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F-PO7065SF(SG) Amendment under PCT article 34 DESCRIPTION
FINE TREATMENT AGENT AND FINE TREATMENT METHOD USING
SAME TECHNICAL FIELD 5 [0001] The present inventiongrelatgsosa F (3G)

fine treatment agent which is used fenibedinerrocessitg orglearing-1= 34
treatment of the formation of electrodes and wires made of a thin metal

film in the manufacture of a semiconductor device, a liquid crystal 10
display or the like, as well as t& mSI&t method using the same,
and in particular, to a fine trea men entused in the fine processing of a

FINmgRkam commning filnmmade of wiystee orestungstentalioy eadiassiieon:
compound containing film, as well as a fine treatment method using the
same. 15 BACKGROUND ART [0002] Various types of metals and metal

TrOXigesare mige|y used as a general electrode and wire material having a
fine multilayer structure in a semiconductor device, a liquid crystal display

(0980 the like. Wet etching methods using chemicals as well as dry etching

methads, suatay on glrbing:methads,and plasma.elehingueieds, Atk e

mainly known as conventional f ine processing tec ogles
whewctno'dessankjﬁmm§h3|r@mesgememds$mnmeial @kmmxﬁ)gﬁenemment of

on S om sogg hose neliods i seocied 20 opedno 1 .

themetal, tﬁe
inistkembinct otetehing the trgeteshductor device, a liquid crystal

display or the like, as well as a fine treatment method using
the same, and in particular, to a fine treatment agent used in
the fineprocessingefatungstencontaining filmmade of tungsten
cr a tungsten alloy and a silicon compound containing £ilm, as
well as a fine treatment method using the same.

BACKGROUND ART

[0C02]

Various types of metals and metal oxides are widely used
as ageneral electrode andwirematerial havinga finemultilayer
structure in a semiconductor device, a liquid crystal display
or the like. Wet etching methods using chemicals as well as
dry etching methods, such as ion etching methods and plasma
etchingmethods, aremainly knownas conventicnal fineprocessing
technologies forelectrodesandwires using thesemetals ormetal
oxides. Differentmethods fromameng thesemethods are selected
depending on the type of themetal, themetal oxide or a composite
material of these, which is the object of etching, the targeted
precisicn in the fine processing, the manufacturing method and
the like.

100031

Wet etching methods do not require an expensive apparatus
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precision in the fine processing, the manufacturing method and the like.
[0003] 30 Wet etching methods do not require an expensive apparatus 1
F-P07065SF(SG) Amendment under PCT article 34 in comapd&isthawiiir (SG)
dry etching methods and are econonficglbénanse wrheinekPénsiveicle 34
chemicals are used. In addition, the effects of the wet etching methods

are not affected by the form of the object of etching, and thus, wet etching

in@@Hﬁ&@fﬁ&@ﬂ@@?@@iéﬂpﬁ?H@E@Eﬁb@y%ﬁﬁﬁ?g%ééﬂgﬁﬁcalbecause

dimensional structure. Furthermore, metals which are dissolved in the
ongeRdERA AR Ot eltching andussefakas thd elecitddeiand théwied fect s

ofr%%tﬁ_r@gt & %ﬁ%l?ﬁé%gé@gtlg%lg & sc”yafl%ornﬁ%ét“le gt%har%tgaft%rfgrsfg of the
(etching waste) , and therefore, wet etching methods are widely
obadopted feamithe ppiahaf vieys pfuedfeetivelyl usingsnaturs 4esodfeeSopriate

0004] A variety of metals, alloys of these and metal oxides are used as
0 b h s g A S S v AR T i r B b BT -

Fugevicenss seliquiskerystabdisplay:- AU dpolybdeaume HIBRMURY 2 result
tungsten, zirconia, tantalum, gold, silver, copper and alloys of these

O Miétals! f6r EXEMPRS Bdn LS USedl &4 et 0BST IR Heke, Agtirrials
cafighantdon wingsten-confaining fims Made ¢ on the stchant after use

(etching waste), and therefore, wet etching methods are widely
adopted from the point of view of effectively using natural
resources,

[0004)

A variety of metals, alloys of these and metal oxides are
used as the above described electrode and wire materials for
a semiconductor device or a liquid crystal display. Aluminum,
molybdenum, titanium, tungsten, zirconia, tantalum, gold,
silver, copper and alloys of these metals, for example, can be
used as the metal.

[C005]

Here, as the etchant for tungsten containing films made
of tungsten or a tungsten alloy, a liquid mixture of an alkaline
solution and hydrogen peroxide can be cited as an example (see,
ferexample, Japanese Unexamined Patent Publication2001-26890,
Japanese Unexamined Patent Publication 2002-25965, Japanese
Unexamined Patent Publication 2002-53984 and Japanese
Unexamined Patent Publication 2004-31791).

[0C06]

In the case where the etchant contains hydrogen peroxide,

however, the composition of the etchant easily changes due to

the decomposition of this hydrogen peroxide, and thus, there



of tungsten or a tungsten alloy, a liquid mixture of an alkaline solution and
hydrogen peroxide can be cited as an example (see, for example,
Japanese Unexamined Patent Publication 2001-26890, Japanese
Unexamined Patent Publication 2002-25965, Japanese 25 drexamiadd 5G)
Patent Publication 2002-53984 and d&panesn Uries@fiined Pagariiicle 34
Publication 2004-31791). [0006] In the case where the etchant contains
hydrogen peroxide, however, the composition of the etchant easily

is shanagsidue 19; 89 the decemposition of dhig hygiggen-peroxidesand « i on,
 thus, there 2 F-PO7065SF(SG) Amendment under PCT article 34 is a
in phsbleapwithlierstabiliteasaeeherhical ahdddigors itheldasewhetdanct,
etchant for etghing a muldlayer fim.of, for example, aungsten fim anda, 4
fors%%c{(%r?%%de |ml@}%n%ade o] onﬁ}/! alfﬂ'{aine solutilfgr%s, there is a problem ©
of thatthelsiliddmseoxide filmiscannohbeetthed. Eurthérmolidahe Wifferentcecon
.in_the etching rate between the tungsten film and the silicon, oxide film _ .
OXlgéleus]i:,\ls%n %ré%i@%ov%ﬁgr@e t%% or@r<r#1 'aftge{fl% celr%n %é%bm%}%epo%%,% fe =hes
thesutfaceroef thetsubsiratedecames coassethrolgh etehingher sithinghisoxide
.. carried out unevenly. Patent Document 1: Japanese Unexamined Patent

£11B R8RS 2286 T80 0" PatEn DS chfent - 1efare s -Orexarhimee Poor:
thePatemt-Publication. 2002-25965-PatenirRecunent3 Japapese etching or

Unexamined Patent Publication

etching is carried ocut unevenly.

Patent Document 1: Japanese Unexamined Patent Publication
2001~26890

Patent Document 2 : Japanese Unexamined Patent Publication
2002-25965

Patent Document 3 : Japanese Unexamined Patent Publication
2002-53984

Patent Document 4 : Japanese Unexamined Patent Publication
2004~31791
DISCLOSURE CEF THE INVENTION PROBLEM
TC BE 3C0LVED BY THE INVENTION
[C007]

Embodiments of the present invention are provided in

view of the above described problems.



2002-53984 Patent Document 4 Japanese Unexamined Patent

Publication 2004-31791 DISCLOSURE OF THE INVENTION PROBLEM

TO BE SOLVED BY THE INVENTION [0007] Embodiments-of $Hé) piesehntG)
invention are provided in view of thefdsovérgaseribadprofiemsagticle 34
F-PO7065SF(SG) Amendment under PCT article 34 The present

inventors diligently examined fine treatment agents and fine treatment

methogs ysiag dhe: same:in-erderde 130k the,aboye deseribed Problems o n+

with the prior art. As a result, it was found out that it becomes possible to
29BREoPS5the Bichiing PRETH HdSitiRQIHE folfowisy Eonfigarsiohrwisasler to
soi'@@ t@?é”@é‘&%ﬁeci‘{é@éf%% %T&‘gﬂ%\lﬂ f@&gv#}gea %’?%?teep t. As a
containing film and a silicon compound containing film, and thus, the
regradentifvertioriiswompleted: AaE-PO7 0665566 camentdient andentrol
PCT article 34 [0009] That is to say, the.present. invention provides a fine
g O Soe P BAnch RS B the Ty GBSATH, Y B MRy e
f i iecltyding Eniengsten eortaining fdm-antha ssiicon-campeund-eomaiing ng a
film comprising hydrogen )
tungstencontaining filmanda silicon compound containing £ilm,

and thus, the present invention is completed.



fluoride, nitric acid and at least one of ammonium fluoride and ammonium
chloride. [0010] In the above described configuration, it is preferable for

the etching rate for the above described tungsten containin _gﬁq@éggg g
Ef the etchy }
[

to be within a range from 0.5 nm/min,to 5000 nm/min. and 1o |
rate for the above described silicon rc}gnhﬁjﬁlé%h@cp n%oﬁ?ﬁr%g Trﬁr% aata%cctﬂ(; 3

be within a range from 0.5 times to 2 times the etching rate for the above
roodescribed tungsten containing film at 25C. [0011] In the case where the
difference in the etching rate between the silicon compound containing
film amdh theitungstenacpntaihiag rfitesisrgreat; e foromofathepattesn af fine
the tungsten containing film after fine processing and the form of the
t repattemtof abengilicdnicdmpsundssohtaining filve bééorne bheven Sihat i &
say, the width of the trenches created in the tungsten containing film and
multhe siiken coinpouhtConthinidg Alnt riEPhE Bifférsita 5B 'that step§ac 2
__created, or the form on the side wall surfaces of the trenches may be lost,
silfoFeXamplérRIHE Above¥serben?s F-Po765SETEE) Amendmekt - 097
under PCT article 34 configuration, however, the etchin ratej.fqr th ! 4
FLuGrdsiFeompotind @&i’tgin%bd‘rilﬁwt( e 7S coitrolidd sB a0 L(“emwiﬁ%iﬁoarl ©
4a§%% from O.Sﬁifwes. Eﬁ) 2 times greater than the etching rate for the
2y gs %ﬁ“b%%téjinin%%ﬁme(ZSC), and therefore, it becomes
]

(0010

In the above described configuration, it 1s preferable
for the etching rate for the above described tungsten containing
film at 25°C to be within a range from 0.5 rm/min to 5000 nm/min
and for the etching rate for the above described silicon compound
containing film at 25°C to be within a range from 0.5 times to
2 times the etching rate for the above described tungsten
containing film at 25°C.

[0011]

In the case where the difference in the etching rate between
the silicon compound containing film and the tungsten containing
film is great, the form of the pattern of the tungsten containing
film after fine processing and the form of the pattern of the
silicon compound containing film become uneven. That is to say,
the width of the trenches created in the tungsten contalining
film and the silicon compound containing film may be different,
so that steps are created, or the form on the side wall surfaces

of the trenches may be lost, for example. In the above described



possible to finely process the tungsten containing film and the silicon
compound containing film at the same time with high precision while
preventing the form of the pattern from becoming uneven as-PRITH &3S F (SG)
possible. Furthermore, fine processirgmanibercartediout @Tthessuriacks 34
of the substrate while preventing the roughness on the surface from
becoming great by controlling the etching rate, and thus, it becomes
coggssiblet provide a_smooth and. clean surfacef(r)n the substrate by

redutig detects. (00121 1h aaaitsT the Sching rate O T fire Bt U d

agent_having.the ahqye described configuration for the tungsten
co%g%t%l?nllﬁlg?fifnlw 75 %lsg’/\)/itﬁiﬁ gcr)gr?greof{rgr% B nmmift %?fblot%hﬂn?in}fange

£r8Rdgherefore, thedime fgr progessing for the, fi ne dreatment o N0E. £or the

tungsten containing film can bé prevented from becoming long, and thus,

ruilgEease indhe efficiency-dyring, peeductian,can.he achisyed. [0013LIn the .

above described fine freatment agent, it is preferable for X,Y and Z to

po 8atigfy éhedoflowiig relationals expeessians when-therconteniptherabeve+ ne
described hydrogen fluoride is X mol/kg, the content of the nitric acid is Y

simoitkg 64POVO6ESE(SG) Amendmeant undet RETsatticle:3hand the: high

content of either the ammonium fluoride or the ammonium chloride is Z
Prawlikyofpeid]ie preventing the form of the pattern frombeconing
uneven as much as possible, Furthermore, fine processing can
be carried out on the surface of the substrate while preventing
the roughness on the surface from becoming great by controlling
the etching rate, and thus, it becomes possible to provide a
smooth and clean surface on the substrate by reducing defects.
(G012}

In addition, the etching rate of the fine treatment agent
having the above described configuration for the tungsten
containing film (23°C) is withiria range from 0.5 nm/min to 5000
nm/min, and therefore, the time for processing for the fine
Treatment on the tungsten containing £film can be prevented from
becoming long, and thus, increase in the efficiency during
production can be achieved.

0013}

In the above described fine treatment agent, it is

preferable for X, Y and Z to satisfy the following relational

expressions when the content of the above described hydrogen

fluoride is ¥ mcl/kg, the content of the nitric acid is Y mel/kg



[Formula 1] Z 5 1.25Y - 1.75 (1) Z > 1.4Y - 3 (2) Z -<- 0.973Y + 0.108 x

(100-4X)(3) 0.5< X510,Y>0,0<Z<6 (4) [0015] As a result, it

becomes possible for the etching rate for the silicon compauRDEGRaRINEG)

film at 25C to be within a range from?®:5rivesto 2:0dieess§iBatertthane 34

the etching rate for the tungsten containing film at 25C in the case where

the etching rate for the tungsten containing film at 25C is within a range

: in t0.5000 nm/min. [Q016] In addition, in the above .

SO S TeRara Tor e Stai G PR for e BB o
ch #gsariked;tungsten; egntaining film at 25C is within a range from 0.5

nm/min to 5000 nm/min and the etching rate for the above described
rgsiiggn compound containing film at 25C is either less than 0.5 times or

greater than 2 times the etching rate for the above described tungsten

contajreag-tim at 25C. [0017] The fine treatment agent having the above

described 7 F-P0O7065SF(SG) Amendment under PCT article 34

configuration afgws the ching rate for the silicon compound containing

film (25C) to be controlled so as to be less than

Z > 1.4Y ~ 3 (2)
Z £~ 0.973Y + 0.108 x (100 - 4X) (3)
0.2 X =10, Y >0, 0 <Z <6 (4)

[0015]

As a result, it becomes possible for the etching rate for
the silicon compound containing £ilm at 25°C to be within a range
from 0.5 times to 2.0 times greater than the etching rate for
the tungsten containing filmat 25°C in the case where the etching
rate for the tungsten containing film at 25°C is within a range
frem 0.5 nm/min to 5000 nm/min.

[001lel

In addition, in the above described configuration, it is
preferable for the etching rate for the above described tungsten
containing film at 25°C is within a range from 0.5 nm/min to
5000 nm/min and the etching rate for the above described silicon
compound containing film at 25°C is either less than 0.5 times
Or greater than 2 times the etching rate for the above described
tungsten containing film at 23%°C.

[0017]

The fine treatment agent having the above described



0. 5 times or more than 2 times the etching rate for the tungsten

containing film (25C), making the difference in the etching rates for the

two greater, and therefore, selective fine processing becorfie® possibEFAISG)

the tungsten containing film or the sifivemdompound demtaltiifig filmilale 34

addition, control of the film thickness of the tungsten containing film or

silicon compound containing film also becomes possible. Furthermore,

control of the etching rate makes it possible to prevent the, rqughness on
o R e R D e chE B8 iy s f BarytR o

ine processing, an téuts it becomes oss'br{et reduce (Ck;)e umber of
co%e?e%tls?" and f&%\%d& a sm)?ooiirclD %fr?d %Perg%lrsou% a%%P()snothaessu Ost%aﬁe. S than

0. edditiQny the glching yate for the wingsten;contaiging, film ﬁ%é%f% WIthiR & or,

range from 0.5 nm/min to 5000 nm/min, and therefore, the time for

coREQGessing the-fine seatmenton thetupgsten; containing ilny, candesy o i ng

prevented from becoming fong, and thus, increase in the efficiency during
rapeadubiionicas hevachieved 0018]Ha the abeye describetdine: reatmerd

agent, itis preferable for X, Y and Z to satisfy the following relational
prexpressiondwhendsemontentlof the atheve degerited hydrogénifivoridéds or

X mol/kg, the content of the nitric acid is Y mot/kg and the content of
theithek Hfeannaong Huofrits o e animbnium 18 R-R070658F(S@)trol of

Amendment under PCT article 34 chloride is Z mol/kg.
the film thickness of the tungsten containing film or silicon
compound containing film also becomes possible. Furthermore,
control of the etching rate makes it possible to prevent the
roughness on the surface of the substrate from becoming great,
as well as to carry out fine processing, and thus, it becomes
pessible to reduce the number of defects and provide a smooth
and clean surface on the substrate. In addition, the etching
rate for the tungsten containing £ilm (25°C) is within a range
from C.5 nm/min to 5000 nm/min, and therefore, the time for
processing the fine treatment on the tungsten containing film
can be prevented from becoming long, and thus, increase in the
efficiency during production can be achieved.
[0018]

In the above described fine treatment agent, i1t is

preferable for X, Y and Z to satisfy the following relational
expressions when the content of the above described hydrogen

fluoride is X mol/kg, the content of the nitric acid is Y mol/kg

and the content of either the ammonium flucride or the ammonium



[0019] [Formula 2] Z <_-0.973Y + 0.108 x (100 - 4X) (3) 0.5<_X 10,Y >
0,0<Z6(4)Z<_1.4Y -3(5) [0020] The content of nitric acid and at
least one of ammonium fluoride and ammonium chloride sBHSIESHBSE (SG)
above described relational expressicossindhe configdeatiop;andthuscite 34
becomes possible for the etching rate for the silicon compound containing
film at 25C to be in a range of less than 0.5 times or more than 2 times
he etching rate for the tungsten containing film at 25C in the case where
e %ln]g a%e I1norjt2 ?Ungsten containing film at 25C is within a range
iOér? 0.5 nm/min to 5000 nm/min. [0021] It is preferable for the main
cor%lponent of the above described tungsten containing film to be at least
one t)(@gﬁgﬁ(;ﬂteg ]‘rom thegroup consisting of tungsten, titanium
tungsten, copper tungsten, nickel tungsten, cobalt tungsten, molybdenum

tungsten, tungstgﬁl:;s*llqdq)a@@g.lr;gsﬁrwltndqlg())OZZ] In addition, in tq%

above described fine treatment, it is preferable for the above described
silicop compaung gantaiping @ FH0L0858FESG) Amendment ynder PCT

article 34

Z £ 1.4Y ~ 3 {5)
[0020]

The content of nitric acid and at least one of ammonium
fluoride and ammonium chloride satisfies the above described
relationalexpressionsintheconfiguration, andthus, itbecomes
possible fortheetchingrate for the silicon compound containing
film at 25°C to be in a range of less than 0.5 times or more
than 2 times the etching rate for the tungsten containing film
at 25°C in the case where the etching rate for the tungsten
containing £ilm at 25°C is within a range from 0.5 nm/min to
5000 nm/min.

(00211

It is preferable for the main component of the above
described tungsten containing film to be at least one type
selectedfromthegroupconsistingof tungsten, titaniumtungsten,
copper tungsten, nickel tungsten, cobalt tungsten, molybdenum
tungsten, tungsten silicide and tungsten nitride.

106227

In addition, in the above described fine treatment, it

ispreferablefortheabovedescribedsiliconcompoundcontaining



film to be a single layer of one type selected from the group consisting of

a silicon thermal oxide film, a non-doped silicate glass film, a

phosphorous doped silicate glass film, a boron doped silicaterglass filys, &G

phosphorous and boron doped silicatengtagsditm, add=QS Film, a fluotine 34

containing silicon oxide film, a carbon containing silicon oxide film, a

silicon nitride oxide film and a natural oxide film, or a multilayer film of

. fwo_or more types selected from the group. 0023%? additign, in the
flia%o%% é)gsc‘aribsg%ﬂﬁsmleetrég%eerntoa ecﬁ?,@ iti€prefer gﬁgéth%r&@hﬁ‘r@eragg oup
r.the. e r'beg ilicon compound centaining film at, 25C to be ,

S et S SRR S RSV R S

g1 PEacessing the fine ugatmentonsihe silicon gampaund cantaining, film gan. .,

be prevented from becoming long, and thus, increasé in the efficiency

dopkuing preduction sanhe aghievedoane sontial Hfdheflny thickpessiand» «

the roughness on the surface of the silicon compound containing film

gliesomesgasy afterdinel processig: d0024 Indhe abave deserhedingxide
treatment agent, it is preferable for 0.001 weight percent to 0.1 weight

f1i jercentafevsudfactant tol hey contdined. Asialkesult, thessyrface-ehthe t ride
substrate, on which fine treatment has been carried out, can further be

ox jieventéd frond bacominvgredarseitbeaddifion, the 20FuPO70658E(SB)Lm of

two or meore types selected from the group.
[0023]

In addition, in the above described fine treatment agent,
it is preferable for the etching rate for the above described
silicon compound containing film at 253°C to be within a range
from 0.5 nm/min to 5000 nm/min. As a result, the time for
processing the fine treatment on the silicon compound containing
film can be prevented from becoming long, and thus, increase
in the efficiency during production can be achieved, and control
of the film thickness and the roughness on the surface of the
silicon compound containing film becomes easy after fine
processing.,

100243

In the above described fine treatment agent, it is
preferable for 0.001 weight percent to 0.1 weight percent of
a surfactant to be contained. As a result, the surface of the
substrate, on which fine treatment has been carried cut, can

further be prevented from becoming ccarse. In addition, the

10



Amendment under PCT article 34 wettability on the surface of the
substrate can be improved by adding the surfactant, and thus, it becomes
possible to carry out uniform fine processing on the Surfac%%(ShZ%ESSSF (5G)

substrate. [0025] In addition, embodiments of the pre entgw ntion .
provide a fine treatment method acc%rrr?lu"a‘l%%?g W ic%na%aét oneag?q éCle 34

tungsten containing film and a silicon compound containing film is finely
processed by using the above described fine treatment agent. [0026] In
wetactorange withtthe ahovesdesariberhmethbdtafine treatrhbentiagentweith oy
which the etching rate for the tungsten containing film (25C) is 0.5 nm/min
addorEp0remimintisarseut, , ardhtherbfore, the timedorpraeessihgithe finecarry
treatment on the tungsten containing film can be prevented from
outhesoiingriory,nmakiferinefedse inthé efficiercladiringfprodacispstrate.
ossible. In addition, in the case where the above described fine
[ C¢reatment agent allows the etching rate for the silicon compound
containing_ film (25C) to be controlled within a ranﬁe from 0.5 times to

eSS Sichirg rataor ety ten Containiig Him (256 the G ®
i ceSEa St the GBI AmE R WHChigh prCbidm, And RS ahe = Of 2
TR S Tor s oo capond A M e ormaTe o 5o 51"
g film i1s controlled so as to
is b%ﬁ?@l@anpg'&cessed by using the above described fine
treatment agent.
r002¢]

In accordance with the above described method, a fine
treaﬁment agent with which the etching rate for the tungsten
containing film (25°C) is 0.5 nm/min to 5000 nm/min is used,
and therefore, the time for processing the fine treatment on
the tungsten containing film can be prevented from becoming long,
making increase in the efficiency during production possible.
In addition, in the case where the above described fine treatment
agent allows the etching rate for the silicon campound containing
film (25°C) to be controlled within a range from 0.5 times to
2 times the etching rate for the tungsten containing film (25°C),
the tungsten containing film and the silicon compound containing
film can be finely processed at the same time and with high
precision, and thus, the fabrication yield can be increased.

Meanwhile, in the case where the etching rate for the silicon

compound centaining film is controlled sc as to be less than

(]
‘.....\



F-PO7065SF(SG) Amendment under PCT article 34 0. 5 times or more

than 2 times the etching rate for the tungsten containing film, it becomes
possible to carry out selective fine processing on the tungster¥ €aRtantiny SG)
film or silicon compound containing fiReEWiRakh predisiont Effeststdfthe 34
Invention [0027] The present invention provides the above described

means, and thus, the effects described below can be gained. That is to

0. 52y, thedrgsentinvention provides @ﬁ@%ér&ﬁm g age Q%W@F%atupgsten

configuration which includes hydrogen fluoride, nitric acid and at leas

cofne of ammeniym Hyorde andsammonium ehloride,.and thus, {thecomes;

possible to carry out fine processing on a multilayer film which includes a
prifgste garattagilmaneda stisencompeyrd continino filnin sueh @ind
manner that both the tungsten containing film and the silicon compound
conantaining; filtd are prodesaedat the=same éime, or only one is selectively
processed. In addition, the form of the fine processing pattern can be
Ef pravestedt froinebdcoming Amconsistent due to the difference in the etching
rate between the tungsten containing film and the silicon compound
[ 0@éritaining film. As a result, controllability of the form becomes excellent,

and increase in the precision during processing can be achieved.
Furthe Afid?E SR B UGHRE TPt S aEs df iseaibia ste eanibed means,
an ﬁ;evented from becoming great, and therefore, it becomes possible to

duteithe M5 defedis SR 6N IR AL GHoshn P gained.

That is to say, the present invention provides a fine
treatment agent having a configuration which includes hydrogen
fluoride, nitric acid and at least cne of ammonium fiucride and
ammonium chloride, and thus, it becomes possible to carry out
fine processing con a multilayer £film which includes a tungsten
containing film and a silicon compound containing film in such
a manner that both the tungsten containing film and the silicon
compound containing film are processed at the same time, or only
one is selectively processed. In addition, the focrmof the fine
processing pattern can be prevented from becoming inconsistent
due to the difference in the etching rate between the tungsten
containing film and the silicon compound containing film. As
a result, controllability of the form becomes excellent, and
increase in the precision during processing can be achieved.
Furthermore, the roughness on the surface of the substrate can
be prevented from becoming great, and therefore, it becomes

possible to reduce the number of defects and provide a smcoth

12



12 F-PO7065SF(SG) Amendment under PCT article 34 and clean surface
on the substrate. As a result, it becomes possible to increase the
fabrication yield. BEST MODE FOR CARRYING OUT THEFNVENTHON: (3G)
[0028] (Embodiment 1) One embodinentrofithe presettinveatioriscicle 34
described in the following. The fine treatment agent according to the
present invention is formed so as to include at least hydrogen fluoride,

an%ritri acid and at least one of ammonium fluoride and ammonium chloride

eraimatter retafred t8as AfmomanTr fudtide Pt AP -ind fSuS&fomnes

inely_processing a tungsten.containing film, and a silicon compound
po\(%logr?t%é#néé/ film W fc%agr% |§5egreaao%ré csau%% rate ]r—“?r?éj processing means

sE@EhingHef a-unasien: coqtainipg filmanea silison,gompound containing

film and cleaning the surface of these. [0029] It Is a necessary
roteguirement for the fine treatment agent according to the present

embodiment to have an etching rate within a range from 0.5 nm/min to

5000 mmpue farea tungsten containing film at 25C. In the case where the

etching rate is less than 0.5nm/min, the fine treatment, for example

etchirnmdaked tilenamaking thecefficieney dutinggieduetidslonedarived in

addition, in the case where the etching rate exceeds 5000 nm/min,
theoritedllowing.

The finetreatment agent accordingtothepresent invention
is formed so as to include at least hydrogen fluoride, nitric
acid and at least one of ammonium flucride and ammonium chloride
(hereinafter referred teo as “ammonium fluoride or the like”),
and is used when finely precessing a tungsten containing film
and a silicon compound containing film which are layered on a
substrate. Fine processing means etching of a tungsten
containing film and a silicon compound containing film and
cleaning the surface of these.

[0029]

It is a necessary requirement for the fine treatment agent
accordingtothepresent embodiment tohaveanetchingratewithin
a range from 0.5 nm/min to 5000 nm/min for a tungsten containing
film at 25°C. 1In the case where the etching rate is less than
O.Snm/min,thefinetreatment,forexampieetching,takestime,
making the efficiency during production low. In addition, in

the case where the etching rate exceeds 5000 nm/min, control

in the film thickness after etching becomes difficult, and the
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in the film thickness after etching becomes difficult, and the 13
F-PO7065SF(SG) Amendment under PCT article 34 roughness on the
surface of the substrate (surface on the side opposite to the-RUTeEtesdT (SG)
which the tungsten containing film adAd¢hedtiicenareformedpbdcamescle 34
significant, and thus, the fabrication yield becomes low. Furthermore, it is
preferable for the etching rate for the above described tungsten
containing film.to be withina r from 5 nm/min to 5000 nm/min, itis
o Bt able or o e Sifin & G O 00 Wi F Sgog s side
Qymin, %rg)d ' ﬂ%p r%g éy p ef‘%q_bé f(%iét% Q within a range from 4
C>p%m/min to SO{CI)O nr%/lmin.?(r)OBO in add?%ion, the a%g\sle %I%s%ﬁgg% ine 9 %Ollm

andfeaiigentagent .allows-the stching Jatesfor thesillaon.cempound 1y s, the

containing film at 25C to be controlled withina range from 0. 5 times to 2

f alirness thesetching ratedeniestungsten poptaining film at 26G. Ap elelingp | o
rate within the above described range of numerical values makes it

fopagsiblectonineyerd steps framdeingerenied i thed intattasediewveendthe: ng
silicon compound containing film and the tungsten containing film, as well

t1ias topreventitheform ofahe eside wvalEsurfacesfram B€0g lost imtantact is
holes and trenches created in the silicon compound containing film and

Mo fife prRstascbntdinmg filmofdrexarplénAs & sesidt, Tonmoll &6ilimgirie to
form becomes excellent, and it becomes possible to process the tungsten

>0 CBMBIMHG IR Ehd thie SRR corpoUnd RbRkRFAGLe for it tobewithin

a range from 400 nm/min to 5000 nm/min.
[0030]

In addition, the above described fine treatment agent
allows the etching rate for the silicon compound containing £ilm
at 25°C to be controlled within a range from 0.5 times to 2 times
the etching rate for the tungsten containing film at 25°C. An
etchingratewithinthe above described range of numerical values
makes it possible to prevent steps from being created in the
interface between the silicon compound containing film and the
tungsten containing £ilm, as well as to prevent the form of the
side wall surfaces frombeing lost in contact holes and trenches
created in the silicon compound containing £ilm and the tungsten
containing film, for example. As a result, controllability of
the form becomes excellent, and it becomes possible to process
the tungsten containing filmand the silicon compound containing
filmat the same time. Here, the fine treatment agent according

to the present embodiment contains ammonium f£luoride, and

14



film at the same time. Here, the fine treatment agent according to the
present embodiment contains ammonium fluoride, and 14

F-P07065SF(SG) Amendment under PCT article 34 therefiore,sswedbing (SG)
and peeling of a resist film as causedunbedran etchantbasertononly-1e 34
hydrofluoric acid is used can be prevented, and effects of protecting the
resist film can be gained. [0031] Here, the etching rate for the silicon

d tainj fil t 25C is controlled within a range from 0.5
D e A o B P e B Ropfr & 356 when

an 8%%@ refore. % anﬁndéz%gatasg% the Eoyeggg]% -r/g'%tsionséaex [ESSIONS = ented,

G e
when the content or hy nfluoride is g, t1f11e content ofnitric

andicltkisr motikg andthe content,of ammanium fuerde 1s,Z,mol/kg, [0032]
[Formula 3] Z<_1.25Y-1.75(1) 2>1.4Y-3(2) Z--0.973Y +0.108 x

104380 - 4X) (3) 0.5<_X<-10,Y>0,0<Z<_6 (4) [0033] In addition, in
the fine treatment agent according to the present embodiment, X', Y' and
Z' satisfydhecfodaving iredptional expressionsiwhemthesoncantetionofning

the hydrogen fluoride solution is X' mot/kg and the concentration of at
fileastt 25°C is controlled within a range from 0.5 times to 2
times the etching rate for the tungsten containing £ilm at 25°C,
and therefore, X, Y and Z satisfy the fcllowing relational
expressions when the content of hydrogen fluoride is X mel/kg,

the content of nitricacid is Ymol/kg and the content of ammonium

fluoride is .Z mol/kg.

{0032}
[Formula 3]
Z < 1.25Y - 1.75 (1)
Z > 1.4Y - 3 {2}
Z < -0.973Y + 0.108 x (100 - 4X) (3)

0.5 X <10, Y >0, 0<2Z

A

6 (4)
[0C33]

In additicn, in the fine treatment agent according to the
present embodiment, X', Y’ and Z’ satisfy the following
relational expressions when the concentration of the hydrogen
fluoride solution is X’ mcl/kg and the concentration of at least
one of the ammonium fluoride sclution and the ammonium chleride
solution (hereinafterreferredtoas “ammoniumflucride solution

or the like”) is Z’' mol/kg.

15



one of the ammonium fluoride solution and the ammonium chloride

solution (hereinafter referred to as "ammonium f luoride solution or the

like") is Z' mol/kg. 15 F-PO706SSF(SG) Amendment underfPECT B0tAE B4SG)
[0034] [Formula 4] Z' <_ 1.25Y" - 1.75¥denZme1iAYIn@@ LR 209723 34
+0.108 x (100 -4X") (3') 0.56< X'<-10,Y'>0,0<Z'<_6(41) [0035]

The content of hydrogen fluoride, nitric acid and ammonium fluoride or

[QH@;'Bke’ and the concentration of the hydrogen fluoride solution and the
ammonium fluoride solution or the like satisfy the above described

conditf_i%%rmggtqwjng rate for the silicon compound containing film at
25C becomes within a range from 0. 5 times to 2 times the etching rate
for the tungsten gontaining,fijm, and thus, the fine,treatment agent is
appropriate for use in fine processing of multilayer films containing a
tungsten sontaimng filmgand a silicon ¢ggmpound containing film. As an
example where the etching rate for the silicon compound containing film

at 25Cis greatlycdifferent fromthe etchinggate fox the tungsten containing
film, anetchant for a tungsten containing film made of sodium hydroxide
and RKydrogei peroxide can be citedl Inr<the’ casedof this etchari *

[06035]

The content of hydrogen flucride, nitric acid and ammonium
fluoride cor the like, and the concentration of the hydrogen
fluoride solution and the ammonium fluoride solution or the like
satisfy the above described conditions, the etching rate for
the silicon compound containing film at 25°C becomes within a
range from 0.5 times to 2 times the etching rate for the tungsten
containing film, and thus, the fine treatment agent is
appropriate for use in fine processing of multilayer films
containing a tungsten containing film and a silicon compound
containing film. 2As an example where the etching rate for the
silicon compound containing £ilm at 25°C is greatly different
fromthe etchingrate for the tungstencontaining film, anetchant
for a tungsten containing film made of sodium hydreoxide and
hydrogen percxide can be cited. In the case of this etchant,
however, the silicen compound containing £film is barely etched.
Useof the fine treatment agent accordingto thepresent invention
as an etchant makes it possible to etch a tungsten containing

film and a silicon compound containing film at the same time,
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however, the silicon compound containing film is barely etched. Use of

the fine treatment agent according to the present invention as an etchant
makes it possible to etch a tungsten containing film and a EHESIYCESSF (SG)
compound containing film at the sam&tineing6 F-ROZBSFEBGE)rticle 34
Amendment under PCT article 34 and also allows for control of selective
etching between the tungsten containing film and the silicon compound

angogieling 1), gnethereiore, e fpe ieatent aognthasexcalent oo o1

performance In comparison wit the etchants o prior art,” In terms

t ufige Processing.on multilayer films, [0Q36LIn.addifion, itis peferable far. ;-

the etching rate of the fine treatment agent according to the present

£ 1 ebogimentior «xsilieon eampound conBiRing A AL 2RC Qe excellent
controlled within a range from 0.5 nm/min to 5000 nm/min. This is

pe becausmitthen casaydere dhewiehing ratesisdessithang. Sona/min. dime r -
is required for the fine treatment, for example etching, as in the case of a
intdrgsten cdntinirg filto,carekdometmestiie efficiency fdarzg production
is reduced. In addition, in the case where the etching rate exceeds 5000
[O@dfinin, control of the film thickness after etching becomes difficult, and
the roughness on the surface of the substrate (surface on the side
oppositeafirtheiRifacewhierere fimeaterecbptaining ARTbi e HkEr of the
formed) becomes significant, and thus, sometimes the fabrication yield

FinRcbreRtiBRT it i MotE freftanitter e skfikfatsnt embodiment for

asiliconcompeundcontaining £filmat 25°Ctobe controlledwithin
a range from 0.5 nm/min to 5000 nm/min. This is because in the
case where the etching rate is less than 0.5 nm/min, time is
required for the fine treatment, for example etching, as in the
case of a tungsten containing £ilm, and sometimes the efficiency
during production is reduced. In addition, in the case where
the etching rate exceeds 5000 nm/min, control of the film
thickness after etching becomes difficult, and the roughness
on the surface of the substrate (surface on the side opposite
to the surface where a tungsten containing film or the like is
formed) becomes significant, and thus, sometimes the fabrication
yield becomes low. It is more preferable for the etching rate
for the above described silicon compound containing £film te be
withinarange fromlnm/minto 1000 nm/min, and it isparticularly
preferable for the etching rate tobe within a range from 1 nm/min
to 500 nm/min.

[0037]
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for the above described silicon compound containing film to be within a
range from 1 nm/min to 1000 nm/min, and it is particularly preferable for

the etching rate to be within a range from | nm/min to 500 BmARI §6EF7]SG)
17 F-P07065SF(SG) Amendment udderREBEakiclng4 TheldokentiZle 34
(mol/kg) of ammonium fluoride or the like included in the fine treatment
agentis 0.01 _< Z <_ 6, and therefore, it can be said that the fine

reatmen! agenlaccopting o \he presentembodiment s ullered he 1ike
hydrofluoric aci HF) having a'low ammonium fluoride composition.

. f i lyori the lik t d within th
in aggﬁogﬁmkﬁgﬁmgw@aég%%e%%%&% ke Z ok s rolled wi IR core,

. =
escri ange of numeric Ues, andthas; ffie sl y

it Rradugle cEoatediad she time ef elching.doreampleaMMoNiW Y i ng to the

silicofluoride) can be increased, so that defects caused by etching can be

o rseventedbincaaiton thedemeratyre ad wawch, shistabdarositsean Beving
greatly lowered without changing the etching rate, and therefore, no such

2 Jpreblems aserystalidepdsitingrios exaigpte duting winierearse 0038 H 1 um
is preferable to add a surfactant to the fine treatment agent according to

I lulge prissert embodirhent. As thendbovkl deseribiéd sutfaetahty nendienicr 1bed
surfactants, such as polyethylene glycol alkyl ether, polyethylene glycol

rangg/ P pREMA BivEr L pelyetRdleAa glytolsaliphatieebtdri Lit v in the product

created at the time of etching (for example ammonium
silicofluoride) can be increased, so that defects caused by
etching canbe prevented. Inaddition, the temperature at which
crystal deposits can be greatly lowered without changing the
etching rate, and therefore, no such problems as crystal
depositing, for example during winter, arise.

[0038}

It is preferable to add a surfactant to the fine treatment
agent according to the present embodiment. As the above
described surfactant, non-lonic surfactants, such as
pelyethylene glycol alkyl ether, polyethylene glycol alkyl
phenyl ether, polyethylene glycol aliphafic ester,
pelyoxyalkylene alkyl ether, polyoxyethylene styrenated phenyl
ether, pclyoxyethylene alkyl sulfate, polyoxyethylene alkyl
benzene sulfate, poclyoxyethylene polyoxypropylene block
polymer, fatty acid diethanolanmide, polyoxyethylene oleate
ether, pclyoxyethylene distearate ether, polyoxyethylene

castor oil and polyczryethylene sorbitan fatty acid ester, can

18



polyoxyalkylene alkyl ether, polyoxyethylene styrenated phenyl ether,
polyoxyethylene alkyl sulfate, polyoxyethylene alkyl benzene sulfate,
polyoxyethylene polyoxypropylene block polymer, fatty acigd-PC7065SF (SG)
diethanolamide, polyoxyethylene oleétee ethesrpolyoxyethyierte distearate 34
ether, polyoxyethylene castor oil and polyoxyethylene sorbitan fatty acid
ester, can 18 F-P07065SF(SG) Amendment under PCT article 34 be

cited as appropriate surfactants. In.additiop, the surfactant may be ysed in
0 T RaliE AFShaE S aibRate b0 Stid oF an ATBRAE  Ehe

ana p carlgoxyrfic acid o' aft

sufahoxylate, or.one typ efaomnam&néglg@baaggbgf@g% Sﬁ'é%r Jffi ﬁ%ur%gtic

two or more types, and the state may be solid or | ere,

cashdaca active;perfarmance forthe same. amounk added tendsto ka%%évﬁ?jé(rom

in comparison with the above described non-ionic surfactants. [00

ampfefesablparthe amodst ebthesabove deserbed swfagiantaddeddodg e

within a range from 0.001 weight % to 0.1 weight %, and it is more
angrefesabte for it te besvithinaveanga fram H.005weight %eted). O3 weightrace
%. Coarseness on the surface of tungsten containing films, silicon
actompaad contairurg films enel thersemicondtctad dabistratedan whicke weak
etching treatment has been carried out can be prevented by adding a
in sepfaeeant SPurtiéfrhofd € orivenodaisstchasts easily temain satideatizedts .
areas on the surface of semiconductor substrates where a fine pattern
[C$48 been formed when the degree of integration

It is preferable for the amount of the above described
surfactant added tc be within a range from 0.001 weight % to
0.1 weight %, and it is more preferable for it to be within a
range from 0.005 weight % to 0.03 weight %. Coarseness on the
surface cf tungsten containing films, silicon compound
containingfilms andthe semiconductor substrateonwhichetching
treatment has been carried out can be prevented by adding a
surfactant. Furthermore, conventional etchants easily remain
at localized areas on the surface of semiconductor substrates
whereafinepatternhasbeen formedwhenthedegreecf integration
increases a great deal, and it becomes more difficult to carry
out etching uniformly when the intervals in the pattern on the
resist becomes approximately 0.5 um or less. In the case where
the fine treatment agent according to the present invention,
to which a surfactant has been added, is used as an etchant,
however, the wettability on the surface of the semiccnductor

substrate improves, and the uniformity of etching on the surface
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increases a great deal, and it becomes more difficult to carry out etching
uniformly when the intervals in the pattern on the resist becomes
approximately 0. 5 pm or less. In the case where the fine treatoienht agentsac!
according to the present invention, tamnhicmarsurfactaat hasbeenadded, 34
is used as an etchant, however, the wettability on the surface of the -
semiconductor substrate improves, and the uniformity of etching on the
surface 19 F-PO70658F%SG Amendment under PCT article 34 of the |

O JUbStE ficraddes i¥dre fifthe cdse herd thé BbooE Sd¥8&H TR d adatiove

amount is less than 0. 001 weight %, the surf tension of the fine
o NE, BLBR L8 RBT et SO ANl e B ool SurTace

ceAirEASING 108 wettabilyy, spmefimes, Jec Sé'%gféi‘ii‘c?@tei”sqf@ﬂoé‘iéﬁltly,

the case where the above described added amount exceeds 0.1 weight

andbe RO additignal refiects cap he gained farthe.exgessivanart @ndifine ¢ ime s

addition, the antifoaming properties deteriorate, and foam attaches to the

pe Stifacedsberatehed,rand thus.eighing,spometimes becomes JreonsisteMove
and etching becomes poor, due to foam entering into fine spaces. [0040]

de dluis plessibieitiedixaan additive oteishan a susfagiant awiththestiRg tional
treatment agent according to the present embodiment, as long as it does

e f hethmdertheceifiects.cAls the abovecdesesibed cagditive, hydtothlerciacidon ,
(and solutions thereof), acid materials, such as sulfuric acid solutions and

thehosphdreaeids properties deteriorate, and foam attaches to

the surface to be etched, and thus, etching sometimes becomes

inconsistent and etching becomes poor, due to foamentering into

fine spaces.,.

[0040]

It is possible to mix an additive other than a surfactant
withthe fine treatment agent according to the present embodiment,
as longas it does not hinder theeffects. As the above described
additive, hydrochloric acid (and sclutions thereof), acid
materials, such as sulfuric acid solutions and phosphoric acid
soluticns, hydrogen peroxide and chelates can be cited as
examples.

[0041]

The metal elements included in the fine treatment agent
according to thepresent invention arenot particularly limited,
and it is appropriate for the content therecf to be no more than

1 ppb, for the purpose of suppressing loss of the electrical

properties of the semiconductor to the minimum, and i1t is more
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solutions, hydrogen peroxide and chelates can be cited as examples.

[0041] The metal elements included in the fine treatment agent according

to the present invention are not particularly limited, and it iS"appropaatE (SG)
for the content thereof to be no more Avemdmepls, fonthepigdsaoticle 34
suppressing loss of the electrical properties of the semiconductor to the
minimum, and it is more 20 F-P07065SF(SG) Amendment under PCT

pre@%m ferahle for it be no more, hen g&b The, met@' fpeg?tys nts

included in t e fine treatment agent can e ana d using an In

1neoupRled radiafiequency Fﬂ’i‘%@@zﬁé‘?{%s'%éﬂ%s%a%?%g%%tﬂ/Qé%?'%s_mg an
name: ICP-MS HP-4500, made by Yokogawa Hewlett-Packard Co., Ltd.).

1n{0042] The finedigatment agentraceording {0 ﬁl%@@ée@hfm%mﬁ%%a”

be manufactured using various conventionally known methods, so that
spéhecetchinggate fordhe tungséen roptarsing fim 56 @5 Grheromes withisg wa
range from 0.5 nm/min to 5000 nm/min. Concretely, a method for
HepleparnBaackmeet Golytiohtidcluding hydrogen fluoride and ammonium
fluoride by making hydrofluoric acid absorb an ammonium gas through
[CBEBBling or surface absorption (or a method for manufacturing an
ammonium fluoride solution by making hydrofluoric acid absorb an
ammomianT H8 dneembaRg thiSARRA hyarstRBAE REidwith 2edeshedaatio)

embodiment can be manufactured using various conventicnally
known methods, so that the etching rate for the tungsten

containing film at 25°C becomes within a range from 0.5 nm/min
to 5000 nm/min. Concretely, a method for preparing a mixed
soluticn including hydrogen fluoride and ammonium fluoride by
making hydrofluoricacidabsorb an ammoniumgas through bubbling
or suriface absorption {or a method for manufacturing an ammonium
fluoride scluticnbymaking hydrofluoric acid absorb an ammonium
gas andmixing this with hydrofluoric acidwith a desired ratio)
canbe cited as an example. Inaddition, amethod for dissolving
a highly pure ammonium fluoride powder in hydrefluoric acid and
a method for manufacturing a highly pure ammonium solution by
making ultra-pure water absorb an ammonium gas and after that
mixing thisammoniumsolutionwithhydrofluoricacidcanbe cited
as another example. From among these manufacturing methods,
the method for making hydroflucric acid absorb an ammonium gas
is most preferable, because it allows a fine treatment agent

which is purer to be gained. Here, ammonium components may be
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can be cited as an example. In addition, a method for dissolving a highly
pure ammonium fluoride powder in hydrofluoric acid and a method for
manufacturing a highly pure ammonium solution by makingtREa-paeeSF (SG)
water absorb an ammonium gas andfafrdanmixing ¢his afTmenitidcle 34
solution with hydrofluoric acid can be cited as another example. From
among these manufacturing methods, the method for making hydrofluoric

coff %@-@%%%@TSB%’@‘ 9as iir§ mes ta[%rg(%’ %géeifgﬁlf &L:J b gri1t a&lxlrgvé/% Aitric

fine treatment agent which Is purer to be gaine ammanium

ac99%@%6ﬁ@:@@ypﬁ@%&-@@@@%ﬁfééﬁkMe%m%&%% articlg - <

34 contained in the liquid, as in the above description, when nitric acid or
usadnixeddiguid oftydraget fluerde-and pifric acid is used instead of
hydrofluoric acid. [0043] It is preferable for the concentration of the
f 0 twdnofluoric acid, nitric acid solution and ammonium fluoride solution
used for the mixture to be adjusted so that the above described
condifibnssare satisfdd. dnfaddition cthecontentrdtonafiayh b adjpstEddayr i ¢
adding water or the like at the time of mixing, if necessary. [0044] As the
achpoveidastribeeitdrngsiencomaimngaitme filhwen dhiwhich deesndint ion used
component is tungsten, and tungsten alloy films of which the main
fogohiponehEisaitedst Gt P selrtbFRomhamongitalarelfgsRnibed

copper tungsten, nickel tungsten, .
conditions’are satisfied. In addition, the concentration may

be adjusted by adding water or the like.at the time of mixing,
if necessary.
[0044]

As the above described tungsten containing £ilm, films
of which the main compeonent is tungsten, and tungstenalleoy films
of which the main component is at least one type selected from
among titanium tungsten, copper tungsten, nickel tungsten,
cobait tungsten, molybdenum tungsten, tungsten silicide or
tungsten nitride can be cited as examples. In addition, it is
possible for only one type of tungsten containing film to be
exposed from the surface so that fine processing can be carried
out, or a number of types may be expcsed from the surface.
[C045]

As the above described silicon compound containing £ilm,
silicon thermal oxide films, non-doped silicate glass films,
phosphorous doped silicate glass films, boron doped silicate

glass films, phosphorous and boron doped silicate glass films,
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cobalt tungsten, molybdenum tungsten, tungsten silicide or tungsten

nitride can be cited as examples. In addition, it is possible for only one

type of tungsten containing film to be exposed from the suFaéd) 38 &%= (SG)
fine processing can be carried out, orag#AEES ofuysETmaybeagiposed 34
from the surface. [0045] As the above described silicon compound
containing film, silicon thermal oxide films, non-doped silicate glass films,

o] us licate gl I b ed silicate. g fil
T oaharats St beron depod Slcale plaes Rime. 22 B0 70600k S0y 2"

coAmendmentunder RCT atticle 841 HROSJims flyoring cantaining siliepn 4nq

oxide films, carbon containing silicon oxide films, silicon oxynitride films

naanganatvyalexide fitms ean hescitedas examplesadtis possitle: foronly i nie
one type of silicon compound containing film to be exposed from the

fosurfdoe pse thap etoliing tandecatied: adt-oha aumbes of Ivpes By sed
exposed from the surface. [0046] In the case where at least one of the

framgsterscortaiming sfilrh faand ¢Hessificon compeunsl:oitaining filorhasambe »
ultra-fine circuit having ultra-fine spaces in the pattern, the effects of the
of pFededf iIfVRYItIBR besemeafofarsignitibantsTharisde say, more
significant effects of suppressing roughness on the surface and making
w%i&ﬂng uniform can be gained. [0047]

In the case where at least one of the tungsten containing
film and the silicon compound containing £ilm has an ultra-fine
circuit having ultra-£fine spaces in the pattern, the effects
cf the present invention become more significant. That is to
say, mcre significant effects of suppressing roughness on the
surface and making etching uniform can be gained.

[0047]

In addition, in the case where films of a type other than
tungstencontaining filmsandsiliconcompoundcontaining films,
for example of copper, aluminum, nickel, titanium, cobalt,
tantalumor a compound of thesewith silicon, nitrogen or cxygen,
is layered as the object to be etched, significant effects can
be gained in texms of control of the rate of selective etching
between the types of films (here, making the etching rate equal)
as one effect of the present invention, as comparison to
conventiocnal etchants for tungsten.

[0048]

As the above described substrate on which tungsten
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in addition, in the case where films of a type other than tungsten

containing films and silicon compound containing films, for example of
copper, aluminum, nickel, titanium, cobalt, tantalum or a c6mpoufRéd DEE (SG)
these with silicon, nitrogen or oxygemirnigriapesad asithe bbpettabéicle 34
etched, significant effects can be gained in terms of control of the rate of
selective etching between the types of films (here, making the etching

te.equal) as one effect f.Ehe rgsent invention as.com arisorflt
r EERE
cgco%&?nt%%a?étclﬂgn%nér %ulngls%%n. [885%10&5% e above ¢ els%ﬁbe&(ims are

la QQ@{@% QHMEE%Wa %@ .T!‘: S’PaQ’?cQ @%%%@%)t é‘gnfggrﬂ%%i@@}:yst al

CT article 34 containing films and silicon compound containing films dre
didpyesed semicerducterwafers apd-sybgtrates for liquid crystal displays

can be cited as examples. [0049] Next, a fine treatment method using the
[ofine freatment agent according to the present embodiment is described,
citing wet etching as an example. [0050] The fine treatment agent
accoiting:to thefpresent emhadiment can deadopted rea Farietyrafaseiment
etching methods. As etching methods, there are immersion methods,
agspray amthods: aridthié ke rand the finearkatment agett acediday totheing
present invention can be adopted in any of these methods. Immersion
wet etching as an example.
[CG50]

The fine treatment agent according to the present
embodiment can be adopted in a variety of wet etching methods.
As etching methoeds, there are immersion methods, spray methods
andthelike, andthe fine treatment agent accordingtothepresent
invention can be adopted in any of these methods. Immersion
methods are preferable, because the composition of the fine
treatment agent changes little due to evapcration during the
etching process.

[0051]

It is preferable for the temperature for etching tc be
withina range from5°C to 50°Cin the case where the fine treatment
agent is used as an etchant, it is more preferable for it to

be within a range from 15°C to 35°C, and it is most preferable

for it to be within a range from 20°C to 30°C. 1In the case where

the temperature for etching is within the above described range,
the fine treatment agent can be kept from evaporating, and thus,

the compositicn can be prevented from changing. In addition,
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methods are preferable, because the composition of the fine treatment
agent changes little due to evaporation during the etching process. [0051]

It is preferable for the temperature for etching to be within BE+8AJ€E &oaT (SG)
5C to 50C in the case where the fineAreatsieat agentisusetlasanicle 34
etchant, it is more preferable for it to be within a range from 15C to 35C,

and it is most preferable for it to be within a range from 20C to 30C. In the
case where t}g\e emperature for.%tchiing is Wif%hig &ge taéno%/e described

demerifs & ormi 10
range, the fine tfreatment a““ger%rt1 canh be kepfs om evapora%ﬁg::gﬁlg eSS on

ition gan nt : ging, In_addition,, 24
B ST g [ 2 g

i ndpHaUmifyislost dye 19 the pughness o, the sufaces of 1iRgsten; scosity

containing films and the substrate increasing at high temperatures and

of iIngreage ietherdseosity + ok e fine-teatmen ageat esducingthereffedts 0f ng
cleaning at low temperatures can be avoided. Here, the etching rate

at changes:fosdlifferantfimsafepending Dithe tempesature foreetehingy apdte
therefore, in some cases, the difference between the etching rate for the

chaunrggste i contdining fitmtarfd fhesetctmge raterfor the silieonecorepaindre for
containing film is affected. Accordingly, when the temperature for etching

et @dagit isrdedipdteforihe ctohigrate fotahe stfcordddfipoande between

containing film to be within a range from 0.5 times to 2 times
the etching rate for the tungsten containing filmand the etching

rate for the silicon compound containing film is affected.
Accordingly, when the temperature for etching is set, it is
desirable for the etching rate for the silicon compound
containing £1lm to be within a range from 0.5 times to 2 times
the etching rate for the tungsten containing film.

[0052]

(Embodiment 2)

Another embodiment of the fine treatment agent according
to the present invention is described in the following. Here,
detailed description of compconents having the same functions
as the fine treatment agent according to the above described
embodiment 1 is omitted.

(0033}

The fine treatment agent according to the present
embodiment is different from the fine treatment agent according
to the embodiment 1 in that the etching rate for the silicon

compound containing film at 25°C is controlled so as to be less

25



the etching rate for the tungsten containing film. [0052] (Embodiment 2)

Another embodiment of the fine treatment agent according to the present

invention is described in the following. Here, detailed descHp&6Y 0BSSF (SG)

components having the same functiolseasitiEnfineitrdatmeitagent icle 34

according to the above described embodiment 1 is omitted. [0053] The

fine treatment agent according to the present embodiment is different

fro fine treatment a ccording to the embodiment 1 in that the
0 Pt AT 6 ST o CLbUUR A 5 arag ik 3 35 fo omarafigr ==

sp_as to be less 25 F-PO7065SE(SG), Amendment under PCT article 34
“OMan 08 im%’s,%rae%ggd tin%w\ghs(et%ete %hi%%crr% enf%r?ﬁé: ?unlgsstgﬁ%gln the

ab&oBtaiiag filmat 256, Wheyrthe gichingsate is within the, above ;o £ipe

described range of numerical values, selective fine processing becomes

prdessible, s-habpaly nasef thedyngstem gentainipgdite ad the silicAscen

compound containing film is etched. [0054] Here, in order for the etching
comateifor ihe gilicen eompeuwrd contaibngdibmad 2o€ tode:lessthan 6:5m is
times or exceed 2 times the etching rate for the tungsten containing film
et@t@8C, X, Y and Z must satisfy the following relational expressions,
[C054]

Here, inorder fortheetchingrate for the silicon compound
containing £ilm at 25°C to be less than 0.5 times or exceed 2
times the etching rate for the tungsten containing film at 25°C,
X, ¥ and Z must satisfy the following relational expressions,
when the content of hydrogen flucride is X mel/kg, the content
of nitric acid is ¥ mol/kg and the content of ammonium fluoride
is 72 mol/kg.

[0058]

[Formula 5]

zZ £ - 0.973Y + 0.108 x (100 - 4X) (3)
6.3 =X =10, Y >0, 0 <2 =260 (4)
Z £ 1.4Y - 3 (5}

(0056]

In additicon, in the fine treatment agent according to the
present embodiment, X', Y’ and Z’ satisfy the following
relational expressions, when the concentration of the hydrogen
fluoride solution is X' mel/kg, the concentration of the nitric

acid solution is Y’ mcl/kg and the concentration of the ammonium
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when the content of hydrogen fluoride is X mol/kg, the content of nitric

acid is Y mot/kg and the content of ammonium fluoride is Z mol/kg. [0055]

[Formula 5] Z < -0.973Y + 0.108 x (100 - 4X) (3) 0.5 < X1BJY360SI €3G)

Z< _6(4)Z<_1.4Y -3 (5) [0056] Intedditiors it thenfise-tréatinentagene 34

according to the present embodiment, X', Y' and Z' satisfy the following

relational expressions, when the concentration of the hydrogen fluoride
magly ign is X mol/lé%, the ncemi?tj{on of the nitric acid solution is Y’

mo the

geansdptjf]%tclonceﬁtsra jon O ammonium 26 F-P0O7065SF(SG)

[0 ndment under PCT article 34 fluoride solution is Z' mot/kg. [0057]
[Formula 6] Z' <_ - 0.973Y' + 0.108 x (100 - 4X") (3") 0.5 X'<_10,Y'>0,
0 <Z'1so6rdf)L s 1.4Y" - 3 (51) [0058] In the case where the
concentrations of the hydrogen fluoride solution, the nitric acid solution

and the asmonpiugy flworide gotufipn.satishnthe abeve described (373
conditions, the

0.5 <X £10, ¥ >0, 0 < Z" 5 ¢ (47}

27 < 1.4Y" - 3 (57)

100581

In the case where the concentrations of the hydrogen
fluoride solution, the nitric acid sclution and the ammonium
fluoride solution satisfy the above described conditions, the
etching rate for the silicen compound containing film at 25°C
is greatly different from the etching rate for the tungsten
containing film, and thus, it becomes pessible to selectively
remove only cne of the two from the multilayer film. This is
particularly preferable in the case where it is desired for only
the tungsten containing film, for example, to be selectively
removed.

[C059]

It is possible to manufacture the fine treatment agent
according to the present embodiment in accordance with the same
method as that described in the above described embodiment 1.
Here, it is preferable for the concentration of the hydrogen
fluoride soluticn, the nitric acid and the ammonium fluoride
sclution to be prepared so that the above described {3) or {4)

is satisfied. In addition, the concentration may be adjusted
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etching rate for the silicon compound containing film at 25C is greatly
different from the etching rate for the tungsten containing film, and thus, it
becomes possible to selectively remove only one of the tw8& T s SE (SG)
multilayer film. This is particularly préferabigenthewcadewlisle ikisticle 34
desired for only the tungsten containing film, for example, to be
selectively removed. [0059] It is possible to manufacture the fine
~Jlreatment agent. accprding.to the_present.embodiment in accordance with
Sric RN Ty ot echetel et S 2
[Oéﬁé—here, it is preferable for the concentration of the hydrogen fluoride
solution, the nitric acid and the ammonium fluoride solution to be
preparegd s@ that the above described (3) or (4) is satisfied. In addition,
the concentration may be adjusted 27 F-PO7065SF(SG) Amendment
underrR€Trarsicle, 34 hyradding vsderiefdhe dikecatdbe fime ebmixyIrg b sent
necessary. [0060] (Other) The most preferred embodiments according to
inthenpresent naveéation are desctbed abigyeckewpvetctihe-peesedtinvention
invention is not limited to these embodiments, and a variety of
i smudifications are posdibleseitrinisubstaatially, thershne seapie tag thé
technical idea described in the claims of the present invention.
modifications are possible within substantially the same scope

as the technical idea described in the claims of the present
invention.
[0061]

For example, though the fine surface treatment agent of
the present invention contains hydrogen fluoride, nitric acid,
ammonium fluoride and the like, a chemical where hydrogen

fluoride, nitricacidandammoniumnitrate areaddedtoasolution
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[0061] For example, though the fine surface treatment agent of the

present invention contains hydrogen fluoride, nitric acid, ammonium

fluoride and the like, a chemical where hydrogen fluoride, Btk acid Bhd ( SG)
ammonium nitrate are added to a solttien 284:P0U06ESFEG) article 34
Amendment under PCT article 34 CLAIMS 1. (Amended) A fine treatment
agent, which is used for the fine processing of a multilayer film including a
tungsten containing film and a sil&cﬁgfgyénpound containing film

comprising hydrogen fluoride, nitric acid and at least one of ammonium
fluoride and ammonium chloride. 2. (Amended) The fine treatment agent
according to claim wherein the etching rate for said tungsten containing

fim at 25, is il 2 rangs fram. 0.5yl té?a%io@ PTIhand Ylg sor

etching rate for said silicon compound containing film ‘at 25C is Within a

théamge fopr Qxtimes do 2times the eichiag rate for:sald tngsten tungsten

containing film at 25C. 3. The fine treatment agent according to claim 2,
condefeinn,fY and Zdsaksly the folowing retpiional-exxpressfonswhemn e ing
content of said hydrogen fluoride is X mol/kg, the content of the nitric acid

is Y rmgitkoparch thewonteld ohatleast aned eirtHeameosiuomtusfideand L um

the ammonium chloride is Z mol/kg. [Formula 1] Z <_ 1.25Y - 1.75 (1)
flucride and ammonium chloride.

2. (Amended) The fine treatment agent accordingtoclaim
1, wherein the etching rate for said tungsten containing film
at 25°C is within a range from 0.5 nm/min to 5000 nm/min and
the etching rate for said silicon compound containing film at
25°C is within a range from 0.5 times to 2 times the etching

rate for said tungsten containing film at 25°C.

3. The fine treatment agent according toclaim2, wherein
X, Y and Z satisfy the following relational expressions when
the content of said hydrogen fluoride is X mol/kg, the content
cf the nitric acid is ¥ mol/kg and the content of at least one
of the ammonium flucride and the ammonium chloride is Z mol/kg.

[Formula 1]

Z < 1.25Y - 1.75 (1)

Z > 1.4Y - 3 (2)

Z £ -0,973Y + 0.108 x (100 - 4X) (3}
0.5 £X<10, ¥Y>0, 022 <6 {4)
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Z>14Y-3(2)Z<--0.973Y +0.108 x (100 - 4X) (3) 0.5< X<_10,Y>
0,0<Z6 (4) 29 F-P07065SF(SG) Amendment under PCT article 34 4.
(Amended) The fine treatment agent according to claim 1, wErehaher (SG)
etching rate for said tungsten contairfimg fikimeat 25Chidavithid a range from 34
0.5 nm/min to 5000 nm/min and the etching rate for said silicon

compound containing film at 25C is either less than 0.5 times or greater

than 2 times the etching rate for said tungsten containing film at 25C. 5.

The fine treatment agent according to claim 4, wherein X, Y and Z satisfy
the following relatianal expressions when _the content of said hydrogen ,
fuoride 1B e S Ert TR B 36 RO R RS o1 tm

1,%&e;rgma@ﬂ@%@a@iﬁgt%e@r@e@ugaﬂuoré%ge%%e@5%@99&% £1ilm
chloride is Z mol/kg. [Formula 2] Z <_-0.973Y + 0.108 x (100 - 4X) (3

at 5 X Az O Osdge< 680251 4Y% 7 3i6?) €5 (@@‘@@dﬁﬂ)/;mﬁf and

fine treatment agent according to claim 1, wherein a main component o

theait tingstereartafivag fimdisatleastrore ipe selecieddrom the graum at
consisting of tungsten, titanium tungsten, copper tungsten, nickel

25%0ngstext, thbalt 1kpngstery molybdeinastungsiers Aurgstenatlicide angds the
tungsten nitride.

etching rate for said tungsten containing film at 25°C.

5. The fine treatment agent according toclaim 4, wherein
X, Y and Z satisfy the fcllowing relational expressions when
the content of said hydrogen fluoride is X mol/kg, the content
of the nitric acid is Y mol/kg and the content of at least one
of the ammonium fluoride and the ammonium chloride is Z mol/kg.

[Formula 2]

Z = -0.973Y + 0.108 x {100 - 4X) (3)
0.5 £X=<10, ¥Y>0, 0<% =5 ¢ (4)
Z < 1.4Y - 3 (5)

6. (Amended) The fine treatment agent accordingtoclaim

1, wherein a main component of said tungsten containing film
isat leastonetypeselected fromthegroupconsistingof tungsten,
titanium tungsten, copper tungsten, nickel tungsten, ccbalt
tungsten, molybdenum tungsten, tungsten silicide and tungsten

nitride,
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30 F-P07065SF(SG) Amendment under PCT article 34 7. (Amended) The
fine treatment agent according to claim 1, wherein said silicon compound
containing film is a single layer of one type selected from tie BBGWE ESF {SG)
consisting of a silicon thermal oxide fimerainen-dopedsiticatelglass fiiea 34
phosphorous doped silicate glass film, a boron doped silicate glass film, a
phosphorous and boron doped silicate glass film, a TEOS film, a fluorine
conta.}nin silicon (gﬁide fﬁ% %.carbon containjng silicon oxide film, a

silicon nitHd&G3d& ilm HATUrAFSEE vt BF 3 TR ALy EH At of fvg 1
1, WAYEPSs selated figm e g, O-Gamendag) Tha fne Feament 2

agent according to claim 1, wherein the etching rate silicon

1agempeupdLontaining: film ah25C s withig Aange. ramQ- 5 nimin 10 1 5 con

5000 nm/min. 9. The fine treatment agent according to claim 1, wherein
th&entaining R0 lrweight percent &8 dweight pereentof:a Surfaciant;10.
(Amended) A fine treatment method according to which at least one of a
phéungsten centhiniag fimhlantha silicbascompound coniaimingifie s fnelycate
processed by using the fine treatment agent according to claim 1. 31
glass film, a phosphorous and boron doped silicate glass film,
a TEOS £ilm, a fluorine containing silicon oxide film, a carbon
containing silicon oxide film, a silicon nitride oxide film and

a natural oxide film, or a multilayer film of two or more types

selected from the group.

8. (Amended) The fine treatment agent according toclaim

1, wherein the etching rate for said silicon compound containing

film at 25°C is within a range from 0.5 nm/min to 5000 nm/min.

9. The fine treatment agent according to claiml, wherein
containing 0.001 weight percent to 0.1 weight percent of a

surfactant.

10. (Amended) Afine treatment method according towhich
at least one of a tungsten containing £film and a silicon compound
containing filmis finely processed byusingthe fine treatment

agent according to claim 1.
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