PROCE&SSEER PRODUCI NG PHASE RETARDER FROM . A THERVOPLASTI C

RESI N FI LM OR SHEET The present invention relates to a process
for produci ng a phase retarder filmor sheet used in liquid 5
crystal -display devices. Phase retarder filns or sheets each
conprising a uniaxially oriented thernoplastic resin filmor sheet
have " been used as optical conpensaters to enhance the display
qualities of liquid crystal display devices. 10 A STN type liquid
crystal display devi CrROCHEIY FORCIPRODUCINGAPRASEt RETRRDER | FRON Sheet as
optical conpensator is advantageous in that it is lighter in weight,
t hi nner and | ess expaRERMOPLASTIC RESYHNFANEOOE $HEEDat it has a
narr ow viewi ng angle characteristic and exhibits a |ow contrast 15
ratio as conpared with a STN double cell type liquid crysta

di splay device using a liquid crystal cell as optical conpensator.
These ~di sadvant ad8& Baeeenbechlveriirn derelftel it9 ndt e@rBgessor fekanyl e,
| am nating two es of phase retarder filnms or sheets, but the

. pli .
viewing 20 PERGREiBFaraRRR$etFetaelenofliBalRedRelatysghcthr V1HRYE .

The view.ng angl har.acteri stic of a liquid crystal di splay device
usi ng m%hasgr%Fgﬁgrgéﬁg ayaéevbﬁ??Cal conpensators depends greatly

"Tauid trystal corrads Fetarte R RLTREDIE Qb son FrE ARARR Lo aence
of the uniaxially oriented thermoplastic resin film or sheet have
been used as optical compensators to enhance the display
qualities of liquid crystal display devices.
10 A STN type liquid crystal display device using such
phase retarder film or sheet as optical compensator is
advantageous in that it is lighter in weight, thinner and

less expensive, but disadvantageous in that it has a narrow

viewing angle characteristic and exhibits a low contrast

. iigpehsator. These disadvantages have been
1V

! eliminated by, for example, laminating two

k Al 3»\3‘ c‘f‘ :
%% ies ¢ gﬁﬁase retarder films or sheets, but the viewing
Ny £ 2 . -
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20 'éégiééé’aracteristic has not reached a satisfactory level.
The viewing angle characteristic of a liquid crystal

display <device using phase retarders as optical
compensators depends greatly not only upon the angular
dependence of the birefringence of the liquid crystal cell

25 ysed therein but also upon the angular dependence of the

birefringence (i.e. retardation) of the phase retarder. 1In

B v s 3 i £

conventional phase retarders, it is Eﬁdﬂngtbéf




birefringence (i.e. retardation) of the phase retarder. In
conventional phase retarders, it is known that | ower

-2- angul ar dependence of retardation gives a superior result.

The angul ar dependence of retardation of a phase retarder filmor
sheet is expressed by the retardation rati,o Rlerr]/Rerr]. In this
case, the retardation R40 is a value neasdred with 5 t he phase retarder
filmor sheet being tilted by 40[err] from the horizontal condition
by rotating around an axis which corresponds to the slow axis if the

phase retar denheN$hS e pendenctl of AL OLEARPL 8514 ved @SishgeaM LAY rasposl.tive
intrinsic birefringence, or to the fast axis if the phase retarder

10  consiststhef apgultdierdeyindshice ofeidtardatiBe of angpakeveetarder
intrinsic birefringence; the retardation R err] is a value measur ed

W th the phas&inet ardehddtl Msoexpbastedobybehagretardattidi edhit(iio &,,/R ranged
hori zontal ly); and the neasurenent is made using a pol ari zing

m croscope equUimppddssidases, tie reSardefion Bgnpensatverlue Asashgedewatdati on
rati o of a phase retarder beconmes closer to 1, its angul ar ,dependence
of 5r et artdwt iphassecoatardemefilm or sheet heing ddrl fag r%é(dwcoe frem
angul ar dependence of retardation of a phase retarder fil m or .sheet,

there have 20 thehdaFigasicde £onddtionamy &0takd NEoRIFSWPAg 2Re AFfdds Whic
JP-A-2-16024 descr i bos stietehing a filmvhose .  mleculcs age gpient ed
of a thermoplastic resin having a positive intrinsic
birefringence, or to the fast axis if the phase retarder
10 consists of a thermoplastic resin having a mnegative
intrinsic birefringenpe; .the retardation R, is a value
measured with the phase retarder film or sheet not being
tilted (i.e. arranged horizontally); and the measurement is
made using a polarizing microscope equipped with a
15 Se€narmont compensator. As the retafdation ratio of a phase
retarder becomes closer to 1, its angular dependenée of
retardation becomes lower.
In order to reduce the angular dependence of
retardation of a phase retarder film or sheet, there have
20 been proposed, for example, the following methods.
JP-A-2-16024 describes stretching a film whose
molecules are oriented in a direction normal to the film
surface.
JP-A-2-191904 discloses shrinking a film in a
25 direction perpendicular to the stretching axis at the time
of the uniaxial stretc?ing.

JP-A-285303 discloses stretching & f;lm pfddubeg from



JP- A-2-191904 discl oses shrinking a filmin a 25- direction perpendicul ar
to the stretching axis at the tine of the uniaxial stretching.

JP- A-285303 discl oses stretching a film produced from

- 3- a nolten polyner or a polyner solution under an electric

field applied. None of these nethods, however, is satisfactory
for mass production. 5 We ha¥e-nade an extensive study in
order to solve the above probl ens. As a result, we found that a
phase retarder filmor sheet having a | ow angul ar dependence of
retardation can be produced by subjecting a stretched t her nopl astic
resin filmordsHRéteRoPPR¥MAEI oFelfaRalivdien csoldFiaghunder jan elechie
stretching axis &ireciiqg whi |l e suppressing its expansion in a
direction parhtfif EPiied: surface and perpendicul ar to the stretching

I S. A t t h | ast i in fil, heet shri
?)r(]I tshe stret chi ng § égcg?g%r\ﬁﬁg\g\o#qggs;ﬁd@%v%& ’![ olrgt Ic‘)l%'fftrsﬂsﬁe aclt%lrylrg ‘g&at i on

in an unrestr%gégd? L] at a tenperature not | ower than the gl ass
transition tenpera ﬁ@%g%ﬁiﬁﬁé thernoplastic resin. During this therm

rel axatign, the yg ﬁ&\yénxﬁ’édf%?te e ¢ ?ﬁagr@ni Braeﬂiaﬁgg SR pafal | el

to the filmor sheet surtface and perpendicalar to t stretchi ng

axi s, becauseapdeef igrollenfiieet ARSaa PEEKIEN we £6SHAT HRAL) agopieisd ed
during the stretching, in the
retarder film or sheet having a low angular dependence of
retardation can be produced by subjecting a stretched
thermoplastic resin.film or sheet to thermal relaxation to
10 shrink it in the stretching axis. direction while
suppressing its expansion in a direction parallel to its
surface and perpendicular to the stretching axis.
A stretched thermoplastic resin film or sheet shrinks
in the stretching direction when it is subjected to thermal
15 relaxation in an unrestricted condition at a temperature
not lower than the glass transitioﬁ temperature of the
thermoplastic resin. During tﬁis thermal relaxation, the
film or sheet tends to expand.in a direction parallel to
the film or sheet surface and perpendicular to the
20 stretching axis, because the film or sheet has a neck-in
(shrinkage) generated during the stretching, ~“in the
direction parallel to the film or sheet surface and
perpendicular to the stretching axis.
When a stretched film or sheet is subjected to thermal
25 relaxation while suppreésing its expansion (length
increase) in a direction’ parallel to the film or sheet

surface and perpendicular to the stretching axis, to a



direction parallel to the filmor sheet surface and per pendi cul ar to

the stretching axis. When a stretched filmor sheet is subjected
to thermal 25 relaxation while suppressing its expansion (length
i'ncrease) in a direction parallel to the filmor sheet surface and
perpendi cular to the stretching axis, to a

-4- | ength smaller than that obtainged in an unrestricted

condition, the length in the stretching axis direction shrinks and the
t hi ckness of the filmor sheet expands and exhi bits inproved angul ar
dependence of retardatiaon. 5 Herein, the term"stretching axis"
refers to anlexigth smellemi akhat dthadt chbtiginedt hencage omresitairaed
stretching, and to an axis of main stretching in the case of unbal anced

bi axi al stretcemddgdion, the lengshpertli sbearstuetihisgeharis adigectéPBrs to
an angle 10 of 60-120[err] to the stretching axis. _Suppression of
expansi on  Shripkg andedtieoiharkneaspaf el Bilm o FHisat PXP§nLReand
SO0 g e A S ot ok PSR ) angul 2t
paral Lel S0 the gl SUSEl iUl age.2idnfe oBRLICURULACl rlliEse
O, 0L O SSTRAMRTRN, erecchndl She SRERERCR Ml Suiatittng,
and to an axis of main stretching in the case of unbalanced
biaxial stretching.
"Perpendicular to stretching axis" refers to an angle
10 of 60-120° to the stretching axis. Suppression of expansion
in a direction of, in particular, 85-95° to the stretching
axis is prefefable in view of the improvement in angular
dependence of retardation. Suppression of expansion in a
direction parallel to the film or sheet surface and
15 perpendicular to the stretching axis, as compared with the
suppression in other directions, gives higher improvement
in angular dependence of retardatiom.
"Suppression of expansion in a direction parallel to
the film or sheet surface and perpendicular to the
20 gstretching axis" refers to keeping the expansion in said
direction substantially at zero, i.e. keeping constant the
length of the film or sheet in said direction and further
making the expansion in said direction smaller than the
level obtained when the film or "sheet is subjected to

25 thermal relaxation in an unrestricted condition until a

desired R, value is obtained.



the filmor sheet surface and perpendicular to the 20 stretching axis"

refers to keeping the expansion in said direction substantially at
zero, i.e. keeping constant the |l ength of the filmor sheet in said
direction and further maki ng the expansion in said direction smaller

t han t he | evel obtained when the filmor sheet is subjected to 25
thermal relaxation in an unrestricted comlition until a desired R err]
val ue i s obtai ned. The

met hod used for suplt eB€FRGdt HECBX Fa%si THPRIESS1ng tﬂE?r%?%?ﬁﬁﬂ??lﬁFor sheet
to the stret %'%Iﬁ%%sﬁffﬁ% otgarerb it Saiiar BHEREEE TG AR BETH <
O LRl She AR IR ATE ARG 0 b se B thning Y.
uti|izing theylritiandl LREERagCN ]Ta&ﬁl%thgs notCQ@EQQEaﬂ.OV The

suppreSS| on O € expansi on O sheet in a direction

paral lelsto tfgqjé¢{ﬁéﬂag%mg§aﬁﬂyg§ua§ tH3 s ae@hpar.pendicular to the
stretching axis. Arranging a filmor sheet between a pair of

paral | el (1yval¢@nttwcyﬁmgaagfym dtstheee hetweanplhem (iengsueh Mot
manner that the filmor sheet surface becones perpendi cul ar to the

val I's and thepkite) cudigataid szinfg tthe ffidimtdonsheforcéSgenheoured artdld el to
the walls and thereby suppressing the expansion of the filmor sheet

in a directi oropeact| §brt uppressibs o fthe expapwrgendf cthar fidm ipr
stretching axis, to a
sheet in a direction parallel to the film or sheet surface

10 and perpendicular to the stretching axis.
(2) Arranging a film or sheet between a pair of parallel
walls having a given distance between them, in such a
manner that the film or sheet surface becomes perﬁendicular
to the walls and the stretching axis of the film or sheet
15 becomes parallel to the walls and thereby suppressing the
expansion of the film or sheet in a direction parallel to
its sufface and perpendicular to the stretching axis, to a
iength not larger than the distance between the walls.
f3) Arranging a film or sheet in a frame having a
20 gtructure in which the film or sheet is not allowed to
expand in a direction parallel to the film or sheet surface
and perpendicular to the stretching axis and thereby
suppressing the expénsion of the film or sheet in said
direction. -
25 - 0of these methods, there is preferred the methods (2)

and (3).



tength not |arger than the distance between the walls. (3) Arranging
a filmor sheet in a frame having a 20 structure in which the filmor

sheet is not allowed to expand in a direction parallel to the filmor
Sheet surface and perpendicular to the stretching axis and thereby
suppressing the expansion of the filmor sheet in said direction. 25
O these nethods, there is preferred thé ®et"hods (2) and (3).

- 6- Thus, by subjecting a filmor sheet to thernal

rel axation while suppressing the expansion in a direction parallel to

the filmor sheet syrfacey ndaggﬁgggﬂjl&ulaar ftﬁlmas?r gﬁgeét][teqt Cthgm Xis,

there can be easily dbt &Fne thernDp c resin m or eet

sati sfying thei'écl%lﬂa\‘/%ﬁdﬂg while d e exRans]g.BPQQ?l 2 '3[1%%'&1:/3.8[19”] <

1.100 | es ‘may e gener m or sheet is
subj ected to theaTalelr elaxald Q&l%bkesﬁge@rgéﬁfange iR pdpen@iRaNaioRoi N a

direction parallel to the filmor sheet surface and perpendicular to
the stretchi ngh#xi streficRiii§ axis, C8HB%e ldih t Ber nakasthigxadhtiided a
preferably conducted while appl yi ng an appropriate pressure to the

filmor Sheet thermopdasftdce resin film or sheet satisfying the following

formula:
0.900 < Ry/Ry < 1.100

Wrinkles may be generated when a film or sheet is

subjected to thermal relaxation while suppressing the

10 expansion in a direction parallel to the film or sheet

surface and perpendicular to the stretching axis. In such

cases, the thermal relaxafion is preferably conducted while

applying an appropriate pressure to the £film or sheet
surface. |

15 The method used for conducting the thérmal relaxation

while applying an appropriate pressure pefpendicularly to

the film or sheet surface, is not critical. It can be any

method provided that the heating of and the pressure

application to the £film or sheet can be conducted

20 simultaneously. The following are examples of this method.



15 The net hod used for conducting the thermal relaxation whi | e
appl ying an appropriate pressure perpendicularly to the filmor sheet
surface, is not critical. It can be any met hod provi ded that the
heating of and the pressure application to the filmor sheet can be
conducted 20 sinultaneously. The follow ng are exanples of this .nethod.
-7- (1) Arranging a filmor sheet ¥n-a frane having a structure
in which the filmor sheet is not allowed to stretch in a direction
parallel to its surface and per pendi cular to the stretching axis,

nounting a melg havi ng the sane bottom surface shape ag the filmor
sheet \ dceAIEHngﬁégf|?rnﬁﬁh%hé€t SBRECcoMuc i g RE¥LREl @

I ti f I t he fil
or oheet _suri gEguctuzd i SEf mé‘?n{rlgg‘fI/CI’-'png%lP rii?”b&wwia‘iabl e

fil d h d d I I h
tLenﬁlrectlon g gﬁpelngnght iﬂ%? céglﬂé%ﬁ§;%$ é#%ﬁl&E%Iggh%faéght Sé
ci 1 cunf erent | EEBEPUgERLEE " SRCbeREPORERy dRi8hopneiol 0 igns

pressuresuni f o v t%hbhgathngFfpléurfgggtsﬁH tage. tﬁ@dePﬂdHftéﬂgeEhe

thernal rel axati on”of m or sheet uhder a condition that both
ends of the fihiface, oflf thReetilar 8rf kNedt$0an8 BBhdhetahy O¥héhEhexpansi on

of the filmor sheet in a direction parallel to the filmor sheet
relaxation of the film or sheet while applying a pressure
to the film or sheet surface.
(2) Interposing a film or sheet between reléasable films,

10 tightly winding them around a cylindrical material so that
the direction parallel to the surface and perpendicular to
the stretching axis of the film or sheet becomes the same
as the circumferential direction of the <cylindrical
material, to apply a pressure uniformly to the £film or

15 sheet surface, and conducting the thermal relaxation of the
film or sheet under a condition that both ends of the film
or sheét are fixed so as not to allow the expansion of the
film or sheet in a direction parallel to the film or sheet
surface and perpendicﬁlar to the stretching axis.

20 By subjecting a stretched thermoplastic resin film or
sheet to thermal relaxation while applying a pressure
thereto so that no wrinkle is generated iﬁ the film or
sheet and there occurs increase of f£film or sheet thickness,
there can be obtained a thermoplastic sheet or film

25  gatisfying the following formula and having no wrinkles:



surface and perpendicular to the stretching axis. 20 By subjecting a
stretched thernoplastic resin filmor sheet to thermal relaxation
whi | e appl ying a pressure thereto so that no winkle is generated in
the filmor sheet and there occurs increase of filmor sheet

t hi ckness, t here can be obtained a hhgrnnplastic sheet or film 25
satisfying the follow ng formula and having no winkl es:

0.900 < Rerr]/Rerr] < 1.100 A pressure of 0.1 g/cnferr] to 10
kg/cnferr] is generally applied in view of the uniformty of the film
or sheet after theongborelﬁégﬁéon]gqqujhe rel axation rate. 5

The stretched thernoplastic resin filmor sheet has no restriction as
to its orientation provided that it can, during the thermal

rel axation, shrink in the stretching @xis direction and expand in a
direction parall el At padssure ofi Immrg,&d:mettsunbade;ﬁmﬂ pies pgadecalhy to
the stretching 10 axis. The nmet hod of production of such a film
or sheet is applihed igriviewl of the wmiformityretiutbd, fiflor oxxahpee, by
preparing an unstretched filmor sheet by a known nethod such as

sol ution cast RA§erpEResmaD| Bphaxetiext2ndi bie arvlaxEriamheRt€tret chi ng t he

g?fte,[ ghfﬁgdbfei weﬁ&pgrg’§£%€¥hgd ktr}loempmoplastrrlect Qgg’insgﬂ]mac;sr ts nete rkgg’no
restriction as to its orientation provided that it can,
during the thermal relaxation, shrink ‘in the stretching
axis direction and expand in a direction parallel to the
film or sheet surface and perpendicular to the stretching

10  axis. |
The method of production of such a £ilm or sheet is
not critical. It can be produced, for example, by
preparing an unstretched film or sheet by a known method
such as solutiph casting, press molding or extrusion and
15  then stretching the unstretched film or sheet by a known
method, such as tentering, stretching between rolls or

rolling.

In view of, for example, the molecular orientatibn in
the film or sheet thickness direction during thermal
20 relaxation and the uniformity of in-plane retardation of
the film or sheet, it is preférred that a film or sheet be
prepared by solution casting and then subjected to

longitudinal uniaxial stretching between rolls.



rol I'i ng. In view of, for exanple, the nolecular orientation in
the filmor sheet thickness direction during thermal 20 relaxation and
the uniformty of in-plane retardation of the filmor sheet, it is
preferred that a filmor sheet be prepared by sol ution casting and

t hen subjected to | ongi tudinal uniaxial stretching between rolls.

The tenperature at which the stretched thernoplastic resin filmor
sheet is relaxed thermally can be any tenperature which is not | ower
than the glass transition tenperature (Tg) of the thernoplastic resin

and is lower 5 dH@ncedfierd@ldd N B tid Mtradhderthdmmog it ilher mal

rel axation of the thernoplastic resin filmor sheet. The tenperature

of thermal reterdati gilwarées sherendi g réddkddnethermallby andahm Bé tdwg resin
used, but is preferably in the range of Tg to (Tg + 50[err]C) in view

of, for exaniempdietwxmtwiolclofis1Aoctniplkape thahamthat iqirasandoddrsirmleecul ar
orientation in t hi ckness direction. I n conducting the

t hermal rel axegnperatfure s(Te) cbfdthe theleppbpbtsci cesési anfli lim drowsheet
whil e applying a pressure to its surface, a cushioning nmedi um may be
used in 6rderthan the r sgdsdnghepoieleni@rsesndn perpétat uklee arfdigsmassur e.
Such a nmedi um enabl es the uniformtransfer of tenperature and

pressure to tFRLFFIMAG ehedte Vihermeplamthiofiafihddilymor sheet. The g

al so possible to interpose stretche . , .
P temperatué% of %herma& refaxatlon varies depending upon the

Tg and Tm of the resin used, but is preferably in the range
of Tg to (Tg + 50°C) in view of, for example, the control of

10 in-plane retardation and the mélecular orientation in
thickness direction.

In conducting the thermal relaxation of a stretched
thermoplastic resin film or sheet whil§ applying a pressure
to its surface, a cushioning medium may be used in order to

15 reduce the unevennesses in temperature and pressure. Such
a medium enables the uniform transfer of temperature and
pressure to the film or sheet via the cushioning medium.

It 1is also possible  to interpose a stretcﬁed
thermoplastic resin film or sheet . between releasable

20 materials (e.g. releasable polyester films) or to coat the
surface of said film or sheet with a lubricant (e.g.
silicone 0il or molten surfactant), in order to enhance the
transformation rate or uniformity in transformation rate,

of said film or sheet during the thermal relaxation.



thernoplastic resin film or sheet between releasable 20 naterials

(e.g. releasable polyester filns) or to coat the surface of said film
or, sheet with a lubricant (e.g. silicone oil or nolten surfactant), in
order to enhance the transformation rate or uniformty in
transformation rate, of said filmor,sheet during the thermal

rel axati on. -10 - The

t hernoplastic resin used for preparation of a stretched thernopl astic
resin filmor sheet is not critical as long as it has intrinsic

bi refringence. Homey/ eknekhoplast iPr 86&iaP Ys i8S reXCeld JUr BRUNCAE a
properties (e.g. excellent 5 t ransparency). As the

t her nopl asti ¢ gtesdtchdd et edplBeticedesi@rfilm or exaep! s ddteicrapliaati c

resins having positive intrinsic birefringence, such as a
pol ycar bonat e,apolysgl Bene,t has ipotiwsidt aberepplygsmes sul Horever, it
cel lul ose di acetate, and 10 t hernopl astic resins havi ng negative

intrinsic préfemiblngeascexcsliténtopulgsslt prepertaeaet dnd pexestilyeate,
pol yvi nyl pyri di ne, polyvinyl napht hal ene or pol ynet hyl

met hacryl%at e. tXFNSPRAIERNCY) pol ycarbonate is preferred in view of its
transparency, heat and humdity resistance and 15 expr essi on of
bi ref ri ngence. As the fRermgpdaghic TRFdAr| FherferGatt sbeelsgd, for

i ndustri al roduction of .a phase retarder which is lLow i.n_anqgul.ar
dependence of ?ﬁ“&?ﬁ%‘ti %h?rﬂopﬁ‘aﬁﬁﬁccr’:ﬁt"é‘ls &‘%Yﬂ%g/ §eFitive 1ntrinsic
birefringence, such as a polycarbonate, polysulfone,
polyarylate, polyethersulfone or cellulose diacetate, and
10 thermoplastic resins  having negative intrinsic
birefringence, such as polystyrene, a-methylpolystyrene,
polyvinylpyridine, polyvinylnaphthalene or polymethyl
methacrylate. Of these, a polycarbonate is preferred in
view of its transparency, heat and humidity resistance and

15 expression of birefringence.

The present invention permits easy industrial
production of a phase retarder which is low in angular
dependence of retardation. A liquid crystal display device
havihg the phase reéetarder(s) mounted thereon shows a

20 significantly improved viewing angle characteristic.



havi ng the phase retarder(s) nounted thereon shows a 20 significantly

| nproved view ng angle characteristic. W refer

al so to the disclosure of Japanese Patent Application No. 03-324644.
The present invention is hereinafter illustrated by the foll ow ng
speci fic exanpl es. 5 Exanmple 1 A pol ycarbonate filmof 185
[err]min thickness, obtained by sol¥ent casting was stretched to a
2.1-fold length at 184[err] C by Iongitudinal uni axi al stretching to
obtain a stretched filmof thickness 98 [err]m Rerr] = 867 nm and

err]/ Rl err 10 = 1.108. _The stretched f | m wa nt o ' f
R[ IR (d} ecti de pEFRRdReGPartd oF1g r@%ﬁﬁi?@“’é&l §§ ;afaﬂeéﬁ Patlnt

(stretchlng axis djrectio and the cut filmwas placed in : a frame

havi ng such a ARRpETEEIAE P%Q] whi T 4e% cut filmwas not allowed to
expand in a dIFECtI§$ par%%éﬁﬁ EQV%Q€1§ %%rElEHEEQ?eiQQ%SE%%E%adi lar

to the stretching a ranme was nountéd a

wei ght havi ng {1};&\ f@ffow ing, s %% nj?‘ f#{ Sshape as the cut filmshape, to

apply a preéssure o fornty on the filmsurface in a
direction perpendicular to the filmsurface. Under this .20 condi tion,
the stretched fil mwas subjected to thernal relaxation at 165[err]C

for 120 rd nut egyybie suppressing the

A polycarbonate film of 185 um in thickness, obtained

by solvent casting was stretched to a 2.1-fold length at
184°C by longitudinal ‘uniaxial stretching to obtain a
stretched film of thickness = 98 um, Ry = 867 nm and R, /R,

10 = 1.108. The stretched film was cut into a size of 9.9 cm
(direction perpendicular to stretching axis) x 2.4 cm
(stretching axis direction), and the cut f£ilm was placed in

a frame having such a temperature in which the cut film was

not allowed to expand in a direction parallel to the film

15 surface and perpendtcular'to the stretching axis. On the
cut film in the frame was mounted a weight having the same
bottom surface shace as the cut film shape, to apply a
pressure of 70 g/cm2 uniformly on the film sufface in a
direction perpendicular to the film surface. Under this

20  condition, the stretched film was subjected to thermal
relaxation at 165°C for 120 minutes while suppressing the
expansion of the film in a direction parallel to the film
surface and having an angle of 90° to the stretching axis of

the £ilm. As a result, there was obtained a phase

25 retarder film of size = 9.9 cm (direction perpendicular to



éxpansion of the filmin a direction parallel to the film surface and

havi ng an angle of 90[err] to the stretching axis of the film As a
result, there was obtained a phase 25 retarder filmof size = 9.9 cm
(direction perpendicular to - 12 -
1 stretching axis) x 2.0 cm (stretching axis direction), t hi ckness =
120 [err]m Rerr] = 445 nm and R[errI/#feTr] = 1. 000. Exanple 2

The sane siretched filmas,i Ie 1 was t_E&E:i.l‘cut into e of 9.9 cm
(G v oct ont pet CERHFRUPArEb8) % 2ok 19t chi e S 38 4705 ErrectirRen: g axi s

d h il d f h h
sivection, uscRBL"E ), Ll ThaeR ECRE 0D S na

direction parallel to the filmsurface and 10 perpendicular to the
stretching axis. On the cut film in the frame was nounted a wei ght
havi ng the sagg Qg%éo surface shape as the cut filmshape, to apply a
pressure ? g/cnferr] uniformy on the filmsurface in a direc-

tion perpendicular to t@ﬁefé$ﬁ§s§%§é¥ﬁhedkggqmt Sin Hxamd i @A the
stretched fil mwas subjected to thernal relaxation at 165[err]C for

180 mi nuteS wBhteifdppPaessEOdof 9.918R EEAPPESE Ddn Perdgendiidubarn ta direction
parallel to the filmsurface and having an angle of 90[err] to the

stretch- stngtakisgoaxibp kit &s Gstestdhing heris wHa enitimnled a 20
phase retarder filmof size = 9.9 cm (direction perpen- )
and the cut film was placed in a frame having such a
structure in which the cut £ilm was not allowed to
expand in a direction parallel to the film surface and
10 perpendicular to the stretching axis. On the cut film
in the frame was mounted a weight having the same bottom
surface shape as the cut film shape, to apply a pressure
of 235 g/cm2 uniformly_on the f£ilm surface in a direc-
tion perpendicular to the film surface. Undef this
15 condition, the stretched £film was subjectedlto thermal
relaxation at 165°C for 180 minutes while suppressing
the expansion of‘the film in a direction parallel to the
film surface and having an angle of 90° to the stretch-
ing axis of the film. As a result, there was obtained a
20 phase retarder f£ilm of size = 9.9 cm (airection perpen-
dicular to stretching axis) x 2.1 cm (stretching axis
direction), thickness. = 118 um, Rg = 586 nm, and R4g/Ro

= 1.047.

Example 3
25 The same stretched £ilm as in Example 1 was

cut into a size of 9.9 cm (direction perpendicular to

’



dicular to stretching axis) x 2.1 cm (stretching axis di rection),

thickness.= 118 [err]m Ro = 586 nm and R err]/Rerr] = 1.047.
Exanple 3 25 The sane stretched filmas in Exanple 1 was

cut into a size of 9.9 cm (direction perpendicular to

- 13 - 1 stretching axis) x 2.4 cm (stretching axis direction), and
the cut filmwas placed in a franme hawi 2§ such a structure in which the
cut filmwas not allowed to expand in a direction parallel to the film
surface add sSrpbrpéngdi eslian xo2tHecst (strételyimyiskis QL A iy ,film

in the frame was nmounted a wei ght having the sane bottom surface shape

as the cut fRRm SRgpEutt §1dppMpsarpresduie a frame gawienisarat aunifornly on
t he filn1surfgge in a direction perEendicuIar to the filmsurface.
Under this c8RAPELUEE 1P| YR1CPh&ENE FRECRBEM f¥3sn il slisiwas &® to t her mal

rel axation at _170[,err] C f,or 120 m nute il e suppressin t he expansi on
of the film FRPER iF@LFigﬁrﬁgiéPPePafﬁf}%g to t?éﬁ%ﬁ%ﬂuﬁé%ﬁ??%uﬁ“ﬁavigg an

angle of 00 ghchetlaac soobbl SLIRCATL 2LuLDS 411 A8 gl !, here

was 15 obtafne ase retarder _ { ction
Girocti ony, th chaess =i 33s; Eoihckara welhne nadiid sl Mhtigkeom ) oo, )
= 1.059. surface shape as the cut film shape, to apply a pressure
‘ of 87 g/cm2 uniformly on the film surface in a direction
perpendicular to the film surface. Under this condi-
10 tion, the stretched film was subjected to thermal
relaxation at 170°C for 120 minutes while suppressing
the expansion of the film in a direction parallel to the
f£ilm surface and having an angle of 90° to the
stretching axis of the film. As a result, there was
15 obtained a phase retarder film of size = 9.9 cm
(direction perpendicular to stretching axis) x 2.1 cm
(stretching axis direction), thickness = 122 um, Rg =

519 nm, and Rsg/Rg = 1.059.

- Example 4

20 A polycarbonate f£ilm of 200 um in thickness,

obtained by solvent casting was stretched to a 1.1-fold
length at 190°C by longitudinal uniaxial stretching to
obtain a stretched film of thickness = 187 um, Rg = 613
nm and §40/Rd = 1.124. The stretched film was cut into
25 a size of 9.9 ém (direction perpendicular to stretching

axis) x 2.4 cm (stretching axis direction), and the cut

£ilm was placed in a frame having such a structure in



Exampl e 4 20 A pol ycarbonate filmof 200 [err]min thickness,
obt ai ned by sol vent casting was stretched to a 1.1-fold | ength at

190[ err] C by | ongi tudi nal uni axi al stretching to obtain a stretched
filmof thickness = 187 [err]m Rerr] 613 nmand Rerr]/Rerr] =
1.124. The stretched filmwas cut into 24'5 a size of 9.9 cm (direction

per pendi cul ar to stretching axi s) x]2 4 cm (stretching axis direction),
and the cyt fil e | g$hrycture in

- 14 - E wﬁqﬁ$qf%§%nﬁu¢)ﬁﬁ%@k&ﬂ%g¥ % w% tggeégggaalnkag di rection
paral | el t° @%ééé {I}fﬁi%ﬁ”%‘@h@eﬁﬁv rface @4l Berpbhaiehiag axis.

On the cut filmin rame was nounted a wei ght having the sane

bottom surfagg ¢he Shaps @sidd e, fidinshapat e 1apRhy taepeeanere of 63
g/cnerr] uniformy on the filmsurface in a direction per pendi cul ar to

the film surfiae mdivtesd tdiwe tgidihaving tiHen samee battreeinclsed fhickm was

subj ected to thermal rel axation at 165[err]C for 120 m nutes while
suppressi g dhbkpéeasxigaansewn Hflm hehdpd mton appdiyr @ctgr@tsspaEablfe63t o the
filmsurface and having an angle of 90[err] to the stretch- i ng axis
of the film oécm? rnusifiarmitherre thes fddmaisvefage in apHasectéPBrder fil m of
size = 9.9 cm (direction per pendi cul ar to stretching aX|s) X 2.2 cm

(stretching H@P%@%Clﬂl?’é&?oﬁ)e i giedace oo FdET tRISRGCE4451 nm  and

R[err]/R[err] on} tgg stretched £ilm was subjected to thermal

relaxation at 165°C for 120 minutes while suppressing

10 the expansion of ﬁhe film in a direction parallel to the
film surface and having an angle of 90° to the stretch-
ing axis of the film. As a result, there was obtained a
phase retarder f£ilm of size = 9.9 cm (direction
perpendicular to stretchiné axis) x 2.2 cm (stieéching

15 axis direction), thickness = 200 um, Rg = 351 nm, and

Example 5
A polycarbonate film of 185 um in thickness,
obtained by solvent casting was stretched to a l.l1-fold
20 . length at 178°C by longitudinal uniaxial stretching to
obtain a stretched £ilm of thickness = 170 um, Rg = 650
nm and R4g/Rg = 1.100. The stretched film was cut into
a size of 30 cm (direction perpendicular to stretching
axis) x 20 cm (stretching axis direction). The cut film
25 was interposed between two same releasable films
(Cerapeel Q-1 $#188 manufactured by Toyo Metallizing Co.,

Ltd.). Thereon was mounted a metal plate and a pressure



Exampl e 5 A polycarbonate filmof 185 [err]min thickness,
obt ai ned by sol vent casting was stretched to a 1.1-fold 20 Ilength at

178[ err] C by | ongitudinal uniaxial stretching to obtain a stretched
filmof thickness = 170 [err]m R err] = 650 nm and R40/Ro = 1.100.
The stretched filmwas cut into a size of 30 cm (direction

per pendi cul ar to stretching axis)‘xl§0'cn1(stretching axis direction).

The cut film 25 s i,nterposed befween ftwo sane releasable filns
( Cer apeel 1°§1%\§/§rrﬁﬁﬁ‘i“ac B$ eﬂPW%%y‘b"‘m‘d‘ﬂM Ahghe £1lm surfage)
Thereon was npunte et a ate ggggga ressur

. | pl .
- 15 - 1 of*%.8 gf%ﬁfe??? &EEPQB n???? eyf%ﬁt;%ﬂfq%qenlfﬁpﬁéce
[ [ [ ' ' .U . this
condi t1 on, 1 nenEEr SPRRLELRRT (e SEeht ARREELBF e Niinnted ePaxati on at
193[er 11 C 10 ¢ A2Pnfd NHLES,MLLE a1 51 SYPETESS! Dfh (i EAANY;qQ Of the Tilm
in a direction par a re to the Tilmsurface an aving an angl e of

90[err] s é@p%hésﬂﬁ?'fﬁﬂéngxﬁéﬁﬁ&fx dheckd | #1ofsi P I EUWelor slRer e
was obtai ned a phase refarder filmof size = 30.85 cm ~ (direction
perpendi cul arpapasledt tbi BHeaRibh XudBade Cand Mhuvilrfd It GHgld € 90°

direction), thickness = 185 [err]m Rferr] = 200 nm and R err]/R err]
= 1. 063. to Eranpteebching axis of the film. As a result, there
was obtained a phase retarder film of size = 30.85 cm
(direction perpendicular to stretching axis) x 18.8 cm

10 (stretching axis direction), thickness = 185 um, Rg =

200 nm, and R4p/Rp = 1.063.

Example 6
A polycarbonate film of 185 um in thickness,

obtained by solvent casting was stretched by transverse

15 wuniaxial stretching to obtain a sfretched film of
thickness = 138 um, Rg = 619 nm and Rqg/Rg = 1.112. The
stretched film was cut into a size of 200 cm (direction
perpendicular to stretching axis) x 12 cm (stretching
axis direction). The cut film was interposed between

20 two samé releasable £films (200 cm x 15'cm) (Cerapeel Q-1
#188 manufactured by Toyo Metallizing Co., Lﬁd.). The
resultant sandwich, together with a cushioning medigm
(200 cm x 15 cm) covered with flannel at both sides,
was tightly wound around an aluminum pipe of 9 cm

25 (diameter) x 3 mm (wall thickness). In this case, the
polycarbonate film was fixed at the ends to prevent the

expansion in a direction parallel to the film surface



A pol ycarbonate filmof 185 [err]min thickness,

obt ai ned by sol vent

casting was stretched by transverse 15 uniaxial stretching to obtain a

stretched film of
Rlerr]/Rerr] = 1.112. The
cm (direction

thickness = 138 [err]m R err] = 619 nm and

axis direction). The cut filmwas interposed between 20 two sane

releasablf f
Toyo Meta

cushi oni ng npdisM ion, €R0s £PR Kcren D1k QLY AhbAeldt eldl @BNeheahal

si des,

was tight{y wound around an al um numpi pe of 9 cm 25

stretched filmwas cut into a size of 200
perpendi cular to strgtching axis) x 12 cm (stretching

[ | Qelaxs utactured b
|19 gp e R A A g e R e W ih o

bot h

(diameter) x@18%¥a€¥6h! athiskaessdr 29 mddrs widde sippressingoklear bonate

filmwas fixed at the ends to prevent the

parall e

to gpgahkionsUEf GRE £film in a direction parallel to the
1 and perpendicular to the stretching axis. Under this condition, the
stret chedsfi Fpimasusfbiecand havimgramlangle rafl &Lt iton tée 152[err]C for 25
hours whil e suppressing the expansion of the filmin a direction
paral l el to sheet8hihgl axiarbfcthanfilbmyi s oh ERPIE ofthEGEeMAF to t he

stretching axis of the film As a result, there was obt ai ned a phase

retarder filabsaispdea=phapecretarderfeltidh HEHendi®UISH to stretching

axis) x 11.5

R err]

10

10

15

expansion in a direction
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(stretching axis direction), thickness = 158 um, Rgo =

421 nm, and Rgo9/Rg = 0.978.

Example 7

A polycarbonate £ilm of 185 um in thickness,
obtained by solvent casting was stretched by transverse
uniaxial stretching to obtain a stretched film of

thickness = 148 um, Rg = 990 nm and R4p/Rg = 1.167. The

. stretched film was cut into a size of 200 cm (direction

20

25

perpendicular to stretching axis) x 12 cm (stretching
axis direction). The cut film was interposed between
two same releasable films (200 cm x 15 cm) (Cerapeel Q-1
#4188 manufactured by Toyo Metallizing Co., Ltd.). The
resultant sandwich, together with a cushioning medium
{200 cm x 15 cm) covered with flannel a£ the both sides,
was tightly wound around an aluminum pipe of 9 cm
(diameter) x 3 mm (wall thickness). In this case, the
polycarbonate film was fixed at the ends to prevent the
expansion in a direction parallel to the film surface

and perpendiéular to the stretching axis. Under this



Exampl e 7 A pol ycarbonate filmof 185 [err]min thickness,

obt ai ned by sol vent casting was stretched by transverse uni axi al
stretching to obtain a stretched filmof 15 thickness = 148 [err]m

Rlerr] =990 nmand Rerr]/Rerr] = 1 167 The stretched filmwas cut
into a size of 200 cm (direction ndi cular to stretching axis) x 12
cm (stretching axi s direction) The ut filn1mas I nt erposed between

t I fil 1 1,2
mnuf act uted SEP ERS Vel Sty e Tiil peSTRaBIse e croPPhEREL i o,
together wi 1y 3 GUINANIN0 (B! Bor o5 ﬁ%ﬂQscm 5568b - EoYeRE TN

flannel at t mnun aro um num pi pe

of 9 cm e&&iﬁq{ﬁt&{ )ofx t%ml(mal |n tahldcilf@e%&bn barkMigicesecnéhe 25
pol ycar bonat e mwas fixed at the ends to prevent the expansion in a

direction parg@gilelsdirEddie drid Masuiigaea angleabd perpesdikyl ar to the
stretching axis. Under this - 17 -

1 conditidn, dsthetdhriatehed f idfmthms filnj.ecthad at oesheétpakhere wagl axation at
153[err]C for 25 hours whil e suppressing the expansion of the filmin
a direction pitalingd to phese retarden fudiacd sadehav2Af em angl e of
90[err] to the 5 stretching axis of the film As a result, there was

obt ai ned a pHa¥eaahianiaerpand ishular &o= s2ggteming agdFd ekt LBn2 cm

per pendi cular to stretching axjs) x ,10.2 cm
(stretching axis direction), thickness = 182 um, Rg =

467 nm, and Rag/Rp = 1.007.

10 Example 8
A polycarbonate film of 185 um in thickness,
obtained by solvent casting was stretched by transverse
uniaxial stretching to obtain a stretched film of
thickness = 160 um, Rg = 1333 nm and R4g/Rg = 1.110.

15 fThe stretched fiim was cut into a size of 200 cm
(direction perpendicular to stretching axis) x 12 cm
(stretching axis direction). The cut film was
interposed between two same releasaple films (200 cm x
15 ém) (Cérapeel Q-1 #188 manufactured by Toyo

20 Metallizing Co., Ltd.). The resultant sandwich,
together with a cushioning medium (200 cm x 15 cm)
covered with flannel at the both sides, was tightly
wound around an aluminum pipe of 9 cm (diameter) x 3 mm |
(wall thicknéss). In this case, the polycarbonaté film

25 was fixed at the ends to prevent the expansion in a
direction parallel to the film surface and perpendicular

to the stretching axis. Under this condition, the



(stretching axis direction), thickness = 182 [err]m R[ﬁﬁthee_HasBe oy

and Rerr]/Rerr] = 1.007. 10 Exanple 8 a: ﬁg}te
filmof 185 [err]min thickness, obt ai ned by sol ven“"l H m n
stretched by transverse uni axi al stretching to obta film

of thickness = 160 [err]m Rrer]_ 35333 nm and Rlerr]/Rerr] = 1.110.
15 The stretched filmwas cut into a size of 200 cm (direction

per pendi oy ar, 4. i Y16 AU upGeldeiMeo cnekRiChEhhRg:axhSal rect ion).

The cut film er pose ween two sane releasable tilns (200 cm

X 15 cm)y f{aF w'zﬁmﬁé%m@%&gﬁ@%@m T8KO0exgAnsMhabEi zing Co. ,

Ltd.). The resultant sana\ her wi'th a cushioni ng nedi um (200
cmx 15 cm the fOMErEd Mdrddamielpadtaltika kot knei desm wasrht@hahy

wound around an al um num pi pe of 9 cm (dianmeter) x 3 mm (wal |

thi ckness). IHaditi$ frashgldeopaocadaht etietehid wassf bfedhat the ends
to prevent the expansion in a direction parallel to the filmsurface
and perpersli cifllat. As 4 orddielist ridfente RGisaxibtaidedea phasecoatatden, the

- 18 - stretched fil mwas subjected to thermal relaxation at

153[ err] C f orf 250 furssi zehi 3 2 Buppw dsEinerttilon @egpesidécudpir to the filmin
a direction parallel to the film surface and havi ng an angl e of

90[err] to tHELRYAING mrEx] X 0 them (stretching axis direction),
thickness = 198 um, Rg = 692 nm, and R4g9/Rg = 0.954.

Comparative Example 1

10 A polycarbonate f£ilm of 185 um in thickness,
obtained by solvent casting was stretched to a 2.1-fold
length at 190°C by longitudinal uniaxial stretching.
The resultant stretched £ilm had thickness = 93 um, Rg

= 589 nm and Rgqq9/Rp = 1.114.

15 Comparative Example 2
A pclycarsonate film of }85 um in thickness,

obtained solvent casting was stretched by transverse
uniaxial stretching to obtain a stretched film of
thickness = 137 um, Rg = 619 nm and Rqq/Rp = 1.112. The

20 stretched film was cut into a size of 10 cm (direction
perpendicular to stfetching axis) x 10 cm (stretching
axis direction). The cut f£ilm was subjected to thermal
relaxation at 153°C for 2 hours on the releasable films
(Cerapeel Q-1 #188 manufactured by Toyo Metallizing Co.,

25 Ltd.). As a result, there was obtained a phase retarder

film of size = 10.15 em (direction perpendicular to



5 film As a result, there was obtai ned a phase retardérfmsgwatmggﬁmm&pmﬁme

= 200 cm (direction perpendicular to stretching axis) ,
(stretching axis direction), thickness = 198 [err]m mu _ m
and Rlerr]/Rerr] = 0.954. Conparative Exanple 1 1T

pol ycarbonate filmof 185 [err]min thjqﬁ¥Q§s, obt ai ned by sol vent
casting was stretched to a 2.1-fold ength at 190[err] C by

I i t udi nal i_axi.al hi I, ! s £ had
ong 9! bl LA 65 o TUSceemREn sk Bl ebedi

t hi ckness = =

15 Conpar at ipth FAHY & 214d1 um, Ro = 406 AmPOhX@ARPOAEGS & fil.limoof 185 [err]m
I n thickness, obt ai ned by solvent casting was Sstretched by transverse

uni axial stretching to obtain a stretched fil m of t hi ckness = 137
[err]m Rerr] =619 nmand Rerr]/Rerr] = 1.112. The 20 stretched film

was cut into Confdazta tfvel ExadR1d rect i on per pendi cul ar to stretching
axis) x 10 cm (stretching axis direction). The cut filmwas subjected

to thernal r el axat iopclly cEr}oevatleC £ffidm Bdfhagssumnihhehiekeasabl e fil s
(Cerapeel Q1 #188 manufactured by Toyo Metallizing Co., 25 Ltd.). As a
result, ther ebtssint soletent plests netwasdetretehied| pyokrehgeessa0. 15 cm
(direction perpendicular to . ) - 19 -
1 stretching Widaniad &oetahing ra Ghtdg ad stdietsbedofylm of

thickness = 160 um, Rg = 1333 nm and R49/Rp = 1.110.
The stretched f£ilm was cut into a size of 10 cm
(direction perpendicular to stretching axis) x 10 cm

10 (stretching axis direction). The cut film was subjected
to thermal relaxation at 153°C for 2 hours on the
releasable films (Cerapeel Q-1 #188 manufactured by Toyo
Metallizing Co., Ltd.). As a result, there was obtained
a phase retarder f£film of size = 10.4 cm (direction

15 perpendicular to stretching axis) x S.1 cm'(stretching
axis direction), thickness = 169 um, Ro = 621 nm, and

Rq0/Rg = 1.113.

Comparative Example 4
A polycarbonate film of 185 ﬁm in thickness,

20 obtained solvent casting was stretched by transverse

uniaxial stretching to obtain a stretched film of

thickness = 137 um, R0‘= 619 nm and Ryqp/Rg = 1.112. The

stretched film Qas cut into a size of 10 cm (direction

perpendicular to stretching axis) x 10 cm (stretching
25 axis direction). The cut film was subjected to thermal

relaxation'aﬁ 158°C for 4 minutes on the releasable



thi ckness = 141 [err]m Rerr] = 406 nm and Rerr]/Rerr] = 1.109.
Conparative Exanple 3 A pol ycarbonate filmof 185 [err]min
t hi ckness, 5 obtained by solvent casting was stretched by transverse

uhi axi al stretching to obtain a stretched fil m of t hi ckness = 160
[err]m R err] = 1333 nmand Rerr]/Rerr] = 1.110. The .stretched film
was cut into a size of 10 cm (direction perpendicular to stretching
axis) x 10 cm 10 (stretching axis dire@o en). The cut filmwas subjected
to thermal relaxation at 153[err]C for 2 hours on the rel easable filns
(Cerapeel 1Q };#438 (Fanubretiuped RusBoywanufactiedl byztogoCo., Ltd.). As a
result, there was obtained a phase retarder filmof size = 10.4 cm
(direction uetpenpendicdaar, tadshr.et &lsi agrazsiud), xthetecwasseped ity

axis direction), thickness = 169 [err]m Rerr] = 621 _nm and

Rlerr]/R errh phhskl3etarder fddmpatfaisiize Exafipleca (direction A

pol ycarbonate filmof 185 [err]min thickness, 20 obtained by solvent
casting was gergendddulan rtanskgesehing a&ﬁﬁdxﬁap-§§r€@ch§ﬁ§e¥5hb%@ain a
stretched filmof thickness = 137 [err]m Rlerr] = 619 nm and

Rl err]/ R &rrlaxisl directipn , thicknesscfed 4l Mhvwde Tufl? ntBr &2%% ze of 10
cm (direction perpendi cular to stretching axis) x 10 cm (stretching

25 axis dired4iodRp. =Theléft fil mwas subjected to thermal rel axation
at 158[err]C for 4 m nutes on the rel easabl e



# 20 - 1 filnms (Cerapeel Q1 #188 manufactured by Toyo Metal |'i zi ng
Co., Ltd.). As a result, there was obtained a phase retarder filmof

size = 10.1 cm (direction per pendi cul ar to stretchi [ m
(stretching 5 axis direction), thickness = 141 [err] mr[mmlm“mmmgmm
and Rlerr]/Rerr] = 1.118. » ¢ L M- 91
CLAI V5. 1. A process for produci a phase retarder film-or sheet,
whi ch conprises subjecting a stretched thernoplastic resin filmor sheet
to thermal pghawat:ion at a tenperature not |lower than the glass transition
tenperature of the thernoplastic resin so as to shrink the filmor sheet
in the direction.ofA igrocdgsLifdt MrAUE Y dTepHasd rededideyr £xim on the
case of an unbal anced biaxially stretched film or sheet, while suppressing
t he expansi sheet ,tWeith|comprisdweeubiacaidgrecttir@tchadathetmopladseidi | m or
sheet surface and approxi mately. perpendicular to the stretching axis.

2. A procesgeadvofdiingorosiiket ntd, themadi wefllaxatheonnat arbémpardture s
conducted whil e keeping constant the length of the filmor sheet in a
directi on papil |kwen ghénf ithe oglasthebranaitier Asappsppurdi @fl akh¢o the
stretching axis. .3. A process according to Caim1l, wherein fhe
thermal reFBRETPBASELE0AESERe§OWRS ECafiisay ey ridddtrQFr j§hget 1n

the direction of its stretching axis or main stretching

axis in the case of an unbalanced biaxially stretched film
or sheet, while suppressing the expansion of the film or
sheet in a direction parallel to the film or sheet surface
and approximately perpendicular to the stretching axis.

2. 2 prodess according to Claim 1, wherein the thermal
relaxation is conducted while keeping constant the length
of the film or sheet in a direction parallel to the film or
sheet surface and perpendicular to the stretching axis.

3. A process according to Claim 1, wherein the thermal
relaxation is conducted while applying a pressure in a
direction perpendicular to the film or sheet surface.

4. A process according to Claim 2, wherein the length
of the film or sheet in a difection parallel to the film or
sheet surface and perpendicular to the stretching axis is
kept constant by arranging the film or sheet in a frame
having a structure in which the film or sheet is not
allowed to expand in a direction parallel to the film or
sheet surface and perpendicular to the stretching axis of
the film or sheet, thereby suppressing the expansion of the

£film or sheet in said direction.



di rection perpendicular to the filmor sheet surface. 4. A process
according to Claim2, wherein the length of the filmetr—sheet—nma _

a
direction parallel to the filmor sheet surface and per m ““ m Mﬂ\‘re
stretching axis is kept constant by arranging the fil mgmﬂlﬂ H "t“ s”
having a structure in which the filmor sheet is not alloWed té expand in
a direction parallel to the filmor -skHeet surface and perpendicular to the
stretching axis of the filmor sheet, thereby suppressing the expansion of

the filmor sheet in said direction. -
22 - 5. A process accordi ng to any precedin erein the

| air
tenperature of tRe £HRHFRAST &CLPACLOA FO Y (HFE ch;"”m{“hew FEAsiti on
t t f the th | ti i t 5 C ab idt t
6" A brocesshac LEPRERG CRECaRs hecERPRBRE EPRETRRATR TE S Bhe LTS Lt o
A PI I _ ' g t ! : o
s YR gy o UL A e b ol
any precedi 8g°€l Abdle said temperature.

6. A process according to any preceding claim, wherein
said thermoplastic resin is a polycarbonate.

7. A liquid crystal display having mounted thereon a
phase retarder film or sheet made by a process as claimed

in any preceding claim.



