DESCRI PTION POLYIM DE FILM Technical Field [0001] 5
The present invention relates to a polyimde film
particularly, a polyimde filmpreferable as a -
substrate for high frequency-matching electrica

parts and superior in heat resistance. Background Art
10 [0002] As a material for substrates for electrica
parts of information and DESGEERPAPNcati on devi ces

(broadcast devices, mobpheyiRdbe: w abl e

t el econmuni cati on deV|ces etc. radar, highspeed

i nformati on processing TEEhnidmbSFhmudthe ke

cef@p £ has been conventionally used. Substrates made

of ceram c have heat resistance and can al so be used
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(1QQf Accord consi deration has been nade as to

the Lﬁif?ﬁ #Fg F&d& SEPRER or ganic material as a

substrate 25 for electrigatkgpohfia Apg a fil m made of
p d@ de and a film made of pol ytetrafl uoroethyl ene
10 gﬁ (g%%n proposed. The film nmade of polyim de. has

superl ORsh@amaftes i AN fﬂﬂgstﬁaﬁégo@g’r Wich qnabl Farts
adv a eous provision of a thin film On the other

h&td,t ProdiEnse bf 2PEwtsi §RAMTI0 inateirp Idedbteay (proadcast

Sld@RraJcésf ANSdH 55& 0P280d , 1 B rleialtd A& 1 £f OiRRGE
the application to %lgh f?eaugncy sign % é$ti$ﬂe

f Aemingde OIC pot yEeEREf | bégbépﬁﬁdeﬁelﬁ%rmsmn processing

15 ca@p;atde@ QM thdi ghylreguengy . | s' hd % SAFEA WLy
problens in that the f|In1cannot " due T
| Bf%eS5 efubEite arastulmasie tk ¢$tﬂmshoh@Vpo@maadmeﬁuytance

tana %%hﬁbléb‘%%“%@é@rfog FERLY °Ed¥¥¥%§¥iéﬁke on
t he surface,
telecommunlcatlon devices having a high frequency signal

band (reaching the GHz band). However, ceramic is not
20 flexible and cannot be made thin, which iimits 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 polytetrafluoroethylene have been proposed.
The film made of polyimide has superior heat resistaﬁce
and is 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 polytetrafluoroethylene 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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filmis unsuitable for the production of ultrafine

wWring circuits due to its high coefficient of |inear

t hermal expansi on whi ch causes marked di nensional s
changes due to tenperature change, and the like. As a.
result, its applicable fieldis limted. As the

situation stands, a filmfor a substrate, which can

si RANERABBES| ¢ AcHiiato heznd rolé siaheeonapplel cabifldde), the
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the heat resjstance. Thus, the curli devel opeg
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merskeit gn g 2es@@hsett@eﬁamamdq13nhe efflciency of

hi gh frggggggy %ggy%négqpqygsglgn §9P0m4 and the
response speed i s (poor Tti'se o pul'se signal s),
speedi ngrapeBb ok fichemperatibraoileboearbs made of a

FgL¥gUL %glg}ee §§in0t ??E{ cgggb;gaéﬁg%he I nventi on
20 [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

30 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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Problens to be Sol ved by the Invention [0005] 5 The
present invention ains at providing a filmnmade of an
organic material with electronic property,
particularly small hunidity dependency, which
n B®i N gisns hisgher £ | evelsrofi ffieab yenkest@8C8®re desired.
appl i cabi i (A2 t(()zllgsr‘]lllgh erqusrécyl%rl’deglt%x&?l lity. In
parti cul ar, TRE presen? I'nvention~ai ns at providing a
pol yith¥ @® Fem# stiferk ®r Sl vieet nBlY defcadbrv@rtion
[stoabblity, which is free of inconveniences due to
curl ipgeevgh sem variipds fuupeti ogaly bayges p 13- A 8ing a
£ L SLm nat eda it h hée?tl ng, Means ofanslo!:w n <%geerPir olgl ens .y
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1Eerdn gy a particylear RiOhgE 01 der, stgugduleand sthat o
nIYE) Rolyi g Jilm i '%‘i%%‘c”{e%%#}’ has heat i
. . . particular,
F sl stance, apB’I.l cability to ]ﬁl,g H’equency and” "~
Ehifexi B EFR 25 W ER Ted @Rt ed dMFhe 6npl REIVHL BRI 2
p bley pmeiskat £ iAwventswpe rAccor dingl yhaheagr esendradation
s kRuentijony  proviides the felkaw Bk (HcAnRAd¥iiBHdees due
film orbfal nabl_e bX reacting an. 30_aromat].c. di am ng
e erl a ayers

t o. u I e, ous . nct
Wi t R dan archati c 't et racar bo_x1§/fL| ¢ aci duanhy%zlclrjlIl €,

afie chafasna t pfaat & ileffdti BA «coefficient of
0. 79-0. 89 = anmasdifed b} viegX-thy dt £ bialcé m@n
[eethed, and a dielectric constant of 2.7-3.1 at 100

iy : . :
et hg?ﬁ%( Z;mﬁ%rsegﬁt%y a f%}(}%%%ﬁntr eﬁgnan%e?g%”“r?%‘é’&‘cted

pol'yi m de of  above CTO%) havi n% a _
Lg%t BtV € Iso‘é%dtla‘ﬁ@erﬁngt 5006 "z td¥2 b. ¢ dLe3I Hetric

lpeasur edaby ¢ hé cavifty resopamcgimide film can Dbe
unprecedentedly lowered by forming a particular
higher order structure, and that such polyimide
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.
(1) A polyimide film obtainable by reacting an
aromatic diamine with an aromatic
tetracarboxylic 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 a cavity <resonance perturbation
method.

(2) The polyimide film of above (1), having a
dielectric loss tangent at 100 GHz of 0.0001-
0.03 as measured by the cavity resonance

perturbation method.

(3) The polyimide £ilm of above (1) or (2),
having dielectric constants of 2.7-3.1 at 1 GHz
and 2.6-3.0 at
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40 perturbation nmethod. (3) The polyimde film of

above (1) or (2), bhaving dielectric constants of

2.7-3.1 at 1 Gz and 2.6-3.0 at 3 100 GHz, as

nmeasured by the cavity resonance perturbation nethod.
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(4) anT he wptdl an mar dat £6 1 eta Acarboxybifc abiave (1) to
( anhydkirdec nwhened ot hg e @BBWY of £wat en vagoré@eéd at 1a. 55

h| h tenperature 10 during heating at SOOC for 10 sec

he film_ immedi ately after heliump e at 170C

(?é)r F Rnland™pet i dihaly %P%ahjgnla‘?%‘at rer?ﬁé:rF 5860 27
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té@ra@fa@r@bwmcrata@a(@6s/aﬁ€)}1ryq{ralaeepli elgkiie€in  the
a%%%ﬁ?m Fﬁ%fgeg) 9@%9§t$ ngmﬁqgﬁyﬁgmperature

condi i oned "under t h&*const an erature an ,
dhefrﬁréigt)h@éﬁdnlgon@tof59@dc 6§%IRHlf<br spychiof gdshe film
imeasdit et by yva edvi &y rasohance pert grbakiton 1200 et héo,r 7

mhO 48 '_ﬁlaqcatrﬁ'&@lacﬁgstcaﬁyiefpgati 400 o Ha Of et REn bl B 00 0
yacuum dri ed under t conditions of 120C for 24 hr,

S measur ed cawty_ resonance pertuyrbation
( fret hg@e|§%ﬁfﬁ1‘ﬁldtehe fiahge of 1280- 10%6 %50 to

( pol yi wihder giilmm bitei malt eoby( £ ealEiongP &n t ag on?alt?éec*lrlc
c 8inddt B M tdh angad onmg be chet r acar oyl i € idond humidity-

%Q’fhé/ggl% e%eﬁ(?f@et:hethaégs%léjﬁgtvaatllge ngt;hgrature and

erence between the surf ace, (g anar orlentation.

hyagr@é tof iende shiPfate Ysurfhce A)° afd Rhe sGrfadé BT
apl anar s oriesht &Y orr degree tof EifeS effeR C§urPgdet urbation
meswbace B)oof thhee falmliecOrAic constant e, at 100

GHz of the film vacuum dried under the

conditions of 120°C for 24 hr, as measured by a
cavity resonance perturbation method, is within
the range of 1.00-1.10.

(7) A polyimide film obtainable by reacting an

aromatic diamine with an aromatic
tetracarboxylic acid anhydride, wherein the
absolute value of the difference between the
surface planar orientation degree of one
surface {surface A1) and the surface planar
orientation degree of the other surface

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

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

(8), which has a curling degree of 0%-5%.

(10) The polyimide f£ilm of any of above (1) to
(9), wherein the aromatic diamine has a
benzoxazole structure.

(11) A base substrate for printed wiring
assemblies, which comprises the polyimide film

of any of above (1) to
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(8) The polyimde filmof any of above (1) to (7),

wherein the surface planar orientation 35 degree of a

surface having a higher surface planar orientation

degree is not nore than 15. (9) The polyimde film of
(apx of above (1) to (8), which has a curling degree

0% 5% (10) The polyimde filmof any of above (1)

(33) 46 (e WMot ei DLt hB TR dH&tI RIdi &ni RO hrd Mgt de film,
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w:pE'hntz?g beﬂgata%see‘%ld ﬁ&ca@b%&iPW' sesidh@nhydride

de f f ab
&onﬁﬂl\éaeoflﬁwgﬁ& ﬁo{]g aogo(faylg\r/hedél tolﬁq(/w% 9) Sé}%)tlon

teemst? SesOreact i it BIP AF Snafi'c dl%ﬁiyr’rengvm Fﬁlean solution
am@donmattd lcet et raciaeboxyt oc a(gndvanhydarl des§ ltb- gingporting

p Hk ylarﬁnl@ee ac'g;gr Ieﬁ:a.y?‘%'sggr al S?L. bty On B%re%l@f Oflidm) and
SOl u |0
pggga? 6&% 5% %ﬁur &H% Im%ggéﬂxethe

recursor i1
P ¢ L) ™ &9k ﬁdq%mro%ﬂrngfééma éﬂé&%?%rfﬂﬂ‘?ﬁ Witk éisf 1es
alhe theol yiertiae ipreslrisps fislho¢gredy fithe sdtd sficesing
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s paleyi m dé preacerspp Fyimigeeeprétmsamd faidim (green
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romula 2; O'~Ainx |5 20
%rrmf:aesd (50 lm%g gct of the Invention [0007]

The poPyitit He 3 mldkifhed pRdseht 25 i nvention shows
| onerf bossu and f astef AnespdAse

formula 3; 0SBim<15.

Effect of the Invention
[0007]

The polyimide 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 to operate at a higher
speed. In addition, it gimultaneously has
higher rigidity, strength and heat resistance
than those of conventional polyimide films.
Therefore, the film is preferably used for high
fregquency electronics and other electronics,
and 1is useful as a substrate film for the
production of copper-adhered substrates for
flexible print circuit (FPC) with high size
precision requirements, a carrier tape for tape
automated bonding (TAB) and the like.

According to the present invention, for
example, the difference in the surface planar
orientation degree



speed (good rise of pulse signals) at high frequency
as conpared to conventionally known polyimde filns.
Therefore, a circuit conprising the polyimde film of
the present 30 invention is expected to operate at a
hi gher speed. In addition, it simultaneously has

hi gher rigidity, strength and heat resistance  than

t hoBetBreBolbentrond 3361 ilth de2 ¢k | 7. thahepéy dReder fialm is

filmbscpaeher abhb3ad fPreid Ghr SPudt £4HEBENditions for

el ectronics and other electronics, and is useful as a -
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subst i@t e8nf Qha khetl Bld d¥d g RCUb L1 { ERE e Wa b Rghighy,

size precision requirements, a carrier” tape for tape

40 due bRy ednbondinege@rpmdeampP thinidgef i NgcenbapRgorolin

t he, t 4i Lk QR f 4 I , JLffer !

e st N e S R

frohegned ofenbachkogle tthempdlyicindodidhtasnededlbmreover,

by t i r ' itjo Mo g3 .

e R I T e R

soletnohanhdrebién britdatema tdwey pol yranedé acwdtf fibp §ithin
ereby_an. unprecedent ed pol yi mde fj ' [

Phet not-ERst ARaREEN SN ShrRHARd RS oopPLALRER Py Rrown

degrekybhidet £ime .t hAheb&foae ,be citaiumicd.cdipyeimigry the

thef{gmel hhe present Joventian shovs, Lhe dielectelgy

constant°Fafs B&PREET a S i m Hhd™ et Sti I

W tdperaviancelitai Aowahge it onpgseaddéwcy. In addition,
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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 téfracarboxylic acid anhydrides, and has a
particuiar higher-order structure, particular dielectric
property or a particular curling degree.
The aforementioned “reacting” includes first
30 subjecting diamines and tetracarboxvlic acid anhydrides to
an open ring polyaddition reaction in a solvent to give
a polyamide acid solution, then forming a green film and
the like as necessary from the polyamide acid solution
and subjecting the film to dehydrocondensation

35 (imidation).



a high tenperature. 20 Best Mode for Enbodying the

I nvention [0008] The enbodi nent of the polyimde film
of the present invention is explained in detail in
the followi ng. The polyimde filmof the present
invention is made 25 of polyi m de obtai nabl e by
reacting aromatic diamnes wth aromatic

t gooaegr boxyl i c acid anhydri des, and has a particular
hi gher-order structure, particular_dielectr

) Lc , )
or oper 145 oFNS PAPPREICAS AT 19fy dBOF eBXaRES . 4.4’ ~bis (3=

agaﬁag@ﬁ@dayyjﬁﬂgﬁgﬁ{Pg"bigqhudgs first 30 subjecting
di am nes and tetracarboxvlic acid anhydrides to an

BB PPPAG PG &d 1Y bhk ¢ BaBfir oR 1S 4a (Sol vent to give
5aa&Qhﬁ%@é%%f?%ﬁLéﬁ&p}g@nfiaggnb&gquqg_a green film

and the like as necessary fromthe pol yam de acid

samapoph engry ) Al et | wglthref i Pm2rdis [4-(3-

dehdonandensall sy ShoLbphdali 9 o G008 As the

aromatic di amnes, for exanpl e, 4,4 -Dbis(3-

apinAopipdesey)y mhsTeny] -1 bl s 43( 3~ 3-hexafluoropropane, m-

apj ) |1 ke hekd _
P (S PP Ry thBetydy.

10 apheoyienedipptisry] |estkhbnebeRz-lomgnd ( -
am nophenoxy)_phenyl | propane, 2, 2-Di - (13- .
afni no %%éa hG x;)ap lemneyy1 ] 91? 1,17 §m§ hédﬁ )%[aeﬁ yfjloertohperro’p a3n 'el,l m
pHeayliepediphrnid e thaheny| énediamimed iphdrylether, 3,3'-

phenyl.enedi am ne, L nobgnzyl am_ne, p-. .
P s e B BTA G, oA Ao araRBN BT Rhenl ge 1 Foxide,
dBami’radiaphernyd igithery 1 4y Bt odii dmi, nadiaphenyl et her, 3, 3' -

e TR AT S 1 e, 3,5 S am ot DT 0L 2 e,
deari-nadiapheryd ig9H 4:0X1 §le1 £3n3d’, - di,am-nodi phenyl sul f one,
3,4' -di ami nodi phenyl sul fone, 4,4’ -

dAAATASEAIRERAYSA T bR e 8, 3 3dr iAo BeT dfaHumReRe - 3,47~
3d4 ami@iodd QW[‘O@?4’4C14' dindBshgzaphenone, 37 -
S,SF?%diatho i phenyl net hane, am_n i .
3dderdnedindainphetR it fand, 4 ' ~diaminodiphenylmethane,

20 4,4’'-diaminodiphenylmethane, bis[4-(4-
aminophenoxy)phenyl]méthane, 1,1-bisf{4-(4-
aminophenoxy)phenyl]ethane, l,2—bis[4—(4—
aminophenoxy) phenyl]ethane, 1,1-bis[4-(4-
aminophenoxy) phenyl]propane, 1,2-bis[4-(4-

25 aminophenoxy)phenyl]propane,.1,3-bis[4- (4~
aminophenoxy) phenyl]propane, 2,2-bis[4-(4-
aminophenoxy) phenyl]lpropane, 1,1-bis[4-(4-
aminophenoxy)phenyllbutane, 1,3-bis[4-(4-
aminophenoxy)phenyllbutane,

30 [00101}
1,4-bis[4-(4-aminophenoxy)phenyl]lbutane, 2,2-bis[4-(4-
aminophenoxy)phenyllbutane, 2,3-bis[4-(4-
aminophenoxy) phenyllbutane, 2-{4-(4-
aminophenoxy)phenyl]-2-{4~ (4-aminophenoxy)-3-

35 methylphenyllpropane, 2,2—bis[4—(4—aminophenoxy)—3—
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20 4, 4" -di am nodi phenyl net hane, bi s[ 4-(4-

am nophenoxy) phenyl ] net hane, 1, 1-bi s[4-(4-

am nophenoxy) phenyl ] et hane, 1, 2-bi s[4-(4-

am nophenoxy) phenyl ] et hane, 1, 1-bi s[ 4-(4-

am nophenoxy) phenyl | propane, 1,2-bis[4-(4 25

am nophenoxy) phenyl ] pr opane, , 1, 3- bi s[ 4- (4-
arﬁnﬁ@bhémmﬁ}l)yﬁﬁermgqm@pameMQ (2-Bmspéphénoxy) phenyl]-2-[4~
am 0 QX r

ani %o% g%o eD r}y 3?ffane é?[&§18$§f15ﬁ(]&r°pane 2,2-bis[4-
anﬂﬂepmam@pﬁkqﬂxynHj Hud aneth30phe8LA]l propane, 2,2-bis[4-

fubLslactacan nanhenoxy) phenyl] Butane, 2 2308t (hane,
amnopba&qmy)amhemﬁdéaw%eazéﬂe(41 3-bis (3-

am ngphenoxy) phenyl] 2-[4-(4-am nophenoxy
rref‘ﬂf;‘lg P 5Rren e, 2L ptspas(4- awm&%&W@mpw

netlhﬂ"PB&@wld—%@ﬂ@iﬁmenoxy)bl henyl bis[4- (4-
- (4- am nophenoxy) phenyl ] % g
( 4a’§ﬁPﬁBﬁﬁé‘ﬁ€fWPh§n5ﬂdll?ﬁe‘tm‘? ph h?ll]@pr(épane

2, ZmPhabh henyl]sulfid
(4- gm nggﬁgﬁgg))p 3 dllsn%t h%/ %henyl Tpr opane

109 mepgp 3n@4¥émﬂ@@pﬂénﬁx&§0dee bis[4-(4-
phgam?ileko%ﬁp%e% IPRLILnoPT gR3RE. (3

3-am nophenoxy) benzene
an&m@phehsmw(tvé@b@mllbm@ s(Biaftndphenoxy) benzene,

arr?r}\](lag %Lé)r(l?;;[&p%g%%n%ye) oeglgen%fs[g %Eﬂ &nophenoxy)
ph@nyh?psahbmdebeblw[m](bfbnzene 1,3-bis[4-(3-
lopLReRbane SO 0, DAL
phenyhdpbthery) besk4v(14-bam aiophenaoxy)phengh] et her,
S e e P oo F eny by LT BERSAnA 7~
1 aﬁnbﬁsbﬂeﬁaxymhaaghqwmzoyl }benZene,(3-
i Push T L RERIRT RN bene v L benzere,
20l,Bidmshdd{Bneaginapkarmexy) phenyl ] propane, 3,4' 20
di fa(‘%lnff“ phenyl sul fi de,
2,2-bis{3-(3-aminophenoxy)phenyl]-1,1,1,3,3,3-
hexafluoropropane, bis[4-(3-aminophenoxy)phenyl]lmethane,
1,1-bis[4-(3-aminophenoxy)phenyl]lethane, 1,2-bis[4- (3~
25 aminophenoxy)phenyl]ethane, bis[4-(3-
aminophenoxy)phényl]sulfoxide, 4,4'-bis[3-(4-
aminophenoxy)benzoyl]ldiphenylether, 4,4'-bis{3-(3-
aminophenoxy)benzoyl]diphenylether, 4,4'-bis[4-(4-amino-
o,a-dimethylbenzyl) phenoxylbenzophenone, 4,4'-bis[4-(4-
30 amino-o,a-dimethylbenzyl)phenoxyldiphenylsulfone, bis[4-
{4-(4—-aminophenoxy) phenoxy}phenyl]lsulfone, 1,4-bis[4-(4-
aminophenoxy)phenoxy-a,a-dimethylbenzyl]benzene, 1,3~
bis[4-(4-aminophenoxy) phenoxy-a, a-
dimethylbenzyl]lbenzene, 1,3-bis[4-(4-amino-6-
35 trifluoromethylphenoxy)-a,a-dimethylbenzyllbenzene, 1,3-
8



[0011] 2, 2-Dbi s[3-(3-am nophenoxy) phenyl]-1,1,1, 3, 3, 3-
hexaf | uor opr opane, bi s[ 4-(3-am nophenoxy)
phenyl ] net hane,

1, 1- bi s[ 4- ( 3- am nophenoxy) phenyl ] et hane, 1, 2-bis[4-(3.
25 am nophenoxy) phenyl] ethane, bis[4-(3-

am nophenoxy) phenyl Jsul f oxi de, 4, 4' -bi s[ 3-(4-
amn@pmem@xymmz-@wmdidﬂméﬁhw raded' - bis[3-(3-

Ogggygé%ﬁggﬁﬁ lJégéﬂmﬂy ?tgfgI4—(4 —amino—-6-
araeaw@bﬂghe@g;yb) Rhengxd n;@ﬁwmiagmén% til %[431(54[444*

30 am no-a i met'h yl benzyl’) phenoxy] di phenyl sul f one,

bi dpinorg- exaaﬁpﬁﬁﬂwdmphe%w?}bﬁ hyrpgdllbepgene, 3,37~
51, i &b $hd= 444 - 2l RERHNPVAPIEHREN o Ae 8- di ARLRYLREAZYIS] 5 -
benzene, 1, 3- blsﬁé (4-amn henoxy)pﬁenoxy a, a-

di FER RSP BEHR G REBRRESREE /1 @‘g.sc[iuar(tananﬂné ’6 35

t rdi;BHQﬁQgFEQMEBB%%%Me a,A-fli ] byl henzyl ] benzene,

(4- ami no- 6-f |I'uor ophenoxy) - a, a-
dimker9xpepryPPbensase, 4, L-tisjmiga- Snbhenexybenzophenone,

" B{W%ilg?ggr?ﬁz =3 BT AR BE0Z€884 - _aiamino-5 -

1%Mnhﬁm@mryan@phéﬁapwﬁ-a a- di met hyl benzyl ] benzene, 3,3
%}po 4, 4" - di phenoxybenzophenone,
I'am no-5,5" - di phenoxybenzophenone,
BZM 3 trdbambrd;-5', 4 ' didpbamiverbenziophesphenone, 4,4'-diamino-
3, di n noxyb nzopheno €, C ,
4!% 34 @%%n%hgnﬁggng%fﬁ Eiop oﬁg ~diamino-4,5"-
-3, bxbhwm@mynephephmyb&mzophﬁhonflaﬁiﬂb—dkanino-5' 1o

p enzop henone 0012], , .. .

2 R PR AR S risne dordy st heRaS,
4 kﬂlpkﬁbmmen505hedbhiephe§n@(’¥bfitir@pﬂ@n@ne
3,.4' -diami no-4,5' - di bi phenoxybenzo henone
3 B BRI oe A IR BRBRE 0y e ZLHERGNE
4b‘b.pl'dér%&ﬂ@eﬁzoph@h@ﬁ@xylle@z-m@(\@n&n1§®44 di am no- 4-
bi phenoxybenzophenone 4' -di am no-5" -

D TROHA RS P hGRBRE =P E 3 T 13k B et 4mo—4-
20PhRNIOPITOYLY 1 PBBAGRAC 114 it 3¢ Akiond- 80

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

pRARRSBERRYPY bEReBREN ST, A4S s b avpiB0-5-

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-a,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 cyano group, or a halogenated alkyl
group or alkoxy group having 1 to 3 carbon atoms,
wherein the hydrogen atoms of the alkyl group or alkoxy

35 group are partially or entirely substituted by a halogen

9



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

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

bi phenoxybenzoyl ) benzene, 1, 3-bi s(4-am no-5 25

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

bi phenoxybenzoyl ) benzene, 2, 6-bi s[4-(4-am no-a, (x-

di net hyl benzyl ) phenoxy] benzonitril e, aronmatic di am nes

havbhg ankenzexazole sdd usé unentabdethe

above-nenti oned aromatic di am nes wherein the

hydr ogeFh @t 8H8Mak 1ChE 138 1853t B ngSafe@ paPEi 8F1 yWO ©F

Ohot ikfiglds Suhstdd #itedh bye 3y sbal ogen atom an al ky

group or al koxy group having 1 to 3 carbon atons, a

CcY&RA 3dr oup, or a hal ogenated al kyl group or al koxy
sgroup h@gfggc&lg?l?,cgﬁggg‘g(Hgﬁyiﬂmgéefﬂl&hguperior in

hydr ogen atons o he al kyl group or al koxy 35 group

aheagameisdldtarore ens trengtsubsti rdodd ity camiyaPtained,

ALOM QNG A KE, CALL PG MENELRYRGa s BNG AWl Ere are

dPARRes Tan Be Used al ona or two or - nore Kinds

t peedefratdre be Ausathe [0018]ti& Phamivgkablying @ce a

pol yi m de filmsuperior i heat, .resi s ce,, st
a?f&){'ﬂziodﬁatﬁ"{]f csa?"g%{‘é’b? ai {n]%% %Ogrl ona nlgf:a%nan]? T eésoerp&&ely
10 haemg o daenzoxazol e structure are preferable. As the

aromati c di am nes having a benzoxazole structure, the
foll owi ng can be concretely to nentioned.

[ Q@bAllf arovshanal] 1] |
5'a”‘no'z'(p'an1nophenylzbenzoxazole H2N i s
(écﬁﬂHHQﬂ%ﬁﬂQfgwlnophen I)Ybenzoxazole

6- ami no- 2- (p- ani nophenyl ) benzoxazol e ' gk 20
[ 0016] [f B 5_ 2_ ( m ami nophenyl ) benzoxazol e
I [ 0017} Cap A

§§ﬁzole

15
[0015] [formula 2]

6—-amino—2- (p-aminophenyl)benzoxazole

20 [0016] [formula 3]

‘5—amino¥2—(m~aminophenyl)benzokazole

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

10



10 ~IH [0018][fornul a 5]

2, 2' - p- phenyl enebi s(5- am nobenzoxazol e) Hx~l, N NHS,,
5 [0019][fornul a 6]

2, 2' - p- phenyl enebi s( 6- am nobenzoxazole) H2ZN O NHS 142
(e} [0020] [formul a 7]

NH2 5 [0024][fornula 11

0,25] [formula 12]

03 -B-plieavyilreci eyl Jhenspb Az 3xdz%149d" ] bi soxazol
~ pQ "e [0026][forrrula 13] is

6
6
; ilpgﬁgﬁiﬁgllr%n]]r;gd%]ghenyl ) benz::;)[ 1, 2-d: 4, 5-d' ] bi soxazol

d' ] bi soxazol

3 |sorrers are t'hbse det er ni ned
p05|t| ons of the two amino groups of
“am no( anm nophenyl ) benzoxazole (e.g.,

[0019] {formula 6]

2,2'~-p-phenylenebis (6-aminobenzoxazole)

10 [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)benzo[1l,2-d:4,5-d’]bisoxazole

11



respecti ve conpounds of the above-nentioned "fornula

1"- s "formula 4"). [0028] The tetracarboxylic acid

anhydrides to be used in the present invention are

aromatic tetracarboxylic acid anhydrides. As the

aromatic tetracarboxylic acid io anhydrides, the

foll owing can be concretely ment i oned. [ 0029] [formul a
R 5l OSO][fornuIa 15]
\ P 4 . . a

13 [OCSZT* ¥ ! ” “ben z
ophenonetetracarboxyllc acid anhydrlde ~a. 5
[0033][formul a 18]

3, ﬁboﬂgﬂtfgfﬁbggyhsqlfonetetracarboxylic acid
anhydride Q.J it o [0034][formula 1

2,297 §} 44(3dﬂa%}F68%@iW¥éﬁd@®')%bhyﬁ%r opandi ébaepgazole
io anhydride ., F .fir...... romati c'
tetracarboxylic aC|d anh d

Sexenpllfle‘ " 1) “used as long as
hedd, £PPEE more than 30 nold of the tota
e racafgoxp+|%§ag? dianhydride. As the nonaromatic
ZOZI%fthcafb@xyhnGOdapﬁaﬂmmﬂh&hi@és,Zﬁdbé,@sédlbﬁgpxazole

10 [0025] {formula 12}
6-(3,3'-diaminodiphenyl)benzol,2-d:5,4~d’']1bisoxazole

[0026] [formula 13]
15 2,6-(3,3'-diaminodiphenyl)benzo[l,2-d:4,5-d’]bisoxazole

[0027]
Of these, respective isomers of
20 amino (aminophenyl)benzoxazole are preferable in view of

12



14 exanpl e, butane- 1,2, 3,4-tetracarboxylic acid
di anhydri de, pentane-1,2,4,5-tetracarboxylic acid
di anhydri de, cycl obutanetetracarboxylic acid
di anhydri de, cyclopentane-1, 2, 3,4-tetracarboxylic
acid di anhydride, 5
cycl ohexane-1, 2, 4, 5-tetracarboxylic acid di anhydri de, )
cyelaclieeds ane-yBtEe6is et rbzarpotyhpeeipy dthe “respective
di anhydr.i de, : £ ‘b the
3- AV e | SHek- @%%%-%?fif%f?§?6pgetPgbgfgéiﬁ%ng sci d
di amdeydiniidey deompiyd £ 3amihyllepdnopbeayd) e Xz 1e (e.g. ,
tetracarboxylic acid dianhydrid - et 3 d P o "
o PP fodetads 185 G Epob el Hdiohdd ~sorpula 1
¢li arudiiide, 4 1y et hyl cycl ohexane-1-(1, 2), 3, 4-
tetracarboxylic acid dianhydride,
1-d@&ﬂﬁlcyclohexane-l- (2,3),3,4-tetracarboxylic acid
di anhydrde, tktdcarboxylic acid anhydrides to be used in the
ggg,g%%grgqygfg%ggggy a£2 BhoRakd St BLLasaL byl & g
di ey R s 3, A3 ok -4 Bbriacacbesydabaraeyic. acid
di anhydride, bicyclo[2.2.1 heptan§;2,3;§361t 1v mentioned
10 e YRR i ctBei SO U aRAPEr CqE ©¢ concretery .
1- propyl cycl ohexane-1- (2,3),3,4-tetracarboxylic acid
di anhydride, 1, 3-
di JradiAR Ichicr Brekangdl - (2, 3),3-(2, 3)-tetracarboxylic
aci g, ;20 i phydrided anhydride _ _
di cycl ohexyl -3,4,3",4' -tetracarboxylic acid
i bi | o[ 2. 2. 1] hept ane- 2, 3, 5, 6-
[ i d di anhydri de,
ane- 2,3,5,6-tetracarboxylic acid

7-ene-2,3,5,6-tetracarboxylic acid
#wd the |ike can-be nentioned. The
acar boxylic acid di anhydrides can be
,used alone or two or nore kinds thereof can be used.
FOOSG] The polyimde filmof the present invention can
30 b Gl ifermwlealbéd | ubricant for formng ultrafine
ConEayes, anil GOPNEXGS R rblfnbld s Ud A¢ Ganiipai fige
| ubricaht’ fine particles of an organi c conpound
and/ org an inorganic gonpound, which have an average
particfile sj.: f..abolit 0.01-5 mcan be used. The
anmounty-ogtheg "?””*f”ii?nt to be added is about

: Al 515

20 [0031] [formula 16]
4,4'-oxydiphthalic acid anhydride

13



mass of the film In the present invention, highly
heat resistant inorganic particles are preferably
used, and netal oxide particles such as al um na,
silica, titanium oxide and the |ike are nore
preferably used. 5 (0037] The polyimde filmof the
present invention is. produced by (a) first condensing

aroHHF?%]Hf%ﬁTﬂég and aromatic tetracarboxylic acid
anhydy i desa i fpe Az §8h¥aBheke t @iy PRl Vit dleaey diride
solution (hereinafter to be zo referred to as Step
(a)),gthen, (b) gappl yi ng }he pol yam de acid sol ution

to a e solution to afford

sel f - 'is specifically drying
undeg chj.eve the amount of the
resi & the total 15 mass after
dryin %o give a polyimde

precu gyed to as a green film

(her et ferred to as step (b)),

then, (c) heat treating the green filmat a maxi mum

tenperature of 100-500C to allow imdation reaction 20
hey £l e.geferred to as step (c)). [0038]
%n ?ﬁ%ﬁiﬂggéfﬁgﬁgiéﬁid steps (a)-(c), the film

(i ricdudi hgt theipheenlEulfpnede tracstisreticee ¢l ganhydride

stretching treatnent where necessary, the area 25
nagniﬁ@cation ratio is prefgrably not nore than 9,
eferabl y,pot nore tfgan 5, still nore

] NG : " and a non-stretch film

t is further preferable.

pans a fil mobtained

intigntionally applies a

“ﬁ:g that 36

nmechanfical outer force suchfas tenter stretching,

roll stretch, inflation stretch and the like. Too

hi area magnification ratio is not preferable

begkﬁggk{é?EWH %cibglanar orientation degree of the

polzyjavnies f44 (3 pecanearbeaybhghoxwhiptienpkgsropa®bic acid

difficq%ﬁw%o control the difference in the surface 16
T%Eht ati on degree between the front and the

18| &Y
back

[0035]

The aromatic' tetracarboxylic  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



of the filmto fall within a given range, and the film
is susceptible to the effect of change in the
orientation due to a heat treatnment (e.g., not |ess
than -5 300C) (0039] The production nmethod of the
polyimde filmof the present invention (hereinafter
to be sinply referred to as the production nmethod of

t BeappAENtbi fweat i D) 3i, 2 -it@ teaplaitedy 1 ic det:aiil diranhydride ,

the foll ow ng 40] Ste The sal vent use
pBEWFERSZiind - a?rosl['ra‘i J:"a?% ﬂég)llgn&CéPor?&t% c,h 4]
t %&%@%@%d&wﬂ&@mmﬂ des atq dgiave nhy qralgeni de
acid is not artlcularl% limted as long as, it

dcgsdloperdipeof! thed nbnbfbF & cREPEEYLRE St Ghlganhydrlde

5”@&%@&%é§§H§Lfrﬁ fesuttipdcRebyariide adih LHrefefdedde,
aré pol ar organic solvents and, for exanpl e,

Neyetlippex-1mre o} i Hoheb - Re &SRR XY g Hghed i aphydr ide,
29J$q%? ny Peenng'Qhebhy%f%U@@Hﬂkﬁafﬁaﬁyllc acid
di et hyl di et

tam sul f'oxi de
mmm¢thﬁhraeetéwﬂ>ﬂywm%@d}%re%cb¥ atk; 5.6~
d| ethy ol d y |f or;a ogenat ed
pﬁéentol S aﬁbgﬁ%lcll elgaé%ﬁﬁsfgrsil&one r;‘(Pehetggi sol vent s
10 25tmazr1dye:1w§eﬂ<ﬂ1ﬂ®1ee63 i(h, a)meﬁuﬁ@trﬁ@mll@)facld

the _ SOlxery. Lo be used s any s ong

Ve nmonomérs to be 't e startlng
Male@yriad] Bcb ASy Bi ¢ Caonid etiéaahydnti deg l:lewsmylw]chmgmne—l-

that affords gener 40% hy rab y
10236% b Tres r%?a%% %éﬁzlﬁoﬁ&'}\srs J‘lar{ﬁ%}ﬁe sof ’utib%
dldSﬁﬁldﬁyfﬂg:jJ[&H@iﬂ@ﬁEFs qan3)be341(mt3)omtre[cﬁmﬁn¢xyhfec acid
conditions for the %merl y4 02% action

y4r

IS(MWa%%J&etodb%ya%g &Y ol et ed g oy ERoy i acid

" RQlaHB/d Zadd b1 €RELLOR" P . tlQhQiitItairfé—FK)JyHm@—e aci d
may 17 be conventionally known ones, and a

e kBTS2 TRRIUES 2BNE| Hasa§Y§ﬁlrdr%'ngl aﬁﬁﬁ%‘F #ﬁéeXﬁne 1-

anOrgamn ¢ -tetracarboxylic acid dianhydride, 1,3-
dipropylcyclohexane—l~(2,3),3—(2,3)~tetracarboxylic acid
20 dianhydride, dicyclohexyl-3,4,3’,4 '—tetracarboxylic acid
diénhydride, bicyclo[2.2.1lheptane-2,3,5,6-
tetracarboxylic acid dianhydride, bicyclo[2.2.2]octane-
. 2,3,5,6-tetracarboxylic acid dianhydride,
bicyclo[2.2.2]oct-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



solvent within a tenperature range of 0-80C for 10 mn
- 80 hr. Where necessary, the polynerization reaction
may 5 be divided, pressure nmay be applied or the
tenperature nmay be increased or decreased. In this
case, while the order of addition of both nononers is

not particularly Ilimted, addition of aromatic

t etegsarcfoxaie o b d arramyfehrqt desefonh sBYARFANef highly heat
ar it (854 91¢ GpREELERRR! GroThERIRMNY used, and
pol(};%% g%ggl Iﬁ%a S%Tanm de agled%soel ution use an
obtaitrdd Obszlctdﬁexpotywbw zatfbnapeadmdnai s sigrigfeer dbipnium
5-40% b r r 9 NRSsy . and

t he Vi s%os Jﬁlég %%eﬁg%tgl g ng@aFMtl 'S
prdfo@rBeYbly 10 2000 Pas rmre preferably 100 1000 Pa*

IS s, asur ed 120 t 9NN

vi ew of gge |% ls“tl |I| ko%o%? %%%%gn?dg gérgnéﬁén 1s
dupirfegiutdeel ;Iq}y(fe)rlfats'oncoadehsgmg Bsoefaftec:t idiamines and
produce aJg od- qual i ty. organi. Ve 0 .sol_ut

pola}fé’ At gfa%r.a%f’“ﬂméﬁ%ﬁtl ofic P Fsi%lh P25 |2$onl§1rm éboofbeortt to
CO@tlﬁl@ Iaeq:&xwaaﬂrkwgaalsrrabttuatrbunnt(h@freartaeihamaio be

uesterl agent aro t| di am h s bef.or.

rzeé{gfo‘h %a%'f?%n %keletnérrﬁ alP P, ugl efing
ag@iail,yaauemrmhﬂw dayvubfoa car bOISu-p@@IIttorarddexi}eLrb;)nthe
25 suych as naleic anhydr#ge and-the like ca h: h
mefOLGTEPR The Thotht Sof TniPBPE *&ANYaCSFe two B G
I s sprefigria iy GoPind. Onaek pae J:omiﬁllltdforishs:cara:trtaiem the
di am nes. 0043] <Step gb%> 30 The 3 onrt t total
codffed N t trl:?olﬁ/%\’f‘r’rﬂ%a ALVEBTUERSR S TR Setoo a
1hawR ssegtdness-wiwy ré gi gdbtyoef byt haslsgvao Sg.lif\fd Ci gdlyimide
to forma polgam de acid sglution into a fllml%'ﬁe

pr BFFEU THRF, m olahPpP erehegrGmh &° el 959

r Ot @el QN IS H@Vib80a BssUEbace rdide cofal sIepre ), , then,
plastic, glass, porcelain and the |ike, and the 18

|| k&) cdreate TRARFBR@ItRA FEERBd T A Ry "Xdtfrer
fllgﬁggg: éfgﬁﬁuf6§—5bg°@|éy §ﬂgoh|gﬁlaﬁﬂgbﬂnﬁ%%dﬁion

al s nbodi ment. Particularly
zguﬂmgg@qﬁaﬁng to be referred to as step (c
[0038]

In the above-mentioned steps (a)-(c), the film

H

(including the green film) may be subjected to a
stretching treatment where necéssary, the area

25 magnification ratio is preferably not more than 9, more
preferably not more than 5, still moré 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
6f the polyimide film becomes too high, which makes it

35 difficult to control the difference in the surface

16



support is preferably a netal, nore preferably
stainless 5 which is rustproof and superior in
corrosion resistance. The surface of the support may
be subjected to netal plating with C, N, Sn and the
i ke. The surface of the support may be mrror-Iike
or pearskin finished as necessary. A

' ] gol am de a i%he back
sobdeiney ©exi et P92 PeEGRPor eb%%’é’ iRy
fr%@ h%pif'lll%{ el Widih ?wﬂlilin a€yiusi Qa_nbqua_c’mlai the film
extruder, squeeze coating, reverse coatlnghndle

codtsi my,s camiliibdat dro cee | phE @t r efpgPang8atPnd™End t he

I ke::.'ie Q:Saltq%% t&leeseco a, cROyenti-erakkyit K@O\@{n ,5@ldd i1¥ss than
applii'cation neans can be used 15 appropriately.

FOG4hPc)As a support to replace the above-nentioned,

ne%@o l.ates (foil, film plate) can be nentioned. To

be sﬁggific, as one production nethod of the bel ow 20

ment i onethpopybrudeibnl metthask afEcehe gpotnEmpiedhitMoRE the
of .a base substrate f ' Wior i Ipeférred to
mePHeS5H ¢ 16 b A nﬁ%?elg)éégrkggf tohgggfsgfﬂgﬁergrzti oned |
bases smstgmidudsiausatetisod ofippdet Paedddatiswsftirn 1S

pol yam de acid solutipn, | he application

155 IR (e For Vb HE B3 SarGr SR TS not

partogocadiarly limted, and known application neans

such as conma coater, knife coater, roll coater

rever¥e Water, die coater, gravure coater, wire-bar
and the fhkeseanehe ument ifonedroBOngODA5hg| prspaficpfiamines
the appunt of the resjdual solvent, reglativ .

t ot3d AR o By SRS lifc the 85CS] r?élglyq{]%lecgeng ﬁ"f %?‘ge '
1B fEral adaic 1@r Bs than pa¥chyuimssy rdmel tept eferbdpy as 1t
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20 dimethylformamide, N,N-diethylformamide, N,N-
dimethylacetamide, dimethyl sulfoxide,
hexamethylphosphoric amide, ethyl cellosolveacetate,
diethyleneglycoldimethylether, sulforane, halogenated
phenols and the like can be mentioned. These solvgnts

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 also simply referred to as
35 “polymerization reaction”) to obtain polyamide acid may
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5 25% by mass, nore preferably not |ess than 30% by
mass, to prevent film breakage during the imdation
reaction step. The anmount of the residual solvent can
be neasured (calculated) by TGA (thernogravinetric

anal ysis), gel penetration chromatograph (GPC) and

the like. io [0046] To obtainagrenfilm.f. ample
(seef conppaiciiong 1Ly MifrHe °3¢dHm %ngoﬁyﬁﬁfaé a6 g*amP

SOFHE&QBLSWG%H%ﬂEJJH%f%ﬂ&&ﬁiﬂ% abBgoremidiay sal wentorganic
relative to the total nmass of the filmis within a

gi velveangeitasrt ke whmperpondi troas f50mA8nC foF 10 min -
?XQHpkga hhﬁ%?k”ﬁ%@%@@%&%@mﬂﬁ%(gof&ﬁgibﬂﬁﬂyéﬁpkééeﬁﬁon may

is used 'as a solvent, thé drying tenperature is -

pr bbedablijle?0- 136G suny augy dher aBPYied- or25ee ferPfgAture
preferabl y 80-12Q P&, dLyi ngrn t ePer 8hBee While the
hi 8ﬁ¥r %teh{airr}lc%féée% ho\gre%]?%cu ar wei g’ﬁt .20 decreases

andridee grreemdiitimit entisbeth beoppleERe is| Rota@@nGignlarly
duri,ng.the ar fil r Lop, & Ld.Jafd ORicid

palELtl tﬁ:adc%éie@:l%fno {%112 %géér?%ég ph{/eéh'i?%cgk f{grqperti‘es
caandlydid det ained sakitionuefngroneticniddaMiee Sstiehp.

Vhen the tenperature is | 140G, 23 thecdleypByanide
19| F?Eetf@ﬁd’éﬁtd b ElIeoﬁ“g‘-f‘,sst hogél\%?ie%%fnér Wer ght  easi |§° yeme
deakaas e land drheobizndt éagbpr oper Py lyme g atdegy FpaFtion is
due tq insufficient drying, i he fdriig, tdEs b
vaPr&s e disn‘g“"d;"h If%em%%/fx%‘o%gn%é%g%ﬁr e, qll t s y.

pr afaersablandlGH) wiscosbte pfetbrabifp remegt ifined \Fekprtion
30 the drying tinme is longer than 90 mn, _t _ .
noliec ARt e 5k ght 1 Qretd 8% sBa” Snd™PRE pledezeily 10052000 Pa
brigtle Ahen-dd by shersex Fhandle imcometser hefifidingn view
property may be degraded due to insufficient drying.
Mordovieredimg $%PLhb¥ovement of the drying

ef fiigriaency or for the 35 suppression of the

orper ot ey Sagosrupd curh ) LY e fRekREpac o, oection
Ofi%pég¥¥%ﬁfbgrﬁotﬁ§o&ﬁbﬂ]aA@d@ququityenjg&nép solvent
oo omef TR P non A ofBn S LKEr A szation
hi ghy» Jd esbieney1 i sdusyi aadhedt iangmaid theodnkeoLam berminal
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 mol per 1 mol of the aromatic diamines.
[0043]
<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, fox 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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mentioned. In the case of hot air drying, to achieve

. not nore than a given level of a difference in the
surface planar orientation degree between the front

and the back of a to green filmduring drying thereof -

to confer self- supportedness, the tenperature

di fference between the upper face/lower face of the
suppm tcdrs hpsr eﬁe&t*abbryedcom roétleddt otadt zimge & fperlymer £ilm
1 prefera not . nor.e The te erature

el ARSI 5 EHEFRY s SBinAr o SRR et 150 2

cgﬁtdﬂaxlam tehﬁamm@ht tespeiatlees yof tlhlaae sunmfearce of the
face/l ower face. [0047] <Step.(c)> The re en f]

oBCHRREF i+ REPTHIPLE PrPakRdd TS er 'stainless

sCQRdidH oNs 40s G Y& R QQHYBﬂb@QiUﬂlﬁn/§bﬁtdgiwﬂef@51stance
met hod of imdation, a conventionally known imdation

r &R& |Sd’rif%%ﬁ1e e app® opEPRPELY M@ RSy stb ] $Hre dxepmphetal

a GO | S NOn i WNEREaRBCR3ANY ke CORIUCIIU M ee of the
retch reat ment using a gol yam de acid 25 sol uti on
fnse@mr% mdnpe | BErAgrTal fry OF ReR s kigehiih bl e

a%%rgessaa{% t h%n gléﬂlﬂ:ge aagfét sbi @tllg‘?xmcatno bealal;ﬁy\iled to a

progress an imdation reaciion (i.e., thermal ~ring
10 cIsomnoa:mmwasandgafchenﬁcaplmnﬁgfem os-‘uﬂe ares hol,

dgh J*%'E%f¥¥%£9 ?oékgguFEQSI %dggég # @?%%a Pverse

i ng ‘agent e aci and
aldocammgg Aandien dadtdongy eappllonatt@ﬂae:qmtrm@d wutrehpar

t he actlon f, .t he. above nt yoned,ring clq
c &t zﬁ%}srf anf the %j%eﬁydra}%mng age% c%ﬁ gae C%en%notlecflally

Thevovar esenitidwenppl schavenobteainedan neayv dsadi ng 35
that particular imdation reaction conditions can

15 aGRFSP D2 the! pl anar orientation coefficient of the
oljtoaigwed film to a particular value, as well as a new

finding_that the filmdensjty can be _controlled
subj ect 'ig 2t REP§P&eN TF ﬁerﬁllp%%‘? eEIHSf PbPVSm’“teﬁléCls?l?ﬁ%ddr gretal

t @ 1aneal {fwh bef prend pmhdahi errd neatw@nt i ¢neat | onedoe
bel ow). . [0048]
spec1f1c, as one production method of the below-

20 mentioned polyimide film to be used for the production
bf 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
coater, gravure coater, wire-bar and the like can be
mentioned.

30 [0045]

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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Exenpl ary heating maxi mum tenperature in the thermal
ring closure nethod is 100-500C, preferably 200- 480C
When the heating naxi numtenperature is |lower 1o than
the range, sufficient ring closure is difficult to

achi eve, and when it is higher than this range,
deterioration proceeds and the filmeasily becones

bithkt kesifmad nmurlereref es apt eatabothrents,0 % twmatep the

heat treatnent conpr,ising a treatnent 0- fo .
SRR aIE T W rs e 1 eS, PhEREEERaly, Mg Onile
3+2Q Mowercanne: enttwaesnohfB48F Ateondisigidal tdelvent is

chem cal ring closure nethod, a. pol i de .aci d

SBP&HH%¥Q%§é;ﬁﬂ¥¥nﬂ%Tﬂ%?gupbBrﬂ? Eﬁéggka i Hat§ o5 then
5 I 886t HQN naS Pamtd Ve PE LG €85BUyt Boft0NMs SMdr 30% by mass,

supporting film which is followed by heatjng to .

cdepbatey aitfe fiinRTonkagn HRFdngadde t%%‘%dﬁ i ppRction

1 QeRArt bYPLAGLESS Jﬂq%ﬂénld@éi@@aiegétlk/@&t! $ad RAmeasured

treatnment at preferably 100-200C for 3-20 mn, and the

25 cedrrdiia ety thy cBEd| btherRegrAVARE g ¢ SRAtEHL Tk a9e1

h t t I - Y Bridd. mn.

LB A B e e e g
1ocdi0flde€lt to the pol yam de acid solution is not

par t1 cubar Ly 30| Lmded, anddt(JBY £ DEuBEBYIGUY %11 made

added prror—to 'hé pol ynerization reaction to give

p@lnypaiiad e o) o i Bpeac f dcsodnaipinds wife tdien rilg 2nrednhget

catal yst Jinclude aliphati .ertiar '

Ay T, ¢ [T RE Ry P ke Tand e | [kes L adS of che

hetiampaycvictH et t & agyvani nengech ass 136 idogingotpnditions

pyridine, R-picoljne gnd the like. O __2 hese, _at
15Ié§§¥“oﬁqu%%FTﬁi%n1ﬁegégﬁggngiﬁﬁﬁﬁa é&%r%ﬁy@lic

t @i Mo @i Bl dSndr ef enable asWai |s» hent anotluat dof inke

ring closing catalyst to be used s not artic Iargy 75_

| itfmRRE2 T4 st prefefabryl. 898 1l Cpelof e Pt Y

palyep dgacindy [DO5dd r Jibeyt Bot-ngoet .t hehaddtheoaroting
dehydrating agent .
temperature is higher than 130°C, the molecular 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
preferabiy 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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to a polyam de acid solution is not particularly
limted, and it may be added in advance before a to
pol ynmeri zation reaction to obtain pol yam de aci d.
Speci fic exanpl es of the dehydrating agent include
al i phatic carboxylic acid anhydrides such as acetic.
anhydri de, propionic acid anhydride, butyric acid
anfyer FEBPaRATERE Make PeardRY ESehy bbRyFRE Haithips the
an L.d c s~benzaqi id dride a .
TIbCEE THe TP ERe R BR 2 AN A MY o acnieve
besizohccapfdtianbyde dorarah i onxd Ly eknphenedftyare can be
pr . I t eh at i nt . .
PohEiaRes (R floe BTHE (fl et el tHE 1282 nion
sprefeqabhyy0ifdd crmlonpérealt 20y naokd ofthpoll yam denadied.
When gidehgdrating agent is used, a gelation

rda

retardant - such as acetyl acetone and the Iike my be

used i n ImomMtenatd od. o f ON6R] aiVheirhamep ttheramlievéaignot more

clgsure reaction or a chenmical ring.closure t hod,
o TReh P BV el deNedned = G1TaTeRCa bl S quiEees planar
f s reen At dofUARG My el £dfObhtf BAM £Re back of a
support before conplete imdation or after imdation.

100 o%g%jm Bplandupeng frdd ™ IThotethetpr eSBALTI At on

haguppoptadaeseri enkatdepip Goeffi&i @NErobehBe blelie@n the
0.79-0.89, as nmeasured by the X-ray diffraction

MEIRRRT . faRE/ Aovarelfactr iof (HstHRPatt16e BReferabdy
Fidmpfo21da3ed, nogs mZBASULEL BYoR CaYid¥e FRSPPANGE nmore
perturbation nethod. 35 In addition, 1t 1s a polylmde
fithashold ng Tare e rafur@3dibfercaggporat doe atasily

1shi @hn L £OPELAt BT €1 QRTINS (A rSPPPn p%e'\/ﬂ%‘%o‘é%rp

the absolute value of the difference befween the
surrerzerpranas ofi eheavippe ddgre’ bfweonefasarf ace
(stgdaep A of the filmand that of the other s
surface (surface B) is 0-2. [0054] <Pl anar
ori¥®rerat ioh>coefficient of film The filmof the

present GV etd QN FAR, 3, PLAMRLY in Step (b) is imidated
20 under given conditions to give a polyimide film.

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 ageﬁt, and then applying a heat treatment to
allow progress of an imidation reacti#on (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 cut by the
action of the above-mentioned ring closing 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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orientation coefficient of 0.79-0.89, as neasured by
the 1o X-ray diffraction nethod. When the pl anar
orientation coefficient of the filmis less than 0.79,
the dielectric |loss tangent of the film becones high,
which renders it unsuitable for use at a high
frequency. The planar orientation coefficient is a
pafhfePdrnars ordre gt eaisi age f Réchiegherfoftder obtained film
StEHC%ub%rQ ddT%r'Vﬁfﬁ%”eagoaéﬁitgg'ggn%qeffAdﬁndtthat the
nunerical |y expresses the Tevel of orientation
t h&ifm segwiftacearofba coparrpslbdr biyastibde cqimfadthofgreen
th y l @ty nstit t unit .of - a
crpatny B e a o Sl hIPaER heat T 1 et
mnhecdb@somomMEHHMQHQJtmmmtlbnedAbehbgher val ue
th? f means a smaller difference between the

rlentaglon of the aforenentioned particular lattice
sur f ace Ewehp her pr heatahigomacfinture ﬁed\mﬁmlﬁﬁ@eml Bhe
t he imde filmof the present invention, "

paFPFgGP r Ti3g [cdasude S thee iAedhs éopaFtlEéeferablY 200~

susgaee. S No:1Be dh&f £ agl Qlﬁxﬁ@n%lfn NedpZorddr 8. 1 dNeower
concrete nmeasurenent _operation_of the planar

109, FBAPAEPGn 2688 AUEL TSR het LRP| FlpSUdgsari B fipalt to

Exagphese,[ 8a5kne30 i geneigherashadn®ans friinge,
controlllng the planar orientation coefficient of t he

fi FRfeadpasthent Pacastpearnt ukler F4dmprapillly dadanps

greenckikm f 95 M Ngo re SRR A1 dULiHGa i REHat i Qnt%dstep
the i ke can be nentioned, and the above-nmenti oned

nﬁhﬁétaﬁéeaﬁphm@amqygﬁianqh@ ﬁrbﬁtménthetpﬂéﬁamﬁo C for 3-
nygn n. Eor le. h I o B .
15 X@ %&8 fleo }%ﬁ% it d? ?%e Do aE SB %%% C foﬁeP,ZO min

orfentation coefficier y|n1 i'mhig

a peAnseofepgdgeiedy t he anobunt of heat to be applied
toheg ?reen film and a nmeans of stretching the film

in the ongi tudi nal direction, the transverse 5
d|rch(ﬁpCQﬂdimmrm¢hehbongbmddmdmrknui¢lqwmvermethod, a

O SEELATA UL B0 80 J NPl 0N L 8RELLOBCAN BPpors - and an

Cbnversel 0 | ower pl anar or
2ocoehideténh oéabheomOMﬁIp&kiiylprogrﬁeaad afo form a self—

;?%%ﬁg?%?%$gt?§l%wouﬂi f hea oifOQSdaBQ'h%%€¥%§'¥%
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.

{00501
The timing of addition of the ring closing catalyst
to the polyamide acid solution is not particularly

30 limited, and it may be previously added prior 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 isoquinoline, pyridine, B-picoline and the like. Of
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lo be mentioned. Depending on the heating conditions
during imdation of the polyimde precursor

(pol yam de acid), the present inventors can control
the planar orientation coefficient of the obtained
film As a preferable means to control the planar
orientation coefficient of the 15 film the heating

Conﬁéééonétdwgbeg bAed@tingn @ knlithe Nl é oned . £ Fom
exanpl e, the follomnng heati ng conditjions _for .
i helbe FOAYFAAET FOA LAREYPBR&Rabl : PHRE HiotP by - While the

Ingﬂgﬁhgnoft%ﬂeSEgﬂ h%@%sﬁ%@ﬁhﬂ@ﬁﬁli@% thesdehs&dngs not
cl osure net hod ?lrst step heat treatnent;

trmrhenplaFlYSGlBSGed:f it B PIRTETAREHNY- 3TRREaPET 1
Jrgaf ngpt . ogpgg&ggngcqh_400 600C for 0.1-15 mn,
e

tenperatu Ise conditions fromthe conpletion of 25
theoobr 3t step heat treatnment to the start of the

second te {ﬁ?ﬁﬁiﬁ?t ﬂ@”&dd%tl@%S%@ a[@@ﬂﬁdrdﬂiddnagenb

density> e present invention preferably
haeso aa somems,mey agfidl sAutt 5/ gf £ 7BOt aB2FEASHE_E LBy
Sisty @ g Q umy aV0gBe t Berbikm

de %mfg S 8%5 %%& % %’ <%¥ g@ Tectric constant of

1d hgolyherbeaadien dmaythnunﬂ1¢Qt@h%up?bbﬁ@lﬂ9raeéé at

thgpgh frgg%enc les 33{e&%ﬁgﬁfgﬁxfﬂgngggﬁgr§BEQHde

escri Exanpl es
[0952bhésla«ﬁﬁa&gdm@ ammdwﬂnhjﬁxidéﬁwd@ﬁblﬁy aggpégic

t of th [
reshval amount of cthe. S0Pyl paLbe ot sty i Lmuaay

bed” Kg ay” be’ app dur i ng
i mhfatHeade 5nﬂn¢hhhaﬂhd«3anﬂmbthe<ab6vvkwenﬁpeﬁed

means are appllc ble to the film of : .
1qngghypaﬁ eEoSUS gﬁp en%(%?r%?%§S%£F§SQE§§§?%$ g e like,

t hgnpokyiemideef.i | € tﬁeﬁeanac@knuuhnhY@Fiﬁ@,ahgwh@igfacid

heat to bhe appljed t.o th ]
S RBREAFAGS AR | AT (TR ORG! £odi BaFCarADIRR Shnile

th@hbra&%ﬁ%&S%ﬂmﬂﬂﬁﬂddﬂydﬁﬂting agent to be used is not
particularly limited, it is preferably 0.1-4 mol per 1
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.
[0052] _
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 off from the support before complete imidation or
after imidation.
[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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both the |ongitudinal and transverse directions during
an imdation reaction can be nentioned. Conversely, to

| oner the density of the polyimde film a means of

i ncreasi ng the anount of heat to be applied to the

green is filmcan be nmentioned. Mreover, the present

i nventors have obtained a new finding that annealing
vefter PHBRT R precar Bégh( pempariafaizrief et onerehghan

soRlcdAldon WMBUJRIYL, bl 255 690LEOL a0h ! BT B Alrence
the obtained film As a pre?erable neans to contro .
beff@esay th¢ mwehn¢e yplanazabirigniefivre ategredat f oone

r.eat Ifen e [ d..Far e le, the
S%gﬁ%gv%engs%%%%)i%ﬁg%fgggaﬁﬁéa iaﬁl)éia@?ao? eogllrﬁlb%t?%lﬁer
spgdctdeoon(fuszeei) ais Opkeferabl e: net hod of
[@B@%qling before imdation: one-step 25 annealing
treatment, annealing treatnent: treatnent at 120-150C

<Pdankr kiidntateipecos if fciene o@NdillinONS:
0.5-3 seg.l [095?& 30 <Dielectric Erggerty of filnp
The f1THh of "Ph8EpFréSeRE SSRENt 1 HFE AL ABnERBnBdPLaBGFe
oshens aa isitAldoedi € €Cdiit Co€00SY8RD .8 high mdd RAMENDYy the
and is, . suitable for use_at high frequency. The

Xarare8ititd aGriamamte vhot he ¥hen FRedeipRed Pefgpited icg

cabrtrhe isingnalss i efi g {heibbbmepunf ace i recd i on.
From 26 the aspect of applicability at high
dipdgGéndy lossndiangentyief ethej £ldBnHesomest hilgdh £ jwipich

réfdpief erablngy A Hml | £ ﬁQ@EEtlgnhﬁg%fﬁggauenc .
dielectric constant is preferable fromthe aspeei of
hi gh Trequbieyr chniaptetion epeH Hpiwveris whepanameter

£ 8 eLRpLELG 1 GANTHANY, i%{rhé e, ﬁcﬁ’éi‘ | 0L oLl deMdsS ot more
than a givenrange, other physical properties,

nepheeiéal aehny tigavdmx aihoropbnt y, Iareunstickilhyl gxpresses

cie0180ed MNbeh LS Jsact | cal | Yn s eherghlg.. The f11m
of the present invention dielectric constant 1's 10
PZrédcBled arti@CeGdunrizscereaturked byyatedvilbytice, which
14, °2008RGE: BELLULRAY UF PO cdl L3R RESLAY L nign
orderliness of the molecules constituting the film. A
higher value thereof means a smaller difference between
the orientation of the aforementioned particular lattice
surface and the orientafion 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
mentioned, and the above-mentioned means are applicable

to the film of the present invention. For example, to
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preferably 2.70-2.80. The dielectric constant of the
filmof the present invention at 1 GHz is preferably
2.70-3.10, as neasured by a cavity resonance 15
perturbation nethod. It is preferably 2.75-3.00, nore-
preferably 2.80-2.90. The dielectric |oss tangent of

the filmof the present invention at 100 GHz is

pmefker atiey smald x mnienﬁmtmhha:ne(ffc:bﬁax‘qorqﬁ erteblpelyimide

nore than 0.003 is pref rab e d t
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[0059] 30 The present 1 nhventors have newly found that
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20

25

30

35

Coid A | RN %Qz?t FQSbLyaggql@@w Hd AL OFi 1m can

coéﬁ‘fl cl ent yi m de ot her™ means
Cc &palies twforoerht r @dpengintrtm o ekhet hee téhat I¢@rﬁumq<>1"eﬁ during

STl R LD LS Btle P AR, ecia
[ mh@atpmsnser(menwmto:ss tenbeoaltse Ir eftey rekptar agrientation
--%%g d' unrgpcéﬁg $8£X gef%%!d") %ag %%eferable means

nentlone or ~ exa 0 I'ncrease direlectri

canstearitofl tiiee &:p@hyrrrbdéehltlamlom nmmsfxrflent of the
cr.easi the ratio of unr reacted .pol . e aC|

bg tgﬁeecf‘ Etfoh@%r%‘é?‘i} lfgsl ov‘\l/errlrighelmd]icSJI e %an "be

canrstadnedi. thremo@}garmm fthe foalpedny ofeatsduciqighditions

the ratio. of unreacted am de _ aci.d can be

el e ey RRAnst P ﬁt PSCIL5 el ectric | oss

t angent mekhbhe offi Ilmld@ﬂmﬁne ©fo-s08pr akhitng reheneatd oy

of a conpound repai ni ng as poI yam de acid in the film

wittRdRe & kiR | ohosure method,

first step heat treatment: treatment at 150—2505C
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
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
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
described in the Examples.

25



(hereinafter to be also referred to as "ratio of
unreact ed pol yam de acid") or controlling the film 15
density can be nmentioned. For exanple, to | ower the
dielectric | oss tangent of the polyimde film a neans
of decreasing the ratio of unreacted pol yam de acid or
increasing the filmdensity can be nentioned. [0060]
20[«pAl dity dependency of dielectric const ant > The

polyimde filmof t |nve |on referab
shows adAratl om%%%%og% tgﬁfl *Phe &t ’b?)l ¥ 18%€ of

thﬁedh&h&&téh@u&ﬁﬂ&ﬁaﬁﬂmﬁﬁﬁaB&eﬂﬁolﬁ}Eh@fg&@%n fllm may be
hun1d|t¥acond|t|oned fil munder the_constant

t ehPEF GRAPE /28 TAFF TR VIR RAIFPPOAEIoAUFART §5%IRion,

sf 0nQ@4the, 1a%e ,MaAUMAE b EanbhYiHREANARGR s are
perturbation nethod to the dielectric constant 6D at

100PRF-E C8P Len&of ithm VEidiure £ der e dPRgeR tt hevesidion-onEor

Of e A28F1 24 £ Bl 4 ndS JIRAS W ﬁgﬂd@ﬂs§t§a¥Et¥hEe§Qﬁ§Q%§de film,
perturbation nethod. Wth this 30 range, a substrate

f ot Bp2BPelfr sAAE cdincuihe sterbtef el towbeumbpgiltipd to
de@@@d§pgxna@q1m' gh feld %@Aﬁ%y?fagthstca%g' ned. fAS.Ln} in

means to achieve this range, exa met h
10r geluei hgnohsudimandt dgfresdtiern evalp@r‘aredsﬁﬁ@me dheefdtimn, or

atb@tg ggg Fgggtﬁw%m natrpae {@Qﬁg99@%351&%%%&'03%6%%@9

| at er of wat er evapor ate
temwexmt@ae>08erngc¢mqnznannbew@entannederthasersely, to

e a mn reI| nary |ng
{?§%£n£ﬁea?eas &&ff(ﬂf%iﬁsec f?%e polyl n&e
f|imn:éashegpteseamommmenﬁidnemteferhblypshmwﬂ tthhe the green
ter evaporated during heating at
15300l or PR oP oo HE 1St oRGa e eI AT CE 10t pBventors
pdlasren dietfi hedbef aee Aimelimg eyt dayhegling blea
pr esent S§e0|f|cat|on to herel fter sogetlnes to

DT Eri s 08 “pE e i s YA O &5 el Fe Eafea he o

hiighi d 2opef at vethedft RPN E cdheRo 10000tppMichk ity of
nmore preferably not nore than 7000 ppm nore

priotereibF SRS fbB -t hAR 4086AFHARA Means to control the

20 film density, annealing 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, B
annealing treatmént: treatment at 120-150°C for 1-
10 min, -
temperature rise conditions: 0.5-3°C/sec.
[0058]
30 <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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particularly preferably not nore than 2500 ppm 15

When the anount of water evaporated at a high

tenperature is greater than 10000 ppm the swelling of

the polyimde filmdue to the devel opnment of void and

the |ike beconmes too high, which easily develops a

contact failure caused by delam nation. 20 Wile a
snﬂhbeaspmunﬂuf(ﬁpp&ﬂeabbﬂapgratedi@h irddqﬁncy, a smaller

t enper, at re" S nDre referabl e, .in.consi
eaggﬁégg oft pfﬁﬁhai °£o§$ea§alﬁhés|P%§ Ii Jﬁ?y A smaller
needsetro 1i@iat o Itﬂveeldiw@ceh&ubs)hamainaﬂ is preferable
'n%onvenhﬁnce and the concrete lower |Limt thereof is

rpps&

h&FPES 25 Pt 9A CHREFEPEYmEASTAGTEHRIStoS -

ﬁpﬁb&tekf@& Ofwhelrh® aimdnd c ©f i cVWabak tavnapratied Hodimide
%h tenperature” is described in the Exanpl es.

621 6 SXTaMPRe Foidh nd del¥ PRNPREE -a odhEn Rintuinal
OfprSQeWQE%% @ﬁﬂ%ﬁfﬂ&i&fﬂyameHQnE%gﬁebyﬁﬂé%t N bath

the thermal ring closure nethod and the chen1ca| ring
cl 8stiEinginodedratad . tvebehehs wirewtdcediperatpaterable.

preofil eiby @Wegﬂéubfék {efpgéﬁkggﬁ BQQQ%égrfgnc(ﬁg%%nt is

than 400C for not l'ess t mn i s necessary,
1q¢ hé- 88 Beﬁﬁe@&tdﬁ@;ﬁ&ﬁaI@ﬁu@epsetedabwyabwaﬁmﬁy|ngponance

in rat an 4 0 t,less
thg%rﬁégbg%qg%ngF§ﬁ§¥£fe 3%@%% 9981% 5 @9 @% more
tenpefatabéyr@nd@«ﬁ 8m30Tﬁﬁxﬁieﬂe@orltesenshantlaf the

h t
range O%E4§& 3@%%2 luﬁv?eL % ?han g%enpera urﬁ%aqu
t r2a? fredt 16f, asgme@mdﬁédnmwth c8U¢hyt€§B©hﬂﬂﬂ£
th d t to
R S TR LSRRI O et o VRSt S RE & fpgH b Roxe

tepnefatabeyoﬁ BOt-2®ree. t han a gi ven range. V%lle t he

upper ts, of the tenperature and ti of the io

ehper atli% HITHFF = b e TROE. FanStah 11 oot f rot 86, The

tOprayend daeenpasint iaan 1afot@@zfibnprtehartabmersatame not
eferably not nore_than 550C

IS _not pore t han GOOC%#N
ariC=entRe8ndi- fér 4 cx#lpr obfti BPEFt yhathd 00k 1s
20 Sm&BE PREEertBaR, 6@dﬂ'hoﬁ"ﬁ%ﬁéabhﬁnn@tOUQrQstE%}ﬁH%r
n1gre£g£ggig While the lower limit of the 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 dielectric 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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15 preferably not nore than 30 mn. [0063] <Curling
degree> The polyimde filmof the present invention is
an about flat filmnade of polyim de obtained by 20
pol ycondensation of aromatic diam nes and aromatic
tetracarboni c acid anhydri des, and preferably has a
curling degree of not nore than 5% It is possible to
have popyesedenteddsuperdne fies el tegt agai 888ion
stabilit A concrete neasurenment operation of the 25

cuW?ﬁ“gl%éﬁF%E 5P &of A9 & feRTribedi 7t hE2Ex8nfifes.

[ QO6Ad a cERGf pEEPERIER Lha Syrfane B anant 9bheat atFop
degree between one surface and the other surface> In

t RXPBP Y ni He LRFEFeFE et Adpridsefcihventpphtaphecf3ghe

sdifd £y eNEEei Pilhe quRkacse RIAnalcLieMhat R d89higeor
bet ween one surface and the other surface is
prefeeaptgd Dolyamdde prcdfderct po-restienedherConversely,

preferably Ord- gYeatilg didderence {hf‘ %1‘?8 ?8&%3&&@ film,
planar  orientation degree between the front and the
backnedns hef 88dpolipinitde fidtiae sof oontargeedt helyamide

diféﬁﬁqgc in the, 30 stresisprese

t inthe fil
bet Ween t eb?r%ﬁ?téﬁ *ftie agkﬁﬁéﬁﬁéifléﬁﬁﬁfg%m?ch

10i Sdiohscdeiedlossdevehemt euff [ing fijpbn, heanheags of
treatgeniland %Qe like. I%,the Lresent inv§ntion by
cont ot ST EhE"ai FREFENCE it THE B8 F A3 BrBHarS
orpeYati o8 defteent @heotf Mo avittadu, imiketibar mal

degradatiopn stabiljty suitable for a carrier _tape _for
FPOS SR BRI E Nl PRe 2148 ALRARRH By the FRERP AG
dagieea of e & hgo pehpii Aieda cfiidm afr N©dn s BLEAGNthE%E iqan
be achj eved. A concrete neasurenent operation of io0

15¢ (R ¥ Fr 6fR eP M ERE 180 ac e FRFafXA ™ B ent &t i bpwer the

degi €8 c DLl WeBHs SNeasYehaC e Anthd 8- D NBId8UFf 366 bSmeans
described in the Exanples. The difference_in the

ST ACTFANERY bRFeRRA O Tl eR? Tet heRPl bAB1SEr pEEE ©oF

anthdhes P1 Ner cL SUER age dies SiaR) esantied hynthenalsol ute
val ue of 15 difference, which is obtained by the

meldsf®hent of the

20 <Humidity dependency of dielectric constant>
The polyimide film of the present invention

preferably shows a ratio gs/€y within the range of 1.00-
1.10, of the dielectric constant g€gs at 100 GHz of the
humidity-conditioned 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 & 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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surface planar orientation degree for the front and
the back of the polyimde filmof the present
invention. [0065] . In the polyimde filmof the
present invention, the 20 surface planar orientation.
degree of the surface having a higher surface planar
orientation degree is preferably not nore than 15,
nq@%GQﬁeferably not nmore than 10. In the polyimde
filmof" the present invention, when the surface
péwaury iehteaton degpesadkd ke HHFadeTRRATY DS a

hi gher ggg%gcg\a@ ac%%e%filﬁm%%igﬂ 9§g£%e?5§ bicgb8bhere at

t han 15, erence int surface planar
orli7arttattican 7degrreef hetpmeehi hheatyodtryand the bdek dfeated at

the filmcannot be easily. adjusted.to a _given.r
5armd & fre TOF | isse%ustse?)t?%]r%l{néafeherl%ﬁll °§ggt¥‘aedé’tr|%g%%
due e i heap r SPe aBaAyMBhbW(EE the amsturd tesépimane B0 e r
In the polyimde filmof the present, invention, while
t Y AR LFE e T bRt Reasdradd pUn&r T67% et &% °
degee fed hebsuef aseahaviendca higherl simfdeef plmanaefore
orientation degree is not Efrticularly Iini%edatfron1
t RF B EREY SFYLRAE PREn&MS PSS The FRER ST T80
1oPRf et Al ¥reBlsbRb LRSS ttBamel avmres M ederabl ythet amount
| ess than 3 and further preferably not |ess tha

7.5.
[ G066 19 seepPebitedi adeat e Tt r Q?ﬁ?%ﬁr%thBEaFPgnmore

of h ah @0 66! ¥ERt Op¥ i DY HE¥Eeng roff ot 1G5 et frid B tehan 7000
achieve self-supportedness is limted to the surface
i Prontaere Rrefierpblyi ROt MO xurihae pPAhappm. and

Pga%ﬂafyrﬁfgﬁggfekabﬁ@e S face ofhdher gseepphi | m

in contact w e air “(hereinafter to be also _ .
15t ef err ehiem dheswrfaret ALt epdsT16VESOFE Widgkdr & D

the sy | apa Lent ation degiepRf the sWefasay of
i:%%ﬁﬁé%%?gﬂ?tﬁgtEggébggb?iE?hereina??%r to be al so °°
r efter reoll y onade s@ifimcduB) to Thobiey sl ePupblyPfhi yeid and
fil.m show he differ i surface ypl.ang
oﬁﬁgﬁtai$%ﬂg%é8§%g %gghgggﬁ%hgﬂi$%%tg%nd ?he backbi’Sa
ofcdieadt| frrdlunet caosed kan dglaninatiaportant to

zoObt ain %hq.rleee% fsinlxargfggw‘gxgo@n%n%lfl w%itfefrere%‘iveofa[‘té@eat 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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surface planar orientation degree between the front

and the back. For this end, for exanple, a support is

coated with a polyam de acid solution, and the

conditions for 20 drying to give a self-supporting

green filmis controlled, whereby a green film

showing a small difference in the surface pl anar

or tempatrbdnreegraerye et wWeEIP d-Hes darcomto mnth t hiee @ ckn £2N20

be_oht aj .Sy di.fference. in the surface planar

or?gﬁfa??%% p?fghéﬁgg@'ﬁg %gﬁhn?hénf?oﬁ?mgﬁffgggeaﬁ@nge of

t he3bagkosor faeenoht 1lhe aheen fd lmmds pietpeabhyeRatably

nor, e Ean 1.7, more preferably not nore than 1.5,

f uPt Rl Blef8r AbIWPTRAT2 HbFe THRAS 10TWAEAPREC for not less
i theneAcainn tB¢ suhkage tRlcaddent®©réd £nd ag+O8ndeYIRCYith
bet ween the front surface and the 30 back surface of
t B GPeERTPREMtSCedICTi e tHee HPiflaténme reACtien can be
suchaeeepl a0ar tof iRl O degeent bsEWagRthe Vi@ ated at
surface and the back surface of the polyimde film
mey RoERbESEBREASULS afo 0t ToFe than 2. gipeoeTpng®:. While
Byre@ntppbki Rgmtike %ﬁpQﬁﬂaCﬁeﬁﬁ@%é@ékgughds%h%%ngf e
relative to the total mass after drying, during drying

105 terReRFIFM P oddHiceevrssdldt seippbrcedardsy, rasgréened, to
fid9;8hQutBapLRG i %rfen&ee'ﬁi%rn,e SHLT 2ch e&%f&g&e is not
orientation degree between the front sur ate and thé
backrguthage680Wt hpneflegabdly margencman tieawbsadTedand, in
To LEi h t.0f. . [ esi | . sol vent
TR IRCE R T RY Pl At B A LT L B e Rer EPapry more
25:1509% ©Y mass, prerfe raprilef erablyo 35- 608mby0mass., Whenther

15t'>}%@f@y§%gfng%emo&%sit%uq4 Splyent is lower than 25%
by mass, surfacé io ﬁlanar orientation degree of
sukrd@®e®l A of the green film becones relatively high
\Mgéﬁkfygesdét digficult to obtain a green film
show hg a° siaff “difference in the surface planar
or i ent atrhen pddgrieei det ficen dHetheoptre ssird aos i dheis an
baq&)sur%fce. IE additiog, due to. the 15 decreased
nol etur a i Ght™ PRESgPEeRFIY R IEnaePER BEY BYittl e.

20Werl ¥ doekereds i A%y areast tdhed Sahfne SURRAr Ledn8%S ¢
becones insufficient, and the transport of

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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the filmmay becone difficult. The anmount of the
residual solvent can be neasured (cal cul ated) by TGA
20 (thernogravinmetric analysis) and the like. [0068]
Wil e the thickness of the polyimde filmis not
particularly limted, in consideration of use as a
base substrate for the bel ownentioned printed wring
25+3938MY e sddt i 5n geRer ahiy belbepmtipy efmsmabl yn3- e
m The thickness can be easily control I%g b qﬁhe 1
aRB@H bsrcome Hol3%ee deWaerh &6l ORI %%p T TH
a SYRRA S pdNthd e £9Neeahkakindn 6fd thiee poi yam d& the
aci d solution. [00622 30 The polyimde film obtained

by retre vt dviezerEnt dnedly  pPodFCtildm hetto i st whbtmgs 10 the
swsﬁlt}gatl:ee gﬂr{rﬁaﬁe @P%’éﬂﬂa%iph' Qig%rre%”g@%’@lrﬁ'@@é than 2,
n degree

orientati acing inside to give a tubular ]
predciucth e naesk ebygvapat yom déabiillmthan gplenbpFer carrier
curling de be gbtaingd., 35 hen {he fid i Stn
V\D%l?l?c? \?ﬁ%ﬁg{{éee' sur a%réghrggiengqé{e'ssav{i gher surfac% ©
plcandri roy idegadé onf delyeepoflydimigid fsilde of ongtvieoge than
tyhul ar_product.,.its radjus of curvature i ; £
prater il P TH HC YRS r dhgeeBF  FY gmﬂ'f%s%et%oe%too‘gpn%atlon ©
10 VAeNR tdier Tarknise of n cuhwakulre aexc geldsnda hi sriangetivhedggree

curling degree of _the polyimde filmmy,.becong .
gﬁ&i%ﬁ?n‘?ﬁbﬁﬂrﬁﬁﬁﬁ gn8a§g§ﬂﬂﬁﬁer surface is5.d Sarlbed

rate for a prin

Wil Nh ASSEHX Ve s CONMH ¢ Sd DPftRenakorieneid anedface planar
polyimde filmis explained. 10 As used herigi Ehghgther :
" pASe st Pt € F B aP B RESd O R Ty 2SS etBfy

I'S an

aboutr M anas SbstsahecaomRr itidkbahibtsuvatagopl at e
and a netal |ayer |am nated on at | east one-surfa%e £

15ofdiffee gAna R, TheChet 8l OPAPdMYD e ThantRatBESHE) to&* P

°@%Jf§qé‘§d£&&£toLBEﬁBQQQAﬂJJé&f@@.ﬂérctn@uktoby and the
processi ng such as etching and the |ike.

At § vty , P 1Y iy dBe £3 1t t['}é%/e?rﬁgﬁﬂtf bpvention.
re[loq?@;pg heat and the Iike without a particul ar post-

processing, together with an insulating plate., )
\ In the polyimide film of the present invention, the

20 surface planar orientation degree of the surface having
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 éusceptible 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 orientation
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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As the use of "a base substrate for a printed 20
W ring assenbly", FPC, a carrier tape for TAB, a

substrate for COF, a substrate for CSP and the |ike

are preferable, since the characteristic of smal
curling degree of the polyimde filmof the present
invention can be utilized. 25 [0071] The netal to be

| amofatled sorkbatn Ile.asttoxmepsaféaeblyoﬁmtmaerml whdrdes and

filmis, Qo ﬂ¥¥§£§b arlg Q%%S gﬂ |s preferably

copper, m num- sta the i ke. The
Iaﬁﬂnaﬁung means i s not part|cularly limted 3o and

the foll owi ng ne can be exenplified; *neans of
bt L noth REEH! THY af 8Lrgca L T SCi 08 e F WY RPARAtion of

ﬁdhﬁ&i%@lvem&amﬁﬁﬁnjCﬂfﬂfﬂgaoﬂetﬁb bakeh 11 to achieve

% glde filmby a vacuum coating techni que such as

vaﬁ - ASPSFOE GRS shutt HrERED £6n thicatiid aged ithecontact

||Kch 34 e aRaANS e fAUMAGe apMBhak L3Y€HhtARi¥n degree of
g i mde fl|ﬁ12¥ wet plating method such as

eI teer redecs &f rdie ekt rbplat tngcandache withe the air

Thege r@BARSF +6aNn tQ)e gse 8l opes 0t LA QMg n?sﬁ.zquf%cte A)5 tends
|am nate a netal |ayer on at |east one surface of

1hoFQi hedé ighiem t[h@ovzqheo‘sqhé@ee aéaaawephro@nft@rtlon degree

20

25

30

35

|a8kn@h%ngu§fg%%alﬁ tac@'Q?EﬂoghgogHFF%EQg(f%@gfg%fter
an underl ayi ng nmeta ayer y sputtering an

t htekbai rd sby relfectoeshltat i g $8réaparBDGulﬁolybtain a

pr La_e S a

ungé? g@f%g %g?%'gﬁgW1$£ {ﬁ% d¥§?88?néﬁ|ln tPe sua{ace
c}pl@@arzpr1$mtaq;ommgegke@nuetwhenlthe ﬁabnhedmﬁﬂihe back

| TEOGLY! 0152 4000 CRUE B 18 85, B .

e may be at fac conhduc
un@bthyhng petah W¢kmuﬁndwim@ aThmanmlakﬂessembdlﬁh the
undgr% nd conductlvq: ax& eferabk%
100-5000° i&c}ar RECE" 10 e ¢ %%f?‘a gtEFengihes tront and

premerhbbe_ For this end, for example, a support is coated
wi;h a polyamide acid solution, and the qonditions for
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
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
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]

By controlling the amount of the residual solvent
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20 [0073] While the thickness of the nmetal layer is

not particularly limted, when the netal layer is

used for a circuit (conductive), the thickness of the

metal layer is preferably 1-175 pm nore preferably

3-105 pm When a 25 polyimde filmadhered with a

metal layer is used as a heat rel ease substrate, the
thF@%@§§¥Qﬁtqtﬁb¢mﬂQ¢alawess B tprefdervablyy, 50+3009 drying a

I e e_.surface to be adhered
?gb6§Fy|% t%gw é? %gefupgor §€ﬁﬁﬂﬁﬂ(ﬁHQﬁ?%p film
Ilnhpydngnmhﬁ dxﬁ&&nem@@mingtﬁa efirfalce3® 108 tdw@entation

n n re than 00 pm are
prngg;%l%etgghordﬂﬁﬁnB5°3F8§%r%86f EBEr T itgT kit face
Dewiighani an gifveSurdaoge Roalghpesshthased . onTEhSeC§%;e%rlflc

I ness (hereinafter indicated as
oS BT S g S § Lyhhose LuRBoRRARtare to the total

i ndlbeat ed tas IdryRa)g S @ﬁef@@aﬂ@kab%{%b@r g)rl{azn%%trsde%ore
e aahesi

reat rOV|n 35 effect on t
?re?ﬁla%faﬁ)?gﬁ Betmasst aytien bhe arauhtandotdley

satksfyiuag ts'?o&v%@xrtdlﬂsl OnSad s cRaA bEHL BY! % ULl BIADIKrrace
VWhile smaller Ra and Rz are nore prefera

1qoﬂéFnPFnPFlﬁﬂtﬂ§%Q?(ﬁQHKH?pﬁfaﬁéerCﬁoﬁ eian@aagndﬁn film
| oMBEohbBI be@htRZ d1S, Qu%QiL r@uhﬁ f {r].leEh?nte%Tfr%%Sc%l o

obt ai ni ng and processi ng. netal” lrayeéer
us%%tﬁﬁntﬁegﬁﬁé§eﬁﬂhmnﬁhﬂwxmg ﬂaymhé¢eﬁldﬁembace in the

su n |I o) naterl | s of a
S|§r’1%§g§ﬁteetg§gﬂgIr %ragiléé éﬁg %%g? ¢ égt FRladditt ifsent
ttﬁ#§ﬁﬁﬁacéndfthhebWE&denﬁ&nenawﬂmad$ubientedué0ta the

1§r&@%P§?£e&ARgég %qggleggﬁggnttd ?g%?ggllaiPnﬁﬁPds to be

epoxysi [ ane an [ ke San
hdfhlrhgtt% eatWieert , i edrondst 5@t Mentma s 15t1pd asemr -

LT R T —
sutkj}@cfetimmaa henbng uridatinants . a MY Godi€ad MePhe a
Mf%5 dua éngnt gaet%PI% ;gﬁﬁggﬁ?éa?gglgggdglﬁe'TGA
Exanpl es T) f Y
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 pum, preferably 3-50 pm.
The thickness cén be easily controlled by the amount of
a2 polyamide acid solution to be applied to a support,
and the concentration of the polyamide acid solution.
[0069]

30 The polyimide 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 product, whereby a polyimide film
having a smaller curling degree can be obtained.

35 _When the film is wound with the surface having a

33



The effectiveness of the present invention is

explained in the followng by referring to Exanpl es,

which are not to be construed as limtative. In the.

foll owi ng Exanpl es, the eval uation nethods of the 25
properties are as follows. 1. Reduced viscosity _

(1sp/ Q) of polyam de acid A solution of a polymer in
N-heghgk- supfecsl irdemar tarkepokyiren dencert Falciiony dfmside
0.2.9 S ured with a lpbel ohde type viscosity .
tube afrs0 IBR e e knoks SRIBBRy P GETPATES 15
Theréfemebhyckieds nehareasif€do ™M Fhom BOCRAMELER 00 mm.
(I\M“Ieitrcgn gR)d1245D, manuf act ured by Fi negr,uf). 3.

Tenst e “eFadfrd Yol F& T YEHT ¢ e 8EPEAGE FPdf Brege. the
sancut dhsyl deelrergatti AheatpduULaki @6 PO i %QEbElcbme3g;x%ater.
fi t@?m)er drying was cut out in the longitudinal 36

di n (MD direction) and transverse direction (TD

directi o ! & Bage asiweerghaPed St i QN 100,
wdth 10 ) as a test piece, whi ch. \/\p/grsl subj ect ed {0 sembly

t NP PehSUREnEhe B orensintd aedtpel vbdifastidtendisl e
stégppiinégat break and tensile elongation at break
using a tensile test machi ne (AUTOGRAPH (R), nodel

100G 5000ASs ummthfeteiedtiby ShRradsyubeoimpdreaticon)a atranted

tepsi gyt SemPl 50 AL 1 and ' ce of 40 . .
nm [ 0076] ?LIB 47 coef ?Fqc:gé)nt o%)ﬁwnzggrgilﬁé??rﬁ?e comprising
exddanst ¥nl dtipol platdeantd amn(eGRE) Tdgeralembhated on at
exjpansi og, an agt asured under the

fol T ow ng co%%???%%s?tfw%gr%%ﬁ 2 300C Was T4 G oo be
15@ ik GTE mag det engi fied far amiztdel avenageddd ob Fake a

of .. nsi,on and _contracti on of each divi ded .
oy zfnlg?é:ﬁ?lgénp% a%ugtra?cﬁgﬁéngf Sgﬁ%araai BT oS the like.
medufeaotalr iede by, MAC mS¢l ENCE neatrmil el d gagt hse20£8m 20

S@@%é%é@ﬁgrkegkny%éegggrﬁg Engéﬁ%éﬁegtpggéiggggr 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] P
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
30 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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tenperature rise end at: 400C rate of tenperature

rise:: 5 mn atnosphere: argon 25 [0077] 5. Melting

poi nt and gl ass transition tenperature of polyimnde

film The sanpl e was subjected to DSC neasurenent under
the follow ng conditions and the nelting point

(nelting 30 peak tenperature Tpm and the gl ass

t ramsans onf t éqpmliat;wae metnt)) Merer deh es nboedinnder fiilm by

f a condi tions ac rdln JIS K

7y e B R R e SR, S REREF ot el By wac

S@Mreﬁlpamngalalmm nﬂm Pairk & non airtight type) 37
start at: 30C rate

sanpl e nRss: erature ris
of tenperaetur :9% Cﬁf’n Rseg: Sptfer: Ja{}grdﬁnlglnatlon to
5[OniﬁinﬁteThemﬁablde@@“ﬁDShi|iﬂ‘I@ﬂgﬁraﬁérgugﬁace of a

poI mde. fil The thermal deconposition tenperature
jd%*IFh%ﬁ fg;’;msubj ecting a fully dried sanple to TGA

nemscurznent (thernobal ance neasurenent) under the
following io conditions, and neasuring 5% nmass
reduct i O, ThaRE of2ppdratied FerDIARGOGS imehf aretrkedlayer,

b%iM%%héﬁ]£$£§i1§§ﬁg wamﬂﬂqn55”hﬂ@991§§5£bgggtg%p§%yer

anpl e mass: 10 tenperature rise start
10r K% uterpbrat aflé théekepd@ariby eleospbeletingges a

[Q;)ﬁgﬂlcjlaﬂﬁngge@g&ggtl%t I Speldicient of the

pol yi m de fil 20 A neasurenent target polyimde film
was set I@nt@lﬁemee,nearﬁ The, uixdeay agiifnfor acttiadn a single

nﬂ@ﬁﬂipqﬁptafﬁé ?rEBK”%Q,UQﬁﬁrnLPF g@!'?Y%ngg, Au, Fe and
condi ti ons, and’ a pol e
the like can be used. In addition, a good conductor such
15 as Cu and the like may be attached as a conductive layer
to an underlying metal by sputtering.

The thickness of the underlayer and conductive
layer is preferably 100-5000 A.

‘ 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 substrateZ the thickness of the metal layer
is preferably 50-3000 pum. 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

30 more than 0.1 pum and Rz of not more than 1.00 pm are
preferable, according to JIS B 0601 (Definition and
Designation 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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figure of the diffraction peaks appearing near 28=21.8
was drawn. 25 nanme of apparatus: RIND 2100PC

manuf actured by Ri gaku Corporation, nultipurpose
sanpl e table voltage, electric current: 40 kV, 40 nmA
measur enent net hods: reflection nethod and through 30

med HOdk S CRANERG Sgﬂggioheftloe%lthieo% thod Ay 1500/2 3 metal

intervals 0; 0-360/5 intervals reflection nethod 35
a;lapdsy 2. onénsbnvaksneg8sRy Ga34@/yintg efhaaleonditions is
D%Qr‘éim?t%sy7pggke5§b1em wh g 259'1'1%':: HVerGenGe are
li'mting sITt” 172 mm "scanni ng  speed: ~conti nuous
( 36EX a1i pry e Be deb ket OtheStortirl [1dtmian o«fOlRY efs 9 Q00dl um and,
schemati cal shows .t he pol.e .fi . In the Fiqure
e TR G hERENBPARG Bty Suld e ehn et T b e o
difHe agd s me st r efigbhtpiafinke aald tpawder=okieny. | i nes, and
an ‘ﬁ/'/e‘i ge val ue of HVD and HTD was defined | o as Ha
(uhT{ The peak hal f-wi dth was determ ned using
t he analfhel smayadgriaaEe rmatnfbetused by BhgakwesEhe invention
pl anar. orientation coefficient of the paolyinmde film.
WY PR a0 Bd FPORPERECERUS. BRI Th TPt o reanic

10f oﬁ:ilg%&mlsf@ggul a%gggep}gamauf,?meemlatdﬁmﬁoﬁd i 'l?lil@nlike.
= ( - Ha)=1 . D rence in the surface
pI%haEfd%’rT'L‘h’Pat B a&g!fése of ﬁgﬂeyi“}ﬁftfel I3 THRAY De

sWiRfecptangs Qr keshahkar daegnee W gEasy fgen0

usi ng. pol ari zed ATR and_at incident angle 45,
dobIRIRED 7Ty SPERYELABNGRSer RS St gr & | rpdalast
t i RS tridver AbsORPhE AR €e8bitmenent o Wordrh theeddhent, a
di rection, absorption coefficient (Ky) inthe TD .

15 plasma treatment, an etching treatment and the 1like.
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

206 [0075]

The effectiveness of the present invention is
explained in the following by referring to Examples,
which are not to be construed as limitative. 1In 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 Ubbelohde type viscosity tube at 30°C.

30 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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direction and absorption coefficient (Kz) in the 25

t hi ckness direction at the peak (aromatic ring

oscillation) near 1480 cm1 were deternined for each

of the front and the back of the polyimde film and-

the surface planar orientation degree was cal cul at ed

from the followng formula: 30 surface planar

or fERESELSR d¥r feHactign) 23xKe thandversendirketion (TD

di §f ecergenh N +ihe s f F: ripentation r

bet ween t%g)f an?lg}r% a?ﬁlge%%cg oﬁ?e(tgh.égg%gl Q?renn ggf ri;%r% .
of WiEhpl8sam) iasventtient imieas, shbinhi Rast kebjected to the
f i l-a cul ated fromthe. absol ute, 35
vglluag%?g{n%grtg}dfff greglﬁgclgl% n the surTaddiBPangFisige strength
sor@enbaekrbnaddgrea shidteneeiotduet soi f ateboBakhasanl Si d@nsile

(s ce_A) .and face on the support side

(sﬂ%%gcgacé :gedi( gﬁero?ess%r n‘Fhe r&%‘??gchb%%ﬁP'

ormant it conrddgbge Shinesivd acerpbofeioRf i g0t at ktBAsile rate
urface A - | anar orientation

degr eg,, of urface,
de%% ego of &N FaBBYBR § ]bfd%’i?aﬁ‘%? Rt £5-pR-
(FIM®» 6OA 896 nmanufactured by Digilab) one tine

0" ﬁ%l e(?t i ?g ATR attachnment: golden gate 10 MKI| o
(nanut3et G eUeBy SPEEAG2n Rhexdt smeieenefangllyimide
45 i {R0B3TEL. Curling degree of polyimde film25 A 50
mMmx50 nm.t est piece was set on an al um na- ceramc
flat bodfd, Midte &% rRAReHORt 2BEOCONGKATF Livim wagndieasured

trﬁﬂHé%CHﬁéiﬁglggg&ES W%%d%%f%ﬁgﬂ‘%ké{ofﬁtgﬁ— 0°C was
follow ng fornmula wnéerein an average Val e of the
didslt‘alrf%%g(w,lﬁz; $3d GIE wast dererfriomd He aertdmn caverage
bead ds, 20 on LouL er. t.aken as a gu unt
N nm The curIQHarr%ﬁ%?Hofa%t m%%gﬁgirr{kcla%ba?%% %lglngluégad
i FafsteMerePexaBnre: 1 nm curl amount (nm

gﬂg:2?Thﬁﬁ?%ég%ég%#%%%ﬂgngpgﬁﬁiﬁ68@§1g9néfgggﬁked by MAC
SCIENCE
sample length: 20 mm
20 sample width: 2 mm
temperature rise start at: 25°C
temperature rise end at: 400°C
rate of temperature rise: 5°C/min
atmosphere: argon
25 [0077] -
5. Melting point and glass transition temperature of
polyimide 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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25 [0082] 10. Volune resistivity of polyimde film
Usi ng the nmethod according to JI'S C2318, the vol une
resistivity was neasured. 11. Dielectric breakdown
vol tage of polyimde film 30 Using the nethod
according to JIS C2318, the dielectric breakdown
vol t age was asured. [0083] 12. Dielectric constant
of poninfﬁ%SFFIﬂFSEPrépﬁﬁhtion of test piece) 35 The

pol yi m decéhp8Batlrbhe sRUREr, Necessagyed o 40 afford
a desired thickness were placed on top of one

anot her, PpreSsefl hemhexaltyad ofi3O0 XkGiG/avith t 0 gi ve a

1.6 m’rxlaémgg})f;gérgm Legbangul ar col ummar test piece.
(Measurenment of test piece) 5 Using a N5250A mlliwave

PNAOSdBiles Network Anal yzer manufactured by Agil ent
TeghnaehQgi£S; ' i nt_and diel ectric _.

| oss tangent\gégﬁﬁéu%%gféénggﬁgg§%%@ﬁf 9%1@§i§%?ﬁéﬁ%§llm
measur edTaadthetoedede coow dsie: iabovieempat 4 oned sasplefined
acgqr di tQ .t cavi 10 _resonance pertuyrhation
netggo%b%%sﬁc%glﬁea rafel%];%%g%f%\?écg ﬁ‘ﬁﬁgr °eth%pi“}ée€es,u%ement
dr yf theamplbe 1amdtea rhamd i ¢iye condinhdered heampl1a cwarRy

r [ . foll . The, dr anpl e was, obtained b
103a§§§r%§ rl)??%g aam{r)\i\é%aa%w%?yégl %ﬁﬁér TEEICHP8ce at g

120C for mdirof |ap@sraddsti @G-DT2000S manufactured by MAC
hum di ty-condi ti oned sanpl e was obtai ned by
huni di ty- condi tioni ng a rect Sg&P%E col ummar t est

pi ece undern CofBimtiuh ePRAT Ahvhe :and ke difpe)
condi tions t 20C, 65%H for 94 hr. The dielectric
property ® Ureheht Was™Per formed i mmedi ately after

1sconpl et arengfl of + (Y1 PP OF shumidity- gopdi tioning, or
the dry or humdity-conditioned filmstate was
mai nt ai NéF 1R chrieyeperagura assaluioidimsack under a
ni trogen awatdmsrhes e upghh the dielectric property
measurenent. (Measurenment of test piece) 25 Using a
N5DEDAZ ki | | i wave PNA Series Network

7. Planar orientation coefficient of the polyimide 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 20=21.8°

was drawn.

25 name of apparatus: RINT 2100PC manufactured by
Rigaku Corporation,
multipurpose 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 o; 0-15°/2.5° intervals
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10f i3 BB AYRAtTAA apis Rtk (e

Anal yzer manufactured by Agilent Technol ogies, the
dielectric constant and dielectric |loss tangent within

the range of 1 GHz - 100 GHz were neasured and

recorded for the above-nentioned hum dity-conditioned
sanpl e 30 according to the cavity resonance

perturbation nethod. In Exanples 5, 6 and Conparative
Examples 4, 5, the dielecktrfPc3edhstantntanvalizel ectric

| oss tangant:.atpglQ 1 HgmWese @l g@ measyr qd and

recorded for a dry sanple. [0084] 35 13. Density of )
pol yi m de fil mloapitysbinghidevérvanaasléntiténg sAtd 4.2 mm
5 mx5 [ and subjected.to a d ity .

neasur eweg]ﬁt%.nﬁhneq ssapn%?cg' t AU l%ﬂ?“%uﬁg\%ﬁaosy%ég{ into a
sdensity gieddicdmtr it ubel prepba etdonwebhnaeaqueous cal ci um
nitrate ut,i on,, and. 1t he. densjt was asured fro

t he posiE?Ll on 1ofscahes %%ﬂ%?%jgﬁ 8{5 ¥qf)’r gﬁeoﬁsqq% ngtgure' Th tne
t er@ine , whesk Hedsi-wyidtad (ren dkdVWETDANwadnaéyér@ahed

density. curve_and the position.of the sanple afier 5
hr]{]rofﬁet?leqéf'ggfgﬁ%élpgt ar é:edlfgn‘tlhepﬁ%ﬁ%f‘f ggﬁr}i‘ﬂ? eRfoken
t ubinevds 30E. anl8vERQAGR] vi4.udVhas uneresid nethoda of dbbBened
amount of residual solvent in_ polyimde precursor )
%TAQGGBSW#ﬁnG‘ﬁéétrH‘rl@@d using
byt h dVPCh SGF ENCED r oheatn sMBiSeS IR 8 aA58d Oby aRPQAYE M dehd SHianar
precursor filmsubjected to tenperature rise fromroom
t SHpet Bt UF £OF 0°208E158 e IGCPA i RPHY irbdent 1R e%df
fﬂHﬁldﬁﬂi@@@nﬁgoﬂttﬂQOQhE%Ldy%émﬂbdwﬁan@@sﬂﬁgdfoihgwing
mass decrease rate was taken as the anount of the
rdSQTdE 2 sol vent (% by nass) assunming that all the

15MBSS de%ﬁ%%%% %O:ivé@rfcoag%gfr?‘i%gé%g%@%%t Lon10f-the ) 11500

resi dual sol vent. ntent of water

eviddbt&t ed from polyinmide filmat high tenperature

Usi NG, 8 £UFL 8 POL At £ h¥PEt-herml 1W%i b 0L 5 8

devi ce and _ac((::ordi ng to the “GEMS et hod, t%ﬁe arount o - <
ewdpdraledmige efiwas det ermi ned.

The surface planar orientation degree was measured

20 using polarized ATR and at incident angle 45°,

decomposability 4 cm™

and number of integration 128
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 front 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

35

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
value of the difference in the surface planar
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A sanple (roughly 8 ng) was precisely nmeasured (basis
weight A (ng)) in a pyrofoil for 500C (manufactured
by Japan Anal ytical Industry Co., Ltd.) 30 dried in
advance by heat treatnment. An incubation tenperature-
in the thermal deconposition device was set to 170C,
t he sanq! foil was introduced thereinto, ed wth
hePi am 6y %?quF%ﬁﬁFQB?EVeEBSGPEe&Wﬁ§ﬁQﬁ3°?|q \Rdist side
reﬂ’ﬁ\ae(fab:)e eldnd ney sdiyEnge SheRnet Reidddr® 3§d@s(surface
diately heated by oscillation operation at 50

42B or 10 sec. As regards the water evaporated from
thﬁlf&@ﬁ@dﬁ&'ﬂﬂl{E@Iéﬁgf§ée5ggghggrO¥Qé%%%t\%ﬁfgédfgé
gg at m z=18 was det ected GCMS. The peak area

5 Sﬁééélﬂee@laq#bﬁrae@/@%%twaﬂedeg@meemf Bunflaaras 5
debaraned sh die absghul £y 8pabiubledl ogurs Ylerffy; Jog-
The anal ytical curve was torme romthe area of
a Stand%R@eSqu@PEﬁréGﬁﬁalMﬂﬁiﬁuﬁFT$S@0Ah&m6tmmnufactured
levels of a given amount of, wa{ egl g@ ch was prepared
using, as a preparation readgent, d%y nmet hanol over
anhydr owsnsotdimen t6fdekftabe, HﬂRrﬂuzﬂéhmgmfIméblahﬁ gate
Anal ytical curve was y=ax+

% devel oped water content (g)&“%ﬁh{ﬁﬁépﬁﬁé rgegﬂQCAc)

anount ofREvateiamewdporated fromthe polyi m de f|In1at
a high tquggature was calculated fromthe follow ng
fornul a.* R aRDHEAE ‘of "wat er evaporated at a high

tefpesagure (ppn) =B (g)/(A. (ng)x1000) thernal
condi tions aratus HP5971A ( GC\VS

d t
ngnggg Eﬁé§n8$QQ%e ° %V{Th@gnﬁF Beconposi ti on

1sdevi ce g aﬁﬁﬂi@dmxpytéggaﬂ1ggeAQJ%sztéeC@|oA @P%flymlna—
Co., Ltd.) colum: PORAPLOT-Q (nmanufactured by

ScTehRBEC fhET) Porg 32 hah 10 Wreerafnatedpérat fiee: 10 min

606heonBeant EueWikdl fledie O.Wa fl 81 Bu18RELL FrBiEGHION
0087% 16. Sol der heat resistance and contact

a§$h+%w agefegmu6@|Whﬁqﬂgqqunaverage value of the

dlstance (hy, hz, hz, hg: unit mm) from the ceramic boards
20 on four corners was taken as a curl amount (mm). The

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] B

10. Volume resiétivity_of polyimide film

Using the method according to JIS €2318, 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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<Preparation of adhesive> As an adhesive, (A
pol yam de resin (acid 30 conponent: diner acid, am ne
conmponent: hexanet hyl enedi am ne, acid value 1.0,
am ne value 0), (B) epoxy resin I:
4,4" - bi s(2, 3-epoxypropoxy)-3,3",5,5"-
t etraangt Nyl b phenyl 0 equi vaI ent. anount: 190) (O
eptgxy red;ia!ntqef@l e\'{d %BE Fylﬁlstg’yﬁ'greepwciee |?P(E%Bx9 3gne
eq@ingdihent, armedl%):h GDLoplier@ I@BiNgEASn? to give a 1.6
resol %_$nol "CKM 1282" (manufactured by SHOM

) " TR S tanggler) caddmmiare test piece.
henmwmwemﬁrdasz ec¥Btepiixeq at a ratio of
50.0:8.0:12.0:29.5:0.5 (nmass ratio) and used. 5
T0088] <b7 bBEcEi Jr 200 % d i ans t PR a§er inisr Negwork
boand yAet |nﬁa)fﬁff£&t19£ew b9 h@a&@n@ TR VRS, Iised as, @

core layer, and the buildup milti-layer printed wire
boSr L SSAAWE iGPTH ant 3and %?éesrté}}rcom tageno within

thtﬁ&”@%&dg:Jﬂ“icéﬁ@el i8b! cRY LReSUfac8 o %n& Jfecorded

core layer was 25 m adhesive s0l ution was
appPFredhet @b@n’r’@mrﬁm@ngﬂ sheppel picwiodel ifrid manthe cavity

141 89086 8ACKA0 i  Thie hDLGKReSS of the dry film of

he adhesi ve was hen, a pol yi m de fil m having
an adheﬁwwﬁpbheeuectﬁnmhah:e deotdymsar f aees plietbe a dry
cogg yhstrat tati v ressed
mg va%&gm% gﬁ%na % ?%8 gr 5§§‘ it % Hgtpared
plaﬁefp&égwshearha ﬁmylaaapkﬁ vaecd ualh t aehglt b9f va@uum drying

kgi/ %O mn.. A YAG | aser _was used for
per f oF aFl oﬁu e AN A Hnet eF twai ©$502ml 296CAfpar 24 hr. In

15peatcﬂ<duaﬁ.oon taedesmaahﬁye@dmntlwaédp@@h@u@%as Adlined

V\ﬁ%iﬂg gle wat er,. the entire surface_of the
t wag pPASHELFTERE P ahtC taPPBL A o rPilifihg-es t

cat:aéqstuaddrt ton safth tAcdivad + &Pur8. 8nBMbii¢K ty conditions
0] ess_co er plating was applied in a formalin

el ect
25 %%&q ot B hf gl 8ét Papl alhAg e adi wike i gp ety

\HMEaémtém@hﬁtWBg WRITE Iefd O ifRfle i Da e Y HYhiG @gﬂ%letlon
’ﬁe ryg‘:_latl ng, bath, and the surface was buffe

AnQFi PPRLSE Giicandt Fenihe . tﬁr’fcl*(:ﬁ@sfﬁrdf Otrhe
Coﬁﬂﬁidlty 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

30

35

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
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]
13. Density of polyimide film
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foil was 15 pm For formation of a pattern, a 25 pm 30
thick dry filmresist was | am nated, exposed to |ight,

devel oped 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 pm 35 [0089] 44

<Sol der ReRPly¥dsiigtearfden s seedbndubuiihdop al dyemxfasm size

f orarell dubfderSdnBo HBABRL i3S Wk dhe di bui,| du
| ayer except that the adhés?{ve tao be a%ﬁi eglklteo E{D%r[éple th‘us
polGA T Ve f13 5 G@St 15npm 8 Hisinck.tyByndtient tube prepared
abwe:mta{cg{@q]y@&)ﬁ : -] rinted wire .
board having a total %%ggn}{gt;érag%y%r%% Wo'r Bt abpe density
T ayérss MR B sfuen tas pbsaitied. ofher obtaidwed float

Mubstie) 1 @0ES 1 Prd J board was, i rsed for 10

seck:) in a Tl rfcéo%p:%%\%%gréf,w e3d- ?Fé‘eﬂ% HYheeanknown, an
he&fed wid 280Ceramidc ¥ heupresende thke aRsARG®&N Bf the sample

peegle S li and the |ike was_visually. observed.
Thgrj?,tr(l"tgﬂhe5 \t%%]dr dq.\%g's dHUSH SHRTAECPES PEmpbratars ity

cyglredtiestt appas aidls {emnuf actured by Kusunoto
IOChefgio%gI]s, Ltd.) and a heating-cooling cycle test is
wherein'the board was heated and cool ed every 30 mn

bel deeNeashawnetrparains® &f tBEC:ABAna RIFINesidual solvent
te eratﬁur_e. of 150C was perforned for 100 hr. After

t ha 't BSEY H'HES RSP ARRT | fitPsed for 10 sec in a

tin-coppesisg laercal 8agakeea sSAUERD iAo (8 eutQctured by
2\?\@1&: d_the presence 20 or absence of peeling,
swefTi %gIEHSEt’hehlei%"Wa%s deerarFy ebser pedyimooBo]

15<CGontéacksbai kung %@%@%d&éﬁrqutgmﬂg}§% .%O@q%%y%&om room
chip was nounted on the 25 obtained nmulti-[layer

prietRErdFpEehbar 40026, 4tmhoRC2Bi4 imma byi facge@osream and

bangi Rg=idbg 7 oof ndi-ngs was. _ 256. The package
nae seta:(L)n N E'rl‘[%?:b(%) f?gn%é)rallﬂewascyné?aes%%%?. ’Il‘(ng mass
appat At i8S (FaRaf Hesutedkdsy dwsumpt @mount of the residual

solvent (% by mass) assuming that all the mass decrease
20 was caused by evaporation of the residuai solvent.
[0086]
15. Content of water evaporated from polyimide film at
high temperature
Using a Curie-point type thermal decomposition

25 device and acco;ding to the GCMS method, the amount of
evaporated water 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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30 Chemicals, Ltd.) and a heating-cooling cycle test
wherein the board was heated and cool ed every 30 mn
between a | ow tenperature of -50C and a high

tenperature of 150C was perfornmed for 500 hr. After

the test, the board was subjected to a conduction
test, and a 35 connection point failure rate was
defernilfedec. -45AB00% YR r (sExdrp| estdr 4evepapatati eom the

l.e <Pr oduct| on ol yam de aci d
SO?!I?I o?liu-rl Peadty o?‘ltcoﬁ%p%?r g% B\éd WptRTalon peak
ni ekogénr=ilgl etas Sldwudeied hheGauset eThangdeakshirehi RYs

rod was purge nitrogen, and 500 parts by mass
ofm%aS}%Fﬁ"g' % %p\geé’rﬁ]rﬂib?%n‘ilﬂﬁén%%?&rte%s‘gbl Heed

ihéeéenmlﬁhﬁnbyQWﬂb FdBuby 8ASSyBfical curve method. The
yrrolidone was added and, after conplete

di %%%P%Fﬁ&ﬁ‘ FEEVSa S hPTRES 6FOother BReK PEeg & ¢

di anhydairde swas tadde Gonftes il XGULBtWAS s sShERed Wl 12%%C1s of
for 50 hr tOQ%I ve a brown viscous polyam de acid

sof u¥1BA" tHEUREdPdedafitTosTRYChi ¥ppFCPrenased. gsdingg. as a
<#ﬁ@dp§ka@moﬁxa€mq%dﬁ fdﬂﬁnmeéﬁahélTB@eQOEXQgHQ%ugmé%dlum

solution was applied to a stainless

100 s3ubbyEes bert mgﬁapl\ﬁaévyew»ﬁﬁr) élﬁbeoﬁﬂil@blyta@agoalfme was
GQYQ&£+bAW59rsQB¥bngbiaf%%ér§y£90r§Lngevggk¥?g]Q%ter

acid filmwas peéled off froma sfainless
t cgivend Brépa)fi km paak@reed hi ckites sammdur <pfnw£6er

The, obt ahped gLean chid My npﬁééef‘lﬂg g%gh P}lgH' & ature

purged conti nuous type he treat ment furnace,
hetd dc hcrhatstefs condére tﬂcell:@mdmgl bosmdéscri bed in

sTable 1.4 AN %aég'}d%te'gogrﬁaeta% o fodiatur e

Thereafter I'm was cool 6d°C6 Froomt'e
oVisFmp &Fa Bunn (bpm@i=Be (own(zZpotnyd i deodj | ns of

R L e T T
are showapprriablse HPJOUR] (d6MONNOnGE fQcQuiMelOb® & , JHS-
O3“%éﬂermgyhég%ghp031glon device manufactured by Japan
20 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
25 [0087] P
16. Solder heat resistance and contact failure rate of
polyimide film
<Preparation of adhesive>
As an adhesive, (A) polyamide resin (acid
30 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
35 equivalent amount: 186), (D) phenol resin
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10Vthickness of the copper foil on the surface of the core
layer was 25 pum. 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

15 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 pm.

20 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

25 reduction bath, electroplating for thickening and via
fill plating wefe 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

30 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 pum.

35 [0089]
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"printed wire board having a total of 8 layers, with two

bulldup 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.

{0090]
<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-down 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-cooling cyclevtest
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 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 of pol yam de acid solution - 2> A reaction
contai ner equipped with a nitrogen inlet 5 tube, a
théPABAdt er and a stirring rod was purged with

i - and no- 2- (p- am henyl |
(t SERAREn 3" T A A L) RS g o (1
ankRopHenylipbe Exexane e fos phai de 50ipakb ulY JFASS)1 >

were placed therein. Then, 9100 parts_ by mass of N, N '
i o di methyf3tet4hT de°ha8 1 AGde & PP sf tBY tR iph bEBOgen inlet

«di 88bkUt bORhe4BDmRAIdLS AN MBSSt Of r PHEOMBH! inbisC p%qiggeéicwith

di anhydri de was added. The mixture was stirred at

f oFLEBCHP Y 028y @ 0 BRGHT \B% dBwss pof y AmpRé naci2d (p-
SOhMLh8PhBny TN hizSR/=G JINE LA YRS 440 ipl.S

<Pr oduc?i oﬁyEzaﬁ'plze of Film - Zé@Tﬁgdpg%grgnlge argflgn’ 2000
sdP%lfF6nb§(/a§‘aﬁ|§p|°ifeél“ﬁl@1dlyls‘t%ﬁwié§@lﬁaépne was added and,
(sareegeebhghl (Qam:a31600 Qi) 284l HLLed pat 20G Lor

mn. After drying, a self-supporting polyam

10cR YT e il s cr elcdds 6d amhyri i ¢ avad ezddbdl.t PHetowixture was

15

20

25

gi Ve e kb avi t hi ckness of. 40 pm . The
an%ght@r%{l ?EeEFeEéni gﬁ"él ggo Jer® iH thé g?%%"ﬁgf‘f’rﬁﬁ:?ﬂén
weso Bpdmbgiemassd Floaualitca .nedhgr eetiddddn wasc passed (nsp/c)

t hy ough ti nuous type drying furnace, and
heat-tr'egtg?gf 170C 25 for 3 min, after which the

t efiperdt ot tonaBxehetat ed tfd 460C mt about 700/ m n,,

heat -treated at 450C for.10 mn, . cooled to room
t enper a?ﬁiree pé’\a}eyra“émrcﬁ na?b&g?\gléuglﬂ‘oms FAIRA iU i T m

haat 4100 Be & Bi bkDesS 3 sgliedGRiNbeline ol abHedssHOLiM) NhEE dried
film V\%S eval uated for the properties. Using 30 the

obfttai hed goyidd del®i | AT EeHUFFALPIMURL PldyEtPRAY Y g

baas by avasd r odueediamdwhize pelidar heatrresi st 96¢n123RE pelt

contact failure rate were evaluated. The respective
to give a green film having a thickness of 40 um.

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
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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The results are

a polyimde film

as in Exanple 5

in Table 2.
Wi ring board were obtained

5 eval uati on.

in Table 2,

tenperature profile of the heat

(Exanple 6) 48 In the sane nmanner

eval uation results are shown
except that the

and a buildup nmulti-Iayer
and subjected to simlar

treat nent was as shown
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A reaction container equipped with a nitrogen inlet
tube, a thermometer and a stirring rod was purged with
nitrogen, and 5-amino-2-(p-aminophenyl)benzoxazole
(formula 1, 450 parts by mass) and S5-amino-2- (m-
aminophenyl)benzoxazole (formula 3, 50 parts by mass)
were placed therein. Then, 9100 parts by mass of N,N-—
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.
<Production Example of film - 2>

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
po;yamide acid film was released from a stainless belt
to give a green film having a thickness of 40 um. 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
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,
cooled 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
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]
(Example 6)
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(Comparative Examples 4, 5)

<Production Example of polyamide acid solution - 3>

A reaction container equipped with a nitrogen inlet
tube, a thermometer and a stirring rod was purged with
nitrogen, and 5-amino-2- (p—aminophenyl)benzoxazole
(formula 1, 450 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-
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 7nsp/C thereof was 4.1 dl/g.
<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
solution and subjected to similar evaluation. The
evaluation resuits 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
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-
cooling cycle test, and the contact failure rate was
also high. |
[0096]
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were evaluated. A buildup nulti-layer wiring board was
30 produced using the obtained polyimde film and
eval uated for the sol der heat resistance and contact
failure rate. The respective evaluation results are
shown in Table 3. [0099] 35 (Exanple 8, Conparative
Exanples 6, 7) 51 In the sane manner as in Exanple 7
exb@@&7that the tenperature profile of the heat
tneniemgﬁuas shown in Table 3, polyimde filns
dup Iti-layer wring boards were obtained
mkrfmmmetled E@a&bmblaﬁ'@dﬂyﬁmmméomciaheoemaﬁuatFom>
results are shown in Table 3. Q100 WN_ OO
111 N Oqaqea?thy conFaHneN ﬁﬂklﬁ% %Yn$$roqgn inlet

A tdbdP O tRethoRked)r0and G Cé’i\lxarihgorbl)i @asUpwrgbdt @ith
O .-Ilm Oren prC) CC C- M.'ad MN,. MMN

P RERRO Ehfy POOOPET e B3 mAs PIPrrBieP-2p(Pg N

fémlﬁo%ﬁéﬁ%%ﬂbthoQaudiéjwé%cbigcgd ghére@no theM, Noooo
NMOOO WCC
parts by mass of N-methyl-2- pyrrolldone was added and,

after complete dissolution, 485 parts by mass of
pyromellitic acid dianhydride was added. The mixture was
stirred at 25°C for 15 hr to give a brown viscous
polyamide acid solution. The mnsp/C thereof was 4.0 dl/g.
[0098]

<Production Example of f£ilm - 4>

The polyamide acid solution was applied to a
stainless belt (squeegee/belt gap was 650 pm) and dried
at 90°C for 60 min. After drying, a self-supporting
polyvamide acid film was peeled off from a stainless belt
to give a green film having a thickness of 40 pum. The
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
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
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]
(Example 8, Comparative Examples 6, 7)
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carry out an imidation reaction, a polyimide film was

C

obtained and subjected to the evaluation in the same

manner. The evaluation results are shown in Table 4.

10 [0102]
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'O 55 [0103] (Exanmple 11) <Preparation Exanpl e of
pol yam de acid solution - 5> A polyam de acid solution
was obtained by a method 5 simlar to that in Exanple
7. <Fﬁ§gyction Exanpl e of film- 5> The pol yam de aC|d
sol &P was applied to a stainless belt
(squeegrplibeht ygap was 650 pn) and dried in three hot
air type dr |ng zones at 90Cx20 min, io 90Cx20 m n and
900?5%6&%3 APfeExdmA LRy, o Rl ¥aRigporEiRgSpbryannde 5>
acid film ;w@p;f,m%sdaeié E6amaost Fan @3 helda tbfg, a method
gi ve a_green i I mhaving a thickness of 40 pm The
dbté?ﬂé agr &8n theiy mndsgised’ t hrough a conti nuous
typepdbdh89idn E%@%ﬁ%% AN pat-tseated at 170C for 3
mn, after which tenperature was el evated to 450C
over abomﬁhezmolsae%r@h@lg aghd ﬁpllmtmg West aprddtesd tat a

ﬁ$0§££9£125Q1BS§Qd(§§§“ & {h; Ilqﬁ era%HBe overng drled

nto give a aV|ng 20 e kAR s
of 28 ‘plmfeé’hbozoaprropt@tnel eia:;o!fng heeo rodod aane@jom)dzw mdide,
PR I%‘q{xezoshom | él £0104] (Exanples 12 , 13 ,
6onparat|ve nN"the same manner as in

Exanple BIﬁ@@xﬁﬂyxmmt a sesfp@byanrdenacp@lyamuueomCLd film
o_asstainl ess t eraturextlne
of t%?péﬁgﬁe& off S‘f? % d,léy nlesaan) f{‘rp V\%re en

ree hot air type i ng  zoneés Was as.
i n fabhehdyinaggaeenikiknmswas £ alnt ginned Thwhlocbltamdt hefeen

o v o a5 e Bt eSS SRS e o e
1po|:§/umwkeef|dams péatExarphes bt awbeot3 fare 3shaw) idF¥ter which
Tth? 5& %ggrabure 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
20 properties of the obtained polyimide film are shown in
Table 5.
[0104]
(Examples 12 , 13 , Comparative Examples 11-14)
In the same manner as in.Example 12 except that a
25 polyamide acid solution was applied to a stainlesé belt
and temperaturextime of the three hot a1r type drylng
zones was as shown in Table 5, a green film was
obtained, which was then heat treated in the same manner
as in Example ]l to give a polyimide film.
30 The property values of the polyimide films of
Examples 12 and 13 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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property values of the polyimde filns of Conparative
Exanpl es 11-14 are shown in Table 6. 56 [0105] Table 5
tenperature-1 C 90 90 110 green
filmtenperature-2 C 90 100 110 production conditions

Ex. 11 Ex. 12 Ex. 13

tenperature-3 C 90 120 110
anount of

each each each

r esi dual

[880%] gol vent of GF thickness PM 24 25 25

elastic GPa 6.8 6.4 7.2

time (1-3) mn 20 10 10

% by mass 41.7 35.1
tensile
fodylus tensile strength at

MPa 450 480 500 break tensile elongation % 35 31 30

at break coefficient of linear thermal ppm3 2 4
expansi on nEItlng poi nt C none none gone gl ass
transition O C none none none _tenpefaturé |Stffate | Ex- 13
8.772 8.000 7.8ddnpstiface-Rl pnag B orpgnt ati ogyy degree; g
surface - 9.6158-929-9259—A-diprenrce—Hn—surfage
pobassn drilent dtieoweegteese-20, 8468 0f 92901. 4461 00A- Bl 110
- pricdummikr) 1. . D
conditions temperature-3 °C 90 120 llQ
X 20 10 10
t 1-3 i
ime { ) min each each each
amount of residual o
solvent of GF % by mass 41 .7 35.1 35.3
thickness U 24 25 25
t il i
ensile elastic GPa 6.8 6. 4 7.2
modulus
" ;
ensile strength at MPa 450 480 500
break
tensile elongation o
at break % 35 31 30
coefficient of
linear thermal ppm 3 2 4
expansion
melting point °C none none none
glass transition o
C none none none
temperature
surface | 8.772 | 8.000 | 7.813
surface planar B
orientation degr ‘
gree Suriace ~ | 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
' % 2.8 3.4 4.2

MD: longitudinal direction (machine direction)

TD:

transverse direction
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curling degree | %2.8 3.4 4.2 ND: |ongitudinal
direction (machine direction) 5 TD: ‘transverse
direction 57 (0106] Table 6 Com Com Com Com Ex.11
Ex.12 Ex.13 Ex. 14 tenperature- oC 100 130 120 150 1
green filmtenperature- C 120 130 140 150 production
2 conditions tenperature- oC 130 130 150 150 3 tine
(1{8)0filn 10 10 5 5 anount of residual % by mass 32.0
30.4 24.7 23.5 solvent of aétﬂi cléness Nm 24 25 25 24
tensile elastic GPa 6.5 5.8 B °modul us tensile

strength at MPa 420 350 360 320 by €akn.t ¢nSothe | Com. | Com.
ellongation at %27 15 12 5 break coeffig¢Eanti2 |Hx.13 |Ex.14
l'ijnear thermal [ppemBetathze38| expansion|nel ting poi nt
C [none none none none 1 gl ass {ransjt1®h € Adfe |n 150
non e ..l.eme -
AN e ANt @RPE ature~ | o | o0 | 15 | 140 150
production 2 :
conditions temper;ture_ °c | 130 | 130 | 150 | 150
time (1-3) min 10 10 5 5
amount of
residual % by mass 32.0 30.4 24.7 23.5
solvent of GF
thickness pm 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 12 5
break
coefficient
of linear
thermal ppm 3 15 12 38
expansion
melting point °C none | none | none | none
glass
transition °C none | none | none | none
temperature .
surface surface B | ~ [|5.882|4.762[3.704{4.000
planar
orientation surface A | — |9.091(7.143{6.250(7.692
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 (machine direction)

TD: transverse direction
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surface surface B 5.882 4.762 3.704 4.000 planar
orientation surface A - 9.091 7.143 6.250 7.622

degree difference in surface planar orientation degree

- 3.209 2.381 2.546 3.692 I|A-Bl curling MM6.0 10.0

>10 >10 degree % 17.0 28.0 >28 >28 MD: | ongitudina
direction (machine direction) TD: transverse direction

5 58 Industrial AppEndabitiriiy ANppllidabiheityl m of the
pregent ;i nvention shows |ower |oss and faster

re ponsé speed (good rise of pulse signals) 5 at high _
frequencyhasf tbmparedhto peerswert i anadhyi KRO¥Aows lower loss
po%xinide films. Therefore, the filmis useful as a

subs

Br A& M MFHCRR Protict FBR%YF 186p9dr Ridiier el gnals)
subst hayes ffrelqudrext e Esmparedr el tohkRE):t iwshd HKPrknown
freq%ency el ectroni a carrier tape for tape 1o

high_ fr A CS . :
auPBKiEd Bordilfy - TABPT&f® e Hiket 1R aBdPEREHL eRea
fiEﬂb%ﬂ@ﬂ%eaﬂﬁﬂﬁ|fd¥fﬁﬁg5¥¥@ﬁﬁ8t§bﬁl%Qt@d%ﬂayrgéﬂgred
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SRk hhardeqlike el QpnEi; of s ' n
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10 cppEPREGPE. PPREHEfOr €AB) end i thei $iksef ulnasddition, the
substihatgofs! S S r.sel ect.ronj ¢s
required ?%gs%L%Hﬁ%ﬁ#%%ﬁﬁ%ﬁﬁ??%yngége%%Fy%EfHEO,ﬁﬁ%nt
of beheepnesedryi mreritd amd 2 awet uapateedaehteedmount of water

oL Fbeec il TN 4 BT OBl 2. A s and
t heihe 5¢¢vahdpakows ofi glverlilgiy tynd hdghastinengton aed be
) e Denkheiatense d Lee s geryanyonal o e o
sublsér At émf ibmukerfutthe spreoductis ©na ©é coppeofadhen@dtrate
used for electronics required to show high reliability.

The polyimide film of the present invention is an
unprecedented polyimide film superior 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 preéision requirements, a carrier tape for
tape automated 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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25 substrates for flexible print circuit (FPC) wth
strict dinensional precision requirenents, a carrier
tape for tape autonmated bonding (TAB) and the I|ike.
Brief, Description of the Drawings [0108] 30 Fig. 1
schematically shows an X-ray diffraction pole figure
of SepoiyhALdeibll BNk a2 I A Schempll caViiew o5 -
showi ng the neasurenent nethod of the curling degree
of B*poFYPHFde film wherein (a) is a top view, (b)

is a sectdignalz view al o '&néaéig' ikl gﬁ%w?%{gpges%eg)mfor
air treatnent, and (c) Is a 9 sectiona i ew al ong
a- aFPHM{RY af férsa hotldup laveat nentthdigroMisian of a
scheiat dgp Vhe Y showi 09 a:stieR i, Jormng a first

bui | dup I%yer In tﬁ% pro&ué?&%ﬁgblx% s buil dup

mul ti - | ayed-wi% iig doghkndFt e 4ies aheehengnhi etepewor
show 1g; A, St e Ayl second huyildup layer in
the pr 0c uct%ogeggﬁg Lﬁ&?}*ggp%@meﬁ -ﬁna&éhre W nugé/%%%? LF 2
Exgrahtduprmol t Syhbpks w2@if@l®®krH.t est pi ece of
polyimde film 2 alwyina-ceranmc plate 3 core
substrate 4 core sub;é{ptlpa aé’%%%%fbc?%rg’b‘g}l’?%?n 25 5
1adhie&i0&] | ayer 6 heat resistant film (polyimde film

7 buil dup cpnductive layer 60 .CL .1l Afilmof
polyinidg fg?gﬁs%lFﬁeao aggqgﬂﬂgéFgﬁgjﬂbr print ed

W ring ag8sembhyindheepahyicmpdeateei ng obtai ned by 5
reacting,an _aromatic di am ne having a benzoxazol e

d
structurd WER gﬁqﬂﬁﬁé%?c tetracarboxylic acid
anhydri de, wbheeeisubsaraaesaldiduyedbtiepattardi fference

etween surface .planar orientation degrees of one
gurface % u??ggélgf gﬁger

6 heat resistant film (polyimide film)

7 buildup conductive layer
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the other (surface B) of the filmis 0-2; and 10 the
filmis unstretched and has a curling degree of 0% to

5% 2. The filmof polyimde according to claim1,

wherein the surface planar orientation degree of a

surface having a 15 higher Eé{ﬁﬁce pl anar orientation
degree is not nore than 5B Mhe film of pol yi m de
according to claim1 or 2, which has a thickness of

3-50 pm 20 4. The filmof polyimde according to

tlaima, f2lor o3, pahaieide t herdinari e iz béstegvbsomete for
nmenber sel.ected from_ the group consisting of ,

BT 4fH RY- év-l(rp}-ngarr?ﬁﬁﬁ‘ﬂ%jﬁr ) o%géﬂ‘é}é%- gﬁlﬁ’@ 2°%p3oged by
gL nephenyh) BeRa9X 8208 a2 n@MHAQ 25( ™ penzoxazole structure
am nophenyl ) benzoxazol e, and 6-am no-2-(m

afit hopheaybjdehz oxazoh€arbdxy The dd¢idnafhypiddyden deherein:
according to any one of claims 1 30 to 4, wherein the
aromat e T ACHDoXH e aefd ankydiegences between surface

%X%Hg?!lkﬁkﬁt%%ggndl égédgf %%e6€d§¥5éélqgggface A) and

olyIm de ‘according to any one of clains 1 to 4,

vher etRed NOUr84688BL) Cot ethacai baxys i e-acighd

di anhydride in adition to the aromatic tetracarboxylic
anhydriige fslnebgtensWehche Wwdnas cd diarm vy dgdiree of 0%
ge pon 5 aromatic tetracarboxylic acid dianhydride is
eonéyed in an amount of not nore than 30 nol % based

on a total of the non aromatic tetracarboxylic acid

di anhydride and the aromatic acid anhydride. 10 7.

The fiTheoffipol yii delacvdddi mgcordamy one olathailns Wherein

6, ich h I i.ent at i ffici f .
bRoo=ub b5 a8 TREAZUPed By it OF. PP LS Pradt (O TEChAVinS 2

andnar digleeld i 0 Lonst apt «Qf 221 4n3.ak Aleel00s GHigra$iore than

nmeasured by a cavity resonance perturbation nethod.
15.8. The filmof polyimde according to claim?7,
which has a dielectric |oss tangent at 100 GHz of
0. 0001-0. 03 as

3. The film of polyimide according to claim 1 or 2, which

has a thickness of 3-50 um.

4. The film of polyimide according to claim 1, 2 or 3,
wherein the diamine is at least one member selected from
the group consisting of 5-amino-2-(p-
aminophenyl)benzoxazole, 6-amino-2-(p-
aminophenyl)benzoxazole, 5-amino-2- (m-
aminophenyl)benzoxazole, and 6-amino-2- (m-

aminophenyl) benzoxazole.
5. The film of polyimide according to any one of claims 1

to 4, wherein the aromatic tetracarboxylic acid anhydride

is pyromellitic acid dianhydride.
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nmeasured by the cavity resonance perturbati on nethod.
20 9. The filmof polyimde according to claim?7 or 8,
which has dielectric constants of 2.7-3.1 at 1 GHz
and 2.6-3.0 at 100 GHz, as neasured by the cavity
resonance perturbation nmethod. 25 10, The filn1o£ 1ai
6pol yi Aige faeBoPdi RGIVO™MAAG BFCEFEFRE 1Ot DY OO GnPchciaims 1
as 2,d¢n§ég¥e9£ 1.47 g{GMyrorka DR 9/ @B raldrpRe1fikl Macia
of pol'yimde according to any one of clains 1 to 10,
diempatict: nannoreithan 5600 ppm obrwateic 30etracarboxylic
vapori zes when heated at 500C for sec immedjately
agftveslr g | iem mrrgehtv it Eorayom hig edigptpe; and the non
prelimnary drying. .62 12.. The. f] f . polyim -
FEY dihg %/td: aa%/?yrq%?xycll S RC t(gl iﬁlﬁ%%?eghl%aé%gfor%ﬁ o o
ARABas Aol . 0. & e ehd1 €66absd aondhet €4l 6f the non
constant at 100 Gz of the filmhum dity- conditioned _
aurgert iconis¢ ard ca Bppey bt ar acafd Hamhdidnids cgrli Ehengromatic
of, 20C and 65% RH for 94 hr, as neasured by a cavity
PIHEE &S ur bati on nethod, and Dis a dielectric
constant at 100 GHz of the filmvacuumdried at 120C
for 24 hr, as neasured by the cavity resonance
pert urtat iforl metfhaehl yithik®: a4 dyasE ngulist eatve ongr of claims 1
printed wring assenblies, which conprises_the fil 0. 79-
t? EolWWﬁQ%aQ%?d%fPﬁé&aFnQﬁﬂFQﬁaQﬂégnﬁPe f%%ﬁ%ﬁ?an% :
tal_ | . e ony a e 4 ﬂ[& i a gth@&, and a
(?hée@f i%lsm ﬂ%g%gé&k‘lﬁét %(I)ld )éf £%lr/ogﬁlcfi ng ttELeLgr{i Iﬁm of
D0d yé ¢t flec asodlefanedofi .any .anextof 1@l atiis dst veBsured by a
whi ch conprises: (a) condensing the_ aromatic di am ne
QR ThtY heeseramts et et bl toxEFeP%ci d anhydride in a
solvent to give a solution of a polyam de acid; 20
(b) casting the solution on a support and drying the
sol uti-pre t 1 ghver apselfimsuppartongihyl mpgred@enwf i1, mwiofch has
a polyimde precursor; and (c) peeling the
seldisigporid ngobsl ntotgerhe Supp8Pt CBhd Ctwi PhBAPL-0-03 as
subjecti.ng the self-supportin [
SEPREERTngYt 1 Ba: TRHL O hERETRG e Reb SEF B (15 m
cause an imdation reaction to the polyimnde

precursor, wherein: , .
9. The film of polyimide according to claim 7 or 8, which

has dielectric constants of 2.7-3.1 at 1 GHz and 2.6-3.0 at
100 GHz, as measured by the cavity resonance perturbation

method.

10. The film of polyimide according to any of claims 1 to

9, which has a density of 1.47 g/cm® - 1.55 g/cm’.

11. The film of polyimide according to any one of claims

1 to 10, from which no more than 5000 ppm of water

vaporizes when heated at 500°C for sec immediately after

helium purge at 170°C for 7 minutes and preliminary drying.
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the drying in step (b) is conducted at a tenperature
of 70-130C for a period of tinme sufficient so that the
30 self-supporting filmhas a content of the sol vent
remaining therein of 35-50% by mass based on a total

nmass of the . 63 | f-sup. ti fil d th
T ot S s S R o i P b hgLh e 1 o

1Gat alystn aﬂmﬂf,g dehydrati.ng Aagent, by @A 1t W sheReibedl, is a

t reat nent involves 3 first heat treatment at 5

Ai-a25GG d orccdrshint nuites 1a00d @Ezecarfd hést tfiéat meotnidity-
at 350-500C for 3-20 m nutes. 15. The nethod .
GEbrdianed o drgieh 14CORAERBEN t FRTBBRTEMES ofiTtthe Dumidity
sol vent renaining in the self-supporting film 10

o tieeh s nost 89 ¢ bpnils 635- KH 70pby Shnds., GF measured by a

cavity resonance perturbation method, and gp is a dielectric

constant at 100 GHz of the film wvacuum dried at 120°C for 24

hr, as measured by the cavity resonance perturbation method.

13. A base substrate for printed wiring assemblies, which
comprises the film of polyimide as defined in any of claims
1 to 12 and a metal layer laminated on at least one surface

of the film.

14. A method of producing the film of polyimide as defined
in any one of claims 1 to 5, which comprises:

(a) condensing the aromatic diamine with the aromatic
tetracarboxylic acid anhydride in a solvent to give a
solution of a polyamide acid;

(b) casting the solution on a support and drying the
solution to give a self-supporting film(green film) of a
polyimide precursor; and

(c) peeling the self-supporting film off the support
and, without subjecting the self-supporting film to a
stretching treatment, heating the self-supporting film to
cause an imidation reaction to the polyimide precursor,
wherein:

the drying in step (b) is conducted at a temperature

of 70-130°C for a period of time sufficient so that the

self-supporting film has a content of the solvent remaining

therein of 35-50% by mass based on a total mass of the
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self-supporting film; and
the heating in step (c¢) 1is conducted without a ring
closing catalyst and a dehydrating agent, by a two-step

heat treatment which involves a first heat treatment at

150-250°C for 3-20 minutes and a second heat treatment at

350-500°C for 3-20 minutes.

15. The method according to claim 14, wherein the content
of the solvent remaining in the self-supporting film

obtained in step (b) is 35-41.7% by mass.
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