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Field of the Invention : This invention relates to polyimde
angul arity enhancenent |ayers in liquid crystal displays which

enhance the Vigybhpg.@ngl e of liquid crystal displays. Novel Perusssisyism de
copol yners are disclosed. Also, nultilayer angularity enhancenent
constructions conprising polyimdes are discl osed. Background of
the I nvention Negative birefringent filnms greatly enhance the
i mge quality of liquid 15 crystal displays viewed at off-normal angles
by conpensating for inmage degradation due to "natural" net positive
birefringence of the liquid crystal materials. Typically, negative
birefringent filnms have been prepared by precision stretching of polyner
films or by prbcisely coRDINIMIDEANGUIKRIEY ENMANCEMENT LAYEBR C | ayers.
However , practicioners have found that precise control of film
stretching in order to exactly 20 control the resulting birefringence is

difficult, and thaHjeldef aidlavéntiofs can be unstable and are not
practical for large suriace areas. . Non-stretched negatiyve
bi refringent polyim de Thisinygntigngelates g polyimide angularity enhancement layers in liquid
crystal displays which enhance the viewing angle of liquid crystal displays. Novel
10  polyimide copolymers are disclosed. Also, multilayer angularity enhancement

constructions comprising polyimides are disclosed.

Background of the Invention
Negative birefringent films greatly enhance the image quality of liquid
15  crystal displays viewed at off-normal angles by compensating for image degradation
due to “natural” net positive birefringence of the liquid crystal materials. Typically,
negative birefringent films have been prepared by precision stretching of polymer
films or by precisely controlled vapor deposition of thin ceramic layers. However,
. practicioners have found that precise control of film stretching in order to exactly
20  control the resulting birefringence is difficult, and that ceramic films can be unstable
" and are not practical for large surface areas.
Non-stretched negative birefringent polyimide films are known. U. S.
Patent No. 5,344,916 describes polyimide films prepared from benzene dianhydrides
and/or bis(benzene)dianhydrides and monoaromatic and/or polyaromatic diamines.
25 While the polyimides are generally soluble, some polyimides are soluble only in
solvents that are incompatible with certain useful liquid crystal polymeric substrates
onto which the polyimides could be coated. The monoaromatic and/or
polyaromatic diamines are linked benzeneamine compounds (benzidine derivatives,
bis(4-axininophenyl)methane derivatives, 2,2-bis(4-aminophenyl)propane derivatives,
30  and the like) rather than polyaromatic diamines such as 9,9-bis(4-
aminophenyl)fluorenes. Many linked benzeneamines must be handled with care due

to their suspected human toxicity.



Patent No. 5, 344,916 describes polyinide filns prepared from benzene

di anhydr.i des - and/ or bi s(benzene) di anhydri des and nonoaromati ¢ and/ or
pol yaromati c di am nes. 25 Wil e the polyimdes are generally sol ubl e,
sonme polyimdes are soluble only in solvents that are inconpatible
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Honopol yner s &f fte deseiibdd’rs BEihg prehtely! teiPtirRekahie itiingss 8MMByerEuseful in
di carboxylic acid di anhydri des are known. U. S. Patent No. 4,897, 092

descri bes liqvid grystal displays Andsoptical rsonerties o€ thsmembrasessra aotrlyaidatade s
prepared fromt BEPELNIE ' . gas
separ ati ons. Thglq ﬁé’%"}%ﬁg 3 mﬁ@ﬁ%@ﬁ‘ﬁ%ﬁ%@é Fﬁ’g‘l“gggiﬁ%ﬂ’ h’? e{a{i/ ten

ti mes the thi ckndiashydddesajthrasondinbrenyliaromatic diantiney arecescripsd. aFresshqpteays, and

opti cal properties.,of, the ar.e not e] uci.dat No copol ymers
o o b e R SBRiRD b B SIS dRHosH B AUEPH CGPEsIRIE BE noi g -
di anhydri destov t KonfopoBretd ofO[Lbiy(4-ainsPhéiyDAGhranes BB ardfaticidisdibdRelacidr ench

pat ent application n er 2,650,829 discloses a nunber of possible
uses for 10 hoﬁ‘ﬁ%ﬂ?&@f‘géi\w“Q?lgﬂﬂF@(ﬂiﬂ%@f h@ﬂﬁ@ﬂ%*ﬁ%ﬁeﬂ@@%ﬂ‘bﬂ“ﬁ? omatic

di carboxyli c aci gith additiond] fIARKISFenYPatomAtitdidhidhddGrédesEHbEB Nind Inb fcaliSlf of | QUi d
crystal displays. No copol yners w t h additional non-fl uorenyl
aromat i ¢ di am neepticalecospensatidrepfoperties of thei filts isprésented; Copolymers®fi B 9ehis(4-
conpensation propehbheSuituotedés With o drindte ErtE HicarsBRAL YAE tfinarides® P! S(4-
15  are described in U. S. Patent No. 4,845,185 and in Japanese patent application
number 62292836 (Derwent abstract). Polyimides described in U. S. Patent
No. 4,845,185 are shown to be solvent soluble and to have high heat resistance, but
are.only moderately light transmissive. Copolymers of 9,9-bis(4-
aminophenyl)fluorene, an aromatic tetracarboxylic acid dianhydride and an aliphatic
20  diamine are disclosed in Japanese patent application number JP 63295633,
Polyimides described therein are said to have good thermal resistance and
workability, and find use as electric or electronic materials (Derwent abstract), but
no optical properties are described.
Japanese patent application 5-31341 discloses a polyimide gas separation
25 membrane which is a copolymer of 9,9-bis(4-aminophenyl)fluorene and aromatic
dicarboxylic acid dianhydride with a non-fluorenyl polycyclic fused ring aromatic
diamine. No optical properties of these copolymers are disclosed.

Summary of the Invention
30 Briefly, this invention provides a negatively birefringent angularity
enhancement layer in a liquid crystal display, which display comprises a liquid
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crystal cell, V\/nergl(n ‘t'%agl)rf\‘gog F3 qatle@istroé‘ Pfor!f‘ag?\fetrgﬁar% hcﬁ'/déﬁ (rilrédeehent
| ayer cdfipr iaad eptionpilyl grieror drem:n‘amaucsdmgma; pl’lrr.tb:ably,t the adonatie diasmine has
fluorene structural units

[ vorene ottt e MRl ring S B i by SRR e 0"
i nvention provi degpoBimidéllayérs exhitsit £ outof-plaie/bifBifigendsivilde of from about -0.001 to
about -0.2, preferably -0.001 to about -0.04.
In yet another aspect, the present invention provides a multilayer angularity

15  enhancement construction comprising an optically transparent, optically isotropic
substrate having on at least one surface thereof at least one layer of a polyimide,
preferably the total thickness of the polyimide layer or layers being greater than or
equal to about 1 um and/or the polyimide layer exhibiting an optical retardation of
at least 25 nm; on the surface of the at least one polyimide layer, there is disposed

20  one or more layers of optical adhesive; and, as the outermost layer(s) of the
construction, on the adhesive is a layer that acts as both release liner for the optical
adhesive and as a protective layer for the construction. See FIG. 1. Preferably, the
optically transparent, optically isotropic substrate is a polymer; most preferably, the
substrate is poly(methyl methacrylate), PMMA.

25 In a further aspect there are provided novel copolymeric polyimides
comprising the copolymerization product of a 9,9-bis(aminoaryl)fluorene, at least
one aromatic tetracarboxylic acid dianhydride, and an aromatic diamine free of
fused rings.

In this application:

30 “alk” as in “alkyl” and “alkoxy” means an aliphatic group or moiety having

from 1 to about 20 carbon atoms;



5 I n sequence a first polarizer, a liquid crystal cell, and a second

pél ari zer, and, di sposed between said liquid crystal cell and at
| east one of said polarizers, an angul arity enhancenment construction
conprising a colorless, optically-transparent negatively birefringent

polyi m de |l ayer conprising the reaction product of a 9, 9-

bi s(am noar y%ﬁqq"ﬂﬁ"r"éne and at | east one afomatic tetracar bof(y ’P%wé?:zp?j

di anhydri de, 10 and optionally one or "nbre aromati c di am nes. Preferably,
the aromatic di anm ne ‘agd” means an eromatic group whmoiety having fromnf ® gboetf2raatboy it i s
a benzene diamne. Preferably, the polyi m de | ayers exhibit an

out - of - pl ane bi rﬁ"f’WF’ngence val ue of fromabout -0.001 to about -0. 2,

preferably -0.001 to 'Hasipt mednsiHle specified moiety or any group Céntifiiag fRIspasifidct . t he
present invention provides a nultilayer an&til arl t¥ 15  enhancenent

construction confweiety @ybrsubstiution-gr extepsion) shas dagsnot agdyerselyjaffpctitheot r opi ¢
substrate havg ngc&b‘b(?aioheast one surface thereof at |east one |ayer of a
pol yi m de, preferably the total thickness ofthe polyinde |ayer or
| ayers being greater fligar’ moeans a coating gn alsubistratzioo a iself:-syppottingfibmd/ or t he

polyi m de | ayer exhibitimng an optical. reta lfan of . .at least 25 nm
on the surface of the @P ﬁlgargta%ﬂggl&)w‘t%gxi}:gea#eigfgp?or?%rpgeﬁx@ di sposed 20

one or nore |ayers of“rgjatdation” mehiethe vitltiplication produbofahe refraqive aﬁiﬁdtﬁdbﬁs) of
t he construction, qon the adhesive is, a |layer that acts as _bot

rel ease |iner fomqqheﬁmﬁféws»whichisaah@lqab@aam%eﬂmb_rtquQigefpwer for
the constr ucrlﬂonofm?ﬁg&ssésthg B{&Eﬁﬁuxn}éis ViGe chan?)esvﬁmtth{ﬁb\!\/ﬂﬁghgﬁé’,%@r ent,

optically isotropic s rate 1s a po r, most preferably,
substrate is pol y(met YwitennehiteX anephsacoldriesspiofihavigba light transmissionjimexcessioft her

aspect there ar69&7"%&“%%“?'8){3&@'@8%%%%6&&7&) vi mi des conprising the

copol yneri zati on”product o am noaryl)fluorene, at |east
one aronatic tetracar Bolyiylidecfilms bfithe invadtion] baded upmin®, Rbis(@minvatyl)fudteresi ne free
TRk as 1n ~al kibHlysmageeus gpticsprpRErlct s FRTRA FECSRAANBIRR R havi ng
from1l to abegt ZPorrhe fiSe-dienSional structure of the polymer from which they are formed.
Both physical and optical properties of the films can be tailored by appropriate
selection of monomers, and it is desirable to strike a balance between them. To be
"useful in a liquid crystal display, films should be essentially colorless and, to be
easily coated in thin layers, the polymer should be soluble in common, high-
20 volatility solvents, i.e., appears to the naked eye to be a homogeneous solution. In
polyimides, these two factors are usually detrimental to increased negative
birefrigence, so a balance must be found.
This invention provides a nove! angularity enhancement fayer in a liquid
crystal display comprising a liquid crystal cell, wherein the angularity enhancement
25 layer is negatively birefringent and comprises a polyimide having a plurality of
pendant fluorene structural units. When coated or cast as films, polyimides useful in
the invention present an in-plane molecular orientation, which gives the film
anisotropic optical properties.
Polyimides of the invention have high negative birefringence, in the range of
30  -0.001 to -0.2, preferably -0.001 1o 0.04, more preferably -0.001 to -0.032, enabling

them to be used as thin coatings, preferably 10 micrometers or less, in a liquid
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"aryl" means an aromatic group or noiety having from6 to about 20 carbon
at ons; "group" neans the specified noiety or any group

cont ai ni ng t hgohashsi ed noi ety (as by substitution ormszﬁms’m)

t hat does not adversely affect the 5 cagnmposition; "l ayer"
rreansacoatlng on of. a self-s rtin

“Tilnt means a gmﬁ?‘wﬁx S35 i e cas BPE Ry % ek Y. i
"retardation” meaggstdllaRp %ﬂ desiPiblycapé ﬂéiﬁbl@i%&%r?imﬁ Peord&té Amdhietgeinni SOt I opy
and the fllmthlckness i

ch is a physical guantlt t hat equal s the phase
di fference 10 mvetﬁllgmgt&sTmlqmg BOlll'ﬁFQS'BQ thpwemqwnbm@wauu ue changes

wth the view ng g nfefe?t] s and
having a light trans SSI on né’xbgggsaterc}?h‘te g{@ﬁ&f 0l 'n fel%%’\‘?\l/avre g{’h ange
from400 to 730 rave water-white. Polyimde fil nms of the i nvention, based
upon 9, 9-bi s(am noaryl)fl uorenes, exhi bit advant ageous opti cal

properties and certain processi ng advant ages based 15 upon the

t hr ee- di mensi onal Bt DiGEkpoéf the :mFgrer fromwhich they are forned.

Bot h physi cal and optica roperties of the filns can be tailored by
appropri ate sel digyre We%ﬁeﬁwgmamlwwl@m FYSHABURtYS | ke a
bal ance between t cel struction d@jﬁﬁ'&g{r iBn, WHidhLohdnfchidhvis Hita giesf&l f' I ms

%
shoul d be essentially cgﬁl T‘ess an easily coate
| ayers, the pH)yneliquihcryital dmplagol uble in common, high- 20 volatili ty

solvents, i.e., appears to.the n ked omngeneon

e Chose Po Tyl el P i R R AR BRt Tc
birefrigence, so eonipiisingatiedst ohe i@ulafityfihancement layer of the invieitién.i nvent i on
provi des a novel angularity enhancenent layer in a liquid crystal

di splay conprising a |iquid crystal ceII, wherein the angularity

enhancenment 25  hgdfikd Descriptioh of B id Embbdigints itk GiveRtigeses a pol yi m de
having a plurality o pen an uorene structural units. \Wen coated

or cast as fi1%s, pol yklrﬁnae@bm‘ms,lamﬂwmndeangularmeenhqmmemdweppé@ent an
i n-pl ane mol ecul afnv&ﬁi'oﬁ&tp%ﬂas)éa by Wkt Y Solveht'§ piibbP comprising fhg! SOt T opi C

optical properti
condensatlon polymerization product of a 9,9-bis(aminoaryl)fluorene with an

aromatic tetrdcarboxylic acid dianhydride, the polymer having one or more

repeating units corresponding to Formula I:

20

wherein
each R independently can be from 0 to 4 substituents selected from the
group consisting of hydrogen, halogen, phenyl, phenyl group substituted by 1 to 4



Pol yi m des of the invention have high negative birefringence, in the range
of 30 ~0.001 to -0.2, preferably -0.001 to 0.04, nore preferably -0.001

to -0.032, enabling themto be used as thin coatings, preferably 10
m cronmeters or less, inaliquid WO 97/ 44704
PCT/ US96/ 1523 o aq0a 5 al

di splay. Such a thin coating can be a | aygr.on a flexible rrgglnlljl% IL| qui d
crystal displays desirably are flexible and are very thin in order to
reduce their halggesyatoms qualiyh grouhhayingdyte g carbom atomns,ind @n alksyl group
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Construct i on of €HEOR HpBR 47 4n sl ErPRbAYDE ot 1 191 corbomafom a3 SPRES | n 10
a liquid cryssal displaadn be a tetrasubstitutedardihtitié gloupaViRS B B 20/c@ddp Sect i onal
view of a liquid crystal display stack conprising at |east one

angul arity enhan@tomshprefesably Aésa ¢ pyromellitie 8onp, (2) a polycyphic agpmatis gbeurcr i pt i on
of Preferred Enbqgi [ hridd odi ment, a
pol yi m de angul a?ﬁhﬁ&%ﬁ\éﬁéﬁgﬂ%&%&&%Ibg%oglﬁ%reny.lene, a|“P1ven %}ﬁfiﬁ@bpr epared by
coati ng from sol sebstituedoderiyatives therepf, iwherein thé substituted gronge canctieiatiyl having 1

pol ymeri zation product,of a 9, 9-bis(am noaryl)fl uoren ith a

aromatic tet racart?)gb:ﬁrp‘&“ aoms ang M&Fﬁ ,va%{ gﬂﬁﬂﬁ,@&m\fﬁr%ﬂﬁgabﬁg ¥ Clhor e

10  and (3) moieties of Formula II:
TOOX
I

wherein B can be a covalent bond, a C(R?), group, a CO group, an O atom,
an S atom, and SO; group, a Si(C;Hs) group or an N(R*); group, and combinations
15  thereof, wherein m can be an integer of 1 to 10; each R? independently can be H or
C(R");; each R’ independently can be H, an alkyl group having from 1 to about 20
carbon atoms, or an aryl group having from about 6 to about 20 carbon atoms; and
each R independently can be H, fluorine, or chlorine.
In a further aspect, there are provided novel copolymeric polyimides
20  comprising the copolymerization product of a 9,9-bis(aminoaryl)fluorene (as
described above), at least one aromatic tetracarboxylic acid dianhydride (as
described above) and an aromatic diamine free of fused rings, the aromatic diamine
preferably having general Formula III:
HN-(An),-NH;
25 JH 1
wherein m is as previously defined and Ar is as defined below,

to prepare 2 polymer having the repeating unit of Formula IV, below:



repeating units corresponding to Fornmula I: [err] 20

wherein. . each R independently can be fromO to 4 substituents
selected fromthe group consi sting of hydrogen, hal ogen, phenyl,
phenyl group substituted by 1 to 4 WO 97/ 44704

PCT/ US96/ 152730 97144704 - 6- peTrosdsas?gen
atons or al kyl groups having | to 10 carbon atons, and an al kyl group

having from| to 10 carbon atonms; preferably R is selected from hal ogen,
phenyl , phenyl group substituted gy 1 to g hal ogenQatons og al kyl

groups having 1 to ig/r ar bgn atorrgl,\and al kyl gnlQup havyfng from1
to 10 carbon atons N ubsti ;

N A(&HRNDE etr stituted
aromatic group having fr arhpn/A\p/

O 0 0 o

v
wherein R, A, and m are as described above, and
Ar represents a monocyclic or polycyclic aromatic group having from 6 to
5 20 carbon atoms which can be selected from the group consisting of phenylene,
naphthylene, fluorenylene, benzofluorenylene, anthracenylene, and substituted
derivatives thereof, wherein the substituted groups can be alkyl having 1 to 10
carbon atoms and fluorinated derivatives thereof, and halogen such as F or Cl; and

moieties of Formula V:

et
10 .

\'4
wherein Ar and B can have the meaning described above, and each p
independently can be an integer 0 to 10.
More particularly, the polyimides useful in the present invention comprise a
15  plurality of pendant fluorene structural units, wherein a layer of the polyimide
exhibits angularity enhancement properties and further exhibits a retardation (8) of

at least 25 nm, wherein retardation is calculated as shown in Formula VI;

8 = 2nd/A [nd/n.(n;>-sin*®)* - (n,2-sin’D)"]
20 Vi
wherein
d represents the thickness of the layer;

A represents the wavelength of light used to measure retardation;



atons; preferably Ais a (1) pyronellitic group, (2) a polycyclic aromatic

group - such as napht hyl ene, fluorenyl ene, benzofl uorenyl ene,
ant hracenyl ene, and substituted derivatives thereof, wherein the
substituted groups can be al kyl having 1 to 10 carbon atons and

fluorinated derivatives thereof, and hal ogen such as F or qrcrr&&msﬁf‘d (3)

noi eti es of POPHIRY| | - [err] -

I wherein B can be a coval ent -bond, a C(R[err])[err] group, a
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Si(Cerr]Herr])[err r or an N(R[err])[err] group, and conbi nations 15
t hereof, wherei ﬁLﬁTecJAWgﬁgH&r‘ayﬁt eger of | to 10; each R err] independently

can be H or C(R ) [ ey dnd nga@ithddaftleahd teprtaait fikaefractive idebsr tht lagst al Kyl
group having from1l to about 20 carbon atons, or an aryl group having
from about 6 to ™e3sed pasallehtohe planeofithe layrs; and each Rlerr] independently

can be H f16orine. of Chigehfens the analp of ight indidlnde hih by ARG Gbmal, "7

are provi ded novel copolynerfc polyrm ~conprisin

copol ynmeri zati on pr oXueferably, ang@iarity ealmocementlayers dff the imvention exlsbit off-normal

descri bed above), .| east . one, ar tic tetracarb i c agid dianhydride
(as descr irﬁ‘@@t“ﬂ% tkgﬁdbg‘ﬁ(}gf}%‘)ﬁ’ rﬁé&ﬁ&ﬁgﬁ‘%ﬁtég‘“ﬁgbf‘ﬁ‘séﬁmri ngs, the
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layers of the invention exhibit a thickness of at least about 1 micrometer, preferably
in the range of 1 to 50 micrometers.

Preferably, polyimides of the invention have a number average molecular
weight in the range of about 20,000 to about 140,000 as measured by GPC

15 (polystyrene standards).

Polyimides useful in angularity enhancement layers of the invention are
derived from 9,9-bis(aminoaryl)fluorenes by reaction with an aromatic
tetracarboxylic acid dianhydride at room temperature in a polar aprotic solvent such
as N, N-dimethylacetamide (DMAC) to form a polyamic acid. Optionally, at least

20  one additional aromatic diamine may be present to form a copolyamic acid. Cyclic
dehydration of the (co)polyamic acid in the presence of, for example, acetic
anhydride and pyridine at an elevated temperature of, for example, about 90 to
110°C for about one to three hours, produces the polyimides which are soluble in
common organic solvents.

25 More particularly, 9,9-bis(aminoaryl)fluorenes useful in producing
angularity enhancement layers of the invention can be prepared by methods
described in U. S. Patent No. 4,684,678. In general, they are prepared by double
alkylation of fluorenones by the desired aminoaryl compound by procedures known
in the art. Fluorene aromatic rings can be substituted with from 0 to 4 substituting

30  groups per aromatic ring. Substituting groups can be selected from the group
consisting of linear, branched or cyclic alkyl groups of from 1 to about 20 carbon
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pl i” al i Ej y of pénd&nté)oﬁ htmfssamle gwpu@ﬁohﬁalc:l,mﬂ F, OO, aﬁ(lkﬂ)dilylémemfaaﬂﬁe
pol yi m de exhibits an arjty enhancenent .properfi.es an ugt her
exhibits a retar dg’h‘f”o‘ﬁi‘(‘[geﬂ%%su&’xmmgg"% ’?@%E’Pﬁgﬁﬂfﬂt" mesﬁ-n‘;fﬂéfa& Yelat i on
is calculated as %&Qi‘lﬁyl' a?o:ﬁ&fc'ﬂﬁb@aﬁ! unsubstituted.

Aminoaryl groups of 9,9-bis(aminoaryl)fluorenes refers to groups

comprising aromatic rings bearing at least one primary amine group. Aromatic
10  groups can be monocyclic or polycyclic and can have from 6 to about 20 carbon
atoms. Preferably, the aromatic groups are monocyclic, more preferably phenyl,
and are attached to the fluorene nucleus at aromatic ring positions para to the
primary amine group. Either or both of the aminoary! rings may optionally be
substituted as described above for aromatic rings of the fluorene nucleus, providing
15  that any substitution does not interfere with reactivity of the primary amine groups
in polymer formation. In particular, either or both of the aminoaryl rings may be
substituted with from 0 to 4 linear, branched or cyclic alkyl groups, halogen, or
phenyl. Preferably, both rings may be substituted with 1 or 2 linear or branched
alkyl groups having from 1 to 3 carbon atoms, such substitution being at any of ring
20 positions 2, 3, S, or 6, preferably at ring positions 3 or 5 or a combination thereof.
More preferably, both aminoaryl rings can be substituted with 1 or 2 methy] or ethyl
groups. Most preferably, 9,9-bis(aminoaryl)fluorenes useful in angularity
enhancement layers of the invention include 9,9-bis(4-aminophenyl)fluorene, 9,9-
bis(3-methyl-4-aminophenyl)fluorene, 9,9-bis(3,5-dimethyl-4-aminophenyl)fluorene,
25  9,9-bis(3,5-diethyl-4-aminophenyl)fluorene, and 9,9-bis(3-ethyl-5-methyl-4-
aminophenyl)fluorene.
Aromatic tetracarboxylic acid dianhydride compounds useful in the
preparation of angularity enhancement constructions of the invention are those

represented by Formula VII,
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d represents ithe thickness of the |ayer; [err]
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nferr] represents the r ' i ndex
of the | ayerwl‘?e"agffr“éd per pendi cul ar to the plane of tﬁ‘féf,?%&)égr&?s

nferr] and n[err]

| ayer

Pref erably,
of f - nor mal

plane of the layer; and 5

et ardati on val ues are
e refer to values for

are the sane and represéht- t he refractive i ndex of the
nmeasured parallel to th
[err] represents the angle of I|ight
angul arity enhancenent

nci dence th respect to the nornal.

of & i nvention exhibit
retardati on of at Qeast 4 wa nm nost preferably at
| east about 50 nm It is under

actual ly negative nunbers, although

retardation in absol ute nunbers, as9s conventi&hal in the liquid crystal
10 art. Wen used in, for instance, a ljquid crystal display, angularity
| ayers of the invention'®xhibit a thickness of at |east

about 1 mcroneter, Rhefefif £RAsthe meaning defihéieabbelge of 1 to 50 microneters.

enhancenent

Preferably, polyimdes of the invention have a nunber average nol ecul ar

wei ght in the range Beprgsrntativegsefiddiankydsidesincludepymoelitis disnbisloided.%y GPC 15

(pol ystyrene PZ ; éﬁ@%ﬁﬁ%%el}i%cvdéﬁhy%%deg,Ggﬁktﬁhmrgﬁgthﬂﬁ&elﬁﬂl m%rﬁfe,i ty

enhancenent
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re
3,6-bis(methyl)pyromellitic dianhydride, 3,6-diiodopyromellitic dianhydride, 3,6-

dibromopyromellitic dianhydride, 3,6-dichloropyromellitic dianhydride, 3,3',4,4'-
benzophenonetetracarboxylic acid dianhydride, 2,3,3',4-
benzophenonetetracarboxylic acid dianhydride, 2,2'3,3'
benzophenonetetracarboxylic acid dianhydride, 3,3',4,4"-biphenyltetracarboxylic acid
dianhydride, bis(2,3-dicarboxyphenyl)methane dianhydride, bis(2,5,6-trifluoro-3,4-
dicarboxyphenyl)methane dianhydride, 2,2-bis(3,4-dicarboxyphenyl)propane
dianhydride, 2,2'-bis(3,4-dicarboxyphenyl)hexafluoropropane dianhydride (6FDA),
bis(3,4-dicarboxyphenyl)ether dianhydride, 4,4'-oxydi(phthalic anhydride), 3,3',4,4'-
diphenylsulfonetetracarboxylic acid dianhydride, 4,4'-[4,4'-isopropylidene-di(p-
phenyleneoxy)]-bis(phthalic anhydride), N,N-(3,4-dicarboxyphenyl)-N-methylamine
dianhydride, bis(3,4-dicarboxyphenyl)diethylsilane dianhydride, naphthalene
tetracarboxylic acid dianhydrides such as 2,3,6,7- and 1,2,5,6-
naphthalenetetracarboxylic acid dianhydrides, 2,6-dichloronaphthalene-1,4,5,8-
tetracarboxylic acid dianhydride, and heterocyclic aromatic tetracarboxylic acid
dianhydrides such as thiophene-2,3,4,5-tetracarboxylic acid dianhydride, pyrazine-
2,3,5,6-tetracarboxylic acid dianhydride, and pyridine-2,3,5,6-tetracarboxylic acid
dianhydride.

Angularity enhancement layers of the invention comprise polyimides
prepared by polymerization of a 9,9-bis(aminoaryDfluorene, an aromatic
tetracarboxylic acid dianhydride (both of which have been described in detail above)
and preferably an additional, optional, aromatic diamine of the general formula

H;N - (Ar),, - NH;, wherein Ar and m have the meanings as previously described.



derived from9, 9-bi s(am noaryl)fluorenes by reaction with an aromatic
tetracarboxylic acid dianhydride at roomtenperature in a polar aprotic

sol vent such as N, N-di met hyl acet am de (DMAC) to forma pol yam ¢ acid.
Optionally, at least 20 one additional aromatic diam ne may be present to

forma copol y%&,md. Cyclic dehydration of the (co)pekmesenszzaci d
I n the presence of, for exanple, acetic _ y¢ . anhydride and pyridine at an

el evated tenperature of, far exanple, about 90 to OC for about one

: .. 1
to three hours, prod uE@gﬂfeﬁé’Pﬂ‘b‘P‘w‘ﬁ‘Fﬁé%‘“ﬁmé"c'?F‘%‘?"é diggyings puch;ag o-, m- and pry gy

organi ¢ sol vent s ydpienediamine, 2MPdigmindfolienis! 14-didmind-LmbhetyBeiARa W) T | uor enes
useful in producing - angul arity enhancenent |ayers of the invention

can be prepared Wdismima-Prphenylbenzene anddst diating-4-chlesobezene, (Qther usgful 4, 684, 678.
In general, the Jy . s f 45l uorenones b
thegdesi red am'% glﬁr%o%ggﬁlaﬁﬂﬁ? %\ tﬁgﬂpénﬁan mc]“d?(‘r'fgj\ﬁﬁx'{“ﬂm%ﬂ 4l >

npoun y procedures h’the art.
Fl uorene aron®t i @idhﬁmmwhnghmmBlbis(uimﬁopﬁehil)ﬁrﬁpgm,Q,Zl-bis@-a;nﬁm;lhbﬁylptr-] ing 30
groups per aromatic_ ring. Substituting groups.can selected fromthe
ar oup condrsbrig-bsaliiorpasppane 44 Haaegiehet pther, ZARUBRIRND o1 1 om
1 to about 20 carhRp 1,3-bis(3-amitfphéhokgybéténe, l,3-bis(4-aminophenoxy)b%nzene, 1,4-

PCT/ US96/ 15273 . > . i . = at oms;
| i near, br anched bis(4-apinpphenoxllsngeng, Hiidis(baminpphanoxpliphenyud,4is@ar bon

atoms; aryl, aral | StaQkn: al: atons;
car boxylic acid gﬁtgoip 2&%@?’ #ﬁﬁée'&ll’ 2 7 @g@c“g&“’g{t’) ﬂéﬂy"?’(ﬂeﬁﬁgﬁg@zﬁﬁﬁgﬂ rom1
L 0 fabou]E l‘!()t 2&mtl;mp:mrzogmgwl}ptdpgmaﬁ,Z-Hix{Méhm(ijhophemyy)bhenylt}Hi,hP,BJSeBr-sB .
aving from 0.2 rbon.atong:. and gr s. sych a r, F,
N err], ON. tr (CRmpPrBroRyRe 445 aepmeagemn hioeiher 44 RSt ol tnlioie, ” e
substituting grouypidanissbehizophenbfd, ¥hd'3, Sdidmihobehtdphendne. Aaphthslene diamines

fluorenyl aromatic rings are unsubstit uted. . Am noaryl groups
of 9,9-bis(am nod’P?l 3&%’&@?@%@5"‘?@%”@83’&? Bﬁlﬁ%ﬂmy‘ﬂ‘c aromatic diamines such as

2,6-diaminopyridine, 2,4-diaminopyrimidine, and 2,4-diamino-s-triazine.

15 More preferred optional aromatic diamines are p-phenylenediamine and
alkyl substituted p-phenylenediamines, including 2-methyl(p-phenylenediamine),
2,5-dimethyl(p-phenylenediamine), 2-ethyl(p-phenylenediamine), 2,5-diethyl(p-
phenylenediamine), and combinations thereof.

Novel compositions of matter that are copolyimides are included in this

20 * invention. The copolyimides comprise the reaction product of a 9,9-
bis(aminoaryl)fluorene, an aromatic tetracarboxylic acid dianhydride, and an
additional aromatic diamine that is free of fused rings (all of which monomers have
been described above).

Solvents that can be used as the reaction medium for polyimide preparation

25  and in which polyimides of the invention are soluble include polar aprotic solvents
such as N, N-dimethylacetamide, N-methylpyrolidinone and N, N-
dimethylformamide. After isolation and, as appropriate, purification, polyimides
preferably are soluble in and coatable from a wide variety of common solvents,
including, but not limited to, methy! ethyl ketone (MEK), cyclohexanone, dioxane,

30 toluene, and propylene glycol methyl ether acetate. When coated on a substrate or

cast as self-supporting films, the polyimides provide colorless or near-colorless



conprising aromatic rings bearing at |east one primary am ne group.
Aromatic 10 - groups can be nonocyclic or polycyclic and can have from6 to

about 20 carbon atons. Preferably, the aromatic groups are
nonocyclic, nore preferably phenyl, and are attached to the fluorene
nucl eus at .. ring positions para to the pri mary-oHd oup.
Ei t her or bg{vﬁqg’?bﬁ% ' ' P 9Est?"{ut ed

e am noaryl rings nm’:zﬁpt ionally be
as described above for aromatic rings of the fluorene nucleus, providing 15
t hat any subst i layers exhibitingsnegativeibirefuingence of frarh abasit Q.00 to pborft -@.R crepuitingar vy

am ne groups . L n..pol fQrmatio art| [, ekther or both of
t he am noaryl r?%&?’%ﬁ@“‘b"ﬁﬁm‘ 2 gﬁbgrtefe{aalyg‘ﬁoo % %tgﬁ@(})mﬁ. | i near,
branched or cycPariciladig/lsefl re fsw bdsm:kmmnts%cause they tefi)dvapdrite befortbl y, Dbot h

rings may be substjituted with I or 2 linear or branched al kyl groups
having from 1 t8hyHlegeadinn %ﬁ'&ﬁfé‘bﬂéﬁlfcﬂ"%i’!“ﬁutlon being at any of ring 20

positions 2,53, 5, O§yifitrates ﬁﬁﬁl@ﬂr&u@oﬂfﬂgrﬂa P h Q:l?ﬁ\e}r ¢ midesdf the

conbi nati on t hereof More pref m no rirngs can be
substituted wit invention can beglssior plastiss lych aSpolymetgylwﬂ'sctymdpﬂ@f erably,

of “the | nvent  obpicely BREEE ablpRt it ORABENb M sbortylin e SGRRSIRAN, | 2VCr S
tg)i S(g m(ag h%l d4 aﬂ;dlfdpib&ib}}hﬂé& (sachais polycarbonate) and anisotropic ceramics. '
'S I met hy

9, 9-bi s(3, 5-di et hyl - &sa 1o, &y‘%'v‘kflcjﬁ%@ﬁ%"”&ﬂfd‘Wet?f’%'e%“-‘e%ﬁ%'“e°%t hyl - 4-

am nophenyl 36| UGKRBR substrate. When used as/ 18P For Gnguibdrity Efaliakht if a Hghid
di anhydri de conpounds useful in the preparation of angula %

enhancenent conswmbﬂxsnlmh@polwmiq cay beiegatnd anrane o bath sides of a lﬂE}S‘r W ted by
ECC):[I'/mLJJlsg 6>/I1 |5 573 cell or o't %ér‘kﬁ&‘%e of one or both of the polarizers. The pplyTBde_ laye[rer .
can be coated on a stretched biaxially oriented polymer film such as polycarbonate,
polystyrene, polyester, or poly(methylmethacrylate).

15 Polyimide films possess an in-plane orientation due to the inherently rigid,
linear structure of the polyimide repeating unit. In solution, polyimides (or their
precursor polyamic acids) can be random coil polymers, lacking any orientation.
When these polymers are solution-coated a spontaneous ordering of the molecules
can occur as solvent is removed. This ordering is two-dimensional in the X, Y

20 plane of the film. The polyimide properties differ in the Z versus the X, Y
directions. This results in a negatively birefringent film.

Polyimides of the invention have a plurality of fluorene groups attached
orthogonally to the polymer backbone. This provides a large, polarizable site for
interactions with solvents. Additionally, the steric bulk and geometry of the

25 fluorene component disrupts chain packing. This enhances the ability of solvents to
interact with the polymer chain. This steric effect also disrupts the formation of
charge-transfer complexes, resulting in colorless or light yellow materials.

In the present invention, copolymerization is employed to provide a
polyimide having the desired characteristics of solubility, lack of color or light

30 color, and negative birefringence. 9,9-Bis(4-aminophenyl)fluorenes have been

copolymerized with monomers having more structural linearity, in order to



VII' wherein A has the neani ng defined above.
Represent ati ve useful dianhydrides include pyronellitic dianhydride, 3, 6-
5 di phenyl pyronel litic di anhydride, 3,6-bis(trifluoronmethyl)pyronellitic

di anhydri de, 3, 6-bis(nmethyl)pyronellitic dianhydride,
3,6-dii odopyr%,ﬁk I,c di anhydride, 3, 6- di br onopyr onmepdtiissr15273
di anhydri de, 3, T oropyronel litic dianfgydride, 3,3 ,4,4"-

benzophenonet et racar boxyl i ¢ aci d di anhydrjde, .2,3,3 ,4" -
benzophenonet et r Zaximzsdhe incplans qalewmnﬁﬂﬁ{\wgeﬁmggmog of ﬁl_e laygr. Generally,

benzophenonet et r %fctﬁg‘{?;%%h lofa %}éjinﬂhlaxﬂg%ﬂ{ei' ?9?9-gi_s(4-ar¥zinophgnyl)ﬂuorenes introduce
ride

3,3 ,4,4" -Dbi pheny racar boxyl i c aci I anhyd , .

bi s( 2, 3- di car box ypphaiwchain kinkidue to thein quaternar carbon atpms)rag be nsefill tostraghten

di car boxyphenyl ) netshane .di anby.dr | iz dis{ 3. 4-dj yl ) propane
di anhydride, 2,2 il RS‘( Boymet R B%%§%h§r?§f%§?g faro ﬁ‘%ﬁ"?%é%@**ﬁ?an hydr i de
(6FDA), 5bi birefrihgetice of the potphertyyer e ThepracticatTimicisfi thieis the point where

4, 4" -oxydi (phthalic ,anh%gri Eeé, 3,3 ,4,4 -, %45 . X

di phenyl sul f onet &plbilityr498 Jask iof coler age eqmaprppiseq bincorporation of too much of a
4,4"-[4, 4" -isopr qpyd Nf&R Bofbdofter. The copBhfEYEdmpRAYA Muktibs bRBAA b rder 1o
anhydride), NN-(3,4-dicarboxyphenyl)-N-fret hyl am ne di anhydri de,

bi s( 3, 4- di car boxyobtaimsolybig, celbgkess pr lightly dolared pdlyintides withthe maxiowm negative

tetracarboxylic aglg. dianh {des such as 2,3,6,7- and 1, 2,5, 6-
napht hal enet et ra(;%gre%'c')‘g%/'}%f’gé;%@’ed di anhydri des,

2, 6-di chl or ort@pht hal erg gdneral, Tofolyrdéts of the invertivhacegignificantti mordiselablg ity i de, and

het erocyclic aronmatic tetracarbqxylic acid . di anhydri.des. such .as
Lhi ophene- 2, 3, 4, ketang soiventy s eyelicether splYnis Assiabie BrosRg solKetts) tha felated
2,3,5,6-tetracar hpmdpbmesi d di anhydride, and
pyridine-2,3,5,6-tetracarboxylic acid

" b, ; . di anhydri de. )
Angul arity enhancenentPolvimidesusefl ipthe sonstaictionof the mvention prsderghly,roramiso 5
prepared by poly ' | - Hi ' v, £Ne) ngtic
t et racar boxylic ;@%{gé%lidg ?fg;rﬂl @‘g%?%gﬁ]a?%g %NE“ | CF{ #ﬁgﬁﬁi’n dg@cl?i tigbl in
detai | above)15 approximhtely 50 mobgergentieachliefiarongatiatetraogrboxylic heid diavhydtide
diam ne of the g NH[, e

Ar and m have th g‘“ﬁég‘?lw%ig @gug{;'%p N@V?‘bﬂgbg{’éﬂé’gﬁ’ icéﬁé&t%r“%“ be use éJﬁveiyvm erein
to control polymer properties such as birefringence, color, and solubility to prepare
polyimides useful in angularity enhancement constructions. When more than one
dianhydride is used, each dianhydride can be present in an amout from about 1 to

20 about 49 mol percent of the total reactants, such that the total mol percent of
dianhydride is preferably 50 mol percent and at most 51 mol percent. Likewise,
when more than one diamine is used, each diamine can be present in from about 1
to about 49 mol percent of the total reactants, such that the total mol percent of
diamine is preferably 50 mol percent, and at most 51 mol percent.

25 Polyimides useful in the invention may also comprise monofunctional
monomers in the polymerizable composition that can act as end-capping agents to
control (or limit) the molecular weight of the polyimide polymer. Monofunctional
monomers useful as end-capping agents can include aromatic primary amines and
aromatic dicarboxylic acid anhydrides.

30 Aromatic primary amines useful as end-capping agents can be selected from

the group consisting of aniline and aniline derivatives having one or more
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PCT/ US96/ 15273 Preferred optional diam nes include benzene
di am nes such as o-, m and p- phenyl enedi am ne, 2, 4-di am not ol uene,
1, 4- di am no- 2- nret hoxybenzene, 1, 4- di am no- 2- phenyl benzene and

1, 3-di am no- 4- ¢ benzene. O her useful pol yaromat i gofl;adghess 1 n
the inventi oﬁqﬂfl:‘%ge 4, 4-di am nobi phenylyg 4,4'- 5 Petfosiihs:

di am nodi phenyl net hane, 2, 2-bi s(4-am nophenyl ) propane, E
2, 2- bi s(4- am nosukstitaents on the aromatic ring3 Sgbstitytentainclyde dlor gppupe having from 1

4, 4" -di am nodi p : dl.am 'Rﬂ%’}‘}’
1, 3-bi s(3-am nogﬁéwn(l&g? Eﬁ%oznea:tgx?i&%bg_@hc%ﬁggh_ a ndgﬁ) é%%‘%?? %d;%;r%or?eftmﬁs,%-
bi s( 4- anm nophenalgiybgronpsikaving fibm 6iosgbout2fl cadpinatons, pialkyhgroyps haxing frotai s ( 3-
am nophenoxy) bi pheny! .23 bi s{4- (4-am nppheneoxy).phenyl opane
o era. (4. 10718 Wy 28 b o ioPis, ABARE Bkl btne) BB ¥rSups
2, 2- bi s(4- (45anhavipg oMb RBSUR0 karboil atbms, dhd dther commoh B2gait wibstmemgane,
4, 4" -di am nodi phenyl thioether, 4, 4'-diam nodi phenyl sulfone,
2,2 - di am nobenZBjAngH8 ey da gt igtedferedn RAYMENTRFDASIOR O BibscaupRt PRI ENNg R
di am nes q%gﬂﬁngé)&ﬁmmgq 1, 5- di am nonapht hal ene; or heterocyclic
c S

aromati c di am nes su 2, 6-di am nopyridi ne, 2,4-diam nopyrim dine,
and 2, 4-di ani no- s- t r iAxematic didagboxylic acid anhydvidesuseful hsendedpping agentalcambonat i ¢

di i - j i . | kyl bstituted,.
e caodi amAEEY FilndelS oidfing of benine earBURt add hiarides,
g, g gl meL h|yI(10p- phm‘ydtwhmm I 'dtbg@bpx;_ﬂic&t:hy;hliygriﬁbsenbngdhﬂﬁ_ledé diaa'rgabylic ?cid
,-|et - . e .en | e),,.a nalo,st reor....
Novel cor%osf)t i an@ngwﬁysw na@*@g?eé&a&%ﬁ%aa@@%@%wﬁ@@&dmm s 20
i nvention. The GepRineHShidfsg AR acld iBhyRRES. | EAmpled S &rbmatic ﬁcﬁb&ggc nd

bi s(am noaryl )fluorene, an aromatic tetracarboxyliC acid dianhydri

an addi t i cwull anhydsides includs phthalie anhydride which ean befsulystitited withalkyl (al | of
whi ch mononer s @Xfps having frgﬁeﬂoqﬁ&ﬁ rﬁb Q%bﬁ%)ﬁ@,) aryl groups having from 6 to about
15 20 carbon atoms, alkaryl groups having from 6 to about 20 carbon atoms, aralkyl
groups having from 6 to about 20 carbon atoms, fluorine, chlorine, bromine, iodine,
alkoxy groups having from 1 to about 20 carbon atoms, and other common organic
substituents, so long as they do not interfere in polymer formation or subsequent
processing of the resulting polyimide; 1,2-naphthalene dicarboxylic acid anhydride,
20  2,3- naphthalene dicarboxylic acid anhydride, 3,4- naphthalene dicarboxylic acid
anhydride, any of which naphthalene dicarboxylic acids can be substituted with alkyl
groups having from 1 to about 20 carbon atoms, aryl groups having from 6 to about
20 carbon atoms, alkaryl groups having from 6 to about 20 carbon atoms, aralkyl
groups having from 6 to about 20 carbon atoms, fluorine, chlorine, bromine, iodine,
25  alkoxy groups having from 1 to about 20 carbon atoms, and other common organic
substituents, so long as they do not interfere in polymer formation or subsequent
processing of the resulting polyimide.
When present, end-capping agents can comprise up to about 1 mol % of the
total polymer composition such that the overall molar ratio of anhydride to amine
30 remains essentially 1:1.



Sol vents that can be used as the reaction nediumfor polyimde preparation
25 and in which polyimdes of the invention are sol uble include polar

aprotic solvents such as N, N-di net hyl acet am de, N-rnet hyl pyrolidi none
and N, N di et hyl formam de. After isolation and, as appropriate,
purificati ON, Wi Mi7g) des preferably are sol uble in andpggfogeisasfrom
a wde variety of comon sol vents, l-npg udi ng, but not limted to, '

met hyl ethyl ketone (MEK), cyclohexanone, di oxane, 30, tolu,ne,[agnd
propyl ene gl ycol net hyre@'@mrené@mmseasemewﬁ&w@ewwoaaﬁﬁ?ﬁéw O

cast as self-sup&gsé@g@@w 4eEB&XiuP3)d6Fe£58Y$ﬂﬁli@9| orless or

near - col orl ess
PCT/ US96/ 15273 Preferred compositions of the invention comprise the reaction product of

| ayers exhi biting,negative birefringence of..fromaboyt -.0.001 t {
-0.2, resulting %bm’t%i MP&'P&?‘&’&W’&E@ Whyglf'df %'Eg%bmi%&btrm?’ pﬁfcg'f]neor 5@%‘8&? om
about 25 nm t @ 7Qf afmatic amines. Iloid preferblyy conspobitibnscofehe ifvintion tdniigise sBovent s
because they tend to evaporate, befor degradatloﬂmﬁ&ﬁé&i
pporting

. before y
substrate can takd plgeeent 25?"‘“3'(3=4'd‘°3"b°’@h?§ﬁﬂ‘_&¥’é§'°%°_m‘ip%? &
a layer of any Of(gﬁﬁﬁ%gﬂ]%bm%ﬁolﬁ;er&ﬂ%famkturémik(gﬂn&we gl ass or

pl astics such as poly yl net hacryl ate and ot her optically isotropic

pol ynmer films. Otaminopbesydfinerens(QIAK)and a defvativewigpaplicoylenediominge Most

A sobut i on_of ¢ hPTHERbY e R AL ot B 80 hBERFBEERITE.
a 10 suitabige sabbed25ahet.pedbtrOTBAF and about 3y ol percentofutli@akt dng ofphancenent

inaliquid crystal disp a)é t he pol yi m de cap be coated on one or
both sides of a |Rhgoylenediapine and 2,5-dimethylip-phspylepediamine; nner surface of one or

both of the pol ari zer giguld¢ st dFbSIRedtidNA view of a mAiayé? an ¢d on a
stretched bi axi alwlgg oriented polyner filmsuch as pol ycarbonat e,

pol ystyrene, pol yesbanspmenscopsipugtionstOrnfithainyestion;| A central substrate 12 is coated on
fi()lg?’:j,m de T11m5 DR3SGohede Wit RRS oBE 'pol}irdlé RPerd4and/Br 18 Conhgtitap &Nt | Y
15  polyimide as described above. Central substrate 12 comprises any optically clear,
preferably optically isotropic sheet material. Preferably, central substrate 12 is one
of polymeric material and glass, more preferably polymeric material such as
‘poly(methyl methacrylate), ceflulose triacetate, a polyolefin or a polycarbonate, and
most preferably poly(methyl methacrylate). Preferably, central substrate 12 may
20"  have a thickness of from about 25 to about 100 um, more preferably from about 70
to about 80 um, most preferably about 75 um. When two polyimide layers 14 and
15 are present, each may have a thickness of from about 1 to about 25 um, more
preferably from about 5 1o about 10 um, and most preferably about 6 um, such that
the total thickness of polyimide present in angularity enhancement construction 10
25 may be from about 2 to about 50 um, more preferably from about 10 to about 20
um, and most preferably about 12 um. When only one polyimide layer is present
(14 or 15), the total thickness of the layer may be from about 1 to about 50 pum,
more preferably from about 10 to about 20 pm, and most preferably about 12 pum.
If the total thickness of polyimide layers 14 plus 15 is less than about 1 pm,
30 angularity enhancement construction 10 may not exhibit sufficient retardation to be
effective in a liquid crystal display. If the total thickness of polyimide layers 14 plus



| i near structure of the polyimde repeating unit. In solution, polyimdes

(or their . precursor polyam c acids) can be random coil polyners,
| acki ng any orientation. When these polyners are sol ution-coated a
spont aneous ordering of the nol ecul es can occur as solvent is

renoved. Thi % &ng is two-dinmensional in the X, Y 20 rPszi he
Fodniind Mo i frer i Fepie

film The po properties differ in Ld’ug Z versus the
directions. This results in a negatively birefringent film

Pol yi mi des of thseisignmmhanrabhmﬁ@ pam, ahgularity enhandenfehiuconstnstion byl tritoached
orthogonal Iy to,t r bac ne. ..Thi s provi des | at oI | zabl e
site for %ttg&’ %/"Iré‘ca}ﬂéta&ﬂliﬁg‘?ﬂ?y ngﬂcf‘bﬁ %ﬁn@ﬂ‘%‘aﬁ%g& % ¢ bul k
and geonetry of a4jf@niid fpolyi&ﬂde E1€1 4G9 SRR AT hesilie HyeP16 @{swdnmwa@kdom Thi s
enhances the abi I | tﬂgﬂdb solvents to i nteract w gg ymer chai n.

This steric ef f epticabsdbesiveilayen A7 may he dispasedheytiyprdly adjacent to peliimidedayer 4hisf er

conpl exes, rgsuldj. Qﬁ{ | Otcmt%hﬁ’aﬁbﬂ’zﬁ"gmh%ghé% ggltegéntk Yphional o pfical

In the present Inve n, copoly Ion "0 prOVI
pol yi mi de havi ngdltesiee biperi17auhytiealispoded ion shie susfacefof seitrabsubstrate 12 anﬂzeafdecol or

0. 9- By 8( 4 arm noBRRHE PRNTHAIREE L koot sdhce ver 1, Aoy ot athesive 1

monomer s havi NgkhgWnEinthe Ktftid érpstalldispR aft may bk Bsed! Gpicallydsuch adhesives ¥k 97/ 44704
PCT/ US96/ 15273 inthe Bk PP ki by Hfcallsuch e

mexi m ze the i nnptwgrmtawmhémsmenqm(mferm@ than abgut 308%)er .
Generally, 4q 39 Pfﬁdbﬂﬁs 8f otfer ke gt P%&lemﬂé)mgs%e will nr(aint?én these
eny N

(9, 9-bis(4- amno uorenes 1ntro ue to
t hei r quaternar perfmniamtanitm}&ecbmhbmusﬁhmhdxtymgfngt(ﬁmmgthat 80°Candt t he

poLYTEr et ooyl B2 R, ot Bl ot Sl BRRE IR B e pot
wher e sol 4ihesive Morﬁﬁdrciaﬂfi kvaﬂiblé:ﬂi Mc-nnwrmcmswrmﬂeeiﬁeﬁpor ation
(r)rL st oge m;glha(r)]fc e%ng‘\qeg?qjgpt%{I%CoateJ] '?'%Ies S‘O rrDPQ:(r)rnrraﬁzzal Dllnsxeonc 9% tt(}/ Denko é) rrpos 'tion
16  Osaka, Japan. Each optical adhesive layer may be from about 25 to about 65 pm
thick. The outermost layer of multilayer angularity enhancement construction 10
can comprise commercially-available polyethylene terephthalate (PET) release liner
18 externally adjacent to optical adhesive 16. Release liner 18 may be from about
25 to about 50 um in thickness, preferably from about 25 to about 35 um thick, and
20 most preferably about 25 um thick. The outermost layer of multilayer angularity
enhancement construction 10 on the opposite side of central substrate 12 from
release liner 18 can comprise protective layer 20, also a commercially-available
material, preferably PET, preferably from about 25 to about 75 pm thick, more
preferably from about 25 to about 50 pm thick, and most preferably about 25 um
25  thick. |
More particularly, Figure 2 shows a typical liquid crystal display (LCD) 30
in which angularity enhancement layers of the invention may be used. Centrally
disposed in LCD 30 is a liquid crystal (LC) cell 32. In LCD 30, LC cell 32 has no
internal angularity enhancement layers. When LC cell 32 is in the supertwisted
30 nemantic (STN) mode, optional retarder layers 34 and 35 are required in a typical
LCD, disposed adjacent to and on either side of LC cell 32. Retarder layers are



obtain soluble, colorless or lightly colored polyimdes with the maxi num
negative . birefringence possible. 10 In general, copolyners
of the invention are significantly nore soluble in ket one sol vents
and cyclic ether solvents (desirable processing solvents) than rel ated
honopol yner s. O 97144704 Pol yi m des useful in the construcp¢posseiisizhe

I nvention pre?%ra 'y conprise the reqgtion product of approximately
equi nol ar amounts (i.e., 1:1 nolar ratio, or 15 approximately 50 nol
percent each) of keewnin the liguid ceystal display arte andctypically sy jeplydg amiaxially- og

aronatic di am ne.;: L.atsl ' . I Fok

effectively b‘%{%ﬂg%htk '(r&?)(f ﬁlggl(égﬁ@lrdﬁdert | ge)?b%t?ﬁng’?&g? ?g ri ﬁgag%glg,

col or, and sol ubiliket W fiair gfipelarizees 36 and 37jodatedoutiiste of awd inimediatelynadicantitoy
enhancenent construcji ons. e re than one di anhydri de. j s used,
each ‘di anhydri de "€ °5§‘yﬂ?3¥\héﬂ{]3ﬁhﬁ‘ht ﬁtpr?sF'Bn?rabl&r?a“YQy’c'mﬂﬁ&a{e'}bout 49

nol percent ofg t htjdeatt3b akdEadithi side oTLO cell B2 whehECtcell 32 compriservisted  Of
di anhydride is pre’P erabl_léDSO nol percent and at nost 51 nol Egrcent.

Li kew se, viemantian(1aN)dinuid comstal wpleerlese Ansanguladty eabanpereangisyerS8ofthepe
present in from . . I r

reactants, such ? Eg%&lg?l]gantb&désp&%g?%%e t'wgfhl ﬁﬁ&i&?i %Hma{n%éfgs%?g?’erabl y
50 nol percent, a38%, et38d0 Preferdblprthe maltitayatangilarity enhancemeivtonstmdies isusef ul i n

t he invention may al so, conpri se nmongf ynct,i ona noners.in the

pol yreri zabl e coﬁ‘ﬁlif’?ﬁq %WHEM“"E'&@ M“la'é’ °@ﬁffi E@pﬁﬁfﬂg@m"?tg

control (or I{4gM t¢nhbAtemeR!ifet3Béoniisedd matilaydtAnQRArity BAtARceRRht/dBRStruction,

Monof unct i onal nononer s useful as end-cappi ng agents can include
aromatic prinmary depsibedindigurel. aromatic dicarboxylic acid anhydrides. 30
Aromatic primary amn ﬁﬁﬁ : of APk, ted from .
t he grouppconsi gti ng ?‘anl fegé]%ﬂéaﬁ‘ggﬁﬁﬁ’l i ne%é@@%?%@lﬁ%&ﬁgegﬁeﬁor nor e
WO 97/ 44704 liquid crystal display, provide for angularity enhancement of the viewing angle.
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Liquid crystal displays are useful in portable computer displays, digital watches,
15 calculators, and in other types of electronic equipment where the need exists for

compactness.

Objects and advantages of this invention are further illustrated by the
following examples, but the particular materials and amounts thereof recited in
20  these examples, as well as other conditions and details, should not be construed to

unduly limit this invention.

Materials
In the following Examples, 9,9-bis(3-methyl-4-aminophenyl)fluorene
25 (OTBAF) was prepared as described in U.S. Patent No. 4,684,678, Example 2. It
was recrystallized from anhydrous dichloroethane prior to use.
p-Phenylenediamine (PDA) was obtained in a sublimed, zone-refined form from
Aldrich Chemical Company. 2,5-Dimethyl(p-phenylenediamine) (DMPDA) was
obtained from Aldrich and recrystallized from absolute ethanol prior to use. 4,4'-
30  (1,4-Phenylenebis(1-methylethylidene))bisbenzamine (EHPT) was obtained from
Shell Chemical Company and was recrystallized from anhydrous dichloroethane



- 14 - substituents on the aromatic ring. Substitutents include alkyl
groups having froml to about 20 carbon atons, aryl groups having
from6 to about 20 carbon atons, al karyl groups having from®6 to
about 20 car bon atons, aral kyl groups having from 6 to about 20
carbon atons chlorine, bromne, iodine, alkoxy havi ng
from1 to ab¥Q® é%m%ar bon atons, and othejgcommmon organic gll;.l %tlg%znts

so long as they do not interfere in pol ymer formation or subsequent

processi ng of  prior to hee. I%Bis((Bﬁgdipo’dhyli-mm@o)phenyl)ﬂuorene (DM-QTBAR); 2,9-

giafgtr:?ce))(;y:‘ irgmaflhg g?%ﬁ%f ég?f'?fygt ng 03&33@%?3%%@%??%%? |a3&g§|bzs?grﬁ1ydr | des,
10 substituted Hiethylefamino)pheiydifiyorese mﬂﬂ)m&uﬂbpﬂasanam@mﬁhhmmg a

di carboxylic aci dri.des, tituted naphthal epne di carboxylic
aci d anhzdri des, g@ﬁ’if“’rﬂ'ﬁ‘?@ W‘K)‘héf 0%% and were FecEysh 'I?EAUQP'G?E%' Ga%?y?/| c
aci d anhydri dgs. 4 @ﬁ&ﬁhﬁﬁn@ﬁet@&&ﬂﬁo c%ﬁfi!i db@BTDA wa??‘dréaa@é!!*’%i‘ﬁ' des

i ncl ude phthal i c "anhyd whi ch can be substituted WI gr oups

havi ng from 1 t oAkisichin mbhmemmaﬂdhﬁﬁmﬂg?mmdhb(\ﬂmg\)fwmﬂb@lm about
15 20 carbon ah iR Akal HenlPEBBpl b ot el ol AR

at ons, aral kyl groups havi ng on a
fluorine, chlori Ryromeliiicdiashydridel(PMDA), 2,2"-bis{(Ibigartoxyppenyhavi ng from 1 to

about 20 carbon and ot n sub tituents, so |l ong
as they do not |ﬁ?"éﬂs‘§f’%"°?ﬂ‘°£ﬁ“b¥éﬁnm ?S'Agb%*ﬁﬁ‘g ﬁ‘?ﬁf

processi ng O‘iothe:a HU4 (sCBPTPAY, ¥AdDSBA 3324ﬂ'adiﬂiﬁehﬂ|sﬂﬂﬁxedétﬁ%£rb&9ﬁbhﬁdam d
anhydri de, 20 ﬁl@ﬁ %t halgjne di car b(o’;<yl i c acid anhydride, 3,4-

napht hal ene dic arim!wpd@ vesee purchased andrysedasirexsived ﬁymcﬁhnmv&pmiaph phal ene

di car boxylic aci bstituted wth al kyl groups having from1
to about 20 car ngaaﬁahgﬁnggyl groups having from6 to about 20

carbon atons, aI karyl groups having from6 to about 20 carbon atons,

ar al kyl gups hE;/S & from6 to about 20 carbon atons, fluorine,

chl orine, bromn : 8 al koxy groups having from1l to about 20
carbon atonms15and ot hhe polyiiies Mefouhthesized follosmgsdmbdim:s:;o&afdmngmas t hey
do not interfere in polyner formation or sybseque SS of t he
resul ting pol yi nid#glosed in C.E. Sroog, P“’%@Mmpﬂc’%ség sghﬁ%ﬁlg?ﬁmgﬂ& %s

conprise up to abitisclostPin dlaftbelbie total polyner conposition such
that the overall nolar ratio of anhydride to amne 30 remains essentially

1: 1.

Solubility
20 " Evaluations of polymer solubility were performed by adding 0.15 g of

polymer to 0.85 g of the appropriate solvent. Samples were placed in a shaker and

evaluated after two days at room temperature.

Procedure for GPC
Sample: 200 uL injection @ 10mg/mL DMAC
sample filtered through 0.45 um membrane
Mobile Phase: N,N-Dimethylacetamide; Burdick & Jackson or
equivalent grade
Flow Rate: 1.0 mL/min
Detector: HP-1047-A Refractive Index, 40°C, Sensitivity=32
Columns: 3 columns; 30 cm x 7.8mm each

2-Phenogel™ linear
1-UltraStyragel™ linear
columns are held at 40°C
Standards; polystyrene, narrow dispersity
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Preferably, end-capping agents useful in the invention are solids at about
23[err] C (approxi mately roomtenperature), for ease of handling.

Preferred con’;)‘gai91,,j"{%l4$ of the invention conprise the reacti orpganmdsrerof
about 50 nol percent of a single dianhydride and about 50 nol percent of a
m xture 5 of aromatic am nes. More prefer@bl y, conpositions of the

I nvention conprise about 50 nol perceén
2,2 -bis-(3,4-di caﬁmggggM,) hexaf | uor opr opane di anhydri de (6FDA)
and about 50 nol p m xture of 9, 9-bis(3-nethyl-4-

ami nophenyl ) f | uorene ( @piimide solutions wesre praparedat dP-15%psolids in OMALCa rfihese warp st
preferably, conposjdti of hnvent i | nt
6FDA, " 10 about ﬁ%%&ear%%afﬂ%A ,a 3&938 %%E&J@%%:ﬂfagggﬁto gg ag. | east

one of p- 5 phgtaee] SoRertaEhoval wiaceorhplitheiblidacuin dhying/dt 80T foazai ne.

Figure 1 shows a cross-sectional view of a nultilayer angularity
enhancenment const r@Eimgn ofthregthoutse | nvention. A central substrate 12 is

coated on at least one side with at |east one polyimde | ayer 14
and/ or 15 conprising a 15 pol yi m de as descri bed above. Central substrate
12 conprises any oObticalNigasotepyents preferably optically isotropic

sheet material. Preferall central bstrate 12 is .one of. pol yneric
e i Al and gl avs. o, Thefefebe ofex GRHRBAP Bin fras BVl measueellin B
po: y( me';) hyl m?t(hagmdl Adirytions @bihglh Mdgrim}mhﬁlcn ﬁ){rm y arleéd t'halphhe af the

pol ycar bonate, an .nost prefera pol y( met met hacr yl at e)..
Preferably, centr afilmandis perpendisu SP'EO'}('PFdV?g‘éT"“PFﬂ‘gWF\‘ééE" gt %Y“Bﬁ?g@}béﬁ 25
to about 100 [err] g 7080me RE fleSindshbwed GMudd e syBmetry in which @RS B0 The

[err]m nost preferably about 75 [err]m Wen two polyimde [ayers 14 and
15 are present, eabirefiingentedy given byrAnck nesw, wheréin s vahusnf the refractiveimdex2 5The

pref br sl y about  GEPERS Rt hese o o p oRedeas af itk eCioaBF ool yi m e

present in angts ar jnkiderd HEHRE fHak fHe ndRN4l s giédnibe Foihul® V1, abby be from about 2
to about 50 [err]m nore preferably fromabout 10 to about 20

. EXAMPLE 1 (Homopolyimide) (Polymer #2 in Table 1, below)
OTBAF (60.0 g) and 2,2"-bis-(3,4-dicarboxyphenylhexafluoropropane
20  dianhydride (6FDA), 96.6 g, were charged as powders directly into a one-liter
reaction flask equipped with a mechanical stirrer, nitrogen inlet and bubbler, heating
mantle, and temperature controller.
The reactor was sealed and 560 cc N,N-dimethylacetamide (DMAC) was
added. Stirring was begun under a steady nitrogen purge. The resulting slurry was
25  initially red, then yellow, then pale yellow as the monomers dissolved. Afier several
hours of stirring at room temperature, a light yellow, viscous poly(amic acid)
solution was obtained. After stirring for four hours, acetic anhydride (65.1 g) was
added dropwise to the polyamic acid solution, followed by pyridine (44.1 g), also
added dropwise. The reaction was heated to 120°C and held for 45 minutes, then
30 for one hour at 100°C. The resultant cyclized polyimide remained in solution
throughout. The solution was cooled to room temperature overnight, and then the

crude polyimide was coagulated by siowly pouring the DMAC solution into



[err]m and nost preferably about 12 [err]m When only one polyimde |ayer

I's present - (14 or 15), the total thickness of the layer may be from
about 1 to about 50 [err]m nore preferably from about 10 to about
20 [err]m and nost preferably about 12 [err]m If the total

t hi ckness ofy, E ¥l-g] de layers 14 plus 15 is |less than aboutpdyg@fid@ 30
angul arity enhancenent construction 10 maypgaqt exhibit suf f I cl ent
retardation to be effective in a liquid crystal display. If the
total thickness rmthml,yn wrblgrder.a Yk precipitagad polymer was obtaipgd wyZiliratrgvonto a
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IS greater than a outoagsz%erdr ur#meér%nﬂ' zfpflrfﬁgﬁﬁétgcsé%lﬁfrsé%%éaﬁg| on 10
will be too methinok kThipeitensive evlshing wasateeessdry tofeeecth¢ mhtietjalicf DMAG! al

ot 1 cal adhos: e TR snd U Ry Produges. TREbSEEDpormer s Vst vpGam-dal o
| ayer 17 rmay ge woemaﬂﬁhpmmﬂbrud@dmewté po‘mlrymééaam&gﬁt aﬁﬁ%'ses5 i f

it is present. AIternatlver, i f° polyimde | ayer 15 is not presen
optional opti calviaGPC (pelustenesandas) gaye Musy3. ééxdﬂsmédmimeﬂ@d’r* ace of

central substrat qﬁE{ M m 4 and

opti cal adhesi ve‘?ll‘%ég‘r%&l%mmy AP Rgﬁgs%‘gmm Q,% aF e liquid
crystal displ ay molecutarywdight, and ®;= pqudmpellsity Fthdﬁlﬁdhe&ndmmepared via

wat er - whi t e, exh| i t vergggﬁlgh trans ﬁ)ﬁtance (preferably greater than about

15

90% 10 and ar%"‘fef‘te"é’a& (3 vadety p B defects. Preferably, the
adhesi ve wi |4g nai ntain these performance criteria after both heat and
hum dity aging (for instance, at 80[err] C and 95% R. H. for 600

hours). An exarr;ﬁ&m_laﬁ_o-p?ﬂbnﬂ#dam'& .ibelown acryl at e-t ype

dh |1 -
Engi neer ed Doubl e Cort Aot MG ed it e kel filer M anrheh ehlsPher 68 ° 0"
15 Osaka, Japaequipped ithph overhead dtmeeri ihe Aaskowvaschargérbwith 0.34 glof DIMBIBA t o_
about 05 [err]m .94 g of DYBRF: and 3% SrEFDAS Nex RS sk Wi clagcdiin AL G 1 1Y

enhancenent cons
15 DMAC. Initially, the reaction temperature was kept at room temperature with a

water bath. The solution viscosity increased as the reaction was stirred overnight at
room temperature. Next, the reaction was charged with 2.0 mL of acetic anhydride
and 1.8 mL of pyridine. The mixture was heated at 105-110°C for two hours and
cooled to room temperature. The polymer was coagulated with methanol in a
20  blender and then filtered. The white solid thus obtained was resuspended in |
. methanol, filtered, and dried under vacuum (30 mm Hg) at 50°C to yield 2.8 g of a
white powder. (Tg=367°C; Mn = 7.6 x 10%, Mw =5.34 x 10°)
Using the procedures described above for preparing homopolyimides and
copolyimides of the invention, 30 polyimides described below in Tables 1 through 8
25  were produced. Ratios of polymer components were 1:1 unless otherwise stated.
Birefringence and color data of the polyimides produced are included in the Tables.
Table 8, below, shows solubility data for samples 1 to 30 of Tables 1-7.



can conprise comerci al |l y-avail abl e pol yet hyl ene terepht hal ate (PET)

rel ease |iner 18 externally adjacent to optical adhesive 16. Rel ease
liner 18 nmay be-from about 25 to about 50 [err]min thickness,
preferably from about 25 to about 35 [err]mthick, and 20 nost preferably
about 25 [er rJvEpgt,m,,g . The outernost layer of multilayer angdrausesrysz73
enhancenent construction 10 on the opposkée side of central substrate 12
from rel ease I|ner 18 can conprlse rotective layer 20, also a

commerci al | y- avai § , bly from
about 25 to about| 75 err]n1th|ck, nDre preferably fronp about 25 to
t hi ck.

about 50 [err]mthid and ng:t preferably about 5 [err]m 25
More particul arl Hjure 2 ows a typical |iquigd crystal di
in which angul ari hancenent
Centrally i
LCD 30, LC cell g |nterna
When LC cell 32 if i|jthe surtwisted 30
retarder |ayers 3}
adj acent to and o
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cr&stal di splay art, gnd typically may ingl ude
qiaxially-oriented fijyl ms conprising pol ypl efins,

pol ystyrene, polygcgribanate, and the like. A pair of polprizers 36 and

37 | ocated outsidegof Jand i nmedi ately adj gcent to retarfer |ayers 34

and 35, when they|Brf present, or, alterndtively, imediately] 5 adj acent

to and on either de jof LC cell 32 when qc cell 32 conprisesjitw sted
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Table 1. OTBAF-Derived Polyimides. Birefringence Measurements ard
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Structure

Conmpany and was r ¢

hyle;hylideneiibréﬁenza

prior to
m ne ( EHPT)
crystallized from

Polymer #

T color: ww = water-white colocless; § = slightly yellow; y = yellow; * OTBAF = 9,9-bis(3-methyl-4-aminophenyl)fiuorene;

© ODPA = 4,4-oxydiphthalic anhydride; 9 6FDA = 2,2"-bis~(3,4-dicarboxyphenyl)hexafluoropropane dianhydride;

® BTDA = 3,3"4,4'benzophenone tetracarboxylic acid dianhydride; fs-BPDA = 3,3'4,4“biphenyltetracarboxylic dianhydride
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to use. 9, 9-Bis((3,5-dinethyl-4-am no)phenyl)fluorene (DVt OTBAF), 9, 9-

Bi s[ (3-et hyl - 5- et hyl - 4- am no) phenyl )] fl uorene (DE- OTBAF), and

9, 9-bi s[ (2, 5 wooeaeardh €t hyl - 4- ami no) phenyl ] f1 uor ene (DEAF) Wgicgniib@fafed
anal ogously, but using a different angdi-ne derivative, asn%%§§F, and
were recrystallized priOpficdl heiiFement Jata . hano

t etracarboxylic acid ,diuapnhyO[ri de nz B%%‘)S O{A—g%sblepﬁsfh@ﬂvatsﬁ%gj%ﬁ%ﬁ]es iFIE“’"‘"‘"AI drich in
a sublimed form aegatively biseftingenhal i c anhydri de) (ODPA) was obt ai ned
from Qcci dental Chem cal Conpany and purified via recrystallization from

ani sol e. Pyronel litic dianhydri de (PNDA),

2,2 -bis-((3,4-dicarboxyphenyl) - hexaf | uor opr opane di anhydri de
(6FDA), 3,3'4, 4-biphenyltetracarboxylic 10 di anhydri de (s-BPDA), and DSDA
(3,3 -4, 4-di phenyl sulfone tetracarboxylic acid di anhydri de) were

pur chased and used as received from Chri skev Conpany of Leawood,
Kansas. Pol yi m de Synt hesis 15 The pol yi m des were

synt hesi zed following a nodification of information di sclosed in C E.
Sroog, Prog. Polym Sci., 16, pp 561-694 (1991). The synt heses are

di scl osed in detail bel ow. Solubility 20 Eval uati ons of
pol ymer solubility were perfornmed by adding 0.15 g of polymer to 0.85
g of the appropriate solvent. Sanples were placed in a shaker and

eval uated after two days at room tenperature. Procedure for GPC
Sanpl e: 200 [err]L injection @I| Ong/ nL DVAC

sanple filtered through 0.45 [err] m nenbrane Mobi | e Phase:

NN- Di net hyl acet am de; Burdi ck & Jackson or



equi'val ent grade Fl ow Rat e: 1.0 ML/ mn

Det ect or: . HP- 1047- A Refractive Index, 40[err]C,
Sensitivity=32 Col ums: 3 colums; 30 cmx 7.8mm
each 2- Phenogel [err] |inear
1-UtraStyragel[err] linear YEIAs7ar €
hel d at 40C WO %/44704st gndar ds: pol yst yrene, ngrcﬁgjv% di sp?ersi ty
WO 97/ 44704 : - 24 ~

PCT/ US96/ 15273 Film Fabrication : Paol yini de sol utions
were prepared at] 10-1%% 4ol ids in DVAC. These |were spread vvi!th a
Gardner knife at} a 30( ‘_n‘i croneter (12 ml) blgde gap onto a glass| 5
plate. Sol vent rlemovaliéxgs accogplished via vgcuumdrying at 80[efr]C for a
m ni mum of threq hours$§ Optical Measurlenents The

refractive inde{ of p¢lyiimide filns was sel ectfjively neasured in the x, v,
10 and z diredtionsjusiing a Metricon Prism Qoupler. X and y areflin the
gna—Z 15 perpendrcutar] To T, The measurenents were
|

pl ane of the filfm
made at either {68, 6:1.3, or 700 nm All |the filnms showed unijaxi al
type symretry ir which nflerr] = n[err] > n[err|]]. The bi refrijngence is
given by [err]n|= n[erié- - n[er@, wherein n i|s val u§of the refrgctive
= ™~ £
<
=
<

i ndex. The

(

-0.0075
-0.0050 (

6 FDA

Structure
6 FDA

DM-OTBAFE
DE-OTBAFh

Table 2. Polyimides Based on OTBAF Analogs. Birefringence Data

Polymer #
5
6




retérdation [err] inparted by these filns to a polarized beam of |ight at

angl es of 15
above.

i nci dence other than the nornal
EXAMPLE |

is given by Formula VI,

(Honopol yi m de) (Polynmer #2 in Table 1, bel ow)

OTBAF (60.0 g) and 2, 2'-bis-(3,4-dicarboxyphenyl)hexaf| uoropropane 20
di anhydri de (%@9’9“7096. 6 g, were charged as powders direct!| ypdpisdeaszr

one-liter
inl et and bubbl er
The reactor was s
added. Stirring
slurry was 25 i
di ssol ved. After
i ght yellow, vi

stirring for four 4, dcetic anhydride (6
dropwi se to the ifc gcid solution, fol
added, dropwi se. The redctijon was heated to 12
m nutes, then 30} for Jond hour at 100[err]C.
pol yi m de remain in qoldtion _ t hr ough
to roomtenperature oveqpight, a8d then the
coagul at ed by sl y pdquwijng t héSDMAC sol uti
PCT/ US96/ 15273 < a
nmet hanol, in a bléader s e predBpitated pol y
onto a | ar coqf%e-fritt?d Buchner fu
liters (2-3 gall ) of met hanol . Thi s
necessary to fre §he mat gri al of DMAC,
by- products. The wgshecgﬁehyn%{ was—tHReR—r-ae
&8
%
2
[ ]
=
>
E 5
© 5
(-]
E
a |k
i |
'E ﬁ
> . .
©
£ 3
o
]
C
b~
®
S
g ~
A

reaction flask equi pped w
, heating

mant | e, ~

under a steady nitrjogen purge.

ed, then yellow, t

Bours of stirfing at

(am c acid)

h a mechani ca
d tenperature controller

.1 g) was

stirrer, nitrogen
cetam de (DVMAC) was
The resulting
n pale yellow as the nononers
roomtenperature, a
ol uti on was obtai ned. After
added
d by pyridine (44.1 qg),
[err]C and held for 45
The resultant cyclized
ut. The solution was cool ed
crude polyi m de was

WO 97/ 44704

- 20 -
r was obtained by filtration
nel and washed with 8-12
xt ensi ve washi ng was
pyri di ne, and ot her
mdried at

al so

into

R DE-OTBAF = 9,9-bis((3-ethyl-S-methyl-4-amino)phenyl)ftuorene

8 DM-OTBAF = 9,9-bis((3,5-dimethyl-4-amino)phenyl)flucrene
! DEAF = 9,9-bis(3,5-diethyl-4-aminophenyl)fluorene



5 60[err] C overnight; the final product was a white powder. Mol ecul ar

wei ght anal yses via GPC (pol ystyrene standards) gave M = 3.68 x
10[err], Mv = 1.63 x 10[err], and P = 4.43, wherein M = nunber
average nol ecul ar wei ght, Mv wei ght average nmol ecul ar wei ght, and P
= pol ydispersity. Films of this material were prepared via

sol vent - coat Wr?g’g Bt a vari et y of solventgg .10 EXAI\/PL’I!:C'IZU§96'I!’%I7:§/rrer

#17 in Table 4, belo . A 100-m three-necked flask was pl aced
under a nitrogen atngghﬁ@ﬁﬁiHﬁﬁms°f0TBé§dW5®E@ﬂﬂﬂﬁﬁdaﬁhéﬁgﬁhébedyﬂirrer.
The flask was chfp@&fihddel ; : 4 g of OIBAF and 2.22
g of 6FDA. Next,wtshe f“}*‘a"s";?"ﬁ*“,a‘?ésc'ﬁ'g?‘S%%Rﬁf"%"ﬁ“@?g15 DVAC. Initially,
the reaction tenperature was kept at roomtenperature with a wat er
bat h. The sol ution viscosity increased as the reaction was stirred
over ni ght at roomtenperature. Next, the reaction was charged with
2.0 nL of acetic anhydride and 1.8 nlL of pyridine. The m xture was
heated at 105-110[err]C for two hours and cooled to room tenperature.
The pol yner was coagul ated with nmethanol in a 20 bl ender and then
filtered. The white solid thus obtained was resuspended in met hanol ,
filtered, and dried under vacuum (30 mm Hg) at 50[err]Cto yield 2.8 g of a
white powder. (Tg = 367[err]C, Mh = 7.6 x 10[err]; Mwv = 5.34 x 10[err].)
Usi ng the procedures described above for preparing honopol yi m des and
copolyim des of the invention, 30 polyimdes described belowin Tables 1

t hrough 8 25 wer e produced. Ratios of polyner conponents were 1:1 unless
ot herwi se stat ed. Bi refringence and col or data of the polyimdes
produced are included in the Tables. Tabl e 8, below, shows solubility
data for sanples 1 to 30 of Tables 1-7.
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Optical nmeasurenment data of Table 1 show that polyimdes 14 were
negatively birefringent. WO 97/ 44704

PCT/ US96/ 152‘339_”44704 - 24 .- 2 [er r] PCT/USI6/15273

Copolyimides based on various dianhydrides were synthesized. The data of
Table 3 show that incorporation of the linear PMDA or BPDA enhanced the
negative birefringence (relative to polymer 1, for example). Slightly colored or
yellow polymer film resulted due to the greater conjugation lengths present in the
5 polymer structures. These polymers of Table 3 exhibited a range of solubilities
(polymer 8 being most soluble) as shown in Table 8.
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wmpes had negative birefringence val ues.

#6

Substituted anal ogs of OTBAF were polynerized with 6FDA. The data

WO 97/ 44704
PCT/ US96/ 15273
PCT/ US96/ 15273
showed t hese
PCT/ US96/ 152




WD 97/ 44704 - 27 - [err] WD 97/ 44704

- 28 - - . PCT/ US96/ 15273 Copol yi m des
based on various di anhydri des were synthesi zed. The data of Table 3
show that incorporation of the |linear PVDA or BPDA enhanced the

negative birefri nce (relative to polyner 1, for exanple) |

col ored or %097%?5‘? ow polynmer filmresulted due to the grea erégg)ggrﬁ %gat I on
| engt hs present in the 5 pol ynmer struct¥res. These polyners of Table 3
exhibited a range—qf_sqlubiljties (pol yner 8 bei ng nost sol uble) as
shown in Tabl e 8.

Color
wWWwW

An (A, nm)
-0.0386 (633)

50

Diamine, mol%
OTBAF PDA DMPDA!

Table 4. Copolyimides with Diamine Variations. Birefringence Data®*
Structure

' DMPDA = 2,5-dimethyl(p-phenylenediamine)

* ali polymers contained 50 mol percent 6FDA

¥ PDA = p-phenylene diamine

Polymer #
18.
(canp)amﬁve
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- 29 - Jerr]

"PCT/ US96/ 15273
-31-

PCT/ US96/ 15273
WD 97/ 44704
- 30 - [err] WD 97/ 44704
PCT/ US96/ 15273
PCT/US96/15273

WO 97/44704 -31 -

10

15

Polymers of Tabie 4 were designed with linear diamine segments.
Copolymers with PDA (samples 1-14) and with DMFPDA (samples 15-17) had
birefringence values particularly useful for applications as angularity enhancement
films. All materials were colorless or slightly colored and possessed adequate
solubilities (see Table 8, below), some even in MEK (methy} ethy! ketone), a
particularly desirable solvent for coating of polyimides. Dispersion data for
Polymer 17 are shown in Table 10 and show the variance of delta n with
wavelength (A). This relationship provided optical information of key importance
for applications in Jiquid crystal displays. Liquid crystal layers also show a variance
of delta n with A. These polyimide films show the ability to compensate liquid
crystal cells. It is important to note that isotropic polymers such as polypropylene
show no change of delta n with A. Polymers 12 and 17 of this group were
particularly useful for coating and optical applications because of the beneficial
combination of solubility in MEK, water-white clarity, and useful negative

birefringence.



Pol yners of Table 4 were designed with |inear diam ne segnents.
LCopol yners with PDA (sanples 1-14) and wth DWPDA (sanples 15-17) had
bi refringence val ues particularly useful for applications as angularity

enhancenent films. All materials were colorless or slightly col ored
and possessed adequat e 5 solubiliti-es (see Table 8, belpgysosher® even
in MEK (et H’Wg"é | ketone), a particul arly desirable solvent for
coating of polyinides. Dispersion data 88r- Pol ymer 17 are shown in
Tabl e 10 and show the variance of delta n with wavel ength ([err]).
This relationship provided optical information of key inportance for
applications in g +ystal —di-spl-ays—d-geiad crystal | ayers also show a
variance 10 n wi,t hoJerr]. Thesg pgl yimde filns show t he
ability to conpgnsatje (cmici ; crystaj®cells. It is inportant to note

that isotropic such as pol ypropyl Ene show no change of
delta n with [erf]. {Polyners 12 and 17 of fhisl group were

particul arly usef ul fo@@a@ ng and optical8applicati ons because of the
benefi ci al cdnbisfaE i Bn solubility=in MEK, water-white clarity,
and useful negat)ve | 1|2 bid eBri ngence. ° WO 97/ 44704
PCT/ US96/ 15273 5 8 8 & 32 - Jer E
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WD 97/ 44704

PCT/ US96/ 15273 - 33 - Table 5 shows data for

copol ymers involving a nonlinear diam ne, EHPT. Thi s di am ne was
expected to provide solubility due to the isopropylidene groups, and
per haps sone ﬁ?@%@ﬁ;i ffness as well. Polyners 19-22 were | egxgrusdeiszts
because 0 ower birefringence values33but were quite soluble (Table
) goome even In 5 pbRd500s 3 e cOPHyrhas indoNing a nbRinGr s EHEASL L S
-34-  [err] This diamine was expected to provide solubility due to the isopropylidene groups,

and perhaps some chain stiffness as well. Polymers 19-22 were less useful because
of lower birefringence values, but were quite soluble (Table 8), some even in

5 toluene and propylene glycol methyl ether acetate.
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PCT/ US96/ 15273 - 35

The data of this Table show that copolyimdes with nore than two types of
repeating units are useful in this invention. WO 97/ 44704

PCT/ US96/ 15273 - 36 - [err] WO 9;&41659%5273

PCT/ US96/ 152 W9 9744704
- 34 -
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Table 6. Polyimides Incorporating More Than Three Monomers

Polymer

#

2

24,

25

26

27

28




- 37 - The data of this Table show that replacenment of an

ort ho-al kyl .group, particularly nethyl, of Sanples 11-14 with a
hydrogen atom i ncreases the col or of the resulting birefringent |ayer,
decreases birefringence, and reduces solubility.

Table 8. OptigplorRgphyi M de Solubility Data[err] Sanpl epetrusosii$iTs
DVAC DM CYCLO DI OX NVP MVEK TOL PGA 1
S S G S S L35 . | I 2
S S G S S G I G 3

S S SIG The data of this Fable show that copolyimides with mote than two types‘bg
g GS Iéepeatmg unil? are useful iiﬂﬁs inventilp . : g 6
S S S G I I I G 7

S G G G S I I I S

S S S S S S I S 9
SIG . S/ G G S/ G S/ G I I I 10
S S S S S I I e 11
S S G S S I S 12
S S G G S S I S 13
S S I G S I I I 14
S I I I S I I I 15
S S S S S S I G 16
S S S S S S S G 17
S G S G G S I G 18
S G I G G S I I 19

S S S S S S G S 20
S S S S S S S S 21
S S S S S S G S 22
S S S S S S S -- 23
S S S S S I I I



24

S S S S S I
WO 97/ 44704.
PCT/ US96/ 15273 - 38 -
Table 8. Optical Polyimde Solubility DataJerr] Sanpl e #
DVAC DMF @) DI OX NMP MEK TOL PGApCT/US96/15273 25
S S W°9"%8% G S | | | 26
S S S S S ~36 - I I
S S S S I I 28
S S I 29 -
S S S I I 30
S G S I I
[err] DMAC = NN f or mam de; CYCLO =
cycl ohexanone; | di none; MEK = net hyl
ethyl ketone; T nmet hyl et her acetate.
[err] S = soluble; GFE for aggeR | = insoluble EXAMPLE 3 (Film
construction, P@lyner|#17 n T&l g 4, above) The pol yi m de
pol ymer #17 ( OTBAF: 6FpPA: =DA £ 2§ 50: 25 nol ar
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rati 0s) was dissol ved in nethyl
at 13% sol i ds.

.vol :vol) 10

onto 0.075 mm (3

m ) poly(mnethyl

Yasui - Sei ki m crogravure
knurl rolls ogﬁ nd /or
i ndi cates tha roll

web- speed-t o-rol
at 15
the PMVA film

coated 3 tines using
twice with the #mcﬂbrlymem,sﬁﬁﬂnwﬂ -14 with g hedgogen mtom Iereasey
conbi ned t hi cknestﬁ ol
substrate) was appr oxi

doubl e-coated t 3

| |inear

et

hyl

ket one ( MEK):cycl ohexanone (5.5:1

The sol ution was reverse-m crogravure coated

coat er (Yasui
110R were

I s Right-helical
rati o was set at
80 C. Three coatings were applied alfernatingly to each side of

- Sei Ki

Co.

nmet hacrylate) (PMMA) filmusing a
, Kanagawa, Japan);

used for each sawpras$ssi?s

val

ue of

I n configuration).

The

| and oven tenperature

Thie dhta QY ehils THbIH showithat Rpldsernéht 6Rarortadlkyl @oapsi de was

t he

HHERhgbATARE o

R knur

roll:

m-croneters
| iner was removed froma p| ece of Permacel [err] MC-2000

t he ot her si

the Pl pf °

st@?bnrefnn&ence( ﬂ?&%&lﬂh&lﬂbﬂﬁy PMVA

at ed
The

One plastic

=¥- n P —aRe—thRer-exposes aetigsi ve
surface was applfied to one serE"Jf QMB"‘:%“Jf'EHd%%
conpl et ed @ [CI g TNE copstructjon onja naru Surfjace,
pol yi m de-face down,and I i ] th na ng stic
|l i ner of the taq&b’i—a—%g;-gggﬁ 1,(53‘-‘-1:1”1 Eﬁa’é ,ﬁﬁg%,@oflg. yh?tgfuL ,?bﬁ r
using firm hand |preSsure. °The| r &ma| ni Ny pl as?i C Ii%er was V\;!)
97/ 44704 2 S S G S S G I G
PCT/ US96/ 15273 : =1 30 . t hen
renoved and the adhlzsi Je ISaye' & hpis S!ﬁpo< ed§ whs $anj nated td algl dss
pl ate for gogeogent marat oot theg—sapte: HTe
coat ed sarrplevvage?(amnec?tod efm ne vijew ng an%le(lle, oIff- G _
normal angl e) depengende qp rptay dati @p. [hel4x4 ngtr| x hethod of{BeG eran
(J. 5 Opt. So Am | 62 2 (YTI?Z:Z)? méc used to chl cul ~dat ed
angul ar 6 S S G I I I G

7 S G G G S I I I

8 S S S S S S 1 S

9 S/G S/G G S/G SIG I I I

10 S S S S S I I G/l

11 S S G G S S I S

12 S S G G S S I S

13 S S I G S I 1 1

14 S 1 I I S 1 I I

15 S S S S S S I G

16 S S S S S S S G

17 S G S G G S I G

18 S G I G G S I I

19 S S S S S S G S

20 - S S S S S S S S

21 S S S S S S G S

22 S S S S S S S -

23 S S S S S I I I

24 S S S S S I 1 I




dependence of the retardation based upon the neasured val ues of the

-t hi ckness and the refractive indices in the x, y and z directions; X
and y being in the plane of the filmand z in the thickness
direction. Table 9 bel ow conpares neasured retardation to that
calculated fromt he 4x4 matrix method. 10 1S9 5273
Table 9.  WO974470 Ret ardati on Dependence on Angle ['nci dence
Vi ewi ng Retardation, [err] - [err] -38- Angl e
Cal cul at ed Obser ved 0 0. 00
gboo 10 15 _10. 4hable 8. Opticsl Polyimide Sol..‘unh;v Data?  “55°
-23.65 - 28 Skinple ~4P. 61
40. 64 DMAC | DMF | CYCL®P| DIOX | vaﬁf’- 21511:1( TOPO| PGA | -
60 - 80. 58— 5 § 93 G | G hesoqtey s rp?e VST EXRM ned
to determ ne bifrefri ngence, errlinh, as undti Oon hejwavel pngt h
of inpinged Ii gght 26 Wwher eSbi rjef §i qgenSe was gallculsat ¢d 15 agcofding o
formula VIII: rp——inlerr] -
n[err] . 27 wlerdi nSn[lerr represert s & he r&rtctﬂve i nHex| of
the | ayer neasyTedy" § Pgrpgnarcugar [o ¢ e pt@nmg of e ilolyJﬂ—,lﬂTrd

29 S S S S S S I I

30 S G G G S G I I

! DMAC = N,N-dimethylacetamide; DMF = N,N-dimethylformamide; CYCLO =
cyclohexanone; DIOX = dioxane; NMP = N-methylpyrrolidinone; MEK = methyl
ethyl ketone; TOL = toluene;, PGA = propylene glycol methyl ether acetate.

5 % §=soluble; G = forms a gel; I = insoluble

EXAMPLE 3 (Film construction, Polymer #17 in Table 4, above)

The polyimide polymer #17 (OTBAF:6FDA:DMPDA = 25:50:25 molar
ratios) was dissolved in methyl ethyl ketone (MEK):cyclohexanone (5.5:1 vol:vol)

10  at 13% solids. The solution was reverse-microgravure coated onto 0.075 mm (3
mil) poly(methyl methacrylate) (PMMA) film using a Yasui-Seiki microgravure
coater (Yasui-Seiki Co., Kanagawa, Japan); icnurl rolis of 70R and /or 110R were
used for each sample (“R” indicates that the roli is Right-helical in configuration).
The web-speed-to-roll linear ratio was set at a value of 1 and oven temperature at

15 80°C. Three coatings were applied alternatingly to each side of the PMMA film,
with oven drying in between each coat. One side was coated 3 times using the
#70R knurl roll; the other side was poated twice with the #70R rol! followed by
once with the #110R roll. The combined thickness of the six coated layers
(excluding the PMMA substrate) was approximately 11 micrometers.

20 One plastic liner was removed from a piece of Permacel™ MC-2000
double-coated tape (Nitto Denko Co., Osaka, Japan) and the exposed adhesive
surface was applied to one side of the coated sample. Lamination was completed
by placing the construction on a hard surface, polyimide-face down and applying
pressure to the remaining plastic liner of the tape by a 5 cm wide hard rubber

25  laboratory hand roller using firm hand pressure. The remaining plastic liner was
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nferr] represents the refractive index of the |ayer nmeasured parallel to
the plane of the |layer. The dependence of An on wavel ength, referred to as
a di spegj sy ve, is shown in Table 10, bel ow PCT/US96/15273 he
agreenent between neasured retardation fromtransmttance and that 5
calculated fromthe 4x4 matri x showed honogelf'ggel ty of the filmthroughout
its t hi ckness (no 'skin' effect) Agul ar dependence of
retardation (Tabl geRtemoved m&énems.b@ﬁ&ert(thﬁs 6843) WS lafriidabed 148 /gRseARBD! e Of
conpensating for the ellipticity I nduced by liquid crystal s at

of f-normal ang| estfIstSeﬂmtmmgonQMhssmeect enhanced the view ng

characteristics of LC
Tabl e 10 ﬂes&a@iwle% ence g‘? r| n ech hO%vel ength

(Di spersi on Curvehormal angle) dependence on retardatnon The 4x4 matnx method bﬂsm-]emam(.![ err]n
488 . 0.0213 0199

700 0.0184 35150pt Soc. Am. ‘erBZ&'a?ﬂa))a‘fas?%eﬂ|t%°§w'§ﬁ8wefmtedmﬂaangm arity

enhancenent | ayer Sep}ﬁdén'i!@ofthe retarditlb\i%ﬂieﬂ%ﬂm {hB RieBsuf@ibvatues bbth idknelBRRN dence
of birefringence on wavel ength of |ight This is inportant because

liquid crystal cekhegefsgctive in mlathpas ¥ and z disectipes; x pnd y\being in the planegfekel engt h.
It al so ort f
t heI isi qu?d l:?gst a anm %'%‘%PQFQEN rg?r Fé%glﬁ?j grrephrr{ggg#.dr}%mﬁmp

Vari ous nodi fi cat itothst alnﬂlatddthmthedmtmhxtmnthndl nvent ion will becone
appar ent to those skilled in the arrt wi t hout departing fromthe
scope and spi Pt of this i nventi on; ablEd- i ¢ shoul d be understood that

this invention is not to be mma.ohlmp@mme on Angle®fiiR@dénckustrati ve
enbodi nents set forth herein.

Viewing Retardation, 5, - &,
 Angle
Calculated Observed

0 *0.00 0.00
10 272 -3.12
20 -10.75 -10.41
30 -23.65 -23.71_
40 -40.61 -40.64
50 -60.26 -60.17
60 -80.58 -78.19

The coated sample was examined to determine birefringence, An, as a
function of the wavelength of impinged light, where birefringence was calculated
15  according to formula VIII:
An=n,-n,
Vi
wherein n, represents the refractive index of the layer measured
perpendicular to the plane of the layer; and



25 WO 97144704

PCT/ US96/ 15273 - 41 - What is
Clainmed is: 1. A negatively birefringent angularity
enhancenent |ayer in a liquid crystal display, which display conprises

a liquid crystal |1, wherein the negatively 5 birefrin arity
enhancenent oavgrﬂcolgncl udes a polyimde conprising a p ﬁ?’gﬁkﬂ%f

structural units having pendant fluorene groups, said angularity
enhancenent | ayer optionally being di spose# en at | east one surface of said
l'iquid crystal cell

| ayer according to claim % ‘sﬁgﬂﬁsﬁh“sﬁf%“‘%é i"de’bgﬁlsf ﬁ?%ﬁ%%‘i’%%?%{lg raﬁcra]irr;ag t
have one or bot fheGflane@f HélIdRr. | THY Yépéndence of An on wavelength, referred to as a
dispersion curve, is shown in Table 10, below.
The agreement between measured retardation from transmittance and that
5 calculated from the 4x4 matrix showed homogeneity of the film throughout its
thickness (no “‘skin’ effect). The angular dependence of retardation (Table 9)
showed that the inventive films were capable of compensating for the ellipticity
induced by liquid crystals at off-normal angles. In other words, this effect enhanced
the viewing characteristics of LC displays at off-normal angles.
10
Table 10
Dependence of Birefringence on Wavelength
(Dispersion Curve)

A, nm An
488 | 0.0213
568 | 0.0199
700 | 0.0184

15 The data of Table 10 show that, for angularity enhancement layers of the
invention, there was a distinct dependence of birefringence on wavelength of light.
This is important because liquid crystal cells also show a variance of An with
wavelength. It is also important that the dispersing curves of the birefringence of
the liquid crystal and the polyimide birefringent layer match.

20

Various modifications and alterations of this invention will become apparent

to those skilled in the art without departing from the scope and spirit of this
invention, and it should be understood that this invention is not to be unduly fimited

to the illustrative embodiments set forth herein.
25



[err] 15 |V wher ein
.each R-i ndependently is fromO to 4 substituents selected fromthe group
consi sting of hydrogen, hal ogen, phenyl, phenyl group substituted by 1 to 4
hal ogen WO 97/ 44704

PCT/ US96/ 1527430 97144704 - 42 pCT/us9ensedons or
al kyl groups having 1 to 10 carbon at ons,_ il{'ud. an al kyl group having from

1 to 10 carbon atons; . .
‘What 1s Claimed is;

1. A negatively birefringent angularity enhancement layer in a liquid
crystal display, which display comprises a liquid crystal cell, wherein the negatively
5  birefringent angularity enhancement layer includes a polyimide comprising a
plurality of structural units having pendant fluorene groups, said angularity
enhancement layer optionally being disposed on at least one surface of said liquid
crystal cell.

10 2. The angularity enhancement layer according to claim 1 wherein said

polyimide structural units have one or both of formulae I and IV

PN

e | S G N
N ~& BN ~(ADN
e r‘ﬁ,
R
R
15 v

wherein
each R independently is from 0 to 4 substituents selected from the group
consisting of hydrogen, halogen, phenyl, phenyl group substituted by 1 to 4 halogen

% ¢ L M S8 %



Ais a tetrasubstituted aromatic rmiety having from®6 to 20 carbon atons
and noieties-of Formula Il: [err] 5

I wherein B is a covalent bond, a C(Rerr])[err] group, a CO

group, an O atom an S atom an SO err] group, a Si(Cerr]Herr])[err]
group or N err )[err] group, Rlerr] is Ho
C(R[err])[er?v}) Is H an alkyl group having from1l t%cwgélé?z%n

at ons, or an aryI group having from6 46 20 carbon atons; and R err]
is H f I uorr ne, aoms or alkyt gtonps lavingdntd 10 carbon atoms, andran KIkpK grewpliaving from
nmonocyclic or potéc%]fcl I,.C aromat | c nucleus having from6 to 20 carbon
atons and noi et [err] 15
\ wher ei Ny f\fa t&?ﬂu@nﬁﬁé’@u&ﬁ@ndﬁ&%w ﬁGﬁ)'GQSQO%%Mﬁatoﬁa@d each p
s an integer 0 to : . he angul arity enhancenent
| ayer according mm@eﬁmﬂ’orwlaél havr ng 20 at |east one of a .

bi refri ngence value in the range -0.001 to -Q. 04 and a retardation

(6) of at least 25 nm gquid crystal display as
di scl osed in any one of claims | nsald polyinde is a
llayer included in an angularity e ment 2 struction, said

polyi m de | ayer conprising the react I on prﬂduct of a9, 9-
bi s(am noaryl)fl uorene, one or nore aromatic tetracarboxylic acid
di anhydri des, and wherein B is a covalent bond, a C(R?); group, a CO group, an O atom, an S

atom, an SO, group, a Si(C,Hs), group or an N(R*); group,
R?is H or C(R*)s; R? is H, an alkyi group having from 1 to 20 carbon atoms,
10  or an aryl group having from 6 to 20 carbon atoms; and R* is H, fluorine, or
chlorine; and
Ar represents a monocyclic or polycyclic aromatic nucleus having from 6 to

20 carbon atoms and moieties of Formula V:

G

15 v
wherein Ar and B have the meaning described above, and each p is an
integer 0 to 10.

3. The angularity enhancement layer according to claims 1 or 2 having
20  at least one of a birefringence value in the range of -0.001 to -0.04 and a retardation
(5) of at least 25 nm.

4 The liquid crystal display as disclosed in any one of claims 1 to 3
wherein said polyimide is a layer included in an angularity enhancement
25  construction, said polyimide layer comprising the reaction product of a 9,9-
bis(aminoaryl)fluorene, one or more aromatic tetracarboxylic acid dianhydrides, and
optionally at least one of different aromatic diamines and monofunctional

monomeric encapping agents, said liquid crystal display optionally comprising a first

* ¢ L M S *



optionally at |east one of different aromati c di am nes and nonof uncti onal
nononeric encapping agents, said liquid crystal display optionally
conprising a first WO 97/ 44704 -
43 - : PCT/ US96/ 15273 pol ari zer and a second

pol ari zer di n the outer surfaces of said |iquid crysicahusesns273
di spl aK, dsai 395?%7@ crystal - display optiodaldy further conprising a
stretche uni axi al | y- or biaxially-oriented polyner film .. 5

5. The |i qui d polajiserand giseqond polarizes Aigposgd %%oamﬁ Seiff gy grystal

am noaryl group qf | i iaaid dsedl A tioniily AIRhGBmPRRY 4 ffdtched nonocycl i c
or pol ycyclcq'sgﬂg’r%hnﬁ%:: g*%ﬂp&h‘ggiaé]g 6%0 20 c?i‘rsbon atons whi ch
optional ly is selunixiatly- or biaxiafly-oriertédepalymsu flne.onsi st i ng of

9, 9- bi s(4-am nophenyl ) fluorene, 9,9-bis(3-nethyl-4-

am nophenyl ) fl uorene, 9, 9-bis(3, 5-dinet hyl -4-ani nophenyl) fluorene,
9,9-bis(3,5- ¥ di etshy| - 4£haiquid plystaldigpldy accoeding tooelaim 4 wherein said

The |1 quid cryst Amiunech EepaCssit 88y emRR RO o riger  merioce
aromatic tetracarfasyblicaréfiatl gop Mavilg 646 20 8 fomo Whith dptionally is selected
from the group consisting of 9,9-bis(4-aminophenylfluorene, 9,9-bis(3-methyl-4-
aminophenyl)fluorene, 9,9-bis(3,5-dimethyl-4-aminophenyl) fluorene, 9,9-bis(3,5-
10  diethyl-4-aminophenyl)fluorene, and 9,9-bis(3-ethyl-5-methyl-4-

aminophenyl)fluorene.

6. The liquid crystal display according to claims 4 or 5 wherein said
aromatic tetracarboxylic acid dianhydride has the formula

—_—
L

wherein A is as defined above, said dianhydride optionally being selected
from the group consisting of pyromellitic dianhydride, benzophenonetetracarboxylic
acid dianhydride, 3,3',4,4'-biphenyltetracarboxylic acid dianhydride, 2,2"-bis(3,4-
dicarboxyphenyl) hexafluoropropane dianhydride (6FDA), 4,4'-oxydi(phthalic
20 anhydride), and 3,3',4,4'-diphenylsulfonetetracarboxylic acid dianhydride.

15

7. The liquid crystal display according to any one of claims 4 to 6
wherein said optional aromatic diamine is p-phenylenediamine, which optionally is
selected from the group consisting of 2-methyl(p-phenylenediamine), 2,5-

25  dimethyl(p-phenylenediamine), 2-ethyl(p-phenylenediamine), 2,5-diethyl(p-
phenylenediamine), and mixtures thereof.

AR R '



15 wherein A is as defined above, said dianhydride
optionally being sel ected fromthe group consisting of pyronellitic
di anhydri de, benzophenonet et racarboxylic aci d di anhydri de,
3,3 ,4,4" -bi phenyl tetracarboxylic acid dianhydride, 2,2'-bis(3,4-

di car boxyphe af | uor opr opane di anhydri de (6FDA), 4,4 hal i c
20 anhydr i 8%(%37@% 3,3",4,4" -di phenyl sul fonet etracar boxyl anflggé‘g}%

di anhydri de. 7. The I|qU|d crystal display according to
any one of clainms 4 t8 6 Thellqmdmvédmplma@odpignomworqufwttmso‘im7am ne is

p- phenyl enedi am “‘?ﬁeﬁ{‘ ng%]u;/i? ps%og%d o a snjppog gl%& gg&%‘i’hé grrgup (Eon‘gls%g ofP

consi sting of 2-ne enedi am ne

di net hyl (p- phenykﬂﬂﬁqﬁndﬂﬂyﬁt&l)cell,&tﬁabt}dnébf sidpyldrizendamdshid ajretchedunibixiatiyry | ( p-
phenyl enedi am ne), m xt ur.es thepeof. WO 97/ 44704

PCT/ US96/ 15273 of biaxa y-oriented polymer liquid crystal display according to
any one of clgins 4 to 7 wherein said polyimde is coated on a

support selected fromthe group consisting of said liquid crystal
cell, at |east one of9sai ﬂm@dnsm@at@mmmmmm ly-

or biaxiall y-ori %E&ﬂ'a#%g% tindfe'clnﬂh ?oc a'l’er'}csfmzlz’?bb'sé?’* The liquid

crystal display accor 0 an wherein said
pol yi mi de conpri simarbbﬁyplmﬁy!)hemﬂampﬁ:pme-my&dé-zs mol percent 9,9-bis(3-methyl-

di car boxyphenyl ) exafl or opane dride, nol percent ..
0. - bi o( 3 ot hy! A-amnophelyREOREe: o 23 ook PG HE Tepttens P ety lsnedivping o
| east one of 1p- pAgdY)sediRethAp-piRnylenediamine.

10.  The multilayer angularity enhancement construction as disclosed in
any one of claims 4 to 9 comprising an optically transparent, optically isotropic
sheet-like substrate having on one or both surfaces thereof at least one layer of a

15 polyimide, and on the surface of said one or both polyimide layers there is disposed
a layer of optical adhesive, and superimposed on said one or both optical adhesive
layers is a release liner or protective layer for said construction, said substrate
optionally being selected from the group consisting of giass and optically isotropic
polymer layers, anisotropic polymer layers, and anisotropic ceramic layers.

20 |

11.  The polyimide as disclosed in any one of claims 1 to 10 which
comprises the copolymerization product of a 9,9-bis(ortho-substituted
aminoaryl)fluorene compound wherein the ortho-substituted groups are selected
from the group consisting of halogen, phenyl group, and an alkyl group having from

25 1 to 10 carbon atoms, at least one aromatic tetracarboxylic acid dianhydride, and an
aromatic diamine free of fused rings, said polyimide optionally being a self-
supporting material.

AL L



10 and 2, 5-di net hyl - p- phenyl enedi ani ne. 10. The

mul tilayer angularity enhancenent construction as disclosed in any
one of clainms 4 to 9 conprising an optically transparent, optically

i sotropic sheet-1i ke substrate having on one or both surfaces thereof
at | east one(}l,g%(.;;&.,&f a 15 polyi m de, and on the surface olcrambehsone or
both polyimde layers there is di sposed a |l ayer of optical adhesive,
and superinposed on said one or both optical adhesive | ayers is a

rel ease liner or protective layer for said construction, said substrate
optional Iy being selected fromthe grougygonsisting of glass and optically

i sotropic pol ynmer |ayers, anisotropic polyner |ayers, and ani sotropic
ceram c | ayers. 20 11. The pol yi mde as disclosed in any
one of clainms 1 to 10 which conprises the coBgLyﬂyrization pr oduct
of a 9,9-bis(ortho-substituted am noaryl ) fl u#ene conpound wherein

t he ortho-substituted groups are@@el ected fromthe group consisting

25 1 to 10
dl anhydri de, and
Eﬁ?de optional |y

14
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(54) Title: POLYIMIDE ANGULARITY ENHANCEMENT LAYER
{57) Abstract

An angularity
enhancement layer in a
liquid crystal display, which
display comprises a liquid
crystal cell, wherein the
angularity enhancement
layer includes a negative
birefringent polyimide layer
comprising a plurality of
structural “wnits  having
pendant  fluorene  groups,
said angularity enhancement
layer being disposed on
at least one surface of said
liquid crystal cell. A liguid
crystal display can comprise

an angularity enhancement construction of the invention which comprises a polyimide layer.
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