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FIG. 24

tial light modulator and a polar control retarder comprising a switchable liquid
crystal retarder arranged between a first pair of polarisers. The switchable liquid
crystal retarder comprises a polarisation-switch retarder and a polar control re-
tarder with an average director that is directed towards an off-axis viewing loca-
tion. In a first temporal phase of operation, the spatial light modulator and polar
control retarder are arranged to direct light comprising a first image towards a
first direction and in a second temporal phase of operation to direct light com-
prising a second image towards a second direction.
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Directional display apparatus

TECHNICAL FIELD

[¢1]  Ths disclosure generally relates to ithumnation from light modudation devices, and more
specifically relates to optical stacks for providing control of illumination for use in display mcluding

dual view display, privacy display and night-time display.

BACKGROUND

[02]  Privacy displays provide unage visibihity to a primary user that is typically in an on-axis
position and reduced visibility of ieage content to a snooper, that is typically in an off-axis position. A
privacy function may be provided by micro-louvre optical filmas that tragsmit some bght from a display
in an on-axis direction with low laminance in off-axis positions. However such filres have high losses
for head-on ithumnation and the micro-louvres may cause Moixé artefacts due to beating with the pixels
of the spatial light modulator. The pitch of the micro-louvee may need selection for pangl resohution,
mereasing imventory and cost.

[03]  Swiichable privacy displavs may be provided by control of the off-axis optical ouiput.

[064]  Control may be provided by means of luminance reduction, for example by means of switchable
backhights for a higuid crystal display (LCD) spatial hght modulator. Display backhights in gencral
employ waveguides and edge cmiiting sources.  Certain imaging directional backlights have the
additional capability of directing the tllmunation through a display pancl into viewing windows. An
imaging sysiem may be formed between multiple sources and the respective window 1mages. Oue
cxample of an imaging directional backlight is an optical valve that may cmploy a folded optical system
and hence may also be an example of a folded imaging directional backlight. Light may propagate
substantially without loss v one direction through the optical valve while counter-propagating light
may be exiracted by reflection off titted facets as described 1 U8, Patent No. 9,519,153, which is

herern mcorporated by reference in its entirety.

BRIEF SUMMARY

[0S]  According to a first aspect of the prescot disclosure there is provided a display device
comprising: a spatial light modulator amranged to output spatially modulated light; a display polariser
arranged on a side of the spatial light wodulator, the display polariser being a huear polariser; and a
view angle control arrangement comprising: an additional polaniser arranged on the same side of the
spatial bght modulator as the display polariser, the adduional polariser being a linear polaniser; and at
{east one polar control retarder and a polarisation-switch retarder arrangad between the display polariser
and the additional polariser, wherein the polarisaton-switch retarder is switchable between a first mode
in which the polarisation-swiich retarder 1s arranged to ouiput a first polarisation state and to a second

Page 1 of 82



WO 2023/196440 PCT/US2023/017639

mode m which the polansation-swrich retarder 1s arranged to oulput a second polarisation state
orthogonal to the fust polarisation state, and the view angle control arrangement and display polariser
have a profile of ransmission by angle having a local minimum in a first direction in the first mode and
a local munimum in g second direction in the second mode.

[06] A display may be provided with first and second directions in which a low luminance image
may be provided. The first low hmminance direction may be provided to a user such as the dnver of car
while a passenger sees 2 high luminance image. Advantagecusly cross alk o the driver from the
passenger’s image may be reduced. The second low luminance direction may be provided to a user
such as the passenger of car while a driver sees a high huminance image. Advantageously cross talk to
the passeonger from the passenger’s image may be reduced and tmage contrast improved for cach display
UIET.

[07]  The display deovice raay further comprise a control system arranged to control the spatial light
modulator and the polarisason~switch retarder, wherein the countrol system may be arranged to operate
in a dual view mode of operation 1n which the control system, in first temporal phases, controls the
spatial light modulator to display a frst image and switches the polanisation-switch retarder into the
second mode, and, in second temporal phases that are dme-multiplexed with the first temporal phases,
controls the spatial hight modulator to display a second image and switches the polarisation-swiich
retarder into the first mode. A dual view display may be provided in which in the first phase a user
such as a passenger secs a first image and the driver sees the first image with low uminance; and 1o the
second phase a user such as a driver sces a second image and the passenger sces the second image with
fow hominance. Cross talk between the driver and passenger images may be advantageously reduced.
The drver and passenger images are different; for example the passeager may view infotainment
content and the driver may see image content that 1§ non-distracting for the safe operation of the vehicle.
The secunty factor of a pnvacy display may be ncreased, o advantageously further reduce dnver
distraction. In other applications, the users may be in a non-auntomotive setting, for example for sharing
different muage data on a comumon display device such as a laptop, monitor, cell phone, tablet, or
television

[08]  The control system may be further arranged to operate in a share mode of operation in which
the contro] svstem, 1o first teraporal phases, controls the spatial light modulator to display a common
image and swiiches the polarisation-switch retarder mio the second mode, and, in second temporal
phases that are time-multiplexed with the first temporal phases, controls the spatial light modulator to
display the cooumon Buage and switches the polarisation-switch retarder into the first mode.
Advantageously the driver and passenger may share the same image with high liminance and contrast.
[(9]  The control systera may be arranged (o contro] the spatial light modalator and the polarisation-
switch retarder in the first and second temporal phases in regions of the display device that are scanned

across the display dovice. Cross talk between the difforont images may advantageously be reduced for
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at least some regions of the display i comparison {o a non-scanned display device. The impulse
response of the display may be mmproved, advantageously achieving increased fidelity of fast moving
wnages.
[18]  The polarisation-switch retarder may comprise a layer of figaid orystal malerial, and the display
evice may further comprise: two surface alignment lavers disposed adjacent to the layer of liquid
cryvstal material of the polarisation-gwitch retarder and on opposite sides thereof, and an clectrode
arrangemend arranged 1o apply voltages to the laver of Hguid crystal material of the polarisation-gwiich
retarder for switching the polanisation-switch retarder. The polarisation-switch retarder may be
conveniently provided in a thin structare with low cost and fast switching response times,
{11]  The surface alignment layers disposed adjacent to the layer of liquid crysial rasterial of the
polarisation-switch retarder may each be arranged to provide homogenous alignment m the adjacent
liguid crystal material. A fast switching polarisation switch mav be provided.
{121  The at least one polar control retarder may comprise a passive polar control retarder. The
passive polar control retarder may comprise a layer of hquad crystal material that s cured. Thickness,
cost, and complexity of the polar control retarder may advantageously be reduced.
[13]  Thelaver of liquid crystal material of the passive polar control retarder may have a homogenous
aligament on one side thereof and may have homeotropic alignment on the other side thereof
Fuminance minima at desirable polar directions may be provided.
[14]  The at least one polar control retarder may comprise a switchable bquid crystal retarder
comprising a laver of ligquid crystal material, and the display device may further comprise: two swrface
alignmment lavers disposed adjacent to the layer of liguid crystal matenal of the switchable liguid crystal
retarder and on oppostic sides thereof, and an ¢lectrode arrangement arranged to apply voltages to the
laver of ligwmd crystal material of the switchable hquad crystal retarder. The polar control retarder may
be controlled to provide local minima in the dual view mode of operation and wide field of view in the
share mode of operation.  Advantageously viewing frcedom in share mode of operation may be
mercased. The location of the minima may be controlled in response to measured user locations by
means of conirod of the voliage across the liguid crystal laver of the polar control retacder.
Advantageously cross talk may be reduced over an mereased range of viewing angles for the display
Uers.
[15]  One of the surface aligament lavers disposed adjacent to the laver of hiquid crvstal material of
the switchable liquid crystal retarder may be arranged to provide homogenous alignment in the adjacent
liguid covstal matedial, and the other of the surface aligement lavers disposed adjacent to the layer of
Hgquid crystal material of the switchable liguid orvstal retarder may be arranged to provide homeotropic
aliganment 1 the adjacent hquud crystal material.  Advantageousty fiest and secound mimima may be

directed to desirable directions and cross talk may be minimised.
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[16]  The layer of bauid crystal material of the switchable hamd crysial retarder may have a twist.
The twist may be in a range from 60° (o 120, preferably in a range from 70° to 90°. Advastageously
a share mode with wide viewing angle may be achicved.

[17] At least one of the swrface alignment layvers disposed adjacest to the layver of hgmd ceystal
matenial of the swiichable ligquid crvstal retarder may bave a pretilt baving a pretilt direction with a
component in the plane of the layer of hiquud crystal material that may be at an acute non-zero angle to
the electric vector transmission directions of at least one of the display polanser and the additional
polariser in at least part of the display device. Advantageously first and second minima may be directed
to desirable directions and cross talk may be munimised.

{18]  The at least one polar conirol retarder may further comprise at least one passive corcection
retarder. At feast one passive correction retarder may have an optical axas in the plane of the passive
corrcetion retarder. At least ong passive correciion wwiarder may have an optical axis orthogonal to the
plane of the passive correction retarder. Comrection of residual m-plane and out-oftplane retardance
may be provided. Advantageously the location of the polar mintma may be provided at desweable
dircctions, and the size of the region of low transmission may be increased.

[19]  The view angle control arrangement may further comprise at least one polansation-rotation
retarder arranged between the display polariser and the additional polariser and arranged to rotate the
direction of the polarisation state passing therethrough. A spatial light modulator with desirable

polariser ransmission directions may be achicved. Dhsplay luminance when the users are wearing

L83

unglasses may be increased. Display contrast with lateral viewing angle may be increased. Efficiency
of transmission of hight from a backlight may be wmcreased.

{201  The fust direction and the second duection may cach be nclined with respect to a direction
normal to the plane of the display device. Advantageously a centre console dual view display or privacy
display for an antomotive vehicle may be provided.

{21]  Said display polariser may be an output display polariser arranged on the output side of the
spatial light modulator. Advantageously thickness of backlight components may be reduced.

{221  The spatial light modulator may comprise an emissive spatial ight modulator arranged to emit
the spatally modulated light. Advantageously display thickness may be reduced.

{23]  The spatial light modulator may comprise a transmissive spatial heht modulator and the display
device may further comprise a backlight arranged to illuminate the spatial light modulator.
Advantageously a backbight with directional ilhipmination may be provided to reduce cross talk in
cooperation with the view angle control arrangements.

{24]  The spatial light modulator may comprise a transmussive spatial hght modulator and the display
device may further comprise a backlight arranged to illaminate the spatial light moduelator and said
display polariser may be an input display polariser arranged on the input side of the spatial hight

modulator.  Advantageously frontal refloctions from compounents arranged botween the spatial light
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modulator and users may be reduced.

[25]  The display device may further comprise: an output display polariser arranged on the cutput
side of the spatial light modulator; a further additional polariser arranged on the output side of the spatial
light modulator, the further additional polariser betng a lincar polariser; and at least one further polar
conirol retarder and a further polarisation-switch rtetarder arranged between the further additional
polariser and the ocutput display polariser. Advantageously cross talk may be reduced.

[26]  The display device may further comprise: a further additional polariser arranged on the same
side of the spatial light modulator as the additional polariser outside the additional polariser, the further
additional polariser being a lincar polariser; and at least one further polar control retarder and a further
podarisation-switch retarder sresnged between the additional polariser and the further additional
polariser. Advantageously cross talk and frontal reflections may be reduced.

{271  The backlight may comprisc: at feast onc furst bight source arranged to provide input light; at
feast one second light sowrce arranged to provide input light in an opposite direction from the at least
one first light source; a waveguide amrangement comprising at least one waveguide, the wavegumde
arrangeracnt being arranged to receive the input ight from the at least one first light sowrce and the at
least one second light source and to cause light from the at least one first light sowrce and the at least
one second light source to exit from the waveguide arangement by breaking total intemal reflection,
and an optical turnung fifm coraponent comprising: an input surface arranged to receive the light exiting
from a waveguide through a light goiding surface of the wavegnide by breaking total internal refiection,
the input surface extending across the plane; and an output surface facing the input surface, wherein the
mput surface may comprise an array of pnismatic elements. Separate illumination directions may be
provided to the display device users. Cross talk may advantageously be reduced.

28]  Auny of the aspects of the present discloswre may be apphied in any combination.

[29]  Embodiments of the present disclosure may be used i a variety of optical systems. The
embodiments may include or work with a variety of projectors, projection systems, optical components,
displays, microdisplays, computer systems, processors, self-contained projecior systems, visual and/or
andio-visual systems and clectrical and/or optical devices. Aspecis of the present disclosure may be
used with practically any apparatus related to optical and electrical devices, optical asystems,
presentation systems or any apparatus thal may contain any type of optical system.  Accordingly,
embodiments of the present disclosiwe may be emploved in optical systems, devices used in visual
and/or optical presentations, visual peripherals and so on and in 3 number of competing eavironments
and automotive environracnts.

[30] Before proceeding to the disclosed embodiments mn detail, it should be understood that the
disclosure 1s not limited 1n #s application or creation to the details of the particelar arrangerents shown,
because the disclosure is capable of other embodiments. Morcover, aspects of the disclosure may be

sct forth 1 difforent combmations and arrangements to define covbodiments vaiguc in their owa right.
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Also, the ternunology used herein 1s for the purpose of description and not of limitauon.
{31]  These and other advantages and features of the present disclosure will become apparent to those

of ordinary skill i the art upon reading this disclosure in s entiety.

BRIEF DESCRIPTION OF THE DRAWINGS

{321  Embodiments are tHustrated by way of example in the accompanying FIGURES, 1a which hike
reference nurnbers indicale simalar parts, and in whach:

{33] FIGURE 1A is a schematic diagram ifhusirating a top view of a dual view display for uee by
first and second cheervers comprsing a planar digplay device,

[34] FIGURE 1B is a schematic diagram illustrating a top view of a dual view display for use by
first and second observers comprising a curved display device;

{35] FIGURE 1C is a schomatic diagram illustrating a top view of a contre stack deal view display
for use by a driver and a passenger i an automotive vehicle;

{36] FIGURE 2A is a schematic diagram illustrating a side perspective view of a switchable dual
view display comprising a transmissive spatial ight modulator;

[37] FIGURE 2B is a schematic diagram illustrating a front perspective view of alignment
orientations for compongnts of the dual view display of FIGURE 24,

{38] FIGURE 2C is a schematic diagram illustrating a front perspective view of a view angle control
arrangerent of FIGURE 2A for a first voltage across the polarisation-switch retarder;

{391  FIGURE 2D is a schematic diagram illustrating a front perspective view of a view angle controf
arrangement of FIGURE 2 A for a second voltage across the polarisation-switeh retarder;

{40] FIGURE 3A 15 a schematic diagrame lustratimg a side view of operation of the display of
FIGURE 2A in a first temporal phase of operation;

{41] FIGURE 3B is a schematic diagram illustrating a side view of operation of the display of
FIGURE 2A in a sccond temporal phase of operation;

{42]  FIGURE 3C 15 a schematic dragram illustrating an altermative sude view of operation of the
display of FIGURE 2A in the first temporal phase of operation;

{43] FIGURE 3B 1s a schematic diagram illastrating an alternative side view of operation of the
display of FIGURE 2A in the second temiporal phase of operation;

{44] FIGURE 3F is a schomatic diagram illusirating an aliernative side view of operation of an
alternative display stacking in the first teraporal phase of operation,;

{45] FIGURE 3F is a schematic diagram 1Hlustrating ap alternative side view of operation of an
alternative display stacking m the second temporal phase of operation;

{46] FIGURE 4A s a schematic iming diagram illustrating driving of the display of FIGURE 2A

in dual view mode operation;
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{471  FIGURE 48 15 a schematic timing diagram illustrating driving of the display of FIGURE 2A
m share mode operation;

48]  FIGURE S is a schematic diagram illustrating a front perspective view of addressmg of
componends of a dual view display in scanned operation;

[49] FIGURE 6A isg a schematic graph dlusirating the angular profile of luminance cuiput for the
backlight of KIGURE 2A in the first temporal phase of operation;

[50] FIGURE 6B is a schematic graph illustrating the angular profile of luminance output for the
backlight of FIGURE 24 in the second temporal phase of operation;

{51] FIGURE 7A 15 a schematic graph illustrating the angular profile of transmission for the view
angle control arangement of FIGURE 2 A 1o the fiest temporal phase of operation

{52] FIGURE 78 s a schematic graph illustrating the anguolar profile of transnussion for the view
anglc condrol arrangement of FIGURE 2A i the sccond temporal phase of operation;

{53] FIGURE 8A is a schematic graph illustrating the lateral vanation of lunninance output for the
backhight of FIGURE ZA in first and second temporal phases of operation;

{54] FIGURK 8B is a schematic graph illustrating the lateral variation of transmission for the view
angle conirol arrangement of FIGURE 2A in first and second temaporal phases of operation;

{55] FIGURE 9 1s a schematic graph ilfusteating the lateral vanation of lusunance output for the
display of FIGURE 2A with the view angle control arrangement of FIGURE 2C in first and second
temporal phases of operation;

{56] FIGURE 10A is a schematic diagramn iilustrating a side perspective view of a switchable dual
view display comprising a transmissive spatial lght modulator with an alternative arrangement of
polariser electric vector transouission direstions;

{371 FIGURE 10B is a schematic diagram 1illustrating a fromt perspective view of alignment
oricntations for components of the doal view display of FIGURE 10A;

(58] FIGURE 11A 15 a schematic diagram ilustrating a side perspective view of a switchable dual
view display comprising a transmussive spatial hght modulator with plural view angle control
arrangements;

{59] ¥FIGURE 11B 15 a schematic diagram illustrating a front perspective view of alignment
orientations for componenis of the dual view display of FIGURE 114;

{60] FIGURE 11C is a schematic diagram illustrating a side perspective view of the further view
angle control arrangement of FIGURES 1A-B;

{61] FIGURE 12A i a schematic diagram illustrating a side view of operation of the display of
FIGURE 11A in a first temporal phase of operation;

[62] FIGURE 12B is 2 schematic diagram illustrating a side view of operation of the display of

FIGURE 11A in a second temporal phase of operation;
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{631 FIGURE 1315 a schematic tming diagram illustrating driving of the display of FIGURE 11A
i dual view mode operation;

{64] FIGURE 144 15 a schematic graph illustrating the angular profile of transnussion for the
further view angle control arrangeraent of FIGURE 1A in the first temporal phase of operation;

{65] FIGURE 14B s a schematic graph thustrating the angolar profile of transmission for the
further view angle control arrangement of FIGURE 1A in the sccond temporal phase of operation;
{66] FIGURE 15A 1 a schematic graph lustrating the lateral variation of transnussion for the
further view angle control arrangement of FIGURE [1A in first and second temporal phases of
operation;

{67] FIGURE 15B s a schematic graph dlustrating the lateral variation of display lominance for
the plural view angle conirol arrangement of FIGURE 11A in {irst and second temporal phases of
opcration;

{68] FIGURE 16A 1s a schematic diagram illustrating a side perspective view of a switchable dual
view display comprising a transnussive spatial light modulator wheretn the view angle control
arrangeracnt comprises an active polar control retarder;

{69] FIGURE 16B is a schematc diagram illustrating a side perspective view of alignment
orientations for compounents of the dual view display of FIGURE 164,

{70]  FIGURE 17A is a schematic tining diagram illustrating driving of the display of FIGURE 16B
in ¢hial view mode operation,

{71]  FIGURE 178 is a schematic timing diagram illustrating driving of the display of FIGURE 16B
1 share mode operation;

{721 FIGUREK 18A 5 a schematic diagram tHustrating a side perspective view of a swiichable dual
view display comprising a ransmissive spatial light modulator comprising plural view angle control
arrangemenis wherein the view asgle control arrangements each comprise an active polar control
retarder;

{73] FIGURE 18B s a schematic diagram dlusirating a top view of operation of the display of
FIGURE 168 in a first temporal phase of operaiion, further comprising an observer tracking sysieny;
{74] FIGURE 19 is a schematic diagram illustrating a side perspective view of a polar control
retarder cornprising a homeotropic alignment layer and a homogeneous alignment layer;

{75] FIGURE 28 15 a schomatic diagram ihustrating a side perspective view of a polar control
retarder compnsing a twisted liguid crystal laver arranged between two homogencous alignment layers;
{76] FIGURE 21 is a schematic diagram illustrating a front perspective view of a polar control
retarder comprising a non-twisted hguid orystal layer aranged between two homogeneous alipnment

layers;
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{771 FIGURE 22 15 a schematic diagram illusirating a front perspective view of a polar control
retarder comprising a non-twisted liquid crystal layer arranged between two homeotropic alignment
lavers;

{78]  ¥FIGURE 23 i1 a schematc diagram ilfustrating a top view of a passenpger infotainment display
for use by a driver and a passenger in an automotive vehicle;

{791  FIGURE 24A s a schematic graph illustrating the angular profile of lunuinance cutput for the
backhght of FIGURE ZA in the {irst temporal phase of operation;

{80]  FIGURE 248 is a schematic graph illustrating the angular profile of luminance output for the
backlight of FIGURE 2A in the sccond temporal phase of operation;

{81] FIGURE 25A is a schematic diagram dlustrating a froat perspective view of a view angle
control arrangement of FIGURE 2A;

{82] FIGURE 258 1s a schematic graph ifustrating the angular profile of transmission for the view
angle control arrangement of FIGURE 20A 1n the first temporal phase of operation;

{83] FIGURE 25 is a schematic graph illustrating the angular profile of transmission for the view
angle condrol arrangement of FIGURE 20A 1 the sccond temporal phasce of operation;

[84] FIGURE 25D and FIGURE 25FE arc schematic graphs illustrating the lateral vanation of
tuoinance cutput for the display of FIGURE 2A with the view angle conitra] arrangement of FIGURE
23 A m first and second temporal phases of operation;

[85] FIGURE 26A is a schematic diagram illusteating a front perspective view of a component
comprising a view angle control arrangement comprising an active polar conirol retarder;

[86] FIGURE 26B 15 a schematic diagram illustrating a front perspective view of a component
comprising a view angle control arrangement corpprising a passive pelar condrod retarder;

{871 FIGURE 26C is a schematic diagram illustrating a front perspective view of a component
comprising a passive polar control retarder;

[88]  FIGURES 27A-W arc schematic diagrams illustrating altemative side views of alternative
display structures;

[89]  FIGURE 28A is a schematic diagram illustrating a side view of a switchable backlight
comprising {irst and second wavegnides, a rear reflector and an optical turning film and cutputting hight
beams for passenger and driver nominal directions;

[90] FIGURE 28B is a schematic diagram illusirating a frond perspective view of an optical turning
filrn compounent for the backlight of FIGURE 26A,;

{91] FIGURE 28C is a schematic diagram illustrating a side view of ap optical torning film
component;

[92] FIGURE 280, FIGURE 28E, FIGURE I8F, and FIGURE 28G are schematic diagrams

itlustrating perspective views of waveguides for use in the arrangement of FIGURE 28A;
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{931 FIGURE 2%A 1s a schemate diagram illustrating a side view of a switchable backhight
comprising a waveguide, first and sccond light scurces at respective opposite input sides of the
waveguide, a rear reflector and an optical fwrung film and outputting light beams for passenger and
driver nominal directiong;

{94] FIGURK 23B and FIGURE 29 are schematic diagrams illustrating perspective views of
waveguides for use in the arrangement of FIGURE 29A;

{953] FIGURE 30A is a schematic diagram illusirating a perspective side view of a steerable
backhight comprismg a stepped waveguide, and addressable light source array;

{9¢] FIGURE 30B 1s a schematic dragram illustrating a side view of a steerable backlight
compuriging a stepped waveguide, and addeessable light source array and rear reflector,

[97] FIGURE 30C is a schematic diagram illustrating a perspective rear view of a sieerable
backlight comprising a stepped waveguide, addressable light source array to dhumanate a driver and
passenger,

[98] FIGURE 31A s a schematic diagram dllustrating a side view of a switchable backhight
comprising a collimating waveguide arrangement, an optical turning film, a polarisation switching
arrangement and a Pancharatnum-Berry deflector;

[99] FIGURE 31B is a schomatic diagram dlustrating o front view the optical structure of 3
Pancharamam-Berry deflector; and

(10017 FIGURE 31C is 2 schematic graph illustrating the variation of phase difference with lateral

position for an illustrative Pancharatnam-Berry deflector of FIGURE 31B.

BETAILED BESCRIPTION

{1011 Terms related to optical retarders for the purposes of the present disclosure will now be
described.

{102}  In a layer comprising a uniaxial birefringent matenial there 1s a direction governing the optical
amisoiropy whereas all directions perpendicular to it (or at a given angle to i) have equivalent
birefringence.

[103] The optical axis of an optical retarder refers to the direction of propagation of a light ray in the
uniaxial birefringent material in which no birefringence s experienced. This is different from the
optical axis of an optical system which may for example be parallel to a line of symmetry or normal o
a display surface along which a principal ray propagates.

{1041  For light propagating in a direction orthogonal to the optical axis, the optical axis is the slow
axis when hinearly polarized hght with an electric vector direction parallel to the slow axis travels at the
slowest speed. The slow axis direction s the direction with the highest refractive index at the design
wavelength, Similarly the fast axis direction 15 the direction with the lowest refractive index at the

dosign wavclength
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{103} For positive dielectric anigotropy wmiaxial birefringent materials the slow axis direction is the
extraordinary axis of the birefringent material. For aegative diclectric anisotropy uniaxial burefringent
materials the fast axis direction is the extraordinary axis of the birefringent material.

[106] The terms half a wavelength and quarter a wavelength refer to the operation of a retarder for a
design wavelength Jo that may typically be between 500nm and 570mm. In the present illustrative
embodiments exemplary retardance values are provided for a wavelength of 5350ure unless otherwise
specified.

{167} The retarder provides a phase shift between two perpendicular polarization components of the
hight wave incident thereon and 15 characterized by the amount of relative phase, [, that 3t imparts on
the two polanization components; which is related to the buefringence An and the thickoess o of the

retacder by

[=2.7.An.d/ e eqn. 1

[108]  Imcgn. 1, An 1s defined as the difference between the extraordinary and the ordinary ndex of

refraction, 1.e.

A= - T cgn. 2

{109} For a half-wave retarder, the relationship between &, An, and Lo 18 chosen so that the phase shift
between polarization components is T = 5. For a quarter-wave retarder, the relationship between 4, An,
and %, is chosen so that the phase shift between polarization components s U = x/2.

{118} The term half~wave retarder herein typically refers to hight propagating normal to the retarder
and noowal (o the spatial hight modulator.

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

{112} The state of polarisation {50F) of a light rav is described by the relative amplitude and phase
shift between any two orthogonal polarization components. Transparent retarders do not alter the
relative amplitudes of these orthogonal polarisation componenis but act only on their relative phase.
Providing a net phase shift between the orthogonal polarisation components alters the SOP whereas
maintaining net relative phase preserves the SOP. In the current description, the SOP may be termed
the polarisation state.

{113] A linear SOP has a polarisation component with a non-zero amplitude and an orthogonat
polarisation componeat which has zero amplitude.

{114} A lincar polariser transmits a unigue lincar 50P that has a lincar polarisation component
paralicl to the electric vector transmission direction of the linear polariser and attenoates light with a
different 0P, The term “electric vector fransimission direction” refers to a non-directional axis of the

polariser parallel to which the eleciric vector of incident hght s transmitied, even though the transmitted
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“electric vector” always has an instantaneous direction. The term “direction” is commonly used to
describe this axis.

{115} Absorbing polarisers are polarisers that absorb one polarisation component of incident light and
transmiat a second orthogonal polarisation compounent.  Examples of absorbing hnear polarisers are
dichroic polarisers.

{1161 Reflective polarisers are polarisers that reflect one polanisation component of incident light and
transmyt a second orthogounal polarisation component. Examples of reflective polarisers that are linear
polarisers are multilayer polymeric film stacks such as DBEF™ or APF™ from 3M Corporation, or
wire grid polarisers such as ProFlux™ from Moxtek. Reflective linear polarisers may further comprise
cholesteric reflective materials and a quarter waveplate arranged in series,

(1171 A retarder arranged between a linear polariser and a parallel bnear analvsing polariser that
iatroduces no relative nct phase shift provides full transmission of the light other than residual
absorption within the lincar polariser.

{118} A retarder that provides a relative net phase shift between orthogonal polarisation components
changes the SOP and provides attenuation at the analysing polariser,

[1191  Inthe present disclosure an 'A-plate’ refers o an optical retarder utilizing a layer of birefringent
material with its optical axis parallel to the plane of the layer.

(1207 A 'positive A-plate’ refers to positively birefringent A-plates, 1.e. A-plates with a positive An.
{121} In the present disclosure a 'C-plate’ refers to an optical retarder unhzing a layer of birefringent
material with its optical axis perpendicular to the plane of the layer. A positive C-plate’ refers to
postively birefringent C-plates, 1.e. Coplates with a posttive An. A 'negative C-plate’ refers 10 a
gegatively birefringent C-plate, t.e. Coplates with a negative An.

{1221 'O-plate’ refers to an optical retarder utilizing a layer of birefringent matenal with its optical
axis having a component parallel to the plane of the laver and a component perpendicular to the plane
of the laver. A 'positive O-plate’ refers to positively birefringent O-plates, 1.¢. O-plates with a positive
AB.

{1231 Achromatic retarders may be provided wherein the maierial of the retarder 1s provided with a

retardance An . 4 that varies with wavelength A as

An  d/ A=w egn. 3

[124] where k is substantially a constant.

{1257 Examples of sutable materials include modified polvearbonates from Teyn Fims.
Achromatic retarders may be provided in the present embodiments to advantageously minumise colour
changes between polar angular viewing directions which have low laminance reduction and polar

angular viewing directions which have increased luminance reductions as will be described below.
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[126] Vanous other tenms used in the present disclosure related to retarders and to hqud cry stals will
now be described.

(127} A liquid crystal cell has a retardance given by An . d where An is the birefringence of the liguid
crystal material in the Lquid crystal cell and d is the thickness of the hagud crystal cell, independent of
the alignment of the hquoid crvstal matenal in the liquid crystal cell,

{128} Homogeneous alignment refers to the alignment of ligmid crystals in switchable liguid crystal
displays where molecules align substantially parallel to a substrate. Homogenecus aligument is
sometimes referred to as planar aligoment. Homogeneous alignment may typically be provided with a
small pretitt such as 2 degrees, so that the molecules at the surfaces of the alignment layers of the higuid
crysial cell are slightly inclined as will be described below. Pretidt 1s arranged to rmainimise degeneracics
m switching of cells,

(1291 In the present disclosure, bomestiopic alignuneant is the state 1 which rod-like liguid covstalline
modecides align substanttally perpendicularly o the substrate. In discotic Hquid crysials homeotropic
alignment 18 defined as the state in which an axis of the column structure, whiach is formed by disc-like
biquid crystaliine molecules, aligns perpendicularly o a surface. In homeotropic alignment, preglt is
the tilt angle of the molecules that are close to the alignment layer and is typically close to 90 degrees
and for example may be 88 degrees.

[1307  In a twisted hiqud crystal laver, a twisted configuration (also known as a helical structure or
helix) of nematic hgwd crystal molecules 15 provided. The twist mayv be achieved by means of a non-
parallel alignment of aligoment lavers. Further, cholesteric dopants may be added 1o the liguid crystal
maternial to break degeneracy of the twist direction (clockwise or anti-clockwise) and to further controf
the prich of the twist 1 the relaxed Gypically andriven) state. A supertwisted ligmd crystal layer has a
twist of greater than 180 degrecs. A twisted nematic laver used i spatial ight modulators tvpically has
a twist of 90 degrees.

{1311 Ligoid crystal molecnles with positive dielectric anisotropy are switched from a homogeneous
alignment (such as an A-plate retarder onentation) to a homeotropic alignment (such as a C-plate or O-
plate retarder orientation) by reeans of an applied electric field.

{132}  Ligud crystal molecules with negative dicleciric anisotropy are switched from a homeotropic
alignment (such as a C-plate or O-plate retarder orientation} to a homogencous alignment (such as an
A-plate retacder orientation) by means of an applied electric field.

[1331 Rod-like molecules have a positive birefringence so that ne > 1, as described 1 egn. 2. Discotic
molecules have negative birefringence so that a. < n,.

[134] Positive retarders such as A-plates, positive O-plates and positive C-plates may typically be
provided by stretched filins or rod-like hiquid crystal molecules. Negative retarders such as negative C-

plates may be provided by siretched fifins or discotic-like Iiguid crystal molecules.
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{133} Parallel baguid crvstal cell alipnment refers (o the alipnment divection of homogencous
alignment layers being paraliel or more typically antiparallel. In the case of pretilted homeotropic
alignment, the alignment layers may have components that are substantially paraliel or antiparaliel
Hybrid aligued hgud cryvstal celis may have one homogencous alignment layer and one homeotropic
alignment laver. Twisted liquid crystal cells may be provided by alignment lavers that do not have
paraliel alignment, for example oriented at 90 degrees to each other.

{136} Transmissive spatial light modulators may further comprise retarders between the input display
polariser and the output display polariser for example as disclosed in UK. Patent No. 8,237 876, which
18 herern tncorporated by reference 1n s entirety. Such retarders (not showa) are 1n a different place o
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
posiitons of the present ecmmbodimenis.

[1371 A pnivate mode of operation of a display is one in which an observer secs a low contrast
sensitivity such that an image is not clearly visible, Cootrast sensitivity 1s a mcasure of the ability to
discern between lummnances of different levels m a static image. Inverse contrast sensitivity may be
used as a measure of visual securnity, in that a lngh visual security level (VSL) corresponds to low image
visibility.

{138} For a privacy display providing an image o an observer, visual security may be given as:

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

[139] where V 1s the visual secarity level (VSL), Y is the huminance 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 15 the lnmmance of reflected hight from the display.

{140} Panel contrast ratio 18 given as:

C=Y/K eqn. 3

[141] so the visual security level may be further given as:

V=P Yount+ Lo/ / (PY e — Yoax /Y eqn. G

{142}  whore! Y i the maximum lominance of the display; P is the off-axis relative luminance
typically defined as the ratic of luminance at the snooper angle to the maxmum lumisasce Y C 8
the image contrast ratio; p is the surface refloetivity; and 1is the uminance. The wnits of Vo are the
units of § divided by solid angle in units of steradian.

[143] The luminance of a display varies with angle and so the maximum luminance of the display
Y 0CCUTS at a particular angle that depends on the configuration of the display.

{144} Inmany displayvs, the maximum luminance Yaax occurs head-on, 1.¢. normal o the display. Any
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display device disclosed herein may be arranged to have a maximun honinance Yoa that occurs head-
on, i which case references 1o the maxomum luminance of the display device Yaae mav be replaced by
references to the lununance normal to the display device.

{1457 Altematively, any display described herein may be arranged fo have a maximaum lominance
Yo that occurs at a polar angle to the normal to the display device that is greater than 0°. By way of
example, the maximum lumnance Y may occur may at a non-zero polar angle and at an azimuth
angle that bas for example zero lateral angle so that the meaximum luminance 1 for an on-axis user that
is looking down onto the display device. The polar angle may for example be 10 degrees and the
azimuthal angle may be the nostherly direction (90 degrees anti-clockwise from casterly direction). The
viewer may therefors desirably see 3 high luminance at typical non-normal viewing angles.

{146} The off-axis relative lummance, 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
himinance, and m fact is not a measurc of privacy appearance.

{147} The dluminance, 1 s the luminous flux per unit area that 1s incident on the display and reflecied
from the display towards the observer location. For Lambertian illummance, and for displays with a
Lambertian front diffuser illuminance I is invariant with polar and azimuthal angles. For arrangements
with a display with son-Lambertias front diffusion arranged 1o an enviromment with ditectional (pon-
Laorbertian) ambient Hght, lluminance | varies with polar and azimuthal angle of observation.

{1481 Thuos in a perfectly dark enviropment, a high coatrast display has V3L of approximately 1.0,
As amabient itlnminance increases, the perccived image contrast degrades, VAL increases and a private
inage 1s perceived.

{1491 For typical hquid crvstal displays the panel contrast € s above 100:1 for almost all viewing

angles, allowing the visual security level 1o be approximated to:

V=14 Lp/mP Y eqn. 7

[130] In the present embodiments. i addition {o the exemplary definiuon of eqn. 4, other
measwrements of visual security level, V may be provided, for example to include the effect on image
visibility o a sncoper of snooper location, image contrast, image colour and white point and subtended
image teature size. Thus the visual security level may be a measure of the degree of privacy of the
display but may not be restricted to the parameter V.

{1511 The perceptaal image security may be deteemined from the logarithmic response of the eye,

such that

S =logw(V} ogn. 8

[152} Desirable limits for 5 were determined in the following manner. In a first step a privacy display

device wags provided. Measorements of the variation of privacy level, P(8) of the display device with
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polar viewing angle and variation of reflectivity p(8) of the display device with polar viewing angle
were made using photopic measurement equipment. A light source such as a substantially untform
{urninance light box was arranged to provide illuraination from ae dlununated region that was aceanged
to illuminate the privacy display device along an incident divection for reflection to a viewer position
at a polar angle of greater than 0° to the normal to the display device. The variation [{0) of illumisasce
of a substantially Lambertian cputting ightbox with polar viewing angle was deterouined by measuring
the vanation of recorded reflective luminance with polar viewing angle taking into account the vanation
of reflectivity p(@). The measurements of P(3), of8) and I{0) were used to determing the vanation of
Security Factor S(8) with polar viewing angle along the zero elevation axis.

{133} Tnasccond step a scrics of high contrast images were provided on the privacy display including
(1) small text images with maximum font height 3mm, (1) large text images with maximum font height
3tmra and (1)) moving images.

{134} In a third step cach observer (with eyesight correction for viewing at 1800mm where
appropriate) viewed cach of the images from a distance of 1000mm, and adjusted their polar angle of
viewing at zero clevation uniil image invisibility was achicved for one eye from a position near on the
display at or close to the centre-line of the display. The polar location of the observer’s eye was
recorded. From the relationship S(8), the secunty factor at said polar location was determined. The
measurement was repeated for the different mmages, for varous display lummance Yy, different
bghibox ithiminance K8=0), for different background Lighting conditions and for different observers.
[1551 From the above measurements S < 1.0 provides low or ao visual security, 1.0 <S< 1.5 provides
visual scourity that is dependent on the contrast, spatial frequency and temporal frequency of image
contend, 1.5 <5 < 1.8 provides acceptable image mvisibility (that is no image contrast is observable)
for most tmages and most observers and S > 1.4 provides full image nvisibility, independent of image
content for all observers.

[136] In practical display devices, this meauns that i is desirable to provide a value of S for an off-
axis viewer who 18 a snooper that meets the relationshup S > 8., where: Sai has a value of 1.0 or more
to achicve the effect that the off-axis viewer cannot percerve the displaved image; S has a value of
1.5 or more to achieve the effect that the displayed image 1s wvisible, 1e. the viewer cannot perceive
even that an image 18 being displaved, for most images and most observers; or Sy has a value of 1.8 or
more (o achieve the effect that the displayed mmage is mnvisible independent of image condent for all
observers.

(157} Incomparisonto privacy displays, desirably wide angle displays are easily observed i standard
ambient tHuminance conditions. One measure of image visihility is given by the conirast sensiivity

such as the Michelson contrast which is given by

M = {Tinax ~ Tnuin} / {(Lax + Lmin} Can. E
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{138} and so:

M = ((Y+R) — (K+R)) / ((Y+R) + (K+R)) = (Y-K) / (Y+K+2.R) eqn. 10

(159}  Thus the visual security level (VSL), V s equivalent (bt sot identical to) /M Tn the pregent
discassion, for a given off-axis relative Juminance, P the wide angle image visibility, W is approximated

a8

W= UV = T+ L PLY me)) eqn. 11

[160] The above discussion focusses on reducing visibility of the displayed image to an off-axis
viewer who 15 a snooper, but simular considerations apply to visibility of the displayed mnage to the
mtended user of the display device who 1s typically on-axis. In thig case, decrease of the level of the
visual sccurity level (VSL) V corresponds to an increase in the visibility of the tmage to the viewer.
Prring observation S <0.1 may provide accepiable visibility ofthe displayed image. In pracucal display
devices, this means that i is desiable to provide a value of 8 for anon-axis viewer who is the gvieaded
user of the display device that meets the relationship 8 <850, where Sue has a value of 0.1,

[161] Im the present discussion the coloor variation As of an output colour (us” + AW, v +AV") from
a destrable white point (U, vy )y may be determined by the CIELUV colowr difference metric, asspming

atypical display spectral illwminant and is given by

As = (Au™ + AvHY eqn. 12

{162} The stracture and operation of vanous divectional display devices will now be described. In this
description, commeon clements have common reference numerals. It 18 noted that the disclosure relating
to any element applies to cach device 1n which the same or comresponding element is provided.
Accordingly, for brevity such disclosure is not repeated.

(1631 A display device 100 smtable for dual view display and/or pnivacy display will now be
described.

{164} FIGURE 1A is a schematic diagram illustrating a top view of a dual view display device 100
for usc by first and sccond observers 43, 47 located in directions 445, 447 with respect to the display
device 100, The fiest duection 443 and the sccond direction 447 are sach inclined with respect to 3
dircction 199 normal to the plane of the display device 100

[1657 In operation as a dual vicw display, it may be desirable to provide a first umage that &5 visible
to observer 45 and a second umage that i1s visible to observer 47.

[166] In operation as a privacy display application it may be desirable to provide low visibility and
high image security of the irmage seen by the user 45 to the user 47, who may be a snooper. 1o a privacy

display application, a second image may be provided 1o achicve reduction of contrast of the first image
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scen by the snooper, for example a uniform grey image such as a black image, a white unage; or may
be a camouflage mage.

{167} In operation as a night-time display. a lugh luminance image may be provided to just one of the
two unsers 45, 47, Stray hght may be redoced for a given tuminance to the display user.

{1687 It would be desirable that the luminance of the sccond image that 18 seen by the observer 45 is
small compared to the luminance of the first image seen by the observer 45, Similarly it would be
desirable that the luminance of the {irst image that is seen by the observer 47 is small compared to the
fuminance of the second image seen by the observer 47.

{169 It may be destrable to provide a curved dual view or curved privacy display.

(170} FIGURE 18 s a schematic diagram dlustrating a top view of a dual view display device 100
for use by first and sccond observers 45, 47 comprising a curved display device 100, Features of the
embodiment of FIGURE 1B not discussed 1o further detail may be assumed to correspond to the features
with equivalent reference numerals as discussed above, mcluding any potential varnations m the
features.

{1711 In a curved display device 100, the first dircction 445 and the second dircction 447 are cach
melined with respect to at least one direction 199 normal to the plane of the display device 160
Advantageously a display may be provided that acsthetically enhances the location of use, such as ing
vehicle.

{1721 The privacy display and dual view display of the present embodiments may be ased for cell
phone, laptop, point of sale, monitor, TV, vehicular or other applications.

[173] A switchable dual view display device 100 such as for a vehicle will now be described.

f1741 FIGURK 1C 15 a schematic diagram illustrating a top view of a centre stack dual view display
device 100 for use by a driver 47 and a passenger 43 1n an automotive vehicle 650, Featiures of the
embodimeni of FIGURE 1C not discussed in further detail may be assumed to correspond to the features
with cquivalent reference numerals as discussed above, mncluding any potential vanations in the
features.

[175]  Vehicles mav include the antomotive vehicle 6530 of FIGURE 1C or trains, boats, and airplanes
for example.

{1761 Display device 100 is arranged in a centre stack display (CSD) locauon, with light ravs 4453,
447 output to the passenger 45 and driver 47 respectively in a left hand drive vehicle 650.

{177} In a first mode of operation that 18 the dual view mode, the display device 100 18 arranged for
viewing by the front passenger 45 with information such as mfotainment information, to rhibit viewing
of said infotwnment information by the driver 47 and desirably to provide information such as maps
and vehicular status to the driver 47,

{178} 1t is desirable that the passenger 45 may view information such as entertainment without the

mmage causing distraction to the driver 47, that is the privacy mode refers (o a low dnver distraction
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mode. This mode 1s in companson with a mode i which the passenger display tums off when the
vehicle 1 in motion to prevent driver distraction. More specifically to munimise the visibility to the
driver 47 of distracting images at both the nominal driver position and when the driver leans across
towards the display while dnving, it 1¢ desirable to maximise the secunty facior S at angles o from the
optical axis 199 of greater thae 30° and preferably groater than 25° in the direction from the optical axis
199 towards the diiver 47, Further it is deswrable to achieve a bigh security factor, S for polar angles
at Ieast at angles P from the optical axis 199,

{179} Further in a low stray light fusction of the privacy mode, it may be desirable to provide an
nmage to the passenger 435 with desirable lumisance while reducing the luminance to reflecting and
scattering surfaces within the vehicle. Advantageously the brightness of internal surfaces of the vehicle
650 may be reduced during righi-time operation, reducing driver distraction. Further, increased area
displavs may be provided while mantaining desirably low levels of stray tllumination within the vehicle
630 cabin.

{180} In asccond mode that is the share mode, the display device 106 is arranged for viewing by both
passenger 45 and driver 47, Such use may be for occasions when viewing the display content is safe
such as when the vehicle is stationary or the content is appropriate such as map or instrument data.
{181} Anillustrative structure that can achieve the desirable characteristics of the display device 100
of FIGURES 1A-C will now be described.

{182} ¥FIGURE 2A is a schematic diagram illustrating a side perspective view of a switchable dual
view display device 100 comprising a transmissive spatial light modulator 48, Features of the
embodiment of FIGURE 2 A not discussed in further detail may be assumed to corregpond to the featores
with cquivalent reference numerals as discussed above, including any potential vanations . the
features.

{183} Display device 100 compuses a spatial light modulator 48 awanged to ouiput spatially
modulated bght  In the embodiment of FIGURE 2A, the spatial bght modulator 48 comprises a
teapsmissive liquid crystal display comprising substrates 212, 216, and higuid crystal layer 214 having
red, green and blue pixels 220R, 220G, 2208, The spatial light modulator 48 has an input display
polariser 210 and an output display polariser 218 on opposite sides thereof. The output display polariser
218 1s arranged to provide high extinction ratic for hight from the pixels 220R, 220G, 2208 of the spatial
hight modulator 48, Typical polarisers 210, 218 may be absorbmmg polarisers such as dichroic polarisers
such as an iedine or dye polariser on siretched FVA,

[184] The wansmissive spatial light modulator 48 may for example be of a type that is capable of
providing fast frame addressing and update rate and a fast clectro-optic response meluding but not
limited to a fast twisted nematic (which may be of low thickness to increase further the response speed),
a ferroclectric liguid crystal, and a pi-cell or Optically Compensated Bend nematic hguid crystal mode.

{185} 'The spatial hight modulator 4% comprises a transmissive spatial fight modulator 48 and the
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display device 100 further comprises a backbight 20 arranged to illumminate the spatial light modulator
48 and said display polariser 210 15 an input display polariser 219 arranged on the input side of the
spatial light modulator 48, the display polaniser 210 being a linear polariser.

[186] A view angle contro] arrangement 900 comprising an additional polariser 318 {s arranged on
the same side of the spatial light modudator 48 as the display polaviser 210, the additional polariser 318
being a linear polariser; and at least one polar control retarder 300 and a polarisation-switch retarder
800 arranged between the display polaniser 210 and the additional polariser 318

{187} The polansation-switch retarder 800 comprises switchable bquid crystal element 801
comprising transparent substrates 812, 816 and a layer 814 of hiquad crystal material 813, Two surface
aligament layers 817 A, 8178 are disposed adjacent to the laver 814 of liguid crystal raaterial 813 of the
polarisation-switch retarder 800 and on opposite sides thercof,

{188} Polar countrol retarder 300 may comprisce a liquid crystal polar controd retarder 301 comprising
transparent substrate 312 and a liguid crvstal layer 314 as will be described further hereinbelow.

[182] View angle control arrangement 900 may {arther comprise a passive correction relarder 320 as
will be described further hereinbelow.

[19017 The backlight apparatus 20 comprises a rear reflector 3 and a waveguide arrangement
comprising fiest and second waveguides 1A, 1B, and optical turning fim component 56 and arranged
1o receive light exiting from the waveguides 1A, 1B and direct through the spatial light modulator 48.
[1911 The wavegnides 1A, 1B each comprise inpot ends 2A, 2B arranged between first and second
light guiding surfaces 6A, 84 and 68, 8B respectively.

{192}  Light sowrce arrays 13A, I5B are arranged to input input light into the mput sides 2A, 2B of
waveguides 1A, 1B respectively.

{1931 Optical stack 3 may comprise diffusers, and other known optical backlight structures such as
recircnlating polarisers (not shown). Asymmetric diffusers, that may comprise asymumetrie sueface
rehief features for example, may be provided m the optical stack 5 with increased diffusion in the
elevation direction in comparison to the lateral direction. Advantageously image uniformity may be
increased.

[194] Light nning fikm component 50 1s arranged to divect hight from the first and second wavegmides
A, 1B to cutput divections 445, 447 respecuvely. The operation of the backlight 20 of FIGURE 2A s
described further in FIGURE 28A hereinbelow,

(1951 Counsidering FIGURE 28, the electric vector transmission direction 319 of additional polariser
3181s illustrated at 45 degrees from the casterly divection measured in an asti~-clockwise direction. The
electric vector transmigsion direction 211 of display polariser 210 15 also at 45 degrees, and the elecine
vector transmission direction 219 of display polariser 218 is at 135 degrees. The spatial light modulator

may be a twisted nematic spatial light modulator for example.
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[196] The surface alignment lavers 817A, 178 disposed adjacent to the layer 814 of liguid crvstal
matenial 813 of the polarisation-switch retarder 800 are cach arranged to provide homogenous
alignment in the adjacent hquid crystal material 813,

(1971 The polarisation-switch retarder 00 comprises an abenment layer 817A that provides
homogeneous alignment inthe adjacent liquid crystal material 813 with an alignment component 819Ap
in the plane of the alignment laver 817A that is inclined at an angle 84 of 90 degrees to the horizontal
direction; and an alignment layer B17B that provides homogeneous alignment 1n the adjacent hqud
crysial rmastecial 813 with an alignment component 819Bp i the place of the alignment layer 8178 that
18 inchined at an angle 95 of 270 degrees (o the horizontal dircction.

[198] The polar control retarder 300 has a ligoid crystal laver 314 that comprises a first side 317A
with homogencous aligrniment i the adjacent liquid crystal matecal 813 with an alignment direction
329 with alignment direction component 329Ap in the plane of the side 317A that 1s inclined at an angle
B4 of ¢ degrees to the horizontal direction; and a side 3178 with homeotropic alignment with an
alignment direction component 329Bp in the plane of the side 3178 that 1s inclined at an angle Oz of
180 degrees to the horizontal direction. In the embodiment of FIGURE 2A the at least one polar control
retarder 300 comprises a passive polar control retarder 314

{1991 The passive correction retarder 320 has an optical axis 321 i the plane of the passive correciion
retarder 320 that is onented at 96 degrees.

{200} The display device 100 of FIGURE 2A may be operated as a dual view display in which image
data with high luminance 1s directed to both of the users 45, 47, Alternatively the display device 160
may be operated as a privacy display wherein only one of the users 45, 47 sees a lugh lominance image
with low security factor and the other user sees an image with high security factor. Alternatively the
display device 100 may be operated as a low stray light (night-time) display wherein only one of the
users 435, 47 sces a high lumwance wmage and the other user sees a low luminance buage,
advantageously achieving low stray light in the automsotive cabin. The operation of the display device
100 will aow be further described.

{201} FIGURE 2B 5 a schematic diagram illusiraiing a {ront perspective view of aligament
orientations for components for use in the display device 100 of FIGURE ZA; FIGURE 2C is a
schematic diagram ilustrating a front perspective view of a view angle contro] arcangement 960 for use
i the arrangement of FIGURE 2A; and FIGURE 2P iy a schematic diagram illustrating a front
perspective view of a view angle control arrangement of FIGURE 2A for a scecond voltage across the
polarisation-switch retarder. Features of the embodiment of FIGURES 2B-C not discussed in further
detald may be assumed 1o correspond to the features with cquivalent reference mumerals as discussed
above, including any pofential variations in the featores.

{202} Electrode amrangement 815A, 8138 1s arranged to apply voltages to the layer 314 of hgud

crystal material 313 of the polarisation-switch retarder 800 for switching the polarnsation-switch
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retarder 800,

{2031 The passive polar control retarder 300 comprises a layer 314 of liguid crystal material 313 that
s cured. The layer 314 of liguid crystal material 313 of the polar control retarder 393 has a homogenous
aligament on one side thereol and has homeotropic abgnment on the other side thercofl

{2041 In the present disclogure, a full description of operation of the layver of liguid crystal material at
each point on the display surface 15 determuned by evaluating the propagation of phase fronts through
twisted, rotated and tilied liquid coystal layers. However, for purposes of illustration, the operation of
the layer 314 may be determined by considering the optical alignment direction 329 of liquid crystal
matertal 313 i a plane that is halfway between the sides 317A, 3178, Such an aligmment may represent
an average alignment of the Lquid crystal material 313, Thus considering the iquid crysial matenal
313 alignment within the layer 314, components 329 of the optical axis 329 of the hquid crystal
material 313 bave an average diccetion that s alosg a predetormuned dircction.  The predetermined
direction may be the direction 1 which the observers 45, 47 arc nominally offset, that 1s the plane
contaiing the directions 4435, 447.

2051  FIGURE 2C illustrates hguid crystal aligoment of material 813 for a driven state with voltage
V1, arranged to output a first polarisation state onto the polar control retarder 300 1n the first temporal
phase. The ipput polarisation state to the layer 814 with electric vector direction paraliel to ditection
319 is substantially not rotated by the retardance and orientation of the liquid crystal.

{2061 Inthe second temporal phase, the voltage V2 is adjusted so that the input polarisation state with
electric vector direction paralle! to direction 319 is rotated by the retardance and orientation of the liquid
crystal. As will be described below, the output polarisation states of the laver 814 i FIGURE 2C and
FIGURE 2D are desirably orthogonal.  Residual retardance of the layer 814 may provide output
polarisation states that has a limited variation with polar angle.

{207} The view angle control arrangement 900 farther comprises a passive correction retarder 320
The passive correction retarder 320 advantageously achieves some correction of in-planc retardance of
the molecules of the layer 814 of liquid crystal material 813 and the molecudes of the layer 314 of hiquud
crystal matenial 313, Retarder 320 advantageously achicves comection of in-planc retardance and
improved polar variation of transmission.

[208] The stracture of the display device 100 of FIGURE 2 A does not provide further optical control
lavers after the output display polariser 218, Advantageously low reflectivity can be achieved for
enhanced aesthetic appearance in an agtomotive cabin, for example by using anti-reflection coatings on
the ouiput surface of the polariser 218 or by bonding the display to a further sobstrate (not showa)
comprising an anti-reflection coating on the output surface of the further substrate.

[209] The operation of the display device 100 of FIGURE 2A will now be described.

{210} FIGURE 3A is a schematic diagram llustrating a side view of operation of the display device

100 of FIGURE 2A 1n a first temporal phasc of operation;, and FIGURE 3B i3 a schomatic diagram
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tlusirating a side vicw of operation of the display device 100 of FIGURE 2A 1 a sceond temporal
phase of operation. Featares of the embodiment of FIGURES 3 A-B not discussed in further detadl may
be assumed to comespond to the features with cquivalent reference numerals as discussed above,
inclading any potential varations 1a the features.

{211} The polarisation-swiich retarder 800 iz switchable to a first mode as shown 1o FIGURE 34 n
which the polarisation-switch retarder 800 1s arranged to output a first polansation state 862 for
unpolarised or partially polansed maput light 860 that s polarised to polarisation component 861 by the
additional polariser 318. For light propagating along direction 447 the polar control retarder provides
an cutput polarisation component 868 that is transmatted by the disglay polariser 210 towards the driver
47. By comparison in the direction 443, the polar control retarder 300 provides an output polanisation
component 866 that 1s absorbed by the display mput polariser 210, A munumum of transnussion from
the view angle control arrangement 900 is thus dirccted aloag the dircction 445 towards the passcager
43, The display device 100 further comprises a backlight 20 conirol system 501 aranged to control the
backhight 20, whercin in the first mode, the lght sources 15A are illwinated and hight rays 447 are
directed towards the driver 47, In operation, some stray light from hight sources 15A may be directed
in directions 445, In the present embodiments this stray hight is desirably reduced by the view angle
control arrangement 900,

{212} The polarisation-switch retarder 800 is switchable to a second mode as shown in FIGURE 3B
1 which the polarisation-switch retarder 800 is arranged to output a sccond polarisation state 864
orthogonal 1o the first polarisation state 862. For light propagating along direction 443 the polar controf
retarder 300 provides an cutput polarisation component 870 that is ransnutted by the display polariser
210 towards the passenger 45, By comparison n the direction 447, the polar condrol retarder 360
provides an output polansation component 872 that is absorbed by the display mput polaniser 210, A
minimum of transmussion from the view angle coniro] arrasgement 200 is thus directed towards the
driver 47, The backlight 20 conirol system 501 is arranged 1o control the backlight 20, wherein in the
second mode, the light sources 1 5B are dlluminated and fight rays 445 are directed towards the passenger
45. In operation, some stray light from light sources 138 may be directed in directions 447, In the
present embodiments this stray hght 1s desirably reduced by the view angle control arrangement 900
In the present descrnption, the location of the passenger 45 and driver 47 may be swapped so that light
rays 445 are direcied to driver 47 and light rays 447 are directed towards passenger 45.

{213} In the direction in which the polarisation state 872 iz crossed with the electne vector
trapsmission ditection 211 of the display polanser 210, a Jocal mimurs is achieved. Thus in the
present embodiment the view angle control arrangement 900 and display polariser 210 have a profile
of transmission by angle having a local minimurn 945 in a first divection 445 m the first mode and a
focal munimuam 947 i a second direction 447 m the second mode.

[214] It may be furthor deosirablc to provide a dual view display device 100
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{213} The display further comprises a control system 500 arranged to control the spatial hight
modulator 48 and the polarisation-switch retarder 800, wherein the control system 300 15 arranged (©
operate in a dual view mode of operation in which the control system 300, in first temporal phases as
Hustrated in FIGURE 3B, controls the spatial heht maodalator 48 to display a first rmage snitable for
the passenger 45 and switches the polarisation-switch retarder 800 indo the second mode, and, in second
temporal phases as illustrated in FIGURE 3A that are time-multiplexed with the first temporal phases,
controls the spatial ight modulator 48 to display a second tmage suitable for the driver 47 and switches
the polarisation-~-switch retarder 800 into the first mode.

{216} The driver 47 may advantageously sec a suitable image and the passenger 45 may
advantagecusly see a different suttable unage with low cross talk between driver and passenger images.
{217} FIGURE 3C is a schematic diagram illustrating an afternative side view of operation of the
display of FIGURE 2A 1 the fisst temporal phase of operation; FIGURE 3D 1s a schematic diagram
lustrating an alternative side view of operation of the display of FIGURE 2A in the sccond temporat
phase of operation; FIGURE 3E is a schematic diagram ilustrating an alternative side view of
operation of an alternative display stacking in the first temporal phase of operation; and FIGURE 3F
is a schematic diagram illustrating an alternative side view of operation of an alternative display
stacking ie the second ternporal phase of operation. Features of the crabodunents of FIGURES 3C-F
not discussed in further detail may be assumed 1o corrcspond fo the featres with cquivalent reference
numerals as discussed above, inchuding any potential variations 1 the features.

{218} FIGURE 3C is an alternative illustration of the operation of the arrangement of FIGURE 3A
and FIGURE 3D 18 an aliernative illustration of the operation of the arrangement of FIGURE 3B
wherctn the polarisation-swiich retarder 800 15 arranged between the additional polariser 318 and the
polar control retarder 360

[2i9] In the altermative embodiment of FIGURES 3E-F, the sequence of the polarisation-swiich
retarder 800 and polar control retarder 300 is swapped so that the polar conirol retarder is arranged
between the additional polariser 318 and the polansation-switch retarder 800, As tlhstrated in FIGURE
3E, for the direction 945 of the mintmum transmission, the polar control retarder 300 provides an output
polarisation state 863 that is parallel to the polarisation state 81, Polarisation-switch retarder 800
outputs polarisation state 863 that s absorbed by display polariser 210, As dlustrated in FIGURE 3F,
for the direction 947 of the munimum transmussion, the polar control retarder 300 provides an output
polarisation state 867 that is orthogonal to the polarisation state 863, Polarisation-switch retarder 800
optputis polansation state 872 that it absorbed by display polariser 210,

{2201  The sequence of the retarders 300, 800 may thus be adjusted to provide desirable performance,
such as timproved optornechanical performance.

{221} FIGURE 4A is a schematic iming diagram iflustrating doiving of the display device 100 of

FIGURE 2A i dual view mode operation.
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{222} Voltage Vs is provided across at least one pixel of the spatial light modulator 48 with
waveform 230, Voltage Vau 18 provided across the haqued cryvstal laver 814 of at lcast part of the
polarisation-switch retarder 800 with waveform 850, Current Dsa is provided to the light sources 13A
with wavelorm 150A and current hisp 18 provided to the light sources 3B with waveforra 1308,

{2231 In dluounation teraporal window 152 A the pixel data voliage fevel 230A is set for a desirable
grey level for image data suitable for the driver 47, with a transmission minimum directed towards the
passenger 43 direction 445.  The polarisation-switch retarder 800 is set for a voltage level to provide
the polarisation output of FIGURE 3A.

{2241 In dlumination temporal window 328 the pixel data voltage level 2508 1s set for a desirable
grey level for image data suitable for the passenger 45 with a transmission minimuwn duested towards
the driver 47 divection 447, The polarisation-switch retarder 800 1s set for a voltage level to provide
the polarisation output of FIGURE 3B,

2251 In illumination temporal window 152C the pixel data voltage level 250A1 is set for a desirable
grey level for image data suntable for the driver 47 with an tnverted voltage to destrably minimise charge
migration withun the layer 214 of the spatial light modulator 48, with a fransmission minimuwn directed
towards the passenger 45 direction 445. The polansation-switch retarder 800 1s set for a voltage level
o provide the polarisation output of FIGURE 3A with an inverted voltage to desirably minimise charge
migration within the laver 814 of the polarisation-switch retarder 800.

{2261 In dlumination teraporal window 152D the pixcl data voltage level 25081 is set for a desirable
grey level for image data suitable for the passenger 45 with an inverted voltage to desirably minimise
charge migration within the laver 214 of the spatial hght modulator 48, with a transmission minimuam
directed towards the drver 47 direction 447, The polarisation-switch retarder 800 15 set for a voltage
level to provide the polarisation cutput of FIGURE 3B with an inverted voltage 85081 (which mav be
zero and thos the same as voltage 850RB) to desuwably mimimise charge migration within the layer 814
of the polarisation-switch retarder 800,

[227%  Voltage Vo is provided across at least one pixel 220K, 220G, 2208 of the spatial light
modulator 48 and may be nverted every two ficlds rather than on alternate ficlds as this provides
mmproved DC-balance for a time sequential spatial light modalator 48, The tllamination phases of
waveforms 130A and 1308 typically illuminate a proup of pixels 220, {or example as dHlusirated in
FIGURE 3 hereinbelow or over the entire spatial light modulator 48 and the illumination timing width
is optimised on this basis.

{2281  Advantageously the display device may provide a dual view image with low cross talk between
driver 47 switable image and passenger 45 suntable tmage. Further charge migration within the hagud
crystal layers may be minimised.

{2291 Tt mayv also be destrable to provide a share mode of operation.
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{230} FIGURE 4B 15 a schematic timing diagram itlustrating driving of the display device 106 of
FIGURE 2A in share mode operation. Features of the erabodiment of FIGURE 4B not discussed in
further detail may be assumed to correspond fo the features with equivalent reference nmumerals as
discussed above, inchuding any potential variations in the featres

{2311 The control system 300 1s further arranged to operate in a share mode of operation in which the
control system 500, in first temporal phases, controls the spatial light modulator 48 to display a common
image and switches the polarisation-switch retarder 800 into the second mode, and, in second temporal
phases that are time-nultiplexed with the first temporal phases, controls the spatial light modulator 48
to digplay the common tmage and switches the polansation-switch retarder 800 1nto the first mode.
{232} In comparison to the dual view mode, the waveforra 250 is inverted on alieroating fields.
Further the hght sources 15A, 15B may be continuously lluminated. Advantageously luminance may
be incrcased.

2331  Alernatively, the waveform 250 may continue to mvert every two ficlds. Advantageously the
mversion control system is siaplificd.

234] It may be desirable to provide scanned display device 100,

235} FIGURE 35 is a schematic diagram illustrating a front perspective view of addressing of
components of a dual view display device 100 in scanned operation, frozen for a given time. Features
of the embodiment of FIGURE 5 not discussed in further detatl may be assumed to comrespond to the
featurcs with equivalent reference namcrals as discussed above, including any potential variations in
the features.

{236} The control system 500 iz arranged to control the spatial light modulator 43 and the polarisation-
switch retarder 800 m the first and second termporal phases in regions of the display device 100 that are
scannied across the display device 100,

{237} Control system 301 is arranged such that waveguide 1B is iHluminated by some of the LEDs
152B and wavepuide 1A is dlumimated by some of the LEDs 152A. In operation, the collimated
waveguides 1A, IB that are desenbed farther in FIGURE 28A provide light siripes 1348, 154A across
some of the backlight 20, achicving horizontal light stripes 1n different regions of the display device
100.

[238] The view angle control arrangement 900 comprises & polarisation-switch retarder 806 with
segmenied regions such that some regions output polarisation state 870 that are aligned with light stripes
1548 and other regions cutput polarisation component 866 that are ahgned with light stripes 154A
{2391 The spatial hight modulator 48 comprises Higoid crysial laver 214 that is addressed i a scanned
nanner such that m region 2528, mmage data 1s presented that is aligned with hight stripes 1548 and
polarisation component 87¢ whereas i different region 252A different 1mage data 1s presented that is
aligned with hight stripes 154A and polarisation component 866, Inregion 252C, swiiching of the hiqud

crysial laver 214 between the two images 232A, 2528 may be provided and are sot scen by cither driver
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47 or passenger 45,

{240} In spatial light modulators 48 that are addressed seguentially a bine at 2 time (o build uap an
unage, a fast clectro-optic material response provides more time for the active electro-optic material,
such as a hgwid crystal, to respond and establish a fully responded stable tmage. The backhight
illuraination may be synchronised fo the formation of the stable image. In this way the illumisation of
all or part of the response curve of the electro~optic material of the spatial hght modulator 48 and or the
polarisation-switch retarder 800 may be avoided. This means that the image contrast of the displaved
image may be improved.

{2417  Alternatively, a fast frame rate spatial hght modolator 48 and a fast-responding electro-optic
material may be used to preduce a frame sequenital display where alicrnate frame uuages are displayed
synchronised to the ilumination from the backlight 20 and the polarisation-switch retarder 800. The
fast-regponding spatial ight modulator 48 thercfore provides reduced cross talk between scqueatial
HBAges.

{2421 FIGURE 6A is a schematic graph illustrating the angolar profile of luminance output for the
backlight 20 of FIGURE 2A in the first temporal phase of operation; and FIGURE 6B is a schematic
graph illustrating the angular profile of luminance output for the backlight 20 of FIGURE 2A in the
second temporal phase of operation.

[243] The present disclosure describes a profile of guantitics such as lnminance or transmission by
angle. Any such guantity may have values that vary in directions defined by angle, for example by
clevation angle and lateral angle (or in a different coordinate systent not used herein by inclination angle
and azimuth angle), thereby defining a profile by angle. Hercin, different directions may be referred to
as polar locations and the profile by angle may be weferred to as a polar profile or an angular profile.
For example, the polar location having an clevation angle of § degrees and a lateral angle of § degrecs
refers to a direction that is normal to the plane of the display device. Sinmlardy the polar location 445
refers to a nominal direction of the driver 47 and the polar location 447 refers to the nominal direction
of the passenger 45, as described elsewhere herein.

[244] Referring to FIGURE 2A, the polar distribution of the light output of rays 4435, 447 towards
passenger 45 and driver 47 regpectively may be further modified by diffusers including diffuser 3
arranged after the turning film 50 of the backlight 20 or diffusers arranged between other cornponents
of the display device 160 and the users 45, 47,

{245} The backlight 20 of FIGURE 2A may advantageously achieve high lominance arousd the
direction 443 in the fiest teruporal phase of operation and high luminance arund the divection 4471 a
second temporal phase of operation.

{246}  Anillustrative embodiment of FIGURE 2C will now be descnbed, as shown in TABLE 1.
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Hem Layer Alignment Pretift | In-planc LC {ayer 314 Additional Additional passive
type alignment | retardance retarder type retarder wetandance
direction {narrow range} {narrow range}
(wide range) {wide range)
318 Polariser @ 45°
300 817A Homogeneous | 2° i 90° +250nm
R17R Homogeneous | 2° 8 2700 1230nm~270nm}
(200nm~300mm)
00 317A Homogeneous | 2¢ a0° +250am
317R Homeoteopic | 8%° 6 1807 {230nm~2 70w}
(200 0u~3 00
320 Positive A-plate +156nm
@ 90° {130mn~1700m}
(100m--200um)
10 Polariser @ 45°
218 Polariser (@ 133¢

TABLE 1

{247} 1In the embodiment of TABLE I, the polarisation-switch retarder 800 has anti-paralicl

homogencous aligninent lavers and has a retardance for light of a wavelength of 350w i a range from

200nm 1o 300mm and preferably from 230nm to 270nm.  The polar control retarder 390 has a
homogencouns alignment layer and a bhomeotropic alignment layer and a retardance for light of a
wavelength of 550nm i a tange from 2000 to 300nm and preferably from 230nra to 270mm. The
polar control retarder 300 of TABLE 1 has no twist. The correction retarder 324 has a retardance in the

range from 100nm to 2000m and preferably n the range from 130mmto 170nm.

(2481 Smmulated angular profiles of transmission for the embodiment of TABLE | will now be
described.
{2497 FIGURE 7A is a schematic graph tlustrating the angular profile of transmission for the view

angle control arrangement 900 of FIGURE 2A m the first temporal phase of operation; FIGURE 7815
a schematic graph tHlusirating the angular profile of transmission for the view angle control arrangement
300 of FIGURE 2A i the second temporal phase of operation; FIGURE 8A i« a schematic graph
ilustrating the Iateral variation for zero degrees elevation of luminance cutput for the backlight 20 of
FIGURE 2A 1in first and second temporal phases of operation; and FIGURE 8B 15 a schematic graph
Hlustrating the lateral variation for zero degrees elevation of transmission for the view angle control
areangemernd 900 of FIGURE 2A m first and second temporal phases of operation.

[250] The wview angle conirol arrangement 900 and display polariser 210 have a profile of
trapsmission by angle baving a local mindmarn 245 in a first direction 445 tn the first mode as dlustrated
n FIGURE 7A and a local mintmum 947 n a sceond dircetion 447 i the sceond mode as dlustrated in

FIGURE 7B.

{251} In the first teraporal phase, the driver 47 direction 447 has high luminance and the passeager
435 direction 445 is at or near to the nuounum transmission of the view angle control arrangement 900
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Advantageously stray light from the backlight profile of FIGURE 6A is mimmised for the passenger
43,

{252} In the second temporal phase, the driver 47 direction 447 is at or near to the minimum
trangrussion of the view angle control arrangernent 900 and the passenger 45 direction 443 sees output
from the view angle countrof arrangernent 900 with high transoussion. Advandageously stray light from
the backlight profile of FIGURE 6B 1s muninused for the driver 47.

{2531 FIGURE 9 15 a schematic graph iHustrating the lateral vanation of luminance output for the
display device 100 of FIGURE 2A with the view angle control arrangement 900 of FIGURE 2C in first
and second temporal phases of operation. The graphs of FIGURE 2 are provided by the multiplicative
effects of the backlight profiles of FIGURE 8A and the view angle contro] arrangement 900 profiles of
FIGURE 8B.

{2541 FIGURE 9 illustrates the maximuoy cross talk of the passenger image as scen by the driver 47
in location 447 is approximately 2% and the maximum cross talk of the driver image as seen by the
passenger in location 445 is approximately 0.6%. In an altersative configuration, it may be desuable
1o provide the driver 47 at direction 445 and the passenger 45 at direction 447, Advantageously driver
distraction may be munimised.

{253} Cross tatk between the image suitable for the driver 47 and the image suitable for the passenger
435 1s reduced. Driver 47 distraction may be reduced and vehicle safe operation enhanced.

{2561 In aliernative embodiments compared to that of TABLE 1, it may be desirable to adjust the
nominal viewing location for the driver 47 and/or passenger 43, Such adjustments mayv be achicved by
modifying backlight 20 profiles, for example by modifying light turning component 50 or wavegmide
tA, 1B design as dhustrated o FIGURE 28A. Alfernatively, the retardance of the polar control retarder
300, correction retarder 320, and polarisation-switch retarder 900 may be modificd.

2577 1t may be desirable to provide modified polariser electric vector transmission directions n the
display device 100

{25817 FIGURE 18A is a schematic diagram iHlustrating a side perspective view of a switchable dual
view display device 100 comprising a fransmissive spatial light modulator 48 with an alicenative
arrangement of polariser electric vector transmission directions; and FIGURE 19B 18 a schematic
diagram 1llustrating a front perspective view of alignment orientations for components of the dual view
display device 100 of FIGURE 10A. Features of the embodiment of FIGURES 10A-B not discussed
i further detail may be assamed to correspond to the featurcs with equivalent reference numerals ag
discussed above, including any potential variations 1n the features,

2591 The view angle control arrangement 900 further comprises at least one polansation-rotation
retarder 325A, 3258 arranged between the display polariser 210 and the additional polariser 318 and

arranged to rotate the direction of the polarisation state passing therethrough.
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{2668} The polarisation-rotation refarder 325A s a hall waveplate with optical axis direction 326A
arranged to rotate the outpot polarisation component 319 at 0 degrees of the additional polariser 318 (o
45 degrecs. The polansation-rotation retarder 323B 18 a further half waveplate with optical axis
direction 326B arranged to rotate the oulput polarisation components from the view angle control
arrangement 900 such that the minima directions 943, 947 are provided towards the desirable directions
445, 447 respectively when transmitted by the display polariser 210 with polarisation transmission
direction 211 of 0 degrees, that is along the x-axis direction of FIGURE 10B.

{261} For the light source mputs 154, 15B of FIGURE 10A, the output of the backlight 20 may have
partially polansed cutput due to Fresunel reflections at the wavegaide 1A, 1B and/or turing film
comporent 30. Higher transmission may be for an eleciric vector transnussion direction of the output
fight from the backhight 20 13 at 0 degrees. Advantageously cfficiency is increased.

{262} Fuorther the polanser 210 has an clectric vostor transmission dircction 211 that is at O degree
and the display output polanser 218 has an clectric vector transmission direction 219 that 15 at 90
degrecs. Advantageously ascrs wearing sunglasses may sec the display with lugh brightness, Further
the spatial light modulator 48 may comprise a wide viewing angle spatial light modulator such as an
IPS, FFS or VA mode LCP. Advantageously image contrast may be mcercased.

{263} It may be desicable to reduce cross talk 1o the display device 100 in comparison to that
illustrated in FIGURE 9.

[264] FIGURE 11A is a schematic diagram illostrating a side perspective view of a switchable dual
view display device 100 comprising a transmissive spatial light modulator 48 with plural view angle
control arrangements 800A, 300B; FIGURE 118 is a schematic diagram illusirating a front perspective
view of aligrniment origntations for companents of the doal view display device 100 of FIGURE 11HA;
and FIGURE 11T is a schematic diagram illustrating g side perspective view of the further view angle
control arrangernent 9008 of FIGURES 11A-B. Features of the embodiment of FIGURES 11A-B not
discussed m further detail may be assumed o comrespond to the features with equivalent reference
numerals as discussed above, including any potential variations m the features.

[2653}] View angle control arrangement 900A is provided by view angle cordrol arrangement 900 of
FIGURE 2C. The display further comprises: further additional polariser 3188 arranged on the same
side of the spatial Light modudator 48 ag the additional polariser 318A outside the additional polariser
3184, the further additional polariser 318 being a lincar polariser; and at least one further polar control
retarder 300B and a farther polarisation-switch retarder 800B arranged between the additional polariser

318A and the further additional polariser 3188, Anillustrative embodiment is provided in TABLE 2.
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tem Layer Aligrment Pretilt | In-plane EClayer 314 Additional Additional
type alignment | retardance retarder type passive retarder
419 {nasrow vange} retandance
direction {wide range) {naxrow range}
{wide range)
318R Polariser @ 45°
SO0E gi9BA Homogeneous | 2° 8 o0¢ +250mm
$19BE | Homogeneons | 2° 82768 1230mn~270mm;
(200mm--300wm )
3008 J17BA Homogenecous | 2° 8 0° +250mm
317TBE | Homeotropic | 88° G 1800 {230mm--2700m}
(200mm--300um )
3208 Positive A-plate | +150am
@ O° {1300m~-3 70mum}
{100um~2 00}
3188 Polarisey @ 45°
800A | RI9AA | Homogeneous | 2° A 2760 +250nm
$19AR | Homogeneous | 2° b 90° 1230mn~270mm;
(200nm-~-3000u31)
300A | 31TAA Homogeneous | 2° 8 0° +250mm
317AR | Homeotropic | % b 180° 12302 70um}
(200nm~3000m)
3204 Positive A-plate | +130mm
@ o° {130nm~170nm}
{100um~2 00}
325 Positive A-plate | +250um
@ 67.5° {230um~270mm}
{2000m~300nm)
2i0 Polariser @ 0°
23R Polanser @ H0°
TABLE 2
{2661 In the alierpative embodiment of FIGURES 11A-C and TABLE 2, the forther view angle

control arrangement 900B is provided with an alignment direction 329B of the liguid crystal material
3138 that s directed towards the dnver 47 rather than directed towards the passeager 43 with an
aligniment dircction 329A of the liguid crystal material 313A for the view angle contrel arrangement
S00A the same as direction 329 for the higuid crystal material 313 illustrated in FIGURE 2C.

{267} Such an arrangement achieves focal nunima that arc on opposite sides of the normal to the
display 1 comparison o the arrangement of FIGURE 2C. Increased umiformity of iflamination to driver
47 and passenger 45 mayv advantageousky be achieved.

{268} The polansation-rotation retarder 325 is arranged to provide desirable polarisation components

onlo the display polaniser 210 as described hereraabove.



WO 2023/196440 PCT/US2023/017639

{2691 The operation of the alternative embodiment of FIGURES 1A-C  for dual view display
operation will now be described.

{2701 FIGURE 124 15 a schematic diagram illusirating a side view of operation of the display device
100 of FIGURE 11A 1w a first temporal phase of operation; and FEGURE 128 1< a schematic diagram
illustrating a side view of operation of the display device 100 of FIGURE 11A 1n a second temporal
phase of operation. Features of the embodiment of FIGURES 12A-B not discussed in further detail
may be assurned (o correspond to the features with equivalent reference npurerals as discussed above,
including any potential variations in the features.

{2711 For convenience of explanation the polansation-rotation retarder 323 is omitted.

{272}  Referring to FIGURE 12A, the operation is simifar to FIGURE 3A. The further view angle
conirol arrangement 9008 provides polarisation states 868, 866 at respective directions 447, 945 and
the additional polariscr 3184 provides a first transmission profic. The view angle control arrasgement
900A then provides polarisation states 880, 878 at respective directions 447, 945 and the display input
polariser 2190 provides a seoond transmission profile.

2731 Referring to FIGURE 128, the operation is suntlar to FIGURE 3B. The further view angle
control arrangement 900B provides polarnisation statcs 872, 870 at respective dirgctions 443, 947 and
the additional polariser 318A provides a first transmussion profile. The view angle control arrangement
S00A then provides polarisation states 880, 884 at respective directions 443, 947 and the display input
polariser 210 provides a sccond transmussion profile. Note that in the allemative embodiment of
FIGURES 11B-C the componenis 329A, 3298 arc reversed, the driving of the polarisation-gwitch
retarder 15 also reversed to provide common directions for the mimima divections 945, 947, In other
alterpative embodnnents (rot shown), the components 329A, 3298 may have a common direction.
{274} The final profile 1s determined by the combined optical effect of the backlight 20, further view
angle control arrangerent 9008, view angle control arrangement 900A and display polariser 210 as
will be described further hercinbelow.

{2757 The driving of the arrangement of FIGURE 1A with the alternative embodiment of FIGURES
1 B-C will now be descubed.

{276} FIGURE 13 s a schematic timing diagram tHustrating driving of the display device 106 of
FIGURE 11A in dual view mode operation. Features of the embodiment of FIGURE 13 not discussed
in further detail may be assumed to correspond to the features with equivalent reference numerals as
discussed above, inchuding any potential variations i the features.

{2777 In comparison to the embodiment of FIGURE 4A, FIGURE 13 iHustrates that drive voltages
Ve, Vsue are provided for polansation-switch retarders 814A, 8148 respectively and are 1 angi-
phase becaunse of the opposite average components 329A, 3298,

{278} FIGURE 14A is a schematic graph illustrating the angular profile of transmission for the

further view angle control arrangomoent 960B of FIGURE 1A in the first tormporal phase of oporation;
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FIGURE 148 15 a schematic graph iHustrating the angular profile of transmission for the further view
angle control arrangement 300B of FIGURE 1A inthe second teruporal phase of operation; FIGURE
15A 15 2 schematic graph ilustrating the lateral vanation of transmission for the further view angie
control arrangement 9008 of FIGURE 1A in first and second temporal phases of operation; and
FIGURE 158 is a schematic graph illustrating the lateral variation of display luminance for the ploral
view angle control arrangement S00B of FIGURE 11 A n first and second temporal phases of operation.
Featares of the embodiment of FIGURES 14A-B and FIGURES 15A-B aol discussed in further detail
may be assumed to correspond to the features with equivalent reference numerals as discussed above,
eluding any potential variations in the features.

{279%  Counsidering the transraission augular profiles of FIGURE 148, in coraparisos to FIGURE 7B,
the angular profile for the {irst and second temporal phases are different because of the different
direction 329 of the hiquid crvstal molocules i the polar coutrof retarder 3060.

{2801 Considering the luminance angular profiles of FIGURE 138, there 1s advantageously reduced
asymmetry between the driver 47 side and the passenger 45 side, and overall cross talk is substantially
reduced m comparison to the arrangement of FIGURE 9. The cross talk for both the driver 47 and
passenger 45 is less than 0.2%. Such a low cross talk level may advantageously achieve a high security
factor between the two images and misinuse driver distraction.

{281} 1t may be desirable to provide further control of the luminance profile in share mode of
operation.

{282} FIGURE 16A is a schematic diagram iflustrating a side perspective view of a switchable dual
vicw display device 100 comprising a transmuissive spatial hight modulator 48 wherein the view angle
condrol arrangement Y00 comprises an active polar control retarder 300, and FIGURKE I6B 5 a2
schematic diagram illustrating a side perspective view of alignment orientations for components of the
dual view display of FIGURE 16A. Features of the embodiment of FIGURES 16A-B not discussed in
further detatl may be assumed to comrespond to the features with equivalent reference numerals as
discussed above, including any potential variations 1 the featores.

[243] Further the at least one polar control retarder 300 comprises a switchable liquid cevstal retarder
301 comprising 2 layer 314 of haind crystal matenal 313, and the display device 100 further comprises:
two sarface alignment layers 317A, 3178 disposed adjacent (o the layer 314 of hquid crystal material
313 of the switchable liquid crystal retarder 301 and on opposite sides thereof. Further an electiode
arrangement 315 A, 3158 arranged on transparent substrates 312, 316 regpectively is arranged to apply
voltages to the layer 314 of liquid covstal material 313 of the switchable liquid crystal retarder 301
{284} In the embodiment of FIGURE 168, one of the surface alignment layvers 317A, 3178 disposed
adjacent 1o the layer 314 of liguid crvstal material 313 of the switchable liqud orystal retarder 301 15
arranged to provide homogenous alignment in the adjacent liguid crystal material, and the other of the

surface alignment layers 317A, 3178 disposcd adjacent to the layer 314 of ligmid ervstal matenal 313
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of the switchable hgud crystal retarder 301 is arranged (o provide homeotropic alignment in the
adjacent liquid crystal matenial.

[285] Advantageounsly the switchable lguid crystal layer 314 of FIGURE 16B may more
convenently be provided with desirable retardance and abgnment properties in comparison to the
passive layer of FIGURES 2A-C. Further, the liguid crystal laver 314 may be switched between a fiest
state for dual view mode operation and a second state for share mode operation.

[286] FIGURE 17A iz a schematic iming diagrar flustrating driving of the display of FIGURE 16B
in dual view mode operation; and FIGURE 17B 15 a schematic timing diagram llustrating driving of
the display of FIGURE 16B in share mode operation. Features of the embodiments of FIGURES 17A-
B not discussed in further detail may be assumed to correspond to the features with equivalent reference
sumerals as discussed above, mchuding any potential vaniations in the features.

{2871 In comparison to FEGURE 44, in the alternative crabodunent of FIGURE 17A a first voltage
waveform 350 1s used to sot the Hauid crystal polar control retarder 300 to a first retarder orientation
suitable for deal view operation as described elsewhere herein. The waveform 3501 is the inverse or
negative of 350, and that the frequency of mversion need not be the same as or synchronized with the
frequency of waveform 850.

{288} FiGURE 17B illustrates an alternative timing diagrar to share mode operation. To comparison
10 FIGURE 4B, the LED illumination signals may be pulsed, for example 1o improve impulse response
of the display.

{2897 In another illusitrated alternative embodiment of FIGURE 178, the voltage waveform 8350A
provided for the polansation-switch retarder BOOA is arranged to provide a single polansation state 1o
the polar control retarder, that is aligned to the display polariser 210 clectiic vector transmission
direction 211

290} Further, the polar control retarder 300 higund crystal laver 314 is provided with voltage V314
with waveform 330 that has a different voltage to that of FIGURE 17A. so as to provide high
transmission from a wide range of viewing angles. The uniformity of laminance s wide angle mode
of operation is increased. In share mode of operation, advantageously umage data is visible from a wider
range of viewing angles in comparison to dual view embodiment of FIGURE 17A. THhmunation current
TS A of hight sources 15A with waveform 130A may occupy the same time slot or be simoliancous with
waveform 1508 and may be wider or even continuous wave rather than pulsed in this mode.

{2911 FIGURE 18A 15 a schematic diagram iHustrating a side perspective view of a switchable dual
view display device 100 compusing a transpussive spatial ight modulator 48 comprising ploral view
angle control arrangements 900A, 900B wherein the view angle control arrangements 90 A, 9008 each
comprise an active polar control retarder 301A, 3018, Featares of the embodiment of FIGURE 18A
not discussed in further detail may be assumed to correspond fo the features with equivalent reference

numcrals as discussced above, inchuding any potential variations 1 the features.
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{2921  In companson to the arrangement of FIGURE 1A the switchable liquid crystal layers 3144,
314B may be more conventently provided.  Further, share mode transmussion vuiformity may
advantageously be mcreased.

{2931 A wiewer location control apparatas will now be described.

{2941 FIGURE 18B s a schematic diagram dlustrating a top view of operation of the display of
FIGURE 18A 1n a first temporal phase of operation, further comprising an observer tracking system
510, Features of the embodiment of FIGURE 188 not discussed m forther detail may be assumed to
correspond to the features with equivalent reference numerals as discussed above, including any
potential vanations in the foatures.

[295] In the alternative embodiment of FIGURE 18E, the observer tracking svstom 510 may be
arranged to determine the location of at least one of the driver 47 and passenger 45, The voltages Vi,
V4 maay be adjusted to provide control of the ducction of the minuma 447, 445, detconined by the
respective average orientations 329A, 3298 of the optical axis of the liquid crvstal material 3134, 3138
n the liquid crystal polar control retarder 3014, 3018,

296} The cross talk scen by at least one of the passenger 45 and driver 47 may advantageously be
reduced as the directions 445, 447 may be controlled to be closer to the respective users 45, 47.

{297} In other embodiments (ot shown) the observer racking svstem 510 may be provided in display
devices 100 that do not comprise the further additional polariser 3198 and further view angle control
arrangement 900B. Advantageously cost, complexity and cross talk is reduced for variable locations
of observers 435, 47 or for moving observers 45, 47,

{298} Alternative arrangements of polar control retarder 300 will now be described.

{2991 FIGURE 19 15 a schematic diagram dlustrating a side perspective view of an Hhastrative polar
control retarder 300 of FIGURE 18A comprising a homeotropic alignment layer and a homogengous
alignment laver and further compnsing a negative C-plate correction retarder 320, Features of the
embodiment of FIGURE 19 not discussed in further detall may be assumed to correspond to the features
with equivalent reference numerals as discussed above, mchiding any potential variations i the
featares.

{3081  Tn comparison to the arrangement of FIGURE 2C electrodes 313 A, 3158 are arranged to apply
a controllable voltage across the laver 314 of liquud crystal material 313 of the switchable Hguid crystal
retarder 301

[301]  Atlcast one of the surface alignment layers 317A, 3178 disposed adjacent to the layer 314 of
fiqud crystal material 313 of the laver 314 of the swiichable liguid crystal retarder 301 has a pretilt
having a pretilt direction with a component 419Bp in the plane of the layer 314 of liquid crystal material
313 that s at an acule non-zero angle 1o the clectric vector transmission directions 211, 319 of at least
one of the display polariser 210 and the addimional polariser 318 in at lcast part of the display device
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{3021  Such an embodiment achieves an optical alignment direction 329 that is offset {0 the display
normal 199, Advantagecusly the direction of the minimurm transmission may be directed in an off-axis
direction, for example towards a driver 47 and a passenger 435 of FIGURES 1A-C. in the embodiment
of FIGURE 2A for example, the angles B4, 8p may be 0 and 180 degrees as described elsewhere herein,
for example 10 TABLE 1. Angles offset {rom these angles may achieve direction of mintmum of
transmission that is offset in different polar directions and with different polar size of minima.

[3031 In operation, the polar control retarder may be provided with a first voltage for doal view mode
and a second voltage for share mode of operation.

[304] In the alternative embodiment further C-plate correction retarder 320 may be provided. Said
retarder 320 may compensate for the ovt-of-plase retardance of the laver 314 whes duven into a wide
angle mode for share mode operation. Increased uniformity with polar angle of transmission i share
mode is advantageously achicved.

{3051 FIGURE 2¢ is a schematic diagram ilustrating a side perspective view of a polar control
retarder 300 comprising a twisted higuid crystal layer arranged between two homogeneous alignment
lavers. Features of the embodiment of FIGURE 20 not discussed in further detall may be assumed to
correspond 1o the features with equivalent reference numerals as discussed above, including any
potential vanations in the foatures.

[306] In comparison to the arrangement of FIGURE 19, the layer 314 of ligmid crystal material 313
of the switchable higuid crystal retarder 301 has a twist and both alignment layers 317A, 3178 have a
homogenecus alignment. The C-plate of FIGURE 192 mav be omitted and cost, thickness and
complexity reduced.

(3077 Anillustrative embodiment of an altemative polar condrod retarder 300 1¢ ithustrated in TABLE
3.

In-planc In-plane Twist Active LC retarder 301
Ttem rotation rotation Alignment Pretilt And Ve
angle angle lavers
318 319, ¢a 45°
379Ap, Ha 45° Homogeneous 2
360 : 90 ¢ - 500nm 1.35V
3298p, Uk i35° Homogeneous a0
800 See TABLE |
210 2HL, ¢m 45°¢

TABLE 3

{308} The twist may be in a range from 60° to 120°, and preferably in a range from 70° to 90°. The
swiichable ligoid crystal retarder may have a retardance for hight of a wavelength of 550nm s a range
from 300mm to 1500nm, preferably in a range from 400mm to 1200nm.

{3091 The twisted nematic hamd crysial layer 314 provides an off-axis pointing direction 329 ag
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described clsewhere herein. Off-axis mimima may advantageously be achieved for reduction of image
cross talk and improvement of image privacy.

{310} FIGURE 21 is a schematic diagram illustrating a front perspective view of a polar control
retarder 300 comprising a non-twisted hgwid ceystal layer amranged between two homopgeneous
alignment layers. Features of the embodiment of FIGURE 21 not discussed 1o fodher detad may be
assumed to correspond to the features with equivalent reference numerals as discussed above, mcluding
any potential variations n the features.

{311} In comparison to the embodiment of FIGURE 19, both alignment lavers 3174, 3178 may
provide homogenecus abignment. The retardance of the liguid crvestal layer 314 may be reduced.
Susceptibidiiy to applied mechanical pressure may advantageously be reduced.

{3121 FIGURE 22 is a schematic diagram illustrating a front perspective view of a polar control
retarder 300 comprising a non-twisted Liquid crystal laycr arranged between two homeoiropic aligament
layers. Features of the embodiment of FIGURE 22 pot discussed in further detail may be assumed (o
correspond to the features with equivalent reference pumerals as discossed above, including any
potential varations in the foatures.

{3131 In comparison to the embodiment of FIGURE 19, both alignment layers 317A, 3178 may

provide horacotropic aligersent. The voltage applied for share mode operation may be reduced,

advantageously achieving reduced power consumpiion in share mode of operation.

{3141 A dual view passenger infotatnment display device 100 will now be described.

{31537 FIGURE 23 is a schematic diagram illustrating a top view of a passenger infotainment display
device 100 for use by a driver 47 and a passenger 45 in an astomotive vehicle 6530, Features of the
embodimaent of FIGURE 23 not discussed in further detad may be assumed to correspond to the features
with equivalent reference numerals as discussed above, mchuding any potential variations in the
features.

{316} Display device 100 15 arranged in a passenger information display (PID) location {on the night
hand side of the vehicle for Left Hand Drive), with light ravs 443, 447 ouptput to the user 45 and user
47 respectively,

{3177 Tn a first mode of operation that 18 the privacy mode the display device 100 s arranged for
viewing by the front passenger 43 near to an on-axis 199 location, and to 1nhibit viewing by the driver
47. The inhibited viewing may be provided by a wuform tmage or by an image comprising image
information suitable for the driver 47 daring operation of the vehicle.

{318} It is desirable that the passenger 43 may view nformation such as entertainment without the
image causing distraction to the driver 47, that is the privacy mode refers (o a low dnver distraction
mode. This mode 1s in comparison with a mode in which the passenger display tums off when the
vehicle is 1 motion to prevent driver distraction. More specifically to mintmise the visibility to the

driver 47 of distracting tuages at both the nominal doiver position and when the driver leans across
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towards the display while driving, it 1 desirable to maxamise the security factor S at angles o from the
optical axis 199 of greater than 30° and preferably greater than 23% in the direction from the optical axis
199 fowards the detver 47, Further it 1s desirable o achieve a high secanty factor, S for polar angles at
{east at angles [ from the optical axis 199,

{319} Further in a low stray light function of the privacy mode, it may be desirable to provide an
mnage {o the passenger 45 with desirable lupunance while reducing the luminance to reflecting and
scattering surfaces within the velucle. Advantageousky the brightness of internal surfaces of the vehicle
650 may be redaced during night-time operation, reducing driver disraction. Further, increased area
displays may be provided while maintaining desirably low levels of stray ihumination within the vebicle
6350 cabin.

{320] In a second mwode that i the share mode, the display device 100 is arranged for viewing by
driver 47 in an off-axis location. Such use may be for occasions when viewing the display content is
safe such as when the vehicle 18 stationary, or the content 1s appropriate such as map or instrument data.
{3211  Anillustrative embodiment will now be described.

{3221 FIGURE 24A 15 a schematic graph tlusirating the angular profile of luminance output for the
backlight 20 of FIGURE 2A i the first temporal phase of operation; and FIGURE 24B is a schemaiic
graph lustrating the angular profile of fuminance output for the backlight 20 of FIGURE 2A in the
second temporal phase of operation. Features of the embodiment of FIGURES 24A-B not discussed in
further detatl may be assumed to correspond to the features with equivalent reference numerals as
discussed above, including any potential variations i the features.

{323} In comparison to FIGURES 6A-B, the aliernative embodiment of FIGURES 24A-B provide
respectively an on-axis peak illumimance mn direction 445 for the passenger and an on-axis peak
luminance in direction 447 for the dniver 47

{324} Analiernative view angle contral arrangement 900 will now be described.

{32351 FIGURE 25A 15 a schematic diagram illustrating a front perspective view of an shernative
view angle control arrangement 900 of FIGURE 2A. Features of the cmboduncnt of FIGURE 25A not
discussed in further detail may be assumed to comespond to the features with cquivalent reference
mumerals as discussed above, mchuding any potential vanations in the features. TABLE 4 is an

itustrative embodiment.
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Hem Layer Alignment Protilt | In-planc LClayer 314 Additional Additional passive
type alignment | retardance retarder type retarder wetandance
direction {narrow range} {narrow range}
(wide range) {wide range)
318 Polariser @ 45°
314 S17A Homogeneous | 2° a0 +650nm
317R Homentmpic | 8%° 6 1807 {330~750mm;
(300~900nm)
320A A-plate @ 0° +180nm
{130nm ~ 1 70nm}
(108xen ~ 200
320B C-plate -440nm
(350 ~ ~550mm)
{230 ~ -650nm}
800 817A Homogeneous | 2¢ g 90° +800nm
2178 Homosgencous | 2° 8 900 {700~900um}
{(306~1 160um}
210 Polariser @ 45°
TABLE 4

3261 In the altcrnative embodiment of FIGURE 23A, the ligwd crystal layer 814 s provided with
homogeneous alignment lavers B15A, 8158 with parallel alignment directions, rather than anti-parallel
as in FIGURE 2C and TABLE 1. The liguid crystal material near to the alignment lavers 815A, 815B
may be arranged o switch more quickly than the matenal through the layer 314 of TABLE 1
Advantageously the response speed of the liguid crystal layver 814 may be increased in comparison to
the arrangement of FIGURE 2C.

(327}

In comparison to the embodiment of TABLE 1, in the embodiment of TABLE 4, the
polarisation-switch retarder 800 has parallel homogeneous aligrunent layers and has a retardasce for
light of a wavelength of 530nm tn arange {from 500nm to 1 100nm and preferably from 700nm to %00nm.
The polar control retarder 300 has a homogencous alignment layer and a homeotropic alignment layer
and a retardance for fight of a wavelength of 330mm in a range from 300nm to 900nm and preferably
from 350nmm to 7530nm. The A-plate correction retarder 320A has a retardance in the range from 100nm
to 200 and preferably in the range from 130no to 170mum and the C-plate correction retarder 3208
has a retardance in the range from -250nm to ~650mm and preferably in the range from -350nm to ~
550nm. The ranges are somewhat different to those of TABLE 1, that is related to the increased optical
tuckness of the layer 314 when the alignwent layers are parallel rather than anti-parallel.  Such
thickness maintains a subsiantially half-wave retardance in operation for polarised light; however, has
mereased out-of-planc and in-plane retardances that are desirably cotrected by correction retarders
320A, 3208, Similarly the retardance of the polar control retarder is increased because of the off-axis
fransnuission variation caused by the bomeotropic alignment of the hquid crystal molecules ncar the

centre of the layer 314, Thus the prescriptive regions for TABLE 1 and TABLE 4 are different.
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{328} Further an additional C-plate passive correction retarder 3208 15 provided such that at least one
passive correction retarders 3204, 3208 has an optical axis orthogonal to the plane of the passive
correction retarder 3208

{3291  Said retarder 3208 ¢ arranged fo correct for the high out-of-plane retardance of the lgoid
crystal layer 814, while the retarder 320A 1 arranged to correct for the high in-plane retardance as
described elsewhere herein.

[330] FIGURE 25B is a schematic graph iHlusirating the angolar profile of trapsmission for the view
angle control arrangement 200 of FIGURE 23A i the first temporal phase of operation; FIGURE 28C
15 a schematic graph illustrating the angular profile of transmission for the view angle control
arcangement 900 of FIGURE 25A in the secound temporal phase of operation; and FIGURES 255-E
are schematic graphs illustrating the lateral variation of lummance output {or the display device 100 of
FIGURE 2A with the view angle control arrangement 900 of FIGURE 23A in first and sccond temporal
phases of operation.

{3311 In companson to the embodiments of FIGURE BA and FIGURE 9, a lupuunance peak is
achicved in dircction 445 for the passenger 45, and in direction 447 for the driver 47, Further the cross
talk between the driver 47 iimage and passenger 45 image may be reduced to deswable levels.

{332} Advantageously a passenger infotainment display with low levels of driver distraction may be
achicved. Further the passenger 43 and driver 47 may receive different images for dual view operation.
{3331 Optical components will now be further described.

[334] FIGURE 26A i3 a schematic diagram illusirating a front perspective view of a component
comprising a view angle control arrangement 900 comprising an active polar control retarder 300;
FIGURE 268 15 a schernatic diagram dhustratiog a front perspective view of a component comprising
a view gngle control arrangement 900 comprising a polar control retarder 300; and FIGURE 26C iz a
schematic diagram dlustrating a front perspective view of a component comprising a polar control
retarder 300, Features of the embodiments of FIGURES 26A-C not discussed in further detail may be
assumed to correspond to the features with equivalent reference numerals as discussed above, mcluding
any potential variations in the features.

{3335} Alernative optical stackings will now be desenbed.

[336] FIGURES 27A-W are schematic diagrams illastrating alternative side views of alternative
display device 100 structures. Featurcs of the embodiments of FIGURES 27A-W not discussed in
further detail may be assumed to correspond {0 the features with equivalent reference numerals as
discussed above, including any potential variations 1o the features.

3371 In comparison o the embodiments heremabove, in the embodiments of FIGURES 27F-S the
display polariser may be an output display polanser 2 I8 arranged on the output side of the spatial hight
modulator 48, The display device 100 further comprises: an output display polariser 218 arranged on

the output side of the spatial bght modulator 48, a further addttional polariscr 318 arranged on the cutput
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side of the spatial Hght modulator 48, the further additional polariser 318 being a linear polaniser; and
at least one further polar control retarder 3008 and a further polarisation-switch retarder arranged
between the further additional polariser 318 and the output display polariser 210,

[338] TIn the embodiments of FRGURES 2708, the spatial light modulator 48 comprises an emissive
spatial light modulator 48 arranged to eout the spatially modoelated hight. The emissive spatial light
modulator 48 may comprise an OLED display, a micro-LED display or other known emissive display
types. Emissive displays may achieve higher frame update rates than switchable Lquid crystal digplays.
Advantageously cross talk may be reduced.

{3391 In {urther alternative ernbodiments sach as in FIGURES 27T-27W a reflective polariser 302
may be provided between the output displav poladiser 21% and a view angle conird arrangerent 904
and additional polariser 318, In operation as a pnivacy display, ambient light ravs 402 from ambient
fight source 400 may be reflccted to rays 404 by the weflective podariser 302, The reficcted light ravs
404 may advantageously achieve mereased scourity factor, as described n U5, Patent No. 10,303,030
and in 1.5, Patent No. 10,976,578, both of which are herein incorporated by refercnce 1n their entirctics.
{340} The structure and operation of various alternative backhights 20 that provide desirable
ilnmmation characteristics for the switchable privacy display device 100 of the present embodiments
will now be described further.

{341} FIGURE 28A s a schematic diagram illustrating a side view of the switchable backlight 20 of
FIGURE 2A comprising waveguides 1A, 1B, a rear reflector 3 and an optical turning film component
50 and outputting light beams 443, 447 with the angular distributions as illustrated in FIGURES 4A-C;
FIGURE 28B is 2 schematic diagram illustrating a front perspective view of an optical turming film
component 50 for the backlight 20 of FIGURE 28A, FIGURE 28C 15 2 schematic diagram dlustrating
a side view of an optical turning film component 50; and FIGURES 28D-& are schematic diagrams
illustrating perspective views of waveguides for use i the arrangement of FIGURE 28A. Features of
the embodiments of FIGURES 28A-H not discussed in further detail may be assumed to correspond to
the features with equivalent reference numerals as discussed above, wncluding any potential variations
in the features.

{3421 The backlight 20 comprises: at least one first hght source 15A arranged to provide input hight;
at least one second heht soarce 13B arranged (o provide taput light in an opposite direction from the at
least one fivst light source 15; a waveguide arrangement 11 comprising at least one waveguide 1, the
waveguide arrangement 11 being arranged to receive the input light from the at least one first hight
source 15 and the at least one second hight source and to cause light from the at least one {irst light
source 15 and the at least one second hight source to exat from the waveguide arrangement 11 by
breaking total tnternal reflection; and an optical turning filbe component S0 comprising: an inpot susface
56 arranged to receive the hight exiting from a waveguide | through a hght gmidimg surface 8 of the

waveguide 1 by breaking total internal reflection, the mput surface 56 extonding across the plane; and
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an output surface 58 facing the input surface 56, wherein the input surface 56 comprises an array of
prismatic elements 51, The prismatic elements 51 may be clongate.

{343} Further, m the embodiment of FIGURE 28A, the wavegmide arrangement 11 comprises: a first
waveguide A extending across a plane and compnsing first and second opposed light guiding surfaces
6A, BA arranged to guide light along the waveguide, the sccond light guiding surface being arranged to
guide light by total internal reflection; and a first input end 2A arranged between the first and second
light guiding surfaces 6A, 8A and extending in a lateral direction between the {irst and second hight
guiding surfaces 6A, 8A; wherein the at least one first light source 15A is arranged 1o input light 444A
mto the first waveguide 1A through the first input end, and the first waveguide 1A & arranged to cause
light from the at feast one first light source 15A to exit from the fiest waveguide 1A through one of the
first and second hight guiding surfaces 6A, BA by breaking total internal reflection; a second wavegmde
1B cxtcoding across the planc arranged in scrics with the first waveguide 1A and compusing first and
second opposed light guding surfaces 6B, 8B arranged to guide light along the waveguide 1B, the
sccond light guiding surface 8B bemg arranged to guide light by total intemal reflection, and a second
input end 28 arranged between the first and second light guiding surfaces 6B, 8B and extending n a
lateral direction between the first and second hight guiding surfaces OB, 8B; whercin the at least one
second light source 138 is arranged to input hight 4448 iato the second wavegnide B through the
second input end 28, and the sccond wavegmide 15 is arranged to cause light from the at lcast one
second light source 15B to exit from the second waveguide | B through one of the first and second light
guiding surfaces 68, 8B by breaking total internal reflection, and wherein the first and second
waveguides 1A, 1B arc oriented so that at least one fivst light source 15A and at least onc second light
source 158 mput light 444A, 4448 o the fiest and second waveguides 1A, 1B o opposite directions.
{344} The optical turmng film component 50 comprises: an input surface 36 arranged o receive the
hight 444 A, 444B exiting from the waveguide arrangement {1 through a hght goiding surface of the at
feast one waveguide 1A, 1B of the waveguide arcangement by breaking total intemal reflection, the
wmput surface 56 extending across the plane; and an ouiput surface 58 facing the wnput surface, wherein
the toput surface 36 comprises an array of prismatic elements 52, The prismatic clements cach comprise
a pair of elongate facets 532 delining a ndge 54 therebetween. Angles ¢4, ¢n of prism surfaces 534,
338 are provided to direct the nominal hight ouiput from wavegmides 1A, IB into directions 443, 447
with respective light cones 455, 457 by refraction and reflection at surfaces 33 A, 538, Advantageously
destrable itlumination directions such as illustrated in FIGURES 4A-F may be achieved by selection of
angles da, b

{345} The backlight 20 of FIGURE 28A may provide the exenplary luminance profiles of FIGURES
6A-B or FIGURES 24A-B hereinabove. In operation, the light 444A from the {irst light source 15A
exits the backlight 20 with a first angular distribution 443 as illustrated in FIGURE 25D and the fight

from the second light source 138 exits the backlight 20 with a second angular distribution 447 as
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ilustrated in FIGURE 23D different from the {irst angular distribution 445, The first angular
distribution 445 may be syrametrical about an axis 199 of symumetry of the backlight 20 and the second
angular distnibution 447 is asvmmetrical about the same axis 199 of symumetry of the backhight 20, In
a lefi-hand drve vehicle, the asymmetrical distribution 447 may be to the Ieft of the axis 199 of
symumetry of the backlight 20 and in a right-hand drive vehicle the asyoumetrical distribution 447 may
be to right of the axis 199 of symmetry of the backlight 20

[346] Wavegudes 1A, 1B comprse surface relief features that are arranged to leak some of the
guiding light either towards the rear reflector 3 or towards the light turning component 30. Hach
waveguide LA, 1B comprise a surface relief 30 arranged on the first side 6A, 6B that may comprise
prise surfaces 32, 33, Fucther the second sides 8A, 8B may fucther coraprise surface relief 31 that may
comprise clongate features or prism features as illustrated 10 FIGURES 28D-G hereinbelow. In
opcration the surface relicfs 30, 31 provide leakage of Jight 445, 447 from the waveguide 1A, 1B for
redivecting by turning film 50,

{3477 FIGURE 224 © a schematic diagram dlustrating a side view of a switchable backlight 20
comprising a waveguide 1, first and sccond light sources 154, 158 at respective opposite input sides of
the wavegwide 1, a rear reflector 3 and an optical turning filim 53¢ and outputting hght beams for
passenger 43 and driver 47 nominal directions; and FIGURES 29B-C are schematic diagrams
illustrating perspective views of waveguides for use in the arrangement of FIGURE 29A. Features of
the embodiment of FIGURES 29A-C not discussed 1o forther detail may be assumed to correspond 1o
the features with equivalent reference numerals as discussed above, including any potential variations
in the features.

{348} 'The waveguide arrangement 11 comprises: a waveguide | extending across a plane, wherein
the wavegwide 1 15 an optical wavegmide, and comprising: first and second opposed hight guding
surfaces 6, 8 arranged to guide light along the waveguide I, the second light guiding surface 8 being
arranged to guide light by total internal reflection, and first and second nput ends 2A, 2B arranged
between the first and second light guiding surfaces 6, 8 and extending in a lateral direction between the
first and second light gniding surfaces 6, 8; wherein the at least one first light source 15A is arranged
to mput hght 445 into the wavegmde 1 through the first input end 2A and the at least one second light
source 15B 1s arranged to input light 447 into the waveguide 1 through the second input end 2B, and
the waveguide | 1s arranged to cause hight from the at least one first light source 15A and the at least
one second light source 15B to exit from the waveguide 1 through one of the first and second hight
goiding surfaces 6, 8 by breaking total internal reflection.

3491 FIGURE 30A is a schematic diagram illustrating a perspective side view of a steerable
backlight 20 comprising a wavegude arrangemeni Il comprising a stepped wavegoide 1. and
addressable light source array 13a-n; and FIGURFE 308 is a schematic diagram illustrating a side view

of a steerable backlight 20 comprising a stepped waveguide, and addecssablo light scurce arcay and rear
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reflector. Features of the embodiment of FIGURES 30A-B not discussed m further detal may be
assumed to correspond to the features with equivalent reference numerals as discussed above, mcluding
any potential variations in the foatures.

{35301 Such a stepped wavegnide is further described in U5, Patent No. 2519133 and m U8 Patent
Neo. 10,054,732 both of which are herein incorporated by reference in their entireties.

{3511 Waveguide | comprises an input end 2, a reflective end 4 and first and second light guidmg
surfaces 6, 8 arranged between the wput end 2 and reflective end 4. The second light guiding surface
% may be a planar surface and the first light guiding surface & may compnise a stepped structure
comprising steps 12 and intermediate regions 16 that rmay be planar.

[352} In operation, light from at least some of hight sources 15a-n is ioput at the tput end 2 and
guided substantially without loss to the reflective end 4. Reflected Light rays are guided back towards
the steps 12 by mcans of the surface 8, 10 at which point they are extracted from the waveguide after
total mnternal reflection or by refraction. Considering FIGURE 30A, light sources 15a-n in region 31
arc directed towards driver 47 and hght sources in region 33 are direcied towards the passenger 45.
3531  Considering FIGURE 308, refracted hight rays 445b are meident on rear reflector 3 comprising
reflective facets 34, 36 and directed towards passenger 43, similarly refracted light rays 447b (not
shown) are directed towards driver 47, Advantageously output brighiness is increased.

{354} The light extraction features 12 may be curved and optical pupils 325, 327 may be provided
towards passenger 45, and driver 47. Advaatageously image saifornity may be ncreased.

{3557 FIGURE 30C is a schematic diagram illusirating a perspective recar view of a steerable
backbght 20 comprising a stepped waveginde 1, addressable hight source array 15, spatial hght
randulator 48 and polar coutrol retarder 300 to thuminate a driver 47 and passenger 43, Features of the
embodiment of FIGURE 30C not discussed in further detail may be assumed o correspond to the
features with equivalent reference numerals as discossed above, wncluding any potential variations in
the features.

{3561 In operation for a moving passenger 47 with movement of measured distance 545 from a
reference location, the light sources 13a-n are conirolled such that region 33 is adjusted to move location
by distance 342 in correspondence to the distance of movement 540, The light sources 15 are controlled
accordingly such that the input dhuminated region 31 is moved by distance 542. Optical window 325
is then maintained at a location near to the passenger, and light leakage to window 327 is mimumised.
As described elsewhere heren, the polar control retarder 300 may sumilarly be controlled to achieve
desirable luminance reduction at the driver 47 measuored distance of movement 540 frore a reference
location. Advantageously luminance to passenger 45 19 increased and sccunity factor to driver 47 i

increased.
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{3571 In share mode operation, all of the light sources 15a-n may be operated to achieve wide angle
operation, together with share mode operation of the polar control retarder 300, described elsewhere
heren.

[358}] A thin and sicerable backlight for a switchable privacy display with bigh image secunity may
advandageously be achieved.

{3591 An alternative arvangement of a swilchable backlight arrangement will now be described.
[360] FIGURE 31A is a schematc diagram illusteating a side view of a switchable backlight
comprising a collimating waveguide arrangement 11, an optical tumning film 50, a polarisation
switching arrangerent 340 and a Pancharatnum-Berry deflector 330; FIGURE 31B is a schematic
diagram iustrating i front view the optical structure of a Pascharatnao-Berry deflector 340; and
FIGURE 31C 15 a schematic graph illusirating the vanation of phase retardance 358 with lateral
postiton X, for an illostrative Paocharatnam-Beoay deflector 350 of FIGURE 318, Fceatures of the
embodiment of FIGURES 31A-~C not discussed in further detatl may be assumed to correspond to the
features with cquivalent reference numerals as discossed above, including any potential variations in
the features.

[3611 By way of companison with FIGURE 28A, the alternative embodiment of FIGURE 31A
compriscs a single waveguide 1 dluoinated by light sources 135 arranged to ontput light in cose 443 in
dircction 444 that may be along the optical axis 199, Advantageously the complexity and cost of the
waveguide arrangement 11 is reduced. FIGURE 315 illestrates an example of the alignment direction
357 of liquid crystal material 352 of the Pancharatnum-Berry deflector 350 and FIGURE 31C iHlustrates
how the phase retardance vanes with distance X; across the lateral direction.

{3621 Light 1o duection 444 s meident on polariser 518 with elecinic vector {ransmission direction
519 1o output linear polarisation state 520 that 15 converted to a right handed circular polarisation state
522 by retarder 72. Polarisation switch 340 may comprise a layver of liguid crystal material arranged
between opposed electrodes, and may for example comprise a twisted nematic layer or may be a
switchable retarder laver. Light output from the polarisation switch 340 hag a polarisation state 5324L
that is the same as polarisation state 322 10 a first phase of aperation, and in a second phase of operation
has the orthogonal polarisation state which 1s a right handed cireular polansation state 524R.

{3631 The deflection of the Pancharatnum-Berry deflector 356 for the polansation state 324L is
different to the deflection of the Pancharatnum-Berry deflector 350 for the polarisation state 524R, to
provide output directions 445, 447 respectively in the first and second phases of operation
Advantageously the polarisation switching arrsagenent 340 and Pancharatnum-Bery deflector 350
may be provided with low thickness.

[364] As may be used herein, the terms “substantially™ and “approximately” provide an mdusivy-
accepted tolerance for its corresponding term and/or relativity between items. Such an industry-

accepted tolerance ranges from zoro pereent o on porcent and corresponds to, but is not limited to,
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component values, angles, ot cetera. Such relativity between items ranges between approximately zero
percent {0 ten percent.

{3651 While various crmabodiments n accordance with the principles disclosed herein have been
described above, it should be understood that they have been presented by way of example only, and
not luntiation. 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 1n accordance with any claims and their
equivalents tssuing from this disclosure. Furthermore, the above advantages and features are provided
i described embodiments, but shall not limit the application of such 1ssued claims to processes and
structures accorplishing any or all of the above advantages.

[366}] Additionslly, the section headmgs berein are provided for consistency with the sugpestions
under 37 CFR 1.77 or otherwise to provide organizational cues. These headings shall not himit or
characterize the embodiment(s) sct out in any claims that raay issee from this disclosure. Specifically
and by way of example, although the headings refer to a “Technical Field,” the claims should not be
limited by the language chosen under this heading to describe the so-called field. Further, a description
of a technology in the “Background” is not to be constiued as an admission that certain technology is
prior art o any embodiment(s) in this disclosure. Neither is the “Summary” to be considered as &
characterization of the erabodiment(s) sct forth in issued claires. Furthermore, any reference in this
disclosure to “invention” in the singular should not be used to argue that there 1s only a single point of
novelly in this disclosure. Maltiple embodiments may be set forth according to the hmitations of the
multiple claims issuing from this disclosure, and such claims accordingly define the embodiment(s),
and their equivalents, that are protected thereby. In all instances, the scope of such claims shall be
considered on their own merits i hight of this disclosure, but should not be constrained by the headings

get forth herem.
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Claims:

I A display device comprising:

a spatial Hght modulator arranged to output spatially modulated hight

a display polauser arranged on a side of the spatial light modulator, the display polariser being
3 linear polariser; and

a view angle control arrangement comprisiag:

an additional polariser arranged on the same side of the gpatial hight modulator as the display
polariser, the additional polariser being a hinear polariser; and

at least one polar control retarder and a polansation-switch retarder arranged between the
display polariser and the additional polariser,

wherein

the polarisation-switch retarder is switchable between a {irst mode in which the polarisation-
swilch retarder is arranged o output a first polarisation state and to a second mode 1 which the
polarisation-switch retarder 1s arranged o output a sccond polarisation state orthogonal to the first
polarisation state, and

the view angle control arangement and display polariser bave a profile of transmission by angle
having a local minimurn ina first direction in the first mode and a local minimum in a sccond direction

i the second mode.

2. A display device according to claim 1, further comprising a control system arranged to control
the spatial ight modulator asd the polarisation-switch retarder,

wherein the control system 1s arvanged to operale in a dual view mode of operation mn which
the control system, in first femporal phases, conirols the spatial heht modulator o display a fisst image
and switches the polanisation-switch retarder into the second mode, and, in second temporal phases that
are time-multiplexed with the first tomporal phases, controls the spatial hght modulator to display a
second mmage and switches the polarisation-switch retarder 1ato the first mode.
3. A display device according to claim 2, wherein the control system is further arranged to operate
i a share mode of operation in which the control system, in first temporal phases, controls the spatial
bight modulator to display a common image and switches the polarisation-switch retarder into the
second mode, and, in second tomporal phases that are time~-multiplexed with the first temporal phases,
controls the spatial light modulator to display the common image and switches the polarisation-switch

retarder into the first mode.
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4, A display device according to claim 2 or 3, wherein the control system 18 arranged o control
the spatial hight modulator and the polarisation-switch retarder in the fiest and second temporal phases

w regions of the display device that are scanned across the display device.

5. A display device according to any one of the preceding claims, wherein

the polarisation-switch retarder comprises a layer of hquid crystal material, and the display
device further comprises:

two surface alignment layers disposed adjacent to the laver of liguid crvstal material of the
polarisation-swiich retarder and on opposite sides thereof, and

an clectrode arrangement arranged to apply voltages to the laver of liquid crystal material of

the polarisation-switch retarder for switching the polansation-switch retarder.

6. A display device according to claim 3, wherein the surface alignment layers disposed adjacent
to the layer of Liquid crystal material of the polarisation-switch retarder are each arranged to provide

homogenous alignment in the adjacent liquid crvstal material.

7. A display device according to any onc of the preceding clanns, wherein the at least one polar

condrol retarder comprises a passive polar control retarder,

8. A display device according to claim 7, wherein the passive polar control retarder comprises a

faver of ligpud crystal matenial that is cured.

9. A display device according to claim 8, wherein the layer of liguid crystal material of the passive
polar control retarder has 3 homogenous alignment on one side thercof and has homeotropic alignment

on the other side thereof.

1. A display device according to any one of claims 1 to 6, wherein the at least one polar control
retarder comprises a switchable hamd crystal retarder comprising a layer of liguid crystal material, and
the display device further comprises:

1

two surface alignment layers disposed adjacent to the layer of liqumid cryvstal material of the
swiichable Hgumd crystal retarder and on opposile sides thereof, and
an ¢lectrode arrangement areanged to apply veltages to the layer of liguid cevstal material of

the swiichable hiquid crystal retarder.

il A display device according to clanm 10, wherein one of the sutface alignment layvers disposed

adjacent to the layver of hgud crystal material of the switchable ligquid crystal rotarder 18 arranged to
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provide homogenous aligument n the adiacent liguid crystal material, and the other of the surface
alignment layers disposed adjacent to the layer of lgmd crystal material of the switchable Higaid crystal

retarder 18 arranged to provide homeotropic alignment in the adjacent Haguid crvstal material.

12. A display device according to claioy 10 or 11, wherein the layer of liquid crystal matenial of the

switchable liquid crystal retarder has a twist.

13, A display device according to claim 12, wherein the twist is in a range from 60° o 120°,
o D o b

preferably in a range from 707 to 90°.

14 A display device according to any one of clamms 10 to 13, wherein at least one of the surface
alignment laycrs disposed adjacent to the laycr of liguid crystal maicrial of the switchablc liguid crystal
retarder has a preult having a pretilt direction with a component in the planc of the layer of liquid crystal
material that is at an acule non-zero angle to the electric vecior transmission directions of at least one
of the display polariser and the additional polariser 1 at least part of the display device.

15. A display device according to any onc of the preceding claimas, wherein the at least one polar

congrol retarder further comprises at least one passive correction retarder,

16. A display device according to claint 15, wherein at Jeast one passive correction retarder has an

optical axis in the plane of the passive correction retarder.

17. A display device according to claim 15 or 16, wherein at least one passive correetion retarder

has an optical axis orthogonal to the plane of the passive correction retarder,

18, A display device according to any one of the preceding clanns, wherein the view angle control
y o g = t=

arrangement further coraprises at feast one polarisation-rotation retarder arranged between the display

polariser and the additional polariser and arranged to rotate the direction of the polanisation state passing

therethrough.

19. A digplay device according to any one of the preceding claims, wherein the first direction and
the second direction are ecach inclined with respect to a direction normal o the plane of the display

device.

240 A display device according to any one of the preceding claims, wherein said display polariser

18 an oulput display polariser arranged on the output side of the spatial light modalator.
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21 A display device according to claim 20, wherein the spatial light modulator comprises an

emissive spatial hight modulator arranged to emit the spatially modulated hight.

22 A display device according to claim 20, wherein the spatial light modulator comprises a
transmissive spatial light modulator and the display device further comprises a backhght arranged to

Huminate the spanal light modelator.

23 A display device according to any one of claims { to 20, wherein the spatial light modulator
comprises a transmissive spatial light modulator and the display device further coraprises a backlight
arranged to ithuminate the spatial light modulator and said display polariser is an input display polariser

arranged on the input side of the spatial light modulator.

24. A display device according to claim 23. further comprising:

an output display polariser arranged on the output side of the spatial ight modulator;

a further additional polariser arranged on the output side of the spatial light modulator, the
further additional polariser being a Bocar polaviser; and

at least one further polar control retarder and a further polarisation-~gwitch retarder arranged

between the further additional polariser and the output display polariser.

25. A display device according to any one of claims 1 to 23, further comprising:

a forther additional polariser arranged on the same side of the spatial hght modulator ag the
additional polariser outside the additional polariser, the further additional polariser being a hncar
polariser; and

at least one further polar control retarder and a further polarisation-switch retarder arranged

between the additional polarniser and the further additional polariser.

26. A display device according to any one of claims 22 to 24, or clam 25 when dependent on claim
22 or 23, wherein the backlight comprises:

at least one first light source arranged to provide mput light;

at least one second light source arranged to provide nput light m an oppostte direction from
the at least one first light source;

a waveguide arrangement comprnising at least one wavegude, the waveguide arrangement being
arranged to receive the mput light from the at least one first hght source and the at least one second
{ight source and to cause hight from the at least one first light source and the at least one second hight

sourec to exit from the waveguide arrangement by breaking total intornal eeflection: and
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an optical turming film component comprising;

an mput surface arranged to receive the ight exating from g waveguide through a light
guiding swrface of the wavegnide by breaking total intemal reflection, the input swface
extending across the plane; and

an output surface facing the nput surface,

wherein the mmput surface comprises an array of prismatic elements.
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