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OPTICAL BODIES INCLUDING STRIPPABLE 
BOUNDARY LAYERS 

FIELD OF THE INVENTION 

0001. The present disclosure relates to optical bodies and 
methods of processing optical bodies. 

BACKGROUND 

0002 Optical films, including polymeric single layer 
optical films, polymeric multilayer optical films and poly 
meric optical films including disperse and continuous 
phases, are widely used for various purposes. Exemplary 
applications of polymeric optical films include display 
devices, such as liquid crystal displays (LCDS) placed in 
mobile telephones, personal data assistants, computers, tele 
visions and other devices. Well known polymeric optical 
films include reflective polarizer films, such as VikuitiTM 
Dual Brightness Enhancement Film (DBEF) and VikuitiTM 
Diffuse Reflective Polarizer Film (DRPF), both available 
from 3M Company. Other well known polymeric optical 
films include reflectors, such as VikuitiTM Enhanced Specu 
lar Reflector (ESR), also available from 3M Company. 
0003 Polymeric multilayer optical films used as polar 
izers or mirrors, usually include one or more first optical 
layers and one or more second optical layers. In addition to 
the first and second optical layers, some traditional multi 
layer films include one or more non-optical layers, such as 
one or more protective boundary layers located over or 
between packets of optical layers. The non-optical layers are 
usually integrated into the polymeric multilayer optical films 
so that at least a portion of the light to be transmitted, 
polarized, or reflected by the first and second optical layers 
also travels through these non-optical layers. Such non 
optical layers can protect the optical layers from damage, aid 
in co-extrusion processing and/or enhance post-processing 
mechanical properties of the optical films. Thus, in Such 
traditional optical films, it is usually important that the 
non-optical layers do not substantially affect the reflective 
properties of the optical films over the wavelength region of 
interest. 

SUMMARY OF THE INVENTION 

0004. In one aspect, the present disclosure is directed to 
optical bodies including a first optical film, a second optical 
film and one or more strippable boundary layers disposed 
between the first and second optical films. Each major 
Surface of a strippable boundary layer is disposed adjacent 
to an optical film or another strippable boundary layer. At 
least one of the first and second optical films may include a 
reflective polarizer. 
0005. In another aspect, the present disclosure is directed 
to methods for processing optical bodies, which include 
providing an optical body comprising a first optical film, a 
second optical film and at least one strippable boundary 
layer disposed between the first and second optical films. 
The optical body is conveyed into a stretching region and 
stretched to increase a transverse dimension of the optical 
body while conveying the opposing edges of the optical 
body along generally diverging paths in a machine direction. 
In this exemplary embodiment, the generally diverging 
paths are configured and arranged to provide a machine 
direction draw ratio (MDDR), a normal direction draw ratio 
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(NDDR) and a transverse direction draw ratio (TDDR) that 
approach the following relationship: 

MDDR=NDDR=(TDDR) during the stretching. 
0006. In another aspect, the present disclosure is directed 
to methods of processing optical bodies, which include 
providing an optical body comprising a first optical film, a 
second optical film and at least one strippable boundary 
layer disposed between the first and second optical films. 
The optical body is conveyed within a stretcher along a 
machine direction while holding opposing edge portions of 
the optical body and stretched to a draw ratio in excess of 
four within the stretcher by moving the opposing edge 
portions along diverging non-linear paths. In this exemplary 
embodiment, during the stretching, the minimum value of 
the extent of uniaxial character, U, is at least 0.7 over a final 
portion of the stretching after achieving a TDDR of 2.5 and 
U is less than 1 at the end of the stretching, wherein U is 
defined as U=(1/MDDR-1)/(TDDR'-1) wherein MDDR 
is the machine direction draw ratio and TDDR is the 
transverse direction draw ratio as measured between the 
diverging paths. 

0007. In yet another aspect, the present disclosure is 
directed to methods of processing optical bodies, which 
include providing an optical body comprising a first optical 
film, a second optical film and at least one strippable 
boundary layer disposed between the first and second optical 
films. The optical body is conveyed within a stretcher along 
a machine direction while holding opposing edge portions of 
the optical body and stretched by moving the opposing edge 
portions along diverging non-linear paths. In this exemplary 
embodiment, during the stretching of the optical body, the 
speed of the film along the machine direction decreases by 
a factor of approximately ...' where is the transverse 
direction draw ratio. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 So that those of ordinary skill in the art to which the 
subject invention pertains will more readily understand how 
to make and use the Subject invention, exemplary embodi 
ments thereof are described in detail below with reference to 
the drawings, wherein: 
0009 FIG. 1 is a schematic partial cross-sectional view 
of an optical body constructed in accordance with an exem 
plary embodiment of the present disclosure; 
0010 FIG. 2 is a schematic partial cross-sectional view 
of an optical body constructed in accordance with another 
exemplary embodiment of the present disclosure; 
0011 FIG. 3 is a schematic partial cross-sectional view 
of an optical body constructed in accordance with yet 
another embodiment of the present disclosure; 
0012 FIG. 4 illustrates uniaxially stretching an optical 
body; and 
0013 FIG. 5 is a schematic top view of an apparatus that 
may be used for processing optical bodies according to the 
present disclosure. 

DETAILED DESCRIPTION 

0014. As summarized above, the present disclosure pro 
vides an optical body that includes one or more strippable 
boundary layers and methods of making Such optical bodies. 
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According to the principles of the present disclosure, each 
strippable boundary layer is connected to at least one optical 
film. In some exemplary embodiments, one or more strip 
pable boundary layers can be made rough and used to impart 
a surface texture into one or more optical films, for example, 
by co-extruding or orienting the optical film or films with a 
rough strippable boundary layer or by other suitable meth 
ods. The one or more rough strippable boundary layers can 
be constructed and used Substantially in the same manner as 
rough strippable skin layers described in the commonly 
owned U.S. application Ser. No. 10/977,211 to Hebrink et 
al., entitled “Optical Bodies and Methods for Making Opti 
cal Bodies', filed on Oct. 29, 2004, the disclosure of which 
is hereby incorporated by reference herein to the extent it is 
not inconsistent with the present disclosure. 
0015. In typical embodiments of the present disclosure, 
the strippable boundary layers are connected to one or more 
optical films, such that they are capable of remaining 
adhered to the one or more optical films during initial 
processing, such as stretching, or in some exemplary 
embodiments, also during Subsequent storage, handling, 
packaging, transporting and/or conversion, but can be 
stripped or removed by a user when desired. For example, 
the strippable boundary layers can be removed and the 
optical films separated shortly after stretching the optical 
body or shortly prior to installation of one or more of the 
constituent optical films into a display device. Preferably, 
the one or more strippable boundary layers and the one or 
more optical films are separated without applying excessive 
force, damaging the optical films, or contaminating the 
optical films with a substantial residue of particles from the 
strippable boundary layers. In other exemplary embodi 
ments, optical bodies of the present disclosure may be 
installed into a display device with at least one strippable 
boundary layer still intact. This feature provides additional 
flexibility as to the form in which the optical bodies of the 
present disclosure may be used. 

0016 Reference is now made to FIGS. 1, 2 and 3 
showing exemplary embodiments of the present disclosure 
in simplified schematic form. FIG. 1 is a partial schematic 
cross-sectional view showing an optical body 10, which 
includes a first optical film 20, a second optical film 30 and 
at least one strippable boundary layer 18 disposed between 
the first and second optical films. A first surface of the 
strippable boundary layer may be disposed adjacent to the 
optical film 20 and a second surface of the strippable 
boundary layer may be disposed adjacent to the optical film 
30. In other exemplary embodiments, the strippable bound 
ary layer may be disposed adjacent to one optical film and 
separated from another optical film by an additional layer, 
which may be an additional strippable layer or layers or the 
additional layer may be attached to the adjacent optical film. 
When desired, two strippable boundary layers may be pro 
vided between the optical films 20 and 30, for example, to 
provide different amounts of adhesion of a strippable bound 
ary layer to the adjacent optical film 20 or 30. The optical 
body 10 may optionally further include one or more addi 
tional strippable boundary layers 18 disposed at outer sur 
faces of the optical films 20 and 30 and disposed adjacent to 
only one optical film, and one or more outer skin layers 16. 
0017. One example of materials that can be advanta 
geously used in a construction shown in FIG. 1 is as follows: 
(1) first optical layers 12 made of 55 mol % of a diacid such 
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as naphthalene dicarboxylate, 45% mol % of a diacid such 
as dimethyl terephthalate, 4 mol % hexane diol in the diol 
and 96 mol % ethlyene glycol; (2) second optical layers 14 
made of polyethylene napthalate; (3) strippable boundary 
layers 18 made of polypropylene; and (3) outer skin layers 
16 made of 75 mol % of a diacid such as naphthalene 
dicarboxylate, 25% mol % of a diacid such as dimethyl 
terephthalate, 4 mol % hexane diol in the diol and 96 mol % 
ethlyene glycol. 
00.18 Exemplary optical bodies including more than two 
optical films may also further include additional strippable 
boundary layers (not shown) disposed between first and 
second optical films 20 and 30 and such additional optical 
films or between additional optical films (not shown). For 
example, the optical body 10 may further include a third 
optical film disposed next to the second optical film and a 
second strippable boundary layer disposed between the 
second optical film and the third optical film. Other exem 
plary embodiments may include more than three optical 
films, e.g., 6, 10 or more. The number of optical films used 
in an optical body constructed according to the present 
disclosure will depend on the equipment and materials used, 
as well as other relevant factors. Furthermore, the optical 
body 10 may include any other additional layers when 
Suitable for a particular application. For example, one or 
both optical films 20 and 30 may further include one or more 
under-skin layers disposed between the optical film and the 
strippable boundary layer and forming a part of the optical 
film. 

0019. In some exemplary embodiments, one of or both 
optical films 20 and 30 may be or may include polymeric 
multilayer optical films, such as multilayer reflective polar 
izers. For example, one or both optical films may include 
one or more first optical layers 12 and one or more second 
optical layers 14. The first optical layers 12 may be bire 
fringent polymer layers that are uniaxially or biaxially 
oriented. The second optical layers 14 may also be polymer 
layers that are birefringent and uniaxially or biaxially ori 
ented. In other exemplary embodiments, the second optical 
layers 14 have an isotropic index of refraction that is 
different from at least one of the indices of refraction of the 
first optical layers 12 after orientation. One or both of the 
optical films 20 and 30 may be or may include polymeric 
optical films including a disperse phase and a continuous 
phase, such as a diffuse reflective polarizer. In yet other 
exemplary embodiments, one or more of the optical films 20 
and 30 may be single-layer optical films. 

0020 FIG. 2 shows a partial schematic cross-sectional 
view of an optical body 40 constructed according to another 
exemplary embodiment of the present disclosure. The opti 
cal body 40 includes a first optical film 50, a second optical 
film 60 and a strippable boundary layer 48 disposed between 
the first and second optical films 50 and 60. In this exem 
plary embodiment, the strippable boundary layer 48 is a 
rough strippable boundary layer including a continuous 
phase 47 and a disperse phase 49. The disperse phase 49 can 
be formed by blending particles in the continuous phase 47 
or by mixing in a material or materials that are immiscible 
in the continuous phase 47 at the appropriate stages of 
processing, which preferably then phase-separate and form 
a rough surface at the interface between the strippable 
boundary layer material and the optical film. For some 
applications, it may be desirable to form a boundary layer 
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with one or more layers having continuous and disperse 
phases in which the interface between the two phases will be 
sufficiently weak to result in voiding when the film is 
oriented or otherwise processed. Such voids can contribute 
into creating the rough interface between the boundary layer 
and the adjacent optical film. The average dimensions and 
aspect ratio of the voids may be controlled through careful 
manipulation of processing parameters and stretch ratios, or 
through selective use of compatibilizers. 
0021. The continuous phase 47 and disperse phase 49 are 
shown in a generalized and simplified view in FIG. 2, while 
in practice the two phases can be less uniform and more 
irregular in appearance. For example, the schematic repre 
sentation in FIG. 2 will be understood to cover the embodi 
ment in which the strippable boundary layer includes a first 
polymer and a second polymer that is Substantially immis 
cible in the first polymer but does not form clearly dispersed 
regions. In some exemplary embodiments, the strippable 
boundary layer 48 may contain multiple sub-phases of the 
disperse or/and the continuous phase. The strippable bound 
ary layer 48 can be used to imparta Surface texture including 
depressions 50a into a surface of the optical film 50 that is 
disposed adjacent to the strippable boundary layer 48, and a 
Surface texture including depressions 60a into a Surface of 
the optical film 60 that is disposed adjacent to the strippable 
boundary layer 48. The surface texture can be thus imparted 
during coextrusion, lamination and/or Subsequent stretching 
of the optical films with the strippable boundary layers. The 
optical body 40 may further include any number of films or 
layers shown or described in reference to FIG. 1 and any 
other additional layers when suitable for a particular appli 
cation. 

0022 FIG. 3 shows a partial schematic cross-sectional 
view of an optical body 70 constructed according to yet 
another exemplary embodiment of the present disclosure. 
The optical body 70 includes a first optical film 80, a second 
optical film 90, a strippable boundary layer 78 including a 
continuous phase 77 and a disperse phase 79 and a smooth 
strippable boundary layer 75, which can be formed inte 
grally and removed with the rough strippable boundary layer 
78. Alternatively, the smooth strippable boundary layer 75 
can be formed and/or removed separately from the rough 
strippable boundary layer 78. In some exemplary embodi 
ments, the smoothboundary layer 75 can include at least one 
of the same materials as the continuous phase 77. 
0023 The strippable boundary layer 48 can be used to 
impart a Surface texture including depressions 50a into a 
surface of the optical film 50 that is disposed adjacent to the 
strippable boundary layer 48, and a surface texture including 
depressions 60a into a surface of the optical film 60 that is 
disposed adjacent to the strippable boundary layer 48. The 
Surface texture can be thus imparted during the coextrusion, 
lamination and/or Subsequent stretching of the optical films 
with the strippable boundary layers. When desired, two 
rough strippable layers may be provided between the optical 
films 80 and 90, for example, with different amounts of 
disperse phase to impart different amounts of roughness into 
different optical films. Furthermore, the optical body 70 may 
include any number of films or layers shown or described in 
reference to FIGS. 1 and 2 and any other additional layers 
when Suitable for a particular application. 
0024) Strippable boundary layers included into the opti 
cal bodies constructed according to the present disclosure 
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may have a first major surface that is removably attached to 
a first optical film and a second major Surface that is 
removably attached to a second optical film. However, some 
exemplary optical bodies constructed according to the 
present disclosure may include at least one boundary layer 
that has a first major Surface that is removably attached to a 
first optical film and a second major Surface that is perma 
nently attached to a second optical film via a material 
selection that provides an acceptable bond between the 
boundary layer and the second optical film so that the 
strippable boundary layer may be removed from the first 
optical film but not from the second optical film. In some 
embodiments, one of the optical films may serve as a skin 
layer added to satisfy processing requirements (coextrusion 
process or film handling and/or converting), which can be 
removed at Some point of the process and discarded. 
0025. In another embodiment, a boundary layer may 
adhere to both the first and second optical films and, upon 
stripping, it may split to produce additional layers on the first 
and second optical films that are composed of boundary 
layer material. One way of obtaining these effects is to have 
a boundary layer that is a multilayer material composed of 
two or more materials, as explained above. In some of Such 
exemplary embodiments that material selection will include 
material that have stronger or weaker adhesion to the 
adjacent optical film. The selection of these materials will be 
governed by the material composition of the adjacent optical 
film. 

0026. The optical films and layers depicted in FIGS. 1, 2 
and 3 can be constructed to have different relative thick 
nesses than those illustrated. 

0027 Additional aspects of the invention will now be 
explained in greater detail. 
Optical Films 

0028. Various optical films are suitable for use in the 
embodiments of the present disclosure. Optical films suit 
able for use in some embodiments of the present disclosure 
can include dielectric multilayer optical films (whether 
composed of all birefringent optical layers, some birefrin 
gent optical layers, or all isotropic optical layers), Such as 
DBEF and ESR, and continuous/disperse phase optical 
films, such as DRPF, which can be characterized as polar 
izers or mirrors. Optical films suitable for use in embodi 
ments of the present disclosure can be or can include a 
diffuse micro-voided reflective film, such as BaSO4-filled 
PET, or diffuse “white” reflective film such as TiO,-filled 
PET. Alternatively, the optical film can be a single layer of 
a Suitable optically clear isotropic or birefringent material, 
e.g., polycarbonate, and it may or may not include Volume 
diffusers. Those of ordinary skill in the art will readily 
appreciate that the structures, methods, and techniques 
described herein can be adapted and applied to other types 
of suitable optical films. The optical films specifically men 
tioned herein are merely illustrative examples and are not 
meant to be an exhaustive list of optical films suitable for use 
with exemplary embodiments of the present disclosure. 
0029 More particularly, exemplary optical films that are 
suitable for use in embodiments of the present disclosure 
include multilayer reflective films such as those described 
in, for example, U.S. Pat. Nos. 5,882,774 and 6,352,761 and 
in PCT Publication Nos. WO95/17303; WO95/17691; 
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WO95/17692; WO95/17699; WO96/19347; and WO99/ 
36262, all of which are incorporated herein by reference. 
Both multilayer reflective polarizer optical films and con 
tinuous/disperse phase reflective polarizer optical films rely 
on index of refraction differences between at least two 
different materials (typically polymers) to selectively reflect 
light of at least one polarization orientation. Suitable diffuse 
reflective polarizers include the continuous/disperse phase 
optical films described in, for example, U.S. Pat. No. 5,825, 
543, incorporated herein by reference, as well as the dif 
fusely reflecting optical films described in, for example, U.S. 
Pat. No. 5,867,316, incorporated herein by reference. Other 
materials and optical films including a disperse phase and a 
continuous phase, Suitable for use in some embodiments of 
the present disclosure are also described in a commonly 
owned application entitled “Diffuse Reflective Polarizing 
Films With Orientable Polymer Blends, 3M Docket No. 
60758US002, filed on even date herewith, the disclosure of 
which is hereby incorporated by reference herein to the 
extent it is not inconsistent with the present disclosure. 
0030. In some embodiments, one or more of the optical 
films is a multilayer stack of polymer layers with a Brewster 
angle (the angle at which reflectance of p-polarized light 
turns to Zero) that is very large or nonexistent. As it is known 
by those of ordinary skill in the art, multilayer optical films 
can be made into a multilayer mirror or polarizer whose 
reflectivity for p-polarized light decreases slowly with angle 
of incidence, is independent of angle of incidence, or 
increases with angle of incidence away from the normal. 
Multilayer reflective optical films are used herein as an 
example to illustrate optical film structures and methods of 
making and using the optical films of the invention. As 
mentioned above, the structures, methods, and techniques 
described herein can be adapted and applied to other types 
of suitable optical films. 
0031. For example, a suitable multilayer optical film can 
be made by alternating (e.g., interleaving) uniaxially- or 
biaxially-oriented birefringent first optical layers with sec 
ond optical layers. In some embodiments, the second optical 
layers have an isotropic index of refraction that is approxi 
mately equal to one of the in-plane indices of the oriented 
layer. The interface between the two different optical layers 
forms a light reflection plane. Light polarized in a plane 
parallel to the direction in which the indices of refraction of 
the two layers are approximately equal will be substantially 
transmitted. Light polarized in a plane parallel to the direc 
tion in which the two layers have different indices will be at 
least partially reflected. The reflectivity can be increased by 
increasing the number of layers or by increasing the differ 
ence in the indices of refraction between the first and second 
layers. 
0032. A film having multiple layers can include layers 
with different optical thicknesses to increase the reflectivity 
of the film over a range of wavelengths. For example, a film 
can include pairs of layers that are individually tuned (for 
normally incident light, for example) to achieve optimal 
reflection of light having particular wavelengths. Generally, 
multilayer optical films suitable for use with certain embodi 
ments of the invention have about 2 to 5000 optical layers, 
typically about 25 to 2000 optical layers, and often about 50 
to 1500 optical layers or about 75 to 1000 optical layers. 
Some exemplary embodiments include about 825 optical 
layers or less, about 600 optical layers or less, about 275 
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layers or less, or even about 100 optical layers or less. The 
number of optical layers depends on the application. It 
should further be appreciated that, although only a single 
multilayer stack may be described, the multilayer optical 
film can be made from multiple stacks or different types of 
optical film that are subsequently combined to form the film. 

0033. A reflective polarizer can be made by combining a 
uniaxially oriented first optical layer with a second optical 
layer having an isotropic index of refraction that is approxi 
mately equal to one of the in-plane indices of the oriented 
layer. Alternatively, both optical layers are formed from 
birefringent polymers and are oriented in a draw process So 
that the indices of refraction in a single in-plane direction are 
approximately equal. The interface between the two optical 
layers forms a light reflection plane for one polarization of 
light. Light polarized in a plane parallel to the direction in 
which the indices of refraction of the two layers are approxi 
mately equal will be substantially transmitted. Light polar 
ized in a plane parallel to the direction in which the two 
layers have different indices will be at least partially 
reflected. 

0034) For polarizers having second optical layers with 
isotropic indices of refraction or low in-plane birefringence 
(e.g., no more than about 0.07 at 632.8 nm), the in-plane 
indices (n, and n) of refraction of the second optical layers 
are approximately equal to one in-plane index (e.g., n) of 
the first optical layers. Thus, the in-plane birefringence of 
the first optical layers is an indicator of the reflectivity of the 
multilayer optical film. Typically, it is found that the higher 
the in-plane birefringence, the better the reflectivity of the 
multilayer optical film. Typically, the first optical layers have 
an in-plane birefringence (n-n) after orientation of about 
0.04 or greater at 632.8 nm, about 0.1 or greater at 632.8 nm, 
about 0.15 or greater at 632.8 nm, preferably about 0.2 or 
greater at 632.8 nm, and more preferably about 0.3 or greater 
at 632.8 nm. If the out-of-plane indices (n) of refraction of 
the first and second optical layers are equal or nearly equal, 
the multilayer optical film also has better off-angle reflec 
tivity. The same or similar design considerations apply to 
diffuse reflective polarizers including disperse and continu 
ous polymeric phases. 

0035 A mirror can be made using at least one uniaxially 
birefringent material, in which two indices (typically along 
the X and y axes, or n, and n) are approximately equal, and 
different from the third index (typically along the Z axis, or 
n). The X and y axes are defined as the in-plane axes, in that 
they represent the plane of a given layer within the multi 
layer film, and the respective indices n, and n are referred 
to as the in-plane indices. One method of creating a uniaxi 
ally birefringent system is to biaxially orient (stretch along 
two axes) the multilayer polymeric film. If the adjoining 
layers have different stress-induced birefringence, biaxial 
orientation of the multilayer film results in differences 
between refractive indices of adjoining layers for planes 
parallel to both axes, resulting in the reflection of light of 
both planes of polarization. 

0036 Where the first optical layers are birefringent poly 
mer layers that are uniaxially- or biaxially-oriented, the 
polymers of the first optical layers are typically selected to 
be capable of developing a large birefringence when 
stretched. Depending on the application, the birefringence 
may be developed between two orthogonal directions in the 
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plane of the film, between one or more in-plane directions 
and the direction perpendicular to the film plane, or a 
combination of these. The first polymer should maintain 
birefringence after stretching, so that the desired optical 
properties are imparted to the finished film. The second 
optical layers can be polymer layers that are birefringent and 
uniaxially- or biaxially-oriented, or the second optical layers 
can have an isotropic index of refraction that is different 
from at least one of the indices of refraction of the first 
optical layers after orientation. In the latter case, the polymer 
of the second layers should develop little or no birefringence 
when stretched, or develops birefringence of the opposite 
sense (positive-negative or negative-positive). Such that its 
film-plane refractive indices differ as much as possible from 
those of the polymer of the first optical layers in the finished 
film. 

0037 Materials suitable for making optical films for use 
in exemplary embodiments of the present disclosure include 
polymers such as, for example, polyesters, copolyesters and 
modified copolyesters. In this context, the term “polymer 
will be understood to include homopolymers and copoly 
mers, as well as polymers or copolymers that may be formed 
in a miscible blend, for example, by co-extrusion or by 
reaction, including, for example, transesterification. The 
terms “polymer and “copolymer include both random and 
block copolymers. 

0038 Exemplary polymers useful in the optical films of 
the present disclosure include polyethylene naphthalate 
(PEN). PEN is frequently chosen for use in the first optical 
layers. Other polymers suitable for use in the first optical 
layers include, for example, polybutylene 2,6-naphthalate 
(PBN), polyethylene terephthalate (PET), and copolymers 
thereof. Other materials suitable for use in optical films and, 
particularly, in the first optical layers, are described, for 
example, in U.S. Pat. Nos. 5,882,774, 6,352,761 and 6,498, 
683 and U.S. patent application Ser. Nos. 09/229,724, 
09/232,332, 09/399,531, and 09/444,756, which are incor 
porated herein by reference. An exemplary coPEN suitable 
for use in the first optical layers is coPEN having carboxy 
late subunits derived from 90 mol % dimethyl naphthalene 
dicarboxylate and 10 mol % dimethyl terephthalate and 
glycol subunits derived from 100 mol % ethylene glycol 
subunits and an intrinsic viscosity (IV) of 0.48 dL/g. 
Another useful polymer is a PET having an intrinsic vis 
cosity of 0.74 dL/g, available from Eastman Chemical 
Company (Kingsport, Tenn.). 

0.039 Polymer or polymers suitable for use in the second 
optical layers should be chosen so that in the finished film, 
the refractive index, in at least one direction, differs signifi 
cantly from the index of refraction of the first optical layers 
in the same direction. In addition, it will be understood that 
the choice of a second polymer is dependent not only on the 
intended application of the optical film in question, but also 
on the choice made for the first polymer, as well as pro 
cessing conditions. 

0040. The second optical layers can be made from a 
variety of polymers having glass transition temperatures 
compatible with that of the first optical layers and having a 
refractive index similar to the isotropic refractive index of 
the first polymer. Examples of other polymers suitable for 
use in optical films and, particularly, in the second optical 
layers, other than the coPEN polymers mentioned above, 
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include vinyl polymers and copolymers made from mono 
mers such as vinyl naphthalenes, styrene, maleic anhydride, 
acrylates, and methacrylates. Examples of Such polymers 
include polyacrylates, polymethacrylates, such as poly 
(methyl methacrylate) (PMMA), and isotactic or syndiotac 
tic polystyrene. Other polymers include condensation poly 
mers such as polysulfones, polyamides, polyurethanes, 
polyamic acids, and polyimides. In addition, the second 
optical layers can be formed from polymers and copolymers 
Such as polyesters and polycarbonates. 
0041. Other exemplary suitable polymers, especially for 
use in the second optical layers, include homopolymers of 
polymethylmethacrylate (PMMA), such as those available 
from Ineos. Acrylics, Inc., Wilmington, Del., under the trade 
designations CP71 and CP80, or polyethyl methacrylate 
(PEMA), which has a lower glass transition temperature 
than PMMA. Additional second polymers include copoly 
mers of PMMA (coPMMA), such as a coPMMA made from 
75 wt % methylmethacrylate (MMA) monomers and 25 wt 
% ethyl acrylate (EA) monomers, (available from Ineos 
Acrylics, Inc., under the trade designation Perspex CP63), a 
coPMMA formed with MMA comonomer units and n-butyl 
methacrylate (nBMA) comonomer units, or a blend of 
PMMA and poly(vinylidene fluoride) (PVDF) such as that 
available from Solvay Polymers, Inc., Houston, Tex. under 
the trade designation Solef 1008. 
0042. Yet other suitable polymers, especially for use in 
the second optical layers, include polyolefin copolymers 
such as poly (ethylene-co-octene) (PE-PO) available from 
Dow-Dupont Elastomers under the trade designation 
Engage 8200, poly (propylene-co-ethylene) (PPPE) avail 
able from Fina Oil and Chemical Co., Dallas, Tex., under the 
trade designation Z9470, and a copolymer of atatctic 
polypropylene (aPP) and isotatctic polypropylene (iPP). The 
optical films can also include, for example in the second 
optical layers, a functionalized polyolefin, Such as linear low 
density polyethylene-g-maleic anhydride (LLDPE-g-MA) 
such as that available from E.I. duPont de Nemours & Co., 
Inc., Wilmington, Del., under the trade designation Bynel 
4105. 

0043. Exemplary combinations of materials in the case of 
polarizers include PEN/co-PEN, polyethylene terephthalate 
(PET)/co-PEN, PEN/sPS, PEN/Eastar, and PET/Eastar, 
where “co-PEN’ refers to a copolymer or blend based upon 
naphthalene dicarboxylic acid (as described above) and 
Eastar is polycyclohexanedimethylene terephthalate com 
mercially available from Eastman Chemical Co. Exemplary 
combinations of materials in the case of mirrors include 
PET/coPMMA, PEN/PMMA or PEN/coPMMA, PET/ 
ECDEL, PEN/ECDEL, PEN/sPS, PEN/THV, PEN/co-PET, 
and PET/sPS, where “co-PET refers to a copolymer or 
blend based upon terephthalic acid (as described above), 
ECDEL is a thermoplastic polyester commercially available 
from Eastman Chemical Co., and THV is a fluoropolymer 
commercially available from 3M. PMMA refers to polym 
ethyl methacrylate and PETG refers to a copolymer of PET 
employing a second glycol (usually cyclohexanedimetha 
nol). SPS refers to syndiotactic polystyrene. Non-polyester 
polymers may be used in creating polarizer films. For 
example, polyether imides can be used with polyesters. Such 
as PEN and coPEN, to generate a multilayer reflective 
mirror. Other polyester/non-polyester combinations, such as 
polyethylene terephthalate and polyethylene (e.g., those 
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available under the trade designation Engage 8200 from 
Dow Chemical Corp., Midland, Mich.), can be used. 
0044 Optical films included in the optical bodies con 
structed according to the present disclosure are typically 
thin, but in other exemplary embodiments they may be as 
thick as desired. Suitable films may have various thick 
nesses, but usually they include films with thicknesses of 
less than 15 mils (about 380 micrometers), typically less 
than 10 mils (about 250 micrometers), more typically less 
than 7 mils (about 180 micrometers), sometimes, less than 5 
mils, less than 1.5 mils, or even less than 1 mil, e.g., 0.7 mils. 
During processing, a dimensionally stable layer may be 
included into the optical film by extrusion coating or coex 
trusion. Optical films of the present disclosure can also 
include optional other optical or non-optical layers, such as 
one or more non-strippable protective boundary layers 
between packets of optical layers. The non-optical layers 
may be of any appropriate material Suitable for a particular 
application and can be or can include at least one of the 
materials used in the remainder of the optical film. 
0045. In some exemplary embodiments, an intermediate 
layer or an underskin layer can be integrally formed with the 
optical film or on one or more of its outer surfaces. One or 
more under-skin layers are typically formed by co-extrusion 
with the optical film, for example, to integrally form and 
bind the first and second optical layers. The underskin layer 
or layers can include immiscible blends with a continuous 
phase and a disperse phase which also can aid in creating 
Surface roughness and haze. The disperse phase of the 
underskin layers can be polymeric or inorganic and, where 
a substantially clear optical film is desired, have about the 
same or similar refractive index as the continuous phase. In 
Some exemplary embodiments of Such clear optical films, 
the refractive indexes of the materials making up the dis 
perse and continuous phases differ from each other by no 
more than about 0.02. An example of underskin layer with 
refractive index matched blend is a continuous phase com 
prising SAN and a disperse phase comprising PETG 
(copolyester commercially available from Eastman Chemi 
cal under the tradename Eastar 6763). An example of 
underskins with a refractive index mismatched blend is a 
continuous phase of Xylex 7200 and a disperse phase of 
polystyrene. 
Strippable Boundary Layers 

0046 By selecting the materials comprised in the one or 
more strippable boundary layers, the interfacial adhesion 
between the strippable boundary layer(s) and the adjacent 
optical film can be controlled so that the strippable boundary 
layers are capable of remaining adhered to the optical film(s) 
for as long as desired for a particular application, but can 
also be cleanly stripped or removed from the optical film(s) 
before use without applying excessive force or, in the 
appropriate embodiments, without leaving a Substantial resi 
due of particles from the boundary layer on the adjacent 
optical film. 
0047. In some exemplary embodiments of the present 
disclosure, the materials comprised in the optical bodies 
with the strippable boundary layer(s) connected to the 
optical film(s) are Substantially transparent or clear, so that 
the optical bodies can be inspected for defects using stan 
dard inspection equipment. Such exemplary clear optical 
bodies usually have strippable boundary layers in which the 
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constituent materials have approximately the same or Suf 
ficiently similar refractive indexes. In some exemplary 
embodiments of such clear optical bodies, the refractive 
indexes of the materials making up the strippable boundary 
layers differ from each other by no more than about 0.02. 

0048. A boundary layer adhered to an adjacent surface of 
an optical film in exemplary optical bodies of the present 
disclosure, can be constructed so that the adhesion of the 
strippable boundary layer(s) to the optical film(s) is charac 
terized by a peel force of about 2 g/in or more between a 
strippable boundary layer and the adjacent optical film. 
Other exemplary optical bodies constructed according to the 
present disclosure can be characterized by a peel force of 
about 4, 5, 10 or 15 g/in or more. In some exemplary 
embodiments, the optical bodies can be characterized by a 
peel force as high as about 100 g/in or even about 120 g/in. 
In other exemplary embodiments, the optical bodies can be 
characterized by a peel force of about 50, 35, 30 or 25 g/in 
or less. In some exemplary implementations the adhesion 
can be in the range from 2 g/in to 120 g/in, from 4 g/in to 
50 g/in, from 5 g/in to 35 g/in, from 10 g/in to 25 g/in, or 
from 15 g/in to 25 g/in. In other exemplary embodiments, 
the adhesion can be within other suitable ranges. Peel forces 
over 120 g/in can be tolerated for some applications depend 
ing on the materials used. 

0049. In some exemplary embodiments that are charac 
terized by higher values of peel forces between a strippable 
boundary layer and an adjacent optical film, various steps 
can be taken to aid in removal of the strippable boundary 
layers from one or more optical films. For example, an 
optical body of the present disclosure may be subjected to 
heat-setting, maintained at a particular temperature during 
the removal, Subjected to tension, or/and allowed to age, 
which may permit any lubricants contained therein to reach 
a film or a layer Surface. 

0050. The peel force that can be used to characterize 
exemplary embodiments of the present disclosure can be 
measured as follows. In particular, the present test method 
provides a procedure for measuring the peel force needed to 
remove a strippable boundary layer from an optical film 
(e.g., multilayer film, polycarbonate, etc.). Test-strips are cut 
from the optical body with a strippable boundary layer 
adhered to an optical film. The strips are typically about 1" 
width, and more than about 6" in length. The strips may be 
pre-conditioned for environmental aging characteristics 
(e.g., hot, hot & humid, cold, thermal-shock). 

0051 Typically, the samples should dwell for more than 
about 24 hours prior to testing. The 1" strips are then applied 
to rigid plates, for example, using double-sided tape (such as 
ScotchTM double sided tape available from 3M), and the 
plate?test-strip assembly is fixed in place on the peel-tester 
platen. The leading edge of the Strippable boundary layer is 
then separated from the optical film and clamped to a fixture 
connected to the peel-tester load-cell. The platen holding the 
plate/test-strip assembly is then carried away from the 
load-cell at constant speed of about 90 inches/minute, effec 
tively peeling the strippable boundary layer from the sub 
strate optical film at about a 180 degree angle. As the platen 
moves away from the clamp, the force required to peel the 
strippable boundary layer off the film is sensed by the load 
cell and recorded by a microprocessor. The force required 
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for peel is then averaged over 5 seconds of steady-state 
travel (preferably ignoring the initial shock of starting the 
peel) and recorded. 

0.052 It has been found that these and related goals can 
be accomplished by careful selection of the materials for 
making the strippable boundary layers and ensuring their 
compatibility with at least some of the materials used to 
make the optical film, especially the materials of the outer 
Surfaces of the optical film or, in the appropriate exemplary 
embodiments, of the under-skin layers. In accordance with 
one implementation of the present disclosure, the Strippable 
boundary layers may include a sufficient amount of material 
with low crystallinity or an amorphous material, in order to 
remain adhered to the optical film for a desired period of 
time. In some exemplary embodiments, two or more differ 
ent materials with different adhesions can be used in the 
strippable boundary layers to achieve a desired amount of 
adhesion. 

0053 Materials suitable for use in the strippable bound 
ary layer(s) include, for example, fluropolymers such as 
polyvinylidene fluoride (PVDF), ethylene-tetrafluoroethyl 
ene fluoropolymers (ETFE), polytetrafluoroethylene 
(PTFE), copolymers of PMMA (or a coPMMA) and PVDF, 
or any of the THV or PFA materials available from 3M (St. 
Paul, Minn.). Processing aids such as Dynamar (available 
from 3M) or Glycolube (available fro Lonza Corporation in 
Fair Lawn N.J.) may enhance release characteristics of 
strippable boundary layers. 

0054) Materials suitable for use in the strippable bound 
ary layer(s) generally include polyolefins, such as polypro 
pylene and modified polypropylenes. Aliphatic polyolefins 
can be used. One Suitable group of polypropylenes includes 
high density polypropylenes which exhibit particularly low 
adhesion to polyester and acrylic materials, and which are 
commonly used to make multilayer optical films. Polyeth 
ylenes and their copolymers are also may be useful, includ 
ing copolymers and propylene and ethylene. Other exem 
plary materials include polymethylpentene, cyclic olefin 
copolymers such as Topas available from Ticona Engineer 
ing Polymers (Florence, Ky.), copolymers of olefins with 
maleic anhydride, acrylic acid, or glycidyl methacrylate, or 
any of the Hytrel (thermoplastic polyester elastomer) or 
Bynel (modified ethylene vinyl acetate) materials available 
from DuPont Corporation (Wilmington, Del.). 

0.055 Syndiotactic and atactic Vinyl aromatic polymers, 
which may be useful in some embodiments of the present 
disclosure, include poly(styrene), poly(alkyl styrene), poly 
(styrene halide), poly(alkyl styrene), poly(vinyl ester ben 
Zoate), and these hydrogenated polymers and mixtures, or 
copolymers containing these structural units. Examples of 
poly(alkyl styrenes) include: poly(methyl styrene), poly 
(ethyl styrene), poly(propyl styrene), poly(butyl styrene), 
poly(phenyl styrene), poly(vinyl naphthalene), poly(vinyl 
styrene), and poly(acenaphthalene) may be mentioned. As 
for the poly(styrene halides), examples include: poly(chlo 
rostyrene), poly(bromostyrene), and poly(fluorostyrene). 
Examples of poly(alkoxy styrene) include: poly(methoxy 
styrene), and poly(ethoxy styrene). Among these examples, 
as particularly preferable styrene group polymers, are: poly 
styrene, poly(p-methyl styrene), poly(m-methyl styrene), 
poly(p-tertiary butyl styrene), poly(p-chlorostyrene), 
poly(m-chloro styrene), poly(p-fluoro styrene), and copoly 
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mers of styrene and p-methyl styrene may be mentioned. 
Furthermore, as comonomers of syndiotactic vinyl-aromatic 
group copolymers, besides monomers of above explained 
styrene group polymer, olefin monomers such as ethylene, 
propylene, butene, hexene, or octene; diene monomers such 
as butadiene, isoprene; polar vinyl monomers such as cyclic 
diene monomer, methyl methacrylate, maleic acid anhy 
dride, or acrylonitrile may be mentioned. 
0056 Aliphatic copolyesters and aliphatic polyamides 
may also be useful materials for strippable boundary layers. 
As for polyester polymers and copolymers, the diacids can 
be chosen from terephthalic acid, isophthalic acid, phthalic 
acid, all isomeric naphthalenedicarboxylic acids (2,6-, 1.2-, 
1.3-, 1.4-, 1.5-, 1.6-, 1.7-, 1.8-, 2.3-, 2,4-, 2.5-, 2.7-, and 
2.8-), bibenzoic acids such as 4,4'-biphenyl dicarboxylic 
acid and its isomers, trans-4,4'-Stilbene dicarboxylic acid 
and its isomers, 4,4'-diphenyl ether dicarboxylic acid and its 
isomers, 4,4'-diphenylsulfone dicarboxylic acid and its iso 
mers, 4,4'-benzophenone dicarboxylic acid and its isomers, 
halogenated aromatic dicarboxylic acids such as 2-chlorot 
erephthalic acid and 2,5-dichloroterephthalic acid, other 
substituted aromatic dicarboxylic acids such as tertiary butyl 
isophthalic acid and sodium Sulfonated isophthalic acid, 
cycloalkane dicarboxylic acids such as 1,4-cyclohexanedi 
carboxylic acid and its isomers and 2.6decahydronaphtha 
lene dicarboxylic acid and its isomers, bi- or multi-cyclic 
dicarboxylic acids (such as the various isomeric norbornane 
and norbornene dicarboxylic acids, adamantane dicarboxy 
lic acids, and bicyclo-octane dicarboxylic acids), alkane 
dicarboxylic acids (such as sebacic acid, adipic acid, oxalic 
acid, malonic acid, Succinic acid, glutaric acid, azelaic acid, 
and dodecane dicarboxylic acid.), and any of the isomeric 
dicarboxylic acids of the fused-ring aromatic hydrocarbons 
(such as indene, anthracene, pheneanthrene, benzonaph 
thene, fluorene and the like). Alternatively, alkyl esters of 
these monomers, such as dimethyl terephthalate, may be 
used. 

0057 Suitable diol comonomers include but are not lim 
ited to linear or branched alkane diols or glycols (such as 
ethylene glycol, propanediols such as trimethylene glycol, 
butanediols such as tetramethylene glycol, pentanediols 
Such as neopentylglycol, hexanediols, 2,2,4-trimethyl-1,3- 
pentanediol and higher diols), ether glycols (such as dieth 
ylene glycol, triethylene glycol, and polyethylene glycol), 
chain-ester diols such as 3hydroxy-2,2-dimethylpropyl-3- 
hydroxy-2,2-dimethyl propanoate, cycloalkane glycols such 
as 1,4-cyclohexanedimethanol and its isomers and 1,4- 
cyclohexanediol and its isomers, bior multicyclic diols (such 
as the various isomeric tricyclodecane dimethanols, norbor 
name dimethanols, norbornene dimethanols, and bicyclo 
octane dimethanols), aromatic glycols (such as 1,4-benzene 
dimethanol and its isomers, 1,4-benzenediol and its isomers, 
bisphenols such as bisphenol A, 2,2'-dihydroxy biphenyl and 
its isomers, 4,4'dihydroxymethylbiphenyl and its isomers, 
and 1,3-bis(2-hydroxyethoxy)benzene and its isomers), and 
lower alkyl ethers or diethers of these diols, such as dimethyl 
or diethyl diols. 
0058. In the exemplary embodiment where at least one 
boundary layer is designed to permanently adhere to at least 
one adjacent optical film, the constituent materials must be 
provided with sufficient adhesion to that adjacent optical 
film. These materials will be chosen with regard to their 
adhesive properties to an optical film and, optionally, to 
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another component of the boundary layer (in case of a 
multilayer boundary layer). Some materials that may be 
useful are those listed above and polymers of the same 
classes that have been modified to adhere to an optical film. 
0059. In some exemplary embodiments, the strippable 
boundary layer(s) may include low melting and low crys 
tallinity polypropylenes and their copolymers; low melting 
and low crystallinity polyethylenes and their copolymers, 
low melting and low crystallinity polyesters and their 
copolymers, or any suitable combination thereof. Such low 
melting and low crystalinity polypropylenes and their 
copolymers consist of propylene homopolymers and copoly 
mers of propylene and ethylene or alpha-olefin materials 
having between 4 to 10 carbon atoms. The term “copoly 
mer” includes not only the copolymer, but also terpolymers 
and polymers of four or more component polymers. Suitable 
low melting and low crystallinity polypropylenes and their 
copolymers include, for example, Syndiotactic polypropy 
lene (such as, Finaplas 1571 from Total Petrochemicals, 
Inc.), which is a random copolymer with an extremely low 
ethylene content in the syndiotactic polypropylene back 
bone, and random copolymers of propylene (such as PP8650 
or PP6671 from Atofina, which is now Total Petrochemicals, 
Inc.). The described copolymers of propylene and ethylene 
can also be extrusion blended with homopolymers of 
polypropylene to provide a higher melting point Strippable 
boundary layer if needed. 
0060. Other suitable low melting and low crystallinity 
polyethylenes and polyethylene copolymers include, for 
example, linear low-density polyethylene and ethylene vinyl 
alcohol copolymers. Suitable polypropylenes include, for 
example, random copolymers of propylene and ethylene (for 
example, PP8650 from Total Petrochemicals, Inc.), or eth 
ylene octene copolymers (for example, Affinity PT 1451 
from Dow Chemical Company). In some embodiments of 
the present disclosure, the continuous phase includes an 
amorphous polyolefin, Such as an amorphous polypropy 
lene, amorphous polyethylene, an amorphous polyester, or 
any suitable combination thereof or with other materials. In 
some embodiments, the materials of the strippable boundary 
layers can include nucleating agents, such as sodium ben 
Zoate to control the rate of crystallization. Additionally, 
anti-static materials, anti-block materials, coloring agents 
Such as pigments and dyes, polarizing dyes, migratory 
lubricants, stabilizers and other processing aids may be 
added. Additionally or alternatively, the rough strippable 
skin layers may include any other appropriate material. In 
Some exemplary embodiments, migratory antistatic agents 
can be used in the strippable boundary layers to lower their 
adhesion to the optical films. 
Rough Strippable Boundary Layers 

0061. In the exemplary embodiments of the present dis 
closure that include at least one rough strippable boundary 
layer, the boundary layer or layers may include any materials 
described above or any combination thereof. For example, 
the continuous phase or one of the first and second immis 
cible polymers may include any material mentioned in 
reference to the strippable boundary layers described above. 
0062) The degree of surface roughness of the rough 
strippable boundary layers can be adjusted by mixing or 
blending different materials, for example, polymeric mate 
rials, inorganic materials, or both into the disperse phase. In 

Oct. 12, 2006 

addition, the ratio of disperse phase to continuous phase can 
be adjusted to control the degree of Surface roughness and 
adhesion and will depend on the particular materials used. 
Thus, in the exemplary embodiments including a rough 
strippable boundary layer, one, two or more polymers would 
function as the continuous phase, while one, two or more 
materials, which may or may not be polymeric, would 
provide a disperse phase with a suitable Surface roughness 
for imparting a surface texture. The one or more polymers of 
the continuous phase can be selected to provide a desired 
adhesion to the material of the optical film. A material with 
relatively high crystallinity, such as high density polyethyl 
ene (HDPE) or polycaprolactone, can be blended into the 
rough Strippable boundary layers in order to impart rough 
texture into the Surface of an optical film that is adjacent to 
the rough Strippable boundary layer and to affect adhesion. 
For example, HDPE could be blended into low crystallinity 
syndiotactic polypropylene (SPP) for improving Surface 
roughness along with a low crystallinity poly(ethylene 
octene) (PE-PO) for improving adhesion. 
0063. Where the disperse phase is capable of crystalliza 
tion, the roughness of the strippable skin layer or layers can 
be enhanced by crystallization of this phase at an appropriate 
extrusion processing temperature, degree of mixing, and 
quenching, as well as through addition of nucleation agents, 
Such as aromatic carboxylic-acid salts (sodium benzoate); 
dibenzylidene sorbitol (DBS), such as Millad 3988 from 
Milliken & Company; and Sorbitol acetals, such as Irgaclear 
clarifiers by Ciba Specialty Chemicals and NC-4 clarifier by 
Mitsui Toatsu Chemicals. Other nucleators include organo 
phosphate salts and other inorganic materials, such as ADK 
stab NA-11 and NA-21 phosphate esters from Asahi-Denka 
and Hyperform HPN-68, a norbornene carboxylic-acid salt 
from Milliken & Company. In some exemplary embodi 
ments, the disperse phase includes particles, such as those 
including inorganic materials, that will protrude from the 
Surface of the rough Strippable boundary layers and impart 
surface structures into the optical film when the optical body 
is extruded, oriented, laminated or stretched. 
0064. The disperse phase of the rough strippable bound 
ary layers can include particles or other rough features that 
are sufficiently large (for example, at least 0.1 micrometers 
average diameter) to be used to impart a Surface texture into 
the outer surface of an adjacent layer of the optical film. At 
least a Substantial portion of protrusions of the disperse 
phase should typically be larger than the wavelength of the 
light it is illuminated with but still small enough not to be 
resolved with an unaided eye. Such particles can include 
particles of inorganic materials, such as silica particles, talc 
particles, sodium benzoate, calcium carbonate, a combina 
tion thereof or any other suitable particles. Alternatively, the 
disperse phase can be formed from polymeric materials that 
are (or become) Substantially immiscible in the continuous 
phase under the appropriate conditions. 
0065. The disperse phase can be formed from one or 
more materials, such as inorganic materials, polymers, or 
both that are different from at least one polymer of the 
continuous phase and immiscible therein, with the disperse 
polymer phases having typically a higher degree of crystal 
linity than the polymer or polymers of the continuous phase. 
It is preferred that the disperse phase is only mechanically 
miscible or immiscible with the continuous phase polymer 
or polymers. The disperse phase material or materials and 
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the continuous phase material or materials can phase sepa 
rate under appropriate processing conditions and form dis 
tinct phase inclusions within the continuous matrix, and 
particularly at the interface between the optical film and the 
rough strippable skin layer. 
0.066 Exemplary polymers that are particularly suitable 
for use in the disperse phase include styrene acrylonitrile, 
modified polyethylene, polycarbonate and copolyester 
blend, e-caprolactone polymer, such as TONETM P-787, 
available from Dow Chemical Company, random copolymer 
of propylene and ethylene, other polypropylene copolymers, 
poly(ethylene octene) copolymer, anti-static polymer, high 
density polyethylene, medium density polyethylene, linear 
low density polyethylene and polymethyl methacrylate. The 
disperse phase may include any other appropriate material, 
Such as any Suitable crystallizing polymer and it may include 
the same materials as one or more of the materials used in 
the optical film. 
0067. In some exemplary embodiments, the strippable 
boundary layer or layers may include at least 3 materials for 
the purposes of controlling strippable layer adhesion and 
providing a higher Surface feature density. In some exem 
plary embodiments, more than 2 disperse Sub-phases can 
result in rough features or protrusions of different sizes or 
compounded protrusions, such as “protrusion-on-protru 
sion' configurations, i.e., impart Smaller concave surface 
features (depressions) between larger concave Surface fea 
tures (depressions), and, in Some exemplary embodiments, 
Smaller concave surface features (depressions) within larger 
concave Surface features (depressions). Such constructions 
can be beneficial for creating hazier Surfaces on optical 
films. 

0068. Materials used in such exemplary embodiments are 
available from different manufacturers as described: PEN 
(0.48 IV PEN from 3M Company), SAN (Tyril 880 from 
Dow Chemical), sRP (1571 available from Atofina, now 
Total Petrochemicals, Inc.), MDPE (Marflex TR130 avail 
able from Chevron-Philips), Admer (SE810 available from 
Mitsui Petrochemicals, Inc.), Xylex (Xylex 7200 available 
from GE Plastics Inc.), random propylene-ethylene copoly 
mer (PP8650 available from Atofina, now Total Petrochemi 
cals, Inc.), Pelestat 300 (Pelestat 300 available from Tomen 
America), Pelestat 6321 (Pelestat 6321 available from 
Tomen America), polycaprolactone (Tone 787), PMMA 
(VO44 available from Atofina, now Total Petrochemicals, 
Inc. Chemical), Polystyrene (Styron 685 available from 
Dow Chemical Company). 
Material Compatibility and Methods 
0069 Optical bodies of the present disclosure can be 
made, for example, by coextrusion using a feedblock 
method. Exemplary manufacturing processes are described, 
for example, in U.S. patent Ser. Nos. 09/229,724, 08/402, 
041, 09/006.288 and U.S. Patent Application Publication 
No. 2001/0013.668, U.S. Pat. No. 6,352,761, which are 
hereby incorporated herein by reference. Preferably, the 
materials of the optical bodies, and in some exemplary 
embodiments, of the first optical layers, the second optical 
layers, the optional non-optical layers, and of the Strippable 
boundary layers are chosen to have similar rheological 
properties (e.g., melt viscosities) so that they can be co 
extruded without flow instabilities. The effect of shear forces 
during coextrusion can be reduced by coextruding one or 
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more outer skin layers when forming the optical bodies of 
the present disclosure. The materials of the outer skin layer 
or layers can be selected so that these layers may be removed 
from the optical body after or prior to any processing step. 
0070 The optical body exiting the feedblock manifold 
can then enter a shaping unit, such as a die. Alternatively, 
prior to entering the shaping unit, the polymeric stream may 
be split to form two or more streams that may then be 
recombined by Stacking. This process is usually referred to 
as multiplication. Exemplary multipliers are described, for 
example, in U.S. Pat. Nos. 5,094,788 and 5,094.793, incor 
porated by reference herein. Strippable boundary layers may 
be added to the optical bodies of the present disclosure 
during coextrusion of the optical layers or optical film or 
after coextrusion of the optical layers or optical film, for 
example, prior to multiplication. In some exemplary 
embodiments, different strippable boundary layers may be 
added at different stages of the production process. After the 
optical body is discharged from the shaping unit, it may be 
cast onto a chill roll, casting wheel or casting drum. 
0071. Subsequently, the optical body may be drawn or 
stretched to produce the finished article. Depending on the 
type of optical films included into the optical body, the 
drawing or stretching may be accomplished in one, two or 
more steps. Where one or more of the optical films included 
into an optical body of the present disclosure is a reflective 
polarizer, the optical body may be drawn uniaxially or 
substantially uniaxially in the transverse direction (TD), 
while allowed to relax in the machine direction (MD) as well 
as the normal direction (ND). Suitable methods and appa 
ratuses that can be used to draw Such exemplary embodi 
ments of the present disclosure are described in U.S. Appli 
cation Publication Nos. 2002/0190406, 2002/01801.07, 
2004/0099992 and 2004/0099993, the disclosures of which 
are hereby incorporated by reference herein. 
Drawing Optical Bodies in Uniaxial or Substantially 
Uniaxial Manner 

0072 The processes of the present disclosure may 
include stretching an optical body that can be described with 
reference to three mutually orthogonal axes corresponding 
to the machine direction (MD), the transverse direction 
(TD), and the normal direction (ND). These axes correspond 
to the width (W), length (L), and thickness (T) of the optical 
body 200 illustrated in FIG. 4. The stretching process 
stretches a region 200 of the optical body from an initial 
configuration 240 to a final configuration 260. The machine 
direction is the general direction along which the film travels 
through a stretching device, for example, the apparatus 
illustrated in FIG. 5. The transverse direction (TD) is the 
second axis within the plane of the film and is orthogonal to 
the machine direction (MD). The normal direction (ND) is 
orthogonal to both MD and TD and corresponds generally to 
the thickness dimension of the polymer film. 
0.073 FIG. 5 illustrates one embodiment of a stretching 
apparatus and method of the present disclosure. The optical 
body can be provided to the stretching apparatus by any 
desirable method. For example, the optical body can be 
produced in a roll or other form and then provided to 
stretching apparatus. As another example, the stretching 
apparatus can be configured to receive the optical body from 
an extruder (if, for example, the optical body is generated by 
extrusion and ready for stretching after extrusion) or a coater 
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(if for example, the optical body is generated by coating or 
is ready for stretching after receiving one or more coated 
layers) or a laminator (if, for example the optical body is 
generated by lamination or is ready for stretching after 
receiving one or more laminated layers). 
0074 Generally, an optical body 140 is presented in 
region 130 to one or more gripping members that are 
configured and arranged to hold opposing edges of the 
optical body and convey the optical body along opposing 
tracks 164 defining predetermined paths. The gripping mem 
bers (not shown) typically hold the optical body at or near 
its edges. The portions of the optical body held by the 
gripping members are often unsuitable for use after stretch 
ing so the position of the gripping members is typically 
selected to provide sufficient grip on the film to permit 
stretching while controlling the amount of waste material 
generated by the process. 

0075 Gripping members, such as clips, can be directed 
along the track by, for example, rollers 162 rotating a chain 
along the track with the gripping members coupled to the 
chain. The rollers are connected to a driver mechanism that 
controls the speed and direction of the film as it is conveyed 
through the stretching apparatus. Rollers can also be used to 
rotate and control the speed of belt-type gripping members. 
0.076 Returning further to FIG. 5, the apparatus option 
ally includes a preconditioning region 132 that typically is 
enclosed by an oven 154 or other apparatus or arrangement 
to heat the optical body in preparation for stretching. The 
preconditioning region can include a preheating Zone 142, a 
heat soak Zone 144, or both. 

0077. The optical film may be stretched in the primary 
stretching region 134. Typically, within the primary stretch 
ing region 134 the optical body is heated or maintained in a 
heated environment above the glass transition of the poly 
mer(s) of the optical body. Within the primary stretching 
region 134, the gripping members follow generally diverg 
ing tracks to stretch the optical body by a desired amount. 
The tracks in the primary stretching region and in other 
regions of the apparatus can be formed using a variety of 
structures and materials. Outside of the primary stretching 
region, the tracks are typically Substantially linear. The 
opposing linear tracks can be parallel or can be arranged to 
be converging or diverging. Within the primary stretching 
region, the tracks are generally diverging. 

0078. In all regions of the stretching apparatus, the tracks 
can be formed using a series of linear or curvilinear seg 
ments that are optionally coupled together. As an alternative 
or in particular regions or groups of regions, the tracks can 
be formed as a single continuous construction. In at least 
Some embodiments, the tracks in the primary stretching 
region are coupled to, but separable from, the tracks of the 
preceding regions. The tracks 1140, 1141 in the Succeeding 
post-conditioning or removal regions are typically separated 
from the tracks of the primary stretching region, as illus 
trated in FIG. 5. In some embodiments, the positions of one 
or more, and preferably all, of the track segments are 
adjustable (e.g., pivotable about an axis) so that the overall 
shape of the tracks can be adjusted if desired. Continuous 
tracks can also be used through each of the regions. 
0079 Typically, the portions of the optical body that were 
held by the gripping members through the primary stretch 
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ing region are removed. To maintain a substantially uniaxial 
draw throughout substantially all of the draw history (as 
shown in FIG. 5), at the end of the transverse stretch, the 
rapidly diverging edge portions 156 are preferably severed 
from the stretched optical body 148 at a slitting point 158. 
A cut can be made at 158 and flash or unusable portions 156 
can be discarded. 

0080 Release of the selvages from a continuous gripping 
mechanism can be done continuously; however, release 
from discrete gripping mechanisms, such as tenter clips, 
should preferably be done so that all the material under any 
given clip is released at once. This discrete release mecha 
nism may cause larger upsets in stress that may be felt by the 
drawing web upstream. In order to assist the action of the 
isolating takeaway device, it is preferred to use a continuous 
Selvage separation mechanism in the device, e.g. the “hot” 
slitting of the Selvage from the central portion of a heated, 
drawn film. 

0081. The slitting location is preferably located near 
enough to the “gripline', e.g. the isolating takeaway point of 
first effective contact by the gripping members of the take 
away system, to minimize or reduce stress upsets upstream 
of that point. If the film is slit before the film is gripped by 
the take-away system, instable takeaway can result, for 
example, by film “snapback” along TD. The film is thus 
preferably slit at or downstream of the gripline. Slitting is a 
fracture process and, as such, typically has a small but 
natural variation in spatial location. Thus it may be preferred 
to slit slightly downstream of the gripline to prevent any 
temporal variations in slitting from occurring upstream of 
the gripline. If the film is slit substantially downstream from 
the gripline, the film between the takeaway and boundary 
trajectory will continue to stretch along TD. Since only this 
portion of the film is now drawing, it now draws at an 
amplified draw ratio relative to the boundary trajectory, 
creating further stress upsets that could propagate upstream, 
for example, undesirable levels of machine direction tension 
propagating upstream. 
0082 The slitting is preferably mobile and re-position 
able so that it can vary with the changes in takeaway 
positions needed to accommodate variable final transverse 
draw direction ratio or adjustment of the position of the 
take-away system. An advantage of this type of slitting 
system is that the draw ratio can be adjusted while main 
taining the draw profile simply by moving the take-away 
slitting point 158, preferably along the MD. A variety of 
slitting techniques can be used including a heat razor, a hot 
wire, a laser, a focused beam of intense IR radiation or a 
focused jet of heated air. 
0083. The apparatus shown in FIG. 5 may optionally 
include a post-conditioning region 136. For example, the 
optical body may be set in Zone 148 and quenched in Zone 
150. A takeaway system may be used to remove the optical 
body from the primary stretching region 134. In the illus 
trated embodiment, this takeaway system is independent of 
(i.e., isolated from or not directly connected to) the tracks 
upon which the film was conveyed through the primary 
stretching region. The takeaway system can use any film 
conveyance structures such as tracks 1140, 1141 with grip 
ping members such as, for example, opposing sets of belts 
or tenter clips. 
0084. In some embodiments, TD shrinkage control can 
be accomplished using tracks 1140, 1141 that are angled 



US 2006/0227421 A1 

with respect to each other. For example, the tracks of the 
take-away system can be positioned to follow a slowly 
converging path (making an angle of no more than about 5°) 
through at least a portion of the post conditioning region to 
allow for TD shrinkage of the film with cooling. In other 
embodiments, the two opposing tracks can be diverging 
typically at an angle of no more than about 3° although 
wider angles can be used in some embodiments. This can be 
useful to increase the MD tension of the film in the primary 
stretching region to, for example, reduce property non 
uniformity Such as the variation of principal axes of refrac 
tive index across the film. 

0085. In some exemplary embodiments, the centerline of 
the take-away system is angled with respect to the centerline 
of the film as the film is conveyed through the tracks 164 of 
the primary stretching region. An angled take-away system, 
primary stretching Zone, or both can be useful to provide 
films where the principal axis or axes of an property of the 
film, Such as the refractive index axes or tear axis, is angled 
with respect to the film. In some embodiments, the angle that 
the take-away system makes with respect to the primary 
stretching Zone is adjustable manually or mechanically using 
a computer-controlled driver or other control mechanism or 
both. 

0.086 The exemplary process of FIG. 5 also includes a 
removal portion in region 138. Optionally a roller 165 may 
be used to advance the stretched film 152, but this compo 
nent may be omitted if desired. Another cut 160 may be 
made and unused portion 161 may be discarded. Film 
leaving the take-away system is typically wound on rolls for 
later use. Alternatively, direct converting may take place 
after take away. 

0087. The paths defined by the opposing tracks affect the 
stretching of the film in the MD, TD, and ND directions. The 
stretching (or drawing) transformation can be described as a 
set of draw ratios: the machine direction draw ratio 
(MDDR), the transverse direction draw ratio (TDDR), and 
the normal direction draw ratio (NDDR). When determined 
with respect to the film, the particular draw ratio is generally 
defined as the ratio of the current size (for example, length, 
width, or thickness) of the film in a desired direction (for 
example, TD, MD, or ND) and the initial size (for example, 
length, width, or thickness) of the film in that same direction. 
At any given point in the stretching process, TDDR corre 
sponds to a ratio of the current separation distance of the 
boundary trajectories, L, and the initial separation distance 
of the boundary trajectories, L, at the start of the stretch. In 
other words, TDDR=L/Lo–. Some useful values of TDDR 
include about 1.5 to about 7 or more. Exemplary useful 
values of TDDR include about 2, 4, 5 and 6. Other exem 
plary useful values of TDDR lie in the ranges of about 4 to 
about 20, about 4 to about 12, about 4 to about 20, about 4 
to about 8 and about 12 to about 20. 

0088 As explained in U.S. Application Publication Nos. 
2002/0190406, 2002/01801.07, 2004/0099992 and 2004/ 
0099993, substantially uniaxial drawing conditions, with an 
increase in dimension in the transverse direction, result in 
TDDR, MDDR, and NDDR approaching , ()', and 
( )", respectively, assuming constant density of the mate 
rial. A perfectly uniaxially oriented film is one in which 
MDDR=(NDDR)'=(TDDR)' throughout the draw. 
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0089. A useful measure of the extent of uniaxial charac 
ter, U, can be defined as: 

- 1 
MDDR 
TDDR12 - 1 

For a perfect uniaxial draw, U is one throughout the draw. 
When U is less than one, the drawing condition is considered 
“subuniaxial'. When U is greater than one, the drawing 
condition is considered “super-uniaxial'. States of Ugreater 
than unity represent various levels of over-relaxing. These 
over-relaxed states produce MD compression from the 
boundary edge. U can be corrected for changes in density to 
give Ur according to the following formula: 

1 
- 1 

MDDR 
f (ppey 1 

0090. In some exemplary embodiments, the film is drawn 
in plane (i.e., the boundary trajectories and tracks are 
coplanar) such as shown in FIG. 5, but non-coplanar stretch 
ing trajectories are also within the scope of the present 
disclosure. With in-plane boundary trajectories, the result for 
a perfect uniaxial orientation is a pair of mirror symmetric, 
in-plane, parabolic trajectories diverging away from the 
in-plane MD centerline. 

0091 Uniaxial draw may be maintained along the entire 
history of the draw as long as the speed of the central point 
reduces at every point along the central trace from its initial 
speed by a factor of exactly the square root of the reciprocal 
of the instantaneous TDDR measured between the corre 
sponding opposing points on the opposing boundary trajec 
tories. 

0092 Various factors can affect the ability to achieve 
uniaxial orientation including, for example, non-uniform 
thickness of the polymer film, non-uniform heating of the 
polymer film during stretching, and the application of addi 
tional tension (for example, machine direction tension) 
from, for example, down-web regions of the apparatus. 
However, in many instances it is not necessary to achieve 
perfect uniaxial orientation. In some exemplary implemen 
tations of the present disclosure, any value of U>0 may be 
useful. Instead, a minimum or threshold U value or an 
average U value that is maintained throughout the draw or 
during a particular portion of the draw can be defined. For 
example, in Some exemplary embodiments, an acceptable 
minimum/threshold or average U value can be 0.2,0.5,0.7. 
0.75, 0.8, 0.85, 0.9, or 0.95, as desired, or as needed for a 
particular application. When a specific value of U is chosen, 
the equations above provide a specific relationship between 
MDDR and TDDR, which, when coupled with other rel 
evant considerations, specify a broader class of boundary 
trajectories that also include the parabolic trajectories for U 
approaching unity. Trajectories that exhibit values of U 
below unity for at least a final portion of the draw are 
referred to herein as sub-parabolic trajectories. 
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0093. The classes of trajectories described above are 
illustrative and should not be construed as limiting. A host 
of trajectory classes are considered to lie within the scope of 
the present invention. The primary stretching region can 
contain two or more different Zones with different stretching 
conditions. For example, one trajectory from a first class of 
trajectories can be selected for an initial stretching Zone and 
another trajectory from the same first class of trajectories or 
from a different class of trajectories can be selected for each 
of the Subsequent stretching Zones. 
0094. Although the present disclosure encompasses all 
boundary trajectories comprising a minimum value of U>0. 
typical embodiments of the present disclosure include all 
Substantially uniaxial boundary trajectories comprising a 
minimum value of U of about 0.2, about 0.5, preferably 
about 0.7. more preferably about 0.75, still more preferably 
about 0.8 and even more preferably about 0.85. The mini 
mum U constraint may be applied over a final portion of the 
draw defined by a critical TDDR preferably of about 2.5, 
still more preferably about 2.0 and more preferably about 
1.5. In some embodiments, the critical TDDR may be 4, 5 
or more. Above a critical TDDR, certain materials, e.g. 
certain monolithic and multilayer films comprising orient 
able and birefringent polyesters, may begin to lose their 
elasticity or capability of Snap back, e.g. because of the 
development of structure Such as Strain-induced crystallin 

0.095 As an example of acceptable substantially uniaxial 
applications, the off-angle characteristics of reflective polar 
izers are strongly impacted by the difference in the MD and 
ND indices of refraction when TD is the principal mono 
axial draw direction. An index difference in MD and ND of 
0.08 is acceptable in some applications. A difference of 0.04 
is acceptable in others. In more stringent applications, a 
difference of 0.02 or less is preferred. For example, the 
extent of uniaxial character of 0.85 is sufficient in many 
cases to provide an index of refraction difference between 
the MD and ND directions in polyester systems containing 
polyethylene naphthalate (PEN) or copolymers of PEN of 
0.02 or less at 633 nm for mono-axially transverse drawn 
films. For some polyester systems, such as polyethylene 
terephthalate (PET), a lower U value of 0.80 or even 0.75 
may be acceptable because of lower intrinsic differences in 
refractive indices in non-substantially uniaxially drawn 
films. 

0096. For sub-uniaxial draws, the final extent of truly 
uniaxial character can be used to estimate the level of 
refractive index matching between they (MD) and Z (ND) 
directions by the equation 

(0097) where An, is the difference between the refractive 
index in the MD direction (i.e., y-direction) and the ND 
direction (i.e., z-direction) for a value U and An(U=0) is 
that refractive index difference in a film drawn identically 
except that MDDR is held at unity throughout the draw. This 
relationship has been found to be reasonably predictive for 
polyester systems (including PEN, PET, and copolymers of 
PEN or PET) used in a variety of optical films. In these 
polyester systems, An(U=0) is typically about one-half or 
more the difference An(U=0), which is the refractive 
difference between the two in-plane directions MD (y-axis) 
and TD (X-axis). Typical values for An(U=0) range up to 
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about 0.26 at 633 nm. Typical values for An(U=0) range up 
to 0.15 at 633 nm. For example, a 90/10 coPEN, i.e. a 
copolyester comprising about 90% PEN-like repeat units 
and 10% PET-like repeat units, has a typical value at high 
extension of about 0.14 at 633 nm. Films comprising this 
90/10 coPEN with values of U of 0.75, 0.88 and 0.97 as 
measured by actual film draw ratios with corresponding 
values of An of 0.02, 0.01 and 0.003 at 633 nm have been 
made according to the methods of the present invention. 
0098. A variety of other boundary trajectories are avail 
able when U is subuniaxial at the end of the stretching 
period. In particular, useful boundary trajectories include 
coplanar trajectories where TDDR is at least 5, U is at least 
0.7 over a final portion of the stretch after achieving a TDDR 
of 2.5, and U is less than 1 at the end of the stretch. Other 
useful trajectories include coplanar and non-coplanar trajec 
tories where TDDR is at least 7, U is at least 0.7 over a final 
portion of the stretch after achieving a TDDR of 2.5, and U 
is less than 1 at the end of the stretch. Useful trajectories also 
include coplanar and non-coplanar trajectories where TDDR 
is at least 6.5, U is at least 0.8 over a final portion of the 
stretch after achieving a TDDR of 2.5, and U is less than 1 
at the end of the stretch. Useful trajectories include coplanar 
and non-coplanar trajectories where TDDR is at least 6, U is 
at least 0.9 over a final portion of the stretch after achieving 
a TDDR of 2.5, and U is less than 1 at the end of the stretch. 
Useful trajectories also include coplanar and non-coplanar 
trajectories where TDDR is at least 7 and U is at least 0.85 
over a final portion of the stretch after achieving a TDDR of 
25. 

0099 Generally, various methods may be used for form 
ing and processing optical bodies of the present disclosure, 
which may include extrusion blending, coextrusion, film 
casting and quenching, lamination and orientation, Such as 
uniaxial and biaxial (balanced or unbalanced) stretching. As 
stated above, the optical bodies can take on various con 
figurations, and thus the methods vary depending upon the 
configuration and the desired properties of the final optical 
body. 
0.100 Thus, the present disclosure provides optical bod 
ies including strippable boundary layers and methods for 
producing Such optical bodies that could significantly 
increase production capacity and decrease labor costs, 
because at least twice as much product can be stretched 
concurrently. Converting costs also can be reduced, because 
each converted piece will yield at least two parts of the film 
product. The resulting optical body can be left intact during 
shipment and handling until a customer is ready to use the 
films. This allows one or more surfaces of the optical film to 
be protected by the adjacent boundary layer. 
0101 Although the present invention has been described 
with reference to the exemplary embodiments specifically 
described herein, those of skill in the art will recognize that 
changes may be made in form and detail without departing 
from the spirit and scope of the present disclosure. 

What is claimed is: 
1. An optical body comprising a first optical film, a second 

optical film and one or more strippable boundary layers 
disposed between the first and second optical films such that 
each major Surface of a strippable boundary layer is dis 
posed adjacent to an optical film or another strippable 
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boundary layer, wherein at least one of the first and second 
optical films comprises a reflective polarizer. 

2. The optical body of claim 1, wherein the reflective 
polarizer is a diffuse reflective polarizer comprising a dis 
perse polymeric phase and a continuous polymeric phase. 

3. The optical body of claim 2, wherein the reflective 
polarizer has a thickness of no more than 1 mil. 

4. The optical body of claim 2, wherein at least one of the 
disperse or continuous phase has an in-plane birefringence 
of at least 0.1. 

5. The optical body of claim 1, further comprising a third 
optical film and at least one additional strippable boundary 
layer disposed between the third optical film and the second 
optical film. 

6. The optical body of claim 1, wherein the reflective 
polarizer is a multilayer reflective polarizer comprising a 
plurality of first and second optical layers. 

7. The optical body of claim 6, wherein the reflective 
polarizer has no more than optical layers. 

8. The optical body of claim 6, wherein at least one of the 
first and second optical layers has an in-plane birefringence 
of at least 0.1. 

9. The optical body of claim 1, wherein a strippable 
boundary layer comprises at least one of a fluropolymer, a 
polypropylene, a modified polypropylene, an aliphatic poly 
olefin, a polyethylene, a polyethylene copolymer, polymeth 
ylpentene, a cyclic olefin copolymer, a syndiotactic polymer, 
an atactic vinyl aromatic polymer, a polysyrene, and a 
copolymer of styrene. 

10. The optical body of claim 1, further comprising at 
least one outer skin layer. 

11. A method for processing an optical body, comprising: 
providing an optical body comprising a first optical film, 

a second optical film and at least one strippable bound 
ary layer disposed between the first and second optical 
films; 

conveying the optical body into a stretching region; 

stretching the optical body to increase a transverse dimen 
sion of the optical body while conveying the opposing 
edges of the optical body along generally diverging 
paths in a machine direction, wherein the generally 
diverging paths are configured and arranged to provide 
a machine direction draw ratio (MDDR), a normal 
direction draw ratio (NDDR) and a transverse direction 
draw ratio (TDDR) that approach the following rela 
tionship: 

during the stretching. 
12. The method of claim 11, wherein the diverging paths 

are substantially parabolic. 
13. The method of claim 11, wherein the diverging paths 

are linear approximations of Substantially parabolic paths. 
14. The method of claim 11, wherein the diverging paths 

are coplanar. 
15. The method of claim 11, wherein in the stretched 

optical body at least one of the first and second optical films 
comprises a reflective polarizer. 

16. The method of claim 11, wherein stretching the film 
comprises stretching the optical body to a draw ratio in 
excess of four. 
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17. The method of claim 11, wherein the step of stretching 
comprises moving the opposing edge portions along diverg 
ing paths that are Substantially symmetrical about a center 
axis of the optical body. 

18. The method of claim 11, further comprising providing 
the optical body to the stretcher in a continuous manner from 
a roll of film. 

19. The method of claim 11, further comprising coextrud 
ing the optical body in-line with stretching. 

20. The method of claim 20, wherein coextruding the 
optical body comprises multiplication and the at least one 
boundary layer is added prior to multiplication. 

21. The method of claim 11, wherein the stretched film 
comprises at least one material with indices of refraction in 
a length direction corresponding to the machine direction 
and a thickness direction that are substantially the same but 
substantially different from an index of refraction in a width 
direction. 

22. The method of claim 11, wherein the minimum value 
of the extent of uniaxial character, U, is at least 0.7, wherein 
U is defined as 

23. A method of processing an optical body, the method 
comprising: 

providing an optical body comprising a first optical film, 
a second optical film and at least one strippable bound 
ary layer disposed between the first and second optical 
films; 

conveying the optical body within a stretcher along a 
machine direction while holding opposing edge por 
tions of the optical body; and 

stretching the optical body to a draw ratio in excess of 
four within the stretcher by moving the opposing edge 
portions along diverging non-linear paths, wherein, 
during the stretching, the minimum value of the extent 
of uniaxial character, U, is at least 0.7 over a final 
portion of the stretching after achieving a TDDR of 2.5 
and U is less than 1 at the end of the stretching, wherein 
U is defined as 

wherein MDDR is the machine direction draw ratio and 
TDDR is the transverse direction draw ratio as mea 
Sured between the diverging paths. 

24. The method of claim 24, wherein the minimum value 
of the extent of uniaxial character is at least 0.8. 

25. The method of claim 24, wherein the extent of 
uniaxial character, U, is at least 0.8 over a final portion of the 
stretching after achieving a TDDR of 2.0. 

26. The method of claim 24, wherein at least one of the 
first and second optical films comprises a multilayer film 
having a plurality of alternating layers of different polymeric 
composition. 

27. A method of processing an optical body, the method 
comprising: 

providing an optical body comprising a first optical film, 
a second optical film and at least one strippable bound 
ary layer disposed between the first and second optical 
films; 
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conveying the optical body within a stretcher along a 
machine direction while holding opposing edge por 
tions of the optical body; and 

stretching the optical body within the stretcher by moving 
the opposing edge portions along diverging non-linear 
paths, wherein, during the stretching of the optical 
body, the speed of the film along the machine direction 

Oct. 12, 2006 

decreases by a factor of approximately '' where is 
the transverse direction draw ratio. 

28. The method of claim 28, wherein at least one of the 
first and second optical film comprises a multilayer film 
having a plurality of alternating layers of different polymeric 
composition. 


