1 | PHOTORESI ST ASHI NG RESI DUE CLEANI NG AGENT BACKGRGUND "OF'
THE | NVENTI ON (Field of the Invention) 5 The present invention,
relates to a photoresist ashing resi due cl eaning agent used after the"
ashing of the photoresist in the production of a sem conductor circuit
pattern. (Description of the Prior Art) 10 El ements such as 1 Cs and
LSIs on a sem conduct or waf er are generally produced by formng fine

el ectronic circuit patterns on a substrate,wafer relying upon the

phot ol i t hogr aphy technol ogy. Concretely speak%ng, a photoresist is

applied onto the substrate wafer on which 15 are formed an insulating
| ayer such as an Si 2 | aRHOTGRESIST APHING RESERPEY CEBANING  AEENTyer of a

nmetal such as Al, Cu, Si, Ti, etc. or an alloy thereof, which is, then,
devel oped by exp ' k on which is forned a
desired pattern t e ﬁdﬁﬂﬁ N%I%%sa 20 desired portion. Then, the

treat ment such as(BieM Rf ithe Invemtderdd for the insulating |ayer and the
electrically 5 condumd erdsaey iffvemtiile wepakesi €6 8f phbor@sist ashing

pattern, and the resi I s, then, rengved. Jn_form he. I conductor
circuit pattern a%eszléésl%:eri%lee I_la S5l &9 e u%?ip%cf)tt%rrgls:ﬁgt %ﬁ}g%n%e?étet ore been
renoved by usi ng Rhotorgfifitorigsitdte mansivetdonupifon sempePrduetamrdiogpnit

organic sol vesdStern. In recent years, however, there has
(p

general |y been enployed a method of. re iing the photoresist by the so-
30 call ed ashing eesra?r%ftloa{%cogf(ﬁmﬁg Ptrc}o\fhlr‘{gr\é)t he phot or esi st S

renoved by belhg ashedElsments mypatha@sed€sg@nef Lglasha, a semjigpryutdion o
20,201, e st wemeen ol msant,
(F:)?H:ﬁlrtn pate?elrjns : Cn%n}l)%tepa%enr%éproglciasisé%.%t&g%ghgggﬁ%f g% W%rﬁ%r@% he ’
photolithography technology. Concretely speaking, a
photoresist is applied onto the substrate wafer on which
15 are formed an insulating layer such as an SiO, layer and
an electrically conducting layer of a metal such as Al,
Cu, Si, Ti, etc. or an alloy thereof, which is, then,
developed by exposure to light through a mask on which is
formed a desired pattern to form a resist pattern on a
20 desired portion. Then, the treatment such as etching is
effected for the insulating layer and the electrically
conducting layer from the upper side of the resist
pattern, and the resist is, then, removed. 1In forming the
semiconductor circuit pattern as described above, the
25 photoresist has heretofore been removed by using a
photoresist remove solution comprising various organic
solvents.
In recent years, however, there has generally been
employed a method of removing the photoresist by the so-
30 called ashing treatment according to which the photoresist
is removed by being ashed utilizing the energy of plasma,
in order to precisely remove the photoresist after having
formed a fine resist pattern, featuring simple operation
yet meeting the demand for forming circuit patterns
35 maintaining precision. On the surface from where the
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2 ‘photoresist is renoved by ashing treatnent, however, there remai n
the i nconpl etely ashed product of photoresist and the side-wall polyner
formed in the step of etching wi t hout being renoved to a sufficient
degree through the 5 above-nentioned treatnent. Here, the side-wal
polynmer is a low solubility product fornmed on the side walls of the
phot or esi st mask In the step of etching as a result of a conpl ex
reaction of an etching gas with the photoyesist or with the 10
underlying electrically conducting | ayer, insulating |ayer and
substrate. The side-wall poly may often be intentionally fornmed in
order to enhanc&PﬁQﬁPQﬁﬁ%ﬁﬁ ¥§fremo&ﬁ?sBYr65?%“%t?ﬁﬁ§ﬁ?Qﬂ*'WQQWBEeforEEEFe
uni ntentional | y.remaifieihe ﬁ@cbﬁ@&"eltéeyl ashedl chrodudtRld?) phetoaadist eandt he

15 side-wall pol d e S q%g&; f ot or esi st
may exhi bit part?d%l%ﬁ 44Yi 8§BF ?Skxﬁﬁ bﬁdt&%? o etcRogeaccordlng
to which a negafW%ﬁhQRﬁthﬁj?g §emove§pEP| dSFgf%?&?QﬁﬁQQQFﬂﬁ thrpygh the
substrate, a %eaghdwe-rgRtionedc@itcaitheng.a hal ogen gas such as of carbon

fluoride, 20 hydroge quorﬁﬁp Qﬁeh%gﬁgggglgﬁéPrig%adﬁﬁ&Ekﬁ%bﬁﬁ?@y“‘th

a plasma to etch the Ta dr ecent

years been chlefPEOQ#ﬁﬁtﬁﬂéifﬁboﬁ &he sidri Walls of o MhRFosesépteRask

ani sotropy. in thdhadth@oreshingt asbe resuvedobya tduwnmeli mgatetahment
25 may be degener te S t I ation
treatment. After® he’gia\gtgcelpl 4rdez%’t %Q? Bl BPéggr%Q%ét 9 g#ﬁc%@%l etely
ashed producloofuﬁﬂﬁﬁkﬁxﬂﬂsﬁleCtrHQ§lﬂ6rﬁ@&dpﬁthn%oh%%ﬁ%muﬂﬂ?u&éﬁﬂéé 1gier

i on-inpl antati onand sipSatdaEnt iThe! Bedepenali poljmer ingt afiteng beons of 30
P! et PSS T 9B B Lol ML ) aeseltlpt 1o
i nsul ati ng substaatowEdric @tiqhdng ornHsKi R fﬁémgﬁrW%&ﬁ¥qqﬁ%QQ§f ¥i-th a
resi st pattern. when the reactive ion etching (RIE) is conducted, the
15 side-wall polymer and the incompletely ashed product of
photoresist may exhibit particularly low solubility. The
RIE is a method according to which a negative voltage 1is
applied to the wafer which is a substrate, a reactive gas
containing a halogen gas such as of carbon fluoride,
20 hydrogen fluoride or hydrogen chloride is irradiated with
a plasma to etch the layer that is to be treated, and has
in recent years been chiefly employed as a dry etching
featuring excellent anisotropy.
The photoresist to be removed by the ashing treatment
25 may be degenerated when it is exposed to the ion-
implantation treatment. After the ashing treatment,
therefore, the incompletely ashed product of photoresist
is formed to a conspicuous degree. The ion-implantation
treatment is the operation for implanting ions of
30 phosphorus, boron, arsenic indium, antimony or titanium in
order to form an electrically conducting portion at a
desired place in the insulating substrate wafer while
masking the surface thereof with a resist pattern.
The incompletely ashed product of photoresist and the
35 side-wall polymer (hereinafter they are referred to as



The inconpletely ashed product of photoresist and the 35 side-wall polyner
(hereinafter they are referred to as

3 phot or esi st ashi ng residue or sinply ashing residue) remai ni ng on
the surface fromwhere they are renoved after t he ashing treatnent,
coul d cause defective contact to the I nt erconnection and nust, hence, be
renoved by washing. 5 Therefore, the solution conprising various organic
sol vents such as those used as the above-negtioned phot or esi st renove
sol ution, has been used as a cl eaning agent to renove the residue. In

fact, homever t he phot oresi st ashing resi due has been polynerized to a
high 10 degree éﬁﬁ*ﬁgeﬁééénﬁﬁﬁlPﬁoF%%h@%?tQFzf%ﬂﬁ%y déhdpPeraggfae) and
di ssol ves I|tt|eramaumim@rganthesshrﬁm¢e fushn cettetet ey areeremededd dfi.dhese

cl eani ng agents gq%g

Japanese Unexanﬂ%gh ate% ggggt@gﬁg ?%%F ) Ct}g%6§§b&§ggségs% oses
a 15 conp03|t|oﬂlﬁﬁﬁﬁﬂn§ﬁﬁ§13nfPﬁﬁrmﬂ%t dEHl Jfgemeved byfvashiee; a

wat er - sol ubl & ormastied csel,vehnt aﬁduwcbﬁrccaﬁplals;mg aiaeamu@goagaﬁicf or the

above-ment i oned é?ﬂ%% %S'sﬁi:haﬁg' @Hose uégé'éjé’%heg@b%F g\ekt‘i gghi on of the

fluoride and wate nposition 1 s capabl Fssof ving and
renovi ng the 20 %ﬁ%@sﬂéé 69@086n§98‘é\?my has dreem ypsedt apsa AseRNERY
demanded to f urtadyentenbaremotrbette ssesdug. paverfdot, hoteveel vehéhe resi due

having | ow sol Ugi c{tto\f’esi‘é%h %ﬁlhgdreSl%%éiqhot lﬂeequ\érfgﬁ\egqrzgﬁdtgy tlb%%lﬁl E

and the inco ashe uct or esi egenerat e
ion- 25 inpl qﬁﬁeépﬁeﬁ? FBRE%%? l%@ﬁﬁ?ﬁ%ﬁaQﬂnﬁJﬁPnéﬂdﬂ§ébé? degr@%e
organic solvent anﬁ(ﬁmsmeased lmttbedﬁm at drgdreidhisgilvent, ahdotgﬂﬂbﬁ s¢ich

{hat Lhe clean el JaXh Bhbsel ViLiiing daﬁ%mﬁ%ecé @.‘u??f%HeHg Le for

t he photoresist ashin r esi electrica con uc?lng
| ayer and 30 |nsulatF%GEF3§BFhnﬁyr%%m%Eﬁ?QﬁﬁMji%P%qﬁ§ecP@&H?ﬁgnﬁﬁeﬁﬁh%@ﬁ
causi ng a seri omiylrieftddn (Kokai) No. 197681/1997 discloses a

15 composition comprising a fluoride such as ammonium
fluoride, a water-soluble organic solvent and water as a
cleaning agent for the above-mentioned photoresist ashing
residue. Owing to the action of the fluoride and water,
this composition is capable of dissolving and removing the

20 ashing residue considerably favorably. It is, however,
demanded to further enhance the dissolving power to
dissolve the residue having low solubility, such as the
side-wall polymer formed by the RIE and the incompletely
ashed product of photoresist degenerated by the ion-

25 implanting treatment. However, when the amount of use of
the organic solvent is decreased to render it to be highly
inorganic such that the cleaning agent exhibits further
enhanced dissolving power for the photoresist ashing
residue, the underlying electrically conducting layer and

30 insulating layer may be corroded by the cleaning treatment
causing a serious problem.

It has therefore been desired to develop a
photoresist ashing residue cleaning agent capable of
favorably removing the photoresist ashing residue such as

35 incompletely ashed product of photoresist and side-wall



It has therefore been desired to develop a phot or esi st ashi ng residue

cl eani ng agent capabl e of favorably renoving the photoresist ashing

resi due such as 35 inconpletely ashed product of photoresist and side-wall
4 pol ymer, causing the insulating |layer and the electrically

conducing | ayer on the substrate wafer to be little corroded. SUMVARY
OF THE | NVENTI ON 5 The object of the present invention is to provide a
novel photoresist ashing residue cleaning agent. Anot her obj ect of
the present invention is to provide a photoresist ashing residue

cl eani ng agent capabl e of favorably renoving the photoresist ashin

resi due such as PPGYMeEonBREEENY BBAHNPY HRIERT aXﬁﬁnﬁﬂQﬁ§h§teéﬁﬁt§ﬂﬁé?%HII

pol ymer and, pardongiicankylaybe bncenpl stsdyrashadhfaodischbe 1ieklphot oresi st
degenerated by t grbggdlnplantatlon treatnment and the side-wall polyner

formed by the Rl A further object of the present invention is to
15 provide a ph&u; Edy d & cl eani ng agent which little

corrodes the g nsul at rmg bage&taaﬁ th@pf@ﬁémt maidehtlornqrsdlt@t pRgviagesn on
t he substrate W%d%e%o hotore Qgsgsggﬁgcééﬁfguétgaégéi ¥pnt|on can be

acconpl i shed by a ores eanin gent conpri si_ng
an agueous solutlon @@ﬁﬁﬁ?ﬁlﬁBDeCt ot thg Eﬁﬁ%ﬁﬁﬁnﬁQHﬁﬁq%ﬂﬂwléet@oﬁﬁ@ﬁhée

and b) anppbeteise abhingt pesidie Wiednihe pfnitoriapable GEOUP i S

i | t | . .25
DETAI LED DESCRI S ARCOR TR PRy iR, PhSeSEbihe, agling (EUaR0) SALE: o8
resi due cl edrfl ngregEwleselyhashed precedt ?%v%ﬂﬁ?Qﬁ?%ﬁﬁﬁmﬁnge§l§ﬁ-aé éous
sol ution of an poly:@rornd) phreicdeacOypotine. i n¥enp iditsslol \wetheldn pwatiaetand

di ssoci at ed, th%ﬁ@%E%%BQQEEE%OEEQSnEPQPQ&ngyféHé“ﬁJAiEHﬂfg%tation
treatment and the side-wall polymer formed by the RIE.
A further object of the present invention is to
15 provide a photoresist ashing residue cleaning agent which
little corrodes the insulating layer and the electrically

conducting layer on the substrate wafer.
These objects of the present invention can be
accomplished by a photoresist ashing residue cleaning
20 agent comprising an aqueous solution containing:
a) an ammonium fluoride compound; and
b) an amphoteric surfactant of which the cationic
group is an ammonium salt and of which the anionic group
is a carboxylate.
25 DETAILED DESCRIPTION OF THE INVENTION
The photoresist ashing residue cleaning agent of the
present invention comprises an aqueous solution of an
ammonium fluoride compound. When dissolved in water and
dissociated, the ammonium fluoride compound forms fluorine
30 anions. Owing to the synergistic effect of fluorine
anions and water which is a solvent, the cleaning agent of
the present invention very favorably dissolves the low
soluble photoresist ashing residue. Besides, since no
metal is contained as a constituent element, the substrate
35 wafer is not contaminated.



30 anions. Onmng to the synergistic effect of fluorine ani ons and water
which is a solvent, the cleaning agent of the present invention very
favorably di ssol ves the | ow sol ubl e phot oresi st ashi ng residue.

Besi des, since no metal is contained as a constituent elenent, the
substrate 35 wafer is not contam nated.

5 Here, the ammoni um fl uori de conpound is the one r epr esent ed
by the general fornula, 5 [err]

wherein R err], Rerr], Rerr] and R err] is, independently from each
other, are a hydrogen atomor an al kyl group having 1 10 to 3 carbon
at oms, such as pPEEgrytheec@BRERLYD gé?@?hﬁ% MR HFatyie oneammoni um
salt in which armeptesaneetll bor tHe genérabdfermula substituent constituting
an anmoniumsalt is a | ower alkyl grqyp, in addition to ammonium
fluoride. As the |ower 15 al kyl group coMstituting the ammoni um salt,
there can be exenplified a nethyl grohp, an ethyl group or a propyl
group havingsl to 3 carbon atons. Rg - N+ Comrgrete exanples of the
ammoni um f | uori de conpound preferablylused in the present invention

I ncl ude amoni um 20 fluoride; quaternary amoni um fl uori des such as

t et ranet hyl anmoni um fl uori de, tetraethyl d&emoni um fl uori de,

t et rapropyl anmoni um heeet deRe f rR/TERYY bnat Ry | EyanidependentlyOEEER, each
triethyl i hyl gm%g%'ﬁg%@ds nP4IBLN atom &Y SV APIOYLNLT LUotLJe;
10 to 3 carbon atoms,
such as primary, secondary, tertiary or quaternary
ammonium salt in which anions are fluoride ions and a
substituent constituting an ammonium salt is a lower alkyl
group, in addition to ammonium fluoride. As the lower
15 alkyl group constituting the ammonium salt, there can be
exemplified a methyl group, an ethyl group or a propyl
group having 1 to 3 carbon atoms.
Concrete examples of the ammonium fluoride compound
preferably used in the present invention include ammonium
20 fluoride; quaternary ammonium fluorides such as
tetramethylammonium fluoride, tetraethylammonium fluoride,
tetrapropylammonium fluoride, trimethyl ethylammonium
fluoride, triethyl methylammonium fluoride, dimethyl
diethylammonium fluoride, and dimethyl dipropylammonium
25 fluoride; tertiary ammonium fluorides such as
trimethylammonium fluoride and triethylammonium fluoride;
secondary ammonium fluorides such as dimethylammonium
fluoride and diethylammonium fluoride; and primary
ammonium fluorides such as monomethylammonium fluoride and
30 monoethylammonium fluoride. Among them, the most
excellent compound is the ammonium fluoride. 1In the
present invention, these ammonium fluoride compounds are
used in two or more kinds in combination.
Though there is no particular limitation, it is
35 desired that the concentration of the ammonium fluoride



25 fluoride; tertiary amonium fluorides such as tri met hyl ammoni um
fluoride and triethyl ammoni um fl uori de; secondary ammoni um f |l uori des
such as di net hyl amoni um fluoride and di et hyl anmoni um fl uori de; and
primary ammoni um fl uori des such as nononet hyl ammoni um fl uori de and 30
nonoet hyl ammoni um fl uori de. Anmong them the nost excel l ent conpound is
the ammonium fluoride. In the present invention, these amobni um
fluoride conpounds are used in two or npre kinds in conbination.

Though there is no particular limtation, it is 35 desired that the
concentration of the ammpnium fl uoride

6 conpound FRATPARENG oHR GERe SFURAUSH SPLUELERm dS065°F o0 198yt L3ndivght
and, nore prefewabgyt dmdmmors grefkr@dllyy Meoght.01 foomdheysaidpe nt  of

favorably di Ssokybmgt)}g@ ﬁaﬁm int ersf'a%%amgi a%gegmggté}?e upggriayer
little. 5 In .t otores|st a |%g due ea I ng agent of

the present invERFigRe 2 %Rﬁﬁﬂ%ﬁ? HES aYﬁE ni um fl uori de
conmpound conbai ns anIanphmtghatpre51s§Jm&@amgnresﬁdublcleamﬁngxﬁgenﬁ ofgr oup
| S an ammnium ablprese di Afetic e @ @lﬁ%hﬁ 959&&6& & cafdoxylate. As

a 10 result, exce nt sg ubljlty for the photoresist ashing residue is
not i npaired, aﬁﬂm?ﬂéu?n AT 19Ry Jompangh gopkains ag| @pphetei1S conducti ng
| ayer are corrodedfaetgnt|¢flwh1ch et katdbaic Hepep {Heamnanmmininms alatlt

constituting tNeng of ChLON! Cndll Biri® BrEREODAAEY chPpGRRLELAT HATGTONI UM
salt. 15 Int rese :%ﬁyﬁﬁﬁk nggo g surfact ant in
whi ch the caPi oRfEY Fou%x?% %ﬁﬂ OxnghenRhotores  $hiaShyfGup i s a
car boxyl at e, i srespdesensenobyingewired, fagld dhengngehat ahg f ayart and the
[err] electrically conducting layer are corroded very little
with water. Here, the ammonium salt constituting the
cationic group is a secondary to quaternary ammonium salt.
15 In the present invention, the amphoteric surfactant
in which the cationic group is an ammonium salt and the
anionic group is a carboxylate, is represented by the
following general formula (I),

Ry
20 |
R; - Nt (CH2), COC~
I
R3
wherein R;, R; and R; are, independently from each
25 other, hydrogen atoms, hydrophobic groups, hydroxyl
groups or amino groups, and at least one of R;, R,
and R; is a hydrophobic group, and when two or more
of R;, R; and R; are hydrophobic groups, these
hydrophobic groups may be bonded to each other to
30 form a ring, and n is an integer of from 1 to 3.

In the above-mentioned general formula, the
hydrophobic group is an alkyl group having, preferably,
from 1 to 20 carbon atoms, such as methyl group, ethyl
group, propyl group, dodecyl group, nonyl group, octyl

35 group, lauryl group, palmityl group or stearyl group;



wherein R err], Rerr] and R err] are, independently fromeach 25

ot her, hydrogen atons, hydrophobic groups, hydroxyl groups or

am no groups, and at |east one of Rlerr], Rerr] and R3 is a

hydr ophobi ¢ group, and when two or nore of Rerr], Rerr] and

Rl err] are hydrophobi c groups, these hydr ophobi ¢ groups may be
bonded to each other to 30 formaring, and nis an integer of froml
to 3. I n the above-nentioned general fornula, the hydr ophobi c
group is an al kyl group having, preferably, from1l to 20 carbon atons,
such as net hyl roup, p gr odec nonyl|
group, octyl géﬂc‘)ﬁg%l %‘?@/Ih‘—ﬁf]&?ﬂ faéllygrgﬁgmf e%/dr;ﬂga’:&dp oup;

7 al kenyl gabgpShawcnlg a:'pr‘elfrarlatﬂlgﬂumr@ﬁfﬂ-ylt GrQ@PcaCPlﬁml graatrons, such

25 YoM L Jup; agbhY g8 E’m" E9e-DRuRdecy 11g8BlpHT BPLadno TSHL to 20
| X u y
Y HERIE; PRSLS AN nd & (ﬁ?'bdpt" 2 Sor B B s s

car bon at ons,
stearoylaniné acgtmbpmlaquzwnnuxﬂaqno pohavnug, oprefeardy hamifncom 2 to
30 carbon atomsgrsugh Qéypah:{EMéé)MiyﬁlmdiQﬁrpolh‘ékuﬁ@QU?referé@l&‘ oyﬁxam ORIOPYI

o of or abl y, 11 oRP2Cpoos Srends B e B SRy AR S800 iy R grocp or
paInrtylanrnoprépyroglémpnogﬁﬁﬁxiIﬁvanﬂpNébﬁ@egF@MééthQPIOPYkﬂﬂioupy or
substituents, aa.s;@h.hmﬂhl@@ﬁ}ﬁypfgﬂ‘w QffviilniaG pregéﬁﬂﬁiyﬁuﬁfbrﬁlﬁz rt}?egrxrﬂl o
oroups of STH0CEBIRS, AL ey, of 05 MGER, LIS R gpo = ober
desired to be bQﬁé@dtbyam;B@Ptﬁgﬁ%/9¥$ﬂﬂbphébﬁ@eghﬁdpophobmmwQKPuRﬁ mays s
than 5 carbon ahays,and, s@het B @Nits, Olsmall number of hydrophilic

groups such as hydroxyl groups or amino groups within a

range in which the hydrophobic property is not lost.

15 At least any one of R;, R, or Ry is particularly
desired to be bonded by a strongly hydrophobic group
having not less than 5 carbon atoms and, preferably, not
less than 8 carbon atoms. When the hydrophobic group is
bonded to form a ring, furthermore, it is desired that the

20 member is a S5-membered ring or a 6-membered ring. It is
further desired that n is usually 1.

Concrete examples of the amphoteric surfactant
include lauryldimethylbetaine, nonyldimethylbetaine,
dilaurylmethylbetaine, trioctylbetaine,

25 decylenedimethylbetaine, cis-9-hexadecyldimethylbetaine,
octylhydroxylmethylbetaine, laurylmethylaminobetaine,
octylaminohydroxylbetaine, (lauroylamino)dimethylbetaine,
(palmitoylaminopropyl)dimethylbetaine,
di(palmitoylaminopropyl)methylbetaine,

30 tri(palmitoylaminopropyl)betaine,
(lauroylaminopropyl)dimethylbetaine,
(hydroxyoctyl)dimethylbetaine,
(hydroxylauryl)methylhydroxylbetaine,
tri(palmitoylaminopropyl)betaine,

35 (hydroxylauryl)dimethylbetaine,



| ess than 8 carbon atons. Wien the hydrophobic group is bonded to forma
ring, furthernore, it is desired that the 20 nenber is a 5-nenbered rirg or

a 6-nmenbered ring. It is further desired that n is usually 1.
Concrete exanples of the anphoteric surfactant i ncl ude

| auryl di met hyl bet ai ne, nonyl di net hyl bet ai ne, di I auryl net hyl bet ai ne,
trioctyl betaine, 25 decyl enedi net hyl bet ai ne,

ci s- 9- hexadecyl di net hyl bet ai ne, octyIhy%roxylnethylbetaine,

| aur yl met hyl am nobet ai ne, oct yl am nohydroxyl bet ai ne,

(1 aur oyl am no) di net hyl bet ai ne, igalnito | am nopr opyl ) di net hyl bet ai ne,
di (pal mi t oyl am ridydaeyyLaarly) pethy keydpexylbetaine,

tri(pal mtoyl am ReyaRwihbetayD§dimethylvet Didaani nopropyl ) di net hyl bet ai ne,

(hydr oxyoctyl)di net hyl bet ai ne, (hydr oxyl auryl ) met hyl hydr oxyl bet ai ne,
tri(pal mtoyl am nopropyl)betai ne, 35 (hydroxylauryl)di nethyl bet ai ne,

8 (hydr oxyl auryl ) net hyl hydr oxyl bet ai rfé,

(octyl am noetdhyl ) di et hyl bet ai ne, | [err]

CH3(CH,) 11-N+ CH,COO~

H

10 CH,
|
CH3(CHz)1;-N* (CH;).C00"
I
CH;
15
OH

CH,=CH(CH,)g-N*+ CH,CO0"~

20 H

OH

|

CH3(CH,)7-N+ CH,CO0~
25 I
H

OH

30 CH3(CH;)1;~N*+ CH,COO™

H

35



35

10

15
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25

30

CH;

CH3(CH3) 10-N* CH,C00™

H
CH;(CH,)1sCONH(CH3)2 4|

CH;(CH,) 16CONH (CH; ) ;-N+ CH,CO0~

H

CH3(CH2)7NH(CH2)2~]

CH3(CH, ) 7NH (CH;, ) 2-N+ CH,C00~

|

H

OH

CH;3(CH,)s—CH=CH(CH,)g -N* CH,COO~

H

H

CH3~-(CH,) 14—~CONH, -N+ CH,COO"~

H

Further, examples in which two or more hydrophobic

groups are bonded to form a ring include N-carboxymethyl-
hydroxyethylimidazoliniummethylbetaine, 2-propyl-N-
carboxymethyl-hydroxyethylimidazoliniummethylbetaine and
2-methyl-carboxymethyl-N-
hydroxyethylimidazoniummethylbetaine.



[err] _ 30 Further, exanples in
whi ch two or nore hydrophobic groups are bonded to forma ring include

N- car boxynet hyl - hydr oxyet hyl i mi dazol i ni untmret hyl bet ai ne,

car boxymet hyl - hydr oxyet hyl i m dazol i ni unmret hyl bet ai ne and

2- propyl - N-

2- met hyl - car boxynet hyl - N-

10

15

20

25

30

35

10

Among them, it is most desired to use the one
represented by the formula,

CH3(CH;)sNH(CH;) > 1

CH3(CH,)/NH(CH;),— N* CH,COO~™
l
H

In the present invention, the amphoteric surfactants
may be used in two or more kinds in combination.

Though there is no particular limitation, it is
desired that the concentration of the amphoteric
surfactant in the aqueous solution is from 0.005 to 1.5%
by weight and, preferably, from 0.01 to 1% by weight from
the standpoint of causing the underlayer to be little
corroded, viscosity of the solution and easiness of after-
rinse. 1In general, it is desired to increase the
concentration of the amphoteric surfactant with an
increase in the concentration of the ammonium fluoride
compound.

The photoresist ashing residue cleaning agent of the
present invention exhibits excellent effect in removing
the photoresist ashing residue and in preventing the
corrosion to the underlayer.

In order to further improve the effect, however, it
is desired to blend the photoresist ashing residue
cleaning agent with a fluorine-contained cationic
surfactant. Upon being blended with the fluorine-
contained cationic surfactant to further improve the
properties, the photoresist ashing residue cleaning agent
of the present invention exhibits the effect for favorably
cleaning the substrate wafer for greatly extended periods
of time.

The photoresist ashing residue cleaning agent
comprising an aqueous solution containing the ammonium



35 hydroxyet hyl i m dazoni unmet hyl bet ai ne.

10 Among them it is nost desired to use the one represent ed by
t he formul a, [err] In the present invention

t he anmphoteric surfactants 10 nay be used in two or nore kinds in

conbi nati on. Though there is no particular limtation, it is
desired that the concentration of the anphoteric surfactant in the
aqueous solution is from0.005 to 1.5% y. wei ght and, preferably, from
0.01 to 1% by weight from 15 the standpointlof causi ng the underl ayer to be
little corroded, viscosity of the solution and easi ness of after-

rinse. In gener &luortidescauppurd angd |the alswerfentiongdrea¥tictam of the

anphot eri ¢ surf agbablewi ENs@PfactantCreaasa liehtilhe repscest t1aé i ghotirddiet
oo e geot | GRrang°2aUOHL.  ynen a ooHIFANALALERLSL Jon

| si.que
cl eani ng agent nt T nvention éxhibits exce ée%?tk{e%f e'%t I n

r enovi ng t haspiest épesmBersedi iy thasichfandmd PAepEedbndi FRIIRGFAtUre
corrosion tod hedindgh! a¥ghn185 23°C, thar@Fdee, t ené Usdiered BYAYY the
effect, however . diuve chs IS8 AEG (Cadl LN N2rBURLOLESE SLy fEIN ity esi due
cl eani ng agent WeCH4S Fa0ri ne-COR aifed ‘cati oni ¢ Suffactant. Upon
bei ng bl ended widelgreke whenopbaet 10 minutes have passed after the
immersion. Besides, the cleaning agent excellently
prevents the corrosion to the underlying layer and, hence,
10 causes the insulating layer and the electrically
conducting layer to be corroded to only such a low degree
that does not cause any practical problem unless the time
after the substrate wafer was immersed does not exceed
about 12 minutes. By using the photoresist ashing residue
15 cleaning agent of the present invention, therefore, it is
usually allowed to remove the photoresist ashing residue
within a period of from about 10 to about 12 minutes after
the immersion of the substrate wafer, accomplishing
excellent cleaning performance yet suppressing the
20 corrosion.

The cleaning time of this range does not impose any
problem from the practical point of view. In order to
further broaden the range of cleaning time and to improve
the controllability in the cleaning time, it is desired to

25 blend the cleaning agent with a fluorine-contained
cationic surfactant as described above.

Here, the fluorine-contained cationic surfactant is a
cationic surfactant having at least one carbon-fluorine
bond at the hydrophobic moiety. Any known cationic

30 surfactant can be used without limitation. Usually,
however, there can be used an amine salt surfactant and a
quaternary ammonium salt surfactant having a hydrophobic
moiety. Particularly, there can be used the quaternary
ammonium salt surfactant. The group constituting the

35 hydrophobic moiety will be a fluorinated hydrocarbon group



contai ned cationic surfactant to further inprove the 30 properties, the
phot oresi st ashi ng resi due cl eani ng agent of the present invention
exhibits the effect for favorably cl eaning the substrate wafer for
greatly extended peri ods of tinme. The phot oresi st ashing

resi due cl eani ng agent 35 conprising an aqueous sol ution containing the
anmoni um fluoride conpound and the above-nenti oned

parti cul ar anphoteric surfactant, excellently renoves the photoresi st
ashing residue. Wen a general substrate wafeer that is ashed is i mrersed
in the cleaning agent at a tenperature 5 of, for exanple, 23[err]C,
therefore, the haNened5athi Af Carbem|akRisyafuchn agnkyueasaskybedf@ived to

a sufficient fdegrea1kbaP] adesiip 1dr ni s 1kgve 1passag, abfea gheup
i nmer si on. Besi

. th t h
corrosion to thgaﬁﬁﬁgrgygkggﬁgn%#&gﬁg%D%§F§k%%%%k% lnCEG |§5%I3t|ng
| ayer and the elfdzperisateg hydEQﬁﬁERﬂﬁrﬁfQQﬂuﬁs Popﬁétéeﬁréﬁéﬁe?é only such

a |l ow degrees that rdanplestofatlse FlVbRiTREI dlydpbebrBonugtess 1ﬁ¢amdéna
o L e e o BBt Rl B SEL AR RC8T o n2RAhed TRALN €5

By using the photore5|st ashing residu eani ng ,agent e present
i nvention, ther 88yiag pt tps30 Cashen |3ty Gy PEIéRPI8TENe PhBPof@si st

ashi ng resi due cabehhaﬂoaspegu@ﬂ &8 fxuwndﬂuhylrb&om@ abmubr&aoﬁynutes

after t he |nnerS|onf?f %QS é 5.§?5§§é%§6?“°f3¥53 ll%@bﬂg Tﬁécellent

cl eani ng perforﬁhncg R
cleaning tirkd oﬁlpﬁﬁénﬁéﬁge H@é@C¢E@°¢rﬂﬁﬁﬂPzﬁﬂPt is pAgbLEnfireripaked
practical point exhiviiew ihBreaged &vility fivr hemdwingdehet Aehiagge of

cleaning time andliaueliPr 9¥ess rnleeS0dQu A Wk kie! Beu6Leantag Lime.
it is desired to 250 énd The c eaning a | 'uor i ne-cont al ned
hydrocarbon group is perf uorlnated There is no

particular limitation on the portion where the hydrophobic
15 group and the hydrophilic group are bonded together, such
as ester, ether, ketone, etc.

Though there is no particular limitation on the
anions constituting the fluorine-contained cationic
surfactant, there can be used halogen ions such as of

20 chlorine, fluorine, bromine or iodine, or nitric acid ions
or carbonic acid ions and, particularly, ions of iodine.

It is desired that the fluorine-contained cationic
surfactant particularly desirably used in the present
invention is represented by the following general formula,

25
CH;
|
Ry - N+ - CH3*X~
l
30 CH;

wherein Ry is a perfluoroalkyl group and X- is an
anion,
or by the following general formula (III),
35



cationic surfactant as described above. Here, the
fluorine-contained cationic surfactant is a cationi c surfactant having
at | east one carbon-fluorine bond at the hydrophobic noiety. Any known
cationic 30 surfactant can be used without limtation. Usually,

however, there can be used an ami ne salt surfactant and a guat er nary
ammoni um salt surfactant having a hydrophobic noi ety. Particularly,
there can be used the quaternary annoniyg1salt surfactant. The group
constituting the 35 hydrophobic noiety will "be a fluorinated hydrocarbon
gr oup 12 having 5 to 30
carbon atons, such as fluoroal kyl group, f1 uor®e kenyl group or

fl uoroal kynyl group, or a group havi ng a strong hydrophobic property

i ncluding the fluoringted f 0 roup a ion thereof. 5

Exanpl es of the fluori na?‘é(g ﬁ%%g‘?&f?%ﬁﬁ?ﬂﬁ&g%% ?hose of the form

of a straight chain or a branched chain having|5 to 30 carbon atons and,

particularly,s 6 to 20 carbon atons, such as flgmyooctyl group,

f I uor ononyl group, fluorodecyl group or fluorolauryl group. The 10

fl uorinated hydrocarbon gnoug that is highly fluorinated exhibits

i ncreased ability foWhe&rddi Ry thetRBHME 2as Fasi 408, X1t1§ &1 [Fevehor e

desired that the fluan rakedluorhydrocatadnedroatidni paesddaaianat edt IBere

is no partic r: .im [ o] ' v§$§ hahi

group and the h;éi r%c}ﬁjﬁd]n}t%%ttr ggs gﬁg?ggﬁgééiggbe el%,)é fﬁch%%r %%aggggt_ é??m

ether, ketond &t &0 30 carbonTREERA -t hEraPiesPharle dhuprinericoatrénedn

tEe anLons @@&ibnuutbngfhbeahtgpnhcedcaﬂtp&fmmbtsuiﬁwﬂhé_markégr%aglant,

t here can be us 0 Ui ne., m ne or

i odi ne, or ni tr?% g’?]it%g%ﬁg !ﬁ_%grs gggggﬁféga%‘fhd@%é]n?oaﬁd,%Bélr%t?‘iaguﬁgr_l Y,

i ons of iodine. 135" produced yqE¥miEamPhal €Per f 17 IR Sorikdi"n @FCEERBNI C
by Sei Chemical Co., “MEGAFAC F-150” produced by Dainippon

15 Ink Co., etc.
According to the present invention, these fluorine-
contained cationic surfactants may be used in two or more

kinds in combination.
Though there is no particular limitation, it is
20 desired that the concentration of the fluorine-contained
cationic surfactant in the aqueous solution is from 0.005
to 0.5% by weight and, more preferably, from 0.01 to 0.1%
by weight from the standpoint of preventing corrosion to
the underlying layer, viscosity of the solution and
25 easiness of after-rinse. In general, it is desired to
increase the concentration of the fluorine-contained
cationic surfactant with an increase in the concentration
of the ammonium fluoride compound.
In the present invention, it is desired that the
30 amphoteric surfactant and the fluorine-contained cationic
surfactant are those from which the impurities have been
removed to a sufficient degree through the purification.
In particular, it is desired that the metal ions are
contained in the cleaning agent in amounts of not larger
35 than 100 ppb and, more preferably, not larger than 10 ppb.



surfactant particularly desirably used in the present I nvention is
represented by the follow ng general formula, 25

[err] wherein R err] is a perfluoroal kyl group and X- is an
ani on, or by the follow ng general forrmula (I111), 35

13 [err] wherein R5 is the
sane as Rerr], and X- is an anion. In the fluorine-contained
cationic surfactant, it is desired that {jie perfluoroal kyl groups Rlerr]

and R[err] have from 10 5 to 30 carbon atonms. Exanples of the

fl uori ne-cont ai ned cationic surfactan%ﬁgga%%% as oroducgf inwghe mar ket
will be "Ftar gent IBT820PTBFSRtL EW - 18s 'C5 A PPE8Pat B 19 135",
produced by Sunicompoudh, CamphtSer f¢ osmEatiantpregdudddoringycsetaidinchi ca
Co., "MEGAFAC F l3Q'onRkoducedcbynbairé NPy 1i; ItHe €@rm 8ECan aqueous

solution. The photoresist ashing residue comprises

5 inorganic materials as main constituent and can be
favorably dissolved in a solvent of water. It is desired
that water is purified to a sufficient degree and contains
metal ions in amounts of not larger than 10 ppb and, more
preferably, not larger than 1 ppb. When an organic

10 solvent is contained in the solvent, the solubility of the
ashing residue decreases with an increase in the content
of the organic solvent. It is therefore desired that the
solvent contains substantially no organic solvent.

If necessary, the cleaning agent of the present

15 invention may contain other surfactants such as an
ethylene oxide adduct of alkyl ether and the like in
addition to the above-mentioned amphoteric surfactant and
fluorine-contained cationic surfactant. The cleaning
agent may further contain a corrosion-preventing agent

20 such as derivatives of sugars, condensation products
thereof, etc., and a reducing agent or a defoaming agent
such as quinolinol from the standpoint of preventing
degeneration.

There can be used any known photoresist to which the

25 photoresist ashing residue cleaning agent of the present
invention can be applied without limitation. It is
desired to use a photoresist for g-rays, i-rays, excimer
rays, X-rays or electron rays used for the formation of
semiconductor circuit patterns. Concrete examples of the

30 resin include novolak resin and polyhydroxystyrene resin.

The photoresist ashing residue cleaning agent of the
present invention is usually used for removing the ashing
residue remaining on the treated surface after the
photoresist developed on the substrate wafer is subjected

35 +to the ashing treatment. The effect contemplated by the



According to the present invention, these fluorine- cont ai ned cationic

surfactants may be used in two or nore ki nds i n conbination.

Though there is no particular limtation, it is 20 desired that the
concentration of the fluorine-contained cationic surfactant in the
aqueous solution is from 0. 005 to 0.5% by weight and, nore preferably,
from0.01 to 0.1% by weight fromthe standpoint of preventing corrosion
to the underlying layer, viscosity of thg solution and 25 easiness of
after-rinse. In general, it is desired to i ncrease the concentration of

t he fluorine-contai ned cationjic surfa n_incre n the
concentrati on PTeSENEthdNYRRHAPENT T ITRTH ﬁﬁﬁgbﬁ&eg partlcaf?Fi
present inventi die cﬂeasldgsagedttméithéup£§$em¢phaventcosu¥$a@ﬁ%ﬂﬂfqguj t he

fluorine-contai ngg Gabkserhte thaét&éa&t tcHeRl HRosael ROM YA £hr the
impurities have bee ficient .de

purification. ?ﬂsﬁrﬁ‘&f“t F‘EEoﬁ?teﬁ%tt‘? S%ﬁ%&np&gpggﬁéo%f:g%%%ﬁ{gear e
contained in 3fusuﬂagamhﬁglagemplétﬁkwnﬂﬁh3¢(ﬂTQ@@FtlQﬁgEhOB§r¢$E#¢J§Kﬁ ppb

and, nore preff”éﬂﬁéiwaﬂqtibﬁyﬂéf 1898 ddbRich deposited on the ashed

14 In the presen ven ammoni um f | uori de conpound,
anphot eri ¢ surf &¥aHEn8 fFBS??n%SE%ﬁﬁéﬁﬁﬁuj cationic surfactant are

used in the form of &nyaknewnsmethed| @f jdFhinthdhehehotesesishshyng resi due

gorrpr: sez 5 Inorcﬁaml x%tm%t;ebbcglgénaﬁaa@@:hgcmi el fftip 1@ dC Rt heut fa¥orgbly
i ssol ved i ol v. wat e a urified to
a suffici en'?‘mgeérlé'& %hg aghlg? 1fxséJot‘r?ﬁs?enltn fé’%okhpabﬁ{atbls?g}é

than 10 ppb and ch)rlelStaanef eibbey, thetbataly&ystean or BpS. SW@%ﬁéﬁa rgani c

10 solvent is cqygd i y@tbﬂecaﬁlueném Iéy%dsol WA, | ichg afzohéeashlngashi ng
oo due-decr casde LD SN RCLERSE LD MU, ool Bt ©
subst anti al | y novidrtgarti dlmotaémpn Concretely Speaklngr the batch system
15 will be of the concentric type, and the condenser system
and the single wafer process system will be of the high-
frequency type or microwave type. Though there is no
particular limitation on the substrate wafer, there is
generally employed a silicon wafer or a glass wafer having
20 an insulating layer such as SiO, layer or a layer of a low
permittivity and an electrically conducting layer such as
of Al, Cu, Si or an alloy thereof formed on the surface
thereof.
The ashing-treated surface is cleaned by using the
25 cleaning agent of the present invention, i.e., cleaned by
immersing the treated surface in the cleaning agent or by
spraying the cleaning agent onto the treated surface. 1In
this case, there is no particular limitation on the
temperature of the cleaning agent. The ability for
30 removing the ashing residue is generally improved when the
cleaning agent is used being heated causing, however, the
underlying layer to be more corroded correspondingly and
forcing the permissible cleaning time to be shortened.
The temperature may be suitably set by taking the desired
35 cleaning ability, corrosion-preventing action and



| f necessary, the cleaning agent of the present 15 invention may contain
ot her surfactants such as an et hyl ene oxi de adduct of al kyl ether and
the like in addition to the above-nentioned anphoteric surfactant and
fluorine-contained cationic surfactant. The cl eaning agent may further
contain a corrosion-preventing agent 20 such as derivatives of sugars,
condensati on products thereof, etc., and a reduci ng agent or a
def oam ng agent such as qui noli nol froniéhe st andpoi nt of preventing
degenerati on. There can be used any known photoresist to which the
25 phot oresi st ashing residue cleaniqg agent of the _present i nvention
can be applied wWPerekilityi LaEPopongidexation Jedisugd o 568 §1BABLBYesi st
for g-rays, i-rayenteXel BEd ovefayStenperytury relnget odn frajsl0sed 80fCt he
formition of o Remoondielel, shifll HraRUIETDS soSecret e exanpl es of the
vola oly r

30 resin include nd esin and p éﬁ{ oxystyrene resin. , The
phot or esi st ashi ng r E8PdGécaPani AgEReNt die tRFESent JnyeBatofnY&ntion is
usual 'y used d orcapaiie b§ theoashiygremovimsithee neengiuei aften the askasved
surface af{er {NGearndhllohe! eALShRIEYEAONEM, O fifa RS, © LHBI Ellekfiing

subjected 35 to e ashing treatnent. The effect, cont l'ated by the

15 present &9eEYst 0dn the HﬁVRBHF?ne&¥ﬁQﬁ¥eﬁfﬁﬁ%ﬁﬁ”&ﬁggFﬁﬁoﬁﬁéntge t he
cl eani ng agent @fiddiwwaprnepenymepvandi ohei snesmpl dterly ashee pubducateft hat
is dry-etched byt I_.E _Qr e at bj .t.he
ion-inplantatio%ﬂFggggﬁgﬁgf %Béﬁﬁgeb¥h5ﬁ€2§§%b|gﬁe &1§§ig%e%g3§§c?gg?t
phot or esi st Hhd of theddn¥entigsl GREFORET eVt it ddifodicddasAnEhdasehed
surfaces of thesa Msidlaicesically conduytikmpwayest kod tdfe asbisngathe
photoresist by __denerating oxygen radicals can be enployed without 10

limtation as the ashing treatnent tgiméggrggmﬁégé¥gﬁga in fﬁgghggshg@ggl

ei ther the batch syst®® dPVERELISPNYH
by way of Examples to which only, however, the invention
15 is in no way limited.
Mentioned below are the products of surfactants used
in Examples and in Comparative Examples.
1) Amphoteric surfactants

*Amphoteric surfactant A.

20
CH3(CH2)7NH(CH2)2-1
CH;(CH; )NH(CH, ) ,-N+ CH,CO0"
|
25 H
*Amphoteric surfactant B.
'~ Lauroylaminopropyldimethylbetaine
30 *Amphoteric surfactant C.

Lauryldimethylbetaine

*Amphoteric surfactant D.

35



process system can be enployed. O, the ozone ashing systemor the W
ozone ashi ng system can be enpl oyed without Iimtation. Concretely
speaki ng, the batch system 15 will be of the concentric type, and the
condenser system and the single wafer process systemw || be of the

hi gh- frequency type or mcrowave type. Though there is no

particular limtation on the substrate wafer, there is general ly

enpl oyed a silicon wafer or a glass wafer haying 20 an insulating |ayer
such as Si2 layer or a layer of a |low permttivity and an electrically
conducting |l ayer such as of Al, Cu, Si or an alloy thereof fornmed on
the surface t her eof . The ashing-t?%ated surface is cleaned by
usi ng the 25 cl eaning agent of the present invention, i.e., cleaned by

i mrersing the treated Sur&ﬁCﬁxiQSLBﬁ=éh@@ﬁ£n9_ﬁgQﬂ$C@@-by sprayi ng the
cl eani ng agent onto the treated Surface. In this case, there is no
particular limtation on the t enperat ure o* the cl eaning agent. The
ability for 30 renoving the ashing residue is Henerally inproved when the
cl eaning agent is used being heated causi ng, however, the under | yi ng

| ayer to be nore corroded corresggndingly and forcing the perm ssible
cleaning time to b&RBRGPEERET. SUrtaghait efiperature may be suitably set by
taking the desired 35 cleaning ability, corrosion-preventing action and

16 operability into consideration. Usuallyg the cleaning agent is
used over a tenperature range of from10 to 80Herr]C and, nore
preferably, om20 to 50[err] C The clleani ng agent of the present
invention is 5 capabl e of favCHabl(GH7)apeVONHEy tNe-Gte€PQue after the ashing
treatnment of the photoresist. In particular, the cleaning agent of the
invention highly efficiently renoves the sige-mall pol ynmer and the
i nconpl etely ashed product of
15 *Amphoteric surfactant F.
/CH2\
N CH,
| |
20 CH3 - C N+ - CH,C00~

I

CH,CH,OH

2) Fluorine-contained cationic surfactant.

25 *"Ftargent FT-310" produced by Neos Co.
CH;
I
CoF170 @CONH ~ C3Hg — Nt - CH3-I"
30 |
CH;4

*"Fluorad FC-135" produced by Sumitomo 3M Co.
Perfluorocalkyltrimethyl quaternary ammonium iodide

35



photoresist, forned by the RIE. Yet, the cleaning agent 10 of the invention

corrodes very little the insulating |ayer or the electrically conducting
| ayer on the substrate waf er . The invention will now be
described in further detail by way of Exanples to which only, however,
the invention 15 is in no way |imted. Menti oned bel ow are the
products of surfactants used I n Exanpl es and in Conparative Exanpl es.

1) Amphoteric surfactants *Anmphot eri ggsurfactant A 20

[err] * Anphot eric surfactant B

Laur oyl am nopr opyl di net hyl bet ai.ne, 30 * Amphot er.i ¢ .sur.factant C.
Lauryi di met hyl bet ai™n i Plloa S'lginpﬁﬁ?@V?%dsgxféhﬁz§ﬁemﬁcal gg'
17 Perfljuerpplkyltrimethyl quaternary ammonium salt

*"MEGAFAC F-150" produced by Dainippon Ink Co.
5 Perfluoroalkyltrimethyl quaternary ammonium salt

3) Other surfactant.
*Dodecylammonium chloride
"Zondes TL" produced by Matsumoto Yushi Seiyaku Co.

10
In the following Examples and Comparative Examples,
the testings were conducted according to the following
methods.

1) Removal of the side-wall polymer.

15 Test pieces of silicon wafers were immersed in 30 ml
of the photoresist ashing residue cleaning agent
maintained at 23°C for 10 minutes and were washed with
water. The cleaned surfaces were observed through a
scanning-type electron microscope at a magnification of

20 40,000 times and were judged on the basis of the following

criteria:
©: Completely dissolved and removed.
(O: Almost dissolved and removed.
A: Partly remained undissolved.
25 X: Did not dissolve and could not be removed.
2) Removal of the incompletely ashed product of
photoresist.

The cleaned surfaces of the test pieces immersed in
the photoresist ashing residue cleaning agent were
30 observed through the scanning-type electron microscope at
a magnification of 40,000 times and were judged on the
basis of the following criteria:
©: Completely dissolved and removed.
O: Almost dissolved and removed.
35 A: Partly remained undissolved.



* Anphot eri c surfactant E. [err] 15

*Anphoteric surfactant F. J[err] 2) Fl uorine-contained
cationic surfactant. 25 *"Ftargent FT-310" produced by Neos Co.
[err] *"Fl uorad FC- 135" produced by Sum tono 3M Co.

19

X : Did not dissolve and could not be removed.
3) Corrosion of Al layer.

Test pieces of silicon wafers were immersed in 30 ml
of the photoresist ashing residue cleaning agent
5 maintained at 23°C for 10 minutes, and the amounts of
elution of Al into the cleaning agent were measured
relying on the high-frequency induction coupling plasma
mass analysis (ICP-MS).
4) Permissible immersion time (at 23°C).

10 Test pieces of silicon wafers were immersed in 30 ml
of the photoresist ashing residue cleaning agent
maintained at 23°C. A total of 25 testings were conducted
by dividing the immersion time by an interval of one
minute from the start of immersion until 25 minutes have

15 passed. After cleaned for the above-mentioned immersion
times, the test pieces were washed with water and the
cleaned surfaces were observed through the scanning-type
electron microscope of a magnification of 40,000 times.
The immersion times of those test pieces which were

20 evaluated to meet the criterion ©, i.e., from which the
side-wall polymer and the incompletely ashed product of
photoresist were completely removed by dissolution, were
found as minimum permissible times.

Corrosion of the Al layer wiring on the test pieces

25 was also observed using the scanning-type electron
microscope at a magnification of 40,000 times, and the
immersion times of the test pieces from which even
slightly corroded portions were observed were found as
maximum permissible times. Measurement was taken

30 concerning the elution of aluminum in the cleaning agent
in which were immersed test pieces on which the corroded
portions were observed relying on the high-frequency
induction coupling plasma mass analysis (ICP-MS). The
amounts of elusion were not smaller than 170 ppb.

35 The period from the thus found minimum permissible



Perfl uoroal kyl trimethyl quaternary ammni um i odi de 35

18 **Surflon S-121" produced by Sei Chem cal Co.

Perfl uoroal kyl trimethyl quaternary amoni um salt *" MEGAFAC F- 150"
produced by Daini ppon Ink Co. 5 Per fl uoroal kyl tri met hyl

guat er nary anmoni um sal t 3) O her surfactant. *Dodecyl ammoni um
chl ori de "Zondes TL" produced by Matsunoto Yushi Seiyaku Co. 10
In the follow ng Exanples and Conparative Eyanpl es, the testings were
conduct ed according to the follow ng nethods 1) Renoval of the

si de-wal | pol yner. Test pieces of n wafers e rsed in
30 n of t h'él%o'f%r‘é'ﬁﬁ ﬂa%WFﬁgeFB‘%?Ea té‘ﬁ‘? NP AgET2 Fded r‘fg)rﬁteaf’lned

at 23[err] C forpédbmbssnililes iammenscion Wamhedtmﬂﬁﬁc wat er. The cl eaned

surfaces were obpse 1 O%C%Iiﬂbn agy@@ @ ectron mcr oscope at a
magni fi cation o$§ %gﬁgg%%% PR erSl 9 } he basi s .of the

t1 mes and ﬁ Ly @gﬁg "
fol | owi ng criterfa:the above—mentlpgp ] ©P f%?e OF MeLBIEF Sh§
r enoved. 5 immersiéh Wimmstt FiX€ol e arupecabvee. of the cleaningerr]:

Partly renmai ”edaleHJcS 2 V&Pev d to 40°C, a¥d aDtét@oto ﬂlﬁ@%é/seclm coul d
not be renoved. (g of . the .inc ggletel ashedxg ct of
photoresist.  were COW‘éC"'c? e iV nge Palt B’r iFthersed in

t he phot oresi st iasbirnglresi Hueseicpads fgosgehe wepgt of immersion until 2
minutes have passed. The period from the thus found

10 minimum permissible time to the maximum permissible time
was regarded to be a permissible immersion time at 40°C.
(Examples 1 to 21 and Comparative Examples 1 to 6)

An i-ray positive-type resist of a commercially
available novolak resin was applied maintaining a

15 thickness of about 1 uym onto an 8-inch wafer on which an
Al layer wiring has been formed, and was pre-baked. Then,
the resist was irradiated with i-rays, baked before being
developed, rinsed after developing, and was further post-
baked. The sample was subjected to the RIE treatment in a

20 CF4 gas at about 300 eV. Thereafter, the used resist was
ashed and removed by using a plasma reactor.

Test pieces each measuring 2 cm were cut out from the
thus treated silicon wafer by using a diamond cutter. By
using these test pieces, the photoresist ashing residue

25 cleaning agents of compositions shown in Tables 1 and 2
were evaluated for their properties, i.e., evaluated for
their abilities of removing side-wall polymer, removing
incompletely ashed product of photoresist, corrosion to
the Al layer and permissible immersion time (at 23°C).

30 Measurement of the photoresist ashing residue cleaning
agents shown in Tables 1 and 2 relying on the ICP-MS
showed that their metal ion contents were not larger than
10 ppb. The results were as shown in Tables 1 and 2.
(Examples 22 and 23)

35 By using the test pieces cut out from the silicon



30 observed through the scanning-type el ectron m croscope at a
magni fi cation of 40,000 tinmes and were judged on the basis of the
following criteria: [err]: Conpletely dissolved and renoved.
O Al nost dissolved and renoved. 35 [err]: Partly remai ned

undi ssol ved.

X: Did not dissolve and could not be renoved. 3) Corrosion of Al |ayer.
Test pieces of silicon wafers were innerse? in 30 m of the photoresist
ashing residue cleaning agent 5 nmintained at 23[err]C for 10 m nutes, and
t he amounts of elution of Al into the cleaning_agent were neasured

rel ying on the WRERTLfFAERIAHEHIRAIASSh WodFerRgSplas e PhotREersifal ysi s
(1 CP-MB). 4psPengi ses hiwe | alrearsing dgeme s( sho®3[ enr T&ple 18 were Test

pi eces of sili CQ?aX‘@é@éé f@fetﬂmrp%% 'é%l%CiéﬂlmmerSQBnt %@QO{&E "56

ashi ng residue cl|eaning, agent mail nt ai_.ned aﬁhgzg[err A total of
testings were cSHﬁuE?%Hlt w?ﬁ?(ﬂﬁnﬁﬂQﬂ? tfe 5 i*on time by an |nterval
of one ménute fromthe start of inmersion until 25 m nutes have 15
passed. After cleaned for the above-nentioned i mrersion times, the test
pi eces were washed with water and the cl eaned surfaces were observed

t hrough the scanni ng-type el ectron m croscope of a nmagnification of
40, 000 ti nes. The imersion times of those test pieces which were 20
evaluated to neet the criterion [err], i.e., fromwhich the si de-wal |
pol ymer and_the inconpletely ashed product of phot or esi st were
conpletely t8noved by di ssolution, were found as m ni nrum perm ssi bl e
times. Corrosion of the Al layer wiring on the test pieces 25 was
al so observed using the scanning-type el ectron m croscope at a
magni fi cati on of 40,000 tines, and the imersion times of the test

pi eces from which even

15

20

25

30

35



slightly corroded portions were observed were found as maxi num

perm ssible tines. Measurenent was taken 30 concerning the elution of

al umi numin the cl eaning agent in which were i mersed test pieces on
whi ch the corroded portions were obseg%gd relying on the high-frequency
i nduction coupling plasma mass analysis (ICP-MS). The amount s of

el usion were not smaller than 170 ppb. 35 The period fromthe thus
found m ni nrum perm ssi bl e 20
time to the nfixi mfh permissible time was regarded to be a perm ssi bl e
imersion ting &t d3[er]C. L, 5) Pegnmissiblg imegsion tipe (at 40[err] Q).
In the above- ticgned -pperat Fon fory'neasurifig the7 5 inmmersion tifre at
23[err] C, thedtenp@ratuse of the cl e:gni ng <Sagentowas el evated to -
40[err]C, andE§ €flal JF 12 t&5tings wer e conducted by dividing the

i mersion ting5g&En interval of 10 seconds fromthe start of inmersion
until 2 m nut es have passed. The period fromthe thus found 10 m ni num
perm ssible ti to themnaxin%p1per jssible pime  was regarded jo be g
perm ssible i rsion_tenme at #0[errgC (exanples 1 to 21 an_gm 0
Conparative Exdliples 3 80 6)2.3 83 an iwdy p&idive-ty@ redidt of &
commercially H avaifafl e ®ypl akBrgsi n w8s,appl8'ed maint & nind' a 158 .,
thi ckness of glgut 1 Pefr]mdMto afl 8-i nchwaf er “drP which &n A | &yér
wiring has been forned, and was pre-baked. Then, the resist was
irradiated wigh i-rays, baked before being devel oped, rinsed after
devel opi ng, d Was further post- baked. The sanple was subjected to
the RIE treatgen® iin a A0 CF[@,r] gy at abggt 300@V. Thegpaftery) the @sed
resi st was aghdd and renoved by using a plasma reactor. Test
pi eces each as@iing 2 cmwere cut out fromthe thus treated silicon
waf er by usin a fdejanond cutter. By usi ng these test pieces, the
phot or esi st aghi Ag®r esi due 25 cl eaning agents of conpositions shown in

Tables 1 and 2
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27 CLAI Ms: 1. A photoresist ashing residue cl eaning agent

conpri sing an aqueous solution containing: 5 (a) an ammoni um fl uori de
conmpound; and (b) an anphoteric surfactant of which the cationic
group is an ammonium salt and of which the anionic group is a

car boxyl at e. 2. A photoresist ashing residue cleaning agent 10
according to claim1, wherein the ammoniumfluoride conpound (a) is an
anmoni um f | uori de. 3. A photoresixgt ashing residue cleani ng agent
according to claim1 or 2, wherein the anphoteric surfactant (b) is a

conpound represented by the general 15 formula (1), [err]
wherein R err], Rerr] and R err] are, independently from each

ot her, hydrogen atons, hydrophobi c groups, hydroxyl 25 groups or am no
groups, at least one of Rerr], Rerr] and R err] i s a hydrophobic
group, and when two or nore of Rerr], Rlerr] and Rl err] are
hydr ophobi ¢ groups, the hydrophobic groups nmay be bonded to each
other to forma ring, and n is an integer of from1 to 3. 30
4. A photoresist ashing residue cleaning agent according to claim 3,
wherein in the conpound represented by the general fornula (1), the
hydr ophobi ¢ groups are al kyl , groups having 1 to 20 carbon atons,
al kenyl groups havi ng % to & carbon atons, acyl am no groups having 1
to 35 20 carbon atoms, acy) &nispal kyl groups having 2 to 30
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28 carbon atons or al kyl am noal kyl groups having 2 to 30 car bon
at ons. 5. A photoresist ashing residue cleaning agent accordi ng
to cIa|n14 mhereln in the conpound represented 5 by the general fornula

(r, JJ”MI Rlerr] and R err] is a strongly hydrophobic
group h m’, lﬁ[iﬂr carbon at ons. 6. A photoresi st

ashi ng resi duetcl ®ans gent according to claim3, wherein the conpound
represented by 10 the general fornmula (1) i [err]

7. A photoresist ashing residue cleaning adent according to claim1,
wherein the concentration of the 20 amoni um fl uoride conpound (a) is from
0.005 to 1% by CLARMBght, and the concentration of the anphoteric

sur f act ant (b) is fromO0.005 to 1.5% by wei ght

phot or esi st ashi ng re S|d§ gl anln aQ§ﬂhJ1 re%ﬁﬁ%%dbﬂga59n§|§%§§9ﬂ whi ch

I's further blended with uori ontained catroni act ant.
9. A photoreS|smcamhﬂﬁgngeénd@@UQ9Q§uﬁQﬁP§ﬂﬂﬂﬂP°ntal&éBSrd|ng to claims8,
wherein the fd Uorlﬂ%rcoahahﬂﬁdnlum fhidide compbaatdanandc) is a quaternary

ammoni um sal t. @) mgrgmﬁhgggéﬁeédééa&%}ftn%fr%gagﬂetﬁée@m&quent 30

according to claim uori ne-contal ne
group is an ammonium salt and of which the anionic group

is a carboxylate.
2. A photoresist ashing residue cleaning agent
10 according to claim 1, wherein the ammonium fluoride
compound (a) is an ammonium fluoride.

3. A photoresist ashing residue cleaning agent
according to claim 1 or 2, wherein the amphoteric
surfactant (b) is a compound represented by the general

15 formula (I),

R, - N+ (CH2), COO

20 I
R3
wherein R;, R, and Ry are, independently from each
other, hydrogen atoms, hydrophobic groups, hydroxyl
25 groups or amino groups, at least one of Rj, R; and R;

is a hydrophobic group, and when two or more of Ry,
R, and R; are hydrophobic groups, the hydrophobic
groups may be bonded to each other to form a ring,
and n is an integer of from 1 to 3.

30 4. A photoresist ashing residue cleaning agent
according to claim 3, wherein in the compound represented
by the general formula (I), the hydrophobic groups are
alkyl groups having 1 to 20 carbon atoms, alkenyl groups
having 1 to 20 carbon atoms, acylamino groups having 1 to

35 20 carbon atoms, acylaminoalkyl groups having 2 to 30



cationic surfactant (c) is represented by the general formula (11),

35 29 [err]
wher ei n R[H"I"Iwm Iwu“ roal kyl group, and X- is an ani on, or
by the generalc m), 10

[err] whet ei n Rlerr] is the same as Rerr], and X- is an
ani on. 11. A photoresist ashing residue cleaning agent

according to claim8, wherein the concentratjon of the 20
fluorine-contained cationic surfactant (c) from 0. 005 to 0.5% by

wei ght . 12. A method of cleaning photoresist ashing residue by

bri ngi ng t he asit@égbonoesermsi or ahkplamineatkyy tgromps having 2 to 30
carbon atoms.

5. A photoresist ashing residue cleaning agent
according to claim 4, wherein in the compound represented
5 by the general formula (I), at least one of R;, R, and Rj
is a strongly hydrophobic group having not less than 5
carbon atoms.
6. A photoresist ashing residue cleaning agent
according to claim 3, wherein the compound represented by
10 the general formula (I) is,

CH3(CH2)7NH(CH2)2]

CH3(CH, ) 7NH (CHj, ) ,-N+ CH,C00™
15 |
H

7. A photoresist ashing residue cleaning agent

according to claim 1, wherein the concentration of the

20 ammonium fluoride compound (a) is from 0.005 to 1% by
weight, and the concentration of the amphoteric surfactant
(b) is from 0.005 to 1.5% by weight.

8. A photoresist ashing residue cleaning agent
according to claim 1, which is further blended with (c) a

25 fluorine-contained cationic surfactant.

9. A photoresist ashing residue cleaning agent
according to claim 8, wherein the fluorine-contained
cationic surfactant (c) is a quaternary ammonium salt.

10. A photoresist ashing residue cleaning agent

30 according to claim 9, wherein the fluorine-contained
cationic surfactant (c) is represented by the general
formula (II),

35



aqueous sol ution containing: 25 (a) an ammonium fl uoride conpound; and

(bl)tan grrpnmmmimf actant of which the cationibc I group i s an anmoni um
salt and o .
* e LI ”'l””!" ¢ group I's a carboxylate 30 35

M

29
CH;
I
Rq - Nt - CH3+X~ eres (IT)
l
5 CH;

wherein R4 is a perfluorocalkyl group, and X- is an

anion,
or by the general formula (III),

10
CHj3
I

Rs0 @CONH - CiHg =~ N+ ~ CH3+X"

|

15 CH;

wherein Rs is the same as Ry, and X- is an anion.

11. A photoresist ashing residue cleaning agent
according to claim 8, wherein the concentration of the

20 fluorine-contained cationic surfactant (c) is from 0.005
to 0.5% by weight.

12. A method of cleaning photoresist ashing residue
by bringing the ashed photoresist into contact with an
aqueous solution containing:

25 (a) an ammonium fluoride compound; and
(b) an amphoteric surfactant of which the cationic
group is an ammonium salt and of which the anionic group
is a carboxylate.

30

35



