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tween 200 and 350 nm (1/2 retarder) or between 475 and 625 nm (full
retarder) and being free from This invention relates to a polymeric film
useful  optical color unevenness. an optical phase retarder.
DD-A-146859 describes a film of a polycar- A phase retarder is a film or
sheet showing   5   bonate ester stretched e.g. by a factor oF 1.34 and
birefringence to light. Since a phase retarder has  useful as an optical
retarder and it has a retardation different refractive Indices in two
perpendicular di-  value of 122 to 157 in the examples, is achromatic
rections, light transmitted through the phase re-   and has high
homogeneity. tarder generates light rays whose planes of po-
According to the present invention we provide larization have a phase
difference.           io   a stretched film useful as an optical phase
retarder Phase retarders which are currently commer-     obtained by
uniaxially stretching a polycarbonate dally available and have been in
practical use     film characterised in that: include a so-called *
retarder having a function of    said polycarbonate film is a film of
polycar- causing Incident light having a wavelength of X to  bonate
homopolymer or copolymer, have a phase difference of * X. The X retarder is
i5  said stretched film is obtained by transverse prepared  by  uniaxially
stretching  a cellulose   uniaxial stretching, compression stretching or
lon- acetate-based film. A * retarder is useful as a     gitudinal uniaxial
stretching said polymeric film circular polarizer which is combined with a
linear  while the neck-in ratio is controlled to not exceed polarizer at an
inclination of 45 * with respect to the  10%, and to an extent such that
the retardation A Gin optic axis of the linear polarizer. It is also.  20
value of said stretched film measured with a po- tlized for anti-glare
materials, for example, as a   larizing microscope is from 200 nm to 625
nm, and VDT filter making use of its function to suppress      the optical
color unevenness of said stretched reflected light.
film is low, this feature being determined by the In addition to the
above-described cellulosic   fact that the color difference AECR, given in
terms polymer, high polymeric materials which have been   25  of the
Cube-Root formula and measured in accor- proposed to constitute a i
retarder include poly-   dance with the color specification given in JIS-Z-
vinyl chloride resins as disclosed in Japanese Pat-  8729, of said
stretched film is such that the highest ent Publication No. 34477/70 and
Japanese Patent    measured value thereof is not more than 20 as
Application (OPI) No. 125702/81 (the term "OPI" as  measured with a
spectrophotometer under two used herein means an unexamined published Japa-
3o  crossed Nicol prisms with the stretched film being nese patent
application); polycarbonate resins are  set In such a manner that its main
optic axis makes disclosed in Japanese Patent Publication No.        an
angle of 45 degrees with the crossed Nicols, in 12190/66 (stretching in
warm water under constant  accordance with JIS-Z-8120. load) and Japanese
Patent Application (OPI) No.        The polycarbonate polymer which can be
used 130703/81; polyacrylonitrile resins as disclosed in  36  in the
present invention includes straight chain Japanese Patent Application (OPI)
No. 13070218i;    polycarbonates or polycarbonate copolymers hav-
polystyrene resins as disclosed in Japanese Patent  ing a bisphenol group.
The polycarbonate polymers Application (OPI) No. 125703/81 and polyolefin
res-  are prepared from 4,4'-dihydroxydiarylalkanes or . as disclosed in
Japanese Patent Application    their halogen substitutes by using the
phosgene or dPI) No. 24502/85. However, all the conventional  4o  ester
Interchange method and should have a high phase retarders made of these
materials are +       grade of transparency. As the 4,4'-dihydrox-
retarders whose retardation value (hereinafter re-  ydiarylalkanes and
their halogen substitutes for use ferred to as R value) is In the vicinity
of 135 nm.  in making the polymer there are given, for exam- None of the
above-cited publications refers to a    pIe, 4,4-dihydroxydiphenylmethane,
4,4-dihydrox- process for producing a * retarder or a full retarder.  4s
ydiphenylethane,   4,4-dihydroxydiphenylbutane, The terminology "R value"
as used herein means      4,4'-dihydroxydiphenyl-2,2-propane, 3,3'-dibromo-
the product of the thickness (t) of the film or sheet
4,4'-dihydroxydiphenyl-2,2-propane,  3,3'-dlchloro- and the birefringence
(An) of the film or sheet and  4,4'-dihydroxydiphenyl-2,2-propane, and
3,3',5,5'- can be represented by the equation:
tetrabromo-4,4'-dihydroxydiphenyl-2,2-propane. 50      Besides the
above-mentioned polycarbonates R = An x t
or polycarbonate copolymers, blends of these poly- mers with up to about 50
wt% of polystyrene Recent studies have been directed to applica-   resins
are usable in the present invention. tion of a i retarder or a full
retarder which causes a  The phase retarder according to the present phase
difference of * X or X, respectively. However,  5S  invention can be
obtained by molding the above- there has not been proposed any phase
retarder      described polycarbonate polymer into a film or having
satisfactory quality, that is, having an R   sheet by known techniques,
such as solvent cast- value between 200 and 625 nm, preferably be-
ing, calendering or extrusion, and unlaxially stretch- 2    



3                 EP0277804B1                         4 ing the film or
sheet to an appropriate degree. The    The 1/2 retarder according to the
present in- uniaxial stretching can be carried out by conven-   vention has
its function controlled to cause a re- tional methods, such as transverse
uniaxial stretch-  tardation of 1/2 of an average wavelength of natural
A.ing by tentering, compression stretching between    light (X=550 nm) and
has its retardation controlled rolls, and longitudinal uniaxial stretching
by means   5   so as to fall within a range of from about 200 to of rolls
having different peripheral speeds.        about 350 nm and preferably from
about 250 to Among them, the most effective stretching       about 300 nm.
On the other hand, the full retarder method for securing freedom from
optical color      according to the present Invention has its function
unevenenss is the transverse uniaxial stretching    controlled to cause a
retardation of an average method by tentering that does not cause neck-in
lo   wavelength of natural light (X=550 nm) and has its substantially. The
compression stretching method    retardation controlled so as to fall
within a range of or the longitudinal uniaxial stretching method utiliz-
from about 475 to about 625 nm and preferably Ing rolls may also be
effective as long as the neck-  from about 525 to about 575 nm. in ratio,
100 x (A - B)/A, wherein A Is the film width  Thus, the phase retarder of
the present inven- before stretching and B is the film width after  i5
tion causes retardation of 1/2 X or X, differing from stretching, Is
controlled not to exceed 10% and    the  conventionally  available  1/4
retarder that preferably not to exceed 5%.                        causes
retardation of +, and can be utilized in a The terminology "optical color
unevenness"      new application, such as various optics typically used
herein can be expressed quantitatively by AE   including optical filters,
and liquid crystal displays. as hereinafter defined. With the phase
retarder  20  'a retarders having a value of 350-475 are also being set
under crossed Nicol prisms (cut and       useful, e.g. for STN type liquid
phase retarders. cemented calcite crystals) so that its main optic      The
present invention is now illustrated in axis makes an angle of 45- with the
crossed         greater detail with reference to the following non- Nicols,
L*, a*, and bW of the phase retarder are   limiting Examples and to
Cormnparative Examples. In determined by means of a spectrophotometer or
2s  these examples, R values were determined as de- spectrometer In
accordance with JIS -Z - 8729       scribed above by using a polarizing
microscope (color specification according to an 1' at bW col-  equipped
with a Senarmont compensator and a orimetric system or an Lo u* vI
colorimetric sys-   halogen lamp as a light source.. AECR values were tem).
The determination Is made on n samples        determined by the use of a
spectrophotometer and from different locations, and (AECR)iJ is calculated
3o  calculated according to the above-described equa- from the measured
values, L*, ae, and bW according  tion. to the cube-Root formula (defined
in HANDBOOK OF OPTICS, W.G. Driscoll and W. Vaughan Eds.,       EXAMPLE 1
Optical Society of America; McGraw-Hill, Inc. 1978; pages 9-29 and 9-30):-
35      A  transparent polycarbonate extruded film (average molecular
weight: 28,000) of 100 um thick (AEcfR)iJ = t(((AL')ij)2 + ((Aa')iJ)2 +
((Ab*l1)2]112  and 200 mm wide was preheated at 180IC and then subjected to
transverse uniaxial stretching by yjwherein
tentering at 170 0 C to obtain a stretched film having -  (AL*)i, =
(LW)i - (LI)j;              4o  a thickness of about 58 arm and a width of
340 (Aa)ii =    (a*)i - (a'j;                        mm. The resulting
stretched film was found to have (Ab)ij =    (bl)i - (b*)j;
an R value of about 275 nm and a AEcn of 6.8 with I to n:
uniform quality, proving usable as a 1/2 retarder. I to n; and
45   EXAMPLE 2 i,,I,  j. The highest of the measured (AEc#)iJ values is
In the same manner as described in Example taken as AEcR. The more the
number of determina-    1, a stretched film having a thickness of about 50
tions (n), the higher the precision of the result.  urm and a width of 400
mm was prepared. This Usually, colorimetric determination Is carried out on
so  stretched film was found to have an R value of ten random locations of
a sheet or film (30 cm      about 290 nm and a AECR of 5.3 with uniform
length x 30 cm width) to determine AECR. If a       quality, proving usable
as a 1/2 retarder. phase retarder has AECR exceeding 20, color un- eveness
and a rainbow pattern would be visually     EXAMPLE 3 observed under
crossed Nicols. Such a film can   Gs never be used as a phase retarder In
the present       A  transparent polycarbonate extruded  film invention.
(average molecular weight: 28,000) of 100 um thick and 500 mm wide was
longitudinally stretched by 3    



5                EPD0 277 804 Bi                    6 compression through a
pair of rolls (pressure: 500  EXAMPLE 6 kg/cm) heated at 170 IC to obtain a
stretched film having a thickness of about 60 urn and a width of    In the
same manner as described in Example mm (neck-in ratio: 4%). The resulting
film was  5, a stretched film having a thickness of about 30 found to have
an R value of about 265 nm and a   5   urm and a width of 600 mm was
obtained. The AECR of 10.0 with uniform quality, proving employ-  stretched
film was found to have an R value of able as a 1/2 retarder.
about 590 nm and a AECR of 5.0 with uniform quality, proving usable as a
full retarder. EXAMPLE 4 1o  EXAMPLE 7 A transparent polyearbonate extruded
film (average mnolecular weight: 28,000) of 100 am thick  A transparent
polyearbonate extruded film and 500 mm wide was preheated at 170 * C and
(average molecular weight: 26,000) of 100 urm thick then longitudinally
stretched by passing between  and 500 mm wide was longitudinally stretched
by rolls having different peripheral speeds to obtain a   15  compressing
through a pair of rolls (pressure: 600 stretched film having a thickness of
about 60 urm  kglcm) heated at 150'C to obtain a stretched film and a width
of 465 mm (neck-in ratio: 7%). The    having a thickness of about 55 urm
and a width of resulting film was found to have an R value of    480 mm
(neck-in ratio: 4%). The resulting film was about 255 nm and a AECR of 14.8
with uniform     found to have an R value of about 540 nm and a ality,
proving usable as a 1/2 retarder.   20  AECR of 12.7 with uniform quality,
proving employ- able as a full retarder. COMPARATIVE EXAMPLE 1 EXAMPLE 8
The same procedure of Example 4 was re- peated, except that the distance
between rolls was  25  A transparent polycarbonate extruded film extended,
to obtain a stretched film having a thick-  (average mblecular weight:
26,000) of 100 urn thick ness of about 60 jim and a width of 400 mm (neck-
and 500 mm wide was preheated at 160* C and in ratio: 20%). The film was
found to have an R   then longitudinally, stretched by passing between
value of about 230 nm and a AEcR of 27 and       rolls having different
peripheral speeds to obtain a observed to have color unevenness and a
rainbow   30  stretched film having a thickness of about 60 urn pattern
under crossed nicols, proving unemploy-   and a width of 465 mm (neck-in
ratio: 7%). The able as a 1/2 retarder.                           film was
found to have an R value of about 500 nm and a AECR of 15.1 with uniform
quality, proving COMPARATIVE EXAMPLE 2                             usable
as a full retarder. 35 The same procedure of Example 4 was re-
COMPARATIVE EXAMPLE 3 peated, except changing the preheating tempera- ture
to 180-C to obtain a stretched film having a    The same procedure of
Example 8 was re- t  kness of about 50 am and a width of 300 mm   peated,
except extending the distance between $iWck-in ratio: 40%). The resulting
film had an R   40  rolls for longitudinal stretching to obtain a stretched
value of about 80 nm and a AECR of 70 and was     film having a thickness
of about 60 um and a width found to have color unevenness and a rainbow
of 400 mm (neck-in ratio: 20%). The resulting film pattern under crossed
nicols, proving unusable as  was found to have an R value of about 500 nm
and a 112 retarder.                                   a AEcF of 30 and
observed to have color uneven- 45  ness and a rainbow pattern under crossed
nicols, EXAMPLE 5                                         proving unusable
as a full retarder. A transparent polycarbonate extruded film
COMPARATIVE EXAMPLE 4 (average molecular weight: 26,000) of 100 urm thick
and 200 mm wide was preheated at 170- C and   6o     The same procedure of
Example 8 was re- subjected to transverse unlaxial stretching by ten-
peated, except preheating the film at 180'C to tering at 160-C to obtain a
stretched film having a  obtain a stretched film having a thickness of
about thickness of about 50 um and a width of 400 mm.   50 jlm and a width
of 300 mm (neck-in ratio: 40%). The resulting stretched film was found to
have an  The resulting film was found to have an R value of R value of
about 565 nm and a &Ect of 8.3 with  5s  about 80 nm and a AECA of 70 and
observed to uniform quality, proving usable as a full retarder.  suffer
color unevenness and a rainbow pattern, proving unemployable as a full
retarder 4    7                 EP 0 277 804 B1                    8 *    C
L  M   S    * 



Claims                                                 prises transverse
uniaxially stretching, com- pression stretching or longitudinal uniaxial 1.
A stretched film useful as an optical phase        stretching of a film or
sheet of a polycarbonate retarder obtained by uniaxially stretching a
homipolymer or copolymer while the neck-in polycarbonate film characterized
in that:  5       ratio is controlled to not exceed 10%. and to said
polycarbonate film is a film of poly-     an extent to give the retardation
value and carbonate homopolymer or copolymer,                color
difference defined in Claim 1, 2 or 3. said stretched film is obtained by
trans- verse uniaxial stretching, compression stretch-  PatentansprUche Ing
or longitudinal uniaxial stretching said poly-  10 meric film while the
neck-In ratio Is controlled  1. Gedehnter Film zum Gebrauch als optischen
to not exceed 10%, and to an extent such that      Phasenverzdgerer, der
durch einachsige Deh- the retardation value of said stretched film
nung eines Polykarbonatfilms erhalten wird, measured with a polarizing
microscope is from      dadurch gekennzeichnet: 200 nm to 625 nm, and
16        - dass dieser Polykarbonatfilm  sin Film the optical color
unevenness of said                aus homopolymerem odor kopolymerem
stretched film is low, this feature being deter-        Polykarbonat ist,
mined by the fact that the color difference          - dass der gedehnte
Film durch einachsige [err], given in terms of the Cube-Root formula
Transversaidehnung, *Kompressionsdeh- and measured in accordance with the
color  20           nung odor einachsige Longitudinaldeh- specification
given In JIS-Z-8729, of said              nung dieses Polymerflims erhalten
wird, stretched film is such that the highest mea-            wobei das
Verformungsverhgltnis kontrol- sured value thereof is not more than 20 as
iert wird, dass es 10% nicht Obersteigt, measured with a spectrophotometer
under two             dass der mit einem Polarisationsmikro- crossed Nicol
prisms with the stretched film   26       skop gemessene Verz6gerungswert
die- being set in such a manner that its main optic         ; ses gedehnten
Films zwischen 200 nm axis makes an angle of 45 degrees with the
und 625 nm liegt, und dass die optische crossed Nicols, in accordance with
JIS-Z-8120.          Farbungleichmissigkeit klein ist, wobei dieses Merkmal
durch den Tatbestand 2. A stretched film as claimed In Claim 1, having   3o
bestimmt wird, dass die in Bezug auf die a retardation value of from 200 nm
to 350 nm.           Kubikwurzel Formel angegebene und ge- mass den in
JIS-Z-8729 gegebenen 3  A stretched film as claimed in Claim 1, having
Farbbestimmungen gemessene Farbdif- a retardation value of from 475 nm to
625 nm.           ferenz AECR dieses gedehnten Films 35           derart
ist, dass der davon h6chste ge- 4. A stretched film as claimed in Claim 1,
2 or 3,         messene Wert nicht mehr als 20 bbtrggt, wherein said
uniaxial stretching was carried out        wobei die Messung mit einem
Spektro- by transverse stretching by tentering.                  photometer
unter zwei gekreuzten Nicol Prismen mit dem gedehnten Film der-art A
stretched film as claimed in any preceding   4o       angeordnet erfolgt,
dass seine optische claim, wherein the polycarbonate has been
Achse gemrss JIS-Z-8120 einen Winkel mixed with a polystyrene.
von 45 Grad mit den gekreuzten Nicols bildet. 6. A stretched film as
claimed in any preceding claim, wherein the polycarbonate copolymer  4s  2.
Gedehnter Film nach Anspruch 1, der oinen has a bisphenol group.
Verz6gerungswert von 200 nm bis. 350 nm aufweist. 7. A stretched film as
claimed in Claim 6, wherein the polycarbonate is a straight-chain polycar-
3  Gedehnter Film nach Anspruch 1, der oinen bonate.
so      Verz8gerungswert von 475 bis 625 nm auf- weist. 8. A liquid crystal
display comprising an optical phase retarder constituted by a stretched
film  4. Gedehnter Film nach Anspruch 1, 2 oder 3, bei as claimed in any
preceding claim.                 dem die benannte einachsige Dehnung durch
5s      transversal Dehnung mittels Aufrahmen durch- S. A method of
manufacturing an optical phase          gefUhrt wird. retarder in the form
of a stretched film as claimed in any of Claims 1 to 7, which com- 5    9
EP 0 277 804 B1                   10 



*    C   L   M    S     * 5. Gedehnter Film nach einen der vorhergehen-
optique principal forme un angle de 45% don Ansprlche, be! dem das
Polykarbonat mit            avec les Nicols croises en accord avec einem
Polystyrol gemischt worden ist.                 JIS Z-8120. 6. Gedohnter
Film nach elnen der vorhergehen-   6   2. Film 6tire selon ia revendication
1, comportant den Ansprlche. bel dem der Polykarbonat Ko-       une valour
retard de 200 nm a 350 nm. polymer elne Bisphenol Gruppe aufweist. 3. Film
etire solon la revendication 1, comportant 7. Gedehnter Film nach Anspruch
6, bel dem das       une valour retard de 475 nm a 625 nm. Polykarbonat ein
gradkettiges Polykarbonat ist.  10 4. Film etire solon les revendications
1, 2 ou 3, 8  Fl~ssigkristallanzeige  mit einem  optischen      dans lequel
ledit 6tirage uniaxial a 6t6 effectue Phasenverzogerer. der durch einen in
den vor-     par etfrage transversal par ramage. hergehenden Ansprtchen
beanspruchten go- dehnten Film gebildet wird.              iS  5. Film
6t*r6 solon l'une des revendications pr6- cddantes, dans loquel le
polycarbonate a ete 9. Verfahren zur Herstellung eines optischen Pha-
melange avec un polystyrene. senverzogerers in der Form eines wie in elnem
der Anspr~che 1 bis 7 beanspruchten gedehn-   6. Film etir6 selon Pune des
revendications pre- t  ten Films, dos einachsiges Transversaldehnen,  20
cedantes, dons lequel le copolymer de poly- Kompressionsdehnen odor
einachsiges Longi-        carbonate possbde un groupe bisphenol.
tudinaldohnen eines Films oder Blattes von elnem Polykarbonat Homopolymer
odor Kopo-     7. Film dt1r6 solon la revendication 6, dans lequel lymer
umfasst, wobel das Verformungsverhalt-     le polycarbonate est un
polycarbonate a chat- nis kontrolliert wird, so dass es 10% nicht  25   no
droite. Ubersteigt und in elnem Ausmass, dass ein Verzogerungswert und eine
Farbdifferenz wie   &  Affichage A cristaux liquide comprenant un re- in
den AnsprOchen 1,2 und 3 definlert erhalten   tardateur de phase optique
constitu6 par un wird.                                             film
6tire tel quo revendiqu6 dans l'une des 30     revendications prec6dantes.
Revendicatlons 9. Procede pour fabriquer un retardateur de pha- 1. Film
d~tr4 utilisable comme retardateur de pha-   se optique sous forme d'un
film etire tel quo se optique obtenu par tirage uniaxial d'un film
revendique dons l'une des revendications 1 a de polycarbonate, caracterise
on ce:      35      7, comprenant un etirage uniaxial transversal, - quo
ledit film est un film de polycarbona-   un etirage par compression ou un
6tirage to homopolymer ou copolymer,                 uniaxial longitudinal
d'un film ou d'une feuille - quo ledit film est obtenu par 6firage
d'un polycarbonate homopolymer ou copoly- uniaxial transversal, dtirage par
compres-   mer, tout en contr8lant le taux de striction de sion ou dtirage
unlaxial longitudinal dudit  40  fagon a no pas depasssr 10% at de sorte
quo film polymer, le taux de striction dtant     la valour retard et la
diff6rence de couleur control4 de fagon A ne pas d~passer          d~finies
dans les revendications 1,2 ou 3 10% et de sorte quo la valeur retard
soient obtenues. dudit film 6tir6 mesure avec un micros- cope polarisant
soHt comprise entre 200   45 nm et 625 nm et quo l'in6galitd de cou- leur
optique dudit film dtrd soit faible, cette caracteristique etant determin~e
par le fait quo la difference de couleur Ei, dudit film 6tir4, donnee en
termes de   so la formula racine cubique et mesureo solon les
specifications de couleur don- nees dans JIS-Z-8729, est telle quo la
valeur la plus 6lev~e mesuree de ce film n'est pas plus grande quo 20 en
mesu-  55 rant avec un spectrophotombtre entre deux prismes Nicol crolses
avec is film etire disposd de manibre quo son axe    


