;e3e4" 4 1\$L$&6&T"' R CIRCU T SUBSTRATE, CIJJM'W|WWRVSUSPENSIO\I
SUBSTRATE, AND PRODUCTI ON METHODS THEREFOR FI ENﬂéqN'Ega
present invention relates to a circuit substrate,ﬂ&mﬁrcuit-forneg 002
suspensi on substrate, and production nethods ther.eof. specifically,
the present invention relates to a circuit subﬂﬂ@ﬁWﬁmmgﬂma& an insul ating

| ayer conposed of a polyimde resin on a netal te, a
circuit-formed suspension substrate ha¥ing formed eeo®Me circuit substrate
a pattern circuit conmposed of a conductive |ayer, and production nethods of

the circuit substymi@PPdgAsHRite | OF FREUTHSPORMEDN sUSREVsaR | N a

magnetic di sk deviiaSHE{rs ANGapROBUEF16RY MESHODISC rHERE¥DR] as an
external storage device for a conputer, etc., for perform ng magnetic

recording or regeneration, it is necessary to relatively run the
above-descri bed magnetic disk and a magnetic head, elastically push the

magnetic head to the n magnetigLpli K PgRi DRVEN@IGN air stream for ned
t hereby, and keep a definite fine interval between the magnetic head and

t he magneti c di skhe Apragaati dnheadisuppeliatss nears diorceltassubstiyteushi ng
the magnetic head to the nmagnetic disk against the air streamas described
above i sa acsuspéhsfonmethsuppession sudstinate elandkpraducttiornunethodst r at e

whi ch can be suitably used for producing such a circuit-fornmed suspension
devi ce, Bhereelit- Horfearsasféadildy s hst Paas oy iy ol Tmlates to

a circuit substrate having an insulating layer composed of a
polyimide resin on a metal foil substrate, a circuit-formed
suspension substrate having formed on the circuit substrate a
pattern circuit composed of a conductive layer, and production
methods of the circuit substrate and circuit-formed suspension
substrate.

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

device, a circuit-formed suspension substrate having formed on



r 2 such a circuit substrate a circuit conposed of "a conductive Iayg;d@é a
patterni ng techni que, and the production nethods of them BACKGROUND @H@M
| NVENTI ON Recently, a circuit substrate conprising a netal foil having
formed thereon an insulating |ayer conposed of a polyimde resin has been
used as a thin-filmnultilayer circuit substrate for the purposes of

hi gh-density packaging of f . sem conductors and a hi gh-speed si gnal

treat nent. However, since the polyimi d@ resin which is conventionally used
as an insulating material has a |arge coefficient of linear therma

expansi oauchhea ciimiiit sshbstaheel 2 |diadd el ocosposedchdck ngordudbeveesi n

| ayer and war pi ng and the delam nation of the resin |layer, and warping. On

t he ot hetapendbyi & panpetrrisgahdckhidgage depdi ths phodhctienpeethbdsad £

equi pnents for conputers, in addition to the inprovenent of the capacity,
smal | - si ghag.and a | ow cost have been required and with such requirenents
for a background, in particular, the technique of hard disk drives has been
greatly advanced. Al so, i B4 YRANL dad. y the devel opnents of

a thin-filmmgnetic head (TFH) wherein the coil portion is nmade of a thin
filmand furtherRECBAFAYHi BrRdgRaditc SNOStIahR € WRPIGEINE hdrREIMVREChAI ch
serves reading apd witi and has a greatly | arge storage capacit¥ have
been hur PREEMH0 LOPTBAY entiORaP el ﬁ%? 1™ G ?YQGWE98WP°5?da oL a
conventignal .techni que of cqnstituti - 2. 7. F E.B 2002 3 desired wirjing by
ayi ng. b8 SHITEEPVETHE P o 3T, KLl ARAth Rn ST T B &0 THE" SHATRE( Ve 0l F o
gives in on e st} us. pf S i.0 t
quctuat%gﬁgg?S?ﬁe %%ghiﬁgéfoégggggg%heogug%g si%ﬁggggyagb%%gggggg Hgg be,
(by the CQQﬁ\%Bn&hE{Eo%Qe dRONgt h.cz?ﬂ'_g ecliN& '%Haflb' tibyeRbnthe mmgnefd e, di sk

device is sonetines | owered. Therefore, recently, a suspension formed by

directl ysi peai fleaBodkAalideC ¥ddGHidh OFh 81 SUEBRIENGR0AHDILT Alsed Qs NByINtI Ng
a magnetic head has beéen practically used. However, the suspension finally
obt ai HEdiﬂEhDQtih? fatEenkilonals @i Navge SWRFfiatiRitA\dMA ihdt YN RaT €SI N
as an insulating layer also causes insulation failure and warping occur,
resul ti ngxpanpeohorumaosi fanltirsubstisone icaddaplel noechihee porytRing ¢®sin
has a coefficient of linear thermal expansion |arger than that of a netal
foil subthearesisSUMVRRY @RITWErpNvENENANthe delamination of the resin

layer, and warping.

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

However, by a conventional technique of constituting



The present invention has been made to overcone the above-descri bed
problems in the conventional circuit substrate conprising a nmetal ofpgkg 2002
havi ng formed thereon an insulating |ayer conposed of a polyimde resin an
in the circuit-fornmed suspension substrate prepared by using the circuit
substrate. Accordingly, one object of the present invention is to provide a
circuit substrate wherein a coefficient of |inear thermal expansion of the
polyimde resin is close to that of vaBious netal foils, and hence cracking
does not occur on the resin layer, the resin | ayer does not separate, and

War pi Ng desd rBRATGEEYnQCOY 1 AN 1eE ebinftk tQk et Nei U e88Nt | SYS§PEASNORS T O
provide a circuit-forned Suspension substrate using the circuit substrate.

Qt her objsals% reftd he Hy espriucknveniiies gieek0iREOMEHEeEhenpPERIUSLIAOBIC

met hods of the circuit substrate and circuit formed suspension substrate
modulus of the suspension to cause the fluctuation of the
pushing force of the suspension and as the case may be, by the
contact with the magnetic disk, the durability of the magnetic
disk device is sometimes lowered.

Therefore, recently, a.suspension formed by directly
forming an electric circuit on a suspension substrate for
mounting a magnetic head has been practically used. However,
the suspension finally obtained using the conventional circuit
substrate having a polyimide resin as an insulating layer also
causes insulation failure and waréing occur, resulting in
performance failure in some cases, since the polyimide resin
has a coefficient of linear thermal expansion larger than that

of a metal foil substrate.

SUMMARY OF THE INVENTION

The present invention has been made to overcome the
above-described problems in the conventional circuit substrate
comprising a metal foil having formed thereon an insulating
layer composed of a polyimide resin and in the circuit-formed
suspension substrate prepared by using the circuit substrate.

Accordingly, one object of the present invention is to
provide a circuit substrate wherein a coefficient of linear
thermal expansion of the polyimide resin is close to that of
various metal foils, and hence cracking does not occur on the

resin layer, the resin layer does not separate, and warping



A circuit substrate conprises a netal foil substrate and an insul ating

| ayer conposed of a polyimde resin forned on the netal foil sub b Hegy 2002
wherein the polyinmde resin is a polyimde resin obtained by the feactlon
of (A) p-phenyl ene diam ne and (B) acid anhydrides of (a)

3,4,3" ,4"-bi phenyl tetracarboxylic acid dianhydride and (b)

2, 2-bi s(3, 4-di car boxyphenyl yhexaf | uor opr opane. Mre specifically, the
polyimde resin is one obtained by reaéting a polyanic acid obtained by the
reaction of (A) p-phenylene diam ne and (B) acid anhydrides of (a)

3,4,3', 45z hi-pbepybtetracarboxylic acid dianhydride and (D)

2, 2-bi s(3, 4-di car boxyphenyl ) hexaf | uor opropane in the presence of a

phot osensi ti ve agsthedNen§BEROE fOknRr PReGIRE & riudifitlidn SPSts abLofegar di ng
to the present invention conprises formng a coating film 5 conposed of

a phot osgnst¢ityeipokyrfkde E88bBNRAGAUN $UbsAFatdeliddidPi ltiselbSé 1At @it
| i ght - exposi ng, heating after the |ight exposure, developing, imdating the
precursosulbythegeéing to forma circuit substrate having an insulating |ayer
conposed of a polyimde resin, wherein the photosensitive polyimde resin
Other objects of the present invention are to provide
the production methods of the circuit substrate and circuit-
formed suspension substrate
A circuit substrate comprises a metal foil substrate
and an insulating layer composed of a polyimide resin formed on
the metal foil substrate, wherein the polyimide resin is a
polyimide resin obtained by the reaction of
(A) p-phenylene diamine and
(B) acid anhydrides of
(a) 3,4,3’,4’'-biphenyltetracarboxylic acid dianhydride
and
(b) 2,2-bis(3,4-dicarboxyphenylyhexafluoropropane.
More specifically, the polyimide resin is one obtained
by reacting a polyamic acid obtained by the reaction of
(A) p-phenylene diamine and
(B) acid anhydrides of
(a) 3,4,3’,4'-biphenyltetracarboxylic acid dianhydride
and
(b) 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane in the
presence of a photosensitive agent.

The method of producing a circuit substrate according

to the present invention comprises forming a coating film



precursor is obtained by conpounding a polyam c acid obtained by the
reaction of (A) p-phenylene diamne and (B) acid anhydri des of (g) .
3,4,3", 4" -biphenyl tetracarboxylic acid di anhydride and (b) &7 FEB &2
2, 2-bi s(3, 4-di car boxyphenyl ) hexaf | uor opropane with a photosensitive agent.
According to the nethod described above, by |ight exposing the coating film
conposed of the photosensitive polyimde resin precursor and forned on the
metal foil substrate in conformty with a definite pattern, heating the
filmafter |ight-exposure, developing the filmto formthe definite pattern
conposed _of the abagve-described precursor, and finpally heatjing the
pat L or n- FAPRBASH [5h ot RRGROCEMFerardr €45 FOHIR pbEyith d3 ST e 1ol
substr at ipg:th ed,i | at.l.Ag: l.aye f i.m de
esin ool batobeat neqBetEE Ry Lt Rt Bl s Y haGRTROT R B FRS POBK

present EQF%QEE@U IS8 G, ”?Fn%ai:%g HRStE AL Sur §Br| R4 O0n g Y8’

I
conposed of a polyimde resin and forned on the netal foil 2 7 F E8 2002

6 substrabem ar@iﬁc@ﬁ@iteﬁ\ﬂﬁ‘s@J:é@é'iﬂa@ﬂ{@%ﬁdn@hl&_t@?ﬂ(}dqg@b}t@cbﬂqb%rse@ng_f _
formed on the insulating |ayer, wherein the polyimde resin is a polyimde

resin obhapdegihydeheesaagt mmz@firp-mfeegmcﬁjtﬁse:iisaiﬁme apell achddanbyggihdes
of 3,4,3',4' bl phenyltetracarboxylic acid di anhydride and

2, 2- bi s( BrédiueanlroxypbétalineeX ay wongauepknmey aAlsel vartec net hddobtained
producing a circuit-fornmed suspension substrate according to the present

i nvent i ohycohpr reestfiommiofg a pattern circuit conposed of a conductor |ayer
on the insulating | ayer conposed of the polyimde resin of the circuit
substrate dé3cPrpegnyBene dimaridien anse phot osensitive pol yim de resin
(precursor ,for formng the insulating |ayer of the circuit substrate is

obt ai ned b&Béoﬁﬁéénéﬂ%ngﬁéeﬁoP¢anic aci d obtained by the reaction of
pphenyl ene di amine and an acid gnhydride of . . . .

3, 4,3, 4" bi phedft et rfo‘bxy‘F’r@‘%%Y F EAFRS Ml hfgacid dianhydride
2,2-bis(3 édicarboxyphenyl)hexafluoropropane wi th a photosensitive agent.
The circap -fornmed suspension substrate is obtained by preparing the

above-descri be Bﬁi?chgi 355%U@T%Jﬁggéﬁﬁﬁ%ﬁﬁgﬂigfgéfﬁéyg f&é§§ginsulating

| ayer conposed Wé polyiride resin ormng a pattiern-circuit
conposed, 0t a;CORAUEELKE kAR a@ankhe insulating |ayer. BRIEF DESCRI PTI ON
W NGS

OF THE DRA

According to the method described above, by light-
exposing the coating film composed of the photosensitive
polyimide resin precursor and formed on the metal foil
substrate in conformity with a definite pattern, heating the
film after light-exposure, developing the film to form the
definite pattern composed of the above-described precursor, and
finally heating the pattern-formed film at high temperature to
form polyimide, the circuit substrate having the patterned
insulating layer composed of the polyimide resin can be
obtained.

The circuit-formed suspension substrate of the present

invention comprises a metal foil substrate, an insulating layer

composed of a polyimide resin and formed on the metal foil



Fig. 1 is a slant view showi ng an exanple of the circuit-fornmed suspension
substrate of the present invention, Fig, 2 is a cross-sectional view taken
along line AAA 2 7 FEB 2002 7 of the circuit-fornmed suspensioQ7sp@§tﬂMﬁea
shown in Fig. 1, Fig. 3 is a cross-sectional view taken along |ine B-B of
the circuit-fornmed suspension substrate shown in Fig. 1, Fig. 4, Fig. 5,
Fig. 6, Fig. 7, Fig. 8 Fig. 9, Fig. 10, Fig. 11, Fig. 12, Fig. 13, Fig.
14, Fig. 15, and Fig. 16 are sectional 6views of main portions for show ng
the production steps of the circuit-forned suspension substrate of the

present RyeRLLQR. DEEA;&LE&PE%‘P%P 4t Jonpdsd MNVENE EDndle cRLeSelber

I nvention i1s described I n detal el ow. According to the present I nvention,

in the PEhaUEBrﬁéQSéﬁa%ﬁé(EHEUié%ibeiiyaﬁﬁ whelde isH RS BbeyaRdda@Nresin
i nsulating | ayer conposed of a polyimde resin and fornmed on the netal foi

substrat s BheIGHiiddlerdé€sh Nobsa@npal PyNiche nesdt i ab feg-PhehdCene
reaction of (A) p-phenylene diamne HZN ~ HZ and (B) acid anhydrides of (a)
3,4,3", 4didmbery| t etarratar boxyliidc aciathlydmhiydes sde o f 3,4,3",4"-
biphenyltetracarboxylic acid dianhydride and 2,2-bis(3,4-
dicarboxyphenyl)hexafluoropropane.

Also, the method of producing a circuit-formed
suspension substrate according to the present invention
comprises forming a pattern circuit composed of a conductor
layer on the insulating layer composed of the polyimide resin
of the <circuit substrate described above, wherein the
photosensitive polyimide resin précursor for forming the
insulating layer of the circuit substrate is obtained by
compounding the polyamic acid obtained by the reaction of p-
phenylene diamine and an acid anhydride of 3,4,3’,4'-
biphenyltetracarboxylic acid dianhydride and 2,2-bis(3,4-
dicarboxyphenyl)hexafluoropropane with a photosensitive agent.

The circuit-formed suspension substrate is obtained by
preparing the above-described circuit substrate having the
definite~-patterned insulating layer composed of the polyimide
resin and then forming a pattern~circuit composed of a
conductive layer on the insulating layer.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a slant view showing an example of the

circuit-formed suspension substrate of the present invention,

Fig. 2 is a cross-sectional view taken along line A-A



COCO 00 and ~COCO 2 7 F E B 2002 8 (b)
2- 3

2, 2-bi s(3, 4-di car boxyphenyl ) hexaf | uor opropane CF, /COCI CO o O ~ ? % %qu
CF, ~CO~- CO In the present invention, there is no particul ar redt fif&

on the metal foil substrate, but usually a stainless steel f0|I, a copper
foil, an alumnumfoil, a f copper-berylliumfoil, a phosphor bronze foil,
a 42 alloy foil, etc., are used. Furthernore, according to the present
invention, a long netal foil is prefer@bly used as such a netal foi

substrate. That is, each insulating | ayer conposed of the polyimde resin

I's for m‘v‘QfOEhEh@LEEGth%B%lefdo'susg:%ﬂoz{ & b SUAL & HBAe Oﬁl%ep atedly
esire

applying a definite patten, each patten circuit conpose "t he

conductive IayengLg far rgd 100 RRGH sRattidmAad Jitsyl @lidld d pyey . 1 aRd glpal ly,
the long netal foil substrate is cut every each pattern circuit to provide

each patéerankoemedus HSEORAN ssheinsdod. sUbstraae yHbwg 10 e, prgsent
invention, the circuit
Fig. 4, Fig. 5, Fig. 6, Fig. 7, Fig. 8, Fig. 9, Fig.
10, Fig. 11, Fig. 12, Fig. 13, Fig. 14, Fig. 15, and Fig. 16
are sectional views of main portions for showing the production
steps of the circuit-formed suséension substrate of the present
invention.
DETAILED DESCRIPTION OF THE INVENTION
The present invention is described in detail below.
According to the present invention, in the circuit
substrate comprising a metal foil substrate‘and an insulating
layer composed of a polyimide resin and formed on the metal
foil substrate, the polyimide resin is a polyimide resin

obtained by the reaction of

(A) p-phenylene diamine

HzN~—@-—NHz and

(B) acid anhydrides of

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

O/CO @ CO\O "
h o’

co



substrate can be obtained by coating a solution of the photosensitive
polyimde resin precursor on a long netal ‘foil substrate such as @ ¥ ®¥EB 2002
stainless steel foil followed by drying:to forma coating film exposing
the coating filmto ultraviolet rays via a mask having a definite pattern,
heating (heating after |ight exposure), devel oping, and then applying
heat - curing (polyimdation of the polyamc acid) to forma 2 7 FEB 2002 9
definite pattern conposed of the polyiBide resin as the insulating | ayer

In the absence of a photosensitive agent corrponents (A) and (B) can be

react ed vvithh g, a Rol.yal o T atterning
of the coating ?t’l 21 go(rgr’ﬁés e3d4oqu‘t%he po € chaér%?% %‘%’?C?e%’t e%?l% t he

continuous steps, i.e., exposure, developnent etching, etc. using a
conventi onal photoresist. The above- deCs”cxrl bed photosensitive polyim de
‘resin precursor is a liquj % reacting the aromatic
di am nes and the tet raca oxyly rli des scri bed above at a
substantially equi nol ar Vrat i te or/ga |c sol vent such as
N- et hyl - 2- pyrrol i done, h\%ﬂ . room tenperature
or, if desired, under heati to form pol yam o aC| d and conmpoundi ng t he
polyam c acid with a phot osenS| tive agent. The proportion of
3,4,3" ,4"-bi phenght ethacgtsent ¢ iacichtdicanhy dhiede assconponatti@)las
preferably from70 to 99 nold, nore preferably from80 to 95 nold, the
proportioesbfiet2obi se8, 4thiecanboayphéoyl) hexhstoatepr opane wsuzbhponent
(b) is preferably from30 to 1 nold, nore preferably from20 to 5 nold. By
usi ng sughaknhdssofsterl acf-lod-lanh9ldrqclme¢nf9aéh a@duRlsTHND- fRéAY| ene, a
(polyim de resin having a Low . coefficient of |inear ther mal _expansj on can
be obt ai ‘ﬁ%HPe’FhEeEXéilFPE‘l EAtLofa |IRHRIPPARGRNZ S 6n ?sa]rhoi’h@lr]ange of

10 10 20, pprf C., Taki pg the moLar, punber s of ,couponght s, () ard SRl g5, 2|

invention, a long metal foil is preferably used as such a metal
foil substrate. That is, each insulating layer composed of the
polyimide resin is formed on the long metal foil substrate in
such a manner of repeatedly applying a definite patten, each
desired patten circuit composed of the conductive layer is
formed on each patterned insulating layer, and finally, the
long metal foil substrate is cut every each pattern circuit to
provide each pattern-formed suspension substrate.

Thus, according to the present invention, the circuit
substrate can be obtained by coating a solution of the
photosensitive polyimide resin precursor on a long metal foil
substrate such as a long stainless steel foil followed by
drying: to form a coating film, exposing the coating film to
ultraviolet rays via a mask having a definite pattern, heating
(heating after light exposure), developing, and then applying

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



a and b, respectively, the proportions (nold) of conponents (a) and (b) as
the acid anhydrides are (a/(atb)) x 100 and (b/(a+b)) x 100, resp %i ely.
As the photosensitive agent, the dihydropyridine derivative repregg fi@ %@2
formula (1): Xz Xs ~. . X X4 Y (1) R Nz Hyz NRz i Rs wherein, XI,
Xz, X, and X4 each independently represent a hydrogen atom a fluorine
atom a nitro group, a nethoxy group, an am no group, a dialkylam no group
(the alkyl noiety preferably having 1 o 4 carbon atons), a cyano group, or
a fluorinated al kyl group (the alkyl noiety preferably having 1 to 4 carbon

?E&g‘s) ; Y%éf&ﬂQEéseﬁéﬁtérﬁya@ngégHH 05 £ 8 YHOURJ BPIEEES! &b sk ge

represents a cyano group or a group represented by fornula - COR4

(wher ei niﬁ?suéa@iﬁg QaGR Ndependrat hyskaPEeSENta APhdt K¥bn it al-KOXYedEQUP
having from1 to carfbon atons, an anilino group, a toluidino group, a

benzyl ox¥ofp@HBNntaN (Al D! O31P, c&h Bedirahkybamwia Hrose: i g Whb CRotheaal Kyl
noi ety preferably has 1 to 4 carbon atons); ,

polyamic acid or polyimide. The patterning of the coating film
composed of the polyimide can be effected in the continuous
steps, i.e., exposure, development, etching, etc. using a
conventional photoresist.

The above-described photosensitive polyimide "resin
precursor is a liquid composition obtained by reacting the
aromatic diamines and the tetracarboxylic acid dianhydrides
described above at a substantially equimolar ratio in an
appropriate organic solvent such as N-methyl-2-pyrrolidone,
N,N-dimethyl acetamide, etc., at room temperature or, if
desired, under heating, to form polyamic acid, and compounding
the polyamic acid with a photosensitive agent.

The proportion of 3,4,3’,4’'~biphenyltetracarboxylic
acid dianhydride as component (a) is preferably from 70 to 99
mol%, more preferably from 80 to 95 mol%, the proportion of
2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane as component (b)
is preferably from 30 to 1 mol%, more preferably from 20 to 5
mol%. By using such kinds of the acid anhydrides in such
amounts and p-phenylene, a polyimide resin having a low
coefficient of linear thermal expansion can be obtained. The
coefficient of linear thermal expansion is in the range of 10
to 20 ppm/°C.

Taking the molar numbers of components (a) and (b) as



‘ultraviolet rays, and heating (heat

11 R2, and R5 each independently represent a hydrogen atom or an al kyl
group having from1l to 3 carbon atons; and at | east one of the coggénation
of R1 and R~ and the conbination of RZ and R may be conbined to MES 2002
5-nmenbered ring, a 6-nenbered ring, or a heterocyclic group each containing
a keto group, as described in detail in JP-A-6-75376 (the term"JP-A" as
used herein nmeans an "unexam ned published Japanese patent application")
can be used. i Exanples of the photoskdsitive agent include
4-0ni trophenyl - 3, 5- di net hoxycar bonyl - 2, 6- di net hyl - 1, 4- di hydr opyri di ne
{hereinafter, referr "ni_phedi pi.n").,.
4-0nitrd%ﬁgﬁifv3%§§§%ﬁeqﬁ%§‘daF%%ngkgggé%&PﬁgtK?P}f)n%fhi?waﬁ9 ?8By$?bine
(herein r ferred as.’ o] Y,
4-0-nit ?%% en{/ ! 3,a§- ditglget ;é/fly Zﬂﬁéﬁggﬁr ilgd]'idene ((%%é}br?a?f t é{r rlgPer?% to
as "acetyﬁ/ggnp nd")goThegepear ibe1ysed alone or as mxtures thereof. If
necessary, an aggropriafe angunt of imdazole is used as a dissolution aid
to a devel oper. A& tpreprpasRbskRYeRtiven, g tdi hwhHOPW i deosherivahé ve
descri bed above is usually used in the range of fromO0.05 to 0.5 nolar part
to 1 nol@srpastivé iBprésbakedndynttortulaphanyl ene di am ne and acid
anhydri des. |Im dazole which is used, if necessary, is usually used in the
range of fromO0.05 to 0.5 nolar part to 1 nolar part of the total anount of
t he di ami ne conponent described |atek?(including pphenyl enedi ami ne) and the
aci d di anhydri des. 12 By coatjng sol ytion of the photosensitive
polyi m de resin precursor on a pate substrate, |ight-exposing
(ultraviolet irradiation) the coat1ﬁF’f Imby irradiating the filmwth

ng after |ightexposure), positive-type
med.y 4By devel opi ng the | atent images,
quizis, t he desired pattﬁigs, are
patytzer ns at hi gh tenperat to
ating filmconposed of the
n nofle detail, in the case of using the
phot osensitive imde resin precurfor dgscribed, above, when the heating
tenperature after |ight-exposumpe is S reRétively | ow as about 140C, the
exposed portions are dissolved in a gdeveloper to forma positive-type
i mage, while when the heating tenpergture after |ight-exposure is as
relative high as not | ower than about 170C, the non-exposed portions are
di ssolved in a developer to forma negative inmage, although the
abovedesghiébedncomdi t ixn ney, dahfiers‘a dadh| dndependiand Ityo t8prksadtofat he
phot osensitive agent used. In this case, as the devel oper described above,
an aquecpdsogen i oromf arf larqgainie aaldigl ia adtloagroepr amstdsiamuraup ,
hydr oxi de, etc., oOr an aqueous solution of an inorganic alkali such as
sodi um hymir oty pItassi um hydirakideamene .  greumpsedhearhealdiwdal imoiety
concentration is usually in the range of from2 to 5~ by weight. To the

or negative-type | atent inagesxgre
positive-type or negative-type'i mge
obtai ned. Thus, by finally heatjing t
i mdate the polyam c acid, a patte
pol yi m de resin can be obtai ned.

.aqueous B¥eEerably having 1 to 4 carbon atoms), a cyano group, or a

fluorinated alkyl group (the alkyl moiety preferably having 1
to 4 carbon atoms); vl represents a cyano group oOr a Jgroup
represented by formula -COR’, Y’ represents a cyano group or a
group represented by formula -COR* (wherein R® and R* each
'independently: represent an alkyl or alkoxy group having from 1
to 4 carbon atoms, an anilino group, a toluidino group, a
benzyloxy group, an amino group, or a dialkylamino group in

which the alkyl moiety preferably has 1 to 4 carbon atoms); R!,



13 solution may be added a | ower aliphatic al cohol such as nethanol,

et hanol, n-propanol, iso-propanol, etc. The anount of the alcohol q@ﬂ’?ﬁ
usual Iy 50~ by weight or |ower. Al so, the developing tenperature is u H@
in the range of from25 to 50C. In the case of using the photosensitive
pol yi m de resin precursor for use in the present invention, when the
heating tenperature after |light-exposure is as relatively |ow as about

140C, in the non-exposed portions, a Mydrogen bond is forned between the

i mno group hydrogen at the 1-position of the dihydropyridine derivative

and the garboxy grqin.of ; M@%@%aﬁm eg,@efsend.ecar ddign hvdsordi | ik

property of the polylm and ffusion speed ‘of the coated | ayer

into the, ggy@' gp8Lp WakaRor a3t § It 'sowfrmh theoll Ssolditd om speedogl the

coated | a | oper, | é in the exposed portions, the

di hydr opygi Qh@ec&%m&&wﬁ ¥hi gh alna RINSHY' Bthe COMMOLRAEL § Sn CHANFEA {0 RA
basi ¢ pyridine conpound by the |ight-exposure, and the basic pyridine

conpoundyfor B8 BOh¥EHkE 26! ¢odfd oA SWERINEEAdd sLtlr%ct W & - xﬂlé}ht%\ré&sﬁliﬁ? n
i ncreasi ng the hydrophilic property of the coat | ayer to increase he

di ssol utben spaedeebciita icoagedupayrich ntenttad ndenel apatetds gaespr,i besl
above, since, in this case, the dissolution speed of the exposed. portions
in the désstopbedi inl alegerilt hian Jhei-©6+75B26 ngbhexpesed "PA-A"orss thed
coating filmafter |ightexposure, heating after |ight-exposure, and

devel opi hgrgiines reqpesi t ane- t'ypexamdged pudl Oehedie Jalpanesand,patenthe
case of using the photosensitive polyimde resin precursor used in the
present fppémchdbAONINeAanhéehagedng tenperature after |ight-exposure is as
relatively high as not lower than 170C, in the non-exposed portions, the
di ssol uti on specBX®RPLRE d@%téﬂﬁ?aF@PQQ$QHﬁ%QHW%Iéﬁéﬁtlslpﬁkﬁﬁéd 41 he

case that ,the heatin erature aft osur reIat vely | ow
as aboutniﬁé'epr\ﬁrﬂyile% rfﬁé’“%’iﬁ&‘é‘&aﬁ 25 ?ﬁ “H?Flséflll yrl é -
derivatiyve dgscr L8 chan ed_t basi ¢ pyrl onp und by the

i ght - exB¥51 énethggﬁﬁgfgaﬁy?Fdlﬁ% %Bﬁﬁgunﬁoacceleraﬁ%s Dol §i ni ation
of pol yamgr n&qelfv‘_?rd%rﬁgtﬂb 8|aL£IHoq'g¥fP§e@ -afi lxﬁe’(}:q’\ytcPaf.' R8+tH f;;) n the

developer~an sdne e pyr1 di ne” Eonpo ar't her

changed {04 9{98?9%8&%{@' EYEL L & s OPIUAL By 4 ReAR NGy ahd Ehy i'cEHH pSARPSHI € as

wel | as atce ates the polyimdation of polyam c acid, mhlch results in
nore | oOWghidNg theoseljubkbbh Pf1 Lhe Lot hee dyinwmmﬁhg?%wr@e&td@ns in
t he devel oper as conpared with the nonexposed portions descri bed above,
when t he(heatingftempeedbui-edakbens! i"ghiletgipeatpdurl as. I dlidse/edan bgh as
not | ower than about 170C, since the dissolution speed of the exposed

porti onsusadt heldeeel oper ass ghaaubres| owdrererdn t hatl fof ndvessArEexposed
portions, the coating filmafter |ightexposure, heating after

| i ght - expPBUPEriake e@egenbpdhgimyidaso ke rﬂeﬁgattsleﬁealsrrag‘éﬁ%b‘é?el@hga%% e
present invention, by coating a solution of the photosensitive polyinmnde
resin préc@?EB#OBQr 2 7 F EB 2Q02 15 descri bed above on a | ong netal f oi

substrate foll owed by heat-drying to forn1a coating filmof. the cursor
| i ght exposi ng t héfcodtithg FHSFeNS a 4BVPRFLEpat t BFR b thrda"cﬂpéf Rt h

devel opi HEELEAF BT A7 S LPaR SPO e iy AU TGS hath SRt hENgRr Mo
evel opi
pattern. oapd Lhep Begbicwr bag.t s negai, vfegegggf;%h%a AN Jl gl 19

reaction fo forman i1 nsu I'ng l"ayér caonpo he po ylnl resin, the

circuit pu Pﬁ&h §8n8f qlilG iREeSeR O%&Vc?r‘éhﬁfdféae?e o%aaa%leF%lfc@{ g the

polyimd eS| by heating the polyimde tTesin precursor as descri bed

above, itska,pief geredsheyheat 1882299t WG iilnmhereelgd &f s & . dwur s

at a tenperature of from about 350 to 400C in vacuo or in an inert gas

at nosphetg. 0.5 molar part to 1 molar part of the total amount of the
diamine component described later (including p-

phenylenediamine) and the acid dianhydrides.



Thereafter, by form ng each definite circuit conposed of a conductive |ayer
having a definite pattern on the insulating |ayer according to a FE
conventional nmethod and al so form ng necessary termnals, and then B 2002
chemcally cutting the long netal foil substrate into a desired form the
circuitfornmed suspension substrate of the present invention can be
obtained. In the present invention, for inproving the adhesive property of
the polyimde resin obtained to the subdtrate, if necessary, an am no
group-cont ai ni ng bi functionarl polysiloxane may be used as a part of the

di am ne conponengg. cb¥@ipbea eblatGran ANN® HHotPs Rl tinengobifinnaei onal
pol ysi | oxane are pol ysil oxanes represented by following forrmula (11); 2 |
F E B ?. 088ih6 dRécudsdr HalN- Bn- SipfrdpSlate- Bubstizatd,) lighRzekpontiagei n
R1 represents an al kyl ene group having from1l to 18 carbon atons; RZ

repr esentslanaslikykbtgiaupdiatiiog )f dra tdax ity chibonbyt bmsadaatding the
represents an integer of from1l to 100. The am no group-containing

bi functi 6hdin wokhsilloxameéoilstusedsi n arte heartgenof (Heanbhgl afteéessightthe

di am ne conponent conposed of p-phenyl ene di am ne and the am no

gr oup- CORYBPARAG ) bi AT ioitaltyre yor| Geadt LVRHIYRE t hataBkarimagaser aref

p- phenyl ene di_.am ne and the am no group-containing bifunctional

pol ysi | ok@k@eds a B¥iddevelesied i vty Latse tor UpR¥EF on POF itHe enhiyRe or

- t ai ni, bi f ti | | ysi | I I, b/ (a+b 100. |
oo OBk St ig B birciigtel, poyatonane (o 2ol 5Bl 198:o'
| kyl i f 1to.7 b | th f.
oyl e BLgURR S Mhylaom 4L et o SLam, i W ool ghe

oLk, " BHRCRRYLNGSf LBy SALOGR A Ik OB ek el

met hyl , ropyl, bu (i n'is e y anin

of Trom &11R &0mpBL84aBkNOREORYN VLR I\ WA ed i ef erably used
as the am no group-containing bi functional polysiloxane . The
circuit-fornmed sgspeRsion celsir,at nof the Pi@set udihgh EnB 2003to-
sensitive imide resin precursor déscribed' above, when the
heating temperature after light-exposure is as relatively low
as about 140°C, the exposed portions are dissolved in a
developer to form a positive-type image, while when the heating
temperature after light-exposure is as relative high as not
lower than about 170°C, the non-exposed portions are dissolved
in a developer to form a negative image, although the above-
described condition may differ a little according to the kind
of the photosensitive agent used.

In this case, as the developer described above, an
aqueous solution of an organic alkali such as
tetramethylammonium hydroxide, etc., or an aqueous solution of
an inorganic alkali such as sodium hydroxide, potassium

hydroxide, etc., is used. The alkali concentration is usually

in the range of from 2 to 5% by weight. To the aqueous alkalil



17 invention can be obtained as follows. After producing the circuit
substrate as descri bed above, by form ng each pattern circuit conddFEB @02 a
conductive layer on the insulating | ayer conposed of the polyinmde resin
according to a conventional method of a patterning technique and al so

form ng necessary termnals, and then chemcally cutting the insulating

| ayer into a desired form each circuit-fornmed suspension substrate can be
obtai ned. Since the circuit substratel¥s as an insulating |ayer a

polyi m de resin | ayer obtained by the reaction of p-phenyl ene di am ne and
the specibiGtpPbRPQEdY Obedf atihedt W Kidiftsr ofal1agiharhydiidesi1anduthe as
polyimde resin has a coefficient of |inear thermal expansion close to that
of a metréthahdl, ceaBkhby, daeprophnoeGulisen phdpanesi N dtay.er , THd Gafidsh

| ayer does not separate, and warping scarcely occur. Accordingly, the
circuit-ébrore slsplensi addsdbss radea bby a$ e dopywepigivt db gl @wgeat t eXXsej rcui t
conposed of a conductive layer on the circuit substrate does not cause

per f or mence flavélrpisgchempeirasulrat iienusailildye LnFirheheramgree o factmendi g t o
the present invention, since a precise patterning work can be applied at a
hi gh sens?t$97€y and a high contrast, capacity increasing and small-sizing
of the circuit-fornmed suspension substrate are possible. The circuit-forned
suspensi on subst Fattd®Casife ofr B§éRY RS SRS AL EHee ROHER]dm Haekof

are explained in detail by referring to the acconpanying drawings. ., 2 | F
E B ZOOZPH%C‘F%‘?H%PE 858! amt Rh%v?’g?ﬁ%ﬁl%gl%ﬁe%Rggﬁrengnat&er diRa¥ididred

i bstrat f th t i ti . h i Fig. .1, th
i et FOPRRTE Shepanaroh LiBaPrare 1 RS A AT AT IYTY R A9 AL LHoun)
( d, pf ot he, Lm ' tai nl teel foil hstrate 2. and
ot mi co Bait erhorFeih R bRBaeed 8P R BhRaua: rVEE PR Bk T R her con

as a thi . the.tip rti bs tq s Jg.qr: gi | 4
in a bod%/]e%‘"?/g%%rr% tr?g %%’té‘si it Hydto ‘tglg 2ESLhE Ao %ﬁ@ghgﬁn)%vi ng
a magnetd chp@adpySidixed ot ovhtiv&l Hodh el RAUAORF Afrddle Wbstyde are
formed necessary termnals 5 and 6, respectively. Fig. 1 shows the state
that a ceyEyahayelchier 6otRaddiksd hehsurfatopil ide prepeirtat €oES the

rel eased. FIg. 2 is a cross-sectional view taken along line A-Ain Fig. 1.
The circphlyfntdedresspersidontisaibdi fatheibas sprednsifl athegcbayed A a@posed
of the polyimde resin on a stainless steel foil substrate 2 and a definite
pattern intguthe coapokedenf whioppeescdhduchi Yewkayag Bhies diesmdottiter eon
as a thin layer via a chromumthin |ayer 23. The conductive |layer is

prot ect expeed hod ddat i FrRtedpdegdrofintmi thel delviedopayer W8ilkadihurthser
termnals 5 each are forned thereon. The whol e surface excluding the

t er mi nal FXRLESPr BPEELLASW tHhh ¢HAYIRGPYFiAiBe Prgivatiye, whbehk- d&ctd onal
view taken al o |line B-B in Fig. 1. The circuit-forned suspension
Subst r at HaES A TR 7y ARG EQoftpRRets dTY T HOL OISR &8 F16h t he

2 17F Ezfié%¥2%§§%sure, and the basic pyridine compound forms polyamic
acid and a weak salt structure, which results in increasing the
hydrophilic property of the coated layer to increase the
dissolution speed of the coated layer into the developer. As
described above, since, in this case, the dissolution speed of
the exposed.portions in the developer is larger than that of
the non-exposed portions, the coating film after 1light-
exposure, heating after light-exposure, and developing gives a

positive-type image.



stainless steel foil substrate 2 and a definite pattern circuit conposed of
t he copper conductor layer 3 is forned thereon via a chroniun1thir2b 2002
23. The conductive layer is protected with a coating conposed of a nickel
thin layer 28 and further protected by a coating film&8. As the |ong
stainless steel foil substrate, the substrate having the thickness in the
range of usually from10 to 60 Vim and preferably from15 to 30 um from
the view point of the vibration charadtferistics, and the width in the range
of from50 to 500 mm and preferably from 125 to 300 mm is used. However,
the long stainless stigel 6ehkrsubahfat e jusedtHd tdesPr esENt usivRNt it i S
not limted to them . Fig. 4 and Fig. 5 show an enbodi nent of the
product igito tsdsiss Df i tdepolyEnitle swbstihatpreafuddrer pusesénini mhentpr@serand
Fig. 6 to Fig. 16 show an enbodi nent of the production steps of the
ci r cui t -iffroraredi sus pédvesi cheshbstiagetafpéhet presefiiter nvisghtt -eexpdsuss . isas
shown in Fig. 4, a solution of the photosensitive polyimde resin precursor
i s coat eds oreltdtel vty rrel gurdfsace toflowes $thainmn 189S Cst dal  thei Inonuestpostes! as
descri bed above such that the thickness of the resin |ayer obtained is from
2 to 20 RARtians preher sbisgalugmon tepaedumt e t Reasest iRyeayén itdeheat ed
at a tenperature of from60 to 150C, and preferably from80 to 120C, to
forma apen ot %?ﬂ?{ﬁ%ﬂ%%eﬁ%?t?%%eng?FnFB@ BaIEA NG EETPSEHA AR

2. 7 FEB 2 ur sor

9
ti t he .phot iti | yi mi de. [ 0

o7 1 AR DA GHERRHT 68 PE)ES PG Ko LhpH ORI ST Qe By 1he
ti f | i,ght - t .definit Lt - lLn_thi. . .

it eoracd 198 SRR o SRR s i i hett BkBeopPrudidery Braiioea o

1,000 mJ . |y f 0.t AN | '

(wavel eng er(islqz%lblaér:&it eOQ{eSLlS% %}ar{%@al%l%y % ?)g%qgogyfrg' %ﬁ)}ddgﬁ@%%ﬁ’g&ar Iey

from 35qj:[a(£1t4-?é%}_ﬂ:@hufaé t eEhIehQ:SaléiQ:mpffﬂﬁ)fHéecorm Surl 4891 srheated ne

ter I ght e) at

(heating - exposur aT tenperature of from80 to 200C, and

pref er abiyn finPA bt © A8QG fohi d ram abeyt 18wEe LReNtndEBIutaRe shRRd

subj ected to a developing treatnent. In the present invention, it is
preferretft tthedldcdti megallinV e n HhgeslevEl®pRat erned abal iskgheoft ilMeg maleyi M de
resin precursor thus obtained is heated at high tenperature to forma

pol yi m deyrissine odepebydaipaetldr ned fusthati ohangeer 22 gonposedubile he
polyimde resin is formed on the stainless steel foil substrate~2 as shown
in Fig. &alodqreoengeune byt rhedtingbatftare bighthecppesene asvewelbnasAs
shown in Fig. 6, a chromumthin layer 23 and a _copper thin |layer 24 are
conti num%m%m@@wwmw ot tPelvamri¢ eagifls avbish TREUILS nl ess
steel foil substrate 2 having the patterned insulating |ayer 22 of the

pol yi mi dé rBeTR BYWepdtgerihr). SThebekitverde e t RRAEAPTM UM® nth t&Fer 22

i ful f I I dheri th thin | 24 t i | ati
5 el or 1 gsel voRdher) 19 e, copper. (hun Laver 2 BILR, LR hosl 2 e
th h i t hi | ay i i h bl 00 P.
he e A BAANELS S | Mabley el BISLAab L1 OBAP00.200 P

{he copper B Tyl hus. b G nde 15 tshai 1y O 62 37 6T r g, abnaee o
lower than about 170°C, since the dissolution speed of the
exposed portions in the developer is greatly lower than that of
the non-exposed portions, the coating film after light-
exposure, heating after light-exposure, and developing gives a
negative image.

According to the present invention, by coating a

solution of the photosensitive polyimide resin precursor as



Thereafter, as shown in Fig. 7, electrolytic copper plating having a

t hi ckness of fromabout 2 to 15 ~mis applied to the copper thin ﬂ*gﬁ g‘ﬂ"f
to forma conductive |ayer 25 conposed of copper. In Fig. 7, thehr

thin layer is not shown. Then, as shown in Fig. 8 and Fig. 9, after
carrying out a light-exposure and a devel oping treatnent by a patterning
technique using a liquid photoresist 26 or a dry filmlam nate, the copper
conductive |ayer 25 at the non-patterfd-Sortions are renoved by etching,
whereby a definite conductive pattern 27 conposed of the copper is forned
on the iAsgtatbad ladele 22n CAMRRSRA Méchhe pAllyi shbler Fee&N.fIN RS BpSe,
etching of the copper thin layer is preferably carried out by al kal

et chi ng. héhtedryengvitag tyrwt£htogtiRg Edpmero £ondacpiree urayar, of idhe-
non-pattern portions, the chromumthin |ayer 23 is further renoved by

et chi ng expoaidefthetecavidgcfie patd etaf idVits pittee medonittediasithat i ng
| ayer 22 conposed of the polyimde resin as shown in Table 10. For etching
t he chromium thtmalkapéet23ayfsorthexargil &8 magplot abshtanfethec fanindea £tehi ng
sol ution, a potassium pernanganate etching solution, or a sodium

met asi | i thgeteeshpagreol Wewmlasingetio Afemm, r erefiergtlive uAnategRIYe
chromumthin [ ayer on the substrate, electroless nickel plating is applied
to formamage hapipgp tippodobimbre RREEEKTY hidnd ayRen 2896 -CNE i\ fERkR of
t he copper conductive layer 27 and the -surface of the stainl es?OsteeI thin

subst r at B892 {R8r A The tOUrF AR otk hEMLYPhEP I FIRARCEVR T efOFR an

t ect ed. di ngl t he thi f nickel .plati be | h
fegr oo+ HAE L RELBpPEYEEORATEPFSR PlySRoaBoTHa™ Bhor oyt Hes T Ekpose,
land i s !Qukt)gg{:%ggge ft?{%u L dfOm; 099 Q0 da)fl ch? T%%rtf?qr?te‘?f.’ the,r
conductive pattern of the Wi rinhg portions are protected by coating using
the phot i1 i i 0. and il i q
bt Cench SPiEhG | LRI PLALIS PoLS R A Blae 1RY | PHLORERTHARL g SHTE

(excl udi pgethesber @gﬂaaéségisé&t QPR DYi€oald Ngréefped & LOKBRL ayRE - In
Fig. 12 to Fig. 16, the left side of the substrate shows the formation of

the W rifgapohyi pMmnchdeo f I fHH sehvdgalihabaek shoxstddisefotibéi ®h Bfor he
termnal portion. That is, as shown in Fig. 12,- in the wiring portion, the

conduct i aleopat BBONtd7408°Coahedavubhotrhenpahyiinede yas @tddsdherdie

term nal -formng portion, excluding the termnal and a | ead portion 30 for
form ng the ternThetebfterecbyofgtimnéngl eachgdeyf imédres cofr qudttt erauipused
coating with the foregoi ng photosensitive polyimde resin precursor,

| i ght - expbsud e, carehtd thigraaf tl@ydn ghavérgosar edefitvbtepr@dtternd Pratthauri ng
(.imdation) are carried out in the same manner as above to coat with the
pol yi m dePFREPRINGhELEBY ACCOFCEAT dferd 3AORESRbI Ry BETEAGWANh HisP 13,
»g ggget rg‘mi‘ﬁ"g) hE g Do L o a1 S RELIRL OS3n DN NS 1 B! ALET Y e

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

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

polysiloxanes represented by following formula (II);



protects the surface of the conductor pattern 27 is rel eased andaft t he
same time, the electroless nickel plated thin |ayer 28 on the staf flfess 2002
steel foil substrate 2 is also released. After coating the stainless steel
foil substrate, the conductor pattern 27, and the polyinmde resin coating
film31 (except for the termnal-formng portion) with a photoresist by a
nmet hod of using a photoresist according to a conventional nethod,

el ectrolytic nickel plating 32 and eld&rolytic gold plating are
successively applied to the termnal-formng portion to forma term nal 34.
In this case, the thickness pf elegtrolytic nickel plating and the

t hi ckness of electrolytic goJd plating both are usually fromabout 1 to 5
Vim Thereafter, the t 9 es§ St_ni i [emme As shown in Fig. 14¢1in the
conductor pattern 27 ﬁgﬁigg %rggd?Ihereongﬂﬁe term nal 34, the Ieag
portion 30 (see Fig. 12) whigh is FSEd for electrolytic~plating is renoved
by chem cal etching. The renoval of copper and chrom um at the | ead portion
may be perforned in the sane nethod as descri bed above. After renoving the
| ead portion, for cutting the stainless steel foil substrate 2 by chem cal
etching, by carrying out a |ight exposure and a devel opnent using a
photoresist 35 or a dry filmlam nate according to a conventional nethod, a
desired yearxein RS fepnedephst ke aaldmiens gresp M@vingubremté Zoasl&hown
in Fig. 15. The stainless steel foil substrate is then cut_ into a desired
form XRREBRR Puomy; eReepFesantshiad cddwl sFQuRe eHhf =3t vt itth, L&n
aqueous solution of ferric chloride, cupric chloride, etc., is used. After
the et ciagPeRcAtP®At , 2Ry NaSAPEESANER pOr dnkgOeT Sfd TN dg,ta nPO-

(circuit-formed suspension substrate 1 of the_present inventi on can be
obt ained. That |Ehe eHETd PEARP-FERRAATLRGIRHERDR LLABRL BT LY RALOFRBS 1o

[ | ati I 2 h lyim d [ h i nl '
(o1 SubbTrd L2 ARG REES R LBrlAL o EpECE: R o) Bodatud o e
I f.th dugt | I i he. | j I , t he patt

ci Y oui ¢ ol TR8 SR b fing NPl YL Al R e cchund iy e

protect gg; py,cpaling ﬁgl?sibﬁxﬁﬁéIing | ayer 31 conposed of the polyimde
resin . Since the cirtuit substrate has as an insulating | ayer a polyimde

resin |ayer obtappeth b Hd&d188ChuRABe?E BEPPepbrptedbad ARiABCaddI& he
specific proportion of the two kinds of acid anhydrides and the polyimde

resin hasmgn60gtbipLeshtainkhgedn ruferiinax by il stose &8 thaindofb a
metal foil, cracking does not occur on the resin |layer, the resin |ayer
does notrsspacaieslpnd thar pphngpscatorl yobceche. duine dignghup,-donttdiening
circuit-formed suspension substrate, cracking does not occur on the resin

| ayer, sepfurctbenal pobysésprahayéerodidesipof bddedp) ard 188 -war pi ng occurs,
t hereby causing no defects in performance. EXAMPLES The present invention

i s described in FbrRagfetailapy infehe i FRFmele hel F bl $99F AgPetafPPes, But it

shoul d be 27FE8~2 25 .
is preferably an alkylene group having from 1 to 7 carbon atoms

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

; integer of from 1 to 40. Bis(aminopropyl)tetramethyldisiloxane
is preferably used as the amino group-containing bifunctional
polysiloxane .

The circuit-formed suspension substrate of the present



understood that the invention is not construed as being limted thereto.
Exanple 1 In 19.72 kg of di methyl acetani de were di ssol ved 0.702 ké { EEB 2002
nol s) of p-phenyl enedi am ne, 1.624 kg (5.5 nols) of

3,4,3 ,4" -bi phenyltetracarboxylic acid dianhyride (diphthalic acid

di anhydride), 0.444 kg (1.0 nols) of 2, 2-bis(3,4di carboxyphenyl)
hexaf | uor opr opane (6FDA) (the sum of the acid anhydrides: 6.5 nols), and
the resulting solution was stirred at Wloom tenperature for 72 hours. The
tenperature of the solution was raised to 75C. Wen the viscosity of the

sol uti on; ££ACHELN ScAA0 Ko PobtASAELNG $M8E01 $698PEM, A AAE: T Be o3l g0 y@s
allowed to stand to cool it to roomtenperature. By adding 0.9633 kg (2.78

nol s) ofc phedi Pavs tPabd28skdeber@BeiDbdbvefl, dF Feaiindg GgrouINsht ©deh 0. 161
kg (2.36 nols) of imdazole to the solution, a solution of a photosensitive
pol yi m deiresit omsassdrohas qurepsd eiire Aldwsr coatting it S0t g deydr t he
phot osensitive polyimde resin precursor on a |long stainless steel (SUS
304) foidonpesed aft Hiheknesky ofid@® wesbp accomdimmubtoceatamvertisiaoat i ng
| ayer was dried by heating at 120C for 2 minutes to formthe coating film
of the prtheeéneftiaverabtgimine rechnigrecwrnsbralahefosalngg fedef sty
irradiated by ultraviolet rays via a mask at a |ight-exposure anmount of 700
ml/ cnz aFRFBER2ES heahfng-haie ¢hemiaalivocutddny rvhrit d85UlRE 10Gatiaupd i | m
was subjected to a devel oping treatnent- to form negative-type Z7FEB
2002 26 iMeRyed.defi¥edt FeFmhegtfRgeiReLibatrageri SHSRARSIPR Rybstrate
negati ve-t Hg iq? es at 400C in a vacuumof 0.01 torr, a patterned
insulatﬂﬁﬂ¥l € €a+%? kness 6 Vim conposed of the polyinide resin was
(formed to obt ai N 2 cirguit subsIratet?ﬁThe cqoefficient .of Ili near t,her mal

L} ,a

expansi on of the® POTyi mMue Tesin 1117 Wt 9 7Y ppmC. AT, 2 Th'Y He Hse of
a general p%"i?j%gfape;#%'él'nleﬁ.%y%ﬂ:egbtg%le?hﬁpetl‘f?q&i&1?6‘{1) fcﬁ{ iﬂﬁg{ﬁyltet}?d mal

expansi on “wa i's case, e-coefficien her mal
expansi g, r a & Vi el h : j Ckpess
A R N R s et et et IR
anal ysi saifdotheftaid HERP S PRt di S ith SRerth o0/ dlidht & and redroad of
5 g. Achromumthin |ayer having a thickness of 500" A and a copper thin
| ayer hayhéngmal tdugknessn of 1ds &0 Rhaeret fometh0Edille, igradiatriqgideayer
conposed of the polyimde resin of the circuit substrate by conti nuous
sputterimygtt reeadurenbs. the swed hce ragsdrst ante oteslia copper tdoes | ayodr was
fromO0.3 to 0.4 S2/~. After adhering a lightly pressure-sensitive adhesive
sheet toseprrawek sand aceaxgindie staigfless w@et . subfacarsding iy madihe
sul furic acid electrolytic plating was applied to the entire surface of the
copper tRFF1Eyeforped o sMSReRSHuc t VP BNRte cBRE8486% P 0PV AL AT 1fy
havi ng a t hi cknes im After lamn tinggg ﬁonnerciall avai | abl e dry
o]

s of 10 Vi |
filmla@date Bre e tbnttRPoFefager 2afCrenet ¥Ry £F I dinraly-
IHEthOd’ s lamoye %%&yc%%%el%gp%égéggggdfgil@re such as insulation

failure.

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

The circuit-formed suspension substrate of the present

invention and the production thereof are explained in detail by

referring to the accompanying drawings.



2 7 F E B 2002 27 |ight exposure ampbunt of 80 mJ/cn¥, and devel oped. The
nonpatterned portions of the copper conductive |ayer were renoved py %%ﬂk
et chi ng, whereby the conductive | ayer was patterned such that the wri
portion, the termnal-form ng portion, and the | ead portion fornmed by
electrolytic plating remained. The resist was then renoved. The stainless
steel foil thus treated was i mersed in an aqueous solution of a m xture of
pot assi um ferri cyani de and sodi um hydddki de at 25C to renpve the
unnecessary chromumthin layer. An .ordinary el ectrol ess nickel plating was
applied to the sgagnl esss & e8lantUkskhakaotlv@ ngoam axain?K@ ofhanclayeit havi ng
a thickness of about 0. 5 ~mon~ the entire surface of the stainless steel
foil incfoehmag thepeasddst i siehdtyete andothaHenspt@seny lLayent ids .deskasi bed
above, a desired coating filmwas formed on the wiring portion and the
term nal showm g Pbgt i bn e tdierooinchfid rved Layspensidhesshat naegsl shael

foil using the photosensitive polyimde resin precursor in the sane manner
as abovean Tiressldsingtlayems (notestedn)ncempoled ofi bheapelyimédaciesin

rel easi ng agent at roomtenperature to renove the electroless plated thin

| ayer orPmha s&pdnAgsst greedy fsork | Do sheR thel seadnkResie fsinddie fRATLE MR t er
coating with an ordinary photoresist, except for the termpal-formn

por ti on,ChEEWEHi AEPESEdc 8hvenfPHAEF th¥ehddYed éctlrso|fﬁriﬂte<ﬂitch€etr%fll a%g? ng

d el t | vti | d 2 T FE8, 2002 28 pl i i | lied
Po the. forORLR AT m A {oR Tk RIS H LS 10T SHBE CHALT ayer Lo havi ng
t hi ck Vi wh b 1.nal f . Th i st th
ol ohoedTiRP L, & v LR P e AEREMiBE (s chBulle (REPF E2HER . AR Leed
f | ati f t ducti | , | kali i h i
eten ng ToTACE o Ore T e BBl het a5e TP P A8t N he
Lead porgion 1y Pleaioid ]y OB NenEOnGURLLYS Laere (A5l ! inkeddinr
Sta|n|eSS St ee Ol substrate 1nto a eS|re8 form arter Ormng eaC}Fl

necessary. PR hLLH 9Nahhesst %Egbéé%i%@?'. f @ijly DY GHIWE HhePWrAd it
exposure and a devel opnment using a photoresist or a dry filmlamnate

accordi ng tevarcoavert ifyialpreidiading henhst ehhkese steehefl eubsyisig aie was
imrersed in an etching solution of ferric chloride at 4SC to cut the
substrateeiessedach desired form After sufficiently washing with pure
water, the cut substrate was dried to obtain each cut circuit-forned
suspensi on substFage. 2| Ast heccpsedusectormed visperrdkem llsstg atiang HusA

obt ai ned, since the polyimde resin has a |ow coefficient of |inear thermnal
expansi ol Ehdckihg d&&e retroetir feormede suepensigyersubrtadtPatidtén ¥t t he
resin layer fromthe substrate does not occur, and the circuit-fornmed

suspensi bRSSHREERAL L HERT a hi GRMPEFREDLI Pt yFIhd PRIFLTHGE cEESE™alDi fYy,

t her eby bei free fro erfornmance fai.l ure. . . .
y stafgless steefqégfl substrate 2 ang a definite pattern circuit

composed of a copper conductive layer 3 is formed thereon as a
thin layer via a chromium thin layer 23. The conductive layer
is protected with a coating composed of a nickel thin layer 28
and further terminals 5 each are formed thereon. The whole
surface excluding the terminals are protected with a coating
film 8.

Fig. 3 is a cross-sectional view taken along line B-B
in Fig. 1. The circuit-formed suspension substrate has an

insulating layer 7 composed of the polyimide resin on the



2 7 F E B 2002 29 Exanple 2 In 19.72 kg of N-nethyl-2-pyrrolidone were

di ssol ved 0.702 kg (6.5 nols) of p-phenyl enedi am ne, 1.743 kg (5.9 7nog s 2002f
3,4,3" ,4" -bi phenyltetracarboxylic acid dianhyride, 0.289 kg (0.65 nols) of
2, 2-bi s(3, 4-di car boxyphenyl ) hexafl uoropropane (the sum of the acid
anhydrides: 6.5 nols), and the resulting solution was stirred at room
tenperature for 72 hours. The tenperature of the solution was raised to
75C. Wen the viscosity of the solutid® reached 5,000 c.p., heating was
stopped, and the solution was allowed to stand to cool it to room

t enper at 4if i n By¥s 8dgi 91 O $683 Ji3 e 68 2mMah$) a0fie Bi RN eI g HrePnbd22-koe (2. 04

nol s) of an acetyl conpound, and 0.161 kg (2.36 nots) of imdazole to the

sol uti Or‘t:ori\\?é@éélté@nt@é FoPPOt OSENShdE tYL DAY ENBAEs I ESte @l CREFSOR WBS
prepared. After coating the solution-of the photosensitive polyinde resin
precursod ohrambiamgtdtiai Nlages Frel TEdSc3Adnctave Nawierg is tntokeaessd of 25
Eun by a continuous coater, the coating |layer was dried by heating at 120C
for 2 mwitksatoodbingt bempoaedngff al mioketlhe hohotlesmsi2g vangof wr thehe
resin precursor. After irradiating the coating |layer with ultraviolet rays
via a negkotectedi it aegpating &idunB.of 700 ml/cne and heating at 160C for
3 mnutes,, the exposed | ayer was subjected to a devel opnent treatnent to
form negative-ty®d® iHiReslOMhe opknIRpsi IFheRs fiRthersHRataitat

under a vacuumof 0.01 torr to forma patterned insulating ]ayer

B 200z 3P RFEkARIY Enanhe oHpbelERe 5% %%et’b%llg/‘?%%eoﬁéﬁ‘%ﬁ]c%%’/o%?%mﬁl& " E
ol yi 1 o0 raG R e AR S A AT o3 e 8 6% pTE SHE i 1 RO e
Hanher £ R U5 R M B i B Ro RO EbE HRdT g™
pehablege s e T pelivg: HELEN L 2 id et R iR I T R (i

resin | aySred&PM Lhe 8RS 520G de8S Nl OCCHE ;] aBHrEREaEET Gl i) NEh
suspensi on substrate has a high reliabil1ity and does not cause warpi ng,

thereby beisantr egvéhombpeionsBneent abhuke. theanple 3 In 19.72 kg of
di met hyl acet am de were di ssolved 0.702 kg (6.5 nols) of p-phenyl enedi am ne,

1.535 kg (5.2 nofsg. of and,Big4's kiHdwerat teibatiaidroxyd f & hacipkatiwitdngn de,
0.577 kg (1.3 nols) of 2,2-bis(3,4-dicarboxyphenyl) hexafl uoropropane (the
sum of tseepsi dfanhpdriigdesits.subairsgte anfl the pesskhing nyeinttiiocon wasd
stirred at roomtenperature for 72 hours. The tenperature of the solution
was rai siigt o 1BCFighed 6t EBovi snoehbgdohenheo §otlue | preducieher Saw® af p. ,

heati ng was sto Qed and the solution was allowed to stand to cool it to
r00n1teﬁﬂ@?atﬁ?g.glt‘formed suspension substrate of the present

invention.

First, as shown in Fig. 4, a solution of the
photosensitive polyimide resin precursor is coated on the
entire surface of the stainless steel foil substrate as
described above such that the thickness of the resin layer
obtained is from 2 to 20 um, and preferably from 5 to 10 um,
and the ceocating layer is heated at a temperature of from 60 to
150°C, and preferably from 80 to 120°C, to form a coating 21 of
the photosensitive polyimide resin precursor.

The coating of the photosensitive polyimide resin



By adding 0.9633 kg (2.78 nols) of niphedipin, 0.6422 kg (2.04 nols) of an
acetyl conpound, and 0.161 kg (2.36 nols) of imdazole to the 50|2W4#§b o
sol ution of a photosensitive 21 F E B 2002 31 polyimde resin precurso?
was prepared. After coating the solution of the photosensitive polyimde
resin precursor on-a long stainless steel (SUS 304) foil having a thickness
of 25 ~m by a continuous coater, the coating |ayer was dried by heating at
120C for 2 mnutes to formthe coatin@(¥iln1of t he photosensitive polyimde
resin precursor. After irradiating the coating |layer with ultraviolet rays

vVia a mMgskedirsorl iGN r@ROSHR] dTRWNL 1280 1'eththgBZy 88 0a hasH +d8r 24 60C
for 3 mnutes, the exposed | ayer was subjected to a devel opnent treat nent

to formmegal i whekebsy | tRgeToallithdoabi NUidht e pSsédr ther ahealssli raf t£00C
under a vacuumof 0.01 torr to forma patterned, insulating |ayer

(thi ckngssttted ) Ieonpasedast,t bRe pDhye gt deedeblight ocxpdaupesamdtintiis
substrate. The linear thermal expansion coefficient of the polyimde resin
measur ediras the Brange bfvaststAllyppfirGm AlQOr ctioct - LePMed sUépmhsi amd
substrate was obtained using the circuit substrate in the sane manner as in
Exanpl e dreferalhky ci foomt -200 metb susdensidicslubst r &the t Husyhdbtesipmetirsi nce
the polyimde resin has a | ow coefficient of |inear thernmal expansion,

cr acki ngraisekength okt ukn obhe heangei afl ugual lgelfarm 30i0okcoft thewrresnd | ayer
fromthe substrate does not occur, and-the circuit-formed suspension

subst r atRrhearab W ghrerl 32ai Fet §28namdoed fier &Aesd L@ktpiSKPO S etfiheei ng
free fromperformance failure. While the invention has been described in
detai | SREWRR r&fer BReEeto dPeGtiing embtRFrent §9RhePEBPSUFE)W |t bt 2 7

(FEs Z i i i
S Otoezm BleS&PFer eg tf?:oglneB OS kt!_c|> | %80“’8} g%dar tret ear.takyfr ! ggcs)mcq Iagetso and
p p Y

180°C for from about 2 to 10 minutes, and then subjected to a
developing treatment. In the present invention, it is
preferred to obtain negative images. The patterned coating of
the polyimide resin precursor thus obtained is heated at high
temperature to form a polyimide resin, whereby a patterned
insulating layer 22 composed of the polyimide resin is formed
on the stainless steel foil substrate-2 as shown in Fig. 5 to
provide the circuit substrate of the present invention.

| As shown in Fig. 6, a chromium thin layer 23 and a
copper thin layer 24 are continuously and successively formed
on the entire surface of the stainless steel foil substrate 2
having the patterned insulating layer 22 of the polyimide resin
by sputtering. The existence of the chromium thin layer 22 is
useful for closely adhering the copper thin layer 24 onto the
insulating layer 22 composed of the polyimide resin. 1In this
case, the thickness of the chromium thin layer is in the range

of preferably from 100 to 600 A, and the thickness of the



nodi fications can be nade therein wthout departing fromthe spirit and
scope t her eof. z T Fee Z~z 33 WHAT IS CLAIMED IS: 1. Acircuit s@iFEBt202
conprising a netal foil substrate and an insulating | ayer conposed of a
polyimde resin formed on the netal foil substrate, wherein the polyimde
resin is one obtained by the reaction of (A) p-phenyl ene diamne and (B)
acid anhydrides of (a) 3,4,3.',4' -biphenyltetracarboxylic acid dianhydride
and (b) 2, 2-bi s(3, 4-di car boxyphenyl ) hédaf | uor opropane. 2. A circuit
substrate conprising a netal foil substrate and an insulating | ayer
conposedcobped RAi¥ NMdhesr essnihormed ihddeo pepak fhehb lyulsidmt 890 wher ei n
the polyimde resin is one obtained by reacting a polyamc acid obtai ned by
t he reac®i, 0000f . (Algo pheny seief aticaniesd sarahdBp fache anbypedri dasnolaga)x
3,4,3 ,4"-bi phenyltetracarboxylic acid dianhydride
thus obtained is usually 0.6 Q/0 or less.
Thereafter, as shown in Fig. 7, electrolytic copper
plating having a thickness of from about 2 to 15 um is applied
to the copper thin layer 24 to form a conductive layer 25
composed of copper. In Fig. 7, the chromium thin layer is not
shown.
Then, as shown in Fig. 8 and Fig. 9, after carrying out
a light-exposure and a developing treatment by a patterning
technique using a liquid photoresist 26 or a dry film laminate,
the copper conductive layer 25 at the non-pattern portions are
removed by etching, whereby a definite conductive pattern 27
composed of the copper is formed on the insulating layer 22
composed of the polyimide resin. 1In this case, etching of the
copper thin layer is preferably carried out by alkali etching.
After removing by etching the copper conductive layer
of the non-pattern portions, the chromium thin layer 23 is
further removed by etching and a definite conductive pattern 27
is obtained on the insulating layer 22 composed of the
polyimide resin as shown in Table 10. For etching the chromium
thin layer 23, for example, a potassium ferrycyanide etching
solution, a potassium permanganate etching solution, or a
sodium metasilicate etching solution is used.

After removing the unnecessary chromium thin layer on

the substrate, electroless nickel plating is applied to form a



and (b) 2, 2-bis(3,4-dicarboxyphenyl)hexaf! uoropropane in the presen?q £t pa2002
phot osensitive agent. 3. The circuit substrate of claim?2, wherein (he

phot osensitive agent is represented by following forrmula (I); 2 7FEB
2002 34 XZX' X' X' - NOzHY~YzR N ~R zl Rs wherein X1, Xz, X, and X4 each

I ndependent|ly represent a hydrogen atom a fluorine atom a nitro group, a
nmet hoxy group, an am no group, a dial kylam no group, a cyano group, or a
fluorinated al kyl group; Y1 represent®2a cyano group or a group

represented by a fornula -COR ; YZ represents a cyano group or a group

repr eserfaei by iadear Mihan- CORerWheg eigh R3nandsRRéreaeh brdepeadenidper
represent an al kyl or al koxy group having from1l to 4 carbon atons, an

ani | i no g@ralyntidrd Aayied 20 ghdupheasheRayboXy THO L a ANl €88 e DWhimr a
di al kyl am no group; Rl, RZ, and RS each independently represent a hydrogen
at om or satbsetitatie @r,owhelrabiynghkr sarfate 3f calidavppeamsorahdtaive dasterone of
the conbinations of RL and R, and RZ and R4 may be conbined to forma

5- menberied priotgctads- ndaberddngilyg, tbe thhekressyef irickely maathindmtaai ni ng
a keto group. 2 7 FEB 2002 35 .

e 1n such a degree that the copper conductive layer as the
lower layer does not expose, and is in the range of usually
from 0.05 to 0.1 um.

Thereafter, the conductive pattern 27 of the wiring
portions are protected by coating using the photosensitive
polyimide resin precursor, and also terminal is formed at each
of the necessary terminal-forming portions. Namely, the
surface (excluding the terminal) is protected by coating to
form a cover layer. In Fig. 12 to Fig. 16, the left side of
the substrate shows the formation of the wiring portion and the
right side thereof shows the formation of the terminal portion.

That is, as shown in Fig. 12,- in the wiring portion,
the conductive pattern 27 is coated with the polyimide resin
29. In the terminal-forming portion, excluding the terminal
and a lead portion 30 for forming the terminal by electrolytic
plating by means of patterning, coating with the foregoing
photosensitive polyimide resin precursor, light-exposure,
heating after light-exposure, development, and heat-curing
(-imidation) are carried out in the same manner as above to coat
with the polyimide resin, whereby a coated layer 31 is formed.

As shown in Fig. 13, in the terminal-forming portion,

the electroless nickel plated thin layer 28 (see Fig. 11) which



4. The circuit substrate of claim2, wherein the photosensitive agent is at
| east one di hydropyridine derivative sel ected fromthe group consisst FG§ &pz
4- 0- ni trophenyl - 3, 5di net hoxycar bonyl , 2, 6-di nmet hyl -1, 4-di hydr opyri di ne,
4-0ni trophenyl - 3, 5-di acetyl - 1, 4- di hydropyri di ne, and

4-0ni trophenyl - 3, 5- di met hoxycar bonyl - 2, 6- di net hyl - 1- net hyl - 4hydr opyri di ne.
5. The circuit substrate of claim1l, wherein conponent (B) conprises from
70 to 99 nold of conponent (a) and fr@ 30 to 1 nold of conponent (b). 6.
The circuit substrate of claim11, wherein an am no group-containing

bi functignalepal yshd Oe;(@P?%&%f Bged nen ddidarge e ddriobd 95 e3%adfed he

di am ne “conponent conpose pphenyl ene di am ne and the am no

gr oup- CIHRi4Y hDisanaciigal thel viiek@ranesst th&@iln?mrt@wmm diaRieig
bi functional polysiloxane being represented by formula (I1): Rz Rz | |

HZN-R - Sig (o®-She ) 8t RinNsgs( kZkell IfoR2 Raibdw@raien Rliseplesentdcaseal.kyl ene
group having from1 to 18 carbon atons; RZ represents an al kyl group having
from1l txftldr cadtdmgatnesstantdlassepreskenici s ubstagare oft e aontlucaok00.
27FEB2w~ 36 7. A nethod of producing the circuit-substrate as clainmed in

cl ai m 1 ,patttiedn @dnprinsleshkopoil pgnadeornss hy d9d i repnpiolyed of( except for

phot osensitive polyinde resin precursor on a netal foil substrate,

| i ght - eXg¥os iteym imedt- fiogmifnge pottd on g i t&x p dale Bo refedek oY iy Methcshtitng t he
precursor by heating to forma circujt-substrate having an insulating |ayer
conposed UG ol PhAt@Easdsith, aRsOrsiinGait® pRot 6SBHENELPE ol FRr@E r esi n
precursor. i s obtai ned by conpounding_a polyanic acid obtainfa by the

react i ot YL - ishemyt ek BiLakine dwd F T 98e fpﬁgflng
(3,4,3 ,4' -biphenyl tetracarboxylic acid dianhydride and .(b .

2, 2- bi sCE%- Pﬁﬁgﬁﬁk‘ﬁ%ﬁﬁn?fﬂiév?gf |'for BRF o f& %%%W%S@%EH?Oeté’gent .

form a terminal 34 In this case, the thickness of
electrolytic nickel plating agq the thickness of electrolytic
gold plating both are wusually from about 1 to 5 um.
Thereafter, the photoresist is removed.

As shown in Fig. 14, in the conductor pattern 27 having
formed thereon the terminal 34, the lead portion 30 (see Fig.
12) which is used for electrolytic-plating is removed by
chemical etching. The removal of copper and chromium at the
lead portion may be performed in the same method as described
above.

After removing the lead portion, for cutting the
stainless steel foil substrate 2 by chemical etching, by
carrying out a light exposure and a development using a
photoresist 35 or a dry f£film laminate according to a
conventional method, a desired pattern is formed on the
stainless steel foil substrate 2 as shown in Fig. 15. The

stainless steel foil substrate is then cut into a desired form



8. The method of producing a circuit substrate of claim7, wherein the

phot osensitive agent is represented by following fornula (1): XZ >Q7X‘—'EB<'2°°2
NOZHYZ R N~RZI1 Rs (I) 2 7 F E a zooz 37 wherein X1, Xz, X, and X4
each independently represent a hydrogen atom a fluorine atom a nitro
group, a methoxy group, an am no group, a dial kylam no group, a cyano
group, or a fluorinated~al kyl group; Yl represents a cyano group or.a group
represented by a fornula -COR ; YZ reBﬂesents a cyano group or a group
represented by a fornmula -COR4, wherein R and R4 each independently

represemyy aitciky. ornallh@ey c@iseUp akahegektding ts@ 14 tiarbomratagio A
anilino group, a toluidino group, a benzyloxy group, an am no group, or a

di al kyl @Bl gowE fR&ler 7, clebér Rie pachpr hdeprbdentiey eepr.esdst sisedhydr ogen
atomor an al kyl group having from1 to 3 _carbon atons; and at |east one
of the conbi nat ixfteroftheleant iRy, tacdtn&Zt andy Ria siayndev Lomipuesd wadefmor m a
5-nmenbered ring, a 6-nenbered ring, or a heterocyclic ring each containing
a ket o gmaupdr@indghethet hadcofitpfodmednguspenscian supstrate &f ofl &he 7,
wherein the photosensitive agent is at | east one di hydropyridine derivative
sel ect edpdasmnt Havenduprc easi bei pgtained. That is, the circuit-formed

suspension substrate has the insulating layer 22 composed of
the polyimide resin on the stainless stain foil substrate 2 and
has the conductor pattern 27 composed of the thin layer of the
conductive layer on the insulating layer, that is, the pattern
circuit, and the entire surface thereof (except for the
terminal 34) is protected by cpgting with the coating layer 31
composed of the polyimide resin

Since the circuit substrate has as an insulating layer
a polyimide resin layer obtained by the reaction of p-phenylene
diamine and the specific proportion of the two kinds of acid
anhydrides and the polyimide resin has- a coefficient of linear
thermal expansion close to that of a metal foil, cracking does
not occur on the resin layer, the resin layer does not
separate, and warping scarcely occur. Accordingly, in the
circuit-formed suspension substrate, cracking does not occur on
the resin layer, separation of the resin layer does not occur,
and no warping occurs, thereby causing no defects in
performance.

EXAMPLES
The present invention is described in more detail by

referring to the following examples, but it should be



i of 4-o-nitrophenyl -3, 5-di net hoxycar bonyl -2, 6-di net hyl -1, 4di hydri)[?yr_rééjim,
4- 0-ni trophenyl - 3, 5-di acetyl -1, 4di hydr opyri di ne, and

4- o0- ni trophenyl - 3, 5- di met hoxycar bonyl - 2, 6di net hyl - 1- net hyl - 4- hydr opyri di ne.
10. The method of producing a circuit substrate of claim7, wherein
conponent (B) conprises from70 to 99 nold of conponent (a) and from30 to
1 nold of conponent (b). 11. The nethod of producing a circuit substrate of
claim 7, wherein an am no group-conta®® ng bifunctional 2 7 F E 8 2002 38
pol ysil oxane is used in the range of 10 nold or |ess of the diam ne
conponenyn§8PBESE8H ©haP-PHE Ny Ee: RN okNdohBe raddn@sgbeiAgCONM AL 81 NY

bi functi onal pol ysil oxane, the am no groupcontaini ng bifuncti onal

pol ysi | okaseebsi. ng represented by formula (I1): Rz R~ 1 |

HZN-R -Si-(-0-Si-)n-R -NHz (Il) I | Rz Rz wherein Rl represents an al kyl ene
group having from1l to 18 carbon atEc@mplEZ Ir epresents an al kyl ~group havi ng
froml to 18 carbon atons; and n represents an integer of from1 to 100.

12. A circuit-foEnedldsidgpegsiodn dimesihydas edcamidesiveren dissdlyed| 0.702
substrate, an insulating | ayer conposed of a polyimde resin formed on the
metal fok@ <@bSt muls) apfl R-paenydenediemineconhdsdt b§ 4 Scondirksvecfayer

formed on the insulating layer, wherein the polyimde resin is one obtained
by the reattoOndofbiphenyltetracarboxylic acid ‘dianhyride (diphthalic

acid dianhydride), 0.444 kg. (1.0 mols) of 2,2-bis(3,4-
dicarboxyphenyl) hexafluoropropane (6FDA) (the sum of the acid

anhydrides: 6.5 mols), and the resulting solution was stirred

at room temperature for 72 hours. The temperature of the
solution was raised to 75°C. When the viscosity of the
solution reached 5,000 c.p., heating was stopped, and the

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

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

After coating the solution of the photosensitive
polyimide resin precursor on a long stainless steel (SUS 304)
foil having a thickness of 25 um by a continuous coater, the
coating layer was dried by heating at 120°C for 2 minutes to
form the coating film of the photosensitive polyimide resin
precursor. The coating film was irradiated by ultraviolet rays
via a mask at a light-exposure amount of 700 mJ/cm’ and after
heating the film at 160°C for 3 minutes, the coating film was

subjected to a developing treatment to form negative-type



(A) p-phenyl ene diam ne and (B) acid anhydrides of (a)

3,4,3" , 4" -biphenyltetracarboxylic acid di anhydride and (b) 27 FEB 2002
2, 2-bi s(3, 4-di car boxyphenyl ) hexaf | uor opropane. 13. A circuit-forned
suspensi on substrate conprising a netal foil substrate, an insulating |ayer
conposed of a 2 7 FEE~-c02 39 polyimde resin formed on the netal foi
substrate, and a pattern circuit conposed of a conductive |ayer formed on
the insulating |ayer, wherein the pol ¥ifnide resin is one obtained by
reacting a polyam c acid obtained by the reaction of (A) p-phenylene

di am ne gRsgéB) aciagf apliydhideshbcfAy IHb 3cohtibigohenyht efdacagband ic
aci d di anhydride and ' (b) 2, 2-bis(3,4-dicarboxyphenyl)hexafl uoropropane in

the presgager obearppet asensdd i ¥e agvc i14. aThea®hur Ubt- foroedtsyspensi on
substrate of claim 13, wherein the photosensitive agent is represented by
foll ow natoeméd (nsul¥xriXg Xrayer (thickness 6 um) composed of the
polyimide resin was formed to obtain a circuit substrate.
The coefficient of linear thermal expansion of the
polyimide resin film was 17.0 ppm/°C. Also, in the case of a
general SUS 304 stainless steel-foil, the coefficient of linear
thermal expansion was 17 ppm/°C. In this case, the coefficient
of linear thermal expansion was measured about a sample having
a width of 2 mm, a thickness of 6 um, and a length of 30 mm by
a TMA method (thermal mechanical analysis method) at a
temperature-raising speed of 10°C/minute and a load of 5 g.
A chromium thin layer having a thickness of 500 A and
a copper thin layer having a thickness of 1,000 A were formed
on the insulating layer composed of the polyimide resin of the
circuit substrate by continuous sputtering treatments. The
surface resistance of the copper thin layer was from 0.3 to 0.4
Q/0.
After adhering a lightly pressure-sensitive adhesive
sheet to the back surface of the stainless steel substrate as
a mask, sulfuric acid electrolytic plating was applied to the
entire surface of the copper thin layer to form a conductor
layer composed of copper plating having a thickness of 10 um.
After laminating a commercially available dry film

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

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



X ~1O (1) HYZ R~ N Rz Rs wherein X1, XZ, X3, and X4 each independently
represents a hydrogen atom a fluorine atom a nitro group, a nethoxg
group, an am no group, a dialkylamno group, a cyano group, or a 27 FEB 2002
fluorinated al kyl group; Y1 represents a cyano group or a group 27FEB
2002 40 represented by a fornula -COR ; YZ represents a cyano group or a
group represented by a forrmula -COR4, wherein R and R each independently
represent an al kyl or al koxy group had’hg from1 to 4 carbon atons, an
anilino group, a toluidino group, a benzyloxy group, an am no group, or a

di al kyl am get geepBsuRb dvburdnth R3g@amb/chdependenth logRidesenthg hyfdrogen
atom or an al kyl group having from1l to 3 carbon atons; and at |east one of

the combpaetépnedopoliond &f, tRecIEpanddHduRyibe CLaydlnedréorémsvea
5-nmenbered ring, a 6-nenbered ring, or a heterocyclic ring each containing

a keto gspuplkdbi @hehdnyGuivhefrebyed hauspeniticon wulisdyat evad phaterdSd
wherein the photosensitive agent is at |east one di hydropyridine derivative
sel ect edsticlomhde greowd rhons psthtigngf the terminal~-forming portion, and
4-0ni trophenyl - 3, 5- di net hoxycar bonyl - 2, 6- di net hyl - 1, 4- di hydr opyri di ne,

4- 0- ni t rophehgad perdianefgimadibyidleropylydianeplaning remained. The

4- o0-ni trophenyl - 3, 5- di met hoxycar bonyl - 2, 6- di met hyl - 1- met hyl - 4hydr opyri di ne.
16. The ¥¢¥ESEtvanrmhen sigsisind on Thgbstrandese ekapm follwhbre| Hredkpdnent
(B) conprises from 70 to 99 nold of cqomponent (a) and from30 to 1 pold of
conponent2§ piTmgyseqnine apc garerysnEQ Lirdeen Siof MgstyER L biPetafHiun,

et el BRI SRR LR, PSRl POLUS Ougne LRyged b the
e PR E B R PERURoBAT G enctt onaL polysy | oxane, theam

An ordinary electroless nickel plating was applied to
the stainless steel substratgﬁto form a nickel thin layer
having a thickness of about 0.5 um on the entire surface of the
stainless steel foil including the conductive layer and the
insulating layer.

As described above, a desired coating film was formed
on the wiring portion and the terminal-forming portion of the
conductive 1layer on the stainless steel foil using the
photosensitive polyimide resin precursor in the same manner as
above.

The substrate was immersed in a solution of a nitric
acid releasing agent at room temperature to remove the
electroless plated thin layer on the terminal-forming portion
and the stainless steel foil.

After coating with an ordinary photoresist, except for

the terminal-forming portion, according to a conventional

method, electrolytic nickel plating and electrolytic gold



2 7 F EB 2002 41 formula (I11): RZ Rz f 1 HZNR -Si-(=0-Si-)n-R -NHz (I1) (

| RZ RZ wherein Rl represents an al kyl ene group having froml|~to 1@ Z#&Egi302002
atons; RZ represents an al kyl group having from1 to 18 carbon atons; and n
represents an integer of from1l to 100. 18. A nethod of producing a
circuit-formed suspension substrate which conprises formng a coating film
conposed of a photosensitive polyimde resin precursor on a netal foi
substrate, |ight-exposing, heating af2& the |ight-exposure, devel oping,

i mdating the precursor by heating to obtain a circuit substrate having an

B R A P A N

circuit a conducti ve € insula erein

I e A R S S i R I

aci d anhyflr pdgs OlvheRkbd b Xefmikd PheRY| Esthaaar band ie AW shanbydpi de
and (b) 2,2-b|s(3,4-d|carboxyphenyl)hexafluoropropane with a photosensitive
agent. r&ldabke&.B 2002 42 19. The nmethod of producing a circuit-fornmed

After the plating treatments, for removing the lead
portion used for plating from the conductive layer, copper
alkali etching and chromium eﬁching were carried out in the
same manner as above.

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

In the circuit-formed suspension substrate thus
obtained, since the polyimide resin has a low coefficient of
linear thermal expansion, cracking does not occur on the resin
layer, delamination of the resin layer from the substrate does
not occur, and the circuit-formed suspension substrate has a

high reliability and does not cause warping, thereby being free

from performance failure.



suspensi on substrate of claim 18, wherein the photosensitive agent is
represented by following formula (1): X2 X X X Nz HY YZR N~ Rz

RS . _ wherein X1, XZ, X, and X4 each independently represents a2HydE®g8n
atom a fluorine atom a nitro group, a nethoxy group, an am no group, a

di al kyl am no group, a cyano group, or a fluorinated al kyl group; Y1
represents-a cyano group or a group represented by a formula -COR ; YZ
represents a cyano group or a group r&%® esented by a fornula -COR4, wherein
R3 and R4 each independently represent an al kyl or al koxy group having from

1 to 4 carbon atons, an anilino grqymh“éag(y ui di no group, a benzyl oxy

group, an am no group, or a dialkylamno group; Rl, RZ, and R each

i ndependent |y represent;za ]J'@’CEEPgﬁﬂméﬁﬁiﬁloQr;gﬁ}r%b!i}ildog{eowéf@ﬂiﬂgsélﬁaal to
3 carbon atons; and at | east one of the conbinations RL and R3, and Rz and

R may be.tzopbkgedst® hols aob-pephenelefiédgamnané; menheserdgr (599 0618)

het erocyclic ring each containing a keto group. 2 7 F E B 2002 43 20. The
met hod odfp3 péluBr g’ abtphenylcboraedrboggéisi anidubisanayeide,cDakfolBg
wherein the photosensitive agent is at | east one di hydropyridine derivative
sel ect ed(®r 6 radsyr odp2¢8rdiist(i3ng ~dficarboxyphenyl) hexafluoropropane
4-0-ni trophenyl - 3, 5-di met hoxycar bonyl 2, 6-di net hyl - 1, 4-di hydr opyri di ne,

4- 0- ni t r bpRen§rM308.- ghgcacydl aphgidmigespyrbi-di melshd and the resulting

4- o- ni trophenyl - 3, 5- di met hoxycar bonyl 2,-6- di net hyl - 1- net h I-4-hydrop¥ridine.
21 The nEPhBELIBR MASAURSHF L chE cGPPMF SERRE Afhchsfoh §éb§¥¥%¥% of TREai m

18, wher el souponent (B),comprises from 70 10 9P 15l d f; comppnent (&) and
viscosity of the solution reached 5,000 c.p., heating was
stopped, and the solution was allowed to stand to cool it to
room temperature.

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

After coating the solution-of the photosensitive
polyimide resin precursor on a long stainless steel (SUS 304)
foil having a thickness of 25 um by a continuous coater, the
coating layer was dried by heating at 120°C for 2 minutes to
form the coating film of the photosensitive polyimide resin
precursor. After 1irradiating the coating layer with
ultraviolet rays via a mask at a light exposure amount of 700
mJ/cm? and heating at 160°C for 3 minutes, the exposed layer
was subjected to a development treatment to form negative-type
images. The coating film was further heated at 400°C under a

vacuum of 0.01 torr to form a patterned Linsulating layer



22. The nmethod of producing ,a circuit-formed suspension substrate of_claim
18, wherein an am no groupcontaining bifunctional polysiloxane is usell FER 2002
the range of 10 nol % or | ess of the diam ne conponent conposed of

p- phenyl ene di am ne and the am no group-containing bifunctional

pol ysi | oxane, the am no group-containing bifunctional polysiloxane being
represented by fornmula (Il1): I RZRZI1 | NzNNR -Si-(-0-Si-)n-R -NHZ (I1)

| RZ RZ wherein Rl represents an al kyl¥he group having from1 to 18 z 7
FEe Zaoz 44 carbon atons; Rz represents an al kyl group having from1 to 18
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the polyimide resin measured as in Example 1 was 16.7 ppm/°C.

A circuit-formed suspension substrate was obtained
using the circuit substrate in the same manner as in Example 1.

In the <circuit-formed suspension substrate thus
obtained, since the polyimide resin has a low coefficient of
linear thermal expansion, cracking does not occur on the resin
layer, delamination of the resin layer from the substrate does
not occur, and the circuit-formed suspension substrate has a
high reliability and does not cause warping, thereby being free
from performance failure.

Example 3

In 19.72 kg of dimethylacetamide were dissolved 0.702
kg (6.5 mols) of p-phenylenediamine, 1.535 kg (5.2 mols) of
3,4,3’,4'-biphenyltetracarboxylic acid dianhyride, 0.577 kg
(1.3 mols) of 2,2-bis(3,4-dicarboxyphenyl) hexafluoropropane
(the sum of the acid anhydrides: 6.5 mols), and the resulting
solution was stirred at room temperature for 72 hours. The
temperature of the solution was raised to 75°C. When the
viscosity of the solution reached 5,000 c.p., heating was
stopped, and the solution was allowed to stand to cool it to
room temperature..

By adding 0.9633 kg (2.78 mols) of niphedipin, 0.6422
kg (2.04 mols) of an acetyl compound, and 0.161 kg (2.36 mols)

of imidazole to the solution, a solution of a photosensitive
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A circuit-formed suspension -substrate was obtained
using the circuit substrate in the same manner as in Example 1.

In the circuit-formed suspension substrate thus
obtained, since the polyimide resin has a low coefficient of
linear thermal expansion, cracking does not occur on the resin
layer, delamination of the resin layer from the substrate does
not occur, and the circuit-formed suspension substrate has a
high reliability and does not cause warping, thereby being free
from performance failure.

While the invention has been described in detail and

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

spirit and scope thereof.
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substrate and an insulating layer composed of a polyimide resin
formed on the metal foil substrate, wherein the polyimide resin
is one obtained by the reaction of
(A) p-phenylene diamine and
(B) acid anhydrides of
(a) 3,4,3',4'-biphenyltetracarboxylic acid dianhydride
and
(b) 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane.

2. A circuit substrate comprising a metal foil
substrate and an insulating layer composed of a polyimide resin
formed on the metal foil substrate, wherein the polyimide resin
is one obtained by reacting a polyamic acid obtained by the
reaction of

(A) p-phenylene diamine and
(B) acid anhydrides of
(a) 3,4,3’,4'-biphenyltetracarboxylic acid dianhydride
and
(b) 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane in the
presence of a photosensitive agent.

3. The circuit substrate of claim 2, wherein the

photosensitive agent is represented by following formula (I);
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YI Yz
RYT N R®
b

wherein X!, x?, X?), and X each independently represent a
hydrogen atom, a fluorine atom, a nitro group, a methoxy group,
an amino group, a dialkylamino group, a cyano group, Or a
fluorinated alkyl group; Y! represents-a cyano group or a group
represented by a formula -COR?; Y? represents a Cyano group or
. a group represented by a formula -COR‘, wherein R’ and R‘ each
independently represent an alkyl or alkoxy group having from 1
to 4 carbon atoms, an aﬁilino group, a toluidino group, a
benzyloxy group, an amino group, or a dialkylamino group; R!,
R?, and R’ each independently represent a hydrogen atom or an
alkyl group having from 1 to 3 carbon atoms; and at least one
of the combinations of R! and R®, and R? and R* may be combined

to form a 5-membered ring, a 6-membered ring, or a heterocyclic

ring each containing a keto group.
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4. The circuit substrate of claim 2, wherein the
photosensitive agent is at least one dihydropyridine derivative
selected from the group consisting of 4-o-nitrophenyl-3,5-
dimethoxycarbonyl, 2,6-dimethyl-1,4-dihydropyridine, 4-0-
nitrophenyl-3,5-diacetyl-1,4-dihydropyridine, and 4-0-
nitrophenyl-3,5-dimethoxycarbonyl-2,6-dimethyl-l-methyl-4-
hydropyridine. '

5. The circuit substrate of claim 1, wherein component
(B) comprises from 70 to 99 mol% of component (a) and from 30
to 1 mol% of component (b).

6. The circuit substrg?e of claim 1, wherein an amino
group-containing bifunctional polysiioxane is used in the range
of 10 mol% or less of the diamine component composed of p-
phenylene diamine and the amino group-containing bifunctional
polysiloxane, the amino group-containing bifunctional

polysiloxane being represented by formula (II):

| lRZ ?2
HzN-R'-Sii(-0-?i-)n-R'-NHz (II)
}IQZ RZ

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

carbon atoms; and n represents an integer of from 1 to 100.
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(0)- 10comprises forming a coating film composed of a photosensitive polyimide resin precursor
on a metal foil substrate, light-exposing, heating after the light-exposure, developing,
imidating the precursor by heating to form a circuit substrate having an insulating layer
composed of a polyimide resin, wherein said photosensitive polyimide resin precursor is

obtained by compounding a polyamic acid obtained by the reaction of
(A) p-phenylene diamine and

(B) acid anhydrides of

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

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

8. The method of producing a circuit substrate of
claim 7, wherein the photosensitive agent is represented by

following formula (I):

XZ
X? X'
(1)
X! NO:
¥ "y
R' N R*
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10mlomwherein X!, x?, X?), and X* each independently represent a
hydrogen atom, a fluorine atom, a nitro group, a methoxy group,
an amino group, a dialkylamino group, a cyano dgroup, or a
fluorinatedralkyl group; Y!' represents a cyano group Or @ group
represented by a formula -COR®; Y? represents a cyano group or
a group represented by a formula -COR‘, wherein R? and R‘ each
independently represent an alkil or alkoxy group having from 1
to 4 carbon atoms, an anilino group, a toluidino group, a
benzyloxy group, an amino group, or a dialkylamino group; R!,
R?, and R’ each independently represents a hydrogen atom or an
alkyl group having from 1 to 3 carbon atoms; and at least one
of the combinations of R! and R3, and R? and R* may be combined
to form a S5-membered ring, a 6-membered ring, or a heterocyclic
ring each containing a keto group.

9. The method of producing a circuit substrate of
claim 7, wherein the photosensitive'agent is at least one
dihydropyridine derivative selected from the group consisting

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

10. The method of producing a circuit substrate of
claim 7, wherein component (B) comprises from 70 to 99 mol% of
component (a) and from 30 to 1 mol% of component (b).

11. The method of producing a circuit substrate of

claim 7, wherein an amino group-containing bifunctional
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polysiloxane is used in the range of 10 mol% or less of th

diamine component composed of p-phenylene diamine and the amino
group-containing bifunctional polysiloxane, the amino group-
" containing bifunctional polysiloxane being represented by

formula (II):

RZ RZ
I |
HzN-R'-Si:(-0-?i')n-Rl-NH2 (IT)
! L

wherein R! represents an alkylene group having from 1 to 18
carbon atoms; R? represents an alkyl.group having from 1 to 18
carbon atoms; and n represents an integer of from 1 to 100.
12. A circuit-formed suspension substrate comprising
a metal foil substrate, an insulating layer composed of a
polyimide resin formed on the metal foil substrate, and a
pattern circuit composed of a conductive layer formed on the
insulating layer, wherein the polyimide resin is one obtained
by the reaction of
(A) p-phenylene diamine and
(B) acid anhydrides of
(a) 3,4,3',4’'-biphenyltetracarboxylic acid dianhydride
and
(b) 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane.
13. A circuit-formed suspension substrate comprising

a metal foil substrate, an insulating layer composed of a
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polyimide resin formed on the metal foil substrate, and a
pattern circuit composed of a conductive layer formed on the
insulating layer, wherein the polyimide resin is one obtained
by reacting a polyamic acid obtained by the reaction of e
(A) p-phenylene diamine and
(B) acid anhydrides of
(a) 3,4,3',4'-biphenyltetracarboxylic acid dianhydride
and
(b) 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane in the
presence of a photosensitive agent.
14. The circuit-formed suspension substrate of claim

13, wherein the photosensitive aéent is represented by

following formula (I):

Xz
X3 X!
X NO: (1)
! H 2
) ¢ Y
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wherein X!, x?, X?, and X° each independently represents a
hydrogen atom, a fluorine atom, a nitro group, a methoxy group,
an amino group, a dialkylamino group, a cyano dgroup, Or a

fluorinated alkyl group; Y! represents a cyano group Or a group
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independently represent an alkyl or alkoxy group having from 1
to 4 carbon atoms, an anilino group, a toluidino group, a
benzyloxy group, an amino group, or a dialkylamino group; R,
R?, and R?® each independently represent a hydrogen atom or an
alkyl group having from 1 to 3 carbon atoms; and at least one
of the combinations of R! and R?®, and R?> and R* may be combined
to form a 5-membered ring, a 6-membered ring, or a heterocyclic
ring each containing a keto group.

15. The circuit-formed suspension substrate of claim

13, wherein the photosensitive agent is at least one dihydro-
pyridine derivative selected from the group consisting of 4-o-
nitrophenyl-3,5-dimethoxycarbonyl-2,6-dimethyl-1,4-dihydro-
pyridine, 4-o-nitrophenyl-3,5-diacetyl-1,4-dihydropyridine, and
4-o-nitrophenyl-3,5-dimethoxycarbonyl-2,6~dimethyl-l-methyl-4-
hydropyridine.

] 16. The circuit-formed suspension substrate of claim
12, wherein component (B) comprises from 70 to 99 mol% of
component (a) and from 30 to 1 mol% of component (b).

17. The circuit-formed suspension substrate of claim
12, wherein an amino group-containing bifunctional polysiloxane
is used in the range of 10 mol% or less of the diamine
component composed of p-phenylene diamine and the amino group-

containing bifunctional polysiloxane, the amino group-

containing bifunctional polysiloxane being represented by
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wherein R! represents an alkylene group having from 1l-to 18
carbon atoms; R? represents an alkyl group having from 1 to 18
carbon atoms; and n represents an integer of from 1 to 100.
18. A method of producing a circuit-formed suspension
substrate which comprises forming a éoating film composed of a
photosensitive polyimide resin precursor on a metal foil
substrate, light-exposing, heating after the light-exposure,
developing, imidating the precursor by heating to obtain a
circuit substrate having an insulating layexr composed of a
polyimide resin, and then forming a pattern circuit composed of
a conductive layer on the insulating layer, wherein said
photosensitive polyimide resin precursor 1is obtained by
compounding a polyamic acid obtained by the reaction of
(A) p-phenylene diamine and
(B) acid anhydrides of
(a) 3,4,3’,4'-biphenyltetracarboxylic acid dianhydride
and
(b) 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane

with a photosensitive agent.
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wherein X!, X?, X?, and X' each independently represents a

hydrogen atom, a fluorine atom, a nitro group, a methoxy group,

an amino group, a dialkylamino group, a cyano group,

or a

fluorinated alkyl group; Y! represents-a cyano group or a group

represented by a formula -COR?; Y? represents a cyano group or

a group represented by a formula -COR‘, wherein R’ and R* each

independently represent an alkyl or alkoxy group having from 1

to 4 carbon atoms, an anilino group, a toluidino group, a

benzyloxy group, an amino group, or a dialkylamino group; R’,

1

R?, and R’ each independently represent a hydrogen atom or an

alkyl group having from 1 to 3 carbon atoms; and at least one

of the combinations R! and R?, and R? and R‘ may be combined to

form a S5-membered ring, a 6-membered ring, or a heterocyclic

ring each containing a keto group.
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the group consisting of 4-o-nitrophenyl-3,5-dimethoxycarbonyl-

2,6-dimethyl-1,4~-dihydropyridine, 4-o-nitrophenyl-3,5-diacetyl-

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

21 The method of producing a circuit-formed suspension

’ substrate of claim 18, wherein component (B) comprises from 70

to 99 mol% of component (a) and from 30 to 1 mol% of component

(b). o

22. The method of producing a circuit-formed
suspension substrate of claim 18, wherein an amino group-
containing bifunctional polysiloxane is used in the range of 10
mol% or less of the diamine component composed of p-phenylene
diamine and the amino group-ceontaining bifunctional

polysiloxane, the amino group-containing bifunctional

polysiloxane being represented by formula (II):

RZ RZ
| I

HzN-R'-fi-(-0-?i-)n-R'-NHz (1I)
R? R?

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

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



