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DESCRI PTI ON RESI N COMPQSI TI ON FOR RETARDATI ON THI N -
FILM COLOR FILTER SUBSTRATE FOR LI QUI D CRYSTAL

DI SPLAY DEVI CE, LI QU D CRYSTAL 5 DI SPLAY DEVI CE, AND
METHOD FOR PRODUCTI ON OF COLOR FI LTER SUBSTRATE FOR
LI QUI D CRYSTAL DI SPLAY DEVI CE HAVI NG RETARDATI ON THI N
FI LM ATTACHED THERETO Technical Field 10 [0001] The
present invention relates to a resin conposition for
retarder, color filter sugstrate for LCDs (liquid
crystal displays), LCD, and to a process for
producing a color filter substrate for LCDs having a
retarder. Background Art 15 [0002] LCDs are now used
in a wde variety of UIBSCRIFAHO¥Ns not ebook PCs,
nobile termnals, desktop nonitors and digital
caneras, exploiting the characteristics such as

el bel B non R AR A TR AR RO B TR Pl et

sisTpATe (RO RGOITC A TAD D1gb Ry %W%%gﬁmm
DISPASORDRNJCENAN) MR ARG O DU TONRF PG EER

c ray

U ERATERR LI CRoRy A T A iR 1866
rATAREENON THIN eliavidatTAOHED THERETQUI d cryst al

| ayer, resulted fromthe difference in the 25

direction of travel of light, influence the
_transm.ssion intensity since the LCDs generally have
T‘%th‘lciﬂ[ﬁ:“?lare in. which aliquid crystal layer is
[Oﬁﬁﬂdv"i ched between two polarizing filnms. That is, in

an ‘oblique direction, retardation is large so that an

2 iNeigestt hioeon rgelealts Zzedin dogiposibec trrestamiar, color filter

RSl S LR 20, Ui L 9P o
o1&k SutlsBafeBr FEHE BARRg b Perkidfr

Background Art

[0002]

1.CDs are now used in & wide variety of uses such as notebook PCs, mobiie
terminals, desktop monitors and digital cameras, exploiting the characteristics such
as light weight, thinness and low power consumption. For the LCDs, increase in the
viewing-angle is demanded with the enlargement of the display size and development
of the monitor uses.

[D003]

The reason why the viewing-angle of the LCDs is narrower than those of the
light-emitting type cathode ray tubes (CRTs) and plasma displays is that the
difference in retardation of the liquid crystal layer, tesulted from the difference in the
direction of travel of light, influence the transmission intensity since the LCDs
oenerally have a structure in which a liquid crystal layer is sandwiched belween two

polarizing films. That is, it an oblique direction, retardation is large so that an
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contrast. [0004] 5 Therefore, in order to reduce the

decrease in the contrast in oblique directions, it
is effective to use a retarder for conpensating the
retardation of the liquid crystal. At present, in

tw sted nematic liquid displays, the view ng-angle is
i ncreased by attaching a view ng-angl e-increasing
filmas a retarder, which filmis nmade of a diseotic
liquid crystal. 10 [0005] Gn the other hand, VA
(Vertical Alignnment) method and I PS (In-plane
Switching) nethod which are new |liquid crystal

di splay nmethods ainmng at increase in the

ingiden lingamprginizeti dight tveemesiay dlipfiedy ppboee] lizht snd s thadight
et R ¥ P, SRR b it >

c i ng-angl e. However, production of these filns is
not easy, and since orientation or stretching step
[0084] ndi spensabl e, the process is conplicated. [0007]

20 To solve.this problem a nethod for increasin

lve, p : .the

vi ewHirgelareg eoTder 1o egsiicq ihe deprsgicdn ,%e IO Ablicye %ucctmns,
. tetarder. which.h i.cal: AL j. 2l
ST S8 B0 p0RLAT R SRR, Mo e
AY Slebdnt ah tivtddhenSHE gaea dodpldybethe eicdiitieinghais iheaBsd by
proposed (Patent Literature 1). [0008] 25 The reason
atigiing @l Wiwingesgltireeasing e @ 7 wtaadaewhick fijm g mpgeol a
refractive index in the direction of the main chain

- discotic oy that in the direction perpendicular to

[dOb? mai n chain since they have aromatic rings,

arohatic het erocycles or the like in the 3 direction
of t{e thedtherdiaad iV ATV etieainbicgronoiteoethed andlif (boplaey
show a large birefri n?ence, an _tggt sicgge, the .

Syriseliag) raethed whicd agy revy Ryafl gt Bisb@y ingthasy ajmng pignerease
- directi. ubstrate, difference in

l[ gtiﬁ%]g}%‘é"’fu?%%’%q %gé‘%aﬁ%%ig ngib &fTingence as _

In the VA method, biaxially oriented retarder films are used for the purposc of

further increasing the viewing-angie. However, production of thess films is not

easy, and since orientation or strelching step is indispensablc, the process is

complicated.
[0007]

To solve this problem, a method for incteasing the viewing-angle of LCDs by
providing a polyimide retarder which has an optically negative uniaxial anisotropy,
whose optical axis is vertical or almost vertical o the surface of the retarder has been
proposed (Patent Literature 1).

[0008]

The reason why polyimides function as a retarder is that the refractive index

n fhc direction of the main chain is larger than that in the direction perpendicular to

the main chain since they have aromatic rings, aromatic heterocycles or the like in the
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a film between the direction of thickness of the
filmand the direction parallel to the 5 filmplane
is generated. [0009] However, the above-descri bed
polyi m de retarders have a high optical absorption
due to the aromatic nol ecul ar structure and so the
transparency is not sufficient, so that when they
are used as a retarder, the white areas in the LCDs
10 becone yell ow sh, which s problematic on the
quality of the displayed image. [0010] To inprove
the transparency of the polyimdes, it has been

proposed to interfere the intranolecul ar conjugation
daentioh of tetrhan cofin of thegeacroravisfides, ewhisl tesy thpw a large
i ntroducing jnto the | yim des an ,acjd conponent or
D AETREC BB S ey R g s A et P ESGPOEe bk
d&écnt%ﬁ é)@iﬂﬁl%]{t%l ecsu%gt%ﬂ? diffakeqd L&lﬂ]é REAMHE §8dek (Bikefringence as
ur r, 1 as been proposed to apply a polyimde
alfis) Betebat hedeettmacdliyichicghof tha fikpanétieydimetibn gopailel to the
bi refringence, which has an inproved transparency and
fitre preamadegbnemtagint at i onal  birefringence and stress
[@k$ﬁfringenced to optical elenments (Patent
ratures 5 to 7). [0011]] 20 On the other hand, as
a POobyictirdfie BBS-RL iR doBHM @ reBrdedd lavel @ highavptical
polyim de material having a high transparency and
abdogtici duefte thegenuaid moldewanadturg oaliR]he Fenspaency 1s not
Literature 1: JP 2001-290023 A, Patent Literatu :
ScrTE 80 35 Rho HEK FETECE P 6 FATF e 5. WES S ol 1 7S
bRadn@nfellbivisdr ahithds drobkmafio 02 tHodikley A thedis@aged image.
Literature 5: JP 10-221549 A 4 Patent Literature 6:
[@H011- 60732 A Patent Literature 7: JP 2005-163012 A

[Di scl osure aof the [ e QLyed
by t ﬁJg imarnte gl eo%anbpérggc?/rbtf'tﬁé%oiﬁm@a; M Bad l%cﬁ ?’TO% o
interfers the intramolecular conjugation and formation of charge-transfer complex by

introducing into the polyimides an acid component or diamine coraponent having a

nonaromatic group such as an alicyelic group (Patent Literatures 2-4).  Further, it

. has been proposed to apply a polyinide resin characterized by high transparency and

low birafringence, which bas an imaproved transparcacy and decreased orientational
birefringence and stress bircfringence, to optical elements (Patent Literatures 5 to 7).
[0011]
On the other hand, as a polyimide matetial suited for a retarder, a polyimide
material having 2 high transparency and high birefringence is demanded.
[0012]
Patent Literaiure 1: JP 2001-290023 A
Patent Literature 2: JP 7-56030 A
Patent Literature 3: JP 9-73172 A
Patent Literature 4; JP 2002-161136 A
Patent Literature 5: JP 10-22154% A
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5 [0013] The present invention provides a resin
conposition for formng a retarder wth which
orientation and stretching steps are not necessary,
and a retarder having a high transparency and high
birefri ngence can be fornmed by coating the
conposition on a substrate; a color filter substrate
having the retarder; and an LCD having a wi de 10
view ng-angle and a high coptrast; as well as a
process for producing a color filter for LCDs with a
retarder. Means for Solving the Problens [0014] To
sol ve the above-descri bed probl ens, the present
PanelbtdrgmreiadPtIheb073BAf ol | owi ng constitution: 1. A

resin co Y f ormng a retarder which is
Pﬁ?@ﬁﬂ’f%?tﬂ}%oéaﬁ’&gj@?‘)}gg%a‘%di sgl ays, which has an
[EE.Efo&ﬁla'ﬂﬁﬁ%@éniti\Sﬁj uni axi al ani sotropy, whose opti cal
a

XI's 1S substantially vertical to the film plane of
Prdtdemetodiediailveddnydhadrivettidmas a birefringence An in
the direction of thickness of 0.01 to 0.3, the
Q:Qiﬁﬂ)osi tion conmprising a 20 polyimde precursor and

an Ol Rl VRl bl PRtL bR R ¥ YBEm e o tharder
obt ai'fied’ %y reac |%g &F° T East one tetracarnﬁo yl'rc
vilihailyel biideataichndtsrbRRSE sePeud indthdessadl ahdastardataving a
of the at |east one tetracarboxylic dianhydride and

highgraasparewy and highdiingfringends<ian §e Termed| by epainecthe composition

co nd. 2.. T conposi tion rdin ' L

RRGPBTRYS: ReolaF Beruhrnbhe e PREAGEERpL ut HE Mebtng a wide
Qe LS 2hichaB8make%s WeBMkA Lolaexaancias arewntiter for

represented by the Ttollow ng neral Fornula (1):
[(IB 1&gk bretRdeH2N- &NH2 (1) (wherein R represents a
nonoval ent, organic group or a hydrogen atom). 3. The
Mesng, 53501 aRe BELEPHFRY to item 2, wherein the
[@ﬁtﬁacar boxylic dianhydride is a

) § , 4, 4" -bi phenyl tetracar boxylic di anhydri de

conpayRrelve ey £eestiesribyd pdoblems, the present invention has the

following constitution:

1. A resin composition for forming a retarder which is used for liquid crystal
displays, which has an optically negative uniaxial anisotropy, whose optical axis is
substantially vertical to the film plane of the retarder, and which has a birefringence
An in the direction of thickness of 0.01 to 0.3, the composition comprising a
polyimide precursor and an organic solvent, the polyimide precursor being obtained
by reacting at least one tetracarboxylic dianhydride and at least one diamine; at least
one of the at least one tetracarboxylic dianhydride and the at least one diamine being
an alicyclic compound.

2. The composition according to itern 1, wherein the diamine which is the
alicyclic compound is a trans- 1,4—dimniﬁocyclohexane compound represented by the
following General Formula (1):

[0015]
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foll ow ng General Formula (2): 5 [0016] 0O O u n CSC
CO ~-10z\f ®@ (2 R R3 (wherein R2 and R

i ndependently represent a nonoval ent organic group or
a hydrogen atom. (0017 4. The conposition
according to item 3, wherein the polyimde precursor
has at 10 least the structural unit represented by
the followi ng General Formula (3): (0018] 0 O I !l
9 RA0O C- CGORS CCNHNH35(3) a 12 13 0 (wherein
R, R, R3, Rand R5 independently represent a
nmonoval ent organic group or a hydrogen aton). [0019]
15 5r'The conposition according to item1, wherein
t he Uetracarboxylic di anhydride which is the

| i ychi onmpound i85 |
H? 3, 4 c&%ﬁobutanet&fﬁacarhoxylie di anhydri de. 6.

A 0! . ) !
ORGP b el loSlon s BGES oyl
30! etk @mppkitibs bERding to [t 20lvhdreinEhe1:GasmBeitic dbnhydride

according to item6, wherein the aromatic di am ne
istealdy gt -hiphenyltetracarboxylic dianhydride compound represented by the

following General Formula (2):

[0016]
0
: :
Lo
- — l
C C (2)
I W
SN NS
RZ R3
(wherein R? and R’ independently represent a monovalent organic group or a
hydrogen atom).
[0017]
4, The composition according to itern 3, whercin the polyimide precursor has at

least the structural unit represented by the following General Formula (33
foo18)

S 1
RAO-C C—ORS T" _
- _ — —_ —_ 3
N\ g rw— @
& 7 0
R2 R3

(wherein R', R?.R? | R* and R® independently represent a monovalent organic
group or & hydrogen atom).
[0019]

3. The composition according 1o ftem 1, wherein the tetracarboxylic dianhydride
which is the alicyclic compound 15 1,2,3,4-cyclobutanetetracarboxylic dianhydride.
6. The composition according to item 5, wherein the diamine is an aromattc

diamine having a rigid molecular structurs.
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rigid nolecular structure is at | east one selected

fromthe group consisting of p- phenyl cnedi am ne and

4,4' -di am nobenzanilide. 5 8. A resin conposition for

formng a retarder which is used for liquid crystal

di spl ays, which has an optically negative uni axi al

ani sotropy, and whose optical axis 1is substantially

vertical to the filmplane of the retarder, the

conposition conprising a p6lyamc acid conmpound

obt ai ned by reacting a di am ne conponent (S)

cont aining a trans-1, 4-di am nocycl ohexane conpound
g}éesent ed by the followi ng General 10 Fornula (1):
[O H2N-}-NH2 ("i) (wherein Rl represents a

7 rm n o'ﬁla:i eEmpositipaRtrging tpiteon Ga whytinole aroateteajilzanive having a

tctracarboxylic dianhydrid ont ai ni n
rigidgnolactiar sebesmies it RS ae‘aﬁﬁgés%%fi {fem thf g eilsigting of p-
plSAYRALNASN[RRLE dANHREhiRYbchRMifi@] | owi ng Gener al For nul a
(2 15 [0022] DO nit O.c Cam _ 0//Cp. (2)

SR’ R resiheorapesitan fahﬁbrmla %H%%éﬁd’@%h i Uﬁf‘élpf@é%@ﬁfl G@*ﬂﬂl

o B0 B8P 3P Lo o AOARRED. s RGP
ls%ﬁbéiﬁﬁﬁﬂ? vBGicHl 6 @l@fﬁ’ihﬂlﬂﬁan@@f ﬂﬁ@&:t&ﬁeﬂ 2a%bmpb&tion comprising
structural unit represented by the fol | ow ng Gener al

a polyamlcaac{B)ompdod 2ufingd be reacR4O: diptnige component(s) containing a
trans-1,4-diaminecyclohexane compound represented by the following General

Formula (1):
[0021]

|
HQNO—NHQ , (1)

(wherein R' represents a monovalent organic group or a hydrogen atom)

and a tetracarboxylic dianhydride(s) containing a 3,3'4,4'-biphenyltetracarboxylic

dianhydride compound represented by the following General Formula (2):

[0022]
O

O
T (1_3
Lo
C c {2)
/ i\
SIS
R? R3
(wherein R? and R” independently represent a monovalent organic group or a
hydrogen atom).
[0023]
9. The composition according to itern 8, wherein the polyamic acid compound

has at least the structural unit represented by the following General Formula (3}

[0024]
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CCORS R4 - o1l CCNH(rNH (3) O'" OY s
(wherein R , RZ, R3, R4 and R5 independently
represent a nonoval ent organic group or a hydrogen
atonm). [00251 10. The conposition according to item
9, wherein the R is a hydrogen atomor a 5 C-C4
i near or branched al kyl group; and R2, R3 , RR and
Rs are each a hydrogen atom [0026] 11. The
conposi tion according to item9 or 10, wherein the
pol yam ¢ acid conpound further conprises at |east
one structural, unit represented by the followng 10
Genergl For mul aq;(4) to (8): [0027] OO0 1Il) R40-11 O

8?%} NH ~) Vé4g,R5 Oﬁz R3 C OR [0028] R3 O-C
- NH ~I . J |X51 RAOG-C GORS 11 11 O R

RO e @
o 7 o

(wherein R', R*, R*, R* and R’ independently represent a monovalent organic
group or a hydrogen atom).

00257

10.  The composition according to item 9, wherein the R' is a hydrogen aiom or a
C1-C4 linear or branched alkyl group; and R?,R%,R* and R® are eack a hydrogen
atoimn.

[0026]

11, Tho composition according to item 9 or 10, wherein the polyamic acid
compound further comprises at least one structural unit represented by the following

General Formulae (4) to {8):

[0027]

RAO-C :(j_’ /IG-—NHO—
—_—C \“‘l 1\ OR®
{I:!)

[0028]
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1500291 8 QdR -G I I NN+ (7) RAOC2 130
Il R30 [0030] ORR N 11 ! N(8 12 13 D (wherein
in Formulae (4), (5), (6), (7) and (8), R , R2, R3,
R4 and Rs independently 5 represent a nonoval ent
organi c group or a hydrogen aton). [0031] 12. The
conposition according to item 10, wherein in the
Formul ae (4), (5), (6), (7) and (8), the Rl is a
hydrogen atomor a Cl-C4 |itear or branched al kyl
group; and R2 , R3, R4 and RS are each a hydrogen
atom 10 [0032] 1.3. The conposition according to
itéﬁ111 or 12, whérein th total anount of the

—st+rOgct | u epres ed by the Forrmula (3), (4),
Nass_than 7}50 nol % of the
its t|tut|ng t e pol yam c

(5). 16).]T
0t ct
F%Ql%. 33] The resin conposition according
to @ny ne of items 1 to 13, wherein a part or al
[@f30t he am ne term nal groups of the polyimde
precyssor or the potyarnlcRaC|d are capped by an
arni g} aci d-forning eactloT with a dicarboxylic
cQnposi tion ?ccordlng to
boxylic anh ide is 20 at
| east [fonel’sel ected ron1the group consisting of

mal ei © anﬂﬁ%/drl dié3 plat hal i ¢ anhydri de, succinic
(@Rt ferand Asdiss @ndni #8; R [P036] R* and R® independently

represent & monovalent organic group or a hydrogen atom).
[0031] -

12.  The composition according to item 10, wherein in the Formulae (4), (5}, (6),

(7) and (8), the R' is a hydrogen atom or a Cy-C, lincar or branched alky! group; and
R, R*,R* and R® are each a hydrogen atom.

0032,

13.  The composition according to item 11 or 12, wherein the total amount of the
structural units represented by the Formula (3), (4), (5), (6), (7) or (8) is not less than
50 mol% of the total stractural unils constituting the polyamic acid.

[0033]

14.  The resin composition according to any one of items 1 fo 13, wherein a part or
all of the amine terminal groups of the polyimide precursor or the polyamic acid are
capped by an amic acid-forming reaction with a dicarboxylic aphydride.

[0034]

15.  The composition according to item 14, wherein the dicarboxylic anhydride 1%
at least one selected from the group consisting of maleic anhydride, phthalic
anhydride, succinic anhydride and nadic anhydride,

[0035]

16.  Uscof the composition according to any one of items 1 to 15 for the
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16. Usc of the conposition according to any one of
itenms 1 to 15 for the 9 production of a resin
conposition for formng a retarder. [0036] 17. A
color filter substrate for liquid crystal displays,
conprising a transparent substrate on which red,

bl ue and green picture elenents are two-di nensionally
5 arrayed; and a retarder forned fromthe resin
conposition for formng a retarder according to any
one of items 1 to 15. 18. The color filter substrate
according to item 17, wherein the retarder conprises

By . - X Qi t t od
ool i p B0 it Bl © 1O O TT &
sy N1 I N( ~ (8) 121s O (wherein Rl , R2 and

R3 1 ndependently represents a npnoval ent organic
1gr oup asfordilten pehstgiedoriicmg crypial dpplaysotitpristngioanspagnt

t han. 50 npl.% 00381 19. Th | or filter .
SR Bt B o B0 2 B e o & WrdiBhgsionpt
a0 GR . 1l @I 1BFmA ffdkn Gk rbﬁiﬁ%@ﬁlﬁ@dlti&f RAEEhA Ieftirder

group; and R2 and R3 are each a hydrogen atom
af @036} to @G @B.of Thmsded dF. filter substrate according

%o any one { items 17 to.19, .vyhef inthe retarder .
Bor méaefelg i bR AERRRPIEY, f&%ﬂ#&ﬁfﬁﬁﬂ@ﬁ%@mnm
SGPURART B TR % SRy PR B Fommic

(®onprising the color Filter substrate for liquid
crystal 25 displays according to any one of itens 17
(88720, the liquid color display enploying a

0 O T"
o e
e h—
O R R O

(wherem rR!, R? and R? independently represents a mongovalent organic group or a
hydrogen atom).

in ah amount of not less than 50 mol%.

[0038]

19.  The color filter substrate according to item 18, wherein the R is a hydrogen
atom or a Cy-C4 linear or branched alkyl group; and R” and R’ are each a hydrogen
atorn.

[0039]

20.  The color filter substrate according to any one of flems 17 to 19, wherein the
retarder formed from the resin composition for forming the retarder is so formed as to

cover the picture elemonts.
[0040]
21. A liguid crystal display comprising the color filter substrate for iquid crystal

displays according to any one of items 17 to 20, the liquid color display employing a
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10 display node wherein the liquid crystal nolecules
are aligned in the direction substantially vertica
to the liquid crystal cell surface when no electric
voltage is applied, and the liquid crystal nolecul es
are aligned in the direction substantially parallel
to the liquid crystal cell surface when an electric
voltage is applied. 5 [0041] 22. A process for
producing a color filter subpgtrate for liquid crystal
di spl ays, the process conprising coating the resin
conposition for formng a retarder according to any
one of itens 1 to 15 on the surface of the col.or

displayepods paareinthe Hawd wypiehmslserige e ajsgned (s theqdirection

' red.. Ql d.green DkCt Ul | enents.are p
PRBRIL Sred Py R LS S AR RATR R onase s
a?ﬁﬁ@io 8hd h@ MquidlcEfd ¢h Seesthealighee Bf ho BlredRP4dbstMtally

e resin conposition for a retarder, having the
ratsdiebtodbsiequid enystabentlswurface When amcledtiavalvge fioappliebDs
61 be easily funned, and inprovenents in the 15
Vi e\;vi ng-angl e characteristics and contrast may be
23t t aifnprgcesy farhpeodusingraenior fHisssulbdbdie fprdiquishemyiahdiselays. the
the invention E0043L The resentfi_vention v&ll Now
PO CHeOBEE CRIHDIE THU TLOSTHIR PEOME SpBET Agrdine to
El.fl‘lg bndof i&haf U8r1 saftAE Hirtieb? Q1 RIBE LRt AY EH WR1L kSrface
20 characterized in that-it has an optically negative
pivrel seecich baang sdt blopynd pasn givtopeleomhts asxtive-dimensionally
substantjally vertical, to the surface of the
aFigyesk gt heafipg the qompeFifipRigence An in the direction of
[Eﬁ%ﬁggﬁ%éhﬂkm&b 1to 0.3, and that it conprises a
pol'yl m dé "précursor and an organic solvent, wherein
[bév2]pol yi mi de precursor is obtained by reacting at
| east one tetracarboxylic dianhydride and at |east
one dYidnihaaesimenmpasitiondier 2 srierdes hpneg the above-described

chtid Rl Reorhbcrod] ema.cysl bé 885119 38mich Cardiidipt AR rrentsaf the
alicyclic conmpound. [0044] The polyi m de precursor

- virsadg-angle hiserpoterssting anchwempsionanieyatihane batiy stardest ur e

11 .
Best Mode for Catryimng out the Invention
[0043]

The present invention will now be described in more detail.
The resin composition for a retarder acoording to the present invention is

characterized in that it has an optically negative uniaxial anisotropy, has an optical
axis substantially vertical to the surface of the retarder, has a birefringence An in the
direction of thickness of 0.01 to 0.3, and that it comprises a polyimide precursor and
an organic solvent, wherein the polyimide precursor is obtained by reacting at lcast
one tetracarboxylic dianhydride and at least one diamine; and at least one of the
tetracarboxylic dianhydride and the diamine is an alicyclic compound.

[0044]

The polyimide precursor used in the present invention may have any structure
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whi ch can be converted to a polyimde by heating or
chem cally, such as a polyamc acid, polyamc acid
ester, polyamc acid partial ester, polyamc acid
silyl ester, polyamc acid salt, polyisoirnide or
the like. [0045] 5 As the diamne which is an
alicyclic conmpound used for obtaining the polyimde
precursor, the trans-1, 4-di,am nocycl ohexane conpounds
represented by the following General Formula (I) are
preferred: [0046] HZN-( )-NH2 (1) (wherein R
represents a nonoval ent organi c group or a hydrogen
watcbrepn be dOvEDBHD]a piyieidRlly peatihg padlieni¢alyasiCh 2€3Qolyamic
Qr.gani c p or hydrog n atom an
o SR T, PrURIC B B e PEATH S §7up
group, n-propyl group,
g%g?%%§ q&%@ﬂg&ﬂﬂﬁi?qﬁggkoup, i sobutyl, sec-butyl
Ummgpp or the i ke, or a hydrogen atom Anong t hese,
trans-i , 4-di am nocycl ohexane, trans 15

1, 4- & Hwidienipe meEdyP ep elierbis gprEDGi used for obtaining the
polgrané %feoaurg rﬁ@ e 154 aﬁﬁﬁ{%&%ﬁ&sﬁg EX AP Sind@ b dpresented by

éspecra

ﬂie,féﬁmnmﬁﬁmc&cﬁhﬁx@@aﬁe@rﬁ&@é@rred [0048] In the

1, 4-di am nocycl ohexane conpounds, there exist trans
[G0d6}ver s V\,her ein the configuration of the amino
groumé at - and 4-positions is in the trans 20

conf uratlon and cis isonmers-wherein the
|gr on . therg is in the cis configuration.
t ough 't Fans-1, 4 é m nocycl obexane conpounds are

VH%'éh Y LA ARl H500R0 10D 8P2 ROGOYLPARRN AT 1l Ne

conpoun are precu her e0 the products
[0@87] he reaction are m xtures of trans and cis isoners
(e.g., JP 51- 48198 Fé' The |

t r ansere, B aroéquaé% Hax Breanie GHYE I 8 Y HRREma iy and more

BREUEY Sl e 6T P PR R ek R SRR BE
g&@ﬁ}@bﬂ:ﬁ 1@0@ kv dmgoh-‘o:u@hgzaﬁp diclutyll,) sat-botyl goup or

recrysta I'1zation. The content of the cis isoner(s)
thiedikmoer atydragee aloth. asAmeng these, tlvas-é f Eaminogyclplpgane, trans-

arcf c?nenrxllto j g nfcyglehexanﬁ and frans-1,4-diamino-2,5-dimethyleyclohexane

are preferred, and especially, trans-1,4-diaminocyclohexane is praferred.
[0048] ' '

In the 1 4-diaminocyelohexane compounds, there exist trans isomers wherein
the conliguration of the amino groups at 1- and 4-positions is in the trans
configuration and cis isomers wherein the configuration thereof is in the cig
configuration. Although trans-1,4-diaminocyclobexane compounds are usually
obtained by hydrogenaling p-phenylenediamine compounds which are precursors
thereof, the products of the reaction arc mixtures of trans and cis isomers {e.g., JP 51-
48198 B). The trans-1.4-diaminocyclohexane compounds which may preferably be

used in the present invention arc those obtained by purification of the hydrogenated
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not adversely affected. Usually, the content of the
cis isoner(s) is not nore than 50% by wei ght,
preferably not nore than 30% by weight, still nore
preferably not 5 nore than 10% by wei ght. By maki ng
the content of the cis isoner(s) within the range
menti oned above, decrease in the orientation of the
pol yi m de nol ecul ar chains due to the bent structure
of the cis isomer(s) is suggressed and a practically
sufficient birefringence n be obtained. [0049]
1.0 To repeat purification of the
trans-1. 4-di am nocycl ohexane conpound(s) by
corBRiing bl kng avh infethadsduolg aadistilatntor saeefstatiization e XBirecontent
as to decrease coloring conponents is an effective
ofitbe Bisdsopesr (s Eowbrashitsiadiie lensmaidhaidsnts of thaprsept pgution are

trans-1, 4-di.am nocygel chexa Vi
ot 8GRy AEETEN O TR SO B e ek e
sg%tyé}%imepr&mg AR UL S8bY bR EREL, llbmbfeprefefabt sot
of the present invention. In these cases, the ratio
mofe thive | §%dysvdight- Biy amakingdye beientaf Secdnipane®) sythic e
anong the total dianmnes is preferably not.. |ess than.
KB FOPOReA DR ETEraDt i O BRE o e to Tgr e ibuaf Pl
diiehpbeh efradiiry off die cid ieaBed H)dn s @Rraveddé4nd lafprachieal tvasifiacient
of the trans-1, 4-di am nocycl ohexane conpound(s) 20
buefEgrqnge FEsRe H@RcE0 nol % the characteristics ai med
[ %‘ y the present invention may not be obtai ned.
(Fj 1] Exanpl es of the diam ne which nay be used in
ConbT & adpe@punifichridy ambe A1 didiathinogytdhekex anmpound(s) by
conmpound(s) include aromatic diam nes such as 2,2" 2

re@rysiadl{zation heing o FRlVeREISYHERZT-BrBe SHERERSFEREAHRE ne,

m phenyl.enedi.am ne, .2,.4-_ di am.:not.ol .
oo T Ho SR Bleto0 or g VR i roncy.
Hgﬁﬁldianinodurenc, 4, 4' - di am nodi phenyl net hane,
"4, 4" - di am nodi phenyl et hane, . o
4. 4' Thh gumsA b,d@maimwﬁidhex@nemmpomd(s) may be used in combination

3,4' -di am _nodi phenyl et her, .4, 4' -di am nodi pk | i
R bIofisn BT OB SISt GG Fange g Taeety BEHs the effects
ofthd prederiirvpkionz oplterse neses. Ih8 ratdh dihavodrenizéphenone,

4,4" - di am nobenzani|ide, benzidine, .. . . Forably not
digrgnacypllelasy FHRARMH P #sedRmonedneEAH RRBETS PH DY 1O
less than 50 mol%, more preferably not less than 70 mol%, still more preferably not
less than 90 mol%. If the ratio of the frams-1,4-diaminocyclohexane compound(s)
used is less than 50 mol%, the characteristics aimed at by the present mvention may
not be ohtained.

[0051]

Examples of the diamine which may be used in combination with trans-1,4-
diaminocyclohexane compound(s) include aromatic diamines such as 2,2"-
bis(trifluoromethyl)benzidine, p-phenyienediamine, m-phenylenediamine, 2,4~

diaminotoluene, 2,5-diaminotoluene, 2 4-diaminoxylenc, 2,4-diaminodurenc, 4.4°-

diaminodiphenylmethane, 4,4’-diaminodiphenylethane, 4 4 -diaminodiphenylether,
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o-tolidine, mtolidine,

1, 4- bi s(4-am nophenoxy) benzene, 1,3-bis(4 5

ani nophenoxy) benzene, 1, 3- bi s(3- am nophenoxy) benzene, 4
, 4' -bi s(4- arni nophenoxy) bi phenyl ,

hi s(4- (3-am nophenoxy) phenyl ) sul fonc, bis(4-(4-

ar ni nophenoxy) phenyl ) sul f one, 2, 2- bi s(4- (4-am nophenox
y) phenyl ) pr opane, 2, 2- -

"~ bi s(4-(4-arni nophenoxy) phenlyl ) hexaf | uor opr opane, 2, 2-b

i s(4- am nophenyl ) hexaf | uoropropane and the IiKke;
al i phatic and alicyclic diam ne such as 10
3 14’ RhigmniopdinkohyBthenct, 4 tdamaed ipingind meldorend A diaminodiphenyl

}%gq%hgﬁl Héﬁprgﬁqu:?pgihgfonc ?gx%ﬁﬁgﬂﬁn@% clzn%rxrx]e,nA& -
oSSR Kok AR bR GREHAR 1B, imehorybensidine,

otivhdive | otdiin, 1,402:(F-sminaphdecyy)emeerd, ﬂrﬁﬂhg(lﬂidl am ne,
4 4' neth | enebi s(cycl oh | am ne), 2, 5- )
ﬁ@p@nﬁg %, %/ Qpi{?@?{)l‘nenoxy)gemene 4,47 his(4-

Rl %%%n%b@@%n@f ﬁ{‘*{ﬁe LR B R o S,

amd@ge@@pﬂh@ﬁﬁﬂﬁlfﬂm DiZAisi6E) (4adnidofiRbbxydhenhBprdpar he;

bR R bR R b e B A SRR e 1
aHBHh b T fﬁ{o@éﬁrapaﬂé 86l 11 1@, m&m arfalibydle Rfnine such as

mol /16 ‘of the tot'al am nes. Specific 20 exanpl es of

‘ lSJI-PIOpawémdumnmgmedIﬁm@amme pentamethylenediamine,

g SRR LB e e
hE:?:?x&&r%er ’gﬂrﬁé‘hzﬁ’lbi 3‘. il yam@mlﬁedmﬂal: Ltfi@yc@a @ma;t §4}-

acarboxyli ¢ drides such as 3,
ubﬁqﬁy&ny Hhﬁctﬂiﬁd:mﬂn&g( ¢4t meﬁn)éﬂtﬂbn‘a(aydbhexylammc), 2 ,5-

2,3,3, 4" -biphenyl boxyl i h
nsibginantins n&@%&%%@@%@&%&@% By 1 e,

ng%&%g%&%g@éc?hf%ﬁ@%\yﬁ acar}k()oxyl i ¢ di anhydri de,

$53], 4, 4" - diphenylsul fonetetracarboxylic
dlanhydrl de, 4,4'-oxy dlghthallc acid dlanhydrlde 14
1 2 ﬁye:smgptrmlnamveerd@ar@mﬁ@ at by pf be diagrng gihegwe property

L N

u%a@l&ﬁ:\‘é%&ﬂaﬁ@r used in an amount of 1 to 20 mol% of the total amines. Specific
(2, 2-hexaf | uoroi sopropylidene)di phthalic acid

edmmpihgfdf jildeammianive indlidechis@Hdnpinapropyl FW@WhﬂéhSﬂoXﬁﬂe
t et racarboxylic dianhydride such as 1,2,3,4
[0053]

Examples of the tetracarboxylic dianhydride which is reacted with alieyclic
diamine nclude aromatic tetracarboxylic dianhydrides such as 3,3°,4,47-
biphenyltetracarboxylic dianhydride, 2,3,3°,4°-bl phenyltstracarboxylic dianhydride,
3,34, 4°-benzophenonetetracarboxylic dianhydride, pyromeliitic dianhydride,
3,4,9,10-perylenstetracarboxylic dianhydride, 3,57 4.47-

diphenylsulfonetetracarboxylic dianhydride, 4,4"-oxydiphthalic acid‘ dianhydride,
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5 but anetetracarboxylie di anhydri de,

1, 3-dinmethyl -1, 2, 3, 4-cycl obut anet et racar boxyl i c

di anhydride, 1,2, 3, 4-eyel opentanetetracarboxylic

di anhydride, 2,3,5- tricarboxycycl opentyl acetic acid
di anhydride, 1, 2,4, 5-cyol ohexanetetraearboxylic

di anhydride, 3,3',4,4'-dicycl ohexanetetracarboxylic
di anhydride, 1,2,4,5- norbornenetetracarboxylic

di anhydride, 5-(2,5-di oxotgyrahydrofural)-3-nethyl-3
10 cycl ohexene-1, 2- dlcarboxyllc aci d di anhydri de,
1,3,3a,4,5, 9- hexahydro 5-

éte_r%gmgﬁéaééééﬁg %gﬁnmﬂyﬂ¥e|%3nfﬁhtho[l 2-c}faran-
pﬁseégJyﬁﬁFnéﬁﬁa Yk démﬁycﬁweam dn 2>-FacBmlisheayi i Bk

-na uran-1, 3-

dibnBydBids 4.5 @W*hﬁmﬂhqmbm@pﬁmﬁhaﬁnﬂﬁmﬂmﬂé afideliarhgudord the
5-d 3-f | ht ho[.1 di

7 Gy R 211p1cHe Mo aHe: DRghROR vl P aribryl | ¢ 15

b‘ghﬁé?wa%%ljggg'hé‘] dléu%hgdndez 1 33 gn’éﬁl tyétl rzagcg rc%tg?(butanetetracarboxylic

@nlaﬁhaﬁ@,rh 43 Azyeloppriangigiscar oy st ankyares &h’e%e

tet

i RO ot 30 ﬁﬂ'ﬂ%?&ﬁ G EE %ﬁ?"&?ﬁox‘;‘*ﬂ?‘%ﬁ&y@ﬁ

ﬁhﬁ;r&iaaﬂd r M&)d@ﬂémﬁwﬁcmoﬁm diﬁlﬂl'}fﬁﬁw mg @ner al

Formula (2) is preferred, and to use 3, 20
nmbpmwtwmxbamrcb@m&mdmdm Samwdwa@tfalﬁfdmfn@b -3-methyl-3~

8Ll aid 0Tl Buifl didinddiae) 55643 -fiohfdid-s. R2

reptesent™a non oval or gani c

(L@Lﬁf ro0Z, 53 dWed-ggeny phaihtholhd- c}fman ne dichﬁ aaﬁe 4;5@913—
different). 15 Preferred exanp

heghpdrbed- 1(111;791134 Mﬂcuw@y@r%@@mﬁéﬂr@)ﬂﬁwwﬁ{1gf‘é 13-
o5 G2 B SRR U 1 S, (B 20N -]
naphtles p@alfurdny 1 preidrer, begelo[20DBepct-7-cne-2.3: 5 6—ten"an¢1rboxyhc
dianhydride, bicyclo[2.2.2]octane-2,3:5,6-tetracarboxylic dianhydride and the like.
[0054]

Among these tetracarboxylic dianhydrides, to usc a substituted or
unsubstituted 3,3',4,4'-biphenyltetracarboxylic dianhydride(s) represented by the
following General Formula (2) is preferred, and 1o use 3,3'.4.4'-
biphenyltetracarboxylic dianhydride is more preferred.

[0055]

i I

(wherein R? and R® represent & monovalent organic group or a hydrogen atom, and

may be the same or different).
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5 O her tetracarboxylic dianhydxi.de(s) nay be used
in conbination with the
3,3 ,4,4" -bi phenyl tetracarboxylic dianhydride(s). In
this case, the ratio of the
3,3 ,4,4" -bi phenyl tetracarboxylic dianhydride(s) used
is preferably not |l ess than 50 nol% nore preferably
not less than 70 nol % still nore preferably not |ess
than 90 mol % This is becayse that if the ratio of
the tetracarboxylic dianhydride(s) used is 10 | ess
than 50 nol % the characteristics ained at by the
present invention nmay not be obtained in sone cases.

P{e@@sd]exmnéle@@f AR’ @rﬁf’é‘@ﬂ%‘d?) iopluds helogn, Feborikyl

el Ko mgsw?@%ner 1) PSS SRANAR Soms) erogpc and
tHelme %&Q%&a&g&@f& &chm Bybstirtalt ed
bi phenyl tetracarboxyl i ¢ di anhydri de(s)

[mﬁﬁiesented by the General Fornula (2) bel ow
pref er ab the struct uni t epresent.ed b
Phe Ghipipoiraminie 4y il S may B oo o GBIBHOR Ry th
33%4‘%;5%9%1%@!03&69&]& disRye3&atedrbihid e, @i‘d W@t lof the
Formula (3), It may contain the structural unit
3Bt éﬁﬁ%hyeﬁbtﬂyaﬁwbsy]@hﬁﬂaﬂn&ﬁﬁ)mbchw (pddfetably(r®f lesithzn 6f
se str |ts re verted t t he sa
H@Bfe RO PE Ytnqi Gepip é‘?:P%%‘y S orsArefesbhERR s 4an 90
b 135
Bk DYl %?Secg%g tﬁ%@ P il JTed %\e&cl]ﬂg)@g%{ahmndkgg)é& 5
1e8s B¢ whvtethe cRaracRRsticRAimedrd bauit fRSseneinratmntmay tiot be

nonoval ent organic group.or a hydrogen atom and may
ojfaingdhist SOBKGIESr different). 16 [0059] R O f

[0057]

The polyimide precursor obtained by reacting the trans-1,4-
diaminocyciohexane compo und(s) represented by the General Fonmula (T) below and
the substituted or unsubstituted 3,3',4,4"-biphenyltetracarboxylic dianhydride(s)
represented by the General Formula (2) below preferably has the structural wit
represented by the General Formula (3) below.  Further, other than the structural
unit represented by the General Formula (3), it may contain the structural unit
represented by the General Formula (4) to (8).  Any of these structural units are
converted to the same structural unit represented by the General Formula (8) by heat
or chemical imdization rcaction.

[0058]
O O

R"'C)—(l'.lt o oR®
— C—NH
R\ Y Y I O
0 2
R

(wherein R', R? | R?, R4 and R® represent a monovalent organic group or a

hydrogen atom, and may be the same or diffcrent}).
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RA()-C CNH&H - ORZ R3 0 OR5 [0060] R Cr
CNH-( }-NH- ~/ "~ 11 (5) RAOCG--OR5 0 RR3 O 5

[0061]] O0OR ROC-C~1 NNH- (6) OR2 R3O
[0062] OOR ~CI NaNH (7) R40-CZi3 O0ORRO
[0063] OO R %-~1 NI (a) (wherein in Fornul ae (3)

to (8), R, R, R3, R4 and R5 represent a

nonoval ent organic group or a hydrogen atom and may
be the same or different). Rreferred exanples of R,
R2 and R3 in Forrmulae (3) to (8) are as described
above in the explanation of the above-described
Forrmul ae (1) and (2); and preferred exanples 15 of
[(49and RS include hydrogen atom C,-Cao al kyl groups,
C- C20 hal ogenat ed al kyl 17;1 groups,. phenyl group,
subsdltut ed phenyl Cgroups rand the like. [0064]

R*O- CIT /IC NH NH—
()
‘M| I\ 3 c- ~0R®

[0050]
R1
IT B
(5)
RiO-C H‘l (j:ﬁwo:@ _
[0061]

’Rao CID_ l:j;: {} .

[0052}

SO

[0063]

orod-b— .
] ““1

(wherein in Formulae (3) to (8), R, R, R, R* and R’ represent a monovalent

organic group or & hydrogen atom, and may be the same or different).
Preferred examples of RY, R? and R® in Formulae (3) to (8) are as described 2bove in
the explanation of the above-described Formulae (1) and (2); and preferred examples

of R apd R® include hydrogen atom, Ci-Cag alicyl groups, C-Cap halogenated alkyl
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The ratio of the structural units represented by the
Ceneral Fornulae (3) to (8) in the polyimde
precursor is preferably not | ess than 50 nol % nore
preferably not 5 less than 70 nol% If the ratio of
the structural units represented by the General
Fornmulae (3) to (8) is less than 50 nol % the
characteristics ained at by the present invention

may not be obtained. As deslgri bed above, since these
structural units becone thée structural unit
represented by the General Formula (8) after
imdization by heat or the like, in the polyimnde
gafipohbig grongf substituted@hemtl iggouph abdthediieuct ural units
10 represented by the General Formula (8) in the
[406¢thI structural units is preferably not |ess than

50 % ..nD 2 . 9

0063} e op e fvh Hate fBhsaEE o A G da Rirklae () 0 8
IrCOEPeRihide ?rcfo@rrsmf QP BebE 1R iRE dah S0WHI BN mos: psRehbiofot
LCDS, which has an optically negative uni axi al
leanilent/f ap}%. akicthe Bitisngdes Spichuall uniig represgnted by the General

F?lﬁ%@%&ﬁ@f} {to Sh}és Igsggff%lg@ ltn'&)f%,t ’fﬂg éfﬁét&@s%c?gin{eﬁ Gt by the rc_:sgnt

I on coﬁ%rl sing a polyam c aci

iifefheimndy akiaiobethddy Peakbdriigdabsicasintehe@oimponmhtifisy
contai ning a trans-1, 4-di am nocycl ohexane conpound

beenprestbe srethrplyunit npresdtRAcDybs Stenpabl aamks @) o imifizetion

_ hoxyvl i & di anhydri TrLH -
o e 30 R P RO B8 B Sl i
reg@é@ﬂt\%fl‘ g]‘é HRAESSAN EeSn Y (P0n tthetobd vernaaismits Resleferably not

neral Fornmula (2). In this case, the polyamc acid
les tao WA dnol Py, eboer profeyatisotdess thasT0 mhBest ruct ural unit
represented by the above-descri bed General Formula
} The forned retarder preferably has a

bi r efrhé ?&@dh@ frvARt dalbdBrod de 6 résdicor@fositioh flefeasing a retarder
of 0.01 to 03. The above expl anations about the

whichns visdforll GHs.nuoyic hatmenisadppgmstiveenirpdpraase ey apd
wyose Sorical oy AemyEalt SeiRtloh IR wflrepbpariae e
o e e | el s
cbipsRink(s cantziting e oual-l yi-dipmincegcihbmenasomreyd sinecsengd by
A 2505] JThe, bolvL el de Brechsor, oo be of! Bl B

c%%' 31%1%%2%‘12‘?%%%@3&@%@%%9@1@di:ﬁﬂl?dﬂdéjécﬁfﬂoﬂﬁcﬁ fopresdiied by
the above-described Geperal Formula (2).  In this case, the polyamic acid compound
preferably has at least the structural unit represented by the above-described General
Formula (3). The formed retarder preferably has a birefringehce An in the direction
of thickness of 0.01 10 0.3. The above explanations about the #rans-1,4-
diaminocyblohexane compounds represented by the General Formula (1) and the
3,3'".4.4"-biphenyltetracarboxylic dianirydrides represented by the above-described
General Formula (2) as well as about the preferred compounds included thercin can

be equally applied here as they are.
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can be obtained, as described in, for exanple, JP
8-92496 A by a nethod wherein a 5 tetracarboxylic

di anhydride is esterified to a tetracarboxylic acid

di ester with an organi c conpound havi ng an al coholic
hydr oxyl group, converting the obtained
tetracarboxylic diester to an acid chloride, and then
the acid chloride is reacted with a diamne; or by a
met hod wherein a tetracarbd®ylic diaihydride is
esterified with an organic conpound having an

al cohol i ¢ hydroxyl group to a tetracarboxylic acid 10
“ﬂkgfter which is then reacted with a carbodii m de,

and” then the resulting product is reacted with a

di anTiepoliiaadpplepatdsr van de bbtaped by alkneshenetivaibybige reaction
obt ai ned, for exanple, b¥ a . met hod mherﬁ%n Pn ..
beigatng Eetraerrhbotii dinabydrgics) gny 8 diRpngploy g hgPolyamic acid ester
I.socyanat LOUR: I S: . to a b ' )
bR ALy SN, SO HY  Fhaaeath

(RALH RNy Tic AGndydrSdeabtabied by wieaafioRgicacid diester with an
tetracarboxylic dianliydride 15 and a dianine; or b
ovgamis hioglo urkhaesga Betholin hydrozd amoup canering Hnheliten

tal .. d.| t Lt th .
SRotEoRe s opbl gatn s ST 657 1k b ) BRI fgogd wina
alBLEAGAbPL IR WhaahydetdRarbokyic dadiyaflian. esblified with an

polyam c acid silyl ester can be obtained, for
opmanpbmpoars! ey drkebhiolic DRIGAYIGBOTY0A, telgpRatogliczEis g
and JP. = 2005-146073,. b t hqd rein a di.amne. i.s
Eevahich e Eeies Yam e e A B3 G0 g PR
i bitge $htyYinicHcAhRRallcstet BENLI GAGARMTIM th
G850 b Xy i gﬁegwﬁhﬁ*i e 10067] As the
ek @118 Garhesibd ohdicanbyapide comnpaimd heveng agllyadyyd lgiwp or
~conmpound used in order to_obtain the polyim, -,
isopRsEle SEhUp 11 agached 10,9 eArbBTIIA T i edSy addicion
dianhydride. i s -prefer abl: q : ic dianhydrid
B R ST PRl BE Sapting o tracasbomylie dapiyrde

al€s S¥RiRe ol Bed nidtha, kn@ovrileelih g 20002 1 22dénh | veherdy at hestal
met hod described in JP 2- 61956 B, JP 3-1.37125, gJ
compRuidynTeage wilhihe carhexyberappet terratyasnr peidpgfaneddy
T At ASK088hY a diamine.  The polyamic acid silyl ester
r%é%ﬁ’s}%%%%ﬁ%%%?%%%%t r aear%%xi/afrin%e di a]r?r?y ri de may ybe
chisidotisiged, Her exairtpl, aotidseribddeinTRAr 3G 4, ¢P 2001-72768 and JP

di anhydride(s). In this case, the rati.o of, 1,.12 g 4, \
2005-146073, by a method wherein a diamine 1s converted to a bis-silyl diaminc with

a silylating agent, and the bis-silyl diamine is then reacted with a tetracarboxylic
dianhydride.
[0067]

As the tetracarboxylic dianhydride which is an alicyclic compound used

order to obtain the polyimide precurser, 1,2,3.4-cyclobutanetctracarboxylic
dianhydride is preferably used. 1,2.3,4-cyclobutanctetracarboxylic dianhydride can

be synthesized by a known method (for cxample, by the method described m 3P 2-
61956 B, IP 3-137125, or J. Polym. Sci.: Part A: Polymer Chemistry, Vol. 38, page
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5 cycl obut anet etracar boxyl i ¢ di anhydri de used in the
total tetracarboxylic dianhydrides is preferably not
| ess than 50 nol % preferably not |ess than 70 nol %
still nore preferably not less than 90 nol % If the
ratio of the 1,2,3.4- cycl obutanetetracarboxylic
di anhydride used is |less than 50 nol % the
characteristics ainmed at by the present invention
may not be obtained in songgycases. 10 [0069] Exanples
of tetracarboxylic dianhydride which may be used in
conbination wth 1,2, 3, 4-cycl obutanetetracarboxylic
dla hydri de i nclude aromatic tetracarhoxylic

WH§ rides such as
fﬁfgl 4 - bi phenyl tetracar boxyl i c di anhydri de,

bi phenyl t et racar boxyiic

di an h,sz@m- @ulinetidsarbeyio dhehedrkatdydeastbrogtther dfh
di anhydride, pyronellitic dianhydride,

o@cmtega@@bwhy ﬂ@ﬁbxcbtqeesa armw%,e deastnyefr i s A
cﬁdlciau‘tag'z)%g‘}%giadl % 1 epﬂgﬁﬂéi wr%o%ﬁycgﬁﬂhggndee

%réfrc@fbﬁﬁwﬂ ﬁd&@ﬂ@ﬂ@(}%él% ?Eéf@é&kﬂy ot REDRRY W0 @84, still more
4,4 - paraterpheny etracarboxyl i c di anhydri de,

pR:fghbly ndt le:m;ilat 20 plo¥ny | Hebe miarbtheyl.3.¢4- di anhydri de,

B kAR OB B0 ALl ol e

a%fédraﬁﬁf‘ :}?af-é@ehﬁn%lﬁ%XQ@ ﬂéﬁ%e %Hﬁﬁheé%n Jonte chsdh:

ut ane car boxyl i1 e di"anhydri d
[AD68% di met hyl -1, 2, 3, 4- cyel obut anet etracar boxyl i c

R 2SR RS Sl e
L

dﬂahﬁytﬂwéi hlB.as 3 32,,444 Enlﬁfenymtbmmfnsemicehmmgmmmﬁ -
di anhydride, 5-(2.5-dioxotetrahydrofural)- Sﬁﬁfth yl - 3-
binpendistresneoylic disabydiidsokey |- -Rer-aPkamanisiscrnaxyLic

el Byt RS IR e s pce
3]3 3; 4‘3“ nyl dulfondtetrdebOR1id Gianhydride, 4.4 -oxydiphthalic acid
hexahy 05 nmet hyl -5 (tetrahydro25d|ox03furanyl)

d}anlﬂthtdhol 2. S@@ﬁ;ﬂn@he@ne@tgmrm@ﬂpé dzanhydndc 3.3 447
5, 9b: hexahydro-5
Eo R R R R T
d%;&ycﬁldg @4’2( m@:@&m&&%@ﬁa&@a@%mm&b&mydemc and the
I'an
llht,ayl@hmic&nﬂ aﬁpmimmarb@xﬂ;mmmad@rmw 1.8,3,4-
bg‘[laggtlgmldcub%?cyl?ng & y%rlldlc,klefi dlmet['xolo ,Q,]% 4-cyclobutanetetracarboxylic

dianhydride, 1,2,3 4-cyclopentanetetracarboxylic dianhydride, 2.3,3-

¥

tricarboxycyclopentyl acetic acid dianhydride, 1,2.4,5-cyclobexanetetracarboxylic
dianhydride, 3,37.4,4*-dicyclohexanctetracarboxylic dianhydride, 1.2.4,5-
norbornenetetracarboxylic dianhydride, 5-(2,5-dioxotetrahydrofural)-3-methyl-3-
cyclohexene-1.2-dicarboxylic acid dianhydride, 1,3,3a.4,5,9b-hexahydro-5-
(tetrahydro-2,5-dioxo-3-furanyl)-naphthol | ,2~c]furan 1.3-dione, 1,3 3a,4,5,90-
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As the diamine to be reacted with the tetracarboxylic
di anhydride which is an alicyclic conpound, an
aromatic diam ne having a rigid nolecular structure
is preferably enployed for the purpose of obtaining
a retarder having a high birefringence. The term
"aromatic diam ne having a rigid nol ecular structure”
10 herein means an aromatic diamne in which the
conformati onal change due t29 thermal notion of the
nol ecules is small and the change of the relative
positions of the two am no groups constituting the

h@ﬂaﬁy@'traes-in&mgnal(ﬂenalgrdﬁf-g,ﬁahbyo—giﬂlrahﬁ>-ﬁﬂ§11t1&n1,2aﬂﬁzm-t i,8-
di ami ne constituted by one selected fromthe gro

u
dippnsl, 58a.hg, fhesahydensd 8-dimgtyl-arpiakydo-Rer@pde fégyi)-

ey L) L
dfalRy Al NQe @ QU R | Gshel 1185 G- Dhrbmeh9fic iy didbend aiilike.

group are substantially collincar or substantially
[(WaPhl | el to each other; or (2) an aromatic di an ne

constituted by two or. por tructural .unit | ected

f r ot e GFBER e Brered RURGRe BEACEMBYIT Ay MuPBRai e s
T o S € o e opore
pafdrasy bophhyedfoe ties pur@de toff obtainn@aniarodgriavipg afhdghe each
other, and_the C N bond of one of the am no groups
bispfgngenesC. NMoGHE "grmehedignies haymerotigh sipecya struchure

[ <t 1 . t I al: . el. to
U B HeEty Ok R cRBgLA
theAMingoiidhe NMhamolcomib e uinal! agll thucdhan® o2k icheiv gesitidre of

conpounds represented by the follow ng Fornul ae ég)
thedwp 1o goopTERsHntingthy diaspingppsmadl  Recfombiyyg1s Hppt /

a:@rl_n%tigz :cllpa]mmg (::I'(l)nsai‘g:lltc_d bEF\DIIJE %ele\[;tgg %r%ln the group consisting of benzene
ring, aromatic heterocycles and fused rings thereof, in which the two amino groups
face each other, and the C-N bond of one of the amino groups and the C-N bond of
the other amino group are substantially collincar or substantially parallel fo each
other; or (2) an aromatic diamine constituted by two or more structural units selected
from the group consisting of benzene ring, aromatic heterocycies and fused rings
thereof, which structural units are bound directly or through an amide bond, whercin
the two amino groups face each other, and the C-N bond of one of the amino groups
and the C-N bond of the other amino group are substantially collinear or substantially
parallel to each other.
[0071]

Examples ol the aromatic diamine having the rigid molecular structure
include the compounds represented by the following Formmlae (9) to (11).

[0072]



O H2N CAN !~ NHZ (11) 519 H 110 (wherein R6, R7,
R8, R9, and R10 each represents a group selected from
the group consisting of -H -C13, -Al, -CF3, -SO3
H -COOH, -CONH2, -F, -d, -Br, -CF3 and -OCl13 ,
whi ch may be the sane or di fTerent): [0075] 10
Speci fic exanples of aromatic diam ne having rigid
nol ecul ar structure include 4,4'-diam nobenzanili de,
benzi di ne, 3, 3'-di net hyl bengi di nc, 3,3 -
di hydr oxybcnzi di ne, 3, 3' -di net hoxybenzi di ne,
2,2'-di nethyl benzidine, 2,2'-
bi s(t¢f | uor onet hyl ) benzi dnne, p- phenyl enedi an ne,
H2n-54di am ol uene, {8, 6- di am nodur ene,
mp enedi am ne, 2, 4-di am not ol uene,
2, 4- dram noxyl ene. 15 Anong t hese,
[éﬁgj-dianinobenzanilide, p- phenyl enedi am ne
, 2" -dimethyl  benzi di ne and
/-bis(taifhugromet h benzi dine are preferably
H%@e d zp’cﬁgﬁly, ¥i¢&3-dianinobcnzanilide
andp- phenyl épedi amine are nore preferably used. Since
the retarder's conprising the polyimn de obtained by
i9%4¢t i ng such a di anine and
1,2,3,4-qyclobutanetetracarboxylic di anhydri de has an
I
f n

tdiem nmay be used in conbination.
[00761 Other diam ne(s) may be co-used together wth
(WheciaronRE iRe, B and RE haN irdgesdars atddeup delprd MRhete gasup
structure. In this case, the ratio of the aromatic

consistnpe fibvCHg. -@HeGit g7 ¥0 81 SR COVor bir &g GF
t tal, .di i [ f , t | th 50
TG e BPEPR RS REE TEEDY han 70° mol % sti 1

[ e preferably not Iess than 90 nola/o. If the
ratio of the aromatic d'iar'n'n'e havjng;he rigid
mol eBprcific samplswf eroastid darnige hagiag NEdmaEecuias sygIcie

.Ccharacteristics ai.ned at .hy the presept i.nventji,on may
A TP ReaaTe. Ca s BTy ppnaiaing % 1
dihydroxybenzidine, 3,3’-dimethoxybenzidine, 2,2°-dimethyl benzidine, 2,2°-
bis(trifluoromethyl)benzidine, p-phenylenediamine, 2,5-diaminotoluene, 3,6~

espegial Tﬁr&;nsparency 20 and hi gh

' ri ceg, t @r e @greferably used. The
H%go SCM q/’igﬁfhe ﬁag be used individually or
t wo o;(sa mor ¢, of

diaminodurene, m-phenylenediamine, 2,4-diaminotolueng, 2,4-diaminoxylene.
Among these, 4,4>-diaminobenzanilide, p-phenylenediamine, 2,2°~-dimethyl
benzidine and 2,2°-bis(trifluoromethylybenzidine are preferably used, and especially,
4.4°_diaminobenzanilide and p-phenylenediamine are more preferably used.  Since
the retarders comprising the polyimide obtained by reacting such a diamine and
1,2,3,4-cyclobutaneteiracatboxylic dianhydride has an cspecially high transparency
and high birefringence, they arc preferably used. The above-described diamine may
be used individually or two or more of them may be used in combination.

[0076]

Other diamine(s) may be co-used together with the aromatic diamine having
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Exanpl es of other diam ne which may be used in
conbination with the aronmatic diam ne having the
rigid nol ecular structure include aromatic dian nes
10 such as 4, 4'-di am nodi phenyl net hane,

4, 4" -di am nodi phcnyl et hane, 4, 4'

di am nodi phenyl et her, 3, 4'-di am nodi phenyl et her,

4, 4" -di am nodi phenyl sul fone, 3,3'-di am nodi phenyl
sul fone, 4, 4'-di am nobenzopi¥enone, 3, 3' -

di am nobenzophenone, 1, 4-bi s(4-am nophenoxy) benzene,
1, 3-bi s(4- am nophenoxy) benzene,

the r§ﬁ&’ %ﬁ(&%ﬁ%%%?gﬂrgﬂ srﬁ?@‘:g%gge? B raflo 81 B LRfoAtid Aiamine havin g

amopheno
Hel i moBecali Bewitea exad) ip ety dibniionds plifaiHy (dtless than 50

am nophenox henyl ) sul f one,
I, B R Tk SR Dy SR aFviaraty got less than 90

bi s ( 4={ 4- ani noph | )hexaf ,
T A S At
1d ledsBhar S1PH81%4, RO chithdifiBfics AbdcB@bi theaehemd iheanibh nay not be

di ar ni nes such as 1, 3- propanedi am nc,

obleined resdnyd eedi ani ne, pent ar net hyl encdi ami ne,
.@ﬁéfnethylenedianine, trans-1, 4- di am nocycl ohexane,
[ 1, 4-di am nocycl ohexane, i sophoronedi am ne,

tetr EQ%H&IQQB@&’&E%%H&@%W&@? 861,20 BSnbination with the
hexahydro-4, 7- net hanoi ndani I'enedi net hyl ene dj am nc,
atomatip diasiige having therigidimgiveyiae peuchse s pyrentisrdiaaines

4.4 - nethy]. ' | s, -ne): ;
e T A
d2ufneisiRaynanre, 3, Pldinhethibalahact 4adinimeiptckg sukfyne,

al so be used. 23 [0079] By using a siloxane diam ne
3é-diprpnediplanyt AEfaeaht ndaminohenzephenonam - t h

TR L0 AR ST TR, 1
a?lﬂl@ﬁéﬁ&?)&hzéﬂ 0 32050 Mopheh @b MenddaN AeBis(4A.  speci
c :

exaipl e of the siloxane diamne is

anirpBeraniyoipircaply bjs(e{T-anephidngikyiphesdiselfonel BsBOl- The
RSN RO e A A R
b%@4—?4:3!9fn%ﬁﬁér&x?ﬂ;&ﬁ)mhﬂxe&XmﬁﬂﬂrHﬁédemzw—m Xing ratio
aminophenylihexafluoropropans and the like.

[0078]

Further, aliphatic and alicyclic diamines such as 1,3-propanediamine,
tetramethylenediamine, pentamethylencdiamine, hexamethylenediamine, trans-1,4-
diaminocyclohexane, cis-1,4-dlaminocyclohexane, isophoronediamine,
tetrahydrodicyclopcntadicnylen?diamine, hexahydro-4,7-
methanoindanilenedimethylene diamine, tricyclo[6.2.1 ,02’7]~undccylene
dimethyldiamine, 4,4-methylenebis(cyclohexylamine), 2,5-norbornane
bis(methylamine), 2,6-norbornane bis(methylamine), 2,7-norbornane

bis(methylamine) and the like may also be used.
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“sipplrtbe peamthpfithepelyimigs cealing

bet ween the tetracarboxylic dianhydride and the

di am ne, the polynerization degree 10 of the

pol yam ¢ acid can be adjusted. The ratio between the
tetracarboxylic dianhydride and the di am ne subjected
to the synthesis reaction is preferably such that

t he anount of the acid anhydride groups in the
tetracarboxylic dianhydride is 0.2 to 2 equivalents,
nore preferably 0.8 to 1.22quival ents per

equi val ent of the amno groups contained in the
diamne. Simlar to usual polycondensation reactions,
the 15 closer the nolar ratio of the tetracarboxylic
“Eﬁghhydrlde to the diamne to 1, the | arger the
poly f

pol yREoEge plhaflEBB8n Pl 4 85 B0 PRingy L Whcsion vty

iffof@inuysttiicigndapalike g tid Ll’ﬂpr@ve:tin shﬁsf prefeerat] nswedlg th fise the
the polynerization degree is too |arge, the ease. of

sitvaatt fHegiinerin o pmeynt ¢fd fﬁ&%ﬂﬁ%ﬂ@ toteb%wmﬁ&bf i prippafic

degr.ad her ef I h
L e s T T G CY
[dogdi cated asrlsp/C), is preferably 0.05 to 5.0 dl/g

(nmeasured at a concentration of 0.5 g/dl in
N net hytepstiondicivdsndhatetraamyoxyhie ﬂ@nhxﬂ%@p ard Hodigninecan be

2..0.dl/ 008 F h f th
A vl edae e brlat SRy B S8R e iging o
baRRYd Mc‘%&rac%&@ﬁm IS RAROMIGhe Hﬁﬂ}%ﬁs aRyNah& zation dcgrc:c:

conpound I'i ke “may _be added to the reactlon

ofths mekymnrrp mcﬂ@m heqdiustedal [The Fatigaietwash therasbxylic

oS R R e GRLROELL PR P S0 P

8t bNEd M@ RIIBHE ABY B thd Butraplib&igilic Clianbydride is 0.2
tﬁpﬁﬁgh%ﬁ y 4- et hf}ﬂgj pht ﬁal JPC anhydr i dem4 tortybutyl

" tcpbedpatraimtamhyd piedieabliy Oafctonii. %cmvadcrémmdrﬁq@@alaﬂt of the amino

anh gﬁgﬁ%gﬂcﬂgﬁ%@%ﬁq ﬁgd%hgretoglﬁ?q? pﬁ]é{con%nsa%on reactions, the
cﬁ!&%ltf?@ﬁ?&’ak ?smorb?gh% Q‘Hrfak‘lh%ﬂb Hﬁnhf&rﬁ@rﬁ We@f@iﬂ'ﬁc to 1, the

exylam nc an Exanpl es of
ipR ehspsiyaatiatos degesiafitic polymede Iterpplymeeyemdtase is too

napht hyl i socyanate and thecgjiflrlrlklggsvll I s es efgd‘r"?l 'y
t
%r ouB?Sﬁﬂbﬂ% Od%%gg gsde gy et%%% gf,?gmxﬁgmo%ﬂo&ﬁ@ bbi9fnide

colitngriony Hegradpghy é?hp@éorpsthg p@lﬁr@qeg@h)@n seeres 95 fhc(ﬂ%yamm acid,
SRRl B RS, AL s e
(measured at a concentration of 0.5 g/dl in N-metbylpyrrolidone at 30°C), more
preferably 0.1 to 2.0 dl/g.

[0081]

For the purpose of promoting the heat resistance and processability, a
dicarboxylic anhydride, monoamins compound, monoisocyanate compound or the
like may be added to the reaction system in order to cap all or part of the amino

groups or carboxyl groups at the ends of the polyamic acid molecules. Fixamples of
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10 nadir anhydride. [0082] The synthesis reaction
of the polyamc acid is carried out in an organic
solvent at a tenperature preferably from-20C to
200C, nore preferably OCto 150C. As the organic

sol vent, any organic solvent maybe used as long as it
can 15 dissolve the polyam c acid synthesized.
Exanpl es thereof include aprotic polar solvents such
as N-nethyl -2-pyrrolidone, N Ndi nmethyl acetam dc, N,
N di et hyl f or mam de, di nethyl sul foxi de,

y- butyrolactone tetranet hyl urca, 1, 3-

i P T e AL bt B L S8BT r- e
l o A (i 1 1 d
AR e
aﬂmyda:rnsnﬁdnc&cﬁ, ahdttiee [30% Brampleghf mohaseide oompdwends atcalde
ight of the reaction solution, [0083] As the
a@bav@y@ea@wﬂw@c@ramaeu% PyRSAty] aﬂanfp M@@@WWW@ like.
%IPBBS O%amnc%qo g?ga e ﬁérgﬁ(l;hn@«‘? iR :pﬁ%{}@ Ii%t)c;,lﬁa% %ﬁ%ﬁhyh

ogen ocar on o) rocar

istoydhSRGnt fheliked MOLIR ks ;&Uﬁhy bhadrrddiBatpQlaytariiall oﬁﬁiedenmnzd
generated does not precipitate. Specific exanples of

amine goups bealappa by the a@@@qﬁfmmﬂmmmﬂbﬂm gicarboxyhe

SEGRR g SRR 3ok s UL SRR o LI Ao

g%u%tceﬁéﬁﬂ% B8k anfydeial Phkigine adhyeiak, succinic anhydride and

met hoxybut anol’, acetone, net hyl et hyl
nkahteﬂnydnd&t hyl i sobutyl ket one, cyci ohcxanone, ethyl
é@éiate, butyl lactate, nethyl acetate, ethyl
ate, butyl acetate, nethyl-3-nmethoxypropionate,
Tyl Y BU Il RGRTAEG is0daB¥d qut
et hoxypryg%?egﬁg%%&é |%et )}3 Qﬂglxa{ lic g’m d, d?uetmh‘gl/rll organic
solvait@na &ﬂ@erﬁuﬂl I:ed&fagablyet’tdfm F20°Ceab 20T rrmrﬂwpzafe,mbiy 0°C to
et hyl ene gl ycol neth et her,, ethylen gF et hyl
180%er As@imyxg@ﬁ@ g ﬁnmor,s%lsw Ivelt gy oe %@P qag as it can
|y th Ub ki mol
B RO IR Mg Ry MG g, CEERRPLRR il dbic poer

@l Y9 bucht R W-nRtihen -seeliahe, N didub)entamnldg o] N-
nononet hyl ether, diethyl ene glycol nonoet héﬂ et her,

dthetbyifironeide dirseshylsntipedayt buymietone, teirRystrarcgy Lol

et hyl . et.her...di et.h n I
A 5 R SR BB P Y, 8
2RI Mic RNARY LRSS Ble¥aehly BRMOBAThcentration of the solids
including the tetracarboxylic dianhydride and the diamine is 0.1 to 30% by weight

based on the total weight of the reaction solution.
[0083]

As the above-described organic solvent, a poor solvent of the polyamic acid,
such as an alcohol, ketone, ester, halogenated hydrocarbon or hydrocarbon may be
nsed in an amoumt such that the polyamic acid generated does not precipitate.
Specific examples of the poor solvent include methyl alcohol, cthyl alcohol,

isopropyl alcohol, cyclohexanol, ethylene glycol, propylene glycol, 1,4-butanediol,
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et her acetate, dichloronethane, 1, 2-dichloroethane,
1,4-dicitlorobutane, trichlorocthanc, chlorobenzene,
o- di chl orobenzene, hexane, heptane, octane, benzene,
tol uene and xylene. [0084] 15 The resin conposition
for the retarder can be produced by addi ng an organic
sol vent to the polyimde precursor or a solution
thereof, and uniformy m xi the resulting m xture
by a conventional nethod. e tenperature during the
preparation of the resin conposition is preferably 0C
to 200C, nore preferably 20C to 60C. Exanples of the
diztlydericqwol, wnisthylerelydod Tomgthyl-d-resharehetenadasaione f megyl

R S| VL Eh F e wset A Lhe Byl el
Ldifik ehRsedefe gl %@&&tevﬁbﬁyl-m&ﬁﬁyﬁ@pigﬁﬁgy 1 -glec’zhyi-i’v-

thé synt hesi’s redction of the pol yam ¢ aci
sy piyicela, stblyledhed papdmay detiybokdic ecidudiethy] malonate,

TR TN T—
UL PPy 8, Lo 00 i et g
e e e sl o aniyens el -sh s
T

gBeoldinietnl btoer, fisttlyems gishandittybytheedigiylend digcol monomethy!l

thi ckness of the coating filmis too small £0 hat a
efigorpetaie. siciafeneahnet mMoBoYBY fha aco dRd YIRS @) pignodisl
<R R B P Bl T o Y DA, |

Sk ERER, difibrobsiaitAglo-tiehlobitahned, hkaatk, hiygand, sclasé, thynzene,
of the resin conposition is too high so that the 5
tajuericiang xgleag.act eri stics are poor. [0086] In view of
éd%ﬁOVing t he adhesion with the substrate surface

[ resin conposition may contain a functiona

si | ange ¢ @intHoSios FHNAY AflagECdind® podudddl HIORIdaRYdn organic
trinmethoxysilane, 3-(2-am noethyl)am nopropyl .
sblvemreb axydyimidearediesd op heolating therdohapd spijermly mixing the

trimeth | , 3 t Ltrinmeth '
cesml RS % s BT T COR | IR el ASARE b

p?épgar’éi’t%ﬁ QPN EA T !:&H%c)nqg B%f&xﬁb]@&)p@ QX Y®PE AR6re peferably
20°C to 60”@. Examples of the organic solvent arc the orgapic solvents exemplified
as the solvent wlhich may be used in the synthesis reaction of the polyamic acid.
The poor solvents exemplified as the solvent which may be co-used in the gynthesis
reaction of the polyamic acid may be appropriately selected and may also be co-used.
|0085]

The solid concentration of the resin coroposition is sclected taking the
viscosity, volatility and the like into consideration, and is preferably within the range
from 1 to 10% by weight, That is, the resin composition is coated on the surface of

& substrate and a coaling film which serves as the retarder is formed.  If the solid
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i socyanate propyltrinethoxysilane, 3-am nopropyl
triethoxysilane or the |ike and/or an epoxy

gr oup- cont ai ni ng conpound such as epoxy resin cl ass
or the like; hisphenol type epoxy resin, bisphenol A
novol ac-type epoxy resin, biphenyl type epoxy resin,
15 phenol novol ac-type epoxy resin, alkyl pheno

novol ac-type epoxy resin, polyglycol type epoxy
resin, cyclic aliphatic epagy resin, creso

novol ac-type epoxy resin, glycidyl am ne type epoxy
resin, naphthal ene type epoxy resin, urethane

°g1019g‘i?<1f§si‘*ti_%gd$ %gé@g% g?;@?ﬁvg%gq?g%r c i g {)f{etgtg% E?tﬁé 1{}513%\?0&:51'11&11
50 ﬂﬁ{ DY .e{}%cfeé E o@fn{"bﬁtﬁin%‘g, AnliGe Lhuﬁ b &RRerffarib R more than

coating fi surface snoot hness, a noni oni c
16urHyacdigiit} the Udbkrass plhy coarieiiindnmollage yb thet hesad retarder
polgoxyethylenc dilaurate or the like, or a _,

capet br it gat thesvisoopitt plfke Sy coptpaRition itop Rk so that the

cSaimb ABAractristRE b Rog copol yner surfactant or the
i ke, may be cont'ained. The contents of these

[8d] ti ves are those which do not adversely affect the

effects of .the resent, i.nvention, .and usually n
nor e ‘Hﬁ‘ﬁl‘:’ﬁﬁ%’rﬁ’yﬁﬁéﬁ‘f‘g MesIgR g‘flglrtgﬁugy’“tﬁ%? SYStE '%%wt%%nan
B8R BBt iR « thg nwhal sﬁaﬁ@éﬂi@aﬁh%% e8mpodRQ8dA] asThe
resin conposition is coated on a substrate by dygﬁgqg
ametolpoby! mohdthagsilae, P12-amitdety)ampioprogy! mesctiecky siding, N-
coating . method, ,a nethod using a wire bar, or the
PR 3-AUHPRPTOT ﬁﬂ&?lihwsa}@“ﬁ‘aﬁrmngWﬂa?PﬂH%ﬁ}PH’ﬁF@?ﬂﬁg?'

' it ! i xPlahd] 8-
PR P SRR BRI 20 Ao By BB o Pl ah
isseyanadepetiringtionysitdne, Y-esinvpeang] sietheentlavs edthe dkdand/or

coating anount, and usually, heating at 50C tao 400C
A% ERGEY OYGCIBINRE ﬁgmgguqusuﬁh@% B gesiy @}@%aar thedke; grsphenol

substrate t.0. > -CD) . , .
o B At A B S AP R S e AR AR e
e RIS Y epdx e di@ Sl BRABDEIVola0 Ry ieSepORE Ees 0 pblgglycol

on a base film and then may be attached to the LCD

typalbporyarent dycbe gliphatic govesiesia, aesol ayeiac-tYRRSRGAITHY

ilmis fornmed on the surface _ opposite to I QUL
b atine SR ePo ol Ry SRRy ol st fag i
chd¥& B4 frabiser adodifiel dpoky sasbs patyemedifiedipolysipxtdreor the like.

iquid crystal layer. Faor exanple, the resin
Irewapes impioningthe vaitermdtyaa tyrnthigkgess of the coating fitm and surfiace
smoothness, a nonionic surfactant such as polyoxyethylene lauryl ether,
polyoxyethylone dilaurate or the like, or a surfactant such as [Tuorine surfactant,
silane surfactant, acrylate copolymer surfactant or the like, may be contained. ‘The

contents of these additives arc those which do not adversely affect the effects of the

present invention, and usually not more than 20% by weight, preferably nol morc
than 10% by weight in the whole composition.
[O087]

The resin composition is coated on a substrate by dipping method, roll coater
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surface of the color filter substrate for LCDs, which
substrate is a transparent substrate on which red,

bl ue and green picture elenments are two-di nensionally
15 arrayed, on which surface the picture elenents are
formed, such that the filmcovers the picture

el ements. The term "covers the picture el enents”
herein neans that the filmis fornmed closer to the
liquid crystal layer than t4fe picture el ements. The
picture el enents and the retarder conposed of the
above-descri bed conposition nmay directly contact or
AN Hin P MR BRCBaRINBEhof Y mEKEIRiS: 2 ik=GaS 8Bthe like,
wher e there i's 20 an over coat |ayer fof flattening
amdhthich ériedbpair tiitg vaguostmyitged-videhyrieaamgetingcaongpss edhot
of the _above-descri ,beg, resin ;f?grrpositi,qn may ge .
Pl RBHodHet ROER AEORIMESER. ¢ d PP REANEFOPELIoRY (FeY dypending on

ﬂ{e%)éfiﬁ g@g‘ﬂg@? g;i;eg\! ?Ldaﬁo%tﬁﬁ% L% af us%ll Jé;f}ga}t.ﬁ:ig%?s@’@tﬁ abo°C

ovefr coat

foN 1t B 308 mhiMekyis préfeired. possi bl e to formthe retarder
conposed of the above-described resin conposition on
[90%6] substrate, and to form a color filter for 25

L CDs ThO QR85 ithbad64a hbehd 8d L0 uehsane, Bnasn jpide e
el ements are two- dinensionally arrayed. [0089] 28

sihstretser TH habsibdsiselie s ddichod velysiha rasongraegosition ihepge coated -
contain a col.or conponent .such a pi t or d :
Of AaEHAG RSP FT e e T SR SRk pipfdiisive
Ié{yﬁzr m’lgg oGP 6] 1SRl de Bt Mw%?ﬁos@t@lt@ﬁlefﬂqhidefwsml layer.
ereby giving retarder function to each picture

Aftceneintly) it meb be forned seshwhetfoee bhthe L€5) subsioap ogitadtog the

is used for 5 form ngl tettﬁe picture elenments, it.is
lighidrcaysiab dpyen FAF GETORIRSIF S5 PRI HIOR Wavt i SPRSHaR thet o
' ' ed, nd
suffe TEN AN SRR ierdee S CBEIRE: WBSAE 0 OLRRRLAN]
sitfstateion vshibstednbiva b giece niciura blemiots acmiwoydimgnsiprally

phase retardance conpensation in.each cqlor. [Q090
ot PBich HRs s SRS AR A e ST (7 b A Sovers
e @nic diemiss. f OFlernb Ycoventthapicturhelemest hhaompesi henthe

on the substrate and heating the copated conmpositi an.
fiim s formpdelgas: tn ks havihezas [y thpnfhe pishye plggegs.  The

functi 0 ‘ [ I | L GE0ELALRR
e b e e e
dREMBRhtakByahay fotle6Biet each other.  For example, in cases whore there is
an over coat layer for flattening on the color filter substrate, the retarder composed of
the above-described resin composition may be formed on the side closer to the hawmd
crystal layer thar the over coat layer, or on the side closer to the substrate than the
over coat layer.  Alternatively, it is possibie to form the retarder composed of the
above-deseribed resin composition on the substrate, and to form a color filter for
LCDs thereon in which the red, blue and green picture elements are two-

dimensionally arrayed.

[0G89]
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Since the nol ecul ar chains of polyimde resins are
likely to be oriented in the 15 direction parallel to
the surface of the substrate, a difference in
refractive indices in the direction of thickness of
the filmand in the direction parallel to the film

pl ane (birefringence as a -filnm is generated.

Further, since the orientatjon of the nolecules in

the filmplane is random tAere is no ani sot ropy of
refractive index in the direction parallel to the
filmplane. That is, in the retarder ofthe present 20

I nventiipn, tht Sldvedebdi®ed 1kl SorARdinonddyScohtaid Hotbt | M

pl ane and taking the z-axis in the direction ]
compdricotduch @s b pexuidnl on gleasral, e hempediiaroniyes iediag s yarnish
are nx >ny > ny, and e retarder is a.retarder .
AL e R BIeRsy HER oot B Barehy e PR functon o

Lax]al ! 0 . JoSitibR is used for

e R P 7T S P [ cofBibg v veed for
forfse e phyirt eRnleptsni gepriefeeretno adjialtheamiasdbtion Fywith respect to
herein neans that the, refractive 25 indices along t
thexein svaselengthi ig grchentdhe e e it P DI RER e RF S guqh\ﬁgﬂf

< xS is SnBbl i | arol ‘
oSSR g Mg B e
chiap@isitidEansct k. nx = ny> nz. Mre specifically,

this is satisfiedif O - nx - ny 29 0,005, and ny >
[WP0hre satisfied. [0091] The birefringence An (= nx -

in the.diyect] f .1 hi f. t Fil S
or o Pl o BEELDE Gechahpt BB R R0l BPHAGI b Guting
12 Bsdn p%ﬁ?&éiﬁ&@éz@ﬂx@ ls@hs@iafind haelindbht es8ed dbatpddithd, The
the birefringence is smaller than 0.01, the film

ratirilekine sghofe retaedanceansh ive p fiedisnda pympaysate SirpErdArIeRL?
S QWS B PREh T bRt rop e LG B8 ycrs
sgdgls %&%ﬁé@gﬁ%ﬁ c%f?@lyfrﬁi‘dé hEkeks drs HRIPIrsAd nidd. 1B theo

e'retarder of the present =
direstintpanilel ® thé Swtick vBthtonbyeaie raiffirads in refiapidee Mhiscs in

opt.ical axis.,is substantial.ly verti. _
dgfteron St iaas S S Tt B o o e
RIBEiIARL ¥s 1R (6 QEndrhed L ARuRARLY Ungrandlispbathemnde

erein the |li'quid crystal nolecules are aligned jn,

nidberublis i thei film aivsic amdoal, Myre ismoiaaiptrery affefradtiygiteiex in

e on Saralie 30 His e BT Gl R forak Sl PER drdsons
invention, taking the x-axis and y-axis in the film plane and taking the z-axis in the
direction vertical to the film plane, the refractive indices arc nx = oy > nz, and the
retarder is a retarder (negative C plate) having an optically negative uniaxial
anisotropy, whose optical axis is substantially vertical to the film plane. The term
"has an optically negative uniaxial anisoiropy™ herein means thal the refractive
indices along two axes are identical and the refractive index along the TEMAMINg one
axis is small, and (he term "optical axis is substantially vertical to the film plane”

herein means that nx = ny > nz.  More specifically, this is satisfied if 0 < px -ny <



10

L5

20

25

15 the liquid crystal nolecules are aligned in the
direction substantially parallel to the liquid
crystal cell surface when an electric voltage is
applied, nore specifically, MWA (Milti-donain
Vertical Alignnent) node, PVA(Patterncd Vertica

Al ignnent) node, CPA(Con.tinuous Pinwheel Alignnent)
node or the like. [0093] 20 Since the optical axis
of the retarder of the pres¥ht invention is
substantially wvertical to the surfaces of the two
substrates sandwi ching the liquid crystal, no phase

retardance-conpensating effect is obtained when the
Oéﬁéﬁﬁgﬁwﬁgﬂﬁﬁggﬁgﬁﬂén the direction vertica

[bdwefeto. However, in the vertical alignment nodes,
since the phase retardance of the liquid crystal .
| ayefThé bireflingeste ar((B vikn.nzh hethy diredtion bf tilokaessi Gnbestarder is

p}‘@}@rﬁblﬁfg.(ﬁlts gl h%ré’%ef&ﬁﬁﬁy ngt RRRLAEEY3, B hehrk Brof@akl a6k
to conpensate’ the phase “retardanee. That is, when no
18k @ainr0. (5. v i thabesfiagapplii sdallagded 0 lathe fdinshickyess of the
obt ai ned even wi t hout, a conpensati on. ver, in.an
TSR ERASC Y dott SoBpengdting dhigphase fRiprdance oﬁ%ﬁa&@ crystal is 50
léergéeﬁ{agﬁﬁggm ?ﬁéﬂ;ﬁ.d'ifﬁ‘%ﬂltg crystal layer even when no

Ctrrc voltage is applied, light | eakage occurs if
[6¢w2]phase retardation is not conpensated and good
bl ack display is not attained, which causes decrease

in t Ade §bntindleess ofithe efede, s prderablyParaél 8t t he
res i nvent i on exhi bi : 1.n :
er ety Ee e ad thr e AR g retob 36 s D
sMRE tleCibhicdt lakil R ERIBEtaARAIBSverffd 1d the bUha of $he rémeies diseretarder
the view ng-angle. Exanples 0094] . <Measurenent of
iRepucely MeEubbi tsyd (aribp LEDsomPeiyg hilgelappede e ty

The, pol yi m de, precyrsor.was di ssol v i.n - TP
R i an gt i R el R sy veregep gpe i
i Lhes Hhkkbibed, SOLMLERNONES: HRASLEERbrdotdBe Aighignid and
G@t}g‘lel oﬁ%}e avi scomet er. [0095] ;%qsgr ement 9of Opt i cal
tihxiiguid bryFhemolptiilesdre akipsediashedisstorsibsenngly @ratleprche
produced bP( Shi nt %ch, I TC' ) . ] .
liquid crystal cell surface when an eleciric voltage is applied, more specifically,
MVA (Multi-domain Vertical Alignment) mode, PVA(Patterned Vertical Alignment;
mode, CPA(Continuons Pinwheel Alignment} mode or the like.
[0093] 7
Since the optical axis of the retarder of the present invention is substantially
vertical to the surfaces of the two substrates sandwiching the liquid crystal, no phasc
relardance-compensating effect is obtained when the display is watched in the
ditection vertical thereto.  However, in the vertical alignment modes, since the
phase retardance of the liquid crystal layer is almost zero in the vertical direction
when no electric voltage is applicd, there is no need to compensate the phase

retardance. That is, when no electric voliage is applied, good black display is

obtained even without a compensation. However, in an oblique direction, since
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A polyimde precursor solution was coated on a gl ass
substrate with a spinner to a final thickness of 2.0
tLm and dried at 120C for 20 m nutes. The coated
solution was then heated at 240C for 30 minutes or at
270C for 40 mnutes to obtain a polyimde resin thin
film The refractive index anisotropy in the
direction 20 parallel to the filmplane of the
polyimde resin thin film Hnhd the refractive index
anisotropy in the direction vertical to the film

pl ane were neasured. <Measurenent of Birefringence=

oA B Ve R i 9 B L e
affIREUNER feaf @ ticlb0R iM@S pEAR redrdatiofisgbBsinnkad &desood

wWth a spinner to a final thickness of 2.0 m an
blck duplay 1suE0 @ tsived. 20ich erusessiccrrhes ie dwtcontiragol Therehre, the

was then heated at.240C.for 30 m nutes or._at 270C for .
e SRy S RS gty S in st erier st
olliPre Bl E@GHE Y fhel vapRA] Al oriendibaédadd i@ tetin! ®GhérRike the

vertical to the filmplane of the polyimde resin
vichiimg-fniglan and the refractive index n2 (= nz) in the

direction of thickness were neasured, and the
ERfpRie? | ngence was cal cul ated fromthe difference
[@@Myeen the refractive indices according to the 5
equation below. As the |light source, |3eNe |aser

<Megfiireraént @3 Reluidd Viewsiss athp/CHATPolyimide PriQ096}
<Measurenent Method of Cgloring of Filnmy The col oring
of t Fee Pty dRBreREETUN EciErol Y LONSBRAYIEPEEIIRONITS Co.

cc}ﬂ(%lefi&aﬂio I\élftlﬂtﬁl 0/8:1h %H]ﬁlle ﬁﬁ%ﬁ%o@ﬁ%ﬁ W hend CPCEQ%Q‘ Psiﬁf an
po y|n18e pirecur sor solutron was coated on " a glass

Bbashdatiscomddt. @ spinner to a final thickness of 2.0
.im and dried at 120C for 20 mi nutes. The resultant

[Q048] t hen heated at 240C for 30 minutes or at 270C
r 40 mnutes to ohtain polyimde resin thin film
{Wa‘?%‘ém%t\??épﬁgﬂm}%ti city coordinate (ClE 1931
st antila optichl Drntvicheysuosortig )R Oh erodiscdd o Envlechs nc.
(Ax, Ay) .befween the chromaticity coqrdinate of.the_.
st anfidl lm@wfe%%ﬂré%luw s gyated on pelassyhinay %ﬁtééfpmﬂ“f
P Hndl gﬁclﬁfﬂﬁggﬁiﬂ G AR A1 AR 20X for B0 ImiRhier Tileeokicaht
passed throug ‘
solution was then heated at 240°C for 30 minutcs or at 270°C for 40 minutes to

obtain a polyimide resin thin film. The refractive index antsotropy in the direction
parallel to the fitm plane of the polyimide resin thin film, and the refractive index

anisotropy in the direction vertical to the film plane were measured.
<Measurement of Birefringence>

The birefringence was measured using "PRISM COUPLER 2010" produced
by Metricon Company.

A polyimide precursor solution was coated on a glass substrate with a spinner
to a final thickness of 2,0 um, and dried at 120°C for 20 minutes.  The coated

solution was then heated at 240°C for 30 minutes or at 270°C for 40 minutes to
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the polyimde resin thin filmwas determ ned. Here,

Ax = xl-x, and Ay =yl - y. Wen both Ax and Ay are

| arge, white display is yellow sh and the display
quality is degraded. Preferably, both Ax and Ay are
not nore than 0.005, nore preferably, not 20 nore
than 0.003. [0097] Synthesis Exanple (Synthesis of
1.,2,3,4- cyclobutanetetracg{boxyl|c Di anhydride) To
an internal radiation glass reaction flask having an
inner volunme of 2 liters made oCPyrex (registered
trademar k) equi pped with a water-cooling | anp jacket
Oﬁlmmtéymﬁdfgfeamsthmﬁﬁlg ((Be 6&Travave aydenh i fratdiin the direction
anhydrlde and 1445 et hyl acetate were fed, and
V%fﬁea e tsSHmeplans of t@%@%@d@?@%@%@%@éﬂhwﬁﬁﬁmw index n2

gleerhu‘ecﬁ&{x/\ﬁf\@%kgé/ss “E‘,I‘al ﬁa@ésr\?%ﬂ{é Qt?c% ﬁﬁe %ﬁ%ﬁg%g fg@m

erature conti nui n I hQ,
czﬂﬁﬂ@t&:ﬂ GianSfe dSBirtic: GBrRS tmeﬂﬁdnbdncﬁéés abffdr@dg at ihen
with a 400W hi gh pressure nercury. Iaqp started,
eqiation helowr r i the [1gk swarse.dBnid Jassdighief 638 8%%5 used.
Durl nqgahe irradiation, the tenperature of the
eégtl sol uti on was kept at 3Cto 5C. After
[opogpl etion of the reaction, the crystals and nother
i quor were separated by fi Itratl on. After washing 5
<Measwemets Methsd of Solatinholfihyt acetate, the crude

hour S BBrEr R Bl g et gt BESurdt efEErkOhtS co
L, B 5 OB AR RN B it lSluon

Exanple 1 10 Under dry nitrogen gas f
wi@c@&dg:r(é)gl@%ubﬂhﬂsymbh spimagistoly fral thickness of 2 0 pm and

d@%ﬁﬁqrpﬂn0‘9yf%y%?)ggﬁﬂghgpﬂwq’a?@ﬁ%%h@ewaéedoqlé%@“h@*a f’

4 o f
JHi oS Dtlate OY6f Lishaec MErGRINE, ZRct
cldbmbiety aerdingte 4OIFOD3Y sahdivdrehtdiyiticy pyordinhic] O]REdl\ﬁEf&E!CB
added, and the m xture was 15 stirred at 60C for 3

(Mo dysbervnenthe chipmaticty opadinaiesy heansarighi gource C (x, y) =
dg iy ad

(GO G B P RO LR A AL o bR d P roug

thRpElh &eQ84n ﬁﬁhmﬁﬁ%s Alefnimell Ut [1er, Ax CRQLY ABE Ay = y1 - v.

concentration: 16% by

When both Ax and Ay are Jarge, white dispiay is vellowish and the display quality 1s

degraded. Preferably, both Ax and Ay are not morc than 0.005, more preferably, not

more than 0.003.

[0097]

Synthesis Example (Synthesis of 1,2,3,4-cyclobutanetetracarboxylic Dianhydride)
To an internal radiation glass reaction flask having an inner volume of 2 liters

made of Pyrex (registered trademark) equipped with a water-cooling lamp jacket

made of glass, 255g (2.60 moles) of maleic anhydride and 1445 g of ethyl acetate

were fed, and the atmosphere in the flask was replaced with nitrogen, followed by

gtirrting the mixture at room temperature.  While continuing the stirring, the reaction
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wei ght). The viscosity of the solution A neasured at
25C was 830 nPa s. The reduced viscosity was 0.70

dUg. 20 [0099] The polyam e acid solution A was

coated on a glass substrate with a spinner to a

final thickness of 2.0 m and dried at 120C for 20

m nutes, followed by further heat treatnent to

obtain a polyimdc resin thin film In the polyimdc
resin thin film heat-treat&d at 240C for 30 minutes,

there was no refractive index anisotropy in the 25
directions parallel to the film plane of the

SBRlln}éh Wag @ocﬁ@cﬂo@"é hirRdfakibwigOa A008F hidh PA&Sure 'n%mry Rhp was
to ny. The refractive index anisotrdpy in the

sdlrueé,c:inddlm wdialiomivas oorttimeed fénhc hphane Dinaisg ﬁe:as?adleﬂon the

L
rQR%;8h NRd cr&&hllé b B $i Ho#»%@ séﬁalrzgéchﬂﬂﬁl@cﬁn&ﬁ“ | £RL Washing
negat ive “uni axial ani Ot ropy, optl cal axis

tl&ehﬁﬂ&@éryﬂ&ls vithhstiyd Bédtat:] e valdkicpatalstwert Bded id awacuum drier
ane. The refractive index in the direction parallel
at 60 {Chier 19 howrproptaainfl Ot igeot cprsta)s of b3 Aearinbumngistracpipoxylic
b\"ﬁrédl 68 3, the refractive index in the direction
5 film pl ane n2 was 1.592, and the
[Mggqfrl ngence An was 0.091. The chromaticity
coordi nate of the transmtted |ight was (0.3108,
}:913311911’21) Ax was O. 0008 and Ay was 0.0010. Thus, both

r et a?&gpyﬁlﬁ&%?gtg% %‘?’1 qu%]\ﬁgo @%ﬁgf’%?%c?f *1 ? he,

RRANbH et £ hRd blvo éo'domrﬁ&@& -drbp@led at 270C for 40
m nut €s, there was no refractive index ani sotrogy in

atmmm@mé)zteummyﬁthmmeﬂe wer: dikelverd [l 17028 aﬁE—mﬂ_ 14723
ORI A B L 39,5 o S SShori
d%@?&&de%d\ﬂ@ ol Igctﬁ{N t.uﬁe r?h% E;HJH&B{% Ere%&ecﬂ?@é %Sﬁﬁx’mre Was

nx was so t It e

sﬁﬁe@h‘d BOEC dani .’Bh(mﬁﬂf. drtendt 1Yo, Oﬁhableis)snf phibelic alttydrinedas
imde resin thin filmhad an _optically I%E‘ ative

d e gemulperaiFpire A STRHRaNtG (1> hoersioaRE Ryt
A e L R

v@eh% D"ﬁi&&zé&ﬁsﬂéﬂ‘tﬁ"tﬂ@é@lhﬂiﬂxﬁﬁ ph@simed hiisAC frds 880 mPawas The
n2 was 571, and the birefringence An was

rﬁﬁ@?&ﬂﬁﬁﬁé}f@mﬁ@ﬁﬁtcﬂ/@i coordi nate of the
Q@g’?smtted i ght was (O 3116, 0.3179), Ax was 0.0016
[ Ay was 0.0017. Thus, both Ax and Ay were not

nor e TR 3Rl AmR0Rid fMuddiah whs'cBhidd ek plsé H0WEate with a spinner
to a final thickness of 2.0 um, and dried at 120°C for 20 minutes, followed by further
heat treatment to obtain a polyimide resin thin film. In the polyimide resin thin film
heat-treated at 240°C for 30 minutes, there was no refractive index anisotropy in the
directions parallel to the film plane of the polyimide resin thin film, so that nx was
identical tony. The refractive index anisotropy in the direction vertical to the film

planc was measured, and nx was lavger than nz, so that it exhibited negative uniaxial
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col oring was obtained. 20 [01001 Exanple 2 Under dry
nitrogen gas flow, 10.96 g (0.096 noles) of
trans-1, 4- di am nocycl ohexane and 0.99 g (0.004

nol es) of bis(3- am nopropyl)tetranethyl disil oxane
were dissolved in 173.28 g of Nnethyl 2 2 5
pyrrolidone. Thereafter, 25.30 g (0.086 noles) of

3,3 ,4,4" -hi phenyl tetracarbgoxylic dianhydride, 2.18
g (0.010 nole) of pyrontlli%ﬁc di anhydri de and 40. 00
g of N nethyl-2-pyrrolidone were added, and the

m xture was stirred at 60C for 3 hours. 34 Then 1.18

2isbRe08 THEY 18 She Obtaitel Palyirgide MryehhidBlmast adsiedallpiegative

t he resultlng m xture was stirred at 60C for 3 hours
Utnlﬁwib BRtUTORY mdrtbp epie axin thevdos aves subgeinjialls eerticas togthe film

e v SUBEPL SR CRGRTEP B AR A St i B8 as

p[@g%aiid]a Réki S thin 1fn B?@GQQQ%SW 36 0t YviVRte Lirbific HréGion oPthe

here was no refractive index anisotropy in
ﬁlimq:la:tianﬁoﬁas drib2pandathe dlirefrimgtine Ad W 0.99 land hofchtoneticity

SRt e T (0 O Bl 1B0) 4700 GO0 624 B was
g edg'f’.lt SPhus> Qothgﬁtt aﬂ&XAﬁl\@ﬁrﬁ e Hfi)k&tﬁh nb g(ﬁ] Yoo I8 retarder without

ractive in ani‘sotropy int ITection vertica
colorinf évah bbtaingl ank thapolvaisie reth thiOfianHeantromas al ZH0YE for 40
t han nz, so that it exhibited negative uniaxial
I%mn%tﬂaféwas T B racave lﬂﬂﬁ%ﬁf@wﬁpﬁ@aﬂ%ﬁéﬂwﬁhﬁ%@w@@h tg the film
gat i.ve

p Hﬁe gghe &gb/rﬁ’%gdgra{gsﬁ I C A aXI k& %1131061 oan The refractive

iSdRShRBEb R 1h)thé/aﬁ'i*édt1%ﬁ Iveit@alttbehd‘ filnplph@tes mam ed, and nx was
refractive index in the direction parallel to t he

lgrgenrihyp! nmeo thiat it wuhibopd hegatiue prisxial anggofropy.i | Faanis. Wgs

it nebianisk TeE S e ad 26 op ey ReuE Gy Fisomopy, and
the SRl RISNESo ARV RDsRnddR: veHi@) RO RBh inGinkY The refractive

coordinate of the transmtted |ight was
ifdx3d ik, direBiaiddaraliel tnvtle 0mOdark okl polyiwade 500k film nl

el 745, Fovas baT i A bR GREH Gaigs 0 gt T RetirofStcity
OBk of the iransmitied Light was (0.3116, 0.3179), Ax was 0.0016 and Ay was
0.0017. Thus, both Ax and Ay were not more than 0.003, so that a retarder without
coloring was oblained.
[0100]
Exampiec 2

Under dry nitrogen gas flow, 10.96 g (0.096 moles) of trans-1,4-
diaminocyclohexanc and 0.99 g (0.004 moles) of bis(3-
aminopropy)tetramethyldisitoxane were dissolved in 173.28 g of N-methyl-2-
pyrrolidone. Thereafter, 25.30 g (0.086 moles) of 3,374, 4 -biphenyltetracarboxylic
dianhydride, 2.18 g (0.010 mole) of pyrormellitic dianhydride and 40.00 g oI N-

methyl-2-pyrrolidone were added, and the mixture was stirred at 60°C for 3 hours.
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20 Exanple 3 Under dry nitrogen gas Jlow, 10.96 ¢
(0.096 noles) of trans-1,4- diam nocycl ohexane and
0.99 g (0.004 noles) of bis(3-

am nopropyl ) tetranet hyl di sil oxane were dissolved in
171.06 g of N-nethyl-2- pyrrolidone. Thereafter,
28.25 g (0.096 nol es) of

3,3 ,4,4" -bi phenyl tetracarboxylic 25 di anhydri de and
40.00 g of N-net hyl - 2- pyrrolidone were added, and the

-mxture was stirred at 60C for 5 hours to obtain a

transparent and vi scose polyam e acid solution C

Tt d LigRali LK BY G ald e YR GRR Y
EPR L TR RAR TR B pfllic Pl o aBlee al M Uiieg
nsixiufheay fiheded 60ACs0 3 hbyrswa sbBinBAtrahsparent (464 0B osElpelyarmic
refractive index ni in the directigns parall el %g t he

&Eiﬂlgﬁfﬁ%ﬁéP@Wﬁéomﬁwoﬁi H@%rblé@?%g?tthi RSP ep diced
b AT 3 4R Bl L5 RSP

[oridex n2 in the direction of the thickness of the
filmwas 1.592, and the birefringence An was 0.114.
The Tbtresraticatitactive ndgk Aaisetrery ine dirabenyipardgl withhilm

S . 3109, .0.317]%.. Ax_was 0. 0009 _and Ay . _ .
608 PrRGRIRaeh i e Bt BB an £ Bremete 1
afd Q0B re®Rd LIBI0 @ for A1 ALARS, W hROM weokiatticAiGo Wes The
obtained. In the polyimde resin thin film

réfemtive indet anfsdipatin 2PGlerérn wation! uthe Silmplrse svagarcapyged,
refractive index anjsotrc %‘QP the dir.ectlionsl That i
oL P R 2655 R o4 AR 1T BT T ot A deop Bgpy  Thats,
tlﬁégéﬂ?aifméd préyiiﬁﬁ%‘; 03k 0% MBS AIIBHpkiEAly de@arivBYuniall¥ anisotropy,

ract | ex anisotropy in'the dlfeftlon vertica
1

ang therpptieal jawissherael Watsubsiailly dgttcalig hadiparlanc dd

B Al SRRl VT o Mhgegrr gie
bR ey o bRl don B! e REARIAGKPY HERI Bl rein i
iR Wdsl inadsatheasirapive Galek yn deghteone efihiakicat oflthe film n2

ani sotropy, and the optical axis thereof was ]
veu b sBarndahe birefangsnsaAnvnstabl % i (The ghupmeticitygqerdmate of the

refracti.ve in [ iyecti I t e
e L o et Bl PR D PR Al Pl 25, T
both/BDarlANRSrelncd frore AR 01008, & hef 4 I-BARAGEhAR JRSIng was

0.163. The chromaticity coordinate of the
obmardm tted |ight was (0.3116, 0.3180), Ax was 0.0016

Sﬂg Ay was 0.0018. Thus, both Ax and Ay were not nore
[ % 0.003, so that a 20 retarder w thout col oring

E%Ehﬁygained

Under dry nitrogen gas flow, 10.96 g (0.096 moles) of trans-1,4-
diaminocycichexane and 0.99 g (0.004 moles) of bis(3-
aminopropylteiramethyldisiloxane were dissolved in 171.06 g of N-methyl-2-
pyrrolidone.  Thereafter, 28.25 g (0.096 moles) of 3,3 4,4 -biphenyltetracarboxylic
dianhydride and 40.00 g of N-methyl-2-pyrrolidone were added, and the mixture was
stirred at 60°C for 5 hours to obtain a transparent and viscose polyamic acid solution

C (polymer concentration: 16% by weight). The viscosity of the solution C
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[0104] Exanple 4 Under dry nitrogen gas flow, 11.42 g
(0.100 nole) of trans-1,4- diam nocycl ohexane was

di ssolved in 174.42 g of N nethyl-2-pyrrolidone. 25
Thereafter, 29.42 g (0.100 nole) of
5,3",4,4" -bi phenyl tetracarboxylic dianhydri de and
40.00 g of N-nethyl-2-pyrrolidone were added, and the
m xture was stirred at 60C.,_ for 5 hours. After
cooling the mxture to roon%%enperature, 85.07 g of
N-nethyl-2 36 pyrrolidone was added to obtain a
transparent and vi scose polyam c acid solution D
MRk YA 2 CORGRRLIARPAN:.  HE20rBN 1M LV BRYsity whB 8. RYigsGOSi ty
of the solution D neasured at 25C was5878 nPa s.
[M8] r educed viscosity was 1.68 dl/g. [0105] 5 There

was refractive inde ni sotro in the.directi,ons
par al Pl e ds R hin e AReTons PREN) G I Be Faar e
P i L . i : . i : 1
obRifide o BEERAY Spha eSS pIRRAN: I8 Bl (3R et
traaisd atBHCC dad 30tainnyes wilhd . 706efheachidctdec inddex? anths direcioy of
in the direction vertical to the film plane was
ke of thgrfdmixeswa®2, apdyie biushinegsce Anowasfhllq.¢ The

RO BEELLLREIRE Y BrethindrhirRl 128 $ oo, éfﬁrﬁ;g ) /%qnw&@o.oom

t he obtai ned polyiznide resin thin liltn.
anp sy eais 0 gat tusebathifendnd| Ayewers oot mpye, tharah @0, lse that a

R b e B SRR B B i A
at 70eC b0 Rafds! @hretvPastdGefrhdie RhRRANRbUS AN RIY) HiddtiSes
resin thin filmnl was 1.745, the refractive index

pimlitihe tid filerplronofohe phiyikdde sesrofhin filen, fso that ng wapedsnizcal fo

1.571, and.the birefringence An was 0. 174.. The
ity DR YP 10y DY YOOt A Cotveiedio iy plgn was
S S a0 wel sghyct Rhep, % B0 & AER AR MR al anisotropy
TRat(83he shtainbdpolaimidt agstlehindiinh bad arcaitioalingegards: uniaxial
1061 Exanple 5 20 Under dry nitrogen gas

obt ai ned.d‘{éo : -
apipefypPy1 andsthe gpiie axjs thesrad yvas sulsiapsially vertical to the Tilm plare.

Tﬁé %g%a%@?é/ ngld%g f{xﬁg{g Iﬁgc‘é\%%n%'a&%@i %qﬂe i })17 & Pmd p81fyimidc resin
thin film nl was 1.735, n? was 1.572, and the birefringence An was 0.163.  The
chromaticity coordinate of the transmitted light was (0.3116, 0.3180), Ax was 0.0016
and Ay was 0.0018.  Thus, both Ax and Ay werc not more than 0.003, so that 2
retarder without coloring was obtained. |
[0104]
Example 4

Under dry nitrogen gas flow, 11.42 g (0.100 mole) of trans-1,4-
diaminoeyclohexane was dissolved in 174.42 g of N-methyl-2-pyrrolidone.
Thereafter, 29.42 g (0.100 mole) of 3,3°,4,4 -biphenyltetracarboxylic dianhydride and
40.00 g of N-methyl-2-pyrrolidone were added, and the mixture was stirred at 60°C

for 5 hours.  Afier cooling the mixture to room temperature, 85.07 g of N-methyl-2-
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Thereafter, 29.78 g (0.096 nol es) of

4, 4" - oxydi phi hali ¢ di anhydri de and 40.00 g of

N- net hyl - 2- pyrrol i donc were added, and the m xture
was stirred at 60C for 5 hours. After cooling the

m xture to roomtenperature, 85.83 g

of N-net hyl - 2- pyrrol i done 25 was added to obtain a
transparent and vi scose polyanic acid solution E

(pol ymer concentration: 128 by wei ght). The
viscosity of the solution F neasured at 25C was 1139
mPa - s. The reduced viscosity was 0.96 dl/g. 37

ry RS Gine SaF 813 oB0y £ hABhicK Kol R HOR Ko lon D

(patyiemiodennatom 1020 By elght)pr @pavBebsin of the sshnien Mamesred
as_in Exarrgl el and heat-treated at 270C for 40

ai? hGrwees, 5829 mbgas. nkhegsduded sircpeity wasd 4ydlerhe 5

@ﬁﬁﬁactlve i ndex anisotropy in the direction vertica
he film plane was neasured, and nx was | arger

t han Théte wal nb Refkackibe @k lam’ts@@loﬂyeg el di@cticisdgiralel to the film
ani sotropy. That is, the obtained polyimde resin

p&emﬁ of ficlpolyiraiicassin Spe filmiproparrdga thiesema magsemas in Example 1

o8 bebaepd i 37V o i, o o gcetigay.  The
%ﬁc %n'd%\gaﬂéf 2 ylifd t}krkﬁrcgﬁéxﬁ{?&h% Rk &y IanthNatsriﬁcasure:d

e polyimde resinthin 1l I mnl was
afd ﬁp%iy,as takgeer tlehinacsd thet it axiammt&mgmevedmamﬂlamotmpy That 15,
th| ckness aof .the filmn2

ol qbé%twdr@@ﬁ@édem#sma%md11@1@%%r?@t1e11§aﬁ§5%8f%3ﬂﬁ al anisofropy,

' f 2,
o 1k BB el PSR oL ah g5 B s
réRacendindyx nehe diredtionpaeallch@nth® filRBans of ilhb@bi}mmde resin thin
retarder without coloring was _obtained. 15

ﬁésaalrlrp’veé 167 40nkdhe refaaajiva mdeég%ﬁledar@mqncﬁﬁtlum@eﬁeﬂﬁthe 6%9%

I d d., |
o S SR bEORT AR B aRe e CRaTRAE S o
ndhSsaky Beht JAR éé 24209731 895, Ak wad m&@zo?anﬂ)ﬂyf\ﬂisi ©ooms.  Thus,
Thereafter, g (0.096 noles) of 20

both2\:Sand- Ay wbrsinot awe:t tan 08B bt aoeldiden Hydeirigkel ering was
40,0Q g of N-nethyl-2- pyrrolidone were added, and
ORI xt ure was stirred at 60C for 3 hours- Then 1.18
[@Hk . 008 nol es) of phthalic anhydride was added, and
the"resulting m xture was

Example 5

Under dry nitrogen gas flow, 11.42 g {0.100 molc) of trans-1.4-
diaminocyciohexane was dissolved in 176.30 g of N-methyl-2-pyrrolidone.
Thereafter, 29.78 g (0.096 moles) of 4,4’ -oxydiphthalic dianhydride and 40.00 g of
N-methyl-2-pyrrolidonc were added, and the mixture was stirred at 60°C for 5 hours.

After cooling the mixture to room temperature, 85.83 g of N-methyl-2-pyrrolidone
was added to obtain a transparcnt and viscose polyamic acid solution E (polymer

concentration: 12% by weight). The viscosity of the solution E measurcd at 25°C

was 1139 mPa-s. The reduced viscosity was 0.96 dl/g.
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stirred at 60C for 3 hours to obtain a transparent
and vi scose polyamc acid solution F (polyner
concentration: 16% by wei ght). The viscosity of the
solution F 25 nmeasured at 25C was 384 nPa- s. The
reduced viscosity was 0.56 dl/g, [0109] The
refractive index n 1 in the directions parallel to
the filmplane of the 38 po}yinide resin thin film
prepared in the sane manner®‘as in Exanple 1 and heat -
treated at 240C for 30 mnutes was 1.621, the
refractive index n2 in the direction of the film
[@loane was 1.586, and the birefringence An was 0.035.
The chromaticity coordinate of the transmtted |ight
was {Der8 v @p refr&1ive jndepsrnineisory, iobodisstonaypagedis! & the film

g e 05 i T80 18 PR AT 0 SR TR 1 Egmple
aﬁ@h@t—‘&%&cd L fdee BokyinthER, {PShind RhdidbidcBtony. The

eat-treated at.270C for 40 m nutes, there was no
réfedotioe inidwne aineteopyan itieatirecixys verticdéo therfdmtplamn svas measured,

parallel to the filmplane of the polyimnde resin .

apfh i VRF [aiger S e PO T 4 1PB“_§-{~FP‘?§&‘HY£ %z‘ﬂ anoppgopy.  Thatus,
e . . ] | i

L AT Abok GBI RE O B Roy.

ahf &R opfical SRistthatof Wasschithitiaflg veegrat fovth: filnd plwial The

ani sotropy. That is, the obtained, polyimdc, resin

refiichve indek Bade dtregism Regalle} toribg Al péang AF Uigipolyjmide resin thin

ni sot rap and.the opiic LS,
R e e
wR1IAeL iiahé BREKinkthde @ WHsHESLS. OTHR ahedhlagbitt @okdigate of the
fil1mplane of the poléimde resin thin filmnl was

kn@sitted hghtaets (0.3588, 0.51).t4revwhs P 8P¥3 mgelcwasAhliids Thus,

0,045. The 15 chromat,i ci.tW.coordi nat e.of .1 he .
ORI AL BRI ) B30 B! SRS S ggloring was
Brd7 and Ay was 0.0035. Thus, both Ax and Ay were
not nore than 0.005, so that a retarder with slight
[6Msdri ng was obtai ned. [0110] Exanple 7 20 Under dry
nitrogen gas flow, 21.82 g (0.096 noles) of 4,4'-

& ¢fobenzani | i de and 0. 99 g (0.004 nol es) of bis(3-

am nopy £0deAMRL Ay di 14 X008 WRLR) & SaRbyRfedidnine

112. E)%dglp%lj?’y)}ﬁ%é’{ey% act one. ‘”#’ﬁen , 72). 4f§%}Q & _

a8 Boet (0)004 Znelys)raibisdBaninspsopatithecmeTysiisiakineryerg 8is8alved
g 5 0. 096 , )

in 124.79 g of N-methyl-2-pyrrolidone.  Thereafter, 18.83 g (0.096 moles) of

1,2.3 4-cyclobutanetetracarboxylic dianhydride and 40.00 g of N-methyl-2-

pyrrolidone werc added, and the mixture was stirred at 60°C for 3 hours. Then 1.18

¢ (0.008 moles) of phthalic anhydride was added, and the resulting mixture was

stirred at 60°C for 3 hours to obtain a transparent and viscose polyamnic acid solution

F (polymer concentration: 16% by weight). The viscosity of the solution K

measured at 25°C was 384 mPa-s.  The reduced viscosity was .56 di/g.

[0109]

The refractive index nl in the directions parallel to the film plane of the
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nol es) of 1, 2,3, 4-cycl obut anetetracarboxylic

di anhydride and 40.00 g of N-nethyl-2 25 pyrrolidone
were added, and the m xture was stirred at 60C for 3
hours. Then 1.18 g (0.008 noles) of phthalie
anhydri de was added, and the resulting m xture was
stirred at 60C for 3 hours to obtain a transparent
and vi scose polyamc acid solution 39 G (polymer
concentration: 16% by wei ghty. The viscosity of the
solution O neasured at 25C was 1080 nPa-s. The
reduced viscosity was 0.71 dl/g. (0111] There was no
refractive index anisatraopy in the directions
nebimidearsip ghip REn prapaied5n gleasigegnanigieas s Byampled quddieat-

. . rod e St T
ol oh e T RRE R D 5 B ERRAGE R i Rfhidn of
tN@SInh BRAE Wadlh 5B, MY thelhifefrih £ ahivae 0I038 e X TIRISOBRRY
in the direction vertical to the filmplane was
coreslinaieef the rammijteddaght vess 488 1 0h &3 1d2), AgovasR00p and Ay was

i, bi t.ed L [ i al ' t . That i LE
LA aG5 BSR4 AU ey ARADREY o P8 brtdter B
s? e%idfﬁlgbwds%'tﬂedan 50k reBYmidiQean thit NBv Aitinealed AXEF°C

reof was substantially vertical to the film plane.
fve) mirefesathereveas nocefadtivetihdexdinisstrppiomn thadizctiets payallel to
the fil]mplane of the polyimde resin thin filmni
thion bl Bt R g0 umidagesty b Alibyeo Bt emaval Sraspfl Ghigy The

W i Pf'. y s WA et 3] 'g‘l IQ’% e d
APLORER, B 0 0030 138 v s
200 @k G drgerdhart fog so thaah erhibited nbdaght unagal(Ridtdpy. Thatis,
0.3180), & -was 0, 0015 and Ay was 0.0018. Thus, 15 .
thioptpaingd apleioagc fsitdhingELompAGaT FRilseD) BRIV B OtropY.
a%&#}%rcg:{%{calvgﬁ&g&gcof:&gsosrﬂtbgtgnﬁ\ﬁﬁr vc?l?{%u?{o gﬁ]ng RhE g NO
refractive in e difec

ex ani sotropy un. re ons

rffRdcaivh §ldek On tHRRiircbddpapdiadn €o Dk Hifelfeloyf the pdeyimedi rasin thin
thin filmheat-treated at 270C for 40 m nutes, so
filinat! was WA3L. ndevitil 86, sl thy birthimgense dacvas\d45n ddxe

ni sot ropy i,n th irecti.on rtic f .
Pt g Sooreetsr g ERamITO MM Bl 4R 7D by s 0.0027
ahfl %ffy Vs BORIshI tregs 20thRgatd K vitRd @ inidhe BiRth SO QfRYthat 2

hat is, the obtained polyimde resin thin film had
ratardeopitheliphtycolvegatwasebtamicalki al ani sotropy, and the
optical axis thereof was substantially vertical to
[Qﬁéa]fi | mplane. The refractive index in the direction
F{?{ﬁfnﬁﬁ%?l to the film plane of the polyimde resin
[N IImnl was 1.688, n2 was 1.601, and the
bi r eflfridegényasirdenwas fI6wDBY 82 THe.0ehmotm} oich.4'y

coordinate of the trapnsmtted Iighg
diaminobenzanilide and 0.99 ¢ (0.004 moles) of bis(3-

aminopropyhtetramethyldisiloxane were dissolved in 112.41 g of y-butyrolactone.
Then , 72.41 g of N-methyl-2-pyrrolidonc was added. Thereafter, 18.83 g (0.096
moles) of 1,2,3 4-cyclobutanetetracarboxylic dianhydride and 40.00 g of N-methyl-2-
pyrrolidone were added, and the mixture was stirred at 60°C for 3 hours.  Then 1.18

g (0.008 moles) of phthalic anhydride was added, and the resulting mixture was

stirred at 60°C for 3 hours to obtain a transparent and viscose polyamic acid solution
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25 was (0.3142, 0.3212), Ax was 0.0042 and Ay was
0, 0050. Thus, both Ax and Ay were not nore than
0.005, so that a retarder with slight coloring was
obtained. [0112] 40 Exanple 8 Under dry nitrogen
gas flow, 20.38 g (0.096 nol es) of
2,2"'-di net hyl benzidine and 0.99 g (0.004 noles) of
bi s(3-am nopropyl )tetranet hyl di sil oxane were
dissolved in 177.28 g of Nsgethyl-2-pyrrolidone.
Thereafter, M83 g (O 096 nnﬁes) of 5

1, 2, 3, 4-cycl obut anet et racar boxyl i ¢ di anhydri de and
40.00 g of N-nethyl-2- pyrrolidone were added, and
G Fpolymsaagneenationtlicty awaight 0 Clhevisgowiyof te stisan & 18

f?%&%@éﬁ#%@%%@bﬁé AR R LA R S Tl

btain a transparent and vi scose polyanic acid
solutlon 1-1 (DO|K@ r concentration: 16% by wei ght).
The Vitstowis o wfatthe isdixuni oropy mﬂhﬁéaﬁmowpa&dlﬂwhe Tilrn

2 duced 0.7
NS chTherprids istiib HUGSEREC Tros FAGRRRIET POl

ﬁrh%ét' etdoattZE@’Cf %Hlﬁﬂé‘s Q) 16 WRAONKLHLA G ﬁyes'"f%

mprepare in the Same nmanner as In EXanp

- rafmbthe mﬁdextmﬁ;atr&p‘bf atth@ divdctibo veddaln ke ey pas: ﬂ!ﬂlﬁlﬁEﬂ‘ﬂH‘Cd

the refractive index n2 in_the direction of (15 the
ol ingRyRsdaroer thpm gz.15p rﬂrﬁt%ééﬂlibﬂsg#caa&ﬁaumﬁ@ al anisotropy.  That is,

DL BRSO AR R Bee Il QB by oo
#h8@s opticalVBss DOt das ﬂﬂﬂtaﬁﬁaﬂl}a\%r@ca@ﬂ)lt&e il gdane DoThe AX
and Ay were not nore than 0.003, so that a retarder

rfredtioa tindse|io Herdirenten %‘#%ﬁl h@s@e fityn nlane o Shepalyiads ssip ghin

t hi f il 70 ther

A Epgig{l‘? (;egra?% é)rzdeai{rfpso &5%3% "R %hllld&g%srogc clfg)lﬁls&

»%% 1%46 lallnc?{hetb@reﬁgt%e%éel ‘ﬁa gh@g gﬁ)f Cﬂryé‘cal thg&hﬁﬁcmﬂv %ﬁcgﬂ&ﬁtdbf the
X i i y

trﬁexﬁmatfﬂ light ivmasléD3 ldAj 8.31 80 piex s 0@ 18k dy wen BRI cius,

tothef|lmplanevva ured, and nx s | ar.ger

el A0 A GV 80T oL A5 by L0 FiBg AR RPeL iR B Oring was
abdiseat. r aitre washad refiactiviehadabitndionepy pohy divediens pahlicl to the
thin filmhad an optl cal I%/ll'nnegatwe un|

i mana @ighe pelinida essupti B Bsak-dreed kol Qggf 40 minutes, 50
bSt ant I al I 1\(/)“?1 ti Qlﬂ;le ﬁbﬁ?mdla‘;; %QJ’@{%SJ AR thIE 0:1 vertical

|ve | dex in |rect|on para
th 'ﬂhé'fﬁlﬁlx Plafe GOhs tldespel, Whdrivde/at B8gdr than nz, so that it cxhlbltcc_l
negative uniaxial anisotropy. That is, the obtained polyirnide resin thin film had an
optically negative uniaxial anisotropy, and the optical axis thereof was substantially
vertical to the film plane.  The refractive index in the direction parailel to the film
plane of the polyimide resin thin film nl was 1.688, n2 was 1.601, and the
bircfrineence An was 0.087.  The chromaticity coordinate of the transmitted iight
was (0.3142, 0.3212), Ax was 0.0042 and Ay was 0.0050. Thus, both Ax and Ay

were not more than 0.005, zo that a retarder with slight coloring was obtained.

[0112]
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thin filmnl was 1.625, n2 was 1.586, and the
birefringence An was 0.039. The chromaticity
coordinate of the transmtted |light was (0.3134,
0.3210), Ax was 0.0034 41 and Ay was 0.0048, Thus,
both Ax and Ay were not nore than 0.005, so that a
retarder with slight coloring was obtai ned. [0114]
Exanple 9 5 Under dry nitrog§n gas flow, 30.74 ¢
(0.096 noles) of 2,2'- bis(trifluoronethyl)benridiue
and 0.99 g (0.004 noles) of bis(3-
am nopropyl ) tetranet hyl di sil oxane were di ssolved in
BExampB® g of N-nethyl-2- pyrrolidone. Thereafter,
8.8

g
oyel Uit Parode srofog 20 e tiSaums e o2 dnetyljesidine
abd U@B@?/(P:O@dr I&Yd‘lésg |0igﬂ%.[lfaﬂléﬁﬁgmbgl)ﬁfr}%ﬁ&ml@ffﬁoizﬁﬁ 6&&55 giéécﬁved
702 b o R R per i | Hatiarr s (4P oHlgs of

igﬁ,w-!c&ae&nme@%srb%ﬁm% bR a@n OO L5 B.mdRHIS to

ain a transparent and viscose pol ydm ¢ aci
pyobliddne rweke {duiatl yamelrthe mintoenwasatirrodh at A8 Y3 Wwairght Then 1.18

4 : ; the , , !
f 08 hRAGTbhdRlic R R o B ISR BBl R 08
stidd 56070 EorrEidu@etol otaih B Geespakent Bnd Vigcodt p&gAhRNBId solution
}farallel to the filmplane of the polyimde resin

trohynter congsrapinme d SYarbn wegktine rravisropinge’ thas@w@epHe 1

and heat. o Lrea at, 240C.for .30, m nutes 1,560,
TR PR 1 PRuBIPaRs | AN PR b 8
johisgkness of the filmwas 1.540, and the

‘birefringence An was 0.020. The 20 chromaticity

-coor Thnatlmcdte nHex 0T anbadiresbns pyhtichiathe [0m3les; of the

0, 3164), . Ax. 0.0003. and Ay was 0.0002. Thus, ,both
PR EHG Ay Y BT GEePRIGH 4 (R rfgcr %67 ERipplg | end Bk
R e K TR I e PR oL 2 Je dregion o
(Othirkesk eSthetfierwasasihand dicrbaeiingendenidexaandsot ripy

in the directions  parallel to the

, | filaggLane of the
chompatipittroardizaia of Hertrasmifeddight wat Onl 16adbd | sarr was 0.0014
: e i i i ORY, ¢ & (Tt

P PSR Eiol s T B0 A PR LA 4 003 16 g«
réfde WitNRS cblaFige fvak Bbaid. St thbablyinidexdinxhireflim heat-treated

negative uni axi al anisotroPy.. _ _ _ o
at 270°C for 40 minutes, there was no refractive index anisotropy in the directions
parallel to the film plane of the polyimide resin thin film, so that nx was identical to
ny. The refractive index anisotropy in the direction vertical to the film plane was
measured, and nx was larger than nz, so that if exhibiied negative uniaxial anisotropy.
That is, the obtained polyimide resin thin film had an optically negative uniaxial
anisotropy, and the optical axis thereof was substantially vertical to the film plane.

The refractive index in the direction parallel to the film plane of the polyimide resin

thin film nl was 1.625, n2 was 1.586, and the bircfringence An was 0.035. The
chromaticity coordinate of the transmitted light was (0.3134, 0.3210), Ax was 0.0034
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That is, the obtained polyimde resin thin film had
an optically negative uniaxial 42 anisotropy, and
the optical axis thereof was substantially vertica

to the filmplane. The refractive index in the
direction parallel to the filmplane of the polyimde
resin thin filmnl was 1.559, n2 was 1.541, and the
birefri ngence An was 0.018. ,,The chromaticity

coordi nate of the transnitt%h light was (0.3108,
0.3171), Ax was 0.0008 5 and Ay was 0.0009. Thus,
both Ax and Ay were not nore than 0.003, so that a
ané tharwer0.0648h o Thus; bbibrAxngdwis welstrait nede thiA 2067, so that a
Exanpl e, 10 Under dry njitrogen gas flow, 19.22 ¢

IEHE B”@ﬁb@§f0@ﬂﬂgyﬁﬁpb@6mgianinodiphenylether and
[0189 g (0.004 noles) ofbis(3-

am nopropyl )tetranct hyl di sil oxane were di ssolved in
Eppmple1® g of N-met hyl - 2- pyrrolidone. Thereafter, 18.83

0. mol es) of 1.2 = vy oy
Oyt SBuEs R e art 50y 0448 CURAIPIED Y 40. 00 g of
Hi&(ﬁmubydmagﬁydeﬁﬁldiﬁ%@ 098 e 0.(BdGesles) dPdistshe m xture
was stirred at 60C for 3 hours. Then 1.1 ? (0.008
arrphagsypyl Betomatipt diail denawhsedtisxpévodas 2306 of Mrrdethylel-

resulting. mxture irred at 60C.for 3 hours to

syBotionen o Persediar Bhe aTde Gellotomadn o aci q

c§Ebbiith@Aetthch Bk Y B anhgORGEAIT AL 000 of Waliethyl-2ueyriiddre wers
The viscosity of the solution J neasured at 25C was

egdégl, pmhthc miaure wassaedst 88 6sfory hpass- 0 Then 8118 g.(0.LOA 1pjes)
0. Ther e s.no re cti,ve index anisotropy in the. .

cf P BT SRR Rt Sl GHNE PR kRS Yl el M ors

HBRsYb Bhde 4 @2lsParbhd dhd WidchReniRpakie deiiRofulien S @EBmRNNET

as bi n Exanpl e ? and hégt ejt%{ eat eld gt 340Cnf0'r 30

crqentrason: 4 6% tyaweiphkt).waBh Wdemisity af the golpyion Nueasured at 25°C
refractjve index ani sotrqQpy in di rection vertical

W38 27 R & f-m plreaRaN R S157Rs L]‘?’%“’OO%@% nx was | arger

[én%rg nr_, so that it exhibited negative uni axi al

ani sotropy. That is, 25 the obtained polyinmde resin

t hi nThe kefrdedde mdeopt ircdk Birectrgapivabiclunitiaxdilal piane of the

LSOL T . ' ' I / , .
AR A S R 1
te@iell aE240%€ thimpteMithiiestvi® 10HG0e el refadtiae ald=g 2 hiothkirection of

filmplane of the polyimde resin thin
the thickness of the filma was 1.540, and the birefringence An was 0.020. The
chromaticity coordinate of the transmitted light was (0.3103, 8.3164), Ax was 0.0003

and Ay was 0.0002. Thus, both Ax and Ay were not more than 0.003, so that a

retarder without coloring was obtained.  In the polyimide resin thin film heat-treated
at 270°C for 40 minutes, there was no refractive index apisotropy in the directions
parallel to the {ilm plane of the polyimide resin thin film, so that nx was identical to
ny. The refractive index anisotropy in the direction vertical to the film plane was
measurad, and nx was larger than nz, so that it exhibitcd negative uniaxial anisotropy.

That is, the obtained polyimide resin thin film had an optically negative uniaxial
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43 filmni was 1.620, the refractive index in the
direction of thickness of the filmn2 was 1.608, and
the birefringence An was 0.013. The chromaticity
coordinate of the transmtted light was (0.3111,
0.3178), Ax was 0.0011 and Ay. was 0.0016. Thus, both
Ax and Ay were not nore than 0.003, so that a
retarder without coloring was 5 obtained. There was
no refractive index anisotrgpy in the directions
parallel to the filmplane of the polyimde resin
thin filmheat-treated at 270C for 40 m nutes, so
that nx was identical to ny. The refractjve index

BRHFPYARY- 9pY fhﬁrﬂplﬁﬁ@ aaiSrthféF@fdﬁﬂs\ﬁéP‘fm@%lﬂly VﬁﬁinlHe the fiigy plane.

Tl PRqIE R B e OIS, LR AR D ot i i
thip filtnhrel wit hﬁﬁﬂédﬂ%p’eﬂswﬁﬁl dandrtbs bneﬁhg«rw: AR, 1§n Tbe

SRl LB e A S AL 0 LR 397y vpgo oo

B eyhids0. mhcane ThE@ %eﬂleﬁ 6t AY etd VR XndrHal © 093 I RGhdt QN

paraII el to the fi'lm plane of the polyimde resin
retaider Mﬂhnmrdolmagvlas@%mmadz was 1.607, and the
[@Lgﬁfri ngence An was 0.015. The chromaticity
dinate of the transmtted light was (0.3127,
s 31%937)@ Ax was 0.0027 and Ay was 0.0035. Thus, both
and Ay 15 were not nore than 0.005, so that a

ot o irater dmxhtéggan@as flow) 19 2018 (Wag6 ?1@1@ ok [0118]
11.U 10. 81

i Thesh %ffea%dgr?érﬁ/ OB bl B 4 esotvad in

a}rﬁﬁ%ﬁ‘&@g)t Soshb ;mbw&c%m%go@mqn 1Ther eafhememiRe 61

plrdlidont: C)&llcmlaﬂeram&%gr(aﬁ% bwieph pel.didakhydri de and

40.00 g of N-neth rrollcgone wer.e adrg‘g %'C%‘he
wlﬁbwtma&wﬁ%@ﬂ (iR i0.00 oG NemeBY b pEpidgne were
a(ddé’f‘c[‘ e ?l%g%lr%{?%% tu}ég téﬁlg%?at%gb}y g&" 3%&:95 ﬂ Js‘rféh ;1} 159001608 moles)
of]

GaEE byhydtidt bes addedt M’th&rd’lﬁﬁﬁﬁlg Ihﬁ@h:u&i wﬂﬁﬁﬁmﬁm 8PE for 3
a. s. The reduced viscosity was 1.36 di/ g(B
l{o@mg]obma anagreanbandetiseges PREAmisaeid WOt Wm%

l e o
FBRPURITE 12 b PRI o Tisbdor i soRiph S fes’cpBer 257c
Wi A58 rEXARP! hd re¥iced viscosity was 0.56 dl/g.

f0117]
There was no refractive index anisotropy in the directions parallel to the film

plane of the polyimide resin thin film prepared in the same manner as in Example 1
and heat-treated at 240°C for 30 minutes, so that nx was identical o ny. The
refractive index anisotropy in the dircction vertical to the film plane was measurcd,
and nx was larger thar nz, so that it exhibited negative uniaxial anisotropy. That is,
the obtained polyimide resin thin film had an optically negative uniaxial anisotropy,
and the optical axis thereof was substantially vertical to the film plane. The

refractive index in the direction parallel to the film plane of the polyimide resm thin
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and heat-treated at 240C for 30 mi nutes, so that nx
was identical to ny. The refractive index anisotropy
in the direction vertical to the film plane was
measured, and nx was larger than nz, so that it
exhi bi ted negative uni axial anisotropy. That is, the
obt ai ned. polyimde resin thin filmhad an optically
negati ve uni axi al anisotropy, 5 and the optical axis
t hereof was substantially vagtical to the film pl ane.
The refractive index in the direction parallel to
the filmplane of the polyimde resin thin filmnl
was 1.635, the refractiye index in the directiqgn of
R Bicas 1530, ThnESTRF YA ISR iidee diressin ORMRPRS Of the fim n2
i . A 0.0 el o _
Por o SRE R R RRec bl 0018, PRI gqpginate of the

BandhB2), lighx wae . 01100081 78) A Awa0@s0001 8828y whh08016.0 Thus,
both Ax and Ay were not npre than 0.003, so that a
hath Arxand Aiwaienet reeedhdihifaso thib e sgtarder, witlpppeploring was

FRETBL el Vet SRS SR Ot Pt o e
ﬁhﬁg@ﬁa@ﬁhé olbikidd desth @in/bwhyQleaet @nT70° TR0 itubkd, so
go

N- et hyl - 2- pyrrolidone was added. Thereafter,

théx 16dwasjd10icab® myo| &) offrattigs Bidax anisotropy in the direction vertical

cycl ebutanetetr ' ' ' ' .. 0f
QLR PAGE LS RRAREA0 A L wilh FBNIRLR, AaACe i e
NR5te drih8d aatsofBfy.f Thadishedstdie:dqllyamileaesin thin film had an
transparent and Vviscose polyam c acid solution L

¢ishlimezat vhemmtiekanioropy 694 Bye ewlicghgs themel W substantially

10585 haPh A, SRt CRSHLAY sl Gl g i
él%thér ﬁg(tﬁpﬁmﬁ@&s&pn;hhﬁmﬁ@ﬂ WM8 1160060 @i SEITT QRYthEN

he dire ons parallel to the film plane of the
HedfyiaandeAn eas B.Q16i nThé thromeseisy exbrdinatt hbthe arpsimitng deht
as in Exanple 1 25 eaf-trea t .240C f.or 30
Foried) ! Fn s (e ety ke DB Sy Tifepohr i8s oy
r [ ' [ . L Qi i [ ftdcgal
AP Dt SBRoRNL byl ek O
fohag) nz, so that it exhibited negative uniaxial

ani sotropy. That is, 45 the obtained polyimde resin
Exdmple il m had an optical |y negative uniaxi al

ani So[thrlc%@)éry nitrogen gas flow, 10.81 g (0.100 mole) of p-phenylenediamine
was dissolved in 132.41 g of N-methyl-2-pyrrolidone. Thereafter, 19.61 g (0.100
mole) of 1,2,3,4-cyclobutanetetracarboxylic dianhydride and 40.00 g of N-mothyl-2-
pyrrolidone were added, and the mixture was stirred at 60°C for 4 hours to obtain a
transparent and viscose polyamic acid solution K (polymer conceniration: 15% by
weight). The viscosity of the solution K measured at 25°C was 9257 mPa-s. The
reduced viscosity was 1.36 dl/g.

{0119]

There was no refractive index anisotropy in the directions parallel to the film

plane of the polyimide resin thin film prepared in the same manner as in Example |
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and the optical axis thereof was substantially
vertical to the filmplane. The refractive index in
the direction parallel to the filmplane of the
polyimde resin thin filmnl was 1.685, the
refractive index in the direction of thickness of the
filmn2 5 was 1.598, and the birefringence An was
0.087. The chromaticity coordinate of the

transmtted |ight was (0.3134, 0.3204), Ax was 0.0031
and Ay was 0.0042. Thus, both Ax and Ay were not
nore than 0.005, so that a retarder with slight

S eaureirit 2o Lo by 55 et G8 RRRGH Y X AR ©

r@‘fra&'e\/@ 111de?'aﬁﬁb@9;%} 1Bh§f.n¥1ke%ﬂbﬁ Q&%cal% ﬁ% fgn{ﬂa%aﬁﬁéa@&)ad

p- phenyl enedi arni ne and 0. 004 nol es) of
dmdsﬁ-:awaﬁmgapfmpyi, b eltat armhifmgﬁbdjn@ahwanwcxwtmpy That s,

di | ved 209. 55 & lid
ML s Hide Db PRt 3B Sy
e
resctbe lnlideﬁdn dle BREIS:0parR1dh onihs fildpdame bf 18 ];gjljlﬁuc&()Bsm thin

nol es) ht hal i ¢ anhydri de was added, and th
lasud wamwf o Fedagiivg @gﬁixrlﬂé@ direcBoreot Hickaess g H}*ﬁéﬂ?ﬂdﬁ"’

Obt ]3%%1 an“hg&gﬁ ¢ eE}m 5 g césln %)][S solﬁn%lc%%gﬁl%wﬁgégor tf: of the

tm@mwtcﬂq%ﬁt s @Jf31t1lseo SO AR RvadVl e 6 ey Bas 25(}2(20 Thus,
was 940 nPa The reduced viscosity was 0.64 dug
t[omum]ancmervearm miere tlastor B3, v&eﬂmw@wéww&t%mml% was
t he rections parallel to the film plane of the
?ﬁﬁ%ﬁdﬂ dc resin thin filmprepared in the same nanner
@]§2Jn Exanple I and beat-treated at 270C for 40

tes, so that nx was identical to ny. The 25
Eﬁmmﬁﬁtive i'ndex anisotropy in the direction vertical
to the filmplane wa

t han Wader 457 Fagen &as ek a7 ¢ 84 rdaiowd S gye i bazaniide
P A L5 pbEvimbfadBha itk 0OLYY g??? Ay -

RittotidbiicOys added. a’ﬂi@brtdfe:r OSt 6 1cad0. Eirsolthef 68, 4nas
substantially vertical to the film

| ane, TEe ) .
ayslobanegeadatheeyli Aiaphtrige pae £ 8RS Og_&%'@ﬁhé’l' PETpRpne were
fcfdcgn B AE Ok R8s ROLYA T SR 165 Rodrfobbtain a transparent and

viscose polyamic acid solution L (polymer concentration: 16% by weight). The
viscosity of the solution L measured at 25°C was 3 1,400 mPars. The reduced
viscosity was 1.81 dl/g.

[0121]

There was no refractive index anisotropy in the directions parallel to the fitm
plane of the polyimide resin thin film prepared in the same manner as in Example 1
and heat-treated at 240°C for 30 minutes, so that nx was jdentical to ny. The
refractive index anisotropy in the direction vertical to the film plane was measured,

and nx was larger than nz, so that it exhibited negative uniaxial anisotropy. That s,
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filmnl was 1.754, the refractive index in the
direction of thickness of the filmn2 was 1.663, and
the birefringence An was 0.091. The chromaticity
coordinate of the 5 transmitted |ight was (0.3170,
0.3272), Ax was 0.0070 and Ay was 0.0110. Thus, both
Ax and Ay were nore than 0.005, and the retarder was
colored in yellow. [0124] Conparative Exanple 2
Under dry nitrogen gas flows10.38 g (0.096 nol es)

of p- phenyl enediamine 10 and 0.99 g (0.004 nol es) of
bi s( 3- aninopropyl)tetranethyidisionane wer e

di ssolved in 174,23 of N—nethyl-z-pyrrolldone

iy ehtalned g?lymggc g@mgthm)ﬁ drig) qedipaliyf negative uniaxdal anisotropy,

en a
0 Bt R, PSR BS hFloBT U Bl Tt
e tivh Xﬂldéfc n M%ﬂ%&tﬁ(ﬁf}?&lm tcﬁ@@ﬁﬁxﬁ lade O tHeolyTheIR rdsid fhin
(0-008 noles hal i e anhydri de was added, and

Ir‘é@u]l 8 @wﬁ@m@ ingex in tthErdﬂ@ﬁn@t ofghicknsss phihc Film n2

?‘tﬁj?lg% ﬁﬁgﬁ%}btﬁqﬁ%ﬁ e ed;ﬁ% e nt B@(ﬁ)ﬁ %fgﬁ %&’Cﬁn thitte of the

ﬁ‘éﬁbﬁﬁﬁeﬂ ngﬁmasv %@Mmmﬁ) M@a@@b@ﬁl‘&ﬂ&i’ﬁﬁﬁ@ﬂﬂi@d amus
The reduced vi scosit

gx m(xcbéz sf]ere]mé ﬁ?@)r@é@nrﬁ)@%w @et g speardey s}il Séﬂﬁh%@@cmsyﬁab

|nt directions parallel to the film 2C plane of

olyinide resin thin filmprepared in the sane
[Uﬁnﬂer as in Exanple | and heat-treated at 240C for
30 mnutes, so that nx was identical to ny. The
CefipaaativeixaimptieX ani sotropy in the direction vertical
to t | ar ger
than et G B T e o
chnhmoﬂprmyisu]ffbm 5.1 g (e md‘ca}l af gebhpoyiyimiiaene ssi (h99 g

hin filmhad _an optica tive uniaxi
(Qprﬁ atql%g;f bis@- wgpqq@y%{ ﬁgggsigxatnﬁéz}ceé% isspived in 209.55 g

SAPREADEL BUIAGIL | GbrchRert BEL L0 ABfRs) I3 4.4

|f‘ect|8 ‘para to the

Hipﬂdi@l@dtI%Mb@iyiicftaarp@ﬂﬁmﬂamﬂsg of K hhagthylfd- pynaﬂdamwere
10, the refractive index in the direction

adﬁcrb kné s reixturh was imedat 6A7C forgshowrsg2 ithemhd Stgh(@ fo0s moles)

b BASRER s R Sl IR P g

kQ)ui'?@’tg Bbtaiﬂtr%aﬁnpﬁﬁﬁw@ﬁgc POly R a&d@éﬁﬁxﬂn T gsoiymdrot h
and Ay were nore than 0.005, and the retarder was _
cmntammaﬂon A 6%etyt weighhe The viscosity of the solution M measured at 23°C
was 940 mPa's. The reduced viscosity was 0.64 di/g.
f0123]
There was no refractive index anisotropy in the directions parallel (o the film
plane of the polyimide resin thin film prepared in the same manner as in Example 1
and heat-treated at 270°C for 40 minutes, so that nx was identical fo ny. The
refractive index anisotropy in the direction vertical to the film plane was measured,
and nx was larger than nz, so that it exhibited negative uniaxial anisotropy. That is,

the obtained polyimide resin thin film had an optically negative uniaxial anisotropy,
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refractive index n 1 of the polyimde resin thin film
heat-treated at 27000 for 40 5 m nutes was 1.831, the
refractive index n2 was 1.616, and the birefringence
An was 0.215. The chromaticity coordinate of the
transmtted |ight was (0.3206, 0.3339), Ax was

0. 0106 and Ay was 0.0177. Thus, both Ax and Ay were
nore than 0.005, and the retarder was, colored in
yel low. [01261 10 Cbnparath§e Exanpl e 3 Under dry
nitrogen gas flow, 21.82 g (0.096 noles) of 4,4 -

di am nobenzani lide and 0.99 g (0.004 noles) of bis(3-
ai ni nopro yI)tetranetgéédisiloxane wer e dissolved in

ang theleptigaloxis thorsog wet sidseneally kel togthe film glane.  The
rgitrill\%ggt o e.féz% It}ﬁ/ 'Jge%i%? 19&%13%3 th%c%ﬂ%dplan-lého qth%a;:]:ntlﬁrlﬁdezrgsi%%in
fgldﬁ%%&as“i 752 RRERHLBIARR RN BirSoiigh 3NN gthédof BRMTIm n2

. g of N-nethyl-2- pyrrolidone were added, and
Wisel .66 e thevbirsfrivtoenceeth wiis GOCL.f oFheXhhamisily Toadinatcld the
0,008, nol es) of p i ¢ anhydr.i.de s ad a
i dioht was i S0 05 0t Kx e Do BB ol 881 o0 fhes
' boan ' ¥at& iaGhlbw.
R s G S o e
{Ob@tjvi scosity of the solution O 20 neasured at 25C
as 58g8_ ]gérPa- 1S9 The reduced viscosity was 1.03 dl (g.
%@?ﬁﬁﬁ.vﬁwﬁﬂgghaé no refractive index anisotropy in
t he dig®Re tiyoilgoRal @k ek, 1@38 ke 0o Moig) ane pednytdnediamine

B8O HIRFIOR A B B RGP A R TPy PR Roivec
1Y De S, of M kRl - 200 i Boricd e Nthicgeakier, 08.0F ¢ (TD8S Ables) of
refractive index anisotropy in the direction vertical

1.8 44dihicnyligitanarbonpdis dinhydnidaiand 4 Hi) Waretyhrgeprolidone

than.nz, so.that it exhibi.t ati.ve unkaxi abe o
AP BITLA AR TR GB 0 A R niBe! Fod go-008
hBled) dfiphfRala dnidfir @R Was adder, RROME irdQIHR indXtud was stirred at 60°C

ani sotropy, 48 " and the optical axis thereof was

foub &banmtto ablain aentspaant and videesd pdlyanpk apid solmken N (polymer
refractive index in.the directjon parallel.to the o

SRSl 6% by R | (R FSOPE g theeliop Y SRR 25°C
?FS@(% r LVEyiL LB waB oldagiigh rection of

‘% IC nnéiggsl%bf q?%g&ﬂ:?’%;ﬁ%ﬁﬁ?‘mg 1. 61(1)/,% and t he

for28f ri ngence An was 0.216. The chromaticity

coordi nate of the . N
There was no refractive index anisotropy in the dircetions parallel to the film

plane of the polyimide resin thin film prepared in the same manner as in Example 1
and heat-treated at 240°C for 30 minutes, so that nx was identical to rry.  The

refractive index anisotropy in the direction vertical to the film ptanc was measured,
and nx was larger than nz, so that it exhibited negative uniaxial anisotropy. That is,

the obtained polyimide resin thin film had an optically negalive uaiaxial anisotropy,
and the optical axis thereof was substantially vertical to the film planc. The

refractive index in the direction parallel to the film plane of the polyimide resin thin

filmn ] was 1.810, the refractive index in the direction of thickness of the film n2
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5 transmtted |ight was (0.3260, 0.3450), Ax was

0. 0160 and Ay was 0.0288. Thus, both Ax and Ay were
nore than 0.005, and the retarder was colored in

yell ow. The refractive index nl of the polyimnde
resin thin filmheat-treated at 270C for 40 m nutes
was 1.838, the refractive index n2 was 1.609, and the
birefringence An was 0.229. The chromaticity

coordi nate of the transn1tt§9 i ght was (0.3255,
0.3437), 10 Ax was 0.0155 and Ay was 0.0275. Thus,
both Ax and Ay were nore than 0.005, and the
retarder was colored in yellow [0128] Conparative
vieacalnfitl le adl e e [Tﬂgyndaim‘r wgeh s TheahronilicBl cepr{Ba@ef the

RS R PN AL O O 10 M N T A O
SR AR PSSR Sssa o

m&amva@ﬁ&d nlafchot ;jaaeylmdﬁ ndsie ﬂmﬁlmtheauzme@t at D for 49
hours to obtain a transparent and viscose polyam c

TRk S Lht&S é,rth@rc(f@@nmﬁ% @% @@nﬂ fﬁéﬁq W thazb)%f%%am An was

2k e s gl b SRR AR DTG HRE B

A Gfis 0. b@d@@ﬂd AW&@O VEFT, ncrmz@fwoammd ARdeXe RBieSBAT ODYS,
in the directions parall el to the film pl ane of the

quglthd retender vas ibplotdiin YRildwh prepared in the same manner
[ﬂf é]n Exanple 1 and heat-treated at 240C for 30
% tes, so that nx was identical to ny. The 25

;g@&we\ma&@w ani sotropy in the direction vertical
he film plane was neasured, and nx was | arger

t han Ueler sny ditnegenists Brivi Bi-fed (&@@@movee) et Axi al

nlso ro olyimde resin
%"F pyi\‘ﬁ%lz’-%{) 8§&|(Q§B‘f?9“\2‘?—:’88p§§@pum}/am al
! v - .
E@@Bﬁﬁﬁ&r c%\lly g%)é @t 2t ﬁ&lf) ﬁfamﬁ g Eg@%@& Bl Solactone.
Tlﬁhr el \genf IMdﬁﬁlyll-ﬂ-ﬂththlbr[mﬂﬂ mdeqharﬁidml&eg ashe (0.096
film plane of the polyimde resjn_ thi

DL 3eh 4 B BT RIC RO E RS0 DG f o eyl 2.

t h
I g?r}cﬁ\éeer%ce eﬁhaﬁd blgblﬂgtﬁé(\%h rﬁﬁr 4 ﬁg@?{‘%’.} t@?murs Then 1.18
%@qml tﬁﬁbﬁxﬁﬁhﬂlﬁﬁc BnyEans Wat hértdd| Argihtic »mluﬁgnﬁﬁiﬂxﬂe, was

stirred at 60°C for \BNahgurg toogblt%maantgan%ar\é\gsang vgs.gc%s]é po;;rgxgn?c acid solution
O (polymer concentration: 16% by weight). The viscosity of the soltion G
measured at 25°C was 5878 mPa-s. The reduced viscosity was 1.03 di/g.
[0127]

There was no refractive index anisotropy in the directions parallel (o the film
planc of the polyimide resin thin film prepared in the same manner s in Example 1
and heat-treated at 240°C for 30 minutes, so that nx was identical to ny. The
refractive index anisotropy in the direction vertical to the film planc was measured,

and nx was larger than nz, so that it exhibited negative uniaxial anisotropy. That is,

the obtained polvimide resin thin film had an optically negative uniaxial anisotropy,
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both Ax and Ay were not nore than 0.003, so that the
retarder was not colored. However, the birefringence
was not suff icient. [0130] Conparative Exanple 5 10
Under dry nitrogen gas flow, 22.73 g (0.100 nol e) of
4, 4' -di am nobenzanilide was dissolved in 90.29 g

of y- butyrol actone. Then, 50.29 g of N-net hyl -
pyrrol | done was added. Thereafter, 22.42 g (0.100
nmote) of 1,2,4,5- cycl ohexafitetracarboxylic

di anhydride and 40.00 g of N nethyl-2-pyrrolidone
were added, and the m xture was stirred at 60C for 4

hqQurs t.o obt natran ' olaam ¢

Bt el eepr A RERRRGY Alflals 44l ARERRADO1 R

r@ﬁé&% Inded ﬂ?the\ﬁhl%gt@ﬁi pavalRi td fae fige k;ume @B e ;me)asawceemtm
C was 209 rPa-s. The reduced Vviscosit

fi:ltn/ . wz[xs()n%l thetrefractivedndsy in dhe@isetidne thwi;@s@s of ﬂl‘« ﬁlﬂl n2

ani.s 0 direction to.the fil.am

ot ooy e Siseemdret wdl ety 1 oe et el petr e8P the

%&4%Ocﬁgor B 0%0@3 Rt ad 0.080ThRER whi 88bEH  dthus,

ut es, hat nx was identical to ny.
bteAx aed Ap ma/mmmﬁmx()ﬂﬁi,mﬂ tiepytaider thae coioraddn yeiew. The

i R e A AL ALY
;m' Iz %@gﬁﬁé [aiyd i?,agxiéw £ B89 %H%J‘ﬁ?efﬁﬁ're)ﬁww Gras

an opti ca y négative uni axi al

(A OtIfhe R¥ronticAn dodrimaeet itleatanaxitedtiiper was (C\MS 0.3437),
substantially vertical to the film plane.

¢>ewaza%9155eaﬁdrméwa$ BOETe dibuecdioiix 5%4 av |Vﬁé"j|fe F’&‘r‘% than 0.005,
de resin thin filmnl was
af’. é%@gtr%éw?’]é#rﬂgg é’)ép%ex in the direction of
mgkness of the fllmn2 50 was 1.6' )2, and the

irefringence An was 0.006. The chromaticity
Covpaithatixanple fe transm’tted li ght was (0.3114,

83%%&@%@@05&%‘?@% o R LNttt bt efipmine

%&tcﬂé&i%d go?@d RRBUL2-HRVRNRE, TherchirelT dnganTse

nv‘\tlc?i?a) pr lt 2 z%mylcfolhcxanctetra I15o'«; iic dmng;%)nld% ang 40.00 ¢ of N-methyl-2-

pyrrolidone were added, and the mixture was stirred at 60°C for 4 hours to obtain a
transparent and viscose polyamic acid solution P (polymer concentration: 20% by
weight). The viscosity of the solution P mcasured at 25°C was 350 mPa-s. The
reduced viscosity was .30 dl/g.
[0129]

There was no refractive index anisotropy in the directions parallel to the film
plane of the polyimide resin thin film prepared in the same manner as in Example 1
and heat-treated at 240°C for 30 minutes, so that nx was jdentical tony, The
refractive index anisotropy in the direction vertical to the film plane was measured,
and nx was larger than nz, so that it exhibited negative uniaxial amsotropy. That 18,

the obtained polyimide resin thin film had an optically negative uniaxial anisotropy,
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A nmethod for producing a color filter having the
retarder will now be described, Preparation of Bl ack
Matri xes 10 I n y-butyrol actone sol vent (3825 ),
pyromel litic dianhydride (1 49.6 g),
benzophenonet et r aear boxyl i ¢ di anhydri de (225 5 0),

3, 3' -di am nodi phenyl sul fone (69.5 @),

4, 4" -di am nodi phcnyl et her (210.2.9g) and bis(3-

am nopropyl ) tetranet hyl di si 46xane (17.4 g) were
reacted at 60C for 3 hours. Thereafter, maleic
anhydride (2.25 g) was added, and the resulting
ﬁlcﬁpg E)ﬁtlc\gg 12’ ﬁle?éo%% guﬁs&mﬁg {—‘:r‘El d] @(9 efﬁ?% aam%t h %e

ina polyamc aci id 80

EORCERI K@K B Rhe diddEiby poell@hb the iﬁl@ﬂ-ﬁﬁc dﬁ&hﬁﬂﬁo}ﬁmﬂc resin thin
honogeni zer, 7.3 g of carbon bl ack (MA-77 produced by

film 5 1iwes hic00.Che mfratiye index s@h@ﬂwcﬁ@naﬁﬂv@mdm tholn 2

B LS. A i S sORD Y R DR SEhd Hipmacicity coordinate of e

Mﬁ.ﬁﬁﬁt’?éd fidit UG (@51 00081 a0d Ak 2va] o000t a@d Ay was ‘0.0011. Thus,

met hyl - 3-fret hoxyacet at e Wwere subj ect ed
Uits paramil gy were abtmente thoge 0GB sowhat I[il&]lﬁl@.rdegwaff. ngyl cagsed.
eads a é gwg m for 30 nutes and then the gl ass
WEEL i 8L WagoF 4t ?‘5’9‘1 on to obtain a.

?j}?}ﬁsm di spersion having a pignent concentration of

by weight. The primary particle size of the

Campaad Bolnpls 6d was 23 nut The 25 weight ratio of

car bon bl ack/ pol yam c_ acid _conmpound was 52148. [0134]
2817408

To 57 pdey dpf nip gTIb&’;c@m, sV molaei 4. %dgqnnmbenzamhde
TR T ST

periides: {vas md%Ea:r eh@;eam:lr KA. eoot Ablepsf 1(;@ atsing this
e on n al.l -Lree a S

A R T q’ﬁw@%& S Sl B e were

FddeM and BEN B RRSAS ViR QY 40°0G0r PO EESHAL o WBSsparent and

applied and heat-dried at 90C to form a phot oresi st
cisatst poiyhuinicracibsoliteonpd djpuiyrasn sneed@tiom@otd byweigst). The

exposed with a expos ar at us hrou

WE}%&E@E sThEPRL) et 25 2t ST b e Fecuged 1
e el oper to sinultaneousl y carry out

?IE%(% gv gp#eqﬁ of the photoresist and etching of the

lhatck

There was no refractive index anisotropy in the dircctions parallel to the [ilm
plane of the polyimide resin thin film prepared in the same manmer as in Example |
and heat-treated at 240°C for 30 minutes, so that nx was identical to ny. The
refractive index anisotropy in the direction vertical to the film plane was measured,
and nx was larger than nz, so that it exhibited negative uniaxial anisotropy. That is,
the obtained polyimide resin thin film had an optically negative nniaxial anisotropy,
and the optical axis thereof was substantiatly vertical to the film plane. The
tefractive index in the direction parallel to the film plane of the polyimide resm thin

film nl was 1.638, the refractive index in the direction of thickness of the film n2
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,pdlyanic acid filmto formapertural areas. After the

etching, the photoresist |ayer no |onger necessary
was peeled off with ethylene glycol nonomethyl
acetate. The 10 etched bl ack polyam c acid fil mwas
heated at 290C to carry out heat curing to fomt a
polyimde resin black matrix. [0135] Preparation of
Picture Elenents> In y-butyrol actone, pyronellitic
di anhydride (0-49 nol equivalent), 15 bencophenone
tetracarboxylic dianhydride (0.50 nol equivalent),
4, 4" - dianinodiphenylether (0.75 nol equivalent)

T 6% A BE R I5pH 3% 867 Qhony Tan Sr G cpadoste of the
ﬂ@knﬁﬂé& IYg’hli QAL 0. m&eo 30 ?@ W& dyas @rﬂé 1%@)&\1@9 bg@% deypys,

further reacted, to tain a polyamtT aci
baih i apn Ay(voot ;m!ernomﬂmne@ﬂ@iﬂtsb it th2 @8tddyr wed gittcplor®
0136 ndred grans qf this polyamc acid
é%WﬁW%dﬁmgﬁ§% %%ﬁ“mﬁﬁat%%@mﬁmbf y- butyrol actone and
of ethylene glycol butyl ether were added to
obt in a polyamc acid solution for picture el enents
Bearnipig 1A pol ymer concentration of 10% by weight. 25
[0137] Using a homogeni zer, 4 of Pignent Red 177
( Ant é@f@hqdéﬁ@pmémmg agolgr Giter l}&vmﬂ%@m@rmﬁ ngwdbes g

c?f 1%glayl ene glycol butyl ether were subjected to
i e Ispersion 52 treatnment together with 100 g - of

ghaggatheadBlatk MERR>r pm for 30 ninutes, and then the

gl ass beads were removed by filtration to obtain a

pi g néntr~tt§nl\s1@le¢tsn@mlm (G52, gtn@htlc dienlgeinide 4t14%mglof

89 b o Di
el sty g tde anviBis Qodede b hERg Bheetioae
(SOl i &191&1311‘&!?%% et@xhﬁmﬁtzit)%ﬂb@& a pol ymer

concentration of 1 by wei gh added and adm xed

oty ijteEnnebyldiclloxanp 451.4 ) pMek3edcted at 60°C for 3 hours.
Thereaftcr, maletc anhydride (2.25 g) was added, and the resulting mixture was

allowed to react at §0°C for another 1 howr to obtain 2 polyamic acid solution
(polymer concentration: 15% by weight).
[0133]

Using a homogenizer, 7.3 g of carbon black (MA-77 produced by Mitsubishi
Chemical), 44.8¢ of the above-described polyamic acid solulion having a polymer
concentration of 15% by weight, 35 g of N-methyl-2-pyrrolidone and 12,9 g of 3-
methyl-3~-methoxyacetate were subjeeted to a dispersion (reatment together with 100
g of glass beads at 7000 rpm for 30 minmutes, and then the glass beads were removed
by filtration to obtain a pigment dispersion having a pigment concentration of 14%
by weight, The primary particle size of the carbon black used was 23 nm.  The

weight ratio of carbon black/polyamic acid compound was 52/48.

[0134]

To 57.2 g of the pigment dispersion, 36.4 g of N-methy!-2-pyrrolidone and
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On a substrate on which the resin black matrix was
fornmed, the red paste was 10 coated and prebaked to
forma polyamc acid red color film By the sinilar
nmet hod descri bed above, using a photoresist, red
picture elenents were fornmed and the resultant was
heated at 290C to carry out heat curing. [0140] Using
a honogeni zer, 3.6 g of Pignent Geen 7

(Pht harocyani nc Green), 0.45115 g of Pignent Yell ow
83 (Benzidine Yellow), 32 g of y-butyrolactone and 4
g of ethylene glycol butyl ether were subjected to

[ A t j . I ,
420253 phE S AR GERE bl Aded 284 S € BB
blacitsaswer @ fief oauting thiy padtt bh kakikel e cRB aibbrde Rhe B was
di spersi on_havi ng i gment concentration of 10% by

a |
Jbale At 9°C 0 forn 7 blagopelvasnicerie fBmgnaien apeptraperking

Pyt B RO B IERREH RS 2B TG r B e Pl i
Dhe JV6rBYst WY i MBGras %gj]a,@ai K 2 FONEpR Gt okl thréugh a

green col or paste. [01 2S In the same nmanner as
phterhaskc aSherodftarsihn gesubtent vad ipasteed imrreadkalpiecteueleper to

el enents were prepared. using the green col.or . past

ShaEa St ShEeAS et gieat S 5 e Rg RSt e back

?ﬁ%mi@ WEild B8m 9 Fornh &) al USaf0 AfBARPEeRnE 8he phRoRsi®f layer
he above-descri bed polyam c acid solution for

P bhgerecedseare mas phalvd nff vathpahyleerelpohventomathi/oretafe.  The

%é;&ﬁ%@gg?g’?}hﬁ%‘%%é @g‘?%ﬂ@ QC%EE gtt %Ogé %J%egﬂ%:}’@}lll hes cHdgeto form
gﬁ%{ﬂﬁd%%g%&&yﬁ% 5 glycol butyl ether were

ecte Ispersion treatnment together with 150 g
@i3g)l ass beads at 7000 rpmfor 30 m nutes, and then
t he gl ass beads re renoved by filtration to obtain
?%P%‘%fgﬂc%rﬁﬁvg!‘m{”ﬁM] In the sane manner as

descry; hed ARG ne Py inBliGE HiafhnRl-RORNES mABLE RIERRT €d

‘penzophenone tetracarboxylic dianhydride (0.50 mol equivalent), 4,4

diaminodiphenylether {0.75 mol equivalent), 3,3-diaminodiphenylsul fone (0.20 mol
equivalent) and bis-(3-aminopropylitetramethyldisiioxanc (0.05 mol equivalent) were
reacted, and maleic anhydride was further reacted, to obtain a polyamic acid solution
{polymer concentration: 20% by weight).

[0136]

‘Two hundred grams of this polyamic acid solution was takern, and 136 g of y-
butyrolactone and 64 g of ethylene glycol butyl ether were added fo obtain a
polyamic acid solution for picture elements having a polymer concentration of 10%
by weight.

[0137] |
Using a homogenizer, 4 g of Pigment Red 177 (Anthraquinone Red), 40 g of

v-butyrolactons and 6 g of ethylene glycol butyl ether were subjccted to dispersion
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10 using the blue color paste, and the resultant was
heated at 290C to carry out heat curing. [0145] A
color filter was prepared as descri bed above. To
197.5 g of the polyamc acid solution A (polyner
concentration: 16% by 15 weight) prepared in Exanple
1, 0.25 g of a surfactant "Dl SPAIt LON' LC951
(produced by Kusunmoto Chem cals, Ltd.), 2183 g of
N- et hyl - 2- pyrrol i done and 384.0 ¢
013- met hoxy- 3- net hyl -1 - but anol were added to prepare
a coating solution having a polyner concentration of
9 ' . d ' 0
R T o O e Bl o e
glhws bpadstwire rexh@red ity Silisstion 13 Qbiain npdrioyt dilgersén havitiea
coating nethod, and dried at 120C for 10 m nutes,
PIETFRRRErCnEpliohat S0 by Ykt at 270C for 40 ninutes to
l'fggg?a polyimde thin filmwith a thickness of | 2
m- The birefringence An of this polyimde thin film
was olit¥g of thb pégment dizsbasioh] 30 gbf tha \wbo\g:-@:stried BBEmiIc acid
whi ch had a retardati on: of 209 nm whose optical
wltion ffer pjeftir dementy hi'Aeg ¢ BRImET poncerFrionaf E0Poryavaaght was
' -pegat i r i.ve. .25 i ndex ani sotropy,
E\%gé& 0 t%\il}ﬂjﬁg y0bt éa%c[%g%pc?gts%ri bed above. [0146]
le 14 54 A polyimde thin filmwas formed on
the color filter in the sane manner as in Exanple 13

excepin & Hasttthenpdligatnireinbiaek Beiriy vorfomqdpdloypepaste was
j,on 16% b i ght i le 6
AR BRLHERE 0 Rt mel o SR SR B e IR ppripornoc

deagitdd 4bdlct B8ndh HRSGHIBE REEpiARrI\ESmBntd 4Brc RN arid the
color filter having a retarder 5 which had a

reaftanideasiboned it 2UBCrinpamhosdiegptiriog] axi s was
[é‘{ ical to the thin film and which had an
gq cally negative refractive index ani sotropy, was

o R o B e O e A uaig e Croe, 04
osad] Rigmaam YL pdi 3y@enzidor Ceiiorat 3omof dbdtajactone and 4 ¢ of
efhylene glycol buty! cther were subjected to dispersion treatment together with 120 g
of glass beads at 7000 rpm for 30 minutes, and then the glags beads wers removed by
filtration to obtain a pigment dispersion having a pigment concentration of 10% by
weight.

[0141]
To 32 g of the pigment disperston, 30 g of the above-described polyamic acid

solution for picture elements having a polymer concentration of 10% by weight was
added and admixed to obtain & green color paste.

10142}
In the same manner as in the case of using ihe red paste, green picture

elements were prepared using the green color paste, and the resultant was heated at

290°C to carry out heat curing.
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wei ght) prepared in Exanple 11, 0.25 g ofa surfactant
"Dl SPARLON'" LC951 (produced by Kusunoto Chem cal s,
Ltd.), 205.8 g of N-ntthyl-2-pyrrolidone and 94.0 g
of 3-met hoxy-3-nethyl-i-butanol were added to prepare
a coating solution having a polynmer concentration of
6% by weight. In the sane manner as in 15 Exanple 13,
the coating solution was coated on the surface of the
above-described color filter substrate on which the
picture elenments were forned by the slit die coating
met hod, and dried at 120C for 10 m nutes, foll owed by
agy treatnment at 240C for 30 mnutes to forma

polyim.de thin fi.lmwth thi ckness of 4.0 pm.. The
D) LU e hBumnit, A OF G lehove eor e s RS Gid soltion for

il . . reer -
pPRRANS e R Shnk LpesRa BAY SR T o g
Bls S\@hthrmeyartie: Blve), 30 lyi of N-idethyl-andolvddine bnd 80l af ethylene
éﬁﬁi%alhy negative refractive index ani sotropy, was

ol PHYAChST WeTe sHeeReditoqisRarsipR Heabetaosqmr 461h 150 g of glass

I , t L ement d
AR08 o oY SRR SR T R R o
findiioimotitde a b dotripasicon the color, filter with
the retarder prepared in Exanple 13. Separately, a
84Kt rat e nade of an 55 alkali-free gl ass on whi ch
TFT v UG | . electrodes, a N ]
ot de bt & BRI ELRE didE Y erfengs wor aigered
Bgahic BRBesIioR Faeﬁcu ket fatesul{=8d4] hehhaneadi e capy bitcat
transparent el ectrode on the respective substrates,
Briggoj ecti ons nmade of polyimde in the formof a
[ggLﬁpe were formed by photolithography, and then a

itical alignnment |ayer was fornmed. The cross-

sect i QBy10f fikdlavARRbRcdd ANBsdasdbb@Rezoi d and the
hei ght thereof was ‘about 1.5 um The stripe
pr o] &&t i&ifsg vkthe pplysinid ané solstiarhA ( pEymwhenctttetionl s by

fil.ter substrate gn e TFT substr e.lam nated
Wegie Prgpare %ﬁﬁ%@%gt?éﬁgo SRR O AT Qe L]

. vl : e ALoieet |
R R P LA T U
%ddY ¢ b Ohaetioxtyitemethyl-$dlostor btvers adilédio prepaed 4 agtiag esltition

the cell was filled w n X
having a polymer mncenn'at?on oft gl/ﬁ %y weight. The coating solution was coated

on the surface of the above-described color filter on which the picture clements were
formed by the slit die coating method, and dr_ied at 120°C for 10 minutes, followed
by heat treatment at 270°C for 40 minutes to form a polyimide thin film with a

thickness of 1.2 ym. The birefringence An of ilns polyimide thin film was 0.174.
Thus, a color filter having a retarder which had a retardation of 209 nm, whose

optical axis is vertical to the thin {ilm, and which had an optically negative refractive
index anisotropy, was obtained by the method described above.

[0146]

Example 14
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n-type liquid crystal and scal ed. Polarizing plates
were arranged in front of and in the rear of the
cell such that crossed Nicol is attained. By the

nmet hod descri bed above, a test LCD el enment (sanple
A) m mcking MWA (Milti-domain Vertical 15 Alignnent)
node was prepared. The interval between the

el ectrodes of the cell was nmade to be about 5 m by
usi ng beads spacer. Further,54a test LCD el enent
(sanple B) which was the sane as the above-descri bed
sanpl e A except that the polyinide retarder was not

The rAPPEIBRe Fe BHERRE Br e o BT Beh AR g by G macier os n
EEamIE 33 bﬁceﬁhﬂ%ﬂt tﬁe Y8lhRAseacdll sohuriotCH @%13%9@& cORRIntrBGhn 16% by

(during "on d when no voltage was ‘applied (during
weiight) praparet I'meEwnplecﬁt waamseofl. 9bhd thisknash ef therpettingls thif film

120k B bt 356 bR ALESELLER

© &Bich h8dk Fﬁ&éa%soﬂ@m Qfhose X}E:t’id&l &ﬁ@wﬁ@%&h@al % tHofiRin fim,

contrast was 8.3, while with the sanple A,
oanvhiels hadmp’hﬁallﬁne@u% ttétact*ﬂnd@mmsm&bpp,nmmbm:n@d by the

ef fect ol yim de retarder was observed.

‘F—iﬁﬁhf’ QFSC%WCF%O@% sanple A high quality white

@'ﬁ ay W thout yellowing was attained. 56 [0151]
ﬁple 17 Using the color filter with the retarder

praepde ¢fl i n Exanple 14, a test LCD el enent (san‘pl e

O was ared in the sane manner as in Exanple

The ﬂéﬁf 506#161;:198/&%? a¢id pelition Ke(pelyrmensrpspriration: v by

wmgﬂé pﬁeﬁ%@,& %mﬁ@%l@ 23 loyla*lﬁxgac‘zﬁ{%‘ "ﬁfsgti é)N" LCY51

e reta

@hﬁﬁ&&dﬁlﬁ&z Kwﬂdﬁ@ Chetfidalls, LRE), SZQjTSngnancmygh—ggttahﬁdrM and
white display w thout yeI | owi ng was att ai ned. [0152][

@ apf é-mehoay-IgicHy !t Hatas] sereaddedio RFRTE & Beating solution

RSy BTt B R
63 R co-ﬁﬁﬁ% kalrtion wak cd & dithe Bk oPihd B ve-deseribed

transmtted |igAt (contrast) was 18, so that the
it ilEes pubsirate on which the picture elements were formed by the slit die

coating mcthod, and dried at 120°C for 10 minutes, followed by heat treatinent at
240°C for 30 minutes to form a polyimide thin film with a thickness of 4.0 pm.  The
birefringence An of this polyimide thin film was 0.051.  Thus, a color filter having a
retarder which had a retardation of 204 nm, whose optical axis was vertical to the
thin film, and which had an optically negative refractive index anisotropy, was
obtained by the method described above.

[0148]

Example 16

«Preparation of Color LCD Element and Evaluation>

A transparent electrode film made of indium oxide was forred on the color.

filter with the retarder prepared in Example 13, Separately, a substrate made of an
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pronoting effect by the polyimde retarder was
observed. Further, high quality white display

wi t hout yellowi ng was attained. 15 [0153]

Conparative Exanple 6 A polyimde thin filmwas
formed on the color filter in the sane manner as in
Exanpl e 13 except that the polyamc acid solution O
(pol ynmer concentration 16% by weight) prepared in
Conpar ative Exanple 3 was usgd. The thickness of the
20 polyimde thin filmwas 0.9 m the birefringence
An was 0.229. Thus, a color filter having a retarder

ngiigh had a retardation of 206 inn, whose optical
s frggglassy whieh TFI slameats, piqiurielanentelectiodes b réfasting plate

tJ.cal iV -ractive index ni.sotropy, was
%@tégicoﬁevgé.fe ﬁ%&]wgfg&j&cg% B RBY: %ls’ub?timf ¥er thus
[rigpared, a test LCD el enent (sanple E) was prepared
in the sane manner as in Exanple 16. The ratio of the

i nt enSicraptipr, opfks transparsptiel aceds og e resportiveasbyraisas

-k . the:whi te. di.spl || owi sh, 57
P RisrE R g e it e 35 3 Y e o M) e
piRsitthderafhy ExRMREes virtitd 2k 2n,AB6t IGRIRAL &linke ExaRhes

1-5 arc shown in Table 1. As shown in Table 1, in
FREGe (dhe profections wis wandeaid and the Isfihy Kiterepb es atrogt 5.5gm0.

SRR PO IR 5 P B B o
B S R AeR B (R M F Panect
ﬂmimamm@ Stlips prjatioexatietopposnanibenatt.i cAfter adhering
DM R T R
REEEakhiE ARMY dhd §8icd.  Polarizing plates were arranged in front of and in
the rear of the cell such that crossed Nicol is attained. By the method described
above, a test LCD element (sample A) mimicking MV A (Multi-domain Vertical |
Alignment) mode was prepared.  The interval between the elecirodes of the cell was
made to be about 5 pm by using beads spacer. Turther, a test LCD element {sample
B) which was the same as the above-described sample A except that the polyimide
retarder was not formed was also prepared for comparison.
[0150]

The ratio of intensity of the transmitted light (contrast) when 2 voltage of 5
volis was applied (during "on") and when no voltage was applied (during "off") in the
direction of 90° from the direction of the stripe of the projeciion and in the dirsction
of deflection angle of 70° from the normal line of the cell surface was compared.
With the sample B, the contrast was 8.3, while with the sample A, the contrast was
18, so that the contrast-promoting cffect by the polyimide retarder was observed.

Further, with the sample A, high qualily white display without yetlowing was

attained.
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DABA: 4, 4' -di arni nobenzanilidc i5 t-DACII:
trans-1, 4-di am nocycl ohcxane DDE

4, 4" -di am nodi phcnyl ether DDS

3, 3" -di am nodi phenyl sul fone PDA: p-phenyl enedi amhi e
Si DA: bi s- (3-anxi nopropyl )tetranet hyl di sil oxane 20

m TB- 14G 2, 2' - di net hyl benzi di ne TFMB:
2.2"-bis(trifluoronethyl)benzidine [0157] Table |I 58

On Nmmwto ~ Wmp{p®mNmwuYdND::;; TO
OO0OOpPpO0OOOPOO0OOO0OPPOODdOONNRO OO0P
pOpO0OOV40R6gqOpPpDOCOVQgQOOVQgQgO0DO
16066 06666 666660666666666¢6 O
me.-WwON nwNteNmrnNr Ol dLV
Ramf@ M7 N ONOc~ OONMmMnNnwO:0ul'"~-QQOODO
0O00O0O0O00O0O0OVPOOQYV. .- OD "pOOOO

p p GJongthg cloy ﬁ@ﬂl@ith)&@(}@l@rdm p@p@rc@ HOERIDIOLR (30 16D
66666666

Sfertect GARIRCAvR? PSR (i 5 Soroh THives? 28 Sp e 1y pheeti
oli’)thé\!n%nsity of the transroitted {ight (contrast) was 18, so that the contrast-
promoting effect by the polyimide retarder was observed. Further, with the sample
A, high quality white display without yellowing was attained.
[0152]
Example 18

Using the color filter with the retarder prepared in Example 15, a test LCD
element (sample D) was prepared in the same manner as in Example 16, The ratio
of the intensity of the transmitied light (contrast) was 18, so that the contrast-
promoting effect by the polyimide retardm“ was observed. Further, high quality
white display without yellowing was attained.
[0153]

Comparative Examplc 6
A polyimide thin film was formed on the color filter in the same manner as in

Example 13 except that the polyamic acid solution O (polymer concentration 16% by
weight) prepared in Comparative Example 3 was used.  The thickness of the

polyimide thin film was 0.9 pm, the birefringencce An was 0,229, Thus, a color
filter having a retarder which had a retardation of 206 nm, whose optical axis was

vertical to the thin film, and which had an optically negative refractive index
anisotropy, was obtained.
70154]

Using the color filter thus prepared, a test LCD element (sample E) was
prepered in the same manner as in Example 16, The ratio of the intensity of the

transmitted light (contrast) was 15.  However, the white display was yellowish, so
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Mable'l. WsShown fh Table 1, in Examples 1 to 12, retarders with slight coloring
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and having good birefringence werc obtained. In Table 1, the abbreviations indicate
the following:

[0156]

BPDA: 3,344 biphenyltetracarboxylic dianhydride
CBDA: 1,2,3 4-cyclobutanetetracarboxylic dianhydride
H-PMDA: 1.2.4,5-cyclohexanetetracarboxylic dianhydride
ODPA: 4,4-oxydiphthalic acid dianhydride

PMDA: pyroraellitic dianhydride

PA: phthalic anhydride

DABA. 4,4"-diaminobenzanilidc

t-DACH: trans-1,4-diaminocyclohexane

DDE: 4,4'-diaminodiphenyl ether

DDS: 3,3-diaminodiphenylsutfone -

PDA: p-phenylenediamine

SiDA: bis~(3-aminopropyltetramethyldisiloxane
n-TB-HG: 2,2'-dimethylbenzidine

TFMB: 2,2'-bis(rifluoromethylbenzidine

[0157]
Table 1
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if u OICC IO R Rs (wherein Rz and R3

i ndependently represent a nonoval ent organi c group or
a hydrogen atom). 4. The conposition according to
claim 3, wherein said polyhnide precursor has 20 at
| east the structural unit represented by the

follow ng General Fornmula (3): 60 0 0 11 11 R40- C
CORB RLO! I / CGNHaNH+ ( R 3 (wherein R, R2,

R3 R4 and R5 independently represent a nonoval ent

organic group or a hydrogen aton). 5. The

conposition according to wherein said
t et raear boxylic dianhydrﬁ%@h&h%ch is said alicyclic

gonpo l&ﬁ@s&%o&g@sx@mf‘fo@ YerhRhuh ahabatwReasheady ok ﬁqm@ erystal

di anhydri de The conposition according to claim™,
viselegs, iwlgell krsah apfically ricgative wnioms ehisotratiyawhese dpéivalrgis is

PRI o B Sl o i s eption PO RBIEG "oF A RirpCgeence

ﬁﬁ\{l'l e di ?ﬁd@éﬂh%fﬁg Yk 861 88 HYCLM &)ﬂ#q’&)ﬁﬁl%g lGRAPHsIRE

sel ected fromthe group consistin
phizinyide peedinant aned aarmgmumsmmm,rmmmnmm ﬂrecﬁh@or Beinf\obtained
osition for fo a retarder which is

% @é&ﬁ@mmw& glraratngry ieyiia walide Bghptdepshope cawﬂme at lcast
R 0181 & 10800k Ul Mo AL AITAL LRDKIA 16k DR Somine
priagan alicyshy ﬁom@%"élﬂder sai d conmposition conprising
a p0| 'X‘MO n}%}%ﬂ%ﬂ a? n%%a%qcontlg W Wﬁf&'ﬁ% saﬁad(faimng which is said

di ami ne” €o

hlie¥0lic dorApdiind . FHRAY-C HATAXRIBEy BCHERAIE BN B REPRBREGHCDYy the
the follown General Formula (1):
following Geneml%ormula (D:

R‘i

|
HZNO—NHZ (1)

(wherein R' represents a monovalent organic group or a hydrogen atom).

3. ‘The composition accordrng to claim 2, wherein said tetracarboxylic
dianhydride is a 3,3'4,4"-biphenyltetracarboxylic dianhydride compound represenicd
by the following Geneé)a.l Formula (2);

O
1l il

e =9
SN\ @
2 3

(wherein R? and R’ independently represent a monovalent organic group or a
hydrogen atom).
4. The composition according to claim 3, wherein said polybmide precursor has

at least the structural unit represcnted by the following General Formula (3):
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RlI H2NNH2 (7) (wherein Rl represents a nonoval ent
organi c group or a hydrogen aton) and a
tetracarboxylic dianhydride(s) containing a

3,3 ,4,4" -bi phenyl tetracarboxylic dianhydride
conmpound represented by the foll owm ng General Fornula
(2): 61 0OOHIIi 0,.-CO11 1/ 10(z) RR$
(wherein R' and R3 independently represent a
nonoval ent organic group or gg¢ hydrogen atom. 9. The
conmposition according to claim@8, wherein said

pol yam ¢ acid conpound has at |east the structural
uni t Kbpresented @y the followi ng General Formula (3)

0 o4 CCIt RIE - oS | RC1 f GNH&H (3) 11
~~~~~~~ 2's 0 5 re|n R , R, B3, R
a_n_d R5 |n hde tI _nonov, ent organi c

gromp hy\{r enuaton) e cong sition
acc rd| to clig 9, mhereln said R is a hydrogen

gk, Rp ?‘ "%%%wda%%%%g&% rireionorgamic
B SOIREBMAayfgcor ding Lo ol aim o or 10, wherer
f.eas tTlm:rwnqbsmon acairditg id clsiept eglendie daib yetdaarboxylic
élgllﬁ‘l}/ nde which 15 said alicyelic compound is 1,23 4-cyclobutanetetracarboxylic
dianhydride,
6. The composition according to claim 5, wherein said dianune is an aromatic

diamine having a rigid molecular structure.
7. The composition according to ¢laim 6, wherein said aromatic diarmnins having

a ngid molecular structure is at least one selected from the group consisting of p-
phenylenediamine and 4.4'-diaminobenzanilide,

8. A resin composition for forming a retarder which is used for hiquid crystal
displays, which has an optically negative uniaxial anisotropy, and whose optical axis
is substantially vertical to the film planc of said retarder, said composition
comprising a polyamic acid compound obtained by reacting a diamine component(s)
containing a frars-1,4-diaminocyclohexane compound represented by the following

General Formula (1):
R‘I

|
HENO—NHQ (1)

(wherein R represents a monovalent organic group or a hydrogen atom)
and a tetracarboxyiic dianhydride(s) containing a 3,3',4,4"-biphenyltetracarboxylic
dianhydride compound represented by the followmg General Formula (2):



General Formulae (4) to (8): 0 O R40-11 11 a CNH

NH-- [l ORZRE OOR562 R Oa --CCNH( N+ 1
| 1" 11 5 -/ (5) R4O-C. c-aR OFZZR3 Oo0 a R _
NN+ (7) RIO-CMf ORRRBaa ORLNI | t N(g)

5 ORR3 a (wherein in Forrmulae (4), (5, (6), (7)

and (8), RL Rz R3, R4 and Rs independently

represent a nonoval ent organi c group or a hydrogen

atonm). 12. The conposition agjcording to claim 10,

wherein in said Fornulae (4),(5),(6), (7) and (8),

said R is a hydrogen atomor a CI-C4 |inear or

braﬁphed al kyl group; and 10 R? , R3, R4 and R5 are

eaclt a hydrogencatom 13. The conposition according

t & cNaim 11 0r /120 wherein the total anount ofthe

shrudt ur nit epresepted by the Formula (3), (4),
i's t less than 50 nol % of the

5). \BY., (R4 (8)
ot al tructgkﬁl'u its constituting said polyamc
q;d" 4. g.resin c osi tion according to any one
€‘¥ eI ; g I o ?n%tgsfn%pp?sgnt&amg)novalem organic group or a
hydrogen atom).
S The composition according to claim 8, wherein said polyamic acid compound

has at least the structural unit represented by the following General Formula (3):
O
!
RAO-C C-OR® R

— = |
—~C—<\:—t>——©7c:mw NH—  (3)
¥ \ij \éj I "<::>“

(wherein R', R*, R?, R" and R® independently represent a monovalent oTEANic
group or & hydrogen atom).

10.  The composition according to claim 9, wherein said R’ is a hydrogen atom or
& Cy-Cy linear or branched alkyl group; and RE,R*,R" andR® are each a hydrogen.

atom.
11.  The corposition aceording to claim 9 or 10, wherein said polyamic acid

compound further comprises at least one structural unit represented by the following
General Formulae (4) to (8):

R1
Q 2 l
RIO-C.__» = C~NH4<::>—NH——
N
o R R 5
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15 or all of the amine term nal groups of said
pol yi m de precursor or said polyamc acid are capped
by an amic acid-formng reaction with a dicarboxylic
anhydride. 15. The conposition according to claim 14,
wherei n said dicarboxylic anhydride is at |east one
sel ected fromthe group consisting of nmaleic
anhydri de, phthalic anhydride, succinic anhydride
and nadi c anhydride. 20 16. ®%se of said conposition
according to any one of clainms 1 to 15 for the 63
production of a resin conposition for formng a
retarder. 17, A color filtgr substrate for liquid
crysPal displays, ocpnprisifig a transparent substrate
gn_mg énqlg‘ii}.'ﬁLgLe el ements are
' arraye and a retarder forned
nposi tion for form ndSh retarder 5
5%@0Fd|n§ to ang ore~8R°clains Ito 15, 18. The col or
filter sbbstra aggording to claim17, wherein said
retarder conprises a polyimde containing structura
units represented by the followi ng General Fornula
wyoOORIN{I bD N-s --- (8 R2R3 010
fein R R2 afjd R3 ifdependently represents a
nonovadéht ix

i rou r\a hydrogen atom. in an
an\50 poft—19. T3 color filter
§M®s®rat accotdi n§ to clHa'm 18, wherein said R is a

mmuM~Q

hydr@gerit’ aton?%r @ C1-C4 linear or branched al kyl
group; and R2 and R3 are each a hydrogen 1is atom
20. The col or fllterosubstra;e according to any one
of clgims 17 to 19, ereln said retarder forned
from

' i it r formng the retarder
755 T sai ure {8} ements. 21.
Aliqyd !ysta]dislayc rising said color filter

'S s

subst rat e FFor | iFdui docrystal 20 displays according

g\{?lg% al)}joﬁebﬁ%ﬁfa?/ g@gtﬂf{ﬁi&ﬁ gnc? &), Rc'la, IRd . hb 91%l %ng ?{ls Olrrldcpendently
tepresent a monovalent organic group or a hiydrogen atom).

12, The composition according to claim 10, wherein in said Formulae (4), (5), (6),

(7) and (8), said R' is a hydrogen atom or a Cy~C;y linear or branched allcyll group; and

R?,R?,R* and R® are each a hydrogen atom.

13.  The composition according to claim 11 or 12, wherein the total amount of the

structural units represented by the Formula (3, (4), (5), (6), (7) or (8) is not less than

30 mol% of the total structural umits constituting said polyamic acid.

14, The resin composition according to any one of claims 1 to 13, wherein a part

or all of the amine texminal groups of said polyimide precursor or said polyamic acid

are capped by an amic acid-forming reaction with a dicarboxylic anhydride.

15, The composition according to claim 14, wherein said dicarboxylic anhydride

is at least one selected from the group consisting of maleic anhydride, phthalic
anhydride, succinic anhydride and nadic anhydride.

16. Usc of said composition according to any one of claims 1 to 15 for the
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a display node wherein the liquid crystal nolecul es
are aligned in the direction substantially

perpendi cular to the liquid crystal cell surface when
no electric voltage is applied, and the liquid
crystal nolecules are aligned in the direction
substantially parallel to the liquid crystal cel
surface when an electric voltage is applied. 25 22. A
process for producing a col d¥ filter substrate for
liquid crystal displays, said 64 process conprising
coating said resin conposition for formng a retarder

podadidhiog a rédn sRMpeRtorObr frRinis; fetdb@y 15 on the
surface of said color filter substrate, on which

Yir f o oo ilteniubeirain Srdiqeisnerpitd thispéye) comgmisingar teansparent
-di. mensional |y arrayed; .and _beating said

%:u\c%gntﬁ%éé oy Iwthc% Ted, Budindrsen picturc elernents arg two-dimensionally

arrayed; and a retarder formed from said resin composition for forming a retarder

according to any one of claims 1 to 15,

18.  The color filter substrate according to claim 17, whatein sajd retarder

comprises a polyimide containing struetural units represented by the following
General Formula (8):

e o7 T1
_N;B— %N—D—»A (8)

(wherein R, R? and R? independently represents 2 monovalent Organic group or a

hydrogen atom).

_in an amount of not less than 50 mol%.

19, The color filter substrate according to claim 18, wherein said R is a hydrogen

~ atom or a Cj-Cs tinear or branched alkyl group; and R* and R® are each a hydrogen

atom,

20.  The color filter substrate according to any one of claims 17 to 19, wherein
said retarder formed from said resin composition for forming the retarder is so

formed as to cover said picture elements.

21.  Aligquid crystal digplay comprising said color filter substraie for liquid crystal
displays according to any one of ¢laims 17 o 20, said Hquid color display employing
a display mode wherein the liquid crystal molecules are aligned in the direction
substantially perpendicular to the liquid crystal cell surface when no electric voltage
is applicd, and the liquid crystal molecules arc aligned in the direction substantially

parallel to the lignid crystal cell surface when an electric voltage is applied.

22, Aprocess for producing a color filter substrate for liquid crystal displays, said



64

process comprising coating said resin composition for forming a retarder according
to any one of claims 1 to 15 on the surface of said color filter substrate, on which
surface red, blue and green picture elements are two-dimensionally arrayed; and

heating said composition.



