1 SPECI FI CATI ON TI TLE: ETCHI NG GAS TECHNI CAL FI ELD [ 00011 The present
invention relates to an etching gas used for producing thin film devices
represented by IC, LSI, TFT and the like, and particularly to an etching
gas that acconplishes both envi ronment al performances and m cro-patterning
per f or mances. BACKGROUND OF THE | NVENTI ON [ 00021l n processes for producing
sem conductor thin filmdevices, optical devices, super steel materials and
the like, there have been produce films, thick filnms and the
| i ke by means of CVD net hod, sputgggsggﬁﬂééﬁﬁgﬁlsol- gel nethod, vapor
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pattern, gas etching for partially renoving a thin filmmaterial has been
conduct ed E‘ECQEMI E&Ebﬁk in fabrication of seni conductors for | C,
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adverse influence on the environnent has cone to an issue. [00041 For

exanpl e, the¢ro-Gviteriimgwperforomandes. | PCC Fourth Assessnment Report are as
foll ows (o C2F6: 12200 C3Fs: 8830 An
etching ga Ag&%aggfﬁﬁﬁ%gﬁ?hgiﬁﬂgﬁéﬁNﬁig e of CF3 group e.g. C2F6, C3F8 and
the like g Ate pPRGI alis. . Lon t he
like in a deposi tﬁgﬁﬁ%dgg% &%h@b@wg%{% y exti %??l{lﬁﬁlﬁhgé‘éﬁcé% ﬁ%ﬁ&ﬁ

ef fect; hodewess, ipdratédlvmaspasisesnditie Mleyghbrd hhoe Qfé@ha}ﬁtod%é@ vakieki ne
radicals or with fluorine active species of ions to be reconbined thereto,
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For other  oodactors For 1C, LSI, TFT and the like.
[0003] Hitherto, perfluorocarbons (PFCs) such as CF4, C2Fs, C3Fs and the
like have been used as an etching gas in etching for forming circuits, in
fabrication of thin film devices. However, these gases exist in the
environment stably for a long period of time and therefore regarded as having
high global warming potentials, so that their adverse influence on the
environment has come to an issue.
[0004] For example, their GWPs known from the IPCC Fourth Assessment
Report are as follows (on a 100 year scale):
CF4: 7390
CaFs: 12200
CsFg: 8830
An etching gas partially having the structure of CF3 group e.g. CoFs,
CsFs and the like generates active species exemplified by CF3 radicals, ions and
the like in a deposition room (a chamber) thereby exhibiting the etching effect;

however, CFs active species are brought into contact with fluorine radicals or

with fluorine active species of ions to be recombined thereto, thereby forming



[ 0006] As a fluorine-containing etching gas having | ow gl obal warm ng
potentials and substitutable for PFC, there have been proposed COF2, CHF20F
(Patent Publication 1), CF3COF (Patent Publications 2 and 3) and the |ike.
These publications state it is possible to reduce by-production of CF4, for
exanpl e, by optim zing an etching condi t4 on for CF3COF. REFERENCES ABOUT
PRI OR ART Patent Publication [0007] Patent Publication 1. Japanese Patent

Appl i cati ghg Pybli FhcNo.  2000- 63826 Patent Publication 2:
Japanese PatJeDnt A%ﬁﬁcatci on Publication No. 2000-265275 Pat ent

Publ i cati 0085] Japandskn®at emt thppldesatucoidnPul i RBCE Ofished 2002 Ofidd 85f
SUWARY COF THE | NVENTI ON [00081_ As mentioned above, Patent Publications 1
and 2 st atfdupteparbonprianieel Haliey, Giabalafnyeronsaented IsgueptDivisipngofaphe

etching copdit] f.or CF3 . Howe it is copsjdered difficul.t ta .
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condi t i on ensifoaunéennandt thdreforpt itninzgdnot Weespfftierttly thretite®-waddretihd ng
speed and the patterning accuracy, which nmeans that the ainmed patterning
accuracy daedtruesing ¢andapiens suadartethese fosether Buartocgraonsy - pr oduction. I'n
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ratio and the 1 ke. [0009]In order to obtain a go sotropy 1 n etching

t hat requi(Patenti Publipativerhj Wi 0 F diPmest Lubdicativps hdndag) agdathalike. of
fluorine nunber to carbon nunmber (F/C)_close to 1 in a is demanded. For
exanpl e, ihesperebleationgstatieutr st osside oy tedrcechy nreductign ofoCRe2Her i s 3

and F/C of C3F§ is_2.7. As the r-bon._nunber .ge } eased, F/C thus
approache§xiln8f etﬁ%ogég%}@%%x Fg Bgrcga‘é??%%%t éﬁﬁ‘g{ﬁ{ he boiling point also
gets i ncr GEEERRENEES ABACPERILRIAR®I t to handl e as gas. Mreover, F/C of

CF3COF is 2 and therefore it is not a satisfying value too. [0010] In view
of the ab®eatentiPubbicetibnof the present invention is to provide a novel

et chi ng gas ich_is no |y excel]ent in etching performnces but al so
easily aviﬁ)@(\i%l e gﬁ?‘&ogggﬂ%“%ﬂst Jngsp wnﬁrfgmk@tml’mb&caﬁw@cﬁg- a
bur den onzblaﬁ_@%jgonrrent. [ 0011] The present inventors had eagerly nade
studi es on the above-nentioned object and thereby found that CHF2COF can
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safety, with which the present invention has cone to conpletion. Mre

speci fi cal20P0-26/2Pr esent invention is as follows. [0012][Invention 1]
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SUMMARY OF THE INVENTION
[0008] As mentioned above, Patent Publications 1 and 2 state that
by-production of CF4 can be reduced by optimizing an etching condition for
CFsCOF. However, it is considered difficult to fundamentally avoid a
recombination of the CF; active species and the fluorine active species so long
as the etching gas partially having the structure of CF3 group is used. In view
of the above, the optimized etching condition is found not to be optiﬁlized n
respect of the micro-patterning speed and the patterning accuracy, which
means that the aimed patterning accuracy and the like are restricted by the
rate of CF4 by-production. In fact, there are not a few cases difficult to

constantly reduce by-production of CF4 under a condition satisfying required



An etching gas of Invention 1, wherein the sem conductors or the dielectric
subst ances are a silicon-containing substance. [0014][ I nvention 3]

An etching gas of Invention 1 or 2, wherein the etching gas contains at

| east one kind of gas selected fromO02, 03, CO CO2, F2, NF3, Cl2, Br2, 12,
XFn (In this formula, X represents G, 13or Br. n represents an integer
satisfying 1 _1-1-7.), CH4, CH3F, CH2F2, CHF3, N2, He, Ar, Ne and Kr, as an

additive. ent ho : [ INo) or
2, Wwherei rﬁe 1(:2 ﬁ%ﬂe&{tﬂc(%nﬁidélags é%ir?t éﬁcﬁéngatr afeéaﬂ:irfitré gfnlgs'agzg)gg gﬁe g‘;asg L)gee/%%{)’egh‘%r om
CH4, C2H2 re&dtHatiCdhrdléhe BREM, C3H6, C3H5, HI, HBr, HCl, CO NO, NH3, H2,
N2, He, Ar, Ne and Kr, as an additive.@{ 0016] [ I nvention 51 An

et chi ng gd8009] | nlenetdsnsta ekta®n aheee mnisetrepghimgetghing oftedi nequires east

one kind of. gas selected from CH4, CH3F, CH2F2, .CHF3, as additi ve
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ashing by F2 or 02. BRIEF EXPLANATI ON OF THE DRAW NGS [0019][Fig. 1A]A
schenat i c theogarbert imymbér agetmpinsréaredet dHCngthisedappraachapl ds emndthe

Conparative Exanples. [Fig.. 1B] A . schemat.i c,.cross section of a s l e after
S ahr Ao anPn aied e iREERL T RE GO i bR koo Miarpasa Sgs fo
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it is not a satisfying value too.

[0010]  In view of the above, an object of the present invention is to provide a
novel etching gas which is not only excellent in etching performances but also
easily available and does not substantially by-produce CFs that places a
burden on the environment.

[0011] The present inventors had eagerly made studies on the
above-mentioned object and thereby found that CHF2COF can accomplish both
the environmental performances and the environmental safety, with which the
present invention has come to completion. More specifically, the present
invention is as follows.

[0012] [Invention 1]

An etching gas used for etching semiconductors, dielectric substances
or thin films formed of metals, the etching gas containing CHF2COF.
[0013] [Invention 2]

An etching gas of Invention 1, wherein the semiconductors or the
dielectric substances are a silicon-containing substance.
[0014] [Invention 3]

An etching gas of Invention 1 or 2, wherein the etching gas contains
at least one kind of gas selected from Og, O3, CO, COg2, F2, NF3, Clg, Brg, I, XF,
(In this formula, X represents Cl, I or Br. n represents an integer satisfying
1<n<7.), CH4, CHsF, CHyF2, CHF3, N3, He, Ar, Ne and Kr, as an additive.
[0015] [Invention 4]



DETAI LED DESCRI PTI ON [ 0020] The etching gas according to the present
invention is not only characterized by placing a slight burden on the
environnment by virtue of its containing CHF2COF but al so exhi bits good
etching performances in sem conductor filmform ng process, i.e., a
performance of high etching rates, a pe##ornance of not bringing corrosion
to the apparatus and the |like. Hence the etching gas is useful for

m cro-patterning %%“&%P&%ﬁgﬁf m%ﬁtﬁdﬂ_é}yz,%ﬁl@{élﬂ.th@ e%%g%%géf%}ns

filmform ng process. e present invention w

di scussed dtNegl&tdid kindHi2R0Fketae d €rone WL, YC AT 08 OpHb | §s18y, 1CHies ICzEH, by
catalytic cracking of 1-al koxy-1,1,2,2-tetrafl uoroethane represented by

CHF2CF2O0R HIami¢Be sCen NO kY HsgHoud2i Hel Adti Ng avisl Kt as an pdditive- Pr, n- Bu,
sec-Bu, i @E&o ﬁﬁté{er%.— qugand the like) and used as a cl eaning agent, a

f oam ng ag Riohr °PHRE Fuch as HFE- 254pc ( CHF2CF20Me), HFE- 374pcil
(CHF2CF20Et) and e i LMt p - :

synt hesi zed by addi n%tlche%%%%; or élft]ﬁ)?:ﬁg{ a?é g’r}ll%?%&lj{gﬁ‘%éﬁﬁ% %r%észgtg}btlragﬁsuced

t et raf | uoragbht @nekinl abgdosddectgd €adrh YCHy,aCHab) € HooupOHT s as haQxd]itieklF2 COF
has a boili n% point of OC and therefore serves as a highly conveni ent
cl eani ng d88I7hat [lewanbenfdndl ed as either 1iquid or gas. Additionally,

CHF2COF i t i th wat be d d d.nt ifl ti [
(CrFacaaH) and hythBsRod Foropidheng ReFRCeorenar (St Py ertet RS o oiitobe
el i m nat ed; fys YRb %@gﬁﬁéﬁﬁré{%g %Aé of BnAt Pl £fphabl € to use an

al kal i ne water scr nin vent of passing the

hazar d- el i[op D8k i nfinstapoadilas to be enitted into the air, CHF2COF is
reacted with rain and steamin the air thereby being readily deconposed.
Thus its envi r onndniegthednier etahingx the maethodi Hokading coplicting anpefichingwher e
CHF2COF of the present  .inventi i s signifigcant different fromthe

exi sting CE3 (?fﬁlsnﬁFBBé’Pt ?nﬁligﬂf’% aﬁgygghyeﬁcztog Q%{te an easiness to

est abl i sh prkel FePEANKTIOR. OLTIREPDRAVKNO® to be able to take on a

ket ene structure represented by CF2-=-C=0 as shown in the follow ng
equation. [0619he RigelAl CFAGRRematicemobs$ sectian of akamplefort étehied esel in

structure_is an endotherm c reaction calculated at 165.9 kcal. In order to
devel op t Hixamplestansh Canmarahiae Examplesi on energy is required in addition

s2id o be. act ual ot B ket SRerpifie! bt AthPhe g SbERCHER SRR,
48. 9 kcal /(§Rbw £hse offh&hndre@alets) F2+ 165.9 kcal /nol The heat of reaction
is a value cal cul ated by B3LYP/ 6-311G+** [0025] As will be discussed in
Exanpl es, in the Hige8] of udishedatioaPsasectien of ehiemptgadasGhanpesatios
detected at gl.l even under, yariousl, dified conditions. It can be '
supposed f‘i’s@aﬂfl xamplas qiph Om@éﬁ%@ §&Pel oped

DETAILED DESCRIPTION
[0020] The etching gas according to the present invention is not only
characterized by placing a slight burden on the environment by virtue of its
containing CHF2COF but also exhibits good etching performances in
semiconductor film-forming process, i.e., a performance of high etching rates, a
performance of not bringing corrosion to the apparatus and the like. Hence
the etching gas is useful for micro-patterning conducted on thin films by
etching in semiconductor film-forming process.
[0021]  The present invention will be hereinafter discussed in detail.
CHF2COF can be readily and rationally synthesized by catalytic
cracking of 1-alkoxy-1,1,2,2-tetrafluoroethane represented by CHF2:CF:OR

(where R is an alkyl group including Me, Et, n-Pr, iso-Pr, n-Bu, sec-Bu, iso-Bu,



6 through a vastly different nmechani smfrom CF3COF. [0026] Furthernore, in
the case of using CF3COF, once generated CF3 active species are brought
into contact with fluorine active species with a certain probability to
cause reconbi nation thereby by-producing  CF4 (in an etching process

enpl oying plasma, for exanple). On the d%ntrary, in the case of using
CHF2COF, by-production remains at CHF3 which is relatively reasonably
deconposallg;-BYeihd thétike) afid ¥Se SRS Gl @Safng ddel h T6aRth s UEoRPRCHRSLIRE ©
brought into contact wth each other. Stochastically there r's the

possi bi | i tguchhat HBHF3514pc $0HIRCOTF0MeY] HBEE3Y fperiCIEB.@EtOEe) spéchedikand it
is bonded to the fluorine active ifecies a%ain t hereby to by-produce CF4,
however, iMotepvessi iy Esptios eand hdtFBwdHpa tpcabaliel i wnthssiard r byrelagdamg| |
as conpared .0 etchin ases partiall aving the struycture of roup
(Crscor anghftangt Patil 35 s shd Sriutabant e dubhd bsndhoRpchifet S
substanti glJ 5 . JRit er of fact, by-production of CF4 was
not recog%#?é&gyﬁﬂgﬁ %&”%ﬁgeéégﬁgies.‘[ooz7] The et ching gas contai ni ng
CHF2COF adoogd] ng OHF4GCEFigse boiliny point@f 0Enahd therdfousarty aprehighiypl y

used for etching of: sem conductors when manufacturing sem conduct or

devi ces; dioavestenitc clagpananeas; that taainn e hendled neg efthget hnsid [@02Bis. As
subst ances le to be by the etching gas,containi ng CHF2COR .

2ccor di ng Adftea Do CHIRIE N offadid | Wi SBR6FL 10 Bt demmpoay igfo i,
V, Nb, Ta,4i88ordfetiacif&CEP,CEDH) dnd HpdrGBen Mhorfile (AF), & thall usdilly N
Co and thelr conmpounds deposited on sem conductor substrates such as

si | i con watehazardads bathnsanate bhesingke watet atrubblest r Bt isalsaptefamblé tda,

Mo and the like, insulating or dielectric substrates such as Si 2, Al 203,
Ta203 and 4s¢e 341 kalkadings seategysgrakberoda Hiveme 1§l ddsevepér 65i Pr¥ARE Fhaisses

d the lik bst.rat es f f single. | tals of
o her " comtiraid SRR REor S5 BRqor e Tt 45k ThE i MEBSCUE I kel |
ef fective wfthet601 44 QKdHRSin e 'éhd%ere%?r%iﬁgsfeaﬂﬂyc&éﬂgﬁgﬁids%& ofrhhfca;gm It

is particularly preferable to use W Wi x, Ti, TiN, Ta2 Mb, Re
Si 3N4, Si ,erSifghmentdlempake is extrenmlefematnlay. si | i con- cont ai ni ng subst ances

h ' i 3N4, Si, Si h [ d 7 h f b S
or 31 0. TH028bovesi ROITINEACEOHBRGRE Hependieanyt SRVSHAE & BIGUREATYY
POl Ye1 ¥t 3l aRch ATBEAOUS LRIk Q93P TG &I GRS RSl 16, BE EAGHEsc

f
i nvention c¢can be used for e ng exenpli eactive-
et chi ng), (sCRtaBliSEr REteeCitRtiERTe! CCHBYCOF Rl lesmneioChé Able 6b ¢4RNAYiEa
etching and the like, but not limted to these. Additionally, these kinds
of et chi ndkepene sbwsury representesnbk AdFEe§L aasbagnt nethsk fallosdngre guiagioa: t
and can be referred t.o.fr ubl i cati ons .neede The reaction canditions
ore not r SauThedass et ChICOF) & W I CHINE Gl Friohe Heur e oal a0
reach recqﬁﬁg j C i qns I ts
an integer o g??%fr#dlqtg %Ct%n egr%tqg‘?ﬁit de?%,d 1\%%?33 l%h:a?{'chqgtg %tgeé%{eg&e?ﬁga
| ongi t udi n@bhctbhecr fingher Sictie atidhnl snargsy Rreigettcedibyddepesitbithe ddova free
fl uorocarbon pol yner, thereby preventing an isotropic etching due to
f1uorine reairesl 8o adtatheoikediboedant $biy aphetien ctaimde mbikdoche antnaldy
CHF2COF cont ai Rs,oxygen (0), there is an advantage that the anisotropic
et chi ng cdﬁnﬁg%@gg%%%ﬁgd while efficiently removing fluorocarbon filns
deposi t ed [pgokhe side walls. [00301 As a reason for the specifically good
m cro-patterning of CHF200F, it is possible to cite not only the fact that
a ratio represent éHBYCOFCH 8Fi=6=0On+ e case+afS.CHealolwhile it is 2 in
the case of CF3COE but also the effect of the above-nentioned ketene which

is polymerized to @6t e wekls. It Ts683&cpBewilbl e to rempve
i c subst i i |yners, | h . t
orgen ¢ substances ok, agcPeL e s, L auch g gty gh . o

out plasma ashing after conducting etching by using the etching gas of the
present invention, [0031] An etching nmethod of the present invention is
practi cabl[goapfer Asaxildbs dsyuseb hhMix0apilist i0HEe @ndeabf avimgt OHRBAID R hon of
various additives depending on the property, productivity, mncro-patterning
accuracy aié etebing lgasoCHhwasanefeteteicted altrr@lftevgasesd@mramduslsem@ﬁm,

He, Ar, Me, Kr .and the |like are usable as,a dilutent,. and nore

parti cul arqoyféwn%-s Brease &6, S spoionin ih}fgg tathal SlaniRRrErSIevpirBeT des
an enhanced etching rate by a synergistic effect wwth CHF2COF. Though the
anount of the added inert gases depends on the configuration and
performances of the apparatus such as the output, the anount of discharged
gas and the like or on the properties of the target film it is preferably
1/10 to 30 tinmes the anount of flow of CHF2COF. [0032] Wth the addition of

el IE—N N p—



[ 0035] The pressure in the case of using the etching gas of the present
invention is preferably not higher than 660 Pa (5 Torr) in order to perform
ani sotropi ¢ etching; however, pressures of not higher than 0.13 Pa (0.001
Torr) reduce the etching rate and therefore not preferable. The flowrate
of gas to be used depends on the vol ume ©f a reactor of the et chi ng
apparatus and on the size of the wafer, but it is preferable to carry out

etching a : M Moreover, the
t enper at u?%ﬁ?%%H\gt‘;c%{tﬁg&?%k)géeg@%regéﬁ/&lﬁglg&ggge%t er than 400C. High

t enper at ur[ee26k ceFdirtlgr40Q€, ar thaaisepfain @R COMNercelgehergedalBsadtive
devel op isotropically so that a desired patterning accuracy cannot be
obt ai ned apdcissnare Areuditsintp scomtaels siltte | uaieh egtivE)XmwRIESWi B0 36 e rThm

resent inventj il be nore r.eadily, ,understood with reference to,the
Do owi ng BeoAbiTe Lo etk Feomabing e P YeBk T Rto s s (LB SR ¢rfnba
There are : i S : i I \
Tneul ati nd Pory TR pHISE (5L CRARGINAS ORTAUELA(HACR BN BRI |
cont act halKFLEOE, Cley-pesdudtiB thmAEna SarGHE; wh&h02s irletivelyi Bédsonably

insulating film22 was formed on a single crystal silicon wafer 21. The
sanpl e waglesompesabliee eviporif f OHFzngctove tapecsisoangli flrprinees¢tdve rapskies3atmvi ng

Fo 1a (08ERe A Rufer onlh ScReTber on SO baRap e Bete neBd nopinBy "

experi mentg,l 2 L i i y i Y. : 6
T e A et T A o S St

(02), argahe(Buplinbandting: bpeties wpplin edthefreloymta lgpprodbat CHy fHosweveat &sishown
in Table 1 were excited_ in a sapphire tube 7 attached to _the top of a
reacti on ©8SHYeUPPasRE RS Yiohepaprahpbaity ve expearpely. smgdl astqoppangdctas

lied into the ch by .the. fl f , i i
Conduct o0 cuFtipEckitsk SaraP JetyiRk the Sanlepsr 435 e B RCHRL M Sl ForS
speci nens LRG0 Fe a STTRECHFB 00 Ffc oM Gere@t A RGBS @M st 107A 18y ()Srrpi%d]glé’% chm! et

while 02 was introduced froma second gas inlet, through a nass

cont r ol | erAq ahowagtemof fadtohy)prod0oton dth€Riewpermttureezoghizeleirs angt ofatle (or

t he sanpl e _hol der 11) was set at 25C, the pressure was set at 2.67 Pa (0.02
Torr), and**HBPRE- power density was set at 2.2 WcnR2. A di scharged gas was

diluted w jtr n i LLmin S i,de
mechani cal[bg%@st e?ggu?r%cw%%dgﬁgchn? %lléll 1%%nggir?t‘2?3a I o%&%% 9%5451 t&agﬂ%ﬁﬁﬁ ?]ﬁ ed
by cali br ahventienrcan petgwedicwldrly thiefdrablyplusEd -bRetgisg 66 Rinitbedahoye are

shown in Table 1. Incidentally, "ND' shown in the Table refers to |ess than
t he floor when tmhonfapneoe semicmBicier Wewiges: Thelestwihi supstanees; Amithin was
determ nec%. in such afman r as to divide filmthicknesses obtai ned before
and after gf"bgrﬁor“iﬁlebi)f) C@'thing tine. The filmthicknesses were nmeasured by
an opti calpj rf aLoLYRE hbd M4k C© S & bvAtRA -aft E in
t he case cg?b%éa]\e/i ngrsf acet s éfs shomén?n?)% E%I 1B.yA 11 (5:81}1 [%Sbﬁéﬁﬁlﬂ%s 1
FI ow Rat e CHFEOF according to the present invention, it is possible to cite B, P, W, Si, Ti,
V, Nb, Ta, Se, Te, Mo, Re, Os, Ru, Ir, Sb, Ge, Au, Ag, As, Cr, Hf, Zr, Ni, Co and
their compounds deposited on semiconductor substrates such as silicon wafers,
GaAs wafers and the like, metal substrates such as W, Ta, Mo and the like,
insulating or dielectric substrates such as SiOg, Al2O3, Ta20s and the like,
glasses such as soda-lime glasses, borosilicate glasses and the like, or
substrates formed of single crystals or polycrystals of other compounds or the
like. Among them, this etching gas is particularly effective at etching oxides,
nitrides, carbides, or composites of them. It is particularly preferable to use W,

WSiy, Ti, TiN, Ta20s5, Mo, Re, Ge, SizNy, Si, SiO2 or the like, more preferably

silicon-containing substances such as WSix, Si3Ny, Si, SiO2 and the like, and



1 SCCM Gas 2 Flow Rate of Gas 2 SCCM Etching Rate lilmn Selection Ratio to
Resi st Aspect Ratio Patterning Profile

much more preferably Si or SiO2. The above-mentioned substances may be
any of single crystal, polycrystal and amorphous form.

[0029] The etching gas of the present invention can be used for etching
exemplified by RIE (reactive-ion etching), ECR (electron cyclotron resonance)
plasma etching, microwave etching and the like, but not limited to these.
Additionally, these kinds of etching processes are a common knowledge among
the skilled in the art and can be referred to from publications as needed. The
reaction conditions are not required particularly. When CHF2COF is used,
fluorine radicals reach recessed portions of channels and then CFy ions (where
y represents an integer of from 1 to 3) enter there, with which etching develops
in a longitudinal direction. Side walls are protected by deposition of a
fluorocarbon polymer, thereby preventing an isotropic etching due to fluorine
radicals and allowing an anisotropic etching. Moreover, since CHF2COF
contains oxygen (0O), there is an advantage that the anisotropic etching can be
developed while efficiently removing fluorocarbon films deposited on the side
walls.

[0030] As a reason for the specifically good micro-patterning of CHF2COF, it
is possible to cite not only the fact that a ratio represented by F/C is 1.5 in the
case of CHF2COF while it is 2 in the case of CF3COF but also the effect of the
above-mentioned ketene which is polymerized to protect the side walls. It is
also possible to remove organic substances including polymers, in such a
manner as to carry out heating by using an oxidizing gas such as Fg, O2 and the
like or to carry out plasma ashing after conducting etching by using the etching
gas of the present invention,

[0031] An etching method of the present invention is précticable under
various dry etching conditions and allows the addition of various additives
depending on the property, productivity, micro-patterning accuracy and the
like of the target film. Inert gases exemplified by N2, He, Ar, Ne, Kr and the
like are usable as a dilutent, and more particularly, Ar is effective at stabilizing
plasma and therefore provides an enhanced etching rate by a synergistic effect

with CHF2COF. Though the amount of the added inert gases depends on the
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configuration and performances of the apparatus such as the output, the
amount of discharged gas and the like or on the properties of the target film, it
is preferably 1/10 to 30 times the amount of flow of CHF2COF.

[0032] With the addition of the oxidizing gas to CHF2COF, it becomes
possible to increase the etching rate and to enhance the productivity.
Concrete examples thereof are Oz, O3, COg, Fa, NF3, Cls, Bre, I, XF, (In this
formula, X represents Cl, I or Br. n represents an integer satisfying 1<n<7.
Concrete examples are CIF, ClFs, BrF, BrFs, IFs and IF:). Though the
amount of the added oxidizing gas depends on the configuration and
performances of the apparatus such as the output and the like or on the
properties of the target film, it is usually 1/20 to 30 times the amount of flow of
CHF2COF, more preferably 1/10 to 10 times the amount of flow of CHF2COF.
The addition exceeding 30 times impairs the excellent anisotropic etching
performance of CHF2COF and therefore not preferable. In the case of less
than 1/20, the effect of the addition of the oxidizing gas cannot be sufficiently
exhibited and therefore not preferable. In particular, the addition of oxygen
allows selectively accelerating the etching rate on metals, and more specifically,
greatly improves the selection ratio of the etching rate on metals thereby
allowing a selective etching on metals. It is a matter of course that the
addition of inert gases such as Ng, He, Ar, Ne, Kr and the like in addition to the
oxidizing gas is acceptable as desired.

[0083] If reduction of the amount of fluorine radicals that accelerates the
isotropic etching is required, the addition of a reducing gas exemplified by CHy,
CoHs, CoHs, CoHg, C3Hs, C3Hs, CsHs, HI, HBr, HCl, CO, NO, NHs and H:
provides a good effect. The amount of the addition is preferably not larger
than 10 times. When the addition exceeds the above, fluorine radicals that
work on etching is significantly reduced thereby decreasing the productivity.
Particularly, the addition of H2 or CoH2 decreases the etching rate on Si while
the etching rate on SiOg2 is not changed, so that the selectivity is enhanced.
Thus it becomes possible to etch SiOz selectively against a foundation silicon.

[0034] Furthermore, gases having a carbon number of 1 such as CHy, CH3F,
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CHgF3 and CHF; are effective in a fine-tuning of the ratio of fluorine to carbon
in the etching gas. The amount of the addition thereof also is preferably not
larger than 10 times the amount of CHF:COF. When the addition exceeds the
above, the excellent etching performances of CHF:COF get impaired. CO
traps HF (which has been by-produced, for example when ketene is generated)
in the form of HCOF and works as an etching agent in itself, so as to be
efficiently used. The amount of CO to be added is from 10:1 to 1:5, preferably
from 5:1 to 1:1 in a mole ratio represented by CHF2COF:CO.
[0035] The pressure in the case of using the etching gas of the present
invention is preferably not higher than 660 Pa (5 Torr) in order to perform
anisotropic etching; however, pressures of not higher than 0.13 Pa (0.001 Torr)
reduce the etching rate and therefore not preferable. The flow rate of gas to
be used depends on the volume of a reactor of the etching apparatus and on the
size of the wafer, but it is preferable to carry out etching at a flow rate of
between 10 to 10000 SCCM. Moreover, the temperature for etching is
preferably not greater than 400°C. High temperatures exceeding 400°C are
not preferable since etching tends to develop isotropically so that a desired
patterning accuracy cannot be obtained and since a resist is excessively etched.
EXAMPLES
[0036] The present invention will be more readily understood with reference
“to the following Examples.

[Examples 1 to 3 and Comparative Examples 1 and 2]

There are shown examples where etching was conducted on an
interlaminar insulating film (SiO2) by using an etching gas of the present
invention for contact hole-fabrication.

[0037] As a sample, a SiOsz interlaminar insulating film 22 was formed on a
single crystal silicon wafer 21. The sample was put to use upon forming on
the SiO;z film a resist mask 23 having apertures to serve as an etching mask.
A sample before etching is shown in Fig. 1A.

[0038] A schematic cross section of an apparatus used in the experiment is

shown in Fig. 2. By using a high-frequency source 3 (13.56 MHz, 50 W),
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etching gases (difluoroacetyl fluoride (CHF2COF), oxygen (O2), argon (Ar))
having been supplied from a gas inlet at flow rates shown in Table 1 were
excited in a sapphire tube 7 attached to the top of a reaction chamber 1 thereby
generating active species. The active species were supplied into the chamber
by the flow of gas, upon which etching was conducted on a sample 12 fixed by a
sample holder 10. Among the gas specimens, CHF2:COF, CF3COF and CF4
were introduced from a first gas inlet while O2 was introduced from a second
gas inlet, through a mass flow controller (though not shown).

[0089] The temperature of the substrate (or the sample holder 11) was set at
25°C, the pressure was set at 2.67 Pa (0.02 Torr), and the RF power density
was set at 2.2 W/em2. A discharged gas was diluted with nitrogen supplied at
5 L/min on a discharge side of a mechanical booster pump, and then the
concentration of CF4 was quantified by calibration curve method with the use
of FT-IR. Results of the above are shown in Table 1. Incidentally, “ND”
shown in the Table refers to less than the floor limit for detection (0.05
volume%). The etching rate (A/min) was determined in such a manner as to
divide film thicknesses obtained before and after etching by an etching time.
The film thicknesses were measured by an optical interferotype film-thickness

meter. A sample after etching (in the case of having facets) is shown in Fig.

1B.



6 or nore Partially having facets and gouges in side wall 0.11% Conparative
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wal I 0.18% CHF200F: Difluoroacetyl fluoride CF3COF:. Trifl uoroacetyl
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[0040] [Table 1]

Flow Flow
. . CH4
Rate Rate | Etching | Selection . .
Gas . Aspect | Patterning | Concentration
Gas 1 of Gas of Gas Rate Ratio to ) o
2 . . Ratio Profile in Discharged
1 2 A/min Resist
Gas
SCCM SCCM
6 No facet, Less than
or
Example 1 CHF:COF 50 None - 4058 6 Good side | floor limit for
more
wall detection
6 No facet, Less than
or
Example 2 CHF:COF 10 Ar 200 4121 6 Good side | floor limit for
more
wall detection
6 No facet, Less than
or
Example 3 CHF:COF 50 Oz 10 15598 7 Good side | floor limit for
more
wall detection
Partially
. having
Comparative 6 or
CF3;COF 50 None - 3218 5 facets and 0.11%
Example 1 more .
gouges in
side wall
Partially
. having
Comparative
CF, 50 None - 608 4 5 facets and 0.18%
Example 2 .
gouges in
side wall

CHF2COF: Difluoroacetyl fluoride
CF3COF" Trifluoroacetyl fluoride
027 Oxygen

Ar: Argon

CF4: Carbon tetrafluoride

EXPLANATION OF REFERENCE NUMERALS
[0041] Chamber
Earth

[ouy

High-frequency source
First gas inlet

Second gas inlet
Third gas inlet
Sapphire tube

Induction coil

©w o 3 O O s W N

Electronic pressure meter



EXPLANATI ON OF REFERENCE NUMERALS [0041] 1Chanber 2Earth 3Hi gh-frequency
source 4First gas inlet 5Second gas inlet 6Third gas inlet 7Sapphire tube
8l nduction coil 9Electronic pressure neter 12 10 Di scharged-gas line 11
Sanpl e holder 12 Sanple 21 Silicon wafer 22 Si02 interlam nar insulating
film 23 Resist mask 24 Facets 12

10 Discharged-gas line

11 Sample holder

12 Sample

21  Silicon wafer

22 SiOg interlaminar insulating film

23 Resist mask
24 Facets



13 CLAIMS [Caim 1] An etching gas used for etching sem conductors,
dielectric substances or thin filnms fornmed of netals, the etching gas
contai ning CHF2QOF. [Claim 2] An etching gas as clainmed in Claim1, wherein
t he sem conductors or the dielectric substances are a silicon-containing
substance. [Claim 3] An etching gas as cldined in aim1 or 2, wherein the
etching gas contains at |east one kind of gas selected from 02, 03, CO
Cx2, F2, NF3, d2, Br2, 12, XF. (In tdy mula, X represents C, | or Br.
n represents an integer satisfying CH4, F, CH2F2, CHF3, N2, He, Ar, Ne
and Kr, aqCiinaddliti vesn [tcing 4bAnueéd hforgefidingssehiiomdactorsCldblectrior 2,
wherein the etching gas contains at |east one kind of ﬁjas sel ected from
CH4, C2H2 substimces2ie8, tloaH4iingsHgrmedHe! mietalepr theHetching 998, cNABainieg N2,
He, Ar, Ne ﬂF as an additive. [Caim5]An etching gas as clained in
any one of® ép "1 to 3, wherein the etching gas contains at |east one
kind of gas selected from CH4, CH3F, CH2F2, CHF3, as an additive. [Claim
6] A met hod for etching sem conductor filns, dielectric filns or netal
L ilms, thdCimihell usi ot aBtdiiadi R@sgas aslaGadmes | Gldny anewdferelai tBe 1 to
semiconductors or the dielectric substances are a silicon-containing substance.

[Claim 3] An etching gas as claimed in Claim 1 or 2, wherein the etching
gas contains at least one kind of gas selected from Os, Oz, CO, COq, F2, NF3, Clg,
Brz, Iz, XFp (In this formula, X represents Cl, I or Br. n represents an integer
satisfying 1<n<7.), CHs, CHsF, CHoFs, CHF;, N2, He, Ar, Ne and Kr, as an

additive.

[Claim 4] An etching gas as claimed in Claim 1 or 2, wherein the etching
gas contains at least one kind of gas selected from CHy, C2Hz, CoHy, CoHs, C3Hy,
CsHg, CsHs, HI, HBr, HC1, CO, NO, NHs, Ho, N2, He, Ar, Ne and Kr, as an
additive.

[Claim 5] An etching gas as claimed in any one of Claims 1 to 3, wherein
the etching gas contains at least one kind of gas selected from CH4, CH3F,
CH2F2, CHF'3, as an additive.

[Claim 6] A method for etching semiconductor films, dielectric films or
metal films, the method using an etching gas as claimed in any one of Claims 1

to 4.

[Claim 7] A method for etching, the method including conducting an
etching method as claimed in Claim 6 and then ashing by F2 or Oas.



