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DESCRI PTI ON  FI NE TREATMENT AGENT AND FI NE TREATMENT
METHOD USI NG SAME TECHNI CAL FIELD 5 [0001] The
present invention relates to a fine treatnment agent
which is used for the fine processing or cleaning
treatment of the formation of el ectrodes and wires
made of a thin netal film in the manufacture of a

sem conduct or devi ce, QUi stal 10 display or
the like, as well as a%ﬁﬁgftﬁi§§®%ent met hod usi ng
FINEe TRERTMEATO AGENTARNIC WIS, Tﬁa@A@MfEN@'eM‘a"r%Prﬁ%EﬁgggﬂhE

used in the fine processing of a tungsten
of tungsten or a tungsten alloy and a silicon oxide

fiﬁﬁ&: S as a fine treatnment nethod using the

TEggne.A%SFggébGROUND ART [0002] Various types of

[ometal s and netal oxides are widely used as a genera
el ectrode and wire material having a fine multilayer

Strutherprésernt SeNrAIMICTN 288% €6.a B rd Qubd thbYSt Aent
dléplay 20 or the like. Wt etching nethods using
whifBntg ssda§onethe fsndr procesishggnet idsnisuchraatinent of
tehi et hads. and plasma etchingnethods, are mainly
e e U B 1 FOFEfads RacpbocasSianF ofesiiiuirogPes] Tiln

inftile ebacraedascand a%éﬁ_chHfiBUgthe&@vﬁé alaslgéH% tsglléyf%tal

~oxides. Different nethods from anong thése e
digelayted (28 dépendangrenl the o ¥Reeot rbheniRt ahetiHE using
netal oxide, or a conposite material of these, which

the §atrr}§e GBfieH? Qﬁrtélt%a(rg toha fm@e:_tmtnmre:ciagbnn uged in
the al® RO I38 W el CRPAG Rot ARSI ado ot redi Fen o 2
turexensa VEo pRRABAUS coh oxide film, aswell asa fine treatment
method usirig the same.

BACKGROUND ART

[0002]

Various types of metals and metal oxides are widely used
as ageneral electrode andwirematerial havinga finemultilayer
structure in a sémiconductor 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 conventional fineprocessing
technologies forelectrodes andwires using thesemetals ormetal
oxides. Differentmethods from among thesemethods are selected
depending on the type of the metal, 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.

[(0003]

Wet etching methods do not require an expensive apparatus
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in conparison with dry etching nethods and are

econom cal because only inexpensive chenmicals are
used. In addition, the effects of the wet etching

net hods are not affected by the formof the object of
etching, and thus, wet etching nethods are appropriate

5 for etching an object having a three di nensiona
s _which are dissolved in

‘S re. . Furthernore, metal .
lnt%‘g}‘bgfé%saoﬁ%maéh G2 e nge BRegs ARJATE erUTAIiqrl baeause
elvech & psken anek A r.j n, be. col | ect ed
Onrgﬁatively eas%?%nﬁ$€25?§£§é%cc%ntggf?ééagﬁﬁg“ %@Fbﬁ?ﬂ cts
ofvkke ejst anchiiner méohedswete elahigeREAOES BHE rUHELY the

b10 aggfted fromthe point of view of effectively using
OPASEHH et rlakintr eB6 thwpowpt A talrita yethodetealesappt dpykate

Foff a ides are . used,as the above
© e%%?ﬁ%@% £€e€$j%é%o% Elﬂ?r% 5%f%?i%&@@?%ﬁ?n%% gtructure.
FusehteooteiChet a8 r&dk LAY 0o L VSR « ALSRLAY s 2 result
Al um num nol ybdenum titanium tungsten, Zirconra,
of tefrlaingmangolide fudi dvetrhe cpnerreand aakl oye wfré heserials
fo can be used as the netal. [0005]

tals, r._exanpl e, X
Calrirg’eHé’Pé,legée hEgE?Eh‘éﬁiLYf%?SHMg%%C@h thiel gEchade after use
t I | i.qui d m xt f
(LHREN F2ot8) e ok R oleh purtitdia S hndeca e ety

adastah Ay (EEet IO WAMIE o £ ARRANRSS, Ll:'ﬁﬁ)f@ﬁer%%%ral

Pat ent Publication 2001-26890, Japanese Unexanm™n
TSRS -Publ i cati on 2002- 25965, Japanese Unexani ned 25
[Oiﬁifﬂn Publ i cati on 2002-53984 and Japanese Unexam ned

at'ent Publication 2004-31791). [0006] In the case

honever 3 b GoRbSareT o oYY ke EEERE R LuERry erisrrere

useduest bhe38bdhe desonpiosttéDicOfoddishd QOISR terials for
eroxi de, and thus, there

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.

[0005]

Here, as the etchant for tungsten films made of tungsten
or a tungsten alloy, a liquid mixture of an alkaline solution
andhydrogenperoxide canbe citedasan 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 2004~31791).

[0006]
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
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2is aproblemwth its stability as a chemcal. In

addition, in the case where an etchant for etching a

mul tilayer filmof, for exanple, a tungsten film and

a silicon oxide filmis made of only al kaline

solutions, there is a problemthat the silicon 5 oxide

films cannot be etched. Furthernore, the difference in
ing ra%le bet ween the tungsten filmand the

. the et , . t
S5 PE8§T8§H Hath 1o eharkkiey @om ethamierad + hénf addition,
i nak r ' beco r the. surface of, the .
indthe el Ml S EHOTE AP o EEnT G 2T Lalam Eagm o,

forsegampled outunteenisinlonkag eé‘il@&&'@ﬁtdelfé'é&ois made

Japanese Unexami ned Patent Publication 2001-
of mitlohalbaddment o Put Jepandde renkbx anpret 1Bat €t the silicon

OXE’#QI%_{: irion 2 05-25965 Pat ent Docunent 3. Japanese _
hexar hed PAENCePEbFREat i e U oisne 5 39e4dpgEenence in

- ' Pat ent._Publ i cati.on .
B b N ST LS UL AT
1 BocWEDeBYa PrioblINYENTS 2Nt ha0r d APA Ek e Fher % 858 Bl comes poor,

thi nvention is provided in view of the above ~descri bed
%rsélm}fé‘r%, ohnehes Ubtsitact et herene s eod s ertdvictighactéing or
td t ﬁ;g_gnt ich is used to finely process a
© t}aln t% 4 rrlme%naé\‘lhca ey ‘oxide filmlayered on a
Subsiatairt: BOGuABKES :1japAR: Lbl &4 L b1 28
treat ment si mul t aneously or se %%%ﬁ/%??/%%%e%ﬁ?ﬁbllca -on
20QIn?pt%h filmand the silicon oxide film as well as
to r%vi de a fine treatnent nethod using the sane.

VEA Legurent prROBOEMEEEJOB}xamined 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 TO BE SOLVED BY THE INVENTION
[0007]

The present invention is provided in view of the above
described problems, and an object thereof is to provide a fine
treatment agent, which is used to finely process a tungsten film
and a silicon oxide film layered on a substrate and makes it
possible to carry out fine treatment simultaneously or
selectively on the tungsten film and the silicon oxide film,
as well as to provide a fine treatment method using the same.
MEANS FOR SOLVING PROBLEM
[0008]

The present inventors diligently examined fine treatment
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30 The present inventors diligently exam ned fine
treatnment 3 agents and fine treatnent nethods using
the same in order to solve the above descri bed
problenms with the prior art. As a result, it was
found out that it becones possible to control the
etching rate by adopting the follow ng configuration
when 5 fine treatnent is carried out on a nmultilayer
agﬁ“ieﬁrﬁ B¢ h4ng LraA5SeRA Methedadusing |thorsae de birder to
S [ n invention is conpleted. [0009]
SRS, 1" pBbUE, BEBRETbag, BYEPLERt ctirf ndbanoveor axt.  As 2

I's to say, (0]

redederi b@dwaéof@bhé%uttﬂ%tpri_ecs%cdg{é}’sg%gs%Qbﬁ_iregéiodggn@rol

fine treatnment agent which is use thé
thgr eeebsnagratfe dynakbptdyer thiél 11 1cved ritflicgh fa gl a8 s b8Nwhen
fifilg1ang a giLicon oxide filmconprising hydrogen
fPusFFaEMehTt FPcCaEFdednaubt oneaskubhdlayeanfibhnuhaving a
ruh j de: I loride. .15 [0010] .In the above
dgggﬁ?bgﬁﬁggk |gugéggg%? $§1g% brEer ghuﬁortgﬁepresent
inetohiog iateompletbg. above described tungsten film at
5Cto be within a range from0.5 nmmn to 5000
[099$hin and for the etching rate for the above
desqhgq§q_silicon oxide film20 at 25C to be within a
range 17 om 05 St el QrdeE it e ver Ehengbovatdederibed
obider ke irb ' t. 25C. [001 |
e e here RIS IR S s B30k o7 arert agent
whimgh weenisadef et | tioontine derdddgpiang dhe tunost ey dd [#im
reat, the form 25 of the pattern of the turngsten

., 1S
1nGluding eefunprsepr 6ebusinng and lilkenf orinief £1 e qatdrergi ng

e IE SISO CULE L4 L RPERTE MG TR L
£1dddimeanthd hewdidied.degd, | m may be different, so

t hat steps
[0010]

In the above described configuration, it is preferable
for the etching rate for the above described tungsten 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 oxide film
at 25°C to be within a range from 0.5 times to 2 times the etching
rate for the above described .tungsten film at 25°C.

[0011]

Inthe casewhere thedifference in the etching rate between
the silicon oxide film and the tungsten film is great, the form
of the pattern of the tungsten film after fine processing and
the form of the pattern of the silicon oxide film become uneven.
That is to say, the width of the trenches created in the tungsten
_film and the silicon oxide film may be different, so that steps

are created, or the formon the side wall surfaces of the trenches

may be lost, for example. Inthe above described configuration,
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are created, or the formon the side wall surfaces of
the trenches 30 maybe | ost, for exanple. In the above
descri bed configuration, 4 however, the etching rate
for the silicon oxide film(25C) is controlled so as
to be within a range fromO0.5 tinmes to 2 tines
greater than the etching rate for the tungsten film
25C) , and therefore, it beconmes possible to finely
ho reé’@éssttlﬁeeit@hﬂgsq @Ats foirl hhadsihiecsi lonxctde ﬁxhde(z‘5°c:) is
sion _whil

t hi_gh
cohl T8l 16A°s 3 %)or m olftktﬂelagﬁ?grgg%?%ﬁt @eEb‘ﬁ‘?%gto 2 times

preventing t

greae¥enth@&s t'HéCQtéﬁlﬂgsrcé Gor Hfg%fﬁq“l’qgj 1 %%gm of25%d » and

proceSSIng can be cafried “out
th sasﬁwar elW‘hQ@HmSepeBBubget be fonghnes®cedr the tungsten

beconing great by controlling the etching
fliﬁ 2@%1 tiﬁ?%mQXlg?fBéEﬁﬁ%Eh%ééﬁﬁEﬂeemetbﬂdwﬂd@rac181on

h $180b e Aok a n, substrate r educi ng

" defects [d%g X %Bg& %?dﬁh Qﬁﬁﬂﬂfﬁgmrgeéo%}ngh%neven

as fiane A ead mﬂemle A9ENr thRANIdHS tftfn@ﬁ%a@e 9@&‘}%&%% carried
configuration for the tungsten film 15 (25

OULPRNE ST AR EbmOws tratre wht be ;_staeeenntm; I‘ftheaftd.tghness

I nme for processing for the fine
on Hh:e;t%trfgfn °8nEr?lﬁebet%ﬁtﬁs‘t(zrgrf%%%bdaﬁoaéretéteﬁt@w fetsthing

rat@CQHHr’cgtd§n§]t b@%@mtelsuggessé% tE er:%o;?rex['%e?% %fﬁfj)l ﬁé:lean

during production can I eve
surdlrne deddrd abdtime d teatm@hiciageMerdded.S
r%ferable for X, Yand Z to satisfy the follow ng
ational expressions when the content of the above
des ogen oride is X nol/kg, the content
ERL A YEROIRE LR ORGITaE oF P e REGREHmERt Agent

ha?ﬂ??gé&t&%f#%@ﬁu@éqﬁfg?%tfgﬁt %’EI‘L]DQB d r%ungsten 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 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
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 {(2)
Z <~ 0.973Y + 0.108 x (100 - 4X) (3)

5
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Z < 1.25Y - 1.75 (1) Z >1.4Y - 3 (2) 30 Z < - 0.973Y
+ 0.108 x (100 - 4X) (3) 5 0.5<X<10, Y>>0, 0<Z
<6 (4) [0015] As a result, it becones possible for
the etching rate for the silicon oxide filmat 25C to
be within a range from0.5 5 tines to 2. 0 tines
greater than the etching rate for the tungsten film at
25C in the_case where the etching rate for the
tungdrens & Fmt8r ¥5¢ Ps @i €hén<abérange from 0.5
[opsqin to 5000 nmmin. [O0016] In addition, in the
above described configuration, it is 10 preferable

for Biseaefechiltg iated@ied Psahove Hesi

filmat 25Cis within a ra%gg FPLe EoETheelh ISR for

thgnpiilacoandxide Eithi ay 2&® Homnd hataheve desgei bedm 0.5
de film at 25Cis either less than 0.5

.SiLi i .
tiferd s, 0 s pr e REsT 5 hAR ke St iogchs by Fpatdd prngsten
; Y i sten filmat 25C. _15 [ 0017
:l%ﬂ???%e@tﬁgﬁﬁeﬁfg%ﬁ%%g%negt? BBEvE RS '%EH‘]‘gSten
itondt @if°at ienvath ovwe the bRJo ! at i e sghbl -
ﬁ. ﬂe film (250 to be c‘:ﬁ??gﬁ %agsrgn’;“?% gtlz’béﬁpgslgm“m'
[O{?é 0.5 tinmes or nore than 2 tinmes the etching rate

for en.film (250 , making 20 the difference
in t%lg%é{déih%?‘ﬁogl'r A dd's %‘%Otv)ﬁed?%r b?%‘ét%ﬁf%atlonr it is
préberab Ds €orsalLet i ' .possi bl e

on the tSrfgstentﬁilgrr%wéo%ecteﬁgegﬁﬁil%c%%oggi%%g%%ilg%% Gigsten

filauditt i28C tentiohin of ey ifd®n f@i.%kﬁﬁfgéﬁ‘; %%2%%%0 nm/min

and {08 5Fan L it o &P sRevS| desc Hoo @ aHilmpr arkdesEi in
o TRESL B PORSLOL o LLEYEIE (U T oUInESs o0 L1 2 arimes
theasttBi6dl F¥tOUWor tHE above described tungsten £ilm at 25°C.
[0017]

The fine treatment agent having the above described
configuration allows the etching rate for the silicon oxide film
(25°C) to be controlled so as to be less than 0.5 times or more
than 2 times the etching rate for the tungsten film (25°C), making
the difference in the etching rates for the two greater, and
therefore, selective fine processing becomes possible on the
tungsten film or the silicon oxide film., 1In addition, control
of the film thickness of the tungsten film or silicon oxide film
alsobecomes 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 possible to reduce the number
of defects andprovide a smooth and cleansurfaceonthe substrate.
In addition, the etching rate for the tungsten film (25°C) is

within a range from 0.5 nm/min to 5000 nm/min, and therefore,

6
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processing, and thus, it becones possible to reduce
the nunber of defects and provide a snpboth and cl ean
surface on the substrate. 1In addition, the etching
rate for the tungsten film (25C) is 30 within a range
fromO.5 nmimn to 5000 nmmn, and therefore, 6 the
time for processing the fine treatnent on the tungsten

thfilm gan be prevented from becom ng | ong, and thus,
Prci¥adeTiRF A4RS S WY itdiceAdpe durdatgeprtodnction ungsties £ilm

' 1 n the above descr.i bed fine ,
cafitl PLeentl Prombd foh i AR, BR3TINGS, YdiRase 4n the
efsatishyytherin|orbagotebat bonabe £XPI&RSIONS When the
content of the above described hydrogen fluoride is X
[O%H8) kg, the content of the nitric acid is Y nol/kg
and hgﬁﬁgntent of either the amonium fluoride or the
u

anmoH| TP ST 1Y W9 Kgeqtownd] gasrtulit 2ls
fSrapls F63Yxt 0. - 3) 55X510, .Y >
PED.50 <756 (45 A q.%%%tés%; tg?o%%gﬁo%%gc%%ae‘iﬁonal
expfess ions wheind thrd cah te@@S bro8Re Odb SAPETIY 440 i Bd 419 A& gen
and, ammoni um chl ori de satisfies the above descri bed
1y ide daaf mergkesstbasantatteotdrife gitat concidnd ¥me, /kg
' econes .20 possible for the etching rate for the
andsittP?c%% Sta&Tr e et RN Em; L upTige @ rokhe @ggonium
chidame0.:% 7 /RS /@y hore than 2 tines the etching rate
for the tungstenfilmat 25C in the case where the
[008tdhing rate for the tungsten filmat 25Cis within a

range fromQ.5 nmmn to 5000 nmMmn. 25 [0021]
Formula 2]

&<~ 0.973Y + 0.108 x (100 - 4X) (3)
0.5<X<10, Y>0, 0<2Z<6 (4)
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 for the etching rate for the silicon oxide 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 film at 25°C in the case where

the etching rate for the tungsten film 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 f£film to be at least one type selected from
the group consisting of tungsten, titanium tungsten, copper
tungsten,nickeltungsten,cobalttungsten,molybdenumtungsten,

tungsten silicide and tungsten nitride.
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It is preferable for the main conponent of the above
described tungsten filmto be at |east one type
selected from the group consisting of tungsten,
titani um tungsten, copper tungsten, nickel tungsten,
cobalt tungsten, nolybdenum tungsten, 30 tungsten
silicide and tungsten nitride. 7 [0022] In addition,
[0'2 ihe above described fine treatnment, it 1is
E 2terable for the above described silicon oxide film
to b i I of t sel ected fromthe .
gr ou%1 cﬁ%%ﬁ%’g @Vghea a?%%i%cg)ré%?ﬁéﬁﬁgl %ﬂﬂ?d CERbRTh it
is nporefttopad sitbircehe Pass deisldPibed BIOSPERTAUIAISREH to be
silicate glass film a boron doped silicate glass
a Finghe dapkasphopbest el doreartabgedmsthecateugl@sssisting
il.m., a TEOS film, a flJuorine containing, silicon .
Of%}xﬁl Sl E%“eﬁm%%%‘&f#e {Joﬂ?aﬁm%-dsqaqdc B o otpsm L idm,
a phblsb®eRolist didsey @419 aftdl ﬁ}g%]g 19 8 Q%tol‘l!o?:lt a8%L8%i1icate
film or a nmultilayer filmof two dr nore ypgs
glasw ddtled & mdmddiegroupnd PO23h ddperliditiieftel GLASE Film,
above described fine treatnent agent, it is
a Tﬁpéffglrjafbrl & fhroriee utiaiging siféconmxiabo¥élm, a carbon

G . i1 ide fi.l t 25C 10 be wthij
cofBEseiegi 15 con oiLde Dinat Z3C fobe iR
a nbt@aﬁ%xﬂ@@@ﬁ%{,nGrt5‘%1Jl'ﬂQarf(_)ernx1egﬁﬂﬁr6f ot BE Rditd %%es

oxide filmcan be prevented f ecomng |ohg, an
seligaied ifromedde igroupe ef fici ency during production
[00%%3 be achi eved, and control of the filmthickness and
20 roughness on the surface of the silicon oxide

fil fi i.ng.. [0024] |
| TABSEIERE ey AL Lol B8, LRGS0 cLO0B oene,
it peepeetdrgpiortdr Ak vRicghhgPebeenfot ik hMRiORbscribed

__percent of
sillicon oxide film at 25°C to be within a range from 0.5 nm/min

to 5000 nm/min. As a result, the time for processing the fine
treatmentonthesiliconoxidefilmcanbepreventedfrombecoming
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 oxide 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
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 surface of the substrate.

8
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25 a surfactant to be contained. As a result, the
surface of the substrate, on which fine treatnent has
been carried out, can further be prevented from
becom ng coarse. In addition, the wettability on the
surface of the substrate can be inproved by adding
the surfactant, and thus, it becones possible to carry

togg gut uni form fine processing on the surface of the
sug trate. 8 [0025] In addition, in order to achieve

t hegahowe criq hect .. the present invention, . .

provi des gqf% ?lﬁeir?§ggg%%técn% %%edP%%@g)P&en SGIoREH Yt ect,

thapreeast omeenfien bubgsten o £1M aRdatndhkinth &8 rPing
ilmis finely processed by using the above descri bed

fill
tofyhEch i3tedkgrtit enemf 9 0026kten dcdor dadce vilhcomeoxide
a fipe treatnent agent with

fi%ﬁpyﬁ fq&g i bed qgthqg, . _
i C & ef AT AGETEES PHrustRI tthRystheve 199 5¢F Hegd sne
tréStikerhr di# to 5000 nmmn is used, and therefore,

the tinme Tor processing the fine treatnment on the
{0@2migsten film can be prevented from becomni ng | ong,

nakbrg increase in the efficiency during production
possitblEECqTHaRRA tigh the tahwvsaskesaatidreal et hathve fine

[ fi ; I h hi
Cr o Py SATCRRTER, BB% PrR{28GaTe Bt c remdeden

£ilM thbvc) agran i , imes th t chi
o a{(e fo)r tshg ?Slr%énﬁgﬂngofﬁdnq ?@Z&L‘g f%gsteﬁgg?gﬁ?ﬁqe#%e’
theghime He 15 pirioces saxigdeh é iflimecanea beht Nl ¥ her 0eesSEsh &t 1m

tE% sanme tinme and with high precision, and thus, the
can; Dy PESVEST S TPt % EiNge Leage d maagwiinceeaze in the
for_the sil.icon oxide

orsacbesmabale gy el SR a0 o o e licon e e,

m s cont

whelfmrtmet flatve delsicras <lde Bl P AEmEAL § gkl éifo&é“aﬂé EEBhing
ilm it beconmes possible to carry out selective fine
ratgr bersdiengidn ddre okdngst£hmf {d9PC0r to be controlled within
arangefromO.StimestoZtimestheetchingrateforthetungsten
film (25°C}, the tungsten film and the silicon oxide 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 oxide film
is controlled so as to be less than 0.5 times or more than 2
timestheetchingrateforthetungstenfilm,itk@comespossible
to carry out selective fine processing on the tungsten film or
silicon oxide film with high precision.
Effects of the Invention
[0027]
Theprgsentinventionprovidestheabovedescribedmeans;
and thus, the effects described below can be gained.
That is to say, the present invention provides a fine

treatment agent havingeaconfiguration.which.includesihydrogen
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silicon oxide filmwth high precision. 25 Effects of
the Invention [0027] The present invention provides
t he above described nmeans, and thus, the effects
descri bed bel ow can be gained. That is to say, the
present invention provides a fine 30 treatnent agent
havi ng a configuration which includes hydrogen 9
ggagde nitric.acid and_at | east one of anmmoni um

I .
rihpiahkg it MithThlERPENARE THIRNLTR Meosies and
mPess LRl €hiOr£ALT V: tedd NE P ' on. ltilayer
alfi | m whi ch 1i:n(géléhdaergyzghtul?lﬁggg:e%(gg&lﬂ%n%g%s la{oals?ml%’locgﬁr y out
fipgipieodesd sinq osua mal telngsr tfatn HRL Bh e udddgst 8fysten
£1 ilmand the silicon oxide filmare processed at the
13%n2E | freSibicmIgr e fidmdrestiohelympnoeessedt both the
LLiog,, t formof .the fipe processing pattern can
tuﬁg%‘%’ésﬁen n 7 5 58 6ﬁ?ﬂg°¥h§%né}3§%@rﬁe Bliece§SeReat the
samflé ftfigfegnee bALY kgLt ghd ! t :
fi||% and the s?licon oi?g%é?% %%yiéa reéﬁ#ﬁ, qu£§§gklon’
the dimumldfabbki £ ynefprdes$oimy renorms exeebbeptevaited from

i ncrease in .the precision durin rocessi ng can be
be Rl Iy dGCORSEREMTTES FO e B TEnSoRniHe etrhang rate
ented fro ecom n
betfedEne L&?%?Ls%‘é?l £ Qlﬁii %@e\és c%g§+%% glﬁ.gl o eg% ggesult

great, an erefore,

cortthmo It 1of otiefies tfpraBeBhAKLAS: G SIMAL h 23R £LEED: . 1n
surface 15 on the substrate. As a result, it becones

the)pysrhpéoncluniotepseceshentatan et aciyvedd. REShdVRTe,
RRYl NG THE | NVENTI ON [ 0028] ( Embodi nent 1)

~

20°BHE &S o YELpRe pf ddunsubsEanRteofan e prevented

fr%ﬁﬁﬁﬁ%ﬁ%ﬁ??ge?ﬁ2%&%%&%%@f§%%%h?5%k%%ég§§ggggﬁegg%%%uce
the number of defects and provide a smooth and clean surface
on the substrate. As a result, it becomes possible to increase
the fabrication yield.
BEST MODE FOR CARRYING OUT THE INVENTION
[0028]

(Embodiment 1)

One embodiment of the present invention is described in
the following.

Thefinetreatmentagentaccordingtothepresentinvention
is formed so as to include at least hydrogen fluoride, nitric
acid and at least one of ammonium fluoride and ammonium chloride
(hereinafter referred to as “ammonium fluoride or the 1ike"),
and is used when finely processing a tungsten film and a silicon

oxide film which are layered on a substrate. Fine processing

‘means etching of a tungsten film and a silicon oxide film and

cleaning the surface of these.

[0029]
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is formed so as to include at |east hydrogen fluoride,

nitric acid and at |east one of amoniumfluoride and

amoni um chl oride 25 (hereinafter referred to as

"amoni um fluoride or the like"), and is used when

finely processing a tungsten filmand a silicon oxide

filmwhich are | ayered on a substrate. Fine processing

meang e ghi en filmand a silicon oxide

film and CIP%%%%SH%# Egggéggranggtg%o;f ﬁ@g ANt fRPYn g gent
cic0cki gy NBCRE ey HOWHIIMUN 06 nbIE o et I RALIBNL ; cnin

agent according to the present enbodiment to‘have” an
2 LEBAPNnGTPHL @ Winmhmin dor 8066 fimgmi@. Sonrd Miunds® <5080 1m at
25qﬁin;? %Br a tungsten filmat 25C In the case where

the etthiigass ¥igke restHunOrstamsiess Shahd f4 me/min,
thér@ﬂim&te,at&@ﬁtgxggpl [ takes tinme, ., nmaki ng .t he

efficiency during pr_ce)3 &c?ﬁ%ngggl\}v?nghstmsﬁblﬁ?’_ M3kimpg the
efEaséenbyer iy widlitig 8@, exae8dsi 8999, MAMbase where
thcon%rol_ in the film thickness after etching becones

Qi PEFRLNY, rahe ehecrdughP@@snméninhecsutfareiwitidieri im
thSuPsL L at r e on.the side . opposite 10 to the

203 G SRR pintgon SHEERCAd 1 AR The Hreghness

surface on iC

on frarered)r £ ercoreshsi gnbdi : e _
fabrication yield becomes o(\/v%uatr%?fjn%gg, sigejqpposite
to phefursinee pomwhtild Btebungstaher £ 10k aniheADOVE are formed)

descri bed tungsten filmto be within a range fromb5

be%ﬂﬁ?ﬁr?%Q?%ﬁ%ﬂ?qﬁﬂnﬁWQ,thﬂSbsthﬁréapréteth@meyfemdiHedumes
1 i f 100, nmM m t 5000 nni m n,
Lowhe Wil okivnd, 1 800 LDk EPRr LB EoF of R rokch 408 wiatie For

I's particular
ehmshense deuaruiag oMok o S00Le 1 TSR BE oy
nm/ginote A0 srdhilng Tatie hore the Mddien rexi de+bi handlhin
a r%gglehggoqlbﬁeocog%{{%éego%& Ohé rzllma/mriazllrlggnfdr :(L)’tr:n ioé 5patrltririilta(1)rly
preferable for it to be 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 oxide film at 25°C to
be controlled withina range from 0.5 times to 2 times the etching
rate for the tungsten film at 25°C. An etching rate within the
above described range of numerical values makes it possible to
prevent steps from being created in the interface between the
silicon oxide film and the tungsten film, as well as to prevent
the form of the side wall surfaces from being lost in contact
holes and trenches created in the silicon oxide film and the
tungsten film, for example. As a result, controllability of

the form becomes excellent, and it becomes possible to process

the tungsten film and the silicon oxide film at the same time.
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rate for the tungsten filmat 25C. An etching rate
within the above described range of nunerical val ues
makes it possible to prevent steps from being created
in the interface between the 25 silicon oxide film and
the tungsten film as well as to prevent the form of
the side wall surfaces frombeing lost in contact

Hebgl e n e at ed in t he |I|con oxide film
e TR g e SR A FEp  cabprainacta Tha resert

embodttmehta:b:mﬁamsoamméﬁfuﬁlqufﬁ&%%famén&%%'ﬂe%?&e aé‘v?%iiing

becones possible to process 30 the tungsten
anghpeal ing onf oxinks ifsd fidim bive chamed wien adletiignt thesed

nt agent, agcording to the present
on O%iﬁ/d?lxé EﬂiBﬁi‘égr?sc%ﬁn%%ifq%bﬁwe%m:%emﬁm%fects
of syebtipg neh o t filmas caused when
an etchaﬁ?@base on on d%o??%d??%?%aﬁ d is used
[0@3Nh] be prevented, and effects 5 of protecting the
resist filmcan be gained. [0031] Here, the etching
r at €l§%s, the etthimn restiedfoki the ati 12%6n bsigoHiNel bed2soc

o PEbEE PR A ator e é&%m%%o”ﬁﬁei&%?%é’&%

anNtoZ 19es h reI nal SI
ra when theecgk?§%¥eh %Rd%oge Iﬁg E %fgf and Z
saﬁqﬁiyt@hgeﬁolb¢wrmgrnaiatMGhal.%xﬁr@@%&%ﬁsaﬁﬁhﬁ|ﬁhe content

£ g ent of ammniumfluoride is Z nol/kg. [0032
© flif FRgeR §]1u9512e<1~1 P»gyol/ kg 75tlid Jcortentl OiYn1t%1(c:2)301d
5 S X <

is % Ro1Pkg gig té‘e( })Ontﬁﬁ%sg SRphi éﬂdﬂ%ﬁda A5 Rempilks.

[OOBQQatnent agent according to the

[Formpla 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<Z <8§ (4)

[0033]

In addition, 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’ mol/kg and the concentration of at least
one of the ammonium fluoride solution and the ammonium chloride
solution(hereinafterreferredixaas“ammoniumfluoridésolution
or the like”) is Z’ mol/kg.

[0034] |

[Formula 4]

Z'" £ 1.25Y" - 1.75 (17)

Z' > 1.4y - 3 (27)
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present enbodinent, X, Y and Z satisfy the
follow ng relational expressions when the
concentration of the hydrogen fluoride solutionis X
nol / kg and the concentration of at |east one of the
amoni um fl uori de sol ution and the ammoni um chl ori de
25 solution (hereinaf ter referred to as "anmmoni um f
Iuor'de<so uéggn, or the Iike"é is Z' nol/kg. [0034]
[Forftuld 2Y-2/3Y< 4.95¥08_x1(¥80(41'4X" B0 Z° > 1.4Y (3')
3 (2p)512 £ . 973X, 0. 108 100 - 4X') (3')
0.5 ol §’<"<%1075 @6) 2370,>00*,< % Q<Z)é %4@) [ 0035] 4Fhe
[088hf ent of hydrogen fluoride, nitric acid and anmmoni um
5 fluoride or the |ike, and the concentration of the

hy dr 0gR FORtERGra by 46 aen 6l uand dehen Ainmomk o ind fandodriutieén 1 um
L 0on..0 he, ]| ke atisfy the above descri bed
fl‘gg%%ﬂ&% i %ﬁs?h% hgl ’Ié?'ch?’h% vhe eg%?en%«‘étis@m i ¥t hsihtedrogen
flhotaes 029€1BRACHES hWiddh 1 D921 L MBs$,La .
2 tines “the et ohi nghyingdq‘hol?ﬂ% ?ggﬁﬁ%&ggtséﬁu?illoﬁﬁ Oﬁﬁée%olke
Satiiey thve dtiove deeatitbed agedt tisnapPLRErEeERIAO rAMSE for
thd fi,ne processing of nultilayer films containing a
& FlddCOR PRLAFaRbLM & tsi25°Coneoxete Witn Asrangexargh @ . 5
inherne bhe . hi for he_siljicon oxide film at
e v ety o PEP RISt Fare  Fiat Whe g Tam, and

25C is greatly eren
thushethengshent fédthedd Klhants fa%'bﬁsggﬂgggt 80y 19se in ine

fil made of sodi um hydroxi de an rogen peroxide ¢

Progessiingdet malthbayes e idimd hiohtetichant 2 hoveyesn N6y and
is barely etched. Use of the fine

ilicon oxjde . film
asf ilc?rﬂreorﬁlclcleggﬁtlmacc%‘F dmgxarpletengpreddn: et abbngimtasor

rea

thenBSLEOATL TSR V) PSR S R lngeten LI
etching rate for the tungsten film, an etchant for a tungsten
filmmade of sodiumhydroxide and hydrogen peroxide can be cited.
In the case of this etchant, however, the silicon oxide 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 film and a silicon oxide film at the same time, and
alsoallows for control of selective etchingbetween the tungsten
filmandthe siliconoxide film, and therefore, the fine treatment
agent has excellent performance in comparison with the etchants
of thepriorart, interms of fine processingonmultilayer films.
[0036]

In addition, it is preferable for the etching rate of the
fine treatment age.nt according to the present embodiment for
a silicon oxide film at 25°C to be controlled within 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
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20 also allows for control of selective etching
between the tungsten filmand the silicon oxide film
and therefore, the fine treatnent agent has excellent
performance in conmparison with the etchants of the
prior art, in terns of fine processing on nultilayer
films . [0036] 25 In addition, it is preferable for
d ' rate of the fine treatment agent .
: i*ﬁ%‘*?éﬁgﬂ?% %ﬁ‘é‘ Sp?%%‘gﬁ?eéﬁg&j?ﬁéhtﬂ%w dardng repduct ion
isoxedecéd| mm 26Qttiebe 1¢oRtoll LEhLn r ange.
fromO0.5 nm nin tolSOdolhn1%Fn9a$%iﬁh%gebgg%u gg#$P?rﬁFte
©Xgages MSren fhien etohtmg lrat ehest11866hi bafe s aFtRH ddhing
betima ii.)[efqui ed 30 for the fine treatnment, for
XA BBt tHiHy, 3rd ithe meoegkress onlXhe tangsten of the
subst Mean | nes.the efficiency during production
i s reducgs. InG% |F]%nflﬁﬁ PR8°§§§8 Rﬂe€%£t§EF§§Q9ﬂWﬂfre
a tuageteextER$ 50080 NHdER, F68RLE P! esf b5
t hi ckness after etching becorrespckfiegolmtggl?;éllé%l:dl?%%t’ and
thysy, gRresdmen the falmtfiard iafm yHe 18 sebotsatlow SUrtacte more
si.de osife to the surface where a tungsten
prefq%‘tr%}’?re the ﬁqfeﬁngélPar%fo? fRacthe abovgrieseaied add icon
oxilddg4 15008t HIES; f icati-on yield becaones low. It .
is nmore preferattbrrlg1 fagrr}rat e éft(%g ||lligmpérf”en%d’rﬁtor92) BB,
anddéscrisbpdrsitutonly oxideefibiut HoP6 Wi tdhidhid
c.from1l nmmin to 1000 nmmin, 10 and it isl J TEHL to be
within: Pc GPAPRy f5PBf &r AV minotot B Oeholintg.rate to be
{Ooghthin arange froml nmimn to 500 nmmn. [0037] The
co%tent Z (nmol /kg) of amonium fluoride or the |ike
i ncrudegonfedh e fildg Ad8a Db £80 0 P15,.2.53 6 .
and t herefore, 18k ggnggleegéug?g%tl%a}tf%%el% e the like
incindatinenthagent taceemndntthddnt Is opnasenk r%t}%i '
Lt buf fered h drofluoric.aci&S(BHF) havfhg_Gg om#HEEEfb?e’
1T SR BRid Gbatdehe ofbesi t1ertndtie agsntte ntcofrdAmPBbUhe
rolled within the above

rd rthe.like i S .con
_pre%éfgmgrélx'%zodﬁmen it B8rfeldy yérofluoric acid (BHF) having

a low ammonium fluoride composition. The content of ammonium

fluoride or the like Z is controlled within the above described
rangeofnumericalvalues,andthus,thesolubilityintheproduct
created at the time of etching (for example ammonium
silicofluoride) can be increased, so that defects caused by
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 example during winter, arisé.
[0038]

It is preferable to add a surfactant to the fine treatment
agent according to the present embodiment. As the above
described surfactant, non-ionic surfactants, such as

polyethylene glycol alkyl ether, polyethylene glycol alkyl
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range of nunerical values, and thus, the solubility in
the product 20 created at the tine of etching (for
exanpl e ammoni um si licofl uoride) can be increased, so
that defects caused by etching can be prevented. In
addition, the tenperature at which crystal deposits
can be greatly | owered w thout changing the etching
He , t herefore, .no sugh problens as crystal 25
P g@é@siet%?%é,’ S Ye%?i‘#d@@%Qﬁiyﬁalw%l@hatar:i g8tery 0038]
polllyoixyapkeienabd B § Peddd ra s toLhe fine
treatnenf agent %cgor dirnﬂia;cgﬁ}eea% elseglﬁtgg it nEhpnenyl
ethery hpodbovyetigdenched kylr batrart, p@mybsay'éﬁh lene alkyl
besurfactagts such_as 30 golyethylene gl ycol a K I
BERBE, SHOEGERNy PRAROEY§EBY lanRy Polyaxphenpylenheblock
oROh¥et hy ol,.aliphatic.ester, ol yoxyal kyl ene
P a?ﬁyl ethg?? %%¥§0%§§%E§P8%8m%5§re38%@§X§§Eﬁyien%t%%@?te
ethetyopyeybx&@enyaéhald&gkéakstep@kﬂgfyeéQY%Sﬁfe e&féne
benzene sul fate, pol yoxyethyl ene pol yoxypropyl en
CapieEe Ll goid/ ped yokaethvdend doebhaan| fabtdeacid ester, can

p yet hyl ene ol eate ether, polyoxyethyl ene
bedeégéér%?eg%Qﬁ%PFl%B?y%%y%@%Vﬁ% - dastasidigiilonandthe

PO yoxyet istan_f aci.d este can be, )
i ted asIE%%?%?#?%%@1§U3Pa§§§ﬁPg£ana 88#?%0n?nt4&9phatlc
casri plct @ntc inky rbénuseioh &t 20 A dhafifcdl eehshe &be from

al i phatic 10 carboxylic acid or an’aliphatic

ameng Faiphaitd c amisresaype dr enmiahong @f itphabircnénd Meypes,

S a.mxture of two or nore types, and the
and Fhe S P LBt Y b1 TollA OF QiAW HedeTa hEne surface

actsid peerodalking peLf ergange. f e moynt,_ added
~ tends to be weak in conpaf?é%ﬁ?%ﬂ RIS BBBdE £O Be wea
in gegprirhednnebth ot aprieagt8bk$bed Looh 0038 ¢ IdurdBictants.
oy ferable for the anobunt of the above descri bed

[ r'f act ant added to be within a range from 0. 001

i .0

we QQtlébbgeferable 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 % to 0.03 weight %. Coarseness on the

surface of tungsten films, silicon oxide films and the

semiconductor substrate on which etching treatment has been
qarriedoutcanbepreventedbyaddingasurfactant. Furthermore,
conventional etchants easily remain at localized areas on the
surface of semiconductor substrates where a fine pattern has
been formed when the degree of integration increases a great
deal,anditbecomesmoredifficulttocarryoutetchinguniformly
when the intervals in the pattern on the resist becomes
approximately 0.5 pm 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,
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0.1 weight % and it is nore preferable for it to be
within a range fromO0.005 weight %to 0.03 weight %
Coar seness on the 20 surface of tungsten filns,
silicon oxide filnms and the sem conductor substrate on
whi ch etching treatnent has been carried out can be
prevented by adding a surfactant . Furthernore,
theOHYEPL) € nts.easily remain at |ocalized areas
on tﬁe Eggﬁ’%cée&o es?W%%ﬁ&u%% ofrr?%ﬁk?&lrcé’ﬁ’é’élc\mér gupstrate
impiroeepat 08 Nt RS2 Heen: f ST Wk e 66 .
i ntegration increases a d{eat gﬁggﬁg %ﬂgj%%%%§§%ﬁ§%°f the
SuRBtgatipfiniceglseso cHery, duttiet chsagheRk rOITENovaBE cribed

agllg intervals.in the pattern on the resist becomes
asgr%rﬁ?%ft €Sy 1855 bhagr Or 883 weighthé cabe abefeceheension

i di th t,
O et | on. (5 th S5 AfPadeant OGS BRbhISUBBELY} end

I nvention, to

'thusedhw%ﬁﬁe&ﬂ&bﬁﬂhaﬂ@%ﬁ%ﬁathe%étEQSiT@E%g@ﬂéﬂﬂﬁéybecome

. _the surface of the sem conductor substra | Mpr oves,
1IngnhE I ¢entni f drmaddibiort thithg wrsd wiee selthac® oife dderibed
increases. .Here, in the case where the above
ad%%%iaﬁqg‘%en% eé‘&?éa&issaiudmweilghlte% PP RAd bbanaki gffedks can
be §AenSHFbaGe d L OR; he fine_treat nent . agent, does
%ot Iomer:mﬁ?%%%%ﬁ%?@?ggkﬁ%q {%?é?h l%?f%@?%ﬁ%lé%amlng

prapfortdasi dgtehdonateabihd tio0BRtRBRESPES ¥R surface to be
iinsufficient. In addition,in the case where the above

- etesr PREdthuddeat shbhat sexeetuss (e ghindéngicstent and

alned for the excessive

it ffects can , be . ] ]
et%g?‘tgf k’%ﬁgh‘f"ﬁf RUdre i @H,e FReT AP | §R)as iy 0 ddara iseaces.
[Ood@tjeriorate, and foam attaches to the surface to be

,etched, and thus, etching sonetines becomes
i ncéfisispestsiie totmi By HECDEES: RAWer FHEND .93t ant
Wit ter#]lnrgl into fine spaces. [0040] It is possible to
X G TR aF PREBestRIen thancerding sottdret prdSemt thibohement,
as 1d Leay ent . accor di to the present _
enrggg%% r:%enta,g?ég %%lolnrbdedégg? e.&g%§tﬁot ¥ hberakpege described
addetieef shydsotheoabevecd8s¢hhBedolutions 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
accordingtqthepresentinventionarenotparticularlylimited,
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

preferable for it to be nomore than 0.5 ppb. The metal elements
included in the fine treatment agent can be analyzed using an
inductively coupled radiofrequency plasma emission mass

spectrometer (trade name: ICP-MS HP-4500, made by Yokogawa
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addi tive, hydrochloric acid (and solutions thereof),
acid materials, such as sulfuric acid solutions and
phosphoric acid solutions, hydrogen peroxide and
chel ates can be cited as 20 exanples. [0041] The
nmetal elenents included in the fine treatnent agent
according to the present invention are not

rticularly limted and it is appropriate for the
He@iﬁ%@ﬁ aFk@¥goF°to Bednd-nmore than 25 1 ppb, for the
[opuppose of suppressing loss of the electrical
properties of the sem conductor to the mninum and it

|'s nohe fpneferebbRedOr adént 0288 AP1IIPIE, thah 0. 5 Jpb.
The nmetal elenments included in the T1ne treatnent
eneentcRanCde heahyretausinegd ansingdect ived Yosorghetbnally
i_of.r.equenc asma_em ssi on mass 30 spectroneter
kn‘%‘?&?amaeetlhogﬁ%: ﬁyOcEIhﬁ’/é ERe 42b0h g dea 15y Feskdhavieundsten film -
£ Hewl-ep L - o btd. ). 0042] The fine treatnent,
2 agentgégglgggﬁjgt&c%i tahé:éﬁlg%sgﬁ{]m %ﬁo@fﬂ Femt tRanl B nm/min.
Comirei @l 1 metle U RbHYE Y ArD W45a 1601 @Mk QB! §¥1 uP1 KNOML1uding
thods, so that the etching rate for the tungsten
hyq5q9Rmf 1ugei gecin emmontiium Bluenide foyoms Ri by dbaf hmric

: i.n. _ Congcretel net hod for preparing a
ac P LI SRGIEaRS Tyt R HRIAR® tati £ 2ce
ab YRR b FUD ke oRY £ SRk 1 he RSl d absorhb .
an.annoniun1ga§ tﬁrougﬁK%ﬁgﬁﬁ%ﬂgﬂ%fﬂgébT%QQPQiPm Uoride
solatigempby arkiorg hydedBddot e S@MIABSSH YD 410 28R ARTRN 44 nd

. fluoride solution by making hydrofluoric acid absorb
mlx&ﬁ{gaﬁh_&ﬁi UW§a§¥§ﬁ€f¥W¥iﬁga¢i¢ svifiht e Wedrigfddiamitdo) can
e B SERE 54 BhebBlon e ST T sy ssorvins
e B 1 e e had e e AR T n Rz OE R G ana
a makhedi fow seinnfamrthying a highly pure ammonium solution by
making ultra-pure water absorb an ammonium gas and after that
mixingthisammoniumsolutionwithhydrofluoricacidcanbecited
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
containedintheliquid,asintheabovedescription,whennitric'
acid or a mixed liquid of hydrogen fluoride and nitric acid is
used instead of hydrofluoric acid.

[0043]
Itispreferablefortheconcentrationofthehydrofluoric

acid, nitric acid solution and ammonium fluoride sclution used

for the mixture to be adjusted so that the above described

conditions are satisfied. 1In addition, the concentration may

be adjusted by adding water or the like at the time of mixing,
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maki ng ul tra-pure water absorb an anmmoni um gas and
after that mxing this ammonium solution with
hydrof l uoric acid can be cited as another exanple.
From anong t hese manufacturing nethods, the nethod
for maki ng hydrofluoric acid absorb an ammoni um gas 20
is nost preferable, because it allows a fine treatnent
h is purer to be gained. Here, ammobni um
lfz%%g%ﬁgﬁggpnay be contained in the liquid, as in the
[0@laye description, when nitric acid or a mxed liquid
of hydrogen fluoride and nitric acid is used instead
of hfdrete wdrdwee deisdriPed DG téh fismpr ehenabbe whlkh the
he concentration of the hydrofluoric acid, nitric

maéE‘u GOBRPRER b S rid s uanel envates ok Lt o rf iised o ff which

h X e o that the above descri bed
th%oﬁﬁ??lgﬁésgbgnga% % %eaF q88i t¥BR, S?EECte from among

titentent tahiyetenpycdfpbe aghysted, b n
the like at the tfngpof mxglglng,lq Mlégg%eg%MQEEén cobalt

tungeen, A%Oimdg@metmmemwmmgmmﬂmcﬁuef bk MBurdfsten
nl¥$4&$‘éa gﬁﬁo onent i s tungsten and tungsten

oy Ti1 R? 5t TG th SX5PlE Smai c%ﬁﬁkﬁ&@ﬁrlki as pewsible
foPballYhes %%%C&@G& ﬁ%@eﬁr@{‘ﬂn Lt Q'eg(%t g ten, ,copper

tungsten, nickel sten, coba
S0 rtblajzbﬂ:ermelrpﬁaﬂaﬁaﬁfg c&ﬂ%bﬁ@riblﬂ' &ihde o%"atﬁ{{ﬁgz%txegf types
nitride can be cited as exanples. In addifion, it is
ma}b&%%led?%?sef%rfmyﬂtﬁwesugﬂm:e)f tungsten filmto be
@ﬁﬂosed fromthe surface 10 so that fine processing
can be carried out, or a nunber of types nay be

Geoer boc o Foar AR e H O et PP R oy perma
oxiidg ﬁ‘slmaomamfxmped Isiiadtat gl gbs £ itliMens, PHRSBHRE PYSs doped
51llé%te glass films, boron doped silicate glass films,
phosphorous and boron doped silicate glass films, TEOS films,
fluorine containing silicon oxide films, carbon containing
silicon oxide films, silicon oxynitride films and natural oxide

films can be cited as examples. It is possible for only one

type of silicon oxide film to be exposed from the surface, so

‘that etching can be carried out, or a number of types may be

exposed from the surface.
[0046]

In the case where at least one of the tungsten film and
the silicon oxide 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
significanteffectsofsnmmressingroughnesscxlthesurfaceand
making etching uniform can be gained.

[0047]
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15 silicate glass filnms, boron doped silicate glass
films, phosphorous and boron doped silicate gl ass
films, TECS filns, fluorine containing silicon oxide
films, carbon containing silicon oxide filnms, silicon
oxynitride filns and natural oxide filnms can be cited
as exanpl es. is possible for only one 20 type of

sili |I be exp sed fromt surface
t hat §gtrhi: nJégjle%r{a{n g]ehg%rcraiseed ﬁtre %Jrﬂ%ls ﬁ%nﬂe‘_ryﬁ‘ﬁ Otti?ﬁésthan

tungytbe fﬂtm%%@i EE om-bhesid [ 0946] a
where at | east one of the tunggggﬁ f??ﬁf?%ﬁ“hgg %.égbper’

alumingln G kRl £ itimardsiman cobtila,, ftnﬁtalmmuhiahaﬁmp@und of
aces .in the pattern, the effects of the

f
th%%‘éé@r‘f# nf%%slgﬂ% &&%@&&%Oﬁﬁxéfgﬁngnw leamredmathesohiect
, f
R T I Se—

roughness on t

Ofthﬁﬂatqp&BedecaﬁvbQQ§ﬂlﬁ6%éﬂwéQﬁ%h@%&pé@ofQ&l&gs ere,

where filnms of a type other than tungsten filns an

makng e dsa%lrfq | Frcte fezqu@oarqﬁ eoree emmm of edhemipnenent
conmpound of

t . cob t ant al um_or
il b AT FoH e o paR G Ry Geh At 4 By B rtamansen.
[0048g object 5 to be etched, significant effects can be
gained in terns of control of the rate of selective

et clﬂlsn’ghbakwm&n desertippessabstth 8 hehech PRKNGA 18 1ms
E rate equal) as one effect of the present
and’ kg nOXJa‘%e iegen Lapesedy epembrandetthanaf S and
ove descri bed substrate

e %E%%??‘ Tr4e! dRaBLRVS ot Bricagen Fneraneies.

[ODM@yer ed, sem conductor wafers and substrates for
liquid crystal displays can be cited as exanples.
[ OO¥ekEt, a fine treatment method using the fine treatment

agent according to the present embodiment is described, citing
wet etchiﬁg as an example.
[0050]

The fine treatment agent according to the present
embodiment can be adopted in a variety of wet etching methods.
As etching methods, there are immersion methods, spray methods
andthelike,andthefinetreatmentagentaccordingtothepresent
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 evaporation during the
etching process,

[0051]

It is preferable for the temperature for etching to be
withmnarangefrom5°CtoSO%Zinthecasewherethefinetreatment
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
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Next, a fine treatnent nmethod using the fine treatnent
15 agent according to the present enbodinent is
described, citing wet etching as an exanple. [0050]
The fine treatnment agent according to the present
enbodi nent can be adopted in a variety of wet etching
nmet hods. 20 As etching nethods, there are immersion
S . et hods dt i ke, and the fine
e b L B M £ b 20R6 7 203t TAnventaass where
theaneryse petopi € @ ol e 1WA f 1 & %.%i@%ﬂ@%%mﬂer@@ééfﬁﬂ?d range
met hods are preferable,” because the conposition o fREgs
thej kne treatment aamrt cehdrgéeplti fdm e@fapotreting, and thus,
25 etching process. [0051] It

’ . .. d . h
enE BRRERN} vt Gt BenBreunpirat GFenrGrana o ng Irozbeit ion,

deiblbhicB auER I . kn_the case ere the
“fine trggtng%?ﬂgéggﬁig?ég sgg QSSéng%?gﬁaﬁgg Fpuggness on
thewerfreéecdbtenfotehtr 1S Ret Wt N B J1ANGRFEQD: g at
. 15C to 35C, and it is nost preferable 19 for it to Bg
hight hERPErAENEESf 2th ZDCre@s80h thet hiescastt whef ethd heine
t or_etching .is w.thin the above described
ereEHRERE! Kt Pha Rt g AR SbEReTe ot belwping roim Low
teYSPRE @td 8 %a@ih i .ged he osf Ll n,b
fgqvented fr%nwchangiﬁg&ilanggFt?é%,ggcggﬁ%rféggs Frges
fox Watf fgnieindr filys| sidpestdidue ohothda dnpeahiese 88r dthing,
ﬁ%fac s _of tungsten filns and the substrate
an‘f PESSPRG  ath SHNGIFasempctlag GidS casthcerlorioamen thetdteching

. . fir t t t duci th
ratd Fomt sodUndsiin 600 40 P nbeR dtdreac prphe 11icon

oxiaioirded i HerfEedthe). et £AERGL AL? 9%?&?%%%&@;5 rature for
different films, depending on tRe tenper at ur Tor
etchtigld AP sednd ithéseflesbrabbesoor £hsestchgy ddfermncane

het ween thejﬁgfhing rate for the tungsten film and

siltlﬁgnef:gm:lﬁgf Eofst wihBigiq irepge from 0.5 times to 2 times
the' etching rate for the tungsten f£ilm.
[0052]

(Embodiment 2)

Another embodiment of the fine treatment agent according
to the present invention is describéd 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
embodiment is different from the fine treatment agent according
to the embodiment 1 in that the etching rate for the silicon
oxide film at 25°C is controlled so as to be less than 0.5 times,
or exceed 2 times the etching rate for the tungsten film at 25°C.

When the etching rate is within the above described range of
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oxide filmis affected. Accordingly, when the
tenperature for etching is set, it is desirable for
the etching rate for the 15 silicon oxide filmto be
within a range fromO0.5 tines to 2 tinmes the etching
rate for the tungsten film [0052] (Enbodi nent 2)
Anot her enbodi nent of the fine treatnent agent
according .20 to the present invention is described in
nUmGELEEL| %@\M%.Sr HHectige dilhedpdeses$ brg dreasines possible,
COpo Vi e.sa fuynction as the fine, )
el %‘Sgrﬁp %%%Z%Lmﬁ?%%eﬁ@ SO rbedBLI FpR@xIde Filn
isegbediegent 1 is onmitted. [0053] 25 The fine treatnent
agent according to the present enbodinent is
[Oagﬂierent fromthe fine treatment agent according to
the enbodiment 1 in that the etching rate for the
si | ilg%:ﬁe' A GE9PTI At hesetfaivgritatst Fed e ad liigobeoxide
1 ess, t 5,1l nes, r_exceed.2 tinmes the etching
fl%@titf%fq%ﬁé’%ﬁ%é%?&ntgﬁPn1aS FECS3RTVRERCERe? et HRPhgEhe

etert €y iratel tdu ﬁhbft%rgﬁ%\@; fesgLibetby apge of 4 %é@osr?e satisfy

nuperical values, s ctive fine prdcessing

the okl Wwing seetaionml yexpreesdicme, tuingstiere fédmearnd of
e silicon oxide film is etched. [0054] 5 Here, in |

hyéﬁéﬁﬁnféﬁu%ﬁﬁa%n%ﬁﬂxhaoﬁékarféhetﬁ@n BRECRR DX EEC #¢idnis
Y il 28F 4R hand esshidian | fes. or ceed 2 tijges .the

etching rate for t‘%e tuo%g%ré%ﬁﬁrﬁwfa %@Ee x5 ?@W&}}‘g-
[O0nfst satisfy the followi ng relational expressions,

when the content of hydrogen fluoride is X nol/kg,

t he l[E@%era &f] nitric acid is 10 Y nol/kg and the

contzent ofy 37RNLUY LoHoL 45 b 253! /ke. 10059

0.5<X <10, Y>0, 0<2Z <6 (4)

Z <1.4Yy - 3 (5)

[0056]

In addition, in the fine treatment agent according to the
present embodiment, X', Y’ and 2z’ satisfy the following
relational expressions, when the concentration of the hydrogen
fluoride solution is X’ mol/kg, the concentration of the nitric

acid solution is Y’ mol/kg and the concentration of the ammonium

fluoride solution is 2’ mol/kg.

[0057]
[Formula 6]
Z' £ - 0.973Y' + 0.108 x (100 - 4X’) (37)
0.5 < X' <10, Y >0, 0< 2’ <6 (47)
Z' £ 1.4Y" - 3 (57)
[0058]

In the case where the concentrations of the hydrogen

fluoride solution, the nitric acid solution and the ammonium
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[Formula 5] Z 5 - 0.973Y + 0.108 x (100 - 4X) (3)
0.55X<10, Y > 0, 0 <Z<6 (4) 15 Z < 1.4Y - 3 (5)
[0056] In addition, in the fine treatnment agent
according to the present enbodinent, X, Y and Z
satisfy the following relational expressions, when
the concentration of the hydrogen 20 fluoride solution
fli s X nol/kg, the concentration of the nitric acid
UBFLPP P TE PN faltARE YakBet Heovomissnmideidonopfithens, the
[ fLuoride splution is Z' pol/kg. [0057]
<t PHTRA Pate) 148 00 St eRnentad e ihn o atg donsrpatiy
difBeyend.from the €tBiny racd, ' M9 ¥
1y I3 (5) [0058]\6 et thdtuBoBeefidi Fn, Snd thus,
it ey aoseidlef toheehgdtbgeby Béndtaiemilde osel BE Be two

frthqﬂ?itrhg.ﬁcid solution and the amponium 21 fluoride
SOIUtT BSAtPYRY theMabolel Hdsc PRrBEdcBdAlLYi Breferaiele in

t o for .t Llic oxide filmat 25C is,
rELE Pae 01! o2 bloon, ohls T ARG Fan, ox

exdampigst ero fid e land iVHISy rdioReEoMes possible to
selectively renove only one of the two 5 fromthe

kilayer film This is particularly preferable in
only the tungsten

#he]ﬁgﬁg %gereﬁgt Lg dgsi%ed for ,
i | m- for PO8RanpFe OB bR AeFBERI Vot \f inshdvied trieaun gigent
ok PoR BT 0 S0 AR IR, 8 e
methicchashehaaniescribed in the above described embodiment 1.
Here, it is preferable for the concentration of the hydrogen
fluoride solution, the nitric acid and the ammonium fluoride
solution to be prepared so that the above described (3} or (4)
is satisfied. In addition, the concentration may be adjusted
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., However, the present invention
is not limited to these embodiments, and a variety of
modifications are peossible 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 flluoride, nitric acid,
ammonium fluoride and the like, a chemical where hydrogen

fluoride, nitricacidand ammoniumnitrate are addedtoasclution

canbe handled as the same chemical containing hydrogen fluoride,
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met hod as that described in the above descri bed
enbodinment 1. Here, it is preferable for the
concentration of the hydrogen fluoride solution, the
nitric acid and the amonium fluoride solution to be
prepared so that the above described (3) or (4) 15 is
satisfied. In addition, the concentration may be

.ﬁgiusted by adding water or the like at the tinme of
NifEkCupeldi g sauesdiyn fluggéde, (@8hkeny aEhéhmrpsomposition

pyef d odirent s-accordin _the present 20
Ofiﬁveﬁ%é%h E@% ggg%fiEedl%%%ﬁgygﬁ%ﬁbvé??gth% Phreseime -
Exampésekion is not limted to these enbodi nents, and a
variety of nodifications are possible within
[086BStantial |y the same scope as the technical idea
descgi%gp % the clains of the present invention. 25
[ 0061] “B&r W, theRgs fere ed e ramlad aé & htisetnnenition
if ; T nt{on_contains hydrogep
e, T el L PR RFFTtorT qeing - pere, the
matekﬁalat@%M@@diM@Q{u%dﬂi‘igpﬂﬁﬂ tHd MQkéQfescfEitHéoFiﬁcebﬁjese
and ammonium nitrate are added to a solution 30 can be
XM T R LS Nore 15AARdeHend chimioritha sicopehyfrdgennvention

f i 22 nitric acid and ammonium fluoride, as
On%%#g EglgFﬁé EBHFYST P LYo £XarPl6Rs FoRHes FpHRL 1gn jugHsss

oty NB-sd /sy i s the same. Exanples (0062] 5 In the
follow ng, the preferred exanples of this invention
[0C&r3d described in detail, in an illustrative nmanner
Here, the, material, the blending quantity and the
Iik@%ﬁﬁ%%Fﬁ@ﬁwﬂﬁmWﬁiuﬁsé&éh@pﬁﬁ&ﬂﬂt$mmmplm@ndhdmaiues

| igg.t _t ope of the invention only to these, and
are %?t ag“%éTidiﬁples for description unless

are nmerely ex

[0064]

(a) Etching Rate for Silicon Oxide Film

The film thickness of the silicon oxide film was measured
before and after etching using an optical type film thickness
measuring apparatus (“NanoSpec 6100,” made by Nanometrics
Incorporated), and the amount of change in the film thickness
resulting from etching was measured. The above described
measurement was repeated for three or more different times for
etching, and thus, the etching rate was calculated.
[0065]

(b) Etching Rate for Tungsten Film

Etching was carried out on the surface of a tungsten film

ofwhichaportionwasprotectedwithacoaltarbasedwax(“Apiezon

Wax,” made by Nikka Seiko Co., Ltd.), and after that, the wax

was peeled off using toluene. Next, the step in the interface

between portions in which the wax was applied and portions where

‘ho wax was applied was measured on the etched sample using a
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10 otherw se stated. [0063] As for itens with val ues
in the present exanples, the values are set as
follows. [0064] 15 (a) Etching Rate for Silicon Oxide
Film The filmthickness of the silicon oxide filmwas
measured before and after etching using an optica
type filmthickness neasuring apparatus ("NanoSpec

d 6%8 , " _made by Nanometrics Incorporated), and the
S ANt C TP EHarREPPH BHeres¢ore hi Blarerc 0 ' asade img SII

e e —

nmeasur ene

redud®bat @lre QATHbEGt @G d HYS mehBE rBHC NI L i
cal cul ated. [0065] (b) h ng Rat e for%ﬁ%@?@%‘i%md

negpH ERERihyavasepasrtedd mutthaeet be mind dé€fefreat times for
etéun sten film of which a portion was protected with a
it &% JLRP b AgihEAh Tafgx e smdd By Aisdka
[oggdiko Co., Ltd.), and after that, the wax was peeled
of f using toluene. Next, the step in the interface

bet eén Rpaghnenss ion \ehireh dche wax was applied and
portions where 30 no wax was applied was neasured on
t he 8t efeBisafpirecugilegoscopd deSRNOSCOPRPAAL, (ir bhde by

. m " is," de by _Sl
Dt T EERRE gD e TRC" At HesKouhORAP X diha FegmermpE
roughhekBess +xeduced A d LI £h8fsfffgcl)ﬁlﬁ-{avﬂr before and

S
nmeasured. The above descri béd™ neasurene Was
afteepettieing aunddw emadr covkd tdichketpat thedtsodOwasdtapping
etching, and thus, the etching rate was cal cul at ed.
modepoe6] (c) Roughness on Surface An atomic force

[00Bh§r oscope ("NANGSCOPE I11," made by

(d) Uniformity in Etching

Atungsten filmwasetched fromasiliconwafer where layers
were layered in sequence so that the film structure became
tungsten film/titanium nitride film/titanium film/silicon
oxide film, and the tungsten film, which was finely processed
toan island form and remained on the titaniumnitride film after
etching, was observed by the eye. In the case where no

interference fringe pattern resulting from remaining tungsten

- film was observed precisely at the point when etching for the

tungsten was finished, “©@” is used. In the case where an
interference fringe pattern was observed, etching continued and
the film was overetched and again observed. As a result, in
the casewherenointerference fringepatternwas observed, “*O”1is
used, and in the case where an interference fringe pattern was
observed, “X*” is used.
[0068]

(Example.l)
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Digital Instrunents, Inc.) was used to observe the
degree of 10 roughness on the rear surface of the
silicon wafer before and after etching under such
conditions that the node was tapping node. [0067] (d)
Uniformty in Etching 15 A tungsten filmwas etched
froma silicon wafer where layers were layered in
seqﬁﬁnce so that the filmstructure became tungsten
filnPt Pt Uns BRECSde! @ hentLoaac wnffdatiagit i(pohyethylene
Lade_ | he_tungst fil which was finely |
gl%?é?eéi‘égm ‘?%‘q‘g\ﬁ} i‘%?%n%‘%i%cm%r?d HeiCRedW8RTENeV0” weight
aktbamHyard Al J 4 - ' ;
R LI G e T
copaeneratiesul 304y rfadenbyedtd hl A CHaMIGH eBrpbickfvas, 1133
observed precisely at the point when etching for the
Wei‘%ﬁgsﬁ’%ﬁt%%g 3 e E aqacﬁp'sqléltuwd.(grﬁdﬁhéocagee in the
i ence fringe pattern_was observed, |,
elé\?gﬁigﬁg@%oinﬂﬁ%é ’anr&ao Iﬁ{gaecfliq% %QS 58%?“8?% ¥ At tomo
Chagbbal aiser Led. )AS 6841 REUbht pdrtd RE SASEMWNL! 8n"El uoride
interference fringe pattern was observed, "O'Is used,
solinki ot (hhghd aseumsheredanf oniserfiecadoetbrspgsomadieration:
na bseryed,." X! is, used. [0068] 30 (Exanple 1) 24
104 B Bl S 12 GheR Ho e a B S a@tin 3 weldht parts

of ﬁm@&&epwé%@ceﬂ%&\%@%@ le o e@%%fvﬁjd?arggﬁ%%o%ﬁgg Shigred

chem cal where 1 parts

and hii bty pii@ aghadetha®l Seieapd : %;ﬁgg N3 50

50% made by Stella Chem fa %r g%frtgt&l%o‘ﬁ?g 113 1{5@5'1;8%5 ¢

andpéignilpad Ll giich wha dedtastdlofart iohohgsadens ar mesmlt,
oncentration: 69.5%

thérr%&:te %yt%{}%&%%ﬁ%‘r%@%%gfar%{tﬁ BEFOr diggs teitdiet present
exaplleSwak 41 RENPNIHHR drdde s hydrogen fluoride, nitric
acid and ammonium fluoride was 1 mol/kg, 5 mol/kg and 3 mol/kg,
respectively (see Table 1 below). Next, the silicon wafer on
which a tungsten film/titanium nitride film/titanium
film/silicon oxide film were layered in sequence was immersed
in the etchant, and after that, the etching rate for the tungsten
film and the silicon thermal oxide film was evaluated. The
results are shown in Table 1 below.

[0069]

(Examples 2 to 9 and 11 to i6)

In Examples 2 to 9 and 11 to 16, an etchant was prepared
in the same manner as in the above described Example 1, except
that the content of hydrogen fluoride, nitric acid and ammonium
fluoride was changed as shown in Table 1, andafter that, asilicon
wafer was etched. The results are shown in Table 1 below.
(0070]

(Example 10)
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15

solution (highly pure grade for sem conductors;
concentration: 40% nade by Stella Chemfa

Cor poration) and 573 weight parts 10 of ultra-pure

wat er were m xed together, which was then stirred and
m xed, and after that, the tenperature was adjusted to
25C and the mxed liquid was left still for 4 hours.
As a_result, the etchant (fine treatnent agent)

accofWitlp Psecratpheammte 1dxaap|et danyaiasasrefdeed in the
f_hydragen fluoride, nitric 15 acid and

Sa@%"’ﬁ%‘?ﬁ Ao %W%V%&eﬁfg}b@%#ﬁwﬁsna; 3e¥BPPkgshat

théeéﬁﬁﬁéhﬁebf_ﬁiéﬁo éQlﬁl&ona?ManFfic LBe4SLhd COhonium
wafer on which a tungsten filnmtitaniumnitride

fleoride ivamiahmnddd missshoenninxi sl d il,maver eukaNeredré N no
Sufﬁquence was immersed in the etchant, and after that,

RCEAthi'Ag a4l 1 BRdEfE ikt ea 0L ¥gomraker was etched.
i Jd i de_ fdl eval uated. The results
Théar%ésﬁom%wh%lg%%% 1%e¢%6v@éﬂ?% W Exanples 2 to 9
9

{o@Md) 11 to 16) In Exanples 2 to and 11 to 16, an
etchant was prepared 25 in the sane manner as in the

aboviE st thiste Beamllesl 1 éxceé)t  that the content of
hydrIoggn fluori,de, nitric acid and ammoni um fluoride
was “ChaffBd TaL ¥hRoRA2PRL$8bE &9 3/aA8 8FEBRNEHRAS Ryepared

in $hki §90e Maf et ch e resul.ts are.sh in

o Table 1 bel or\%:v(%r i Oégofﬁggab(%:&ar?ﬁ glff%}eogﬁxmp%“;l, except

thair eserdorbanpbe Hdr aferetrehant qwasn P £Pa:R4 d And Remonium
sanme manner as in the above descri bed Exanple 1,

flugordédst vagathanpedcantBmwiofirhfdbageh, f 4ndriwe;harintate; no
s changed as shown in

[ nd a ium_fluoride wa
S“r%ﬁ%é" ,W%%]éaﬁﬁ ﬁé}%?&?r%&a@@ﬁﬁé&:&mw%r wgsegched.
Thead AR alrRatshRrnSiiky 1wakeg was etched. The
[Oor_és]ults are shown i n Table 1 below.

[Table 1]
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As is clear from the above Table 1, it was confirmed that
the tungsten film could not be etched with the etchant according
to Comparative Examples 1 to 3. Meanwhile, the selective ratio
of all of the etchants according to Examples 1 to 7 and 10 to
16exceeded2,anditwasfoundthatselectiveetchingwaspossible
for the tungsten film. Inaddition, as for the etchant according
to Examples 8 and 9, the etching rate for the tungsten £ilm and
the etching rate for the silicon thermal oxide film exhibited
approximately the same value, and thus, it was found that
simultaneous etching was possible. Furthermore, all of the
etchants according to Examples 1 to 16 could suppress roughness
on the surface on the rear surface side of the silicon wafer,
and it was confirmed that the surface was extremely smooth and
clear. 1In addition, it was confirmed that uniform etching was
possible. Here, the value for the concentration of sodium,
potassium, calcium, aluminum and iron in the etchant used in
Examples 1 to 16 was found using the above described ICP-MS,
and it was found that no value was higher than 0.5 ppb.
{0074]

(Examples 17 to 19)

In the present Examples 17 to 19, an etchant was prepared
in the same manner as in the above described Example 7, except
that the temperature for etching was changed to 15°C, 25°C or

35°C, and after that, a silicon wafer was etched. The results
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N 1~ WiiiUl11010j10JJ141 [0073] As is clear fromthe
above Table 1, it was confirmed that the tungsten
filmcould not be etched with the etchant according
to Conparative Exanples 1 to 3. Meanwhile, the
selective ratio of all of the etchants according to
Exanples 1 to 7 and 10 to 16exceeded2, and it was
areofRawnhan Sabéet 2vieedtwhi ng was possible for the
tungsten film In addition, as for the etchant
[0B@Bbrding to Exanples 8 and 9, the etching rate for
the tungsten filmand the etching rate for the
siliCDablde2hal oxide filmexhibited approxinmately

ralye —and thus it was found that
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suppress roughness opfithelrguihaC iAnicie real surface
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[O%B%blble Here, the value for the concentration of
sodium potassium calcium alum numand iron in the
et clrenti susddairnf r & ainipd esbdvd Tl anas £pgngk usdiovd heatio
above described ICP-M5, and it was found that no
exasddel viaevingheent B8 fefpBPBLurb08dA] e AP LeSs khdryed
19) In the present Exanples 17 to 19, an etchant was

to PBQPaQSdC an@ 3dve Sa‘?ﬁat t%@itasit' wa% %8uﬁ?%\flea1'{j§ﬁ8 di8dnt

Exanpl e 7, except e tenperature
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silicon wafer was etche e results are shown

etchARE & BElPWungsten Film.

[0077]

-

(Exampie 20}

In the present example 20, an etchant was prepared in the
same manner as in the above described Example 1, except that
the content of hydrogen fluoride and nitric acid was changed
as shown in Table 3 below, and furthermore, ammonium chloride
was used instead of ammonium fluoride, and after that, a silicon
wafer was etched. The results are shown in Table 3 below.
[{0078]

[Table 3]
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[0075] [Table 2] } tenperature for etching rate
etching rate selective etching [C] <A> for silicon <B>
for ratio <B> <A> thernmal oxide tungsten filmfilm
[nMmn] (mMmn] Exanple 17 15 53.1 117.7 2.2 Exanple
18 25 85.1 349.7 4.1 Exanple 19 35 141.3 651.8 4.6
[0076] As is clear fromthe above Table 2, the
selective ratio exceeded 2 even when the tenperature
for etchlng was changed to 15C, 25C and 35C. As a

;n. that the nfr‘h accor.di ng to

lcbull,h H]!_. g\@o éA t ettt P
each qitibxdapl 8kt Lo LGalinbwe citfeo&» Bettie | ozet
et chi rigoofent he | temgst en| dontdir [ 0G4 Exafml e 20) kD . s

the priegentalexafiéao, @nl/é@thclmlmazs plepased iln t he
same rfanner as|in the gbove desq¢rPp¥e Exafipretl,

except| that the content of hydrSQJ%qiéfLI]_Fﬁo@%mBgnc
ow,

nitrig acid was changed as showrgmgl,gl

Exzmpde f Yret her nor B2 anmonijem chi or i a&L. zWas g T nsteast
200f __ammonium flboride nd_after{that, aJsilicon |wafer

[oows) etched. The results are shown in Table 3 bel ow.
[0078] [Table 3] 29 hydrogen nitric anmoni um etching

et ching ;sel 85t iMen fthgoeglbcg\? né}b ﬁl of de rg PBPdA@at the

rate <B> ratio content con e t’eﬁ

sefa%%lve ratio exceeded 2 even in the case where ammonium

chloride was used, and thus, the etchant according to Example

20 allowed for selective etching of the tungsten film.
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[mol /kg] [rnol/kg] [nol/kg] silicon tungsten thernal
filmat oxide film25C at 25C [nmMmn] [nm mn]
Exanple 6 2 2 101.2 284.1 2.8 20 [0079] As is clear
fromthe above Table 3, it was found that the
selective ratio exceeded 2 even in the case where
anmmoni um chl ori de was used, and thus, the etchant
according to Exanple 20 allowed for selective etching
of the tungsten film 30 CLAMS ------- CLAIMS 1. A
fine treatnent agent, which is used for the fine
processing of a nmultilayer filmincluding a tungsten
filmand a silicon oxide film conprising hydrogen
fluoki d@ fiiinker iteeatindnandgahtl, a8t cANs Ohs8APHL Ubhe fine
fluoride and ammoni um chl oride. 2. The fine treatnent

progess ing of &i Ag1te1ekakrnriinWhiesRidy gt %etﬁhgglt@ﬂ {Fé‘ixﬁ and

for said tungsten filmat 25C is MAt In a range rom

a §1Di¢wd nsideo HOQP FURLE s the etching rate for
said silicon oxide filn1a 5Cis mﬁthin a range from

0.5 Hy drPr1doti HBS 1 %Ltll.%% cf]gn efa%rtt SRLD £ ammonium

tungsten Tilmat 25C. I ne rea agent

flgggggéhéﬁat Bl Zniergin X Yand Z satlsfy the
fol l owing relational™ expressions when the content of

said hydrogen fluoride is X nol/kg, the content of
the nitric acid is Y nnl/kg and the content of at

| east Ofﬁ f the un1f|uor|de and the anmmoni um
e lf‘enjﬁ? agent according toclaim 1, wherein

chl ori de
the etching rate for said tungsten film at 25°C is within a range
from 0.5 nm/min to 5000 nm/min and the etching rate for said

silicon oxide film at 25°C is within a range from 0.5 times to

Z times the etching rate for said tungsten film at 25°C.

3. The fine treatment agent according to claim 2, wherein
X, Y and 7 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 % 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, 0<% <6 (4
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[Formula 1] Z < 1.25Y - 1.75 (1) Z > 1.4Y - 3 (2) Z <
-0.973Y + 0.108 x (100 - 4X) (3) 0.5SX510, Y>0, O
<Z<_ 6 (4) 31 4. The fine treatnment agent according to
claim1, wherein the etching rate for said tungsten
filmat 25Cis within a range fromO.5 nnmimn to 5000
nmmn and the etching rate for said silicon oxide
filmat 25C is either less than 0.5 times or greater

s'. 4thdhef {inetschhecettchyagt batertiohgsd 814 UAASt@erein
filmat 25C. 5. The fine treatnent agent according to

theleaionidg whes didr sXid Y rersal it she E_glb\l(l dlr}ga range

rel ati onal expressions when the content o

frowy db oyem iordde 00D KnlyRlinkandt BBCOPLRN é?é h.@or said
nitric acid is Y nol/kg and t he content of at

51%? I@Eééﬁlggfl%[ﬁ@??ﬁ% A3 or meﬁ f@gfjs Eganwgyng_s §rgReaLer
tha(ri[%o;fc%n-é)é) t% ethJsr‘H% ¥I ne %r%aﬁ% u&@@ﬁtenagég%?l)ﬁggsoc'

to claiml1l, wherein amain conponent of said tungsten
~filmis at |least one type selected fromthe group

t f t tit tu
o oh o e PO AT F R e
Y %fﬁ% | Foo2F LA EHES abhtSEts th 1 K SARESSaBhen
e filmis_a single | ayer of one type

end8hfirdal SF Ratd ﬁ@d*g‘Pasa %Jowrs@w@ Stial 4k3i ddve Content

ernp] oxide fil
of %He nitric acid 15% mol/kg and the content of at least one

of the ammonium fluoride and the ammonium chloride is % mol/kg.

[Formula 2]

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

6. The fine treatment agent according toclaim 1, wherein
amain componenf of saidtungstenfilmisat least onetype selected
from the group consisting of tungsten, titaniumtungsten, copper
tungsten, nickel tungsten, cobalt tungsten, molybdenum tungsten,

tungsten silicide and tungsten nitride.

7. The fine treatment agent according toclaiml, wherein
sald silicon oxide film is a single layer of one type selected

from the group consisting of a silicon thermal oxide film, a
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non-doped silicate glass film a phosphorous doped
silicate glass film a boron doped silicate gl ass
film a phosphorous and boron doped silicate glass
film a TECS film a fluorine containing silicon
oxide film a carbon containing silicon oxide film a
silicon nitride oxide filmand a natural oxide film
or a nultilayer filmof two or nore types sel ected
noprdapethatdlean e B asial Innephrephoent sapeet siddaradienglass
.fo claiml, wherein the etching rate for said silicon
L1 5% aPTemcapezbeil scake kilassaf t ange phiosploowsmhrtiboron
to 5000 nmmn. 9. The fine treatnent agent according
doped @idiimatie wHems fiilmpns ARONEiQm)0% fRLgRi nP GBI ining
1o 0.1 weight percent of a surfactant. 10. A fine
sitiea meridendtiiod accoridbmgdrraniichy ali1ieas! ox988 1R 4
tungsten filmand a silicon oxide filmis finely
silpraessietidy esidyg fien fdme 4 rhatyent agent Aacer ding
to claim1. 33
multilayer film of two or more types selected from the group.

8. The fine treatment agent according toclaiml, wherein

the etching rate for said silicon oxide 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. A fine treatment method according to which at least

oneof atungsten filmandasiliconoxide filmis finelyprocessed

by using the fine treatment agent according to claim 1.
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