DESCRI PTION POLYIM DE FILM Technical Field [0001] s
The present invention relates to a polyimde film
particularly, a polyimde filmpreferable as a
substrate for high frequency-matching electrical
parts and superior in heat resistance. Background Art
10 [0002] As a material for substrates for electrical

parts of informati on and tgkeepiperonati on devi ces
(broadcast devices, nobile radio, portable
t el ecommuni cation devi ce§OMYIMIDE FBEM hi ghspeed

i nformation processing 15pgleiyhseaiapdetle |ike,
ceram ¢ has been conventionally wused. Substrates made

of E@P8Mlc have heat resistance and can al so be used
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having a hi ghrgfrequencilwsi gnal and éreg%hlgnggfg%éméqze tilm,
bane} L tHeWe A&l Y .cer @ ky insi et £ 20mf periflelrebdred ammotubstrate
be padent Bhn e WA j_m | L1 e field
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t hesuperiof anf hlemtmadtes icftamcorganic material as a
substrate 2s for electri cggcgag% £ dra filmmde of
polyimde and a filmmade o gpgl A 1 uor oet hyl ene

maved b@2h proposed. The filmnmade of polyim de has

superi or jheat resistanc and,i s stron whi ch enabl es
vant agous: FOVTSTOh HPEaUPEE $19n  Th ThechiherL parts

advant ageédus provisio
handf jmbbreasioh kaw Jegradomdbusicengbh, ddeliays N(broadcast
Si eaI. transm'ﬁs'#on and the like are gf concern in

t he' ppiTeatTBREE ArGH Fr & %i GRaPsomMmARLcE e
fildewises okt po) yt ebdafd, Urieeidpyd &deihfo@hmS@ion processing
conpatij bl e V\n%h hi gh . frequency, it is associated wth

'Br 6B1%ENE" T 2P flabehd 18 mAEHTOLS e? fraBiBePhFRNHGE Henally

| owi 3 el @sib<or weDekik Ugadbhe £f blePashons NAOThagdhest Qs tance
to a metal 1 conductor, a resistor and the |ike on

t hé$urtt e L3 hePer PRRF £ omdifqt et bprmpgion
Pr a@ed i@t i 841 8hi BBvices having a high frequency signal

band (reaching the GHz band). However, ceramic is not
2¢ flexible and cannot be made thin, which limits its
applicable field.
[0003]
Accordingly, consideration has been made as to the
use of a film made of an organic material as a substrate
25 for electrical parts, and a film made of polyimide and a
film made of polytetrafluorcethylene have been proposed.
The film made of polyimide has superior heat resistance
and 1s strong, which enables advantageous provision of a
thin film. On the other hand, problems of low signal
30 strength, delay in signal transmission and the like are
of concern in the application to high frequency signals.
While the film made of polytetrafluorcethylene is also
compatible with high frequency, it is associated with
problems in that the film cannot be made thin due to low
35 elastic modulus, the film shows poor adhesion to a metal
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wiring circuits due to its high coefficient of |inear
t hermal expansi on which causes marked di nensional 5
changes due to tenperature change, and the |like. As a
result, its applicable field is limted. As the
situation stands, a filmfor a substrate, which can
si mul taneously achi eve heat resistance, applicability

to c@hﬁﬂuﬁﬁﬁgUQPCyegﬂgtBkeéhg!E%kyyln]déﬂ$tFﬁgeQurface the

obt ai ned. 10 ddition, as a po m havi ng a
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use of even a substrate made of a conventionally
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precise, since the properties of the filmvary
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zo [0004]

As compared to conventional polyimide films, the
polyimide benzoxazole film is also superior in the heat
resistance. Thus, the curling developed during heat
processing tends to be suppressed. However, further

25 improvements have been desired as electronics are
miniaturized and the wiring becomes highly dense. In the
application to ultrahigh frequency reaching the
milliwave region, 'moreover, use of even a substrate made
of a conventionally reported polyimide benzoxazole film

3¢ is inferior to the use of a substrate made of ceramic.
To be precise, since the properties of the film vary
markedly in response to humidity, the efficiency of high
frequency signal transmission is low, and the response
speed is low (poor rise of pulse signals), speeding up

35 of the operation of circuits made of a polyimide film is
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5 The present invention ains at providing a filmnade
of an organic material with electronic property,
particularly small hum dity dependency, which

mai ntains higher |levels of heat resistance,
applicability to high frequency and flexibility. In
particular, the present to invention ains at providi ng

I i de fil jn th d iat
R N e N e

curling even when ydlddlisufensti enal Inweartdcar e

| am nated with heating, Means qof Solving the Probl ens
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intemsbye studies and found that the dielectric |oss

tangent of a polyimde film can be unprecedentedly
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present I nvention provides t 6w ng. 25
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| oss tangent at 1&? sured g he.cavity

resonance per t ur batro? Ak YRS b §1§59 emf@) The

pol ypomele filmof claiml or 2, having 35 dlelectrlc
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20 polylmlde film simultaneously has heat resistance,
applicability to high frequency and flexibility, which
resulted in the completion of the present invention.

Accordingly, the present invention provides the
following.

25 (1) A polyimide film obtainable by reacting an aromatic
diamine with an aromatic tetracarbonic acid anhydride,
which has a planar orientation coefficient of 0.79-0.89%
as measured by the X-ray diffraction method, and a
dielectric constant of 2.7-3.1 at 100 GHz as measured by

39 a cavity resonance perturbation method.

(2) The polyimide film of claim 1, having a dielectric
loss tangent at 100 GHz as measured by the cavity
resonance perturbation method is 0.0001-0.03.
(3) The polyimide film of claim 1 or 2, having
35 dielectric constants of 2.7-3.1 at 1 GHz and 2.6-3.0 at
R ,



wherein the anmount of water vaporized at a high
tenperature during heating at 500C for 10 sec of the
filminmediately after heliumpurge at 170C for 7 mn
lo and prelimnary drying is not nore than 5000 ppm
(6) The polyimde filmof any of clains 1 to 5,
wherein the ratio (665/e0 of the dielectric constant

66 fil i dity-condiLi under
tna B @0 EndaabiBa By At G Y E] RaREhERES VO
20peB5ishdtion m&tB4dhr, as neasured by a cavity

resgnange perturbation,. nethod, to the.dielectric . ’
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by dieatin & 0w 8bh asANBkbtatdicaidieratd fbaniar agati anhydride,
tetracarboni c acid anhydride, whereip the absobuts
vale T heh @i #PeRBRcE th¥ARSen 1HRCTEEFFaBE Bl A1

or ienlal i oN, Ae088E1 ARG RBRtIWY abe s46w faoe ) 28d bhethe
surface planar orientation dégree of 25 the other

surffidee YmmedbeteBy of tefe heliinm spwrge @8)17AeC for 7 min
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a Hifghdihes e bxbmpfanéi 18r cdntadty ot delpd@si § {6t >, wherein

mor.e t 15. .30 ) T | yi i f sl f
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(1GHzTHeE poiyi fibe himgdétyapersiittlened yngprothe constant
wherein _the aromatj ¢ _di,am ne has. a. zoxazQb

St o k) SR hEn YRRy iR CLORTIRICARLE, oax mn ror
15s9dnibin es3s Ibeawiichdcbppei seyittie petghande Perugpation

an f c|ains to,.4.10. .(12) A nmethod. of p uci,ng
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anhydride to give polyam de.acid, 5 castin !
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i kethod vis awsehinsuppotirbinmg bl yicé-€e. pd ecur sor

2; : :(2)( %S:fecglr;]ir{lh e Sgg}ﬁg}) 'g%‘}%é:’t#%oqfaégaﬁfﬁgr ggr aromatic
diamine with an aromatic tetracarbonic acid anhydride,
wherein the absolute value of the difference between the
surface planar orientation degree of one surface
(surface A) and the surface planar orientation degree of

25 the other surface (surface B) of the film is 0-2.

(8) The polyimide film.of any of claims 1 te 7, wherein
the surface planar orientation degree of a surface
having a higher surface planar orientation degree 1is not
more than 15,

30 (9) The polyimide film of any of claims 1 to 8, which

has a curling degree of 0%-5%.
{10) The polyimide film of any of claims 1 to 9, wherein
the arcomatic diamine has a benzoxazole structure.
{11) A base substrate for printed wiring assemblies,

35 which comprises the polyimide film of any of claims 1 to
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film(green film satisfies all the relationships

shown |l o by the follow ng fornulas between an

imdation rate Alm of one surface side (surface A

side) and an imdation rate Bimof the other surface
side (surface B side) of the polyimde precursor film
(green film and said polyimde precursor filmis
subjgcted to imdation. 15 fornula 1; IAimBim:55
fornmula 2; 0:5Aim~15 fornmula 3; 0:~Bim~15 Effect of

t he (R@Vert imstHODOTL pQ@diEhe'ngolayipm'Jdpdrﬁiden ﬁilmhewhich
pre ventjo hows | ower SS. & d faster
spe%gﬂl%d:jc% grqr'lseeg]cé) P71 86 aglof;“r?a 2 i Yi"[el?qu ﬁc?romatlc
as ttertcparcedrktcmnom/enﬂl anhykiyldlenmm qm}g/imﬁﬁa:ﬁidwsacld

r.e, acwcwt co i mde filmof
thergrdafin 3 Aot iRerRRt o8 SRR UL e GFYIng the
hlgbeﬂu$ﬂ@ﬂjadd1ﬁK@IliEQ tbtg&b@ubtﬁ@%xkﬁﬂ®ﬁﬁﬁtlng
hi ghe g i di t&ﬁi strength ind heat reS| stance than

TG

 hoB8L3 Bt ot vt dgreennd 1 imphand gelyipidating

filsaig pl‘r%fcﬁlfram:y fUsEedl, fm&ehé@h fehRAYRINIGYintl BCt PBEEBsOT
and her el ectronics, and is 30 useful as a substrate

fil ﬁqlftiar (PFE B ddudti ote bt SEdBperd ladher ap lafbkan sk 8RS shown

forpfl exeblE@ 10dwitng i # SHhE 1 4 5PER tWelh M G Z€ion rate Aim
preci si on reCILHrerTentS a carrier tap f or tae

aut OfePBE BEAdiacE (SPA berfReel Akéldﬁdcmﬁrﬁytﬁdnm@tlon

presgpk Bﬂﬁe%ﬁ'@mefd¥h@¥a§3£9ace3élbge(@J?fgégmﬁaéfﬁe) of
the surface planar orientation degree 5 between t

f 1 Rk aRE L YAB IEC I TOICW D Pof § 1M dereepmaism)r et g i
by ﬁ@ﬁ&iﬁhhbngﬂéyﬁég Cﬂ@ fgoggbhF%Q% f Qi %?ldatl n.
e acl

obtai ning a polyam a pol yam de aci
ol ut i on fandnd henl | nt dat-Bdmt|k& pol yam de acid film 5

wher eby ecede d yimde filmsuperior in
L 2 B b ey,

t her nal i 'oh whi ch has a curling
degr ee off cuoiuhr®; tlmﬂmﬁ%aan be obt ai ned. Moreover,

the filmof the present. i1 egli%i%sﬂo‘v}sn&ge dielectric

constant ratio betweenm a Ty Ti and” 8" wef™ i1 m

w thdh07b a certain range as conpared to

2%onventi%%%|36i“§¥{he film of the present invention shows
lower loss and faster response speed {good rise of pulse
signals) at high frequency as compared to conventionally
known polyimide films. Therefore, a circuit comprising
the polyimide film of the present invention is expected

25 to operate at a higher speed, In addition, it
simultaneously has higher rigidity, strength and heat
resistance than those of conventional polyimide films.
Therefore, the film is preferably used for high
frequency electronics and other electronics, and is

30 useful as a substrate film for the production of copper-
adhered substrates for flexible print circuit (FPC) with
high size precision reqguirements, a carrier tape for
tape automated bonding (TAB) and the like.

According to the present invention, for example,
35 the difference in the surface planar orientation degree
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polyimde filnms. Therefore, a circuit conprising the
filmof the present invention is expected to afford
operation with I ow hum dity dependency. In addition,
since a polyimde filmwherein the anount of water 15
evaporated at a high tenperature is extrenely small
can be obtained, the devel opnent of swelling and

de'ﬁ&ﬂ@%hoﬁh%aff%@ra?ﬂ&mcﬁ? BYER ‘M?fench‘ésﬁadoléﬁiz@ide film is
substrate filmfor various electrical I'amnate parts

at radargh benpemdtnalling Best pibdecftdonEmsodii hipnsefor

I nvgptiion;LR0Q8 nbodj t-0f the polyimde film_ . -
of tﬁe préé%ntg ]"i"ns’:aﬁ‘fﬁ o‘% é|"£1'E‘gx£ gf"ng 0|rj%ln %é’toaﬂar?lhée acid

t hespbhitdnnngndThdeuol imindatei figl thef ppligapriekentcid film,

inv ' [ 25 of polyimde ohtaingble by . .
r%a@?%iﬁgggr %ﬁan??‘ 5 |caerﬁoenne€e°5vx?? 3P tifcﬁm superilor in

t et themnbdnidegaeida tarhy Btaes1iapd WRIcA hpartd GilAling

hi gher-order. structure, partigcular dielectric
prg%ee?f?/eo?fanﬁécr fi°F R a’i’&:’br#%nﬁaﬂe Feé?gt‘?l’réled' Moreover,
af otleerefii lnned ‘theagirnad®Ent NChwdRsibhlr shod@ TWY Gld Nk tric
di am nes_and_tetracarboni c acid anhydrides to an open
ri P POFYREAFREIR PEISSSh 7 By shEdBnendodgwed fdlm within
1ol y ade tiea 8 dasigUbisOondred O §1 BEndedieBR AfltiThMandin

t he ‘I%J'Lpg,e as necessary from the polyam de acid solution

and SuhPRtEPngitRe -f | FRETET@&Ifydroctiitensht fFORPBESing the

(i nd e i ©0) th6 [OAQRhtAS dhe B OBl k Ce dhaRkRES +of QlFfora
exanpl e, 4,4'-bis(3 am nophenoxy) biphenyl, bis[4-(3-

am FSPIERbRY ) YHRBNYPK kerdie tibid¢egdescy. In addition,
amGENOXYa P ?HYHLS¥hﬁhﬂ%hé¥éi4féfé mount of water

am nophenoxy) phenyl | sul fone, 2, 2-bis 4-?3-

TAMYARETRXST pheng| hpobpasoperPtbig 4s (8xtremely small can

amyORASNOXYd ey L] alvlabpeds3-JEXALL HPE QBT QRANE, M
phenyl enedi am ne, o-phenyl enediamne, p-"10
phé&®laariath bivmesam ke polesenteadriaign pwvhen used as a
am§%§§¥¥%@é”%ffm §b§'%gggghgp%ﬂ¥E¥¥qggfe£Am§hg£e parts at
a high temperature.
20 Best Mode for Embodying the Invention
[0008]
The embodiment of the polyimide film of the present
invention is explained in detail in the following.
The polyimide film of the present invention is made
25 of polyimide obtainable by reacting aromatic diamines
with aromatic tetracarbonic acid anhydrides, and has a
particular higher-~order structure, particular dielectric
property or a particular curling degree.
The aforementioned "“reacting” includes first
3¢ subjecting diamines and tetracarbonic acid anhydrides to
an open ring polyaddition reaction in a solvent to give
a polyamide acid solution, then forming a green film and
the llike as necessary from the polyamide acid solution
and subjecting the film to dehydrocondensation

35 (imidation).



di am nodi phenyl et her, 4, 4'-di am nodi phenyl et her, 3,3'-
di am nodi phenyl sul fide, 3, 3'-di am nodi phenyl sul f oxi de,
3, 4' -di am nodi phenyl sul f oxi de, 4,4' 15
di am nodi phenyl sul f oxi de, 3, 3'-di am nodi phenyl sul f one,
3, 4' -di am nodi phenyl sul fone, 4,4'-
dianinodiphenylsulfone 3, 3' -di am nobenzophenone,
q?fnn nobenzophenone, 4, 4'-di am nobenzophenone,
3 3 -~ di‘am nodi phenyl net hane,
3, 4 dlaﬁEanqﬂ&mqmamﬂMaﬂeamiﬁes for example, 4,4'-bis(3-

RS RO R e R an @i Kb Tl 4. (4.
ahm::alr:hersw&yapiaew{eg?u;lzt[é%o_lxe? tt 5§ 24 £ 43-anmi nophenoxy)
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an1nophenoxxs phenyl but ane, 30 0010]

1, Phsingrlened bam hBBhe AoRPRENARA g bLaA™RRE - 2P2- bi s 4- ( 4-
@m;ﬁu%qmmap&ﬁﬁﬂé}bmtaﬂ.q,no%&iyﬁmiﬁé p-

am nophenoxy) phenyl | but ane, 2-[4

Jprepye} - 24 p4- Mmrrm&%%&y}eghss. 3,47~
‘*%y%"%eny $RE8pRDENo2, Zabies Al A B BOBRERG kB, 3,3 -

pr opane
d4-aofi-reod Foipdenbsy ) fhdry| 33 [4liaminodiphenylsulfoxide,

2 Sﬁg gf%%la%‘%yéléhén%%tl'%'x&'}%‘,y'J p{bpane,
16AdQMmmnﬂﬂﬂmh@QYB$ﬁlﬂbﬁﬂﬂbyldhéhyhépa@paqé;phenylsulfone,
2, 1,S[ A-amn
phéﬁ%] qﬂﬁéﬁp @%pgg ¥§8Fbﬁropane 5
1, ﬁlmmﬂﬁbduphmmmbmmxy¢henzene -~ B3apis¢Benzophenone, 3,47-
an1nophen benzene amn henox benzene, ., _
Bl TRErERaRy) dohoner At e Ao ones S, 3
aﬁHWNﬁﬂﬁUﬁ@@H&ﬁ@yhétK&hQDe3 mSHd&dﬁhnodlphenylmethane,
awnnophenox nyl | fide, [
amit néph&ﬁ@(@%%%%#s% S‘é‘e'bl 5%4(‘?—
amaRQRRAIHEO0BEYE b Ul herBankd ,S[14-A(Dis [4- (4-
amnophenoxy)phenyl]etherh bIS[4-§?-_
anPASHRETERIBHay T T et herhapes- iR iuld- (4~
aminophenoxy)phenyl]ethane, 1,1-bis[4~(4-
aminophenoxy)phenyl]propane, 1,2-bis[4-(4-

25 aminophenoxy)phenyllpropane,.1,3-bis[4-(4-
aminophenoxy) phenyl]lpropane, 2,2-bis[4-(4-
aminophenoxy) phenyl]lpropane, 1,l1-bisf4~(4-
aminophenoxy)phenyl]lbutane, 1,3-bis{4-(4-
aminophenoxy)phenyl]lbutane,

30 [0010]
1,4-bis[4- (4-aminophenoxy)phenyl]butane, 2,2-bis[4~{4-
amincphenoxy) phenyllbutane, 2,3-bis[4-(4—
aminophenoxy)phenyllbutane, 2-[4-(4-
aminophenoxy) phenyl]-2-[{4- (4-aminophenoxy) -3-

35 methylphenyl]lpropane, 2,2-bis[4~(4-aminophenoxy)-3-

7



am nophenoxy) benzoyl | benzene, 1, 3-bis[4-(3 1s
am nophenoxy) benzoyl | benzene, 1, 4-bi s[ 4-(3-
am nophenoxy) benzoyl ] benzene, 4, 4'-bi s(3-

am nophenoxy) benzoyl ] benzene, 1, 1-bi s[4-(3-
am nophenoxy) phenyl ] pr opane, 1, 3-bi s[4-(3-

am nophenoxy) phenyl ] propane, 3,4' 20

di amatodi 1peswy subfbfsne, [ 90%L]- (4 h henyl]-2-[4-
2, 2-bi s[3-( 3- H ﬁ%phlgnoxy) shenyl |- 11 LB gngry) phenyll -2~
hexdf#d dRipRrxy) -3, 5-dinethylphenyl]lpropane, 2,2-bis[4-

b X n -

1'?“?(&%2 (é-an1nopﬁi%o§§?xh% gﬁﬁzﬁglpr%P%Pe[4 (% bis 4
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, 3a % Sl o eyl BsRoN K BRIESAN A - (s
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bISL@ Q?E%4E%Q£} tg¥§fyggf§ng ¥}g qyl]sulfone

am ammhephnyl)opdyeme;mal]astdlﬂakhﬁbbehzuél [Jabequzene, 1, 3-

m_nophenox enpxy- a, a- ,
di ne‘%‘hyPBgﬁﬁﬂ ]Yaeﬁ’féﬁgefpﬁ‘,‘gf%ilgf 4°¢814m4d6- 6 35

tri amunbpnehh,yzlypw}@tmﬂi nshbxl«;bezrazyl ] benzene,
1,3 8, Dbi Sgﬁ- 4- am_no- fI uor ophenox

o i PREA PSR BATEL 1 4 ey of 43 L Bh A ad 4o

rlregitgiﬁl[aﬁﬁ@?s){yab@&ldﬁ dbeazyl | benzeng.a- (3-
| S -
Bm %1%0895%5% RERF LY I(Bens e hy L b8nkys]BeriZene,

3, ZamHnbABKBAYS pinzdyRhenaxybenzophenope s (3 -
4,4" -di am no-5,5' - di phenoxybenzophénone,

3, @mavﬁﬁhﬁaoaygbﬁnauogﬂéﬁ@mophehohes (4-(3-
33a13|x'1@ 80x¢ Q;%'&P,ﬁ-ll&‘noe —(3-

4 alrgnhnoo Y) g%gl%)éenzop enon{] 3-bis(4-(3
3z@m%W%mﬁﬁ@04¥b9é9029ﬁenznph8ﬂon% 43:4' -di am no-5' 10

AN SN0 DEDE OpREN0I S 1oL ALL2)

-di am no- 4 pherfoxybenzophenone,
4, 40 Bhi no- 5,5' - di bi phenoxybenzophenone,

55 A8 8-Sy L SIOREE ORI s o
hexafluoropropane, bis{4- (3-amincphenoxy)phenyl]methane,
1,1-bis[4-(3-aminophenoxy)phenyl]ethane, 1,2~bis{4-(3-

25 aminophenoxy)phenyl]ethane, bis[4- (3~
aminophenoxy)phenyl]lsulfoxide, 4,4°-bis[3-(4-
aminophenoxy)benzoyl]diphenylether, 4,4'-bis{3-(3-
aminophenoxy)benzdyl)ldiphenylether, 4,4"'-bis[4-(4-amino-
o,a~dimethylbenzyl)phenoxylbenzophenone, 4,4'-bis{4-(4-

30 amino-a,a-dimethylbenzyl)phenoxyldiphenylsulfone, bis[4-
{4-(4-aminophenoxy) phenoxy}phenyllsulfone, 1,4-bis[4-(4-
aminophenoxy)phenoxy-a,a-dimethylbenzyl]benzene, 1,3-
bis[{4-(4-aminophenoxy}phenoxy-o,a—
dimethylbenzyl]benzene, 1,3-bis[4-(4-amino-6-

35 trifluoromethylphenoxy)-a,a-dimethylbenzyl]lbenzene, 1,3-

B



4,4' -di am no-5- bi phenoxybenzophenone, 3,4'-di am no-4-
15bi phenoxybenzophenone, 3,4'-di am no-5"-

bi phenoxybenzophenone, 1, 3-bi s(3-am no- 4-
phenoxybenzoyl ) benzene, 1, 4- bi s( 3- am no- 4-
phenoxybenzoyl ) benzene, 1, 3-bi s(4-am no- 5-
20phenoxybenzoyl ) benzene, 1, 4-bi s(4-am no-5-

phe NZOY enzene, 1, 3-bi s(3-am no-4-

D e o E 8 a2 5. o
25bidgimertdiyiieenayl  bbeaeere, 11,33t s[4~ b anibe-6-

o1 SIS BRI OVTY befs Bnd Bieg gt Se {4t Hipposaea. 1. 3-bis [4- (4-
di metdiyidsenzay 3 phsienykberaQai{dinesh PIOERE LT 1 BbalbRRS 3,37~
A R 2 Snah PSR eRR i o sssamino-s 5
hy dddgere nat:0mse o plén 3Re ar ANALi-@ Idmlctha £, partial |y

or entirel ubsti tuted by hal ogen atom an al kyl
gro%ﬁﬁ&gﬁﬁgg iﬁ?&ﬁ?ﬂﬁ@kngff reiaing1bn atons, a
CyapaegiodyberophdidRgenat ed -alilawli n HH PUh Oho Ry K&XYophenone,
groSp having 1 to 3 carbon atons wherein the

hydfedén G4 TRCRPRYPCHROES oong K okt 35 ipBlpo-5 " -

& epRahbixFdeh Uprdidh&l y substituted by a hal ogen 9
atogbﬂand the like can be mentioned. The aromatic

di afPRé<€]can be used alone or two or nore kinds

thegeal _ganmie diseds r [0 BbneRoRILEGY A dVon ST NEEy f‘-hdiamino-

polyimde filmsuperior in heat resistance, streng
and®r Préiiby pdem drey o 2 mleenongr ofatdi‘c ddizamineest . 5 -

havang; BrRRBAAAN HIRlAsRL LT € v g Rnalgrabl e. As the

aromati ¢ di am nes ving a benzoxazole structure, the

¥50| b brhagosabepa cpdvrorate) y4, 4 -~diamino-5-
biphenoxybenzophencne, 3,4’'-diamino~4-—
biphenoxybenzophenone, 3,4'-diamino-5'-
biphenoxybenzophenone, 1,3-bis(3-amino-4-
phenoxybenzoyl)benzene, 1,4-bis{(3-amino-4-

20 phenoxybenzoyl)benzene, 1,3-bis(4-amino-5-
phenoxybenzoyl)benzene, 1,4-bis(4-amino-5-
phenoxybenzoyl)benzene, 1,3-bis(3-amino-4-
biphenoxybenzoyl)benzene, 1,4-bis{3-amino-4-
biphenoxybenzoyl)benzene, 1,3-bis(4-amino-5-

25 biphenoxybenzoyl)benzene, 1,4-bis(4-amino-5-
biphenoxybenzoyl)benzene, 2,6-bis[4- (4-amino-o,a—
dimethylbenzyl)phenoxylbenzonitrile, aromatic diamines
having a benzoxazole structure, and the above-mentioned
aromatic diamines wherein the hydrogen atoms on the

30 aromatic ring are partially or entirely substituted by a
halogen atom, an alkyl group or alkoxy group having 1 to
3 carbon atoms, a cyanoc group, or a halogenated alkyl
group or alkoxy group having 1 to 3 cérbon atoms,
wherein the hydrogen atoms of the alkyl group or alkoxy

35 group are partially or entirely substituted by a halecgen

9



io nentioned. [0014][formula 1]

5-am no- 2- ( p- am nophenyl ) benzoxazol e 15

[00. 15][fornula 21

6- am no- 2- ( p- am nophenyl ) benzoxazol e 20 [0016][formul a

3] 5-am no-2-(m am nophenyl ) benzoxazol e [0017] [fornul a

4] 25 6-am no- 2- (n}aninophenyl)benzoxazole 10

[0018 formyl a, 3

2, Ak ;ILpheﬁnHI gﬁeb.lgbg &Mno eer{nz%riglz% e) ‘5
[0019][meHM&réﬂat1c diamines can be used alone or two or

[O Fffgeﬂélegst%%% %g%p Q;qig&gzole) 10

1- (e @t pobenzoxazol o) - 4- ( 6- am nobenzoxazol 0) benzene
[0021][fornu|a 8 , )
3, 6- (4, 4P qiﬁﬁiﬁenﬁf?ﬁgn?opf%f%?%?QL%ﬁﬁ%l o8&z oft P
e [0022] tE9iBHhac8], strength and rlgldlty can be obtained,

2, 6- (4,4 -di am nodi phenyl ) benzo[ 1 E kbls Xazo
e IﬁrT@@Eﬁf[ﬁb?WﬁP3516FVlng a enzoxazo e s ruc ure are

2, Gsf3dradiam negdi phenykhRarze] 1 imeide 4-Kaybhgoxazol
e 5 [0024][formula 11]
2, RemzAX3 P AR AGAPSTTA ) Hdtzof Al bodingsegn) bies Seasgistely
§ ek D025kal formil a 12]
6- (3, 3' -di am nodi phenyl ) benzo[ 1, 2-d: 5, 4-d' ] bi soxazo
e [0026][fornula 13] 15
dighenyl ) benzo[ 1, 2-d: 4, 5-d' | bi soxazo
H%%y?]&?b?ﬂgﬂg 1?espectlve i soners of 20
mnEmﬁmnnﬂophépyBWD9@p®ﬁﬂmﬂkb%ﬂ%obﬁéﬁéﬁable in view
of 12 easi ness of syntheS|s As used herein, the
"respecti Ve, .0

15
[0015] [formula 2]

6~amino-2- {p—aminophenyl)benzoxazole

20 [0016] [{formula 3]

5-amino-2- (m-aminophenyl)benzoxazole

[0017] {formula 4]
25 6-amino-2- (m-aminophenyl)benzoxazole
10



I somers" are those determ ned by the positions of the
two am no groups of am no(am nophenyl ) benzoxazol e

(e.g.,

respecti ve conpounds of the above-nentioned

"formula 1"- s "forrmula 4"). [0028] The tetracarbonic
acid anhydrides to be used in the present invention
are aromatic tetracarbonic acid anhydrides. As the

aromati.c
foII._léwwﬂ*En-d

tetracarbonlc acid 10 anhydri des, the
yeent | oned. [ 0029] [formul a

14] pyrofpllit]c ax (hydNide 15 [0030][formul a 15]

3,3, 4,

[0031] [ f or MsZ&” 161
6 13 [0032][fornula 17]

3,3
[0033]

“qrbof7c aci d anhydride 20
Xexdi pht hal i ¢ aci d anhydri de

benzophenonetetracaﬂg@nic acid anhydride 5
[fornula 18] B

3[0®L@]Kﬁqﬁmﬁwésﬂ]fonetetracarbonic aci d anhydri de
[OO 4][for
§b|s[£ ih%ﬁﬁ%bi§ﬁﬁ@ﬂ&?§?ﬁﬁ&ﬂﬁﬁ%ﬁ%ﬁbn0|c aci d

|o anhydrlde [ 0035] The aronatlc
anhydri des seanspe-0 A0

j;trac‘rbonlc acid

ther eof caft be [isedy Ll

or nore kikds

di anhy
used a

nfde§~%ékéltllf|e{ , :
long as their content is not nor e than 30

npl % of the total tetracarboxylic acid dianhydride.
As the nonaromatic 20 tetracarboxylic acid
dlaﬁ99é90d5§qmykﬁaﬁhed for 14 exanple

bUtQUQ*l %@ﬁ¥f§ﬁéﬁ¥§ XX&%ﬁoﬂghq n¥4f'de

pentane
%t_:__anedt:,‘evtarac%r boxylic aC| d d| anhydr--l de

cycl

tetracarboxylic acid dri de,

7N 7
g/ U
A i

19 [0020] [formula 7]

1-(5-aminobenzoxazolo) ~4- (6~aminobenzoxazolo)benzene

[0021] [formula 8]

15 2,6—

(4,4'—diaminodiphenyl]benzo[1{2—d:5,4—d']bisoxazole

[0022] [formula 9]
2,6-(4,4'-diaminodiphenyl)benzof[l1,2-d:4,5-d']bisoxazole

11



cycl opentane-1, 2, 3, 4-tetracarboxylic acid di anhydri de,
s cycl ohexane-1, 2,4,5-tetracarboxylic acid

di anhydri de, cyclohex-1-ene-2,3,5,6-tetracarboxylic
aci d di anhydri de,

3-et hyl cycl ohex-1-ene-3-(1,2),5, 6-tetracarboxylic acid
di anhydri de, 1-methyl -3- ethylcyclohexane 3-(1,2),5,6-

tetracarboxylic acig dl.xhydr l1-nethyl-3 lo

et hyl cycl o \ WG, D) a}’;;rboxyllc acid
di anyRe M,

t et raCar bosg ' G URANRYTH f N
|-propylcyclohexane - (2,3), 4 tetracarboxyllc acid

di anhydride, 1, 3-

gLPg8ﬁé53y§Iohepangkﬁ-(Z,3),3-(2,3)-tetracarboxy|ic

di cgckohexyl'~dibmindd ipled i @UabBaxyl[ilG 2aci: ,4-d’ ]bisoxazole
di anhydride, bicyclo[2.2.1]heptane-2,3,5,.6-
tetracarboxylic acid dlanhydrlde ;*~

1-propyl cyckehe

di anh i g, 1%
dlp.ré3£”~

acid 20 di arwydri R R d

di cycl ohexyl - 3, 4, 3' 4'-tetracarboxyllc aC|d
di abhgatl d&omBraci, 2. 1] hept ane- 2, 3, 5, 6-
tetsagarhoxylL [ fﬁngy _ '
blC%C?Ofg g ZHggﬁgﬁé&i 5p%i?§??gé box yﬁVg gkﬂéusovaOle
di anhydri de, ‘

bi cycl of 2. 2. 2]oct 7-ene-2, 3, 5, 6- tetracarboﬂ:g

30 contain a so- called Iubrlcant‘for forn1ng ul trafine
concaves and convexes on the filmsurface. As the

| ubricant, fine particles of an organi c conpound
andf{®e25 anfopanganii@ jconpound, whi ch have an average

it 61 - S hetagmiBaRenn i b Ealla0r ¢ Buda’ 1 pisoxazole

0. 01y390 by mass of the 15 mass of the*'iln1 In the
i@flnventlon_ hi ghl y heat | stian® inorganic
- 23 er ot . Lo OXIde

{0026] [formula 13]

15 2,6-(3,3"'-diaminodiphenyl}benzo{l,2-d:4,5-d"]bisoxazole

f0027]
Of these, respective isomers of
20 amino {(aminophenyl)benzoxazole are preferable in view of

12



The polyimde filmof the present invention is
produced by (a) first condensing aronmatic di am nes and
aromatic tetracarbonic acid anhydrides in a solvent to
give a polyam de acid solution (hereinafter to be io
referred to as Step (a)), then, (b) applying the

pol yam de acid solution to a support and drying t he

solution to afford sel f-supportiveness, which
sp&A$iResF yobr Y RGhERder tRE E6itd TIHRiR o HRRi spesPective
t he s HDpOE QietESO%@SH@%@rﬁﬂﬂéﬁwﬁyrﬁﬁétbMQlEQoh@eof the
total is mass after dr of 25-50% by nass, gi v
a poYidieCe PFEEBFsO ﬁm%c’(%ﬁ%@?@%wéﬂb%z%aéﬂe (e.g.,
gr %géémve(é%sbﬁﬁws%ft CHRe AP LREREEBHHO "#Srmula 17~
step (b)), then heat treating the green film at

#mnﬁatéﬁberature of 100-500C to allow inidation

20 (hereinafter to be referred to as step

(c?ﬁa 20?10038] In the above-nentioned steps (a)-(c),
the fil mThe rreludigrrhdmi graehdf phhy drdyase tsuljeecteeld in the
to t reatnen r e a
R A S e T A
nommhxﬂt&@eam)msmmhanaeomhamcsteﬂmddarhnmﬁc acid

prefera not and on-stre f||
Lt ETOMRS R S PEER R R R el P TR
The non-stretch film here neans a fil m obtai ned

wi t hout d mﬁn that .30 intentionally applies a
neéﬂﬁﬁ%%J ?ﬁﬁg}a i?&e such as tenter stretching,

roldy i€t riiéndbabli eAhydrataeh and the |ike. Too

high an area nmagnification ratio is not preferable
becausd} t he surfﬁie planar orientation degree of the

””jéhf;ol the difference in the surface 16

af " t e ”jjito fall within a given range, and
t he fiEr is susgeptible to the effect of change in
the ofilentationdue to a heat treatnment (e.g., not

;bess than 5 3000C) 0 0 3 9 1 The production met hod of

the polyimde filmof the
[0030] [formula 15]

3,37,4,4'-biphenyltetracarbonic acid anhydride

z0 [0031]{formula 16]
4,4'-oxydiphthalic acid anhydride

13



present invention (hereinafter to be sinply referred
to as the production nmethod of the present invention)
is io explained in detail inthe followwng. L 0040
1 Step (a) The solvent used for polynerizing aromatic
diam nes and aromatic tetracarbonic acid anhydri des
to give 15 polyamde acid is not particularly limted:
as | S sol ve any of the nononers to be
the[gggﬁﬁ[fgrm&?grggfs and the resulting pol yam de
aci @., 39%#&&Tfhbnzwphgnbaetemgmdarhmﬁmmnasiandphpdmide
exanpl e, N-nethyl-2- pyrrolidone,

N-acet yl - 2- pyrrobldone N, N 20 di net hy1f or mam de,
':thylforna' de, N, N—_ i met hyl acet am de, di net hyl
] AORe el hyd ghori c am de, ethyl
j‘eglycoldlnethylether

hed. s Y5 can be used alone or in a
m xturg. The anount of thep solvent to be used is any
as long as it is sufficient: to dissolve nononers to
be the starting materials. As a concrete anmount to be
used, an anmount that affords generally 5-40% by nass,

pgeﬁgbgghgfg}ﬁﬂlékwgﬂas of .30 the nononers in the
sol ution dissolving t nononers can be nenti oned.

[ 00313 'THe Aontdinhiansl swk fonetpsrpraribantiom ¢ canbpdride
(herelnafter to be also sinply referred to as 35

‘pol ymgyi zation reaction") tg obtain polyanide acid

ibe conven‘tg.onall / kngpn ones, and a specific

i el uges” @x}bg“'iﬂ‘,stlrrlng and/or mxing in

| i thith a penperature range of

o=y - B he~Aier e necessary, the
polynerazatlon reacti on may {b be divided, pressure may

be appl@ ed or the tenperatufe may be i ncreased or
decreased. In this case, while the order of addition

oners i ot particularly limted,
addF?Bg4 2°5P8§€tﬁ@ntetracarbonic aci d anhydrides to
a Smlm%bmﬁ[@ﬁ(BLQMHﬂdhﬂﬂdﬂﬁﬁK§nbﬁy)phenyl]propanoic acid

10 anhydride

[0035]
The aromatic’ tetracarbonic acid anhydrides can be
used alone or two or more kinds thereof can be used.

15 In the present invention, one or more kinds of the
nonaromatic tetracarboxylic acid dianhydrides
exemplified below may be concurrently used as long as
their content is not more than 30 mol% of the total
tetracarboxylic acid dianhydride. As the nonaromatic

20 tetracarboxylic acid dianhydrides to be used, for

14



| o preferable. The mass of polyam de acid in the

pol yam de acid solution obtained by the

pol ymeri zation reaction is preferably 5-40% by nass,
nore preferably 10-30% by nmass, and the viscosity of
the aforenentioned solution is preferably 10-2000
Pa*s, nore preferably 100-1000 Pa* 15 s, as neasured

by a Brook Fjeld visc ter (25'C) .10 Vi f eedi :
o seritE . PBAs T Lot e emeaebaky Ele Hoidodidnyaride,
polputridzati pp, 4 pREte@Racazbeiydcid vecid piadbgdrade,
good-qual ity or%ani cC S Iveqt. 20 sol ution (gf.ggl yam de
aciY.CHIPHRAE FORT 2 BBEYREYI2& 95 HE"EONt TGl ed by
addiynia f SiEd he ANDRNG |, af tatireldd Ml xy SEEUesi @r dignhydride,
agent to aromatic _di am nes before the pol gae(rii,zahi Mg
fegotqlnheranend, et mPRaP tSEGRERBY F Agtht S1gnhydride,

cormaung, diavi ngn 8- sasben e—¢arhont Loyt e1 bendc28 awehhydride,
as nmal ei ¢ anhydride and-the |i ke can be nentioped. _ . id
The |k c e gﬁggré~gﬁﬁy§rﬂéeQﬁyqﬁﬁtg%ar§garboxyllc aci

prefie,all ¥r i e 001- e @niol 3p i hl, im) c Ddnéhgnaraumli,0) ,5,6-
di S{rﬁr{gg rOJ(')e4 31 e<S ep (b)fyso che support to be

codtegtr agatbexybl gaardd ddieghvsbiids ont UREYhKdeds to
48 a0 pLgidify 9, 5 (e devgba sHbkytienteid
1?0 G"feco m%%gﬁ?@éa}r{n eegal%ia s(ol'uthi'on' into a il m?i ke =
pr adusthadwdidé or Legshpleycd odreparg-1bel t2) i Red
rotat,ion, menber, having .a rf@gﬁ mmde pf 18%Labn -1-
pl e}"seﬁrcafcab a%§¥1ﬁ8r38 gi rclligr%lt eﬂ?élj'kei,) %ﬁ%éfhg?w Sxane
| i ki ,can, bed featranedboAyidichad id idiznmgdaigel yies -

fil havi age uate rigidi d i:g)r_é PLANEES xS ic acid

al paw%g%é? %ﬁ%xé%o&i A%rilax 'Ia:l}gr(tfll'cu ar{;rg, tEe ﬁ_ _

1surdfianmmoiride, quppelbhiexylref.erabl y4 - netakcanbpaylic acid

pref.erably stai nl%)ess g i gh.i.g rustproof.apnd.superior

i ndz‘t‘i”r’ab‘é oh“¥ esPSFER 8%‘%%”%3%%’% o?'%he’gupport

mayt e Stibf 106 €0 £ 0aBRHAK i apihatd migien th-EropNlcyBhoardane—1~

the |ike. The surface of the support be _

i rort) 4 ket oF S BERF SRR ICS et el HOLEABARS: A-3

polasayd 518, BE} d1sREWbhen1can g appli g3 tvetrhoashppedtic acid

by c_ash}gqg( froma spinneret with a slijt, EXLrusion j1ic acid

2pr Shhah ¥t Rler disyaéebexydatinfy, 3 reterEtracarboxy
dianhydride, bicycleo[2.2.1llheptane-2,3,5,6—
tetracarboxylic acid dianhydride, bicycle[2.2.2]octane-
2,3,5,6-tetracarboxylic acid dianhydride,
bicyclo[2.2.2]loct-7~ene-2,3,5,6-tetracarboxylic acid

25 dianhydride and the like can-be mentioned. The
nonaromatic tetracarboxylic acid dianhydrides can be
used alone or two or more kinds thereof can be used.
[0036]

The‘polyimide film of the present invention can

30 contain a so-called lubricant for forming ultrafine
concaves and convexes on the film surface. As the
lubricant, fine particles of an organic compound and/or
an inorganic compound, which have an average particle
size of about 0.01-5 um can be used. The amount of the

35 lubricant to be added is about 0.01-3% by mass of the

15



coating, die coating, applicator coating, wre-bar
coating and the |ike. Besides these, a conventionally
known sol ution application neans can be used 15
appropriately. 0 0 4 4 J As a support to replace the
above-nentioned, netal plates (foil, film plate) can
be nentioned To be specific, as one production

et o, of ¢t DDl oW 20, eticonad Kl ¥i I IS b, {8:881y heat

he pr oduct’i on ase substrate
mwrﬁsmsmantngnasgaMMQ/p&rtxm¢a$ prat predeyebd ymetsgd, and

ayer. of the af orenent|on%guﬂ9ase sy geﬁigteskﬁlQﬁfd-éf%anlum

a SUphdtt RAHScBaFed hiTh B aci‘d “sol ut
|r1dkuaecaﬁa,thbe1am@|arﬁ|mwma5pﬂeﬁesabﬂytheed

polyiﬁ%aﬁ acid solution is not particularly limted,
and application neans such as conma coater,

kni fe coatef ,pd 0} imL@at €L 1mr eferse Qﬂ&tﬁntdileventlon is
coater, gravure coater, wire-bar and the like can

he
rerRTRRaedByo (814 fB e (FRLGPTHIT PRETATIGE ST iR and
r esd soiph + 6! ¥ellrachehbdlive d@id hgnhgtiai dgBsIin( ¥ Bplvent to
mass) of the_obtained green filmis preferably not

nor&l ¥han BOIYBRiAEs&Cthree Lt 2P Rr ABPYeABR IS e Y&

0% ¥ FRsg, tBVEE WRIS 3% )Pr ef ernakl Y (BPt appn§ itnarhEb%
by mass. Wien the ampunt of 19 9 the residual solvent

i s rpkvemidehanigosrl teys te e SRBREFtNG Er Farimp the
be@ﬁﬁ&yaﬂr%Le%é%sfdd%wla@%pwﬁﬁvehagsl oW i g

anmount of the residual solvent is not
parspewl i tgllvnirgdnd wundeprefer apngiffdberseds @ifdieye the

25@%@%H@S§f gﬁge grﬁkﬁbﬁb'oIW%n£e§éng§Qe3Q%>Qhe total

to prevent reakage during the imdation
15ewﬁ3stfSEEpdrThegamQMQSTﬁO%rhwresﬁéuaKOSauV@nﬁ ¢gntyimide

be neasured ted) e r trd;
TSR L S0 gef L B g Sr el et gr aph CERET dig™
ttnﬂﬂékeinaﬁté60¢ﬁlﬁaamﬂﬁamreﬁegreéntblhﬁ\stEP (b}), then,

Sol (1] NS SnEF Bk Thie oot TEHE Pberaiar s en
r el admyerieutBeckotalo 15aaScofed Rl 1ow J.mJ.datJ.on reaction
20 (hereinafter to be referred to as step {(c)).

[0038]

In the above-mentioned steps {a)-(c), the film
{including the green film) may be subjected to a
stretching treatment where necessary, the area

25 magnification ratio is preferably not more than 9, more
preferably not more than 5, still more preferably not
more than 2, and a non-stretch film free of a stretching
treatment is further preferable. The non-stretch film
here means a film obtained without drawing that

30 intentionally applies a mechanical outer force such as
tenter stretching, roll stretch, inflation stretch and
the like. Too high an area magnification ratio is not
preferable because the surface planar orientation degree
of the polyimide film becomes too high, which makes it

35 difficult to control the differemnce in the surface
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filmis within a given range, as the drying conditions
15 when, for exanple, N, N-dinethylacetamde or N

nmet hyl pyrrolidone is used as a solvent, the drying
tenperature is preferably 70-130"'C, nore preferably
75- 125'C, further preferably 80-120'C. Wen the
drying tenperature is higher than 130*C, the

nmol ul ar wei gh Q decyreases e Llemtends . pack
o b FFa IR R LglGHEEARE (L0 BREEkh Wi e bac
pr asiicthenfilhetol Madadt iwdrthpiar td ygpveseedsgend ange the film

desired physic roperties_cannol be_obtai,ned,easi
dur*%gsTgﬁgpFﬁggﬁt%8nQ§Pe§£%WH%% ?%ecﬁgﬁﬁgréFu%g% s Y

| oweri & haat 70ACaudb tbha dradigetédeméandget g.henlcangess than
the nol ecul ar weight easily decreases and the

Harnt9%g property may be degraded due to insufficient
dryjg@soyhile the drying time varies depending on the

drying tenperature, it is referably 10-90 mn, ppre
preferabFF%H??Hﬂ?ﬁ?ﬂOW%%ﬁtgedtHé &Pﬁnﬁf%ﬁ%ﬂ?#@ fPIR of the

|Ogﬂﬁéséﬂﬁniggeﬂkﬂonth%é@@ﬁﬂé&@@r ¥8i gbt sdppngaseFerred to
and the filmtends to be brittle. When it is shorter

t havs Toh @i RrogRe thandmieid ast oper 5 nRyepeN tdédgaddd on) 1s
AUe 1,01 4 DSUET i 6 BRE 2dnYiiRg DT £OVEEwihgr the

i nmprovenent of the drying efficiency or for the 35
suppt®s8] on of the devel opnent of bubbl es during

dr yd the tenperature may be stepw sely raised
\Mt%#%?tﬁép range of 70-1300C to dry the film As a

dryer toTachissmleverstuchsednfipri prdyme rderiventd e t ¢ diamines

known, dryer can he I , . ho W c[ol 8 .
o A Ehaf Rl P8 B Y IR B LRSS ko ive
megtd hgarandet heili ke cat permentlankd. linithkd essdogfg as it
hot air_ dryi to achi eye not_nore hap a,.qgiv .

| evit™ ot % 8???e?8ﬁcggingfhgmgﬂ? e %?aﬁgrtge Starting
onmﬁﬁé&i@nsdegﬁeehbe&wa@aﬁﬂngfpa&wamndetheiﬁackPuéfarred

lo green filmduring drying . thereof to _confer.self- o
A RRHEE S0 BRB L AT AL AT f o ShoSRABPAEEn N e thy1-2
uppefrfacedbaver ntace t9fl hewtippbi dons, prefier abl y

controlled.to not nore than_lqgf, referagly goﬁ_nore
20nghimoey rherrapperat O & @S R-BAN P& edsiTy 15

cory il 41061 H¥e tBAE Medualime 9ot rakl Fogidde hot air
hexamethylphosphoric amide, ethyl cellosolveacetate,
diethyleneglycoldimethylether, sulforane, halogenated
phenols and the like can be mentioned. These sclvents
25 can be used alone or in a mixture. The amount of the
solvent to be used is any as long as it is sufficient to
dissolve monomers to be the starting materials. As a
concrete amount to be used, an amount that affords
generally 5-40% by mass, preferably 10-30% by mass, of
30 the monomers in the solution dissolving the monomers can
be mentioned.
[0041]
The conditions for the polymerization reaction
{hereinafter to be alsc simply referred to as
35 “polymerization reaction”) to obtain polyamide acid may
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tenperatures of the upper face/lower face. [ 00 4 7 1
<Step (c)> The green filmobtained in Step (b) is

i mdated 20 under given conditions to give a
polyimde film As a concrete nethod of imdation, a
conventionally known imdation reaction can be
appropriately enployed. For exanple, a nethod

conpri sing, where _necessary, conducting a str

t r 2€ NERBYABEAGNA 1dd) RRAHE RS B SERdoRoP g sy edﬁ‘a"éple |

ri ngn &l @§kB9c6atanSu AN #r r tehysdhay bRgmagamly iaNthn organic
then applying a heat treatnent to aIIOM/pBo%ress of
Cl

an soldebtoritbaot eonefipaxatuper nanger phg OcBIshr or 10 min -

met Hedy r andgde £ eHEE@Es%'rgrg HHS WL R POgla + EOAPESIcRG on may
adding a ring closing catalyst and a 30 dehydrati ng

agene dbvadpdlyamedsuae dasolke i appland cal thR femRerature
'”H%Qt'BQ Eﬁgggﬁg%gt%rb%l éégngUtI%ytﬁbg cQQE'OQhQﬁe the

t he abové-nentioned ring c 05|ng catal yst and the
dehyddati ag agdnmlmmwdﬁahn#hlmmedmerhepﬁegéﬁtpartlcularly

| VEMAOE8anaUa0RLANG & NGl 1 00100, T AR E ac1q

partteulg JAiSH PeactiOm conditrons can adj just
truhmm@ﬂaideslebtausmiunxﬁﬁ|@femrom&tuhedobmwnﬁﬁi1S
' art| Iar val u

film as ey, f | :
et Eehe=SP R dENE | Py Eaf b Bt cE by Lpf B PRgvamide
thea@i@eaolﬁthﬁhpeﬁuminﬁd Hyomméhpoigppmuuataon reaction is
anneal in fore i mdation treatnent

bel%ﬁﬁfegfﬁg%f é??é’nﬁyaﬂﬁﬁaﬂ‘%’ée ?’H%Q?Jatauor%e by

in hies, tBﬁB”&herwﬁgdﬂdﬁﬁyEbfﬁih@daf&réﬁ@n&&@@@d solution

preferably 200- 480' C. When the heating naximy 00 P
t enpereraferrslvowdr 209 % v %hé“?%%g@regﬁFPP&Ne&too 10 ar

%Iﬂ% ngsﬁégsh§eg'gw‘3“§ré§k BLHi Vi saBfeeen (A5°cy in view
i gher than this range, deterioration proceeds and

th@flfﬁ?éé@gl 9tl§§’éd1+é§’ brittle. As a nore preferable

enbpglp pEpt, a two-step heat treatnment conprising a

treatment at 150-250"C for 3 15 20 mn, followed by a
treatnenﬂaﬂuQﬂxﬂ%Imﬁﬁﬂﬂgrdgrz@%nﬁ?e(ﬁﬂﬂiﬁ?ﬁ%ﬁ?FbﬂEdreaCtlon

[Ooﬁgleffectlve to produce a good-guality organic solvent

20 solution of polyamide acid. In addition, polymerization
may be controlled by adding a small amount of a terminal
sequestering agent to aromatic diamines before the
polymerization reaction. As the terminal sequestering
agent, a compound having a carbon -carbon double bond

25 such as maleic anhydride and.-the like can be mentioned.
The amount of maleic anhydride to be used is preferably
0.001-1.0 mbl per 1 mol of the aromatic diamines.
[0D43]
<Step (b}>

30 The support to be coated with a polyamide acid
solution only needs to have smoothness and rigidity of
the level sufficient to form a polyamide acid solution
into a film-like product and, for example, a drum or
belt-like rotation member having a surface made of a

35 metal, plastic, glass, porcelain and the like, and the
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According to the chemcal ring closure nethod, a

pol yam de acid solution is applied to a support, and
an 20 imdation reaction is partly progressed to form
a self- supporting film which is followed by heating
to conplete the imdation. In this case, the

condi tions to partly progress the imdation reaction

i s ﬂ}lleeaéa %artngﬁg oﬂ%dpr eﬁeﬁ%m}%dlqptlzppzﬁléoé soggmer film

mn, andt SConltlonstocon‘petetelm dati on
rea*tatvmglsdaqheae rigdstirrontanst piel esmbbyhnees40F @lso a

for R % Ny Pglo L.Thegt ETl@%fg(ﬁyk“{ﬁgn ?Lfggg of the

05|ng ca a BEs t d so
issunp¢mmtisubaéfyraﬂlwlmimatakuuhmtenayeﬁerably stainless

B U s e kbl ahd Sl 208y L Z8LE8R: 68 A L cance.
cImmduwa&émgsbflﬁﬁbudep@dnﬁuﬁap béesﬁb@eytaﬂlme metal
as. trinpthylamne, trieth he i

otrDCytd | EL LBy CF ar B ianm e AL BT st Rof thg2ce of the

PYrduPpert Fndy CBE I Reranad-lh&d ide.pLIr2RihhEsaished as
| east one kind of am ne selected from. heteroc C|IC

t eI EHIPARY ne A PPFEARIAB) 8BS 1T YHED FaRinke ofPPALST T 2

161 NG OISt NGy cekatyal E@ohe aU%QﬂLﬂﬁef@f wpaht acuharl,y
limted, it 1s preferably 0.5-8 per 1 5 nol of
poﬁﬁﬂﬁ%ﬁ#%%l@r0T0651FX$HQQQWnrﬁﬁ%ﬂeT%eC%EHFPgonr&F%fse

de@%ﬁ%ﬁﬂ@? éﬂgnéanQna PRyAT e i &o SOk HEl, 0R 1hS -RRlr
particul ar limted, and it may be added in advance
beﬁ@ﬁ?%ﬁgcﬁﬁ@lyhﬁrizhﬁlonBﬁéaéﬁﬁoﬁWQFQﬂn%u?anentlonally

po'%ﬂrﬁ%éﬂ&o EB&EE%t@%%”m&%leciﬂ%QeH¥QBat' ng

agent 1 ncl ude tic carbonic acid anhydrides such
Iasannﬂqurlémmymrlde propi oni c acid anhydri de,

but ﬁCId anhydri de and the |like, aromatic

carbonlc acid 15 anhydri des such as benzoic acid
anhydrldasaadHMmpdnﬂqxo maplade thbeath34M§n$10ned: metal

A L s RERE b ol | o INE AR ROl 1o be

tweﬁhreo apl’e. € anount
thepﬁﬂnﬁﬂéula@ agenprbdube ivsechdshatbtof pahéi balawky
lln]t%ioﬁed PO §f$§&2b%¥1% %64ﬂgﬂu éﬁ gbr the production
of a base substrate for a printed wiring assembly, a
metal plate to be a metal layer of the aforementioned
base substrate is used as a support and coated with a
polyamide acid solution. In this case, the application
25 means of the polyamide acid solution is not particularly
limited, and known application means such as comma
coater, knife coater, roll coater, reverse coater, die
cocater, gravure coater, wire-bar and the like can be
mentioned,
30 [O045]

In Step (b), the amount of the residual solvent
relative to the total mass (% by mass) of the obtained
green film is preferably not more than 50% by mass, more
preferably not more than 40% by mass, even more

35 preferably not more than 35% by mass. When the amount of
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20 nol of polyam de acid. When a dehydrating agent is
~used, a gelation retardant such as acetyl acetone and

the like may be used in conmbination. 0 0 523 Whet her

a thermal ring closure reaction or a 25 chemcal ring

cl osure nethod-- a precursor (green sheet, film of a

polyimde filmfornmed on a support may be peeled off

fr 1t DEGFORE GQMR&RlA d T €hddh 050 9F byafa®ls, the
i i a%f&ﬁen 00553130nglpolyim'defilmofthe _

pr é@e'nil:iirrg/amq:mrhasbacopqegna]rnpﬁepw%lﬂbndegraded. While
coefifd ¢ &Nt of ; Elpnal 0ol3r0-$0. tn@Sr8Baayhed sbvent is
theafj%ﬁﬁ%ﬁfi?%gﬁiég g%%héﬁ?’and a d?elgctric semven
consttarpartid@DatHy bimileds i |im ofs >yeBenablysnot less than
ne red by a cavity res r IO t

P ity lads ¢ e BERSRENEI LAY PaLL PEnR! 308, pi mass,
of 23 pwdeEnevApbnabedadhge highinenpee aimidadfiopotreaction
nmore than_ 5000 ppm reover , the absol d
théﬁﬁ?fe#@ﬁ%@méﬁhgwég ?% §5Fﬁa8§am%ﬁ£gé%#ﬁ%%§a§%oﬂeasure
degresl @f1 H6ed) stiyf ace ((Shefraceyryvofethicf ahelgeds) , gel

that of the other 5 surface (s ce B) js 0:2
(O SHoR | Gh T MR PRRPCOSTT ) Htd oF P | L keThe
1bilogfsi he present invention has a planar
orientation coefficient of O, as nmeasured

. 79-0. 89, \
the 10 Ror &PtdifF Fa @i P n%fﬁ‘&d.‘sﬁ\aréﬁsﬂlr?é’opﬁ% Pim made

or isngratd o cPshiaei 8Bt dOkoihe fdd)minsetess thanafot®ht of
the dielectric loss tangent of the fil m becoges high,f th
whitdte Fent@ealisolwgntt asle triore s BheathFgh mass ob the

fregugpcys Jb@hphagaﬁigéhqu§kﬁﬁﬁ £9ethéCaeplingScanditions
parameter 15 for expressing the higher-order
18t rdetrur ef @F kP kel eluNe dagiesth ¥ id Fagarhdef PPN 1 ¢

nu . sisthedeval Pfsordentat kag, dr9ing
tidygéﬁigé%¥$§g£§§§§ és pafticular ?attice surfacggbf
t heeemipystatutat 1 s ceredhireblyi & 0 %t e ppefebpbay 75—

crystal, part__having a.hi 20.ar derlsj-nes :
ol T |Cesafréloﬁ$gl‘?‘i 1}?‘??15‘*%%%1% o8 ‘120 Ei'gh@?géa}tgg drying
t heyeagfe feanse ai s nali e rdithfser crft®f ettbeemelecular weight

20 decreases and the green film tends to be brittle. In
addition, during the green film production, the
imidation partly proceeds and the desired physical
properties cannot be obtained easily during the
imidation step. When the temperature is lower than 70°C,

25 the drying time tends to be long, the molecular weight
easily decreases and the handling property may be
degraded due to insufficient drying. While the drying
time varies depending on the drying temperature, it is
preferably 10-90 min, more preferably 15-80 min. When

30 the drying time is longer than 90 min, the molecular
weight decreases and the film tends to be brittle. When
it is shorter than 10 min, the handling property may be
degraded due to insufficient drying. Moreover, for the
improvement of the drying efficiency or for the

35 suppression of the development of bubbles during drying,
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the orientation of the aforenentioned particul ar

|attice surface and the orientation of the film

surface. In the polyimde filmof the present

invention, "a particular 25 lattice surface" nmeans a

| attice surface show ng a diffraction peak near

20=21.8. The concrete neasurenent operation of the

pl anRe @engRiralture aoef fh&ei 80bpRliskhy HdildBd swithin the
descri bed in_Exanples. [0055] 30 |In general, as a )
neahdRr8f €Ent’O51U3ING tee dvaridte Hi18nt af% od dryer to achieve
coefhibfi ebhdafcildhd fid neopdi Wet BBAY 19f kAP Bfd¥ €can be
rise profile during green filmformng, stretching )
dur PRPiPHedat PeRl &vd thir | i ket chhtbegementiaghenf zaged, high

tshefaégﬁeh@ntiin%%dcirma%éffnepahhc ablee 13%d &dihee

filmof the present invention. For exanple, to 24 nake
t hempraaaredri entati on coefficient of the polyinide

filmhighgl, @ neans g Leduciing 'r?c%ou j
be applied to the green ?i I'm lanc?flg'elms\ ’nsQ{’)f‘Qéhtjg@g Rt more
st rekeni aggivea flie!vmli f e dohgeredcralindithectswrface planar
theot12RRURER MO O PRLNFLIRL A0Q Wil Blok of a
and transverse directions duri ng an 1 nidation

Jeagteen tadmbdurrnm idoneidhy Comeeesél yp konfewersdinfe-

pl a Lentation_.coefficient of th olyimde fil

D SR8 e b aae . R tRE S o TREBE ohs pe e tHedh tne
appipeert 6athé lgreen flaidenciinth® beppenti asegpreferably

Dependi n% on the heating conditions duri ng i m dation .
of THREEPBLYRAI 48 PRé&cHCEs Yt yhkiGe REFH§ 2P enot more

pr eae@ﬁf e sw.enlgmﬁs] Mbbtélﬁﬁhgﬁ%_ Fﬂefﬁgﬁﬁﬁe Qi]gairsen%?ltégaily
coefficie e ohtained film referabl e _
Troare STELLeR: PoI PG Yt ord SHE P bURGOEPE GO i
of ddepdbatitar blFe theatipie £ongtd j DosedUEkRE .

i mdation can be nentioned. For exanple, the

f ol ﬁ%%?]b heating conditions for imdation reaction
arecprsf e(apbe: nethod of imdation: two-step heat

treatnment by thermal_ ring closure nethod, 20 first.
step heal™s erafentt in celp hehbedt 125G25000) fb¥ imigated

29 rbnc&?ﬁ?ﬁvéﬁ epohaat ibneatt®eYivd reat ePindbe film.
400- 600' for 0.1-15 mn,

As a concrete method of imidation, a conventionally
known imidation reaction can be appropriately employed.
For example, a method comprising, where necessary,
conducting a stretch treatment using a polyamide acid

25 solution free of a ring closing catalyst and a
dehydrating agent, and then applying a heat treatment to
allow progress of an imidation reaction (i.e., thermal
ring closure method} and a chemical ring closure method
comprising adding a ring closing catalyst and a

30 dehydrating agent to a polyamide acid solution, and
allowing an imidation reaction to be carried out by the
action of the above-menticned ring cleosing catalyst and
the dehydrating agent can be mentioned.

The present inventors have obtained a new finding

35 that particular imidation reaction conditions can adjust
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tenperature rise conditions fromthe conpletion of 25

the first step heat treatnent to the start of the

second step heat treatnent: 2-7'C/sec. [ 0 0 56 1

<Fil mdensity> The filmof the present invention

preferably has a 30 density of 1.47-1.55 g/cm 3, as

neasured by the density gradient colum nethod. Wen

t he thie pidanst tyrisnt&6sont BaRtkidhede i €h€CbhkEined film
constant of the film becones high, whichis

uns Pt foIPE TSR af 2 HU R gt ST Me&ddetsy .2 Aeohépdiag that the

MEagUNeTRIdn NS abd PNbef cbherbithBensi dubjSc8Png the green
described in the Exanples. 25 0 0 5 7 1 As a neans to
confidf Pfe9d RifenkTey, thresuppsirdudio aamnmel brgt hefore

SOl YRRGaitl dihe L6 A4 | (hERY1BRed M RASEd,
stretching may be applied during imdation, 5 and the

| i ké9048d t he above-nentioned neans are applicable to

the fi|r&Q£m£E§r9rﬁ§§%Ei \Hggiﬁﬁh gQ%PFgé%HEEeint%he

i ncrease the density of the polyimde m ~a mean
of kbeumiadg timey anmirefmbéehddt dsba cdpEdEd ,t @rdfferably 200~

£ d f stretchi the filmin,l
The ' F8rgi ¢ Ui v CF rBERFORY (A (FMSVEPRET AFREE ign Tower

or thenh thiee ragyygi t udihid chendtt rdngy else uhier eid idhBficult to
durgggieg’g i m_dati.on reaction, csgrb ment.i.oned.
y

and when o htaﬁle tﬁl&@irfﬁrb%E,

Conversely,” to~ l'ower et dehi?
fildeptarmeantioh pmoreass ngndhehanzunin efadidat Bochtes

applie 0 the green_ 15 film can be nenti oned.

Vor BbU5F L8 hekBr BLBRFS RIS DT ooRbOBE ARG & FR-step
findeay thabrarnealddipofs Bng PL! ¥rEhERPHEGW S0 0-250°C for 3-
(pol yanmi de acid) before the 'imdation treatnent )
Enab? eBiBontpPdiloged Ry denstegtBenthatoBB P i fpr 3-20 min
As @aprpbkemableomans to control the 20 filmdensity,

annfl%i ng before an imdation treatnent can be
ment ¥ Ofd For exanple, the follow ng conditions for

anneal | Ny ef i £nd M gat hancheasdaan A EAl dEOLy B Cnethod, a
preferabl e: method of annealing before 1mdation:
oneR3t¥Pigs apddasiody timtiempplied to a support, and an

20 imidation reaction is partly progressed to form a self-
supporting film, which is followed by heating to
complete the imidation. In this case, the conditions to
partly progress the imidation reaction is a heat
treatment at preferably 100-200°C for 3-20 min, and the

25 conditions to complete the imidation reaction is a heat
treatment at preferably 200-400°C for 3-20 min.

[0050]
The timing of addition of the ring closing catalyst
to the pelyamide acid solution is not particularly

30 limited, and it may be previously added priecr to the
polymerization reaction to give polyamide acid. Specific
examples of the ring closing catalyst include aliphatic
tertiary amine such as trimethylamine, triethylamine and
the like, heterocyclic tertiary amine such as

35 isoquincline, pyridine, P-picoline and the like. Of
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annealing treatnment: treatnment at 120-150'C for 1- 10
mn, tenperature rise conditions: 0.5-3'Csec. 005
8 1 30 <Dielectric property of filne The filmof the
present invention as nentioned above shows a snall

di el ectric constant at high frequency and is suitable
for use at high frequency. The dielectric constant of

the filmis defined relative to 35 th |
ent@TRy (e FHRRESOPPaRdT AR DS FFShE 8% fEom

as pRile 1 o] & COBLLEhY yatamiingh Y estiefeyabaesnaiheile the
dielectric constant of the filmis freferab

snaEmemt | ghekhe | Fipdof lokd " AR 1Yt cBﬂs#ﬁnPseg is not

pr%gyfﬂﬁﬁﬁafifnliﬂﬁtégpegk afs H9hrd F&HUPNOY5-8 mol per 1
characteristics. However, when a dielectric constant

6f meche qﬁ)lmlﬂ@éldﬁl PRids not nore than a gi ven range,

ot hgypphysical properties, particularly nechanical
property, are strikingly degraded, which is

practicalhy giprieferablehe ﬁ'&élFP-Pm off thalgiiedepting agent

' ”V%ma %%@Lf@graelaog%tﬁ%cw 19 R06053-09cal 230

by a cavity resonance perturbation
netlhmdltdd, i sn@r et emall pe2 28Blerl 90 advencpr bRECA P

2.70-2.80.. The. di el Li.c_caqnst fnhld@ gf stahe
18 RS TR OR 5?2 Nesra ?Crsg) poﬁzg er abﬁt'Ji’]E:"r(il 0
as gmasifed dyampltavi bf momﬂétpsm ngattl GﬁlClude

t hod ferably |
2. BOBRR L SR EPBrbe AL T G AT PePna™t Fm e

t heinprdsedd , | preph band catacli@d ey dsige ef bnaliry osmedild
MRLE

not _nore than 8 Oé ii.%ﬁeferabl e, . hot e th%% %003

i s DO prafer kBfe 18R r‘?’d‘"t"%‘?lectﬁaﬁ BIG61 %

1gurafmﬁider£ esabheas\Wbiehe dile aicomrahnﬁutldfe talmei the like,
ielectric loss tangent is not parti

o T, 1 TFom (Wb Shpaer SOPtAY mulHAYs orbepgpic acid
eXQMHﬁﬁrfHQOQﬂdCQanQﬂmﬁg|ﬁH&¥bofnaibepﬁé€&eﬁble While
invention, the dielectric 25 constant and diel ectyi,c

| ossha st 0Pt KB ef AERYAR® CHRAIIRAt by CaPEali® R 15 POt
resanancs: PeFi Yr bahii @@ anetihod s SPdgsebplyeasu-amaidl per 1

operation is described in the

20 mol of polyamide acid. When a dehydrating agent is used,
a gelation retardant such as acetylacetone and the like
may be used in combination.
(00521}

Whether a thermal ring closure reaction or a

25 chemical ring closure method; a precursor (green sheet,
film) of a polyimide film formed on a support may be
peeled dff from the support before complete imidation or

after imidatiomn.
[0053]
30 The polyimide film of the present invention has a
planar orientation coefficient of the film of 0.79-0.89,
as measured by the X-ray diffraction method, and a
dielectric constant at 100 GHz of the film of 2.7-3.1,
as measured by a cavity resonance perturbation method.
35 In addition, it is a polyimide film showing an amount of
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35

Exanples. [ 0 0 59 1 30 The present inventors have
newly found that the dielectric property of the film
can be controlled by controlling the density and

pl anar orientation coefficient of the polyimde film
As other nmeans capable of controlling the dielectric
of the film a 35 nethod of controlling the ratio of a

CoAOLiNgvEpBREREA] a2/ A% N YeshPerachdel Bt Bt iddPe than
\é\%&&out imdation (hereinafter to be also referred to
¢ 2bPB- ofMotPRERE elNBoPPEA G CTaLYe caf bbe difference

B & S8 dthEOLu r €% 280 Al | S1E £R5EE BR Gieglr QL one
constant of the 5 polyimde film a neans o
iISHTRCE n§SEREaFat R Of thw cbicdedepdl phatdefadihe cerher

k&, et d opg,girfg;ggvggsg!sy,o_fzt o lower the dielectric

constant of the polyimde film a neans of reducing
t@ 3%k i o of unreacted pol yamide acid can be

a0t ASn 8 PEANS b2 (GAUIAl 3,4 O liglectric | oss

tangent of the m a neans o contTo Tlng the ratio

of a c8hpodidm efaitlicvgprssept| yavkdeian tdn £ heldnam

wi.tihout_ Jdm dat, i cLbereinafter, tq be also referred to

as J"rgal%f%? é%%ffelaé ed pgl%ytél]rﬁ—'r ecba‘c gcl")a%rme"“sm‘"eg by the

Eomayoldiffyadieidn | methodensWhgncaheb@ InRid 1t ¥elentQtion
ent. of the

.e,. to lower the. dielectric loss tan

g:)él%r'i@rﬁd e O‘]’ IOr#B%h?Tegﬁém of 3@31"%3%13% cl‘n—égr atP® of
diedactted cpdlosdri ten@ent 6F theCraas Neddiefi hdyh, which
den§it can be nentioneg. [00601 20 <Hum dity
HERSHECy SR LA ARLT | £OToHSERT> 2THE ol A SRUREY Y m

of theripe epahairNyeAen®d tiWef ESSPFYc$8AWS i8 haaGameter
65/ Ep within the range of 1.00 1.10, of the

PEI EEPFES SV tHift Tebohaf—ep8etHs tguatire of the

holedully- ediditQnethd | 02 URdeR .t N CANRERNLa11y expresses
temperature 25 and hum dity conditions of 20C, "65% RH

FoF 88VAd, ofs ord@nrat By- ateathey fidgoramf@ce, of a
PEELUERALL0A RLRQD, 51§ ,0F 2 dd1€L £ BLECLELG +SANSLAN; SO 8Lhich
100 GHz of the filmvacuum

1s a constituent unit of a crystal part having a high
orderliness of the molecules constitutiné the film. A
higher value thereof means a smaller difference between
the orientation of the aforementioned particular lattice
surface and the orientation of the film surface. In the
polyimide film of the present invention, “a particular
lattice surface” means a lattice surface showing a
diffraction peak near 20=21.8°. The concrete measurement
operation of the planar orientation coefficient of the
film is described ‘in Examples.

[0055]

In general, as a means for controlling the planar
orientation coefficient of the film, adjustment of
temperature rise profile during green film forming,
stretching during imidation and the like can be
menticned, and the above-mentioned means are applicable
to the film of the present invention. For example, to
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dried under the conditions of 120C, 24 hr, as neasured
by a cavity resonance perturbation nethod. Wth this
30 range, a substrate for an electronic circuit
substrate wth | ow hum dity dependency and high
reliability can be obtained. As a neans to achi eve
this range, for exanple, a nethod of reduci ng t he

ano 0 ter..evap ' ..
R
[ 006illm hAmiw:t o medes eﬁapedatcedlgartna gmount of heat to

terrgerature> e| n mai nt ai neg #nder an i nert asc

at moSpREFS 34 TP ALY 3RS TR dOyI%tretchlng

andthbelflh.aatled 1a-te Boﬁ@ﬁﬁ:ﬁmnalo dﬁe@cﬁm potlyé ntdensverse
film,of the res inventi fera sh t he

e e o ndtatt  EhspoPaBad sGRAT, b Frapsrerse
50?@1&Q§t%%ﬁﬁﬂ%fﬁhngﬁﬁﬁlD?Sdaﬁh&hﬁ;@ﬂdﬁﬂdﬁidﬂmth@

po Imae 11 ] mperore relrlrmnar rylt ng In the

P ebam emiad 11 Comvsredly notd| Rar e, FhgoplPRar bg tptation
abbegeiratied <3 dﬁ&w&iylﬁﬁdmtfaunevapwﬁm &t Bncreasing
hi gh terrperature) of not nore than 10000 ppm It is

ERpr éfferar windiedore° t hanarodd e tﬁ’fﬁegreen film can

PJef:%fﬂn@rbtlQﬁiedmf S el 4P b PP e aRdaRa0Y €dndliltions during
preferably not nore than 2500 ppm 15 Wen the anmpunt

of watéptdpaparfattér ROy Hryfe PEfFErsQl ol ¥gebderacid),
tha@héogggsgﬂg tJV%ﬁWﬁ%é'@QnogonEQ%lp@H@'Efkhiflé&lentatlon

due to devel opnent of void and the |iKke becones
t000he§ﬁlqMﬂnﬂwqﬁnﬂh%/Qk@@i@ﬁ@ &ilmont A6t af pitefegable means

CaU§Sdc%t<}%'1af@é{gatﬂﬂh mh@amﬁml | Qe £ AUt OF the

wat er evaporated at a tenperature i's nore
prefalabl ghei mecaﬂmgjexcatqlnhmofs dagiimgssmgfdation can be

proﬂgﬁkﬁgﬂedpos%OQn%#%ﬁ%ﬂII“%hétfgfi¥w1ﬂseﬂ§8EQ#§aégndltlons

a |level ree ‘of sib i nconveni ence
contret emlicadridn mdadtioryeoire spnettelredd ef:han 10 25

ppm Aconcret asur ement op ration of "the
of water™%VA %r eﬁméﬁng enperd?ureag +208¥Rk Nt by

desthibrdli tntnl‘ge dc'bbaam}eeSnetlﬁ@ﬂGZ] To obtain a
Bplyln1de Iéégwgﬁég gegga%Legmﬁggt(ﬁtreatment at 150-250°C
for 1-10 min, |
second step heat treatment: treatment at 400-600°C
for 0.1-15 min,
temperature rise conditions from the completion of
25 the first step heat treatment to the start of the second
step heat treatment: 2-7°C/sec.
[0056]
<Film density>
The film of the present invention preferably has a
30 density of 1.47-1.55 g/cm®, as measured by the density
gradient column method. When the film density is less
than 1.47, the dielectric constant of the film becomes
high, which is unsuitable for use at a high frequency. A
concrete measurement operation of the film density is
35 described in the Examples.
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30 water evaporated at a high tenperature, in both the
thermal ring closure nethod and the chemcal ring

cl osure nmethod, a heat treatnment with a tenperature

profile by dwelling in a tenperature range of not |ess

than 400C for not less than 5 mn is necessary, and

the 35 tenperature profile is preferably by dwelling

in ajg@9yjenperature range of 400C 430C for not |ess

than 20 mn, nore preferably dwelling in a

t enper at ufe raagans t4300480€1lf dhendililesdensihy 10the

m n, ably ..dwel ljng in.a nper.at ur e. . .
rangléé%a‘g%%- E%ggg%o?’fno & eésééi%grtljﬁaﬁn;crgnengr i Thadt may be
treatmerneaséda greemchiing wiash bsugbpl tepdedatring imidation,
pr.ofjil e, e,tplLdation. reaction can be carried out to
aghia{elj\l/cg %%gaﬁ%g]ﬁf &t %vv&:theer RAporat et apcdamfegR are

t enpr@l Lezb bé not ther € itlharc A heepreasge. iWiehe idrhe rFor

upper_limts of the tenperature and ti of the 10 . )
ten'peexraar?‘gl]lree’p Bt i PETEFE S epeffefri‘%ﬂ%rgg FBgt prdydgide film,
to awsdhgespnpeduting ahd knduni of hReheMper akUb®plied to
i's q_.q_} nor e tga? 600C,. preferably not nore than 550C )
and,“ 1% 9%oTRi B8t i A% Mt RucP breFeEpingnéhei ddlm in

18 ndie MURgithain8? AiRedRiQfer aly PP4nBVELsENAR4ACtion, or
mn, further is preferably not nore than 30 m n.

[ 008t et i %%n@é‘@\‘@éﬂa%énﬁolﬁﬁ%ﬁ%‘éeﬁ? nibfegRéons during

presentiMiefts@NriSc@londkW Yd aledii sn8ade @cﬁnversely, to
pol yi m de obtained by 20 pol ycondensation of aromatic
di arhiofEF drite fonaite ofethac dHonimidei £ibnhydrngass of

and ipiefialy s §moﬁHE|BQ9H$%¥*¥%(gerﬁﬁpf?58 thagpe green

5% It is possible to have unprecedented 'superi or
thedfdim gy fratheomtignadi | i ¥greavesnc idiee prEERNenEMYentors

opekat 0 4 | ik ' '
desc?ygqabt?{}altr%%d éxéaﬁ%{'egggd?ggg%%a%%%éréeg%}éai %ft fie
sur Pade ipliglmarrdentatri énodggrdale Batiwberbeofersuthace

andi&ﬁ%iﬁﬂgﬂ E%gégﬁegtl%ngggFgougﬂgégifi#{%ﬁg é%ﬁgity of
present 1 nventi on, e o al erence I n e Ssur C
pl athe obteritratd ofi degr s dep wefarahe esmefaace anctditerol the
gghﬁﬁlﬁuﬁgﬁgigfiFgé%é%f?h& before an imidation treatment
can be mentioned. For example, the following conditions
for annealing before imidation reaction treatment are
preferable:
method of annealing before imidation: one-step
25 annealing treatment,

annealing treatment: treatment at 120-150°C for 1-
10 min, -
temperature rise conditions: 0.5-3°C/sec.
[0058]
3¢ <Dielectric property of film>
The film of the present invention as mentioned
above shows a small dielectric constant at high
frequency and is suitable for use at high frequency. The
dielectric constant of the film is defined relative to
35 the signals entering the film surface direction. From
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0-2, nore preferably 0-1.5, further preferably O-1.
When the difference in the surface planar orientation
degree between the front and the back of the 35
polyimde filmis too large, the difference in the 30
stress present in the film between the front and the
back becones | arge, which is considered to devel op

Cu”ﬂﬂgyégﬁgb@e@f'QgPEESQLQ§QEJM§¥tﬂ%%ﬁ}#g?%hgngpﬁ a smaller

present invention y controlling the nce
t he 98 s dtagiec pramatanti efit ghieorf ideyriee poefiorabhbee A smaller
thaq ey e, 1.he e ation stabilit SUItab '

f or g(ﬁﬁrgghl@téggk § 8%%% SFAB At Hhe T T kES cferable
eV|d€n0e¢ﬂg/&3m30tu¢f|hgguegmequﬁhdyurnn&ycﬁtﬂeSEubm

0 re than 59 e.achi eved. A concrete
n%agﬁygﬁgnt GQH?htuo %?ef ﬁﬁecﬁnﬁngghd%P ¢ pgolyimide
sur ffade plsanarc Oﬁoﬂ]tﬂﬁaﬁnadggﬁréﬁh rlmig/&aerbﬂn@rsplﬁfza@eal

and_the other surface is describ in the Exanpl e
o EBRedn, e Tt e f L¥ omBRBRa ol | RARBRT . are

degsee ikdnyRen ddfr£déd AcRh 208 ke pitahefi cSUI agfpiéferable.
rep%ﬁsegtg g¥ the absol ute val ue of 15 difference,
e H P IR REas BV EREAC T ke C i § aeenstant is

pd apaeooni. @t afd apgletLe §9rmbAguliicentand Jﬁl%}’afgsonance
of the polyimde filmof the present invention

51 PeFRurhe tdeny matdewdi | htofis nerpfesahiyi Avéfi2o$,0, more

t heprd@eslbfigce @lﬂaJ'EarS(Pr' Hatd L0 degLee Bbnkh@nt of the
surface having a higher surface planar orientation

degEiémj efpitbpepasisenhotnyereiehantll, Gigrds preferably
prefe?@thIBOta@DH%Jgﬁﬁ&gib lQ CEOQF o@ﬂs@ﬂ%ﬁééln10f

the present inventio en Yhe “3ur I"anar
Hﬁl@ﬁ?ﬁFFéﬁté@@r@@tﬂbqluaLﬂuﬁ&u&l¢@wrﬂ91252a7ﬁrgh@m, more

surég&gepgg@g 200gipent aty on degree is higher than 15,
the differente in the surface planar orientation

degree bdihseetiehectrbat land tthedsack of tihe filhnof the
Canﬁp«gsgﬁte%ﬁ'\r ¥xt§%’ ted.l.l)td) lyen ra?%ﬁaga,grdts ha:Ll not

I'm1's suscep £i0r'€ t 6 t her ma degraHaF
heatOB@ theatﬁenﬂ (e. @reﬂuﬁabbss hbanm3Re €hanl M .tOES is

0 SEcLELLBR oSSBT e oM LS S e

of phefsuabaee mwmg ahbi gbefe rsurifndice ®f afé dielectric loss
tangent is not particularly determined, from the aspect
of film production, for example, 0.0001 can be
mentioned. In the present invention, the dielectric

25 constant and diglectric loss.tangent of the film are
measured by a cavity resonance perturbation method.
Concrete measurement operation is described in the
Examples.

[0059]

30 The present inventors have newly found that the
dielectric property of the film can be controlled by
controlling the density and planar orientation
coefficient of the polyimide film. As other means
capable of controlling the dielectric of the film, a

35 method of controlling the ratio of a compound remaining
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orientation degree is not particularly limted, from
the 35 aspect of the planarity of the film it is
preferably 31 not less than 1, nore preferably not

|l ess than 3 and further preferably not [ess than 7.5.
006 61 In step (b), since the direction of
evaporation of 5 the solvent during drying of the

green f|In1to chlev se ortedness is |

00 ERePRTeS e, 4R the ERER, KIIRENY et} AEE
pI amaér@ﬁmerﬂt&t:n C'crb dogr £Es of refbered fraca f* tdeigreen
filmin contact with the ajr_.(hereinafter to be also

r ef BPFEG G a P odaite c1@nlsCr8 b6 BeHiighs t ndiPr

t heeslfnbaeg Rloanalcrid £0tahéonidegcee i Ofcdhiaut f@Eethe
in contact with the support (hereinafter tq be also

ref BPHEAMEGead i f o dEgns 96 OBFERASEPHARA mafeio of

filagnhshawkla Hha ylinffeL eNCeai BahNBeSHEh3G@ndd ANdonversely,
orientation degree between the front and the back 15

of FRelPiEm ShenstiadmetThanconstenis °|frr[§6'ret aflypnide film,
obt gi Re@ngr 8N ddduB E‘th;fv\h[‘& £a 808! b A0k igbiPemide

surface planar orien i on degree betmeen the front
andaciflecbacke Pomtifinednd Af or resampl €9 aoslppdria is

£02428) SWhLD 2 RN AR ARAET e SPhUL EQn A0 ddlfhs of
condi fions o dry| to give a selt-supporting
gre@ﬁntrbwﬂnsg ¢duet e dded, OﬂMQrepraugdee@maﬂnmng as

show mal_l. . di.fferenc n if I r
ori n?g?lﬁééedggrlee l"bqihv\e/eeﬁljtrﬁ ?%%# %gtdt%t Oglck can
be ¢Oh¢aehedf t8uchodibfef al&rrn:eréﬁerhedsmbf ace “plagmniar of

orlentatl 25 .degr.ege between the fr urfa angd.

the'd Pfggéygglcﬁ%e Gt % TIPS }2 8ﬁé%ﬁfléﬁlm
ﬂnﬁdﬁﬁhﬂﬁylcin ﬁarmeqﬂxﬁmﬁmmlwﬁrnexﬁmﬁléhaﬂollswer the
fur eferably not nore n

i (4EFLREEELR R banaal ol o athe obp B A6n Tidghed means
betyeedle theakiagt ther fracs AnsE tiwrd8ckaak psuivhaceieofacid or
the, green filmexceeds 1.7, the difference.in the

sur¥ %EeﬁFéﬂartBPl5m&%|4ﬁP§ﬁﬁﬁ €' pREWBER TR Fr-ont

surf@@@opnd t he back surface of the polyimde film
not be controlled to not nore than 2. 006 7 1
235 ‘éif“&bﬁ%mﬂ feRgrERe camUntd it L e fikT ¢ €sFABAL283Pvent

The polyimide film of the present invention
preferably shows a ratio g€ss/8p within the range of 1.00-
1.10, of the dielectric constant g€ at 100 GHz of the
humidity-~conditiconed film under the constant temperature

25 and humidity conditions of 20°C, 65% RH for 94 hr, as
measured by a cavity resonance perturbation method, to
the dielectric constant g at 100 GHz of the film vacuum

dried under the conditions of 120°C, 24 hr, as measured

by a cavity resonance perturbation method. With this

30 range, a substrate for an electronic circuit substrate
with low humidity dependency and high reliability can be
obtained. As a means to achieve this range, for example,
a method of reducing the amount of water evaporated from
the film at a high temperature can be mentioned

35 (mentioned later).
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32 relative to the total mass after drying, during
drying a green filmto achieve self-supportedness, a
green film showing the difference in the surface

pl anar orientation degree between the front surface
and the back surface 5 within a given range can be
obt ai ned. To be specific, the anount of the residua
solvent relative to the total mass after drying is
pref®ebly 25-5096 by nmass, nore preferably 35-50% by

massamdied bhevareuneviipdiifted st duaghsekbrpptraitaire>
| ower than 25% by mass, the surface IOI%ITanar

or| ent at BeH b greln bR 1007 ARESA S e AP 13 FRpSphere at
i%z.at'}vlﬁl%{mg Eopr%'lmrfwsdf%lr%f«'ﬁl’l&u{flehoheated at

obtaln a green W ng a snal ference in the
surieae® plamato oseent sheorodadimddehdiiveercf heherpresent

Sur Enangd tgee?@%bwfsq%slehedgmshee, ?Hﬁ)t%ft Reter

ecreased hol ecul ar "wei ght, the green filmtends to
be etapotheedWening decdddsy 509 Qﬁ?ﬁasfeorth’é seffas

SU%%{fgﬂﬁasagg(}Q”%%ﬂ q:}I Yid 1€ eﬁ]ﬂe Tﬁ@gyiﬁgdgr SR Hefore

m nay becone fticult. e anount of the
r esmdmhimsnhventlryangbe( imeashe epir¢ sahtubpeedf isp tHOR .

etp?e.'ir,]lrlrao aVI gg al y3|$g Mré?ff\l:egeas (“Q:Qfés]amount

|ckness o yi m de mis no
pardf cwhBekyelapbtraded ratccmshnlm atempeoﬁtuse”as of not more

bas te for ebelovv-nentl rinted [
25 PABnEP0 0 Bone’ gbhor 81 FTE A IS B cleabr o han 7000
ShQQdeWmorahprbhbﬁbhﬁgslﬂﬁmIhﬁrea?héy eonﬂrpredamw.d
t he anpunt e acid sol ut ie
oA Eb fh 1y SRRk el 3 b The bP%pr 258, SRR S
1gci d SolWhéﬂ1tﬂeChdb&ﬁh1oBOw$herpewwpnnktédIam a hlgh
obt ai ned b%/ t he above-nenti oned ﬁucti on t hod
¥ 1644 Fhe

wourRPRETRTERE S8 P68 Hedvitritf A FPRur FAEeSBrddane of

orign até aﬂlﬂfeéeelﬁﬁcum@IﬂEHﬁke &&vglypmantubtl abid and
product, ereby a polyimde film having a snaller

curqh?]gl’d’é@r’éécelaﬁsbéo@btlﬁ% wittchypeasthy PEVALCPS @
wourh Wit h ERe1avel 268 SRRV I e Bnhhghesnsur face

pl anar orientation degree facing inside

20 While a smaller “amount of water evaporated at a
high temperature” is more preferable, in consideration
of easiness of production, cost and the like, it only
needs to be at a level free of substantial inconvenience
and the concrete lower limit thereof is not less than 10

25 ppm. A concrete measurement.operation of *the amount of
water evaporated at a high temperature” is described in
the Examples.
[0062]

To obtain a polyimide film with a small amount of

30 water evaporated at a high temperature, in both the
thermal ring closure method and the chemical ring
closure method, a heat treatment with a temperature
profile by dwelling in a temperature range of not less
than 400°C for not less than 5 min is necessary, and the

35 temperature profile is preferably by dwelling in a
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to give a tubular product, its radius of curvature is
preferably within the range of from30 nmto 300 nm
When the radius of curvature exceeds this range, the 5
curling degree of the polyimde filmmy becone
greater. 0 O 7 01 Now, a base substrate for a printed
W ring assenbly conprising the aforenentioned

pol y fil £ | ain 0 sed_herein the
PPasohlB ey Fartd B o e Een ity Traagnen 20
abou’!llplfamalr%@b@tﬁr@t@honqweﬂmgg amn IanSI;dHaIﬁn‘Eg:Lpll‘@tEange of

and Fg Ea Iam ted n at. .| east

o BabEhRDt HRE REE AR ahd 1o ARy PAEEh e paEerably
one ﬁoelamgr dui ta Iﬂﬁnqj’tdﬁdtxiﬂefﬁﬁﬁga b% aislocgdocly far not less
rocgﬁm ng SUCh ag etc

nd t
At ernat'i vel'y i t “¥af El %?Féiea‘i}tw%?tﬁﬁsgdgfspn film with

reIeascngtbm@bramﬂ:@h@ﬂdﬂ@ﬂéwthﬁétlﬂlﬂQEMdﬂﬂﬁﬁadﬂﬁﬁn can be
proceSS| n ther with an insul ati ngfpl ate. As the

use ot**¥ gga SO A ¥or2h PPPRREIC T2 AkSY fyaporated at

asseabhygh, tEMperatedld i dependse TABn @ oSWest Idlfhe. While
f or , a Substrate for CSP and the |ike are

pr ef B AT RPeE; AdBitFe cdhdibifctie?MReFR tBFesARE tdie jafg the

aRgrempé r b barpobyoFide fa!ﬂemrﬁittﬁ@:@i@ﬁ@ﬁ&lw\f%%tﬂﬂrbted to
can be utilized. 25 [00711 The netal to be |am nated

on #VPEAsteFREPSgAtieR off thre %blrymrae fempeiratygre is not
parhﬁ&ﬁ@a{ﬁanbpbtgd ?Q erhgl&r zﬁ?§%1#£§§r550°0 and, in
e he |

al um nu st ai nl ess s
I am‘if?fﬁ%ﬁeﬁéﬁhgnl §fnéﬁlepa7rltqcb{ﬁ3d?13yl1wm tbe t3meadd not more

the ¢ a I d b ed Sndfy, furthe
L T TR LIPS P, oo

ddhégisfke rappangodf npgenithgra 3fetmin] ayer on a

pol yﬂd'géj@] filmby a vacuum coating techni que such as
vapor deposition, 35 sputtering, ion plating and the
| i kesC3fl impathiggpéeborning a netal |ayer on a

glme%:”t :no:j:s];sll p:F ??g'r{’g ee&ea’ltLQ%Fg?%EgdaS&%%?haaﬁ‘iﬁém°“ is an
abqut flat £ilm made of polyimide obtained by
20 polycondensation of aromatic diamines and aromatic
tetracarbonic acid anhydrides, and preferably has a
curling degree of not more than 5%. It is possible to
have unprecedented superior thermal degradation
stability. A concrete measurement operation of the
25 curling degree of a film is described in the Examples.
[0064}
<Difference in the surface planar orientation degree
between one surface and the other surface>
In the polyimide film of the present invention, the
30 difference in the surface planar orientation degree
between one surface and the other surface is preferably
0-2, more preferably 0-1.5, further preferably 0-1.
When the difference in the surface planar
orientation degree between the front and the back of the
35 polyimide film is too large, the difference in the
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These neans can be used alone or in conbination to s

|am nate a netal |ayer on at | east one surface of a
polyimde film 007 2 1 O these, as a nmethod for

| am nating a netal layer, a nmethod conprising formng

an underlaying netal |layer |o by sputtering and

thi ckening by electroplating is a particularly

preferable enbodj ment, In_this,case, as_the

UndSESAA RFRADT 18 EPRgfa Lo ent aFh 8y TEPnEy 2" he

Cr paMy. Mebonlds Porgdy, whecand s tdndikeredntbedaesedop

In addition, a good conductor such 15 as Culagd thf the
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ungerladmy 1Rkeh t Dyn SPEYt 86bnRG o 1Tend hikknessfetehbe in the
under | ayer and conductive |ayer is preferabl :
106usFFS A Planar n%%h?ni:etaeneﬁéalf%ﬁbl%?e’a?tc%"ﬁ than 2,

pr%&%rﬁﬂé%magQ1 PadaBidnVia® itiner§ hé €kDeESeOFoktha carrier
n

net a ayer 1s no particularly limted, when the
netalpe fagr FRC usBABf epdathei ddka. (Fdrevibeenerd Piethe

thE%@Y%ﬁ%;éﬁﬁgg%?ﬁ%gkhEaﬁgﬁyﬂﬁidﬁ‘%fﬂﬁb&f Aol /Ro@@ than

nore pre pm Wién a 25 polyimde film .

adbér,ecan thhe acktevefiayeh ¢engsedeadensuicaierle| gpgeation of
ubstraj.e, - the thickn layeriehsati d

I%r %?‘éer éfnﬁefyf%ﬁ%%%%ofgL%ﬁgV\%%Ftef%?hﬁ%%hnesslgf .?héon égree

Subfeasedro dree asiief #det engolthiericdth ef shefapeals| gpecribed
is. n ticularly limte P i Nge Ra1

of Hottnsh Bagtt ik | S EF 5 RBRE e Y it S e FB1anax

1. Q@ iWhtatiei opréégrabl betaeewr dimyg dwrf4S2 B2Ed0the other

(Definition and Designation qf Surfac u S
baSHT TS T CEFRET STTRE BYeriigs TOlGHRER. aTEESbE
1§ hergimafdrere j nelh Cak edls asbRa)i natl byl Otipei négsavemags of the
roughness (hereinafter indi.cated as 35.Rz) hgi ce &

h
me AT HaGfe Rl 33 br At Lo FaLt 8P iARFORA nhC* 3BREr FER o%nd the

t hg adhest omd opé heimetal fhiayerof @hsushesenal invention.
| ayers, one sinultaneously satisfying the conditions
i s [09&)i cularly preferable. Wiile smaller Ra and Rz

are norgppiabepdihamitdie £ oMM oki he @freRdts {h¥0dion, the
gmand, 5 for exanple, the lower limt of Rz is %é%glhavin
zgmsudif@qeo planar orientation degree of the sur g
a higher surface planar orientation degree is preferably
not more than 15, more preferably not more than 10. In
the polyimide film of the present invention, when the
surface planar orientation degree of the surface having
25 a higher surface planar orientation degree is higher
than 15, the difference in the surface planar
orientation degree between the front and the back of the
film cannot be easily adjusted to a given range, and the
film is susceptible to thermal degradation due to a heat
30 treatment (e.g., not less than 300°C).

In the polyimide film of the present invention,
while the lower limit of the surface planar orientaticn
degree of the surface having a higher surface planar
orientation degree is not particularly limited, from the

35 aspect of the planarity of the film, it is preferably
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t he easi ness of obtaining and processing. [00741 The
nmetal |ayer to be used in the present invention my
have, on its surface, a coating filmof inorganic |lo
materials of a single netal, netal oxide and the |ike.
In addition, the surface of the netal |ayer may be
subjected to a treatment with a coupling agent

(am pegl hane tqﬁxq?(yf" | R0Ee aﬁgeg‘fg?albll e)rfota lsandbll?grté 3 and

treatnent, a honing treat a cordna trea

1.5 éllaéiﬂmlt wegifiearab lummet cheng theat ferft. and t he

Ilke[00§| larly, the surface of the polyimde film

may be subjected to a honing treatnent, a corona

treatnent Im spéasmh)treahmen&meﬂaf&@htﬂ@ntbeabﬂaﬁbratlon of
000 The effectlveness

of t%ggpfgégﬁ g \ﬁg%WQN1F%ln%XBFal Ed9TFehdilm to achieve

foIIaaﬂﬁgsbppDEMandxbtxsEyﬂﬂptéa toWRheh sar&E N 19 contact
be con§£r ﬁd as linmtative., In the follow ng

Exanpt 68, “tfe é&al&ﬂﬁ(ﬁFF&ﬂ%%d%l6Fth8r29n&ﬁﬁﬁﬂq|Q%Qree of

are tsef shlr@use oF twtg:ﬁiaxylﬁﬁml i¥ €&h$R® WAfth the air

m de.acid A solution of a
?’ﬁ?FeénB%Fa i‘GoRE AlFA ‘b%g?ﬁ’é?dc*éﬁcéﬁt sEEif@FOfA) tends

QJZ'@édbemﬂigHE@S%H@i\Mﬂé1sﬁkf&@éogfa5¥9eo¥ %Q%Eﬂﬁbn degree
tube at 30'C. 30 2. Filmthickness of polylnlde

The 9% I FiehPekfase ddis crpdanted il hthemsgpgmter(herelnafter
(M l4d trona { Ry 12490y reanyiActUr&e- Py Ei Bepr uf‘%) Ealn a

Tensile elastic nodulus, tensile strengt
andIFéh%+méd%IShéatﬁbﬁwamgbﬂéﬁk Q#f€£¢9nQ¢denfmhwl3&nﬁace

filpefder ngéHQa%@%nCH%g%§ gL £ .86}, OF %étfg?H%| %%Dthe back

direction (MD direction transverse direc
deredt iy fblmieé aomegérehaﬁedl§Ix|pt(iengmpoiﬁ@nmnmo

Wi dtdy oL0; pi ich was, subLecte
t he neasureﬁ%%? of§?%ﬁ3|?%%&%%;3(?W%?ulﬁskg?ﬁﬁgfﬁ in the
str@MﬁﬁﬁQEenlim@akoamdntem$dmaddgrqgﬂbémmaénbthakfront and

b2 AR Bt ST Lo AT (D s e conces

t ensillth ratrrlyamide acid sclution, and the conditions for

20 drying to give a self-supporting green film is
controlled, whereby a green film showing a small
difference in the surface planar orientation degree
between the front and the back can be obtained.

Such difference in the surface planar orientation

25 degree between the front surface and the back surface of
the green film is preferably not more than 1.7, more
preferably not more than 1.5, further preferably not
more than 1. When the difference in the surface planar
orientation degree between the front surface and the

30 back surface of the green film exceeds 1.7, the
difference in the surface planar orientation degree
between the front surface and the back surface of the
polyimide film may not be controlled to not more than 2.
[0067]

35 By controlling the amount of the residual solvent
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of 50 mim n and a chuck di stance of 40 mm [0076] 10
4. Coefficient of linear thermal expansion of
polyimde film(CTE) The rate of expansion and
contraction was neasured wunder the follow ng

condi tions, wherein 30-300C was divided by 15C and
CTE was determ ned fromthe average is of rate of

expansi | a ILvided \ .
ana A ke TeoLal Rl s8OSl dinmouring drying o
mangfrgesnurfad byt WMAGh BEV ENEE 1 fsampipe Hteniyide s 20a ngr@8n film
sa i b2 m enperature_ rise start at: 25C . i

¢ enpnpatndt "o ST LEERSES MRS el G ol ds ek st eorientation
ri sdegx€@enmibetwdarsypbher froatgenrzade0@hd the MAdkNgurface

int_ . and glass transition tepperature o olyimde | .
fp|9I %1$ﬁéns%n‘[ﬂlev%sr%rb%? eﬁ?’édggo°%§é ur effert® FRfSGitic,
t hethel hawung codiié 0Nés aldat hgoMRlhitNE D tve to the total
(melting_ _30 peak tenperature Tp and the gl ass
t r aR8FE] Brftteé:pnﬁ’g?ydt’lﬁ et MEFERERE éfetzér‘rﬁor%eg’buﬁ%"rst Heore
f ol pewiregabIBASIT-EENtLEaRss s ONgh 86 COREI ARLA LIS Khe

7121. nane of apparatus: DSC3100S manufactured by MAC
SCl EREDYS 1p 9L Vaini Find %Rt (ABADaRPE §it Maffe) e surface

sANPL EnEBS S 14 nth iIPIA HEE bESSusSFaALk &l 'wB0%e M Een film
of tenperature rise: 200 mn atnosphere: argon 5

[ OOR8FoBesTREL R vigelcbipleslt « | Ohiebnpekgsudd ¢fifficult to
ol ybahdR G bfeelhe: i ApTdiRl., A550RPERkE 100 LT Aly

was defi ned L;'b)‘/%\subjlecti ng X l?%l Fyggr&?édﬁéanp e nta%e the
meaSW¥ EAEAt Plamkar wolis ntracl e adeg erenbe tueder thiee front

fol L@WeR8e and the back surface. In addition, due to the

15 decreased molecular weight, the green film tends to be
brittle. When it exceeds 50% by mass, the self-
supportedness becomes insufficient, and the transport of
the film may become difficult. The amount of thé
residual solvent can be measured (calculated) by TGA

20 (thermogravimetric analysis) and the like.

[0068]

While the thickness of the polyimide film is not
particularly limited, in consideration of use as a base
substrate for the below-mentioned printed wiring

25 assembly, it is_generally 1-150 pm, preferably 3-50 um,.
The thickness can be easily controlled by the amount of
a polyamide acid solution to be applied to a support,
and the concentration of the polyamide acid solution.
[0069]

30 The peolyimide film obtained by the above-mentioned
production method is wound with the surface having a
higher surface planar orientation degree facing inside
to give a tubular proeduct, whereby a polyimide film
having a smaller curling degree can be obtained.

35 When the film is wound with the surface having a
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10 conditions, and nmeasuring 5% mass reduction. nane

of apparatus: TG DTA2000S manufactured by MAC SCl ENCE

pan: al um num pan (non-airtight type) sanple mass: 10

ng 15 tenperature rise start at: 30C rate of

tenperature rise: 20C/ mn atnosphere: argon 20 25

[0079] 7. Planar orientation coefficient of the

pol y4Ei figl n .pol yjmde filmwas. .
et e e g FAE (r  Bh g R Ml 1A ins 10
meastirediie wadubperdnrpeedunter itke redilumMaly curvature is
condjtj d l.e igure of the_diffractiaon '
peakgkgg%ggF? gwﬁetgﬁrbot:éﬁ.%ax\}\%% r%a\%ﬁ.omngr?e"g[f to 300 mm.
appafhenstheolrdges RN RIVHOCr enentaetsr athiby RAgpky the

kon, . mul tipurpgse sample. table. electric
oo PERFLL BOSTE5 1B i FOhBhT gt Fadd: may Pefqgreater.
ranget0dslrefl ection nethod nethod and reflection

met hod a;ﬁ}5-90/ .5 inteévals p;_ 0-360/5 intervals
Pratentas & PIHRbRGhY8B1ing; assembly

reflection Het Hbd°&% €054

0- 368émptDsehyakhe aforementioned polyimide film is
explained.

10 As used herein the “base substrate for a printed

wiring assembly” is an about planar substrate cemprising
an insulating plate and a metal layer laminated on at
least one surface of the plate. The metal layer to be
laminated may be one for a circuit intended to form a

15 circuit by a processing such as etching and the like.
Alternatively, it may be a metal layer used for
releasing heat and the like without a particular post-
processing, together with an insulating plate.

As the use of “a base substrate for a printed

20 wiring assembly”, FPC, a carrier tape for TAB, a
substrate for COF, a substrate for CSP and the like are
preferable, since the characteristic of small curling
degree of the polyimide film of the present invention
can be utilized.

25 [0071]

The metal to be laminated on at least one surface

of the polyimide film is not particularly limited, and
is preferably copper, aluminum, stainless steel and the
like. The laminating means is not particularly limited
3¢ and the following means can be exemplified:
‘means of adhering a metal plate to a polyimide film
with an adhesive,
‘means of forming a metal layer on a polyimide film by a
vacuum coating technique such as vapor deposition,
35 sputtering, ion plating and the like,
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slit: DS 0.1 nm SS 7 mm RS 7 nm | ongitudinal

di vergence limting slit 1.2 mm scanning speed:

conti nuous (360/nmin) s detector: scintillation counter
Fig. 1 schematically shows the pole figure. In the

Fi gure, peak half-wdth (HVD and HTD) was determn ned
fromthe diffraction strength profile at two broken

lines, and _an _aver.age val ue of HVD and HTD was, defi ned
o TRepBRl o BRI 3 datadl 15KPH: fwte BRSO T By
usiwgt phe tdmal ysd tshqpt ogwalsaraeleadttnerlad Hyp R gakdl,

TheeEI anar__.ari.ent at i#)n coe;fé'kci ent of the polyimde

fi | Pvas ORArSH St &P ront t he Fhus- obt ai ned Ha by t he

fol | ow ngrhé oe nkanslbapl &ram0rd et ¢héoBrcoaf toabeMation to
= (%80-. H%) =180 d{?qgg]g% 8. Difference in the surface
ol ahAP*BA-Enfafi® ¥e* oF pbl yPAiede M9 MupHece of a

surpatgipbiaearr iqm.ent ati on degree was neasured 20
usi E ggl ari zed ATR and at incident angle 45,
dec ‘g‘b abi lity 4 cm1 and nunber of integration 128

tinmes. Ther apsosPli 28 60REEMGIEMoA KAmiNat PEGMP metal layer,
di rection, absorption coefficient (Ky) in the TD

di r2ctebheangoapsépticorf Yool ry crenendRF L ayi nchaneml layer
ﬂd“?*n§§§t@bEgﬁb'%%éntﬁfgkéﬁﬁﬁg(ﬁ&ogﬁgb%rwﬁﬂiting is a

0s | ation) near 1480 cm 1 were determ ned for each

of PaRklFRbAT lanerefe nadtle ctmboadipeongi-ni de film and

the surfgceplanalgorigotatio @1‘%9; | at ed .

from the foll ow ngs?'or'?rgl g:hesgmsur 1%?;’%?6{%%&', beling1e

or igtati on dddpreeofKCHKy WRxXxKZr | nMaddéni,offii ,t By, Au, Fe and

di ffar ence.i he surface pla .0r 1 ent at | degr ge
bet ween tﬁ% ?%ntseaﬁget e Eg"c%%; J‘ﬁhéer?' p%l ?ﬁ?dggpl firor such
16f asheCypraeenthentekel oy he astshohadi as theonductive layer

folJ ow | a, calcul.ated fromthe absolute 35
valéuoevgc#]g'f{ﬁcgég}ﬂ?f‘rellgeﬁgg:ailn%%es%%ﬁ%]é%nﬁl‘ anar 39

orient at Thre dégredendred wenthbeusdelrdes «on die @idscdeve
(surface A and thebi%rfl%%e_SoOno(}hf- support side

(s 3rafyaecre lpprefera
. As a metal to be electroplated, Cu is preferable.
20 [0073]

While the thickness of the metal layer is not
particularly limited, when the metal layer is used for a
circuit (conductive), the thickness of the metal layer
is preferably 1-175 um, more preferably 3-105 um. When a

25 polyimide film adhered with a metal layer is used as a
heat release substrate, the thickness of the metal laver
is preferably 50-3000 pm. While the roughness of the
surface to be adheéred to polyimide of the metal layer is
not particularly limited, metal layers showing Ra of not

3¢ more than 0.1 pum and Rz of not more than 1.00 um are
preferable, according to JIS B 0601 (Definition and
Designaticn of Surface Roughness) based on the center
line average roughness (hereinafter indicated as Ra) and
10 points average roughness (hereinafter indicated as

35 Rz), since the metal layers afford a greater improving
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difference in the surface planar orientation degree 5
=lsurface planar orientation degree of surface A -
surface planar orientation degree of surface Bl 10

nanme of apparatus: FT-1R (FTS-60A/896 manufactured by
Digilab) one tinme reflection ATR attachnent: gol den
gate MKII (manufactured by SPECAC) | RE: di anond

I nci.ge 'y, A5 .0 8 : ' e
pol yi m gé:aﬁqi ﬁ%}ieS %d%(agh%%%%m%htegggéﬂp&{%cgg%g ng o%uCh metal
an abue®insa- cowy agincuitateboald, skdotisiying edtedcanditions is

400ggFE9Qﬁé%?§hFﬁH§QP?%?599? Cﬁékigg %%QH%E'ﬁgséﬁui Rz are-

cal cul'ate OW ng Tormulfa wherei

avemage yalefewdbldpe tWésianee (Amithadf s I oumddl pm and,
mm fromthe ceranc foards 20 on four corners was
takERTaS*A™ R ¢ drbtint YR LiFhE ofui? diodht0%F Wpe due to
cer aheC ch@dmet sd sef fobiSeini Agn@hdMpir@ cddmimhdg. 1 nm

cur | nt (mm) =(hl +h2+h3+h4)/4 curling degree

(%Lgﬁg'ﬂj (curl ampunt, mm)/35.36 nm 25 [0082] -1 10.

Vol une reshstmythy QByBQ|%b”&dﬁ]féé@1iﬁiEﬂetﬁeegﬁhEOanention
accor di g to JIS C2318, the volunme resistivity was _
msa‘gﬁ}’eg. VEr. OB ittt preakBofifafdinade igf of inorganic

ol yaaedeahisl Br 30 disidite ther g8t had taachdidy 4 Wi 1ike.
C2318, the dielectric breakdown voltage was neasured.
[ ofB 8ddifiep. hg sirfzceontt Bhe BELEdl Viarsde May e

(Prepssatian @b Lesirdiarst 3p: TheapebyiTide fiddpm: i n
the nunmber necessary to 40 afford a desired thickness
wer 2Pl aeEd lan et o Refx el anmothdr ther dd&ked .wiat tpandblast

|OagrgétﬁgﬁtKg%/%@%ﬂﬂbSﬂf@%éﬁén@, g“%%r%ﬂ@“%@% ent, a
rect angul ar col umar test plece. (Measurenent of test
15id@b§sma treatment, an etching treatment and the like.

Similarly, the surface of the polyimide film may be
subjected to a honing treatment, a corona treatment, a
plasma treatment, an etching treatment and the like.
Examples

2o [0075]

The effectiveness of the present invention is
explained in the following by referring to Examples,
which are not to be construed as limitative. In the
following Examples, the evaluation methods of the

25 properties are as follows.
1. Reduced viscosity (nsp/C) of polyamide acid

A solution of a polymer in N-methyl-2-pyrrolidone
to a polymer concentration of 0.2 g/dl was measured with
a Uberode type viscosity tube at 30°C.

3¢c 2. Film thickness of polyimide film

The film thickness was measured with a micrometer
(Millitron (R)1245D, manufactured by Finepruf).

3. Tensile elastic modulus, tensile strength at break
and tensile elongation at break of polyimide film
35 A film after drying was cut out in the longitudinal
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5 Using a N5250A mlliwave PNA Series Network
Anal yzer manufactured by Agilent Technol ogi es, the
di el ectric constant and dielectric | oss tangent within
the range of 1 Giz - 100 GHz were neasured and
recorded for the above-nentioned sanple according to
the cavity 10 resonance perturbation nmethod. Using the
rect gagdl-ar; £P! Hii&stiBLecengd | e;and a.
huni di_ty-c&ndi t(ltM(;]!pnedl sanpf‘g &e?gdpfg{)aérs&iear[%es C%%’f?%%s‘.m (TD
The 8iyesamsird Wes Ditai nedebi-vhepen drofiing (Bength 100 mm,
rect gpgukan t_piece at 12QC.for 24 hr. In -
15 a gitlhon,ot en%asrm%i ?ﬁgo%aﬁ:%ng & vﬁal'g’]e‘xed to the
obt apagurigyneminiod thercontle t ¢ babngcamoaldlangultinsile strength
cal uppa t l ece under constant tenperature and _
huni |t§r%§%diaﬁ%o%sens ridez - CBE8 FoP%i’rﬁra.k Hietng a tensile
di el testi maphdper t(AUTEIRAFIENER] , WasdRer hersedoa,
i mredi at el v aft%r conpl.eti on 20 of drying_ or _
humi BT LY L 25 ECoR¥ng P AT HS CPFPEFation) at a tensile rate
humi df t §6 candimtinoaed fa |dAsdat @1 ¥esn BRI Biraispednly
presE %Zgg in an al um num sack under a nitrogen
at no é) until the dielectric property measurenent.
(Weasur esBpE 10k eh@Sb PI196Ra S H61RL1 2 NBZR9Aon of polyimide
mlljwave PNA Series Network Analyzer nanufactured by
Agi | mrECRRYI ogies, the dielectric constant and
di el ectri eHeOSStANgeNd x¥hh i Bn LRG A8 Af 5 5
100 GHz were neasured aﬁ%\érecopdeg for the fof¥as measured
abovEdent tomelio hiiaivdnoy coondittioned saepk2n300-300°C was
accq{id} g ot h V] onance _perturbation method.
I'n Exanpl es 5{,7 gsg%dé%%nggra F@egﬁggﬂl&ec&l,to%?mtﬁlée average
df eldctTd e cohseupanahdndirelide ctanittrd osso anfeatcht difAded
Hz wey SOnpBasHLed and recorded for a dry sanple.
[0084]1%3%} 13.£I§Den5|£ty'of polyimde film 41 A
pol yi m de R wds appiz rautus ntTMBe G0 bEKhamfaici@reant®y MAC
subjected to a density rreasureg&gé he sanpl e thus
cut out was cast into a density %%l ent tube prepared
wi th a aqueawmslealengmhni t2tatmen sol uti on, and the

nsity 5_was,neasured fromthe position of a
st andar d f?%’g?lﬁr‘é'\%gctwg‘y 7 &8 therein, whose density

had been kbé@wPeraBure rise start at: 25°C
temperature rise end at: 400°C

rate of temperature rise: 5°C/min
atmosphere: argon
25 [0077] P
5. Melting point and glass transition temperature of
pelyimide film
The sample was subjected to DSC measurement under
the following conditions and the melting point (melting
30 peak temperature Tpm) and the glass transition
temperature (Tmg) were determined under the following
measurement conditions according to JIS K 7121,
name of apparatus: DSC3100S manufactured by MAC
SCIENCE
35 pan: aluminum pan (non-airtight type)
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anal ytical density curve and the position of the
sanple after 5 hr. The liquid tenperature of the
density gradi ent tube was 30C. to [0085] 14.

Measur enent net hod of the anmount of residual solvent
in polyimde precursor filmUsing a TGA appar at us

(TG DTA2000S manufactured by MAC SCI ENCE), heat nass
decrease odamppel yaskde4lmgprecursor filmsubjected to
tenperature rise fromroom tenperature to 400C at
10C/ mi n i itAMRPERBYER SePCamt@TE i nt@ithed at 400C

for 30 m n-yes Q?aﬁgﬁt?gra¥n%enqsﬁse degg@agf f ate was
taken as the amount of the residual solvent (% by

mass) assUhiPRSPRareal RroRE nmass decrease 20 was

caugedzBy evaporation of the residual solvent. [0086]

15. Content of water evaporated from polyimde film at

hi gf - t éhperatuce aginrys Bt Tem i eeppene tuyse ottharafatimide film

deconpos'iﬁ@nthgﬁmgfvhggoﬂ%%§%¥& ﬁ“i@hﬁé&£@&r8£3§s defined

nmet hod, the anmpbunt of evaporated water was

det B¥ nBrbd e cAigan efl(lrlmghryes ﬂg;npwas tor Q@Psglqasurement
nea S| fail ,for. 500C
(manr Sepabaate dellu it pHadalhd) Hag 1ciied?)

Bo denddtipnadvamcke ntqa:he:aingréatmab rAduicrtdubat i on
tenperature in t e ther de devi c

set to 1?@89t %%%D¥ o||%8”8%i% | Jap uf%g%hred by MAC
thereinto, pur ged wi t h hel i usck@nce m n and wat er
adsorbed to _the m was_renoved b i m nar

dryi g, TRER: A T 35 o PP HredEata: HEdeh by

osci | | ati armyley aid £n: at 0 50§C 42 for 10 sec. As

regards the wat er evaporated fromthe filmduring
Reating aftSBHEFE Twre 1pisecsStastertirodO06ak at nf z=18

was det ect-ad by {CNGpdhe PRaKrakea wasc peasured and
devel oped vvater content B (Ag) was 5 determ ned by the

absol ut e AFHOPRREAS c A% et hod. The anal yti cal

curygowep formed fromthe peak area of a standard

sol uti on containing not less than two levels of a _

gi ven BhRat ﬁFlﬁBgéﬁl%icﬂF%ﬁ%’ba‘Pédtbgi Rglvagigle film

20 A measurement target polyimide film was set on a
measurement jig, X-ray diffraction measurement was
performed under the following conditions, and a pole
figure of the diffraction peaks appearing near 26=21.8°
was drawn.

25 name of apparatus: RINT 2100PC manufactured by
Rigaku Corporation,
multipurpese sample table

voltage, electric current: 40 kV, 40 mA
measurement methods: reflection method and through

30 method

scanning range: reflection method
a; 15-90°/2.5° intervals
B; 0-360°/5° intervals
reflection method

35 a; 0-15°/2.5° intervals
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preparation reagent, dry nethanol over anhydrous
sodiumio sulfate, at mz=18 by GCMS. The anal ytica
curve was y=ax+b (a: slope, b: intercept, vy:

devel oped water content B (gg), x: peak area). The
amount of water evaporated fromthe polyimde film at
a high tenperature was cal culated fromthe foll ow ng
formula. 15 the amount of watep_gyappsatgdeat, g;high
tenperature (ppm =B (g )/(A‘gng x| O00) ,thernaﬁ
deconpositﬁ&ﬁtGCWE;d%ﬂgi@mon Sa%pﬂmat@§:7HP§97lA ( GCVB

manuf act ured by td%)nqb-rldﬂ,%i&aitagwﬁ HeCOMNASIHIRN s1it 1.2 mm

devi ce manufactured by Japan 20 Analytical |ndustTy
Co., Ltd.) seelruimg PORALOTeceh t imnofiact(36dd /i nEL

SGi ences ) . 0 erature:
68‘0 constg%?e%?g%?rg%%?mﬁgl%gsﬂhﬁlhgﬁgténgt '

i nj ecti onFag [ k)QPH?MB$146llSoBdeWSh¢&m|p§ﬁanﬁﬁgnme. In the
and s t Llu a f imde. film .
<Pré§§$%??bn£%%kagﬁégi&gggﬁg Qﬁh%dﬁggi%éél(x s determined

pol yaramdethesd hf fasidioB0 scompunEntpraf ke ati dwoabiroden
g%”ﬁtgh\‘j% ,Lea%?x H?!g?*glé‘%n)%slv%gg%ﬁ’qtacﬁ% nggeﬂ%bohas defined
40 4hits 2(Bn PPOXYPr ARX ek habfSwidth was determined using

t et ranet hyl bi phenyl (epoxy equival ent unt. 190) (C
epof%“?é?%%P¥$%sb¥§B§§EEF R @Qﬁﬂﬁ®£ﬁ%%i%l?%gﬁxy %%e planar
equi?ﬂfm?ﬁmn&ézggﬁkf_eﬁ@ foﬂ.’haﬂﬁzl d]_:fcgﬁji%nl_j&i film was

resol phenol " 1282" (manuf actured by )

HI Gﬁﬁ%??%éﬁ?‘:ggﬁoﬂ‘? SHYsCepPtaddiad vie Ry the following
heptradeayld ;m dazol e were m xed at a rati o of
50.0:8.0:12.0:29.5:0.5 (mass ratio) and used. s

[9088] <Prbdaneri e ishmtiidupreefficiapsr =wi(Ai8H§ - Ha)+180°
boandpsh4 | ayer print wire board of FR4 was used as a

core layer, and the buildup nulti-layer printed wire

boafds §MF i {3, the Fugdpeeppd@rdducdiemhrtian degree

t hi gkness afmitdle £€ppper foil on the surface of the
core
The surface planar orientation degree was measured

20 using polarized ATR and at incident angle 45°,

! and number of integration 128

decomposability 4 cm”

times. The absorption coefficient (Kx) in the MD

direction, absorption coefficient (Ky) in the TD

direction and absorption coefficient (Kz)} in the
25 thickness direction at the peak (aromatic ring

! were determined for each of

oscillation) near 1480 cm”
the fronmt and the back of the polyimide film, and the
surface planar orientation degree was calculated from
the following formula:

30 surface planar orientation degree=(Kx+Ky) /2xKz

In addition, the difference in the surface planar

orientation degree between the front and the back of the
polyimide film of the present invention is, as shown in
the following formula, calculated from the absolute

35 value of the difference in the surface planar
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| ayer was 25 pm An adhesive solution was first

applied to one surface of the polyimde filmand

dried at 80Cx40 min. The thickness of the dry fil m of

the adhesive was 25 m Then, a polyimde film having

an adhesive applied 15 to the both surfaces of the

core substrate was superinposed, tentative pressed

Wi t brd evaeiting adédqieéerbetasdnt her prassat Wi htRehgir side

pl at.e p&§§s ggated to 150C _at actual weight of 20

kof /EHE TG 30 it WARPFEEEF MadNRsAFRRRTE side (surface
perBorati on. The via dianeter was 150 m 20 After )

perforati on, a desmear treatnment was perfornmed. After
vas it g SFF Snedterthe i Bhe FPePdarpic O Tde iRt ion degree

stibst kakg RS Il AME-4F £ah e+ and, qalh@le %qrﬁdé\%mgga -

catal yst addition and activation, 0.8 pmthic
el eBPFERESs PdGFer PriRnbathas dppiriesd din smxiremlB h

25 redUCtﬁémebéfhapBBQQEh%mz¥f$ﬁkfPﬁTébfgkﬁgb@gm§§Qfactured
via fill plating were perfornmed in a sulfuric aci

copper plating bath, and théwiifakckalhs buffed to
ensure P Ly, [ [ofeY ' es h
copper  ForT end;EREIBESIST AN et EHEEP B0 Fheh "G e
5 gm 30 thick dry filmresi #KIjas(nzm fratedredxppsSR#ECAC)
to light, ev, and etched with a cupric chloride
soIution,IRﬁheﬁl?ﬁgg?esist was peel ed off, and the

subst r at eeneasdenashadliett Asdi | ute sulfuric acid to

givF @8 gnductor pattern with a thin line width of 70

gm % F 089] 44 <Sol der heat resistance> The second

bui? dupukdyey vegrfeer ned polgheidaneilmanner as in the
first buildup | ayer except that the adhesive to be
Bpplied fo é“'if%-rf%/i‘h‘f‘d'ée’FFl RiGES ¥5S @S hidk. 2 Bymina-

thec@bayec MENbi-OBRE ref et aa ill E1eh BYAT 4tPULOPEAEWLr €0 min
board, havi ng a t ot al 8 layers, with two _buil dup

f
aytte ReBagncur éf“—’«%ﬁ’seg(ﬂﬁ iR, caheubBtgAndégom the

nul#d k1 ey ehgPEbRNGd aWwh@ Gl hasve +APEI 688uE0L 1@ he
sec.in a tin-copper-silver, |lead-free 10 solder tank

hed &t 18°286B0, Bind fhe pr eddtide ™) dbs@mcehe oferamic boards
2pe&li Nou 5B LhBgsaRd st Raddikeyas i syakh¥uRRSqIHEd: The
Then, the board was set on an ETAC (R) tenperature
curl amount of the ceramic board itself used is not more
than 0.1 mm.
curl amount (mm)=(h;+hy+hs+h,) /4
curling degree (%)=100 x (curl amount, mm)/35.36 mm
25 [0082] »
10. Velums resiétivity_of polyimide film
Using the method according to JIS C2318, the volume
resistivity was measured.
11. Dielectric breakdown voltage of polyimide film
30 Using the method according to JIS C2318, the
dielectric breakdown voltage was measured.
[0083]
12. Dielectric constant of polyimide film
(Preparation of test piece)

35 The polyimide films in the number necessary to
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cycl e test apparatus (manufactured by Kusunoto

Chem cals, Ltd.) and a heating-cooling cycle test 15
wherein the board was heated and cool ed every 30 mn
between a | ow tenperature of -50'C and a high

tenperature of 150' C was performed for 100 hr. After

the test, the board was imersed for 10 sec in a
tinaf@mmdﬂaﬂde&ﬂre&eﬂﬂiékﬁesSOM$ﬁétﬁm&b@@a&ﬁdtbp of one

weP PRSP ST A OV b 201008 1) oticbr et ST o) oive 2 1.6

<Comin&at, 5f aimx1e nirdl €2 fa g iTh¥ LoTWmIRIP GUWMCL OEce .
chi p.was nount edcgg t he % obtai ned nulti-I|ayer
(

pri AMER SRR Bardf (955% RAPL®25.4 nm) Dby face- down

bondi ng. Jdenguabes 26f Abandi NGea Y@spNR58er1Be RATKAGK
was_set on an ETAC (R terrgerature cycle test
appAPatyg efmifirda cirerepyPruddides 3T eHem kegses, the

Lt dg) edRd & iREAI N0 L00! 4RE GYEhRKES WM 8idhddft within
board was heated and cool ed every 30 mn between a

| owrhenpargeurd df Gbo' € hPd GHA gﬁrteeﬁmsaxmda a@tﬂ recorded
15Ofgkmﬂﬁep%ﬁgygnﬂkdéﬁoégg QémPQEt%Eéd¥al 3 e cavity

board was subjected to a conduction test, a
%nﬁééppéncﬁomrmmhmtieomatiethag det er m ned 45

[ 0091] ( | ?e Ft %F%I'%ﬁl QP'%%Iongkefe,Aa dry

<Pr oduct i on poI yam de acid sol
rea@winphecenﬂalanéamneqimnpedomdihlanmdt sogeld Mete [5repared

tubgs ?oEES&gDSOﬁﬁr %g%lfél{l rggﬁgﬁgegu%% vacuum drying

nitr ogen, SS 0
ami mopQEﬁyhbheatomain&la/ﬁSt@éﬂCﬁﬂeEBeﬁQI n.20Pbedor92@0 hr. 1In

ar nass, ne Lido ne was added
B DL IR2D R, Bl e St B p 8% 5 il g Fhkainea
pyrmehd:mwmtgelcdnduaﬂmdmgiea V\ﬁécﬁdﬂ@dla}}h&dﬂwﬁtﬂﬂﬁ test
rreg?at 25C for. 50 hr ‘gl ve a brown Viscous

pol%ﬁa‘?ﬁ%leu’é g §8In§'tt|ad’H: t‘leﬂ%p‘?’é%lﬁ B8 9PEcodriylifgsapditions
wasa¥. B / 05 5 5k Oflyet bannExanphe ofi fiddBrid > roperty

measurement was performed immediately after completion

20 of drying or humidity-conditioning, or the dry or
humidity-conditioned film state was maintained by
preserving in an aluminum sack under a nitrogen
atmosphere until the dielectric property measurement.
(Measurement of test piece)

25 Using a N5250A milliwave PNA Series Network
Analyzer manufactured by Agilent Technologies, the
dielectric constant and dielectric loss tangent within
the range of 1 GHz - 100 GHz were measured and recorded
for the above-mentioned humidity-conditioned sample

30 according to the cavity resonance perturbation method.
In Examples 5, 6 and Comparative Examples 4, 5, the
dielectric constant and dielectric loss tangent at 100
Hz were also measured and recorded for a dry sample.
[0084)

35 13. Density of polyimide film
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15 The pol yam de acid solution was applied to a
stainless belt (squeegee/belt gap was 650 m) and dried
at 90C for 60 nmin. After drying, a self-supporting

pol yam de acid fil mwas peeled off froma stainless
belt to give a green filmhaving a thickness of 40 m
20 The obtained green filmwas passed through a

ni trogen pur ﬁﬁ’f&é”b‘i’%ﬂﬁ LXBec Q:atdater { LNy 5 pmxs mm size

furnace, a d in two Steps un e con
desc??Bedubi aetaBl o1 a seger iy dﬁl@aa\qren&d&tl offhe sample thus

reaQ&E@”oughﬁégaEBQ% é @%fA'J@X@ftgogkggl ﬁt?%9§e prepared
tel’rperature over mnto lve . e
fil sl Exan99951C¢l@n@nl@mﬂmﬂtmlselﬁxanpleanﬁ%ihe density

T I h. I d fil
ont AT RS e L OERETRULES e BN (R T8 e p RN doat
OrOrprneniANDL s Vy seb]thMNBNm-Hﬂﬁdﬂeldéﬂklﬁbﬁﬁﬁﬁoﬁd@n known, an

DTN G THE EPHEA S8 SPEYE M TS | R 8L B PRoffoghe sample

W mA/IMNGCNS NOYMWNE HOQ Qo OB MR IMTINNEE Mt ns i ty
gradient tube was 30°C.

10 [0085]

14. Measurement method of the amocunt of residual solvent
in polyimide precurscr film

Using a TGA apparatus (TG-DTA2000S manufactured by
MAC SCIENCE), heat mass decrease of a polyimide

15 precursor film subjected to temperature rise from room
temperature to 400°C at 10°C/min in a nitrogen stream and
maintained at 400°C for 30 min was measured. Thé mass
decrease rate was taken as the amount of the residual
solvent (% by mass) assuming that all the mass decrease

20 was caused by evaporation of the residual solvent.
[0086]

15. Content of water evaporated from polyimide film at
high temperature
Using a Curie-point type thermal decomposition

25 device and according to the GCMS method, the amount of
evaporated watef was determined.

A sample (roughly 8 mg) was precisely measured
(basis weight A (mg)) in a pyrofoil for 500°C
(manufactured by Japan Analytical Industry Co., Ltd.)

30 dried in advance by heat treatment. An incubation
temperature in the thermal decomposition device was set
to 170°C, the sample foil was introduced thereinto,
purged with helium for 7 min and water adsorbed to the
film was removed by preliminary drying. Then, the film

35 was immediately heated by oscillation operation at 500°C
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for 10 sec. As regards the water evaporated from the
film during heating at 500°C for 10 sec, water ion peak
at m/z=18 was detected by GCMS. The peak area was .
measured and developed water content B {(ug) was
determined by the absolute analytical curve method. The
analytical curve was formed from the peak area of a
standard solution containing not less than two levels of
a given amount of water, which was prepared using, as a
preparation reagent, dry methanol over anhydrous sodium
sulfate, at m/z=18 by GCMS. The analytical curve was
y=ax+b (a: slope, b: intercept, y: developed water
content B {(ug), x: peak area). The amount of water
evaporated from the polyimide film at a high temperature
was calculated from the following formula.

the amount of water evaporated at a high
temperature (ppm)=B (ug)/{A (mg)x1000)

. thermal decomposition GCMS conditions

apparatus: HP5971A (GCMS manufactured by HP), JHS-
3 (thermal decomposition device manufactured by Japan
Analytical Industry Co., Ltd.)

column: PORAPLOT-Q (manufactured by GL Sciences

Inc.), ¢0.32 mm x 10 m

column temperature: 60°C constant

flow rate: He 0.7 ml/min, split injection
[0087] -
16, Solder heat-resistance and contact failure rate of
polyimide film
<Preparation of adhesive>

As an adhesive, (A) polyamide resin (acid
component: dimer acid, amine component:
hexamethylenediamine, acid value 1.0, amine value 0),
(B) epoxy resin I: 4,4'-bis(2,3-epoxypropoxy)-3,3’,5,5"-
tetramethylbiphenyl (epoxy equivalent amount: 190} (C)
epoxy resin II. bisphenol A type epoxy resin {epoxy
equivalent amount: 186), (D) phenocl resin
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FesoNphbho YaM¥kMMOZLAN | RS PEL 6%Ea ﬂng%GQEMJ
HIGHPOLYMER CO., LTD.), and (E) additive 2-
heptadecylimidazole were mixed at a ratio of
50.0:8.0:12.0:29.5:0.5 (mass ratio) and used.
[0088]
<Production of buildup multi-layer wiring board>

A 4 layer print wire board of FR4 was used as a
core layer, and the buildup multi-layer printed wire
boards shown in Figs. 3, 4 were preproduced. The
thickness of the copper foil on the surface of the core
layer was 25 pm. An adhesive solution was first applied
to one surface of the polyimide film and dried at 80°Cx40
min. The thickness of the dry film of the adhesive was
25 pm. Then, a polyimide film having an adhesive applied
to the both surfaces of the core substrate was
superimposed, tentative pressed with a vacuum laminater,
and then pressed with a hot plate press heated to 150°C
at actual weight of 20 kgf/cm? for 30 min. A YAG laser
was used for perforation. The via diameter was 150 um.
After perforation, a desmear treatment was performed.
After washing with water, the entire surface of the
substrate was plasma-treated and, after conditioning,
catalyst addition and activation, 0.8 um thick
electroless copper plating was applied in a formalin
reduction bath, electroplating for thickening and via
fill plating were performed in a sulfuric acid copper
plating bath, and the surface was buffed to ensure
planarity, at which point the thickness of the copper
foil was 15 um. For formation of a pattern, a 25 um
thick dry film resist was laminated, exposed to light,
developed and etched with a cupric chloride solution,
then the resist was peeled off, and the substrate was
washed with dilute sulfuric acid to give a conductor
pattern with a thin line width of 70 .
[0089]
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<Sclder heat resistance>

The second buildup layer was formed in the same
manner as in the first buildup layer except that the ‘
adhesive to be applied to the polyimide film was 15 um
thick. By the above-mentioned steps, a multi-layer
printed wire board having a total of 8 layers, with two
buildup layers on each side, was obtained.

The obtained multi-layer printed wire board was
immersed for 10 sec in a tin-copper-silver, lead-free
solder tank heated to 280°C, and the presence or absence
of peeling, swelling and the like was visually observed.

Then, the board was set on an ETAC (R} temperature
cycle test apparatus (manufactured by Kusumoto
Chemicals, Ltd.) and a heating-cooling cycle test
wherein the board was heated and cooled every 30 min
between a low temperature of -50°C and a high temperature
of 150°C was performed for 100 hr. After the test, the
board was immersed for 10 sec in a tin-copper-silver
lead-free solder tank heated to 280°C, and the presence
or absence of peeling, swelling and the like was
visually observed. |
[6080]
<Contact failure rate>

A 7 mm x 7 mm semiconductor chip was mounted on the
obtained multi-layer printed wire board (25.4 mm x 25.4
mm) by face—dowﬁ bonding. The number of bondings was
256.

The package was set on an ETAC (R) temperature
cycle test apparatus (manufactured by Kusumoto
Chemicals, Ltd.) and a heating-coeoling cycle test
wherein the board was heated and coocled every 30 min
between a low temperature of -50°C and a high temperature
of 150°C was performed for 500 hr. After the test, the
board was subjected to a conduction test, and a
connection point failure rate was determined.
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(Exanpl e 5) <Production Exanpl e of polyan de acid
solution - 2> A reaction contai ner equipped with a
nitrogen inlet 5 tube, a thernonmeter and a stirring

rod [%@15‘” ged with nitrogen, and
5- am no- 2- ( p- am nophenyl ) benzoxazol e (formula 1, 450

parﬂgxbwpm%§ﬂ11ﬁuiQbmwﬁnmtﬂvénExamples 1-3)
am )ben xaz la 3,. 50 payts mass)
vverggg g@é&ﬁoheré‘larﬁnpqﬁ (# éaﬂépﬁs aﬁﬁ“irﬂss"sf)%?l?\fl N 1>
10 di nmet | seataibdecvasadadded andippéd eni€Anpl @ik rogen inlet
dg utlon 485 arts_t;%"é Jass of. %&orrellltlc acid

Hyﬁh de REETCRFRET nt xBUFETRRY &% MAf Rupged with
f orn4@rbgenq gun\ae 53 (0 If: ¥ | 156 0M S sBObYasi-Gen iafd b — (p-

sp/ C thereof was_4.0 dl/g. is

solution AL T
<Pr%‘8ﬂ]8?? ﬁnﬂﬂim“@"d‘fa?ﬂ%“a%>P#ﬁ€eﬁol%*ﬁ%‘é1 acityen., 9000
sol phres ¥esSmapRl iofd N-Gnefch Bl a2 Npesschelione was added and,
(squg gee/ bel t p was 650 n) and dried at 90C for 60

A FeFOHPylleg‘& A ssq fusipor tfAgPagsisy i e saxief

ﬂﬁ|ﬁ}ﬁ@ﬁe1Qhﬁi%egcﬂ&“ﬁf&ﬁﬁfﬁﬁl&éswgglEd%gdto §h¥erd xture was
green film havi ng a t hi ckness of 40 m The anount of

t hes tbsrddaktsgbventorn 5Phbdrgraey§V¢ na t heownwas s86us

by ﬂ@§§am1de acid solution. The reduced viscosity (nsp/C)
was 4.6 dl/qg.
<Production Example of film - 1>

15 The polyamide acid solution was applied to a
stainless belt (squeegee/belt gap was 650 um) and dried
at 90°C for 60 min. After drying, a self-supporting
polyamide acid film was peeled off from a stainless belt
to give a green film having a thickness of 40 pm.

20 The obtained green film was passed through a
nitrogen purged continuous type heat treatment furnace,
and heated in two steps under the conditions described
in Table 1 to carry out an imidation reaction.
Thereafter, the film was cooled to room temperature over

25 5 min to give brown polyimide films of Examples 1-4 and
Comparative Examples 1-~3. The evaluation results of each
polyimide films obtained are shown in Table 1.

[0092]
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and heat-treated at
heat-treated at

after which the tenperature was

The obtained green filmwas passed through a
3 mn,

conti nuous type drying furnace,
el evated to 450C at about 70C/ min,

170C 25 for
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25 solution and subjected to simlar evaluation. The
eval uation results are shown in Table 2. The sol der
heat resistance and contact failure of the polyimde
films of Exanples 5 and 6, wherein the anmount of

wat er evaporated at a high tenperature was not 30 nore
than 10000 ppm were superior. However, in
Conmparoative Exanples 1 and 2, swelling was devel oped
in the solder heat resistance test after the heating-
cool E¥@MBAS Skt est, and the contact failure rate was

;lsﬁﬁﬁﬁy%cég%ﬂ é&ghglgloégpbﬁﬁ%%f;%a%%Hﬂ?~gbﬂhtfon - 2>
MrV' d' e-4&. r@@GﬁlD@'MQQHWWKEImAMMiDPENBwwuanaanitrogen inlet

Vi KB TNOCEDT e R REt o e 97 G pezoed wieh

Or y niOws(Eien] .0 @AdV ECCNn i Ve MNpBEm-ilridphenyl) benzoxazole
NDlQ%@MME%éMW$3£50 parts by mass) and 5-amino-2-(m-
aminophenyl)benzoxazole (formula 3, 50 parts by mass)
were placed therein. Then, 9100 parts by mass of N,N-
10 dimethylacetamide was added and, after complete
dissolution, 485 parts by mass of pyromellitic acid
dianhydride was added. The mixture was stirred at 25°C
for 40 hr to give a brown viscous polyamidé acid
solution A. The nsp/C thereof was 4.0 dl/g.
15 <Production Example of film - 2>
The polyamide acid solution was applied to a
stainless belt (squeegee/belt gap was 650 pum) and dried
at 90°C for 60 min. After drying, a self-supporting
po;yamide acid film was released from a stainless belt
20 to give a green film having a thickness of 40 pm. The
amount of the residual solvent in the green film then
was 35% by mass.
The obtained green film was passed through a
continuous type drying furnace, and heat-treated at 170°C
25 for 3 min, after which the temperature was elevated to
450°C at about 70°C/min, heat-treated at 450°C for 10 min,
coocled to room temperature over 5 min to give a brown
polyimide film having a thickness of 25 um. The obtained
polyimide film was evaluated for the properties. Using
30 the obtained polyimide film, a buildup multi-layer
wiring board was produced and the solder heat resistanée
and contact failure rate were evaluated. The respective
evaluation results are shown in Table 2.
[0094]
35 (Example 6)
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In the same manner as in Example 5 except that the

temperature profile of the heat treatment was as shown
in Table 2, a polyimide film and a buildup multi—layef
wiring board were obtained and subjected to similar

5 evaluation. The results are shown in Table 2.

[00925]
(Comparative Examples 4, 5)

<Production Example of polyamide acid solution - 3>

A reaction container equipped with a nitrogen inlet

10 tube, a thermometer and a stirring rod was purged with
nitrogen, and S5-amino-2- (p-aminophenyl)benzoxazole
(formula 1, 450 parts by mass) and S-amino-2- (m-
aminophenyl)benzoxazole (formula 3, 50 parts by mass)
were placed therein. Then, 9100 parts by mass of N-

15 methylpyrrolidone was added and, after complete
dissolution, 485 parts by mass of pyromellitic acid
dianhydride was added. The mixture was stirred at 25°C
for 40 hr to give a brown viscous polyamide acid
solution B. The nsp/C thereof was 4.1 dl/g.

20 <Production Example of film - 3>

In the same manner as in Example 5 except that the
temperature profile of the heat treatment was as shown
in Table 2, a polyimide film and a buildup multi-layer
wiring board were obtained using the obtained polyamide

25 solution and subjected to similar evaluation. The
evaluation results are shown in Table 2.

The solder heat resistance and contact failure of
the polyimide films of Examples 5 and 6, wherein the
amount of water evaporated at a high temperature was not

30 more than 10000 ppm, were superior. However, in
Comparative Examples 1 and 2, swelling was developed in
the solder heat resistance test after the heating-
cocling cycle test, and fhe contact failure rate was
also high. |

35 [0096]
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5 tube, a thernoneter and a stirring rod was purged
wth nitrogen, and 500 parts by nmass of 5-am no-2-(p-
am nophenyl ) benzoxazol e was pl aced therein. Then, 9000
parts by nmass of N-nethyl-2-pyrrolidone was added and,
after conplete dissolution, 485 parts by mass of |o
pyronellitic acid di anhydri de was added. The m xture
was [ggbizryred at 250C for 15 hr to give a brown viscous
polyanlde acid solution. The Isp/C thereof was 4.0

dl / §Exampd®8 L )<Pr oducti on Exanple of film- 4> 15 The

poI [ S Li to a .,stajnless _
bel 12Eelfctich R L0 SR PRRE-REYY 2RISR - ©
900C for Eoraantléhtepmﬁqmnq; equ$ﬁedupmmhtﬁn@ltrogen inlet
pol ya dea| mwas pe f.rom a stainl
Do) FRBRGC a0t iR EEE L BRE, R oo Rigd i s ol gpigged with
[Lnnlfheg%@ amEmits 0 paets ebiydmals ss@fveatanindhe- (p-
green.filmwa 39% The obtai ned_green film was
DasEBAnPRPSINH ) P AR FRbBs "B pR IR H R Tidbe, THRR, 9000
heapatteabgdnatsslm& hOthPLARRpyairAn e wdeadded and,
2E$rature was el evated to, 25 4500C at abaqut

heR, cORRlEiendits wbatiPReafdd BRI AP 135S 19F

m npangmeoalied 4 %dl@@i&mfﬁﬂlaéewﬁ\éera(ﬁiedn N @ #HiM&ure was
a brown polyimde filmhaving a thickness of 25 pm

TheS bt 5pet pés 26 Ct KeroBtailtedt ot v i debkpvm Wisicous
eVaﬁ&@&Sﬂldé Qw'dﬂgéfﬂ%fén'a¥ﬁ{ “ﬁ%b?? QB@E@oga%a%a4 0 dl/g.
yimde til

produced using the obtalned po
evaf@%?@é for the sol der heat resistance and contact

failprg Th& AgRECS ¢ V. aLugtion results are
ShovnE FabEkion &%a[ 0 ogéfg R (E?(a le 8,

Conpar at iThe Bxahpiesds, a¢}d5§qhuu#mnsmme apphéedasoi n

XC that the ature proflle of, the
hea%P%rea?gen masigquﬁﬁﬁwﬁﬁggf%agﬁg cha polylﬁwaeand dried
filae QO bfwt dep wihti -Adyetr dwiyrtiineg boay«lsf wetigporting
Obéﬁig?gm§8g ggﬁhe%a%%tﬁ%%&ﬁ%éfﬁ%bPe¥alua%%onﬁﬁalnless belt

Ion results are s
to give a green film having a thickness of 40 pum. The

20 amount of the residual solvent in the green film was
39%.

The obtained green film was passed through a
continuous type drying furnace, and heat-treated at 170°C
for 3 min, after which the temperature was elevated to

25 450°C at about 70°C/min, the film was heat-treated at
450°C for 10 min and cooled to room temperature over 5
min to give a brown polyimide film having a thickness of
25 um. The properties of the obtained polyimide film
were evaluated. A buildup multi-layer wiring board was

30 produced using the obtained polyimide film, and
evaluated for the solder heat resistance and contact
failure rate. The respective evaluation results are
shown in Table 3,

[0099]
35 (Example 8, Comparative Examples 6, 7)
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In the same manner as in Example 7 except that the
temperature profile of the heat treatment was as shown
in Table 3, polyimide films and buildup multi-layer _
wiring boards were obtained and subjected to similar

5 evaluation. The evaluation results are shown in Table 3.
[(0100]
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(Example
<Preparation Example of polyamide acid solution - 5>

A polyamide acid solution was obtained by a method
similar to that in Example 7.
<Production Example of film - 5>

The polyamide acid solution was applied to a
stainless belt (squeegee/belt gap was 650 pm) and dried
in three hot air type drying zones at 90°Cx20 min,

90°Cx20 min and 90°Cx20 min.
After drying, a self-supporting polyamide acid film

was peeled off from a stainless belt to give a green
film having a thickness of 40 um. The obtained green
film was passed through a continuous type drying

furnace, and heat-treated at 170°C for 3 min, after which
the temperature was elevated to 450°C over about 20
seconds, the film was heat-treated at 450°C for 7 min and
cooled to room temperature over 5 min to give a brown
polyimide film having a thickness of 25 um. The
properties of the obtained polyimide film are shown in
Table 5.

[0104]

{Examples 13, 14, Comparative Examples 11-14)

In the same manner as in Example 12 except that a
polyamide acid sclution was applied te a stainless belt
and temperaturextime of the three hot air type drying
zones was as shown in Table 5, a green film was
obtained, which wé&s then heat treated in the same manner
ag in Example 12 to give a polyimide film.

The property values of the polyimide films of
Examples 13 and 14 are shown in Table 5, and the
property values of the polyimide films of Comparative

Examples 11-14 are shown in Table 6.
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10 3 1 (Exanple 12) <Preparation Exanple of polyan de
acid solution - 5> A pol yam de acid sol ution was
obtained by a nethod 5 simlar to that in Exanple 7.
<Production Exanple of film- 5> The pol yam de acid
g$ohwvtsijon was applied to a stainless belt

(squeegee/ belt gap was 650 pin) and dried in three
hot air type drying zones &8P3€ €20 nin, |o 900Cx20
mn and 90' Cx20 mn. After drying, a self supporting

polyam-de—actd—+Ht+m—was—peel ed off{roma stainless

belt to give a green filmhaving a {Bxkcknassegef 4@ |Ex. 13

~Lm The obtai reen fifmmwas _papsed througha
cont i nuous typd 1’0‘? PHE2 ¥ RurtnaceC ahd Rfat-fredfed lat 110

17 or. i1, h, [t hestenpeggture
ol e e et e S lGEY UL I, o110

heat 1. At gd at e 4 buxr€-61 0 aad coebed 0 I2@gom| 110

tenperature.oveT“ﬁ M to grve a bropn 2HOinHIf¢ ||||10
havi ng a th| ckn ess;lmfa A3 -grh Thenlzpmprggsktl es 0 e each
IIIClIC DI I | LI rapt < . L\JJ.\J'-J.

UUl dl IICU f)U

ng“ung e %Eésﬂuaéorraarat byembsanpl es411?14) 3m.1he 35.3

S UITC ||u.|||n.,| GE I h :Vﬁ IrJI e 1’) QVI"an hat a 25
pdl yGmeales aci d sol uti pn was ;mppl [ ed to a4stdi nlass 25

Rl s i A0 TEOPELaturegtime of e three hot(arr typg
q{&gﬁ% zones was as shown GRaTabl e |5, 6a &grgenéf.dlm 7.2

Vl‘.’%% bt neu vers then. heat tireat ed Hh ;he Safre
Sﬁ asty ﬁ%x\%n%f'e 12 toMpave a pol yismi dg fukm 30 500

the pnl\umﬁl fl!an Cf
I‘—f)‘("élr? nFR/LIA arle showngin Tablle 535and thg 30
BlofEadk val ues of t polyinmide fillos of CgnparatiVe

Ef?&rﬁﬂle%l%t 1% are shown in Table 6.

linear thermal ppm 3 2 4
expansion
melting peoint °C none none none
glass transition oc
temperature none none none
surface
surface planar B - 8.772 8.000 | 7.813
erientation degr
gree S“riace - | 9.615 | 8.929 | 9.259
difference in surface ‘
planar orientation degree - 0.843 | 0.929 1.446
| A-B | -
. mm 1.0 1.2 1.5
curling degree
‘ 5% 2.8 3.4 4.2

MD: longitudinal direction (machine direction)

5 TD: transverse direction
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56 [0105] Table 5 Ex.

11Ex. 12Ex

. 13

t enper at ure- 1C9090110 green fil nt enperature-2C90100110

production conditionstenperature-3C90120110 time
(1-3) m n201010 eacheacheach anount of
GF% by mass41. 735. 135. 3 t hi cknesspnR42525 tensile

of

r esi dual

el astic nodul usGPa6. 86.47.2 tensile strength at
br ealgMRegp0480500 tensil e el ongation at break$353130

coefficient of

poi nt Cnonenonenone gl ass trandiakilen & enper at ur eO

Cno
ori
di f
deg

sol vent

| i near thermal ppnB24 expansi on nelting

nenonenone surface surface pI ana t}:&n{/l%oq{)_() éc}nzf Com.
ent ati on degreesurface -9.6158. 9299. 239 % 12 |Ex.13 Ex.14
eérence mnm su '% '<¥ o enmtatTon
a e .
ee-0.8430.929}.%§§BiA}§{ 11 ME1]02021.5 L30rlii 120 150
green film | temperature= i o- | 1,5 | 130 | 140 | 150
production 2
conditions temper;t“re' sc | 130 | 130 | 150 | 150
time (1-3} min 10 10 5 5
amount of
residunal % by mass 32.0 | 30.4 | 24.7 | 23.5
solvent of GF
thickness Hm 24 25 25 24
tensile
elastic GPa 6.5 5.8 5.5 5
modulus
tensile
strength at MPa 420 350 360 320
break
tensile
elongation at % 27 15 i2 5
break
coefficient
of linear 3 5
thermal ppim 1 12 38
expansion
melting point °C none | none | none | none
glass
transition °c none none none fnone
temperature )
surface surface B ~ |5.8821(4.762(3.70414.000
planar
orientation surface A | - |9.091|7.143{6.2507.692
degree
difference in surface
planar orientation degree - 13.20912.381|2.546)3.692
|A-B|
curling mm 6.0 | 10.0 | >10 | >10
degree % 17.0 | 28.0 | >28 | >28

MD: longitudinal direction

TD: transverse direction

{machine direction)
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d u ng egree 2.83.44.2 NMD. |ongitudinal direction
(machine direction) 5 TD: transverse direction 57
[0106] Table 6 Com Com Com Com Ex.11Ex. 12Ex. 13Ex. 14
tenperature- C100.130120150 1 green
filntenperature-C120130140150 production2

condi ti onst enper at ure- C130130150150 3 tine

(1-3) M n101055 amoung.gaf Gesil 9% hy
hmsasp. 030. 434, 709, 5 aSpeEEYal Aghicabilsty

thléﬁﬁégélnn24252524 tensile el asticGPa6. 55. 85. 55

ot s e LSS R AP DR ower 1oss
and faster response speed (gocd rise of pulse signals)

5 at high frequency as compared to conventionally known
polyimide films. Therefore, the film is useful as a
substrate film for the production of copper—-adhered
substrates for flexible print circuit (FPC) used for
high frequency electronics, a carrier tape for tape

10 automated bonding (TAB) and the like. In addition, the
film shows a small difference in dielectric constant
between a dry state and a wet state,rthe amount of water
evaporated at a high temperature is extremely small and
the development of swelling and delamination can be

15 prevented when used at a high temperature. Therefore,
the film is useful as a substrate film of a substrate
used for electronics required to show high reliability.

The polyimide film of the present invention is an
unprecedented polyimide film superiocr in thermal

20 degradation stability, which has a curling degree of not
more than 5%, and shows high rigidity, high strength and
high heat resistance like the conventional polyimide
films. Therefore, the film is preferably used as a
substrate film for the production of copper-adhered

25 substrates for flexible print circuit (FPC) with strict
dimensional precision requirements, a carrier tape for
tape antomated bonding (TAB} and the like.

Brief Description of the Drawings
[0108]

30 Fig. 1 schematically shows an X-ray diffraction
pole figure of a polyimide film.

Fig. 2 is a schematic view showing the measurement
method of the curling degree of a polyimide film,
wherein (a) is a top view, {(b) is a sectional view along

35 a-a in (a) before a hot air treatment, and {(c) is a
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of linear thermal ppnB8151238 expansi on nelting
poi nt Chonenonenonenone gl ass
transi ti onCnonenonenonenone tenperature surfacesurface
B5. 8824. 7623. 7044. 000 pl anar
A-9.0917. 1436. 2507. 692 degree difference in surface
pl anar orientation degree-3.2092. 3812. 5463. 692 | A- BI
curéé@famﬁaﬂl%gal%i%%gd%waﬁ

| ongi t udi nal (mac

t r anB%@EBengirection 5 58 Industrial Applicability

i1 of fhe pLasest k,%egggh%nwf ggfwgp% 08" for

[ 0107]

b ech
| o0ss an aster

direction

response speed

ori entationsurface

e%@7(9?8a95g§>%8F§Q air

i ne direction)

rnse

si gfrtBing5aafinsgh buidguencyaesr compahedptroduction of a
0 | I nown pol yimde filns. Therefore, the
FIHETLA R St cEC 28V BT R o

as“a* sub

r the production
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The polyimde filmof the present invention is an
unprecedented polyimde filmsuperior in thermal 20
degradation stability, which has a curling degree of
not nore than 5% and shows high rigidity, high
strength and high heat resistance |like the
conventional polyimde filns. Therefore, the filmis

preferably used as a substratg1 % ppfor the
producti on of copper-adhered 25 substrates for
flexible print circuit (FPC) wi th strlct di mensi onal

theg:'nsalt ggacbleq%ﬂ{c?ge%%l %trlhle%l e J.Iapa{ctlr? ean aromatlc
Br|dhdmxnﬁ|wﬂthwamfathmaEﬂawteg&&dﬁMHﬂnié%hél@ afthydride,

h t|c sho an X—[a dlffractlo oJe fiqgur
of "SR s Y Bn SR, G i8% g ey bl el £, 6. 79-0. 80
Showsng\d:ahﬁmamﬂ?y eﬂm% B‘Eyhd((if;ffratd’cﬁ.d}wr&éﬂgmﬂiﬁgéﬁﬁ a

I m.ae il m erern S VI ew,

? ?g(?%/tdﬁfaﬁ %W%Bnafsé ¥ by 3 |na(ta)1°d£f%*r7e 2 HB‘FaS“red by

a| I at c@atifgNtze Aith (€3 pErauBateeln adlhdd ew al ong

a-a in (a) after a hot air treatnment. Fig. 3 is a
schematic view showng a step for formng a first

byi bdupnleayryiyimide PIoduski enagf 8, RPRMAAUP dielectric

multi-layer wiring board. Fig. 4 is a schematic view

shohPi§ Fadsi % it X0 nFhg asS@eéﬁ@rm Ryu-hayerv iy

t her@ge@%taeo?)eoﬁft&bé)yiJ;H'uraewbh' 1ls@elo ¢y ard gy Poar d.
Expl anati on o nbols io [0109] 1 test piece of

polyimde film 2 al um na-ceramc plate 3 1 core

subgtrate 4 r)&?(ﬁedsi@firﬁ al £ EQQQHCtloror?@t t %raqud{gs Ridlectric

adhesi ve | aye resistant fil
fﬁIﬁ?nS¥aBtbwdﬂh%)%x%dbc@tvé Gayean@OZCwaﬁwﬂ at 100 GRz, as

measured by the cavity resonance perturbation method.

4. The polyimide film of any of claims 1 to 3, which has
a2 density of 1.47 g/cm® - 1.55 g/cm’.

20
5. A polyimide film obtainable by reacting an aromatic
diamine with an aromatic tetracarbonic acid anhydride,
wherein the amount of water vaporized at a high
temperature during heating at 500°C for 10 sec of the

25 film immediately after helium purge at 170°C for 7 min

and preliminary drying is not more than 5000 ppm.

€. The polyimide film of any of claims 1 to 5, wherein

the ratic (gss5/6;) of the dielectric constant g at 100
30 GHz of the film humidity-conditioned under the constant

temperature and humidity conditions of 20°C, 65% RH for

94 hr, as measured by a cavity resonance perturbation

method, to the dielectric constant €D at 100 GHz of the

film vacuum dried under the conditions of 120°C, for 24
35 hr, as measured by a cavity resonance perturbation
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1. A polyimde filmobtainable by reacting an aromatic
diamne with an aromatic tetracarbonic acid anhydri de,

s which has a planar orientation coefficient of

0.79-0.89 as neasured by the X-ray diffraction

method, and a dielectric constant of 2.7-3.1 at 100

GHz as neasured by a cavity resonance perturbation

met Aednol) Zs Wieuiph VLD dabbkmed! 1Clgym Lo having a
dielectric TlToss tangent at as neasured by the
cavity resonance perturbation nmethod is 0.0001-0. 03.

3. Fhepal.yi f ar .2 haV|n
dle?ecﬁr?d&yﬁgg%%%s f% SOS#QEH%%ée qﬁ ﬂf%ﬁ% " aromatic
2. 6d3afiake ﬂﬂiﬂ}in &Ebm@aSuredthychhadnmutacld anhydrlde

esapuss pelel e 4y Thg el

clains
g/caﬁrfat955uyhaﬁ3oﬁ&bﬁhaéﬁ@ﬁlMég&d& fd rermbtainedde
by reac% % n ar o t|c m ne th an aronmatic
tet f AREFBSHI &7ad oﬁ'fa ace, RLABAY Ofd Sidironfdegree of

wat ehevalﬂﬂélrzedlﬁfac’:b hi glr £ e8P e pt BiFe tder imarhead i e .

at 500C for 10 sec of the 25 filminmediately after

hel i um purge at 170C for 7 min and prelimnary drying

ies B0t THEr poliRamiROG PN o F- adPeoBOkYaitde 1f iddn-of whereln
any of clains 1 to 5 wherein the ratio (665/61) of _
thethE cPBEERTE BORMERP DR BAti0D JodErs OF rhewrTane
hung g § ¥ cangdii b RS e S

and hun1%|ty cgngﬁfgbns of é%c?&%gxégEFPg%%ﬂgﬁ{ﬁ%ﬂiﬁée 1s not
meddFedtBy§naléavity resonance perturbation nethod,

to the dielectric constant eD at 100 GH of the film
vacuum dri ed under the conditions of 120C, for 24 35

Hr ,? asTheasotgdnbgea fddw tof ramonahcel pémsuilbdi én 6hich has
met Ba]! he o f 1.00-1.10. 7. A
pof€?ﬂfﬁ%§?¥1ﬁ?ggfglﬁgbﬁgggvpreactlng an aromatic

diamine with an aromatic tetracarbonic acid anhydri de,

r t t of the difference betwee
thgnﬁsﬁPFac 81 gﬁgggo%lé%%atlon %egreeio% Sng &4r acgherEln
(smﬁgnnﬁdvaand tihemiuef dce Pl dnanz exaeolat safudegree

f the other surface (surface B) of the filmis 0-2.
0 8. The polyimde filmof any of clains 1 to 7,
whdriei IR base substrate for printed wiring assemblies,

2

which comprises the polyimide film of any of claims 1 to

10¢.

25 12. A method of producing a polyimide film, which
comprises reacting an aromatic diamine with an aromatic
tetracarbonic acid anhydride to give polyamide acid,
casting a solution thereof on a support and drying the
solution and the like to give a self-supporting

30 polyimide precursor film (green film) and polyimidating
said precursor film, wherein the polyimide precursor
film (green film) satisfies all the relationships shown
by the following formulas between an imidation rate Aim
of one surface side (surface A side) and an imidation

35 rate Bim of the other surface side (surface B side) of
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the surface planar orientation degree of a surface
havi ng a hi gher surface planar orientation degree is
not nore than 15. 15 9. The polyimde filmof any of
clainms 1 to 8, which has a curling degree of 0% 5%

10. The polyimde filmof any of clains 1 to 9,

wherein the aromatic di am ne has a benzoxazol e

St @akURR1 yAG ke ﬁ@af»fséybﬂmt qgfr.%rerp de nlf@d ME10G:q
assenblies, which conprises the polyimde t1lmof any
of BPAVARiIfe Premirowr 10ilm jst hobislcqrddiri yidation.
pol yi m deg [ onpri,s reacting an aromatic
di am ne w ﬁ$g% ggbnéﬁl% %?gyfgiarbonlc aci d anhydri de
to give pﬁ¢ymnide2acD$A1mga§t|ng a solution thereof on

support.an lution and the like to
give a SG??ISUD%O tlﬂﬁ éﬂ Eglyinide precursor film
(green film and polyimdating said precursor film
wherein the polyimde precursor film(green film
satisfies all the relationshi ps showm by the
follow ng fornmul as between an imdation rate Aim of
one surface side (surface A side) and an imdation 35
rate Bimof the other surface side (surface B side) of
62 5 the polyimde precursor film(green filn and
said polyimde precursor filmis subjected to
imdation. formula 1; [AAmBi m55 fornmula 2; OSA nkl1l5
formula 3; 0 Bim515 63
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