; e3ed: 6&6\ TzZR06438USA TI TLE OF THE | NVENTI ON:  UNSATURATED OXYCENgskERUSA
FLUOROCARBONS FOR SELECTI VE ANl OSTROPI C ETCH APPLI CATI ONS BACKGROUND OF THE
| NVENTI ON [ 0001]. Dielectric materials are principally used for form ng
electrically insulating Payers within, for exanple, an electronic device or
integrated circuits (1C. Selective anisotropic etching of dielectric
materials is the process step extensively used to produce features in 5 the
manuf acturing of integrated circuits (1C), mcroel ectronechanical systens
(MEMS), optoel ectronic devices, and m cro-optoefectroni c-nmechani cal systens
(MOEMS). [0002] Device features on a wafer are typically defined by
patterned masks. These patterned masks are generally conposed of an organic
phot oresi st material; however "hard" mask nmaterials) such as silicon
nitride Si3N,, or other material that may be etched 10 at a slower rate
than the dielectric material, neHyLRIGOTHE INSENTEN:t he mask materi al .

Sel ective anisotropic etching allows for the formati on of features such as
contact and Vi aUﬁ{ﬂpﬁé@MTE@MY@@NAFEDMO%O{SARB@&S BOR & e yi ng
dielectric material while eANEHITROPIC predeARRUIQATIONDat t er ned mask. The
dielectric materials to be selectively renoved fromunder the mask openi ngs
include; silicon in its various fornms such as crystalline silicon, 15

pol ysilicon, amorphous sili BAGKGRAUEPI ORTHE INMENTOON; conpositions
containing silicon such as silicon dioxide (Si Oz); undoped silicate gl ass
(USG) ; &l&ﬂ’ﬁn INiglactac giaissals atdqprag:lplmdy osadjimpﬂﬂmmgl dleatiealiglimuting¥ers

phosphoro o | ass osilicate gl ass
(BPSQ) ; SHEORE S nple ?Fa%é%’”é’a'ﬁt% Pﬁ& BB S G Sae VT BBRORPRFi de
(Si 3\4), sfichingad dmeedmmn"taner@s i6 SheChiocasudsts lekt@nﬂv@wmd fo stedice Rburesipd 20

mat erigal s; lectric c ant .g., havin dlelectrlc
constasﬁt OP qﬁé@g%ru gj'”g %teggrr?qiﬁgfcg n@'cﬂé)'g%‘gméﬂqcﬁ@%‘f:g | syplegns (MESdp).

or ganosi | taelecbras se (IGRG)andaniganaftbstettaortd-hiceRdrical bpgsmé GiSBMs)pol yneri ¢
materi al s such as sil sesqui oxanes (HSO HSi 0,,5) and net hyl sil sesqui oxanes

(MSO, " RSi[0008] wheviee Redtsres ared Wyler @retypitallyadudi n@@bﬂ@&ﬁé@ﬂé’d %ﬁ}k@CE’héQ—:‘
e key manufacturin

const ant 0s43 000 Sone of g
require ewf;éoofhégll(se é"eéﬂbj' F{D(S’B?@L‘;ﬁré?r@@f”tclpi’ tiegteiRl RRYEEVER| gh
etch rat ehalfd Uﬂr@kunalterzhiw sug:mhs&dufemhrmtﬂdérstgﬂr ictloftier ARItOrA thdt pveyl RSStcRéq t he

patt ne ectivity of the dielectric maferial over
ﬁgs k%r%a%?%é’rﬂfj%'ll ra?en%aﬁ gﬁe Hieﬁ%ﬁﬁ@at@t”?lt MExiaise %W&%Lﬁﬁﬁsﬁé’“ﬁﬁﬁ ler ned
mask msuSﬁla}twermlsmespmmiciﬁn@hbdwwwfhd formatiod. of heglreg RLSIOES @Macﬂ@idﬁh@i ni ng

uniforrri t he fer vari ation, over feature sizes and

densi ty, trl%.le%%yo'%?now 8%%&5\1%0"@?? gldhe ““ﬂ?rfj’lll"gs‘@iﬂ@ﬁtf’f’Wact?‘%\‘ﬁ’é’l"e GRERMIEYY ng
etch st opremlng dhue ﬁamn&ﬁ G;asS.l Nhe atelectid m@@nagtt@ be sélé‘étnﬁé}yd@ﬁ%ded from

assi vat i ns_that can renove ost -etch ‘ashing, strippin
gndl or r.ﬁg?'rn{&‘ @Slﬁ?%e”f”bqse‘a ’@éﬁ."}'&%ﬁéﬁws?ﬁgﬁ.%@hﬁa ChiSEH ”@?%[FFO” PPEng

sel et§i vipbiysiiiton, hendipab@@én‘:d:dh ﬁﬂt! ebitBlif sive; doh@oéi@oﬁ@&mtﬁ‘ﬁh@rshl%bn aneh

rralntalnln the ¢ nsions of the atterned mask may be the nost
i npor t anf*® %glf: Fﬁéoxffi?s@a(bﬂ ’q‘g%ﬁ 'CB@rql %th‘i'lﬁ”@ﬁ?ﬂ@'éssc %P‘iﬁlﬁ%l n.
[ 0004] Abotdne%dp@dWIwgeé§ma§¥B$®}<@ho ¥ usFHBE}Tel @{sm?mét iég%th(@telef}l ?nhdare v at
i ncreasi ei ng.adopt e ul traviol e phot ol'i t hography a
sub- 200 ﬁaﬁ%ﬁoaphogsi'%f Igss (é{v%‘g)eﬁ EPsANRFOPHH EFHBBINGMFHATRE BEFB 2% e
general | Slllbmﬁltﬁtﬁﬁ@§3ﬂ\ﬁpt5i|k@ﬂ Rk AoRRri®s g@ﬂgaﬂeﬁsxﬁéb%rbx%%e @RHRY: &hgon

ic

photﬁd:iey ) ri,als. Further, the t kness of photoresist is
typical | Prfﬁs aY‘%w:'H%aiﬂeé%réﬂwomﬁ%eeh@vm@ﬁdﬂ@'?fst%ﬁ@ﬁtmtoéﬁée@ less
than 200/e88) sthecalmripk ddped aeaerfidyl FﬁG?for%s lic 9{9 (gﬁ% Jr esi st

own,

materials. Because of the limts set by dieléctric t he

t hi cknesergéfmi'%%ﬁ*f@ﬁ?c@?%(@%?g/é} DQW@e@éMwQWSWG&%BQW@@Eé\ﬁ\HS% to 1
Nm Howemer | es
penetrati ngG1t ?}Eﬁ%:ﬁﬂﬁ@ﬂéﬁé@é&éﬁesﬁ (958, ]Qé'g oa\/fh%% ﬁﬂﬁé%&hgr&?%%% trt'bot he

hol es et RHEHS v Hieiectwwséarémat¢r@ Fmaterl al need to be highly anisotropic
and have high aspect ratios (HAR), defined as the ratio of the depth to the
m nimum w dth of a hole. Hi gh aspect ratio (HAR) etching of dielectric
materials may require vial/trench depth of over several mcroneters or an
order of magnitude higher than the thigkness of 25 the DUV. The further

evol ution of photolithography technology to | ower wavel engths, i.e., 157 nm
and EUV photolithography, nmay lead to the need for even higher etch
selectivity between the underlying dielectric materials and the photoresi st
mat erials. (0005] Fluorocarbon plasnas are comonly used for selective

ani sotropic etching of silicon-containing dielectric materials such as

Si 02. The fl uor ocar bons used for sel ectl ve 30 an| sotropi c etching include:

~Nr~ o~ f 1 1 1 - ~1 I~ " L, NN TN



2 06438USA materials in the presence of, for exanple, energeti gkglg A
bonmbardnent. Further, the fluorocarbon species may forma fluor $E4PEYR
pol ymer that protects the photoresist and the sidewalls of the etch
features which is referred to herein as the polynerization reaction. 5
[ 0006] For selective anisotropic etching applications, the substrate

typically F‘dymoftl B3 fNG 104 k%?(n%nﬁifa uﬂﬁ%Féq‘ﬁ:r}a% %zo Selk 8&\?&@‘1’?"5%@:{% IE%Sﬁ’r ned

phot oresi s ating to pro re'suc
W t hi n t heelghigdesivdes highteich sdte omupemdemgngmerfeanrcmesermlm reasor lowaddsoot,

substrate S I I 0] arb n

initiate dflﬁgtl nCHe)é %éﬁe%éﬁ@ﬁsqt%f%e%ﬁ& & t& gﬁ‘{a edpe FE\%@["%O g, m%sg%,/

exanpl e, tWhatetdl; frrhajmﬁmwﬂbermnpccﬁlylmmnsmy of memmemedtwl weirkayiey degieedst
sputtergin nd/.or . ot her activ eci es lnthe pl asma
20"t he phor S BB O, el eioBiS, Bt PR i S ByBa e thi b ne
di el ect ri cvariatien bedr faatlrdsiges mﬂaﬁemsztyoms normlicl‘wjdﬁi@]gmﬂtst h@h@é@@ﬁﬁ@ tm]er ]
dielectrl C|I|t tion of volati ecl s iC
Lo ofor r RGBT on B Sudi $EasiY e Shelh Sl 500 pbeugL BRSSP,
fromthe e‘tlmb tﬁaﬁ craedmetaaemy mvbe in petidtoh éﬁﬂ‘i@;\/ﬁdﬁpi){h@ﬁh@fﬂﬁnﬁﬁﬁgﬂ OFf thel a
vacuum pu the etch reg ‘?rz does not t ‘%6(:&' |y

occur on t %er\?/gll”ferg?n P ﬁ',:g%vwewl’hgtcg Pelerity rEbedisiedric matasialssoves theon

bo rrbarldrremnasmpamguammmmamtzt:dﬂﬁg e driticall dimendieest thel Patfeidl Bask MRy be the
fl uorocar rotective org}gasm vation |layer on the

unexposed%g?sé 8%’5-1?;3 y%ﬁ%&f?%ﬁ\{ gﬁ'@‘?ggg qeggfr{xﬁrg:esrp RENEns R @as t he etch
reaction i{’) %{] 5/30 fII orocarborﬁ rrer th t he exposed dielectric forns
volatile P& g t%?omw\ﬁ Hg T HEWES Oé%fﬁﬁ'ﬁfcmﬂtsf@ﬁ.aaﬁf increggieglvdieinthe

dielectri ‘Eldﬁpfeﬁa‘ﬁledeém@tr@ﬂdlet)ﬂmﬂ%hoﬂfl|tﬂoﬁﬁagjhz|aY§Eﬁf2@@ﬁmoﬂa J S hinon, or the
urce for e reactive fluorine in the

fl uorocar bon Wr g E‘VGS as

etch react“fad’ﬁ LY Prateresist malerialzars aengsalls logs resiteado 818 SmaaRtching

f1 uor oBar lieam @%fy‘gﬁbrm&@‘b@l@t PBtetifg. FYRRSe thethiekREk bk hetii{/ace t her eby
i npedi ng process. [0007] To protect the exposed photoresi st

g {?Ee etcE/ %
surface, PLOIRSSITdS oLRIR BN aigw eregF»Pf DHIRER BN DINSOME I0HIARCeSSers ghl y

pol yner i zitg 20D @ACBedREE of iR d‘b@bfﬂﬁwm Eﬂjv héﬁi‘ b?'tt@ée?%@ﬁ?;ﬁggffg%é%gﬁ% ot

However, ielectric surf

conpete wP fﬁ‘etqmt%%@%@ﬁ'%@q %'ﬁawawaﬁ th'%’ﬂ@S% Al the dislrsiréclay@iaies i | m can 30
accunul at geaadily het r@tjgdszadozﬁé?@@@% BBy urh! PRweler, BRt hifien ?éh?ur%%rﬂ%%tdf@ige
reac'éé(ﬁ)ns oft etziﬁﬁfr g pol yneri zatjon, nol ecul ar oxygen (QZ) is routinely
added“f o CREAEI 3B QPiﬁarﬁ’eB? ing| the Higlecicdavar mpayrbe Rel@ Otinem difel EsHit.c
materi al  trRyhdies eﬂaﬁé@aﬁtﬁm thé d@récmtmaféha[b@earﬂé}se h%hwea%ﬂsottr'a&c%@ﬂ?atvbng
reactions c%n be ac Unf ortunate can attack the organic

phot or esi BN AsPEFG at '%5 E%kﬂ%f'neﬁasé%m@ que dandh bytbsimipimaewidtiagka Thi s
may 3 ORiB8WHsh Bsatk FatioHARS tﬂﬂﬂ@%ffd?é?é&ncdﬁﬁfeﬁaﬁ%%éif reaai?@wgﬁ.le%h' vity of

the diele trl_‘c material over the photoresist material” within the substrate.

[0008] OvBFPIIRE OYRIYErY AUCTBMEISES PRen PIdghPUBasIHbAE figbestheg the tickoess ef

?m éﬂa% opine mluel %brfur%e@té%muﬂ&l B aNtgYashyfte Mo g foWep waleichgtnand  CHF3,
o] r ec n
? 5% nr¥| and EUV photolithography, may lead to the need for even higher etch

selectivity between the underlying dielectric materials and the photoresist materials.

[0005] Fluorocarbon plasmas are commonly used for selective anisotropic etching of
siticon-containing dielectric materials such as SiO,. The fluorocarbons used for selective
30  anisotropic etching include: CF, (tetrafluoromethane), CHF; (triflucromethane), C4F;
(octafluorocyclobutane), CsFs (octafiuorocyclopentene), and C4Fg (hexafluoro-1,3-
butadiene). These fluorocarbons dissociate in plasma to form reactive fluorocarbon
species, such as, for example CF, CF,, C,F; etc. The fluorocarbon species may provide

the reactive source of fluorine to etch the underlying silicon-containing diefectric

2



5 CSFB, and nore recently to CAFo. Until now, nolecular oxygen (g43sihés
been used as the oxidizer to fine-tune fluorocarbon plasmas to achieve the
optim zed bal ance between high etch rate of dielectric materials and high
etch selectivity of dielectric over photoresist materials. However, the IC
industry is approaching the limt of the Q2lfluorocarbon chem stry for the

nost  demangizRGiafkah @& | bl‘[égeﬁ&i ﬁoﬁ? eRkfp EPER AL &I 661 Bbrﬁb%ﬁ@n?gF%he‘#eﬁQ 10

m cron feature sizes. é)l’l or art provi des sone al ternatl ves to
t r adi t i onalygfocaseen spefipsovay fmsa Tusrosasberoralyreercthiinyotests tbe Phpiesssisignd

applicati I Y/ ent
Appl i cati 8{&%\]%!:%(%%} i‘%ﬁséoeg%% gltLSP% @@tgh% 'faé?%yseg’ tg f:e;@? %@Eﬁ&igﬁ wherein X

is an inte§@fti om0 to 4 for etching insulating materials. International
Paternt_ 15 Ag&el cation WD 021086192 Al discl oses the use of '

per f | uér oki@PBRk sFeTRplediye anisetrapie aichipa a@pmlpnaéh@sm@te typigaiororéieani ng,
etching, agpfd Mbr%gdlgﬁét %%?Iéps' éo%ek{al%fﬁ ?héﬁrﬂ@é I\{cﬂ&'e ﬁ aqméqgﬁf'dWeaa need

inthe art for an etc stry that ca pI‘OVI rate of
di el ect ri cearpich a8 aromgchdrtvia lemwgheﬁh@dlelecwlreaienah Depefididg endaatenisc

material s Qugr phokig E%b@#rat’é%@%stﬁoloﬁqg}gg fél ﬁﬂgﬁogﬁﬁﬁgﬁgm ein are

i ncorporate here| n erence | elr en |es CF THE
| NVENTI ON ifibate1distinigtly f:blffesaelmplasmeaurrfﬁmdmu:wrea@mmeFon gxamptle,dh¢, of the

needs o e alpdodiOu HRDfR JbHIAE. DY AIRE ORI E LRIBXPEBH | east

aportlono ric rom a ayere
Speci fi calibng andiorortberaspetdte specieh e etsnta at*nlvephmtomsst hafacel Bypraotrasied a

conpr1 si nae BEehE8e (b el “Bhiy e R ek B i & By b b Bei
CXFYQZRq \Mn:enélnmeﬂ)qssd aheh@cdm@gffacatrmn faeilitatecthe ¢armiayibn gf valptilbapecies whichimber

f b nmb f
car bonat Sk pae e P s G pnsSagon S THE R ar 8E BB b s Y g o
nunber5of reaativo rmaatb@rrsadnarngmgecﬂ fromntfie temchor via \rmuamrpmﬁﬁd)r crtaelghema‘ r om 2 t o]

10; s I t han nunber ., ra rom

1o Y nunp SRS ind B ki K58 nafhybiRal BETP R, e v st RO By &

atons 4 t&m&&ﬁﬁce theteersnotib@boRpammant d:aﬁngldi@UpMa-ﬂ %rﬂcﬂl summeber rangi ng

from3to rzi | andﬁ@)isio t he m xture Eh er |san Oﬁidizer

wherein t h er%(?rieoﬁﬁé U GRRCNIOYRY B3y BiCYSP at%"’ ¥l V%Ws‘ﬁsﬁ AHKYYelSt ed

f 1 uor ocar boaxpmedeteléctomriaiciatl such 4k féatu(d8id@}allsrwisneaibe Mpmt‘:n@f oftthe f
ent.i ere i ortion o

id i, xt for.5 Vi

B G oPBot PG alninheict vifh B Bredred Bufird BEs Y Rn hETEn it Pid
oxygenat ethd Hieecoicandtenalhdhiusgatahe ditieotriofsuffbcen therendxb@idsct of tiear bon at ons
I than 2 t | east d ted f
L onss LT s TRAN L Aol LE R BI-RRANA SEL SR SSL R NG BB,
ac;r/ﬂlj fl ;Jofludm:ehmdhaemh rédaru@hl presideatiaohiehs bealddehaétd?gemp%d)ia thes no atnﬂ

i nati gns r eof east _one c u is.a one e
i xtur o t OPTRERERR AoMss Soimaies hdbe BRRER TRRATS STR5SETroBY CRRESHHS | he
oxi di 2&r tree étbeingps@degsat ed oxygenated fluorocarbon ranges fromO0:1 to

1.0:1. [DO13] In yet another aspect of the present invention, there is
provi ded go00] haa frotect the exposrdaphotdresisiparfacart by Be desiabid (o faverd er i al

froma | ayered ubs rate, c roviding a _ga xture rising an
insat ur at L RyBER B PaoR Sty Rt CrdodadE Sl it B Ry wher of
R i s a hy@lnagesrbah @Eﬂyrr@rhmmcar byﬂwe@s(mq@dItMeaﬁgc aurfavabit theodtch azdmbion at ons
ranging from1l to 5 a.h ou hav unber, of_ carbon atons
rangi ng fF%’Iﬂo%CP'BP%*Ze W @‘e ?m%ﬁ?%%‘a I*I?&B'“HQI?I%&WHII%@P of carbon
at ?rbrrsao ?nltd‘l@r;]lfiét@rﬁnll th@elh promsmarytmmrw aptgmng the competing ré@ctvoyis iof a "
nunber | ess_than er _ran nunmber
Fangi ng 1 EGANS g povterireliferelie tarewaa L i rtheedied e draiaBel  Macs
thﬁg 2, lpé&w;%@hh at2 ITetie &¥BR Rat¥ olfﬂweaj&éwﬂb@moa’[éimgmg bbnmé?efetdof f;rﬁ)opmals a
nunber | ess than 2x-q and g is e ture furthe ri ses an
oxi i vor *RAIER PEINRE’ 1o FT RGN SFARIETDF T e e VS AN TEa s s S P B
oxygenat eghefl drggHio pActoRIst ARgasaId e ideréssing Bie bhofp@disticich ener Jis hoayt he
gas mxture to formactive species; and contacting the | ayered substrate

with the active species to renove t he 23 portion of the dielectric
materi al .



[0014] In another aspect of the present invention, there is provided a
method for A method for etching at |east a portion of a diel ectrp%m%‘i\l al
froma |layered substrate conprising: providing a m xture conprising an
unsat ur at ed oxygenated fluorocarbon having the formul a CxF,, OZRg wherein R
is a hydrogen atom a hydrocar byI group having 30 a nunber of carbon atons

ranging fr 5 rb Vi n nupber of carbon atons
rangi ng frggﬂ% I ngh%yn‘g?s’rét’%a‘fi F%’a?gf: E??%ﬁ?% ﬁ?ﬁﬂfﬁ%ﬂac A& O¥F" 184r bon
at ons r angiphgtdre©ish rhatetiaSyitiin the sabsder ranging from2 to 10; y is a
nunber |l ess than 2x-q; z is a nunber ranging from1l1l to 2; and q is a nunber

rangi ng frdeeaB]t disr tmhgzéz&s,rthé pref@etBRIdpdedrieh &ds@slf@téelbctlﬁe b@isstrdgi@n 2, and
wherein the rlatl 0 @4 8??. %(}Ee oxi di zer to the unsaturated oxygenated
f1 uor ocar bSIF FANGEENESAVE: ei"'f’ o 3MixXGHE ot Ght &4 PR 1A ETayese8dY Kibst r at e

with the mOéFéJBﬁdtr@oratred:eﬁﬂl?Tto g@ntluﬂnl r&’oWQﬁ@ibcM&r{d’k ya&dl(© S WRY 88eh NSedbs trRAST
a portion t electric rra?)jg . 5 10015] Ina further aspect of the

he. dj
present i n\%ﬁfzregﬁj '!'Q%téﬂnﬁ flugrosax ”@Sﬁ%?ﬁréiﬂvq b opimired patance S8R havi ng

t he formul an%deaté\/OEﬂléle@trPé maeﬁa@w@ﬁrghre@d}gséng;ntnﬁpénd?efé&néeverwo‘%oras;st
nunber Iesggéhan Zég‘fc\]’e\(ﬁf{ z_i.s 1 and wherein the rati o of at ons C
e

atons is | thﬁé@r‘ﬁfﬂ‘s%f?p?ﬁpé‘i’qf@‘”gd%vmﬂ|°ﬁ§‘ea0:r’féﬁlf@¢96h0’?n xt ure

conpri si Ngceémiceasdr tﬁ@%o%@ﬁé’rﬂﬁ'ﬁdnﬁ’é‘%l@ctﬂé%‘hﬁa@[r@ﬁlb R &ddcig e?éhirllgf
quoraﬁiefln co r|S|ng at | east one 10 doubl e bond and havi ng ornula

CaFp r eMErOB FRNY eSSy eact i on mixture to at |east partiall y react and
formthe epoxide; and | east portion of the efgjom de prior to

renpvin
the conpl et408AT of" “?H?éloaafaPwll%ﬁéeme[%requm@stéadamaww@ﬁ sprsertonsffor he

present i nvamiu@ichhd hndrsr apérﬁn%/@%%nsf r%&é}ﬁp&%é% edRSCdAPE | QR 15
BRI EF DESCRI PTI ON SEVERAL VI 17] Figufe 1 provides

an |||ustréﬁﬁa@ﬁS%Paéﬁﬂté@ﬁ%?ﬁéﬂ?@@&iﬂﬁﬁoaﬁfedléﬁwhﬁyﬁ@ obeyalin&:rdish@d of t he

present i nyB&kLICDis 4109
subst gt e. 20 [oofg\}p picter OB © £oPeRKIEF Pl HRAIpIAs Cldto XS Pt )

i mge bY aApRlcedem 51$21éﬂ digaloses tieatpeps pﬁ@Iuome@mmmdr 6f7t he

m xture ofc4 ] vide

El ectron hﬁg?@;?%ﬁi@%’g dﬁ@bﬁﬂgésg{béf[egﬂagt?@r“ﬁgdﬁdﬁogh%t%% SDéasg§ ?{%Ied usi ng
one enbodi FERtatiyest hereiemainse oged indhera seran atetvenenistny thabcaEmAVIdER

DESCRI PTI Ghyg &t eTHErétM%iechmgﬂls her'&Y é&@lwﬂf Svides8

m xture and a nethod conprising sane @ 9W'tﬁ %m)va east a portion
of a di el JBRIEfaISRYVeEPheipPrasistmagks.ayer ed substrate that uses an unsaturat ed
oxygenat ed fl uorocarbon. The unsaturated oxygenated fl uorocarbon can be
used wi’t h [BP19 Ak erierenpes eitfdli terein aes inaerPerite herin brirefanencedn éhaimentirlies.
nmet hod of the

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 for removing at least a portion of a dielectric material from a

25  layered substrate. Specifically, in one aspect of the present invention, there is provided
a mixture for etching a dielectric material in a layered substrate comprising: an
unsaturated oxygenated fluorocarbon having the formula C,F,0,R, wherein R is a
hydrogen atom, a hydrocarbyl group having a number of carbon atoms ranging from 1 to
5, a halocarbyl group having a number of carbon atoms ranging from 1to 5, or a

30 halohydrocarbyl group having a number of carbon atoms ranging from 1to 5; x is a
number ranging from 2 to 10; y is a number less than 2x-q, z is a number ranging from 1

to 2; and q is a number ranging from 0 to 1, and wherein the ratio of F atoms to C atoms



30 present invention may be used, for exanple, for selective anﬁéﬁﬂgk\c
etching of a dielectric material froma |ayered substrate. In c

preferred enbodi nents, the 6 06438USA m xture may be exposed to one or
nore energy sources sufficient to formactive species, which then react

wi th and renove the substance fromthe substrate. Also disclosed herein is
a net hod for nth SIZI n sat ur at ed QX enat I ogar 0022] In
t he presenlt ?%sy At oHrOVI 8”@\/’@3 ’l‘mﬁ feOm% aﬂbu%% f%?‘gtctlg%
oxygenat edthe rhixtuoe ﬁﬂﬁrebonmbasasr@ @mﬂzmmhmeie tma(r;age rtnyarblmme aftthackidiet tv t he

fl bon nol d | h b
achi ove. t nBAPeF R b ar e GO iRe %%rrtaee%éraégﬁftmfﬁzﬁo. Hi%nd etch rencti ons.
ith littl dded nol ecyl |t ndesi r abl

react on b@PfXéJBE PR Bhotal 4o eowdoRen vy e i wofesna o aca.

Furthers§ i temiraed penied of Baielddiee mst%rlef infai lgzhéryd gotssatate edreprisl®y & uor ocar bons
havi ng a rat fluorrlhag?d t ons arbon to herein as the

mre 1ot fo CinaluBleg v gbilen Bl airarbOnBRurs Bl et Sors e ps
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06438USA [0027] In addifion to the reactive agents descri bed here| i nert
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number of carbon atoms ranging from 1 to 5, preferably from 1 to 2, a halohydrocarbyl
group having a number of carbon atoms ranging from 1 to 5, preferably from 1 to 2, x is a

number ranging from 2 to 10, y is a number less than 2x-q, z is a number ranging from 1
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req es ca e used.
oG EepuB s Bl B fom 1 to 16
preferably

The f1 ow

rate of the mxture into the reaction 3® chanber ranges from 10 to 5D, 000

standard cubic centineters per

m nute (sccn),

sccm and nore preferably from25 to 1,000 sccm 12

preferably from20 to 10, 000



06438USA [ 0035] The invention will be illustrated in nore detail %Mﬁép

reference to the foll owi ng exanples, but it should be under st ood? Sthe

present invention is not deened to be limted thereto. 5 EXAVMPLES (0036]

The foll ow ng exanpl es were conducted in a commrercial production scale

Applied Materials P-5000 Mark 11 reactor simlar to the setup |Ilustrated

in Fig. 1. For each experinental run, a substrate 110 wg E I.oa]g ont,o the
YURY

react or chpekKlupZ@ceRpberys, @a@‘ie@rop@oz%aeaowee@nﬁ PEGIUPrRINg! %886 f¥'om a
top mounted, §@§gec{fge@pet& (Qmc‘ulaﬁe;Qra@l[]%gymﬁ,{&fbngow@@nWeaférBeﬁér MHz RF

power source enerate t lasma (not s ownr) The chuck has a helium
backsi de coaliideg wﬁﬂemopﬁawlwﬁu@@EF@H@pﬁkﬂP@@WUM'Htfugfﬂﬁ’\ﬁﬁt)a fare renmoved from

the reacti ﬁgetﬁﬁg%%g'roaaj&%té rlﬁﬂ_téggn@th%mb%cméw ahf0 by a turbo punmp (not

shown). Pu s an"axially symmetric pathway to punp out
the gasgs ammOmherhy|pentsﬁwom§tr@@nﬂ@tenEdamnleﬁéf Athe5NEIB@B7] The Applied

Mat | t | led RIE
Tode it REEHBPIETSH U e Sp S B e e Y e henc

i mprove et efethatybeptatiuerotyaootmtane, aTﬁﬂ|pent6§}l|w06f"mﬁﬁﬁé¥'§¥°'¢t§1 bieas Eé?rt’?ﬁﬁ’sas
magnet i cal | g?gg ﬁé‘ri dsarne %T% ﬁuér%s%c(ﬁjb%rtnﬁmg%y! f@ﬂﬁﬂlﬁ?%éf%ywﬂk)ﬁﬁe al s

Mark 11 ref ring mechani cal chuck and helium back5| de
cool i ng at t&rambroshoa:mprﬂoom|tmfg:omehﬂwfc@r tiflupmresey! iR{rEHOPRERTON s

wat er d at 20 To f Y Rl LARIEHOEL NI Ng,

i nert gugﬂien aggt%lt 58@ J&PECIEWI%ER use sﬁ%ﬁﬁ&té& ﬁ‘gﬁ' éV\5|E|th the9above

et chéant s intiddee Heptdfioioegcleatamslemdurifiuessetivn (ueroneaaipisia). resrectigalét or
was powered at 13.56 MHz at 1000 W or approxinmately 3 WcnR2 power density.

Thi s resul {esks]n Ia céryaan @aibodnmmts tbe unsattrafedQ)xybrraied HLeragrroaR SuEbHE? 28900V,
25 The chanber, pr es I g1set at
50 Gouss. - FB0HEE MRy et pPeiBREhisy < (U ORRE L g o 1ot

0SCO Wwas per ofned on a
cross secticit géndafd ﬁ@\ﬂn@fhe&oﬁhtﬂamﬁﬁ \plaérbeﬁrﬂéd Waé Qnorbrcd@frrelﬁtadé@d ipa

fcat f 35,00D t ¢
&B?Q'e (@;%5::3%0%90 npn@f@lzﬁ)]:orkang%@ %yp\gchlgeé@w% 35 gesri}\;§uga rré(fr)l{le W&Jeogﬁp ene

i cebwat gr g@% Ro@eitdd th RSlorbbna(ec gl Hgbn ng8y emrd@ngedlemlyiell‘lee(ﬂfi\apﬂ Hji@ol id
car bon di oxi de, netic stirrer and, .t ot ask were
added: 180 buty 8¥he§o1dgﬂfﬁxﬁ%d?f oty @ofsqwaﬁﬁe‘?r”% ‘i'?s%o%ﬁ%gé‘! éﬁu ght %
active chl %rrérﬂﬁt)c EHpdhasle of bewiriiohysly @mn@Ier mcdcntiktare hBEoheSyikally
fol | oned by m. of acetonitrile t ﬁ ovide a re ctslaonrgj :{“r*frhﬁp %h ite.
reaction mWPQ‘FréOF\W@%“@NdFrSQH'%hM?E‘ AHEFOUP F% 4% % 60 0" m nut es
until bhe t‘l‘ﬂéﬂ%ééﬂdﬁﬁ@pFe@@r%ngcto@cIQét@dirrmb@ireseM@of5b§a£l£)4m}e Wrmobesss asagneti c
stirring was initiated and nL of octafl uorocycl.apent ne lﬁgded by

! kY

syringe purksedhersin EaYFOMRAYNE FPRARIE LY SN SR EH r oug

per Fl uor ocal,hoja ARGt ¥HEH ad, BREnSUIRTREAS hntied OWd‘r‘d)@jGﬁ haﬁcmcaikof«'lde hemideact i on
m xture. The pot tenperature was control %red at I‘OXI "tﬂF e|1n¥l 2701@

adj usti ng tNGANCEHIET RMATBARAMRANESKE @Mfaf BF rq?a?f'ﬂ eu"We(Sﬁ R (RE % T Ask.
After about yfad fo &dect NthcASaklraRd langéHa@éd fLOF SIZYISIroip eetheves! acmuomﬂlxetr@rd
the product, epoxyperf | uorocycl opent ene E!je ‘?‘FFQ was Coﬁéﬁﬁ‘ta in a

recei v@b chhe reastian ITHXtEiEﬂ Nfl RUEITIBE Y SlaRTRLEPTOTRRTES P & portion (about
1 g) coll ectthﬁ&lﬂgt% AAtAakbd, RndRF eaciesh Béfardﬂhaglunﬂi-@emrapnca‘rtd thes

di scarded, t erea?t er a ver

y pure (t p| C >95%
After addi tdoomwigtioncasitig @astion.nEhg ﬂi‘?ﬁ@ fgﬂs' ‘ﬁfég VLFSdF %g%%gg&
col I ection rﬂgtd?é ing?éte%%ﬁ tHE & élﬁ;bﬂodhél&lu&ﬁ:edbﬂﬂde bambe réreoyseir antineouskt eeds
30C. Isolated yie C5F80 identi f aéh/R obtai ned on a
Br uker CP- OO thesisactia lé'? %T;Beﬂf‘?&?ﬁ)tﬁa eaPcu”W n@g dhical shifts were

referenced to neat CFClI 3(' 9F). The end-product rit d
vi a FTBR s{e626lossomeniiptas @rempéawhew&t’%?rméﬁsbjor@‘ﬁ%%%??& ergﬁ%'?%gdg‘“%

pat h | engt l o, and S a S NODRIPBESP B buSiTRgta thdeathewrtt oPaskixed
5890 Ser | ers}‘”?%&‘&q@g ?158% el

20 series mass sel ec t.e le 2:
Unpat t er necprggdrdiin Ete"o'hlb(h@e oy PR oM P GEYS ‘bl%‘?ﬁﬁ%’b’rfgor@t gg?@g&gg;
preferably from O to 50% by voiume.



[0042] A set of experinments were perfornmed using perfluorocycl opaaggnsa
oxi de CSF80 to etch unpatterned wafers. The CSF80 was prepared in
accordance with the method 25 described in exanple 1. These unpatterned
wafers were coated either with 1 mcronmeter thick SiQZ fil m deposited by
pl asma enhanced chemi cal vapor deposition of tetraethylorthosilicate
( PECVD- TEQR027P" indditicidRUhe AU iETAEAHIS KedePBe i AL RIOIRHEHLEAT RS Bidh £4-
Fi Il mthickness was neasured by reflectoneter before and after 'gl asm
et chi ng t 02@ER SN HPIRN. SELWN, 2R, kyalINexangn gresmbinatipegingeas! aariaspder esul t s.
In al | expgdded®nhér Hluet g38dY &inl forltREmbRt RlodfPR Hdsnd Lita MEStKE RS béter200
standard cubic centineter per mnute (sccnm wWth argon as the diluent.
[0043] |t LAFIFee sraqiic anplcations e Inaddiitan. Kingliem iogrt gssesosueblagy for grarople,
enhances Sifen &ldy brb@bs thPtler§aI AR Sk | Sdie &L ik le¥dnt Y
due to sinu t%nea?t})sr increase\?r%?t 14 0643%&@@%‘%?@%&%ggtr‘%ﬁlr?ﬁ:g Lower
CSFgO nol dragisicerdihearaneentration & ts iserCarphihiotes nsturetcan rangedtan Gite P9%put
al so | over ey fbiog t%t®%,T5?%rrﬁ%r%rpﬁefepﬁﬁr%% 1906, (5 fuhgt € and high
n be "achi eved by op

Si 02/ phot oresi st” sel ectivity ca optl mt;}at I on of C5F80 nol ar
concent r aty a | t ; gen
needed forrﬂgﬁ]ao]pmEh n%l% al a_n‘?:)gmbmgt5 1\’/\/68021?];5%? cdg@rogtrid?gtﬁameéﬁg sgpérgte cf-;r\%%%ﬂ% Is | ess
t han t hat meawes ¢locomsmgorsldhonivarkioss ipcludes perflecroearbens (eemphendrovel ty of
this igvendqsheh | I t .

fl uorocar brggh%@?u %plaﬁgh% e%u ér o%égéﬁ@%égghgﬁﬁ&%gﬁg%@pfeci pe
resul ti ng ®Ehyirghearosiroenpiserpresdstonsaining £k iHe &, iand (), arfiadxyBudrocatbemO

Unoat t ene I 4=t | 0 - ' atio
rate nm mqﬁ%ﬂé(?%r}ogs%ttﬁ@ﬁ @ ﬁ't ?Jatgﬁgm ﬁé{% %{’%@? gtr‘ @sﬁ S rﬁ}eo? gc%a@({ﬂs d

sel ect i vi tCbO(o8NE h3RurgaiRe BIRURICFOShSELHCY . 68028001 BdB 4. B8 PCarg7Ss a
281515. 50 - - _Patt e fer ' i 0 | opent ene
Ot de_( oDy ST Bomdfioi2s Exiers ot hER Bbetold eghh M AR Y BT P
to thab depiledeedul areFialimite@ to, AFatetrafimsrometrene), QR§ (CktadfiorBt@Zotfitdma)nas

d ited i L f I , d.chem cal
vapor depdert s ARRYbb8 0%l ab P et Bt o BN PR om
ant i r ef | ecnmbogiroestt ihediupBARG)ondsd hydegflubhcaiboN)copipotind Badirgg tharddrmula

b rned W t,of . Vi i t ' i t f 0.30
o 0. 0 metenarei bk PR 8 YR AR ee gt R RRR I B chi ng

was det er mionedol®y + 2. An example of a hydrofluorocarbon compound having the formuta CHiF,

20 includes CHF; (trifluoromethane). In addition, oxyfluorocarbons such as, for example,
C4F:0 (perfluorotetrahydrofuran) and oxyhydroflucrocarbons such as, for example,
heptafluoroisopropanol can also be used. The amount of fluorocarbon gas present in the
mixture may range from 0 to 99%, preferably from 0 to 50%, and more preferably from O

to 20% by velume.

25 ' [0029] While the above examples disclosed herein used oxygenated unsaturated
fluorocarbeons with a small amount of an oxidizer and optionally a diluent gas, there are
many other ways to carry out the invention. For example, an oxygenated unsaturated
flucrocarbon moiecule can be used without the addition of an oxidizer. In this regard,
one can select the F, C, and O atomic ratios in the oxygenated unsaturated fluorocarbon

30  molecule that suits a particular type of dielectric substrate to obtain an optimal balance
between the competing polymerization and etch reactions without the need for additional
oxidizers. Further, the oxygenated unsaturated fluorocarbon molecules of the present
invention can be used in conjunction with other unsaturated fluorocarbon molecules,
such as, for example C,FgQ, + CsFg, etc. Combination of these two kinds of compounds

10



scanni ng el ectron mcroscopy (SEM. [0045] Before etching the uraggéégéﬂg
dielectric layer, the BARC | ayer was first opened 20 up by running a
standard CFQ BARC open recipe for 60 seconds. The main dielectric etch step
was then carried out with the follow ng recipe: 20 sccm CSFeO, 15 sccm Oz,
165 sccm argon, chanber pressure 35 mlorr, and RF power 1000 W Figure 3 is

the SEM i e of. the etched f i ' - ' ctory

etch perfgg%a%rg\e”dﬁ/grs'e 8¢ lfeéjvo gﬁagéa%ﬁ%n%%@g%} f&aﬁ%ﬁétﬁ%&éﬁ%& %E?lsng Usi ng

Per f | uor oc$ich.(mhetdresist Dt seletRBF8Q Jakir@OABEnHyRof desinapledealsess frorg bpiht | y

hi gher C5F80. concentration (13 .nmole%. th h ks T

i o ect 11 CRBEENEodi BEhBoerno BBty tag 5 Se 4 leclth B Whadhated (iggurated

06438USA afugoncarbivambérculer @sisher deli3éredBaran, acanigtu RAviftovlber J8G6 and/dridguerds 4

shows the SEM i mage of the etched wafer. Again i C y

per f or manc® RS fs%ﬁ'f’&?@aﬁ“%ﬁ&a PIgY %5&&'?@/‘@%%%%&%& &ﬁ%"%& 8@:80

l—lz;w ng a F@gFSBgEArOC;Ta?zf-roPF@, CiFaat+ Amgch.\/)ﬁbezldearm:mie;:ig)ppm@nﬁ?mﬁab? e:?oz lists
e recipes.and results of usin r orotetr uran) for

unpat ¢ or helTHAFEP e At el s b T B S B A ar i nt he

Appl i ed lals P-5C00 Mark 11 reactor at mror r.

power at %ﬁé@ I\/ﬁi‘? Rl ceardy C%sﬁg?ﬁ;"@@q éﬁﬁ?r%{'?rgé%ﬁyé&%goa}rg%%t&ﬁ

_be]E ween t haeér;aﬁ stt:hF;) as ForT; @;bjne?ia, c@nger?f@lﬁlalecylmdgre,aeralfqdeﬁhemysmm, C4HB0n K: el ded

inferigr results. Particu]ar]y,, the photoresist et rates.were roughly a

f actoror FOH SyRERS AT DTHRisH=SeHBoCB RIS I G e JaR A oGP

addi ti onalamﬁ@gaéﬁm@n@ &4hé poihher L@élfSQLp.l asma vyi el Qed even hi gher

phot oresi st etch rate, hence even | ower Si Qz/photoresist selectivity. Since

CAF80 has [aoﬁﬁ/ C{ﬁ@%ﬁo@efﬁ ofgh@,invbhiicfm i@m@ﬁmw{] bminbﬁuestanm%Mrmth rates the
superior etch selectivity derjve om t he higher degree of unsaturation
(i.e., FI él?'@g'glcmﬁéﬁﬂaifr@yn?ﬁuw@%i difad ﬂJ%HgGédﬁ‘%éT%ny%%eS DR
Table 2. GAE®Rt linned tcaBsicdhl edtoBheteriag sBes ub yalitfaBéentdeoi\Gaasg hoton Fl ow
(sccm Si 02 etch.rate (nm m n)Photaresi st etch&r@%}% m mn |02/ghotore3| st ~

sel ectovi tYHEE8 P68 BHFen 5 BH 1P SarTESUEE 56 £6Y OB HEYSHIESY1 1072, 533012
03841173. 2ima@@nb094ifdor\ahl @pidiealistivem tdoaiboBRisnd eataidiag elicbe dusmasisitiainl  and

Ski 11 ed | rigHiEe GRIOT RalicvaFEE (cnaHg B FBBIoR P Eon T ea Berid
t herei n. Wi diheHtcatiepariié MSidNonarhhsosiRife dlagted (‘DSEHe, drieidfiabrosilicate glasses
(“OFSG"), fluorosilicate glasses ("FSG"}, and other appropriate substrates or mixtures
20 thereof. Substrates may further comprise a variety of layers that include, for example,
antireflective coatings, photoresists, organic polymers, porous organic and inorganic
materials, metals such as copper and aluminum, or diffusion barrier layers, e.g., TiN,

Ti(C)N, TaN, Ta(C)N, Ta, W, WN, or W(C)N.

[0032] Figure 2 provides an example of a layered silicon wafer substrate 10 that is

25  suitable for efching using the method of the present invention. Substrate 10 has a
dielectric layer 20 such as SiO, deposited thereupon. A mask layer 30 such as a DUV
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

30 animage, 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
processes such as etching, doping, and/er coating with metals, other semicanductor

materials, or insulating materials. The selective anisatropic etching process generally

11



16  06438USA CLAIMS 1. A mixture for etching a dielectric material in a

| ayered substrate, the mixture conprising: 5 an unsaturated oxyd$438daA

fl uorocarbon having the formul a CxFYQOZRq wherein R is a hydrogen atom a
hydr ocar byl group having a nunber of carbon atons ranging from1l to 5, a
hal ocar byl group having a nunber of carbon atons ranging from1l to 5, or a
hal ohydrocar byl group having a nunber of carbon atons ranging from1 to 5;
X i's a nunibeplvesnghogng tenpaticroofltde sybstaieasyriach dhatlisere w@aﬁe&@yzwﬁ q, zis a

nunber ranging fromJl to. 2. ' - ' ; d
e e LBl G Wby IS L VRS LDkl
X is anu anging fro t N 7 hese 1,
and q is gPﬁ%i ﬁ%ﬁtrﬁ'ﬁ({é"r? gi%ﬁ@%%ﬁ%’%ﬁs@?%ﬁ%%itdzgfé%@-ggign?é{ esorzderl%?%o by
vol ume of siréiciend digeeerdte attie apesias b atleasteagtigineaastivith therdirlestie Malgrial anges

o oo oo rdtioudin FOf ST o Bt T bt 87 e
hel i um ni be ageed td raypartidies gharticlebi yaals onsays Hegreerfiergp Blegtromigte iR ERE of
o B g b S SRR S5t bl O AR o e
oxygenat ed(fdwesreees 208ingFrons 460 td ZEstm ) indracahpeualdnstbs eangind freomsPie group
o T ot a2 B IR AR B P e
conbi ngj i oBserghemhenhal, BF, Bleartottcuramaafiscbhajensdnighiirasonicton eregrsatiicer is at
| east one selected from 30 t roup consisting of 03, 2, CO CQOZ, N20 and
conbi nat i oﬁgergme@%$qm%]?at%orﬁg§§‘gegA 6. The mixture of claim1 wherein the
mxture CO%rStl]se?n %né gm cgag/ﬁ)mb nt,vtl% lr%rir)?[ure is exposed to an energy source sufficient to
generate a plasma having active species contained therein. Specific examples of using
the plasma for etching processes include, but are not limited to, reactive ion etch (RIE),
15 magnetically enhanced reactive ion etch (MERIE), a inductively coupled plasma (ICP}
with or without a separate bias power source, transformer coupled plasma (TCP), hollow
anode type plasma, helical resonator plasma, electron cyclotron rescnance (ECR) with
or withaut 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
20  RIE process is employed, the etching process is conducted using a capacitively coupled
parallel 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
chamber. The substrate is held onto the electrode by either a mechanical clamping ring
or an electrostatic chuck. The backside of the substrate may be cooled with an inert gas
25  such as helium. The RF power source may be, for example, an RF generator operating
ata fre'quency of 13.56 MHz, however other frequencies can also be used. The RF
power density can vary from 0.3 to 30 Wicm®, preferably from 1 to 16 Wicm?® The
operating pressure can vary from 0.1 to 10,000 mTorr, preferably from 1 to 1000 mTorr,
and more preferably from 1 to 100 mTorr. The flow rate of the mixture into the reaction
30 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.

12



of the unsaturated oxygenated fluorocarbon. 5 7. The m xture of cl al“r]}é
wherein the mxture conprises 0 to 99% by vol unme of the oxidi 206448

m xture of claim1l wherein the dielectric material is conprised of at |east
one selected fromthe group consisting of silicon, conpositions conprising
silicon, 10 silicon dioxide (Si02), undoped silicon gl ass (UsG , doped
silica gI ass, silicon and nitride containing materi al s, 8 nofsi | i cat

gl ass (OSG[QOStsgga'neﬁrh\zmnm will becititsdradgchis Snqrers ), W'ﬂhdﬁfeﬁ?@eé thete %%'Hgtant

material s, pol Yeri mLerial 3ocRAlAuiRal QU HRhERLEbnGoRs! Rendmbes al s,

and conbin or renoving a portion of a

di el ectri ciimpé@tHendtoi n a | ayered substrate conprising an unsaturated
oxygenat ed fl uorocarbon conprising an epoxi de having the fornula CxFYO~
wherein x is a nunber ranging from3 to 10; y is a nunber |ess than 2x-q;
and z is 1 and wherein the ratio of Fa{Qppeg0 C atoms is less than 2. 20
10. A mxture far renoving a portion of a dielectric material in a |ayered

bstr at t
i epoxi de_ (BRI REnEI ARG EVE (nideRaife comtRraapaRErsaTe j: om 4 to
10; y is aAﬁblﬁlﬁMate@&&RB&@O Rieriqhl reacta sitmilaateithatsetus itpstiaied igie "of 9 at ons
to C atoms ach 'quseg,r%thﬁé] £, @%@ﬁatgﬂgw&s%sdéu%mé SE%LAEr BhRRMDOPredess

dielectric® strate conpri si E’g_@an unsat ur at ed
oxygenat edghs401 AL @EROBd GO r:eaul@r a0k pmrestoh avdunied ewegiars HOOKRFO,

wherein x I's a nunber ran to w4 g,
and z 1% 1CWFé‘1"@"F‘~°nthteHé’°?""§?‘?CE&6 1&%3&6%%}:%0&% a% ;éj%rge ? gwgeﬂe‘?ﬁgéﬁ@zﬁl‘és an
oxi di zer V\’Oﬁ:rt%hawhbeme’:\&m@kbms wigliom habksee diatieg sysemH®Oun&datile spasies

oxygenated from O: 06438 ng a
portion of (%Pté?“@WE}:?rlei r&ﬁ\?ﬁ%ﬁ?@ﬁ*‘? ﬁeaa?t'?%ﬁ?r#@% ésti%rf‘g eétcp%%rqggrnr%ﬂgw
unsat ur at egd tOPOLY RIS 9@’[ fshmpmhh:ﬁrﬁg GeyTpT0 sricaigs andixiaby Syremietis Fﬁ?éh‘ﬂ%é o
formul a CxFyQz wherein x is a, nunber. ranﬁg{’l%gtﬁé)%df to 10; y is a nunber

| ess than @%U’tﬁ’ out thesggsesang RIRYIETATCIER &© atons to C atoms is |ess
than 2. 5 13. A mxture f rtl s | in
| ayeisa SaiwlThevurMetRs Brciidbrbiabad et iR o pblea
conpr i ﬁ i ng A rﬁé*‘dee\hltm\ Pﬁgnd %t@mﬁ@r{hautlta u@:&éé@ﬂhpnwmmr@utm apd |h§n§|a;a 1walrp6§£|r byl
group havi a nunber of carbon ato n

group havi @gc%faﬁmﬁ'ﬁﬁk‘”'g?rm&%r hois e %&e % ‘g’ ge’ﬁ {e(? &ats ar@negc Ige‘ﬂﬁéﬁ

hal ohydrOC%Mive%rp@ﬂ@h&a(mmsa nwhgpneﬂfmmenmmm bmqt@mg;eﬁ@ d3apg g 5;

mb f 2,
And o' 5 LmesanGRLARIch apAcent o oet e8! T B el P8 200 A e 21

A mixtgpe o JABPYhRE i@wBR tbeled af 2@eCdi el ectric material in a layered 15
substrate conprising an unsaturated oxygenated fl uorocarbon conpri SI ng an

et her havi loﬁé]erJ%EMt@sQéEﬁ&@dﬂﬁde@ﬁt@tm@ urerfegasyslswﬁfa@&)?ﬂgoglafﬁuﬂ $aving a

mb f b t f
hunber of igég?ﬂ% thg gﬂieqﬁgﬁg't%gaqc;vgﬁ@@gs gh e ARHOE OEXJHP%E%H shadwg a

ocar K‘r!b\egr oup.,
havi ng a nyibgwief tarhenr a,ta@rgsswémmmg Sorididz At mDOEW & a@r@XIW@ WisMgi ng

from2 to 10; y IS a nunber |ess t -2pdy.
wher ei n t hepower idgngiy- F Tig esltehing Té(P'Gﬂls‘i(re t(ngrS%\? %@ b1f§5 96}%99&# ?r?ég’[‘ ure for
renovi g a PR dHambe? forassdiealves képtait BRITral THermagriey Eelddvasuss e 8@ Eauss.
conprising an unsaturated oxygenated fluorocarbon conprising an acyl

fluoride hgghse sk HEE%MEY@EOW@EM]]WE(S psrfmmedrﬂlm@ CroaMBeHGN{d 8m 2 to

10; y is a 25 nunber Iess than X fhesratio of F
atons to CF&Q@:ﬁﬁfq§'eﬁ\é€§ispaltﬁé’?'ﬁd2waf%ﬁaﬁnmtﬁ ofgzgﬁ%nrmw hgdba portion of a

dielectric material in a |ayered substrate conprising an unsaturated
oxygenated fl uorocarbon conprising a diacyl 30 fluoride having the formula

CXFYQZ wherein x is_a nunber r from3 S a nunber | ess than
2x-q, z is Exampla 1\'/\/5&'?*@%510589'%58"08 dereEiee @gd%@iﬁ oms is less than 2.

30 [0040] A 500 mL 3-necked flask was submerged in an ice-water bath and fitted with a
cold-finger condenser chilled with solid carbon dioxide, a magnetic stirrer and
thermometer. Into the flask were added: 180 mL of sodium hypochlorite solution (13

13



19 06438USA 17. A mixture for renmoving a portion of a diel ect 0b433SAri al
in a layered substrate conprising an unsaturated oxygenated fl uorocarbon
conprising an al cohol having the fornula CxFYQZRg wherein Rg = H, X is a
nunber ranging from2 to 10; y is a 5 nunber less than 2x-q; z is 1; and q
is 1, and wherein the ratio of F atons to C atons is |less than 2. 18. A

m xt ur e f oweigeNB\aactige ahipoid)iand 1&f ma ofls@lien thydoxicatselutiah (Hawaghfa/g/)e‘okdved

a1 dehyde. 107 PEOIrY LABHHIPIE P e IR The e B B Sl om
to 10; y it® canvingend hieseeditbaboZye 0 mindtss dntiimg tahpereast reavketlydr ogen at om
bond to a carbon%}@ ?ﬁn and wherein the ratio of F atons to C atons is

| ess t han ZPPIY¥M ¥n re for renpving a portion of a dielectric material

in a |layer 5 substrate risin unsa at e enat de or rbon
comori & ol R BRRaS e ShRE PB S Tt R L Rl S R R Fe O pES L
gt om haI hys:trd@@afytayhn@é ﬁum@ph@wm@ oﬁgppmfmat@i} oc&azrﬁmofmnreme|tﬁ:s~o.n@hng:c ng fro;n 15t )
, a hal ocar u aving. a n er of carbo i.n rom 0

or a hal orﬂf‘d‘& aﬁgﬁgwﬁﬁawmﬁrﬂ%wﬁm&wmﬁwfne%‘f of e ﬂ%“f’ﬁ ?Trbeml
to 5; x |5p0ﬂté}ﬂﬁ$}@furé%§|cﬂgtrélre@rﬁt% b@xiktkitely 20%C By Q@J(Iblﬁfg the$ém;bérat‘uréﬁf 2Xx-q;
z 1s 2; and nunber ran l|' Ig:ggt01 @zﬂpf‘ﬁﬂ theratlo of F
atons to éh‘étCBWﬁ”?t@ g SUFTH dlas $ROGUE B3I 9 of a portion
of a dpel esdidfiverd®eRpbmbné I’sOd'Bn%J étawethe@rmbsrebaiy@erfmbaacmbb@deﬁ@mﬂ@) ng:

25 providing a gas m xture conprising an unsaturated o
f 1 uor ocar B¥#® ‘FF&‘?PW& Ly Hé‘a?%YWhﬁﬂeW?@ZN]C%H‘é‘F dioxidr ﬁ‘geg}g?m&h@@ﬁm&t om a

hydr ocar bylapgitoug) daytied iPconirpatciwitrAimestad @taﬁmgaﬁmem ahd (Dsmilécérﬁed_) a
hal ocar byl group having a nunber of carbon atons ran g gﬁfrom 1 5, or a

hal ohydr odBeispfteys yefy wa@(tn@jc%lymﬂé%mr@ﬁméﬁméﬁﬂ"% YraG ¢ % to0 5;

X is 30 atﬂ@?@fa&.oﬁmsﬁgwaﬁﬁée apic%d?@;ade doﬂa@.oﬂmﬁfdubmnhwumm zis a
nunber ragl ng froml to 2

; unber rangin gw]
wher eilf t Hlstiligts T@”‘tPPfﬂiU@t@ﬁ@@etﬂsof*%cat'@?\‘ﬂteﬁg"Q'fb@ssQ Hfa(ﬁ%zo "EJ?’BV?@IBH ch’glp' en
X 1S a nuesnERRA LSRG CP%éﬁ?%{)%ofn{é?éFo%ePﬁmé%t470 68 MHACABRICA ﬁﬁﬁsthan

2X-Qq; z 1s ure further conpri ses an oxi di zer ere| n

1; g 0,
the ratio %gre\f@ﬂemm:eéﬁo phat GXFldi Ter The epdraradvsbrUTbaYas alse yaeimesvia F
fluorocar %cfr@ﬁﬁ)gg \A}(lth%@oi%t nQatdr Qﬁolspe%ﬁgllnléte’?@si‘ﬁﬂ%r Werh ‘bafH’lén@ﬁ%;a@ﬂcéﬂ ure

to formactive s ies; and 5 contactin ered substrate V\nththe

active spedfiddy gas ¢fé@rlﬁ9’@9fﬂié1ywml%He‘éj‘ﬁﬂtﬁﬁék%me%égeﬁeﬂes Héi-Erand 99954 The

met hodpof Lliak MR el fetbRBrgas m xture has a pressure ranging fromo0.1
to 10, 800 mrorr.

Example 2: Unpatterned Wafer Etching Using Perfluorocyclopentene Oxide (CsFsO)

[0042] A set of experiments were performed using perflucrocyclopentene oxide CsFsO
to etch unpatterned wafers. The CsFgO was prepared in accordance with the method

25 described in example 1. These unpatterned wafers were coated either with 1
micrometer thick SiO; film depasited by plasma enhanced chemical vapor deposition of
tetraethylorthosilicate (PECVD-TEQS), or with about 400 nm thick 193 nm photoresist by
spin-on. Film thickness was measured by reflectometer before and after plasma etching
to determine etch rate. Tabie 1 lists the recipes and the results. In all experiments in

30  Table 1, the total feed gas flow was kept at 200 standard cubic centimeter per minute

(scem) with argon as the diluent.

[0043] It can be seen from Table 1 that higher 0./CsFsO molar ratio enhances Si0;
etch rate, but decreases SiO,/photoresist etch selectivity due to simultaneous increase of

14



10 22. The nethod of claim 20 wherein the flow rate of the gas niég g
ranges from 10 to 50,000 standard cubic centineters per m nute @@ #@ A3
The net hod of claim 20 wherein the gas m xture is provided through at 15

| east one nmethod sel ected fromthe group consisting of conventi onal
cylinders, safe delivery systems, vacuumdelivery systens, solid-based
generators | sed gener at oint o use

Qonbi nat | oRLPRSEaRN 7ol LRNEEEHGH PoRr ettorhiet S mhease SICHIN PRSPk
dielectri cma&teﬁty,adutbrs@rrm\aera@ioayteh este s Uhsitefae ehoth h@h@@heﬁ:ha@n@rﬂndsmgig
providing @a.mxture conprisi n sat yrat ed oxy f | uor ocar bon

havi ng thegf@(pryhﬂ?%{ %ﬁ% K/\ﬁ??éﬂéei Ve Lébzx oﬁg'@fz@ g@%dﬁP’H 9R{dr ocar byl
group havi a@qo@nnumﬂ&ndo?gc%@qnoatm W&glhagthferah?ﬂuhtbm@geﬁnbaﬂ@tmbyl
group having. a nupber of car on 25 a ran roml o 5 .or.a

ol ohy O BT BGED BRMARE I im0 SOR RPN s g s Pl ShGFeo 5,
X is a nun‘én@h chérﬁhwtrﬁlgThrsQ:IEn?orfst?aﬁb@ihé’ndnﬁéit?oﬂthmﬂf/edtﬁﬁs byhmrpbfatmggn is a
nunber ranging from1l S a nu rangi n Oto wherein

the F/C ra W&ei‘@'fcr@%tottﬁah'”?am%%ﬁ erOC%@HB'QUSAU’ﬁh'@Pgm@ rPé\’qe(S‘ By vol une
of the oxigéeRH it thel di€h HGRL eEatisslinnytae wd gshdtbraerosier Berctiviigges from 0: 1

to 1.0:1; and contacting the |ayered substrate with the mxture to at |east
partially tgast. W.FD andafanby egféi@caRek@ast a portion of the dielectric
material . 8,25 GREIR) TOTVSIE_}J%EEh”g an ERAXLEgt fel 'L%}/ﬂ%t&@%@' a CXFYQZ

wher ei n x| ingied, NUITHGEF 8891 NG (nﬁmn%lto Al (/i) @ NuERelelddagsy t han 2x-g;
and z is [Ij@nd qy@yfp the g4 0 of a[ﬁTB To Catdmsyg s 1ess than 2, the

nmet hod compisim Wd}\ﬂ Ulﬂ\gg‘ reaction gg xture ton ”4'6':8i ng at feast one
sol vent am E hy ST AR adding tés' east—onef I4L3;sl ool el T wrrpri si ng

Aarilal-Aa .-..—u-.l Anial ANy In e | |
at | east opre—-dou '3 ?.5.1 G ant, iavi-ng tn gorra CaFpwhere—(3—<2ajto the
. I'{ .
nnnnnn A
react LQn xto-e—to—at—east—part+a-yreact—and—fortithe—epoxider and

Example 3: Patterned Wafer Etching Using Perfluorocyclopentene Oxide (CsFgO)

[0044] Experiments were conducted on patterned wafers similar to that depicted in
Figure 2. About 2 micrometer thick of SiO2 film was deposited onto a unpatterned
silicon wafer by plasma enhanced chemical vapor deposition (PECVD). The wafer was
15 then coated with bottom antireflective coating (BARC) and deep UV {DUV) photoresist
and subsequently patterned with a set of vias with various diameters from 0.30 to 0.50
micrometers. The photoresist layer thickness before plasma etching was determined by

scanning electron microscopy (SEM).

[0045] Before etching the underlying dielectric layer, the BARC layer was first opened
20  up by running a standard CF., BARC open recipe for 60 seconds. The main dielectric
etch step was then carried out with the following recipe: 20 scom CsFgO, 15 scem O,
165 scem argon, chamber pressure 35 mTorr, and RF power 1000 W. Figure 3 is the
SEM image of the etched wafer. As shown in Figure 3, a satisfactory etch perfformance

was achieved.

25
Example 4: Patterned Wafer Etching Using Perfluorocyclopentene Oxide (CsFsO)

[0046] This exampie used a slightly higher CsF3O concentration (13 mole%) than that

in example 3. The dielectric etch recipe was: 26 sccm CsFgQ, 20 scem Oy, 155 scem

15



removing at |east a portion of the epoxide prior to the conpl et he
addi ng step. 15 22 /l\l/l\l/l\l/l\ly/l\l/l\l/l\l/NllNllN+Pl\I/NQ/NQ/N ™ '0%93&"5’&

/N NNEQ NN N N N rH7<Enn

FITK'"$| wr mhec™Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca]ca] ca] ca]ca
]Uga]lcgU] ca] ca] ca] ca] ca] ca]caJca]ca]ca]ca! $ ' (v+{+++8,2z,,.& |/ 333i 6n6W627788
{upkfa\W c%{FQ%] C(?&W&f Eéﬁséa'@] %Sang i ar]dc%T ga\f/%ra] %0691 Vga]Fé%ﬂr%g]sggﬁf gfﬂca] cajc
a] ca] ca] catrakerticatne] wajeeapgahcadtbationdsatckperformance was achaeved

=] >???? @ @AACFkJIpJyJI#LLDMNNOQQQ Rzupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c
aJ ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] caU] ca] ca]calcaUca]ca]calcalcaljcalUcal IR T
UU \$\)\2\\ 7] ] FA*rccd6eeBgHgQghhi i j I nnol gr r zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cednaag Gatcab@m]tma]aaﬂnc&] afd]sire] CAlCdjaaicablERptaFdpeal cal] ca] ca]

Feal capoa Gt AREREAE ¢ fcal e ol calcalca ca ety 14
] ca] Cafﬂuggbggﬁca]a%% «l?na{'f’%]afﬁ%g i%a%%a%gﬁﬂﬁg@ﬁ@wﬁ@l&%ﬁ%H;?clr%lé}?}] ca] ca

88>GW xs nlde&]l pakesioadieatenhgalios expdmdriaverd siad cafiedlootlndad éapied cal ca] ¢

a)J ca] ca] cg] cal.cal

) s02{ vql g ‘%F}'E'é]P %@i}/‘éﬁ% @é%a(ggc% é‘g%;%@’h]%&é%ﬁﬁ”éﬁ] O8f c\"};{]RF aﬁrcaéfgaﬁ carca] cal
ca] ca] callpr] mpbeadcabgadindicnn] cal caj cal i (yeWo

) s02{vql gb] X] ] ca] ca] ca ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cahoaUljoedsa] & abeabeedrcedtaade teoabain!in MBblei Bd0AAse ( olcatlp adve that HL09d &

()-n T109A&()-: 108 ()- %10% HH79: zX9. 101: N10Y
93.00CCE ()PP WRIdRA ¢ fi&eig? " [gsults. %&6@"1’@2’ e ?“0%%6*9&%(3*&%&%%@@ ?2 .. <eldB
igi;ﬁﬁg% é&ct(:) of hWaaEAthan (it of thd QA s(lts, BvathapeGa&diondbckpden.() - 101

101810%: (AddingRe io¥idRFeP Plasrra deiged pven bighejopholeresish Ate iR Te Bl oo ()
BS&‘( )10 a@g&}@%&/pﬁ%taw&l SSIQYEH ) SimIt FQ&ANES (9 FZrafeR2. 0,) thisIddriiardineg

101! (1% c@)@#@'% slempraiatapiegupsrionaigaderivity deier fim e el 28635 ¥ ()-21 S

| $109%& () a{drétlo?ﬂﬁel@:/é@ss than 2.0) in the disclosed molecules in this invention.

10%.&' () - 1 109 () - cl gK1$109& (3 cT.1109% Q% ()-Z(, 10%.& ()-*:

10%.& () - "$j H= 10 10L! =B10%z& ()-! @BLOY () -
Table 2. C4FsQO Unpatterned Wafer Etching Results
C,F3s0 Flow Ar Flow (sccm) | SiO; etch rate | Photoresist SiO./photoresist
(sccm) (nm/min} etch rate selectivity
(nm/min)
16 184 268 : 137 1.96
20 131 275 112 2.45
36 164 337 120 2.82
15 135 271 107 2.53
30 120 384 117 3.27

20  [0049] 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

modifications can be made therein without departing from the spirit and scope thereof.
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1092z& ()- 10%Rz& ()-[% 109%2z& ()- 10L 10L$$& ' ((}~<H= 10

10L! g*$10%z& () -1 (109%%22z& () - $$109R2& () -! |\/|7$10%(&'(%)- | Z7$10% z & P§438EFPOR &

() - (p*vx+y+z+{+++{\ = 10 10L!1!10% & () - %U10% & ()- 102z 102z 102zk;
1092z& ()-! gq*$10%& ()-1!tq*$10%z& ()-1+8,z,,{..& aB{\= 10 ’
ﬁg%\é\/mo% & ()-1 h$10% & ()-c! g6l

6 & ()-cl0% & ()-10% & ()-.W10% & ()-& |/(01335z[9{\ = 10

10! th- $1096& () - +10% & () -! Z$10% "1 &CL)\lNl$gl$1€)% & <§- |{ 1 2$109&' () -1 w'#! 10
% & ()-5i 6k6l 6mBN6W6z77~_@ 10 10!tw@ 10%.& ()-wC' 10%.<& () - UK10%.& () - 10°
10° 10°=Q 10% & ()-!gh-$10% " & ()-788U9: 1::}"?~ @10

10!t]!10%.& () - BRI0%A.& ()-!Z$10%&' ()-u]:!10%.& ()-]W10%& ()-!/1
#10900& ()-::::,1.M ; dEmi@ure for etching a dielectric material in a layered substrate, the

mixture comprising:

5 an unsaturated oxygenated fluorocarbon having the formula C.F,0.Rq
wherein R is a hydrogen atom, a hydrocarbyl group having a number of carbon
atoms ranging from 1 to 5, a halccarbyt group having a number of carbon atoms
ranging from 1 to 5, or & halohydrocarbyl group having a number of carbon atoms
ranging from 1 to 5; x is a number ranging from 2 to 10, y is a number less than

10 _ 2x-q, Z is a number ranging from 1 to 2;and g is a number ranging from O to 1,

and wherein the ratio of F atoms to C atoms is less than 2,

provided that when X is a number ranging from 3 1o 10, vy is a number less
than 2x-q, zis 1, and q is 0, the mixture further comprises an oxidizer wherein the
ratio by volume of the oxidizer to the unsaturated oxygenated fluorocarbon

15 ranges from 0:1 to 1.0:1.

2. The mixture further comprising at least one inert diluent gas selected from
the group consisting of argon, neon, xenon, helium, nitrogen, krypton, and combinations

thereof.

20

3. The mixture of claim 1 wherein the mixture comprises from 0.1 to 99% by

volume of the inert diluent gas.

4, The mixture of claim 1 wherein the unsaturated oxygenated fluorocarbon

25 is at least one compound selected from the group consisting of epoxides, diepoxides,
ketones, diketones, esters, ethers, acyl fluorides, diacyl fluorides, alcohels, aldehydes,

peroxides, and combinations thereof.

5. The mixture of claim 1 wherein the oxidizer is at least one selected from

30  the group consisting of Os, O, CO, CQ,, N,O and combinations thereof.
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& () - 11 EOb3Me zhs4thradied oxdpéydidiiubiokerbbi2z " k;

109R] kw' 109228 () - b$109R& () - | | b$109%202& ()-11 109Rz& ()- % 109R2& () -
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102z

102z L DMNNNNNaBKC 102z" kB8109®2z&' () - vB8109%R2z&' () - vB810%Rz& () - VF10%Rz & () -

1 g$10%2z&" () - WIZ109%2z&' () - NNNNNNN~_@XC

102zB8H0%R2z &' () 7.v- B8TAP7&ufe ofcidRB ORI the Witure comprises 0 to 99% by volume

'leocyaz&éf) vB81092z&' () - vNNNNNNO~_@XC
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8. The mixture of claim 1 wherein the dielectric material is comprised of at

least one selected from the group consisting of silicon, compositions comprising silicon,

10  silicon dioxide (SiO,), undoped silicon glass (USG), daped silica glass, silicon and nitride
containing materials, organcsilicate glass (OSG), organofiuoro-silicate glass (OFSG),

low dielectric constant materials, polymeric materials, porous low dielectric constant

materials, and combinations thereof.

15 9. A mixture for removing a portion of a dielectric material in a layered
substrate comprising an unsaturated oxygenated fluorocarbon comprising an epoxide
having the formula C,F,0O, wherein x is a number ranging from 3 to 10; y is @ number

less than 2x-q; and z is 1 and wherein the ratio of F atoms to C atoms is less than 2.

20 10. A mixture for removing a portion of a dielectric material in a layered
substrate comprising an unsaturated oxygenated fluorocarbon comprising a diepoxide
having the formula C,F,O, wherein x is a number ranging from 4 to 10; y is a number
less than 2x-q; z is 2; and wherein the ratio of F atoms to C atoms is less than 2.

25 11. A mixture for removing a portion of a dielectric material in a layered
substrate comprising an unsaturated oxygenated fluorocarbon comprising a ketone
having the formuta C,F,O, wherein x is a number ranging from 3 to 10; y is a number
less than 2x-g; and z is 1 wherein the ratio of F atoms to C atoms is less than 2, and an

oxidizer wherein the ratio by volume of oxidizer to the unsaturated oxygenated from 0:1

30 to1.0:1.
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14. A mixture for removing a portion of a dielectric material in a layered

15  substrate comprising an unsaturated oxygenated fluorocarbon comprising an ether
having the formula C,F,0.R, wherein R is a hydrocarbyl group having a number of
carbon atoms ranging from 1 to 5, a halocarbyl group having a number of carbon atoms
ranging from 1 to 5; or a halohydrocarbyl group having a number of carbon atoms
ranging from 1 fo 5; x is a number ranging from 2 to 10; y is @ number less than 2x-q; z is

20 1;and qis 1, and wherein the ratic of F atoms to C atoms is less than 2.

15. A mixture for removing a portion of a dielectric material in a layered
substrate comprising an unsaturated oxygenated fluorocarbon comprising an acyl
fiuoride having the formula CF,0, wherein x is a number ranging from 2 to 10; y is a

25 number less than 2x-q; and z is 1; and wherein the ratic of F atoms to C atoms is less

than 2.

18. A mixture for removing a portion of a dielectric material in a layered

substrate comprising an ursaturated oxygenated fluorocarbon comprising a diacy!

30 fluoride having the formula C,F,0, wherein x is a number ranging from 3 to 10; y is a
number less than 2x-q, z is 2, and wherein the ratio of F atoms to C atoms is less than 2.
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25 providing a gas mixture comprising an unsaturated oxygenated
fluorocarbon having the formula C,F,O.R; wherein R is a hydrogen atom, a
hydrocarbyl group having a number of carbon atoms ranging from 1 to 5, a
halocarbyl group having a number of carbon atoms ranging from 1 to 3, or a
halohydrocarbyl group having a number of carbon atoms ranging from 1 to 3; X is
30 a number ranging from 2 to 10; y is @ number less than 2x-q; z is a number
ranging from 1 to 2; and q is & number ranging from C to 1, and wherein the ratio
of F atoms to C atoms is less than 2, provided that when x is a number ranging

20
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21. The method of claim 20 wherein the gas mixture has a pressure ranging
from 0.1 to 10,000 mTorr.

10

22. The method of claim 20 wherein the flow rate of the gas mixture ranges

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

23. The method of claim 20 wherein the gas mixture is provided through at
15 least one method selected from the group consisting of conventional cylinders, safe
delivery systems, vacuum delivery systems, solid-based generators, liquid-based

generators, point of use generators, and combinations thereof.

24. A method for etching at least a portion of a dielectric material from a

20  layered substrate, the method comprising:

providing a mixture comprising an unsaturated oxygenated fluorocarbon having
the formula C,F,O.R,

wherein R is a hydrogen atom, a hydrocarbyl group having a number of
carbon atoms ranging from 1 to 5, a halocarbyi group having a number of carbon
25 atoms ranging from 1 to 5, or a halohydrocarbyl group having a number of carbon
atoms ranging from 1 to 5; X is a number ranging from 2 to 10; y is a number less
than 2x-q; z is a number ranging from 1 to 2; and q is a number ranging from O to
1,

wherein the F/C ratio is less than 2, and
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centacting the layered substrate with the mixture to at least partia i react with

and removes the at least a portion of the dielectric material.

25. A method for forming an epoxide having the formula C,F,0, wherein x is a
number ranging from 3 to 10; y is a number less than 2x-q; and z is 1 and wherein the

ratio of F atoms to C atoms is less than 2, the method comprising:
providing a reaction mixture comprising at least ane solvent and a hypochlorite;

10 adding at least one fluoroolefin comprising at least one double bond and having
the formula C,F where B <2a to the reaction mixture to at least partially react and form

the epoxide; and

removing at least a portion of the epoxide prior to the completion of the adding

_ step.
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