SPECI Fi CATI ON COVPCSI TI ON FOR WATER- REPELLENT TREATMENT OF SURFACE, AND
METHOD FOR WATER- REPELLENT TREATMENT OF SURFACE OF 5SEM CONDUCTOR

SUBSTRATE USI NG SAME TECHNI CAL FI ELD [ 0001]. The present i MWWMWW es
to a conposition for water-repellent treatnent 10 of a

substrate surface having a pattern structure with high aspect*sa®to, and-a
met hod for water-repellent treatnent of a sem conductoer—substrate—surface
usi ng the sanme. BACKGROUND ART 15[ 0002] In a manufacturing process of

a sem conductor substrate, vvithstFﬁ_._g‘t?@R}:ALnbﬂ/vard making a finer wiring in
recent years, it has been require O Torma pattern having increased

hei ght as conpared with line wdth, so called, high aspect ratio. In the

case of such a pattern having high aspect ratio, a problem has been caused
20 that a p&HOMPOIBIONFORWATERIRERELLENTT TREATMENTQRSURFAGEWater in a

rinsing ste [ r This fe c lar in formng a
pattern by RMHMEFHEN EpRMEreR sk BrLFRNTHREATHIFNG S URFACE bR

particglar, a Si02 | ICONDIETORSY . As a conventi onal
met hod for water-repellent treat%nt,B?EgﬁgEh%;s Geg'%w 25 known a net hod
for water-repellent treatnment, as for a Si-containing insulating |ayer of,
for exanple, a Si02 |ayer or the like, or a silicon wafer, using a solution
cont ai ni ng various fluorine corﬁﬁﬁﬁﬂ@‘(m LI TERATURE 1 or the |ike),

usi ng gas ¥ari ous kinds of fluorine conmpounds.(PATENT LI TERATURE 2,
PATENT LI URE 3 or the like), or the like. 1 However, because the

Si - cont ai ni nghensresa@itiim@ntioy slatet @b adconipotitdd bewateragskiehetredinght | ayer
have different surface properties thereof, there has not been known a

conpodfPt i Ohaseantansycing sehstiatmeurfansthavingaa petiernstruchies with high agpect at t he
sanme time

fficientl dit i te that devel t th has b
esi red - BISRRCH AyrPtiod R R R BT T o FURETORO PSR | TERATURE
1 JP- A 9530380RiAPRATENE. L TERATURE 2: WD 99/ 48339

BACKGROUND ART
15 [0002]
in a manufacturing process of a semiconductor substrate, with tendency
toward making a finer wiring in recent years, it has been required to form a pattern
having increased height as compared with line width, so called, high aspect ratio.
In the case of such a pattern having high aspect ratio, a problem has been caused
20 that a pattern collapses by influence of surface tension of water in a rinsing step
using pure water. This tendency has become large in forming a pattern by
lamination of a Si-containing insulating layer of, in particular, a SiO; layer or the
like, and a metal layer.
As a conventional method for water-repellent treatment, there has been
25 known a method for water-repelient treatment, as for a Si-containing insulating
layer of, for example, a SiO; layer or the like, or a silicon wafer, using a solution
containing various fluorine compounds (PATENT LITERATURE 1 or the like),
using gas of various kinds of fluorine compounds (PATENT LITERATURE 2,
PATENT LITERATURE 3 or the like), or the like.
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PATENT LI TERATURE 3: JP- A-2003- 257655 DI SCLOSURE OF | NVENTI ON TECHNI CAL
PROBLEM 15[ 0004] The present invention has been proposed to solve the
probl ens descri bed above, and it is an object of the present invention to
provi de a conposition to be used for performng, at one tine,

wat er-repellent treatnment of the entire surface of a sem conduct or
substrate having a pattern fornmed by | am nation of a 20 Si-containing
insulating | ayer such as a Si02 |layer and a netal Iayer and a net hod for

e ore | SRk RN o] ol S SRR et 475 SO B 1o 1S,

the netal iean@tal wgsér%vteh@ffs@ﬁp%%rf&e@rarsdéﬁ:&pfhere’o‘ﬁ@k&\"n%tnoﬁ%éﬁl ON [ 0005]

To solve the above problens, the present invention is conposed of the
f ol | owi ngkmawrs & iconmpbsition (ad;;blmgmmaepellamhtrémmeMbﬂhese’mi lbgers at theat nent of
a sem conductor substrate surface, conprising. a) | east one kind of a

conpound SRPBHMEFHGRHY: 3 'élscﬁjﬁat,edH%‘i dgvelppment H‘eﬁﬂf@aéﬁﬁﬂh defiteft tertiary

am ne and a | ong-chain al kyl ammonium salt, b) a base or an acid generating
agent,” having a condensed ring structure or formng a condensed ring

structure by generating a b#RROR'ART LITERARURES) a pol ar 5organi ¢ sol vent.
(2) A net hod for water-repellent treatment of a sem conductor substrate

surf ace, EblcTtléTEBMUBFpt reating the sem conductor substrate having a
pattern f@iorag by lam nation of a Si-containing insulating |ayer and a
netal |ay sing the conposition of the above (1), under irradiation of

I'i ght havi ngpaTeRTeITERATURE £Qp2RQ8-JbBses | onger, or under heating. [0006]
That is, the present inventors have intensively studied to discover a

corrpoi;ﬁ)tl on EAABNTAJTRRABURESH ANOOH48338at nent, by one tine treatnent, of

surface of s onduct or _substrate, having a pattern with increased hei ght
as conpared %EENTLH-FEI%R@}EUWE& HP- %309%125@%55 hi gh aspect ratio, wherein the

pattern is forned by |lam nation of a Si-containing insulating |ayer such as
a Si02 |layer and a netal layer, and as a result, discovered that, by using

the conposition of the aboveDISOLOSUREDPINVERTION O perform wat er-repel | ent
- treatnent of the sem conductor substrate surface, having the pattern forned

by | ami nation of the Si-cont diEGHNIGAIsBROBLEM 20 | ayer such as the Si02
| ayer . and 49@2 netal |ayer, sinply and conveniently, as well as efficiently,
and h ]-corrpl eted the present invention. ADVANTAGEQUS EFFECTS [ 0007]

25By using t feGRERME inveRfiord Ahs WRER progdieh 16 ¥oer tha lpisrlémS fdesBifbddf esent
above, and it is an object of the present invention to provide a composition to be
used for performing, at one time, water-repellent treatment of the entire surface of
a semiconductor substrate having a pattern formed by lamination of a
20  Si-containing insulating layer such as a SiO; layer and a metal layer, and a
method for water_-repellent treatment of the semiconductor substrate surface,
having the pattern formed by lamination of the Si-containing insulating layer, and

the metal layer, using the composition thereof.

25 TECHNICAL SOLUTION
[0005]
To solve the above problems, the present invention is composed of the
following constitution.

(1) A composition for water-repellent treatment of a semiconductor substrate



i nvention, and a method for water-repellent treatment of a seni conductor
substrate surface using the conposition, it is possible to perform

wat er-repel l ent treatnment, by one tinme treatnent, of sem conduct or
substrate surface, having a pattern with increased height as conmpared with
line width, so called, high aspect ratio, wherein the pattern is fornmed by
| am nation of a Si-containing insulating |ayer such as a Si02 | ayer and the
nmetal |ayer, therefore a problemthat, for exanple, a pattern collapses by

e it BB AT o RaSl kT of B Brido B TS 0 e Y
DESCRI PTI &Y\S@%%W@bh@ﬂﬁﬁn[éﬂ@@?&mé@bnﬁﬁe |aﬁ§~°at Ioﬁ@-%h!éi'nréikﬁ’f nfrﬂ@m&rﬂ”pound
sel ected fromthe group consisting of | ong=chai n dl tertiary amne

and a | ongalt:lbaiar’oaaéloylanaaud)genmaml agent, eHasmnat cormenbed png stadtuiensrent i on,
preferably includes, the, gne re ented by the foll ow ng general formul a
(1) or thioTHEGE Sandenseiad piajdtrebygensrakfio @hase oF AN REkEICHE) ARl
|ndepe§1deg ¥ic rg% gent an al kyl group having 1 to 20 15 carbon atons, an
aryl group avi ng ‘to 10 carbon atons, or an aral kyl group having 7 to 12

carbon at ons(2)pAavéttied foh&&at@{-rebélmt treatn&itosida Rlenticordictor subsgbtey! group
having 4 to_20 carbon atoms), I (r)a RA-N-R4 X 22 R3 (wherein RL to R4

each i ndewﬂﬂ?@nﬁﬂ‘ﬁ)'aﬁtéﬁi%dséhttfeéwgatwef@fﬁ@mﬂ%\ﬁu giratethavirg 2@aternbon at ons,

I h 7t
25 o bodtoRBe 19 afhatioh Bt 3r5ieBhRind: Rt TayBh ot BurieL et el " 1 °
among RL {1 ddfngokitiaA oam@yébo%qmpuhaé/ﬂ.ﬂad.éuérpoﬂ%h@ﬁé\h aWRBRhgt H009]

In the general formula (1) , an al kyl graoup haV| ng 1 to 20 carbon
at ons]0 252QQ)nmﬁmr@¢rWURdelthﬁaﬂng is preferably a linear or branched al kyl

group, anf&OOS]

That is, the present inventors have intensively studied to discover a
composition enabling water-repellent treatment, by one time treatment, of surface
of semiconductor substrate, having a pattern with increased height as compared

15 with line width, so called, high aspect ratio, wherein the pattern is formed by
lamination of a Si-containing insulating layer such as a SiO, layer and a metal
layer, and as a result, discovered that, by using the composition of the above (1), it
is possible to perform water-repelient treatment of the semiconductor substrate
surface, having the pattern formed by lamination of the Si-containing insulating

20 layer such as the SiO; layer and the metal layer, simply and conveniently, as well

as efficiently, and have thus completed the present invention.

ADVANTAGEOUS EFFECTS
[0007]

25 By using the composition for water-repellent treatment of the present
invention, and a method for water-repelient treatment of a semiconductor
substrate surface using the composition, it is possible to perform water-repelient
treatment, by one time treatment, of semiconductor substrate surface, having a

pattern with increased height as compared with line width, so called, high aspect



specifically, includes, for exanple, a nethyl group, an ethyl group, a
n-propyl group, an isopropyl group, a n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, a n-pentyl group, an isopentyl group,
a sec-pentyl group, a tert-pentyl group, a neopentyl group, a 2-nethyl butyl
group, a 1,2-dinethyl propyl 5 group, a 1-ethylpropyl group, a n-hexyl
group, an isohexyl group, a sec-hexyl group, a tert-hexyl group, a neohexyl
group, a 2-methyl pentyl group, a 1,2-dinethylbutyl group, a :

2, 3-di hyl b | 1- ef hyl | up, -h I ,
conept yl giouieraf B By < brbeg by ardhatoniasia S gobamncasebHept
107gr oup, " hemen BT U ORIV 5 e, P Toveh, BEfS0E L n B b o

10 group, a neooctyl group, exyl” gr oup, an

i sonony| @xemple, a pattermaoiiabsey Bypfludndeeditsuraby ker@idPUSH wate RO ARMhg 9Y OUP, a
n- decyl gr?up,,an i sodecyl ﬁroup, a sec-decyl group, a tert-decyl group, a
neodecy! GFBUPSING PHIS MALEEyWhiGh d1gs, bagnna dsefiery| of gush A subsirate,iahache group, a
n-tetradegyl Qffpup, a n-pentadecyl group, a n-hexadecyl group, a

n- hept adecyl group, a n-octadecyl 15 group, a n-nonadecyl group, a
n-icosyl group, or the like, and anong them the linear alkyl group is
preferable, anong them the |inear al kyl group having 4 to 14 carbon atons
is nore preferable, and tDESCRIRIAON:OK\EMBODIMENZSi ng 6 to 14 carbon atons
IS anttmedﬁgi preferable. [0010] 20In the general forrmula (1) or (2), an
aryl groug g ing 6 to 10 carbon atons, represented by Rl to R4, may be any

O Q2 ToNOCY ClA @kt né RIS M AN dored iy SREGL PGBk And (Y4 e, | {Of

exanpl e, a phenyl group, a na group, an azule % he Iike,
and an®nglangeshainaalpylderibrygaminp dna\vi logg&haim Al atirBomuinSsaRl RAGIARLE -

25[ 0011] In the general formula (1) 01 (2), an aral kyl group having 7
to 12 car Hl?np@sﬁ'ﬁs',nv‘?rgﬁlneEE-%?@H'YUS)C'PQG% erane repressntechpy die follewingcycl i c, or
a condens i ifically, includes, for exanple, a benzyl
group, a gggﬁgbﬁgﬁaé#@Uﬁ?mgﬁgﬁgﬁg?h9@3é%&yI group, a 3-phenyl propyl group,
a 1-net hyl - 1phenyl et hyl group, a 4-phenyl butyl group, a
2-nethy|-2}phbnylpropyl group, a 1,2, 3,4-tetrahydronaphthyl group, a
naphthylmﬁrﬁm grd&b, a 2-naphthyl ethyl group, or the |ike, and anong them
a benzyl groyp having 7 carbon atonms is preferable. [0012] 5in the general
formula (2), an anion represented by X- is not especially imted, as |ong
as it is u Bl i | is fie nd
pr ef er abl S/\Ml%ﬁgipﬁ?je?]g %ﬁ'ﬁg:‘éip%ﬁa%rﬁfgﬁ%ggegeﬁtg?ﬁ%i Lgf&é’? t(]j‘av q%@ﬁ? ion, a
chloritle cahpn atdmsnardaryi groupaiiaviredsde 1008arbam aBsthNordRT bMme| GFaUP 2

sul fonic scld §uch as, for exanple, a nethanesul fonic acid, "an

et hanesul PRANE 7 3.1 41carkan ataneh Pravidegdhat atdeast ane empng R'toRiislas alkpl as f or
exanpl e, k. i cetic o acid, a propionic acid, a butyric acid,
or the IiQ%&ngkﬁﬂ%géﬁgé%ﬂgﬁfﬁéms%he | i ke. [0013] Anong the tertiary
am nes repreggnted by the general formula (1), the one where all of Rl to
R3 is a lineaw al kyb group having 4 to 14 carbon atons, is 15preferable,
and anDngthﬁhTthé one(@here all of RL to R3is a linear alkyl group
having 6 to ﬁﬁncarbon atons, is nore preferable. [0014] Anong t he
guaternary a niumsalts represented by the general formula (2), the one

where at hfrddin ®eo0R* BlcH %dgéeri\cﬁenﬂylrjealpegéntaé%yky%%dB hha"\i/}ﬁign‘iJ 6 2p° 14
20 carbon atoms, an aryl group having 6 to 10 carbon atoms, or an aralkyl group
having 7 to 12 carbon atoms, and X represents an anion, provided that at least
one among R'to R*is an alkyl group having 4 to 20 carbon atoms).
[0009]
In the general formula (1) or (2), an alky! group having 1 to 20 carbon atoms,

25 represented by R to R* is preferably a linear or branched alkyl group, and



20 carbon atonms, is preferable, and anong them the one where at |east one
of RlL'to R4 is a linear alkyl group having 6 to 14 carbon atons, is nore
preferable. [0015] When conpared with the tertiary am nes represented
by the general fornula (1) and the quaternary anmmoni um salts represented by
the general fornmula (2), 25 the quaternary ammoni um salts represented by
the general fornmula (2) are preferable. [0016] As the tertiary am nes
represented by the general formula (1), for exanple, tri-n-butylam ne,

tri-n-oct e Kk articul ar

pr ef or abl SPesaly; hélbadk, 18- BRhAR. AdmaRPl ol s S E-6ioBRy B FHEBH L by < ne
general f giotil an (s%bropﬁlpgroﬁﬁfaam]bﬁtyl %fdupna@f‘stutVFérBMb Wbﬁt@&@u&@ de,
tri-n-octyl met hyl ammonium 5 bro e, tri-n-octyl methyl anmoni um'’i odi de,
tetra-n- otﬂryblatvﬂngmunrrach-lpeniyu@roupetaraﬁmpenﬂyygmupora sec-peotyi demup, a

tetra-n-o ni um i odi de enzyl %r nme | n-t et radec¥l ammoni um chl ori de,
bonzyl o LR -Erayih A RSP ERA S P  BRIIPUY | Group. a1 S-dmethypropy!

benzyl di ngid I-n TRESE Y &?HTDJ‘I é r cularly
pref er ablng. l'%()[‘:'50013-5)/ ﬁls or thexngtgﬁg aﬂal neb(?lk |1Olﬁpergt%’:ﬁf&f}er fmnes and
| ong- chai graaipkyad tervexyiugrewd, t 8, nechexybngolp,nG 2methyideatl ngpupe aused, or
two or m)re ki nds may be used in combination, as appropriate. |In addition,

concent r af 1209’1”I§thﬂt?‘r@§egrloéﬁg-acﬁa3 dimathylbutyle ofeu: ya afretiyibulid datoshg achai n

o oF er bl JH5SBh Bods? A ishBEoiORAR hrrl-iehiyieatip, 2 oo bd o9 s Bl 11
As these hetteptfigroupabkybetyiRirbium an I%Bogegrcﬂm al seBdesN gidupak kart-oggmoni um

salts, a commercial product may be use or the one synthe5|zed in

accor #&nceroupt & NaCRAY GEaup, ali’adzthy\ibemgrqmpualnl-r;pwbgrdup,rart|bormrfyl grodp, as
appropriate % Pe used. ér{q '] The base or the acid generating
agent , ha9| NN g9Re AlE ntgé’L“Pu@t'?ﬁoé‘onWrgrPHPn?r{Ud?Wé ¥ sed ring

struct ur eisByedfNH6ES,| E'%éctlﬁacpﬁ ri%‘t-ﬁ@éﬁ'  grbB, e¥aﬁ'é%ote9}ll'; glg)élpr gsent

invention is (i) the one gener ase ‘or~ an 'aci d ation of

light with- Lmdaaylegrm;gtdwnmbdé@w grrmp;)ra hanigeeyl §gatb] ¥at-teradeésdigioup ays), 25
nore specifically, light with a wavel ength of 200 nmto 500 nm (activation
ener gy ra?é’Fnta(‘i‘PCY'W!O@Rlea @é’i?é‘?ﬁ?‘FYh@r%PRa%é"‘@PtaélﬁCH(QfGUIbya meeatadesy! and (i)

1 rgors ol S0 h-EHREER Hald M ERBLE, 4 Bedikuandamone afi Fion o a
part to bmlwl §RES iPprefaliE | SmERY Blen, W Medr oyl glolip 3aViRG 1498 1@r heating,

or the one formng condensed ring structure whereé %V\D or ndre nonocyclic
rings (al c@hariatoms isgeoremrefeabis, iaad thentiysar alkg! gronp bagied 6ty 1deatioat i on of a

base {in her. ds, the havi ng a condensed ring structure where two
B0 & Hirthernaisopre Brat

nor e fiatic rings or aromatic rings) are condensed
at t he regjym]rng part after the base or the acid is 5 rel eased by |ight
irradiati heating). The condensed ring structure is the one having a

pl anez st r uctruthe geineen famiute @G en€2)r anaryl grarppievirg) €010 icBgbonaatdis ene ring,
an ant hraqui none rin j hi oxanthone ring, an acenaphthene rin a

coumarin ﬁ%e”?%%ﬁh% Magbeany pea mqa@cyoilﬁmrga consiensed pelyeycliaci d
generat| nQn@%ﬁe&ﬁCally,h%cngse, \%?ne%r%tp'le % pﬂgr%l g'rgu;g) ' efnapﬁﬁw'y?grou%[ %?120]
azulenyl group, or the like, and among them, a phenyl group having 6 carbon
atoms is preferable.
25  [0011]
In the general formula (1) or (2), an aralkyl group having 7 to 12 carbon atoms,
represented by R' to R*, may be any of a monocyclic, or a condensed polycyclic,
and specifically, includes, for example, a benzyl group, a phenethyl group, an

a-methylbenzyl group, a 3-phenylipropyl group, a 1-methyl-1-phenylethyl group, a



The base or the acid generating agents, having the condensed ring
structure, or formng the condensed ring structure by generating the base
or the acid, relevant to the present invention, includes nore preferably

t he base generating agent represented by the follow ng general forrmula (3);
(wherein R5 and R6 each i ndependently represent a hydrogen atom or an al kyl
group having 1 to 10 carbon atons; R7 and R8 each independently represent a
hydrogen atom an al kyl group having 1 to 10 carbon atons, or R7 and R8

forman aji peh 0 ki ay) ' rQ ri .0 i ng the

ni trogen gtp g?n I% Io(am{pChét%g@é@ﬂ?ﬁ%%ﬁW dygi @%Qﬁ %Iﬂp%g‘tﬁ'tgﬁ%@t%é&o ring or

an ar omat haphiefi grdup! biapheyinéh dréu L2HhBEhAEMTBgb CoY tHBYik& AR

substituent(s); mnoieties of each i ndependently represent a hal ogen

at om or aamang{henyracgnzitlgroug having 7 rartmrdioms dg prefsrakled m represents an

i nteger o q to 9.). [0021] 25In the general formula (3), the al kyl group

having 1 912 car bon atons, represented by R5 to RO, includes a linear,

branched or b henéralttm@ayp an a%ib%%@fe%@hﬂen by € i G 2sp b ORI © 2

met hyl group, anethyl group,  a n-propyl group, an |sopPopy group, a

n- butyl ga®iopg aarit is sheborey Usuglip wsed éorsach hntoplectindbis fiel, ad brdietaply gr oup, a
a n-pentyl group, an isopentyl group, a sec-pentyl group,

Syg leEP : EZ{WP?F’%Q bl o chER9 St Tesnidnp e o adgonige S
1, 2-di .
’ met k! BE Uiide BROMP gp%(gjde‘?ﬁ/gg kﬂhogﬁékg%? 'éé’lpos@ﬁﬁ%% f"gfé%ﬁ]g!ggr oup, a

n- hexyl group, an 1sohex roup, a se P group, a
neohexyl getapes@fodic@didlyamefidnes@foditPacid dn AnBhreirREd wehy CadoRuie, a

2, 3-di net hyl butyl group, a 1-ethyl butyl group, a cycl ohexyl group, a

n- hepl§| aeidspch amiar sxampley b fgimio peidaar aeetitegsidia propiopic asid, ertiutyiiept v

group, a neoheptyl grou a cycl ohe | group, an 10 n-octyl group, an

i sooct vyl ﬁ?'&%?h%h‘%eeé%ggﬁ%fdedg&ﬂﬁhegweert- octyl group, a neooctyl group, a
2-ethy|henmh3proup, a cycl ooctyl group, a n-nonyl group, an isononyl group,
a sec-nonyl group, a tert-nonyl group, a neononyl group, a cyclononyl
group, a n-dAomphgghetrrfiagramises eepresanted py the generdefoymur dypthe @nker t - decyl
group, a neodecgl %%oup s a cyclodecyl group, or the like, and anong them a,
Ii near orWB§wl alkof k5 taifkyis grlipapr Akyleduprhaying 4 dadi4 paibpRiatemsyis a met hyl
group,< an - | _qr =h B.Or cl obut yl

o oup!S 2 prEistibis Erat Bnofl e, Y onflféRs a8 o "1 K ek s A B

n- cycl ohenaling6 €394 tarbbh atPhaiid ford fefethblen the general fornula (3), the
one represented by R7 and R8, which forms an 20 aliphatic hetero ring or

an aromat [081flet ero ring including the nitrogen atomto which they (R7 and
R8) are boun sai.d an_aliphatic heterg ring or romati c hetero ring
having 3 to g'“@&%g%qa?t&m;mmfﬂ%w ﬁ?ﬁ%ée%rgﬁ%'?t?‘?gléﬁtﬂ? ggneralomuyas an

al i phati cihehgpe e ' &Nkt [ [ tic hetero
i g havi (g e CRe e oAbl of R R g dihed 4R SR AM S B e For
exanpl®e, cabomaehisismrefergbie ariddimeng thiepre thedbrieewhére st imzishyheeoeR ione
(azepane) ., hept anet hyl enei m ne (azocane), octanethyl enei m ne (azonane),

2, 5- di et hi§l [sya inser akwaroyp BavingB i 4 paipeniaems is mole preferabigt hy| pi peri di ne,
4- hydr oxygi ?E]” di ne, 4-nercaptopiperidine, 4-nitropiperidine,

4-pyano_pi peri di ne, o_xazol i Qi ne, _ _

thi azol 1 di newhRaRiKaFe ith SEIsRRRY bfifhed BpfesBnielt B bEHAPIORAGI Ne.
2,3,5,6-tetramet hyl ti onorpholine; an aromatic hetefo ring including the

ni trogen @) @ngd thaigdatarnasly ammhoniumedatis oepresentedi by rthe §eheraBformulac®),at ons

whi ch25may have

the quaternary ammonium salts represented by the general formula (2) are
preferable. |
[0016]

As the tertiary amines represented by the general formula (1), for example,

tri-n-butylamine, tri-n-octylamine, tri-n-dodecylamine, and the like are particularly



substituent(s), such as, for exanple,pyrrole,imndazole, pyrazole,

2,5-di met hyl pyrrol e, 2, 5-di et hyl.pyrrol e, 2, 5-di net hyl i m dazol e, 2, 5-di et hyl -

5i m dazol e, 3, 5-di net hyl pyrazol e, 3,5-diethyl pyrazole, and anong them

pi peri di ne, 4-hydroxypiperidine and im dazole are preferable. [0023] I'n

the general fornmula (3), the hal ogen atomrepresented by R9 incl udes

specifically, for exanple, a fluorine atom a chlorine atom a brom ne

atom an 10 iodine atom or the |like, and anobng them a chlorine atomand a

brom ne ah%%rgglg preferable, and a bromne atomis nore preferable. [0024]

In the general tTornmula (3), mis preferably an integer of 0 to 5, and anong

them an [opyeper of O to 3 is nore preferable, and O is still nore

preferable. 15[ 0025] A preferable specific exanple of the base

gener ati ng aderthe guateirmayy tamemoninteszadte depreaented by dhe general foomoian@)t he
represented by the general

condensed, ring structure enerating the base, i

formula (% ?’?f’d’?@ﬁestf"“r‘?ﬁtﬁé@ RAMORUEY, (oRlofide tifproctyimethyiammearieay boxy| at e
or thesli i )0 : b r id [ , various
ki nds %avé'%lgne%én)’ E@ﬁt sl?qggéfégnn@%%eﬁdega{%ﬁ98%@%@%'@% %3%%0 Pur e
Chemi cal tetrdusbetylemmddicm Bromide, eétrd-Rechiaa@Bhiuritaided beftylditlethyre! ong,
therefore those synthesized as appro%ri ate based on correspondi ng

descri pt i BrietradecHammaniyn cAlaside ckenzyidimethy-mietragagdammoony promide For

exanpl e, 1 fic e | e of the base.generatjng agent is as follow
[0028] 1) 8%%3@""?‘9&'“%‘§%@§8¥4@?’59"W@“a g o A |h‘§ A'E% Gl tq?éﬁ%’éﬁf ensed ring
struct urepgfdrasieed from an ant hraqui none ring, a pyrene ring, an anthracene
ring, and a naphthal ene ring, at the remaining part after the base is

rel eated IP18] ght irradiation or heating. Anmong such a base
generating age he one havi nﬁtan of the condensed 5 ring structures
[

sel ected fro g‘%’f,ta%ﬁﬂ%aiﬁhﬁ@r%k feftery 2mygeeArd fangehaiivalkd amaRetvBicene ring
has been Qél@%l‘ﬂz Bfe 'kﬂd%%%@/e@}%g? be Uﬁ?%acirlt\ﬁo AL Ridds h%?/sb%ﬁsﬁgav' ng the

condensed ring Structure a’ nap ene ring nay sized in

accor dancia garhbinatioretasoabptesiiaté bad aduitPynicbaédrerabimep ltifesk @ﬁ?—cﬁéﬁ@' e 1 of
WO 2010/ 064631. That is, firstl -(or 10 2-)napht hyl net hy

, 1

4' - ni t r opRKYhErtiaat B@H@L’Seaﬂdsloabtcéaineﬂgyrb@mp@niami salfs 9n the eorpositomis t he sane
i het j,c Ex |.e except that 1-napht hgl epenet hanol

Lreag-e%;hﬁ%l"grﬁ’é@t S A SR B e o e

Synt heti colopmb.estoland next, 1-(or 2-)naphthyl met hyl
1- pi peri di necar boxyl ate nay be synthesized by operating

As these long-chain alkyl tertiary amines and long-chain alkyl ammonium salts,
a commercial product may be used, or the one synthesized in accordance with a
conventional method usually used in this field, as appropriate, may be used.

20 [0019]

The base or the acid generating agent, having the condensed ring structure,
or forming the condensed ring structure by generating the base or the acid,
relevant to the present invention is (i) the one generating a base or an acid by
irradiation of light with a wavelength of 200 nm or longer (activation energy rays),

25 more specifically, light with a wavelength of 200 nm to 500 nm (activation energy
rays), or the one generating a base or an acid by heating, and (i) the one having a
condensed ring structure where two or more monocyclic rings (aliphatic rings or
aromatic rings) are condensed in addition to a part to become a base or an acid

generated by light irradiation or heating, or the one forming condensed ring



15 simlarly using the same reagents as in the Exanple 1, except by using
this instead of 9-anthryl methyl 4'-nitrophenylcarbonate of the Exanple 1.

[ 0029] 2) About the base generating agent, having any of the
condensed ring structures selected froma thioxanthone ring and a xant hone
ring, at the remaining 20part after the base is released by |ight
irradiation or heating. Anong such base generating agents, the one
havi ng the condensed ring structure made of the thioxanthone ring has been
di scl osed_4 / - id] he an ' : condensed
ring str u%ﬂ{dt}rt')ﬁgn%go@g;b@ﬁ%? h%?\%Odrylglﬁ(gﬁﬁ%%/ta@ h%t&n%s&z%@ﬂaﬂgéﬁgér dance

wi th a nejRodosteared H8d geReralion Etd ©add ik dfEreRorlis! ¢he3 onBdndvigmal es 1 to 7
of WD 2010/ 064632. That is, firstly, 7-brono-2,4-diethyl-9H xant hene-9-one
i s obt ai neendepsepenatsirngiued wheeertwp ersinatg miesoeyslie rings (pliphaticagngsnon he

Synt hetic_Exanple 1 _except that 4-di et hyl- xant hene- 9-one was used
ot ead offo B AGEoE SERERIL e ik SRR Shai s RIREt I Byl o 1. and
next, 2, 4:gH -liGhe i3 14 - hHeRGe9s y be

obt ai n%d %é}!a%%g?ﬂ thlbﬂé]%s? Pﬁq?ﬁﬁ'ﬁ}@%g m%é%ngﬁg%g@%tt S ag 9? ﬂ{éﬁdépExarrpl e
1, except hawingiaipfemer birsctinesdif aadintifracenerrovgpa 2aghthdieat hind - dpyreaatringne- 9- one
of the Exanple 2, and still nore,

2, 4- di et h§1 APHEaQWNRRE ERH A CUPRIRRNEHNG. -3 AsRPIthens 1iNgo A- SUMAHENe- 9- one
may be ob} ai LG Si M larl.y i t s in the
Beampl o 11t gerithorsPRd B B! hirRhnE Bie GFadd GBnéiaRRF Bhénd

2, 4- di et hie-baseYehgeitiay vgdntapprefdralpié) - 9H t hi oxant hene- 9- one. [ 0030]

3) About the base generating agent, having the condensed ring structure
made & alP020koxyant hracene ring, at the remaining part after the base is

rel eased 10by light irradiation or heatipg.. |t has been disclosed in
Japancee Pat SHE CATDPI RS OqE 2139 ASBass Bavino e nponsed 1T SAURES v, ¢ he
base geneaa?drﬁﬁhg’ﬂwtcon&@,%bagnr{ghgtrwm@ee;f%Jénéﬁaﬂag $hé UsdsH! & HRASCi@T an
acenapht hene ring and a coumarin ring, at ‘the refrmining part after the
15base i sralalaabfethebpresenthinventioadinaludes nwre lpeeferaidy the badet gdrassatingen
di scl osed i n Japanese Patent Application No. 2010-168117. [0032] The
speci fi c asgliperresented Qi thesfollwing generphiormyladdknt are exenplified bel ow,
however, it isyma{ that these only can be used in the present invention,
but 20 those w

—X_/

n range de;scri bed in the above 4 application
descriptions I s%s e HseRin the present invention.
—C—N 3
\

b
c—0 3)
[

R® R®
15
(wherein R® and R°® each independently represent a hydrogen atom or an alkyl

group having 1 to 10 carbon atoms; R’ and R® each independently represent a
hydrogen atom, an alkyl group having 1 to 10 carbon atoms, or R” and R® form an
aliphatic hetero ring or an aromatic hetero ring including the nitrogen atom to
20  which they are bound, said an aliphatic hetero ring or an aromatic hetero ring
having 3 to 8 carbon atoms which may have substituent(s); m moieties of R® each
independently represent a halogen atom or an alkyl group having 1 to 10 carbon
atoms; and m represents an integer of 0 to 9.).
[0021]
25 In the general formula (3), the alkyl group having 1 to 10 carbon atoms,

represented by R® to R® includes a linear, branched or cyclic alkyl group,



0'11H CH2-0-G-N-(CH2)2CH3 0 I1H CH2 -0-C - N (CH2) 2CH3
CH2-0-C-NOH 0 I/ CH2-0-C-N )-OH

10

15

20

25

specifically includés, for example, a methyl group, an ethyl gfoup, a n-propy!
group, an isopropyl group, a n-butyl group, an isobutyl group, a sec-butyl group, a
tert-butyl group, a 'cyclobutyl group, a n-pentyl group, an isopentyl group, a
sec-pentyl group, a tert-pentyl group, a neopentyl group, a 2-methylbutyl group, a
1,2-dimethylpropyl group, a 1-ethylpropyl group, a cyclopentyl group, a n-hexyl
group, an isohexyl group, a sec-hexyl group, a tert-hexyl group, a neohexyl group,
a 2-methylpentyl group, a 1,2-dimethylbutyl group, a 2,3-dimethylbutyl group, a
1-ethylbutyl group, é cyclohexyl group, a n-heptSII group, an isocheptyl group, a
sec-heptyl group, a tert-heptyl group, a neoheptyl group, a cycloheptyl group, an
n-octyl group, én isooctyl group, a sec-octyl group, a tert-octyl group, a neooctyi
group, a 2-ethylhexyl group, a cyclooctyl group, a n-nonyl group, an isononyl
group, a sec-nonyl group, a tert-nonyl group, a neononyl group, a cyclononyl
group, a n-decyl group, an isodecyl group, a sec-decyl group, a tert-decyl group, a
neodecyl group, a cyclodecy! group, or the like, and among them, a linear or cyclic
alkyl group is preferable, and specifically, a methyl group, an ethyl group, a
n-propy! group, a n-butyl group, a cyclobutyl group, a n-pentyl group, a cyclopentyl
group, a n-hexyl group, or a n-cyclohexyl group is preferable.

[0022]

In the general formula (3), the one represented by R’ and R®, which forms an
aliphatic hetero ring or an aromatic hetero ring including the nitrogen atom to
which they (R” and R®) are bound, said an aliphatic hetero ring or an aromatic
hetero ring having 3 to 8 carbon atoms which may have substituent(s), inciudes
an aliphatic hetero ring including the nitrogen atom, said an aliphatic hetero ring
having 3 to 8 carbon atoms which may have substituent(s), such as, for example,
azetidine, pyrrolidine, piperidine, hexamethyleneimine (azepane),
heptamethyleneimine (azocane), octamethyleneimine (azonane), 2,5-diethyl-
pyrrolidine, 2,6-dimethyipiperidine, 2,4,6-trimethylpiperidine, 4-hydroxypiperidine,
4-mercaptopiperidine,  4-nitropiperidine,  4-cyanopiperidine, oxazolidine,

thiazolidine, = morpholine,  thiomorpholine,  2,3,5,6-tetramethyimorpholine,



[ 0034] ' [0035] OCH3 SOO OCH3 OCH3 S'S OCH3 On-C4H9 SO On- C4H9 On- C4AH9
SO0 On-C4H9 OCH3

2,3,5,6-tetramethyltiomorpholine; an aromatic hetero ring including the nitrogen

atom, said an aromatic hetero ring having 3 to 8 carbon atoms which may have

substituent(s), such as, for example, pyrrole, imidazole, pyrazole,

2,5-dimethylpyrrole,  2,5-diethylpyrrole,  2,5-dimethylimidazole, 2 5-diethyl-
5 imidazole, 3,5-dimethylpyrazole, 3,5-diethylpyrazoie, and among them, piperidine,

4-hydroxypiperidine and imidazole are preferable.

[0023]

In the general formula (3), the halogen atom represented by R® includes

specifically, for example, a fluorine atom, a chiorine atom, a bromine atom, an
100 iodine atom, or the like, and among them, a chlorine atom and a bromine atom are

preferable, and a bromine atom is more preferable.

[0024]

In the general formula (3), m is preferably an integer of O to 5, and among
them, an integer of 0 to 3 is more preferable, and O is still more preferable.

15 [0025]

A preferable specific example of the base generating agent, having the
condensed ring structure or forming the condensed ring structure by generating
the base, represented by the general formula (3) includes, for example,
9-anthrylmethyl 1-piperidinecarboxylate or the like.

20 [0026]

As such base or acid generating agents, various kinds have been
synthesized and filed a patent application by Wako Pure Chemical Industries, Ltd.
to which the present inventor et. al. belong, therefore those synthesized as
appropriate based on corresponding description in the patent application, may be

25  used.
[0027]

For example, a specific example of the base generating agent is as follow.

[0028]

1) About the base generating agent, having any of the condensed ring

10



SCDCIZHS [0036] O CH2-0-CI -Ni \ \/ CH30 IIl/) CHO -C-N\ O II/\
CH2-0-C -N\/ CH30 1II1/\---) CHOCNO Il /- CH2-0 -CN

structure selected from an anthraquinone ring, a pyrene ring, an anthracene ring,
and a naphthalene ring, at the remaining part after the base is released by light
irradiation or heating.

Among such a base generating agent, the one having any of the condensed

5 ring structures selected from an anthraquinone ring, a pyrene ring, and an
anthracene ring has been disclosed in WO 2010/064631.

In addition, the one having the condensed ring structure made of a
naphthalene ring may be synthesized in accordance with a method described in
Synthetic Example 1 and Example 1 of WO 2010/064631. That is, firstly, 1-(or

10  2-)naphthylmethyl 4'-nitrophenyl carbonate is obtained by operating similarly
using the same reagents as in the Synthetic Example 1, except that
1-naphthalenemethanol or 2-naphthalenemethanol was used instead of
O-anthracenemethanol of the Synthetic Example 1, and next, 1-(or
2-)naphthylmethyl 1-piperidinecarboxylate may be synthesized by operating

15  similarly using the same reagents as in the Example 1, except by using this
instead of 9-anthrylmethyl 4'-nitrophenylcarbonate of the Example 1.

[0029]

2) About the base generating agent, having any of the condensed ring
structures selected from a thioxanthone ring and a xanthone ring, at the remaining

20  part after the base is released by light irradiation or heating.

Among such base generating agents, the one having the condensed ring
structure made of the thioxanthone ring has been disclosed in WO 2010/064632.

In addition, the one having the condensed ring structure made of a xanthone
ring may be synthesized in accordance with a method described in Synthetic

25 Examples 1 to 3 and Examples 1 to 7 of WO 2010/064632. That is, firstly,
7-bromo-2,4-diethyl-OH-xanthene-9-one is obtained by operating similarly using
the same reagents as in the Synthetic Exampie 1, except that
2 4-diethyl-9H-xanthene-9-one was used instead of 2,4-diethyl-9H-thioxanthene-
9-one of the Synthetic Example 1, and next, 2,4-diethyl-7-(3-hydroxy-propyl-1-yl)-

11



OCH3 SOO OCH3 OCH3 SOO OCH3 OCH3 SOO OCH3 OCH3 SOO ocH3 ocH3 SOO ocH3 ocH3
*el ocH3 ocH3 SOO ocH3 [0037]

9H-xanthene-9-one may be obtained by operating similarly using the same
reagents as in the Example 1, except by using this instead of 7-bromo-2 4-
diethyl-9H-xanthene-9-one of the Example 2, and still more, 2,4-diethyl-7-[3-(N,N-
diethylcarbamoyloxy)-1-propyl-1-yl}-9H-xanthene-9-one may be obtained by
5 operating similarly using the same reagents as in the Example 1, except by using
this instead of 2,4-diethyl-7—(3-hydroxy-propy|-1-yI)—9H-thioxanthéne—9-one.
[0030]
3) About the base generating agent, having the condensed ring structure
made of an alkoxyanthracene ring, at the remaining part after the base is released
10 by light irradiation or heating.
It has been disclosed in Japanese Patent Application No. 2010;135818.
[0031] |
4) About the base generating agent, having the condensed ring structure
made of an acenaphthene ring and a coumarin ring, at the remaining part after the
15  base is released by light irradiation or heating.
It has been disclosed in Japanese Patent Application No. 2010-168117.
[0032]
The specific examples of such a base generating agent are exemplified
below, however, it is not that these only can be used in the present invention, but
20 those within a range described in the above 4 application descriptions may also

be used in the present invention.

12
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CH OGN [0038] OHe 76 ,.., NNB(C6H5)4 cv [0039] I n addition
al so as for, for exanple, the acid generating agent, the one 5having the
simlar condensed ring structure, as in the above-descri bed base generating
agent, is preferable. [0040] As for the base or the acid generating
agent, having the condensed ring structure or form ng the condensed ring
structure by generating the base or the 10 acid, relevant to the present

i nvention, only one kind anmong them may be used, or two or nore kinds may
be used in conbination, as appropriate. In addition, concentration of these
in the conp05|t|on Ps usually 0.001 go 0.5 nol/L, preferably 0.001 to 0.2
mol /L, and ‘ 0. 091 tp 0.6 mol /L. In addition, when shown in
wei ght rati o, one havi ng an ‘ant hracene 15 ring, anong the base
generating agentw, 0.2to 1 ww4g and preferably 0.3 to 0.7 ww¥4g and
as for the one having an anthraquinone ring it is 0.2 to 0.6 ww4g and
preferably 0.2 to 0.5 ww¥% [0041] As c) polar organic solvent relevant to
the present inventi®n, there is |ncbuded 20 an al coholic protic polar
organi ¢ sol ve 9 for exanp h+g§;2anol et hanol , n-propano

i sopropanol , t ert-bufa anol t hoxy- 2- pr opanol , ethyl ene

gl ycol; aprotic or gani ¢ sol vent such as, esters solvent such as, for
exanpl e, ethyl acetate, n-propyl acetate, ethyl | actate, y-butyrol actone;
‘am des sol vent such

|
s CHs

0 o
I H
O O =—CH,—0—C—N—(CH,),CH;,
s
i 0
O O = CHZ—O—C—NC>~OH
. _

[0035]

15



as, for exanple, dinethylformanide, N nethylpyrrolidone; sulfoxides solvent
such as, for exanple, dimethylsulfoxide; nitriles solvent such as, for
exanpl e, acetonitrile; cyclic ketones such as, for exanple, cyclohexanone.
These pol ar organi c solvents may be sel ected, as appropriate, depending on
5 objectives, and in the case of using the conposition for water-repellent
treatnent of the present invention aimng at using in conbination with

wat er-repell ent treatnment of a Si-containing insulating |ayer such as a

Si 02 | ayer usiomy, for exanple, hexanethyldisilazane [HVDS:

bi s(trimet byl shd yh)an ne], use a aprotic polar organic solvent is

desi r abl e of °Re _t(f/Ttone is nore desirable. 10 As for these
pol ar organ 7ents relevant to the present invention, only one kind may
be used, or tvscir nore kinds may be used in conbination as appropriate.
[0042] A substrate whose surface can be treated to make water-repel |l ency

using the 15 conposition for water-repellent treatnent of the present
invention is r¥tkespegial |y limted, as long as it is a sem conductor
substr at e _Ferrard m:thé#@&Lﬁg% ki\nds insulating | ayers containing Si, which
i s used iId, such as_a Si02 film (including a TEOS film or
thermal ly-oxidyzed film, a SINfilm a boronphosphorous-doped silicon film
(BPSG filnm orogHe |ike. The conposition for 20 water-repellent treatnent
of the present invention, anong them is the one, which exerts effect that
both of the a Si-containing insulating |layer and the netal |ayer of the

sem conduct or ¥ttt rate, whoch_has a pattern with increased hei ght as
conpar ed wth e f@nggoi&um i's, high aspect ratio, and that the pattern
is forned dtion with a-Sr-containing insulating | ayer such as a
Si02 | ayer andfa ~25 netal |ayer, such as, for exanple, a tungsten (W
film a tungst@Cdtanium (WTi) film an aluminum (Al) film a titanium
(Ti) film a hafnium (H) film a filmformed by an alloy containing these
metals; a high-k Hlmformsd by, for exanple, a hafnium (H) oxide, a

haf ni um ytt ri um ¢H N)CHaxi de, be treated to make water-repellency at the
sanme tinme O Ghhd amected that |am nation order or |am nation nunber
or the Ii 0 a Si-contaMa¥ng insulating |ayer and the nmetal |ayer, in
the pattern forned by lam nation is not especially limted, as long as it
is the one usft4bformed in this field. [0043] 5The water-repellent
treatnent nmethod of the sem conductor substrate surface using the

conmposi tion fy ater-repellent treatment of the present invention is not
especially Ii %éd as Ionq>a§rkt is a nethod in which, the conposition for
wat er - r epe Mﬁﬁtrf&—mhe present invention and the sem conduct or
substrat ey ’ |d be treated to make wat er -repel | ency, can be
contacted 10 Qﬂger light irradiation or heating, and a nmethod usually
adopted in thi% ield, such as a dipping nmethod or a single wafer nethod,
has no pajoodeul ar probl ens. The tenperature in water-repellent treatnment is
not especially limted, and in the case of generating a base or an acid by
light irradiation, 10Cto 30C is preferable, while in the case of
generating a base or an acid by heating, 40Cto 80Cis 15 preferable. The
treatnment tinme is also not especially Ilimted, and in the case of
generating a base or an acid by light irradiation, 1 to 10 mnutes is
suitable, while in the case in the case of generating a base or an acid by
heating, 1 to 30 mnutes is suitable. In addition, a |light source to be
used in light irradiation is also not especially limted, as long as it can
irradiate light with a wavel ength of 200 nmor 20 |onger (activation
energy rays), nore specifically, light with a wavel ength of 200 nmto 500
nm (activation energy rays). For exanple, there is included a nercury |anp,
a xenon (Xe) lanp or the like. It should be noted that |light irradiation
energy in this case is not especially limted, as long as it provides the
anount required to rel ease a base or an acid fromthe base or the acid
generating agent 25 relevant to the present invention, and usually |ight
with a wavelength is irradiated so as to attain 40 to 100 nmmd/cnR2 at around
254 nm while light with a wavelength is irradiated so as to attain 800 to
1500 mmJ/ cn2 at around 365 nm In addition, after generating a base or an
acid by light irradiation or heating’éefore usi ng the conposition for

wat er-repellent treatnent of the present invention, and by making
contacted with the sem conductor substrate to be treated to nake

wat er-repel l ency, simlar water-repellent treatnent can be performed. In
this way, light energy amount in the case where light is irradiated, in
advance, may al so be set, as appropriate, in accordance with the case of

I e I L - T M B T o




In the case of using the conposition for water-repellent treatment of the
present invention, by what nmechani smthe sem conductor substrate can be 10
treated to make water-repellency is not necessarily clear, however, the
followi ng possibility is high. That is, it is considered that the one
formed by a condensed ring conmpound, where two or nore cationic (or
anionic) or radical-type nonocyclic rings (aliphatic rings or aromatic
rings) are condensed, generated by structural change of a conpound (or by
deconposi tion %f a conpound) (along with 15 eneratlon of an acid or a
base) by Ilght ?radlatlonoornhgaplng, and$f Iong cha®n kyI tertiary
e’f\.'azg—akam anmoni u cha}ec+n ter-repellency
@3 herefore, McgHs CO at the obj of the _
present inventlion can be achi eved by using conpounds enabllng to generate
such mechani s conbi nation, even by ot h8FHconbi nation than the
20above- descri bed specific cornblnatlon EXAMPLES [ 0045] Expl anati on
wi |l be givendegl ow specifically on the prgggnt invention with 25 reference

to Experi anpl e an BX 2es, haoweyer, the pres%nt vention shoul d
- Rra O T ol §p

not be Ii édle—@xaM es. [00 @
Conposi ti ons W ¢ various kinfds of reagentg~weére conbi ned were prepared

and it was prg 'ged an investigation whet hggywater-repellent treatment of a
surface of a thermally oxidized filmwafer (that is a silicon wafer having
a Si02 layer) is possible or not. [0047] 51. A preparation nethod for an
eval uation sul§>§!—ls ate. ‘5he thermal |y odeHazed filmwgfer _having a size

of 8 inch _6{@) as S d r_tw_fjours, by charging
it in 280 aquéous S0 ﬁ? aéﬁt @5% hydr ogen
per oxi de wate d i on-exchanged wat er ed in a volune ratio of 1:
1. 5. After thm-la it was 10 rinsed using aOSH;ngI e waf er processi ng washi ng

machi ne (Ml tispinner, manufactured by Kaijo Corp ), for 2 _m nutes under
rotation at 800, rpm and then spin dried f8é m nut es una otation at

am ne or e

3000 rpm Aft & Hfhat t he Waf QLS cut to7d size of 2 @m)=Z cmto be used
as t he evafuattNenSswost+ot-e— *} RatcAp-@fcan i nvestigation
conposi ti rrpounds desc ped @ﬁ!@ was di ssol yeg each by 0.5
wWwhinto y-b rol actone to be used as the investigation osi tion. It

t
shoul d be not é’&Y"? hat preparation of the i nPEkY | gation conpGsition was

performed under a yellow | anp RACSY-1 C, manufactured by M tsubi shi
El ectric Corp.gen, | n additian, 20 the fobbpvvl ng Exanpl epresent S
wwhin all cdse [0049] 5. reat me for theul gation
il seeh s S C 66 e
OCHjs OCH3
. OCHj,3 OCH,
Qe L0
OCH3 OCH,
OCHs 0 Me OCH3
OOO CH,—O— C—N c o C—N >
CH3
OCHs OCH,
[0037]
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20 L of the investigation conposition was put
in which the evaluation substrate was i mersed for
using a ultrahigh pressure nercury |anp

beaker

stlrrlng and 25 irradiating,

REX- 250 (a center wavel ength of 350 nm), manufactured by Asahi

Ltd. After that,

met hod.
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for 1 mnute and dried using conpressed air.
About the substrate treated with the investigation conposition,
yr ed by aut omat i callyo@l.q opping 1 pL of pure water,
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-~ - TBAH (tetra-n -butyl ammoni um hydroxi de) 55 - - 10 - Zephirami ne* 69
45 42 '25 20 TOA- Br (tetra-n -octylanmoni um brom de) 68 50 32 - 20

[0038]

@fﬁ”\/\ B(CoHs)s @ﬁ @ BCeMs)e
(@] 0

DO

N o
o) B(CegHs)4
[0039]
In addition, also as for, for example, the acid generating agent, the one
5 having the similar condensed ring structure, as in the above-described base
generating agent, is preferable.
[0040]
As for the base or the acid generating agent, having the condensed ring
structure or forming the condensed ring structure by generating the base or the
10 acid, relevant to the present invention, only one kind among them may be used, or
two or more kinds may be used in combination, as appropriate. In addition,
concentration of these in the composition is usually 0.001 to 0.5 mol/L, preferably
0.001 to 0.2 mol/L, and more preferably 0.001 to 0.06 mol/L.
In addition, when shown in-\./veight ratio, as for the one having an anthracene
15 ring, among the base generating agents, it is 0.2 to 1 w/w%, and preferably 0.3 to
0.7 wiw%, and as for the one having an anthraquinone ring it is 0.2 to 0.6 w/w%,
and preferably 0.2 to 0.5 w/w%.
[0041)
As c) polar organic solvent relevant to the present invention, there is included
20 an alcoholic protic polar organic solvent such as, for exampie, methanol, ethanol,
n-propanol, isopropanol, n-butanol, tert-butanol, 1-methoxy-2-propanol, ethylene
glycol; aprotic polar organic solvent such as, esters solvent such as, for example,

ethyl acetate, n-propyl acetate, ethyl lactate, y-butyrolactone; amides solvent such
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Ip‘nicriiquid 166 - 10 18 - lonic liquid 2 20 - - - _ WPAG 413 30 27 24 10
- None 20 24 20

as, for example, dimethylformamide, N-methylpyrrolidone; sulfoxides solvent such
as, for examplé, dimethylsulfoxide; nitrles solvent such as, for example,
acetonitrile; cyclic ketones such as, for example, cyclohexanone.
These polér organic solvents may be selected, as appropriate, depending on
5 objectives, and in the case of using the composition for water-repellent treatment
of the present invention aiming at using in combination with water-repellent
treatment of a Si-containing insulating layer such as a SiO» layer using, for
example, hexamethyldisilazane [HMDS: bis(trimethylsilyl)amine], use of a aprotic
polar organic solvent is desirable, and use of y-butyrolactone is more desirable.
10 As for these polar organic solvents relevant to the present invention, only one
kind may be used, or two or more kinds may be used in combination as
appropriate.
- [0042)
A substrate whose surface can be treated to make water-repellency using the
15  composition for water-repellent treatment of the present invention is not especially
limited, as long as it is a semiconductor substrate formed with various kinds
insulating layers containing Si, which is used in this field, such as a SiO; film
(including a TEOS film or thermally-oxidized film), a SiN film, a boron-
phosphorous-doped .silicon fiim (BPSG film) or the like. The composition for
20 water-repellent treatment of the present invention, among them, is the one, which
exerts effect that both of the a Si-containing insulating layer and the métal layer of
the semiconductor substrate, which has a pattern with increased height as
compared with line width, that is, high aspect ratio, and that the pattern is formed
by lamination with a Si-containing insulatingl layer such as a SiO; layer and a
25 metal layer, such as, for example, a tungsten (W) film, a tungsten-titanium (W/Ti)
film, an aluminum (Al) film, a titanium (Ti) film, a hafnium (Hf) film; a fiim formed by
an alloy containing these metals; a high-k film formed by, for example, a hafnium
(Hfy oxide, a hafnium-yttrium (Hf/Y) oxide, can be freated to make

water-repellency at the same time. It should be noted that lamination order or
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10 - HVDS [bis(trinethylsilyl)anine] - - - - 60 Untreated (SC1) - - - - 6
*Zephi'rami n: benzyl di net hyl -n -tetradecyl ammoni um chl oride [0053] [Table
2] WPBG- 015 WPBG- 058

lamination number or the like of the a Si-containing insulating layer and the metal
layer, in the pattern formed by lamination is not especially limited, as long as it is
the one usually formed in this field. |
[0043]

5 The water-repellent treatment method of the semiconductor substrate surface
using the composition for water-repellent treatment of the present invention is not
especially limited, as long as it is a method in which, the composition for
water-repelient treatment of the present invention and the semiconductor
substrate which should be treated to make water-repellency, can be contacted

10 under light irradiation or heating, and a method usUaIIy adopted in this field, such
as a dipping method or a single wafer method, has no particular problems. The
temperature in water-repelient treatment is not especially limited, and in the case
of generating a base or an acid by light irradiation, 10°C to 30°C is preferable,
while in the case of generating a base or an acid by heating, 40°C to 80°C is

15  preferable. The treatment time is also not especially limited, and in the case of
generating a base or an acid by light irradiation, 1 to 10 minutes is suitable, while
in the case in the case of generating a base or an acid by heating, 1 to 30 minutes
is suitable. In addition, a light source to be used in light irradiation is also not
especially limited, as long as it can irradiate light with a wavelength of 200 nm or

20  longer (activation energy rays), more specifically, light with a wavelength of 200
nm to 500 nm (activation energy rays). For example, there is included a mercury
lamp, a xenon (Xe) lamp or the like. It should be noted that light irradiation
energy in this case is not especially limited, as long as it provides the amount
required to release a base or an acid from the base or the acid generating agent

25  relevant to the present invention, and usually light with a wavelength is irradiated
s0 as to attain 40 to 100 mmJ/cm? at around 254 nm, while light with a wavelength
is irradiated so as to attain 800 to 1500 mmJ/cm? at around 365 nm.  In addition,
after generating a base or an acid by light irradiation or heating before using the

composition for water-repellent treatment of the present invention, and by making
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lonic liquid 1 lonic liquid 2 WAG 413 r1-117 ir w

contacted with the semiconductor substrate to be treated to make
water-repeliency, similar water-repellent treatment can be performed. In this way,
‘light energy amount in the case where light is irradiated, in advance, may also be
set, as appropriate, in accordance with the case of simultaneous light irradiation,
5 and heating temperature and heating time in the case of heating in advance may
also be set, as appropriate, based on the above-described treatment method.
[0044]
In the case of using the composition for water-repellent treatment of the
present invention, by what mechanism the semiconductor substrate can be
10 treated to make water-repeliency is not necessarily clear, however, the following
possibility is high. That is, it is considered that the one formed by a condensed
ring compound, where two or more cationic (or anionic) or radical-type monocyclic
rings (aliphatic rings or aromatic rings) are condensed, generated by structural
change of a compound (or by decomposition of a compound) (along with
15 generation of an acid or a base) by light irradiation or heating, and the long-chain
alkyl tertiary amine or the long-chain alkyl ammonium salt participate in
water-repellency on the substrate. Therefore, it is considered that the object of
the present invention can be achieved by using compounds enabling to generate
such mechanism in combination, even by other combination than the

20 above-described specific combination.

EXAMPLES
[0045]
Explanation will be given below specifically on the present invention with
25 reference to Experimental Example and Examples, however, the present
invention should not be limited to these examples.
[0046]
Experimental Example 1.

Compositions where various kinds of reagents were combined were prepared
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SN N 4. .0 1=1 ".s03e - Oe / N-n-C4HO--,,.."..S03 1.1 411(r)

CH3C000 0 [ 0054] Fromthe results of Table 1, it has been understood
that use of a y-butyrolactone solution containing zephiram ne
(benzyl di net hyl -n-tetradecyl - 5 amoni um chloride) which is the |ong chain

al kyl ammonium salt, and 9-anthryl net hyl 1-pi peridi necarboxyl ate (WPBG 015)
which is the base generating agent having the condensed ring structure
conposed of an anthracene ring, provides the highest water-repellency to

the surfagce, qof the thermally oxidized filmwater. | houl d he noted that
from the SEL0 PRaPRURFDAD YoeidniBRoyhing, WBlcreny oot W3Plrtertcal Sut 1
hexanet hyd ¢azk| FzatRerhblyOSkidiBes filnh WEREHHALd ¥l Jifidhneafer WANIRY al SIO,
conventional technol ogy, was 60 degree, it was judged that a conposition
enabl i ng layepisomasdible drenatont act angl e equal to or larger than this enables
to give O[Bio ctive contact angle of the present invention. It should be

not ed t hat”, Hlthough not shown in Table 1, investigation was 15 perforned

usi ng ant hr aﬁ-ﬁﬁé@%%e%é’f%’%?%g%('a@éwmékfﬁ@t hyl 1-pi peri di necarboxyl ate

(WPBG015), even by conbinéed use w zephi ram ne

(benzyl di net igé tinertradlly astieiiaed fimnwaied Maginhcd isite) of 8 tnohaput iIPagdadice to gi ve
wat er-repellency to the substrate surface. [0055] 20Exanple 1.

| nf | uencebP@AKeR ks nmerssel Tof YR hprisa 8y BhAEHNG HdNi489embiafAn AAYEaNST e

i nvesti gat in.the e_of usin ybyt yral act one sol uti on cont ai ni ng
ephi 1 o SN AT 2B I WaBes e AT R P Ee AT GRG) o he

| ong chai ignalxkhangeanmpateHivefeahnixedaR Voldmk tatid 8B4 hyis 1-Axieperatdis iegar boxyl at e
5 (WPBG 015) which is the base generating agent having the condensed ring

st ructUr erinsedpaising of  singlanwafarc enecassing, washingpmoadhited @vhdtidpinglesst
water-repellency to the surface of the thermally oxidized filmwafer in
Experi rren’f“él‘“fré?e;’r‘&d) By Kaijgy Ofmb?@'o%ﬂwt?? BRdsrdptaian 8t SP% R ¥t thePeat nent .

| oshoul defi aRes 88 ot iRbies IrBEFRAIANHR0MF RS A hdiereNplbRlbon.sUDSt rat e

used, 10 treatnent o e substrate osition for water-repellent
t r eat nent toansizeeb umen2 Bin tofbeaseti astthabydieatith qubsikateat er were perforned in

accor danc[%o%]t h Experinmental Exanple 1. Results are shown in Table 3.
15 2. Preparation of an investigation composition.

Compounds described in Table 1 was dissolved each by 0.5 w/w% into
y-butyrolactone to be used as the investigation composition. It should be noted
that preparation of the investigation composition was performed under a yellow
tamp (FLR40SY-IC, manufactured by Mitsubishi Electric Corp.). In addition, in

20 the following Examples, % represents w/w% in all cases.
[0049]

3. Atreatment method for the investigation composition.

20 mL of the investigation composition was put in 30 mL of a plastic beaker, in
which the evaluation substrate was immersed for 1 minute under stirring and

25 irradiating, using a ultrahigh pressure mercury lamp REX-250 (a center
wavelength of 350 nm), manufactured by Asahi Spectra Co., Ltd. After that, the
substrate was taken out, rinsed with pure water flow for 1 minute and dried using

compressed air.

[0050]
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[0’056]' [ Tabl e 3] Cont actangl e of pure water (unit: degree) Imersion tine
(M n) WBPG 015, Wthout |ight WBPG 015, Wth light 0.5 27 49 1 30 69 10 30
68 Treated with HVDS 60 - Untreated (SC-1) 5

4. An evaluation method.

About the substrate treated with the investigation composition, contact angle
was measured by automatically dropping 1 pL of pure water, using a contact angle
meter (Drop master DM-501, manufactured by Kyowa Interface Science Co., Ltd.).

5 [0051]

5. Results.

Measurement results of contact angle are shown in Table 1, colleétively. It
should be noted that structural formulae of the compounds shown by brevity

codes in Table 1 are shown in Table 2.

10  [0052]
[Table 1]
Contact angie of pure water {unit: degree)
WPBG-015 | WBPG-058 | wepG-0g2 |-odum dodecyll
sulfate
TMAH (tetramethylammonium hydroxide) 28 - - 10
TBAH (tetra-n -butylammonium hydroxide) 55 - - 10
Zephiramine* 69 45 42 25 20
TOA-Br (tetra-n -octylammonium bromide) 68 50 32 - 20
lonic liquid 1 66 - 10 18
tonic liquid 2 20 -
WPAG-413 30 27 24 10
None 20 24 20 10
HMDS [bis{trimethylsilyl)amine] - - . . 60
Untreated (SC-1) - - - - [
*Zephiramin: benzyldimethyl-n -tetradecylammonium chloride

[0053]
[Table 2]
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- [00\‘57] Fromthe results of Table 3, it has been understood that (i)
to make the substrate surface wat er -repel |l ent cannot be achi eved w t hout
light irradiation (OFF), and (ii) water-repellent treatnent is conpleted by
imersion for 1 mnute 20 or nore under light irradiation, and effect

t hereof is higher than the case of treatnent w th hexanethyl di sil azane

[HVMDS: bis(trimethylsilyl)amne], or the I|ike. Al t hough it was
understood that the substrate surface can be made wat er -repel | ent by using
the conpo —of the present invention, in
or der trrg Pk Y ; gssessgd—"l’ﬂ%e__wal_et-repel | ent
| ayer, it confirmed how water-repell ency changes, in other wards, how
cont act angf pur teredh the Ngubst rate surgace changes, in{the case
where the| e at bg]ths s raf eYobral nedfb\x ; i f&r Ezp )nut g/s
under i ght adi dti on, \vas,gvassed g A)| and/ or

y @ [ abl e ATN THedt ment

pure watef. esul t5 are s$hown in Tabbe 4.
nmet hod Cont aet” angl e of pyre water (unit: degree) IPArinsing -? |Pure water
rinsing fpr—1 mn 17 Purelwater rinsing 37 | [0059] 10Fromthe redults of

Tabl e 4, jt—had"HAEY undetstood TRHEE2([) there is a WP rennvablle with
| sopropyl| al cohol (IPA), at the surface whijch was e water-repgllent, and

(ii) the filmcan be dissolved also with pure water r the like.

@ c ® S] @
CHy~ 22Ny —11-CgH © 0 @ S}
~NZON 805 | NTrCeHs_~_.SO5 @—s CHACO0

[0054]
From the results of Table 1, it has been understbod that use of a
y-butyrolactone solution containing zephiramine (benzyldimethyl-n-tetradecyl-
5 ~ammonium chloride) which is the long chain alkyl ammonium salt, and
9-anthrylmethyl 1-piperidinecarboxylate (WPBG-015) which is the base
generating agent having the condensed ring structure composed of an
anthracene ring, provides the highest water-repellency to the surface of the
thermally oxidized film wafer. It should be noted that from the fact that contact
10 angle of a surface after treatment with hexamethyidisiazane [HMDS:
bis(trimethylsilyl)amine], which is conventional technology, was 60 degree, it was
judged that a composition enabling to provide the contact angle equal to or larger
than this enables to give objective contact angle of the present invention.
it should be noted that, although not shown in Table 1, investigation was
15 performed using anthracenemethanol instead of  9-anthrylmethyl
1-piperidinecarboxylate (WPBG-O15), however, even by combined use with
zephiramine (benzyldimethyl-n-tetradecyl ammonium chloride), it was impossibie
to give water-repellency to the substrate surface.
[0055]
20 Example 1.
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Fron1these facts, it is estimated that the water-repellent filmformed at
the 'substrate surface I s adsorbed at the substrate surface by a force in a
degree of 15 van der Waals' force, and not by chemi cal bond to the
substrate. [0060] Exanpl e 2. Influence of concentrations of zephiram ne
(benzyl di net hyl - nt et radecyl ammoni um chl ori de) and 9-ant hryl net hyl

1- pi peridi necarboxyl ate (VVPBG 015) in the conposition for water-repellent
treat ment. 20Investigation was perforned on influence of concentrations of

ephi ram ne Iammnl um chl oride). and

S gnltLryI net SII% é/ep Perl fgﬁsétgalp o@ dmﬂ%GaB‘ri]]S mr:nﬁrsmge tE'&%prHTet i gn fO[ N
wat er-re e t I gr e note
t hat , coﬁ%ﬁ??gﬁc{)ng Pfﬁ@Tg%é%S%f truglgr e?e%%ﬁé%&%%gtsﬁgﬁonw}: V\Pﬁ/‘g}gﬁ‘1 r?d

y- but yr ol a2ephinaming r(lbé{ﬁyldadethyll-mtetradecpyrmpmoamhonhlmaﬁél)owhrbbns tthe lengal uat i on
substrate used, treatnent of the substrate by the conposition for

wat er - r epENaiRn@lky} e AFVRANNUM N §alke A8 ePhapthndmedyht AdRipatisiesatoxyatee wat er
T Py BUPBDI G50 1906 b oeP St BAl L AL ot LT
degree) 28tructure composed of an anthracene ring, that provided the highest
water-repellency to the surface of the themmally oxidized film wafer in
Experimental Example 1, as the composition for water-repellent treatment. It
should be noted that, a preparation method for the evaluation substrate used,
10 treatment of the substrate by the composition for water-repellent treatment and
measurement of contact angle of pure water were performed in accordance with

Experimental Example 1. Results are shown in Table 3.

[0056]
[Table 3]
Contactangle of pure water (unit: degree)
Immersion time {min) WBPG-015, Without light WBPG-015, With light

0.5 27 49

1 30 69

10 30 68

Treated with HMDS 60
15 Untreated (SC-1) 5 -

[0057]

From the results of Table 3, it has been understood that (i) to make the
substrate surface water-repellent cannot be achieved without light irradiation
(OFF), and (ii) water-repellent treatment is completed by immersion for 1 minute

20 or more under light irradiation, and effect thereof is higher than the case of
treatment with hexamethyldisilazane [HMDS: bis(trimethylsilyl)amine], or the like.

Aithough it was understood that the substrate surface can be made
water-repellent by using the composition for water-repellent treatment of the

present invention, in order to confirm what kind of property is possessed in the
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69(*) _»'69(*)' 69(*) 35 0.50% 70 68 56 27 0.10% 38 39 33 23 0% 17 14 14 10 (*)
shows that the substrate surface after treatnent becane nottled. 5[0062]

water-repellent fayer, it was confirmed how water-repeliency changés, in other
words, how contact angle of pure water in the substrate surface changes, in the
case where the evaluation substrate obtained by immersing it for 10 minutes
under light irradiation, was washed using isopropyl alcohol (IPA) and/or pure water.

5 Results are shown in Table 4.

[0058]
[Table 4]
Treatment method Contact angle of pure water {(unit: degree)
IPA rinsing — Pure water rinsing for 1 min 17
Pure water rinsing 37
[0059]
10 From the results of Table 4, it has been understood that (i) there is a film

removable with isopropyl alcohol (IPA), at the surface which was made
water-repellent, and (ii) the film can be dissolved also with pure water, or the like.

From these facts, it is estimated that the water-repellent film formed at the
substrate surface is adsorbed at the substrate surface by a force in a degree of

15 van der Waals' force, and not by chemical bond to the substrate.

[0060]

Example 2. Influence of concentrations of zephiramine (benzyldimethyl-n-
tetradecylammonium chioride) and 9-anthryimethyl 1-piperidinecarboxylate
(WPBG-015) in the composition for water-repelient treatment.

20 Investigation was performed on influence of concentrations of zephiramine
(benzyldimethyl-n-tetradecylammonium chloride) and 9-anthryimethyl
1-piperidinecarboxylate (WPBG-015) in the composition for water-repellent
treatment.  Results are shown in Table 5. It should be noted that,
concentrations in Table 5 represent concentration (w/w%) in y-butyrolactone. In

25 addition, a preparation method for the evaluation substrate used, treatment of the
substrate by the composition for water-repellent treatment and measurement of

contact angle of pure water were performed in accordance with Experimental
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Fron1the results of Table 5, it is considered sufficient that zephiram ne
(benzyldlnethyl n-tetradecyl amoni um chloride) is contained in 0.5% In
addition, in consideration of the fact that too high contai ned anount of
9-anthry|nethy| 1- pi peri di necar boxyl ate (VVPBG 015) tends to generate spots
(nmottles) at the 10substrate surface, optinmum contained concentration of
9-ant hryl met hyl 1-pi peridi necarboxyl ate (WPBG 015) is considered to be
around 0.5% [0063] Exanple 3. Investigation on influence of |ight
irradiatng %F I nvestigation was performed on influence of light
irradiation tlme'in 15 water-repellent treatnment. Results are shown in
Tabl e 6. [goeshoul d be noted that, concentrations in Table 6 represent
concentration (Ww¥ in y-butyrolactone. In addition, a preparation nethod
for the elkable®]i on substrate used, treatnent of the substrat e by the

conposi tion for wat p—epe-ent—treatrent—and—rBasuensnt of contact- angle
of pure water were performed in acedhi@mee with Experinmgntal 20 Exanple 1.
[ 0064] [TabI e 6] Zep@%ram neg, 5@% 0. 50%31(@,%3% V\PB(@%)lS Cont act angl e of
pure wate \MABé 015 orgT c(fon‘{act'allkr{é‘le o%‘ pL‘)"re \A’/atéru('unit. dé‘g'r'ee M
2% 69(*) 69(*) 69(*) 35
0.50% 70 68 56 27
0.10% 38 39 33 23
0% 17 14 14 10
(*) shows that the substrate surface after treatment became mottled.

5 [0062]

From the results of Table 5, it is considered sufficient that zephiramine
(benzyldimethyl-n-tetradecylammonium chioride) is contained in 0.5%. In addition,
in consideration of the fact that too high contained amount of 9-anthrylmethyl
1-piperidinecarboxylate (WPBG-015) tends to generate spots (motties) at the

10 substraté surface, optimum contained concentration of 9-anthrylmethyl
1-piperidinecarboxylate (WPBG-015) is considered to be around 0.5%.
[0063]
Example 3. Investigation on influence of light irradiation time.
Investigation was performed on influence of light irradiation time in
15 water-repellent treatment. Results are shown in Table 6. It should be noted that,
“concentrations in Table 6 represent concentration (w/w%) in y-butyrolactone. In
addition, a preparation method for the evaluation substrate used, treatment of the
substrate by the composition for water-repellent treatment and measurement of
contact angle of pure water were performed in accordance with Experimental
20 Example 1.
[0064]
[Table 6]
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nght irradiation for 1 mn 70 68 Light irradiation for 3 mn 72 70
I'mersion for 3 min in solution light-irradiated for 3 mn 70 70 [0065]
Fromthe results of Table 6, it has been understood that also the case of
using a solution sufficiently irradiated |ight before i mersion provides
wat er-repell ent S5treatnent effect simlar to the case of treatnment while
light irradiation. [0066] Exanple 4. Water-repellent treatnent of a netal
filmsurface. | nvesti gati on was perforned mhether wat er - r epel | ent

treatment using the conposition for ter=Tep treatent qf the

present invention is possible or 10 Eeph'ram_l_l_c.gn_maf_e.n_forrred with
afilmbhaving WTi=9 : 1 as the substraté% Resullts ar 8s5&hmown iln Table 7.

It shoul df be not ed.stéhatsc-gncent r at | aasaitAngiabpareiwat@irdS @dgrecgqncent rati on -
(Wwog infy- DUtWtB!)lﬁq’ Hn@r_,,@\gha Y\ntnout T gnt | Imaans Thar the gilicon wafer
was i mrer get—+—the—eorpestten—fer—water—epeH-ept—t+eatrenrt—4gf the
present ipvent iEAt 'frﬁ4'atP”r§?rrﬁmﬁ without 1idBt irradiatiof® "with light"
means thal 15 tligetisdisteoronsahier was| i mer §ed in the conposition for

wat er - r epel | apimetdsiabreni idoidibe present inventidn for 1T mnutg after |ight
lrradiatipn to |tghﬁ,,ggggg9§3,r3|nq,m for I minut’®; and ['while’?ight i|rradiation"
nmeans t hat—thesriTcom wafer —was T mrersed 1T thecomposTtTom for
wat er-rep@pﬁﬂnt treatment of the present invention, and fromjust after

| mrer si on, ht rad ated on th C wafer, for 1 m nute.
20 1 add: t1 5P HeTpsfilscTank . hASheHefndataton st alsbdfe Etsctosho
treat ment 5 QhIfiBR suffielshibiy drsdigteatilyht B@W@%He?é?oﬁ DroviesCiatef REddIAL
treatment and nmeasurenent of contact angle pure water were perfornmed in
accor dancteatment &fqob simitantethe Easerpf teealmeakwblm lighth tad@atisn! i con waf er fornmed
with a fi[lor&g\]avi ng WIl=9: 1 was used as the substrate. [0067] [Table 7]

Example 4. Water-repelient treatment of a metal film surface.
Investigation was performed whether water-repellent treatment using the
composition for water-repellent treatment of the present invention is possible or
10  not, using a silicon wafer formed with a film having W/Ti= 9:1 as the substrate.
Results are shown in Table 7. It should be noted that, concentrations in Table 7
represent concentration (w/w%) in y-butyrolactone, and "without light" means that
the silicon wafer was immersed in the composition for water-repelient treatment of
the present invention for 1 minute without light irradiation; "with light' means that
15 the silicon wafer was immersed in the composition for water-repelient treatment of
the present invention for 1 minute after light irradiation to the composition for 1
minute; and "while light irradiation” means that the silicon wafer was immersed in
the composition for water-repellent treatment of the present invention, and from
. just after immersion, light was directly irradiated on the silicon wafer for 1 minute.
20 In addition, a preparation method for the evaluation substrate, treatment of the
“substrate by the composition for water-repellent treatment and measurement of
contact angle of pure water were performed in accordance with Experimental
Example 1, except that a silicon wafer formed with a film having W/Ti= 9: 1 was

used as the substrate.

29



Cont act angle of pure water unit: degree) Zephiramne 2% 0.50% 0% 0. 5%
WPBG- 015: W thout |ight 39 42 13 0.5% WPBG 015: Wth |ight 98 104 12 0.5%
WPBG 015: Imrersion for 1 min while light irradiation 97 102 17 0% WPBG 015
10 13

[0067]
[Table 7]
Contact angle of pure water {unit: degree)
Zephiramine 2% 0.50% 0%
0.5% WPBG-015: Without light 39 42 13
0.5% WPBG-015: With light 98 104 12
.59 -015: i i
0.5% WPBG. 1.5 In?mer.5|9n for 1 min 97 102 17
while light irradiation
0% WPBG-015 10 13
Untreated -
Treated with HMDS - - 9
[0068]
5 From the results of Table 7, it has been understood that also the W/Ti film can

be made water-repellent using the composition for water-repelient treatment of
the present invention.
[0069]
The following facts have been understood from the results of the above
10 Experimental Example and Examples.
1. Simultaneous treatment to make water-repellency of the Si-containing
~ insulating Iayer. such as the SiO; layer and the W film (Example was performed
using the W/Ti fiim) by using a combination of 9-anthryimethyl 1-piperidine-
carboxylate (WPBG-O15) and the long-chain alkyl quaternary ammonium salt, is
15 possible.

2. By using the composition for water-repelient treatment of the present
invention, because of enabling to make water-repellent both layers of the
Si-containing insulating Iéyer and the metal layer by one liquid, water-repellent
treatment of a semiconductor substrate surface, having a pattern formed by

20  lamination of the Si-containing insulating layer and the metal layer, is possible by
a simple and convenient step, as compared with conventional technology.
3. In the composition for water-repelient treatment of the present invention,

because light irradiation has a key role for exerting function as the composition for
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9 Untreated - - 8 Treated with HVMDS - - 9 [0068] SFromthe results of
Tabl'e 7, it has been understood that also the WTi filmcan be nade

wat er -repel | ent using the conposition for water-repellent treatnment of the
present invention. [0069] The follow ng facts have been under st ood
fromthe results of the above 10 Experinmental Exanple and Exanpl es. 1.
Si mul taneous treatnent to make water-repellency of the Si-containing
insulating | ayer such as the Si02 |layer and the Wfilm (Exanpl € was
performed using the WTi fil by usi.n conbi nat { on of ,9-ant hryl net hyl
bl per | dMAEAPRRIED KPamanbeib s boih fs FaRGIBRIcT Gatpentobir nar y
ammoni um i : :

wat er-repgfglsgplttlh?errggﬁ ﬁ:\,se,?](%ég!) ’;[ohsetorgrférsaeﬁ%‘lgi‘b%bggP fﬁ? Q@g@gﬁdsr%& gﬁdéer%;bl ing to
make wat elightspiidedrdtateot h | ayers of the Si-containing insulating | ayer and
the metal |ayer by one liquid, water-repellent treatnent of a sem conductor
substrate surface, having a pattern fornmed by 20l am nati on of the

Si -containing insulating | l.ayer, is possible by a sinple
and coi;ﬁveni ent step, as co?r“bgpesﬁm‘\t'%%c%[ﬁégﬁtllr@ryqal t echnol ogy. 3. In

t he conpopgzopn for water-repellent treatnment of the present invention,
because light irradiation has a key role for exerting function as the
conposi ti on Byr using the composition for water-repelient treatment of the present

invention and the method for water-repellent treatment of semiconductor
substrate surface using the composition, because the semiconductor substrate
10  surface, having a pattern formed by lamination of a Si-containing insulating layer
and a metal layer, can be water-repelient treated by one time treatment, simply
and conveniently as well as efficiently, and the water-repellent treated
semiconductor substrate can prevent generation of, for example, the problem that
the pattern collapses influenced by surface tension of water in a rinsing step using
15  pure water, the composition for water-repellent treatment of the present invention
and the method for water-repellent treatment of semiconductor substrate surface
using the composition can be used suitably for the semiconductor substrate

having such a constitution.
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wat er-repel l ent treatment, the conposition for water-repellent treatnent of
tﬁe”pfesent invention is possible to store for a long period of tinme when

- stored under a light shielded state. 51 NDUSTRI AL APPLI CABI LI TY [ 0070]

By using the composition for water-repellent treatnment of the present
invention and the nethod for water-repellent treatnment of sem conductor
substrate surface using the conposition, because the sem conductor
substrate 10 surface, having a pattern formed by |am nation of a

Si - cont ai W@%US{].&E'@WF@&F' ayer and a netal |ayer, can be water-repellent

treated by hent, sinply and conveniently as well as

ef {1 ci ent hy, AdRinddbRioHoloRTwateRRIHeRH: (4ekRLRHoF STLSARGNAIR: Sipapbeat e can

prevent generation of, for exanple, e problemthat the pattern coll apses
i nf | uencesurfaces corhprising ehat Easbbnerkine rof ancampdundi segectddeornthegrddp pur e
water, the conposition for water-repellent treatnment of the present

i nvent i onCHIRBINEOf RPRGGNRIraliA tertiany raine &and a loagtahaim alky! asmeriBMduct or

b j - j 1l itably f h
Sem conausine Suner th PR 45k ot BB SR RIS ptRERS Y e | 5

1. A conpfasintrigothe foohd@mdery rinice peldterat byt §EReramY a Pasd o &Ml &N EHE Pl substrate
surface, conprising a) at |east one kind of a conpound selected fromthe.

group conBPI3t PrggnigFolyeniong- chain al kyl tertiary anmine and a | ong-chain

| kyl i . b b , id. i ng. , ..havi
contencod?r i i gPrRBolion, SheshBBIP dhimnb BREIRERGoRI I oL ey
generat i ngmﬁebﬁﬁﬁth@rloﬁ?lgﬁéihChll@'l“@nﬁﬁorﬁurﬁgaﬁrar@rtllgc%&i a i é(telg%?(ty?net%'r . The

conposi tion according claim1l, wherein the long-chain a iary
am nel@&ndmorealky mgeurhiavinga4 lky 20 aanmoniatomsal t are those having at | east one

or 10 nor a_hlgl r%anu,{) havi na_ 4 to 20 carbon atons. 3. The conEositi on
accor di ng*t o' g SPRPesiQharering) o glaime Aswheiein r) At ledst pRe kishpbined sel ect ed

fromthe LSk f - chal L kyl . ar ] and the

| ong- chai oPRECSERER e i Gioli MnFMd o lngbhdd Al fRrliya . Tea.
The conpoainecandahe drd-tthin kgl &hMoRium\Edt itRe 1dMa-dhaitdalki) dinfnghiki! anmoni um
salt is tri-n-octyl nmethyl amoni um chl ori de, tetra-n-octylanmoni um brom de

or benzyl #Rlkret hyl - n-t et r adecyl ammoni um chloride. 5. The conposition
accorging,to¢laim1l, wherein (b he, base or,  the aci ener.ati ng agent

havi ngg th& co eﬁ?@(ﬁ’bﬁﬁﬁ% el f‘%uré, clamm ﬁe ‘%?\%’e’lﬁ‘aiti‘% o 'Qba'Eoﬂ'Hglnsed ring
Struct ur eadindAfulesalt 8 Mrith-8&YImdty IARmMBnRAT EhidrideN tétfd-flo @fag‘frﬂ{)ﬂbrﬂg a
condensed ring structure by generating a base or an a0|8, y Tight

i rradi at i reride trznzylgimethylé-tetadeadammeniumoohleddzor di ng to claim 5, wherein
t he condensed ri nlr%Pst,r_ucture is an anthracene ring, a naphthalene ring, a
pyrene ri Prg, 1 Rfh CAMPASitieniaseprding iy clain 26t Whergim{nothe basegor the aesdnapht hene

ring, ac i Qg - Qf rJ . e.c gQsition according to
claims, W e_ret!rﬁ %géemc%éé{clpeﬁst@%%%ﬁsﬁ&r ﬂ@? us_rtéc}ul-g’t ﬁe%?ﬂ? aﬂ:aéw@ Pi ng. 8.
The czoposdridensecirepstelicige a0 ofleftHiinla paAWRY 158 8 bRde ban BA8 CordbmiiRg aaCi d
generating agent having the condensed ring structure or formng the
condensedcondeRgeds fing, strugterenlyy genrratind adpasheriansacidrbyt kght ircadiptionsor
9-ant hryl rrett.h 1-1- piperidinecarboxyl ate.

hea m&.

6. The composition according to claim 5, wherein the condensed ring structure is

an anthracene ring, a naphthalene ring, a pyrene ring, an anthraquinone ring, a

25  thioxanthone ring, an acenaphthene ring, a coumarin ring, or a xanthone ring.
7. . The composition according to claim 5, wherein the condensed ring structure is
the anthracene ring.

8. The composition according to claim 1, wherein b) the base or the acid

generating agent having the condensed ring structure or forming the condensed
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9," The conposition according to claim1, wherein c) the polar organic

sol Vent is aprotic. 510. The conposition according to claim1, wherein c)
the pol ar organic solvent is y-butyrolactone. 11. A nethod for

wat er-repel l ent treatnment of a sem conductor substrate surface,
characterized by treating the sem conductor substrate having a pattern
formed by lamnation of a Si-containing insulating |ayer and a netal |ayer,
usi ng the 10conposition according to claim1, under irradiation of |ight

accor i ng T8 SHOES B oFEerathed e B orcind M, MRt T gt on.

al um num pibéficdifddamoxyiteli um an alloy containing these nmetals, a hafnium
oxi de or a hafniumyttrium oxide.
9. The composition according to claim 1, wherein c) the polar organic solvent is

aprotic.
5 10. The composition according to claim 1, wherein c) the polar organic solvent is

y-butyrolactone.
11. Amethod for water-repellent treatment of a semiconductor substrate surface,
characterized by treating the semiconductor substrate having a pattern formed by
lamination of a Si-containing insulating layer and a metal layer, using the

10 composition according to claim 1, under irradiation of light having a wavelength of
200 nm or longer, or under heating.
12. The method according claim 11, wherein the metal layer is the one formed of
tungsten, aluminum, titanium, hafnium, an alloy containing these metals, a

hafnium oxide or a hafnium-yttrium oxide.
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