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CIRCUIT-FORMING SUBSTRATE AND CIRCUIT SUBSTRATE

FIELD OF THE INVENTION

The present invention relates to a circuit-forming
substrate and a circuit substrate, and more specifically to
various kinds of mounting circuit-forming substrates and the
circuit substrates. In particular, the present invention
relates to a circuit-forming substrate as a part for forming an
electric signal wiré directly on a suspension for hard disk for
which a high-capacity requirement and small-sizing have been

recently hastened and to a circuit substrate obtained by the

circuit-forming substrate.

BACRKGROUND OF THE INVENTION

Recently, a thin-film multilayer substrate for aiming
a high-density mount. and high-speed signal processing of
semiconductors has been watched with keen interest and, in
general, a substrate formed by laminating a copper foil as an
electrically conductive layer and a polyimide resin layer as a
supporting layer is used. On such a substrate, a device is
mounted, and since the device generates heat due to its
characteristics, it has been desired to use a substrate
material having a high heat-radiafing effect such that heat
does not accumulate in the inside of the system having
incorporated therein the device.

As such a substrate, various circuit substrates having

heat spreader have been proposed and for preparing these
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 hlastened and to a circuit substrate obtained by the circuit-formng
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such that heat
effect, coating a liquid resin on the substrate followed by

drying, and thereafter, forming thereon a conductor layer, a
press laminating method of press-working a copper-applied
laminate layer plate and a metal plate having a large heat-
radiating effect, etc., have been proposed.

However, the former method has a problem that since the
step number for working is large, the cost becomes high and the
latter method has a problem that since the accuracy for
position matching is rough, it is difficult to obtain fine
lines. -%ince'these problems are fundamental problems in the
practical use, the production method for the substrate with
high reliability, high density, and low cost has not yet been
actually realized. |

On the other hand, from the points of obtaining a high
storage capacity and high speed of a hard disk, in place of the
conventional thin-film magnetic head which is MIG or a magnetic
induction type, a so-called MR-thin-form composite type head
formed by integrating a magnetic resistance-type MR element and
a thin film has been watched with a keen interest. While in a
conventional magnetic head, the reading and the writing of
magnetic signals are both made by one head, since in the MR
head, the reading and the writing are divisionally made by one
head, the number of terminal becomes twice (if necessary, an

earth terminal is further added) and it becomes necessary to
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does ‘not accunul ate in-the inside of the system having incorporated

therein the device. As such a substrate, variou; circuit substrates
having heat spreader have been proposed and for preparing these
2 substrates, a so-called successive |am nating nethod of using a

sheet--form netal substrate having a high heat-radiating effect, coating a
liquid resin on the substrate foll owed by

fine the wire connecting the head to the disk body. However,
when the wire is fined, the wire becomes liable to be corroded
and also there occur the problems that it becomes reluctant to
conform the impedances and also it becomes difficult to mount
the head.

As a method of solving such new problems, a method of
directly forming circuits on a suspension on which a head is
mounted as described in JP-A-48-16620 (the term "JP-A" as used
herein means an “unexamined published Japanese patent
application®).

However, if the materials constituting the substrate
have digferent heat expansion coefficients (linear expansion
coefficients), the substrate warps on the generation of heat.
Also; if the water absorption of the polyimide resin layer
being used for the circuit-forming substrate described above is
high, for example, when such a substrate is incorporated in a
hard disk body as a suspension, the dimensional change with the
absorption or the desorption of water to or from the polyimide
resin layer becomes large, the suspension itself warps to
reduce the alignment accuracy, and it is also considered that
there is a possibility of changing the interval between the
disk and the disk body to cause an inferior performance as a
device,

Also, the circuit-forming substrate or the circuit
substrate is prepared by a sheet-form step of forming a

polyimide resin layer and a conductor layer in order on a long

-
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‘ dryiﬁg, and thereafter, formng thereon a conductor |ayer, a press

¢« I'am pating nethod of press-working a copper-applied |amnate |ayer plate
and a netal plate having a large heat- radiating effect, etc., have been
pr oposed. However, the former nethod has a problemthat since the
step‘nunber for working is large, the cost becones high and the Ilatter
nmet hod has a problemthat since the accuracy for position matching is
rough, it is difficult to obtain fine lines. Since these problens are
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producing the substrate is high.

Furthermore, if a three-layer substrate composed of a
copper-applied laminated layer plate (for example, a two layer
substrate composed of a polyimide resin layer and a copper
foil) and a long stainless steel foil can be available, for
pattern working of the polyimide resin layer, it is necessary
to apply dry etching such as plasma etching, laser abrasion,
etc. As a result, there is a possibility that the dry etching
gives damages to the stainless steel foil and other wiring
circuité%and the cost becomes high with the reduction of the
throughput. On the other hand, it may be considered to work
the polyimide resin layer by wet etching but in this case, a
toxic chemical such as hydrazine, etc., must be used as the
processing liquid and hence the foregoing method is undesirable
in the environmental sanitation.

Also, a circuit-forming substrate is not always used in
a flat board state but as the case may be, it sometime happens
that after making a circuit substrate by forming circuits on
the circuit-forming substrate, the circuit substrate is
processed by partially bending the circuit substrate at about
30 degree. When such a processing is applied, a stress is
applied to the bent portion and thus there is a possibility
that the polyimide resin layer constituting the substrate is

cracked to cause an inferior insulation.
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storage capacity and high speed of a hard disk, in place of the _
conventional thin-filmnmagnetic head which is MG or a nagnetic i nduction
type, a so-called MR-thin-form conposite type head formed by integrating
a magnetic resistance-type MR el enent and a thin fil mhas been watched
with.a keen interest. Wiile in a conventional magnetic head, the reading
and the witing of magnetic signals are both nmade by one head, since in
the MR head, the reading and the witing are divisionally nade by one

head, the nunber of term nal & 3 e (Jfyr ary, an earth
termnal is further added) anuﬁgggggtunes-nEteéggggifo

An object of the present invention is to solve the

problems of the conventional techniques described above and to
provide a circuit-forming substrate which sufficiently
satisfies low cost (which is important from the point of view
of practical use), high density and high reliability, scarcely
causes warping of the substrate itself, and has excellent
workability, i.e., when bending working of about 90 degree, at
which a strong stress is added, is applied to the substrate, it
shows a good adaptability of the polyimide resin layer at the
bent portion, resulting in no inferior insulation and a circuit
substraég obtained by the use of the circuit-forming substrate.

According to an aspect of the present invention, there
is provided a circuit-forming substrate comprising a long
stainless steel foil having formed on one surface or both
surfaces thereof a polyimide resin layer wholly or partially.

Also, according to another aspect of the present
invention, there is provided circuit substrate formed by using
the circuit-forming substrate described above, wherein a
‘conductor layer is finely patterned on the circuit-forming
substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 (a), (b), and (c) are enlarged cross-sectional
views showing the steps obtaining the circuit-forming substrate
of the present invention,

Fig. 2 (a), (b), and (c) are enlarged cross-sectional

/——-———'\
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3 fine the wire connecting the head to the di sk body. However, when the
wre is fined, the wire becones liable to be corroded and also there occur
the problens that it becomes reluctant to conformthe inpedances and al so
it becones difficult to mount the head. As a nethod of sol ving
such-new probl ens, a nethod of directly formng circuits on a suspension
on which a head is nounted as described in JP-A-48-16620 (the term"JP-A"
as used herein nmeans an "unexam ned published Japanese patent

appl i cati ogibys showing "HEYEhepk! df'CoBBAEELAY SofRES NS Neming
substrate of the present invention,

Fig. 3 (a) and (b) are enlarged cross-sectional views
showing the steps of obtaining still other circuit-forming
substrate of the pfesent invention, and

Fig. 4 is a slant view showing the state of winding the
long substrate of Fig. 3.(a) in a roll form.

In these figures, each numeral has the following
meaning.

l: a long stainless steel foil

.23 a polyimide resin layer

3: a conductor layer (metallizing layer)

4: a conductor layer {(after electrolytic plating)

DETAILED DESCRIPTION OF THE INVENTION

The present invention is described in more detail
below.

In particular, it is preferred from the point of
preventing the occurrence of warping of the circuit-forming
substrate that the difference (n) of the average linear
expansion coefficient of the polyimide resin layer (a«l) and the
average linear expansion coefficient of the long stainless
steel foil (a2) in the temperature range of from 5 to 200°C is
controlled in the range of from -5 ppm to 5 ppm.

A circuit-forming substrate having a conductor layer
according to the present invention can be prepared by lamina-

ting a copper layer on the wholly formed polyimide resin layer
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i . . .
i have ‘different heat expansion coefficients (linear expansion
. coefficients), the substrate warps on the generati onof heat. Aso, T the

wat er absorption of the polyimde resin |layer being used Tor the
circuit-form ng substrate descri bed above is high, for exanple, when such
a substrate is incorporated in a hard disk body as a suspension, the

di nensi onal change with the absorption or the desorption of water to or
fromthe polyimde resin |ayer beconmes |arge, the suspension itself warps
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circuit-formng substrate or the circu
layer or without such a metal layer (i.e., directly).

For forming the patterns of a desired form, it is
par;icularly'prefefred that the polyimide resin layer is formed
by a photosensitive polyimide resin containing a photosenéitive
agent.

Furthermore, the circuit-forming substrate of ‘the
present invention is preferably used as a suspension for a hard
disk. In this case, the substrate can exhibit its
characteristics fully.

-Llso, from the point of preventing the occurrence of
warping of the substraté, it is preferred that the difference
(n) of the average linear expansion coéfficient of the
polyimide resin layer (cl) and the average linear expansion
coefficient of the long stainless steel foil (@2) and the
difference (m) of ol and the average expansion coefficient of
the conductor layer (a3) in the temperature range of from 5 to
200°C each is controlled in the range of from -5 ppm to 5 ppm.

Furthermore, the present invention provides a circuit
substrate prepared by using the foregoing circuit-forming
substrate having formed thereon the fine patters of conductor
layer.

By preparing the circuit-forming substrate and the
circuit substrate as described above, fine patterns having an

excellent dimensional stability can be formed at a low cost and
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: subst'rate is prepared by a sheet-formstep of formng a polyinide resin

" layer and a conductor layer in order on a |ong

4 stainless steel foil, and since the nunbéhwﬂ&mmhﬁmﬁmm@u&mlon steps is

| arge and the steps are corrpl icated, the cost f|dEl the substrate
I s high. Furthernore, if a t hr ee- | ayer A8 HERNH posed of a
copper-applied lam nated | ayer plate (for exanple, r

the excellent circuit substrate which is not accompanied by the
phenomenon of warping the substrate and which does not cause
cracking in the polyimide resin layer can be obtained without
need of selecting the kind of the material constituting each
layer. |

Now, the polyimide resin being used for the circuit-
forming substrate and the circuit substrate of the present
invention is preferably a so-called total aromatic polyimide
having the structural unit represented by formula (1) in the

molecule:

r/ﬁﬂ\ /CU\

wherein R; represents a tetravalent aromatic group and is

preferably at least one of

CFs

OIOIOSCERGY ]@/i}:@:'

and R, represents a divalent aromatic group and is preferably

at least one of
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1' substrate conposed of a polyinide resin layer and a copper foil) and a
| ong-stai nless steel foil can be available, for pattern working of the
polyimde resin layer, it is necessary to apply dry etching such as plasna
etching, |aser abrasion, etc. As aresult, there is a possibility that
the dry etching gives damages to the stainless steel foil and other wring

circuits and the—cost b mes Ahgh with phe reductiqn of the throughput.
n the of her 4@ Ut @'de‘r@;@k ni de resin |ayer
by wet etching ¥&t in t casg/ a 'pa C hydr azi ne, etc.,
nmust be used as the processing |1 qui R nce the foregoirg nethod is
undesirable in the environmental sanitation. Also, a -

circuit-form substrate 4§ not al wa sgu in
v B 0o 0 =
oo

When the polyimide resin is formed on the 1long
stainless steel foil in a layer form, it is preferred that the
water absorption of the polyimide resin layer is 0.7% by weight
or less, and preferably 0.5% by weight or less, For providing
a polyi;;xide resin layer having a water absorption falling
within the above range, it isl preferred to use a s.o-called

total aromatic polyimide having the structural unit represented

by formula (2) in the molecule:

- (I? (’? oy
_~C C
-— N \Rl/ —-Ry —— (2)
il i
L. O O .

wherein R; represents a tetravalent aromatic group and is

preferably

S
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: a flat board state but as the case may be, it sonetine happens

that after

making a circuit substrate by formng circuits on the circuit-formng
substrate, the circuit substrate is processed by partially bending the
circuit substrate at about 90 degree. Wen such a processing is applied,
a stress is applied to the bent portion and thus there is a possibility

that the polyimde resin |ayer constituting the substrate is

cracked to

cause an inferior insulation. 5

and R, represents a divalent aromatic group and is preferably

at least one of

oo, P o0

CFs

CF, (llFs
. and C
: {:!:(3“:” HaC:I::T.Iut:]: -

CF: CHs

That is; when the polyimide resin layer having a water
absorption of 7% by weight or less is formed on the long
stainless steel foil, the polyimide resin layer becomes an
insulating layer between the long stainless steel foil layer
and the conductor layer formed thereon, whereby it becomes
sufficiently possible that an electric signal wire can be
freely circuit-designed thereon and even when the flexible
stainless steel foil is used, a substrate showing less warping
can be obtained. On the other hand, in the case of using poly-
imide resins conventionally used for circuit-forming substrates
and circuit substrates, in particular, polyimide resins
conventionally used as suspensions for hard disks, since the
water absorption thereof is over 0.7% by weight and usually

higher than 1.0% by weight, the effects of the present
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" SUMMARY OF THE | NVENTI ON An object of the present inventionis to

+ solve the problens of the conventional techniques described above and to
provide a circuit-formng substrate which sufficiently satisfies |ow
cost (which is inportant fromthe point of view of practical use), high
density and high reliability, scarcely causes warping of the substrate
itself, and has excellent workability, i.e., when bendi ng working of about
90 degree, at which a strong stress is added, is applied to the substrate,

it shows angendisfaptiabichi bycQintde ROl LBLASHE £S5 J@a)@tr %ﬁostoQ'?)tiQﬂmt

portion, resulting in no inferior insulation and a circul substrate
obt ai ned bysth@sege Réréire Ghdand t -diE M WIbIPRli%ed by cof@teEdhgy to

an aspect of the present invention, there
measurement of a water absorption by a Karl Fischer’s method
after allowing a sample to stand for 100 hours under a high-
temperature and high-humidity condition of 85°C and 85% R.H.
In addition, in the low-water absorption polyimide
resins having the structural unit shown by formula (2) shown
above, the particularly preferred resin is the polyimide resin
of the formula wherein R, is 5,5'-(2,2,2-trifluocro~1-
(trifluoromethyl)ethylidene]bis~1,3-isobenzofurandione and R,
is 4,4’-dimethyl-3,3‘~-diaminodiphenylhexafluoropropane.
-;150, when the polyimide resin is formed on a long
stainless steel foil in a layer form, for making the elongation
percentage of 20% or higher, and preferably 25% or higher, it

is preferred to use a so-called total aromatic polyimide having

the structural unit represented by formula (3) in the molecule:

o 0 -
A
N NI N
Mg R Nk = (3)
I I
- 0 O -1

wherein R; represents a tetravalent aromatic group and R, repre-
sents a divalent aromatic group.
When the polyimide resin layer having an elongation

percentage of 20% or higher is formed on a long stainless steel
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is provided a circuit-fornming substrate conprising a |ong stainl ess st eel
foil-having formed on one surface or both surfaces thereof a polyimde
resin layer wholly or partially. Al so, according to another aspect
of the present invention, there is provided circuit substrate forned by
using the circuit-formng substrate described above, wherein a
conductor layer is finely patterned on the circuit-formng substrate.
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 (a), (b), and (c) are

CIrCult-1oroing Substiate 6T The i choht” | nuentyanan isidatify 15vpr
(b), and (bpteeencghar gediniass- seeblO#8Lil and a conductor layer being
formed on the polyimide resin layer, whereby it becomes
sufficiently possible that an electric signal wire can be
freely circuit-designed thereon and also the ﬁerminal portion
of the signal wire can be freely bent to be connected to other
circuit. On the other hand, in the case of using polyimide
resins conventionally used for circuit-forming substrates and
circuit substrates, in particular, polyimide resins
conventionally used as the suspehsions for hard disk, a
photosensitive polyimide resin having introduced therein a
photopoi&merizing' group is used for finely patterning the
polyimide resin layer, but the elongation percentage of such a
photosensitive polyimide resin is lower than 20% and usually
not more than 10%, thereby the effects of the present invention
cannot be obtained. The terminology "elongation percentage" as
used herein means the value obtained by'dividing the elongation
at breaking (breaking elongation) by the initial length of a
test piece when elongation is measured at a temperature of 24
to 26°C wusing a tensilon type tension test machine
(manufactured by Toyo Boldwin Co.) under the condition that the
width of the test piece is 2 mm, the interval between chucks is
5 mm, and the tensile speed is 5 mm/minute.
Among the polyimide resins having the structural unit
shown by formula (3), the particularly preferred resin is the

polyimide resin of formula (3) wherein R; is a biphenyl group
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% 6 Vi ews showi ng the steps of obtaining other circuit-formng substrate

of the present invention, Fig. 3 (a) and (b) are enlarged
cross-sectional views showi ng the steps of obtaining still other _
circuit-formng substrate of the present invention, and Fig. 4is

a slant view show ng the state of winding the |ong substrate of Fig. 3 (a)

in aroll

form

and R, is a 1,4-bis({phenoxy)phenylene group.

The foregoing polyimide resin being used in the present
invention preferably has the structural unit shown by formula
(1), (2), or {3) in the molecule and has a relatively small
linear expansion ‘coefficient and water absorption and a
relatively high elongation percentage, but as long as the
linear expansion coefficient, the water: absorption, and the
elongation percentage are not largely affected, a copolymer or
mixture of the foregoing polyimide resin with a polyimide resin
having other structural unit, for example, a polyimide resin
having a structural unit wherein R; and R, in formula (1), (2),
oxr (3) ;;e other groups than the groups described above, can be
used.

The polyimide resin layer is formed on one surface or
both surfaces of a long stainless steel foil. For synthesizing
the polyimide resin, a polyimide precursor solution is first
prepared using an organic solvent such as N-methyl-2-
pyrrolidone, N,N-dimethylacetamide, N,N-dimethylformamide, 1, 3-
dimethyl-2-imidazolidinone, dimethyl su;foxide, dimethyl
sulfide, dimethylsulfone, pyridine, tetramethylurea, diglyme
(diethylene glycol dimethyl ether), triglyme (triethylene
glycol dimethyl ether), tetrahydrofuran, dioxane,
cyclohexanone, hexamehylphosphoramide, etc. Then, the
polyimide precursor solution is coated on a long stainless
steel foil and dried to effect imidization, to thereby prepare

a polyimide resin layer. Thus, the circuit-forming substrate
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In these figures, each nuneral has the fol l owi ng meani ng. 1. a
| ong.stainless steel foil 2: a polyimde resin | ayer 3:
conductor |ayer (netallizing |ayer) 4: a conductor |ayer (after

el ectrolytic plating)

The present invention is described in nore detail bel ow In
particular, it is preferred fromthe point of preventing the occurrence of

war pi ng of the circuit-formng

average |i
and t he

DETAI LED DESCRI PTI ON OF THE | NVENTI ON

substrate that the difference (n) of the

a
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The thickness of the polyimide resin layer is generally
from 3 to 25 pm, and preferably from 5 to 20 um.

If the thickness of the polyimide resin layer is less
than 3 um, the volfage resistance of the layer may be low and
the insulation reliance as an insulation layer may be lowered.
If it is over 25 um, even when the water absorption is 0.7% by
weight or less and the elongation percentage is 20% or more,
the residual stress is liable to become large to increase
warping, failing to exhibit the desired effects.

As the long stainless steel foil, ferrite stainless

steel, martensite stainless steel, austenite stainless steel,

- etc., can be used, and austenite stainless steel is preferably

used, since it is excellent in the corrosion resistance, the
bending property, the welding property, etc.

Also, the long stainless steel foil being used in the
present invention is a stainless steel foil generally having a
thickness of from 10 to 75 pm, and preferably from 10 to 40 Mm,
more preferably from about 20 to 30 um, a width of from 100 to
300 mm, and preferably from about 110 to 250 mm, and a length
of 10 meters or longer. If the thickness of the stainless
steel foil is less than 10 um, the foil is liable to be
mechanically damaged and if it is over 40 pm, when the
stainless steel foil is used as a spring material of the
suspension for hard disk, a problem aﬁout the floating
characteristics, etc. may be caused to fail to exhibit the

s
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‘ average |inear expansion coefficient of the |ong stainless steel foil
»» ({err]2) in the tenperature range of from5 to 200[err]Cis controlled in
the range of from-5 ppmto 5 ppm - Acircuit-formng substrate
havi ng a conductor |ayer according to the present invention can be

prepared by lamna- ting a copper layer on the wholly formed polyimde
resin | ayer 7 or on the partially

formed polyimde resin layer and the exposed stainless steel foil via a
chrom um | gyeei8feRtt thaPi&Rristics.

To the polyimide resin layer of the circuit-forming
substrate of the present invention is applied, as occasion
demands, pattern processing (see Fig. 2 (a)). Examples of the
method of pattern processing include a method of using the
photoinsensitive polyimide resin and a photoresist in
combination and forming a pattern by applying thereto wet
etching with hydrazine, etc. or applying dry etching such as
plasma etching, laser etching, etc., and a method of using a
positive-working or negative-working photosensitive polyimide
resin and directly forming pattern thereon. In these methods,
from thé%points of the working environment and lowering of the
throughput about processing, it is preferred.'to use the
photosensitive polyimide resin.

Also, a conductor léyer is formed on the polyimide
resin layer by laminating a copper layer thereon with or
without using a chromium layer or a titanium layer under the
conductor layer (see Fig. 1 (b) and Fig. 2 (b)). That is, the
conductor layer is formed by metallizing the polyimide resin
layer by forming a chromium/copper layer, a titanium/copper
layer, or a copper layer on the polyimide resin layer. 1In this
case, it is preferred from the point of the conformity of
impedances that the thickness of the conductor layer this
formed is from 2 to 20 um, and more preferably from 5 to 15 um.

As the method of forming the conductor layer, a

chromium/copper layer, a titanium/copper layer, or a copper
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“layer or without such a netal layer (i.e., directly). For form ng
+ the patterns of a desired form it is particularly preferred that the
polyimde resin layer is formed by a photosensitive polyimde resin

contai ning a photosensitive agent. Furthernore, the
circuit-formng substrate of the present invention is preferably used as a
suspension faor a hard disk. In this case, the substrate can
exhibit "its <characteristics fully. Al so, fromthe point of

hor e SR o VREDLOSGELLD NSRS occbn AABREL BV

pol yi m de refmvinhaxe’ sdhtftelrbhgaibtitRl anesiR0enat NERE SXRBRALEE of the
metal layer becomes from about several hundreds to several
thousands A and thereafter electrolytic plating of copper is
successively applied to thicken the thickness of the conductor
layer as described above (see Fig. 1 (c) and Fig. 2 (c)). As
other method than the sputtering method, for example, without
carrying out the electrolytic plating treatment, the conductor
layer can be formed by an EB (electron beam) vapor deposition
method only. In addition, from the point of the adhesion
reliability, if necessary, a chromium layer or a nickel layer
may be fbrmed on the conductor layer.

In addition, when the polyimide resin layer is
partially formed on the long stainless steel foil as shown in
Fig. 3 (a), the foregoing conductor layer is formed on the
exposed long stainless steel foil and the partial polyimide
resin layer as shown in Fig. 3 (b).

Then, an embodiment of the method of producing the
circuit-forming substrate and the circuit substrate of the
present invention is explained below.

First, a polyimide precursor being used for forming the
polyimide resin layer is prepared by a known method and a
solution of a polyamic acid which is the precursor for the
polyamide resin having the structural unit shown by formula
(1), (2), or (3) described above is obtained.

Then, the polyimide precursor (polyamic acid) solution
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]1 coefficient of the long stainless steel foil ([err]2) and the difference

¢(m .of [err]1 and the average expansion coefficient of the conductor |ayer
([err]3) in the tenperature range of from5 to 200[err]C each is
controlled in the range of from-5 ppmto 5 ppm Furthernore, the
present invention provides a circuit substrate prepared by using the
foregoing circuit-formng substrate having forned thereon the fine patters
of conductor |ayer. By preparing the circuit-formng substrate
and the cigcebitsdbst ratroms slesailidnd alae fdiilnaspagt ar ks1havbagean
excel l ent di nensional stability can be fornmed at a | ow cost and

a comma coater, a knife coater, a doctor blade, etc., and

dried. In this case, the drying temperature is from about 60
to 120°C to remove the organic solvent only and form a
polyimide precursor layer.

When the polyimide precursor layer formed is patterned
in a desired form, before coating the foregoing polyimide
precursor solution, diethylaminoethyl methacrylate, Michler’s
ketone, etc., 1is added to the solution to impart a
photosensitivity to the polyimide precursor solution. In this
case, it is preferred from the point of photosensitivity that
when diéihylaminoethyl methacrylate is added to the solution,
the compounding amount thereof is in the range of from 5 to 20
parts by weight, and more preferably from 10 to 15 parts by
weight to 100 parts by weight of the solid component of the
polyimide precursor and also when Michler’s ketone is added,
the compounding amount thereof is in the range of from 2 to 10
parts by weight, and more preferably from 2.5 to 5 parts by
weight to 100 parts by weight of the solid component of the
polyimide precursor. If the compounding amount of the additive
is over the upper limit thereof described above, there are
possibilities that the photosensitive agent is deposited and
the thickness of the layer is greatly reduced at imidation.

The thus-formed polyimide precursor layer is irradiated
with light through a photomask having a desired pattern, and

since a long stainless steel foil is used in the present
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8 the excellent circuit substrate which is not acconpani e
phenenenon of warping the substrate and which does not cause
the polyimde resin |layer can be obtained wi thout need of s
kind of the material constituting each |ayer. Now,

d by the
cracking in

el ecting the

t he pol yi m de

resin being used for the circuit- formng substrate and the circuit
substrate of the present invention is preferably a so-called total
aromatic polyimde having the structural unit represented by fornula (1)

in the

invention, a continuous long exposure machine is used. Then,
the light-irradiated polyimide precursor layer is subjected to
a continuous developing processing using a developer
containing, as the main component, N-methyl-2-pyrrolidone,
etc.,, which is usuélly used as a developer. From the points of
the environmental sanitation and the working condition such as
the prevention of explosion, etc., it is preferred to use not
an organic solvent but an aqueous solution as the developer.

As the photosensitive agent which can be used in a
system where an aqueous solution is used as the developer, the
1,4-dihydropyridine derivative described in JP-A-4-179685 is
preferagly' used. If desired, a known sensitizer can be
compounded in combination. Preferred examples of such a
photosensitive agent include 2,6-dimethyl-3,5-dicyano-4-(2'-
nitrophenyl)-1,4—dihydropyridine,2,6—dimethyl-3,5-diacetyl~4-
(2’'-nitrophenyl)-1,4-dihydropyridine, 2,6~dimethyl-3,5-
diacetyl—4—(2',4'—dinitriphenyl)—1,4-dihydropyridine, and 4-
(2’'-nitrophenyl)-2,6-dimethyl-3,5-dicarbomethoxy-1,4-
dihydropyridine.

In such a 1,4-dihydropyridine series photosensitive
agent, the molecular structure thereof exposed to an active
light such as ultraviolet rays, etc., changes to a pyridine
skeleton and becomes to have a basic property. Also, by heat
treating at a temperature of from about 150 to 190°C, and
preferably from 160 to 180°C after light-exposure, the chemical

reaction further proceeds and an interaction occurs between the
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1

[l mol ecul e:
group and
[err]

[err] - wherein R err] represents a tetravalent aromatic
Is preferably at | east one of

photosensitive agent and the foregoing polyimide precursor to
lower the solubility of the polyimide precursor in an alkali
aqueous solution, whereby a negative pattern having a good
contrast is obtained by the developing treatment.

As the alkali aqueous solution as the developer, an
aqueous solution of an inorganic alkali such as sodium
hydroxide, potassiun hy&roxide, etc., or an aqueous solution of
an organic alkali such as propylamine, butylamine,
monoethanolamine, tetramethylammonium hydroxide, choline, etc.,

can be used singly or as a mixture of them. From the points of

. the high purity and general usability, it is preferred to use

an aqueous solution containing, as the main component, tetra-
methylammonium hydroxide as the developer. Furthermore, the
alkali aqueous solution (developer) may further contain, if
necessary, an alcohol and a surface active agent.

In the case of using such a photosensitive agent, the
compounding amount of the photosensitive agent is generally in
the range of from 5 to 70 parts by weight, and preferably from
15 to 55 parts by weight to 100 parts by weight of the solid
component of the polyimide precursor in the polyimide precursor
layer formed. If the compounding amount is less than the
foregoing range, the dissolution preventing faculty of the
light-exposed portions of the polyimide precursor layer is
reduced, whereby the dissolution contrast is liable to become
indistinct. If it is too large, there is a possibility that the

deposition of the photosensitive agent occurs during storage of
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and R2 represents a divalent aromatic group and is preferably - at |east one

of

[err]

the compounded mixture in a solution state and further it
sometimes happens that the thickness of the layer is greatly
reduced at the heat treatment after forming pattern.

Then, the substrate obtained by forming the polyimide
precursor on the long stainless steel foil is heated generally
at a temperature of not lower than about 300°C, and preferably
not lower than about 350°C to cyclodehydrate the polyimide
precursor, whereby the polyimide precursor is imidated to form
a polyimide resin layer.

Such a heat treatment can be conducted using an
apparatus such as a hot blast circulation type heating furnace,
a far-i;frared. heating furnace, etc. For preventing the
oxidative deterioration of the resin layer and the surface
oxidation of the stainless steel foil, the heat treatment is
carried out in an inert gas atmosphere such as an argon or
nitrogen gas atmosphere or in wvacuo such that the oxygen
concentration is usually 1% by volume or lower, and preferably
0.1% by volume or lower.

The polyimide resin layer can be formed on one surface
of the long stainless steel foil as described above, and
formation of the polyimide resin layer on both surfaces of the
stainless steel foil can be conducted by applying the same
procedure to the other side of the stainless steel foil
successively to the foregoing.procedure.

In the case where the polyimide resin layer is formed
on both surfaces of the long stainless steel foil and the

I
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H
Wien the polyinmide resinis formed on the |ong stainless steel foil in a
w layer form it is preferred that the water absorption of the polyimde
resin layer is 0.7%by weight or less, and preferably 0.5% by weight or
| ess. For providing a polyimde resin |ayer having a water absorption
falltng within the above range, it is preferred to use a so-called total
aromati c polyimde having the structural unit represented by fornmula (2)
in the nol ecul e: [err] wherein R err] represents

a tetraval gpf1vamedRt | cefiRUPLAP -4 S axe patterned, for the point of

preventing the occurrence of warping and twisting of the
substrate, it is preferred to form the patterns of the
polyimide resin layers such that patterns of polyimide resin
layers formed on both surfaces of the stainless steel foil
correspond to each other.

The circuit~-forming substrate of the present invention
is obtained as described above, and the occurrence of the
discrepancy of the circuit patterns and warping of the
substrate itself by heat shrinkage can be prevented by
controlling such that the difference (n) between the average
linear éipansion coefficient of the polyimide resin layer (al)
and the average linear expansion coefficient of the long
stainless steel foil (@2) in the temperature range of from 5 to
200°C falls within the range of from - 5 ppm to 5 ppm. One ppm
means 1 x 107, that is 1 x 10™*%, and the linear expansion
coefficient can be measured 5y a thermal mechanical analysis
method (TMA metho'd). The term "average linear expansion
coefficient in the temperature range of from 5 to 200°C" can be
obtained from inclination of the straight line connecting the
point at 5°C and the point at 200°C in a figure having an
abscissa showing a temperature and an ordinate showing an
elongation. The average linear expansion coefficient in the
temperature range of from 5 to 200°C of the polyimide resin
layer which can be used in the present invention is generally

from 10 to 60 ppm.

\

heetHas:Begn Replaced

e

REPLACED




ﬁ preferably [err] 10

“and R err] represents a divalent aromatic group and is preferably at |east
one of :

The circuit-forming substrate of the present invention
can be obtained by further forming an electrical conductor
layer on the polyimide resin layer(s) formed. The method of
forming the conductor layer is as described above.

Also, in the circuit-forming substrate having the
conductor layer obtained as described above, it is preferred to
control such that the difference (n) between the average linear
expansion coefficient of the polyimide resin layer (ol) and the
linear expansion coefficient of the long stainless steel foil
(22) and the difference (m) between al and the average linear

expansion coefficient of the conductor layer (a3) in the

temperature range of from 5 to 200°C each is in the range of
from -5 ppm and 5 ppm.

If the differences (n) and (m) are outside of the
foregoing range, it tends to become reluctant to prevent the
occurrence of warping of the circuit substrate.

The circuit-forming substrate having the conductor
layer is subjected to an etching treatment to form a desired
fine-line pattern. Thus, the circuit substrate of the present
invention can be obtained. 1In particular, the long stainless
steel foil is processed to a suspension for hard disk, thereby
a wireless circuit substrate in a magnetic head can be
provided,

As described above, the circuit-forming substrate of
the present invention is composed of a long stainless steel

foil having formed on one surface or both surfaces thereof a
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[err]’ _ _

water absorption of 7% by weight or less is formed on the long stainless
steel foil, the polyim de resin | ayer becomes an insulating |ayer between
the long stainless steel foil layer and the conductor |ayer forned

t her eon,

whereby it becones

That is, when the polyimde resin [ayer having a

wire can be freely circuit-designed thereon and even when the flexible
stainless steel foil is used, a substrate showi ng | ess warpi ng

polyimide resin layer wholly or partially and further having
formed on the polyimide resin layer(s) a specific conductor
layer. |

In particular, the use of the polyimide resin having
the specific structural unit enables the linear expansion
coefficient of the polyimide resin layer to be approximated to
the linear expansion coefficient of the stainless steel foil
and the water-absorbing properxty of the polyimide resin layer
to be lowered. As a result, the occurrence of the warping
phenomenon of the substrate can be restrained as less as
possible. Furthermore, even when the circuit-forming substrate
is subfgcted to various bending works, no cracks of the
polyimide resin layer as the insulating layer occur and the
substrate is excellent in the conformity.

Accordingly, when the conductor layer is processed to
a fine-line pattern and is used as the suspension for hard
disk, the invention shows the effects that the dimensional
accuracy can be kept high, and the circuit-forming substrate
and the circuit substrate having a practically high density and
a high reliability can be provided.

Then, the present invention is explained in more detail
by the following examples. All percentage and parts are by
weight, unless otherwise indicated.

Example 1
A polyimide precursor was prepared by polymerizing

pyromellitic acid dianhydride and an equimolar amount of 4,4'-

\
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n can be obtained. On the other hand, in the case of using poly- imde

» resi.ns conventionally used for circuit-form ng substrates and circuit
substrates, in particular, polyimde resins conventionally used as
suspensi ons for hard disks, since the water absorption thereof is over
0. 7% by weight and usually higher than 1.0% by weight, the effects of the
pr esent 11 I nvention are not
obt ai ned. The term nol ogy "water absorption” as used herein neans the

val ue obtapngfl; RYEPRENEE T M her in N-methyl-2-pyrrolidone, uniformly
coated by flow-casting on one surface of a long stainless steel
foil (SUS 304, thickness 25 um) using a comma coater and dried
at about 80°C.

Then, the iong stainless steel foil thus coated was
placed in a continuous heating furnace in which the oxygen
concentration was reduced to 0.1% by volume or less by
replacing the inside atmosphere with a nitrogen gas, heated
such that the highest temperature became 400°C to imidate the
polyimide precursor layer, whereby a circuit-forming substrate
having the polyimide resin layer on one surface of the long
stainleé; steel foil was prepared. Furthermore, on the other
side of the circuit-forming substrate, a polyimide resin layer
was formed by the same manner as above. Thus, a circuit-
forming substrate having the polyimide resin layers on both
surfaces of the long stainless steel foil was prepared.

Observation of the cross section of the circuit-forming
substrate bf a scanning type electron microscope proved that
the thickness of the polyimide resin layer formed was about 5
pm in both surfaces. Also, where the substrate was placed in
an atmosphere of 60°C, no warping phenomenon was observed and
the state of the substrate was the same as at room temperature.

Example 2

To the polyimide precursor solution prepared in Example

1 were further added diethylaminoethyl methacrylate and

Michler’s ketone in an amount of 15 parts and 3 parts,

iimiw
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l nmeasur enent of a water absorption by a Karl Fischer's nethod after

; allowng a sanple to stand for 100 hours under a high- tenperature and

" high-hunidity condition of 85[err]C and 85% R. H. I'n addition, in
the | owwat er absorption polyimde resins having the structural unit shown
by formula (2) shown above, the particularly preferred resin is the
polyimde resin of +the formula wherein Rerr] is
5,5'-(2,2,2-trifluoro-1I-

5, o -l net APPReE Rl 0T PR, Hetnel R0l oRaid componentyde, e,

' | foil
Fgrempmfﬁ'r”ha??%‘g&?ﬁe S R N T L AL e L
preferab'yP3§y§ﬂidQ'§P§éuré6r éélﬁ%fgﬁ”éﬁﬁiéﬁéfﬁﬁ?éﬁfﬂ)ﬂﬁgléﬂiu&ﬁ%ilwas

aromati c polyimde havin
uniformly coated by flow-casting on a stainless steel foil (SUS

304, thickness 25 um) and dried in the same manner as in
Example 1.

Then, after light-irradiating (light having wavelengths

of 400 nm or more at 1000 mJ/cm?) the coated layer through a
photomask having a desired pattern, the layer was developed
using N-methyl-2-pyrrolidone to form the polyimide precursor
layer having the desired pattern.
‘}hen, the iayer was imidated by the same method as in
Example 1 to provide a circuit-forming substrate having the
patterned polyimide resin layer on one surface of the long
stainless steel foil.

On the other surface of the circuit-forming substrate
thus obtained was formed a patterned polyimide resin layer in
the same manner to provide the circuit-forming substrate having
on both surfaces of the long stainless steel foil the patterned
polyimide resin 1layers. For forming each polyimide resin
pattern on both surfaces of the long stainless steel foil at
the conformity positions to each other, holes for position
matching are previously formed in a part of the stainless steel
foil and the alignment was carried out accurately.

Observation of the cross section of the circuit-forming

substrate by a scanning-type electron microscope proved that

R
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the structural unit represented by formula (3) in the nolecule:

o [err] - wherein R err] represents a tetraval ent aromatic group and
Rlerr] repre- sents a divalent aronatic group. When t he pol yi m de
resin | ayer having an elongation percentage of 20% or higher is forned on
a |l ong stainless steel

the thickness of the polyimide resin layer formed was about 5
pm in both sides, and the position discrepancy of the patterns
on both the surfaces was 110 um in the width of 10 cm. Also,
where the substrate was placed in an atmosphere of 60°C, no
warping phenomenon.was observed and the state of the substrate
was the same as at room temperature.

Example 3

A circuit-forming substrate having on both surfaces of
the long stainless steel foil was prepared in the same manner
as in Example 1 except for using .3,3',4,4’—benzophenone-
tetracarboxylic acid dianhydride in place of pyromellitic acid
dianhydé&de.

Observation of the cross section of the circuit-forming
substrate by a scanning-type electron microscope proved the
thickness of the polyimide resin layer was about 5 pum in both
sides. Also, where the substrate was placed in an atmosphere
of 60°C, no warping phenomenon was observed and the state of
the substrate was the same as at room temperature. That is,
the circuit-forming substrate having the structure according to
the present invention did not show a warping phenomenon'though
the kind of the polyimide resin was changed. Thus, it was
confirmed that there was no selectivity on the materials.

Example 4

After  adding 4-(2'-nitrophenyl)-2,6-dimethyl-3,5-~
dicarbomethoxy-1,4~-dihydropyridine (customaryname: nifedipine)
to the polyimide precursor solution prepared in Example 1 in an
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12 * foil, the polyim.de resin |ayer becones an insulating |layer between
the stainless steel foil and a conductor |ayer being forned on the
polyim de resin | ayer, whereby it becones sufficiently possible that an
el ectric signal wire can be freely circuit-designed thereon and al so the
termnal portion of the signal wire can be freely bent to be connected to
other <circuit. On the other hand, in the case of using polyimde resins
conventional ly used for circuit-formng substrates and circuit

m,de si ns nventiongléy gﬁgd as

substrates |cular | o]
t he suspen%lv%‘f&t %faf{.' Rt slé-‘ ?}%% )iaarts of tha' 83118 conponen

foregoing polyimide precursor to impart a photosensitivity to
the polyimide precursor solution, the resulting solution was
uniformly coated by flow-casting on a long stainless steel (SUS
304, thickness 30 ﬁm) in the same manner as in Example 1 and
dried at 80°C.

Then, after light-irradiating (wavelengths of from 360
to 440 nm, irradiation energy 500 mJ/cm?) the coated lafer
through a photomask having a desired pattern, the exposed layer
was further heat treated at 160°C. Thereafter, the layer was
developed with a mixed solution of an aqueous solution of 5% by
weight é;tramethylammonium hydroxide and ethyl alcohol (2/1 by
volume) as the developer at 40°C, washed with water, and dried
to form a polyimide precursor layer having the desired pattern.
| Then, the stainless foil having the polyimide precursor
layer was heated in a batch atmosphere heating furnace in a
vacuum state (0.1 torr) such that the highest temperature
became 380°C to imidate the polyimide precursor layer to
provide a circuit-forming substrate of the present invention
having the patterned polyimide resin layer (thickness about 5
pm) on one surface of the long stainless steel foil. |

The pattern obtained had a good form of a positive
taper and when the similar patterned polyimide resin layer was
formed on the other surface of the substrate as in Example 2,

a warping phenomenon was not observed.
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5 phot osensi tive polyinide resin having introduced therein a

+ phot.opol yneri zing group is used for finely patterning the polyimde resin
| ayer, but the elongation percentage of such a photosensitive polyimde
resin is |ower than 20% and usually not nore than 10% thereby the effects
of t-he present invention cannot be obtained. The term nol ogy "el ongation
percentage" as used herein neans the val ue obtained by dividing the

el ongation at breaking (breaking elongation) by the initial length of a

test piece when elongation is rreasurég ﬁglgéerrper ature of 24 to 26[err]C
using a tensilon type tension i ne (manufactured by Toyo

ot erval bt orThO SO e igenihd Baled "y ) Al BT

the long stainless steel foil the patterned polyimide resin
layer (thickness about 5 um) obtained in Example 4 was
continuously subjeéted to a metallizing treatment with chromium
and copper in the same batch using a long sputtering apparatus.
Then, the same metallizing treatment was applied to the other
side of the substrate not having the polyimide resin layer.
Observation of the cross section by a scanning type electron
microscope proved that the thickness of the chromium layer was
500 & and the thickness of the copper layer was 1,000 A in both
surface;:

Then, electrolytic plating treatment of copper was
applied to further form a copper layer within one hour after
applying the sputtering treatment so as not to lower the
activity of the sputtered layers. Thus, the circuit-forming
substrate having a conductor layer was obtained.

Measurement of the plated layer by a stylus type
surface roughness tester proved that the plated layer had a
thickness of from 9 to 10 um with 10 cm square width and a
layer thickness accuracy of 9 um * 10%.

Also, since the substrate scarcely showed a warping
phenomenon, it was confirmed that the circuit substrate
prepared by processing the conductor layer ensured a high

dimensional accuracy.
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2 Among the pol yimide resins having the structural unit shown by fornula
» (B),-the particularly preferred resin is the

(3) wherein Rerr] is a biphenyl group

13

foregoing polyimde resin being used in the present

and Rlerr] is a 1, 4-bi s(phenoxy) phenyl ene group. The
I nvention preferably

polyimde resin of fornula

has the structural unit shown by fornmula (1), (2), or (3) in the nolecule
and has a relatively small |inear expansion coefficient and water

absorption and a

Example 6

A polyimide precursor solution was prepared by
polymerizing pyromellitic acid dianhydride and an equimolar
amount of 4,4’-diaminodiphenyl ether/paramine (15/85 % by mole)
in N-methyl—Z—pyrrblidone, diethylaminoethyl methacrylate and
Michler's ketone were added thereto in an amount of 15 parts
and 3 parts, respectively, to 100 parts of the solid component
of the precursor to impart a photosensitivity to the polyimide
precursor solution, the resulting solution was uniformly coated
on a long stainless steel foil (SUS 304, thickness 25 um) by
flow-casting and dried in the same manner as in Example 1.

.Ehen, after light-irradiating (wavelengths not shorter
than 400 nm, at 1,000 mJ/cm’) the coated layer through a
photomask having a aesifed pattern, the exposed layer was
developed using N-methyl-2-pyrrolidone to form the polyimide
precursor layer having the desired pattern on the necessary

portions only of the stainless steel foil.

Then, the polyimide precursor layer was imidated by the

same method as in - Example 1 to provide a circuit-forming

substrate having the patterned polyimide resin layer on one
surface of the long stainless steel foil.

Observation of the cross section of the circuit-forming
substrate by a scanning type electron microscope proved that
the thickness of the polyimide resin layer was about 5 um.
Also, where the substrate was placed in an atmosphere of 60°C,

no warping phenomenon was observed and the state of the

- 29 -

THIS SHEET HAS
REPLACED

Bﬁgij




rel atively high el ongation percentage, but as long as the |inear expansion
- coefficient, the water absorption, and the elongation percentage are not

| argely affected, a copolyner or mxture of the foregoing polyimde resin
with a polyimde resin having other structural unit, for exanple, a
polyim de resin having a structural unit wherein Rlerr] and Rlerr] in
formula (1), (2), or (3) are other groups than the groups described above,
can be used. The polyimde resin layer is forned on one surface or

both.surfagﬁgsgga@elgﬁg_§ﬁgigéﬁgsa§t§€|ré .lte$§5r§%q¥JF5iZing the
polyl p OIT 1'S

polyim de resin, a m de precursor soluti I'rst prepared using an
organi ¢ solvent such as N nethyl-2- Ei@méfgiﬁoneN,N-dinethylacetanide,
N, N- di et hyl f or mam de, 1, 3-

A circuit-forming substrate having a polyimide resin
layer on one surface of the long stainless steel foil was
prepared in the same manner as in Example 6 expect that a
polyimidé precursor solution was prepared using 3,37,4,4’-
benzophenonetetracarboxylic acid dianhydride in place of
pyromellitic acid dianhydride and the compounding amount of
Michler's ketone as the photosensitive agent was changed to 10
parts.

Observation of the cross section of the substrate by
the scaﬁhing electron microscope proved that the thickness of
the polyimide resin layer was about 5 um. Also, where the
substrate was placed in an atmosphere of 60°C, no warping
phenomenon was observed. That is, the circuit-forming
substrate having the structure of the present invention did not
show a warping phenomenon though the kind of the polyimide
resin was changed. Thus, it was confirmed that there was no
selectivity on the material.

Example 8

To the polyimide precursor solution prepared in Example
6, 4-(2'-nitrophenyl)-2,6-dimethyl-3,5-dicarbomethoxy-1,4-
dihydropyridine (customary name: nifedipine) was added in an
amount of 30 parts to 100 parts of the solid component of the

polyimide precursor to impart the photosensitivity to the

polyimide precursor solution. The resulting solution was
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L

di met’hyl - 2-i mi dazol i di none, dinmethyl sulfoxide, dimethyl sul fide,
i met hyl sul fone, pyridine, tetranethylurea, diglyne (diethylene glycol

di et hyl

ether), triglynme (triethylene glycol di et hyl et her),

t et rahydr of ur an, di oxane, cycl ohexanone, hexanehyl phosphoram de, etc.

Then,
st eel

t he
foil

pol yi m de precursor solution is coated on a long stainless
and dried to effect imdization, to thereby prepare a polyimde

resin layer. Thus, the circuit-form ng substrate

14

uniformly coated on a long stainless steel foil (SUS 304,
thickness 30 pm) by flow-casting in the same manner as in
Example ‘1 and dried at 80°C.

Then, after light-irradiating (wavelengths of from 360
to 440 nm, irradiation energy 500 mJ/cm?) the coated layer
thrpugh a photomask having a desired pattern, the exposed layer
was heat-treated at 160°C. Thereafter, the exposed layer was
developed with a mixed solution of an aqueous solution of 5% by
weight tetramethylammonium hydroxide/ethyl alcohol (2/1 by
volume) as a developer at 40°C, washed with water, and dried to
form the polyimide precursor layer having the desired pattern.

zmen, the long stainless steel foil having formed
thereon the'polyimide precursor layer having the pattern was
heated in a batch atmosphere heating furnace in a vacuum state
(0.1 torr) such that the highest temperature became 380°C to
imidate the polyimide precursor layer. Thus, a circuit-forming
substrate having the patterned polyimide resin layer (thickness
about 5 um) on one surface of the long stainless steel foil was
prepared.

The pattern obtained had a good form of a positive
taper and no warping phenomenon was observed on the substrate.
. Example 9

A polyimide precursor solution was prepared in the same
manner as in Example 6 except that 3,3’4,4’'-biphenyl-
tetracarboxylic acid dianhydride was used in place of

pyromellitic acid dianhydride and the diamine components were
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H of the present invention can be obtained (see, Fig. 1 (a)). The

" thi ckness of the polyimde resin layer is generally from3 to 25 [err]m
and preferably from5 to 20 [err]m I'f the thickness of the
polyimde resin layer is less than 3 [err]m the voltage resistance of the
| ayer may be low and the insulation reliance as an insulation |ayer may be
lowered. If it is over 25 [err]m even when the water absorptionis 0.7%
by weight or less and the elongation percentage is 20%or nore, the

residual Stpgsschs Lhah! g 12.REEATE YPGG I£1F N SR, [ Abino to

exhi bi t the Ired e | 'dng
ferrite stghal gsmoigeﬁéraﬂgﬁéen3|te stainl ess steel, austenite stainl ess
st eel ,

The polyimide precursor solution was coated in the same
manner as in Example 8 except that the coated layer of the
polyimide precursoi solution was heated in curing (imidation)
after forming pattern such that the highest temperature became
420°C, Thus, a circuit-forming substrate having a patterned
polyimide resin layer (thickness about 5 um)} on one surface of
the long stainless steel foil was prepared.

The circuit-forming substrate has ol of 18 ppm, a2 of
17.3 ppm, and the difference (n) of 0.7.

- Example 10

The circuit-forming substrate having the patterned
polyimide resin layer (thickness about 5 pum) on one surface of
the long stainless steel foil obtained in Example 9 described
above was continuously subjected to a metallizing treatment
with chromium and copper in a batch using a long sputtering
apparatus. Similarly, the metallizing treatment was applied to
the other surface of the stainless steel not having the
polyimide resin layer. Observation of the cross section by a
scanning electron microscope proved that the thickness of the
chromium layer was 500 A and the copper thickness was 1,000 A
in both the surfaces.

Then, electrolytic plating treatment of copper was
applied to further form a copper layer within one hour after

applying the sputtering treatment so as not to lower the
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{‘ etc.; can be used, and austenite stainless steel is preferably used, since
» kt is excellent in the corrosion resistance, the bending property, the
" wel di ng property, etc. Al so, the long stainless steel foil being
used in the present invention is a stainless steel foil generally having a
thi ckness of from10 to 75 [err]m and preferably from10 to 40 [err]m
more preferably fromabout 20 to 30 [err]m a width of from 100 to 300 nm
and preferably fromabout 110 to 250 mm and a length of 10 neters or
| onger. I f the thickness of the stainless teel foil (s less.than 1
; i dek re-e

[err]m tRFFOITY L F SRR HRr ettt Tal | VA Rmaly GhEcy ?¥m+%ggver
Che - SuspeRUTOTFa Y IR EOPSUSRan dAYBolRs: REChIB&Thg
Measurement of the plated layer by a stylus type
surface roughness tester proved that the plated layer had a
thickness of from 9 to 10 pm with 10 cm square width and a
layexr thickness accuracy of 9 um % 10%.
Also, since a warping phenomenon was scarcely observed
on the substrate, it was confirmed that the circuit substrate
prepared by processing the conductor layer ensured a high
dimensional accuracy.
The circuit-forming substrate had ol of 18 ppm, a2 of
17.3 pp&} and o3 of 18 ppm, the difference (n) of 0.7 ppm and
the difference (m) of 0 ppm.

Comparative Example 1

A circuit-forming substrate was prepared in the same
manner as in Example 6 except that 4,4'-diaminodiphenyl ether
was used in place of paramine.

As a result, the form of the polyimide resin layer on
the surface of the long stainless steel foil clearly appeared
on the back surface side of the stainless steel foil and it
became clear that a large stress existed between the polyimide
resin layer and the stainless steel foil.

The circuit-forming substrate has ol of 35 ppm, a2 of
17.3 ppm, and the difference (n) of 17.7 ppm.

Comparative Example 2

A circuit-forming substrate was prepared in the same
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characteristics, etc. may be caused to fail to exhibit the

15 . sufficient characteristics.

the circuit-formng substrate of the present invention is applied, as

occasi on

demands, pattern processing (see Fig. 2 (a)). Exanples of the

met hod of pattern processing include a nmethod of using the
phot oi nsensitive polyimde resin and a photoresist in conbination and
formng a pattern by applying thereto wet

manner as in Example 6 expect that the amine component all was

replaced by the compound represented by formula (1) where R,
CFs
| CRy '

As a result, the substrate caused warping at the
stainless steel foil side, and has al of -7 ppm, a2 of 17.3
ppm, and the difference (n) of -24.3 ppm.

Examble 11

A polyimide precursor solution was prepared by
polymer;zing pyromellitic acid dianhydride/S5,5'-[2,2,2-
trifluoro-l;(trifluoromethyl)ethylidene]bis-l,3—
isobenzofurandione and an equivalent amount of 4,4’'-
diaminodiphenyl ether/4,4'-dimethyl-3,3’'-diamino-
diphenylhexafluoropropane in N-methyl-2-pyrrolidone and to the
solution were further added diethylaminoethyl methacrylate and
Michler’s ketone in an amount of 15 parts and 3 parts, respec-
tively, to 100 parts of the solid component of the polyimide
precursor to prepare a photosensitive liquid.

The photosensitive ligquid thus obtained was uniformly
coated by flow-casting on a long stainless steel foil (SUS 304,
thickness 25 um) using a comma coater and dried at about 80°C
to form a polyimide precursor layer having a photosensitivity.

Then, after 1light-irradiating (wavelengths of not

shorter than 365 nm, at 1,000 mJ/cm?) the coated layer from the
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n etching with hydrazine,- etc. or applying dry etching such as plasma

etching, |aser etching, etc., and a nethod of using a positive-working or

negat i ve- wor ki ng phot osensi t i ve polyi m de resin ang;d, ﬁ&slﬂmﬁﬂ ce&lg

pattern thereon. In these nethods, fromthe p0|nts

envirtonment and | owering of the throughput about pr

preferred to use the photosensitive polyimde resin!

conductor layer is formed on the polyimde resin Iayer by Ian1nat|ng a

copper |aygbl mmaan gwefchrﬁbr Widye@Uts itfd NEhPowdt OF1 k&HbEéMSékO'ha%lhEt gni um
| ayer under t con tor layer (see Fig. 1 (b) and Fig. 2 (b)) S

t he condudb@arbaypattérziprﬁm 1byghtebabbsetdNDayére wad debbUepe@Sidind ayer by
form ng a chrom uni copper |ayer, a titanium copper

methyl-2-pyrrolidone to form a polyimide precursor layer having

the desired pattern on the long stainless steel foil.

Then, the long stainless steel foil having formed
thereon the pattern-having polyimide precursor layer was placed
in a continuous heating furnace wherein the oxygen
concentration was adjusted to 0.1% by volume or less by
replacing the inside atmosphere with a nitrogen gas and heated
such that the highest temperature became 400°C to imidate the
polyimide precursor layer, whereby a circuit-forming substrate
having Ehe polyimide resin layer on one surface of the long
stainless steel foil was prepared.

Observation of the cross section of the circuit-forming
substrate by a scanning type electron microscope proved that
the thickness of the polyimide resin layer was about 5 um.
Also, when the substrate was allowed to stand for 100 hours in
an atmosphere of 85°C and 85% ﬁ.H., the water absorption of the
polyimide resin layer was about 0.5% by weight. The elongation
percentage of the polyimide resin layer was about 0.1%, i.e.,
the polyimide resin layer did not substantially show
elongation, and in the circuit-forming substrate, the form was
not changed before and after absorbing water and a warping
phenomenon was not observed.

Example 12

A circuit-forming substrate having a polyimide resin
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u | ayer, or a copper layer on the polyinmide resin layer. In this case, it is
‘preferred fromthe point of the conformty of inpedances that the
t hi ckness of the conductor layer this formed is from2 to 20 [err]m and

nore preferably from5 to 15 [err]m As the method of forming the
conductor |ayer, a chrom unicopper |ayer, a titanium copper |layer, or a
copper 16 | ayer is forned on the

foregoi ng polyimde resin |ayer by a
layer on one surface of the long stainless steel foil was

prepared in the same manner as in Example 11 except that
3,3’ ,4,4'-benzophenonetetracarboxylic acid dianhydride was used
in place of pyromellitic acid dianhydride and the compounding
amount of Michler’s ketone was changed to 10 parts.

The water absorption of the polyimide resin layer of
the substrate was about 0.5% by weight and the elongation
percentage thereof was about 10%. Also, no change of the form
{warping phenomenon) was observed before and after absorbing
water. That is, the circuit-forming substrate having the
structure of the present invention did not show a warping
phenomer;-on though the kind of the polyimide resin was changed.

~ Thus, it was confirmed that there was no selectivity on the
material.
Example 13

To the polyimide precursor solution prepared in Example
11, 4-(2’'-nitrophenyl)-2,6-dimethyl-3,5-dicarbomethoxy-1,4-
dihydropyridine (customary  name: nifedipine) as the
photosensitive agent was added in an amount of 30 parts to 100
parts of the solid component of the polyimide precursor to
impart a photosensitivity to the polyimide precursor solution.
The resulting solution was uniformly coated on a long stainless
steel foil (SUS 304, thickness 30 um) by flow-casting in the
same manner as in Example 11 and dried at 80°cC.

Then, after light-irradiating (wavelengths of from 360

to 440 nm, irradiation energy 500 mJ/cm?) the coated layer
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conti'nuous sputtering method such that the thickness of the

metal |ayer

‘beconmes from about several hundreds to several t housands A and thereafter

el ectrolytic plating of copper is successively applied to th

t hi ckness of the conductor |ayer as described above (see Fig.

Fig: 2 (c)). As other nethod than the sputtering nmethod, for
wi thout <carrying out the electrolytic plating treatnent, the
| ayer can be formed by an EB (el ectron bean) vapor deposition

i cken t he

1 (c) and
exanpl e,
conduct or

met hod only.

I n addi ti oghrdigin & hghpebnhsRf htkengdhesie¥iradelpadtidnd,y, thid Iepesswiy, a
chromum | ayer or a nickel layer nmay be formed on the conductor | ayer.

| n addi ti dneawiteredtesl pal Y60Pde mMbereafaper, the hiaght-adxipodent
| ong stainless steel foil as shown in

deageanwase

developed with a mixed solution of a 5% by weight aqueous

solution of tetramethylammonium hydroxide/ethyl alcohol (2/1 by

volume) as a developer at 40°C, washed with water, and dried to

form a polyimide precursor layer having a desired pattern.

Then, the long stainless steel foil having formed

thereon the patterned polyimide precursor layer was heated in

a batch atmosphere heating furnace in a vacuum state

such that

the highest temperature became 380°C to imidate the polyimide

precursor layer, whereby a circuit-forming substrate having the

patternéa polyimide resin layer (thickness about 5 um) on one

surface of the long stainless steel foil was prepared.

The pattern obtained had a good form of a

positive

taper, the water absorption of the polyimide resin layer was

0.6% by weight, and the change of the form of the substrate

(warping phenomenon) before and after absorbing water was not

observed.

Examnple 14

The circuit-forming substrate having the patterned

polyimide resin layer (thickness about 5 um) on one surface of

the long stainless steel foil obtained in Example 13 was

continuously subjected to a metallizing treatment with chromium

and copper in the same batch using a long sputtering apparatus.

Observation of the cross section of the substrate by a scanning

type electron microscope proved the thickness of the chromium
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h‘Fig.'S (a), the foregoing conductor layer is formed on the exposed |ong
+ stai.nless steel foil and the partial polyimde resin |layer as shown in

Fig. 3 (b). Then, an enbodi nent of the method of producing the
circuit-formng substrate and the circuit substrate of the present
I nvention is explained bel ow First, a polyimde precursor being

used for formng the polyimde resin layer is prepared by a known nethod
and a solution of a polyamc acid which is the precursor for the

(3) descr Beyehonns T & fnR BHE' thTbhld IR, Rlop8r Mol ‘e 209,
(polyam ¢ @cid) solution
Then, electrolytic plating treatment of copper was

applied to further form a copper layer within one hour after
applying the sputﬁering treatment so as not to lower the
activity of the sputtered layers. Thus, the circuit-forming
substrate having a conductor layer was obtained. |

Measurement of the plated layer by a stylus type
surface roughness tester proved that the plated layer had a
thickness of from 9 to 10 um with 10 cm square width and a
layer thickness accuracy of 9 um + 10%.

~“Since the obtained substrate hardly exhibit a warping
phenomenon even under a pressure cookered test (121°C/2 atms),
it was confirmed that the circuit substrate prepared by
processing the conductor layer ensured a high dimensional
accuracy.

Comparative Example 3

A circuit-forming substrate was prepared in the same
manner as in Example 11 except that pyromellitic acid
dianhydride and 4,4’-diaminodiphenyl ether were used in place
of the monomers used for synthesizing the polyimide precursor.

The water absorption of the polyimide resin layer of
the prepared substrate was 1.5% by weight and the dimensional
change (elongation) of the polyimide resin layer before and
after absorbing water was higher than about 1%. Also, the

substrate warped to the polyimide resin layer side before
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17 " is coated on a long stainless steel foil using a roll coater, a

comm coater, a knife coater, a doctor blade, etc., and dried. In this

case, the drying tenperature is fromabout 60 to 120[err]C to renove the
organi c solvent only and forma polyimde precursor |ayer. When
t he- pol yi m de precursor layer fornmed is patterned in a desired form
before coating the foregoing polyimde precursor solution,

di et hyl am noet hyl nethacrylate, Mchler's Kketone, etc., is added to the

sol ution t4hddMAlg #ater, but the substrate became flat after absorbing
water and thus it was confirmed that the substrate caused a
large change of form (change of warping) by absorbing water.

Exanple 15

A polyimide precursor sclution was prepared by
polymerizing pyromellitic acid dianhydride and an equimolar
amount of 4,4’-diaminophenyl ether in N-methyl-2-pyrrolidone
and diethylaminoethyl methacrylate and Michler’s ketone wexre
added thereto in an amount of 15 parts and 3 parts,
respectively, to 100 parts of the solid component of the
polyimide precursor, to thereby prepare a phqtosensitive
liquid.

The photosensitive liquid was uniformly coated on a
long stainless steel foil (SUS 304, thickness 25 um) by flow-
casting using a comma coater and dried at about 80°C to form a
polyimide precursor layer having a photosensitivity.

Then, after light-irradiating (with the light having
the wavelengths of not shorter than 365 nm at 1,000 mJ/cm?) the
coated layer through a photomask having a desired pattern, the
light-exposed layer was developed using N-methyl-2-pyrrolidone
to form the polyimide precursor layer having the desired
pattern on the long stainless steel foil.

Then, the resulting long stainless steel foil was
placed in a continuous heating furnace in which the oxygen
concentration was reduced to 0.1% by volume or 1less by

replacing the inside atmosphere with a nitrogen gas and heated
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“ phot 0sensitivity to the polyimde precursor solution. In this case, it is

+ preferred fromthe point of photosensitivity that when diethylam noethyl
nmet hacrylate is added to the solution, the conpounding anount thereof is
in the range of from5 to 20 parts by weight, and nore preferably from 10
to 15 parts by weight to 100 parts by weight of the solid conponent of the
pol yi m de precursor and al so when Mchler's ketone is added, the
conpoundi ng anount thereof is in the range of from2 to 10 parts by

wei ght, andual &hpteftheadlighessmtenperathrpabesamg 408°Ghtot imidatpathes by

wei ght of the solid conponent of the polyinide.prequrspr:.lf t he

conpoundi nPkBHid Prerarsed Layer i wheneby theimspdt-fomninghenbstrate

described above, there are, possibilities that the photosensitive agent is

depositediﬂﬁying the polyimide resin layer on one surface of the long
stainless steel foil was prepared.

When the cross section of the circuit-forming substrate
obtained was observed by a scanning type electron microscope,
the thickness of the polyimide resin layer formed was about 5
pm. Also, when the substrate was bent at 90 degree with the
polyimide resin layer side outside, no crack was formed in the
polyimide resin layer.

Furthermore, after the staiﬁless steel foil of the
substrate was removed by etching with ferric chloride to leave
the polyimide resin layer only, elongation percentage of the
polyimide resin layer was measured. It proved that the
polyimide resin layer had an elongation percentage of 48%.

Example 16

A circuit-forming substrate having a polyimide resin
layer on one surface of a long stainless steel foil was
prepared in the same manner as in Example 15 except that
3,37 ,4,4’-benzophenonetetracarboxylic dianhydride was used in
place of pyromellitic acid dianhydride and the compounding
amount of Michler’s ketone dianhydride was changed to 10 parts.

The elongation percentage of the polyimide resin layer
of the substrate was 35% and when the bending test was carried

out in the same manner as in Example 15, no crack formed in the

polyimide resin layer was observed.

_
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t he t'hickn
» thus-forne
phot omask
is used in
a continuo
pol yi m de
processi ng

ess of the layer is greatly reduced at imdation. The

d polyimde precursor layer is irradiated wth light through a
having a desired pattern, and since a long stainless steel foil
t he present 18 i nventi on,

us | ong exposure machine is used. Then, the light-irradiated
precursor |ayer is subjected to a continuous devel oping
using a devel oper

Example 17

To the polyimide precursor solution prepared in Example
15, 4-{2’-nitrophenyl)-2,6-dimethyl-3,5-dicarbomethoxy-1,4~
dihydropyridine (customary name: nifedipine) as a
photosensitive ageht was added in an amount of 30 parts to 100
parts of the solid component of the polyimide precursor in
place of diethylaminoethyl methacrylate and Michler’'s ketone to
thereby impart a photosensitivity to the polyimide precursor
solution, the solution was uniformly coated on a long stainless
steel foil (SUS 304, thickness 30 um) by flow-casting by the
same manner as in Example 15 and dried at 80°C.

-fhen, after light-irradiating (wavelengths of from 360
to 440 nm, irradiation energy 500 mJ/cm?) the coated layer

through a photomask having a desired pattern, the layer was

subjected to heat treatment at 160°C. Thereafter, the light-

exposed layer was developed with a mixed solution of a 5% by

weight agqueous solution of tetramethylammonium hydroxide/ethyl
alcohol (2/1 by volume) as a developer at 40°C, washed with
water, and dried to form a polyimide precursor layer having the
desired pattern on the stainless steel foil.

Then, the long stainless steel £foil having the
patterned polyimide precursor layer was heated in a batch
atmosphere heating furnace in a vacuum state (0.1 torr) such
that the highest temperature became 380°C to imidate the
polyimide precursor layer, whereby a circuit-forming substrate

having the patterned polyimide resin layer (thickness about 5
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!lcontéining, as the main conponent, N-nethyl-2-pyrrolidone, etc., whichis
w usual |y used as a devel oper. Fromthe points of the environnental

sanitation and the working condition such as
is preferred to use not an organic solvent but an aqueous
As the photosensitive agent which can be

etc., it

solution as the devel oper.

used in a

1, 4- dihydropyridine derivative described in JP-A-4-179685 is

used.
Preferred

2,6-dinmeth
ni t ropheny

t he prevention of expl osion,

system where an aqueous solution is used as the devel oper, the

preferably

60 MBS 68 S s SRR Sheb CRIRL UL

% % % grcyano 4-(2' -
i"hydr opyri di ne, 2, 6-di net hyl - 3, 5-di acet yl -

(2" -nitrophenyl) - 1TﬂedéfBﬁEéE§6ﬂ(Bé¥%entad% GxdLAE! BY1yfnPde resin layer

in the substrate obtained was 39% and when the substrate was
subjected to the bending test as in Example 15, no crack formed
in the polyimide resin layer was observed.

Example 18

The circuit-forming substrate having the patterned
polyimide resin layer (thickness about 5 pum) on one surface of
the long stainless steel foil obtained in Example 17 was
continuously subjected to a metallizing treatment with chromium
and copé;r in the same batch using a long sputtering apparatus.

Observation of the cross section of the substrate by a
scanning type electron microscope proved that the thickness of
the chromium layer was 500 A and the thickness of the copper
layer was 1,000 A

Then, electrolytic plating treatment of copper was
applied to further form a copper layer within one hour after
applying the sputtering. treatment so as not to lower the
activity of the sputtered layers. Thus, the circuit-forming
substrate having a conductor layer was obtained.

Measurement of the plated layer by a stylus type
surface roughness tester, proved that the plated layer had a
thickness of from 9 to 10 pum with 10 cm square width and a
layer thickness accuracy of 9 um * 10%.

When the substrate obtained was subjected to the

This Sheet Has Been R,

LT -

THIS syepT HAS
e \PPLAC}

3 BEEN



% di acetyl -4-(2',4" -dinitriphenyl)-1,4-di hydropyridine, and 4-
(‘2" - ni trophenyl ) -2, 6-di net hyl - 3, 5-di car bonet hoxy- 1, 4- di hydropyri di ne.
In such a 1, 4-di hydropyridi ne series photosensitive agent, the nolecul ar
structure thereof exposed to an active |I|ight such as ultraviolet rays,
etc-, changes to a pyridine skeleton and becones to have a basic property.
Al so, by heat treating at a tenperature of from about 150 to 190[err]C,
and preferably from 160 to 180[err]C after |ight-exposure, the chem cal
reaction flbjé;[lgfxgg p{eoscteeacjss i%ngxgnrxlp & tle‘.{,ac'}ltol %rfagﬁcgcrzgmggtimﬁe rlllet rf:o%ly;i.mide:

resin layer was observed.

Comparative Example 4

A circuit-forming substrate was prepared in the same
manner as in Exampie 15 except that paramine was used in place
of 4,4’'-diamiodiphenyl ether as the monomer used for the
synthesis of the polyimide precursor.

The elongation percentage of the polyimide resin layer
of the obtained substrate was 16% and when the substrate was
subjected to the bending test as in Example 15, the polyimide
resin layer had large cracks to such an extent that an inferior
insulatibn was caused.

While the invention has been described in detail with
reference to specific embodiments, it will be apparent to one
skilled in the art that various changes and modifications can

be made to the invention without departing from its spirit and

scope.
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| 10

" phot osensitive agent and the foregoing polyinide precursor to |ower

¥ the.solubility of the pol ursor in an alkali aqueous sol ution,

whereby a negative
devel opi ng treatne

good contrast is obtained by the
e al kali aqueous solution as the

devel oper, an aquiﬁﬁmﬁ‘!ﬂ quon of an inorganic alkali such as sodium

hydr oxi de, potassi um hydroxi de, etc., or an aqueous solution of an

organic al kal i such as propylanine, butyl am ne, nonoet hanol am ne,
t et ramet hy xkde, choline, etc. , can be used singly or as a
m xture ofh?%gﬁ1 F?g%¥ghg %glnts of the high purity and general usability,

It

I's preferred tojuse p cjrcuit-forming substrate comprising a long
stainless steel foil having formed wholly or partially on one
surface or both surfaces thereof a polyimide resin layer.

2. The ciicuit-forming substrate of claim 1, wherein
the thickness of the long stainless steel foil is from 10 to 75
pm.

3. The circuit-forming substrate of claim 1, wherein
the long stainless steel foil is a suspension for hard disk.

4. The circuit-forming substrate of claim 1, wherein
the polyimide resin has the structural unit represented by

-

formula (1) in the molecule:

G0 /w\

\CO/RI\ CO/N Rz (1)

wherein R; is at least one selected from the group consisiting

of
CHa

@ e e WL -
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an aqueous sol ution containing, as the nmain conmponent, tetra-
‘et hyl acrmoni um hydr oxi de as the devel oper. Furthernore, the alkal

aqueous SO|UtIUﬂ\UEVEIOpeﬁﬂ i further contain, if necessary, an al cohol

and a surface ac M]“lmtm In the case of using such a
phot osensitive a ndi ng anount of the photosensitive agent

is generally in t'he® rahge of from5 to 70 parts by weight, and preferably
from 15 to 55 parts by weight to 100 parts by weight of the solid
conponent ?%xdt ﬁg 0! W M e PIGUTS T d %]dt B¢ Oklﬁbfh%ugr SSHL-EQEmJgaé(Fr

f or med. conmpoundi ng anount ess oregoi ng ran t he
di ssol ution preiiitlng fa uIty of the | iaght - exposed portions of the

pol yi m de prec ion contrast is
liable to beco E

5. The circuit~forming substrate of claim 1, wherein
the polyimide resin has the structural unit represented by

formula (2):

- 0] O -
.
-T— IJ//. \\TE’/’ \\TJ R, —— (2)
~C— ~(C—
Il ]
- 0] c) .
wherein R; represents
CF.

ofec

and R, is at least one selected from the group consisting of

@ii;@ Bt otion
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ﬁ indistinct. If it is too large, there is a possibility that the deposition
» of t.he photosensitive agent occurs during storage of . t he
conpounded m xture in a innf'nn state and further it sonetines happens

that the thicknes ‘greatly reduced at the heat treat ment
after formng pata#ﬂ " l “ ““‘ the substrate obtained by formng the
pol yi m de precursow on the*l ohg stalnless steel foil is heated generally

?Fz

CHs
&= = e,

H:C CFs CH3

6. The circuit-forming substrate of claim 1, wherein
the polyimide resin has the structural unit represented by

formula (3) in the molecule:

— ﬁ ﬁ -
C C
N7 RY  ON-R, —- (3)
T I
- L . O O -

wherein R; represents a tetravalent aromatic group and R,
represents a divalent aromatic group.

7. The circuit—forming substrate of claim 1, wherein
the thickness of the polyimide resin layer is from 3 to 25 um.

8. The circuit-forming substrate of claim 1, wherein
the water absorption of the polyimide resin layer is not higher
than 0.7% by weight.

9. The circuit-forming substrate of claim 1, wherein
the elongation percentage of the polyimide resin layer is not
lower than 20%.

10. The circuit-forming substrate of claim 1, wherein
the polyimide resin layer is formed by a photosensitive

polyimide resin containing a photosensitive agent.

—_
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I :
f at a tenperature of not |ower than about 300[err]C, and preferably not

l'ower than about 350[err]C to cyclodehydrate the polyimde precursor,
wher eby the polyim de, m il dated to form a polyimde resin
b1

% il
| ayer. Such & ::«d an be conducted using an apparatus
suchh as a hot blast c ypes heating furnace, a far-infrared
heating furnace, etc. For preventing the oxidative deterioration of the
resin |ayer and the surface oxidation of the stainless steel foil, the
heat treatment is 1farpied: Ol RniBe Rt ALEPSENEIS IS FReREsAr 9ON

or nitrogen gas at rmsphere or I n vacuo such t t he oxygen concentration
i's usual | ytA&6 byi fMRAREROT (nGWebetRBENPT ERET afleradl 1%iRNea%0! UEBaREibAVET .

coefficient of the polyimide resin layer (al)} and the average

linear expansion coefficient of the long stainless steel foil
(¢2) in the tempefature range of from 5 to 200°C is in the
range of from -5 ppm and 5 ppm.

12. The circuit-forming substrate of claim 1, wherein
a conductor layer is formed on the polyimide resin layer by
laminating a copper layer thereon via a chromium layer or a
titanium layer or directly.

13. The circuit-forming substrate of claim 12, wherein
the pol}imide resin .layer is formed by a photosensitive
polyimide resin containing a photosensitive agent.

14, The circuit-forming substrate of claim 12, wherein
the long stainless steel foil is a suspension for hard disk.

15. The circuit-forming substrate of claim 12, wherein
the difference (n) between the average linear expansion
coefficient of the polyimide resin layer (al)} and the average
linear expansion coefficient of the long stainless steel foil
(«2), and the difference (m) between ol and the average linear
expansion coefficient of the conductor layer («3) in the
temperature range of from 5 to 200°C each is in the range of
from -5 ppm and 5 ppm.

16. The circuit-forming substrate of claim 1, wherein
a conductor layer is formed on the long stainless steel foil

and the polyimide resin layer by laminating thereon a copper

\
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e d

n The pol yinide resin layer can be formed on one surface of the |ong

' stairnl ess steel foil as described above, and formation of the polyimde
the stainless steel foil can be conducted

A HM- ‘to the other side of the stainless steel
mﬂmﬂ xJoi ng procedure. In the case where
on both surfaces of the |Iong stainless

resin | ayer

by applying thegs
succe55|a:

the polyimde resirf | &ayelt i% forned

foil

st eel

foil

and the 21
layer via a chromium layer or a titanium layer or directly.

17. The circuit-forming substrate of claim 16, wherein
the difference (n}) between the average linear expansion
coefficient of the polyimide resin layer (acl) and the average
linear expansion coefficient of the long stainless steel foil
(22), and the difference (m) between al and the average linear
expansion coefficient of the conductor layer («3) in the
temperature range of from 5 to 200°C each is in the range of
from -5 ppm and 5 ppm.

18. A circuit substrate comprising a circuit-forming
substrate composed of a long stainless steel foil having formed
on one éhrface or both surfaces thereof wholly or partially a
polyimide resin layer and further having on the polyimide resin
layer a conductor layer formed by laminating a copper layer via
a chromium layer or a titanium layer or directly, wherein the
conductor layer is finely patterned.

19. The circuit substrate of claim 18, wherein the
polyimide resin has the structural unit represented by formula

(1) in the molecule:

l_/CO\ /CU\

wherein R; is at least one selected from the group consisting

of

-
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I polyinm de resin layers are patterned, for the point of preventing the
- occurrence of warping and twisting of the substrate, it is preferred to

formthe patterns of the polyimde resin |layers such that
polyimde resin layers forned on both surfaces of the st ﬂﬂ iﬂgg&!"ﬂﬂ
correespond to each other. The circuit-formng subshra e o

present invention is obtained as described above, and the occurrence of
the discrepancy of the circuit patterns and warping of the substrate

itself by heat shrinkage can be prevented by control{fng such that the
di fference (n) between the average | i near expansion oeff|C|ent of the

polyi m de resin | ayer aI) and re | ineg ' coeff|C|ent of
t he | ong ]:O:( k@: :‘9( and

and R, is at least one selected from the group consisting of

© .00 ,
0., @ @@ Oy +O =

CF:
g |
OO -
20. The circuit substrate of claim 18, wherein the
polyimide resin has the structural unit represented by formula
(2) in the molecule:

- )
I

T
Ca G
4+ N7 R ON-R, (2)
~C— ~C~—
|

i I
— O O -

o

O

wherein R; represents

?I’:
~N—C
_—
| JOREO :
This SheetHaSBeenReplaced CF;
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l stainless steel foil ([err]2) in the tenperature range of from5 to

. 200[err]C falls within the range of from- 5 ppmto 5 ppm One ppm neans 1
x 10[err], that is 1 x 10[err]% and the |inear expansion coefficient can

be measured by a thermal nechanical analysis nethod (TMA nmethod). The

term "average |inear expansion coefficient in the tenperatur
from5 to 200[err]C" can be obtained fromlncllnatlon Mﬂ Ei | i ne

connecting the point at 5[err]C and the point at 200[
having an abscissa showing a tenperature and an ordinate shovm ng an

el ongati on. The average |inear expansion coefficient in the tenperature

range of frgglﬁ to ZOtO[er?t | (C):r??{e tsgeﬁne%@%& Tr%?nr(r) Si grf’i}%%gc‘f}ﬁﬁ? Qngagfbe

used in thé pre%enst era

CF:

oo TR Gem-

CFs ,

CF:

21. The circuit substrate of c¢laim 18, wherein the
polyimide resin has the structural unit represented by formula

(3) in the molecule:

— ?l) %) -
C~_C
L+ N7 ORY O ON-R,
\ﬁ/ \%/ (3)
- C) C) -

wherein R; represents a tetravalent aromatic group and R,
represents a divalent aromatic group.

e
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[I 22

The circuit-form ng substrate of the present invention can

be abt ai ned by further formng an electrical conductor layer on the
polyimde resin |ayer(s) formed. The method of formng t

_ .
Ih;vﬁ?\gdte?\g“ ngdﬁgf\cl)re' | ayer obt af‘lnzg’ a!sndteggrlclb;gu;;of/gr g nﬁlﬂl@mmm,ﬁm” ’m

contr ol

such that the difference (n) between the average I|near

22, The circuit substrate of claim 18, wherein the
water absorption of the polyimide resin layer is not higher
than 0.7% by weight.

23. The circuit substrate of claim 18, wherein the
elongation percenﬁage of the polyimide resin layer is not
higher than 20%.

24, The circuit substrate of claim 18, wherein the
polyimide resin layer is formed by a photosensitive polyimide
resin containing a photosensitive agent.

25. The circuit substrate of claim 18, wherein the long
stainless steel foil is a suspension of hard disk.

ﬂ26. A circuit substrate comprising a circuit-forming
substrate composed of a long stainless steel foil having formed
on one surface or both surfaces partially a polyimide resin
layer and further having formed on the stainless steel foil and
the polyimide resin layer a conductor layer by laminating a
copper layer via a chromium layer or a titanium layer or
directly, wherein the conductor layer is finely patterned.

27. The circuit substrate of claim 26, wherein the
polyimide resin has the structural unit represented by formula

(1) in the molecule:

[-N/CD\R A AN - (1)

Sheet Has Been Replaced
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| expansion coefficient of the polyimde resin layer (al) and the linear
« expansion coefficient of the long stainless steel foil ([err]2) and the
difference (n) between [err]1 and the average |inear

of the conductor layer ([err]3) in the tenperature range”"mm
200[err]C each is in the range of from-5 ppmand 5 ppm !mmlmf
differences (n) and (m are outside of the foregoing rangd, ft Lter'!dSSto
beconme reluctant to prevent the occurrence of warping of the circuit

bst r at f
PO, et T8 L1 Siic! OHT PELRCERH LG M08 GHIE

pattern. Thys, the circuit substrate of the present |nvent|on can be
obtained. In particular, the I ong stainless

CFa

o e e WL
© 0O oy 00
Q| @ @ @“@r"@
OO

28. The circuit substrate of claim 26, wherein the
polyimide resin has the structural unit represented by formula

(2) in the molecule:

- 0 .
[
~ ~
T N R ON-Rs —-
Il i (2)
L e ') .
[
Bmgepiaced

[
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i steel foil is processed to a suspension for hard disk, thereby a wreless
r circuit substrate in a magneti ¢ _head can be provided. As descri bed
above, the circ substrate of the present invention is conposed

of a long stai njﬂ!ﬂil ﬂﬂ' "lﬂ) m havi ng formed on one surface or both

sur faces thereo 23 pol yi m de resin
| ayer whol |y or partlally and furt her having formed on the polyimde resin
| ayer (s) a specific conductor

wherein R; represents
?F:

JON

CFs

and R, is at least one of selected from the group consisting of

ofe. T G.e

CF:

-.C an I@—C—E@:

CF: Hs

29. The circuit substrate of claim 26, wherein the

polyimide resin has the structural unit represented by formula

(3) in the molecule:

~ 0 0 -
A
NS YN
— N R N-R: —
~C— (¢~
| I (3)
L. 0 0 o
wherein R; repr t tetravalent aromatic group and R; repre-

THIS SHEET HAS BEEN
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| ayer. In particular, the use of the polyimde resin having the
+ specific structural unit enables the |inear expansion coefficient of the
polyi m de resin_layer to he approximated to the |inear expansion

coefficient of thQuiddinil foil and the water-absorbing property
alw]iﬁﬂwii]&j e lowered. As a result, the occurrence
] nOls

of tthe polyi m de
of the warping p substrate can be restrained as | ess as

possi bl e. Furthernore, even when the circuit-form ng substrate is

subj ected to arlo racks of the polyimde resin layer
as the |nsuF§t|nS ﬁéygﬁegé uFmgﬁgthggogﬂbstrate I's excellent in the
conformty. 307 C ! D9 Y s MNERLL LR EONBYCI O shAYSE , | SHBLRERSISE O

water absorption of the polyimide resin layer is not higher

than 0.7% by weight,

31. The circuit substrate of claim 26, wherein the
elongation percentage of the polyimide resin layer is not lower
than 20%.

32. The circuit.substrate of claim 26, wherein the
polyimide resin layer is formed by a photosensitive polyimide
resin containing a photosensitive agent.

33. The circuit substrate of claim 26, wherein the long

stainless steel is a suspension of hard disk.

/
i

- 54 -

THIS SHEET H*® "IN
REPLACL.




|

a fine-line pattern and is used as the suspension for hard disk, the

i nvention shows the effects that the di nmensional accuracy can be kept

hi gh, and the circuit-form ng substrate and the circuit substrate having a
practically high density and a high reliability can be provided.

Therr, the present invention is explained in nore detail by the follow ng
exanples. All percentage and parts are by weight, unless otherw se
i ndi cat ed. Exanmple 1 A pol yi m de

precursor was prepared by polymerizin [ lLitic acid dianhydride and
an equimol ar amount of 4. 4 ANORLE B A PRIk

There are provided a circuit-forming substrate

comprising a long stainless steel foil having formed on one
surface or both surfaces thereof a polyimide resin layer wholly
or partially, and a circuit substrate formed by u-sing the
circuit-forming substrate, wherein a conductor layer is finely
patterned on the circuit-forming substrate. The circuit-
forming substrate sufficiently satisfies low cost, high density
and high reliability, scarcely causes warping of the substrate

itself, and has excellent workability.

. ——
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24 di am nodi phenyl ether in N-nethyl-2-pyrrolidone, uniformy coated by
fl ow casting on one surface of a long stainless steel foil (SUS 304,
thickness 25 [err]m using a comma coater and dried at about 80[err]C.
Then, the long stainless steel foil thus coated was placed in a

cont-i nuous heating furnace in which the oxygen concentration was reduced
to 0.1% by volune or |ess by reﬁEﬁéLﬁéEﬂhe I nsi de at nosphere with a
nitrogen gas, heated such that the highest tenperature becane 400[err]C
to imdate the

_,4—-“2
7772772, 777775

s

“:';.1

\edeeed @’—ﬂk\

Fig. 1l(b}

iis 131} "r,,l”,l{r |

32838891028

Fig. 1l(c)
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L e

pol yi m de precursor |ayer, whereby a circuit-form ng substrate havi ng t he
pol yi m de resin | ayer. on one surface of the |ong stainless steel foil was
prepared. Furthernore, on the other side of the circuit-formng
substrate, a polyimde resin |ayer was formed by the sane manner as
above. Thus, a circuit- form ng substrate having the polyimde resin

| ayers on both surfaces of the long stainless steel foil was prepared.
bservation of the cross section of the circuit-formng substrate by a
scanning type electron mcroscope proved that the thickness of the
polyimde resin |ayer forned was about 5 [err]min both surfaces. Al so,
where the substrate was pl aced inFig} azt(rgjsphere of 60[err]C, no warping
phenonenon was observed and the he substrate was the sane as at
roomtenperature.
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{ Exanpl.e 2 To the polyimde precursor solution prepared in Exanple
" I''were furtherwsadded #8i et hyl ami noethyl nethacrylate and Mchler's ketone

i nian anpbunt of 15 parts and 3 parts,

25 ., respectively, to 100 parts of the solid conponent of the pol yi m de
precursor to inpart a photosensitivity to the pol yi m de precursor
solution and thereafter, the solution was uni formy coated by
flowcasting on a stainless steel foil (SUS

Fig. 3(a)
S
17222773 errrrer ety
: =1
2222723 QZZZI::::::\
'<\ 2
Fig. 3(b)
J//¢/3-
i 777427
3
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304, thickness 25 [err]m and dried in the same manner as ﬁEPL&gﬁwﬁﬁﬂgﬁh
Then,

light-irradiating (light having wavel engths of 00 nmor 'md

at 1000 mJ/cnR) the coated |layer through a photonmask havi hg| a2 Fesjpaiei897

pattern,

re§

the | ayer was devel oped usingN-nethyl-2-pyrrolifohe to formth

pol yi m de precursor |ayer having the desired pattern. Then, The
| ayer was imdated by the sanme nethod as in Exanple 1 to hravide a
circuit-form ng substrate having the patterned polyimde resin |ayer on
one surface of the

surface of the ci r%%?@ﬁ*%%%@%&@%ﬁ%ﬁ%ﬁ?hﬁn o%%%?%le% év\i;absé%'lﬁrﬁége;

patterned polyimde resin layer in

~—

FIELD OF THE INVENTION

The present invention relates to a circuit-forming
substrate and a circuit substrate, and more specifically to
various kinds of mounting circuit-forming substrates and the
circuit substrates. In particular, the p¥esent invention
relates to a circuit-forming substrate as a part for forming an
electric signal wire directly on a suépension for hard disk for
which a high-capacity requirement and small-sizing have been
recently hastened and to a circuit substrate obtained by the

circuit-forming substrate.

BACKGROUND OF THE INVENTION

Recently, a thin-film multilayer substrate for aiming
a high-density mount and high-speed signal processing of
semiconductors has been watched with keen interest and, in
general, a substrate formed by laminating a copper foil as an
electrically conductive layer and a polyimide resin layer as a
supporting layer is used. On such a substrate, a device is

mounted, and since the device generates heat due to its

" characteristics, it has been desired to use a substrate

material having a high heat-radiating effect such that heat
does not accumulate in the inside of the system having
incorporated therein the device.

As such a substrate, various circuit substrates having

heat spreader have been proposed and for preparing these




surfaces of the long stainless steel f0|I the patterned pol
| ayers. For form ng each polyimde resin pattern on both s rf&te
| ong stainless steel foil at the conformty positions to edch

for position matching are previously f6rnmed in a part of tlhe sta
steel foil and the alignnent was carried out accurately.
Observation of the cross section of the circuit-formng substrate by

scanni ng- ty%§ﬁ§%$ %E?nanggtggiggs gﬁggggsgggtlamlnatlng method of using

REPLACEVENF
a sheet-form metal substrate having a high heat-radiating

effect, coating a liquid resin on the substrate followed by
drying, and thereafter, forming thereon a conductor layer, a
press laminating method of press-working a copper-applied
laminate layer plate and a metal plate having a large heat-
radiating effect, etc., have been proposed.

However, the former method has a problem that since the
step number for working is large, the cost becomes high and the
latter. method has a problem that since the accuracy for
position matching is rough, it is difficult to obtain fine
lines. —Since these problems are fundamental problems in the

" practical use, the production method for the substrate with
high reliability, high density, and low cost has not yet been
actually realized.

On the other hand, from the points of obtaining a high
storage capacity and high speed of a hard disk, in place of the
conventional thin-film magnetic head which is MIG or a magnetic
induction type, a so-called MR-thin-form composite type head
formed by integrating a magnetic resistance-type MR element and
a thin film has been watched with a keen interest. While in a
conventional magnetic head, the reading and the writing of
magnetic signals are both made by one head, since in the MR

. head, the reading and the writing are divisionally made by one
head, the number of terminal becomes twice (if necessary, an

earth terminal is further added) and it becomes necessary to



- REPLACEMEF
26 the thickness of .the polyimde resin |ayer fornmed was ja

I n both sides, and the position discrepancy of the patterns Eggﬂhthe
surfaces was 10 [err]min the width of 10 cm Also, where th g {997
was placed in an atnosphere of 60[err]C3 no war pi ng pheno
observed and the state of the substrate™ was the sane as at
t enper at ure. Exanple 3
circuit-formng substrate having on both surfaces of the Iong stainless

teel foil dinth i le .1 t f
ising 3.3 fAhp HhehAigRoRoRescian, sbar Boesl B HBPGSRrRnR9RYr dolPReBPRCe of

pyronellltl%lack%e wire is fined, the wire becomes liable to be corroded

and also there occur the problems that it becomes reluctant to
conform the impedances and also it becomes difficult to mount
- the head.

As a method of solving such new problems, a method of
directly forming circuits on a suspension on which a head is
mounted as described in JP-A-48-16620 (the term "JP-A" as used
herein means an “unexamined published Japanese patent
application").

However, if the materials constituting the substrate
have digferent heat expansion coefficients (linear expansion
coefficients), the substrate warps on the generation of heat.
Also, if the water absorption of the polyimide resin layer
being used for the circuit-forming substrate described above is

_high, for example, when such a substrate is incorporated in a
hard disk body as a suspension, the dimensional change with the
absorption or the desorption of water to or from the polyimide
resin layer becomes large, the suspension itself warps to
reduce the alignment accuracy, and it is also considered that
there is a possibility of changing the interval between the
disk and the disk body to cause an inferior performance as a
device.

Also, the circuit-forming substrate or the circuit
substrate is prepared by a sheet-form step of forming a

polyimide resin layer and a conductor layer in order on a long



di anhydri-de. bservation of the cross section of trREPLACﬂWENT SHEET
circuit-formng substrate by a scannjng-type el ectron m criosgope-proved ==

the thickness of the polyimde resin |ayer was about 5 [err]n1 ?

sides. Also, where the substrate was pl gced in an at nospherie 02 63@@%?6
no war pi ng phenonenon was observed and the state of the subst+ate.was.ihel
same as at roomtenperature. That is, the circuit-form ng {substrate havi ng
the structure according to the present invention did not shtow-awarprng

phenorreno_nrs'a_‘ggu h the Ki n%ég g‘s”éfesc:{l?n/%? %ﬁr%'%xﬂné@s ghéﬂgegrodlgﬁbnit

was confi rralrs

Exanpl e 4 steps isAigg&e a%gd@%% steég agétcBRB&@%Eke&;GYmé“%égi'?oé'

producing the substrate is high.

Furthermore, if a three-layer substrate composed of a
copper-applied laminated 1ajer plate (for example, a two layer
substrate composed of a polyimide resin layer and a copper
foil) and a long stainless steel foil can be available, for

_ pattern working of the polyimide resin layer, it is necessary
to apply dry etching such as plasma etching, laser abrasion,
( etc. As a result, there is a possibility that the dry etching
gives damages to the stainless steel foil and other wiring
circuitgﬂand the cost becomes high with the reduction of the
throughput. On the other hand, it may be considered to work
the pdlyimiﬁe resin layer by wet etching but in this case, a
toxic chemical such as hydrazine, etc., must be used as the
processing liquid and hence the foregoing method is undesirable
in the environmental sanitation.
Also, a circuit-forming substrate is not always used in
a flat board state but as the case may be, it sometime happens
'that after making a circuit substrate by forming circuits on
the circuit-forming substrate, the circuit substrate is
processed by partially bending the circuit substrate at about
90 degree. When such a processing is applied, a stress is
applied to the bent portion and tﬁus there is a possibility
that the polyimide resin'layer constituting the substrate is

cracked to cause an inferior insulation.




di carboret hoxy- 1, 4-di hydropyridine (customary nane: nifedT qum
pol yi m de precursor solution prepared in Exanple 1 in an R CEMEmthEET

27 anount of 30 parts to 100 parts of the solid conponerjt fof

f oregoi ng pol yi mi de precursor to inpart s photosensitivity jt aKeJAN 1997
pol yi m de precursor solution, the resulting solution was niifornm v coat ed
by flowcasting on a long stainless steel (SUS 304, thickmpess 30 [err[m
in the sane manner as in Exanple 1 and dried at 80[err]C.

SUMMARY OF THE INVENTION
An object of ﬁhe present invention is to solve the
problems of the conventional techniques described above and to
provide a circuit-forming substrate which sufficiently
satisfies low cost (which is important from the point of view
of practical use), high density and high reliability, scarcely
causes warping of the substrate itself, and.haé excellent
workability, i.e., when bending working of about 90 degree, at
which a strong stress is added, is applied to the substrate, it
shows a good adaptability of the polyimide resin layer at the
bent portion, resulting in no inferior insulation and a circuit
. substraéé obtained by the use of the circuit-forming substrate.
According to an aspect of the present invention, there
is provided a circuit-forming substrate comprising a long
stainless steel foil having formed on one surface or both
surfaces thereof a polyimide resin layer wholly or partially.
Also, according to another aspect of the present
invention, there is provided circuit substrate formed by using
the circuit-forming subétra;e described above, wherein a
conductor layer is finely patterned on the circuit-forming
substrate.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 (a}), (b), and (c) are enlarged cross-sectional
views showing the steps obtaining the circuit-forming substrate
of the present invention,

Fig. 2 (a), (b), and (c¢) are enlarged cross-sectional



| - REPLACEMENT SHEET)
Then, after light-irradiating (wavel engths of from 360 to 440 nnL;ACEMENT SHEET
i rradi ati on energy 500 mJ/cnferr]) the coated |ayer through ja pgg o] H
having a desired pattern, the exposed |layer was further heat} tjr ?egxgt997
160[err]C. Thereafter, the layer was degveloped with a m xed |sélutian.qf. an
aqueous sol ution of 5% by weight tetrarret hyl ammoni um hydroxilde and ethyl
al cohol (2/1 by volune) as the devel oper at 40[err] C, - washe
and dried to forma polyimde precursor |ayer having the desired pattern.

Then, the stainl foil ' t h | yiu de . |+ \ d
n°a bat ch SR pABPETEAl Ry TETRRC BRI [P TMry EVSF o (L CR COR T Iah o

that the highest t.em ure _ bec: rrJ]Cto imdate the polyimde
precursor | FrER-e po(rafo\%hoée parecgie(r%lcui n?%g{t%o#d substrate of the present

Fig. 3 (a) and (b) are enlarged cross-sectional views

i nvention

showing the steps of obtaining still other circuit-forming
substrate of the present invention, and

Fig. 4 is a slant view showing the state of winding the
long substrate of Fig. 3 (a) in a roll form.

In these figures, each numeral has the £following
meaning.

1: a long stainless steel foil

2: a polyimide resin layer

3: a conductor layer (metallizing layer)

4: a conductor layer (after electrolytic plating)

DETAILED DESCRIPTION OF THE INVENTION

The present invention is described in more detail
. below.

In particular, it is preferred from the point of
preventing the occurrence of warping of the circuit-forming
substrate that the differénce (n) of the average linear
expansion coefficient of the polyimide resin layer (al) and the
average linear expansion coefficient of the long stainless
steel foil (a2) in the temperature range of from 5 to 200°C is
controlled in the range of from -5 ppm to 5 ppm.

A circuit-forming substrate having a conductor layer
according to the present invention can be prepared by lamina-

. ting a copper layer on the wholly formed polyimide resin layer



havi ng the patterned polyinide resin |layer (thickness about BEPLE@EM T

one surface of the long stainless steel foil. The Darrern~ﬁg$€£§ﬂgr
had a good formof a positive taper and when the simlar pptfe %
polyinm de resin layer was formed on thg ot her surface of the sgﬁﬁtﬁ&ings
I n Exanpl e 2, a warping phenonenon was

28

not observed.

3
~

Exanple 5

or on the partially formed polyimide resin layer and the
exposed stainless steei.foil via a chromium layer or a titanium
layer or without such a metal layer (i.e., directly).

For forming the patterns of a desired form, it is
particularly preferred that the polyimide resin layer is formed

by a photosensitive polyimide resin containing a photosensitive

' agent.,

Furthermore, the circuit-forming substrate of the
pfesent invention is preferably used as a suspension for a hard
disk. In this case, the substrate can exhibit its
characteristics fully.

-Rlso, from the point of preventing the occurrence of
warping of the substrate, it is preferred that the difference
(n) of the average linear expansion coéfficient of the
polyimide resin layer (ol) and the average linear expansion

coefficient of the long stainless steel foil (o2} and the

difference (m) of al and the average expansion coefficient of

. the conductor layer (@3) in the temperature range of from 5 to

200°C each is controlled in the range of from -5 ppm to 5 ppm.
Furthermore, the present invention provides a circuit
substrate prepared by using the foregoing circuit-forming
substrate having formed thereon the fine patters of conductor
layer.
By preparing the circuit-forming substrate and the
circuit substrate as described above, fine patterns having an

excellent dimensional stability can be formed at a low cost and




The circuit-form ng substrate having on one surface of the RERbAQﬂHENTé&&ET
steel foil the patterned polyimde resin .layer (thickness abfut 5 [err[m
obtained in Exanple 4 was continuously subjected to a netall Z'an JAN 1897
treatment- with chromum and copper in the sanme batch usingja
sputtering apparatus. Then, the sane tallizing treatnent s—apptteet—t+e
the other side of the substrate not having the polyimde re¢sin | ayer.

bservation of the cross section by a scanning type el ectron M Croscope
proved that the thickness of the chrom uml ay 500 A

t hi ckness dihe gEceddsst Fé?%\‘lﬁ/a%ulis’ﬁ%t?ﬁ\“{mcg’ot"ﬁ neh 3 amecp%y thfhen,
elect rol yli G plating reatient of copper yas. . appki GfsiR AHBLNRbe! Callsd

copper | ay
cracking in the polyimide resin layer can be obtained without

need of selecting the kind of the material constituting each
layer.

Now, the polyimide resin being used for the circuit-
forming substrate and the circuit substrate of the present
invention is preferably a so-called total aromatic polyimide
having the structural unit represented by formula (1) in the

‘ molecule:

{—/CU\ 00N
—[N\co AN ()

wherein R, represents a tetravalent aromatic group and is

preferably at least one of

Fs

IR CICSORATE RN
|

and R, represents a divalent aromatic group and is preferably

at least one of
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applying the sputtering treatnment so as not to |ower the act
sputtered |l ayers. Thus, the circuit-form.ng substrate havi
| ayer was obt ai ned. Measurenent of the plated | ayer
type surface roughness tester proved thet the plated | ayer had
thi ckness of from9 to 10 [err]mwith 10°cm square w dth and

Al so, since the substrate

t hi ckness accur of 9 [err]m_10%
scarcely shovved@@r pi@@non conf d {
substrate prep by pNrgge th | a e d a high
di nensi onal accuracy.’ ! CRs ' ’
9
0 @ O ©rgd -
# ’ 0 L]
CFs
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When the polyimide resin is formed on the long

stainless steel foil in a layer form, it is preferred that the

' water absorption of the polyimide resin layer is 0.7% by weight
or less, and preferably 0.5% by weight or less. For providing

a polyi;lide resin layer having a water absorption falling

. within the above range, it is preferred to use a so-called

total aromatic polyimide having the structural unit represented

by formula (2) in the molecule:

C 00 7
Ca _C
4+ N R O ON-R, - (2)
~C— ~(C-~—
I i

wherein R; represents a tetravalent aromatic group and is

preferably



29 _ Exanpl e 6 A pol yi m de
sol ution was prepared by polynerizing pyronmellitic acid dian
equi mol ar anount of 4, 4'-di am nodi phenyl ether/param ne (15/
in N-nethyl-2-pyrrolidone, diethylam nogjhyl nethacrylate and
ket one were added thereto in an anount of 15 parts and 3 par

% Db |
7 kAt 1807

respectively, to 100 parts of the solid conponent of the prﬂggrsor to
i npart a photosensitivity to the polyimde precursor sol uti or—the

resul ting SO%PEJOgeﬁgésF§%%?%;h%§§9@ﬁ€dareﬂa@ié0&90§ﬁa&ﬂﬁe§§ pteebrhBiy

(SUS 304, tH%cKResS

at least one of

oo, PN E-0:

CFa LFs
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and C
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That is, when the polyimide resin layer having a water
absorption of 7% by weight or less is formed on the long
stainless steel foil, the polyimide resin layer becomes an

insulating layer between the long stainless steel foil layer

"and the conductor layer formed thereon, whereby it becomes

sufficiently possible that an electric signal wire can be
freely circuit-designed thereon and even when the flexible
stainless steel foil is used, a substrate showing less warping
can be obtained. On the other hand, in the case of using poly-
imide resins conventionally used for circuit-forming substrates
and circuit substrates, in particular, polyimide resins
conventionally used as suspensions for hard disks, since the
water absorption’ thereof is over 0.7% by weight and usually

higher than 1.0% by weight, the effects of the present
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flow casting and dried in the same manner as in Exanple 1. Then,
after light-irradiating (wavel engths not shorter than 400 hm a2t JaROR97
mi/cnferr]) the coated | ayer through a photomask having a desired pattern
the exposed | ayer was devel oped using met hyl - 2- pyrrol i dogne~to-formthe
polyim de precursor layer having the desired pattern on the necessary
portions only of the stainless steel foil. Then, the polyi mde
precursor |ayer was inidated by the sane nmethod as in Exanple 1 to provide

a circuit-formn substrate .ha th . a
one surfac‘é“’éaf“‘%ﬁ’é1 F5fg™e a?% il teg‘ fm’?’[\ﬂ?&&&y%%& \E/lgt%lb%ﬁk:a%ﬂr o
(r:n'r gfzsiggé'%‘ogﬁ; o?t - }fe'xre%.% | QS NEheSURShLAL € JBYaZnsRanBiNd cbyRacekagt r on

measurement of a water absorption by a Karl Fischer’s method

after allowing a sample to stand for 100 hours under a high-
temperature and high-humidity condition of 85°C and 85% R.H.

In addition, in the low-water absorption polyimide

resins having the structural unit shown by formula (2) shown

above, the particularly preferred resin is the polyimide resin

- of the formula wherein R, is 5,5'-(2,2,2-trifluoro-1-

i (trifluoromethyl)ethylidene]bis-l,3-isobenzofurandione and R,

is 4,4'-dimethyl-3,3’-diaminodiphenylhexafluoropropane.

-;150, when the polyimide resin is formed on a long

stainless steel foil in a layer form, for making the elongation

percentage of 20% or higher, and preferably 25% or higher, it

is preferred to use a so-called total aromatic polyimide having

the structural unit represented by formula (3) in the molecule:

. O —_
P
. N U
I Il
- 0 o) .

wherein R, represents a tetravalent aromatic group and R; repre-
sents a divalent aromatic group.
When the polyimide resin layer having an elongation

percentage of 20% or higher is formed on a long stainless steel




the thickness of the polyimde resin layer was about 5 [errﬁEﬁLAGENE&ﬂ-§ﬁ&Le
the substrate was placed in an atnnsphere of 60[err]C, ng r pi ng

phenonenon was observed and the state'of the
30 substrate was the same as at roonj4enperature. 27 JAN,&N
Exampl e 7 A circuit-form ng substrate having a poljyi

| ayer on one surface of the long stainless steel foil was

foil, the polyimide resin layer becomes an insulating layer
between the stainless-;teel foil and a conductor layer being
formed on the polyimide resin layer, whereby it becomes
sufficiently possible that an electric signal wire can be
freely circuit-designed thereon and also the terminal portion
of the signal wire can be freely bent to be connected to other
circuit. On the other hand, in the case of using polyimide
resins conventionally used for circuit-forming substrates and
circuit substrates, in particular, polyimide resins
conventionally used as the suspensions for hard disk, a
photosensitive polyimide resin having introduced therein a
. photopoi}merizing' group is used for finely patterning the
polyimide resin layer, but the elongation percentage of such a
photosensitive polyimide resin is lower than 20% and usually
not more than 10%, thereby the effects of the present invention
. cannot be obtained. The terminology “"elongation- percentage” as
used herein means the value obtained by dividing the elongation
at breaking (breaking elongation) by the initial length of a
test piece when elongation is measured at a temperature of 24
to 26°C wusing a tensilon type tension test machine
(manufactured by Toyo Boldwin Co.) under the condition that the
width of the test piece is 2 mm, the interval between chucks is
5 mm, and the tensile speed is 5 mm/minute.
Among the polyimide resins haﬁing the structural unit
shown by formula (3), the particularly preferred resin is the

polyimide resin of formula (3) wherein R; is a biphenyl group



prepared in the sanme manner as in Exanple 6 expect that a pohgpm
precursor solution was prepared using. 3,3 ,4,4'- REPEAQEMENT SHEET

benzophenonet et racarboxylic acid dianhydride in place of pytomellitic acid
di anhydride and the conpounding amount of Mchler's ketone gs tRe? JAN 1997
phot osensitive agent was changed to 10 “parts. Cbseryation of the

cross section of the substrate by the scanning electron mcfoscope proved
that the thickness of the polyinmde resin |ayer was about 5llerr]m ..Al.sg,

e e SR ThE TS ey B RAURS gBb LT 1 00 el o
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invention preferably has the structural unit shown by formula
(1), (2), or (3) in the molecule and has a relatively small
linear expansion coefficient and water absorption and a
relatively high elongation percentage, but as long as the
linear expansion coefficient, the water absorption, and the
elongation percentage are not largely affected, a copolymer or
mixture of the foregoing polyimide resin with a polyimide resin
( having other structural unit, for example, a polyimide resin
having a structural unit wherein R, and R; in formula (1), (2),
or (3) ;;e other groups than the groups described above, can be

used.
The polyimide resin layer is formed on one surface or
both surfaces of a long stainless steel foil. For synthesizing
* the polyimide resin, a polyimide precursor solution is first
prepared using an organic solvent such as N-methyl-2-
pyrrolidone;N,N-dimethylacetamide,N,N-dimethylformamide,1,3—
dimethyl-2-imidazolidinone, dimethyl sulfoxide, dimethyl
sulfide, dimethylsulfone, pyridine, tetramethylurea, diglyme
(diethylene glycol dimethyl ether), triglyme (triethylene
glycol dimethyl ether), tetrahydrofuran, dioxane,
cyclohexanone, hexamehylphosphoramide, etc. Then, the
polyimide precurs&r solution is coated on a long stainless

steel foil and dried to effect imidization, to thereby prepare

a polyimide resin layer. Thus, the circuit-forming substrate



resin was changed. Thus, it was confirned that there was
the material. Exanpl e 8
precursor solution prepared in Exanple 6,

4-(2' -ni trophenyl)-2, 6-di net hyl - 3, 5- di cajbonet hoxy- 1, 4-
(customary name: nifedipine) was added 1n an anount of 3
parts of the solid conponent of the polyimde precursor
phot osensitivity to the polyimde precursor sol ution. The resurtng

sol uti on WaSf the present invention can be obtaiﬂ%h (see, Fig. 1 (a)).

The thickness of the polyimide resin layer is generally
from 3 to 25 um, and preferably from 5 to 20 um.

If the thickness of the polyimide resin layer is less
than 3 um, the voltage resistance of the layer may be low and
the insulation reliance as an insulation layer may be lowered.
If it is over 25 um, even when the water absorption is 0.7% by

. weight or less and the elongation percentage is 20% or more,
the residual stress is liable to become large to increase
‘ warping, failing to exhibit the desired effects.

~As the long stainless steel foil, ferrite stainless
steel, ﬁértensite stainless steel, austenite stainless steel,
etc., can be used, and austenite stainless steel is preferably
used, since it is excellent in the corrosion resistance, the

bending property, the welding property, etc.

Also, the long stainless steel foil -being used in the
present invention is a stainless steel foil generally having a
thickness of from 10 to 75 um, and preferably from 10 to 40 um,

. more preferably from about 20 to 30 um, a width of from 100 to
300 mm, and preferébly from about 110 to 250 mm, and a length
of 10 meters or longer. If the thickness of the stainless
steel foil is less than 10 mum, the foil is liable to be
mechanically damaged and if it is over 40 upm, when the
stainless steel foil is used as a spring material of the
suspension for hard disk, a problem aﬁout the floating

characteristics, etc. may be caused to fail to exhibit the



uniformy coated on a |l eng stainless steel foil (SUS 304,
[err]m by flowcasting in the sane nanner as in Exanple
80[err]C Then, after light-irradiati ng (wavel eng
to 440 nm irradiation energy 500 ml/c rr]) the coated ljayler 7tp
phot omask having a desired pattern, the exposed |ayer was ea%-t

160[err] C. Thereafter, the exposed | ayer was devel oped w} ¥: —
sol ution of an aqueous solution of 5% by weight tetranethylamoni um

hydr oxi de/ eé@%i%&r@@%he(%ét@i%ﬁ’ﬂym) as a devel oper at~ZOferrjc,
an 0

with water, rired t orm the pol yi m de precursor |ayer having the
desired pattern. mgo the Po8FimiHe @MGrStBiydLessrskael dididuitavidiingy med

substrate of the present invention is applied, as occasion
demands, pattern processing (see Fig. 2 (a)). Examples of the
method of pattérn processing include a method of using the
photoinsensitive polyimide »resin and a photoresist in
combination and forming a pattern by applying thereto wet
etching with hydrazine, etc. or applying dry etching such as
plasma etching, laser etching, etc., and a method of uSing a
{ positive-working or negative-working photosensitive polyimide
resin and directly forming pattern thereon. In these methods,
from thé%points of the working environment and lowering of the
throughput about processing, it is preferred to use the
photosensitive polyimide resin.
Also, a conductor layer is formed on the polyimide
resin layer by laminating a copper layer thereon with or
without using a chromium layer or a titanium layer under the
conductor layer (see Fig. 1 (b) and Fig. 2 (b)). That is, the
conductor layer is formed by metallizing the polyimide resin
layer by forming a chromium/copper layer, a titanium/copper
layer, or a copper layer on the polyimide resin layer. In this
case, it is preferred from the point of the conformity of
.impedances that the thickness of the conductor layer this
formed is from 2 to 20 um, and more preferably from 5 to 15 um.
As the method of forming the conductor layer, a

chromium/copper layer, a titanium/copper layer, or a copper



t hereon the polyimde precursor |ayer having the pattern RE?LAGEMEHG” 5%5@
batch at nosphere heating furnace in a vacuumstate (0.1}t
t he hi ghest tenperature becane 380[err]Cto imdate thejp
precursor layer. Thus, a circuit-form ng substrate havihg
polyim de resin | ayer (thickness about 5 [err]m on one} st
| ong stainless steel foil was prepared. The pattern obtained ha
a good formof a positive taper and no warpi hg phenonmenon was obSETvet—-6
t he substrate.

Side resik P ¥k
precur sor aloa}ypilolhsvégr%?%pgpe(} reegs?a5§a ma nler as in Exanple 6 gﬁcept

tpat 3’SHQé%néiﬁUHUB”épuéégffﬁéngﬁﬂbacsﬁehdﬂWéﬂ”ﬁﬂg|€m&&H§e§§edfl&hﬁlace
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metal layer becomes from about several hundreds to several
thousands A and thereafter electrolytic plating of copper is
successively applied to thicken the thickness of the conductor
layer as described above (see Fig. 1 {¢) and Fig. 2 (c)). As
other method than the sputtering method, for example, without
carrying out the electrolytic plating treatment, the conductor
layer can be formed by an EB (electron beam) vapor deposition

! method only. In addition, from the point of the adhesion
reliability, if necessary, a chromium layer or a nickel layer
may be fﬁrmed on the conductor layer.

In addition, when the polyimide resin layer is
partially formed on the long stainless steel foil as shown in

. Fig. 3 (a), the foregoing conductor layer is formed on the
exposed long stainless steel foil and the partial polyimide
resin layer as shown in Fig. 3 (b).

Then, an embodiment of the method of producing the
circuit-forming substrate and the circuit substrate of the
present invention is explained below.

First, a polyimide precursor being used for forming the
polyimide resin layer is prepared by a known method and a
solution of a polyamic acid which is the precursor for the
polyamide resin having the structural unit shown by formula
(1), {(2), or {3) described above is obtained.

Then, the polyimide precursor (polyamic acid) solution



EXX]

pyronellitic acid dianhydride and the di am ne conponents we
32 replaced with a m xture of 20 nol % 4, 4- di am nodi pheny EE‘?‘.‘Q‘CEM‘EAME ET
nol % par am ne. The pol yi mi de precursor solution wap foated in the

same nanner as in Exanple 8 except thajythe coated |ayer of thé7? J&iN/1887dq
precursor solution was heated in curing (imdation) after folkmng pattern
such that the highest tenperature becane

is coated on a long stainless steel foil using a roll coater,
a comma coater, a kni%e coater, a doctor blade, etc., and
dried. 1In this case, the drying temperature is from about 60
to 120°C to remove the organic solvent only and form a
polyimide precursor ‘layer.

When the polyimide precursor layer formed is patterned
in a desired form, before coating the foregoing polyimide
precursor solution, diethylaminoethyl methacrylate, Michler’s
ketone, etc., 1is added to the solution to impart a
photosensitivity to the polyimide precursor solution. In this
case, it is preferred from the point of photosensitivity that
when diéihylaminoethyl methacrylate is added to the solution,
the compounding amount thereof is in.the range of from 5 to 20
parts by weight, and more preferably from 10 to 15 parts by
weight to 100 parts by weight of the solid combonent of the
polyimide precursor and also when Michler’s ketone is added,
the compounding amount thereof is in the range of from 2 to 10

. parts by weight, and more preferably from 2.5 to 5 parts by
weight to 100 parts by weight of the solid component of the
polyimide precursor. If the compounding amount of the additive
is over the upper limit thereof described above, there are
possibilities that the photosensitive agent is deposited and
the thickness of the layer is greatly redﬁced at imidation.

The thus-formed polyimide precursor layer is irradiated
with light through a photomask having a desired pattern, and

since a long stainless steel foil is used in the present



420[err] C.  Thus, a circuit-form ng substrate having a patt
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resin | ayer

(thickness about 5 [err]m on one surface of ¢{h

! ! P 9
stainless steel foil was prepared. The circuit-fofm ngois]u&ﬁ 1997

has [err]1
Exanpl e 10
polyimde r
| ong st ai nl

continuously subjected to a, netalljzing treatnment

; .
copper in alB¥EBR18Bing SOFBﬁﬁugbﬁt%%Wgn%xP%ﬁRﬁﬁeﬂ?ﬁﬁgéﬁré§q§%¥%£plh en,

of 18 ppm J[err]2 of 17.3 pﬁg} and the difference.(n) of O.Z;J
The circuit-form ng substrate having the patterned
esin layer (thickness about 5 [err]n) on one su
ess steel foil obtained in Exanple 9 described above was
] d

pper i _ |
motal i 21 gt tent, vac, PRPLG o5 A ddi® (SIroRY 1858:0Ls o Fhdka 85

a continuous developing processing using a developer
containing, as the main component, N-methyl-2-pyrrolidone,
etc., which is usually used as a developer. From the points of
the environmental sanitation and the working condition such as
the prevention of explosion, etc., it is preferred to use not
an organic solvent but an aqueous solution as the developer.

As the photosensitive agent which can be used in a
system where an aqueous solution is used as the developer, the
1,4-dihydropyridine derivative described in JP-A-4-179685 is
preferagly used. If desired, a known sensitizer can be
compounded in combination. Preferred examples of such a
photosensitive agent include 2,6-dimethyl-3,5-dicyano-4-(2'-
nitrophenyl)-1,4-dihydropyridine,2,6-dimethyl-3,5-diacetyl-4-
(2" -nitrophenyl)-1,4-dihydropyridine, 2,6-dimethyl-3,5-
diacetyl-4-(2’,4’-dinitriphenyl)~-1,4-dihydropyridine, and 4-
(2‘-nitrophenyl)-2,6-dimethyl-3,5-dicarbomethoxy-1,4-
dihydropyridine.

In such a 1,4-dihydropyridine series photosensitive’
agent, the molecular structure thereof exposed to an active
light such as ultraviolet rays, etc., changes to a pyridine
skeleton and becomes to have a basic property. Also, by heat
treating at a temperature of from about 150 to 190°C, and
preferably from 160 to 180°C after light-exposure, the chemical

reaction further proceeds and an interaction occurs between the




pol yimide resin |ayer. oservation of the cross section by a
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el ectron m croscope proved that the thickness of the chrom unjlayer was
500 A and the copper thickness was 1,000 A in both the surfhacgsz 7 JAN 1997

a copper

el ectrolytic plating treatnent ofgopper was applied {ojfurther form

| ayer within one hour after applying the sputterinf UTEarmwent 50

as not to |lower the 33 activity of
the sputtered layers. Thus, the circuit-form ng

photosensitive agent and the foregoing polyimide precursor to
lower the solubility éé the polyimide precursor in an alkali
aqueous solution, whereby a negative pattern having a good
contrast is obtained by the developing treatment.

As the alkali aqueous solution as the developer, an
aqueous solution of an inorganic alkali such as sodium
hydroxide, potassium hydroxide, etc., or an agueous solution of
an organic alkali such as propylamine, butylamine,
monoethanolamine,tetramethylammdnimnhydroxide,choline,etc.,
can be used singly or as a mixture of them. From the points of
the high purity and general usability, it is preferred to use
an aque;ﬁs solution containing, as the main component, tetra-
methylammonium hydroxide as the developer. Furthermore, the
alkali aqueous solution (developer) may further contain, if
necessary, an alcohol and a surface active agent.

In the case of using such a photosensitive agent, the
compounding amount of the photosensitive agent is generally in
the range of from 5 to 70 parts by weight, and preferably from
15 to 55 parts by weight to 100 parts by weight of the solid
component of the polyimide precursor in the polyimide precursor
layer formed. If the compounding amount is less than the
foregoing range, the dissolution preventing faculty of the
light-exposed portions of the polyimide precursor layer is
reduced, whereby the dissolution contrast is liable to become

indistinct. If it is too large, there is a possibility that the

deposition of the photosensitive agent occurs during storage of



substrate having a conductor |ayer was obtained. Meaf nert-nf
pl ated | ayer by a stylus type surface roughness tester prova*jﬁ#EﬂMEm;
p!gzﬁd Igyer Pad a Lhickness of from9 to 10 [err]mwith 10 ¢gm square

Wi and a |ayer thickness accuracy 9 [err]m 10% S age
a war pi ng phenonmenon was scarcely obse%ed on %he substratd, ii 26\7 JANIF
confirnmed that the circuit substrate prepared by processing ttre—condtet
| ayer ensured a hi gh di mensi onal accuracy. The cirduit- form ng
substrate

di fference

ConparatiVesé%é%?%éélhappens that the thickness of the layer is greatly
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reduced at the heat treatment after forming pattern.

Then, the substrate obtained by forming the polyimide
precursor on the long stainless steel foil is heated generally
at a temperature of not lower than about 300°C, and preferably
not lower than about 350°C to cyclodehydrate the polyimide
precursor, whereby the polyimide precursor is imidated to form
a polyimide resin layer.

Such a heat treatment can be conducted using an
apparatus such as a hot blast circulation type heating furnace,
a far—iﬁfrared heating furnace, etc. For preventing the
oxidative deterioration of the resin layer and the surface
oxidation of the stainless steel foil, the heat treatment is
carried out in an inert gas atmosphere such as an argon or
nitrogen gas atmosphere or in vacuo such that the oxygen

* concentration is usually 1% by volume or lower, and preferably
0.1% by volume or lower.

The polyimide resin layer can be formed on one surface
of the long stainless steel foil as described above, and
formation of the polyimide resin layer on both surfaces of the
stainless steel foil can be conducted by applying the same
procedure to the other side of the stainless steel foil
successively to the foregoing.procedure.

In the case where the polyimide resin layer is formed

on both surfaces of the long stainless steel foil and the




A circuit-form ng substrate was prepared in the sane nanner?%%ﬂm*mmwﬂmﬂgﬁ“*“
6 except ‘that 4, 4'-diam nodi phenyl ether was used in place pf . E
As a result, the formof the polyimde resin |ayer on the surfface of the
long stainless steel foil clearly appeajed on the back surfjage %?ddAﬁfiggpe
stainless steel foil and it becane cléar that a | arge stregs {exi sted

between the polyimde resin layer and the stainless steel fjoil
The circuit-form ng substrate has [err]1 of 35 ppm a2 of i¥:3 ppm._and
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preventing the occurrence of warping and twisting of the
substrate, it is preferred to form the patterns of the
polyimide resin layers such that patterns of polyimide resin
layers formed on both surfaces of the stainless steel foil
correspond to each other.

The circuit-forming substrate of the present invention

is obtained as described above, and the occurrence of the

" discrepancy of the circuit patterns and warping of the
( substrate itself by heat shrinkage can be prevented by
controlling such that the difference (n) between the average
linear é%pansion coefficient of the polyimide resin layer (ol)
and the average linear expansion coefficient of the long
stainless steel foil (a@2) in the temperature range of from 5 Eo
200°C falls within the range of from - 5 ppm to 5 ppm. One ppm
means ‘1 x 10°%, that is 1 x 107%, .and the linear expansion
coefficient can be measured by a thermal mechanical analysis
method (TMA method). The term "average linear expansion
coefficient in the temperature range of from 5 to 200°C* can be

- obtained from inclination of the straight line connecting the
point at 5°C and the point at 200°C in a figure having an
abscissa showing a temperature and an ordinate showing an
elongation. The average linear expansion coefficient in the
temperature range of from 5 to 200°C of the polyimide resin

layer which can be used in the present invention is generally

from 10 to 60 ppm.
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2 7 JAN 1997 34 manner as in
expect that the am ne conponent all was replaced by the co
represented by fornula (1) where Rlerr] was [err] W?T JANA992
result, the substrate caused marplng at %re stai nl ess steelj flail _side, and
has [err]1 of -7 ppm [err]2 of 17. and the differenge (n) of -24.3

ppm

The circuit-forming substrate of the present invention
can be obtained by fﬁ;ther forming an electrical conductor
layer on the polyimide resin layer(s) formed. The method of
forming the conductor layer is as described above.

Also, in the circuit-forming substrate having the
conductor layer obtained as described above, it is preferred to
control such that the difference (n) between the average linear
expansioﬁ coefficient of the polyimide resin layer (al) and the
linear expansion coefficient of the long stainless steel foil

{ (x2) and the difference (m) between al and the average linear
expansion coefficient of the conductor layer (a3) in the
temperagﬁre range of from 5 to 200°C each is in the range of
from -5 ppm and 5 ppm.

If the differences (n) and (m) are outside of the
foregoing range, it tends to become reluctant to prevent the
occurrence of warping of the .circuit substrate.

The circuit-forming substrate having the conductor
layer is subjected to an etching treatment to form a desired
fine-line pattern. Thus, the circuit substrate of the present
invention can be obtained. In particular, the long stainless
steel foil is processed to a suspension for hard disk, thereby
a wireless circuit substrate in a magnetic head can be

. provided.

As described above, the circuit-forming substrate of

the present invention is composed of a long stainless steel

foil having formed on one surface or both surfaces thereof a




Exanpl e 11 A polyi m de precursor solution was prepg
pol yneri zi ng pyronellitic acid di anhydride/5,5" -[ 2, 2,
trifluoro-1-(trifluoronmethyl)ethylidene]bis-1,3- isobenzof
an equivalent anount of 4,64'- dianéﬁodiphenyl

ether/ 4,4 -dinethyl-3,3" -diam no- di phényl hexaf| uor opr opan
N- et hyl - 2-pyrrolidone and to the solution were further ac

di et hyl am noet hyl methacrylate and Mchler's ketone in an
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In particula£, the use of the polyimide resin having
the specific structural unit enables the linear expansion
coefficient of the polyimide resin layer to be approximated to
the linear expansion coefficient of the stainless steel foil
and the water-absorbing property of the polyimide resin layer
to be lowered. As a result, the occurrence of the warping
phenomenon of the substrate can be restrained as less as
possible. Furthermore, even when the circuit-forming substrate
is subj;cted to various bending works, no cracks of the
polyimide resin layer as the insulating layer'occur and the
substrate is excellent in the conformity.

Accordingly, when the conductor layer is processed to
a fine-line pattern and is used as the suspension for hard
disk, the invention shows the effects that the dimensional
accuracy can be kept high, and the circuit-forming substrate
and the circuit substrate having a practically high density and
a high reliability can be provided.

Then, the present invention is explained in more detail
by the following examples. All percentage and parts are by
weight, unless otherwise indicated.

Example 1
A polyimide precursor was prepared by polymerizing

pyromellitic acid dianhydride and an equimolar amount of 4,4'-



thi ckness 25 [err]m using a comma coater and dried at abou
forma polyimde precursor |ayer having a photosensitivity.

after light-irradiating (wavel engths of not shorter than 3p5] nth7 alAN 19970

ml/cnferr]) the coated |layer fromthe
35 pol yi m de precursor |ayer side through a photomask hav
pattern, the |ight-exposed | ayer was devel oped using N
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Then,

ng a destrred

nmet hyl - 2- pyrrolidone to forma pol yi mi de precursor |ayer having the

desired patderf; 08 i oA P9 Pl €8S RLREEnF Pl pyrrolidone, uniformly

coated by fldw—casting on one surface of a long stainless steel
foil (SUS 304, thickness 25 um) using a comma coater and dried
at about 80°C.

Then, the long stainless steel foil thus coated was
placed in a continuous heating furnace in which the oxygen
concentration was reduced to 0.1% by volume or less by
replacing the inside atmosphere with a nitrogen gas, heated
such that the highest temperature became 400°C to imidate the
polyimide precursor layer, whereby a circuit-forming substrate
having the polyimide resin layer on one surface of the long
stainle;; steel foil was prepared. Furthermore, on the other
side of the circuit-forming substrate, a polyimide resin layer
was formed by the same manner as above. Thus, a circuit-
forming substrate having the polyimide resin layers on both
. surfaces 6f the long stainless steel foil was prepared.

Observation of the cross section of the circuit-forming
"substrate by a scanning type electron microscope proved that
" the thickness of the polyimide resin layer formed was about 5
pm in both surfaces. Also, where the substrate was placed in
an atmosphere of 60°C, no warping phenomenon was observed and
the state of the substrate was the same as at room temperature.

Example 2

To the polyimide precursor solution prepared in Example

1 were further added diethylaminoethyl methacrylate and

Michler’s ketone in an amount of 15 parts and 3 parts,



Then, the long stainless steel foil having fornmed t her eon REMCEMENT W

pattern-having polyimde precursor |ayer was placed in a

heating furnace wherein the oxygen concentration was ddj us% ?d ‘é@ @g&%
[ oé

by volunme or less by replacing the insigge atnosphere with ja
and heated such that the highest tenperature becane 400C tio

pol yi m de precursor |ayer, whereby a circuit-form ng substfate having the
polyimide resin | ayer on one surface of the long stainless stear ToOMwers
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prepared. respecti¥Bs§lVald omoof gdie<£re8s wRCt 5ONiaT ddMpddayi b aiHE ng

substrate by a scanning type el ect.ron m croscope proved that

t he t hi ckness

of the pol ypalgemi@si Nptanersdas whoumparter k] Nphofbsens BRI e saibsiyeat e

was allowed to stand for 100 hours in

polyimide precursor solution and thereafter, the solution was
uniformly coated by flow-casting on a stainless steel foil (SUS
304, thickness 25 um) and dried in the same manner as in
Example 1.

Then, after light-irradiating (light having wavelengths
of 400 nm or more at 1000 mJ/cm?) the coated layer through a
photomask having a desired pattern, the layer was developed
using N-methyl-2-pyrrolidone to form the polyimide precursor
" layer having the desired pattern.

.Ehen, the layer was imidated by the same method as in
Example 1 to provide a circuit-forming substrate having the
patterned polyimide resin layer on one surface of the long
stainless steel foil.

On the other surface of the circuit-forming substrate
thus obtained was formed a patterned polyimide resin layer in
the same manner to provide the circuit-forming substrate having
on both surfaces of the long stainless steel foil the patterned
polyimide resin layers. For forming each polyimide resin
pattern on both surfaces of the long stainless steel foil at
‘the conformity positions to each other, holes for position
matching are previéusly formed in a part of the stainless steel
foil and the alignment was carried out accurately.

Observation of the cross section of the circuit-forming

substrate by a scanning-type electron microscope proved that
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an atnosphere of 85[err]C and 85% R H., the water absorptijpn-of—th
polyimde resin | ayer was about 0.5% by wei ght. The el ong (12 pﬁhgegﬁ?ge
of the polyimde resin |ayer was about 0.1% i.e., the pdl yi ae S

| ayer did not substantially show elonggagion, and in the d ricuit-forni.nag.
substrate, the formwas not changed before and after absorbing water and a
war pi ng phenonenon was not observed.

A circuit-form ng substrate having a polyimde resin

the thickness of the polyimide resin layer formed was about 5

114

pm in both sides, and the position discrepancy of the patterns
on both the surfaces was 10 um in thé width of 10 cm. Also,
where the substrate was placed in an atmosphere of 60°C, no
warping phenomenon was observed and the state of the substrate
was the same as at room temperature.
Example 3
A circuit-forming substrate having on both surfaces of
the long stainless steel foil was prepared in the same manner
! as in Example 1 except for using 3,3’,4,4’'-benzophenone-
tetracarboxylic acid dianhydride in place of pyromellitic acid
dianhydride.
Observation of the cross section of the circuit-forming
" substrate by a scanning-type electron microscope proved the
thickness of the polyimide resin layer was about 5 upm in both
sides. Also, where the substrate was placed in an atmosphere
of 60°C, no warping phenomenon was observed and the state of
the substrate was the same as at room temperature. That is,
the circuit-forming substrate having the structure according to
the present invention did not show a warping phenomeﬁon though
the kind of the polyimide resin was changed. Thus, it was
confirmed that there was no selectivity on the materials.
Example 4
After adding 4-(2'-nitrophenyl)-2,6~dimethyl-3,5-
‘dicarbomethoxy-1,4~-dihydropyridine (customaryname: nifedipine)

~to the polyimide precursor solution prepared in Example 1 in an
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36 | ayer on one surface of .the |ong stainless steel foil d

I n the sane nmanner as in Exanple 11 except that REPLACEMENT SHEET
3,3',4, 4" -benzophenonet et racar boxylic acid di anhydri de was uged

of pyronmellitic acid dianhydride and th;z=7 conpoundi ng anount {ofl &?hﬁm(@?
ketone was changed to 10 parts. The water absorption @f.ihe
polyimde resin |ayer of the substrate was about 0.5% by weijght and the

el ongati on percentage thereof was about 10% Al so, no changé—ef—the—f-e+m
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| nventi on C¥é¥é§§iﬁ§“ﬁ%f&f%ﬁ&£'Bkecursor to impart a photosensitivity to
the polyimide precursor solution, the resulting solution was
uniformly coated by flow-casting on a long stainless steel (SUS
304, thickness 30 um) in the same manner as in Example 1 and
* dried at 80°C.

Then, after light-irradiating (wavelengths of from 360
to 440 nm, irradiation energy 500 mJ/cm?} the coated layer
through a photomask having a desired pattern, the exposed layer

{ was further heat treated at 160°C. Thereafter, the layer was
developed with a mixed solution of an agueous solution of 5% by
weight £;tramethylammonium hydroxide and ethyl alcohol (2/1 by
volume) as the developer at 40°C, washed with watei, and dried
to form a polyimide precursor layer having the desired pattern.

Then, the stainless foil having the polyimidé precursor
layer was heated in a batch atmosphere heating furnace in a

. vacuum state (0.1 torr) such that the highest temperature
became 380°C to imidate the polyimide precursor layer to
provide a circuit-forming substrate of the present invention
having the patterned polyimide resin layer (thickness about 5
um) on one surface of the long stainless steel foil.

The pattern obtained had a good form of a positive
taper and when the similar patterned polyimide resin layer was
formed on the other surface of the substrate as in Example 2,

a warping phenomenon was not observed.



phenonenon t hough the kind of the polyimde resin was changecﬁEpLﬁgwENﬂ SHEET
was confivrnmed that there was no selectivity on the materi al
Exanpl e 13 To the polyimde precursor solution pregar ed ¥nJEN =897 e
11, 4-(2' -nitrophenyl) -2, 6-di net hyl - 39%- di car bonet hoxy- 1, 4
di hydr opyri di ne (customary name: nifedipine) as t he
phot osensitive agent was added in an anmount of 30 parts to 108-.paris._of
the solid conponent of the polyimde precursor to inpart a

photosensitivity to the polyimde pregly lution. The resulting
solution was uniformy coated on .a Iaﬁy'%#ess steel foil (SUS 304,

t hi ckness 30 [err f i i , 11
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the long stainless steéel foil the patterned polyimide resin

layer (thickness about 5 um) obtained in Example 4 was

continuously subjected to a metallizing treatment with chromium

and copper in the samé batch using a long sputtering apparatus.

Then, the same metallizing treatment was applied to the other

side of the substrate not having the polyimide resin layer.

- Observation of the cross section by a scanning type electron

Lo microscope proved that the thickness of the chromium layer was

500 A and the thickness of the copper layer was 1,000 A in both
surface;.

Then, electrolytic plating treatment of copper was
applied to further form a copper layer within one hour after
applying the sputtering treatment so as not to lower the
activity of the sputtered layers. Thus, the circuit-forming
substrate having a conductor layer was obtained.

Measurement of the plated layer by a stylus type

surface roughness tester proved that the plated layer had a

. thickness of from 9 to 10 pm with 10 cm square width and a
layer thickness accuracy of 9 um i 10%.

Also, since the substrate scarcely showed a warping

phenomenon, it was confirmed that the c¢ircuit substrate

prepared by processing the conductor layer ensured a high

dimensional accuracy.




Then, after light-irradiating (wavel engths of from360 to 4

I rradi ation energy 500 mlJ/cnierr]) the coated | ayer ﬁEﬂLAPEMENT SHE[‘.
37 éhrough a photomask having a desired pattern, the |ayer neat
treated at 160[err]C. Thereafter, the | hght-exposed | ayer was d

with a mxed solution of a 5% by wei ght hgqueous sol ution of ?/? 5’qu97
t et r amet hyl anmoni um hydr oxi de/ et hyl al cohol (2/1 by vol une) {as
at 40[err]C, washed with water, and dried to forma polyimde precursor

| ayer having a desired pattern. Example 6
A polyimide érecursor solution was prepared by
polymerizing pyromellitic acid dianhydride and an equimolar
amount of 4,4’-diaminodiphenyl ether/paramine {15/85 % by mole)
in N-methyl-2-pyrrolidone, diethylaminoethyl methacrylate and
Michler’'s ketone were added thereto in an amount of 15 parts
and 3 parts, respectively, to 100 parts of the solid component
of the precursor to impart a photosensitivity to the polyimide
precursor solution, the resulting solution was uniformly coated
( on a long stainless steel foil (SUS 304, thickness 25 um) by

flow-casting and dried in the same manner as in Example 1.
~r-I.‘heh, after light-irradiating (wavelengths not shorter
" than 400 nm, at 1,000 mJ/cm?) the coated layer through a
photomask having a desired pattern, the exposed layer was
developed using N-methyl-z—pyr.rolidone to form the polyimide
precursor layer having the desired pattern on the necessary

portions only of the stainless steel foil.

Then, the polyimide precursor layer was imidated by the
same method as in Example 1 to provide a circuit-forming
"substrate having the patterned polyimide resin layer on one
surface of the long stainless steel foil.

Observation of the cross section of the circuit-forming
substrate by a scanning type electron microscope proved that
‘the thickness of the polyimide resin layer was about 5 um.

Also, where the substrate was placed in an atmosphere of 60°C,

no warping phenomenon was observed and the state of the
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Then, the long stainless steel foil having fornmed thereon 1ﬁgeaﬁyﬂﬁﬁﬂ?§;t
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pol yi m de precursor |ayer was heated in a batch atnosphere

in a vacuum state such that the highest tenperature became}380[err]C
SERIE

i mdate the polyimde precursor |ayer,sghereby a circuit-fer
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having the patterned polyinmide resin |ayer (thickness about §_[err]lm on
one surface of the long stainless steel foil was prepared. The

pattern obtained had a good formof a positive taper, the

of the pol MBS 4siihd DR ¢k o % PooifPidiperdtdabhe change of the

formof- the's rate (warpl ng .phenonenon) before and after absorbing
wat er was not observed. Example 7 Exampl e 14

A circuit-forming substrate having a polyimide resin

layer on one surface of the long stainless steel foil was
. prepared in the same manner as in Example 6 expect that a
polyimidé precursor solution was prepared using 3,3,4,4'-
benzophenonetetracarboxylic acid dianhydride in place of
pyromellitic acid dianhydride and the compounding amount of
Michler’s ketone as the photosensitive agent was changed to 10

{ parts.

Observation of the cross section of the substrate by
the scaghing electron microscope proved that the thickness of
the polyimide resin layer was about 5 um. Also, where the
substrate was placed in an atmosphere of 60°C, no warping
phenomenon was observed. That is, the circuit-forming

* substrate having the structure of the present invention did not
show a warping phenomenon though the kind of the polyimide
resin was changed. Thus, it was confirmed that there was no
selectivity on the material.

Example 8

To the polyimide precursor solution prepared in Example

6, 4-(2'-nitrophenyl)-2,6-dimethyl-3,5-dicarbomethoxy-1,4-

dihydropyridine (customary name: nifedipine) was added in an
- amount of 30 parts to 100 parts of the solid component of the
polyimide precursor to impart the photosensitivity to the

polyimide precursor solution. The resulting solution was




The circuit-form ng substrate having the patterned polyimd EPM%MWPSHEL
(thickness about 5 [err]m on one surface of the long stain]ess steel foi
obtained in Exanple 13 was continuously subjected to a netall zﬁﬂngN'Bg7
treatment with chromium and copper in ghe sane batch using ong
sputtering apparatus. Observation of the cross section of the-substrate by
a scanning type electron mcroscope proved the thickness of{the chroni.um

38 :
uniformly coated on a long stainless steel foil (SUS 304,

thickness 30 um) by fiow-casting in the same manner as in
Example 1 and dried at 80°C.

Then, after light-irradiating (wavelengths of from 360
to 440 nm, irradiation energy 500 mJ/cm?) the coated layer
through a photomask having a desired pattern, the exposed layer
was heat-treated at 160°C. Thereafter, the exposed layer was
developed with a mixed solution of an aqueous solution 6f 5% by
weight tetramethylammonium hydroxide/ethyl alcohol (2/1 by

{ volume) as a developer at 40°C, washed with water, and dried to
form the polyimide precursor layer having the desired pattern.

-&hen, the long stainless steel foil having formed
thereon the polyimide precursor layer having the pattern was
heated in a batch atmosphere heating furnace in a vacuum state
{0.1 torr) such that the highest temperature became 380°C to
imidate the polyimide precursor layer. Thus, a circuit-forming
substrate having the patterned polyimide resin layer {thickness
about 5 um) on one surface of the long stainless steel foil was

+ prepared.

The pattern obtained had a good form of a positive
taper and no warping phenomenon was observed on the substrate.
Example 9

A.polyimide precursor solution was prepared in the same
manner as in - Example 6 except that 3,3'4,4‘-biphenyl-
tetracarboxylic acid dianhydride was wused in place of

pyromellitic acid dianhydride and the diamine components were



| ayer was 500 A and the thickness of the copper |ayer was 1
Then, electrolytic plating treatnent of copper was applied
a copper layer within one hour after applying the sputteri
as not to lower the activity of the s tered layers. Thu
circuit-formng substrate having a conductor |ayer was obt
Measurenment of the plated |ayer by a stylus type surface r
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The polyimide precursor solution was coated in the same
manner as in Example 8 except that the coated layer of the
polyimide precursor solution was heated in curing (imidation)
after forming pattern such that the highest temperature became
420°C. Thus, a circuit-forming substrate having a patterned
polyimide resin layer {thickness about 5 um) on one surface of
the long stainless steel foil was prepared.

The circuit-forming substrate has al of 18 ppm, a2 of
. 17f3 ppm, and the difference (n) of 0.7.

Example 10

The circuit-forming substrate having the patterned
polyimide resin layer (thickness about 5 um) on one surface of

the long stainless steel foil obtained in Example 9 described

above was continuously subjected to. a metallizing treatment .

with chromium and copper in a batch using a long sputtering
apparatus. Similarly, the metallizing treatment was applied to
the other surface of the stainless steel not having the
polyimide resin layer. Observation of the cross section by a
scanning electron microscope proved that the thickness of the
_chromium layer was 500 A and the copper thickness was 1,000 &
in both the surfaces.

Then, electrolytic plating treatment of copper was

applied to further form a copper layer within one hour after

applying the sputtering treatment so as not to lower the



It was confirmed that the circuit substrate prepared by p
conductor |ayer ensured a high dinensional accuracy.

Conpar ati ve Exanple 3 A circuit-form ng substrate pr epar ed §
the same nmanner as in Exanple 11 excepgzthat pyromellitic jagi @ 7 jMHQ
di anhydri de and 4, 4' -di am nodi phenyl ether were used in pl of the

nononers used for synthesizing the polyimde precursor.
absorption of the polyinmde resin |ayer of the prepared supstrate was-l1-5%-

by vel ght apd {iGfliqenshonab cchangey febpggat gﬂaz Oknbe Rg x'}g;k%ﬂpggj n

| ayer before a ng.wat er* was hi gher "t han about

the substrahGuMalfeGdAdd'a RINGELE N8t Wa%ebbthdRelef ore

Measurement of the plated layer by a stylus type

surface roughness tester proved that the plated layer had a
thickness of from 9 to 10 um with 10 cm square width and a
layer thickness accuracy of 9 um % 10%.

Also, since a warping phenomenon was scarcely observed
on the substrate, it was confirmed that the circuit substrate
prepared by processing the conductor layer ensured a high

/ dimensional accuracy.

The circuit-forming substrate had al of 18 ppm, o2 of

17.3 pp&; and a3 of 18 ppm, the difference (n) of 0.7 ppm and

the difference (m}) of 0 ppm.

Comparative Example 1

A circuit-forming substrate was prepared in the same
manner as in Example 6 except.that.4,4’-diaminodiphenyl ether -
was used in place of paramine.

As a result, the form of the polyimide resin layer on
the surface of the long stainless steel foil clearly appeared
on the back surface side of the stainless steel foil and it
became clear that a large stress existed between the polyimide
resin layer and the stainless steel foil.

The circuit-forming substrate has al of 35 ppm, a2 of
17.3 ppm, and the difference (n) of 17.7 ppm.

Comparative Example 2

A circuit-forming substrate was prepared in the same



39 absorbing water, but the substrate becane flat after aJBEPkﬂGﬂMEMB&%EET
and thus it was confirnmed that the substrate caused a | arge|lchange of torm
(change of warpi ng) by absorbing water. P

15 A polyi m de precursor solutgpn was prepared by poly 'ﬁ(m nléj997
pyromellitic acid dianhydride and an equi nol ar anount of |
4, 4" -di am nophenyl ether in N-nethyl-2-pyrrolidone and diethyl am noethyl

nmet hacryl ate and M chl er's ketone were
manner as in Example 6 expect that the amine component all was

replaced by the compound represented by formula (1) where R,

3

As a result, the substrate caused warping at the
stainless steel foil side, and has ol of -7 ppm, a2 of 17.3
ppm, and the difference (n) of -24.3 ppm.

{ Example 11

A polyimide precursor solution was prepared by
polymerizing pyromellitic acid dianhydride/5,5°-(2,2,2-
trifluoro—l—(trifluoromethyl)ethylidene]bis-l,3-
isobenzofurandione and an equivalent amount of 4,4'-
diaminodiphenyl ether/4,4’'-dimethyl-3,3’-diamino-
diphenylhexafluoropropane in N-methyl-2-pyrrolidone and to the
solution were further added diethylaminoethyl methacrylate and

. Michler’s ketone in an amount of 15 parts and 3 parts, respec-
tively, to 100 parts of the solid component of the polyimide
precursor to prepare a photosensitive liquid.

The photosensitive liquid thus obtained was uniformly
coated by flow-casting on a long stainless steel foil (SUS 304,
thickness 25 um) using a comma coater and dried at about 80°C
to form a polyimide precursor layer having a phofosensitivity.

Then, after 1light-irradiating (wavelengths of not

shorter than 365 nm, at 1,000 mJ/cn?) the coated layer from the



added thereto in an anount of 15 parts and 3 parts, respecfﬁﬁ%ﬁ&&wkyTI%%EEr
parts of the solid conponent of the polyimde precursor, tioithereby
prepare a photosensitive |iquid. The phot osensi tijve I'guggmwmﬂ
-uniformy coated on a long stainless sgeel foil (SUS 304, tkiéiness 25

[err]m by flow casting using a comma coater and dried at} about=80[erT|T
to forma polyimde precursor |ayer having a photosensitiuity.

Then, after light-irradiating (with the Iight having the wavel engths of
not ShorteLpéfﬁﬂnft@é g%éﬁrQDQOQa%EC%é hehrdit el pRyEsma sk ohghing a
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phot omask ired pattern, the |ight-exposed |ayer was devel oped
usi ng N-netdwh + PedWatdld 0N hel DifRENekPOsP@| Myerd @apr deve soped ayseimd @A ng

t he desired
methyl-2-pyrrolidone to form a polyimide precursor layer having
the desired pattern on the long stainless steel foil.

Then, the long stainless steel foil having formed
thereon the pattern-having polyimide precursor layer was placed
in a continuous heating furnace wherein the oxygen
concentration was adjustéd "to 0.1% by volume or less by
replacing the inside atmosphere with a nitrogen gas and heated

! such that the highest temperature became 400°C to imidate the
polyimide precursor layer, whereby a circuit-forming substrate
having Ehe polyimide resin layer on one surface of the long
stainless steel foil was prepared.

Observation of the cross section of the circuit-forming
substrate by a scanning type electron microscope proved that
the thickness of the polyimide resin layer was about S um.
Also, when the substrate was allowed to stand for 100 hours in
an atmosphere of 85°C and 85% ﬁ.H., the water absorption of the
polyimide resin layer was about 0.5% by weight. The elongation
percentage of the polyimide resin layer was about 0.1%, i.e.,
the polyimide resin layer did not substantially show

'elongation, and in the circuit-forming substrate, the form was
not changed before and after absorbing water and a warping
phenomenon was not observed.

Example 12

A circuit-forming substrate having a polyimide resin
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40 such that the hitghest—tenperatt

becanme 400[err]C to imdate the polyimde precursor |ayer, whereby a

circuit-fo
of the lon

g

. prepared in the same manner as in Example 11 except that

3,37,4,4’-benzophenonetetracarboxylic acid dianhydride was used
in place of pyromellitic acid dianhydride and the compounding
amount of Michler’s ketone was changed to 10 parts.

The water absorption of the polyimide resin layer of
the substrate was about 0.5% by weight and the elongation
percentage thereof was about 10%. Also, no change of the form
(warping phenomenon) was observed before and after absorbing
water. That is, the circuit-forming substrate having the
structure of the present invention did not show a warping
phenomeﬁbn though the kind of the polyimide resin was changed.
Thus, it was confirméé that there was no selectivity on the

material.

Example 13

To the polyimide precursor solution prepared in Example
11, 4-(2’-nitrophenyl)-2,6-dimethyl-3,65~-dicarbomethoxy-1,4-
dihydropyridine (customary name: nifedipine) as the
photosensitive agent was added in an amount of 30 parts to 100
parts of the solid component of the polyimide precursor to
impart a photosensitivity to the polyimide precursor solution.
The resulting solution was uniformly coated on a long stainless
steel foil (SUS 304, thickness 30 um) by flow-casting in the
same manner as in Example 11 and d;ied-at 80°C.

Then, after light-irradiating (wavelengths of from 360

to 440 nm, irradiation energy 500 mJ/cm?) the coated layer

2
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stainless steel foil was prepared. V\hen the cross seca PM%MWeSHEET

circuit-formng substrate obtained was observed by a scannirg jt ype
el ectron mcroscope, the thickness of the polyimde resin |gyqr ZVrffRﬁ 1993
about 5 [err]m Al so, when the substrage was bent at 90 degrieq with't
polyimde resin | ayer side outside, no crack was forned in tHe ~potyrmrde
resin | ayer. Furthernore, after the stainless steel {foil of the
substrate was renoved by etching with ferric chloride to | eave the

pol yi m de :@h% Iayerpi)legg‘FlSi7 Elgatl ntagec;ece.n é)éetém p éy%fg&%g %%I n

| ayer was po y| rest a

el ongation ﬁgégq:nrteaa%eedogt4§(% °C. Thereafter, the llght-e@@s‘@é Qafer was

developed with a mixed solution of a 5% by weight aqueous

solution of tetramethylammonium hydroxide/ethyl alcohol (2/1 by
volume) as a developer at 40°C, washed with water, and dried to
" form a polyimide precursor layer having a desired pattern.

Then, the long stainless steel foil having formed
thereon the patterned polyimide precursor layer was heated in
a batch atmosphere heating furnace in a vacuum state such that

{ the highest temperature became 380°C to imidate the polyimide
precursor layer, whereby a circuit-forming substrate having the
patternéa polyimide resin layer (thickness about 5 um) on one
surface of the long stainless steel foil was prepared.

The pattern obtained had a good form of a positive
taper, the water absorption of the polyimide resin layer was
0.6% by weight, and the change of the form of- the substrate

- {warping phenomenon) before and after absorbing water was not
observed.

Example 14

The circuit—forming substrate having the patterned
polyimide resin layer (thickness about 5 pum) on one surface of
the long stainless steel foil obtained in Example 13 was
continuously subjected to a metallizing treatment with chromium
and copper in the same batch using a long sputtering apparatus.

Observation of the cross section of the substrate by a scanning

type electron microscope proved the thickness of the chromium
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A circuit-form ng substrate having a polyimde resin |ayer
of a long stainless steel foil was prepared in the sane nrierg gs_g' 1997
Exanpl e 15 except that 3,3',4,4'-benzophenonetetracarboxylic]dianhyaﬂigg
was used in place of pyronellitic acidgi anhydride and the jco '
anount of M chler's ketone di anhydri de was changed to 10 pa : The
el ongati on percentage of the polyimde resin |ayer of the substrate Was

35% and when the bending test was carried out in the sane manner as in

Exanpl e 15,; N0 CLA%Ksb0" BBthd tehd'&niRUNMSY d¢ LRS! BopB¥E! 14Per QRSEMYAS0

A.

Then, electrolytic plating treatment of copper was
applied to further form a copper layer within one hour after
applying the. spuﬁtering treatment so as not to lower the
activity of the sputtered layers. Thus, the circuit-forming
substrate having a conductor layer was obtained.

Measurement of the plated layer by a stylus type

. surface roughness tester proved that the plated layer had a

(- thickness of from 9 to 10 pum with 10 cm square width and a
layer thickness accuracy of 9 um % 10%.

qSince the obtained substrate hardly exhibit a warping

phenomendn even under a pressure cookered test (121°C/2 atms),

it was confirmed that the circuit substrate prepared by

processing the conductor layer ensured a high dimensional

accuracy.

Comparative Example 3
A circuit-forming substrate was prepared in the same
manner as in Example 11 except that pyromellitic acid
dianhydride and 4,4’'-diaminodiphenyl ether were used in place
of the monomers used for synthesizing the polyimide precursor.
The water absorption of the polyimide resin layer of
the prepared substrate was 1.5% by weight and the dimensional
change (elongation) of the polyimide resin layer before and
after absorbing water was higher than about 1%. Also, the

substrate warped to the polyimide resin layer side before
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precursor solution prepared in Exanple 15,

4-(2' -ni trophenyl) -2, 6-di met hyl - 3, 5-di car bonet hoxy-1, 4- dihy yruﬂynﬁﬁ7
(customary nane: ni f edi pi ne) as 3@ photosensitive age t was ~adde
in an amount of 30 parts to 100 parts of the solid conmponent “of—ttre

polyi m de precursor in place of diethylam noethyl nethacryliate and
M chler's ketone to thereby inpart a photosensitivity to the polyimadée

precursor SesetbDRg WdesOlBilt leemaabaah:aeénbacslﬁ@tﬂh@raﬁéxora%s%tr%wgesS
steel foil (SUS 304, t hi ckness 30.- [err]m by flowcasting by t sane

manner as iwatxanghe thuendtdnid GdnBOiRsd |€hat the substrate caused a

large change of form (change of warping) by absorbing water.

Example 15

A polyimide precursor solution was prepared by
polymerizing pyromellitic acid dianhydride and an equimolar
amount of 4,4’'-diaminophenyl ether in N-methyl-2-pyrrolidone
and diethylaminoethyl methacrylate and Michler’s ketone were
added thereto in an amount of 15 parts and 3 parts,

{ respectively, to 100 parts of the solid component of the
polyimide precursor, to thereby prepare a photosensitive
liquid.

- The photosensitive liquid was uniformly coated on a
long stainless steel foil (SUS 304, thickness 25 um) by flow-
casting using a comma coater and diied at about 80°C to form a
polyimide precursor layer having a photosensitivity.

Then, after light-irradiating (with the light having
the wavelengths of not shorter than 365 nm at 1,000 mJ/cm?) the
coated layer through a photomask having a desired pattern, the
light-exposed layer was developed using N-methyl-2-pyrrolidone
to form the polyimide precursor layer having the desired
pattern on the long stainless steel foil.

Then, the resulting long stainless steel foil was

"placed in a continuous heating furnace in which the oxygen

concentration was reduced to 0.1% by volume or less by

replacing the inside atmosphere with a nitrogen gas and heated




Then, after light-irradiating (wavel engths of from360 to 4 P&AGEMENT SHEET
I rradi ation energy 500 mlJ/cnierr]) the coated |ayer through 4 photomask
having a desired pattern, the |ayer was subjected to heat tir¢a@npnjaRtiag?
160[err] C. Thereafter, the light- expoggd |ayer was devel oged with a m xed
solution of a 5% by weight aqueous solution of tetranethyl amontum

k)

hydr oxi de/ et hyl al cohol (2/1 by volune) as a devel oper at 40Q[err]C,_washed
with water, and dried to forma polyinmde precursor |ayer having the
desired pat$@eh Bhathehethighess semperappre became 409r¥£én1;0 tHeldafg) the
stainless steel foil having the  patterned polyim de precursor |ayer was

heat ed i n aPPAYERidePFRGFETRL HEHG Ty WerREdedi FLECYhbTAFRIRE SYBtrats )
such that ﬁggigiggféggt g}oﬁgﬁ%ri teurr%sbi?xcaﬂaeyesrigoér? rchJxeC Esgrlfgicga%% ttrlllee long
stainless steel foil was prepared.

When the cross section of the circuit-forming substrate
obtained was observed by a scanning type electron microscope,
the thickness of the polyimide resin layer formed was about 5
um. Also, when the substrate was bent at 90 degree with the
polyimide resin layer side outside, no crack was formed in the:
polyimide resin layer.

Furthermore, after the stainless steel foil of the
substrate was removed by etching with ferric chloride to leave
the polyimide resin layer only, elongation percentage of the
polyimide resin layer was measured. It proved that the
polyimide resin layer had an elongation percentage of 48%.

Example 16

A circuit-forming substrate having a polyimide resin
layer on one surface of a long stainless steel foil was
prepared in the same manner as in Example 15 except that
3,3",4,4"'-benzophenonetetracarboxylic dianhydride was used in
place of pyromellitic acid dianhydride and the compounding
amount of Michler’s ketone dianhydride was changed to 10 parts.

The elongation percentage of the polyimide resin layer
of the substrate was 35% and when the bending test was carried
out in the same manner as in Example 15, no crack formed in the

polyimide resin layer was observed.




pol yi mi de” precursor |ayer, whereby a circuit-formng substrat

pr epar ed.

e ___havi.ng..t-he
patterned polyimde resin |ayer (thickness about 5 EN%NT SHEET
[err]m) on the surface of the |long stainless steel foiIREPLAC

The el ongation percepjage of the polyim dg riesd
i n the substrate obtai ned was 39% and V\:R n the substrate was u@ 204@%3{9%7

the bending test as in Exanple 15, no crack forned

Example 17

To the polyimid; precursor solution prepared in Example
15, 4-(2’-nitrophenyl})-2,6-dimethyl-3,5-dicarbomethoxy-1,4-
dihydropyridine (customary name: nifedipine) as a
photosensitive agent was added in an amount of 30 parts to 100
parté of the solid component of the polyimide precursor in
place of diethylaminoethyl methacrylate and Michler’s ketone to
. thereby impart a photosensifivity to the polyimide precursor
solution, the solution was uniformly coated on a long stainless
steel foil (SUS 304, thicknéss 30 um) by flow-casting by the
same manner as in Example 15 and dried at 80°C.

-fhen, after light-irradiating (wavelengths of from 360
to 440 nm, irradiation energy 500 mJ/cm?) the coated layer
through a photomask having a desired pattern, the layer was
subjected to heat treatment at 160°C. Thereafter, the light-
exposed layer was developed with a mixed solution of a 5% by
weight aqueous solution of tetramethyiammonium hydroxide/ethyl
alcohol (2/1 by volume).as a developer at 40°C, washed with
_ water, ?nd dried to form a polyimide precursor layer having the
desired pattern on the stainless steel foil.

Then, the long stainless steel foil having the
patterned polyimide precursor layer was heated in a batch
atmosphere heating furnace in a vacuum state (0.1 torr) such
that the highest temperature became 380°C to imidate the

polyimide precursor layer, whereby a circuit-forming substrate

having the patterned polyimide resin layer (thickness about 5



in the polyimde resin | ayer was observed.

Exanpl e 18 The circuit-form ng substrate having the
polyim de resin |ayer (thickness about 5 [err]m on one surffc
|l ong stainless steel foil obtained in Eyanple 17 was continuous?y JAN 1997
subjected to a netallizing treatnent with chrom um and copperj in the sane
batch using a |l ong sputtering apparatus. (bservation of the cross
section of the substrate by a scanning type el ectron m crosicape.proved

of the

that the thjekness t onpymJaye S A& Ehget higkinesgaaf
t he coppermrﬁ'jtye?i \Aglféel,sg%&%Ee rrb,? haé/ng}r?,a el ectrolytic p?ati ng tregt ment
of copper\%EbpéggHjed to further forma copper |ayer within one hour after

The elongation percentage of the polyimide resin layer
in the substrate obtained was 39% and when the substrate was
subjected to the bending test as in Example 15, no crack formed

in the polyimide resin layer was observed.

Example 18
The circuit-forming substrate having the patterned
polyimide resin layer (thickness about 5 um) on one surface of
( the long stainless steel foil obtained in Example 17 was
continuously subjected to a metallizing treatment with chromium
and copé;r in the same batch using a long sputtering apparatus.

Observation of the cross section of the substrate by a
scanning type electron microscope proved that the thickness of
the chromium layer was 500 A and the thickness of the copper
layer was 1,000 A,

Then, electrolytic plating treatment of copper was
applied to further form a copper layer within one hour after
applying the sputtering treatment so as not to lower the
activity of the sputtered layers. Thus, the circuit-forming
substrate having a conductor layer was obtained.

Measurement of the plated layer by a stylus type

" surface roughness tester proved that the plated layer had a
thickness of from 9 to 10 um with 10 cm square width and a
layer thickness accuracy of 9 um ¢ 10%.

When the substrate obtained was subjected to the



appl ying the sputtering treatnment so as not to |lower the ac
sputtered layers. Thus, the circuit-formng substrate havin
| ayer was obt ai ned. Measurenent of the plated | ayer
type surface roughness tester proved that the plated | ayer
t hi ckness of from9 to 10 [err]mwith 10" cm square w dth and
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t hi ckness accuracy of 9 [err]m 10% When t he substr

e_obtai ned

was subjected to the _ 43

bending test as in Example 15, no crack formed in the polyimide
resin layer was observéd.
Comparative Example 4

A circuit-forming substrate was prepared in the same
manner as in Example 15 except that paramine was used in place
of 4,4'-diamiodiphenyl ether as the monomer used for the
synthesis of the polyimide precursor,

The elongation percentage of the polyimide resin layer
of the obtained substrate was 16% and when the substrate was
subjected to the bending test as in Example 15, the polyimide
resin layer had large cracks to such an extent that an inferior
insulatign was caused.

While the invention has been described in detail with
reference to specific embodiments, it will be apparent to one
skilled in the art that wvarious changes and modifications can

be made to the invention without departing from its spirit and

scope.
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bendi ng test as—inEBxarple-15, no crack fornmed in the poniJ?
| ayer was 1edggL e

circuit-form t\.fﬁ-s drvas prepared in the sanme manner js} i & 7E4ANISET7 1
except thaimggm used in place ygpf 4,4'-diam odi phenyll ether as th

Conpar ati ve Exanplg A

us thesis of the polyimde precursor. e
I on percentage of the polyimde resin |ayer of theLﬂhtained

substrate was 16% and when the substrate was subjected ta.the bending test
as in Examphe dSg tdhe Ryifg,de resin layer had large cracks to such an
H .

ext ent
i nvent i

that "an inferior _|nsu! ation was _caused. Wil e the
on has been jdescrj bgdri0i@eE8khityt substrate comprising a long

stainless steel foil having formed wholly or partially on one
surface or both surfaces thereof a polyimide resin layer.

2. The circuit-forming substrate of claim 1, wherein
the thickness of the long stainless steel foil is from 10 to 75

< pm.

3. The circuit-forming substrate of claim 1, wherein
the long stainless steel foil is a suspension for hard disk.

4, The circuit-forming substrate of claim 1, wherein
the polyimide resin has the structural unit represented by

formula kl) in the molecule:

00~ _CO~,

_wherein R; is at least one selected from the group consisiting

of
CFs

OB CICS ORC S OINOIE

*
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reference to specific enbodi nents,

t he ar t THisthtet HaBe®Repladd@nges and nDdlflcatlons can be nmddg f
i nventio rtlng fron1|ts spirit and scope. ¢
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| ong st foiI haV|ng formed whol ly or partiallly lon._one

surface or

it will be apparent to g

REP pg EMT BHELT

both surfaces thereof a polyimde resin |ayer

and R, is at least one selected from the group consisting of

© 040, flo OO
@ | (q?? @g@ -@0@0@ and
OO

5. The circuit-forming substrate of claim 1, wherein

the polyimide resin has the structural unit represented by

formula (2):

10 7
C C
IQ// \\R’/’ \Tq R, —+— (2)
Il il
L 0 0 B

wherein R; represents

"

i

and R, is at least one selected from the group consisting of

ot T g0

(JFs
TLLLLL
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wherein the thickness of-the |ong stainless steel foi

[errrnr————————__z*_l;e circuit-formng substrate of claimil, %P? jAn.‘the.
| ong nless steel foil is a suspension for hard disk. 3
ci reui Wm Geedate of claim1, wggrein the polyini deleesipn has thel

struct’ sented by fornula 1) in the nol ecul,
[err] err] Is at | east one selected fromth
consisiting of '

CFs

CF
' l
&0 = To{er
F:C HsC CFs CHs

6. The circuit-forming substrate of claim 1, wherein
the polyimide resin has the structural unit represented by

formula (3) in the molecule:

=0
i

[ 4+ NTRT O ON-R, (3)
~0.~

~
R
~(

O=0 =0
o= O

wherein R; represents a tetravalent aromatic group and R,
represents a divalent aromatic group.

7. The circuit-forming substrate of claim 1, wherein
the thickness of the polyimide resin layer is from 3 to 25 um.

8. The circuit-forming substrate of claim 1, wherein
the water absorption of the polyimide resin layer is not higher
than 0.7% by weight.

9. The circuit-forming substrate of claim 1, wherein
the elongation percentage of the polyimide resin layer is not
lower than 20%.

10. The circuit-forming substrate of claim 1, wherein
the polyimide resin layer is formed by a photosensitive

" polyimide resin containing a photosensitive agent.

R 0 L
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11. The circuit-forming substrate of claim 1, wherein

of

the difference ({n) Between the average linear expansion
coefficient of the polyimide resin layer (al) and the average
linear expansion coefficient of the long stainless steel foil
{a2) in the temperature range of from 5 to 200°C is in the
range of from -5 ppm and 5 ppm.

12. The circuit-forming substrate of claim 1, wherein
a conductor layer is formed on the polyimide resin layer by
laminating a copper layer thereon via a chromium layer or a
titanium layer or directly.

13. The circuit-forming substrate of claim 12, wherein
the pol&imide resin .layer is formed by a photosensitive
polyimide resin containing a photosensitive agent.

14. The circuit-forming substrate of claim 12, wherein
the long stainless steel foil is a suspension for hard disk.

15. The circuit-forming substrate of claim 12, wherein

* the difference (n) between the average linear expansion

coefficient of the polyimide resin layer (al) and the average
linear expansion coefficient of the long stainless steel foil
(x¢2), and the difference (m) between al and the average linear
expansion coefficient of the conductor layer (a3} in the
temperature range of from 5 to 200°C each is in the range of
from -5 ppm and 5 ppm.

16. The circuit-forming substrate of claim 1, wherein
a conductor layer is formed on the long stainless steel foil

and the polyimide resin layer by laminating thereon a copper
-

A
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formula (2): [lerr] wherein Rl err] FRWMENT SHEET
[err] Th3 BEkef 5 BLeh Rl acé?it | east one selected fromthe gro oftst-st+ng—of

S0 (T i 27 e

layer via a chromium layer or a titanium layer or directly.

48

17. The circuiflforming substrate of claim 16, wherein
the difference (n) between the average linear expansion
coefficient of the polyimide resin layer («¢l) and the average
linear expansion coefficient of the long stainless steel foil
(a2), and the difference (m) between ol and the average linear
expansion coefficient of the conductor layer (a3) in the
temperature range of from 5 to 200°C each is in the range of
from -5 ppm and 5 ppm.

{ ' 18. A circuit substrate comprising a circuit-forming
substrate composed of a long stainless steel foil having formed
on one éhrface or both surfaces thereof wholly or partially a
polyimide resin layer and further.having on the polyimide resin
layer a conductor layer formed by laminating a copper layer via
a chromium layer or a titanium layer or directly, wherein the
conductor layer is finely patterned.... _.

19. The circuit substrate of claim 18, wherein the
polyimide resin has the structural unit represented by formula

{1) in the molecule:

P RN /CU\

—]lzN\co G )

wherein R; is at least one selected from the group consisting

of -

RO o
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glyal ][norl mhel(Léeil n rTBI e?u?e resin has the strl[Jct u]r al uni tREP[PCEMEﬁf%HEET
Nihias e: err
27 JAN 1997
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- CF,

o e e ST,
’

and R, is at least one selected from the group consisting of
© OO |
@ @ @ @0@0@
oo

20. The circuit substrate of claim 18, wherein the

polyimide resin has the structural unit represented by formula

(2) in the molecule:

{ —_ 0 0 —_
[
- / R;/ \N R (2)
ll i
L. O O -

"wherein R; represents -
CF;

|
L L L RChacs '
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wherein R err] represents a tetraval ent aromatic group and

r ank Qennf c g

di val ent ahmmi(, group. 6. The circuit-formng su

1, wherei Nl be Jgpﬁ fedf the polyimde resin layer is fir
[err]m uit-formng sypstrate of claimi,
wat er absorpH‘ M“EI yimde resin layer is not higher

wei ght . uit-formng substrate of claiml,

el ongati on percent age of the polyimde resin |ayer is not

RtEPhﬁ CEMENT SHEET

o o e |

| ower than 20%

9. The circuit-form ng substrate of claim1l1, wherein

and R, is at least one selected from the group consisting of

ote. PN E.0-

CF:

s Ca J@C@i

CFa C 3

21. The circuit substrate of claim 18,

wherein the

polyimide resin has the structural unit represented by formula

(3) in the molecule:

=0
1

N—-Ra

[\

O O=0

/~\
o= O

\./

(
O

(3)

wherein R, represents a tetravalent aromatic group and R;

represents a divalent aromatic group.
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the polyimde resin layer 1s fornmed by a photosensitive [ 'F C Wr’ﬁ#%i%r?

cont ai ni ng anmn&hh%edagent - 47 10. ¢ The

circuit-form f claim1, wherein the differefcé @ i &
t he average || 'ﬁ coefficiegj of the polyimdejregsin |aver

([err]1) and t | near expansion coefficient of the |ong
st ai nl ess st eel f0|I ([err]2) in the tenperature range of :
200[err]Cis in the range of from-5 ppmand 5 ppm

22. The circuit substrate of claim 18, wherein the

water absorption of tﬁé polyimide resin layer is not higher
than 0.7% by weight.

23. The circuit substrate of claim 18, wherein the
elongation percentage of the polyimide resin layer is not
higher than 20%. |

24. The circuit substrate of claim 18, wherein the
polyimide resin layer is formed by a photosensitive polyimide
resin containing a photosensitive agent.

{ 25. The circuit substrate of claim 18, wherein the long
' stainless steel foil is a suspension of hard disk.

—26. A circuit substrate comprising a circuit-forming
substrate composed of a long stainless steel foil having formed
on one surface or both surfaces partially a polyimide resin
layer and further having formed on the stainless steel foil and
the polyimide resin layer a conductor layer by laminating a
copper layer via a chromium layer or a titanium layer or
directly, wherein the conductor layer is finely patterned.

27. The circuit substrate of claim 26, wherein the
polyimide resin has the structural unit represented by formula

(1) in the molecule:

‘— L0« /CG\
N R, N—R (1)
[ oo N

R R R T
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11. The‘CTTCUTTTfUTnTng—SUbstrate of claim1l, wherein ac

f or med tég& 5&& esin layer by |aninating a coppefit
lyi‘g
|ﬂ- |

via a chr A titanium |l ayer or directly.
circuit- f£ |
Is forne '

te of claiml , wherein
agent . 13. The circuit-form ng substrate of claim X1~Whereéin the

nsitive polyimde resin containingjaji photosenérflv
long stainless steel foil is a suspension for hard di sk, i 14, The
ci reuit - f or g 8ge SHbRL riad &10f1 Ll Bkl s MRIRID £idie Widf TRIRIFE i dtatiepen

t he average |1 near expan5|on coefficient of the polyim'de resin |ayer
([err]1) anggthe average |inear expansion coefficient of the |ong

stai nl ess steel foi

SR ISR Ogh o
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CFs
HO-

28. The circuit substrate of claim 26, wherein the

polyimide resin has the structural unit represented by formula

(2) in the molecule:

R 7

C C
1N \R/ “N-R, ——

I I (2)
- 0 0 4

AR N
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([err]mnce (m between [err]1 and the average |inear
expansw)msghgg of the conductor |ayer ([err]3) in th I
range of rr]C each is in the range of from¢ WW%EH
ppm I ﬂ ircuit-formng su? trate of claima1l, erein ;—l

conducto med on the long stainless steel foil no?t?hdﬁﬁ 99
pol yi m de reS| n layer by lam nating thereon a copper

wherein R; represents

CF:

JORRCE

CFa

and R; is at least one of selected from the group consisting of

oo, T e

CF:

—~—

CF, CFs _
Om Ol 3@0@( -
- BC

CF: Hs

29. The circuit substrate of claim 26, wherein the
polyimide resin has the structural unit represented by formula

(3) in the molecule:

-— N R

A O=0
\_/

A~
~C— ~

(3)

0
I
C
C
|
]

o
L

. wherein R, represents a tetravalent aromatic group and R, repre-

T
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| ayer via a chromumlayer or a titaniumlayer or directly.
circuit-formmg substrate of claim1l , wherein the differ

the average DeAL: BXBRNRIARa coefficient of the polyimde prat
([err]l) and tiymmw near expanss n coefficient of tg
@Mﬁ) and the~difference (m betviegn gar

stainl ess st eef{fi
the average |ine® n coeff|C|ent of the conductor“

in the tenperature range of from5 to 200[err]C each is |I

from-5 pp 5.p it substrate cong@rising a
circuit- fo?%gﬂgs 8ubs ?%tc%ﬁ%%%%ﬁé\g ésgbng stainl ess steel foil having

formed on one Surfgse fuér’tfi?] {]agﬁﬁsEPEE&Ofof""‘kloﬂa{Mn OésfaWh'e‘iJe'% She

polyi m de resin |ayer an aving on the I'm de
water absorption of the polyimide resin layer is not higher

than 0.7% by weight,

31. The circuit substrate of claim 26, wherein the
elongation percentage of the polyimide resin layer is not lower

. than 20%.

32, The c¢ircuit substrate of claim 26, wherein the

polyimide resin layer is formed by a photosensitive polyimide
(. resin containing a photosensitive agent.
33. The circuit substrate of claim 26, wherein the long

stainless steel is a suspension of hard disk.

R O
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| ayer a conductor |ayer fornmed by lam nating a copper layer via a chrom um
| ayer or a titaniumlayer or directly, wherein the conductor |layer is

finely patterned. 18. The circuit substrate of claim thﬂM%ﬂﬁ%ng SHEET
the polyinide resin has the structural unit represented by fofngha 1)~
t he nol ecul e: [err] wherein R ésr] is at | east one se] ected fr%pkﬁ?
the group consisting of : | 7 Jas

CIRCUIT-FORMING SUBSTRATE AND CIRCUIT SUBSTRATE

ABSTRACT OF THE DISCLOSURE

There are pJ.:';:vided a circuit-forming substrate
comprising a long stainless steel foil having formed on one
surface or both surfaces thereof a polyimide resin layer wholly
or partially, and a circuit substrate formed by using the
circuit-forming substrate, wherein a conductor layer is finely
patterned on the circuit-forming substrate. The circuit-
forming substrate sufficiently satisfies low cost, high density
and high reliability, scarcely causes warping of the substrate

_ itself, and has excellent workability.
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[err] ’ 19. The circuit substrate of claim17, wherei
unit represented by formula (2) it

resin has the structural
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20. The circuit substrate of claim17, wherein the polyim
structural unit reﬁresent ed by fornula (3) in the nol ecul
|4

Terr] mnmu”ﬂmresents a tetravalent aro
rvabeint ol mat i C 4gr oup.

R[_qrr] repr esen

€

What is claimed is:

1. A circuit-forming substrate comprising a long
stainless steel foil having formed V'Jholly or partially on one
surface or both surfaces thereof a polyimide resin layer

wherein the thickness of the long stainless steel foil is from

10 to 75 pm.

2. The circuit-forming substrate of claim 1, wherein

the long stainless steel foil is a suspension for hard disk.

3. fThe circuit-forming substrate of claim 1, wherein

the polyimide resin has the structural unit represented by

. -

formula {1) in the molecule:

CoO~_ 0O

_{EN(CG/RI\ Cg/N—Rz (1)

. wherein R; is at least one selected from the group consisiting

of

CF

B O e OLer -

qé‘oc\'}-.'e‘zf ~&
7z



51 21. The circuit substrate of claim17, wherein t

absorpt | on -of—t-he-—polyimde—+esin | ayer is not h| gher
22. The ci r% 1 le
of - the polyi |

tharp @77% by wei'gh

I < 2ot risoher than 205 "0 |23 ATRdSTBSYS

circuit substraté of ckai 2/, wherein the polyinm de resin I

REPLAGFMENT SHEET

by a photosensitive polyimde resin containing a photosenditive agent.

24. The circuit substrate of claim 17, wherein the |ong

st

al nfess steel

foil is a guaransi onofidiaid Hicskelected from the group consisting of

O 00 Gl OO
O @ Ol O -

CFs

OO

4. The circuit-forming substrate of claim 1, wherein

the polyimide resin has the structural unit represented by

formula (2):

-

—

)

é[:
“RY O ON-R: ——
-~ \C/

wherein R, represents

?P:
e

Fai

{2)

and R; is at least one selected from the group consisting of

CF:

e P Gee

CFs ' CF:




25.. A circuit substrate conprising a circuit-formng subs
a tong stalnless stee ,i4ﬁ4~'haV|ng formed on one surface oM R T A
partlally Iayer and further having formedfon the ]
st ai nl ess s 1 m pol yi mi dgs resin | ayer a condfic{on | sHy 138
Ian1nat|ng 3 ayer Via a chrom um | ayer or a titanfuin ?ay or
directly, mheTeln the conductor layer is finely patterned. 26—Fhe
circuit substrate of claim25, wherein the polyimde resig has the
structural unit representeﬂ3by formula (1) in t@@ nol ecul e:

O Oalig IOFCfOI

DA ST |

5. ¢The circuit~forming substrate of claim 1, wherein
the polyimide resin has the structural unit represented by

formula (3) in the molecule:

/\R “N-R, (3)
~.~ -

o= O=0
[~\
O=0 =0

wherein R; represents a tetravalent aromatic group and R,
. represents a divalent aromatic group.

6. The circuit-forming substrate of claim 1, wherein
the thickness of the polyimide resin layer is from 3 to 25 um.

7. The circuit-forming substrate of claim 1, wherein
the water absorption of the polyimide resin layer is not higher
than 0.7% by weight.

8. The circuit-forming substrate of claim 1, wherein
the elongation percentage of the polyimide resin layer is not
lower than 20%.

9. The ciicuit—forming substrate of claim 1, wherein
the polyimide resin layer is formed by a photosensitive

" polyimide resin containing a photosensitive agent.



SR

[err] wherein Rlerr] is at |least one s %ﬁéﬁ“"#!’@ﬁ@ﬂﬁ]’
group conS|stf~§_*_T“‘”“‘““ jreT

i e e |

10. The circuit-forming substrate of claim 1, wherein
the difference (n) bétween the average linear expansion
coefficient of the polyimide resin iayér {el) and the average
linear expansion coefficient of the long stainless steel foil
(¢2) in the temperature range of from 5 to 200°C is in the

" range of from -5 ppm and 5 ppm.

11. The circuit-forming substrate of claim 1, wherein
a conductor layer is formed on the polyimide resin layer by
laminating a copper layer thereon via a chromium layer or a
tiianium layer or directly}

12, The circuit-forming substrate of claim 1 , wherein
the p;l}imide resin .layer is formed by & photosensitive
polyimide resin containing a photosensitive agent.

13, The circuit-forming substrate of claim 11, wherein
the long stainless steel foil is a suspension for hard disk.

) ié: The circuit-forming substrate of claim 11, whefein
* the difference (n) between the average linear expansion
coefficient of the polyimide resin layer (al) and the average
linear expansion coefficient of the long stainless steel foii
(=22}, and the difference (m) between al and the average linear
expansion coefficient of the conductor layer (a3) in the
témperature range of from 5 to 200°C each is in the range of
from -5 ppm and 5 ppm.
15. The circuit-forming substrate of claim 1, wherein

a conductor layer is formed on the long stainless steel foil

and the polyimide resin layer by laminating thereon a copper



e

27. The circuit substrate of claim25, wherein the polyimi A1y -
structural urit—represented by formula (2) in the nolecul gﬂAﬁﬁNﬁNﬁaéﬁtgf

U s

layer via a chromium layer or a titanium layer or directly.

16. The circuit;forming substrate of claim 1 , WheFein
the difference (n) between the éverage linear expansion
coefficient of the polyimide resin layer {(«l} and the average
linear expansion cocefficient of the long stainless steel foil
(e2), and the difference (m) between ol and the average linear
expansion coefficient of the conductor layer (ad) in the
temperature range of from 5 to 200°C each is in the range of
from -5 ppm and 5 ppm.

- 17. A circuit substrate comprising a circuit~-forming
substrate composed of a long stainless steel foil having formed
on oneiéhrface or both surfaces thereof wholly or partially a
polyimide resin layer and further-having on the polyimide resin
layer a conductor layer formed by laminating a copper layer via
a chromium layer or é titanium layer or directly, wherein the
conductor layer is finely patterned.

" 18. The circuit substrate of claim 17, wherein the
polyimide resin has the structural unit represented by formula

{1) in the molecule:
[—N/co\ PN
—[ / Rig VR (1)

wherein R, is at least one selected from the group consisting

of
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and Rlerr] is at |east one of selected fromthe group consi EMGEMENT SHEET

[err]
' /m,\ 4 E}:\ue 1999 g

0y

I

CFs
~_-C0 : ‘ |
S ICSOMNOSORROR,
O OO G Q0. H
@’ @ @@ @G@rﬂ@
‘@8&%@ |

19." The circuit substrate of claim 17, wherein the

polyimide resin has the structural unit represented by formula

(2) in the molecule:

DU
C C

—_ / \R/ \N Ry —— {2)
i I

L. O 0 -

‘wherein R, represents

rry

3

@

_ C
l
oy

)

1



28. The circuit substrate of claim 25, wherein the polyimde resin has the

structural unit represented by formula (3) in the nol ecul €:

[err] ijﬂygjilLJ%fﬂTT’{ypresents g %etravalent aro tﬁgﬁﬁﬁﬁﬂg“§h§He§

repre- 50 .
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]

and R, 1s at least one selected from the group consisting of

ote. PN e.w.

CFs LF.

0 = o,

CFs Hs

20. The circuit substrate of claim 17, wherein the
polyimide resin has the structural unit represented by formula

{(3) in the molecule:

1
=0

~
'\

“N-R; —
—

[\
on

(3)

O=0 O=0

|
O

wherein R; represents a tetravalent aromatic group and R,

represents a divalent aromatic group.
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claim 25, wherein \he vvater absorption of the polyimde rdgsiin Iayer 1s™”

hi gher than 0.7 30. The circuit substrate af 4 Anpqmﬁp
wherein the eI ge of sihe polyimide resin lfayer is not

| ower than 20% ° c m circuit substrate of clai

polyim de resin |ayer |s”fos by a photosensitive polyimjde resin

cont ai ning a photosensitive agent. 32. The circuit substratée of
cl ai m 25, wherei n 2lhe Thagciztaiinl esthstirtle | Sf acdaipedi owhetelnr thei sk.

water absorption of tﬁé polyimide resin layer is not higher
than 0.7% by weight. -

22. The circuit substrate of claim 17, wherein the
elongation percentage of the polyimide resin layer is not
higher than 20%.

23. The circuit substrate of claim 17, whe_x:g:_.r}_ the
polyim;de resin layer is formed by a photosensitive polyimide
resin containing a photosensitive agent.

24. The circuit substrate of claim 17, wherein the long

' stainless steel foil is a suspension of hard disk.
| ; 25.' a circuit substrate comprising a circuit-forming
substrate composed of a long stainless steel foil having formed
on one surface or both surfaces partially a poly:%mide resin
layer and further having formed on the stainless steel foil and
"the polyimide resin layer a conductor layer by laminating a
copper layer wvia a chromium layer or a titanium layer or
directly, wherein the conductor layer ié finely patterned.

26. fThe circuit substrate of claim 25, wherein the
polyimide resin has the structural unit represented by formula

(1) in the molecule:

NI N

—{EN\CO R \'CU/N-—R:‘ (1)




TLLLL

wherein R,

52
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is at least one selected from the group consisting

of

C

@I@/m@@/\@
'

ané R; is at least one selected from the group consisting of
CF
OO0 & 00
o Red @g@ @o@e@

CFs
OO

27. The circuit substrate of claim 25, wherein the

polyimide resin has the structural unit represented by formula

(2) in the molecule:

r O ? 7

I ]
“N-R, —-
-

/C -
\
(2)
g

—

—

C
R
~C

H ]l
- O

C3
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LT —

wherein R; represents

CF:

oy ex

CFi

and R; is at least one of selected from the group consisting of

@rg;@ 4 O“@i;@o@
:CF j@'z;@

28.{ The circuit substrate of claim 25, wherein the
polyimide resin has the structural unit represented by formula

(3) in the molecule:

N -
P!
4+ N7 OrR7Y . ON-R, —+
[ 1 (3)
L 0 O J

. wherein R; represents a tetravalent aromatic group and R, repre-



bt

gy

sents a divalent aromatic group.
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29. The circuit substrate of ¢laim 25, whereiﬁ the

o’

water absorption of the polyimide resin layer is not higher

than 0.7% by weight.

30. The circuit substrate of claim 25, wherein the

elongation percentage of the polyimide resin layer is not lower

. than 20%.

31. The circuit substrate of claim 25, wherein the

polyimide resin layer is formed by a photosensitive polyimide

resin containing a photosensitive agent.

32.. The circuit substrate of claim 25, wherein the long

stainless steel is a suspension of hard disk.



