;e3eq nL L v NI CAL FIELD _ 1 _ 29 May 2002 POLYHENZOXAZOLE
RESIN AND P OF The present invention relates to
pol ybenzoxazo ich are excellent 4in electrical characteristics,

t her mal “char act er'%t%'cs, nechani cal characteristics, and 5 physg@ay 2002
characteristics, and which are usable as |layer insulation filns an&(
protective fujm m C oNeRIYBENZOXAZOKE RESIN ANB{ PRECURSORTEHERECFU| t i | ayer
circuits, CHMWHMMHWMQQ f flexible copper-clad sheets, solder resist filns,
liquid crystal-a g films, etc. 10 BACKGROUND ART Various materials such
as i norgani c mat®%als and organic materials are used as sem conduct or
materials for various parts in accordance with characteristics required.

For exanpl e, TBOHNJOAIC EJENY ation films such as those of 15 silicon dioxide
whi ch are prepared by chem cal gas phase deposition process, are used as
| ayer insulation fil ns Ty mesaondntentsioronelztes wed hpokgbahzerbaotenent
in function and increase in performnce of sem conductors, application of
i nor gani ¢ i ng@sdmisowhfiidhnmamd eside dent2inli ekecter brall tdkatakeebisbies,
difficult due to problenms such as high dielectric constant, brittleness and
hi gh wat er abd@rpeilosheaast erisdric e archanitabrovd recteetet beobl 2ng,
application of organic materials is being_investigated. 2
5 physical characteristics, and which are usablé as layer
insulation films and protective films for semiconductors,
layer insulation films of multilayer circuits, cover coats
of flexible copper-clad sheets, solder resist films, liquid

crystal-aligned films, etc.

10 BACKGROUND ART

Various materials such as inorganic materials and
organic materials are used as semiconductor materials for
various parts in accordance with characteristics required.
For example, inorganic insulation films such as those of

15 silicon dioxide which are prepared by chemical gas phase
deposition process, are used as layer insulation films for
semiconductors. However, with recent enhancement in
function and increase in performance of semiconductors,
application of inorganic insulation films of silicon

20 dioxide and the like becomes difficult due to problems such
as high dielectric constant, brittleness and high water
absorption rate. As one means for improving these
problems, application of organic materials is being

investigated.



29 May 2002 As organic materials for sem conductors, nention may be made of
pol yi-m de resins which are superior in heat resistance, nechanical
characteristics and the like, and they are qused for solder resists, cover
layers, liquid 5 crystal-aligned films, and the |ike. However, @iy FBge
resins general ly have probleggnio fhectikes! sohakanligpnahies ndnvgff{on
absorption since they have t carbonyl “groups”in tmde ring. For the

sol ution of these,drplenss lsélg,ﬁnfaéeﬂagﬁﬂstgh&mar Y8 %hg%&_fiio&alin heat

characteristics, 10 water absorption and heat resistance Dy introducing

fluorine and fgdd fdtiHcuTpihedhdn DeP1 | OhQr PEL¥PBEL TB5eaHHe S hebUli Kl and
i nprovenent has not yet reached the desired |l evel. Under the circunstances,

it is attenptwrey Grapilided of yPesZDISE OF €s L 665 NScvbkehlayersypeiigarid o
polyimde 15 resins in electrical characteristics and water absorption, to
i nsul ati orb nedmwyrdtads- 410 Jreediseillii®) &Sedn eweduLker s. Hbvevereappliydmide

pol ybenzoxazol e resins to satisfy only one of electrical characteristics,

t her mal char astsEimsstgerse w1 Iphisawal podial ems ein sélestrFoalerhaphetex-

pol ybenzoxazol e 20 resin made from 4, 4' -di am no- 3, 3' - di hydr oxybi phenyl and
t er epht hal i ¢ iEdiFshandnwatuEhIUPhien sincettihey bave hwohtghbpayd
deconposition resistance or high Tg, but is not so good in electrical
charact eri st i(9ESURFcHPad A dcttd ¢ ERGtER St eR efrtReF8sBIPRAGBRY. A

pol ybenzoxazal e .25 resin e from ) ..

DY Tt 2 5 arhtnd 5 A MBS &5 | FIRSOHS RS oRR SRERSHERHERAFFe aci d
shows go el ectrical char.acteristics such, as |ow die]lectric constant, but
< ot edByouter RRSCTRRICE: AN NARY cife 3 Sanca i 1atrogie R8s Nl 200z

U present igre. 0aveieen QHVHAGLAY ¥ SO WHED U REXESh) FOLL1 02011

of electrical " characteristics, er ma

characteri st ipg. tQES%:EH?E[m%tT!ﬂ%sl W@e&!\' r%a%cfb&r?&?dé’éiw& Pegeent

invention is to prov resi stant résins ex ent in all of

el ectrical characterisynger tthe' @Blr SRF G ,StitCsi ANk 4 SNpHEd o appl
absorption. As a result of intensive research conducted in an 10 attenpt to

sol ve the abpeveypeabbgagoliehedsiventdizhhate fsupedjval WieFenpzel @e
precursors represented by the follow ng general fornulas (1), (3) and (5)

and pol ybé&nzeesinkeinegilestrdpads ehizad e rtifse ifod land mwa tgen el of i bom as
(2), (4) and (6), and have acconplished the present invention. 15 H ~F3 ~
|J Rf~ Rf2 otb @mpulation materials to be used for semiconductors. It
is easy for polybenzoxazole resins to satisfy only one of
electrical characteristics, thermal characteristics or
physical characteristics. For example, a polybenzoxazole
20 resin made from 4,4’'-diamino-3,3’~dihydroxybiphenyl and
terephthalic acid has much superior heat resistance such as
high heat decomposition resistance or high Tg, but is not
so good in electrical characteristics such as dielectric
constant and dielectric loss tangent. A polybenzoxazole
25 resin made from 2,2’'-bis(3-amino-4-hydroxyphenyl)-
hexafluoropropane and terephthalic acid shows good

electrical characteristics such as low dielectric constant,

but is not so good in heat resistance and the like. Thus,



-4 HFaCR3\l', RfF ZHOHNR~Ri R2 CF3 CF3 1 ' OX R2 n 29 My
2002.H~ O~ -NH-"~-X n (3) (5 (2) -5 CF3 0~-xCFR31\ N Rfi Rf2 X
c4) (6) The pol ybenzoxazol e resins represented by the forrmula (2) are
obt ai ned fromthe pol ybenzoxazol e 5 precuar8ors represented byzbh@a%gogyla
(1), the resins represented by the fornmula (4) are obtained fromthe
precursors rapr BEEREdE bEhere haviculkeqrB)obtainehne c5eHiNs B &8BNRER by

the fornmula (6) are obtained from_the precursors rggresented bg t he_formul a
(5). excellent in all of electrical characteristics, thermal

characteristics and physical characteristics.

DISCLOSURE OF THE INVENTION
5 The object of the present invention is to provide
heat resistant resins excellent in all of electrical
characteristics, thermal characteristics and low water
absorption.
As a result of intensive research conducted in an
10 attempt to solve the above problems, the inventors have
found polybenzoxazole precursors represented by the follow-
ing general formulas (1), (3) and (5) and polybenzoxazole
resins represented by the following general formulas (2),

(4) and (6), and have accomplished the present invention.

15 (1)




10 I'n the above formulas (1), (3) and (5) and the fornulas (2), (4) and
(6), n denotes an integer of 2-1000, Rfl and Rf2 which nay be the sane or
different, denote Hor C~ FZ ~+1, with the proviso that at |east one of
themis 29 May 2002 - 6 29 May 2002-CAFsro+1, m denotes %&%kfte er of
1-10, and X denotes a dival ent organi c group. DETAI LED DESCRI P aﬂébﬂ@E

| NVENTI ON Bi sam nophenol conpounds used for preparation of 5 the

pol ybenzoxazol e precursors and resins of the present invention are
represented by the follow ng general fornula (7), and as exanpl es thereof,
mention may be nmade of

2, 2" bi s(3-am no-4, hydroxy-5-trifluoronethyl phenyl ) hexaf!| uor opr opane,

2,2'-b|s(3 am nof4- hydroxy-6-trifluoro 10 met hyl phenyl ) hexaf!| uor opr opane,
2, 2" - bi s(3-ani ng- 4- hydriddy 2-trifl uoromet hyl p@py! ) hexaf | uonopr opane,

2,2' - bi s(4am ng- @)hydroxy 5-triflug uor opr opane,
2,2" - bis(4-am o ﬂﬂdro - 6-qy i f L iR pr opane,

2, 2" - bi s(4- am-petl3 or opr opane
2,2' -bi s(3-am po 4- ént af ~ pane,(3)

uoroethylphenyl hexafluorop opane,

2- ( 3am no- 4- hydkoxy- 5- trlffar onethylphegg@% - (3- hydr oxy-

am no-5-trifluoronet hyl pheny ihexafluoro ane, 2-(3

am no- 4- hydr oxy-5-trifl uoronet hyl phenyl)-2'-(3-hydroxy-4a

t hyl phenyl ) hexaf | uor opr opane,

2- (3am no- 4- hydr oxy-5-trifl uoronet hyl phenyl)-2"-(3-hydroxy-4am no-2-trifluo

r omet hyl phenyl ) hexaf | uor opr opane, 2-(3 25

am no- 4- hydroxy-2-trifl uoronet hyl phenyl)-2'-(3-hydroxy-4am no-5-trifl uorone

t hyl phenyl ) hexaf | yor opr opane, and

2- (3am no- 4- hydr gky-6-trifl uoronet hyl phenyl) -2 - ~ - 29 May

2002 am no-5-tri yl phenyl') hexaf | uor o am nopheno

conmpounds can b cgsed each\ al one oxagg conbi ' r nore.
represgnted by the

Furt hernore, bi npphen
general forn~ diam no-¥, 3' - di hydr oxybi phenyl anpg)
0 be used

20

n .
no-6-trifl uorone

(2)




ances. H2N,~. . CF3 ~ NH2 | % HO ~~- CF3 ~~J OH ( Rf~ Rf2 10 In the above
formula (7), Rfl and Rf2 which may be the sane or different, denote H or
C~,FZ,~+1, with the proviso that at |east gne of themis . CnF2mtl, m
denotes an integer of 1-10, and the am nd grﬁup and the hydronggggqmmzare
in the ortho position. 15 The value mis 10 or |less, preferably r less.
If mis greater than 10, dielectric constant is |ow, but heat resistance
and nmechani cal characteristics are adversely affected. The dicarboxylic
acids used for preparation of 20 the pol ybenzoxazol e precuksors and resins
of the present inyention are represented by the undernenti oyed gener al
formula (8), and fexanples thereof a - f | uor oi sophthalic aqid,

2-fluoroi sophthafic acid, 3-fluorop i ca@cid, ~2-fluorophthalic acid,
i 02 tetrafl Yioroi sophthalic

2-fl uoroterepht
bﬁMi X d, (4)

acid, 3,4,5,6- oro
18
~
2,2 -bis(trifluoyonethyl) /A4, 4'-bi phenyl enedi car boxylic acid,/f 3,3 5
bi s(trifluoronet yI)-4J4fibiphenylenedicarboxi}f aci d,
2,2"-bis(trifluorgnethyl)-5,5"-bi phenyl enedi car Joxyl i c aci n
3,3 -bis(trifluorowethyl)-5,5"-bi phenyl enedi carboxylic ac¥d,''4,4" -
bis(trifluoromethyl)-5,5" bi phenyl enedi carboxylic acid,
4, 4' - bi phenyl di carboxylic 10 acid, 2,2'-biphenyldicarboxylic acid,
napht hal ene- 1, 4 di carboxylic acid, naphthal ene-1, 5-di carboxylic acid,
napht hal ene- 1, 6-di gar boxyl i ¢ aci d, napht hal ene- 2, 6di carboxylic acid,
bi s(4- car boxyphenyl ) sul f one, bi s(3carboxypheny)sul fone, tenephthalic acid,
i sophthalic acid,/ 15 and 4, 4' - oxydi yl -1,1" -di carboxylic\acid. The
di car boxyl i c aci ese exa es. They y be used each
alone or in co , s H( g) {nthe formula
(8), X denotes ' bt ho ' t he
i i or exanp“g)
/ P\ContEhsation reaction of a
bi sam nophenol cbnpound_refresented by the aBqye general forfnula (7) with a
di carboxylic aciq 25 reﬁ?ﬁpented by the abovdldneral for a (8) in the
presence of a dehydration condensati on agent such as pol ypjpiosphoric acid or
di cycl ohexycar bodi\ m de, the acid g 29 May 2002 chlo i dd et hod
conpri si ng dehydrochl ori nati on condensation reaction of a bi sam nophenol
conpound represented by the general formula (7) with an acid chloride of a
di carboxylic acid represented by the general formula (8), the active
The polybenzoxazole resins represented by the

t he condensatio

formula (2) are obtained from the polybenzoxazole
5 precursors represented by the formula (1), the resins

represented by the formula (4) are obtained from the
precursors represented by the formula (3), and the resins
represented by the formula (6) are obtained from the
precursors represented by the formula (5).

10 In the above formulas (1), (3) and (5) and the
formulas (2), (4) and (6), n denotes an integer of 2-1000,
Rf, and Rf, which may be the same or different, denote H or

CyFoms1r With the proviso that at least one of them is



5 ester nethod, and the like. According to one exanple of preparation of

t he pol ybenzoxazol e precursors by the acid chloride nethod, first,

4, 4' - hexaf | uor oi sopropyl i denedi phenyl -1, 1' ¢§ carboxylic acid which is a

di carboxylic acid, is reacted 10 with an excess anount of thi %Ma&@d@?i de
at a tenperatdre of fr gehbeed ta%”&%:%tglé&? clhf 159 | Naddiex PcFéﬁ&B@@ ar a

cat al yst suchmagwﬁfN-dinethylfornanlde, ol lowed by distilling off excess
thi onyl chl ord jd@ ishthestd ¥ aingkesup educed pressure. Then, the residue is
recrystallized by 15 use of a solvent such as hexane to obtain

4, 4" - hexafl uoro i sopropylidenedi phenyl -1, 1" -di carboxylic acid chloride
which is an acid chloride. Thereafter, the resulting

4, 4' hexaf | uomETRAEEDP I B SERERT dte nys -1MHHE' IMVENTHORYI i ¢ acid chl oride and
2, 2" -bi s(3-am no-4-hydroxy-5-trifluoronethyl 20 phenyl)hexafl uoropropane
whi ch i s a bi sam nopherfilsamirmphehohreonpssnis cdsedufbryprraparptlian of
sol vent such as N-nethyl -2-pyrrolidone, followed by carrying out the
reaction & &heepodyhanzex#zol3DERecurors c3pdreesies| aft thepprserds of an
aci d-acceptor, such as pyridine. Thus, 25 the pol ybenzoxazol e precursor can
be obt ai ned. ITPVENESOPh ETLOXERNGS eh PO thqcl ot baehng| goBArRnformula

r epr esent ed b% t he above general faqrmul as (2%, (é% and (6) can be gbtained
by subj ecti nd he 3Pgs @St S¥GTPLes Fheneqh SLO¥ | A% DB xB38E cOPr €edr Sor s

d by h | f I 1 d (5 d [
ehct on by RURPRGRORCASEY ARy T o LERname Ty Ty g
ti I f . [ [ . f
active agont ELRACREOBRPRG. dgan P8 G AHRe T DRl T R EfadRe

these caaobem@%ﬁgéggehgﬁgméﬁﬂlﬁgo@}gﬂ; P, NG AELCIL A1 AL {Bny BFoxy -

_sem conduct ors, r ulation ayer circuits, cover coats
of flexible goppefriGb2emekeglpher1d¢HeadSivdrddridPand, Wi JWis (4-
crystal-aligned filnms, etc. "Furthérnore, the precursors of the poly
benzoxazol € BR3nBS 3LAyHRExP-ESEHI flheddinethyapheiy Ltk d OO G5rdpa e,
napht hoqui nonedi azi de conpounds as photosensitive agents to provide

phot osensi ti 2¢2r ebiis ( 45amdapesi-hydraxyHee thd MunomerAnt phempely-sor of the
present invention is preferably used in the state of varnish by dissolving
it in a sol vbekafEnanppeepahet h@ ,20-beist( 4aamildorSt-tyidrdp~+3-0l | done, y
-butyrol actone, N, N-dinethyl 20 acetam de, N, N-dinethylformam de, dinethyl
sul f oxi dé3 dt@iﬁgruog@m@thyépbﬁnylléh@xglfgt@@lromrmtamﬁ, et /Rer-bif (S1amidnte-

gl ycol diethgl et her, diethﬁlene gl ycol _di butyl ether, propylene glycol
nononet hyl efhBYSrexprepprehaisnpEorthyAehenyy) heprdluosaRiprane

gl
ey - Vs S%{‘rg?ﬁa%%ﬁfé%%%%ég?%%?u%?:l%&%%ﬁyﬁéﬁ%%&lb?éf'?‘-%%ﬁ%%-y{-azt her
et one, "and ReRrgRy-booBYEEY TRt bR R ) ke B SRR R B e e b
each al one Oémiﬂoggﬂﬁféyéﬁygg-£¥9f950g8ﬁ3thylphenyl)-2’-(3-hydroxy—4—

20 amino-5-trifluoromethylphenyl)hexafluoropropane, 2-(3-

amino-4-hydroxy-5-trifluoromethylphenyl)-2’~(3-hydroxy-4-~
amino-6-trifluoromethylphenyl)hexafluoropropane, 2-(3-
amino-4-~-hydroxy-5-trifluoromethylphenyl)~2’~(3-hydroxy-4-
amino-2-trifluoromethylphenyl)hexafluoropropane, 2-(3-

25 amino-4-hydroxy-2-trifluoromethylphenyl)-2’~(3~hydroxy-4-
amino-5-trifluoromethylphenyl )hexafluoropropane, and 2-(3-

amino-4-hydroxy-6-trifluoromethylphenyl)-2’'-(3-hydroxy-4-



The pol ybenzoxazol e precursor of the present invention can be used in the
.followi ng manner. The 5 precursor is dissolved in the above solvent, and
the solution is coated on a suitable support such as glass, netal, silicon
waf er and ceranic substrate. As the coattTn§ method, nention @y Mgy pedz of
spin coating with a spinner, spray coating with a spray coater, dipping,
printing, rofRine-gphfifduozometAylhemyipdig*HfIoIoRPRERR2PR- i TAEFR this
way, the filmis preferably heat-treated to convert it into a )

pol ybenzoxazBi8apeBpRheppiTCHMPRURGR CARRRSNGSEIT eAgh | ANVEMTI XN Fhe present
invention will be explained in nore 15 detail by way of the follow n

exanpl es. | tCYRBHPFTHRNURTEWPOST FREE -t hEPE: qgﬂﬁ%ﬂzﬁ%ﬁ?ﬂﬁﬂepgﬁﬁp houl d

not be construed as,lintipg_the present inventjqn in any manner, EX le 1
(1) Trif1uorSHEPRYRAE| SRIGR BESaRProR RBRGE G SEhmBb M SRt Grmila
2,2' -bi s(3-am po-4- hydr oxyphenyl.) hexat| ugr apropane  (nanuf act ure Y,

Centr al G?asgagb.fuggdéf éaé aﬁééRFQQGBV B&&qﬁgiﬂxiﬁﬁp iyl X P,Z -

N, N- di et hyl Iy! nRn Ki sl g@aﬁ .

her ei naf t er égé Q%@?@é?oﬂgggb%ﬂfhyéﬂg‘%? _(#?He S r&?{agg)'wacsdﬁagidlescf 3P933 g
of S (trif ugsgaotdybinbens oF BrORECRIY bbl HotoLARIgIAthe performd Moy
2002 sul fonate (manufactured by Dai kin Kasei hin Hanbdai Co., "Ltd.) under
cooling wthyp&es. Then, the solution was heated to 70C at a heating rate of
10C/ hour, followed by carrying out the reaction at 70C for 24 hours. The 5
reaction was carried out in nitrogen atnosphere. The reaction m xture was
added to water, and thg Raueous | ayer was aﬂﬁsted to around neutral,

foll owed by extraction $u net hwr et éf actured by Ki shida Cheni cal
Co., Ltd., hereinafter re{% r "efhyr"). The ether |ayer was 10

col |l ected and et her Sk JAfed off.\ o he precipitate a9
“sufficiently washed with an §t ganiGF$0 t ch as ethyl acetate to obtain
100.5 g of Rf Rf
2,2'-bis(3anino-4-hydroxy-5-tgifluoronetﬁylphenyl)hexafluoropropane. (2)
Preparation of acid chloride

10 1In the above formula (7), Rf; and Rf, which may be the same
or different, denote H or C,F,..,, with the proviso that at
least one of them is C,F,..;, m denotes an integer of 1-10,
and the amino group and the hydroxyl group are in the ortho
position.

15 The value m is 10 or less, preferably 3 or less.
If m is greater than 10, dielectric constant is low, but
heat resistance and mechanical characteristics are
adversely affected.

The dicarboxylic acids used for preparation of

20 the polybenzoxazole precursors and resins of the present
invention are represented by the undermentioned general
formula (8), and examples thereof are 3-fluoroisophthalic
acid, 2-fluoroisophthalic acid, 3-fluorophthalic acid,

2-fluorophthalic acid, 2-fluoroterephthalic acid, 2,4,5,6-~



15 92 Grans of 4, 4'-hexafl uoroisopropylidenedi phenyl-1,1"'-dicarboxylic acid
(manuf actured by d ariant Japan Co., Ltd.), 166 m of thionyl chloride
(manuf actured by Kishida Chemical Co., Ltd.g and 1.8 ml of dried DMF were

charged in a reaction vessel, and the reaction was carried : ZO,@WjaP3o@PC
for 2 hours. Al{elrCOOPbLE6RLRE11BCAERRC BOR, 5t,|33t@ﬁ%ﬁ&dl'd§7§i'm jhlcori de
was distilled off by heating under reduced pressure. The precipltate was
recrystal | i zegki$) ng, be-xm@afnaagéasagfsgy@xc%a_@mpgéwlcal, 1Ga, Ltd.) to
obtain 84.6 g of 4,4'-hexafl uoroi sopropylidenedi phényl 25 1, 1'-di carboxylic
acid chlori deiidadbd¥EPiF add O, Ope PEBGUEESTbaRdcPRRdUGt 292 /abbisesin film
100.5 Grans (0.2 nol) of 2,2'-bis(3-am no-4 - 13 29 May 2002

hydr oxy- 5- t ri ftzriofloreetdnyé gifehy4-J hexabliphenpl epetdecasbostyddel wedd,n 34680-g of
dried dinethylacetam de, and 39.6 g (0.5 nol) of pyridine (manufactured by
Ki shi da Cremlzis (130, £1 udgxhnetiasl pedied’ +biphengdenedanarbobklydved akyidaddi ng 5
dropwi se thereto a solution of 84.6 g (0.2 not) of 4,4

hexaf | uor oi s@rdpylisddiiaidi prergmethyl ) ¢ cif bbiphenyienaddnposbrayliis 200 g
of di methylacetam de at -15C in dry nitrogen over a period of 30 m nutes.
After conpl etd rof3 e Releili § 5 Bl u@ Femethpk) a8 ub e-RéBherydERed to room
tenpera 10 t?@fq’ foll Qqwed by, stirring af room¢tenperature for_ 5 hours.

Then, the re&HGBFPIHRKAT @Gl dhifed RHPIFSEIteoremetiydd~drSi{ri |l ed water,

ot ecur cor - RO RBII R AR 1 prbcdr Sor ShAal 1825 CERFTERE
N rethyl g pucnel | done. 3 i POl e vee AL e g Jeblen, L1 er of

0.2 ,umin pore diarféter al'n a‘var €nzoxazol & precursor
obt ai ned abo [ -sayer RS.3f el 0
.calculated 2 F%Q?g?#gﬁg$%ﬁgﬁ§sty eggﬂt5|ng d&gaég%ﬁ%ct %gé %gggbso Co.

Ltd. The var paphthal ef@a16E - ch IHASE D ebidy maploei£1epbagicebavi ng a gap
of 300 ~,cm Then, this was dried at “70C for 1 hour in an oven, and the

coating was pdelagdozylakf alcd Qbikais 42 AABHSHRHBZD) LuPFEss! Sis {31 m of 20
,ccmin thickness. This filmwas fixed by a netal frame and heated at 150C
for 30 m nut earbdx§Ehleay )3t lfiond, e+ exephTHIA fooraciB m isdsistisalciesst el y i n
this order under nitrogen - 14 29 May 2002 atnosphere to obtain a

pol ybenzd%azend #Aedi’roxVdipheayiln If,ill ‘mdiss nboatyidice daid v arThris
characteristics and the results are shown in Table 1. Exanple 2 5 68.3
Grans of 1,2d3csrbexyafiruacdds, edicc potoldidded (Geartifera BxammhessDS Tey eck
Co., Ltd.) was added to 342 g of 65% aqueous sul furic acid. The forner was
di ssol ved bymﬂ¥aPPn§,se§n&aFﬁeﬁlpﬁ‘@ &3] 3 SRR atdare PF FWRB HodF &rnder
refluxing conditions. The precipitated 10 crystal was subjected to suction
filtration, and the collected crystal was washed with concentrated

hydrochl oric acid ( manufld@QACed—by)X\ ke O(D‘leaku | ndustry @Gy, Ltd.) and
then air-dried to obtain 492 g of 2,4,5,6-tetrafl uoroi sophthalic acid.

In the formula (8), X denotes a divalent organic group.

20 Methods for producing the polybenzoxazole
precursor of the present invention include, for example,
the condensation reaction method comprising condensation
reaction of a bisaminophenol compound represented by the
above general formula (7) with a dicarboxylic acid

25 represented by the above general formula (8) in the
presence of a dehydration condensation agent such as

polyphosphoric acid or dicyclohexycarbodiimide, the acid



15 A pol ybenzoxazol e resin was prepared in the same manner as in Exanple 1,
except that 54.2 g (0.2 nol) of 2,4,5,6-tetrafl uoroisophthalic acid
chloride obtained from2,4,5,6-tetrafl uoroigophthalic acid by the same

met hod for preparation of acid chloride as in Exanple 1 was us?QDﬁé&éﬁb2

place of 84.6cWléPide "Methol cpmﬁrisinf deﬁgdrochlorinatiqn condensation
4, 4' - hexaf | uor oi sopropyl i denedi phenyl -1, 1' - di carboxylic acid chloride of

Exampl e 1. Theedesidhidf &ebisaminophencdt edmpotindairepries ditaa|gy Ithe
Exanpl e 3 A pol ybenzoxazole resin was prepared in the same 25 manner as in
Exampl e 1, exgepérdhafobfuDag((Q. Rinhl pnoticid chloride of a dicarboxylic
4, 4" - oxydi phenyl -1, 1' -di carboxylic acid chloride obtained - 15 29 May
2002 from 4, Ac ik yxkmhesehtdd lbydthar gergrad dormudp t(iBe ,sare astthiow f or
preparation of acid chloride as in Exanple 1 was used in place of 84.6 ¢
(0.2 nol) »f egter ms&tieodiorandophepyikdenedi phenyl -1, 1' - di carboxylic acid
chloride of 5 Exanple 1. The_resulting resin was evaluated simlarly to
Exanpl e 1. Exanpl e 4 AJ3RF%@H9xES oPBEr BERRPKEs Ofr BEgPaF aitdonh oL

except that 42.

i EX | 1, 3 0.1 | f 1
< hexar | U ERONHRSISNAT AR GoR SRERSPTA - HREaRBOSy FRACAARE BREBCe and
dsed ' pi acdietha &4 TP HBHo o  sepropy TRagREN1pReRTh S 0T 2 e were
4,4 -h fl .QJ A i_ph 1,1 di k I hl o f
Seanpl o 1. TRLGRRt LA A SLERRRE Y 16, ELE, “EraRstbeda

Ex | | i d_i .
Examl e 2% AP WAL ik 'BE PREGAY P ohilof [fe S20°a TRBRBE 300k
4, 4' - hexaf | UYOI S HOYnl | phanyd -do 1554 Gar ey |d ke Ahacidk chl ori de

and 27.1 g (0.1 nol) of 2,4,5,6-tetrafluoro isophthal’ic acid chloride were

used in pl aceadfal§4t6 stichD.ak M/N-Pimethylformamide, followed by
4, 4" - hexaf | uoroi sopropyl i denedi phenyl -1, 1' di carboxylic acid chloride of

Exanpl e 1. ThEstddllinigng ffessress dvidngl echoridarby heatiagpiedér - 16
Exanple 6 29 May 2002 A pol ybenzoxazole resin was prepared in the sane
manner as i nredacede presesurent tHen,7/the grédidide nid )redrystallized by

2,2' -bi s(3-am no-4-hydroxy-5-trifluoronethyl phenyl) 5 hexafl uoropropane and
13.0 g (0506uss pioR S$olvetitamusdB,as -hixane o ity 4 vt ehexatlyeret ace
of 100.5 g (Q.2 nol) of ) . ) . )

2, 2" - bi s(3- afEREPX2PN}dASRESs Rheny irdr diietdiAarRary e ag id F iR oidde of

Example 1. The resuylting resin was evaluated sinmlarly to Ex el 0
Exaggle 7 w%ic% gs angac?d chloride. Thereafter, e%e resurqgng 4,2"—

hexafluoroisopropylidenediphenyl-1,1’'-dicarboxylic acid
chloride and 2,2’~bis(3-amino-4-hydroxy-5-trifluoromethyl~
20 phenyl)hexafluoropropane which is a bisaminophenol
compound, are dissolved usually in a polar solvent such as
N-methyl-2-pyrrolidone, followed by carrying out the
reaction at a temperature of -30°C to room temperature in
the presence of an acid-acceptor such as pyridine. Thus,
25 the polybenzoxazole precursor can be obtained.
The polybenzoxazole resins of the present
invention represented by the above general formulas (2),

(4) and (6) can be obtained by subjecting the resulting



A pol ybenzoxazol e resin was prepared in the same manner as in Exanple 1,
.except that 50.3 g (0.1 nol) of

2, 2' - bi s(3-am no-4-hydroxy-5-trifluoronmethyppbenyl)hexaf!| uoropropane and
21.6 g (0.1 mol) of 4,4'-diam no 15 3, 3'-di hydr oxybi phenyl megg)M§9QObg
place of 1002 19Hdhz03#801&fprecursors represented by the above

2, 2" -bi s(3-amMm no-4-hydroxy-5-trifluoronet hyl phenyl ) hexaf | uor opr opane of
Exanpl e 1. Thenasul tidiediess nfWs evpl angedssi gbl abhdehe abbsamplreabtion
Exanpl e 8 20 A pol ybenzoxazol e resin was prepared in the sane manner as in
Exanpl e 1, ek@emhdﬂiﬂ?iﬁﬁlﬁkéhﬁihéZWﬂ&h #fdehydrating agent in the

2, 2" -bi s(3-am no- 4- hydr oxy- 5- pent af | uor oet hyl phenyl ) hexaf | uor opr opane was
used in pl aceonveh®lomad @Mirthem ) If necessary, various additives such
2,2' -bi s(3-am no-4-hydroxy-5-trifluoromnethyl phenyl) 25 hexafl uoropropane of
Exanpl e 15 The sesflatiengotasian agpentey dnditaohpling aaggnts Bxenpldedl to
Conparative Exanple 1 - 17 29 May 2002 A pol ybenzoxazol e resin was
prepared in the sespliimgeressing, Brahpikese ecamdpe thad a8. 2aget0. 2 nol)
of 4, 4'-diam no-3, 3' -di hydroxybi phenyl was used in place of 5 10D.5 g (0.2
mol ) of 2,2-lg§§@graﬁpn ;4nﬁy prptective films for semiconductors,
trifluoronethyl phenyl) hexafl uorqpropane of Exanple 1 and that 59.0 g (0.2
mol ) of 4,4' 18Y¢di pREMYRILCD Ldilds 9ok it HAXPL T DG et fiasCR¥RE FR2pFace
of 84.6 g (0.

o 40~ hexar | UBEoTBHBISI FABREF-SHaRy EIESES iSahIRF IS RITH SR crt BRI of
Exanpl e }0 TE; E%?YLéin%nE sk& ?@s Q @.uated simlarly to Exanple 1
an 8~ 2%k po oXa

Conparative ybe% Zol€e resin was prepared in the sane

manner as in Exanpl e e gXGenheihal (43 %r%cgﬂclsﬁ,fpﬁ"df Oél}elf%l_%-g (0.2 nol)

4, 4' - di am no- 3, 3' - di hydroxybi phényl Wwas “use ace o

f 2,2 -bi =A0L0095 =D str i 5 : f
0 Is( eﬁ%ﬁéfrélgy%eﬂﬁs inf “’E“?’L%{%%lwfm)@g%ﬁ%%@a”e 0

Exanple 1. The resulting resin was eva y to

Conpar ati ve Exgephér3w2@hAnBphyBegadnesaeldd az8de) copdURRAr£8 prbtde same
manner as in Exanple 1, except that 43.3 g (0.2 nol) of

2,2' -bi s(3-agensiditygdageypbenyl phevitkeuphoroeerasd time Wsaddin n pl ace of
100.5 g (0.2 nol) of
2, 2" - bi sI3- acompediyilongy-5-trifl uoromet hyl phenyl ) hexaf | uor opr opane of 25
Exanple 1 and that 59.0 g (0.2 nol) of 4,4'-oxydi phenyl
The polybenzoxazole precursor of the present
invention is preferably used in the state of varnish by
dissolving it in a solvent. Examples of the solvent are
N-methyl-2-pyrrolidone, 7 -butyrolactone, N,N-dimethyl-

20 acetamide, N,N-dimethylformamide, dimethyl sulfoxide,
diethyl ether, diethylene glycol dimethyl ether, diethylene
glycol diethyl ether, diethylene glycol dibutyl ether,
propylene glycol monomethyl ether, dipropylene glycol
monomethyl ether, propylene glycol monomethyl ether

25 acetate, methyl lactate, ethyl lactate, butyl lactate,
methyl-1,3-butylene glycol acetate, 1,3~butylene glycol-3-
monomethyl ether, methyl pyruvate, ethyl pyruvate, methyl-

3-methoxy propionate, methyl ethyl ketone, and methyl



1,1 -dicarboxylic acid chloride was used in place of 84.6 g - 18 29 May
:2002:- (0.2 nol ) of 4,4'-hexafl uoroi sopropylidenedi phenyl -1, 1" di carboxylic
acid chloride of Exanple |I. The resulting 5§S|n was evaluated simlarly to
Exampl e 1. Corrparatlve Example 4 5 65.9 G anms (0.2 nol) of 29!\/|aé2002

2,2' -bis(4-anj ggggéluo&ggggpgrleégaggf?ﬁ%g&gppyrrgfq; ass

Cb., Ltd.) mas I ssol ved 1n 400 one fol | owed

by addi ng dr opyh SecdHe'Sf Orgo SOk UnbpB, of 88.8 g of
hexafluor0|sopropylldene 2,27 -bi sphthalic acid anhydride 10 (manuf act ur ed

by Dai kin Kogyo Co., Lighgd pénl QnQoQEzB‘iEE?BEEU%sBF g 't@)@‘%re%ten]toc in

dry nitrogen over a period of 30 mnutes. Aiter conpletion of the addition,

the tenperat Uirtrertsidre dan ase t @sé@0iht EAREFBL UbRinGomhawed .by T9id rring at
roomtenperature for 2 hours. Then, the 15 reaction mxture was added

dropwi se t5% Mi¥rudsodf ik &iiéé@ﬁv&@tfﬁ,thédabbeepsemvpntat andasheol | ect ed
and dried to obtain a polyimde precursor. The resulting polyimde

precur sor wasaligsianved iqpaterktdryl a 2spitabl edsuppoandsachokygi mildaesresi n
was 20 prepared and evaluated simlarly to Exanple 1. Conparative Exanple 5
A pol ybenzox@ediad - &siliams Walparand i exapicapebabhiate. asAsntEragprting
except that 150.2 (0.2 nmol) of

2,2' - bis(3- afetde h?ﬁﬂ&%fuslﬁﬁwfb%uﬁ%ﬂﬁm@%a%hb%y¢9525nﬁeWéFhuéréﬁﬁaﬁﬁﬁe

was used in place of 100.5 0.2 nol
2,2' - bi s(3- aFP¥GY4S “gl(fm|M%ﬁﬁ%¢%er@+smngr1Erlntm9: roll

R s  EH e TR BRI Tofl ATBAPFNCLRE RaBFEs and
the Compar at L4 FLATPIAS 23 SANLIbP Goelc TRl 8 18 DLRLEFETLE into

const ant Heat - ance
12. 35100. 1Exg Q@% & 32. 45020 1Exanpl e 42. 45050 1Exanpl e
52.45110.1Exaggl yé% %é%%%o%&i e 72.45200. 1Exanpl e 82.25010. 1Conpar ati ve

BEST MODE FOR CARRYING OUT THE INVENTION
The present invention will be explained in more
15 detail by way of the following examples. It should be
understood that they are exemplary only, and should not be

construed as limiting the present invention in any manner.

Example 1
(1) Trifluoromethylation of bisaminophenol
20 compound
150 Grams of 2,2’~bis(3-amino-4-hydroxyphenyl)~
hexafluoropropane (manufactured by Central Glass Co., Ltd.)
was dissolved in 890 ml of dried N,N-dimethylformamide
(manufactured by Kishida Chemical Co., Ltd., hereinafter
25 referred to as "DMF"), and to the solution was added 393 g

of S-(trifluoromethyl)dibenzothiophenium trifluoromethane-



Exanpl e 13. 25250. 3Conpar ati ve Exanpl e 23.05100. 3Conpar ati ve Exanpl e
33. 05030. 3Conpar ati ve Exanpl e 42. 74981. 1Conpar ati ve ~ Exanple 52.2 ~420
~0.1 Dielectric constant: This was neasureg,at a frequency of 1 MHz by use
of HP-4284A Precision LCR neter nmade by Hew ett-Packard Co. iqﬁpﬁﬁgr pce
agNied gauc

wi th JIS-KE9Ll, 1 fide & Eah _@f‘&@tui?@&pﬁﬂl'abhl&ﬁiﬂt KWBEGR inh g pe duces by
5~, was neasured at a heating rate of 10C/ m n. - 20 29 May 2002 'in

ni trogen gas fddw ihdise @boTHPWi R0 8B, er THRHS BYeSeihiatPens iasKogyo
K. K. water absorption: Water absorption at a tenpera ture of 85C and a

humidity of GRdated wf 10O atas HEASUHEd Dt Yot e Gitbiir Metdiobwels 1) ear

fromTable 1, the pol ybenzoxazol e resins of Exanples 1-8 showed good
results on dicdregtiric ansitatredepion eststaiCefan® saieirabsorpéi on.
However, the pol ybenzoxazol e resins of Conparative Exanples 1-3 were 10

hi gher in i elescttriion crstearridthmutose nittbgekxatpbepherke pthei ni de
resin of Conparative Exanple 4 was nuch inferior to those of the Exanples
in water absd@eROtEPN FHkture was Rddek kol ¢ates; napd thapaguebve Eayeple 5
was | ower in heat resistance than those of the Exanples. Thus, 15 it can be
seen that poMafeREONSIA% TR ATRIhAPHENFhi dEolevad huvergrastienudithes

of the present, invention cannot satisn%%all of dielectri¢ constant, heat

resi stance afidSi¥ar SHHES fHBMIag o ehPRkvP HanDreRIca ¢Q- ¢l B8R - ¢ hat

hereinafter referred to as "ether"). The ether layer was
10 collected and ether was distilled off. Then, the
precipitate was sufficiently washed with an organic solvent
such as ethyl acetate to obtain 100.5 g of 2,2’~bis(3-
amino-4-hydroxy-5-trifluoromethylphenyl)hexafluoropropane.
(2) Preparation of acid chloride
15 92 Grams of 4,4'-hexafluoroisopropylidene-
diphenyl-1,1'~dicarboxylic acid (manufactured by Clariant
Japan Co., Ltd.), 166 ml of thionyl chloride (manufactured
by Kishida Chemical Co., Ltd.) and 1.8 ml of dried DMF were
charged in a reaction vessel, and the reaction was carried
20 out at 60°C for 2 hours. After completion of the reaction,
the excess thionyl chloride was distilled off by heating
under reduced pressure. The precipitate was recrystallized
using hexane (manufactured by Kante Chemical Co., Ltd.) to
obtain 84.6 g of 4,4'-hexafluoroisopropylidenediphenyl-
25 1,1’'-dicarboxylic acid chloride.
(3) Preparation of precursor and production of
resin film

100.5 Grams (0.2 mol) of 2,2’~bis(3~amino-4-



20 pol ybenzoxazol e resins excellent in all of electrical characteristics,
thermal characteristics and | ow water absorption can be obtained by the
present invention. Therefore, the polybegzqﬁa;ple resins of the present
i nvention can be applied to various uses which 25 require elecﬁé' 2002

char act or | ot 9 RPLEBLr £R36 8 bREch A by TYHAAAIAYo A AL ;ﬁcs, and

physi cal chardcter can be“u exanpl e, I nsul ation

films and prodeeddifed i 1AB4D0" gSEF ARPREHCHIMBthy 1acet amdRdBYamd 0P |@ypr
insulation films of nultilayer circuits, cover Coats of flexible

copper-cl ad sfeed smoBpl slerpyesashef inBbufhic@urédc bys kalshdldagmakniiddrs, etc.
- 22 29 May 2002 CLAIMS 1. A pol ybenzoxazol e precursor having recurring
units represeatd ed Myd i hewdsl aoaedotgetReakollativha FblloWed By @ddGny Riy
Rfz (1) wherein n denotes an integer of 2-1000, Rfl and Rf2 which may be
the sane & difdpwisd tlerete & solGoEdn+df 84tE gheOplowodq oifatd ,&t’ -l east
one of themis CnFzmtl, m denotes an integer of 1-10, and X denotes a

di val ent or garexafjruamisoproppl ydenediphehplrdsin-Hacembporydicr iawgduni t s
represented by the follow ng general formula (2): (2) wherein n denotes an
i nteger of 2-cHExid® |imPRIQ ohi dtmebhybacehamideaeatr -35f¢ ekrndrydenote H
or CnFZm+l, with the proviso that at |east one of themis CnF2mti. m
denotes an i MEFOIH ovem a RREICHAHt 28 BLIARLES ent AbEGANFEMBLELEOoN30LA

ponbenzoxaz%H%[géﬁggfgglfgﬂgrgkéég%géépg was restored to room tempera-
10 ture, followed by stirring at room temperature for 5 hours.
Then, the reaction mixture was added dropwise to 700 ml of
distilled water, and the precipitate was collected and
dried to obtain a polybenzoxazole precursor.

The resulting polybenzoxazole precursor was

15 dissolved in N-methyl-2-pyrrolidone, and the solution was
filtered by a Teflon filter of 0.2 um in pore diameter to
obtain a varnish.

The polybenzoxazole precursor obtained above had
a number-average molecular weight (Mn) of 25000 calculated

20 in terms of polystyrene using GPC manufactured by Toso Co.,
Ltd.

The varnish was coated on a glass sheet by a
doctor blade having a gap of 300 um. Then, this was dried
at 70°C for 1 hour in an oven, and the coating was peeled

25 off to obtain a polybenzoxazole precursor film of 20 um in
thickness. This film was fixed by a metal frame and heated
at 150°C for 30 minutes, 250°C for 30 minutes and 350°C for

30 minutes successively in this order under nitrogen



- 2 3 29 May 2002 units represented by the follow ng general formula (3): H
H-1J R~ OHF3 - Al CF\I/ NNX 3 Rf2 n (3) wherein n denotes an integer

of 2-1000, Rfl and Rf2 which may be the safg Qr different, denote H or
CnrFZmtl. with the proviso that at |east one of themis CnF2n%42ngg9@@bgs an

integer of 1-Jfno@pleXedehobeeadndhVabeRbeddRH 01 M id: Arhis resin

pol ybenzoxazol e resin having recurring dnits represented by the foll ow ng

general formufaihdras VEeaEIAtBddBAOVES idlsi heFeict@r iEtHAD, arfd |t ped RFZ
which may be the sane or different, denote H or CnF2~,+i with the proviso

that at |eastremeloé sdbhenshowinkdnthabledgnotes an integer of 1-10, and X
denotes a dival ent organic group. 5. A polybenzoxazol e precursor having
recurring units represented by the followi ng general forrmula (5): - 24
29 May 2002 H N~f-u-X ~s~  CF3 Rf~ Rfz n wherein n denotes an integer of
2-1000, Rfl cBwemplee which may be the sane or different, denote H or
CnF2,~+1, with the proviso that at |east one of themis CnrFzmtl, m denotes
an integerd of 1-10, ~ arfB 3 denanesch HidaPehttetyadlvogoodp 6-6. A

pol ybenzoxazol e resin having recurring units represented by the foll ow ng
gener al forrnﬁ%FX?ﬁqb?@??%ﬁm%%ﬁ%P%aﬂEHBFéstnSPgt36@?36# 01+00&tdrf) waRd
Rf 2 which (6) be the sane_oyr_different, denote H or CnFZmtl, with the
provi so that%ﬁggaﬁﬁﬂ %ﬁ%}Qﬁ°¥réﬁﬁi%q%ﬁ?iﬁwﬁufﬁPHéﬁoﬁgédan ThCe FOFMGE 1- 10,

and X denOte%é%(ﬁfggéfge ré?”ﬂé%éﬁ&??'and then the solution was heated

for 3 hours under refluxing conditions. The precipitated

10 crystal was subjected to suction filtration, and the
collected crystal was washed with concentrated hydrochloric
acid (manufactured by Wako Jun-yaku Industry Co., Ltd.) and
then air-dried to obtain 49.2 g of 2,4,5,6~tetrafluoro-
isophthalic acid.

15 A polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 54.2 g (0.2 mol) of
2,4,5,6-tetrafluocroisophthalic acid chloride obtained from
2,4,5,6~tetrafluoroisophthalic acid by the same method for
preparation of acid chloride as in Example 1 was used in

20 place of 84.6 g (0.2 mol) of 4,4’'-hexafluoroisopropylidene-
diphenyl-1,1’~-dicarboxylic acid chloride of Example 1. The

resulting resin was evaluated similarly to Example 1.

Example 3

A polybenzoxazole resin was prepared in the same
25 manner as in Example 1, except that 59.0 g (0.2 mol) of

4,4'-oxydiphenyl~1,1’~dicarboxylic acid chloride obtained



29 May 2002 - 25 ABSTR ~CT PCOLYBENZOXAZOLE RESI N AND PRECURSOR THERECF The
present invention provides heat resistant resins excellent in all of
el ectrical characteristics, thermal characyeristics, and | ow water

absorption. That is, the present invention provides polybenzoxay J%§%§302~ _

precursors r t£d 0 - |y LMy
CHb' C- 3 eﬁ-c??sp'hgn %égﬁghéﬂ ge%\notmgsagﬁa?%e lQLdg;éﬁé@ and Rfz

which may be gdinsdnoPpéhiLea€ibn §8nabeaHcaN cPTEeMas i Wpﬂ% AN was
i nteger of 1-10, and X denotes a dival ent organic group, and the am de

group and hydrszéwlugrﬂab@rbfhmbsngeme Ri fB13r e fpucgenhedia il rd-and 4
positions or 4 and 3 positions, and pol ybenzoxazol e resi ns obtai ned by
subj ecti ng t hsqutohanzderedi phesylsdy $/tdicanhoglydder acid chd@ri@eNolf CF3
Ri~ Rf2 CF3 OX CF3l ~ ORI~ Rfz 29 May 2002 (4) (5) (6)

5 Example 1. The resulting resin was evaluated similarly to

Example 1.

Exanmple 4
A polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 42.3 g (0.1 mol) of
10 4,4’'-hexafluoroisopropylidenediphenyl-1,1’~dicarboxylic
acid chloride and 29.5 g (0.1 mol) of 4,4’'-oxydiphenyl-
1,1’'-dicarboxylic acid chloride were used in place of 84.6
g (0.2 mol) of 4,4'-hexafluoroisopropylidenediphenyl-1,1'-~
dicarboxylic acid chloride of Example 1. The resulting

15 resin was evaluated similarly to Example 1.

Example 5
A polybenzoxazole resin was prepared in the same

manner as in Example 1, except that 42.3 g (0.1 mol) of
4,4 '-hexafluoroisopropylidenediphenyl-1,1’~-dicarboxylic

20 acid chloride and 27.1 g (0.1 mol) of 2,4,5,6~tetrafluoro-
isophthalic acid chloride were used in place of 84.6 g (0.2
mol) of 4,4’'-hexafluoroisopropylidenediphenyl-1,1’'-
dicarboxylic acid chloride of Example 1. The resulting

resin was evaluated similarly to Example 1.



_ 27 29 May 2002 wherein n denotes an integer of 2-1000, Rfl and Rf2 which

may be the sanme or different, denote H or CnF2~+1, with the proviso that at
| east one of themis CnF2m+i m denotes an hgteger of 1-10, and X denotes a

di val ent organic group. .A@Af. Af L. Af[
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] ca] ca] ca] ca] ca] c$a] c$a] c$a] chal] c$a] c$a] ca] ca] ca] ¢ a] c& a] c&a] c&al] c

-a]ca]ca]ca]ca]ca]ca]ca]ca]caD]ca]caDp]ca]ca$PfH*

1 1098 () - z109& () - $FS109%& () - S109%& () -, z10%& ()- 10%& ()- 9@ 10%& () -

2vi K-| @ 109% ()- 109%& ()- 109%& ()-ys!109%&()-s 109%& () - 10%&: ( %%Mé%z ,
y

109&' () -y) Di % 0! 109 ()-9' ! 10%& () - Y& () -
10%&' 8 y)tsgé;g ﬂfgé}%{g 3]'@#%’1‘(%)%#% @t(lz)%)&' ()-: "109R& ()-m ~"109%8S& ()-m

""10% ()-m 10 4oV 456x~ B i,%%@{a&fot%l%&% sf*;gﬂ%% 1@/@ $dfie
6@#10%&'() N@*109&&& ()13 ggeFPCBlOllO‘%&'() 0%&: %/é?
t10%& () - 10%ménnet 188&if) ExamBrelq!, F ekb@¥E Whatf 4ELE& (({U @q{&f)df
f)109& ()-!(#109& ()-yY 10%& ( l@ﬁ)*+ 2~Shl 10'F (" 10%
10L! #ml0%&' ()4, SH-OVEn{ Do~ 323(9./&1(1 d&’bi@%%gﬂsn 2.7%15PE?s[e@mril%a1c£B/«8’ef)-l
110%&'()-Y,lO%&'()-!QIlO%Mu&'()-n1 fy 109 P&'gi fy
5 100.5 g (0.2 mol) of 2,2'-bis(3-amino~ 4 -hydroxy-5-
trifluoromethylphenyl)hexafluoropropane of Example 1 and
that 59.0 g (0.2 mol) of 4,4’-oxydiphenyl-1,1’-dicarboxylic
acid chloride was used in place of 84.6 g (0.2 mol) of
4,4'-hexafluoroisopropylidenediphenyl-1,1’-dicarboxylic
10 acid chloride of Example 1. The resulting resin was

evaluated similarly to Example 1.

Comparative Example 2
A polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 43.2 g (0.2 mol) of
15 4,4'-diamino-3,3'~dihydroxybiphenyl was used in place of
100.5 g (0.2 mol) of 2,2'-bis(3~amino-4-~-hydroxy-5-
trifluoromethylphenyl)hexafluoropropane of Example 1. The

resulting resin was evaluated similarly to Example 1.

Comparative Example 3

20 A.polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 43.3 g (0.2 mol) of
2,2'-bis(3~amino-4-hydroxyphenyl)hexafluoropropane was used
in place of 100.5 g (0.2 mol) of 2,2'-bis(3~amino~4-
hydroxy-5~trifluoromethylphenyl)hexafluoropropane of

25 Example 1 and that 59.0 g (0.2 mol) of 4,4'-oxydiphenyl~

1,1'~dicarboxylic acid chloride was used in place of 84.6 g



109 ()-G Txhnz}[9shl 11 *  10%p& ()-m !  109% ()-m $SL0%& ()- !
. cP( 10%@g& () (1098V&' ()-! #FY" 109%& ()-{peFl!*  10%& ()- 10 10

10109& ()- @ - YI09& () - 3(mLOY%& () - (Z10%& () é"’?peFll F(YZ10%& ()- (Y

Y10%&' () - 10%&' ()- P 109%& ()-- lc-0 109 O)--T 10% & ()--, 312@%A@995@l

ﬁ%f‘#(lzw&' ?/I)l %& % §)11§O/ ;@0 % W@ﬁ?f@%ﬁ%‘eﬁ‘ppe{}ﬂoo}& (V- 10%

"()- 10 10 i yllc acid chlorlde of E %%e 1. The resultij
10109%& () - z<P5}"<cD1 UXE##109%& () - - #109%&: () 7D 3100 () <z#10%: (T 2F

L e ey I ORI e - oo
F109&' ()-9
Comparative Example 4
5 66.9 Grams (0.2 mol) of 2,2’'-bis(4-aminophenyl)-
hexafluoropropane (manufactured by Central Glass Co., Ltd.)
was dissolved in 400 g of dried N-methyl-2-pyrrolidone,
followed by adding dropwise thereto a solution of 88.8 g of
hexafluoroisopropylidene-2,2’-bisphthalic acid anhydride
10 (manufactured by Daikin Kogyo Co., Ltd.) in 200 g of
N-methyl-2-pyrrolidone, at 10°C in dry nitrogen over a
period of 30 minutes. After completion of the addition,
the temperature was restored to room temperature, followed
by stirring at room temperature for 2 hours. Then, the
15 reaction mixture was added dropwise to 1000 ml of distilled
water, and the precipitate was collected and dried to
obtain a polyimide precursor.
The resulting polyimide precursor was dissolved
in N-methyl-2-pyrrolidone, and a polyimide resin was

20 prepared and evaluated similarly to Example 1.

Comparative Example 5
A polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 150.2 g (0.2 mol) of
2,2'-bis(3-amino~4-hydroxy~5-perfluoroundecaphenyl)-
25 hexafluoropropane was used in place of 100.5 g (0.2 mol) of

2,2'-bis(3-amino-4-hydroxy-5-trifluoromethylphenyl)-
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Dielectric | Heat resist- | Water absorp-
constant ance (°C) tion (%)

Example 1 2.3 510 0.1
Example 2 2.2 513 0.1
Example 3 2.4 502 0.1
Example 4 2.4 505 0.1
Example 5 2.4 511 0.1
Example 6 2.4 518 0.1
Example 7 2.4 520 0.1
Example 8 2.2 501 0.1
Comparative 3.2 525 0.3
Example 1

Comparative 3.0 510 0.3
Example 2

Comparative 3.0 503 0.3
Example 3

Comparative 2.7 498 1.1
Example 4

Comparative 2.2 420 0.1
Example 5

5 Dielectric constant: This was measured at a

frequency of 1 MHz by use of HP-4284A Precision LCR meter
made by Hewlett-Packard Co. in accordance with JIS-K6911.
Heat resistance: Temperature at which the weight

reduces by 5%, was measured at a heating rate of 10°C/min.
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106H6H! 6. #10%BideH& f( 1852C and a humidity of 85% for 24 hours was measured
5 by the weight method.

As clear from Table 1, the polybenzoxazole resins
of Examples 1-8 showed good results on dielectric constant,
heat resistance and water absorption. However, the
polybenzoxazole resins of Comparative Examples 1-3 were

10 higher in dielectric constant than those of the Examples,
the polyimide resin of Comparative Example 4 was much
inferior to those of the Examples in water absorption, and
the polybenzoxazole resin of Comparative Example 5 was
lower in heat resistance than those of the Examples. Thus,

15 it can be seen that polybenzoxazole resins and polyimide
resins having no structures of the present invention cannot
satisfy all of dielectric constant, heat resistance and
water absorption.

From the above Examples, it is clear that

20 polybenzoxazole resins excellent in all of electrical
characteristics, thermal characteristics and low water
absorption can be obtained by the present invention.

Therefore, the polybenzoxazole resins of the
present invention can be applied to various uses which

25 require electrical characteristics, thermal character-
istics, mechanical characteristics, and physical

characteristics, and can be used, for example, as layer

insulation films and protective films for semiconductors,
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units represented by the following general formula (1):

(1)

wherein n denotes an integer of 2~1000, Rf, and Rf, which
may be the same or different, denote H or C,F,,,,, with the
proviso that at least one of them is C,F, ,,, m denotes an
integer of 1-10, and X denotes a divalent organic group.
2. A polybenzoxazole resin having recurring units

represented by the following general formula (2):

CF;

, 'J N 2
Rf Rf,

n

wherein n denotes an integer of 2-1000, Rf;, and Rf, which
may be the same or different, denote H or C,F,.,;, with the
proviso that at least one of them is C,F, .., m denotes an
integer of 1-10, and X denotes a divalent organic group.

3. A polybenzoxazole precursor having recurring
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(3)

Rf, Rf,

wherein n denotes an integer of 2-1000, Rf, and Rf, which
may be the same or different, denote H or C,F,..,, with the
proviso that at least one of them is C,F,..,, m denotes an
integer of 1-10, and X denotes a divalent organic group.
4. A polybenzoxazole resin having recurring units

represented by the following general formula (4):

X (4)

n

wherein n denotes an integer of 2-1000, Rf, and Rf, which
may be the same or different, denote H or C,F,,.,, with the
proviso that at least one of them is C,F,.,,, m denotes an
integer of 1-10, and X denotes a divalent organic group.
5. A polybenzoxazole precursor having recurring

units represented by the following general formula (5):
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wherein n denotes an integer of 2-1000, Rf, and Rf, which
may be the same or different, denote H or C,F,..,, With the
proviso that at least one of them is C.F,,,,, m denotes an
integer of 1-10,  and X denotes a divalent organic group.
6. A polybenzoxazole resin having recurring units

represented by the following general formula (6):

(6)

wherein n denotes an integer of 2-1000, Rf; and Rf, which
may be the same or different, denote H or C,F,..,,, with the
proviso that at least one of them is C,F,,.,, m denotes an

integer of 1-10, and X denotes a divalent organic group.
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represented by the following general formula (A):

—~~
>
N—

)

N \(CF3\_H><
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wherein n denotes an integer of 2-1000, Rf, and Rf, which
may be the same or different, denote H or C,F,,.,, m denotes
an integer of 1-10, and X denotes a divalent organic
group, and the amide group and hydroxyl group on the
benzene ring are present at the 3 and 4 positions or 4 and
3 positions,

and polybenzoxazole resins obtained by subjecting the

polybenzoxale precursors to ring closure.
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wherein n denotes an integer of 2-1000, Rf, and Rf, which
may be the same or different, denote H or CpFoms;» With the
proviso that at least one of them is C,F,,,,, m denotes an

integer of 1-10, and X denotes a divalent organic group.



