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.~ Specification Sem conductor Surface Treatnent Agent Technical Field [0001]
The present invention relates to a sem conductor surface treatnent agent
which is useful as an etching solution of a high dielectric constant
insulating material to be used in a transistor formation process, as a
devel opi ng solution or a release agent solution of a resist to be used in a
| it hography process and further as a cleaning solution after ashing in the
sem conduct or devi ce nanufact ur eSRaELEbCAtHeRhod for nanufacturing a
sem conduct or device using the sane. Background Art [0002] Fluorine
conpound- cont ai ni ng conpositions have hitherto been used as a sem conduct or
surface treatnent agent in the sem conductor device manufacture (Patent
Docunent 1) [0003] NowjcomduetentSsefaceontueabmedbvhAgest fol |l owi ng hi gh
integration and thinning of a gate insulating |ayer, an increase in tunnel
current through an insulating layer at the tinme of biasing a gate voltage
to a transistor has becone problematic. In order to suppress this
probl emattg-hRcEgaSEiclgi N tunnel current, there is a nethod of enploying a
hi gh di efectric constant insulating material having a dielectric constant
of 10 or p@g@lin pl ace of silicon oxide having a dielectric constant of
3.9. As such a high dielectric constant insulating material, rare earth
el ement oxi des : ; Ldes
| ant hanoi d seri%gggﬁr%%ﬁt]tzgg‘r’%nggﬁireed\%gcgeSgggaaﬁégégfghdng?gggaﬁggc%si ng
such a high dielectric,constant insu ing material , even when the gate
l ength i sgﬂ%@ém‘ﬁli"ﬁu?%?nhwﬁ%cgdﬁilﬂﬁ% ‘ﬁ) ?:%net”? of L EIERY h?%ﬁﬁtéjs%n %f The gate
insulating |layer so as . to prevent tunnel current while paintainjng the
capaci t aneEIRfd ke Gk £C i Gt D thg st et eddirlotRi P§ WReH tRet scal i ng

| aw. [ 0004] . ‘
transistor formation process, as a developing solution or a

release agent solution of a resist to be used in a lithography
process and further as a cleaning solution after ashing in the
semiconductor device manufacture and to a method for
manufacturing a semiconductor device using the same.
Background Art

[0002]

Fluorine compound-containing compositions have
hitherto been used as a semiconductor surface treatment agent
in the semiconductor device manufacture (Patent Document 1).
[0003]

Now, in recent semiconductor devices, following high
integration and thinning of a gate insulating layer, an
increase in tunnel current through an insulating layer at the
time of biasing a gate voltage to a transistor has become

problematic. In order to suppress this problematic increase
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-For the formation of a transistor using such a high dielectric constant
insulating material, a process for selectively etching the high dielectric

constant insulating nmaterial is essential. In the case where the
conventional dry etching nmethod using a plasna gas is applied to this
process, insulating materials such as silicon oxide and nitride and

ocess. mterial s such as silicon tride and
Dacomes. Gt OUTToL Fort ERAT r GRE6e Bt TOEEREnG T relhad W na e el

liquid w.corrosion.ta_ i |.atj ng ,mat.er

havi.ng | s |.s .such il oxi de
and nitrigéegﬁﬁ%rﬁﬁifﬁq%§§ﬂ$ &ﬁ&q%étﬂqq %&F&Fﬂaﬁg%&%g ﬁa?ﬁﬁéegt%gr or mance
capabl e of selectively and efficiently etching onlJy a hi di.el ectric
const ant FH§§F%ﬁqu¢m&%r?ﬁlmﬁ5§ BEe® lﬂilSl%h%@B]o¥ﬂg?h§a¥é§8 Wwher e
this wet etchin% method is applied, it-has becone clear that a high

di el ect ri 81€dgsitaric Fasatant @f 3ndt erAFURAA R9R HiJeFEbts coPSERNTE
tenperature or a long fabrication tinme is etched with difficulty as

conpar ed whisiilag imgghadesiedt r rereost bintejerenatxigamisachapshavidsg a | ow
fabrication tenperature or a short fabrication time. In general, as a

sem conduditfor, stud-aendt Zeat ment cagetds dfora ébolthagod dhisghr idisekeéetend
constant insulating material, for exanple, an etching solution conposed of

hydr ogen &laositdRliedtad enastardedaeabestselect edBanmpsgnesaeh a high
atom containing organic solvents and organic acids and water, with a

concent r agh @n el R 8onkeiaRG Aok uTRRE nghaR 4@ 1 %10y cWRinghhenakde gatet Ching
nmet hod are proposed (Patent Docunent 2). The subject chemcal liquid is |ow

|0 an etchLagpoeinadohidutieh, fi &l eeLli6 1000 A L LOP YA LRI RAREL! al . and

it my not be said that this chemc I'iquid has sufficient etching
patent s 1 garaendae okt abhitaRor s e rasat e BT R o guRt R oF e
dielectric,_constant .insulati mat eri,al _have be appl,ed. Ho er, under
such a  clPeURe RO HIRTS: hilgh CHEAUEAICE Cohsthft dHsul APPHYS Chlfer i al
having a ALon 128"t catl O omRSY 3t e 3ch¥hy Law.

[0004]

For the formation of a transistor using such a high
dielectric constant insulating material, a process for
selectively etching the high dielectric constant insulating
material is essential. In the case where the conventional dry
etching method using a plasma gas is applied to this process,
insulating materials such as silicon oxide and nitride and
polysilicon andmetallicmaterials are etched, whereby precise
processing becomes difficult. For that reason, a wet etching
method with a chemical 1liquid having low corrosion to
insulating materials such as silicon oxide and nitride and

polysilicon and metallic materials and having a performance

capable of selectively and efficiently etching only a high



. fabrication tinme has been the main current, a sem conductor 3 surface
treatnent agent which is thoroughly satisfied wwth etching ability against
such a high dielectric constant insulating material has not been devel oped
yet. In view of this matter, in order to achieve etching wwth ease within a
short period of time even for a high dielectric constant insulating

mat er | al &?e%'c%?'%t %%;n%%a o Q%rsqlll%ti%%h'r{ §dy ithe davel Oe‘}{"%{gtaie&

seni conduCtor Surface treat ment agent % "an %enhanced et ¢ I Ng power

agai nst th Q% h dielectric constant insulating nmaterial has been eagerly
desi red. 8 ? Pat ent Docunent 1. JP-A-7-201794 [0007] Patent Document 2:
JP- A-2003- 332297 Disclosure of the I nvention Problens that the | nvention is
to Solve [0008fRTHREpFagentRERGehRLBNYEE bCRIBYi BRtACd ehf cORBLLEDY
surface treatnent agent_which is suitable for a manufacturing _process of a
seni conduétdias bgcpact Féaparthathe piekchtelaahreift conrsitantol pr ot beng

sem conduct or surface treatnent agent which, in manufacturing a

senm condubaberdevi deviginga ahiphgifadirlasdtione temgenaturasviratd ngondt eri a
which is indispensable for a technol ogy for suppressing tunnel current of
a transi stabribasibowtcner dsi ehchedi nsthadi ifjioal byi abscempared wstisi | i con
oxide and nitride and polysilicon and netallic materials, is able to

sel ectivehyhagl @€féietenitycehehanthighul dt ehgchatercahshaningnsuleti ng
material and is also able to achieve etching with ease within a short

period of rhbPB-gVeOn tefparBicdRedbel 8CEhbe tCeRSAR HilksuUI@kNg Mmaterial to
which etching is hardly applied and a nethod for manufacturing a

semi conduct or - deyi &4 19 4918 SaRECoNBRRS ok05uSehYkNg: LhenBROPASER: [ 0009]

for etching a high dielectric constant insulating material,
for example, an etching solution composed of hydrogen fluoride,
at least one member selected among hetero atom-containing
organic solvents and organic acids and water, with a
concentration of water being not more than 40 % by weight, and
an etching method are proposed (Patent Document 2).

The subject chemical liquid is low in an etching power
for a high dielectric constant insulating material, and it may
not be said that this chemical liquid has sufficient etching
ability against the high dielectric constant insulating
material. Besides, patents regarding a semiconductor surface
treatment agent for a high dielectric constant insulating
material have Dbeen applied. However, under such a
circumstance that a high dielectric constant insulating
material having a high fabrication temperature or a high

fabrication time has been the main current, a semiconductor
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- In order to solve the foregoing problens, the present inventors nade
extensive and intensive investigations. As a result, it has been found that
a sem conductor surface treatnent agent conprising a fluorine conpound, a
wat er - sol ubl e organi ¢ sol vent and an inorganic acid, with the balance being
wat er has extrenely excellent characteristics that it is able to achieve

m nute processing, of high_ dielectric.insulati terd. it has
| ow corrosslil%flac ot]f%asgﬁngillgnagﬁﬁt%e?qﬁgFé sll?cﬁf%ao?om |l onsaoﬂxl?‘4 ef%dsﬂ?%ri de and
polysilicon and netall.ic materials; and that. the subject. sem conductor
surfacet?%ﬁﬁh%%ta&ﬁéﬁﬁ%sagﬁFﬁs%o%ﬂéhe@e%%§QﬁFﬁ89§Fgﬁlga§§Qﬁ§?ﬁ5 a short
period of time even for a . film to which etching is hardly applied, |eading
to acconﬁPF?ﬁh%%%ng0@aFﬁElﬁFe§éﬁtnPﬁvEﬁ?Poﬁ?VFégfﬁﬁ-?ﬁ&t is, the present
invention is concerned with a 5 sem conductor surface treatnent agent
conprising a fliprige oéorpbumdttemalarosdtutfieashdaNeceseniBatWHAY an
inorganic acid, with the bal ance being water. Furthernore, the present

i nvent i oredse eurideimed sWorlt pemettodf floimermvehadour &ngl gh diegd eomiuet or
device conprising etching a high dielectric constant insulating materi al
usi ng t heedmetemot ndnssdrtdondues ber Sal f ace whiahmertichaigent i sAdwardlages of
the Invention [0011] By etching a high dielectric constant insulating

mat eri al disdInided hehsedegendpakart sird sepitbaataedltr agepiceftrddemdgresent
invention, not only it is possible to achieve selective etching of a high
di el ectrigLyGonstanh | BaUl @ihASceARISF dRing Wi r Saghfihkeul £hy achireved by
only the Tconventional etching nethod using a plasma gas, but it is

poss! bl @ 4.0 RUDPY £55 BALEARION A%, 1 HEM! hAGRLE! IRlS BUER Afyeldy con

oxide and nitride and polysilicon an i materi a re, it
IS possibé%%ﬁéémhieve etching with ease within a short period of tinme even
for a hig ielectric constant insulating material under a severe
[0006]
Patent Document 1: JP-A-7-201794

[0007]
Patent Document 2: JP-A-2003-332297

Disclosure of the Invention

Problems that the Invention is to Solve

[0008]

The present invention is to provide a semiconductor
surface treatment agent which is suitable for a manufacturing
process of a semiconductor. In particular, the present
invention is to provide a semiconductor surface treatment
agent which, in manufacturing a semiconductor device using a
high dielectric constant insulating material which is
indispensable for a technology for suppressing tunnel current

of a transistor, has low corrosion to insulating materials such



L]

. condition, to which etching has been hardly applied by the conventi onal
nmet hod. Best ©Mbdes for Carrying Qut the Invention [0012] Exanples of the
fluorine conmpound to be used in the 6 present invention include
hydr of l uori c acid; amonium fluoride; acidic ammonium fluoride; cerium
fluoride; silicon tetrafluoride; fluorosilicic acid; nitrogen fluoride;

phosphorus fl“?ﬂ&g% VI@QI(%HK%{¢#%ﬁéd§ndb§°§§ #IHE% ont#ameggifqéuorlc
a

aci d; f1 uoti ne conpoun Sal®'s sUch as- anmon uorobora

t hanol hydr ofl yor i d of | uar.i d
yar of | WGP et o1 DA SIEHG Ly DEF RbF e b, S1b a1 GhHrG kGt 1B de.

tetra- ethylannnnluntfluorlde trieth Inethylannnnlun1fluor|de

trimet hy|%wt%&9%tny¢%%ntlﬁn%w%@ta%g Rt eEERhoxyAntDA LFR FP1Rrie and
nmet hyl tri et hoxyammoni um fl uoride; and netal -fluorine conpounds such as

i t hi um fachte e, e i nan Wi Ga SR Widkiis @ sbartnPerisd @8, t Hoe £%m
fluoride, acidic potassiumfluoride, potaSS|un1quor05|Ilcate, pot assi um
hexafluorbphosﬁﬁaﬂeﬂﬁmdgmmﬁiﬂnddnﬂﬁankminﬁukﬁtﬁnqIm&ﬁéxﬁﬁl 1 mdritGtum
fluoride, bariumfluoride, zinc fluoride, alum num fluoride, stannous
fluoride,etcdachd | iorhadedapdappl i adngndt ai hletidwoidd e€o rfOmarheSes typriefera ed
fluorine conpounds are hydrofluoric acid, ammonium fluoride, acidic

amoni um sdrhesndlec t b £t daretbyhammynitue Ehmeri de, sodi um fl uoride and
pot assi um fluoride. [0013] The concentration of the fluorine conpound in the

sem condugd M s st f ag®1 ¢ LGt PBOt pAGENEMES i n the range of from 0.001 to 10 %
by wei ghtand preferably from0.05 to 8 %by 7 weight. \Wen the

concentratdgyypf the fluorine conpound is 0.001 % by weight or nore, a
favorabl e etching rate of the high dielectric constant insulating materi al

i s obt ai nabl e, mher as mhe LS N no e than y i rosion
ae CQ% t}e .Cfto re } 2 d%t@ea%)g:té s e%

to |nsulat|ng materlassu as silicon

inventors made extensive and intensive investigations. As a
result, 1t has been found that a semiconductor surface
treatment agent comprising a fluorine compound, a
water-soluble organic solvent and an inorganic acid, with the
balance being water has extremely excellent characteristics
that it 1is able to achieve minute processing of a high
dielectric insulating material and that it has low corrosion
to insulating materials such‘as silicon oxide and nitride and
polysilicon and» metallic materials; and that the subject
semiconductor surface treatment agent is able to achieve
etching with ease within a short period of time even for a film
to which etching is hardly applied, leading to accomplishment
of the present invention.

[0010]

That is, the present invention is concerned with a



polysilicon and netallic materials is not generated. [0014] The foregoing
fluorine conpound to be used in the present invention may be used singly or
in conmbination of two or nore kinds thereof. Al so, when the concentration
of the foregoing fluorine conpound is increased, the etching rate of the
high dielectric constant insulating material can be increased, and
therefore, it is preferable th the concentratiaq f 1 f j ne conpound
i s increasdyt ?%n% Cte9<]f eshlfrf%%? atll”]ﬁes% %?ﬁl%gagen% ecr(?mg? ]Ss)lssluﬁg %s%l;{ﬁ]%%ben oxi de
and nitride and talliﬁ natfr%?ls are not ¢ rroged. [ 0015] Ex%gﬁ!es of the
wat er - sol WRP T Yant e beTent 1B BeChgaBCi ROLNE Er 896N AT AVEHRIBH S ncl ude

| act ones such as _y-butyrol actone; sul foxides such as di nethyl sul foxide;
nitriles &tk #dticEhenP2tapree ARiEn2saTtri FRITAPEBAGPs SR PTreieHet hanol |
et hanol and isopropanol; esters such as nethyl acetate and ethyl acetate,

gl ycol etiisrentsiqih 45 dosagynase witlycal meddeset i9r BRRELaghdrdngr oyl ene

gl ycol nmononethyl ether; and am des such as di nethyl formam de and 8

di net hy| ssetiamrdbict@r t Heséceprooimpmied ngatetrclsioldibhehighgalliecl esginient s are
gl ycol ethers and al cohols. [0016] The concentration of the water-soluble
organi ¢ sweinsdnt | n imeubemicgnduntbersdif acestngat nehie ageiirdging t he
range of from1l to 99 % by weight, and preferably from30 to 95 % by

wei ght . \Yhen ddigicaisedista @ ofcdhgeMat 5es0l Ubl e organic solvent is 1 %
by weight or nore, effects by the addition of the water-soluble organic

sol vent al & HRtAidR] €, tyherS@snt gn it is not nmore than 99 % by weight,
reduction of an etching power of the high dielectric constant insulating

mat eri al g q4Prevented fromoccurring. [0017] The foregoing water-sol uble
organi c solvent to be used in the present invention may be used singly or

In combinationg of L ;0 MO e, Kinds; {Nereol; - AlSdis thh 2991291118 fPr egoi ng
material using the semiconductor surface treatment agent of
the present invention, not only it is possible to achieve
selective etching of a high dielectric constant insulating
material, which 1s difficultly achieved by only the
conventional etching method using a plasma gas, but it is
possible to suppress corrosion to insulating materials such
as silicon oxide and nitride and polysilicon and metallic
materials. Furthermore, it is possible to achieve etching
with ease within a short period of time even for a high
dielectric constant insulating material under a severe
condition, to which etching has been hardly applied by the
conventional method.

Best Modes for Carrying Out the Invention

[0012]

Examples of the fluorine compound to be used in the



wat er - sol ubl e organic solvent, it is possible to selectively etch a high
dielectric constant insulating material w thout causing corrosion of
insulating materials such as silicon oxide and nitride and netallic
materials. [0018] Exanples of the inorganic acid to be used in the present
invention include sulfuric acid, nitric acid, hydrochloric acid, phosphoric
aci d, hyg&phos hor.ous aci d carbfnéc aﬁig fulfanic aci.d, bhoric.acid,
phosphonPE ex&Tt,  pHbEPhi A abialud® Ry PboflUerdCandCafli doSBFPard acid. o
these, sulfuric acid, nitric acid_ hydrochlorigc acid, phosphori.c acid,

sul f ani ¢ Tadod 194 B3 G4 CaRTHORA Ha ] OB HRF GrGe HET o Lo detect Sranren [ 0019]
The concentration of the inorganic acid is properly determ ned depending
upon t he tégradiluanidear waf Epofeshbéicésnt aicidd ardl FEoPeRf efabBPy1A6¢ rore
than 50 % by weight, and nore preferably in the range of from1l to 15 % by
wei ght . vhesphoiraisc Sacenidari vhnyl idaeei hoigakde; doinpn sradlupsiderhan 50 %
by weight, etching of a material which is basically not desirable to be
damaged bbrodghoetichiarg,d othleron tree ddmepdumth sall ebestichcasoammantiumnsul ati ng
material which is the target of etching, is prevented from occurring.

[0020] The ubebeddaie:,i NBcgesthancl dmtnebeé wiedt iuvtide pr asehlylamivent i on may
be used singly or in conbination of two or nore Kkinds thereof. Also, by

addi ng t Redherageirdid, Nor GaiH £ Afirth img@u:@fi@arﬂaé?ri apsopythmasesi I i con
oxide and nitride are hardly corroded. Furthernore, it Is possible to

of f1 ¢l enblyroghey i hi ohe gt eLACLA EafRORLER! | MSUlALidl mat eeipl-

According”to this m , I't IS possi to achieve etching wth ease

within acshont peried ol LLos even. LoLca, hiaby dighectihe Gonstan

insulating undéer “a sevére con I'ch etching %é been

QZL?LXngggh@g%hyhgg%%kiyégﬂfﬁ%ﬁm&ﬂ%iﬂf%Tu%gi%%,ng %ggggokgaﬁggnium
fluoride and methyltriethoxyammonium fluoride; and
metal-fluorine compounds such as lithium fluoride, sodium
fluoride, acidic sodium fluoride, potassium fluoride, acidic
potassium fluoride, potassium fluorosilicate, potassium
hexafluorophosphate, magnesium fluoride, calcium fluoride,
strontium fluoride, barium fluoride, zinc fluoride, aluminum
fluoride, stannous fluoride, lead fluoride and antimony
trifluoride. Of these,’preferred fluorine compounds are
hydrofluoric acid, ammonium fluoride, acidic ammonium
fluoride, tetramethylammonium fluoride, sodium fluoride and
potassium fluoride.
[0013]

The concentration of the fluorine compound in the

semiconductor surface treatment agent is in the range of from

0.001 to 10 % by weight, and preferably from 0.05 to 8 % by



surface treatnent agent of the present invention is preferably an inorganic
acid. In a conposition of a fluorine conpound, a water-soluble organic

sol vent and an organi c acid, which contains an organic acid in place of the
inorganic acid, even in the case where an etching power of the high
dielectric constant insulating material is low, or an etching power of the
subj ect insulatinﬁ material is high, insulatjng materials such as silicon
oxi de anHeRPRE-deVBAR HBEaFPRECRAFRELANsORNERR LiHBHIBENEPMBRUBEChEd ar e
corroded, selective etching of the high dielectric constant insulating

mat eri al Oc4AAot eweightevedortheasichy Coile edichdma sageteedtweRi 9Bgent of
the present invention is concerned with a conbination of a fluorine
conpounddialeatedicsokobb&antgannsudeltient matieadalnotganpetaanibdland is able
to etch the high dielectric constant insulating material with extrenely

hi gh sel ehtireesywheh hdtiti sutiodr lnprecabahnf0 coimosiedhdf, tonsubationgtoateri al s
such as silicon oxide and nitride and netallic materials as conpared with a
conposi t Eﬁ@uma\tiiﬁ? @R terdanisC sakihd 60 Netbrt hetedd. ald0R2f r AHsoantihough t he
sem conductor surface treatnent agent of the present invention is used in a
step of gBtiEehY-8hchhRTmcthe 1Richatiesli®aly 1iG GRIStAMerdtdd ating materi al
which is the target of etching, it is also useful Tor the renoval of the

11 high dpghgetric constant insulating material in an unetched area after
achieving etching to an extent that insulating materials such as oxides and
nitrides are n maged. b he_ .conventional et ching,ne ing a

pl asma gas. [Ogégﬁ? urt het f? Srﬂﬁgfﬁgmégﬁ?%gﬁgﬁ%y'Fggh?g%%%éggggﬁﬁent

agent of .the Eresent inventkgn“ a conventioqﬁ%% gsed %g%itive na¥ be

bl ended FBYSPRhECPUPPBRS W ERHAIEING t hE &1 ﬁ%;l?ﬂn% REnEE, MPET exanpl e,
enhancing,mettabilit , inhibiting deposition of particles_on a wafer or
cont ani nAiR8R Jreredbt altl st whepr BAe | GRP- G- TR ¥ odr tREpprEREP HYd damages

on an insulating material. Exanples of such an additive include
fluorine compound is increased, the etching rate of the high

dielectric constant insulating material can be increased, and
therefore, it is preferable that the concentration of the
fluorine compound is increased to an extent that insulating
materials such as silicon oxide and nitride and metallic
materials are not corroded.

[0015]

Examples of the water-soluble organic solvent to be used
in the present invention include 1lactones such as
y-butyrolactone; sulfoxides such as dimethyl sulfoxide;
nitriles such as acetonitrile and benzonitrile; alcohols such
as methanol, ethanol and isopropanol; esters such as methyl
acetate and ethyl acetate; glycol ethers such as diethylene
glycol monomethyl ether and dipropylene glycol monomethyl

ether; and amides such as dimethylformamide and



conpounds havi ng surface activating ability, conpounds having chelating

ability and water-soluble polyners. Also, these additives can be used so
far as they are soluble in the sem conductor surface treatnent agent and
may be used singly or in conmbination of two or nore kinds thereof. [0024]
Al so, the pH of the sem conductor surface treatnment agent of the present

invention.is,.not particularly |ljimted and ng be determ ned i ng upon
et chi ng @898???&&5?9%%%q%'nd o] fn;tééﬁr%on&ﬁ%?% 5% st&g%%gtggggggged and
the |like. Wien the. sem conductor surface trea nt .agent of the present

i nvent i oARTIPBLGs SR YRGS EﬁQMQ&Mqéla%ﬁhﬁﬁﬁi%ﬂérglﬁo | e, ammoni a, an

am ne and _a_quat ernary ammoni um hydroxi de such as 12 tetranethyl amoni um
hydroxidéoﬁé Ibe added, whereas when it is used under an acidic condition,
an inorganic acid, an organic acid or the |like nay be added. [0025] The use
t enper at ur e of ThReCge@eRbhdbEPBro & tfave tetregtlmbdte agennier SpheepEesent
invention is properly determned along with the use tine dependi ng upon the
ki nd of in thghsehibtecduEtoronst fate i trsed Gwemty aperer ilal imhitbk Fangbe target
of etching and the required etching amount. Al so, as the cleaning system
for exanpfefrommer sbonockenni ngighta ahdt phatfseabygt €pomr 39ptay9ér 2at om zi ng
cleaning in a single wafer cleaning system can be enployed. [0026] The high

diel ectrpg GRigRN! | Redhat tNg FRhRendlrafyn CoHAt ahk akateassobuplgenber
sel ected anong A1203, Ce(8, Dy203, Er203, Eu203, Gd203, Hf02, Ho203, La203,

Lu203, N92Qan i BdeDdse 29%%%&@1&8%%0?@,2%&@%%?& tHl2da 18203, Y203,
Yb2G3 and Zr02, wth A1203, 02, "Ta20s and Zr02 being nore preferable.

Al so, nggfeEﬂ@'v?at?é)rn—tsacgmﬂ'?%iaonﬁ]algﬂigcogoﬁt\%rﬂtloﬁr@ 8b 59938(1383 OMméPeglich  a

conpound, or materials con _ oth a silicon atomand "a nrtrogen atom
| D SN SERTROU 820 0% SRl YNSRI 80, Y0clof DR IRLELI 21 S of
power of the high dielectric constant insulating material is
prevented from occurring.
[0017]
The foregoing water-soluble organic solvent to be used
in the present invention may be used singly or in combination
of two or more kinds thereof. Also, by adding the foregoing
water-soluble organic solvent, it is possible to selectively
etch a high dielectric constant insulating material without
causing corrosion of insulating materials such as silicon
oxide and nitride and metallic materials.
[0018]
Examples of the inorganic acid to be used in the present
invention include sulfuric acid, nitric acid, hydrochloric
acid, phosphoric acid, hypophosphorous acid, carbonic acid,

sulfamic acid, boric acid, phosphonic acid, phosphinic acid,




Exanples [0027] 13 The present invention is nore specifically described
with reference to the foll ow ng Exanpl es and Conparative Exanples, but it
shoul d not be construed that the present inventionis limted to these
Exanpl es. [0028] Exanples 1 to 13 and Conparative Exanples 1 to 8 Etching
performance was confirmed using a wafer sanple prepared by formng th-Si 02

whi ch | Snfltprél{llglgc%t& di%f%‘%%lnﬁgﬁg? %&Tdherof'fetﬁﬁ?eg}édg?}ﬂ?uél igcl:.'i&“ electric

constant " Tnsulating nater I'con wa ate. "The Tesults are
shown in, Table 1. th-gi 02 refers t.0,a silicon.oxide filmifornmed by thermal
oxi dat i dht PEVRIATA oY F??}éi?ﬁlgfa%zpﬁ F’Eﬁof;%caac‘fﬁdghsﬁiglg ec¢ réllcclél’constant
insulating material are as fqQllows. 0: The etchi ng gegr%ﬁfof Hf 02 was | arge
(nore t FAhtBOUS aRgLer e/ ARRFOSKL TRRACeREAPNG T e frEd SORPHE® was | ow (30
angstrons/mn or less). [0029] Also, etching performance of th-S02 was
confirmetP¥s?hg a wafer sanple prepared by forning th-Si02 which is an
insulating material on a silicon wafer substrate. Also, the etching
per f or mance ofThé-s0Rcantrahéont oHi Mgipeitordamie afidHieRwerarepar ed, and
an etching selection ratio between HHO2 14 and th-Si 02 (H Q2/th-Si Q2) was
mde a bistierming¢ddgependifige upesulthe asel@@bsbi shown iwatlabl €ol.béval uati on
criteria are as follows. 0: The etching selection ratio of H 02 and th-Si 02
was | ar@eitd hwed landisThbee€ehbny seteadbronchat is® ef biAf Wi ght, tdndi O2 was
1 or smaller. (0030]

more preferably in the range of from 1 to 15 & by weight. When

the concentration of the inorganic acid is not more than 50 %

by weight, etching of a material which is basically not

desirable to be damaged through etching, other than the high

dielectric constant insulating material which is the target

of etching, is prevented from occurring.

[0020]

The foregoing inorganic acid to be used in the present

invention may be used singly or in combination of two or more

kinds thereof. Also, by adding the foregoing inorganic acid,

insulating materials such as silicon oxide and nitride are

hardly corroded. Furthermore, it is possible to efficiently

etch the high dielectric constant insulating material.

According to this matter, it is possible to achieve etching

with ease within a short period of time even for a high

dielectric constant insulating material under a severe

condition, to which etching has been hardly applied.

[0021]
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Exanples 14 to 26 and Conparative Exanples 9 to 16 The treatnent with a

sem conduct or surface treatnent agent having a conposition shown in Table 2
was carried out, thereby confirmng A1203 which is a high dielectric
constant insulating material. Al so, the etching performance of th-Si Q2
which is an insulating material was confirnmed and conpared with the etching

o 39 and CompAUa e B aRr Bs 27 1o S PAT oMl mERE ST & LGS Chnduct o

to 39 and Conpara S rea sem conduct or

surface treatnen agent _havin nposi tian.shown.in .Tabl e carried
out -t R e E AT 1R R T EER e Sr T SR VAP LR 17 O o Esaatiny
insulating material,. Al so, the etching formance. of th-Si02 which is an

er
i nsul at | 7 ARC&%RRIWES Nt 'FPW@&%%@%‘&?&fvﬁ U A& S COMPRPYer f or mance
of Hf SiON. The results are shown in Table 3. 15 [0032] In Tables 1, 2 and
3, it wad cHHITTRULHNE DYIADET yFagverheaBenhrBoRgdeNdFE SGrifac i Bat nent
agent of the present invention, not only the desired etching of the high
di el ect r icontedmst amt orgsnliat aagdnin @rlisge odnthe Heohi @yl dstitd t levem gh
dielectric constant insulating material can be selectively and efficiently
et ched wimhdilie caasé ngheper asi @tabfirsy Ipavesr oxf deheahdghheileillee.t i@033]
Also, it was confirmed that by applying the sem conductor surface treatnent

agent of dowgtpirasanisylnmentd okt 0rd10siHNn ou,0 dretaal ldtehmaleibolex srch as Ti N
is low [0034] In the light of the above, it has becone clear that when

hi gh di elgGt 51155 60RS{ AL 1 SR € infl t%:100a 1 RSUL 8&h NG BT 18IH 1B P mateh 2% Silicon
oxide and nitride and polysilicon are etched” using the sem conductor

uroce, et g st o gnanpsenta SERL LI Bigh s satipconet o
and Effi%%%%HEYnot be etched are corroded, selective etching of the
high dielectric constant insulating material cannot be
achiéved.

The semiconductor surface treatment agent of the present
invention is concerned with a combination of a fluorine
compound, a water-soluble organic solvent and an inorganic
acidand is able toetchthehighdielectric constant insulating
material with extremely high selectivity without utterly
causing corrosion of insulating materials such as silicon
oxide and nitride and metallic materials as compared with a
composition having an organic acid combined therein.

[0022]

Also, though the semiconductor surface treatment agent
of the present invention is used in a step of entirely etching
the high dielectric constant insulating material which is the

target of etching, it is also useful for the removal of the

11



etched with low corrosion to insulating materials such as silicon oxide and

nitride and polysilicon and netallic materials. [0035] [Table 1] 16 L mC

L'-0O0 OC OrnN- N NOsyga? L000000000O0O000 UNE wuU

RCCNYONo0oOOOOOOOOOOOOO v$ESE dE EUInoocD
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area after achieving etching to an extent that insulating

:E o004
V) C U
materials such as oxides and nitrides are not damaged by the
conventional dry etching method using a plasma gas.
[0023]

Furthermore, 1in the semiconductor surface treatment
agent of the present invention, a conventionally used additive
may be blended for the purposes of enhancing the etching
performance, for example, enhancing wettability, inhibiting
deposition of particles on a wafer or contamination of a metal
after treating the wafer, or suppressing damages on an
insulating material. Examples of such an additive include
compounds having surface activating ability, compounds having
chelating ability and water-soluble polymers. Also, these
additives can be used so far as they are soluble in the
semiconductor surface treatment agent and may be used singly
or in combination of two or more kinds thereof.

[0024]

Also, thepHof the semiconductor surface treatment agent
of the present invention is not particularly limited and may
be determined depending upon etching conditions, the kind of
a semiconductor substrate to be used and the like. When the
semiconductor surface treatment agent of the present invention
is used under an alkaline condition, for example, ammonia, an

amine and a quaternary ammonium hydroxide such as

12
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is used under an acidic condition, an inorganic acid, an organic
acid or the like may be added.
[0025]

The use temperature of the semiconductor surface
treatment agent of the present invention 1is properly
determined along with the use time depending upon the kind of
a high dielectric constant insulating material which is the
target of etching and the required etching amount. Also, as
the cleaning system, for example, immersion cleaning in a
batchwise system or spray or atomizing cleaning in a single
wafer cleaning system can be employed.

[0026]

The high dielectric constant insulating material may
contain at least one member selected among Al,0s5, CeOs, Dy20s,
Er,0s, Eu,03, Gd,03, HfO,, H0,03, Lay0s3, Luy03, Nb,Os, Nd,Os, Pr,0s,
5c03, Smy;0s3, Tay0s, Tb,03, TiO,, Tm,0s, Y,0s3, Yb,0s and Zr0,, with
Al,03, HfO0O,, Ta;0s and Zr0, being more preferable. Also,
materials containing a silicon atom or a nitrogen atom in such
a compound, or materials containing both a silicon atom and
anitrogen atom in such a compound can be applied. Furthermore,
two of these materials of the foregoing materials may be mixed
or contained in a stacked state.

Exanples |

[0027]
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The present invention is more specifically described
with referencevto the following Exémples and Comparative
Examples, but it should not be construed that the present
invention is limited to these Examples.

[0028]
Examples 1 to 13 and Comparative Examples 1 to 8

Etching performance was confirmed using a wafer sample
prepared by forming th-SiO, which is an insulating material
and further HfO, which is a high dielectric constant insulating
material on a silicon wafer substrate. The results are shown
in Table 1.

th-3i0; refers to a silicon oxide film formed by thermal
oxidation.

Evaluation criteria of HfO, which is a high dielectric
constant insulating material are as follows.

O: The etching degree of HfO, was large (more than 30
angstroms/min) .

X: The etching degree of Hf0O, was low (30 angstroms/min
or less).

[0029]

Also, etching performance of th-S0, was confirmed using
a wafer sample prepared by forming th-5i0, which is an
insulating material on a silicon wafer substrate. Also, the
etching performance of th-S0, and the etching performance of

HfC, were compared) and an etching selection ratio between HfO,

14
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and th-Si0, (Hf0,/th-Si0,) was made a basis of judgment. The
results are also shown in Table 1.

Evaluation criteria are as follows.

O: The etching selection ratio of HfO, and th-Si0, was
larger than 1.

X: The etching selection ratio of HfO, and th-Si0O; was
1 or smaller.
[0030]
" Examples 14 to 26 and Comparative Examples 9 to 16

The treatment with a semiconductor surface treatment
agent having a composition shown in Table 2 was carried out,
thereby confirming Al,0; which is a high dielectric constant
insulating material. Also, the etching performance of th-Si0;
which is an insulating material was confirmed and compared with
the etching performance of Al,03. The results are shown in
Table 2.
[0031]
Examples 27 to 39 and Comparative Examples 17 to 24

The treatment with a semiconductor surface treatment
agent having a composition shown in Table 3 was carried out,
thereby confirming HESiON which is a high dielectric constant
insulating material. Also, the etching performance of th-Si0,
which is an insulating material was confirmed and compared with
the etching performance of HfSiON. The results are shown in

Table 3.
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In Tables 1, 2 and 3, it was confirmed that by applying
the semiconductor surface treatment agent of the present
invention, not only the desired etching of the high dielectric
constant insulating material can be achieved, but the high
dielectric constant insulatingmaterial can be selectively and
efficiently etched without causing corrosion of silicon oxide
and the like.

[0033]

Also, it was confirmed that by applying the semiconductor
surface treatment agent of the present invention, corrosion
to metallic materials such as TiN is low.

[0034]

In the 1light of the above, it has become clear that when
high dielectric constant materials or insulating materials
such as silicon oxide and nitride and polysilicon are etched
using the semiconductor surface treatment agent of the present
invention, high dielectric constant materials such as Al,0s,
HfO;, HfSiON, Tay0s and Zr0O; can be selectively and efficiently
etched with low corrosion to insulating materials such as
silicon oxide and nitride and polysilicon and metallic
materials.

[0035]

[Table 1]
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Claims
[11] A semiconductor surface treatment agent comprising a

fluorine compound, a water-soluble organic solvent and an
inorganic acid, with the balance being water.

[2] The semiconductor surface treatment agent according to
claim 1, wherein the amount of the fluorine compound is from
0.001 to 10 $ by weight, the amount of the water-soluble organic
solvent is from 1 to 99 % by weight, and the amount of the
inorganic acid is from 0.01 to 50 % by weight.

[3] The semiconductor surface treatment agent according to
claim 1 or 2, wherein the fluorine compound is at least member
selected among hydrofluoric acid, ammonium fluoride, acidic
ammonium fluoride, tetramethylammonium fluoride, sodium
fluoride and potassium fluoride.

[4] The semiconductor surface treatment agent according to
claim 1 or 2, wherein the water-soluble organic solvent is at
least one member selected among lactones, sulfoxides, nitriles,
alcohols, esters, glycol ethers and amides.

[5] The semiconductor surface treatment agent according to
claim 1 or 2, wherein the inorganic acid is at least one member
selected among sulfuric acid, nitric acid, hydrochloric acid,
phosphoric acid, sulfamic acid, nitrous acid and amidosulfuric
acid.

[6] A method for manufacturing a semiconductor device

comprising etching a high dielectric constant insulating
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[1] A sem conductor surface treatnent agent conprising a fluorine conpound,
a wat er-sol uble organic solvent and an inorganic acid, with the bal ance
being water. [2] The sem conductor surface treatnment agent according to
claim1l1, wherein the anmount of the fluorine conpound is from 0. 001 to 10 %
by wei ght, the anount of the water-soluble organic solvent is from1l to 99
% by wei ght, anq t he, anobupt of the j(norganic acid is from0.01 to, 50 % by
wei ght . ﬁéfefﬁé st CHhdbeFors TG T4 ¥at ABAL 25Ge it SEIEHTH n§IEBT claim 1
or 2, wherein the fluorine conpound is at |east nenber selected anong

hydr of | uBFFEraerd, tanddwi @mef PdoSided™sadi dit ° -ammoni um f1 uori de,

t et ranet hyl ammoni um fl uori de, sodium fluoride and potassiumfluoride. [4]
The sem conduct or surface treatnent agent according to claiml or 2,
wherein the water-soluble organic solvent is at |east one nenber selected
anong | actones, sulfoxides, nitriles, alcohols, esters, glycol ethers and
am des. [5] The sem conductor surface treatnent agent according to claiml
or 2, wherein the inorganic acid is at |east one nenber selected anong
sulfuric acid, nitric acid, hydrochloric acid, phosphoric acid, sulfamc
acid, nitrous acid and am dosul furic acid. [6] A nethod for manufacturing a
sem conduct or device conprising etching a high dielectric constant
insulating 23 material using the sem conductor surface treatnent agent
according to any one of clainms 1 to 5. 24
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