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GF THE | NVENTI ON The present |nven E#a ?EER acircuit
substrat ey . acircuit-formed suspension su 5% producti on
met hods of them Moré specifically, the presen |nvent|on rel ates a

5 circuit substrate having an insulating |ayer “ﬁmamll

polyimde resin on a netal foil substrate, a ci rlclm

suspensi on subst.r at e CERCURT {SUBSTRAYE | [CIRCULTHEORMEDR t SUSRENSION
SUBSTRATE, AND PRODUCTION METHOD THEREOF

FIELD OF THE INVENTION

The present invention relates to a circgit substrate,
a circuit-formed suspensipn substrate,_gnd 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 stéfage device for a computer,
etc., for performing magnetic recording or regeneration, it is
necessary to relatively run the above-described magnetic disk
and a magnetic head, elastically push the magnetic head to the

15 magnetic disk against to an air stream formed thereby, and keep
a definite fine.interval between the magnetic head and the
magnetic disk. A magnetic head supporting means for
eléstically 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 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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pattern circuit conprising a conductive |ayer, and production

nmet hods of them 10 ; In a magnetic di sk device such as a hard
di sk devi ce which is used as an external storadé&lSISNEETHASBEEN
‘conput er, etc., for perform ng magnetic recording Bﬁpbﬁyﬁheration it

S necessary to relatively run the above- descrlb I sk
and a magneti ¢ head, elastically push the magnetic he M!@ "
magnetic di sk against to an air stream forned t her eby, ™"

definite fingalyetrebyah patteeningectechmbque, hand thei pmzsiuctmn sC of
di sk. A magnetic head supporting neans for elastlcally pushi ng
the magneticthead to the nagnetic disk agai nst the air stream as

descri bed above is a suspension. 20 esént_invention relates to a
circuit substrate which can b CKGROUND OF HE 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

semiconducfors and a high-speed signal treatment. However, in

such a conventional cirquit substrate, since the polyimide

10 resin has a large hygroécopic préperty, the circuit substrate

is liable to cause a dimepsional change and warping by the
change of the humidity in the e;vironmental atmosphere.

Oon the other hand, in computers and storage devices

which are peripheral equipments for computers,'in add}tion 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 (gR) which serves reading

and writing and has a greatly iarge storage.capacity have been

hurried to a conventional metal in gaé'(MIG).
However, by a conventional téchnique of constituting
.25 desired wiring by laying a conductive wire on a suspension

substrate, the conductive wire gives influences on the elastic
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suitably used for producing such a circuit-formed suspensi on devi ce,

a circuit-formed suspension substrate havi ng fornmed on such a circuit
substrate a circuit conprising a conductive

- 2- | ayer by a patterning technique, and fﬁﬂsgﬂégggﬁ SRENet hods
of . them BACKGROUND CF TH

Recently, a circuit substrate conprising a netal f0|| f or med
thereon an insulating layer <conprising a ”M"ﬂﬁ"mmmﬂ
modulus of the suspension to cause the fluctuatlon of

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 sus'f)ensioh substrate for
mounting a magnetic head has been practically used. However,
according to the .conventional circuit supstrate using a
polyimide resin as an insulating layer, in a suspension finally

10 obtained, due to that the polyimi&e resin has a coefficient of
thermal linear expansion larger than that of a metal substrate,
a dimensional change and warping occur on the circuit
substrate, and the inferior performance sometimes occurs.
Further, the conventional polyimide resins are poor in
15 adhesion of polyimide resins each other. For example, in the
production of a suspension, there is a problem that it is
difficult to form a cover layer.

SUMMARY OF THE INVENTION

The present invention has been made to overcome the

20 above-described problems in the conventional circuit substrate
comprising a metal foil having formeq thereon an insulating

layer comprising a polyimide ;esin and in the circuit-formed
'suspension substrate prepared by usingzthe circuit substrate. -
Accordingly, one object of the present invention is to

. 25 provide a circuit substrate wherein a coefficient of thermal

linear expansion of the polyimide resin is close to that of

-3 -
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pon|n1de resin has been used as a thin-filmnultilayer circuit
substrate for the purposes of high-density packagi ng of
sem conductors and a hi gh- speed signal treatnent. FbmeV@ﬁSHEETHASBEENsuch a

conventional circuit substrate, since the polyimde 10 RRARERas a | arge
hygroscopi ¢ property, the circuit substrate S IL@

di mensi onal change and war pi ng by the change of thg, m’m"g%’]ﬁn t he
envi ronnent al at nosphere. On the other han ers and

storage devi agfrious metd X Edils parid e dspaditayd ides metPad@Es,on nthe
addition to 15 the inprovenent of the capacity, small-sizing and a | ow
cost haes irechayeri thed aedini tllayer Moesjunotneeparate,a ayl kepxping
in particular, the technique of hard di sk drives has been greatly
advanced. Alsgardely lmeenwmetic head, recently the

Another object of the present invention is to provide
5 a circuitAformed suspension substrate using the circuit
substrate. e
Further 6bject of the present inyentioh is to provide
the production methods of them.
According to a first embodiment of the present
10 invention, there is provided a ciicuit substrate comprising a
metal foil substrate and.an insulating layer comprising a

polyimide resin formed on the metal foil substrate, wherein the

polyimide resin is a polyimide resin obtained by the reaction

of
15 (A) aromatic diamines comprising
(a) p-phenylene diamine and
(b) 2,2'~bis(trifluoromethyl)-4,4’'-diaminophenyl
and |

(B) 3,4,3’',4’'-biphenyltetracarboxylic acid dianhydride.

20 According to .a second embodiment of the present
invention, there is provided a methoq of producing a circuit
substrate having an insulatiné layer comprising a polyimide
resin by forming a coating film compfising a photosensitive:
polyimide resin precursor on a metal foil subsfrate, light-

. 25 exposing the coating film, heating the film éfter the light-

exposure, developing, and heating the film to imidate the

n||\|u \‘iiiﬁ‘ﬁfi‘ i



devel opments of a thin-filmnagnetic head (TFH) wherein the 20 coi
portion is made of a thin filmand further a thin fil fys SHEET HASBEEN C
resi stance conposite head (MR) which serves reading rRgAAGED t i ng and

has a greatl
conventi onal

y large storage capacity have been hurri t
nmetal in gap (MG). However %Mi Hmwl onal
techni que of constituting 25 desired wiring by |ayinge e wre

on a suspensi on substrate, the conductive wire gives influences on

the el astic

precursor, wherein the photosensitive polyim2de resin precursor

is obtained by compounding a polyamic acid obtained by the

- reaction of

10

15

20

. 25

(A) aromatic diamines comprising

(a) p-phenylene diamine and

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

(B) 3,4,3',4’'-biphenyltetracarboxylic acid dianhydride
with a photosensitive agent. '

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

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
obtained.

According to a third embodiment of the present
invention, there is provided a circuit-formed suépension
substrate comprising a metal.foil substrate, an insulatin§
layer comprising a polyimide resin fo&med on the metal foil
substrate, and a pattern circuit comprising a conductive layer
formed on the insulating layer, wherein the poiyimide resin is

a polyimide resin obtained by the reaction of the aromatic
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modul us of the suspensi on to cause the fluctuation of the pushi ng

force of the suspension and as the case nmay be, by theTHS égg wth
the magnetic disk, the durability of the magnetic G Ns
soneti mes | ower ed. 5 Therefore, recently, a suspenS|on f or med
by directly formng an electric circuit on a suﬁmnﬂm "mmme
for nounti ng a magneti ¢ head has been practi cal

according to the conventional circuit substrate using a pol yi m de
resin as an diaminésngndagtie tetracaripensin ddeidi djaniPdridds adesdribed
to that the polyimde resin has a coefficient of thermal |inear
expansi on | aabevethan that of a netal substrate, a di nensi onal
change and war pi ng occur on the circuit substrate, and the inferior

per f or mance soneti meBleeeurecording to a fourthi pubodimentonfethpopzpsent
pol yi mde resins are poor in

10

15

20

. 25

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

~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.

According to this method, by forming thg above-
described circuit substrate 'héving 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
obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a slant view shov'ving an example of the
circuit-formed suspension subétrate of the present invention,

Fig. 2 is a cross-sectional viéw taken along line A-A
of the circuit-formed suspension substrate shown in Fig. 1,

Fig. 3 is a cross-sectional view taken along line B-B

of the circuit-formed suspension substrate shown in Fig. 1,
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15 adhesi on of polyinide resins each other. For exanple, in the

production of a suspension, there is a problen1thakwi HAS BEENi fficul t
to forma cover |ayer. S §§czm5 | NVENTI ON

The present invention has been nmade to overcone the escri bed
problens in the conventional circuit substrate aﬁﬁm“\a\ﬁw g met al

foil having forned thereon an insulating Iaygéd sy a polyimde
resin and in the circuit-formed suspensi on substrate prepared by

using the circuit suBsgraug. Fig. 5, Fig. 6 Adtigdi hgl §igon8, oBjigct 9of Fike
present invention is to 25 provide a circuit substrate wherein a
coefficient D,t Fégrnulll, Fig. i¥arFigpakdi ohigf 1he Pbyyi kbdeandsFigi.s16
close to that of .
are sectional views of main portions for showing the production
steps of the circuit-formed suspension substrate of the present
5 invention.
DETAILED DESCRIPTION OF THE INVENTION
The present invention is described in detail below.
According to the presént invention, in the circuit
substrate comprising a metal foil substrate and an insulating
10 layer comprising a polyimide resin formed on the metal foil
substrate, the polyimide resin is.a polyimide resin obtained by
the reaction of

(A) aromatic diamines comprising

(a) p-phenylene diamine

15 HzN—@_NHz

and
(b) 2,2’-bis(trifluoromethyl)-4,4’'-diaminobiphenyl
CFs
OO
and CFq
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-4- various netal foils, and hence breakage dfQ§sREET BASBEENN t he
resin layer, the resin |ayer does not separate, and marplrQEPLACED scarcely

occur. Anot her object of the present. |nvent| rOV|de
5 a circuit-formed suspension substrate using Hmﬁmﬂ Emll
substrate. Further object of the presen

provi de " the production methods of them Accordlng to

a first enbodi nent of the present
(B) 3,4,3’,4'-biphenyltetracarboxylic acid dianhydride

co co
0/\0
\\\CO CO///
In .fhe present invention, thére is no particular
restriction on the metal foil substrate, but usually a
5 stainless steel foil, a copper foil, an aluminum foil, a
copper-beryllium foil, a phosphoxr 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
foil substrate. That is, each insulating layer comprising the
10 polyimide resin is formed on the long metal foii substrate in
such a manner of repeatedly applying a definite pattgn, each
desired patten circuit comprising the conductive layer is
formed on each patterned insulating layer, and finally, the
long metal foil substrate is cut every each pattern circuit to
15 provide each pattern-formed suspension substrate.

Thus, according to.the present invention, the circuit
substrate can be. obtained by coating a solution of the
photosensitive polyimide resin precursor on a long meta; foil
substrate such as a long st;inless steel foil followed by

20 drying to form a coating film, exposfng the coating film to
ultraviolet rays via a mask having a definite pattern, heating
(heating after light exposure), developing, and then applying

heat-curing (polyimidation of the polyamic acid) to form a
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10 invention, there is provided a circuit substrate conprising a

netal foil substrate and an insulating | ayer conprisi nﬁig pol yi m de
resin formed on the netal foil substrate, wherein the ' SHEiEUAgBEEMe
resin is a polyimde resin obtained by the reaction (A

aromatic di am nes conpri sing (a) p-phehgﬂ and
(b) 2,2 -bis(trifluoronethyl)-4,4"-di am nophenyl m}]" ”ﬂ"'nm
3,4,3" ,4"-bi phenyl tetracarboxylic acid dianhydride. 20 cordi ng

to a secondefinbodi npatteph ¢hfprisEsgnithe polyimidiéonresinreass the
provi ded a nmethod of producing a circuit substrate having an

I nsul ati ng | wsulabingi layera polylnlde resin by formng a coating
filmconprising a photosensitive

The above-described photosensitive polyimide resin
precursor is a liquid composition obtained by reacting the

» 5 aromatic diamines and the tetracarboxylic acid dianhydrides
described above at a substantially egquimolar ratio in an
appropriéte organic solvent such as N—methy142-pyrrolidone,
N,N-dimethyl acetamide, etc., to form polyamic acid, and
compounding the polyamic acid with a photosensitive agent.

10 _ According to the presenfiinVention, in the aromatic
diamines described above, the proportion of p-phenylene diamine
is in the range of from 50 to 70 mol%, and preferably from 55
to 65 mol%, and the proportion of 2,2’-bis(trifluoromethyl)-
'4,4'-diaminobiphenyl is in the range of from 50 to 30 mpl%, and
15 preferably from 45 to 35 mol%.

Acéording to the present invention, by using such two
kinds of the aromatic diamines and 3,3’,4,4’-biphenyl-
tetracarboxylic acid dianhydrides in such proportions, a
polyimide resin having a low coefficient of thermal linear

20 expansion can be obtained. The polyimide resin according to
the present invention'generally has a'coefficient of thermal
linear expansion in the range ;f 10 to 20 ppm.

Further, the polyimide resin of the present invention:
has excellent mutual adhesion of polyimide resins each other.:

. 25 . Therefore, in the production of a circuit-férmed suspension

substrate, when a cover layer is formed, a producf having
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pol yi mide resin precursor on a netal foil substrate,THﬁgngETH%BEENaxposi ng

the coating film heating the filmafter the light- REPRAQER Ur e,

devel opi ng, and heating the filmto imdate the .

-5- precursor, wherein the photosensitive pol ﬁl‘}%&%\m%\m

precur sor i's obtained by conmpoundi ng a pol yam c aci- I ned by the
reaction of (A) aromatic diam nes conprising

excellent reliability can be obtained that interlaminar
separation does noﬁ occur in the portion where polyimide resins
are mutually bonded. |

As ° the photosensitive agent described above, the

5  dihydropyridine derivative represented by formmla (I)

v -

xz

xl

I
NO: ()

Yz

wherein, Xl,‘ Xz, 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
10 fluorinated alkyl group; Y represents a cyano group or a group
représented by formula -CORS, v’ represents a cyano group or a
group represented by formula ~CcorR* (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
15 group, an amino group, or a dialkylamino group); R' p Rz., and R’
each independently represen£ a hydrogen atom 'o_r an alkyl group

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

S
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5 (a) p-phenyl ene di am ne and ébL
2,2 -bis(trifluoronethyl)-4,4"-di am nophenyl and S EETHASSE%
3,4,3" ,4" -bi phenyl tetracarboxylic acid di anhydride N

phot osensitive agent. 10 According to the maty escrlbed
above, by light- exposing the coating filmconpri g %@/ﬁi g

phot osensi ti vée polyi m de resin precursor formed on foil
substrate in conformty with a definite pattern, heating the film
after hmghuéeéﬁ@uﬂcancEmeoal&gmdubépdbnécbfofarmmnngMSHmsmbéuéd
pattern conprising the above-described precursor, and finally heati ng

the pattern- &thqd hllmL@bmbbgbdteEﬁa@qtuh&-ta f GlgBerocyclid Yighclpy dadth
circuit substrate having the patterned i nsul ating | ayer
conpri sing tkentaliningda ketiongraaphe
as described in detail in JP-A-6-75376 (the term "JP-A" as used
5 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~dihydro-
pyridine (hereinafter referred to as “"niphedipin"), 4-o-

10 nitrophenyl-3,S-dimethoxycarbonfl-z,6-dimethyl-1—methyl—4—
hydropyridine (hereinafter ;'efex;red to as "N-methyl compound"),
and 4-o~nitrophenyl-3,5-diacetyl-1l,4-dihydropyridine
(hereinafter referred to as "acetyl compound"). Those can be
used alone or as mixtures thereof.

15 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

20 the aromatic. 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 afomatic diamines and the
aromatic tetracarboxylic acid dianhydrides.

. 25 By coating a solution of the photosenéitive polyimide

resin precursor on an appropriate substrate, light-exposing

- 11 -
This Sheet Has Been Re!i

L




6btained.

pr esent
substrate conprising a metal foil substrate, an |nsulat|m&PLACED Iayer

20 According to a third enbodiment of the
invention, there is provided a circuit-{af SfREETHSPBEEN on

a pattern circuit conprising a conductive | ayer

conprising a polyimde resin forned on the netal foil and
> | 1
I nsulating | ayer, wherein the polyimde resin is ! ﬂ! reS|n

obt ai ned by the reaction of the aromatic

-6-

10

15

20

. 25

(ultraviolet irradiation) the coating film by irradiating the
film with ultraviolet rays, and heating (heating 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
obtained. Thus, by finally heating the patterns at high
temperature to imidate the polyamic acid, a paiterned coating
film comprising the polyimide resin can be obtained.

In more detail, in the case of using the photo-
sensitive imide resin precursor5 described above, when the
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
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
tetramethylammonium hydroxide, etc., or an agueous solution of
an inorganic alkali such'-a; sodium hydroxide, potassium
hydroxide, etc., is used. The alkali concentration is usually:
'in the range of from 2 to 5% b& weight. To the aqueous alkali
solution may be added a lower aliphatic alcohol such as

methanol, ethanol, n-propancl, iso-propanol, etc. The amount

- 12 -
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-dlan1nes and the tetracarboxylic acid dlanhydrldes descrlbed above.
Al so, according to a fourth enbodi nent of the presewnﬂSSHEETHAﬁ¢EﬁN|on
there is provided a nethod of producing a circuit- 5 REYAGER suspension

substrate obtained by formng a pattern circu
conductor |ayer on the insulating |ayer conpr 'ﬂgﬂﬂ Hﬂ ﬁ rn1de
resin of the circuit substrate descri bed abové; erein
phot osensitive polyinde resin precursor for formng the |nsulat|ng
| ayer of theofi rmhid alcbhol addetr dseustadliyab0sdbpywebgituneli hewéihe Also,
pol yam c aci d obt ai ned by the reaction of the aromatic diamnes
and the the elevadagiog |tiempeaiat wiien sy drsuddsl yd €9 riliee draaigey oo fvi fxtomna 25
phot osensitive agent.
to 50°C.
In the case of using thée photosensitive polyimide resin
5 precursor for use in the present invention, when the heating
temperature after iight-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 l-position of the
dihydropyridine derivative and the carboxy group of the
10 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 into. the developer, while in the
exposed portions, the dihydropyridine derivative which is a
15 neutral 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
20 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 1light-
exposure, heating after light-exposure; and developing gives a
positive-type image.
. 25 On the other hand, in the case of using the

photosensitive polyimide resin precursor used in the present

- 13 -
Sheet Has Been Rerlaced

T




According to this nmethod, by form ng the above- 15 described circuit
substrate having the definite-patterned insul ating layer conprising
-the polyimde resin and then form ng a pattern-ci rreussﬂmmssem a
conductive |layer on the i nsul ating | ayer, the C|rCU|tREB

suspensi on substrate is obtai ned. 20
DESCRI PTI ON OF THE DRAW NGS Fig. 1is a sl“!mu H!H“lng an
exanpl e of the - circuit-formed suspensi on substrate' sent

invention, invention, whEnOthé liéatiiny dempegativrenhftesl ightresposgre iimxe
A-A of the circuit-formed suspension substrate showmm in Fig. 1, 25 -
Fig. 3 is a aedstivediy ohdghviasy thdlgheral than| iXI0E B in thef ndme-exposed
circuit-formed suspension substrate shown in Fig , ]
portions, the dissolution speed of the coated layer in the
developer is lowered as the case that the heating temperature
5 after light-exposure is relatively low as about 140°C, while in
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
10 of the coating film in the develoéer and at the same time, the
pyridine compound itself is further changed to an insoluble
cyclic compound by heating after 1light-exposure as well as
accelerates the polyimidation of polyamic acid, which results
in more lowering the solubility of the coating film at the
15 exposed portions in the developer as compared with the non-
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 thét of the
20 non-exposed portions, the coating film after light-~exposure,
heating after light-exposure, and devgloping gives a negative
image. | :
According to the present in%ention, by coating a
solution of the photosensitive polyimide resin precursor as
. 25 described above on a long metal foil substrate followed by

3

heat-drying to form a coating film of the precursor, light-
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-7- Fig. 4, Fig. 5, Fig. 6, Fig. 7, Fig. 8 Fig. 9, Fig.
10, Fig. 11, Fig. 12, Fig. 13 Fig. 14, KHg. 15, and Fig. 16 are
séctional views of main portions for show ng the pr oduct ir@rs SHEET HASSBEEN of
the circuit-fornmed suspension substrate of the present 5 RERWAGED on.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The P on
is described in detail bel ow. Accor di ng to: {aimrﬂiHHmnm

invention, in the circuit
exposing the coating film to a definite pattern by irradiating

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
5 negative image to cause an imidation reaction to form an
insulating layer comprising the polyimide resin, the circuit
substrate of the present invention can bg obtained.
For forming +the - polyimide resin by heating the
polyimide resin precursor as described above, it is preferred
10 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 ingulating
15 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 present invention can be obtained.
In the present invention, for improving the adhesive
20 property of the polyimide resin obtained to the substrate, if
necessary, an amino group-containing b;functional polysiloxane
may be used as a part of the diamine components. Examples of
such an amino group-containing polysiléxane are polysiloxanes

represented by following formula (II);

Rz Rz
l | :

25 HzN-R'-Si-(—O-Ilii-)n-R‘-NHz : (II)
Lo
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substrate conprising a metal foil substrate and an insulating 10 | ayer:

conprising a polyimde resin formed on the netal foil substrate, the
polyimide resin is a polyinide resin obtained by t H&S SHEET HAR BEEN

(A) aromatic dianines conprising . (a) p-pheny! REHEAGERN ne

15 [err] and _ (b)

2,2' -bis(trifluoronethyl)-4,4'-dian nobi phenyl 3%&""'“”"'"’""

10

15

20

- 25

wherein R' represents an alkylene group having from 1 to 18
carbon atoms; Rz.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
polysiloxane is used in the range of 10 mol$% or less of the
diamine component. -

| In particular, in the formula (II) deséribed above, R

is preferably an alkylene group having from 1 to 7 carbon atoms
and examples thereof are methylene, ethylene, .propylene,
butylene, and hexylene. R® is prefe;ably an alkyl group having
from 1 to 7 carbon atoms,-and;éxamples thereof are methyl,
ethyl, propyl, butyl, and hexyl. Also, n is preferably an
inteQer of from 1 to 40. |

Bis(aminopropyl )tetramethyldisiloxane is preferably
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 comprisihg a conductive 1ayei on the insulating layer

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-forméd suspension sﬁbstrate'
can be obtained.

As described above, since according:to the present

invention, the circuit-formed suspension substrate of the

- 16 -
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[err] ‘and THIS SBEET HAS BEEN  ( B)
3,4,3',4"-bi phenyl tetracarboxylic acid dianhydride REPLACED
[err]
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In the present invention, th ' "cular
| T A

present invention is obtained by applying.a necesséry work to
the circuit substrate having the insulating layer comprising
the polyimide resin having a high elongation as described
above, breakage does not occur on the polyimide resin even by
severe bending processing, and hence an inferior performance
does not occur. s

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

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

shown in Fig. 1, the circuit-formed suspension substrate 1 has
an ihsulating layer (not shown) comprising the polyimide resin
on a staiﬁless steel foil substrate 2 and a definite pattern
circuit comprisihg 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 ;n the substrate and a
slider (not shown) having a maénetic head is fixed onto it. At
both end portions of the substrate: are formed necessary
terminals 5 and 6, respectiVeiy. Fig. 1 shows the state that
a cover layer for protecting the surface of the substrate is

released.
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restriction on the nmetal foil substrate, but usually a 5 st ai nl ess

steel foil, a copper foil, an alumnumfoil, a THIBISHEEP $AS BEEWM
foil, a phosphor bronze foil, a 42 alloy foil, et c. , RERUACEDUSed.

- Furthernore, according to the present i nventj a

- foil is preferably used as such a netal . foil sulﬁmmmm& each
I nsul ating | ayer conprising the 10 polyimde resin e long
nmetal foil substrate in such a manner of repeatedly applying a
definite patten, eaclFig. 2 ides reambgmisentionallivieonpaken rglaonge line A-A
conductive layer is fornmed on each patterned insulating | ayer, and

finally, thein Figlodg neThe tdircudgbSormed isnspansian ysuhehratet das an
circuit to 15 provide each pattérn-forned suspension substrate,
Thus, accor diiffulating pleyen i'nvepmpsisinge thecupelyimideg ¥1R$int Lraf

be obtained by cogting a sqlutign of the
Qéain es steé% oig substrate 2 and a definite pattern circuit

5 comprising a copper conductivé layer 3 is formed thereon as a
thin layer via a chromium thin layer 23.” The conductive layer
is protected with a céating comprising a_nickei thin layer 28
and further terminals 5 each are formed thereon. The whole
surface exclﬁding the terminals are protected with a coating
10 film 8. |
Fig. 3 is a cross-sectional view taken along line B-B
in Fig. 1. The circuit-formeé suspension substrate has an
insulating layer 7 comprising the polyimide resin on the
stainless steel foil substrate 2 and a definite pattern circuit
15 comprising the copper conductor layer 3 is formed thereon'via
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 long stainless steel foil substrate, the
20 substrate having the thickness in the range of usually from 10
to 60 um, and preferably from 15 to 30'um, from the view point
of the vibration characteristiés, and the width in the range of
from 50 to 500 mm, and preferably from:125 to 300 mm, is used.
However, the long stainless steel foil substrate used in the

. 25 present invention is not limited to them.

-
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phot osensitive polyimde resin precursor on a Iohg met
substrate such as a long stainless steel foil follomedabyg ETHASBEEg
forma coating film exposing the coating filmto uItraV|oIet ra s

via a mask having a definite pattern, heating (he|

devel opi ng, and then applying heat curﬁ“maln“uﬂ:m i on
of the polyamc acid) to forma
definite pattern conprising the polylnlde resin as the

exposure),

10

15

20

- 25

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 precursqr 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 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

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. Aftér,the light exposure, the
coating is heated (heating after light-exposure) at a
tempefature of from 80 to 200°C, and breferably from 120 to
180°C for from about 2 to 10 minutes, and then subjected to a.
developing treatment. In the present in;ention, it is

preferred to obtain negative images. The patterned coating of

- 19 -
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I nsul ating | ayer. The above-descri bed photosensitive

pol yi m de resin precursor is a liquid conposition obtain KQBEEN
reacting the 5 aromatic di am nes and the tetracar boxylH%S
di anhydri des descri bed above at a substantially eq ui notar ratlo in

an appropriate organic solvent such as N nethyl - 2- |wm|ﬂ“““

N, N-di met hyl ‘acetami de, etc. to form pol yam c acid, M“ ‘
conpoundi ng the polyam c acid with a phot osensitive agent.

Accordi ng tothbepplgimitiel fesin pirecutsbic thuemobitained is Chealﬂedeat high
descri bed above, the proportion of p-phenyl ene diam ne s in the
range of frotwemPeratifentid) faml pr gielywinidé r vesif, wherehy &5 patitrnadd
the proportion of 2,2'-bis(trifluoronethyl)- 4, 4' - di am nobi phenyl is
inther angelusuﬂa@nmgolwesozmompxarﬁingwhe ppénrémaéayresemm £ on

nDl%y the stainless steel foil substrate 2 as shown in Fig. 5 to
5 brovide the circuit substrate of thé present invention.
" As shown in.Fig. 6, a chromiuﬁ'thin layer 23 and a
copper thin layer 24 are continuously an@ successively formed
on the entire surface of the stainless steel foil substrate 2
having fhe patterned insulating layer 22 of the polyimide resin
10 by sputtering. The existence of fhe chromium thin layer 22 is
useful for cloSely adhering the:copper thin layer 24 onto the
insulating layer 22 comprising the polyimide resin. In this
case, the thickness of the chromium thin layer is in the range
of preferably from 100 to 800 A, and the thicknesg of the
15 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 /0 or less.
Thereafter, as shown in Fig. 7, electrolytic copper
plating having a thickness of from about 2 to 15 um is applied
20 to the copper thin layer 24 to form a conductive layer 25
comprising copper. In Fig. 7, the chromium thin layer is not
shown. :
Then, as shown in Fig. 8 and Fié. 9, after carrying out
a light-exposure and a developing treatment by a patterning
. 25 technique using a liquid photoresist 26 or a dr} film laminate,

the copper conductive layer 25 at the non-pattern portions are

- 20 - This Sheet Has Been Rerlaced




According to the present invention, by u5|ng such two ki nds of the
aromatic di anines and 3, 3', 4, 4' - bi phenyl - tetracarbdeSBUEﬁEHGSBEEN
di anhydrides in such proportions, a pol yi m de resin havi REf

coefficient of thermal linear 20 expansion can be obtai

polyim de resin according to - the present invention qmmﬁ mlsmml
coefficient of thernal | i.near expansion in the rang

Furt her,

the polyimde resin of the present invention has excellent

mut ual adhesir@moved By i dtcleingsi wisereby atHefinifé cohdectfisee patterne 27
production of a circuit-fornmed suspension substrate, when a cover
| ayer is foroemprdsingduche haoppgr is formed on the insulating layer 22

10

15

20

. 25

comprising the polyimide resin. 1In this case, etching of the
copper thin layer is preferably carried out by alkaii etching.

After removing by etching the copper conductive layer
of the non-pattern portions, the chroniium thin layer 23 is
further remeved 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
layer 23, for example, a potéssium ferrycyanide etching
solution, a potassium permanganate etchihg solution, or a
sodium metasilicate etching solution is used.

After removing the unnecessary chromium thin layer on
the substrate, electroless nickel plating is applied eo form a
hard nickel thin layer 28 on the surface of the copper
conductive 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 doee not expose, and is in the range of usually
from 0.05 to 0.1 um.

Thereafter, the'conduetive pattern 27 of the wiring
portions are protected by coating ueing the photoseénsitive
polyimide resin precursor, and also terminal is formed at each
of the necessary terminal-forming portions.! The surface is

similarly protected by coating leaving the portion to form a

————e
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excellent reliability can be obtained t ﬂ#
separation does not occur in the portion where polyimd eﬁEﬁEACED are
nmut ual | y bonded. As the photosensitive agent describ
above, the 5 di hydropyr| di ne derivative represented| |!m|”nm1mﬁll(lm
[err]

10
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20
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cover layer. In Fig. 12 to Figqg. 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 portidn,
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
heat-curing (imidation) are parfied out using the foregoing
photosensitivelpolyimide resin precursor in the same manner as
above fo coat with the polyimide resin, whereby a coated layer
31 is formed. '

As shown in Fig. 13, in the terminal-forming portion,
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, theelecﬁroless nickel plated thin layer

28 on the stainless steel foil substrate 2 is also released.

After coating the stainless steel foil substrate, the conductor

- pattern 27, and the polyimide resin coating film 31 with a

photoresist leaving the terminal-formipg portion by a method of
using a photoresist accordi;g to a conventional method,
electrolytic nickel plating 32 and eléctrolytic gold plating-
are successively applied to fhe terminal-forming portion to
form a terminal 34. In this case, thé thickness of

electrolytic nickel plating and the thickness of elecﬁrolytic

- 22 - Sheet Has Been Reﬂ]aced

T




V\,her'ei n, Xlerr], Xerr], Xerr], and X[efr] each independently represent a
hydrogen atom a quorlne atom a nitro group, a nethox
afi no group, a dialkylanino group, a cyano group, or *%igHEEFh$%BF$Mated

al kyl group; Y[err] represents a cyano group or a group P"-“‘c'lﬂépresented
by formula -COR[err], Y[err] represents a cyano group oup
represent ed by forrrul a -COR[err] (wherein R[err] and mll!m"ﬂHﬂl"I”m

i ndependently represent an al kyl group havi

atons, an anigoktb glaiping thodth diawe grmlhrbénzglhoxqbous 1 grep, 5arum
am no group, or a dlalkylan1no group); Rerr], Rerr], and Rerr]

each i ndependéhexrgafter csthe Wﬁﬁgﬁt akrremoved al kyI group

As shown in Fig. 14, in the conductor pattern 27 having
formed thereon the terminal 34, the lead portion 30 (see Fig.
5 12) which is used for electrolytic plating is removed by
chemical etching. The removal of coppér and chromium at the
lead portion may be performed in the same method as described
.above.
After removing the lead portion, for cutting the
10 stainless steel foil substrate 2 by chemical etching, by
carrying out a light exposure: and a development using a
photoresist 35 or a dry fiim laminate according to a
conventional method, a desired pattern is formed on the
stainless steel foil substrate 2 as shown in Fig. }5. . The
15  stainless steel foil substrate is then cut into a desired form
by etching. In this case, as the etching solution, an aqueous
soluﬁion of ferric chloride, cupric chlbride, etc., is used.
After the etching treatment, by washing with pure water
and drying, the circuit—forﬁed suspension substrate 1 of the
20 present invention can be obtained. That is, the circuit-formed
suspension substrate has the insulating layer 22 comprising the
polyimide resin on the stainleés stain foil substrate 2 and has
the conductor pattern 27 comprising:the thin layer of the-
conductive layer on the insuléting layer, that is, the pattern

. 25 circuit, and the entire surface thereof is proﬁected by coating
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having from1 to 3 carbon atons; and the R err] and R err] enwiﬁge R err]
and R err] each can forma ring capable of formng a 5-nenbere

ring, a 6-menbered ring, or a heterocyclic group each od@?ﬂm QEEV

keto group, as described in detail in JP-A 6-75376 (M "J A" -
- as used 5 herein neans an "unexam ned published Jd

application") can be used. Exanpl es of the photosen

agent include 4-o0-
with the coating layer 31 comprlslng 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

5 reaction of two kinds of the aromatic diamines at a definite
proportion and 3,4,3’,4’-biphenyltetracarboxylic acid
dianhydride as the insulating layer on the metal foil
substrate, and since the polyimide resin has a coefficient of
thermal linear expansion close to that of the metal foil,

10 breakage doés not occur on the resin layer, the resin layer
does not separate, and warping does not occur.

Accordingly, in the circuit-~formed suspension substrate
of the present invention, since breakagé does not occur on the
resin layer, the resin layer does not separate, warp;ng does

15 not occur, and 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.

20 Example 1
In 19.72 kg of dimethylacetamide were dissolved 0.386

kg (3.57 mols) of p—phenylenediamine, 0.832 kg (2.60 mols) of

2,2'—bis(trifluoromethyl)-4,4'-diaminobiphenyl, 0.081 kg (0.33"

mols) of bis(aminopropyl)tetrémethylsiloxane (the sum of the
. 25 diamine components: 6.5 ?ols), and 1.912 ké (6.5 mols) of

3,4,4’,4’-biphenyltetracarboxylic acid dianhydride (diphthalic
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ni t rophenyl - 3, 5- di net hoxycar bonyl - 2, 6- di et hyl - 1, 4- sﬁ%ﬂ! HAS BEEN pyri di ne
(hereinafter referred to as "niphedipin"), 4-o0- 16ﬂ‘ RE§§ZCED
ni t rophenyl - 3, 5- di net hoxycar bonyl - 2, 6- di et hyl - 1- et hyl -

hydropyri dine (hereinafter referred to as "N net hyl““ﬂ ‘mm“ul‘l and
4- o- ni trophenyl - 3, 5-di acetyl -1, 4-di hydr opyri di ne ter

referred to as "acetyl conmpound"). Those can be used al one or as
m xtures thereof. 15 | f necessary, an appropriate anmount of

i m dazol e i sags@ddianhydrddle) disirb|tlid resuliting asdbweiopewas stirred at
In the present invention, the di hydropyridine derivative
descri bed absoemi 'sempenhtyresﬁdr i'12 thiommnsang®hef témparature ¢f Ghe sodution
nolar part to 1 nolar part of the total amount of 20 the aromatic
di ami nes anwast heisadob@t7%°C + efthenathexyiseosity of the solution reached

5,000 c.p., heating was stopped, and the solution was allowed
5 to stand to cool it to room temperature.

By adding 0.9633 kg (2.78 mols) of niphedipin, 0.6422
kg (2.04 mols) of an acetyl compound, and_O.lGl-kg (2.36 mols)
of imidazole to the solution, a solution of a photosensitive
polyimide resin precursor.was prepared.

10 After coating the solution of. the photosensitive
polyimide resin precursor on a long stainless steel (SUS 304)
foil having a thickﬂess of 25 pym 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

15 precursor. The coating film was irradiated by ultraviolet rays
via a mask at a light-exposure amount of 700 mJ/cm’ and after
heating the film at 160°C for 3 minutes, the coating film was
subjected to a developing treatment to form negative-type
images. By further heating the coating film having the

20 hegative-type images 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 coefficient of thermal linear expahsion'of the

polyimide resin film was 16.5 ppm. Also, in the case of a
. 25 general SUS 304 stainless steel foil, the coefficient of
thermal 1linea expansion was 17 ppmn. In this caée, the

- 25 —
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dianhydrides. | m dazole which is used, if necessary, THEBSgH Er%§$$ally

used in the range of from0.05 to 0.5 nolar part to 1 FENf
‘the total amount of the aromatic diam nes and the tlc
tetracarboxylic acid dianhydrides. 25 By coat%m‘u of
t he photosensitive polyimde resin precursor on an ﬂ'
substrate, |ight-exposing - 12 -
(ultraviolet irradiation) the coating filmby irradiating the film

W th ultravi goiffizdentand Rdrdrifl (Ibwéargepansionogwhs measured about a
sample having a width of 2 mm, a thickness of 6 um, and a
length of 30 mm by a TMA method (thermal mechanical analysis
method) at a femperature-raising speed of 10°C/minute énd a

5 load of 5 g.
A chromium thin layer having a thickness of 500 & and
a copper thin layer having a thickness oﬁ 1,000 A were formed

on the insulating layer comprising the polyimide resin of the

circuit substrate by continuous sputtering treatments. The
10 surface resistance of the copper thin layer was from 0.3 to 0.4
Q/0.

After adhering a lightly pressure-sensitive adhesive

sheet to the back surface of the stainless steel substrate as

a mask, sulfuric acid electrolytic plating was applie§ to ﬁhe

15 ehtire surfade of the copper thin layef to form a conductor
layer comprising copper plating having a thickness of 10 pm.

| After laminating a commerciélly' available dry £film

laminate on the conductor layer at 110°C according to an

ordinary method, the laminate layer was light—exposed at a

20 light exposure amount of 80 mJ/cmF, and developed. The non-

patterned portions of the copper conductive layer_were removed .

by alkali etching, whereby thé conductive layer was patterned

leaving the wiring portion and the teéminal-forming portion.

The resist was then removed.
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exposure), positive-type or negative-type |latent imges are

By devel oping the | atent inmages, positive-type or 5 TH@%HEE\E% %éégmﬁ

images, that is, the desired patterns, are obt ai ne®EP

finally heating the patterns at high tenperature “ru“
pol yam c acid, a patterned coating filmconprisi nggﬂ “ﬂtm

resin can be obtai ned. In nore detail, in tthe case of using

t he photo- 10 sensitive imde resin precursor descri bed above, when the
heating tenperature gheckthighbssxpeeale foilr thalsi ttleatedvwas immersadoudn
140[err] C, the exposed portions are dissolved in a devel oper to form
a positive-twupeaguegas sblheivheoftdenictirepf potassinmefanricymnicte -and
| i ght -exposure-is relative high as higher 15 t han about 170[err]C, the
non- exposed podiuonbydrexdidestd remave £he unnecessary chromium thin layer.

An ordinary electroless nickel plating was applied to
5 the stainless steel substrate to form a nickel thin layer
having a thickness of about 0.5 um on thé entire surface of the
stainless.steel foil including the conductive layer and the
insulating layer.
As described above, a desired coating film was formed
10 on the wiring portion and the tefminal—forming portion of the
conductive layer on the stainless steel foil using the
photosensitive polyimide resin precursor in the same manner as
above.
The substrate was immersed in a solution of.g nitric
15 acid releasing agent at room temperature to remove the
electroless plated thin layer on the_terminal-forming portion
and the stainless steei foil.
After coating with an ordinary photoresist leaving the
terminal-forming portion according to a conventional method,
20 electrolytic nickel plating and electrolytic gold plating were
successively applied to theforegoing Ferminal-forming portion
to form plating layers each ha;ing a thickness of 1 pym, whereby
a terminal was formed. The resist was:then released.

After the plating treatments, for removing the lead

. 25 portion used for plating from the conductive layer,~coppér
- 27 =~
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devel oper to forma negative i mage, although the above- descri bed

condition may differ a little according to the kind of the .

phot osensi tive agent used. I n thls Cc ats SHEET HAS BEGN| oper
descri bed above, an 20 aqueous solution an RERYAGERI ¢ al kal
such as t et ramet hyl ammoni um hydr oxi de, etc sol ution
of an inorganic alkali such as sodi um hydr oxi %@iﬂl mmmr
hydroxi de, etc., is used. The alkali concentration’i in the
range of fromlkalld edhingi aiid . cReohiiemagtehingalweate céfr1e¢obut|dn e
be added a | ower aliphatic al cohol such as met hanol , et hanol,

n- propanol , samepmapaes aseabpvéhe anmount

After rémoving the lead portion for plating from the
conductive layer, for cutting the stainless steel foil
5 substrate into a desired form, after forming each necessary
pattern on the stainless steel foil by carrying out a light
exposure and a development using a photqresisf-or a dry film
laminate according to a conventional method, the stainless
steel foil substrate was immersed in an etching solution of
10  ferric chloride at 45°C to cut the substrate into each desired
form. After sufficiently washing with pure water, the cut
substrate was dried to obtain each cut circuit-formed

suspension substrate. |
'In the circuit-formed suspension substrape thus
15 obtained, since the polyimide resin has a low coefficient of
thermal linear expansion and further is excellent in the
adhesive property between the substrate and the polyimide
resin, cracking does not occur 'in the resin layer, and
releasing of the polyimide resin from the substrate does not
20 occur. Thus since the circuit-formed suspension substrate has
a high reliability and does not cause warping, inferior

performance, etc., do not occdr.
Example 2

In 19.72 kg of N—metﬂyl—z-pyrrolidone were dissolved
. 25 0.386 kg (3.57 mols) of p—phenylenediamine,'0.832 kg (2.60
mols) of 2,2’-bis(trifluoromethyl)-4,4’-diaminobiphenyi, 0.081
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- 13 - of the al cohol added is usually 50% by Mﬁhght or | ower.
Al so, t he devel oping tenperature is usually in the ﬁg?EbHAggggNZS
to 50[err]C In the case of using the photose

polyimde resin 5 precursor for use in the present éﬁﬂ n t he
heat i ng tenperature after |ight-exposure is rel at h ﬂ’ nﬂlﬁﬁ out
140[err]C, in the non-exposed portions, a hydrogen bond is for

between the imno group hydrogen at the 1l-position of the

- di hydropyri dikie (9e33viadl y & bd si(aminapropylgtetramethiddisi loxankey gthe sumd
to decrease the hydrophilic property of the

of the diamine components: 6.5 mols), and 1.912 kg (6.5 mols)

of biphenyltetracarboxylic acid dianhydride (diphthalic acid

dianhydride)} and the solution was stirred at room temperature

5 for 72 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 0.9633 kg (2.78 mols)

of niphedipin, 0.6422 kg (2.04 mols) of an acetyl compound, and

10 0.161 kg (2.36 mols) of imidazole to the solution, a solution
of a photosensitive polyimide r?sin precursor was prepared.

After coating the solution of the photosensitive

polyimide resin precursor on a long stainless steel (SUS 304)

foil having a thickness of 25 pm by a continuous coa;er,.the

15  coating layer was drigd by heating at 120°C for 2 minutes to

form the coating film of the photosensitive polyimide resin

precursor. | Afte; irradiating the coating layer with

ultraviolet rays via é mask at a light exposure amount of 700

- mJ/cm® and heating at 160°C for 3 minutes, the exposed layer

20 was subjected to a development treatment to form negative-type

iméges. The coating film was further heated at 400°C under a

vacuum of 0.01 torr to formn a patterned insulating layer

(thickness 6 um) comprising the polyiﬁide resin to obtain a

circuit substrate. The thermal linear expansion coefficient of

. 25 the polyimide resin measured as in Example 1 was 16.5 ppm.
- 29 -
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devel oper, which results in |owering THIS SHEEERAS BEEN

coated | ayer into the devel oper, while i rREFMACED ex po e / he
di hydr opyri di ne derivative which is conpou ~ dto
a basic pyridine conpound by the MEEMHEE %ﬁure A B C
pyri di ne conpound forns pol yam c ak sa ot o SHHL
which results in increasing the hydrophilic property of the coated

| ayer to increase thg circuii-SEsimdd OBuspension tsabsbpatd |waeer obtiadnede
devel oper. As 20 descri bed above, since, in this case, the dissolution
speed of usihgethe pekecu porsubstrdate tine tievebnpemanset aagein tExamplleat . of
t he non-exposed portions, the coating filmafter |ight- exposur e,
heati ng af t enl thytciovquisirfinrmed suspenspongsybstrate thus qhtaimedy sipee

i mage.

the polyimide resin has a low coefficient of thermal linear
5 expansion and further is excellent in the adhesive pfoperty
between the substrate and the polyimide resin, cracking does
not occur in the resin layer; and releasing of the polyimide

resin from the substrate does not occur. Thus since the

circuit-formed suspension substrate has a high reliability and

10 does not cause warping, inferior performance, etc., do not
occur.
Example 3

In 1.912 kg (6.5 mbls) of N-methyl-2-pyrrolidone were

dissolved 0.421 kg (3.90 mols) of p~phenylenediamine, 9.832 kg

15 (2.60 mols) of 2,2’'-bis(trifluoromethyl)-4,4’-diaminobiphenyl
(the sum total of the diamine components 6.5 mols), and 1.912

kg (6.5 mols) of 3,4,4’.4'-biphenyltetracarboxylic acid
dianhydride, and the resulting solution was stirred at room
temperature for 72 hours. The temperature of the solution wés

20 raised to 75°C. When the viscosity of the solution reached
5,000 c.p., heating was stopped and thg solution was allowed to
stand to cool it to room tempéiature. After adding 0.9633 kg

(2.78 mols) of niphedipin, 0.6422 kg (5.04 mols) of an acetyl
compound, and 0.161 kg (2.36 mols) of imidazole to the

. 25 solution, a solution of a photosensitive polfimide'precursor

was prepared.
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25 On the other hand, in the case of wusing the
phot osensitive polyimde resin precursor used in the present

--14 - i nvention, when the heating tenperature after

|.i ght - exposure is relatively high as higher than 170[err]C, in the
non- exposed portions, the dissolution speed of t he THISHSHEET ASBERN
t he devel oper is lowered as the case that the heating Réﬁm%nﬂuure

5 after light-exposure is relatively |ow as about 140[erfﬂﬁ&w+Mn‘
the exposed portionsafiee dicortinpyr tienesdiutiahi vef detdue | tphjbt_“‘

st

polyimide resin precursor on a long stainless steel (SUS 5b4)
foil having a thickness of 25 .pum by a continuous coater, the
coating layer was dried by heating at 120°C for 2 minutes to
5 form the coating film of the photosensitive polyimide resin
precursor. After 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 exposed layer
was subjected to a development treatment to form negative-type
10 images. The coating film was further heated at 400°C under a
vacuum of 0.01 torr to fornt;a: patterned insulating layer
(thickness 6 pm) comprising the polyimide resin to obtain a
circuit substrate. The thermal linear expansion coefficient of
the polyimide resin measured as in Example 1 was 16.0 ppm.
15 ‘A circuit-formed suspension substrate was obtained
using the circuit substrate in the same manner as in Example 1.
In the circuit-formed suspension substrate thus obtained, since
the polyimide resin has a low coefficient of thermal linear
expansion and fuither.is excellent in the adhesive property
20 between the substrate and the polyimide resin, cracking does
not occur in the resin layer, and releasing of the polyimide
resin from the substrate doés not occur. Thus since the
circuit-formed suspension'substrate haé a high reliability and-
does not cause warping, iﬁferior performance, etc., do not

. 25 occur.
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~above is changed to a basic pyridine conpound by the I :
- exposure, the basic pyridine conpound accel erates the.hﬂgﬁggiﬁgégPﬁFHation
of polyamc acid to | ower the dissolution speed 10 of the coating film

in the devel oper and at the sane tine, the pyrﬂ@ﬁuﬁ 'mmlﬂwﬂ i tsel f
I's further changed to an insol uble cyclic conpot after

| i ght - exposure as wel |l as accel erates the polyimdation of polyamc
acid, which results in nmore lowering the solubility of the coating
filmat the 15 exposed portions in tBxameeelOper as conpared with the
non- : exposed portions. As described above, when the heating
tenperature after |i gmt - 8pdur &d s afe| atiimedihylaagtamide glwere dissalwed
about 170[err]C, since the dissolution speed of the exposed portions
in the devel dpd2l &kayr £3:99Q meds) tdfnpPrphenylepgdiamine, 0.624 kg (1.95

mols) of 2,2'-bis(trifluoromethyl)-4,4’'-diaminobiphenyl, 0.161

5 kg (9.65 mols) of bis(aminopropyl)tetramethylsiloxane (the sum

of the diamine components 6.5 mols), and”1.012 kg (6.5 mols) of

3,4,3',4'-biphenyltetracarboxylic acid dianhydride (diphthalic

acid dianhydride), and the resulting solution was stirred at

room temperature for 72 hours. The temperature of the solution

10 was raised to 75°C. When the_visébsity of the solution reached

5,000 c;p., heating was stopped gnd the solution was allowed to

stand to cool it to room temper;ture. After adding 0.9633 kg

(2.78 mols) of niphedipin, 0.6422 kg (2.04 mols) of an acetyl

compound, and 0.161 kg (2.36 mols) of imidazolel to the

15 solutioh, a solution of a photosensitive polyimide precursor
was prepared.

After coating the solution of the photosensitive

polyimide resin precursor on a long stainless steel (SUS 304)

foil having a thickness of 25 um by a continuous coater, the

20 coating layer was dried by heating at 120°C for 2 minutes to

form the coating film of the photosepsitive polyimide resin

precursor. After irradiafing the coating layer with

ultraviolet rays via a mask at a lighf'exposure amount of 700

mJ/cn’ and heating at 160°C fbr 3 minutes, the exposed layer

. 25 was subjected to a development treatment to fo;m negative-type

images. The coatng layer was further heated at 400°C'under a
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20 non- exposed portions, the coating filmafter |ight-exposure,
heating after |ight-exposure, and devel opi ng gi ves a negatpyeSHEET HAS BEENE.
According to the present invention, by coating a sol ut i REPGACERe

phot osensitive polyimde resin precursor as 25 descri be ong
metal foil substrate followed by heat-drying to for L ﬂ %E“@@\Em ‘m
of the precursor, light- At 1HBeN Qg Y

exposing the coating filmto a definite pattern by irradiating
vacuum of 0.01 torr to form a patterned insulating laygr
(thickness's'um) comprising the polyimide resin to obtain a
circuit substrate. The thermal linear expansion coefficient of
the polyimide resin measured as in Example 1 was 17.5 ppm.
5 A circuit-formed suspension substrate was obtained
using the circuit substrate in the same manner as in Example 1.
In the circuit-formed suspension substratg thus‘obtained, since
the polyimide resin has a low coefficient of thermal linear
expansion and further is excellent in the adhesive property
10 between the substrate and the poiyimide resin, cracking does
not occur in the resin layer, and ieleasing of the polyimide
resin from the substrate does not occur. Thus since the
circuit-formed suspension substrate has a high reiiability and
does not cause warping, inferior performance, etc., do not
15 occur.
While thé invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that wvarious changés and

modifications can be made therein without departing from the

20 spirit and scope thereof.
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with ultraviolet rays through a mask, heating the film after

l'i ght - exposure, developing to form preferably a negat|
having the definite pattern, and t ITeisShee Rn aceq, o EQISSHEETH%
“ substH

to cause an i mdation reactlontofo nsul ati ng aer
i nvention can be obtai ned. For formng the

conprising the polyimde resin, the ; Ulmmuemmfsegt
: n by

51
heati ng t he ' pol yi mi de resin precursor as described above,

preferred 1GyHAT aheAINED CI®Eing filmthereof for several hours at a
tenperature of from about 350 to 400[err]C in vacuo or in an inert

gas at nosphere. 1. A cifhereafswegtiatd orcomprising dedi metali rboil
conpri si ng a conductive layer having a definite pattern on the

insul ating Isibstrake and ancdmeaiatdng la¥eRoSOBRYLELDE 2 PPl Yitide ceeriy

formed on the metal foil substrate, wherein said polyimide
resin is a polyimide resin obtained by the reaction of
5 (A) aromatic diamines comprising

(a) p-phenylene diamine and '

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

(B) 3,4,3',4'-biphenyltetracarbbxyliq acid dianhydride.

2., A circuit substraFe comprising a metal foil
substraté and an insulating layer comprising a poljimide resin
formed on the metal foil substrate, wherein said polyimide
resin is a polyimide resin obtained by reacting, in the

5 presence of a photosensitive agent, a polyimide precursor
obtained from
(A) aromatic diamines comprising
(a) p-phenylene diamine and
(b) 2,2'-bis(trifluoromethyl)-4,4’'~-diaminobiphenyl
10 and
(B) 3,4,3',4'-biphenyltetracarboxylic acid dianhydride.
3. The circuit subsérate of claim 2, wherein the

photosensitive agent is represented by following formila (I);
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term nal s,

and then chemically cutting the long netal foil substrate

into a desired form the cirguit-fornmed suspensi on substrate of the
esent

to the substrate
bi f uncti onal
conmponents.

ssary, an am no group-containing

Exgrrpl esO)(;?ne Sugﬁ aﬁealrjn'sﬁg SfoﬁpngLt gl%ﬁﬂﬂﬂlﬂl}ﬂ!@éaxane

‘PLV '”prl()\r)?/ﬁgtltﬂ?‘sﬁiﬁiiﬁeﬂblllﬁla property of the pglyl nh {gﬁiﬁkgéﬁgr |ngg,

are pol ysil oxanes represented by following fornula (11);
[err] 25 . Xz

X3 X!

A1)
) & NO:
i
Y! A -
R! N R?
s

10

15

wherein Xl, 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 Oor a group

represented by a formula -COR3; Y’ represents a cyano group or

. & group represented by a formula -cor* (whexrein 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.

4. The circuit suﬁstrate of claim 2, wherein the

photosensitive agent is at least one dihydropYridine derivative
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- 16 - wherein R[err] represents an al kyl ene Tg# ?ron11
to 18 carbon at ons; THRYSheat mﬂ@ s an al kyl grou V|ng fron11
to 18 car bon atons; S an integer ““m‘“ﬁo
Such an am no group-c unctlonal 5‘ I‘ i's
used in the range of 10 nol % or ess o di ani ne conponent .
In particular, in the formula (I1) descrlbed above, R err] S
preferably an al kyl ene group having from1 to 7 carbon atons and
exanpl es t hesedectied nEidty| ahe @¢toybewonsisyiyigenef 4kb-nitropheyl-By6-
hexylene. R2 is preferably an al kyl group having
dimethoxycarbonyl — 2,6~dimethyl-1 4-d1hydropyr1d1ne, 4-0-~
5 nitrophenyl-3,5-diacetyl-l,4-dihydropyridine, and 4-0-
| nitropheny1-3,5-dimethokycarbony1-2,6-dimethyl-1—methyl-4-
hydropyridine.
5. A method of'producing a circdit 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
5 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
10 (a) p-phenylene diamine and

(b) 2,2'-bis(trifluoromethyl)-4,4’~-diaminobiphenyl
and
(B) 3,4,3',4’—biphenyltetracarbdxylic acid dianhydride
with a photosensitive agent.
6. The method of producing a circuit substrate of
claim 5, wherein the photosensitive §gent is represented by

following formula (I);
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froml to 7 carbon atons, and exagﬁﬁes rqpf are nethyl et hyl,
S

propyl, butyl, and hexyl. i erably an I nte er éd from
amet hyl di si TEWSBHEET|

1 to 40. BIS(
preferably 15 wused as the nt ai ni ng bi f uncREBHAFED

pol ysi | oxane The circuit- forned suspen5|0@ t he
pr esent “invention can be obtained as foll ows. ng ““c‘mm\ t he
circuit substrate as descri bed above, by form ng each pa circuit

conprising a conductive |layer on the insulating | ayer 20 conprising t he
pol yi mi de resin according to a convenffonal met hod of a patterning
techni que and al so form ng necessary . termnals, and then chemcally
cutting the insulating |ayer 3 sired form each circuit-fornmed

suspensi on substrate can be o
(1)
) & NO:
Y! ¥z
R? N R?
|
RS
5 wherein Xl, Xz, X3, and X' each independeritly represent a

hydrogen atom, a fluorine atom,)g: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 -CORS; Y? represents a cyano group Or

10 a group represented by a formula -CcoR* (wherein R® and R' each

independently fepresent 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 ’ ahd R® each independently represents a hydrogen

15 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 -ﬁ-membered ring_, or a
heterocyclic ring each containing a keto group.

7. The method of -producing a circuit substrate of:

claim 5, wherein the photosensitive agent is at least one
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25 As descri bed abeve;—since—according to the present
i nvention, the circuit-fornmed. %ﬂgyﬁ& aﬁggﬁ&gate of JHESSHEET HAS BEEN

-7 17 - pr esent |nven by applyi nngﬂ?LA@Eléssary wor k
to the circuit substrate ulatlng Ia

the polyimde resin having a h| S descrl E“i‘[@t E
breakage does ‘not occur on the polylnlde reS|n even b ' bendlng

processing, and hence an inferior perfornance
dihydropyridine derivative selected from the group consisting

of '4-q-nitrophenyl-3}5-dimethoxycarbonyl-2,6—dim§thyl-1,4-
5 dihydropyridine, 4-o-nitrophenyl-3,5-diacetyl-1,4-~-
dihydropyridine, and 4-o-nitrophenyl-3,5-dimethoxycarbonyl-2,6~
dimethyl~l1l-methyl-4-hydropyridine.
8. A circuit-formed suspension substrate comprising a
metal foil substrate, an insulating layer comprising a
poljimide rebin formed on the metal foil substrate, and a
pattern circuit comprising a conductive layer fdrmed on the
5 insulating layer, wherein said pdiyimide resin is a polyimide
resin obtained by the reaction ?ﬁ
(A) aromatic diamines comprising
(a) p-phenylenediamine and
(b) 2,2'-bis(trifluoromethyl)-4,4'-diaminobiphenyl
10 and
(B) 3,4,3’,4’-biphenyltetracarboxylic acid dianhydride.
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
5 insulating layer, wherein said polyim;de resin is a polyimide
resin obtained by reacting, in éhe presence of a photosensitive
agent, a polyimide resin precursor obtéined from
(A) aromatic diamines comprising
(a) p-phenylene diamine and

10 (b) 2,2'-bis(trifluoromethyl)-4,4’'-diaminobiphenyl
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does not occur. Furthernmore,” according to the present

I nvention, since ~a preci g §ad sy BtkMRepddk can be applied at a high
sensitivity . and a hi gh co Yy I ncreasi MYPISGEET HAS BEEN
smal | -sizing of 10 the circui gmmmﬂmﬁmpa on substrat e REPEAQERSI bl e.
The circuit-fornmed suspension su present and
the producti on thereof are explained in detail WEI @iﬁg@ﬂgﬂiﬁ
acconpanyi ng draw ngs. Fig. 1is a slant vi e

exanple of aagmgcuit- 15 formed suspension substrate 1 of the present

I nvention. As shown in Fig. 1, the circuit-forned suspension
substrate 1 hagyB) 3,4, 3n 4 nsilphenyd tetymrcarbuixylhioowac icb mirardiyady itdes,

pol yim de resin on a stainless steel foil substrate 2 and a definite
pattern ci r cuit0 .coffivel siimypud tedicduned \suspensic isnlshinate dferal@ims

a
9, wherein the photosensitive agent is represented by following

formula (I);

. xz
x:! _xl
x4 NO, _ (I)
H _
! Y?
R! N R?
oS
5 wherein Xl, Xz, X3, and X' each independently represents 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

10 a group represented by a formula -cor* (wherein R? and- R' each
independently represent an alkyl group having from 1 to 4
carbdn atoms, an alkoxy group, an anilino group, a toluidino

group, a benzyloxy group, an amino gJ::oup, or a diall;ylamino'
group); Rl, RZ, and R’ each independently repr‘esent a hydrogen

- 15 atom or an alkyl group having from 1 to 3 carbon atc_oins ; and

said R' and R’ and said R? and R® each can form a ring capable
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20 thin layer. At the tip portion of the substrate is forned a
ginbal 4 in a body by form ngrh&m\&fnaﬂehﬁl@la@sltrate and gy HEETHASIBEEN not

y
shown) havi ng a nagneti c head : botmamwp%Brtlons
ernlnals 5 and

of the substrate are formed ne aH!ﬂﬂhat a cover b&gﬂﬁ\ml\\l\l\\“\

respectively. Fig. 1 shows the
protecting the surface of the substrate is released

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

11. The cxrcult formed suspension substrate of claim
9, wherein the photosensitive agent is at least one dihydro-
pyridine derivative selected from the group consisting of 4-o-
nitrophenyl-3,5-dimethoxycarbonyl-2,6-dimethyl-1,4-dihydro-

‘5 pyridine, 4—o-nitrophenyl-3,5-diacetyl-l,4fdihydiopyridine, and
4-o-nitrophenyl-3,5-dimethoxycarbonyl-2, 6~-dimethyl-1-methyl-4-
hydropyridine.

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

5 imidating the precursor by heating to form a circuit substrate
having an insulating layer compfising a polyimide resin, and
then formiﬁg a pattern circuit comprising a conductive layer on
the insulating layer, wherein said photosensitive polyimide
resin precursor is obtaihed by compounding a polyamic acid

10 obtained by the reaction of
(A) aromatic diamines comprising

(a) p-phenylene diamine and '

(b) 2,2'—bis(trifluoroﬁéthyl)-4,4'-diaminobiphenyl
and :

15 (B) 3,4,3’,4’'-biphenyltetracarboxylic acid dianhydride

with a photosensitive agent.
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Fi g. 2 is a cross-sectionat—viewtaken along line A-A in Fig. 1. The
circuit-formed suspensi on SURSLH A fasBaéh raplaced i nsulrats SHEET BEEN

eonprising the polyimde resi 1U¥t ai nl ess steel REBMCERbstrate 2
and a definite pattern circui mmHmnﬂ\!m sing a cop j | ayer 3
Is formed thereon as a a chrom u@it‘ﬁmﬂﬁmﬂnﬁ The
conductive | ayer is protected with a coating conirt a nickel thin
| ayer 28 and further termnals 5 each are forned thereon. The whole
surface excluding the temggnal fefhsd Pr Yfect peoducing Coft i R rcit-formed.
Fig. 3 is a cross-sectional view taken along |ine B-B inFig. 1. The
ci reuit - for R USRS bt B SB8iMN12, wheiredn! athienphichomensitive
conprising the polyimde resin on the stainless steel foil substrate
2 and a def iagjent B3t r¥presemtdd by following formula (I);

Xz
X3 X!
I
g4 N0, (1)
H
Y | &
R* N R*
l
RS
5 wherein X!, X2, X?, and X‘ each independently represents 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

10 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

15 atom or an alkyl group having from 1 fo 3 carbon atoins; and
said R' and R® and said R? and R‘ each can form a ring capable
of forming a 5-membered _ring, a G-memberéd ring, or a
heterocyclic ring each containing a keto group.
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15 conprising the copper conductor layer 3 is formed ihereon via a
chromumthin |ayer 23. The mgg}uamayaee},awced S protect SSHEETHNSBB

eoating conprising a nickel t d further - %Wﬁ?é@ted by a
coating film 8.

l ﬂ Eﬁ ai nl ess st@ﬁ ate
the 20 substrate havi ng th e t he range 05 ﬂ ”I mw

to 60 [err]m ~and preferably from 15 to 30 [err]n1 fromthe V|ew

of the vibration characteristics, and the width in the range of from
50 to 500 nm and phaf.er ale/ fREEnGAS toF 3Ogrﬁsﬂucii$|gused. circuiHovinsmied
the long stainless steel foil substrate used in the 25 present invention
is not |inm tRekgendiltiinsubstrate 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-
5 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.

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 50 to 70 mol% and the component (b)
is from 50 to 30 mol%. :

16. The circuit substrate qf claim 2, wherein a molar
ratio of the components of the aromatic diamines (A) is that
the component (a) is from 50 to 70 mol% and the component (b)
is from 50 to 30 mol%.

17. The circuit-formed sus?ension substrate of claim
8, wherein a molar ratio of the componenfs of the aromatic
diamines (A) is that the component (a) is from 50 to 70 mol%
and the component (b) is from 50 to 30 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 compénent (a) is from 50 to 70 mol%
and the compohent (b) is from 50 to 30:mol%.

.19, The circuit substrate of claim 15, wherein a’

polysiloxane represented by following.formula'(II);
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4 and F|g 5 show an enbodlnent of the

- 19 - Fi g.
producti on ste mﬁt X liced substrate of the present invention,
“and Fig. 6 to Fi enbodi ment of t <OfkEN | on st eps of
the circuit-formed sus te of theTp L (iégﬁ i nventi on.

First, as showmn in Fig. 4, a solutlon of the phot osensitive
pol yimide resin precursor is coated on the himﬁl ﬂﬂace of the
stainl ess steel foil substrate as descrd“ “&23 that the
t hi ckness of the resin |ayer 1@z obm&ined is from2 to 20 [err]m and
preferably from5 to 10 [err]m |
H.N-R'-Si-(-0- s: )n-R*-Nie . (I1)
}lzz . Rz

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

5 carbon atoms; R? represents ah 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?
! |
H.N-R*-Si-(-0-Si-)n-R'-NH:
L

wherein R! represents an alkylene group having from 1 to 18
5 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):
R? R?
N-R’ é (-0 é Jn-R'-NH
HeN-R'-Si-(-0-Si-)n-R'-NH:
i | ! “(II)
Rz Rz
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and the coating |layer is heated at a tenperature of from60 to

150[ err] C, and pref er gl shedt HoeBRBOREpcAP0[ err] C, to f offis aueeRineBeRd Of
) it ecur sor. REpL"A'bEDcoatl ng of
precursor is irradiated w

t he photosensitive pol

t he photosensitive pol i‘mgﬂ!‘l 5

ultraviolet rays via a mask, Meregﬂuﬂﬂ I&H{!’#Eg‘r

| i ght - exposed to an definite pattern. In this at ed

| i ght - exposure anmount is in the range of wusually from 100 to

1, 0005 m)/ ehieeih, Rlameépresentsr efreralitylerde ogrodpOhavdng’Eroml ctpeds] .
The light-exposure 20 wavelength is in the range of usually from300 to
450 nm andarbon apomserablxgeprmrﬁfa)amaaa(ylnmm«fn daving [frght letpolsr e,

t he . coating is heated (heating after |ight-exposure) at a
t enper at ur sagbofir ahrBe ; t andON| repiesentrl an dintegey df dnowd te 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 suspens'i'on substrate of claim

18, wherein a polysiloxane represented by following formula

(I1);

R? R?
[ ]
H:N-R‘-Si-(-0-?i-)n-R'-miz _ (II)
'Rz Rz .
5 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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180[err]C for fromabout 2 to 10 m nutes, and then subj ected toa 25

devel opi ng treatnent. In the present invention, I S
preferred to obtain negative. i'mages. The patterned coat’ HﬁsﬁﬁETHASBEEN
- 20 - t he pol yi mide resin precursor thus obt ai n§5 FACERat ed at

hi gh tenperature to forma polyimnde resin, Im
I nsul ating | ayer 22 conprising the polyimde resinis “Hﬂ,ﬂmlmw
stainless steel foil substrate 2 as shown in Fig. 5 to provi
circuit substrate of the presSEBSTRAQENOF OTHE DISCLOSURE

A circuit substraﬁe having an insulating layer
comprising a polyimide resin on a metal foil substrate, wheréin
the polyimide .reSin is a polyimide resin obtained by the
reaction of

(A) aromatic diamines comprising

(a) p-phenylene diamine and _

(b) 2,2’-bis(trifluoromethyl)-4,4’'-diaminobiphenyl.
(B) 3,4,3',4’'-biphenyltetracarboxylic acid dianhydride.

The circuit-formed subsfiate has a desired circuit
comprising a conductive layer o?~the circuit substrate.

The polyimide resin has a coefficient of thermal linear
expansion close to that of the metal foil, and hence breakage
does not occur on the resin layer, the resin layer does not

separate, and warping does not occur.

Sheet Has Been Replaced

T I

- 45 -



As shown in Fig. 6, a chromumthin |ayer 23 and a copper thin | ayer

24 are continuously and successively forned on the entire surface of
the stainless steel foil substrate 2 - having thefﬁggterned i nsul ati ng
| ayer 22 of the polyinmide resin 10 by sputtering. Kt AR BERN t he
chromumthin layer 22 is useful fqQg closely adherin fép%%pper thin
| ayer 24 onto t.he I nsul ating Iayeg{ conpr[sing[Wﬂﬁ T resin
In this case, the thickness of th rom'_umthi ni; Hl""i"'lrmmﬁe
range of preferably from 100 to l/ M and the thickness of the 15
copper thin layer is in the rangeﬁ‘g, LA § bly from500 to 2,000 A
Al so, the surface resistance of t C o4 in | ayer t hus obt ai ned
is usually 0.6 [err] or |ess. hereafter, as shown in Fig. 7,

el ectrol ytic copper

1

Fig.

LT

/



pl ati ng having a thickness of fromabout 2 to 15 [err]mis applied 20 to
the copper thin layer 24 to forma conductive |ayer 25 conpr|5|ng
copper. . In Fig. 7, the chromumthin |ayer is not shown.

Then, as shownrig.Fi2g. 8 and Fig. 9, after carrying ow

l'i ght -exposure and a devel opi ng treatnent by a patterm gREFflKg 3%%%. gue
using a liquid.photoresist 26 or a dry filmlam nate, e copper
conductive layer 25 at the non-pattern portions are HEMEHFF“UH"W!hw

- 21 - 8 28 5
7

7772 SIS IIITS z

E \\\\\ 4

llez 17

7//X</////Y//////////

<2

23 3 - 2
Fig. 3
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‘renoved by etching, whereby a definite conductive pattern 27

conprising the copper is fornmed on the insulating | ayer 22 conpri si ng
*the polyimde resin. In this case, etching of the THIPBREET RAS BEEN €T

is preferably gagried out by alkali etching. 5 AfREPLACEDDOVI ng by

et ching the copper conductive |ayer of the non pa t he

chromumthih |ayer 23 is ° further renoved hy etchl &uiﬂHuEﬁfiﬂlte

conductive pattern 27 i s obtained on the insulati

conprising the polyimde resin as shown in Table 10 For etching the
~ chromumthin 10 | ayer 23, . forzzxarrple a potasspm ferrycyanide

etching - sol ution, a potassiujn pernanganate etchijng solution, or a

sodi um netasilicate etchlng S s used r renoving

t he unnecessary chrom umpt 77]///11/7/

. 4
2
Fig. 6
24 23 24

774l7ﬁ%§§%?E§ ' L—ZZ

2

Fig. 7

25 25

N
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Fig. 8

%6 25 26
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!
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the substrate, electroless nickel plating is apblied to forma 15 har d

nickel thin |ayer 28 on the surface of the copper conductive | ayer 27
*and the surface of the stainless steel thin - subst.{:‘_gggHEETM§IB§ t he
surface of therdenp@ conductive |ayer IS protect RERLACED gly, the
t hi ckness of nickel plating may be in such a degree th

conductive layer as the 20 |ower. layer does nat expo \“m m;@e\

range of usually fromO0.05to 0.1 {err]m

the conductive pattern 27 of the wiring portions are protected by
coating using the photosensiti Vg7 pol yi m de re5|217 precursor and al so
termnal is fornmed at each 2 of th@Jece s m ng

portions. The surface is % milaply J",/"’?;W

portion to forma = pgERm | eEERELLpRSELL E

Fig. 10

Fig. 11

heet Has Been R laced

llll\l\\ Ml \I\



~ 22 - cover layer. In Fig. 12 to Fig. 16, the left side of the

substrate shows the formation of the wiring portion and the right
~ 8ide thereof- shows the formation of the term nal portiongSHEETHASBEEN
That is, as shopm ig. 12, in the wiring portlon eanmmuctlve

pattern 27 is coaged W th the pol yi m de resi

termnal -formng portion, the term nal - forn1ng EHAEH!NBHIHU!mby
patterning and al so | eaving a | ead portion 30 fo

term nal by electrolytic plating. Coating,

29 27 31 3 30 28

- 4
:;” e

22
1
2
Fig. 13
31 32-33 34 27
e N A~
p=/ Até Y,
A a4 ?§9§%§%#42
{
2
Fig. 14
27 34 30
ALl mi_1
7787, i
A4 1 2
2
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| i ght - exposure, heating after |ight-exposure, devel opnent, and 10
heat-curing (imdation) are carried out using the foregoing

phot osensitive polyimde resin precursor Ln the sa | T@8s BEEN above
to coat with ths.gol ka de resin, whereby a coated |ayelrgpLaceED31 IS

f or med. 19.

As shown in Fig. 13, in the termnal-formng portion,
15 the electroless nickel plated thin |ayer 28 QST@HHMHHM‘Mﬂch
protects the surface of the conductor pattern 27 isli and at
the same time, theelectrol ess nickel plated thin |ayer 28 on the
stainless steel foil substrate 23bs al so rel ease85 After coating the
stainless steel foil substrate, the conductor 2 pattern 27, and the
Foly!n1de resin coating f||§$§%§¥§§&a i ing the _
ermnal -formng portion by §’ !_-!‘43_.9;4: of N si st according
to a conventional nmethod, VAl '
Ny N
SOWAAS N N 22

]
{
2

Fig. 16

V7
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el ectrol ytic nickel

pl ati.-ng 32 and el ectrol yti ¢

PIAGEITENT SHEETSar e SG

successively applied to the termnal -form ng p¢ ]Dﬂchﬁ&wZSpws;elﬁo}m ;_wgad
term nal SZ. PP In this case, the thickne$sproe: :@1@@5Hthmncw9#
ni-ckel plating and the ‘thickness of elegtcol yti s paTe 1.t nacod ¢
- 23 - gol d plating both are-usually|fgo, @@pyt 1r{@33ﬁfgrxdﬁu ,,,,,
Thereafter, the photoresist is renoved. As shown i 1&&]&6&

i n the conductor pat

tern 27 having

DATE CF RECEIFT

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

More specifically, the present invention relates a

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.

In a magnetic disk device such as a hard disk device

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

etc., for performing magnetic recording 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

a definite fine interval between the magnetic head and the

disk. A magnetic

head

supporting means for

elastically pushing the magnetic head to the magnetic disk

against the air stream as described abdve is a suspension.

of them.
5
10
15

mégnetic
20

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

This is the replacement sheet
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formed thereon the termnal 34, the |ead portion 30 (sée Fig. 5 12)

which is used for electrolytic plating is renoved by chem cal
etching. The renoval of copper and chrom um at the | ead portion may
be perforned in the same nethod as descri hed above.

After renoving the |ead portion, for cutting the 10 stainless steel foil
substrate 2 by chem cal etching, by , carrying out a light exposure
and a devel opnent using a photoresist 35 or a dry filmlam nate
according to a conventional nethod, a desired pattern is forned on

t he Jagiel bysaspatternihgsteshnitiee? andsthanprodecyiond methdds difs
stainless steel foil substrate is then cut into a desired form by
etching. |rthem.s case, as the etching solution, an aqueous sol ution
of ferric chloride, cupric chloride, etc., is used.

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
semiconduc£ors 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 dimepsional change and warping by the
change of the humidity in the environmental atmosphere.
On the other hand, in coﬁputers and storage devices
which 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 (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
25 desired wiring by laying a conductive wire on a suspension.'

substrate, the conductive wire gives influences on the elastic

This is the -rep&acement sheet
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After the etching treatnent, by washing with puré wat er and drying,
the circuit-formed suspension substrate 1 of the 20 present invention

can be obtained. That is, the circuit-formed suspensi on substrate
has the insulating |ayer 22 conprising §he pol yi m de resin on the
stainless stain foil substrate 2 and has t he conductor pattern 27
conprising the thin layer of the conductive layer on the insulating
| ayer, that is, the pattern 25 circuit, and the entire surface thereof
Is protected by coating - 24 -

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 difectly
forming an electric circuit on a suspension substrate for
mounting a magnetic head has been practically used. However,
according to the conventional circuit supstrate using a
polyimide resin as an insulating layer, in a suspenéion'finally

10 obtained, due to that the polyimide resin has a coefficient of
thermal linear expansion larger than that of a metal substrate,
a dimensional change and warping occur on the circuit
substrate, and the inferior performance sometimes occurs.

Further, the conventional polyimide resins are poor in

L5 adhesion of polyimide resins each other. For example, in the
p'roductio.n of a suspension, there is a problem that it is
difficult to form a cover layer.

SUMMARY OF THE INVENTION

The present invention has been made to overcome the

20 above-described problems in the conventional circuit substrate
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

'5 provide a circuit substrate wherein a coefficient of thermal

linear expansion of the polyimide resin is close to that of
This is the replacement sheet
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with the coating layer 31 conprising the polyimde resin | eavi ng t he
term nal 34. As descri bed above, the circuit substrate of the
present invention has the polyimde resin |ayer obtained by the 5
reaction of two kinds of the aromatic_djamnes at a definite

proportion and 3,4,3" ,4'-bi phenyl tetracar boxylic acid

di anhydride as the insulating |ayer on the netal foil substrate, and
since the polyimde resin has a coefficient of thermal |inear
expansion close to that of the netal foil, 10 br eakage does not occur on

the resin vVayitoustmetakbsfoilayeind hencdobsedRhgéclobst Aotabecw@ BnNghdoes
not occur. Accordingly, in the circuit-formed suspension

substrate resin jayele hesaresimviagenndoesnnethresgeagtaoeandowaeping on
the scarcely occur.
Another object of the present invention is to provide
5 a circuit-formed suspension substrate using the circuit
substrate.
Further 6bject of the present invention is to provide
the production methods of them.
According to a first embodiment of the present
10 invention, there is provided a ciicuit substrate comprising a
metal foil substrate and an insulating layer comprising a

polyimide resin formed on the metal foil substrate, wherein the

polyimide resin is a polyimide resin obtained by the reaction

of
15 (A) aromatic diamines comprising
(a) p-phenylene diamine and
(b) 2,2'-bis(trifluoromethyl)-4,4’'-diaminophenyl
and | |

-(B) 3,4,3’,4’'-biphenyltetracarboxylic acid dianhydride.

20 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
resin by forming a coating film comprising a photosénsitive-

_ polyimide resin precursor 6n a metal foil substrate, light-

25 exposing the coating film, heating the film after the - light-

exposure, developing, and heating the film to imidate the
This is the replacement sheet
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resin layer, the resin |layer does not separate, warping does 15 not

occur, and an inferior performance does not occur. - The
present invention is described in nore detail by referring to the
foll ow ng exanples, but it should be understood that the invention is
not construed as being limted T h&r &t o.

Exanple 1 - In 19.72 kg of dlnethylacetanide wer e di ssol ved

0. 386 kg (3.57 nols) of p-phenyl enedi am ne, 0.832 kg (2.60 nols) of
2,2'-bis(trifluoronethyl)-4,4'-di am nobi phenyl, 0.081 kg (0.33 nol s)

g{) ngi)ﬁ(e gpsaeagegg t%@f@imhﬁ gﬁaseageﬁrsﬂeiﬁg@g;ymme2;.5esi:dip&@cnesor
3,44 ,4 - hgp%&h&x@w aspr egmsbuﬁdiﬁgd i polyamide acdidphotrd imed by the
reaction of
(R) aromatic diamines comprising
5 (2) p-phenylene diamine and _

| (b) 2,2'—bis(trifluoromethyl)-4,4’;diaminophényl
and -

(B) 3,4,3’,4’-biphenyltetracarboxylic acid dianhydride
with a photosensitive agent.

10 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
light-exposure, developing the film to form the definite

15 pattern comprLSLng the above-described precursor, and finally
heatlng the pattern-formed film at high temperature to form
polyimide, the circuit substrate having the patterned
insulating layer comprising the polyimide resin can be
obtained.

20 § According to a third embodiment of the present
invention, there is provided a circuit-formed 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

25 formed on the insulating layer, wherein the polyimide resin is

a polyimide resin obtained by the. reaction of the aromatic

This is the replacement sheet
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- 25 - acid di anhydride), and the resulting solution was stirred
at roomtenperature for 72 hours. The tenperature of the solution
was raised to 75[err]C. Wen the viscosity of the solution reached

5,000 c.p., heating was stopped, and ghg solution was all owed 5 to

stand to cool it to roomtenperature. -— By addi ng 0.9633 kg
(2.78 nols) of niphedipin, 0.6422 kg (2.04 nols) of an acetyl
conmpound, and 0. 161 kg (2.36 nols) of imdazole to the solution, a

solution of a photosensitive
diamines and the tetracarboxylic acid dianhydrides described

above.
Also, éccording to a fourth émbodiment of the present
invention, there is provided a method of producing a circuit-
5 formed suspension substrate obtained by forming a pattern
circuit comprising a conductor layer onl the insulating layer
comprising the polyimide resin of the circuit substrate
described above, wherein the photosensitive polyimide resin
- precursor for forming the insulating layer of the circuit
10 substrate is obtained by compounding the polyamic¢ acid obtained
by the ©reaction . of the aromatic diamines and the
tetracarboxylic acid dianhydrides described abbve with a
photosensitive agent.
According to this method, by forming the above-
15 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
optained.

20 ' 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
of the circuit-formed suspension substraté shown in Fig. 1,
25 Fig. 3 is a cross-sectional view taken along line B-B

of the circuit-formed suspension substrate shown in Fig. i,
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polyi mi de resin precursor was prepared. 10 After coating the

solution of the photosensitive pol yi m de resin precursor on a

| ong stainless steel (SUS 304) foil having a thickness of 25 [err]m
by a continuous coater, the coq}Lpg_layer was dried by heating at
120[err]C for 2 mnutes to formthe coating filmof the

phot osensitive polyimde resin 15 precursor. The coating filmwas
irradiated by ultraviolet rays via a nask at a |ight-exposure anount
of 700 mJ/cnferr] and after heating the filmat 160[err]C for 3
mnutes, the coatingidl !4 vesg., 5, FigubksCFrag.t o ,a Heyel@pirgreptpegt to
form negative-type | mages. By further heating the coating film
having the 1@0 Fidqegal| VEigype2i neggs asd,4@Gger rl4G iFig. vEgEuwmdfFOg 0116
torr, a patterned insulating |ayer (thickness 6 [err]m conprising

t he are sectional views of main portions for showing the production

steps of the circuit-formed suspension substrate of thé present
5 invention.
DETAILED DESCRIPTION OF THE  INVENTION
The present invention is described in detail below.
According to the presént invention, in the circuit
substrate comprising a metal foil substrate and an insulating
10 layer comprising a polyimide resin formed on the metal foil
substrate, the polyimide resin is-.a polyimide resin obtained by
the reaction of
(A)Y aromatic diamines comprising

(a) p-phenylene diamine

15 | Hzn—-@——wz

and
(b) - 2,2"-bis(trifluoromethyl)-4,4’~-diaminobiphenyl
CFs
GO
and G4
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polyinm de resin was formed to obtain a circuit substrate. The

coefficient of thermal |inear expansion.of the polyimde resin film
was 16.5 ppm Also, in the case of a 25 general SUS 304 stainless
steel foil, the coefficient of _thermal linea expansion was 17
ppm  In this case, the _

This is the replacenent sheet - 26
- coefficient of thermal |inear expansion was neasured about a

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

co o
ool
\\\CO CO///
In £he present invention, thére is no particular
restriction on the metal foil substrate, but usually a
5 stainless steel .foil, a coppér foil, :aﬁ aluminum f£oil, 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
foil substrate. That is, each insulating laye; coﬁprising the
10 polyimide resin is formed on the long metal foil substrate in
such a manner of repeatedly applying a definite pattgn, each
desired patten circuit comprising the conductive layer is
formed on each patterned insulating layer, and finally, the
long metal foil substrate is cut every each pattern circuit to
15 provide each pattern-formed suspension substrate.

Thus, acctording to the present invention, the circuit
substrate can be obtained by coating a solution of the
photosensitive polyimide resin precursor on a long metal foil
substrate such as a long stainless steel foil followed by

20 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 épplying

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

Tis is the reptacement shest
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sanple having a wwdth of 2 nm a thickness of 6 [err]m and a | engt h

of 30 nm by a TMA nethod (thermal nechanical analysis nmet hod) at a
tenperature-raising speed of 10[err]C/ mnute and a 5 | oad of 5 g.

A chromiumthin |ayer having a thicknesg of 500 A and a copper thin
| ayer having a thickness of 1,000 A wer-<e forned on the insulating

| ayer conprising the polyimde resin of the circuit substrate by
continuous sputtering treatnents. The 10 surface resistance of the
copper thin |ayer was from0.3 to 0.4 After adhering a
lightly praggiheteenphtiuenadbemp¥esing th%heP 1y9miBe baekinurhgcecnh the
stai nl ess steel substrate as a mask furic acid electrolytic

pl ati ng wasnspphiéfgt daybe. 15 entire surface of the copper thin layer to
form a conduct or

The above-described photosensitive polyimide resin
precursor is a liquid composition obtained by reacting the

5 aromatic diamines and-the tetracarboxylic acid dianhydrides
described above at a substantially eguimolar ratio in an
appropriate organic solvent such as N-methleZ-pyrrolidone,
N,N-dimethyl acetamide, etc., to form- polyamic acid, and
compounding the polyamic acid with a photosensitive agent.

10 According to the present invention, in the aromatic
diamines described above, the proportion of p-phenylene diamine
is in the range of from 50 to 70 mol%, and prgferably from 55
to 65 mol%, and the proportion of 2,2’-bis(trifluoromethyl)-
'4,4’-diaminobipheny1 is in the range of from 50 to 30 mpl%, and
15 preferably from 45 to 35 mol%.

Accordlng to the present invention, by using such two
kinds of the aromatic  diamines and 3,3’,4,4’'-biphenyl-
tetracarboxylic acid dianhydrides in ~such proportions, a
polyimide resin having a low coefficient of thermal linear

20 expansion can be obtained. The polyimide resin according to
the present invention generally has a coefficient of thermal
linear expansion in the range of 10 to 20 ppm.

Further, the polyimide resin of the present invention:
has excellent mutual adhesion of polyimide resins each other.

25 Therefore, in the production of a circuit-formed suspension

substrate, when a cover layer is formed, a producf having
This is-the replacement sheet
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| ayer conprising copper plating having a thickness of 10 [err]m

After lamnating a comercially available dry film | am nate on the
conductor layer at 110[err]C according to an ordi nary met hod, the

| am nate | ayer was |ight-exposed at a 20 | i ght exposure anmount of 80
mi/cnferr], and devel oped. The non- ~ 10 - patterned portions of the copper
conductive | ayer were renoved by al kali etching, whereby the
conductive | ayer was patterned | eaving the wiring portion and the
te;g1na|-forning porti-on. The resi st was then renoved.

excellent reliability can be obtained that interlaminar
separation does not occur in the portion where polyimide resins

are mutually bonded.

As the photosensitive agent described above, the

5 dihydropyridine derivative represented by formula (I)

Xz

X3 X!
(1)
X NO:
K

Y! Y2
R! N R

|

wherein, x' . Xz, 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, oOxr a
10 fluorinated alkyl group; Y represents a cyano group or a group
répresented by formula -COR’, Y’ represents a cyano group or a
group represented by formula -COR* (wherein R® and R' each
i.ndependently represent an alkyl group having from 1 to 4
carbon atoms, an anilino group, a toluidino group, a benzyloxy
15 group, an amino group, or a dialkylamino group); Rl, Rz, and R’
each independenﬁly represent a hydrogen atom or an alkyl group

having from 1 to 3 carbon atoms; and the R! and R’ anc_i the R®
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The stainless steel foil thus treated was inmersed in an aqueous

solution of a m xture of potassiumferricyani de and sodi um hydr oxi de
to renove the unnecessary chromiumthin |ayer. An ordi nary
el ectrol ess nickel plating was appligdl o 5 t he stainless steel
substrate to forma nickel thin |ayer = havi ng a thickness of about
0.5 [err]mon the entire surface of the stai nl ess steel foi

i ncludi ng the conductive |layer and the i nsul ating | ayer.

As described above, a desired coating filmwas formed 10 on_thé W ring
portion angndhr't&ashnahnf ToFm G PEiAGOBaphbIRE of formGRpdaCsimembayes on

the stainless steel foil using the phot osensitive polyimde resin
precursor kingfe anp-mEbéFedS 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
5 herein means an "unexamined published Jaéanese patent
application") can be used.

Examples of the photosensitive agent include 4-o-
nitrophenyl-3,5-dimethoxycarbonyl-2,6-dimethyl-1,4-dihydro-
pyridine (hereinafter referred to as "niphedipin"), 4-o-

10 nitrophenyl—3,5-dimethoxycarbon§l-2,6—dimethYl-l-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.

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

In the present inveﬁtion, 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

20 the - aromatic 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 afomatic diamines and the-
aromatic tetracarboxylic acid dianhydrides.

25 By coating a solution of the photosensitive polyimide

resin precursor on an appropriate substrate, light-exposing
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above. _ The substrate was inmmersed in a solution of a nitric
15 acid releasing agent at room tenperature to renove the

el ectroless plated thin layer on the termnal -form ng portion and t he
stainless steel foil. @figr_coating wi th an ordinary

phot oresi st | eaving the term nal =~orm ng portion according to a
conventional nethod, 20 el ectrolytic nickel plating and electrolytic
gold plating were successively applied to theforegoing
term nal -formng portion to formplating | ayers each having a
thickness phidrdeioist yheaebytion) theteoating $aimf bymidradiiatingi shewas
then rel eased. After the plating treatnents, for renoving the

|l ead 25 f£pDmtwbohusktrdviopétt ragsfrandt heatbdngu¢heatihgyefteroppght-
exposure),_positive-type or negative-type latent images are
formed. By developing the latent images, positive-type or
5 negative-type images, that is, the desired patterns, are
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-
10 sensitive imide resin precursorf described above, when the
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
15 = than about 170°C, the non-exposed portions are dissolved in a
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
20 agueous solution of an - organic alkali such as
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
25 solution may be added a lower aliphatic alcohol such as

methanol, ethanol, n-propanocl, iso-propanol, etc. The amount
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- 28 - al kali etching and chrom umetching were carried out in the

same manner as above. After renoving the | ead portion for
plating fromthe conductive layer, for cutting the stainless steel
foil 5 substrate into a desired form _after form ng each necessary
pattern on the stainless steel foil by _Carrying out a |ight exposure
and a devel opnent using a photoresist or a dry film | am nat e

according to a conventional nethod, the stainless

of the alcohol added is usually 50% by weight or lower. Also,
the developing temperature is usually in the range of from 25
to 50°C.
In the case of using the photosensitive polyimide resin
5 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
10 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 into the developer, while in the
exposed portions, the dihydropyridine derivative wh;ch is a
15 neutral compound is changed to a basic pyridine compound by the
iight-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
20 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 cbating film after light-
exposure, heating after light-exposure, and developing'gives'a-
positive-type image.
25 On the other hand, in the case of using the

photosensitive polyimide resin precursor used in the present
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steel foil substrate was imersed in an etching solution of 10 ferric
chloride at 45[err]C to cut the substrate into each desired form
After sufficiently washing with pure water, the cut substrate was
dried to obtain each cut circuit-forne _ suspensi on substrate.

In the circuit-fornmed suspension substFate thus 15 obt ai ned, since the
polyimde resin has a | ow coefficient of thermal |inear expansion and
further is excellent in the adhesi ve property between the substrate
and the polyimde : resin, cracking does not occur in the resin |ayer,

and inventioy, afhdheheohyatiflg t&fipdrd t@petdersrhsigni-ageaniots 20
occur. Thus since the circuit-fornmed suspension substrate has a high

reliabilityebativdely Mmdighcaase hixglpeng than el70PC, in psd onoRRekposéd. ,

do-not Omﬁgftions, the dissolution speed of the coated layer in the

developer is lowered as the case that the heating témperature

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

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

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

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

15 exposed portions in the déveloper as compared with the non-

éxposed 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

20 non-exposed portions, the coating film after light-exposure,

heating after light-exposure, and developing gives a negative
image.

According tb the present invention, by coating a

solution of the photosensitive polyimide resin precursor as

25 deﬁcribed above on a long metal foil substrate followed by

heat-drying to form a_coating film of the precursor, light-
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Exanpl e 2 | In 19.72 kg of N-nethyl-2-pyrrolidone were
di ssol ved 25 0.386 kg (3.57 mols) of p-phenylenediamne, 0.832 kg (2.60
nols) of 2,2'-bis(trifluoronethyl)-4,4"-diam nobi phenyl, 0.081

- 29 - kg (0.33 nol) of: biQﬂggiqppropyl)tetranethyldisionane
(the sum of the di am ne conpone 1 6.5 mols), and 1.912 kg (6.5
nol s) of bi phenyltetracarboxylic acid dianhydride (diphthalic acid

exposing the coating film to a definite pattern by irradiating
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
5 negative image to cause an imidation reaction to form an
insulating layer comprising the polyimide resin, the circuit
substrate of the present invention can'bg obtained.
For forming the polyimide resin by heating the
polyimide resin precursor as described above, it is preferred
10 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
15 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 present invention can be obtained.
In the present invention, for improving the adhesive
20 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 amiﬁo group-éontaining polysiloxane are polysiloxanes

represented by following formula (II);

R? R?
| ]

25 HzN-R'-Si-(‘O-Si—)n-R'-NHz (II)
v R
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- di anhydride), and the solution was stirred at roomtenperature 5 for 72
hours. The tenperature of the solution was raised to 75[err] C

When the viscosity of the solution reached 5,000 c.p., heati ng was
stopped, and the solution was allowed tp.stand to cool it to room
tenperature. By adding 0.9633 kg (2.78 #®ols) of ni phedi pin, 0.6422
kg (2.04 nols) of an acetyl conpound, and 10 0.161 kg (2.36 nols) of

i m dazole to the solution, a solution of a photosensitive polyimnmde
resin precursor was prepared. After coating the solution of

the phot osqiiddiMe R' reprd¥dntdl 88 aekyleReCYHduY v ind Ofgomt Al MeSER
steel (SUS 304) foil having a thickness of 25 [err]mby a continuous

coater, thearbon a2@dd;NR? ﬁ&pfegeﬁtsraﬁdam%he@fbﬂg Raving| ereh Q fs 1B

mnutes to formthe coating filmof the photosensitive polyinde

resin cad¥if Witils; and\rl eprddeiftiftdmdntidifer (Rl fREn 1 ayerioon th

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 grbup having from 1 to 7 carbon atoms
and examples thereof are methylene,. ethylene, propylene,
10 butylene, and hexylene. R? is prefe;ably an alkyl group having
from 1 to 7 carbon atoms,. and examples ﬁhereof are methyl,
ethyl, propyl, butyl, and hexyl. Also, n is preferably an
inteéer 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 xesin according to a conventional
method of a patterning technique and. also forming neceséary
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
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ultraviolet rays via a mask at a |ight exposure anount of 700

ml/cnferr] and heating at 160[err]C for 3 m nutes, the exposed |ayer 20
was subjected to a devel opnent treatnment to form negative-type

i mges. The coating filmwas further eg.ted at 400[err] C under a

vacuumof 0.01 torr to forma pattern i nsul ating | ayer (thickness 6
[err]m conprising the polyimde resin to obtain a circuit substrate.
The thermal |inear expansion coefficient of 25 the polyimde resin
nmeasured as in Exanple 1 was 16.5 ppm

- 30 - present invention is obtained by applying a necessary work to

the circuit substrate having the insulating layer comprising
the polyimide resin having a high elongation as described
above, breakage does not occur on the polyimide resin even by

5 severe bending processing, and hence an inferior performance
does not occur.

Furthermore, according to the present ihvention, since
a precise patterning work can be applied at a high sensitivity
and a high contrast, capacity increasing and small-sizing of

10 the circuit-formed suspension substrate are possible.

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-

15 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

20 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
both end portions of the substrate are formed necessary
terminals 5 and 6, respectively. Fig. 1 shows the state that

25 a cover layer for protecting the surface of ﬁhe substrate is

released.
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A circuit-fornmed suspension substrate was obtained using the circuit

substrate in the sane nmanner as in Exanple 1. In the circuit-forned
suspensi on substrate thus obtained, since the polyimde resin has a
| ow coefficient of thermal |inear 5 ,g&xpansion and further is excellent
in the adhesive property bet ween the substrate and the polyimde
resin, cracking does not occur in the resin layer, and rel easing of
t he pol yi m de resin fromthe substrate does not occur. Thus since
t he circuit-formed suspension substrate has a high reliability and
10 does not causgigyarpi A8, ai dkB6sQEecRtibAaTBRGRw &laken Gloif line A-A
occur . Exanpl e 3 In 1.912 kg

(6.5 mol s) iaf Mgethyl - ZPhwyr eokedovefyeimned suspension substrate has an
insulating layer 7 comprising the polyimide resin on a
stainless steel foil substrate 2 and a definite pattern circuit

5 comprising a copper conductive layer 3 is formed thereon as a
thin layer via a chromium thin layer 23.7 The conductive layer
is protected with a coating comprising a'nickei thin layer 28
and further terminals 5 each are forme& thereon. The whole
surface excluding the terminals are protected with a coating

10  £ilm 8. | "

'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

15 comprising the copper conductor layer 3 is formed thereon via
a chromium thin layer 23. The conductive layer is protected
with a coéting comprising a nickel thin layer 28 and further
protected by a coating film 8.

As the long stainless steel foil substrate, the

20 substrate havihg the thickness in the range of usually from 10
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
from 50 to 500 mm, and preferably from 125 to 300 mm, is used.
However, the long stainless steel foil substrate used in the

25 present invention is not limited to them.
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di ssol ved 0.421 kg (3.90 nols) of p-phenyl enedi am ne, 0.832 kg 15 (2.60

nols) of 2,2'-bis(trifluoronethyl)-4,4"'-di am nobi phenyl (the sum
total of the diam ne conponents 6.5 nols), and 1.912 kg (6.5 nols) of
3,4,4" . 4" -bi phenyl tetracarboxylic acid di anhydri de, and the resulting
solution was stirred at room teﬁpé?afure for 72 hours. The
tenperature of the solution was 20 raised to 75[err]C. Wen the
viscosity of the solution reached 5,000 c.p., heating was stopped and
the solution was allowed to stand to cool it to roomtenperature.

A1 29000 056330 4 g (ReTOTHhS) G SADTEMLD of SHERRRLEY
\5\23 przgpar :sgilelﬁé Ve ©h& OLHEER Y O5uBsRRALAS B7S ithleY HrR¥ et v dHIGUH S Und
Fig. 6 to Fig. 16 show an embodiment of the production steps of
the circuit-formed suspension substrate of the present
5 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

10 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 80 to 120°C, to form a coating 21 of
the photosensitive polyimide resin precursor. |

The éoating of the photosensitive polyimide resin
15 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 frbm 100 to 1,000 mJ/cm’, and
preferably from 200 to 700 mJ/cm’. The light-exposure

20 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 after light-exposure) at a
tempeiature of from 80 to 200°C, and preferably from 120 to’
180°C for from about 2 to 10 minutes, and then subjected to a

25 developing treatment. -In the present invention, it is

preferred to obtain negative images. The patterned coating of
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- 31 - After coating the solution of the photosensitive
polyi m de resin precursor on a |ong stainless steel (SUS 304) f oi
having a thickness of 25 [err]mby a continuous coater, the coating
| ayer was dried by heating at 120[err]C for 2 mnutes to 5 formthe
coating filmof the photosensitive pdlﬁﬂhiﬂe resin precur sor.

After irradiating the coating layer wth ultraviolet rays via a
mask at a |ight exposure anount of 700 ml/cnferr] and heating at
160[err]C for 3 mnutes, the exposed | ayer :

the polyimide resin precursor thus obtained is heated at high
temperature to form a polyimide resin, whereby a patterned
insuiating layer 22 comprising the polyimide resin is formed on
the stainless steel foil substrate 2 as shown in Fig. 5 to
5 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 anq successively formed
on the entire surface of the stainless steel foil substrate 2
having the patterned insulating layer 22 of the polyimide resin
10 by sputtering. The existence of the chromium thin layer 22 is
useful for closely adhering the copper thin layer 24 onto the
insulating layer 22 comprising the polyimide 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
15 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/0 or less.
Théreafter, as shown in Fig. 7, electrolytic copper
plating having a thickness of from about 2 to 15 um is applied
20  to the copper thin layer 24 to form a conductive layer 25
comprising copper. In Fig. 7, the chromium thin layer is not
shown.
Then, as shown in Fig. 8 aﬁd Fig. 9, after carrying out
a light-exposure and a developing treatment by a patterning
25 technique using a liquid photoresist 26 or a dry film laminate,

the copper conductive layer 25 at the non-pattern portions are
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' was subjected to a devel opnent treatnment to formnegative-type 10
I mges. The coating filmwas further heated at 400[err] C under a

vacuum of 0.01 torr to forma patterned insulating |ayer (thickness 6
[err]m conprising the polyimde resin_to obtain a circuit substrate.
The thermal |inear expansion coefficiedt of the polyimde resin
nmeasured as in Exanple 1 was 16.0 ppm 15 A circuit-formnmed
suspensi on substrate was obtai ned using the circuit substrate in the
same nmanner as in Exanple 1. In the circuit-formed suspension
substrate Egﬁ?vgﬁtﬁkg%ﬁmﬁﬁﬂ&¥*wherebﬁrﬁf&E*ﬂhﬁiéecbﬁahathaé pak@ern 27
coefficient of thermal Iinear expansi on and further is excellent in
the adhesi w@mpraRehbY ti) coppéress tfmmatbsonatheanchduiatpolyi bagerr @2in,
cracki ng does not occur in the resin layer, and releasing of the

pol yi mi de comprising the polyimide resin. In this case, etching of the
copper thin layer is preferably carried out by alkali etching.
5 After removing by etching the copper conductive layer
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
10 layer 23, for example, a potéssium ferrycyanide etching
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

15 hard nickel thin layer 28 on the surface of the copper
conductive 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

20 lower layer does not expose, and is in the range of usually
from 0.05 to 0.1 pm.

Thereafter, the conductive pattern 27 of the wiring
portions are protected by coating using the photosénsitive
polyimide resin precursor, and also terminal is formed at each

25 of the necessary terminal-forming portions. The surface is
similarly protected by coating leaving the portion to form a
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resin fromthe substrate does not occur. Thus since the

circuit-forned suspension substrate has a high reliability and does
not cause warping, inferior performance, etc., do not 25 occur .

- 32 - - o9 _Exanple 4 In 19.72
kg of di methyl acetam de were dissolved — 0.421 kg (3.90 nols) of

p- phenyl enedi am ne, 0.624 kg (1.95 nol s) of

2,2 -bis(trifluoronethyl)-4,4"-diam nobi phenyl, 0.161

cover layer. In Fig. 12 to Fig. 16, the left side of the
substrate shows the formation of the wiiing_portion and the
right side thereof shows the formation of the terminal portion.
That is, as shown in Fig. 12, in the wiring portion,
5 the conductive pattern 27 is coated with the polyimide resin
29. In the terminal-forming portion, the terminal-forﬁing
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
10 heat—curing (imidation) are carfied out using the foregoing
photosensitive polyimide resin precursor in the same manner as
above ;o coat with the polyimide resin, whereby a coated layer

31 is formed. |
As shown in Fig. 13, in the terminal-forming porticn,
15 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, 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
20 pattern 27, and the polyimide resin éoating film 31 with a
photoresist leaving the terminal-forming portion by a method of
using a photoresist according to a conventional method,
electrolytic nickel plating 32 and electrolytic gold plating-
are successively applied to the terminal-forming portion to
25 form a terminal 34. In this case, the thickness of

electrolytic nickel plating and the thickness of elecﬁrolytic
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5 kg (9.65 nols) of bis(am nopropyl)tetramethyl siloxane (the sum of

t he di am ne conponents 6.5 nmols), and 1.012 kg (6.5 nols) of 3,4,3",
4' -bi phenyltetracarboxylic acid dianhydride (diphthalic acid

di anhydride), and the resulting solutiofn,was stirred at room
tenperature for 72 hours. The tenperature of the solution 10 was raised
to 75[err]C. Wen the viscosity of the solution reached 5,000 c.p.,
heati ng was stopped and the solution was allowed to stand to cool it
to roomtenperature. After adding 0.9633 kg (2.78 nols) of

ni phedi pi N, g4 &g Both! Bredf wWusfCEf Y from akegpound,t&nds 0.4l kg
(2.36 nols)” of imdazole to the 15 solution, a solution of a
phot osensi ttherdafi ey dcheIpiaticdsist is iBsmrepar ed. After

coating the solution of the photosensitive

As shown in Fig. 14, in the conductor pattern 27 having

formed thereon the terminal 34, the lead portion 30 (see Fig.
5 12) ﬁhich is used for electrolytic plating is removed by
chemical etching. The removal of coppér and chromium at the
lead portion may be performed in the same method as described

above.

After removing the lead portion, for cutting the
10 stainless steel foil substrate 2 by chemical etching, by
carrying 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
15 stainless steel foil substrate is then cut into a desired form
by etching. 1In this case, as the etching solution, an agqueous

solution of ferric chloride, cupric chloride, etc., is used.
After the etching treatment, by washing with pure water
and drying, the circuit-formed suspension substrate 1 of the
20 present invention can be obtained. That is, the circuit-formed
suspension substrate has the insulating layer 22 comprising the
polyimide resin onithe stainless stain foii substrate 2 and has
the conductor pattern 27 coﬁprising the thin layer of the:
conductive layer on the insulating layer, that is, the pattern

25 circuit, and the entire surface thereof is protected by coating
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polyim de resin precursor on a long stainless steel (SUS 304) f ol
havi ng a thickness of 25 [err]mby a continuous coater, the 20 coati ng
| ayer was dried by heating at 120[err]C for 2 mnutes to formthe
coating filmof the photosensitive polyégige resin precur sor.

After irradiating the coating layer~~"wth ultraviolet rays via a
mask at a |ight exposure anount of 700 -mJ/cnferr] and heating at
160[err]C for 3 mnutes, the exposed layer 25 was subjected to a

devel opnment treatnment to form negative-type | mages. The coatng | ayer

Wa:s), 3f urt hegyihgat efe atcHIN RS I Nayerdes1a 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

5 reaction of two kinds of the aromatic diamines at a definite
proportion and 3,4,3’,4’~-biphenyltetracarboxylic acid
dianhydride as the insulating layer on the metal foil
substrate, and since the polyimide resin-has a coefficient of
thermal linear expansion close to that of the metal foil,

10 breakage does #ot occur on the fesin layer, the resin layer
does not separate, and warping does not occur.

Accordingly, in the circuit-formed suspension substrate
of the present invention, since breakage does not occur on the
resin layer, the resin layer does not separate, warping does

15 not occur, and an inferior performance doeslnot occur.

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

thereto.

20 - Example 1
In 19.72 kg of dimethylacetamide were dissolved 0.386

kg (3.57 mols) of p-phenylenediamine, 0.832 kg (2.60 mols) of
2,2’ -bis(trifluoromethyl)-4,4‘-diaminobiphenyl, 0.081 kg (0.33
mols) of bis(aminopropyl)tétramethylsiloxane (the sum of the
25 diamine components: 6.5 mols), and 1.912 kg (6.5 mols) of

3,4,4',4'-biphenyltetracarboxylic acid dianhydride (diéhthalic
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vacuumof 0.01 torr to forma patterned insulating |ayer (thickness 6

[err]m conprising the polyimde resin to obtain a circuit substrate.
The thermal |inear expansion coefficient of the polyimde resin
measured as in Exanple 1 was 17.5 ppm 2§ _ A circuit-fornmed
suspensi on substrate was obtai ned ~fsing the circuit substrate in the
sane manner as in Exanple 1. In the circuit-fornmed suspension
substrate thus obtained, since the polyimde resin has a | ow
coefficient of thermal I|inear expansion and further is excellent in

LrscEines e ety ate) PeLAEemL e eBlteL gl Sl bhe e Mot ol 0
pol yi m de room tefipealtid® tbe $phnddsd e @Qﬁst@ﬁbeQﬁQu&:e of WS sdnag drhe
was raised to 75°C. When the viscosity of the solution reached
5,000 c.p., heating was stopped, and the solution was allowed
5 to stand to cool it to room temperature.

By adding 0.9633 kg (2.78 mols) of niphedipin, 0.6422
kg (2.04 mols) of an acetyl compound, and 0.161 kg (2.36 mols)
of imidazole to the solution, a solution of a photosensitive
polyimide resin precursor was prepared.

10 After coating the solution of the photosensitive
polyimide resin precursor 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 fér 2 minutes to
form the coating film of the photosensitive polyimide resin

15  precursor. The coating film was irradiated by ultraviolet rays
ﬁia a'mask at a light-exposure amount of 700 mJ/cm® and affer
heating the film at 160°C for 3 minutes, the coating film was
subjected to a developing treatment to form negative-type
images. By further heating the coatihg film having the

20 negative-type images at 400°C in a vacuum of 0.01 torxr, a
patterned insulating layer (thickness 6 um) comprising the
polyimide resin was formed to obtain a circuit substrate.

The coefficient of thermal linear expansion of the-
polyimide resin film was 16.5 ppm. Also, in the case of a

25 general SUS 304 stainless steel foil, the coefficient of

thermal linea expansion was 17 ppm. In this case, the
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circuit-formed suspension substrate has a high reliability and does
not cause warping, inferior performnce, etc., do not 15 occur.

Whil e the invention has been described in detail and with reference
to specific enbodiments thereof, it wll _be apparent to one skilled
in the art that various changes and =— nodi fications can be made therein
W t hout departing fromthe 20 spirit and scope thereof.

- 34 -

coefficient of thermal linear expansioh was measured about a
sample having a width of 2 mm, a thickness of 6 um, and a
length of 30 mm by a TMA method (thermal mechanical analysis
method) at a temperature-raising speed of 10°C/minute and a

5 load of 5 g.
A chromium thin layer having a thickness of 500 A and
a copper thin layer having a thickness of 1,000 & were formed

on the insulating layer comprising the polyimide resin of the

circuit substrate by continuous sputtering treatments. The
10 surface resistance of the copper thin layer was from 0.3 to 0.4
g/u.

After adhering a lightly pressure-sensitive adhesive

sheet to the back surface of the stainless steel substrate as

a mask, sulfuric acid electrolytic plating was applied to the

15 entire surfaée of the copper thin layer to form a conductor
layer comprising copper plating having a thickness of 10 pm.

After laminating a commercially available dry fiim

laminate on the conductor layer at 110°C according to an

ordinary method, the laminate layer was light-exposed at a

20 light eprsure amount of 80 mJ/cmz, and developed. The non-

patterned portioné of the copper conductive layer were removed

by alkali etching, whereby the condﬁctive layer was patterned

leaving the wiring portion and the terminal-forming portion.:

The resist was then removed.
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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
resin is a polyimde resin obtained by e_reaction of 5 (A) aromatic
di am nes conpri sing (a) p:-phenyl ene di am ne and

(b) 2, 2' bls(trlfluoronethyl) 4, 4" -di am nobi phenyl and (B)
3,4,3", blphenyltetracarboxyllc aci d di anhydri de. 2. A
circuit substrate conprising a netal foil substrate and an insul ating

| ayer conprising a @Réyéﬁaﬁﬁlé§§'§teel fol @' ERAsOBrbheedrlak fRibrsed in
substrate, wherein said polyimde
an aqueous solution of a mixture of potassium ferricyanide and
sodium hydroxide to remove the unnecessary chromium thin layer.
An ordinary electroless nickel plating was applied to
5 the stainless steel substrate to form a nickel thin layer
having a thickness of about 0.5 um on the ehtire surface of the
stainless steel foil including the COnQuctive layer and the
insulating layer.
As described above, a desired coating film was formed
10 on the wiring portion and the tefminal-forming'portion of the
conductive layer on the stainless steel foil using the
photosensitive polyimide resin precursor in the same manner as
above.
The substrate was immersed in a solution of a nitric
15 acid releasing agent at room temperature to remove the
electroless plated thin layer on the termiﬁal-forming portion
and the stainless steel foil.
After coating with an ordinary photpresist leaving the
terminal-forming portion according to a conventional method,
20 electrolytic nickel plating and electrolytic gold plating were
successively applied to theforegoing terminal—fbrming portion
to form . plating layers each having a thickness of 1 um, whereby
a terminal was formed. The resist was then released.
After the plating treatments, for removing the lead

25 portion used for plating from the conductive layer, copper
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resinis a pol yi m de resin obtained by reacting, in the 5 presence of a
phot osensitive agent, a polyimde precursor obt ai ned from
(A) aromatic diam nes conpri sing (a) p-phenyl ene di am ne and
(b) 2:2f:bis(trifluoronethyl)-434'-d!gn%gopiphenyl 10 and (B)
3,4,3 ,4" -bi phenyltetracarboxylic acid anhydri de. 3. The
circuit substrate of claim2, wherein the phot osensitive agent is
represented by following formula (1);
alkali etching and chromium etching were carried out in the
same manner as above. |
After removing the lead portion for plating from the
conductive layer, for cutting the stainless steel foil
5 substrate into a desired.form, after forming each necessary
pattern on the stainless steel foil by carrying out a light
exposure and a development using a photoresisﬁ or a dry film
laminate according to a conventional method, the stainless
steel foil substrate was immersed in an etching solution of
10 ferric chloride at 45°C to cut the substrate into each desired
form. After sufficiently washing with pure water, the cut
substrate was dried to obtain each cut circuit-formed
suspension substrate.
In the circuit-formed suspension substrate thus
15 obtained, since the polyimide resin has a low coefficient of
thermal linear expansion and further is excellent in the
adhesive property between the substrate and the polyimide
resin, cracking does not occur in the resin layer, and
releasing of the polyimide resin from the substrate does not
20 occur. Thus since the circuit-fofmed suspension substrate has
a high reliability and does not cause warping, inferiér
performance, etc;, do not occur.
Example 2
In 19.72 kg of N-methyl-2-pyrrolidone were dissolved
25 0.386 kg (3.57 mols) of p-phenylenediamine, 0.832 kg (2.60

mols) of 2,2’-bis(trifluoromethyl)-4,4’-diaminobiphenyl, 0.081
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- 35 - [err]

wherein Xerr], Xerr], Xerr], and X err] each independently represent a
5 hydrogen atom a fluorine atom a nitro group, a nethoxy group,

an am no group, a dial kylam no group, a,gyano group, or a

kg (0.33 mol) of bis(aminopropyl)tetramethyldisiloxane (the sum

of the diamine components: 6.5 mols), and 1.912 kg (6.5 mols)

of biphenyltetracarboxYlic acid dianhydride (diphthalic acid

dianhydride), and the solution was stirred at room temperature

5 for 72 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 0.9633 kg (2.78 mols)

of niphedipin, 0.6422 kg (2.04 mols) of an acetyl compound, and

10 0.161 kg (2.36 mols) of imidazole 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)

foil having a thickness of 25 um by a continuous coater; the

15 coating layer was dried by heating at 120°C for 2 minutes to

form the coating film of the photosensitive polyimide resin

precursor. After irradiating the coating layer with

ultraviolet rays via a mask at a light exposure amount of 700

mJ/cmf and heating at 160°C for 3 minutes, the exposed layer

20 was subjected to a development treatment to form neg&tive-type

images. The coating film was further heated at 400°C under a

vacuum of 0.01 torr to form a patterned insulating layer

(th;ckness 6 pm) comprising the polyimide resin to obtain a-

circuit substrate. The thermal linear expansion coefficient of

25 the polyimide resin measured as in Example 1 was 16.5 ppm.
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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 Rlerr] and R4 each 10

i ndependent|ly represent an al kyl group gving from1l to 4 , car bon
atons, an al koxy group, an anilino grbugr a toluidino group, a
benzyl oxy group, an am no group, or a dialkylam no group); Rerr],
Rlerr] , and R err] each independently represent a hydrogen at om or

an al kyl group having from1l to 3 carbon atons; and 15 said Rerr] and

Rlerr] and said R gr réigggi?g@%ﬁga% 4 144N %g@s‘&‘i‘a‘%@oabég obtainedl

form ng a 5-nmenbered ring, eredring, or . het erocyclic ring
each cont aini;ng %Pﬁg&j}rgﬁ?_’dpsubstrat_e in the shmelR@nflekCHi! ifUDedniple 10f

claim 2, wherei‘n phot osensitive agent is at |east one
di hydr opyr irgi BRedef +#@it VEormed suspension substrate thus obtained, since
the polyimide resin has a low coefficient of thermal linear
5 expansion and further is excellént in the adhesive property
between the substrate and the polyimide resin, cracking does
not occur in the resin layer, and releasing of the polyimide

resin from the substrate does not occur. Thus since the

circuit-formed suspension substrate has a high reliability and

10 does not cause warping, inferior performance, etc., do not
occur.
Example 3

In 1.912 kg (6.5 mols) of N-methyl-2—pjrrolidone were

dissolved 0.421 kg (3.90 mols) of p-phenylenediamine, 0.832 kg

15 (2.60 mols) of 2,2’-bis(trifluoromethyl)-4,4’-diaminobiphenyl
(the sum total of the diamine components 6.5 mols), and 1.912

kg (6.5 mols) bf 3,4,4’ .4’ -biphenyltetracarboxylic acid
dianhydride, and the resulting solution was stirred at room
temperature for 72 hours. The temperature of the solution was

20 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. After adding 0.9633 kg

(2.78 mols) of niphedipin, 0.6422 kg (2.04 mols) of an acetyl-
compound, and 0.161 kg (2.36 mols) of imidazole to the

25 solution, a solution of a photosensitive polyimide precursor

was prepared.
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- 36 - selected fromthe group consisting of 4-o0-nitrophenyl -3, 5-
di net hoxycar bonyl - 2, 6-di nethyl -1, 4-di hydropyridine, 4-o0- 5

ni t rophenyl - 3, 5-di acetyl -1, 4- di hydr opyri di ne, and 4- o- '

ni trophenyl - 3, 5- di met hoxycar bonyl - 2, 6- dj.met hyl - 1- et hyl - 4-

hydr opyri di ne. 5. A methdd of producing a circuit substrate
havi ng an I nsul ating | ayer conprising a polyimde resin by formng a
coating filmof a photosensitive polyinide resin precursor on

After coating the solution of the photosensitive
polyimide resin precursor 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
5 form the coating film of the photosensitive polyimide resin
precursér. After 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 exposed layer
was subjected to a development treatment to form negative-type
10 images. The coating film was further heated at 400°C under a
vacuum of 0.0l torr to form a patternéd insulating layer
(thickness 6 um) comprising the polyimide resin to obtain a
circuit substrate. The thermal linear expansion coefficient of

the polyimide resin measured as in Example i was 16.0 ppm.
15 A circuit-formed suspension substrate was obtained
using the circuit substrate in the same manner as in Example 1.
In the circuit-formed suspension substrate thus obtained, since
the polyimide resin has a low coefficient of thermal linear
expansion and further is excellent in the adhesive property
20 between the substrate and the polyimide resin, cracking does
not occur in the resin layer, and releasing of the polyimide
resin from the substrate does not occur. Thus since the
circuit-formed suspension substrate has a high reliability and-
does not cause warping, inferior performance, etc., do not

25 occur.
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a metal foil substrate, |ight-exposing, heating after the 5
| i ght - exposure, devel oping, and then imdating the precursor by

heati ng, wherein said photosensitive polyimde resin precursor S
obt ai ned by conpoundi ng pol yani ¢ acid qgéained by the reacti on of

(A) aromatic diamnes conprising 10 = 2= ° (a) p-phenyl ene di am ne and
(b) 2,2'-bis (trifluoronethyl)-4,4'-diam nobi phenyl and (B)
3,4,3",4'-biphenyl tetracarboxylic acid dianhydride with a

phot osensiti ve agent. 6. The nethod of producing a circuit
Eubstrate of claimb5, wherein t@eambd opensitive agent is represented
y

In 19.72 kg of dimethylacetamide were dissolved

0.421 kg (3.90 mols) of p-phenylenediamine, 0.624 kg (1.95

mols) of 2,2'-bis(trifluoromethyl)-4,4’-diaminobiphenyl, 0.161

5 kg (9.65 mols) of bis(aminopropyl)tetramethylsiloxane (the sum

of the diamine components 6.5 mols), and”1.012 kg (6.5 mols) of

3,4,3’,4’'-biphenyltetracarboxylic acid.d;anhydride (diphthalic

acid dianhydride), and the resulting solution was stirred at

room temperature for 72 hours. The temperature of the solution

10 was raised to 75°C. When the viscosity of the sdlutibn reached

5,000 c.p., heating was stopped and the solution was allowed to

stand to cool it to room temperature. After ;dding 0.9633 kg

(2.78 mols) of niphedipin, 0.6422 kg (2.04 mols) of an acetyl

compound, and 0.161 kg (2.36 mols) of imidazole to the

15 solution, a solution of a photosensitive polyimide precursor
was prepared.

After coating the solution of the photosensitive

polyimide resin precursor on a long stainless steel (SUS 304)

foil having a thickness of 25 um by a continuous coater, the

20 coating layer was dried by heating at 120°C for 2 minutes to

form the coating film of the photosensitive polyimide resin

precursor. After irradiating the coating layer with

ultraviolet rays via a mask at a light exposure amount of 700-

' mJ./cml2 and heating at 160°C for 3 minutes, the exposed layer

25 was subjected to a development treatment to form negative-type

images. The coatng layer was further heated at 400°C.under a
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following formula (I); - 37 -
[err]

vacuum of 0.01 torr to form a patterned insulating layer
(thickness 6 um) comprising the polyimide resin to obtain'a
circuit substrate. The thermal linear expansion coefficient of
the polyimide resin measured as in Example 1 was 17.5 ppm.

5 A circuit-formed suspénsion substrate was obtained
using the circuit substrate in the same manner as in Example 1.
In the circuit-formed suspension substrat_e thus 'obtained, since
the polyimide resin has a low coefficient of thermal linear
expansion and further is excellent in the adhesive property

10 between the substrate and the polyimide resin, cracking does
not occur in the resin layer, and releasing of the polyimide
resin from the substrate does not occur. Thus since the
circuit-formed suspension substrate has a high reliability and
does not.cause warping, inferior performance, etc., do not

15 occur.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that wvarious changés and
modifications can be made therein without departing from the

20 spirit and scope thereof.
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5 wherein 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 dial kylam no group, a cyano group, or a

fluorinated al kyl group; Y[err] represepis_a cyano group or a group
represented by a fornula -COR[err]; Y[eH] represents a cyano group or 10
a group represented by a formula -COR[err] (wherein R err] and R err] each
i ndependently represent an al kyl group having from1l to 4 car bon
atons, an al koxy group, an anilino group, a toluidino group, a

benzyloxy up, or a dialkylamno group); R, R
and R eachg? ep%%g%nt %ﬁygggesents a hydrogen 15 atom or an al kyl group

having from1 to 3 carbon & Qwit ar@ubstratéa' @oxﬁ{aﬁiélné‘ndaR[ﬁéfilanf'oﬁﬁ' d
Rlerr] and R err] each can forma ring capable
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
5 (A) aromatic diamines comprising

(a) p-phenylene diamine and

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

(B) 3,4,3',4'—biphenyltetracarbbxylic acid 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

5 presence of a photosensitive agent, a polyimide precursor
6btained from |
(A) aromatic diamines comprising
(a) p-phenylene diamine and
(b) 2,2';bis(trif1uoromethyl)—4,4'-diaminobiphenyl
10 and '
(B) 3,4,3’,4’'-biphenyltetracarboxylic acid dianhydride.
3. The circuit substrate of claim 2, wherein the

photosensitive agent is represented by following formula (I);-
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of formng a 5-nenbered ring, a 6-nenbered ring, or a het er ocyclic

ring each containing a keto group. 7. The net hod of
producing a circuit substrate of claimb5, wherein the photosensitive
agent is at |east one

This is the replacement sheet - 35 - - 38

- di hydropyri di ne derivative sel ect ed fromthe group consisting

. xz
X3 X!
(1)
XY xo.
yt "y
RN g
os

wherein Xl,' Xz, X3, and X' each 'independently represent a

5 hydrogen atom, a fluorine atom, a nitro group, a methoxy group,
an amino group, a dialkylainino group, a cyano group, or a
fluorinated alkyl group; Y represents a cyano éroup or a group
represented by'a formula -CORa; Y represents a cyano group oi‘

a group represented by a formula -cor* (wherein R® and R* each

10 independently répresent 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
gi‘oup); Rr', Rz', and R’ each independently represent a hydrogen

atom or an alkyl group having from 1 to 3 carbon atoms; and

15 said R' and R® and said R? and -,.R6 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 su.bstrate of claim 2, wherein the

photosensitive agent is at least one dihydropyridine derivative

Thi= is the replacement shoef
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of 4- 0- ni trophenyl - 3, 5- di net hoxycar bonyl - 2, 6-di net hyl -1, 4- 5

di hydropyri di ne, 4- 0-ni trophenyl -3, 5-di acetyl -1, 4-

di hydr opyri di ne, and 4-o-nitrophenyl -3, 5-di net hoxycar bonyl - 2, 6-

di met hyl - | - met hyl - 4- hydr opyri di ne. - 36 8. Acircuit-formed
suspensi on substrate conprising a Zmetal foil substrate, an

I nsul ating | ayer conprising a polyimde resin forned on the netal
foil substrate, and a pattern circuit conprising a conductive |ayer
formed on the 5 insulating | ayer, wherein said polyimde resinis a

oL, Mo, agtocrf ol kOBl NohgTglnY i, 4ioomitrbhenyause
(b) 2,2 -bi g{hethbrpe2rBERYL) =4, 4, s dh pRbERPLPRCAY i hidropgRidine, 4-o-
5 nitrophenyl-3,5-diacetyl-1,4-dihydropyridine, and 4-o0-
nitrophenyl-3,5-dimethoxycarbonyl-2,6-dimethyl-1-methyl-4-
ﬂydﬁopyridine.
5. A method of producing a circiit substrate having an
insulating layer comprising a polyimide resin by forming a
cbating film of a photosensitive polyimide resin precursor on
a metal foil substrate, light-exposing, heating after the
S 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
10 (a) p-phenylene diamine and
(b) 2,2'-bis(trifluoromethyl)-4,4’~diaminobiphenyl
and
(B) 3,4,3’,4’-biphenyltetracarboxylic acid 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);

. This is the replacement sheet
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(B) 3,4,3",4'-biphenyltetracarboxylic acid dianhydride. 9. A

circuit-forned suspension substrate conprising a nmetal foil _
substrate, an insulating |ayer conprising a polyim de resin formed on
the metal foil substrate, and a _ ttern circuit conprising a
conductive layer forned on the 5 i Asul ating | ayer, wherein said
polyimde resin is a polyimde resin obtained by reacting, in the
presence of a photosensitive agent, a polyimde resin precursor
obtai ned from (A) aromatic diam nes conpri sing (a)
p- phenyl ene di am ne and 10 (b)
2,2' -bis(trifluoronethyl)-4,4"-diam{%obi phenyl
3 Xt
(1
X4 NO: )
H
Y! v?
R! N R?
|
RS
S wherein Xl, 'Xz, 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 gioup, or a
fluorinated alkyl group; Y represents a cyano group Or a group
represented by a formula -CORS; ¥ represents a cyano group or

10 a group represented by a formula ~CorR* (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
g&:oup); Rl, Rz, énd R® each independently represents a hydrogen

15 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. .

7. The.- method of -producing a circuit substrate of

claim 5, wherein the photosensitive agent is at least one
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- 39 - and (B) 3,4,3 ,4" -biphenyltetracarboxylic acid

di anhydri de. 10. The circuit-formed suspension substrate of
claim -9, wherein the photosensitive agent is represented by
fol |l owi ng formula (1); - 18 - [err]

—

dihydropyridine derivative selected from the group consisting
of '4-o-nitrophenyl-3,S-dimethoxycarbonyl—Z,6-dimgthyl—1,4-
5 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
5 "insulating layer, wherein said pdiyimide resin is a polyimide
resin obtained by the reaction of
(A) aromatic diamines comprising
(a) p-phenylenediamine and
(b) 2,2'-bis(trifluoromethyl)-4,4'—diaminobiphenyl
10 and
(B) 3,4,3’,4’'-biphenyltetracarboxylic acid dianhydride.
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
5. insulating layer, wherein. said polyimide resin is a polyimide
resin obtained by reacting, in the preseﬁce of a photosensitive
agent, a polyimide resin precursor obtained from
(A) aromatic diamines comprising
(a) p-phenylene diamine and

10 (b) 2,2’-bis(trifluoromethyl)-4,4’'-diaminobiphenyl
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5 wherein Xerr], Xerr], Xerr] , and X[err] each independently

represents a hydrogen atom a fluorine atom a nitro group, a

nmet hoxy 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
gr oup represented by a fornuld-ﬁﬂ}{err]; Y[err] represents a cyano
group or 10 a group represented by a fornula -COR[err] (wherein R err]
and R4 each i ndependently represent an al kyl group having from1l to
4 carbon atons, an al koxy group, an anilino group, a toluidino
group, a bgpgyl oxy group, an am no group, or a dialkylam no group);

Rlerr], Rerr], and Rlerr] each independently represent a hydrogen
(B) 3,4,3',4’'-biphenyltetracarboxylic acid dianhydride.

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

formula (I);

. xz
X3 X!
x4 HO: (1)
H .

¥t v?
R! N R

!

RS

5 wherein X' ‘ Xz, Xs,' and X' each independently represents 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; erepresents a cyano group or a group
represented by a formula —COR?; Y represents a cyano group oOr
10 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 benzyldxy group, an amino group, or a dialkylamino
group); Rl, Rz, énd R® each independently represent a hydrogen
15 atom or an alkyl group having from 1 to 3 éarbon atoms; and

. 1 3 .
said R* and R’ and said R?’ and R* each can form a ring capable

-— This is the replacement sheet
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15 atomor an alkyl group having from1l to 3 carbon atons; and
said Rlerr] and R err] and said R err] and R err] each can forma ring

capabl e - 40 - of forning
a 5-nenbered ring, a 6-nenbered ring, oL . het erocyclic ring each
contai ning a keto group. = 2941, The circuit-forned suspensi on
substrate of claim 9, wherein the photosensitive agent is at |east
one di hydr o- pyridi ne derivative selected fromthe group consisting
of 4-o0-

of forming a S5-membered ring, a 6-membered ring, or a
heterocyclic ring each containing a keto group.

11. The circuit—formed suspension substrate of claim
9, wherein the photosensitive agent is at least one dihydro-
pyridine derivative selected from the group consisting of 4-o-
nitrophenyl-3,5-dimethoxycarbonyl-2,6-dimethyl-1,4-dihydro-

‘5 pyridine, 4-o-nitrophenyl—3,S-diacetyl-l,4fdihyd£opyridine, and
4-o-nitrophenyl-3,5-dimethoxycarbonyl-2,6~dimethyl-1-methyl-4-
hydropyridine.

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

5 imidating the precursor by heating to form a circuit substrate
having an insulating layer comprising a polyimide resin, and
then formiﬁg a pattern circuit comprising a conductive layer on
the insulating layer, wﬁerein said photosensitive polyimide
resin precursor is obtained by compounding a polyamic acid

10 obtained by the reaction of
(A) aromatic diamines comprising

(a) p-phenylene diamine and

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

15 (B) 3,4,3’,4'-biphenyltetracarboxylic acid dianhydride

with a photosensitive agent.
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ni t rophenyl - 3, 5- di met hoxycar bonyl - 2, 6- di net hyl - 1, 4- di hydr o- 5 pyri di ne,
4- 0-ni trophenyl - 3, 5-di acetyl -1, 4-di hydr opyri di ne, and

4- 0- ni t rophenyl - 3, 5- di met hoxycar bonyl - 2, 6- di et hyl - 1- et hyl -

hydr opyri di ne. 12. A nethqd of producing a circuit-fornmed
suspensi on substrate by formng coating filmconprising a

phot osensi tive polyi m de resin precursor on a netal foil substrate,
i ght- exposi ng, heating after the |ight-exposure, devel oping, 5

i mdating the precursor by heating to forma circuit substrate havi ng
an insulating | ayefq COMgYd si g‘g,t ol y,gi dgpy &ﬁicq_nqemda cirthee-fSFhmadg a

pattern circuit conprising a con ctlve I the insulating

layer, whegelle 5 sh Pheboesaskt bye calin e where.uf eche PHEECESHNELt Bre
obt ai ned by - conpoundi ng a polyamc acid 10 obt ai ned by the reaction of

agent is represented by following formula (I);

. xz
X2 X!
X4 ~ NO; ()
H
Y ¥?
R! N R?
1s
5 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 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
10 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 dialkylamind
group); R!, R?, and R? each independently represent a hydrogen
15 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 S5-membered ring, a 6-membered ring, or a

heterocyclic ring each containing a keto group.

IR This is the replecement sheet
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(A) aromatic diam nes conpri sing (a) p-phenyl ene di am ne and

(b) 2,2 -bis(trifluoronethyl)-4,4"-di am nobi phenyl and 15 (B)
3,4,3" ,4"-bi phenyl tetracarboxylic acid dianhydride with a
phot osensitive agent. - - 41 -

13. The nmethod of producing a Ei%%uft-forned

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-

5 2,G-diméthyl-l,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.

15. The cifcuit substrate of claim 1, wherein a mol
ratio of the components of the aromatic diamines (A) is that
the component (a) is.from 50 to 7b.mol% and the component (b)
is from 50 to 30 mols.

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 50 to 70 mol% and the compbpent (b)
is from 50 to 30 mols.
| 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 50 to 70 mol%
and the component (b) is from 50 to 30 molk.

18. The circuit-formed suspension substrate of claim
9, wherein a molaf ratio of the components of the aromatic
diamines (A) is that the component (a) is from 50 to 70 mol%
and the component (b) is from 50 to 30 mols.

19. The circuit substrate of claim 15, wherein a

polysiloxane represented by following formula (II);
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suspensi on substrate of claim 12, wherein the photosensitive agent
Is represented by followng formula (1);

[err] 5 wherein Xerr], Xerr], Xerr], and X err] each
I ndependent |y represents a hydrqgen atom a fluorine atom a nitro
group, a methoxy group, an aniho_ﬁrbup, a di al kyl am no group, a

cyano group, or a

R? R?
I |

H:N-R'-Si-(-0-?1-)n-R‘—HHz (II)
{‘;z Rz

wherein R! represeﬁts an alkylene group having from 1 to 18
5 carbon atoms; R? represents an alkyl group having from 1 to 18
éarbon atom#; and n represents én 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 follohing formula (iI);

Rz RZ
i [
HzN-R'-Si-(-0-Si-)n-R'-NH. :
lz |z (II)
R R

wherein R! represents an alkylene group having from 1 to 18
) carbon atoms; Bz represents an alkyl group having from 1 to 18
carbon atoms; and n represents an integer of froﬁ 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

(II);

R? R?
! [
-R*-Si-(-0-Si-)n-R'-NH
H2N-R ?1 (-0 ?1 Jn-R 2 (II)
RZ RZ

This is the replacemeni"sheet
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fluorinated al kyl group; Y[err] represents a cyano gfoup or a group
represented by a fornmula -COR[err]; Y[err] represents a cyano group or 10
a group represented by a formula -COR[err] (wherein Rlerr] and R4 each

i ndependent |y represent an al kyl groupgpaving from1 to 4 car bon
atons, an al koxy group, an anilino gro«p, a toluidino group, a
benzyl oxy group, an am no group, or a dialkylam no group); Rerr],
Rlerr], and R err] each independently represent a hydrogen 15 atom or an
al kyl group having from1 to 3 carbon atons; and said R err] and
Rierrd andvetiel iR rdepubdiiey 'dncathytanel YeBd A& FPERLR 1 to 1#f
formng a 5-nenbered ring, a 6-nenbered ring, or het erocyclic ring

each cont daxbet atorisG ®2Oob@presents 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 suspens'fon' substrate of claim

18, wherein a polysiloxane represented by following formula

(I1);
RZ R?
! | : :
HzN-R'-Si-(-0-Si-)n-R'-NHz: . (II)
S
5 wherein R!' represents an alkylene group haviné 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 - 14. The nmethod: - of producing a circuit-forned
suspensi on substrate of claim 12, wherein the photosensitive agent is at

| east one. di hydropyridi ne derivative selected from the group consisting of
4-0-ni trophenyl -3, 5- di net hoxycar bonyl- 452-6- di et hyl - 1, 4- di hydr opyri di ne,
4-0-ni trophenyl -3, 5-di acetyl - 1, 4-di hydropyridi ne, and

4-0-nitrop -3, 5-di ycarbonyl -
RC _.J;;f,';.-EORMED SUSRENSTON SUBSTRATE, ) ANDt e

2, 6- di met 2
of claim 1z t he conponents of the aromatic di am nes

(A) is that the conponent aasTRAcH oF TYE D1gerdguleand t he conponent (b)

A circuit substrate having an insulating layer

comprising a polyimide resin on a metal foil substrate, wheréin
the polyimide resin is a polyimide resin obtained by the
reaction of
(A) aromatic diamines comprising
(2) p-phenylene diamine and
(b) 2,2’-~bis(trifluoromethyl)-4,4’'~diaminobiphenyl.
(B) 3,4,3',4’-biphenyltetracarboxylic acid dianhydride.
The circuit-formed substrate has a desired circuit
comprising a conductive lgyer on -the circuit substrate.
The polyimide resin has a coefficient of thermal linear
expansion close to that of the metal foil, and hence breakage
does not occur on the resin layer, the resin layer does not

separate, and warping does not occur.
Fig 1 '
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Is from50 to 30 nol % 16. The circuit substrate of claim 2,
wherein a nolar ratio of the conponents of the aromatic diamnes (A iIs
that the conponent (a) is frgm50 to 70 nol % and the conponent (b) is
from50 to 30 nol % 17. The circuit-formed suspension substrate of
claim 8, wherein a nolar ratio of the conponents of the aromatic di am nes
(A) is that the conponent (a) is from'5_(3‘__t'o 70 nmol % and the conponent (b)
is from50 to 30 nol % 18. The circuit-formed suspension substrate
of claim 9, wherein a nolar ratio of the conmponents of the aromatic

diam nes (A) is that the conponent (a)4ﬂ from50 to 70 mol % and the
conponent (b) is from50 to 30 nol % < 19. The circuit substrate of
claim 15, wherein a

1

Fiqg.
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pol ysi | oxane represented by following fornula (I11);
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wherein R err]
atons; R err]
at ons;

represents an al kyl

nol e of the conponents (A).
claim 16, wherein a

(rry;

an al kyl group having from1 to 18
I nteger of from1 to 100,

22

pol ysi | oxane™r
[err]
an al kyl ene grpig.having from1l to 18 5

represents an al kyl ene group having from1l to 18 5
group having from1 to 18

and n represents an integer of from1l to 100,
part of the aromatic diamnes (A) in an anmount of

carbon atons; R err]
carbon at ons;

car bon
car bon

is used as a
10 nol % or | ess per
The circuit substrate of

.ﬁpresented by followi ng fornula

wherein R err] represents
represents

and n represents an

22
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Is used as a part of the aromatic diamnes (A) in an anmount of 10 nol %

or less per nole of the conponents (A). 21. The circuit-forned
suspensi on substrate of claim 17, wherein a polysil oxane represented
by follow ng fornul a (rry; [err]

- 44 - 5 wherein Rerr] representz an al kyl ene group having from1 to
18 - - '

Fig. 9

23
22

Fig. 10

Fig. 11
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carbon atons; R 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 nmol % or

| ess per nole of the conponents (A). 22. The circuit-formed
suspensi on substrate of claim 18, wherein a polysil oxane represented
by follow ng fornula (rr); -5 - [err] 5
wherein R err] represents an al kyl ene group having from1 to 18 car bon
atons; R err] prepresgnts an al kyl group having from1l to 18 car bon
atons; and n.r: b$ES£§ts an integer of from1 to 100, is
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used as a part of the aromatic diamnes (A) in an anount of 10 nmol % or
| ess per nole of the conponents (A).

" Fig. 15_
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