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substances attached to the surface of semiconductor substrates and a
process for cleaning using the solution. More particularly, the present
invention relates to a cleaning solution which can remove substances
strongly attached to the surface of semiconductor substrates without
damaging metal wiring and interlayer insulation films on the

semiconductor substrates and a cleaning process using the solution.

BACKGROUND ART

At present, in general, the lithography is used as the process for
producing semiconductor devices such as the highly integrated LSI.
When a semiconductor device is produced in accordance with the
lithography, in general, the process for the production is conducted in
accordance with the following series of steps. Electrically conductive thin
films such as metal films used as the electrically conductive material for
wiring and interlayer insulation films such as silicon oxide films used for
insulation between electrically conductive thin films and wiring are
formed on a substrate such as a silicon wafer. Then, the surface of the
obtained substrate is uniformly coated with a photoresist to form a

light-sensitive layer, and a desired pattern is formed on the photoresist by



the selective exposure to light and the devel oping treatnent. Using the
formed resist pattern as the nask, the thin filmbelow the resist |ayer is
selectively etched, and the desired pattern is formed on the thin film

bel ow the resist |layer through the resist pattern. Thereafter, the resist 5
pattern is conpletely renoved. Recently, sem conductors are highly

I ntegrated, and the formation of a pattern of 0.18 mor smaller is
required. As the dinmension of the working becones finer, the dry etching is
becom ng tfhe sRedtiw egessurdBdightoand tbesiiveldping teéathérg. t ésingerhie. | n the
dry etching treatnment, it is 10 known that residues derived fromthe dry

et chi ng gaermicdereststi mittertthas fthé madlartheothin nfginabdlavatbe iraist layéths chanber
of the dry etching apparatus (hereinafter, these residues will be referred
to as the seledtivedy redshedieahdathe dpsireddattemois iformed non Haeptininpfidmy of t he
pattern formed by the treatnment. Wen the etching residues renain at
portions ibEpwethentesist lyver Hhrpegh ghempsist patternol ddierenfien the resest
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sol ution tf%¥eciepée';}g&i\dé’%téhQn%hﬁ‘eatment. In the dry etching treatment, it is

10 known that residues derived from the dry etching gas, the resist, the film
for working and materials in the chamber of the dry etching apparatus
(hereinafter, these residues will be referred to as the etching residues) are
formed at portions in the periphery of the pattern formed by the
treatment. When the etching residues remain at portions inside and in

15 the periphery of via holes, there is the possibility that undesirable
phenomena such as an increase in the resistance and electric short circuit
arise.

Heretofore, as the cleaning solution for removing etching residues
in the step of forming metal wiring in semiconductor devices, for example,

20 organic amine-based removing solutions composed of a mixed system of an
alkanolamine and an organic solvent are disclosed in Japanese Patent
Application Laid-Open Nos. Showa 62(1987)-49355 and Showa
64(1989)-42653.

When the organic amine-based removal solution 1s used,

25 dissociation of the amine in the removal solution takes place due to the

moisture absorbed in washing with water after the removal of the etching



nmoi sture absorbed in washing with water after the renoval of the etching 2
residues and the resist. The solution becones al kaline and, as the result,
there is the possibility that netals of thin filns used as the nmaterials for
fine working of wiring are corroded. This causes a problemin that an
organi ¢ sol vent such as an al cohol nust be used as the rinsing liquid to 5
prevent the corrosion. As the cleaning solution exhibiting nore excellent
ability of renoving etching residues and cured |ayers of the resist than
that of thesidifegaiidctlatdesthaie sdativhh@conksbillodlind hudy anehdasadt,cl eani ng

solutions conposed of a fluorine conpound, an organic solvent and a
corrosi on theré nd ke possibilitydibet | metds ofl thapihms exsPdtantheApptenals for
Lai d-Open Nos. Heisei 7(1995)-201794 and Heisei 11(1999)-67632. However,
due to rdmntwabting ef wirng arercerwidetihe Tiiy catisds agpioblemeimpthatess f or
produci ng sem conductor devices, the resist itself tends to be degraded
with the orgenic saluent snchias an yaleshohimystabe tusedtasrplre ainging diquifetodr y
etching, and 15 the conpl ete renoval of the etching residues with the above
or gani drreNenhHeepire®oRi ng sol utions or the above fluorine-based aqueous
solutions is becomng difficult, Lt is becomng difficult due.fo t gr eat
el ectric resi st“g%cglec ganing:isolufien nexaibyingy ?ale§°€’LLjL‘fﬂtai32ﬁ1f’@' a‘?r}ﬁm num as
t he mai n conponent 20 which have heretofore en _us frequently as the
W ring. maoBPOE i ekt AT S 1AV S S AR TR RE b, At P o
copper al on h hIin mat eri al,. .8 i ngreasing. her it 1S
o tant WERR bikTaf HsO€ anfEk i S0t or JFIEER Bhed PEARE Sphtblsd a1
that the %&}%d&gd of a fluorine compound, an organic solvent and a corrosion
10 1inhibitor are disclosed in Japanese Patent Application Laid-Open Nos.
Heisei 7(1995)-201794 and Heisei 11(1999)-67632. However, due to
recent severer conditions of the dry etching in the process for producing
semiconductor devices, the resist itself tends to be degraded with the
gases used for the dry etching at the temperature of the dry etching, and
15 the complete removal of the etching residues with the above organic
amine-based removing solutions or the above fluorine-based aqueous
solutions 1s becoming difficult.
It is becoming difficult due to the great electric resistance that a
circuit made of materials containing aluminum as the main component,
20 which have heretofore been used frequently as the wiring material, works
properly at a high speed, and the utilization of copper alone as the wiring
material is increasing.  Therefore, it is important for producing
semiconductor devices having an excellent quality that the etching
residues are efficiently removed without damaging the wiring material.

25 The organic amine-based cleaning solution and the fluorine-based

cleaning solution, which contain great amounts of organic solvents, cause



residues are efficiently removed w thout damaging the wiring material. 25

. The organi ¢ am ne-based cl eaning solution and the fluorine-based cleaning
sol ution, which contain great anmounts of organic solvents, cause 3 a
problemin that great effort on the environnment such as assurance of safety
and treatnments of waste fluids is required, and the neans for overcom ng
the problemis becomng inportant. For exanple, an acid-based cl eaning
agent which is an aqueous solution of an organic acid 5 is disclosed in

Japanese BaheiHleAPR that ig98at-8fdrtDe thBenvikimRbnt SHCH IB8hsdAalte oInd an

aci d- based cl eaning agent which is an aqueous solution of nitric acid,

sul furic aafétyansd plieaphents oGl sstesfldidcio®seguired, laRpnhs emBahenfor
Application Laid-Open No. 2000-338686. However, these cleaning agents

exhi bit i nyufdongingntthabiplroblgni oisr deyisgt cithpertafit.r esFetiesxashiplel have becone
stronger and, in particular, etching residues containing the conponents of
t he i nt er laaykbasets dleahimm agehthwhickher af agaeous soheiqr of esorganicpacduci ng
sem conduct or devices, a cleaning solution which can conpletely renove the
et chi ng resi dissbsedi thodapadnesyyi Patenhe ApplicatjionatleriddDpen pNovi Hessedaf ety in
t he process for 15 produci ng sem conductor devices and exhibits little
adver se efl0SE99)5i2aMe anshany aciddiasedadeaning agent asthicliie pm axmIPOUSNvent i on
has an obj ect .of pravi.ding. a cleaning_ solution  which. can renove etching
resi dues FeHHion 9§ mttie acigeswiyrgiagpd and phogehome @ﬁl@fls\/dlﬁsggged n

S o e 8 Ao PR Dt 268 R BEahCr BRag condct o
a short t itﬁgsew élgé)g{[ngoxalig%irl é "Sedbit® 9hs fc{]eqw ability to remove etching
10 residues which have become stronger and, in particular, etching residues
containing the components of the interlayer insulation films.

Therefore, in the process for producing semiconductor devices, a
cleaning solution which can completely remove the etching residues
without damaging the wiring materials, provides safety in the process for

15 producing semiconductor devices and exhibits little adverse effects on the
environment has been desired.

The present invention has an object of providing a cleaning solution
which can remove etching residues remaining after the dry etching in the
step of wiring semiconductor devices or display devices which are used for

20 semiconductor integrated circuits or after the dry etching of
semiconductor substrate in a short time without oxidizing or corroding
materials of copper wiring and insulation films and a process for cleaning
semiconductor devices, display devices and semiconductor substrates
having metal wiring using the cleaning solution.

25
DISCLOSURE OF THE INVENTION




materials of copper wiring and insulation filnms and a process for cleaning

. sem conductor devices, display devices and sem conductor substrates having
metal wiring using the cleaning solution. 25 DI SCLOSURE OF THE | NVENTI ON 4
As the result of intensive studies by the present inventors to overcone the
above problens, it was found that an excellent cleaning solution could be
obt ai ned by the conbi ned use of an oxidizing agent, an acid, a fluorine
conpound, a basic conmpound and a corrosion inhibitor. 5 The present

i nvention provigesthe( ¥psfitCbRanici@ivolsthlies bhpr thxe PresertiuchPsntdudsior at es,

whi ch conprises an oxidizing agent, an acid and a fluorine conmpound, has a
pH adj ust efveircomae thengbowd pioblenid) ftywaddivindntldt anbemsietlead gleamichgand has a
concentration of water of 80% by weight or greater; 10 (2) A cleaning

sol uti on feslugemicouhtibetabrtamedsby ahesomihned usermfrars esidaringoxgeatitziamg agent ,
an acid, a fluorine conmpound and a corrosion inhibitor has a pH adj usted
in a rangeadd, afuerow tompeiid,ibagit campayind arghp sansigminihgon
concentration of water of 80%by weight or greater; and (3) A process for

cl eani Rg senlcdﬂ@%éfﬁ¥”§db§?¢%@%§r idefig metal 15 wiring, which conprises
cl eani ng h a cl eaning solution described above in_any one of (1) and
(2). BRI E\Ig‘ beepniie WEODQAW yetfuPePstratesw hicth ForgPEISPE &M bi ti ng a

portion of e Seotion o1 i&a A% SHLSIRNUSE IR HaS A HF RSB 3 e bY

range of 3 to 10 by addition of a basic compound and has a concentration
of water of 80% by weight or greater;

10 (2) A cleaning solution for semiconductor substrates, which comprises an
oxidizing agent, an acid, a fluorine compound and a corrosion inhibitor,
has a pH adjusted in a range of 3 to 10 by addition of a basic compound
and has a concentration of water of 80% by weight or greater; and

(8) A process for cleaning semiconductor substrates having metal

15 wiring, which comprises cleaning with a cleaning solution described above

in any one of (1) and (2).

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a diagram exhibiting a portion of the section of a
20 semiconductor device which was obtained by forming a film of silicon
nitride and a film of silicon oxide by deposition on copper wiring at a lower
layer, followed by the treatment by etching and the removal of the
residual resist.
Numbers in Figure 1 has the following meanings:
25 1: Copper wiring at the lower layer

2: A film of silicon nitride



nitride and a filmof silicon oxide by deposition on copper wiring at a

. lower layer, followed by the treatnent by etching and the renoval of the
residual resist. Nunmbers in Figure 1 has the foll ow ng neanings: 25 1:
Copper wiring at the lower layer 2: Afilmof silicon nitride 5 3: Afilm
of silicon oxide 4: Etching residues THE MOST PREFERRED EMBODI MENT TO CARRY
QUT THE 5 | NVENTI ON Exanpl es of the oxidizing agent used in the cleaning
solution of the present invention include iodine, periodic acid, iodic
acid, hydrogen peraxi de,Afilid dfsiieblogid@ ni trous aci d. Anong t hese
oxi di zi ng agents, hydrogen peroxide and nitric acid are preferable, and
nitric acid is nore 40 priétchinplresidibe above oxi di zi ng agent may be used
singly or in conbination of two or nore in the present invention. It is
preferable that the concentration of the oxidizing agent in the cleaning
sol ution of the Dr esent |n§§nt|on |s in tEF ranoe 8f_0 00%)to 10% by wei ght

and nore H , ! Edakp| es of

the acid used in the cleaning solution of the present invention include

i nor gami ¢ organi c acids. Exanples of the |norgan|c aci d include
boric acid, sulfamc aC| phqosphoric acid, car boni c
acid, hydr ochl oé’l‘%mﬁlﬁsoo 3 gé‘g‘é’(’:'i psed Nrglﬁ‘“gp]@ﬁé ‘bfgt;hie aci d,

sul fam ¢ aCI (sjénto rlll(l?l% ntu thlr?c ugé 10?11ne per10d1c acid, iodic acid, hydrogen

peroxide, nitric acid and nitrous acid. Among these oxidizing agents,
hydrogen peroxide and nitric acid are preferable, and nitric acid is more

10 preferable. The above oxidizing agent may be used singly or in
combination of two or more in the present invention. It is preferable that
the concentration of the oxidizing agent in the cleaning solution of the
present invention is in the range of 0.001 to 10% by weight and more
preferably in the range of 0.005 to 8% by weight.

15 Examples of the acid used in the cleaning solution of the present
invention include inorganic acids and organic acids. Examples of the
inorganic acid include boric acid, sulfamic acid, phosphoric acid,
hypophosphorous acid, carbonic acid, hydrochloric acid and sulfuric acid.
Among these acids, boric acid, sulfamic acid, phosphoric acid, carbonic

20 acid and sulfuric acid are preferable, and sulfuric acid is more preferable.
Examples of the organic acid include oxalic acid, citric acid, propionic acid,
acetic acid, malonic acid, maleic acid, glycolic acid, diglycolic acid, tartaric
acid, itaconic acid, pyruvic acid, malic acid, adipic acid, formic acid,
succinic acid, phthalic acid, benzoic acid, salicylic acid, carbamic acid,

25 thiocyanic acid and lactic acid. Among these acids, oxalic acid, citric acid,

propionic acid and acetic acid are preferable. The above acid may be



20 acid and sulfuric acid are preferable, and sulfuric acid is nore
preferable. Exanples of the organic acid include oxalic acid, citric acid,
propionic acid, acetic acid, malonic acid, naleic acid, glycolic acid,
diglycolic acid, tartaric acid, itaconic acid, pyruvic acid, malic acid,
adipic acid, formc acid, succinic acid, phthalic acid, benzoic acid,
salicylic acid, carbamc acid, 25 thiocyanic acid and lactic acid. Anong

t hese aci o) i.C i itk c agl Rr ORI QNjH1C. acl n ic Aacid are
pr ef er abl gfs’e‘ilhgeigg‘go?/lgﬁ{ag?lag%#I%neopts‘g?fsnéén cg’{%nlg %/heoﬁu%snng(l)%%&gtgéll&'onﬁof two or

more in the p‘}hf;‘&gpfe {HMEHe ceh%rati'fo% (f}’ feerall s Eﬂéaéleéﬂﬁlcﬁigdlﬁﬁ%r&t i on of

the acid in't eani ng solution o he present 1 nventi I's In the range

of 0. 001 tge30% BNt WS orPRIREraics£ Al ol T0% N walgR Ald h@eS to 8%

by wei ght. The concentrations of 5 the oxidizing agent and the acid may be

the same wWreberablyin ftRe @ahgh 'M0.005.6H 894 MeTweight! S Theedodicahtr@tidmdtoft he ratio
of the anount by weight of the acid to the anmount by wei ght of the

oxi di zbng thgaididizing agehe ahdngR: 8¢idOmiy BeOtHe 0Rfhe Withcopdefferieallfyomn t he
range of 1.0 to 100 and nost preferably in the range of 1 to 60. 10 The
concent r atdach athenat Hrisiprefdrabid eati thg soiwdf the hmod@¥obyr weghgadfetheand
preferably 85% or greater. By adjusting the concentrations of the oxidizing
agent, thacatitd thadmemneby iweight ofiblow exidazigesa gartesancthienpngesofddds can be
efficiently renoved, and corrosion of wiring materials can be effectively
suppr essedo 180G xmape prefotahlidnftbggange of an)gQJ A80wawdmiont prefeprklydnt

i nvention _include hydrofluoric acid, ammoni um fluoride, acidic ammonium
fluoride t&ﬁéaﬁﬂatoérlnté?r@p-annoni um fl uoride represented by the follow ng

gener qb The concentration of water in the cleaning solution is 80% or
greater and preferably 85% or greater.

By adjusting the concentrations of the oxidizing agent, the acid and
water in the above ranges, the etching residues can be efficiently removed,
and corrosion of wiring materials can be effectively suppressed.

15 Examples of the fluorine compound used in the present invention
include hydrofiuoric acid, ammonium fluoride, acidic ammonium fluoride
and quaternary ammonium fluoride represented by the following general

formula (1):

B RY 1+
|
RE —_N—R*| F
_ R’

- (D)

20 wherein R1, RZ, R3 and R4 each independently represent an alkyl group, a
hydroxyalkyl group, an alkoxyalkyl group or an alkenyl group each having
1 to 6 carbon atoms or an aryl group or an aralkyl group each having 6 to

12 carbon atoms.



formula (1): R + R2 -N R4 F 13 (1) 20 wherein R, R2, R3 and R4 each

I ndependently represent an al kyl group, a hydroxyal kyl group, an

al koxyal kyl group or an al kenyl group each having 1 to 6 carbon atons or an
aryl group or an aral kyl group each having 6 to 12 carbon atonms. 7 Exanpl es
of the quaternary ammonium fluoride represented by general formula (1)

I ncl ude tetranet hyl ammoni um fl uori de, tetraethyl amoni um fl uori de,

triethyl nmet hyl ammoni um fl uoride, trinethyl hydroxyethyl anmoni um fl uori de,

tetraethanolang&ghgﬂk %ﬁﬁ ggg h &k H%Q 8RR | de. Anong
t hese conpounds, nn%ﬁ#t#%%l O}I elgﬁ% teéé%ﬁ%t y énnpn?h%%%ﬁhgfﬁ%e are
preferabl gendhg allgygulld uor(ine oQIAQMNdSefRNAByLaRMRIRH Y Buokide,

conbi nati on of two or nore in the present i nven?’l on. The concentrafion 10

of the fl uctir-hoiytomResridm N fheridecanithigth@ntthoThRnontemPr eflRltidenvent i on
Is preferably in the range of 0.001 to 15% by wei ght and nore preferably in

t he range tiifne@h Py droxjéttybym@ingtiin  Witworide cobeteaé thatniodamatorninen f 1 uori ne
conmpound is 0.001% by wei ght or greater, the etching residues can be
ef fi ci&nt flporEeovaend \thethylheethamobahnminiaom oflubhelef | uoAimeng5 thespound
exceeds 15% by weight, there is the possibility that corrosion of

compounds, ammonium fluoride and tetramethylammonium fluoride are

preferable. |

The above fluorine compounds may be used singly or in
combination of two or more in the present invention. The concentration

10  of the fluorine compound in the cleaning solution of the present invention
is preferably in the range of 0.001 to 15% by weight and more preferably
in the range of 0.005 to 10% by weight. When the concentration of the
fluorine compound is 0.001% by weight or greater, the etching residues
can be efficiently removed. When the concentration of the fluorine

15 compound exceeds 15% by weight, there is the possibility that corrosion of
wiring materials takes place.

The corrosion inhibitor used in the present invention is not
particularly limited. Corrosion inhibitors derived from various
compounds such as phosphoric acid, carboxylic acids, amines, oximes,

20 aromatic hydroxyl compounds, triazole compounds and sugar-alcohols can
be used. Preferable examples of the corrosion inhibitor include
polyethyleneimines having at least one amino group or thiol group in the
molecule, triazoles such as 3-aminotriazole, triazine derivatives such as
2,4-diamino-6-methyl-1,3,5-triazine, pterin  derivatives such as

25  2-amino-4-hydroxypterin and 2-amino-4,6-dihydroxypterin, and

polyaminesulfone. Among these compounds, polyethyleneimines (PEI)



wiring materials takes place. The corrosion inhibitor used in the present
~invention is not particularly limted. Corrosion inhibitors derived from
vari ous conpounds such as phosphoric acid, carboxylic acids, am nes,

oxi mes, 20 aromatic hydroxyl compounds, triazole conpounds and
sugar - al cohol s can be used. Preferable exanples of the corrosion inhibitor

i ncl ude polyethyl eneimnes having at | east one am no group or thiol group
in the nolecule, triazoles such as 3-am notriazole, triazine derivatives
such as ~gd A ; z io)3Zi ne, pterin derivatives such as 25
2-anino-4%ﬁéég%%ggﬁgﬁﬁ%ﬂgﬁgxgg;ﬁﬁﬁgFﬁf%?dihydroxypterin, and

pol yam nesul fone. Anobng t hese honpounds, pol yet hyl eneimnes (PEI) 8
expressed by the foIIoWCH%CﬂQ%ﬁulae (2): 1 -CH2 CH2 N -CH2CH2NH
-CH2CH2NH2 (2) 5 and having ah average nol ecul ar weight in the range of 200
to 100,000 and nore preferably_in the range of 1,000 to 80,000 are
preferable. As the basrg}éﬁﬂﬁéﬁﬁﬁ‘used in the present invention, bases
having no netal ions ar f@ifble. Exanplg§ of the basic conpound include
amoni a, primary anine§p pdarzy am nes, t }iary am nes, imnes, 10

al kanol.am nes, heterocyclic conpounds which have nitrogen atom and may have
al kyl §r ol hayingan wrageang@ﬁuhﬁromlgmdnqﬂm sangg oI 29Mntoni090R0dr oxi des

ted t he foll ow | f I :
represen ean(f) fhore %‘)ref(z:ra‘t?l\g\rlI irrllgth%ergei‘lrg% of 1%(%l to! 88,?6)00 are preferable.

As the basic compound used in the present invention, bases having
no metal ions are preferable. Examples of the basic compound include
ammonia, primary amines, secondary amines, tertiary amines, imines,

10 alkanolamines, heterocyclic compounds which have nitrogen atom and
may have alkyl groups having 1 to 8 carbon atoms and quaternary
ammonium hydroxides represented by the following general formula (3):

5 1+

RE — n— R® | om

- - (3)
wherein R5, R6, R7 and R8 each independently represent an alkyl group, a
15 hydroxyalkyl group, an alkoxyalkyl group or an alkenyl group each having
1 to 6 carbon atoms or an aryl group or an aralkyl group each having 6 to
12 carbon atoms.
Examples of the primary amine include ethylamine, n-propylamine,
butylamine, 1-ethylbutylamine, 1,3-diaminopropane and cyclohexylamine.
20 Examples of the secondary amine include diethylamine,
di-n-propylamine, di-n-butylamine and 4,4’-diaminodiphenylamine.

Examples of the tertiary amine include dimethylethylamine,



R+ R6 - N- RROH 17 (3) wherein R5, R6, R7 and R8 each independently
represent an al kyl group, a 15 hydroxyal kyl group, an al koxyal kyl group or
an al kenyl group each having 1 to 6 carbon atonms or an aryl group or an
aral kyl group each having 6 to 12 carbon atons. Exanples of the primary

am ne include ethylam ne, n-propylamne, butylamne, 1-ethylbutylam ne,

1, 3-di am nopr opane and cycl ohexyl am ne. 20 Exanples of the secondary am ne
i ncl ude di et hylam ne, di-n-propylam ne, di-n-butylam ne and

4, 4" - di am QiethARRANY BRI, tEARALRSne andn@it@fid@ine.am ne i ncl ude _
di nret hyl et hyl am ne, 9 di et hyl net hyl am ne, triethylam ne and tri butyl am ne.

Exanpl es of theEk#inpted ncofudetHe pr opafei mMinduded 1BpEdpdineityhan aadi m nes.
Exanpl es of the al kanol am ne i ncl ude nonoet hanol am ne, 5 di et hanol an ne,

t ri et hanolkis(dialkydastihyligimenol ami ne and propanol ani ne. Exanpl es of the
heterocyclic conpound which has nitrogen atom and may have al kyl groups
having 1 to 8 clximaplest onf ithel udkkapwlamine iintludeol monpytlemuilamipy,ri di ne,
pyrrolidine, 2-pyrroline, imdazolidine, 10 2-£yrazolineh pyrazol i di ne,

pi peri & nediephanoladiine, and trethanolameineEx anpilieshplethéreolguriner nar gndrmoni um
hydr oxi de represented by

propanolamine.

Examples of the heterocyclic compound which has nitrogen atom
and may have alkyl groups having 1 to 8 carbon atoms include pyrrol,
imidazole, pyfazole, pyridine, pyrrolidine, 2-pyrroline, imidazolidine,

10  2-pyrazoline, pyrazolidine, piperidine, piperadine and morpholine.

Examples of the quaternary ammonium hydroxide represented by
general formula (3) include tetramethylammonium hydroxide (TMAH),
trimethylhydroxyethylammnoium hydroxide (choline), methyl-
trihydroxyethylammonium hydroxide, dimethyldihydroxyethylammonium

15 hydroxide, trimethylethylammonium hydroxide, tetraethylammonium
hydroxide, tetrabutylammonium hydroxide and tetraethanolammonium
hydroxide. Among these basic compounds, tetramethylammonium
hydroxide and trimethylhydroxyethylammonium hydroxide (choline),
which are strong bases, are preferable.

20 The above basic compounds used in the present invention may be
used singly or in combination of two or more. The basic compound is, in
general, used in a concentration in the range of 0.01 to 15% by weight in
the cleaning solution. The concentration can be suitably decided so that
pH of the cleaning solution is adjusted in the range of 3 to 10.

25 In the cleaning solution of the present invention, a surfactant may

be added and used to improve the wetting property. As the surfactant,

10



general formula (3) include tetramethyl anmoni um hydr oxi de ( TMAH),

tri met hyl hydr oxyet hyl ammmoi um hydr oxi de (choline), nethyl -

tri hydr oxyet hyl ammoni um hydr oxi de, di net hyl di hydr oxyet hyl anmoni um 15

hydr oxi de, trinethyl et hyl anmoni um hydr oxi de, tetraethyl anmoni um hydroxi de,
t et rabut yl ammoni um hydr oxi de and tetraet hanol ammoni um hydr oxi de. Anong

t hese basi c conpounds, tetranethylanmoni um hydroxi de and

trimet hyl hydr oxyet hyl ammoni um hydr oxi de (choline), which are strong bases,

are pref er@*{;}} esudcthifts AROUBAPRS | Latt IR OYRFRCHSRY, | Sniolifc PEETRantEVENt i ON

may be us singly or in conbihation of two or nore. The basic compound is,

in generahonidARd sutfRtHNIC AMA" ThrioRihd-EorithErdda U REa R0 kaho bdSUsdy. wei ght
in the cleaning solution. The concentration can be suitably decided so that

pH of the Aheag nheso! urfaetdstsadanionge sarfab@intanage ofpréfdrable). aad I n the
cl eaning solution of the present invention, a surfactant may be added and
used to i nphiasphoriveestetrd ohpohroape kethyleAsalklyt eshierfsaghdnthosphOriarestensr f act ant s
i ncluding cationic surfactants, anionic surfactants, nonionic surfactants
and f | dor iofe-podysxyienbylesaalikydt anyls etherdearesemore Appefgrallese Hr fthet ant s,
anionic surfactants are ?referable, and phosphoric esters of olﬁoxy-

et hyl eneal Ryespiomisresten af phedlppordtbylesealleyl st er,pfbrﬁX)@mlhyPéﬁ&iﬂ ¥ " aryl
ethers are nore preferable. As the phosphoric_ester

pol yoxyet 4P Ehledpityrdenaate) mapufaetwiadeby PLAISORH KM%Of@ §EI¥AK% Coane)
it acturg o) DO GHRUER0 B Coge pbh S0 ELESEA B 10 (2
cormer ci al bﬁe%\{(%lill Ei?lld%'str'%s (E(P.,e Ltd. are commercially available. As the
10 phosphoric ester of a polyoxyethylenealkyl aryl ether, for example,
PLYSURF A212E and A217E (trade names) manufactured by DAIICHI
KOGYO SEIYAKU Co., Ltd. are commercially available. |
The surfactant may be used singly or in combination of two or more
in the present invention. The concentration of the surfactant in the
15 cleaning solution is preferably in the range of 0.0001 to 5% by weight and
more preferably in the range of 0.001 to 0.1% by weight.
The cleaning solution of the present invention may comprise other
additives conventionally used for cleaning solutions as long as the object
of the present invention is not adversely affected.
20 pH of the cleaning solution of the present invention is in the range
of 3 to 10, preferably in the range of 3 to 7 and more preferably in the
range of 4 to 6. When pH of the cleaning solution is in the range of 3 to
10, the etching residues can be efficiently removed, and pH can be
suitably selected in this range in accordance with the conditions of the

25 etching and the used semiconductor substrate.

Temperature for the cleaning process of the present invention is

11



10 phosphoric ester of a polyoxyethyl eneal kyl aryl ether, for exanple,

. PLYSURF A212E and A217E (trade nanes) manufactured by DAIICH KOGYO SEl YAKU
Co., Ltd. are conmercially available. The surfactant nay be used singly or
in conmbination of two or nore in the present invention. The concentration
of the surfactant in the 15 cleaning solution is preferably in the range of
0.0001 to 5% by weight and nore preferably in the range of 0.001 to 0.1% by
wei ght. The cl eaning solution of the present invention nay conprise other

addi tives ge@RYEIN iRAEIMnds e rbom fdreFdtabares & 90*@%@&%@@&@% thft obj ect
of the present invention is not adversely affected. 20 pH of the cleaning

sol ution dfe §ligallyesesited MM aRid BingeSid Acdor@ah@Ngfth the Soniditibés oftdkerably in
the range of 3 to 7 and nore preferably in the range of 4 to 6. Wen pH of

t he cl eanietchisg arid te used Beinb@ndawetr afbsdrdte. 10, the etching residues can
be efficiently renoved, and pH can be suitably selected in this range in
accordance wi t FExdmpbsndf tthensemicondacto?5swistin tegt@arwhichethes eteasanigconduct or
substrate. Tenperature for the cleaning process of the present invention is
11 genér alsputiont b thengeresént omventinpeist applied sehidensemieapdnetonr e can

be suitably selected in this range in accordance with_the conditions of the
et chi ng arfibshates ipvyagi metalcrising materile sushags| sdicen, Emeorphwusonduct or
substrate tQ which the cleaning 5. solution Qf the, [fs%p]: i nvention is

appl i ed i it pek cHicong gpide dilaes, hailicay ERETS g CREPEHi al s such

il r ph .Siljcon | ysil.icon,.si]icgon oxi fil ilicon
ﬁ?t ?i deC? Pcfttzh?nrirg{pgp gttséml?m-tlfnogs’tergo t}{t?amugno hlt?‘l e,C ungs‘ce%(,3 tanpgslhrrls, co

tantalum compounds, chromium, chromium oxides and chromium alloys;

10 semiconductor substrates having compound semiconductors such as
gallium-arsenic, gallium-phosphorus and indium-phosphorus; printed
substrates such as printed substrates of polyimide resin; and glass
substrates used for LCD.

The cleaning solution of the present invention can be effectively

15 used for, among the above semiconductor substrates, semiconductor
substrates having metal wiring of copper alone or a laminate structure of
copper and a barrier metal (an interface metal layer) so that the circuit in
a semiconductor device or a display device having metal wiring can work
at a great speed.

20 The cleaning process of the present invention may be conducted in
combination with the ultrasonic cleaning, where necessary. For the
rinsing after the etching residues on the semiconductor device, the display
device or the semiconductor substrate having metal wiring have been
removed, an organic solvent such as an alcohol or a mixture of an alcohol

25 and ultra-pure water may be used. However, in accordance with the

cleaning process of the present invention, the rinsing with ultra-pure

12



titanium titaniumtungsten, titaniumnitride, tungsten, tantalum tantalum
conpounds, chrom um chrom um oxi des and chrom um al |l oys; 10 sem conduct or
substrat es havi ng conmpound sem conductors such as galliumarsenic,

gal I i um phosphorus and i ndi um phosphorus; printed substrates such as
printed substrates of polyimde resin; and glass substrates used for LCD.
The cl eaning solution of the present invention can be effectively 15 used
for, anong the above sem conductor substrates, sem conductor substrates
havi ng netwhto¥ 410A0 i9EuffRpesy, al one or a lam nate structure of copper and a
barrier netal (an interface netal layer) so that the circuit in a

sem conduct or device or a display device having netal wiring can work at a
great speed. 20 The cl eaning process of the present invention may be
conduct ed EKAMBIbBShati on with the ultrasonic cl eaning, where necessary. For
the rinsing after the etching residues on the sem conductor device, the

di spl ay devi ceThe plesestninventiont willshbsdestribedawarg speafically i withhave been
renoved, an organi c solvent such as an alcohol or a m xture of an al cohol 25
and ul t a-fexensat t¢ Bugmpleusorl Comperativé nExamplesanse the t follomangc| eani ng
process of_the present invention, the rinsing wwth ultra-pure 12 water

al one i s sHPWerpwrihe presenPnventipa s mes dimpited fe Hae 6%amiples-pe descri bed nore
specifically with 5 reference to Exanples and Conparative Exanples in the
foll owi ng. However, the present invention is not limted to the exanples.

Examples 1 to 17 and Comparative Examples 1 to 14
Figure 1 shows a diagram exhibiting a portion of the section of a
10  semiconductor device. The semiconductor device was obtained as follows:
a silicon nitride film 2 and a silicon oxide film 3 were successively formed
by deposition on copper wiring 1 at the lower layer in accordance with the
CVD process; the formed laminate was coated with a resist; the resist was
worked in accordance with the conventional photo-technology; the silicon
15 oxide film was etched to have a desired pattern using the dry etching
technology; and the residual resist was removed. As shown in Figure 1,
etching residues were left remaining on the walls formed by the etching.
The above copper circuit device was cleaned with cleaning solutions
shown in Table 1 to 8 under the conditions shown in the tables, rinsed
20  with ultra-pure water and dried. Thereafter, the condition of the surface
was observed using a scanning electron microscope (SEM), and the
conditions of the removal of the etching residues and the corrosion of the
copper wiring were evaluated. The results of the evaluation are shown in
Tables 1 to 4 and in Tables 5 to 8.
25 The criteria for the evaluation are shown in the following.

(1) Removal of etching residues

13



Exanples 1 to 17 and Conparative Exanples 1 to 14 Figure 1 shows a di agram
exhibiting a portion of the section of a 10 sem conductor device. The

sem conduct or device was obtained as follows: a silicon nitride film2 and
a silicon oxide film3 were successively fornmed by deposition on copper
wiring 1 at the lower layer in accordance with the CVD process; the forned
| am nate was coated with a resist; the resist was worked in accordance with
t he conventional photo-technol ogy; the silicon 15 oxide filmwas etched to
have a desired paelighft USTRE eldMng r¥sifhed e cbRpEtRIPE¥modd the residual
resist was renoved. As shown in Figure 1, etching residues were left

remai ni ng on thgodal | s f orhedidhing hesidhiedivege alhosBEMFletORPRMEIedCUI t

devi ce was cl eaned with cleaning solutions shown in Table 1 to 8 under the
condi ti ons showairt:n the tAlpogtion b thedtchifg wediduas remapuyd wat er and dri ed.
Thereafter, the condition of the surface was observed using a scanning

el ectron m crospapée ( SEMMoatadf thecetchDryglidsidwes wfmainedr enoval of the etching
resi dues and the corrosion of the copper wiring were evaluated. The results
of the SevalZhatGamosipn oflkeopweri n Tables 1 to 4 and in Tables 5 to 8. 25 The
criteria for the evaluation are shown in the followng. (1) Renoval of

et chi ng resi duesxceHenkcel Negorrosion waehoyrd atslldues were conpl etely renoved.
good: The etching residues, were al nost, corrplfetely renoved. fair: A portion
of the etching g8 dues r&?ﬁ?ﬂé&f’. coFEeFion as fogndt he et chi ng resi dues

remained. 5 ( Zi)airc-:or rosi ang'fosi%%po%%r crater shape or a pit shape was found.
poor: “Roughening” was found on the entire surface of the
10 copper layer, and thinning of the copper layer was
found.

14



excellent: No corrosion was found at all. good: Al nbst no corrosion was
found. fair: Corrosion of a crater shape or a pit shape was found. poor:
"Rougheni ng" was found on the entire surface of the 10 copper |ayer, and

t hi nning of the copper layer was found. 14 Table 1 Exanple 1 2 3 4 5
Conposition of cleaning solution (% by weight) nitric acid (oxidizing agent)
0.6 0.1 2.0 0.3 sulfuric acid (acid) 3.0 4.0 3.0 3.0 ratio of anobunts by
weight: 5 40 1.5 10 10 aci d/ oxi di zifge2gent amoni um fluoride 0.3 - - -
tetramet hyl ammonium fluoride - 0.5 0.3 0.4 tetranet hyl anmmoni um hydr oxi de
6.3 7.5 8.45.8 water 89.8 87.9 86.3 90.5 15 pH4 5 4 5 Condition of

cl eani ng tEzapeleature (C) 40 40 40 70 tinmel(mnute) 3 333 1.5 420 Renoval of
etching residues excellent excellent excellent excellent

5  Composition of cleaning solution
(% by weight)

nitric acid (oxidizing agent) 0.6 0.1 2.0 0.3

sulfuric acid (acid) 3.0 4.0 3.0 3.0

ratio of amounts by weight: 5 40 1.5 10
10 acid/oxidizing agent

ammonium fluoride 0.3

tetramethylammonium fluoride - 0.5 0.3 0.4

tetramethylammonium hydroxide 6.3 7.5 8.4 5.8

water 89.8 87.9 86.3 90.5
15 pH 4 5 4 5

Condition of cleaning

temperature (°C) 40 40 40 70
time (minute) 3 3 3 1.5
20
Removal of etching residues excellent excellent excellent excellent
Corrosion of copper excellent excellent excellent excellent
25

15



Corrosi on of copper excellent excellent excellent excellent 25 15 Table 2
Exanple 5 6 7 8 9 5 Conposition of cleaning solution (% by weight) hydrogen

peroxide (oxidizing - - 2.0 10.0 agent) nitric acid (oxidizing agent) 0.6
0.2 0.2 - - 10 sulfuric acid (acid) 2.0 4.0 4.0 - boric acid (acid) - - 1.0
- propionic acid (acid) - - 1.0 - acetic acid (acid) - - - 2.0 ratio of
anounts by weight: 3.3 20 20 1.0 0.2 15 acid/oxidizing agent ammoni um
fluoride 0.5 - - - tetranethylannonigghg.o - 1.09.0 1.5 fluoride
tetranmet hylammonium4.6 7.3 - 2.1 20 hydroxide choline - 7.5 - 1.2 -
surfactant ™ - 0.5 - - water 89.8 87.887.0 85.884.4 pH6 4485

Example 5 6 7 8 9

5 Composition of cleaning solution
(% by weight)

hydrogen peroxide (oxidizing - - . 2.0 10.0
agent)
nitric acid (oxidizing agent) 0.6 0.2 0.2
10 sulfuric acid (acid) 2.0 4.0 4.0 . -
boric acid (acid) - - - 1.0
propionic acid (acid) - - - 1.0 -
acetic acid (acid) - - - - 2.0
ratio of amounts by weight: 3.3 20 20 1.0 0.2
15 acid/oxidizing agent
ammonium fluoride . 0.5
tetramethylammonium 3.0 - 1.0 9.0 1.5
fluoride '
tetramethylammonium 4.6 - 7.3 - 2.1
20 hydroxide
choline . 7.5 - 1.2
surfactant * - - 0.5
water 89.8 87.8 87.0 85.8 84.4
pH 6 4 4 8 5
25
Condition of cleaning
temperature (°C) 40 40 40 60 50
time (minute) 3 3 2 2 3
30 Removal of etching residues excellent excellent excellent excellent excellent
Corrosion of copper excellent excellent excellent excellent excellent
* Surfactant: manufactured by TOHO Chemical Industry Co., Ltd.; the trade name:
PHOSPHANOL RS-710
35
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25 Condition of cleaning tenperature (C) 40 40 40 60 50 time (mnute) 3 3 2
2 3 30 Renoval of etching residues excellent excellent excellent excellent
excell ent Corrosion of copper excellent excellent excellent excellent
excellent * Surfactant: manufactured by TOHO Chemi cal Industry Co., Ltd.;
the trade nanme: PHOSPHANOL RS-710 35 16 Table 3 Conparative Exanple 1 2 3 4
5 5 Conposition of cleaning solution (% by weight) nitric acid (oxidizing
agent) - 6.0 0.2 0.3 0.2 sulfuric agjg.§acid) 3.0 0.1 4.0 3.04.0 ratio of
anounts by weight: 0.02 20 10 20 10 acid/oxidizing agent amoni um fl uoride
0.7 - - 0.2 0.Z tetramethylamonium- 0.3 - - tluoride tetranmethyl ammoni um
5.5 8.5 7.CnlArfive Braiydr oxi de waten 90.8 85.1 882 96.% 85.1 s5pH5 4 4 1 11

5  Composition of cleaning solution
(% by weight)

nitric acid (oxidizing agent) - 6.0 0.2 0.3 0.2

sulfuric acid (acid) 3.0 0.1 4.0 3.0 4.0

ratio of amounts by weight: - 0.02 20 10 20
10 acid/oxidizing agent

ammonium fluoride 0.7 - - 0.2 0.2

tetramethylammonium - 0.3

fluoride

tetramethylammonium 5.5 8.5 7.6 - 10.5
15 hydroxide

water 90.8 85.1 88.2 96.5 85.1

pH 5 4 4 1 11

Condition of cleaning

20 temperature (°C) 40 40 50 40 40
time (minute) 3 3 3 3 3
Removal of etching residues fair fair fair  excellent poor
Corrosion of copper excellent excellent excellent poor  excellent
25

17



Condi tion of cleaning 20 tenperature (C) 40 40 50 40 40 time (mnute) 3 3 3
3 3 Renoval of etching residues fair fair fair excellent poor Corrosion of
copper excellent excellent excellent poor excellent 25 17 Table 4
Conparative Exanple 6 7 5 Conposition of cleaning solution (% by wei ght)
hydr ogen peroxi de (oxidizing agent) 5.0 - sulfamc acid (acid) - 1.5 boric
acid (acid) - 2.0 10 ratio of anobunts by weight: acid/oxidizing agent
t et ramet hyl ammoni um fl uoride 2.5 0. 3 fielr amet hyl armoni um hydroxide 0.9 2.1
water 91.6 94.1 15 pH 7 8 Condition of cleaning tenperature (C) 40 40 tinme
(mnute) 5 3 20 Renoval of etching residues fair fair

Comparative Example 6 7

5 Composition of cleaning solution
(% by weight)

hydrogen peroxide (oxidizing agent) 5.0

sulfamic acid (acid) - 1.5

boric acid (acid) - 2.0
10 ratio of amounts by weight:

acid/oxidizing agent

tetramethylammonium fluoride 2.5 0.3

tetramethylammonium hydroxide 0.9 2.1

water 91.6 94.1
15 pH 7 8

Condition of cleaning

temperature (°C) 40 40
time (minute) 5 3
20
Removal of etching residues fair fair
Corrosion of copper excellent excellent
25

As shown in Tables 1 and 2, in Examples 1 to 9 in which the
cleaning solution and the cleaning process of the present invention were
applied, no corrosion was found at all, and the removal of the etching
residues was complete. In all of Comparative Examples 1 to 7, as shown

30 in Tables 3 and 4, the removal of the etching residues was incomplete or

the corrosion of copper was found.
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Corrosi on of copper excellent excellent 25 As shown in Tables 1 and 2, in
Exanples 1 to 9 in which the «cleaning solution and the cl eaning process of
the present invention were applied, no corrosion was found at all, and the
removal of the etching residues was conplete. In all of Conparative
Examples 1 to 7, as shown 30 in Tables 3 and 4, the renoval of the etching
resi dues was inconplete or the corrosion of copper was found. 18 Table 5
Exanple 10 11 12 13 5 Conposition ofzyid €ani ng solution (% by weight) nitric
acid (oxidizing agent) 0.5 0.1 0.1 2.0 sulfuric acid (acid) 3.5 4.0 4.0 2.0
rati o of amounts by weight: 7 40 40 1-0 10 aci d/ oxi di zi ng agent anmmoni um
fluoride (Example - tetranethylamoniumfluoéride 110.5 25 0.713
t et ramet hyl ammoni um hydroxide 6.2 7.5 7.5 3.0 polyethyleneimne * 0.5 0.01
0.01 2.0 15 water 88.8 87.89 87.89 90.3 pH5 5 5 4 Condition of cleaning
t enper at ur%“f@?ltlwﬂ‘)%as@%duuon

% by

weight)

nitric acid (oxidizing agent) 0.5 0.1 0.1 2.0

sulfuric acid (acid) 3.5 4.0 4.0 2.0

ratio of amounts by weight: 7 40 40 1.0
10 acid/oxidizing agent

ammonium fluoride 0.5

tetramethylammonium fluoride - 0.5 0.5 0.7

tetramethylammonium hydroxide 6.2 7.5 7.5 3.0

polyethyleneimine * 0.5 0.01 0.01 2.0
15 water 88.8 87.89 87.89 90.3

pH 5 5 5 4

Condition of cleaning

temperature (°C) 40 40 50 50

20 time (minute) 3 3 10 3
Removal of etching residues excellent excellent excellent excellent
Corrosion of copper excellent excellent excellent excellent

25  * Polyethyleneimine having an average molecular weight of 10,000
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20 time (mnute) 3 3 10 3 Renoval of etching residues excellent excellent
excel l ent excellent Corrosion of copper excellent excellent excellent
excel l ent 25 * Pol yet hyl enei m ne havi ng an average nol ecul ar wei ght of
10,000 19 Table 6 Exanple 14 15 16 17 18 5 Conposition of cleaning
solution (% by weight) nitric acid (oxidizing agent) 0.1 0.2 0.3 1.5 1.0

sulfuric acid (acid) 6.0 5.0 3.0 - phosphoric acid (acid) - - 3.0 10 oxalic
acid (acid) - - 2.5 citric acid (actgheg - - 1.5 ratio of anounts by

wei ght: 60 25 10 2 4 aci d/oxidi zing agent ammonium fluoride - 1.0 0.7 0.5
15 tetramethylammonium 3.0 - - 6.0 fluoride tetranmethyl amonium 10.7 - 5.1
6.1 5.9 HBxdempid de choline - 9.0 2@ pol yashyl end m ne *170.1 012 0.3 0.05
1.0 surfactant** - - 0.05 - - water 80.1 84.6 90.6 83.35 87.6

5  Composition of cleaning solution
(% by weight)

nitric acid (oxidizing agent) 0.1 0.2 0.3 1.5 1.0
sulfuric acid (acid) 6.0 5.0 3.0
phosphoric acid (acid) - - - 3.0 -
10 oxalic acid (acid) - - - - 2.5
citric acid (acid) - - - - 1.5
ratio of amounts by weight: 60 25 10 2 4
acid/oxidizing agent
ammonium fluoride - 1.0 0.7 - 0.5
15 tetramethylammonium 3.0 - - 6.0
fluoride
tetramethylammonium 10.7 - 5.1 6.1 5.9
hydroxide
choline - 9.0
20 polyethyleneimine * 0.1 0.2 0.3 0.05 1.0
surfactant ** - - 0.05
water 80.1 84.6 90.6 83.35 87.6
pH 6 5 4 7 7

25  Condition of cleaning

temperature (°C) 60 40 30 70 30
time (minute) 2 3 4 2 4
Removal of etching residues excellent excellent excellent excellent excellent
30  Corrosion of copper excellent excellent excellent excellent excellent

* Polyethyleneimine having an average molecular weight of 10,000
** Surfactant: manufactured by TOHO Chemical Industry Co., Ltd.; an anionic
surfactant; the trade name: PHOSPHANOL RS-710

35
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pH6 54 7 7 25 Condition of cleaning tenperature (C) 60 40 30 70 30 tine
(mnute) 2 3 4 2 4 Renoval of etching residues excellent excellent
excel l ent excellent excellent 30 Corrosion of copper excellent excellent
excel l ent excellent excellent * Polyethyl eneim ne having an average

nol ecul ar wei ght of 10,000 ** Surfactant: manufactured by TOHO Chem cal

I ndustry Co., Ltd.; an anionic surfactant; the trade nane: PHOSPHANOL
RS-710 35 20 Table 7 Conparative Exapple;8 9 10 11 12 5 Conposition of

cl eaning solution (% by weight) nitric acid (oxidizing agent) - 0.1 2.0 1.0
0.2 sulfuric acid (acid) 5.0 4.0 4°0 25 1.0 ratro of anmobunts by weight:
40 2 2.5 SCordfhrasived:@xdpt zi ng agent @ammoni ym fl uqoi de -1+ 0.5 12
tetramet hyl ammonium 2.0 0.5 - 3.0 fluoride tetramethylanmonium8.9 7.5 6.7
- 2.3 15 hydroxide polyethyleneimne * 0.01 2.0 0.2

Composition of cleaning solution
(% by weight)

nitric acid (oxidizing agent) . 0.1 2.0 1.0 0.2

sulfuric acid (acid) 5.0 4.0 4.0 2.5 1.0

ratio of amounts by weight: - 40 2 2.5 5
10 acid/oxidizing agent

ammonium fluoride - - - 0.5

tetramethylammonium 2.0 0.5 - - 3.0

fluoride

tetramethylammonium 8.9 7.5 6.7 - 2.3
15 hydroxide

polyethyleneimine * 0.01 - 2.0 . 0.2

water 84.09 87.9 88.2 96.0. 87.9

pH 5 5 4 1 12

20  Condition of cleaning

temperature (°C) 40 50 70 30 50
time (minute) 3 10 3 3 3
Removal of etching residues fair excellent  fair excellent  poor
25  Corrosion of copper excellent fair  excellent fair  excellent

* Polyethyleneimine having an average molecular weight of 1,800
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water 84.09 87.9 88.2 96.0. 87.9 pH55 4 1 12 20 Condition of cleaning
‘tenperature (C) 40 50 70 30 50 time (mnute) 3 10 3 3 3 Renoval of etching
residues fair excellent fair excellent poor 25 Corrosion of copper excellent
fair excellent fair excellent * Polyethyl eneimne having an average

nmol ecul ar wei ght of 1,800 21 Table 8 Conparative Exanple 13 14 5
Conposition of cleaning solution (% by weight) nitric acid (oxidizing agent)
- 0.05 citric acid (aC|d) 5.0 8.0 rkebled® of annunts by melght - 160 10

aci d/ oxi di . _
4.0 9.4 hydrOX|de 15 polyethylene|n1ne * 0. 01 0. 1 mater 88 99 82.45 pH 5
6 Condi ti O™BRraEive Sxamee

5  Composition of cleaning solution
(% by weight)

nitric acid (oxidizing agent) - 0.05
citric acid (acid) 5.0 8.0
ratio of amounts by weight: - 160
10 acid/oxidizing agent
tetramethylammonium 2.0
fluoride
tetramethylammonium 4.0 9.4
hydroxide
15 polyethyleneimine * 0.01 0.1
water 88.99 82.45
pH 5 6

Condition of cleaning

20 temperature (°C) 40 50
time (minute) 3 4
Removal of etching residues fair fair
Corrosion of copper excellent excellent
25

* Polyethyleneimine having an average molecular weight of 600

As shown in Tables 5 and 6, in Examples 10 to 18 in which the

30 cleaning solution and the cleaning process of the present invention were
applied, no corrosion of copper was found, and the removal of the etching
residues was excellent. As shown in Example 12, no corrosion of copper

was found even when the cleaning was conducted at a higher temperature

for a longer time than those in Example 11. In contrast, when
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20 tenmperature (C) 40 50 tinme (mnute) 3 4 Renoval of etching residues
fair fair Corrosion of copper excellent excellent 25 * Polyethyl eneim ne
havi ng an average nol ecul ar wei ght of 600 As shown in Tables 5 and 6, in
Exanples 10 to 18 in which the 30 cleaning solution and the cleaning
process of the present invention were applied, no corrosion of copper was
found, and the renobval of the etching residues was excellent. As shown in
Exanpl e 12, no corrosion of copper was found even when the cl eani ng was
conduct ed _at } . . f A o1l kR Exanpl e
11. In corﬁ0 rl}é(gﬂh?’ﬁ%gﬁllhggﬂg%%go% neg%}f%ldr?gﬁ?ﬁ?eﬁgﬂg‘rggggggn%l |l§:t1578r) was
not added i I . r ion 1QRf PHA: In all of
ot her Conplgar at %Q;’E%gﬂ%ﬁggg ctsgg%h%h%%?ﬂghm;glalggppﬁ%efg??kﬁ ng ?lggi dues was
i nconpl et R mpldies 4810 TheTeafove? P he WAShin@URMi Rl WRYSERIAB1APRE! CABI LI TY
The cleaning solution of the present invention is safe and exhibits little
adver se efthecdosrddion bEcapper v ®nd. Si nce the etching residues on

sem conductor substrates can be easily renmoved in a short tine by using 10

t he cl &aning solution of the present invention, fine working of the

sem conductor substrates is made possible entirely without corrosion of the
wi ring matlNDBEIST APRLIGABILISY of an organi ¢ sol vent such as an

The cleaning solution of the present invention is safe and exhibits
little adverse effects on the environment. Since the etching residues on
semiconductor substrates can be easily removed in a short time by using

10 the cleaning solution of the present invention, fine working of the
semiconductor substrates is made possible entirely without corrosion of
the wiring material. Moreover, the use of an organic solvent such as an
alcohol as the rinsing liquid is not necessary, and the rinsing can be
conducted with water alone. Therefore, the production of circuit wiring

15  with high precision and high quality is made possible.
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al cohol as the rinsing liquid is not necessary, and the rinsing can be
conducted with water alone. Therefore, the production of circuit wiring 15
wi'th high precision and high quality is made possible. 23 CLAIMS 1. A

cl eaning solution for sem conductor substrates, which conprises an

oxi di zing agent, an acid and a quorCnaIanpound, has a pH adjusted in a 5
range of 3 to 10 by addition of a basic conpound and has a concentration of
wat er of 80% by wei ght or greater, wherein a ratio of an anmount by wei ght of
t he acid to an amount by weight of the oxidizing agent is in a range of 1.0

(2109 2 R SAh0, "SI eF kSN S om0

an 10 OXIbi a co

i nhi bi tor, asapHadjuste ange of 3 to, 10 by additjon of a basic
conpound SRAZRE aﬁe%ton%br?ﬂdgtaingn ogl %&eeﬁowowe% P%ta dystegy éhtaer
wherein a ratio of an anount by weight of the aC|d to an anount by meight
of the Dxi tingengf dgént10 dyi addition sefge basicl .compound(and1bas3.2 sondentirtiony
solution according to Caim1l1 or 2, wherein the oxidizing agent is hydrogen

per oxi de. 3Pwhter Af 0UAbY m@igsmbugieafer,awhmi@ii agitib @f Ghaintouht by wighttofrles n t he
oxidizing agent is nitric acid. 5 A cleaning solution according to any one

of O ains }iliQ n alBEHEYWERR: ofthl Bxidif de R IR R d:0 851094

2. A cleaning solution for semiconductor substrates, which comprises an

10 oxidizing agent, an acid, a fluorine compound and a corrosion inhibitor,
has a pH adjusted in a range of 3 to 10 by addition of a basic compound
and has a concentration of water of 80% by weight or greater, wherein a ratio of an
amount by weight of the acid to an amount by weight of the oxidizing agent is in a
range of 1.0 to 100.

15

3. A cleaning solution according to Claim 1 or 2, wherein the oxidizing agent is

hydrogen peroxide.

20 4. A cleaning solution according to Claim 1 or 2, wherein the oxidizing agent is nitric

acid.
5. A cleaning solution according to any one of Claims 1 to 4, wherein the

acid is an inorganic acid.
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6. A cleaning solution according to any one of Clains 1 to 5, wherein the
inorganic acid is at | east one acid selected froma group consisting of
boric acid, sulfam c acid, phosphoric acid and carbonic acid. 5 7. A

cl eaning solution according to any one of Clainms 1 to 5 wherein the
inorganic acid is sulfuric acid., 8. A cleanin l.uti on acgcordin 0 any one
of Cains & th ceanigeseluton pscondingy to Anyn, Opg g‘gnaia"é‘éi g.tolg’ Q’.Vheﬁ\elgl t%‘glni ng
solution according to any one of Claims 1 to 4 and 8, wherein the organic
acid i s atirdoegesic eeid #ciatl least eureedcilr ssiactedyfionp 2 EEWP §PRAHINGF OHDrIEC  aci d,
citric acid, propionic acid and acetic acid. 15 10. A cleaning sol ution
accor di ng hed asuifamiveacid, phbsphosic heidraid @arbohieraeida  t he fl uorine conpound is
anmoni um fl uoride or tetranethylammonium fluoride. 11. A cleaning solution
according to any one of Clainms 1 to 10, wherein 20 the basic conpound is a
strong base having no netal ions. 12. A cleaning solution according to any

e ores b7 el flinkl colii6h Sddordiie (&1 ABNGnpATeCRalsNY 80 sTRlReihone | o

t et r amet hyl amoni um roxi rime oxyet hyl ammoni um hydr oxi de.
25 25 13. A cleanin .sol t.ion,according to any one of Clainms 2 to 12,

wher ei n tHE’r%?(S’r‘cr%%‘?{fr‘?u ﬁﬂf Blor is polyethyl eneimine. 14. A cleaning

sol ution according to any one of Clains | to 13, which 5 further conprises
a surfactant.

8. A cleaning solution according to any one of Claims 1 to 4, wherein the
acid is an organic acid.

10
9. A cleaning solution according to any one of Claims 1 to 4 and 8, wherein
the organic acid is at least one acid selected from a group

consisting of oxalic acid, citric acid, propionic acid and acetic acid.

15 10. A cleaning solution according to any one of Claims 1 and 9, wherein
the fluorine compound is ammonium fluoride or tetramethylammonium

fluoride.

11. A cleaning solution according to any one of Claims 1 to 10, wherein

20  the basic compound is a strong base having no metal ions.

12. A cleaning solution according to any one of Claims 1 to 11, wherein
the strong base having no metal ions is tetramethylammonium hydroxide
or trimethylhydroxyethylammonium hydroxide.
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15. A cleaning solution according to Claim 14, wherein the surfactant is an
anionic surfactant. 10 16. A cleaning solution according to Caim 15,
wherein the anionic surfactant is a phosphoric ester of a :
pol yoxyet hyl eneal kyl ether or a phosphoric ester of a pol yoxyethyl eneal kyl
aryl ether. 17. A cleaning solution according to any one of Clains. 1 to 16,
wherein 18-t Aecleaniag oplptiony asepidingsde amppae af drldimy % 1P abdnHheredd r uct ure
of copper and a barrier netal. 18. A process for cleaning sem conductor
subst r at esthkemirosipmiahditonisrpotigthylevsimineconpri ses cl eaning with a cl eani ng
solution described in any one of 20 Clains 1 to 17. 26

14. A cleaning solution according to any one of Claims 1 to 13, which

5  further comprises a surfactant.

15. A cleaning solution according to Claim 14, wherein the surfactant is

an anionic surfactant.

10 16. A cleaning solution according to Claim 15, wherein the anionic
surfactant is a phosphoric ester of a polyoxyethylenealkyl ether or a

phosphoric ester of a polyoxyethylenealkyl aryl ether.

17. A cleaning solution according to any one of Claims 1 to 16, wherein
15 the metal wiring comprises copper alone or a laminate structure of copper

and a barrier metal.
18. A process for cleaning semiconductor substrates having metal wiring,

which comprises cleaning with a cleaning solution described in any one of

20 Claims 1 to 17.
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