhisagiePneciyorecamRarsaic & B rMerantalynd PHERESSWBAS &l | y

i nvol ves keyaRMbMe, 4 NGorBRébkiaR, Ma/bhensibsibkias e ARNGIghaRe tdative §gem§ and
pr ot ect ed b¥ the patterned photoresist thereby expaosi ng the underlying
Y

Surf ol {BINYTEIERRACIATLEEY SR RGMES TROCEFTPRNAIEIEIR Bar GRS5RUT hib Insieenigod

i nvent i Ontnafth@XPAges fay BRQIeMerBB URe @RISR gSPMRE fectttrf dliveral ds@ generat e
active species to at least partially react with the dielectric material
vaporized liquid, a sublimed solid and/or transported by an inert diluent gas into the

reactor.



and formvol atile species. The energy source for the exposing ség&w
i nclude, but not be limted to, a-particles, ~i-particles, y-ra ys
hi gh energy el ectron, electron beam sources of energy, ultraviolet

(wavel engt hs ranging from 10 to 400 nn), visible 10 (wavel engths rangi ng
from400 to 750 nnm), infrared (wavel engths ranging from 750 to 105 nm,

m cr Omveﬁééiﬁq%%gxﬁglofg thle_|z asenf i%lvgnt}co%e%u A o or%mgrfe fﬁgh%%&yon rﬁajsgg A—|Z )

energy; t ar'e POr cCo ONA di SCHAr ge, sonic,
megasoni ¢ cenjengiion vathdthe enb ion atore figortneeraaddining @@uﬂﬁjer I “ﬁhe)meméﬂdlmdcm‘eum t he

1 xt ff I
T e AR R B MR B PRSPl b, TESELAN B, P 2™
pl asma fohy@bﬁhmmgarpom&mmundmd:mﬂmnmblﬂ I-armdch),toﬂyhmrbﬁmbrboarbowctl ve ion

etch | E tic e act on et.ch a inhducti vel
Counl o pleRS RS Reirthe S sl & BRal SbsSiils Mt Sph@mig ' Ve Y
t ransf or mer, O;@uﬁlF&dlrpdnmémbcﬁdTﬁEblt tHeo;bérmrwramden tsyaoa:rndacasﬂmavhgl theal
Conarat o BT FhERT BB & e BRanETanel 110 eun iyt et pig oGy
33‘” ce w h%«l: mevi Eh@ﬂble@oﬁ@@?ﬁ@b@arﬁbﬁ@h@@N@HﬂweﬁOMﬂiLﬂ@ChE,tlrﬁz:Iude’l bgnﬁx@méjrren_t s
ereln a, r S | e edad, e et I N conduct e usi n a
capaci ti v&inye %&,&?Z’ce}ﬁ@éﬂr%pﬁép& CaredQEta BWO%}‘FQ%@ %’Iés":tahese enbodi man?s,
t he | ayer esttgpsddyabpertnd), ancacgaet(h@iam@drwtaafu)tadm)bm PhasacroidmantRF

power ed | el ectrode within a reaction 2 e substrate i.s held
onto the gl Lﬂ’%‘%’f‘éb%vséﬁtyﬁéqf uaf%é@?amowouegaﬁmawerfpﬁaaarcj %5 wPeeitidst ati c

chuck. Tha ratkes e oo 1¢@n§k%ﬂﬂ%¥@pd§@ﬁ’veﬁﬁte§@@|vﬂ¢ (Wl-lilblfr@m jitver+ 20as such
as helium The RF power source may be, for exanple, %u %energ %

oper at i ngeé%ma'equé?iue%?éyor&f:a@gnge};wnd Raviee B TBimda "ﬁ@d[] He¢esHEan al so
be used. ]ihmd?&néméﬂ_l) de Rdr erbRRinYaHty, the ABrBedbbe isHh 0&roceibeher abl y
froml to 16 W he 30 operating EJressure can vary rom0.1 to 10, 000

mrorr ] pr BXEYERTORCaHOD. ESATOES HPRYTIUoreaREbITrENRAUEH %F%?Bld? from1l to 100

mrorr. gerffihQchéé;ﬁér@énet H@dd sk R rd-By QotbighdrRaré iAo oadyBRturkANges from
10 to 50,000 standard cubic centineters per mnute (sccm, preferably from

20 to 10, bexikeeputagippeRpogidp elatiugspgyciayianediops perfiyorptetrativarafurgn
06437USA | @@g@L h-ék%@ﬂdo?d/gﬁﬂéyi% ase;d;é ckgﬁ jbaﬁﬁ;gain%ih,wmnmﬁr%rté@md h, aMdt h

reference to the foll ow n}glé be” under st ood t hat the
present i AYBRNARDS thergat: emmplﬁ@f Béxvh»fﬁr@f&@rqqaétf%wm@uesutmh@s [ 0039]

The faj | Oﬁéﬂﬁfllﬁﬁféégdo%ﬁta\h%f eTHOAAYG @ il dtobAB ol ghé BFRBAt |ﬁftr?é"mf>@@'§tr@é a
nodi fi ed Gaseous | ectroni cs Conference Reference Reactor (" gl asnma
)

react or a8 fEHhini? 89% Prsfesakly frean! kcil’e. apprPEPrRisrally HP@ 310 ¥ark ||
reactor. Jhemexperinents were conducted in a parallel plate capacitively
coupl ed RF plasma reactor 100 simlar to 10 the setup illustrated in Fig.

1. For eagfp26XPH tdRiH &hbbdifentt ot RS hie8bM idvEnti¥RSt h@@gé%ré?élrtaglett%sé%aﬁ or
chuck 120. Process gases 130 were fed into the reactor froma top

nount ed sHériesaTbariwiae lowgrgatin atliivaiag atanenioratesreatomns. wiarsedle herein RE power
sour cgs 150/d %t.eewmmr?e ﬁnta@cmams{r@%o%&%s wiltea EJWéPff/d“%:oait kel ium

backsi de cool |n%@sﬁ ystem 160. Volatil'e species (not shown) are renoved from

the react POifves thatHivpeteh pBeMER can fmefiysueqsirer) pelyigersaviny aahigheriseofam (not
shown) . Pwu?bésgnr{w;d@_g High %Fc%@tlﬁﬁe@ﬂutﬁ'ééég’bbﬂ péugﬁli@%t hh§ b M dNeNsdtanRy IR out

t he gases and vol at’l | e"specl es contal ne
etch reaction thereby providing better protection to the photoresist layer and sidewalls.

However, other fluorocarbons having a F/C of 2 or greater may also be used.

30 [0030} In addition to the one or more fluorocarbons, the mixture of the present
invention contains at least one fluorine-containing oxidizer gas selected from the group
consisting of a hypofluorite, a fluoroperoxide, a fluorotrioxide, or a combination thereof.
A hypofluorite, as described herein, refers to a molecule that contains at least one -O-F
group. The hypofluorite preferably is a compound having the formuta C,H,F,(OF),Op,

-7 -



[ 0040] The GEC reactor operates in a capacitively coupled reactl ve ion
etcher (RIE) node. A 100 mmwafer is placed onto the RF povvered
el ectrode, which has an 20 effective RF "hot" surface area of about 182
cnR. Chem cal reagents such as FTM Ar, CaFs, and Q2 flow t hrough the
showerhead into the reaction chanber. RF power at 13.56 MHz is delivered
froman RF generator throu au tic matching network, T |.ower
el ect rode "HECaRSS & PumBel g T HOGR: LRathBes HEnaRe BRI iy b Furn
backsi de ma'lbleﬂgar@mtf&fm otyprcals hed 2, wmabaeks,i 1der eoekimgieplof hgpdiRIoaRst he
- GEC reactor Servo-co bout 4 T e GC
react or, t”?fé“d,%ﬂé‘i N}HPW%{W%@%&@ E?Wefﬁ'@axﬁogﬁloafr?ﬁ&%&?}gp ates in
g apaci ti vawofmttmseahﬂ%mpdﬂluowﬁmym@ﬂ%@ﬁe @(}9@‘0 umrep?ﬁéwl Hayb@)ﬂ@@??@ pl asma
ensity a rove etch rate an iformt is e of reactor
ot 180" TEHlIGE) at i LBreRy b ieeRtre HOME G G- bheh BRI E) |~ The
Appl i ed Mpessical s Naédﬂbbb h@eea@t@é nhts@aneatr@t 86MAIRS af icBst drRChaID-GRburinek 30
and hel i um backsi de coolin Torr for proce55| ng 200 mmwafers, In both

react ors, "RE® SRFeF nChAtR! the “M%’P@?” aaisei the mptreu! e[ft‘féﬂeﬁ'?ceﬂ/‘ﬁ'itrbfawor E€ch

recipes rrammm@wﬂmas b fwrélséfolsz@@s%maega&ow ;Iu%% féfeRide), CF4-0O-O-F
(hexaf I uor o- - but adi ene) | or _nol ecul ar npar ati ve exanples) or a

1,
f1 uor i nec oL HiﬂH@’ %ﬁtﬁmﬁéfo’@% Q-G retine- “‘\fb‘of%?thyltpéﬂ'@“%%l eV
ani sof Op@Fge(fpﬁhiaﬂgmrobﬂagf ﬁrlflué%metr%ﬂé%%%é 9%?@ @L@JFF aﬁs%ésaﬂu&bah%t en

used as the diluent wt he above etch an | owm ng exanpl es

unl ess st BECHIAS) t%':ﬂzé@ﬂuqrﬁélo?“éaa@ﬂ JrF i< CYeREA QP a3 (Pi? wigugpeenelityl 1000 W or

appr oxi naBC#ox% cé/x‘b@ﬁ&ep%\‘\@rcﬁé@@ é:}@)FT(huaof&awtP.a%rbaea]yr Y&bgiak), dhgect
current ( ias voltage of "abou chanber pressure was kept at

35 miror r. FE(Ghe- %@éffi(msﬂpaptprmbp@@mah Pstbuc@aﬁw'de[ @e4igpcrivedisrein,. is a
El ectron Moq‘éc@recmaycc(r@ﬁh@ ai"@§st%bf—@@e@ aﬁB%w%ré@&%é%F‘ai%Hﬁep' ece of a

cl eaved patterned waf er % ment at a magnl i cation of 35,000 tines.
Exanpl® 1hydipgen eemsdd ﬂwurﬂ@ CEecie r@lwdn@tfﬁlwmmqw M@(DQIE%OUHJGF% GEC

React or ikRR¢ o besst0lo RXBR! RO SoNARIATHIRIE LENOIgS Fupb as T

reactor under the foll ow ng condi tions r, RF power

300 Wat Ydlugmmgtbyl-tigxideg, m\@ﬁ-@éh& 3183 ﬂmor@fwwhmﬂucprﬁmeﬁyl -He®@depact or
the RF powgrg a%@npéﬁﬁ@H@GF%ﬂéMtn{? lfbr%aggress%lnf]mqr@ﬁm\‘ﬂ @9%&9@9%%1900 V.

A 10 nol e% quant | t as the etc uor ocar
vari ous FiRVd ef%@mbﬁoiﬂm tohe % e@@rmﬂf@mrgferaw tpm TriediOfeby V@lh@et dthel 15

feed g@s dét ‘#grv%ﬁ d & tﬁé?‘iﬁgm?et %nﬁg%’}%?{e?' GUR fuds %terb%f{;% witGh {8 nut e

(sccm an ance 0 S mxt re1s nma argon as the

di | uent. Siftirganayenge srogp@d édo\aoth paef&ra«biyc‘rqmﬁﬂe‘r ta Hi: thenchreereenreieraiown
Si 02 fil mgk APyt 5400 nmthick 193 nm photoresist filmwere etched in the
experinents. Filmthicknesses were neasured by refl ectonmeter before and

Fesul ts a0t F I FURRRD the Pl AR ol e el rep dREh o Rt 4 1 o1 0°
that as tAQOFTMIQEFG heburondanc kyatossxertpotdr cSiTinadings filectadcesialso bet ch rate
I ncr €S 8¢d NAL bl an‘en‘?ﬁﬁ%%s“?a]nefbtr'e%%%p h‘@é ffn\% L&RA ShardGeF %g?épegl

trend I's consistent cr easi ng oxi | zer
ratio in $uitzamoe apduiic qﬂpasm@net thadditionT minls drotn inETigaGad-suchras fmaxampleed

(o i )+ YRRy Bl PR S Horlobemo MRt e U FIEllphR o

sel ectivi te,aztimmhezxonzamm@a@mmﬁamgass wiiBin2ke Qﬂ)ctlur@ B0 T29gBB@N D40 @G %,

2" Unpat PSSP RIPR DR gty R Plomb T H1IG 3Gy Ymer 211 ve Barp e

30 [0032] In scme embodiments, the mixture may further comprise an oxidizer such as,
for example, Oy, Oz, CO, CO,, and N,O. In these embodiments, the amount of oxidizer
present in the mixture may range from 0 to 99 %, preferably from 0 to 75 %, and more
preferably from 0 to 50 % by volume.



[ 0045] As a conparison of relative performance, a series of expﬁémﬁ
wer e conduct ed using conventional 02/ CQF6 chem stry on the GEC

Except that 02 is used as the oxidizer rather than FTM all other
processing conditions are the same as in 5 Exanple 1. Table 2 lists the
results as a function of 02/ C4F6 ratio. [0046] It is evident from conparing

t he prese a e .to.example 1 that ETM CAFG cheni str, hot gher

5 02" et on ol ® Mhe et AReBis b aiveletrt e Rarion St Bl el o' e

i denti cal rﬁé‘arﬁps‘mh aqofceﬁsumme tohvehtidriz0 oylinaiees, safecielydrg sgsteosntvaaiinon. For

exanpl e, af .sim I st etch rate of, about nMd mn, FTM CAF6

ChamP sty et sydemB oot B ghel odftiSion il e e e AL HisBLEH o1 aher

Si cz;]/ phot fzmefm $ite @acs::crhma_eé ec“’gfdc'ﬁ of m@%ma) Ianeze?ndoﬂrméJmmbtrfypom:brWé er

Et ch Resul.ts on GEC Reagto 1H4EF6 o etch

Phot or Bsi JLOKPEIPXidgs rﬂ%‘?%?*@?‘%fof%? E% PE? eé‘f‘f?‘? ffie Feho hEhSmb il

sEil eclt v 13 tophpZadsed @a@ cihded . (PQPdGIRHatitE eRaple/ BT hofhlcad teadeft dchGangpar at i ve
anpl e

atte fer xture with
Co0a0] 1o Bt meia SN e Pe 5Bt et N ReTE et raudh o oLk hblE: The Taardoo
reveal th@fswﬁerr@cblﬁrté@@iér@%ﬁrlmm&a%@Qf@amo@@r& C@, reShectiselpf in@hper i ment s
wer e conduct ed usi ng onlé FTM diluted b gon on t he C reactor The same

set of FTIQIr‘?quﬁ%OT/\%P%talE d'heshyPREport C@(Qﬁﬂ?%e@eé’)&?é'b‘i PPRLE UkF6 was

not feg Imr@ugmerr@a@to%f 2hhdlaPtdiffalefls Bfmfcﬁmélgagvﬁmwbgmqné WRBAcd Beg sane
as in Exanple 1. _The results are shown in Table 3. [0048] |t is clearly

evi dent t REEYREt Farigouwred-st Faand e @2 Intve KHeIRItS FRACHOTS ¢afdhe B8®IR rate for

phot or esi gbmbhaRed BRndef, aAH& delf 8RSt dfaeva%heﬂacﬁe@{; tsiysiky Additionall
Si G2/ phot orgﬁsjl steofﬁon%ga?a out © ?Aﬁs éhg’acrt t he etch&?aye of FTI{/I’Ovr\]nat%out

OQF6 is alfat3t begsnesa e pejat @tL@ﬁ vicaglgctpdytisrdigspriafpt BT Sgmelar egyivRl Eﬁ‘l%h
etch ratepHFRBMRI BsadFWM || result in conplete loss of the mask resist
| ayer before the conpletlon of etching the underlying dielectric |ayer,

hence 15 0s$0d%4] C itkif8desdofMBRShRNIDANS AU ABkifg E@RRiaHRE subiPBaRari ng to
exanple 1, this denmonstrates that, w thout fluorocarbons such as CAF6, FTM

by itsel f dislecyiq Gigiedaliem asbetialpt Syliablasabstiries Jirbngy Re¢spE MfleiesBlilect i ve
ani sot r opiage K41GihiRANS %’emucfo;%ater%w&% Qlln?al%enlﬁgwdﬁp\&ﬁgéfc;ner ned

Wafer Etch Results on GEC Reactor FIMflowrate Ar flow rate (sccm
(sccm Si 0Pitede KBNa): alicon(iR e yRAQUSHEBY 84Gses eyetplline Slltcon polysilicon,

amorphous silicon, and epitaxial silicon, compositions containing siticon such as silicon
20  dioxide (*Si0,"), silicon carbide (“SiC”), silicon oxycarbide (“SiOC"}, silicon nitride (*SiN”),
silicon carbonitride ("SiCN"), organosilicate glasses (“OSG”), organofiuocrosilicate glasses

("OFSG"), fluorosilicate glasses ("FSG”), and other appropriate substrates or mixtures
thereof. Substrates may further comprise a variety of layers that include, for example,
antirefiective coatings, photoresists, organic polymers, porous organic and inorganic

25 materiais, metals such as copper and aluminum, or diffusion barrier layers, e.g., TiN,
TICIN, TaN, Ta{C)N, Ta, W, WN, or W(C)N.

[0035] Figure 2 provides an example of a layered silicon wafer substrate 10 that is
suitable for etching using the method of the present invention. Substrate 10 has a
dielectric layer 20 such as SiQO, deposited thereupon. A mask layer 30 such as a DUV

30 photoresist is applied to dielectric layer 20 atop a back-side anti-reflective coating
{(BARC). Mask or photoresist layer 30 is depicted as being patterned. A patterned
photoresist is typically formed by exposing the substrate to a radiation source to provide
an image, and developing the substrate to form a patterned photoresist layer on the

substrate. This patterned layer then acts as a mask for subsequent substrate patterning
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rate nm m nSi O2/ photoresi st etch selectivity_ 22.00 178 128263% gg@( %p
175. 251352920. 4627. 50 172.50144286 , 0.5030.80 169. 20 1145305 08 % | e
4. Patterned Wafer Etching Using FTM C4F6l Ar M xture on the GEC React or

[ 0049] A set of etch experinents with patterned wafers such as that
depicted in Figure 2 were conduct ed on the GEC reactor. About 2 m croneter

thick of 'rg?éesfs'le% @hc‘!}@és @%ﬁ%@@g@%}%fﬁﬂ RERIS b He?Q %F&uct y plasma

enhanced em ca vapor e warer en coated with
deep WV ( Dumtpriphotronsgatsyg raatdrie!abgeqtseiﬁcm\ge ap’matmpmeeic?mng hroaeeegeraﬁraﬂm as

W Lh Var ! Qs ARRLES (L BN Ik AP 0 HLERATRLRS BTty BIgor et ot

| ayer thlc scanning el ectron
m cr oscopwacts&l@d.pf[oméﬁﬁ thareb;ddxmcnsmg the ﬁ@&ﬂ@a@@umaﬂeﬁor fugAEiGornodssing. was
al so varied. Al the other processing conditions were the sane as exanpl e
1. Aftér ([Pa3bja Biechixhge of the prasant invastidreik emposad tofonehe meaenemy sbugken

et or m ned 7 1o0RY Fraer e BB SiEedte SEihey halh Yot fc oG R

rat es wer enddoen molatid sbemes cﬁfamgwgy sotrbe fqrrhbe expmnrsg ste;ayreuy indhiaek akisotf r om
m. Cr onet er,

the SEM i Ie4| the resutsf

easur emeReaTIeG 08P SS PRy s ST iy Py SR AT e dhbear

pat t er ned saafoes of bodrgg hdunedolbhgvasalergisarargfisg tromyl Orte 0D tren) agisiblee
unpatterned wafer. etch no rates the viability 20 of the FTM CaFs
chom 381y PatBedinSistarit 7 Ehre0 bl i cipBinats ol el S yur oo
and 4 show(f hen) SENMrowegdreqiery 351 (Ak), GaBﬁ fm'qmen@ge\tvew:e {icasendyes pefdtijvel y,
fromRun #3 in bIe ?\F 05Ef]r | t cand seen r’%ﬁg@res 3 and. 4 that the
FTM caFe CREMYsTNS) gy YLENE} ér%lsE”‘PhH‘ RYRELSCJPeqapen'c

phot or esi %erg@ruhnebsmbpae@erme@ot he critical 25 di nensions of the nask
patterns. In addition, good perfornmance fromsnall features such as 0.35

m cron vi §8037o ihangemtioaatat ahe snuxtlresis er&ébdﬁb@hMe\v@ﬁ@urmfﬂicﬁ)emmn space
unpattlgr ned wafers sho hat there i.s no siz cro oadi ng

o e 5] nonRs RSB adive BRatits TR o SBots St 8o, "% oo

shows goodhd plasinaSor etdding p%é@&?dd%lﬁdé',@uiéreaiot lieasd td, heactiag®nagch (FREf.esul ts
fromthe conventional che

A Tt B A P B ﬁgﬂgﬁeé@%@@{@%%ﬁf@e@ﬁ cP)

Emlme%CTg! ggi/ﬁﬁnr:rmihaut 4 %am&egﬁaﬁmre@b elegtg%megmmg%gu gt;;gfglqmcmtreuow
n m nol t oresi st C selectivit =~
G050 305 26000 NeBeima FRIc aon s BRsTET6isctorn Sriiiiehygsariance (ECRTwith

20  or without a separate bias power source, RF or microwave excited high density plasma
source with or without a separate bias power source, etc. In embodiments wherein a
RIE process is employed, the etching process is conducted using a capacitively coupled
paraliel plate reaction chamber. in these embodiments, the layered substrate (e.g., a
patterned wafer) may be placed onto a RF powered lower electrode within a reaction

25 chamber. The substrate is held onto the electrode by either a mechanical clamping ring
or an electrostatic chuck. The backside of the subsirate may be cooled with an inert gas
such as helium. The RF power source may be, for example, an RF generator operating
at a frequency of 13.56 MHz, however other frequencies can also be used. The RF
power density can vary from 0.3 to 30 W/cm?®, preferably from 1 to 16 W/em?. The

30  operating pressure can vary from 0.1 to 10,000 mTorr, preferably from 1 to 1000 mTorr,
and more preferably from 1 t0 100 mTorr. The flow rate of the mixture into the reaction
chamber ranges from 10 to 50,000 standard cubic centimeters per minute (sccm),

preferably from 20 to 10,000 sccm, and more preferably from 25 to 1,000 sccm.
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Exanpl e 5. Patterned Wafer Etching Using 2/ CAF~/ Ar M xture onr%é(}%.‘,gg
Reactor [0053] For conparison, patterned wafer etch was perfor

Qz/ CQF~/ Ar chem stry. Table 5 lists the processing recipe and results. This
reci pe was the optim zed QZ/ CAF6 reci pe on our GEC plasma reactor. O her

t han the substituti on of 02 for FTM as the oxidizer, all other processing

par anet er i

unpatterngoéﬁ\?vgf erﬁgﬁﬁrrg@wﬁég%@ élﬁwﬁgﬁ%gﬁg@% er e tﬂl?e qhswmghowed

| ower Si OExathes,rtaltei shndid bewedeSitOR] thhothe pessiest inyehtnt it viot qearh%tOFﬂé M CAF6
chem stryF @WF 5 and 6 show the SEM i mages of 0.35 and 0.50 m croneter
Vi as, respec ?j fromthe 021CQF6 etch in Table 5. [0055] Figures 5 and
6 show a shal | oner Si02 via depth. This again confirms that the
conventional 021CAF6 chem stry produced | ower Si02 etch rate and | ower

Si 02/ phot oresi st etch selectivity. AddiMPldE@l |y, Figures 5 and 6 showed
slight loss of the critical dinensions in the mask pattern. 20 Table 5.
02/ CAF6/ Afo0R8] Tee mbmwmnﬂmaemhﬂmtemxmﬁ cRbaentatclOAR6tdrs: b @hed

Cot i ny | SPEBT TR EULG GoniFrebge FRlETadr MaTar Caflh ot sidag ™
Unpat t er nesinigtaial prddilatidls stxge EEEMe@SHaﬂeAalsM -RO00 acn! Aggotdred hé/tekgenradarﬁs

e CBeERTOLO St oA PR Bl R aarO s b @E Pl e B8e B 60 s ey ™

reactty. HeGeoup wedtetsd adag.ed FirtdacSel@ermnert@3unn plivtrateesitswasipaded al s are

used in the valua ut_1 m cronet t hick .Si fil ited by
pl asma enfidf !é%lre@ﬁ cBachA%?ZopdDroe%s&&ﬁs[egaﬁa&er? getdr'gié’gﬁ?/ﬁﬁcincﬁ\(l)@ﬁlf gg?i R 15
06437USA m'rl]SEb}E)j .shAletHeadQQoNmMhi lehodk &%tﬂ@gﬂn@h@te@fr t®sa 38. SWHﬂﬁQEqmvteed by

Spi n-on. Teet xpe nts wer carrie ut at mTorr apber

pressure, S g&? ﬁﬁﬁ@f%&e P‘F%rl'”a Nt OWHbo W?Q’—dcﬁg\?@ Ebﬁﬁ—h (or
about 3 V‘l:@{ﬂﬂ?@ﬁst@ﬁw\ﬁo dedigié ybecuemlnehsrrmﬂIatéramm\edd@nsmefremzm vol t age of
about -900 Vo Tabl e provi de

S rocess recipe results
1005715 ThENfRREIO9GE oy bR e/t e SRBAPYER (i TGRBInEvPORGIEh Cars
for sel ect vy ereaftisSii HMly GyMn@tREhdthRa h}ztcs:dsum;:s o8l 186 gab&pshy vaaouspeded he
comer ci al Appl ied Materials P-5000 rk 1l reactor. 10 Table 6.
Unpat t er nE" 9B NSER1BL Usi ng FTM C4F~/ Ar on Applied Material s P-5000 Mark
[l raa~tn I CAF6ETM CAF6Tot al  fl owSi 02 etch ralie hot or esi si %Epot ore jl
mol e. onol EHC4PL{ P%Pﬁ%r%%(??%rﬁfﬁsdi‘ ﬁ)cgpeﬂtlveycoup reactive i1on etc I

rat esi st (w8l m) riooheekaet is Iécb@bn?&tia@fﬂ!: %561%%&5&5%.&2&93 an

506. 51131. 251501 336j 556.1 ngara ve lgx% atte %ﬁ&?fer Usi ng
FTM 260 M Sieitike BF “RppisHeacaveiea of apaUtNgeien’s %ﬁ%reaﬂg Mr to
conpar at i er exhdp), ﬂo@ ttﬂ%h@@fHMno%rﬁé&a u%@né RRCtiOY ché?ﬂbmaﬂ:ﬂ-‘t p)dﬂﬁer@s periments
usi ng FTM wi_t hout wer e conducted on the conmerc é@o&ﬂned Mat eri al s

P-5000 Maf&oP |Mh'@aaeavere¢ﬁemébﬂBéeaﬁétwé@ep% a’éﬁ?é“’l”?%‘? gapivwria.

[ 0D59] Agahéuov&eh@le%w@é bt iy @fefq@ﬁipegwwrbzé?&msﬁa@.a chd&ibansharpd i r med.
Wt hout CAF6, the FTM Ar m xture showed nearly 50% reduction in Si02 etch
rate, yetDEGKIECIGORIND HFIeTC I waisd hehurp ReEsT s Paling PeaFsHB & teddhff 193PT n a

ten tpqresqge %rs%@ftﬁcdd?ro%cpgi A0t e $ikeathe S agtdr ihe YpplldMateMalsraut
C4F6, FTM cannot be used as a viable gas for selective anisotropic etch of

di el ect ri 800mMark lhreactq glseciperates & gppfiivalyceupied Ripp®Ppeorith @agnetic

f1 uoro- pepaptindent BNI&REsd ﬂ)IHQﬁQ dbhdiQdridaterdl ¥ enfann&kn kak @na ufn|fé'r%|90 ar bon
polymer filmto protect the photoresist or mask materi al s. Rat her,

hypof | uor T big dyperofupagorpe ey teé@edaﬁdmaﬂnewaj'are@h@rﬂqaswa@yea%ﬁ@h%su| t in
nonsel ect (yerft)C hepreﬁé&Mlea{é%agh@é nﬁ%hétbraé&éasmwn@lrﬁ@trhé&amrafEéH@kS as

shown in congaratl ve exa US it 1s béliéved
synerdf st fed ¢Ift@tb@ck@fdeh>§apm @&T@régar prcm@ﬁiag 3@9mma@£er8ahd¢<6h reactors

f1 uoro- trih%’%é?@ﬁcfiu’&k?@%teﬁa} BShidM Lipdebuor ocar bons can produce the benefits of

hi gher etch rate of ctric materials while maintaining a higher 30 etch

sel ecti Vi fo049f TiNEdkS! BEDEL maT@ideA 1@Y%BEarbbR cRAQr &2hsls Rt erial . - 16

(hexafluoro-1,3-butadiene) and/or molecular O, {comparative examples) or a fiuorine-

containing oxidizer gas such as FTM. To facilitate selective anisotropic etching, inert
=11 -



06437USA Table 7. Unpatterned Wafer Etch Using FTM Ar M xture %3 @ﬂ%ked
Materials P-5000 Mark |1 Reactor FTMflow rateAr flow rateSi 02 %8¢

r at ePhot or esi st et chSi Q2I phot or esi st (sccm) (sccn) (nnf min)rateetch
selectivity(nm m n261241632680. 61 5 Exanple 8. Patterned Wafer Etch using
FTM CQF~/ Ar M xture on Applied Materials P5000 Mark Il Reactor. [0061] The
foll ow ng exa e was condugted ipn accoyda ce d exanple 6
usi ng theqq‘SS?nﬁW ﬂ@aﬁo&%ggﬁ?réﬂ? as T%g dé!e% Vfi sec%trgﬁ%gg W%S sccm Ar,
35 niorr fGMﬂb@Ex@‘hﬁl&§uh%ss5ﬁﬂéaamtssmmgmrm retacfdrwlad,po%ﬂﬁi M/R%Epmwerat and 8
Torr kside cool in essure. Fi 7 PL OV ge of a
Cross sedqogsﬁo‘f’r ?Wéo’gTET?é‘gS%é{P@r POWE! -inﬁts %{{}?g i C%'Fy{réﬁaprofi | e
i's i nprov&greht MTLhes %I@@e@f abbltes00v. Fhgehasber presaurglvas kephats3imyotre due
to the regctor used, C& 2% VWil e the invention has been described in
detai P ant & EANGISH BIEHRE SEIR SPéA¥Fc exanpl es ther eof it will be apparent
to one skilled in the_ art t,p]at var)l{n? chanae[? m)dl fi c,[atl s can be
made t her[@P#2hpeHGINY HEFEL MissPserB )Wy PF org}%'i %fb%ﬁ'é’SFﬁS? 559 & 17

06437USA (G M dieavidPatieticd warer RAgrhémaeit a ndagelifvation of 3EOE0 fimksi n a | ayered
substrate, the mxture conprising: 5 a fluorocarbon: and a

fluori ne-containing oxidizer selected fromthe group consisting of a

hypof | uorgtapl@ 11 DHOsRPes W6 Etéhifd UeihgtFTIMIZLEEAr 1ixtlre onhaGECORsaditrer eof .
2. The m xture of claim1l1l further conprising an inert diluent gas. 10 3.

Thf nr;oXéI L[Pm:qf t/ﬁlséli @e&pméﬁsm{ats&%rﬂopaéc& ofltHa BT [gasnd seagtorluedst thene
sel ecte romthe group consis of ar neon n ogen,
krypton, W'E%ﬁﬁ”%%‘fﬂsoﬁ@amq’%rpé%?S%rﬁgs ﬂ"-l%Trh@Frﬁ%elﬁ é&ﬁ a&*@?’hm@"% lﬁg n the
m xture %Wr'déﬁﬁyf #fong Gy/dmt. 0IndfHe BETY regelodRe GiF ;tdv@rlanemregbutm@eun@:am 5.
The m xture of claim1l wherein the flugrocarbon ﬁ&%fa“ (gne sel eﬁt ed

from t he 3PEUTRIRSYYERR @IS0 iof JOTYBH, qtﬁ%ﬁy iSUSEP gS the etc

oxy hy dr of 48 RERdre4L wiDyanouk IFII/CoRI B indngle garbighad. | lans! retipss aifie tbal The
m xture of claim5 wherein the fluorocarbon is at | east 0'2@9«{)@ r%”l’i’ 8rocar bon
11/l

sel edfed rrdARe Rew grisiplireshaliidPistapdsrd e SENtms s MRS fet hane,

oct af | uorEIQ AR g‘agfnﬂithk&%%%ﬁe' SReG¥EASheENai] WIcen WaderZobeidadi ene,
and conbi nations thereof. 7. The m xture of claim6 wher t%miﬂgg

per f | uor o&Hr ®d mtp@nﬂg@ﬂcﬁ@pqm@lggmwn SiO; film or about 400 nm
photoresist film were etched in the experiments. Film thicknesses were measured by

reflectometer before and after the plasma exposure to determine the etch rate. Table 1

20 lists the resulis as a function of the FTM/C,F; ratio.

[0044] Table 1 shows a trend that as the FTM/C,F; ratio increases, both SiO; and
photoresist etch rate increases so that the etch selectivity SiO./photoresist decreases.
This trend is consistent with the general trend of increasing oxidizer/C.Fg ratic in

fluorocarbon plasma etch.

25 Table 1. FTM/C,Fe/Ar Unpatterned Waler Eich Results on GEC Reactor

FTM/C.Fq SiO; etch rate Photoresist etch SiOs/photoresist
molar ratio {nm/min) rate etch selectivity
(nm/min)

2.00 101.2 22.3 4.50

2.25 118.2 28.2 4.20

2.50 129.8 32.4 4.00

2.80 136.3 41.5 3.30

3.10 143.9 48.2 3.00
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but adi ene.
fl uorocarbon is at
wherein the fluorocarbon is at
m xture of claimb5 wherein the oxyhydrofl uorocarbon is at

-18

06437USA 8. The m xture of claim5 wherein the
| east one hydrof !l uorocarbon.
| east one 5 oxyhydrof | uorocarbon.

10.
| east one

selected fromthe group consisting of perfluorocycl opent ene oxi de)

9. The m xture 8?4%.4 ?%9

The

Egéii %jgorcltg&%%lgﬁel aor (!?/?Fg@%%ﬁﬁe |onequ:g%m€gj?bg%?( ﬁdr%ﬁ‘r”gl ((agiFSO) g
I F60
hexat | uor ggs Y1 A0 c0h ARt Flive Mol HRLORIANL X e%erlﬁ{eﬁ?srwér%g ). an

fl uorine- cmndmteai ngngxouNentonal @gécaﬁypfuﬁmlatny bt ¢heh@ECTgatioe Excaptithat O; is

C, HYFZ( OF) Sg)g1 \gﬁ}lﬁg

rangi ng frém 6

R X

and

mis 05 1 Exempﬂa 1 1ZabEl2dista mEmeaJltefas@Ifanmoh offter@iFpratioe fl uori ne-containi ng

oxi di zer

is a fluoroperoxide selected fromthe group consisting of

di fl uoro- Q@MB]i deis eﬁlldaorfmrﬁ@ompiafimgjtbiemdwbxamplexb éeamplest that FTMAEC.6get hyl

peroxide
bis-penta

r oet

B‘#S

per oxydi cambemaher\méd ;denwaoﬂmdomtel‘ ifréssuranethhfjdw e, eandd®,Fs concentration.

bi s-fl uor

claim1 é’lrgf‘

er.oxil

245

FimoR

sel ectted fshowed hro@rsoepPhighasSist iefh rafe, Bhs aboutf4096 highet Siy.Athbtosedistestch

fluorotrifl
conbi nat i AEC

i

r eof .

nmet hyl -tri oxi de,

fl uoroforrryl

trifluoronethyl-trioxide,
14. The m xture of claim1 wherein a ratio by vol ume

AT HienBE SISO e BB e s Siipngtoresisteted sslastiy
i e E T Ale SrihaD8 BRlnic” Prieamafelisiy’ ©

and

of the fluorine-containing 30 oxidizer to the fluorocarbon is fromO0.1:1 to
n_the mxture
e%’rpﬁgn\,&&eé.ﬁﬁﬂcwl;. rll -lnr

20: 1. -19
conprises
m xture o
of the flu
mat eri al

silicon-c

643

ﬁh}ﬁé ddn Tnaftemﬁdt\}daf% EI

The

CaF
S e

s—at—|east—one

lafzél ni nn r‘nm’]n

MR)xt ure of

Qﬁ@-pnnc, silicaon

o 2l‘?écr}ﬁa§? ure C(fj

i

‘?@%‘ét Fflom 1| ©

wher ei n

CP&i

S|t'

FF’F@%E’& I:Vtrl

ng-of siliec

ol une
c

mhr‘ﬂanQ
I o

oot

Xi de (Ql ﬂ?\

293

Sgdnned sili

gl ass (US@E
mat eri al s

o) - 50dnnpd si | | C

9%Pass  silican

He nit rnnpn 103ronn'r ai.ni ng

18|5aan05| licat

rJamhof | uor o-si |

N,
con

Edt e gl ass (

9%bass (OSQ) FSG) ,
| ow dielectric constant materials, polynmeric materials,

dielectric constant naterials, and conbi nati ons thereof )
Comparative Example 3: Unpatterned Wafer Etching Using FTM/Ar Mixture without C,Fs

porous | ow

[0047] To delineate the role of each gas component in Example 1, and 1o reveal the
synergistic effects of FTM/C4Fs mixture, a series of experiments were conducted using
only FTM diluted by argon on the GEC reactor. The same set of FTM flows were used
as that in the Example 1 except that C4Fs was not fed into the reactor. All other

20  processing conditions were the same as in Example 1. The resuits are shown in Tabie

3.

[0048] It is clearly evident that without C.Fg, diluted FTM showed much higher etch rate
for photoresist than that of SiO,, resulting the etch selectivity of SiO./photoresist of only
about 0.5.
of FTM with C;Fg. Such high etch rate of photoresist will result in complete loss of the

In fact, the etch rate of FTM without C,F¢ is almost ten times of the elch rate

25
mask resist layer before the completion of etching the underlying dielectric layer, hence
loss of critical dimension for anisotropic features. Comparing to example 1, this
demonstrates that, without fluorocarbons such as C.Fe, FTM by itself or diluted with an

inert gas does not yieid acceptable selective anisotropic etch performance.

-13 -



18. A mxture for etching a dielectric material in a |ayered supg%{
conprising: a fluorocarbon and a hypofluorite. 19. A mxture fo

dielectric material in a | ayered substrate conprising: a fluorocarbon and a
fl uoroperoxide. 20 20. A mxture for etching a dielectric material in a

| ayered substrate conprising: a fluorocarbon and a fluorotrioxide. 21. A
nmet hod for the renoval of a portion of a dielectric material froma | ayered
substrate, the nethod conprising 25 placing the Iayered substrate within a

o o SR e BT S et e e 0

an oxi di z ||u

f1 uor oper bii Haovarate || &F Jowirai deiOa RN B oi ngﬁia@ﬁ%%'#ﬁé? ‘ioreﬁ déner
to thepga (SﬁFWure t((?I Fth act | \XE”@B Beies: afl®. 20 U64~3ﬂ9§§%% ff’ ctilng gy
the | ayer & with the lactive-speeci-ed APk th\’Q Cam

| east par £ “r't \Zﬁf h.and "%Al—&—t—h—@ n'\éﬁénn of the i
material . | B435. The fdfPed of d13Pm 21 wher 282t he gas—ni P46
pressure 1260t 0 1d @80 niorr 9386 The et hod 96 cl aim 2
wherei n t hé9BPow rat ¢ 169.20he gdsI4%i xture rand8® from 10 1840 000 standard
cubic centinmeters per mnute (sccm. 10 24. The nethod of claim 21 wherein
the gas m xture is provided through at |east one nethod selected fromthe
group con€ixempiegt: dlatieoredaiaies Faghing/Vsing &7 M/C daths Nislurs/er thesgsEdiaactafacuum
delivery systens, solid-based generators, |iquid-based generators, point of
use geher 00493, Ansri of elehiexaelierts ibmaitmedvaiers sphk agdiad dapisteddn Kigwe 1
}"’pg;}e't Eet 33%93%%{38%%%%‘5%& (?Ebh‘@aa 'Cﬁ(deds?ﬂz?@&%nﬁe?eﬁ ick %ﬂg,{or g{)@ w%f?' fgsgd

hi gh ener g*gep@snedtqnmwa ueﬂ:@t&rz&eﬂws&bmnw@eumc@gsmaIenhame@illerﬁmlcragh@porvu sible
|ight, inf oy BIYe UherdBlesgnar@y, RF
di schar ge, % har Tg{e%%ﬁﬁ?gscgggaé{e%gﬂronapm?%gr 8’2" sgrsl’l C energy,

ul t r asoni eusesugptly mi@amwh erser ofyviasawith varies narmelars frame PEEfto 0. A net hod
for etghi S fl

subst 151 o BBl EEn Iné pBAl ifer RIS E6e/Bhe H A AR TARIEE | oo
of a 25 misgannirg elodprn mtm@c@pﬂWbcar bon sel ected fromthe group

consi sting of a perfluorocarbon, a hydrofluorocarbon, an oxyfluorocarbon, a
oxyhydr of [@50Pc &m bdditiorated DdithaF natip obid s e ¥ofas alselvaried. udirthaethednt ai ni ng
oxi di zer I i f

o 0 zer BB LA AIAUEAEBE T8 £l AR BBk e et s
active spmﬁeesnuobf thheeantort brokeatntd ea@tlerpamasaﬂrldwnab/aed bwiSEM. ahlte Béhrove t he

e R AR BB g g v rose

etch rates were determined from changes in the photoresist layer thickness from the

eches at

Few
[¢p) 'CJ

™ 0D

© T
O o

SEM image. Table 4 lists the results from 0.35 micrometer via measurements.

[0051] Referring to Table 4, it is apparent that the patterned wafer etch showed the
same satisfactory resuits as the unpatterned wafer etch. This demonstrates the viability

20 of the FTM/C,Fs chemisiry for selective anisotropic etch of dielectric materials. Figures 3
and 4 show the SEM images of 0.35 and 0.50 micrometer vias, respectively, from Run
#3in Table 4.

[0052] It can be seen from Figures 3 and 4 that the FTM/C,Fs chemistry not only
preserves the bulk thickness of the photoresist, but also preserves the critical

25 dimensions of the mask patterns. In addition, good performance from small features
such as 0.35 micron vias, to larger features such as 0.50 micron vias, and to open space
unpatterned wafers show that there is no size dependence or microloading effect in

FTM/C,Fs plasma etch. Examination of across wafer uniformity also shows good results,
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SiOy/photoresist etch selectivity. Additionally, Figures 5 and 6 showed slight loss of the

%

critical dimensions in the mask pattem.

20 Table 5. O/C4F¢/Ar Patterned Wafer Etch Results on GEC Reactor

C.iFs FTM/C.F: SiO, etch rate Photoresist efch rate SiOg/photoresi
mole% | molar ratio (nm/min} (nm/min) st

etch selectivity
10 1.50 88 26 3.38

Example 6. Unpatterned Wafer Etch Using FTM/C,Fg/Ar Mixture on Applied Materials
P-5000 Mark |l Reactor.

[0056] The following exampie used a FTM/C,Fg/Ar mixture to conduct etching within an
25  Applied Materials P-5000 Mark 1l reacior. 200 mm wafers coated with SiO, or 193 nm
photoresist materials are used in the evaluation. About 1 micrometer thick SiO; fiim was

deposited by plasma enhanced chemical vapor deposition of tetraethylorthosilicate
-15 -
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Comparative Example 7. Unpatterned Wafer Using FTM/Ar Mixture on Applied
Materials Mark {i Reactor

15  [0058] Similar to comparative example 3 performed on the GEC reactor, comparative
experiments using FTM without C,F; were conducted on the commercial Applied

Materials P-5000 Mark Il reactor. The recipe and results are listed in Table 7.

[0059] Again, the synergistic effect between FTM and C.F; is confirmed. Without C.Fs,
the FTM/Ar mixture showed nearly 50% reduction in SiO; etch rate, yet five times

20  increase in photoresist etch rate, resulting in a ten times decrease in SiOz/photoresist
etch selectivity. Thus, without C,Fs, FTM cannot be used as a viable gas for selective

anisotropic etch of dielectric materials.

[0060] It is believed that hypofiuorites, fluoro-peroxides, and/or fluoro-trioxides alone
cannot form a fluorocarbon polymer film to protect the photoresist or mask materials.

25  Rather, hypofluorites, fiuoro-peroxides, and/or fluoro-trioxides alone result in non-
selective etch of both the photoresist and the dielectric materials, as shown in
comparative examples 3 and 7. Thus, it is believed that the synergistic effects of
hypofiuorites, fluoro-peroxides, and/or fluoro-trioxides interacting with fluorocarbons can
produce the benefits of higher etch rate of dielectric materials while maintaining a higher

30 etch selectivity of the dielectric material over the photoresist material.
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Ar, 35 mTorr chamber pressure, 50 Gauss magnetic field, 1000 W RF power, and 8 Torr

10  He backside cooling pressure. Figure 7 provides an SEM image of a cross section of the

etched wafer. As shown in Figure 7, the etch profile is improved from the etch profiles in

Figures 3 through 6. This may be due to the reactor used.

[0062] While the invention has been described in detail and with reference to specific
examples thereof, it will be apparent to one skilled in the art that various changes and
15  modifications can be made therein without departing from the spirit and scope thereof.
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3. The mixture of claim 2 wherein the inert diluent gas is at least one
selected from the group consisting of argon, neon, xenon, helium, nitrogen, krypton, and

combinations thereof.

15 4, The mixture of claim 2 wherein the mixture comprises from 0.1 to 99 % by

volume of the inert diluent gas.

5. The mixture of claim 1 wherein the fluorocarbon is at least one selected
from the group consisting of perflucrocarbon, hydroflucrocarbon, oxyhydrofluorocarbon,

20  oxyfluorocarbon, and combinations thereof.

6. The mixiure of claim 5 wherein the fluorocarbon is at least one
perfluorocarbon selected from the group consisting of tetrafluoromethane,
trifluoromethane, octafiucrocyclobutane, octafluorocyclopentene, hexafluoro-1,3-

25 butadiene, and combinations thereof.

7. The mixture of claim 6 wherein the perfluorocarbon is hexafluoro-1,3-

butadiene.
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25 13. The mixture of claim 1 wherein the fluorine-containing oxidizer is a

fluorotrioxide selected from the group consisting of bis-trifluoromethyl-trioxide, fluoro-

triftuoromethyl-trioxide, fluoroformyl trifluoromethyl-trioxide, and combinations thereof.

14. The mixture of claim 1 wherein a ratio by volume of the fluorine-containing

30 oxidizer to the fluorocarbon is from 0.1:1 to 20:1.
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19. A mixture for etching a dielectric material in a layered substrate

comprising: a fluorocarbon and a fluocroperoxide.

20 20. A mixture for etching a dielectric material in a layered substrate

comprising: a fluorocarbon and a fluorotrioxide.

21. A method for the removal of a portion of a dielectric material from a

layered substrate, the method comprising:
25 placing the layered substrate within a reaction chamber;

providing a gas mixture comprising a fluorocarbon gas and an oxidizer
gas selected from the group consisting of a hypofluorite, a fluoroperoxide, a

fluorotrioxide, and combinations thereof;

applying energy to the gas mixture to form active species; and
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23.  The method of claim 21 wherein the flow rate of the gas mixture ranges

from 10 to 50,000 standard cubic centimeters per minute (sccm).

10
24. The method of claim 21 wherein the gas mixture is provided through at
least one method selected from the group consisting of conventional cylinders, safe
delivery systems, vacuum delivery systems, solid-based generators, liguid-based
generators, point of use generators, and combinations thereof.
15

25. The method of claim 21 wherein the energy source in the applying step is
at least one selected from the group consisting of a-particles, B-particles, y-rays, x-rays.
high energy electron, electron beam sources, ultraviolet light, visible light, infrared light,
microwave, radio-frequency wave, thermal energy, RF discharge, DC discharge, arc

20 discharge, corona discharge, sonic energy, ultrasonic energy, megasonic energy, and

combinations thereof.

26. A method for etching at least a portion of a dielectric material from a
layered substrate comprising: contacting the layered substrate with active species of a
25  mixture comprising a fluorocarbon selected from the group consisting of a
perfluorocarbon, a hydrofluorocarbon, an oxyfiuorocarbon, a oxyhydrofluorocarbon, and
combinations thereof, and a fluorine-containing oxidizer selected from the group
consisting of a hypofluorite, a fluoroperoxide, a fluorotrioxide, and combinations thereof
wherein the active species of the mixture at least partially react with and remove the at

30 least a portion of the dielectric material.
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