28 April 2006 SF-878 1 DESCRIPTI ON TWO LAYER LAM NATE AND PATTERNI NG METHOD
USI NG THE SAME FI ELD OF THE | NVENTI ON The present inventi ozs Awi zioes to '
phot of abrication, in other words precision nicrofabrication by

photolitho d@ﬁgy technique. Mre particularly, the invention relates to a
lift-off S using a two-layer resist. 10 BACKGROUND OF THE | NVENTI ON
Lift-off is a general termfor a. process of forming a pattern-of organic
or inorganic thin layers by: applying a resist onto a workpi ece surface; 15
patterning the resist |ayer by a photolithography technique;. depositing
and/or sputtering an organic or substance over the resist |ayer
and areas in which the resist’ haggﬁgggbg?gared and 20 rel easing the g
resi'st layer together with the overlying organic or inorganic thin | ayer.
As a consequence, the organic or i norgani ¢ substance found in the orifices
of the resist layer remains there to forma desired pattern. 28 April 2006
SF-878 2 | ITWORLAYIERf T.AMINAPEOREES PATHERNENG SUETHAD WRHLYE oFHE eSAME very

i nportant. For exanple, positive resists will typically

5 : FIELD OF THE INVENTION
The‘prESent invention relates‘to photqfabrication, in
other words precision microfabricatioﬁ by photolithography
teéhnique.‘ More particularly, the invéntion.relates to a
lift-off process using a two-layer resist.
10
BACKGROUND OF THE INVENTiON
Lift-off is a general term for a process of forming a
pattern of organic or inorganic thin layers by:
applying'a‘resist onto a workpiece surface;
15 patterning the resist layer by a-photolithog;aphy
technique;
depositing énd/or sputtering an organic_or inorganid B
substance 6ver-the resist layer andjafeas in which the resist
‘has been qleared; and
20 | | releasing the resist layer together with the overlying
organic or inorganic thin layer.
As-a-éonsequence, the organic or_inorganic substance
f‘ound in the orifices é_f the resist la.yer‘remains theJ:l'e.to form

a desired pattgrn.




produce a pattern which tapers forward.as showm in Fig. 2 (c) . Releasing
of this forward tapered resist will result in a pattern ofsAmiymos having
burrs on their edges as shown in Fig. 2 (d) . A specific exanple will be
gi ven wi tdptgggpect to the processing2of MR magnetic head sliders. Here,
the aforesaid lift-off process is used to forma DLC (dianond |ike carbon)
10 l'ayer on an ABS (air bearing surface) for the purpose of pad
-protection. As described above, the lift-off process can produce burrs on
the edges of DLC | ayers. The burrs on the DLC | ayers can scratch the

magnet i ¢ recor dnnghdksksrofotDProbasd, whelkddiistepabtetmplafidd asei gn
object to cause HDD failures. 15 Wth such problens, it will be effective

to use n j Lets i e : St j4 ; figr ned into
2 ever S ok R B L S R e &

reverse tapered lLayer, have .a larger _size in the tmtﬂI L he top, so
(hat the FORHE BrEaktBar rd el ps e et S0 BtBvEl F i & 5echod |
general has a difficult control of the resist Eattein %)rﬁile. Further, it
i's diffi dRleasgndolsderthd s Horwasrstaparedr Refi-fh Wit ghtSWrdRcdpe and
also to release the resist |ayer which has been hardened. I'n respect to
t he wor kpiaddersuefabayess dagibstpares ont thginmdie6665 BB ZG Big-| | _
usual |y have irregularities, which are relatively large for the thickness
of applieddlesist, as a result of the process steps the workpiece has
undergone. Because of this, it has been difficult to forma resist |ayer
in uniformthi gkBResific example will be given with respect to the :
‘processing of MR magnetic head sliders. Here, the aforesaid
lift-off process is used to form a DLC (diamond like carbon)
iO layer on an ABS (air bearing surface) for the purpose of pad
protection. As described above, the lift-off process can
produce burrs on the edges of DLC layers. The burrs on the
DLC layers can scratch the magnetic recordingdisks of HDD {(hard
disk drive) or can be a foreign object to cause HDD failures.
15 With such problems, it will be effective to use negative
resists or image reversal resists which can be formed into a
reverse tapered pattern. As shown in Fig. 3(c}, the orifices
of this reverse tapered layer have a larger size in the bottom
than in the top, so that the formation of burr_s can be prevented.
20 ' However, this method in general has a difficult c;on-troi
of the resist pattern profile. Further, it is difficult to
cobserve the'rési‘st_- pattern with a light microscope and also
to release the resist layer which has been hardened.

‘In respect to the_workpiécé surface és—_a substrate, it




5 In the above processing of MR nmagnetic heads, a nunber of strip pieces
called row bars are processed as being stuck on a jog w tds Apkieioos ABS -
upward. Since these row bars have a gap between the nei ghboring ones, a
direct appii&®tion of a liquid resisg i s inpossible; therefore, a resist
filmsuch as 10 a dry filmis generally enployed instead. Fromthe

vi ewpoi nt of inproving the productivity of workpieces, there has been a
need for a technol ogy which can be incorporated into the production.

process W thout disrupting, the flow.of process e d. b i a
pattern cHhlbaisigddy y2I5 +6FHd %Ff\%&'%r Rpi- ilea?ﬁr ?%%:%Q IE@( \g%g?%nt
inventors studied earnestly in view of the aforesaid cifcunstances. As a
resul t, tfieytheveiddwessped apptied Fayesrty A1 ﬁa{:@s’rllllwﬁtogcg%ﬁréjggsg resi st
| ayer (1) formed froma specific. positive radiation-sensitive resin 20
conposi ti gPeds ak aorkpiisicd dger upderyoher neRe¢rvAe 0 sPblsf ilE H3Sitive
radi ati on-sensitive resin conposition 2. This two-layer |am nate can be

formed i nfQan afk ANULNGUL o FUrsd aPRbbeED Dyyst nih euphbo uexgdskne send
devel opnment. Thus, the patterning nethod using the two-layer |am nate can

produce a 28 ARY 2008 8Fp B4Be ds P Toff iRembgYief iW hBa@8s e nlidenr esent
~inventTon has been cpnpletgg gased on these glndlngs. It is an object of,
- E)Eeal 2\632%%%‘#]‘% Bﬁ%‘égggggli%' Shw BN arthLeR LR LAY LG Y ITnidiee | ayer
 on é jog with their ABS upward. Since these row bars have a
B gap betv\-rreerll the ne,ighboring onés, a direct application of a
" liquid resist is impossible; therefofe, a resist film such as
10 a dry film is generally employed instead.
o From the viewpoint of irt;proving the productivity of'
ﬁorkpiecés, there has been a need for a technology which can
be incorporated into the pfoduction.process without disrupting
the flow of process steps and by which a pattern can be readily
15 formed on a workpiece surface.
The present inventors studied earneétly in view of the
afofesaid circumstances. VA'S a result, they have developed a
two—-la'yer laminate that comprises a reﬁsist layer (I) formed
from a specific positive radiation-sensitive resin
20 COmpoéition 1 aﬁd a :esist layer (IIflformed from.a_specific.
éositive radiatiori—s_ensitix_ré rc‘asin composition 2. This
' two—layelr lamiﬁate can be formed into an undercut resist
'p.a'ttérn. by siﬁgle photoe}éposgre aﬁd de_velopmept. Thus, thé'

pai::tern_ing method using the twp—l_ayer l_amina}:e ca_‘n,pi:odruc.e a




and 'a patterning nethod using the sane. SUMVARY OF THE | NVENTI ON The

two-| ayer |am nate according to the invention conprises: ZsQipaldoesi st | ayer
(1) formed froma positive radiation-sensitive resin conposition 1 which
conpri ses T T&H cal pol ymrer cont ai ni ng4a hydr.oxyl group and/or a carboxyl
group (A), a quinonedi azi do group-containing conpound (B) and a sol vent
(©; and 15 a resist layer (I'l) fornmed froma positive radiation-sensitive
resin compositi-on 2 which conprises a polynmer containing a phenolic
hydroxyl group (D), a quinonediazido group-containing co oung. E) and a
sol vent . 311)1.‘1‘ {refhd ayatt Wihhngamet hothe ddsisditg 1y 9t P&Rconpri ses
a step of formng a two-layer |lamnate conprising: a resist layer (I)
fornmed fr oo osad bagedr adi ahesn- £éndiingse resin conposition 1 which
conprises a radical polyner containing a hydroxyl group and/or a carboxyl
SF-878 5 28 Aprift 2086 difjeuft ¢Athaifvenonsdtap e igiouprenidtal ayay
conpound (B) and a solvent (C); and a resist layer (I11) formed froma
positive hadiatdOn18eDsi §iere 8E8e CRIPOSId ANsdb¥bi-aR<C QAR £85e A

pol ymer containing a phenolic hydroxyl "group (D), a quinonediazido

group- gontaldl NG AYMAYNG hELnBRY31RG ¥R sardd) -

SUMMARY OF THE INVENTION
The two-iayer laminate according to the invention
comprises: |
10 - a resist layer (I) formed from a positive
ré"éi:iatiOn—sézl-sitive‘ résin composition 1 ﬁhich comprises a
‘radical polymer containing a hydroxyl‘ group and/or a’“"c’ié“fboxyl
group (A}, a quinonediéz'ido group-containing compound (B) and
a solven£ (C); and

i5 a resist“. layer (II) formed from a positive

radiation-sgr;sii:ive fesin composition ‘2 which comprises a
-po.lymer containing a phenolic'hydroxyl.grbup (D), a
quinonediazidé groﬁp—containing ;ompbund (E) and a solvent
(F) |
'2'0- B 7 .. AT'Iller batterning‘metho_d according to the inventiqn
compfises "a. step 6f,forming.a two-layer 1arrij.ria1ie comprising: .
'a-‘ resist layer (I) formed from-'a'pos'i'ti_ve |

' radiation-sensitive resih composition 1 which comprises a

radical pélymer_g:'ontaihing‘ a ‘hydfoxyl QrduP"‘aﬁd/ or a carboxyl



The patterning nethod prefrerably conprises the steps of: (a) formng on'a
substrate a resist layer (1) fromthe 10 positive radiatiggxsesestive

resin conpes ?'on 1 and formng on thesresist layer (1) a resist layer (I1)

fromthe Positive radiation-sensitive resin conposition 2 to produce a

two-layer lamnate; (b) formng a latent pattern in the lamnate by W
| ight 15 exposure and/or el ectron beam |ithography; (c) devel oping the
| aminate to forman undercut resist pattern in which the orifices have a

arger sizgolh (e QoL GMlindian dd bhEubBont SinfiRpesinpbldcref aind

sputteriﬁ% nIrc*or 1 norganic hin [ayer:on the resist pattern

| am nate and on the, expose substrate; and (e) releasing the |lam nate

t oget-her %ﬁ?%lYﬂ%to&%rFy? thin | ayer deposited and/or sputtered on the

| am nate. In the positive.radiation-sensjtive resin conposition 28 Apri

2006 SF-878 1, a heesheti dalysyollydsr foApad ﬁﬁoé‘f-érBBWt?'ﬁgol ubl e in water,

sol ubl e in"an al kal i ne aqueous sol ution and insoluble or hardly soluble in

t he sol venad{&}iohAsehei pos tHesd.y atinpopitiswnd whiehr eSPRIEEHoSition 5

2, the solvent (F) is preferably 2-heptanone. Preferably, the resist |ayer

(1) has %&I‘}rﬁéﬁe§§n@£i&irﬂg 4 @h¥ncit thydresilsgroaperD) LI B has a thi ckness
m

of 1 to I n the above patterning nethod, the substrate in the step (a)
i's pref er@@iﬂoﬁ@dfg&é@igrci?ﬁﬁfdd?ﬂ:ailﬁ:ﬂcﬁé?%onﬁfoumgﬂmi anblead solvent
| (B .
The.patterning zﬁethod preferably comprises the steps of:
(a) forming on a substrate a resist layer (I) from thg
_‘10 positive radiation-sensitive resin composition 1 and forming
‘on '{the" Iresist layer (I) a resist layer (II)} from the positive -
radiation-sensitive resin composition 2 to produce a two-layer
laminate; |
‘(b) forming a latent pattern in the laminate by UV light
15 exposure and/or electron beam lithography: |
(c) developing the léminate to form an undercut ;esist
pattern in which the orifices have a larger size in the bottom
'. than in _'thé.top.,;-
. (d) de'_posirtin'g and/or sputtering an organ»i'c or inorganic
_éoﬂ thin‘layerién'ﬁhé resist pattern laminate and on the gxposed,
éubstrate; and |
.(e)°releasing_the lamiﬁate'tdgether with thg.overlying-
~ thin iayéi:dePOSited-and/or spﬁttered on the laminate.

‘In th.erp.o.si-tive radiation-sensitive resin compc_:s_:.tn.‘on_




10 slider and the organic thin layer in the step (d) is preferably a DLC
(diamond |ike carbon) |ayer. BRI EF DESCRI PTI ON OF THE DRAVigMpHi do0g. 1 is a’
set of schematic views of the patterning 15 . method according to the
inventi orf§Fi7§. 2 is a set of schemat$c views of a conventional patterning
method; and Fig. 3 is a set of schematic views of another conventional .
nmet hod. 20 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The two-| ayer | am nate
according. to the invention conprises a resist layer (I) formed from
apositive 28 April 2006 SF-878 7 radiation-sensitive resin congosition 1
whi ch corlpr tbesradicabipel yised Abr is amed er syl a Wlébb}le 4ROVRCERd/ or a
carboxyl group (A), a quinonediazido group-containing conpound (B) and a
sol vent (dgLupdedibaf 4864 Bind ayesods kplhaimedadd damsalpbdetarveardly

radi ati on-sensitive resin conposition 2 which conprises a polyner

cont ai ni ng, gakeqq! 'tﬁeh)é@'f&&ﬂ: gepup (D), a -quinonedi azi do

group-contai ni ng conpound (E) and a solvent. (F) 10 First, these resin

conposi tions 1 nghg ﬁ%élt?@e %%ﬁ tq%gl—sei?lsq.%th}lé resin composition

5 2, the solvent (F}) is preferably 2—heptanone.

Preferably, the resist layer (I) has a thickness of 0.1

~ to 3um and the resist layer (II) has a thickness of 1 to 20um.

In the above patterning method, the substrate in the step

(a) is preferably an ABS (air bearing surface) of magnetic head

" 10 slider and the organic thin layer in the step (d) is preferably

a DLC (diamond like carbon) | layer.®

BRIEF DESCRIPTION OF THE DRAWINGS
) Fig. 1 is a set of. scherdatic views of the patterning
i5 . met.hdd- according to the invention;
| Fig. 2 is é. set of schematic views of a conveﬁtional
patternlng mei';hod, and

F:Lg 3is asetof schematlc views of another conventlonal
- rﬁetho—d.
_ 2.0 '

. BEST MODE FOR CARRYING OUT THE ‘INVENTION
'fii_e twb-;layet laminate ‘according. to 'ﬁhe invention

| ,'¢omp-ri5e'é': |

a rés_iSt layer (I}, f_omed_fi'com a ..p'OSitivé




<Positive radiation-sensitive resin conposition 1 (conposition 1) for

| ower. |ayer production> 15 The positive radi ati on-sensi tiagapHiERio6 )
conp05|t|gE %% (hereinafter the "conpgsition 1") desirably conprises: (A) a
" radi cal y § cont ai ning a hydroxyl group and/or a carboxyl group; (B) a
-quinoned|a2|do group-cont ai ni ng conpound, .20 (C) a solvent; and optionally
(G anot her conponent. (A) Radical polyner containing a hydroxyl group

and/ or a carboxyl. group 28 April 2006 SF-878 The radical polyner

containin . hydroxyl aroup and/or _a car.box gr.oup et the
" pol yner %ﬂ? g%?ﬁﬁ#%%éiFl&%eﬁ%E&?rﬁfﬂﬁ?s ggo P%g‘}ihg&§EQ?%% éleavage of
car bon-carbon doubl e bonds anong: 5 a radlialk$a§o ri zabl co ound
havi ng a ﬁ?di@&JyIPOlgF@@pcPﬁEﬁéﬁéPgla) hydraF® 19F i bl e
conmpound having a carboxyl group (rmonomer 11); and another radlcally
pol yrer i zglbep ciérposirmh imoTedtiaz 1dd yrougocqmpnbneRg |qompang 8Bk ahadl y t wo
types of the radically polynerizable conpounds having a hydroxyl group
(rmonorer k) solv@moner)s; varidd an al cohol i ¢ hydroxyl group and nononmers with
a phenolic hydroxyl group. 15 Exanples of the nononers with an al coholic
hydroxyl -group 5 resist.layer .(II) formed from a positive
radiation-sensitive resin composition 2 which comprises a
polymer'containing a phenolic hydroxyl grOUp‘(D), a
quinonediazido group-containing compoﬂnd (E) and a solvent
(F).

10 First, these resin 'compositions'l and 2 will be described

in detail.

<Positive radiation-sensitive resin compositiqn 1
(compoSition,l) ﬁor loﬁer‘layer production>
15 The positive radiation-sensitive resin cdmposition-l
{hereinafter the “composition 17) desirably comprises:
(A) a radica‘l‘polyit-ler containing a_hydroxyl rgroul_p and/or
a carboxyl group; . - | |
(B) a quinonediazido,group—containing ¢omp0und,
26' - (C) a solvent: énd ﬁptionaily'

(G)'aﬁotherﬂcompoﬁent-

(B) Radical polymer éoﬁtaining a hydroxyl. group and/or a -

" carboxyl groupi




i ncl.ude hydroxyal kyl esters, such as 2-hydroxyethyl acryl ate,

2- hydroxyethyl nethacryl ate and 2- hydroxypropyl nethacryl 24 grilgood Vi nyl
esters of fatty acids that will produce an al coholic hydroxyl group upon
hydro'ySigFgéz r 20 polynerization, sugh-as vinyl formate,. vinyl acetate
and vinyl="p ghonate. These conpounds™ may be used either individually or
in conmbination of two or nore kinds.. O the conpounds, the hydroxyal kyl
esters are preferable, and 2-hydroxyethyl methacrylate and 2-hydroxyet hyl
acrylate are nore preferable. 28 April 2006 SF-878 9 Exanples of the

mononmers with a_pheno).ic_hydroxyl group. |nclude p-hydroxystyrene,
n}hydroxystyren££ed¥ﬁ§&ﬁ x§§i¥Wéﬁeg°n5§h%%W@Figyﬂgaﬁﬁiy§F9P8n%?d or

a- met hyl - m hydr oxystyrene, a-nethyl -o-hydroxystyrene, 4-isopropenyl phenol,
5 2-al | yl phepsboxyl ag¥upheipreipagiey| tige neRMhmsHend} ), “) comprises,

2-al l yl - 6- met hoxyphenol , 4-allyl-2-nmethoxyphenol, ‘

4- al | yl - 2répdambhhaxyippbertdt ardult- flbyltdveye2amadrcon ¥ bemziophetraian These
conmpounds may be wused either individually or in conmbination of two or nore

ki nds. 104&hblBen6RdP sty : P- hydroxystyrene and 4-isopropenyl phenol are
preferred. (Mononer 11) The radically polynerizabl e conpound having a

CaUS o SuP IR o TRG D ST s LIRS ©
acids, sUen a8 MRbhdar P gLt racone. | |
a radically polymeriz-'able 'comp-ound having. a carboxyl
group {monomer II); and
another radically polymerizable compound (monomer IIT).
| 10 {Monomer I)
. There are breoadly two types of the‘ radically
p‘olymerizabl_e compounds having a hydroxyl group (monomer I):
monomers with ah _aicoholic hydroxyl group and monomers with
a phenolic hydroxyl group.
15 Examples of the monomers with an alcoholic hydroxyl group
- include hydroxyalkyl esters,. such as 2-hydroxyethyl acrylate,
2-hydroxyethyl methacrylate and 2~hydrokypropyl
fﬁethacrylate; and vinyl esters of fatty ac:_ids that will produce
'7','arn 'al.c_:oholic hydroxyl group upon hydrolysis a‘fte;

20 polymerization, such as vinyl formate, vinyl acetate and vinyl
propionate. These compounds may be used either indi‘viduélly'
or in combination Qf two or more kinds. Of the compduﬁds, tfle
hydroxyalkyl esférs are preferable, and 2—hydr’ox.yethyl'

'm-ethacrylate and 2-hydroxyethyl acrylate are more pr-eferable. '




mesaconi ¢ and itaconic acids; and (neth) acrylic acid derivatives wwth a
carboxyl group, 20 such as 2-nethacryl oxy ethyl maleic agd gyl Zo08et hacryl
oxy ethyl succinic acid and 2-hexahydropht hal oyl et hyl nethacrylate. These
conpounds may be used either individually or in conbination of two or nore
ki nds. OSE+8d8conpounds, acrylic 28 Agril 2006 SF-878 10 acid, nethacrylic
aci'd and 2-hexahydropht hal oyl et hyl nethacrylate are preferred. (Monorrer
“111) The another radically polynerizable conpound (nononmer 111) is used
for the main purpose of appropriately controlling mechanical properties of
the polyner; in other words, for controlling the glass transition

t enperat ure ofEkhmpﬁebyaenjmambeomametheth 1 ¢fremo ltilgahyidroky lofraudi f f er ent
kind fromthe nononers | and Il. 10 The nononer |Il may be exenplified

Wit h al kylnci(aRt P Rea Y2y Sy r iy mefrg hoagistlakes, chiepdboxystgraned
diesters, aromatic Vvinyl's, ‘conjugate di ol efins, nrtrrle gr oup- cont ai.ni ng
polynerrzabl nd chl ori ne- cont onpounds,

pol ymer i 25815 ZChf Egoﬁr?é‘gﬂg\ﬂeﬁ% a% gﬂeﬂ ageg) VI ny éest ers of fatty
aci ds. Specrfrc exanpl es i ncl ude: aIkyI nme Iat such as net hyl

met hacr ylatiet %%ﬂﬂﬂhﬁﬁﬁﬂ%%éFngpg %h QH%H ate sec- but yl

(nethgacrylate t-buty neth{acrylate and |soprop¥
= 2 allylphenol 4-allylphenol, 2-allyl-6-methylphenol,

2-allyl-6-methoxyphenol, 4—allyl—2—methoxyp_hehol,

4-allyl-2, 6-dimethoxyphenol and

45ellyloxy—2—hydroXybenzophenone.‘ These compoﬁndermay be -

used either individually or in combination of two‘or more kinds.
10 - Of the cempounds, p-hydroxystyrene and 4—ieopropenylphenol'

are preferred;

(Monemer II).

The radically polymerizable compound.having'a carboxyl
.group (monomer II) may be exemplified with: ‘

15 . : monocaiboxylic acids, such as acrylic, methacrylic and

. crotonic acids;
dicarboxylic acids, suchpasrﬁaleic,.fumaric, citraconic,
‘mesaconic and itaconic acids; and
(meth)acryiic acid derivatives with a carboxyl*group{
20 ° such as 2-methacryl oxy ethyl maleic acid, 2—methacryl [o}:4%
ethyl suecinic acid and 27hexahydrophthaloylethy;

methacrylate.

These‘compoﬁnds-may be uséd either individually or in

‘combination of two or more kinds. Of the compounds, ecrylic




20 (neth)acrylate; aryl (meth)acrylates, such as phenyl (nmeth) acrylate and
benzyl (rmeth) acrylate; dicarboxylic acid diesters, such asgAlresdog! - '

mal eat e, diethyl fumarate and diethyl itaconate; 28 April 2006 SF-878 11
aromatic such as styrene, a-ygthylstyrene, mnethylstyrene,

p- nethyl§¥§ 3 vinyltoluene and p- rIfhoxystyrene; - conj ugat ed di ol efi ns,
such as 1, 3- butadlene, i soprene and 1, 4-di net hyl but adi ene; nitrile
group-cont ai ni ng pol yneri zabl e conpounds, such as acrylonitrile and

met hacrylonitrile; chlorine-containing polynerizable conpounds, such as

vinyl chlor,ide and vin I|dene 'hI ride; 10 pol i zab e coppounds havi ng
am de Iiﬁ%ﬁég S v ﬁP ebéﬁﬁxﬁ8¥ﬁ %g%éﬁiag et %ﬁgpvinyl esters
of fatty aci ds, such as V|nyI -acetate. These conpounds may be used either

i ndi vi dudietpasicyilatec is masfeFref-two or more kinds. OF the compounds, the
al kyl 15 acrylates, particularly n-butyl acrylate, can be suitably wused.

The radi ciMoncomrolIydgri zati on of both or either the nononer | .and/or the
nmononer 11, ‘and the nononer 111 produces the polymer (A) for use in the

i nvention. Prefrgeaphythall rhb@cgﬂlﬁl}i&%{ei’lzé&.é | dompiouhdbgmbasmeal | y
copolynerlzed to give the polyner.
5 _ ITI) is used for the main purpose of approprlately controlllng
| mechanical propertles of the polymer; in other words, fo;
confrolling tﬁe glass transition temperature of the po;ymei}
The “another” refers that it is of é different-kind from the
monomers I and II.

10 | The monomer III may be exemplified with alkyl
kmethjacrylates, aryl (meth)acrylates, dicarboxylic acid '
diestérs, aromatic vinyls, conjugatedrdiolefins, nitrile:
group—ébntaininé polymerizable compounds,
chlorine~containing polymerizable compounds, pol?merizabie

15 'compounds having amide linkages, and vinyl esters of fatty
acids. Specific examples include:

alkyl {meth)acrylates, such‘as methYl methacrylate,
ethyl mefhacrylate, n-butyl (meth)écrylate, sec-butyl
(meth)acryiaté, tfbutyl {meth)acrylate and isopropyl
20  (meth)acrylate;
| | aryl (meth)acrylates, _suc-h as phenyl (meth) acrylate and
benzyl (meth)acrylate;
dicarboxylic aCid diesters, such as diethyl'maleéte,'

diethyl fumarate and diethyl itaconate;




When the polymer (A) has been obtained by the radical polynerization of

the nmononers |, Il and IIl, the polynmer (A) desirably has2d kgigioeportions

of structural units. derived from28 April 2006 SF-878 12 the nmononers | to
1l (heregpagtiger the nmonomer | (11 orihll) wunit content) of: the nononer |
unit content of preferably 19 to 90 wt% and nore preferably 40 to 80 w %
5 the nononer |1 unit content of preferably 1 to 30 ww% and nore o
preferably 2 to 20 w% and the nononer 111 unit content of preferably 9 to
80 W% and nore preferably 18 to 50 wt% Further, when the polynmer (A)

has been obt ai %%%@é%?%irﬂﬁé?%&&# ﬁ%d's}[(:&?ehéat io@—@n%%ﬁigéc??%n%he nononer |

or the nononer t he nononer pol’ymer rably has: the

monomer |_or Il unit content o bly : % d nore _
pr ef er abl § BB 6o Wi aﬁldn?{%lép%%%?%e’l Ivﬂi%a}r:li&to%é‘b%ﬁee/nﬁr@;f preferably 10
to 90 wt% 15 and nore preferably 40 to 80 wt% The synthesis of the

pol yner (Ry"PeROBESOHIN%Y out in. a pol ymerization sol vent. Exanples. of
t he solvent include: alcohols, such as nethanol, ethanol, ethylene glycol,
di et hyl ene gl ycwinjagd tprch ghilaskeef igisic slich28s cy cPrleutagaene, skrRIPLENe '
tetrahydrofuran and di oxane; al kyl ethers of polyval ent al cohols, such as
et hyl epe agdyrol-dincedret ikt £bene; et hyl ene gl ycol - nonoet hyl ether, -

~ethylene glycol dinmethyl ether, ethylene glycol diethyl ether,

nitrile group-containing polymerizable compounds,. such
as acrylon’itriie and methacrylonitrile;
clhlo.rine—.co‘ntaining polyruérizaiale compounds, such as
vinyl chloride and vinylidene chloride;
10 " polymerizable compounds ha%ring amide linkages, such as
acrylamide. and methacrylamide; and
K Viﬁyl esters of fatty acids, such as vinyl acetate.
These coﬁpounds may b.e‘use_d' either individually or in
combination oAf two or more kinds. Of the compounds, the alkyl
15 acrylates, particularly n-butyl acrylate, can be suitably
used. | |
_The 'radi;:al, copolymerization of both or either the
monomer I and/o'r' the monomer II, and the monomer IIT produces
the polymer (A} for use in the inve_ntion. Preferably, all 'thé
.20 monomers I to IIT will be radically copolj-ymerized to give the |
| poj.y;ner, |
When the polymer (A) has been obtained by the radical
polymerization of the monomers I, II and III, the polymer (A)

desirably has the pi:oportions of structural units derived from




di et hyl ene gl ycol nononet hyl ether, diethylene glycol 28 April 2006 SF-878

| 3 honoet hyl ether, diethylene glycol dinmethyl ether, dietgyhgingoosd! ycol :
di et hyl -ether, diethylene glycol ethyl nmethyl ether, propylene glycol
monomnet hyl et her and propyl ene glycol_ nonoethyl ether; 5 alkyl ether
acetates %ﬁ‘%&ﬁyvaTent al cohol s, suchlas et hyl ene gl ycol ethyl ether
acetate, diethylene glycol ethyl ether acetate and propyl ene glycol ethyl
et her acetate; aromatic hydrocarbons,. such as toluene and xyl ene; :
ket ones, such as acetone, nethyl ethyl ketone, nethyl 10 isobutyl ketone,
cycl ohexanone, 4- hydroxy- 4- net Hyl - 2- pent anone and di acet one al cohol; and
est ers, - sthg menednRs ITatet bk, (HansAnakeenitde BPRPReL 2L n{ it oy ptlopi onat e,
et hyl 2- hydroxy-2-net hyl propi onate, ethyl 2-hydroxy-2-nethyl propi onat e,
et hyl et hoxyacetmtent)l® st hyl hydroxyacetate, nethyl o

2- hydr oxy- 3-net hyl but anoate, nethyl 3-nethoxypropionate, ethyl

3- met hoxypr opi aitas eonebyl I it hwatEmpichatefepebbyl 1 3-ebheXyyr2gpi onat e,
ethyl acetate and butyl acetate. O these conpounds, the cyclic ethers,

al kyl etnﬁﬁ§_ﬁgréxgﬂ@@gf§ylyahgoﬁg|%0 Jideyl ether acetates of 20 pol yval ent
al cohol s, ketones "and esters are preferred. The catal yst used in the above

radi cal pol yner,j.zatjon .. convient. o I pol } o ON
initi§tor. Exa&%F%&mﬁnggE%I§§F§%é$?§%%%%ﬁﬂ§§F§?§£§§i¥ng|%§§§¢3@%“
conpounds, such as 2,2'-%fobisisog%tx{gnitriIe, 28 April - 2006

and more preferably 2 to t3%; and
the monomer IIT uniﬁ content of preferably'Q to 80 wt%,
and more preferably 18 to SQ wﬁ%;- |
Further; when the polymer (A) has been obtained by the
10 'rédiCal polymerization of either the monomer i oxr the monomexr
ITI and the monomer III, the poiymer'(A) desirably has:
fhe.monoﬁer Ior Il unit chtent of preferably 10 to 90
wt%, and more preferably 20 to 60 wt3; and
the monomer Ii'I unit content —of preferably 10 to 90 wt%,
15 and more preferably.40 to 80 wes.
The synthesis of theipolymer (A) may be carried out in.
a polymerization solvent. Egamples.of thé sol§ent include:
alcohols, such as méthanol, ethanol, ethylene glycol,
diethyieqe glycéi and propyiene glycol;
20 N cyclic ethers, such as teﬁrahydrofuran and dioxane;
alkyl ethers of poiyvalent alcohols, éuch as efhyleﬁé
-giycol monoﬁethyl ether, ethylene glycol monoethyl ether,
ethylene glycbi dinieth_y‘i'eth‘er, ethylene glycol diethyl ethei:,

| diethylene glycol monomethyl ether, diethylene glycol




SF-878 14 2,2'-azobis-(2,4-dinethylvaleronitrile) and

‘2, 2'-azobi s- (4- met hoxy- 2, 4-di net hyl val eronitrile); organlcz@g&mxmdes such
as benzoyl peroxide, Iauroyl per oxi de, t-butyl peroxypivalate and 5 -
1,1 -bis- é 8l?ﬁtylperoxy)cyclohexane 13@nd hydrogen peroxide. The peroxides
may be uSE&d the radical polynerizafion as a redox initiator in

conbi nation with a reducing agent. In view of developability and adhesive
properties of the resist layer (1) forned fromthe conposition 1, the .

pol ymer ~ 10 (A) preferably has a wei ght-average nol ecul ar wei ght of 2,000

to 100, 000, an r referably 5,0 T [ e

mol ecul aF‘O\rRBPBHYEDee&é)IEhg&e‘%p‘é%an%icﬁ%%oguggmtgggyl evel dp%%?ﬁygéggoceed t 00
qui ckly; whereas that exceeding, 100 000 |l result in .

devel opreavceingiethyangthsre hylRng éﬁ@a 1 G fﬂeﬁhi'?eﬁgﬁggb| y
deteriorated. In the present speC|f|cat|on all the wei ght-average.

mol ecul apropglghesgayeofihaeonahatkyl nethersand PEPRRisher@l¥@ebrding to

GPC. In order to obtain good developability and to forma 20 desirable

undercutmbggbﬁh pakteer,; the polyner (A) preferably is insoluble in water
but- is soluble |n an al kal i ne agqueous solution. Since the resist layer (I)

I's | aginat ed , }h@théﬁ%éété@é@rofIéalyvar@mtp@wmfol(s%) ductpraaf erably
~i'nsol ubl e or % y soluble in a solvent” (F) so that these layers will not

28 Apri | &%?‘é(ﬁéﬁg EZyco em_hyi’“ett%e%aggeegggr di éﬁl?ﬂﬁ/ﬁe@lﬁ@l ythg/lbe

descrlbe

‘ether acetate and propylene glycol ethyl ether acetate,‘
aromatlc hydrocarbons, such as toluene and xylene,
ketones, such as acetone, methyl ethyl ketone, methylr

10 ‘isobutyl ketone, eyclohexanone,
4—hydroxyf4—methYl—2—pentanone and diacetone alcohol; and
esters, such as ethyl acetate, butyl acetate, ethyl
2—hydroxypropionate, ethyl 2-hydroxy-2-methylpropionate,
ethyl 2—hydroxy;Z—methylpropionate, ethyl ethoxyacetate,
15 .ethyl hydrexYacetate, methyl 2—hydroxy—3-methylbutanoate,
methyl.3~methoxyproplonate, ethyl 3-methoxypropionate, ethyl.
3- ethoxyproplonate,nethyl3—ethoxyproplonate,ethylacetate
and butyl acetate. Of these compounds, the cyclle ethers,
alkyl ethers of polyvalent eleohols,‘alkyl ether acetates of
20 polyﬁalent alcehols, ketoﬁes and esters are preferred..
The catalyst used in the abbve radical polymerization.
may be a conventional radical polymerization initiator.
Exemples ofisuch polymerizatien catalysts include:

azo compounds, such as'2,2’—azobisisobutyronitrile,




The polyner (A) being insoluble in water neans that it has substantially no
solbbility in water. Hence, the polymer nmay dissolve in apg i of O 1g -
or less when it is in 100g 5 of water at 25C. The polynmer (A) being
soluble in an al kal rne aqueous solutjion nmeans that the al kali devel opient
may be s@B-&8y carried out. Specifilhlly, an alkaline aqueous sol ution,
for - exanpl e 100g of an aqueous solution of 2.38 wt% of 10 _

t et r anmet hyl anmoni um hydr oxi de having a tenperature of 25C, w | dissolve
the polyner (A) in an anmount of preferably 5g or nore. The alkali to nmake
the al kaline aqueous solution i's not particularly limted. Exenplary

al kal i s /2’ teeobiistd8, d-adimethivinalespaétribel halfreparation of al kaline
devel oper. 15 Since the polynmer (A) has no or little solubility in the

sol vent ()2’ -alzoblikF (Aetmethoxtyant, daklimethgtvaleroninilile) di ssol ve very
slightly in the solvent. Specifically, the polynmer (A) may dissolve in an

anount of not Eegsnieaaegokqaggp 08 59k VB 24 1)  péosxeaanPlenddg, of
2- hept.anone at 25C. 20 (B) Qui nonedi azi do group-contai ni ng conpound The

| ggggopg?E&ﬁ%%ﬁﬁ@gggghﬁﬁgﬁabﬁgggagggﬁgHgg Wpyks as a photosensitizer. It is

opnent of the two-layer resist film
w || proceed pr.oper

11 B ocesd BLPerly 20,01 12008, SRR 10,18 A domegln {1
recessed space Wof the undercut indicates an_area in the -bottomorifice
in the | S geggygﬁ.dgs may be used in the radical polymerization as a
redox iﬁitiator in combination with a reducing -agent.
In viewl of developability and adhesive.properrties of the
resist layer (I) formed from the composition 1, the polymer
10 (A) preferably has t-_l weight-average mOleculaJ; Vweigh.t' of 2,000
| to 100,000, ahd more preferably 5,000 to 50,000; The
weight-average moiecular .weight less than 2, OOO.Wiil cause the
'developme.n‘t to proceed too quickly; wheéreas that exceeding
100,000 w_ill result in too long a development time. In any
15 cases, the resolution will be remarkably deteri_ofalted. -In the
presént specificat’ion, all the wei.ght—average molecular
weights are the falues in terms of polystyﬁ:éne according to-
GPC. |
In order to obtain’ go_bd developability and to form a
20 desirable undefcﬁt resist pattern, the polymer (A), preferably
.,i.s insoluble in water but. is sol'uble‘ in an'alkal—ine aqueous
solution. Since the reéist léyer‘ (I) is 1aminated with the
résist layér (IT), the polymer (A) is preferably insolu_blé or

-l'llardly soluble in a solvent (F) so that these layers will not




that does not overlap with the top orifice in the upper layer 5 3 (see
Fig. 1(d)). Exenplary’qui nonedi azi do group-containing conpggifsts2edencl ude’
esters, partial esters, anmides and partial amdes formed between: either a
qui nonedisE=isd@ gr oup-containing sulfol®c acid 10 (e.qg. '

napht hoqui none- 1, 2- di azi do- 5- sul foni ¢ aci d, - :

napht hoqui none- 1, 2- di azi do-4-sul fonic acid or orthoant hraqui nonedi azi de
sul fonic acid) or naphthoqui none-1, 2-di azi do-5-sul fonyl chloride with any
of : pol yhydr oxybenzophenones, such as 15 2, 3;4-trihydroxybenzophenone,

2,4, 4' -t mihy diexydedz opheronerhe Zollvedy i By dridxly bendegbeione later.

2,3, 6-tri hydroxybenzophenone, 2,3, 4-tri hydroxy-2'-nethyl benzophenone,

3,4,4" -tetrahydr 0 Bl ifd h e,
4, et ahd pXYURBL PPN A0sbiuB1edid whebEanydiohanaephenone

2,

2,3, _

2,2',3,4,4" -pent ahydr enz PIC I Y h ,
2,3 4, 4% ?Bﬁﬁgﬁé%?%ﬁy %%?’QS%@E@%@ %Paﬁfaf%r@rﬁgﬁggggy@%@e%gﬁ% phenone
Zhoh s i S g S hekb s B2° 1488 B L YEEIAR kenes:
bi s(2,3,4-tri hydroxyphenyl ) net hane, 5 : -
2-(4-Eydnﬁk%&h&ayhﬁ-Z&@dt-hydroxyphgnyl)propane,

- The pplymer (A) being'soluble in an alkaline aqueoué-
solutionrmeans that the alkaliAdevelopmeﬁt ﬁay be suitably
cafriéd out. Specifically, an alkaline agqueous solution, for
example 100g of an aqueous solution of 2.38 wt% of

- 10 -nﬁetramethylammonium hydroxide haviﬁg a temperature of 25°C,

| will dissolve the polymer (A) in an amount of preferably‘Sg'
or more. The alkali to make the‘alkaline aquebus solution is

not particularly limited. Exemplary alkaiis will be listed
later with respect to thé preparation of aikaline déveloper.

15 Since the polymer (A) has no or little solubility in the-

1solvent-(F),'it will not substantially dissolve or will

dissolve very slightly in the solvent. Specifically, the

. polymer (A} may dissolve in an amount of not more than 0.1g
‘ ihjthe solvent {F), for example 100g,0f 2—heptanoné'at.25°c.
20 |
',(B) Quinonédiazido group-containing compound
fhe quinonediazido group?containing gombound-works as

a photosensitizer. It is used for the purpose that the

: dévélopmen_t of the _tw'o—.layer resist film will proceed properly



2-(2,4-di hydroxyphenyl )-2-(2', 4" -di hydr oxyphenyl ) propane and
2-(2,3,4-trihydroxyphenyl)-2-(2',3",4" - trihydroxyphenyl) psoRangsos
tri s(hydroxyphenyl ) net hanes or substitution products 10. of methyl
substitution thereof, such as tris(4-hydroxyphenyl)nethane,

bi s(4- hydre®yI83, 5-di met hyl phenyl ) - 4- h@r oxyphenyl nethane,

bi s("4- hydroxy- 2, 5-di net hyl phenyl ) - 4- hydr oxyphenyl net hane,

bi s(4- hydroxy- 3, 5-di et hyl phenyl ) - 2- hydr oxyphenyl net hane, 15

bi s(4- hydroxy- 2, 5-di et hyl phenyl ) - 2- hydr oxyphenyl net hane,

bi s(4- hydr oxy- 2, 5- di net hyl phenyl) - 3, 4- di hydr oxyphenyl net hane and
bi s(4- hydroxy13wFali aetangipheine ¥o r3canirdiidirox ypaaepthnef mewessed -
bi s(cycl ohexyl hydroxyphenyl) hydroxyphenyl nethanes or 20 substitution

product s Of; Melhyh HDShik¥ELOD tHes eelessdehsggce W of the undercut
bi s(3-cycl'ohexyl - 4- hydr oxyphenyl ) - 3- hydr oxyphenyl net hane,

bi s(3-cycl (g{]necx Iésj:ahl;l‘yygrr éyPﬁe{l—Y% B@E\{%ﬁg;og(iyp%nlhgﬁé h.l?dl?er‘léyer 2

bis(3-cyéfbjéxy - roxyphenyl ) -4- enyl net hane,
bi s(5-cycl ohexyl - 4-hydr oxy- 2- net byl phenyl ) - 2- hydr oxyphenyl 2 il 2006
SF- 78 L6 NRRe, TBEOTSLEAR MG Reat TR A R ROF et el
hydroxyphenyl met hane, bis(5-cyclohexyl-4-hydroxy- : L
2-netﬁyLﬁhe&%ﬂ%-EmShydr6wwphenyl met hane, bis (3-cycl ohexyl - 2- hydr oxyphenyl )
- 3- hydroxyphenyl nethane, 5 bis (5-cyclohexyl-4-hydroxy-3-nethyl phenyl)
- 4- hydr oxyphenyxempitahaneuiboseBiegddohgxplhipdchyptabring- aerpgupdeny| ) - 3-
hydr oxyphenyl nethane, bis(5-cycl ohexyl -4-hydroxy-3-.
include esters, partial esters, amides and pa;tial amides
formed. between:
either a QuinOnediazido group-containing sulfonic¢ acid
10 (e.qg. naphthoquinone—l,2—diazido~5—sulfdnic acid;
naphthoquinone-1,2-diazido-4-sulfonic acid or
brthoanthiaquinonediazide sulfonic acid) or -
naphthoquinone~1,2—diazido—5—sulfonyl chloride with any of:
polyhydroxybeniophenones, such as
15 = 2,3, 4~trihydroxybenzophenone,
;2,4,4'—trihydroxybeniophenone,
2,4, 6-trihydroxybenzophenone, 2,3, 6-trihydroxybenzophenone,
-2;3,4~trihydroxy—2’*methylbenzophenone,
2,3,4,4'—tetrahydroxybenzophenone,
20 - 2,27,4,4"-tetrahydroxybenzophenone,
2,37,4,4',6-pentahydroxybenzophenone,
2,2’,3,4,4’—pentahydroxybenzophehdne,

2,27,3,4,5-pentahydroxybenzophenone,

' 2,3',4,4’,5’,6-heXahydrokybenzophenone'apd




met hyl phenyl ) - 2- hydr oxyphenyl nmethane, bis (3-cycl ohexyl -2-hydroxyphenyl)
- 4- hydr oxyphenyl met hane, 10 _ : 28 April 2006 - ‘
bi s(3-cycl ohexyl - 2- hydr oxyphenyl) - 2- hydr oxyphenyl net hane,
bis(5-cthph¢ﬁyl-2-hydroxy-4-nethy|phgmyl)-Z-hydroxyphenyI met hane and
bi s(5-cycl ohexyl - 2- hydr oxy- 4- net hyl phenyl ) - 4-hydroxyphenyl nethane;
4,4'-11-[4-[1-(4- hydroxyphenyl )-1-nethylethyl] 15 '

phenyl ] et hyl i dene] di phenol ;

7- hydr oxy-4-(4' - hydroxyphenyl) 2-net hyl -2-(2',

di hydr 0xY) phieny |icouney b ngadioaly et enra,meegal | ol /acet one resins and
hormopol yner™ ‘of ‘p-‘hydroxystyréne or copolymer thereof with a 20 E

S?E‘JLY”‘ELL?S'S%%EBR%?% AR NI P LR SRR AR hyar oqui none,

napht hol , pyrocatechol pyrogallol , ogal I ol  nononet hyl et her, '
pyrogal | & F-@iihyorprapheny ld&ﬁﬁhé%&ci d, 28 April 2006 SF-878 19
ani t i ne, p- anlnodlphenylanlne and 4,4' - dlanlnobenzophenone The resin

conp05|tlhws02J3N4ﬂ&nm@demwephﬁmddd@Eﬁ@ﬁn@@ntalns at |east one of the above
qui nonedi azi do group-contai ning conpounds. 5 O the above reaction

produst s,2-apy-asidrofypheny hetwddd -hydrolkyphenyl)propane,
4,4" -[1-[4-]1-(4-hydroxyphenyl)- 1- nethylethyl]phenyl]ethyl|dene]d|phenol

gpg f ér ?e?i (?,fz;-dl@ﬁ)aiﬂ&e&lgﬁh%@@q-) 1.72-dirgair d@_nﬁyautbkgpuéngmb prbgenel s
and 2- {2,3,4- trlhydroxyphenyl) -2-(2',3",4"- .
trihydroxyphenyl)propane;

| tris(hydroxyphenyl}methanes or substitution products
10 of metth suﬁstitﬁtion tﬁereof, such as’
tris(4;hydroxypheﬁ§l)methane,
| bis(4—hydroxy—3,5¥dimethylphenyl)—4—hydroxyphenyl methane,
'bis(4—hydroﬁy42,5—dimethylpheny1}—4~hydroxyphen§l methane,
bis(4—hydroxy-3}5—dimeth§lphenyl)~2—hyd;oxyphenyl methane,
15 bis(4-hydroxy—2,5—dimethylphenyl)—2—hydroxyphenYl methane,
bis(44hydroxy;2,S-dimethylphenyl)—3,4—dih§droxyphenyl
methane and bis(4—hydroxy—3,5—dimethylphenyl)— N
3,4-dihydroxyphenyl methane;
bis(cycloheXylhydroxyphenyl)hydroxybhenyln@thanesor
20 substitution.products of methyl gubstitution thereof, such.asr‘
: bis(3—cycldhexyl;4—hyd:oxyphenyl)—34hydrOXthenyl methane,
bis(3—cyclohexyl—4—hydroxyphenyl)—2—hydroxyphenyl methane,
5is(3—cyclohexyl—4-hydroxyphenyl)a4—hydroxyphenyl methane,

'bis(5—cyclohexyl-4—hydroxy—24methylphenyl)—2—hydroxyphenyl




10 Desirably, the quinonedi azi do group-containing conpound (B) will be
used in an anpunt of 5 to 60 parts by weight, preferably 39a8poé8 parts by
wei.ght, and nore preferably 15 to 30 parts by weight based on 100 parts by
wei ght oﬂgigﬁ radi cal polyner (A). n the amount is less than 5 parts by
wei ght, IS5t & dissolution rate toward the al kal | devel oper will hardly

di ffer between exposed and non-exposed areas. On the other hand, the
anount exceeding 60 parts by weight nmay result in | owered adhesive
properties of the resultant resist layer (1) to the substrate. 20 (O

Sol vent The sol vent, (Q). used in the conposition 1 be _exenplified with
ethyleneﬂﬁﬁﬂﬂﬂewﬁﬂﬁﬁégTﬁﬁc éﬂa"gfﬁyggﬁéy_aF?@Bpgﬁéﬁ88¥h§T§éther;' '

et hyl ene gl ycol nononethyl ether 28 April 2006 SF-878 20 acetate, ethylene
gl ycol ndwéxqa:wph@trw@r meddiadice, bdpébhoyehehexylydohyabasket hyl ether,

di et hyl ene gl ycol nonoethyl ether, propylene glycol nononethyl ether

acet at e, PpmEDHyvdpeegiwicel4-hywiropyphghyét hechaoet at e, et hyl
2- hydr oxypropi onate, ethyl 5 2-hydroxy-2-nmethyl propi onate, ethyl

et hOXyaCQIi@(%.r—c%maheﬂmdrmgek?bﬁenwig byl hdbydypK¥n Pt Meéthbe} anoat e,
met hyl  3-met hoxypropi onate, et hyl 3-ethaxypropionate, ethyl

Forths T ood e e RO g3 i P B ey Y e U NE ° Slen™
s N metyl ot de; o NNy iret avl,  gr R de N R AYLOp RS Li de.
hydroxyphenyl methane, bis{5-cyclohexyl-4-hydroxy-3-
methylphenyl)—ZéhydroxyPhenyl methane,
bié(3—cyclohexyl-2—hydroxyphenyl)—4—hydroxyphenyl methane,
- 10 bis(3fcyclohexYl—Z—hydroxyphenyl)~2~hydroxyphenyl methane,
bis(5—cyclohexyi*2vhyaf0xy—4—methylphenyl)—é-hydroxyphenyl
methane and bis(5—cyclohexyl—Z—hydroxy—4rmethylphenyl)~
‘4~hydro§;phen§l methane; o
4,4"-[1-[4-[1- (4-hydroxyphenyl)-l1-methylethyl]
15 phenyl}ethylidenejdiphenol;
T—hydrOXy?4e(4‘~hydroxyphenyl)—2~me£hyl—2~(2',4’—
dihyd:oxy)pﬁenylcoumarone; |
novolak resins, pyrogallol/acetone resins and-
homopolymer of p—hydroxystyrene'or copolymer thereof with a
20 copolymerizable monomer; and
| compounds contéiningaahydréxyl or amino group, such as
phenol, p-methoxyphenol, dimethylphenol, hYdroquiﬁone,

na?hthol, pyrocatechol, pyrogallol, pyrogallol

monomethylethér,-pergallol—l,3-diméthylether, gallic acid,




N- net hyl acet ami de, N, N-di nethyl acetam de, N nethylpyrrolidone,

di met hyl sul f oxi de, benzyl ethyl ether, dihexyl ether, aCGE@RHI t one, -

i sophorone, caproic acid, 15 caprylic acid, 1-octanol, 1-nonano benzyl

al cohol, benzyd acetate, ethyl benzoage, dlethyl oxal at e, dlethyl mal eat e,
y-butyrol actone, ethyl ene carbonate, propylene carbonate or ethylene

gl ycol nonophenyl ether acetate. These solvents may be used either
individually or in conbination of two or nore 20 kinds. O the solvents,
ethyl 2-hydroxypropionate is preferred. Since the conposition 1 will be

SPi.n Coat el L&, GRS it ahiTher ahase, o e 501 NSHnd oHisRIAD! ¥

added to hak conposi tion -1 |ds content of to 50 wt% and

28 | 2006 . SF-878 21 nreferably 1 9 he sol
'S Gosi rabl y (9 555 Hin CORE ft?lro?ﬁ%ofﬁa TobBeodrliet pHiBbgkionang = V"

preferably 300 to 900 parts by.weight based qon 100 parts by melght of the
conponent o ingh Y Beast (@e otiie aBsTSoARRoTRElidzhSsition 1 my
contain another additive. For -exanple, a surfactant may be added to .

i nprove appbugatdrdiyginidef czonippedal | evel i ng properties of the conposition.
10 Suitable surfactants include: fluorine-based surfactants, such as
comerngci al prodiftie albdbd QR anihbrBprddast é BMChetiea) £ o MECABATR e | es

F142D, F172, F173 and F283 (Dai ni ppon I nk and Chemi cal s, Incorporated)
1 mol of 4,4"-{1-{4-[1-(4-hydroxyphenyl) - 7
1-methylethyl]phenyl] ethylidene]diphenol and 1.0 mol of
naphthoquinone—i,2*diazido—5féulfonyl chloride; is-
preferred.

iO Desirably, the quinonediazido group—containing
}xmmound(B)willbéusedinanamountofS13360partsbyweight
preferably 10 to 50 parts by weight, and more preferably 15
to 30 pa“rts by weight based on 100 parts by weight of the radical
polymer (A). When the amount is less than 5 parts by weight,_

15 .the dissolution rate toward the alkali developer will hardly
differ between exposéd and non—exposed areas. .On the other
hand, -the amount exceediﬁg 60 parts by weight may rgsult in
lowered.adhesive propertiés of the resultant,reéist léyet.(I)
to the substrate;

20
(C)_Solvent

The solvent (C) used in the,éomposition 1 may be

exemplified with ethyiene glygol monomethyl ether, ethylené

glycol monoethyl ether, ethYlene glycol monomethyl‘ether




FLUORAD series FC-135, FC-170C, FC-430 and FC-431 (Sumitonp 15 3M); SURFLON
series S 112, 5-113,  5-131,S-141 and S-145 (Asahi d ass Coganitbdde): ]
SH 28PA, SH- 190, SH 193, SZ-6032 and SF-8428 (Toray Silicone); and NBX-15
(Neos Co., Ltd.); and nonionic surfactants, such as comercial products

Noni on SSE-8N&ni on 0-4, Pronon 201 ardf Pronon 204 (NOF 20 Corporation); and
EMULGEN series A-60, A-90 and A-500 (Kao Corporation). These may be used
either individually or in conbination of two or nore kinds. Preferably, the
surfactant (s) will be used in an -amunt of not nore than 5 parts by

wei ght, and nore preferably from 28 April 2006 SF-878 22 0.01 to 2 parts by
wei ght basetadre,160hphets dyandi gienasithyleet hewiangtafa v deretmlengposi ti ve
radi ation-sensitive resin conposition 2 (conposition 2) for upper |ayer
product i gn¥cBIe meeshktiglr athet j ofi sengléne eylesiln roomedsiti ather, ‘
(hereinafter the "conposition 2") for upper |ayer production 10 15

desi 1 abl y, CoRprdReg1 yED) RoRShyERY1 Conhat M=t henela dnsliurblar oup,

(E). a quino I azl do~gr oup-containi ng conpound; (F) a.solvent; and

. , (F)
optional | anot her c nent . 0 ' abl
o car POMARACRY Y 1 LR JUPCRCT aSahgh carborsFBPoREDhate, PEERPL ALY Hen

as ‘ _
5 2—hydroxy—Z—methylpropionate, ethyl ethoxyacetate, ethyl

"~ hydroxyacetate, methyl 2—hydroxy-B—me'thylbutanoate, -methy'l'
3—methoxyproplioﬁaté, el"chyl 3,—ethoxypr§pionate, ethyl
3—methoxlypropionate, butyl acetate,._ methyl pyruvéte, e_thyl
pyruvate and so forth. The 'above solv_ent may be used with a
10 high boiling solvent, such as N-methylformamide,
I;I,N—dimethylfOrmamide, N-methylformanilide,
N—melthylacet_amide, N, N—-dimefhylacetamide,
Nmi;;thylpyrrolidone, dimeth_ylsullfgxide-, blerizyl' ethyl ether,
'dihexyl ether, | acetonylacetone, isophorone, caproic acid,
15 caprylic acid, l-octanol, 1-nonanol, benzyl alecohol, benzyl
acetate, ethyl benzoate, d'iethyl oxal'a.te,* diethyl maleat-e,_-,r
'y—butyrrolactone, ethylene carbdnate, propyien_e carbonate or
ethylene glycol monophenyl ether acetate. These s-olv‘ents‘may
be used either individually or in combination of two or more
20 kinds. Of the solvents, ethyl 2-hydroxypropionate is
preferred. |
Since the composition 1 wili be spin coated to a thickness
of Sum or less, the solvent is desirably added to make the

composition 1 -have a ‘solids content of 5 to 50 Wi, and more




a surfactant. (D) Polynmer containing a phenolic hydroxyl group The polymer
contai ni ng a phenolic hydroxyl group may be exenplified v@gghﬂﬂﬁﬁfollomﬁng
novol ak resins, polyhydroxystyrenes and derivatives thereof. These nay be
20 used ertB&8 individually or in codi nation. (Novol ak resin) The novol ak
resin used in the invention has an alkali solubility and is obtained as a
condensati on product of ~mcresol, one or nore other phenols and an
al dehyde conpound. 28 April 2006 SF-878 23 The al kali sol ubl e novol ak resin
is not particularly limted, provided that the mecresol has a proportion
~of 40 top2erawhiiyofioall tBewplendsat The drfee arolvené dshdesphrehdlys used in
the production of 5 novolak resins may . be selected from for exanple, 2,

3- xyl enolyged2i AakyhRBRht of PO YLENlo pRrdax i GRAlhht3, dndprefieradnd
2,3,5-trinethyl phenol.. These. maybe ‘used either individually or in’

combi nat i,gn., O J I l...2.4
3, 4- xyl eﬁ’glla %%f@?aﬁ%yg_%%wpﬁgﬁée%éé gggfpgrrgtbsl g§y&%%ror%ghgxanpl es

21C?;ggﬁzghégggag%éﬁ%)cgggi2§&L?233include n}cresoI/2,3-XernoIﬁ
n}cresoP/2:3;5-trineihylbhenol and igylenol/3f4-xyrenpl., : '
m cre8ol / 2, 3-xyl enol / 2, 3, 5-tri met hyl phenol . Sui t'abl e al dehyde conpounds for
" the condensati on : o ; ’
{(G) Anothe; component
Th_é composition 1 may co:_ltain another.additive. For
example, a s-urfactént may be added to improve_ appl‘i'cati‘oh,' -
defoaming ar;d leveling properties of the composition.
: _10~ Suitable surf,act‘ants"in(:lude:
| fluorine-based surfactants, such as commercial.products.
- BM-1000 and.Bﬁ—llOO (BM Chemie) ; MEGAFACE series F142D, F172,
F173 and E—‘i\83‘ (Dainippon Ink and Chemicals, Incorporated);
FLUORAD series FC-135, FC-170C, FC-430 and FC-431 (Sumitomo
15 - 3M); SURFLON series $-112, $-113, S-131, S-—'_1-4"1 and S-145 (Asahi
Glass Co., Ltd.); SH~-28PA, SH-190, SH-193, SZ2-6032 and SF-8428
(Toray Silicone); and NBX-15 (Neos Co._, Ltd.'); and ’ |
‘nonionic.surfactaﬁt's, suéh as commercial p}foducts
rNo.nion .5-6, Noﬁion‘ 0-4, éronon 201 and Pronon 204 ' {NOF
| 20 Corporation}; aﬁd EMULGEN séries A-60, A-90 and A-500 (Kao
Corporation). These may be used- either individually or in
combination of ltwo or more kinds. |

Preferably, the surfactant (s) will be used in an amount

"~ of not more than 5 parts by weight, and more pr‘eferabl'y from




i nclude fornmal dehyde, parafornmal dehyde, acetal dehyde, benzal dehyde,

o- hydr oxybenzal dehyde, m hydr oxybenzal dehyde, p-hydroxybeﬂ%ﬂ+@ sde,

gl yoxal., gl utaral dehyde, 20 terephthal al dehyde and i sopht hal al dehyde. O

t hese, fornmaldehyde and o-hydroxybe éaldehyde are particularly: suitable
for use. S¥nd4g al dehyde conpounds may~be used either individually or in
conbi.nation or two or nore kinds. Preferably, the 28 April 2006 SF-878 24
al dehyde compound(s) will be used in an anount of 0.4 to 2 nol, and nore
preferably 0.6 to 1.5 nol based on 1 nol of the phenols. The condensation
bet ween t he phenols and the al dehyde conpound i's usually. arrieg gut in the
pr esence JoPlafe & R#ricatd yedghpdaandp d00qpazts 9%'("%‘5}/]1% Qdethe
hydrochloric acid, nitric acid, sulfuric acid, formc acid, oxalic acid,
aceti ¢ aeddcatrepbagmsul f(éni.c aci d and p-tol uenesul fonic acid. Genérally,
the acid catal yst may be used in an anount of 1x10-5 to 5x10-1 nol based on
| mol of the phesolsivéOrideacnotensaiitoived téshe cenadditiconducted in
water as reaction nmedium Wen it is expected that a heterogeneous system

shoul d b ceausedtibATIN AN iposlangyof phedheasbhon, the water as the
reacti on nedium may be replaced by: an al cohol, such as nethanol, ethanol,

apol , but | _15.0c . al ‘ 14 [ her,
Clch Bs. tet'ranpar oPuPaRiaP SRGERES R CRPOTE O R Byt

ket one, methyl isobuty] . .
(her)éinafter ghe “composition 2”) for upper layer production -

_.desirably comprises:
(D) a polymer containing a phendlic nydroxyl grou‘p;r
(B} a qﬁinonediazid'o group-containing compound;
_10 | - (F) a solvent; and,opti_onally_
(H) another component.
The another component is preferably a radical polymer
witﬁrﬁé hydroxyl and/or carboxyl gréfi;p or an additive sucn as
a sﬁrf‘acﬁant.
15 |
(D) Polytﬁer_ containing a phenolic hydroxyl group
The polymer containing a phenolic hj{droxyl group mary be
o exemplified_ with the following novolak resins, |
polyhjd_roxjstyrenes and derivatives thereof. These may be
20 used either individually or in combination.

(Novolak resin)

The novolak resin used in . the invention has an alkali
solubility and is obtained as a- condensation product of

‘m-cresol, one or more other phencls and an aldehyde compound. '




ket one or 2-heptanone. The reaction nmedium nmay be used in an ampunt of 20
to 20 1,000 parts by wei ght based on 100 parts by wei ght 5§A5J§bm3
reactants. Although the condensation tenperature may be appropriately
control | eskFtending on the reactivit33of the. reactants, it is generally
in the range of 10 to 200C. 28 April 2006 SF-878 25 The condensation
reaction may be carried out in an appropriate manner; for exanple either:

t he phenol s, the al dehyde conpound, the acid catalyst,. etc. are
introduced into a reactor all at once; or 5 the phenols, the aldehyde
conpound, Tt a1 kane setgsie seqaArk akbynwid hoprpgressudérlpd imdaeid,on in the
presence of the acid, catalyst. After conpletion of the condensation, the
obj ecti vgprmﬁ@%hra%smevm%rego@bﬁ@s raeg)rabo%%%hawngo! tofqmmdize 10
unreacted reactants, the acid catalyst, the reaction nmedium etc. remaining
in the syste For exanpl.e, this separation can be nade through a process
in which:® H%t&éﬁfé éF&P&Srn the reaction systemis increased to 130 to
230C and the vol atile conmponents are evaporat ed. under 15 reduced pressure
to recover theT$ﬁiQE?NV%“HGFbP§EeFéE??€° u35d LBaERPOREQTETT™ OF ni xed
with a good solvent for the novolak resin to dissolve the sane; .and. the

r esul fantnowmlak reains mawed sgkertedboens dorearampiet o huwdiealelresi n.

2,4—kyien61, Z;Sfxylenol, 3,4—xylenol;‘3,5—xylenol and_
2,3, 5—tr_imethyl§h'eno'l. | Thesé_xﬁay be used either' individually
or in cbmbinaﬁion. |
Of theAabove phenols, 2,3-xylenol, 2,4-xylenol,
10 3,4~xylenol\and.2,3,5—trimethylphenol.are preferable.
Preferred exam?les of mncréSOl/phenolks) combinations'
include m-cresol/2, 3-xylenol, m—cresollz;dgxylenol,
m-cresol/2,3-xylenol/3, 4-xylenol,

m—-cresol/2,3,5-trimethylphenol and

15 mﬂcresol/z,3—xylenol/é,3,5—trimethylphenol.
| Suitableraldehyde compounds for‘the'condensation

include formaldehyde, paraformaldehyde, acetaldehyde,r
benzaldehyde, o~hydroxybenzaldehyde, m—hydtoxybenzaldehyde,
p—hydroxybenzaldehyde, glyoxal, glutaraldehyde;

20 terephthalaldehydg and isophthalaldehyde. Of these,
formaldehyde and o—hydrpxybenzaldehyde-aré pafticularly
suiéablé for use. | a

These aldehyde compounds may be used either individually

or_in.combinatioh or.two or more kinds. Preferably, the




(such as water, n-hexane or n-heptane); and the precipitated 20 phase of
resin solution is segregated to recover the objective hig?; gl ar

wei ght. novol ak resin. The above good sol vents include ethylene glycol
mononet hyl et her acetate, nethyl 3-nethoxypropionate, ethyl lactate,

met hyl. i S6b87M8 ketone, 2-heptanone, #oxane, 28 April 2006 SF-878 26

met hanol and ethyl acetate. The novol ak resin preferably has a

meightraVerage mol ecul ar weight in terns of polystyrene (hereinafter the
“Mv') of 2,000 to 20,000, and particularly preferably from 3,000 to

15, 000; t hese ranges are preferable in view of good workability of the

conposi t iadriehydendonpsend bvkeMdgdbbei uged sansh ameung af P Heie £ &8ilst ance of

the resulting resist layer. (Polyhydroxystyrene) Suitable

pol yhydr exyshyrenas fsrablge tdesd 1Dmodnvesead ah llynal aifl Ghe oheesiliss:  MARUKA

LYNCUR'M MARUKA LYNCUR CWM MARUKA LYNCUR CHM MARUKA LYNCUR MB,. NARUKA

LYNCUR PHM C, Tg%Rg sxgg%fgﬁfgé@@g h@%%%#bﬂéﬂﬁi&?dﬂ@AﬁHﬂﬂaﬂﬁﬁhyde

Pet rochem cal” 15 (E) “Qui nonedi azi do gr oup- cont ai ni ng- conpound

The qui noneel 8210 914 qgnato g %%p%ngyg%r@gxnes ogeLachegaf rom the

qui nonedi4AR ni'ng conpounds’ ( sted mnth respect to the
'conp05|t|on 1. Here_ preferred . reac r oduct in I ZIdO 20
group Scomtadiai ¥ co 8{‘}3 §r¥l§)‘”1dn‘5?{iagy§ g'lll%?%% Wégﬁ%% 2 of -
-[1-[4-[1-(4- hydrOX{phenyI)

nitric acid, su furic acid, formic acid, oxallc acid, acetic

aclid, methanesulfohic acid and p—toluenesulfonic acid.

Generally, the acid catalyst may be used in an amount of 1x10'5

to 5x107! mol based on 1:mol of the phenols.
10 ~ The condensation will be usually conducted in water as

reaction medium. When it is expected that a heterogeneous

system should be caused from an early stage.of the reaction,

5
LAt

the water as the reac':i;i(-m medium may be replaced by
an al¢ohol, such as methanol, ethanol, propanol, butanol
15 or propylene.glycol monomethyl ether;
a cyclJ_c ether, such as tetrahydrofuran or dioxane; or
| a ketone, such as ethyl methyl ketone, methyl 1sobutyl
ketone or 2—hepta_none.
a The r‘eactioh medium may be used in an amduht of 20 t‘o-
20 1,000 parts by weight based on.100 pafts by weight of the
reactants. |
Although the conde.nsat‘ion 'ten_lperature may be
Vappropriately controlled dépending on fhe reéctivity of the.

.reactants, it is generally in the range of 10 to 200°C.




1- net hyl et hyl ] phenyl ] et hyl i dene] di phenol and 2.0 not of

napht hoqui none- 1, 2-di azi do-5-sul fonyl chloride; and an estg ged
between 1 nol of 7-hydroxy-4-(4'-hydroxyphenyl) 28 April ZOOé)SF 878 27

2- met hyl sg-628, 4' - di hydr oxy) phenyl co@®ar one and 2.0 nol of _ _

napht hoqui none- 1, 2- di azi do-5-sul fonyl chloride. The conposition 2 for upper
| ayer production contains at |east one of the quinonedi azi do
group-cont ai ni ng conpounds. 5 Desirably, the quinonedi azi do
group- cont ai ni ng conmpound (E) will be used in an anbunt of 5 to 60 parts by

wei ght,  pref erRbl ¥oABeh@abQoRaréSc Byonah gyt be a88r FDSE qrefierably 15 to 35
parts by wei ght based on 100 parts by weight of the polynmer (D) Wen the

anount Légéﬁggrageg ﬁaﬁ %s anmg?gﬁﬁ othefQ.dissolution rate toward the

al kal i er wl et ween exposed and non-exposed areas.

2l ess nomogenbht szi*;%é‘%s?w%ﬁrﬁ?ﬁﬁyg BoRRl: Tl AR FEREET TG vor sen

in any case. 15 (F) Solvent Here, the solvent may be selected fromthe

sol vent sete€) aFﬁsﬁ@GrﬂﬁPﬁeﬂe§B§€tatBeﬁﬁEOEOﬁﬁésP i 9HC7 And further from
2- hept anone, 3-heptanone, 4-heptanone and cycl ohexanone. 20 Since the

resi st |ayer (theishénoilsat tdewhidehydde resigoundayetc(lage adeedol vent (F)
preferably does not or hardly dissolve the polyner (A so that these

| ayers wiskhuBAtiglXyWribh ©esdredisher . thd ndayeiafn thathe memqmoof

3- heptanone

the ac1d catalyst

After completion of the:condensatiog, the objective
novolakresin will be obtained by separating.it from the

10  unreacted reactanté, the acid catalyst, the reaction.me-a-d:i_'um,.r

etc.témaining in.the system. For'éxample; this separatidn
can be made through a'process in which:

the temperature in the reaction system is increasedrto‘_-
130 to:2306C and the volatile components are e&aporated uﬁder

15 reduced pressure to recover the objective novolak resin; or

the reaction product is mixed with a good solvent for
the novolak resin to dissolve the same; and the resultant

solution is mixed with a poor solvent for the novolak resin.

(such as water, n-hexane or n-heptane); and the precipitated
20 phase of resin solution is segrégfated to recover the objective
high molecular.weight novolak resin.
- The above good solvents include ethylene glycol

monomethyl'ether acetate, methyl 3-methoxypropionate, ethyl

lactate,‘methyl isobutyl ketone, 2-heptanone, dioxane,




4- hept anone and cycl ohexanone are preferable for use. 28 April 2006 SF-878
28 *Taking into the account the fact that the conposition gZgMXfbooge spin -
coated to a thickness of 5Smor less, the solvent is desirably added to
make the -conmposition 2 have a solids .content of preferably 5 to 50 W%
and nore PFe E@ably 10 to 5 40 W% T%ét is, the solvent is desirably used
in an-anmpbunt of 100 to 1900 parts by weight, and preferably 150 to 900
parts - by wei ght based on 100 parts by wei ght of the conponents (D) and
(E). 10 (H) Anot her conponent” The. conposition 2 may contain anot her
conponent. Exanpl es_are: (Radical polymer containing a hydroxyl group
and/ or a BaFmBRA 2t AFHYURF®EIRrgh this pol yner is not an essenti al
conponent for the composition 2, the use thereof |eads to enhancenents in.
appl i cation pr dper tncem larkd masdok prefiesebhyehaFhiswpobhieAVeHgdde t he sane
as the polymer (A) used in the conmposition 1, in which case it is needl ess
to.say thablédbelsolmsiht Ain stotgl o 2@ gsityeenehgheraindifsenl thet he
polymer (A). In the conposition 2, the polymer (A) (as the conponent (H))

may be useg,+sN &0 AGUNtLI2NAodOAd Rart3CuRaRly Ryetairablly fabfl
preferably not nore than 30 parts by weight based on 100 parts by weight
of the; pol yigs t(oD)ls‘i“obB;atBQ%EO-Jséﬁgé‘é/%'r%&e%éﬁé?ﬁie' 1800PercB Rot? -
workabilit-y of the composition 2, and also _developability, A-
sensitivity and ﬁeat resistance of the resulting reéiét layer.
(Polyhydroxystyrene)-: |
Suitable polyhydroxystyrenes include those
10 cémmercially availe.lble r_egins: MARUKA LYNCUR M, MARUKA LYNCUR
CMM, MARUKA LYNCUR CHM, MARUKA LYNCUR MB,. MARUKA LYNCUR PHM-C,

MARGKA LYNCUR CST and MARUKA LYNCUR CBA (Maruzen Petrochemical

CO . r Ltd . )

15 (E) Quindnédiazido group-"containing compound

The quinonediazido grbup—-cohtaining éqmpound' (E) may be
selected from the guinonediazido group—éontaining compounds
(B) listed with respect to .the composj.tion 1.
Hére, preferred reaction products as '.the quinonediazido
20 group-containing compounds (E) include an ester formed between
1 mol of 4,4’'-[1-[4-[1- (t‘_l—-hYdroxyphe'nyl}'—-‘

1_—methylethyl]phenyi]ethylidene]diphenol and 2.0 mol of

naphthoquinone-1,2-diazido-5-sulfonyl chloride; and an ester

formed between 1 mol of 7-hydroxy-4- (4’ -~hydroxyphenyl) -



group. (Polynucl ear phenolic conpound) Although this conpound.is not an
essential conponent for the conposition 2, the addition thesspbooenproves
al kali solubility and thereby eases control of the resist pattern profile

The pol yauchear phenolic conpound nayge defined as a conmpound with two or
nore i ndependent benzene rings in the nolecule, at |east two of which

benzene rings form phenolic hydroxyl groups as a result of the |inkage of a
hydroxyl group 10 sonmewhere in the benzene ring. Specific exanples include
4,4 -[1 [4 [1-(4-hydroxyphenyl)-1-nethyl et hyl | phenyl } ethylideneldiphenol,

met hyl - dbreihy
4W6- bi s[% fn%lt%%r %x;c/lgherrq]y &lhﬁai(gkg)(?gtgﬁg%ﬁ?ﬁ@g@gﬂ%?12%?%Im01150fDeS| rably,

t he pol ynuc enoI i o f

part by f%t%ﬁ aalnsrif (gﬁﬁgfig“fé&"é? o e based on 100 parts
e o] 20 _Th

herei n may be Eéﬁ‘eg?@%oﬂ?ﬁﬁrf r?e(f%u’ttjruf%%‘?a’%:hzasyq £ guﬁ%ﬁ%%féggééﬁ %;3 outS ﬁe

_corrp05|t|on 1. Desirably, the surfactant will be used in an anmount of not
nmore thaatSleast smleyof/vlahglquln@w@%ﬁéﬂflé%%m??uw@ﬁﬁ@ml@%COE“-"B&F‘E@ by wei ght
based on 100 parts by wei ght of the polyner 28 April 2006 SF-878 30 (D)
Next , 5the t wo- bayggﬁ:abam neie aunindhedpatiéongroupretdrothining

compound (E} w1ll be used in anamount of 5 to 60 parts by welght
preferably 10 to 50 parts by welght and more preferably 15
to 35 pa;:ts by weight based on 100 parts by welght of the polymer
(D). Whon the amount is less than 5 parts by weight, the
10 dissolution rate toward the alkali developer will hardly

differ between exposed and non-exposed areas. On the other
hand, ,the' amount exceéding 60 parts by weight may result i__n‘
a less homogeneous resist_léyer (I1). Thus, the_resolution

tends to worsen in any case.

15
(F) Solvent | ' - | o
Here, the solvent may bé selected from the solvents {C)
listed with respect to the composition 1, and furthor f:rom
2-heptanone, 3-heptanone, 4-heptanone and cyclohexanone.
20 ~ Since the resist '_layer (I} is laminated _wif;h the resist

layer (II), the solvent (F) preferably does not or hardl—y
dlssolve the polymer (A) so that these layers will not mix with
each‘ other. In view of that, 2-heptanone, 3- heptanone,

'4-heptanone and cyciohexanone are 'pr'e'ferable, for use.




using. the lamnate. will be described. <Two-layer |am nate and patterning

met‘hod using the same> 5 The two-layer |am nate accordi ng,¢ Q.4 Bfel Nvention
. . . pri 3]

conprises a resist layer (1) forned fromthe aforesaid conposition 1 and a

resist layers-(l1) formed fromthe afojesaid conposition 2. The patterning
met hod of "t he “i nvention.conprises a step 10 of form ng the above two-|ayer
| am nate. Thus, the two-layer | am nate and the patterning nmethod wll be

di scussed together in the follow ng description. The patterning nethod"
will be explained with reference to Fig. 1. The nethod conprises: is Step

(a) in which (g-.1). the conpgsition 1 is formed .into,..a resist .layer (I)
(Tower Tayer - Faking gntdIBRR' sogfuds S FARE miF o £13) PRS0
conposition 2 is forned into a resist layer (I1) (upper layer 3 in Fig. 1)
t o preparevali ke BR}Breoatad fatdthagkgess ¢hPHMORAEEE tHE Isadiviedtte i s
subjected to UV Iight exposure and/or electron beamlithography to forma
| at ent pait tdesdira®tlop added kowniask the kamppnstitipts debvavepadsobidsrm an
undercut resist pattern in which the orifices have a |arger 28 April 2006
SF-878 3Lkwuitzmt Bft peebarbbhythaip i50 wWhe,t apd wbep dxebfdvabihiyy Ao ewgani ¢ or
inorganic thin layers 4a and 4b are formed over the resist pattern =
l'am nat e gngighe TﬁéPQE?P1§Hp%%&%bﬁtbisd899§kéb991%&@(%% SPUERBUNRY; and

of 100 to 1900 parts by weight, and preferably 150 to 900 parts

by weight based on 100 parts by weight of the components (D)

“and (E).

19 (H) An_other componér.llt
| VTlhe. compoéitiori 2 may contain another component.
' Examples are: | |
{(Radical polymer cbnfé'i’hi-ng a hydroxyl group and/or a é’é‘irboxyl
group)

15 | Although this pblymer is not-an essential component for.
the composition 2, the ._use thereof _le-ads to enhancements in.
application properties and crack resistance. This polymer may
be the same as the polymer (A): used in the composition 1, in ,.

"~ which case it is needless to say that the solvent (F) should

20 be used that can dissolve the polymer (A).
| In the-éor-np__osi-tionz, the polymer (A) (és the c:ompoﬁent
(H)) may bejus;éd in an amount .of not more ﬁhan 50 parts by weight,
and preferably not mere than 30 parts by weight based on 100

parts by weight of the polymer (D) with a phenolic hydroxy_l"




5. Step (e) in which the lamnate, that is, the |lower layer 2 and the
upper layer 3 are lifted off together with the -overlying E@Aﬂﬂﬁﬁ%er 4a
deposited and/or sputtered on the lamnate. In Step (a), an appropriate
sel ecti ogFef378he conbi nation. 10 of Z2%he resin conpositions 1 and 2 nakes
it possible'to formthe two-layer lamnate by the nethod of: (1) spin
coating for the both layers; or (2) lamnating for the |lower |ayer (resist
layer (_T) and spin coating for the upper layer (resist layer (11)). 15
That is, the resist layers (I) and (Il) rmay be forned by a conbi ned process
of spin geatpng/ spin coating or |amnating/spin coating (lower |ayer/upper
| ayer). For exanpl e, when the workpiece surface (substrate) has relatively

m nor i rregykantibges, phBRoT8ENedmbdhindRy be 20 selected to sinplify the
process. For "'this reason, the former 1s generally enployed favorably. The

atter method Lg), Rn % {2Y0hARINAAPhOYEth LeaRt3LD cdrifbd AHE BBLe [N 8

uni form t hi ckne he "casée wher e: € wWor Kpi éce sur (substrate) has
relatively large 28 April 2006 SE-878 32 irregularities to an extent where
the spin Fpﬁﬁoﬁétlapfgrcﬁp?;aﬂ?lZﬁ%nmB$?5?gge1%%§o%%%H£b$%%%ssed into a
condition that does not allow direct application of liquid resist. 5 \Wen
~ the | bwesdlapddizyi snflothedeby theesagPRBrPhgofet®dresist iRatt@Rhat ed on
the surface of substrate (workpiece) with . ' , )
~profile. The polynuclear phenolic compound may be defined as
a compound with two or more independent benzéne rings in the
molecule, at leaét_t#o of which-benzene rings form phénolic
hydroxyl grdups as a result of the linkage of a hydroxyl group
10 somewhere in the bénzene'ring. Specific examples include
4,47 -[1-[4-[1~ (4-hydroxyphenyl)-1-methylethyl]phenyl]
ethylidene]diphenol, methyl 2,2-bis(1,5-dimethyl-
4ihYdroxyphenyl)propionate and 4@6—bis[1—(4—hydroxyphenyl)—

1-methylethyl]l-1,3-benzenediol.

15 : Desirably, the polynuclear phenolic compound will be

used in an amount of 1 to 30 parts by weight, aﬁd preferably
5 to. 20 parts by weight based én 100 parts by weight of the
‘polymer (D).
(Surfactant)

20 The surfactant for use hérein may be selected from the
su?faétants listed with respect to‘the_composition 1.

Desirably, the surfactant will be used in aﬁ,amount of

neot more than.5 parts by weight, and preferably from 0.0l to

2 parts by weight based on 100 parts by weight of the polymer



heating or warm ng. The substrates (workpi eces) have an upper limt of
endurabl e tenperature that varies fromtype to type.  For exApitbeéos heating -
an MR magnetic head slider as the substrate 10, at over 100C i s not
accept_ablseF_s_é e elenents found therei® nmay be damaged by the heat. In
such cases, 1t will be desired to set the glass transition tenperature of
the Tower layer 2 formed fromthe conposition 1 rather low in order that
the lower layéer 2 may be |lam nated with heating at 100C or below. 15 The
resist layer (I) (lower layer) thus obtained preferably has a thickness of
0.1to SHL and nore preferably 0.3 to 2min terns of control of the resist
| ayer thi I?Qn'ess and control of the size of the deposited and/or sputtered

| ayer. Wien the |o | ayer. has t hi.ckness less than 0.1m caontrol 20 of
the. layer thi CMS\A%@‘EO L~ YET 3@‘%%&& Bpﬂhiglij%?%éa‘i/e%ﬁ&.m&\ﬂ? t he

| oner. | ayer thickness is over 3mb the deposition and/or sputtering wll
acconpanyusinebttinee diimd ngitfer. wéildn ben degeribgder cut area. As a consequence,
difficulties may be caused in controlling the size of the pattern |ayer
resul ti ng<TwomlSke878aB3nbdhe degosatiennang/metlsplittsiiqgthadhsamessi st | ayer
(I'1) (upper layer) preferably has a thickness of 1 to 20min view of

per fosmance of i t&orilBgerandmifgtet ageertionfiend dhetonvenpignring the
deposition and/or 5 sputtering for pattern formation. \Wen the upper |ayer

has a tgci:ncﬁrngrﬁssseé & S-dd1ak ]lgggirt (! lfo%egeﬁkaﬂuﬁhéoafaﬁegﬁia in the

deposi ti or sputtering ‘that the sagged upper part of the undercut
gg)r/n t? Eghqcafr{];g)srsiobiscgr{)??ﬁe g[r}c?gscies't a;‘?é‘rt('ﬁ) FERRLa lfax%%rtﬁgia%r}%%%iids over
cdmposition 2. |
The patterning method of the invention comprises a step
10 - of forming the above two-layer lam_i'nate.
T-hus, £he two-layer lamina{:e and the patterning method
will be discussed t'ogether-'in.the following description.
The patterning method Will be explained with referencé
té Fig. 1. The method comprises:
15 Step. {a) in which (a-1) the composition 1 is formed into
a-resist layer (I) (lower layer. 2 in Fig. 1) on a substrate
1, and {a-2) thereon the composition 2 is ‘formed into a resist
layer (II) (upper layer 3 in Fig. 1) to prepare a two—layer.
laminate; |
20 Step (b) in which the laminate is subjected to UV light
exposure and/or eiectron beam lithography to form a latent.-
pattern;.
Step (c) in which the laminate is-developed to form an

undercut resist pattern in which the orific_es have a larger




10 pattern | ayer may be prolonged and difficulties nmay be caused in
controll.ing the size of .the pattern |ayer fornmed by the d%)%ﬁ,il%ogn and/ or -
sputtering. If the lower |ayer 2 and the upper layer 3 forned In Step (a)

m X t ogeklper,7gsuch a m xed | ayer tendslto be developed to 15 |eave an
undercut that has post devel opnent resides on the side of substrate.
Whereas when these two |ayers do not nmix together at all and do have an
interface between them a developer will interpenetrate along the
interface. The interpenetrated devel oper will accelerate the devel opnent

in 20 thejiheriizorhal poickemt tRANOLnt Reel @op: | ayer 2 and the control of the
| ateral size of the undercut becones-difficult. - The mxing of the |ayers

may be prevent ed, oyh AR £ L R1 L AYLT i nHgAtRIeETSq] URlR A ggni ¢

Y@
subst ance. Howevep, (t?ﬂ S provision®. 1 ncreases d process step. Also, a

vari abl e thjckness- qf the SF-878, 34 interla mak n_appLQpriate

devel opm@ﬁ‘?glI t4£rr§r8i %P&“@ﬁt Vet o AEELES Bll‘/’g%g?nTﬁ%FgP%?g, agﬁekﬁ%sul t ant
resist is liable to give orifices in variable size. Dye to these reasons,
the rmat éXpaIsed subskeatewey fepepisigrdappdofppertiayands ape 5 preferably
sel ected so that the conmbination will allow for appropriate interm Xxing
bet wekn the | ageep. (¢ istepi¢h)the fhaminadel, ayeat lian baeel¢dwerid@aiedped to
form an undercut resist pattern in which the.orifices have a larger size
in the bot e@ tthan uppettheatyep. 3Faresudcessf v ff bogathen &fthfthach an
undercut profile, the resist layer (I) preferably has a higher dissolution

rate thaphe vieyl thihd¥ayet! hd bepetdtebNanapse SSYLLEPEH. oh- hedn
al kal i ne "aqueous “sol uti on?
laminate.
Iﬁ Step (a), an appropriate selection of the combination
10 of the resin cbmpositions 1 and 2 makes it poés:i_ble to form
the two-layer lamihate'by the method of:
{1) spin coating for the both layers; or
S {2} ‘léminating for the lower layer (resist layer (IL3)
and spin coating for the upper layer (résist layer (II) ) .

- 15 That is, the resist layers (I) and (II) may be formed
by a tmmb_ined process of spin Coating/ép'in-coating or
laminating/spin coating (lower layer/uppe: layer).

For example, when the workpiece surface (substrate) has
re'lativély'.minc;r irregularities, the method (1) may be
20 selected to sir_nplify the process. For this reason, the former )
is generally empl‘oyed favorably. '
The latter method (2} may be favorably employed to obtain
the laminate in a uniform thickness in the case where:

the workpiece surface (substrate) has relatively large




I n subsequent Step (d), organic or inorganic thin |ayers 4a and 4b are
forned on the resist pattern lam nate and the. 15 exposed,sybstyate by
deposi tion and/or sputtering. This deposition and/or sputtering step (d)

i nvol ves %ﬁ—%iiﬂg of the |lamnate surface. Wien the upper layer 3 .is
insufficient 1 heat resistance and/ when the recessed space Wof the
undercut is large, the upper periphery of the undercut will be bent due 20
to the heat. This sagged part nay give rise to burrs on the organic or -
inorganic thin |layer 4b during the deposition and/or sputtering. As such,
the conposition 2 for the production of the upper, | ayer .3 desirably has an
enough he=tr$BEiaHNES v&férae‘b)f”?ttenéal’i’%?éfeA&hiel SP&8H6C8REARY 38 undergo Step
(d) without any adverse results. Preferably, the |ower and upper |ayers 2
‘and 3 hav@l&figaddiiopability enough to allow for a margin time for
controlling the depth of recessed space Wof the undercut. 5 As has been
expl ai ned abovehd lkerkedessetas jasen Wrafcddsed under g utorididiicat éhadn area in
the bottomorifice in the lower layer 2 that does not overlap with the top

orifice iduddndtPRErLow a¥isfect (598 idattiok &) 1ifhedceabination of the
conpositions 1 and 2 preferably 10 satisfies the aforesaid conditions.

Coch Sheh 1 LRGN, [RUPY e ng, oo Yo LER |

it is laminated on the surface of substrate (workpiece) with
heating oxr Warming. The substrates (v}or_kpieces) have an upper
limit of endurable temperature tl;.at vé'ries. from type to type.
For example, heating anMR magnetic-head slider as the substrate
10 at over 100°C is not acceptable since elements found therein
may be damaged by the heat. In such casﬁe-s, it will be desired
to set the glass transition temperature of the lower layer 2
formed from the cor’ﬁgosii_:ion 1 rather low in order tHAt the lower
layer 2 may be laminatgd with heating at 100°C or below.
15 The resisi layer (I) (lower layer) thus obtained
preferably has a‘thiékness of 0.1 to 3pm, and.more preferably,
0.3 to 2§m in termslof control of the :esiét layer thickness
andcontrolofthesizeofthedepositedand/orSputteredlayer.
When the lower layer has a thickness ;ess than O;lpm,-contfol
20 thhe1ayerthicknessbecomesdifficultand;&nholesmayarise.
When the l@wer layer thiqkness is over 3pm, the deposition -
and/or sputtering will accompany a nofic,eable diffusion in the.
undercut area. As a consequenée, difficulties may be caused

in cdntrolling the size of the pattern layer resulting from -~




15 As shown in Fig. 1 (a-1), the conposition 1 is forned into t he resi st

| ayer (1) (I ower Iayer 2in Fig. 1). on the substrate. rhﬁx%ubstrate-
has a relatively flat surface, the conposition 1 (SO|IdS content 5to 50
wt% may be spin coated onto the substrate 1. Then the resulting coating
(1 ower. | &eB720 2) formed on the subséfate may be dried at 200C or bel ow,
preferably from70 to 130C, to produce the lower layer 2 Wen the '
substrate 1 has irregularities on the surface, the |ower |ayer 2 may be
formed through |am nation. In this case: 28 April 2006 SF-878 36 the
conposition is spin coated on a substrate, such as PET (pol yethyl ene

t er epht hahat eepokdrit iems @ridi@ ruspbigitgintiyigef  the resist layer (1); the
resultant coating is baked in a clean oven or the 5 like to give a film
and the fil mighkagesaked lagetrheéIzubsuppte laweth arkdsradier has lam nating
conditions may be appropriately determ ned based on the material for the

subst rat :_]tcﬁ 530 ofFORT iy %F 1 @Sy FLg- oﬂ(ﬁ?gfohhé éé r@i; &sat £d¥e, £OgPOsi tion

21is orne |nto the res ayer upper layer) ‘over the fesist

| ayer (I)a gSI:u l;(éefor %X@rgll Ortttl% aigtﬂ}pep?% %tl & arsp) &y coat ed

onto the’r ower ayer resul tant
coating will .be drled at 200C or. _bel ow, pr f er abl front?O to 130C, to
produte PRELFEEIEE FaFePaLEPF™ ISEFAPRER-| AJRT™ arm HHRES 1h2Yemhdidsi st

llayer (I1) (upper layer 3 in Fig. 1) also nay
a thickness less than l1pm, 1t will be bent due to the heat in

the deposition and/or sputtering so that the sagged upper part

of the unde:cut may touch the substrate surface. When the

‘upper layer thickness is over 20um,‘ tthe time for forming the

10 pattern layer may be proldnged and difficulties may be caused

in controlling the size of the pattern layer formed by the
depoéition and/or sput.tering.

" If the lower layer 2 and the upper layer 3 formed in stép

{a) mix toglether, such a mixed layer tends to be developed to

15 leave an _underctlt tttat' has post development resides on the side

of substrate. Whereas when these two layers do not mix

together at all and do have an interface between them, a

developer will interpenetrate along the intlerface'. Ther

interpenetrated developer will accelerate the development in
20 the horizontal direction of the lower layer 2 anct t‘he'control

of the lateral size of the uﬁdercut becomes difficult:.g The

mixing of the layers may be prevented by providing an interlayer

of water—-soluble organic substance. However, this provision

increases a process step. Also, a variable thickness of the



be formed through lam nation. In this case: the conposition 2 is forned
into a filmon a substrate, such as PET, and 20 the fil mﬁBSAﬂyrf?an%at ed on
the resist layer (1) (lower layer 2) with a |amnator. Further, the |ower
and upper_ | %ers 2 and 3 may be for - on the substrate 1 by a single
Ianinatiéﬁ“%r@cess, in which the cgﬁg%sitions are successively formed into
the lower and 28 April 2006 SF-878 37 upper l|layers on a substrate, such as
PET, and the bilayer film is |aninated on the substrate 1 with a

| aminator. (Step (b)) Next, the lam nate conprising the |ower and upper

| ayers 2 and _3 is exposed through a given sk Mto_radi-atien, thereby
form ng aNtSrdRyesaleses. aRa&PBFgBH.lagﬁu&éggf’ﬂ@?ﬂéetllfl%vﬁbfg‘ggﬁflg, |

hi gh-pressure and super-hi gh-pressure nmercury _|anps, netal halide |anps
and" ar gorf myarspl ase k. pIRRe 1 aﬂ'gmfﬁéﬁrei fhiegesultaphviesist Faydade¢ 1ight),
visible rays, far 10 ultraviolet rays, X rays and el ectron beans. O these
radi ati ons giVel dghfices iel eatiahlbesinge ar duer ebetheske frgasdred,r thieandl i ng
properties. In the above exposure for latent patterning- the radiation is

pref er ably, applhigd 8 the 1baaiknabgeln2aafasenef u@€ertpa>15@03 miten?2, and
nore preferably 15 300 to 1000 mJ/cnR. (Step (c)_) The exposed |lam nate is

then develoned whin <31 kal BcndeYehaPEEm EXSERbAT ¥1 S8 VEL Bk NBoRet hods
i ncl ude Al ppi ng, _ 7
| appropriate intermixing between the layers. '
| In Step {(c), the two-layer lamiﬁate is developed to form
an undercut resist péttern in which the.orifices have a larger
size in the bottom than in the top. For successful formation
10 of such an undercut p_rofj..'le_, the.re'sist layer (I) preferably
has a higher dissolution rate than the resist layer (II) toward
the same developer, i.e. an alkaline aqueous solution.
In subsequent Stéij (d), organic or inorganic thin layers
4a and 4b are formed on the resist pa-tterﬁ laminate and the
15 exposed substrate by deposition and/or éputtering. This
deposition and/or spt._tttei:ing step (d) involves heating of the
laminate surface. When the upper layer 3 1is insufficient in’
heat resistance and/or when the fecessed space Wof the undercut
is large, the: upper periphery of the uhdef—dﬁt will be beht due
20 to the heaﬁ. This sagged part may give rise to burrs on the
organic or i-norganic thih layer 4b during the depo_sitioﬁ and/or
sputtering. |
As such, the comppsition 2 for the production of the upper

~ layer 3 desirably has an enough heat resistance whereby it can




paddl i ng and showering. As a consequence, the exposed area 20 of the
laminate alone is dissolved and renoved to |leave a desiregshgibss Pattern
as shown in Fig. 1(c). This resist pattern has an undercut profile which
is wider SER8Me bottom than in the t3p. The devel oper used herein may be
an al kal i ne aqueous 28 April 2006 SF-878 38 sol ution, such as of sodium
hydroxi de, potassi um hydroxi de, sodium carbonate, sodiumsilicate, sodium
netasilicate, aqueous ammonia, ethylam ne, n-propylam ne, diethylam ne,

di - n-propyl am ne, triethylam ne, nethyldiethylamne, 5 :

di met hyl eiltknajcast ae,(d) rv et houblaay adyetse resetlingl-anBoafenabhyditdei de,

-t etraet hyl anmoni um hydr oxi de, pyrrole, piperidine, 1,8-diazabicyclo[b5,4;

0] - 7- undecRng Andluppdiazabee%chohAd3s v - arand. opta Jaltaldndtigagueous
solution may be mxed with an 10 appropriate anount of water-soluble

organi ¢ sql %f:%v ﬁlfCJ]FQ§F%HBE{I}E@‘fbrO(EOI?§M Qlng he Wi SBl el sour f act ant.

After the evel opmen e substrate and the Tesist pattern are rinsed-
W th water or é‘{]\?ﬁl [ ﬁg an ther% dried.''' A further step may be ‘

i ncor por atFEFDEt WehBhBREE5TE 15 steps: for .exanpl e the fol l owing may be
appropriately carried out:. a flattening step to provide a fla E:&gundation
under 5t he . | owds hagdeep: expppénpdabe. £he ﬁ?ﬁ%g'ée%cﬂf@ﬁeow en the
substrate 20 . 1 or the foundation and the | ower |ayer 2; , '
' ~undercut indicates an area in the bottom orifice in the lower

layer 2 that does not overlap w_ith the top orifice in the upper
layér 3 (see Fig. 1‘(d}) . |
Tﬁe c_ombiﬁation of the compositions 1 and 2 preferably |

_10 satisfies the aforesaid conditions.

'Eac;h step of the patterning method according to the
invention will be described in more detail ‘};ith reference to
- Fig. 1.

-(Si:ep (a)}

15 | VAs shown in Fig. 1(a-1}, the éomposition 1is formed_ into
the resist layer (I) (lower layer 2 in Fig. 1) on the substr;te.
When the substrat.e has a relatively flat surface, the
composition 1 (solids content: 5 to 50 wt%) may be spin coated
onto the subst_réte 1. Then the resulting c':oating {lower lay.er_ |

20 2) formed on the substrate may ;bé drieci. at _200°¢-or_ belqw,
prefe_rébly from 70 to 13_0°C, to pfoduce the lower layer 2

ﬁhen tlhe substrate 1 has irregularitj.es on the su;_face, |
the lower l'ay_er 2 mary be formed thn':ough,laminat_ion.' In thig

case;




formati on of an interlayer between the | ower and upper layers 2 and 3.to
control interm xing of the layers; wetting pretreatnent fo é &0 Q§QC|ng
wetting properties of the | am nate before devel opnent; and @ 2006
SF-878 393@9§T baki ng after the devel ggnent. The conpositions . 1 and 2 have
a very good alkali solubility, thus so do the resist |ayers (I) and (11)
Further, the resist layer (1) has a higher dissolution rate than the
resist layer (I1) toward the sane devel oper. These features naeke it

possi ble to forman undercut resist pattern mﬁth high reproducibility. The

resist pattern i, Qagyachghessesy My ige(d Jil ol 8o 008310 oL, afser ve the

resist pattern wth a*light M Cf 050 ope 6 cOnf P m e Gnderfc profile.
These fe e | | for ase and.re ernl en the
Foorst - atbh el vett et FottoRehaliPell Sl felitant: PRLESIRAIE ST S Ae
shown in Fig. 1(d), the or an|c or inorganic thin 15. Iayers 4a and 4b are
f or med bwﬂﬁédﬁﬁkﬁﬁnﬂ%ﬂﬁﬂ ldputtering through the undercut resist pattern
obt ai ned above. The thickness of these organic or inorganic thin layers is

not = particul ardhe ldesutlédntbobaitsngr é6ebakey smed |Eredmaovemeor titfieckness of
the lower layer 2 in order to control the shape 20 of.the thin |ayers.. The

depositi OIh_}aéICl{cg)l’gﬁmjté efilfRg Ga cause a vert| cal anisotropy in the
resultant thin layer. Therefore, the
the film ;s laminated on the substrate 1 with alaminator..
Laminating conditions may be approprietely det.emined'
' based'en_the material for the substrate 1 end solforth,
Next, as Fig. 1(a-2) illustrates, lthe compoeition 2 is
10 formed into the resist layer (II) {(upper layer) over the resist
layer '(I)V. Desirably, for example, the composition 2 will be
'spin‘ coated onto the resist layer (I) (lower layerv.?.'in'Fig.r

P

1) and the resultant coating will be dried at 200°C or ‘below,

preferably from 70 to 130°C, to produce the resist layer (II)

15 (upper layer 3 in Fig. 1).

7 The resist layer (II) (upper layer 3 in E‘ig. l)‘ also may
be formed through lamination. In this case: N
the composition 2 is formed into a film on a substrete,
such 'a's"PET; and
20 - the film is laminated on the resist layer (I) (lower layer

2) with a laminator.

'Further, the lower and upper layers 2 and 3 may be formed
on the substrate 1 by a single lamination process, in which

the compositions are successively formed into the lower and



di aneter of the orifice in positive resist upper layer 3 and the thickness
of the | ower | ayer 2 should be determ ned 28 April 2006 SF; 88Zp§ s
carefully. This is inportant to formthe thin layer 4b in a controlled
shape. Efdre@iigve deposition and/or spditering nethods include PVD

(physi cal vapor deposition) such as vacuum deposition and sputtering.' b
(Step. (e)) After the thin |layers 4a and 4b have been formed in above Step
(d) , the lamnate is released together with the thin layer 4a found on
the lam nate. As a consequence, the thin |ayer 4b al one remains to define
an obj ectipteepatiers. odQ Fhbstebeasing:lofast PET f esicsthédgetdeer viitlm t he thin
| ayer 4a to formthe pattern 4b nay be carried out using a solvent which

has been %Orﬁ]va‘?ﬂrlé)i@:l l&ﬁLb??eds'uBsttQQt'ée'le%%_'tﬂgaoﬁ.aﬁQﬁ&{:bfe resists.
Exenpl ary sol vents 1 nclude ethyl ene glycol nmononethyl ether, ethylene

gl ycol nongqet hyh%@t her, ethylene 15 glycol nononethyl et her acet at e,
et hyl ene. noet hyI et her acetate, diethylene gI ycol nononet hyl

et her, dlethylene gl ycal nonoet t her, opyl ene col nonethyll
ether acetatel %{% NETHRRALS] C%Eh%]p? It?‘ét fu‘é e%égga‘%/ Jé% et hyl
2- hydroxyproplonate ethyl 20 2-hydroxy- 2 nethylproplonate et hyl
et hoxyacet and, 3 dishgkpoagd rtdwypaght At vere MAGK *Q-tﬁyﬁﬁ%%@yt@%twqﬁkyanoat e,
met hyl  3-met hoxypropi onate, ethyl 3-ethoxypropionate, ethyl"
3- met hoxyqumgirmnad elatusity lpaatetrat e, Ragiayiopysowates Jetcrﬂyude pyruvate and so
forth. Al so usable are high boiling solvents,
low-pressure, high-pressure and super- hlgh—pressure mercury
lamps, metal halide lamps and argon gas lasers. The radiation
includes ultraviolet rays (UV light), visible rays, far
10 ultraviolet rays, X rays and electron beams. Of these
'radiationé, UV light and e.lectron'beams, are preferred-for their
handling properties. In the above exposure for latent
patternlng, the radlatlon is preferably applied to the
lamlnate in a dose of 100 to 1500 mJ/cm?, and more preferably
15 300 to 1000 mJ/cm?.
(Step (c))

The exposed laminate is then developed with an alkaline
developer. Exemplary developing methods include dipping,
paddling aﬁd‘showering; As a cdnsequgnce, the exposed area

20 of the laminate alone is dissolved and removed to leave a
desired resist pattern as shown in Fig. 1l(c). This resist
pattern has an undercut profile which is wider in the bottom

than in the top.

The_déVeloper used herein may be an alkaline aqueous




28 April. 2006 SF-878 41 such as N-nethyl formam de, N, N-di nmet hyl f or mam de,
N-ret hyl formani | i de, N-methyl acetamide, N, N-di met hyl acet aﬁgpﬁ 006 _' ’
N- net hyl pyrrol i done,  di net hyl sul f oxi de, benzyl ethyl ether, d| exyl ether,
acet onyl %eggﬁ i sophorone, caproicygcid, caprylic acid, 1-octanol,

1- nonano zyl al cohol, benzyl "acetate, ethyl benzoate, diethyl
oxal-ate, diethyl nale ate, y-butyrolactone, ethylene carbonate, propylene
carbonate and et hyl ene gl ycol nonophenyl ether acetate. 10 Although the
rel easing of the resist pattern can be nmade at roomtenperature, the

I bi b he te
Cubstr at SURTEACER S PER 41 ﬁeoﬁ#%@' R i T

before the releasing. Upon UV, 15 |ight exposure, the grﬂ osensitizer.
cont ai neéoélllﬂlﬁeﬁarlﬁoﬁé*t:ﬂrtﬁ%dh%eﬁléhﬂa\:%me?oﬁh%ﬁ%e%&? ¢+ upper | ayer

wi Il deconpose to make the resist pattern easily releasable. After this
t r eat nentaguichesr eleasiag etlyybaminepnptpropyl anine ootietieydaminian e only by
di pping the substrate in the aforesaid 20 devel oper or a solvent which has

little C@rir—@si‘p\é\lﬁg\ $smiAYehtrastey byhine cohethpldistipy bpyinal cohol .  EFFECT
OF THE | NVENT ccording to the invention, a fine resist pattern having

ot SURRE SR L LI AG] B Bl sl uby o ol
g the
hydrox1de, tetraethylammonlunlhydrox1de, pyrrole, piperidine,
1,8—diazabicyclo{5,4;O]~7—undecene qr
1,5—diazabicyclo[4?3,0}—5—nonane.
The alkaline aqgueous solution may be miéed with an
10 appropriate amount of water-sbluble organic solvent, such as
methanol or ethanol, or water-soluble Surfactant. After the
dévelopment, the substrate and the resist pattern are rinsed
with water or the like and then dried.”
A further step may be incorporated between the above
15 steps; for example the following may be appropriate;y'éarried
out:
a flattening step to provide a f£lat foundation under the
lower layer 2; |
a pretreatment to improve adhesion between the substrate'.
20 1 or the foundation and the lower layer 2;
formation of an interlayer between the Iowe; and upper
layers 2 énd 3 to control intermixing of the layers; .

wetting pretreatment for enhancing wetting properties

of the laminate before development; and




|

resist pattern can produce a desired pattern of (organic or inorganic)
thin layers on the substrate. 5 The fine resist pattern w g G gegder cut
cross section can be obt ai ned by single photoexposure and d%vefopnent, can
be obserggdgwgth a |ight microscope t3® confirmthe undercut- profile, and
can be released easily. Wth these advantages in the production process
the use of the invention |eads to 10 enhancenent in productivity of ,
wor kpi eces. Having the above effects, the patterning met hod of the
invention is suitable for the production of DLC (dianond |ike carbon)

layers on ABS {gkt-BERind0abtetacrs)defelmgnait ¢ heads. 15 EXAMPLES ' The
present invention will be hereinafter described in detail by the follow ng

Sarml es, DUt ihosDgHd be: 5651 4Rd 2 HBke LIS/dsyepie@m LD 10 vey

limted to those Ex Hereinafter, "parts" and "% are by weight

unl ess ot herwi,se,_ 20 .nmentione [
coroe AT RO T OSBRSS o
2ios 5 sis eseise Loy ot ol TG 5 VRO B 18 T2
hydr ozyl rgisdst aagénr(kﬁkaQNﬁqd,thegﬁgmpV@¢geloper. These featurgs o
make it possible to form an undercut resist'patte;n.with high
réproducibility.
. The resist pattern is easy to release. Moreover, it is:
possibie to observe the j:esist pattei:n with a light microscope
‘10 'to‘confifm the undercut profile. These‘features allows for
easy pattern release and re—paﬁtefning when the resist
-obtained does not-have,a desired undercut pfofile.
A (Step (d)) | e
VVAs shown in Fig. 1(d), the organic or inorganic thin
15 layers 4a and 4b are formed by deposition and/or sputtering
- through the undercut fesist pattern obtained above. The
thickness of these brganic or inorgahic thin layers is not
particularly limited, but is. preferably smaller than the
thickness of the lower layér 2 in order to control the shape
20 éf_the thin layers.
The deposition and/or sputtering can cause a'vertical
anisotropy in the resultant thin.layer. Therefore, the
diameter of the orifice in_poSitive resist upper layer 3 aﬁd

" the thickness of the lower layer 2 should be determined




5 (Synthesis of radical polynmer A-1) A flask equipped with a dry

i ce/methanol ref lux condenser and a thernoneter was purggday sdbe
nitrogen.. The flask was charged with a polynerization intiator: 3:0g of
2,2 -azohysi utyronitrile, and a sojyent: 150g of ethyl 10 '

2- hydr oxypr opionate. They were stirred together until the polynerization
initiator dissolved in the solvent. . Subsequently, 43g of ‘
4-isopropenyl phenol (nononmer 1), 30.8g of n-butyl acrylate (nmononmer |1I1),
2.9g of acrylic acid (nononer I1) and 23,3g of 2-hydroxyethyl acrylate

nononer | re Lptroduced 1.0 f k £ .2, St i d
e e R T

| yneri zat i i ed t.the t -at 3 haurs,. Th
Dol yror | £GP YRt e - 288Ee b bER HSBRRL T Oh 119/ R (REH added i n

an anmount of 20 1.5g, and the polynerization was continued for another 3
hours ameti@dsThenludad Wbl phyohCahyaporoders bt kypl suehrdd R U&fper at ur e.
The gas in the flask was replaced with air. After addition of 150ng of

p- met hoxyyherwiltidnhareblgiitee riabt.ai ned by the above reaction was added
dropwise. to a large 28 April 2006 SF-878 44 quantity of nethanol to :
sol i digfy (tg}_%ﬂ e@ghi on product. The reaction product was washed with water,
“redissolved in tetrahydrofuran of equal weight as the reaction product,

and - resolidified,l U0t Ohn JeA A0k beBH BopRBHALA @BoRet hrough

redi ssol ution ?‘o relé:gté ?&?’;i?ﬁ]é on was repeated three tines. The solidified
product tSr}:uésp ?85 ?it%eedl\gﬁingggulusmrgﬂagged'together with the thin layer
-"4a found on the laminaté.l As a consequence, the thin layer
b a;lone.remains to define an obﬁective pattern.
10 The releasing of the resist together with the thin layer |
.'4a to form the pattern 4b may be carried out using a solvent
which has beeﬁ conventionally used in the releasing of positive
resists. Exemplary solvents include-ethylene glycol
monometh’yl ether, Eth.ylene glycol monqéthyl ether, ethylene
15 glycol monomethyl ether acetate, etihylene glycol monoethyl
ether acetate, diéthyl_ene glycol _monomethyl.ether, diethylene
. glycol monoethyl _ether,. propylene glycol moncmethyl ether
.acetate, propy.lene glycol monopropyl ether acetate, acetone,
Vethyl Z—hydroxyprojpionate,- ethyl |
20 2-hydroxy-2-methylpropionate, ethyl ethoxyacetéte, ethyl
hydroxyacetate, methyl -‘2—-hydr_oxy—3—methylbutanoate, methyl .7
3-methoxypropionate, ethyl 3-ethoxypropionate, ethyl
3-methoxypropionate, butyl acetate, methyl pyruvate, ethyl

pyruvate and so forth. Also usable are high boi]_.ing' solvents,




at 40C for 48 hours to yield a radical polynmer A-1.. (Synthesis of radical
‘polyner A-2) The above procedure for synthesizing the pol ygex,fochsas 10
repeat ed except that: 43.43g of 4-isopropenyl phenol (nononer qf? 20. 759 of
n-butyl a&@E-gl78te (nmononer 111), 2.92HLof acrylic acid (nononmer 11) and
32.9g of 2-hydroxyethyl acrylate (nononmer 1) 15 were used as the nononers.
Thus, a radical polynmer A-2 was obtained. (Synthesis of radical polyner
A-3) The above procedure for synthesizing the polymer A-1 was repeated
except that: 20 47.2g of 4-isopropenyl phenol (rnmononer 1), 33.80g of
n-butyl agicH afse NCmetbyREokinbnidad B9Nedimkthgifbimamtde, (nononer 1) were
used as the nononers. Thus, a radical polymer A-3 obtained. was 28 Apri

2006 SF- §iL&:AR(1PHHMARs IS dal, Kagbenk1pekyARidd; 4) A flask equipped with a
dry ice/methanol ref |ux condenser  "and a thernoneter was purged wth

n|trogena;Hy%i%k%%ﬁig%?Fﬁﬁgaégﬁg_g@ggyggﬁ?ggggébﬁ@tion initiator: 3.0g of 5

2, 2" - azobli’si sobut’yroni . : g of ethyl
2, ot Xy OB LS TSk VB ght SERS QURLDST bl DRl yror et or
5 acetdnylacetone, isophorone, caproic acid, -capryl_irc acici,'
l1-octanol, l-nonancl, benzyl alcohecl, benzyl ace_tate, ethyl
_ benzoaté, diethyl oxélate,.diethyl maleate, f—butyrolactone,
~ethyiené carbonate, propylehe carbonate and ethyiene{glycol
monophenyl ether acetate.
10 ‘ Although the releasing of the resist pattgrn can be made
‘ at room temperature, the releasability ma.y be iﬁ.creaéed by
‘raising the témpérature.
_ | Otherwise, the substrate with the resist pattern may be
overall exposed'to uv light before the releasing. Upon UV

15 light exposure, the photosensitizer contained either in both

the upper and lower layers or in the upper layer will decompose

to_-rﬁa_ke the resist pattern easily releasable. After this
treatment, the releasing may be accomplished at room
temperature only 'by_dipping the substrate in the aforesaid

.20 developer or a solvent which has little corrosiveness, such

as ethyl alcohol or isopropyl alcohol.

EFFECT OF THE INVENTION

According to the invention, a fine resist pattern having




Subsequently, 75.0g of 2-hydroxyethyl nethacrylate (nononmer 1), 60.0g of
n-butyl acrylate (mononmer 111) and.-15:0g of 10 2-hexahydroQ§A&@hg%lethyI
met hacryl ate (nmononer 11) were introduced into the flask. The contents

wer e stirrfq%?lomdy to give a solutiph, which thereafter was heated to
80C. Thuss.f - cﬁyrreri zation was carried out at the tenperature for 4 hours.
Then, the solution was allowed to cool to roomtenperature. 15 The gas in
the flask was replaced with air. After addition of 150ng of

p- met hoxyphenol , the sol ution obtained by the above reaction was added
dropwise to a large quantity. of- nethanqgl tq solidify the reactign product.
The reactq%HnB?BGg’Et‘: Sﬁé e MRt e%ﬁf@fe,g %&%’?ﬁy. 5 hytseltnrga Wdr of ur an
of equal 20 weight as the reaction product, and resolidified in a |large
anount of exmediure landTideydp@meriton Eh?oh@ﬁt?%ﬁﬁs%%@%??%nuﬁbng the
resolidification was repeated three tines. The solidified product thus

obt ai ned y@sistagattedn ednaprédGebon d8shoed spattesrelf alexghnial qyol yner
A-4. 28 April 2006 SF-878 46 (Synthesis of radical polymer A-5) The above

procedur e; { OFgyit)hegiiz NGyidies RE KR sAbdtwase.repeated except that: 60. Qg
of 4-isopropenyl phenol (rmonomer ), 60.03 of n-butyl acrylate (nononer

1) and 30, Oyl 078U} YL1 BRLOACESLALE thTBACHRACEM URGSs AR iRm the
mononers. Thus,” a radical polymer A-5 was obtained. (Synthesis- of radical
pol yner Aggg.be obtained by single photoexposure and development, can

be bbserved with a 1ight microscope to confirm the undercut

profile, and can be released easily. - With these advantages

in the production process, the use of the invention leads to

10 enhancement in productivity of workpieces.
Having the above effects, the patterning method of the -

invention is suitable for the production of DLC (diamond like

carbon)layerscnlABS(airf%aringsurfaces)ofnﬁgnetichégas.

15 | EXAMPLES
The present invention will be hereinafter described in
‘ detéil by the followiﬁg Examples, buf'it'should be construed
that the invention is in no way limited to those Exémples.
Hereinafter, “parts” and “%” are by weight unless otherwise
20 . mentiohed.
PREPARATION EXAMPLES'
Preparationrof'combositions 1 and 2
The follé&ing’is a description of the components (A) to

-;(H} that were uséd in the preparation of compositions (1-1)




10 The above procedure for synthesizing the polynmer A-4 was repeated except
that: - 60. Og of 2-hexahydr.opht hal oyl et hyl nethacryl ate (m@@ﬂﬁfzddﬁ) 60. g -
of n-butyl acrylate (nononer 111) and 15 30.QOg of n-butyl nethacryl ate
(nononer d8-878nere used as the nononeé8. Thus, a radical polynmer A-6 was
obt ai ned. <Qui nonedi azi do group contai ni ng corrpounds (B) and (E)> As the
qui nonedi azi do gr oup-cont ai ni ng conpound, use 20 was made of: B-1: an
ester formed between 1 not of ‘

4,4"' 7['1-[4-[1- (4- hydroxyphenyl ) -1- rret hyI et hyl | phenyl) et hylidenel di phenol
and 1.0 npd (af-7napbt Homws mareel, produari om-dmds ubipoylitdbher { 2lel 2&cApri |
2006 SF-878 47 E-1: an ester formed between 1 nol of

4, 4" - [ 1- [ o ddy- (ﬁrhyﬂ;r dodiRidignet hyl ] phenyl ] et hyli dene] di phenol
and 2.0 nol of napht hoqw none- FZ di azi do-5 sulfonyl chloride 5 E-2: an
est er for

7- hydr oxy- qj(%‘eatl\t{n\gg gr}gyphe nq{%lnzmr?e? yydrfxyﬂ“ gﬁQuPc?%d/(? roxy b"Fn’?(llcoumarone

and 2.0 not of @Bapht hoqui none- 1, 2-di azi do- 5- sul fonyl chlori de <Sol vent
(0> 10 &% m used was: EL: ethyl 2-hydroxypropi onate

5 (Synthesis of radical polymer A-1)

Aflask equipped witha dry ice/methanol reflux condenser -
and a thermometer ﬁes purged with nitrogen.: The flask was
cha:_:ged with a .polymerizlation initiator: 3.0g of
2,2’—azebisisobutyronitrile, and a solvent: 150g of ethyl

10 2—hydroxypropionate.- They'were'stirred together until the
bolymerization initiator dissolved in the solvent.

o Subsequently, 43g ef 4-isopropenylphenol (monomer I), 30.8g
of mébutyl acrylate'(moﬁomer IIT1),.52.9g of acrylic acid e
(monomer II} and 23.3g of 2—hydroxyethyl'aCrylate (monomerlI)

15 .were introduced inte the flask. The contents were stirred
slowly to give a solution, which thereafte,r was heated to 70°C.
Thus, polymerization was carried eut at the temperature for
3 hours. The polymerization initiator
2,2’ —azobisisobutyronitrile was further'added.in.an amount of

20 1.5g, and the polymerization was continued for another 3 hours
at 70°C. Then, the solution Qas allowed to cool to room

 temperature. The gas in the flask was replaced with air.
After addition of 150mg of p—methexyphenol, the solution

‘obtained by the ebove reaction was added dropwise to a large




<Synthesis of the polynmer (D) containing a phenolic hydroxyl group> D 1:
15'm Cresol, 2, 3-xyl enol and 3, 4-xylenol were m xed togethggaiinoche
proportion of 80:.10:10 (by weight). After addition of formalin, the.
resul tant. _m xture was condensed by qTfonventional met hod under catal ysis
by oxal i 6Fa&’d to give a cresol novolak. The resin was then subjected to
20 fractionation to renove | ow nol ecular weight fractions. Thus, a novol ak
resin D1 with a wei ght-average nol ecul ar wei ght of 10,000 was obt ai ned.
D-2: - mCresol and p-cresol were mxed together in a proportion 28 April
2006 . SF-878 48 of 40:60 (by_weight), After. additioon of formalin,.the
resultanﬂuﬁm%ﬂﬁﬂéOﬁageéaéﬂéﬁsﬁﬁ ﬁ?ihdﬁﬁﬁv%%?ifﬁﬁﬂt%ﬁﬂrﬁﬁ?éﬁgkﬂ' T0%t al ysi s
by oxalic acid to give a cresol novolak. The resin_ was then, subjected to
fracti onatiasrtiton pawduect vasnspebeHarith wWetght Feattsoh¥edThls, a novol ak
resin D2 with a weight-average nol ecul ar.- wei ght.: of 15,000 was obtai ned.
D-3: m CresalamgaaoFuzaxybénajua Weved giitxed thgetdmrt ion prasiuspor endn of
80:20 (by weight). After addition of formalin, 10 the resultant m xture was

CO“dense‘}e@bel wentihonah . 9Bt hadoukdsr Katmdnsl S Ihiexapeeaadbd to give
a cresol novolak. The - resin was then subjected to fractionation to renove
ow npl eqular, el gl sEE3GEE 8RS0 TRUR112122¥0akn  £84 Tk dpchtid Rhree
ﬁimes. The solidified.préduct thus obtainéd.was vacuum dried
at 40°C for 48 hours to yield a radical polymer A-1.
~ (Synthesis of radical polymer A-2) | |
| The abo-ve procedure for synthesizing the polymer A-1 was
10 repeated except that: | |
43.43g of'4—isopropenylphenol (monomer I),
7,é0.75g of n-butyl acrylate (monomer IIT),
| 2.92g of aCrylic acid f&onomer II) and
32.9g of 2-hydroxyethyl acrylate (monomef I)
15 were used as the monomers. Thué, a radical polymer A-2 Was
obtained.
(Syntﬁesis of radical pblymer A-3)
| The above procedure for synthesizing the polymer A-l was
repeated except that: |
20 | 47.2g of 4—isopropenylphenolk(monomer 1),
33.80g of n-butyl acryléte (monomer III) and
19.0g éf acrylic acid (mOnomer 1I)
wéré used as the monomers. Thué, a fadical polyﬁer A-3 was

‘obtained.




a wei ght -average nol ecul ar wei ght of 15,000 was obtained. 15 <Solvent (F)>
- The solvent used was either: NMAK (2-heptanone) or a m xedygghyeade of EL
(et hyl 2-hydtoxypropionate) and EEP (ethyl 3-ethoxypropionate) 20

<Surfact 85+876G and (H)> The surfactdant used was:. NBX-15 (fl uori ne-based
surfactant available fromNeos Co., Ltd.) or SF-8428 (available from Toray
Silicone) 28 April 2006 SF-878 49 <Pol ynucl ear phenolic conpound (H)> The
pol ynucl ear phenolic conpound used was the follow ng. Polynucl ear phenolic
compound 1: 4,4'-[1-(4-[1 5 ' :

(4- hydr oxgghengk)islofetbgieshypdpimeay| et hyl i dene] di phenol  <Preparation of
conpositions (1-1) to (1-7) for lower layer production> (Preparation of

conmposi tion (1akhskAegoiphd®nivas aB¢e dd/adithah® 1109f Dak tondienske radi cal
polymer A-1, 20 parts of the quinonedi azi do -group-contai ning conpound B-1,

0. 2 part g LhendURbAGEER! whBXpd Pl bt f0nitidgen ANAnSHEL N i HT EL.

charged with a polymerization initiator: 3.0g of | o

5. 2,2faazobisisobutyfpnitrile, and a éolvent: 225g of ethyl
2—hydro#ypropionate. They were stirred together until the
bolymerization.initiatdr dissolved in the sélvent._
‘Subsequently, 75.0g of 2-hydroxyethyl methacrylate (monomer
I), G0.0g of n-butyl aqrylate (monomer III) and 15;0g of

16 '2—hexahydrqphthaloylethyl methacrylate (monomer II) were
introducéd into the flask. The contents were stirred‘slowly
to give a solution, which thereafter was heated to 80°C. Thus,

% polymerization was carried out .at the temperature for 4 hours: .
Then, the solution was allowed to cool to room tempefature.

15 The gas in the flask was replaced with air. After addition
of 150mg of p-methoxyphenol, the solution obtained by the abové'
reaction was added dropwise to a largé quantity of methanol
to solidify the réaction product. The reaction product was
washed with water, redissolved in tetrahydrofuran.of equal

20 weight as the reaction prodgct, and resolidified in a large
amount of’methanol. This operation through redissolution to
'résolidificatién ﬁas.repeated fhree times. The solidified
product thus obtained was vacuum dried at 490°C for_48 hpurs

to yield a radical polymer A—47 .




15 The solution was filtered through a nenbrane filter with pores of 1m
di ameter. The conposition (1-1) was. thus obtained. (Prepggasd sbeof
conpositions (1-2) to (1-7)) These conpositions were prepared fromthe
conponents 20 given in Table 1. in tb sanme manner as for the conposition
(1-1) . “P%ffaration of conpositions %2~1) to (2-2) for upper |ayer
production)> (Preparation of conposition (2-1)) A .uniformsolution was
prepared from 28 April 2006 so 90 parts of the polymer D1, 10 parts of

t he pol ynucl ear. phenolic compound 1, .20 parts and 10 parts of the

qui nonedi azi do group-contai ni ng _conpounds E-1 and E-2 respectively, 5 0.2
part of thiydhesds of nasdicrs Y YTES0A5arts of MAK. The sol ution was
filtered through.a nenbrane filter with pores of 3mdi aneter. Thus, the
conposi tion (2The alsve ghitciatds osFynddicisdg lagnteeolymegPhep #8&t i on of
conposition (2-2)) - A solution was prepared from 25 parts of the pol yner
D2, 75 pagdscedf ddteproloay: D-3, 50 parts of MARUKA LYNCUR PHM C, 15 10
parts of the polymer A-4, 35 parts of the quinonedi azi do group-cont ai ni ng

60.0g of 4-isopropenylphenol (monomer I),.
5 60.0g of n—bhtyl‘acryiate {monomer III) and
30.0g of n-butyl methacrylate (monomex IIIj
' were-used as the MOnOMers . Thus, a radicél polymer A-5 was
obtained.
(Synthesis of radical polyme;’A—G)
10 Thé ébove procedui:e for sfn'thesizing-t_he polymer A-4 was
repeated excépt'that:

60.0g of 2-hexahydrophthaloylethyl methacrylate

W
A
g

" A

(monomer II),

60.0g of n-butyl acrylate (monomer III) and

15 . 30.0g of n-butyl methacrylate {monomer III)

were used as the monomers. Thus, a radical polymer A-6 was

~ obtained.
‘<Quin0nediazidb group contéining compounds (B) and (E)>
As the quinonediazidd gfoup—containing compound, use
20 was,madé of: o
| B-1: an ester.fqrmed befween 1 mol of
4,47 = [1~[4-[1- (4-hydroxyphenyl)-1-methylethyl]phenyl]

'ethylidene]diphenol and 1.0 mol of naphthoquinone-1,2-

‘diazido-5-sulfonyl chloride




conpound B-1, .0.05 part of the surfactant SF-8428, 15 parts-of the
pol ynucl ear phenolic conpound 1 and,- 20 a m xed sol vent. cgmﬁmﬁgmﬁg of 179 -
parts EL and 179 parts EEP. The sol ution was filtered through a nenbrane
filter widgrgymores of 3pmdianeter. Téws, the conposition (2-2) was
obtained in 38%solids content. 28 April 2006 SF-878 51 Exanple 1
<Formation of |am nate on substrate surface> Spin coating/spin coating
process The conposition (1-1) was dropped on a silicon wafer and 5 spin
coated thereon. The resultant coating was baked on a hot plate at 100C for

10 minutes to give @anf esket lrayfkd(bktieaden mbayer). Thereafter, the
conposi tion (2-1) was dropped and spin coated on the above- forned under

| h b | f
ayer. T tpog[y (Vﬁ) (u S?}qggﬁe?l?}l&p"la&n%tﬁ&lwﬂgllg'heﬁyml nutes to give

a resist 10 | t wo- | ayer m hat e"was t hus

obt ai ned. <Eva| uati.o plic n pertie I, s, i ckness>

After thetheided Cf!%?g‘ﬁé‘fﬁl é‘i@? I(f?aHP é’%r 1“8?%’5% J‘?‘ﬁ% strate, the
top surface of the |am nate was observed with 15 a |ight nlcroscope The
surface ctiefiitdaondwas fopaluathd@rdsie either A or B based on the foll owi ng

criteria. The results are set forth in Table 3. Application propertles A
t he Iayers vver@—am faor esteer dlormed between 1 mol of

7 hydroxy 4- (4’-hydroxyphenyl) 2~methyl 2~(2’ 4’ -
dlhydroxy)phenylcoumarone and 2.0 mol of |
naphﬁhoquinoneél,2—diazid6f54sulfonyl éhlqride
" <8olvent (C}>
10 The solvent used was:
EL: ethyl 2—hydroxypropionéte
<Synthesis of the polymer (D) containing a phenolic hydroxyl
~group> i
- D~-1:

15 m-Cresol, 2,3-xylenol and 3,4-xylenol were mixed
together in a proportion_of 80;10:10 (by weight)u After
addition of formalin, the resultant mixture waé COndenSed by
a conventional method under catalysis by oxalic écid,tq give:

~a cresol novolak. The resin was thgn subjected to

20 fractionationtoremovelownmleqularWeightfractions. Thus,

. a.no§olak resin D—i with a weight-avérage mp;ecular weight of
'IlO,OOO was obtained.
.D—Q: |

m—Cresdlandp—cresolweremixedtogétherixuaproportion7




the substrate 20 B: the layers had rel eased partially and-had holes, i.e.

the layers were not uniformoverall on the substrate The 58! RS b@e€ having -

the | ayers evaluated above as A (good application properties) was then
subj ected to a 28 April 2006 .SF-878 ﬁ%'neasurenent of the thicknesses: of
lower andPRpbEt | ayers. The nmeasurentht was made with a stylus-type film
t hi ckness. gauge. The thickness of the upper |ayer was obtai ned by
subtracting the thickness of the |ower layer fromthe thickness of the 5
two-layer lam nate. The results are set forth in Table 3.. <Exposure,
devel opnent and_eval uation of results> The substrgte havi ng {he | ayers

eval uat et ebhs(by Wejodd lappPEESEi BAAHF LpRr ¥ 59 MR BhotBExposed and

thereafter devel oped with an al kaline agueous sol ution. This patterning
10 pr ocesse swabt asr migtduoatwamdendeheed it tdamvengiional gashodirdeSuss

Al'i gner MA150 (contact aligner, available from SUSS M crotec) Dose: 500
mi/ cn ( adatod Dits %gooﬁﬁrlic Rdqies toeglivdes diraisdlcnavathkex phise e sisn

‘Devel opnent: carried out by dipping the substrate in an aqueous sol ution

of tetranpt byl MUK 0Xi 882 cPe¥REEPEAGLS | Mo Fd ange Gdedit 0

seconds Rinsing: one m nute rinsing. under running ultra-pure water,

fol | owed by, 4 - PLAWA NOrAQs /Y hehobBEaRoNEL ARTBNS i aPattern profile
| .‘weight—average mﬁlecular.weight.of 15,000 was obtained.
D-3: |
m-Cresol and 3,5-xylenol were mixed together in a
proportion of 80:20 (by’weight); After éddition of formalin,
10 the resultant mixture was cbndensed:by a conventional method
under catalysis by oxalic acidtx)give a cresol novolak.- The
resin was then subjécted to fractionation to remove loQ
m&lecular weight'fractidﬂs. Thus, a novolak resin D-3 with
a weight-average molecular weight of 15,000 was obtailned.
15 '<501veﬁt {(F)>
The solvent used-wasréither:
MAK (2-heptanone) dfl |
a mixed solvent of EL {ethyl 2-hydroxypropionate) and
| EEP (ethyl 3—ethoxypropi§nate)
20 <Surfactants (G) and (H)> . |
The surfactant used wasi
NBX-15 (fluorine-béséd surfactant available from Neos
Co., Ltd.} or

- SF-8428 (available from Toray Silicone) .




eval uated through observation with a Iight m croscope, and also with a
scanni ng el ectron m croscope depending on the need. The e¥aAj#idogn Was
made with respect to the round hol es which have a-dianeter of 20m and
whi-ch arepragay from the neighboring 28 April 2006 SF-878 53 holes at a
spaci ng of 40m (60m pitch). The devel opability was evaluated as either A or
B based on the following criteria. The results are set forth in Table 3.
Devel opability A: no undesired portions renmaining after the devel opnent,
beauti ful undercut profile, and no connection between nei ghboring undercut

hol es_af t@h1{ g H6X8! SREAGLE EMBoRbowi Segpnds or nore Devel opability B:
undesired portions renmaining after the 10 devel opnent irrespective of the

devel opi ng ting, ) r | &5 My ngigghboring ones
<For mati on angﬁg3§%%%f$%%f%€§d§%§?€§%$> e substrate with the resi st
pattern eval uajed above as A (good devel opability) was post baked on a hot
pl ate at f035°888Jfor 10 minutes. This substrate was used to forma DLC

| ayer. thereon and to evaluate the DLC | ayer. The DLC | ayer was manufact ured
with use of DLEPLPOS:igawPhedebie emEHithdru adporai%oiin the
formati on of the DLC | ayer, the substrate having 20 the pattern was first
pr et r gat gd-hFHeopyphenyl fehtmnaaby hatey ]l hyhehehie vy L idene klikghansl by |
sputtering, and depositing on the cleaned surfaces Si in an approximate
thick”es%PQEpggétiqn of compositions (1-1) to (1-7) for lower layer.
production> | '
(Preparation of composition (1—1))
A solution was made from:
10 100 parts of the radiéal polymer A-1,
26 parts of the quinonediaéido grdup~containiﬁg
compound B-1,
i . '6.2 part‘of the surfactant NBX-15 (Neos Coi;'Ltd,&-and
| 680 parts éf EL. | |
i5 The solution was filtered through a membrane filter with
pores of lpm diameter. The‘cdmposition-(l—l) was. thus
obtained.
(Preparaﬁion of compositions (1-2} to (1-7))
| These compositions were prepared froﬁ the components
20 given'in Table 1.in the same manner as for the composition (1-1).
<Preparation of compositions (2-1) to (2-2) for upper layer
production)>
(Preparatioﬁ of composition (2-1))

" A uniform solution was prepared from:




~Thereafter;-a DLC | ayer was deposited in a thickness of 250 to 300A. Here,
the degree of vacuumwas 5X10-3 Tom 28 April 2006 SF-878 §§Aﬁhﬁf after,

the substrate, which then had the DLC | ayer. on the surface, i pped in
N- et hyl pyrrol i done at 100C for about 10 m nutes. As a result the resist
rel eased. The . substrate was then rinsed several tines with acetone and 5
thereafter.blow dried. Eval uation of r e8i st rel easability After the rel ease
of the resist layer, the revealed surface was observed with a |ight

m croscope. The surface state was eval uated based on the foll ow ng
criteria. The 10 results are set forth in Table 3. Releasability A

rel ease treatnent |left no residues on the substrate surface B: rel ease
treatnent left PEsPatks of the Bobymeat &-durface 15 Evaluation of DLC

| ayer The thus-obtained DLC pattern was observed with an AFM (atomi ¢ force
mcroscope) to é0apaate ohethé gooaynaclehrt baenpatitetsmpased an the
followng criteria. The results are set forth in Table 3. 20 AA: no burrs

/protrusions fopodpantshensurd aseret §E|thﬁequ5%8héé¥§E§d8n the substrate,
the pattern dianeters ranging from about 20°to 2Im A" no burrs/protrusions

found on PeupucbaeeiAlng! LohfSunlt el Yy £12' DEsBURRGLRYY, the pattern
dlaneters be| .
5 . 0.2 part of the surfactant NBX-15 and
180 parts of MAK.
'_ T‘h-e solution was filtered through a membrane ;filter wiﬁh
- pores of 3um diamete;. Thus, the composition (2-1) was
obtained in 35% solids content.
lb-fngreparation of coﬁposition (2-2))
- A solution was prepared from:
25 parts of the pplymer D-2,
"75 parts of the polfmer D-3,
50 parts of MARUKA LYNCUR PHM-C,
15 | 10 pérts of the polymer A-4,
' 35.parts_of‘the quiﬁénediazido group—containing
'compounq'B—l,
’ﬂ0.0S part of the surfactant SF—8428,
15 parts~of the pqunucleér phenolicacommoundfand
20 ‘a mi_xed so;vent. consisting \of 179 parté EL and.179 parts
' 'EEP.'
The solution was.filtered.t.hrough a membrane filter with
ﬁoreé.pf-Bum,diameterf 'Thué, the composition (2—2i wés

obtained in 38% solids content.




28 April 2006 55 .or nore B: burrs/protrusions present on the surface of
the DLC Ilayer(s) <Formation and eval uation of alum na Iayﬁig P Bge '
substrate with the resist pattern eval uated above as A (go od " 20
devel opaBEFBT§) was post baked on a Rdt plate at 80C for 10 minutes. This
substrate was used to forman alumna  |ayer thereon and to eval uate the
alum na layer. The alum na. layers are used as insulating |ayers in gaps
bet ween GWR 10 el ements. The al um na | ayer was manufactured. with use of
MPS- GA-LTS (available from U vac Equi pment Sales Inc.). In the f ormati on
of the aEwampael &yer, the substrate .having the pattern was first
pretreated. The pretreatnent was 15 nade by cleaning their surfaces’ by
SpUtterlR@orﬁadldﬁpesllamgnaos bhesubsarede ssuffmes>an al unina | ayer. in a
t hi ckness of 1500 to 1600A. Here, the degree of vacuum was 5x10-5 Torr and
the . SUbﬁglﬁtéoéﬁﬂﬂ /g YhecWwagingtpRbcadout 70C. The rate in formng the
fo6A M n° 2

al um na l"ayer was a O The eval uations of the figuration. of

t he al umna | and the releasahj]J] r.e 4qmade
exa_(I:_t lb?/ ig thggﬁrﬁi"" 3 P}:r]sorn 1 E?Q‘Hné B%)E%Eieg{;%}.a %gi?éé@ﬁﬁfg\&gég set forth
In Table a 2 2

5 spin coatrg)d ethere%nAprI he 2r0eos§.11%

ogging'was baked on a hot’
plate at 100°C for 10 minutes to give a resist layer (I) (under
layer). Thereafter, the éomposition (2-1) was dropped and
spin_coated on the above-formed.undér,layer. The cqating Was
baked on a hot plate at 100°C for Siminutes to give a resist
10 layer (II) (upper layer). A two-layer laminate was thus
obtained. |
{Evaluation of application properties and 1ayers‘thickness>r
A o | After the lower andmpper layers had been formed.on%the'
éubstrate, the top surface of the laminate was observed with
15 a light microscope. The surface condition was evaluated as
éither A or B based on the following criteria. The results
are set forth in Tablé 3.
Appiication propefties A: the layers were uniform.overall on
| ‘the substrate
20 ) B: the layers had released partially
and.hadﬁoles, i.e., the layers wére
not uniform overall-on the substrate
The substrate having the layers evaluated above asrA

(gbod application properties) was then subjected to a




The procedure of Exanple 1 was repeated except that the conposition 1 for

| ower - l-ayer production was changed from (1-1) to (1-2). TﬂgAﬁpﬂn95|tlon 2
for upper layer production was unchanged. These are specified in Tables 1
and- 2. The results 5 are set forth in Table 3. Exanple 3 The procedure of
Exanpl e %EM@§8repeated except that thg conposition 1 for |ower |ayer
producti on was changed from(1-1) to (1-3). The conposition 2 for upper

| ayer production was 10 unchanged. These are specified in Tables 1 and 2.
The results are set forth in Table 3. Exanple 4 The procedure of Exanple 1
was repeated except that the conposition 1 for |ower |ayer production was

changed 110, (L1510 1t @Bdatbats tbaakaygs gl ckagessyasnal ter ed

The co for per layer pro uctlon was unchanged. These are

specified in Tables 1 and resul 1 re S 0 Exanpl e
5 20 The“ﬁ?ﬁ@é&@@@tdvaﬁfﬁﬁéf@J% SF% ?%QE}EPE thﬁ%%ghﬁ%p05|tlon 1
for | ower |ayer production was changed fron1 1-1) § %2 that the | ower
| ayer ma§ﬂ¢¥@b@@éﬁeﬁﬁr@ﬁg%h¢amﬁﬁﬁﬁ|%ﬁ¥era§aae§EFF588db% oWPHAF A t he

| ayers thickness was altered. The conposition 2 for upper |ayer production
was unchangedhi2&nApsi k2006 SEWEZ3 mwerhégemart@es;t@mqlqn@ﬁ @fTabﬁes 1 and

2. The results are set forth in Table 3.

5 two-layer laminate. The results are set forth in Table 3.
<Ez§posure, development and evaluation of results>
Thé substrate having the la_yers evaluated above as A
(gdod applicatidn properties) was photoexposed and thereafter
developed with an alkaline agueous solution. This patterning
10 - process was carried out under the conditions of:
Aligner: Karl Suss Aligner MA150 (contact aligner,

available from SUSS Microtec)

¥ »
el . 2 b

Dose: 500 mJ/cm® (at around 420 nm)
Exposure mode: hard contact exposure

15 Development: carried out by dipping the substrate in an

agueous solution bf tetramethylammonium hydrqxide
~ Developing time: changed by the 10 éé'condé
Rinsing: one min_uté rinsing under running ultra-pure
w.ater, followed by air—,blc;w dlrying
20 After the development, the pattern prdfile obtained was
evaluated tﬁrough observation with a light microsco?e, and

alsowith a scanning electronmicroscope depending on the -ne_ed.

The evaluation was made with respect to the round holes which

have a 'diamet-er of 20pm and which are away from the neighboring



Lami nating/spin coating process 5 The conposition (1-4) was dropped on a
PET filmand spin coated thereon. The resultant coating A& kg in an
oven at 100C for 5 minutes to give a film Thereafter, the fl?ﬁ] was

| ami nat edFeRA78 silicon wafer and the3BET filmwas rel eased fromthe

lam nate. Thus, a resist layer (l) (under layer) was 10 forned on 'the
substrate. The lam nating conditions were as follows: Conveying speed: 0.1
mMmn Roll tenperature: 95C Rolling pressure: 1.5 kgf/cnR 15 Thereafter
the conposition (2-1) was dropped and spin coated on the above-forned

under |aﬁ@ﬂe5TQ@ §0gphognyasrbabpd (60w itcip) ate at 100C for 5 minutes to
give a resist layer (I1l) (upper layer). A two-layer |am nate was thus

obt ai ned. Exanphe &+ Kb DI oL dukees 941 lrxeam| £5 4wy apentteBasedept t hat
the conposition 2 for upper |ayer production was changed from(2-1) to

(2-2). T@gig@g}}%ﬂ}ggﬁggliiggakgw'fr@'fésfiieg@fé%t\ﬂ@értmf}h@ag@é- These

are speci The results are set forth in Table 3. 28
April 2006 SF-878 58 Exanple 7 The procedure of Exanple 5 was repeated
except that the conposition 2 for upper |ayer production was changed from

(2-1) to (2-2). The conposition 1 for |ower |ayer pro [
-5 De(velogaability Kp 'no undesired portions yremapiniq'lugCtalf%ng\@ﬁe

development, beautiful undercut profile, and no connection
'between.neighboring'undercut holes after the‘developing time
.of 20 seconds or more. |
Developébility B: undesired portions remainingrafter the
'10_'devélopment irrespective of thé developiné time, and/or
undércut holes connecting with neighboring ones
%Formation and evaluation_of DLC layer>
" The substrate with the resist péttefn evaluated above -
és A (good developability) was post baked éri a hot plate at
15 80°C for 10 minutes. This substrate was used to form a DIC
‘1ayer thereon and to;evaluate the DLC léyer.
| The DLC-layer was.manufactured with use of DLC-1508
(available from Shimadzu Corporatioh)._
In the formatibn of the DLC layer, the substrate having
20 the pattern waé first_pretreated. The pretreatment was made
by cleaning their surfaces by-sputtéring, and depositing on
the cleaned surfaces Si in an approximate'thicknéss of 20A.
Thereafter, a DLC layer was deposited in a tﬁickness of 250

to 300A. Here, the degree of vacuum was 5x1073 Torr.




5 unchanged. These are specified in Tables |and 2. The results are set
forth in Table 3. Exanple 8 The procedure of Exanple 5 was, @ﬁ?&ﬁp except
that the conposition 1 for |ower |ayer production was change on1(1 4)
10 to (1-5 and that the conp05|t|oné$ for upper layer production was
changed G‘ @2 1) to (2-2) . These ¢ % specified in Tables 1 and 2. The
results are set forth in Table 3. Exanple 9 The procedure of Exanple 5 was
repeat ed except that the 15 conposition 1 for |ower |ayer production was
changed from (1-4) to (1-6) and that the conposition 2 for upper | ayer .

production was changed from(2-1) to (2-2 hes re specified in Tables
1 and 2. The r&%gres &PérS%HefﬁﬂQQ¥43$eTaBPéC@1ﬂ¥%h§§$% Fhe Pl digisd 1 20 -

The procedure of Exanple 4, was repeated except thatthe conposition
forl ower drayke $mnﬂmaL|@asw@sppedngeﬂ—mebhylpymgoli@oteém)10Wﬁéﬁ@me05|t|on
2 forupper |ayer production was unchanged. These are specified in Tables 1

and 2. Thadwsuld mintessetAfost hesalTabtite Jre & Anréele2006. STh878 59
Conpar ati ve Exanple 2 The procedure of Exanple 5 was repeated except that

the  compofiddQftel Wfa tt%weﬁ:lh@éer sRedHe! i PHeVagi chanaedoheoangl-4). to
(1-7). The Conposition 2 for upper |ayer production was unchanged. These -

are SQeCﬂJﬂé¥£££Lé¥“ﬂf%% G%ﬁ%d% The results are set forth in Table 3.
- Evaluation ofresist releasability
After'tﬁe release of the resist layer, the revealed
surface was observed with a‘light microscope. 'The surface
state was evalﬁated based on the following ctiteria. The
10 results are set forth in Table 3.
Releasability | A: releaée'treatment,left.no residues on the
| subetrate surface
B: release treatmenthfeft residues on the
substrate surface
15 Evaluation of DLC layer
The thus-obtained DLC pattern was observed with-an AFM

(atomic force microscope) to evaluate the figuration of the

pattern based on the following criteria. The results are set
forth in Table- 3.
20  BA: no burrs/protrusions found on the surface of all the

DLClayersonthesubstrate,thepatterndiametersrangingfrom

about 20 to 2ipm

A: no burrs/protru31ons found on the surface of all the

DLC layers on the substrate, the pattern.dlameters belng 22pm




Conpar ati ve Exanple 3 The. procedure of Exanple 6 was repeated except that
the conposition 1 for |ower |ayer production was changed Eggmédlo- 4) 10 to -
(1-7). The conposition 2 for upper |ayer production was unchanged. These
are specified in Tables land 2. The results are set forth in Table 3. -

Conpar ati ve Exanple 4 The procedure ofs Exanple 7 was repeated except that
the - 15 conposition 1 for |ower |ayer production was changed from (1-4) to

(1-7). The conposition 2 for. upper |ayer production was unchanged. These
are specified in Tables 1 and 2. The results are set forth in Table 3. 20
28 April 2006 60 Table 1 Conposition 1 (lower |ayer) Radical Qui nonedi azi do
Sanmpl e Ngrpgbyger gr oup- cont ai ni ngSol vent Sur f act ant (A) conpound (B)(C) (G

1-1A-1/B-1/ 20 EL/NBX-15/ parts 100 parts680 parts0.2 part 1-2A-2/B-1/ 20

EL/ NBX- 15/ pargs g&¥k§§%£5§%ﬁg-ggésﬁké%égglon the surface of the DLC
layer(s) |
<Formation and evaluation of alumina layer>
5.  The substrate with the res_i_ét pattefn evaluated above
as A (good developability) was post baked on a hot plate at
80°C for 10 ninutes. This_substréte wals_used_ to form an alumina.
layer thereon. and to evaluate tﬁe alumina layer. The alum%ﬁa‘
layers are used as insulating J.ayers in gaps between GMR”:
iO' elements. |
The alumina layer was manufactured wifh use of MPS--GA—-LTS _
(available from Ulvac Equipment Sales Inc.).
In the formation of the alumina layer, the subétrate'
-having the patterp was fir.st pretreated. " The pretreatment was
15 nmade by cleaning their surfaces by sputtering, and depositing
} on the cleaned _surfaéés an alumina layer in a thickness of 1500
to 1600A. Here, the degree .of vacuum was 5><.:l.0‘5 To;rr and the
"substrate temper:ature was set a-t about 70°C. T.he rate in
forming the alumina layer was about 100A/min. |
20 The evaluations of the figuratién of the alumina layer
and the releasabilitf of tge rggist layer were madé exactly
in the same manners as for the DLC layer. The results are set
‘for-th in Table 3. _

Example 2




1-3A-3/B-1/ 20 partsEL/NBX-15/ 100 parts680 parts0.2 part 1-4A-4/B-1/ 20
parst SEL/ NBX- 1S/ 100 parts480 parts0.2 part 1-5A-5/B-1/ 20 $ 5ol NBX- 15/
100 parts480 parts0.2 part 1-6.A-6/B-1/ 20 partsEL/NBX-15/ "1 parts480
partsO:ZSgg%581 7A- 4/ NoneEL/ NBX- 15/ 3@0 parts400 parts0.2 part Table 2
Conposi t i"on (upper | ayer) Pol yner : _
Sanpl econt ai ni ngQui nonedi azi doSol vent Sur f act ant Anot her No. phenolic
group-contai ning(F) (H additive a p hydroxyl conpound (E)(H) group (D)

Pol ynucl ear 2-1D-1/E-1/ 20 partsMAK/ 180NBX- 15/ phenolic 90 partsE-2/ 10

Dot 2275 pafs BHISa s e FaPeLs Toi23) BaPER o eaTCTHROGREERD. 05
part Phen%lolmgaosition 1 for lower layer production was changed from (1-1)
to {(1-2). The composition 2 for upper layer produétion was
unchanged. These are .épecified in Tables 1 and 2. The results .
5 are set forth in Table 3.
ﬁxample 3
The procedure of Example 1 was repeated. except that the
comp‘osi’:cion 1 for lower layer pfoductidn was changed from (1-1)
to (1-3). The composition 2 for upper layer production wés”-
| 10 unch_a_nged. Th_ese are specified in Tables 1 and 2. The results

are set forth in Table 3.

Example 4

The proc’g‘dure"of Example 1 was repeated "‘é'xcept that the

composition 1 for lower layer production was changed from (1’—1)
15 to (1-4) and that the layers thickness was altered. The
composition 2 fo;r upper layer production w.as unchanged. These
are specified in Tables 1 and 2. The results are set forth
in Table 3.
 Example_5
20 The proce-dure of Example 1 lwas: repeated except'that the
compositi’on 1 for lower layer production was changed from (1-1) .
to {(1-4), that the lower layer was produced through lamination
as described below, and thai; the layers thickness was altered.

" The composition 2 for upper layer produét_ion was unchanged.



LYNCUR179Conpound |/ PHW C/parts 50 partsl5 parts 28 April 2006 SF-8'78 6f.
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These are specified in Tables 1 and 2. The results are set

forth in Table 3.

Laminating/spin coating prbc_e_ss
5 The composition (1-4) Qas dropp_ed.on a PET film and spin
éoated thereon. The resultant coating was baked in an oven
at 100°C.fof 5 minutes to give a film. The:éafter, the £film
' was laminated on a silicon w;fer and the P‘ET‘ £film was reieased
from the lamihate-. Thus, a fesist 1ayer (I) (under layer)} was
10 formed on the substrate. The laminating conditions were as
follows:
Conveying l.speed: 0.1 m/min
Roll texﬁperatu}:e: 95°C
Rolling pressure: 1.5 kgf/cm®

15 Thereafter, the composition (2-1) was dropped and‘spin

coated on the above-formed under layer. The coating was baked

on a hot plate at 100°C for 5 minutes to give a resist layer

(II) (upper layer). A two—laye.-_r laminate was thus obtained.

| Example 6
20 ‘The procedure of Example‘ 4\was repeated ei'ccept that the
composition 2 fqr_'_upper 1ayér production was changed from (2-1)

to (2-2). The composition 1 for lower layer production was

unchanged. These are specified in Tables 1 and?2 . The results

are set forth in Table_ 3.
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Exarﬁple T

The'procedure of Example-S was repeated except that the
composition 2 for upper léyelrrp.rodﬁct‘ion was éhanged from (2-1_) _
to (2-2). The composition 1 for lower layér production was

unchanged. These are specified in Tables 1 and 2. The results_' ,

~are set forth in Table 3.

Example 8

The procedure of Example 5 was repeated except that the
composition 1 for lower layer productioﬁ was changéd from (1-4)
to (1-5) and that the composition 2 for upper-layer production

was changed from (2-1) to (2-2) ... These axe specified in Tables

_ 1 and 2. Th_e results are set forth in Table 3.

Exampl e9 :

The procedure of E#ample 5_waé repeated except that the
composition 1 for lower layer production was changed from (1—4_)
to (1-6) and that the composition 2 for upper layer production
was changed from (2-1) to (2-2). These are specified in Tables
1 and 2. The results are set fdrth in Table 3. |
Compérative Example 1 |

The procedure of Exémpie 4 was repeated except that the
compositionl Ifo‘r lower layer production was changed from (1-4)

to (1-7). The composition 2 for upper layer production was

_unchanged. These are specified in Tables 1and 2. The results

‘are set forth in Table 3.
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Comparativé Eéample 2
The proceduré of Example 5 was repeated except that thg
composition].for10werla§erproductionwaéchangedfrom(1?§)
to (1—#). The composition 2 forlupéer layer éroduction was
5 uﬁchénged. Thesé are specified in Tables 1 and 2. The results
‘are set forth in Table'é;
Compargtive Example 3.
‘The prOéedure of ExampieﬂG waé_repeated except thatrthe
cbmposition].forloﬁer;ayerproductionwaschangadfrom{1—4)
10 to (1-7). The composition 2 for upper layer production was
unchanged. These are specifiedin Tables 1 and 2. Thereéults
are set forth in Table 3.
Comparative Example 4
The procedure of Example 7 was repeated except that the
15 Compositbn11forlowerlayerbroductionwaschangedfrom(1—4)
to (1-7). The composition é-for upper layer production ﬁas
‘unchanged. Thesearespecifiede{Tablesiland2.7 The results

are set forth in Table 3.

20
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Table 1
. " Composition 1 (lower layer)
_ : Radlcal Qu1noned1aglgo Sclvent Surfactant
Sample No. polymer group-containing (C) (G)
(&) compound (B)
A-1/ ' - _EL/ | " NBX-15/
1-1 100 parts | B/ 20 parts | oo Crts | 0.2 part
A-2/ _ EL/ | . NBX-15/
1-2 100 parts B-1/ 20 parts 680 parts 0.2 part
A-3/ ' , EL/ NBX-15/
1-3 100 parts | - D71/ 20 parts | .07 tres | 0.2 part
A-4/ ' "EL/ NBX-15/
1-4 | 100 parts B-1/ 20 parts 480 parts 0.2 part
. "A-5/ EL/ - NBX-15/
1-3 100 parts Bﬂl/ 20 parts 480 parts 0.2 part
B A-6/ _ EL/ NBX-15/
1-6. 100 parts B-1/ 20 parts 480 parts 0.2 part
1-7 aA-4/ None EL/ " NBX-15/
: 100 parts T 400 parts 0.2 part
‘Table 2
Composition 2 (upper layer)
Polymer .
caontaining Quinonediazido ' ' Another
siﬁfle a phenolic | group-containing So%g?nt Surfﬁﬁtant additive
’ hydroxyl compound (E) (H)
group (D)
! ' : | _ . - | Polynuclear
9-1 D-1/ B-1/ 20 parts MAK/ 180 NBX-15/ phenolic
90 parts E-2/ 10 parts parts 0.2 part compound 1/
10 parts.
25 parts EL/ t A-4/
D-3/ 179 : ' 10 parts
- 75 parts _ : parts  SF-8428/ | Polynuclear
22 MARUKA B-1/ 35 parts EEP/ 0.05 part -Phejlilalic
LYNCUR ‘ 179 ' ' Co a1/
PHM-C/ parts | -ompoun
50 parts ' : 15 parts ,
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FIELD OF | NDUSTRI AL APPLI CATI ON As descri bed above, the twg hgy8sosl am nate -
and the at ni ng met hod of the invention nmake it p035|betoform on a
substrate'a fi'ne resist pattern havingian undercut cross 5 section by
'single exposure and devel oprrent The lift-off process using the resist
pattern can produre depiTed paf term—of—(pryanig or inorganic) thin
| ayers on the subpst Bat b |wilt hout any pccurrénce off burrs. The resi st
pattern can pe obser”veg M @g% < e m ¢riogcopes tjo confirmthe undercut
profile, andl X0 Cark be irel eqsed| gagi|y. |Wth. these advantages in the
producti on pfofesp, &t he Juse| of {t hd i[nkenlioh | dads to enhancement in
productivityl ofs wor kpi edeg. | Havi ng yhg above efifects, the two-layer
| am nate and| t e pajtter-ning met hgd jof the inventijon are particularly
sui tabl e 15[ far  hé (S ga [oTUTog X (o o) QI%C (¢li,atond | ilke carbon) | ayers on ABS
(ai-r bearing surfacgi,s) gf {npgnét| d heads 28 Aprijl 2006 63. CLAI M5
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1. Atwo-layer lamnate conprising: a resist layer (I) forned froma
positive radiation- sensitive resin conposition 1 which co f\i i Shet radi cal -
pol ymer contai ni ng a hydroxyl group and/or a carboxyl grog% ‘("?, a

gui nonedi azi do group-contai ning conpound (B) and a solvent (C); and a
resist | &eB7@ 1) formed froma positd4e radiation-sensitive resin
-conposition 2 which conprises a polyner containing a phenolic hydroxyl
group (D), a quinonediazido group-containing conpound (E) and a solvent
(F), wherein in the positive radiation-sensitive resin conposition 1, the
radi cal polynmer (A) is insoluble in water, soluble in an al kaline agueous
sol ution and insol ubl EIBED RF ANDUSTRIAL AFPEMAT N ent (F). 2. The

two-l ayer |am nate according to Claiml, wherein in the positive

radi ati-on- sensiaki descesbed sbopesi thent@o-iagesolaeimaie)and Rhéept anone.
3. The two-layer lam nate according to Claiml1 or 2, wherein the resist
layer (1)phas @iy getess 8F nd iRvestianthdibe itePadsikertd Ifgrmas a
thickness of 1 to~ 20pm 4. A patterning nethod conprising the steps of :
a positive radialion- Lt LV i it 1 \Whi £anprd a .
radi cal 6%1?he?g%%%€%§%$§%hg'ﬁ?%§%§31 28 ﬁEP%F9§86%¥gﬁﬁg?oup éﬁgﬁgr a

car 0wyl B By Andf"2088532L 2na96RYRISBREAL Y "R IPAUN4 B) and 2

process using _the resist pattern can produce dgsired a pattern
of"(organic or inorga.nic) thin layefs on the substréte without
any occurrence of burrs. The ;:e'sist pattern can be cbserved:
with a light microscope to confirm the undercut profile, and

'10_ .can be ieleased easily. With'r.th‘ese advan‘tgges in the
production proéess_, the use of the_irivention leads to
enhancement in producfivity of workpieces.

Having the above effects;' the two-layer laminate and the

patterning method of t-he. invention are particularly suitable

15 for the production of DLC (diamond like carbon} layers on ABS

{alr bearing su'r-faces) of magnetic heads.




a positive radiation-sensitive resin conposition 2 which conprises a

pol ymer containing a phenolic hydroxyl group (D), a qui nowgdr@zdogo
group-cont ai ni ng conpound (E) and a solvent (F) (a) form ng on a substrate
a resist layer (1) from a positive kadiation-sensitive resin conposition
.1 which conprises a radical polyner containing a hydroxyl group and/or a
carboxyl group (A), a quinonediazido group containing conpound (B) and a
solvent (C; and formng on the reStafMPayer (1) a resist layer (Il1) froma
positive radiati on-sensitive resin conmposition 2 which conprises a polyner
contai ning a phehol i A hywrégyér gramipatp) comprigdingonedi azi do

group-cont ai ni ng conpound (E) and a solvent (F) to produce a two-I|ayer

| ami nate; (b) forniesgsé larent (IPatfcenadi frathe [pasiihare tagdigkion— ght
exposure and/or electron beamlithography; (c) developing the lamnate to
form an und@neitive es¢sitn prempesition whi ehidbhecowirisees shavadigdlar ger si ze
in the bottomthan in the top; (d) depositing and/or sputtering an organic
or inorgafTV§irn $OFEANERT t Be MEYOEY 1 patroaPn drdifiPhatide @dbPoXoR t he exposed
substrate; and (e) releasing the |am nate together with the overlying thin
| ayer depositeth dAd/ of FPUCREFeazbiP tHOUPr GATR FRdte-n9280mpryd 2606 65

and a solvent (C); and

a resist layer (I1} formed from‘ a positive
radiation-sensitive resin composition 2 which comprises a
polymer containing a phencolic hydroxyl group (D), a
quinoﬁediazido group-containing compound {E) and a
solvent (F}, wherein in the positive radiation-sensitive
resin composition 1, the radical peclymer (A) is insoluble
in water, soluble in an alkaline aqueous solution and

insoluble or hardly soluble in the solvent (F}.

2. The two-layver laminate according to Claim 1,
wherein in the ©positive radiation-sensitive resin

composition 2, the solvent (F) is 2-heptanone.

3. The two-layer laminate according to Claim 1 or

2, wherein the resist layer (I) has a thickness of 0.1 to

3pum and the resist layer (II) has a thickness of 1 to

20um.

4. A patterning method comprising the steps of :
a positive radiation-sensitive resin composition 1

which compriszes a radical polymer containing a -hydroxyl




5. The patterning nethod according to aim4, wherein in the positive
radiation-sensitive resin conposition 1, the radical polysgipd foel S
insoluble in water, soluble in an al kaline aqueous sol ution and insoluble
or hardly soluble in the solvent (F).646. The patterning nethod according to
Claim4 or 5, wherein in the positive radiation-sensitive resin
conposition 2, the solvent (F) is 2-heptanone. 7. The patterning nethod
accordi ng tereHy GRe/ef a0 &rRRROAYY 096C°URhelPeirn R helH@ersfizaydr (1) has a
t hickness of 0.1 to 3mand the resist layer (I1) has a thickness of 1 to
20pm 8. TherPHRTEPRA Y HEBROERE ofRli Fgdt & TieRt4(C) ivherein the substrate
in the step (a) is an ABS (air_  bearing surface) of nmagnetic head slider
and the organic 3HPePitayEr TPALAHECTSSERSLEIVE LS8 IPLEOPBPEHOYRE 13 ke car bon)

| ayer.
y which comprises a polymer containing a phenolic hydroxyl

group (D), a quinonediazido group-containing compound (E)
and a solvent (F)

(a}) forming on a substrate a resist layer (I) from
a positive radiation-sensitive resin composition .1 which
comprises a radical polymer containing a hydroxyl group
and/or a carboxyl group (A), & quinonediazide group-
containing compound {B) and a solvent (C); and forming on
the resist layer (I) a resist layer (II) from a positive
radiation-sensitive resin composition 2 which comprises a
polymer containing a phenolic hydroxyl group (D}, a
quinonediazido group-containing compound (E) and a
sotvent (F) to producé a two-layer laminate;

(b) forming a latent pattern in the laminate by UV
light exposure and/or electron beam lithography;

(c) developing the laminate to form an undercut
resist pattern in which the orifices have a larger size
in the bottom than in the top:;

{d) depositing and/or sputtering an organic or
inorganic thin layer on the resist pattern laminate and
on the exposed substrate; and

{e) releasing the laminate together with the
overlying thin layer depesited and/or sputtered on the

laminate.
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5. The patterning méthod. according to Claim 4,
wherein in the positive radiation-sensitive resin
composition 1, the radical polymer (A) is insoluble in
water, soluble din an alkaline aqueous solution and

insoluble or hardly soluble in the solvent (F).

6. The patterning method according to Claim 4 or
5, wherein in the positive radiation-sensitive resin

composition 2, the solvent (F) is 2-heptanone.

7. The patterning method according to any one of

Claims 4 to 6, wherein the resist layer (I) has a
thickness of 0.1 to 3um and the resist layer (II) has a

thickness of 1 to 20pm.

8. The patterning method according to Claim 4,
wherein the substrate in the step {a) 1s an ABS (air
bearing surface) of magnetic head slider and the organic

thin layver in the step (d} is a DLC {diamond like carbon)

layer.






