REMOVI NG AGENT COMPOSI TI ON FOR A PHOTORESI ST AND PROCESS FOR PRCDUCI NG A .
. SEM-CONDUCTOR | NTEGRATED CIRCUI T  FI ELD OF THE | NVENTI Ao 1o127he pr esent
invention relates to a renpving agent conposition used ffp[%geg%i ng a -

photoresist in a process for producing a sem conductor integrated circuit

and to a process for producing a sem conductor integrated circuit. PRI OR

ART OF THE | NVENTI ON Sem conductor integrated circuits are produced

by a process REMOVINGaAGENTGOMPOSITION FOR AWPHCTORESISThANDB ubst r at e,

a pattern is fornmed on the photoresist by exposure to |light and subsequent
devel opnent , REQCESS EOR PRGPUGING th SHMTIGOMNDUCTORINEEGRATER K,  he
portions of the inorganic substrate not nasked by the pattern of tha/
phot or esi st &IRECUIAEd to formfine ci rcuits, and then the photoresist is
removed fromthe inorganic substrate; or by a process in which, after fine
circuits are fornmed by the same steps as those described, the photoresist
i s ashed, - ang i 0L N0 eSE0 3 .ﬁf t he photoresist are renoved fromthe
I norgani ¢ sulsstd b TNV e, as the renoving liquid for the

photoresist in th 'é rocesse ci | Cqk | ng nts.or.alkaline..enmoving
agents have gener ey%ggé?p%yi@x?tmﬁi relafeP¥d 'WOr %vn?g age%t &mpgsﬁieon

used for removing a photoresist in a process for producing a

semiconductor integrated circuit and to a process for producing a

semiconductor integrated circuit.

PRIOR ART OF THE INVENTION

Semiconductor integrated circuits are produced by a process in
which a photoresist is applied onto an inorganic substrate, a pattern is
formed on the photoresist by exposure to light and subsequent
development, the formed pattern on the photoresist is used as a mask,
the portions of the inorganic substrate not masked by the pattern of the
photoresist are etched to form fine circuits, and then the photoresist is
removed from the inorganic shbstréte; or by a process in which, after
fine circuits are formed by the same steps as those described, the
photoresist is ashed, and remaining residues of the photoresist are
removed from the inorganic substrate. _

Heretofore, as the removing liquid for the photoresist in these
processes, acidic removing agents or alkaline removing agents have

generally been used.

Examples of the acidic removing agent include a removing agent



Exanpl es of the acidic renoving agent include a renoving agent

.gonprising an arylsul fonc acid such as benzenesul foni ¢ acid,

t ol uenesul foni ¢ acid, and.xyl enesul fonic acid, a phenol, and an organic

sol vent containing chlorine (United States Patent No. 3,582,401) and a
renovi ng agent conprising an aromatic hydrocarbon such as naphthal ene, a
phenol, and an aryl sul fonic acid (Japanese Patent Application Laid-Cpen No.

;E?Y’?t Sz%ﬁﬁ%hﬁrigf ;BT RERIH (4 (APCH oP TR Sﬁ%“f{?ﬁﬁ%-rci Chre
Thererore, 1 nociepblBold Ro 47 3 et Horh Beldy FRAGRIY enfl 85, GEREN | 7,

di mensi onal aGRIACK iR BB N TbAGHY (0fitk SEAER'PMEAE No MISROVEST) AEEaSE

the solubility ese ac removi ng ag in water s |ow,

necessary thglepi\Any Oabéht OSMpIesind L8R BhemABY HydbochfBoRN@u@hesast - be
rinsed with an organi c sol vent, "such as an al cohol, and subsequently

cl eaned wit h nagstthaldié,s aC phrenl A adidhndeylsulfonic betd Papaseses Pavert
conpl i cat ed. Exanpl es of the al kaline renoving agent include a
removi ng ageipplioagbionsLaigl-Gpen dNb. tShowa 62(1987)-85387hy| ene oxi de to an

al kanol am ne or a pol yal kyl enepol yam ne, a sul fone conpound, and a gl ycol
monoal kyl ether ( gcidiatremovipg agentohavei weaberemovirgh@hdlity and
62(1987)-49355), and a renoving agent conprising dinmethyl sulfoxide as the
mai n conponerfhowy &larggl eorrogive #ffeatnbel adpminway and ‘copper which are

frequently used as the wiring material for the formation of fine circuits.
Therefore, these égents are not suitable for the fine works to which strict’
-dimensional accuracy has been required in recent years. Moreover,
because the solubility of these acidic removing agents in water is low, it
is necessary that the product obtained after the removal of the photoresist
be rinsed with an organic solvent, such as an alcohol, and subsequently
cleaned with water. This causeé a drawback in that the process is more
complicated. |

Examples of the alkaline removing agent include a removing
agent comprising an addition .product of ethylene oxide to an
alkanolamine or a polyalkylenepolyamine, a sulfone compound, and a
glycol monoalkyl ether (Japanese Patent Application Laid-Open No.
Showa 62(1987)-49355), and a removing agent comprising dimethyl
sulfoxide as the main component, a diethylene glycol moﬂoalkyl ether,
and an organic hydroxy compound containing nitrogen (Japahese Patent
Application Laid-Open No. Showa 64(1989)-42653).

However, these alkaline removing agents dissociate with moisture



and an organi ¢ hydroxy conpound contai ning nitrogen (Japanese Patent
. Applsi cati on Lai d-Open No. Showa 64(1989)-42653). However, these

‘al kal i ne renoving agents dissociate with noisture

2 absorbed during use to. generate an am ne and becone al kal i ne.
. Therefore, when cleaning with an organic solvent, such as an al cohol, is
not conducted between the renoval of the photoresist and the cleaning with

cvater, the Phgdufhed Saahitfl ke 3 EBRetdd o8l ddifnd! £5A! Bacdthblalkdizhe. T

al kal i ne renoving agen ow a ge corrosjve ect to al umi num and

copper whi ch{gefdradwiidd Yednfitk ¥ith 4% ¥iddnie soRieiit) 8lich ¥s Ah @lédHo)pis ON

of fine circulits. Therefore, these agents are not suitable for the fine

wor ks to whi gfptSdoridulctat Hebween aheareiiovdly ofh tise bbotoresititi 4194 the dlessiiig
years. Moreover, when the al kaline renpoving agents are used, it is

necessary t hatithheaterpthe prahiciis atkalineat the timewf the elearting width waterst be
rinsed with an organi c solvent, such as an al cohol. This causes a drawback
in that the (Fhealmline remevingrpgents show a largelcorresiveeffectite altminume t he
process for formng circuits tends to be ultra-fine, the condition of

et ching the reaxdecopper whithi are frequently tused gs thenwdring peateriadrfor, thend

t he photoresist used in the process tends to be deteriorated. Because the
aci di ¢ r enovifermation: of fine| cirguitsy kThergfore, these agents are not suitable for the

fine works to which strict dimensional accuracy has been required in
recent years. Moreover, when the.alkaline removing agents are used, it
is necessary that the product obtained after the removal of the photoresist
be rinsed with an organi¢ solvent, such as an alcohol. This causes a
drawback in that the process is more complicated.

In recent years, because the process for forming circuits tends to
be ultra;ﬁne, the condition of etching the materials used in the circuits
also tends to be severer, and the photoresist used in the process tends to
be deteriorated. Because the acidic removing agents and the alkaline
removing agents deséribed above show rather weak removing ability, the
problem arises tﬁat the photoresist is left remaining on the inorganic
substrate. |

Therefore, in order to solve the above problems, a removing agent
which can easily remove films, layers, and residues of the photoresist
and does not cause corrosion of the wiring material in fhe_ circuit is

required.

SUMMARY OF THE INVENTION



renmovi ng agents descri bed above show rather weak removing ability, the
probl-em ari ses that the photoresist is left remining on the inorganic
substrate. - Therefore, in order to solve the above problens, a
removi ng agent which can easily remove filns, layers, and residues of .the
phot oresi st and does not cause corrosion of the wiring material in the
circuit is required. SUMVARY OF THE | NVENTI ON o o f :
3 - Ac [ hQl r t_invention has the obpeci .0

S0l ving the above. ASaramels: F PHEERE0 it OuGEn Bk, 88 driect 8t BhviBk theva
t echnol ogy an vi.di r N At . C | L. tar p

whi ch can rerr%\?g%g Pgeg%x(ﬁ;? a pK‘(lg't g?@%@égag |§dtt%)s%'ltao lgntlﬁﬁotrg%%‘%ré&%ﬁal
-substrate, a ligy@ioloky andprViliiSh reBlGvink Mredt (Binplsttich ThE B%RStoPdkist

i norganic substtra.toeg i ch ?é nas%i% by_thegﬁg§%r3 o}ﬂ{esﬁéues g? a ?g?gr of
a phot or esi st wikiehi 6an Gredhéw adlayet 6h 'an%h@i;oz%@istnﬁfxﬁﬁadcoﬁ%bahr aldrgahich
I's masked by the | ayer and subsequent ashing of the Tayer easily at "a | ow

tenperat ure i mubstiute] a layer efiabiphotondsist- fémaimgﬂhf@rvﬁfﬁvﬂéhing of an

inorganic substrate which is masked by the layer, or residues of a layer

of a photoresist remaining after dry etching of an inorganic substrate
which is masked by the layer and subsequent ashing of the layer easily at
a low témperaturé in a short time, enables ultra-fine working without
causing corrosion of the wiring material of the circuit at all, allows
rinsing of the product obtained after the removal of the photoresist with
water alone without rinsing with an organic solvent, such as an alcohol,
and leads to producing a circuit with a high accuracy.

As the result of the extensive studies by the present inventors to
solve the above problems, it was discovered that a removing agent
composition comprising an aqueous solution containing a quaternary
ammonium hydroxide, a nucleophilic amine compound having an
oxidation-reduction potential, a sugar and/or a sugar alc_:ohol enables
removal of a photoresist easily at a low temperature in a short time in a
process for producing semiconductor ihtegrated circuits, and that the
above composition exhibits a combination of the advantageous properties
that the composition does not show any corrosive property, and no
corrosion of the wiring material used in the circuit takes place and th_at
the operation can be facilitated.

Accordingly, the present invention provides: a removing agent



causing corrosion of the wiring material of the circuit at all, allows
rinsing of the product obtained after the renoval of the photoresist with
water alone without rinsing with an organic solvent, such as an al cohol,
and | eads to producing a circuit with a high accuracy. As the result
:of the extensive studies by the present inventors to solve the above -
problens, it was discovered that a renoving agent conposition conprising an

i me. compound SR RLBRT R0 SRR GG Sr AR Y 8 %0 % pf WU, ' ©

- ar al cohol : es4 | re
Tna short ¢ rverfiey YHMAniGn BydiRkle st atd Yot thd Rl Thhal
circuits, and [(RA)3NIR]00H e (whepeisi R e8presthbs tan aneylnﬁfdﬁ:ﬁ Havieg 1he 4
advant ageous properties that the conposition does not. show any corrosive

property, and dagbonratosisoor af hydwoxptsubstitubéd alleyl g havinpe 1ol £ ¢akbdkes
pl ace and that the operation can be facilitated. Accordingly, the

present i.nventdtomsyamd B2 sepresentoanrajkybgroup having 1 to 3 carbon atoms), 1 to
4 conposi tion for a photoresist conprising 0.01 to 20 % by wei ght
of a quater nag}) Senksh weasht of o nugleopbilic amine bpving age axidatidoreduction

riN-R] +. wherein R represents an al kyl roup having 1 to 4
L(Rerr])[er ]_potentia ) 0.5( to %O__ % by Weilg t of a sugar and/or g sugpar alcohgl, and

water in the remaining amount; and a process for producing a
semiconductor integrated circuit comprising removing a photoresist

applied onto an inorganic substrate by using the removing agent

composition described above.

IEF ] PTI THE DRA
Figure 1 shows a sectional view of a semiconductor integrated
circuit obtained by formipg a circuit of aluminum.3 by dry etching using
a layer of a resist 4 as the mask. |
Figure 2 shows a sectional view of a semiconductor integrated
circuit obtained by ashing the layer of a resist 4 in the semiconductor
integrated circuit shown in Figure 1 with oxygen plasma to rerhove the
layer of a resist 4.
The numbers in the figures have the meanings as listed in the
~ following: |
1. an apparatus for producing a semiconductor
integrated circuit

2: a layer of an oxide



carbon atonms or a hydroxy-substituted al kyl group having 1 to 4 carbon
atons, and Rl represents an al kyl group having 1 to 3 carbon atons), 1 to
80 % by wei ght of a nucl eophilic amine having an oxidation-reduction
potential, 0.5 to 20 % by weight of a sugar and/or a sugar al cohol, and
water in the remaining anount; and a process for producing a sem conduct or
integrated circuit conprising renoving a photoresist applied onto an

i norgani ¢ substrate by ing the re i agent conposition described
above. BRI EF DESCR PTIEN O eufidtpipminim ©2 gure 1 shows a sectional

view of a sem conductor-4.nte Paty% irlﬁm ined by forming a circuit of
..alum num 3 by dry etchi r#gj us%{ng aglog)?r g’#’r%%rgsi st 4 as the mask.

- “Figure 2 shows a secti omgl Vie??h@ﬂ‘orésifs‘f?ﬂi S Sideldt a }Egiﬁﬂég??ﬂed rcuit

obtai ned by ashing the layer of a resist 4 in the sem conductor integrated -
circuit shown in Figure 1 w tghotusgest 4t thergidéo renove the |ayer of a

resi st 4. The nunbers in the figures have the neanings as listed in
t he foll ow ng: 1 an apparatus for producing a sem conduct or
integrated circuit 2: a layer of an oxide '

5 T DE TH

The quaternary ammonium hydroxide used in the present
invention is represented by the general formula: [(R1)3N-R]+-OH-
(wherein R represents an alkyl group having 1 to 4 carbon atoms or a
hydrbxy-substituted alkyl group having 1 to 4 carbon atoms, and Rl
represents an alkyl group having 1 to 3 carbon atoms).

Examples of the quaternary ammonium hydroxide represented by
the above formula include tetramethylammonium hydroxide,
tetraethylammonium hydroxide, tetrapropylammonium hydroxide,
tetrabutylammonium hydroxide, trimethylethylammonium hydroxide,
dimethyldiethylammonium hydroxide, trimethyl(2-hydroxyethy1);
ammonium hydroxide, triethyl(2-hydroxyethyl)ammonium hydroxide,
tripropyl(2-hydroxyethyl)ammonium hydroxide, trimethyl(l-hydroxy-
propyl)ammonium hydroxide, and tributyl(2-hydroxyethyl)ammonium
hydroxide.

Among these quaternary ammonium hydroxides, tetramethyl-

 ammonium hydroxide (hereinafter, referred to as TMAH) and trimethyl-
(2-hydroxyethyl)ammonium hydroxide (hereinafter referred to as

choline) are particularly preferable.

The concentration of the quaternary ammonium hydroxide is 0.01



3: a circuit of alum num : 4: a layer of a photoresist

.5 "~ a phot oresi st at ‘the side or a residue of the

photoresi st at the side. DETAILED DESCRI PTION OF THE | NVENTI ON The
guat er nary ammohi um hydr oxi de used in the present invention is represented
. by the general fornula: [(Rerr])[err]NR+. O4 (wherein R represents an

al kyl group having 1 to 4 carbon atoms or a hydroxy-substituted al kyl group

" having 1 to 4 w?ﬂs& %@g@ 5&9@ foem %8Y tei gnta&m!e % dl&tibﬂg 1

to 3 carbon a e quate nar anmmonAl um roxid

represent ed thh%ﬁb%c%ﬁtfaﬂlan 6lC|tHde ﬁﬁﬁéxﬁ'ﬁ&&hﬁhﬁﬁﬁﬁﬁimnhw%ﬁﬂedﬁb
-t etraet hyl ammoni um hydr oxi de, tet rapropyl anmoni um hydr oxi de

t et rabut yl amp@es #hanthexdpirifidd raBgéyihet Mdm@mmmdlywuw pRotoresist is
di met hyl di et hyl ammoni um hydr oxi de, trinmethyl (2-hydroxyethyl)- ammoni um

hydr oxi de, t dowt hle?erhyﬂre)mnbbntﬁammmsumgﬂy@lf dhiade the specified range,
tripropyl (2-hydroxyet hyl ) anmoni um hydr oxi de, trinethyl (1-hydroxy-

pr opyl ) ammonicorrdsyah of the wizing matenay it Zhbmmxyeammt)bemnmenbedydr oxi de.
Anong these quaternary ammoni um hydroxi des, tetranethyl- amoni um hydroxi de
(hereinafter, refdéxamplesaef Threi) nualeophilist iyming 2campovrde thavipgAMi um

hydr oxi de (here| nafter referred to cholinpe) are partlcul arly pr.ef able
The concent r Hxidatign-reduction poten gﬁrﬁﬁ@rﬁ“u?ﬁ magdoin fombingatipn wit th' th

quaternary ammonium hydrox1de in the present invention include
hydrazines represented by the general formula RIR2N-NR3R4 (wherein
R1, R2, R3, and R* represent each hydrogen atom or an alkyl group, a
cycloalkyl group, an alkényl group, an alkynyl group, a substituted
carboxyl group, an alkylamino group, or a hydroxy-substituted alkyl
group, each having 1 to 6 carbon atoms), derivatives of these hydrazines,
salts of these hydrazines and derivatives of hydrazines, hydroxylamines
represented by the general formula RIRZN-O-R3 (wherein R1, R2, and R3
represent each hydrogen atom or an alkyl group, a cycloalkyl group, an
alkenyl group, an alkynyl group, a substituted carboxyl group, an
alkylamino group, or a hydroxy-substituted alkyl group, each having 1 to
6 carbon atoms), derivatives of these hydroxylamines, and salts of these
hydroxylamines and derivatives of hydroxylamines.

Specific examples of the hydrazine include hydrazine,
methylhydrazine, 1,1-dimethylhydrazine, hydrazinoethanol, and salts of
these compounds. Specific examples of the hydroxylamine include N-
methylhydroxylamine, N,N-dimethylhydroxylamine, N,N-diethyl-

hydroxylamine, and salts of these compounds.



6. to 20 %by WEIght preferablyOlto 10 %by wei ght, of the
-whol e sol ution. Wen the concentration of the guat er nary anmoni um hydr oxi de
is lower than the specified range, the speed of renoval of the photoresi st
“is low. When the concentration is higher than the specified range,
corrosion of the wiring material in the circuit cannot be prevented.

. Exanpl es of the nucl eophilic am ne corrpound havi ng an oxidation-reduction

-potential which
_potentia 'ch | STHg%dn béhﬁﬁ%hné‘ft}?é‘fl‘ﬂg Eﬁam nes rep*esent ed ggalhe

hydroxi de in the present 1 nvention Inc

general for Mﬁd&ﬁhtiéﬂ\&%{dﬂ\'pwﬂﬁﬁéi 3 %ﬁrihé WHREE! of Rlto BE, %RBy weibHY

represent each hydrogen atom or an al kyl group, a cycl oal kyl group an

al kenyl gr ouppreferablyy8yto t®Wp, b weliit, toft €He Cwhiolx Wolationp, When the
al kyl am no group, or a hydroxy-substituted al kyl group, each having 1 to 6

carbon at ons)cortentretiow és loket thar thedsperified range! theotpedd of royhval iofes
and derivatives of hydrazi nes, hydroxylam nes represented by the general

formul a R[errﬂlﬂphoqom@sﬁi&m (wherein Rlerr], Rerr], and R err]

represent each hydrogen _atam or an al kyl 3roup a cycl oal kyl group,
al kenyl group, an BrRymBlespfothe sugamuseduindheapsesent gnwptloanmclude

| kyl hyd - stitut 1to6
2ar%oﬁma?8n§§r%‘$ﬁes$éq?q 31t RBasgHAddoH.arprelic sxaniblepoloiha Rugar
T oKy, et o e ehiasth| asRyal UEATIAETL 6 oS 0L

arabinose, xylose, ribose, ribulose, xylulose, glucose, mannose,

galactose, tagatose, allose, altrose, gulose, idose, talose, sorbose, psicose,
and fruit sugar. Examples o_f the sugar alcohol include threitol,
erythritol, adonitol, arabitol, xylitol, talitol, sorbitol, mannitol, iditol, and
dulcitol.

Among these compounds, glucose, mannose, galactose, sorbitol,
mannitol, and xylitol are preferable in view of the solubility and the
property of decomposition.

The concentration of the sugar or the sugar alcohol is in the range
of 0.5 to 20 % by weight, preferably 1 to 15 % by weight, of the whole
solution. When the concentration of the .sugar or the sugar alcohol is
lower than the specified range, corrosion of theé wiring material in the
circuit cannot sufficiently be prevented. When the concentration is
higher than the specified range, no additiongl advantage can be found,
and the concentration is not preferable in view of the economy.

Examples of the inorganic substrate used in the process for

producing a semiconductor integrated circuit of the present invention



met hyl hydr azi ne, 1, 1-di net hyl hydr.azi ne, hydrazi noet hanol, and salts of
.these conpounds. Specific exanples of the hydroxyl ani ne include N

met hyl hydr oxyl am ne, .N, N-di met hyl hydr oxyl am ne, N, N-di et hyl - hydroxyl am ne,
and salts of these conmpounds. 7

- The concentration of the nucl eophilic am ne conpound havi ng an

- oxi dation-reduction potential Is in the range of 1 to 80 % by wei ght,

pref erabl y 3 ihd1dde “nBteMld Ysed ol 'EentlidnButebs'ldifthitdl Sach8s silicon,
concentration is Tower t e speci range, e spee remova

the photor em;félﬁmdoﬂw silicon oxid@ e Aunkitfard!aPiminash lallo ;yae tﬁhﬁmt
~invention inc e nondsacchari des and polysaccharldes Specific exanples of

the sugar i ndfjpaheiwhyeengbtedl, defiyaeitumavaitgide,l cafd cauligstehy meonipvaede,

ar abi nose, xyl ose, ribose, rlbulose xyl ul ose, glucose, nmannose, gal actose,
t agat ose, al |gmmiconlducters, guthsas gdlimm ardardHe, @ilibnn@hqmqﬂmms, and
fruit sugar. Exanples of the sugar alcohol include threitol, erythritol,
adoni tol , ar cimdiom-phosphartus; i glass substriates of (i t ol , iditol, and
dulcitol. Anong t hese conpounds, gl ucose, mannose, gal actose,
sorbitol, mannitol Tharmemeningoagentecomppsition fon p phetaresist iwf thel presenty
and the invention is used for removing a photoresist layer apphed onto an

inorganic substrate, a photoresist layer which is left remaining after dry
etching of an inorganic substrate masked with a photoresist layer, or
residues of a photoresist which are left remaining after dry etching of an
inorganic substrate masked with a phoforesist layer and subsequent
as!ﬁng of the photoresist layer. In the operation of removing the layer or
the residues, heating or a treatment by ultrasonic wave may suitably be
used in combination.

In general, the layer or the residues of the photoresist can

_ sufficiently be removed at a room temperature. Heating or a treatment

by ultrasonic wave may also be used in combination where necessary.

The method of immersion is generally conducted in the treatment
using the removing agent composition of the present invention.
However, other methods, such as the method of spraying, may also be
used.

When the removing agent composition of the present invention is
used, it is not necessary that the product obt;ained after the removal of the
photoresist is rinsed with an organic solvent, such as an alcochol. The

rinsing with water alone is sufficient.



property of deconposition. .The concentration of the sugar or the _
.sugar alcohol is in the range of 0.5 to 20 % by weight, preferably 1 to 15
% by wei ght, of the whole solution. Wen the concentration of the sugar or

t he sugar alcohol is lower than the specified range, corrosion of the
.wiring material in the .circuit cannot sufficiently be prevented. Wen the
‘concentration is higher than the specified range, no additional advantage

be f d, -and ' | i ' f .
e e Tound. - g GARGEDL Bl kS, B PLEEBh MR ) i,
e R S

silicon, polikgbhtieAla 1%?'& @ PlbtRedist APplidd WHLD LR ikdrganie BuBsirays, a
titanium titaniumtungsten, titaniumnitride, and tungsten; conpoun

sem conduct orfayes Usth a2 phasbrdsiss destiintng oaftel udtypRachity Wi, aAnihorganic
I ndi um phosphorus; and gl ass substrates of LCD. . The renovi ng agent

conposi ti on fsatbsirgteowhiehi it nudskede byr tlsedayenventresidues of e laper nféravi ng

a photoresist |ayer applied onto an inorgani c substrate, a photoresist

| ayer whi ch iphdtefesistremaimgngaéfter datyyetching of an inorganic substrate which

- is masked by the layer and subsequent ashing of the layer can be
removed easily at a low temperature in a sho_rt time. Ultra-fine working
is enabled without causing corrosion of the wiring material of the circuit
at all. The product obtained after the removal of the photoresist can be
rinsed with water alone, and rinsing with an organic solvent, such as an
alcohol, is not necessary. Integrated circuits can be produced with a
high accuracy. Therefore, in accordance with the process for producing
a semiconductor integrated circuit.of the present invention, integrated
circuits having a high accuracy can very advantageously be produced
industrially.

The present invention is described in more detail with reference to
examples in the following. However, the present invention is not limited
by the examples. |

Figure 1 shows a sectional view of a semiconduc_tbr integrated
circuit obtained by forming a circuit of aluminum 3 by dry etching using
a layer of a resist 4 as the mask. In Figure 1, the substrate 1 of the
semiconductor integrated circuit is coated with a layer of an oxide 2, and

has layers at the sides 5 to protect the sides during the etching.

| Figure 2 shows a sectional view of a semiconductor integrated



etching of. an inorgani c substrate nasked with a photoresist |ayer, or _
.residues of a photoresist which are left remaining after dry etching of an
i norgani ¢ substrate nasked with a photoresist |ayer and subsequent ashi ng
of the photoresist layer. In the operation of renoving the |ayer or the
resi dues, heating or a treatnment by ultrasonic wave nmay suitably be used in
conbi nati on. In general, the layer or the residues of the photoresist

fficiently b d at, . t t . ti t t t
by ult r asoni ey OBaRed by RRhingcthq 12¥e el Aareiat ik 4R semicanguctor
T amovi ng. ag SREEIRFER APTSch SHOWEh&n TSR MAGLATTERS HBRRGCFo Toptie e
renovi ng ag ' | \ ! . )
emovi g g RVCLahRasRRtan BY FIRBh Bk reiod PR USRResist of thd B’ "

necessary t Eutd gﬂ,_qt ' t nﬁggo 1St 1S
rinsed wit hh(gﬁ.ne Tg?ganﬁlg SO lvag}r%%éltg?gﬂﬁgg%%ﬁ sgtfecsg?g%@h%trfﬁrﬁl n ﬁtﬁﬁivix"/at er
al one is sufidipgefimoved by the oxygen plasma although the uppér parts of the
To summari ze the advantages of the present invention, by using the renoving
agent conposiesiditest ore defdrnicd 15 sath &f nidimei g rthey are open with respect

to the central line of the circuit of aluminum 3.

Examples 1 to 9 and Comparative Examples 1 to 4
The semiconductor integrated circuit shown in Figure 1 was
immersed into a removing agent comphdsition having a composition
shown in Table 1 for a -specified time. After being immersed, the
integrated circuit was dried and observed under an eleqtron microscope
(SEM). The property for removal of the layer of a photoresist 4 and the
residues of the photoresist 5 and the corrosion of the circuit of aluminum
(AL) 3 were evaluated by the observation, and the results are shown in
Table 1. The results of the evaluation are shown in accordance with the
following classification:
(the property for removal)
O: completely removed
A: partly remained
X: mostly remained
(the corrosion) |
O: no corrosion at all

A: partial corrosion



invention, a layer of a photoresist applied onto an inorganic substrate, a
J-ayer of a photoresist remaining after dry etching of an inorganic
substrate which is masked by the layer, or residues of a |layer of a
photoresi st remaining after dry etching of an inorganic substrate which is
masked by the |ayer and. subsequent ashing of the |ayer can be renoved
easily at a low tenperature in a short tine.. Utra-fine working is enabl ed

Wi t hout causi ng corrosign of i rLing.qaterial of the circuit at all. The
product obtained after ghe rg‘%%h\el}ae}/\é%w@ﬂgaphot oresi st can be rinsed with
_-water alone, and rinsing wth an organic solvent, such as an al cohol, is

not necessary. Integrated circuits can be produced with a high accuracy.
Therefore, in accordance with the proc t§|'ef10_r1produci ng a sem conduct or
integrated circuit of the present invention, Integrated circuits having a

hi gh accur acy—tam very advantageousty beproduced fmdustriatty— - The
present invention is descri beateInaty e det aiMaclgprhili¢ @minenccsvesr él?&l?'Pdl es in
the fol | owing. However, tHemppRELBYdEoXident i on i€™AM™ inited by the :
exanpl es. Fi gur e +—shows—a—seet+onral —~Hew—of—a—serm-€ enrtuctor———
integrated circuit obtained fypefor mmogn@ circuyge @momhtimi numtgpeby aamopnt
etching using a layer of a resist (Plyswithe mask. (fabyFitgure 1, thel%sbbwt) ate
1 of the semconductor integrated circuit is coated with a layer of an

oxi de 2, and has layers at the sides to protect the_sides dyring the
et chi ng. "i*—’f‘ﬁ‘ﬁyle 2 sﬁﬁ\ﬁ%‘“eﬁ%‘écti al vilddresng s con&aﬁ’efaf 10
i ntegrated . ammonivm 10
hydroxide
(TMAH) .
Example 2 trimethyl(2- 10 hydrazine 15 sorbitol 10
hydroxyethyl). _
ammonium
hydroxide
(choline)
Example 3 .choline 10 methyl- 15 sorbitol 10
hydrazine
Example 4 TMAH 10 hydroxylamine 15 sorbitol 10
Example 5 choline 10 hydroxylamine 15 sorbitol 10
Example 6 TMAH 10 hydroxylamine 15 xylitol 10
Example 7 TMAH 15 hydroxylamine 10 sorbitol 15
Example 8 TMAH 5 hydroxylamine 20 sorbitol 10
Comparative TMAH 10 - - - -
Example 1 _
Comparative TMAH 10 hydroxylamine 15 - -
Example 2 '
Comparative - - hydroxylamine 156 sorbitol 10
Example3 :
.Comparative - - - - sorbitol 15
Example 4




., ..Shown in Figlre T was |rmersed Into a re

ci.rcuit obtained by ashrng the layer of a resist 4 in the sem conductor
.integrated circuit shown in Figure 1 with oxygen plasma to renove the |ayer
of aresist 4. In Figure 2, the residues of the photoresist at the sides
(the accunul ated | ayers to protect the sides) 5 are |left renmining w thout
bei ng renoved by the oxygen plasma al't hough the upper parts of the residues -
are defornmed in such a manner that they are open with respect to the
central line of the circuit of alum nugpR.1.geExanples 1 to 9 .and
‘Conparative Exanples -1 to 4 The sem conductor integrated circuit
X1 Ng. agent co srtlon havrng a

+- conposition shown in Table 1 WRIST A spe@f‘f %ﬁ'?ﬁme Bielp E’er ng | ‘F&xﬁed’

the integrated circuit was dried and observe under 2n &lectron® W croscope
(SEM. The property for renoval of —thetayer_of a-photoresyst—4 and t he
resi dues of the photoresist 5 and t®EPEgIestiBR ofayf’hé c‘i;f £ off &4 num
(AL) "3 were eval uated by the observation, and the P & shown in

.-‘H
}X1

Table 1. The results of the%eﬁ/al latio i 1psistk cor’iféﬁ&e with the
foll owi ng classification: R'he gr pert r rem)val) : O
conpletely r : .
nostly remai fgdmplel  (the c@brosion) (W} noQorrosi@n at all
A parti al ExamptSs ON 65 50 10 0 O - (o)
Example 3 65 50 10 O 0 @)
Example 4 65 50 10 O o o
Example § 65 50 10 O @) o
Example 6 65 50 10 O O o
Example 7 60 40 10 @) O 0
Example 8 65 60 10 O o o
Comparative 90 50 10 o A X
Example 1 _
Comparative 75 50 10 O 0} X
Example 2 '
Comparative ¥} 50 10 X X @)
Example 3
Comparative 8 50 10 X X O
Example 4

Examples 9 to 16 and Comparative Examples 5 to 8

The semiconductor integrated circuit _shown in Figure 2 which
had been treated by the ashing was immersed into a removing agent
composition having a composition shown in Table 2 for a speciﬁed time.
After being immersed, the integrated circuit was rinsed with ultra-pure
water, dried, and observed under an electron microscope (SEM). The

property for removal of the layer of a photoresist 4 and the residues of the

13



X. . severe corr05|on ' Table 1 - 1

.quat’er nary nucl eophilic am ne . sugar al cohol : anmoni um

_hydr oxi de "~ conpound type anount type

: anmount type anount (% by w.) (% by

C W) (% by w-.) Exanmple 1 t et ramet hyl - 10 hydrazi ne -

" 15 sor bi t ol 10 anmoni um hydr oxi de

. (T'VAH) Exanpl ghetoresist {5 hfilflt the terrosioklof the iU b @lumiRum (AL) BoWeirk ol
hydr-oxyet hyl ) - anmoni um

: hydr oxide - evaluated by the(sb¥ervation, and the results are shown in Table 2. The
results of the evaluation are shown in accordance with the same

clasiﬁcation as that used for the results shown in Table 1.

14



chblyné 10 " . methyl - 15 sor bi t ol 10

Exanpl e 3

.hydriazi ne Exanple 4 TMAH 10  hydroxyl am ne 15

- sorbitol 10 Exanple 5. chol i ne 10 hydr oxyl am ne 15

sor bi t ol 10 Exanple 6 TVAH 10 hydr oxyl am ne 15

xylitol 10 Exanple 7 TMVAH 15 hydr oxyl am ne 10

sor bi t ol 15 Exanple 8 TMAH 5 hydr oxyl am ne 20

sor bi t ol- 10 - Conparative TVAH 110 ' - -

' - Exanple 1 -Conparative ?ﬂ%ﬁ} 10 hydr oxyl am ne 15
Exarrpl e 2 Conparative quyi am e 15

sorbi t ol 10 Exanple 3 Co gp%ﬁer nucleop ilic’ amine sugar alcohol

) sorbitol 15 Ex amqgorgfum hydroxide compound

Table 1 - 2 Wert-eF —eofett-tonr—of —property—f or
corrosion type amount t r &me nemount r &ypevalgmount  of
circuit (% by médper at ur e (Pbyawt)| ayer of rf&dyddtds
of AL 3

Example 9 tetramethyl- 10 | hydrazine 15 sorbitol 10
ammoniuam
hydroxide
. (TMAH)
Example 10 trimethyl(2- 10 hydrazine 1§ sorbitol 10
hydroxyethyl)- .
ammonium
hydroxide
(choline)
Example 11 choline - 10 methyl- 15 sorbitol - 10
hydrazine
Example 12 TMAH 10 hydroxylamine 15 sorbitol 10
. Example 13 choline 10 hydroxylamine 15 " sorbitol 10
Example 14 TMAH 10 hydroxylamine 15 xylitol 10
Example 15 TMAH 15 hydroxylamine 10 sorbitol 15
Example 16 TMAH 5 hydroxylamine 20 sorbitol 10
Comparative TMAH 10 - - - -
Example 5
Comparative TMAH 10 hydroxylamine 15 - -
Example 6
Comparative - - hydroxylamine 15 sorbitol 10
Example 7 . '
Comparative - - - - sorbitol 15
Example 8




phot.o-  of photo- | _ - resi st

.resrst ' (% by w.) ([err] O (mn) Exanple 1

65 50 ~ 10 - . O O O Exampl e 2 65
- 50 ' 10 O o O Exampl e 3 65 50
10 O O : O Exampl e 4 65 50 10
O] O O Exampl e 5 65 50 10 (O 1.
10 O Exanpl e 6 65 Table 22G 10 O O
O Exanple 7 ' 60 40 10 O O O

Exoﬁpm;:’ :t ?ve _ ' 3(5) watergg cor]f tion of 8 pmpertq?xlj ] orr.osig'%\ :

Exanpl e 1 Conparative 75 br % ent 10 removy% of cir

x Exanple 2 Conparative 75 50 X
O Exanpl e 3 Conparative g5 temperatures time Besldues of( of AL 3,

O Exanpl e 4 Exanples 9 t 6 _and Co fative . anpl 82“3“?‘6" 8 The
sem conduct or integrat ed Ci &%é’( Y"gghovmnq%ﬁ Fi gu((re“e'Eé< Whl ch had been treat ed
by the ashi ng—was—nre . e

conposi tion sExamplé & TabI e 2 fﬁ§r a speC|50| ed tia. o ®)
Example 10 65 5 10 O 0
Example 11 65 50 10 O ®)
Example 12 % 50 10 0 O
Example 13 65 50 10 O o)
Example 14 65 50 10 o O
Example 15 60 40 10 o . O
Example 16 65 - 60 10 O O
Comparative 90 50 10 A X
Example 5
Comparative. % 50 10 O X
Example 6
. Comparative 75 50 10 X 0
Example 7
Comparative 8 50 10 X @)
Example 8




After being i rrrrersehd, t He"i“ﬁt—egT”aT@d—ciTE'uiT. was rinsed with ultra-pure
.water, dried, and observedTMggtﬂgg'Bc@,{pﬁa&gn m croscope (SEM. The

~prtoperty for renoval of.the toresist 4 and the residues of
t he ' M“m I |013 photoresist 5 and the
. corrosion of the circuit of 3 were eval uat 2 I '
: observation, and the results are shown in Table | .w EEPHAS BEEN | t he
- eval uation ar C185%8 ce with the sang clasgipi qabi on ag that
@Eggﬁu?}[@-gz'om Lij : . REPL

i used for the able 1.

1; A removing agent composition for a photoresist comprising 0.01 to 20
% by weight of a quaternary anﬁnonium hydroxide represented by the
general formula [(R})3N-R]+-OH- (wherein R represents an a_lkyl group
having 1 to 4 carbon atoms or a hydroxy-substituted alkyl group having 1
to 4 carbon atoms, and R! represents an alkyl group having 1 to 3 carbon
atoms), 1 to 80 % by weight of a nucleophilic amine having an oxidation-
reduction potentigl, 0.5 to 20 % by weight of a sugar and/or a sugar

alcohol, and water in the remaining amount.

2. A process for producing a semiconductor integrated circuit
comprising removing a photoresist applied onto an inorganic substrate

by using the removing agent composition described in Claim 1.

3. A process according'to Claim 2 wherein a mask is formed on the
inorganic substrate with a layer of the photoresist,. the portions of the
inorganic substrate not coated with the mask are dry etched, and then

the layer of the photoresist formed to the mask is removed.

4. A process according to Claim 2 wherein a mask is formed on the
inorganic substrate with a layer of the photoresist, the portions of the
inorganic substrate not coated with the mask are dry etched, then the
layer of fhe photoresist formed to the mask is ashed, and residues of the

photoresist remaining after being ashed are removed.

’ N N O



14 -

ABSTRACT OF THE DISCLOSURE

A removing agent composition for a photoresist comprising 0.01 to
20 % by weight of a quaternary ammonium hydroxide, 1 to 80 % by weight
of a nucleophilic amine having an oxidation-reduction potential, 0.5 to 20
% by weight of a sugar and/or a sugar alcohol, and water in the
remaining' amount; and a process for producing a semiconductor
integrated circuit comprising removing a photoresist applied onto an
inorganic substrate by using the al;ove removing agent composition.

A layer -of a photoresist applied onto an inorgani_c substrate, a

layer of a photoresist remaining after dry etching of an inorganic

‘substrate which is masked by the layer, or residues of a layer of a

- photoresist remaining after dry etching of an inorganic substrate which

is masked by the layer and subsequent ashing of the layer can easily be
removed at a low temperature in a short time. The wiring material of
the .circuit is not corroded at all, and ultra-fine working can be

performed.

THIS SHEET HAS BEEN
REPLACED

Sheet Has Been Reﬂlaced

T



Table 2 - 1

. quat ernary

nucl eophi li ¢ am ne

-.sugar al cohol anmoni um hydr oxi de conpound
type anmount type anount type anount
(% by w.) (% by wt) (% by w.) Exampl e 9
t et r anet hyl - 10 -hydr azi ne 5 sor bi t ol 10
anmoni um hydr oxi de F} l(; (TMAH) Exanple 10
trimethyl (2- - 10 hydr azi ne 15 * “sorbitol 10

" hydr oxyet hyl") - ammoni um | hydr oxi de

~ (choline) Exanple 11 chol i ne 10 - met hyl - 15

- sorbitol 10 4 hydr azi ne Exanple 12
TVAH .10 hydroxylgg:ne 15 sor?itol 10 Exanple 13
chol i ne 10 hydr oxyl atn T} t ol 10 Exanmpl e 14
TVAH 10 - hydroxyl am ne -+ | ol 10 Exanple 15
TVAH 15 hydr oxyl ami_ne sototroi 3 15 Exappl e 16
TVAH 5 hydr oxylfam-ne

20 sor bi t ol

)

FIG.2

4{—————1

|,

.‘?/2
4{———-1
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REPLACED
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Copar at i ve TMAH 10 . = R .
‘. Exanpl e 5 Conparative TMAH . . 10 hydr oxyl am ne 15 Exanple 6

Conparative - hydr oxyl am ne 15 sor bit ol 10
Exanpl e 7 Conpar at ive - - - sor bi t ol
15 Exanple 8 Table 2 - 2
wat er condi ti on of propertyﬂ&. corrosion
treat TeNABSTRACT OF mmscx.% rcFuu t 9 pHOTORESIST AND PROCESS FOR '
t enper at WEMOWY 4P 25 STRCUT
phot or esiBR : -y ' (mn) Exarrpl e
9 6 anpl e
10 ? removing agegg compos1t10rf}gor a photoremstd:ompnsmg 0. 08 Eﬁ anpl e
11 ?JiFn)(alTpl e
12 20 %@ weight of a quggernary amm%gmm hydroxide, 8 to 80 % by w Jlllzlkarrpl .
13 of a Racleophilic amin®having an oxiflation-reductionPotential, 0.5 o’ 20
% by weight of a sugar and/or a sugar alcohol, and water in the
remaining amount; and a process for producing a semiconductor
integrated circuit comprising removmg a photoresist applied onto an
inorganic substrate by using the above removing agent composition.
A layer of a photoresist applied onto an inorganic substrate, a
layer of a photoresist remaining after dry etching of an inorganic
substrate which is masked by the layer, or residues of a layer of a
photoresist remaining after dry etching of an inorganic substrate which
is masked by the layer and subsequent ashing of the layer can easily be
removed at a low temperature in a short time. The wiring material of
the .circuit is not corroded at all, and ultra-fine working can be
performed.
= FIG. 1
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Exanmpl e 14 65 . 50 - 10 O O
‘Exanpl e 15 60 ; 40 . 10 O o]
Exanpl e 16 65 ' 60 10 O O
Conpar ati ve 90 501 10 [err] X
Exanpl e 5 Conparative 75 SO 10 - 0
x Exanple 6 Conparative, 75 50 10 X -
O Exanpl e 7 Conparative ' 50 10 X
O Exanple 8 .FS' CE- l

4

5'\ _L3 2
—
) | . . %‘.
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16 . 17 WHAT IS CLAIMED I S: 1. A
renovi ng agent conposition for a photoresist ‘conprising 0.01 to 20 % by
wei ght of a quaternary anmoni um hydroxi de represented by the general

formula [(Rlerr])[err]NNR +. O+ (wherein R repres p having
1 to 4 carbon atoms or a hydroxy-substijputed al ky o4
carbon atons, and Rlerr] represents an-alkyl grou cdr bon
atons), 1 to 80% by wei ght of at |east one conp $6! guNezod r qm|t he
group consisting of hydrazines represented by t general fornulja
Rlerr]Rlerr]N-NR[err]R[err] (wherein Rerr], Rerjr]; Rjerr]
represent eWHADISGEAIMBD I8: an al kyl group, cycl oal kyI group} an

al kenyl -group, an aIkynyI group, a substituted carboxyl group, an-
al kyl ami no group; or a hydroxy-substituted al kyl group, each having 1 to 6
carbon atons and hydroxyl am nes represented by the general fornula
Rlerr]Rlerr [IN & rqmovr]ng amtecqmnpetmp for 2 phptoreaist Rosprising 0.01 to 20

% by weight of a quaternary ammonium hydroxide represented by the
general formula [(R1)sN-R]+-OH- (wherein R represents an a_lkyl group
having 1 to 4 carbon atoms or a hydroxy-substituted alkyi group having 1
to 4 carbon atoms, and R1! represents an_.alkyl group having 1 to 3 carbon

.' etomfs)',_l to 80% by weighf of at least one
-compouhd selected from the group cozisisting of

::hydrazmes represented by the general formula RIR2N -NR3R4 (wherein
:'Rl R2, R3, and R4 represent each hydrogenma,tom or an. alkyl group, 2

cycloalkyl group, an alkenyl group, an . alkynyl group, a substituted . |
carboxyl group, an alkylamino group, or a hydroxy—subshtuted alkyl._

group, each havmg 1 to 6 carbon atoms),. and ,hydro:quaxmnes |

represented by the general formula RIR2N-O-R3 (wherem R, R2 and R3 -
represent each hydrogen atom.or an alkyl group, a cycloalkyl group, an
alkenyl group, an alkynyl group, a subst1tuted carhoxyl group, an
alkylamino group, or a hydroxy—substltuted alkyl group; each having 1 to

6 carbon atoms) 0.5 to 20 % by we1ght of a sugar and/or a sugar

alcohol, and water in the remaining amount. .

2. A process for producing a ‘semiconductor jntegreted circuit
comprising removing a photoresist applied onto an inorganic substrate

by using the removing agent composition described in Claim 1.

) O O O VR \o12- ¥
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represent each hydrogen atom or an al kyl group, a cycloal kyl group, an

al kenyl group, an al kynyl group, a substituted carboxyl group, an

al kyl am no group, or a hydroxy-substituted al kyl group, each having 1 to 6
carbon atons), 0.5 to 20 % by wei ght of a sugar and/or a sugar al cohol,
and water in the remaining anount. €: A process for producing a

sem conductor integrated circuit conpr} I ng renoving a photoresist applied
onto an inorganic substrate by using the renoving agent conposition
described in Claiml. _ 18 3. A
process according to Caim2 wherein a nmask is fornmed on the inorganic
substrate with a | ayer of the photoresist, the portions of the inorganic
substrate not coated with the mask are dry etched, and then the | ayer of

t he phot or esd. stA fanocess taccordingatrk GlgimeRowherein a mask is formed on the

inorganic substrate with a layer of the photoresist,‘ the portions of the
inorganic substrate not coated with the mask are dry etched, and then

the layer of the photoresist formed:to the mask is removed.

4. A process according to Claim 2 wherein a mask is formed on the
inorganic substrate with a layer of the photoresist, thg portions of the
inorganic Substrate not coated with the mask are dry etched, thgn the
" layer of fhe photoresist formed to the mask is ashed, and residues 'o_f the

photoresist remaining a&er.beix_lg' ashed are removed.

REPLACEMENT SHEET
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4. A process according to daim2 wherein a mask is formed on the inorganic
substrate with a | ayer of the phot.oresi‘st, the por .
-substrate not coated with the mask are dry etched, %NTa&ﬂEETof t he
photoresist fornmed to the mask is ashed, and resi resi st
remai ning after being ashed are rermv%

REMOVING AGENT COMPOSITION FOR A PHOTORESIST AND PROCESS

FOR PRODUCING A SEMICONDUCTOR INTEGRATED CIRCUIT

ABSTRACT OF THE DISCLOSURE

A removing agent composition for a photoresist comprising 0.01 to
20 % by Weight of a quater.nary.ammonium hydroxide, 1 to 80 % by weight
of a nucleophilic amine having an oxidafion—reduction poténtial, 0.5 to 20
% by weight of a sugar and/or a sugar alcohol, and water in the

~ remaining amount; and a ia:cocess for producing a semic'onductor
integrated circuit compnsmg removmg a photore51st apphed onto an
inorganic substrate by usmg the above removing agent composition.

A layer of a phqtoresist applied onto an inorganic sub‘strate,. a
layer of a photoresist remaining after dry étching of an inorganic
substrate which is masked by the layer, or residués of a iayer of a

| photo-reéist remaining after dry etching of an inorganic substrate which
| is masked by the léyer and subsequent ashing of the layer can easﬂ’y‘-* be-
femoved at a low temperature in a short time. The wiring niaterial of
the circuit is not corroded at all, and ultra-fine working can be

performed.

FIGURE 1



