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Technical Field
[0002] The present disclosure relates to a high-speed, liquid crystal polarization

modulator for time-multiplexed stereoscopic three-dimensional (3D) applications.
More particularly, the disclosure relates to a polarization state modulator
implemented with first and second liquid crystal devices through which incident light
in an input polarization state propagates and in which the second liquid crystal
device compensates a change the first liquid crystal device makes to the input
polarization state, and to a method of driving the liquid crystal cells to achieve high-
speed switching between polarization states.

Background Information

[0003] Polarization modulators find applications in such diverse areas as fiber
optics communication, welding goggles, and time-multiplexed stereoscopic 3D
displays. Liquid crystal cells are particularly well suited for modulating the states of
polarization of light passing through them because the liquid crystal material itself is
birefringent and the optic axis direction of this birefringent material can be controlled
with an applied voltage. For some applications, a polarization modulator is used as
a polarization switch, which switches light from one polarization state to another. To
achieve the highest performance in time-multiplexed stereoscopic 3D applications, it

is desirable to switch between two orthogonally related polarization states, such as
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2012/ O%f‘ejc%ﬁgl’ \Hﬁ%g% 1él9rf1a705e?élhave been processed to orient at right angles the
directors of liquid crystal material contacting one surface relative to the orientation of
the directors of liquid crystal material contacting the other surface. In the absence of
an applied voltage, the liquid crystal directors inside the liquid crystal device
uniformly twist 90° from the inside surface of the bottom substrate to the inside
surface of the top substrate. This has the effect of rotating linearly polarized
incoming light by 90° through a "waveguiding" principle. Upon application of a
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i n U. S.lrangitione. NnoHowexen thyge gesscnapy drgydacksz &t i ferosiactiid polarization
modulators. First, the liquid crystal device is required to have a very thin cell gap, on
the order of 1 ym, which makes it difficult to manufacture ferroelectric liquid crystal
devices with high yield. Second, the alignment of the ferroelectric layers is very
sensitive to shock and pressure variations, which sensitivity rules out many
applications that entail manipulation, such as use in active stereoscopic 3D glasses
worn by an observer. Third, variations in temperature can also cause alignment
disruptions, especially if the temperature is temporarily raised above the smectic
transition temperature.

[0009] Other polarization switches use two liquid crystal devices arranged in
optical series. Bos in U.S. Patent No. 4,635,051 describes a light gate system
comprising first and second variable optical retarders, in which the projections of

their optic axes on the light communicating surfaces of the variable retarders are



which in a manner simlar to that of the above-described U S. Patent No.
4,719,507, uses two liquid crystal variable optical retarders that are

capabl e olvoeizli7Tag bet ween zero and a quarter-wave retardastoonszed are
driven in a push-pull manner. WD 2012/024174PCT/ US2011/ 047531 The sane
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sl ow opnpgalfranespbadisiyanahie uelaodariedn tar zersi retadation state and the second
variable retarder is in a quarter-wave retardation state resulting in right circularly
polarized light and, during a second image frame, the first variable retarder is in a
quarter-wave retardation state and the second variable retarder is in a zero
retardation state resulting in left circularly polarized light. At no time does the second
variable retarder compensate the change the first variable retarder makes to the
input polarization state of incident light. During switching, one variable retarder is
powered on while the other variable retarder is simultaneously powered off and vice
versa. A disadvantage of this scheme is that both transitions incorporate the
comparatively slow unpowered transition, which can introduce image crosstalk, loss
of brightness, and other artifacts in modern time-multiplexed stereoscopic 3D
applications.
[0011] Cowan et. al. in U.S. Patent No. 7,477,206, describe a polarization switch,
which in a manner similar to that of the above-described U.S. Patent No. 4,719,507,
uses two liquid crystal variable optical retarders that are capable of switching

between zero and a quarter-wave retardation and are driven in a push-pull manner.



Summary of the Disclosure [0014] An optical polarization state nodul ator
for time-nmultiplexed stereoscopic three-di nmensional
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constructed with one or more intervening passive retardation films. In all cases,
when incident light in an input polarization state propagates through the first and
second pi-cells, the second pi-cell does not compensate a change that the first liquid
crystal retarder makes to the input polarization state. Both liquid crystal devices are
simultaneously driven with the same waveforms, resulting in a very fast optical
response when both liquid crystal devices are switched from a low voltage optical
state to a high voltage optical state because they are powered transitions, but the
simultaneous transitions from high to low voltage optical states are unpowered
transitions and are therefore comparatively slow, reducing switching performance for
time multiplexing stereoscopic 3D applications.

[0013] Hornell and Palmer in U.S. Patent No. 5,825,441 describe a liquid crystal
welding glass structure that includes two TN devices and an intervening polarizing
film. At least one of the TN devices has a twist angle of less than 90°. Because of
the intervening polarizer, the state of polarization of light entering the second TN
device is constant, regardless of the change the first TN device makes to the input
polarization state of incident light, so no compensation is involved. This
arrangement gives superior performance in welding applications, in which extremely
high optical density over wide viewing angles is required, but would not be suitable
for time multiplexing stereoscopic 3D applications because of the slow optical
response of the unpowered transitions.

Summary of the Disclosure

[0014] An optical polarization state modulator for time-multiplexed stereoscopic
three-dimensional image viewing by an observer does not exhibit the foregoing
disadvantages. The polarization state modulator receives in alternating sequence

light in an input polarization state and carrying first and second perspective view
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[0022] Fig. 1 defines the tilt angle B and the azimuthal angle cp o
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conpensates a change that the first liquid crystal device nakes to the
i nput gﬁcgpge éh?otwosi'%"é crystal devices are allowed to reset to the lower voltage
polarization state by the slower, unpowered transition without any optical change.
[0018] The optical polarization state modulator can be incorporated in
stereoscopic 3D systems that are configured for use with passive or active viewing
glasses.
[0019]  With respect to a system using passive viewing glasses, an image source
and an input polarizer are in optical association with each other. The image source
produces the first and second perspective view images in alternating sequence, and
the light in an input polarization state and carrying the first and second perspective
view images exits the input polarizer for incidence on a light entrance surface of the
optical polarization state modulator. A passive decoder includes first and second
viewing devices that are separated from a light exit surface of the optical polarization
state modulator by a transmission medium and are configured to receive the image-
carrying polarized light in the first and second output polarization states during
different ones of the first and second subframes. The first viewing device comprises
a first polarizer having a first transmission polarization axis that is oriented to
transmit light of the first output polarization state and block light of the second output
polarization state. The second viewing device comprises a second polarizer having
a second transmission polarization axis that is oriented to transmit light of the second

output polarization state and block light of the first output polarization state. Such



[0024] Figs. 3A, 3B, 3C, and 3D show the effect on the output polarization
I nparted by various drive voltages applied to first and second 900 TN
i quid cryetal2/dewvisces installed in a first preferred erbwdisc®nt47sahi ch is
a pol arization nodul ator that can be incorporated in a stereoscopic 3D

syst em Usi S|V [ .acti Vi ew n | a s. [ Q025] Ei g. i | lustrates
Tor ¢ nd Rep8, PRRTIL Bl Hburele Mo Spyfer e i it Seond pisrepiii e

net hod Vidwimages duringrdiffenyt srierrnofftne fikdE dpal sttohd Gudfdnaghi eves rapid

swi t chi ngzbet ween two polarization states. WO 2012/ 024174PCT/ US2011/ 047531

[ 0026] HPE20k iWihhsﬁsafeéfsltq arsystMiUsing aphs yievdag ﬁlﬁﬁﬁ@ﬁnﬁﬁt'mﬁgeﬁ@j#CGBA, t
; . . . S 10
achi eve T Bt e e TS aE PR S gl B0t S Btalr e

first phefughr adtranbodisicntmediuf, gand IFopadate8 Ghroungh 3Hd ansetc pokriaét aonat i ve

drive nethod that . uses overdrjve. pulses to increase the switching speed.
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second polarization state modulators, the light in an input polarization state and carrying the
first and second perspective view images. Each optical polarization state modulator
has an analyzing polarizer that is optically associated with the light exit surface of the
optical polarization state modulator through which image-carrying polarized light in
one of the first and second output polarization states passes to present to the
observer a corresponding one of the first and second perspective view images. The
input polarizer and the analyzing polarizer of each optical polarization state
modulator have, respectively, an input filter transmission polarization axis and an
analyzing filter transmission polarization axis that are transversely related to each
other.
[0021] Additional aspects and advantages will be apparent from the following
detailed description of preferred embodiments, which proceeds with reference to the
accompanying drawings.

Brief Description of the Drawings

[0022] Fig. 1 defines the tilt angle 6 and the azimuthal angle ¢ of a liquid crystal
director n inside a layer of liquid crystal material.

[0023] Fig. 2 shows the tilt and azimuthal profiles of first and second liquid crystal
devices through which incident light in an input polarization state propagates and in
which the second liquid crystal device compensates a change that the first liquid
crystal device makes to the input polarization state.

[0024] Figs. 3A, 3B, 3C, and 3D show the effect on the output polarization
imparted by various drive voltages applied to first and second 90° TN liquid crystal
devices installed in a first preferred embodiment, which is a polarization modulator
that can be incorporated in a stereoscopic 3D system using passive or active viewing
glasses.

[0025] Fig. 4 illustrates for the first preferred embodiment of Figs. 3A, 3B, 3C, and
3D a drive method that uses frame inversion for DC balancing and achieves rapid

switching between two polarization states.
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preferred embodiment.
[0029] Fig. 8 illustrates a drive method for active glasses according to a third
preferred embodiment that includes blanking during the periods when images are
updating.
[0030] Figs. 9A, 9B, 9C, and 9D show the effect on the output polarization
imparted by various drive voltages applied to first and second positive ECB liquid
crystal devices in a fourth preferred embodiment, which is a polarization modulator
that can be incorporated in a stereoscopic 3D system using passive or active viewing
glasses.
[0031] Figs. 10A, 10B, 10C, and 10D show, for the fourth embodiment of
Figs. 9A, 9B, 9C, and 9D, measured drive waveforms and optical switching response
of a light shutter using two positive ECB liquid crystal devices.
[0032] Figs. 11A, 11B, 11C, and 11D show the effect on the output polarization
imparted by various drive voltages applied to first and second liquid crystal pi-cells in
a fifth preferred embodiment, which is a polarization modulator that can be
incorporated in a stereoscopic 3D system using passive or active viewing glasses.
[0033] Fig. 12 illustrates a drive method using a combination of overdrive and
underdrive pulses to increase the switching speed.
[0034] Figs. 13A and 13B show a passive stereoscopic 3D viewing system
constructed with the polarization modulator of Figs. 9A, 9B, 9C, and 9D.
[0035] Fig. 14 shows simulated optical transmission spectra of clear and light
blocking states produced during first and second subframes of the passive
stereoscopic 3D viewing system of Figs. 13A and 13B.
[0036] Figs. 15A and 15B show the passive stereoscopic 3D viewing system of
Figs. 13A and 13B implemented so that the polarization modulator switches between
right-and left-handed circularly polarized light.
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underdrive pul ses to increase the switching speed. [0034]Figs. 13A and 13B
show a passi ve stereoscopic 3D view ng system constructed with the

pol ari zatworroreodwizat or of Figs. 9A, 9B, 9C, and 9D. [ 00®6irkisgo11b4753hows
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quarter-wave optical retarders composed of polycarbonate and with ECB devices.

[0039] Fig. 18 shows actual measurements of the optical transmission of the
passive stereoscopic 3D viewing system of Figs. 15A and 15B, constructed as
described with reference to Fig. 17.

[0040] Fig. 19 shows the passive stereoscopic 3D viewing system of Figs. 15A
and 15B implemented with an optional C compensator to improve the viewing angles
of perspective view images presented an observer’s right and left eyes.

[0041] Figs. 20A, 20B, 20C, and 20D show simulated iso-contrast diagrams for
the passive stereoscopic 3D viewing system of Fig. 19, with Figs. 20A and 20B
presenting low contrast viewing angle performance for, respectively, the left and right
eyes without use of the optional C compensator, and with Figs. 20C and 20D
presenting high contrast viewing angle performance for, respectively, the right and
left eyes with use of the optional C compensator.

[0042] Fig. 21 shows an active stereoscopic 3D viewing system constructed with
a polarization modulator similar to that used in the passive system of Fig. 19 and
incorporating a C compensator in the optical path to improve the contrast ratio over a
wide range of polar viewing angles.

[0043] Figs. 22A and 22B show simulated iso-contrast diagrams demonstrating
by comparison that the range of high contrast viewing angles with minimal ghosting
effects can be widened by incorporating a C compensator into the optical path as
shown in Fig. 21.

[0044] Figs. 23A, 23B, 23C, and 23D show the effect on the output polarization
imparted by various drive voltages applied to first and second liquid crystal VAN cells
in a sixth preferred embodiment, which is a polarization modulator that can be
incorporated in a stereoscopic 3D system using active or passive viewing glasses.
[0045] Figs. 24A and 24B show the polarization modulator of Figs. 23A, 23B,
23C, and 23D incorporated in an active stereoscopic 3D viewing system without and

with viewing angle compensation, respectively.
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[0038] Fig. 17 shows results of sinulations of the optical transm ssion of
t he passive stereoscopic 3D view ng systemof Figs. 15A and 15B,
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angl es.polarization modulator of Figs. 23A, 23B, 23C, and 23D and passive glasses in
which different optical compensators are used in the left and right eyepieces.
[0050] Figs. 29A and 29B show simulated iso-contrast diagrams for, respectively,
the separately compensated left and right eyepieces of the passive glasses of
Fig. 28.
[0051] Fig. 30 shows a passive stereoscopic viewing system constructed with the
polarization modulator of Figs. 9A, 9B, 9C, and 9D and passive glasses in which
different compensators are used in the left and right eyepieces.
[0052] Figs. 31A and 31B show simulated iso-contrast diagrams for, respectively,
the separately compensated left and right eyepieces of the passive glasses of
Fig. 30.
[0053] Fig. 32 shows the simulated temperature dependence of the normalized
birefringence of an ECB liquid crystal mixture and the normalized birefringence of a
VAN liquid crystal mixture.
[0054] Fig. 33 is a graph showing, for 20°C, simulated voltage dependence of the
phase shift imparted by an ECB device filled with the ECB liquid crystal mixture
represented in Fig. 32.
[0055] Fig. 34 shows four Vy vs. V| curves of constant 180° phase shift for
various operating temperatures of the ECB liquid crystal mixture represented in
Fig. 32.
[0056] Fig. 35 is a simplified block diagram of an electrical circuit configured to
adjust Vy and V| levels to maintain over a wide range of temperatures a 180° phase

shift imparted by the liquid crystal devices of the polarization state modulator.
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[0059] Preferred embodiments are based on first and second liquid crystal
devices that are arranged in optical series and through which incident light in an
input polarization state propagates. The second liquid crystal device compensates a
change that the first liquid crystal device makes to the input polarization state to
exhibit a property of not changing the state of polarization of all wavelengths of
normally incident light passing through the first and second liquid crystal devices.
Compensation, as used herein for first and second liquid crystal devices arranged in
optical series and through which polarized light propagates, means that, in whatever
manner the first liquid crystal device changes the input polarization state of light
entering the first liquid crystal device, the second liquid crystal device reverses or
offsets this change with the result that the output polarization state of light exiting the
second liquid crystal device is the same as the input polarization state. To be
compensating, the first and second liquid crystal devices meet the following
conditions: (1) the liquid crystal devices have the same cell gaps; (2) the liquid
crystal devices are filled with the same liquid crystal material unless chiral dopants
are added, in which case the dopants have equal but opposite chirality; (3) there is
no polarization-altering optical element such as a retardation plate or polarizer
positioned between the two liquid crystal devices; and (4) the director field in one of
the two liquid crystal devices is a 90° rotated mirror image of the director field in the
other liquid crystal device. For this last condition to be met, either the two liquid
crystal devices have the same voltages applied to them or the same applied voltages
undergo change to other same applied voltages and the liquid crystal director fields
in the two liquid crystal devices dynamically relax to a new corresponding equilibrium
condition. If different voltages are applied to them, the two liquid crystal devices will
not compensate.

[0060] The liquid crystal director field describes the orientation of the local optic

axis of the liquid crystal molecules as it varies throughout the liquid crystal device.
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I ncorporated in a passive stereoscopic 3D view ng systemconstructed with
quarter-wave optical retarders as shown in Fig. 19. [0048] Figs. 27A and 27B
show si mweterk/i2so4contrast di agrans for, respectively, pCliasb@fitoamad ri ght
eyepi eces of the passive gl asses of Fig. 26. [0049]Fig. 28 shows a passive

stereo i | e ng . con u dwth't rizat | at or of
Figs. 2 d&géﬂo?%&? 'i §‘§ g é@%{ﬁ@é l%“,lcgggaecgen%c{,\ﬁyc% 88 @? eﬁ%ﬁr O8pt i cal
CO”penSﬁhdﬁeSo@ér&aumdam ﬁohhﬁldu%i)i cldithe thablighie e aedice. [FRPS0ADWES that9A and
29B show sinul at ed iso-contrast diagrans for, resg@ctlvel y, the separately
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director n onto plane 10 makes with the X-axis. Fig. 2 is two graphs presenting an
example of the tilt and azimuthal angle profiles of a first liquid crystal device (left-side
graph) and a second liquid crystal device (right-side graph) showing how the tilt and
azimuthal angles change at various locations throughout the thickness dimension
(Z-axis) of the liquid crystal device. These profiles define the director field state of
each device. The orientation of the director at any location z along the Z-axis in the
first liquid crystal device can be represented by tilt angle 8:(z) and azimuthal angle
®1(2), and the orientation of the director at any location in the second liquid crystal
device can be represented by tilt angle 8,(z) and azimuthal angle ¢»(z).
[0061] A mathematical description of condition (4) for polarization state
compensation, i.e., the director field in the second liquid crystal device is a 90°
rotated mirror image of the director field in the first liquid crystal device, can be
expressed by the two equations:
02(2) = -64(d-z)
$2(2) = ¢1(d-z) — 90°,
where d is the cell gap for the two liquid crystal devices and z = 0 at the liquid crystal
device entrance surfaces and z=d at the liquid crystal device exit surfaces. For
purposes of illustration, the above equations are obeyed for the example of Fig. 2,
which shows the tilt angle and azimuthal angle profiles for the first and second liquid
crystal devices.
[0062] Figs. 3A, 3B, 3C, and 3D show a first preferred embodiment, which is a
polarization modulator 20 for stereoscopic 3D viewing used in conjunction with
passive or active viewing glasses and an image source 22 producing first (left eye)
perspective view images and second (right eye) perspective view images of a scene
during alternate subframes of substantially equal duration. Fig. 3A shows an input
polarizer 24 at the left, followed by a first TN device 26 and a second TN device 28
combined in optical series and of conventional 90° TN type. First TN device 26 is

constructed with liquid crystal material contained between glass substrate plates 30
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the separately conpensated | eft and right eyepi eces of the passive gl asses

of Fig. 30. [0053]Fig. 32 shows the sinulated tenperature dependence of the
nor mal i zewloknraai2ni7agence of an ECB |iquid crystal m xturetarsdottijogrs3t

normal i zed birefringence of a VAN liquid crystal mxture. [0054]Fig. 33 is

a gra 10WM far 20C si.nul at.ed, vol t age dependence of e ase shift
e QP R skaedy ot v oBtcH v Pan el FRRIR B dls 30 S (e
repr eseTheediquid Erygtal Iateli@Pfel ideg. elRétrodeVsurfaebicorthcting HkedttisV8s. ahd
constant 180 phase shift for_ various operating tenperatures of the ECB

i qui d YeGiEeda seifagaipencasipeinehdierrters $4g. Sepond dbsdy e 2838 copstiucted
S\ VDS e LRI g8 b T AU A ag
shi ft isystacesdrbwhidheoptically drarspateit edestravss laybrs B8 grelfermedt iTe Haite
modul atcoryr/s'tal\/\%a grjl'a %zcﬂ}déépgyctl% e(:) 1slu/ a%é?c%%tacting directors 40, and electrode
surface-noncontacting directors 40,. Input polarizer 24 imparts a vertical input
polarization state or direction 42 to light propagating from image source 22 and
carrying the left and right eye perspective view images.
[0063] Fig. 3A shows the same low voltage magnitude drive signals, V., applied
to both TN devices 26 and 28, as schematically indicated by respective switches 50,
and 50; in display drive circuitry 52. Drive signal V| is below the TN threshold
voltage or even zero. At this voltage, surface-noncontacting directors 34, and 40,
within the respective TN devices 26 and 28 uniformly rotate 90° in the Z-axis
direction from an entrance surface 54 to an exit surface 56, with the rotational sense
being left-handed in TN device 26 and right-handed in TN device 28. Each of TN
devices 26 and 28 can be considered to rotate by 90° in a “waveguiding” process
vertical input polarization direction 42 (0°) of the incident light propagating from
image source 22, with TN device 26 rotating the vertical input polarization direction
42 +90° in a left-handed sense and TN device 28 reversing this rotation by rotating it
-90° in the opposite, right-handed sense back to the direction of the original vertical
input polarization direction 42 of 0°. The combined TN devices 26 and 28
compensate such that the state of polarization of the incident light remains
unchanged after it passes through them, leaving an output polarization state or
direction 44 that is the same as input polarization direction 42.
[0064] Fig. 3B shows the same high voltage magnitude drive signals, Vy, applied
to TN devices 26 and 28, which align surface-noncontacting directors 34, and 40,
nearly perpendicular to the liquid crystal device boundaries defined by electrode
layers 32 and 38, respectively, except for thin layers of directors 34, and 40.. Again,
the combined TN devices 26 and 28 compensate at this voltage.
[0065] Fig. 3C shows a snapshot of the director orientation a short time after drive
signals V4 are removed from TN devices 26 and 28 and replaced by drive signals V,,
schematically indicated by the respective switch positions 504 and 50, in display
drive circuitry §2. Small arrows 58 in the middle of each of TN devices 26 and 28
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[0057]Fig. 36 is a graph show ng, for 20C, sinulated voltage dependence of
the phase shift inparted by a VAN device filled with the VAN liquid crystal
m xture rwpresanied in Fig. 32. [0058] Fig. 37 shows fourcyrsYa.i/ovs3curves

of constant 1800 phase shift for various operating tenperatures of the VAN

l'i quid.cr: Xt ted in Fig..32..Detailed i pti. f

pr of er g aisebal Wit oG BB R BaouE Ul Himbiers ot ARdA-cHerTEE and
second groaedsdofCeyaind baew te e tWistedadtatedr DRRAIAR ¢dmpdhdAth tarRéd Bracanf

t hrough which incident light in an input polarization state propagates. The

second thisi#sg- crystal devi ce conpensates a change that the first Iiquid

crystal | ce i t- ' Q0. St gke. .t L hi L. perty
of not @ﬁggjgi ng@?égsgbg\{v%%? po a}rrgdarﬁ‘%ﬂoﬂf&gﬁ% %v‘gl@ﬁgﬁs&owtﬁo@ 1y

i nci den»tolthggMagJﬂlmslbrdJivbmmPMér?j TNrdsévicgaﬂﬂS $@ﬂgmli éti\qg'ﬁ\e:cgmfaﬁdgtidﬁvi ces.
Conpensat.i .as ed herein for fjirst and secon I qui rystal devices

ar %@ﬁ'ﬁ%\ﬂ?%gg 200 780 langer e RYRSRMAENSATian Peeaqse ﬁ,mfrmeow@%ﬁﬁes,
means thiied t0 TN AEAYES 26AT8 hiedifibfct. FidHTR GEUSE 26 IERMsARe SRARYSS the
I nput polarization state of I1ght entering the first [irquid crystal device,
t he sedmiarizatiquiwnchanged| whides seeonce T dedce 28abtates the Istate o podarizatioh t he

It . that, | arizat i f 1igh i L] h d
| Cout o B 90r ot i Soniihedt Lt Thita okl de fhes 2 g 2% ot FugBR g e
conpensgitend.poldHzatibh sa(v;)sod fioRt Mipdit bbRkizEti6H rbaliorf8Y it6 ashdeehtd betput

foll ow ng conditions: the liquid crystal devices have the sane cell
gaps; arjzgtiondiferior A¢st al devices are filled with the same |iquid

t al =Y ' I t . ' . 1 t
hve. odOTRTE, Plg UONESEatER fo, O ARY el fod Eiibbaiimol D BIceAdiic, Al B he ™ °
opt i calschbmrethatsteshltasin afasgt powatddoswitthing betweeinatwa eolaasitionosiatedret ween
the t diguid crystal devices; and (4) the director field in one of the
tvo |1 G- dng4abPhows thedrva sangbapriesttedist T sleviarstis a5 Tided dineoddor
field ishoblangdhge shqrfégaﬁgﬁédﬁi@éc[d#@vru_q%evl%ﬁérzé.h' s last condition to be

nmet, either the two crystal devices have the sane vol tages applied
t o t helf0068]t heAtthesbegiphing df adirsbgidsframeler by, @hzighyeottagetdvet +Yarstartipgl i ed

v codtom i S AR ob £55¢ BN Peyier 26 T bt Rt Beb i Fiatdnd iartn. 1 1
di ffer oBfo WhppERS ts8caIP TNeHelite LA MThehRIfades! 1\l Shd LXStae Sreddess Wil |

not conpensate. [0060] The liquid crystal director field describes the
or i ent anagntugest iand | negpatic liguids arystahanatesial despgnrdsalto nblest igqrallys it

\2/82;8?&%@%&?@?%%&3@%%0(:%Fatrﬁlll dBYi{/gemlt\é\ges of equal magnitudes but
opposite signs are used to achieve net DC balancing to preserve the long-term
stability of the liquid crystal material. The magnitude of Vy is typically 25 volts, but it
could be higher or lower depending on the desired switching speed and the
threshold voltage of the liquid crystal material. First TN device 26 is already at the
high voltage magnitude level V4, and the transition from 0 to +V4 in second TN
device 28 is a powered transition, so compensation is rapidly achieved and the
resulting polarization direction remains vertical at 0° as shown in Fig. 4, line (e) for
this time period. Fig. 4, lines (c) and (d) indicate that the midlayer tilt angles of the
directors in the middle of first and second TN devices 26 and 28 are nearly 90° at
this voltage (see also Fig.3B). At t = t1, Vi, where V. = 0 in this case, is
simultaneously applied to both of TN devices 26 and 28, and t; is chosen sufficiently
early within the first subframe period that the liquid crystal material substantially
relaxes to its equilibrium state before the end of the first subframe at t=t,. This

relaxation is indicated in Fig. 4, lines (c) and (d) by the decay of the midlayer tilt
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The director field in a liquid crystal display is characterized by a set of
directors whose orientation can continuously change throughout the device.
Fig. 1 shwo=oidmmti7she orientation of the director, or | ecalusemtios7saki s,
represented by a unit vector, n, can be represented by a tilt angl e 0,

whi ch i di rect or ke.vvi lLlane 10.p eof
t he sub%qgﬁ% g%mgﬁ]e@?r&#@ﬁg E|gd 3E€‘Sys Pem?%gpﬁndaﬂsé E%rﬁpﬁf] 8 and
an azi ratdigjhoanahe €irst whbfedmes atthﬁrsmngdaﬁcacmpeﬁsétldmam Qatet hayrdimiigct or n
onto plane 10 nmakes with the X- axi's. Fig graphs presentl ng an

exanpl €appPensation whilenbN faviasnet aﬁﬁ@&areﬂﬁbﬂ haasemr EVan thaugh relaxationy st al

d I t d
gr aph) ‘St DI, M Bedtefielt SERR UhAibILE, bU SRS o’ pldzetote
| ocat i dndatihiTdudévdoes 2Baartdh28 lah ¢ ssty demaimsi 'tbmdc(eZ]-" e(xe s))pba‘:allyhawblbtlmtai apryst al

devi ce. hese rofiles defin director fiel h device. The
or i ent 9SG} 3p ¢ ﬁ ethgi Ptpy POE”ZQ%”IFSE@W%WE'CQ biRg ?&irl?@dzataagéiuf'ﬁgt the first

liquid é‘r{th‘é?@ét s@%’l’r‘aﬁ% &8 thdiCate 8 BySrS§ N euﬁadégégt 'Attthé%HeonFiHDrstas‘ﬂdﬁfr%ﬁ\émt hal
angl e TII\S , orientation of the ctor at an ocation in the
second T qlemeeu?ﬁamd 28 ate tethedowhwoltage stateindidatied b:ylfFlg 3Agl e 02(z) and

azi nmut I 2 heppt i cal tiaon ondition (4
f or pO@b?%?lghﬂg é‘f‘@"%‘#p%ﬁéé 89”8 Sugtramg, & g?i@td%rv'qel %t?ff ‘Cuﬁ ‘?418 seC(()nzj
l'i qui d ayairswith &leNgie foitager 1D +wt\ahméim aéﬂbelzaag.ﬂnéﬁhstdiethélwwqid% gield
inthe first liquid Ceg{Stal devi ce, can be expressed bﬁ/@) e two equatlons

02(z) eveleL(aszydI@@; on Fig.(4ilineg.( )andébb(sewmg@cflm @nd these dgiap f or
the t d

ont r anaStales Tofai? Lt #EVEAELrAY shcdnd Hbriife ot 100 Sutcriha BREER. o,
I|2ur po;eiev\\/hm‘e Eﬁlfﬁsn rmar)] do, +\fmet abowelseﬂmwwed; gmlrrslt@lnfamﬂ i$ ]g‘iulst V@rfyeﬂa@ffﬁl e of
| | C SOWSt tirlt thal angle profiles or the
first MG #PIanGus f@%tﬁ'ﬂg@\ﬁeée% andodnei! @rﬁersqs?en@@saé@anarmeso
Show a donitshaRlihel' £cts IBOSBE Holariatioh. rofatdr, RRY Akicaid R FIRALNIALRE) 20, T oF
st ereoscopi ¢ 3D view ng used in conjunction w'th passive or —active ‘vi'ewi ng
gl assewitm@irsaTN rd@g@eswrhamr@npreﬁmtlangthbl input pblefizatyre whilersgpeoti TH vi ew

i mges and s, ect i ve 1 ew i mages of a scene during

al ter naﬁfl Lﬁ %@éf%ﬁ#} Setign gta @Gr ation. Fig. 3A shows an input
pol ari 707@¢ arhé h%)&t@‘ufbfrahﬁé |l§é@3ﬁn|hg a { ergt isTAindipvésed Zfﬁstaf,‘@bf?arﬁé%”d TN
devi ce 28 conbined in optlcal series and of conventional 900 TN type. First

TN devivdchrdhe sapidigdt diiva &ional tieltapgsii aver thsr semeamadnitudes iudi oppodsitet ween

g{J?stce% t{% %@%Eﬁ%%'%g nspafh géﬁg@??bﬁiel{fogg’@@&ﬁﬁyg{é?bs‘r%ﬁgr The

li quid ||wert§dalse&ahersta$framéJ UdiRe elrivet sighal svavef6am Caspeatd |dferdibeeddsir s 34c
and el ectrode surface-noncontacting directors 34. Second TN device 28 is

constr Efa”iﬁ shown quFi9. & yEhaporiansrafdhe cyntes iRdg bt inesrch (dband it r at e
p! at es iF8hdiage! iH0Sted YU f}gﬁfegoarewm&eam%t 5§ ahb¥e 'dr ANERREE Ahd [eRBHGOde

| ayers are r med crystal material 1ncludes electro
sur f acesubtratest iragpelitively, wirscel thre anednatice iquid derystat ﬁsamsansltn/entoapblang/

directqgrs 40n. | nput  pol rlzer i nparts. a vert olarlzalon
ot ate dispraess of Pastiaton SHitching, oo BHFi e YeBL el shdta
carryi '&i@zvlc'éecdrﬁlf)haﬁaﬁ ;i’a'sgfhtg Vofficf’ décﬂﬁﬁiéd’ fightt @tW)“ Hﬁﬁlﬁthé 999 é’ﬁﬁhﬁbreéA
shows the same | ow voltage magnitu drive Signals, VL, ap
subframes and horlzontally polarlzed light at 90° durlng the even numbered
subframes.
[0071] Fig. 4, lines (f) and (g) show the output optical transparency that would be
seen by an observer wearing passive glasses or a passive decoder including a first
viewing device, e.g., a vertically oriented analyzing polarizer in the left eyepiece lens,
and a second viewing device, e.g., a horizontally oriented analyzing polarizer in the
right eyepiece lens. Output polarizer 60 shown in Figs. 3A, 3B, 3C, and 3D

represents one of the two analyzing polarizers of the passive decoder. With this
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to both TN devices 26 and 28, as schematically indicated by respective
switches 501 and 502 in display drive circuitry 52. Drive signal VL is
bel ow t hewbNoidmeshol d vol t age or even zero. At this volPtags011/047531
surface-noncontacting directors 34, and 40n within the respective TN

devi i formn h i pn f
ont r antenta Aol s ot ARbiek 1o8% fiolfebbs brefia it BlEBEERultBRS Dei g
| ef t - hamdesloset dNislpelel nathberdd Isubfrareandad thé' erNt doupiete 48hs woalki BE TN

devi ces 26 and 28 can be considered to rotate 90 in a "wavegui di ng
pr oces &PEBrdurag thenguen wnehergats@reanese@mcmow doyingfthenedd n@mmﬁe li ght

Pr OPAGRL bk OMThEAIALSAAR 85ug1be RuTBIEGH) GhelRidi8'BERRGHNE HgRL! oa

ut polarization dir ef t- han € an evi ce 28
r ever sidigjande fronottaa polanlzatlmmtsanﬁchg wmch Biay be taffixep po fmagingrsahte fZ2ded

sense back, to | recti f the i nal . vertical ut pol ari zati on
ST ec: RO e heatzationcadsadel eremod ot o peagrepsmatRsLiEatdh ks ¢ hat
the St%dilld)fbepthleaéés%aﬁw'@%Q\Pletthéaiéﬁc'%% écb R 3HeBly weﬁiaa ghhigkder it

passes through them |eaving an output p zation state or direction 44
t hat i svheme lmagmga§ourqwt22pdlwiamtleﬁbney:B rlmagleenduﬂng [ &6 41dEi guurrﬁBredhoms

h h_vol de, d d TN d 26
ana 26 uhiteds e 0T MRS DR e e b R ini el SR aRs 20 ReEAly
per pendiapditiahs sholheoy Figld liféy &) ahd c(gyar:eemwaéabé@méethep%ﬁe lbbv@r@@t rode

| ayers 32 and 38, respectively, except for thin layers of directors 34c and
40. Agénaﬁsmpﬁé cbhe |smrmn§@we% trapsifinas.2ehicbnpienysed tatreset theyliiuidge.

[ 0065] Eirghia 36 AN i HASIP b @ heb B liEG AL AL RYL G gR, @ Short time

after drive signals are renove evi Ces 8 and repl aced

by dri Y@OH]gnaTlse ¥steat Hesaribechin thel firdt pedferrelyerhbedimesit auliichies diveadi
Small arrows 58 in the

i ddl PGIPrEaBn TRt T 00 Debless! airmicavwsoisizenh sny hetrpuely 18 Bnzed 1
it A 2 TR At O
conpen#apolanzatidremodubater 2Chswliclsmg dipearly poBBized gghBlﬁ)aMm‘tﬂ‘ieambs% I, N
whi ch ] hl(g‘leWO(l:JFd gl%o wor’i(%ror a passwe ggsseg system as long as the polarizer in the
lens of each eyepiece is also rotated by 45°.
[0073] The polarization rotator of the first preferred embodiment could also be
made to switch between right- and left-handed circularly polarized light by placing a
quarter-wave plate at the output of the combined TN devices 26 and 28, with a
principal axis oriented at 45° to the direction of linear polarization of light propagating
from exit surface 56 of second TN device 28. In this case, the lenses of the passive
glasses would also be provided with quarter-wave retarder films laminated in front of
the polarizing films. The quarter-wave fiims could be of either the multi-film
achromatic type or the simpler, single-film chromatic type.
[0074] Skilled persons will recognize that there is considerable freedom regarding
the sequence of inverting the polarities of the voltages applied to first and second TN
devices 26 and 28 of the first preferred embodiment to maintain DC balance. For
example, instead of unipolar drive signal pulses of amplitudes +Vy and —Vy within
the individual subframes, as shown in Fig. 4, lines (a) and (b), the pulses could also
be bipolar types of amplitudes +Vy and —Vy, which would then automatically DC
balance on a subframe-by-subframe basis, as shown in Fig. 5. Furthermore, the

drive signal waveforms applied to either one or both of first and second TN devices
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vol t age magnitude drive signal VH and TN device 28 remains at VL. The
conbi nation of TN devices 26 and 28 no | onger achi eves conpensati on because
t he driveweigmnal2si7appl i ed to TN devices 26 and 28 are dieCrarseoti/o47581r st TN
device 26 | eaves the state of polarization unchanged, while second TN

devi ce2§8 rotafes the st Be. of | ari zatiop by -900. The c.onigi nﬁti.on of TN
1 qui d 22 bf 8 Gyl Ba¥odhsin PortisteiSRsed g Rass SBOURLer gr 2 lines

pol ar i za) amd (B)ywitfA depbaringfesrh tnelog@'rét | Srihdible festAbed 2 The drive @igrpnt al
output polarization direction 44. [0067]Fig. 4 illustrates for the first
pr ef er WaYeEBisdiapplied ale dirdcandnsecandi \TL\‘ iges 2Ragnd 28 eauld nalsaske

power e i LRg between two pol arization states. Fig. 4, line (a) shows
t he dr?r;'/tgwsh:ag'ﬁgﬁ applied to first TN device 26, and Fig. 4, line (b) shows
thfe dri[0@7?i gribhe amecbredn‘teOfrﬁIﬂC(ﬁmi Vl'ﬁl\bfdhe: ere|2§che[n@é)68F4§. 4tba]1 beghadé ng of
a first subfrane, t. = to, i ol tage vel +VH startin rom-VH is
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magni t pdrseols \itried offPafal the 25, yalsesis Rigplitd. cawidl i9a)hdtedhed ar Flgwer
dependi ng on the desired switching speed and the threshol d voltage of the
| i qui dliBeg§)andrélleandlis & pst capawed with2Big 4, dneeday and (bhe Withhthisl t age
magni t . i1l f VH | ice 28
a2 pougreentine A0l PoBiiE BTl et fthdghftude b Vi AFERICHA S

Iresul E ir?Egafqmbat;meet [ Ghisdhsechﬂ an dS\&ﬂ‘dl4'i\V? puise i(ce;ﬂl siggifie?jljﬂw md 'pbwﬁrg- :}1
ine (e or this time period. Fig. 4, lines (c) an indicate that the
mi dl ay&inmpt'%gwbgchous shdmicrient RYOT i1 DRBeH-eReTatas devices sueh avddnd TN
(1, %E?’ﬁ%ﬁ%is@@%‘%fﬁgfh! ! case, s simitaneousiy applied to bih of TN
devi cef00&B]landrig87 ahaws1 fors ac heesends piréfieciedn tenybadiment wihiehidnivehsidrial st
subframe period that the liquid, crystal. material substantially relaxes to
te cqupnRBpne st beldEebpd Moruihh 2l mWhishidan ibef dubtheSianEs sl s
rel axaid e8mbidd dithassigrizdtion hodfilatdl PG %o (énabid @ fodactdys bhRyHiegRteplin t he

m dl ayer tilt WO 2012/ 024174PCT/ US2011/ 047531 angles during this tine

peri odacke glassesriay. stegoscupicddli viewinms immenigctionpeits dmagehseurgao? t he

i T SHPHEEREBln, 2ol B ErAqBBRARRS" OB Sl i b ERTBRE ™ "
t aki ngapsermblied Inethepddtivel gladderctiawes thiehsarn peweILRes, SdaPVemprising firASTN T om

+VH to ze,ronég both TN devices 26 and 28 at t = t1l remains "hidden sl .e.,
opt i caffyice<h &ndl seeanda i Nodewrg 28, amghewe ipukisudApplagad, Betwsen sk ns

ti polar . th . . _ ndi cated b
Fro. aPoee o) sagodiuPloeer 8o, Trediort Rrariesit pAaTRRD offS B 25 ™
ar e i ninpud potatizeo P4 apel sutputpoladzent@drdgefaiga right angleas jedichtdikebefihani ng
f th d subf t,= 12 TN devi is. t d again wth a

i g VBT ROTR VRS fof draiyale, Peeonsh TRC dabigs s 18 PBuPUIR 4681 I cvel
VL, aseyasieealéss are Shéwndn Flid.eSine8 ) apad (B) and ¢6r MeSiBftidy@pictE)lengidl these
drive voltages remain until the end of the second subframe at t = t3.

Swi t chFigy 7% lines (chinangkid) c d hesdriveosigpal wavefomusifar the leftieyeiare dhp saarecas

transi i LS Vv . nin nd bfrane, TN .devices 26
and 26 16 Bhdnt Hiohf $Se kel Mt eV e Sk BRERORPRIERLET TR sHtghie
pol ari patib@n THe aptical trshsnfissiontafche right yepiecel IBAs (i€)shownt i Figlh Bt liddN
device 26 having no effect on the input polarization while second TN device
28 per O Wherad Ipa1oked Hiatitha rgnt everisre lensisi daseq durng i lefeqye E020¢ ane,
begi nnifgiréthet and topen JuAfg ' tA¥EhdiRdefd lifhg@USlBYFRe ! NSimilarly, the optical
transmission for the left eyepiece lens is shown in Fig. 7, line (f), where it is noted
that the left eyepiece lens is open during the left eye image subframe and closed

during the right eye image subframe. This second embodiment is especially suitable
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whi ch the applied drive signal voltages have the sanme magnitudes but
opposite signs to preserve DC bal ancing. In the sane way, the foll ow ng
subfrane we 2ar/i2mvert ed second subframe. The drive signatTwsyefhonTssr epeat s
after the | ast subframe shown in Fig. 4. The portions of the curves in Fig.

4, | d), d th ted subf h
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first and second TN devices 26 and 28 of the right eye lens receive V|, causing TN

devices 26 and 28 to compensate, resulting in a light blocking condition as shown by

the optical response curve in Fig. 8, line (e). At the beginning of the period, R, when
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26 and 28 could have their polarities reversed fromthose showm in Fig. 4,
lines (a) and (b) w thout departing fromthe operating principle described.
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26 and 28 conpensate, resulting in a light blocking condition as shown the

optical response curve of Fig. 8, line (e). During the remainder of the
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the right eye image is updated, first TN device 26 of the right eyepiece
lens is turned on to a high voltage nagnitude |evel VH while second TN
devi ce 28voamminsizat VL, and the result is that the riglktTagepiees3lens is
opened during this period, allow ng the observer to see the updated right

eye i 0079l Fig. 8, lines W d.iv si gnal, wavef or s
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for polarization nodul ators W%(can used according to the present disclosure.
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i nput p ari zer by a fir l'iquid crystal
devi ceaBd &hdha Iemiom[ecms arecpardllelr tpsorae adetheu:e AR6theoaplieslddiive signat al

series, Fjrst vice 84 is tructed uid.cr stal terial
cont ai 1R Hat RREREGEL8ETedk, 8t arih B3 e Baacthticed,bY arh P Bip a8 in o ch
opt i car}) WhicRNS Beg 88meSfoP e@bER P thevierlh F§. 94 ethedWsREHCBIdvitd 184 Gnarset al
mat eri al” i ncl udes el ectrode surface-contacting directors 92c and el ectrode

sur f aceomprosatea@ndrijedstate: obplazgtige b itbe Fordeet light eeaiss cpabanged ed
hevi g THhErSs IoudP IR bneRBBb0 EBRT . anepar on ol ect rode ©ayers 6
are fo[00o88] Tirgl 9B WHbWY Yisd danfeideivé adignal chigdevoltelgeckvagaitude level, V,
surface-contacting directors, 98c and
applied to both first ECB device 84 and second ECB device 86 and thereby aligns
directors 92, and 98, nearly perpendicular to the liquid crystal device boundaries
defined by electrode layers 90 and 96, respectively, but not thin surface layers of
directors 92. and 98;. Because of the thin surface layers of directors 92, and 98,
there is a small residual in-plane retardation g associated with each of ECB devices
84 and 86; but since the slow axes of ['g for ECB devices 84 and 86 are orthogonally
aligned, they still compensate.
[0084] Fig. 9C shows a snapshot in time of the director orientation a short time
after drive signal level V4 is removed from ECB devices 84 and 86 and replaced by
drive signal level V|, schematically indicated by the switch positions of respective
switches 1044 and 104; in display drive circuitry 102. Small arrows 110 shown on
the center director of surface-noncontacting directors 92, in first ECB device 84

indicate that the center director is in the process of rotating back to the parallel state
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el ectrode surface-noncontacting directors 98n. The two ECB liquid crystal
devices 84 and 86 satisfy the conditions for conpensation as di scussed
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di spl ayealizedeexperingntally. 1Bach sfrthe E&E dexices washmade aisinghindium ttier oxide ect or

Che " cetish GAPEEBRS LB AEReaN IfudThvitd) Gldor ganmiRtu i vl | ™
state rittshdposimhie Eueh tat, When StheRt®tsibsatdsaliese Msteeblad s grohgb ECB

device 86 as indicated by arrows 112 pointing into and out of the _FI ane of
the fi §iieetianspg|the dap Andbaiiemosubsiiates wepe [apti-paratielcte- pasit sthaict The

di t ; | i J N 8 ol i I f th
oot heuCZhoteld! B Ll Sl SR CBILER Ao IR By bR el (e
86 by 2di pin nwagsabovideax asingespameds dulthe seal dnatedabr The2 ECBtiqlidi aysiah t he

2o okl DU I e TRTREE) eRBra SRR O R 20

drive g4 lk v g h GBghARHd . I ifps at
VL. Thﬁéﬂﬁgﬁt})(i%?'i %)ﬁﬁig%t%%%s deV|rE:yésqg%quEg %6(;30;‘@51 Ttggggg\(?oﬁg%ﬁ@g? gggt?zcause

the drDvEIOi gnal s applied to ECB devices 84 and 86 are different. First ECB
devi ce j,nt roduc a reskdual in-plane retardation of FR nd. second ECB
devi ce[%fi]nt r*ﬁ%ci@‘\aﬁ{‘ﬁb& sj}?é{v h%oﬁdaﬁ'%%aa}o“f’a‘f%?f%&%’F@d 383[5% ‘f’"ﬁ% in an
over al ke¢GARIEGH idvices 89 and 855S| MChid tase! e ayBFadt pévod drisdsd nand
i n-plane retardati ons make a 900 angle with each other. A polarization

rot at i 6AMTESPATING & aftrquensyaf ZR0ndauBiraar dive sigpat Rulses wereiehogen IFR =
A 2, W’Eﬁ?{. Bade ngF&ﬁdéjB% %gﬂ’éﬂﬁs'vﬁﬂﬁﬁ Ba8h subfineSs HREUSHLEar. OIS

pol ari za ection’l
ms-wide +20 volt pulse followed by a 0.25 ms-wide —20 volt pulse was applied to
both ECB devices 84 and 86 at the beginning of the first subframe. After these

pulses, both ECB devices 84 and 86 received 0 volts for the remainder of the 5 ms
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[ 0086] The fourth enbodi nent using two ECB devices 84 and 86 constructed
with a nematic liquid crystal m xture having positive dielectric anisotropy
has been weabixzmdi7experi mental |l y. Each of the ECB devi cesTwas0maas3LUsSi Ng
indiumtin oxide (I TO coated glass substrates, and liquid crystal director

| i i ded.wi.th bed inmd b t. when the.t
subdt  SPRHER, EACHdRlhO gt dRe SE-BR ELbhafe” BTt H byt ISBeihe
subst r 2t mampice 420 ivoRaiaée edlidvedeipg B 2Bhas-widée20rwilf pllséNwhite @bcome
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devi ce§,.: i the j ' ' i Quj st al Vil havi ng
an in- B-’Sé&néelfﬁ%td;r%ggﬁlg bﬁSWﬁgg"’i (ilnf:éom reg%]ﬂefc{bvﬁ\] ?héta&?/{cn%t éégé'.ﬁe‘%h%egi “cﬁ@ | has
a sim keystalatsticelitt tha the subfateafontcbetagtiag tdireetdrEinh Ithe)middler ofsthal ligliy i ce,
except the polyimde rub directions of the assenbled supstrate plates are

pol .
in a pShafaldpyei A PEERENGYRT (o Mg liawdcTyalgl deyiseapoudagiesdeor iboth thee

di rect ' | S} t - ' Uj i (P hat of
t he poglfg[f‘{ y/gt%gBaﬁ? gngd\ngtra?set g’lﬁédgl I gtlag?ér?@tyﬁjgn"td ?‘hfehtaglﬁ?ggc@rﬁ%n%@am i ng
di r ect takesiplacdpeai thel ouridariee of thpuliqlid cyystallddvioger are per pendi cul ar to

the liqui t al i.ce, boundar | bot h_t he_hi | t d.|
vol t ag Iy e ot K e 3Bes T 4o Fe eI 58t o0 EX@B 1nPagolRBLOR) ace
near t heodupatbeaice sisilg i\ﬁ@ldeijcg]t!é.g Fi@?/?mN SKEVS QQplét[ ORALE} 82 afl Uk 184 B,

11C, and 11D show_an exanp pol ari zation nodul ator 120 using two
pi - cel fallowsdgby B1frst el i 122uang @ seconsk piscelbi 24 ipombined fiplopbioaiosasiesa fir st

vt ceEGE Asiisced i 5o ot Ko 9R 0B B0 "8 o, BB pPEE Sa0aptY  ng
di r ect direpter apdrallelakligmient, , add tiells el23 dritf 1@ad ekRibitesbifacd-contacting

surface-contacting director anti-parallel al i_anrrent; ot herw se, _t hese
i qui ddlf?%)f antipajaliel aligpaest; ptherwigg dhesr liqui &W%%'&ﬁi’éﬁeﬁgar@cﬁmﬂﬂ’é%@% are

i denti {(d 1 | 5 r §o;_

ar r angu P e oo B PLRPRRC S THERIR oy e SalnbTeldentn et i
conmuncels 1122 agdrf2care grrarged sothatribe psojettiores Sithaindpticiaxes wrf thedigh6) of
g:at fg:c I§(S)En|%w£uznic‘fflarl‘“jnglgérfafilcgees l{et.,hgﬂggr?clzel >é;uF‘f‘:?\lcéa t5‘34d 'ang heexitt gﬁ)rfgclze_ %8& lo? pll—zcélls?1 nd 124

122 and 124 are orthogonally related. The two pi-cells 122 and 124 satisfy the
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conditions for conpensation as discussed earlier. Light propagating from

| mge source 22 exits polarizer 82 in input polarization direction 100,

whi ch i s wbawre/dayi7a tilted cylinder indicating that thepdirnsediionset

pol ari zati on makes a +45 angle with the plane of the figure. [0090]Fig 11A

122" ankonSHos he GPReRzati 8 HisFUoRad potiss  Bohy reRaHRNG BoR) rhRST s

of ten egfiRer 22 ekits PdlatizBt 92 m%;slﬁwaMu%h difecti®R 00 \Aﬂ’ﬁ&Y@é‘&hé\bﬁ uyrﬁ er nal
director field structure of pi -cel | fromtransformng to an unwant ed

spl ay $lted eylindendndicating-hat thﬂ dlf¢<§t§)§cﬁf palaiizagiogirgalses hevid avgle withdher al | y

not ze lied drive signal |evel VL, surface-noncontacting
di rect %@eﬁdhgﬂﬁﬁ&orst pi-cell 122 lie in the plane of the figure and

sur f acfoog0]corrigcl 1Aghdivses deive slgit 6w vattagednagnitrld leléd Vi eppliedi tepl ane
per pendi cul ar éo t he Iane of the figure and substrate pl ates 94. At the
appl i e@i-e¢lls, &2 |3@ﬁ|a12 &om) digplay,diiye ﬁ|"°'é'HVI132612§)“<’iﬁcF'g@Qi lavel Vnisr afterr i zed

by an Lé?‘eﬂleé“t% 581 rbﬁ%%t gllfbad; Y hclg hised t&? éﬁ aPir %%?“ﬂejld‘ Fi g.

11A, e two pi-ce npensa hes ate o olari zation
of t _hestrpcmdenf the ghCeIt &omi tranﬂﬁouhmggmdaafmarMSplag stbteos’glhcturaa For

combi ngt.i on_of them EOOQ%LQ 11B sh the sa rive si
Vol t agligara v Eevanal kel Tt GRS oRtirarsr okt Ble. Sapiec 93veRisabcond
pi - cel |evERY,, %éc@%&%n?édtﬂ@%n@ck%ﬁ@bs |riLﬁ|%[‘pﬁ8éil 1321e ¢ e pBAeldf e d

crystal device boundaries to be nore perpendlcu ar to substrate plates 88
and 94figuresprd suiferg-nopeeatasting direntors Hidd, sustackd Ipkgell d 24 liedinr aqalame 130c

nch opoerdiiifar' 8o Hihe of FRifHRS Al Srihee RS R’ AR heeBRRREbAEl o
122 angighafleaekrvQiidiepposlld wzahndlr’led aré eeyradterizedcsyrae nsplade efgalion 9. 11C
shows a snapshot in tinme of the director_orientation a short tinme after

drive Epgebichiig\the sgme forrearh efithanam IpiFigel 1A, theotwmpi-eells 324 andpldted by
drive shg hsét%"%'nglv%g ﬁ%@gf‘?gﬁizhﬁoﬁ'&?tﬁétlﬁad&"(t[ ﬁ@ﬂﬁgﬁél L{ﬁ%ﬁéﬁéé’d“s of

respectlv SW t the n drive circul ows 140
shown eftespaésm:@ttnnugimﬂm:mmglrmruoa@fthesm130n in first pi-cell 122 indicate

that t I, f t k t he d I | VL
crate MGG Ko 1 Eidhonerie Saedhie POnal Pl Folal® Flaarduds I8kl Ve. ©
- ol bpdRdi 85 biiikppRdelpn 20" aiBeddia BRLSI 104 drid mea@@y algnobirbber! ane

of the figure synbolized by O and O, respectively. urfacenoncontactlng
di rect 386hn ae@ri32e|n@ar the hdwdtcrymtalcd;e\ucqbguwameﬁ@tbeugnarﬁ neipemllaulerm t he

g, e SRR bR e TR i LRRETeR 1
t he pl diréctofs tlbec ah@uiBe,, theraid & mmalwma&iée%tﬂd&ﬁ@nlﬂ& dd¥osistase.
Oy 2 Witk cach of plooells 133 and 124Ut Since the slow Bxss of e far pi-cells 153 angt
a dri vwith each of pi-cells b t ow axes of I'r for pi-cells and
124 are orthogonally aligned, they still compensate.
[0092] Fig. 11C shows a snapshot in time of the director orientation a short time
after drive signal level Vy is removed from pi-cells 122 and 124 and replaced by drive
signal level V|, schematically indicated by the switch positions of respective switches
134, and 134, in drive circuitry 126. Small arrows 140 shown on surface-
noncontacting directors 130, in first pi-cell 122 indicate that they are in the process of
rotating back to the drive signal level V| state indicated by Fig. 11A. The same
rotation takes place in second pi-cell 124 as indicated by arrows 142 pointing into
and out of the plane of the figure symbolized by ® and ©, respectively. Surface-
noncontacting directors 130, relax in first pi-cell 122 by rotating in the plane of the

figure, and surface-noncontacting directors 132, relax in second pi-cell 124 by
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signal high vol tage magni tude | evel VH and second pi-cell 124 remains at
VL. The conbination of pi-cells 122 and 124 no | onger conpensates because
t he driveweigmal2si7appl ied to pi-cells 122 and 124 are dipCirarseot /04781 st
pi-cell 122 introduces a residual in-plane retardation of FR, and second

i -cell i ntroduces an in:=plang retardati,qn of, Fo, thereby resulting in
P oy eraitfing P e, pBbargidtigtifo, iedornd 321 alid. b I e Dars o thel Sne
r et ar dfigued sDyR&RIEcHAPensttion takéd pReln #hiBease A pol ari zation rotation of
900 for Eollarlz_ation nodul ator 120 is obtained with ro - FR = A/2, where A

is thel gn Wigv &1 Brihawsothe ¢agie: inawhichdirstpisglibl22oisttpmedoen aithzadrive

directi l\eVv . i : b et to
zero blg@;]l?iiﬁ)%'} [Iglg%géagy;qshﬁgé’t\{t ghgg%\z%{r\? %hd%ﬁéﬂ@ﬁ%@ﬁ?ﬁ%ﬁ@ﬁ%ﬁ?y o Vth rive
Si gnalh cgmmmwc’na:mﬁiniiceﬂs t1ag aé\\duhm bréo Earsgefrr ccbfhpéhﬁtﬁb- lsedduseothed dbige
switched to a vo e, ni e than VL, idea even _zero. However,
Tt | o St fabied EPRERoD 12hend T8 s aWeignbul TehPheol 322 06pduaS §hat i s
| ess t s inLdlahd e fer- a -1y 119 4i + h

nder dre g et s fiaht 1eRyftich (Ao e sbreld Brod 24 PueBesh BR injflane,
under dretaedationhof lgudhergby aksultibg it amboverdll wetardation ofviey diri sincedbarsiame
shown i_n _Fi 6. to obtajn faster .rise and fall.tines. Eig. 12 shows }he
conbi nQP‘FBngfth%MPdF?'{? "&n&etaﬁff?é'r"a‘?i Maks; ?hbb/utf"gg? Wit g?ao}‘Z,OﬁI‘?rne a)
shows bpbarizative sotatien vRVEForfar apolhtigatidr? mbbGktst 128 lis 13Btaidtf Withe Fi g.
12, (b) shows the drive signal waveform applied to second pi-cell 124.

[0095] Frgdr F3M2anhergph dndheadesiganyaelengthhpt tight gl indicaied by evthutat or

80" wi i i 84 and second ECB device 86, as shown in Figs.
9A, QBPB%!ZQQQ%E%?@H@'M in a stereoscopic 3D view ng system 150 using

passi v§0@94]ssebhd baltaden leviel ¥, daratiel i-celincanmot best ao izees b82augesobsplapear
pol ari é r wth a verti cahisisﬁggut polarization direction 10Q', and first and

second 3(5’8_@?53&338@"95 W t*ﬂ‘P\MHrton\én@@‘{q %laﬂébley?htr@@s"émétf@émlqi ally
hal f - V"Bgefagiétr'ifclﬁla Fﬂ'i%ﬂr&%ﬁ be BWitheF45 ngfa%% @\éﬁﬂﬁ@dé Fe%asth%‘g\ﬁ?( IRaliy?

oriented at +45 relative to the vertic axi’s, secon evi ce’ 86 has
its sl ewenxdesol5blopteivent ibds grossitie rtel speede up dhehteansition gl switching @at aut

P onees Elage AR s atRg VoS i Ofly oS AhaVShmer n T & khawpds the °°
pol ar i gRdefRNePesdHniqRed TRe f uRddrdate t iRtagedl \RYEWHRIE€YQyp 1€ \A. | | PR&r

polarizer with a horizontal polarization “direction (900), and polarizer
60L podndewtiveg teahninuatcass alshbe epmbinasl withdhe ovesdrive teekaiqusoshownrdn wi t h

a vertieeals po ' pon. di [ 0) t C ed. to_vi.ew

2t er cob i BYRAES Ml AtEl Ynesy B2 TR e R RIS ER PRt ¢ o

t el evi ahdnusderdeive Witth \egl ar0.zaFigon2midgl (@) shows' thel @desl syl wadvefdiyst em

150 can al&;é)i‘gefirgﬁed to view images_ in a stereoscopic projection systemin
t

whi ch PBP Phedili122oandoling &igy ts @) SRewaethsr diive signal wavesorm

proj ecLgprd Y RE 'mep-_ r&g 22 that projects polarization-nodul ated i mages
onto a Egrleen ? at isl%\%:ﬂewed by an observer wearing passive glasses 152.

[ 0096] 10¥95]asi kigept3Anndr 3B shdw aexexgrheledn Whidgs a piddrizatidnIB8dulatateéir i bed
bel it h. I to Fi .. 10B, d 10C. Wth t

B " W SRR RGeS e b et e BB e dins i s BA°BBIEE, L e
same vahHaLss used Mih sREeBsEFRE BOVIBIVIrRLS st 1{EY uéiﬁ%ﬁﬁ%gigé Bhdbsks 159e sane

O (vertical) direction as input polariZation directi ' . The i mages
i nci dein thig examplegran éyupi polarizern§2aise ablingarepoladzau vdtht Bevertioalsimpsigi on

axi s of .jt: |_al: sarizer 60R. IS ori d,at. 90,, whi | he .l nmages

i nci deﬁ?'ai'%aﬁ%z%ﬁggbgﬂye |'eé}é&ﬁg§1tsg3? esetcggﬂglﬁ,{l tgﬁv'B%%%sanYiﬁ%é {" zﬁﬁ%'hgssi on
axi s ohohastivassd eiadéedreebsdntiatly Hallwave BpticdtretardérsO0FirstiEGB dévidengy t he
first subfranme when inage source 22 is showing the left eye view, it is

t ransnias d8 ewands 1ad riented abaf5t eelafive fethe woricahaxis addsacouhFEB
rect anghacd O pi< AN AdOfe BB LA A bilEh6 R0 Bl Bd: Adfurduring
t he second subfrane, I's applredto
polarizers 60R and 60L reside in the respective right and left eyepiece lenses of
passive glasses 152 worn by the viewer. In this example, polarizer 60R positioned in

front of the right eye, R eye, is a linear polarizer with a horizontal polarization
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first ECB device 84 and VL is applied to second ECB device 86, resulting in
a net half-wave retardation at the design wavel ength. At the design

wavel engtwo 20tp/®47anbi nati on of applied vol tages has thecefuseat/oefs3r ot at i ng
by 90 the O input polarization 100 so t hat out put pol arization di rectl on

o' 90 i d I 60
Lo t he direglion (9% oftid pbiaczat ebl ostinen i sioak P e Iefireund: Yo dR b k
r ect anglofariedwithoa Tvl%ﬁuda‘?bbla@i&ﬁtléh Hnebﬁén @33’§0(Sy§¥e‘ffﬁ 159 &drd Bsruséetto%\ﬁnt ed

at 00. "Thus, during the second subfranme whén i'mage source 22 is show ng the
ri ght @wevps@@plc images i agyect view systarnén whigh inegge amrcelaicmajteﬂemm he

first SatebnBRocRETbn ol sohr BB el ty SATE lf iy Aig By ugla ™
hal f - way igvetimages iral stepdoscbpicisjabtionasyetedn dh hvhlmlp@brlz&tIUﬁliﬁd)cﬂlMal@'ﬁO nm
where the eye is nost sensitive. At wavel engths other than the desi

vavel eRdt 1S PlRRSGuINSIHR &F iR dranirofsa reieciar-type imageosieee| 2 dhat pPrgiRs s
pol ari B ér%tléﬁ%tgd g i seshtB% §&e§HfthéﬂghﬁédN§@ bﬁltérl BbA&RE! WeaRRyari zed

state. I'S non-i or causes dim nish ransm ssion t hrough
systemphS@werglﬂstesdlﬁQar transm ssive state at the non-design wavel engt hs

d I h 150 he, |
o ocki AQSREY o Hasks apritlos GhtisceraiiR B8 Fide O Agh: 193 R dissctiaedes
obj ect Ib@m@whgmértehea él§@tto 'ﬁgsoh%)w VI@'B' %neym@e Witﬁweferévﬁcé ke FRP 13mage.

This nonideality of the clear "and |ight bl ocking states does not” occur
dur i ng duniegfthe dirstssiiframe WhierabE8 E@Bcel@\aﬂcam 8a randveahe@apmyahtagefsor al |

ai 1 cot PO S R Braction, 76 s BidiocL R Shelt el e

l'i ght inmglgongrizztiohalicatioRd 00er Yhé awages Mesiderittor] medl@érﬂrél}le@%teeléﬁé Bréal ly
only by the g?ﬁ ality of the polarizers used. [0099]Fi shows si nul at ed

opt i caPlagkedRcaysBihe Mansplissien @K@ ef léeaassmated gmarm'e@&@ﬁq@ eriented at
d Fi
13a andCratnigihe Maged idHhf 3R e BUehial Tong pr B e theraep the [ 9

50% t r dnassessiom akis mmmbssoaaddlpmnzer\mmlsmtedl at 19&. shihus! dUrmg thdhe

liquid_crys rial used was C- 7030, a|I ble for Merc
Da?mst Qfﬁty raﬁheng’/"?‘eﬁjlmé]gf §q>,lér0f3,&{s shewipg ﬁ‘ ,qy&h\{le\gyg |§,tbernsm|tted

1 ansni@shPRecEAAIE 1503 th IR SaH Bge QHIKIBERIE fHIrR fedBfigRt 160)!frétHhb!r

transm ssion curve 164 indicates 50% transm sSi on ov @3 entire SI bl e
spect r @f¢However, during the second subframe, a ri ght eye Ilght

transm.SSd-an ye 166 indicate o trapsm ssi on d a eell
transm@@@ g‘?% i%%n?%g?%a eﬁa%}{ ¥GH %‘ﬂ?r}iﬁ“ﬁ? ?Hés (%’m%ﬂ]
wavel efigitrECBhdeflice\88 Hid VM igpplidd So @@86nd IHECB tddvicRN8s] fSuftihgCinr & et 166
and 168 show that, at other wavel engths, light transm ssion in the clear,

f) rans mh§bfrwesf%tﬁédat@ndat:ﬁ@@mlmhdvaveiﬂmth r afit e asign wavelengtiyhthis
1 °
amount CopeiTon’ PLAMIEA"FBliadeR) Rgkitng] AR 0BeRb B 9 Mg b e

wavel epgtanizativhelo0t barthaheutpes |p@tarwaueh e:m@bhon THios isTeahghérimntdle Nowght eye
i mage Ieaks t hr ough and seen eye, as objectionabl e host

t he | ef
i mages! herwaa% Ruir %a'ttéeripleagfeqta%gls 169)6%”9/9 QShtIGY%W' thrits asseeialgd 90anot her
di sadv t
Shenoy BOIREr BOFCXAU B dark 6o, 1560 Ry 1 0er e Wit RS SRRl | o,
di rect 'poharlze066l‘. aredtechabd’.8Phus sduring mewcoodtsmbgmm Whealimggedsanirtén t he

511 ovi g 15 SRGAGH LR ORC e Vimtdh Sl PR Routat SYEA0H PGEEh o ¢ e
i ght Hopfiae state for each eye.
[0098] However, during the second subframe, the combination of first and second
ECB devices 84 and 86 exhibits the properties of a half-wave retarder only at the
design wavelength, which is usually 550 nm, where the eye is most sensitive. At
wavelengths other than the design wavelength, output polarization state 110’ is no

longer linear input polarization state 100’ rotated by 90° but rather an elliptically
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[ 0101] The foregoi ng exanple can be nade insensitive to the tilt angle of
the viewer's head, at |east at the design wavel ength, by introducing an
ext er nal woanixn41MO 2012/ 024174PCT/ US2011/ 047531 wave frirroseettilo4iss sl ow
axis oriented, relative to the vertical axis, at +45 to the output

| di t d d | 074] .. Ih
Guar t e POIBGRCH Bl endiie SrEeab IChHRY T Gassrsu GiBRGTEcE tan dnshussit
right- tﬁmgheiytstéaﬁrrrstﬂurptrfecclbaf |tVar@%|§§IK/é%ﬂatbl ahthel ﬁtﬁi-aéﬁgﬁfwwélé@@ﬁeal

linearly polarized states. Quar't er - wave | s are al so introduced at the
| i ght amguimase dapertanths light isakaggthresigh ayétam@déaentth@ lightgplpcking gtate at

| eft-h I [~

o 3R i By BRI STV Ao oot HALHRL Ve,

and f oiis bheedvable Iwehe t/i@weutnﬁrth@BDMinvmé i Mhis somideality ed the tlear tamdslight axi s
at +45 relative to the vertical, axis, The quarter-wave fllméfefollomed by

a | i neRlogyc slates dwe%mqtt%ccabﬂ&f'ngathecmsw%famsmqﬁapéﬁt%% Vigest 8¢ bot h
eyes. Apd e&‘@ré\%hf‘pér'%h@férhélﬁ @egﬁgtnﬁ% qﬁ lindaf S5 tlonShA g ew ng

system 150 Is a nod ersion ystem 1 i's shown in

15A andeﬂi@l di remaq Tore alb agavelemgihat i bor U’fIS tclaeeeﬂmri]gbt lﬁ’akﬁggsn tméAmﬂad 158
is des Iow Wth reference to Fj A .du f|r sypf rane,
£CB doP A talR e beoxerd, By hecalin 1, & daBatidH Saaatiynpalsal dhs ¢ n

t he reau,bt.tytdfqﬁeg@tdwbrgoggﬁl zation direction 110" is polarized in the sane
O direction (vertical) as input polarization direction 100'. An external

quart ef0088]e fFignil4 showistsimuiated loplicalransngissionispecta ftthe slear @ngtlighé t o

t he vepl t r [ 0 Xi s
186 ori enct(f(ﬂ'{éJ %fétgﬁg& ﬁ@?@vogﬁ%ng ﬁﬁée%sgr |ca%cg>bbg}’ %rﬁ%‘s’ :}ffg%f‘:'téé@]e\gls ce
| ens okhpassinveiggl 134 emdl$2B. Ber siplititghitieakepalarizelsi ngach wrpdefinegded at 0.
Thi s poI arl zagl on direction is at right angles to the 90 transm sSiQn axis

of righe SEESTUFHOD§Y HpPolarze idEl Waiduserdn the gimbiRbPRerineo kU e
LoIM | SHRRICRTatoRES (3bdPRR] WA G78305avanable) Tq JMEHRY B, 'DamisEd, ©vs.

For the left eyepiece [ens of passive glasses a quarter-wave m 188
has it SerhmnyaxiBurdrgp tbe i fimt edibframe45a nghtcaye dight trdresnsiasiendcumet 162 as

that of slow axjs 182.of ext r-wave f.ilm 180 ut

sur f acdirRBedhAremision st BVl T4 stn Leve 188\ dEe B8 b and
188 sughemisdigh f oV ehepéitiral vistlar §séctruthi S Ralvkv¥avauf ﬁ%aﬂﬁa@eﬁand
conbi nation rotates linear input polarization direction 10 90, nmaki ng

i t par aubtameo atright eyerlight yensmissioneewiveril 68t indisiatese§@ Y tsarsmisaionpasideai zer

g, 155 St R e teddh s bEPE B0IGfRsTo R fanoalt SRl ol Gl 840R° g
VL is appeledtih ovFeB wis/ 556 nfibin thirecasabiigat transwiissisriBediees cies & 468 86

acts, therefore, like a hal f-wave plate (HWP) with its slow axis oriented
at - SSh@Wéh?b@ttoéhQ%aY/@?ﬂgt&‘ﬁl ll@m.t@nsmjﬁsmnén theypleapytepnsapissive slatgris

nan Sea et R o ST A s BT Berk M P e R T Ll veve

in the[@’tﬂOa]I optdisadvapade of/vbystbm o5atiethd |amantlof|dlght ﬂmﬂlmgezmtﬂwemght

di 100 | f
ons ! bl ual abthe PR Svacat vialRicrabS otherghan the BRaln weyalagnec e
state. pidnst Bt fhfet n@M?@y@C?nég@?teéus Iﬂ?f%ﬁbﬁealgdl 4§S®°enl%% the st (@gbbgat on

of quarter-wave film 188 and external quarter-wave | m180 i s equival ent
to a h@bfeonan@bleaimstmnages hThe singulatedacanirast ratiat lecbréy 3845for Hiealefvayet o t he

e EoBNGRHHrcBisivanG8He oL Chbfotn; TR Bt AuoTol hBRlo (SRS hactly i ng

quar t evhanegei tHdWib&%r'sShéam%lltlltdd PaxepdliyZ Becalse08utpliipongizatioR tdifelcabih
angles to the transm ssion direction of |eft eyepi ece |ens polarizer 60L'

resul t g ofimaduiatan@q is ngtlenger otthegenslly digaed Wit faveplarigation pxgs of udy of

Fi t

the'i i NF EifieptlafisiSih Shsiil bRRASS 152 erdy BIOM Rl 3 MombdHin: FHETE 1"

de?/: ceun%ntetdpﬂénmt&)nfmeletahﬂ]gwglqrrll ma:hlgtﬁtbibdchrl:lg(sl}ateeﬁ)rmadhmee the sarre
CcO nsat e r a wav en SO | e-carr

AR T A g A S M A usép?@% i Hale Braha S and

188 'nvfé@»‘l‘e?'s"f?eéﬂ aaifffa;stla%e @E§|gﬂ9ﬂ§v {;néthe bﬁ'extérhﬁﬁ&u%] s Wi | |

al so conpensate I'n right pi ece | ens elengths e result
is that inmage-carrying |ight |nC|dent on the rlght eyepiece is conpletely
bl ocked fromthe right eye for all wasel engths.



[ 0105] However, during the second subfrane, ECB devices 84 and 86 sumto a
HW at -45 relative to the vertical axis and external quarter-wave film 180
and quartwo-2eeve4f7ul m 188 in the |left eyepi ece | ens sumpCo/um20B4B61 +45
relative to the verti cal axis. These tvvo HWP conbl nations corrpensate to

hi ht bl t at the f d
The. 1 orwag T B By R hsfth B o5 veREhEEs A 148 decfsonTit whi cn
the COfﬁbléﬁ’édti@ﬁ &fedtioR, @evw@ﬁbéd &difleBf péra@rehﬁl tom\ée Tied audﬂér-m\/bhe

sane as the design wavel eng uarter-wave fil 184, and 188 in

syst emfilmoenablgg the) p@Iaazam;e |m@ﬂatomtgpwmrb hetweerhaigbt-r and i lafidandeds t he

sane aOHERLoEREES] Hon 3sebd ST SHAGURETEAnT Noualle € pR0E, ibetty 1"
filnms A\géve Tifivs aedaléB&ntrbdeaéd e theOlight[ iBpAEkidee ofianeé nedssivet gladses o of

conner0|ally avallgble uarter-wave filnms |s 140 nm correspondlng to a
desi gn deerdeelist HOBH lathhasdge eciFuialy pQE!”éEEOQﬁ r'é?ramﬁarﬁ@@ £Ye: the

unaval | iier- AR 9orehled Atn RS ol ik Selsciid beuki i sty

m xture, oosi n e cel aps o evi ces
t he V\DfGOﬂlie’ teﬁzeym BET A usﬂe&waoe T8 is wbnmgiemth/iﬂs esnlrdN iisaqipt4 S8 dretadivEGB

devi ce d.86.to et t he half ical  ret rdatl on condition at

560  nminp o e T aareraave it ds Tl by 2 hear etiarist il Mo e

quartern d’h@f‘r&%t%h'dﬁéc‘t’ Bﬁsonetanéd BPD° %raﬁémcé\}esapﬂh%@@%ﬁlé’ USRRS D sEIREKAEt | On
(2) is sel ecting a liquid crystal m xture whose wavel ength “di spersi on

mat chesmpﬂﬁmeﬂiﬁdtlhéi slieceescopie3RWIe WG sysierartSY,-which i$ jal medified Meg$ion

neasur ngt taken as the ratio D of the
bi refrl%r{%&r%@%s %s}ﬂrorg}ln B%ﬁé O{B‘%ﬁdﬁ to its birefringence at 650 nm
i.e., [po¢0ﬂ145¢hé~rtf€dib opetatiorPenkite @xample TIKBigs. 75 aMmd ssenblcﬁe‘sdmbh

w deband, achromatic type quarter-wave filns and chromatic type

quar t eleelRiye With reference trifig ol FhiEing @@HﬁﬁtcﬁUbé@W%r%QB@qvlqeﬁ]%ﬂ& 8Rave D
= 1. 00629% v8' thePlsaind aVcﬁfa@QFSE\BHCEHi{s c%%ﬁe}?@ % O\m}{ Gnl! r&dyi @ﬂ?intouiél%trsm

Nitto 0 supplies two feren ypes "o guarter-wave
whi ch qr@arizlmlohlﬁdireqtlpe Melsfpcﬂam:mi Wlth‘@’|saai$@h(ﬂlreﬁltlbh (Mertical)Oas ampltt he

NRF t f | b h D= 1.14. t
[ qui o i ehiactin it b Sxaigh dyarayiave 3. AL MR SR BBon (2)
ent ai | Hrizpk&f bt 1452 rbiafive Goth¥SieHicdll aulis! icBrridesaltasa tdl%r@?%d\/%dfllﬂﬁﬁgﬁ' al

properties, e.g., birefringence and viscosity, for an ECB device and has a
di sper ywtihlts/alloueaxnhéﬁfirmmm at H5° detapive $0 the ventloal a)ﬁs pblhfmg’rﬁ@fyap@ceype
quarter mavi films. The yst al. [

th d
o TisHE Y HdseR: glBaSad olaX 54 b Tight "Rhiing niedml bolfBes o B Thlfe s ore
as t he pdlgeitish Aireetion @ ME AgROARGIes Wb e @o*trbnéﬁuss[u&iaﬁﬂb%frﬂgm@y@précéer e

carried out to quantify the anount of |eakage that woul d be obtained in the
syst emlamppofsizet RERceG thatrthgrHmagenncideoBonithe vighy eyapiecs lgesiof ®assiyeand 86

d f
consi adTEiTERo o7 e HgufHe, B He BhLEVL" Lo HEEIC LIRS Iong of basSiveS
transmigisdses 2 cd geadér-wage Ifllng HB8tHasC|lG sigwsdds ¢90 oriehtesl étef45°ewmchwst h
curve 200 representing the nulti e{}/%r achromatic quarter ilm curve

202 reph he Mg litection Rsdhat ‘Pfc,3|9‘8I h§? ohexisal dyarer- @ﬁvag@’@ ‘qu athgnd
curve i t I It is
ppar e R eSig o T By e et ke e sy Pad 1B

quar t eisuwate af hdlfswaes wiptisal lretander modis hb@-MavIeer@ltargetlonloosﬂiwatfouﬂ totated by

Tant 1ibgRn e ipolzeBoR ahikeuPh Tl bty makifih ferae i Pahg FABMESRR 1 ne
Ic: gale freetio® bf reheew@v&ee|@a§fp>oth%%@LomeémﬁrYgemna tlear RpAnseasHiosatfeand the
[0103] With reference to Fig. 15B, during the second subframe, V4 is applied to
ECB device 84, and V| is applied to ECB device 86. The combination of ECB
devices 84 and 86 acts, therefore, like a half-wave plate (HWP) with its slow axis
oriented at -45° relative to the vertical axis. For the right eyepiece lens of passive

glasses 152', quarter-wave films 180 and 184 compensate, resulting in an overall
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WO 2012/ 024174PCT/ US2011/ 047531 crystal, and resulting in a high contrast
stereoscopic imge that is substantially free from ghosting effects.

[ 0110] Fi gwoké1ahows results of sinulations of the opticalTtusangmimssi on of
st ereoscopi ¢ system 150" for the opti rral case in which I\/LC- 7030 is used in

of potyednatan 2 ertn @R Ve i ihe 1, pcal it B%es igat o™ c

trans m;ﬁﬂamt@haduf&tubﬁummso 206 afaqiurzggﬁ)paaélﬁelVcbrthuatlrénsmudgahId:fécnoﬁSofar e
the right eye and left eye I| ht bl ing states (curves 210 and 212 Thi s

symet Mg IcYBRIRES ilejis rawarlzqareG rieaBltingdne dedic kipngmissiveestaferr Fentte lejte are

very d b L. (o0 avoi d

ghost | oy cRfttecp e BFBauS oldbess 82 Tn oD BARRREC diafisT A A 45 pbf

| Inear I@g@mbaqum “W5ed amé 180 |aec|ui\'1la@n|t o afltzpf-wawla ret_aﬂﬂaéwtmmé eiol\llgégms ]
olarl ze tem 1 S ramati ¢ n i_near olarl zed s t he

Pl ght |Q£§£‘§%€a§ (5] h@'%‘}ivééfeltﬁa veftigabaxigy Tipe ce %ﬁ'@ﬂcﬁih S@&Rﬁs%n‘ﬁ@'&l

ghosti \ tﬁgltd%’tloﬁrﬁ* thB?é?ed“é\/@é g4 Jﬁo%@%ﬁfbnhéh&rhﬁntﬁ'tﬁérresﬂl¥Or {fhés' ve

states e right and eyes introduces 1 nto mages € two
eyes cdigbt exiting tcwartla&wametﬂlm t% i linfeiacly | polarizedoatr ¢ makimg lt[abllgm EhgleslS

shows al , neasur enen ptlcal transm ssi.on St eregsco,
SystemBcte HENRE SHATErtrn yoabl PUPRECH JPAS (RARLE PO h SRR GeR Base i n
whi ch  teckdidsqiatesfop thedlefttdy. | | qui d crystal m xture substantially matches
that of the quarter-wave films, in this case ML.C-7030 liquid crystal and

pol ycalB304l e Wlese detailag\study phiigs THeA langHitoB eeviealsethiat there istiel gotestia over

Cer ve obhetin BEdht Blacking! st {98 tho BfEer'o PLFRa b AR bl Ve
210) arECBefeviceyesq and 86 usbtheasame figeidtdrpdthlymixierdsi &l havethd yame defile

simulations of Fig. 17. The oscillations apparent in curves 206 and 208 are
caused 93p: iS% theyesenpensate dor 2lli warslengibsi efeimape-aaiaying, lighki Fimilerécifs wer e

not Colfgg%é’rﬁ%g‘auﬁﬂek%véi i doPBRd p@%&‘t&‘ L{4vd fmmgew&t@bqs R@ANid Pakhige 17-

[0112] OWs a Stereoscoplc view ng system 1 usi ng passi ve
gl asseglms t9aare madﬁdef tbneosame invagetial, :Hn&steafulmscwllllaJSa»serr(p‘éA@)atecmrtheer
| ayers 2 222, and 2 C_| 222, and 224 . are also in ded in
ot ot cod b eveRass TRnse i allovavdaalsT sghen fesurf By AT siAde SR ipb afatty " ar o
not shoy@ldém bhOthe kAt é&%ﬁlec@& cBhfpidie B%*Rééefrbﬁmetﬁ’@ﬁfd}ft RyeOisr @f) t hem

were not directed to view ng angl e consi ?eratlons TAC | ayers 220 and 222
are Iom\@dﬁfm’im he i nner sides of, respectively, polarizers 60R and 60L' in

o 1058 R Ml e A e e B B e

2012/ 0HWPABECTA45SP81aflvd 4d TR \}e&biﬁlsa)&@aindaéﬁteﬁliaﬁ@!i‘éﬂéimém filt £80 ahdes of
pol ari zers 60R, 60L', and 82' have no effect on the angular view

pr oper Auasterv@verfdm 188 b thedleffyepiasanens stnyto adiWhhat 14&° We&aﬁyﬁstogtaﬁ be
eDP" OXVERIGEH sk, VEABIS o Mol LAREBLad!Bacidla, AT
Becausatateewithoet Hightfleakagentfor ERiB leélviegesulderartiie 86llowingr two - additiofall ns

180, 184, .and 18 TAC | ayers 222, and 224 infl e the cgntrast
ratt o £OhIBsa, 14 15 deriag walele oG agﬁ'ﬂ%&“é@%ﬁ@ﬁ% BN A F G 48PS B4an
opt i Onaéndpé@ Ista HSIf wave @t%@%@tﬁm@% tt‘mé’ﬁé& v@é‘Jéi@r?qlhRﬂ'q%éhéﬁWa%
nodul at or 80" and passive gl asses posi |ve CfiTmis a positive
uni axi &lmbi 18X riddgeand 188 rin tdystesn oW%,xa&d (62) e wiavekength p@nﬁrﬁohan the t he
film birefringence of the liquid crystal material used in ECB devices 84 and 86 is
substantially the same as the wavelength dispersion in the birefringence of quarter-
wave films 180, 184, and 188 in system 150"
[0106] The nominal retardation of commercially available quarter-wave films is
140 nm, corresponding to a design wavelength of 560 nm. Since other values of
retardance are unavailable, condition (1) can be met by selecting the liquid crystal

mixture, choosing the cell gaps of ECB devices 84 and 86, and fine-tuning the
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[ 0113] Conmput er simul ations show that off-axis contrast ratios for the right
and | eft eyes can be significantly inproved by placing positive Cfilm
conpensatwo 282f2at74t he | ocation shown in Fig. 19 and optrCmius2eng/oitssi
out - of - pl ane retardation to 280 nm Dependi ng upon the application,

b ext SBIEREE Vi FRT VDRI 6 ERS 8YLe8 B 4 PBE It PR s, 8861 ¢ he
out si destpfatipracoditiomees60 has 184 and 188 of passive gl asses 152"
[0114] 20A, 20B, 20C, and. 20D show sinul ated i so-contrast view ng

Fi .
angl e dbié?brnssfﬂﬂe bieee ane slimitedinumbmref. caromesgially availabie aHartagwayst em

h : . . ) , i | . . d
oL, b S B A8 AR Bl oG RTINS e A B
wi t h Ficggstakb&taredvi2ede waeslengtmdispesidrs matdhesl thut of theroriehefithé lawaigtsieem

characteristic view ng angle performance for, respectively, the left and
ri ght é{}@ge\ﬁi"‘faﬁ’eﬁ@sof optional positive C filmconpensator 226. These

di agr ap168F CANRHSurR 6f Walblechbfh GRPBEFASH mayf be takeraseHedatiBdd A tRBI! €s
extending fromO to 60 and azi mit hal "angles tfrom O to 360. These

i so- comtinefingansei of dhagmaterigh ati4fd arastsf uls pirefingence ah&5oumt i.ef,
ghosting_ptes for gff-axiLs.view n Contrast ratio.contaurs .of, 20, and
700 ar & riiadRbeoon Siie-fehlp HhEB TRt 0Bl SyaRiFs P RSk
posi ti \a%hﬁbmbtiénthWavéZﬁlmé Radsylloatatichipacy@atteitvave amae. ofhgi gh
contrast._ view ng an& es for the H%\t eye is significantly narrower than

that f d¥itteHeenker widapandriaghromafts fing terds bavey R irafl- MHand fre xafoa davesedi ti ve

Cfil t - i dey : orj of i

of vi ot ERAE A Gl BrERInGEHL it T Rd PRrRE G BRIES A TRIEA {Beb 00T

e_ye,h t Imélcbmf??ﬁ&mgtelhwaf}alﬁgns,oﬁhibﬁl ane d%ﬂfgﬂi/p?m?godi ?%%Wihwrlallcﬂ%?,tl he
t a e es u ul va ntg. ;

{0715 P B et B8 Fand, e st Sk Fastes opn PaeR@oTAe Wk B 44 | 9641 ons

in theRpld fRlnoPRAGWRTIRRAC tdigdtal AfixtuRE akitrP'™D Shovgo idt Eléh 1182, §é{¢§?Yen iﬁgut

between ECB device 86 anhd external quarter-wave film 180, betwe
pol ar i zenditiag (2 yantail2gelenting iar kquidCRysial mbdus thadrhasetheedesitpdamaderialay e

films 184 a&ld 188 ﬁﬁdft hei r aSSé)C.i at egl ?ol arlé%fé TAC | a ﬁia}[ZZO and 222.

Si mul at 8RS ERow It AT YFCRYS: PV ARVIES BASPEESIPH t hese

al t er ngivectHnanbiches tHeasispersion %_ﬂeF&%dé&&é@b@ﬂat@ngbésqlﬁé?téﬁwéveaﬁlrﬁshat

whi ch is achievable by locati 9838%' tive filmconpensator 226 where shown
(

i n Fi g.TheoMerek ligqid erystal Mds dnegts dbe Salslaviass requiements angddwds dve C
filmcaop at o 224 4 Ihqg'?d-o Lzat] nsggaq!yl oy.,.805: Si five C
corrpenséﬁorglg% %Enqéji'o%e err'SI %;lljgg{a?%'r Iz“thhl%ve gl asgées{haes qs' oé\j\}ﬁ Borc}fone
eyepi epalyZ3tbormatéivgth R 1Adr the case of active glasses, the right and left

eyepi e nses. have the sanme structures, the difference being that the
act i veié?@sesgﬁ? aHPNS, WS GaIT ?}I’Fa?@él%“t'itflf ﬁl?s?'?‘&ﬂ@ﬁloipﬁaﬁ’ﬁ%‘? taweuld
descri beda hiki i j i t: T _ 7 The
oi il o P BRRLIE Hhe 9t 1o el Hie Basen RASERNGER 1R K poed B ELB T
range dlevioegh84 @amdr 86tand awiwiichaegtle ofvihehthnéaiavallalye osft quarterfwaet filman be

dramatical | y wi dened by . ncorporgting a, 400 posi.ti film.226 into the
ot el fis aconosred PEhen fasty o Sabtedy T Lo eTE e airicatefly,
22B, t hRingaidias tspetraOof $h@t|ighe?ﬂ%%kwggislat@%rt hePRifeleyanlits c@fve2boend at

| east 20:1 out to polar angles of 35. Sinulations show t hat positive C
films Veplesgntingthegmulfilayertaghdamatie guarterivave Hidmr awiye 202 mpoesenting4be nm

give g%ﬂporﬁgﬁé“ﬁayvimllt Qlc%ﬂgl rHHalFt%ir-Q\gav%ptﬁirm“an rcuwéi s20‘?1)(‘Pf"gig)ljegenting the
chromatic polycarbonate quarter-wave film. It is apparent from curves 200, 202, and
204 that use of the achromatic quarter-wave film results in the most light leakage,
closely followed by use of the polyvinyl alcohol quarter-wave film. The dramatic
decrease in light leakage with the polycarbonate quarter-wave film is a result of the
close match of the wavelength dispersion between the polycarbonate and the liquid
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[0118] The foregoing enbodinents illustrated in Fig. 19 and in Fig. 21

enpl oy ECB devices having a positive dielectric anisotropy. The foll ow ng
descri beswenbdizment s in which the liquid crystal devi cesTaspbiop41ssgui d
crystal material having a negative dielectric anisotropy, which is used in

vertic | i i deyi 0119] FI 9%,....23A, +.23B,.. 23 and
23D shgéw&étr?ﬂeirgprrp%%gﬂ@gal h %gw& SX#%%E&E‘%%‘#%?*%Q%%% |§95up n(t}g‘ e
| i qui d feomyghaistidgeffees. Fi g. 23A shows input polarizer 82 at the left,
foll owe% 36 a first. VAN liquid crystal device 244 and _a second VAN liquid
cryst al[04d0] ce Fignd 7c showse desultso fifi sinulationesof the septigal Havsmission ofs

constr %E%S%Pi'& éﬂs%dwff’)f?rt e HBﬁrﬁ%?%%é3WWi LREYHEE s Q}sgﬁsin%'@ trate

pl at es 248 havi ng “i nner surfaces on optical l'y transparent el ectrode
| ayer s deBlces 84f amdve8i. amtlequartpriviaver fibhsil 180at 184, adnd M8Budes cempobed dsf
surface-contacting directors 252c and el ectrode surface-noncontacting

di rect dt y%gﬂ?atgecghﬁ S\Vﬁﬂ{rae%i g 1Y §% @8?‘2‘?&@%'&&% ¥3nImigsive Lalest al

mat er i gupeat 208 aAdoEIgYesR Bhash HepstaRER &ﬂea&%sri@%ew;éhaqegr&w light' f aces

on which optically transgarent €l ectrode layers 256 are formed. "The I'i quid
cr yst alblagitieg states (eurveed1@landi21@)e This $yometinal behavigr and the siren@light and

devi ceD8a81G sBAE, BLERTL BFR e Bl Aot PrEfrtisninhéle IR sts¥hstefElos”
ear | i erviewinghschehepttgabdid ghbstng effede HirbcsIer SAftEXIThe duth@dnst®l bétwebh an

i nput polarizatjon direction 100, which is shown by a tilted cylinder
i ndi catfiifig14 FRltlinepey gofastzed system 180 and-Rioi bh ferseriinizged giculagy @olarized: he

| o1 gy . . Y
it A8 T oy, Rrem U ieady o kR At g s e ign BekeBs idRe oy
dr : ve dilocking syatédar oﬁii elyeeh'_sitr@da}:eé substawtial gh@ingmﬁétﬂs,}j/d’r;%gﬂm _spé?_kal VAN
vol t age,.Qr even. zero. { . this vqltage, I rectors C_ an nin first
devi oo iffreBPES it iseciamt dfatismissis Ao thE b anddst ayes diiasiuess inpesc
and 258ﬁeﬁrﬁa@@ﬁtﬂ%&ﬁ%@%b%%lo%ﬁiﬁ%ftﬁap\?bgm aHficit tbcbq?l‘é%?(ﬁ?te plates

254. This is shown by cyl'inders 252c an 52n representing the | ocal
di rect dP311} enEig. 8deshowsi ractualsmeaanretpentse af4theanoptiodl i trdesrsisakBc afnd

258 [ | de- ' d VAN devi 246, . |1 pretil | eg. of

cur ac S aopEatE S EEG  ing ZDraRAr S8, SValalls \Rol s i P Sk Rlon of

the respeetih whichied dispersidrabfthe 2 BidardsPmirtife BEbstERPIMNY- m¥ichBs th&ash VAN
devi ce 244 and 246, the local directors are parallel to one another. At the

appl i edh@rquartesiwavg filegelin \this pase Miaf- 30 dadid2arystal gandialyearbonate

char ac | Si |y - F i r ] j he. for
caon ot eyt AEe e P 1B SR PO Rvelb MO SOUE SiPE56 ar e
or t hogepattrymaforgthed righb @yesfounle CoBpenshleft eyad(dunge A08).cand thel aehrati on
of the,incident light renains, anhan ed after passing through the

conbi ndFANSAISFIVE rtsies] E?Iz eriright 2y ¢HY 3nddellr eve GHYRaR1RI @e

vol t ag%s%ﬁﬁ‘él%@@n!i@é{,e\lleq%ﬁﬁ tRERIr&91ibAs B’PFB;éfWT thevé%]iﬂ’%}rggggaé%%‘}eﬁqﬂ

second VAN devi ce 246 an ereby aligns directors 2 nearly
par al | eurtes 20@ andqR08 ace gauséd tyinteefebensedeffects ioddCB etbvinesed4 and B

| ayers 250 a 56, respectively. [0122]Fig. 23C shows,a snapshot in tine
of yt h e“@]'&é?ﬁ%f:%o‘?'?'@n?%ﬁ%' rgﬁdp Bhg iswhulaﬁons prodsucmg the results shown In
Fig. 17.

[0112] Fig. 19 shows a stereoscopic 3D viewing system 150" using passive

Q

glasses 152" that include protective triacetate cellulose (TAC) carrier layers 220,
222, and 224. TAC layers 220, 222, and 224 are also included in stereoscopic
viewing systems 150 and 150" but, for purposes of clarity, are not shown in
Figs. 13A, 13B, 15A, and 15B because the descriptions of them were not directed to
viewing angle considerations. TAC layers 220 and 222 are located on the inner
sides of, respectively, polarizers 60R and 60L’ in the eyepiece lenses; and TAC layer
22 is located on the inner side of polarizer 82' in polarization modulator 80". TAC
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after drive signal level VHis renoved from VAN devi ces 244 and 246 and
repl aced by drive signal |level VL, schematically indicated by the switch
posi ti onswoforsrpeat i ve switches 2641 and 2642 in di spl agTarsema/ogisscui try
262. Small arrows 270 shown on the center di rect or of surface-noncontacting

di rect Al eV| 24|nd| r.director is
" Che pTeEd08 B plisth S5 pEEE SBRS aARieTe SR, eple A BRL Ve bt e
by Fi g.effisdfonThe apgukir vidvdhg @rnop.s@ﬁ% apdagre therefereaitd sHANndA\Hige124Ghas

i ndi cat_ed by arrows 272 pointing into and out of the plane of the figure

synbol | 78 18Yers cardb® app@w@atqdv@r pegaive aa@xr%mgﬁm@nt fitngiwitacarppyt-252n
| d
o ac SRS rolBLlR G Rt B0 B el e BRGRhL S By,

sur face noncont ac |rectors
r ot at i ipcause tbé;aaee beefpmgdnt;lE(aB deviceb84f agai 86, quartgrewaen fiintsiN &), 184t he

S PhE S5 TR Rk TP 22 iRl e BBt S ot e

VAN devji&gind46 A Iy 0 dr g e
| evel VII—I I? e cé%b?gjneas"[h?gbr? g¥é”d\9/m1§8w|2glgd2395§r?dag gpf{nég@%éﬁ%g?ng@ﬂsat es

becaus eaneensaitae22f iprated aepreen potarizationl enodistopr £0"andl passive glatiseser ent .

First «device.24 ntroduce are e retardatlo f FR and
Gecond T debPERASEHIR S HEE S uhXiat hiteriobelt ARGl RSB vl By
resul tlngperﬁm@mapt@mlmmr etardation of 10 - FR since the slow axes of the
resi dual and in-plane retardations nmake a 900 angle with each other. A

pol ari 48d13h r eoBEIAUer siMuatiansy shew dhat affraxis ﬁ@atna%tt w@tios for the sighhaned V\A th
ro - FR.f egég cawb ﬁiﬂbéntﬁ éfr?géé’ %‘ﬁ%}qbﬁ ERlVQfC lfl b %nkgfyr%be

Output p0| rrza |rect|on W ng ang e corpensation
act i ve thé dscationushovgn WYARIgIeNd ald optiniging lifisbeut-ofiglang edtardation too280 am. 24A

and 24 with a nodyl ator,.co onent S k 230" shown 24A i ncl udi ng
no co %UB‘NB%}P AbRiinakip rp%%hgﬁ’ﬂ“ CRrHRKNSAQF Zéélsmglt}?'ﬁnuna tedp

i ncl ud'@w\e}mt&qna%&s@b b b&férﬁan Qarter-wave fﬂnﬁxngb 6feﬁ1%ﬂg%rtorf Bb™r444 and

276. Upper retarder 274 has It gw axis paralle he transm ssion axis
of adj @estiengohty thee outides ol qmr—waareaﬁlm 1246arida§88tef passiveglassear al | el

to the 1t ansm’ ssion axis of adjacent polarizer 82. The transm ssion axes of
pol ari z 60 and 82 are orthogonally aligned. The liquid crystal materi al

in the Jb'm evFiges20A, R0B, Q@gabhuezab @h@ﬁﬁélhmléteuseéfc@ﬁuaﬁa&@\vwr@ angle
M.C- 70 avai | abl e from Merck GrbH, Darnst adt, Germany. O ‘course

ot her émgfamﬁefmsygtﬂmugﬁ@ f Wih é:r'@S 2 apteé 20Baptesenting ¢ysteys charasteristices

o cont it UE AP AREL d6r ' S8aERENS 3E JERTREL Th Sk hRRL ey o
hi gh captivaak positve @gﬁl&ngbmen@&tob@%@&nﬂ kath FigsnpoCvatt RPDastasentindia t wo

Nitto 55-275 c?npensator films 274 and 276 shown in FI? 24B. Fig. 25A
shows tShRBtanfiaty yidet Siae thasysiem igharagirristin viexdnd Bang %negffoaman%sfpr 100: 1

LY b BSSEBRONRE 0l al B cibs LR ol FRRILY SR ULA a1
shows t226t Thasemmgrazmare)mmaammwmmmyssnatmmm abpolat ngI‘e‘AN
cont ek b i 1B e BB R0 rbe 0o b2
cont r ashtis AdgPams ﬁfbvlo%aétus%ﬂﬂ rﬂreé‘éﬁré Suthet SméantddgréstihgOpeseRtfort ¢¥-35-
axis viewing. Contrast ratio contours of 20 and 100 are indicated on the diagrams.
Figs. 20A and 20B show that, without positive C film compensator 226, the system
characteristic range of high contrast viewing angles for the right eye is significantly
narrower than that for the left eye. Figs. 20C and 20D show that adding +280 nm
positive C film compensator 226 can markedly widen the system characteristic range
of viewing angles over which a high contrast can be observed by the right eye,
thereby making the range of high contrast viewing directions for the right and left

eyes roughly equivalent.
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[0126] VAN devices can al so be used for stereoscopic view ng with passive
gl asses, as shown in Fig. 26. The sinulated iso-contrast diagrans for the

| eft and woghiz/myess are shown in Figs. 27A and 27B. Conpamitsen1087581 gs. 27A
and 27B with Figs. 20A and 20B shows that, in the absence of film

jqQn, the,. f | f t t d f
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hi'oh cBF AR d57ick ) ST rBhiact bhaudieds BMhs 182 Pt B thelPiedBaed )"
conpenpalider W\I?&:iylérg 2208 reh 028, aSimflatofR$hdiv ahatt ﬂé@@ﬁn@ﬁpbﬁ pYsiEivé 1T
system of a type usi VAN devi ces as described in Figs. 23A 23B, 23C, and

23D anfilmLamrensgters 236 insthese; A t@maawe dP9aONSE0R% RSk HHHEN et VIEMING: ¢

used i r ece, a
bi axi af"glogson TRloB 5P ot Actlbu b oy BptaeBosiblh Vil LbsyRBE °Ct

out - of296aﬂu%eshaw@ahﬂ%g11% posi tioned between TAC | ayer 220 and

quartei e fi or 280 is ,oriented

184. . Th | f i ial
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with a conbination of a 150 nmpositive Cf 282 positioned in front of

quar t ebevgiuployed rfori getivenglasees @stsl@y@pmm%ammeqen@wnn gigi21.vEoathe | m 284

i s of ool BRI Rabt, B¥Ha el SaPieRUpHEYS pake the ettt < o
adj acefiie giffergnceebeipglthat thepastivie ?I@séesf aléiigerf onpsf bhuse @8iildtaited in
birefringent filmthe slow axis of which lies in the plane of the film

[ 0129] Figyd. a'lcbﬂe%ﬁfﬂ)eggB C@ﬁﬁﬁptﬂ%wﬂh iy devees §bP%r@§f$F§'SEOOJ| hgrams for the

cont i ghy H0nsT Y FTnt B Iea orl S ddfian et Tid HahoBRA 208 Benfi R Rl st

vi ewi nthartgé eanges oachllgretzemtrast mmpgrar@e\s w@hntrfmabgbbsﬁdgaetﬁmtsrqaartwt ed
stereo co ic i ew n stemrepresent by Figs. 27A a 27B.
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Fi gs C, passive gl asses 152 in which different
conpenisaatl least i10f aubtoupelar iangteseofel@pand &t |¢ast 7,021 aut ddtpolarcangiés obyes.

o b SETBHE e TR it A0 BB S e

bet weerariy® af B38ernMAGOG YT gRrOgasd resalts, efitiase ﬁmluénil@%ptlmmﬂﬂ fohhis!| ow
axis of positive A film 288 oriented paral lel to the transm ssion axis of

adj aceﬁt‘a'ﬂi'ﬁl%rl zer 60R In the left eyepiece, view ng angle corrpensatl on is

h th bl ti
front B4 The Pe0Bfg ShoRimerts MLARRRY K CH G, 18 AT £RED 1 cfeY | 0
film ZEQBJGEchsneﬂvtn@t \aeemsmnéadleientnd' Aﬁni;caycmy 22’Ehanfd>llqwarg elescabes fil m
188, with the s|aqw l&jﬁ?éltlveAfllszAr grletedgdrf IIeI to the

transnf ogdimentsdn ¥y '%]?djﬂ}fc _ SErsiali SRyicesoRmploy Jips ﬁ\”%d%?"ﬁl% show
the siguhejfAle! Gt bARLIBPRINVARR KOhsdd ' VEftfcally aligned nematic (VAN)

devices.

[0119] Figs. 23A, 23B, 23C, and 23D show an example of a polarization
modulator 240 using two VAN mode liquid crystal devices. Fig. 23A shows input
polarizer 82 at the left, followed by a first VAN liquid crystal device 244 and a second
VAN liquid crystal device 246 combined in optical series. First VAN device 244 is
constructed with liquid crystal material contained between glass substrate plates 248
having inner surfaces on which optically transparent electrode layers 250 are

formed. The liquid crystal material includes electrode surface-contacting directors
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and right eyes resulting fromthe separately conpensated eyepi ece
configurations illustrated in Fig. 30. A nuch w der range of high-contrast
vi ewi ng awgler/i2s17achi eved in conparison with those of twrhe/useaonpsasat ed
st ereoscopi c systemrepresented by Figs. 20A and 20B, or even the

Fecer vebened HsTRHE ALARCE SIRPERBICHRY S eoss PROmaNpCashVARLSPYRE 246 1§ ﬁ:
di scl oggfstAREd Mmtnofafu é@@faer M&@Hé@éd?ﬁam%ﬁ%e%ﬁ@@ﬁ gﬁ%gr b@%té@%&;

constant and could vary over a w de range as woul e cas
exanpl bawog Bneo dsurfaces oonwda]iome@pltlnaliydéra\space}rﬁcelectrdde| Ingetshé!5ﬁaara up

I od ert.ies  of ui rstasarekownt be
Penmer TR aTberiRy syl etk ingodh, slastis SeSnGhing kRGeS n
t enper 258y andveldcthodBisurfatbmomyataAad dirketors h@spafrhe\mwmtnqeﬂ crystal
retardation state of the conbined first and second |iquid crystal deV| ces

away f fAeWrces4deand)24Resatishbh fien conditiens; fierr eorppansationuas disqussed sfarlier.

b.
oyt oL FRGSadt rdf infade] sblifte2s ks Hehecta? I WRORBAP bF et
syst enﬂlreetlowgmessvh!m g}é &ﬂswsl bpry titbdf dylindet edigatire] engtt thes diredtion bhe

hal f -wave state a desi gn wavel ength of the quarter-wave fil ns,
whi ch Bpleriggaiiop F\?g% E| ?\‘ﬁ@thttgetpéﬁ‘ﬂﬁe?’%’ﬁhﬁr flgur@v 11 1 ead to increased

e o, 200 e i g, R

appr oxba’d{t‘éﬂNthewm 2434 andl 246 frokn (dI§play drive cir€uifry 262. Drive SIgnaI level V,
is below the VAN threshold voltage or even zero. At this voltage, directors 252; and
252, in first VAN device 244 are perpendicular to substrate plates 248, and directors
258; and 258, in second VAN device 246 are perpendicular to substrate plates 254.
This is shown by cylinders 252, and 252, representing the local directors viewed
side-on in first VAN device 244 and cylinders 258; and 258, viewed side-on in
second VAN device 246. Small pretilt angles of surface-contacting directors 252
and 258, relative to normal direction of the respective substrate plates 248 and 254
are not shown. Within each VAN device 244 and 246, the local directors are parallel
to one another. At the applied drive signal level V,, both VAN devices 244 and 246
are characterized by a residual in-plane retardation I'g, which is the same for each of
them; but since the slow axes of I'g for VAN devices 244 and 246 are orthogonally
aligned, they still compensate, and the state of polarization of the incident light
remains unchanged after passing through the combination of them.
[0121] Fig. 23B shows the same drive signal high voltage magnitude level, Vy,
applied to both first VAN device 244 and second VAN device 246 and thereby aligns
directors 252, and 258, nearly parallel to the liquid crystal device boundaries defined
by electrode layers 250 and 256, respectively.
[0122] Fig. 23C shows a snapshot in time of the director orientation a short time
after drive signal level Vy is removed from VAN devices 244 and 246 and replaced
by drive signal level V|, schematically indicated by the switch positions of respective
switches 2644 and 264, in display drive circuitry 262. Small arrows 270 shown on
the center director of surface-noncontacting directors 252, in first VAN device 244
indicate that the center director is in the process of rotating back to the vertically
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\ TO0.25 Tap | where T is the tenperature in degrees Kelvin, Tclp is
the nematic-isotropic transition tenperature in degrees Kelvin, and Ano
repr esentwoaofzmti7si ous birefringence of a perfectly oraerag2nemetssc | i quid
crystal having an order paraneter of unity. The quantity Ano can be

{actor seRuh oBle BiBARAE) 5O P30, 1RHHAL el (RS ERR TR Rk VA X

t enper feiice ZFPLS iRNcRe@bytdifovd 272 boftR@GAto and out of the plane of the figure
symbolized by ® and ©, respectively. Surface-noncontacting directors 252, relax in
first VAN device 244 by rotating in the plane of the figure, and surface noncontacting
directors 258, relax in second VAN device 246 by rotating in a plane perpendicular to
the figure and perpendicular to the substrate plates. Dynamic compensation takes
place in this case.
[0123] Fig. 23D shows the case in which first VAN device 244 remains at V| and
second VAN device 246 is turned on with a drive signal high voltage magnitude level
V4. The combination of VAN devices 244 and 246 no longer compensates because
the drive signals applied to VAN devices 244 and 246 are different. First VAN device
244 introduces a residual in-plane retardation of I'g, and second VAN device 246
introduces an in-plane retardation of Ny, thereby resulting in an overall retardation of
I'o - r since the slow axes of the residual and in-plane retardations make a 90°
angle with each other. A polarization rotation of 90° for polarization modulator 240 is
obtained with 'y - TR = A2, where A is the design wavelength of light as indicated by
output polarization direction 110.
[0124] Viewing angle compensation for active glasses using VAN devices is
described with reference to Figs. 24A and 24B, with a modulator component stack
230" shown in Fig. 24A including no compensation and a modulator component stack
230" shown in Fig. 24B including two commercial Nitto-Denko 55-275 biaxial retarder
films 274 and 276. Upper retarder 274 has its slow axis parallel to the transmission
axis of adjacent polarizer 60, and lower retarder 276 has its slow axis parallel to the
transmission axis of adjacent polarizer 82. The transmission axes of polarizers 60
and 82 are orthogonally aligned. The liquid crystal material in the VAN devices is the
negative dielectric anisotropy material MLC-7026-100, available from Merck GmbH,
Darmstadt, Germany. Of course other embodiments using different retarders and
liquid crystal mixtures would be suitable to practice the disclosed compensation.
[0125] Simulated iso-contrast diagrams of Figs. 25A and 25B demonstrate that
the range of high contrast viewing angles can be remarkably improved by adding the
two Nitto 55-275 compensator films 274 and 276 shown in Fig. 24B. Fig. 25A shows
that, without compensation, the VAN contrast ratio is at least 100:1 out to polar
angles of 19° and at least 20:1 out to polar angles of 30°. This is comparable to the
uncompensated ECB case of Fig.22. However, Fig. 25B shows that, with
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normal i zed by the birefringence at 20C of the ECB m xture M.C 7030, which
has a birefringence of 0.1126 at 20C and Tco of 75C, as well as the VAN

m xt ure MuG-26028417@0, whi ch has a birefringence of 0.10PtTalS2006G4m30 a Tco
80.5C. The shapes of these curves nay devi ate sonmewhat from ones actually
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180. Fiage q&ﬂeﬂi’f@@r@ﬁt STe aﬁrﬁéveoén obtifRl Yahder ot highi dentit &idwang langlfs forr ves
of constant 180 phase shift, each curve correspondl ng to a tenperature of

20C, 36achApye, ﬂ@remcaﬁ.qrﬁ seraratelnsoapesated. aki ng into account the
d bi g.af f t h
' F oT808 58 WHERES a8 arl IO o Sleheb QRS Viing GIRE ALF B ="

i ndi vi disirlg VAN denicesnas raesicdbeddn oFidsng3A 0 28Be Z&Qmam@tm and passivet o

mai ntai n the sired phase shjft of 1800._It can b rticul.arl

revant Ss5as B8"snih B RrEn] CraPras i Ao asetud ¢ RUPPIERFSof thenst ant
phase sight bn@iefl S In the right eYeplece a biaxjal compensator 280 with 62 hm of in-

This I's suggested by the con l'ine showmn I'n Fig. 34, in which both VH
and VLpéane ret@ﬁd@age@nm 309 aecofeadiaofeplarenpetardalion. is Inesitonedrizetweeni TAC

Cocr ST AR5 R SRR P i 460 SRl honb ssa e o=
oriented at 90°, which is parallel to the transmission axis of its adjacent polarizer
60R. In the left eyepiece, viewing angle compensation is achieved with a
combination of a 150 nm positive C film 282 positioned in front of quarter-wave film
188 in the left eyepiece and a 100 nm positive A film 284 positioned between TAC
layer 222 and quarter-wave film 188, with the slow axis of positive A film 284
oriented parallel to the transmission axis of adjacent polarizer 60L'. A positive A film
is a positive uniaxial birefringent film the slow axis of which lies in the plane of the
film.

[0129] Figs. 29A and 29B show the simulated iso-contrast diagrams for the left
and right eyes resulting from the separately compensated eyepiece configurations
illustrated in Fig. 28. A much wider range of high-contrast viewing angles is
achieved in comparison with those of the uncompensated stereoscopic viewing

system represented by Figs. 27A and 27B.
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[0137]Fig 35 shows a sinplified block diagramof a circuit 300 that could
be used to adjust the VH and VL levels to maintain a constant phase shift
of 1800 owenom/sirte range of tenperatures. In circuit 3@QI/B2a1@PPBEAL Ur e
sensor 302 neasures the operating terrper ature at liquid crystal devr ces 304

and 30 o sin urtr 308 adjusts the VH a L | evels
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i n ordive tasgrdomé@mpleh ef dembdeldto?rlmﬁaraéd fibsiod alr&%edt(br daindthep@airheul arly
advant ageous to simultaneously adj ust both VH and to mai ntain a constant

phase YRi PEreg- 18mcerihe mataniplgeeapedtian, af lawdnensials iare KRewR fh e g. 37,
In whi ghyhgh réﬂaeﬂ)’eﬂdght %rs?ebr'aﬂ%%’rsﬁ% Wéfneﬁés‘rﬁd; éga%é(r@'rgtsn?@ﬁrt@h@e ture

I ncreasi ng VI ecre erature turn I'me at
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i nvention. The scope of resent i nvention shou therefore,

det er nvrﬁwmg)ﬁwtems tuséng (ﬂrﬂh@w anjivel ai passive glasses. Furthermore in such
systems using passive glasses, any shift in the wavelength set for the half-wave

state away from the design wavelength of the quarter-wave films, which are relatively
insensitive to temperature, will lead to increased ghosting in the images sent to the
viewer’s left eye.

[0133] For a nematic liquid crystal, the temperature dependence of the

birefringence An can be approximated by the formula:
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the second ECB device resulting in a retardation ,. To rotate the polarized light by
90° for optimum performance, o — 'k = M2, which is a phase shift of 180° at the
design wavelength A. Voltages can be applied to either one or both of the ECB
devices to achieve the 180° phase shift condition. In the example shown in Fig. 33,
applying Vy = 20.8 V to the first ECB device gives a phase shift of 9.1°, and applying
VL = 2.2V to the second ECB device gives a phase shift of 189.1°, resulting in the
desired phase shift difference of 180° for the combination.

[0136] Inspection of Fig. 33 reveals that there are many possible voltage pairs
(Vn, V1) that will give an overall phase shift of 180°. Fig. 34 presents a plot of these
voltage pairs as a family of curves of constant 180° phase shift, each curve

corresponding to a temperature of 20°C, 30°C, 40°C, or 45°C, with the simulations
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2. The optical polarization state nodulator of claim11, in which the
directors in one of the first and second sets of directors are configured
as a 900 wotatxd4rvurror i mage of the directors in the otbemusedtiolessfirst
and second sets of directors. 3. The optical polarization state

dul f. cl 2 ch th d th d |
dovi cotfkpd ipfo Feliiiny Wfp Hickvase’ iy puretingeice’ F EE R vl IngfedSS i on
stat e nespkritare, afs shewm B Figd 3ahi @gtm rhakes criag tﬁgt:%ﬂahdqv ¢ah' st a'

devi ces include chiral dopants of equal but opposite chirality.
The op@adiugteshsithen individwally osincombinatiooaceprding tathe temparatuse in pelerite st and

SETOMhAB 58 Rk SR 46 OB R gTAL RS 00,

optic msltanedulshy hiljgbt botimviynamdhM N mairtaives cafrstamt;b‘rwenehlﬁyofr €862 ed.

6. The lca zation e nmpdul ator. of claim?2 n which the first
and se ‘?4 b)éttlta? @@39@@@6 §F‘8W8f'na!:rige$4ac'ﬂr‘4"'&'ﬁhItipt'&%@"éﬁ Me@re

bi refr i.mgeaéea WRA dWR1éd¥Ing héApERItire aM%Feﬁﬁeacggwp bEEERY rifeher

arranged so that the sur ontactin rs o one rrst and
second ensyresda éa:'.ytsiuen oddime ed lawer tampmghnahl wherd theedistosityhef the liquid
surface- cg t.acti t}% I %cg%ors of the other of the first and second |iquid
crystalcnﬁS i ggnitrcantly € The optical polarization state nodul ator of

cl ai m fofe®]i ngFig 35 giuwﬁatsrraamosub&@eﬁaga\aﬁh &F d Ligdlit S0 Eha‘-’t%ﬁ%clﬁ‘e used

further conprising: an i mage source and an I nput polarizer in optical
associ ¥ peivshihenVe&eH \it levels toreainiaine custart paseuiiitgf 168° brersa widel

d t d the |
Thpat e B dpimberabe, ' RIS o005 Rt P RO A el R Ui
i mages ogmétmggtetﬁp@ratumlbt huidrarystal deVices804land 308 ahlehfdugiht preBéssing e
surface; assive decoder including first and second vi ew ng

devi ce§"?‘|‘1‘§y 0% aodé‘rb%t ahed Vir 8ndl t e leye)sitacser 'nguﬁq e sigred phase bhilti on
medi urmagbrk ol illiy &1 LBVIRE I AhBCa0aBIRE rghawgﬁg apdl thoght 11

the first an t put polarization eren ones

t he fi detivered teetiming audfdmmas',rcmtm 310, sWhm:heapM@sd’dm deve avgvefornig ta f| rst
pol ari havi n a.fir tra i zation axi.s oriented

PP ansruie Sheab YRS Hat D 30he : T cBR LR St PeTTamae (ORIt e of
the sevoRMdOV] ReVelP @kcabidhi lt@rihéttéh%era';tl]ﬁb H@as%%‘&rbg Yy deyiine
conprising a second polarizer having a second transm ssion polarization
axi s ofipteimined o au@/@istsmllghto moaehef 5 Gdd vdhere iactipall measeredocursesit e and

ook W o2 B B BB BBl Plerben e o ST 0

ones of01383 fiFigt 3and = geapid sﬁu\hfrfgaé”ﬁwated voltage dependence of the phase
shift, in degrees, at 20° C of a VAN device filled with the VAN mixture MLC-7026-100
and having a 3.0 um cell gap and a pretilt angle of 87°. As voltage is applied, the
phase shift monotonically increases from near 0° to about 205°. This curve applies
to either of the first or second VAN devices. Because the slow axes of the two VAN
devices are orthogonally aligned with each other, the phase shift of one of the VAN
devices subtracts from the phase shift of the other. During the second subframe, a
high voltage magnitude Vy is applied the second VAN device resulting in a phase
retardation 'y while a low voltage magnitude V,, which could be zero, is applied to
the first VAN device resulting in a retardation I'z. To rotate the polarized light by 90°
for optimum performance "o — 'r = A2, which is a phase shift of 180° at the design
wavelength A. Voltages are applied to either one or both of the VAN devices to
achieve the 180° phase shift condition. In the example shown in Fig. 36, applying Vu
= 24.9 V to the second VAN device gives a phase shift of 204.7°, and applying V| =
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8. The optical polarization state nodulator of claim1 having a |ight
entrance surface and a |light exit surface, and further conprising: an
i mage souwwoeoewi2it7ung |ight that carries the first and serasdopeuspecti ve
Vi ew i mages, propagates through a transm ssion medi um and propagates

t hr oug n, L nput .pol.arizer .to produce, for .inci ce on.the |ight entrance
sur § aoe2 i i % VAN it o & s it &F 200 2o 009 o (P Bhafed r o
and seqade RAFEEFEINCE of 1B0° FomBeTonMlfation. ~ an anal yzing pol ari zer
optica associated wth the light exit surface through which

Il
i mge- c[ﬁ%/n/]i nglingpeetiary efi Fiig.gitt reveaim éhaifthere are meanyapassiblsoveltage pairs

Larizat | . Lt .
o the P ) BREMEBRIRSNABLBFSE i) 815, 303757 BredbriS LiRRGITbRY, O
pol ar i aeltage Fdirt @smadfdralyorofoéurvksi of Bonstantiisoh phgse ryhift, patkrdures and
t he anal yzi ng pol ari zer have, respectively, an input filter transm ssion
pol ari ZResRoRding tﬁrﬁjteéﬂp%fﬁ&"?zqfn%o G 130eE, dPhs i 487enwWiBithe isiatlalianaxi s

that angiihganS aicehy Hffh@&r%%s%%%@?ri@%e of ML%-Y(I)%E%{I oQNFitPMckERMing

pol ari zat1on state nodul ator of claim I'n whic rance an
sur f acdsmpemtaes cas ahednwint Rigli32f erfégit 36 meakesf cldae that 344 and ¥ecandbéi qui d

tal deyi i.n ,whj the first d dliquid | . devj
oo BT B Pty b b inatR SERae ke M e shit of Sise G5 o ©
and i n nidihedin @hé -dsir8d e’ RBeACe864.f actan e paftidulaNy ddcamalebudraseri al

contribute to a systemcharacteristic view ng angle range, and further
conpr i $imygltaneously adjushpath el and 2értor maintgin ardasistariephasghshiftrofah80nput

nges 1011 FCs RgEsTed B 8 oblof oS Rrgh b P apt.anaupieR AR A anc yy B .
pol ar i 2msreasse WithrdedréssihgRaRperitiis. nmc%dsﬁm% ¥Rdwith eBtrdaBinigheniperatur@nd

second out put pol arization states during different ones of the first and
second efgHfasaadast iy on time af lpweeiampgyatires owperss theovispesitt phthedliasd ween

t he ingwstaqgs@ﬁfgé gpzply{é'r'zers to at least partly offset the off-axis

bi refringence produce a systemview ng angle range that is w der
t han t lj@140jar alt wdl bs obeicptbdhose having skillghehe anghat many chanyés nmidyebept i cal

|l ari zat | t dyl at f claim 10, in which the birefri t
Egngrelréquﬁ? Pq ﬁpﬁcﬁé@@rggy &laecg%\geﬁg%%lfbgd embodiments WItthOleJt dle;r)grtlwgr}goenq the
underlying principles of the invention. The scope of the present invention should,

therefore, be determined only by the following claims.
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12. The optical polarization state nodul ator of claim 11, in which the
first and second |iquid crystal devices are of an electrically controlled
bi r ef ri ngwoe102pe4 13. The optical polarizationpstratseonoestat or of
claim11l, in which the input polarizer and the output polarizer have,

respec Iv.ely, an input filter transm ssion polarization axis and an out put
filter m ssion polarization axis that are transversely related to each

other, and Hn ahigdtichhBolarizafitre 3t Ahol SlabstSfok itPMEUMRS IBRED stdtBodddpié exXit
surface and the ,outEu_t pol ari zer. 14. The optical polarization state
nodul atfyeestimensiopal amage wievingt by anr sbsemver,s dwnaodutaterd reesivingl inlevi ces

are of . r.i . ral. I j . .

opti Caﬁﬁ%ﬁ%&ﬁgtzsg ﬁ%héés/{'%gﬁ r?g"ld'hﬁgk gélag%étj(i:(ﬂggt%?eiaw?:%r%nlgcfrl]rsE %éégler@fqi ngent
conpenpatspiectivee Vigheimadges bf arstepednifféreak bags lof fiedtrampsedordasissfaarnés h
transver sel | i gned respective first and second sl ow axes. 16. The
opt i cathgién H‘ﬁ?%blg?j%tﬁdé'ﬁ‘é‘g@ RASURMSACOMREISING: ai m 15, in which the first and

second | i qu ' r L Mertdoa | i t e.

17 e opt 1ok SKE (s8R HIAKRF il lefiole coriBink, &) bplfEsl fIE b5 hERC

i"nmjt pflaaized_éigh'gpnbpagletinglﬁipr;mygbdhamiwghd&rgp a:eb@magﬂt e lin/pbtgtrizaﬁori stiaie:
ilter.transm ssion, pol arization axis and an 1 i r .transni ssion

ol ar i THSCBANSS 1 Vo lReSHRP IR 4 dve st ppd sepapd 1ol criethl GeABsS and T n whi ch

the first apgd fReaRd ddcdnbdideio ehatal MRMAGRShANiRg ResHddtRBaRsPaMdR_Bokde

first and second biaxial birefringent |ayers. _ 18. The opti cal

pol ar i 2atsi efndiseciers amdigbasisucted andaprented torcausiecin réspansedo renwvabobnd

The opfPRst Barf YokiRsn e bS8 it hoRora TGty
ent r angglaraAdethetelsudjresnizaly offssistel poladzatidnmstatd thargés eoaRatmultipte f i r st
and second liquid crystal devices, and in which the first and second liquid

cryst avayelgngths af edpaident igtrapagatingytraugh pad axiting e cambinatior oér i zed

by birgf thﬂa%%esn%ahieié@m éi\?)’u@é{‘%tih tﬂ%?r?&ft loMliZatBh fQRL ributes to a
system characteristi'c cohtrast ratro, and flurther conprisihg: an
I nput pol ar dees cirbuitrygdelivering firsteahd gletond divei signidls ol thei reapectivestiat e

Ca D e o 00 PR oRERPRRE G SeeS dTRE b Fefifhg 1BAence
magnitude levels that establish lower magnitude director field states for the first and
second liquid crystal devices, and the first and second drive signals including pulses
having lower-to-higher magnitude level powered transitions that establish higher
magnitude director field states for the first and second liquid crystal devices;

the first and second drive sighals cooperating during one of the first and
second subframes to cause, in the first and second liquid crystal devices, formation
of the higher magnitude director field states from which the directors relax during the
updated image portion of the one subframe such that the directors in the first and
second sets offset the polarization state changes and thereby impart, to the image-
carrying polarized light propagating through the combination of first and second
liquid crystal devices, a first output polarization state that is the input polarization
state; and

the first and second drive signals cooperating during the other of the first and
second subframes to cause, in different ones of the first and second liquid crystal
devices, formation of the lower and higher magnitude director field states during the
updated image portion of the other subframe such that the directors in the first and

second sets do not offset the polarization state changes and thereby impart, to the
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a quarter-wave optical retarder positioned adjacent the light exit surface
to inmpart circular polarization to the image-carrying light in the first
and secomsopoizniwati on states; and a passive Vi e¢rrus2deoossr
including first and second view ng devices that are separated fromthe

li gh ' f. d_the,. - i cal der. b : j SSi
reai uni e 5P B3 e g lired I lroBrotig iBRdiome Glieinetell & S Faci on
from s&soridmfifd effstalidedicds! aWeabhil dedddgoidtkdtivattaterthbhie difféeht #6eh second

out put pol arization states during different ones of the first and second

subf r affesfirst output pelaeizationsstate.ew ng device conprising a first quarter-wave
optical retargep ﬂﬂ?ébpgolgriﬁét?d’ﬁ étéién%%lag&’&eé@}ﬁ WQQn"MiEhfth% fr8ktoPO|Ar | zer
having a first transm Ssiron axis oriented relative' to the sITow axis of the

first guerfdhe fiestearmpsecaid setsasfidiredtorst ar@nsorifiguredyats @00t hetateéd atirrout put
pol ari zation_stafe and bl ock |ight of the second output polarization state,
t he se@Fff Qﬁ%‘i\@c&ﬁ"&@%%'?ﬁf %Em?gft"ét 3R 8REP %‘?tﬁ@?%(?@r%pt i cal retarder
havi ng a sl ewshd Akl Whiod i [ I econd
Craneni ot on s OB [AGRRIBh, AStNrioauRIGEEO AR, Hh\wifEn 1R ER dh?

quar t ethevgecondgiquishe¢rystal dediees ace of atwisted hémhtic bfpet he second out put

pol ari zatio ate and block . light, of the first, output paolarization state,
b2 Phe iR Pol e e Slotemotiter Ho8RM chdh A Hretiibd | Gh

exit sggdareRliquid ERfstdl WRVIcRE iNEINEe @RIralCcdpantd ef éfial b@ﬂd{)ﬁ@ﬁt@“&wifﬂﬁwt er-vave
optical retarder each constructed with birefringent material characterized

by wavel eng®h e petieal planzation gateamodylatyr afelaiie <, tinaviigly dhe figgtrand

di spersi i he. biref i ngen . Laul d. t erial .to present
o Thetind ladtoqRstaF deRasiiuple Tioft Ehihicdifts SumdBeind el gf roe.

t he fipistellatypeseaimgl optic gxestaramgedeso thatgasjeetibhd iof it optic Gixesamt theat i o
that is rgiggher t.hag the system characteristic contrast ratio. 20.
The opfd THBYRFRLRA purfacesare Qfﬂlﬂﬂ"@?_ Y rq]gteéi!. aim19, further conprising a
C compensat gr s bl PbiRYBAL oo Y Liafthd, 36 Sutie théfird drid _and

second pol arizers o e passive view ng decoder. he opti cal
pol ar i gaeandiicgtichceystal dldvitesrarefofcareliectically scontidlted binefriGgentntypaswvong i s

oo e85 o bSholsohdaSta BEThAL SRS SR | L
20, i ndirddteRs fsheCoCPRIMMBEEahPEctditd GlAa chystalt devicksSaeosthdinallp islatid ached

to the respective first and second quarter-wave optical retarders.

23. Thie thet swacepepniacting disectorsapbtheoeathesod thefirsi ancseeond liquidarystal
corrpri§é\;]gesrfi rst and second birefringent conpensators included in the
respective Tirst and second view ng devices and characterized by different

bi refringen?. dhepeptidadpolarization state modulator of claim 1 having a light entrance
surface and a light exit surface, and further comprising:
an image source and an input polarizer in optical association with each other,
the image source producing the first and second perspective view images in
alternating sequence, and the light in an input polarization state and carrying the first
and second perspective view images exiting the input polarizer for incidence on the
light entrance surface; and
a passive decoder including first and second viewing devices that are
separated from the light exit surface by a transmission medium and are configured to
receive the image-carrying polarized light in the first and second output polarization
states during different ones of the first and second subframes, the first viewing
device comprising a first polarizer having a first transmission polarization axis
oriented to transmit light of the first output polarization state and block light of the

second output polarization state, and the second viewing device comprising a
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24. The optical polarization state nodul ator of claim 23, in which at |east
one of the first and second birefringent conpensators includes A and C
conpensatwo 2 eyess4 25. The optical polarizatiorcstmsb@imodal at or of
claim24, in which each of the first and second birefringent corrpensat ors

ot ar dapeghd POieriz8P RBGRA% Becd eS| iPpSalie i ogt 2t ta BRASRG) ai m
25, in light &f theesécarat oammtspclgﬁdathorqwtétecwatb\lbcldﬂ}Phee@f #ie fipdt altput

electrically controlled birefringence optical polarization
state mRYANZatBR skitecthsrehyts, preReRiHPdRe oheerIon e fis ap serend peespashive scond

bi ref r \AGeHha oI IZafedt'bﬂe'é%‘??h@ﬁ%‘t%ép?recgb&%ngrrgn t layer.

28. The opticC state no , in which the
first and s@coﬁkﬂe lopticalcpatayzitioh stetel medutater of clainy dritaviay bylight ieptradcaemat i ¢

type. 29. The.qpti aI oI ari zatjon state. nodul ator of claim11, further
cgﬁpri Ssiugacegng&l&z{i ﬁﬂs%?dzﬁl‘ﬁ@\eéf;f)m MSiNdssociated with the first and
second | i quigd iprage %u@%vérﬁﬂﬁnd AgRE B Qreey | *tl?é‘ firdded %@%ﬁ@ﬁg%ﬁcﬂ&ase

i nformati on; menory stores cont ai ni ng tenperature-depe
shift wwpdnsgeﬁa@r@pagate@stlbmmg tramnhIesmnrmedmm fare ar@pmaéas tﬁrougle first

and se dev, dces. SSIn circujtr

oper at %?HHQL @é‘%ﬁ? té]xgr%ldyﬁ RE M q%ecc?r} Ulﬁ lﬂé}v raﬁFS%ﬂ’(&@ CFj bketly%mdnsecond
drive singifpu pdiatiztrinalstate haﬁd ogxfryineg ftheesiek esrtd eRohar pérpeetives vidve
change, the proce55|ng circuitry accessing the stored phase shift response

dat a cdmaa% ng to the neasured device operatl ng tenperature information

d
Slgnats of ANGAVANG splsrEeh pticd ), BEUEEEA W ke RanERsl SEREGEMHELYR
t enper a\tmmrelmage;jearrwng Lpiaﬁc’nrmetil lgght in oo of &nifmshas@ seboifid out;rut @bl@@ﬁdh@@ to

t he one aIf wave] e ol ation state chang . The opti cal
s SIS Ratees o Trasanb RuRe e SoTSsHPTRHTLANE 6 the Brsband Second

t enper gelRclfPoRIEMagiiase shift response data are produced by actual
measur enent s.
9. The optical polarization state modulator of claim 8, in which the input

polarizer and the analyzing polarizer have, respectively, an input filter transmission
polarization axis and an analyzing filter transmission polarization axis that are
transversely related to each other.

10. The optical polarization state modulator of claim 1, in which light entrance
and exit surfaces are associated with different ones of the first and second liquid
crystal devices, in which the first and second liquid crystal devices are constructed
with liquid crystal material characterized by birefringence, and in which off-axis
birefringence effects of the liquid crystal material contribute to a system
characteristic viewing angle range, and further comprising:

an input polarizer through which the light in an input polarization state and
carrying the first and second perspective view images exits for incidence on the light
entrance surface;

an output polarizer receiving the image-carrying polarized light in the first and
second output polarization states during different ones of the first and second
subframes; and

a birefringent compensator positioned between the input and output polarizers
to at least partly offset the off-axis birefringence effects to produce a system viewing

angle range that is wider than the characteristic system viewing angle range.
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31. The optical polarization state nodulator of claim?29, in which the
stored tenperature-dependent phase shift response data are produced by
si mul at i ONO 2012/024174 PCT/US2011/047531

11. The optical polarization state modulator of claim 10, in which the
birefringent compensator includes a C compensator.

12. The optical polarization state modulator of claim 11, in which the first and
second liquid crystal devices are of an electrically controlled birefringence type.

13. The optical polarization state modulator of claim 11, in which the input
polarizer and the output polarizer have, respectively, an input filter transmission
polarization axis and an output filter transmission polarization axis that are
transversely related to each other, and in which the C compensator is positioned
between the light exit surface and the output polarizer.

14. The optical polarization state modulator of claim 13, in which the first and
second liquid crystal devices are of an electrically controlled birefringence type.

16. The optical polarization state modulator of claim 10, in which the
birefringent compensator includes first and second biaxial birefringent layers with
transversely aligned respective first and second slow axes. |

16. The optical polarization state modulator of claim 15, in which the first and
second liquid crystal devices are of a vertically aligned nematic type.

17. The optical polarization state modulator of claim 15, in which the input
poiarizer and the output polarizer have, respectively, an input filter transmission
polarization axis and an output filter transmission polarization axis that are
transversely related to each other, and in which the first and second liquid crystal
devices are positioned between the first and second biaxial birefringent layers.

18. The optical polarization state modulator of claim 17, in which the first and
second liquid crystal devices are of a vertically aligned nematic type.

19. The optical polarization state modulator of claim 1, in which light entrance
and exit surfaces are associated with different ones of the first and second liquid
crystal devices, and in which the first and second liquid crystal devices are
constructed with liquid crystal material characterized by birefringence exhibiting
wavelength dispersion that contributes to a system characteristic contrast ratio, and
further comprising:

an input polarizer through which the light in an input polarization state carrying
the first and second perspective view images exits for incidence on the light entrance

surface;
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a quarter-wave optical retarder positioned adjacent the light exit surface to
impart circular polarization to the image-carrying light in the first and second
polarization states; and

a passive viewing decoder including first and second viewing devices that are
separated from the light exit surface and the quarter-wave optical retarder by a
transmission medium and are configured to receive, and remove the circular
polarization from, the image-carrying circularly polarized light in the first and second
output polarization states during different ones of the first and second subframes,

the first viewing device comprising a first quarter-wave optical retarder having
a slow axis and cooperating with a first polarizer having a first transmission axis
oriented relative to the slow axis of the first quarter-wave optical retarder to transmit
light of the first output polarization state and block light of the second output
polarization state,

the second viewing device comprising a second quarter-wave optical retarder
having a slow axis and cooperating with a second polarizer having a second
transmission axis oriented relative to the slow axis of the second quarter-wave
optical retarder to transmit light of the second output polarization state and block light
of the first output polarization state, and

the quarter-wave optical retarder positioned adjacent the light exit surface,
first quarter-wave optical retarder, and second quarter-wave optical retarder each
constructed with birefringent material characterized by wavelength dispersion that
substantially matches the wavelength dispersion in the birefringence of the liquid
crystal material to present to the observer, during different ones of the first and
second subframes, the first and second perspective view images exhibiting a
contrast ratio that is higher than the system characteristic contrast ratio.

20. The optical polarization state modulator of claim 19, further comprising a
C compensator positioned between the light exit surface and the first and second
polarizers of the passive viewing decoder.

21. The optical polarization state modulator of claim 20, in which the C
compensator is attached to the quarter-wave optical retarder positioned adjacent the
light exit surface.

22. The optical polarization state modulator of claim 20, in which the C
compensator includes first and second portions attached to the respective first and

second quarter-wave optical retarders.
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23. The optical polarization state modulator of claim 19, further comprising
first and second birefringent compensators included in the respective first and
second viewing devices and characterized by different birefringent properties.

24. The optical polarization state modulator of claim 23, in which at least one
of the first and second birefringent compensators includes A and C compensator
layers.

25. The optical polarization state modulator of claim 24, in which each of the
first and second birefringent compensators includes A and C compensator layers
having different values of optical retardation.

26. The optical polarization state modulator of claim 25, in which the first and
second liquid crystal devices are of an electrically controlled birefringence.

27. The optical polarization state modulator of claim 24, in which the other
one of the first and second birefringent compensators includes a biaxial birefringent
layer.

28. The optical polarization state modulator of claim 27, in which the first and
second liquid crystal devices are of a vertically aligned nematic type.

29. The optical polarization state modulator of claim 1, further comprising:

a temperature sensor operatively associated with the first and second liquid
crystal devices to measure device operating temperature information;

memory stores containing temperature-dependent phase shift response data
corresponding to the director field states of the first and second liquid crystal
devices; and

processing circuitry operatively associated with the drive circuitry to produce
first and second drive signals that establish a one-half wavelength polarization state
change, the processing circuitry accessing the stored phase shift response data
corresponding to the measured device operating temperature information and
causing the drive circuitry to produce the first and second drive signals of higher and
lower magnitude levels that maintain, over a wide temperature range, a substantially
constant phase shift corresponding to the one-half wavelength polarization state
change.

30. The optical polarization state modulator of claim 29, in which the stored
temperature-dependent phase shift response data are produced by actual

measurements.
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31. The optical polarization state modulator of claim 29, in which the stored
temperature-dependent phase shift response data are produced by simulation.
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