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Pupillated illumination apparatus

TECHNICAL FIELD

101} This disclosure generally reiates to ihumination from light modulation devices, and

maore specifically relates o control of privacy display and high efficiency display.

BACKGROUND

1021 Privacy displays provide image visibility to a primary user that s typically in an on-
axis position and reduced visibility of image content to a suooper, that is typically i an off-
axis position. A privacy function may be provided by mucro-lonvre optical films that
transmit some light from a display in an on-axis direction with low laminance tn off-axis
positions. However such filias have high losses for head-on illumination and the nucro-
louvres may cause Mowé artefacts due to beating with the pixels of the spatial hight
moddator. The pitch of the micro-louvre may need selection for panel resolution, mereasing
mventory and cost.

1031 Switchable privacy displayvs may be provided by control of the off-axis optical output.
[04]  Control may be provided by means of luminance reduction, for example by means of
switchable backlights for a hguid crystal display (LCD} spanial light modulator. Display
backlights in general employ waveguides and edge emitting sources.  Certain imaging
directional backlights have the additional capability of directing the tiumination through a
display panel into viewing windows. An imaging svstem may be formed between multiple
sources and the respective window images. One example of an imaging directional backlight
1s an optical valve that may employ a folded optical system and hence may alse be an
exanmple of a folded imaging dircctional backlight. Light may propagate substantially
without loss in one direction through the optical valve while counter-propagating light may
be extracted by reflection off tilted facets as described m U S, Patent No. 8,519,153, which is
mcorporated by reference herein m ifs entirety.

[05]  In a known privacy display the privacy mode is provided by the addition of a
removable louver film, such as marketed by 3M Corporation, which may not be reliably or
casily fitted or removed by users and thercfore in practice, 15 not assiduously attached by the
aser every time they are outside the office. In another known privacy display the control of
privacy mode is electronically activated but control is vested in the user who must execute a
kevstroke to enter privacy mode.
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BRIEF SUMMARY

[06]  According to a first aspect of the present disclosure, there 1s provided an illumination
apparatus comprising: at least one light source arranged to provide mput bght; a waveguide
arrangement comprising at least a first waveguide that cxtends across a plane and comprises:
first and second opposed light guiding surfaces arranged to gmide light along the fust
waveguide, the second hght guiding surface being amranged to guide light by total internal
reflection; and an input end amanged between the first and second light guiding surfaces and
extending in a lateral direction between the first and second hght guiding surfaces, the first
waveguide bemng arranged to receive the mput hight from the at least one light source through
the mput end, and being arranged to cause light from the at least one light source to exit from
the first waveguide through the sccond light guiding surface by breaking total internal
reflection; and an optical tuming flo componend comprising: an input surface arranged to
receive the hight exating from the first waveguide, the input surface extending across the
plane; and an output surface facing the input surface, whergin the 1input surface comprises: an
array of prismatic clements cach compnsing a pair of tacets defining a vidge therebetween,
the nidges extending along an array of lines across the plane in which the mput surface
extends, wherein the pnsmatic elements are arranged to deflect the hght oxating the first
waveguide, the deflection varying in at least one direction across the plane so that the
deflected light is directed towards a common optical window n front of the illununation
apparatus.

1071 The lines may be curved across the plane so that the deflection varies 1n a direction
that is orthogonal to an optical axis that is normal to the plane, and corresponds to the lateral
direction. Advanmtageously unifornmity may be increased n the lateral direction.

[08] The facets may have respective facet angles, defined between a normal o the facet
and a normal to the plang, that may vary across the array so that the deflection further vares
i a direction orthogonal to the optical axis, and corresponds to a direction that s orthogonal
to the lateral divection, so that the deflected light may be divected towards a further, common
optical window in front of the ithunination apparatus. Facet angles of respective facets,
defined between a normal to the facet and a normal 1o the plane, may vary across the array so
that the deflection vanes in a direction orthogonal to an optical axis that is normal to the

plane, the direction corresponding to a dircction orthogonal to the lateral direction.
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Advantageously vatformity may be increased across the iiumination apparatus in the
direction orthogonal to the lateral direction.

[09]  The first mentioned common optical window and the further common optical window
may be defined at different distances in front of the illunnation apparatus. Advantageously
a wider range of locations for which voiformmity is increased is provided.

(18] The first mentioned common optical window and the further coramon optical window
may be defined at the same distance in front of the lununation apparatus. Advantageously
the uniformity for an observer at or near the optical window is increased.

(11} The facets may bave respective facet angles, defined between a normal to the facet
and a normal to the plane, that may vary across the array so that the deflection vanes i a
direction that is orthogonal to an optical axis normal to the plane and corresponds o a
direction orthogonal to the lateral direction.

[12]  The hines of the array may have an arthmetic mean tangential angle projected on 1o
the plane of (° from the lateral direction.  Advantageously uniformity may be mereased for an
On-axis observer.

[13] The hnes of the array may have an arithmetic mean tangential angle projocied on to
the planc that is inclined at more than 0° from the lateral direction. Advantageously
pniformity may be mercased for an off-axis observer.

[14]  The optical turning film component may have a rectangular shape across the plane
and the lateral duection may be along a major or minor axis of the rectangular shape.
Advantageously a rectangular shape for use in landscape or porirail orientations may be
tHumenated.

115]  The output surface may be planar.  Advantagecusly the cost of {abrication of the
optical turning film component may be reduced.

[16] The facets may have respective facet angles, defined between a normal o the facet
and a normal to the planc mayv be between 40° and 70°, preferably between 42.5° and 65° and
more preferably between 42 .5° and 62.5°. Advantageously light cones may be directed to
desirable optical window locations while achieving mcreased unifornuty.

[17] At least some of the facets mayv have respective facet angles, defined between a
normal to the facet and a normal to the plane, of between 52.5° and 62.5°. In respect of at
least some of the faceis may have respective facet angles, defined between a normal to the
facet and a normal to the plane, of between 42.5% and 52.5°. At least some of the facets may

have a respective facet angle, defined between a nomal to the facet and a normal to the
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plane, of between 40° and 32.5° Advantageously displays may be provided with first and
second viewing locations with increased uniformity,

(18]  In cach pair of facets, a first facet may have a normal on the miernal side of the input
surface that 1s melined towards the nput end of the first waveguide and a second facet has a
normal on the internal side of the mput surface that may be toclined away frony the input end
of the first wavegmde, the first facets having respective facet angles, defined between the
normal to the facet and a normal to the plane, that vary across the array so that the deflection
varies in a direction that is orthogonal to an optical axis normal to the plane and corresponds
1o a direction orthogonal to the lateral divection.

[19]  The first facets may have respective facet angles, defined between a normal o the
facet and a normal to the plane, of between 52.5° and 62.5°. The second facets may have
respoctive facet angles, defined between the normal to the facet and a normal to the plane,
that are constant across the amay. The second facets may have respective facet angles,
defined between the normal to the facet and a normal to the plane, that vary across the array.
The second facets may have respective facet angles, defined between a normal to the facet
and a normal o the plane, of between 40° and 52.5°. The first facets may have respective
facet angles, defined between the normal to the facet and a normal to the plane, that increase
across the array with distance from the mput end, and the second facets having respective
facet angles, defined between the normal to the facet and a normal o the plane, that decrease
across the array with distance from the input end. The first facets may have respective facct
angles, defined between a normal fo the facet and a normal to the plane, of between 42.3% and
52.5° and the second facets have respective facet angles, defined between a normal to the
facet and a nommal to the plane, of between 42 5° and 52.5°. Advantageously uniformity may
be mocreased.

[20] At least one light source may comprise an array of light sources arraved across the
mput end.  Advantageously the size of the source may be moreased.

121} The coromon optical window may be aligned with an optical axis that extends from
the centre of the optical turning film component normal to the plane. Advantageously the
uniformity may be tncreased for an on-axis observer.

122} The common optical window may be offset from an optical axis that extends from the
cendre of the optical turning fibn component sormal to the plane.  Advastageously the

amiformity may be mereased for an off-axis observer.
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23] The wavegide may further comprise a second nput ond arranged between the first
and second light guiding surfaces oppostie to the fust mentioned input ond, and the
ihumination apparatus further may comprise at least one second light source wrranged to
mput light into the waveguide through the second input end in an opposite direction from the
at least one first mentioned light source.  Advantageously first and second ilumination
profiles may be provided.

[24]  The illumination apparatus may further comprise at least one second light source
arranged to provide input light in an opposite direction from the at least one first mentioned
fight source as viewed along the optical axis normal to the plane; the waveguide arrangement
may further comprnise a second waveguide that extends across the same plane as the first
waveguide and may comprise: first and second opposed light gunding surfaces arranged to
guide light along the first waveguide, the second Hght guiding surface being arranged to
guide Hight by total internal reflection; and an input end arranged between the first and second
hight guiding surfaces and extending i a lateral direction between the first and second hght
guiding surfaces, the second waveguide being arranged to receive the mput light from the at
least one second light source through the input end, and being arranged to cause light from
the at least one second light source fo exit from the second waveguide through the second
hght gaiding surface by breaking total intemal reflection, and the wpet surface of the optical
furning film component being arranged to receive the light exiting from the first waveguide
and the sccond waveguide. Advantageously uniformity may be mncreased.

[25] ¢ Imes may be straight and the facets may have respective facet angles, defined
between a normal to the facet and a normal to the plane, that vary across the array so that the
deflection varigs in a direction that is orthogonal to the optical axis and comesponds to a
direction orthogonal to the lateral direction so that the deflected light from cach mput end 15
directed towards respective common optical windows in front of the dhunination apparatus.
Advantageously the first and second ilumination profiles may provide inorcased brightness
and uniformity across the lumination apparatus.

[26] ¢ deflected light through cach mput end may be directed towards the same common
optical window 1n front of the tlomination apparatus.  The respective common optical
windows may be in the same location in front of the ilununation apparatus. Advantageously

display brightness may be increased. Uniformuty may be turther increased.
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127} The respective common optical windows may be n different locations in front of the
tlunmination  apparatus.  Advantageously multiple viewmng locations with  increased
anmiformity may be provided.

28]  The lines may be curved so that the deflected hight mput through the first end may be
directed towards a common optical window in front of the illumination apparatus and the
deflected hight mput through the sccond cnd may be directed towards a virtual common
optical window behind the iHlumination apparatus. Advamtageously umformiiyv may be
mcreased for at least one of the light sources.

[29]  The dlumination apparatus further comprising a control system may be arranged to
control the at least one first light source and the at least one second hght source
mdependently.  In one mode of operation the control system may be arranged to provide
tumination from both the at least one first light scurce and the at least one second light
sources so as to increase spatial uoniformerty of thwination across the tlunuration device for
at least one viewng location. Advaniageously the dlununation apparatus may be arranged to
switch between at feast two different ilomination profiles while achieving increased
uniformity,

[30] The wavegmide may be arranged to cause light from the at least ong first hght source
and the at least one second hight source to exit from the wavegwide with different angalar
distributions.  Advantageously an dlumination apparatus may be arranged to provide
illumination for narcow and wider illumination profiles.

311 The waveguide may be arranged to cause light from the at least one first light source
and the at least one second light source to exit from the wavegunide with a common angular
distribution. Advantageously multiple optical windows may be provided for multiple users
or unifoumity may be further increased.

32} The illomination apparatos may comprise: at least one first light source arranged to
provide input light; at least one second light source arranged to provide input light in an
opposite direction from the at least one first light source; a waveguide arrangement arranged
to receive the input hight from the at least one first ight source and the at least one second
hight source and to cause light from the at least one first light source and the at least one
second light source to exat from the waveguide arrangement by breaking total internal
reflection, wherein the waveguide arrangement comprises at feast one wavegiide; and an
optical tuming film component corprising: an nput surface arranged to receive the hight

exiting from 8 waveguide through a light guiding surface of the waveguide by breaking total
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mtermal reflection, the input surface extending across the plane; and an cutput surface facing
the input surface, wherem the mput surface comprises: an array of prismatic elemends cach
comprising a pair of facets defimng a nidge therebetween, the ndges extending along an array
of lines across the plane v which the input surface extends, wherein the prismatic elements
are arranged to deflect the light exiting the waveguide, the deflection varying in at least one
direction across the plance so that the deflected light 15 directed fowards a conumon optical
window n tront of the Hlunmination apparatus.

133]  The waveguide arrangement may comprise: a waveguide extending across a plane and
comprising: first and second opposed light guiding surtaces arranged to guide light along the
optical wavegwide, the second hight guidmg surface being arranged o guide light by iotal
mternal reflection, and first and second mput ends arranged between the first and second light
guiding surfaces and exiending in a lateral direction between the first and sccond fight
guiding surfaces; wherein the at least one first light source is arranged to input light into the
waveguide through the first input end and the at least one second light source 15 arranged to
mput light into the waveguide through the second input end, and the waveguide 1 arranged to
cause light from the at least one first light source and the at least one second light source to
exit from the waveguide through one of the first and second hght suiding surfaces by
breaking total mternal refloction. Advantageously thickness and cost may be reduced.

[34] The wavegumde arrangement may comprse: a first waveguide extending across a
plane and compusing first and second opposed hight guiding surfaces arranged to guide hght
along the optical waveguide, the second light guiding surface bemng arranged to guide hght by
total intemal reflection; and a first input end arranged between the first and second hight
guiding surfaces and extending in a lateral direction between the first and sccond hight
guiding surtaces, wherein the at least one first light source is arranged to mput light into the
first waveguide through the first input end, and the first waveguide s arranged to cause light
from the at least one first light source to exit from the first waveguide through one of the first
and second hight guiding surface by breaking total miemal reflection; a second waveguide
extending across the plane in arranged n series with the first waveguide and comprising first
and second opposed light guiding surfaces arranged to guide light along the optical
waveguide, the second hght guiding surface being arranged to guide light by total intemal
reflection, and a second imput end arranged between the first and seccond light guidmg
surfaces and extending in a lateral direction between the first and seccond light guiding

surfaces; wherein the at least one second light source 18 arranged to input light into the second
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waveguide through the second input end, and the sccond waveguide is arranged to cause hight
from the at least one second hight source o exat from the second wavegwide through one of
the first and second hght guiding surfaces by breaking total intemnal reflection, and wherem
the first and second waveguides are ortented so that at least one first Hight source and at least
ong sccond light source input hght into the first and second waveguides in opposite
directions. Advantageoushy luminance uniformity may be mncreased.

[35] According to a second aspect of the present disclosure, there 1s provided a backhight
apparatus comprising: an itllumination apparatus according to the first aspect; and a rear
reflector arranged to reccive hight exiting from the first surface of wavegmide and direct it
back through the waveguide. Advantageously efficiency of collection of hght from the
thunmation apparatus is increased.

[136] According to a third aspect of the present disclosure, there is provided a display
apparatus comprising: a backlight apparatus according to the second aspect; and a spatial
light modulator arranged to receive hight from the backhight apparatus. Advaniageously a
display may be provided with high uniformity for desirable viewing locations. The viewing
locations may be contralled by switching of the backhght light sources. The size of the
iHumination cones may be varied, to achieve switchable display viewng freedom.

[37] The display apparatus may further comprise: at least one display polariser arranged on
a side of the spatial ight modulator; an additional polariser arranged on the same side of the
spatial light modulator as the display polanser; and at lcast one polar control retarder
arranged between the display polariser and the additional polanser, wherem the at least one
polar control retarder may include a switchable liquid crystal retarder comprising a laver of
hcuad orystal material, Advantageously a swiichable privacy display may be provided with a
privacy mode and public mode of operation. The polar control retarder may cooperate with a
switchable backlight to achieve increased viewing freedom in a public mode of operation.
Untformity of privacy mode security factor may be increased.

138]  According to a fourth aspect of the present disclosure, there 15 provided a vebicle
having a displav apparatus according to the third aspect mounted therein.  Advantageously
cocupants may be illominated with high efficiency and may be provided with high luminance
uniformity.

[39]  According to a fifth aspect of the present disclosure, there is provided an optical
tming film component comprismg: an mput surtace for receiving light exiting from a

waveguide through a hght guiding surface of the waveguide by breaking total internal
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reflection, the input surface extending across a plane; and an output surface facing the input
surface, wherein the input surface comprises: an array of prismatic cleruents each comprising
a pair of facets defiming a ndge therebetween, the ridges extending along an array of lines
across the plane in which the input surface extends, whergin the prismatic elements may be
arranged to deflect the light exiting the waveguide, the deflection varving i at least one
direction across the plance so that the deflected light 15 directed fowards a common optical
window n tront of the Hlunmination apparatus.

48] According to a sixth aspect of the present disclosure, there is provided illumination
apparatus comprising: a waveguide extending across a plane and comprising: first and sccond
opposed hght guiding surfaces arranged to guwide light along the optical waveguide, the
second light ginding surface being arranged to guide hght by total internal reflection, and an
mput end arranged between the first and second light guiding surfaces and extending i a
lateral direction between the first and second light guiding surfaces; at least one light source
arranged to input hight mto the waveguwide through the input end, wherein the waveguide 18
arranged to cause light from the light sources to exit from the waveguide through the second
hight guiding surface by breaking total miemal reflection; and an optical tuming film
component comprising: an imput surface arranged to receive the hight exating from the
waveguide, the input surface extending across the plane; and an output surface facing the
mput surface, wherein the mput surface comprises: an array of prismatic elements each
corapnsing a pair of facets defiming a ridge therebetween, the nidges extending along an array
of lines across the plane i which the mput surface extends, wherein the prismatic elements
are arranged to deflect the light exiting the waveguide, the deflection varying n at least one
direction across the plane so that the deflected hight 13 directed towards a common optical
window i fromt of the illununation apparatus. The Ulumation apparatus may provide hight
to a common spatial location across at least part of the tlhumination apparatus. An observer
viewing the illumination apparatus at or near the common optical window may
advantageously be provided with increased uniformity of luminance across the illununation
apparatus. An environmental dlwoination apparatus may provide a focused illumination
region at a desirable working distance.

41} Embodiments of the present disclosure may be used v a varigty of optical systems.
The embodiments may inchlude or work with or in cooperation with a variety of illuminators,
environmental lighting, mnteror and extenior antornotive ihumination, projectors, projection

sysicms, optical components, displays, microdisplays, computer systems, processors, self-
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contained projector systers, visual and/or audio-visual systems and clectrical and/or optical
devices. Aspects of the present disclosure may be used with practically any apparatus related
to optical and electrical devices, optical systems, presentation sysiems or any apparatus that
may contain any type of optical system. Accordingly, embodiments of the present disclosure
may be emploved in optical systems, devices used in visual and/or optical presentations,
visual peripherals and so on and in computing environments,

142}  Before proceeding fo the disclosed embodiments i detail, it should be anderstood
that the disclosure is not hmited in its application or creation to the details of the particular
arrangements shown, because the disclosure 1s capable of other embodiments. Morcover,
aspects of the disclosure may be set forth m different combinations and arrangements to
define embodiments unigue in their own right.  Also, the terminology used hercin is for the
purpose of description and not of limutation.

[43] These and other advantages and features of the present disclosure will become

apparent to those of ordinary skill in the art upon reading this disclosure n 1is entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

[44]  Embodments are itlustrated by way of example in the accompanving FIGURES, in
which like reference numbers indicate similar parts, and in which:

145} FIGURE 1A 1s a schomatic diagram illostrating a front perspective view of a
switchable privacy display comprising a light pupiliating wrning filmy;

(461 FIGURE 1B 1s a schematic diagram llustrating a front perspective view of a stack of
optical components in the apparatus of FIGURE 1A.

147  FIGURE 1C 15 a schematic diagram diustrating a top view of a vehicle having the
display apparatus of FIGURE 1A mounted therein primarily for use by a passenger;

(48] FIGURE 1D 15 a schematic diagram iustrating a top view of a vehicle having the
display apparatus of FIGURE 1A mounted therein for use by both a passenger and a driver;
1491 FIGURE 2 15 a schomatic diagram Ulustrating a front perspective view of a high
efficiency pupillated display;

1501 FIGURE 3 is a schematic diagram illustrating a front perspective view of a
waveguide for use in a pupiliated display;

[51] FIGURE 44 15 a schematic diagram ilusirating a side view of a pupillated backlight

for a first light source;
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152 FIGURE 4B 15 a schomatic diagram iHustrating a side view of operation of vanable
11kt facets of a tuming film of a pupilated backhight for a first light source;

53] FIGURE 4C 1s a schematic diagram ilustrating a rear perspective view of hight
output from a pupillated bincar optical taming film component comprising variable tilt facets;
[54] FIGURE 5A is a schematic diagram illustrating a front perspective view of operation
of facets of a curved optical turning flm comaponent of a pupilated backlight for light from a
first hight source;

I155] FIGURE 5B 15 a schematic diagram illustrating a rear perspective view of hght
output from a curved optical turning film componeut comprising uriform tilt facets;

[56] FIGURE 5C 1s a schematic diagram ilustrating a rear perspective view of light
output from a curved optical huning film component comprising variable tilt facets with a
common optical window distance;

[57] FIGURE 3D 5 a schematic diagram ilhustrating a rear perspective view of hight
output from a curved optical turning film component comprising variable tilt facets with first
and second different optical window distances;

[58] FIGURE 64A 15 a schematic diagram iilustrating a side view of operation of a turning
film comprising vanable tilt facets of a pupllated backlhight;

[59] FIGURE 6B s a schematic diagram illustrating a top view of operation of a corved
optical turning film component of a pupitiated backhight:

160}  FIGURE 7 15 a schematic graph tHustrating the polar vanation of luminance for an
tHustrative backlight with light input at the first end of the waveguide;

[61]  FIGURE BA 15 an array of schematic graphs ilhustrating the variation of luminance
for different viewing angles in a display of FIGURE 1A comprising a curved optical turning
film component with vanable tilt facets;

1621  FIGURE 8B is an array of schematic graphs illustrating the vanation of luminance
for different viewing angles in a display comprising a lincar optical turning film component
with uniform ikt facets;

(631 FIGURE %A 15 a schematic graph illustrating the polar variation of transmission of a
switchable retarder arranged between paraliel polarisers for switchable hqotd crvstal retarders
driven for privacy mode;

i64]  FIGURE 9B s a schematic graph illustrating the polar variation of relative reflection
of a switchable retarder arranged between a reflective polariser and absorbing polariser for

switchable liguid crystal retarders driven for privacy mods;
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165 FIGURE 2C is a schomatic graph illustrating the polar and azimuthal vanation of
visual security factor, § m a privacy mode of operation for a display head-on fuminance, of
value Y measured m nits that 1s half of the illuminance of value 1 measured m hux;

[66] FIGURE 18A is an array of schematic graphs iHustrating the vanation of security
factor, S for different viewing angles in a display of FIGURE 1A comprising a curved optical
tning film componernt with variable tilt facets for a display head-on lupunance, of value
Y max measured in nuts that 1s half of the Hununance of value 1 measured n ux;

167 FIGURE 18B 5 an array of schematic graphs sustrating the vanation of security
factor, S for different viewing angles m a display comprising a linear optical tuming film
component with sniform tilt facets for a display head-on huminance, of value Y measured
i mits that s half of the lluminance of value I measured in lux;

168] FIGURE 1A 15 aschomatic diagram dlustrating a side view of a pupiilated backlight
for first and second light sources;

[69]  FIGURE 118 15 a schematic diagram illustrating a side view of operation of vanable
11kt facets of a turming filim of a pupillated backlight for first and second hight sources;

170} FIGURE 11C is a schomatic graph tllustrating the polar vaniation of luminance for an
tHustrative backlight with light iput at the second end of the waveguide;

[71]  FIGURE 12A 15 a schematic diagram Hustrating a front perspective view of
operation of facets of a curved optical turning film component of a pupillated backlight for
light from first and second tight sources;

1721  FIGURE 12B 1s a schematic diagram illastrating a top view of operation of a curved
optical turning film component of a pupiliated backlight for hight from the second hght
SOUICE;

(73] FIGURE 134 is a schematic diagram illustrating a top view of operation of a hincar
optical turning film component of a pupiliated backlight comprising vanable tilt facets;

174]  FIGURE 138 is a schomatic diagram tflustrating a side view of operation of a curved
optical turning film comaponent of a pupiiated backlight compnsing vodform tilt facets;

[75] FIGURE 14 13 a schematic diagram illustrating a rear perspective view of a ditfused
surface of a turning film;

176] FIGURE 154 is a schematic diagram illustrating a side view of a pupillated backlight
for first and second light sources;

[77]  FIGURE 18B and FIGURE 18C are schematic diagrams ilustrating a front

perspective view of waveguides for use in a pupillated display:
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17¢]  FIGURE 164 is a schematic diagram illustrating a side view of a pupillated backhight
for first and second light sources;

[79]  FIGURE 16B and FIGURE 18U are schematic diagrams ilustrating a front
perspective view of waveguides for use in a pupillated display:

180} FIGURE 16D is a schematic graph illustrating the polar variation of luninance for
the illustrative backlight of FIGURES 16A-B with light input mto the upper waveguide;

(1] FIGURE 17A 15 a schematic diagram dlustrating a side view of a pupillated backhight
for comprising first and second waveguides, cach waveguide comprising a first light source;
[82]  FIGURE 178 15 a schematic diagram Ulustrating a front perspective view of the
pupiliated backlight of FIGURE 17A;

[83] FIGURE 17¢C s a schematic graph illustrating the vartation of facet tilts for varous
optical turning film components for use with the backlight of FIGURES 17A-B;

184} FIGURE 17D is a schematic graph illustrating the polar vanation of lununance for
the backlight of FIGURE 17A comprising the waveguide of FIGURE 3 and a first optical
turping film component of FIGURES 17A-C for light from the first light source;

185}  FIGURE 17E 15 a schematic graph tllustrating the polar varation of luminance for
the backhight of FIGURE 17A comprising the waveguide of FIGURE 3 and a first optical
taning film component of FIGURES 17A-C for light from the second light souree;

186} FIGURE 17F 15 a schematic graph iliustrating the polar vanation of funinance for
the backlight of FIGURE 17A comprising the waveguide of FIGURE 3 and a first optical
turning film component of FIGURES 17A-C for light from the first and second light sources;
[87] FIGURE 176G 15 a schematic graph illustrating the polar vanation of huminance for
the backlight of FIGURE 17A comprising the waveguide of FIGURE 3 and a third optical
turping filio component of FIGURES 17A-C for light from the first light source;

1881 FIGURE 17H is a schematic graph dllustrating the polar variation of lunminance for
the backlight of FIGURE 17A comprising the waveguide of FIGURE 3 and a third optical
trning fum component of FIGURES 17A-C for light from the second light source;

1891 FIGURE 171 18 a schematic graph iHustrating the polar variation of luminance for the
backlight of FIGURE 17A comprising the wavegnide of FIGURE 3 and a third optical
turning film component of FIGURES 17A-C for light from the first and second light sources:
[90] FIGURE 184 is a schematic diagram illustrating a side view of a pupillated backlight

for comprismg first and second waveguides, each wavegmide comprising gently sloped facets
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and steeply sloped facets with a surface normal dircction that is not in the plane in which the
waveguide extends;

(61} FIGURE 188 18 a schematic diagram llustrating a side view of a pupillated backlight
for comprising first and second waveguides, each waveguide comprising gently sloped facets
and steeply sloped facets with a surface normal direction that is in the plane in which the
waveguide exiends;

(921  FIGURE 18C 1s a schematic diagram tlustrating a side view of a pupillated backhight
for comprising first and second waveguides, cach waveguide comprising a first and second
fight source;

1931  FIGURE 19A 15 a schematic diagram illustrating a side perspective view of a taming
film comprising first and second arrays of prismatic clements wherein the first array of
prismatic ¢lemenis comprises curved prismatic elemenis;

194]  FIGURE 198 15 a schematic graph illustrating the polar variation of luminance for a
backlight comprising the waveguide of FIGURE 3 and the optical turming film component of
FIGURE 19A;

[95] FIGURE 19C 15 a schematic diagram illustrating a front perspective view of a
pupiliated backhight comprising an optical furning film with a first array of pnsmatic
clements that is hnear and a second array of prismatic elements that is carved;

196] FIGURE 19D is a schematic graph illustrating the polar variation of luninance for
the backlight of FIGURE 19C comprising the waveguide of FIGURE 3 for light from the first
hight source;

1971  FIGURE 19E is a schematic graph illustrating the polar vanation of huminance for
the backlight of FIGURE 19C comprising the waveguide of FIGURE 3 for light from the
second light source;

981 FIGURE 19F is a schematic graph ilustrating the polar vanation of luminance for
the backlight of FIGURE 19C comprising the waveguide of FIGURE 3 for light from the first
and second hight sources;

(99]  FIGURE 2815 a schematic diagram illustrating a top view of a segmenied backlight;
[1060] FIGURE 21 is a schematic diagram lustrating a top view of a curved display
comprising a light pupillating turning filmy;

(101} FIGURE 224 15 a schematic diagram illustrating in side view propagation of output
hight from a spatial hight modulator through the optical stack of FIGURE 1B in a privacy

mode of operation;
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11021 FIGURE 228 is a schematic diagram illustrating in top view propagation of ambient
tHhumination light through the optical stack of FIGURE 1B in a privacy mode of operation;
(1031 FIGURE 234 is a schematic diagram itlustrating in side view propagation of output
hght from a spatial Hight moduolator through the optical stack of FIGURE 1B in a public mode
of operation;

[104] FIGURE 238 s a schomatic graph ithustrating the vanation of output luminance with
polar direction for the transmutted hight ravs i FIGURE 234,

11831 FIGURE 23C is a schematic diagram iliustrating in top view propagation of ambient
tumination light through the optical stack of FIGURE IB in a public mode of operation; and
[106] FIGURE 238 1s a schematic graph illustrating the vanation of reflectivity with polar

direction for the reflecied hight rays i FIGURE 23,

DETAILED DESCRIPTION

11071 Terms related to optical retarders for the puposes of the present disclosure will now
be described.

11081 1In a layer comprising a uniaxial birefringent matenal there is a duection governung
the optical anisotropy whereas all directions perpendicular to 1t {or at a given angle to it} have
cquivalent birgfringence.

11091 The optical axis of an optical retarder refers to the direction of propagation of a fight
ray 10 the umaxial bucfungent material in which no birefiingence is experienced. This is
different from the optical axis of an optical system which may for example be parallel to a
lime of symmetry or normal to a display surface along which a principal ray propagates.

(116} For hight propagating in a direction orthogonal to the optical axis, the optical axis is
the slow axis when hineardy polanzed light with an electric vector direction parallel to the
slow axis travels at the slowest speed.  The slow axis divection is the dircction with the
highest refractive index at the design wavelength,  Similarly the fast axis direction is the
direction with the lowest refractive index at the design wavelength.

[111] For positive dielectric amsotropy umaxial birefringent matenals the slow aws
direction s the extraordimary axis of the birefringent material.  For negative diclectric
anisotropy umiaxial birefringent materials the fast axis direction is the extraordinary axis of
the buefirngent material.

[112] The terms half a wavelength and quarter a wavelength refer to the operation of a

retarder for a design wavelength A that may tvpically be between 500nm and 570am. o the
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present dlustrative embodiments exemplary retardance values are provided for a wavelength
of 350nm unless otherwise specified.

[113] The retarder provides a phase shift between two perpendicular polanzation
components of the light wave icident thereon and is characterized by the amount of relative
phase, T, that it imparts on the two polanzation components; which 1s related to the

burefungence An and the thickness 4 of the retarder by
e o

F=2.%.An.d/ % eqgn. |

[114] Inegn. 1, An 1s defined as the difference between the extraordinary and the ordmary

mndex of refraction, 1.¢.

A =1 ~ 0, can. 2

[115] For a half-wave retarder, the relationship between 4, An, and A, is chosen so that the
phase shift between polanzation components is ' = n. For a guarter-wave retarder, the
relationship between @, An, and Ao 18 chosen so that the phase shift between polarization
components is | = n/2.

[116] The term half-wave retarder herein typically refers to light propagating nommal o the
retarder and normal 1o the spatial light modulator.

1171 Some aspects of the propagation of light rays through a transparent retarder between a
pair of polarisers will now be described.

[118] The state of polarisation {SOP) of a light rav s described by the relative amphiude
and phase shift between any two orthogonal polarization components. Transparent retarders
do not alter the relative amplitudes of these orthogonal polasisation components but act only
on their relative phase. Providing a net phase shift between the orthogonal polarisation
components alters the SOP whereas maintainimg net relative phase preserves the SOP. In the
current description, the SOP may be termed the polarisation state.

[1197 A lincar SOP has a polansation component with a non-zero amphitude and an
orthogonal polarisation component which has zero amphitude.

[126] A linear polanser transmits a unigue lincar SOP that bas a binear polarisation
component paralie! to the clectric vector transmission direction of the Hnear polariser and
attenuates light with a differcot SGP.

[121] Absorbing polarisers are polarisers that absorb one polarisation component of incident
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fight and transmit a second orthogonal polarisation component. Examples of absorbing linear
polarisers are dichroic polarisers.

[122] Reflective polarisers are polarisers that reflect one polarisation component of incident
hght and transmit a second orthogonal polansation component.  Examples of reflective
polarisers that are linear polarisers are multilaver polvmerie film stacks such as DBEF™ or

M from Moxtek.

APF™ from 3M Corporation, or wire grid polarisers such as ProFlux’
Reflective linear polarisers may further comprse cholesteric reflective materials and a
guarter waveplate arranged in series,

(1231 A retarder arranged between a linear polaniser and a paralie] hincar analysing polariser
that mtroduces no relative net phase shift provides full transmission of the hght other than
residual absorption within the Hnear polariser.

1124} A retarder that provides a relative net phase shift between orthogonal polarisation
coraponents changes the SOP and provides attenuation at the analysing polariser.

[125] In the present disclosure an "A-plate’ refers to an optical retarder utilizing a layer of
birefringent material with it optical axis paraliel to the plane of the laver.

[126] A ‘positive A-plate’ refers to positively birefringent A-plates, 1.¢. A-plates with a
positive An.

11271 1o the preseng disclosure a 'C-plate’ refers to an optical retarder utilizing a layer of
birefringent material with 1ts optical axis perpendicudar to the plane of the laver. A 'positive
C-plate’ refers to positively buetingent C-plate, 1.¢. a C-plate with a positive An. A 'negative
C-plate’ refers to a negatively birefringent C-plate, 1.¢. a C-plate with a negative An.

1128] ‘'O-plate’ refers to an optical retarder utibizing a layer of birefnngent material with its
optical axis baving a componcnt paralicl to the plane of the layer and a component
perpendicular o the plane of the laver. A 'positive O-plate’ refers to positively birefringent
G-plates, 1.2, O-plates with a positive An.

11291  Achromatic retarders may be provided wherein the material of the retarder ts provided

with a retardance An . & that varics with wavelength A as
An.d/ A=k eqn. 3

113G} where « is substantially a constant.
[131] Examples of suitable materials include modified polycarbonates from Teyin Films,
Achromatic retarders may be provided in the present embodiments to advantageously

mintwise colour changes between polar angular viewing directions which have low
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luninance reduction and polar angular viewing directions which have incrcased fuminance
reductions as will be described below.,

(132} Various other terms used 1 the present disclosure related to retarders and to hgnd
crystals will now be described.

11331 A hoguid crystal cell has a retardance given by An . d where An is the birefringence of
the liguid crystal material in the lipud crystal cell and d is the thickness of the liquid crystal
cell, independent of the alignment of the hguid crystal maternal m the hguid crvstal cell.

[134] Homogencous alignment refers to the alignment of hquid crystals in switchable hiquid
crvstal displays where molecules align substantially parallel to a substrate.  Homogeneous
alignment 15 sometimes referred to as plasar alignment. Homogeneous alignment may
typically be provided with a small pre-tilt such as 2 degrees, so that the molecules at the
surfaces of the alignment lavers of the hguid crystal cell are shghtly inclined as will be
described below. Pretilt is arranged to minimise degeneracies in switching of cells.

11331 in the present disclosure, homeotropic alignment is the state m which rod-like hquid
crvstalline molecules align substantially perpendicularly to the substrate. In discotic ligud
crystals homeotropic alignment &3 defined as the state in which an axis of the column
structure, which 1s formed by disc-like liguid crvstalline molecules, aligns perpendicularly to
a surface. In homeotropic alignment, pretilt is the tilt angle of the molecules that are close to
the alignment laver and is typically close to 90 degrees and for example may be 88 degrees.
11361 In a twisted lipud crystal layer a twisted configuration {also known as a helical
structure or helix) of nematic liguid crystal molecules 1s provided.  The twist may be
achieved by means of a non-parallel alignment of alignment lavers. Further, cholesteric
dopants may be added to the liguad crystal maternial to break degeneracy of the twist direction
{clockwise or anti-clockwise) and to further control the pitch of the twist in the relaxed
{typically undriven) state. A supertwisied ligquid crystal laver has a twist of greater than 180
degrees. A twisted nematic laver used in spagial light modulators tyvpically has a twist of 90
degrees,

11371 Liquid crystal molecules with positive dielectric anisotropy are switched from a
homogeneous alignment {such as an A-plate retarder orientation} to a homeotropic alignment
{such as a C-plate or O-plate retarder ontentation} by means of an applied electric field.

[138] Liquid crystal molecules with negative diclectric anisotropy are switched from a
homeotropic alignment (such as a C-plate or O-plate retarder orentation) to a homogeneous

ahignment (such as an A-plate retarder orientation) by means of an apphed electric field.
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11391 Rod-Eke molecoles have a positive birefringence so that 0, > n, as described in eqn. 2.
Discotic molecules have negative birefringence so that B, < n,.

(1401 Postive retarders such as A-plates, positive O-plates and positive C-plates may
typically be provided by stretched films or rod-like ligmd crvstal molecales.  Negative
retarders such as negative C-plates may be provided by strotched films or discotic like liquud
crystal molecules.

(141} Parallel ligund crystal cell alignment refers 1o the alignment direction of homogeneous
alignment lavers being parallel or more typically antiparaliel. In the case of pre-tilted
homeotropic alignment, the aligoment lavers may have components that are substantially
parallel or antiparalicl.  Hybnd aligned Hgmd crystal cells may have one homogenecous
alignment layer and one homeotropic alignment layer. Twisted ligad crystal cells may be
provided by alignment layers that do not have parallel alignment, for example oricnted at 90
degrees to cach other.

[142] Transmissive spatial light modulators may further comprise retarders between the
mput display polanser and the output display polariser for example as disclosed m UK.
Patent No. 8237876, which s herein incorporated by reference m #is entirety.  Such
retarders (not shown} are in a different place to the passive retarders of the present
embodiments.  Such retarders compensate for contrast degradations for off-axis viewing
locations, which is a different effect to the luminance reduction for off-axis viewing positions
of the present embodiments.

(1431 Terms related to privacy display appearance will now be described.

1144] A private mode of operation of a display 13 one in which an observer sees a low
contrast sensitivity such that an image is not clearly visible. Contrast sensitivity 5 a measure
of the ability to discorn between lupunances of different lovels in a static unage. Inverse
contrast senstivity may be used as a measure of visual security, o that a high visual security
level (VSL) corresponds to low image visibility.

[143] For aprivacy display providing an mmage to an observer, visual security may he given

as:

JSL=(Y + R} /(Y - K) eqn. 4

[146] where VSL 1s the visual security level, Y is the luminance of the white state of the
display at a snooper viewing angle, K is the luminance of the black state of the display at the
snooper viewing angle and R 1s the lununance of reflected light from the display.
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11471 Panel contrast ratio 18 given as:
=Y /K egn. 5

[148] For high contrast optical LCD modes, the white state transmussion remains
substantially constant with viewing angle. In the contrast reducing hiquid crvstal modes of
the present embodiments, white state transsmssion typically reduces as black state

transmission increases such that
Y+EK~PL cgn. 6
1149} The visual security level may then be further given as:

VSL={C+ Lo/nfC+1VERLY eqn. 7
(C-1)

[150] where off-axis relative luminance, P is typically defined as the percentage of head-on
lominance, L at the snooper angle and the display may have image contrast ratio C and the
surface reflectivity is p.

[151] The off-axis relative lununance, P is sometimes referred to as the privacy level
However, such privacy level P deseribes relative luminance of a display at a given polar
angle compared to head-on huminance, and 1S not a measure of privacy appearance.

11521 'The dispiay may be illuminated by Lambertian ambicnt illuminance I Thus in a
pertectly dark covironment, a high contrast display bas V8L of approximately 1.0, As
ambient illuminance increases, the perceived image contrast degrades, VSL increases and a
private image 1s perceived.

1153] For typical liquid crystal displays the panel contrast € is above 100:1 for almost all

viewing angles, allowing the visual secunty level to be approximated to:
VSL=1+1p/(nPL) egn. &

11541 The perceptual image security may be determined from the logarithmic response of

the eye, such that the secunty factor, S is given by:

5 = logi(V} eqn. 9
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115531 Desiable imits for § were determined in the following manner. In a first step a
privacy display device was provided. Measurements of the vanation of privacy level, P(8) of
the display device with polar viewing angle and variation of reflectivity p(8) of the display
device with polar viewing angle were made using photopic measurement equipment. A hight
source such as a substantially umform lumunance hight box was amranged to provide
thumination from an tHuminated region that was arranged to illuminate the privacy display
device along an incident direction for reflection to a viewer posttions at a polar angle of
greater than 0° to the normal to the display device. The varation I(8) of illummanece of a
substantially Larsbertian enutiing hglhtbox with polar viewmg angle was determined by
measurmg  the vanation of recorded reflective Juminance with polar viewing angle
considering the variation of reflectivity p(8). The measurements of P(8), 1{6) and {8} were
used to determine the vanation of Security Factor S(8) with polar viewmng angle along the
zero elevation axis.

[156] In asecond step a series of high contrast images were provided on the povacy display
meluding (1) small text images with maximum font height 3mm, (i1} large text images with
maximum font height 30mm and (111} moving images,

11571 in a third step cach observer (with eyesight correction for viewing at 1000mum where
appropriate} viewed cach of the images from a distance of 1000w, and adjusted their polar
angle of viewing at zero elevation until 1mage mvisibility was achicved for onc eye from a
position near on the display at or close o the centre-line of the display. The polar location of
the observer’s eve was recorded. From the relationship S{0), the secunty factor at said polar
location was determined. The measurement was repeated for the different images, for
various display luminance Y, different lightbox idluminance Hg=0), for different
background lighting conditions and for different observers.

[158] From the above measurements S < 1.0 provides low or no visual security, 10 <5 <
1.5 provides visual security that is dependent on the contrast, spatial frequency and tomporal
frequency of image content, 1.5 <8 < L8 provides acceptable image invisibility {that is no
mmage contrast is observable) for most images and most observers and $ > 1.8 provides full
mmage invisibility, independent of image coutent for all observers.

(1591 In comparison to privacy displays, desirably wide-angle displays are easily observed
i standard ambient illuminance condifions. One measure of image visibility is given by the

contrast sensitivity such as the Michelson contrast which is given by
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M = (g — Tonind / Chona + B} ogn. 10
1160] and so:
M = ((Y+R) — (K+RY) / ((Y+R) + (K+R)) = (V-K) / (Y+K+2.R) oqn. 11

(161} Thus the visual security level (VSL), 15 equivalent (but not identical to) /M. In the
present discussion, for a given off-axis relative luminance, P the wide-angle image visibility,

W is approximated as
W=1/VSL = /{1 +1p/n.P L)) egn. 12

(1621 In the present discussion the colour variation As of an output colour {uy,” + Au’, vy’
+Av’) from a desirable white point (U, v ) may be determined by the CIELUV colour

difference metric, assaming a typical display spectral iluminant and s given by
Aeyo? NNTE
As =AU+ AV cqn. 13

[163] Catadioptric elements employ both refraction and reflection, which may be total
mtermal reflection or reflection from metallised surfaces.

[164] The structure and operation of vanous directional display devices will now be
described. In this description, common clements have common reference numerals. It is
noted that the disclosure relating to any clement applics to cach device in which the same or
corresponding clement 15 provided. Accordingly, for brevity such disclosure 18 not repeated.
[165] A swiichable privacy display apparatus will now be described.

[166] FIGURE 1A 1s a schomatic diagram llustrating a front view of a privacy display
apparatus 200 comprising a privacy display device 100 that is controlied by a privacy control
system 350, 352, 354, The display device 100 displays an image; and FIGURE 1B s 2
schematic diagram illustrating a front perspective view of a stack of some of the optical
components i the apparates of FIGURE 1A

[167] insplay apparatus 100 comprises a backlight apparatus 20; and a spatial hight
modulator 48 arranged 1o receive light from the backlight apparatus 20,

[168] In the present disclosure, the spatial hight modulator 48 may comprise a liguid crystal
display comprising substrates 212, 216, and liquid crystal layer 214 having red, green and

blue pixels 220, 222, 224 The spatial light modulator 48 has an toput display polariser 210
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and an output display polariser 218 on opposite sides thereof. The cutput display polariser
218 15 arranged to provide bigh extinction ratio for light from the pixels 220, 222, 224 of the
spatial light modulator 48, Typical polansers 210, 218 may be absorbing polansers such as
dichroic polarisers.

1169] Optionally a reflective polariser 208 may be provided between the input display
polariser 210 and backlight 20 to provide recirculated light and increase display efficiency.
Advantageously efficiency may be increased.

11761 The backlight apparatus 20 comprises a rear reflector 3; and an illumination apparatus
116, The iHumination apparatus comprises a wavegmide arrangement comprising waveguide
1, and optical turning film component 30 and arranged to receive hight exiting from the first
surface of waveguide 1 and direct 1t back through the waveguide 1.

1171} The waveguide | further comprises a second input ¢nd 4 arranged between the first
and second light guiding surfaces 6, 8 opposite to the first mentioned input end 2, and the
tumination apparatus 110 further comprises at least one second hight source 17 arranged to
mput light into the waveguide 1 through the second input end 4. o further embodiments
described herembelow the sccond light source 17 may be omitted. Advantageously cost and
bezel width may be reduced.

(1721 Optical stack 3 mayv comprise diffusers, optical turming film components and other
kuown optical backlight structures. Asyoumetric diffusers, that may comprise asymunetric
surface relief featres for example, mayv be provided in the optical stack 5 with increased
diffusion in the clevation direction in comparison to the lateral direction may be provided.
Advantageously image uniformity may be increased.

11731 Display apparatus 100 further comprises: at least one display polariser that is the
output polariser 218 arranged on a side of the spatial hight modulator 48 that in FIGURE 1A
is the output side. Alternatively the display polanser may be the mput polariser 210 arranged
on a side of the spatial ight modulator 48 that 1s the input side. Additional polariser 318 is
arranged on the same side of the spatial light modulator 48 as the display polariser 218
Polansers 210, 218, 318 may be absorbing dichroic polarisers.

1174] The display polariser 218 and the additional polariser 318 have electric vector
transmission directions 219, 319 that are parallel, and orthogonal to the mput polanser 210
transmission ditection 211, Reflective polariser 302 further has a polarisation transmussion

direction 303 that is aligned parallel to the polansation transmission directions 219, 319,
gneap
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11751 In FIGURE 1A, additional polariser 31% is arranged on the same side of the spatial
light modulator 48 as the display output polariser 218, Alternatively (not shown) the
additional polariser 318 may be arranged on the same side as the mput polariser 210 and
polar control retarder 300 may be arranged between additional polariser 318 and mput
polariser 210, Alematively {not shown} plural polar control retarders and plural additional
polarisers mayv be provided on the input side of the spatial light modulator 48, Ahematively
{not shown) plural polar control retarders may be provided on the mput and output sides of
the spatial light modulator 48,

[176] Polar countrol retarder 300 is arranged between the display polariser 218 and the
additional polariser 318, the at least one polar control retarder 300 mmcluding a switchable
hagoid erystal retarder 301 comprising a laver 214 of liquid crystal matenal. Polar control
retarders 300 comprise: (1) a switchable hiquud crystal retarder 301 comprising a layer 314 of
hiquid crystal material arranged between transparent support substrates 312, 316 and arranged
between the display polariser 218 and the additional polariser 318; and (1) at least one
passive compensation retarder 330

(1771 FIGURE 1A further illustrates a reflective polaniser 302 that is arranged between the
output polariser 218 and the polar control retarder 300, The operation of polar control
retarders 300 arranged between polariser 218, 302, 318 will be described hercinbelow with
respect to FIGURE 22A to FIGURE 230

[178] The display further comprises a countrol system arranged to independerdly control the
at least one first hight source 15 armayed across an imput end of the waveguide | and the at
least one second light source 17 arraved across an imput end of the waveguide 1. The hight
sources 15, 17 are arranged to provide nput light to a waveguide 1.

11791 Control of the polar control retarders is achicved by means of drver 330 to change the
operating voltage across the liquid crystal layer 314, Controller 352 is provided to control the
driver 350 and controller 354 that further controls the drving of light sources 15, 17

[180] The display device 100 is amranged to display an image and capable of operating tn at
cast a public mode and a privacy mode, wherem i the privacy mode the privacy function 18
provided and the visibility of the image to an offtaxis viewer 1s reduced compared to the
public mode and the visibility of the image to the primary user in an on-axis position remains
visible in both the privacy and public modes. The control system 350, 352, 354 selectively
operates the display device 100 in the public mode or the privacy mode for at least one region

of the displaved mmage, typically the entire displayed image. Such display device may be used
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m applications such as but not limited to switchable privacy displayvs such as laptops,
monitors, TV, cell phone, tablets, wearable displays, ATM displays and antomotive displays.
[181] FIGURE 1C is a schematic diagram illustrating a top view of a vehicle 650 having
the display apparatas 160 of FIGURE 1A mounted thergin,  Occupants may include a
passenger 45 and driver 47 It may be desirable that display 100 is operated as a privacy
display for the passenger 45 that is invisible to the driver 47 across the width of the display
100, Thus light rays 4471, 447C, 447R from across the width of the display desirably have
uniformly bigh security factor, 8. Further f is desirable that the passeuger 45 sees an image
with high lummance and wage visibility uotformity such that rays 44351, 4435C, 445R
provide an image with substantially umiform and high luminance.

[182] FIGURE 1D 15 a schematic diagram iustrating a top view of a vehicle having the
display apparatus of FIGURE 1A mounted therein for use by both a passenger 45 and a driver
47. The operation of the display 100 of FIGURE 1D is stmilar to that of FIGURE 1€, other
than the output hight is directed either side of the optical axis 199 of the display 100 1o
achieve efficient dhumination of the driver 47 and passenger 45 with high image uniformuty,
[183] ¥t may be desirable to provide a high cfficiency display with high wuformity of
fuminance.

[184] FIGURE 2 13 2 schomatic diagram ilhustrating a front perspective view of a high
efficiency pupillated display 100, Features of the embodiment of FIGURE 2 not discussed in
further detail may be assumed to comespond to the features with equivalent reference
numerals as discussed above, including any potential vanations i the features. In
comparison to the arrangement of FIGURE 1A, polar control retarder 300 and additional
polariser 318 s omitted. Such a display does not provide desirable image security to off-axis
snoopers.  Colimation from waveguide 1 desirably achieves light cones 415 with high
huminance over a restricted solid angle to on-axis users and low brightness o offaxis
locations at which viewers are not typically located. In an iHlustrative example, light cones
415 may have a full width half maximuro angular size of less than 25° and more preferably
less than 20°.

[185] FIGURE 2 further illustrates that hight sources 17 may be omitted. The present
embodiments achieve increased uniformity for noun-privacy displays while providing high
cfficiency as will be described.

[186] H would be dewirable that light cones 415C, 41301, 415R, 415U, 413D are cach

directed to a common direction.
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11871 The structure of an excraplary waveguide will now be described.

[188] FIGURE 3 13 a schematic diagram ilustrating a front perspective view of a
waveguide 1 for use m a pupillated display 100,

[185] Waveguide 1 i3 an optical waveguide that extends across a plane {x-y plane n
FIGURE 1A and FIGURE 2} that comprises first and second opposed light guiding surfaces
6.8 arranged to guide light rays 413, 406 along the wavegunide 1. In the embodiments of the
present description, the x, v, z directions are provided as an illusirative coordinate svstem,
other coordinate systems may be used as alternatives.

(1961 The first and sccond light puiding surfaces 6, 8 are arranged to guide light by total
miernal reflection. In the embodiment of FIGURE 3, the surface 6 comprises pnismatic
optical surfaces comprising first gently sloped facets 32 and second steeply sloped facets 36
and the surface 8§ comprises lenticular mucrostructures extending in the y-direction that is
orthogonal to the lateral direction.

[191] Wavegude 1 comprises an mpui end 2 arranged between the first and second hght
guiding surfaces 6, & and extending in a lateral direction {along the x-axis} between the first
and second hght guiding surfaces 6,8

(1921 The at least one hght source 13 comprises an array of Hght sources 135 that are arrayed
across the lateral direction (that 1s paraliel to the x-axis m the present embodiment). At least
one light source 15 is arranged to input light into the waveguide through the input end 2.
Light source may comprise an array of light sources, such as an LED array.

[193] The operation of an iHumination apparatus 110 will now be described.

[194] FIGURE 4A 15 a schematic diagram lustrating a side view of a pupillated backhght
24 for a first light source 15; and FIGURE 4B is a schematic diagram iHlustrating a side view
of operation of variable tilt facets 533 of an optical tming film componerd 50 of a pupiliated
backlight 20 for a first light source 13, Featurcs of the embodiment of FIGURES 4A-B not
discussed 1 further detail mayv be assumed to correspond to the features with equuvalent
reference numerals as discussed above, mcluding any potential vanations in the features.
(1951 Humimation apparatus 110 comprises: a waveguide 1 exiending across a plane {x-y
plane} and comprising: first and second opposed light guiding surfaces 6, 8 arranged to gwde
fight along the optical waveguide 1.

(1961 The second light guiding surface 8 158 arranged o guide light by total mtomal

reflection.
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11971 An input end 2 is arranged bebween the first and second light guiding surfaces 6, 8
and extending n a lateral direction between the first and sccond bight guiding surfaces 6, 8.
[198] At least one hight source 15 amranged to imput light mto the wavegunide 1 through the
mput end 2, wherein the wavegiide 1 is arranged to cause hght from the light sources 15 to
exit from the waveguide 1 through the sccond light guiding surface % by breaking total
mternal reflection,

[199] The optical tuming film component 30 comprises: an tuput surface 56 armranged to
reccive the light exiting from the waveguide 1, the input surface 56 exiending across the
plane {x~v plane); and an output surface 38 facing the mput surface 56. The mput surface 56
comprises: an array of prismatic elements 52, each comprising a pair of facets 33 defining a
ridge 54 therebetween. The output surface 58 is planar. For cach paw of facets 534, 53B, the
first facet 53A has a normal n, on the internal side of the mput surface 56 that s inchined
towards a first side 52 of the optical tuming filny 50 and a second facet 33B has a normal ng
on the internal side of the mput surface 56 that 18 inchned towards a second side 33 of the
optical turning film 50 opposite to from the first end 52, the first facets 53A having respective
facet angles o, defined between the normal 1o the facet 53A and a nommal (z-direction) to the
plane {x-v planc), that vary across the array so that the deflection vances in a direction that is
orthogona!l (y-duection) to an optical axis 199 vpommal 1o the plane (z-direction) and
gorrgsponds to a dirgetion orthogonal (yv-direction) to the lateral direction {(x-direction}.

12001 Incident rays 415 on the surface 8 of waveguide 1 have angles of incidence at the
surface 8 that arc loss than the critical angle at the said surface 8. Light cone 413
deternuned at least in part by the collimation of the light rays 415 from hight sources 15 that
breaks ntemald reflection at the surface 8.

1201} Grazing cuiput light rays 415G arg output from the waveguide 1 with a cone angle
415 and substantially uniform output angle across the plane (x~y plane) of the waveguide 1.
12021 The prismatic clemenis 31 of the optical turning film component 30 are arranged 1o
deflect the hght 415G exiting the waveguide 1, the deflection varying in at least one direction
across the plane (x-y plane).

[203] Near the upper edge of the display, light rays 415G are refracted by facets S3BU with
facet angle By and reflected by total internal reflection at facets S3AU with surface normal
direction 1,y with facet angle oy such that output light ray 415U i3 directed towards a
window 26A at a window distance 7, from the illumination apparatus 110, In at keast one
cross sectional plane (y-z plane in FIGURES 4A-B), the size of the window 26 in the window
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plane 197A  is determined by the angular width of the light cone 415, that may be for
exaraple by the full width half maxuvoum laminance of the cone 415,

2041 In the present disclosure optical window 26A refers o the directing of hight by
thunmation apparatus 110 from hight soarces such as sources 15 to defined spatial regions in
a window plane 197, that 1s at the window distance 2,4 from the illununation apparatus. The
optical window 26 mav also be referred to as an optical pupil.  Agn obscrvation from a
location within the optical window provides hight rays with common or substantially commmon
optical properties from across the iHiumination apparatus 110,

2051 The use of the term optical window 26 in the present embodiments is distinet and
different from the use of the term window when used to refer to sheets or panes of glass or
other transparent material such as plastics for use in house windows, car windows and
windscreens, and other types of protective windows. Such sheets or panes do not contabute
to the creation of desirable viewing regions with improved uniformity as desenbed herein.
[206] Similarly near the centre of the display, light rays 415G are refracted by facets 53BC
with facet angle [e and reflected by total imternal reflection at facets S3AC with surface
normal direction n,,e with facet angle o such that output light ray 415C is directed towards a
window 26A in the window plane 197A at a window distance 2,4 from the illumination
apparatus {10,

2071 Similarly near the lower edge of the display, hight rays 415G are refracted by facets
53BD with facet angle Bp and reflected by total internal reflection at facets S3AD with
surface normal direction ng,e with facet angle ap such that output bight ray 415D s directed
towards a window 26A m the window plane 197A at a window distance 7,4 from the
tumination apparatus 110,

1208 VFacct angles o P may vary continuously with location across the length of the optical
turping film component. The deflected light rays 415U, 415C, 413D are divected towards a
common optical window 26A in front of the illununation apparatus 110

[209] The operation of the optical tumning {ilm component with ndges 54 that are arranged
as straight lines will now be further described.

[210] FIGURE 4C 15 a schematic diagram illustrating a rear perspective view of hight
output from a pupillated linecar optical tuming film component 30 comprising vanable tilt
facets 53 of FIGURES 4A-B. Features of the embodiment of FIGURE 4C not discussed in
further detail may be assumed to correspond fo the features with equivalent reference
mumnerals as discussed above, includimg any potential vanations i the features.
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1211} FIGURE 4 ilustrates that the ridges 34 extend along an armay of hnes across the
plane {x~v plane) 1 which the input surface 56 extends. The optical turning fm component
58 has a rectangular shape across the plane (x-v plane) and the lateral direction 13 along a
major or minor axis of the rectangular shape.

1212 Facct angles o, B of respective facets 53, defined between a norraal to the facet 53 and
a normal {z-direction) to the plane (x-y plane}, vary across the array so that the deflection
varies in a direction (y-direction) that is orthogonal to an optical axis 19% that 15 normal to the
plane {x-v plane), the dircction corresponding to a direction {v-direction) that is orthogonal to
the lateral direction {x-direction}.

1213] The bnes are straight and facet 53 angles of respective facets 53, defined between a
normal o the facet 53 and a normal 1o the plane (x-v plane), vary across the array so that the
deflection varies in a direction that is orthogonal to the optical axis 199 corresponding to a
direction that is orthogonal to the lateral direction.

[214] The lines of the array have an arithmetic mean tangential angle projected on to the
plane {x-v plane} of (¥ from the lateral direction, that is the lines are paraliel to the x-axis
direction that is the lateral divection i the present embodiment.

1215] Thus the rays 415G are directed by the optical tuming film component 30 towards the
coromon window 26A. Laght rays 4153UL, 415CL, 415BL from the upper, contral and lower
parts of the loft edge region of the optical turning film are located to the window 26A at a
location corresponding to the lateral location of the left edge region in the lateral direction.
Light ravs 415UC, 415CC, 413DC from the upper, central and lower parts of the central
region of the optical turing film are located to the window 26A at a location m the lateral
corresponding to the lateral location of the central region in the lateral direction. Light rays
41SUR, 415CR, 415DR from the upper, contral and lower parts of the right edge region of
the optical turoing film are located to the wimdow 26A at a location in the lateral
corresponding to the lateral location of the night edge region n the lateral dircction.

1216] In the embodiment of FIGURE 4C there is no deflection in the lateral direction and
the optical window 26A thus has an extent i the lateral direction that is deternuned by the
width of the optical tuming film component 30 and by the size of the solid angle of the cone
415; and a width that is determmed by the size of the solid angle of the cone 415, The size of
the optical window 26A in the window pilane 197A may also be controlled by means of

diffusion such as diffusers in the optical stack 5 of the display as illustrated 10 FIGURE 1AL
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12171 The embodiment of FIGURE 4C further ithustrates that the common opiical window
264 is offset from an optical axis 199 that extends from the centre of optical tuming film
component 30 normal to the plane (x-v plane). Thus the point 198 at which the optical axis
199 ntersects the window plane 197A 1s offsct by distance Zpy from the pomt 196 at which
the ray 415CC mtersects the window plane 197A. As will be deseribed hereinbelow, off-axis
illumination locations may be achieved with increased vniforouty across the illununation
apparatus.

1218} It may be desirable to provide an optical window with reduced extent 1o the direction
that is orthogonal o the lateral direction.

2191 FIGURE SA 15 a schematic diagram llustrating a front perspective view of operation
of facets 33 of a curved optical turming film component 50 of a pupiilated backlight 20 for
light from a first light source 15, and FIGURE 5B is a schematic diagram illustrating a rear
perspective view of light output from a curved optical turning flm component 50 comprising
wniform tilt facets 53, Features of the embodiment of FIGURES 5A-B not discussed
further detail may be assumed to correspond fo the features with equivalent reference
nurnerals as discussed above, including any potential vanations in the features.

2201 FIGURES 5A-B illustrate an alternative embodiment to the arrangement of FIGURES
4A-C. In comparison to the arrangement of FIGURE 4C, the lines of the ridges 54 are
curved across the plane (x-y plane) so that the deflection varies in a direction {x-direction)
that 1s orthogonal to an optical axis 199 that 15 normal to the plane {(x-v plane}, the direction
{(x~direction} corresponding to the lateral divection {(x-direction).

1221} The curved facets have surface normal directions mag, pae, Bag that vary across the
width of the optical tuming film 50, that is the surface normal directions vary i the lateral
direction along a nidge such that ight ravs 415G from the waveguide 1 are ditected towards a
common window 268 in a window plane 1978 at a distance Zyp from the optical turming film
component 50 of the illumination apparatus 110.

1222} The optical window 26B has a cone width defined by cone 415 m direction
orthogonal to the lateral direction and an extent determined by the cone width 415 and the
height of the optical tuming film component 30, and 1s thus orthogonal to the optical window
26A lustrated in FIGURE 4C.

2231 In the embodiment of FIGURE 5B, the centre of the optical window 268 1s illustrated
as aligned with the centre of the illumination apparatus 110, that is the conumon optical

window 26 1s aligned with an optical axis 199 that exiends from the centre of optical turning
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film component normal to the plane (x-y plane}. The offset Zgp of the optical window 268 is
zero and the lines of the array have an arithmetic mean tangential angle projecied on fo the
plane (x-v plane) that 1s inclined at of ° from the lateral divection.

12241 The orientation of the lines of the array is described by facet peak 54 rotations vy
where yg is rotation at the right side of the display v is the rotation in the centre and vy is the
rotation at the left edge. The anthmetic mean tangential angle projected on to the plane (x-y
plane) is the average rotation v across the lateral direction.

12251 The lines of the array may alternatively have an anthmetic mean tangential angle that
is mclined at more than 07 from the lateral direction. Such an arrangement achicves an offset
Zop that is non-zero, Advantageously the nominal window 26B location may be set for off-
axis lumination with desirable propertics as will be described further hereinbelow,

[226] It may be desirable to provide a common optical window for all poinis across the
tumination apparatus 110,

12271 FIGURE 8C is a schematic diagram illustrating a rear perspective view of hght
output from a curved optical turning film component 30 comprising variable tilf facets 53
with a common optical window across the illumination apparatus. Featurcs of the
embodiment of FIGURE 5C not discussed in further detail may be assumed to correspond to
the features with equuvalent reference numerals as discussed above, including any potential
variations in the features.

1228} The facet surfaces 33 are provided to achieve operation for rays 415G as illustrated in
both FIGURES 4B and FIGURE 5A. Facet 33 angles of respective facets 53, defined
between a normal to the facet 53 and a normal {z-dirgction) to the plane {x-v plane}. vary
across the array so that the deflection further varies m a direction orthogonal to the optical
axis 199, corresponding to a dircction orthogonal fo the lateral direction, so that the deflected
hight 1s directed towards a further, common optical window 26AB in front of the illommation
apparatus 110,

1229} The first mentioned common optical window 26A and the further common optical
window 26B are defined the same distance m front of the illumination apparatus 110,
achicving common optical window 26AB. Advantageously increased aniformty of culput is
achicved across the whole of the illumination apparatus 110 from observation locations

within the optical window 26AB.
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12301 FIGURE 5D is a schematic diagram dlustrating a rear perspective view of hight
output from a curved optical tuming film component 30 comprising variable ult facets 53
with first and second different opuical window distances 197A, 1978,

231} The first mentioned common optical window 26A and the further common optical
window 268 are defined at different distances Zwa, Zwp in front of the dlumination apparatus
110, Further as described above, the offset Zpa may be provided by facet 53 angle selection
and offset Zop may be achieved by selection of the anthmetic mean tangential angle
projected on to the plane {x-y planc) of the inclination of the iines formed by the ridges 54 of
the arcay. Advantageously increased unifornuty may be achieved for two different nominal
observation distances and angular locations.

1232} The operation of the illupunation apparatus 110 i a backhight 20 of a display
apparatus 100 will now be described. For the purposes of the present description the
backlights 20 are further referred to as pupilated backlights, that is backlights that provide
optical windows 26,

12331 FIGURE 6A is a schomatic diagram lhustrating a side view of operation of an optical
turming fillo component 50 comprising variable tilt facets 533 of a pupillated backlight 20,
2341 Laght source array 15 is arranged at the lower edge of the backlight and ravs 4151,
415R are directed towards optical window 26A that has an extent in the lateral divection as
described above. In typical operation, the window distance between the backlight 20 and the
window plane 197 15 arranged to be greater than the typical observer location.

[233] In an illustrative example, a laptop display of diagonal size 14 inches 1s arranged with
a window distance Zw,s of 700mm, while the nommal observer location 1s in plane 145 at a
distance 7y of 5300mm. The window distance Zwa may be arranged by design of wavegwide 1
and facets 53 to be at a nomunal snooper distance which may for example be 700mm.

236] FIGURE 6B 15 a schematic diagram illustrating a top view of operation of a carved
optical turning film component 50 of a pupiilated backlight 20
1237] The window 26B may be at substantially the same distance as the window 26A
tlustrated in FIGURE 6A, and as iHlustrated m FIGURE 5C, 5o that the planes 197A, 1978
are coincident. The snooper 47 s typically offset in the lateral direction.

12381 As will be described further in an tllustrative example below, the arrangement of
FIGURES 6A-6B advantageously achieve incrcased luminance uniforouty across the

backlight 20 for the primary user 45,
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12391 Desirably the nommal user 45 plane 145 is closer to the backlight 20 than the window
plane 197 In operation the user 45 scos an image that has increased umformity in
comparison to unpupillated backlighis {(1.e. backlights which do not provide a common
optical window 26, or m other words provide a common optical window at optical mfinity}.
When the observer moves to the right side of the display, the display maintaing increased
brightness on the nght side of the display in comparison to the left side. By way of
comparison, if the nominal observer distance Zv 1s arranged to be greater than the window
distance Zwa. Zwe then as the observer moves to the night from the central optical axis 199,
the right side of the display becomes darker than the left side of the tmage. Such a vanation
with observer position is typically considered unnatural and undesirable.

[240] Further, the snooper 47 15 desirably arranged at or finther than the window distance
Zwa. Lo Such an arrangement provides increased uniformity of security factor across the
display arca in comparison to unpupiliated backlights.

[241] In aliernative embodiments the windows 264, 268 may be at different distances from
the backlight 20, such as illustrated in FIGURE 3D Advantageously increased oniforouty
across the display arca reay be achieved for an increased range of observer 435 locations.
Further increased security factor in privacy mode of operation may be achieved for an
mereased range of snooper 47 locations.

2421 Features of the cmbodiment of FIGURES 6A-B not discussed i further detail may be
assumed to correspond to the features with equivalent reference nwmerals as discussed above,
meluding any potential varnations m the features.

12431 An dlustrative embodiment will now be described.

1244] FIGURE 7 s a schematic graph tHustrating the polar variation of luminance for an
tHustrative backlight 20 with light input at the first ond of the waveguide 1. The waveguide |
s of the form illustrated in FIGURE 3, and further diffusers are arranged to provide a
desirable full width half maximum in the lateral direction, FWHMx of 40°. Such a backlight
profile is desirable to achicve high visual secunty levels i displays of FIGURE 1A provided
with switchable polar control retarders 300, while achieving desirable mmage huminance for
higher viewing angles when operated in share mode.

12451 Polar region 65 represents the field of view of the border of a 147 lapiop display
viewed by a head-on observer at 500vun and polar region 67 represents the field of view of
the border of the display viewed by an off-axis snooper at 45 degrees and a distance along the

normal 199 of 600mm.
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12461 In prior art unpupiliated displays, the lominance contours vary across the field of
view. Thus a prior art display with such an unpupillated backlight bas a central luousance of
100% and less than 50% luminance in the upper right and upper left comers. It would be
desirable to increase the laminance uniformity for such a backlight profile.

1247 io an dlustrative crmabodiment of the arrangements of FIGURES 6A-B facet nidges 34

arc arranged as in TABLE 1.

al 58 1°
83U 525
vib 52.5°
8D 58.1°
oL +12.5°
vC 0.0°

vR -12.5°

TABLE

[248] In the present embodiments, facet angles of respective facets 53, defined between a
normal £o the facet 33 and a normal {z-dirgction) to the plane (x-v plane} may be betwoen 40°
and 70° preferably between 42.5% and 65°, and more preferably between 42.5% and 62.5° as
will be further described with reference to FIGURE 17C hereinbelow.

1249] Fusther a polar control retarder 300 is provided as iHustrated 1n FIGURE A and in
TABLE 2.

Alignment L{ layer | Additional passive | Additional passive
type 314 retarder 330 type retarder 330 retardance
retardance
Homogeneous 750mm
Homogeneous
Negative C-plate ~44(nm

TABLE 2

[1250] bmage uniformity can be assessed by comparing variation of lununance across the
display for the viewing positions in polar space 29A~M as indicated.

1251 FIGURE 8A is an amray of schematic graphs dhustrating the vanation of luminance
for different viewing angles in a display 100 of FIGURE 1A comprising a curved optical
turning film component 50 with vanable alt facets 53; and by way of comparison with the

present embodiments FIGURE 8B s an array of schematic graphs illustrating the variation
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of luminance for different viewing angles in a display 100 comprising a linear optical turning
film component 50 with uniform tilt facets 53 such that the output is unpupillated.

[252) Companng FIGURE 3A and FIGURE 8B, for cach vicwmg angle location, the
gnmformity of the display 100 across the area of the display is advantageously mcreased.
Further, the head-on luminance i3 not redoced and high power efficiency is achieved with
low thickness.

[253] The operation of the display i privacy mode fo an observer 45 and snooper 47 will
now be described.

1254] FIGURE 9A 15 a schematic graph iilustrating the polar variation of transmission of a
switchable retarder 300 arranged between parallel polansers 218, 318 for the switchable
hgoid crystal retarders 301 driven for privacy mode; and FIGURE 9B is a schematic graph
tHustrating the polar vanation of relative reflection of a switchable retarder 300 arranged
between a reflective polariser 302 and absorbing polariser 318 for switchable hiquid crystal
retarders 301 of TABLE 2 driven in privacy mode.

12551 FIGURE 2C is a schomatic graph illustrating the polar and azimuthal vanation of
visual sccurity factor, S mn the switchable privacy display 100 of FIGURE 1A and TABLE 2
driven m privacy mode of operation for a display 100 head-on laminance, of value Y
measured in nits that 13 half of the Huminance of value I measured in fux. The backlight 20
comprses the waveguide of FIGURE 3 and the optical turping film component of TABLE 1.
[256] The vanation of umifornuty of security factor § with viewing location will now be
described.

12577 FIGURE 18A i3 an array of schematic graphs iHlustrating the vanation of securnty
factor, S for different viewing angles in a display 100 of FIGURE 1A comprising a curved
optical trsing film component 30 with vanable tilt facets 53 for a display 100 head-on
huminance, of value Y, measured in nits that 1s half of the illunminance of value I measured
in fux. The viewer and snooper viewing distance is set to be 500mm. o practice snoopers
will be further from the display than the viewer and increased security factor may be
achieved.

[1258] By way of comparison FIGURE 108 1 an array of schematic graphs tHustrating the
variation of security factor, S for different viewing angles in a display 100 comprising a
incar optical tuming film component 30 with vniform ikt facets 53 for a display 100 head-on

huminance, of value Y, measured i nits that 1s half of the llununance of value T measured
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m lux, that is for an unpupillated backlight 20. The viewer and snooper viewing distance is
set to be 300mm.

2591 In the graphs of FIGURES 9C-108, regions with § < 0.1 represent regions of the
display with high mage vistbility, 8.1 £ 8§ < 1.0 represent regions with reduced image
visibility but are not private, 1.0 <8 < 1.8 represent regions that are invisible depending on
image content and S > 1.8 represent regions where all images are substantially invisible.

[1260] Comparning FIGURES 10A and 10B advantageously the present embodiments {of
FIGURE 10A) achicve increased image vistbility for users near the axis.  Further, for
snoopers at higher angles such as at 40° increased image security is achieved across the
whole of the display, that 1s the display has switched to full privacy mode at a faster speed.
At wtermediate angles, the security factor is mwore uniform across the display area,
advantageously achieving increased security performance for all image data irrespective of
location over the display active area.

(2611 It would be desirable {o provide a public mode of operation with higher lununance at
off-axis positions,

12621 FIGURE 114 is a schematic diagram illustrating a side view of a pupillated backhight
20 for first and sccond light sources 15, 17; and FIGURE 11B 15 a schematic diagram
tHustrating a side view of operation of variable tilt facets 53 of an optical tuming film
component 50 of a pupillated backlight 20 for first and second light scurces 15, 17. Features
of the embodiment of FIGURES 11A-B not discussed in further detald may be assumed to
corrgspond to the features with eguivalent reference numerals as discussed above, mcluding
any potential vartations in the features.

12631 In companson to the embodiments of FIGURES 4A-B, second light sources 17 are
arranged at the sccond end 4 of the waveguide 1 arranged to mput input light in an opposite
direction from the at least one first mentioned hight source, as further illustrated in FIGURE
1A, In comparison to the light leakage of FIGURE 4, light cscapes the waveguide at least in
part by refraction at facets 36 of the wavegmide 1 at which i is incident onto reflector 3, or
may be dircctly meident onto optical tuming film component 50

[1264] FIGURE 11B illustrates that hight rays 417G are output from the waveguide 1, refract
oo the facets 33B and then are directed by total internal reflection at facets 33A, thatis in
the opposite order to the hight rays 413G,

[265] The deflected hight through cach mmput end 2, 4 15 directed towards the same common

optical window 26 in front of the illumination apparatus 110, As the deflection of the hght
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rays 415, 417 is dommated by the reflection rather than the refraction, the present
embodiments achieve pupillation of hight rays and provide optical windows 27A. Thus hight
rays 417U, 413U may be directed in similar directions by means of facet angle selection vA,
vB as deseribed clsewhere herein.

[266] FIGURE 11C is a schematic graph illustrating the polar vanation of huninance for an
tHustrative backlight 20 with light wnput from light sources 17 at the second end of the
waveguide 1. The waveguide 1 is thus arranged to cause hght from the at least ong first light
source 13 and the at least one second hight source 17 to exit from the waveguide 1 with
different angular distributions defined by light cone 427 m comparison to the namrow hight
cone 425 from hight sources 15 and as itHustrated m FIGURE 4A. Advantageously mereased
fununance s provided 1 region 67 for off-axis users 47.

2671 Such an arrangement can be used m a switchable privacy display further comprising
polar control retarders 300 and polariser 318 of FIGURE 1A, The light sources 15, 17 may
be controlled in cooperation with the switchable polar control retarder 300, In a first mode a
privacy display may be provided with a small FWHMX and in a sccond mode a public raode
may be provided with a larger FWHMK, and mcreased tuminance at polar locations that are
greater the FWHM angles.

2681 Alternatively such an arrangement can be used in a switchable high efficiency display
of FIGURE 2 and with further light sources 417 at the second end 4 of the waveguide 1. Ina
first mode a high efficiency display may be provided with a small FWHMx and so redaced
lateral viewing freedom with limited off-axis image visibifity. In a second mode a wider
angle mode may be provided for enhanced off-axis image visibility.

12651 The pupillation of FIGURE 11A desirably achieves increased image unifornuty from
the vartable tilt facets 53 of the optical turning fibn component 50 as descnibed elsewhere
herein.

12701 The operation of the display backlight 20 for hight rays 417G from the second end
onto curved facets will now be deseribed.

1271} FIGURE 12A s a schematic diagram illustrating a front perspective view of
operation of facets 33 of a curved optical turming film component 30 of a pupiilated backhight
20 for light from first and second light sources 15, 17; and FIGURE 11B is a schematic
diagram llustrating a top view of operation of a curved optical twrning film component 50 of
a pupillated backlight 20 for light from the second light souwrce 17. Features of the

embodiment of FIGURES 12A-B not discussed in further detail may be assumed to
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corrgspond to the features with equivalent reference numerals ag discussed above, including
any potential varations in the features.

2721 The lines of the ndges are curved so that the deflected hight mput through the first end
is directed towards a common optical window 27A 1n front of the illumination apparatus 110
and the deflected light input through the sccond end 4 is directed towards a virtual common
optical window 27B behind the 1lununation apparatus 110, 1o the plane 1978,

1273] Exemplary bhght rays 417CD, 417CC, 417CU illustrate that the backlight 20
tHuminates towards the user 43 and snooper 47, appearing to originate from the virtual
optical window 278, The luminance profile of FIGURE 11C is provided across the virtual
window and desirable image uwmformuty i the lateral direction may be advantageously
achieved.

1274] Alternative arrangements of operation of a display comprising different optical
windows will now be described further.

2751 FIGURE 134 is a schematic diagram illustrating a top view of operation of a linear
optical turning film component 50 of a pupiliated backlight 20 comprising variable tilt facets
53. Such an arrangement may be provided by the turming fm corponent 50 of FIGURE 4C
for example. Advantageously for light input from the second light source 17, increased
pniformity is achieved in the lateral direction in comparison to the arrangement of FIGURE
128 while mereased uniformity is achieved in the vertical direction. Further the cost of
tooling of the optical tuming filie and visibility of Moiré artefacts that arise from curved lines
of ndges 54 may be reduced.

1276] FIGURE 13B i a schematic diagram iHustrating a side view of operation of a curved
optical turning film component 30 of a pupiliated backlight 20 comprising wotform tilt facets
53. Such an arrangement may be provided by the tuming film component 36 of FIGURE 3B
for example.

1277] o comparison o the arrangement of FIGURE 6A, the arrangement of FIGURE 138
may provide mereased lateral unifornuty but conventional uniformuty rol-off in the vertical
direction.

[1278] Features of the embodiments of FIGURES 13A-B not discassed n further detail may
be assumed to correspond to the features with equivalent reference numerals as discussed
above, mcluding any potential vanations m the features.

2791 FIGURE 14 15 a schematic diagram iHustrating a rear perspective view of a diffused

surface of an optical tuming film component 50. The ridges 54 and facets 53 comprise

Page 38



WO 2022/026543 PCT/US2021/043444

wobble. Advantageously display wniformity may be increased. Visibility of artefacts arising
from manutacturing defects of waveguide 1 may be reduced, advantageously increasimg vield
and reducing cost. Visibibity of defects from damage in use of wavegwide | may be reduced,
advantageously moreasing hifetime.

128G]  Alternative arrangemenis of wavegiide 1 will now be described.

(281} FIGURE 18A 1s a schematic diagram dlustrating a side view of a pupitlated backhight
20 for first and second hght sources 15, 17; and FIGURES 18B-C are schemantc diagrams
tHustrating a front perspective view of waveguides 1 for use 1o 3 pupillated display 100
Featurcs of the embodiments of FIGURES 15A-C not discussed in further detail may be
assumed 1o correspond to the features with equivalent reference numerals as discussed above,
mehuding any potential variations i the features.

1282} In comparison to the wavegwide 1 of FIGURE 3, the waveguides 1 have
microstructures arranged on a single surface that may be the first surface 6 or may be the
second surface 8. In the aliemative of FIGURE 15A the microstructures are arranged on the
second surface 8 and light is output directly from the facets 36 onto the optical turning film
component 50, The conce 417 for the sccond light sources 17 and cone 4135 for the first hight
sources 15 15 pupilated as described elsewhere herein.

[283] Advantagecusly the cost and complexity of the waveguides 1 may be reduced.

1284} It mayv be desirable to provide first and second optical windows 26, 27 that have the
same or stmilar size.

[285] FIGURE 164 15 a schematic diagram dlustrating a side view of a pupillated backhight
28 for first and second light sources 15, 17; and FIGURES 16B-C are schematic diagrams
tHustrating a front perspective view of waveguides 1 for use 1o 3 pupillated display 100
Featurcs of the embodiments of FIGURES 16A-C not discussed in further detail may be
assamed to correspond to the features with equivalent reference mumerals as discussed above,
mehuding any potential varnations in the features.

[286] In an alternative embodiment, the waveguide 1 15 arranged to cause light from the at
cast one first hight source 15 and the at least one second hight source 17 to exit from the
waveguide | with a common angudar distribution, such that angular distributions 425, 427 are
the same.

[287] The waveguides | of FIGURES [6A-C are provided with first and second facets 324,
328 rather than the facets 32, 36 described elsewhere herein. Facets 324, 328 may have

similar magnitude of angle of the surface normal to the optical axis 199 direction, and are
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mchined cither side of the optical axas. Output light cones 425, 427 from respective hight
sources 15, 17 bave similar sizes and are arranged by means of the variable tilt of facets 334,
538 mw the direction orthogonal to the lateral direction to point to respective offset optical
windows 26A, 268,

[288] FIGURE 16A further Hiustrates that the location of first and second optical windows
26A, 268 from light sources 415, 417 respectively may be offset fromg the optical axis 199
from the centre of the display, as also illustrated 1 FIGURE 4C. Such an arrangement may
provide offset viewing geomeiries, as will be described with reference to FIGURE 16D,
helow.

[289] The optical windows 26A, 26B may be arranged in the same location that may be an
on-axis location {centred around optical axis 199} or an off-axis location. The control system
is arranged to provide iHumination from both the at least one first light scurce 15 and the at
least one sccond light source 17 so as to ncrease spatial uniformtty of lwination across the
tlumination device for at least one viewing location. In such an arrangement, the outputs
from both waveguides 1 are combined by the optical turming flm component 50
Wavegmides 1 may have non-uniformitics of extraction in the dircction orthogonal to the
lateral divection, that 1s dependent on distance from the light source 15, so that such a
combination may achieve improved exdraction efficiency.  Advantaggously uniformuty of
himinance may be ncreased.

1290] FIGURE 16D is a schematic graph illustrating the polar vanation of lununance for
the lustrative backlight 20 of FIGURES 16A-B with light input info the upper waveguide 1
from second light source 17.

12911 Such an output may be suitable for application to a vehicle as illustrated 1n FIGURE

5

1C, with ficlds of view 65, 67 for dniver 45 and passenger 47 respectively. The optical
trning film is arranged to provide optical windows 264, 26B such that luminance wmiformity
is mcreased.

1292} Light input from the first hight source 13 correspondingly produces a stmiar high
tuminance profile in the region of the ficld of view 67 for the passenger 47.

1293] Such a backlight 20 may provide a display 100 that is visible to a driver at night-time,
advantageously with low stray light to the remainder of the cabin.  Further such a backlight
20 when illuminated by hight source 15 only may provide hugh lurninance to the passcuger 47
and not to the dniver. Such a backlight 20 may advantageously provide some degree of image

privacy to the driver 45, In another mode of operation both light souwrces 15, 17 may be
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tHuminated so that ficlds of view 63, 67 may both be dluminated. Advantageously a high
cfficiency display 100 may be provided.

2941 It mayv be desirable o increase the wniformity of mput light on to the optical turning
film 50

12951 FIGURE 17A 15 a schomatic diagram dlustrating a side view of a pupiilated backlight
20 comaprsing first and second waveguides 1A, 1B cach waveguide 1A, 1B comprising a
respective fust light source 154, 15B; and FIGURE 178 15 a schematic diagram llustrating
a front perspective view of the pupiflated backlight of FIGURE 17A.  Features of the
embodiments of FIGURES 17A-B not discussed in further detail may be assumed to
correspond to the features with equivalent reference numerals as discussed above, mcluding
any potential vanations i the features.

[296] In comparison to FIGURE 1A the iHumination apparatus further comprises at feast
one second hight source 17 arranged to provide input light 1n an opposite duection from the at
cast one first mentioned hght source 13 as viewed along the optical axis 199 normal 1o the
plane {x-y plang). The waveguide arrangement further comprises a second waveguide IB
that extends across the same plane {x-v planc) as the first waveguide 1A and comprises: first
and second opposed light guiding surfaces 6A, 8A arranged to guide light along the first
wavegaide 1A, the sccond hight guiding serface being arranged to guide light by total internal
reflection; and an input end 2A arranged between the first and second light guiding surfaces
6A, 8A and cxiending i a lateral direction between the first and second light guiding
surfaces 6A, 8A. The second waveguide 1B 1s arranged to receive the mput hight from the at
least one second hight source 15B through the mput end 2B, and being arranged to cause hight
from the at least ong second light source 13B 1o exit from the second waveguide 2B through
the second light guiding surface by breaking total miteroal reflection. The mput surface of the
optical turning film component 50 is arranged to receive the light oxiting from the first
waveguide 1A and the second waveguide 1B,

1297] The optical turning film component 50 comprises: an taput surface 56 arranged to
receive the light exiting from the wavegwide 1, the nput surface 56 extending across the
plane (x-v plane}; and an cutput surface 38 facing the input surface 56, The aput surface 56
comprises: an array of prismatic clemenis 52 gach comprising a pair of facets 53 defining a
ridge 54 therebetween. The output surface 58 is planar. For cach pair of facets 534, 338, the
first facet 53A bas a normal ny on the mnternal side of the mput surface 36 that 1s mchingd

towards a first side 52 of the optical turming film 30 and a second facet 53B has 3 normal ng
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on the miemal side of the nput surface 56 that is inclined towards a second side 33 of the
optical turoing film 50 opposite to from the first end 52, the first facets 53A having respective
facet angles o, defined between the normal to the facet 53A and a normal (z-direction) to the
plane (x-v plane), that vary across the array so that the deflection vanes in a direction that 1s
orthogonal {y-direction) to an optical axis 199 normal to the plane (z-direction} and
corresponds to a divection orthogonal (y-direction) to the lateral direction (x-direction).

2981 In comparison to the embodiment of FIGURE 1A, FIGURES 17A-8 iilustrate an
alternative backlight 20 of the present embodiments comprising first and second waveguides
1A, 1B with light sources 154, 13B amranged on the short sides of the waveguides 14, 1B
and at facing cnds of respective wavegmides 1A, iB.

1299] Considering a viewing arrangement similar to that tllustrated in FIGURE 1, the hght
sourcecs 15A aligned with the front waveginde 1A are arranged to tHlunuinate the passenger 45
while light sources 13B while light sources 15B aligned with the rear waveguide 1B are
arranged to dlumnate the dover 47, In operation, light rayvs 415A with cones 4234 are
directed fo a first optical window 26A, such as near to the passenger 43 while light ravs 4158
with cones 4258 are directed i parallel directions, that are towards the driver 47.

1300] FIGURE 17C is a schematic graph illustrating the vanation of facet 53A, 53B tilis
a, B for vanous optical tuming film components 30 of FIGURES 17A-B for vanous
iHustrative embodiments.

[301] FIGURE 17A iHustrates the angle o to the nomal for the facet S3A for which hght
from light sources 15A 1s fotal nternally reflected afier refraction at facet 538, and the angle
1o the normal for the facet 538 for which light from light sources 158 is total mtomally
reflected after refraction at facet 53A.

[1302] For a position x from one edge of the turning film component 50 of widih 1, the
relative position across the turning film component 50 1s given by x/7Z.

13031 In a first tlustrative embodiment of FIGURE 17C, the facet angle o/ varies with
relative postiion x/7 and the facet angle £7 is constant for all relative lateral positions, x/Z.
Light rays 415A are directed towards a common window 2Z6A that is near to optical axis.
13041 Light rays 415B arc directed towards a common window 26A that 15 mchned o
optical axis 199 by refraction at facets 53A and total internal reflection at the facets 33B. The
window distance 2y may be shorier than the wmdow distance Zyp.  For example the
distance Zwa may be near the passenger 43 nominal viewing distance while the distance Zup
may be at mfinity. Advantageously the complexity of the tooling for forming the pusmatic
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array 5 reduced. Typically the distance Zwa is arranged to be greater than the nominal
passenger distance to advantageously achieve desirable luminance unifornuty variations with
lateral passenger 45 location.

3051 Constdering facets 53A, 53B at least some of the facets 53A have respective facet
angles al, a2, defined between a normal to the facet and a normal (z-direction} to the plane
{x-v plane}, of between 32.5° and 62.5°. In respect of at least some of the facets 33B have
respective facet angles B2, defined between a normal to the facet and a normal (z-direction}
to the plane (x-y plane), of between 42 .3° and 52.5°. In another embodiment at least some of
the facets B1 have respective facet angle, defined between a pormal to the facet and a normal
{z-direction) to the plane (x-y plane), of between 40° and 52.5°

[306] In each pair of facets S3A, S3B, a first facet 53A has a normal oo the internal side of
the nput surface that is inclined towards the wput end 2 of the first waveguide 1A and a
second facet 53B has a normal on the internal side of the mput surface that 1s inclined away
from the input end 2A of the first wavegumde 1A, the first facets 53A having respective facet
angles o, defined between the normal to the facet and a normal (z-direction} to the plane (x-y
plane), that vary across the array 50 so that the deflection varies in a direction that is
orthogonal to an optical axis 199 normal (z-direction} to the plane (x-v plane) and
corresponds to a direction orthogonal to the lateral direction.

1307 FIGURE 17D is a schematic graph illustrating the polar variation of huminance for

the backlight 20 of FIGURE 17A comprising the waveguide 1 of FIGURE 3 and the optical

from the first hight source 15A; FIGURE 17F 1s a schematic graph llustrating the polar
varigtion of luminance for the backiight 20 of FIGURE 17A compnsing the waveguide of
FIGURE 3 and the optical turning film component 30 with facet 53A, 53B angles o/, §7 of
FIGURES 17A-C for light from the sccond light source 158; and FIGURE 17F s a
schematic graph illustrating the polar variation of luminance for the backlight 20 of FIGURE
17A comprising the waveguide of FIGURE 3 and the optical turning film component 30 with
facet 53A, 53B angles af, 87 of FIGURES 17A-C for light from the first and second light
sources 134, 15B.

[308] Reforrng to FIGURE 17C, the first facets 53A have respective facet angles af,
defined between a normal to the facet and a normal {z-direction) to the plane {x-y plane}, of
between 52.5% and 62.5°. The sccond facets 538 have reapective facet angles £7, defined

between the normal to the facet and a normal (z-direction) to the plane (x-y plage), that arc
Page 43



WO 2022/026543 PCT/US2021/043444

constant across the array. Advantageously pupillation may be provided to a second display
user, achioving increased uniformity and the cost of tooling of the surface may be reduced.
[1309] In an alternative arrangement, the first facets 53A have respective facet angles a2
defined between a nommal to the facet and a normal {z-direction) o the plane {(x-y plane), of
between 52.5° and 62.5° and the second facets 53B have respective facet angles 82 defined
between the normal to the facet and a normal {z-direction) to the plane (x-y plane}, that vary
across the array. The second facets 538 have respoctive facet angles, defined between a
normal to the facet and a normal {z-direction} to the plane (x-y plang), of between 40° and
52.5° Advantageously pupillation may be provided to a second display user, achieving
mereased uniformity.

[310] o an alicmative cmbodunent, both the facet angles o2, §2 vary with relative position
x/L. Light ravs 415A are directed towards a common window 26A that is inclined around a
45° angle to optical axiz 199 by refraction at the facets 53B and total nternal reflection at
facets S3A. Light rays 4158 are directed by refraction at the facets S3A and total imternal
reflection at the facets 538 towards a common optical window 268 that is near to optical axis
199,

[311] The deflected light from cach mput end 2A, 2B is directed towards respective
common optical windows 26A, 268 in front of the illomivation apparatus. The respective
common optical windows 26A, 26B are in different locations in front of the tlununation
apparatus.

[312] In alternative arrangemenis wherein the conunon optical windows 26A, 268 are mn the
same Jocation, increased brightness and uniformity may be achieved and for example
switching between a narrow angle and wide angle mode of operation may advantageously be
achieved.

[313] In armangements whergin the common optical windows are in different locations,
different viewing locations may be provided, advantageously with increased brighiness and
uotforouty.

[314] Advantageously as both hight ravs 415A, 413B are divected to a common optical
windows 26A, 268 by total internal reflection at facets 53A, 538 respectively, pupiliation
may be achieved with sumiar window distances Zya, Zws compared to the embodiment of
FIGURE 17C which has different window distances.

[315] A backlight 20 suitable for use i a switchable privacy display 100 of the type
tustrated in FIGURE I1C may be provided. A privacy mode to the passenger 45 may be
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provided so the driver 47 cannot sce the displayed image by illomination of light source 15B.
A low power mode 1o the passenger 45 may be provided by illununation of light source 15B.
A low power mode to the driver 47 may be provided by iflununation of hight source 15A. A
sharing mode to the passenger 45 and driver 47 may be provided by llomination of light
sources 1534, 13B.

[316] In an alternative embodment of FIGURE 17C, both the facet angles a3, 83 vary with
relative position x/L with facet angle o3 decreasimg with relative position and one facet angle
42 imercasing with relative position x/L. Light rays 415A are directed towards a common
window 26A that 1s inchined with a large angle to optical axis 199 by refraction at the facets
538 and total internal reflection at facets S3A. Light rays 41538 are directed by refraction at
the facets 53A and total internal reflection at the facets 53B towards a commnon optical
window 268 that 15 inclined to optical axis 199 with a large angle i the opposite direction o
the window 26A. Advantageously two off-axis optical windows 264, 26B mav be achieved.
13171 FIGURE 176G 15 a schematic graph illustrating the polar variation of huminance for
the backlight 20 of FIGURE 17A comprising the waveguide 1 of FEIGURE 3 and the optical
turming film component 50 of FIGURES 17A-C with facet 53A, 338 angles o3, g3 for hight
from the first light source 15A; FIGURE 17H 15 a schematic graph dlustrating the polar
variation of luounance for the backlight 20 of FIGURE 17A comprising the waveguide of
FIGURE 3 and the optical turning film component 30 with facet 53A, 53B angles a3, #3 of
FIGURES 17A-C for light from the second light source 15B; and FIGURE 171 15 a
schematic graph illustrating the polar variation of luminance for the backlight 20 of FIGURE
17A comprising the waveguide of FIGURE 3 and the optical turoing film component 50 with
facet 53A, 53B angles @3, 3 of FIGURES 17A-C for light from the first and second hight
sources 154, 15B.

[318] Reforng to FIGURE 17C the first facets 53A have respective facet angles a3,
defined between the normal to the facet and a normal (z-direction} to the plane (x-v plang),
that increase across the array with distance x/7. from the mput end 2A of the fust waveguide
1A, and the second facets 53B having respective facet angles 83, defined between the nomal
to the facet and a normal {(z-direction) to the plane {x-y plane}, that decrease across the array
with distance x/Z from the input end 2A of the first waveguide 1A, The first facets 53A have
respective facet angles o3, defined between a normal to the facet and a normal {z-direction)

to the plane {x-v plane}, of between 42.5° and 52.3° and the second facets 53B have
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respective facet angles £3, defined between a nommal to the facet and a normal (z-direction)
to the plane {x-y plane}, of between 42 5% and 52.5°,

[319] A backlight 20 suitable for use m a central automotive display 100 of the type
tHustrated m FIGURE 1D may be provided. A low power mode (o the passenger 45 may be
provided by tHumination of light source 15B. A low power mode to the dniver 47 may be
provided by iflumination of light source 15A. A sharing mode to the passenger 45 and driver
47 may be provided by illunination of light sources 13A, 158, Stray light in the vehicle 650
may be reduced to advantageously achieve mcreased safety during might-time driving and
power efficiency is increased.

326} Embodiments of waveguide facets will now be described.

3211 FIGURE 18A 15 a schematic diagram iHustrating a side view of part of a pupillated
backlight 20 comprising first and sccond waveguides 1A, 1B, Fach waveguide 1A, 1B
comprises gently sloped facets 32A, 32B respoctively and steeply sloped facets 36A, 36B.
The surface normal direction 37A of the facets 36A 1s not in the plane m which the
waveguide 14 extends. The aus 199 15 orthogonal to the plane 1w which the waveguide 1A
extends. The facet 36A has a surface normal direction 37A that is inclined at an angle 39A to
the axis 199, wherein the angle 39A is less than 90 degrees.

[322] o an tlustrative erobodiment the angle 39A may be 55 degrees. More generally, the
angle 39A may be at least 40 degrees and at most 70 degrees, preferably may be at least 45
degrees and at most 65 degrees and more preferably may be at least 50 degrees and at most
60 degrees.

3231 In operation, most light rays 415Ba from the wavegwide 1B are refracted and pass
through the waveguide 1A with a small deviation. However some hight rays 415Bb that are
cutput from the waveguide 1B refract through the gently sloping facet 32A and are incident
on the mternal face of the steeply sloping facet 36A at which the light rays 415Bb undergo
total mtemal reflection. The steeply sloping facet 36A has a surface normal direction 374
such that the totally mternally reflected hight ravs 415Bb are m the same or a similar direction
to the light rays 415Ba. Advantagecusly stray hght is reduced and brightoess is increased.
[324] By way of comparison with the altemative of FIGURE 18A, FIGURE 188 15 a
schematic diagram liustrating a side view of a pupillated backlight 20 comprising first and
second waveguides 14, 1B wherein at least the waveguide 1A comprises steeply sloped

facets 368 with a surface normal direction 37A that is i the plane m which the waveguide
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1A extends. Thus the angle 39A between the axis 199 and surface normal direction 37A is
substantially 90 degrees.

[325] In operation light rayvs 415Bb are reflected by total intemal reflection at the facet 36A
and may be redirected within the waveguide 1A ags illostrated. Such Light rays 415Bb may
provide increased stray light m undesirable polar directions that are different to the polar
directions for light rays 415Ba. Luminance may be increased i undesirable polar directions,
and security level of the display may be degraded.

13261 Further ight sources 17 may be provided.

3271 FIGURE 18C is a schematic diagram illustrating a side view of a pupillated backlight
20 comprising first and second waveguides 14, 1B, each waveguide 1A, 1B comprising first
and second light sources 15A, 17A and 13B, 178 respectively. Features of the embodimenis
of FIGURES 18A-C not discussed in further detail may be assumed to corrgspond io the
features with equivalent refercnce numerals as discussed above, including any potential
variations i the features.

13281 Light rays 415A with cones 4235A are directed o a first optical window 26A, such as
near to a passenger 47 while light ravs 4158 with cones 4258 are directed to a second optical
window 26B, such as near to a driver 45, Further light rays 417A with cones 427A are
directed to the second optical window 26B, while light rays 417B with congs 4278 are
directed to the first optical window 26A.

[329] o comparison to the arrangemerd of FIGURE 17A| the second hight sources 17A,
178 may provide a switchable wide angle output at locations of driver 45 and passenger 47 of
FIGURE 1. Advantageously viewing freedom of the display may be tncreased when hght
sources 17A, 178 are illuminated.

3301 The respective common optical windows 264, 268 may be in the same location n
front of the llumination apparatus.  Advantagecusly bnightness and uniformity may be
mereased.

[331] it may be desirabie to provide an optical window 26 with muliiple hurninance maxima.
[332] FIGURE 1%9A 15 a schematic diagram illustrating a side perspective view of an
optical turning film component 30 comprising first and second arrays of prismatic elements
wherein the first array of prismatic clements comprises curved prismatic clements 51 and
FIGURE 19B is a schematic graph ilustrating the polar vanation of luomisance for a
backlight 20 comprsimg the waveguwide 1 of FIGURE 3 and the optical tuming film

component 50 of FIGURE 19A. Features of the cmbodiment of FIGURE 19A not discussed
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i further detall may be assumed to correspond to the features with equivalent reference
nurnerals as discussed above, including any potential vanations in the features.

[333] The lines of ridges 54A are curved in the plane of the optical tuming film component
50 while the hnes of the ridges 548 are hincar in the plane. As illustrated 1 FIGURE 19B,
such a film may conveniently provide desirably high luminance in the region of an on-axis
user 45 with ficld of view 65 in an on-axis location and a second user 47 in an off-axis
focation with field of view 67. The pupillation of the curved ridges 54A of the optical tuming
film component 50 may be arranged to provide an optical window 26AB {such as illustrated
i FIGURE 5C) at or near the observer 43 m such that the uniformuty across the ficld of view
65 13 advantageously mcreased.

[334] The puptllation of the hncar ndges 548 may provide an extended window 26B such
that uniformity is increased for the observer 47 with field of view 67,

[333] In alicmative emboduments both nidges 34A, 548 may bave lincs that are lincar n the
plane. Advantageously visibility of Moiré may be reduced.

3361 In aliernative embodiments either or both ridges 54A, 548 may have ridges that are
curved. Advantageously uniforouty may be increased for both users 45, 47,

3371 In the embodiment and alternative embodiments of FIGURE 194, advantageously
display efficiency and/or display luminance may be mercased for illamination of observers
with typical viewing focations. The tilts of the ridges, or the anthmetic mean tangeotial angle
projecied on to the plane for first and second ridges 54A, 548 may be adjusted to achiove
location of maximum luminance and desivable observer locations.

[338] FIGURE 19C 15 g schematic diagram illustrating a front perspective view of a
puptiated backlight comprising an optical tuming film with a first array of prismatic
clements that is linear and a second array of pusmatic clements that s curved. Features of
the embodiment of FIGURE 19C not discussed m further detail may be assumed to
correspond to the features with equivalent reference numerals as discussed above, mcluding
any potential variations in the features.

3391 Inthe altermnative embodiment of FIGURE 19C, the hght sources 15B are arranged on
the left-hand side of the waveguide 1B and the light sources 15A are arranged on the lower
side of the waveginde 1A,

13401 In comparison to the hight turing film component 50 of FIGURE 194, the peaks 548

are orthogonal to the lateral divection. Such peak 54B direction provides facets that n
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operation behave in a similar manner (but not identically} to the turning film component 50
as Ulustrated in FIGURES 17B-C.

[341] In companison to the arrangement of FIGURE 178, the embodiment of FIGURE 19C
may advantageously achieve increased lummance to the user 45,

1342] FIGURE 19D is a schematic graph illustrating the polar varation of luninance for
the backlight of FIGURE 19C comprising the waveguide of FIGURE 3 for light from the first
hight source 15A; FIGURE I9E 13 a schematic graph illustrating the polar variation of
fuminance for the backlight of FIGURE 19C comprising the waveguide of FIGURE 3 for
fight from the second light source 15B; and FIGURE 19F is a schematic graph dlustrating
the polar vanation of huminance for the backhight of FIGURE 19C comprising the waveguide
of FIGURE 3 for Light from the first and second light sources 15A, 15B. Advantageously a
backlight 20 suitable for use m a switchable privacy display 100 of the type illustrated
FIGURE 1C may be provided. A privacy mode to the passenger 45 may be provided so the
driver 47 cannot see the displaved image by illamination of light source 153B. A low power
mode to the passenger 45 may be provided by dlumination of light source 158, A low power
mode to the driver 47 may be provided by dlumination of light source 15A. A sharing mode
to the passenger 43 and driver 47 may be provided by illumination of hight sources 154, 158,
[343] It may be desirable to provide different cutputs for different regions of a display.

344} FIGURE 28 15 a schematic diagram illustrating a top view of some clements of a
backlight 20 that 1s segmented. Feamres of the embodiment of FIGURE 20 vot discussed in
further detwl may be assumed to correspond to the features with equivalent reference
numerals as discussed above, including any potential variations m the featurgs.

3451 First light source 15 comprises first and second parts 15A, 15B and second hght
source 17 compnses first and second parts 17A, 178, Waveguide 1 mayv be of the type
tHustrated elsewhere herein, or may be first and second waveguides 1A, 1B for example as
tustrated in FIGURE 168, in which case light sources 15AA, 15AB and light sources 15BA,
15BB arc provided at respective ends of the waveguide.

346] Light rays 413A propagating within the waveguide 1 are mput with an expanding
cone 1n the lateral direction. The microstructures on the surfaces 6, 8 of the waveginde 1
adjust the ray 415A propagation directions to achieve some collimation in the lateral
direction and thus dlumination regions 473A are provided with linuted extent in the lateral
direction. Such collimation can achieve partial iHumination of the backlight 1o regions 473A

that are determingd by the Iocation of the light source along the first mput end 2.
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13471 Simiarly light rays 417B propagating within the wavegmide 1 arc input with an
expanding cone in the lateral direction. Some collumation is provided in the lateral direction
and thus llununation regions 4778 are provided with limited extent 1n the lateral direction.
Such collimation can achieve partial illumination of the backbght in regions 4778 that are
determined by the location of the light source along the input end 4.

[348] Bv control of light sources 134, 158 and 17A, 178, the directionality of output may
be different for different regions of the backlight 20, In an ilustrative example, m one mode
of operations, the left side of the display 106 may be arranged for high image visibility to
both users 43, 47 and the night side of the display 100 may be provided for bigh image
security factor fo a snooper 47 with high tmage vistbility to the user 45. In other illustrative
modes of operation, the whole display 100 may be arranged to be seen by both users 45, 47 or
the whole display 100 may be arranged to be private to the user 45,

[1349] The nuwmber of hight sources 15A-N mav be adjusted to increase the sumber of
addressable regions of display control.

13561 It may be desirable to provide a curved display.

[351] FIGURE 21 is 2 schematic diagram dlustrating a top view of a curved display 100
comprising a hight pupillating optical toming film component 30 Featares of the
embodiment of FIGURE 21 not discussed n further detail may be assumed to correspond to
the features with equuvalent reference numerals as discussed above, including any potential
variations in the features.

[352] In companson to the embodiments described elsewhere heorein, the backlight 20C s
curved. For comparison purposes the backlight 20F that i the backlight 20 before curving
1s itiustrated. The backlight Z0F is provided with a waveguide 1. and optical tuming film
component 50 that is pupillated in at least one axis (by means of variable tilt facets 33, by
means of curved ridges 54 or both) to provide an optical window 26F 10 a window plane
197F as descabed clsewhere herein.  After curving, backlight 20C provides a modified
optical window 26C 1 a modified window plane 197C that 1s closer to the backlight than the
optical window 26F.

[1353] Advantageously the curvature of the display can be provided for comfortable viewing
by the user 45, and the optical window 26C can be provided for desirable image voiforomty
and vanation of uniformity with user 45 location. Further in a privacy display, increased

amitormity of securnity factor can be provided to off-axis snooper 47.
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13541 Operation of the switchable retarders of FIGURE 1A and FIGURE 1B will now be
described.

3551 FIGURE 224 is a schematic diagram itlustrating in side view propagation of output
heht from a spatial hght modulator through the optical stack of FIGURE 1A in a pnivacy
mode of operation.

[356] When the layver 314 of liquid crystal material 414 is driven to operaie i the prvacy
mode, the retarders 300 provide no overall transformation of polarisation component 360 (o
cutput light ravs 400 passing therethrough along an axis perpendicular to the plane of the
switchable retarder, but provides an overall transformation of polarnsation component 361 to
hight rays 415 passing therethrough for some polar angles which are at an acute angle to the
perpendicular to the plane of the retarders.

1357} Polarisation component 360 from the output polariser 218 13 transmitied by reflective
polariser 302 and ncident on retarders 300, On-axis light has a polarisation component 362
that 1s unmodified from component 360 while off-axis light has a polarisation component 364
that is transtormed by the retarders 300, At a mininnm, the polarisation component 361 s
transformed to a linear polarisation component 364 and absorbed by additional polaniser 318,
More generally, the polarisation component 361 1s transformed to an clliptical polarisation
component, that is partially absorbed by additional polariser 318,

1358] The polar distribution of hght transmission illustrated in FIGURE %A wmodifies the
polar distribution of luminance output of the underdving spatial light modulator 48, In the
case that the spatial hight modulator 48 comprises a directional backlight 20 then off-axis
lominance may be further be reduced as described above.

13591 Features of the embodiment of FIGURE 22A not discussed in further detail may be
assumed to correspond to the features with equivalent reference numerals as discussed above,
mehuding any potential variations i the features.

1360] Advantageously, a privacy display is provided that has low luminance to an off-axis
snooper while mamtaming high luminance for an on-axas observer.

[361] The operation of the reflective polariser 302 for hght from ambient light source 604
will now be deseribed for the display operating in privacy mode.

13621 FIGURE 228 is a schematic diagram illustrating in top view propagation of ambient
tHumination light through the optical stack of FIGURE 1A in a privacy mode of operation.
3631 Ambient light source 604 iluminates the display device 100 with unpolansed hight.

Additional polariser 318 transmits light ray 410 normal to the display device 100 with a first
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polarisation component 372 that 1s a hingar polansation component paralie! to the electric
vector transmission direction 319 of the additional polariser 318,

3641 In both states of operation, the polarisation component 372 remains unmodified by the
retarders 300 and so transmitted polarisation component 382 is paraliel to the transmission
axis of the reflective polanser 302 and the output polariser 218, 50 ambient fight is directed
through the spatial ight modulator 48 and lost.

[363] Bv comparison, for ray 412, offeasus hight is directed through the retarders 300 such
that polarisation component 374 incident on the reflective polariser 302 may be reflected.
Such polarisation component is re~converted nto component 376 affer passing through
retarders 300 and is transmitted through the additional polariser 318,

[366] Thus when the layer 314 of liquid crvstal material 1s in the second state of said two
states, the refiective polariser 302 provides no reflected light for ambient light rays 410
passing through the additional polaniser 318 and then the retarders 300 along an axis
perpendicular to the plane of the retarders 300, but provides reflected hight ravs 412 for
ambient light passing through the additional polariser 318 and then the retarders 300 at some
polar angles which are at an acute angle to the perpendicular to the plane of the retarders 300;
wherein the retlected light 412 passcs back through the retarders 300 and is then transmitted
by the additional polaniser 318,

13671 The retarders 300 thus provide no overall transformation of polarisation component
380 to ambient light ravs 410 passing through the additional polarser 318 and then the
retarder 300 along an axis perpendicular o the plane of the switchable retarder, but provides
an overall transformation of polarisation component 372 to ambient light ravs 412 passing
through the absorptive polariser 318 and then the retarders 300 at some polar angles which
arc at an acuie angle to the perpendicular to the plane of the retarders 300

1368] The polar distribution of light reflection llustrated in FIGURE 9B thus illustrates that
high reflectivity can be provided at typical snooper locations by means of the privacy state of
the retarders 300 Thus, n the privacy mode of operation, the reflectivity for off-axis viewing
positions is increased as hustrated in FIGURE 98, and the huminance for off-axis light from
the spatial light modulator 18 reduced as tHustrated 10 FIGURE 9A

13691 In the public mode of operation, the contro! system 710, 752, 350 is arranged 1o
switch the switchable lquid crystal retarder 301 into a second retarder state in which a phase

shift is imtroduced to polarisation components of hght passing therethrough along an axis
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mclined to a normal (z-direction) to the plane {x-v plane) of the switchable liqeud crystal
retarder 301,

[370] By way of comparison, solid angular extent 413D may be substantially the same as
solid angular extent 4158 in a public mode of operation.  Such control of output solid angular
extents 415C, 4150 may be achieved by synchronous control of the sets 15, 17 of light
sources and the at feast one switchable liquid ervstal retarder 360,

[371] Advantageously a privacy mode may be achieved with low 1mage visibility for off-
axis viewing and a large solid angular extent may be provided with high efficiency for a
public roode of operation, for shaning display tmagery between multiple users and mcreasmg
image spatial umformity.

[372] Additional polariser 318 is arranged on the same output side of the spatial hight
moduelator 48 as the display output polariser 218 which may be an absorbing dichroic
polaniser. The display polaniser 218 and the additional polariser 318 have electric vector
transmiasion directions 219, 319 that are parallcl. As will be descrnbed below, such parallel
alignment provides high transmission for central viewing locations.

(3731 A transmissive spatial light modulator 48 arranged 1o receive the output light from the
backlight; an input polariser 210 arranged on the mput side of the spatial hight modulator
between the backlight 20 and the spatial light modulator 48; an output polariser 218 arranged
on the cutput side of the spatial light modulator 48; an additional polariser 318 arranged on
the output side of the output polanser 218; and a switchable higuid crysial retarder 300
coroprising a layer 314 of hiquud crystal matenal arranged between the at least one additional
polariser 318 and the output polariser 218 in this case in which the additional polariser 318 18
arranged on the cutput side of the output polariser 218; and a control system 710 arranged to
synchronously control the light sources 135, 17 and the at teast one switchable hguid crvstal
retarder 300.

1374} Control systemn 710 further comprises control of voltage controller 732 that is
arranged to provide control of voltage driver 330, in order to achieve countrol of switchable
bagwd crystal retarder 301,

1375] Features of the embodiment of FIGURE 22B not discussed 1n further detail may be
assumed to correspond to the features with equivalent reference numerals as discussed above,
mchuding anv potential vanations m the features.

[376] Advantageously, a privacy display 1s provided that has high reflectivity to an off-axis

snooper while maintaining low reflectivity for an on-axis observer. As described above, such
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mcreased reflectivity provides enhanced privacy performance for the display in an ambiently
ihuminated environment,

[377] Operation in the public mode will now be desernibed.

[378] FIGURE 23A s a schematic diagram iHlustrating in side view propagation of output
light from a spatial light modulator through the optical stack of FIGURE 1A in a public mode
of operation; and FIGURE 23B s a schomatic graph illustrating the vanation of output
tuminance with polar direction for the fransmitted hght rays 10 FIGURE 23A.

13791 Features of the embodiment of FIGURE 23A and FIGURE 23B not discussed m
further detaid may be assumed to comrespond fo the features with cquivalent reference
mumnerals as discussed above, including any potential variations n the features.

[380] When the liguid crvstal retarder 301 is 1 a first state of said two states, the polar
control retarder 300 provides no overall transformation of polarisation component 360, 361 to
output light passing therethrough perpendicular to the plane of the switchable retarder 301 or
at an acute angle to the perpendicular to the plane of the switchable retarder 301, That 18
polarisation component 362 is substantially the same as polarisation component 360 and
polarisation componerd 364 is substantially the same as polarisation component 361 Thus
the angular transmission profile of FIGURE 23B is substantially umiformly transmitting
across a wide polar region.  Advantageously a display may be switched o a wide field of
view.

(381} FIGURE 23C is a schematic diagram illustrating in top view propagation of ambient
tHumination hight through the optical stack of FIGURE 1A m a public mode of operation; and
FIGURE 23D 15 a schematic graph illustrating the vanation of reflectivity with polar
direction for the reflected light rays i FIGURE 23C.

[382] Thus when the liquid covstal retarder 301 1s in the fivst state of said two states, the
retarders 300 provide no overall transformation of polarisation component 372 to ambient
light rays 412 passing through the additional polariser 318 and then the retarders 300, that is
perpendicular to the plane of the retarders 300 or at an acute angle to the perpendicular to the
plane of the retarders 300

[383] In operation in the public mode, input light rayv 412 bas polansation state 372 after
transmission through the additional polanser 318, For both head-on and off-axis directions
no polarisation transformation occurs and thus the reflectivity for light ravs 415 from the
reflective polariser 302 18 low. Light rav 412 1s transmitied by reflective polaniser 302 and

lost in the display polarisers 218, 210 or the backlight of FIGURE 1A,
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3841 Features of the embodiment of FIGURE 23C and FIGURE 23D not discussed m
further detaid may be assumed to comrespond fo the features with cquivalent reference
mumnerals as discussed above, includimg any potential vanations i the features.

[385] Advantageously in a public mode of operation, high himinance and low reflectivity is
provided across a wide field of view. Such a display can be conveniently viewed with high
contrast by multiple observers.

[386] Other types of switchable privacy display will now be described.

13871 A display device 100 that may be swiiched between privacy and public modes of
operation comprises an imaging wavegiide and an arrayv of light sources as described 1 U S,
Patent No. 9,519,153, which 1s incorporated by reference herein in ifs entirety. The imaging
waveguide mmages an array of light sources to optical windows that may be controlled to
provide high luminance on-axis and low luminance off-axis in a privacy mode, and high
luminance with a large solid angle cone for public operation.

[388] As mayv be used heremn, the terms “substantially” and “approximately” provide an
mdustry-accepted tolerance for its corresponding term and/or relativity between ttems. Such
an industry-accepted tolerance ranges from zero percent o ten percent and corresponds 1o,
but 15 not hmited to, component values, angles, et cetera. Such relativity between items
ranges between approuamately zero percent o ten percent,

1389 While various embodiments i accordance with the principles disclosed herein have
been described above, it should be understood that they have been presenied by way of
example only, and not mitation. Thus, the breadth and scope of this disclosure should not
be limited by any of the above-described exemplary embodiments, but should be defined only
m accordance with anyv claims and their equivalents issuing from this disclosure,
Furthermore, the above advantages and featurces are provided in described embodiments, but
shall not it the apphication of such 1ssued claims to processes and structures accomplishing
any or all of the above advantages.

1390] Addmionally, the section headings herewn are provided for consistency with the
suggestions under 37 CFR 1.77 or otherwise to provide organizational cues. These headings
shall not limit or characterize the embodiment(s} set cut i any claims that may issuc from
this disclosure. Specifically and by wav of example, although the headings refer 1o a
“Toechrical Field,” the claims should not be himied by the language chosen under this
headimg to describe the so-called field Further, a description of a technology i the

“Background” is not to be construed as an adoussion that certain technology s prior art to
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any e¢mbodiment{s} in this disclosure. Neither is the “Swmomary” o be considered as a
characterization of the embodiment(s) set forth in issued claims. Furthermore, any reference
i this disclosure to “invention” in the singular should not be used to argue that there 1s onlv a
single point of novelty in this disclosure. Multiple embodiments may be set forth according to
the limitations of the nmultiple claims issuing from this disclosure, and such claims
accordingly define the embodiment(s), and their equivalents, that are protected thereby. Tn all
mstances, the scope of such claims shall be considered on their own ments in hght of this

disciosure, but should not be constrained by the headings set forth herein.
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Claims;

i, An itlumination apparatus comprismg;

at least one light source arranged to provide inpat hght

a waveguide arrangement comprising af least a first waveguide that extends across a3
plane and comprises’

first and second opposed hight guwding surfaces arranged to guide light along
the first waveguide, the second light guiding surface being arranged to guide light by
total mntemal reflection; and
an input end arranged between the first and second hght guiding surfaces and

extending i a lateral direction between the first and second hight gundimg surfaces,

the first waveguide being arranged o receive the input light from the at least one light
source through the mput end, and being amranged to cause hight from the at least one hight
souree o exit from the first waveguide through the second light guiding surface by breaking
total mternal reflection; and

an optical tuming film component comprising:

an input surface arranged to receive the light exiting from the first waveguide, the
mput surface extending across the plane; and

an output surface facing the mput surface,

wherem the nput surface comprises:

an array of prismatic elements each compnsing a pair of facets defining a ridge
therebetween, the nidges extending along an array of hnes across the plane in which the input
surface extends, wherein the prismatic elements are arranged to deflect the light exiting the
first waveguide, the deflection varyving in at least one direction across the plance so that the
deflected light is directed towards a common optical window in front of the illumination

apparatus.

2. An illumination apparatus according to claim 1, wherein the lines are curved across
the plane so that the deflection varies m a direction that 1s orthogonal to an optical axis

normal to the plane and corresponds to the lateral direction.

3. An itHumination apparatus accordimg to claim 2, wherein the facets have respective

facet angles, defined between a nomnal to the facet and a normal to the plane, that vary across
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the array so that the deflection further varies in a direction that is orthogonal to the optical
axis and corresponds to a direction orthogonal to the lateral direction, so that the deflected
hight is divected towards a further, common optical window in front of the illumination

apparatus.

&, An illummation apparatus according o claim 3, wherem the first mentioned common
optical window and the further common optical window are defined at different distances m

front of the Hlumination apparatus.

5. An itHlumination apparatus according to claim 3, wherein the first mentioned common
optical window and the further common optical window are defined at the same distance

front of the tlomination apparatus.

6. An illumination apparatus according to claim 1, wheren the facets have respective
facet angles. defined between a normal €0 the facet and a normal o the plane, that vary across
the array so that the deflection varies in a direction that is orthogonal to an optical axis

normal to the plane and corresponds to a direction orthogonal to the lateral direction.

7. An illumination apparatus according to any one of the preceding claims, wherein the
lines of the array bave an anthioctic mean tangential angle projected on to the plane of O°

from the lateral direction.

8. An illumination apparatus according to any one of the preceding claims, wherein the
lines of the array have an arthmetic mean tangential angle projected on to the plane that is

melined at more than 0° from the lateral direction.
9, An illummation apparatus according to anv one of the preceding claims, wherein the
optical tarning film component has a rectangular shape across the plane and the lateral

direction s along a major or minor axis of the rectangular shape.

10 An itllununation apparatus according to any onc of the preceding claims, wherein the

output surface 1s planar.
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11, An illumination apparatus according to any onc of the preceding claims, wherein the
facets have respective facet angles, defined between a nommal to the facet and a normal to the
plane, of between 40° and 70°, preferably between 42.5° and 63°, and more preferably

between 42.5° and 62.5°.

12, An illummation apparatus according to anv one of the preceding claims, wherein at
cast some of the facets have respective facet angles, defined between a normal to the facet

and a normal to the plane, of between 52.5°% and 62 5°

13, An:illununation apparatus according o any one of the preceding claims, wherein
respect of at least some of the facets have respective facet angles, defined between a normal

to the facet and a normal €0 the plane. of between 42.5% and 52.5°,

4. Anillumination apparatus according fo any onc of the preceding claims, wherein at
cast some of the facets have respective facet angle, defined between a normal to the facet

and a normal to the plane, of between 440° and 52.5°,

15, Anillumination apparatus according to any one of the proceding claims, wherein in
cach pair of facets, a first facet has a normal on the internal side of the mput surface that s
mnclined towards the input end of the first waveguide and a second facet has a normal on the
miermnal side of the input surface that 1s mchned away from the mput end of the first
waveguide, the first facets having respective facet angles, defined between the normal to the
facet and a normal to the plane, that vary across the array so that the deflection varies in a
direction that 1s orthogonal to ao optical axis normal to the plane and corrcsponds o a

direction orthogonal to the Iateral direction.

16 An illumination apparatus according to claim 13, whercin the first facets have
respective facet angles, defined between a normal fo the facet and a normal to the plane, of

between 52.5% and 62.5°.

17, Anillununation apparatus according to claim 15 or 16, wherein the second facets
have respective facet angles, defined between the normal fo the facet and a normal to the

plane, that are constant across the array.
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18, Anillununation apparatus according to claim 15 or 16, wherein the second facets
have respective facet angles, defined between the normal fo the facet and a normal to the

plane, that vary across the array .

19 An illummation apparatus according to any one of claims 15 to 18, wherein the
second facets have respective facet angles, defined between a normal to the facet and a

normal o the plane, of between 40° and 52.5°.

20, Anillununation apparatus accordmg o claim |3, wherein the first facets have
respective facet angles, defined between the nommal to the facet and a normal to the plane,
that increase across the array with distance from the input end, and the sccond facets having
respective facet angles, defined between the noumal to the facet and a nommal to the plane,

that decrease across the array with distance from the input end.

21, Anillupunation apparatus according to claim 20, wherein the first facets bave
respective facet angles, defined between a normal to the facet and a normal to the plane, of
betwesn 42 .5° and 52.5°% and the second facets have respective facet angles, defined between

a normal to the facet and a normal to the plane, of between 42 5% and 52 .5°,

22, Anillumination apparatus according to any one of the preceding clatms, wherein the

at least one hight source comprises an array of light sources arrayed across the input end.

23, Anidlumination apparatus according to any one of the preceding claims, wherein the
common optical window s aligned with an optical axis that extends from the centre of the

optical turning film component normal to the plane.

24, An illumination apparatus according to any one of claims 1 to 22, wherein the
common optical window 1s offset from an optical axis that extends from the centre of the

optical turning film component normal to the plane.

25, Anillumination apparatus accordimng to any one of the preceding claims, wherein the

first waveguide further comprises a second input end arranged between the first and second
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fight guiding surfaces opposite to the first mentioned input end, and the ilununation
apparatus further comprises at least one second light source arranged to input light into the
waveguide through the second input end 1n an opposite dircction from the at least one first

mentioned hight scurce.

26. An illumination apparatus according to any one of claims 1 to 24, wherein
the illumination apparatus further comprises at least one second light source arranged
to provide input light 1n an opposite direction from the af least one first mentioned hight
souree as viewed along the optical axis normal to the plane;
the waveguide arrangement further comprises a second waveguide that extends across
the same plane as the first waveguide and comprises:
first and second opposed light euiding surfaces arranged to guide light along
the first waveguide, the sccond hight guiding surface being arranged to guide light by
total mternal reflection; and
an nput end arranged between the first and second light guiding surfaces and
extending in a lateral direction between the first and second hight guiding surfaces,
the second waveguide being arranged to receive the mput hight from the at least one
second light source through the input end, and bemng arranged to cause light from the at least
one second hght source fo exit from the second waveguide through the second fight guiding
surface by breaking total intemal reflection, and
the input surface of the optical tuming film component being arranged to receive the

hight exiting from the first waveguide and the seccond waveguide.

27 Anilupunation apparatus according to claim 25 or 26, wherein the lines are straight
and the facets have respective facet angles, defined between a normal to the facet and a
normal to the plane, that vary across the array so that the deflection varnics in a direction that
is orthogonal to the optical axis and corresponds to a durection orthogonal to the lateral
direction so that the deflected light from each input end is directed towards respective

common optical windows in front of the tHhunination apparatus.

2% Anidlupunation apparatus according to claim 27, whercin the respective commeon

optical windows are m the same location i front of the ilhumination apparatus.
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29, An illumination apparatus according to claim 27, whercin the respective common

optical windows are in differcut locations n front of the lununation apparatus.

30, An:iilumination apparatus according to clatm 25 or 26, wherein the lines are curved
so that the deflected light input through the first end 15 directed towards a common optical
window n front of the thuwmination apparatus and the deflected hight input through the second

end 1s directed towards a virtual common optical window behind the itlumination apparatus.

31, Anilununation apparatus according to any onc of clatms 25 to 28, further comprusing
a control system arranged (o control the at least one first hight source and the at least one

second light source independently,

32 An illummation apparatus according to claim 30, wherein in one mode of operation
the control aystem 18 arranged to provide llumination from both the at least one first hght
source and the at least one second light sources so as to increase spatial unifornuty of

ihumination across the iHumination device for at least one viewing location.

33, Anillumination apparatus according to any one of claims 25 to 32, wherein the
waveguide is arranged to cause light from the at least one first light source and the at least

one second tight source to exit from the waveguide with differcnt angular distubutions.

34. An illumination apparatus according to any one of claims 25 to 32, wherein the
waveguide is arranged 1o cause light from the at least one first hght source and the at least

one second hight source to exat from the waveguide with a conmmon angular distribution.

Lot
h

A backlight apparatus comprising:
an tllununation apparatus according to any onc of the preceding claims; and
a rear retlector arranged to receive hght exiting from the first surface of waveguide

and direct 1t back through the waveguide.

36. A display apparatus comprising:
a backhight apparatus according to claim 35; and

a spatial hight modulator arranged to receive light from the backlight apparatus.
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37. A display apparatus according to claim 36, further comprising

at least one display polaniser arranged on a side of the spatial light modulator;

an additional polariser arranged on the same side of the spatial light modulator as the
display polariser; and

at least one polar control retarder arranged between the display polariser and the
additional polariser, the at least one polar control retarder including a switchable hquid

crystal retarder comprising a laver of figund crystal material.

38. A vechicle having a display apparatus according o claim 27 mounted theren.
39 An optical turping film component comprising:

an input surface for receiving light exiting from a waveguide through a ight guiding
surface ot the waveguide by breaking total internal reflection, the mput surface extending
across a plane; and

an output surface facing the input surface,

wherein the input surface comprises:

an array of prismatic clements each comprising a pair of facets defining a nidgs
therebetween, the ndges extending along an array of lines across the plane in which the mput
surface extends, wherem the prismatic clements are arranged to deflect the hight exating the
waveguide, the deflection varving in at least one direction across the plane so that the
deflected hight is directed towards a common optical window in front of the Hlumination

apparatus.

40, An optical tuming fibm component according to clatm 39, wherein the hines are
curved across the plane so that the deflection varies in a direction orthogonal to an optical

axis that is noral 1o the plane and corresponds to the lateral direction.

41, Anoptical turning film component according to claim 40, wherein the facets have
respective facet angles, defined between a normal to the facet and a normal to the plane, vary
across the array so that the deflection further varies in a direction that is orthogonal to the
optical axis and corresponds to a divection orthogonal to the lateral direction, so that the

deflected light is directed towards a further, common optical window n front of the
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tHumination apparafus.

42, An optical turing film component according to claim 39, whereimn the facets have
respective facet angles, defined between a normal to the facet and a normal to the plane, vary
across the array so that the defiection varies 1 a direction that is orthogonal to an optical axis

normal to the plane and corresponds to a direction orthogonal fo the lateral direction.

43, An optical turning film component according to any onc of claims 39 to 42, wherein
the lines of the array have an arithmetic mean tangenual angle projected on to the plane of O°

from the lateral direction.

44, Anoptical turning film component according fo any one of claims 39 to 43, whercin
the hines of the array have an arithmetic mean tangential angle projected on to the plane that

1s inclined at more than 0° from the lateral direction.

45, An optical turming film component according to any one of claims 39 to 44, wherein
the optical turming film component has a rectangular shape across the plane and the lateral

direction 1s along a major or nunor axis of the rectangular shape.

46, An optical turoing film component according o any one of claims 39 to 35, wherein

the output surface is planar.

47, An optical turning film component according to any onc of claims 39 to 46, wherein
the facets have respective facet angles, defined between a normal to the facet and a normal to
the plane, of between 407 and 70°, preferably between 42.5° and 65°, and more preferably

between 42.5% and 62.5°

48, An optical turping film component according to anv one of claims 39 to 47, wherein
at least some of the facets have respective facet angles, defined between a normal to the facet

and a normal to the plane, of between 52.5°% and 62 5°

48 An optical turming film component according to any one of claims 39 o 48, wherem

i regpect of at least some of the facets have respective facet angles, defined between a
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normal 0 the facet and a normal o the plane, of between 42.5% and 52.5°.

50.  Anoptical turming film component according 1o any one of claims 39 to 49, wherein
at least some of the facets have respective facet angle, defined between a normal to the facet

and a normal 1o the plane, of between 40° and 52.5°

51 An optical turping film component according to anv one of claims 39 to 50, wherein
mn cach pair of facets, a first facet has a normal on the internal side of the input surface that is
mchined towards a first side of the optical turning film and a sccond facet bas a normal on the
miernal side of the input surface that 15 inchined towards a second side of the optical turnmg
film oppostte to from the first end, the first facets having respective facet angles, defined
between the normal to the facet and a normal to the plane, that vary across the array o that
the deflection varies tn a direction that is orthogonal to an optical axis nommal to the plane

and corresponds {o a divection orthogonal to the lateral direction.

52.  Anoptical turming film componeut according to claim 51, wherein the first facets
have respective facet angles, defined between a normal to the facet and a normal to the plane,

of between 52.5% and 62.5°.

53 An optical turoing film component according fo clatm 51 or 52, wherein the second
facets have respective facet angles, defined between the nommal to the facet and a normal 1o

the plane, that are constant across the array,

54.  An optical turming film component according to claim 51 or 32, wherem the second
facets have respective facet angles, defined between the normal to the facet and a normal to

the plane, that vary across the array.

55 An optical turping film component according to anv one of claims 51 to 54, wherein
the second facets have respective facet angles, defined between a normal to the facctand a

normal o the plane, of between 40° and 52.5°.

56.  Anoptical turming film component according 1o claim 51, wherein the first facets

have respective facet angles, defined between the normal to the facet and a normal to the
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plane, that increase across the array in a direction from the first side to the second side, and
the second facets having respective facet angles, defined between the nommal to the facet and
anormal to the plane, that decrease across the array m direction from the first side to the

second side.

57 An optical turoing film component according 1o claum 56, wherein the first facets
have respective facet angles, defined between a normal to the facet and a normal to the plane,
of between 42.3° and 52 .5° and the second facets have respective facet angles, defined

hetween a normal to the facet and a nowmal o the plave, of hetween 42.5° and 52.5°.

38. An optical turning film component according o any one of claims 39 t¢ 57, wherem
the common optical window is aligned with an optical axis that extends from the contre of

optical turming film component normal to the plane.

59.  An optical turning film component according to any onc of claims 39 to 57, wherein
the common optical window 1s offset from an optical axis that extends from the centre of

optical turning film component normal to the plane.

60.  Anoptical turning film component according 1o any one of claims 39 o 59, wherein
the hines are straight and facet angles of respective tacets, defined between a normal to the
facet and a normal to the plane, vary across the array so that the deflection varies in a
direction orthogonal to the optical axis corresponding to a direction orthogonal to the lateral

direction.

61, Anoptical tuming film component according to any one of claims 39 to 5398, wherein

the lines are curved so that the deflected light 1nput through the first end is directed towards a
coramon optical window 1n front of the optical tuming film component and the deflected hght
mput through the second end 15 directed towards a virtual common optical window behind the

optical tarning film component.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 8-38, 44-61

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lII  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this intemational search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the mvention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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