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; LMNOPQRSe3e30$N " 6XT7. SF-878 DESCRI PTI ON cooooz TWO LAYER LAM NATE AND
PATTERNI NG METHOD USI NG THE SAME 5 FIEI D OF THE | NVENTI ON The present
invention relates to photofabrication, in other words precision

m cr of abr iS&t87® by photolithography tdchni que. More parti

invention relates to a lift-off process using a two-1|ayer ﬂ@lﬁ‘@ﬁwﬁlﬂﬂ@m@"
BACKGROUND OF TEE I NVENTION Lift-off is a general termfor

formng a pattern of organic or inorganic thin layers by: appl #%Hg*a resist
onto a workpi ece surface: 15 patterning the resist layer by a

phot ol i t hogr aphy techni que deposi bEBGREPULON Sputtering an ﬂmmmmwmwﬂ

i norgani ¢ substance over the resist layer and areas in whic MMM has

been cleared and 20 rel easing the resist |ayer together wth thegeguer!ying
organic or inorganic thin layer. As a consequence, the organic or 1norganic

desirod- pat CHPnChYERGEABEUALE AN, PRRFERETN PGB LS TR T ke R L2 o

profile is very inportant. For exanple, positive resists will typically
produce a pattern which tapers forward as showmn in Fig . 2 ( ¢ ) .
Rel easing of this forward tapered resist will result in a 5 pattern of

| ayer sShavi ng burrs on thei FIEIGRPRIERINVENTION . 2 (d) . A specific
exanple will be given with respect to the processing of MR magnetic head

sliders. Here, tine pireseaai invehtiohf rplatesstd phisasidlor{ostien DLih
(diamond |i ke carbon) 10 | ayer on an ABS (air bearing surface) for the

purpose ofofiad RIHES g Ui sASndas Eridrathrakaveont B bhbitdfift HYRGERRS can
produce burrs on the edges of DLC |layers. The burrs on the DLC | ayérs can

tch t j i di f i1 sk i b
Foroi gn onasnanle S beegrdhpgifiiani0) EP LRRCh: fha i RKES, £b GBn DO @
effective to use negative resists 3&5_ ﬂg@ revensg[ resists which can be

formed int'd- &7 EHFe MEdFalk ChdwiiPhFig. 3 (c) , the

orifices of this reverse tapered |ayer have a larger size in the bottom
than #A the top, so that the formation of burrs can be prevented. 20
However, this nmethod in general has a difficult control of the resist
pattern profile. Further, BACKEROUNDf OFUTHEt 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 photolithography
technique;
depositing and/or sputtering an organic or inorganic
substance over the resist layer and areas in which the resist
has been cleared; and
20 releasing the resist layer together with the overlying
organic or inorganic thin layer.
Bs a consequence, the organic or inorganic substance
found in the orifices of the resist layer remains there to form

a desired pattern.
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observe the resist pattern with a |light mcroscope and also to rel ease the
resi st |ayer which has been hardened. In respect to the workpiece surface
as a substrate, it SF-878 3 will usually have irregularities, which are
rel ativel $F-878e for the thickness of applied resist, as a result of the
process steps the workpi ece has undergone. Because of this, it has been
difficult to forma resist layer in uniformthickness. 5 In the above
processi ng of MR magnetic heads, a nunmber of strip pieces called row bars
are processed as being stuck on a jog with their ABS upward. Since these
row bars have algdmhbethMctnrdfifepnecghborihg mesdst patiteectprappiliedts on of a
l'iquid resist is inpossible; therefore, a resist filmsuch as 10 a dry film

i s gener akkyyeiipoyesnt DStRAdeximplR | bR EWRPirkl 18t s WHI O CyRA dahe y
productivity of workpieces, there has been a need for a technol ogy mhlch

can be in t o ts di pt the fl ow
o procest 2Hace iﬂbﬁ%ﬁ%“ﬁ% R R R gt R

wor kpi ecers #rface res% in ée tors studied earr stlg i{l view of the
af or esai d“¢ci FeanEeal e DiRS TRTPREQ| FEPTREY RET&SHelbt bpea® Rt wh?l &yer
Ianinaée t hat coqgglses resi st |ayer (Ié formed froma specific positive
radi at ? onPEERSFRI vk Y8 %S BEVEBATIN S 6F thehd gL e ShayRrin FiLE f or med
froma specific positive radi atl on-sensitive resin conposition 2. This

t wo- | ayer 2l(divinat e can be formed into an undercut resist pattern by single
phot oexposure and devel opnent. Thus, the patterning nethod using the

two- | ayer |am nAtsepeanfpcoduaephe wilFl 878 dibenrwitieerdspwest wid htie@se) The
present invention has been conpleted based on these findings. It is an

obj ect of EB@ebB!ﬁBtb?”MRQn&;{rﬁéﬁlQeh%aEl%HHe'r%YerHM Ch hHead Foea\ i3

burr-free layer on"a substrate with ease and a patterning nethod using
t he sane. I ye t ccardi to the
i nvention conprlseéf %ggg ?%;IS |ay2§r%m§ # ré%#%m%ﬁféig%%%grg o)
radlaigon gegﬁltlve rg%$n cO S|I'%L|nonE r %CQ gP rlseﬁnq)radlc olyner
cont at i ng2¥ShydR 33| 8/35 q gRfba&y Sup§ AUIPAs& (?ﬁéjdl azi do

gr oup- cont ai ni ng conpound (B) and
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 (haxd
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 burrs can be prevented.

20 However, this method in general has a difficult control
of the resist pattern profile. Further, it is difficult to
observe the resist pattern with a light microscope and also
to release the resist layer which has been hardened.

In respect to the workpiece surface as a substrate, it
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a solvent (C); and 15 a resist layer (Il) forned froma positive

radi ati on-sensitive resin conposition 2 which conprises a pol yner
cont ai ning a phenolic hydroxyl group (D), a quinonedi azi do group-contai ni ng
conpound (ﬁﬁ‘éiﬁd a solvent (F) . 20 Thé patterni ng method according to the
i nvention conprises a step of formng a two-layer |amnate conprising: a
resist layer (1) formed froma positive radiation-sensitive resin
conposition 1 which conprises a radical polynmer containing a hydroxyl group
and/ or a car boxyl SF-878 5 group (A), a quinonedi azi do group-contai ni ng
conpound (‘B)llangualéyl have %qegu&@@qsesiw@tiwaﬁeﬂe telptivehed drgen a
positive radiation-sensitive resin conposition 2 which conprises a 5

pol ynmer cofdmthe rithianesobifcapyttekyksdsoyms B) reaufuiobordipptidiss
group-cont ai ni ng conpound (E) and a solvent (F) . The patterning nethod
preferabl ystyitheeforte i 2@Phadf uhdkr§Oh8l N @ssUSBL IS, ad exdsSt | ayer
(I') fromthe 10 positive radiation-senSitive resin conposition 1 and
formng onddie 33t 1Lake" coldky 8 Eesigl 1aVet (hdnlrom iR dgRldd Ve
radi ati on-sensitive réesin conposition 2 to produce a Two-layer lamnate;

(b) formng a | ate pattern in_the | am e b Jight 15 exposure and/ or
el ectr6n beam | &Phgé?a ?,Y%Bi%%%r%’r%ﬂ?gﬁ#h@aﬁa%ﬁ&t geﬁgsf dt Shder cut
resist pattern in which the_ orifices have a larger size in the bottomthan
in the toRf EHFiBePbSFes ned hhBAOFOW RAtSeRLRgPEACEEGENI @soreintbrgaiik 20
thin layer on the resist pattern |lam nate and on the exposed substrates and
(e) rel easam@ tihg wahhntlheitrohBs hepwasid.h Shecevehkegiengowhbars dyesre deposi t ed
and/or sputtered on the lamnate. In the positive radiation-sensitive resin
conposi ti ogap bBEwdéd €hd, nkRghbadieg! onesynerdi{fectsappeicieddy dmsol ubl e
in water, soluble in an al kaline aqueous sol ution and 1 nsoluble or hardly

ig'm‘;g'sft: (r)‘lnitcﬁﬁdsi?lag%& {)imgdb 4110 S108hE LY BT AL T SERSH ! YEcH &Y N
10 a dry film is generally employed instead.

From the viewpoint of improving the productivity of
workpieces, there has been a need for a technology which can
be incorporated into the production 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 earnestly in view of the
aforesaid circumstances. As a result, they have developed a
two-layer laminate that comprises a resist layer (I) formed
from a specific positive radiation-sensitive resin

20 composition 1 and a resist layer (II) formed from a specific
positive radiation-sensitive resin composition 2. This
two-layer laminate can be formed into an undercut resist

pattern by single photoexposure and development. Thus, the

patterning method using the two-layer laminate can produce a
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5 2, the solvent (F) is preferably 2-heptanone. Preferably, the resist
layer (1) has a thickness of 0.1 to 3umand the resist layer (Il) has a

t hi ckness g% % éo 20um I n the above patterning nethod, the substrate in
the step ()~ [ preferably an ABS (air bearing surface) of magnetic head 10
slider and the organic thin layer in the step (d) is preferably a DLC
(dianond |i ke carbon) | ayer. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
set of schematic views of the patterning 15 method according to the
invention; Fig. 2 is a set of schematic views of a conventional patterning

met hod; arRUFFgEres ikvenatity aasrnaThe preasnts iamenkdonc Spseherbnal
nmet hod. 20 BEST MODE FOR CARRYI NG OUT THE | NVENTI ON The two-| ayer | am nate
accor di ng tomphetédvearddbrorcaimssesindingssi st |ayer (1) formed froma
positive SF-878 7 radiation-sensitive resin conposition 1 which conprises

a radi cal pol ymert ¢onrinaold &gt @ fhiyHe ditlengiou Ap@botide &ardyagt 1g5emp (A
a qui nonedi azi do group-containing conpound (B) and a solvent (C) ; and 5 a

resist | aYﬂ’ilélUéarT QAdIRA B BM—EQ%‘& 'l\é‘?eiaghaé'é)ﬁbél?fﬁtéi V?tﬁeéé%

conposition 2 which conprises a pol yner contalnlng a phenolic hydroxyl

group %D)’aﬁciiﬂ Srgﬂ}:e naﬂggﬁ“pe%rshoﬁ@ &Sx}{l & %a\?&%rrpound (E) and a solvent (F)

10 First resin I ons be described in detail.
<Positive radiation-sensitive resin conposition 1 (conposition 1) for |ower
| ayer production> 15 The positive radiation-sensitive resin conposition 1
(hereinafter the "conposition 1") desirably conprises: (A) a radical
pol ymer contai ni ng a hydr o xSUMMARRY, OF NBHE (INVERTAMN y| group; (B) a
gui nonedi azi do group-contai ni ng conpound, 20 (C) a solvent; and optionally
(G anot her conpiireentwo-(AyeRadiacdaingd woenrddntiakbi npea imwdmmiyh gr oup

and/ or a carboxyl group
comprises:

10 a resist layer (I) formed from a positive
radiation-sensitive resin composition 1 which comprises a
radical polymer containing a hydroxyl group and/or a carboxyl
group (A), a quinonediazido group-containing compound (B) and
a solvent (C):; and

15 a 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 compound (E) and a solvent
(F) .

20 The patterning method according to the invention
comprises a step of forming a two-layer laminate comprising:

a resist layer (I) formed from a positive

radiation-sensitive resin composition 1 which comprises a

radical polymer containing a hydroxyl group and/or a carboxyl
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SF-878 8 The radical polyner containing a hydroxyl group and/or a carboxyl
group (hereinafter the "polyner (A)") conprises repeating units that result
fromthe g%egggge of carbon-carbon douhl e bonds anong: 5 a radically

pol yneri z&bl€ 'Conpound havi ng a hydroxyl group (nononer |); and/or a

radi cal |y pol yneri zabl e conmpound having a carboxyl group (nononer 11); and
anot her radically polynerizabl e conpound (nononer [11). 10 (Mononer 1)
There are broadly two types of the radically polynerizabl e conpounds havi ng
a hydr oxyl grouP gnnnoner I):,nnngners wi th an alcoholic hydroxxl group and
monomer s @FPHPal Bherfo APEPAYEFAbX S99 1BIRHP 18NS COFPPHBAHROAIE Wi t h
an al coholic hydroxyl group include hydroxyal kyl esters, such as

2- hydr oxyet kplveayty| (&) e, ardhydr oxyet hyl net hacryl ate and 2-hydroxypr opyl

nmet hacryl ate; and vinyl esters of fatty acids that will produce an

al cohol i c hydroxykegtietuplapen hydyofysmedafFiemn 20ogltyimesi zati on, such as
vinyl formate, vinyl acetate and vinyl propionate. These conpounds may be

used eit hepqdiiBdhwnduallsy t9vel Re§PADEBARLSA tbnt POWRL cHOESMKERdes. 2OF the
conpounds, the hydroxyal kyl esters are preferable, and 2-hydroxyet hyl

met hacg yl - I t by . at I r r ef bl g. SF- 878
Exanpl%s gkgyﬁgqnéﬁgﬁgﬁgﬁ%ﬁtﬁ gh%ﬁé%%?ig hfgﬁggy rg?gugbfhc ude

p- hydr oxyst yr ene, . .m hydr oxystyrene, . 0-hydroxystyren

- ot hyl - BURDEPERYSEHGn G-I EORG A LR RY FORPSE)fehl) and a solvent

a- met hyl - o- hydr oxystyrene, 4-isopropenyl phenol, 5 2-allyl phenol,
4-al | yl phéBol-, 2-allyl-6-nethyl phenol, 2-allyl-6-nmethoxyphenol,

4-al |l yl - 2- met hoxyphenol , 4-allyl-2, 6-di net hoxyphenol and

4- al | yl oxy- 2- hyT@hexydereaopngoethod pessf eatrldoucoisp mese H & hesseteps tdier

individually or in conmbination of two or nore kinds . 10 O the conpounds,

p- hydr oxystyrengagndodmi s@¥roReRYbRReRAe ar eepist exd sk (INOrOFGH tHe The
radi cally pol ynmerizabl e conpound having a carboxyl group (rmononer I1) may

be exIPl bhbedi k! Pagdar DOV & A1 fIomBUS R 280 3F [atld o HRIRACT VI T €
and crotohic acids; dicarboxylic acids, such as maleic, funmaric,
citraconi &h {Tﬁesafgsnigt ‘ﬂdyért ?(I\?né Cre%cj'.s(»jts’la%/ne% (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 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

20 thin layer on the resist pattern laminate and on the exposed
substrate; and

(e) releasing the laminate together with the overlying
thin layer deposited and/or sputtered on the laminate.

In the positive radiation-sensitive resin composition



(nmeth)acrylic acid derivatives with a carboxyl group, 20 such as

2-met hacryl oxy ethyl maleic acid, 2-nethacryl oxy ethyl succinic acid and
2- hexahydrophthaloylethyl nethacrylate These conpounds may be used either
i ndi vi duafFy 848 in conbination of two ®r nore kinds. O the conmpounds,
acrylic SF-878 10 acid, nethacrylic acid and 2-hexahydropht hal oyl et hyl
net hacryl ate are preferred. (Monormer 111) The another radically

pol ymeri zabl e conpound (monormer 5 I11) is used for the main purpose of
appropriately controlling mechanical properties of the polyne i n other
wor ds, foks %rrﬁrnﬂq% tmalsgnearséAirJaﬁqumr@ewerra%qir@l@r lﬂhéfaﬁélryrrer The
"another refers that it is of a different kind fromthe nononers | and I
10 The noaoheblélin amalda lerenpduddws swilul imnkghd (imsphhbieydahesdlar yl
(meth)acryl ates, dicarboxylic acid diesters, aromatic vinyls, conjugated
di ol ef i nssonibIé! £n gtREPsBAREAL N{MY, pol yrmeri zabl e conpounds,

chl ori ne-contai ni ng pol yneri zabl e conpounds, pol yneri zabl e 15 conpounds

havi ng am de | A, _ t anpl es
g {kﬁ\ﬂ—ﬁ? pS% wwade%tt%% Qe sfa]élxr@eeglin §Bﬁ§bEhEl‘8>ﬁ mp

i ncl ude: al kyl ates such as net nmet hacryl ate, et hyl

(ne?ﬁ?%grgF:%%eaﬁﬁiyggénggg)a§0¥ %%ﬁ?ﬁ%gf ? éptéﬂg h%ﬁé:%;aggry}a?ggylsuch

as phenyl (et %@gcrylate and benzg égeth)acr Iate~ dlcarboxyllc acid

di esters, such BEIRERPYY/ feiS%ie81SE| 8 Hherknetht Ordconat e;
SF-878 11 aromatic vrnyls such as styrene, a-nethylstyrene,

m net hyl styriume ang- behyésiyt drayervi( i) tlvd siend termknesised Hok st 20aume:

conj ugat ed diol efins, such as 1, 3-butadi ene, isoprene 5 and

1, 4- di met hyl but kditkeeabové pateeghdngnstiicd Nithe pabytmErtie ahlethesppunds,
such as acrylonitrile and nethacrylonitrile; chlorine-containing

pol yneri zah QSCBE@Eé'E‘Qﬁl S&f?ths(a\i'r’WéaEthQré@Pfé’é@ Mf%drf@ﬂ&: pbkeride: 10
pol ymeri zabl e conpounds KaV|ng am de |inkages, such
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 schematic views of the patterning
15 method according to the invention;
Fig. 2 is a set of schematic views of a conventional
patterning method; and
Fig. 3 is a set of schematic views of another conventional
method.
20
BEST MODE FOR CARRYING OUT THE INVENTION
The two-layer laminate according to the invention
comprises:

a resist layer (I) formed from a positive



acryl am de and net hacryl am de; and vinyl esters of fatty acids, such as

vi nyl acetate. These conpounds nmay be used either individually or in

conbi nation_of two or nore kinds. O the conpounds, the al kyl 15 acryl ates,
parti cul arsf]'g/ 8n78butyl acrylate, can be suitably used. The radical

copol yneri zation of both or either the nononer | and/or the nonomer 11, and
the nmononer |11 produces the polyner (A) for use in the invention.
Preferably, all the 20 nononers T to IIl will be radically copolynerized to

gi ve the pol When the polynmer (A) has been_obtained by the radical
polynerizafﬁ%;?ﬁﬂoqﬂ%§qﬁ%¥%ﬁﬁw§qs1qICOERBSPFPontHeW@QQﬂﬂQOmPA}SGésﬁrably has
the proportions of structural units derived from SF-878 12 the nononers |
to 111 (heradivglt pplyher mowbeining la hpdroxy) andup ecod/ent § afrbaxdiel mononer
| unit content of preferably Z9 to 90 wt% and nore preferably 40 to 80
W% 5 theyraoney, |ld quihbneelitaeriidoodrums eiredd yn dng Cokboiin¥d (BNridr e
preferably 2 to 20 ww% and the nmononer |11 unit content of preferably 9 to
80 wt % angd g&rveen&rqtc?ragln)a 18 to 50 wt% Further, when the polynmer (A) has
been obtai ned by the § radi cal pol ynmeri zati on of either the nononer | or

monomor 1 or | ﬁﬂﬁﬁ%gcoﬂﬁgﬁ’f%dflb Fé?ﬁ%?ﬁ‘-‘%é’ﬁi 3 B ind more

preferably 60 wt %, and the nononer uni,it caontent of .preferably 10
to 90 wt %" %%&F@S&Féf"é*r artﬁ%}n4(§°f“8°§6t&zf’% 2TH (RBOFLSEF ehe
polymer (A) may be carried out in a polynerization solvent. Exanples of the
sol vent i rmlua@r &IO@(Eﬁdlnéngslﬁ:mw%@héﬁdmxﬁﬂhﬁﬁ?@lup eyl @ne gl ycol

di et hyl ene gl ycol and propyl ene glycol; 20 cyclic ethers, such as

tetrahydr ocﬁu.ﬁrrwneaiidzdjd@xmuquﬂtadmhags comppuhwva(lEE)ntanail @olsollyensuch as

et hyl ene gl ycol nononethyl ether, ethylene glycol nonoethyl ether, ethylene
gl ycol dingt)hyl ether, ethylene glycol diethyl ether, diethylene glycol
nononet hyl et her, diethylene glycol SF-878 13 nonoet hyl ether, diethylene

gl ycoh odi met hyl petRer .« h & BW8Reompositions 1 and 2 will be described

in detail.

<Positive radiation-sensitive resin composition 1
(composition 1) for lower layer production>
15 The positive radiation-sensitive resin composition 1
(hereinafter the “composition 1”) desirably comprises:
(A) a radical polymer containing a hydroxyl group and/or
a carboxyl group;
(B) a quinonediazido group-containing compound,
20 (C) a solvent; and optionally

(G) another component.

(A) Radical polymer containing a hydroxyl group and/or a

carboxyl group
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gl ycol diethyl ether, diethylene glycol ethyl nethyl ether, propyl ene

gl ycol nononet hyl ether and propyl ene glycol nonoethyl ether 5 al kyl ether
acet ates g{_ﬂﬁ} val ent al cohols, such 3s et hyl ene gl ycol ethyl ether

acet at e, yl ene glycol ethyl ether "acetate and propyl ene gl ycol ethyl
et her acetate; aromatic hydrocarbons, such as toluene and xyl ene; ketones,
such as acetone, nethyl ethyl ketone, nethyl 10 isobutyl ketone,

cycl ohexanone, 4-hydroxy-4-nethy| 2- pent anone and di acet one al cohol : and
esters, such as.gthyl .ace utyI cetate ydr oxyp onate
ethyl - hydr oxy BEnEeREEE TGS Cof gt §§°§Yﬂegﬁw% Sl stce.

et hyl ethoxyacetate, 15 eth hydroxyacetate

2- hydr oxy -23-GRE PR Ut R € eh‘%?clﬁkﬁ X)P;?r]dﬁleéna(tpe) "letgmprises

3- et hoxypr opi onate, et hyl 3 ethoxyproplonate met hyl 3-et hoxypr opi onat e,
et hyl acetrspearihdunjts dbettatesuldt fimrsthe mpavads, of hea Oyonh +eamddrer s,

al kyl ethers of polyval ent al cohols, alkyl ether acetates of 20 pol yval ent
al cohol s, derigineboud amopgs are preferred. The catal yst used in the above
radi cal polynerization may be a conventional radical polynerization
initiagor. Exanp %dqfcaiqghBeqw@%wz?a%reoréoﬁ?bamsth%«ﬁg udenydiafky1

conmpounds, such as 2,2'-azobi si'sobutyronitri

2,2 - azomg%éé%n%?% e@y&zalg&g &rlle) and

2,2' -azobi “di e hylvaleronltrlle) or gani ¢ peroxi des, such

as benzoyl perOX|de Ia oyl peroxide, .t-but ivalate and 5
1, 1" -bis-(t- butyal ;ﬂ YePohaReTd-2akls W&%S{;‘g %@g’pdﬂgdea PBeroxi des

may be used in the radlcal polynerlzatlon as a redox initiator in

conbi nat i &¥aMR hirpnoaedcildg /agadst . I n view of devel opability and adhesive
properties of the resist layer (lI) fornmed fromthe conposition 1, the
polyner 10 (A) pnetheahtaditesl ly peilymierdzabageompoemd amowemgetI Iaf) .2, 000
to 100,000, and nore preferably 5,000 to 50,000. The wei ght-average

mol ecupar (WRirhied @3S than 2, 000 will cause the devel opnent to proceed too
qui ckly: whereas that exceeding 100, 000 will result intoo long a

devel opment i Mecld 0% DHoGAIES eyl hEIObEILAD Phll g gemarkably

deteriorated. In the present sp ci the welg aver age
nol ecul ar t he val n terns rene,accor di
" order 85 bR RS ca@%va SohF %9%&-*/958#3%9 555° BSFPAEF &Hinder cut
resist pattern, the polyner % Ereferam
monomers with an alco olic hydrokyl 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-hydroxypropyl
methacrylate; and vinyl esters of fatty acids that will produce
an alcoholic hydroxyl group upon hydrolysis after

20 polymerization, such as vinyl formate, vinyl acetate and vinyl
propionate. These compounds may be used either individually
or in combination of two or more kinds. Of the compounds, the
hydroxyalkyl esters are preferable, and 2-hydroxyethyl

methacrylate and 2-hydroxyethyl acrylate are more preferable.
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is insoluble in water but is soluble in an al kali ne aqueous sol ution. Since
the resist layer (lI) is lamnated with the resist layer (l11) , the polyner
(A) is preferably insoluble or hardly soluble in a solvent (F) so that

t hese | ayepsgwgl | not SF-878 15 mix with each other. The solvent (F) wll
be described later. The polynmer (A) being insoluble in water neans that it
has substantially no solubility in water. Hence, the polyner may dissolve
in an anount of 0.1g or less when it is in 100g 5 of water at 25C. The

pol yner (A) being soluble in an al kaline aqueous sol ution neans that the

al kali devel opneptnpaysher siict ABh¥me a5 e6h WiohedRasf hoakbyy1 r@&?aline
aqueous solution, for exanple 100g of an aqueous sol ution of 2. 38 % of 10

Lhe potymbr eI R g, RPn0 ok RORE R e oy P8 ke

t he al kal i ne agueous solution is not particularly |imted. Exenplary

al kal i s whrmepBY L BreddrardptuirERer e SHESIE Y Thé YSOFSEMrGRSf al kal i ne
devel oper. 15 Since the polymer (A) has no or little solubility in the
sol vent (&ymekhyw-bFhydrogybsvartieal Ry idiopzoipeaydipheiniol ,di ssol ve very
slightly in the solvent. Specifically, the polynmer (A) may dissolve in an
anount5 of 2ral lpbpbenhbdn 0-aylyhphhaosel Centl 1yRE)-6-hmethglamene 11,009 of

2- hept anone at 25C. 20 (B) Quinonedi azi do group-contai ning conpound The

qui nonedi azhdoy Q- guUReEBBkEHAEAGL COTPAUNG 1WRI-ke thDxgpBBAbASENSi tizer. It is
used for the purpose that the devel opnent of the two-layer resist filmwll

proceed pﬁoggiyy_zl§Ea§%§tggx%ﬁh@gggwbggr a margin tinme for controlling the
dept h of recessed space Win e undercut . The recessed space Wof the

under cut indicates. a rea_in.the tamorifj in the | qwer | ayer 2 that
does not buatt aboaren-TkazennespEpPREhBeChe e, Crhpgpndtoheyaker o ' 1
(d) ) . Exenpl ar ulnonediazifo %rpup-c nt ai ni ng conpounds i nclude esters,
partial e4fBH&? qaégdéﬁadb%} Y QF HhiCOEOHGHEF Db tHeE Merenetnas -

gui nonedi azi do group-containing sulfonic acid 10 (e. g.
naphtlfoquPhohke 1comppunide- B-B¥Afenyetageae and 4-isopropenylphenol
napht hoqui none- 1, 2-di azi do- 4-sul foni ¢ acid or orthoant hraqui nonedi azi de
sul foni c atedpreferred.
(Monomer ITI)
The radically polymerizable compound having a carboxyl
group (monomer II) may be exemplified with:
15 monocarboxylic acids, such as acrylic, methacrylic and
crotonic acids;
dicarboxylic acids, such as maleic, fumaric, citraconic,
mesaconic and itaconic acids; and
(meth)acrylic acid derivatives with a carboxyl group,
20 such as 2-methacryl oxy ethyl maleic acid, 2-methacryl oxy
ethyl succinic acid and 2-hexahydrophthaloylethyl
methacrylate.

These compounds may be used either individually or in

combination of two or more kinds. Of the compounds, acrylic



napht hoqui none- 1, 2- di azi do-5-sul fonyl chloride with any of:
pol yhydr oxybenzophenones, such as 15 2, 3, 4-tri hydroxybenzophenone,
2,4, 4'-trﬁgy Qxybenzophenone 2,4, 6-tri hydroxybenzophenone,

2,3,6-tri hydroxybenzophenone, 2,3, 4-trihydroxy-2'-nmethyl benzophenone,
2,3,4,4" -tetrahydroxybenzophenone, 20 2,2',4,4'-tetrahydroxybenzophenone,
2,3 ,4,4" | 6-pent ahydroxybenzophenone, 2,2', 3,4, 4" - pent ahydr oxybenzophenone,
2,2 ,3,4 5- pent ahydr oxybenzophenone, 2,3',4,4',5', 6- hexahydr oxybenzophenone
and SF-878 17 _2 hex oxybenzo

b1 s (pol y FhLdlr cREBHARHTAfaRAE. 2 %%%%X%‘?%??ﬁ“ﬁﬁﬂ@%%w%nw ) et hane,

bi s(2, 3, 4- trlhydroxg phenyl ) net hane,

2- (4- hydr BRyPRERYI§Le. pxe. ﬁ?&ﬁ@??ﬁ%enyl)propane

2- (2, 4-di hydr oxyphenyl )-2-(2', 4" -di hydr oxyphenyl ) pr opane and

2- (2, 3, 4- tMphgueoxyphenyl ) - 2- (2 3',4" trihydroxyphenyl) propane;

tri s(hydroxyphenyl ) net hanes or substitution products 10 of nethyl

substitution thefiednothel Badiddl(A phldmenipild )ookibband, (monomer
bi s(4- hydroxy- 3, 5-di net hyl phenyl ) - 4- hydr oxyphenyl net hane,

bi s(4-hydrexy-i% asd RRRY EY:
bi s(4- % droxy-l3 g-sdluﬁﬁyél hgﬁ +b}§%gxyﬁ%ﬁg¢r%cﬂxgontrolllng

bi s(4- hyd y Y. en

bi 3 4- hydf;n%é%aéié 5 ﬁ@%ﬁ‘#’eﬁéﬁy{@% e ﬁéwoky%he%@%&m%% ARGy

bi s(4- hydr ox di net hyl phen 3, 4-di hydr oxyphen hane;

b1 S( Cycl OREREFO R HRBYTIHR AT BB} hch Lo MR FaRESE e S04 ROt on
products of nethyl substitution thereof, such as

bi s( 3- cycFbaekgnovhew/dreafpne hhat 3thyar@f<y§)r@h§femmdqwd from the

bi s(3-cycl ohexyl - 4- hydr oxyphenyl ) - 2- hydr oxyphenyl net hane,

bi s( 3- cychohemgks 4T hgddoX¥phenyl ) - 4- hydr oxyphenyl net hane,

bi s(5-cycl ohexyl - 4- hydr oxy- 2- net hyl phenyl ) - 2- hydr oxyphenyl SF-878 18

met hap@, bi s(5-tye ! mbexre r41hy didx ol é@xﬁmpbﬁéwlaxtam hadeyaxy phenyl
met hane, bi s(5-cycl ohexyl - 4-hydroxy 2-met hyl phenyl) - 4- hydr oxyphenyl

MetNane, (meth)acrylates, aryl (meth)acrylates, dicarboxylic acid

diesters, aromatic vinyls, conjugated diolefins, nitrile
group-containing polymerizable compounds,
chlorine-containing polymerizable compounds, polymerizable
15 compounds having amide linkages, and vinyl esters of fatty
acids. Specific examples include:
alkyl (meth)acrylates, such as methyl methacrylate,
ethyl methacrylate, n-butyl (meth)acrylate, sec-butyl
(meth)acrylate, t-butyl (meth)acrylate and isopropyl
20 (meth)acrylate;
aryl (meth)acrylates, such as phenyl (meth)acrylate and
benzyl (meth)acrylate;
dicarboxylic acid diesters, such as diethyl maleate,

diethyl fumarate and diethyl itaconate;



bi s(3-cycl ohexyl - 2- hydr oxyphenyl ) - 3- hydr oxyphenyl net hane, 5

bi s(5-cycl ohexyl - 4- hydr oxy- 3- et hyl phenyl ) - 4- hydr oxyphenyl net hane,
bis(5-cyc|§£ | - 4- hydr oxy- 3- met hyl phenyl ) -3 hydroxyphenyl nethane,

bi s(5-cycl 'gﬁél-4-hydroxy-3 met hyl phenyl ) - 2- hydr oxyphenyl net hane,

bi s(3-cycl ohexyl - 2- hydr oxyphenyl ) - 4- hydr oxyphenyl net hane, 10

bi s(3-cycl ohexyl - 2- hydr oxyphenyl ) - 2- hydr oxyphenyl net hane,

bi s(5-cycl ohexyl - 2- hydr oxy- 4- net hyl phenyl ) - 2- hydr oxyphenyl net hane and

bi s(5-cycl ohexyl - 2- hydr oxy- 4- net hyl phenyl ) 4-hydroxyphenyl nethane;
4,4'-[1-[4-[1- (2¥Rpd é%yﬁhéﬁ}§y-ﬁﬂﬁgtﬁ§lé ryenejso—methylstyrene,

phenyl ] et hyl i dene] di phenol ~

7- hydr oxy-mEnerhylggiveepsh e pyime thyisttivyieng, ( inylteilimedreoayidphenyl counar one;
novol ak resins, pyrogallol/acetone resins and honopol ynmer of

p- hydr oxy sisntethexystyepakeyner thereof with a 20 copol yneri zabl e nononers
and conpounds contai ning a hydroxyl or am no group, such as phenol,

p- met hoxyphenol co@lpﬁerahghpa%qle,fimdr@gé% node,, NaNK A1 endy AR
pyrogal | ol , pyrogall ol nnnonethyletﬁer, pyrogal | ol -1, 3-di net hyl et her,
gal l'i czaci - i - am nodi phenyl am ne and

4,4'-d?anf%b énﬁoﬁﬁéﬁgﬁg?fﬁ¥%§4§§ﬁ%% conposition 1 for |ower |ayer
production contains,at |east one _of the ahove quingnedi azi do

1 oup- cont ai ni ng LG BUHRIPECRt A HRATG Brd VREEdF s % FOBACEdS o PUSh er
formed between 1 nol of 4,4'-[1-[4-[1-(4-hydroxyphenyl)

1- met hy| et3y [IPYEOPLLELAP Bd¢hafihsandrnasgiied nol ~of

napht hoqui none- 1, 2- di azi do-5-sul fonyl chloride, is preferred. 10 Desirably,
t he qui nonedi azicldoginaepconnidiniingg podgpenhdabBe wolpobadsseduch aa anount
of 5to 60 parts by weight, preferably 10 to 50 parts by weight, and nore

preferabl yyilky1t @30 rRdet anky wigi@lilddhesed1eridBd parts by weight of the
radi cal polyner (A). Wien the anount is less than 5 parts by weight, 15 the

di ssohyti on rat Eo&gggggzsﬁﬁea%%%ﬂ&y HoHg Wi el Aokl f Sicibeineen

exposed and non-ex areas. e ot _ e a unt exceeéﬁng 60
PSR LR A QUSSR ve proper 18 o the resultan
the ConpOSitionv%ﬁg?yeg%ers of fatty acids, such as vinyl acetate.
These compounds may be used either individually or in
combination of two or more kinds. Of the compounds, the alkyl
15 acrylates, particularly n-butyl acrylate, can be suitably
used.
The radical copolymerization of both or either the
monomer I and/or the monomer II, and the monomer III produces
the polymer (A) for use in the invention. Preferably, all the
20 monomers I to IIT will be radically copolymerized to give the
polymer.
When the polymer (A) has been obtained by the radical

polymerization of the monomers I, II and III, the polymer (A)

desirably has the proportions of structural units derived from




exenplified wth ethylene glycol nononethyl ether, ethylene glycol

nonoet hyl ether, ethylene glycol nononethyl ether SF-878 20 acet at e,

et hyl ene %IF\_/%qI nonoet hyl et her acet at g, di et hyl ene gl ycol nononet hyl

et her, diethylgne gl ycol nonoet hyl ether, propylene glycol nononethyl ether
acetate, propylene glycol nonopropyl ether acetate, ethyl

2- hydr oxypropi onate, ethyl 5 2-hydroxy-2-nethyl propi onate, ethyl

et hoxyacetate, ethyl hydroxyacetate, nethyl 2-hydroxy-3-nethyl butanoate,
met hyl 3-net hoxypr opi opat e, | 3-.et hoxypropi onate, eth

et hoxy bGP TOHERBESoht 5 et Ed S AMEAL (RARETEE: hyl 1hyPEvERE and so
forth. The above solvent may be used with a 10 high boiling solvent, such
as N nmet hyPEsr FeRt@Rt)NCKE di et hyl f or mami de, N-net hyl f or mani | i de,

N- net hyl acet am de, N, N-di net hyl acet am de, N nethyl pyrrolidone,

di et hyl sul f oxi e heneyér et wilitetclherterdi ldxprefehablyatet boyd@oatane,

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

al cohol , bedzyorac@iratferabllpyhobeszeat @tr4gdi et hyl oxal ate, diethyl naleate,
"y-butyrol actone, ethyl ene carbonate, propylene carbonate or ethyl ene

gl ycol g monophenyh, .ehBRENEE & Aty £TRGHR: SHY \6‘%n£>§e?€¥a9fyu%eg? ﬁ%@ gg{%v'ent <

individually or 1 n conbination of two or nore 20 ki nds:
et hyl 2-hydroxypropionate.is preferred, .Since the conposition 1 will be
Spi n coat éfi’dt A T Iﬂrc?%%égghgf ESﬁﬂl gp f”éés, apﬁe solvent is desirably added
to make the composition 1 have a,solids content of 5 to 50 wt% and nore
SF-878 21 pref eF881 JoRe"eD T #péd FRBESRS, of mFedsridiy i9$t8e§% Mdfy used
in an anount of 100 to 1900 parts by weight, and preferably 300 to 900
parts by wadghmonsapa¢iemabdy p8rte BP Waidght of the conponents (A) and (B)
5 (G Another conponent The conposition 1 nmay contain another additive.

For exanple, a SurkheranthemytHee padderts o A)Thasvieeepmbtat hed, bylefeam ng
and |l eveling properties of the conmposition. 10 Suitable surfactants

include: flugdanepBagrdr Sxif ASH JH &4 tPeGhtAS EHBRRIC Tab r PERS Udronel¥ 1000
and BM 1100 (BM Cﬁem e); MEGAFACE series F142D, F172, F173 and F183

(Dai ni ppo ;| i A Chem Gals y1hNCORROLA G- iR RAR2ELLEY BGs130 FO 170C
the monomer I or II unit content of preferably 10 to 90
wt%, and more preferably 20 to 60 wt%; and
the monomer III unit content of preferably 10 to 90 wt%,
15 and more preferably 40 to 80 wt%.
The synthesis of the polymer (A) may be carried out in
a polymerization solvent. Examples of the solvent include:
alcohols, such as methanol, ethanol, ethylene glycol,
diethylene glycol and propylene glycol;
20 | cyclic ethers, such as tetrahydrofuran and dioxane;
alkyl ethers of polyvalent alcohols, such as ethylene
glycol monomethyl ether, ethylene glycol monoethyl ether,

ethylene glycol dimethyl ether, ethylene glycol diethyl ether,

diethylene glycol monomethyl ether, diethylene glycol



-

15 3M ; SURFLON series S-112, S-113, S-131, S-141 and S-145 (Asahi d ass
Co. , Ltd. ) ; SH 28PA, SH 190, SH 193, SZ-6032 and SF-8428 (Toray
Silicone); agg NBX- 15 (Neos Co., Ltd.),, and nonionic surfactants, such as
connercia§F5 8ucts Noni on S- 6, Nonioﬁjb-4, Pronon 201 and Pronon 204 ( NOF
20 Corporation); and EMIJLGEN 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 anmount of not nore
than 5 parts by weight, and r referably from _ SF-878 22 0.01 to 2
parts by WQPQﬁEY-hBés ok PGGr‘I'gé( £ae L YRR bR Met hiyHee bRt c Sl efdIvkRne (A) .
<Positive radi ation-sensitive resin conposition 2 (conposition 2) for upper
| ayer proddyepéndistiiné poberi vaiethlkenerokeesl tethyl ewithydompdsin,i on 2
(hereinafter the "conposition 2") for upper |ayer production desirably
conpri sesprbpylanpobiyenlcmohamathgl aephepobhd pydpokyheggdupol(E) a

qui nonedi azi do group-contai ni ng conpound; 10 (F) a solvent; and optionally
(H anot hgbnee®RPNEREhehe anot her conponent is preferably a radical

pol ymer with a hydroxyl and/or carboxyl group or an additive such as a

surfacgant. 15 ég& fogﬁggg gggﬁgégégggggg g@gi&gthgfégﬁg Sgr9€§%T$§ pol ymer

contai ning a phenofic r oxy exenpl i w t h ol | owi ng
novol ak resins, polyhydroxystyrenes and derivatives. thereof. These .may be
20 used eFERELNRATIVHALIFSEN SCAZoRBERAE Pondt ERBVATER FaITH SHY ovol ak
resin used in the invention has an al kal i solubilitg and is obtained as a
condensat B&Repr 88aEAtEf amcc PESBY LeBReIbYChRbr etbyherthREnarstand/ an al dehyde
conpound. SF-878 23 The al kali soluble novolak resin is not particularly
l'imted, provi dedomatict hgdrocaesahs hasueh paspbotiueme odindOxybe®®; nol % of
all the phenols. The one or nore other phenols used in the production of 5
novol ak resins rayohéssekacheds facuBorde) nanpl &thdl ketwne)omethyl

2, 4-xyl enol, 2,5-xylenol, 3,4-xylenol, 3,5-xylenol and

10 isobutyl ketone, cyclohexanone,

4-hydroxy-4-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-2-methylpropionate, ethyl ethoxyacetate,

15 ethyl hydroxyacetate, methyl 2-hydroxy-3-methylbutanoate,
methyl 3-methoxypropionate, ethyl 3-methoxypropionate, ethyl
3-ethoxypropionate, methyl 3-ethoxypropionate, ethyl acetate
and butyl acetate. Of these compounds, the cyclic ethers,
alkyl ethers of polyvalent alcohols, alkyl ether acetates of

20 polyvalent alcohols, ketones and esters are preferred.

The catalyst used in the above radical polymerization
may be a conventional radical polymerization initiator.

Examples of such polymerization catalysts include:

azo compounds, such as 2,2’-azobisisobutyronitrile,



2,3,5-trinmethyl phenol. These nmay be used either individually or in

conbi nation. O the above phenols, 2,3-xylenol, 2,4-xylenol, 10 3, 4-xyl enol
and 2, 3, 5- _jg%thylphenol are preferaggf. Preferred exanpl es of
n}cresollﬁﬁgﬁ I"(s) conbinations inclu m cresol / 2, 3-xyl enol ,

m cresol /2, 4-xyl enol, mcresol/2, 3-xyl enol /3, 4-xyl enol

m cresol /2, 3,5-trinethyl phenol and 15

m cresol /2, 3-xyl enol /2,3, 5-trimet hyl phenol . Suitabl e al dehyde conpounds for
t he condensat,i on include fornmaldehyde, parafo | dehyde, acet al dehyde,
benzal dehydé, "6‘-4?%’&?639béﬁ?&ﬂ&égyggfﬁﬁﬁifﬁi}aii6&@6 n28fdehyde,

p- hydr oxybenzal dehyde, gl yoxal, gl utaral dehyde, 20 terephthal al dehyde and

i sopht hal &-@mpaebler (dhasshoryrgadddipgshs ﬁaéeﬁydiﬁxigéhZaldehyde are
particularly suitable for use. These al dehyde compounds may be used either
i ndi vidual | y ororganbabpaabkhdes; buohoas nberzéyhdserbxefier abkyroyhe
SF-878 24 al dehyde conmpound ( s ) wll be used in an amount of 0 . 4 to 2

ol , and maeAgel etabluyyd. perbkypivalaet Raged on 1 nmol of the phenols.
The condensation between'the phenols and the al dehyde conpound is usually

carried oyt qiynyt:he pr i al . r ;¢ _catal ysts
includg h?d&ocﬁﬁ%r#g ggﬁgﬁﬁﬁ?%fsgcggﬁgPéégﬁ%ﬁr%ﬁéé@ﬁ%ﬁﬂﬁ%? éQ%%gﬁj oxalic
aci d, ace&jc aci d .gethane quonkﬁ.aCig anddg-tglue esul foni c acid.

Gener al | y T FhBSAEFYEEIBRY St° HRFDETUEEE FRILRS ArROM™OF 14X 1t 3% %5x10- 1
nmol based on 1 nol, of the phenols. 10 The condensation will be usually
conduct ed TefloXatled ta3tPEadt GRTREARERPIVHERNI & FSdESPBEt @gePRat a

het er ogeneous system shoul d be caused froman early stage of the reaction,
the water as thénreiant béndeneell opalmil/itie andp doesii by prapealtdelsodf thech as
met hanol , et hanol, propanol, butanol 15 or propyl ene glycol nononethyl
ether; a Gyeliise ebber, (3ychoemedef ranythiofcon@ivHIt throXaneshepod yweirone,
such as ethyl nethyl ketone, nethyl isobutyl ketone or 2-heptanone. The

reactygn nagi JprFEYabey 4Rl Al @ef@ﬂ@%@faéﬁ med el 124 Jee@?ﬁt%’f bS olayy wei ght

based on 100 parts by wei ght of The reactants. Although The condensation

{ eTPer 2 36, TBb, BO02PBGAP LR LY EaRLETY| EC0HPERRIgR ! e ot 1 vi 1 of
weight-average molecular weight less than 2,000 will cause the
development to proceed too quickly; whereas that exceeding
100,000 will result in too long a development time. In any

15 cases, the resolutionwill be remarkably deteriorated. In the
present specification, all the weight-average molecular
weights are the values in terms of polystyrene according to
GPC.

In order to obtain good developability and to form a

20 desirable undercut resist pattern, the polymer (A) preferably
is insoluble in water but is soluble in an alkaline aqueous
solution. Since the resist layer (I) is laminated with the

resist layer (II), the polymer (A) is preferably insoluble or

hardly soluble in a solvent (F) so that these layers will not



SF-878 25 The condensation reaction may be carried out in an appropriate
nmanner; for exanple either: the phenols, the al dehyde conpound, the acid
catal yst, Grgare introduced into a reactor all at once or 5 the phenols,
t he al dehyde conpound, etc. are added sequentially with progress of the
reaction in the presence of the acid catalyst. After conpletion of the
condensati on, the objective novolak resin will be obtained by separating it
fromthe 10 unreacted reactants, the acid catal yst, the reaction nedi um

etc. remaining.Lpn th m [ e l.e, ot hi aration, c e made

t hr ough a"{pllrxog]égg elancqu%?ég'%:%'t h@?? casr?)ﬁ()@’rrgé)1[tur(gs it S"Ilriggr ‘éﬁﬁ?%’ﬂ“-?;’s%e‘?m s
increased to 130 to ZiOC and the volatile cqonponents are evaporated under
15 reduced pres<hPePPOYPRE olfty qqﬂé‘%ﬂj”@&]i‘\%éenévoV%’ReFe%‘?ﬁPso’f‘h’{“he"-tr eaction
product is mxed with a good solvent for the novolak resin to dissolve the
same; and hafesubstanbhelEying sea ubd lityetn watiera pBenceol veatpdlymehe
novol ak resin ( such as water, n-hexane or n-heptane ) ; and the

preci pi t atvery 2@spbase ofi aesimowot Wi @n ligs osefesgabirdnt bt regomeridde

obj ective high nol ecul ar wei ght novol ak resin. The above good sol vents

i nclude etdylgnre glycelscepnonet hyl ether acetate, nethyl

3- net hoxypropi onate, ethyl lactate, nethyl isobutyl ketone, 2-heptanone,

oo, SF_8%§62g82?@ggn?AbaBgiﬁé2¥%lasf&aiﬁiaagg%ngghgkaégﬁ%g?yrene

preferably has a we average no urar wei g erns of

(hereinafter, the "Mv') of 2,0 8 t0.20,,00Q, and particularly preferably from
55 000 (55 1% B0 ansobBoE afges SAkaLo, SRYPAOPBET FRYADE! SqeaDLy

wor kability of the conposition 2, and also devel opability, sensitivity and
heat resi sgFd€DPUE he SReiIfdicnd espBtal kadine apyrpmpdsekyEignerfor
Sui t abl e pol yhydroxystyrenes include those 10 commercially avail able resins

. MARUKA leXid@ipReM1 ORBGROKAah YAQURoCKMs oVARWKA b¥NZURS Chilvr MERUKA LYNCUR VB,
MARUKA LYNCUR PHM C, MARUKA LYNCUR CST and MARUKA LYNCUR CBA (Maruzen

Pet r oghemealy s thyibfmbnlam( By qP8kiaBEHL#1hg0a Of StiPe £92BL A NbRY2 s@iTPOUN
The qui nonedi azi do™group-cont ai ni ng conpound™(E) may be selected fromthe

Sl nonee SO SERUIEORE B InE IR LD uldet At aEg) S0 P
or more. The alkali to make the alkaline aqueous solution is
not particularly limited. Exemplary alkalis will be listed
later with respect to the preparation of alkaline developer.

15 Since the polymer (A) has no or little solubility in the
solvent (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 0.1lg
in the solvent (F), for example 100g of 2-heptanone at 25°C.

20
(B) Quinonediazido group-containing compound

The quinonediazido group-containing compound works as

a photosensitizer. It is used for the purpose that the

development of the two-layer resist filmwill proceed properly



20 group-contai ni ng conpounds (E) include an ester fornmed between 1 nol of
4,4 -[1-[4-[1-(4-hydroxyphenyl) 1-nethylethyl]phenyl]ethylidene]di phenol
and 2.0 nl g napht hoqui none- 1, 2- dlazigo 5-sul fonyl chloride; and an ester
formed betwe H81 mol of 7-hydroxy-4- (42 hydr oxyphenyl)  SF-878 27
2-met hyl -2-(2', 4" -di hydroxy) phenyl coumarone 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

gr oup- contt&i at HW EOFRIAE ILE)t e FoBCAnia it heslemthopf rages®Parts by
wei ght, preferably 10 to 50 parts by weight, and nore preferably 15 to 35
parts by \ts@iagIethbtsé&dheonndéﬁctp'art§‘l"kg/meiegbt-3do$pad:eWpoEytxm yrideradtien t he
anount is less than 5 parts by weight, the 10 dissolution rate toward the

al kali develdepetes bh Aaedl yn diHd Poteimeen fexe0sad: RO MR EXPRSED ar eas.
On the other hand, the amobunt exceeding 60 parts by weight may result in a

| ess horm%e%oaéegeﬁ Slovee] («hlth tKQU@othﬁf%%othp‘Pé'd P Iy apor sen in

any case. F) So vent He sol vent may be sel ect

solven s s X g)respect to the conposition 1, and further from

2- hept e § %ﬁt &A 4 hept anone and cyclohexanone 20 Since the

resi st Iayer (Iyis lamnated with the resist layer (I1), the solvent (F)
preferably doesEXSTPORTHaAHLPORPILBRIEOL HEORBr §ABEALIAING (CPRRPURABSE | ayer s
will not mx with each other. In view of that, 2-heptanone, 3-heptanone,
4-heptanoﬁ@céwdec#@ﬁ@m@xa@@m@iaieep&@ténabmédﬁgrandepartSElSEQiZBSTaking
into the account the fact that the conmposition 2 will be spin coated to a

t hi ckness fotrmedmbetwieens, the solvent is desirably added to nake the
conposition 2 have a solids content of preferably 5 to 50 wt% and nore

preferably 10 taibnéd® é(\'td;(i?ln-gh@dllasz,ld&@réﬁb“@ﬂht!ﬁnﬂﬁé'sft@fd’ni@%@:l'd" an
anount of 100 to 1900 parts by weight, "and preferably 150 to 900 parts by

vet ohi o baged on ABRRALLS il ghlysgf ieecampoRaILsaLP) and (). 10 (1

Anot he? conpgnen SOrpositi6 Nt arn- anot her cbnponent. Exanpl es

are:
naphthoquinone-1,2-diazido-4-sulfonic acid or

orthoanthraquinonediazide sulfonic acid) or
naphthoquinone-1,2-diazido-5-sulfonyl chloride with any of:
polyhydroxybenzophenones, such as

15 2,3,4-trihydroxybenzophenone,
2,4,4'’ -trihydroxybenzophenone,
2,4,06-trihydroxybenzophenone, 2,3,6-trihydroxybenzophenone,
2,3,4-trihydroxy-2’'-methylbenzophenone,
2,3,4,4’' -tetrahydroxybenzophenone,

20 2,2',4,4' -tetrahydroxybenzophenone,
2,3’,4,4" ,6~-pentahydroxybenzophenone,
2,2",3,4,4' -pentahydroxybenzophenone,
2,2',3,4,5-pentahydroxybenzophenone,

2,3",4,4',5" ,6-hexahydroxybenzophenone and



(Radi cal polymer containing a hydroxyl group and/or a carboxyl group) 15
Al t hough this polynmer is not an essential conponent for the conposition 2,
t he use tg%L$Q% | eads to enhancenents jn application properties and crack
resi stance. Thi's polynmer may be the sane as the polynmer (A) used in the
conposition 1, in which case it is needless to say that the solvent (F)
shoul d 20 be used that can dissolve the polyner (A). In the conposition 2,
t he polyner (A) (as the conponent (H) ) may be used in an anount of not

nore t han,5 artys by -wei rably not nore than 30 parts b
wei ght bagé B8 %Qrt§38§h¥§?§ﬁ95§¥‘%{’§§ep871§m (D) with a phenol e |
hydr oxyl SF- 878 %288i§?€3¢£P0| ggék ar%ﬁhenollc conpound) Al though this

conpound is notPaf @ Tebkanggs cHHPOs?®ion 2, the addition
thereof inproves alkali 5 solubility and thereby eases control of the
resi st pabter@,grothydroxyphponyyhuetbanephenol i ¢ conpound may be defined as
a conpound with two or nore independent benzene rings in the nolecule, at

| east twobak (BhBch-benhgdeokiypheni/o) mephaneli ¢ hydroxyl groups as a result
of the linkage of a hydroxyl group 10 sonmewhere in the benzene ring.

Speci f§c exaaph@arbR¢bHERY1) -2- (4’ ~hydroxyphenyl)propane
4,4'-[1-[4-[1-(g-hyd?gxypﬁenyl)-1-ne¥hy|eyﬁyl]%hé%ylﬁ ethylidene]diphenol,

met hyl 2, 3-bi,s(,145+di - hydsoxypheny j

36 bi [ 1201 2Ry ar by AR ey P Ty R AP OB EnfT e omaRe o .

t he pol ynucl.ear phenglic.conpound will b d,jn,an anount of 1 to 30
parts by ﬁé?g%ffBaﬁdg5FéFEV§EP§YEhFBng'25?§g'Bb'%nght based on 100 parts
by wei ght of the pol yner g[». (Surfactant) 20 The surfactant for use herein
may be sef&édh¥drpryphen¥liprepengnts |isted with respect to the conposition
1. Desirably, the surfactant will be used in an anount of not nore than 5
parts by wei ght trasdhpdedteypheyylmnetBafdst or 2syastt st lyiowi ghddbaised on 100
parts by wei ght of the pol yner SF-878 30 (D) . Next, the two-I|ayer

| am npg e afdmbhBypakhBERiagt BhheHewebAg Ehehl aginate will be described.

<Two- | ayer | am nate and patterning nmethod using the sane> 5 The two-I| ayer
lam nate a¢GQndLAGqFB8xLBRehPYFRELAANE,
bis (4-hydroxy-3, 5-dimethylphenyl)-4-hydroxyphenyl methane,
bis (4-hydroxy-2, 5-dimethylphenyl) -4-hydroxyphenyl methane,
bis (4-hydroxy-3, 5-dimethylphenyl) -2-hydroxyphenyl methane,
15 bis(4-hydroxy-2,5-dimethylphenyl)-2-hydroxyphenyl methane,
bis (4-hydroxy-2,5-dimethylphenyl) -3, 4-dihydroxyphenyl
methane and bis(4-hydroxy-3,5-dimethylphenyl) -
3, 4-dihydroxyphenyl methane;
bis (cyclohexyl hydroxyphenyl)hydroxyphenyl methanes or
20 substitution products of methyl substitution thereof, such as
bis (3-cyclohexyl-4-hydroxyphenyl) -3-hydroxyphenyl methane,
bis (3-cyclohexyl-4-hydroxyphenyl)-2-hydroxyphenyl methane,
bis (3-cyclohexyl-4-hydroxyphenyl)-4-hydroxyphenyl methane,

bis (5-cyclohexyl-4-hydroxy-2-methylphenyl)-2-hydroxyphenyl



conprises a resist layer (lI) forned fromthe aforesaid conposition 1 and a
resist layer ( Il ) formed fromthe aforesaid conposition 2. The patterning
met hod of gghg7gnvention conprises a stgp 10 of form ng the above two-Iayer

| am nate. Thus, the two-layer |am nate and the patterning nmethod will be

di scussed together in the follow ng description. The patterning nethod wl|
be explained with reference to Fig. 1. The nethod conprises: 15 Step (a) in
which (a-1) the conposition 1 is formed into a resist layer (1) (lower

| ayer 2 i i 1) - 1, = 2% _ ogposition 2 is
f or med inﬁgggg?géig?gﬁgyéyg?bh€£§hp%é$p Eégy % %§€§§8£h§$§%g g?epare a
two-1 ayer . | am nate; 20 St b) in ich the lamnate ,is subjected to U/

|'i ght exp8¥§F8X¥Bﬁ?8V ewggg?gﬁ’b%éﬂng?%%%?gﬁﬁ¥T%6'%8?ﬁ?§YTatent pattern;
Step (c¢) in which the [am nate is devel oped to form an undercut resi st
pattern i A-RAEBKHLPRENEL) rAchydrayeohkenyt geethare, 878 31 size in the bottom
than in the top; Step (d) in which organic or inorganic thin |layers 4a and
4b are fobied3egeclohexydskshygadxgpmennl n3tkydndxypeeryxbasethsnéstrate by
deposition and/or sputtering; and 5 Step (e) in which the |am nate, that

is, the |pwerskayeloBeand-uhRydppey-3-ayeEnglphenylf tednpifok PEREAGL W th
the overlying thin | ayer 4a deposited and/or sputtered on the lamnate. In

Step (a), n@Bnaner SB%5QBEC§SEL8HEJ<9P_—gfh§@fo$gﬂﬁj-ﬁﬁgf1?\[,'\%l}€%gie )Le resin

conpositions 1 maked It possible to rmt am nat e by

he | ower Y apervebelPL nEEREhed) $85 G au RbReRRY P Y Bt ihotoper | ayer

(resist layer i%l)). 15 That is, the resist layers (1) and (Il) may be
formed by™atREABRABYLHTECBYLrBRYRESIY LB F R pi n coating or

| am nating/spin coating (lower |ayer/upper |layer). For exanple, when the
wor kpi ecebsarlBacecishexyialehytinexyphenyl et §-nydooxyphegyl amethase, t he

met hod (1) nay be 20 selected to sinplify the process. For this reason, the
for mer0i sbgendraytyorerlydyedhiarotpiheny The2 +aydesx pehéwdl (et haye pe

favorably enployed to obtain the lamnate in a uniformthickness in the
case wher g3 sfBecyeLKRERGE-SUR{AEEx¢SARd £ 2% EYhBAS1 | £b Ak I Bb Ny PREAFL
methane and bis (5-cyclohexyl-2-hydroxy-4-methylphenyl) -
4-hydroxyphenyl methane;
4,47 -[1-{4-[1-{4-hydroxyphenyl)~-l-methylethyl]
15 phenyl]ethylidene]diphenol;
7-hydroxy-4- (4’ ~hydroxyphenyl)-2-methyl-2-(2’,4' -
dihydroxy)pﬁenylcoumarone;
novolak resins, pyrogallol/acetone resins and
homopolymer of p-hydroxystyrene or copolymer thereof with a
20 copolymerizable monomer; and
compounds containing a hydroxyl or amino group, such as
phenol, p-methoxyphenol, dimethylphenol, hydroquinone,

naphthol, pyrocatechol, pyrogallol, pyrogallol

monomethylether, pyrogallol-1l,3-dimethylether, gallic acid,



SF-878 32 irregularities to an extent where the spin coating is difficult;
or the workpi ece has been processed into a condition that does not allow
direct ap '5§y§ on of liquid resist. 5 §When the lower layer 2 is formed by
the | am nating nethod, it is |am nated on the surface of substrate

(workpi ece) with heating or warm ng. The substrates (workpi eces) have an
upper limt of endurable tenperature that varies fromtype to type. For
exanpl e, heating an MR nagnetic head slider as the substrate 10 at over
100C i s not cept abl e.since,el eqents found thergein ymay, be damaged by the
heat. In s e BT RGATPIER TG PEATS Ak et BN 7 R Ty
tenperature of the |ower layer 2 formed fromthe conposition 1 rather |ow
in order that tH&e SRELD SPBPOSikdPNpd Faki hAYRE WAYETh@ZOPHETAPR100C or

bel ow. 15 The resist layer (lI) (lower |ayer) thus obtained preferably has a
t hi ckness @intains @t3deasgndneoraf fihef @bavkyqoisoneddaniide terns of control
of the resist |ayer thickness and control of the size of the deposited
and/ or spujtcIeddnrpdninghenidourddser | ayer has a thickness |ess than
O0.lum control 20 of the |ayer thickness becones difficult and pinhol es may

ari se. s\Wien the JroygE JIRMRY reRicikRRSSrbGuove! SBUBktkhe rdepedivdtqread/ or
sputtering will acconpany a noticeable diffusion in the undercut area. As a

pat E?ﬁe{‘iﬁl’e“}odli feifﬁtf!‘*ﬁﬁrﬁ%y-l ﬁ%&%@‘%@g%’ﬁ?ﬁ&%ﬁ Hon QEdf or es;SLt Ler i ng.
T [ [ [ 1 20
i ow of PR EBHRYE | SRR g HaRe | ABPEPdicanch IndaPedh Sfor tion

during the deposition and/or 5 sputtering for pattern formation. Wen the
upper |ay@amoawmm@nésaﬂdéwm-ﬁugﬁpnml ehiloridenerdts due to the heat
in the deposition and/or sputtering so that the sagged upper part of the
under cut newefexred.t he substrate surface. Wien the upper |ayer thickness is
over 20m the tine for formng the 10 pattern | ayer may be prol onged and

diffigolties myelerapugedtha @;@rihbabah_asiabe?%ap—%nttlaan@at;t ern |ayer
formed by the deposition and/or sputtering. If the lower |layer 2 and the

upper | aye {049t 1 % .t e ] | aye ends to
be devel opéeo tc{)ﬂfg‘? )eg\%%§a§é)&(ﬁ%)gr%t§nta%fa %%aéf S(S)&sj(? %gg%%%%%gn@é&fdéhsg'des on
the side preferably 10 to 50 parts by weight, and more preferably 15

to 30 parts 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 exposed and non-exposed areas. On the other
hand, the amount exceeding 60 parts by weight may result in
lowered adhesive properties of the resultant resist layer (I)
to the substrate.
20
(C) Solvent
The solvent (C) used in the composition 1 may be
exemplified with ethylene glycol monomethyl ether, ethylene

glycol monoethyl ether, ethylene glycol monomethyl ether



of substrate. \Wiereas when these two | ayers do not m x together at all and

do have an interface between them a developer will interpenetrate al ong
the interfgce-glhe interpenetrated dev?boper will accelerate the
devel opment in 20 the horizontal directron of the |lower layer 2 and the

control of the lateral size of the undercut becones difficult. The m xing
of the layers may be prevented by providing an interlayer of water-soluble
organi ¢ substance. However, this provision increases a process step. Also,

i abl e thick th SF-878 34 .int K . i at
Gevel opredt TS aEEPgrehE ThER bRt St Mt oo e i AN (an
resist is liable to give orifices in variable size, Due to these reasons,

the mat er i9HYEFomaneietyer eFhgsr 9ighbyiane phesol Mnosthyt ethftf er abl y
selected so that the conmbination will allow for appropriate interm xing

bet ween t ipgdpatdeanse gllycSiepopohnethyheether| agetatenmipraieylendeybtaped to
forman undercut resist pattern in which the orifices have a larger size in

t he bott omororrdpyll keheep ackeateyceadsilul -hetrakiyprobd otk taycletaglunder cut
profile, the resist layer (I) preferably has a higher dissolution rate than

the resi st hayiiody-12-re@@n drbpe oha dtelyaPeEhoky8ce®B tdl kaldhya aqueous
solution. In subsequent Step (d) , organic or inorganic thin layers 4a and

4b are for t resi ttar j nat-e 0S strate
by depost Ve BEbt 585 RErRy TR Bl ISR S B R S e (o)
i nvol ves geati g of the | am na sgfface. When the upper layer 3 is

t
| nsuff i oi GRS IV ArOPAENatEna B Chd/ G- AHNGHYPREP] GRELBed @ Wof the

undercut is large, the upper periphery of the undercut will be bent due 20
to the hedrmelioxyYPIepdeonpaer RUYYd Beatiade, t BebbylspyruvRdcor ¢&hivd or
inorganic thin layer 4b during the deposition and/or sputtering. As such,

t he conpogiyruvmat® kad sbefqridductliion adovwehsolppat hayeve udediwiadil ya has an
enough heat resistance whereby it can SF-878 35 undergo Step (d) without

any adyer geghepditling Beekehahl ¥uchhad awpetapdroppamnibiayers 2 and 3 have a
devel opability enough to allow for a margin tinme for controlling the depth

O cecsea SRR Mcothantadsl nech Sxdiganbsterie) mned above, e, |

the Tover J oy eh A adidanddeS ROh-UG IR 1YL flgel op orifice in the upper
N-methylpyrrolidone, dimethylsulfoxide, benzyl ethyl ether,
dihexyl ether, acetonylacetone, isophorone, caproic acid,

15 caprylic acid, l-octanol, l-nonanol, benzyl alcohol, benzyl
acetate, ethyl benzoate, diethyl oxalate, diethyl maleate,
y-butyrolactone, ethylene carbonate, propylene carbonate or
ethylene glycol monophenyl ether acetate. These solvents 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 will be spin coated to a thickness
of 5um or less, the solvent is desirably added to make the

composition 1 have a solids content of 5 to 50 wt$%, and more



| ayer 3 (see Fig. 1 (d) ) . The conbination of the conpositions 1 and 2
preferably 10 satisfies the aforesaid conditions. Each step of the

pat t erni ngprogtfod according to the ingantion will be described in nore
detail with reference to Fig. 1. (Step (a)) 15 As shown in Fig. 1 (a-1),
the conposition 1 is forned into the resist layer (1) (lower layer 2 in
Fig. 1) on the substrate. Wien the substrate has a relatively flat surface,
the conposition 1 ( solids content : 5 to 50 w% ) may be spin coated onto

t he subst efqnt in atiighg F ek 42 d on
t he subst g%ge%%gigemgr?gdég?“%%ong%Qbéﬁgmﬁﬁ%fgﬁgy%E¥ Efrgﬁ%égggggﬁ30c to

produce the l.awer er xﬂgp bstrat 1 has_ irregulariti on t he
Burtace,  RRetidhar e o A e IOt Ba EE R SR BT L BROZRE G case:
SF-878 36_the conposition is spin coated on a substrate, such as PET

(pol yet hyP@Req @roé)pﬁtaﬁélsa?lé)wel% bagedr PRgLhiPestsi by WidHe olodihg | ayer

(I'); the resultant coating is baked in a clean oven or the 5 like to give a
film andcohpohéhtsi $A) aandafi®d. on the substrate 1 with a | am nator.

Lam nating conditions nay be appropriately determ ned based on the materi al
for the substrate 1 and so forth. Next, as Fig. 1(a-2) illustrates, the
conposition 2 is 10 forned into the resist layer (Il1) (upper |ayer) over

the resistglaxgbthet tompBREhEably, for exanple, the conposition 2 will be
spin coated onto the reS|st layer (1) (lower layer 2 in F|g 1 ) and the

resul tant coat |,ﬂg V\H)Jn Bglglc%r?dl %a(fo‘;oqﬁé%‘?eé’%ﬁ%gﬁ %1,)70 o

130C, to produce RETS ayer upper
resi st |ayer upper. | ayer | sp na be fo ned t hr ough
| ami nati o ’.‘a‘F‘Eg-lL?hlé gagéact %tc’Pﬁib g%ﬂeé EQ 1P Y,e.fm IC3FRPon a

substrate, such as PET; and 20 the filmis lam nated on the resist |ayer (
1) ( |oméefcayengzyndaﬂhveli@anp@nmﬁrtFeStﬁérth@r@pmnﬁﬁ#thm@ upper |ayers
2 and 3 may be forned on the substrate 1 by a single |amnation process, in
whi chi@ heSebhploset sarfaatanssicieskadel y formed into the | ower and SF- 878

fluorine-based surfactants, such as commercial products
BM-1000 and BM-1100 (BM Chemie); MEGAFACE series F142D, F172,
F173 and F183 (Dainippon Ink and Chemicals, Incorporated);
FLUORAD series FC-135, FC-170C, FC-430 and FC-431 (Sumitomo
15 3M); SURFLON series §-112, S-113, S~131, S-141 and S-145 (Asahi
Glass Co., Ltd.); SH-28PA, SH-190, SH-193, SZ-6032 and SF-8428
(Toray Silicone); and NBX-15 (Neos Co., Ltd.); and
nonionic surfactants, such as commercial products
Nonion S-6, Nonion 0-4, Pronon 201 and 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
combination of two or more kinds.
Preferably, the surfactant (s) will be used in an amount

of not more than 5 parts by weight, and more preferably from



37 upper layers on a substrate, such as PET, and the bilayer filmis

llam nated on the substrate 1 with a lamnator. (Step (b)) Next, the

| am nat e geuprgsing the | ower and upper layers 5 2 and 3 is exposed through
a given mask Mto radiation, thereby formng a |atent pattern. Radiation
sources include | ow pressure, high-pressure and super-hi gh-pressure nmercury
| anps, netal halide | anps and argon gas |lasers . The radiation includes
ultraviolet rays (UV light), visible rays, far 10 ultraviolet rays, X rays
and el ect hop4b - adiaf i : [ n C are
preferr edlbf'?)r1 ?ﬁg Pﬁ?&%?ﬁ’ﬁg%?g%z’é‘%ﬁ%.°”1U¥°tbhgggtt>%vgy§§<% r{Jt?e%fTbg?lgl‘sat ent
patternin%, the.radiation kﬁnpreferably applied to the lamnate in a dose
of 100 tort8662MPRIEeAndPore preferably 15 300 to 1000 mi/cn®. (Step
(c)) The exposed |lam nate is then devel oped with an al kal i ne devel oper.
Exenpl ary devel oPPHit HEE hba91iphePUTRERS Hph ¥Ry, LoRbd| FoPaRkE S¥vwering. As a
consequence, the exposed area 20 of the lam nate alone is dissolved and
renoved t dcbmpoeibidersR)edorespperphdyer ppasdsbbwnnbn Fig. 1(c). This
resist pattern has an undercut profile which is wider in the bottomthan in

the top. The devigéopesitsee Bedchhiomysdits ity wé kabs g @&gﬁ%@tiorﬂ% 878 38
e

sol ution, such as of sodi um hydroxi de, potassi um hydroxi de, sodi um

car bonat e, k Ll e | Lpsnet ash | Ecat =
L€ (n8RLHALBLL! CAL & c AR LIB TR 95) (OB Spplflietiey BERRNCRion |

et hyl am ne, n-propylam ne, di yl am ne, opy , triet

met hyl di et;hyl am ne, ioet hyl et hanol am ne, triethanol am ne,
tetraneth?ﬁéﬁﬁ%ﬁ?ﬁn?ﬁ@gféfféé, t et raet hyl anmoni um hydr oxi de, pyrrol e,

pi peri di ne, 1,8-diazabif clo[5, 4,0]-7-undecene or

1, 5- di azabi cycl &?h,%,m-%mﬁénsﬂ%’fca %1%k AR BT BT B Wt TR Rray  be

m xed wth an 10 appropriate anount of water-sol uble organic solvent, such
as met hanol or éEhamofuinenediazidelgpdup-siaritainimg odnroundwe devel opnent,
the substrate and the resist pattern are rinsed with water or the |like and
then tigi ed. A fyuF) hersslepntnyahe opeiorziriat ed between the above 15 steps;

for exanple the followi ng may be appropriately carried out: a flattening
step to provide(@)féﬁétﬁgyngghbgﬂeﬁgger the | ower |ayer 2;
The another component is preferably a radical polymer
with a hydroxyl and/or carboxyl group or an additive such as
a surfactant.
15
(D) Polymer containing a phenolic hydroxyl group
The polymer containing a phenolic hydroxyl group may be
exemplified with the following novolak resins,
polyhydroxystyrenes 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 phenols and an aldehyde compound.



a pretreatnent to inprove adhesi on between the substrate 20 1 or the
foundation and the | ower layer 2; formation of an interlayer between the

| ower and q4pperg | ayers 2 and 3 to conty®l interm xing of the |ayers:
wetting pretreatnent for enhancing wetting properties of the |amnate

bef ore devel opnent; and SF- 878 39 post-baking after the devel opnent. The
conpositions 1 and 2 have a very good alkali solubility, thus so do the
resist layers (1) and (I1) . Further, the resist layer (lI) has a higher

di ssol uti aihd a&ﬁaib%ﬂdm&nbﬁgﬁk ayeh i Ebgtegmﬂc&bsrwﬁﬂ%ﬂ,omﬁ

These features nake It possible to rorman un cut resist pattern with

hi gh repraoduci.bjlity., The resist ttern IS easy.to rel ease. reagger, it

i S possi blper%vol&(%fsg%e’é ﬁﬁ% I?—e%ngggakﬁseranp\fnopﬁ lloingﬁ?‘ ﬁlﬂcfgséc\:@&oq‘l\%o to
confirmthe undercut profile. These features allows for easy pattern

rel ease artf rfdlpdhtePAPRGLAMen the resist obtai ned does not have a desired
undercut profile. (Step (d) ) As shown in Fig. 1(d), the organic or

i norgani ¢ thin Thelayeyr ngrgnadthgrapketeksnuses) ldepbsi produakidmot
sputtering through the undercut resist pattern obtained above. The

t hi cknBss mfvdlasee Dimganay loe dsalegasd Erdm) fdrageampile, i 3parlienall,arl y
limted, but is preferably smaller than the thickness of the |lower |ayer 2

in order to £oRtIEAblthe,shapee2d10f 3 hexihieRohayer s-xinendarasit i on and/ or
sputtering can cause a vertical anisotropy in the resultant thin | ayer.

he thi cki4ss o TeRE T otgrePasr SnEREreY BEtred £ ERRy IndiAghd " ° 0

carefully. This is Lnggttant to formthe thin layer 4b in a controlled
shape. Ef f¥ctifV&EFLHBEEPBn and/ or sputtering nethods include PVD (physica
vapor deposition) such as vacuum deposition and_sputtering. 5 (Step (e) )
After the thin Piythe aho¥fdrhenRadve BednxXYLeReH: | A ADEYEeBPEp (d) , the
|lam nate is rel eased together with the thin | ayer 4a found on the | am nate.
As a tonsehuenydenpheanti B, Bayeit rilmedhgiphesoii aset predeirablan obj ecti ve
pattern. 10 The releasing of the resist together with the thin |ayer 4a to
formthe patterprébeftydbex&apl e8dooUh-dtsddHl pHeldeNd) combinations
include m-cresol/2, 3-xylenol, m-cresol/2, 4-xylenol,
m-cresol/2,3-xylenol/3, 4~xylenol,
m-cresol/2,3,5-trimethylphenol and
15 m-cresol/2,3-xylenol/2,3,5-trimethylphenol.
Suitable aldehyde compounds for the condensation
include formaldehyde, paraformaldehyde, acetaldehyde,
benzaldehyde, o-hydroxybenzaldehyde, m-hydroxybenzaldehyde,
p-hydroxybenzaldehyde, glyoxal, glutaraldehyde,
20 terephthalaldehyde and isophthalaldehyde. Of these,
formaldehyde and o-hydroxybenzaldehyde are particularly
suitable for use.

These aldehyde compounds may be used either individually

or in combination or two or more kinds. Preferably, the



whi ch has been conventionally used in the rel easing of positive resists.
Exenpl ary sol vents include ethylene glycol nononethyl ether, ethylene

gl ycol no %QIQ% et her, ethylene 15 gl EOl nononet hyl et her acetate,

et hyl ene glyg I nonoet hyl et her acetate, diethylene glycol nononethyl

et her, diethylene glycol nonoethyl ether, propylene glycol nononethyl ether
acetate, propylene glycol nonopropyl ether acetate, acetone, ethyl

2- hydr oxypropi onate, ethyl 20 2-hydroxy-2-nethyl propi onate, ethyl

et hoxyacet ate, et hyl hydroxyacetate, nethyl 2-hydroxy- 3- hyl hut anoat e,
ety 5. Al GoBHEd YRR BectResy SR okt Do 2 Y,

3- net hoxypr opi onate, butyl acetate, nethyl pyruvate, ethyl pyruvate and so
forth. A s& @ﬁﬁepr@rf@rﬁ%éﬁ bhof tPnk- & slodepased onémeiz@ﬁ{helmeml&

N- et hyl f or mam de, N, N-di net hyl f or mam de, N-nethyl formanilide,

N- net hyl acet am dde NoNddnset byhabetweedethél predriyl pyanal tldenel dehyde

di net hyl sul f oxi de, benzyl ethyl ether, dihexyl ether, 5 acetonyl acetone,

i sophor oneson@apird Ciﬁ@s@al@.%pbﬁh:h:(ie@ddﬂbt Inoghanpkesénb@nadlan henay!

al cohol, benzyl acetate, ethyl benzoate, diethyl oxal ate, diethyl

mal eat g, (el i)+ ro ; r I te and
ethyleﬁe S%yéﬁﬁgﬁ%nogﬁgﬁgpgé¥%%?xgggﬁ3?2&9§9§§??ﬁghgga%ﬁgﬁ}§ égggﬁégof t he
resi st patt.ern can.he nade_at roomt erature, the releasabhility nay be

| Dor easbd T Tk GG RO TRREE e T fesd, | Fel SHEAETA: St5iFY he
resist pattern may be overall expgsed to UV light before the rel easing.
Upon W 1%9igGhinebiiiossve fonge Eﬁéfjo%‘ﬁ’siPt'lt?éPeBSﬁP&f-ﬁBé}CeiatO&&- in both the
upper and lower |ayers or in the upper layer will deconpose to make the
resi st patGesaraddsi,| phealaiasgbkalyAtt maytds sseddat apnamouht oflleddihg may
be acconplished at roomtenperature only by dipping the substrate in the

af or esai d 20 sdenEl opsY Wseal sl Viemdo W £ he i pHeridillse cor r osi veness, such as
et hyl al cohol or isopropyl alcohol. EFFECT OF THE | NVENTI ON According to

the ipyention, a&yd BenhERESE 1PN BRVIM1]1ySEoBd8cféqainuidess s Cross
section may be formed on a substrate by singlé exposure and devel opnent.

o7 bt o SRR TR0 e 2ELEL BALLELD O pOHEEeRoEsLERY Palter
system should be caused from an early stage of the reaction,
the water as the reaction medium may be replaced by:

an alcohol, such as methanol, ethanol, propanol, butanol
15 or propylene glycol monomethyl ether;
a cyclic ether, such as tetrahydrofuran or dioxane; or
a ketone, such as ethyl methyl ketone, methyl isobutyl
ketone or 2-heptanone.
The reaction medium may be used in an amount of 20 to
20 1,000 parts by weight based on 100 parts by weight of the
reactants.
Although the condensation temperature may be

appropriately controlled depending on the reactivity of the

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



s

5 The fine resist pattern wth an undercut cross section can be obtai ned by
si ngl e phot oexposure and devel opnent, can be observed with a |ight

m croscop§F197gonfi rmthe undercut prgktile, and can be rel eased easily.
Wth thesé advantages in the production process, the use of the invention

| eads to 10 enhancenent in productivity of workpi eces. Having the above
effects, the patterning nethod of the invention is suitable for the
production of DLC (dianond |i ke carbon) |ayers on ABS (air bearing
surfaces) of netic heads..15 EXANPLES Them]j;))r esent. i veq__ti.on will be
herei nafter desct BEPPREEREEPT TFFTHET SIFHWRE 8 bt 31 shoul d be
construed that the invention is in no way Jimted to those Exanples.

Her ei naf t 83PPTOREI2%e BARNCYY 5P% XATIRIYIRILAPESs ot herwi se 20 mentioned.
PREPARATI ON EXAMPLES Preparati on of conpositions 1 and 2 The following is a
description of the phEnpwhentthe( Aldebydel)compoungs eehesadidncahalysgpar ati on
of conpositions (1-1) SF-878 43 to (1-7) for lower |ayer production and
conposi ti ens. (2rd) ihbrbédudpdf dOntoppereddtyer PLDAYEL e ; <dndi cal pol yner
contai ning a hydroxyl group and/or a carboxyl group (A) > 5 (Synthesis of
radi cal pol ymereifs Bhdnbl 85ke 08 RRa, M tdbfpsliNa] GdEhaNaded | ux
condenser and a thernoneter was purged with nitrogen. The flask was charged
with a po i i P ngfi 3. f 2.2 = bi 51,50 ronitrile, and a
ol vent | TEBEehEER R 6t iiesd, F e Bsbe ARey R SR BN P55e: her
until the gol %/rreri zation initiator dissolved in the solvent. Subsequently,
43g of 4- FR8pPopenGRbRe¥SE - (nononer 1), 30.8g of n-butyl acrylate (nononer
I'11), 2.99 of acrylic acid (nmononer Il ) and 23 . 3g of 2-hydroxyethyl

acryl ate (nonorfter)campheieon mi dik apPndppsahiond ddie ohjedohitents were
stirred slowy to give a solution, which thereafter was heated to 70C.

Thus, pol yoevizhttresninasidtarbeedbained Wheseépapatitarit ffwom tioeirs. The
pol ymeri zation initiator 2, 2' -azobisisobutyronitrile was further added in

an anpynt yRte28tdd HeadPsntHe i YBRAI 2t DPs¥ASL KO M@ dnf Aedanat her 3
hours at 70C. Then, the solution was allowed to cool to roomtenperature.

The gas iQE&heférhﬁei S 1 hePhacas v N g’iofr- eﬁfa&garlead@hEEOQeﬁEréégi of

p- met hoxypheno sol ut'i on obtai ned by thé abové reactionh was added

dropwi se Lo a largde. through a process in which:

the temperature in the reaction system is increased to
130 to 230°C and the volatile components are evaporated under
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 segregated 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,



SF-878 44 quantity of methanol to solidify the reaction product. The
Feaction product was washed with water, redissolved in tetrahydrofuran of
equal wei _@f the reaction product, spd resolidified in a large amunt of
met hanol . This operation 5 through redissolution to resolidification was
repeated three tines. The solidified product thus obtained was vacuum dri ed
at 40C for 48 hours to yield a radical polynmer A-1. (Synthesis of radical
pol ymer A-2) The above procedure for synthesizing the polymer A-1 was 10

r epeat ed t that.: 439 -j sopropenyl phenol (nononer 1), 20.75g of
n- but yl a§¢§%§?gﬂ(%%ﬁo%§Pyﬁ|ﬁ%éﬁé g of acrylic acid (nmononer I11) and

32. 99 of 2-hydroxyetgél air¥late nngoneg ). 15 were used as the nononers.
Thus, a radical B8 PREPLIAKO TRSLNOPESLREGPLY YR BsIELgRtradrEaPepol yier
A-3) The above procedure for synthesizing the polyner A-1 was repeated
except thatelemler. wgighta-iins dsrase i mguéltyqrﬁnﬁorf@ene)ipaé&egog 6f n-butyl
acrylate (nononer 111) and 19.0g of acrylic acid (nononer Il) were used as
t he nononmesw” )Thifs 2, & 00adioc 20 ,0dl 0y, mandAparwdsudbtrdiynede fe r@3B1§7 & rém
(Synthesis of radical polynmer A-4) A flask equipped with a dry ice/nethanol
refl uxscomengeroand, aob het HBSBt Linyes JH gedrerbibiel t hogeaw dheydddask was
charged with a polynerization initiator: 3.0g of 5

2, 2" - azobi gl,S0RUtKEONItr | ,:Qgg .5Ql vent : 5 f I -
2-hydroxy6§%p|oné%é&n?ﬁe§hﬁkre f??%gﬁﬁﬁgée?ﬁérg&%Pi?E?%éoﬁgPi%éFyﬁation
initiator dissqlved in the solvent, Subs ent | 75. 0g _of .2- hydr oxyet hyl
ot hacr y1 AT 19 Bogd, BES0F tATHR H E AR AR (HORBRAE Y Band 15, 0g
of 10 2-hexahydropht hal oyl et hyl nethacrylate (nonormer I1) were introduced
into the fQ%ﬁﬂ&hYd%9xd§ﬁﬂgﬁP§>mere stirred slomy to give a solution, which
thereafter was heated to 80C. Thus, polynerization was carried out at the

t enperature for Sgihebile. pohghydrioxystlyuehea waslubkowkbdseo cool to room
tenperature. 15 The gas in the flask was replaced with air. After addition
of 15000 QforprarRiiRAAyPaeADlablEeresding i BARUKA A YNCURW,t MBREKAVIEYNCUR

CMM, MARUKA LYNCUR CHM, MARUKA LYNCUR MB, MARUKA LYNCUR PHM-C,
MARUKA LYNCUR CST and MARUKA LYNCUR CBA (Maruzen Petrochemical

Co., Ltd.)

15 (E) Quinonediazido group-containing compound
The quinonediazido group-containing compound (E) may be
selected from the quinonediazido group-containing compounds
(B) listed with respect to the composition 1.
Here, preferred reaction products as the quinonediazido
20 group-containing compounds (E) include an ester formed between
1 mol of 4,4’-[1-[4-[1-(4-hydroxyphenyl) -
l-methylethyl]lphenyl]ethylidene]ldiphenol 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)-



reacti on was added dropwise to a large quantity of nethanol to solidify the
reacti on product. The reaction product was washed with water, redissolved
in tetrah¥ﬂgggﬂgan of equal 20 wei ght 29 t he reaction product, and
resolidifited i'n a | arge anount of nethanol. This operation through

redi ssolution to resolidification was repeated three tinmes. The solidified
product thus obtained was vacuumdried at 40C for 48 hours to yield a

radi cal polynmer A-4. SF-878 46 (Synthesis of radical polyner A-5) The

above procedur.e f.or, synthesizing the I r A-4 was repeated except that:
5009 of & BTN @ i d LW aRGHY: BRPNYACEHTE5o8E ARBuRyD Hortyioh o
(rmonomer 111) and 30.0g of n-butyl nmethacrylate (pononer I11) were used as
t he nonom&EPhthagiingnesdiearipsherer—Av3 ftRaylosharkéde - ( Synt hesis of

radi cal polynmer A-6) 10 The above procedure for synthesizing the pol yner
A-4 was repeat e@hexcepposhhion6d. Hgr ofipRe hekaysd mopidurt oy etdntains

nmet hacryl ate (nmononer 11), 60.0g of n-butyl acrylate (nononmer 111) and 15
30. 0g of rrthueyst BRlehef tykahitl iofsDiedidd broupFEotE8fn afgtdEngBUTdES S.
Thus, a radical polynmer A-6 was obtained. <Qui nonedi azi do group contai ni ng

conpounds (B) amdsiELB14S the gu&ﬂeﬁea&aéhee ?EQH?=EQHE§&HEHS conpound, use
20 was nade of: B-1: an ester formed between nol of

4,4 -[1-[4-11-(4- e - 1- y l..e i denel,di pheno
and 1. 0 meobobateh SREL AN s ga dTEh Benl o BRTED o PR £75 57
E-1: an ester_forned_hetween 1 nol of

4,4 -[1-[ E-r[eﬁe(rz?bﬁ;’drlnghgﬂyP?’?E@ nBY hyB L9y 13 AR ge REBF$ TR &t Dhenol
and 2.0 nol of naphthoqui none-1, 2 diazido-5-sulfonyl chloride 5 E-2: an
est er for i&sd3 beandsnby weslghsfbased on 100 parts by weight of the polymer

7- hydr oxy-4- (4' - hydr oxyphenyl ) -2-nmet hyl -2-(2',4" di hydroxy) phenyl counmar one
and 2.0 ngp)af Whpht hhquamomet 11 2- Heazi thhad- Subd vy | by hef ghe, <Graevent (C)
>

10 dissolution rate toward the alkali developer will hardly
differ between exposed and non-exposed areas. On the other
hand, the amount exceeding 60 parts by weight may result in

a less homogeneous resist layer (II). Thus, the resolution

tends to worsen in any case.

15
(F) Solvent
Here, the solvent may be selected from the solvents (C)
listed with respect to the composition 1, and further from
2-heptanone, 3-heptanone, 4-heptanone and cyclohexanone.
20 Since the resist layer (I) is laminated with the resist

layer (II), the solvent (F) preferably does not or hardly
dissolve the polymer (A) so that these layers will not mix with
each other. 1In view of that, 2-heptanone, 3-heptanone,

4-heptanone and cyclohexanone are preferable for use.



10 The sol vent used was: EL: ethyl 2-hydroxypropionate <Synthesis of the
pol ynmer (D) containing a phenolic hydroxyl group> D-1: 15 m Cresol,

2, 3-xyl engk-gnd 3, 4-xyl enol were m xegg ogether in a proportion of 80:10:10
(by weight). After addition of formalin, the resultant m xture was
condensed by a conventional method under catalysis by oxalic acid to give a
cresol novol ak. The resin was then subjected to 20 fractionation to renove
| ow nol ecul ar wei ght fractions. Thus, a novolak resin D1 with a

wei ght - aver age '_E'Qk@ﬁ?' aﬁtwtg@ta@éo&&mm@bft@m%e RogipdBi@iespl and
p-cresol were m xed oget her in a proportion SF-878 48 of 40 60 (by

reroh) . LS BUILLLAR ST LOLT L e KBEob SN AT, TUgh e sapiened

a convention yS| S y oxa I
novol ak. The resin t ted.to fractionatign to rermv Iow

nol ecul ar *8 %Féﬁ?bﬁg}af’:‘fﬂg(?ﬁs.% ]ﬂag ghﬁOGBT“BRSF %PH %ﬁa\‘ﬁ?tﬂ ao

wei ght - averagé nol ecul ar weight of 15,000 was obtained. D-3: m Cresol and
3, 5- xyl en6PNGeRs afxereforabherS ite A0pWsHer andrmere grrefiralyl vie Qo)
After addition of formalin, 10 the resultant m xture was condensed by a

convendi oAfl whet hdthamdies, ddtealspdivenbyiexdésiraioly toed)iive am ameswit
novol ak. The resin was then subjected to fractionation to renove | ow

nol ecul ar owel @hted 18001 St s DYUuse ightoWdREre£erabDy 350 €6 SOOI aver age
nol ecul ar wei ght of 15,000 was obtai ned. 15 <Sol vent (F) > The sol vent used

was eithe y VEKg f
2- hydroxy%ropl onggel?gg%‘gr%gg)ogtpﬁét%}sgt Vﬁ%%%‘r@gﬁg&r\%{e 0 <Surfact ants (G

and (H)> F malliléact ant used was: NBX-15 (fluorine-based surfactant
avai l abl e™fro os Co., Ltd.) or SF-8428 (available from Toray Silicone)
SF- 878 49 <Pol ynucl ear phenolic conpound (H)>

10 (H) Another component
The composition 2 may contain another component.
Examples are:
(Radical polymer containing a hydroxyl group and/or a carboxyl
group)

15 Although this polymer is not an essential component for
the composition 2, the use thereof leads 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 Dbe used that can dissolve the polymer (3).

In the composition 2, the polymer (A) (as the component
(H)) may be used in an amount of not more than 50 parts by weight,
and preferably not more than 30 parts by weight based on 100

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



The pol ynucl ear phenolic conpound used was the follow ng. Polynucl ear
phenolic conmpound 1: 4,4'-[1-[4-[1 5

(4- hydr oxgphangl ) - 1- net hyl et hyl ] phenyld®t hyl i dene] di phenol <Preparation of
conpositions (1-1) to (1-7) for |lower |ayer production> (Preparation of
conposition (1-1)) A solution was nade from 10 100 parts of the radica
polymer A-1, 20 parts of the qui nonedi azi do group-contai ni ng conpound B-1,
0.2 part of the surfactant NBX-15 (Neos Co., Ltd,) and 680 parts of EL. 15
The sol utig@@upas filtered through a nenbrane filter with pores of |um

di aneter. "The conposition (1-1) was thus obtained. (Preparation of

conposi ti - - . Th sitions were prepared fromthe
conponentg%%&§éﬁégﬁg?ng$géFgl% ?%ﬁPﬁgHggne manner as for the conposition
(1-1) . <Preparatjon of conpositionsg (2-1) to (2-2) .fqr upper |ayer

b oduct i om o ( PREHEPUSh ST CoBHBBERIEAOE AR B SRRbAPRo BRI TR 0 as
prepared from SF-878 50 90 parts of the polymer D-1, 10 parts of the
pol ynucl edhepRenBPEétéenpdunihne, addipapnsthngeef paproves ahkali

gui nonedi azi do group-contai ni ng conpounds E-1 and E-2 respectively, 5 0.2
part o0f tbelsbifiatyaahdNBXetBbgndai8h pantsodf ofAKhe Thessstupabtenras
filtered through a nenbrane filter with pores of 3umdianeter. Thus, the

conposi ti @olf21d) VEse PHIFMRA dar Bh&nE DL & ASorSd\ired ina vl Be (d¥ R AEIsON of
conposition (2-2)) A solution was prepared from 25 parts of the pol yner

2, o 0, N C; 0
02,75, PR LnBbuh S MR o2 orS0RathanShol UILNAR. P Gl 10
d B-1l,,. 0.05 f t f act SF-8428,, 15 { f t
corpoun, Beselts, BeCeBhi o H LAFLelr S S, b hghAEc,

parts EL and 179 parts EEP. The solution was filtered through a nenbrane
filter wi DNIEEXES FFOWRMAR anetBilt pukhethinkagp ofi 2iyARoxXyd) gke8Pobt ai ned
in 380 solids content. SF-878 51

10 somewhere in the benzene ring. Specific examples include

4,4"-{1-[4-[1-(4-hydroxyphenyl)-1l-methylethyl]phenyl]
ethylidene]diphenol, methyl 2,2-bis(1l,5~dimethyl~
4-hydroxyphenyl)propionate and 4, 6-bis{1-(4-hydroxyphenyl) -
l1-methylethyl]-1, 3-benzenediol.

15 Desirably, the polynuclear phenolic compound will be
used in an amount of 1 to 30 parts by weight, and preferably
5 to 20 parts by weight based on 100 parts by weight of the
polymer (D).
(Surfactant)

20 The surfactant for use herein may be selected from the
surfactants listed with respect to the composition 1.

Desirably, the surfactant will be used in an amount of

not more than 5 parts by weight, and preferably from 0.01 to

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



Exanple 1 <Formation of |am nate on substrate surface> Spin coating/spin
eoating process The conposition (1-1) was dropped on a silicon wafer and 5
spi n coat eg-iggy eon. The resul tant coaigng was baked on a hot plate at 100C
for 10 mnutes to give a resist layer (I) (under layer). Thereafter, the
conposition (2-1) was dropped and spin coated on the above-formed under
| ayer. The coating was baked on a hot plate at 100C for 5 mnutes to give a
resist 10 layer (Il) (upper layer). A two-layer |am nate was thus obtained.
<Eva|uatio§an application properties and | ayers thickness> After the | ower
a

and upper yers had been forned on the substrate the top surface of the

| am nat e was ob er edtmrt 5ga | ight .m rosc surface condi tion was
eval uated as ei 16? BHERFD af‘H‘élafcﬁ FB ecﬁ?‘ffe?t% NG lts are
set forth in Table . Application properties A: the |layers were uniform
overal | ortstife §@Gs@@§eea§e wildhbe) 4¢6csiRgE rel eased partially and had
holes, i.e., the layers were not uniformoverall on the substrate The

substrat e Kivongavae lapbnatevahdapatiteboirg asethddonsingptheasane>
properties) was then subjected to a SF-878 52 neasurenent of the

t hi cknésses of Itheetwardayppelamayats. atberdeagutenehe wavemgdenw th a
stylus-type filmthickness gauge. The thickness of the upper |ayer was

obtai ned QypryililderCld R@stilke tllaye&neris ¢briia keuRr th@yerfofrree@ltihe thi ckness
of the 5 two-layer lam nate. The results are set forth in Table 3.

<Exposure, d, € t f {18 >.The t]ale havi ng t he
| ayers evzfloq@ esld‘qﬁbove agisl21 (‘%’I&%g ja%g??catlﬁo#j%ﬁ%%e ‘t"zg gvéa% p‘#% (éexposed
and thereafter develo ed with an al kal i ne aqueous sol ution. This patterning
10 pr oces SRR SEEA % ‘out under the conditions of: Aligner: Karl Suss

Al'i gner MA150 (contact aligner, available from SUSS M crotec) Dose: 500

mJ/ cn2 (at arouﬁaemetmnm@@rﬁ@dméethmatmee»@moabpoapge§e5ea1$;ep

Devel opnent : carried out by dipping the substrate in an aqueous sol ution
of telfanetthyflcamimg whnehwpboee deobdageapilanihatre. changed by the 10 seconds
Ri nsing: one mnute rinsing under running ultra-pure water, followed by

ai r-bl ow dryi ngTBAsAf tRE dwie- Xiayet QRFARMat el BRIPERE G P8 Phing miRidied was
will be discussed together in the following description.
The patterning method will be explained with reference
to 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 electron beam lithography to form a latent
pattern;

Step (c) in which the laminate is developed to form an

undercut resist pattern in which the orifices have a larger



eval uated through observation with a light m croscope, and also with a
scanni ng el ectron m croscope depending on the need. The eval uati on was made
with respggtgh@ the round hol es which fyave a dianeter of 20um and which are
away from the nei ghboring SF-878 53 holes at a spacing of 40um (60um
pitch) . The devel opability was evaluated as either A or B based on the
followng criteria. The results are set forth in Table 3. 5 Devel opability
A: no undesired portions remaining after the devel opnent, beautiful

under cut i d n i nei ghbori ng undercut hol es
after the %g%e gpFﬁg PpggggfEgghsggoggémgggnnre Devel opability B: undesired

portions remain after,.th devel opnent |rrespect| e of the developlng
time, and/or hgge {dﬁot% e%% TG i Th MG REMGS ™ i on and

eval uati on of DLC | ayer> The substrate with the reS|st pattern evaluated
above as Andgdbdagevéprspasi PVey) thasrpssstprrEEeHR bambnapragBdathes 80C
for 10 mnutes. This substrate was used to forma DLC | ayer thereon and to
eval uat e eRpoBe@ kapetrathebPldepagetimasandiofasputteringh asd of DLC 150S
(avail abl e from Shi madzu Corporation). In the formation of the DLC | ayer,

the substrate hg¥vepg(0 ihheh et tifa 1was nhiceSt tiM€tiscat Rd. 1 der pgigreat ment
was made by cleaning their surfaces by sputtering, and depositing on the

cl eaned sqr&aae%hgﬂ ubeeenlapem' aBteeltttetﬂn8§§ %gggﬁer-mﬁﬁﬁaf:hﬁr’ a DLC
| ayer was deposited in a thickness of 250 . e degree of

had the DY é&&ﬁfﬁﬁéﬁe a¥FFads, é‘t‘g?%%% égd@k{‘%ﬁﬁ??&e -8 Bke "t o0c

for about 10 mnutes. As a result, the resist rel eased. The substrate was
then rinse@MdB@&€al times with acetone and 5 thereafter blow dri ed.

Eval uation of resist releasability After the rel ease of the resist |ayer,
the reveal ed sulfhddtemds)obeappdopirints sekgetinn pfsthpeompiaadiicnace
state was eval uated based on the following criteria. The 10 results are set

forthio n d&bkhe3reReheasmapositiors I ededsE nidlesd nmentpdsafibleo toeficdues on
t he substrate surface
the two-layer laminate by the method of:
(1) spin coating for the both layers; or
(2) laminating for the lower layer (resist layer (I))
and spin coating for the upper layer (resist layer (II)).
15 That is, the resist layers (I) and (II) may be formed
by a combined process of spin coating/spin coating or
laminating/spin coating (lower layer/upper layer).
For example, when the workpiece surface (substrate) has
relatively minor irregularities, the method (1) may be
20 selected to simplify the process. For this reason, the former
is generally employed 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



.

B: release treatnent |eft residues on the substrate surface 15 Eval uation
of DLC | ayer The thus-obtained DLC pattern was observed with an AFM (atom c
force m crgsgege) to evaluate the figuyation of the pattern based on the
following criteria. The results are set forth in Table 3. 20 AA® no
burrs/protrusions found on the surface of all the DLC | ayers on the
substrate, the pattern dianeters ranging fromabout 20 to 2lum A: no
burrs/protrusions found on the surface of all the DLC | ayers on the

ubS rat e LG uaL 8 B ARl oS AL 82U SEH A5 38 0hgTOLC B

burrs/ protrusions présent on the surface of ayer <For mati on
and evalu%gi%n 03 alum na layer> 5 The substrate with the resist pattern
eval uat ed b€ A4S A%¢good devel opability) was post baked on a hot plate at
80C for 10 minutes. This substrate was used to forman alum na | ayer

t hereon and to &gl varkpiaee amibeen pyecessre antai aLcondidiiontdiaised as
insul ating layers in gaps between GVR 10 el enents. The alum na | ayer was
manuf act udegswnbll adé oef dVRScGAabPBicataichablfelfiguidNrppdrtlnc.). In the
formati on of the alumna | ayer, the substrate having the pattern was first

pretregted. ThewReatdRAl6REE 1R rld i BBESriNG 5?&:’3}{8 Nemi At L n§uidtarRrs, by
sputtering, and depositing on the cleaned surtaces an alumna |layer in a

thi ckness qf ; 1500ni 02 16804 R SurleiecdBe sgu0f rypcUNBIAS i clpr T and

the substrate tenperature was set at about ormng the
al um na | ayer .was about .100A/ qin. 20 .The eval uations of .the figuration of
Che i am AEoFAP R o ARR b el The Pty TndPkbErtes] fi abMPriie
exactly in the same manners as for the DLC layer. The results are set forth
in Table é}mE%aﬂﬁl%PQPraQ%ﬁE?ﬂ?gﬂgaﬁﬁéepFBEEdKﬁ¥9Qﬁ ﬁE@EhﬁVEeit9wE¥HQ?peated
except that the conposition 1 for |ower |ayer production was changed from (
1-1 ) to (ForXxanmghee cbepbingiamMR magnefpigeheadpdidpraiithe snbatsratechanged.
These are specified in Tables 1 and 2. The results 5 are set forth in Table
3. Exappl @t3over 100°C is not acceptable since elements found therein

may be damaged by the heat. 1In such cases, it will be desired

to set the glass transition temperature of the lower layer 2

formed from the composition 1 rather low in order that the lower
layer 2 may be laminated with heating at 100°C or below.

15 The resist layer (I) (lower layer) thus obtained
preferably has a thickness of 0.1 to 3um, and more preferably
0.3 to 2um in terms of control of the resist layer thickness
and control of the size of the deposited and/or sputtered layer.
When the lower layer has a thickness less than 0.1lum, control

20 of the layer thickness becomes difficult and pinholes may arise.
When the lower layer thickness is over 3um, the deposition
and/or sputtering will accompany a noticeable diffusion in the
undercut area. As a consequence, difficulties may be caused

in controlling the size of the pattern layer resulting from



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

| ower | ayer production was changed from( 1-1 ) to (1-3). The conposition 2
for upper |ayer production was 20 unchanged. These are specified in Tables
1 and 2. Thesrésults are set forth in Jable 3. Exanple 4 The procedure of
Exanple 1 was repeated except that the conposition 1 for |ower |ayer
production was changed from( I1-1 ) 15 to (1-4) and that the | ayers

t hi ckness was altered. The conposition 2 for upper |ayer production was
unchanged. These are specified in Tables 1 and 2. The results are set forth
in Tabl e 8heExappketbocA0afldgopr epadueeialy.Exanple 1 was repeated except
that the conposition 1 for |ower |ayer production was changed from (1-1) to

(1-4) , that §he Loues.! @xgérmzpr@eggég &%%@Qﬁ&emgbh_ nas described

bel ow, and that the layers thickness was alter e conposition 2 for
upper layer .productign_was changed. SF-878_57 These are specified in
Tabl es 1 GRUCENSFREOF dur Ps? A HE(YHBH (3 |RFADIRERES L RAdk § P SPFn
coating process 5 The conpositi was dropped on a PET film and spin

ion (1-4) .
coat ed t hBREOIESHHAR Gt hedt Eidétt%ﬁﬁl\%lsd‘b’ék%a Ghe dRPBSéR1aR AWB(OFor 5

mnutes to give a film Thereafter, the filmwas |amnated on a silicon
waf er andsphetPEINgi Farwastiereasetmatvant héVhemi e eupphukayer rlegf st
layer ( I ) (under layer) was 10 formed on the substrate. The | am nating

condi tiong veif€kAass$ ol onschaeonyeyi g $PEED e bentldiden tBothet iggReEr hHUr €:
95C Rol ling pressure: 1.5 kgf/cnR2 15 Thereafter, the conposition (2-1) was

dropped apHe Sfipgb S0t &l 001 fohesgbover { 0f RAcHadernéd %\é%rg-e_dTﬁﬁFQQ%éﬂg was

baked on a hot plate at 100C for 5 mnutes to give a resist Tayer (I1)

(upper | aX?r):E)e(%ﬂ%ﬁ@i%@)fefna&a%ﬂéﬁet}ﬁ@sshggﬁﬁgmeaisﬁ?Qac@faWLllgn65%% The
procedur e of anple 4 was repeated except that the conposition or upper
| ayer productiogﬁmas changed from (2-1 .. The_conposition 1 for

t 2-2
| oner | ayBPPBF oti€eT o hakneft Hah @F'#Qége(ﬁpg)gb@ﬁif?ﬁ PHRGB P 1 and

2. The results are set forth in Table 3. o ,
10 pattern layer may be prolonged and difficulties may be caused

in controlling the size of the pattern layer formed by the
deposition and/or sputtering.
If the lower layer 2 and the upper layer 3 formed in Step
(a) mix together, such a mixed layer tends to be developed to
15 1leave an undercut that 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 interface. The
interpenetrated developer will accelerate the development in
20 the horizontal direction of the lower layer 2 and the control
of the lateral size of the undercut becomes difficult. 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



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 conpogirt-igsgg 1 for |lower | ayer producti on was 5 unchanged. These are
specified in Tables 1 and 2. The results are set forth in Table 3. Exanple
8 The procedure of Exanple 5 was repeated except that the conposition 1 for
| oner | ayer production was changed from (1-4 ) 10 to ( 1-5 ) and that the
conposition 2 for upper |layer production was changed from( 2-1) to ( 2-2
) . These igi@ripgekf h\‘é@ie's”a-ﬁalab§§o%r§9‘ée2de§FQ§of>ﬁ§Hl:t Eifibedsekel@hth i N
Tabl e 3. Exanpl e 9 The procedure of Exanple 5 was repeated except that the
15 conposid. i or | | ayer ctj,an apged .from (;1- to (1-6)
and t hat tfﬁlrg%rcl%)ln]:b%es{:? ipSLY}?ée i o%ﬁﬁﬁggrggfgayeehre ‘5%%%%%??%%%%3“0%3%&@?%%om
(2-1) to %2-2 . These are specifjed in Tables 1 and 2. The results are set
forth in F&bF V%.Oféoék%?%ﬁf\/éfaﬁéﬁgﬁeﬂizﬁﬂ Be §PoEREBE FIFASWEMHRE 4 was
repeat ed except that the conposition 1 for |ower |ayer production was
changed f refiecials forothe- IpweThédagenpdsenflohhe fippeuppayerayearpr oducti on
was unchanged. These are specified in Tables 1 and 2. The results are set
forth bn Pablferdbly SElecé8el9sGomphatatheecEmbimbeidnThelpr atedur €oaf
Exanpl e 5 was repeated except that the conposition 1 for |ower |ayer

product i orppaspehanaed nte@miking bet@ebhd- fhe Th9eegnposition 2 for upper
| ayer production was 5 unchanged. These are specified in Tables 1 and 2.

The results ar eIﬁeétéegg[(tgg,iEhéfaé%e-1%ye@f2ﬂiﬁ££¥%t$§%§?%h§8§d@§ﬂ%r edure

of Exanple 6 was rep except that the conposi | ower T ayer
production was,changed fr n1é -4% 10 t .é -7). The..co sition 2 for upper
Poyer  prodiciianr Ste ARRIIGBACe et VBB A TAS A 447 PaBPes LEZGRF 2 The
results are set forth in Table 3, Conparative Exanple 4 The procedure of
Exanpl e 75%&8 iepd betdarefhaphinr theeteB - cohpbstusesssifylLoraadiqrayer
producti on was changed from (1-4) to (1-7). The conposition 2 for upper
| ayerlpr odiicsich amsundetanyetofilesetheerapist flayer n(Iaplrefetradrigy 2. The
results are set forth in Table 3. 20
has a higher dissolution rate than the resist layer (II) toward
the same developer, i.e. an alkaline aqueous solution.
In subsequent Step (d), organic or inorganic thin layers
4a and 4b are formed on the resist pattern laminate and the
15 exposed substrate by depeosition and/or sputtering. This
deposition and/or sputtering step (d) involves heating of the
laminate surface. When the upper layer 3 is insufficient in
heat resistance and/or 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 may give rise to burrs on the
organic or inorganic thin layer 4b during the deposition and/or
sputtering.

As such, the composition 2 for the production of the upper

layer 3 desirably has an enough heat resistance whereby it can



SF-878 60 Table 1 Conposition 1 (lower |ayer)Radi cal Qui nonedi azi doSanpl e
No. pol ynmer gr oup- cont ai ni ngSol vent Sur f act ant ( A) conpound (B) (O (G 1-1A 1/B-1/
20 part sElghNigXgl5/ 100 parts680 parts0.35 part1l-2A 2/ B-1/ 20

part seEL/ NBX- 15/ 100 parts680 parts0.2 part1-3A 3/B-1/ 20 partsEL/ NBX-15/100
parts680 parts0.2 partl-4A 4/B-1/ 20 partsEL/NBX-15/100 parts480 parts0.2
part 1-5A-5/B-1/ 20 partsEL/ NBX-15/100 parts480 parts0.2 partl1l-6A 6/B-1/ 20
part seEL/ NBX- 15/ 100 parts480 parts0.2 partA-4/EL/NBX-15/ 1 7100

par t SNone4Q( Rt $0sr? (B3} i TROLE 2t yRRPESId ir@@u%t(sqppﬁEeké¥§Bi§’9'ﬁﬂéer

Sanpl econt ai ni ngQuI nonedi azi do Sol vent Surfact ant Anot her a

(D) Pol yrac b pateedpREoE L A GRS of B e b AT 10

partsparts0. 2 partconpound, 1/.10 rtsD- 2/ 25 partsEL/ D 3/ 1792-275 partsg_1/
35 part sP&P 35 E9E/SANAF FAR PE. TH lfé’gp’ép?ﬁ%@%?@ﬂﬂ% arts5s0
parts S978 MNrl .L~ H6t COIllH-a~srrowod|IIlrovarxala~ Q' FC F4'
F4' | | 1spdocg M ofr sheurndegeut. a~L'~, Q ,~C4'~'~G Q,~G I11Irodv
X.ap, r~~r.~FCr.~r.~~~r.>am4a4wvs5ro AHN NH p" MMfh ~\ x\\\~crrV~~ver~~
~ 0 U B, ~ H rol As.Has been\ ekblblindll Move, the recessed space W of the
undercut indicates an area in the bottom orifice in the lower
layer 2 that does not overlap with the top orifice in the upper
layer 3 (see Fig. 1(d)).
The combination of the compositions 1 and 2 preferably
10 satisfies the aforesaid conditions.
Each step of the patterning method according to the
invention will be described in more detail with reference to
Fig. 1.
(Step (a))
15 As shown in Fig. 1(a-1), the composition 1 is formed into
the resist layer (I) (lower layer 2 in Fig. 1) on the substrate.
When the substrate has a relatively flat surface, the
composition 1 (solids content: 5 to 50 wt%) may be spin coated
onto the substrate 1. Then the resulting coating (lower layer
20 2) formed on the substrate may be dried at 200°C or below,
preferably from 70 to 130°C, to produce the lower layer 2.
When the substrate 1 has irregularities on the surface,

the lower layer 2 may be formed through lamination. In this

case:
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15

20

the composition is spin coated on a substrate, such as
PET (polyethylene terephthalate), for ensuring uniformity of
the resist layer (I);

the resultant coating is baked in a clean oven or the
like to give a film; and

the filmis laminated on the substrate 1 with a laminator.

Laminating conditions may be appropriately determined
based on the material for the substrate 1 and so forth.

Next, as Fig. 1l(a-2) illustrates, the composition 2 is
formed into the resist layer (II) (upper layer) over the resist
layer (I). Desirably, for example, the composition 2 will be
spin coated onto the resist layer (I) (lower layer 2 in Figqg.
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)
(upper layer 3 in Fig. 1).

The resist layer (II) (upper layer 3 in Fig. 1) also may
be formed through lamination. In this case:

the composition 2 is formed into a film on a substrate,
such as PET; and

the filmis 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

~n\ a
iNIN
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| NDUSTRI Ak rABREI CATI ON As descri bed abpyve, the two-layer |amnate and the
patterning method of the invention nmake it possible to formon a substrate
a fine resist pattern having an undercut cross 5 section by single exposure
and devel opnent. The lift-off process using the resist pattern can produce
desired a pattern of (organic or inorganic) thin layers on the substrate

w t hout a c The resi ter (YA with a
l'i ght nicgﬁgggpgéinggﬁ?%r%#%%er%%%bﬁgﬁ?f%%J??ﬁé%nghgggdgggﬁa%g rgﬁéased
easily. W.th_these aavantg es iB he grgductbon Erocess, the use of the

i nvent i onfed88iNGtEAN R ERENEUPHEERBAuULt FYERy20f 2RbRRPPECEs. Havi ng the

above effects, the two-layer |amnate and the patterning nethod of the

i nvention (8t@PpdPlicul arly suitable 15 for the production of DLC (dianmond
| i ke carbon) layers on ABS (air bearing surfaces) of magnetic heads.

SE- 878 63 CLAI MBeit, AHevdahanetelcmpatsi roprhei wey aadrngspst lagyears (1)
formed froma positive radiation-sensitive resin conposition 1 which

CoNpri ses 28arfd Radk GtpdE & B oG8Rt Aighivies MaB¥ M e¥Ytadli Db dhirebycar boxyl
group (A), a quinonedi azi do group-containing conpound (B) and a sol vent

(Q); and 2orshdl of aYFEnt! bhctaLAPd A4OMA HPSIS NS diAiqy- sensi tive

resin conposition 2 which conprises a pol ynmer contal ning a phenolic

hydr oxyl grou D)...a quinonedi azi do group-contai ni ng _conpound (F) and a
Coivent (Bpi-Bstohiad, B BRIBFe A4 AN T O BT Rers it e n 1
the positive radiation-sensitive resin conposition 1, the radjcal polyner
(A) is insamEBl et hdedidesbpmps @ndhargon gas lasers. The radiation

includes ultraviolet rays (UV light), visible rays, far
10 ultraviolet rays, X rays and electron beams. Of these
radiations, UV light and electron beams are preferred for their
handling properties. In the above exposure for latent
patterning, the radiation is preferably applied to the
laminate 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 and showering. As a consequence, 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 developer used herein may be an alkaline aqueous



an al kal i ne aqueous sol ution and insoluble or hardly soluble in the sol vent
(F). 20 3. The two-layer |am nate according to Caim1l or 2, wherein in the
positive adigagi on-sensitive resin comgosition 2, the solvent (F) is

2- hept anone. 4. The two-layer |am nate according to any one of 1 SF-878
64 Clains 1 to 3, wherein the resist layer (1) has a thickness of 0 . 1 to
3umand the resist layer ( Il ) has a thickness of 1 to 20um 5 5. A
patterning nmethod conprising a step of formng a two-layer |amnate

conpri si n@olathes, SkubBY8s &F)sd@1ukthydr IR AP0 PItases inadl iIld rdkisry)si ti ve
resin conposition 1 which conprises a radical polynmer containing a hydroxyl

gr oup a”d/g%rdiﬁm"é%%éf%téo ?é??ﬁzgggliiéagéi ngpa@hﬁZJngﬁgggggéggm ai ni ng

conmpound ) and a sol vent a“resr&t layer froma

positive radi ation-sensitive resin conposition 2,which,c i ses a pol ymer
ont ai ni noH=BHENGFRERpar SOV LERO0E, (B DEaPY8=GilRonBdrLoyaBRLRe,
group-cont ai ni ng conpound (E) and a sol vent ( F% . 6. The patterning nethod
accor di ngdioncPaPRYbamépapr FEiaghyhaminepsmethyzdiebpyiaminag on a
substrate a resist layer (1) fromthe positive radiation-sensitive resin
conposhti cimeéthgdetbanphgmanet herieshaholamene( | fehrametbylbmypeniqnl ) from
the positive radiation-sensitive resin conposition 2 to produce a two-I| ayer

| ani nat e hyd$5x888,%Kﬁeﬁ@lﬁdﬁ@orﬁdxﬂhﬁd&o&dﬁb@‘r@yi‘fblélﬁ pip¥riatiad)y W
| i ght exposure and/or electron beamlithography; (c) devel oping the

l'am nate 40glaraLan; UPAerGYt 47 6SLSL RALLERR 5? which the orifices have a
| arger sizé in the bottomb5'than in the top; (d) depositing and/ or

B nat e 2na- SAoCABL B F09LA SORLT PALEPSARA () rel oasi ng the. | am nat e
together Wit the OYPELYLNG 20,500 LaYels 85Re) e ADCLEr Sayt gred on the
| ani nat e. q y
10 appropriate amount of water-soluble organic solvent, such as
methanol or ethanol, or water-soluble surfactant. After the
development, 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 appropriately carried
out:
a flattening step to provide a flat 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 lower and upper
layers 2 and 3 to control intermixing of the layers;

wetting pretreatment for enhancing wetting properties

of the laminate before development; and



7. The patterning nethod according to Claim5 or 6, wherein in the positive
radi ati on-sensitive resin conposition 1, the radical polynmer (A is

i nsol ubl e ggngwat er, soluble in 15 an ai&kal i ne aqueous sol ution and

i nsoluble or hardly soluble in the solvent (F). 8. The patterning nmethod
according to any one of Clains 5 to 7, wherein in the positive

radi ati on-sensitive 20 resin conposition 2, the solvent (F) is 2-heptanone.
9. The patterning nmethod according to any one of Clains 5 to 8, wherein the

resist |ayer (I s : RJL.C 0 nd the resist layer (II

has a thianegsbggelbakgﬁé8$gegg géﬁn$égégigﬂg#ﬁé patterning net%od (o

according to daim6, wherein th sugs#r te in the ste (al is.an ABS (air

bearing 5 surfa@bf SPmﬁﬁaﬁngBSh af@"g ds?vgnﬁ Yﬁﬁyogﬁgﬁie Fﬁiﬁ | ayer in

the step (d) is_.a DLC (dianond |ike carbgn) layer. .A3.A

% AFL. A . ROIAPIALILN, Aftupnsgrd the regishlaxens (iaans AEIs. ANTtReL /A AL. AL

.As. A. AN. Aa3L. AL. A" . AL. A. ANL. AN . A9. AL. A9. A" . As. A". A". As. A" . AL. Au. A& Au

L. A& AL. Akhaorasialt. Aey@8 (I) has a higher dissolution rate than the

.A3A. AL. A'ur.As. A . A-VX[\oDCe*i 'dY} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c

$IJ cg] calc g];csfillstt;leyh@al TaUtee] ald sakdecaskenppal ca]Tied £ afealdresa] caj cal

=X#$-j !

MOz} xsni dqghial ¢l sad 09l £ alL 2benl srlnlaadnaleali 62l pateakaal £l algtal cal cal

ca] ca] ca] cal ca]ca] ca] ca]ca]ca] ca]ca]cal *j;

nY: v#] U wr. N . ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ¢
1U| @%%f%%%ﬁéﬁiéfﬁl 1 ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca]

a) ca] ca] czf] a]ca]calca]calcalcal;e' ;fO*+, Cvr,;

t 1} xsni d_Z] ca ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] cal.ca] ca] ca
cal cal caT oh] ca] CAFCR AT HALHTA] O3] 6aPY, Uhmeigase-  Moreote, £E4E 2l °al
F{3>krt +~ytoj e’ ca) ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca
Ul o] ca] cPPSaTEIFCEy Gscent bR caa i BAFeRFDaIien o ght Miczoscope
orirfrrrrm_m/"g8"o"""" A#N#######} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ta] cajcapadlical chpcahdekcatcpiofita] cdieaiec dezatjunsd < & ldajwen | foa! ###SLSS
PEVNBOR>E} &&&&A' ' ' ' (B(b((()*)7)n))))}xsnid_Z]]ca]ca] ca]ca]ca]ca]ca]ca]cal
ca] ca] ca] eakgyabattezxhcakbtaheal @ﬁhc%cgla@@b@aha?] waknaakea] ¢akeakcal caj caj cal
) *?*u****) +h+o+r++++, H |, m,,, - ---.Uw../)lc/}xsnid _Z]]ca]ca]ca]ca]ca]c

I L, @y ..

o) cal ool caFeRarRr SR BBt E e T T b a5, 0 dns GGy Bro2hERL cal cal cal cal cal €
4b4i4|44}x'nid % a)J ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
ca]ca]ca]6§F8§T02$§a]ca]ca]ca]ca]ca]ca]ca]ca!444555N6I5n5r5556EB{6667<7s777
8A8B8CB8y888+92959s99} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]ca]ca]@é]éBPEE]éa]EaFea%éﬁ ca}éﬁ]@5$%%}€a$€a}69¥9991¢jFh%@:;.;h;

;5 <K<<<<<=v===>N>U>X>>>>70?7??} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal &a] dalyeajsc dpcahdalbajrea] faimed oy cigred idu]wn]ard /3] cajuwid]ecdn®? 7 @ GO
AdAAABBSBBBCJ CCCC

DGDDDDEEEsHoxighE@hleF hngerduf] realiea] paktaknabbdhiakdahbajea) cBiea] cal cal ca
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MJUMy MMIVIN2 N : .
PfPgPrPPP%%%%?&%&%%@§%?§%§E§F&afgg]ég]ggfgg 3gf¥afggf%§fcgfgg]ggfca]ca]ca]c
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] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca

] ca! bbcUceed/sdit eacepe3idshltbhe\\eghogahebi hylhasefdrg] | €gé ca] ca] ca] ca
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cal cal caleal o o il Airlii AR '
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20 2-hydroxy-2-methylpropionate, ethyl ethoxyacetate, ethyl
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3-methoxypropionate, ethyl 3-ethoxypropionate, ethyl
3-methoxypropionate, butyl acetate, methyl pyruvate, ethyl

pyruvate and so forth. Also usable are high boiling solvents,
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10 Although the releasing of the resist pattern can be made
at room temperature, the releasability may be increased by
raising the temperature.

Otherwise, the substrate with the resist pattern may be
overall exposed to UV light before the releasing. Upon UV

15 1light exposure, the photosensitizer contained either in both
the upper and lower layers or in the upper layer will decompose
to make 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
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be observed with a light 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) layers on ABS (air bearing surfaces) of magnetic heads.

15 EXAMPLES
The present invention will be hereinafter described in
detail by the following Examples, but it should be construed
that the invention is in no way limited to those Examples.
Hereinafter, “parts” and “%” are by weight unless otherwise
20 mentioned.
PREPARATION EXAMPLES
Preparation of compositions 1 and 2
The following is a description of the components (A) to

(H) that were used in the preparation of compositions (1-1)
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109 () - %%ﬁO%G%h%kmometer was purged with nitrogen. The flask was
charged with a polymerization initiator: 3.0g of

2,2’ -azobisisobutyronitrile, and a solvent: 150g of ethyl
10 2-hydroxypropionate. They were stirred together until the
polymerization initiator dissolved in the solvent.
Subsequently, 43g of 4-isopropenylphenocl (monomer I), 30.8g
of n-butyl acrylate (monomer III), 2.9g of acrylic acid
(monomer II) and 23.3g of 2-hydroxyethyl acrylate (monomer I)
15 were introduced into the flask. The contents were stirred
slowly to give a solution, which thereafter was heated to 70°C.
Thus, polymerization was carried out 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 was allowed to cool to room
temperature. The gas in the flask was replaced with air.

After addition of 150mg of p-methoxyphenol, the solution

obtained by the above reaction was added dropwise to a large
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The above procedure for synthesizing the polymer A-1 was

10 repeated except that:

43.43g of 4-isopropenylphenol (monomer I),

20.75g of n-butyl acrylate (monomer III),

2.92g of acrylic acid (monomer II) and

32.9g of 2-hydroxyethyl acrylate (monomer I)

15 were used as the monomers. Thus, a radical polymer A-2 was

obtained.

(Synthesis of radical polymer A-3)

The above procedure for synthesizing the polymer A-1 was

repeated except that:

20 47.2g of 4-isopropenylphenol (monomer I),

33.80g of n-butyl acrylate (monomer III) and

19.0g of acrylic acid (monomer II)

were used as the monomers. Thus, a radical polymer A-3 was

obtained.
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polymerization initiator dissolved in the solvent.
Subsequently, 75.0g of 2-hydroxyethyl methacrylate (monomer
I), 60.0g of n-butyl acrylate (monomer III) and 15.0g of
10 2-hexahydrophthaloylethyl methacrylate (monomer II) were
introduced 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 temperature.
15 The gas in the flask was replaced with air. After addition
of 150mg of p-methoxyphenol, the solution obtained by the above
reaction was added dropwise to a large quantity of methanol
to solidify the reaction product. The reaction product was
washed with water, redissolved in tetrahydrofuran of equal
20 weight as the reaction product, and resolidified in a large
amount of methanol. This operation through redissolution to
resolidification was repeated three times. The solidified
product thus obtained was vacuum dried at 40°C for 48 hours

to yield a radical polymer A-4,.
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30.0g of n-butyl methacrylate (monomer III)
were used as the monomers. Thus, a radical polymer A-5 was
obtained.
(Synthesis of radical polymer A-6)
10 The above procedure for synthesizing the polymer A-4 was
repeated except that:
60.0g of 2-hexahydrophthaloylethyl methacrylate
(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.
<Quinonediazido group containing compounds (B) and (E)>
As the quinonediazidec group-containing compound, use
20 was made of:
B-1: an ester formed between 1 mol of
4’ -[1-[4-[1-(4-hydroxyphenyl)-l-methylethyl]phenyl]
ethylidene]ldiphenol and 1.0 mol of naphthoquinone-1,2-

diazido-5-sulfonyl chloride
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dihydroxy) phenylcoumarone and 2.0 mol of
naphthoquinone-1,2-diazido-5-sulfonyl chloride
<Solvent (C)>
10 The solvent used was:
EL: ethyl 2-hydroxypropionate
<Synthesis of the polymer (D) containing a phenolic hydroxyl
group>
D-1:

15 m-Cresol, 2,3-xylenol and 3,4-xylenol were mixed
together in a proportion of 80:10:10 (by weight). After
addition of formalin, the resultant mixture was condensed by
a conventional method under catalysis by oxalic acid to give
a cresol novolak. The resin was then subjected to

20 fractionation to remove lowmolecular weight fractions. Thus,
a novolak resin D-1 with a weight-average molecular weight of
10,000 was obtained.

D-2:

m-Cresol and p—-cresol weremixed together in a proportion
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m-Cresol and 3,5-xylenol were mixed together in a
proportion of 80:20 (by weight). After addition of formalin,
10 the resultant mixture was condensed by a conventional method
under catalysis by oxalic acid to give a cresol novolak. The
resin was then subjected to fractionation to remove low
molecular weight fractions. Thus, a novolak resin D-3 with
a weight-average molecular weight of 15,000 was obtained.
15 <Solvent (F)>
The solvent used was either:
MAK (2-heptanone) or
a mixed solvent of EL (ethyl 2-hydroxypropionate) and
EEP (ethyl 3-ethoxypropionate)
20 <Surfactants (G) and (H)>
The surfactant used was:
NBX-15 (fluorine-based surfactant available from Neos
Co., Ltd.) or

SF-8428 (available from Toray Silicone)
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<Preparation 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 radical polymer A-1,

20 parts of the quinonediazido group-containing
compound B-1,

0.2 part of the surfactant NBX~15 (Neos Co., Ltd,) and

680 parts of EL.

15 The solution was filtered through a membrane filter with
pores of lum diameter. The composition (1-1) was thus
obtained.

(Preparation of compositions (1-2) to (1-7))
These compositions were prepared from the components

20 givenin Table 1l in the same manner as for the composition (1~1).
<Preparation of compositions (2-1) to (2-2) for upper layer
production)>

(Preparation of composition (2-1))

A uniform solution was prepared from:
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5 0.2 part of the surfactant NBX-15 and

180 parts of MAK.

The solution was filtered through a membrane filter with
pores of 3um diameter. Thus, the composition (2-1) was
obtained in 35% solids content.

10 (Preparation of composition (2-2))

A solution was prepared from:

25 parts of the polymer D-2,

75 parts of the polymer D-3,

50 parts of MARUKA LYNCUR PHM-C,

15 10 parts of the polymer A-4,

35 parts of the quinonediazido group-containing
compound B-1,

0.05 part of the surfactant SF-8428,

15 parts of the polynuclear phenolic compound and

20 a mixed solvent consisting of 179 parts EL and 179 parts
EEP.

The solution was filtered through a membrane filter with

pores of 3um diameter. Thus, the composition (2-2) was

obtained in 38% solids content.
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spin coated on the above-formed under layer. The coating was
baked on a hot plate at 100°C for 5lminutes to give a resist
10 layer (II) (upper layer). A two-layer laminate was thus
obtained.
<Evaluation of application properties and layers thickness>
After the lower and upper layers had been formed on the
substrate, the top surface of the laminate was observed with
15 a light microscope. The surface condition was evaluated as
either A or B based on the following criteria. The results
are set forth in Table 3.
Application properties A: the layers were uniform overall on
the substrate
20 B: the layers had released partially
and had holes, i.e., the layers were
not uniform overall on the substrate

The substrate having the layers evaluated above as A

(good application properties) was then subjected to a
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<Exposure, development and evaluation of results>

The substrate having the layers evaluated above as A
(good application properties) was photoexposed and thereafter
developed with an alkaline aqueous solution. This patterning
10 process was carried out under the conditions of:
Aligner: Karl Suss Aligner MA150 (contact aligner,
avallable from SUSS Microtec)
Dose: 500 mJ/cm? (at around 420 nm)
Exposure mode: hard contact exposure
15 Development: carried out by dipping the substrate in an
aqueous solution of tetramethylammonium hydroxide
Developing time: changed by the 10 seconds
Rinsing: one minute rinsing under running ultra-pure
water, followed by air-blow drying
20 After the development, the pattern profile obtained was
evaluated through observation with a light microscope, and
also with a scanning electron microscope depending on the need.

The evaluation was made with respect to the round holes which

have a diameter of 20um and which are away from the neighboring
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5 Developability A: no undesired portions remaining after the
development, beautiful undercut profile, and no connection
between neighboring undercut holes after the developing time
of 20 seconds or more
Developability B: undesired portions remaining after the

10 development irrespective of the developing time, and/or
undercut holes connecting with neighboring ones
<Formation and evaluation of DLC layer>
The substrate with the resist pattern evaluated above
as A (good developability) was post baked on a hot plate at
15 80°C for 10 minutes. This substrate was used to form a DLC
layer thereon and to evaluate the DLC layer.
The DLC layer was manufactured with use of DLC-150S
(available from Shimadzu Corporation).
In the formation of the DLC layer, the substrate having
20 the pattern was first pretreated. The pretreatment was made
by cleaning their surfaces by sputtering, and depositing on
the cleaned surfaces Si in an approximate thickness of 20A.
Thereafter, a DLC layer was deposited in a thickness of 250

to 300A. Here, the degree of vacuum was 5x107° Torr.
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Evaluation of resist releasability
After the release of the resist layer, the revealed
surface was observed with a light microscope. The surface
state was evaluated based on the following criteria. The
results are set forth in Table 3.
Releasability A: release treatment left no residues on the
| substrate surface
B: release treatment left residues on the
substrate surface
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.
AA: no burrs/protrusions found on the surface of all the
DLC layers on the substrate, the pattern diameters ranging from
about 20 to 21um

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

DLC layers on the substrate, the pattern diameters being 22um
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5 The substrate with the resist pattern evaluated above

as A (good developability) was post baked on a hot plate at
80°C for 10 minutes. This substrate was used to form an alumina
layer thereon and to evaluate the alumina layer. The alumina
layers are used as insulating layers in gaps between GMR

10 elements.

The alumina layer was manufactured with use of MPS-GA-LTS
(available from Nippon Inc.).

In the formation of the alumina layer, the substrate
having the pattern was first pretreated. The pretreatment was

15 made by cleaning their surfaces by sputtering, and depositing
on the cleaned surfaces an alumina layer in a thickness of 1500
to 1600A. Here, the degree of vacuum was 5x107° Torr and the
substrate temperature was set at about 70°C. The rate in
forming the alumina layer was about 100A/min.

20 The evaluations of the figuration of the alumina layer
and the releasability of the resist layer were made exactly
in the same manners as for the DLC layer. The results are set
forth in Table 3.
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unchanged. These are specified in Tables 1 and 2. The results
5 are set forth in Table 3.
Example 3
The procedure of Example 1 was repeated except that the
composition 1 for lower layer production was changed from (1-1)
to (1-3). The composition 2 for upper layer production was
10 unchanged. These are specified in Tables 1l and 2. The results
are set forth in Table 3.
Example 4
The procedure of Example 1 was repeated except 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 for upper layer production was unchanged. These
are specified in Tables 1 and 2. The results are set forth
in Table 3.
Example 5
20 The procedure of Example 1 was repeated except that the
composition 1 for lower layer production was changed from (1-1)
o (1-4), that the lower layer was produced through lamination
as described below, and that the layers thickness was altered.

The composition 2 for upper layer production was unchanged.
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Laminating/spin coating process
5 The composition (1-4) was dropped on a PET film and spin
coated thereon. The resultant coating was baked in an oven
at 100°C for 5 minutes to give a film. Thereafter, the film
was laminated on a silicon wafer and the PET film was released
from the laminate. Thus, a resist layer (I) (under layer) was
10 formed on the substrate. The laminating conditions were as
follows:
Conveying speed: 0.1 m/min
Roll temperature: 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

(IT) (upper layer). A two-layer laminate was thus obtained.
Example 6
20 The procedure of Example 4 was repeated except that the

composition 2 for upper layer production was changed from (2~1)
to (2-2). The composition 1 for lower layer production was
unchanged. These are specified in Tables 1l and 2. The results

are set forth in Table 3.
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The procedure of Example 5 was repeated except that the
composition 2 for upper layer production was changed from (2-1)
to (2-2). The composition 1 for lower layer production was
5 unchanged. These are specified in Tables 1l 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 production was changed from (1-4)
10 to (1-5) 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 forth in Table 3.
Example 9
The procedure of Example 5 was repeated except that the
15 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 forth in Table 3.
Comparative Example 1
20 The procedure of Example 4 was repeated except that the
composition 1 for 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 1 and 2. The results

are set forth in Table 3.
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The procedure of Example 5 was repeated except that the
composition 1 for lower layer production was changed from (1-4)
to (1-7). The composition 2 for upper layer production was
5 unchanged. These are specified in Tablesland2. The results
are set forth in Table 3.
Comparative Example 3
The procedure of Example 6 was repeated except that the
composition 1 for lower layer production was changed from (1-4)
10 to (1-7). The composition 2 for upper layer production was
unchanged. These are specified in Tables 1land2. The results
are set forth in Table 3.
Comparative Example 4
The procedure of Example 7 was repeated except that the
15 composition 1l for 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 1 and 2. The results

are set forth in Table 3.
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Table 2
Composition 2 (upper layer)
Polymer
Sample containing Quinonedia;ido Solvent | Surfactant Anotber
No a phenolic group-containing (F) (H) additive
) hydroxyl compound (E) (H)
group (D)
Polynuclear
oo D-1/ E-1/ 20 parts MAK/ 180 NBX-15/ phenolic
90 parts E-2/ 10 parts parts 0.2 part compound 1/
10 parts
D-2/
25 parts EL/
D-3/ 179
75 parts arts SF-8428/ A-4/
2-2 MAgUKA B-1/ 35 parts E)EE‘.P/ 0.05 part 10 parts
LYNCUR 179
PHM-C/ parts
50 parts
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8. The patterning method according to any one of
Claims 5 to 7, wherein in the positive radiation-sensitive

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

9. The patterning method according to any one of
Claims 5 to 8, wherein the resist layer (I) has a thickness

of 0.1 to 3um and the resist layer (II) has a thickness of 1



4
&10%?z& ()- 3,s10%?z& ()- Normal" "Heading 13]c" "Heading 23]c" "Heading
-33] ¢" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading
83]c" " Hegcﬁi_@g893] c"A "Default Paragraph Font"ij-#g(,al*6M
@l NPSW&] b" fjoty~_ #C. al*FJykJR
#[ '~ +/ 0468: <>@DFHILNPRTVXZ\ " bdf hj | nprtvxz| ~Y1+#) c/ 49?KF[ LAQN byhdnnt zK_Cn
C=yAU 1& !"BW Q03 V#! z*1#Ft !/"4#$NOR' ()*r+,-./012 4457C829-: h;
<>>?dABCDOFGHI JKL, MPN@ PQzRSTUVWKK) ZZ\ 1] ~_"ab/de3fgh'ii+k:1]m

nopqrs!u \/\p()é@éhu ~ ?2&E'QA . ! _rAM D] dl &M 9@ TNt "UwWGyxAl w %4, 8 RzZf +Lo;
\ %2 Ht LRd;néPS; JZaj gx}! (-5<CIOWN ai pv} ', : AFYnt {! 4EKRW f | sx& >ENUZ" gl w~
) ; MX T s

I TERA I ptwi PR EEEEE R rppppeee e mgegeanp L "s'y"  "e"nff| """ """"""""4#3$
&& (*h*o+,-b. Y/ 0123 !"#$%& ()*+,-./0123456789:; '

<=>? @\BCDEFGHI JKP W&@@pwg_mabhq@f YREPRAMD e sELIIRYE{ | } ~

" #$9R' ()*+,-./0123456789: ;

<=>? GABCDREEEHiKL MNEPERST tivd¥eyZ{n | the aliegef(ghi ikl amARE stadmwyed ing

" #$UR' ()*+,-./0123456789: ; <=>?@Ti mes New RonmanAri al Couri er New'h Root
EntryVor dRoeyaral) of! mAdHetir*tead/ 9128456489 . the organic thin layer
<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mmopgr st uvwxyz{ ﬁ ~

P #SYR () %+, +HeO0 9:; ; ;

== @B DAL SRS oTO AT A 28008 JAKFCFRRERR o E ¥R 201 ) -
" #$UR' ()*+,-./0123456789: ;

- <=>? @\BCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
P #$UR' () *+, -./0123456789: ; <=>?@\BCDEFGHI JK



