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film adhered to a transmissive flexible substrate with an optically
clear adhesive. When electronic content is projected onto the tiled
projection screens, the electronic content isvisible on afront surface
side of the substrates.
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LARGE FORMAT TILED PROJECTION
DISPLAY SCREEN WITH FLEXIBLE SURFACEFILM

BACKGROUND

Large format tiled displays are widely used in command and control centers due to their
superb contrast and relatively small seams. The current construction of these displays utilizes a
rigid front surface towhich display films are laminated. The projector is placed behind the screen
to project the image. The size of individual screen can range from 40 inches up to 80 inches in
diagonal size. FIG. lillustrates an example of such adisplay product 10 shown in a2x3
configuration with six 60 inch modules providing approximately 160 inches diagonal total screen
area. Thetiled modules create ahorizontal seam 15 between the top and bottom modules, vertical
seams 11and 12 between the top three modules, and vertical seams 13 and 14 between the bottom
three modules. These seams create optical borders ranging from about 1mm to 5 mm in width.

The common rigid substrate materials used for the tiled screens are glass and acrylic. The
thickness of the substrates ranges from 3 mm to 10 mm. The limitations of the current
constructions include the following: expensive and heavy substrate materials; apotential hazard in
the event of the glass substrate breaking and falling; environmental warping in the case of acrylic
substrates due to change in humidity and temperature; and several seams between substrates
affecting display quality.

SUMMARY
A large format tiled projection display screen, consistent with the present invention,
includes first and second modules tiled together with an adhesive. The first and second modules
each include aprojection screen film adhered to atransmissive flexible substrate with an optically
clear adhesive. When electronic content is projected onto the tiled projection screen films, the

electronic content isvisible on afront surface side of the substrates.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings are incorporated in and constitute apart of this specification
and, together with the description, explain the advantages and principles of the invention. In the
drawings,
FIG. lisadiagramillustrating aprior art tiled projection display;

FIG. 2isadiagram illustrating an embodiment of a flexible projection screen;

-1-
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FIG. 3isadiagram of the construction of afirst module of atwo-line flexible projection
screen;

FIG. 4isadiagram of the construction of a second module of atwo-line flexible
projection screen;

FIG. 5isadiagram of the construction of atwo-line projection screen combining the first
and second modules shown in FIGS. 3 and 4;

FIG. 6isadiagram of the construction of amodule of athree-line flexible projection
screen;

FIG. 7isadiagram of the construction of seaming tape for athree-line flexible projection
screen; and

FIG. 8isadiagram of the construction of athree-line projection screen combining two

modules of FIG. 6 with the seaming tape shown in FIG. 7.

DETAILED DESCRIPTION

Embodiments of the present invention include aflexible display film that enables a
projection video wall display with aminimum number of seams and minimized seam width when
tiled together. The display film includes display modules with a flexible substrate capable of being
tension mounted. FIG. 2 is adiagram illustrating an embodiment of aflexible projection screen
20, which includes flexible display modules 22 and 24 tiled together and creating a single seam 26.
Thetiled display modules can betension mounted in aframe 28 using, for example, rubber bands
or springs. This embodiment can thus, for example, virtualy eliminate the vertical seams and
leave seams in only one direction in the thickness range of 0.01 mmto 0.5 mm.

FIGS. 3-5 illustrate atwo-line flexible display screen. FIG. 3isadiagram of the
construction of afirst module 30 of the two-line flexible projection screen. First module 30
includes aprojection screen film 32 and aflexible substrate film 36 providing afront surface side
38 for first module 30. An adhesive 34 isused to adhere substrate 36 to projection screen film 32.
In first module 30, projection screen film 32 and substrate 36 have approximately the same width
as shown. FIG. 4 isadiagram of the construction of a second module 40 of atwo-line flexible
projection screen. Second module 40 includes aprojection screen film 42 and aflexible substrate
film 46 providing afront surface side 50 for second module 40. An adhesive 44 isused to adhere
substrate 46 to projection screen film 42. In second module 40, substrate 46 has a portion 48 such
that the substrate has a greater width than projection screen film 42 and adhesive 44. FIG. 5isa
diagram of the construction of atwo-line projection screen combining the first and second modules

30 and 40 to make atiled screen. Portion 48 of substrate 46 forms a seam edge and is adhered to
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the front surface side 38 of substrate 36 using a seaming adhesive 52. The tiled modules provide
for atotal display width 54 (short axis) with a seam width 56.

FIGS. 6-8 illustrate athree-line flexible projection screen. FIG. 6isadiagram of the
construction of amodule 60 of athree-line flexible projection screen. Module 60 includes a
projection screen film 62 and aflexible substrate film 66 providing afront surface side 68 for
module 60. An adhesive 64 is used to adhere substrate 66 to projection screen film 62. In module
60, projection screen film 62 and substrate 66 have approximately the same width as shown. FIG.
7 isadiagram of the construction of a seaming tape 70 for athree-line flexible projection screen.
Seaming tape 70 has a flexible substrate film 74 with an adhesive 72. FIG. 8isadiagram of the
construction of athree-line projection screen combining two modules of FIG. 6 with seaming tape
70. In FIG. 8, module 60 istiled with another module 76 having substantially the same
construction. In particular module 76 includes a projection screen film 78 and aflexible substrate
film 82 providing afront surface side 84 with an adhesive 80 used to adhere them together. In
order totile module 60 with module 76, adhesive 72 of seaming tape 70 is adhered to front surface
sides 68 and 84 of modules 60 and 76, respectively. The tiled modules provide for atotal display
width 86 (short axis) with a seam width 88.

Two modules are shown tiled in the embodiments above for illustrative purposes only.
Other embodiments can include additional modules (projection screen film adhered to a flexible
substrate) tiled together in avertica direction, ahorizontal direction, or both. In use, arear
projector provides electronic content projected onto the tiled projection screen such that the
content isvisible to auser on the front surface side.

The following are exemplary materials for the embodiments shown in FIGS. 3-8 and other
embodiments of the present invention. The projection screen film can be implemented with any
high contrast rear projection screen. An example of such ascreen filmis3M VIKUITI Rear
Projection Film (3M Co., St. Paul, Minnesota), which includes glass micro lenses (glass beads)
partially embedded in alight absorbing black PVC matrix on aclear PVC carrier. The carrier
layer of the screen film can bemade out of acrylic, vinyl, or polyethylene terephthalate (PET).
The screen film may incorporate beads, pigments, and reflective particles such as silver or
aluminum. The screen film surface which faces away from the adhesive may comprise a designed
surface topology, which may include micro-lenses or micro-louver structures, or both. The screen
film's brightness gain istypicaly from 0.9 to 5.0. The screen film's contrast in ambient light
ranges from 30:1 to 10000: 1. The screen film for each module of the tiled display can be 30
inches to 100 inches wide, for example.

The substrate layer provides flexibility, optical transmission, mechanical strength, and

anti-glare functions for the flexible screen film. The substrate layer may be selected from any

3



10

15

20

25

30

35

WO 2013/081897 PCT/US2012/065961

flexible and transparent materials among which are polyester, vinyl, polyurethane, and
polycarbonate. The modulus of the substrate film may be from 0.1 GPato 3 GPa, or from 0.5 GPa
to 1GPa. The thickness of the substrate film may be from 2 mils to 50 mils, or from 5 mil to 20
mil. Thevisible light transmission may be at least 50%, or preferably at least 80%. The tensile
strength may be from 10 Ibs per square inch to 150 Ibs per square inch. The front surface of the
substrate film may have anti-glare function such that the 60° gloss isbelow 20%, or below 10%.
The substrate layer can be 30 inches to 100 inches wide, for example.

The adhesive layer may be selected from agroup of adhesives such as pressure sensitive
adhesives, UV curable adhesives, heat activated adhesives, or thermally cured adhesives. The
adhesive layer has  least 70% visible light transmission, or at least 80% visible light
transmission. The adhesive strength is at least 200 grams per inch, or at least 500 grams per inch.
The adhesive layer can be 30 inches to 100 inches wide, for example.

The integrated projection system of this invention may contain multiple singular
projection units with a seamed flexible rear projection screen of this invention. Some exemplary
configurations of projection units include 1x2, 1x3, 1x4, 1x5, 1x6, 2x1, 2x2, 2x3, 2x4, 2x5, 2x6,
3x1, 3x2, 3x3, 3x4, 3x5, 3x6, 3x7, 4x1, 4x2, 4x3, 4x4, 4x5, 4x6, 4x7, 4x8, 5x1, 5x2, 5x3, 5x4,
5x5, 5x6, 5x7, 5x8, 5x9, and 5x10.

EXAMPLES
Example 1

Example 1was atiled screen according to the embodiment shown in FIGS. 3-5. Inthis
Example, alarge flexible screen of 96 inch wide and 200 inch long was made with a2-line seam.
The 46 inch wide modules were constructed as shown in FIGS. 3 and 4. For each module, ahigh
contrast projection screen (3M VIKUITI Rear Projection Film, 3M Co., St. Paul, Minnesota) was
carefully laminated to a substrate (10 mil polycarbonate film), using the optical adhesive supplied
on the 3M VIKUITI Rear Projection Film asthe adhesive. The width of the substrate film was
intentionally made greater than the width of the projection screen film for one of the two modules,
so asto create the seam edge portion shown in FIG. 4. The seam edge portion - that is, the
extension of the substrate film beyond the length of the projection screen film - was about 1inch
wide.

A 1linch wide adhesive layer (3M Optically Clear Adhesive 8171, 3M Co., St. Paul,
Minnesota) of 200 inch long was used tojoin the two 48 inch wide modules together. The linch
wide adhesive layer was first laminated to the side opposite to the front surface side of the screen
edge portion of one module, and then the release liner of the 817 1 adhesive product was peeled

off, and the newly exposed surface of the adhesive was laminated to the second module on its front
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surface side, as shown isFIG. 5. Theresulting tiled screen film was flexible. The optical
performance at thejoint (seam) was comparable to that of the rest of the screen. Thetensile
strength was about 80 Ibs per square inch, which is excellent for atension mounted frame screen.

The seam was not conspicuous, and the center joint seam width was less than 0.3 mm on average.

Example 2

Example 2 was atiled screen according to the embodiment shown in FIGS. 6-8. In this
Example, alarge flexible screen of 96 inch wide and 200 inch long was made with a 3-line seam.
The 48 inch film modules were constructed as shown in FIG. 6. For each module, ahigh contrast
projection screen (3M VIKUITI Rear Projection Film, 3M Co., St. Paul, Minnesota) was carefully
laminated to a substrate film (10 mil polycarbonate film), using the optical adhesive supplied on
the 3M VIKUITI Rear Projection Film asthe adhesive. For each module, the width of the
substrate film was the same as the width of the projection screen film.

A 2 inch wide seaming tape was constructed by laminating an optically clear adhesive (3M
Optically Clear Adhesive 8171, 3M Co., St. Paul, Minnesota) to a 10 mil polycarbonate substrate
film. This seaming tape was used tojoin the two 48 inch wide flexible screen films to produce a
96 inch wide flexible tiled screen film, as shown in FIG. 8.

The 2 inch wide seaming tape was used to carefully join the two 48 inch wide screen
films. Attention was paid to make sure the tape was applied properly aligned and centered so the
adhesive coverage was equal on each side of the seam. The resulting screen was flexible and
about 96 inch wide. The overlap area under the seaming tape had comparable optical performance
tothe rest of the screen area. The tensile strength was about 80 Ibs per square inch e the seam,
which is excellent for atension mounted frame screen. The seam was not conspicuous, and the

center joint seam width was less than 0.3 mm on average.
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CLAIMS
1 A large format tiled projection display screen, comprising:
afirst module, comprising:
afirst projection screen film;
afirst transmissive flexible substrate having afront surface side; and
an optically clear adhesive between the first projection screen film and the first
substrate; and
a second module, comprising:
a second projection screen film;
a second transmissive flexible substrate having a front surface side; and
an optically clear adhesive between the second projection screen film and the
second substrate,
wherein the first module isjoined to the second module to provide atiled projection
display screen,
wherein when electronic content is projected onto the first and second projection screen

films, the e ectronic content is visible on the front surface sides of the first and second substrates.

2. The display screen of claim 1, wherein the first and second projection screen films each

comprise a high contrast rear projection screen.

3. The display screen of claim 2, wherein the rear projection screen comprises beads.

4, The display screen of claim 1, wherein the first and second substrates each comprise a

polymeric film.

5. The display screen of claim 4, wherein apolymer for the substrate polymeric filmis

selected from polyurethane, vinyl, polyester, or polycarbonate.

6. The display screen of claim 1, wherein the second substrate iswider than the second
projection screen film and includes a seam edge portion, wherein the first substrate is adhered to

the seam edge portion.

7. The display screen of claim 6, wherein the screen includes only a single seam formed a

the seam edge portion.



10

15

20

25

30

35

WO 2013/081897 PCT/US2012/065961

8. The display screen of claim 6, wherein the seam edge portion is approximately linch
wide.
9. The display screen of claim 1, wherein the first and second projection screen films are

each at |least approximately 30 inches wide.

10. The display screen of claim 1, further comprising a seaming tape joining the first substrate
to the second substrate, the seaming tape being adhered to each of the first substrate and second
substrate.

11 The display screen of claim 10, wherein the seaming tape comprises aflexible

transmissive substrate and an optically clear adhesive.

12. The display screen of claim 10, wherein the seaming tape is approximately 2 inches wide.

13. The display screen of claim 1, wherein the front surface sides of the first and second

substrates have an anti-glare function.

14. A large format tiled projection display screen, comprising:
aplurality of modules, each of the modules comprising:
aprojection screen film;
atransmissive flexible substrate having afront surface side; and
an optically clear adhesive between the projection screen film and the substrate,
wherein each of the modules isjoined to a least one of the other modules to provide a
tiled projection display screen,
wherein when electronic content is projected onto the projection screen films, the

electronic content isvisible on the front surface sides of the substrates.

15. The display screen of claim 14, wherein the projection screen films each comprise ahigh

contrast rear projection screen.

16. The display screen of claim 15, wherein the rear projection screen comprises beads.

17. The display screen of claim 14, wherein the substrates each comprise apolymeric film.
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18. The display screen of claim 17, wherein apolymer for the substrate polymeric filmis

selected from polyurethane, vinyl, polyester, or polycarbonate.

19. The display screen of claim 14, wherein at least one of the modules has the substrate wider
than the projection screen film adhered to the substrate and includes a seam edge portion, wherein
another one of the modules has the substrate of the another one module adhered to the seam edge

portion.

20. The display screen of claim 14, wherein the projection screen films are each  least

approximately 30 inches wide.

21. The display screen of claim 14, further comprising a seaming tapejoining at least one of
the substrates to another one of the substrates, the seaming tape being adhered to each of the a

|east one of the substrates and the another one of the substrates.

22. The display screen of claim 21, wherein the seaming tape comprises aflexible

transmissive substrate and an optically clear adhesive.

23. The display screen of claim 14, wherein the front surface sides of the substrates have an

anti-glare function.
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