
WO 2004/065218 PCT/US2003/040028  PACKAGING AND HANDLING METHOD FOR OPTICAL
FILMS Field of the Invention 5 The present invention is directed to optical
displays, and more particularly to  an approach for packaging light
management optical films used in optical displays.  Background Optical
displays, such as liquid crystal displays (LCDs) are becoming  increasingly
commonplace, finding use, for example in mobile telephones, hand-held  1 0
computer devices ranging from personal digital assistants (PDAs) to
electronic games, to larger devices such as laptop computers, and LCD
monitors and television  screens. The incorporation of light management
films into optical display devices  results in improved display performance.
Different types of films, including  prismatically structured films,
reflective polarizers and diffuser films are useful for 15 improving display
parameters such as output luminance, illumination uniformity,  viewing
angle, and overall system efficiency. Such improved operating
characteristics make the device easier to use and may also increase battery
life. The light management films are typically stacked, one by one, into the
display  frame between a backlight assembly and the flat panel display. The
stack of films  20 can be optimized to obtain a particular desired optical
performance. From a manufacturing perspective, however, several issues can
arise from the handling and  assembly of several discrete film pieces. These
problems include, inter alia, the  excess time required to remove protective
liners from individual optical films, along  with the increased chance of
damaging a film when removing the liner. In addition, 25 the insertion of
multiple individual sheets to the display frame is time consuming and  the
stacking of individual films provides further opportunity for the films to
be  damaged. All of these problems can contribute to diminished overall
throughput or to  reduced yield, which leads to higher system cost. 1 WO
2004/065218 PCT/US2003/040028  



Summary of the Invention In view of the problems listed above, the present
invention is directed to a new  packaging method in which several optical
films are bundled together before  insertion into the display frame. This
bundling makes handling of the films easier, 5 reduces the number of steps
required for assembly of the display device, reduces  the chance of damaging
the films and increases yields. Generally, the present invention relates to
packaging stacks of two or more  light management films, where at least two
of the films bonded together using a zero- gap bond. 10 One particular
embodiment of the invention is directed to a light management  film package
for managing light within a display. The film package includes a stack  of
at least first and second optical films having respective first and second
viewing  areas in alignment to form a stack viewing area. There is a
zero-gap bond between  the first and second optical films, disposed outside
the first and second viewing 15 areas. Another embodiment of the invention
is directed to a display system that has  an illumination unit, a display
unit, and a light management unit disposed between  the illumination unit
and the display unit to manage light passing from the illumination  unit to
the display unit. The light management unit includes a stack of at least
first 20 and second optical films having respective at least first and
second viewing areas in  alignment to form a stack viewing area
corresponding to a viewing area of the display  unit. There is a zero-gap
bond between the first and second optical films disposed  outside the first
and second viewing areas. Another embodiment of the invention is directed to
a method for stacking  25 optical films for an optical display. The method
includes providing first and second  optical films with respective viewing
areas. The method also includes bonding the  first and second optical films
with a zero-gap bond outside viewing areas of the first  and second optical
films. Another embodiment of the invention is directed to a light management
film  



30 package for managing light within a display. The film package includes a
first optical  2 WO 2004/065218 PCT/US2003/040028  film having a first
surface and a second optical film disposed over the first optical  film. The
second optical film has a first surface bonded to the first surface of the
first  optical film at a zero-gap film bond. A center viewing portion of the
second optical  film remains unbonded to the first optical film. 5 Another
embodiment of the invention is directed to a display system that has  an
illumination unit, a display unit, and a light management unit disposed
between  the illumination unit and the display unit to manage light passing
from the illumination  unit to the display unit. The light management unit
includes a stack of at least first  and second optical films, the first
optical film having a first surface and the second 10 optical film being
disposed over the first optical film. The second optical film has a  first
surface bonded to the first surface of the first optical film at a zero-gap
film bond.  A center viewing portion of the second optical film remains
unbonded to the first  optical film. Another embodiment of the invention is
directed to a light management film  15 package for managing light within a
display. The package includes a first optical film  having a first surface,
and a second optical film disposed over the first optical film.  The second
optical film has a first surface bonded to the first surface of the first
optical-film by a zero-gap bonding means for bonding the first and second
optical  films together. A center viewing portion of the second optical film
remains unbonded  20 to the first optical film. Another embodiment of the
invention is directed to a light management film  package for managing light
within a display. The film package includes a stack of at  least first and
second optical films having respective first and second viewing areas  in
alignment to form a stack viewing area. A zero-gap bond means for bonding
films 25 between the first and second optical films is disposed outside the
first and second  viewing areas. 



The above summary of the present invention is not intended to describe each
illustrated embodiment or every implementation of the present invention. The
figures  and the detailed description which follow more particularly
exemplify these 30 embodiments. 3 WO 2004/065218 PCT/US2003/040028  Brief
Description of the Drawings The invention may be more completely understood
in consideration of the  following detailed description of various
embodiments of the invention in connection  with the accompanying drawings,
in which: 5 FIG. I schematically illustrates a display unit; FIG. 2A
schematically illustrates a light management film unit according to an
embodiment of the present invention; FIG. 2B schematically illustrates a
light management film unit according to  another embodiment of the present
invention; 10 FIG. 3 schematically illustrates a top view of a light
management film unit  according to an embodiment of the present invention;
FIG. 4 schematically presents a perspective view of a display unit according
to  an embodiment of the present invention; FIG. 5 schematically illustrates
another embodiment of a display unit  15 according to the present invention;
FIG. 6 schematically illustrates a general embodiment of a system useful for
manufacturing a light management film unit according to the present
invention; and  FIG. 7 schematically illustrates one embodiment of a system
for manufacturing a film stack according to the present invention, using
ultrasonic  20 welding. While the invention is amenable to various
modifications and alternative  forms, specifics thereof have been shown by
way of example in the drawings and will  be described in detail. It should
be understood, however, that the intention is not to  



limit the invention to the particular embodiments described. On the
contrary, the 25 intention is to cover all modifications, equivalents, and
alternatives falling within the  spirit and scope of the invention as
defined by the appended claims. 4 WO 2004/065218 PCT/US2003/040028  Detailed
Description The present invention is applicable to displays, such as liquid
crystal displays,  and is particularly useful for reducing the number of
steps required for making such a  display. 5 A display system 100 is
schematically shown in FIG. 1. The system includes  in electronic display
element 102, such as a liquid crystal display (LCD) panel, which  is
typically sandwiched between two glass layers. Furthermore, the display
element  102 may include absorbing polarizers above and below the LCD panel
to provide the  polarization contrast typically required for producing .a
polarization-based image. 10 A backlight assembly 104 may be used as the
primary light source for the  display element 102, or may be used for
providing light through the display element  102 when there is insufficient
ambient light for the user to view the image formed by  the display element
102. In one particular embodiment, backlight assembly 104 may  include
several elements such as a light source 106, a light guide 108, and one or
15 more reflector layers 110. An important feature of the display system 100
in many  applications is that the total thickness of the system 100 be
small. Accordingly, the  light source 106 is commonly positioned to the side
of the light guide 108, and the  light guide 108 directs the light from the
light source 106 up through the system 100  towards the display element. The
light source 106 may be any suitable type of light 20 source. In many
applications, it is desirable to illuminate the display 100 with white
light, in which case the light source 106 may be a fluorescent lamp, an
array of light  emitting diodes whose colors are mixed to produce white
light, or the like. In the illustrated embodiment, the light guide 108 is
provided with diffusely  reflecting regions 112 that direct light from the
light guide 108 towards the display  



25 element 102. The light guide 108 may include other types of elements for
directing light towards the display element 102, such as light extraction
regions on the upper  surface of the light guide 108 facing the display
element. Light extraction features  may also be provided on both the upper
and lower surfaces of the light guide 108. It  will be appreciated that the
light guide 108 may be in the form of a slab, as 5 WO 2004/065218
PCTIUS2003/040028  illustrated, but may also be in another geometry, for
example a wedge. Also, other  devices may be used to transmit light from the
light towards the display element 102. Other embodiments of backlight
assembly may also be used, for example, the  backlight assembly may be
formed with an array of lamps positioned in a suitable 5 reflective cavity.
While there are several other options for the design of backlight  assembly,
it should be appreciated that the specific design of the backlight assembly
is not important for the present invention. A number of light management
films are typically interposed between the  backlight assembly 104 and the
display element 102 in a light management film 10 stack 114. The light
management film stack 114 typically contains a number of films  to control
various optical characteristics of the light incident on the display element
102. For example, the light management film stack may include a first
diffuser film  116. The first diffuser film may be used to help homogenize
the intensity of the light  passing up through the film stack 114. 15 Films
118 and 120 may be structured films, each having a row of prism- shaped ribs
119 running across its upper surface. The prism-shaped ribs help to  direct
the light towards the optical axis 130 of the system 100. The ribs 119 of
the  film 118 redirect the light in a direction parallel to the plane of the
figure. The ribs of  the film 120 are typically arranged non-parallel to
those of the film 118. The ribs of 20 the film 120 may be perpendicular to
the ribs 119 of the film 118 so that the ribs of  the film 120 redirect the
light in a direction perpendicular to the plane of the figure.  This may be
referred to as a crossed-structure configuration. In another  



embodiment (not shown), the layers 118 and 120 may be substituted with a
single  structured optical film that redirects light received from the
backlight assembly 104. 25 The stack 114 may also include a reflective
polarizer layer 122. This layer is  useful for recycling light from the
backlight assembly 104 that is in the wrong  polarization state for
transmission through the display element 102 as image light.  The light
reflected by the reflective polarizes 122 may be diffusely reflected by the
reflector 110, with some polarization mixing, so that at least a portion of
the reflected 30 light makes it through to the display element 102 with the
correct polarization state  6 WO 2004/065218 PCT/US2003/040028  for use as
image light. In addition, a polarization converter, for example a quarter
wave retarder layer may be used to convert the polarization of the light
reflected from  the reflective polarizer 122. The reflective polarizer 122
may be any suitable type of  reflective polarizer, for example a
multi-polymer layer film, a cholesteric polarizer or a  5 wire-grid
polarizer. The stack 114 may also include another diffuser sheet 124, often
referred to  as the "cover sheet". The diffuser sheet 124 is typically a
relatively weak diffuser.  The diffuser sheets 116 and 124 may be useful for
making the illumination of the  display element 102 uniform to the viewer.
It should be noted that depending on the 10 actual system design, some of
the elements represented by layers 116-124 may be  missing, added to, or
substituted with other functional elements. With such a film stack 114, each
of the discrete optical film layers 116-124  must be individually inserted
to the display frame during manufacture. Since it is  often important to
reduce the thickness of the films 116-124, to reduce overall 15 display
thickness, the individual films 116-124 may be made very thin. As a result,
the individual film stiffness may be low, which can result in increased
difficulty in  handling, processing, and assembly during manufacture. Also,
because these film  layers often have precise optical functionality, the
introduction of surface defects,  such as;scratches or debris may compromise
total system performance. Often, each 



20 film layer is provided with dual side protective liners, which must be
removed prior to  insertion into the backlight assembly. The action of liner
removal and the resulting  insertion into the backlight assembly can expose
the delicate film to a host of  potential modes of defect introduction.
Examples of such defects include scratching,  lint and other debris
attracted to the film surfaces due to the build up of static 25 electricity.
In addition, the removal of the liners requires additional fabrication
steps,  and so the reduction in the number of liners to be removed results
in fewer  manufacturing steps, with a concomitant savings in manufacturing
costs. When  multiple film layers are incorporated into the backlight
assembly, the probability of  creatinglintroducing a defect can grow ever
higher, which can result in slower 30 manufacturing throughput due to
excessive re-work and higher unit costs.  7 WO 2004/065218 PCT/US2003/040028
This invention is directed to approaches to bundling various optical film
layers and/or components in order to improve handling and final
backlight/system assembly  efficiency. One method of bundling multiple
optical layers includes inserting an adhesive  5 layer between each of the
films. The adhesive layer may lie across the entire stack,  from edge to
edge, may be positioned along one or more edges of the stack, or may  be
patterned over the area of some or all of the film layers. Such adhesive
bonding can accomplish multiple film bundling, but each  adhesive layer adds
an incremental thickness, typically of the order of 25 pm or  10 more. Such
a large increase in the overall thickness of the film stack may be
undesirable in the final construction, particularly in space-limited
applications where  the thickness of the film stack should be as small as
possible. Also, the addition of  an adhesive layer to a structured surface
may result in an undesirable, significant  deterioration in the refractive
properties of the structured surface, or may possibly 15 cancel out the
refractive properties altogether. Thus, the light directing effect of films
that have a structured refractive surface, such films as the prismatic films
118 and  



120, may be compromised. Instead, it is desirable to build a packaged stack
of  optical films where the approach of bonding the film layers together
maintains the  desired refractive properties of any surface structure and,
particularly in space 20 limited applications, adds little or no thickness
to the stack thickness. One approach to forming a bonded film stack 200
according to the present  invention is schematically illustrated in FIG. 2A.
Layers 216-224 represent different  optical layers as may be found in a
light management film stack in a display system.  For example, layer 216 may
be a diffuser layer, and layers 218 and 220 may be 25 structured films for
directing light, the orientation of layer 220 being crossed with  respect to
layer 218. Layer 222 may be a reflective polarizer layer while layer 224
may be a diffuser layer. Bond 230 represents a bond that secures adjacent
film layers together. Bond  230 may be a discrete bond that permits the
presence of an air gap between 30 unbonded portions of the film layers, for
example where the surface of one of the  8 WO 2004/065218 PCT/US2003/040028
films contains structure. Such an air gap may be useful in maintaining the
efficient  operation of certain optical films, such as structured optical
films 218 and 220, for  redirecting light towards the axis 232 of the stack
214. Bonds 230 may be located at  one point or along several points in
either a line or geometric pattern on the surface 5 of the film layers
216-224. It may also be advantageous to position the bond 230  within side
tabs of some or all of the layers 216-224. Such tabs may also serve as
registration elements for mounting the bonded stack 200 into the display
frame. An expanded view, showing a bond 230 between a prismatically
structured  film 266 and another film 270, is schematically illustrated in
FIG. 2B. In this 10 embodiment, the land 268 at the peripheral edge of the
prismatically structured film  266 is used for forming the bond 230. The air
gap 272 between the films 266 and  270 permits the prismatically structured
film to redirect the light passing  therethrough, but does not add to the
thickness of the film stack. 



Different approaches may be used to reduce or prevent the degradation of the
15 optical quality of the stacked films. For example, care is taken to
reduce the  presence of contaminant particles between the films that may
lead to Newton's rings.  Further, one or both of the surfaces that touch
together may be provided with small  height variations to reduce wet-out,
for example as is discussed in U.S. Patent No.  6,322,236, incorporated
herein by reference. Also, a prismatically structured film 20 may be
provided with a variable height structured surface, as described in U.S.
Patent No. 5,771,328, incorporated herein by reference. Different types of
bond 230 may be used, each of which adds no significant  thickness to the
film stack. At the site of the bond 230, there is no gap between the  film
layers being bonded together. The film layers are bonded directly to each
other, 25 and the bond may, therefore, be referred to as a zero-gap bond, or
a direct bond..  The bond 230 may be a thermal weld, for example formed by
ultrasonic welding,  laser welding, or the like. The bonding element 230 may
also be a solvent weld. For  example, the optical light management film may
be formed from an acrylate, such as  polymethylmethacrylate, or from
polycarbonate. Such films may be solvent welded 30 using methylene chloride
as the solvent. Another type of direct bond is a crimp,  9 WO 2004/065218
PCT/US2003/040028  where the layers being bonded together are crimped to
prevent movement of one  layer relative to the other. A top view of a bonded
stack 300 of films is schematically presented in FIG. 3,  showing only the
topmost film sheet 302. The films in the stack have one or more 5 peripheral
tabs 304. The tabs 304 may take on many different shapes, number, and
location depending on the specific design of the final backlight/system
assembly.  The tabs 304 may provide a convenient area to hold the stack 300
during assembly  or inspection, and may also be used for registering the
film stack when mounting the  stack with the display. In the illustrated
embodiment, annular, zero-gap bonds 306 10 are located in the area of the
tabs 304. In the case of annular welds, the opening  



308 in the center may be useful for engaging pins in the backlight assembly
used for  registration and mounting of the optical film stack 300. The
zero-gap bonds 306 may  also take on different shapes, for example, circular
or linear. The portions of the films, through which the light passes to the
display 15 element and to the viewer, are referred to as viewing areas. The
viewing area of the  topmost film 302 is shown schematically as the area
enclosed within the dashed  lines 310. In order to reduce the size of the
film package, the viewing area  preferably takes up as much of the film area
as possible. The viewing area may  extend, in some cases therefore, to
approximately the edge of the film. Furthermore, 20 it is important to
maintain high optical quality in the viewing area. Since many  bonding
techniques used for making zero-gap bonds change the optical qualities of
the film, it is important in many circumstances to place the zero-gap bond
outside the  viewing area. Thus, the zero-gap bond may be formed, for
example on the peripheral edge 312 of the film itself or on a tab 304 that
lies outside the viewing  25 area. An advantage of bonding together tabs on
the films is that there is a reduced  possibility of wicking the solvent in
between the films when the films are bonded by  solvent welding. An exploded
view of a display 400 is presented in FIG. 4, showing how the  30 different
parts of a display are assembled to form the display. The display 400 uses
10 WO 2004/065218 PCT/US2003/(140028  a frame 402 to contain the other
components. The frame 402 may contain one or  more slots 404, or other
alignment features, for example pins or the like, for aligning  the films in
the light management film stack. The backlight assembly 406 is the first
component placed within the frame  5 402. The backlight assembly 406
includes one or more light sources 408 that  illuminate the edge of the
light guide 410. The light management film stack 412 is  then positioned
above the backlight assembly 406. The light management film stack  



412 includes two or more light management films 414 that are bonded together
using  a zero-gap bond 416. In the illustrated embodiment, the bond 416 is
located on the 10 alignment tab 418 that aligns the film stack 412 with the
alignment slot 404. The  ( display element 420, for example a liquid crystal
display element, including  polarizers, is positioned above the light
management film stack 412. It will be appreciated that the light sources 408
and the display element have  electrical connections to receive electrical
power and control signals. The electrical  15 connections are not shown. The
bonded, light management film stack may also be bonded directly to one  of
the display elements. One example of such a display is schematically
illustrated in  FIG. 5. In this particular embodiment, a bonded film stack
514 is formed from a  bonded stack films 516-524. In the illustrated
embodiment, films 518 and 520 are 20 prismatically structured films. Film
516 may be a diffuser or maybe a light turning  film, for example a
prismatically structured film with the prismatically structured  surface
facing towards the backlight assembly 504. The display also includes a
display element 502 and a backlight assembly  504, having a light source
506, a light guide 508, and a lower reflector 510. The 25 bonded optical
film stack 514 may have been bonded together previously using one  of
aforementioned methods and then anchored to the chosen display element. In
another approach, the bonding process may be performed during the final
mounting  to the chosen display element. In the illustrated embodiment, the
bonded film stack 514 is attached to the  30 backlight assembly 504, for
example using adhesive around the edges of film 516  11 WO 2004/065218
PCT/US2003/040028  and the light guide 508. In another embodiment, the
optical film stack 514 may be  anchored to the display element 502 or to the
frame (not illustrated). This approach  may be advantageous as it may be
performed automatically, thereby avoiding  manual insertion of the optical
film stack. In this way, the introduction of defects may 



5 be minimized and manufacturing throughput and unit costs can be improved.
In some embodiments, the lower film 516 may extend beyond the right edge  of
the stack 514 and the overhanging portion of the film 516 may be used as a
base  on which to mount the light source 506. A controller 530, for example
a processor or the like, is typically coupled to the  10 display element 502
to control the image seen by the viewer. The use of a bonded film stacks, or
bundled films, in such devices as flat  panel displays offers several
advantages. Many of the light management films used  in a display are very
thin. For example the prismatically structured films may each  have a
thickness of about 62 pm, while a reflective polarizer may have a thickness
in 15 the range of about 1 pm to 100's of pm. Light management films used in
displays  tend to be very flexible, which may cause problems during assembly
of the display.  Bundling multiple thin, flexible films, on the other hand,
creates a stiffer film pack,  which can ease assembly issues. Eliminating
the sequential stacking of discrete  layers when assembling the display also
minimizes the probability of defect 20 introduction and ultimate yield loss.
Additionally, since films are usually delivered by  the manufacturer to the
display integrator with protective linings on either side, the  number of
protective liners that the display integrator has to remove is reduced when
the films are bundled. This further optimizes yield and manufacturing unit
costs. Also, the bundling of optical films may improve final inspection and
quality 25 yield versus the separate examination of each discrete film
layer. This can be easily  considered when using structured optical films,
which may tend to distort and  camouflage defects in underlying or other
film bundle layers that would otherwise be  detected if these layers were
inspected individually. Finally, bundling options, such  as ultrasonic
welding or other bonding techniques, can provide zero gap bonding 30
functionality along with other mechanical mounting flexibility.  12 WO
2004/065218 PCTIUS2003/040028  It will be appreciated that the film stack
may, in addition to including at least 



two films bonded using a zero-gap bond, also include a bond between other
films  that is not a zero gap bond. For example, a non zero-gap bond may
include  adhesive disposed between two films. 5 Optical films are often
fabricated in large sheets, in some cases on a roll. The  individual film
pieces that are assembled in a display are cut from the large sheet,
usually by a die. Several different approaches may be used for bonding the
films  into bonded stacks using zero-gap bonds. For example, the films may
be die-cut to  the appropriate shape and then aligned in a stack and bonded.
In other approaches, 10 the films may be bonded at the same time as being
die cut, or may be bonded even  before being die cut. Furthermore, films may
be bonded two or more at a time.  Therefore, it should be appreciated that a
stack that includes three or more films may  be formed using two or more
bonding steps. For example, the first two films may be  bonded together to
form the bonded stack and then one or more additional films 15 bonded to the
stack in one or more bonding steps. A generalized approach to forming a
zero-gap bonded stack is schematically  illustrated in FIG. 6. Two sheets
602 and 604 of optical film are directed to a  bonding device 606 that forms
zero-gap bonds between the sheets 602 and 604, to  produce a stack of
zero-gap bonded film. There are several approaches to forming 20 zero-gap
bonds between the two sheets 602. One approach is to use a thermal  bond, in
which case the bond is formed by heating one or both of the layers to a
point where the layer material softens and may even melt. Pressure may also
be  applied at the same time as heating or after heating. Heat may be
applied in  different ways. One approach to applying heat is through
radiative heat transfer. 25 One example of this is laser bonding, where the
illuminating light is absorbed by one  or both of the layers as heat.
Another approach to applying heat is through  conductive heat transfer, for
example using a hot press. Heat may also be applied  via convection, for
example by directing hot gas at the bond site via a nozzle.  Another
approach for applying heat is by generating heat through friction. One 30
example of this mode of energy transfer is ultrasonic welding.  



13 WO 2004/065218 PCT/US2003/040028  Other ways of forming a zero-gap bond
include chemical and mechanical approaches. One example of a chemical
approach is to use a solvent disposed  between the layers at the point the
bond is to be formed. Examples of mechanical  approaches include crimping
the two layers. The layers may also be held together 5 using a clip or may
be held together in a frame surrounding part or all of the film  stack. One
particular example of a method for bonding at least two films together is
now described with reference to FIG. 7. In this particular embodiment, an
ultrasonic  welder is used in a rotary geometry The process of matching and
bonding films may  10 be continuous. A first film roll 702 contains a roll
of film that has a liner on at least one side.  The liner 704 is stripped by
a stripping roll 706. A second film roll 708 may also  contain a roll of
film that has a liner on at least one side. The liner 710 is stripped by  a
second stripping roll 712. The stripped films 714 and 716 pass towards a
roller 15 pair 720 and 722. Following the roller pair is an ultrasonic
welder unit 724. In this  particular embodiment, the ultrasonic welder unit
724 comprises a stationary  ultrasonic horn 726 and a rotary anvil 728. The
anvil 728 typically includes raised  portions that contact the film 714 and
press the films 714 and 716 against each  other, to the ultrasonic horn 726.
The result is that a bonded film pair 730 passes 20 out of the ultrasonic
welder unit 724, having a repeated weld pattern along its length.  The outer
surfaces of the films 714 and 716 may still have liners on their outside
surfaces so that the bonded film pair 730 has protective liners on its
outside  surfaces. The bonded film pair may then pass to a pair of cuffing
rollers732, having a  25 rotary die 734 and a rotary anvil 736. The rotary
die 734 is phased to the weld  pattern on the film pair730, and is used to
cut out film stacks 738. In one particular  embodiment, the rotary die 734
may kiss cut through the bonded film pair 730 to a  



controlled depth, to the lower liner of the lower film. The peripheral weed
740 may  then be stripped away, leaving an array of film stacks on the lower
liner layer 742. 30 The lower liner layer 742 may then be received on a
collection roller 744.  14 WO 2004/065218 PCT/US2003/040028  It is will be
appreciated that this is just one embodiment of many different  approaches
to forming zero-gap bonds. The two films 714 and 716 that may be any light
management films. For  example the first film 714 may be a prismatically
structured film with the ribs oriented  5 across the web of the film 714,
while the second film 716 is a prismatically structured film with the ribs
oriented along the web of the film 716. The first and second films  714 and
716 may also be other types of light management films, such as a diffuser
or a reflective polarizer film. 10 In another method of stacking bonded
sheets, different films may be fed in  directions at right angles to each
other. For example, two rolls of optical film may  contain prismatically
structured film, each having the ribs structured along the web.  In such a
situation, the films from the two rolls may cross at right angles to each
other, so that the stacked prismatic films are crossed. A single welding and
cutting 15 tool may be used to weld and cut the films where they overlap
with each other. As noted above, the present invention is applicable to
displays and believed is  to be particularly useful for reducing the number
of steps required for making such a  display. The present invention should
not be considered limited to the particular  examples described above, but
rather should be understood to cover all aspects of 20 the invention as
fairly set out in the attached claims. Various modifications,  equivalent
processes, as well as numerous structures to which the present invention
may be applicable will be readily apparent to those of skill in the art to
which the  present invention is directed upon review of the present
specification. The claims  are intended to cover such modifications and
devices. 15 



CLAIMS  1. A light management film package for managing light within a
display between a backlight and a display element, comprising: a stack of at
least first and second light management optical films having respective
first  and second viewing areas in alignment to form a stack viewing area, a
zero-gap bond  between the first and second optical films being disposed
only outside the first and  second viewing areas, the stack being unattached
to the backlight. 2. A film package as recited in claim 1, wherein the first
and second optical films  each have at least one respective peripheral tab
outside the respective viewing areas, the at least  one peripheral tabs of
the first and second optical films being. in registration and bonded
together  to form the zero-gap bond. 3. A film package as recited in claim
1, wherein the first and second optical films  each have respective
peripheral edges in registration, at least a portion of at least one
peripheral  edge of the first optical film being bonded together with at
least one peripheral edge of the  second optical film to form the zero-gap
bond. 4. A film package as recited in claim 1, wherein the zero-gap bond is
a thermal bond  between the first and second optical films. 5. A film
package as recited in claim 4, wherein the thermal bond is formed by
ultrasonic welding. 6. A film package as recited in claim 4, wherein the
thermal bond is a laser-welded  bond. 7. A film package as recited in claim
4, wherein the thermal bond is formed by a hot  press. 8. A film package as
recited in claim 4, wherein the thermal bond is formed by a hot  16 gas jet.
9. A film package as recited in claim 1, wherein the zero-gap bond is a
chemical bond between the first and second optical films. 10. A film package
as recited in claim 1, wherein the zero-gap bond is formed by  



crimping the first and second optical films. 11. A film package wherein the
first and second optical films are pressed together in  contact. 12. A film
package as recited in claim 1, wherein the firsi optical film is a
prismatic,  light directing film having a prismatically structured surface
oriented towards the second optical  film. 13. A film package as recited in
claim 13, wherein the second optical film is a  prismatic, light directing
film having a prismatically structured surface on a side of the second
optical film away from the first optical film, ribs of the prismatically
structured surface of the  second optical film being oriented substantially
perpendicular to ribs of the prismatically  structured surface of the first
optical film. 14. A film package as recited in claim 1, further comprising a
third optical film  having a third viewing area, a zero-gap bond between the
second and third optical films being  disposed outside the second and third
viewing areas. 15. A film package as recited in claim 15, wherein the first
and second optical films  are prismatic, light directing films, and the
third optical film is a reflecting polarizer. 16. A film package as recited
in claim 1, further comprising a third optical film  bonded to one of the
first and second optical films via a non-zero-gap bond. 17 17. A film
package as recited in claim 1, further comprising a display element, the
stack of at least first and second optical films being attached to the
display element. 18. A display system, comprising:  an illumination unit; a
display unit; and a light management unit disposed between the illumination
unit and the display  unit to manage light passing from the illumination
unit to the display unit, the light  management unit comprising a stack of
at least first and second light management optical  films having respective
at least first and second viewing areas in alignment to form a  stack
viewing area corresponding to a viewing area of the display unit, a zero-gap
bond  



between the first and second optical films being disposed only outside the
first and  second viewing areas, the first and second films being bonded at
a position separate from  any attachment between the stack and either one of
the illumination unit and the display  unit. 19. A system as recited in
claim 20, further comprising a control unit coupled to the  display unit to
control an image displayed by the display unit. 20. A system as recited in
claim 20, wherein the display unit includes a liquid crystal  display layer.
21. A system as recited in claim 22, further comprising an absorbing
polarizer layer  on a viewing side of the liquid crystal display layers and
an absorbing polarizer on a light source  side of the liquid crystal display
layer. 22. A system as recited in claim 25, wherein at least the first and
second optical films  of the light management unit include one or more
peripheral alignment tabs for locating the light  management unit within the
frame, the one or more peripheral alignment tabs being bonded  together to
form the zero gap bond. 18 23. A light management film package for managing
light within a display,  comprising: a first optical film having a first
surface; and a second optical film disposed over the first optical film, the
second optical film  having a first surface bonded to the first surface of
the first optical film at a zero-gap film  bond, a center viewing portion of
the second optical film remaining unbonded to the first  optical film, the
first and second films being bonded without being attached to other
elements of the display, one of the first and second optical films
comprising one of a  diffuser film, a reflective polarizer and a brightness
enhancing film. 24. A film package as recited in claim 45, wherein the first
and second optical films  each have at least one respective peripheral tab
outside the respective viewing areas, the at least  one peripheral tabs of
the first and second optical films being in registration and bonded together
to form the zero-gap film bond. 



25. A film package as recited in claim 45, further comprising a third
optical film  bonded to the second optical film via a zero-gap bond. 26. A
film package as recited in claim 47, wherein the first and second optical
films  are prismatic, light directing films, and the third optical film is a
reflecting polarizer. 27. A film package as recited in claim 50, wherein the
thermal bond is an  ultrasonic bond. 28. A film package as recited in claim
50, wherein the thermal bond is a laser-welded  bond. 29. A film package as
recited in claim 50, wherein the thermal bond is formed by a  hot press. 30.
A film package as recited in claim 45, wherein the zero-gap bond is a
chemical  19 bond between the first and second optical films. 31. A film
package as recited in claim 45, wherein the zero-gap bond is a crimped  bond
between the first and second optical films. 32. A film package as recited in
claim 45, further comprising a display element, the  stack of at least first
and second optical films being attached to the display element. 33. A film
package as recited in claim 45, further comprising a backlight unit, the
stack of at least first and second optical films being attached to the
backlight unit. 34. A display system, comprising:  an illumination unit; a
display unit; and a light management unit disposed between the illumination
unit and the display  unit to manage light passing from the illumination
unit to the display unit, the light  management unit comprising a stack of
at least first and second optical films, the first  optical film having a
first surface and the second optical film being disposed over the first
optical film, the second optical film having a first surface bonded to the
first surface of  the first optical film at a zero-gap film bond, a center
viewing portion of the second  optical film remaining unbonded to the first
optical film, the first and second films being  



bonded at a position separate from any attachment between the stack and
either one of the  illumination unit and the display unit. 35. A system as
recited in claim 60, further comprising a control unit coupled to the
display unit to control an image displayed by the display unit. 36. A system
as recited in claim 60, wherein the display unit includes a liquid crystal
display layer. 37. A system as recited in claim 62, further comprising an
absorbing polarizer layer  20 on a viewing side of the liquid crystal
display layers and an absorbing polarizer on a light source  side of the
liquid crystal display layer. 38. A light management film package for
managing light within a display between a  backlight and a display element,
comprising: a first light management optical film having a first surface;
and a second light management optical film disposed over the first optical
film, the  second optical film having a first surface bonded to the first
surface of the first optical  film by a zero-gap bonding means for bonding
the first and second optical films together,  a center viewing portion of
the second optical film remaining unbonded to the first  optical film, the
zero gap bond means not bonding the first and second films to the
backlight. 39. A light management film package for managing light within a
display between a  backlight and a display element, comprising: a stack of
at least first and second light management optical films having respective
first  and second viewing areas in alignment to form a stack viewing area,
zero-gap bond  means for bonding films between the first and second optical
films being disposed only  outside the first and second viewing areas, the
zero gap bond means not bonding the first  and second films to the
backlight. 21 


