EI70/ 22/ 10 PHASE RETARDER FI LM AND PROCESS FOR PRCDUCI NG SAME E1707
Rbplaceﬁbnt Sheet  (5/7/95) Phase Retarder Film And Process For Prodadavag- -
Same BACKGROUND OF THE I NVENTION Field of the Invention The present
invention relates to a phase retarder film 5 Description of the Rel ated
Art 'Phase retarder filnms have been used as optical conpensators for STN
quU|d crystal display devices and in nore recent years their various
appllcatlons to optical conpensators for other types of 10 l'i quid cryst-al
di spl ay device than the STN type have al so been studi ed. For exanple, there
have recently been cases that liquid crystal display devices of the STN and
TN types are required to have specific viewi ng angle characteristics
dependi ng upon their application. 15 For this reason there is a need for
many ki nds of phase retarder filns having optical characteristics for
respective applications. However, the currently devel oped phase retarder
films are restricted to two types i.e., one having characteristics cl ose
to those
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20: of the uniaxially orientated filns used for the aforenentioned STN
liquid crystal display devicg-and the other having characteri-sties—close to
t hose of the perfectly blaX|aIIy orientated filns conpr|5|ng a Iayered

i nor gani ¢ conpound |ayer, *i n*whi ch the in-plane REPLACE cam
JUL 1995 -2- refractive index is differént-fromthe r

the direction of thickness, as described in EP-A- 054130

been devel oped such phase retarder filmas having characteristics

intermediate 5 bet ween these two types of phase retarder filnms so far.
Proceedi ngs of Eurodisplay '93, p. 149 reports a simulation where a phase

retarder filmhaving refractive indices, [err] = 1.618, n[err] = 1.606, and
[err] = 1.493 and a thickness of 9.296 [err] is effective as 10 opti cal
conpensator for O S Rikat | NOCB node liquid crystal display
device [err] cePP?RGggpgg-b a#hgnlg%ée on the data for the phase retarder

filmindicates whahgt B¢ kRePhadent8bardation is 112 nmand the ratio of the
i n-plane retardation to the 15 retardation normal to the plane is 0.101.

However, the phase retardehef phBBewti GAviidtdon relates to a phase

retarder film.

5 Description of the Related Art
Phase retarder films have been used as
optical compensators for STN liguid ciystal display
devices and in more recent years their various
applications to optical compensators for other types of
10 liquid crystal diéplay device than the STN type have
also been studied. For example, there have recently
been cases that liquid crystal display devices of the
STN and TN types are required to have specific viewing
angle characteristics depending upon their application.
15 For this reason there is a need for many kinds of phaée
retarder films having optical characteristics for
respective applications. However, the currently
developed'phase retarder films are restricted to two
types, i.e., one having characteristics close to those
20 of the uniaxially orientated.films used for the
aforementioned STN liquid crystal display device and
the other having characteristics close to those of the
perfectly biaxially orientated films comprising a

layered inorganic compound layer, in which the in-plane



heret of ore been used for the STN liquid crystal display device have a ratio
of the in-plane retardation to the retardation normal to the plane of not
less than 2.0 20 due to the uniaxially orientated structure of the fil ns.
On the other hand, the phase retarder filns conprising a |ayered inorganic
conmpound | ayer having an in-plane refracti e 1index and a refractive index
normal to the plane whi,ch are different fromeach other can 25 not _ be

produced unl ess*® gactiye dddes dsydiifderant fxom %g@ﬁfac{fjt‘fﬁ 5’6‘4\%’\‘ as

char acter- [stid8 G868 GLIRstiog: ob dhjtkhedssn & dedfiared o (A7 5.

th f ti | | t bt ai ped f t ' whi ch

have been devel S934308" o IS e nol SR BV A LIE 1T e o
.  he ! \ £ > |

S\é\elgl o:)O;Thasgl ;gtgggggrgﬁ :f?%s{n %LP%?S}%‘&{ %2%%&%}?0 elquss %’s{ I CS écflﬁﬁste? ent

fromthose gf theteRRRERHRRAWIN]SpeSRACIHNAe A MR & ffese
F Eﬁﬂ%hernn [

retarder filnms nade of |ight weig astic.resins and a process for
produci ng efficiently andpgg Y Burddidpitdy '3, puchygphase

retarder filnms. SUMVARY OF THE | NVENTI ON

reports a simulation where a phase retarder film having
refractive indices, n, = 1.618, n, = 1.606, and n, -
1.493 and a thickness of 9.296 um is effective as

10 optical compensator for the bend orientation type OCB
mode liquid crystal display device (m cell). Calcu-
lation based on the data for the phase retarder film
indicates that the in-plane retardation is 112 nm and
the ratio of the in-plane retardation to the

15 retardation normal to the plane is 0.101.

However, the phase retarder films which have
heretofore been used for the STN liquid crystal display
device have a ratio of the in-plane retardation to the
retardation normal to the plane of not less than 2.0

20 due to the uniaxially orientated structure of the
films. On the other hand, the phase retarder films
comprising a layered inorganic compound layer having an
in-plane refractive index and a refractive index normal
to the plane which are different from each other can

25 not be produced unless the in-plane retardation is in
the range of 0 to 50 nm as described in EP-A-(0541308.

Therefore, any phase retarder film having character-

istics useful as, for example, optical compensator for



An-obj ect of the present invention is to provi de a phase retarder film
havi ng an in-plane i etardation of 50 to 300 nmand a ratio of the in-plane
15- retardation totthe retardation normal to the plane of not |ess than
0.5, but not nore than 1.8. Another object_of the present invention is to
provi de a process for producing a phase Tearder filmhaving an in-plane
retardation of 50 to.300 nm and 20 atio of the in-plane retardation to
the retardati o horird: e oﬁﬁih% %?lLo?a?eggtt ﬁnogFgfnﬁgtfHSF nore t han
1.8 using ther: t4 Sl | J h | t rese
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retardation to the retardation nornmal to the plane of not |ess than 0.5,

but not nore t hidwvdldp gilthse SEeOEiPPabEIhSt Radengf optiealpeharagtarkayered
5 i norgani ¢ conpound | ayer |lam nated on said first phase retarder film
Still another agteids alifferenestrdmitiveseiofl the conventional ones.

Especially the development of phase retarder films made
of light weight thermoplastic resins and a process for
producing efficiently and advantageously in industry

10 such phasé retarder films.

SUMMARY OF THE INVENTION

An object of the present invention is to
provide a phase retarder film having an in-plane
retardation of 50 to 300 nm and a ratio of the in-plane

15 retardation to the retardation normal to the plane of
not less than 0.5, but not more than 1.8.

Another object of the present invention is to
provide a process for producing a phase retarder film
having an in-plane retardation of 50 to 300 nm and a

20 ratio of the in-plane retardation to the retardation
normal to the plane of not less than 0.5, but not more
than 1.8 using thermoplastic resins.

Still another object of the present invention
is to provide a laminate phase retarder film having a

25 ratio of the in-plane retardation to the retardation
normal to the plane of 0.03 or more to less than 0.3

comprising a first phase retarder film having an in-



Is-to provide a process for producing such a |am nate phase retarder film
having a:ratio of the in-plane 10 retardation to the retardation nornmal -
to-the plane of 0.03 or nore to less than 0.3 conprising said first phase
retarder filmand said second phase retargfr filmconprising a | ayered

i norgani c conpound | ayer |am nated on sard*first phase retarder film 15

DETAI LED DESCRI_RTI ON OF Th h

made a resear ciPA% O\fe% %ﬁ%’i’hoél o‘?f%‘?w%og e (ralsg 4 ‘gz‘g@; e
full
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of 50 to 300 nma I h- p ane re tot
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1.8, which an ment o present i vention i's based on. Moreover,

they have successddild waeé@lf&w&@ef i Rt oS ngtar efedéd m having a

ratio of the in- 25 pl ane retardation to the retardatlon normal to the
pl ane of 0503 GinoWjanic® dafsoUBLLrér CMMinStay on fédsd phase peaseder

filmhaving an in-plane retardation of 50 to 300 nmand a ratio of the
i n-pl ane ret ar dedtiayde fidms et ardati on normal to the plane of not |ess
than 0.5, but not nore than 1.8 and a second phase retarder filmconprising
a layered inorganic Still another object of the present invention

is to provide a process for producing such a laminate

phase retarder film having a ratio of the in-plane

10 retardation to the retardation normal to the plane of
0.03 or more to less than 0.3 comprising said first
phase retarder film and said second phase retarder film

comprising a layered inorganic compound layer laminated

on said first phase retarder film.

15 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The present inventors have made a research to

overcome the difficulties as descried above and
successfully developed a phase retarder film having an
in-plane retardation of 50 to 300 nm and a ratio of the

20 in-plane retardation to the retardation normal to the
plane of not less than 0.5, but not more than 1.8,
which an embodiment of the present invention is based
on. Moreover, they have successfully developed a
laminate phase retarder film having a ratio of the in-

25 plane retardation to the retardation normal to the
plane of 0.03 or more to less than 0.3 comprising a

first phase retarder film having an in-plane



5 - cohpound | ayer lam nated on said first phase retarder film which

anot her enbodi nent of the present invention is based on. Myreover, the
present invention relates to a phase retarder filmnade of a thernoplastic
resin 10 having an in-plane retardation @f 50 to 300 nmand a ratio of
the in-plane retardation to the retardati o normal to the plane of not |ess

than 0.5, but ngbefRiechBANok 80204 300 9330 & MALILM DS BT e

Furthernore, the present 1 nvénflron reélates to a process i ng

such a | am nat e .BRa382t9bA" 8" thi %t&%wd@& to'rﬂta@.f tg]gcg'enpfime o | ess

retardation to the retardation normal to t ne of
than 0.3 conprisbRg188kdthhnSo.Bhasatr Aorr %Eref lhEinaid g5 alnd SEEHHbHhase
retarder filmconprising a Iayered 20 i norgani ¢ conpound | ayer | am nated

on said first pphager gbtasaer! fidm Ebapirieimgpadayeredsiifdriganie
preferably used include those excellent in transparency, for exanple,

pol ycar bonases, compbuhdsaageacdtatinated onpshyd filraitc phalse nedagsid:f ones,
pol yet her sul fones, polyarylates, and the |ike. Anong them pol ycarbonat es
and pol ysul f one§idme whichpasbtherdembodimeatmofl dde present finventtionbe
used may
is based on.
Moreover, the present invention relates to a
phase retarder film made of a thermoplastic resin
10 having an in-plane retardation of 50 to 300 nm and a
ratio of the in-plane retardation to the retardation
normal to the plane of not less than 0.5, but not more
than 1.8 and a process for producing the same.
Furthermore, the present invention relates to a probess
15 for producing such a laminate phase retarder film
having a ratio of the in-plane retardation to the
retardation normal to the plane of 0.03 or more to less
than 0.3 comprising said first phase retarder fiim and
said second phase retarder film comprising a layered
20 inorganic compound layer laminated on said first phase
retarder f£ilm. |
The thermoplastic resins to be preferably
used include those excellent in transparency, for
example, polycarbonates, cellulose diacetate,
25 polyvinylalcohols, polysulfones, polyethersulfones,
polyarylates, and the like. Among them polycarbonates

and polysulfones are more preferred.

The thermoplastic resin films to be used may



-6-- ordinarily be produced by a solvent casting process. The thickness of
the thernoplastic resin filns ranges, .for exanple, from50 to 300 [err]
preferably 100 to 200.[err] 5. * . The phase retarder films of the
present invention may be produced by, for exanple, the follow ng process:
The thernoplastic resin filnms produced by & sol vent casting process are
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t her nopl astic rFﬁLn films transferred into the apparatus are preheated
under the conditions 20 of Tg < Tp [err] (Tg + [err] where Tg represents

the glass tgansition tenpenhat pghesel rbitarkiBer FRRAS UEC thes ipraaaht!P S
represents the preheating tenperature, and the preferred preheating tine is

usual ly in the ia%eate@bnOmidyt BeOpeolubeteby) @ogcexhmplef,t &hd he resin _
films to 25 a requisite extent as well as to suppress deformation of the
resin films nor follhewihbepregessed softening.
The thermoplastic resin films produced by a
solvent casting process are transferred into a tenter
10 comprising a train of a preheating section, a stretch-
ing section and a heat-treafing sectibn and subjected
sequentially to preheating, uniaxially stretching and
heat-treating therein. The term "preheating" as used
here means a. treatment to previously soften the
15 thermoplastic resin films by heating so that the films
can be satisfactorily stretched in the next stretching
treatment.
The thermoplastic resin films transferred
into the apparatus are preheated under the conditions
20 of Tg < Tp £ (Tg + 100°C), where Tg represents the
glass transition temperature of the thermoplastic resin
and Tp representé the preheating temperature, and the
preferred preheating time is usually in the range of
0.1 to one minute in order to soften the resin films to
25 a requisite extent as well as to suppress deformation
of the resin films more than the required softening.

Next, the preheated films are transferred

into the stretching section where they are uniaxially



Next, - the preheated fil-ns are transferred into the stretching section where
they are uniaxially -7- stretched in the transverse direction normal to
the filmproceeding direction at a deformation rate of 150% min. to

1000% min. at a stretching ratio of 2 to 3,tinmes the original w dth under
the conditions of Tg < 5 Ts [err] (Tg + Te?r] where Ts represents the
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retardation, the ratio of the in-plane retardation to the retardation

~normal to the plignes akk tdwiginaknesstiiudder reme sbhgiehens oetegder film
and 15 the like. For exanple, when polycarbonates are used, preferably

the stretcls ng teereg ur e106°C ), tWiseranme fepredddts otherstrébehing
deformation rate from 150 to 600% mn. and the stretching ratio from2 to 3
ti mes. Ceneral |yempesiunte prwith sio edluhimkpgenpeiag ucansed an €Be | ncrease
in deformation rate, or an increase in stretching ratio tends to result in
an i ncreased i rdirection normal to the stretching direction. The
stretching temperature, the deformation rate and the
stretching ratio are in principle selected by routine
10 procedures depending upon the kind and thickness of the
thermoplastic resin films to be used és raw films, and
the in-plane retardation, the ratio of the in-plane
retardation to the retardation normal to the plane and
the thidkness of the requisite phase retarder film, and
15 the like. For example, when polycarbonates are used,
preferably the stretching temperature is in the range
from 190 to 220°C, the deformation rate from 150 to
600%/min. and the stretching ratio from 2 to 3 times.
Generally a reduction in stretching temperature, or an
20 increaée in deformation rate, or an inérease in
stretching ratio tends to result in an increased in-
plane retardation, and an increase in stretching ratio
tends to increase the ratio of the in-plane retardation
to the retardation normal to the plane.
25 'Next, the uniaxially stretched films are
transferred into the heat-treating section where they

are subjected to a temperature retaining step, so-

called heat-treatment, i.e., they are kept at a



pléne-retardation, and an increase in stretching ratio tends to increase
the ratio of the in-plane retardation to the retardation normal to the

pl ane. 25 ' : Next, the uniaxially stretched filns are transferred
into the heat-treating section where they are subjected to a tenperature
retaining step, so- called heat-treatnent,8ive., they are kept at a - 8-

tenperature in the range of, (Tg - [err r Ths rr] Ts, where Ths
represents tkmaqﬁﬂﬁqﬁqéhﬁ?nﬁﬂ éhﬁnéﬁ%ﬁ%uéﬁa{é%aTl %5} 9. TheoSom&ni nut e
with the chuck width, .i.e . the stretched width of the filns_achieved after
5 't ret cni ng MR s cent dire (e edhet Seinenf L rSREER - A
this time, the fd Ik 1 0 % 1 Ns

stretching di rel{:%4a{)%f%/°€1&'els?a¢ ;bﬁ%\ﬁté% %%e v&%@?n%léngc}l}\gc/ e‘gfé{-:eﬁf it can
be achieved by, [0, QAT ErediHdd IkH 5r CERE ke 1l Nalidleq Arfgp! red
shrinking proportion. t hough the process for preheating, uniaxially

stret chi ng sand f\gadtdi B8Ry 1B AR kdie PEI forde@d €y fly Ghdesrissbat oy than
the use of the tenter as descri bed above, the tenter is preferably 15

enpl oyed in thef nghestfilms pr aduciiis. tife, tthe P Dnsioraly pSRBEnX eiar der
rime should the range from 0 to 10% in the stretching direction; if
necessary. When fhe shrinking is desired, it can be
_achieved by, for example, narrowing the chuck width to
10 a desired shrinking proportion.

Although the process for preheating,
uniaxially stretching and heat-treating méy be
performed_by any other technigue than the use 6f the
tenter as described above, the tenter is preferably

15 employed in the industrial production.

The thus produced phase retarder films should
have an in-plane retardation of 50 nm to 300 nm and a
ratio of the in-plane retardation to the retardation
normal to the plane of not less than 0.5, but not more

20 than 1.8 so that they have quite different optical
characteristics from those of conventional phase
retarder films. The phase retarder film may be
referred to simply as "phase retarder film A" in the
specification.

25 The in-plane retardation and the ratio of
the in—pléne retardation to the retardation normal to

the plane can be set to desired levels by routine

procedures depending upon the end-use to which the



have "an in-plane retardation of 50 nmto 300 nmand a ratio of the in-plane
retardation to the retardation normal to the plane of not |ess than 0.5,

but not nore 20 than 1.8 so that they have quite different optical
characteristics fromthose of conventional phase retarder filnms. The phase
retarder filmmay be referred to sinply as "phase retarder filmA" in the

;pecification.%ﬁgge r?ta¥% er fTﬂﬁsa€rQ|€86bée dat? ?R QS rati o of the

i n-plane retar I on € retardatTon norna can be set to

desired | evel sy Oy rQuti G 3?' Pﬁg&%fébgfpfﬂdtﬂg ¥ gEet?E ANBoUAR 1i:ga""h' ch

t he -9- phase retarder are t I n- p ane retardation is

preferably in 36¢ AmDOend ' efe Slefard St LR ﬂai:mandtéhehée{aﬁaﬂét hgn normal to
the plane is preferably in the range from45 nmto 400 nm

thi ckness of theephesilyecinrtics fangs fHomr46enabty 400t hm. ramge fron150 to
150 [err] in view of handling properties. The phase retarder filnms A can be
used al ones or thickméssadf othei phase heetphder filmsdis prefierablyOin
optical conpensators for various liquid crystal display devices.
the range from 50 to 150 pm in view of handling
properties.
The phase retarder films A can be used alone
or in combination with other phase retarder films as
10 optical compensators for various liquid crystal display
devices.
For example, the phase retarder films A may
be used in combination with the phase retarder films
having an in-plane retardation of 0 to 50 nm and a
15 retardation normal to the plane of 50 nm to 1000 nm and
comprising a layered inorganic compound layer having an
in-plane refractive index and a refractive index normal
to the plane which are different from each other as
disclosed in EP-A-0541308. The phase retarder film
20 comprising a layered inorganic compound layer may be
referred to simply as "phase retarder film B" in the
specification.
The phase retarder films B may be produced by
dispersing the layered inorganic compound into a
25 solvent or swelling'it with a solvent, then coating and
drying as described in EP-A-0541308.

The layered inorganic compounds to be used

include, for example, clay minerals. Examples of



For exanple, the phase retarder filnms A may be used in conbination with the
phase retarder filnms having an in-plane retardation of 0 to 50 nmand a 15
retardation normal to the plane of 50 nmto 1000 nm and conprising a

| ayer ed i norgani ¢ conpound | ayer having ?R)in-plane refractive index and a
refractive index normal to the plane whi are different fromeach other as

e AT

| ayer ed i norganit conpoun ere ase

retarder fi'”‘Eﬁzé&_éB&iﬂ@efé%&&Q%i?@atlhﬁiega§§the&§%?%ﬁgﬁ%&%& Bngpy Dbe

produced by dispersing t ayered I norgani c conpoun sol vent

or swelling itgmbéPifeSEAMENy miN8Pat82ELBH ABImEhtnBeidlode),i bed in
EP- A-0541308. The | ayered i norgani c conmpounds to be used include, for

exanpl e, clay pei@edlse, Bionpreaieé, sapohfte,| a¥eesdita9r 9agcenseapounds
I nclude preferably synthe- sized sodiumtetrasilicate mca with |ow -

inpurity afid sarédtsynthesikgdncampehadsuhbvaagmanciysithlidinee stheicdel ite,
nontronite, saponite, hectorite, sauconite, 5 and synt hesi zed conpounds
havi ng a crystthténeimilac-toutbhosenpfatheosmkeosdétef falndlynectite famly.
The solvents to be used for swelling or
dispersing the layered inorganic compounds may be
optionally selected from, for example, dimethyl-

10 formamide, dimethylsulfoxide, nitromethane, water,
methanol, and ethylene glycol. | |

In the production of the layer of the layered
inorganic compounds, as described in EP-A-0541308, a
.dispersion of the layered inorganic compounds may.

15 preferably be mixed with an optically transparent
hydrophilic resin in order to improve layer-formability
and physical properties such_as resistance to crack of
the layers. The ratio by volume of the layered
inorganic compound to the optically transparent resin

20 may be, for ekample, in the range from 0.1 to 10. As
an example of optically transparent hydrophilic resin,
mention may be made of polyvinylalcohol.

A layered inorganic compound layer may be
formed on an optically transpafent resin film to

25 produce a phase retarder film B reinforced with the
optically transparent resin film. Phase retarder film

B also implies this laminate f£ilm in the present

invention. This laminate film may be referred to



The solvents to be used for swelling or dispersing the |ayered inorganic
conpounds nmay be optionally selected from for exanple, dinethyl- 10

f or mam de, di met hyl sul f oxi de, nitronethane, water, nethanol, and ethyl ene
glycol. In the production of the |layer of the |ayered inorgani ¢c conpounds,
as described in EP-A-0541308, a disper§1&ﬂ-df the | ayered inorganic

conpounds may 15 referably be mxed with apg.gptically transparent

hydr ophi lic re§+ﬂp+£ %?desg?%eiﬁ%£%€§erg%é$mf§FnabPl?#? and physica
properties S“gg?ééifféééigﬂce to crack of the layers. The ratio by vol une
of the layere norgani ¢ conpound to the optically transparent resin 20

may be, for exanple, in ¢he £é@ﬂﬁi<§ﬁ8§‘ fol 18niflatif§ 8He® gﬁgltae of

optically transparent hydrophilic fesin, nention nmay be na

pol yvi nyl al conpétaldéryei Bl AN@hGaEhEé PRAPEUPHLhAYE: FRYmPE heemadton an
optically transparent resin filmto 25 produce a phase retarder filmB

rei nforceds w t&ribec@Dt i CPbL Yeka@psepr 8pro6ess tompribBhage foeiahdea fil m B
also inplies this lamnate filmin the present invention. This |am nate
filmmay be relayeeedt bnorganipl gompoundatayeet digdectlyl onBa" phasehe
speci fication.
retarder film A, or a process comprising adhering a
phase retarder~film Bl, as disclosed in EP-A-0541308,
onto a phase retarder film A with an adhesive or
10 sticking agent can be employed. The number of phase
retarder films to be laminated, optical characteristics
of each phase retarder film, i.e., the in-plane
retardation, the ratio of the in-plane retardation to
the retardation normal to the plane and the like may be
15 optionally selected depending upon the optical
characteristics required by the final laminate phase
retarder films.
. When two orxr more phase retarder films A are
used in the laminate phase retarder film, the
20 lamination between one phase retarder_film A and other
phase retarder film A can be performed in the manner
that the slow axis of one phase retarder film A is
parallel or normal to that of the other phase retarder
film A depending upon the optical characteristics
25 required by the final laminate phase retarder film.
When at least.one laminate phase retarder

film Bl having an in-plane retardation is laminated

onto at least one phase retarder film A, the lamination



The techniques for lamnating the phase retarder filmA and the phase

retarder filmB are not 5 critical. For exanple, a process conprising

formng a |ayered inorganic conpound |ayer directly on a phase retarder

filmA, or a process conprising adhering a phase retarder filmBl, as

di scl osed in EP-A-0541308, onto a phase-TétZarder . fllnlA w th an adhe5|ve or

10 sticking agent can be enployed. The nunber hase retarder filnms to
. teptax : 8

be | aminated, JRTHEEN FRASK dex %ﬁl%é%% %W%s@h B8R aFRERTRPF nfidme |
0 ) B B S 4 B
" nate phase X e”‘?%’-‘"g%#" ‘ﬁf Bp 08 BrEorEY Da BB At HEE L0
phase retarder 1Y ryoh e ﬁ“e’?r&ﬁé BB A er e G B e

the manner g hatpndAga sy Brde of &me:p@ﬁ&sé eféé&'fdef'fﬂlﬂ apéndahgel or
normal to that of the other phase retarder film A dependi ng upon the

optical charactigsdStins oiticd BathdLslcbyridei és nﬁé?bﬁffédabf phaseinalar der
film Wen at | east one | am nate phase retarder film Bl having an in-pl ane

retardation is lamin@tedblade wétasdst Hhbmphaherebyather £inalllp, the

Ianlnétlon requifed optical characteristics can be achieﬁed.

‘'The laminate phase retardér film produced by

10 laminating the phase retarder film A on the phase
retarder f£ilm B can be used as an optical compensator
having a ratio of the in-plane retardation to the
retardation normal to the plane of 0.03 or higher to
less than 0.3.

15 The phase retarder film A has novel optical
characteristics such as an in-plane retardation of150
to 300 nm and a ratio of the in—plané retardation to
the retardation normal to the plane of not less than
0.5, but not more than 1.8, and can be used alone or in

20 combination with other phase retarder films as optical
compensators for various schemes of liquid crystal
display device. Moreover, the laminate phase retarder
film produced by laminating at least one phase retarder
film A on at least one phase retarder film B can be

25 used as an optical compensator having a ratio of the
in-plane retardation to the retardation normal to the

plane of 0.03 or higher to less than 0.3. Furthermore,

the present invention allows quite advantageously in



- 12 - Dbetween phase retarder film Bl and phase retarder film A or between
one phase retarder filmB1 and ot her phase retarder film Bl, can be
performed in the manner thatthe slow axis of one phase retarder filmis
parallel or 5 normal to that of other phase retarder film dependi ng upon
the optical characteristics required by T fTnal |aninate phase retarder

fil wh by the.f | I t | ¢h t t b ' d.
The' | am nat o’ piSS PEEk: K BEEREbPOAUEEH BYSEET TRAR REPPHG WRE Mie
tarder fil t t filmB t I
e ! BEoRRR Sy LB Loyl LB BB R RSP L,
normal to the p§é$8r§§ﬁ8 9B8o9L higher to less than 0.3. 15 The
phase retarder as novel optical characteristics such as an in-plane

retardation of 50 to 300 gfihapdedehd! ifyBhtiBA WB10! BACiNTLRkAALLAN shO the
retardation normal to the p e of not less than 0.5, but not nore t

1.8, and ca; bedgegdl aotR Qéféﬂeﬁee téoﬂhhﬂglégnwmthbthB@&n@hiiﬁltéﬁarder
films as optical conpensators for various schenmes of liquid crystal display

devi ce. Mbreovethetdtol am nate phase retarder film produced by | am nating
at | east one phase retarder filmA on at | east one phase retarder filmB
can be The in-plane retardation was determined by
means of a polarizing microscope equipped with
' Sénarmont compensator with'the film plane being normal
10 to the optical system. The retardation normal to the
plane was determined according to the following
formula:
Retardation normal to the plane = [(n, +
ny)/2 - n,] x d where n, represents the maximum
15 refractive index in the film plane, n, represents a
refractive ;ndex normal to the n, in the film plane, n,
represents a refractive index normal to the film plane
and d_represents a thickness of the film.
The laminate phase retarder film comprising at least
20 one phase retarder film A and at least one phase retarder
film B is regarded as a mono-layer phase retarder film
as a whole, and the in-plane retardation and the

retardation normal to the plane of the film were

determined in the same manner as above.

25 Example 1
A continuous film of polycarbonate (Tg :

148°C) having a thiékness of 140 um was prepared by



25- used as an optical conpensator having a ratio of the in-plane
retardation to the retardation normal to the plane of 0.03 or higher to
| ess than 0..3. Furthernore, the present invention allows quite
advantageously in =~ - 13 - industry the efficient and steady
mass- production with high productivity Gflﬂhe phase retarder filnms as
descri bed above. .The esenI I nvention w | ilustrated ig 5 det ai
with reference %Q%%%&i fast %ﬁgrﬁﬁﬁcﬁﬁ§ng ?hh?t%ﬂ PHERR: branfierredi ane
retardation was, rmned by e ﬁ 2|n n1cr05fo§e egu'p ed
W th Sanarmont PO ehoEPRreTn AT TG 1 pheRrafctPerRiY P ReFEes S8 8 RN.
opti cal system; det L. ned
ﬂ%% gé’féé:?é‘rr&?{@tsé&}féﬁ Qkaé‘em"@r[?d g ﬁé%f

according to t e f orfu ar dati on nor nal ane [err]

+ [erre]/2 - rﬂé%éddl f%%%ﬁifh[é%ri ﬁeiﬁéséﬂ%feéﬁﬁa ﬂ%ﬁ%&é 1§;F80tive

index in the filmplane represents a refractive nor to the
[err] in the fid a1 rdh i €SOPLS ébﬁﬁ%f&@ﬁféeofnﬁ26°@0f8§| 2po the film

pl ane and d represents a thickness of the film The |am nate phase retarder
filmconprisingedond$isttransverse uniaxially stretching treatment in
the direction normal to the film proceeding direction
at a deformation rate of 200%/min., at a stretching
temperature of 207°C and at a étrétching ratio of 2.2
10 times the original width, and then heat-treatment at a
temperature of 180°C for 20 seconds with no shrinkage
in the stretching direction.
The thus obtained phase retarder film had a
thickness of 58 um, an in-plane retardation of 101 nm,
15 a retardation normal to the plane of 143 nm and a ratio

of the in-plane retardation to the retardation normal

to the plane of 0.706.

Example 2
A continuous film of polycarbonate (Tg 3
- 20 148°C) having a thickness of 140 um was prepared.by

solvent casting process. This film was transferred
into the tenter identical to that used in Example 1,
and subjected sequentially to preheat-treatment at a
temperature of 220°C for 20 seconds, transverse

25 uniaxially stretching treatment in the direction normal
to the film proceeding direction at a deformation rate

of 233%/min., at a stretching temperature of 200°C and



20; one phase retarder filmA and at | east one phase retarder filmBis
regarded as a nono-| ayer phase retarder filmas a whole, and the in-plane
retardation and the retardation normal to the plane of the filmwere
determned in the sane manner as above. 25 Exanmple 1 A continuous film of
pol ycarbonate (Tg : [err] having a thickndss -of 140 [err] was prepared by
- 14 - solvent castln rocess. This filmwas transferred into a_tenter
havi ng a prehea®tt3 e3tF Bcghﬁglﬁﬂtb? %fn?rﬁ Féﬁﬁ?hthﬁ QFLgLBALNYidEhyi on of
6 mand a heat- eat i ng sectjon_of ect seqgue to 5
preheat -t r eat ?Ré ?h%pt FET f%?ﬁm%?t[% T ? §Ba§BESn§g Ebbaﬁsgnge
uniaxially str h e n h

€ é@&ox§&§%r{?ﬁo'r na%‘héfﬁkg{gé :f)#. Phs ZJQEPEJCFE 5 Sl{cé g]%ﬁflng

proceedi ng direction ionra
t enper at ure of &fré ﬁnd at a stretching ratio of 2.2 10 tinmes the
original wdth, and then heat-treatnent at a tenperature of [err] for 20

seconds Wi tg) no Shri nkagerhd tkes Séﬂs@améagpﬂaés%eardérfefimshagt ai ned
phase retarder filmhad a thickness of 58 [err] an in-plane retardation of
101 nm 15  a ¢leickneds OFE NOO fah, tant ie-plane pbrdASatibANdraliat hfl,

a retardation normal to the plané of 159 nm and a ratio

of the in-plane retardation to the retardation normal

to the plane of 0.736.

10 Example 3
| A continuous film of polycarbonate (Tg :
148°C) having a thickness of 185 um was prepared by
solvent casting process. This film was introduced into
the tenter identical to that used in Example 1, and

15 subjected sequentially to preheat-treatment at a
temperature of 220°C for 10 seconds, transverse uni-
axially stretching treatment in the di;ection normal to
the film proceeding direction at a'deformation rate of
467%/min., at a stretching temperature of 208°C and at

20 a streﬁching ratio of 2.4 times the oiiginal width, and
then heat-treatment at a.temperature of 200°C for 10
seconds with no shrinkage in the stretching direction.

The thus obtained phase retarder film had a

thickness of 70 pum, an in-plane retardation of 119 nm,

25 a retardation normal to the plane of 143 nm and a ratio
of the in-plane retardation to the retardation normal

to the plane of 0.832.



of -the in- pl ane retardation to the retardation normal to the plane of

0.706. Exanple 2 A gontinuous filmof polycarbonate (Tg :

20 [err] haV|ng

a thickness of 140 [fer¥] was prepared by sol vent casting process. This film
was transferred into the tenter identical to that used in Exanple 1, and
subj ected sequentially to preheat- treatmedf at a tenperature of [err] for
20 seconds, transverse 25 uniaxially stretching treatnment in the
direction nor i XaPeet i | m proceeding direction at a defornmation rate of

233% m h f
Siretching ratio of 2.4 (PhdSd MOCHGR B GUCAREFRTHREE. EFM e

o 2 ST A Ufing o dnd it JHE U180l dhcpRbS! Tl 00

a thickness of G0 @d), akd N HEE 15 A iddin®! FEdTTAR)

whig&hardation

normal to the pl'ane of 159 nmand a ratio of the in-plane’ retardation to

the retardafi ongyrded Kaﬂi e | AS Bt dH 726 sdfbni FxEdién 3 dnconti nuous

filmof polycarbonate (Tg :

aqueous dlsper51on obtained by mixing an aqueous 5%

dispersion of synthetic hectorite (available from

Laporte Absorbents Co., under the tradename LAPONITE

XLS) and an aqueous 2.5% solution of polyvinylalcohol

10 having a saponification of 98.5% and a degree of

polymerization of 300 (available from Kuraray Co., Ltd.

under the tradename POVAL 103) in a ratio of 3 : 7 by

volume was coated to a film thickness of 23 um on

dryness to produce a phase retarder film comprising a

15 triacetylcellulose film having an layered inorganic

compound layer formed thereon (referred to as Film x

hereunder). The film X had an in-plane retardation of

8 nm, a retardation normal to the plane of 370 nm and a

thickness of 103 um.

20 Two films ¥ were laminated with the slow axis

of each film being parallel to each other using an

acrylic adhesive, to which a phase retarder film

prepared in the same manner as in Example 2 was

laminated using an acrylic adhesive with its slow axis

25 being perpendicular to the slow axis of the film x to

produce a laminate phase retarder film.

The laminate

phase retarder £ilm had a thickness of 316 Mm, an in-

plane retardation of 105 nm, a retardation normal to



[err]. having a thickness of 185 [err] was prepared by solvent casting
process. This filmwas introduced into the tenter identical to that used in
Exanple 1, and 15 subj ected sequentially to preheat-treatnent at a
tenperature of [err] for 10 seconds, transverse uni- axially stretching
treatnent in the direction normal to the #¥I mproceeding direction at a

deformation rate of 467% nn.. .at a s&*etching t%gp%égtyre of [err] and at
20 a stretchith¢ Rdane & 104 manh@ FatgihAt e Hinptpaden

heat-treatment at a ienperagture of [err] f.or 10 seconds w th no shrjnkage
in the stretchirr‘?d:adﬁdﬁf’gt,’tclrb?T'.o trtﬁ[]? t&i%dl?ﬂ%??eq?%t‘yaidf%le‘?f?ri‘? n?*’nad a
t hi ckness of 78‘éﬁﬁ{] an in-plane retardation of 119 nm 25 a retardation
normal to the pl'ane ‘of 143 nmand a ratio of the in-plane retardation to
the retardation normal to the plane of 0.832. - 16 - Exanple 4 On the
surface of a triacetylcellulose filmhaving a thickness of 80 [err]
(avail able frogEWdipto Film Co., Ltd. under the tradename FUJI TAC)
which 5 surface had been subjected to saponification, an aqueous
di sper si ongobt ai ned by nMpHdGaie FrBEuOSH S taipd Swdetic
hectorite (available from ,

repeated, except that the film thickness on dryness was

16 ym, to produce a phase retarder film comprising a
layered inorganic compognd'layer (referred to as film vy
hereunder). The film Y had an in-plane retardation of.

10 10 nm, a retardation normal to the plane of 305 nm and
a thickness of 96 um.

Onto the film Y was adhered a phase retarder
film prepared in the same manner as in Example 2 using
an acrylic adhesive with its slow axis being perpendi-

15 cular to the slow axis of the film Y to produce a
laminate phase retarder film. The laminate phase
retarder film had a thickness of 211 uym, an in-plane
retardation of 110 nm, a retardation normal to the
plane of 545 nm and a ratio of the in-plane retardation

20 to the retardation normal to the plane of 0.202.



Laporte Absorbents Co., under the tradename LAPONI TE XLSL_gQg_ggrgggeg;i~ﬁ
2..5% sol uti on of polyvinyl al cohol 10 havi ng a saponification o . 5% and-
a degree of polynerization of 300 (avail able fron1Kuraray

the tradename POVAL 103) in a ratio of 3 : 7 by volune wa "ﬁ“a&ﬁuﬂ ﬂfﬁ“"n1
t hi ckness of 23 [err] on dryness to prdddH%'a phase retarder *

conprising a 15 tria ¥ Cﬁ #glose fil mhaving an | ayered inorganic
conmpound IayerwgﬁTHE§ 4% éferred to as Filmx hereunder) The filmx

e an 1Pl eng, el ar daL Lo gl DL ok hi1iithadd BTk pkinbl gl t® ©
| am nat ed W tN-Lben ohays AY n OlncAtnl! LEHRELRA1BA" Bl S 16 3B ther

usi ng an acryllc adhesi ve ase retar er filmprepared in the

sane manner asgh Exeaeis 8f“@ﬁe|§ﬁlﬁﬁaﬁg yétagdaelaﬁrxbl%heﬂhes've wi th
its slow axis 25 bei ng perpendicular to the slow axis of the filmx to

produce a | am pat&rahesén’ RbMERr tbi tht phankagicnabe pRasethahander, film
had a thickness of 316 [err] an in- plane retardation of 105 nm a

retardati on nopatl nd® more tHan 1L0h8.pl ane of 1012 nmand a ratio of the

I n-plane retardation to the retardation normal to the plane of
2. The phase retarder film according to Claim 1,
wherein said thermoplastic resin is a polycarbonate
resin or a polysulfone resin.
3. The phase retarder film according to Claim 1,
wherein said in-plane retafdation is in the range from
80 to 200 nm.
4. The phase retarder film according to Claim 1,
wherein said phase retarder film is produced by:
(1) preheating a thermoplastic resin film at a
temperature Tp in the range of Tg < Tp < (Tg + 100°C),
where Tg represents the glass transition temperature of
the thermoplastic resin and Tp represents the preheat-
ing temperature,
(2) stretching uniaxially the film from step (1)
at a deformation rate of 150%/min. to 1000%/min. at a
stretching ratio of 2 to 3 times the original length at
altemperature Ts in the range of Tg < Ts < (Tg +
100°C), where Ts represents the stretching temperature,
with no shrinkage being caused in the direction normal
to the stretching direction, and

(3) heat-treating the film from step (2) at a

temperature Ths in the range of (Ts - 50°C) < Ths < Ts,



0”l04l Exanple 5 5. The sane procedure as in Exanple—4-was—
repeat ed, except that_the filmthickness on dryness was 16 [err] to produce

a phase retarder fi'l mconprising a |ayered inorganic corTDijm I',m“,mm"l

(referred to as filmy hereunder). The filmy had an in-pl "
of 10 10 nm a retardation normal to rhégprane of 305 nm and a- thitknkss

f 96 “Onto th ilmyY dher.ed h tar.d fil d

the sane nenneiPEES TO8 REHEESRTIR Hhes el oo TS [ ARMRF TS ol ow |
I s bei di- 15 | Q. I I ' f_t filmYt '

[ nat e phasc et ar der A1 IFROCHRS 1L FRCTIE 3 BB AT RRE S
hi ck f 2 : ' ' f '

thickness: of 24 lisiy bl BB hRiiad P £1sd Ih "o g 4t o7

normal to the plane~o mand a ratio of the 1n- tron 20

to the retardati;ql NYMihed QA lAtRtdrdhtddh to thHdkdtalfddiNey 1S 1.

A phase retarder filmmade of & thernoplastic resin having an 1 n-plane
retardation of n3mad IR0 th8 Plan of MdOf1ddEe inaw VB, Mierset ifdréo the

retardation normal to the plane of not less than 0.5, but not nore than
1.8. than 1.8 comprising the steps of:

(1) preheating a thermoplastic resin film at a
temperature Tp in the range of Tg < Tp < (Tg + 100°C),
where Tg represents the glass transition temperature of

~ the thermoplastic resin and Tp.represénts the preheat-
ing temperature,
(2) stretching uniaxially the film from step (1)
at a deformation rate of 150%/min. to 1000%/min. at a
stretching ratio of 2 to 3 times the original length at
a temperature Ts in the range of Tg < Ts < (Tg +
100°C), where Ts represents the stretching temperature,
with no shrinkage being caused in the direction normal
to the stretching direction, and
(3) heat-treating the film from step (2) at a
temperature Ths in the range of (Ts - 50°C) < Ths < Ts,
where Ths represents the heat-treatment temperature.
6. The process according to Claim 5, wherein
said.heat-treating is performed with a shrinkage in the
stretching direction being not more than 10%.
7. The process according to Claim 5, wherein
said thermoplastic resin film is produced by solvent

casting process.

8. The process according to Claim 5, wherein



2.. - The phase retarder filmaccording to daim1, wherein sai d.

t hermopl astic resin is a polycarbonate resin or a polys

The phase retarder filmaccording to daiml, vvherel n sﬂlﬂmmllu“l MI Iﬁ“'
retardation is in the range from80 to 200 nm 4. *The phade rfet arder
filmaccording to Caim1l, wherein said‘ﬁﬂé§é retarder filmis produced by:

(1) preheat a_t he Lastic.resin_fi at _a tenperatuyre Tp_in the
range of Tg < ?ﬁﬁrmoFg?ﬁflﬁhﬁfgl?glFeBrEgnggrgﬁgaggé ?sﬂﬁhﬁ§$fﬁon

t enperature of p c resin and Tp represents the preheat- ing
t enperat ure, E%mﬁsah?&ﬂgrgggﬁbng uniaxially the filmfromstep (1) at a

def ormati on rage of 150%HbNp rggeggogé@gkalngttg hhekChi Ngmaaldia of 2 to 3

times the original length at a tenperature 18 in the rande of Tg < Ts < (Tg

+ [err] where dajfephepeahs kQEaﬁaaﬁiéhlﬂg aMeARArdhGe Wrldh BY Ly i nkage
bei ng caused in the direction normal to the stretching direction, and (3)

heat-treating pbe hinlmfromstep (2) at a tenperature Ths in the range of
(Ts - [err]) [err] Ths [err] Ts, - 19 - where Ths represents the
heat - t r eat ment 10enper at uRelaminate phase retarder film having a ratio

of the in-plane retérdation to the retardation normal

to the plane of 0.03 or more to less than 0;3 coﬁpris-

ing a first phase rétarder film made of a thermoplastic

resin film having an in-plane retardation of 50 to 300

nm and a ratio of the in-plane retardation to the

retardation normal to the plane of not less than 0.5,

but not more than 1.8 and a second phase retarder film

comprising a layered inorganic compound layer laminated

on said first phase retarder film.



5. -A process for producing a phase retarder film having an in-plane
retardation of 50 to 300 nmand a ratio of the in-plane retardation to the .
retardati on normal to the plane of not less than 0.5, but not nore than 1.8
conprising the steps of: (1) "~ preheating a thernoplastic resin filmat
a tenperature Tp in the range of Tg < Tp [err] (Tg + [err] where Tg
represents the SsS tranS|t|on t.enperature of the:thernoplastic resin and
Tp repre%%%?%AQﬂé&%ﬁgﬂ% CLO§UREnperature, (2) '~ stretching uniaxially

2 ot r ot GRAGE AT 7Y 3P RREEERE DR FREPOF NG RAE 2%, cporat ure 1o

inthe range of Tg < Ts [err] (Tg + [err] where Ts represents t he

stretching tenperapgﬁgiag%&hlgo zﬁﬁéﬁﬁgg%%%ﬁagg Eﬂeaeﬂaag dpeadirection

normal to the stre Ing directl t-treating the film

from st eRyehoh p3¢ieTBREsh ULV TS 4l 1ACpIangCrotatdsctoh cse]) [err] Ths

[err] Ts s represents t eat t eat nent tenperature

The procags «acaRilinidahd & 2hE15 ofhenel fnsgignbiepbearadtion £ per f or med

with a shrinkage int e stretching directio Ing not nore than 10% 7.

The proc%gl Fetal g chOn&kARA M Bo {eﬁérﬁlanéabé ﬁBerﬂQQbaﬁhaﬁ resin filmis
produced sol vent casting process. 8. he process according to
C'a'”‘5’cﬂﬁﬁr%d% not more than 1.8, a process for the produc-

tion thereof and a laminate phase retarder film using

said phase retarder film above.



PR\ w€cenva O —r
sald IhernDpIastlc resinis a pol ycarbonate resin or a polysul fone resin. -
9. , The process accordlng to-Caim5; wherein said in-plane

retardation is in the range from 80 to 200 nm 10. A | am nate phase
retarder filmhaving a ratio of the in-plane Remlaqa@raemoﬁhqe@ (He/%ét ar dat i on
normal “to the plane of 0.03 or nore to keds-than 0.3 conpris- ing a first

phase retarder filmmde of a thernoplastic resin filmhaving an in-plane
retardation of 50 to 300 nmand a ratio of the in-plane retardation to the
retardation normal to the plane of not |ess than 0.5, but not nore than 1.8

and a second phase tarder f.il | ayer ed. i nqrgani ¢ conmpound
| ayer | ani nat (Fa)d on Rhiask Hetasie ’nﬁlﬂ %é dfss Fpf producing Sams w

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a phase

retardexr f£ilm.

5 Description of the Related Art
Phase retarder films have been used as

optical compensators for STN liquid crystal display
devices and in more recent years their various ‘
applications to optical compensators for other types of

10 liquid crystal display device than the STN type have
also been studied. For example, there have recently
been cases that liquid crystal display devices of the
STN and TN typeé aré required to have specific viewing
-angle characteristics depending upon their application.

15 For this reason there is a need for many kinds of phase
retarder films having'optical characteristics for
respective applications. However, the currently
developed phase retarder films are restricted to two
types, i.e., one having characteristics close to those

20 of the uniaxially orientated films used for the
aforementioned STN liquid crYstal display device and
the other having characterlstlcs close to those of the
perfectly bl&Xlgily orlentated films comprising a

layeredﬁﬁpoiéanic compound layer, in which the in-plane

1
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