DESCRI PTI ON CLEANI NG SOLUTI ON AND CLEANI NG PROCESS USI NG THE SCLUTI ON
TECHNI CAL FI ELD The present invention relates to a cleaning solution for
renoving substance attached to the surface of sem conductor substrates and
a process for cleaning using the solutifon. Mdire particularly, the present

I nvention relates to a cleaning solution which can renove substances
strongly attached to the surface of sem conductor substrates w thout
damagi ng metal wiring and interlayer insulation filnms on the sem conduct or
substrates and a cl eaning process using the solution. BACKGROUND ART At
present, in general, the |ithogr gpRSCRIPIIEWN as the process for producing
sem conduct or devices such as the highly integrated LSI. Wen a

sem conductor device is produced in accordance with the |I|ithography, in
general, the process for the production is conducted in accordance with the
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The present invention relates to a cleaning solution for removing
substances attached to the surface of semiconductor substrates and a
process for cleaning using the solution. More particularly, the present
10 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.

15 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
20  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
25 obtained substrate is uniformly coated with a photoresist to form a

light-sensitive layer, and a desired pattern is formed on the photoresist by
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selectively etched, and the desired pattern is formed on the thin film
below the resist layer through the resist pattern. Thereafter, the resist
pattern is completely removed.

Recently, semiconductors are highly integrated, and the formation
of a pattern of 0.18 pm or smaller is required. As the dimension of the
working becomes finer, the dry etching is becoming the main process used
for the selective etching treatment. In the dry etching treatment, it is
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
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,
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 is used,
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
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(hereinafter, these residues will be referred to as the etching residues)
are fornmed at portions in the periphery of the pattern forned by the
treatment. When the etching residues remain at portions inside and in the
prei phery of cia holes, there is the possibility that undesirabl e phenonena
such as an increase in the resistance and electric short circuit arise.
Heretofore, as the cleaning solution for renoving etching residues in the
step of formng netal wiring in sem conductor devices, for exanple, organic
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organi ¢ am ne-based renoving sol ution, fluorine-based cleaning sol utions
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i nhibitor are disclosed in Japanese Patent Application Laid-COpen Nos.
organic amine-based removing solution, fluorine-based cleaning solutions
composed of a fluorine compound, an organic solvent and a corrosion
10 inhibitor 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 is 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
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cl eaning agents exhibit insufficient abiTity to renove etéhlng residues
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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




comt ai ning the conponents of the interlayer insulation filns. Therefore, in
the process for produci ng sem conductor devices, a cleaning solution which
*can conpletely renove the etching residues w thout damagi ng the wiring
materials, provides safety in the process for producing sem conductor
devices and exhibits little adverse effects on the environnment has been
desired. The present invention has an object of providing a cleaning

sol ution which can renove etching residues renmaining after the dry etching
in the step of wiring sem conductor devices or display devices which are
used for sem codduther rasudegfairtdnsivec siddeorbyafther pideendr inventdisngo of

sem conduct or substrate in a short time w thout oxidizing or corroding

mat eri al s ovexmoppeithed abavg prublemsyliatwamn féwhdethandam epeeldests chfandhgani ng
sem conduct or devices, display devices and sem conductor substrates having
met al wi ri sglutsimgouldebe bbtained hyothe cambipdSi«OSRE GHdizEg IAf¢BNTAON 4

As the result of intensive studies by the present inventors to overcone the
above probheidks a fluomine compodndhatbasic entspd et and| emirnsiondnbibiter. coul d be
obt ai ned by the conbi ned use of an oxidizing agent, an acid, a fluorine
conpund® a basi dhedmssemtinyeationcprovaddson i nhi bi tor. The present invention
provi des: 1) A cleaning solution for sem conductor substrates, which
conpri ses AR odidesning sefutien famsemmicanduetoy subgtiaites vehiehuiempiises an pH
adjusted in a. range of 3 tq_ 10 bgéﬁfdition of a_basic %gnpound and has a

concent r at PEMIZigR Jgandy agragdand, ogHte enmppend.chas a pH adjusted 1n a

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

(830 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



(2) A cleaning solution for sem conductor substrates, which conprises an
oxi di zing agent, an acid, a fluorine conpound and a corrosion inhibitor,
*has a pH adjusted in a range of 3 to 10 by addition of a basic conpound and
has a concentration of water 80% by weight or greater; and (3) A process
for cleaning sem conductor substrates having nmetal wring, which conprises
cleaning with a cleaning solution descri bed above in any one of (1) and
(2). BRIEF DESCRI PTION OF THE DRAW NGS Figure 1 shows a di agram exhi biting
a portion fo the section of a sem conductor device which was obtained by
formng a dil mof siBiconAfilmiofleiliod oxiflé i m of silicon oxide bu deposition
on copper wiring at a lower layer, followed by the treatnent by etching and
t he removal of the rdsidudltchiegiesidudsnbers in Figure 1 has the foll ow ng
meani ngs: 1: Copper wiring at the lower layer 2: Afilmof silicon nitride
5 3: Afilmof silicon oxed 4: Etching residues THE MOST PREFERRED
EMBCDI MENT TO CARRY QuT THE | NVENTI ON Exanpl es of the oxidi zi ng agent used
il g MQOB Ut | I AED e MBODIMIVNG iTO iGARBYe QU4 n"€EHKeri odi c
acid, iodi c aci d, hydrogen peroxide, nitric acid and nitrous acid. Anmong
t hese dXi dI_HM@;V_'E_Iﬁﬁt s, hydrogen peroxide and nitric acid are preferable,

and nitric acid_is nore ) ) ]
Examples of the oxidizing agent used in the cleaning solution of the

present invention include iodine, periodic 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



preferable. The above oxidi zi ng agent nmay be used singly or in conbination
of two or nore in teh 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 wei ght and nore
preferably in teh range of 0.005 to 8% by wei ght. Exanples of the acid used
in the cleaning solution of the present invention include inorganic acids
and organi c acids. Ecanples of the inorganic acid include boric acid,

sul fam ¢ aci d, phosphoric acid, hypophosphorous acid, carbonic acid,

hydr ochl orusedasinglyiod is ebidbinatias iof twArnstoid s ehapresenthiaventiani d It

sul fam c acid, phosphoric acid, carbonic acid and sulfuric acid are

pr ef eabl e, isakferdtleithat tleé don@emratéopoitles abidkin Exanleaasngsohiteoronfiani c
acid include oxalide acid, citric acid, propionic acid, acetic acid,
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Itaconic acid, pyruvic acid, malic acid, adipic acid, formc acid succinic
aci d, pht heieferakdy dn thenvasige efc0.805stal 3% yhyt ineigltt. d, Theachmendrateong of
thriocyanic acid and lactic acid. Anong these acids, oxaljic acid, citric
acid, Sproflieopkidiziogdrgend abthe agi masr be phefsamabmith halifferant fromd nay be
6 used singly_or in combination of two or nore in the present
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cl eaning sol ytion of the present incentiogon is in the range of 0.001 to 10%
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to 1,000, more preferably in the range of 1.0 to 100 and most preferably in
the range of 1 to 60.

10 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 hydrofluoric acid, ammonium fluoride, acidic ammonium fluoride
and quaternary ammonium fluoride represented by the following general

formula (1):

B R 7+
|
RE_—_ N— R F
R3

- - (1)

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.
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The concentrations of the
oxi di zi ng agent and the acid nmay be the sanme with or different from each

is preferable that the ratio of the anobunt by weight of the acid

greater and preferably 85% or greater. By adjusting the

ent Yy represen an a

group each having' 6 to carbon a
fluoride and methyltriethanolammonium fluoride. Among these

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

polyaminesulfone. Among these compounds, polyethyleneimines (PEI)

is in the range of 0.1 to
1.0 to 100 and nost preferably in
I n the cleaning solution

7



Exanpl es of the quaternary ammoni um fluoride represented by general
formula (1) include tetranethyl anmonium fluroride, tetraethel anmoni um
-fluoride, trietheymethyl anmoni um fl uoride, trimethel hydroxyet hyl anmoni um
fluoride, tetraethanol ammoni um fluoride and nethyl tri et hanol anmoni um
fluoride. Anmong these conpounds, amonium fluoride and tetranethyl amoni um
fluoride are preferable. The above fluorine conpounds may be used singly
or in conbination of two or nore in the present invention. The
concentration of the fluorine conpound in the cleaning solution of the
present in | [ r ' nge of 0.001 to 15% by wei ght and
nor e prefe%g f%@?%b?ﬁ@e?%ﬁé@@%?ﬁﬁﬂﬁ%@%#%ﬁloqbby wei ght. \Wen the
concentration of the fluorine donpound is 0.001% by wei ght or greater, the
etching resi dues can be GHICE eptly renoved. When the concentration of the
fl uori ne conpound exceeds 35%ﬂby wei ght, there is the possibility that
corrosion of wiring materials take place. The corrosion inhibitor used in
teh present invention isCHeCHgNHti cularly linited. Corrosion inhibitors
derived from various conpunds such as phosphoric acid, carboxylic acids,
ami nes, oximes, aromaticCHe@HpYHoconpounds, {2azol e conpounds and
sugar - al cohol s can be used. PReferabl e exanples of the corrosion inhibitor
i ncl lﬁld65 pohpdt igtiegeamiavesadmwmoleedar lvedght dnehaniaigegsfo2p0 ab 100,000 gr oup
In the

and more preferably in the range of 1,000 to 80,000 are preferable.

As the basic compound used in the present invention, bases having
no metal 1ons 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):
R® +

6 8 OH-

(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,



nmolecul e, triazoles such as 3-am notriazole, triazine derivatives such as
2- am no- 4hydr oxypterin and 2-am no-4, 6- duhydroxypterin, and

" pol yam nesul fone. Anpng t hese conpounds, polyethyl eneinines (PEI) 8
expressed by the followng formulae (2): -CH2CH2ZN- - CH2CH2NH - CH2CH2NH2
(2) and having an 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
basi ¢ conmpound used in the present invention, bases having no netal ions
are preferabl e. Exanples of the basic conpound include amoni a, prinmary
ani nes, segéﬁfbﬁlﬁieﬂrﬁlﬁéﬁ}mi@mﬁhﬂhﬂlm and tribptyleminagl kanol ani nes,
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having 1 to 8 c&risprlesondfandhguatianingr v mehiste uml myapaneieiner epaedent ed
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cycl ohexyl 893}%%01%&1@_' es of the secondary am ne invlude diethyl am ne,
Examples of the heterocyclic compound which has nitrogen atom
and may have alkyl groups having 1 to 8 carbon atoms include pyrrol,
imidazole, pyrazole, 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 tetraethanoclammonium
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



di -n-propyl am ne, di-n-butyl am ne and 4, 4'-di am nodi phenyl am ne. Exanpl es
of the tirtiary am ne include dinethylethylam ne, 9
“diethyl methyl am ne, triethylamne and tributylam ne. Exanples of the imne
i ncl ude 1-propanei m ne and bis(dial kylam no)i m nes. Exanples of the

al kanol am ne i ncl ude npbnoet hanol am ne di et hanol am ne,

tri et hanol am ne,

di et hyl et hanol am ne and propanol am ne. Exanpl es of the heterocyclic

conmpound whi ch has nitrogen atom and may ahve al kyl 1t
carbon atons include pyrrol, imdazole, pyrazole, pyridine, pyrrolidine,
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Among these surfactants, anionic surfactants are preferable, and
phosphoric esters of polyoxy- ethylenealkyl ethers and phosphoric esters
of polyoxyethylenealkyl aryl ethers are more preferable. As the
phosphoric ester of a polyoxyethylenealkyl ether, for example, PLYSURF
A215C (a trade name) manufactured by DAIICHI KOGYO SEIYAKU Co.,
Ltd. and PHOSPHANOL RS-710 (a trade name) manufactured by TOHO
Chemical Industry Co., Ltd. are commercially available. As the
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
cleaning solution is preferably in the range of 0.0001 to 5% by weight and
movre 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.

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 sclution 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
etching and the used semiconductor substrate.

Temperature for the cleaning process of the present invention is
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groups having 1 to 8

Exanpl es of the quaternary amoni um hydr oxi de



gemeral formula (3) include tetramethyl anmoni um hydr oxi de ( TMAH),
tri met hyl hydr oxyet hyl ammmoi um hydr oxi de (choline), nethy-
*tri hydroxyet hyl ammoni um hydr oxi de, di net hyl di hydr oxyet hyl ammoni um

hydr oxi de,
tetrabutyl
t hese basi

tri met hyl hydr oxyet hyl ammoni um hydr oxi de (choli ne),
are preferable. The above basic conpounds used in the present invention may

gehyradly imtleo idhgabl edvrafteinerfureoed0 Thanbasnperat@uékh i S,
general, used in a concentration in the range of 0.01 to

bg suidably eslecldieirt oieaahigatihGitcsATamRe With!thbl condeGosiear sige t hat
cl eaning solution is adjusted in the range of 3 to 10. In the
cl eani ng setohiingandfthehesedrsessioond ustentibstrate. sur f act ant nmay be added and
used to inprove the wetting property. As the surfactant,
surfactants i ncExdimpdes affi the centiedrahtcant substraonito slidlachanéleaniwmi oni ¢
surfactants and fluorine-contained surfactants can be used. Anong these
sur f actiant sqlutaeinorifc therr preteant sneardiqr efserapplied andudphesphicrriductst er s of
et hers and phosphoric esters of pol yoxyet hyl eneal kyl

be used si

t he cl eani
pH of the

pol yowy- et hyl eneal kyl

trimet hyl et heyl ammoni um hydr oxi de, tetraethyl amoni um hydr oxi de,
ammoni um hydr oxi de and t et raet hanol anmoni um hydr oxi de. Anond

c conpounds, tetranethyl ammoni um hydroxi de and

10 any

aryl et her subgteatesr baping anetall ewirdng t materhaksphoch case ssilécongf amorphous

pol yoxyet hyl eneal kyl ether, for exanple SL 15
manuf act ur @4cpy. palreilipmsmilismm Rede16lms, tsikicen nasidemfilnec t copgerby TOHO
ndustry Cq,, Ltd are commerically available. As the phosphoric

ester of allbRy%kycHRMEREENRESteny v fitapier ™ nifpde o xmgasten, pLiagtRIMmMY 12E and

Chem cal |

PLYSURF A215C (a trade nane)

ntalum

A217E (tragae n masg0 manuf act red.b}g [():ﬁl | CHI
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mpounds, chromiu romium oxides and chromium alloys;
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
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.

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

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

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

12

whi ch are strong bases,
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KOGYO SEI YAKU Co., Ltd are commercially available. The surfactant nmay be
used singly or in conbination of two or nore in the present invention. The
concentration of the surfactant in the cleaning solution is preferably in
the range of 0.0001 to 5% by wei ght and nore preferably in the range of
0.001 to 0.1% by weight. The cl eaning solution of the present invention may
conpri se other additives conventionally used for cleaning solutions as |ong
as the object of the present invention is not adversely affected. pH of
the cleaning solution of the present inventionis in the range of 3 to 10,

pr ef er abl y watet BRodeaiRdfAkiedtt 0 7 and nore preferably in the range of 4 to
6. When pH of the cleaning solutionis in the range of 3 to 10, the etching

resi dues can be efficiently renoved, and pH can be suitably selected in
this range in accordance with the conditions of the etching and the used
sem conducBXAMPBIsEgat e. Tenperature for the cleaning process of the
present invention is 11 generally in the range of roomtenperature to

90' C, and tenpefldeupeesait iersion abily beeldesérgised nbid speaifigalliyn wiclgor dance
with the conditions of the etching and the used sem conductor substrate.
Exanpl €5 otefehensertoc hxdugiles andsCoatparativehEghniples cineahienplimdiig. on of
the present invention is applied include sem conductor substrate having
met al  wi ri Hpvwesteer thed presenh imeergidn somt lambted touhe sixhimgdas. pol ysili con,

si kicon oxide filnms, silicon nitride filnms, copper, titanium
titaniu,-tungsten, titaniumnitride, tungsten, tantalum tantalum
corrpounds chrom um chronm um oxi des and chrom um al | oys; sem conduct or
subst r at esEPF&WH’lQSé(ﬁWn@D 4 Lpreparadinedtxsamplas bto &4l | i um arsenic, gal lium
phosphorus and d| um phosp horél pri nt ed substrates such as printed
substrat es of p g aesiqoggs, 135311& biting 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



substrates used for LCD. The cleaning solution of the present invention can
be effectively used for, anong the above sem conduct or substrates,

- sem conduct or substrates having netal wiring of copper alone or a |am nate
structure of copper and a barrier netal (an interface nmetal |ayer) so that
the circuit in a sem conductor device or a display device having netal
wiring can work at a great speed. The cl eaning process of the present

i nvention may be conducted in conbination iwh the ultrasonic cleaning,
where necessary. For the rinsing after the etching residues on the

semi conduct or dggbélfent he THeRkRhe ARG Wbrd BmpRALICARMNILAT Subst rate

havi ng netal wi ring have been renoved, an organic ent such as an

al cohol or a migbyae of amial &ehpl ﬁ%@ddﬂst%@feoﬂrlﬁoéﬁbﬁfﬁl@ﬁﬂy EmdSed.

However, in accordance with the cleaning process of the present Invention,

the rinsing witifai tra- puportich of tMet &chal LRRidwesSidhidink@nt . EXAMPLES The
present invention will be described nore specifically with reference to

Exanpl es and Coppariati ve Bieuiiehe efcHifg rboidvewirmaikigever, the present
invention is not limted to the exanples. Exanples 1 to 17 and Conparative
Exanpl e$ 1(2)o Cérfasintr of oppleews a di agr am exhi biting a portion of the
section of a sem conductor device. The sem conductor device was obtai ned as
follows: a silieseelldnt? i diNd edrivsdonmwhsafosindi axaidl.oxi de film 3 were
successively fornmed by deposition on copper wiring 1 at the |ower layer in

accor dance wi t hgood Almost no corrosion was found.
fair: Corrosion of a 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



CVb process; the forned | am nate was coated with a resist; the resist was
wor ked in accordance with the conventional photo-technology; the silicon
*oxide filmwas etched to have a desired pattern using the dry etching
technol ogy; and the residual resist was renoved. As shown in Figure 1,
etching residues were left remaining on the walls fornmed by the etching.
The above coppe circuit device was cleaned with cleaning solutions shown in
Table 1 to 8 under the conditions shown in the tables, rinsed with
ultra-pure water and dried. Thereaft @abletithe condition of the surface was
observed using a scanning electron m croscope (SEM, and the conditions of
the renoval of the etching residues and the corrosion of the copper wring
wer e eval utample The results of the eval uatilon are2shown 3n Talles 1 to 4
and in Tables 5 to 8 The criteria for the evaluation are shown in the
foll owing. (1) Renoval of etching residues 13 excellent: The etching
resi du Rposisiop ogtleanyng sshived. good: The etching residues were

al nost co ?/"é’é’é’f%’/ghrt)enoved. fair: A portion of the etching residues
remai ned. po@itric acid (oxMisihg Sfenb)ne et ching reg duesgrienai nggl. ()3 Corrosion
of copper excel.l ent  : N& corrosion was found at all. good: Al nost no
corrosi on wa& fyasid ead . Corrosi 8 of a?@rater3®hape3dt a pit
shape was f ousth ofp@@unts by weight: Rougheni ng" swas faond on the entoi re surface
of thd0 coppescid/anidizingapehtt hi nni ng of the copper |ayer was found.

ammonium fluoride 0.3

tetramethylammonium fluoride - 0.5 0.3 0.4

tetramethylammeonium hydroxide 6.3 7.5 84 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
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Table 2

Example 5 6 7 8 9

Composition of cleaning solution
(% by weight}

hydrogen peroxide (oxidizing . - - 2.0 10.0
agent)

nitric acid {oxidizing agent) 0.6 0.2 0.2

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
acid/oxidizing agent

ammonium fluoride - 0.5 . - -

tetramethylammonium 3.0 - 1.0 9.0 1.5
fluoride

tetramethylammonium 4.6 - 7.3 - 2.1
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

Condition of cleaning

temperature (°C) 40 40 40 60 50
time (minute) 3 3 2 2 3
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
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Comparative Example 1 2 3 4 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
acidfoxidizing agent
ammonium fluoride 0.7 - - 0.2 0.2
tetramethylammonium - 0.3
fluoride
tetramethylammonium 5.5 8.5 7.6 - 105
hydroxide
water 90.8 85.1 88.2 96.5 85.1
pH 5 4 4 1 11

Condition of cleaning

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

17



As.shown in Tables 1 and 2,

solution and the cleaning process of the present

.corrosion was found at all,

conpl et e.

4, the renova

copper was found. 18

5

10

15

20

25

30

and the renpbva

of the etching residues was inconplete or

in Exanples 1 to 9 in which the cleaning

I nvention were applied,
of the etching residues was
In all of Conparative Exanples 1 to 7, as shown in Tables 3 and

Table 4
Comparative Example 6 7
Composition of cleaning solution
(% by weight)

hydrogen peroxide (oxidizing agent) 5.0

sulfamic acid (acid) - 1.5

boric acid (acid) 2.0

ratio of amounts by weight:

acid/oxidizing agent

tetramethylammonium fluoride 2.5 0.3

tetramethylammeonium hydroxide 0.9 2.1

water 91.6 94.1
pH 7 8
Condition of cleaning

temperature (°C) 40 40

time (minute) 5 3
Removal of etching residues fair fair
Corrosion of copper excellent excellent

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

1n Tables 3 and 4, the removal of the etching residues was incomplete or

the corrosion of copper was found.

18
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Example 10 i1 12 13
Composition of cleaning 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
ratio of amounts by weight: 7 40 40 1.0
acid/oxidizing agent
ammonium fluoride 0.5
tetramethylammonium fluoride 0.5 0.5 0.7
tetramethylammonium hydroxide 6.2 7.6 7.5 3.0
polyethyleneimine * 0.5 0.01 0.01 2.0
water 88.8 87.89 817.89 90.3
pH 5 5 5 4
Condition of cleaning
temperature (°C) 40 40 50 50
time (minute) 3 3 10 3

Removal of etching residues

Corrosion of copper

excellent excellent excellent excellent

excellent excellent excellent excellent

* Polyethyleneimine having an average molecular weight of 10,000
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Table 6

Example 14 16 16 17 18

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 -
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
tetramethylammonium 3.0 - - 6.0
fluoride
tetramethylammonium 10.7 - 5.1 6.1 5.9
hydroxide
choline . 9.0
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

Condition of eleaning

temperature (°C) 60 40 30 70 30

time (minute) 2 3 4 2 4
Removal of etching residues excellent excellent excellent excellent excellent
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
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in Exanples 10 to
18 in which the cleaning solution and the cl eaning process of the present

21 As shown in Tables 5 and 6,

“invention were applied, no corrosion of copper was found, and the renoval

of the etching residues was excellent. As shown in Exanple 12, no corrosion
of copper was found even when the cleaning was conducted at a higher

t enperature

Table 7
Comparative Example 8 9 10 11 12
5  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 25 5
10 acid/oxidizing agent
ammonium fluoride 0.5
tetramethylammonium 2.0 0.5 3.0
fluoride
tetramethylammonium 8.9 7.5 6.7 23
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

21



for a longer tine than those in Exanple 11. In contrast, when 22

pol yet hyl enei mi ne (the corrosion inhibitor) was not added (Conparative
"Exanpl e 9), corrosion of copper was found. In all of other Conparative
Exanples 8 to 14, the renoval of the etching residues was inconplete or
the corrosive of copper was found. |NDUSTRI AL APPLI CABI LI TY The cl eani ng
solution of the present invention is safe and exhibits |ittle adverse
effects on the environnment. Since the etching residues on sem conductor
substrates can be easily renoved in &apkd&t tinme by using the cleaning
solution of the present invention, fine working of the seniconductor
substrates i s made EOSSIb|e entirely without corrosion of the wring
materi al . BPpywEYe Examplase of an organi c soll¥ent such as ad4al cohol as the

rinsing |igui-d—s—hot—necessary,—andthe rinsingcanbhe—conducted-wth

wat er a%on Ther ef re t he ‘gtroductl on of circuit wiring with high
preci si %ﬂ PefiY § "I“W”E‘%/S‘ﬁl “fade possible. 23 CLAIMS 1. A
cl eani ng so sem conduct or substrates, which conprises an
n1tr1c acid (oxidizing agent) v 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 § 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

22



oxtdi zing agent, an acid and a fluorine conpound, has a pH adjusted in a
range of 3 to 10 by addition of a basic conpound and has a concentration of
*wat er of 80% by weight or greater. 2. A cleaning solution for

sem conductor substrates, which conprises an oxidizing agent, an acid, a
fluorine conmpound and a corrosion inhibitor, has a pH adjusted in a range

of 3 to 10 by addition of a basic conpound and has a concentration of water

of 80% by wei ght or greater. 3. A cleaning solution according to any one
of the Clains 1 to 2, wherein a ratio of an anount by wei ght of the acid
to an armqsﬁlybmyfl@n&mln@f (thbeoP¥dsibr iABIAEeN twd S nbh) a@dear@%xﬂ;ﬁaﬁtikvet 0
1,000. 4. A cleaning solution according to any one of the Clains 1 to 3,
wher ei n t hExamiplé 8)neorageivh dfscopydr egenfqnaidxildeall df.othet IChammp aetival ution
according to any one of the Clains 1 to 3, wherein the oxidizing agent is
nitric aciBxamplesA8cioebd)ithg wmhendlwf thecetrHinpgrdsidaer warenedmipheteGhai ms 1
to 5 wherein the acidis an inorganic acid. 7. a cleaning solution
accor di ng the aryosior obtoyfhexi was fournd.6, wherein the 24

5
INDUSTRIAL APPLICABILITY

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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inorganic acid is at | east one acid selected froma group consisting of
boric acid, sulfamc acid, phosphoric acid and carbonic acid. 8. A
"cleaning solution according to any one of Clains 1 to 6, wherein the
inorganic acid is sulfuric acid. 9. A cleaning solution according to any

one of Clains 1 to 5, wherein the acid is an organi c aci d.

10. A cl eaning

solution according to any one of Clains 1 to 5 and 9, wherein the organic
acid is at least one acid selected froma group consisting of oxalic acid,
citric acid, propionic acid and acetic acid. 11. A cleaning solution

according to any one of Clainms 1 andCILAIM#herein the fluorine conpound is

ammoni um fl uori de or tetranethyl amoni um fl uori de.

1. A cleaning solution for semiconductor substrates, which comprises an
oxidizing agent, an acid and a fluorine compound, 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.

10

15

20

25

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.
3. A cleaning solution according to any one of Claims 1 and 2, 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 0.1 to 1,000.

4. A cleaning solution according to any one of Claims 1 to 3, wherein the

oxidizing agent is hydrogen peroxide.

5. A cleaning solution according to any one of Claims 1 to 3, wherein the

oxidizing agent 1s nitric acid.

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

acid is an inorganic acid.

7. A cleaning solution according to any one of Claims 1 to 6, wherein the

24



12: A cleaning solution according to any one of Clains 1 to 11, wherein the
basi ¢ conmpound is a strong base having no netal ions. 13. A cleaning
“solution according to any one of Claims 1 to 12, wherein the strong base
having no nmetal ions is tetranethyl amoni um hydroxi de or

trimet hyl hydr oxyet hyl ammoni um hydr oxi de. 14. A cl eaning sol uti on accodi ng
to any one of Clains 2 to 13, wherein the corrosion inhibitor is

pol uet hyl enei m ne. 25 15. A cl eaning solution according

to any one.of Clains_ 1 to 14, which_ further conprises a surfactant.
y 1norganic acid 1s at least one acid selected from rz;pg'roup consisting of boric

acid, sulfamic acid, phosphoric acid and carbonic acid.

8. A cleaning solution according to any one of Claims 1 to 6, wherein the

5 inorganic acid is sulfuric acid.

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

acid is an organic acid.

10 10. A cleaning solution according to any one of Claims 1 to 5 and 9,
wherein the organic acid is at least one acid selected from a group

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

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

fluoride.

12. A cleaning solution according to any one of Claims 1 to 11, wherein
the basic compound is a strong base having no metal ions.

20
13. A cleaning solution according to any one of Claims 1 to 12, wherein
the strong base having no metal ions is tetramethylammonium hydroxide

or trimethylhydroxyethylammonium hydroxide.

25 14. A cleaning solution according to any one of Claims 2 to 13, wherein

the corrosion inhibitor is polyethyleneimine.

25



16. A cleaning solution according to Caim 15, wherein the surfactant is an
anionic surfactant. 17. A cleaning solution according to C aim 16, wherein
-the anionic surfactant is a phosphoric ester of a pol yoxyehtyl eneal kyl

ether or a phosphoric ester of a pol yoxyethyl eneal kyl aryl ether. 18. A
cl eaning solution according to any one of Clains 1 to 17, wherein the netal
W ring conprises copper alone or a lam nate structure of copper and a
barrier nmetal. 19. A process for cleaning sem conductor substrates having
metal wiring, which conprises cleaning with a cleaning solution described
in any one of Clains 1 to 18. 26

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

further comprises a surfactant.

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

an anionic surfactant.

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

10  phosphoric ester of a polyoxyethylenealkyl aryl ether.

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

and a barrier metal.

15
19. A process for cleaning semiconductor substrates having metal wiring,
which comprises cleaning with a cleaning solution described in any one of
Claims 1 to 18.

20
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