STRI PPI NG COVPOSI TI ONS FOR CLEANI NG | ON | MPLANTED PHOTORESI ST FROM
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used in t steps carbonize t resi st crust

cr ossl i nkstrihging rompessinstofathd maemion bre dcageicsdl ¢fhbkighotrgybighsdosagenign
structure l.eave, i nor i C terial w.thin the. outer surface of the
phot oresi s I?l I sbug{r g?mlf?ﬁi%g? Otrrf"lgH ?)hsgft%?ee\é\)’:fsstemécfp criuecﬁ%l 9/3"&?8 £ E%ctign

r errgvg, _eﬁmﬂmit&tioh)s;eidmargdqsmmldﬁg dncilﬁﬁgl EBITIYTIN| Yhordasiageg t‘thﬁptlrippitng pxlleaesls, as g
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fromthe surface using a cmqw‘ggﬁgﬁggﬁﬁ(ﬁﬁmd by treatnment with
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ashing. These processes, are _undesi rabl e at_newer. technol %g nodes because
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require multiple steps. In the case of nmenory devices, the H2SO4/ H2O2
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very inportant, especially since current” process, such

af or e- nenbleduedoShy/pinteresss sing siructurest ansdpayatindsganiospaterial wétbia thamouseri suifase
of the photoresist. This crust makes the photoresist extremely difficult to remove, especially in
cases of high energy/high dosage implants such as used during source/drain implants. Implanted
photoresist is usually removed from the surface using a combination of ashing followed by
treatment with H,SO,; and H20,. Mixtures of H,804 and HzO, (SPM) have also been used
without ashing. These processes are undesirable at newer technology nodes because they do not
meet material loss requirements, do not completely remove the higher dose implanted photoresist,
are time consuming processes, and require multiple steps. In the case of memory devices, the
H;S04/H,0; chemistries are also undesirable because they are not compatible with tungsten. For
high- metal gate devices, TiN, Ti, and Ta compatibility is very important, especially since current
process, such as the afore-mentioned SPM process, are not compatible with these materials.
There is therefore a need for improved stripping compositions for removal of high energy/high
dosage ion implanted photoresist that are compatible with silicon and also with Ti, TiN, W or

Ta during the stripping process.



There is therefore a need for inproved stripping conpositions for renoval
of high energy/ high dosage ion inplanted photoresist that are conpatible
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The sol ution containing a nitroni um conpound uaef ul. in. the c%ﬁg sitions of
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the solvent component, (2) the nitronium compound, or the strong acid/nitric acid or nitrate
compound, and (3) the phosphonic acid corrosion inhibitor component.
DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS

[0004] The solution containing a nitronium compound useful in the compositions of this
invention may be a solution of any suvitable nitronium compound. Among the suitable
nitronium compounds there may be mentioned nitronium tetrafluoroborate (NO,BF4),
nitronium perchlorate (NOClO,), nitronium fluorosulfate (NO2SOsF), nitronium triflate
(NO,S0,CF3) and the like. A solution of nitronium tetrafluoroborate is preferred as the
nitronium compound to provide the nitronium ion.

[0005] Any suitable compound providing a nitronium ion when mixed with an acid stronger
than nitric acid may be employed in the compositions of this invention. Among such
compounds suitable for providing such nitronium ions are nitric acid and nitrates. Any suitable
nitrate may be employed, such as for example, a tetraalkylammonium nitrate, potassium nitrate,
sodium nitrate and the like. Nitric acid is generally preferred. The nitronium ion is generated,

for example, in situ for this purpose, such as by mixing the strong acid (i.e., an acid having a



ni t roni um conpounds there nmay be nentioned nitroniumtetrafl uoroborate (NO
BF4), nitronium perchlorate (NO2C O4), nitronium fluorosul fate (NO2SC3F),
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acid), 1-hydroxyethylene-1,1-diphosphonic acid, bis(hexamethylene)triamine phosphonic acid,
1,4,7-triazacyclononane-N,N’ ,N”-tris(methylenephosphonic acid) (NOTP) and the like.
Preferably the phosphonic acid corrosion inhibitor is aminotrimethylenephosphonic acid. If
necessary a minimal amount of water, generally less than about 5% by weight based on the
total weight of the composition, may be employed with the phosphonic acid corrosion inhibitor
to enhance the solubility thereof. However, it is preferred that no water be employed.

[0008] The composition may employ at least one or more of any suitable solvent that has a
flash point higher than 65° C, preferably higher than 110° C, more preferably higher than 145°
C, and most preferably about 165° C or above, and that is compatible with strong acids.
Examples of suitable solvents for use in the compositions of this invention include but are not
limited to, the following exemplary solvents, 3-amino-1-propanol, butyl benzoate, dimethyl
sulfoxide, ethylhexylacetate, hexanoic acid, isophorone, methylaniline, nitrobenzene,

oxetanone, phenylhydrazine, propanediol, salicylaldehyde,  tetrahydronaphthalene,
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", N'- tris(nethyl enephosphoni ¢ acid) (DOTRP),
|, 4,7, 10-wetznmemwamycl ododecane- N, N , N', N'' - t et raki s( nerhylusa@plhesphoni ¢

acid) (DOTP), nitrilotris(methylene) triphosphqgnic, aci . .
G et hy! o RDEFU b ANHRAEDPP L FURTBLPIBHIA, FOdyderes dpsying fash points
ami not ri f,o&fkBY |66 ePRRIS PIYR T, Coldstbrfhbhthhledty ditexx@dthy) eio@ylmaleath, phmamidioni

aci d, bis(hexanethyl ene)triam ne phosphonic_ acid . )
|, 4, 7- t r iPhenauyethanab meapsiene Rarbogate; fqtiadoeanen pnd fsrinhosrbate haxing flash Re#S) and
the |ikeyRr. q&@bgy aﬁd"?@@%ﬁﬁ'&fﬂy‘lfs}g@&h@, §ief9phRlateN BiyBérbD lsulfSlane and

am not ri nmet hyl enephosphoni ¢ aci d. necessary a mni mal anount of water,
gener al | yridtedencglyen] tabiogtflashpbiptsnef yridShasedhbat tepe ansiseivepleisgrefetblyt he
conposi t isQl?l ey be enpl oyed with the phosphonic acid corrosion inhibitor
to enhance?%e‘sol ubility thereof. However, it is preferred that no water
be enpl oyends] A0S bodinent oithosiveition theessripping coypaditignéaeffecByreclenningf &1¢of  any

sui tabl e.sol vent at has a flash point hj : hi gher
han” 110 10 HoptehPRRr IR g R AP ano e sRbole R o compb SR Ok 1 ¢
165 C or imkeaieh atadng thiadndi tsmpaamp@tsubtibde furtrtmetal ofithe dwi deplarfschpipitaesitf

suitabl e solvents for use.in the conposjti of, this knv ' ol ude but
are not [GeaFpilysych c elaﬂégf”blb PEHRF Al @g’g%{uéer B Pé'% g}céfgn%ﬁl%?@ ;gfr]%lganol ,
but ylh bengaat I%triﬁﬁi Fﬂﬁ_ﬁ%’lbahgiﬁgl b El%dbg@t, A0ehinyie) Guydeaaallvis die,ﬁs mﬁm 2 ngiwites,

i sophorone, nethylaniline, nitrohenzepe,,h oxetanone en razi ne.

pr opanedidgpending|upey,thy Pﬂ@ﬁ'ﬂﬁé’?mﬁ’gﬁl?%‘ygﬁz%%{‘éﬁéw&‘f E)oélt lﬁkgﬁéﬁf F}?JtP st

trichl or QPLORMFed.t FThBRGRNEPHOSPRAWE reatisy AR fay intDtebasfiraimsalt s
between 65 C and 109 C, chl oronapht hal ene, di benzyl et her I et hyl m%tlleeate,

pent anedios|the prvéqvs penprEion coplaspd, ams e BawsH Hat Hich ’ctégtei‘%lﬁ@@gn"e“,w
triethyl H&P&&%Q%@Pgﬁlhﬁ%n%rw%?lgﬁd% theRRbMBGD phdldssC and 1440 C, dibutyl

sebacate, d ne alaté, glycerol, sulfolane and triet hzl enegl ycol

havi ng f |[88H9] popanticlasly prefaras f@muitionaf thisiagetions wecoUANIESLAH PP 1 v

sul folang, [0 I di pent Lthe:dn I ot ot rbBeI RE. %
corrpositi/én'sgf%{glg%eéc{l})@ug ggggni ng ofﬁ%ﬁeml%gln Wn‘gﬂs’ant ed pﬁotpresi st occurs
upon contaadhotamethilengphadpborss asit. WThis farnndetposis miised with tani asid sivasgeri B at  any

time and tenperatur uitabl e.for remval o ' Fopl.ant ed phelqr esi st.
General | )}llt'glﬁcar‘fl‘;ﬁlpég%iaﬁé W%T st?lgl&; u?’cugtmaa £ g}%ﬂé%%%uéfg&cl) rag% gobgut %‘gé: Cto
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[0011] A preferred embodiment of this invention is where the solvent, strong acid if employed,

and optionally the phosphonic acid corrosion inhibitor is heated to a temperature of above the
desired stripping temperature of this invention and then a nitronium compound or nitric acid or
nitrate compound of this invention is added to the heated components just before the stripping
operation is to occur. The nitronfum compound or nitric acid or nitrate compound to be added
to the heated components acid will generally be maintained at a temperature of about room
temperature before its addition to the heated components. Optionally the phosphonic acid
corrosion inhibitor and/or solvent may be employed with the nitronium compound or nitric
acid or nitrate compound instead of being heated with the strong acid. Heating of the
nitronium compound or nitric acid or nitrate compound to a temperature of >100° C prior to its
mixing with the solvent or solvent and strong acid can cause significant undesirable loss of
striping performance of the resulting composition of this invention. Moreover, at temperatures

needed for the cleaning process to occur the mixture of all the required components in one



over a period of tinme ranging up to about 40 m nutes, but generally is |ess
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heated or unheated form as required. For example, a first vessel may contain the strong acid

maintained at a temperature of about 165° C, a second vessel of the solvent and the cotrosion
inhibitor at about 110° C, and a third vessel with nitric acid at about 25° C. In another
embodiment a first vessel may contain most of the strong acid at a temperature of about 165°
C, a second vessel of the solvent and a small portion of the strong acid, the corrosion inhibitor,
and water at a temperature of about 110° C, and a third vessel nitric acid at a temperature of
about 25° C. Another embodiment comprises a first vessel containing the solvent and the
strong acid heated to a temperature of about 165° C and a second vessel containing nitric acid
and phosphonic acid corrosion inhibitor at room temperature. In general, all the components
are heated to an appropriate temperature so that upon mixing the desired use (siripping)
temperature is obtained. In general the components of the vessels in the various possible
embodiments are mixed within about 5 minutes of their use in the cleaning process, and the

temperature of the mixed components is in the range of about 145° C to about 165° C. The
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as requi riggntibior exanple, a first vessel may contain the strong acid

mai ntai ned at a tenperature of about 165 C, a second vessel of the sol vent
and the d8®¥bExawple hhi bitor at about 110 C, and a third vessel with nitric

aci d at afeWler2Rd Granipl RARRER 2T BRGHNER follods, T St vessel may contain nost
of the strong acid at a tenperature of about 165 C, a second vessel of the

sol vent a¥riseh! sadtolSulfenia AgfhaidbSt e strong acid, the corrosion inhibitor,
and vat ery@ly 2yt eMpesalsihey s ARl LA Surdhd Rid Nbr & vERRGbn Ninkibiter ac! d
25 "C. Anot her enbodi

at a tenperature of about 25°C ment conprises a first vessel
cont ai ni n@ntidvgrireghylenspheapidniclacidsati b ;aed d heated to a tenperature of about

165 C andve%s%%c_ d/ Eﬁcsﬁéidca???‘fé ning nitric acid and phosphonic acid
corrosi on' Thhi'bi Tt at room fenperature. In general, all the conponents are
heat ed t dlharompEienp bf the thrdeonssels akemiredsathithaminufes nf ¢leaxingdhetwederdpé oitarestl use

o eel M G AtLS sBefih g 057, e WEASL Blankhfor BITPORENAS O the

vessel s | 0
depending on ion dosage and ion implant energy. Compatible with W(<0.1 A/min,), TIN(1.4

A/min.), and Ta(<0.1 A/min.).

[0015] Example 2

Another preferred 3 solution mixture is as follows. Water is added to keep corrosion inhibitor in
solution during extended storage.

Vessel 1 — 25% Sulfuric Acid at 165° C;

Vessel 2 — 40% Solvent (Sulfolane), 3.64% Sulfuric Acid, 1.82 % corrosion inhibitor
(Aminotrimethylenephosphonic acid), and 4.54% water at 110° C, and

Vessel 3 —25% Nitric Acid at 25° C.

The three solutions are mixed within 5 minutes of cleaning the wafer of interest. The mixed
temperature is about 145°-165° C. The wafer is cleaned for 0.5 to 5 minutes depending on ion
dosage and ion implant energy.

[0016] Example 3



enbodi nents are m xed within about 5 mnutes of their use in the cleaning
process, and the tenperature of the m xed conponents is in the range of
about 145wG22w/mboat 165 C. Thet enperat ure enpl oyed wi | lpcaaseond/oeyson t he
conmponents of the corrpoi)sjti on and |on_dosage and ion inplant energy

enpl oyed AMethempralered hsofytien prpediment i aﬁfﬂquﬁhot oresist [0013] Generally any

possi bl e veabi Dagd, enirc Agssabsagnponents are possi bl e provided the strong
acid (e.g.., sulfuric acid) and nitric acid or nitrate are not jin fhe sane

vessel andstehe ni tod¥c Seberl EYuliglane)a 0% c Peliinis fererd 1% HBSRRAFEI Y0 above
about 102A§#o%ﬁéﬂ%ﬁ%%ﬁésﬂh%ie%&@ﬂ@tlqg‘q‘}',tan35 C. It is an aspect of this

i nventio at not conponents are heated to the cleaning tenperature.

It is onlVessebteddmMitricihgid 28 B¥ (vari ous conponents are heated to a point
where upgg,.n xi t,he tH 31l L e | e tbRe. T G8E RRedt he
desired gfﬁlgani“ﬂléq Seﬁ%e?%’%%. ger}r?r%%fg?;b?%%ut not vI(?@lﬁkcf‘rr1'ted to, are the

f ol | owi Ngerspeaarnt ésabofit MESEEP €. oThecvafon elntred fidrd:5 toelymiwites dpidengiag o jon
connecting to a .spraying apparat for o0 gt cl eani ng process of this

i nvent i or?%sﬁgﬁﬁ@dfg@é%g?rg% ﬁ?g‘p%?né %Ft%g%ﬁo%gr&prpgl')i s a nmixture of 3

sol uti onqgo®g] ERhswa:. Vessel 1 - 25% Sul furic Acid at 165 C, Vessel 2 - 44%

Sol vent (Sul fol aﬁe) gﬂfﬁ‘sm fgr [.Cc Aci d’fl % corrosion inhibitor
( Ani not r iAROLEYPIERERHY SRR %%?’8‘)“%"(9 Y¥5C, and Vessel 3 - 25% Nitric Acid
at 25 C. gl conpasaiinse fid iih@stdree vessels are mxed wthin 5 m nutes of

cleaning the wafer of interest. The m xe enper at J.s about 145- 165 C.
The waf erVessel c? earfdte rioivent £Sylfplage)y; %Ql("egulh’é’ﬁe%ﬂi ngi‘(gnﬁ’i 8?F°(§¥9§a5’gﬁ’gﬁrd i on

i npl ant ﬂﬁ{i%m&ﬁﬁ&ﬁ%ﬂo@%@ni@a&h),Wd‘f—QM‘Vlwﬁt’eﬂiﬂl-1()°,C,'£i1d\l(1 .4 Anin.), and
Ta(0. 1 mn.). ([00.1‘] Exanpl e 2 Another preferred 3 solution mxture is
as fol | ovéessehat-@pP%iNitrigftédint ¢’ &eep corrosion inhibitor in solution during

ext ended §£.0f QGGrionYGPS Rlixed wittfre %0 mifeb!fof GleAtihg! 1R waDoflinterest. The mixed

temperature is about 145°-165° C. The wafer is cleaned for 0.5 to 5 minutes depending on ion

dosage and ion implant encrgy. Compatible with TiN (<0.10 A/min.)

[0018] Example 5

Another preferred 2 solution embodiment is as follows.

Vessel 1 —26% Sulfuric Acid, 44% Sulfolane (165° C), and

Vessel 2 — 26% HNO3, 4% corrosion inhibitor (Aminotrimethylenephosphonic acid) at roorn
temperature.

The 3 solutions are mixed within 5 minutes of cleaning the wafer of interest. The mixed
temperature is about 145°-165° C. The wafer is cleaned for 0.5 to 5 minutes depending on ion

dosage and jon implant energy. Compatible with TiN (1.38 A/min.)

[0019] The stripping and non-corrosive performance of compositions of this invention is
illustrated by, but not limited to, the following test results utilizing the following composition
of this invention. The composition of this invention employed in the tests was a composition
formed by mixing (1) a room temperature formulation containing about 49.75 wt. % suifolane,
about 49.85 wt. % nitric acid (70%), and about 0.50 wt. % aminotrimethylenephosphonic acid
with (2) sulfuric acid heated to the stripping temperature in a weight ratio of sulfuric acid to

remaining components of the composition of about 9:2. Arsenic, phosphorus and boron ion



Vessel 2 - 40% Sol vent (Sul folane), 3.64% Sulfuric Acid, 1.82 % corrosion
I nhi bitor (Am notri nmet hyl enephosphoni c acid), and 4.54% water at 110 C, and
Vessel 3 WO28M0®¥417i ¢ Acid at 25 C. The three sol uti ons PRTAISARIREHSA? t hin 5
m nutes of cleani the wafer. of interest. The m.xed t erature.i bout
Ta5- 168 amprE it vee SPigadly bple B pestiitiat wEERRPHY HHoT of
dosage argboiioNto IrirAids. @khiy .wak ACtda)inddXangptieal IAimokdeey afd SENI rEd r&ulol uti on
enbodi nent is as_foll in Vessel 1 -20% Sulfuric Acid at 165 C, Vessel 2 -
64% Sol ve‘ﬁ?ref‘%‘iﬁf%&dﬁiﬁ‘, €k 0% Sulfuric Acid, 2.0 % corrosion inhibitor
(Am not ri net hyl enephosphoni c acid), ahhidi0 C, and Vessel 3 - 10% Nitric
Acid at 25 C. [1Jagagd SOTUTTQ@RgeRr € M X@ikHi N 5 mmglesp iy cleanj ng the
waf er of intefest.” The m xﬁgplgﬁrm{.% Ulifiplant BRGYY 14@1plg,§53n@,.nghJ wafer is
91 A m ot

cl eaned for Oﬁ—{q—ﬁ_ sag ant
energy. Conpat i QEM%;’# %?I .2 m| n. g ?81%87 Exgcr%p@af}lgdtléll?ﬁgnot her

preferred 3 so¢tupngn epboprment—Tsas{gi] o vESSEI s RSy furic Acid
at 165 C VesseI1U§ 1@ 6?&))§ol vent (Sul f();cglér?ié%’\ﬂg,g% S@%ﬁéﬁ cé!ééfli d R.0 %
0 [v7¢ 1908 hy-en : 14 ,,
[

corrosion inhi ; Aapt+rethytenrephosphontc—aci ’r’“i Iall'llé-rathég/J wat er at
110 C, and Ves &,’& Z'?A)’;N tric Acid af 25 C. The 3 |s¥ u"é?’o s ar & i xed
wthin 5 m nut BPms el nl ng t he waferl -of—i-nterest e—-xed—tenperat ure

o
CTo LBLILAYZ VVerT— T A4 L Y Cot. TITC T ACU AN

i s about 145"- 165 C. The wafer is cleaned for 0.5 to 5 m nutes dependi ng

on ion dogRafeaig ob@ied With 88 LoBPRIBY of GRR@iIG] i€ civhbdtabld B thaf Obtdidedwith N. )
[0018] Exanple s Another preferred 2 solution enbodinment is as follows.

Vessel 1 SEMdytquithoptthe comopign engauptesed wish M clegggse.c)  and
[0020] Table 2 describes the mixture of H;SO4 with sulfolane/nitric acid that is optimized for

P

performance. Cleaning of ion implanted photoresist was done on high dose implanted wafers (5
x 10" — 1 x 10" atoms As/cm®, 10 keV). Components were all mixed together and then heated.
Ton implanted photoresist wafers were cleaned with these formulations at 8§5° C for 40 minutes
and the cleaning performance was given a score of 0 or 1 (1 is clean and 0 is not clean at all). The
data in this Table 2 indicates that >50% H,SQ4 is necessary in the mixture for the best cleaning

performance. In addition to this, nitric acid is necessary for cleaning.

Table 2
H,50, Sulfelane HNO; Cleaning Score
0 wt. % 50 wt. % 50 wt. % 0.50
25 wt. % 25 wt. % 50 wt. % 0.25
25 wi. % 50 wt. % 25 wt. % 0.25
50 wt. % 00 wt. % 50 wt. % 0.50
50 wt. % 25wt % 25 wt. % 0.75
50 wt. % 50 wt. % 0 wt. % 0.10

[0021] Etch rate data for possible etching of W, Ti, TiN and Ta was obtained for a composition
of this invention formed by mixing (1)} a room temperature formulation containing about 49.75
wt. % sulfolane, about 49.75 wt. % nitric acid (70%), and about 0.50 wt %
aminotrimethylenephosphonic acid with (2) sulfuric acid heated to the stripping temperature of
65° C, 90° C and 140° C, in a weight ratio of sulfuric acid to remaining components of the
composition of about 9:2. The results of the etch rates for this composition of the invention

was compared to the eich rates for SPM (5 parts by wt. heated H>SO4/1 part by wt. room
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this, nitrig n i nQ. e 2 [0021] Etch rpte data

for possible etching of W Ti, TiN and Ta was obtained for a conposition
[0022] The sulfolane and the phosphonic acid corrosion inhibitor are required in the formulation

to provide low TiN etch rates. All etch rates were determined for compositions wherein HaSOy4
was heated to 85° C, then the other components of the formulation, at room temperature, were
added. Etch rates were measured over 2 min. Table 4 show TiN etch rates for different versions
of the nitric acid containing formulation of this invention/H,SO4 mixtures. It is clear that both
sulfolane and the phosphonic acid corrosion inhibitor are necessary to maintain a low TiN etch

rate. In comparison, SPM shows an unacceptable etch rate of >150 A/min for TiN when mixed at

85°C.
Table 4:
H>80, HNO; Sulfolane | Aminotrimethylenephosphonic | TiN etch
acid rate (A/min.)
81.7wt% | 9.1 wt. % 01wt % |0.1wt% 11.66
90.8 wt.% { 9.1 wt. % 0 wt. % 0.1 wt.% 30.85
1.8 wt. | 91wt % 91wt % |0.0wt % 16.60
%
909 wt [9.1wt% 0.0wt. % | 0.0wt. % 65.19
%

[0023] Compatibility of Si etching was determined by treating a silicon film for 5 min. with a



of this invention fornmed by mxing (1) a roomtenperature fornul ation
contai ni ng about 49.75 wt. % sul fol ane, about 49.75 wt. %nitric acid
(70% , amstoaboum@r50 wt. % ami notri net hyl enephosphoni c patiu$2ewoiok4sP)

sul furic acid, heated to the stripping tenperatu of 65 C 90 d 140 C
in a wei GAMPqsiion orgred by mixing 1) 2cbom dSnRegfuF rﬁ?fﬂ’g;‘[aﬁ%ﬁﬂﬁ%w% st 9, 2.
conposi t kPN gQfolAROWbol 249.7ewt. ekl hri®f adihe (BEHh wed esbouor 0601 svt. %
conposi tion of the invention was conpared tqQ the etch rates for SPM(5
parts by amnotrieetidenephosphgnia ackhwith {9y syifuric agid heatehiortag HHePPEPPHITELL o t he
heat ed H3p64) i wiibt @6E saiﬁ%sﬁw;otﬁmﬁﬁlgk%s&enwme RiPEGHoSS dobg t est

metal s were 1 medi ately subnerged in the Tornmed test conpositions to treat
for et ch92atBes prigestiwascepsstedifer thingpaerveifirmiose £ figee GBerdhofr HEmEYs H&ea f our
point prope.§ ﬁeﬁﬁﬁaﬁlgreﬁhﬁ?hf’éﬁ%ﬁﬁs midRERE LY &o4lsk&ioh RERADl € 3 show that for

| ow t enperature cleans, e stripping conposition of this invention showed
better n§e02H] Boitpathe binkertionf bes hédn tesogbedmbergins withs taferenchafe thve spasitigl

conpatibility obtained w th SPM At v t LT 3 ition
of i s cmpedimeah Hefighoh Wil or sbiue el Bhilss, ARBAMALHaR iBofe QR DY
[0022] Theds withohtakpardng fibhethp kpisip aehicopacf thedoventwd cmeepm Riidglosesi heawin
required in the fornulation t royide l.ow Ti N .rates. Al l rates
were det YRTADEYT s E’&??Bﬁcgf"t ‘f‘@?{gce\ﬁxleﬁr‘@? W%%&“&@g%é‘aﬁ“gd’ W@loggﬁ%? Fatuhen t he
ot her CORPENENpHitQhd Edope bOhebpRhdedrlai@d. room tenperature, were added. Etch
rates were neasured over 2 mn. Table 4 show Ti N etch rates for different
versions of the nitric acid containing fornulation of this invention/H Sq 4
m xtures. It is clear that both sulfolane and t he phosphonic acid corrosion
i nhi bitor are necessary to maintain a low TiN etch rate. In conparison, SPM
shows an unacceptable etch rate of >150 A/mn for Ti N when m xed at 85 C
Tabl e 4: [0023] Conpatibility of Si etching was determ ned by treating a
silicon filmfor 5 mn. with aconposition forned by mxing (1) a room
tenperature fornul ati on contai ning about 49.75 w. % sul fol ane, about 49.75
w. %nitric acid (709, and about 0.50 wt. % am notri met hyl enephosphonic
acid with (2) sulfuric acid heated to the stripping tenperature of 140 Cin
a weight ratio of sulfuric acid to remaining conponents of the conposition
of about

10



9:2. This process was repeated for the sane wafer piece 20 tinmes. After
these treatnents there was no neasurable etching of silicon as neasured by
Cr oss- secwpani108@d17[ 0024] Whil e the invention has been ®esarstaed24sey ei n
with reference to the specific errbogLI s thereof, it will be appreciated
t hat changes, nodification and vari ati can be made w thout departing

from t he 1$pi r iat coripdsifiSPRR réhovah6f hiBly @o¥abe/ PnGRPRARE pHtSRESSES fier wiface
Accordingly, it is intended to enbrace all such changes, nodification and
vari ations t h&fa femigondpater deyige. disi ompoyiRp CEWHENEF t he appended

clainms. CLAINS 1. Au¢ommmskéi i nh@he 4 f4M et &f >B5ah, dosage ion inplanted
photoresi st fromthe surface of a sem conductor device, the conposition

conprising: at | easteasinac sompannt piexiding2 altoRdBHOPEAt of > 65 C, at | east
one conponent pr OVét‘i’éaE‘t%négﬁ%fbﬁgﬂéMEéo?r‘%sioﬁlﬂﬂixilﬁ’t%r&ﬁﬁﬁhn@”e phosphoni ¢ acid

corrosion inhibitor conpo conposition according to claim lwherein
the at | east one solvent is sulfolane. 3. A conposition of claimlwherein

the at | %St % %Ogggnn%ncgrd%r ol ;l:lgiinppwﬁer@ihttﬁeoﬂitlelﬂmoingE’oli/e?lt% smfngl ni um
conpound “sel eC FPPYom The group consisting of nitroniumtetrafl uoroborate
(NO2BF4), nitronium perchlorate (NOaC O ), nitroniumfluorosul fate (NO2SO

F), and nitroniumtri.fl . SO2 ).+ 4. A conposition ac j to
claim 1 vner enferRet im st e ae t e patoFRRTar pisy B or

sel ected fromig he r@gaiym cedspoiihd Ngele@fedaionntthe NEbiyy | @meistirgs pifonitonao d,

di et hyl enetri am nepent a( net hyl enephosphoni c .acj.d) TRPA) . NN N N -

et hyl enedi ani Wﬂ?&%&%é Eﬁ@;@ erH WBrﬁeﬁc)hiorate ?ILI&CIE)BI,E nitronium tﬁbro ul{'\late

|, 5, 9- tri azacyQbmtneg ea@trbhilin thtlate (NO-SOEEHY| enephosphoni c aci d) (DOTRP),
1,4,7,1 O-tetraazacycl ododecane- NIJN ,N', N "-tetraki s(nmet hyl enephosphoni c
acid) (DOTP), nitrilotris(nmethylene) triphosphonic acid,

di et hyl enet ri am nepent a( net hyl enephosphoni ¢ aci d) (DETAP),

am notri (nmet hyl enephosphoni ¢ acid), |-hydroxyethyl ene-~l-di phosphoni c aci d,
bi s( hexarfet hyidesrsnositianaprording toptiain L whierein thg phosphonic acid corrosion mhibitor

I, 4, 7-triaz aC%&MS’dhﬂH W R1dhel froll the group consisting of aminotrimethylenephosphonic acid,
diethylenetriaminepenta(methylenephosphonic acid) (DETPA), N,N,N’N’-
ethylenediaminetetra(methylenephosphonic) 1,5,9-triazacyclododecane-N,N’,N”-
tris(methylenephosphonic acid) (DOTRP), 1,4,7,10-tetraazacyclododecane-
N, N’ N”, N -tetrakis(methylenephosphonic  acid) (DOTP), nitrilotris(methylene)
triphosphonic acid, diethylenetriaminepenta(methylenephosphonic acid) (DETAP),
aminotri(methylenephosphonic  acid), 1-hydroxyethylene-1,1-diphosphonic  acid,
bis(hexamethylene)triamine phosphonic acid, and 1,4,7-triazacyclononane-N,N’,N"-

tris(methylenephosphonic acid) (NOTP).
5. A composition according to claim 1 wherein the at least one solvent is sulfolane, the

nitronium compound is nitronium tetrafluoroborate, and the phosphonic acid corrosion

inhibitor compound is aminotrimethylenephosphonic acid.

6. A composition according to claim 1 wherein the solvent is sulfolane and is present in an

amount of from about 10 wt. % to about 94.99 wt. %, the at least one component

11



tris(met hyl enephosphonic acid) (NOTP). 5. A conposition according to claim
1 wherein the at | east one solvent is sulfolane, the nitronium conpound is
ni t r oni urwoebroabaior obor ate, and t he phosphoni ¢ aci d coPCcodisSenoiondsedi t or

conpound i s am notrimet hyl enephosphani ¢ acid. . 6. C sj,t.ian ording to
clai m 1 wher eP'RYIERE 2SHTOPBIR 1001dS RIERCRGR 4 &MY ofgorﬂrﬁh%"gﬁg‘gi % QAP0 ﬁ%ﬁﬁ{ of
from about 10s\Whnd e boleaomd piRdpRSicicid drotibe indibito RSfreseMtEin an amount of
conponent provi di n% a nitroniumion_is present in an anount of fromabout 5

W, %to aboutom@beit 0.0% whte 1 Houhs-0Eadt WhTER MoWh RGPS &8 Rstort BEi on
inhibitor is pieseRbided AigRMGIURE RifolbhOMiRhRkE Bn Gloviing YoiPo@RUindd 0 wt.
% wherein the w. percents are based on the total conbined weight of the
sul f ol ane, ni phosplioninacidisoppoen ighihtorcompednt , and phosphoni ¢ acid corrosion
i nhi bitor conpound. 7. A conposition according to claim1l conprising: at

| east one solvent having a flash point >65 C, at |east one conponent

provi di ng. a nAtcompositinn aoeprding tosidimdt aohipfisiogn t he group consisting of nitric
acid and a nitrate, at |east one phosphonic acid corrosion inhibitor, and
an acid stronger than nitric acid. 8. A conposition according to claim?7
wher ei n the sol ventt lest sulsblobmheving®a flash poowp6¥id,i on according to claim?7

wherein the acid stronger than nitric.acid. is select f p

Const sting ot sul IS S campRient PPy diggieifaR fut s e R Be A |,
conposi tion accordi ng tkonststiag 6f nitrivheidanda hivateat | east one conponent
providing a nitroniumion is nitric acid. 11..A copposition according to
claim 7 wherein tt?éijeﬁﬁé?%ﬂl%fﬁpll‘méi’cﬁc{ﬂl CSEP?%’in%WtP%ﬁI?CEPt or conpound is ]

sel ected fromthe GreidRuwemRsihst hiet #{d. am not ri met hyl enephosphoni ¢ aci d,

di et hyl enetri am nepent a( met hyl enephosphoni ¢ acid) (DETPA), N,N N ,6 N -

et hyl enedi am net et r a( net hyl enephosphoni c)

l,5,9-tr iSS'iZ acx(;:loﬁlgmgdr%yto Mim 7 wherein the solvent is sulfolane.

9. A composition according to claim 7 wherein the acid stronger than nitric acid is
selected from the group consisting of sulfuric acid, triflic acid, and tetrafluoroboric

acid.

10. A composition according to claim 7 wherein the at least one component providing a

nitronium ion is nitric acid.

11. A composition according to claim 7 wherein the phosphonic acid corrosion inhibitor
compound is selected from the group consisting of aminotrimethylenephosphonic acid,
diethylenetriaminepenta(methylenephosphonic acid) (DETPA), N,N,N*,N°-
ethylenediaminetetra(methylenephosphonic) 1,5,9-triazacyclododecane-N,N’,N”-
tris(methylenephosphonic  acid) (DOTRP), 1,4,7,10-tetraazacyclododecane-
N,N’.N” N"’-tetrakis(methylenephosphonic  acid) (DOTP), nitrilotris(methylene)
triphosphonic acid, diethylenetriaminepenta(methylenephosphonic acid) (DETAP),
aminotri(methylenephosphonic ~ acid), 1-hydroxyethylene-1,1-diphosphonic  acid,
bis(hexamethylene)triamine phosphonic acid, and 1,4,7-triazacyclononane-N,N’,N”-

tris(methylenephosphonic acid) (NOTP)
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tris(met hyl enephosphonic acid) (DOTRP), 1,4,7,1 O-tetraazacycl ododecane-
N, N, N', N "-tetraki s(net hyl enephosphoni c acid) (DOTP),

nitril ot rwve(omideydiene) tri phosphoni c acid, PCT/US2010/024529
di et hyl enet ri am nepent a( et hyl enephosphoni ¢ aci d) (DETAP),
am notri (et hyl enephosphoni ¢ acid), |-hydroxyethyl ene-1|j-di phosphonic acid,

bi s(hexangt Pthaeq)bﬁﬁmda&dmgqs mm(a\ i70w1ﬁ,ee%iﬂ xheadih deait,héhe solvent i(sj sulfolane, the
7-triazacycl ononane-N, N, N'- tris(pethyl enephosphonic.acid). P)12 A
conposi tion aRdbFENgE then pittg aRidy 18 HhERRS id. 1 Bposphais acbfﬂ&"f&%’l‘)&)g%gﬁl%

sul fol ane, t hgydfufld St BRERAmEBAhePhdsphdhicd@bif, bisd Shel ituldagt @i Sompdaent _
phosphoni ¢ acid corrosion inhibitor conpound is am notrinmethyl enephosphonic
acid, and t hepravidingagitroniun igipefEdeidpr ovi ding a nitroniumion is nitric
acid. 13 A conposition according to claim?7 wherein the weight ratio of the

acid stronger than nitric acid to the renmaining conponents of the
conposi tildn i 4 domppsiadyoascordig o tloim 7 wherein the cvstebbEiip 06 thepsWoeNesy a8 cl ai m

Luherei n the, ael &b bANGRkLAnRkh e BE bikubRiRHd tih Godif el aneig he
wei ght ratio o SulFaricoach dFrenar ni ng conmponents of the conposition is
fromabout 9:2. 15 A conposition according to claim?7 conprising: about

49. 75 wt % sul, f ol ane,. about .49. 75 Wt .% pnitri L 9 . t:.0.50
w5 anithor r PEERYRABIRGLEREAT Satt YAk edROMEE fraf MM i )
sul furic aci dsilfuic vidylhd rid iweight raid biirsulfurac bddranaddngl comppensnesthef about
9:2. 16 A conposi tj,on,sgcordi ng to claim7 wherein at |east one or nore of
the sol vent, tHEPosEeR IR Y2han nitric acid, and the phosphonic acid
corrosion inhibitor conmponents has been heated to a tenperature above a
tenperature to be used for cl eani,ng7 ion inplanted photoresist, and the
conposi tildn i 4 PEPABUCHAFCFIRE (yCIHiRe (EHEEREconponent (s) with the nitroni um

ion providing conpgRgini. 1shaty: BasoiRReboiRIoNtsaINME itAl add (B eindtabsw 080 about
roomtenperature. 17. A conposition according to claim 16 wherein the

conposition is forved syinpipehyleagnhosphonic acid,
said components being mixed with sulfuric acid in a weight ratio of sulfuric acid

to said components of about 9:2.

16 A composition according to claim 7 wherein at least one or more of the solvent, the
acid stronger than nitric acid, and the phosphonic acid corrosion inhibitor components
has been heated to a temperature above a temperature to be used for cleaning ion
implanted photoresist, and the composition is formed by mixing the heated
component(s) with the nitronium ion providing component that has been maintained at

a temperature of about room temperature.

17. A composition according to claim 16 wherein the composition is formed by mixing all
the components of the composition together at a time of about 5 minutes or less before
the composition is to be used as a cleaner of high dosage ion implanted photoresist

from the surface of a semiconductor device.

18. A process for the removal of high dosage ion implanted photoresist from the surface of

a semiconductor device, the process comprising contacting the high dosage ion
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t he conponents of the conposition together at a tine of about 5 m nutes or
| ess before the conposition is to be used as a cl eaner of high dosage ion
i npl ant edwphotooedi7’st fromthe surface of a sem conduct eCTABS10@24528. A
process for the renpval of high dosage ion inplanted photaresist fromthe
surface of a CHRNSIRIQIIESISt Fabidempp B‘mp?fg%rs{g‘ec?gﬁ%wgitﬂgﬁctgﬁf'ilﬁeiaﬁ t he
hi gh dosage i @ppeiiuuitidlp &t remed thé phkidrésid conposition of any one of claim
1to 17 for a tinme and tenperature sufficient to renove the photoresist.
19. A conmposition for addition to nitric acid or a nitrate for formng a
further gomMPOgichinBBkiGRbRhdHitE D nltFONIUR 4 RifGte HNRrRNTRATEIHer 0nsRARhI Si NQ:
at | east one solvent having a flash point >65 C, at |east one phosphonic
aci d corrosi ofPriagHpdtreRinmaensa e GOrsRpAskiey EPMMPEAI ni tri ¢ aci d; and
optionally, water Jtﬂ:aé’c%n@&g%@%h n?a%%hﬁaé]ﬁ{bég/@by wei ght based on the total
i . A

wei ght of the conposition ~conposition of claim 19 wherein the at
| east one sol vent dt&agwhé phasplaonia deist carrogierninhibgpe phosphoni ¢ aci d corrosi on

i nhibitor is am ngt rzjcﬁ%&@%'e?ﬁﬁx?ﬁﬁ%@il%%&d acid and the acid stronger than
nitric acid is sulfdric acra. ’

optionally, water in an amount of less than 5% by weight based on the total

weight of the composition
20. A composition of claim 19 wherein the at least one solvent is sulfolane, the at least one

phosphonic acid corrosion inhibitor is aminotrimethylenephosphonic acid and the acid

stronger than nitric acid is sulfuric acid.
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