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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 inventiorfreftés e 8F (SG)

fine treatment agent which is used FOPEREMRNSroeBSSIHg BF Elcaningcle 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 grfgerreatmet method using the same,

and in particular, to a fine treatment agent used in the fine processing of a
FINGngSeh doREinhgFithnddie éﬁﬁﬁg%ﬁf@@%g@%ﬂéﬂ%ymsméw

compound containing film, as well as a fine treatment method using the

same. 15 BACKGROUND ART [0002] Various types of metals and metal
TECoRIdéarelwielely used as a general electrode and wire material having a
[Oof. muitilayer structure in a semiconductor device, a liquid crystal display

r the like. Wet etching methods using chemicals as well as dry etching
methrigs, suels astod etehing aetheds asd plasmar etohingeethodst: agent
aremainly known as conventional fine processing technologies for

WhIG8cirBdas TN Rires MRing Bess TS bihetdl OkRREIBHdroRa ment of
tnenethads-rom amangthese mathods arerselesied2s depanding Aodhe =11

type of the metal, the metal oxide or a composite material of these, which
in ghadsBjedesteiaangitte 1ambtemductor 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 fineprocessingof atungstencontaining filmmade of tungsten
or a tungsten a2lloy and a silicon compound containing £iim, as
well as a fine treatment method using the same.

BACKGROUND ART

[0002]

Various types of metals and metal oxides are widely used

as a general 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, aremainlyknownas conventional fine processing
technologies forelectrodes andwiresusingthesemetals ormetal
oxides. Differentmethods fromamongthesemethodsare selected
depending on the type of themetal, themetal oxide or a composite
material of these, which is the object of etching, the targeted
precision in the fine processing, the manufacturing method and
the like.

10003]

Wet etching methods do not require an expensive apparatus



PN

20

25

30

precision in the fine processing, the manufacturing method and the like.
[0003] 30 Wet etching methods do not require an expensive apparatus 1
P'-&U / U bbSk' (SG) Amendment under PCT article 34 in £E5fiparser = (=56
with dry etching methods and are ecBRGHBFBcARESENE SRefichsree 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 metiedsi arenapproptiatedt it etchmgtarv dejeci dhavieg adheei cal because
dimensional structure. Furthermore, metals which are dissolved in the

O BYChRTHRER Fesiit TIRATRG RF GsERPds the BIGARIde AR the fifd fects

of aerds en-he clipeteddelatively easilyfram the tehantalterdise of che
(etching waste), and therefore, wet etching methods are widely 6 10

oL HRIBpted FREMtHBPOMRBIVIER ofeifecthal Dsiteidior agsoarpEcpriate
2010 AUA YrIely A piclals, ALOMY esnaud Mgl e e Usedas, e,
wire materials for

the above described electrode an a semiconductor
Fuxvieergrreliquid: efystah dishlay eAlamanbhvadalybdeasrnctitaniuas a result

oz HRSRER, P ALY 000, Shie,coppe Sl I s
catbkaifol d4tgster c0atainiag films §iade from the etchant 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 liguid crystal display. Aluminum,
molybdenum, titanium, tungsten, zirconia, tantalum, gold,
silver, copper and alloys of these metals, for example, can be
used as the metal.

[0005]

Here, as the etchant for tungsten containing films made
of tungsten or a tungsten alloy, a liquidmixture of an alkaline
solution and hydrogen peroxide can be cited as an example (see,
forexample, Japanese Unexamined Patent Publication 2001-26890,
Japanese Unexamined Patent Publication 2002-25965, Japanese
Unexamined Patent Publication 2002-53984 and Japanese
Unexamined Patent Publication 2004-31781).

10006]

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

2



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 2 Uﬁ@%z@rﬁﬁ%( SG)
Patent Publication 2002-53984 and J9FRE¢ bndkdfindd Pafert~C+e 34
Publication 2004-31791). [0006] In the case where the etchant contains
hydrogen peroxide, however, the composition of the etchant easily

is ghangesl due t0 130 thesleganiposition o shis hytikageoaieroditde zakil tion,

~ thus, there 2 F-P07065SF(SG) Amendment under PCT#arjticIe 34isa

in HrEhIERPRitH R SaBilinF 5s e hemical ShAUOR Athe'cd&Rhere 3n°L/

for eishapifer eehingna srdtilayen fiimah for sxample, afunasten fitm agdnde
silicon oxide film is made of only alkaline solutions, there is a problem
of eraithelsiicsmendad MimSeanneiBEieRed. PHRRMole ke Hiter@htecon

ox1 4k the ejghing rafs between the tungsten im-apd the siliconsoxige filpe 1n
causes a problem where the form after etching becomes poor, the
the suffdeengf thetsubstratedsedormes ¢oapdethrobgh aroring er stéhipgrisoxide

., carried out unevenly, Patent Do t1 se. ' te
fth—’u ica |%na2§6§?2'§§§g5§%%§1t%§%xe}%t apanget's%q?ﬁ] ?(%%n%reﬁas BE}OI'
the PateritzPablicatidne 260225965P atentiocuments® Japawesg: etching or

nexamined Patent Publication
etc%i%gaml sedca%tglgedUbog%t Ounevenly .

Patent Document 1: Japanese Unexamined Patent Publication
2001-26850

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 OF THE INVENTION PROBLEM
TC BE SOLVED BY THE INVENTION
[0CC7 ]

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 the present
invention are provided in view of the above described problems. 3
[0007a] One aspect of the present invention provides a fine treatment
- agent, which is used for the fine processing of a multilayer film including a
{OOWQEten containing film and a silicon compound containing film
comprising hydrogen fluoride, nitric acid and at least one of ammonium
fluoricezand sananiuntchloride. MEANS EOR. SOVINGIPRDBLEMies &
. [0008] 3a i-?U /Ub55F(SG) Amendment under PCT article 34 Th :
fln%resg EAVENTEYs dilfg ﬁﬁl} éxaﬁ?ﬁé&%ne %rgatmuesrsl?gagerlrl?%rand he fine
proEeaatent methods using thelsapeerin drilemto Solvehid above desurilgedten
problems with the prior art. As a result, it was found out that it becomes

conpgsdipieto dontfbl SHRE efthirg rate BY adopiRg the folldwing - 7He  T11m
comgenfigurgtion whendinetreasment js ¢arded euteria nudilayer filmdwyingne
a

of ammeonium fluoride and ammonium chloride.
MEANS FOR SOLVING PROBLEM
[0008]
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tungsten containing film and a silicon compound containing film, and thus,
the present invention is completed. 4 F-P07065SF(SG) Amendment

under PCT article 34 [0009] That is to say, the present invehtin/provilessc )
a fine treatment agent which is useddoeieRprovdssing@faarticle 34
multilayer film including a tungsten containing film and a silicon

compound containing film comprising hydrogen fluoride, nitric acid and at

leastone ghagunaniuny fuende and aguponiumychigride JOO101 Inthe ey -

above described configuration, it is preferable for the etching rate for the

Ageibete B chibag thpstemenntanfing oiim atBTto-be withirea tange flem to
i 0 J f e etching, rate for the above

e Sean COmpoLA SR AT T SESEC 14 Bevatis adhhge 25 2
redoht 0.5 timesgof2timbsothe etthingiratestor theeabpessdascribeto control
h tuggsﬁghgnconta'ningjilm at 25C. OOl_ltl]dI:? e case where the difference in

$he STmiRG rafeSetwe &Y IR& SilGonh tomP CoMamM ARG #RR when
fidungstea enatetning feris greatothe tormofihe patterpof the lngsien ng a

containing film after finmcessing and the form of the pattern of the

CUNGiRGATLERPOARE tRRtA TN Bécdohic BReverPPHAd SR gL ntheg £11m,
andVidih.gf thegrensbes crpated in.thestyposten coptaining



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 5 F-PO@W(SG)

Amendment under PCT article 34 C%Hgﬂ@.&@ﬂthg\ﬂgg%r, g}&efe%%ﬁaéem

for the silicon compound containing film (25C) is controlled so as to be
within a range from 0.5 times to 2 times greater than the etching rate for
[ootee tungsten containing film (25C), and therefore, it becomes possible to
finely process the tungsten containing film and the silicon compound
contBiring filtn acthezamdimevittRgh prevRIcH Whilepratieitingahd ine
form of the pattern from becoming uneven as much as possible.
treFimABimoRSTine rdcessiy caPehe Earkicllont &i TR SHpReSsithe ©f @
substrate while preventin% the rou%hness on the surface from becoming

mul§rent B Eorttafing the & t& HHRIShES iCHEohes pessiieo 319 @

.. provide a_smooth and clean surface on the substrate by reduci fects.
=1 1L{553) 1n SAIREIT e oG o of the hnd reatiat SURHE having Tee ="

e

- ..above described configuration for the tungsten containing {i 5C)is -
Klu%ﬁhmeérnl rf_rgma&;gy oh tl%géjghgmﬁp)e ia re?%g(]e,t %ﬂ?orlde

alid.
ange nm?mlnato 5 min, and the e time

an fo&%%%efﬁg ig]_,elg@q ltreatment on the tu_ngsten cqntaining.fillm can
e prevented from becoming long, and thus, increase in the efficiency

[Oodi%iﬁ‘g production can be achieved. [0013]

In the above described configuration, it is preferable
for the etching rate for the above described tungsten containing
film at 25°C to be within a range from 0.5 nm/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 containing
film and the silicon compound centaining f£ilm 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



In the above described fine treatment agent, itis 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 contenFefthe (HBIEF (SG)
acid is Y mot/kg 6 8'-2U/U65SF(SGRharenmarent underPET artictei3le 34
and the content of either the ammonium fluoride or the ammonium

chloride is Z mol/kg. [0014] [Formula 1] Z <- 1.25Y -1.75(1) Z>1.4Y -3

< -0.973Y.+0.108 x (100 - 4X .%O. << X< .10,Y.>0,0<Z6
cod PR haly SR R A SER LS P S e s Obn GBouna
ilicon com nd ining_ film at 25C to be within a range from 0.5
ot SR AL £R (A 8ROl SIS ARHIR S range

£ rSRNbaIBING flay at 25C 4n thescase whete the atehing rate fqrdhe tungsten .

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

£ ufQQkalAn additionnindhe aboye deserbed gonfiqurations dtis  prefergble for

the etching rate for the above described tungsten containing film at 25C Is
pogvthirl @ range fretny O oaémin 16, 5B aEmin aodthe giching 1ate f01d the

the above described silicon

silicon compound containing fi;m at the same time with high
precision while preventing the form of the pattern from becoming
uneven as much as possible. Furthermore, fine processing can
be carried cut 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 pessible to provide a
smooth and clean surface on the substrate by reducing defects.
[0012]

In addition, the etching rate of the fine treatment agent
having the above described configuration for the tungsten
containing film {25°C) is within a 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 X mol/kg, the content of the nitric acid is Y mol/kg
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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 containing
film at 25C. [0017] The fine treatment agent having the aboverdesgebed (&:)
F-PU/U65SF(SG) Amendment undexR4icasicte 34:cenfiuaticrralows 34
the etching rate for the silicon compound containing film (25C) to be
controlled so as to be less than 0.5 times or more than 2 times the

tching rate for the_tungsten containing film (25C), making the difference
a0 S8 R Fafes ol TS by bR GO R B H B B R g mmon L um

Chlprgg_%sesir}%b%com S o_ss_;ible_on the tungsten containing film or the
silicon compound ¢con glhlng film. In addition, control of the film thickness
[0(?LE e tungsten containing film or silicon compound containing film also
becomes possible. Furthermore, control of the etching rate makes it
possitie 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 pogsihle_toredyce the numper of defects and provide a smooth
and clean surface on the substrate. In addition, the etching rate for the
tunggten contarning 3ilm (25C) is withippa range from 0.5 nm/min to 5000
nm/min, and therefore, the time for processing the fine treatment on the
tunggted contaigingfilm carlbe prevegrded frogxhecoming long, and thus,
increase in the efficiency during production can be achieved.
0.5 £ X210, Y>0, 0 <2Z2 <686 (4)
[0015]
As a result, it becomes possible for the etching rate for

the silicon compound centaining filmat 25°C tobe 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

from 0.5 nm/min te 5000 nm/min.
[0016]

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 25°C.

(00173}

The fine treatment agent having the above described



ot

[0018] 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 X mol/kg, the contept)ofthesr (5G)

nitric acid is Y mol/kg and the contentmefeither thesarmagmeonium flyedde e 34
the ammonium 8 F-P07065SF(SG) Amendment under PCT article 34

chloride is Z mol/kg. [0019] [Formula 2] Z <- - 0.973Y + 0.108 x (100 - 4X)
(3) 0.5<-X<-10,Y>0,0<Z<_6(4)Z<-1.4Y -3(5) [0020] The
CORH A NP ¥Rt Se S5 e 8 Bfrirfiohfin Cfhforidd-af@n compound

ammonium chloride satisfies the above described relational expressions

T Frd chiiguration, Znd thiSitbEc GBS Tsossitfle ot the dieniig rageforthan
S ining_ fil 2 be i fless th
0. dhesglleon compound coniaining. Jimyat 3G 10 be g range afjess han .,

times or more 2 limes the efching Tate 1o ungsten
o ORTEINIG A 26 & U Ao Fomeo.S WS o 5000 i 79
rad@92HJtisreferablejorthedpaincomponant ohthe abQ¥eective fine
processing becomes possible on the tungsten containing film or
the silicon compound containing £ilm. In addition, control of
the film thickness of the tungsten containing film or silicon
compound centaining £ilm also becomes possible. Furthermore,
contrel ¢f 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
possible 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 film (23°C) is within a range
from 0.5 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, it 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 ¢f either the ammonium fluoride or the ammonium



o

described tungsten containing film to be at least one type selected f
romthe group consisting of tungsten, titanium tungsten, copper tungsten,

nickel tungsten, cobalt tungsten, molybdenum tungsten, tu lici
and tungsten nitride. [0022] in additio&,ni%ltgs arpgve dggcri%%ﬁr?eﬁgggjﬁ(sm

o 1 34
treatment, it is preferable for the above described éllﬁconrcompo&ﬁ: icle

containing 9 F-PO/065SF(SG) Amendment under PCT article 34 film to

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

ch3iticani¢hermal oxiole/fitan, a non-doped silicate glass film, a phosphorous
doped silicate glass film, a boron doped silicate glass film, a phosphorous

(0@ha8 boron doped silicate glass film, a TEOS film, a fluorine containing
silicon oxide film, a carbon containing silicon oxide film, a silicon nitride
oxide ffim&Rt-& nddural oxide film, or a multilayer film of two or more
types selected from the group. [0023] In addition, in the above described
fine treafmenfadent! ittis reférabie fdrtPe etdifig rate for the above (3)
described silicon compound containing film at 25C to be within a range

from 8.5 nm/minto 3000 nm/fin. As festitéthe time for procksing the

fine tr%eat rﬁnt%gn Eh%silicon compoun?eé:ontaining film can be prevented

from beComing long, and thus, increase ‘in the efficiency during

0L, uction can be achieved, and control of the film thickness and the
roughness on the surface of the

The content of nitric acid and at least one of ammonium
fluoride and ammonium chloridé satisfies the above described
relational expressionsintheconfiguration, andthus, itbecomes
possible for theetchingrate 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.

[0021]

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

[0022]
in addition, in the above described fine treatment, it

ispreferable fortheabovedescribedsiliconcompoundcontaining



silicon compound containing film becomes easy after fine processing.
[0024] In the above described fine treatment agent, it is preferable for
0.001 weight percent to 0.1 weight percent of a surfactant{Q.bg- 4555 (SG)

contained. As a result, the surface ofthg suhstrate, o whish4ing .+ s 1o 34
treatment has been carried out, can further be prevented from becoming

coarse. In addition, the 10 F-PO7065SF(SG) Amendment under PCT
article 34 wettability on the surface of the substrate can be improved by
1 lading Bife SuFfab R arRViitisel erentesosossitle ¢ edrrf ront tmmiforgroup
fine processing on the surface of the substrate. [0025] In addition,
COTSTABSdiRERS Bfthe pFEdetiRvERbR PEGRE e indtRGRTRAPAfetbEi cate
according to which at least one of a tungsten containing film and a silicon

91 A Py cOnBIHITE AT IS AnERR5 e sdskl R Gsifd #fS abovd 2 doron
d ihed fi treat { t. [0026].1 d ith t b L

O B PP R i & Tt ety SR s R T R e ot
the t ining. fil 5Q),is O. /mi 5000 /min, i d, .

TLA o B T B s e

£1 15pNAINING IR e, be pravented from becomingdeng, mMakingipgrease ip; e
the efficiency during producfion possible.

oxide film and a natural oxide film, or a multilaver film of

two or more types selected from the group.

[0023]

In addition, in the above described fine treatment agent,
it is preferable. for the etching rate for the azbove described
silicon compound containing film at 25°C to be within a range
from 0.5 nm/min tc 5000 nm/min. As a result, the time for
processing the fine treatment on the silicon compound containing
£ilm can be prevented from becoming long, and thus, increase
inthe efficiency during production can be achieved, and control
of the f£film thickness and the roughness on the surface of the
silicon compound containing film becomes easy after fine
processing.

[0024]

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 out, can

further be prevented from becoming coarse. In addition, the

10



In addition, in the case where the above described fine treatment agent
allows the etching rate for the silicon compound containing film (25C) to

be controlled within a range from 0.5 times to 2 times the e#chiBgé forSG
the tungsten containing film (25C), the tungsten cont inin%é‘[ﬁx %}r  ( 331
ed atthe¥amé

silicon compound containing film ca & 038556
time and with high precision, and thus, the fabrication yield can be
increased. Meanwhile, in the case where the etching rate for the silicon

wet€QIPpoYng containingsfilarisceonilieds sasia badessthand litddoved by
/UbJSt (5G) Amendment under PCT article 34 0. 5 times or more than 2
addimes the etchiria: taterfor, thentingjsten, contairing:fitm, ikbesdbiles to carry
possible to carry out selective fine processing on the tungsten containing
outfilmndrisilivontcorap punad: et aipi ngyfil hwitts highagre cisiont Effestiosfithete .
Invention [0027] The present invention provides the above described
[ Ol@ddns, and thus, the effects described below can be gained. That is to
say, the present invention provides a fine treatment agent havinga
confiyuRaa T ifich TRERIIEEShYdr sfen- frioREB SRRt ACFRRAAL 18ASIViCe 2

one of ammonium fluoride and ammonium chloride, and thus, it becomes

Eing s SHfE By BRI p70C885HhGHn Eomiftitsyer film withindiifes & 2
o COAng T Sheon compeund conang LD
is finely processed by using the above described fine
treatment agent.

(0026}

In accordance with the above described method, a fine
treatment agent with which the etching rate for the tungsten
containing film (25°C) is 0.5 nm/min to 3000 nm/min is used,
and therefore, the time for processing the fine treatment on
the tungsten containing film can be prevented from becoming long,
meking increase in the efficiency during production peossible.
In addition, in the case where the above described fine treatment
agent allows the etching rate for the silicon compound  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, 1in the case where the etching rate for the silicon

compound containing film is controlled sc as to be less than

11



compound containing film are processed at the same time, or only one is
selectively processed. In addition, the form of the fine processing pattern

can be prevented from becoming inconsistent due to the differencednibe s )
etching rate between the tungsten cémeamingeiim andithe Silidbnarticle 34
compound containing film. As a result, controllability of the form becomes
excellent, and increase in the precision during processing can be

O G P R hore Boining A, VR BErGIons  BERoRR phRaEdz-en

)
€ prevented irom becomlng great, an ere

cofffbiceihg Bumber of defaia UNdIUQVIde & Sagth, § 2R POT0833F (35,

Amendmeént under PCT article 34 and clean surface € substra

8desult.ribbegomes Ressibie fodngrease;t ication yield,
B VIODE FgR CARRYING OUT THE INVEIB\.IT oaNH%bégs% )(ggrg%gﬁgrﬁm ound

cofneiembgdiment of ke present peptien isdescribed in the following.
The fine treatment agent according to the present invention is formed so

E £ asda inchdde: akleastbydrogan fluoride, nitric acid and at least one of
ammonium fluoride and ammonium chloride (hereinafter referred to as

[ GOamimonium fluoride or the like"), and is used when finely processing a
tungsten containing film and a silicon compound containing film which are
layer@@® i 5o s6Hstrate’ $irtd processirgime disettihivg ciestungben means,

and thus, the effects described below can be 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 one of ammonium fluoride and
ammonium chloride, and thus, it becomes possible to carry out
fine processing on 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
compeund containing £ilm are processed at the same time, or only
one is selectively processed. Inaddition, the formof 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 preciéion 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 smooth

12



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 according to the present embodiment to havean®tging sc}

rate within a range from 0.5 nm/min Kn20RnBRYMiMmioE A tuagsteRticle 34

containing film at 25C. In the case where the etching rate is less than 0.5

nm/min, the fine treatment, for example etching, takes time, making the
ancszi(:iencp\;/ﬂldurin production low. In addition, in the case where the

tEHifG Pard BxcaE8s BO0D AR SEHo? in e fimiRkkAkss AftePecomes

etching becomes difficult, and the 13 F-207065SF(SG) Amendment
poslﬁﬁ%i%& CT article 34 rs’oeugﬁF‘l%sg %%%%ec gzﬁﬁ‘é)& gﬁ%i%Ubstrate (surface

ngﬁdtﬁ%ﬁeﬁﬁ?k%ggep%%%w syrace,an which the tngsten containing film

becomes significant, and thus, the fabrication

[Odﬁq becomes low. Furthermore, it is preferable for the etching rate for
the above described tungsten containing film to be within a range from 5

nm/mir4@ 8899 &/ min, itis more preferable for it to be within a range
from 100 nm/min to 5000 nm/min, and i t is particularly preferable for it to

be withia axBage font 408 nnaninie KOO nmirain: [AR80]in dddiiotped in

the above described fine treatment agent allows the etching rate for the
thesiliCoh Lowpogind containing film at 25C to be controlled within a range

from 0. 5 times to 2 times

The finetreatment agent accordingtothepresent invention
is formed so as tc include at least hydrogen flucride, nitric
acid and at least cne of ammonium fluoride and ammonium chloride
(hereinafter referred to as “ammonium fluoride or the like”),
and is used when finely processing 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 anecessary 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
0.5 nm/min, the fine treatment, for example etching, takes time,
making the efficlency during production low. In addition, in

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

in the £ilm thickness after etching becomes difficult, and the

13



the etching rate for the tungsten containing film at 25C. An etching rate
within the above described range of numerical values makes it possible to
prevent steps from being created in the interface between thessiliedssr(5G)

compound containing film and the tupgstemeontainingdiimpas wellasi0. 34
prevent the form of the side wall surfaces from being lost in contact holes

and trenches created in the silicon compound containing film and the
tungsten containing film, for example. As a result, controllability of the

roughh R toried Breditnt 257 b &S a e PBESiBled0 (STeEESS TheruRSteht de

containing film and the_silicon compound containing film at the same time.

OPRYSE -fhe-fins Meatneht&§e Al alCorangt RS e BRs bR e AtfobmEHnY f11m
' ' luorid d 14 F-PO7065SE(SG) ,Amendment
e Be e R ot o h s, che

e only. hydrofluoric acid,is used_can.be
T B B S ek ot

foriere the-slching ralg tarthe-glliconpompaund eantaining Stlgpat 22C08 < 1

controlled within a range from 0.5 times to 2 times the etChing rate for the

£1lnngstepccantaining BinrahgdaCs and thexafpre, X bapdgbsalishibe 1¢ 15
following relational expressions when the content of hydrogen fluoride is

mo 2é npal&kge e Tonternt dfitre Beidis dhmel/kgranthibereatendof nm/min to
ammonium fluoride is Z mol/kg. [0032]

5000 nm/min, andit isparticularly preferable for it tobe within

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 film
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
etching ratewithinthe 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 £ilmand 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 fluoride, and

14
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[Formula 3] Z51.25Y - 1.75 (1) Z > 1.4Y - 3 (2) Z <- -0.973Y + 0.108 x
(100-4X) (3) 0.5< X< 10,Y>0,0<Z56(4) [0033]in addition, in
the fine treatment agent according to the present embodingenty Xg &% 8adsa)

Z' satisfy the following relational expigssigns wheq tha coneentration of - 34
the hydrogen fluoride solution is X' mol/kg and the concentration of at

least one of the ammonium fluoride solution and the ammonium chloride
solution (hereinafter referred to as "ammonium fluoride solution or the

Chegefpiez HvRlg ABIFangypesSEISey AmEREheH Ghder PETamREE Athen
[0034] [Formula 4] Z' <- 1.25Y'-1.75 (1)) Z'>1.4Y'-3(2) Z' <--0.973Y"

an €EENFRLERHET R P B0kl uord oasis pxuped §3u Pe ppsEented,
The content of hydrogen fluoride,. nitric acid and_ammonium_ fluoride or

and %fi c%i %

2 S BRCERTRGE o e ArRbGen ThoME S8l RRn It tRe-

{Oogqlmonium fluoride solution or the like satisfy the above described
coriditions, the etching rate for

Here, the etching rate for the silicon compound containing
film at 28°C is contreolled within a range from 0.5 times to 2
times the etching rate for the tungsten containing film at 25°C,
and therefore, X, Y and Z satisfy the following relational
expressions when the content of hydrogen fluoride is X mol/kg,
the content of nitricacidis ¥Ymol/kg and the content of ammonium

fluoride is .Z mol/kg.

100327
{Formula 3]
Z £ 1.25Y - 1.75 (1)
Z > 1.4Y -~ 3 (2)
Z £ -0.973Y + 0.108 x (100 ~ 4X) (3}
0. £ X <10, ¥Y>0, 0 <zZ<X6 (4)
[0033]

In addition, in the fine treatment agent according to the
present embodiment, X', Y’ and Z’ satisfy the following
relaticnal expressions when the concentration of the hydrogen
fluoride sclution is X’ mol/kg and the concentration of at least
one of the ammonium £lucride solution and the ammonium chloride
solution (hereinafterreferredtoas “ammoniumfluoride solution

or the like”) is Z' mol/kg.

15



the silicon compound containing film at 25C 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 progessing: 8k (sg)

multilayer films containing a tungstengentaimiag-filihard-asHi€0Rr+ icie 34
compound containing film. As an example where the etching rate for the

silicon compound containing film at 25C is greatly different from the

etching rate for the tungsten containing film, an etchant for a tungsten
EO@at‘*ﬂaining film made of sodium hydroxide and hydrogen peroxide can be

cited. In the case of this etchant, however, the silicon compound

conta ﬁ§‘fﬂﬁjﬁs 6érely etched. Use of the fine treatment agent according

to the pregent invention as.an etchant makes it possible to etch a
tungs%en r:oﬂna ﬁ(g fimand’a silicon compoufﬂj c’ontaining film at the

sameztjmg, fiLGJ??ULUbJSSr'(SG) Ame&iment under PCT article 34 and
also allows for control of selective etching between the tungsten

contajning film agdthe sﬂicggfgggpupg n;_air‘ligg)film, and therefore(,3, )

the fine treatment agent has excellent ‘performance in comparison with
the etchants efrthe pripr agls in termg)offing prgcgssing on multijayer
films. [0036] In addition, it is preferable for the etching rate of the fine

[ 0freatment agent according to the present embodiment for a silicon
compound containing film at 25C to be controlled within a range from 0.5

nm/nilie $ocsG00emrn/mirh ddioisdrefauserindbe nitric acid and ammonium
fluoride or 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 £ilm, and thus, the fine treatment agent is
appropriate for use in fine processing of multilayer films
containing a tungsten containing £ilm and a silicon compound
containing £ilm. As an example where the etching rate for the
silicon compound containing film at 25°C is greatly different
fromtheetchingrate forthetungstencontainingfilm, anetchant
for a tungsten containing film made of sodium hydroxide and
hydrogen peroxide can be cited. In the case of this etchant,
however, the silicon compound containing film is barely etched.
Usecfthefine treatment agent accordingtothepresent invention
as an etchant makes it possible to etch a tungsten containing

film and a silicon compound containing f£ilm at the same time,

16
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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 film, and sometimes the efficiency during produgtion iSyessF (SG)

reduced. In addition, in the case whexadhereiehing raie:execeds 5001 34

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
andofhéd) Bedsies Synifiint Ha fP] 8&&1’%6%&@ thé FbreatiBR tyiemn the

low. It b th te_for the ab
AR AT b LA Tt 58 TR NG 47229

21 1J7/min o 2000 uoun, ARt s %aft'%@sr'gggegefa%s 19 e SIing: s one

iite e within a range from 1'nm TmiA- to 500 Am/

peffBQ%QE%%FQG&%‘&P@E@QWDQQ P adicle. 3¢ TheCQRENLZ . o are

(mol/kg) of ammonium fluoride or the like included in the fine treatment

in gephls G 01<4a Gﬁﬁﬂéé@%@%eoﬂ GARn1ke saigdhatdhe fige treatment

agent according to the present embodiment is buffered hydrofluoric acid
[0¢BEIF) having a low ammonium fluoride composition. The content of
ammonium fluoride or the like Z is controlled within the above described
rang€ ofadsdericat values,sapd sy el solfdbility fie the Prdditctrareated the
at the time of etching (for example ammonium silicofluoride) can be
finmcreasedrsmthatglefdrte cavsetiby to the present embodiment for
asilicon compound containing filmat 25°Ctobecontrolledwithin
a range from C.5 nm/min to 5000 nm/min. This is because in the
case where the etching rate is less than 0.5 nam/min, time is
required for the fine treatment, for example etching, as in the
case of a tungsten containing £film, 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 c¢ontaining £ilm or the like is
formed) becomes significant, andthus, sometimes the fabrication
yield beccomes low. It is more preferable for the etching rate
for the above described silicon compound containing £ilm to be
withinarange fromlnm/minto 1000 nm/min, andit isparticularly
preferable for the etching rate tobe withina range from 1l nm/min

to 500 nm/min.

[0037]

17



etching can be prevented. in addition, the temperature at which crystal
deposits can be greatly lowered without changing the etching rate, and
therefore, no such problems as crystal depositing, for exangplg gifipgs p (SG)

winter, arise. [0038] It is preferable t\add asudfactagiiothedine, v i o1 34
treatment agent according to the present embodiment. As the above

described surfactant, non-ionic surfactants, such as polyethylene glycol
alkyl ether, polyethylene glycol alkyl phenyl ether, polyethylene glycol

aliphAf& eSR" Poly oky Iy lentdal kg e dan Qolyoryéihytariaistypendted 1ike
phenyl ether, polyoxyethylene alkyl sulfate, polyoxyethylene alkyl

ingbipdefel sukateL popGEREIIETE FEsy proPyifhicbicek  polyiierefastfore,
. acid diethanglamide, polyoxyethylene oleate ether, polyoxyethylene
Lt GaBaP e e, DI OGRS SR AP PO DRy SRGRAE Sefbitan the
fatty acid ester, can .18 F-POZQ65SF(SG), Amendment under PCT article |
e N B S R R A R
i i ic al , an.aliphatjc, carboxylic acid or an aliphatic
S B S e e She i it e

£1:000 QidngiedyRes | pad NG sy dhereabmay; N sl AL A, HAIE 118 peq
surface active performance for the same amount added tends to be wea
ranyEQRRAISOR With the Bhove dascribad PQ&‘@Q@J.%@QW%HQQ%% roduct
created at the time of etching (for example ammonium
silicoflucoride) 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, nen-lonic surfactants, such as
polyethylene glycol alkyl ether, polyethylene glycel alkyl
phenyl ether, polyethylens glycol aliphaﬁic ester,
polyoxyalkylene alkyl ether, poclyoxyethylene styrenated phenyl
ether, polyoxyethylene alkyl sulfate, polyoxyethylene alkyl
benzene sulfate, polyoxyethylene polyoxypropylene block
polymer, fatty acid diethanolamide, polyoxyethylene oleate
ether, polyoxyethylene distearate ether, polyocxyethylene

castor oil and polyoxyethylene sorbitan fatty acid ester, can

18
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It is preferable for the amount of the above described surfactant added to

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 % t%gg&wg%g (3G)
cof

%. Coarseness on the surface of tuw&m%@n&g%g@%g %tcjhcle 24

compound containing films and the semiconductor substrate on whi
etching treatment has been carried out can be prevented by adding a
-surfactant. Furthermore, conventional etchants easily remain at localized

be arsdeeh e epfasrotsamiconddetotsulistrateS rwheie Btfinepattéra

has been formed when the degree of integration increases a great deal,
suBhdGtEedofey it ehffiduli to @Brg LédtettHing ahifommily witen thelphatic

intervals in the pattern on the resist becomes approximately 0. 5 pm or
CarhE e esswherarietird Gtat SRRt aédddingtohe fréent rom

invention, .to which a,surfactant has been added, is used as an etchant,

A G /et AR Wt ARG Dif Bk Suftace JFRE BemiOh dutfo P EUBRH &S YPes -
' dt ifarmity of etch; the. surface 1
= e D L B e by G o of Hepiigesur face

ac%%?gg%%%a%@e@o, ; w@eg%ﬁbee %Pn X6, fles fhed %g%%% aout k%{eak

ss than 0. 001 weigh e surface tension of the fine treatment agen

in degsot jawer suffigiently. sand thus. the-effects.of increasing e . e apne s .

wettability sometimes become insufficient. In addition, in the case where
rodhe above described added amount exceeds 0.1 weight %, no additional
effects can be gained for the excessive part, and in addition,

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 of tungsten containing films, silicon compound
containingfiimsandthe semiconductor substrateonwhichetching
treatment has been carried out can be prevented by adding a
surfactant. Furthermore, conventional stchants easily remain
at localized areas on the surface of semiconductor substrates
wherea finepatternhasbeen formedwhenthedegree of 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 semiconductor

substrate improves, and the uniformity of etching on the surface
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the antifoaming properties deteriorate, and foam attaches to the surface
to be etched, and thus, etching sometimes becomes inconsistent and
etching becomes poor, due to foam entering into fine spacggp[ggég]g)léis 5G)

possible to mix an additive other than,a sufactant with.theing té%ﬁ%%[;r 34

agent according to the present embodiment, as"long as it does not
the effects. As the above described additive, hydrochloric acid (and
solutions thereof), acid materials, such as sulfuric acid solutions and
of phesphoristacid ssdlutioes;, $wdrogdteperpxide ahd clrtadesloande ctedbove
as examples. [0041] The metal elements included in the fine treatment
de sgjehipetcutding fonienirasent dse itloarafe. A6t haitalatylimithd, samface
it is appropriate for the content thereof to be no more than 1 ppb, for the
tengpese ot Sipprerding $ess6Mihersleatti @GP eiroperieevhauificiently,
semiconductor to the minimum, and it is more 20 F-PU/U65SF(SG)

2N\ fRREmerit Girflet $EF ticit B2 raRr Al eTOPiItHE beAt mbhe thare 5imes
bechﬁ% 'Ié_ggsrg _%aég%eer% nts _%réclugedlin,the fi_ne trgﬁtment aggﬁt can be bove
anatyZed usi UCtiVBIEStpTed PidiofteqiENES Pradiig Binisafoft
deqeipel eéé%?ﬁ%&ﬁ%%”%%%é%@%s HF;439%made by Yokegawa . ;
effects can be gained for the excessive part, and in addition,
the antifoaming 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 tomix an additive other than a surfactant
withthe fine treatment agent according to thé present embodiment,
as long as it does not hinder the effects. As the above described
additive, hydrochleric acid (and sclutions thereof), acid
materials, such as sulfuric acid solutions and phosphoric acid
solutions, hydrogen peroxide and chelates can be cited as
examples.

[0041)

The metal elements included in the fine treatment agent
according to the present inventionarenot particularly limited,
and it is appropriate for the content thereof to be no more than
1 ppb, for the purpose of suppressing loss of the electrical

properties of the semiconductor to the minimum, and it is more
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The fine treatment agent according to the present embodiment can be
manufactured using various conventionally known methods, so that the
etching rate for the tungsten containing film at 25C becomes withing sr (s3)

range from 0.5 nm/min to 5000 nm/mine&aneietelyrametiee i1 c1e 34
preparing a mixed solution including hydrogen fluoride and ammonium

fluoride by making hydrofluoric acid absorb an ammonium gas through
bubbling or surface absorption (or a method for manufacturing an
D r &hRABRILEN T RdotiEl & SORRIMT BY R EKIERY Brofl i acithegbB6rbedn e L ement s

ammonium gas and mixing this with hydrofluoric acid with a desired ratio)

inchidrelitdt BRrf éxsmples it BEdtoR 98 Fethd (ORIRBEHIMESE MgHES an

. pure ammonium flyoride powder in hydrofluori¢ acid and a method for

R DM e o Tk et S
water absorb ap . ammonium gas .ang after that ,mixing this ammonjum

A A (o R Mo gava

Hemoﬂg_@gggﬂginlggqtyriﬂg @_qthods, the method for making hydrofluoric

acid absorb an ammonium gas 'is most preferable, because it allows a
[ odine treatment agent which is purer to be gained. Here, ammonium
components may be 21 F-PU/Ub5SF(SG) Amendment under PCT article

34 corpaingd ir therigiighedsindhe above deserition: wheRditie «agld or
a mixed liquid of hydrogen fluoride and nitric acid is used instead of

emihydtofiotic @eid. H043 AtIS areferahle {0y The coaceritatiopofth@itionally
hydrofluoric
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
solution including hydrogen fluoride and ammonium flucride by
maxing hydrofluoricacid absorb an ammoniumgas through bubbling
or surface absorption (or a method for manufacturing an ammonium
fluoride solutionbymaking hydrofliuoricacidabsorb an ammoniun
gas and mixing this with hydrofluoric acidwith a desired ratio)
can be cited as an example. Inaddition, amethed for dissolving
a highly pure ammonium flucride powder in hydrofluoric acid and
a method for manufacturing a highly pure ammconium solution by
making ultra-pure water absorb an ammonium gas and after that
mixingthisammoniumsolutionwithhydreofluoricacidcanbecited
as another example. From among these manufacturing methods,
the method for making hydrofluoric 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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acid, nitric acid solution and ammonium fluoride solution used for the
mixture to be adjusted so that the above described conditions are
satisfied. in addition, the concentration may be adjusted bx.ggglpge\%@tg{ SG)

or the like at the time of mixing, if n%ggﬁzgﬁﬁ%?gfﬁhég@e?@ OV& ricle 34

described tungsten containing film, films o the main component Is

tungsten, and tungsten alloy films of which the main component is at least

one type selected from among titanium tungsten, copper tungsten, nickel
contiagsten, Lcobak tihgsten, mslybdenambbonvgstias wungstasilicidearnitric

tungsten nitride can be cited as examples. in addition, it is possible for
aclshlpBrie Bivesst thhgsten sohtalfing g td beodipbseerifomitheisuriaeed 1s

so that fine processing can be carried out, or a number of types may be
US&GpoREF $th the Mg@&é%.fl[ééﬁéFA§ﬁﬂedabove described silicon

compound containing film, silicon thermal oxide films, non-doped silicate
w%‘ia@s films, phosphorous doped silicate glass films, boron doped silicate

I ilms, phosph d doped silicate gl i 2 ,
ok s Srpseios o bnon gl slae gos U Mo
< S0 I R SR USRS T e

£0PosgDIe, foranly opg tyee Qhsilicen gormpoynd contanng ilm 1408 ¢ i peq
exposed

conditions are satisfied. In addition, the concentration may
be adjusted by adding water or the like‘at the time of mixing,
if necessary.
(00447

As the above described tungsten containing £ilm, films
of which themain component is tungsten, and tungstenalloy films
of which the main component is at least one type selected from
among titanium tungsten, copper tungsten, nickel tungsten,
cobalt tungsten, molybdenum tungsten, tungsten silicide or
tungsten nitride can be cited as examples., In addition, it is
possible for only one type cf tungsten containing £ilm to be
exposed from the surface so that fine processing can be carried
out, or a number of types may be exposed from the surface.
[0045]

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

glass films, phosphorous and boron doped silicate glass films,

22



from the surface, so that etching can be carried out, or a number of types
may be exposed from the surface. [00463 In the case where at least one
of the tungsten containing film and the silicon compound centaining fige ( sc)

has an ultra-fine circuit having ultra-fine spaeestin:the pattemr the-effects 34
of the present invention become more significant. That is to say, more

significant effects of suppressing roughness on the surface and making
etching uniform can be gained. [0047] In addition, in the case where films
TEOH al'tifg@%the‘?ltﬁé’ﬁ“’tﬁﬁgﬁéﬁ%h%ﬁiﬁgs’rﬁfﬁé GR8 stitoABompdlid carbon

containingnfilms,, for example of .copper, aluminum, nickel, titanium,,

ot Bntatunt 5PE iUt oF thess Wit St WittogehSr oxygah, 274

is layered as th th;'ect to be etched, significant effects can_be gained in,
N R e SR B R e O e I e Do e

£od6IP, DAk ‘E%é% e gtahing [alg 88’“@%3%%%9&?%%% H%sceé‘[%s FEesed

Invention, ascomparison to conve ants for tungsten.

£ e dhoue degeribed subsrate,onwhich- wWngsten, 23 fé%%?@?%‘%@%)émber

Amendment under PCT article 34 containing films and silicon compoun
of coptriRingdims aresstayared, semicopductan waters and substrates for

liquid crystal displays can be cited as examples.
[0046] '

In the case where at least one ¢f the tungsten containing
film and the silicon compound containing film has an ultra-fine
circuit having ultra-fine spaces in the pattern, the effects
of the present invention become more significant. That is to
say, more 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 filmsandsilicoencompoundcontaining films,
for example of copper, aluminum, nickel, titanium, cobalt,
tantalumor a compound of thesewith silicon, nitrogen or oxygen,
is layered as the obiject to be etched, significant effects can
be gained in terms of contrel of the rate of selective etching
between the types of films (here, making the etching rate egual)
eas one effect of the present invention, as comparison to
conventional etchants for tungsten.

[0048]

As the above described substrate on which tungsten
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[0049] Next, a fine treatment method using the fine treatment agent
according to the present embodiment is described, citing wet etching as
an example. [0050] The fine treatment agent according to ti%%eﬁ%%SF (SG)

embodiment can be adopted in a varjgty ofwet etching pe dgs.aé& cle 24

etching methods, there are immersion methods, spray methods and the

like, and the fine treatment agent according to the present invention can

be adopted in any of these methods. Immersion methods are preferable,
comegansartheféomposition of thieciite teammemdgent thdngesdittic tue tare

evaporation during the etching process. [0051] It is preferable for the
LaYerperafRBISROEHRERS e tnmsinadarigediont sexd 580G imthedagystal

. Where the fine treatment agent is used as an etchant, it is more

A1 $RefRYADIETS PR Behfithif S BAREERBAT15C to 35C, and it is most
EO(?r;ffrable for it to be within a range from 20C to 30C. In the case where

ﬁl emperature for etching is within the above described range, the fine

treatment agent.can be kept from evaporating, and thus, the,composition
can lr)i?aegrtteVeﬁtefglf}gm%&ea{gr%gxpﬁgr?tln%%@ﬁ%ﬁqﬁlﬁ-%o 65 G%rea ment

oA R ECL Al et O U g 0.
weSUBSEREng as an example.
[00501

The fine treatment agent according to the present
embediment can be adopted in a variety of wet etching methods,
As etching methods, there are immersion methods, spray methods
andthe like, andthe finetreatment 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 tec evaporation during the
etching process.
focs51]

It is preferable for the temperature for etching to be
withina range from2°C te 50°C in the case where the fine treatment
agent is used as an etchant, it 1s 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. In 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 composition can be prevented from changing. In addition,
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increasing at high temperatures and increase in the viscosity of the fine
treatment agent reducing the effects of cleaning at low temperatures can
be avoided. Here, the etching rate changes for different filrgs

-’Edﬁep 2408 56,
on the temperature for etching, and therefare, in some cas €. ..
difference between the etching rate for ﬁwne%%anscte%nc%ﬁaigﬁg fitm and- - 34

the etching rate for the silicon compound containing film is affected.
Accordingly, when the temperature for etching is set, it is desirable for the
demtchings ratedbr thexsilican Compbtigd icoritamingifikn te behwitkiowgtanges on
from 0.5 times to 2 times the etching rate for the tungsten containing film.
theoos2] {ERpddrfiettR)gSTRhecambedinimy of thinfineatneathient agbat-rate
. _according to the present invention is described in the following. Here,
1NQERHE e St pHOB b TRSOE R BSviAG thé BaAffRMctiBns hes Hefins ity
treatment agent according to the above described embodiment 1 is !
°of ohiifted PBSST FRETRR tr&ARRht A§EMTEREIdinG 16 Heepresenf cleaning
€ bod{ment IS défferent from the fine tr,eéltment agent accordir%?_ to the
2 enBhdiRERET fi Hat the& BRhing AISfor i siliton Scompsurft ContfMirg =e
film at 25C is.controlled.so.as 1o be less 25 F-P07065SF(SG
iR el 25 : 2 e
e P S (B i inass: encear BmRAS RS o0
et@H%E@qr@§JQHH¥%EfE§g¥1in some cases, the difference between
the etching rate for the tungsten containing £filmand the etching
rate for the silicon compound containing film is affectéd.
Accerdingly, when the temperature for etching is set, it is
desirable for the etching rate for the silicon compound
containing £ilm 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 components having the same functions
as the fine treatment agent according to the above described
embodiment 1 is omitted.

[0053]
The fine treatment agent according to the present

embocdiment 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
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I

containing film at 25C. When the etching rate is within the above
described range of numerical values, selective fine processing becomes
possible, so that only one of the tungsten containing film and the siligan- (SG)

compound containing film is etched.{005%4] Here, inorder forthe £ % 34

rate for the silicon compound containing film at 25C to be less than 0.5

times or exceed 2 times the etching rate for the tungsten containing film

at 25C, X, Y and Z must satisfy the following relational expressions,
thaghenSite. oeste stot hpsod entiueeisl s e olikg atre terfiont tofnitdogsten

acid is Y mol/kg and the content of ammonium fluoride is Z mol/kg. [0055]
corfFainaRb)Z < -ak9289CH 0. 108k (0@ - aRkF{@)n0.FratX £y vchpnothe

<Z<_6(4)Z<_1.4Y -3 (5) [0056] In addition, in the fine treatment __
ab%‘@%n@%ﬁ&&rﬁﬁﬁ%qﬁégﬁre%én%%diﬁﬂe%t,@é?vea?nd Fedfirchiife fine

foIIowings relational eﬁressi%rr]}s, when %concgerﬂtration of;he hé/d_ro en

P IETiaE IO ESE MO e cofiCentratior ot tReiffic® hcid*oluiBA 7 &7
Y' moallkg a ?e can eggation f.the_ ammonium %6 F-2 /UbbSF(%Gl .

contaln&rg% 1 E.Blér & Séglcon compound containing‘'tiim is
Amendment under article

etched.

[0054]

Here, inorder for theetchingrate for the silicon compound
containing film at 25°C to be less than 0.5 times cor exceed 2
times the etching rate for the tungsten containing £ilm at 25°C,
X, Y and Z must satisfy the following relational expressions,
when the content of hydrogen fluoride is X mol/kg, the content
of nitric acid is Y mol/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 X <10, ¥Y>0, 0 <Z <6 (4)
Z £1.4Y - 3 (5}

1005¢6]

In addition, in the fine treatment agent according to the
present embodiment, X', ¥/ and Z’ satisfy the fcollowing
relational expressions, when the concentration of the hydrogen
fluoride sclution is X' mol/kg, the concentration of the nitric

acid solution is Y’ mol/kg and the concentration of the ammonium
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fluoride solution is Z' mol/kg. [0057] [Formula 6] Z' <- - 0.973Y"' + 0.108 x
(100 -4X') (3) 0.5<-X'-<10,Y'>0,0<Z'<_6(4)Z'<_1.4Y'-3(5)
[0058] In the case where the concentrations of the hydrogen- flyoude s (sG)

solution, the nitric acid solution and thgatmmenitm; Alherdesoluiigniclie 34
satisfy the above described conditions, the 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
£lusrdalive RO IahdPR oA Gne BRthéXHo from the multilayer film. This is
particularly preferable in the case where it is desired for only the tungsten
[0G®htaining film, for example, to be selectively removed. [0059] It is
possible to manufacture the fine treatment agent according to the present
embé&}ﬁfgﬂ?%‘a rdance with the same method as that described in

ConcbtrRion 3t B Hydragen Tuarde Golion, e i acid and the ")
)k R e ke i
F-POZ06ISE(SG) - 3 (57)

[0058] |

In the case where the concentrations of the hydrogen
fluoride solution, the nitric acid solution and the ammenium
filuoride solution satisfy the above described conditions, the
etching rate for the silicon compound containing film at 25°C
is greatly different from the etching rate for the tungsten
containing film, and thus, it beccmes pessible to selectively
remove only one 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.

[0059]

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
fiuoride solution, the nitric acid and the ammenium fluoride

solution to be prepared so that the above described (3) or (4)

is satisfied. In addition, the concentration may be adjusted
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Amendment under PCT article 34 by adding water or the like at the time of
mixture, if necessary. [0060] (Other) The most preferred embodiments
according to the present invention are described above. H%%\()em@@ F (5G)

present invention is not limited to thege gmhadiments; apda-variety of o 14
h

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
by eohiding matregepiflaokde] kitris taditle arhmmaidm flwbride andfthe liles sary .
chemical where hydrogen fluoride, nitric acid and ammonium nitrate are
{0@fBed to a solution 28 F-PO7065SF(SG) Amendment under PCT article
34 CLAIMS 1. (Amended) A fine treatment agent, which is used for the
fine pff@éé%%mg of a multilayer film including a tungsten containing film
and a silicon compound containing film comprising hydrogen fluoride,

nitric acid BhE At BRETT AMONIURT HudrRR S ammbfunie present
o 008, ATEISI) 18 1 UESIEN AP AL 0T e con
is ar{ggggirrgﬂ]:gé '%'8"‘8'&?&8&0&%88’{9{9@@9, and & variety of
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 flucride and the like, a chemical where hydrogen

flucride, nitricacidandammoniumnitrateareaddedtoasolution
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the etching rate for said silicon compound containing film at 25C is within

a range from 0.5 times to 2 times the etching rate for said tungsten

containing film at 25C. 3. The fine treatment agent accordirkg_tﬁ)oo}%ig%é%(se)
34

wherein X, Y and Z satisfy the follomﬂ%bq%{%?l Sﬁ%rggi%% V\Q’Lﬁ@i

content of said hydrogen fluoride is X mol/k content of the nitric aci

iIs Y mol/kg and the content of at least one of the ammonium fluoride and

the ammonium chloride is Z mol/kg. [Formula 1] Z <- 1.25Y - 1.75 (1) Z >
1.4Y - 3(2) Z<--0.973Y + 0.1085LADVE 4X) (3) 0.5<-X<-10,Y>0,0
<Z<_6(4) 29 F-P07065SF(SG) Amendment under PCT article 34 4.
(Amended) The fine treatment agent according to claim 1, wherein the
etching rate for said tungsten containing film at 25C is within a range from
0.5 nin/miRNEBBOG Nm/Mif BnE BReaEHPgYde firsaidiiliebnis used for
compound containjng film at 25C is either less than 0.5 times or greater

CR%hAABIMES TS TEFNG Tale B aid DSt cOhRFny At gt 25eirgg ten
T@e.fin..ﬁe trejglrinent ent.accordin% to claim, 4, wherein Xag(, nd Z satisfy .
e %&r@%ﬁnglrerpa%% expreseionsw %%n%g%%ﬁ?eln?%?g id Hyqrogen =19

ﬂuonﬂrgas?égga%gumi%%ﬁ}%t%ffgea@'m?s&ada'% Y kg and NG om s um
conterit of at least one
fluoride and ammonium chlcride.

2. {Amended) The finetreatment 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 i1s 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 toclaim?2, wherein
X, Y and 2 satisfy the following 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 fluocride and the ammonium chloride is Z mol/kg.

[Formula 1]

Zz £ 1.25Y - 1.75 (1)

Z > 1.4Y - 3 (2}

Z £ -0.973Y + 0.108 x (100 - 4X) (3}
0.3 <X =10, ¥Y>0, 0 Z <6 (4)
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of the ammonium fluoride and the ammonium chloride is Z mol/kg.
[Formula 2] Z5-0.973Y + 0.108 x (100 - 4X) (3) 0.5<_X10,Y>0,0<Z
56 (4) 251.4Y - 3 (5) 6. (Amended) The fine treatment aggr_lb%o%) %@9 (SG)

to claim 1, wherein a main componemgkgﬂgw%m%org@fn%g: Im:ise 34

at least one type selected from the group consisting of tungsten, titanium
- tungsten, copper tungsten, nickel tungsten, cobalt tungsten, molybdenum
tungsten, tungsten silicide and tungsten nitride. 30 F-PO7065SF(SG)
Amendment under PCT article 34 7. (Amended) The fine treatment agent
according to claim 1, wherein said silicon compound containing film is a
singlé -Ia%"éff\%ﬂéﬁéiiype@é%étjé@lﬁmﬁ@@mamms@mg@t@isi@m claim
tthrmaI,oxide film, @ non-doped silicate glass film, a phosphorous doped
1o HiREEE hiadsin® SUGBA doivetl Shcal2gRsEHASA PhospRbmLAEHE £11m
ed silicate %Iass film, a TEOS film, a fluorine containing silicon

b, d
at o‘%gg fif‘r?f{ ¥ tafon _oﬁ&;ﬁ"i‘ﬁﬁg 5% Q)xﬁjenﬂrﬁ?‘é%ilﬁfbn%ﬂﬁ'ﬁjen&dﬁ@n and
S e e T B e e R e i =

om the group. ménde e treatmen

254 @@i'Ei%h‘@Qegﬁé%H‘%ﬁg‘%@'&q Ea‘?'fx%%a@rs%c%‘a%oe@p H0Q containing o pe

film at 25C Is within a range from 0.5 nm/min nm/min.
etching rate for said tungsten containing film at 25°C.

5. The fine treatment agent according to claim 4, wherein
X, Y and Z satisfy the following 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.

fFormula 2]

Z £ -0.973Y + 0.108 x (100 - 4X) (3)
0.5 <X <10, Y>0, 0< 2z <6 (4)
Z £ 1.4Y - 3 (5)

6. (Amended) The finetreatment agent according toclaim
1, wherein a main component of said tungsten containing film
isat leastonetype selected fromthe group consistingof tungsten,
titanium tungsten, copper tungsten, nickel tungsten, cobalt
tungsten, molybdenum tungsten, tungsten silicide and tungsten

nitride,
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9. The fine treatment agent according to claim 1, wherein containing

0.001 weight percent to 0.1 weight percent of a surfactant. 10. (Amended)

A fine treatment method according to which at least one ofra-tNgSEIBF (SG)
containing film and a silicon compouRdecaitaintgditids firely pieeassed 34
by using the fine treatment agent according to claim 1. 31

7. (Amended) The fine treatment agent accordingtoclaim
1, wherein said silicon compound containing f£ilm is a single
layer of one type selected from the group consisting of asilicon
thermal oxide film, a non~doped silicate glass film, a
phospheorous doped silicate glass £ilm, a boron doped silicate
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, & 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 accordingtoclaim

1, wherein the etching rate for said silicon compound containing

film at 25°C is within a range from 0.5 nm/min to 3000 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) A finetreatmentmethod according towhich
at least one of a tungsten containing filmand a silicon compound
containing £ilmis finelyprocessed by usingthe fine treatment

agent according to claim 1.
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