SPECI.FI CATI-ON Title of the Invention Laminates Field of
Technal ogy This invention relates to | am nates which ser as materjals

Suitable for HDD (hard disk drive) suspensions.  Backgr ofiifHiSTEHEED HASYBEEN
Partial removal of the insulator on an electric conductor has offEppAcEgen

practiced for the purpose of exposing the electric conductbr—m=

termnal. A technique thereby enpl.0 i tye a punched- out

insulating filmon the electﬁiﬁngngﬁgéoﬁ &ﬂh?gz@fern the electrically
conducting portion. Another technique is to renove the insulator

underneath the patterned el ectric conductor by a special chemcal [Japan
Kokai Tokky. qup No.ISho $2-22071 (1977)] or by laser [Japan Kokai Tokkyo
Koho No. éﬁ&-@%-géaféJuE@§i§¥. The former techni que, based on fabrication
by punchi ng, poses problens of difficulties in attaining accuracy and al so
of expenditure for nolds. On the other hand, the latter technique requires
hazardousdfhenigals such as strong alkali and costly equipnment for

generatio PHIRIERr and pl asma and al so poses the problemof |ow
productivity.

Field of Technology

This invention relates to laminates which serve as materials suitable

for HDD (hard disk drive) suspensions.

Background Technology

Partial removal of the insulator on an electric conductor has often
been practiced for the purpose of exposing the electric conductor in a
terminal, A technique thereby employed is to paste a punched-out
insulating film on the electric conductor and pattern the electrically
conducting portion. Another technique is to remove the insulator
uﬁderneafh the patterned electric cdhductor by a special chemical
[Japan Kokai Tokkyo Koho Nd._Sho 52-22071 (1977] or by laser [Japan
Kokai Tokkyo Koho No. Sho 62-22071 (1987)]. The former technique, based on
fabrication by punbhing, poses problems of difficulties in attaining
accuracy and also of expenditure for molds. On the other hand, the
latter technique requires hazardous chemicals such as strong alkali and
costly equipment for generation of laser and plasma and also poses the

problem of low productivity.

Sheet Has Been Replaced -
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An HDD (hard di'sk-drive) suspension has been prepared by etching a
stainless steel foil and a thin-filmmagnetic head is nounted on the tip .
of the suspension and packaged by wire bonding with a gold wire. A general
structure of such HDD suspension is described in PETEROTECH, Vol une 18,
Nunmber 11, page 351. In recent years, however, active studies directed to
smal l er size and higher density and capacity of HDD suspensions are under -
way and the indispensable thene of such studies is |owrise of suspensions
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for alkali etching of polyimde precursors. An object of this invention
is to provide |am nates of- high -2 -

In recent years, however, active studies directed to smaller size and
higher density and capacity of HDD susbensions are under way and.the
indispensable theme of such studies is low rise of suspensions
(sliders). From this viewpoint, the conventional gold wire is an
obstacle to low rise and, in addition, ifs resistance to air flow is

detrimental to high-speed manufacture.

To solve the problem in quesfion, an attemp has been made fo form
patterns of insulating polyimides directly on a stainless steel foil
and then form a copper ciurcuit on the polyimides as disclosed in Japan

Kokai Tokkyo Koho No. Sho 60-246015 (1985).

A technique such as this, however, still faces difficulties in
forming a fine circuit. There are also problems, although latent, such
as poor adhesion of polyimides to the substrate stainless steel foil
and a long period of time, too long for an operation on an indﬁstrial

scale, required for alkali etching of polyimide precursors.

An object of this invention is to provide laminates of high



reliability and fabrication accuracy and excellent workability which allow
the preparation of circuit boards by fabrication of the insulator.

Anot her object of this invention is to provide | am nates of high
reliability and fabricability useful for the preparation of HDD

suspensi ons. Di scl osure of the Invention Accordingly, this invention

For mea. ongebRah i 87 i el SAEkon by P nd biAUERE URIGHIAT ﬁge e
<t ai nt ess o1 L0 e 8pb B Bt B3 p 45TV SR tapS ERE, Bbufgedh

pol yim de precursors and photosensitive resins and are useful for the
preparation of HDD suspensions and, preferably, said polyimde precursors
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group Con%% 1a%ﬂl%1y°%nd fabricability useful for the preparation of HDD

suspensions,

Disclosure of the Invention

Accordingly, this invention relates to laminates which consist of an
electric conductor and layers, formed one on top of another, of

polyimide precursors and photosensitive resins.

This invention also relates to laminates whfch consist of a stainless
steel foil and layers, formed one on top of another, of polyimide
precursors and photosensitive resins and are useful for the preparation

of HDD suspensions and, preferably, said polyimide precursors have a

main structural unit represented by the following general formula @
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wherein A is the divalent residue of an aromatic group containing 17 or




-3-7 ‘|l ess carbon atons, Bis -CO, -SdJerr]- or -0- and mis an

I ateger fromO to 100. Phot osensitive resins may vary in structure,
their choice being optional, and they may be either negative-working or
positive-working. Photosensitive resins are normally ultraviolet-reactive
or electron beamreactive and they are conposed of base oligoners, .
reactive diluents, photoinitiatqrs, photosepsitizers, pi nts,
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acryl ates, . urethane acryl ates and pol yester acryl ates.

U travi ol ed98urabl e acrylic resins are particularly desirable as

phot osensitive resins because of their resistance to alkali and to
penetration of water during etching of a |ayer of polyimnm de precursors.

Most desirable are acrylic photosensitive resins,which be d I d
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filmwith a thicknes of less than 2[err]mlacks str.ength, though .
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Oxt%/illugn?sil pholtginniytciralto?és, (protwg:{sritizers, pigments, polymerization

inhibitors and the like. As base oligomers are known epoxy acrylates,

urethane acrylates and polyester dcrylates.

Ultraviolet-curable acrylic resins are particularly desirable as
photosensitive resins because of their resistance to alkali and to
-penetration of water during etching of a layer of polyimide'precursors.
Most desirable are acrylic photosensitive resins which can be developed
and strihped by acids. Their thickness is preferably 2 to 100 m. A
film with a thicknes of less than 2um lacks strength; though
fabrication accuracy is high, and tends to cause problems such as
peeling during etching of polyimide pfecursors. A film with a thickness
in excess of 100 gm, though strong and highly reliable, sufferé-from

loss of fabrication accuracy and increase in cost.

Polyimide precursors are synthesized by treating diamines (or their
derivatives) with tetracarboxylic acid dianhydrides (or their
derivatives) in a polar solvent at 0 to 200 °C. The occurrence of

imidation in the course of this reaction is undesirable as it decreases



derivatives) in a-polar solvent at 0 to 200 [err]C. The occurrence of
fmdation in the course of this reaction is undesirable as it decreases

s4 - solubility and extends the etching time during patterning.
Pol ar sol vents include N-nethyl pyrrolidone (NW), dinethylformam de (DVW),
di met hyl acet am de (DMAc), dinethyl sulfoxide (DVSO, dinmethyl sulfate,

sul f ol ane, tyr.Ql actone, cresol, phenol,. hal.ogenate henal s,

cycl ohexaﬁBﬁEl,’Mdi?gx ! xlt%‘f‘{saﬁﬁﬁr%&&r‘&ﬁ tine QPgIWT‘Lgt&Iﬁl&ﬁI nes (or their
derivatives) include p-phenyl enedi am ne, m phenyl enedi am ne,

2' - met hoxy- 4, 4' -di am nobenzanilide, 4,4'- diam nodi phenyl ether,

di am not ol,uene, 4, 4' -di am nodi ghen
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di am noant hr aqui none, 4, 4'-Dbi s(3-am nophenoxyphenyl ) di phenyl sul fone,
1, 3-bi s(ani | i no) hexaf | uer opropane, 1, 4-bi s(anilino)octafl uoropropane,

LoD s(an MR @ 1ReR" 882052 ctvdsy ThaThat "PLEREAFTESEH ARl R GR2"
| phenylenediamine, 2’—methoxy—4,4’;diaminobenzanilide, 4,4’ -
diaminodiphenyl ether, diaminotoluene, 4,4’ -diaminodiphenylmethane,
3,3’¥dimethyl—4,4’—diaminodiphenylmethane, 3,3 -dimethyl-4, 4" -
diaminodiphenylmethane, 2,2-bis[4-(4-aminophenoxy)phenyl]lpropane, 1, 2-
bis(anilino)ethane, diaminodiphenyl sulfone, diaminobenzanilide,
diaminobenzoate, diaminodiphenyl sulfide, 2,2—bis(p—aminbphenyl)
propane, 2,Z—bis(p—aminophenyl)hexafluoropropane, 1,5—di5minonaphthalén
e, diaminotoluene, diaminobenzotrifluoride, 1,4-bis(p-aminophenoxy)
benzene, 1, 3-bis(p-aminophenoxy)benzene, 4,4’ -(p-aminophenoxy)biphenyl,
diaminoanthraquinone, 4,4’-bis(3—aminophenoxyphenyl)diphenyl sulfone,
1,3-bis(anilino)hexafluoropropane, 1,4-bis(anilino)octafluoropropane,
1,5—bis(anilino)decaflupropropahe, 1, 7-bis(anilino) tetradecafluoropropan

e, diaminosiloxanes represented by the following general formula
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e; di‘am nosit oxdnes represented by the follow ng general fornula

[err] -5 - . [err] (wherein R2
apd R4 are divalent organic groups, Rerr] and R err] are nonoval ent
organic groups and p and q are integers greater than 1), 2,2-bis[4-(p-
am nophenoxy) phenyl ] hexaf | uor opr opane, 2, 2-bi s[ 4-(3-am nophenoxy)

phenyl | hexaf | uor opr opane, 2, 2-bi s[4-(2-am nophenoxy) phenyl ] hexaf| uor opro
pane, 2, 2-bis[4-(4- an1nophenoxy) 3, 5-di net hyl phenyl | hexaf | uor opr apane,
2,2-b|s[4 (4- am nopheftdxy) 3Rs- d|(trlfluoronethyl)phenyl]hexafluoroprop

ane, p-bis(4- 2¢khph| Log 9 yygphenoxy) benzene, 4, 4'-bis(4-amn no-2-

trifIuoronethqvgﬁgno;§)g?pheéy 2 g pbls(4 am no- 3- trlfluoronethylpheno

xy) bi phenyl , 4, 4' -bi sR4-am nBs2-trifl uoronethyl phenoxy)di phenyl sulfone,
"-bi s(4-am no-5-trifluoronethyl phenoxy)di phenyl sul fone, 2,2-bis[4-

(4-am no-3-trifluoronethyl phenoxy) phenyl ] hexaf | uor opr opane, benzi di ne,

3,3 ,5,5" -tetranethyl benzidine, octafluorobenzidine, 3,3'- -

di met hoxybdwhergineR: @ndoRi dirgedivalent oggaeic groupss Bi agdgRs are monovalent
organic groups and p and q are integers greater than 1), 2,2-bis[4-(p-
aminophenoxy)phenyllhexafluoropropane, 2,2-bis{4-(3-aminophenoxy)
phenyl]hexafluoropropane, 2, 2-bis[4-(2-aminophenoxy)phenyl]hexafluoropro
pane, 2,2-bis{4-(4-aminophenoxy)-3, 5-dimethylphenyllhexafluoropropane,
2,2—bis[4—(4—5minophenoxy)—3,5—di(trifluoromethyl)phenyl]hexafluoroprop
ane, p-bis(4-amino-2-trifluoromethylphenoxy)benzene, 4,4’ -bis(4-amino-2-
trifluoromethylphenoxy)biphenyl, 4,4 -bis(4-amino-3-trifluoromethylpheno
xy)biphenyl, 4,4 -bis(4-amino-2-trifluoromethylphenoxy)diphenyl sulfone,
4,4’—bis(4—amin6—5—trif1u0r0methylphenoxy)diphenyl sulfone, 2,2-bis[4-
(4-amino-3-trifluoromethylphenoxy)phenyl]lhexafluoropropane, benzidine,
3,3’,5,5’ftetramethylbenzidine, octafluorobenzidine, 3,3 -
dimethoxybenzidine, o-tolidine, m-tolidine, 2,2’,5,5",6,6 -
hexafluorotolidine, 4,4”-diaminoterphenyl and 4, 4"’ -diaminoquaterphenyl
or diisocyanates resulting from the reaction of these diamines with

.phosgene.

Any of these diamines (or their derivatives) may be used and it is
desirable that the main components are diamines containing the main
structural unit represented by the aforementioned general formula (2),
that is, diamines whose A is the divalent residue of an aromatic group

with 17 or less carbon atoms. When the main components are diamines



hexaf | uorot ol i di ne, 4, 4"-di ani not er phenyl and 4, 4"' -di ami noquat er phenyl  or
dii socyanates resulting fromthe reaction of these diamnes with phosgene.
Any of these diamnes (or their derivatives) nmay be used and it is
desirable that the main conponents are diam nes containing the main
structural unit represented by the aforenentioned general formula (2),

that is, di,am nes whose A is the dival ent residue of a aronatliﬂgroup
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tetracarbqgxylic acids, are shown as exanples, their esters, aci d
anhydr i desles&n%f1 %ﬂdamﬁ des <can certainly be used; pyronellitic acid,
3,3 ,4,4" -bi phenyltetracarboxy |ic acid,

3,3',4,4 - benzophenonet etracarboxylic acid, 3,3',4,4"- (diphenyl

sulfone)t racarbox li.c acid, 3,3',4, en et her etra arbo lic
acid, 2,3, ? racapRiddike A6k t%ﬁh%’dﬁ@éx&é’rcp l‘yde“"ati)ves include the

2,3,6,7-n hal enet et.r acarboxyl i.c aci ht hal enet et r.acar
E¥%lioﬁang and it is to ﬁgluderstooﬂ that, aléaoug tetraca %oxyllc acf)

are shown as examples, their esters, ac1d anhydrides, and acid halides
can certainly be used; pyromellitic acid, 3,3’,4,4 -biphenyltetracarboxy
- lic acid, 3,3",4,4 -benzophenonetetracarboxylic acid, 3,3",4,4 -
(diphenyl sulfone)tetracarboxylic acid, 3,3’,4,4’ -(diphenyl efﬁer)
tetracarboxylic acid, 2,8,3’,4" -benzophenonetetracarboxylic acid,
2,3, 6, T-naphthalenetetracarboxylic acid, 1,2,5,6-naphthalenetetracarboxy
lic acid, 3,3’,4,4 -diphenylmethanetetracarboxylic acid, 2,2-bis(3, 4-
dicarboxyphenyl)propane, 2,2-bis(3,4-dicarboxylphenyl)
hexafluoropropane, 3,4,9, 10-tetracarboxyperylene, 2,2-bis[4-(3, 4~
dicarboxyphenoxy)phenyllpropane, 2,2-bis(4-(3, 4-dicarboxyphenoxy)
phenyl]hexafluoropropane, butanetetracarboxylic acid and.
cyclopentanetetracarboxylic acid. Trimellitic acid and its derivatives

are also useful.

It is desirable that the main components of these tetracarboxylic
acid anhydrides (or their derivatives) are those which contribute to
form the main structural unit represented by the aforementioned general

formula (2) and, concretely, they include pyromellitic anhydride,



tic ‘acid, 3;3",4,4' -diphenyl net hanetetracarboxylic acid, 2,2-bis(3,4-
di car boxyphenyl ) propane, 2, 2-bis(3, 4-dicarboxyl phenyl)
khexaf 1 uoropropane, 3,4,9, 10-tetracarboxyperyl ene, 2,2-bis[4-(3,4-
di car boxyphenoxy) phenyl ] propane, 2, 2-bi s[ 4- (3, 4-di car boxyphenoxy)
phenyl ] hexaf | uoropr opane, butanetetracarboxylic acid and
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3,3 ,4,4" -bhenzophenonet etracar boxylic acid, 3,3",4,4" -(di phenyl sul fone)
tetracarb&@@pﬁﬁﬁg@iﬁsgid 3,3, 4,4 -(di phenyl ether)tetracarboxylic acid.

They shoul d preferably account for 80 nol % or nore of the acid anhydrides
used. The subscript min the aforenentioned general formula (2) indicates

2 oEe e bherul oda W A ERdat e b, YREAR 0, SedEodt
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preferably from 30 to 100. The main structural unit means that the

~ structural unit in question accounts for'60 mol¥% or more, preferably 80

mol¥ or more, of the structural units of polyimide preéursors.

The use of acid anhydrides. other than those mentioned above,caﬁses
problems such as longer time for the alkali etching of a polyimide
precursor layer and increased difficulty for performing high-accuracy

fabrication.

It is possible to introduce a crosslinked or ladder structure by
modification with compounds containing reactive functional groups. For

example, the following methods are available for such modification.
(a) Introduction of the pyrrolone or isoindoloquinazolinedione ring is

possible by modification with compounds of the following general

formula (3)

(2)x (3)



The use of acid ‘anhydrides other than those nentioned above causes

probl ens such as longer tinme for the alkali etching of a polyimde
precursor layer and increased difficulty for perform ng high-accuracy
fabrication. It is possible to introduce a crosslinked or |adder
structure by nodification with conpounds containing reactive functional
"groups. For exanple, the follow ng nethods are avail able for such

nodi fication. (a) Introduction of the pyrrol one or :

I soi ndol oqui nazplipedione ring js possible hy nodification w th conpounds
of the folqlwbﬁfﬁb“ nélsaltﬁef’&#sfﬁﬂué wafh (2 4 [Xsr vplence & is'10r 2) of an

- 8- wherein Rhar l. is tﬂ; residue with (2 + valence (X is 1
or 2) of affoBgidtalTouRya pi dfdazsybstd tuemlssied eetpd Seom NHa, f7CANH: Nbpd -
- CONH2 and err],NH err] and sitioned ortho to the am no group. (b)
Nbdificatic‘mﬁ*tﬁl eP&%&‘i"%@ cﬁ%@a?%iﬂ@ p8MikR BroUPl e unsaturated bonds
of am nes, diam nes, dicarboxylic acids, tricarboxylic acids or
tetracarboxylic acids effected to formcrosslinked structures in the
course of ring,. .Mal eic acjd,, nadic acid, tetrahydrophthalic acid or
%BS Méﬁlflcatlon wfth der?Vatlves containing %olyé%rlzable unsaturated
bonds of amines, diamines, dicarboxylic acids, tricarboxylic acids or
tetracarboxylic acids effected to form crosslinked structures in the
course of curing. Maleic acid, nadic acid, tetrahydrophthalic acid or

ethynylaniline may be used as unsaturated compound.

(c) Modification with aromatic amines containing phenolic hydroxyl group
or carboxylic acid is effected tq form crosslinking agents containing

reactive hydroxyl or carboxyl group.

According to this invention, the polyimide precursors thus prepared
are put in place as film in contact with a layer of photosensitive
resins and it is preferable that the resin layers cure with a thermal
expansion coefficient of 5 X 10 "/ °C or less. When the thermal
expansion coefficient exceeds 5 x 10 ~°/ °C, particularly in
applications to HDD suspensions, the circuit warps on cooling after
processing by high-temperature heat treatment for imidation and such

warpage tends to cause troubles in practical use.

Polyimide precursors containing a repeating unit represented by the

" following general formula (1)



et hynyl ani | i ne may be- used as unsaturated conpound. (c) Modification with
aromati ¢ am nes contai ning phenolic hydroxyl group or carboxylic acid is
effected to formcrosslinking agents containing reactive hydroxyl or

car boxyl group. According to this invention, the polyimde precursors
thus prepared are put in place as filmin contact wwth a | ayer of

phot osensitive resins and it is preferable that the resin layers cure with
a thermal expansion coefficient of 5 X 10 [err]/ [err]C or less. Wen
the thermal expansion coefficient exceeds 5. X 10 [err]/ [err]C,

particularly i q?) h S HFE u sions, the circuit warps on
cool i ng afterlhﬂ (o @@ - ﬁge re heat treatnment for imdation

and such warpage tends.to cause\troubles in practical use. Pol yi m de
precursors contai ni ntB0HOReat i ng0GHst representedliby the follow ng
general fornmula (1) 9-

lerr] are nore preferable as they cure with a small thernmal expansion
coefficient and are easy to fabricate.

are more preferable as they cure with a small thermal expansion

coefficient and are easy to fabricate.

For the purposes of controlling'the thermal expansion coefficient or
adjusting the mechanical properties, it is possible to utilize
copolymerization or blending with the use of the aforementioned
compounds in addition to theée repeating units. Moreover, there are
other possibilities such as mixed use of powders, fibers or chopped
strands of inorganic or organic substances or metals for improvement of
a variety of properties, addition of antioxidants for-prevention of the
oxidation of circuits during curing or of silane coupling agents for
improvement of adhesion and blending'of different kinds of polymers for

improvement of flexibility, flow or adhesion. As needed, the polyimide

layer can be made multilayer.

The thickness of a polyimide precursorllayer is 2 to 300 um,
preferably 2 to 100 #m. When the thickness is less than 2 um, the
circuit loses reliability for insulation and deteriorates in mechanical
properties such as folding endurance. Degradation tends to occur in the
course of imidation with the thickness in excess of 300 xm while the

etching accuracy drops with the thickness in excess of 100 um.



For the purposes of controlling the thermal expansion coefficient or

adj usting the nechanical properties, it is possible to utilize

- @opol yneri zation or blending with the use of the aforenmentioned conpounds
in addition to these repeating units. Mreover, there are other
possibilities such as m xed use of powders, fibers or chopped strands of"
I norgani ¢ or organi c substances or netals for inprovenent of a variety of
properties, addition of antioxidants for prevention of the oxidation of
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' . The 1hick ' ' .
SUSPENST ONFeon' 1§ o 70 m. When e 'R Ekress of a foil exceeds 70¢m, low rise

becomes difficult to maintain while in use as HDD suspension or the
fabrication into suspensions by folding or the etching of stainless
steel becomes difficult. On the other hand, a thickness of less than 10
um is undesirable for lack of elasticity as suspension. It is allowable
to roughen the surface of a foil or form a layer of alloy or primer on

the surface for improvement of adhesion.

Laminates of this invention are usually prepared by applying
polyimide precursors to an electric conductor, drying, further applying
photosensitive resins and.drying. The applied solution of the polyimide
precursors is dried at a temperature chosen from within the range which
does not degrade.the photosensitive resins or rele#se films and,
preferably, at 180.T3 or less. Imidation takes place above this
temperature, which undesirably results in longer etching -time during
patterning of the polyimide precursors..The temperature for drying the
photosensitive resins is chosen from within thg range which does not
adversely affect the photosensiiivity and it is preferably 150°C or

less.



but it is desirably 200 [err] mor less for reasons of manufacture and
fabrication. In particular, a foil as material for the manufacture or
fabrication of HDD suspension preferably has a thickness in the range from
10, to 70gm When the thickness of a foil exceeds 70g m |ow rise becones
difficult to maintain while in use as HDD suspension or the fabrication
into suspensions by folding or the etching of stainless steel becones
difficult. On the other hand, a thickness of less than 10 [err]mis
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t enper at ur, for-?;iing.the BFotossnsitive resins is chosen fromwthin the
range mhléﬁtEBJ?'ﬁ patiph Iy ‘?“ﬁp ect the photosensitivity and it is |
preferably 150[err]C or |ess. After the formation of |am nates
in this manner, it is advisable to paste a protective filmon the

phot osensizlV§ahfRhPes 2Vfls 'Htained are exposed and developed to form a

desired pattern on the photosensitive resin layer and then treated with
an alkaline solution to etch the polyimide precursor layer. It is

possible to apply heat during etching to increase the processing speed.

Thereafter, the photosensitive resin layer is stripped and the
polyimide precursor laygr is cured. Though the conditions are optional,
the curing is effected at 200 °C or more, preferably at 250 °C or moré,
to let polyimides fully show their chardcteristics. As for the method of
heating, it is poésible to apply batch heating in a hot-air oven or

roll-to-roll heating.

In the manufacture of HDD suspensions or advantageously of HDD
suspensions in which circuits are formed directly on an integrated
structure of gimbals and load beam, a patterned polyimide layer is
formed as insulation layer on a stainless steel foil in the manner
described above and what follows next in the fabrication into a

suspension is the formation of an electric conductor on the patterned



pr.ot éction agai nst-dust. Such protective filmmy be chosen from commonly
avail able filns of polyesters, polypropylene and polyimdes and filns
cpated with rel ease agents such as silicones for easier release after
fahrication may be used. The | am nates thus obtained are exposed and
devel oped to forma desired pattern on the photosensitive resin |ayer and
‘then treated with an alkaline solution to etch the polyin de _precursor
layer. It #Bsulddonblayern iappn yoridanaliuanigret Bor raxamglenck dda 1axer of

processi ng speed. Thereafter, the photosensitive resin layer is stripped
and the pBe a}nsaéhpasacqmer and i ckel disr éarmembugﬁpumrw&onrx |P6M§11hlrd@3
optional, the curing is effected at 200 [err]C or nore, preferably at_ 250

[err] C or @b esubse@uensttlmblaﬁem gbfsctmlvyl@ﬂéw hhanr elordirdet candyctes Sugh for
the nethod of heating, it is possible to apply batch heating in a hot-air
oven or ro@B-€eRResl | heating. I n the manufacture of HDD suspensions or
advant ageously of HDD suspensions in which circuits are fornmed directly on
an integrated structure of ginbals and |oad beam a patterned polyin de

| ayer is formed as insulation |ayer on a stalnless steel foil in the
manner deddr P labing sd@, whiati st oS enedd negdede oaprptenti enlyinides

suspension is the formation of an el ectric conductor on the patterned
-1 2 - which are to be patterned for wiring with the use of photosensitive

resins and need not be plated, the sputtered surface, or the stainless

steel surface.

The wiring thus formed by plating can be provided, as needed, with a
plated layer of nickel/gold and the like on its top for prevention of
corrosion and also with an uppermost layer of resins such as polyimides

for insulation.

A stainless steel foil thus provided with wiring is finally
fabricated into a suspension with its external shape formed by either

etching or punching of the foil.

Fabrication by bending follows to finish a suspension, with a heat

treatment given as needed for removal of strain.

The shape of a suspension varies with the intended use as described
in the aforementioned publication. In the assembly step, a head such as
thin-film magnetic head and MR head is packaged on the surface of this

base board at a fairly high témperature.



i'nsul ation l'ayer i-n an optional nmanner. For exanple, a thin layer of netal
such as copper and nickel is forned by sputtering on polyimdes and
subsequently plated electrolytically by an electric conductor such as
copper. In the plating step, it is possible, as needed, to protect

polyi mdes which are to be patterned for wiring with the use of

phot osensitive resins and need not be plated, the sputtered surface, or
the stainless steel surface. The wiring thus forned by plating can be
provi ded, Qs .needee {.th
its top fd eV ER PO H— OGO oS -Bh—a al SO with an uppernost |ayer of
resins such as polyimdes for insulation. A stainless steel foil thus
provided with wiring is finally fabricated into a suspension with its
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The thermal expansion coefficient was determined on the sufficiently
imidized sample with the aid of a therﬁomechanical analyzer (TMA) by
heating the sample up to 250 °C, then cooling at a rate of 10°C/min and
calculating the average thermal expansion coefficient between 240°C and
100°C.

The soldering resistance was determined by leaving a circuit at 76%
RH for 24 hours, immersing the circuit in'a solder bath for 1 minute
and measuring the maximum temperature at which no blistering nor peeling

occurs while examining the circuit at 10 °C intervals.

The fabrication accuracy was evaluated by etching a polyimide

precursor layer with the use of circular patterns differing from one
another by 10 um in diameter and finding the diameter of a well shaped
pattern by visual observation. Alternatively, the fabrication accuracy
was evaluated by etching with the use of a negativé film containing a
pattern of alternating 100 gm-wide lines and 100 xm-wide gaps,

observing a cross section of the polyimide layer and calculating the

etch factor (f) from the following equation:



Preferred Erbodinent of the Invention This invention will be described
concretely below with reference to the acconpanying exanples and it goes.
Wit hout saying that this inventionis not limted to these exanpl es. The
t hermal expansion coefficient was determ ned on the sufficiently imdized
sanmple with the aid of a thernonmechani cal analyzer (TMA) by heating the
sanple up to 250[err]C,ft_h§ngré¢)toli_n§ at arate of 10[err]C mn and

cal cul ating the average" thér lexp Rsion coefficient between 240[err] C and
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fabricati d b t,chi | m r rsor | ayer

wth the destiptaRala/ R GECIAMIGessY oL BR PP BBkl NATC ner by 10 [ertim

in diameter and finding the dianeter of a well shaped pattern by visual

observation. Alternatively, the fabrication accuracy was eval uated by

etching wigh.the.u of ;a pegative filmcontaining a pattern of
alternati nféﬁ?f%ﬁﬁ mﬁgﬁdﬂe | ines and 100[err] mw de gaps, observing a
cross section of the polyimde |ayer and calculating the etch factor (f)
fromthe foll ow ng equation; -1 4 -

In 220 ml of DMAc (dimethylacetamide) placed in a 300-ml four-necked
flask fitted with a thermometer, a calciﬁm chloride tube. a stirrer and
an inlet tube for nitrogen were dissolved 0,07‘m01e of 2’ -methoxy-4, 4 -
diaminobenzanilide and 0,03 mole of 4,4’ -diaminodiphenyl ether with
stirring in a current of nitrogen flowing at a rate of 200 ml per
minute. While cooling the resulting solution to 10 °C or less in an_ice
bath, 0.10 mole of pyromellitic dianhydride was added slowing to the
solution, Thereafter, the reaction mixture was stirred continuously at
room femperature for approximately 2 hours to effect polymerization.
There was obtained a brown, transparent viscous solution of polyimide

precursors.
Synthetic Example 2

In 220 ml of NMP (N-methyl-2-pyrrolidone) placed in a 300-ml four-
nécked flask fitted with a thermometer, a calcium chloride tube, a
stirrer and an inlet tube for nitrogen was dissolved 0.10 mole of 4,4 -
diaminodiphényl ether with stirring in a current of nitrogen flowing at

a rate of 200 ml per minuie. While cooling the resulting solution to 10



[err] wherein t[err] is the length of the | ower side of the trapezoidal
cross section, t[err] is the length of the upper side of the trapezoi dal
cfoss “section and d is the thickness of the polyimde |ayer. Synt heti c
Exanmple 1 In 220 mM of DMAc (dinmethyl acetam de) placed in a 300-m
four-necked flask fitted wwth a thernometer, a calciumchloride tube, a
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stirring in a current of nitrogen flowwng at a rate of 200 m per m nute.
Wil e cooling the resulting solution to 10

Synthetic Example 3

In 220 ml of DMAc (dimethylacetamide) placed in a 300-m! four-necked
flask fitted with a thermometer, 2 calcium chloride tube, a stirrer and
an inlet tube for nitrogen was dissolved 0.10 mole of 4,4" -
diaminodiphenylmethane with stirring in a current of nitrogen flowing
at a rate of 200 ml per minute. While cooling the resulting solution to
10 °C or less in an ice bath; 0.10 mole of BTDA (8,8',4,4 -
benzophenonetetracarboxylic acid anhydride) was added slowing to the
solution. Thereafter, the reaction mixture was stirred continuously at
room temperature for approximately 2 hours to effect polymerization.
There was obtained a vellow, transparent viscous solution of polyimide

precursors.
Synthetic Example 4
A solution of polyimide precursors was synthesized as in the

aforementioned Synthetic Bxample 3 except replacing 4,4’ -

diaminodiphenylmethane with 1, 4-bis(p-aminophenoxy)benzene.



175 ' Cor less in an ice bath, 0.05 nole of

3,3 ,4,4" -benzophenonetetracarbo xylic acid anhydride and 0.05 nol e of
pyromellitic dianhydride were added slowing to the solution. Thereafter,
the reaction mxture was stirred continuously at roomtenperature for
approximately 2 hours to effect polynerization. There was obtained a
brown, transparent viscous solution of polyimde precursors. Synt hetic
Exanpl e 3 In 220 m of DMAc (dinethylacetam de) placed in a 300-m
four-neck%$ éltt gnth a thernoneter, a calciumchloride tube, a
stirrer an lF\I Iﬁﬁe for nitrogen was dlssolved 0.10 nole of 4,4 -
di am nodi phenyl net hane with stlrring in a current of nitrogen flowng at a
rate of 200 m per mnute. Wiile cooling the resulting solution to 10
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(dipheny! sulfone)tetracarboxyllc acid anhydride].
Synthetic Example 6

A solution of polyimide precursors was synthesized as in the
aforementioned Synthetic Bxample 3 except. replacing BTDA (8,3°,4,4" -
benzophenonetetracarboxylic acid anhydride) with BPDA (3,3°,4,4 -

biphenyltetracarboxylic acid anhydride).
Example 1

The polyimide precursor solution obtained in Synthetic Bxample 1 was
applied to the roughened surface of a commercially available 35 um-
thick electrolytic copper foil (product of Miisui Kinzoku Co., Ltd.) to
a dry thickness of 40 um and dried at 120°C for 6 minutes. On top of
the polyimide precursors were applied commercially available acid-
developing type acrylic photosensitive resins (NCAR, product of Tokyo
Process Co., Ltd.) to a dry thickness of 20 g£m and dried at 110°C for 1
minute. A 15 gm-thick polyester film was laminated to give a four-

layer laminate with the structure of copper foil/polyimide precursor



A-solution of polyimde precursors was synthesized as in the

af orenenti oned Synthetic Exanple 3 except replacing 4,4 -

dr am nodi phenyl met hane wi th | ;4-bi s(p-am nophenoxy) benzene.

-1 6 - Synthetic Exanple 5 A sol ution of polyimde precursors
was synthesized as in the aforenmentioned Synthetic Exanple 3 except

repl aci ng BTDA 5,&1 3 ,4,4! -, benz,orgﬁenon tetracarboxylic acid anhydri de)
with DSDA [1#Y8r/phofosenyifiiygehesins dp¥eHPROLEEhEYE Hd¥ M i ¢ aci d anhydri de] .
Synthetic Exanple 6 A sol ution of polyimde precursors was synthesi zed as
in the aforenentioned Synthetic Exanple 3 except replaci ng BTDA

(3,3 ,4,4" -, benzophenpnet etracar poxyljc acid anhydride), with BPDA
(334 % A WREHERVR (L PR B BORDERE. hD{ Aoty AAOIeR 270cposses s he
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the polyim o roxinatefy 106" hang En? 8% S°dTStharke type exposure sunipment,
Hitech’s Model 3000NEL. Thereafter, the laminate was stripbed of the
protective film and the exposed resins were developed in a simplified
shower by a 0.5% aqueous solution of lactic acid at 30°C and at a water

pressure of 1 kg/cm2 for 30 seconds.

The base board whose photosensitive resin layer alone had been
patterned was etched in a simplified shower by a 10% aqueous solution of
sodium hydroxide at a liquid temperature of 45 °C and at a water
pressure of 1.5 ke/cn? for 35 seconds and then etched by warm water
under. the same conditions. The bare portion of the polyimide presursor
layer was removed clean and the substrate copper foil was visually

confirmed.

The remaining photosensitive resins were stripped by'applying a
shower of a 10% aqueous solution of lactic acid at 30°C and at a water
pressure of 1 kg/cm® for 40 seconds. The base board thus obtained was
washed with water, heated in a hot-air oven at 130°C for 10 minutes, and
then heated successively at 160,200, 250 and 300 °C for 2 minutes at
each temperature. The base board possessed a 25 um-thick polyimide

insulation layer with circular patterns, the polyimide layer was in



devel opi ng type acrylic photosensitive resins (NCAR, product of Tokyo
Process Co., Ltd.) to a dry thickness of 20 [err]mand dried at 110[err]C
ffor 1 mnute. A 15 [err]mthick polyester filmwas |lanm nated to give a
four- layer lamnate with the structure of copper foil/polyimde precursor
-1 7- | ayer/ phot osensitive resin |ayer/protective film A
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solution of lactic acid at 30[err]C and at a water pressure of 1
kg/cnferr] for 30 seconds. The base board whose photosensitive resin
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aforementioned patterns, precise fabrication was possible up to a circle

of 100 x#m, much higher accuracy than by punching by a mold. The
thermal expansion coefficient of the insulation layer was 2.0 X 10 ~°/
°C. The resin layer possessed a sufficiently high adhesive strength of
0.5 kg/cm to the copper foil and showed no peeling at.all when manually

" folded 10 times.

Example 2

Using the polyimide precursor solution obtained in Synthetic Example
2, a 10 gm-thick polyimide layer was formed on a 25 #m-thick stainless
steel foil and evaluated as in Example 1. The base board showed
soldering resistance of 330 °C, good folding endurance, and excellent
flatness. The fabrication accuracy was 100 um and the thermal expansion

coefficient was 4.3 X 10 “5/ °C.
Example 3

Using the polyimide precursor solution obtained in Synthetic Example



The remai ni ng photosensitive resins were stripped by applying a shower of
a 10% aqueous solution of lactic acid at 30[err]C and at a water pressure
of 1 kg/cnferr] for 40 seconds. The base board thus obtai ned was washed
with water, heated in a hot-air oven at 130[err]C for 10 m nutes, and then
heat ed successively at 160, 200, 250 and 300 [err]C for 2 mnutes at each
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fabrication was possible up to a circle of 100 [err] m nuch higher
accuracy than by punching by a nold. The thermal expansion coefficient of
t he insul tlonl%q%er was 2.0 X 10 [err]/ [err]C The resin |ayer possessed

a suffici HPPQ h adhesive strength of 0.5 kg/cmto the copper foil and
showed no peeling at all when manually folded 10 tines. Exanple 2

The polyimide precursor solution obtained in Synthetic Bxample 1 was
applied to a commercially available 252Lm—thick stainless steel foil
(product of Nippon Steel Corporation) to a dry thickness of 10 um and
dried at 120°C for 3 minutes.

On top of the polyimide precursor layer were applied commercially
a?ailable acid-developing type acrylic photosensitive resins (NCAR,
product of Tokyo Process Co., Ltd.) to a dry thickness of 10 um and |
dried at 110°C for 1 minute.

A 15 um-thick polyester film was laminated to give a four-layer
laminate with the structure of stainless steel foil/polyimide precursor

layer/photosensitive resin layer/protective film.

A negative film with the aforementioned paraliel pattern was placed
'in contact with the protective film and exposed to an amount of light
of approximately 100 mmNJ/cm® in a discharge type exposure equipment,
Hitech’s Model 3000NEL. Thereafter, the laminate was stripped of the

protective film and the exposed resins were developed in a simplified



‘Ysing the polyimde precursor solution obtained in Synthetic Exanple 2, a
10 [err] mthick polyimde |ayer was forned on a 25[err] mthick stainless

ssteel” foil and evaluated as in Exanple 1. The base board showed sol dering
.resistance of 330 [err]C, good folding endurance, and excellent fl atness.
The fabrication accuracy was IOO[err]gn1and the thernal expansion

ff 3 t he I mde
orecur o gm;pﬂhééq@nsgmht N Y
fa nE } i ck ylnlde | ayer was forned on a 100
[err]nwtrﬁ§9§sﬁrﬁﬁl ndnf4GH ev8fUPSed as in Exanple 1. The base board

showed sol deri ng reS|stance of 330[err] C,good fol di ng endurance,
~fabrication accuracy of 100 [err]mand a thernmal expansion coefficient of
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pressure of 1.5 kg/cm® for 10 seconds and then etched by warm water of
40 °C under the same conditions. The bare portion of the poiyimide
presursor layer was removed clean and thc substrate stainless steel foil

was visually confirmed.

The remaining photosensitive resins were stripped by applying a
.shower of a 10% aqueous solution of lactic acid at 30°C and at a water

pressure of 1 kg/cm® for 40 seconds.

The base board thus obtained was washed with water, heated in a hot-
air oven at 130°C for 10 minutes, and then heated successively at 160,

200, 250 and 300°C for 2 minutes at each temperature.

The base board possessed a 7 g m-thick polyimide insulation layer
patterned with pafallel lines spaced at approximately 100 u#m intervals,
the polyimide layer was in contact with the copper foil free of voids
when the cross section of the board was observed, and the board was

extremely good in external appearance.

The board withstands soldering at 350°C and its heat resistance is



product of Tokyo Process Co., Ltd.) to a dry thickness of 10 [err] mand
dfied at 110[err]C for 1 ninute. A 15 [err] mthick polyester filmwas
Pam nated to give a four-layer lamnate with the structure of stainless
. steel foil/polyimde precursor |ayer/photosensitive resin |ayer/protective
film A negative filmw th the aforenentioned parallel pattern was placed

in contact wth th rotectjve filmand exposed tq,an ampunt .of |ight of
appr oxi matS& l‘i‘(‘?@t%ﬁgnf%‘i Presents 895?:‘?@6@3t%ghgxﬁ’%§ﬁf"ée'btq8% g
Hitech's del 3000NEL. Thereafter, the |l am nate was stripped of the
protectivé £Pi m and the exposed resins were developed in a sinplified

-2 0- shower by a 0. 1% aqueous solution of lactic acid at 30[err]C
and at a water pressure of 1 kg/cnferr] for 60 seconds. The base board

whose photnsensiti resi.n |ayer al one had been tterned.was etched .in a
simpl i 11 edelonbe HPLicAsdonchbntach ey sralpated b Hhe, af SR eneh Choried
liquid tenperature of 15 [err and at a wate pressure of 1.5 kg/cnferr]
for 10 seggﬁazi%L&aﬁﬁgﬁheﬁiﬁeéﬁgbqﬂﬁ?ﬂﬁWE?eb'%f 40 [err] C under the sane
conditions. The bare portion of the polyimde presursor |ayer was renoved
cl ean and the substrate stainless steel foil was visually confirmed. The

remaining fHEOEﬁgfﬂﬁ '%kﬁﬁhé}%%'Eéef¥%%?eﬁirdﬂ°Qﬁ8 ¥H§G3%?E3“'¥%y%r was 2.0 X

10 ~%/-°C and the board was virtually free of warpage.

The adhesive strength of the resin layer to the stainless steel foil
was 0.5 kg/cm, which is sufficientiy high and poses no problems in

practical use.

In order to form wiring on the patterned base board, copper was
deposited by sputtering on the polyimide layer and finally a 5 um-
thick layer of copper was formed by letting the copper deposit function
as electrode. This copper layer possessed sufficient adhesive strength

to serve as suspension,

Thus, wiring was formed on the stainless steel/polyimide base board
as described above, and the stainless steel foil was further etched and
folded to give an HDD suspension.

Examples 5 to 9

A Tum-thick layer of polyimides was formed on a 25 m-thick



shower of a 10% aqueous solution of lactic acid at 30[err]C and at a water
pressure of 1 kg/cnferr] for 40 seconds. The base board thus obtai ned was
washed with water, heated in a hot- air oven at 130[err]C for 10 m nutes,
and then heated successively at 160, 200, 250 and 300[err]C for 2 m nutes
at each tenperature. The base board possessed a 7 [err] mthick polyimde
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soldering at 350[err]C and its heat resistance is '

-2 1 - sufficiently high and presents no problens in the
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[Table 1 ]

Example No.
4 |5 |6 |7 |8 |9
Synthetic Bxample o | 1 | 2 | 3 | 4 | 5 | 6

Treating | Warm water | 10 | 8 | 12 | 60 | 10 | 90
time
(second) | Alkali 10 | 40 | 60 | 120 | 40 | 120

Adhesive strength : '
. (kg/em) 1 0.5 (0.7 {0.5 [ 0.6 |0.6 [0.4

Thermal expansion
coefficient (x10°%) 20 33 40 45 48 46

Warpage ' O |0 |A |[A |A | A
Etch factor 0.6 0.8 [{0.7 [0.5 ]0.8 {0.4
Soldering

resistance (°C) |'350 {350 |320 |330 | 320 |340

Area of Industrial Application

Laminates of this invention allow extremely easy fabrication of
insulators of high fabrication accuracy and reliability on an electric

conductor., The laminates are useful as materials for the manufacture of



was 0.5 kg/cm which is sufficiently high and poses no problens in
practical use. In order to formwi ring on the patterned base board,
eopper was deposited by sputtering on the polyimde layer and finally a 5
[err]m thick |ayer of copper was fornmed by letting the copper deposit
function as electrode. This copper |ayer possessed sufficient adhesive
strength serve as suspensiQ us, W ring was forned, on

tai nleos B ERABERS TR SIS To d0e TBEGRER TSIL CIa 6k FORIT Hbo AL T UEAATE HE! Lh Aidhess
steel foil was further etched and folded to give an HDD suspensi on.
Exampl es F4YFECY- A 7[err] mthick |ayer of polyinides was formed on a 25g
m t hi ck : -2 2- stainl ess steel foi
by using each of the pol yi mi de precursor solutions obtained in Synthetic
Exanples 2 to 6 and evaluated as in Exanple 1. The tinme for etching flrst
by al kali and then by warm water was optinized depending upon the
structure of resins used. The results are shown in Table 1. [ Tabl e 1]
Exanpl e No.




4-% 5 6 7 8 9 Synthetic Exanple No 1 2 3

4.7 5 6 - Treatlng War m wat er 10 8 12 60 10

96 T otinme (second) Al kali 40 40 60 120 40 120
Adhesi ve strength (kg/cm) 0.5 0.7 0.5 0. 6 0.6
0.4 Thernal expansi on coefficient (x10[err]) 20 . 33 40
45 48 Var page 0 0 [err] [err]
[err] [Vﬂ'ﬁ{t] is claimegtisy factor 0.6 0.8 0.7 0.5 0.8
0.4 Sol deri ng resi stance ([err] O 350 350 320 330
320 340 Area of Industrial Application Lam nates of this invention

allom/extrengki‘easy fabrication of |nsulators of high fabrication
accuracy and) éaminitest ynorthigh 8 kaver ef Iwrma:de)rprewrésqrénanétaeéaacé of
useful as materials for the manufacture of

-2 3 - photosensi tsltygpéh%hf@n@r@ffoé'ﬂleﬂnﬁftﬁgloﬁt é@l’ @fr ano theg O alegerig e
wi th high ac%#r%cy
conductor

(2) Laminates as described in claim 1 wherein said electric conductor

is a.copper'foil or a stainless steel foil.

(3) Laminates as described in claim 1 or claim 2 wherein said
polyimide precursors show a thermal expansion coefficient of 5 X 10

=5/ °C or less after curing.

(4) Laminates as described in any one of claims 1 to 3 wherein said
polyimide precursors possess a repeating unit of the following general

formula (1).

- Hnoc@connfmco.

(COOH) 5 0CH, (1)

(5) Laminates useful for the manufacture of HDD suspensions, said
laminates consisting of a layer of polyimide precursors and a layer of
photosensitive resins formed one on top of another on a stainless steel

foil.



S2.% - | What is claimed is: (1) Laminates in which a |ayer of
pol’yi mi de precursors and a | ayer of photosensitive resins are formed one
orr top "of another on an electric conductor.

(6) Laminates as described in claim 5 wherein said polyimide
precursors posséss a structural unit represented by the following

general formula (2)

_:HNOCQCONH-A]——
- (CO0M): - m o
._Z;moc@-s"@coun—kj—_. o

- toor coor  J100-m  (2)

(A is the divalent residue of an aromatic group containing 17 or less
carbon atoms,B is -C0-, -S0:- or -0- and m is an integer-from.o to 100)

- as the main structural unit.

(7) Laminates as described in claim 5 wherein said photosensitive

resins are of the acid-developing type.

(8) Laminates asldescribed.in claim 5 wherein said stainless steel

foil is 10 to TOxm thick.

— 26—



(2) Lami nates as described in claim1 wherein said electric conductor is a
copper foil or a stainless steel foil. (3) Lam nates as described in
®laiml or claim2 wherein said polyimde precursors show a thernal
expansion coefficient-of 5 X 10 [err]/ [err]C or less after curing.

(4) Lam nates as described in any one of clains 1 to 3 wherein said

pol yi m de r%cursors possess a repeating unit of the foll ow ng general
formula (1DPS ra rr] (5) Lam nates useful for the nmanufacture of HDD
suspensions, said |am nates consisting of a | ayer of polyimde precursors

and a | ayer of photosensitive resins forned one on top of another on a
stainl ess , steel, f

o nat oo T4 SaBEFRbIR i61ataR TS |ARINALESS AR qVRbRY i adeT P L cbp Ly e

Possess a o eirsol s and" s 1oy 8P 6 RbECsensitiVe s iRY 4 rIFRSS Tne' OF Hop® (2
of another on an electric conductor such as a stainless steel foil and
also to laminates consisting of a stainless steel foil and successive
layers of polyimide-precursors and photosensitive resins useful for the
manufacture of HDD suspensions. In particular, the use of resins
bontaining a repéating unit derivable ffom specific aromatic diamines
and aromatic carboxylic acid dianhydrides as polyimide precursors makes
it possible to fabricate.an insulator of high fabrication accuracy and
reliability on an electric conductor and, in addition, the laminates are
useful as materials for the manufacture of HDD suspensions of an

integrated circuit/wiring structure with high accuracy.
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[err]. (Ais the divalent residue of an aromati c grou-
containing 17 or less carbon atons,Bis -CO, -SO0[err] -
integer fromO to 100) as the main structural unit. g [Rin s
described in claims wherein said photosensitive resing are of the
aci d- devel opi ng type. (8) Laninates as described in cla m & P 4997 shi f
stainless steel foil is 10 to 70[err]mthick.
-2 6 - '
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SPECIFICATION -

Title of the Invention

Laminates

Rield of Tedhnologg_

This invention relates to laminates which serve as materials suitable

for HDD (hard disk drive) suspensions.

Background Technology

Partial removal of the insulator on an electric conductor has often
been practiced for the purpose of exposing thegelectric conductor in a
terminal.'A“fechnique.thereby Emploied_is to paste a punched-out
insulating film on the eléctfic conductor and pattern the electrically
conducting portion.'Another”téqhniQUe"i§ to remove the insulator
underneath the pattérned electric conductor by a special chemical
[Japan Kokai Tokkyo Koho No. Sho 52-22071 (1977)] or by laser [Japan
Kokai Tokkyo Koho No. Sho 62-291087 (1987)].- The former technique,'baséd on

fabrication by punching, poses problems of difficulties in attaining
accuracy and also of expenditure for molds. On the other hand, the
latter technique requires hazardous chemicals such as strong alkali and
c0st;y equipment for éeneration:of laser and plasma and also poses the

problem of low productivity.



