Process for the production of croelectromechani cal systems  The present invention relates to the
etching of circuit patterns on semiconductor wafer structures in the fabrication of integrated circuits,
specifically it relates to the etching of deep trenches in structures in the fabrication of
microelectrowiéheigedisystems ("MEMS"). BMEMS concerns the technB{oGjraptasty7thall items, e.g.
machines, generally ranging in the size from a micrometer to a millimeter. The potential of very small
machines was appreciated long before the technology existed. Common applications include inkjet
printers operating with piezoelectrics or thermal bubble ejection, accelerometers in cars, e.g. for airbag
deployment in 10collisions, gyroscopes, silicon pressure sensors e.g. for monitoring car tires or blood
pressure, optical switchingaeehnolegy ©pbiaddEMS appiertiebmannadicalandshealth-related
technologies. Microelectronic circuits process the information gathered by sensors from the
environment through measuring mechanical, thermal, biological, chemical, optical or magnetic
phenomena. 15International patent application W088/08930 (= US 5,047,115) discloses a process for
etching deep trenches into silicon using SF6 or NF3. The process is very suitable in the field of

producing magnetic recprdingdagaidse aivane inpastan fielhof MEMS: pattmﬁ?oﬂatent application
EP-A-0 200 951 d%%%‘x?é‘?%@c%&%@‘f ?r[?h%%@sr%?h gp% |qutr plig:lgg(i%rllFFH glh con by applying a
c

mixture of NF3 or SF6, N2, and a la ormin asswatln ass British patent GB 2

290 413 dlsclosessﬁerﬁgﬁ’i‘géi WE‘FS%&’S&F\ﬁt%ﬁ’ﬁ%ﬁfs‘iﬁ%tﬁ?@%hﬁ?/Iﬁe“ﬁi‘éFﬁffﬁb‘8 ﬁ’&nch in a first etching
step using a gas Whiclegigmphies fivwire cmec I8 Fg 0 s RS ETNEYESsivating gas which forms Teflon

(RTM), e.g. 28CHF3, Cﬁfﬁm@Mmﬁ%&khﬁbwgym@@fﬁtﬁmmfme@gr@&@&lhﬁé@ further isotropic
plasma etching st aﬁéf 2099'}‘ &3 RE sﬁ%&cﬁglmaa%l%?o%%‘? %a%ﬁﬁlﬁe?et'o%ﬁenéf’r%é’é patent

application publica on U 189024 discloses how to pro e openings of variable shape by

alternatively etchinGaPBpEMAT SIS APRISSHEAdpREhitera B MoRILH a8 ERMting) fluorocarbon
polymer on the sidewalimnHBplaatiche iorhéxygen pndoptoraliySFoharementioinedras known
isotropic etch. 2 méﬂ@apaa@mea@@mmec@m@@tmIygd%ogycf@;azegg disslasesaiprocess for
etching deeqérenc /%: na two-st §tg§€9r9%g %ﬁésste%e incl des st hlnrgg%atrapered trench with a
tapered profile. HBr. E i< tide re erreopet antint ef‘%st ste en trimming ‘of the tapered

trench by high- deﬂ%ﬂ?/dpﬂé%ﬁ%‘éerso%?%h‘ﬁgmﬁ?aW%? B%YCOéfEﬁlﬁ@@paﬂﬁ’W&é% straight-profile
deep trench by appigingpSEE BIttOR: ated technologies. Microelectronic circuits process the

information gathered by sensors from the environment through measuring

mechanical, thermal, biological, chemical, optical or magnetic phenomena.

15 International patent application WOS88/08930 (= US 5,047,115) discloses a
process for etching deep trenches into silicon using SFg or NF5. The process is
very suitable in the field of producing magnetic recording heads, a very
important field of MEMS,

EP patent application EP-A-0 200 951 discloses a method for high-rate

20 anisotropic etching of silicon by applying a mixture of NF; or SFg, Np, and a
layer forming (passivating) gas such as CHF;.

British patent GB 2 290 413 discloses a method for processing silicon
structures by generating a trench in a first etching step using a gas which supplies
fluorine, e.g. SFg or NIz, and a passivating gas which forms Teflon (RTM), e.g.

25 CHEs, CyFg, CoFy or Cylg). Then, underetching is generated by a further
isotropic plasma etching step, The structures produced may be used as
acceleration sensors.

US patent application publication US 2003/0189024 discloses how to
provide openings of variable shape by alternatively etching an opening in silicon

30  and depositing a conformal (passivating) fluorocarbon polymer on the sidewalls.
HBr and helinm-oxygen and optionally SFg are mentioned as known isotropic
etch.



Object of the present invention is to provide an improved process for producing of
microelectromechanical systems. Another object of the present invention is to provide novel etching
gas mixtures suitable, i.a., for application in the prpcess of the present invention. These and other
objects of the present invention are achieved by the process and gas mixtures as outlined below. In
one aspect, there is provided a method of producing a microelectromechanical system ("MEMS") from
a structure wherginitwsiputitHigois fieaiadicaNse oisaly 9ith jam SICRIRG GReREBrRAgsYating gas
wherein passivation of at least a part of the etched surface of the structure is provided, comprising a
step wherSTRRTESPGRAr8 T PstShRrteed p%mﬁt% 'EARHEY SARIBE M RS SiEtrRRtHPfluorine or
carbony! Huefided GAFZ}. oHBITHYE afddath pastdrndianeitibennassivatingraoeRtis selasiad from
organic compounds providing, in a plasma, a fluropolymer.  According to an embodiment of the
present i dﬁPﬁ?ﬁéfﬁ’éﬁ%ﬁpﬁt&%éﬁﬂ@@mﬁ@?@@lé%ﬂ@mﬂkéﬂsiﬁét@ﬁi?mmg'%%m a structure
is provid &gqp&ig@fgg'ﬁt%m%r{m@g %%%geg@gmp{ing an etching gas comprising
elemental fluorine or carbonyl fluoride (COF2) or a mixture of both. Preferably, simultaneously in the
etching step, oPimen aitiditipnaicstep aftépthis etghviong dthansinpeturel ipriseate bwittvdupagsifating gas. If
etching and passivating are performed. in separate steps, preferably a.multitude of consecutive etching
cteps and e e AR A R NI
compoundsvdreticigne fRssrimesoetainitiplor flagride-eppiiaiting passivatingdays tiRrefesably, the
passivating agent is selected ftam.ofaanic sempounds,pioviding. n.a plasme.s fiuoropolymer: the
passivating agen?'optlonalf)lllls applied in the prespence o%yarogen ora hygrog%n-rePeasmg gas. 2a
Preferablypagdypofiuosites ofitlorapesrides and/or fluorotrioxides are introduced into the reactor or
intentionally fowled therein, The gas mixtyres are also free of compounds containing,a CN,bond and
nycrogen. Preftiatly e ferng ol SAEEs Aol U T B R ALy P oy,
Throughotsthm HrdéentSivéntion sthe temwlcompisingrintiud éstthater eanieguofvidpvgidting or.  The

"structure” or e silicon wafer in bulk micromachijning, or an.as bled item in
surface mel%%%%{%%ﬁ%n f[ir;lléi( %@%}%@%%ﬁ(&%%g t%sesggr%%?n?agcda tﬁg#ﬁaﬁlﬁ%ﬁe? @%e?%qr}r#ng it at high
temperatsrefasg ohtthetetmparstusepeopided orhigimanghant@devisraimdtbe sattauwe [owdadizan 500 C, or

accordin rocess. where super low temperatures . are involved of up to,-1.10 C, the process
is best pg?%?%;(%%s%r%gh%B%g%%%rg%gs(:sc}%ﬁ%%nﬁaé n%egg%lrié? dutin %Ia%arlﬁ%g)%¥lck3f§fg%%%ilable from
3 Alcatel,(A&an ced: Maxtrizlef Plabmadrvbmeior tBe fassev Tachngtog ysSybters fibhe @lasmea conditions

are induced by a magnetron or micgwave irradiation. The invention will described further in view of
the prefeffedEMbOHTEA OF piadid etéhih ?ﬁl‘éﬁﬁ@?ﬁal fluorine and carbonyl fluoride can be applied
as such, withowt diluéinizoloagiditiaball saenpednts. ftéscptatersadds, applytibanodijbaddaygzas inert gas,

or in the presence of oxygen and/or in th nce of gases or vapors which have a passivating
effect, or AU TEREES BT SHETb S Qo Hhel A THE P doEeva1 s SRR G,

Preferredstifuentsraie selestaddiamithetgiodimppionsistingtciiniregencanthnigile gasastiiurther,
additives Jike oxygen, hydrogen, .or Ivating gases cap, be added. as is descrjbed later..
Accordiné?@%‘%ﬁf SPETER (?lgﬂ’fb%c?dﬁﬁfjﬁ%o?rt%é%ﬂ?@é@n?' \9§hti AR S BHERIEHE fuorine with
nitrogen, fgliahARdRnLAtIAR anc.apRlind Hig MHKUR Cathbe fAtBadRe (eaci Qh@ qixture of

elemental fluorine and 15the inert gas or gases is formed before introducing it into the reactor. If the
gases ar@tieiitedan scidipemssasorsiticnerdasnnd rshisaerdes opistarbhomogenous

mixture cafy ReJao\ided REeughouthe reartpl chambekilagsneralsthedlyerine.cantentpf the mixture

is preferably between I. and 35 % by volume. For example, a mixture of F2 and the inert gas can be
supplied WM LatmresBblids sriestichirassompoynistiesn iaoniogeneuwoHaaine #rms.

fluoride-containing passivating layer. Preferably, the passivating agent is selected from
organic compounds providing, in a plasma, a fluoropolymer; the passivating agent

optionally is applied in the presence of hydrogen or a hydrogen-releasing gas.



Mixtures comprising elemental fluorine and nitrogen, mixtures comprising elemental fluorine and argon
are preferably applied, and, especially preferably, mixtures comprising elemental fluorine, nitrogen and
argon. If mixtures comprising only elemental fluoriae and nitrogen are applied, the content of
25elemental fluorine preferably is equal to or greater than 1 % by volume. The content of elemental
fluorine is preferably equal to or lower than 25 % by volume. The content of nitrogen is preferably
equal to or lowprdfeihB9 flo hypudlusied) Rieraplytoitiik e gudliofMiogsaaieidhan d wbicealume. In an
especially preferred embodiment, the o%&ejﬂement fluorine lies in the 30r. ngrg of 1? to 22 % by
volume. U S iraL ol iRy 8 AR SR APGoRSr & EHPIY 2he? $htBAE dHargon
preferablydsmeduadicongitaes than k@ dehy votrmenPretdeadyly, itis egual {6 be lenatasdtidian 99 % by
volume. The contengﬁgéelemental %ﬁrir}e isgprgéerably equal to or greater than 1 % by volume.
35Preferdy ST BqlA tBBFIERE 7% By W6lume, especially equal to or lower than 25 % by
volume, 4 Ifimistigiesicampisisgtelemanial tiwotie, rivegeniagd atgeiarmappiathdhg content of
elementa) fluorine is preferably equal to or greater than 1 % by volume. It is preferably equal to or
lower thancﬁgs%tw Q%rlUme. The content of argon is preferably equal to or greater than 4 % by volume.
Preferably, theGrordenttafcirgan is, gopiakimpldowgritbanafe oo esmichzangeot ahnitrogen is
preferably equ :Wt orﬁ%r.eater than 4 % by volume. It is preferably equal to or lower than 75 % by
volume. f‘ﬁﬁg@? %ftg Fﬁesﬁffé?‘fﬁﬂﬁ?{glg ?J”éWj‘@n preferably is equal to or lower  than 50 % by
volume, especiathiiprefierablyagualitober fanerthan herfrally, 1Qvobmeetdspraferahly ieghal to or
higher than 25 % by volume. According to a second.preferred e ggg‘rme t, mixtures comprising
carbonyl HIBPERNEL BEIrg fred RS e SaRA NI R B bd T AR SABE e Freferred to
the embodisneslis Whereir@asimixduiescare papies wivahsapataiwetameniahiivarinm(seaabove) or
fluorine an carbozf flg,#?ri e 15(see bei)owt). Carb r‘?/l fIUC}riEda% can be used very flexibly. Generally,
it is applicd Bgkthdr tith P g5ESs'd \‘}%p%?ﬁ%‘a“l?é?u e HE B PRIGHIHISE BEY B8 used in
anisotropiaeteting anplisotsapibatchingaielfriiis used in isotropic etching, it can be applied as such,
but preferably, it is applied in admixture with other fluorinated organic gases or vapors, for example,
saturated or unsaturated fluoroethers or fluorinated esters, for example,



those described in JP 10-223614, but especially, it is applied together with nitrogen, oxygen and/or
noble gases. 25In general, the carbonyl fluoride content of the mixture is preferably equal to or greater
than 1 % by volume. In general, it is equal to or lower than 99 % by volume. The mixture can be
formed in th&RAUEPEBLSwhich is preferred, a mixture of carbonyl fluoridd@RERAWERETE Has or gases is
formed before introducing it into the reactor. If the gases are introduced in such a premixed 30form
into the reactor, a homogenous mixture is provided thyoughout the reactor chamber.  Mixtures
comprising carbonyl fluoride and nitrogen, mixtures comprising carbonyl fluoride and argon and
mixtures comprising carbonyl fluoride, nitrogen and argon are advantageously applied. They can be
applied together withe88hydrogerddrlatdipdroglesmrelEbgimgry asrfRre fadbly otheSestmistures also include
oxygen. -5-  IfThb@lUies.cOMPlisae iy eabonyl Huoride apdmitroger-araapplied, the content of

carbony fluorde preferAll, SAaL LATRAIRL AN, b vslyme, The antent of carbony/ fuoride

is preferably equal to or lower than 75 % by volume. The content of nitrogen is prelperably equal to or
greater than 25 %% BUdITHBE preferably, it is equal to or less than 99 % by volume. In one
embodiment, the mixtutdsreorisidtustizarbshsdriiaoridéuanderitrobemppliedfanintlires bomprising carbonyl
fluoride and argondaieapplidithecontent.of Araan peeterably isaduaiicioteesienthan 10 % by
volume. Preferabl :Et i&,%g{.}l@ %j:%vggr)t( 9118;1 d%)p% \’19' m The content of carbonyl fluoride is
10preferably equaf to or great rtshan 20 %/0 gy V(ﬁume; prgfléré elr)l/(feit% Ifggga%a l%agélségsﬂ g[%han 90 % by

volume. In one enBSGMER HE #iliie s OREICHBEC SRR BHUY ARdaFgEH .21 Wixtures

comprising carboniefluetides pitragenvatidgaggonPartevedydprefesablypdpptie drofhécentent of carbonyl

fluoride is preferaklyneguat & orubdgreaienian.to byuellmesiihis preferabbs aguabteor lower than

50 % by volume. TJ??&‘BRE‘?{}} (ﬁgggg&iﬁe{)ﬁ&g&%@yﬁg@! tgdgg greater than 5 % by volume.
ntofarg% ' / tang o by

Preferably, the cont Is equal to or lower y volume; especially, the content of

argon is equal to or loweFtRAIPEGYA W SRiFrs aReheoment JrhnmBgER & BFaRAbly equal to o
greater than 1 % byi2@voivimesprafel Aolyiit ivdyoaidgeor hebsrthan/80 48 byavolppiedn one
embodiment, the M wies.eoBsistofceakRonyhiveide: BItOEBMANGAI8QBAtal fR.diRisd preferred
embodiment; elemepialluerigeand carbon fusiie e.apRiediogeiner. Jhe mplafatio of
elemental fluorine to carbonyl flaoride lies prefera eIy In the ra%ge of 1:9916 99:1. r@?erably, the
mixture of elemenfaf mntroduced in such a premixed forri into the reactor, a homogenous or near-
homogenous mixture can be provided throughout the reactor chamber. In
general, the fluorine content of the mixture is preferably between 1 and 35 % by
volume. For example, a mixture of FF2 and the inert gas can be supplied from
20 pressurized bottles. In such pressurized bottles, a homogenous mixture forms,
Mixtures comprising elemental fluorine and nitrogen, mixtures comprising
elemental fluorine and argon are preferably applied, and, especially preferably,
mixtures comprising elemental fluorine, nitrogen and argon. If mixtures
comprising only elemental fluorine and nitrogen are applied, the content of
25 elemental fluorine preferably is equal to or greater than 1 9% by volume. The
content of elemental fluorine is preferably equal to or lower than 25 % by
volume. The content of nitrogen is preferably equal to or iower than 99 % by -
volume, Preferably, it is equal to or greater than 75 % by volume, In an
especially preferred embodiment, the content of elemental fluorine lies in the
30 range of 18 to 22 % by volume.
If mixtures comprising elemental fluorine and argon are applied, the
content of argon preferably is equal to or greater than 50 % by volume.,
Preferably, 1t 1s equal to or lower than 99 % by volume. The content of
elemental fluorine is preferably equal to or greater than 1 % by volume.
35 Preferably, it is equal to or lower than 50 % by volume, especially equal to or

lower than 25 % by volume.



25fluorine and carbonyl fluoride is diluted by oxygen and/or an inert gas, preferably nitrogen, or a
noble gas. The mixtures preferably are constituted as described above in the first embodiment with the
proviso that "mixture of elemental fluorine and carbonyl fluoride" has to be substituted for "elemental
fluorine”. It ¥ Brdfeit&¥hat the sum of the volumes of elemental fluorine ErdEE8YR¥H e equal to or
less than 60 % by volume. It has to be noted that, in the presence of a catalyst, F2 and COF2 may
react with each other, especially to form fluorooxytrifluoromethane, a hypofluorite. In the process of the
present invention, preferably such a reaction is not performed. Thus, no such catalyst is present in the
reactor wherein etching is performed. 35In one embodiment, the mixtures mentioned above of
carbonyl fluoride, elemErtakfiidtiprangriths clemeoidIlspiionalyogeiaihy et éieipaitor argon, 6
may also comprisg.@xyaen: fretenably, flnereenigntf oty ganasiequgldapegrea@than 5 % by

volume. Very preferahly, ifis,eqialio O R a1y 1RN. 1000 Dy alume. hreferabiy, e gontent of
oxygen is equal to or less t%nﬁgmvolume.ivqeﬁéﬁre%? arb]lg/ itise u$l t(gi or less than 25 % by
volume. The 5 coAt&Mt BrRFEAtRE FBRRGEATEEHER dimiRis @H%Sﬁgé%ff\l}% {7-E8t example, if 10 %
by volume ofthe gastenbl pesiencendtithte 9y wx§en 2thBnbtheckaReentisfapitHEr constituents is

reduced, for exampiedey kGbLeraash. cqul desired: elemantalfiyornemeaanytetianicle or the mixture
of elemental fluori&%r{g sarbonviflHedde . optignally also comprising nitrogen, noble gases 10and/or

. | 9

oxygen, can be applied together wijth etchi ases known from the art. For example, they can be
applied together with H@?%%relt?ﬁ‘?rﬁ ﬁgaﬁfgn% etcHiAg jﬁé%.a tHiSHAE ?ﬁéogvocﬁtent of the
additional gas is prefepdiffy tese tan 20posi iy Welghof Higds pbetiee Haed preferred embodiment,
elemental flugriney&amheonyl i yesida ok their mixiurgiaieiappliedas thewnly etching gases,
15especially preferably fogethe. Wi%%&ﬁbrgﬁ%%ﬁﬂg@&gﬁ{,%ﬁﬂu?&%& ihed above. Here, argon,

oxygen and/or nitrogen, respectively, are the balance to 100 % by volume. The_mixtures described
above can be appTRaIRMEN BrOMRHBR TRCARE S BISH HBTPS pFEetRiNg. Th &nisotropic etching,
the etching gas formbogdizgrerardsretHinke thratisdiromtefthe dre achvithioth ¢ AREMA without affecting
the side walls. AnisairaRisneithingreanfaintiuces: hy halanchgmiysicakeiching (uddeh essentially
etches the b[gsttom(ggetggkg(gfch) and chemical etching (which etches bottom and side walls). If
isotropic etching is desired, prevention of side wall etching, is ngt necessary. In anisotropic etching,
side wall etching is 25UndESHE NI HRINGE SRSt BERE 8BhinG i&PBEfbrmed by either
including a passivitgatherasithtothesetch iy gesivedithpdssivating gas protects the side walls, or by
sequential etching with@gieiehifggas anrd danchseped atersiepsdornaiog ar-pagsivating: layer on the side
walls using a passé%%tlilg@ gas. The passivating gas is applied to form a protective layer on the trench
walls

20 If it 1s used in isotropic etching, it can be applied as such, but preferably, it

is applied in admixture with other fluorinated organic gases or vapors, for

' example, saturated or unsaturated fluoroethers or fluorinated esters, for exampie,
those described in JP 10-223614, but especially, it 15 applied together with
nitrogen, oxygen and/or noble gases.

25 In general, the carbony! fluoride content of the mixture is preferably equal
to or greater than 1 % by volume. In general, it is equal to or lower than 99 % by
volume. The mixture can be formed in the reactor, or, which is preferred. a
mixture of carbonyl fluoride and the inert gas or gases is formed before
introducing it into the reactor. If the gases are introduced in such a premixed

30 form into the reactor, a homogenous mixture is provided throughout the reactor
chamber.

Mixtures comprising carbonyl fluoride and nitrogen, mixtures comprising
carbonyl fluoride and argon and mixtures comprising carbonyl fluoride, nitrogen
and argon are advantageously applied. They can be applied together with

35  hydrogen or a hydrogen releasing gas. Preferably, these mixtures also include
OXygen.



30to prevent them to react with the etch ant. The nature of the passivating gas depends on the kind of
structure. For silicon as structure, bromine sources, for example elemental bromine or HBr can be

applied as passivating gas. A layer of non-volatile SixBry compounds form as protective layer. Other
sources fornMfiRFYPIBtettive layer with silicon are NO, NO2, CO2, CO, NBC 5 88447643
35combination of SiC14 and N2. The passivating gas is preferably selected from cyclic, linear or

branched saturated aliphatic compounds with 1 to 6. garbon atoms, substituted by at least one fluorine
atom, or from cyclic, linear or branched unsaturated aliphatic compounds with 2 to 6 carbon atoms,
substituted by at least one fluorine atom. These compounds consist of carbon and fluorine and
optionally hydrogen. PréfeiaBliesa0repaiien oalhrinecRydriegEd bRy Efagfeattagpbedivi@saturated or
unsaturated compguinchese arhstitfied:hie Budtnelattrgdaiuiataed by droflugrosarbias:and saturated

fluorocarbons withp{ Lo §.carBe R, HoRs ARd snsaiuatet hydrafiosocarbons g ynsaturated
fluorocarbons with 2 to 6 garbon atomf are (preferre ;%Iéy Ereferred com%og%%sg% hich are

applicable as passi gffheg %%‘?‘é&a@ Eé{%ﬁj@‘ﬁ@f ﬁ %&%’FE"Z , C2E4, C4F6
and C4F8. THe corapoimdscécbis gl TR aides i auita bied Curens. espandally preferred as
passivating gas. Tdisberpeshkicaysitiaatsomns olthenduitabitucanspodndsdaane a boiling point which is

higher than 20 C at noragl pressuse, He 15 ek inalJoriNGse. ComBUS.the, et gas” should be

understood to mean "vapor". These compounds are s itabIS ven if not gasepu é15at 20 C because
the process of theoggraégg ¥ fﬁ%ﬁ%&’isigqﬁ {8rPhEFFAFR" ?3&3&?%%?\’/@%8%9%\7\%@} YHeLe compounds
are no longer liquighuslitdrpitesferhasts Fapor deglsdlis et fiaathesd (apods function like gases.
Especially if anly fhuekessrbequaompogiaas:(tansisthg ok canbenpaster-liviorine areppplied as

passivating gas, itcaryhg preferied indRclids alsas0nyAraaen-Rrquiding.aasibio the,gas mixture.
This may mprovﬁhe aniso rgé%g effect of the gas mixtures during etching. Without being bound by

any theory, it is ¢ ‘é?&lgFeadj Bte that hydrogen scavenges fluorine radicals, thus leaving
fluorocarbon radicals inMieres caomwiiRataEbPIbfbeeiBd M aekcalardra gfsodeeteiants and still improve
the anisotropic effgeiref:the passtvaling GasntvisafyshogRinsae Mpierampke dhpossible to balance the

ratio betweepsfluoging tadicals and fugracarban radicals. & hisher. shate i flygracgrbon radicals

compared to fluorine radicarl;s 1S thou%?t to reduce the reaécamn with the pr@tgective layer on the trench

wall. Elemental hy@td§%h orhGarsgeR Sraoming eSmpBoure & 4§ BasoERdAtaNing fluorocarbons,
especially Cl or C24iyarofliisiesdibons c30irnost prsferablipdifiiordemettiiae B¥n@ tifluoromethane, are
very suitable. Thepassivalipecgaly aan apreseni-even dpuaigher ametinis: Forexample, the gas

mixture may contajgpdo-A5 %, 0 yolume,of the nagsivating comreund.JFag,.cqnieny of one or all of
the other corglétltuer;aés is then Iové/er than given above. Prgé%rg/%%ygg@ mixtuyres for passivation only (with
ion Thchu

low or no anisotropil BEERITT 8 et SiRIRENM & prap et ‘Bhe of M6re of the above-

embodiment, the mixtures consist of carbonyl fluoride, nitrogen and argon.

In a third preferred embodiment, elemental fluorine and carbonyl fluoride
are applied together, The molar ratio of elemental fluorine to carbonyl fluoride
lies preferably in the range of 1:99 to 99:1. Preferably, the mixture of elemental

25 fluorine and carbonyl fluoride is diluted by oxygen and/or an inert gas,
preferably nitrogen, or a noble gas. The mixtures preferably are constituted as
described above in the first embodiment with the proviso that “mixture of
elemental fluorine and carbony! flnoride” has to be substituted for “elemental
fluorine”. It is preferred that the sum of the volumes of elemental fluorine and

30 argon are equal to or less than 60 % by volume, It has to be noted that, in the
presence of a catalyst, F» and COF, may react with each other, especially to
form fluorooxytrifiuoromethane, a hypofluorite, In the process of the present
invention, preferably such a reaction 1s not performed. Thus, no such catalyst is
present in the reactor wherein etching is performed.

35 In one embodiment, the mixtures mentioned above of carbonyl fluoride,

elemental fluorine or their mixtures, optionally including nitrogen and/or argon,



mentioned aliphatic cyclic, linear or branched fluorocarbons or 8 - hydrofluorocarbons with 1 to 6
carbon atoms (saturated) or 2 to 6 carbon atoms (unsaturated). Optionally, a hydrogen or a
hydrogen-releasing gas (a gas that releases hydrogen under thermal conditions, especially at
temperature€ GESPHRIANEr than 200 C, or in a plasma), preferably difluorofhatRAHasss 7623
5trifluoromethane, is also present, especially, if perfluorinated compounds are applied as passivating
gas. If hydrogen or a hydrogen-releasing gas is presgnt, it is preferably comprised in an amount of 1 to
5 % by volume. Also, it is possible to include argon for improving the plasma. The process for MEMS
etching can principally be performed in two 10alternatives: the structure is treated with the etching gas
and the passivatineeyabsinuRaneotistynof trdatrnbh twisratat RGeS fsiyaifoffned in one step,
and treatment witgrHaepassivating gasisparéorped-atanathesgiepptbeseaendalteyative wherein

etching and passiyation,ate SARSRHNINABRIAIS 5 Grlled IBASYH | AN0GERS (T Bosch type

process is preferred. Of course, the freatment 15can be perfor S a one-time treatment by
extending the treatf&RE tima uRE T %eétiﬂé&%%&ﬁ,"é?&%%éﬂbﬁ%g%pgh‘ﬁ ?%f@ﬁie d. Especially if
etching and passiveiiont aféhpatfsimerssapatatehenimtashedraterHycindisassivarién are repeated
several times congegutively uiithdhg tesitechiesiut iscaakieved bWhilgHnisiies iieally=advantageous to
perform etching aHfjt}?@étﬁié@B%@n?Q&ﬁ@?yﬂe‘é%@’ed:‘ %Qgﬁ%pg,rg?@ga%ogc}{‘ etching gas and passivating
gas are expected to re (tiwith one athlpgr in.an uncges_igeﬁg madnner For,exami%tl I el?rinental fluorine
i applied & etching QAECEHEFirt ACAH ARe orBLATHON 67 S AUSPa stk e
hydrofluorocarborfliitte aekbertbdve [dpsiiet 42 passivatisycgaprispeve sp eeeobaie Btisble to perform
25etching and passivatiogyitsenarsiegarsacgtive siepscEhiep ina Bidevreactiondaexpected between
elemental fluorinegand,the pagsivating, gas, stil ihe Basehiyps: Pipcessis.advaniagegus compared to

simultaneous etching and passivation because it'is faster, Carbonyl fluoride and C4F6 can be applied
in separate steps ‘EfF%BEe%ﬁ%r[iIh %ﬁ&ﬁé“'sm‘?ﬁ%ﬁ%d’&% #ﬁ&?ﬁ% SO CEPP S BEBARHY in admixture
with nitrogen or a HoBléyasishipidhgais orathydrogeprieadrighgdenpeicalgsems undesired
fluorine, carbonyl! fluoride or their mixture are applied as the only etching gases,
15  especially preferably together with argon, oxygen and/or nitrogen as described
above, Here, argon, oxygen and/or nitrogen, respectively, are the balance to
100 % by volame,
The mixtures described above can be applied in MEMS production in
anisotropic and isotropic etching. In anisotropic etching, the etching gas forms a
20 trench by etching the bottom of the trench without or nearly without affecting the
side walls. Anisotropic etching can be induced by balancing physical etching
(which essentially etches the bottom of the trench) and chemical etching (which
etches bottom and side walls). If isotropic etching is desired, prevention of side
wall etching is not necessary. In anisotropic etching, side wall etching is
25  undesired. A preferred method of anisotropic etching is performed by either
including a passivating gas into the etching gas which passivating gas protects
the side walls, or by sequential etching with an etching gas and in a separate step,
forming a passivating layer on the side walls using a passivating gas.
The passivating gas is applied to form a protective layer on the trench walls
30 to prevent them to react with the etchant. The nature of the passivating gas
depends on the kind of structure. For silicon as structure, bromine sources, for
example elemental bromine or HBr can be applied as passivating gas. A layer of
non-volatile SixBry compounds form as protective layer. Other sources forming
a protective layer with silicon are NO, NO,, CO4, CO, N5, 0y, CSqar a
35 combination of SiCly and Ny, The passivating gas is preferably selected from

cyclic, linear or branched saturated alipbatic compounds with 1 to 6 carbon



reaction will occur. elemental fluorine and a perfluorocarbon might also be applied simultaneously, |
because no adverse reaction is expected (nevertheless, consecutive application may be
advantageous because of possible higher speed 350f reaction), while elemental fluorine and C4F6

should be aptiéfi#®éparate etching and passivating steps, because, Ve FFEHET By nitrogen

and/or a noble gas, an addition reaction may take place between elemental fluorine and C4F6.  If
the etching and passivati on are performed in sepatate steps, then etching can be performed with the
etching mixtures describe above. Passivation can then 5be performed using the passivating gases
mentioned above.  If desired, after forming the trench by etching and passivation, an additional step
(or multitude of st&{98)scaih Brusetfor tidgar ahibwsiihaeratehifgnay desdribadoi GB 2 290 413. In
this step, it is prefefigchaniy ierapply hiphatehibegngasd GEbextentpeisbi a:ofheusttitatate during

plasma treatmemﬂ’%# I, 9enesalyns KRRk ﬁ%’égeec%%g&&&%%s@oPH:&BdH%XcPﬁuBfﬂﬁef The pressure
during the plasma Lfatmen |s piﬁferabl%ﬁg % %&?ﬁ? mb?,r to 15 mbar. Preferably, the pressure
r

is equal to or gredtst AT Y 8 dPIOWF FEPEIRLEK 15While the
structure may havespagizisieaforats] it |§%@%§IW@HH@§H@@%$W@K @r@ﬁ@ﬁaﬁmﬁhe structure is a
silicon wafer.  Theueledingiesmubapetoimed accandingde-sbaimik misromachiniag technology

wherein the whole {ickness0lgiemdn Beiehery e allcan Al s sef G yild the
micromechanical stru tur . Alternatively, the etc 20can be performecg't cqrding to the surface
micromachining teéciinofEy WHerkiA ESHAFE: pgét?ﬂéé}aﬁgvgsﬁm% i E@éﬁrﬁ’ selective etching of
them. The etchingﬁmb@@éé v gjerergbegsetdhsiteldbe g rdaktivetibn. ithihghechnology. The
process according i@ {he,presgng inventigh, canekeapgalien toqradines 28semicanciilaes for
m'Croe'ec”omeChé“%% SYSIemR, E%f@é@m'%a&?&ﬁ ﬁﬂagt!l‘%” PROSOLSMAANEHE 65ALdIPg heads, ink jet

printers, gyroscopes and other items as described above. Certain gas mixtures useful in the process of

the present inventfSh Y& o VAPRRRAS A8 M P A BRI Sfihra I5rEEaft R Atioh &hd are claimed per
se. In 30this aspeteiahergspesentlinikantivn heolahddsraraomiphisthg tdrellekssS theulddaning of
“consisting of', Thes@-gasixideas capan maddecypefiuetitasaluarepernddesand/or

fluorotioxide; and preferaly. e &@?JE&&E r&%}?ertﬁ ST ARY E‘??s Q%XHR@&‘Q{ EﬁeslePer operoxides

and/or quorotr|OX|de the term "essentially” denotes a content of a hese co poun s of less than
1% by low enough where these compounds are no longer liquid, but In the formof 2

vapor. He also is aware that these vapors function like gases.
Especially if only flucrocarbon compounds {consisting of carbon and
fluorine) are applied as passivating gas, it can be preferred to include alsc a
20 hydrogen-providing gas into the gas mixture. This may improve the anisotropic
effect of the gas mixtures during etching. Without being bound by any theory, it
is considered possible that hydrogen scavenges fluorine radicals, thus leaving
fluorocarbon radicals in the reaction mixture. Fluorocarbon radicals are good

etchants and still improve the anisotropic effect of the passivating gas; thus,

3
o

hydrogen seems to make it possible to balance the ratio between fluorine radicals

and fluorocarbon radicals. A higher share of fluorocarbon radicals compared to

flucrine radicals is thought to reduce the reaction with the protective layer on the

trench wall. Elemental hyvdrogen or hydrogen providing compounds, e.g.

hydrogen-containing fluorocarbons, especially C1 or C2 hydrofluorocarbons,

30 most preferably difluoromethane and trifluoromethane, are very suitable. The
passivating gas can be present even in higher amounts. For example, the gas
mixture may contain up to 43 % by volume of the passivating compound, The
content of one or all of the other constituents is then lower than given above,

Preferred gas mixtures for passivation only (with low or nc anisotropic

35  etching effect) in MEMS preparation include one or more of the above-

mentioned aliphatic cyclic, linear or branched fluorocarbons or



35volume, and preferably a content of 0 % by volume. The gas mixtures are also free of compounds
containing a CN bond and hydrogen. - 10 - The gas mixtures which are described in detail in the
following paragraphs are, as mentioned above, claimed per se. They can be in the gaseous state, in
the liquid sta¥® HMEYSfid state or even in the supercritical state. The ga&THERaFEE%T&fhed per se are
preferably present in the liquid state. For example, they can be D contained, in the liquid state, in
pressurized containers, e.g. bottles. Of course, abovg the liquid, a certain amount of gaseous
atmosphere exists, depending of the volume of the liquid and the container.  One embodiment of
this aspect relates to mixtures comprising elemental fluorine and carbonyl fluoride. The mixtures
according to the praderitierssationsl Ohefdpdbibomirise elemmersthl fiubidrfecarieaionyl fluoride in a
molar ratio of 1:994a:98:bhtcEnempaleculararatiorefalememnialdiariaranc cashanryk fiveride is preferably

equal to or 9reate?etl@%é?h;gﬁrot%%%fﬁﬁég%égﬁa?%?dj%é?{ Q %i&ﬂ?%%?f%% l@élg{‘?x?o‘?-O”SiS“”g of

equimolar amounts of elemental fluorine and carbonyl fluoride are y excluded. 15The mixture

of elemental fluorili§XhdArBONyT FRIGAGL A uRtT BB PR SRGEHhoble gas, nitrogen. The
noble gas preferabiiisprohsthen:iron sealiarrarrdragon;. Wiy o dereppeavialie preferred. These
mixtures are espegialiysuitahia faild M SietshingeOptionadithere-mixtuges ayeigoicomprise a
passivating gas, pieferably;a PaRsvatng as.desgiked ?&5’\452}@81&9@%%\6?%9 (ggfc%’?iﬁéowd not react

with elemental fluoririge' perfluoro compounds are very suita The amounts of elemental fluorine,
carbonyl fluoride, %%E?Fo?fﬁ-ﬂ’i} 5y RO HRFONE &HEIBE nitrogen and, if comprised, a passivating gas,
are given above. 15Thé& hdigtaress slavHed perchisofelermsmaltfibomnd andcarbenyl fluoride can be in
the gaseous)statesigthe lielig Staterincthaselid siateior avendrdbensupeicriticatisiaies The gas

mixtures are prefegably presens &EP&JHH&HF‘@R%‘%J%Q&?&‘@%&QH 08y 6aR Re containgd, in the liquid
state, in pressurized bottles. Another embodiment of thisaspect of the present invention relates to 30
mixtures comprisifGERBGR TGRS Y8y 8A 4R aRSIPEsbiR 5a LS strdn AR Sa°Adsivating gas and
optionally hydrogentenativydrbegenrttdasinggesss Préfarabhyotre mobiygmsiigmtdotedfisim helium and
argon, especially prafenabiydtdssargenBoscAcegidingdaone preferredrinbedimentathesixtures

consist of cayony] lugrige,and.yo0en. o1 e N3 O SarhaXl fuaride. g araom and, in both
ya

35alternatives, optionally also contain oxygen. In mixturés comprrS‘Jn(I;] only carbonyl fluoride and
nitrogen, the contéfft BFCEAGA RSB R &Adnly jghieved. Especially if eiching an

passivation are performed separately, the steps of etching and passivation are
repeated several times consecutively until the desired result 1s achieved. While it
. is technically advantageous to perform etching and passivation consecutively, it
20 may be mandatory if etching gas and passivating gas are expected to react with
one another in an undesired manner.

For example, if elemental fluorine is applied as etching gas and an
unsaturated fluorocarbon or saturated or unsaturated hydrofivorocarbon is
intended to be applied as passivating gas, it is very recommendable to perform

25  etching and passivation in separate consecutive steps. Even if no side reaction is
expected between elemental fluorine and the passivating gas, still the Bosch type
process is advantageous compared to simultaneous etching and passivation
because it is faster,

Carbonyi fivoride and C4Fg can be applied in separate steps or together in

30 one simultaneous etching/passivating step, optionally in admixture with nitrogen
or a noble gas, e.g. argon, or a hydrogen-releasing gas, because no undesired
reaction will occur. elemental fluorine and a perfluorocarbon might also be
applied simultaneously, because no adverse reaction is expected (nevertheless,
consecutive application may be advantageous because of possible higher speed

35  of'reaction), while elemental fluorine and C4F should be applied in separate



equal to or greater than 1 % by volume. The content of carbonyl fluoride is preferably equal to or lower
than 75 % by volume. The content of nitrogen is preferably equal to or greater than 25 % by volume,;
preferably, it is equal to or less than 99 % by volume. In one embodiment, the mixtures consist of
carbony! 5flfGAdEPHARPHifrogen.  In mixtures comprising carbony! fluoridé& &%EAFFER e content of
argon preferably is equal to or greater than 10 % by volume. Preferably, it is equal to or lower than 80
% by volume. The content of carbonyl fluoride is prefgrably equal to or greater than 20 % by volume;
preferably, it is equal to or less than 1090 % by volume. In one embodiment, the mixtures consist of
carbonyl fluoride and argon.  Mixtures comprising carbonyl fluoride, nitrogen and argon are
especially preferredciiineaodritentveficadianybficmrdecispreferabiybs gitsd gonormgrentardian 1 % by
volume. It is preferably.eaualita anlowenthanbO%ddmolumelchadbgopertatagan is preferably

equal to or greater than O{é’é%Xh‘;’;Q'%mae%assS}c&’%‘?% h@ﬁ%?m%%f‘%%f ﬁi%?é‘s%%g% b c%'nt&c%ﬂ wer than 50 %

by volume; especially, the content’of argon is e ual to or Jower than 40 % ume, The content of

nitrogen is preferatiy %I’ﬁf‘?&)‘?ﬁd@r&gt@r@ﬁﬁﬁ’ﬂgWBV”\F@IE}ﬁ%@ﬁtﬁé?é’r’ﬁblya?ts’iga@fiﬂﬁﬁ’oﬂb@ress than 80
% by volume 5In ohe enibodidentgtthe 20mixiure goonsisnoboarbbed.fluoride, nitrogen and argon.

The mixtures may also W@e%yg@ﬁuhy@r@@eﬂc@wg@g@hﬁelgg@ﬁngtgﬂsEand/or a passivating
920, ovetans are X above, B IR, dartiedhese, of catbory) luarde,and nivogen

and/or a noble gas and opt iona g)assrvatrng gas or gen can be In the gaseous state, 25 in the
liquid state, in the $oAEFSERRS 5t @benat il sdﬂépérrﬁré‘ﬁi LB ofHE QAR ik AR die preferably present

in the liquid state. &dregamiple, they can be contained, in the liquid state, in pressurized bottles. The
inventive mixtyres are stiitaplgpdanaxamplesfocpesfarmipgthe precassmacaardingridshe present
invention, but als for other etchr esses~30far. example, f pr tors, for flat
panel display pro?jk cptron qeg%r?néngg ng qlllt man}%%iegr%) c-IPh %egrlrl?%?r %@%@ggﬁ? of the present

invention relates té’lﬁf'r‘%ﬁﬁ@éta‘?ﬁﬁbsrrgrﬁ@réarb%wmﬁolnﬂelzgr?d”?apb%@sﬁéd'ﬁh@r gREERIBptionally also
nitrogen, a noble ghs mmskor asydebgen-peteasitigyas 1 Fhesamiktirpsaret86 sgiteiecior
simultaneous etchjpg.&angkpassimaling. The presence of argon is very preferred. -12 -  In mixtures

comprising bonyl ﬂu%ﬁd% g;rne %s,glrvatrn gent, arao and opyo %Ilya ertrorg%n éQrogen or a
hydrogen-re asrng gas, the content of car ongll fluorr e pre fera y fs equa Pto or gre er than 15 % by

volume, very prefé?‘ébl‘ya@ﬁugﬁﬁ?’&r)@ré%?é Y t75I59YBRiffe. Preferably, it is equal to or

The etching can be performed according to the bulk micromachining
technology wherein the whole thickness of the item to be etched, e.g. a silicon
wafer, is used to build the micromechanical structure. Alternatively, the etching

20 can be performed according to the surface micromachining technology wherein
layers are produced by applying coatings and selective efching of them. The
etching process can generally be used 1n the deep reactive ion etching
technology.

The process according to the present invention can be applied to produce

25  semiconductors for microelectromechanical systems, for example, acceleration
sensors, magnetic recording heads, ink jet printers, gyroscopes and other items as
described above,

Certain gas mixtures useful in the process of the present invention are
novel; they are alsc an aspect of the present invention and are claimed per se. In

30 this aspect of the present invention, too, the term “comprising” inchudes the
meaning of “consisting of”. These gas mixtures contain no added hypofluorites,
fluoroperoxides and/or fluorotrioxide, and preferably, the gas mixtures are
essentially free of hypofluorites, fluoroperoxides and/or fluorotrioxide; the term
“essentially” denotes a content of any of these compounds of less than 1 % by

35  volume, and preferably a content of O % by volume. The gas mixtures are also

free of compounds containing a CN bond and hydrogen.



5lower than 60 % by volume. The content of the passivating agent is preferably equal to or greater
than 10 % by volume, very preferably, equal to or greater than 15 % by volume. The content of the
passivating gas is preferably equal to or lower than 50 % by volume, very preferably, equal to or lower
than 45 % by ¢tfitE8%fke content of argon preferably is equal to or greaRFEARAWHHFHBY 10volume,
very preferably, equal to or greater than 25 % by volume, Preferably, the content of argon is equal to
or lower than 50 % by volume, very preferably, equal o or lower than 40 % by volume. If nitrogen is
comprised, its content is preferably in a range of Ito 10 % by volume. If hydrogen or a
hydrogen-releasing gas is comprised, its content preferably is equal to or greater than 2 % 15by
volume. Preferably, it islég@as toioutowvehittharreld: % ivpd/ol dieiell Préfefablyy thepenwipassivating gas”

- denotes inorganicQ¢, raapie smpesds thes HanNBady Qe 6:Qn GEEAQo02:anC @ tavlitable
passivating gas are co unds which react under.thermal (200."V, a igher). or under plasma
conditions with siIEE%%%pg?’rﬁlgsalﬁ%(S)%ﬁgosr%%;ogduﬁa%%v&%%ﬁ)w }\)/%fg#ﬁ%a} %%%C%ié%sfg}%maf%assivaﬂng layer
thus protecting th& 8ttt dIE SuEMBIStEHNR REBELN Breferiby, TR TP HARSIVARTYS gas” denotes
one or more @rgarientonsgounils lsalattedefromrcyslitczot fineamersbean dloedissatiratedt aliphatic
compounds with 1ok cRebignialamssbsiiuied-y ablgast-egikaringaiRmAIHEYN cyclic or linear

or branched, unsaéyg%qgl %igpﬁgqiﬁgﬁg%l oésc%i Qﬁge};o 6 carbon atoms, substituted by at least one
fluorine atom. These compounds consist of carbon and fluorine and optionally hydrogen, Preferably, at

least 50 % of the hydrof8h SIEAHBITHY FaHREY AttT SRR PRI SINPARIBEIRTFA A are
substituted by fluorineiatoms c8aturatéebhyidrofhsoras anve pscartingatu tt gueferorocantons with 1 to 5

carbon atomgandgsatikatec iy efuaiasarbons and 3Qfluarecarhansivitha 10.5dAspon atoms are

preferred. Highly preterred compounds which.are.compri as.passiyati are £-C4F6, c-05F8,
Chara, CHER, G R B R R R e
passivating gas. THETEBRNSSIRYS T BIEB HBE P31 arB slisr it Bis TrHe hastate ob@arbony! fluoride
and passivating g&$:mayiftmthecinskithe nfteggenglexygenn @5dntioearridhlergasinéven elemental
fluorine can be comprissd mreMidedthe-passivaiinggas is a perfluorocarbon compound. - 13 - Still
more preferaly. the mixjre comprises.caiervl luerids  GAES, and ataon. and getionally hydrogen or
a hydrogen-releasing gas. The mixtures, claimed per se, o c,yar ony Iuo?f_‘ e and passivating gas
can be in the gaseSURPEESEXT¥ the FGHIE SistBIiRSHR JorPshiterat RvEHaRHe STt critical state. The

gas mixtures are gdrefetabiynpresent in, thbdichidustates Pareximpleethel Jdrbendontasned, in the
liquid state, in pressuHzRdiBOI@Rable for MEMS etching. Optionally, these mixtures may also
comprise a passivating gas, preferably a passivating as described above. The

20 passivating gas should not react with elemental fluorine; perfluoro compounds
are very suitable,

The amounts of elemental fluorine, carbonyl fluoride, and optionally
oxygen, argon, and/or nitrogen and, if comprised, a passivating gas, are given
above.

25 The mixtures, claimed per se, of elemental finorine and carbonyl fluoride
can be in the gaseous state, in the liquid state, in the solid state or even in the
supercritical state, The gas mixtures are preferably present in the liquid state. For
example, they can be contained, in the liquid state, in pressurized bottles.

Another embodiment of this aspect of the present invention relates to

30 mixfures comprising carbonyl finoride, nitrogen and/or a noble gas, optionally a
passivating gas and optionally hydrogen or a hydrogen-releasing gas. Preferably,
the nobie gas is elected from helium and argon, especially preferably it is argon.

According to one preferred embodiment, the mixtures consist of carbonyl
fluoride and nitrogen, or they consist of carbonyl fluoride and argon, and, in both

35 alternatives, optionally also contain oxygen. In mixtures comprising only

carbonyl fluoride and nitrogen, the content of carbonyi fluoride preferably is



These gas mixtures including a passivating gas are especially suitable for use in the etching step, the
passivating step or the combined etching and passivating step, respectively. 10Finally, an etching gas
mixture consisting of elemental fluorine, nitrogen and argon and optionally oxygen is a further aspect
of the preseWOiIRVERIBHSThis gas mixture contains equal to or more than‘y 1B of elemental
fluorine. It contains equal to or less, preferably less, than 25 % by volume of elemental fluorine. It
contains equal to or more than 5 % by volume of argan. It 15 contains equal to or less than 15 % by
volume of argon. It contains equal to or more than 65 % by volume of nitrogen. It contains equal to or
less than 80 % by volume of nitrogen. This mixture is very suitable for MEMS etching. If oxygen is
contained, it is préfevaibhyopessent thea Fdhde beleen Ragrn st sy benikitiorse Eontent of one or
more of the other genstitueriseleoreniat ivor Mes2Bnilsdgeas, digahmasihtndgerdower so that the

constituents add yp.{0, 430 6.0y Y QIUME . 1ERS IUXIIGSHARIMAGPRY 56 Riglemenal fluorine,
nitrogen and argon and o %lonally o%gen can b%}lggﬁ}e gas o0us state, In the.h?um[ state, in the solid
state or even in tr}gswﬁé‘r% iR 3P YR §RE 25 g?eﬁb‘rg}]éﬂfﬁicﬁ’f?ésetr? FRENquid state. For
example, they cailpwidontingtgpnthe liquid state, in pressurized bottles. It has been found that
elemental fluorine is moreneff@etw@ithan:hF-arbnd botheiemenia fhiasinecandtedrbgoyl fluoride have a
low GWP (9feen%@&%ﬂé@f@&%@@&%}@%&%ﬁ?1'@\ég%g%mﬂé%P&a%mm%mfwther detail by

the following examples. Examples Example 1; Mixtures suitable for etching silicon in MEMS production
General procedur& :WH“S‘&H?@rg%t%gﬁéﬁllﬁgﬁts %Cﬁé}&%‘g&’%ﬁ %bgg@ﬁu%i#i ekiie ﬁ‘ialgelgpective storing
bottles to a stainlessatecticontiindrasteidd terdimg: gaemlidyioras cBYebBntEdRRdhETe volume during
storing the regpedciive:gasesu@as In dde--mbdiirasneompristagdhecapproptiateayhauntsiof gases given
in table 1 are prepd%eﬂggéble 1: Etching as mixtures (amounts given in % by volume) Example F9

COE7
Mixtures comprising carbonyl fluoride, nitrogen and argon are especially

preferred. The content of carbonyl fluoride is preferably equal to or greater than
I % by volume, It is preferably equal to or lower than 56 % by volume. The

15 content of argon is preferably equal to or greater than 5 % by volume.
Preferably, the content of argon is equal to or lower than 50 % by volume;
especially, the content of argon is equal to or lower than 40 % by volume, The
content of nitrogen is preferably equal to or greater than 1 % by volume;
preferably, it is equal to or less than 80 % by volume. In one embodiment, the

20 mixtures consist of carbonyl fiuoride, nitrogen and argon.

The mixtures may also comprise oxygen, hydrogen, a hydrogen releasing
gas and/or a passivating gas. Details are explained above,

The mixtures, claimed per se, of carbonyl fluoride and nitrogen and/or a
noble gas and optionally passivating gas or hydrogen can be in the gaseous state,

25 in the liquid state, in the solid state or even in the supercritical state. The gas
mixtures are preferably present in the liquid state. For example, they can be
contained, in the liquid state, in pressurized bottles,

The inventive mixtures are suitable, for exampie, for performing the
process according to the present invention, but also for other etching processes,

30 forexample, for producing semiconductors, for flat panel display production or
for wafer cleaning.

Still another embodiment of this aspect of the present invention relates to
mixtures comprising carbonyl fluoride and a passivating gas, and optionally also
nitrogen, a noble gas and/or a hydrogen-releasing gas. These mixtures are

35  suitable for simultaneous etching and passivating. The presence of argon is very

preferred.
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In mixtures comprising carbonyl fleoride, the passivating agent, argon and
opticnally nitrogen, hydrogen or a hydrogen-releasing gas, the content of
carbonyl fluoride preferabiy is equal to or greater than 15 % by volume, very
preferably, equal to or greater than 20 % by volume. Preferably, it is equal to or
lower than 60 % by volume. The content of the passivating agent is preferably
equal to or greater than 10 % by volume, very preferably, equal to or greater than
15 % by volume. The content of the passivating gas is preferably equal to or
lower than 50 % by volume, very preferably, equal to or lower than 45 % by
volume. The content of argon preferably is equal to or greater than 20 % by
volume, very preferably, equal to or greater than 25 % by volume. Preferably,
the content of argon is equal to or lower than 5C % by volume, very preferably,
equal to or Jower than 40 % by volume. If nitrogen is comprised, its content is
preferably in a range of 1 to 10 % by volume. If hydrogen or a hydrogen-
releasing gas is comprised, its content preferably is equal to or greater than 2 %
by volume. Preferably, itis equal to or lower than 15 % by volume.

Preferably, the term “passivating gas” denotes inorganic or organic
compounds other than N», CO,, CO, CHF,Cl, O, or CO; suitable passivating
gas are compounds which react under thermal (200 °C and higher) or under
plasma conditions with silicon o form silicon compounds with low volatility, or
which form a passivating laver thus protecting the structure against etching.
Especially preferably, the term “passivating gas”™ denotes one or more organic
compounds selected from cyclic or linear or branched, saturaied aliphatic
compounds with 1 to 6 carbon atoms, substituted by at least one fluorine atom,
or from cyclic or linear or branched, unsaturated aliphatic compounds with 2 to
6 carbon atoms, substituted by at least one fluorine atom. These compounds
consist of carbon and fluorine and optionally hydrogen. Preferably, at least 50 %
of the hydrogen atoms of the respective saturated or unsaturated compound are
substituted by floornne atoms. Saturated hydrofluorocarbons and saturated
fluorocarbons with 1 to 5 carbon atoms and unsaturated hydrofivorocarbons and
fluorocarbons with 2 to 5 carbon atoms are preferred. Highly preferred
compounds which are comprised as passivating gas are c-C4Fg, ¢-CsFg, CHyF,,
CHF3, CFy, CoFg, CaFg, CoFy, C4Fg , and CgFg. CyFg is especially preferred as
passivating gas. The compounds c-CsFs and CFsl are also suitable, The mixture
of carbonyi fluoride and passivating gas may further include nitrogen, oxvgen,
and/or a noble gas. Even elemental fluorine can be comprised provided the

passivating gas is a perfluorocarbon compound.



5520 10 * Elemental fluorine and nitrogen are added as 1:4 v/v mixture. 5Table 2 : Passivating
gas mixtures (amounts given in % by volume) Example C4F6 Ar H7 CHFI 1.56040 1.65040 101.7

50
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Still more preferably, the mixtare comprises carbonyl fluoride, CyFg, and
argon and optionally hydrogen or a hydrogen-releasing gas.

The mixtures, claimed per se, of carbony! fluoride and passivating gas can
be in the gaseous state, in the lquid state, in the solid state or even in the

5  supercritical state. The gas mixtures are preferably present in the liquid state. For
example, they can be contained, in the liquid state, in pressurized bottles.

These gas mixtures including a passivating gas are especially suitable for
use in the etching step, the passivating step or the combined etching and
passivating step, respectively.

10 Finally, an etching gas mixture consisting of elemental fiuorine, nitrogen
and argon and optionally oxygen is a further aspect of the present invention,
This gas mixture contains equal to or more than 10 % by volume of elemental
fiuorine, It contains equal to or less, preferably less, than 25 % by volume of
elemental fluorine. It contains equal to or more than 5 % by volume of argon. It

15  contains equal to or less than 15 % by volume of argon. It contains equal to or
more than 65 % by volume of nitrogen. It contains equal to or less than 80 % by
volume of nitrogen. This mixture is very suitable for MEMS etching. If oxygen
is contained, it is preferably present in a range between 2 and 15 % by volume.
The content of one or more of the other constituents (elemental fluorine,

20 nitrogen, argon) may then be lower so that the constituents add up to 100 % by
volume.

The mixtures, claimed per se, of eilemental fluorine, nitrogen and argon

and optionally oxygen can be in the gaseous state, in the liquid state, in the solid

state or even in the supercritical state, The gas mixtures are preferably present in

25  the liquid state. For example, they can be contained, in the liguid state, in

pressurized bottles.
1t has been found that elemental fluorine is more effective than Skg, and

both elemental fluorine and carbonyl fluoride have a low GWP {(greenhouse
warming potentialj.

30 The invention will now be explained in further detail by the foliowing
examples.
Examples

Example 1 : Mixtures suitable for etching silicon in MEMS production

General procedure : the different constituents are passed in gaseous form
35  from respective storing bottles to a stainless steel container stored therein in

gaseous form. By controliing the volume during storing the respective gases, gas



40 10 1.84040 10 10 Table 3 : Gas mixtures suitable fot simultaneous etching and passiva ng
(amounts given in % by volume) Example COF7 Passivating agent IAr Other 2.1 35 C4F60: 3530 2.2

40 C4F60: 20 30 CHF: 10
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mixtures comprising the appropriate amounts of gases given in table I are

prepared.
Table 1 : Etching gas mixtures (amounts given in % by volume)
Example Fr CO¥F, Ny Ar O
1.1 20 70 10 -
i.2 -- 70 - 20 10
1.3 5 65 20 10 -
1.4% 5 55 20 10
* Elemental fluorine and nitrogen are added as 1:4 v/v mixture,
5  Table 2 : Passivating gas mixtures (amounts given in % by volume)
Example CaFg Ar H, CHE3
1.5 60 40 -- -
i.6 50 40 - 10
1.7 50 40 i0 -
1.8 40 40 10 10

Table 3 : Gas mixtures suitable for simultaneous etching and passivating

(amounts given in % by volume)

Example COF, Passivating agent Ar Other
2.1 35 C4F5UI 35 30 -
2.2 40 CaFgb: 20 30 CHE4: 10
2.3 46 CaFgh: 20 30 Ha: 10
‘ 2.4 25 CaFg: 40 30 Fy: 5

1) Hexafiuorobutadiene, available as Sifren® from Solvay Fluor GmbH,
Hannover, Germany

10 Example 3 ; Preparation of a MEMS device by consecutive etching and

passivating (bulk micromachining)

A silicon wafer for a MEMS device is coated with a photo resist lacquer.
After partial exposure of the photo resist lacquer with light according to the
desired structure including desired trenches, non-exposed parts of the lacquer are
15 removed. The silicon wafer is then put into a plasma chamber. An premixed
etching mixture according to example 1.1 consisting of 20 % by volume of
elemental fluorine, 7¢ % by volume of nitrogen and 10 % by volume of argon is
introduced into the chamber at a pressure of about (0.2 mbar, and the microwave
radiation is started to initiate plasma conditions. Silicon in regions not covered
20 by the photo resist is etched away isotropically whereby a trench forms in the
silicon. After a trench with a width of about 20 um is formed, the etching gas is
removed from the reactor, and a passivation gas according to example 1.5
consisting of C4Fg (60 % by volume) and argon 40 % by volume) is introduced

into the reactor, and the microwave radiation is started to initiate the plasma.



2.3 40 C4F60: 20 30 1-17: 10 2.4 25 G;Fs: 40 30 F7: 5 Hexafluorobutadiene, available as Sifren0O from
Solvay Fluor GmbH, Hannover, Germany 10Example 3 : Preparation of a MEMS device by

consecutive etching and passivating (bulk micromachining) A silicon wafer for a MEMS device is
coated with APHBBRESSt lacquer. After partial exposure of the photo rediSTEEGUEPNRR light
according to the desired structure including desired trenches, non-exposed parts of the lacquer are

15removed. The silicon wafer is then put into a plasmsa chamber. An premixed etching mixture
according to example 1.1 consisting of 20 % by volume of elemental fluorine, 70 % by volume of
nitrogen and 10 % by volume of argon is introduced into the chamber at a pressure of about 0.2 mbar,
and the microwavEhraRasidrere taaisaadFrdats pInTE EerttRtisHsn8mboriMtégions not covered
20by the photo refiisiripelghedcanay sothepiadilywivheretyledfenchdormis mlibhe siicdn. After a trench

with a width of abgiut 204mis: foENed pihengtching gas dademaned fremitheseadtser, and a passivation
gas according to ?xamgle 1.5co s%lencg of. C4F6 (60.% t?l¥o¥o um%)i%n rgon 40 O/g P@f volume) is
r

introduced into the0¥31§ct8?,ta%8/ the Microwave radiation 19 s.t%rteag to w%?ti%te ]trllfqe%fefsma. -15 -
3 introduced into the reactor. The silicon layer is then again isotropically etched,
thereby deepening the trench formed in the first etching step. The passivating
layer protects the wall of the trench. When the desired additional depth of the
trench is achieved, etching is terminated and the etching gas is removed from the
plasma reactor. Once again, passivating gas is introduced, and another
10 passivating step is performed. Thereafter, the passivating gas is removed, and
the anisotropic etching is continued. Etching and passivation are consecutively
performed until a trench with desired depth has formed. The etched wafer can be
removed from the chamber,
Example 4 ; Preparation of a MEMS device using carbony] fluoride etchant (bulk
15 micromachining)
A wafer from monocrystalline silicon is coated with silicon dioxide and a

photo resist lacquer, The wafer is then treated as described in example 3, but
with an etachant mixture according to example 1.5.

Example 5 ; Preparation of a MEMS device by simultancous etching and
20 passivatine {bullk micromachining)

A silicon wafer is coated with a dielectric layer of silicon dioxide which, in
turn, is coated with a photo resist lacquer. After partial exposure of the photo
resist lacquer with light according to the desired structure including desired
trenches, non-exposed parts of the lacquer are removed. The silicon wafer is

25  then put into a plasma chamber. An gas mixture according to example 2.1
consisting of 35 % by volume of elemental carbonyl fluoride, 30 % by volume of
argon and 35 % by volume of C4Fy is introduced into the chamber at a pressure
of about 0.2 mbar, and the microwave radiation is started to initiate plasma
conditions. Silicon dioxide in regions not covered by the photo resist is etched

30  away. During etching, a trench forms. Simultaneously, a fluoropolymer
passivation layer is formed on the walls of the trench. The treatment is
continued until the trench has the desired depth. The etching/passivating gas is
removed from the reactor, and the etched silicon wafer can be removed from the

chamber.



The hexafluorobutadiene introduced into the reactor essentially forms a fluoropolymer coating on the
walls of the trenches formed in the silicon, while the argon stabilizes the plasma. After a coating with
desired thickness has formed on the walls, the passivating gas is removed, and fresh etching gas is
re- Sintrodu®®d 3 Feactor. The silicon layer is then again isotropicali EfFE/ hErEby deepening
the trench formed in the first etching step. The passivating layer protects the wall of the trench. When
the desired additional depth of the trench is achieveglg etching is terminated and the etching gas is
removed from the plasma reactor. Once again, passivating gas is introduced, and another
10passivating step is performed Thereafter the passrvatrng gas is removed and the anisotropic
etching is continubd 2Bt ~ 3 VA [t Ryl e fr atind trench with desired
depth has formedpidaﬂzaei_beﬂtmﬁas ﬁﬂﬂt@e éemﬁl\iﬁgL dhﬁéihfﬁl&bﬁhg oadample 4 : Preparation of
a MEMS device ugipg carhenylfluoride etchant (bulk 15micromachining) A wafer from
monocrystalline silicon IS €0a Wrth srlrcon |oxrde and a hoto resist Iac uer The wafer is then
treated as described inEXamS T8 . ACCOTHHHE pte 1.5. Example
5 : Preparation of‘gJI\%EMSO@éW W@rﬁﬁllfﬁr@e@@s&@hmwhﬂn?%@ﬁvaﬁ@ ?l’ﬂuflkhrméromachrnrng)
A silicon wafer is eopatgshwitth i@ dietectsiadayer OHsHicon dioxide which, in turn, is coated with a photo

resist Iacquer Aﬂ%&% Hiakexposure of e phalg resistlacaper with lightiacearding to the desired
structure including desired trenches, n orthe lac emoved he silicon wafer
is 25then put into a plaérh%ughar]h‘bé]rwﬁtr[% ‘ﬁgﬁg‘fﬂﬁ% %@8%?2 %}?Mﬁﬁf’e 7 PIOSHERS ng of 35 % by
volume of elemen’fallsé‘;a?r@élﬁynW@Fﬁﬁééaml%%wﬁlwﬁbedff%ﬁﬁg@ﬁ B35 0% by vpikimecof C4F6 is

introduced into the'viiarchenat B\EesdDiEposfiaboprQRmvaenand:hii oucIowave sigdiation is stalled to
initiate plasma congigns, SiliGafAIQuide ip fraiRTy ﬂ@fcﬁ@ﬁe%@xc%msgrereg ihis gtched 30away.
During etching, a{)ench forr(r[;%s] Simultaneo Xﬂﬁh#nérp er pa srvatlégln Ia}é%r is formed on the
walls of the trench Hie 4% eé-‘hﬁg"é%%ﬁﬂd Shc AP 'Sth. The
etching/passiyatinggasiis rehsovedifeomlatie feaptoedand the wethEdsHieoh Waféltbdh e removed
from the chamberallodGmdhxenple e fRreparatian. of keM EMS$ydtivigelbyesinddtarealisyetching and
passivating y4th agag miye\geMpsising, & Rydrogan: 6%'%%% 1%%&9‘:!!‘& MUCFAMaERining) Example S
is repeated with the gas mixture oﬁuetfjﬁ n;lglle 2.2 onsrst n j)‘ Qlume of carbonyl fluoride, 20
% by volume of C Eﬁ%‘eg(ﬁ% By T at bcgﬁ AN 1D YA %35 %% B diple 7 -

Preparation of a MM Sngddices @&trfadebmitr8-tnHehiaiighxuure of emmple 1.1, is applied in

a plasma chamber to remove the undesired parts of the polysilicon layer on the

wafer. Then, another layer is applied, e.g. photoresist SUS, an epoxy-based resin
20 wused as structural material. Details about SU8 and how to apply it can be found

in htto//www geocities comfeuernini/ 7200720,

Gold as means for heating the MEMS 1s applied in a ift-off process and is
deposited by electronic-beam evaporation using lithography tc remove undesired
parts of the SUS layer together with deposited gold thereon, so that only the

25 desired gold structure remains. The sacrificial layer is now removed, e.g. with
the wet etching mixture mentioned above. Now, the beam is released, and the
structure is finished.



A round silicon wafer disk forms the basis of the MEMS to be produced. First, a silicon nitride layer is
formed on the wafer by means of a low-pressure 10CVD (Chemical Vapor Deposition) process. Then,
a sacrificial layer of silicon dioxide is deposited, again by means of LPCVD. The sacrificial layer allows
a beam to be freely moving on the MEMS device. By applying lithographic techniques, the sacrificial
layer is opened, e.g. by wet etching with HF/N1-14F, to allow anchoring of the planned beam. Then, a
polysilicon layer is deposited by 15 means of LPCVD. To remove those parts of the layer which are
not part of the defined structure of the polysilicon layer, a lithographical mask is applied, and then, an
etching gas of table 1, e.g. the gas mixture of exgmplg 13k 4s applied in a plasma chamber to remove
'the undesired parts of the polysilicon layer on the wafer. Then, another layer is applied, e.g.
photoresist SU8, an epoxy-based resin 20used as structural material. Details about SUS and how to

apply it can be found i % f‘ﬁ/%\ﬁ/&}q ﬁ{?&d’ép%gg%@%&@g’gﬁ ?g é%a(&m or heating the

MEMS is applied in a lift-off process and is tronic eva oratlon using

lithography to rent&v@ aﬁeeeﬂ%a‘ﬁ%ﬁelafth?éfeeergyéFﬁfé@%ﬁ@ﬁ@@&ﬁ%ﬂb&ﬁ G tHgeon, so that
only the 25 desirgdsgold struciuringrgaineicibia passifieiallayer issowpameidd, oechedvith the wet

etching mixture mepfipned 3RAYE; New:shePeR iiglRdsed, ad &he%wa&emﬂﬂeﬂed 17
CLAIMS 1. A method of producing a microelectromechanical system (QMEMS fr@ﬁ@“ tructure

wherein the strucRIASTAFEIRHAEBHEEE R ERP 28N CIERTT e AReP i L BRaRPSRGS erein
passivation of at [8astidgpEiOdhie etohduSnirtate, ofidhelsiiottire isssrovidgdgeomprising a step
wherein the structyiede.plgsma:@ieh @@@Rp&ﬂi&?@& ahingigas,cAmRIisimg.eiprienial fluorine or

carbonyl fluoride (COF2) or a mixture of both, and wherein the passivating agent is selected from

organic compounds pr%"'?i@m&l& n%é%?ﬁ%w cﬁ%&ﬁ'i'%%emn eléﬁxlﬁﬁ ol %?g%%&r?gégigg 1

wherein elemental fluorine or car e are applied together WI an inert

from the grd@ coflerstifiyss ARPYGEfCLRt oIt gasst diluentprlasiathbora e M to claim 1
wherein the passivaiisigiiggas tnseteeiedntiowbte @dées, c-05F8, CH2F2, CHF3, CF4, C2F6, C3FS8,

C2F4, C4F6 , e-C6F6, CF3l and C4F8. 154. The method according to claim | wherein a silicon wafer is

alpplied aISﬂStrUCture 3. ﬁ‘h-gh%e’ﬂﬂ@w% H‘@li%'ﬁr]%ér%%@%%%ﬁﬁgiéﬂérﬁ %gl%iﬁing_ _
elemental fluorine,. nitrogen_an on p s etchi ste a passivating
gas comprising C e |sg§r;}5ﬁe%|¢ é’rg\/%ri i passqvgti%hg%p%’ "gﬁtépga,{:r%(? whereby etching

steps and passivathg stelsdie performed consecutively after each other

15 4. The method according to claim 1 wherein a silicon wafer is applied as

structure.

5. The method according to claim [ wherein a gas mixture comprising
elemental fluorine, nitrogen and argon is applied as etching gas in an etching
step, and a passivating gas comprising C4Fg is applied for providing passivation

20 in a passivating step, and whereby etching steps and passivating steps are

performed consecutively after each other.

6. The method according to claim 1 wherein a gas mixture comprising

carbonyl fluortde and nitrogen and/or argon is applied as etching gas.

25



6. The method according to claim | wherein a gas mixture comprising carbonyl fluoride and nitrogen
and/or argon is applied as etching gas. 25 18 7. The method according to claim 6, wherein said
gas mixture, consists of equal to or more than 1% by volume to equal or less than 75% by volume of
carbonyl fluoride and equal to or more than 25% by vglime and equal to or less than 99% by volume
of nitrogen; or equal to or more than 20% by volume and 5equal to or less than 90% by volume of
carbonyl fluoride and equal to or more than 10% by volume and equal to or less than 80% by volume
of argon; or equal to or more than 1% by volume to equal to or less than 50% by volume of carbonyl
fluoride, equal to or morée,fg‘an 14? vqume ?de egu I to or Iesst an 80% volume offnltrogen and

equal to or more than 5% by volume Ind'e rdm 1‘8?0 or Iess /§ WA %Ir)%é 0 gllrsg%n 8. The

method accordungew@lmrlm@méb@m lsénéﬁévéﬁmgegwqg%l ﬁﬂi@sﬁéhé@ﬁsﬁs@.hg vwilseehtal fluorine,
nitrogen and argogarbontaiflingigeual tegosimoe ihae 400 By, Wivaens @iﬂﬁ@ﬁﬁahﬂuma@@ equal to or

less than 25 % by %?gg %f e‘Lgm gkq%%gl% aﬁ %‘r&r)ﬁ%rret ro%,etgg%ébg/ A)t%,vol gf grgon, equal

to or 15less than 15 ume of argon ume o nltrogen equal to

or less than 80 %W%}dﬁﬁ{é%ﬁ B Ger a%‘f@btmﬁgﬁw%éhﬁ# SERAEEPDBAEE 15 % by
volume, the contetitmalddingyypion OerodayalatuonéeR0han 80% by volume of argon; or equal

to or more than 1% by volume to equal to or less than 50% by volume of
carbonyl fluoride, equal to or more than 1% by volume and equal to or less than
80% by volume of nitrogen and equal to or more than 5% by volume and equal

10 toorless than 50% by volume of argon.

8. The method according to claim 1, wherein said etching gas is a mixture
consisting of elemental fluorine, nitrogen and argon, containing equal to or more
than 10 % by volume of elemental fluorine, equal to or less than 25 % by volume
of elemental fluorine, equal to or more than 5 % by volume of argon, equal to or

15 less than 15 % by volume of argon, equal to or more than 65 % by volume of
nitrogen, equal to or less than 80 % by volume of nitrogen and optionally oxygen
in arange between 2 and 15 % by volume, the contents adding up to 100 % by
volume.

20



