DESCRIPTION ETCHING LIQUID COMPOSITION 5TECHNICAL FIELD The present invention
relates to an etching liquid composition used to etch a metal film such as an aluminum film and an
aluminum alloy film to form a wiring of an electronic component, for example, and more patrticularly, to
an etching liquid composition used to etch a metal film such 10 as an aluminum film and an aluminum
alloy film provided on a substrate to constitute a semiconductor device and a liquid crystal display
device. BACKGROUND ART Conventionally, in various kinds of electronic components, the 15
following etching method has been known agametiigerfianfprming a wiring and an electrode on a
surface of a semiconductor substrate or a glass substrate. First, an aluminum film or an aluminum
alloy film serving as a material of the wiring and the electrode (base material) is formed on the 20

substrate. Then, a photosensitive ¥sirtisiapplied 'gatd tHeMEifhcel By B photolithography method, and

exposure and development are performed to form a pattern mask. Then, the aluminum Film or
the aluminum }ﬂ{}‘h‘f (_eL} lty use of the pattern mask. Thus, the wiring and the electrode having
a 25 desired pattern can‘%e ormed on the aluminum film or the aluminum alloy film. By the way,

according to the semiddrdutsselelive arianrs o terysataipaiasifeo meowiing Hhecthe
electrode provigeddn thenahavelgeyice are stronghy iequiréthiohel miniatuizad:andlhavglahigh 30
performance in recent years. as a product is increasingl ired injaturized and have high
performance. %ﬁ%l %lcc%rglfﬁljﬁl/,ginog fae%h?llg% 1ﬁéﬁ%§in&wﬁﬁﬁl l%‘h{ﬁl’tip eibs?erg%{lﬁicgatién has been
progressed, irP8rIErIG Ths e d L ERETE e SramestEm e dionih detifda 16 rtsPa sectional
shapa ©f the wising tghavewcenfiguration dtuwarnditapéled film provided on a substrate to

constitute a semiconductor device and a lguid crystal display device.

BACKGROUND ART
Conventionally, in various kinds of electronic components, the
15 following etching method has been known as a method for forming a wiring
and an electrode on a surface of a semiconductor substrate or a glass
substrate.

First, an aluminum film or an aluminum alloy film serving as a
material of the Wiring and the electrode (base material) is formed on the

20 substrate. Then, a photosensitive resin is applied onto the surface by a
photolithography method, and exposure and development are performed to
form a pattern mask.

Then, the aluminum film or the aluminum alloy film is etched by
use of the pattern mask. Thus, the wiring and the electrode having a

25 desired pattern can be formed on the aluminum film or the aluminum alloy
film.

By the way, according to the semiconductor device and the hquid
crystal display device, the wiring and the electrode provided in the above
device are strongly required to be wminjaturized and have a high

30 performance in recent vears as a product 1s increasingly required to be
miniaturized and have high performance. Thus, accordingly, in a technical
field in which multiple stratification has been progressed, in order to
respond to the multiple stratification, it is strongly desired to control a
sectional shape of the wiring to have a configuration (forward tapered

35 configuration) in which an angle (referred to as the taper angle hereinafter)



35configuration) in which an angle (referred to as the taper angle hereinafter) formed between a side
surface of.the etched wiring and a surface of a base material (an insulation layer or a substrate, for
gxample) is less than 90. Thus, since the wiring material has to be low in resistance along \’/vith the
hlgh density and miniaturization of the pattern in recent years, 5aluminum or an aluminum alloy is
Wldely used. In addition, when the multilayered wiring is installed, aluminum or the aluminum alloy
is used as a material of a lower-layer wiring to reduce a signal delay. Then, in order to electrically
insulate an upper-layer wiring from the lower-layer wiring, an insulation layer is formed on the
lower-layer 1@alminymwdangos alusiintae alioyhwirtgpby sormegsandot ravtheed ahd Bt an

aluminum wiring, or aluminum, alloy, g%%%ﬂ%&oé@ﬁﬁéﬂ%%?%@%&%@@@ﬁslwwﬁm@mae, itis
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10 alumintm wiring or aluminum alloy wiring by some sort of method, and
then, an aluminum wiring or aluminum alloy wiring is formed thereon as
the upper-layer wiring.

Here, it is necessary to control a sectional configuration of the
wiring of the lower-layer aluminum wiring or aluminum alloy wiring to

15 have the forward tapered configuration in order to improve the coverage of
the insulation layer formed thereon. '

In this case, as the controllability of the sectional configuration of
the lower-layer aluminum wiring or aluminum alloy wiring is important,
when the sectional configuration of the wiring cannot be the forward

20 tapered configuration or when the taper angle 8 of the wiring is out of 2
desired range, the upper-layer aluminum wiring or aluminum alloy wiring
could be disconnected or the upper-layer wiring and the lower-layer wiring
could be shorted electrically through a crack generated in the insulation
layer, and the problem is that reliability is lowered.

25 . By the way, in the case where the wiring having the tapered
configuration is formed by etching, the wiring having the forward tapered
configuration can be formed by etching the aluminum film or aluminum
alloy film by use of a water solution of a phospheric acid/a nitric acid/an
acetic acid as an etching liquid in general.

30 For example, when the etching is performed by use of a mixture
liguid in which a volume ratio of the phosphoric acid * the nitric acid © the
acetic meid © water is 16 0 2 to 8 * 2 1 1 with a mask having superior
adhesiveness with the metal film that is formed in such a way that a resist
as the mask is exposed and developed fo be patterned info a predetermined

35 wiring configuration and then baked (post-baking operation) at a baking



2!_5I_3y the way, in the case where the wiring having the tapered configuration is formed by etching, the
wiring having thg forward tapered configuration can be formed by etching the aluminum film or ’
alumlnum a}lo_y film by use of a water solution of a phosphoric acid/a nitric acid/an acetic acid as an
etc_hlng liquid in general. 30For example, when the etching is performed by use of a mixture liquid in
which a voll_Jme ratio of the phosphoric acid the nitric acid the acetic acid water is 16 : 2to 8 : 2 : 1 with
a mask ha_lvmg superior adhesiveness with the metal film that is formed in such a way that a -resi.st as
the mask is exposed and developed to be patterned into a predetermined 35Wir]5}%3confi%uration and

i e
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concentration of the nitric acid is additionally increased in the etching
15 Lquid, it is reported that the taper angle is decreased (vefer to patent
document 1).

Meanwhile, the concentration of the nitric acid is low, a one-stage
tapered configuration having a large taper angle is formed, but when the
concentration of the nitric acid is increased, the etching rate of the interface

20 hetween the resist and the metal film is increased, so that the wiring has a
two-stage forward tapered configuration having a first stage having a small
taper angle formed on the interface side between the resist and the metal
film and a second stage having a large taper angle formed on the side closer
to the substrate. When the concentration of the nitric acid is additionally

increased, the wiring having a one-stage forward tapered configuration

A

[N

having a small inclination 1s formed (refer to patent document 2 and a
patent document 3).
However, when the concentration of the nitric acid is increased in
the etching liquid, although the etching rate of the aluminum film or the
30 aluminum alloy film is increased, the controllability of the etching is
lowered and it is difficult to provide the wiring having the tapered
configuration with high controllability.
In addition, when the concentration of the nitric acid is high in the
etching liquid as a mixture of the phosphoric acid/the nitric acid/the acetic

35 acid/water, although it is recognized that the resist is damaged by the mtric



25 increased, the wiring having a one-stage forward tapered configuration having a small inclination is
formed (refer to patent document 2 and a patent document 3). However, when the concentration of the
nitric acid is increased in the etching liquid, although the etching rate of the aluminum film or the
30aluminum alloy film is increased, the controllability of the etching is lowered and it is difficult to
provide the wiring having the tapered configuration with high controllability. In addition, when
the_concentration of the nitric acid is high in the etching liquid as a mixture of the phosphoric acid/the
nlt_rcljc aC(;dt/rt]he @&ﬁi@@ﬁ%@éﬁé&&@@%&%@mmeﬁ@mm thafibe nésistriscHamlgedddytihe nitric

acid and the crack is.generated in the, resist sur e,crackis limiteditot ' tfage and it is
reported that é}ﬁee]% I|n‘[(38r’i%f?(: 970 1ri’eét:s(’)ésé ?g{ ?rfl?ﬁéqrﬁg%tg%ﬁrﬁ%ggﬁg?e%tgﬁg?gt%ﬁ%gcument 2).
Furthermore, irishe poeted svafane GofrrdaiBiesrakafedistaigoBthe etching liquid is not progressed
beyondta c_ertai][\ fveFﬁgméfoiglm@,pﬁtwgmmnhﬁi).the chiniweseopintitbcasasiibre the
concentration of t itric gcid is high IS e, Y naingrglectron
micros%l:ope (é%ﬁ/l)ea(ﬁle}”]rl eie}%}léamlaq ﬁu}%sl %er&l |r‘%§%a[h%%#é2§?egi§§ ?ﬁ%c@e%sgzrgr%,mlgﬁd the
etching trace Eaéet%ﬁtﬁ@fﬁrééahé)of the etching liquid (referred to as the "resist bleeding’ hereinafter) is
generated in the interfase datwaantihe tesistdnd-¢hebmetaldintinside tHetbechedsuradeithat is, in

the place in whigh (. eleing.is.na! REFOmed, THaise By (e phenprran eifie sy dleeding is

generated, the r%eta surface covered with the resist is 15etched.and b
problem is thatlMyadfesgthe etching, 1t 15 co rmeft at t% Yohs unel\{/e&, and the

10 and the etching trace due to the bleeding of the etching liquid (referred to as
the “resist bleeding” hereinafter) is generated in the interface between the

e resist suriace 18 cracke

resist and the metal film inside the etched surface, that is, in the place in
which the etching is not performed. Thus, when the phenemenbﬂ of the
resist bleeding is generated, the metal film surface covered with the resist is

15 etched and becomes uneven, and the problem is that the desired
configuration cannot be provided.

In addition, it is required to find a method for forming a high-quality
metal film having a flat and smooth film surface with no surface roughness
after the etching along with the miniaturization of a semiconductor process.

20 As an attempt to improve the condition of the metal film surface after the
etching by adding an additive agent to the etching liquid, for example, an
etching liguid composition in which a trialkylamine oxide surface-active
agent is added to an etching liquid containing the phosphoric acid/the nitric
acid/the acetic acid/water as its main components is proposed to prevent the

25 etching from being hindered and the smoothness of the etched surface from
being damaged due to bubbles attached onto the metal film surface in the
etching process, and to prevent hydrogen generated when the metal film is
etched by the mitric acid, from attaching on the metal film surface (in a
patent document 4, for example). In addition, in order to improve fine

30 processability of the etching liquid, it is known that a surface-active agent 18
added to improve wetting properties (in a patent document 5, for example).

However, according to the patent documents 4 and 5, an idea to form
the metal film having the tapered configuration having the high-quality
metal surface superior in smoothness with no surface roughness is not

35 disclosed in particular.



configuration cannot be provided. In addition, it is required to find a method for forming a
high-quality metal film having a fiat and smooth film surface with no surface roughness after the
etching along with the miniaturization of a semiconductor process. 20 As an attempt to improve the
condition of the metal film surface after the etching by adding an additive agent to the etching liquid,
for example, an etching liquid composition in which a trialkylamine oxide surface-active agent is added
to an etching liquid containing the phosphoric acid/the nitric acid/the acetic acid/water as its main

components is propos n ching §r ei indered.and the smoothness of the
etched surface from bgé%ﬁﬁé%é%%%ga%%%%g a%%le%go%%, ﬁu%u?%%]téﬁ ﬁlcrﬁdssisr 3cein the etching
process, and t& PrRVERTIRIHOERRERSTtEhaN sEoRicREtd fiRd 8 EHENABERHRCHREC MBRVASE, from
attaching on thihsietadffilis siidadettinua paténh gdtymrbafonexample)htisiiioacic/okder to
e v piBrackamRlo ol dhe.ieog Ui O B ASHIAGCIAGNE ATBM 10 2died 10
improve wetting properties (in a patent document 5, for example): ‘However, accqréﬁ]g to the
patent Hocumettse R GARCEIHTIIEA to TEHIF IR MSIHRg HaViRG teehaiere dbsitistdiorhRaving the
high-quality metaiestirface supertiotin smoothihesswifhcnomgtitace: peughnessdsdohabdisalosed in

particular. _cufeaddiian 20 Albing g edish ahodishlluieacd sater i pedlygloalkenyl

phenyl ether sulfonic acid and a suyface-active agent as their salt i1s added to an_etching liquid
containing the ﬁ%‘%ﬁﬁé’ﬁ@ ﬁb‘%ﬁﬁf{ﬂ o §t‘?dﬁ Ut tHOS AT RS iRt dfhbBARHESS disclosed
(in a a patent dooumenti@) ofldweviet;accbrdind itol thel yechbiguiendisetbsed ihthe @atent-dacument 6,
since e surfa@eapsgiy@a@%%m is used, and the surface-active agent contains its solvent, the

surface-active agent and the solvent are oxidjzed by the etching liquid, and the problem is that the
composition of the etgﬁ?ﬁ% %‘iﬂb[)@hlfé@‘fbuﬁdé cﬁﬁﬁée@ %o%%ﬁgﬁ% 1 ofs 1% HRfiged.
Furthermore, ditiglaghothereris R adestitioheabitit briow tapdeanglsigrotinorehant 20A)idhere is

almost no desgpptimahouha methesdaraniialing thetapergd Lonfiguration e.e sdesired ,
configuration and measuregi%%ie:uﬁ?t the.r%§?t b%eedlng. 15As described above, it is required to provide
o

the etching qullj'ilg %%urﬁ%%% [o] capanFég%]’F ﬁ!‘ﬁ%‘ the taper angle with high accuracy, and forming

n
the mékal film having the féefeiidiethparetecofitfursiontravibe e hidh-gualitydihediswfdce having
a superior flatReag.apdismeafuigssoprenartiss Mithhao seisthleeding BRNd M0 suHagey oaghness.
forming the metal film having the forward tapered configuration having the
high-quality etched surface having a superior flatness and smoothness
properties with no resist bleeding and no surface roughness.
20 Patent Document 1:
Japanese Unexamined Patent Publication No. 7-176525
Patent Document 2:
Japanese Unexamined Patent Publication No. 6-122982
Patent Document 3: .
25 Japanese Unexamined Patent Publication No. 2001-77098
Patent Document 4:
Translation of PCT Application No. 4-506528
Patent Document 5:
Japanese Unexamined Patent Publication No. 2003-45285
30 Patent Document 6 :
Japanese Unexamined Patent Publication No. 2005-162893

DISCLOSURE OF THE INVENTION
The present invention was made to solve the above problems and it

35 is an object of the present invention to provide an etching liquid composition

ot



20Patent Document 1: Japanese Unexamined Patent Publication No. 7-176525 Patent Document 2
Japanese Unexamined Patent Publication No. 6422982 Patent Document 3: 25J_apqnese Unexamined
Patent Publication No. 2001-77098 Patent Document 4: Translation of PCT Application No. 4-506528

Patent Document 5: Japanese Unexamined Patent Publication No. 2003-49285 30Patent
Document 6: Japanese Unexamined Patent Publication No. 2005-162893 DISCLOSURE QF THE
INVENTION The present invention was made to solve the above problems and it

capable of etching a metal film and particularly an aluminum or aluminum
alloy film with good controllability without generating resist bleeding, and
capable of forming a metal film having a proper tapered configuration and
superior flatness and smoothness properties to provide a highly-reliable

5 semiconductor device, preventing an upperlayer wiring of the
semiconductor device having multilayered wirings, from being disconnected
and shorted electrically to boost yield.

In order to solve the above problems, the inventors invented the
following etching liguid composition through keen examinations.

10 Moze specifically, the etching liquid composition according o the
present wnvention is for etching a metal filmon a substrate,rand it 18 a water
solution containing a phosphoric acid, a nitric acid, and an organic acid salt.

In addition, according to the etching liquid composition in the
present invention, as the organic acid salt, it is preferable to be composed of

15 one kind selected from a group consisting of an aliphatic monocarboxylic
acid, an aliphatic polycarboxylic acid, an aliphatic oxicarboxyvhic acid, an
aromatic monocarboxylic acid, an aromatic polycarboxylic acid, and an
aromatic oxycarboxylic acid, and one kind selected from a group consisting
of an ammonium salt, an amine salt, a quaternary ammonium salt, and an

20 alkali metal salt.

In addition, according to the efching liquid composition in the
present invention, it is preferable that a concentration of the organic acid
salt is 6.1% to 20% by weight.

Furthermore, the etching liquid composition in the present

25 invention i preferably used when an aluminum film or an aluminum alloy
film as the metal film is etched.

When the etching lquid composition according to the present
mvention is used when the metal film is etched, the etching rate can be
controlled. As a result, when the metal film is etched by use of the etching

30 Liquid composition according to the present invention, the configuration of
the metal film after the etching is controlled and a wiring and an electrode
having a desired tapered configuration can be formed.

When the organic acid salt is composed of one kind selected from the
group consisting of the aliphatic monocarboxylic acid, the aliphatic

35 polycarboxylic acid, the aliphatic oxicarboxylic acid, the aromatic



35is an object of the present invention to provide an etching liquid composition capable of etching a
metal film and particularly an aluminum or aluminum alloy film with good controllability without
generating resist bleeding, and capable of forming a metal film having a proper tapered configuration
and superior flatness and smoothness properties to provide a highly-reliable semiconductor device,
preventing an upper-layer wiring of the semiconductor device having multilayered wirings, from being
disconnected and shorted electrically to boost yield. In order to solve the above problems, the
inventors invented the f: IIo N9, etching liquid ¢ |on throu h kee examinations. 10.More
specifically, the etcﬂlngfi) V\g com%bsﬁor% accor(gn e K& pregent ghtfbrh |s{}’o 18 metal film
on a substrate C&HERE e iakr SoRmibrPEe nEaHIng ﬁﬁ‘@s@lﬁf@?lélétlﬂfiaiﬁlwwéﬂﬁl@ldfaﬁh@rgan|c

acid salt. |pradditionmacetrding t@xﬁiﬁeemliﬂg;hq%@@wﬂmﬂgﬁliﬁdhﬁ.}%@é@m igyantian, as the
organic acid SQA kﬁxs £ ?réaatite {Bebgo ggﬁgfn ?‘1% Onee%(a? n%lg 20 a}%rou ¢ SIStmg of
ycar

an aliphatic monocar oxy Ic acid, an a t|c po oxylic aC| anali pﬁatec oxmanox?/ lic acid, an
aromatft mond€aHIEXARt e, &h%r@?ﬁ‘ﬁﬁ@' p@@@ar@@?%biamhaﬁﬁtgaﬁ%oﬁ@lée@xmml|c acid,
and one kind selefigdrfiaiona:grobp aonrdistingnafdan ammonium salt, an amine salt, a quaternary

ammonium salt, and afhz%%ﬁq r;get%@@ﬁl&m n %ggltbogghgggoidmgito the%eégchl?tg Il%w composmon
sa 1

in the present invention, it Is pre erab that a concentratlon rganlc acl b t0 20% by
weight. PECARTHSF YRS etdHiRd RGeS RTasins P seoprasdnedd ryéatdimiieeferably
used when anfaluinift mofiki%r lan ataiphiyuntall ey fifbgas thenndtahiilmis gtchad. afte When the

etchingyliquid coppasiton %%C%%i%_ﬁ%&hgﬂ%%“w{%‘iﬁm%'%}é%ﬁd% Hhspg el im, getened, the

etching rate can be controlled. As a result, when the metal film'is et y us the etc‘ﬁmg 30
liquid compositfFaR ‘t‘é’%ﬂ@%ﬁé’%ﬁ?|ﬁ%ﬁjﬁ’oﬁrfﬁ§dconﬂguratlon of the metal film after the
etching is controlled afae irimgiandvahcele crederhandinfjland ésiraddapératheenfiguratiornean be

formed. alVhendhe «magrs@ @&sﬂa?'bgs Gompesed %&&B%é"ﬁ%&ﬁi%ﬁ%ﬁﬂ%&ﬂeﬁf%’ consisting

of the aliphatic monocarbox IC amg the |p hatic 35p(€)iy arboxylic acid, the aliphatic oxmarboxyhc
acid, the aromBficSent mvention, the etchihg rate and the con iguration after the etching

15 can be surely controlled. Thus, as a result, the wiring and the electrode
each having the intended taper angle and the stabled tapered configuration
can be provided.

Furthermore, the etching hiquid composition of the metal film
according to the present invention is characterized in that the resist

20 bleeding is not generated even when the concentration of the nitric acid is
high.

Furthermore, according to the etching liguid composition in the
present invention, even when the concentration of the nitrie acid is high, the
number of cracks recognized in the resist surface after the etching can be

25 reduced as compared with the case where the conventional etching liquid is
used, so that the resist can be prevented from deteriorating.

In addition, when the etching liquid composition of the metal film in
the present invention is used, even when the taper angle is small, the
etched surface formed after the metal film is etched can be a flat surface

30 without any surface roughness.

In addition, according to the etching liquid composition in the
present invention, since the surface-active agent and the organic solvent
used as the solvent of the surface-active agent itself are not contained, the
composition of the etching liquid is prevented from being changed and the

35 etching rate is prevented from being changed, so that an usable time of the



monocarboxylic acid, the aromatic polycarboxylic acid, and the aromatic oxycarboxylic acid, and one
kind selected from the group consisting of the ammonium salt, the amine salt, the quaternary
ammonium salt, and the alkali metal salt, the configuration of the metal film after the etching can be 5
controlled and the wiring and electrode having the desired tapered configuration can be surely formed.
In addition, according to the etching liquid composition in the present invention, when the
concentration of the organic acid salt is limited to 0.1% to 20% by weight, the configuration of the

metal film after the . 10 etching can be controlled.gnd the wiring and electrode having the desired
tapered configﬁ%ﬁ%&%bcgﬁuﬁggﬁﬁ%?%?&@ .“i %%e?:ﬁ %Wg?g%\%f? the metal film formed of
aluminum or an alumidamadioliis.etehed Thassotite srarmnpioed bympesitibalia tHelpresent
invention, the eighiny rateangdithe configlrationsatter theatehing ke canbe susely ceptrolied. Thus, as
a result, the wiriggvggget e Iectr%de %acﬁlp%%inge%w C!nten ed tap?%an, %Sa%d t ? stabled tapered
configuration can be provided: ““'Férthefiore, the etchiig liuid ¢ %% itiohBFf the At&tal film
accordifng to thépresesitiry antdon IS Wisardates Zeda i at thee re sistrorblesidiray istmotgenerated even
when the concentration of the nitric acid is high. Furthermore, according to the etching liquid

composition in the present inventign, W i qégl nitric acid is high, the number
of cracks recognized in the resistgg\gkr@e after .I?feétm;égﬁr?%%’ reduced as compared with the
case where the conveftignal Eténigidaigslasect sanpaemelectia setdeffrovaitediftom
deteriorating. film)foadditian; whest the atghing liquith compesition aktheanetabiilm: iprhe present
-inventign is usgd, even when the taper angle is small, the etched surface formed after the metal film is
etched can be a flat surface 30without any surface roughness. In addition, according to the
etching liquid composition in th.e present invention, since the surface-active agent and the organic
solvent used as the solvent of the $iifAcalactivE Bgent iBEF BRI Mtained, the composition of the

etching liquid is preygpied-framgbeing changed and the
1A SUBSTRATE SURFACE
15 2 ALUMINUM FILM
2A  SIDE SURFACE OF ALUMINUM FILM
6 TAPER ANGLE

BEST MODE FOR CARRYING OQUT THE INVENTION

20 An embodiment of the present invention will bhe described
hereinafter.

A preferable concentration of a phosphoric acid in an etching liquid
composition according to the present invention is 30% to 80% by weight, and
more preferably 40% to 70% by weight.

25 In addition, a preferable concentration of a nitric acid in the etching
hquid composition according to the present invention is 1% to 40% by
weight, and more preferably 5% to 30% by weight.

In addition, an organic acid salt used in the etching liguid
composition according to the present invention includes pairs of acids such

30 as an aliphatic monocarboxylic acid, an aliphatic polycarboxylic acid, an
aliphatic oxycarboxylic acid, an aromatic monccarboxylic acid, an aromatic
polycarboxylic acid, and an aromatic oxycarboxylic acid, and salts such as
an ammonium salt, an amine salt, a quaternary ammonium salt, and an
alkali metal salt.

35 More specifically, as an organic acid constituting the above organic



35etching rate is prevented from being changed, so that an usable time of the etching liquid (chemical
liquid life) can be elongated. In addition, when the etching is performed by use of the etching
liquid composition in the present invention, the taper angle can be prevented from being fluctuated due
to a chemical liquid process Stemperature and a process time in a pre-process of the resist patterning.
BRIEF DESCRIPTION OF DRAWINGS Fig. 1 is a view to explain a taper angle of a metal film
(aluminum film) formed by use of an etching liquid composition according to the present 10invention.
EXPLANATION OF REFERENCES .1 SUBSTRATE, IA SUBSTRATE SURFACE 152 ALUMINUM
FILM 2 SIDE SERENCE R R RNUM G IAFER ARSI o foramic acid, an acsii

acid, a propionic acid, a butyric acid, an isobutyric acid, a valeric acid, an

isovaleric acid, a trimethylacetic acid, and a caproic acid, the ahiphatic

polycarboxylic acid includes an oxalic acid, a malonic acid, a succinic acid, a

5] glutaric acid, an adipic acid, a pimelic acid, a suberic acid, 2 maleic acid, a

fumaric acid, a citraconic acid, an itaconic acid, and a glutaconic acid, the

aliphatic oxycarboxylic acid includes a glycolic acid, a lactic acid, a malic

acid, tartaric acid, and a citric acid, the aromatic monocarboxylic acid

includes a benzoic acid, a toluic acid, and a naphthoic acid, the aromatic

10 polycarboxylic acid includes a phthalic acid, and a trimellitic acid, and the
aromatic oxycarboxylic acid includes a salicylic acid and a gallic acid.

in addition, with respect to the above-described organic acids, the

above organic salt includes the ammonium salt and the amine salt such as

methylamine, dimethylamine, trimethylamine, ethylamine, diethylamine,

15 triethylamine, propylamine, dipropylamine, tripropylamine, butvlamine,

dibutylamine,  tributylamine, monocethanolamine,  diethanolamine,

triethanolamine, 2-(2-aminoethoxy) ethanol, N-methylethanolamine,

N-ethylethanolamine, N,N-dimethylethanolamine, N,
N-diethylethanolamine, N, N-diethylethanolamine, hydroxylamine, N,
20 N-diethylhydroxylamine, ethylenediamine, propylenediamine,
trimethylenediamine, tetramethylenediamine,  pyrrole, pyrroline,

pyrrolidine, and morpholine, the gquaternary ammonium salt such as a

tetramethylammonium hydroxide, a tetraethylammonium hydroxide, and a

trimethyl (2-hydroxyethyl) ammonium hydroxide, and the alkali metal salt
25 such as patrium and kalium.

The more preferable organic acid salt according to the present
invention includes the pair of the ammonium salt and the aliphatic
monocarboxylic acid such as ammonium formate, ammonium acetate,
ammonium propionate, ammonium butyrate, ammoniwm isobutyrate,

30 ammonium valerate, ammoniam isovalerate, ammonium trimethylacetate,
and ammonium caproate. The above organic acid salt is easily available,
soluble, and handled.

The concentration of the organic acid salt used in the present
invention is preferably within a range of 0.5% to 30% by weight and more

35 preferably 1% to 20% by weight in order to control an eiching rate



BEST MODE FOR CARRYING OUT THE INVENTION 20An embodiment of the present invention will
be described hereinafter. A preferable concentration of a phosphoric acid in an etching liquid
composition according to the present invention is 30% to 80% by weight, and more preferably 40% to
70% by weight. 25In addition, a preferable concentration of a nitric acid in the etching liquid
composition according to the present invention is 1% to 40% by weight, and more preferably 5% to
30% by weight. In addition, an organic acid salt used in. the etching liquid composition according
to the present invention includes pairs of acids such 3Q as ap aliphatic monocarboxylic acid, an
aliphatic polycSPSBR{FECALH, aﬁeé%ﬁﬁafﬁs%dgg{?ﬁé&% U, B AFoRRIRE Mo cRh o &kid, an
aromatic polycaiybxy ke acid, dndtaniarontaticasxyear boxblie tapidcdnséiltsusudhms an ammonium
salt, an amine gajtiaquaterpary ammonium salt, and an alkali metal salt. 35More specifically, as an

organic acid constituting the.above organic acid salt, the aliphatic. monocarpoxylic acid jncludes a
formic acid, an acetic g%ﬁa, {g}‘ﬁ‘%[g%ﬁ@%%?d?g %gﬁyﬁﬁeg%%t, é%‘ﬁ%%%ﬁ&/r?g%%ig‘? a&?ﬁf@? eéci]ﬁi, an
isovalefic aciddat&iethidncetfersaide afrd avcapior aeidmhiealiphativpobyeatbdxylivecidincludes an
oxalic acid, a maleni¢ ficid, arsyeeinis, acit, 3. @ILEarc; acich Aeradipic ACKRIMBlicacid. @ suberic
acid, a maleic @‘ﬂgwa{uryv%g%%cid aI%itrfconic acid, an itaconic acid, and a glutaconic acid, the
aliphatic oxycaﬁooxyﬂg acid m'c%fal’é% apg?)%olic acid, a lactic acid, a malic acid, tartaric acid, and a

citric acid, the afshigtiemhocarorigid avid enrisstioBartrond beid carotlitngcigaamel e wéphthoic
acid, the aromgiie (1@ spatyarbawylie-acid includes a phthalic acid, and a trimellitic acid, and the

aromatic oxycarboxylig.acid, includes a.salicylic acid and a gallic acid. addition, with respect to
the alabo dmaeribed oD D B o tee D B R T armine
salt such as midtAylBasRisadiustmdarnge, eimBuaylarR ethyremin diectityladinetetsthathylamine,

propylamine, dipsggylaipinBetiprepliaminactitylarniigic acid, the organic acid salt, and

water at the rates shown in Table 1.
15 [Table 1]

In addition, etching liguid compositions (comparative examples 1 to
7) not satisfying the necessary conditions of the present invention were
adjusted by combining the phosphoric acid, the nitric acid, the acetic acid as

20 the organic acid, and water at the rates shown in Tabie 2.
[Table 2]

In addition, the etching liguid compositions of the comparative
25 examples 1 to 7 are outside the scope of the present invention because they
do not contain the organic acid salt although they contain the phosphoric
acid, the nitric acid, and the acetic acid as organic acids, and water as
shown in Table 2.
Here, it is to be noted that triethanolamine alkyl sulfate (alkyl
30 carbon nuraber 12 to 14) serving as an anionic surface-active agent is added
to the comparative example 6 as the surface-active agent among the
comparative examples 1 to 7.
A metal film was etched by the following method in each of the
etching liguid compositions shown in Tables 1 and 2 and measurement and

3b observation were carried out as follows to evaluate their characteristics.

10



dibutylamine, tributylamine, monoethanolamine, diethanolamine, triethanolamine, 2-(2-aminoethoxy)
ethanol, N-methylethanolamine, N-ethylethanolamine, N,N-dimethylethanolamine, N,
N-diethylethanolamine, N, N-diethylethanolamine, hydroxylamine, N, 20N-diethylhydroxyla
mine,ethylenediamine,propylenediamine, trimethylenediamine, tetramethylenediamine, pyrrole,
pyrroline, pyrrolidine, and morpholine, the quaternary ammonium salt such as a tetramethylammonium
hydroxide, a tetraethylammonium hydroxide, and a trimetbyl (2-hydroxyethyD ammonium hydroxide,

and the alkali Q%ﬁéa%%t 255u%h stnﬁftrium %?d a#ym. ':iga%more preferable organic acid salt
according to the preser%"telrrrﬁgnt?pr?lﬁc Udesthe pa 8?’%%13% nium salt and the aliphatic
monocarboxylic acid sdeh aktsrHrianidTormatéranseh om v atstatelcabmonhatr prebiognate,

ammonium butysaieec amMmeRipdsely@teri B0 ammepim Valgiale, ammonium isovalerate,
ammonium trimethylac%%tg, angg%rgr%%gigm ﬁae%roat%}grg uab.ove organi a;:id sal%.is asily available,
soluble, and handled. "~ *The concentration of the srganic acid s %?jlﬁ‘gtﬁe% fitinvention
is preferably wiRhHC4REn§eBed. 59 oe309%Hyakkeighardarerss Badtarably 1% to 20% by weight in
order to control an etchifhgirathesatisfastorlywprevenksasishbleeding fiammeipg BeNENRiRG and form a

wiring and an e.each INg. apere nfiguration. Working example,. = The
characteristics‘%g)gfrfflligt(a8 %er%%%egnts?rll%%ﬁtié%i Sv%?[??egdgs%%%gg %I%éfaﬁ‘ vé\’/ﬁﬁuf?eefreafr%e%lr(?e 8’{{\/@)‘61“ Oiﬁgoéj;am ples
of the present EYEnHBhEFETHRER HIBWEYEH ebprablntsrventynddimoelihitad BHIg)to the following

working examples. <Adjfisimnt efcbiehingtiguisheompositeneccnsding it woring saamplgs of the
preseqginventionz AQThe giching lignid compgsifions (warking.examples, 1, to 0) satisfying the
e adjuste combining the phospﬁorl acid; the

necessary conditions of the present invention wer a%
TaBREA-,

nitric acid, the BRSNS ﬁlt?%‘f&%ﬁ%ﬁ%ﬂ*@?ﬁé’é§

<Measurement of taper angle of aluminum film>
An aluminum film was formed on a substrate (Si substrate) by a
sputtering method to have a film thickness of 400nm.

15 Then, a resist was applied on the aluminum film and a resist
pattern was formed through exposure and development.

Then, the substrate on which the resist pattern was formed was
soaked in the etching liquid under a temperature condition of 40°C for 1.1
times as long as a just etching time calculated from the etching rate.

20 Then, the substrate was washed with water and dried and the resist
was removed and then an ectching condition of the aluminum film was
observed by a scanning electron microscope (SEM), and a taper angle of the
aluminum film having a tapered configuration formed by the etching was
measured.

25 In addition, as shown in Fig. 1, the taper angle used in this
specification designates an angle 0 formed between a side surface 2a of an
aluminum film 2 formed on a substrate 1 and a surface 1a of the substrate 1
on which the aluminum film 2 is formed.
<Observation of surface roughness and resist bleeding of etched surface of

30 aluminum film>

An aluminum film was formed on a substrate (Si subsirate) by a
sputtering method to have a film thickness of 400nm.

Then, a resist was applied on the aluminum film and a resist
pattern was formed through exposure and development.

35 Then, the substrate on which the resist pattern was formed was

11



15[Table iJ In addition, etching liquid compositions (comparative examples 1 to 7) not satisfying

- the necessary conditions of the present invention were adjusted by combining the phosphoric acid, the
nitric acid, the acetic acid as 20the organic acid, and water at the rates shown in Table 2. [Table 2]

In addition, the etching liquid compositions of the comparative 25examples 1 to 7 are outside the
scope of the present invention because they do not contain the organic acid salt although they contain
the phosphoric acid, the nitric acid, and the acetic acid as organic acids, and water as shown in Table

2. Here, it is to be ﬂo gnthﬁ\t trlet}nano!aml 1) Isulfate alkyl 30 carb %Qﬁjeog)&.ff 153%%1@)%52;\22? as

an anionic surface-active agen is'a eglfo tflfe Com %aréjfl &% 3?1%1:8

among the confpaieiive Wxanslas ustoerching tinge srdeariivednasretdhedtbiithe fatiowing method in
g g

each of the etching “qUﬁml@nﬂﬂ@%ﬂf@@&ﬁ@waé%E@Elﬁﬁﬁqﬂi‘%%@@%ﬁ}?éﬂé@ﬁlﬁﬂ%ﬁ@ge’g’&bservat'on

were carried o% Ilow oe ate their charact rlstlcs eas r tof e %i
aluminum film> &4 §n a E%%%\érﬁ i Wasgﬁormeé]%nnae%%k‘?’s Siraté ':Idsgl%%%gl%) %ﬁaﬁgﬁng method

to have™ film tERKAESs & 4bpnafuminum film were observed by a scanming electron
microscope (SEM).

The results of the measurement of the taper angle, and the
observation of the surface roughness, and resist bleeding carried out for
samples (working examples 1 to 6 shown in Table 1) are shown in Table 1.

10 In addition, similarly, the results of the measurement of the taper
angle, and the observation of the surface roughness, and the resist bleeding
carried out for samples (comparative examples 1 to 7) are shown in Table 2.

In addition, in the evaluation of the surface roughness and resist

bleeding in Tables 1 and 2, O is marked when no defect is recognized, A
15 18 marked when a defect is recognized a little, X is marked when a defect
18 recognized, and X X is marked when a terrible defect is recognized.

As shown in Table 1, when the aluminum film was etched in the
etching liguid compositions of the working examples 1 to 6 in which the
phosphoric acid, the nitric acid, the organic acid salt, and water were

20 combined, an optional taper angle was provided, and a smooth etched
surface having no surface roughness and resist bleeding was provided.

In addition, it has been found that each of the taper angles of the
samples of the working examples 1 to 6 in Table 1 is close to a target value,
and the metal film (aluminum film) having the desired taper angle can be

25 provided by adjusting the composition of the etching liquid composition and
the etching condition.

As a result, according to the etching liquid composition satisfying
the necessary conditions of the present invention, it has been confirmed
that the metal film such as the aluminum film can be etched with high

30 c_:ontmliability without generating resist bleeding, and the metal having the
appropriate taper angle, and superior flatness and smoothness can be
provided.

Meanwhile, as shown in Table 2, when the efching was performed in
the etching liquid compositions according to the comparative examples 1 to

35 5 and 7 in which the organic acid (acetic acid) was contained but the organic

12



Then, a resist was applied on the aluminum film having a thickness 5o0f 400nm formed on the
substrate to form a resist pattern. Then, the substrate was soaked and etched in the etching liquid
compositions shown in Tables 1 and 2 under a temperature condition of 40C for several minutes (so
as to be able to measure the etching rate). After the etching, the substrate was washed with water and
dried 10and the resist was removed and then an etching amount was measured by a stylus-type film
thickness meter to find the etching rate. <Measurement of taper angle of aluminum film> An

aluminum film f bstrate | utterin d to have a film
thickness of 40%%%1 gﬂal'eﬁ en, Igor%%s?gf \?i/léﬁsegb tlfgﬁ c¥1§r§ﬁ1um r‘%l rgﬁﬁ g fegist p%(it?érn was

formed through&shbls r@éﬁﬁi@}e@@ﬁrﬁéﬁfe was T’ﬁ’é@%@%sﬁ?&@’éﬁ%ﬁlé‘ﬁ%ﬁé%ﬁs’f@éﬂern was
formed was sogkeeirittide sidhingligmid-lrdef-aiterbpediusesaneiiopat40C for 1.1 times as long as

ajust etching time calqyalad; o G Slening r@c@?mg%he RS SRR, R NARNEG Wih water

and dried and the resist was remove n an etching condition of e aluminu was

observéd by a%ﬁﬁﬁ%@%%cwfrﬁ’t%s%pé}(gE‘F\ﬂ}nﬁ%‘aﬁﬁ(&p&%@%f thel BIuFAE fil#8 having a
tapered configuratiecefanied bythe etchingildsImeasiredw25inr additioinnasehowm iy Figel, the taper

angle used in %épﬁsg icatian. d%&?ﬁ‘%?ﬁ: aa[bﬁi‘%%@ fa{@ﬂag&ﬁ} ween %ﬂﬂ%&éﬁf%}? % Offfrgmum

aluminum film 2 formed on a substrate 1 and a surface la of the substrate 1 onwhic
film 2 is formed™81¢ °tcie RO 8y WifhcllouRfithes di7deredidt bleBdirg e rad &tace of

roughness and the resist bleeding were recognized.

10 Since the significance of the etching liquid composition according to
the present invention is evident from the comparison between the samples
of the above working examples and the samples of the comparative
examples, it can be understood that the etching can be performed with high
effictency and high accuracy by wuse of the etching liguid composition

15 according to the present invention.

In addition, although the description has been made of the case
where the metal film is the aluminum film in the above working examples,
the present invention can be applied to a case where an aluminum alloy film
18 etched.

20 The present invention is not limited to the above working examples
in other respects, and various applications and variations can be added to
the kind of the organic acid salt, the combination ratio of the components,
the etching condition such as the temperature and the time, and the
thickness and the installation of the metal film within the scope of the

25 present invention.

INDUSTRIAL APPLICABILITY
As described above, the metal film can be efched to have the desived
tapered configuration with high controllability by use of the etching hiquid
30 composition in the present imvention.
In addition, the etched surface can be smooth with no surface
roughness, and the resist bleeding can be prevented from being generated. -
Therefore, the present invention can be widely applied to a technical
field of the multilayered wiring in which a wiring film and an electrode each

35 having low resistance and a forward tapered configuration are needed, that

i3



30aluminum film> An aluminum film was formed on a substrate (Si substrate) by a sputtering
method to have a film thickness of 400nm Then, a resist was applied on the aluminum film and a
resist pattern was formed through exposure and development. 35Then, the substrate on which the
resist pattern was formed was soaked in the etching liquid under a temperature condition of 40C for
1.1 times as long as a just etching time calculated from the etching rate. Then, the substrate was
washed with water and dried and the resist was removed and then surface roughness and resist
bleeding of the etched, surf f.the aluminum film were observed scanning electron microscope
S THE (AL B e e AEHhE GPHHE T SR TretbRa B M SFA Lurace
roughness, antresidtiigeding carried out for samples (working examples 1 to 6 shown in Table 1) are
shown in Table 1, 10 In addition, similarly, the results of the measurement of the taper angle, and the
observation of the surface roughness, and the resist bleeding carried out for samples (comparative
examples 1 to 7) are shown in Table 2. In addition, in the evaluation of the surface roughness and
resist bleeding in Tables 1 and 2, 0 is marked when no defect is recognized, A 15 is marked when a
defect is recognized a little, X is marked when a defect is recognized, and x X is marked when a
terrible defect is recognized. As shown in Table 1, when the aluminum film was etched in the
etching liquid compositions of the working examples 1 to 6 in which the phosphoric acid, the nitric acid,
the organic acid salt, and water were 20 combined, an optional taper angle was provided, and a
smooth etched surface having no surface roughness and resist bleeding was provided. In
addition, it has been found that each of the taper angles of the samples of the working examples 1 to 6
in Table 1 is close to a target value, and the metal film (aluminum film) having the desired taper angle
can be

14



25 provided by adjusting the composition of the etching liquid composition and the etching condition.
As a result, according to the etching liquid composition satisfying the necessary conditions of the
present invention, it has been confirmed that the metal film such as the aluminum film can be etched
with high 30 controllability without generating resist bleeding, and the metal having the appropriate
taper angle, and superior flatness and smoothness can be provided.
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25present invention. INDUSTRIAL APPLICABILITY As described above, the metal film can be
etched to have the desired tapered configuration with high controllability by use of the etching liquid
30composition in the present invention. In addition, the etched surface can be smooth with no surface
roughness, and the resist bleeding can be prevented from being generated. Therefore, the present
invention can be widely applied to a technical field of the multilayered wiring in which a wiring film and
an electrode each 35having low resistance and a forward tapered configuration are needed, that is, a

technical field in whigh a pattern is required tp be hibhly densifiedjand mjniaturized.
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WHAT IS CLAIMED IS 1. An etching liquid composition used to etch a metal film on a substrate,
wherein it is a water solution containing a phosphoric acid, a nitric acid, and an organic acid salt,
said water solution not containing an organic acid, said organic acid salt is composed of one kind
selected from a group consisting of an aliphatic monocarboxylic acid, an aliphatic polycarboxylic acid,
an aliphatic oxicarboxylic acid, an aromatic monocarbox3dic acid, an aromatic 10polycarboxylic acid,

and an aromg%%%?ﬁg Iﬁg}(}é} The etching liquid composition according to claim 1, wherein
said organic | )ne kind selected from a group consisting of an ammonium salt,
an amine salt, a quaternary ammonium 15salt, and an alkali metal salt. 3. The etching liquid

composition according.ia;glaim;l or 2, wh B%iﬂ'%r? entr jon.of said organic acid salt is 0.1% to 20%
by weight. 204, The etching I?ijqul% corﬁpoésition }écc%ng&t%gg% énréa%f%lgﬁrﬁlé Tt §?%)v érein said
metal film is f8RREEBf aluminum or an aluminum alloy. ABSTRACT A metal film such as an

alumifium film or an atlumiaum eloydilntiscetehediwith:geasheaptiatabilitys prevemting @adesist from
bleeding, to hay§,a IaRelIAPEH CoRIH AR 20 SURS IR I3RS ing an organic acid, said
organic acid salt is composed of one kind selected from a group consisting of
an abiphatic monocarboxylic acid, an aliphatic polycarboxvlic acid, an
aliphatic oxicarboxylic acid, an aromatic monocarboxvlic acid, an aromatic

10 polycarboxylic acid, and an aromatic oxyecarboxvlic acid.

2. The etching hquid composition according to claim 1, wherein
said organic acid salt is composed of one kind selected from a group
consisting of an ammonium salt, an amine salt, a quaternarv ammonium
15 salt, and an alkali metal salt.

3. The etching liquid composition according to claim 1 or 2, wherein

a concentration of said organic acid salt is 0.1% to 20% by weight.
20 4. The etching hiquid composition according to any one of claims 1 to 3.

wherein

said metal film is formed of aluminum or an aluminum alloy.
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A water solution containing a phosphoric acid, a nitric acid, and an organic acid salt is used as an
etching liquid composition used to etch the metal film on a substrate. The organic acid salt is
composed of one kind selected from a group consisting of an aliphatic monocarboxylic acid, an
aliphatic polycarboxylic acid, an aliphatic oxicarboxylic acid, an aromatic monocarboxylic acid, an
aromatic polycarboxylic acid and an aromatic oxycarboxylic acid, and one kind selected from a group
consisting of an ammonium salt, an amine salt, a quaternary ammonium salt, and an alkali metal salt.
In addition, a concentration of the organic acid A8i#&hgesfrom 0.1% to 20% by weight. In
addition, the etching liquid composition according to the present invention is used when the metal film
is formed of aluminum or an aluminum_alloy ) ) .
A metal film such as’an aluminum film or an aluminum alley film is
etched with good controliability, preventing a resist from bleeding, fo have a

proper taper configuration and superior flatness.

o

A water solution containing a phosphoric acid, a nitric acid, and an
organic acid salt is used as an etching liguid composition used to etch the
metal film on a substrate.

The organic acid salt is composed of one kind selected from a group

10 consisting of an aliphatic monocarboxylic acid, an aliphatic polycarboxylic
acid, an aliphatic oxicarboxylic acid, an aromatic monocarboxylic acid, an
aromatic polycarboxylic acid and an aromatic oxyearboxylic acid, and one
kind selected from a group consisting of an ammonium salt, an amine salt, a
quaternary ammonmiumm salt, and an alkali metal salt.

15 In addition, a concentration of the organic acid salt ranges from
0.1% to 20% by weight.

In addition, the etching hquid composition according to the present
invention is used when the metal film is formed of aluminum or an

alominum alloy.
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