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CIRCUIT SUBSTRATE, CIRCUIT-FORMED SUSPENSION
SUBSTRATE, AND PRODUCTION METHOD THEREOF

 FIELD OF THE INVENTION

The present invention relates to a circuit substrate,
a circuit-formed suspension substrate, and production methods
of them. More specifically, the present invention relates a
circuit substrate having an insulating layer comprising a
poiyimide resin on a metal foil substrate, a circuit-formed
suspension substrate having formed on the circuit substrate a
pattern circuit comprising a conductive layer, and production
methods of them.

In a magnetic disk device such as a hard disk device
which is used as an external st&rage device for a computer,
etc., for performing magnetic-recqrding or regeneration, it is
necessary to relatively run the above-described magnetic disk
and a magnetic head, elastically push the magnetic head to the
magnetic disk against to an air stream formed thereby, and keep
a8 definite fine interval betwéen the magnetic head and the
magnetic disk. A magnetic head supporting means for
elastically pushing the magnetic head to the magnetic disk
against the air stream as described above is a suspension. The
present invention relates to a circuit substrate which can be

suitably used for producing such a circuit-formed suspension

device, a circuit-formed suspension substrate having formed on

such a circuit substrate a circuit comprising a conductive
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ﬁolyinide resin on a netal foil substrate, a circuit-formed

suspensi on

substrate having forned on the circuit substrate a

pattern circuit conprising a conductive |ayer, and production

-met hods of them 10 In a magnetic di sk device such as a hard
di sk device which is used as an external storage device for a
conput er, etc., for perform ng magnetic recording or regeneration
it is necessary to relatively run.the above-descri bed nagnetic di sk

and a magnetic he

magneti c di
definite fi
di sk. A
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Recently, a circuit substrate comprising a metal foil
having formed thereon an insulating layer comprising a
polyimide resin has been used as a thin-film multilayer circuit
substrate for the purposes of high-density packaging of
semiconductors and a high-speed signal treatment. However, in
such a conventional circuit substrate, since the polyimide
resin has'a'large hygroscopic property, the circuit substrate
is liable to cause a dimensional change and warping by the
change of the humidity in the environmental atmosphere.

~On the other hand, in computers and storage devices
which are peripﬁeral equipments for computers, in addition to
the improvement of the capacity, small-sizing and a low.cost
have been required and with such requirements for a background,
in particular, the technique of hard disk drives has been
greatly advanced. Also, in the magnetic head, recently the
developments of a thin~film magnetic head (TFH) wherein the
coil portion is made of a thin film and further a thin film-
magnetic resistance composite head (MR) which serves reading
and writing and has a greatly large storage capacity have been
hurried to a conventional metal in gap (MIG).

However, by a conventional technique of constituting
desifed wiring by laying a con&uctive wire on a suspension

substrate, the conductive wire gives influences on the elastic

e
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agai nst the air stream as descri bed above is a suspension. The
present invention relates to a circuit substrate which can be
sui tably used for producing such a circuit-fornmed suspension
device, a circuit-formed suspension substrate having formed on
a circuit substrate a circuit conprising a conductive
REPLACEMENT SHEETS SG :

| ayer by a patterning technique, and the.production methods of
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such

modulus of the suspension to cause the fluctuation of the

pushing force of the suspension and as the case may be, by the

contact with the magnetic disk, 'the durability of the magnetic

disk device is sometimes lowered.

5 Therefore, recently, a suspension formed by directly

forming an electric circuit on a suspension substrate for

mounting a magnetic head has been practically used.

However,

in such a suspension, when a dimensional change and warping

occur on the circuit substrate by the change of the humidity in

10 the environmental atmosphere, the inferior performance

sometimes occurs.

SUMMARY OF THE INVENTION

The present invention has been made to overcome the

above-described problems in the conventional circuit substrate

15 comprising a metal foil having formed thereon an insulating

- layer comprising a polyimide resin and in the circuit-formed

suspension substrate prepared by using the circuit substrate.

Accordingly, one object of the present invention is to

provide a circuit substrate wherein the polyimide resin used

20 has a low hygroscopic property and hence even when the humidity

in the environmental atmosphere is changed, the dimensional

change and warping scarcely occur.

Another object of the present invention is to provide

a circuit-formed suspension substrate using the

- 25 substrate.

circuit

Further object of the present invention is to provide

I ——————
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t hem _ BACKGROUND OF THE | NVENTI ON

Recently, a circuit substrate conprising a netal foil 5 havi ng

formed thereon an insulating |ayer conprising a pol yi m de
resin has been used as a thin-filmmultilayer circuit substrate
for the purposes of high-density packagi ng of sem conductors and a
hi gh- speed signal treatnent. However, in such a conventi ona
circuit substrate, since the polyimde 10 resin has a | arge

hygr oscopi ¢pr Bkt ibREe meithedist oFURREmAL € is liable to cause. a
di mensi onal change and war pi ng by the change of the humdity in

the environnmental ateegAlfAge. to a first embodimehe oidfer thend present
conput ers and storage devices whi ch are peripheral equi pnents for
conput er s, inveatdiohi,othere is provided a circuit substrate comprising a
metal foil substrate and an insulating layer comprising a
5 polyimide resin formed on the metal foil substrate, wherein the
polyimide resin is a polyimide resin obtained by the reaction
of
(A) aromatic diamines comprising
(a) 1,3-bis(4-aminophenoxy)benzene and
10 (b) 2,2’-bis(trifluoromethyl)-4,4’'~diaminophenyl
and
(B) aromatic tetracarboxylic acid dianhydrides comprising

(a) 3,4,3’,4'-biphenyltetracarboxylic acid dianhydride

and
15 (b) 2,2-bis(3,4-dicarboxyphenyl )hexafluoropropane
dianhjdride.

According to a second embodiment of the present
invention, there is provided a method of producing a circuit
substrate having an insulating layer comprising a polyimide

20 resin by forming a coating film comprising a photosensitive
polyimide resin precursor on a metal foil substrate, light-
exposing the coating film, heating the film after the light-
exposure, developing, and heating the film to imidate the
precursor, wherein the photosensitive polyimide resin precursor

25 is obtained by compounding a pblyamic acid obtained by the

reaction of

— N

This sp, s Bee

LT



15 the i nmprovenent of the capacity, small-sizing and a | ow cost _
have been required and with such requirenents for a background, . I n
particul ar, the technique of hard disk dri.ves has been greatly
advanced. Also, in the nagnetic head, recently the devel opnent s of
a thin-filmnmagnetic head (TFH) wherein the 20 coil portion is nmade of
athinfilmand further a thin film magneti c resi stance conposite
head (MR) which serves readi ng and witing and has a greatly | arge

storage capaci(ny B¥6maR§@Ndiamines coMprigdng® @ conventional metal in gap
(MG. However, by a cOnventional technique of constitutin

25 desired wiring)by, BapliBgeaamendphbhbfy)befiz8iedafiliSPeNsi on
substrate, the conductive wire gives influences on the elastic
(b) 2,2'-bis(trifluoromethyl)-4,4’'-diaminophenyl

and
5 (B) aromatic tetracarboxylic acid dianhydrides comprising
(a) 3,4,3’,4'-biphenyltetracarboxylic acid dianhydride
and
(b) 2,2—bis(3;4-dicarboxyphenyl)hexafluoropropane di-
anhydride '
10 with a photosénsitive agent.

According to the method described above, by light-
exposing the coating film comprising the photosensitive
polyimide resin precursor formed on the metal foil substrate in
conformity with a definite pattern, heating the film after

15 light-exposure, developing the film to form the definite
pattern comprising the above-described precursor, and finally
heating the pattern-formed film at high temperature to form
polyimide, the «circuit substrate having the patterned
-insulating layer comprising the polyimide resin can be

20 obtained.

According to a third embodiment of the present
invention, there is. provided a circuit-formed suspension
substrate comprising a metal foil substrate, an insulating
layer comprising a polyimide resin formed on the metal foil

25 substrate, and a pattern circuit-comprising a conductive layer

formed on the insulating layer, wherein the polyimide resin is

\ s
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- 3- nodul us of the suspension to cause the fluctuation of the
pushi ng force of the suspension and as the case may be, by the

contact with the magnetic disk, the durability of the magnetic di sk
device is sonetines | owered. 5 Therefore, recently, a
suspension fornmed by directly formng an electric circuit on a

suspensi on substrate for nmounti ng a magneti ¢ head has been
practically used. However, . '

a polyimide resin obtained by the reaction of the aromatic
diamines and the tetracarboxylic acid dianhydrides described

above.
Also, according to a fourth embodiment of the present
5 invention, there is provided a method of producing a circuit-
formed suspension substrate obtained by forming a pattern
circuit comprising a conductor layer.on the insulating layer
comprising the polyimide resin of the circuit ‘substrate
described above, wherein the photosensitive polyimide resin

10 " precursor for forming the insulating layer of the circuit
substrate is obtained by compounding the polyamic acid obtained
by the reaction of the aromatic diamines and the
tetracarboxylic acid dianhydrides described above with a
photosensitive agent.

15 According to this method, by forming the above-
described circuit substrate having the definite-patterned
insulating layer comprising the polyimide resin and then
forming a pattern-circuit comprising a conductive layer on the
insulating layer, the circuit-formed suspension substrate is

20 obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a slant view showing an example of the
circuit-formed suspension substrate of the present invention,
Fig. 2 is a cross-sectional view taken along line A-A

25 of the circuit-formed suspension substrate shown in Fig. 1,
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in such a suspension, when a di mensional change ‘and war pi ng occur

on the circuit substrate by the change of the humdity in 10 t he

envi ronnmental atnosphere, the inferior_ performance sonet i nes
occurs. SUWMARY OF THE | NVENTI ON

The present invention has been nade to overcone the above-descri bed
problens in the conventional circuit substrate 15 conprising a netal
foil having fornmed thereon an insulating. | ayer conprising a

O oL NG Lg P U Sh o viedVERRDH QIGRHTIFS Bop,

aﬁgfg}nozhéggoﬁ§§ﬁ§g%cégg$ﬁ %@%%iéuéﬁension subEPY¥hHE BnShCEhtpEybsyrate
Fig. 4, Fig. 5, Fig. 6, Fig. 7, Fig. 8, Fig. 9, Fig.
10, Fig. 11, Fig. 12, Fig. 13, Fig. 14, Fig. 15, and Fig. 16
5 are sectional views of main portions for showing the production
steps of the circuit-formed suspension substrate of the present
invention.
DETAILED DESCRIPTION OF THE INVENTION
The present invention is described in detail below.

10 According to the present invention, in the circuit.
substrate comprising a metal foil substrate and an insulating
layer comprising a polyimide resin formed on the metal foil
substrate, the polyimide resin is a polyimide resin obtained by
the reaction of

15 (A) aromatic diamines comprising

(a) 1,3~bis(4-aminophenoxy)benzene

OO

and
(b) 2,2’-bis(trifluoromethyl)-4,4’'~-diaminobiphenyl
CFs ’
20 '
OO
CFs |
—_—
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20 has a | ow hygroscopic property and hence even when the hum dity

I n the environnental atnosphere is changed, the dinensional change
and war pi ng scarcely occur. - Anot her object of the present
invention is to provide a circuit-formed suspensi on substrate using
the circuit 25 substrate. Further object of the
present invention is to provide
-4-

and

(B) aromatic tetracarboxylic acid dianhydrides comprising

(a) 3,4,3',4'-biphenyltetracarboxylic acid dianhydride

///CO : CO\\\
Neo )© ( o

5 and
(b) 2,2'-bis(3,4-dicarboxypheny)hexafluoropropane
dihydride.
co T
' co
7 C
0{\\ \[::::]—-l l:::' ‘\\0
CFs
co” e
In the present invention, there is no particular
10 restriction on the metal foil substrate, but usually a

stainless steel foil, a copper foil, an aluminum foil, a
copper-beryllium foil, a phosphor bronze foil, a 42 alloy foil,
étc., are used. Furthermore, according to the present
invention, a long metal foil is preferably used as such a metal
15 foil substrate. That is, each insulating layer comprising the
polyimide resin is formed on the long metal foil substrate in
such a manner of repeatedly applying a definite patten, each
desired patten circuit comprising the conductive layer is

formed on each patterned ihsulafing layer, and finally, the
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t he production nethods of them According to a first

enbodi nent of the present I nvention, there is provided a circuit
substrate conprising a metal foil substrate and an insul ating |ayer
conprising a b5 polyimide resin forned on the netal foil substrate,
wherein the polyimide resin is a polyimde resin obtained by the
reaction . of (A) aromatic diam nes conprising

(a) 1, 3-bis(4-am nophenoxy)benzene and 10 (b)

L 2 LB Mo o b aRe By pach pdbéern circuse (2
provide each pattern-formed suspension substrate.

Thus, according to the present invention, the circuit

substrate can be obtained by coating a solution of the

5 photosensitive polyimide resin precursor on a long metal foil

substrate such as a long stainless steel foil followed by

drying to form a coating film, exposing the coating film to

ultraviolet rays via a mask having a definite pattern, heating

(heating after light exposure), developing, and then applying

10 heat-curing.(polyimidation of tﬁe polyamic acid) to form a

definite pattern comprising the polyimide resin as the

insulating layer.

The above-described photosensitive polyimide resin

precursor is a liquid composition obtained by reacting the

15 aromatic diamines and the aromatic tetracarboxylic acid

dianhydrides described above at a substantially equimolar ratio

in an appropriate organic solvent such as N;methyl-2-

pyrrolidone, dimethYl acetamide, etc., to form polyamic acid,

and compounding the polyamic acid with a photosensitive agent.

20 According to the present invention, in the aromatic

diamines described above, the proportion of 1,3-bis(4-

aminophenoxy)benzene is in the range of from 40 to 60 mol%, and

preferably from 45 to 55 mol%, and the proportion of 2,2’'-

bis(trifluoromethyl)-4,4’'-diaminobiphenyl is in the range of

25 from 60 to 40 mol%, and preferaﬁly from 55 to 45 mol%. Also,

in the aromatic tetracarboxylic acid dianhydrides described

This Sheet Has Been
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(a) 3,4,3 ,4" -biphenyltetracarboxylic acid di anhydride and 15

(b) 2, 2-bi s(3, 4-di car boxyphenyl ) hexaf | uor opr opane di anhydri de.
According to a second enbodi nent of the present invention, there is

provi ded a nmethod of producing a circuit substrate having an

I nsul ating | ayer conprising a polyimde 20 resin by-formng a coating
filmconprisirng a photosensitive polyi m de resin precursor on a
netal foil substrate, |ight- exposing the coating film heating the

Fi1m af Cer i, it proport1orPEOT £ APHoLOPGIy1 8O0 DERELSRY Lt doim Lo

I mdate the _ ecursor, ereln the phot osensi tive polyi'm de resin
precursor dgdanhydridieobisi ngfl RneCorRRyedid Zrbfl VAN &2CEd GRS B% Ne@ny

the preferably from 45 to 55 mol%, and the proportion of 2,2-
bis(3,4-dicarboxyphenyl )hexafluoropropane is in the rahge of
5 from 60 to 40 mol%, and preferably from 55 to 45 mol%.

Accordiﬂg to the present invention, by using such two
kinds of the aromatic diamines and two kinds of the aromatic
tetradarboxylic acid dianhydrides in such proportions, a
polyimide resin having a low hygroscopic property can be

10 obtained.

Moreover, according to the present invention, in the
aromatic diamines, 1,3-bis(4-aminophenoxy)benzene has the
functions of making the polyimide resin obtained transparent to
ultraviolet rays, making the photosensitive polyimide resin

15 precursor containing a photosensitive agent high-sensitive to
ultraviolet rays, and making large the difference of the
dissolution speeds of the light-exposed portioné and the non-
exposed portions in a developer when 1light-exposing the
photosensitive‘ polyimide resin precursor, heating, and

20 developing, to give images of a high contrast, whereby it
becomes possible to perform precise patterning work.

"On the other hand, in the aromatic diamines, since
2,2'-bis(trifluoromethyl)-4,4'—diaminobiphenyl increases the
developing speed of the non-exposéd portions, a developing

25 solution having a low alkali conéentration can be used and also

the developing temperature can be lowered. Furthermore, it is

—_—
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reaction of - 5- (A

aromati c di am nes conpri sing _ (a)
1, 3- bi s(4- am nophenoxy) benzene and - (b)
2,2 -bis(trifluoronethyl)-4,4" -diam nobi phenyl and 5 (B)

aromatic tetracarboxylic acid dianhydrides conprising

not necessary to add an alcohol to the developing solution,
which increases the safety at development.
As the photosensitive  agent described above, the

dihydropyridine derivative represented by formula (I)

&
x3' . xl
5 (1)
X4 NO.
! f y2
'Rl N Rz
15

wherein, X!, x?, X3 . and X* each independently represent a
_hyqrogen atom, a fluorine atom, a nitro group, a methoxy group,
‘an amino group, a dialkylamino group, a cyano group, or a
fluorinated alkyl group; Y! represents a cyano group or a group
10 represented by formula -COR?, Y’ represents a cyano group or a
group represented by formula -COR* (wherein R? and R* each
independently represent an alkyl group having from 1 to 4
carbon atoms, an anilino group, a toluidino group, a benzyloxy
group, an amino group, or a dialkylamino group); R!, R?, and R’
15 each independently represent a hydrogen atom or an alkyl group
having from 1 to 3 carbon atoms; and the R! and R?® and the R?

and R* each can form a ring capable of forming a S5-membered

I
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(a) 3,4,3 ,4" -bi phenyl tetracarboxylic aci d di anhydri de and .
(b) 2,2-bis(3,4-dicarboxyphenyl)hexafl uoropropane di - anhydri de

wi th a photosensitive agent.
descri bed above, by light-

- According to the nethod

10

exposing the coating filmconprising the

phot osensi tive polyim de resin precursor forned on the netal foi
substrate in - conformty with a definite pattern, heating the film
after 15 | i ght - exposure, developing the filmto formthe definite

pattern conpgj ingathg—ﬂgﬁﬂg?ggscfiﬁgd PELCUL SOhet8RdciEN@t! Ygroup each

heating the patfern-for

m at gh tenperature to form

polyi m de, thRtgihEHytaSkEE §k6upavi Ng the patterned

10

15

20

25

as described in detail in JP-A-6-75376 (the term "JP-A" as used
herein means an "unexamined published Japanese patent
application") can be used.

Examples of. the photosensitive agent include 4-o-
nitrophenyl-3,5-dimethoxycarbonyl-2,6-dimethyl-1,4-
dihydropyridine (hereinafter referred to as "niphedipin"), 4-o-
nitrophenyl-3,5~-dimethoxycarbonyl-2,6-dimethyl-1l-methyl-4-
hydropyridine (hereinafter referred to as "N-methyl compound”),
and 4-o-nitrophenyl-3,5-diacetyl-1,4~-dihydropyridine
(hereinafter referred to as "acetyl compound"). Those can be
used alone or as mixtures thereof.

If necessary,an appropriate amount of imidazole is used
as a dissolution aid to a developer.

In the present invention, the dihydropyridine
derivative described above is usually used in the range of from
0.05 to 0.5 molar part to 1 molar part of the total amount of
the aromatié diamines and the aromatic tetracarboxylic
dianhydrides. Imidazole which is used, if necessary, is
usually used in the range of from 0.05 to 0.5 molar part to 1
molar part of the total amount of the aromatic diamines and the
aromatic tetracarboxylic acid dianhydrides.

By coating a solution of the photosensitive polyimide
resin precursor on an appropriéte substrate, light-exposing

(ultraviolet irradiation) the coating film by irradiating the

- 12 -
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i nsul ating |ayer conprising the polyimde resin can be 20 obt ai ned.
According to a third enbodi nent of the present I nvention, there is
provided a circuit-formed suspension - substrate conprising a netal
foil substrate, an insulating | ayer comprising a polyimde resin
formed on the netal foil 25 "substrate, and a pattern circuit
conprising a conductive |ayer formed on the insulating | ayer,
wherein the polyimde resin is

film with ultraviolet rays, and heating (heatlng after light-
exposure), positive-type or negative-type latent images are
formed. By developing the latent images, positive-type or
negative-type images, that is, the desired patterns, are
5 obtained. Thus, by finally heating the patterns at high
temperature to imidate the polyamic acid, a patterned coating
film comprising the polyimide resin can be obtained.
In more detail, in the case of using ‘the photo-
sensitive imide resin precursor described above, when the
10 heating temperature after light-exposure is relatively low as
about 140°C, the exposed portions are dissolved in a developer
to form a positive-type image, while when the heating
temperature after light-exposure is relative high as higher
than about 170°C, the non-exposed portions are dissolved in a
15 . developer to form a negétive image, although the above-
~described condition may differ a little according to the kind
of the photosensitive agent used.
In this case, as the developer described above, an
agqueous solution of an organic alkali such- as
20 tetramethylammonium hydroxide, etc., or an aqueous solution of
an inorganic alkali such as sodium hydroxide, potassium
hydroxide, etc., is used. The alkali concentration is usually
in the range of from 2 to‘5% by weight. To the aqueous alkali
solution may be added a lower aliphatic alcohol such as
25 methanol; ethanol, n-propanol, iso-propanol, etc. The amount

of the alcohol added is usually 50% by weight or lower. Also,

—_—
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a polyimde resin obtained by the reaction of the aromatic di am nes

and the tetracarboxylic acid dianhydri des descri bed above.

Al so, according to a fourth enbodi nent of _the present 5 i nventi on,
there is provided a nethod of producing a circuit- f or med
suspensi on substrate obtained by formng a pattern circuit
conprising a conductor |ayer on the insulating |ayer ' . conprising the
polyim de resin of the circuit substrate - descri bed above, wherein

the phot OSGEﬁétaée?mshxhgl g@m?@:?b?uréols usBAPTY" $A" ther rhagsl B EbBm 25
i nsul ating layer o ircu substrale 1s obtainéd by

compoundi ngtbhggpel yam ¢ aci d obt ai ned

. In the case of using the photosensitive polyimide resin
precursor for use in the present invention, when the heating
5 temperature after light-exposure is relatively low as abouf
140°C, in the non-exposed portions, a hydrogen bond is formed
between the imino group hydrogen at the 1l-position of the
dihydropyridine derivative and the carboxy group of the
polyamic acid -to decrease the hydrophilic property of the
10 polyimide resin and the diffusion speed of the coated layer
into the developer, which results in lowering the dissolution
speed of the coated layer into the developer, while in the
exposed portions, the dihydropyridine derivative which is a
neutral qompound is changed.to a basic pyridine compound by the
15 light-exposure, and the basic pyridine compound forms polyamic
acid and a weak salt structure, which results in increasing the
hydrophilic property of the coated layer to increase the
dissolution speed of the coated layer into the develope;._ As
described above, since, in this case, the dissélution speed of
20 the exposed portions in the developer is larger than that of
the non-exposed portions, the coating film after 1light-
exposure, heating after light-exposure, and developing gives a

positive-type image.
On the other hand, in the case of using the
25 photosensitive polyimide resin ﬁrecursor used in the present

invention, when the heating temperature after light-exposure is

- 14 -
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b} the reaction of the aromatic diamnes and the
tetracarboxylic acid dianhydri des described above with a

phot osensitive agent. 15 Accarding to this nethod, by
formng the above- described circuit substrate having the
definite-patterned i nsul ating |ayer conprising the polyimde resin
and t hen : formng a pattern-circuit conprising a conductive |ayer on
t he i nsul ating | ayer, the circuit-formed suspension substrate is

20, 1 {5 fkeaveny, nagn, g pagher ERER SHERLPTUAN Ghe oA

suspensi on YRS, O‘Ehéhalﬁkgiﬁ%&ohn\#iﬁéd)%f the coated layer in the

developer is lowered as the case that the heating temperature

after light-exposure is relatively low as about 140°C, while in

5 the exposed portions, the dihydropyridine derivative described

above is changed to a basic pyridine compound by the light-

exposure,' the basic pyridine compound accelerates the

polyimidation of polyami¢ acid to lower the dissolution speed

of the coating film in the developer and at the same time, the

10 pyridine compound itself is further changed to an insoluble

cyclic compound by heating after light-exposure as well as

accelerates the polyimidation of polyamic acid, which results

in more lowering the solubility of the coating film at the

exposed portions in the developer as compared with the non-

15 exposed portions. As described above, when the heating

temperature after 1ight-exposuré is relatively high as higher

than about 170°C, since the dissolution speed of the exposed

portions in the developer is greatly lower than that of the

non-exposed pbrtiuns, the coating film after light-exposure,

20 heating afte; light-exposure, and developing gives a negative
image. -

According to the present invention, by coating a
solution of the photosensitive polyimide resin precursor as
described above on a long metal foil substrate followed by

25 heat~drying to form a coating film of the precursor, light-

. exposing the coating film to a definite pattern by irradiating

: - 15 -
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Fig. 2 is a cross-sectional view taken along line A-A 25 of the
circuit-forned suspension substrate shown in Fig. 1,

Fig. 3 is a cross-sectional view taken al-ong |line B-B of the
circuit-formed suspensi on substrate shown in Fig. 1, Fig.
Fig. 5 Fig. 6, Fig. 7, Fig. 8 Fig. 9, Fig. 10, Fig. 11, Fig. 12,
Fig. 13, Fig.” 14, Fig. 15, and Fig. 16 5 are sectional views of mai
portions for show ng the production

10

15

20

with ultraviolet rays through a mask, heating the film after
light-exposure, developing to form, preferably, a negative
image having the definite pattern, and then heat-curing the
negative image to cause an imidation reaction to form an
insulating layer comprising the polyimide resin, the circuit
substrate of the present invention can be obtained.

For forﬁing the polyimide resin by heating the
polyimide resin precursor as described above, it is preferred
to heat the coating film thereof for several hours at a
temperature of from about 350 to 400°C in vacuo or in an inert
gas atmosphere.

Thereafter, by forming each definite circuit comprising
a conductive layer having a definite pattern on the insulating
layer by a conventional method and also forming necessary
terminals, and then chemically cutting the long metal foil
substrate into a desired form, the circuit-formed suspension
substrate of the preseﬁt invention can be obtained.

In the present invention, for improving the adhesive
property of the polyimide resin obtained to the substrate, if
necessary, an amino group-containing bifunctional polysiloxane
may be used as a part of the diamine components. Examples of
such an amino group-containing polysiloxane are polysiloxanes
represented by following formulg (I1);

R? R?
I | )
HzN-R'-Si-(-0-?i-)n-R‘-NHz

e oow

(I1)

4,

n

—
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steps of the CIrCUIt formed suspension substrate of the present

i nvent i on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON .
The present invention is described in detail below 10 ~ According
to the present invention, in the circuit substrate conprising a
metal foil substrate and an insul ating | ayer conprising a polyinmnde
resin fornmed on the netal foil substrate, the polyimde resinis a
pol yi m de resin obtained by the reaction of 15 (A) aronmatic

di am nes Co/fdreHMOR! represents am2aliky3ehbsghodP MRNBIPXYIERNICRS (£ ']
carbon atoms; R? represents an alkyl group having ffom 1l to 18
carbon atoms; and n represents an integer of from 1 to 100.
Such an amino group-containing bifunctional
5 polysiloxane is used in the range of 10 mol% or less of the
diamine component.

In particular, in the formula (II) described above, R!
is preferably an alkylene group having from 1 to 7 carbon atoms
and examples thereof are methylene, ethylene, propylene,

10 butylene, and hexylene. R? is preferably an alkyl group having
from 1 to 7 carbon atoms, and examples thereof are methyl,
ethyl, propyl, butyl, and hexyl. Also, n is preferably an
integer of from 1 to 40.

Bis(aminopropyl)tetramethyldisiloxane is preferably

15 used as the amino group-containing bifunctional polysiloxane .

The circuit-formed suspension substrate of the present
invention can be obtained as follows. After producing the
circuit substrate as described above, by forming each pattern
circuit comprising a conductive layer on the insulating layer

20 comprising the polyimide resin according to a conventional
method. of a patterning technique and also forming necessary
terminals, and then chemically cutting the insulating layer
into a desired form, each circuit-formed suspension substrate
can be obtained.

25 As described above, siﬁce according to the present
invention, the circuit-formed suspension substrate of the
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(b) 2,2'-bis(trifluoromethyl)-4,4"-di am nobi phenyl [err]

and

present invention is obtained by applying a necessary work to
the circuit substrate having the insulating layer.éomprising
the polyimide resin having a- low hygroscopic property as
described above, such a suspension substrate causes veﬁy less
dimensional change ahd warping by the change of the humidity in
the environmental atmosphere. Thus, in a magnetic disk device
such as a hard disk device, etc., using the circuit-formed
suspension substrate of the present invention, when magnetic
recording and regeneration are carried out, an inferior
performance does not occur.

Furthermore, according to the present invention, since
a precise patterning work can be applied at a high sensitivity
and a high céntrast, capacity increasing and small-sizing of
the circuit-formed suspension éubstrate are possible.

The circuit-formed suspension substrate of the present
iﬁvention and the production thereof are explained in detail by
referring to the accompanying drawings.

Fig. 1 is a slant view showing an example of a circuit-
formed suspension substrate 1 of the present invention. As
shown in Fig. 1, the circuit-formed suspension substrate 1 has
an insulating layer (not shown) comprising the polyimide resin
on a stainless steel foil substrate 2 and a definite pattern
circuit comprising a conductive layer 3 is formed thereon as a
thin layer. At the tip portion of the substrate is formed a
gimbal 4 in a body by forming .cuts in the substrate and a

slider (not shown) having a magnetic head is fixed onto it. At

- 18 -
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(B) aromatic tetracarboxylic acid dianhydrides conprising

(a) 3,4,3 ,4"-biphenyltetracarboxylic acid dianhydride [err] 5
and (b) 2,2 -bis(3, 4-dicarboxypheny) hexaf | uoropr opane
di anhydri de. [err]

both end portions of the substrate are formed necessary
terminals 5 and 6, respectively. Fig. 1 shows the state that
a cover layer for protecting the surface of the substrate is
released.

5 Fig. 2 is a cross-sectional view taken along line A-A
in Fig. 1. The circuit-formed suspension substrate has an
insulating - layer 7 comprising the polyimide resin on a
stainless_steel foil substrate 2 and a definite pattern circuit
comprising a copper conductive layer 3 is formed thereon as a

10 thin layer via a chromium thin layer 23. The conductive layer
is protected with a coating comprising a nickel thin layer 28
and further terminals 5 each are formed thereon. The whole
surface excluding the terminals ére protected with a coating
film 8.

15 ' Fig. 3 is a cross-sectional view taken along line B-B
in Fig. 1. The circuit-formed suspension substrate has an
insulating layer 7 comprising the polyimide resin on the
stainless steel foil substrate 2 and a definite pattern circuit
comprising the copper conductor layer 3 is formed thereon via

20 a chromium thin layer 23. The conductive layer is protected
with a coating comprising a nickel thin layer 28 and further
protected by a coating film 8.

As the 1long stainless steel foil substrate, the
substrate having the thickness in the range of usually from 10
25 to 60 um, and preferably from 15.to 30 um, from the view point

of the vibration characteristics, and the width in the range of

-
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In the present invention, there is no particular 10 restriction on

the 1 ong netabmf 9o | L& UEd mad e dntt preferéﬂ%ﬁ‘ﬁ%oﬁﬁﬁ@%rtgfBDGPﬁﬁteﬂEYused

applying a definite patten, ‘each deSired patten circuit conprising

t he conductHoweteygrthé long sthinlegsomteadh foalll eyulrstrdatss!wéed0ih a¥RE .
and finally, the

10

15

20

25

present invention is not limited to them.

Fig. 4 and Fig. 5 show an embodiment of the production
steps of the circuit substrate of the present invention, and
Fig. 6 to Fig. 16 show an embodiment of the production steps of
the circuit-formed suspension substrate of the present
invention. |

First, as shown in Fig. 4, a solution of the
photosensitive polyimide resin precursor is coated on the
entire surface of the stainless steel foil substrate as
described above such that the thickness of the resin layer
obtained is from 2 to 20 um, and preferably from 5 to 10 um,
and the coating layer is heated at a temperature of from 60 to
150°C, and preferably from B0 to 120°C, to form a coating 21 of
the photosensitive polyimide resin precursor.

The coating of the photosensitive polyimide resin
precursor is irradiated with ultraviolet rays via a appropriate
mask, whereby the coating is light-exposed to an definite
pattern. In this case, the integrated light-exposure amount is
in the range of usually from 100 to 1,000 mJ/cm?, and
preferably from 200 to 700 mJ/cm?. The light-exposure
wavelength is in the range of usually-from 300 to 450 nm, and
preferably from 350 to 420 nm. After the light exposure, the
coating is heated (heating éfter light-exposure) at a

temperature of from 80 to 200°C, and preferably from 120 to

the netal foil substrate, but wusually a stainless steel foil,
a copper foil, an alumnumfoil, a - copper-berylliumfoil, a
- phosphor bronze foil, a 42 alloy foil, etc., are used.
Furthernore, according to the present I nvention, a long neta
foil is preferably used as such a netal 15 foil substrate.- That is,
each insulating |ayer conprising the - polyimde resin is formed on

- 20 -
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-9- |l ong netal foil substrate is cut every each pattern circuit
to provi de each pattern-fornmed suspensi on substrate.

Thus, according to the present invention,_the circuit substrate can
be obtained by coating a solution of the 5 phot osensi tive polyim de
resin precursor on a long netal foil substrate such as a | ong
stainless steel foil followed by drying to forma coating film
exposing the coating filmto ultraviolet rays via a mask having a

definite pahggrp £BeakirBfl about 2 to 10 minutes, and then subjected to a
developing treatment. In the present invention, it is
preferred to obtain negative images. The patterned coating of
the polyimide'resin precursor thus obtained is heated at high

5 temperature to form a polyimide resin, whereby a patterned
insulating layer 22 comprising the polyimide resin is formed on
the stainless steel foil substrate 2 as shown in Fig. 5 to
provide the circuit substrate of the present invention.

As shown in Fig. 6, a chromium thin layer 23 and a
10 copper thin layer 24 are continuously and successively formed
'on the entire surface of the stainless steel foil substrate 2
having the patterned insulating layer 22 of the polyimide resin
by sputtering. The existence of the chromium thin layer 22 is
useful for closely adhering the copper thin layer 24 onto the
15 insulating layer 22 comprising the polyimide resin. 1In this
case, the thickness of the chromium thin layer is in the ranée
of preferably from 100 to 800 A, and the thickness of the
copper thin layer is in the range of preferably from 500 to
2,000 A. Also, the surface resistance of the copper thin layer
20 . thus obtained is-usually 0.6 /0 or less.
Thereafter, as shown in Fig. 7, electrolytic copper
plating having a thickness of from about 2 to 15 um is applied
to the copper thin layer 24 to form a conductive layer 25
comprising copper. In Fig. 7, the chromium thin layer is not

25 shown.

—_—
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(heating after |ight exposure), devel oping, and then applying 10

heat-curing (polyimdation of the polyanmic acid) to forma definite
pattern conprising the polyimde resin as the i nsul ating | ayer

The above-descri bed photosensitive polyimde resin precursor is a
i quid conposition obtained by reacting the 15 aromatic diamnes and
the aromatic tetracarboxylic acid di anhydri des descri bed above
at a substantially equinolar ratio . in an appropriate organic
solvent such as N RB{d| a& shown in PY§! ﬁd §EtQ¥£e§C€$fﬁ}gﬁ? &l

to form pol yam c acid, and co oun I ng the polyam c aci

phot osensi td VEi gigebéxpogre and a deve oty ngréQtﬁ@ﬁtprS%ntpaMir@

' the arcw:zé;;lque using a photoresist 26 or a dry film laminate, the

copper conductive layer 25 at the non-pattern portions are

5 removed by etching, whereby a definite conductive pattern 27

comprising the copper is formed on the insulating layer 22

comprising the polyimide resin. In this case, etching of the

copper thin layer is preferably carried out by alkali etching.

After.removing by etching the copper conductive layer

10 of the non-pattern portions, the chromium thin layer 23 is

further removed by etching and a definite conductive pattern 27

is obtained on the insulating layer 22 comprising the polyimide

resin as shown in Table '10. For etching the chromium fhin

layer 23, for example, a potassium ferrycyanide etching

15 solution, a potassium permanganate etching solution, or a
sodium metasilicate etching solution is used.

After removing the unnecessary chromium thin layer on

the substrate, electroless nickel plating is applied to form a

hard nickel thin layer 28 on the surface of the copper

20 conductive layer 27 and the surface of the stainless steel thin

substrate 2, whereby the su:face of the copper conductive layer

is protected. Accordingly, the thickness of nickel plating may

be in such a degree that the copper éonductive layer as the

lower layer does not expose, and is in the range of usually

25 from 0.05 to 0.1 um.

—_—
This Sheet H;

o ™



di am nes descri bed above, the proportion of 1, 3-bis(4-

am nophenoxy) benzene is in the range of from40 to 60 nol % and
preferably from45 to 55 nol% and the proportion of 2,2'-

bi s(trifluoromethyl)-4,4"-di am nobi phenyl is in the range of 25 from
60 to 40 nol % and preferably fromb55 to 45 nmol % Al so, in the
aromati c tetracarboxylic acid dianhydri des descri bed '

-10- above, the proportion of 3,4,4",4"'-biphenyltetracarboxylic

aci d Thereafter, the conductive pattern 27 of the wiring
portions are protected by coating using the photosensitive
polyimide resin precursor, and also terminal is formed at each
of the necessary terminal-forming portions. The surface is
5 similarly protected by coating leaving the portion to form a
cover layer. In Fig. 12 to Fig. 16, the left side of the
substrate shows the formation of the wiring portion and the
right side thereof shows the formation of the terminal portion.
That is, as shown in Fig. 12, in the wiring portion,
10 the conductive pattern 27 is coated with the polyimide resin
29. In the terminal-forming portion, the terminal-forming
portion is left by patterning and also leaving a lead portion
30 for forming the terminal by electrolytic plating. Coating,
light-exposure, heating after light-exposure, development, and
15 heat-curing (imidation) are carried out using the foregoing
photosensitive polyimide resin precursor in the same manner as
above to coat with the polyimide resin, whereby a coated layer

31 is formed.
As shown in Fig. 13, in the terminal-forming portion,
20 the electroless nickel plated thin layer 28 (see Fig. 11) which
protects the surface of the conductor pattern 27 is released
and at the same time, theelebtroless nickel plated thin layer
28 on the stainless steel foil substrate 2 is also released.
After coating the stainless steel foil substrate, the conductor
25 pattern 27, and the polyimide resin coating film 31 -with a

photoresist leaving the terminal-forming portion by a method of
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di anhydride is in the range of from40 to 60 nol % and preferably
from45 to 55 nol % and the proportion-of 2,2-

bi s( 3, 4-di car boxyphenyl ) hexaf | uoropropane is in-the range of 5 from
60 to 40 nol % and preferably from55 to 45 nol % Accordi ng
to the present invention, by using such two ki nds of the aromatic
di am nes and ‘two kinds of the aromatic tetracarboxylic acid

di anhydrides in such proportions, a . polyim de resin having a | ow

hygr oscopi %é?i.tﬁ;gerat yg@x Froresitl accgmﬁhgedto a conventionalP'iAMd,

according to t prese I nvention, In aromat 1 ¢ di am nes,

1, 3- bi s(4- aMSHPRARADO DelGeE pBsti 32 and ellettiroaRtief grkd fiﬂl.ét{lﬁhg
pol yi m de resi n obtained transparent
are successively applied to the terminal-forming portion to
form a terminal 34. In this case, the thickness of
5 electrolytic nickel plating and the thickness of electrolytic
gold plating both are usually from about 1 to 5 um.
Thereafter, the photoresist is removed.
As shown in Fig. 14, in the conductor pattern 27 having
formed thereon the terminal 34, the lead portion 30 (see Fig.
10 12) which is used for electrolytic. plating is removed by
chemical etching. The removal of copper and chromium at the
lead portion may be performed in the same method as described
above.
After removing the lead portion, for cutting the
15 stainless steel foil substrate 2 by chemical etching, by
carrying out a 1light exposure and a development using a
photoresist 35 or a dry £film laminate according to a
conventional method, a desired pattern is formed on the
stainless steel foil substrate 2 as shown in Fig. 15. The
20 stainless steel foil substrate is then cut into a desired form
by etching. In this case, as the etching solution, an aqueous
solution of ferric chloride, cupric chloride, etc., is used.
After the etching treétment, by washing with pure water
and drying, the circuit-formed suspension substrate 1 of the
25 present invention can be obtained. That is, the circuit-formed

suspension substrate has the insulating layer 22 comprising the

\
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ultraviolet rays, neking the photosensitive polyimde resin 15

precursor containing a photosensitive agent high-sensitive to

ultraviolet rays, and making large the difference of the

di ssol ution speeds of the |ight-exposed portions and the non-

exposed portions in a devel oper when |ight-exposing the _
phot osensitive polyimde resin precursor, heating, and 20 devel opi ng, -
to give imges of a high contrast, whereby it beconmes possible to

per form pr g6l 52 Ald &di 110 ofPthe stainless stain £311 Reretheie3dna! fud he

aronmati c diam'nhes, since _
2, 2" - bi s(triré uebagRERYY) Phtherd 207 NINp8RMng | RE€ER8H t18yver of the
devel opi ng speed of the non-exposed portions, a devel opi ng sol ution
having a | cvoreduaetive diyant roal ithe dasubatingdlagdral 6Rat is, théPattern
devel opi ng tenperature can be |l owered. Furthernore, it is
circuit, and the entire surface thereof is protected by coating
5 with the coating layer 31 comprising the polyimide resin
leaving the terminal 34. '

As described above, the circuit substrate of the
present invention has the polyimide resin layer obtained by the
reaction of two kinds of the aromatic diamines at a definite

10 proportion and two kinds of the aromatic tetracarboxylic acid
dianhydrides at a definite proportion as the insulating layer
on the metal foil substrate, and since the polyimide resin has
a low hygroscopic property, the dimensional change and warping
by the change of the humidity in the environmental atmosphere

15 are very less.

Accordingly, in the circuit-formed suspension substrate
of the present invention, since the polyimide resin has a low
hygrdscopic property, when magnetic recording and regeneration
are carried out in the magnetic disk device such as a hard disk

20 device, etc., an inferior performance does not occur.

The present invention is described in more detail by

referring to the following examples, but it should be

understood that the invention is not construed as being limited

thereto.

_—
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not necessary to add an al cohol to the devel opi ng sol ution, whi ch
I ncreases the safety at devel opnent. As the photosensitive
agent descri bed above, the ° di hydropyri di ne derivative represented
by formula (1) [err]

Example 1
In 11.81 kg of N-methyl-2-pyrrolidone were dissolved

0.949 kg (3.25 mols) of 1,3-bis(4-aminophenoxy)benzene, 0.936
kg  (2.92 mols) -of  2,2’-bis(trifluoromethyl)-4,4'-
5 diaminobiphenyl, and 0.081 'kg (0.33 mol) of
bis(aminopropyl)tetramethyldisiloxane (the sum of the diamine
components: 6.5 mols ) as diamines, and 0.956 kg (3.25 mols) of
diphathalic acid dianhydride and 1,443 kg (3.25 mols) of 2,2-
bis(3, 4-dicarboxyphenyl )hexafiuoropropane dihydride (the sum of
10 the tetracarboxylic acid dianhydride components: 6.50 mols) as
tetracarboxylic‘acid dianhydrides. The resulting solution was
stirred at room temperature for 24 hours. The temperature of
the solution was raised to 75°C. When the viscosity reached
5,000 c.p., heating was stopped, and the solution was allowed
15 to stand to cool it to room temperature. 0.696 kg (1.93 mols)
of an N-methyl compound was added to the solution, and a
solution of a photosensitive polyimide resin precursor was
prepared.
After coating the solution of <the photosensitive
20 polyimide resin precursor obﬁained ;bove on a long stainless
steel (SUS 304) foil having a thickness of 25 um by a
continuous coater, the coating layer was dried by heating at
120°C for 2 minutes to form the coating film of the
photosensitive polyimide resin precursor.
25 | After irradiating the cbating film with ultraviolet

rays via a mask at an exposure amount of 700 mJ/cm? and heating
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Qherein, Xerr], Xerr] Xerr], and X[err] each independently represent a

hydrogen atom a fluorine atom a nitro group, a nethoxy group, an
am no group, a dialkylam no group, a cyano group, or a fl uori nated
al kyl group; Y[err] represents a cyano group or a group 10 ~ represented
by formula -COR[err], Y[err] represents a cyano group or a gr oup

represented by fornula -COR[err] (wherein R err] and R err] each

the £film at 160°C for 3 minutes, the coating film was subjected
to a development treatment to form negative-type images.
Furthermore, by heating the substrate having the negative-type
images ét 400°C under a vacuum of 0.01 torr, a patterned
5 insulating layer (thickness 6 um) comprising the polyimide
resin was formed to obtain a circuit substrate.
After allowing to stand the circuit substrate in the
atmosphere of a temperature of 85°C and a relative humidity of
85% for 100 hours, water absorption of the polyamide resin
10 measured by the Xark Fischer’s method was 0.5%, and the
eldngation of.the polyimide resin was about 0.1%, which showed
substantial no elongation. Thus, before and after the tests,
the form of the circuit substrate was scarcely changed and the
occurrence of warping was not observed.
15 On tﬁe insulating layer comprising the polyimide resin
"of the circuit substrate thus obtained were formed the thin
layer of chromium having a thickness of 500 A and the thin
layer of copper having a thickness of 1,000 A by continubus
sputtering treatments, respectively. The surface resistance of
20 the copper thin layer formed was from 0.3 to 0.4 Q/0.
After adhering a lightly pressure-seﬁsitive'adhesive
sheet to the back surface of the stainless steel substrate as
a plating mask, copper sulfate glectrolytic plating was applied
to the entire surface of the copper thin layer to form a

25 conductive layer comprising a copper plating, having a

e T
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fndependently represent an al kyl group having from1l to 4 car bon

at ons,

an anilino group, a toluidino group, a benzyl oxy group, an

am no group, or a dialkylamno group); Rerr], Rerr], and Rerr] 15
each independently represent a hydrogen atom or an al kyl group
having from1 to 3 carbon atons; and the R err] and R err] and the R err]

and R err]

-12-

10

15

20

25

eath can forma ring capable of form ng a 5-nenbered

ring, a 6-menbered ring, or a heterocyclic group each
After laminating a commercially available dry film

laminate on the conductive layer at 110°C, the laminated layer
was light-exposed at an exposure amount of 80 mJ/cm?, and
developed. The copper conductive layer at the non;pattern
portion was removed by alkali etching to pattern the conductive
layer while leaving the lead portion for electrolytic plating
together with the wiring portion and the terminal-forming
portion, and the resist was then removed.

The stainless steel foil substrate thus treated was
immersed in an aqueous solution of. a mixture of potassium
ferricyanide and sodium hydroxide at 25°C to remove the
unnecessary chromium thin layer.

Ordinary electroless nickel plating was applied to the
stainless steel foil substrate to form a nickellthin layer
having a thickness of about 0.5 um on the entire surface of the
stainless steel foil substrate including the conductive 1ayef
and the insulating layer.

A desired coating layer was formed on the wiring
portion and the terminal-forming portion of the conductive
layer on the stainless steel foil substrate using the
photosensitive polyimide resin precursor in the same manner as
above.

The substrate was immersed in a solution of a nitric
acid releasing ageﬁt at room temperature to remove the
electroless nickel plated thin iayer on the terminal-forming

portion and the stainless steel foil substrate.
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containing a keto group, as described in detail in JP-A-6-75376
(the term"JP-A" as used herei n means an "unexam ned publi shed
Japanese pat ent 5 application") can be used. Exanpl es

of the photosensitive agent include 4-o-
ni t rophenyl - 3, 5- di net hoxycar bonyl - 2, 6-di net hyl -1, 4-

(hereinafter referred to as "niphedipin"), 4-o0-

ni t rophenyl - 3, 5-di net hoxycar bonyl - 2, 6-di net hyl - 1- et hyl -4- 10
hydropyri di ne (her eAfpét e¢od €ing it @rmsrdind@iyhyphotoresist’ leaving theand
4-0-ni trophenyl -3, 5-di acetyl - 1, 4-di hydropyri di ne (hereinafter
referred totesmiaadt+forminyqorkion Beeoerding be a conventisath lamethod:, by
m xt ures thereof.

10

15

20

25

successively applying electrolytic nickel plating and
electrolytic gold plating to the terminal-forming portion, the
plating layers each having a thickness of 1 um were formed to
form a terminal. Thereafter, the photoresist was released.

After the plating treatments, for removing the lead
portion used for platings from the conductive layer, copper
alkali etching and chromium etching weré applied in the same
method as above.

After removing the lead portion from the conductive
layer as, for cutting the stainless steel foil substrate into
each desired form, after carrying out a light-exposure and a

development using a photoresist or a dry f£ilm Ilaminate

‘according to a conventional method to -form each  desired

pattern, the stainless steel foil substrate was immersed in a
ferric chloride etqhing solution at 45°C and cut into each
desired form. After sufficiently washing the cut substrate
with pure water, they were dried to obtain each cut circuit-
formed suspgnsion substrate.

From the circuit-formed suspension substrate thus
obtained, the polyimide resin film was released to form a
sample of the polyimide resin film having a width of 5 mm, a
thickness of 6 um, and a length of 100 mm. After allowing to
stand the sample in an atmospheré of a temperature of 85°C and

a relative humidity of 85%, the water absorption measured by a

di hydr opyri di ne
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| f necessary, an appropriate anount of inidazole is used 15 as a

di ssolution aid to a devel oper. In the present

Fnvention, t he di hydropyri di ne -derivative described above is
usually used in the range of from 0.05to 0.5 nolar part to 1 nolar
part of the total anount of the aromatic diamnes and the aromatic
tetracarboxylic 20 di anhydri des. | m dazole which is used, if
necessary, 1S usually used in the range of fromO0.05 to 0.5 nol-ar
part to 1 Rarl FidGHe¥'dPHdthd Wae 0058l BIutY tife Wated aBBOrHtHLANVASS
and the aromatic tetracarboxylic acid di anhydri des.

By coating hes$) utthen eirdhitphotmednsuspeasionyi snbetr26e obtadied was
precursor on an appropriate substrate, |ight-exposing (ultraviol et

i rradi ati ongxcablentt iimg themdimensionial | sgabidity and did not cause
warping in spite of change of the humidity in the environmental
5 atmosphere.
Example 2
In 11.81 kg of N-methyl-2-pyrrolidone were dissolved
0.949 kg (3.25 mols) of 1,3-bié(4—aminophenoxy)benzene and 1.04
kg (3.25 mols) of 2,2’'-bis(trifluoromethyl)-4,4’~-diaminophenyl
10 (the sum of the diamine components: 6.50 mols) as diamines and
0.956 kg (3.25 mols) of diphthalic acid dianhydride and 1.443
kg (3 .25 mols) of 2,2-bis(3,4-dicarboxyphenyl )hexafluoropropane
dianhydride (the sum of the tetracarboxylic acid dianhydride
6.50 mols) as aromatic tetracarboxylic acid dianhydrides, and
15 the resulting solution was stirred at room temperature for 24
hours. The temperature of the solution was raised to 75°C.
When the viséosity of the solution reached 5,000 c.p., heating
was stopped, and the solution was allowed to stand to cool it
to room temperature. By adding 0.696 kg (1.93 mols) of an N-
20 methyl compound to the solution, a solution of a photosensitive
polyimide resin precursor was prepared.
After .coating the solutioh of the photosensitive
polyimide resin precursor on a long stainless steel (SUS 304)
having a thickness of 25 um by a éontinuous coater, the coating
25 layer was dried at 120°C for 2 minutes to form the coating

layer of the photosensitive polyimide resin precursor. After
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13-  filmwith ultraviolet rays, and heating (heating after

I i ght - exposure), positive-type or negative-type |latent inmages are
formed. By devel oping the | atent images,-positive-type or

negative-type images, that is, the desired patterns, are 5 obt ai ned.
Thus, by finally heating the patterns at high tenperature to

I mdate the polyamc acid, a patterned coating

irradiating the coating layer with ultraviolet rays via a mask
at a light-exposure amount of 700 mJ/cm? and heating at 160°C
for 3 minutes, the coating layer was developed to form
negative-type images. By further heating the coating layer
5 having the negative-type images formed at 400°C in a vacuum of
0.01 torr, a patterned insulating layer (thickness 6 um)
comprising the polyimide resin was formed to obtain a circuit
substrate.
The same précedure as in Example 1 was followed using
10 the circuit substrate, to obtain a circuit-formed suspension
substrate. From the circuit-formed suspension substrate thus
obtained, the polyimide reéin film was released and when the'
water absorption thereof was measured in the same manner as in
Example ‘1, the water absorption was 0.4%. Since the
15 hygroscopic property of the polyimide resin was less as
described above, the circuit-formed suspension substrate of the
present invention was excellent in the dimensional stability
and did not cause warping in spite of change of the humidity in
the environmental atmosphere.
20 _ o Example 3
In 11.81 kg of N-methyl-2-pyrrolidone were dissolved
0.853 kg (2.92 mols) of 1,3-bis(4-aminophenoxy)benzene, 1.04 kg
(3.25 mols) of 2,2'-bis(trifluo;omethyl)-4,4'-diaminobiphenyl,
and 0.081 kg (0.33 mol) of bis(aminopropyi)tetramethyl-
25 disiloxane (the éum total of the aiamine components: 6.50 mols)
as thé diamines and 0.956 kg (3.25 mols) of diphathalic acid
—
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filmconprising the polyimde resin can be obtai ned. In

nore detail, in the case of using the photo- sensitive imde resin
precursor described above, when the 10 _ heating tenperature after
light-exposure is relatively |low as about 140[err]C, the exposed
portions are dissolved in a devel oper to forma positive-type

I mge, while Wwhen the heating - tenperature after |ight-exposure is
rel ative high as higher t han about 170[err] C, the non-exposed
portions ar@ighh¢ary8d i and 15443 KBGQStOmJl%r M GHegat wslﬂﬁ?ﬂﬁr
al t hough the above- descrlbed condition may ‘differ litt

accordi ng tdlthfb&xyﬂhenyl)hex@flﬁbﬁpghﬁpﬂﬁénﬂﬂhjﬂ%ﬂﬂ&”ﬁth@e@um of the
In this case, as the devel oper described above, an aqueous
solution tbtétracarboxyyini acidal @ébanhydsidé coaponents: 6.50 mols) as
aromatic tetracarboxylic acid dianhydrides. The resulting
5 solution was stirred at room temperature for 24 hours. The
temperature of the solution was raised to 75°C, and when the
viscosity reached 5,000 c.p., heating was stopped, and the
solution was allowed to stand to cool it to room temperature.
By adding 0.696 kg (1.93 mols) of an N-methyl compound to the
10 solution, a solution of a photosensitive polyimide resin
precursor was prepared.
After coating the solution of the photosensitive
polyimide resin precursor obtained above on a long stainless
steel (SUS 304) foil having a thickness of 25 um by a
15 continuous coater, the coating layer was dried by heating at
120°C for 2 minutes to form the coating layer of the
‘photosensitive polyimide resin precursor.
After irradiating the coating layer with ultraviolet
rays via a mask at an exposure amount of 700 mJ/cm? and heating
20 the layer at 160°C for 3 minutes, the coating. layer was
subjected to a development treatment to form negative-type
images. By heating the substrate having tﬁe negative-type
images at 400°C under a v'acu't_:m of 0.01 torr, a patterned
insulating layer (thickness 6 um) comprising the polyimide

25 resin was formed to obtain a circuit substrate.

—

This Sheet Has B

[T

- 32 -



20 t et ramet hyl ammoni um hydr oxi de, etc., or an aqueous sol ution of

an i norganic al kali such as sodi um hydroxi de, potassium hydr oxi de,
etc., is used. The alkali concentration is usually in the range of
from2 to 5% by weight. To the aqueous al kal i solution may be added
a lower aliphatic alcohol such as 25 met hanol , et hanol, n-propanol,

| so- propanol ,  etc. The anount of the al cohol added is usually 50%
by wei ght or |ower. Also,: - -14-

The same procedure as in Example 1 using was followed
the circuit substrate, to obtain a circuit-formed suspension
substrate. From the circuit-formed suspension substrate thus
‘obtained, the polyimide resin film was released and when the

5 water absorption thereof was measured in the same manner as in
Example 1, the water absorption was 0.3%. Since the
hygroscopic property of the polyimide resin was less as
described above, the circuit-formed sdspension substrate of the
present invention was excellent in the dimensional stability

10 | and did not cause warping in séite of change of the humidity in
the environmental atmosphere.
Example 4
In 11.81 kg of N-methyl-2-pyrrolidone were dissolved
0.94 kg (3.25 mols) of 1,3-bis(4-aminophenoxy)benzene, 0.936 kg
15 (2.92 mols) of 2,2'-bis(trifluoromethyl)-4,4'-diaminobiphenyl,
and 0.081 kg (0.33 mol) of bis(aminopropyl)tetramethyl-
disiloxane (the sum of the diamine components: 6.50 mols ) as
diamines ‘and 0.764 kg (2.60 mols) of diphathalic acid
dianhydride and 1,732 kg (3.90 mols) of 2,2-bis(3,4-
- 20 dicarboxyphenyl )hexafluoropropane dihydride (the sum of the
tetracarboxylic acid dianhydride components: 6.50 mols) as.
aromatic tetracarboxylic acid dianhydrides. The resulting
solution was stirred at room temperature for 24 ﬁours. The
temperature of.the solution was raised to 75°C, and when the
25 viscosity reached 5,000 c.p., ﬁeating was stopped, and the
solution was allowed to stand to cool it to room temperature.

—_—
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t he devel oping tenperature is usually in the range of from 25 to

50[err]C In the case of using the photosensitive polyimde
r-esin - precursor for use in the present invention, when the heating
5 tenperature after |ight-exposure is relatively | ow as about

140[err] C, in the non-exposed portions, a hydrogen bond is-forned
between the imno group hydrogen at the 1l-position of the
di hydropyridine derivative and the carboxy group of the pol yam ¢

acid to dec sQdil r}%eed%@?pt- Iq, Wﬁgﬁﬂ%} s e N—l&thyl RIMPJHE " TH

and the d|f sion's e ‘coate I nto the devel oper,
whi ch resul tgg iyt sloner hngséi\etﬁéﬁsmﬂ hONphotosens$RE0E PolfEnidat addigyer

into the devel oper, ‘while in
precursor was.prepared.
After coating the solution of the photosensitive
5 polyimide resin precursor obtained above on a long stainless
steel (SUS 304) foil having a thickness of 25 um by a
continuous cater, the coating layer was dried by heating at
120°C for 2 minutes to form the coating layer of the
photosensitive polyimide resin precursor.

10 After irradiating the coating layer with ultraviolet
rays via a mask at an exposure amount of 700 mJ/cm’ and heating
the layer at 160°C for 3 minutes, the coating layer was
subjected to a development treatment to form negative-type
images. By heating the substrate having the negative-type

15 images at 400°C under a vacuum of 0.01 torr, a patterned
insulating layer (thickness 6 um) comprising the polyimide
resin was formed to obtain a circuit substrate.

The same procedure as in Example 1 was followed using
the circuit substrate, to obtain a circuit-formed suspension

20 substrate. From the circuit-formed suspension substrate thus
obtained, the polyimide resin film was released, and when the
water absorption thereof was measured in the same manner as in
Example 1; the water absorption was 0.3%. Since the
hygroscopic property of the polyimide resin was less as

25 described above, the circuit—forﬁed suspension substrate of the

present invention was excellent in the dimensional stability

-
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exposed portions, the di hydropyridine derivative which is a neutr al
conpound i s changed to a basic pyridine-conpound by the 15 :
|4 ght - exposure, and the basic pyridine conpound forns pol yan c acid
and a weak salt structure, which results in increasing the
hydrophilic property of the coated |ayer to.increase the
di ssol ution speed of the coated |ayer into the devel oper. As
descri bed above, since, in this case, the.dissolution speed of 20 t he
exposed portipasqid ddte caake 99?:81*1? iﬁr?‘?{tér@f‘ dliigPlof the humil€ty in
non- exposed portions, the coatin | marter |i1ght- exposure,
heating afteghéi gt LSRASHER]L AERoSINELOPI Ng gives a positive-type
i mge. On the other hand, in the case of using the

While the invention has been described in detail and

with reference to specific embodiments thereof, it will be
5 apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.

_
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25 - phatosensitivepelyint-de resin precursor used in the present

I nvention, when the heat|j tenperature after |ight-exposure is
rel ativel y n“ﬂ] HEL“ “E‘lan 170[err] C, -in the non-exposed
portions, 't eed of the coated layer in the
devel oper is "l owered as the case that the heating tenperature

after light-exposure is relatively | ow as about 140[err]C, while in 5
t he exposed portions, the di hydropyridi ne-derivative described

WHAT IS CLAIMED IS:

1. A circuit substrate comprising a metal foil
substrate and an insulating layer comprising a polyimide resin
formed on the metal foil substrate, wherein said polyimide
resin is a poiyimide resin obtained by the reaction of

(A) aromatic diamines comprising

(a) 1,3-bis(4-aminophneoxy)benzene and

(b) 2,2'-bis(trifluoromethyl)-4,4’-diaminobiphenyl
and

(B) afomatic tetracarboxylic acid dianhydrides comprising

(a) 3,4,3’,4’'-biphenyltetracarboxylic acid dianhydride
and

(b) 2,2-bis(3,4-dicarboxypheny1)hexafluoropropane
dianhydride.

2. A circuit substrate comprising a metal foil
substrate and an insulating layer comprising a polyimide resin
formed on the metal foil substrate, wherein said polyimide
resin is a polyimide resin obtained by reacting, in the
presence of a photosensitive agent, a polyimide precursor
obtained from

(A) aromatic diamines comprising

(a) 1,3-bis(4-aminophneoxy)benzene and

(b) 2,2'-bis(trifluoromethyl)-4,4'-diaminobiphenyl
and |

(B) aromatic tetracarboxylic acid dianhydrides comprising

X
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above i's changed to a basic pyridine conmpound by the |ight-

exposure ridine conpound accelerates the

pol yi m dmllmmlummmmu acid to |l ower the dissolution speed of
the coating filmi* t°he*devel oper and at the sane tinme, the 10

pyridi ne conpound itself is further changed to an insol uble cyclic
conpound by heating after |ight-exposure as well as : accel erates

t he pol yi midati on of polyam c acid, which results in nmore | owering
the solubility of thg)coajng, 44lw&gﬁeé?mtetracarbofyppéQdunpaahangdradbhe
devel oper as conpared with the non- 1 exposed portions As

descri bed ahdve, when the heating tenperature after

| i ght -exposure is relatively high as higher t han about 170[err]C,
since the dissol uti ¢h)speezl, ¢bis¢3pgipdiedrboxyphenyl Jhexafluoropropane

dianhydride.
3. The circuit substrate of claim 2, wherein the

photosensitive agent is represented by following formula (I);

xz
X? X’
(1)
X* NO:
1! "y
RSN g
b

wherein X', X?, X3, and X* each independently represent a
hydrogen atom, a fluorine atom, a nitro group, a methoxy group,
an amino group, a dialkylamino group, a cyano group, Or a
fluorinated alkyl group; Y' represents a cyano group or a group
represented by a formula -COR’; Y’ represents a cyano group or
a group represented by a formula -COR‘ (wherein R’ and R* each
independently represent an alkyl group having from 1 to 4
carbon atoms, an alkoxy group, an anilino group, a toluidino
group, a benzyloxy group, an amino group, or a dialkylamino
group); R!', R?, and R® each indeéendently represent a hydrogen

atom or an alkyl group having from 1 to 3 carbon atoms; and
_—
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portions in the developer is greatly |Iower than that of the
non- exposed portions, the coating filmafter |ight-exposure, 20

Trager o TR = To TheP iy astnt S nvent fon, by coating a

solution of the photosBnsftiVe polyimde resin precursor as
descri bed above on a long netal foil substrate followed by 25
heat-drying to forma coating filmof the precursor, |ight-

exposi ng t hgag@ak!} ngnd iR Mand Baddf R AR PARY t&idh Dvan &£ 34 | Pfng capable

of forming a 5-membered ring, a 6-membered ring, or a
heterocyclic ring each containihg a keto group.

4. The circuit substrate of claim 2, wherein the

photosensitive agent.is at least one dihydropyridine derivative

selected from the group consisting of 4-o-nitrophenyl-3,5-
dimethoxycarbonyim — 2,6-dimethyl-1,4-dihydropyridine, 4-o-
nitrophenyl-3,5-diacetyl-1,4~-dihydropyridine, and 4-o0-
nitrophenyl-3,5-dimethoxycarbonyl-2,6-dimethyl-1l-methyl-4-
hydropyridine.

5. A method of producing a circuit substrate having an
insulating layer comprising a polyimide resin by forming a
coating film of a photosensitive polyimide resin precursor on
a metal foil substrate, light-exposing, heating after the
light-exposure, developing, and then imidating the precursor by
heating, wherein said photosensitive polyimide resin precursor
is obtained by compounding polyamic acid obtained by the
reaction of |

(A) aromatic diamines comprising

(a) 1,3-bis(4-aminophneoxy)benzene and

(b) 2,2’-bis(trifluoromethyl)-4,4’-diaminobiphenyl
and |

(B) aromatic tetracarboxylic acid dianhydrides comprising

(a) 3,4,3’,4'-biphenyltetracarboxylic acid dianhydride

and
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-16- with ultraviolet rays through a mask, heating the filmafter

lig re. developing to form preferably, a negative | mage
.haV| ng j@ﬂ ﬂm! ,(ﬂmmnte and then heat-curing the negative
I mage t on reaction to form an 5 i nsul ating | ayer

corrprlsmgthe po y|m de resin, the circuit substrate of the
present invention can be obtai ned. For form ng the polyimde
resin by heating the pol yi mi de resin precursor as described above,

it is preferred (b) t@ ha&ahé(r@,cn@icaﬁbékyghbhwqweﬁﬁlmmpaﬁurs
at a 10 tenperature of from about 350 to 400[err]C in vacuo or in an

I nert dianhydride

with a photosensitive agent.
6. The method of producing a circuit substrate of
claim 5, wherein the photosensitive agent is represented by

following formula (I);

"
X3 X!
(1)
X4 P
¥ ! b
R! N R?
b

wherein X!, %2, %X, and X' each independently represent a
hydrogen atom, a fluorine atom, a nitro group, a methoxy group,
‘an amino group, a dialkylamino group, a cyano group, Or a
fluorinated alkyl group; Y! represents a cyano group or a group
represented by a formula -COR?; Y? represents a cyano group or
a group represented by a formula -COR‘ (wherein R3® and R‘ each
independently represent an alkyl group having from 1 to ¢
carbon atoms, an alkoxy group, an anilino group, a toluidino
group, a benzyloxy group, an an;ino group, or a dialkylamino

group); R', R?, and R® each independently represents a hydrogen
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gas at nos Thereafter, by form ng each definite circuit
conpr i\j‘ ﬂ\mﬁ““““‘mm)nduct Ive layer having a definite pattern on the
Fnsul a L n slayer by a conventional nmethod and al so form ng
necessary 15 termnals, and then chemcally cutting the | ong netal
foil substrate into a desired form the circuit-formed suspension
substrate of the present invention can be obtai ned. In the
present invention, for inproving the adhesive property of the

pol yi mi de rggbm @ Amath iy tdeoSybRATPAEG. ficbm 30 to 3 NESEBS&RT ¥toms ; 2BNAO
group-cont ai ni ng bi functi onal ™ pol'ysi | oxane may be used as a part of

the di am nesagdpeheand. REaHDIREDR? and R éa€h eanafibfm @r 2tiAigCeapablieng
pol ysi | oxane are pol ysil oxanes represented by follow ng fornmula
(rn; of forming a 5-membered ring, a 6-membered ring, or a
heterocyclic ring each pontaining a keto group.
| 7. The method of producing a circuit substrate of
claim 5, wherein the photosensitive agent is at least one
dihydropyridine derivative selected from the group consisting
of 4-o-nitrophenyl-3,5~-dimethoxycarbonyl-2,6-dimethyl-1,4-
dihydropyridine, 4-o-nitrophenyl-3,5-diacetyl-1,4-
dihydropyridine, and 4-o-nitrophenyl-3,5-dimethoxycarbonyl-2,6-
dimethyl-l-methyl-4-hydropyridine.
8. A circuit-formed suspension substrate comprising a
metal foil substrate, an insulating layer comprising a
polyimide resin formed on the metal foil substrate, and a
pattern circuit comprising a conductive layer formed on the
insulating layer, wherein said polyimide resin is a polyimide
resin obtained by the reaction of
(A) aromatic diamines comprising
(a) 1,3-bis(4-aminophneoxy)benzene and
(b) 2,2’'-bis(trifluoromethyl)-4,4’'-diaminobiphenyl
and
(B) aromatic tetracarboxylic acid dianhydrides comprising
(a) 3,4,3’,4’'-biphenyltetracarboxylic acid dianhydride
and
(b) 2,2-bis(3,4-dica£boxyphenyl)hexafluoropropane
dianhydride.

This Sheet Has Been Reﬂlaced - 40 -~




[err] -17- wher ei n

Rl err] repr yl ene group having from1l to 18 car bon

at ons ts an al kyl group having from1l to 18 car bon

atoms”'m ’m w ms an integer of from1 to 100. Such
an amno v gk t ai ni ng bi f uncti onal 5 pol ysi | oxane is used

in the range of 10 nol % or | ess of the di am ne conponent.

9. A circuit-formed suspension substrate comprising a
metal foil substrate, an insulating layer comprising a
polyimide resin formed on the metal foil substrate, and a
pattern circuit comprising a conductive layer formed on the
insulating layer, wherein said polyimide resin is a polyimide
resin obtained by reacting, in the presence of a photosensitive
agent, a polyimide resin precursor obtained from
(A) aromatic diamines comprising
(a) 1,3-bis(4-aminophneoxy)benzene and
(b) 2,2'—bis(trifluoromethyl)r4,4'-diaminobiphenyl
and
(B) aromatic tetracarboxylic acid dianhydrides comprising
(a) 3,4,3’,4'-biphenyltetracarboxylic acid dianhydride
and
(b) 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane
dianhydride.
10. The circuit-formed suspension substrate of claim

9, wherein the photosensitive agent is represented by follpWing

formula (I);

xz
X3 Xt
X* L1 P
iy - | (1)
R N R?
1s
—_—
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In particular, in the formula (I1) described above, R err] S

preferab oup having from1l to 7 carbon atons and
exanpl es”“lmmm)mn mml wt hyl ene, ethylene, propylene, 10 but yl ene,
and hexyl éne® '®RR2 " s Spré&ferably an al kyl group having from1l to 7
carbon atons, and exanpl es thereof are nethyl, et hyl, propyl,
butyl, and hekxyl. Also, nis preferably an I nteger of from1l to
40. Bi s(am nopropyl )tetramethyl disiloxane is preferably

15 usedyREr&fif &M, NGr2T OkK- aigA %%féﬂt Lgﬂ%%%&ﬂ&én{??&y?éﬁ%ts

The circuit-formed suSpensi on 'substrate _ sent _ !nventlo%
can be obt aléﬁ&ﬂogénfﬂélﬂ)"% f1udrli®e BEBRYCA rﬂifﬁ? grocup, a methisky éi‘@ﬁﬁ)ﬁat €

as descri bed above, by form ng each pattern I'rcult conpfiSing a

conductive anyamind tdoupsubatdidIRyMind group, a cyano group, or a
fluorinated alkyl group; Y! represents a cyano group or a group
represented by a formula -COR’; Y2 represents a cyano group or
a group represented by a formula -COR‘ (wherein R? and R‘ each
independently represent an alkyl group having from 1 to 4
carbon atoms, an alkoxy group, an anilino group, a toluidino
group, a benzyloxy group, an amino group, or a dialkylamino
group); R!, R?}, and R® each independently represent a hydrogen
atom or an alkyl group having'from 1l to 3 carbon atoms; and
said R! and R® and said R? and R‘ each can form a ring capable
of forming a 5-membered ring, a 6-membered ring, or a
heterocyclic ring éach containing a ketb group.

11. The circuit-formed suspension substrate of claim
9, wherein the photosensitive agent is at least one
dihydropyridine derivative selected from the group consisting

. of 4-o-nitrophenyl-3,5-dimethoxycarbonyl-2,6-dimethyl-1,4-
dihydropyridine, 4-o-nitrophenyl-3,5-diacetyl-1,4-
dihydropyridine, and 4-o-nitrophenyl-3,5-dimethoxycarbonyl-2,6-
dimethyl-1-methyl-4-hydropyridine.

12. A method of producing a circuit-formed suspension
substrate by forming a coating f£ilm comprising a photosensitive
polyimide resin precursor on a metal foil substrate, light-
exposing, heating after the light-exposure, developing,

imidating the precursor by heating to form a circuit substrate

-_
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20 ———ﬁeﬁpfrsrﬁg—fhe—polyln1de resin according to a conventlonal

nmet ho technlque and al so form ng necessary :
t'erm'z u wmn &i: emcally cutting the insulating |ayer into a
desir cuit-fornmed suspension substrate can be

obtai ned. 25 As descri bed above, since according to the

pr esent " invention, the circuit-fornmed suspension substrate of the

having an insulating layer comprising a polyimide resin, and
then forming a pattern circuit comprising a conductive layer on
the insulating layer, wherein said photosensitive polyimide
resin precursor is obtained by compounding a polyamic acid
obtained by the reaction of
(A) aromatic diamines comprising

(a) 1,3-bis(4-aminophneoxy)benzene and

(b) 2,2'-bis(trifluoromethyl)-4,4’-diaminobiphenyl
and

(B) aromatic tetracarboxylic acid dianhydrides comprising

(a) 3,4,3',4’'-biphenyltetracarboxylic acid dianhydride
and

(b) 2,2-bis(3,4~dicarboxyphenyl)hexafluoropropane
dianhydride
with a photosensitive agent.

13. The method of producing a circuit-formed
suspension substrate of claim 12, wherein the photosensitive

agent is represented by following formula (I);

Xz
X2 X1
X+ NO: (1)
Y Ty
R N7 gl
b
- 43 -
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presem——n—nveﬁh—cm‘l’s’ch" ai ned by applying a necessary work to t he

circuit g the insulating-layer conprising t he

pol y| a ‘B‘m ilmﬂ a | ow hygroscopic property as ~descri bed

' Wspensy on substrate causes very |ess 5 di nensi onal
change and war pi ng by the change of the humdity in _ t he
environnental'atnnsphere. Thus, in a magnetic disk device such as
a hard disk device, etc., using the circuit-forned suspgnsmnda
substrate of. egent nnvgmtl d "RenegBfnatidfe tly " 6RLEAERE 8N
regenerati oryﬂaér%lggr?l edxout anglg‘nf erior ?LO peenrq‘ec?r anCce goest no ?
occur. hydroge atoﬁPrEhfiﬁBffmeaé:&S}ﬁd'J' it%o BEolpsSE The tRYEP g VL

si nce ¥ ra gprneC| se patternl ng worKk cang‘be appli e&'at a % ’F‘? d P

sensitivity an amino group, a dialkylamind group, a cyano group, or a
fluorinated alkyl group; Y! represents a cyano group or a group
represented by a formula -COR?; Y? represents a cyano group or
a group represented by a formula -COR'’ (wherein R® and R* each
independently represent an alkyl group having from 1 to 4
carbon atoms, an alkoxy group, an anilino group, a toluidino
group, a benzyloxy group; an amino group, or a dialkylamino
group); R', R?, and R® each independently represent a hydrogen
atom or an alkyl group having from 1 to 3 carbon atoms; and
said R' and R’ and said R? and R* each can form a ring capable
of forming a 5-membered ring, a 6-membered ring, or a
heterocyclic ring each containing a keto group.

14. The method of producing a circuit-formed
suspension substrate of claim 12, wherein the photosensitive
agent is at least one dihydropyridine derivative selected from
the group consisting of 4-o-nitrophenyl-3,5-dimethoxycarbonyl—
2,G-dimethyl-l,4-dihydropyridine, 4-o-nitrophenyl-3,5-diacetyl-
1,4-dihydropyridine, and 4-o-nitrophenyl-3, 5-dimethoxycarbonyl-
2,6-dimethyl-1-methyl-4-hydropyridine.

15. The circuit substrate of claim 1, wherein a mol
ratio of the components of the aromatic diamines (A) is that
the component (a) is from 40 to 60 mol% and the component (b)
is from 60 to 40 mol%, and a molar ratio of the components of

the aromatic tetracarboxylic acid dianhydrides (B) is that the

- 44 -
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and a high- contrast capacity increasing and snall-sizing of t he
CIrCUIt for nS|on substrate are possible. 15 The

€i r m“ sion substrate of the present i nventi on and
the of are explained in detail by referring to the
acconpanylng dramnngs Fig. 1 is a slant view show ng an
exanple of a tircuit- f ormed suspension substrate 1 of the present
i nvention. As 20 shown in Fig. 1, the circuit-forned suspension

substrate lchfponent (a)aﬂs'@%Hhaub”&diﬂﬁ“ﬁdﬂi“aﬂﬁ“ﬂﬁ@ EoMpo6hehtd (bheis
pol yi mde resin on a stainless steel foil substrate 2 and a

definite pagtémne0 to 40 moblguit conprising a conductive layer 3 is forned

t hereon as a thin layer. At the tip portion of the substrate is

forned a 16. The circuit substrate of claim 2, wherein a molar
ratio of the components of the aromatic diamines (A) is that
the component (a) is from 40 to 60 mol% and the component (b)
is from 60 to 40 mol%, and a molar ratio of the components of
the aromatic.tetracarboxylic acid dianhydrides (B) is that the
component (a) is from 40 to 60 mol% and the component (b) is
from 60 to 40 mol%.

17. The circuit-formed suspension substrate of claim
8, wherein a molar ratio of the components of the aromatic
diamines (A) is that the component (a) is from 40 to 60 mol%
and the component (b) is from 60 to 40 mol%, and a molar ratio
of the components of the aromatic tetracarboxylic acid
dianhydrides (B) is that the component (a) is from 40 to 60
mol% and the component (b) is from 60 to 40 mol%.
18. The circuit-formed suspension substrate of claim

9, wherein a molar ratio of the components of the aromatic
diamines (A) is that the component (a) is from 40 to 60 mol%
and the component (b) is from 60 to 40 mol%, and a molar ratio
of the components of the aromatic tetracarboxylic acid
dianhydrides (B) is that the component'(a) is from 40 to 60
mol% and the component (b) is from 60 to 40 mol%.

19. The circuit substrate of claim 15, wherein a

polysiloxane represented by follbwing formula (II);

1T




25 ginbal 4 in a body by formng cuts in the substrate and a
slider (not shown) having a nagnetic head is fixed onto it. At

-19- Emmrmu d portions of the substrate are formed necessary
term nmmu"m “I ectively. Fig. 1 shows the state that a
cover IayeF flor Mrdteéting the surface of the substrate is

rel eased. 5 Fig. 2 is a cross-sectional view taken along |ine
A-A .
R? R?
| |
H,N-R'-Si-(-o-sli-)n-R'-NHz : (II1)
S

wherein R! represents an alkylene group having from 1 to 18
carbon atoms; R? represents an alkyl group having from 1 to 18
carbon atoms; and n represents an integer of from 1 to 100,
is used as a part of the aromatic diamines (A) in an amount of
10 mol% or less per mole of the components (A).

20. The circuit substrate of claim 16, wherein a

polysiloxane represented by following formula (II);

R? R?
| |
K. N-R!-Si- (-D-Si-)n-R‘-NHz
b g (I1)

wherein R! represents an alkylene group having from 1 to 18
carbon atoms; R? represents an alkyl group having from 1 to 18
carbon atoms; and n represents an integer of from 1 to 100,
is used as a part of the aromatic diamines (A) in an amount of
10 mol% or less per mole of the components (A).

21. The circuit-formed suspension substrate of claim

17, wherein a polysiloxane represented by following formula

(I1);

is Sheet Has Been Reﬁaced
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in Fig. 1. The circuit-forned suspension substrate has an
|

| nsul at+-Rg—-ayer—7—conprising the polyimde resin on a stainl ess
steel foil nd a definite pattern circuit conprising a
copper . mﬁmaamgl 3 is fornmed thereon as a 10 ~ thin layer via a
chrom u ) s23+ The conductive |ayer is protected with a
coating conprising a nickel thin |ayer 28 and further termnals 5
each are forned thereon. The witAe RZ - surface excluding the
termnals are protected with a doating| film8. 15 (II)

Fig. 3 is a cross- sectlondﬂszRb«/ﬁlt-dk&fSa-l)mng'Lm&e B-B in Fig.

The circuit-formed suspension substratk has an I nsul ating | ayer 7

conprising the polyinmde resin &f the R?

wherein R! represents an alkylene group having from 1 to 18

carbon atoms; R? represents an alkyl group having from 1 to 18

carbon atoms; and n represents an integer of from 1 to 100, is

| used as a part of the aromatic diamines (A) in an amount of 10
mol% or less per mole of the componenté (7).

22, The circuit-formed suspension substrate of claim

18, wherein a polysiloxane represented by following formula

(I1);
Rz Rz
I |
HzN-R*'-Si-(-0-Si-)n-R'-NH, ' (IT)
B

wherein R! represents an alkylene group having from 1 to 18
carbon atoms; R? represents an alkyl group having from 1 to 18
carbon atoms; and n represents an integer of from 1 to 100, is

used as a part of the aromatic diamines (A) in an amount of 10

mol% or less per mole of the components (A).
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stainless steel foil substrate 2 and a definite pattern circuit

conprising the copper conductor layer 3 is forned thereon via 20 a
chromumthin |ayer 23. The conductive |ayer is protected with a
coating conprising a nickel thin layer 28 and further prot ected by
a coating film 8. As the long stainless steel foi

substrate, the substrate having the thickness in the range of
usually from10 25 to 60 [err]m and- preferably from15 to 30 [err]m
fromthe view point ohp&teact BRI TR BTEEResGRESt I ¢S, and the width

in the range of

A circuit substrate ‘having an insulating layer
comprising a polyimide resin on a metal foil substrate, wherein
the polyimide resin is a polyimide resin obtained by the

5 reaction of
(A) aromatic diamines Comprising
(a) 1,3-bis(4-aminophneoxy)benzene and

(b) 2,2'-bis(trifluoromethyl)-4,4’-diaminobiphenyl

and
10 (B) aromatic tetracarboxylic acid dianhydrides comprising
(a) 3,4,3',4'-biphenyltetracarboxylic acid dianhydride
and |
(b) 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane
dianhydride. |
15 The circuit-formed substrate has a desired circuit

comprising a conductive layer on the circuit substrate.
The polyimide resin has a low hygroscopic property and
thus the substrate is excellent in the dimensional stability

and does not cause warping even when the humidity in the

20 environmental atmosphere is changed.
BT
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- 20- ~ from50 to 500 nm and preferably from125 to 300 nm is

used. ' However, the long stainless steel foil substrate used in the
present invention is not limted to them Fig. 4 and Fig.
5 show an enbodi ment of the "production 5 steps of the circuit

substrate of the present invention, and
enbodi ment of 't he production steps of
suspensi on substrate of the present

First, as shown in Fi'g. 4, a solution of t
polyim de resin precursor is coated
stainless steel foil substrate as

Fig. 6 to Fig. 16 show an
the circuit-forned
venti on.
phot osensitive
entire surface of the

Fig. 1

i



descri bed above such that the thickness of the resin |ayer

obtained is from2 to 20 [err]m and preferably from5 to 10 [err]m
~and the coating |ayer i-s heated at a tenperature of from60 to 15
150[err]C, and mieferably from80 to 120[.err]C, to forma coating 21 of

t he phot osensitive polyimde resin precursor. The coating
of the photosensitive polyimde resin precursor is irradiated with
ultraviolet rays via a appropriate mask, whereby the coating is

i ght-exposed to an definite %p

patterg% Ir1ttﬂ5;case, the integrated
| i ght - exposure anount is

in the range of sual ly from 100 to

1,000 mi/cnferr], and ef er abl fxom 0 o 700 mi/cne.
The |ight-exposure ' R 7 om 300
to 450 nm and _ F70770777, / 27727777,

NN /] E NN

T %

N
3 2

2}
Fig. 3
8 2% o 8 29
(lﬂl / | jéL//
y///; // 3 7 7 3 W

NN N R
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L |
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Fig. 4
2
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preferably from350 to 420 nm After the |light exposure, the 25

coating is heated (heating after |I|ight-exposure) at a
tenperature of from80 to 200[err]C, and preferably from 120 to
-21- FigQ[err]C for fromabout 2 to 10 m nutes, and then
subjected to a devel oping treatnent. In the present
invention, it is preferred to obtain negative inmages. The
patterned coating of t he pol yi m de resin precursor thus obtained
is heated at high
22 22
7
2
' Fig. 6 e
23 2'4
) ,
Z 22
23 i/'/’ L 7 A
_ )
2
Fig. 7
25 25
) ///////////////// %
VAV A S A A A A A A AVE SV ey
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é tenperature to forma polyimde resin, whereby a patterned
I nsul ating | ayer 22 conprising the polyimde resin is forned on

the stainless steel foil substrate 2 as shown in Fig. 5to provi de
the circuit substrate of the present invention. As shown in
Fig. 6, a chr on§tfn thin | ayer 23 and a 10 copper thin |ayer 24 are
continuously and successively forned on the entire surface of the
stainless steel foil substrate 2 havi ng the patterned insul ating

| ayer 22 of the polyimde resin by.sputteri The exi stence of the
chromumthin |ayer 22 is 268.sef ul fz cl osel dhering the copper

thin layer 24 onto the 15 Ryl at i ng taye R ORI SR
resin. In this case, s hickness AN S I o

in the range ,/ W

........ NNNN\AAAA 22

Fig. 9

Fig. 10

—_—
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of preferably from 100 to 800 A and the thickness of the ~ copper

thin layer is in the range of preferably from500 to 2,000 A Also,
t he surface resi stance of the copper thin layer 20 thus obtained is
usually 0.6 [errgidgery] or.less. Thereafter, as shown in
Fig. 7, electrolytic copper pl ating having a thickness of from
about 2 to 15 Jerr]mis applied to the copper thin layer 24 to form
a conductive layer 25 conprising copper. In Fig. 7, the chrom um
thin layer is not 25 shown. .

28 28

S W N, | . \\\\\\\\\\ \_zz

2
Fig. 12
29 27 31 3 30 28
28_\ 28\ A
‘ 22
[
2
Fig. 13
3] 32.33 34 27
1’4({‘ ‘ ) EZZ
/\izj\’ C"szz
772777 o,

V4
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-22- . Then, as shown in Fig. 8 and Fig. 9, after carrying

olt . a |light-exposure and a devel oping treatnent by a patterning
t echni que, using a photoresist 26 or a dry filmlamnate, the copper
conductive | ayerpijzp atq the non-pattern portions are 5 removed by
etching, whereby & definite conductive pattern 27 conprising the
copper is fornmed on the insulating | ayer 22 conprising the
polyimde resin. In this case, etching of the copper thin |ayer is
preferably carried out by al kali etching. After renoving by
et ching the copper conductive layer 10 of 2he 3}£pn pat t er rgQorti ons,
the chromumthin |layer 23 is further rlemoved by etchlng and a
definite conductive pattern y z;r

n/ ) / -+—1‘

\ A £

\\\\\\\\\\ N
L L L L7 4./ > 2

-2
Fig. '15
35 35
§/// 22
/
2
Fig. 16
1
31 27 3 34
s ,
N/ v .
L{’/’§;>j> P . \j7 SO SAISAS 22 .
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is obtained on the insulating |ayer 22 conprising the polyim dﬂ700300"2
resin as shown in Table 10. For etching the chrom umthin | ayer

23, for example, a potassiumferrycyanide etching 15 solution, a
potaSS|un1pernanganate etching solution, or a sodiun1netasi|icate
etching sol uti:on is used. - After renoving the unnecessary
chroniumthi’n 1l ayer on the subistrate, electroless nickel plating is
applied to forma hard ni ckel “Thin | ayer 28 on the surface of the
copper 20 . conductive layer 27 and the surface of the stainless steel
thin substrate 2, whereb the surface of the copper conductive

| ayer i s [RERQUIEFSUBSS ﬁqxﬁ He-EQRMED, 3US Nﬂ%el pl ati ng
may be in sRYPSTRARE AN R T HETHOR (EHERROF ayer as the

FIELD OF THE INVENTION

The present invention relates to a circuit substrate,

a circuit-formed suspension substrate, and production methods

of them. More specifically, the present invention relates a

5 circuit substrate having an insulating layer comprising a

polyimide resin on a metal foil substrate, a circuit-formed

suspension substrate having formed on the circuit substrate a

pattern circuit comprising a conductive layer, and production
methods of them.

10 In a magnetic disk device such as a hard disk device

which is used;as'an external storage device for a computer,

eté., for performing magneticlrecording or regeneration, it is

necessarylto relatively run the above-described magnetic disk

an& a magnetic head, elastically push the magnetic head to the

15 magnetic disk against to an air stream formed thereby, and keep

it : a @efinite fine interval between the magnetic head and the

magnetic disk. A magnetic head supporting means for

elastically pushing the magnetic head to the magnetic disk

against the air stream as described above is a suspension. The

. 20 present invention relates to a circuit substrate which can be

suitably used for producing such a c1rcu1t formed suspensxon

device, a circuit-formed suspensxon substrate having formed on

such a circuit substrate a circuit comprising a conductive _
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| ower | ayer does not expose, and is in the range of usually 25 from

0.05to 0.1 [err]m -23-
Thereafter, the conductive pattern 27 of the wiring : portions are
protected by coating using the photosensitive polyim de resin
precursor, and also termnal is fornegzat each of the necessary
termnal -form ng portions. The surface is 5 simlarly protected by

coating leaving the portion to forma

layer by a patterning technique, and the production methods of

them.
BACKGROUND OF THE INVENTION
Recently, a circuit substrate comprising a metal foil
5 having formed thereon an insulating layer comprising a

polyimide resin has been used as a thin-film multilayer circuit
substrate for the purposes of high-density packaging of
semiconductors and a high-speed signal treatment. However, in
such a conventional circuit substrate, since the polyimide
10 resin has a large hygroscopic property, the circuit substrate
is liable to cause. a dimensional change and warping by the
change of the humidity in the environmental atmosphere.
On the other hand, in computers and storage devices
'@Qich are peripheral equipments for computers, in addition to
15 the improvement of the capacity, small-sizing and a low cost
have been required and with such requirements for a background, . -
in particular, the technique of hard disk drives has been
greatly advanced. Also,-in the magnetic head, recently the
developments of a thin-film magnetic head (TFH) wherein the
20 coil portion is made of a thin film and further a thin film-
magnetic resistance composite head (Mﬁ) which serves'reading
and writing and has a greatly large storage capacity have been
hurried to a conventional metalfiq gap (MIG).
However, by a conventional technique 6f Eoﬂstifuéing
25 desired wiring by laying a con&uctive wire on a suspension
substrate, the cbnductive wire gives influences on the elastic

REPLACEMENT SHEET
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cover layer. In Fig. 12 to Fig. 16,- the left side of the

substrate shows the formation of the wiring portion and the right
side thereof shows the formation of the term nal portion.

That is, as shown in Fig. 12, in the wiring portion, 10 t he conductive
pattern 27 is coated with the polyimdgresin 29. In the
term nal -form ng portion, the tern nal=forn ng portion is left by
patterning and al so | eaving a | ead portion 30 for formng the
term nal by electrolytic plating. Coating, | i ght - exposure, heating

after |ight-exposure, devel opnent, and 15 heat - curing (.imdation) are
carri ed oﬂ‘f’dﬂé‘?‘ﬁg ‘Ttﬁet Sresg)’(ﬁpff?d‘sm“ to ﬁ?&s&eﬁg?tif&é‘%%}i g e® egﬂﬁ
precursor _in.the e to,coat with tQF pg Eg%de

. b
Pesin, whBPER}S ZBRFEGOFo5he Suspension Fid(ag e cast may e,

contact with the magnetic disk, ‘the durability of the magnetic
disk device is sometimes lowered.

5 Therefore, recently, a suspension formed by directly
forming an electric circuit on a suspension substrate for
mounting a magnetic head has been practically used. However,
in such a suspension, when a dimensional change and warping

' occur on the circuit substrate by the change of the humidity in
10 the environmental atmosphere, the inferior performance
sometimes occurs.
SUMMARY OF THE INVENTION
The presenﬁ invention has been made to overcome the
éb@ve-described problems in the conventional circuit substrate
15 -comprising a metal foil having formed thereon an insulating
layer comprising a polyimide resin and in the circuit-formed
suspension substrate prepared by using.the circuit substrate.
_ Accordingly, one object of the present invention is to
provide é circuit substrate wherein the polyimide resin used
20 has a low hygroscopic property and hence even when the humidity
'in the environmental atmosphere is changed, the dimensional
change and warping scarcely occur.
Another object of the.present invention is to provide
a circuit-formed suspension substrate using the circuit
25 substrate.

Further object of the present invention is to provide

R




As shown in Fig. 13, in the termnal-formng portion, 20 t he

el ectrol ess nickel plated thin [ayer 28 (see Fig. 11) which
protects the surface of the conductor pattern 27 is rel eased THIS SHEET &4AS BEEN

the sane tinme, theelectroless nickel plated thin |ayer 2 SREPLACED
stainless steel foil substrate 2 is al 30 rel eased. ~ter—coatiTyg
the stainless steel foil substrate, the-conductor 25 pattern 27, and
the polyimde resin coating film31 with a phot oresi st | eaving the
termnal -formng portion by a nethod of

- 24- i

the production methods of them.

According to a first embodiment of the present
invention, there is provided a circuit substrate comprising a
metal foil substrate and an insulating layer comprising a

5 polyimide resin formed on the metal foil substrate, wherein the
polyimide resin is a polyimide resin obtained by the reaqtion
of

(A) aromatic diamines comprising
(a) 1,3-bis(4-aminophenoxy)benzene and
10 (b) 2,2’-bis(trifluoromethyl)-4,4’-diaminophenyl
and
(B) aromatic tetracarboxylic acid dianhydrides comprising

(a) 3,4,3',4'-biphenyltetracarboxylic acid dianhydride

Jang
15 (b) 2,2-bis(3,4-dicarboxyphenyl )hexafluoropropane
dianhydride.

According to a second embodiment of the present
invention, there is provided a method of producing a circuit
substrate having an insulating layer comprising a polyimide

20 resin by foiming a coating film comprising a photosensitive
| polyimide resin piecursor on a metal foil substrate, light-
exposing the coating film, heating the film after the light-
exposure, developing, and heating the film to imidate the
precursor, wherein the photosensitive polyimide resin precursor

25 is obtained by compounding a pblyamic acid obtained by the

‘reaction of _
Rﬁmcﬂfﬂﬁﬁﬁﬁ SQEET This Sheet Has Been Re‘placed
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usi ng a photoresist according to a conventional nethod, ,
el ectrolytic nickel plating 32 and el ectrolytic gold platf ngs SHEET HAS BEEN

successively applied to the termnal-formng portion to ~REP[R¢m a
term nal 34. In this case, the thickness of 5 =VSYa) Baro oz ST
-ni ckel plating and the thickness of eLgptrontic gol.d plating bot
are usually fromabout 1 to 5 [err]m — Thereafter, the. photoresist
i's renoved. As shown in Fig. 14, in the conductor pattern
27 havi ng : formed thereon the termnal 34, the |lead.portion 30 (see

Fig. 10 2) whg%p | s,.used for_ electrolytic plating is renoved by
€

chem cal et c‘lﬁ])ngaro‘rh ﬁcewglln(ﬁs (?(?S}?(ﬁ"‘séﬁl chrom um at the

(a) 1,3-bis(4~aminophenoxy)benzene and

(b) 2,2'~bis(trifluoromethyl)-4,4’'-diaminophenyl

and
5 (B) aromatic tetracarboxylic acid dianhydrides comprising
(a) 3,4,3’,4’'-biphenyltetracarboxylic acid dianhydride
and
(b) 2,2-bis(3,4-dicarboxyphenyl )hexafluoropropane di-
' anhydride '
10 with a photosensitive agent.

According to the method describéd above, by light-
exposing the coating film comprising the photosensitive
polyimide resin precursor formed on the metal foil substrate in
‘Eqnformity with a definite pattern, heating the film after

15 light-exposure, developing the film to form the definite
pattern comprising the above-described precursor, and finally
heating the pattern—forhed film at high temperature to form
polyimide, the circuit substrate having the patterned
insulating layer comprising the polyimide resin can be

20 obtained.

| According to a _thifd embodiment of the present
invention, there is provided a circuit-formed suspension
substrate comprising a metal foil substrate, an insulating

'layer comprising a polyiﬁide resin formed on the metal foil

25 substrate, and a pattern circuit.comprising a conductive layer

formed on the insulating layer, wherein the polyimide resin is

\\,
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| ead portion nmay be perforned in the same nethod as descri bed

above. After renoving the |lead portion, for cutting the
15 stainless steel foil substrate 2 by chemi cal etching, by

carrying out a light exposure and a devel opnent using a phot or esi st
35 or adry filmlamnate according to_a conventional nethod, a
desired pattern is fornmed on the = stainless steel foil substrate 2
as shown in Fig. 15. The 20 stainless steel foil substrate is then
cut into a desired form : by etching. In this case, as the etching
sol ution, an yeaqus ] olytign of ferric chloride, cupric chlqride,
etc., is asa??l imide resin °E‘=NP§8 e BARhFRGCELOR rfbﬁwt?h%ya\ﬁﬁ’g‘ﬁi‘ﬁ’r& with

Pure VAt el anines aRA7 dHlel| ik rddiSnS it d {1 ™E 1 SHRPADTARY BUBRLARLG 1 Of

above.

Also, according to a fourth embodiment of the present

5 invention, there is provided a method of producing a circuit-

formed suspension substrate obtained by forming a pattern

circuit comprising a conductor layer on the insulating layer

comprising the polyimide resin of the circuit substrate

described above, wherein the photosensitive polyimide resin

10 precursor for forming the insulating layer of the circuit
substrate is obtained by compounding the polyamic acid obtained
by the reaction of the aromatic diamines and the
tetracarboxylic acid dianhydrides described above with a
bhﬁtosensitive agent.

15 " According to this method, by forming the above-~
deScribed circuit substrate having Ithe definite-patterned
insulating layer comprising the polyimide resin and then
forming a pattern-circuit comprising a conductive layer on the
insulating layexr, the circuit-fdrmed suspension substrate is

20 obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a slant view showing an example of the
circuit-formed suspension substrate of the present invention,
Fig. 2 is a cross-sectional view taken along line A-A

25 of the circuit-formed suspension substrate shown in Fig. 1,

TeoT
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25 present invention can be obtained. That is, the circuit-formed:
suspensi on substrate has the insulating |ayer 22 conprising the

- 25- polyim de resin on the stainless stain foil substrate 2 and
has t he conductor pattern 27 conprising the thin [ayer of the
conductive layer on the insulating layer, that is, the pattern

circuit, and the entire surface thered=is protected by coating

Fig. 3 is a cross-sectional view taken along line B-B
of the circuit-formed suspension substrate shown in Fig. 1,
Fig. 4, Fig. 5, Fig. 6, Fig. 7, Fig. 8, Fig. 9, Figqg.
10, Fig. 11, Fig. 12, Fig. 13, Fig. 14, Fig. 15, and Fig. 16
5 are sectional views of main portions for showing the production
steps of the circuit-formed suspension substrate of the present
invention.
DETAILED DESCRIPTION OF THE INVENTION
The present invention is described in detail below.
10 According to the present invention, in the circuit
substrate comprising a metal foil substrate and an insulating
layer comprising a polyimide resin formed on the metal foil
substrate, the polyimide resin is a polyimide resin obtained bf
ft@é reaction of
15 (R) aromatic diaﬁines comprising

(a) 1,3-bis(4-aminophenoxy)benzene

-0 0

(b) 2,2’-bis(trifluoromethyl)-4,4’~-diaminobiphenyl

and

CFs

e ve
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5 with the coating Iayer 31 conpri sing t he polyinide resin

| eaving the term nal 34. As descri bed abovge—the—eit-cii-t

substrate of the present invention has the polyim B‘"SeSﬂEETIIM&BEEN
obt ai ned by the reaction of two kinds of the arongti c dRERLAGED at a
definite 10 proportion and two kigds of the aromatic Terracarpoxytre
aci d di anhydrides at a defini C& proportion as the insulating | ayer
on the nmetal foil substrate, and since the polyimde resin has a
| ow hygroscopic property, the dinensional change and warping , . by the
change of the humdity in the environnmental atnosphere 15 ~ "are very
| ess. and Accordingly, in the circuit-formed suspension
Substrate (p) arciat¥ ESUHrnRyild Wi IShry ARy i sl N2 2
(a) 3,4,3’,4’'-biphenyltetracarboxylic acid dianhydride
///CO CO\\\
AN , ‘©< / O
€0 Co
S and ‘ RS
(b) 2,2'-bis(3,4—dicarboxypheny)hexafluoroprop&he
dihydride. ) .
co PR
C
CEa
co” 0’
In the present invention, there is no particular
10 restriction on the metal foil substrate, but usually a
stainless steel foil, a copper foil, an aluminum foil, a
copper-beryllium foil, a phosphor bronze foil, a 42 alloy foil,
etc., are used. Furthermore, according to the present
invention, a long metal foil is preferably used as such a metal
15 foil substrate. That is, each insulating layer comprising the

polyimide resin is formed on the long metal foil substrate in
such a manner of repeatedly applying a definite patten, each
desired patten circuit comprising the conductive layer is

formed on each patterned insulafing layer, and finally, the

REPLACEMENT SHEET | -
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hygr oscopi ¢ property, when magnetic recordi ng and regeneration are

carried out in the nmagnetic di sk device such as a hard disk 20 devi ce,
etc., an inferior performance does not occur. The present

i nvention is described in nore detail by referring to the follow ng-
exanpl es, but it should be understood that the invention is not
construed as being limted t heP=et o.

-26-

long metal foil substrate is cut every each pattern circuit to
provide each pattern-formed suspension substrate.

Thus, according to the present invention, the circuit

substrate can be obtained by coating a solution of the

5 photosensitive polyimide resin precursor on a long metal foil

substrate such as a long stainless steel foil followed by

drying to form a coating film, exposing the coating film to

ultraviolet rays via a mask having a definite pattern, heating

(heating after light exposure), developing, and then applying

10 heat-curing (polyimidation of tﬁe polyamic acid) to form a

| definite pattern comprising the polyimide resin as the

insulating layer. |

The above-described photosensitive polyimide resin

.'précursor is a liquid composition obtained by reacting the

15 _ aromatic diamines and the aromatic tetracarboxylic acid

dianhydrides described above at a substantially'equimolar ratio

in an appropriate organic solvent such as N-methyl-2-

pyrrolidone, dimethyl acetamide, etc., to form polyamic acid,

- and compounding the polyamic acid with a photosensitive agent.

20 ' According to the present invention, in the aromatic

diamines described above, the proportioﬁ of 1,3-bis(4-

aminophenoxy)benzene is in the range of from 40 to 60 mol%, and

preferably from 45 to 55 mol%; and the proportion of 2,2'-~

bis(trifluoromethyl)-4,4'-diaminobiphenyl is in the range of

25 from 60 to 40 mol%, and preferaﬁly from 55 to 45 mol%. Also,

in the aromatic tetracarboxylic acid dianhydrides described

REPLACEMENT SHEET
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Exanmple 1 In 11. 81 kg of N-nethyl-2-pyrrolidone were

di ssol ved 0.949 kg (3.25 nols) of 1, 3-bis(4-am nophenoxy)benzene,
0. 936 kg (2.92 nol s) of 2,2 -bis(trifluoronethyl)-4,4"-
5 di am nobi phenyl , and 0. 081 kg (0.33 nol ) of

bi s(am nopropyl ) tetranet hyl di sil oxane &'he sum of the diam ne

conponents: 6.5 nols ) as. di am nes, 0.956 kg (3.25 nols) of

di phat hal i ¢ aci d di anhydride and 1, 443 kg (3.25 mols) of 2,2- bi s
(3, 4-di car boxyphenyl ) hexafl uoropropane di hydride (the SUH]Of 10 t he

tetracarboxylic acid di anhydride conponents 6. 50 nols) as
t et r acar bdbAvey EBPPERREFLART @fs3, $hé’ v 45ubiPhgnydtatrararhexylic acid

stirred at roon1teQPerature for 24 hours. ghe t enp rature %f
dianhydride 1s in the range of from 6

mol%, and
preferably from 45 to 55 mol%, and the proportion of 2,2-
bis(3,4~dicarboxyphenyl)hexafluoropropane is in the range of
5 ffdm 60 to 40 mol%, and preferably from 55 to 45 mols.

According to the present invention, by using such two
kinds of the aromatic diamines and two kinds of the aromatic
tetracarboxylic acid dianhydrides in such proportions, a
polyimide resin having a low hygroscopic property can be

10 obtained.

Moreover, according to the present invention, in the
aromatic diamines, 1,3-bis(4-aminophenoxy)benzene has the
functions of making the polyimide resin obtained transparent to
~ﬁlﬁraviolet rays, making the photosensitive polyimide resin

15 precursor containing a photosensitive agent high-sensitive to
ultraviolet rays, and making large the difference of the
dissolution speéds of the light-exposed portions and the non-
exposed portions in a developer when light-exposing the
photosensitive polyimide resin precursor, heating, and

20 developing, to give images of a high contrast, whereby it

| becomes possible to perform precise patterning work.

‘On the other hand, in the aromatic diamines, since
2,2'-bis(trifluoromethyl)-4,4’-diaminobiphenyl increases the
developing speed of the non-exposed portions, a developing

25 solution having a low alkali concéntration can be used and also

the developing temperature can be lowered. Furthermore, it is
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the solution was raised to 75[err]C. Wien the viscosity reached

5,000 c.p., heating was stopped, and the solution was allowed 15 to
stand to cool it to roomtenperature. 0.696 kg (1.93 nols) of an
N- et hyl conmpound was added to the solution, and a - solution of a
phot osensitive polyimde resin precurs g’mas pr epar ed.
After coating the solution of the photdSensitive 20 pol yi m de resin
precur sor obtai ned above on a | ong stainless steel (SUS 304)
foil having a thickness of 25 [err]mby a continuous coater, the
coating layer was dried b tlng [err faqr utes to
form the Wt i HacerTihs Eonaad an” aloghaktnsFhR Beyalarings Selfrion,
Precursor. hich increases the safety at development.
As the photosensitive ' agent described above, the
dihydropyridine derivative represented by formula (I)
&
L3 1
5 (I)
X< NO.
i
¥! Yz
RI H Rz
I
Rs
wherein, X!, X?, X, and X' each independently represent a
hydrogen atom, a fluorine atom, a nitro group, a methoxy group,
an - amino group, a dialkylamino group, a cyano group, or a
fluorinated alkyl group; Y' represents a cyano group or a group
.JO represented by formula -COR?, Y¥? represents a cyano group or a
group represented by formula -COR' (wherein R? and R* each
independently represent an alkyl group having from 1 to ¢
carbon atoms, an anilino group, a toluidino group, a benzyloxy
group, an amino group, or a dialkylamino group); R!, R?, .and R’
15 each independently represent a hydrogen atom or an alkyl group

having from 1 to 3 carbon atoms; and the R! and R?® and the R?

and R' each can form a ring capable of forming a S-membered
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25 After irradiating the coating filmwth ultraviol et
rays via a mask at an exposure anmount of 700 mJ/cnferr] and heating

-27- the filmat 160[err]C.for 3 mnutes, the coating filmwas
subj ect ed to a devel opment treatnment to forn1negat|ve type |nages
Furthernore, by heating the substrate _baving the negative-type

I mges at 400[err] C under a vacuum of 1 torr, a patterned 5

insulating | ayer (thickness 6 [err]m conprising t he pol yi m de

ring, a 6-membered ring, or a heterocyclic group each

containing a keto group,

as described in detail in JP-A-6-75376 (the term "JP-A" as used

herein means an “"unexamined published Japanese patent
5 application") can be used.

' Examples of the photosensitive. agent include 4-o-
nitrophenyl-3,5-dimethoxycarbonyl-2,6-dimethyl-1,4-
dihydropyridine (hereinafter referred to as "niphedipin"), 4f°‘
nitrophenyl-3,5~dimethoxycarbonyl-2,6~dimethyl-1-methyl-4-

10 hydropyridine (hereinafter referred to as "N-methyl compound"),
and 4-o-nitrophenyl-3,5-diacetyl-1,4-dihydropyridine
(hereinafter referred to as "acetyl compound"). Those can be
used alone or as mixtures thereof.

‘ If necessary,an appropriate amount of imidazole is used

15 as a dissolution aid to a developer.

In the present 'invention, the dihydropyridine
derivative“described above is usually used in the range of from
0.05 to 0.5 molar part to 1 molar part of the total amount of
the aromatic diamines and the aromatic tetracarboxylic

20 dianhydrides. Imidazole which is used, if necessary, is
usually used in the range of from 0.05 to 0.5 molar part to 1
molar part of the total amount of the aromatic diamines and the
aromatic tetracarboxylic acid dianhydrides.

By coating a solution of the photosensitive polyimide

25 resin precursor on an appropriéte substrate, light-exposing.

__(ultraviolet lrradlatlon) the coating film by irradiating the
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resin was forned to obtain a circuit substrate. Af ter

allowing to stand the circuit substrate in the at nosphere of a
tenperature of 85[err]C and a relative humdity of 85% for 100
hours, water absorption of the polyamde resin 10 measured by the Kark
Fischer's nmethod was 0.5% and the-_li. el ongation of the polyimde
resin was about 0.1% which showed substanti al no el ongation. Thus,
before and after the tests, the formof the circuit substrate was
scarcely changed and the occurrence of warping was not observed.

of the ci ridi® ‘g}ﬁé "rﬂiselttr)]gi el ’\f£ %":”frg gt é)%qﬁlr?r?tdeer rﬁsgll} ayer
of chromlgggggﬂﬁg%’ ﬁggl%f@é§t9£e589‘%éﬂg{fugiéJBé]latent images are

formed. By developing the latent images, positive-type or
negative-type images, that 4is, the desired patterns, are
5 obtained. Thus, by finally heating the patterns at high
temperature to imidate the polyamic acid, a patterned coating

film comprising the polyimide resin can be obtained.
In more detail, in the case of using the photo-
sensitive imide resin precursor described above, when the
10 heating temperature after light-exposure is relatively low as
about 140°C, the exposed portions are dissolved in a developer
to form a positive-type image, while when the heating
temperature after.light-exposure is relative high as higher
‘than about 170°C, the non-exposed portions are dissolved in a
15 developer to form a negative image, although the above-
described condition may differ a little according to the kind

of the photosensitive agent used.

In this case, as the developer described above, an
aqueous solution of an organic alkali such as
20 tetramethylammonium hydroxide, etc., or an aqueous solution of
an inorganic alkali such as sodium hydroxide, potassium
hydroxide, etc., is used. . The alkali concentration is usually
in the range of from 2 to 5% by weight. To the aqueous alkali
solution may be added a lower aliphatic alcohol such as
25 methanol, ethanol, n-propanol, iso-propanol, etc. The amount

of the alcohol added is usually 50% by weight or lower. Also,
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| ayer of copper having a thickness of 1,000 A by continuous

sputtering treatnents, respectively. The surface resistance of 20 t he
copper thin layer forned was fromO0.3.to 0.4 [err]/[err].

After adhering a lightly pressure-sensitive adhesive sheet to the
back surface of the stainless steel sq_i}rate as a plating nask,
copper sulfate electrolytic plating wa pplied to the entire
surface of the copper thin layer to forma 25 conductive |ayer
conprising a copper plating, having a t hi ckness of 10 [err]m

10

15

20

25

the developing temperature is usually in the range of from 25
to 50°C.

. In the case of using the ‘photosensitive polyimide resin
precursor for use in the present invention, when the heating
temperature after light-exposure is relatively low as about
140°C, in the non-exposed portions, a hydrogen bond is formed
between the imino group hydrogen at the 1l-position of the
dihydropyridine derivative and the carboxy group of the
polyamic acid to decrease the hydrophilic property of the
polyimide resin and the diffusion speed of the coated layer
into the developer, which results in lowering the dissolution
speed of the coated layer iﬁto the developer, while in the
exposed portions, the dihydropyridine derivative which is a
hegtral compound is changed to a basic pyridine compound by the
light-exposure, and the basic pyridine compound forms polyamic
acid and a weak salt structure, which results in increasing the
hydrophilic property of the coated layer to increase the
dissolution speed of the coated layer into the developer. As
described above, since, in this case, the dissolution speed of
the exposed portions in the developer is larger than that of
the non-exposed portions, the coating film after light-
exposure, heating after light-exposure, and developing gives a
positive-type image.

On the other hand, in the case of wusing the
photosensitive polyimide resin éreCursor used in the present

invention, when the heating temperature after light-exposure is
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- 28- _ After lam nating a comercially available dry film
| am nate on the conductive |ayer at 110[err]C, the | am nated | ayer
was | ight-exposed at an exposure anmount of 80 mJ/cnierr], and

devel oped. The copper conductive | ayer at the non-pattern 5 portion
was renoved by alkali etching to pattej& the conductive | ayer
whil e leaving the | ead portion for el rolytic plating t oget her
with the wiring portion and the term nal -form ng portion, and the
resi st was then renoved. . The stainless steel foil substrate

thus treatedi ¥fver) nign WE" 3hidk AUnARUCPHToCO! Ul OBng' Aol diplfed
portions, the dissolution speed of the coated layer in the
developer is lowered as the case that the heating temperature
after light-exposure is relatively low as about 140°C, while in
5 the exposed portions, the dihydropyridine derivative described
above is changed to a basic pyridine compound by the light-
exposure, the basic pyridine compound accelerates the
polyimidation of polyamic acid to lower the dissolution speed
of the coating film in the developer and at the same time, the
10 pyridine compound itself is further .changed to an insoluble
cyclic compouhd by heating after light-exposure as well as
accelerates the polyimidation of polyamic acid; which results
in more lowering the solubility of the coating film at the
’;xposed portions in the developer as compared with the non-
15 exposed portions. As described above, when the heating
temperature after light-exposure is relatively high as higher
than about 170°C, since the dissolution speed of the exposed
portions in the developer is greatly lower than that of the
non-exposed portions, the coating film after light-exposure,
20 heating after light-exposure, and developing gives a negative
image.

- According to the present invention, by coating a
solution of the photosensitive polyimide resin precursor as
described above on a long metal foil substrate followed by

25 heat-drying to form a coating film of the precurSor, light-

exposing the coating film to a definite pattern by irradiating
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ferricyani de and sodi um hydroxide at 25[err]C to renove the

unnecessary chromumthin |ayer. Ordinary el ectrol ess

ni ckel plating was applied to the : stainless steel foil substrate to
forma nickel thin |ayer 15 havi ng a thickness of about 0.5 [err]mon
the entire surface of the staiptess steel foil substrate including
t he conductive | ayer and the ifasulating | ayer. A
desired coating |ayer was formed on the wiring portion and the
termnal -form ng portion of the conductive 20 | ayer on the

o o i g1t B e i, neatind " EHETIIM Wtker

The subst Bt a5 pbERES Chdvk fosidid't 18" Alnf, NHkkiferably, a negative

image having the definite pattern, and then heat-curing the

negative image to cause an imidation reaction to form an

5 insulating léyer comprising the polyimide resin, the circuit
substrate of the present invention can be obtained.

For fdrming the polyimide resin by heating the

polyimide resin precursor as described above, it is preferred

to heat the coating film thereof for several hours at a

10 temperature of from about 350 to 400°C in vacuo or in an inert

gas atmosphere.

Thereafter, by forming each definite circuit comprising

a conductive layer having a definite pattern on the insulating

-iaYer by a conventional method -and also forming necessary

15 terminals, and then chemically cutting the long metal foil

substrate into a desired form, the circuit-formed suspension
substrate of the present invention can be obtained.

In the present invention, for improving the adhesive

property of the polyimide resin obtained to the substrate, if

20 necessary, an amino group-containing bifunctional polysiioxane

may be used as a part of the diamine components. Examples of

such an amino group-containing polysiloxane are polysiloxanes

represented by following formula (II);

Rz R?
| | :

HzH-R'—Si-(-0-?i—)n-R‘-NHz (11)
v
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acid rel easing agent at roomtenperature to renove the 25 el ectrol ess

ni ckel plated thin layer on the term nal -formng portion and the

stainless steel foil substrate. :

- 29- After coating with an ordinary photoresist |eaving
t he termnal -form ng portion agcording to a conventional nethod,

by successively applying el<eetrolytic ni ckel pl ati ng and

wherein R! represents an alkylene groué having from 1 to 18
carbon atoms; R? represents an alkyl group having from 1 to 18
carbon atoms; and n represents an integer of from 1 to 100.
Such an amino group-containing bifunctional
5 polysiloxane is used in the range of 10 mol% or less of the
diamine component. |
In particular, in the formula (II) described above, R!
is preferably an alkylene group having from 1 to 7 carbon atoms
and examples thereof 'are methylene, ethylene, propylene,
10 butylene, and hexylene. R? is preferably an alkyl group having
from 1 to 7 carbon atoms, and examples thereof are methyl,
ethyl, propyl, butyl, and hexyl. Also, n is preferably an
integer of from 1 to 40.
f Bis (aminopropyl)tetramethyldisiloxane is preferably
15 used as the amino group—contaihing bifunctional polysiloxané .
The circuit-~-formed suspension substrate of the present
invention can be obtained as follows. After producing the
circuit substrate as described above, by forming each pattern
circuit comprising a conductive layer on the insulating layer
20 comprising the polyimide resin according to a conventional
method of a patterning technique and also forming necessary
terminals, and then Chemically cutting the insulating layer
into a desired form, each circuit-formed suspension substrate
can be obtained.
25 As described above, since according to the present

invention, the circuit-formed suspension substrate of the
|REPLACEMENT SHEk!
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el ectrolytic gold plating to the terninal-forning portion, the 5
pl ati ng | ayers each having a thickness of 1 [errJmwere fornmed to
forma termnal. Thereafter, the photoresist was rel eased.

After the plating treatnents, for renoving the |ead portion used
for platings fromthe conductive | ayer copper ' al kali etching and
chrom um etching were applied in the sL&n nmet hod as above.

After renoving the | ead portion fromthe conductive | ayer as, for
cutting t he stainless steeI foil substrate into each desired form

aLter é¥ ut a %&|3§P%§#€g % by 1yiRg, evel%%gent USI%% a
phot or esi %ﬁ£ apr
met hod t%hg(gfgéﬁf¥2§§§§{f§ke havxngpgﬁge HsuEQ%lﬁgah@f§¥3éﬂﬂ?@xsfﬁ&

substrate Wwas 1 merse
" the polyimide resin having a- low hygroscopic property as

described above, such a suspension substrate causes very less
5 dimensional change and warping by the change of the humidity in
the environmental atmosphere. Thus, in a magnetic disk device
such as a hard disk device, etc., using the circuit-formed
suspension substrate of the present invention, when magnetic
recording and regeneration are carried out, an inferior

10 performance does not occur.

Furthermore, according to the present invention, since
a precise patterning work can be applied at a high sensitivity
and a high ccntrast, capacity increasing and small-sizing of
'fhe circuit-formed suspension substrate are possible.

15 - The circuit-formed suspension substrate of the present
invention and the production thereof are explained in detail by
referring to the accompanying drawings.

Fig. 1 is a slant view showing an example of a circuit-
formed suspension substrate 1 of the present invention. As

20 shown in Fig. 1, the circuit-formed suspension substrate 1 has
én insulating layer (not shown) comprising the polyimide resin
on a stainless steel foil substrate 2 and a definite pattern
circuit comprising a conductive layer 3 is formed thereon as a
thin layer. At the tip portion of the substrate is formed a

25 gimbal 4 in a body by forming.cuts in the substrate and a

slider (not shown) having a magnetic head is fixed onto it. At
REPLACRMENT Siﬂ ‘-’t
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ferric chloride etching solution at 45[err]C and cut into each
desired form After sufficiently washing the cut substrate wth
pure water, they were dried to obtain each cut circuit- 20 formed
suspensi on substrate. Fromthe circuit-formed suspension
substrate thus obt ai ned, the p?-yinide resin filmwas rel eased to
forma sanple of the polyimdéfesin filmhaving a wwdth of 5 Mm a
thickness of 6 [err]m and a length of 100 nm After allowing to 25
stand the sanple in an atnosphere of a tenperature of 85[err]C and
a relative humdity of 85% the water absorption neasured by a
both end portions of the substrate are formed necessary
terminals 5 and 6, respectively. Fig. 1 shows the state that
a cover layer for protecting the surface of the substrate is
released.

5 Fig. 2 is a cross-sectional view taken along line A-A
in Fig. 1. The circuit-formed suspension substrate has an
insulating 1layer 7 comprising the polyimide resin on a
stainless steel foil substrate 2 and a definite pattern circuit

~comprising a copper conductive layer 3 is formed thereon as a

10 thin layer via a chromium thin layer 23. The conductive layer
is protected with a coating comprising a nickel thin layer 28
and further terminals 5 each are formed thereon. The whole
surface excluding the terminals are protected with a coating
film 8.

15 Fig. 3 is a cross-sectional view taken along line B-B
in 'Fig. 1. The circuit-formed suspension substrate has an
insulating layer 7 comprising the polyimide resin on the
stainless steel foil substrate 2 and a definite pattern circuit
comprising the copper conductor layer 3 is formed thereon via

20 a chromium thin layer 23. The conductive layer is protected
with a coating comprising a nickel thin layer 28 and further
protected by a coating f£film 8.

As the 1long stainless steel foil substrate, the
substrate having the thickness in the range of usually from 10

25 to 60 um, and preférably from 15.to 30 um, from the view point

of the vibration characteristics, and the width in the range of
REPLACEMENT SHEET
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- 30- . Karl Fischer's method was 0.5% Since the water absorption

was | ess, the circuit-fornmed suspension substrate obtai ned was
excellent in the dinensional stability and did not cause war pi ng
in spite of change of the humdity in the environnental 5 at nosphere.
Exanpl e 2 In 11.81 kg 6& N- net hyl - 2- pyrrol i done were

di ssol ved 0.949 kg (3.25 nol f 1, 3-bi s(4-am nophenoxy) benzene
and 1. 04 kg (3.25 nols) of

2,2' -bis(trifluoronethyl)-4,4"-diam nophenyl
from 50 to 500 mm, and preferably from 125 to 300 mm, is used.

However, the long stainless steel foil substrate used in the
present invention is not limited to them.

Fig. 4 and Fig. 5 show an emﬁodiment of the production

5 steps of the circuit substrate of the present invention, and
Fig. 6 to Fig. 16 show an embodiment of the production steps of
the circuit-formed suspension substrate of +the present
invention.

First, as shown in Fig. 4, a solution of the

10 photosensitive polyimidé resin precursor is coated on the
entire surface of the stainless steel foil substrate as
described above such that the thickness of the resin layer
obtained is from 2 to 20 um, and preferably from 5 to 10 um,
=$n§ the coating layer is heated at a temperature of from 60 to

15 150°C, and preferably from 80 to 120°C, to form a coating 21 of
the photosensitive polyimide resin precursor.

The coating of the photosensitive polyimide resin
precursor is irradiated with ultraviolet rays via a appropriate
mask, whereby the coating is light-exposed to an definite

20 pattern. In this case, the integrated light-exposure amount is
in the range of usually from lOOl to 1,000 mJ/cm?, and
preferably from 200 to 700 mJ/cm?. The light-exposure
wavelength is in the range of usually from 300 to 450 nm, and
preferably from 350 to 420 nm. After the light exposure, the

25 coating is heated (heating" éfter light-exposure) at a

temperature of from 80 to 200°C, and preferably from 120 to
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10 (the sum of the di am ne conponents: 6,50 nols) as diam nes and

0.956 kg (3.25 nols) of diphthalic acid dianhydride and 1.443 kg
(3.25 nols) of 2,2-bis(3 ,4-dicarboxyphenyl)hexafl uoropropane

di anhydride (the sumof the tetracarboxylic acid diranhydride 6. 50
nol s) as aromatic tetracarboxylic aciqz_janhydrides, and 15 t he
resulting solution was stirred at roo nperature for 24 hour s.
The tenperature of the solution was raised to 75[err]C. When t he
viscosity of the solution reached 5,000.c.p., heating was stopped,

and the s

ond e SoLaenamse sl Skl & ST ' 0eLs ! ang, chen oi812ER vo
tc?e\;é.fo@g{d"t 'él‘laat‘?ncf%@ utionof +8.PNBLOSEAR ti¥Gention, PPIYViL de..

conmpound

resin precursor

10

15

20

25

S prepar ed.
preferred to obtain negative images. The patterned coating of

the polyimide resin precursor thus obtained is heated at high
temperature to form a'polyimide resin, whereby a patterned
insulating layer 22 comprising the polyimide resin is formed on
the stainless steel foil substrate 2 as shown in Fig. 5 to
provide the circuit substrate of the present invention.

As shown in Fig. 6, a chromium thin layer 23 and a
copper thin layer 24 are continuously and successively formed
on the entire surface of the stainless steel foil substrate 2
having the patterned insulating layer 22 of the polyimide resin
by sputtering. The existence of the chromium thin layer 22 is
'ﬁseful for closely adhering thé-copper thin layer 24 onto the
insulating layer 22 comprising the ?olyimide resin. In this
case, the thickness of the chromium thin layer is in the range
of preferably from 100 to 800 A, and the thickness of ‘the
copper thin layer is in the range of preferably from 500 to
2,000 A. Also, the surface resistance of the copper thin layer
thus obtained is usually 0.6 Q/00 or less.

Thereafter, as shown in Fig. 7, electrolytic copper
plating having a thickness of from about 2 to 15 pm is .applied
to the copper thin layer 24 to form a conductive layer 25
comprising copper. In Fig. 7, the chromium thin layer is not

shown.




After coating the solution of the photosensitive pol yi m de resin

precursor on a long stainless steel (SUS 304) havi ng a thickness of
25 [err]mby a continuous coater, the coating 25 | ayer was dried at
120[err]C for 2 mnutes to formthe coating | ayer of the

phot osensi tive polyimde resin precursey. After

- 31- Irradiating the coating-l ayer with ultraviolet rays via a
mask at a |ight-exposure anount of 700 mJ/cnierr] and heating at
160[err]C

Then, as shown in Fig. 8 and Fig. 9, after carrying out

a light-exposure and a developing treatment by a patterning

technique using a photoresist 26 or a dry film laminate, the

copper conductive layer 25 aﬁ the non-pattern portions are

5 removed by etching, whereby a definite conductive pattern 27

comprising the copper is formed on the insulating layer 22

comprising the polyimide resin. 1In this case, etching of the

copper thin layer is preferably carried out by alkali etching.

After removing by etching the copper conductive layer

10 of the non-pattern portions, the chromium thin layer 23 is

further removed by etching and a definite conductive pattern 27

is obtained on the insulating layer 22 comprising the polyimide

resin as shown in Table 10. For etching the chromium thin

-iayer 23, for example, a potassium ferrycyanide etching

15 solution, a potassium permanganate etching solution, or a
sodium metasilicate etching solution is used. |

After removing the unnecessary chromium thin layer on

the substrate, electroless nickel plating is applied to form a

hard nickel thin layer 28 on the surface of the copper

20 conduétive layer 27 and the surface of the stainless steel thin

| substrate 2, whereby the surface of the copper conductive layer

is protected. Accordingly, the thickness of nickel plating may

be in such a degree that the copper conductive layer as the

lower layer does not expose, and is in the range of usually

25 from 0.65 to 0.1 pm.




for 3 mnutes, the coating | ayer was devel oped to form

negati ve-type i mages. By further heating the coating |ayer 5 havi ng
t he negative-type inages forned at 4000C in a vacuum of 0.01 torr
a patterned insulating layer (thickness 6 [err]m conprising the
polyimde resin was formed to obtain a,gircuit substrate.

The same procedure as in Exanple 1 was~fol | owed using 10 the circuit
substrate, to obtain a circuit-forned suspension substrate. From
the circuit-fornmed suspension substrate, thus obt ai ned, the

PoLYLT O rooi | SR A ARfabOE b Barern 2705kt
water abgRlicat ¥BS plot¥tted IY'CEoatlfig using the photosensitive
polyimide resin precursor, and also terminal is formed at each
of the necessary terminal-forming portions. The surface is
5 similarly protected by coating leaving the portion to form a
cover layer. In Fig. 12 to Fig. 16, the left side of the
substrate shows.the formation of the wiring portion and the
right side thereof shows the fbrmation of the terminal portion.
That is, as shown in Fig. 12, in the wiring portion,
10 the éonductive pattern 27 is coated with the polyimide resin
29. In the terminal—forming.portion, the terminal-forming
portion is left by patterning and also leaving a lead portion
30 for forming the terminal by electrolytic plating. Coating,
light-exposure, heating after light-exposure, development, and
15 heat-curing (imidation) are carried out using the foregoing
photosensitive polyimide resin precursor in the same manner as
above to coat with the polyimide resin, whereby a coated layer

31 is formed.
As shown in Fig. 13, in the teiminal-forming portion,
20 the Qlectroless nickel plated thin layer 28 (see Fig. 11) which
| protects the surface of the conductor pattern 27 is released
and at the same time, theelectroless nickel plated thin layer
28 on the stainless steel foil substrate 2 is also released.
After coating the stainless steel foil substrate, the conductor
25 pattern 27, and the polyimide resin coating film 31 with a

photoresxst leaving the terminal-forming portlon by a method of
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15 hygroscopi ¢ property of the polyimde resin was |ess as’
descri bed above, the circuit-fornmed suspension substrate of the

present invention was excellent in the dinensional stability and
did not cause warping in spite of change of the humdity in t he
environnent al at nosphere. 20 24- Exanpl e 3

In 11. 81 kg of N-nethyl-2-pyrrolidone ®e+e di ssol ved 0.853 kg (2.92
mol s) of 1, 3-bi s(4-am nophenoxy) benzene, 1.04 kg (3.25 nols) of

2,2 -bis(trifl.uoronethyl)-4,4"-di am nobi phenyl, * and 0.081 kg (0. 33

L) o DO O BRSRRELT Biborafhy g, 7L RIS Bes i
(3.25 ”D“@légtfﬁﬂy§¥éuﬂiéké¥”ﬁhating 32 and electrolytic gold plating
are successively applied to the terminal-forming portion to.
form a terminal 34. In this case, the thickness of
5 eléctrolytic nickel plating and the thickness of electrolytic
gold - plating both are wusually from about 1 to 5 pum.
Thereafter, the photoresist is removed.
As shown in Fig. 14, in the conductor pattern 27 having
formed thereon the terminal 34, the lead portion 30 (see Fig.
10 12) which is used for electrolytic. plating is removed by
chemical etching. The removal of copper and chromium at the
lead portion may be performed in the same method as described
above.
| . After removing the lead portion, for cutting the
15 st;inless steel foil substrate 2 by chemical etching, by
ca;rying out a light exposure and a development using a
photoresist 35 or a dry £film laminate according to a
conventional method, a desired pattern is formed on the
stainless steel foil substrate 2 as shown in Fig. 15. The
20 stainless steel foil substrate is then cut into a desiréd form
by etching. In this case, as the etching solution, an aqueous
solution of ferric chloride, cupric chloride, etc., is used.
After the etching treatment, by washing with pure water
and drying, thg circuit-formed suspension substrate 1 of the

25 present invention can be obtained. That is, the circuit-formed

suspension substrate has the insulating layer 22 comprising the
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- 32- di anhydride and 1,443 kg (3.25 nmols) of 2,2-bis(3,4-
di car boxyphenyl ) hexaf | uor opr opane di hydride (the sum of the

tetracarboxylic acid dianhydri de conponents: 6.50 nols) as aromatic
tetracarboxylic acid dianhydri des. The resulting 5 sol uti on was
erredatroomtemmrmurefor24luﬂ%f The tenperature of the
solution was raised to 75[err]C, and n the vi scosity reached
5,000 c.p., heating was stopped, and the solution was allowed to

stand to cool it to roomtenperature.

polyimide resin on the stainless stain foil substrate 2 and has
the conductor pattern 27 comprising ﬁhe thin layer of the
conductive layer on the insulating layer, that is, the pattern
circuit, and the entire surface thereof is protected by coating

5 with the coating layer 31 comprising the polyimide resin
leaving the terminal 34.

As described above, the circuit substrate of the
present invention has the polyimide resin layer obtained by the
reaction of two kinds of the aromatic diamines at a definite

10 proportion and two kinds of the aromatic tetracarboxylic acid
dianhydrides at a definite proportion as the insulating layer
on the metal foil substrate, and since the polyimide resin has
a low hygroscopic property, the dimensional change and warping
fbyfthe change of the humidity in the environmental atmosphere

15 are very less.

Accordingly, in the circuit-formed suspension substrate
of the present invention, since the polyimidé resin has a low
hygroscopic property, when magnetic recording and regeneration
areé carried out in the magnetic disk device such as a hard disk

20 device, etc., an inferior performance does not occur.

The present invention is described in more detail by
referring to the following examples, but it should be
understood that the invention is not construed as being limited

thereto.
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By adding 0.696 kg (1.93 nols) of an N-nethyl conpound'to the 10

solution, a solution of a photosensitive polyimde resin pr ecur sor
was prepared. . After coating the solution of the

phot osensitive pol yi mi de resin precursor obtained above on a | ong
st ai nl ess steel (SUS 304) foil,having a thickness of 25 [err]mby a
15 continuous coater, the coatingfayer was dried by heating at
120[err]C for 2 mnutes to form the coating layer of the

phot osensitive polyimde resin precursor. After irradiating
the coating layer with ultraviol et rays via a mask at an exposure

amount of 700 mi/cnferr]. and heati ngxample ltne |ayer at 160[err]C for 3

mnutes, the Coanuaifgfrkgagf N-methyl-2-pyrrolidone were dissolved

0.949 kg (3.25 mois) of 1,3-bis(4-aminophenoxy)benzene, 0.936

kg (2.92 mols) of 2,2'-bis(trifluoromethyl)-4,4'-

5 diaminobiphenyl, and 0.081 kg (0.33 mol) of

bis(aminopropyl )tetramethyldisiloxane (the sum of the diamine

components: 6.5 mols ) as diamines, and 0.956 kg (3.25 mols) of

diphathalic acid dianhydride and 1,443 kg (3.25 mols) of 2,2-

bis(3,4~dicarboxyphenyl)hexafluoropropane dihydride (the sum of

10 the tetracarboxylic acid dianhydride components: 6.50 mols) as

tetracarboxylic.acid dianhydrides. The resulting solution was

étirred at room temperature for 24 hours. The temperature of

the solution was raised to 75°C. When the viscosity reached

;54000 c.p., heating was stopped, and the solution was allowed

15 to stand to cool it to room temperature. 0.696 kg (1.93 mols)

of an N-methyl compound was added to the solution, and a

solution of a photosensitive polyimide resin precursor was

prepared.

After coating the solution of the photosensitive

20 polyimide resin precursor obtained above on a long stainless

steel (SUS 304) foil having a thickness of 25 um by a

continuous coater, the coating layer was dried by heating at

120°C for 2 minutes to form the coating film of the
photosensitive polyimide resin precursor.

25 After irradiating the cbating film with ultraviolet

rays via a mask at an exposure amount of 700 mJ/cm? and heating

T T P |
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subjected to a devel opnent treatnent to form negative-type | mages.

By heating the substrate having the negative-type | mges at

400[ err] C under a vacuumof 0.01 torr, a patterned i nsul ating | ayer
(thickness 6 [err]m conprising the polylnlde 25 resin was formed to
obtain a circuit substrate.

- 33- The sane procedﬁke as in Exanple 1 using was

f ol | owed the circuit substrate, to obtain a circuit-forned

suspensi on
the film af 160°C for 3 minutes, the coating film was subjected
to a development treatment to fo;m negative~type images.
Furthermore, by heating the substrate having the negative-type
images at 400°C under a vacuum of 0.01 torr, a patterned
) insulating layer (thickness 6 um) comprising the polyimide
resin was formed to obtain a circuit substrate.
After allowing to stand the circuit substrate in the
atmosphere of a temperature of 85°C and a relative humidity of
85% for 100 hours, water absorption of the polyamide resin

10 measured by the Kark Fischer’s method was 0.5%, and the
elongation of the polyimide resin was about 0.1%; which showed
substantial ﬁo elongation. Thus, before and after the tests,
the form of the circuit substrate was scarcely changed and the
fogéurrence of warping was not observed.

15 | On tﬁe insulatihg layer.comprising the polyimide resin
of the circuit substrate thus obtained were formed the thin
layer of chromium having a thickness of 500 A and the thin
layer of copper having a thickness of 1,000 A by continuous
sputtering treatments, respectively. The surface resistance of

20 the copper thin layer formed was from 0.3 to 0.4 /0.

| After adhering a lightly pressure-sensitive -adhesive
sheet to the back surface of the stainless steel substrate as
a plating mask, copper sulfate electrolytic plating was applied
to the entire surface of the copper thin layer to form a

25 conductive layer comprising a copper plating, having a

thickness of 10 um.
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substrate. Fromthe circuit-formed suspension substrate thus

obt ai ned, the polyimde resin filmwas rel eased and when the 5 wat er
absorption thereof was neasured in the same manner as in Exanpl e
1, the water absorption was 0.3% Since the hygr oscopi c
property of the polyimde resin was Iei as descri bed above, the
circuit-forned suspension substrate of’ e present invention was
excellent in the dinensional stability 10 and did not cause warping in
spite of change of the humidity in t he environnental atnosphere.
Exanpl e 4 In 11.81 kg of N-nethyl -2-pyrrolidone were,

di ssol ved Aftem Rgminpaiingp|d) cgmmergipildys- afe hbdphbaodFbefi e,

0.936 kg laminate on the conductive layer at 110°C, the laminated layer
was light-exposed at an exposure amount of 80 mJ/cm?, and
developed. The copper conductive layer at the non;pattern

5 portion was removed by alkali etching to pattern the conductive
layer while leaving the lead portion for electrolytic plating
together with the wiring portion and the terminal-forming
portion, and the resist was then removed.

The stainless steel foil substrate thus treated was
10 immersed in an aqueous solution of. a mixture of potassium
ferricyanide and sodium hydroxide at 25°C to remove the
unnecessary chromium thin layer.
Ordinary electroless nickel plating was applied to the
fstéinless stéel foil substrate to form a nickel thin layer
15 having a thickness of about 0.5 um on the entire surface of the
stainless steel foil substrate inéluding the conductive layer
and the insulating layer.
A desired coating layer was formed on the wiring
portion énd the terminal-forming portion of the conductive
20 layer on the stainless steel foil substrate using the
photosensitive polyimide resin precursor in the same manner as
above.
The substrate was immersed in a solution of a nitric
acid releasing agent at room temperature to remove the
25 electroless nickel plated thin iayer on the terminal-forming
portion and the stainless steel foil substrate.
REPLACEMENT SHEET
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15 (2.92. nol s) of 2,2'-bis(trifluoronethyl)-4,4'-dianinobiphényl,

and 0.081 kg (0.33 nol) of bis(am nopropyl)tetranethyl - di si | oxane

(the sum of the diam ne conponents: 6.50 nols ) as di am nes and

0.764 kg (2.60 nols) of diphathalic acid di anhydride and 1, 732 kg
"~ (3.90 nols) of 2,2-bis(3,4- 20 di gar boxyphenyl ) hexaf | uor opr opane

di hydride (the sum of the . tetratCarboxylic acid di anhydride

conponents: 6.50 nols) as aromatic tetracarboxylic acid

di anhydrides.- The resulting solution was stirred at room

tenperature for 24 hours The nperature of the solution was

rai sed to 75[ err] ALLAT GRAtH NG withsan °r9%§€6¥|P9°F€58ﬁéﬁt5199ﬁl%gpthe

Ihtea: Ionrgoo X %S‘twpghad{ﬁ%ﬂlng p%rtlon accorég}léjofpo V\Ia%onlvlen l%nta me od ,%COOl

successively applying electrolytic nickel plating and
electrolytic gold plating to the terminal~forming portion, the
5 plating layers each having a thickness of 1 um were formed to
form a terminal. Thereafter, the photoresist was released.
After the plating treatments, for removing the lead
portion used for platings from the "conductive layer, copper
alkali etching and chromium etching were applied in the same
10 method as above.
After removing the lead portion from the conductive
layer as, for cutting the stainless steel foil substrate into
each desired form, after cérrying out a light-exposure and a
fdgvelopment using a photoresist or a dry film laminate
15 . according to a conventional method to form each desired
pattern, the stainless steel foil substrate was immersed in a
ferric chloride etching solution at 45°C and cut into each
desired form. After sufficiently washing the cut substrate
with pure water, they were dried to obtain each cut circuit-
20 formed suspension substrate.
From the circuit-formed suspension substrate thus
obtained, the polyimide resin film was released to form a
sample of the polyimide resin film having a width of 5 mm, a
thickness of 6 um, and a length of 100 mm. After allowing to
25 stand the sample in an atmospheré of a temperature of 85°C and

a relative humldlty of 85%, the water absorption measured by a
E&E‘LA -.’;-A,B:I‘ T "*HEET
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0 2 MAY 1997 - 34-
adding 0.696 kg (1.93 nols) of an N-nethyl conpound to the

a solution of a photosensitive polyinde resin precur sor
was prepared. After coating the solution of the
phot osensi tive 5 pol yi m de resiq_gjecursor obt ai ned above on a | ong

sol uti on,

st ai nl ess

10

15

20

25

Karl Fischer’s method was 0.5%. -Since the water absorption was
less, the circuit-formed suspension substrate obtained was
excellent in the dimensional °stability and did not cause
warping in spite of change of the humidity in the environmental
atmosphere.
Example 2

In 11.81 kg of N-methyl-2-pyrrolidone were dissolved
0.949 kg (3.25 mols) of 1,3-bis(4~-aminophenoxy)benzene and 1.04
kg (3.25 mols) of 2,2’-bis(trifluoromethyl)-4,4’'-diaminophenyl
(the sum of the diamine components: 6.50 mols) as diamines and
0.956 kg (3.25 mols) of diphthalic acid dianhydride and 1.443
kg (3.25mols) of 2,2-bis(3,4-dicarboxyphenyl )hexafluoropropane

dianhydride (the sum of the tetracarboxylic acid dianhydride

6.50 mols) as aromatic tetracarboxylic acid dianhydrides, and

the resulting solution was stirred at room temperature for 24
hours. The temperature of the solution was raised to 75°C.
When the viscosity of the solution reached 5,000 c.p., heating
was stopped, and the solution was allowed to stand to cool it
to room temperature. By adding 0.696 kg (1.93 mols) of an N-
methyl compound to the solution, a solution of a photosensitive
polyimide resin precursor was prepared.

After coating the solution of the photosensitive
polyimide resin precursor on a long stainless steel (SUS 304)
having a thickness of 25 um by a continuous coater, the coating
layer was dried at 120°C for 2 minutes to form the coating

layer of the photosensitive polyimide resin precursor. After

0 2MAY, 1991,
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steel (SUS 304) foil having a thickness of 25 [err]mby a
continuous cater, the coating |ayer was dried by heating at
120[err]C for 2 mnutes to formthe coating |ayer of the
phot osensi t.iive polyimde resin precursor. 10 After irradiating
the coating layer with ultraviol et - rays via a mask at an exposure
anmount of 700 mJ/cn2 and heati ng -31- t e | ayer at 160[err]C for 3
‘m nutes, the coating |ayer was subj ected to a devel opnment treatnent
to form negat.ive-type i mages. By heating the substrate having the
negative-type 15 i mges at 400[err]C under a vacuumof 0.01 torr, a
pat t er ned irradiating he iqegtingedayer witbsylerpriolefr saipr VEang mask
pol yi m de resin was forned to obtain a ciycuit substrate.
at a light-exposure amount of 700 mJ/cm* and heating at 160°C
for 3 minutes, the coating layer was developed to form
negative-type images. By further heating the coating layer
5 having the negative-type images formed at 400°C in a vacuum of
0.01 torr, a patterned insulating layer (thickness 6 um)
comprising the polyimide resin was formed to obtain a circuit
substrate.
The same précedure as in Example 1 was followed using
10 the circuit substrate, to obtain a circuit-formed suspension
substrate. From the circuit-formed suspension substrate thus
- obtained, the polyimide resin film was released and when the
water absorption thereof was measured in the same manner as in
fExémple 1, the water absorption was 0.4%. Since the
15 hygroscopic property of the polyimide resin was less as
described above, the circuit-formed suspension substrate of the
present invention was excellent in the dimensional stability
and did not cause warping in spite of change of the humidity in
the environmental atmosphere.
20 : Example 3
In 11.81 kg of N-methylfz—pyrrolidone were dissolved
0.853 kg (2.92 mols) of 1,3-bis(4-aminophenoxy)benzene, 1.04 kg
(3.25 mols) of 2,2*~bis(trifluoromethyl)-4,4'-diaminobiphenyl,
and 0.081 kg (0.33 mol) of bis({aminopropyl)tetramethyl-

25 disiloxane (the sum total of the diamine components: 6.50 mols)

as the diamines and 0.956 kg (3.25 mols) of diphathalic acid
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The sane procedure as in Exanple.l was foll owed using the circuit

substrate, to obtain a circuit-fornmed suspension 20 substrate. From
the circuit-forned suspension substrate thus obt ai ned, the
polyim de resin filmwas rel eased, and when the wat er absorption
t hereof was neasured in the sane nanngg‘as in Example 1, the
wat er absorption was 0.3% Since:;%he hygr oscopi ¢ property of

- the polyimde resin was |l ess as 25 descri bed above, the circuit-forned
suspensi on substrate of the present invention was excellent in the

di nensional stability ,
dianhydride’ and 1,443 kg (3.25 mols) of 2,2-bis(3,4-

dicarboxyphenyl)hexafluoropropane dihydride (the sum of the

tetracarboxylic acid dianhydride components: 6.50 mols) as

aromatic tetracarboxylic acid dianhydrides. The resulting

5 solution was stirred at room temperature for 24 hours. The

temperature of the solution was raised to 75°C, and when the

viscosity reached 5,000 c.p., heating was stopped, and the

solution was allowed to stand to cool it to room temperature.

By adding 0.696 kg (1.93 mols) of an N-methyl compound to the

10 solution, a solution of a photosensitive polyimide resin

precursoxr was prepared.

After coating the solution of the photosensitive

polyimide resin precursor obtained above on a long stainless

,éteel (SUS 304) foil having a thickness of 25 um by a

15 coﬁtinuous coater, the coating layer was dried by heating at

120°C foi: 2 minutes to form the coating layer of thé
photosensitive polyimide resin precursor.

After irradiating the coating layer with ultraviolet

rays via a mask at an exposure amount of 700 mJ/cm? and heating

20 the layer at 160°C for 3 minutes, the coating layer was

subjected to a development treatment to form negative-type

images. By heating the substrate having the negative-type

images at 400°C under a vacuum of 0.01 torr, a patterned

insulating layer (thickness 6 um) comprising the polyimide

25 resin was formed to obtain a circuit substrate.

REPLACEMENT SHEET
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- 35-

and did not cause warping in spite of change of the humdity in

t he environnental atnosphere. Wil e the invention has been

descri bed i n detai

will

nodi fi cati ons can be made therein mﬁth

be

apparent to one skilled in the art that various changes and

scope thereof. —_

10

15

20

25

The same procedure as in Example i using was followed
the circuit substrate, to obtain a circuit-formed suspension
substrate. From the circuit-formed suspension substrate thus
obtained, the polyimide resin film was released and when the
water absorption thereof was measured in the same manner as in
Example 1, the water absorption was 0.3%. Since the
hygroscopic property of the polyimide resin was less as

described above, the circuit-formed suspension substrate of the

- present invention was excellent in the dimensional stability

and did not cause warping in spite of change of the humidity in
the environmental atmosphere.
Example 4

In 11.81 kg of N-methyl-2-pyrrolidone were dissolved
-b.?4 kg (3.25 mols) of 1,3-bis(4-aminophenoxy)benzene, 0.936 kg
(2.92 mols) of 2,2’~bis(trifluoromethyl)-4,4’'~diaminobiphenyl,
and 0.081 kg .(0.33 mol) of bis(aminopropyl)tetramethyl-
disiloxane (the sum of the diamine components: 6.50 mols ) as
diamines and 0.764 kg (2.60 mols) of diphathalic acid
dianhydride and 1,732 kg (3.90 méls) of 2,2-bis(3,4-

dicarboxyphenyl )hexafluoropropane dihydride (the sum of the

tetracarboxylic -acid dianhydride components: 6.50 mols) as.

aromatic tetracarboxylic acid dianhydrides. The resulting
solution was stirred at room temperature for 24 hours. The
temperature of the solution was raised to 75°C, and when the
viscosity reached 5,000 c.p., ﬁeating was stopped, and the

solution was allowed to stand to cool it to room temperature.

]
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-36- VWHAT IS CLAI MED | S: 1. A circuit substrate conprising
a netal foil substrate and an insulating |ayer conprising a polyimde
resin formed on the nmetal foil substrate, wherein said polyimde resinis
a polyimde resin obtained by the reaction of (A) aromatic di am nes
conpri si ng (a) 1,§-bis(4-an?ng'henoxy)benzene and _ (b) 2,2
-bis (trifluoronethyl)-4,4"-di am nobi pAgnyl and (B) aromatic
tetracarboxylic acid dianhydri des conpri sing (a)
3,4,3",4'-biphenyl tetracarboxylic acid dianhydride
By adding 0.696 kg (1.93 mols) of an N-methyl compound to the
solution, a solution of a photosensitive polyimide resin
precursor was prepared.
After coating the solution of the photosensitive
5 polyimide resin precursor obtained above on a long stainless
steel (SUS 304) foil having a thickness of 25 um by a
continuous cater, the coating layer was dried by heating at
120°C for 2 minutes to form the coating layer of thé
photosensitive polyimide resin precursor.

10 After irradiating the coating layer with ultraviolet
rays via a mask at an exposure amount of 700 mJ/cm? and heating
the layer at 160°C for 3 minutes, the coating layer was
subjected to a development treatment to form negative-~type
:iy?ges. By heating the substrate having the negative-type

15 images at 400°C under a vacuum of 0.01 torr, a patterned
ingulating lajer (thickness 6 um) comprising the polyimide
resin was formed to obtain a circuit substrate.

The same procedure as in Example 1 was followed using
the circuit substrate, to obtain a circuit-formed suspension

20 substrate. From the .circuit-formed suspension substrate thus
obtained, the polyimide resin film was released, and when the
water absorption thereof was measured in the same manner as in
Example 1, the water absorption was 0.3%. Since the
hygroscopic property of the polyimide resin was less as

25 described above, the circuit-formed suspension substrate of the

present invention was excellent in the dimensional stability

i et Y
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and ' (b) 2, 2-bi s(3, 4-di car boxyphenyl ) hexaf | uor opr opane

di anhydri de. 2. A circuit substrate conprising a netal foi
substrate and an insulating |layer conprising a polyimde resin forned on
the metal foil substrate, wherein said polyimde resin is a polyimde

resin obtained by reacting, 1in the Bsesence of a photosensitive agent, a
pol yi m de precursor obtained from —gA) aromati c di am nes conpri si ng
(a) 1, 3-bis(4-am nophenoxy)benzene and (b)

2,2' -bis(trifluoronethyl)-4,4"-di am nobj phenyl and

and did not cause warping in spite of change of the humidity in
the environmental atmosphere.
While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
5 apparent to one skilled in the art that various changes and
modificétions can be made therein without departing from the

spirit and scope thereof.
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(B) aromatic tetracarboxylic acid:d?éﬁﬁydrides conpri si ng

T e e

di anhydrid he circuit substrate of claim 2, &ERL{W@
_35-
WHAT IS CLAIMED IS:
1. A circuit substrate comprising a metal foil

substrate and an insulating layer comprising a polyimide resin
formed on the metal foil substrate, wherein said polyimide
resin is a polyimide resin obtained by the reaction of

(A) aromatic diamines comprising

(a) 1,3-bis(4-aminophneoxy)benzene and

(b) 2,2’-bis(trifluoromethyl)-4,4’'~-diaminobiphenyl
and

(B) afomatic tetracarboxylic acid dianhydrides comprising

(a) 3,4,3’,4'-biphenyltetracarboxylic acid dianhydride
and |
_ (b) 2,2-bis(3,4-dicarboxyphenyl )hexafluoropropane
‘dianhydride.

2. A circuit substrate comprising a metal foil
substrate and an insulating layer comprising a polyimide resin
formed on the metal foil substrate, wherein said polyimide
resin is a polyimide resin obtained by reacting, in the
presence of a photosensitive agent, a polyimide precursor
obtained from

(A) aromatic diamines comprising

(a) 1,3-bis(4-aminophneoxy)benzene and

(b) 2,2'-bis(trifluoromethyl)-4,4’'-diaminobiphenyl
and |

(B) aromatic tetracarboxylic acid dianhydrides comprising

—_—
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photos Itive agent is represented by following formula (1); [err]
ens_ﬁhgmm”], X[err], Xerr], and X err] each

mdepenfiﬂ',mm'" a hydrogen atom a fluorine atom a nitro group, a

met hoxy mmm’ group, a dial kylam no group, a cyano group, or a

37

(a) 3,4,3’,4’'-biphenyltetracarboxylic acid dianhydride
and |
| (b) | 2,2-bis (3, 4-dica‘£boxyphenyl Yhexafluoropropane
dianhydride.
3. The circuit substrate of claim 2, wherein the

photosensitive agent is represented by following formula (I);

xz
X3 X!
| (1)
X NO
y! "y
;o RV TN R?
, | Ls

wherein x!, X%, X%, and X* each independently Trepresent a
hydrogen atom, a fluorine atom, a nitro group, a methoxy group,
an amino group, a dialkylamino group, a cyano dgroup, Or a
fluorinated alkyl group; Y! represents a cyano group or a group
represented by .a formula -COR’; Y? represents a cyano group or
a group represented by a formula -COR' (wherein R? and R* each
independently represent an alkyl group having from 1 to 4
carbon atoms, an alkoxy group, an anilino group, a toluidino
group, a benzyloxy group, an amino group, or a dialkylamino
group); R!, R?, and R? each indeg;endently represent a hydrogen

atom or an alkyl group having from 1 to 3 carbon atoms: and
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f | vortnated—alkyt—group; Y[err] represents a cyano group or a group

repres

gro
i nde
al ko

ilino group, a toluggjno group, a benzyl oxy group,

am no group, or a dialkylanm no group)=Rerr], Rerr], and R err] each
i ndependent|ly represent a hydrogen atomor an al kyl group having from
3 carbon atons; and . - -38-

said R' and R® and said R? and R* each can form a ring capable
of forming a 5-membered ring, a 6-membered ring, or a
heterocyclic ring each containihg a keto group.

4. The circuit substrate of claim 2, wherein the
photosensitive agent is at least one'dihydropyridine deriva;ive
selected from the group consisting of 4-o-nitrophenyl-3,5-
dimethoxycarbonyl — 2,6-dimethyl-1,4-dihydropyridine;-4-o-
nitrophenyl-3,5-diacetyl-1,4-dihydropyridine, and 4-o0-
nitrophenyl-3,5-dimethoxycarbonyl-2,6-dimethyl-l-methyl-4-
hydropyridine.

5. A method of producing a circuit substrate having an
insulating layer comprising a polyimide resin by forming a
coating film of a photosensitive polyimide resin precursor on
a metal foil substrate, light-exposing, heating after the
light-exposure, developing, and then imidating the precursor by
heating, wherein said photosensitive polyimide resin précursor
is obtained by compounding polyamic acid obtained by the
reaction of | |

(A) aromatic diamines comprising

(a) 1,3-bis(4-aminophneoxy)benzene and

(b) 2,2'—bié(trifluorométhyl)—4,4'-diaminobiphenyl
and

(B) aromatic tetracarboxylic acid dianhydrides comprising

(a) 3,4,3',4'-biphenyltetracarboxylic acid dianhydride

and

oy

nt ed ormula -COR[err]; Y[err] represents a cy ORREPY Ohe REL '
Ia a formula -COR[err] (wherein R err] agﬂﬁ]%‘?ﬁﬁyaﬁh&m
sent an al kyl group having from1l to 4 fcarh ‘éﬁﬂ_'k,an

an

1to
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said Rerr] and Rerr] and said R err] and R err] each can forma ring
capabLe——ei——ie##?ng——a 5-nenbered ring, a 6-nenbered ring, or a

het erocyclic ring each containing a keto group. 4. The circuit
subst Eﬂl Iﬂwﬂﬂ!uﬂl wherein the photosensitive agent is at |east one
d|hy | tive selected fromthe group consisting of

4-0- n|trop eny I 3, 5- dinethoxycarbonii; -

2, 6- dlnethyl 4-di hydropyri di ne, 4-o- nitrophenyl -

, 5-di acetyl -1, 4-di hydr opyri di ne, and 4- o-

nltrophenyl 3 5- di met hoxycar bonyl - 2, 6- di met hyl - 1- met hyl - 4- ~ hydr opyri di ne.

5. A nethod of prd#)cing a2cb#§mﬂb45@@9ﬁﬁhQ¥YEh@m®1 exﬁﬁé&PéPPﬁ@H@@Fbr

conprising a polyimde resin by formng a
dianhydride

with a photosensitive agent.
6. The method of producing a circuit substrate of
claim 5, wherein the photosensitive agent is represented by

following formula (I);

12
X3 X!
(I)
X4 NO:
¥yt ! Y?
’ Ol Nt
as

wherein X!, X%, X’, and X* each independently represent a
hydrogeﬁ atom, a fluorine atom, a nitro group, a methoxy group,
'anjamino group, a ‘dialkylamino group, a cyano group, or a
fluorinated alkyl group; Y' represents a cyano group or a group
represented by a formula -COR?; Y? represents a cyano group or
a group represented by a formula -COR‘ (wherein R® and R’ each
independently represent an alkyl group having from 1 to 4
carbon atoms, an alkoxy group, an anilino group, a toluidino
group, a benzyloxy group, an aﬁino group, or a dialkylamino

‘group); R‘,Eﬁ, and R’ each independently represents a hydrogen
REPLACEMENT SHERT
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coat|ng__LLnLQL_a—phe%eseﬁS|t|ve pol yi m de resin precursor on

-a netal foi

ecursor by heating, wherein said

substrate, ht - ex , heating after the |ight-exposur %ﬁe% £ Alg@EEN
and the “Hi ﬂi f i i i Aﬁh,
pol yi ni gm lﬂ i s obtained by conpoundi ng pol yalic a@lE ed |

obt ai ned by % he reactlon of (A arggatlc di am nes’ conpr|5|ng

(a) 1, 3-bis(4-am nophenoxy)benzene and™>Z

(b)

2,2 -bis(trifluoronethyl)-4,4'-diam nobi phenyl and ; ~(B) aromati c
tetracarboxyllc aci d di anhydri des conprising .- (a) 3,4,3 74

'b'phe”y'tﬁgﬁagﬁrgﬁxgﬁkc a%&%u%'?prdrlc¥}om 1 to 3 carbon atoms- and

said R! and R’ and said R? and R* each can fq;m a ring capable
of forming a S5-membered ring, a 6-membered ring, or a
heterocyclic ring each coﬁtaining a keto group.

7. The method of producing a circuit substr@ﬁéiof
claim 5, wherein the photosensitive agent is at leasE‘ohe
dihydropyridine derivative selected from the group consisting
of 4-o-nitrophenyl-3,5-dimethoxycarbonyl-2,6-dimethyl-1,4-
dihydropyridine, 4-o-nitrophenyl-3,5~diacetyl-1,4-
dihydropyridine, and 4-o-nitrophenyl-3,5-dimethoxycarbonyl-2,6-
dimethyl-1-methyl-4-hydropyridine.

8. A circuit-formed suspension substrate comprising a

metal foil substrate, an insulating layer comprising a

bolyimide resin formed on the metal foil substrate, and a

pattern circuit comprising a conductive layer formed on the
insulating layer, wherein said polyimide resin is a polyimide
resin obtained by the reaction of
"(A) aromatic diamines comprising
(2) 1,3-bis(4-aminophneoxy)benzene and
(b) 2,2'-bis(trifluoromethyl)-4,4'-diaminobiphenyl
and
(B) aromatic tetracarboxylic acid dianhydrides comprising
(a) 3,4,3',4’'-biphenyltetracarboxylic acid dianhydride
and
(b) 2,Z—bis(3,4—dicafboxyphenyl)hexafluoropropane
dianhydride.

\
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and 39 (b)

wit.h 2

2,2-bis(3,4- dlcarboxyphenyl)hexafluoropropane di anhydr | e

2382? AN wner ei 0"t ne oot osensi 1 ve agent

JHIS GHEEEIHAS BEEN |

i’s rdﬁ?ggeg@ed .
fotl owi bg Portrul®a (1) 41-

9. A circuit-formed suspension substrate comprising a
metal foil substrate, an insulating layer comprisingl_a
polyimide resin formed on the  metal foil substrate, aﬁd;§
pattern circuit comprising a conductive iayer formed oﬁ the
insulating layer, wherein said polyimide resin is a polyimide
resin obtained by reacting, in the presence of a photosensitive
agent, a polyimide resin precursor obtained from

(A) aromatic diamines comprising

(a) 1,3-bis(4-aminophneoxy)benzene and

(b) 2,2’-bis(trifluoromethyl)-4,4’'-diaminobiphenyl
and
(B) aromatic tetracarboxylic acid dianhydrides comprising

(a) 3,4,3',4’-biphenyltetracarboxylic acid dianhydride
sand | |

(b) 2,2-bis(3,4-dicarboxyphenyl )hexafluoropropane
di;nhydride.

10. The circuit-formed suspension substrate of claim
9, wherein the photosensitive agent is represented by following

formula (I);

xz
X3 X!
X4 NO2
g "y (1)
R! N R?
15

//

e

SR
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[err] (1) -wherein Xerr], Xerr]
X[err] and X[ err] each independently represent a hydrogen atom a

fluori MHMJ,W "tr group, a met hoxy group, an amno group, a
di al kyl iflig u m"nwano group, or a fluorinated al kyl group; Y[err]

represents a cyano®grioup or a group _42:

wherein X!, X?, X%, and X' each independently represents a
hydrogen atom, a fluorine atom, a nitro group, a methoxy group,
an amino group, a dialkylamind group, a cyanc group, Or a
fluorinated alkyl group; Y! represents a cyano group or a group
represented by a formula -COR?; Y? represents a cyano group or
a group represented by a formula -COR* (wherein R? and R® each
independently represent an alkyl group having from 1 to 4
carbon atoms, an alkoxy group, an anilino group, a toluidino
group, a benzyloxy group, an amino group, or a dialkylamino
group); R}, R?, and R® each independently represent a hydrogen
atom or an alkyl group having-from 1 to 3 carbon atoms; and
said R! and R® and said R? and R* each can form a ring capable
of- forming a S-membered ring, a 6-membered ring, or a
heﬁerocyclic ring each containing a keto group.

11. The circuit-formed suspension substrate of claim
9,; wherein the photosensitive agent is at least one
dihydropyridine derivative selected from the group consisting
of 4-o-nitrophenyl-3,5-dimethoxycarbonyl-2,6-dimethyl-1,4-
dihydropyridine, 4-o-nitrophenyl-3,5-diacetyl-1,4-
dihydropyridine, and 4-o-nitrophenyl-3,5-dimethoxycarbonyl-2,6-
dimethyl~l-methyl-4-hydropyridine.

12. A method of producing a circuit-formed suspension
substrate by forming a cqating film comprising a photosensitive
polyimide resin precursor on a metal foil substrate, light-
exposing, heating after the light-exposure, developing,

imidating the precursor by heating to form a circuit substrate
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represented by a formula -COR[err]; Y[err]
a group represented by a formula -COR[err]
al kyl

égdgfﬁggsnm“ummﬁm lll“to group,

group, an am ho ‘gr8up’® of a di al kyl am po

group having froml to 4
a toluidino

......

represents a cyaﬂo group or5
(wherein R[err]

A-—-—1

Cu\.rll

THIS SHEB 5 AR, Bk
group, |a benBEPIAGED
group); RerrT, Rerr], and

each independently represents

dr ogen

group having from1l to 3 carbon atons and

atom or an al kyl

then forming a pattern circuit comprising a conductive layer on

the insulating layer, wherein said photosensitive polyimide

resin precursor is obtained by compounding a polyamic”acid : -

obtained by the reaction of
(A) aromatic diamines comprising
(a) l,3-bis(4-aminophne6xy)benzene and
(b) 2,2’'-bis(trifluoromethyl)-4,4’~diaminobiphenyl Tl
and
(B) aromatic tetracarboxylic acid dianhydrides comprising
(a) 3,4,3’,4’-biphenyltetracarboxylic acid dianhydride
and
(b}
&i?nhydride

2,2—bis(3,4—dicarboxyphenyl)héxafluoropropane

with a photosensitive agent.

13. The method of producing a circuit-formed-

suspension substrate of claim 12, wherein the bhotosensitive

agent is represented by following formula (I);

x2
X3 X!
X4 NO: (1)
Y! f Yz

b
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sara\EfEFTT“ﬁd~RﬁeLLl and said Rlerr] and Rlerr] each can forma ring

capj ﬂw 5-nmenbered ring, a 6-nenbered ring, or a

het ’m @yaﬂch contai ning a keto group. 7. The nethod of
S

prodUC|ﬁg a of ubstrate of claimb5, wherein the photosensitive agent
Is at | east one dihydropyridine derivajive selected fromthe group
consisting of 4- 0-ni trophenyl - 3, 5-dIet hoxycar bonyl - 2, 6-di net hyl -1, 4-
di hydr opyri di ne, 4-0-ni trophenyl -3, 5-di acetyl -1, 4- di hydropyridi ne,
and 4-o-nitrophenyl -3, 5- dinethoxycarbonyl 2, 6-

di et hyl - 1- nethyl-4 hydr op |d| ., Acircuit-forned suspension
subst r at e YRR Ay aX x* }/(5 qu sedshr a{'@ep%mien%| EFPﬁﬁseP‘&g

ConprISIrKLyégogen atom, a fluorine atom, a nitro group, a methoxy group,
an amino group, a dialkylamind group, a cyano group, Or a
fluorinated alkyl group; Y! represents a cyano group or a group
represented by a formula -COR’; Y? represents a cyano group or
a group represented by a formula -COR* (wherein R?® and R* each
independgntly represent an alkyl group having from 1 to 4
carbon atoms, an alkoxy group, an anilino group, a toluidino
group, & benzyloxy group, an amino group, or a dialkylamino
group); R!, R?, and R® each independently represent a hydrogen
atom or an alkyl group having from 1 to 3 carbon atoms; and
said R! and R® and said R? and R* each can form a ring capable
of forming a 5-membered ring, a 6-membered ring, or a
Jheterocyclic ring each containing a keto group.

14. The method of producing a circuit-formed
suspension substrate of claim 12, wherein the photosensitive
agent is at least one dihydropyridine derivative selected from
the group consisting of 4-o-nitrophenyl-3,5-dimethoxycarbonyl—
2,6—dimethyl—l,4-dihydropyridine, 4-o-nitrophenyl-3,5-diacetyl-
1,4-dihydropyridiné, and 4-o-nitrophenyl-3,5-dimethoxycarbonyl-
2,6~dimethyl~1l~methyl-4~hydropyridine. |

15. The circuit substrate of claim 1, wherein a mol
ratio of the components of the aromatic diamines (A) is that
the component (a) is from 40 to 60 mol% and the component (b)
is from 60 to 40 mol%, and a molar ratio of the components of

the aromatic tetracarboxylic acid dianhydrides (B) is that the
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polyinmde resin fornmed-on the metal foil substrate, and a pattern circuit
conprising a conductive |ayer formed on the insulating layer, wherein said"

pol yi mum mﬂ“um olyim de resin.obtained by the reaction of (A
arona rising (a) 1, 3-bis(4-am nophenoxy)benzene

and * tb) 2,2 - bi s(trifluoronethyd)- 4-4' di am nobi phenyl  and (B)
aronatlc tetracarboxyllc aci d di anhydr+des conpri si ng (a)
3,4,3 ,4"-bi phenyl tetracarboxylic acid dianhydride and (b)

2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane di anhydri de.
component (a) is from 40 to 60 mol% and the component (b) is

from 60 to 40 mol%.

16. The circuit substrate of claim 2, wherein a molar
ratio of the components of the aromatic diamines (A) is that
the component (a) is from 40 to 60 mol% and the component (b)
is from 60 to 40 mol%, and a molar ratio of the components of
the aromatic tetracarboxylic acid dianhydrides (B) is that the
component (a) is from 40 to 60 mol% and the component (b) is
from 60 to 40 mol%.

17. The circuit-formed suspension substrate of claim
8, wherein a molar ratio of the components of the aromatic
diamines (A) is that the component (a) is from 40 to 60 mol%
and the component (b) is from 60 to 40 mol%, and a molar ratio
,ﬁf; the components of the aromatic tetracarboxylic acid
dianhydrides (B) is that the component (a) is from 40 to 60
mol% and the component (b) is from 60 to 40 mol%.

18. The circuit-formed suspension substrate of claim
9, wherein a molar ratio of the components of the aromatic
diamines (A) is that the component (a) is from 40 to 60 mol%
and the component (b) is from 60 to 40 mol%, and a molar ratio
of the components of the aromatic tetracarboxylic acid
dianhydrides (B) is that the component (a) is from 40 to 60
mol% and the component (b) is from 60 to 40 mols.

19. The circuit substrate of claim 15, wherein a

polysiloxane represented by folibwing formula (II);
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-41- 9. Acircuit-forned suspension substrate conprising a neta
substrate rnsul ating | ayer conprising a polyimde resin formed on

theL“n rate, and a pattern circuit conprising a conductive

| ay lﬁmmm) F@ insulating | ayer, wherein said polyimde resinis a

pol yfm®e L resim oblai ned by reacting,,t,n the presence of a photosensitive

agent, a polyimde resin precursor obte+ned from

Rz RZ
[ |

_ H;H—R’-Si-(-0-?i-)n-R‘-NHz (IT)
llzz Rz

wherein R! represents an alkylene group having from 1 to 18
carbon atoms; R? represents an alkyl group having from 1 to 18
carbon atoms; and n represents an integer of from 1 to 100,
is used as a part of the aromatic diamines (A) in an amount of
10 mol% or less pér mole of the componénts (A).

20. The circuit substrate of claim 16, wherein a

polysiloxane represented by following formula (II);

R? R?

} | l

‘ HzN-R‘-Si-(-O-Si—)n-R‘-NHz
| | 1)
Rz Rz

wherein R! represents an alkylene group having from 1 to 18
carbon atoms; R? represents an alkyl group having from 1 to 18
carbon atoms; and n represents an integer of frbm 1 to 100,
is used as a part of the aromatic diamines (A) in an amount of
10 mol% or less per mole of the components (A).

21. The circuit-formed suspension substrate of claim

17, wherein a polysiloxane represented by following formula

(I1);
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(A) aromatic dianm nes conprising (a) 1, 3-bis(4-am nophenoxy)benzene

and

ar onat-

| i
3,4, 3", 4l m“g Sﬂhrboxylic acid di anhydride and (b)
2, 2- bi s(¥ yl') hexaf | uor ggj.opane di anhydri de. 10. The
CIE

11?1_ley_jgjlgiﬁfﬁ1rifluoronethyl)-4,4'-dianinobiphenyl and (B)
et racar box aci d di anhydri des conpri sing (a)

circuit- med 'sudpensi on substrate of—claim 9, wherein the photosensitive
agent is represented by following fornula (1); [err]
R? R® :
l | (I1)
HzN-R'-Si-(-0-?i—)n-R‘-NH2.
S

wherein R! represents an alkylene group having from 1 to 18
carbon atoms; R? represents an alkyl group having from 1 to 18
carbon atoms; and n represents an integer of from 1 to 100, is
used as a part of the aromatic diamines (A) in an amount of 10
mol% or less per mole of the components (A).

22. The circuit-formed suspension substrate of claim

18, wherein a polysiloxane represented by following formula

(II);
RZ Rz
_ l {
HzH-R*'-Si- (-0-Si-)n-R'-NH: (I1)
, e w

whgrein R! represents. an alkylene group having from 1 to 18
carbon atoms; R? represents an alkyl group having from 1 to 18
carbon atoms; and n represents an integer of from 1 to 100, is
used as a part of the aromatic diamines (A) in an amount of 10

mol% or less per mole of the components (A).
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- 42- wherein X err], Xerr], Xerr], and X[err] each in ..:u,#yﬁ- -
represents a hydrogen atom a fluorine atom a nitro grougTHIS BEfHoxIAS BEEN
group, an amno group, a dialkylam no group, a cyano groujp, 0r’E£PLA§ED;5 ;

fluorinated al kyl group; Y[err] represents a cyano group or—a group -
represented by a fornula -COR[err]; YLrﬁ:r] represents a cyano. group or a

group represented by a fornula - ertt (wherein Rlerr] and R err]: each
ircuit Substrate, Circuit-formed Suspensi .

Production Method Thereof
ABSTRACT OF THE_ DISCLOSURE

A circuit substrate ‘having an insulating " layer
comprising é polyimide resin on a metal foil substrate, wherein
the polyimide resin is a polyimide resin obtained by the

5 reaction of
(A) aromatic diamines comprising
(a) 1,3-bis(4-aminophneoxy)benzene and

(b) 2,2'-bis(trifluoromethyl)~4,4’-diaminobiphenyl

and
10 (B) aromatic tetracarboxylic acid dianhydrides comprising
(a) 3,4,3',4'~-biphenyltetracarboxylic acid dianhydride
and
. ; (b) 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane
dianhydride. '
15 .- The circuit-formed substrate has a desired circuit

comprising a conductive layer on the circuit substrate.

The polyimide resin has a low hygroscopic property and
thus the suﬁstrate is excellent in the dimensional stability
and does not cause warping even when the humidity in the

20 environmental atmosphere is changed.

Fig. 1
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I ndependently represent an al kyl group having from1l to 4 carbon atons, an
al koxy group, an anilino group, a toluidino group, a benzyloxy group, an
am no group, or a dialkylamno group); Rerr], Rerr], and Rerr] each

i ndependently represent a hydrogen atomor an al kyl group having from1l to
3 carbon atons; and said Rerr] and Rlerr] and said R err] and R err] each
can forma ring capable of formng a 5-nenbered ring, a 6-nenbered ring,

or a heterocyclic ring each containing/g@ keto group. 11. The
circuit-fornmed suspension substrate of aim 9, wherein the photosensitive
agent is at |east one dihydropyridine derivative selected fromthe group
consisting of 4- 0-ni trophenyl - 3, 5- di net hoxy¢ar bonyl - 2, 6-di net hyl -1, 4-

di hydr opyri di ne, 4- 0-ni trophenyl - 3, 5-di a

FIG. 1
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di hydropyri di ne, and 4-o-nitrophenyl -3, 5-di net hoxycar bonyl - 2, 6-

di met hyl - 1- et hyl - 4- hydr opyri di ne. 12. A nethod of producing a
circuit-formed suspension substrate by formng a coating filmconprising a -
photosensitive polyimde resin precursor on a netal foil substrate, |ight-
exposing, heating after the |ight-exposure, developing, imdating the
precursor by heating to forma CIrCUIt substrate
-43-

2/6

FIG. 2
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having an insulating |ayer conprising a polyimde resin,
a pattern circuit conprising a conductive |ayer on

wherein said photosensitive polyimde

conmpoundi ng a pol yam c acid

di am nes conpri sing

resin precursor is o

obtai ned by the reaction of

and then form ng
the insulating |ayer,

bt ai ned by
(A) aromatic

(a) 1, 3-bis(4-am nophenoxy)benzene and

(b) 2,2"-bis(trifluoronethyl)-4,4"-diam nobi phenyl and

tetracarboxylic acid dianhydri des conp
4' - bi phenyl tetracarboxylic acid di anhy

(B) aromatic

i si 3,4, 3,
Eﬂ@bgg and (2
FIG. 5
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FIG. 6

24

24 23 2)4

B—~FFF D AGFLLINIIANS NN NN 22

)

2

FIG. 7
25 25

R <<J<%/,/,/,/////V24
SIS, // ;/ \\\\\\\ -

)

2

REPLACEMENT SHEET

0 2MAY 1997




(b) 2, 2-bi s(3, 4-di car boxyphenyl ) hexaf | uor opropane dianhydride wth a
phot osensiti ve agent. 13. The nmethod of producing a
circuit-formed suspension substrate of claim 12, wherein the
phot osensitive agent is represented by following fornula (1); [err]
-44- wherein X err], Xerr], Xerr], and X[err] each independently
represents a

4/6

FIG. 8
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hydrogen atom a fluorine atom a nitro group, a nethoxy group, an am no
group, a dial kylam no group, a cyano group, or a fluorinated al kyl group;
Y[err] represents a cyano group or a group represented by a formula
-COR[err]; Y[err] represents a cyano group or a group represented by a
formula -COR[err] (wherein R err] and R err] each independently represent
an al kyl group having from1 to 4 carbon atons, an al koxy group, an
anilino group, a toluidino group, a b5ﬁiy|oxy group, an am no group, or a
di al kylam no -group); Rerr], Rerr], -ang Rlerr] each independently
represent a hydrogen atomor an al kyl group having from1l to 3 carbon
atons; and said Rerr] and Rerr] and said R err] and R err] each can form
a ring capable of formng a 5-nmenbered ring, a 6-nenbered ring, or a

FIG. 11

FIG. 12
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het erocyclic ring each containing a keto group. 14.

of producing a circuit-forned
t he photosensitive agent is at
selected from the group consisting of
4- 0- ni trophenyl - 3, 5-di net hoxycar bonyl - 2, 6-di net hyl
4- 0-ni trophenyl -3, 5-di acetyl - 1, 4-di hydropyridi ne,
~ 4-0-ni trophenyl - 3, 5-di net hoxycar bonyl -6/
2, 6-di net hyl - 1- et hyl - 4- hydropyri dine____—
of claim1, viherein a nol

and

(A) is that the conponent (a)
is from60 to 40 nmol % and a nolar ratio of the conponents of
tetracarboxylic acid dianhydrides (B) is that the
FIG. 14
27 A4 30
7 i
A7 9 B 9 9 0 9 9 0 B 9 W 49 2, Wl
2
FIG. 15
35 35
§Q§§§Sﬂ§§hb§ﬂﬁ\‘ﬂ§
”ﬂél!EZQEZZE!!!!
RSN
1

31 27

\L L L 7 7 Y Z

The net hod

suspensi on substrate of claim 12, wherein
| east one di hydropyridi ne derivative '

-1, 4-di hydropyri di ne,
15. The circuit substrate

rati o of the conponents of the aromatic di am nes
Is from40 to 60 nol % and the conponent (b)

the aromatic
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- 45- component (a) is from40 to 60 nol % and t he conponenf?z@¥23427f7351
60 to 40 ol % . 16. The circuit substrate of claim2, wherein a
nolar ratio of the conponents of the aromatic diamnes (A) is that the
. conponent (a) is from40 to 60 nol % and the conponent (b) is from®60 to 40
. mol % and-a nolar ratio of the conponqpts of the aromatic tetracarboxylic
aci d di anhydrides (B) is that the -

_the production methodé.of them.
| According to a first embodiment of the present
invention, there is provided a circuit substrate comprising a
metal foil substrate and an insulating layer comprising a
S polyimide resin formed on the metal foil substrate, wherein the
polyimide resin is a polyimide resin obtained by the reaction
of |
(A) aromatic diamines comprising
~ - (a) 1,3~-bis(4-aminophenoxy)benzene and

10 (b) 2,2’~bis(trifluoromethyl)-4,4’ -diaminobiphenyl

and
(B) aromatic tetracarboxylic acid dianhydrides comprising
(a) 3,4,3',4’-biphenylte;xacarboxylic acid dianhydride
and
15 ~(b) 2,2-bis(3,4—dicarboxyphenyl)hexafluoroproﬁane
dianhydride. '

According to a second embodiment of the present
invention, there is provided a method of producing a circuit
substrate having an insulating layer comprising a polyimide
20 resin by forming a coating film comprising a photosensitive

polyimide resin precursor on a metal foil'substrate, light;

exposing the coating film, heating the film after the light-
exposure, develop;ng, and heating the film to imidate the
precuréér, whereinﬁﬁhe photosensitive polyimide resin precursor

25 is obtained by cémpounding a pélyamic acid obté¥ﬁé&r§;rm:mﬁwmm

reaction of



conmponent (a) is from40 to 60 nol % and the conponent (b) i.s from60 to 40
ol % 17. The circuit-formed suspension substrate of claim 8,
wherein a nolar ratio of the conponents of the aromatic diamnes (A is
. that the conponent (a) is from40 to 60 nol % and the conponent (b) is from
60 to 40 nol % and a nolar ratio of the conponents of the aromatic -
tetracarboxylic acid dianhydrides (BTSTS that the conponent (a) is from 40
to 60 nol % and the conponent (b) is from®60 to 40 nol % 18. The
circuit-formed suspension substrate of claim 9, wherein a nolar ratio of
the conmponents of the aromatic dianmines (A) is that the conponent (a) is
from40 to 6(ARhpivematic diamines comprising

(a) 1,3-bis(4-aminophenoxy)benzene and

(b)y 2,2'-bis(trifluoromethyl)-4,4’ -diaminobiphenyl

and
5 LB)'aromatic tetracarboxylic acid dianhydrides comprising
(a) 3,4,3',4'-biphenyltetracarboxylic acid dianhydride
and
(b) 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane di-
el anhydride '
10 with a photosensitive agent.

According to the méfhod described above, by light-
exposing the coating £film comprising the photosensitive
polyimide resin precursor formed on the metal foil substrate in
cqnformity with a definite pattern, heating the film after

15 light-exposure, developing the £ilm to form the definite
pattern comprising the above-described precursor, and finally
heating the pattern-forhed film at high temperature to form

polyimide, the <circuit substrate having the patterned

. :\/'
insulating layer comprising the polyimide resin can be
20 obtained.

According to a third embodiment of the present
invention, there is provided a circuit-formed suspension
substrate comprising a metal foil substrate, an insulating
layer comprising a polyimide resin formed on the metal foil

25 substrate, and a pattern circuit‘comprising a conductive layepw-'

4,

formed on the insulating layer, wherein the polyimide resin is"
§ . Ay e w0 i

AN . i
AN T



and the conponent (b) is from60 to 40 nol % and a nolar ratio of the
- .conponents of the aromatic tetracarboxylic acid dianhydrides (B) is that
t he conponent (a) is from40 to 60 nol % and the conponent (b) is from 60

to 40 nmol % 19. The circuit_%ybstrate of claim 15, wherein a
“pol ysi | oxane represented by following tornula (11);
-46- [err]

and

(B) aromatic tetracarboxylic acid dianhydrides comprising

(a) 3,4,3’,4'-biphenyltetracarboxylic acid dianhydride

co/

5 and

(b) 2,2'-bis(3,4-dicarboxypheny)hexafluoropropane
~ dianhydride. -
' ?F:'
co
oL
0
J CF4
0 co”
In the present invention, there is no particular
10 restriction on the metal foil substrate, but usually a

stainless steel foil, a copper foil, an aluminum foil, a
copper-beryllium_foil, a phosphor bronze foil, a 42 alloy foil,

L .etg., are used. Furthermore, according to the present
invenﬁion, a long metal foil is preferably used as such a'metal

- 15 foil’subsirate. That is, each insulating layer comprising the
polyimide resin is formed on the long metal foil substrate in

such a manner of repeatedly applying a definite patten, each

desired patten circuit comprising the conductive layer is

formed on each patterned insulafing layer, and finally, the

1
A



wherein R err] represents an al kyl ene group having from1 to 18 - car bon
atonms; Rl err] represents an al kyl group having from1 to 18 - carbon
atons; and n represents an integer of from1l to 100, is used as a part
of the aromatic diamnes (A) in an anount of 10 nol % or | ess per nole
of the conponents (A). 120:36-The circuit substrate of claim 16,
wherein a . pol ysil oxane represented by followng forrmula (11); [err]

WHAT IS CLAIMED IS:

1. A circuit substfate comprising a 'metal_ foil
substrate and an insulating layer comprisidg a polyimide resin
formed on the metal foil substrate, Qherein said polyimide

~resin is a polyimide resin obtained by the reaction of
- (A) aromatic diamines éomprising

(a) 1,3-bis(4-aminophenoxy)benzene and

(b) 2,2'—bis(trifluoromethylj;4,4'-diaminobiphenyl'-
and
(B) afomatic tetracarboxylic acid dianhydrides comprising
(a) 3,4,3’,4’-biphenyltetracarboxylic acid dianhydride
and '

{b) 2,2-2is({3,4-dicarboxyphenyl jhexafluoropropane

2. A circuit subStfate comprising a 'metal foil
substrate and an insulating layer comprising a polyimide resin
fcrmed on the metal foil substrate, wherein said polyimide
rgsin. is a polyimide resin iobtained by reacting, in the

—/ presence of a photosensitive agent, a polyimide precursor
obtained from

(A) aromatic diamines comprising

(a).1:3'bis(4-aminophenoxy)benzene_and
(b) 2,2’-bis(trifluoromethyl)-4,4’-diaminobiphenyl
and

(B) aromatic tetracarboxylic acid dianhydrides comprising:: g G

grimo oo N
Lok {: R A



wherein R err] represents an aIkerne group haV|ng from1l to 18 carbon .

- atons; R[err] represents an al kyl: group having from1 to 18 car bon
atoms; and n represents an integer of from1 to 100, is used as a part
of the aromatic di am nes (A) in an anournt of 10 nol % or | ess per nole
-of the conponents (A). 21.-3Bkhe circuit-forned suspension
substrate of claim 17, wherein a ponS|onane represented by -foll ow ng
formul a -

said R' and R’ and said R? and R* each can form a ring capable
of forming a S-membered ring, a 6 -membered ring, or a
heterocyclic ring-each containing a keto group.

4. The circuit 'substrate. of claim 2, wherein the
photosensitive agent is at least one dihydropyridine derivative
selected fronf the group consisting of 4-o-nitrophenyl-3,5-
dimethoxycarbonyl ~— 2,6-dimethyl-1,4—dihydropyridinq,4-0-
nitrophenyl-3,5-diacetyl-1l,4-dihydropyridine, and 4-o0-
nitrophenyl-3,5-dimethoxycarbonyl-2,6~dimethyl-l-methyl-4-
hydropyridine.

5. A method of producing a circuit substrate having an
insulating layer comprising a polyimide resin by fo:m-ng a
coating Zilm cI a photosensitive polyimide resin precursor on
a2 metal £oil substrate, light-exposing, heating after <he
light-exposure, developing, and then imidating the precursor by
heating, wherein said photosensitive polyimide resin precursor

: .is obtained by compounding polyamic acid obtained by the
reaction of |
N (A) aromatic diamines comprising

(a) 1,3-bis(4-aminophenoxy)benzene and

(b) 2,2'-bis(trifluoromethyl)-4,4'—diaminobiphehyl
-and |
(B) aromatic tetracarboxylic acid dianhydrides comprisiﬁg
(a) 3,4,3’,4'-biphenyltetracarboxylic acid dianhydride

and



[err] wherein Rl err] represents an al kyl ene-group having from1 to
18 carbon atons; Rlerr] represenis an alkyl group having from1 to 18
‘carbon atons; and n represents an integer of from1 to 100, is used as a
part of the aromatic diamnes (A) in an anount of 10 nol%or |ess per nole

" -of the conponents (A). 22. Th40-circuit-formed suspension substrate

of claim 18, wherein a polysiloxane represented by follow ng fornula

(rr); f[err]

atom or an alkyl'gfoup having from 1 to 3 carbon atoms; and
said R! and R’ and said R? and R* each can form a ring capable
of forming a 5-membered fing, a 6-membered ring, or a
heterocyclic ring’each'contaiﬂing‘a keto group.

7. The method of producing a circuit substrate of -
claim 5, wherein the photosensitive ageﬁt is at least one
dihyﬁropyridihe derivative selected from the group consisting
of  4-o-nitrophenyl-3,5-dimethoxycarbonyl-2,6-dimethyl-1,4-
dihydroéyridine, 4-o-nitrophenyl-3,5-diacetyl-1,4-
dihydropyridine, énd 4-ornitrophenyl-3,S-dimethoxycarbonyl-z,6-
dimethyl-l-methyl-4-hydropyridine.
| 8. A circuit—foimed suspension substrate comprising a
metzl Zoil substrate, an insulating layer comprising a

Y

polyimide resin formed cn the metal foil substrate, and a
patﬁern circuit comprising a conductive layer formed on the
insulgting layeﬁ, wherein said polyimide resin is a polyimide
resin obtained by the reaction of

" (A) aiomatic diamines comprising

{a) i.3-bis(4?aminophenoxy)benZene and

(b) 2,2'—bis(t;ifluoromethyl)-4,4'-diaminobiphenyl
and
(B) aromatic tetracarboxylic acid dianhydrides comprising
(a) 3,4,3’,4’'~biphenyltetracarboxylic acid dianhydride
and .
(b) 2,2—bis(3,4-dica£boxyphenyl)hexafluq:opropane

'dianhydride. , - Do wii*ﬂyifﬂﬁ?}



wherein: R err] represents an al kyl ene groub having from1 to 18 carbon

- atoms; Rerr] represents an al kyl group having from1l to 18 carbon atons;
and n:represents an integer of from1l to 100, is wused as a part of the
aromatic diamnes (A) in an anmount of 10- nol % or |ess per nole of the
‘components (A). : 41-

9. A cirtuit-forméd suspension substrate comprising a
metal foil sﬁbstrate, an insulating layer comprising a
polyimide resin formed on  the’ metal foil substrate, and a
pattern circuit comprising a conductive layer formed on_thé
insulating layer, wherein said polyimidé resin is a polyimide
resin obtained by reacting, in the presence of a photosensitive
agent, a polyimide.resin precursor obtained from

(A) aromatic diamines cqmprising

N (a) 1,3-bis(4-aminophenoxy)bepzene and

(b) 2,2’~bis(trifluoromethyl)-4,4’'-diaminobiphenyl
and | |
(B) aromatic tetracarboxylic acid dianhydrides comprising
(a) 3,4,3’,4’'~biphenyltetracarboxylic acid dianhydride
-and ' ’
(b) 2,2-bis(3,4-dicarboxyphenyl )hexafluoropropane
dianhydride.

10. The circuit-formed suspension substrate of claim

9, wherein the photosensitive agent is represented by following

formula (I);
x:
X3 vi
X NO |
¥ ' & (I)
e i T
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having an insulaﬁing layer comprising a polyimide resin, and
then forming a pattern circuit cémprising a conductive layer on
the insulating layer, wherein 'said photoseﬁsit;ve polyimide
resin precursor is obtained by compounding a polyamic acid
obtained by the‘reaction of

(A) aromatic diamines comprising

(a) 1,3-bis(4-aminophenoxy)bénzene and

(b) 2,2'-bis(trifluoromethyl)-4,4'-diaminobiphenyl
and | |

(B) aromatic tetracarboxylic acid dianhydrides comprising

(a) 3,4,3',4’'-biphenyltetracarboxylic acid dianhydride
~ and |

(b) 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane
dianhydride
with a photosensiti#e agent.

13. The method of producing a circuit-formed
‘suspension substrate of claim 12, wherein the photosensitive

agent is represented by following formula (I);

x-l

(I)
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Circuit Substrate, Circuit-formed Suspension Substrate and
Production Method Théreof

ABSTRACT OF THE DI CLO E

A circuit substrate ‘having an insulating layer

comprising a pdlyiniide resin on a metal foil substrate, wherein

the polyimide resin is a polyimide resin obtained by the"

reaction of
(A) aromatic diamines comprising

(a) 1,3-bis (4-aminopheno$cy) benzene and

(b) 2,2'~bis(trifluoromethyl)-4,4’ -diaminobiphenyl
and | |
(B) aromatic tetracarboxylic acid dianhydridés_ comprising

(a) 3,4,3’,4’ -biphenyli"etracarboxylic acid dianhydride

_and |

(b) 2,2-bis(3,4-dicarboxyphenyl) hexafluoropiopane
d.i'a.nhydride. -' .
| The circuit-formed substrate has a desired circuit
comprising a conductive layei: on the circuit substrate.
The polyimide resin has a low hygroscopic property and
thus the sﬁbstrate is excellent. in the dimensional stability
and does not cause warping even when the hﬁmidity in the

environmental atmosphere is changed.




