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TI TLE: SELECTI VE WET ETCHI NG OF METAL NI TRI DES
Technical Field The present invention relates to wet
wet@hiitng7of metal nitrides, such as titanium PCIYS1006/010478
tant aI um haf ni um and zirconiumnitrides and m xtures
sel ective to surroundin N&)structures f or med

t he
TlTLEf-, e @ELQCJME WETETHING OF MiphALINIXRYRESs | i con

nitride and photoresists. Background The |ithography
process generally consists of the follow ng steps. A

| ayer of photoresist TgdRnicaltEieldl is first appl i ed by
a suitable process, such as spin-coating, onto
s kTep@sent twentien slatestie wat qteling o EnataRiTse §wh/ a jitanium,

tung%ﬁ %%ijalhﬁ\ A A §|V&{?~H?tfihdﬁrﬁj%§‘ﬁn‘al J‘?\ xtur‘eg%eﬁorf],esglectlve to

rons, 'or x-rays, osed areas
surrdmmdtdgestamlomsrfermedlo,f ergslglass, Bﬂ&(ﬁll B8 G ziligon Aidydde, silicon nitride
exposure, the PR layer is subjected to devel oprment
and t@F‘PSdﬁﬁtroys unwant ed areas of the PR | ayer,
exposing the correspongi My fp of the underlying
| ayer. Depending on the resist type, the devel opnent
stulithegraphytprogess gdzrmraﬂw eorsistsxEfdhe rfollmﬁn@sm A layer of
erial left on

[ .
photGeSR GRRY eteralis Stk podfied BVis suifFS bistoss caart & specoating
onto B SEH: é’é?f fHe \Mfe'ﬁg TheerrR ‘Féﬁé?rtlé werfsaestivdly rlax%bsed to radiation

renova material on the substrate. For exarrp
suchrest Witrawiolet light, sdeciranst ar xmays,lvwith W@yemsedrarea@ defmed by the

expOFH oy s A B Fiat. . ATOR B Py AT SR Iy pyblected to
devet&pﬁné’rﬁ WhitB dedaY s 0RWBAted dit@s dttie PR MYEE expBSing the

etchi ng process occurs is known as the etch rate. The

correspenfling areas f the undernlying layee Dspendisigcon the resjst tee dlke

deveil r@é%t éé:?méf@%sﬁc%y %g’}%rﬁﬁggéﬁgﬁedsgw %)Epd%r qu'sgg LI"ﬂe areas

with ﬂb ¢osisomptare fsfeon adie ofitheean atd shansqubijested to Additive or subtractlve
mport ant_ consideration in_any etching process is th

PrOCe%S@Seé‘H‘PWi”Q)Ihe@ﬁ'Q%'&e slepraition osfeoyabek Matgfiahen the |sybstrate
For Rk 4 Fn BRI a8 rRSal SRSy Wl 20 7L

t hEtomh@rs thle precess et cdmdyingegoink.of The uhdelgng invateyial that are
no Io(r)1fgef}1 Bro%gtre]g%y t“uefﬁl{( %ft‘é(r)dlebglogmelnltt )fhe rate entov\\;ﬁlcﬁ%g e%cq'nng
process occurs is known as the etch rate. The etching process is said to be isotropic if
it proceeds in all directions at the same rate. If it proceeds in only one direction, then it
is anisotropic. Wet etching processes are generally isotropic.

An important consideration in any etching process is the 'selectivity’ of the
etchant. An etchant may not only attack the material being removed, but may also
attack the mask or PR and/or the substrate (the surface under the material being
etched) as well. The 'selectivity' of an etchant refers to its ability to remove only the
material intended for etching, while leaving the mask and substrate materials intact.

Selectivity, S, is measured as the ratio between the different etch rates of the
etchant for different materials. Thus, a good etchant needs to have a high selectivity
value with respect to both the mask (Sfm) and the substrate (Sfs), i.e., its etching rate
for the film being etched must be much higher than its etching rates for both the mask
and the substrate.
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material intended for etching, while | eaving the mask

and substrate materials intact. Selectivity, S, is
wore@saLe® as the rati o between the different ePChURZNEB10478

of the etchant for different materials. Thus, a good

et chant needs to have a high selectivi t_ly val ue wit
r &iphing of nesat mitrides, seik ag Staniuametrides( sNhélauszﬁogventlona"y been

came‘c{séi Ui rhgé th%:1 érﬁ@@ﬁgﬁug mﬁf gﬁ Qlfn{ﬁ rﬁw' %@é&ﬁba?%nd hydrogen

peroﬁ@é RnbWa a¥ARMBOCOSChE dﬂdommaiteeofc'sutﬁwnngadd anghaltirogen peroxide
trides, such as titaniumnitri

knowgcs, SR wﬁmvayy%@tpfb%ﬁle%@ﬂ%&elwﬁﬁ@ cg%%@atedlals Typical APM

o AT s
solutﬁ)%fn'\]élb&e aff)h SN g ({%drrat‘ﬁged? I-ng %eg knpyn S&ﬁ:h%%mattlans etch

et c Ies r t o ‘ot he

TiN dﬁ@t&héﬁh%talWﬁid@@'bu{\BMosﬁhéﬂ aﬁcBV@)r bEUH t%@qufa@fwakéﬂFécﬁJce the
a ratio of NH4q H H2q 2: H2q : c%‘%cal SPM

adhesionefitbadR mhmwafa*@urf@saanwm may ala@ tendto eigkptaensyyrounding
strucﬁ{r 1: 5. Such fornul ati ons etch Ti N and ot her net al
??l des but also swell and/or etch the PR as well as

r @dldihg dthrdiageeblem eithtusindRekse stdvedandf esnamtibaakewet etchants is
also tend to etch other surroundi

their ok A SeIaRA, ThiAES ek eRhAEILy P8 GHPaK SHTBINSIgarsiestes,
resulﬁrtngjl ?ilrt fe rté;.eﬁ‘lléﬁ@,e Bﬁ@?u?&ﬂ&@%ﬁ@%éo’f §or§1@§ih{?t6r§§i§ts° swelling

ten

and/@dos®ohddingsicn taistbsteates te sunich thg photerdsistiis appliedgSuch lack of

r, particularl e ca of so ot or esi st s
seleclty Pofumgndsss and Bssorociaivies o ricalieRsons doptinue to be
redué{@:i ch the photoresist is applied. Such | ack of

sel ectivity becones | ess and | ess acceptabl e as

crSelective wethetehisohgionsrare nltm@ottenbb dexdce dasigsandcmanufacturing

evi ce desi

for tnARRRLAARRY Seon conuiorpCRehbibain SEH BRER chpnTidls are

needb@qbﬂﬁb%éw deviderarBhiesae &MeotitcH dirnéssion e@Gttiod. Accordingly,
new devi ce architecture and critical dinension

a nee:ciemsl@ts oarticabarbt i thgisgmieondusiordrpystsy, fpamare selactiye wet

condfE iR SRR BEHRH e Pl i e
surrolitiflg strdctinge sithesd pivstotabists siictnd ighgsseis| sititon egidescsilicon

as photoresists, silicon, glasses, silicon oxides,
n't”d§§lan§dﬁ AF Materils.and ot her naterial s.

Summary

In accordance with one embodiment of the present invention, there is provided a
wet etching composition including hydrogen peroxide; an organic onium hydroxide; and
an acid.

In accordance with another embodiment of the present invention, there is
provided a method of wet etching metal nitride selectively to surrounding structures
comprising one or more of silicon oxides, glass, PSG, BPSG, BSG, silicon oxynitride,
silicon nitride and silicon oxycarbide and combinations and mixtures thereof, including
steps of:

providing a wet etching composition including hydrogen peroxide, an organic
onium hydroxide, and an acid; and
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Summary I n accordance with one enbodi nent of the
present invention, there is provided a wet etching
W@ vpasi2r9 on i ncl udi ng hydrogen peroxi de; an OPQHOBZN06/010478
oni um hydroxi de; and an acid. In accordance with
anot her enbodi nent of the present invention, there is i
preaposiag aamemlhﬂtnjideﬂo\b@tetegeﬁwii@ thetvwdt efthing gemposition for a time

and 93'%{ %@g#%ghﬁ%ﬁ{z‘é ntﬂe J‘Réégwrﬁ%és I%g@r@jl? Eg%eoélfrrounding
struckirég.con oxynitride, Ssi I | con nitride and sili con

ox car bi de and conbi nati ons and m xtures ther
dugdthegpresepkinyentigt addwsggs m%[ot&@r@mfrpgowdmg selective wet

etchag\gggﬂa H{/\%t?@dh 3)1 e tﬁ&'el&" ﬂfr%%?&tﬂg erg?‘do%‘\! of"'r%e?efl gﬁ’tﬂH& selective to

an acl d, osi ng

surro[]htifﬂgc&rdomﬂée s@xbhfwamtbi‘BSime glessast, @btmgolgloryptzﬂllme and
for atime and at a tenperature effective to etch the
mongasysfpllinetsilicea, §@P@&p?<\¢@rsy81{l%on Rrides ard AEhek gnaterials.

structures. Tgﬁse 5&&rg§t§fmt“§gﬁg&e’k&ﬁgaddresses t he

pr obl em of provi nts and

migotis @graﬁenlukteaitetg‘ thleagelectivity of veveatestohial aoimpasitidn in
tride selective to, surroundi ng structures such as
aCCOB*%WSrVé'ﬁ] 3p embadimept of he: pregentiavgaied)-1 i ne and
[

i (e QraprifuSuaticphartlee cRIéEEs atuhbkRNotthe, o
temp@r&twmg&a Wied etchlmg; campoaitioniih lagsordancagvitthan embodiment of the
% ect|V| ty of a wet etching conposition in accordance
preseRtipveriiofnhodi ment of the present invention. Fig. 2 is

a g 2PI% 4 bFébﬂ i‘ll@éﬂré%gfl‘iféﬂﬂ\%ﬂoé@lnbrbffé(\ﬁéﬁétcﬁmgacomposmon in
funCtion Of the tenperature of a wet etching

accortansesvith an embetimentiahthe presentinventianii mrent of the

PIESR i bR e U bieBeR PRt Mgt Boscribed herein

do nétgeath EaEErAplitd B% Besbe@dcass flowffot b@rrﬁhgfwlﬂtan etching process,
invention. It should be appreciated at the process

such@sapauldhe ysed ity mpeyfagyig »samieondustarsiavise %@Wﬁ&dewce The
presérﬁrfﬁ\llﬁt%n i ﬁglpf’éctﬂ%i}%%ﬁnfung%ﬁ NithFabfiditth R¢hnRles and

ng proce
apparatus currently used in the art, and only so much of the commonly practiced

materials, apparatus and process steps are included as are necessary for an
understanding of the present invention.
Detailed Description

As used herein “composition” includes a mixture of the materials that comprise
the composition as well as products formed by reactions between or decomposition of
the materials that comprise the composition.

As is known in the art, although there is no direct relationship, in general in wet
etching, as the etch rate increases, etch selectivity decreases. While it is important to
obtain a high etch rate to maintain production rates, it is of equal or greater importance
to obtain high selectivity. Thus, a balance of these two desirable properties needs to
be struck. Accordingly, the present invention provides a wet etching composition
having a good balance between etch rate and etch selectivity for metal nitrides relative
to surrounding structures such as photoresists, glasses, both polycrystalline and

monocrystalline silicon, silicon oxides, silicon nitrides and other materials.
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such as woul d be used in manufacturing a sem conduct or

devi ce or other device. The present invention can be
w@e@eilieed in conjunction with fabrication techel/ijame6/010478

and apparatus currently used in the art, and only so

nmuch of the comonl racticed materials, apparatus

WETdRHCHINGCOMRQ@EHI i ncl uded as are necessary for an

e R bR S bR Rt provieo
wet dithihgcenifositivh imBlueingahydrbbelh peasiide;ssn biyantwomiasi hydroxide; and

as well as products forned by reactions between or
an agidconposition of the materials that conprise the

HYDROBER PERD IﬁFiS known in the art, although there is
no drrect rélationship, in general in wet etching, as

t ydrogén petexide iy canestiordlihcamnimectialy byaikbde Faceentrations
Wil e It s i(r)rportant to obtain a high et?h gat:@éé)
rangipgifFAmai3Ye i S8ve @nshmpak @ften mcqrséeafraﬂau%lp 8P YgfocRii%ar by volume.
| ) o
The SAREIHEAER oo el o8B i o Lotpodhtss ot ihaasi
inventionandy mghge frohe0 dned%nio abowd 20i vat%epofdhe et edchieg composition.

ApprBniele b TBNe Aa0 At Ing oy Piage o kil Ko art, Brad o the

concbRtratier 8YPlicitard fHECESH@MIBUER FRSirBd @b %Qa‘-iﬁﬁlb?ed in the wet etching
gl asses, both polycrystalline and nonocrystalline

compnditiaronin ane emboedoréenlz the Bydriogen psirexideconeentratianeis in a range

terial s.VET ET S| Tl | i th
from GSCE A5h k200 I Adoh Bead M el RECEERE: fi'hidtogen
perofitie \tofleentrativti isdh @iangeFrim @bout 8Vol. % lto @bbt 1Y §bRYsNand in
peroxi de, an or%%/m c oni um hydroxi de; and an acid.

anot drpgedgeroxits exneantiationds iearargrfrpgn about 7

vol. 3B EBGL 30 VoL T aad ™ Goe RfRRARRR Hhe DSBS GHED T
concbfAtfatidy isvathauts valh%, alioaoenirations ledsddien theltatglewlume of the wet

peroxide in the conpositions of the present invention
etching\pollidge from 0.1 vol % to about 20 vol % of the wet

oRgﬁir\?ﬁf 6&|ﬁ§{§ﬁﬁb{>m[) ppropriate dilutions can be

determ ne ose of skill in the art, based on the
c dsefal orfanimosiugptorapodmds fon¢he prassmt ivieintion dedude drganic

t e e inth t. etchi

oniumosatl)ts an ér%ﬁ% onium ﬁya/}gxides suciq%s quaternary ammonium hydroxides,
quaternary phosphonium hydroxides, tertiary sulfonium hydroxides, tertiary sulfoxonium
hydroxides and imidazolium hydroxides. As used herein, disclosure of or reference to
any onium hydroxide should be understood to include the corresponding salts, such as
halides, carbonates, formates, sulfates and the like. As will be understood, such salts
may be interchangeable with the hydroxides, depending on pH.

In one embodiment, the onium hydroxides may generally be characterized by
the formula I:

A(OH)x ()

wherein A is an onium group and X is an integer equal to the valence of A. Examples
of onium groups include ammonium groups, phosphonium groups, sulfonium,
sulfoxonium and imidazolium groups. In one embodiment, the onium hydroxide should
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conposition. In one enbodi nent, the hydrogen peroxide
concentration is in a range fromabout 3 vol. %to
w@b@ai11@3 vol . % and in anot her enbodi ment, tPET/US2006/010478
hydr ogen peroxi de concentration is in a range from
about 5 vol. %to about 12 vol. % and in another
be suffigienilyreeluble inea aglytionsHCh asyvatan akeahad or PHgrexgaRiciliguid, or
0 bout 10 vol. % and in
mmﬂ@ﬁéeﬂgﬁgoffongér?ﬁipﬁhséﬁdfg\}eggeﬁﬁ %eteom de concentration is

abnvhe&E&mbddintént athe quatematy aanmubﬂsﬁh‘omdeB laadtaptsdérnary
vol une of the wet efchi n(]g sol UtcL NI C ONI UM
phosplapmiB NS regtéiﬁmm@yésrﬁh@ HrirlFRLB UBH: t he
present invention ipelufle organic on| um sal ts and
or gani ¢ oni um hy/dr oxi de such as quaternary ammoni um
hydr oxi des, quatlepnar %3 oni um hydr oxi
tertiary sul foni uﬁ\ 'Er 32'5 tertiary sdﬂ oxoni um
hydr oxi des and iJm da\;ol il um hydr oxi des. As used herein,
di scl osure of or| reRerence to any oni um hydr oxi de
shoul d be understood t |nclude the orres ondlng
whersbil A ds amﬁccbgersohalhm&tﬂmrus atdsor!, R candaReare sacth independently

alky Sfotuts st a1 16 aRGuiB s o, o SeriBhi 20 aroxyalkyl

or alkdkyan@l Qn’&@@'d&'ﬁémm@%rﬁfﬂ mﬁb{ﬂWbQQ&o%bugqoewbe atoms,
be characterized by the f qrrrula2 A(OH) x (1) wherein

aryl groupgs gn hydioxpag gcqupﬁn@r R iagdaR tqgeﬂgerrw@q dnay forma heterocyclic

grouéﬁ,&:&e\}:ﬁ?%qnﬂgartﬁ}gghaegg 8}83@%9 r%ﬂ*);b:gg% ﬁé’ %:%l-lg g;#%fn R® is the second

bondsul f oxoni um and i m dazol i um groups. I n one enbodi nment,
the oni um hydroxi de ,shoul dbe sufficiently solubleg in a
soiha alsy @rabas Es tadR enay dediwsr obprajtahed, and sreeific examples of

alkyl g#&#sdc?rﬂémrﬂrg(frliﬁ?? ré)ﬁgrc%%?ﬁ 8 §mc1 de M%ﬂyl' em\?glt propyl, butyl,

e qua er nar

pentylyliexpk, lestylaodtyl) isdaotyl an(ynylhdscpyh asodlenyh,ytbctecytj ¢ddeyy, isotridecyl,

characterized by th er ei
hexaafet: ShePgad %‘NZQHP\%?%S at JJ&z Sﬁgnam)epwdi%/a'ky' groups
cont&fif f“%ﬁ%@?a*dd" fofe s @%?E%%@S%%Q'ﬁﬁdﬂ*%%ﬁtbqﬁmem of
hydr@rypmmdxlygairbyyb@ylobpdrorxyperaﬂyh|etrg fr ame 2mbodibent, RZOR R®and R*

are méepend%nﬁy aﬂgyl %Rd%?rh%roxyaﬁ(@groups containing 1 to about 4 or 5 carbon
atoms. Specific examples of alkoxyalkyl groups include ethoxyethyl, butoxymethyl,
butoxybutyl, etc. Examples of various aryl and hydroxyaryl groups include phenyl,
benzyl, and equivalent groups wherein benzene rings have been substituted with one
or more hydroxy groups.

In one embodiment, the quaternary onium salts which can be employed in

~ accordance with the present invention are characterized by the Formula lil:

R )
|

R-A-R*| XV ()
|
R4

- Y

wherein A, R', R?, R® and R* are as defined in Formula Il, X" is an anion of an acid, and

y is a number equal to the valence of X. Examples of anions of acids include
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aryl groups or hydroxyaryl groups, or RL and R2
together with A may form a heterocyclic group provided
WO b@b/1127¢ he het erocyclic group contai ns a C=APQI/U8I06/010478

R3 is the second bond. The al kyl groups Rl to R4 nay

be |linear or branched, and specific exanples of al %
bicarkpnaigs, hatideai mirates: fgmates.acetalesr syiatas cabpnategdenosphates,
net hyl , ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, isooctyl, nonyl, decyl, isodecyl, dodecyl,
t rn‘ dﬁ@}éhbdoﬁmbhf diee yilatdma@gcnsioniurd coatpmiecs! (hydoxjukes and

d R4 al be hyd |
salts)OHHEACANRG $SaSHZACEor EIEE wiln 1R BFAoka.of iR Srosaht invention may

be reﬁﬁé% @ﬁwghrﬁﬂg {fre various isoners of hydroxypropyl,

r ox pqntyl etc. In one enbodi nent,
Rl R2, R3 and R4 &R |ndependently al kyl and/ or
hydr oxyal kyl grjoups|containing 1 to about 4 or 5
carbon atons. Speagi-NLR3|exampy es of al koxy aviyl groups
i ncl ude et hoxye hyl| byt oxymet hyl , butoxybutyl etc.
Exanpl es of var] ouq;{::aryk, and hydroxyaryl gr oups
i ncl ude phenyl,\ benzyl )"and equi val ent groups wherein
benzene rings have been substituted with one or nore
wher& FOX7, BBON‘pSan VaR8s BERAEY TERErmGIBS!, HAALET 1324 Wydroxide anion
oni um sal t's whi c can be enployed in accordance wth
or antahﬁombﬁéﬁ rat‘ld nMéUﬁe @mb&dﬁn@iﬂaRécRé are ankyband/be h?@mxydalkyl groups

etc.

R4 wh A d
contarmna.fr@naé taaho#éa are wbﬁn|aaomﬁer§éer3af§ @@@W%Rf@mﬁ}%mum
hydrc%idé%w Btdetetranidt ar{ dl gé‘ngN—@nf%ﬁraféfth%ammomum

Arpl 6 Gf Canion Phel udebi car Bonat es

hydrdxide a'@H))ltetrapmpylaﬁmnuahms hydrosids, tatralsaylaatmenium hydroxide,
car honat es,. ph hat nb t., th

totra- g ARG TR o st B DA B MATRR e ¢ <)

dlethYYEIn?&hg%%rHSnMﬁ?ﬁ}/d%x%C%&ﬁﬂ%rﬂb?lﬁﬁn‘?&n@ﬁﬂﬁ%ﬂrﬁ@xi@%,

sent I nvention may be’represented by
methWtrdJLéylamMQmEm hyBoxiag, catyirimethydammanidmiwdrexide,

ol Sy B S P e Oh P R S BB
hydrdXid¥, @vattrdih gdrespsthylammonium hydroxide, methyltrinydroxy-
ethylammonium hydroxide, phenyltrimethylammonium hydroxide,
phenyltriethylammonium hydroxide, benzyltrimethylammonium hydroxide,
benzyltriethylammonium hydroxide, dimethylpyrolidinium hydroxide,
dimethylpiperidinium hydroxide, diisopropylimidazolinium hydroxide, N-alkylpyridinium
hydroxide, etc. In one embodiment, the quaternary ammonium hydroxides used in
accordance with this invention are TMAH and TEAH. The quaternary ammonium salts
represented by Formula IV may be similar to the above quaternary ammonium
hydroxides except that the hydroxide anion is replaced by, for example, a sulfate anion,
a chloride anion, a carbonate anion, a formate anion, a phosphate ion, etc. For
example, the salt may be tetramethylammonium chloride, tetramethylammonium
sulfate (y=2), tetramethylammonium bromide, 1-methyl-2-butyl imidazolium
hexafluorophosphate, n-butyl pyridinium hexafluorophosphate, etc.

Examples of quaternary phosphonium salts representative of Formula IlI
wherein A=P which can be employed in accordance with the present invention include
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containing from1l to about 4 or 5 carbon atons.
Speci fi c exanpl es of ammoni um hydr oxi des i ncl ude
w0 edocanerhyl anmoni um hydr oxi de ( TMAH), PCT/US2006/010478
t et raet hyl ammoni um hydr oxi de ( TEAH),
t et rapr opyl ammoni um hydr oxi de, tetrabutyl anmoni um

tetrarngthytpliosehorisim Aydroststey tetrariRyioheshnmiwmdwydroxide,

tetraﬂ(}sé?ﬁb%{{)lﬁ%{i%ﬁwﬁ%ﬂgm{%@?ﬁy >(;‘ﬂ‘?éasphomum hydroxide, trimethylhy-

droxymﬁw:yhds"pﬁmhﬁw |I‘@fﬂf®ﬂﬂ¢4,rdu|m¢d1wmhsd@r,oxyethylphosphon|um hydroxide,
yl tri butyl anmonj um hydr oxi

tetrad%qyynlwwmﬁphgwghhmfpﬁwp aggtmg’crlhydroxyethylphosphomum hydroxide;

phensllr[r* rﬂg?ﬂwﬁ%ghgﬁygrﬁ 41 AR h ﬂﬁ‘%t@@)ﬂ@sphomum hydroxide and

benzyltrrmeﬂhylpﬂiolsptiommprehm'rbmmo Bta,l nmtiyche eprmgeponding anions, including,

e.g., Eel&%q |fﬂég;]§$é%tﬁgﬁ£%%}%?g%g o()l(ricﬂ?ding halophosphates as

abovg heny bfﬁér%tnMsaégTB%bW%B Wré’iﬁ?( de,

enzyl tri met hyl ammoni um hydr o
bétmmbtmnmmmeamrﬂargaumrmw rocahod@, lndudmgrmbpg mathi larger@rganic
droxi,de, di net er. di,ni,.um
arough Regis Syere Aeeos iy S RaBeR R, 1p oneampegiment
smalldY @hih @Qtlor% provide RigRef el ATk, etbh@at@@atlﬁbﬂ@rembodlment
amoni um hydr oxi des used in accordance with t
asymimetEiaongm agomspsuchnes renayitrimeshylasweeniefmy pmm% gugaod balance

oSG Bl TBGEF CHGE T BgBE B b o s, i one

embduighepxitHe 50 onfurh ¢ydenéde bymptises ana‘s}yh&nemcsztmﬂmtc@tlon in
anion, a chloride anion, a carbonate anion, formate
whicky AnBer mOreHISRR A@ANI6 Frowicotaln, esaﬁ/&r%ge,taﬁie%smbOHﬁfPur
Y, |
carbf plohd, HENEAIGRHAHE £01p 5t dlfout o catBh SSASTERM Hitnother
embddimenhydtl@adiutbolut Bmalilaarmbtams hexaf | uor ophosphat e,

o AT RO (o0 PELOT 3, SRR HE% B GPS Which can be

emplggéc'ﬂH &&drbaﬁ@f%hﬁh@ﬁe%ﬂt%&ﬁ@nbﬁa? pelreyrdehted by the formula
cordance w t sent i1nvention
V: includetetranet hyl phosphonl um hydr oxi de,

t et r aet hyl phospfhoni yg hydr oxi de,

t et rapr opyl phosjphonitumjhydr oxi de,

t et rabut yl phosphaonpi dm rydrox_iyde,

tri et hyl hydr oxiy & h$l posphbni um hydr oxi de, (V)

di met hyl di hydr xyet Hyl phosphoni um hydr oxi de,

tetradecyl tributyl pR spt;lonl um hydr oxi de,

met hyl t ri hydr oxyet hyl phosphoni um hydr oxi de,

wher@ﬁgﬁy'ﬁi‘* éﬁ@ﬁ“‘{kp%ﬂaﬁ)ﬁé é@@léﬁ PR Ff’c?rmula .

nyltri et phosp oxl de and

bemaarh;bles I@Etﬁé’tdiﬁ@?ﬁlﬂi@hm h;depmlnds,repﬁe@enWby Rermula V

. correspondlng ani ons, .incl udi
include trimethylsulfonium hydroxide, trlethylsulfomum hydroxide, tripropylsulfonium

hydroxide, etc, and the corresponding salts such as the halides, sulfates, nitrates,
carbonates, etc.

In another embodiment, the tertiary sulfoxonium hydroxides and salts which can
be employed in accordance with the present invention may be represented by the
formula VI:
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e.g., halides, sulfates, carbonates, and phosphates
(i ncludi ng hal ophosphat es as above, and ot her anions
wasoodiisweiosed herein). In one enbodi ment, | ar gRCT/URI0061010478
cations, including those with |arger organic groups;
provi de nore c atibryity with photoresist naterials.
I n one enbodi nent, &al|l*fer oni um cati ons provi de
hi gher netal nijtride¢ etich rates. In one enbodi nent,
asymetric oni s, Xuth as (VI)
provi de a good bal ance
tibility and acceptabl e netal
nitride etch r : in one enbodi ment, the
wher8irn9§m§2 éHH A Ml{oog'a?@ag%@ﬂhéwﬁenna@lmm ric onium
atidn, i n which on e organi c groups
c<ﬁ)damrrles ofitrevieridayy sufoxomiant cmbpuundsampreserﬁed bg!tﬁmmula V
ut si x,carb

Inclug S o KB RHTRERe, Ny SRRV Son
tnpro?&%ﬁﬁoxé éJ?Skld@”@&db e cBHSs;&%&h@‘s&l@ 9i,E19B5 W halides,

I oXi salts V\:hl can be ‘enplo
sulfa‘mcortrMe&,e:anbmmateh,eeipr esent invention may be

LB ol SrbetineR R Tl HrSe S ap B G inigh can be

emplb?éél irﬁédco?ééﬁwwmtﬁ@rﬁﬁ@éé’iﬁ%\fe@ﬁbﬁﬁﬁé‘y Bé reyresentad By ¥he formula
i hcl ude trinethyl sul foni um hydr oxi de,

VII: triethylsul fonium hydroxide, tripropylsulfonium
hydr oxi de, etc, and the corresponding salts such as
the halides, sulfates, nitratesygcarbonates, etc. In
anot her enbodi menf, the tgrtiary sul f.oxoni um
hydr oxi des and sa|ts which can Qe enpl oyed in
accordance with the presegt invgntion may be
represented by the for a1 RY-S=0 X= 'y (M) R3 (vii)
wherein Rl, R2 anfd RS, dly dre BHBef i ned in
Formula 111. Exanples je/ terftiary sul foxoni um
conmpounds represented by mul g V include
trimet hyl sul f oxon un1h§droxide triethyl sul foxoni um
hydroxi de, tripro @mlfoxonlun1hydroxide etc, and

wher%t?} g%gé%pagnd' cg?fﬁ%dt@téor%mléaﬁ glﬂg )FE}JS aﬂeeﬁ"lloﬁ 8*‘ gﬁ achl. As will

be understood, in formula (VII) and in the foregomg formulae (1)-(V1), if X" is an anion

of a dibasic acid, such as SO4“2, the stoichiometry will be adjusted accordingly, for
example, for the dibasic acid anion, instead of 2 X", there would be only one X', and if

X is an anion of a tribasic acid, such as PO‘{3 a corresponding stoichiometric

adjustment would be made.

Onium hydroxides are commercially available. Additionally, onium hydroxides
can be prepared from the corresponding onium salts such as the corresponding onium
halides, carbonates, formates, sulfates and the like. Various methods of preparation
are described in U.S. Patents 4,917,781 (Sharifian et al) and 5,286,354 (Bard et al)
which are hereby incorporated by reference. There is no particular limit as to how the
onium hydroxide is obtained or prepared.

In one embodiment, the organic onium hydroxide comprises one or more of

tetramethylammonium hydroxide, tetraethylammonium hydroxide,
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I n anot her enbodi nent, the im dazolium hydroxi des and
salts which can be enployed in accordance with the
w@e@sani279 nventi on may be represented by the fPRCTUBZ06/010478
VII: wherein Rl and R3 are as defined in Forrmula 11,
and X is an anion of an id. As wi || beuderstood

tetranrﬁpvlammwummmroaﬁl@, tq#ram@ylawvmdwdw Pae

metn{fralamibplit B Hhefinetiphcfi natshucs

benzflltri‘mebrl]qylmhraonlfugm hyhmxwéometbylamthamiam’n?(ommm leydtoxitde?
t here wou i s .an an|on
tetrakytylphpspheym faeﬁaxﬁgu%ﬁﬁﬁit"pbeﬂgpg%mq%%ww&ﬁ rode

oSSR Rsfqe b e RNy o,
[(CHQ{;I\\I@H&G}‘-MOMCG@N(CH@)@% [OHE pa relutyl- mmeﬂwllmldazollum hydroxide,
correspondi ng onium salts such as the corresponding

trimethylaufionium dydroxida, homethadsulfoxoniaine bydroxideatriirgettdl t he
2o WrErolBEhRt SRR ABABB T o1 o 275 SeaE. 266, 55
d
o e D R O P B R B Sl

CH(GHICHINISH.GEAS o5 IS, id ROPRUNTH,CAORTCH,OH]" [OH],

the organi ¢ oni um hydr oXi de conpri Ses oné
and hexamstaonium dhyamadidryl hnomen enthodjrd ety it onium hydroxide is

t et raet hyl ammpni dr oxi de, t et r apr opyl anmoni um
benz)ﬁ%?‘%% mP@t%E'ijﬁxééﬁ'mni um hydr oxi de,
"Q{H&%Jrfdeﬂﬂ% +WbHﬁhﬂMgﬂ o%‘%n the compositions of the present
r ox|

phenyltri rret ammoni um
inverllienayay ramgs fngm’e@n‘mmil%lm hbdlutozo dt’ of the wet etching composition.

Apprﬁrﬁ&é%@b%%ggﬁ:p%ﬁ%%mg{,ﬁgaﬁ{tgélsed F skill in the art, based on the

concéﬁﬂr&‘ﬁ’dﬁ éu;ﬂﬁlféHYéer‘WeHmaﬁdﬁ He¥iré@ to be employed in the wet etching
trihexyltetradecyl phosphoni um hydroxi de,

compasitisur. yintene aanboginéies freoanium hyb“pzsbdedpncentratlon is in a range from

abou bm"f %LW Méﬂoﬁh#%ﬂ%@ment the onium hydroxide

concéhiradmis! in & ﬁam@etfmrhmmdﬂ% tg Apsutd witdef anem Em)ther
droxi de, trimethyl (2,3-dihydroxypropyl) anmmoniu
emb amk,.tb@ onium hydroxide concentration is’in a rangé from about 3 wt% to

i S B AR G B

wit%, AN reehiratibisbasdd on th&tbtal weighh df thexwetetehimgusolution.

di hydroxi de. In one enbodi nent, the oni um hydroxide is
ACIDS

Any suitable acid may be used. In one embodiment, the acid is an organic acid.

In another embodiment, the acid is an inorganic acid. The acid may include a mixture
or combination of two or more these acids.

In one embodiment, the acid is other than a bi- or higher dentate chelating
agent. In one embodiment, the acid is other than ethylene diamine tetraacetic acid
(EDTA) or similar chelating agents based on ethylene diamine, diethylene triamine and
higher multi-amine multi-acetic acid compounds.

Typical examples of the organic acids may include formic acid, acetic acid,
propionic acid, butyric acid, isobutyric acid, valeric acid, ethylmethylacetic acid,

trimethylacetic acid, glycolic acid, butanetetracarboxylic acid, oxalic acid, succinic acid,



10

15

20

25

30

benzyl tri met hyl ammoni um hydr oxi de. The concentrati on
of the onium hydroxide in the conpositions of the
w@e@sani27¢ nventi on may range fromO0.1 wt % to abOTUSR06/010478
wt % of the wet etching conposition. Appropriate
di lutions can be determ ned by those of skill in
malonieacich Sifga asisl, tararicoadid ninakie aéwl gallisiacidi bﬂh@ntqq%C‘d "Srachidic

acid, %fe%i%%:rc@ %@g&ﬁ%@qgmg 8?21 g%@%@)ﬁ%‘élc{ rﬂ)eﬁ'\g&c‘%d and
3,5-dimydrexybeazeioreR!) or dié tke.i Mixtares ofebageorf more abihese @ickds may be

W% to about 15 W% and in another enbodi nent, the
usedon, um hydr oxi de concentration is in a range fr om about

21 4bre e H\ nt W&o arﬂ@%cld“cc?rﬁﬁﬁé?s’ cifiPad ”‘Fr'i‘bnete'?‘x‘i’oodlment

oni um hy roxi de conce tration 1s in a range from about
hydro&ym&r%nkphcaimds shioht 8% cifiadid, appeartb sthbilize alkalie pefaxide

hy ﬁromde C nc tra igﬂ%is about 4 wt% all
compgsiioast #Xen 'ﬁ‘g é’@b' the total weight of the wet

e'ir‘?tﬂ Qﬁlcﬁg‘gfld’é inAGHEPHOBYhSHE! FRdSHHRESp W@ébh*éﬁcﬁéned

odi nent, the'acid is an organic acid
phosHmmDHSBCEhbodlnent the acid is an inorganic acid. The

oohe A oASpriEe il SRRV RS aRpsbieg e,
hydrdxlyéfhgﬂd@he dﬁiho‘%bﬁbﬁlb él'ﬂi‘tmfefh phRsphonig sREE ThethybheBphonic acid,

he acid is other than et hyl ene di am ne

phenylghpaplisic a,md\,oarui siEmiRARCists kased e thenieanhegicagasehinic,
. n ne, diethylene triam ne and
phosﬁﬁ‘cgrﬁ ?%ﬁ%pp{é&uﬁeadd ‘ti-acetic acid conpounds.
Tm‘géﬂic ffen adgfintlodingraikyl| srygcirdikyhayd aikehydelfonic acids, in
formc acid, acetic acid, propionic acid, butyric

whncmmejalkylssmmmerﬁs eelycranga fean @1atc|aioouéazy angtinwhierethecaryl

substieirbelaraciipsBigPn by be P ok napPi e bigheror mixtures of
two o"f“?ﬁ%e'f?f't & rﬁ&%/ ge s‘Ex’lttab Sl 8k tHePadid o pineft. Kﬁdy! Sulfonic acids

acl | ¢ ac ehe ic acid, arachidic acid
include,engi, metbade splsfowctaoaﬂ aBnd sulfaniciasidscingludeakigybenzene sulfonic

s o 5B R e ol OO SR e Ly o

mclu@@ éjge%méﬁe@nﬁome‘g@qu ment, the organic acid conprises
trrc acid. In one enbodi ment %/droxycar boxylic
a

acﬁmplgwnowm and ergayie acidspbat mey be Iaréliuniieéen the compositions
incluc% 'F@erlo%ﬁlo?%raoc?fé,drﬁtric acid, sulfuric acid, sulfurous acid, hydrobromic acid,

perchloric acid, fluoboric acid, phytic acid, phosphorous acid, hydroxyethylidene
diphosphonic acid, nitrilotrimethylene phosphonic acid, methylphosphonic acid,
phenylphosphonic acid, phenylphosphinic acid, N-(2-hydroxyethyl)-N’-(2-ethane
sulfonic acid) (HEPES), 3-(N-morpholino) propane sulfonic acid (MOPS), piperazine-
N,N’-bis(2-ethane sulfonic acid) (PIPES), methanesulfonic acid, ethane disulfonic acid,
toluene sulfonic acid, nitrilotriacetic acid, maleic acid, phthalic acid, lactic acid, ascorbic
acid, gallic acid, sulfoacetic acid, 2-sulfobenzoic acid, sulfanilic acid, phenylacetic acid,
betaine, crotonic acid, levulinic acid, pyruvic acid, trifluoroacetic acid, glycine,
cyclohexanecarboxylic acid, cyclohexanedicarboxylic acid, cyclopentanedicarboxylic
acid, adipic acid, and mixtures or combinations of two or more thereof.

The concentration of the acid in the compositions of the present invention may
range from 0.1 wt% to about 10 wt% of the wet etching composition. Appropriate

10
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conpositions, extending the bath life. Inorganic acids

may i ncl ude phosphoni c, phosphinic, phosphoric, or
w@b@sphorous aci ds. The acid may include, for PREDP1086/010478

nitrilotrimethyl ene phosphonic aci d, hydroxyethylidene

di phosphoni ¢ aci d, phen Q ni c acid,
dllutlmpﬁgfm Réigiemmned mﬁaos%ﬁﬁ lyﬁ flh&sep@ﬁ,ﬁt?%segc%fheawcemfaﬂon
sopp B h e CoACyREREH AR g R SR plitfag compositon
In oree ecithodiment, thengcidl doylcentaatjon isana teyigedram albioat 912 wit% to about 5

il PR R TS 53hge B aout 05
wt% ﬁ’)uﬁ’ﬁ&#;ttéf‘ ﬁﬁ@‘?ﬁ ghéthey @Hbddﬁhbﬁﬂ)thé@hfld%rﬁiéﬂﬂﬁiloﬁis in a range

her, or m xtures of two or nore of
from abes’ej wt%ytdo@bcmil& wifhyand i «moa@ emiwdient, ébﬁp@ﬁecmncentratlon is

aouf 24 S AR 350 A 50wl BRI 5 L sotion

The &Hde%fﬁaﬁoﬁ@f the Asidl iy béldcf k6 baskdoni faelorssucie a8 the strength
benzyl sul fonic acid. kary sul foni c aci ds include,

(or pléa)g solubilityiane cenipilexing pawied of theeagitlar y i nor gani ¢ and
nic acids that nmay be included in the conpositions

WET%%@UH&G@@NWSUHQN BHid, nitric acid, sulfuric acid,
; ;ﬁlur{)ebélﬁ Ilbz t@% I(A%t eh.ﬁ%é) B&r‘ﬁgbgltleﬁ g acﬁ@fd%'ﬂl:@ With dt‘ﬁ%' desent invention

orous  acl
may bgdr Wy@tﬁwfa@fmr@aﬁmﬁﬁftommmd Odand in one embodlment apHin

the r%rﬁ;%]l‘rlog{ét:)@%‘:"t 4 zgt?@ﬁ%; %FFQE?T %ngtg%gﬁ)hos 51 he range
from Fb&é&?ﬁg ragézﬁﬁ? hé(rlld né € Ent "t'll]é g a%%'ufj@ The pH can be

rmrp ino) propané su on| c acid
adjugt&tdas)ne guieddrnamiangpuldling adid sebctiohaacid sohtentraticry iahjum

hydrotiie, RucetiTAtEn Sey oo gl SyitEBIRTerS o Feitedh 35w be
unde?é%bgd bRthB8d bf sRiftiiithd &4t ¢ acid, ascorbic acid,
lic acid, sulfoacetic acid, 2-sul fobenzoic aC|d

PHOEQRE\&ISTS: aci d, phenyl acetic acid, be.t ai ne, crotonic
2 RSB RRO9E B B R GREH S ros
mate$if, mmﬁgcdju@ AbPINItEd €0, aNdblass) Ghthabiyktes) sayibees) Istytenes,

acid, adiprc acid, and m xtures or combi nations of two
sulfopes mpadsepreness Exemplaymheierestst sraterialsiaclude @opitive photoresists,

such aosnﬂ?\ggéttlllé’tqﬁcl%etahﬁo%lgé '?égm, Qﬁ%ﬁo’n%hﬂ@ﬁumone, and a solvent

(e.g., n-butyl alcohol or xylene), and negative photoresist materials, such as those that

include a cyclized synthetic rubber resin, bis-arylazide, and an aromatic solvent. In one
embodiment, suitable photoresists include negative photoresists, such as for example,
MacDermid Aquamer CFl or MI, du Pont Riston 9000, or du Pont Riston 4700, or
Shipley UV5 and TOK DP019. Positive photoresists include AZ3312, AZ3330, Shipley
1.2L and Shipley 1.8M. Negative photoresists include nLOF 2020 and SU8. Examples
of additional suitable resists include the AZ 5218, AZ 1370, AZ 1375, or AZ P4400,
from Hoechst Celanese; CAMP 6, from OCG; DX 46, from Hoechst Celanese; XP
8843, from Shipley; and JSR/NFR-016-D2, from JSR, Japan. Suitable photoresists are
described in U.S. Pat. Nos. 4,692,398; 4,835,086; 4,863,827 and 4,892,801. Suitable
photoresists may be purchased commercially as AZ-4620, from Clariant Corporation of
Somerville, N.J. Other suitable photoresists include solutions of

11
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range fromO0.1 wt%to about 10 wt % of the wet etching
conposition. Appropriatedilutions can be determ ned by

wo bsa1@f9 skill in the art, based on the concePCT/aB1006/010478
supplied and the concentration desired to be enpl oyed

in the wet etchi gﬁ/‘con'posml on. In one enbodi ment, the
polyraethyireetheemviata(PMMAS sush asraligd mheterasist availableas:4o6 k

v Rt BRI 0. SRR N Tt 424 Zenfiflsihg

polyraé&byimethatidate nelth motewldTeAIelghm{dﬁtQﬁaO@Q digselvadiid chlorobenzene
oncentratlonlsmaranefr %E\@Mi\/\@% ﬁ% bout
9 M%M%eﬂa)@@rxhﬁ C@ﬁ@')’éﬁ‘ﬁf@&u )dBRYdnett i on

N D S e
methgf methawyiaté -meghduryladacid). efiny asitable phiokaresiss, vehethenesxisting or

ot R o b b BB RRER S a positve

or ne Btl\t/@ﬁ/ﬁéeﬁhc%%@}g conposition in accordance with the
gr ese i'nvention may be a pHin the range from about

METHODS @FoWET ETCHING MEBTAL MMIRIPESNt, a pH in the

TRSGeETOR R o S0B Lo oI ssBe S Slpg, thege '
prowaé‘éll al MefitR SMPOCABRN g a friefaltitride @Mi\leﬁ}/ to SiRrdUdiRystructures

be adj usted as neede mani pul atin Cid selection,
compytsing ooawmoratdf@tﬂcocjmmsmmx phesphasilioate glass(PSR),

boro;%i qﬂi@g l'gggeo@fagél@\%ggg B&%%ﬂlgpfe glﬁ£§ K%ggu'r),[ sqf?COnangMithhe silicon
nitrid BHATENRINSd 5 cBRsidB! @s€dthbinatiens of mix@yedtherssilinduding steps of:

vari ety of i fferent photoresist materials, including
burrovigtng a wiet etehirg cowpesitien mcﬂﬁdlnsdwﬁr@a@speromde an-organic

onlurﬂq{(})ﬂlr&h&é r?&%%@%rc%ﬁkﬂé%ﬂgs and i soprenes. Exenplary

oresli S mat er e positive phot oresi sts,

S idposingt nastalt itridel to Weueliehad Mithothaovétestchingacomposition for a time
di azonapht ha;lq ui none,

n sol vent .(e.qg., .n-butyl .
and 1 BPOBHUTRRTEREYS o AIADEANFIL Niride shistively 1o the surrounding
r
struclFeS: TPeToSNER Rctipasey %@%ﬁ%&b?ﬁﬁngéﬁ%ﬁﬁ ShLgirpodiments
of thlscnherthnd Additioreal eebaildi arehinodificatiab$ eapibet detegnisied by those of skill
. i ngl ude negative photoresists, such as for exanpl e,
'nthq\/ﬁ&Derrrid Aquaner CFl or M, du Pont Riston 9000, or
PROGESHING RigEon 4700, or Shipley W5 and TOK DP019.
Positive photoresists include AZ3312, AZ3330, Shipley
The time needed for carrying out a method of wet etching a metal nitride in

accordance with an embodiment of the present invention may be suitably selected
based on factors known to those of skill in the art, including the identity of the metal
nitride to be etched, the thickness of the metal nitride to be etched, the method by
which the metal nitride was deposited (which may affect properties such as hardness,
porosity and texture of the metal nitride), concentrations of peroxide, onium hydroxide
and organic acid, temperature and rate of stirring or mixing of the wet etching
composition, volume of the wet etching composition relative to the quantity and/or size
of wafers or parts to be treated, and similar factors known to affect etch rates in
conventional metal nitride etching methods. In one embodiment, the time of exposure
of the wet etching composition to the metal nitride ranges from about 1 minute to about

60 minutes, and in another embodiment, the time ranges from about 2 minutes to

12
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1.2L and Shipley 1.8M Negative photoresists include
nLOF 2020 and SU8. Exanples of additional suitable
w0 e®6a1®7¢ ncl ude the AZ 5218, AZ 1370, AZ 1375PCDUSAHG/010478
P4400, from Hoechst Cel anese; CAMP 6, from OCG DX 46,
from Hoechst Cel anese; XP 8843, from Shipley; and ,
about4RmiFates sndin anether esrpodimpahthedime aﬁm@eﬁemwté inutes to

o 5858 B AT o B e Py o
abouP s ehingke. daomer embbdineart, hé-tihe Gandesimoi avou B0 seconds to

Corporation of Sonmerville, N.J. Oher suitable
aboupfhdpipKtes: st s i ncl ude sol uti ons

PRO%E%@IN@?EM%K?BB@S“e (PMWA), such as a liquid

otoresi st aval l abl'e as 496 k PMVA, from OLIN
HINE Batksor 8 kitioRaeapesatu rdNfal. cabifiityloutta mpthed n§wet etching a

metalaisidso SFCOAKENth SBrATPREIREAL PSRy Invention may be
sutabff L6 Kobe RABLEIS o il A g e
identiby b/ thet ingtatwithide ty batedtiexh the tirickiyess of the metal nitride to be etched,

the MiLPG PLIIEEH Ui e kP doeedid: (NS el atact pugpertes such
as hdr@nESNRIBIIBL A xSRBS tnethl Mmﬁié),eéorﬁjmaﬁ@ﬁ@brogéﬁoxide,
a positive or negative type photoresist. METHODS

oniunniyd @i BIsd pEgAMIC RCTRIaiEf | stiring: of aixiee ofithehwaheiching

com§5SHRF e el Bl AR5 G RYERSHOT o hRL b LB oo size
of waFeiis SHEHSD 158 frosted! Gt thieeliotetdopie stehimgl andisimilar factors
silicon oxides, glass, ghosphosn licate %ass PSG)

knowsdparitest plebisiates: iy eonyeayenalenele) nittide signing Biaihegssk one

embddimght, tﬁélﬂa‘fﬁ) Br Qé%gbﬁ rh%rﬂgera?tbrlé %ﬂg%étrét?ﬁng%pﬁidéitmor wet
oxycarbi de, or COonbrnatrions or i xtures thereof,

etching thedietg ritrielesranfes froav abomg2G Gved about60E, and in another

conmposi tion including hydrogen peroxide, an organic o
embeghiment.Hpa kel g solitian deMpe Ui aagrs ;froma*%@sab%@ @@0 gbout 60°C,

et 5§ Ehn i ARLEEC AN 0B I8P o o5

erature
to abbat 802D, ameinmpdtainotihérérmbogiatett] thedbathtop soheion temperature
surroundi ng structures. The foll ow ng describes
rangesckap AbQutAdh & 1o BUtidd’ Cear ryi ng out enbodi nent s of
ETCL ZUST thod. Additional details and nodifications can
IBI erérm ned by those of skill in the art.

Etch rates may be suitably selected by those of skill in the art based on factors
known, such as time, temperature, identity of the organic acid, of the organic onium
hydroxide and of the metal nitride to be etched, and on the selectivity attained for the
specific materials surrounding the metal nitride to be etched, and other factors known
or easily determined by persons of skill in the art.

In one embodiment, the etch rate for the metal nitride ranges from about 5 to
about 200 angstroms (A) per minute (A/min), and in another embodiment, the etch rate
for the metal nitride ranges from about 10 to about 100 A/min, and in another
embodiment, the etch rate for the metal nitride ranges from about 20 to about 70
A/min, and in another embodiment, the etch rate for the metal nitride ranges from
about 30 to about 50 A/min.

In one embodiment, the etch rate for titanium nitride (TiN) ranges from about 20
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PROCESSI NG TI ME The tine needed for carrying out a

nmet hod of wet etching a netal nitride in accordance
wowdoe/1an7enbodi mrent of the present invention nBgT/D82006/010478

suitably sel ected based on factors known to those of

skill ,in the art, includin dentit f the metal
to abegit 79 Admin, g8 iB@sREer etnﬁ*éociq Eﬁb@@‘ﬂéﬁ fgtﬁgornt\"gfanges from about

e etched, the nethod by which the netal
SOtO%b:OMgg'év{gg#de 0Si ted (which may affect properties

S ané%rﬁt@cﬁdimt;,,the@tmrette fandngstenutitidefranges fremabbout 5 to
nitride), concentrations of peroxide, onium A/OXI de
riviy

aboup Adminand IBANe emBRIEINLLIrMARP U HOLOALAUN
mlﬁ(bﬂg eﬁﬁb&ﬂﬁe‘?{?tthste‘f& e ‘F&”Bﬂ’ééll?m%ﬁld\éq]a\'ﬁﬁés Honh ESout 2 to

wet e conposition relati
abouaB@Nmnmlemi infonsaémbedimnergafrom atmouies iormmet(% Mmin
simlar factors known to affect [

C 5P QBRSO IMABE PO et [l ek AT ARG FaNG9Y frgReabout 2 to
abouf8 Q\%ﬂf Mnd H‘tﬁw{]é%oefm&ﬁpﬁéh’f Sodlt 5§ fbeat}!@}t 2% M’r‘hlﬂg
COMpos| to the

metal nitride ranges from about 1
mimohe dmbad]mmt @Rermdtchutate forazictoniuramitride rapgés iorealvout 2 to

aboul 3G V60T AR e P Sifem AN o 2 R

out 5 mnutes to about 20 m nutes, and in yet

SELéé?WHZ? enbodi ment, the tinme ranges from about 7 to

alho ohe Embodirtess,. thbrseteﬁnvskyrbbtbm@by using theveetratalgjag
from about 30 seco| to ab

tes. P I NG
comprSIPEL R AURBEIEHE Wi cobreSBnLN RiaraAS SRseUe e brocess
herelﬁafdr?ggggﬁﬁtab%uf@théda ‘ng £t P‘«Q'lé‘ﬁnéwﬁ% e Ql*ttt'h'eqﬁgher the

ce wth ane i ment of the present
seledtivitye ihé betteny Irbens emmmlllmee’e Ithee Bel@cb\a%@ngas fieae @bsut 10:1 to

i n, the art Iud|

abouf 3811 B SRLrSTEROdER dTe soput gPTHERRIREE . As s known,
seledtlbit)ﬁl?é‘mwﬁﬁ thé ﬁ\é’f@ﬁ@b ékb tHd Selebivilyas ofteRakprédiRd with respect to

which the netal nitride was deposi ted (which
the twiapr mqr@dnaﬁgrlebebemggomme@s That snthesselpelivity afyanapighant for a

et 5.8 Pl R, S gt or otver

matefibls] UEH aglsilitoxioxiHed, id the lwworl@hwe@@tmty‘rmasme)nThus each of
vol ume of the wet et chi ng rrE05|t|onreIat|vetothe

the f@r@aﬁngtsyel%mmt@s Ay b6JPT AaPaiA ngidg Eplative i enre of more gf a
oot 4 Geghy 518 G, SRR e, ATk ihors i
surroohtingdeatsriahs. nhewstleetisity haydreemeasured by comparing relative etch
rates of each material, or by comparing etch rate of the target material to another
measure, such as swelling of a photoresist.

In one embodiment, the present invention provides a selectivity for removal of
titanium nitride relative to photoresist swelling, where both etch rate and swelling rate
are measured as change in thickness in angstroms (A) per minute (A/min), and may
range from 2:1 to about 200:1. In one embodiment, the selectivity for removal of
titanium nitride relative to photoresist swelling ranges from about 10:1 to about 180:1,
and in another embodiment, for removal of titanium nitride relative to photoresist
swelling from about 20:1 to about 65:1.

In one embodiment, after etching a metal nitride having a thickness in the range

from about 200-300 A at an etch rate of about 30-50 A/min, the photoresist swelling is
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enbodi nent, the bath or solution tenperature of the
wet etching conposition for wet etching the netal
woRdoeilgre7e anges from about 200C to about 600C, PERUS1006/010478
anot her enbodi nent, the bath or solution tenperature
ranges from about 300C to ahout 600C, and i n ano ?I[:
less thamebpredY efibernitial thickegssitin @notharsap -aW'g({%f ese

cond@{z{@%‘&ﬁ%@)ﬁnf&?%@t %\g?ﬂﬁglﬂé le@%ﬁan aB uf Ji‘%y@lith@r?mlglethlckness in

r- so nmperature ran
anothief emBdatiment QAGet theseocdndiids, th?eTﬁbﬁPé’sEﬁ swealling estless than

aboubaibea {6 MikBICSPRFIR AN Sebadifent kiss thess goriions, the
photoLé’%Qf é\k%’hﬁéd i IQ§§ %ﬂ?ﬁb&uta%hy ngttlﬁ’é Jg@ gﬁ%ﬁﬁé’ésc i Bthﬁer

e etched, and
emboralnmehe undbethdsei dconditiansi, tredpiatoradist syyadling isdesmthan abaut 1% of
th Sturroundl ng the netal nitride to be etched, and ot her
e inftigl {HIEkN§SFown or easily deternined by persons of skill

EXEMPLIé\h@(nEXPEmMEN*FAEFﬁF@GcmREt he etch rate for the

itride ranges fromabout 5 to about 200
affgetfoklnwmgAg apeaxempiawqarogaﬁ for caaning eutaroembediment of the

prescFy dyeaRiB 216 & & o o1 B APl "R HEeS.

Film diment, the etch rate for the netal nitride ranges

from about 20 to about 70 A/min, and in anot her
1000@-#56802eBPSG I9s Siticon rate for the metal nitride ranges

2004000 R 6 FROH ADBOKS RO t ani i it de (T R) v angee from
1000?%‘&)0%&3%%9@%& iy ﬂéﬁ‘ﬁheté\% |s't6naegﬁ>&c§hef enmbodi nent,

he 'etch rate ranges from about 30 to about 50
ATitN ) BPSG amd pbntmelésle’ewafera; bee eleaked ite 1 or 1't squpse gieces. The

pieces, A SHBBI HERINORB ATAREOLEONS ThblasHc heakpfH af 2450 %C. The
wafe%%c@ggf@gf&'étsse& 'thr ﬂﬁﬂ réﬁeﬁ 3\)@%? H?ér}f é‘tleur"ﬂé'éot Wit§l®I1 water and

m about to a out in one
bIowredtwdlthmﬂtqge‘rr di vhea‘bmmw&ness@obenbreﬁnmaﬂem progessing are

enbodi nen the etch, rate for deran )
deterfrign RGRIAOMBUSIBLINS olpeiE! 2aE TR Colelel Rt =
NAN@S@'E@QQgtan@ ByPreafbihce?forAiNiuing 8 T@h@oﬁR’@%chelTﬁe filif¥eare also

etch rate for zirconiumnitride ranges fromabout 2 to
examined by optical microscopy to assess uniformity of etch for TiN and adhesion for
the resist wafer pieces.
The conditions for bath life tests are as follows: bath temperature of 45°C, 408 g
sample, open cup (approximately a 9:7 aspect ratio vessel) with slow stirring and
ventilation. TiN loading of the bath life sample may be accomplished by processing
wafer pieces with known surface area in 408 g of etchant to remove 80 A of TiN (ca. 3-
4 min process) every 2 hours for a total of 8 hours. Etch tests on TiN, BPSG and resist
may be performed periodically during the experiment. The TiN-loading factor in Figure

1, in ppm, represents the amount of TiN loaded (dissolved) for one formulation, SFE-
1022, assuming a TiN film density of 5.2 g/cm3. Assuming 80 A TiN removed where

the TiN covers 25 % of the surface of a 200 mm wafer, each loading cycle in the bath
loading test (in TiN removed, ppm) is equivalent to 25 (200 mm) wafers processed in
an 8 gallon immersion tank.
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about 3% of the initial thickness, in another
enbodi nent, under these conditions, the photoresist
wewbl11029 i s | ess than about 2% of the initial PCT/US2006/010478
t hi ckness, in another enbodi nent, under these
condi tions, the phatoresist swelling is-dessthan
2%b6l1‘|lﬂc£\%%f t iesibhilti al thickness. EXEMPLARY
@E@&NTAL PROCEDURE: The followi ng|is an exenpl ary
8 carrying out an efrbodi ment of the present
phong@m and is provided fof exenplary, non-ljmting
pur poses. Fill m Typg 10000- 15000 A BPSG on Silicpn
Jogredde A TilN on 1000 A Si 2 10000- 1500 A Sof t| Baked

e o e A A AR = 7 N F=p——BRSC—ertrel
SH-dP2di st waffd¥s |are 2Raved i ft-d 11 x 1" squirkAueous
pi eces. The pi eces [are subner@ged into|the etchantpgroxide
solutions inl plastilc beakers at 25-50|2C. The wafer
njg’/Cﬂgogre pr peessed f 60/2b 4WEF R13ftter] wW.611 t heypkheed.0
a

rinsed With DI water and blo dry with nitrogen. The
194 Citrit hicicknels I88iSbef or e and afit er prodessing arfe
determ neo, by reflectonmetry for the photoresist| and
3. pi eces using a NANOSPEC 21Q and by
F. pce for TiNjusing a Temcor RS3jc. The fi|ns are
al'so exanmi ned by oprti cal mcroscopy tqQ assess
etch ffor Ti N and adhesian for the|resist
onditions flor bath|life testp are
nperature of 450C, |408 g sanpl e,

ety O+ T ST UVeESSE

ing land Q@%ti | ati %ﬁ 1LT| N | oadi ng d%q"ﬁ?éjs

e maly be acconpl i shed Qy process| rMeroxide

wafer pieces|wth kihown surfage area iln 408 g 0O

e OhRPD,t 0 rePbot-80 AS50f32Ti N|(ce0.83- |4 nbBfilproregadF 9.0

every 2 hours for a total of § hours. |Etch testp on

1% Q;trIBPSG and B8 st nay be pérforned |periodically

39(;% J experiment. The TiN-1oading factor inp
{r eriy i n| ppm rlepresents tihe anourt of Ti N | oaded

(@Hrﬁémyyed) for one| formul ati gn, SFE- {1022, asspming a

TiN fimdengity of|{ 5.2 g/cnB.[ Assuming 80 A Ti N

aeEaYRIIMAher p

hydroxide

wﬁ'—@?gw‘ §t

;
bath |ife sanp

* positive sign indicates swelling of film

Table 1b: SFE-1022 Processed at 25-50 °C for 2 min

Formulation# | Film Proc. Temp. (C) Etch/Swell Thickness
/Proc. Time (min) Rate Change
(A/min) * (A) *
SFE-1022 TiN 25/2 -0.03 -0.06
BPSG +2.9 +5.8
Photo- +0.75 -1.5
resist
TiN 40/2 -7.6 -15.2
BPSG +2.4 +4.8

- — —————————— |
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- graph for
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et chi ng

exanpl e SH

E- 1022 of

positive sign indicates

swelling). As shown in Fig. 1 for SFE-1022, the
Table i SRBeR2cPoegesed af4bleCrfor ¢aseinwith dip tinme. |f
the targeted (nnh\aL_antht of TiNis 80-A the-dip
Formwlaiionr | SEEm. (22Piesull 8mse (Gho|itEtshBwelhyt es Thickness
450C. As shown in |FiRrociTinn@émphot or d3atet syel | sGhgange
| ess than @bout 1% of its starting(AMmiokhess wit HA)*
8T 4d=t n:tINJtes of eﬁgﬂsure to SFES1102_. For _5.1
eBHpart5o; e—rastst—when—di-ppeg—n—gdeironizet—water
H \I:Jir K’E n\cer\vle-t%c%r
the SFE-1 0Z2hetardrsion test. In nei tﬁé? case doestdhe
resi st del anresiste |or change i n appearance (yi ewed by
optrcal m ¢r opmppPy) arte%&xposure Tappe SFE- 102741
DAL 21 A A P 1ol (AN
for immersi d:r’1hq’_tﬁ'E>FE- 1022 and watér o¥8f short ti P2
peri ods of |1¥@9strilnut es does not ilndicate a|nmgjor
chem cal changgy 11 45/3 -27 -80.9
BPSG -2.7 -8
Photo- +26 +78
resist
TiN 45/4 -35.9 -143.6
BPSG +1.7 +6.8
Photo- +18.5 +74
resist

* positive sign indicates swelling of film, negative sign indicates etching of film

Discussion:

As shown by the foregoing examples, formulations exhibit a desirable

t—,ehe»?j-n-g——

*positivessign indicatessyelinmakim segative sigri ingicatesseiglingpf film
negative sign indicates etch,

performance criteria for a TiN etchant, namely, a TiN etch rate of 30-50 A/min and high

TiN:resist selectivity (as measured as TiN etch to resist thickness change). High
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the resist but rather a small interaction or surface
sol vation by the contacting liquid. This is in

W@ owbnaer9 t o conventi onal ammoni um hydr oxi de/ prCDKBZE6/010478
(e.g., APMor SC-1) TiN etchants, which exhibit nore
extensive chem cal attack on the resist. The thickness

selecHnifntpeBBBG Awideds plso derirabiee $HR-1022isfamaguentisgperoxide

Ghe"ﬂ%Eéﬁ%@é@@aﬁ B b AP BE > 5 Toot the
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swellmg’r)MWS%Hi)‘G\Et ihOiZi@ 1 &fdilOSF Eg1 azm ¢Ikmﬂﬁd<rcd$3mngercﬁ lTsNtlma:reases with
i and TIiN |o P g g ed oq bat h, éE
dip tm@stl tf@ntasg@teﬂdgmva aFOHEL0 -g'll\h‘ssﬁ% the; §ip tippg using SFE-1022

woukg g%%?ﬂéi’u‘? '334 ﬂ{lﬁutegaatt Ql5t°@”'p/§§ Qﬁ?\fvﬁ éﬁ’%‘ if*A0%he 69&099313’: swells by less

pr oxi mat as ect
than mbeaiei Yo wf tt‘a s@rtmg sl’ucknessgmﬂnd tw@ﬁtst I3ah|rm1hes an ekposure to SFE-
i she

1022, o SoTp TSN 116 fRiRtean RDS i eRNFAcvERT SngRte siplar
swelli(rg) lﬁ‘%\ﬂor‘ﬁ? tﬁéf&‘@é&irvé@ chr% \SFE1bbD ‘?t‘ﬁﬂ%ﬁloﬁfteg’?Qn%eTﬂh@r case

per cyc e assum ng Ti N densit
doesﬁhéiegstdﬁymmﬁem chasgs i aprfearanlemewed byegptigal mleroscopy)

after BhoSiEdndhe SFrad022 sopftih. Hiolondidt i bedburlby theony itis

consrﬁeTéd\'hIkéylﬂ%’fQMé@ll teéwéﬂﬁn @éeﬁv@@ féMMrﬂéﬁaéﬁ irASRBO1 0P and water
vvaerAsaresu each 1oadi ng cycle in the

over Bb@tﬁiilmgem@ds eE1-10i minmtes d@mm@‘ﬂmdm@ﬁq aj raapégbﬁwcal change in

the reh S aal it ot 3o RRRERGT Y thl sBRigctin liuia

This ishatconfasBidecdbhtipaalk ernritmem Hyﬁlréﬁd@/ﬁ)eﬂfmd'e be.gBRPB or SC-1)
and resist thickness change over tinme, is

TiN efehantanvhigh| xhiit @@f@@stwrewh%@aealr@’t&ﬁk amthe gt Any
nulFFFér'{ ?(funegéchSﬁg% of lt'ieep‘?ﬁiﬁ a?]'dqhbnﬁll\l% "i’ur{ctl\‘)ﬁldf%%mposmon

from elower V per value in 1 ncrene
tempeftatarefarexample REBA02D & prtdssented 2] I%gs@p@:saﬁhown mfF|gt 2, both the

| egst 2 uni het ween an ower val ue and .an
remaygd amoyGl Qifuxa%ﬁges and; Ilae swelingatdne Fasist ﬁer%%sa slightly, as
the té’r‘;‘u @F&ﬁ@l‘gjlﬂe e The'/sii® sﬁfelliﬁg% QRS Yabi ! r‘ég%tyﬁgckness in

or exanple, tenperature ressure, tinme an
the oIpekﬂmgst;enipmraMamM@ of 4#d02Ct 0 90, i n one enbodi nent

n% ngaﬁa?qslﬁtl' rN ﬂ) od’;r?ge {es? ?bro&arrrnep e élfl':o-%%g , éf?oin(r)]’g thllckness
change versus time (min) and TiN load (ppm). Fig. 3 is based on bath life tests on
SFE-1022 to assess bath stability. The conditions are: bath temperature of 45°C, 408

g sample, open cup (approximately 9:7 aspect ratio vessel) with slow stirring and

ventilation. TiN loading of the bath life sample is accomplished by processing wafer

pieces with surface area of 9.5e16 A%in 408 g of etchant to remove a thickness of 220

A TiN (0.27 ppm TiN load per cycle assuming TiN density of 5.22 g/cm3). Etch tests on
TiN, BPSG and resist are performed periodically during the experiment at conditions of
45°C @ 3 min. The loading test assumes 80 A TiN is removed over 25 % of the
surface of a 200 mm wafer. As a result, each loading cycle in the bath-loading test (in
TiN removed, ppm) is roughly equivalent to 25 (200 mm) wafers processed in an 8
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and the like, are expressly enunerated in this
wap@eiliazeat i on. For values which are | ess t hanPONES20061€10478
unit is considered to be 0.0001 , O. 001 , 0.01 or 0.1
as appropriate. These are onI% exanpl es of what is
3
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a5 CSURPNEI SIS P FTGRSSSEATSHIS Stpb g for example,
tempérﬁur%c %?@ss‘?fretﬁ}ﬁeaa?ﬂetﬂﬁ‘?iﬂe% %Fﬁxé?rhple'vﬁowqtto'% in one

A wet etching co tion conprisin
embddicheatyfromp20 tx B ein mtbetgemnbodmmernirﬁdm BO0dwi 7d13 it iaritended that

id, 2. Th L [ wh th d
valudi S 5 41T 8508 00 6P, 85 Rar sl s AbvhRen i Sfiuessy
enumetated inTRisssdeficadbn. For VBRI8UMROS iaké RI3sChaf loaeNMbAe unit is

wherei n the organi c oni um hydroxide is other t han

consifipred trbe PHIOGIe Bdd1,10.8h 0b0. by appesigierg Topae Are only examples

of wq\%?sr g;%&i@%‘?lgmﬁﬂiﬁﬁla%@i%%@ ﬁélg)&oﬂgod on L(?‘th&rﬂgﬁcé? values

betw&éh tiexRMdsiVvaltie ard thazsbhest vayuls enutherated arbeo be considered to be
conposition of any preceding claimwlerein the acid

eXpre;ag»prﬁsm&@slnftbﬁﬁmpl&@F ign inasimtarg®aaneipr opi oni ¢ aci d,
b
e;%r{}ﬁ{ n&%@:\/gretléﬁﬂggtb\é%hceixﬁfélﬁ?%\fﬁe?ét091 RCeh (?ln of its exemplary

i c acl acet1c aci
embmmntsghtylsmd) lbe uar[delistobdtthalle&a&’[duaaaoblﬁxaﬂlons thereebf will become

oxal id, d, t
appa{%%ttlgﬁh%e skllle FnctlhréI e?rt fj‘&'m reer\];ﬁng nf'\é: 3883:19 catl o r1’here?ore it is to be
understood that the invention disclosed herein is intended to cover such modifications

as fall within the scope of the appended claims.
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acid, malic acid, gallic acid, behenic acid, arachidic
acid, stearic acid, palmtic acid, lauric acid,
wgaadobayi2ie aci d, benzoic acid, and 3, 5-di hydr oRgDER206/¢10478
acid, or a mxture of any two or nore thereof. 6. The
conposition of any preceding claimwherein the acid
conpri ses phosphoni ¢ aci d ClMM®hi ni ¢ aci d, phosphoric
Wh aci d. ar,.phosphorous acid or a m xture of any two or
a5 CEMRdRof . 7. The conposition of any preceding
chai m whgeeétehildecafipesitompompesingt t ri | ot ri met hyl ene
phosphoni ¢ aci d, hydroxyethylidene di phosphonic acid,
phyAKageNARaIRYIEEE aci d, met hyl phosphoni ¢ aci d,
p Al i 1:.4..0 m xture of any two or nore
t%@%@BHBWeﬁﬁ%g%ﬁ %ri]dgn of any preceding claim
whaaragish t he acid conprises an organi c sul fonic acid.
9. The_conpositigon of apy precedi cl.aim wherei.n th
22+ 0 caMGraaTaROTeh OLARGH IOV SIRAN 1k 3610 iS BB GHganE 2ok or an
inorgéHi'cfeHid Cor?ﬁb(ﬂlrg%flft\{il&)ro‘?‘l‘ﬁor@cthgre ydr obrom ¢ acid,
perchl dric acid, uoboric acid, phytic acid,
pBos phdiheusorapositiompficlaing dt wiyéretrethe aligahms@iiom ydiokide is other
EM rilotrinmethylene phosphonic acid, nethyl phosphonic
than IMAH. phenyl phosphoni ¢ acid, phenyl phosphi ni ¢ aci d,
N( 2- hyigheeorgbdaition DY ahy pRadeaiity slblnh WHeteahelorganic onium
(HEPES), 3- (N~nor phol i no) "propane sul fonic acid {MOPS),
hydrqgxigeecamprisesio e O ind@re-aftanea@manivon poosghanumpsWiEg)ium,
nmet.hanesul foni € aci et hane di sul fonic acid, toluene
SUIfO)écm'V%‘nPE'rﬂ'giaa?ﬁqmﬁy!%r%'é?'aceti c acid, maleic acid,
pit hal MheasdrposiBéh of apy gﬁbc claire wadréin thalddid comprises
acid, sul foacetic acjd, 2-sul fobenzoic acid, L
formig icich eicetie agish, @ropiaeisyacit dutyicasid, isphubiriaacid valasie acid,
[ ; ] kC..aci gt cetic
ety BEisd A4 b el dcoBE s/ glddjecias
butartetéiéadiwganﬁtdi axﬂdg@aaﬁbijabida@udcintojad:idpmmcﬂm deidacidxstidetartaric
..acid, adipic acj and m xtures or conbi nations of, two
acid, gpaligRed grilieasid, hehenigacih rﬁs@@m?lp@w fSte@nc ﬁ?'éc@@'ﬂﬂﬁc acid,
lauricaBleleFlc i, DEnRARRRE, L S RElrRRotfolcHc 6 Rikure of
any towi afeaoreglhessof. PSG BPSG BSG  silicon oxynitride,

S S S 0 o7 abk Paes NE P i R e comprises
phospREMEH I, Yhosphinic acid, phosphoric acid, or phosphorous acid or a mixture of
any two or more thereof.

7. The composition of any preceding claim wherein the acid comprises
nitrilotrimethylene phosphonic acid, hydroxyethylidene diphosphonic acid,
phenylphosphonic acid, methylphosphonic acid, phenylphosphinic acid or a mixture of
any two or more thereof.

8. The composition of any preceding claim wherein the acid comprises an
organic sulfonic acid.

9. The composition of any preceding claim wherein the acid comprises
hydrochloric acid, nitric acid, sulfuric acid, sulfurous acid, hydrobromic acid, perchloric
acid, fluoboric acid, phytic acid, phosphorous acid, hydroxyethylidene diphosphonic
acid, nitrilotrimethylene phosphonic acid, methylphosphonic acid, phenylphosphonic
acid, phenylphosphinic acid, N-(2-hydroxyethyl)-N’-(2-ethane sulfonic acid) (HEPES),
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sel ective for etching netal nitride with respect to

swel ling of photoresist materials. 12. The conposition
w@Rooany2py ecedi ng cl ai m wherein the organi ¢ onPQIUS2006/010478

hydr oxi de conpri ses one or nore of tetranethylamoni um

hydr oxi de, tetraethyl anmoni um Sgdrom de,

3-(N-msrphgling) yirapas sulfeg aciskiM@P Sy hipatazing-Niiobis(Zipthane sulfonic
amd)BEﬂfnlg% ?ﬁ%?ﬁ%\ém% BE‘Q}”%}Q%@ Hglﬂlﬁbmédéd?&“tgﬁrene sulfonic acid,

nltrxld@mktddlwﬂﬁb%ﬁ@aﬂﬂnpmiahcy deidx lattic acid, ascorbic acid, gallic acid,
met hyl tri et hanol amponi um h [

sulfoa@tmﬁj@yz-}gHEqulqjﬁplﬁyaylé({ilgéégg’ phenylacetic acid, betaine, crotonic
acid, W@JLEIYM e’tra lnB}';é[%?cﬁ %Eéﬁ%&cgbd@ycme cyclohexanecarboxylic

oni um
amd,tdyclbhtaxdam@dlcadbexyliqodmdptynlm talyeﬂloanbdmyhc acid, adipic acid, and

x50 PPOBITRIOHS | MBS YO RGRR ox e,
t r1 oxh‘g%éé&ﬁm Sélﬂﬁi‘;/ BYQH??‘ré’(%dngq bl@%'%ﬂe?éinfiﬂé%m%smon is

di hydr oxypr opy anmoni um
seledtlyd rfmxetdhlng metal nitride over one or more of S|l|con silicon oxides, glass

oo bR B RS R LT S G RS

[ (1GE83) W&ﬁl%@db préddding cﬁﬁﬁ&ﬁﬁﬁr@ﬁﬂﬂh@fﬁomposmon is

di hydr oxi de The conpositi on of any preced |ng{
seleatwa.fm eliebingi metah@:tﬁéewlthqrespe@etomlmgé photarasistdaaterials.

R A N

hydr@ﬁdévebw@tnsbs deec B trabro bt tetrd metieyladimordlim hydromde
sur roundi ng structures conprising one or npre

tetragthylapgnonigim hydiexide, @tgaprgpglg@m@g@m mtcg@nggtgtrabutylammomum
hydr%)égéi/%,gﬁg'fh%}’f}héﬁﬁlg rBJ(lHé' gl?eu A nﬁ:h*l %rH m hydroxide,

or o |na s or ni
benzplmimemﬁmmamatm r’rlydf@qd@,(mpthyﬂne@\anpianwmdnm@n ayn\mlde

tetraGy IphORo BRI PRIPSKEAETS %wh%@%%%ﬁgﬁﬂaﬁﬁéfﬁ@d"rakw\@t al
trihe lkikescmhé degﬁur}ﬁ%yﬂ'réﬂdé h@bWBt ?ﬁeaééﬁﬁhwh 'fyroxide,

a tenperature effective
[((CHEBNEH OH(CHISHMN (S85)41E] [OH ).t heutiBFmstigiingdazolium HydrOX|de

structures.
trimethylsulfonium hydroxide, trimethylsulfoxonium hydroxide,
trimethyl (2,3-dihydroxypropyl) ammonium hydroxide,
[(CgH5)CH2N(CH3)2CH2CH(OH)CH2N(CH3)2CH2CH(OH)CH2N(CH3)2CH2CH(OH)CHoN
(CH3)QCH2(CGH5)]4+ [OH 14, and [(CH3)3NCHQCH(OH)CH20H]+ [OH"], hexamethonium
dihydroxide.

13.  The composition of any preceding claim wherein the metal nitride
comprises a nitride of titanium, tungsten, tantalum, hafnium, zirconium or mixtures or
nitrides of alloys thereof.

14. A method of wet etching metal nitride selectively to surrounding structures
comprising one or more of silicon, silicon oxides, glass, PSG, BPSG, BSG, silicon
oxynitride, silicon nitride and silicon oxycarbide, or combinations or mixtures thereof
and/or photoresist materials, comprising:

providing a wet etching composition comprising:
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15. The nmethod of claim 14 wherein the acid is an

organic acid or an inorganic acid, or mxture of two
wo@rooante74 her eof . 16. The net hod of cl aim 14 wWher/E52906/010478

the organi c oni um hydroxide is other than TMAH 17.

The nethod of any of clains 14-1 6 wherein the organic

oni um ydrageindeerosidey i ses one or nore of an anmoni um

phosphoni u sul f.oni,u f nium or imdazolium
hydroxia&‘ec.’rg%g'.c %‘émrﬂraﬁ%)ga%’f&ﬁy of clains 14-17
wher ei Bntdgd:aci d conprises one or nore of formc acid,
acetic acid, propionic acid, butyric acid, isobutyrjc .
a@xgosinglametal aiirige t@thmtﬁh@%wtaébﬁi%e’f&éaang compasition for a time
ori I L . DL C N . _
and 4t urdeRiE s o ot M) Hiride KERELGIZR, the surrounding
strucagesl, malonic acid, citric acid, tartaric acid, nmalic
acid, gallic acid, behenic acjd, arachidic acid, .
Stdar | d NEMEINgshotFae 14eTHETOIAhe 06 4 OGAME FFifor an
: i : ' ' IdBtdr oxybenzoi ¢ acid. 19.
morg%ﬁiecdan%{?,hoé g@ur‘%%fq%v? %gﬁgﬁ"r??h%ﬂébfs wherein the acid
cafpr i Sie petshohdlainad #dyherkivstbiei arganiscniymgycspride isother
m‘g’_l or phosphorous acid or a m xture of any two or
than t hereof . 20. The nethod of any of clains 14-19
wher ei Ao oL AP S8 14116 WheidiRHY bRic onium hydroxide
phosphon}? c acid, hﬁoxy_et hyl i dene di phos hgjr?iﬁc acid, Y
compisEsydnEhosmoos ot aa@ninonisnhyisisesprtin, s uenim, sulfoxonium, or

... phenyl phosphinic acid or a m xture of any two or nore
mMe{%qﬁpéU?y&th%_e. The nethod of any of clains 14-20

wWhieg, e MR @ elsod oE QNP Of Slafman4oranbreis thd acidcongprites one or
22. The nethod of any of clains 14-21 wherein the g

morecoffiormiseacioyarasicracid i RFORIINE agid: Prtyrig s, ISQRUYTIG %0'8 I Saleric
oid Sy B o NEEERE SRR ducrapedlonte,
butaﬁ&@tr_@l&aﬁidxylié ﬁapeoﬁalwm@,mcmiaam, malonic acid, citric acid, tartaric
il b T BRSPS ) L DRSPS i
lauri?ﬁé@é@?ﬁéﬁé%ﬂ&ﬂe}ﬂﬂc‘é&d,eérn)aﬁ‘,%-ﬁHMr%R{/Gel%i@bcid.

19.  The method of any of claims 14-18 wherein the acid comprises

phosphonic acid, phosphinic acid, phosphoric acid, or phosphorous acid or a mixture of
any two or more thereof.

20. The method of any of claims 14-19 wherein the acid comprises
nitrilotrimethylene phosphonic acid, hydroxyethylidene diphosphonic acid,
phenylphosphonic acid, methylphosphonic acid, phenylphosphinic acid or a mixture of
any two or more thereof.

21.  The method of any of claims 14-20 wherein the acid comprises an
organic sulfonic acid.

22. The method of any of claims 14-21 wherein the acid comprises
hydrochloric acid, nitric acid, sulfuric acid, sulfurous acid, hydrobromic acid, perchloric
acid, fluoboric acid, phytic acid, phosphorous acid, hydroxyethylidene diphosphonic
acid, nitrilotrimethylene phosphonic acid, methylphosphonic acid, phenylphosphonic
acid, phenylphosphinic acid, N-(2-hydroxyethyl)-N’-(2-ethane sulfonic acid) (HEPES),
3-(N-morpholino) propane sulfonic acid (MOPS), piperazine-N,N’-bis(2-ethane sulfonic
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3- (N-nor phol i no) propane sul fonic acid (MOPS),
pi perazi ne-N, N -bi s(2-ethane sul foni cacid) (PlIPES),
woredoddanesul f oni ¢ aci d, et hane di sul foni c aci d, PCDUSNE010478
sulfonic acid, nitrilotriacetic acid, naleic aC|d
hthalic acid, lactic acid, ascorbic_ acid,

acid @IBEsgumggypg@spHora@,quld sethane shisyliamicagid tp? ene sulfonlc acid,
mtrllgt(\:’i!aé@ﬂ} L&ig aehde ae,&e% (et qgétg: %@t%&)‘?blc%r ﬂ{ %f%x'llﬁ: acid,

evualinic acrd,” pyruvic 'aci or oace
sulfoacetic agidyQl-smfobeplzdnolmmalwlfaniboxamd phenyldcetic acid, betame crotonic

acid USRI e S SN L Scl S vl PR N CRE b i
acid mdm{&ahgﬂc%%oxgﬁéacfﬁh%}«%@@r‘i’l‘%n@ﬁlcﬁb’o@flc St aa.pk‘laaa and

rein the co sition el ective t
mlxtmnesrordmmbmatloreascpfdm eransveethereaf. of phot or esi st

Wi ntieatdnad AF e o BiRs 4022 Hheteifufs catipgdiiops selective

for ety MethlifrRiSBLiRY PéHB@éf‘td%’W@MH{; @X pHBtoresist materials.
t et raet hyl ammoni um hydr oxi de, tetrapropyl anmoni um

hy&#.oxi tiee meaihodbiiapy afpiaing ﬁAh%lwdaﬁere the organic onium hydroxide

comgﬁ%{%ﬁé E,E}QE% oim %gmy%ﬁ&g)ﬁ@ﬁhydroxide tetraethylammonium

hydrbgide yietrapr@s ramprainiydiydd 8 xedt@butylammonium hydroxide,
nmet hél tri et hanol anmmoni um hydr oxi de

methydfipRenyIgmprysMoRdiaxige dp )dl@lmethylammonlum hydrOX|de

_ . | .
s A AN RO SEROSBL RSy ycrosce,
tetrabutyiphiogphehiuag aggitaxitzs mhylwmﬂwmsdhomum hydroxide,

tnhe&él@“&iﬂe’é@ﬁﬁggé@_g &Hﬁl@gquxlgg @g&@@iﬁr gdecylphosphonium hydroxide,
O O S b S AR o,

trlméibfﬂél‘}lﬁrﬂﬁm hydromde trimeth sulfoxonlum h drox1d
C( O R oy & CHU'oH) CH2N( CHB)
trlmelh}‘llz(ma(-@m(dmmmpylmpM|w45yqro)adeHI 4, and

anmet hon

(Cod NSz C T ) G WS 32 C ey DO B HaloBh2CH(OH)CHN

(CHIFEHACHs T uhglerand KEF Ve PRG ROt NEDHI S0k bexamethonium

dlhy&?o&fdér, es or nitrides of alloys thereof.

25. The method of any of claims 14-24 wherein the metal nitride comprises a
nitride of titanium, tungsten, tantalum, hafnium, zirconium or mixtures or nitrides of
alloys thereof.
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