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W DE- ANGLE | LLUM NATI ON FI ELD OF THE | NVENTI ON The present invention

rel ates generally to the field of polarized displays, including, wg
prcgjfggtl L

limtation, liquid crystal' displays, ferroelectric 10 displays,

di splays and other simlar illum nated display devices and systens. Mre
"specifically, the present invention relates generally to polarized

di spl aygermepsi ring illum nation and viewability acrostrssam?s ange of

view ng angles. The present invention is directed to nethods 'and
apparatuses for nmaximzing the light transmttance of a polarized display
in 15 the case where this wide angle illum nation is.desired. , BACKGROUND
OF THE | NVENTI ON Pol ari zed di spl ays] especially those making use of the
unique properties of liquid crystalline materials, are enployed in a w de
variety of 20 applications. Comon pol ari zed display systens are generally
configured with two fixed polarizers sandw ching two glass plates on either

sidesof a sepetARIZIED DtSPLA?'WG‘HTWIBELRNGL’E AATMGATRIN W t D an array of
el ectrodes for applyrng electrica as of the
selectively polarizing matrix. The selectlvely pol arizing material is
typically one which exhibits optical 25 birefringence by which different

pol ari zations of light int t O C T 2004 WO 01/ 79925
PCT/ US_Ol/ 12079 riﬁEEB S#LI%IE ﬁ\ﬂ/rtlslr%

The present invention relates generally to the field of polarized
displays, including, without !imitétion, liquid crystal displays, “ferroelectric
10 displays, projection displays and other similar illuminated display devices and
systems. Mare spec'rﬁcé!ly, the present invention relates généraliy to
polarized displays requiring illumination and viewability across a wide range
of viewing angles. The present invention is directed to methods ‘and -
apparatuses for maximizing the light transmittance of a polarized.display in

15 the case where this wide angle illumination is desired.

BACKGROUND OF THE INVENTION

Polarized displays, especially those making use of the unique

properties of liquid crystalline materials, are empfoyed in a wide variety of

20 applications. Common polarized display systems are gererally configured
with two fixed polarizers sandwiching two glass plates on either side of a
selectively polarizing material in combination with an array of electrodes for
applying electrical fields to selected areas of the éelecﬁvely polén‘z_ing matrix.

The selectively palarizing material is typically one which exhibits optical

25  birefringence by which different polarizations of light in the material can



- 2 propagate through the material at different rates. This allows the

pol arization state of the incident light to be selectively altered to

ot her polarization states. The polarizing material can include attenuation
means, in which rays of one polarization state are selectively af§&6laflad
relative to rays of another 5 polarization state. Aliquid crystal

di splay, also known as an LCD, is a well-known exanple of .a polarized .

di spl awlaybee. Liquid crystals have two princi pal p(r?gq_%st i es_maki ng them

useful in el ectronic display devices: (1) birefringen VUHE™Y 2)
selective director alignnment. The 'birefringence property of liquid crystal
mat eri al s causes |ight passing through a speci nen of one of these
materials to change its plane of palarization as it passes through. For
exanpl e, the plane of polarization may be rotated. The sel ective director
al i gnment property of these materials causes the director, or locally
averaged 15 orientation of the anisotropic nolecules in the liquid crystal

mat eri al rari ' | tael f with ~applied orienting field such
as an elpergFrgg-acﬁeﬁﬁgcﬁ" Oﬁﬂ y&y rg?%ég%ﬁa# %"ﬁg%e@t%kﬁgt g?"%?@cm’%&? BABNEIdhese two
properti i gncert electively transmt or block light incident to
sel ect eaﬁgﬁeeéjst%&'nF'H@”Hﬁ@Bﬁayeﬁl%@Wéb’nalk?é’e%é% Pl polariaalientsjatesal LCD
devi ce, J'Enci dent . | i%ht | s polarized by a first polarizer to a first .
pol ari zath®ROG NG, righ&an;igeide altshyation meepegim whish isiys effranegent | i qui d
crystal material, the polarization of the light rays in a given region is
al t er ed RodArizatiepostatp ofmr iseladtively s atieruatdti elativande refyspof arictiaéd on a 8 O C
T 2004 WO 01179923 PCT/ US01/ 12079

5 polarization state.

A liquid crystal display, also known as an LCD, is a well-known
example of a polarized display device. Liquid crystals have two principal
properties making them useful in electronic display devices: (1) birefrfngen’ce

10 and (2) selective director alignment. ;l"he birefringence property of liquid
crystal materials causes light passing through a specimen of one of these
materials to change its plane of polarization as it passes through. For
example, the plane of polarization may be rotated. The selective director
alignment property of these materials causes the director, or locally averaged

15  orientation of the anisotropic molecules in the liquid crystal material, to

temporarily align itself with an applied orienting field such as an electric field.

Polarized quuid crystal displays empioy these two properties in concert

to selectively transmit or block light incident to selected areas of the display

20 screen as desired. In the typical LCD device, incident light is polarized by a
first polarizer to a first polarization state. As the light rays pass through the
birefringent liquid crystal mat_eria], the polarization of the light rays in a given

. fegion is altered to a second polarization state. This change of polarization



- 3 state can take the formof a sinple rotation of the polarization but
can also result in other polarization configurations such as elliptical

pol arization. As the light exits through an exit polarizer, light ra not
having the third polarization state of the exit polarizes are abs8Bd&d. 2004
When the applied 5 electric field is changed, the. correspondi ng second
‘pol ari zation state is also changed, and the anount of |ight passing

t hr ougloblrmeexi t pol arizer can therefore be control | géyudWiR-9us pol ari zed
LCD nodes have been devel oped, including twi sted nematic (TN),

super-tw sted nematic (STN), ferroelectric, antiferroelectric, cholesteric,
phase- change, guest-host, vertical- 10 alignnment (VA), in-plane swtching
(I1PS), electrically controlled biref¥+ngence (ECB), pi-cells and many

ot hers. Devices incorporating the above described principles are disclosed
innmy U S Pat. No. 5,751, 388, High Efficiency Polarized D splay, and ny
U S Pat. No. 5,999, 239, Method for Making a Polarization Sensitive

Opti cal sehtenei takehinehfoRneofe shpleirBRABAYTHE Solirizakin i &pngeo Pol ari zed

di spl ays often make use of backlighting to I nprove the sharpness and

bri ght ngggipfn bb%rimg&ét%ﬁre&@@%xta{ﬁo s%@%ﬁ!éé em@ﬁgélﬁlﬁ'rizddtiiﬂ' %s 1o

i ncorporated Into a porta I'ng devi ce, ciency .

0 <12, oy o SBIAATIn S, O T o R T L7, 2
5Pl 2 i Seed 17  SAST B0 AL 801 bl sliL e oncy and
5 electric field is changed, the. corresponding second polarization state is also
changed, and the amount of Iight passing through the exit polarizer can
'therefore be controlled. Numerous polarized LCD modes .have been
developed, including twisted nematic (TN), super-twisted nematic (STN),
ferroelectric, antiferroelectric, cholesteric, phase-change, guest-host, vertical-

10  alignment (VA), in-plane switching (lPSr), electrically controlled birefringence
(ECB), pi-cells and many others. Devices incorporating the above described _
principles are disclosed in my U.S. Pat. No. 5751,388, High Efficiency
Polarized Display, and my U.S. Pat. No. 5,999,239, Method for Making a

Polarization Sensitive Optical Element, which are herein incorporated by

15 reference.

Polarized displays often make use of backlighting to improve the
sharpness and brightness of the image thereon. In a backlit polarized display
incorporated into a portable computing device, the efficiency of the display is

20 ata premium, due to the demand for extended operation and limited battery
power. The bulk of the power consumption of a backlit display is used for the

generation of light. Both the efficiency and performance of the polarized



-4 display device are directly proportional to the efficiency with which
the device concentrates and directs the generated |light in a useful manner.
One device known to be useful in increasing inmage brightness is an 5

optical film Optical films are used in liquid crystal display systeld§ Hrid00
in other applications where control over the direction or polarization . of
light transmtted or reflected is desired in order to increase the '

bri ght wess/7ehsa display. It is known that the Iuninage§ﬁmﬁﬁ¢hg a desired

range of viewing angles of a polarized display can be significantly

I ncreased through the use of 10 such an optical film Essentially, optical
films conprise films of light transmssible materials that are designed to
redirect light through reflection—r&fraction, scattering or a conbination
of ‘t hese. Wen used in conjunction with a display screen, an 15 opti cal
filmcan significantly increase the brightness of a display wwthin a
certain desired range of view ng angles by controlling and redirecting

light t ) . | spl ay at '
undesir ;tﬂ%pelay‘g%lg/ Sgreﬁ'eg@ﬁtﬁ ﬁﬁ%ﬂmulgﬁ g?%éiﬁ%%g@%%{%@icézﬁ?ge?’%el ected or
ot herw s redirected.back. into the display or |ight source where a portion
of it Ca%nﬁgﬁtg%{eglat&ce@[% twqeé?ﬁpg'ggpﬁ'a%lﬁs?@l 'i"%@”?ﬁ-l m at an angle or

pol arization that allows it to escape fromthe display. This recycling is
useful because it can reduce power consunption needed to provide a display

with a desired level of 0 Ba CT 2004 WO 01/79925 PCTIUSQO /12079 - 5
- One device known to be useful in increasing image brightness is an

5 optical film. Optical films are used in liquid crystal display systems and in
other applications where control over the direction or polarization. of light
transmitted or reflected is desired in order to increase the brightneés of a
display. It is known that the luminance within a desired range of viewing
angles of a polarized display can be significantly increased through the use of

10  such an optical film.

Essentially, optical films comprise films of light transmissible materials

that are designed to redirect light through refiection, refraction, scattering or a
combination of these. When used in conjunction with a display screen, an

15 optical film can significantly increase the brightness of a display within_ a
certain desired range of viewing angles by controlling and redirecting light that
would otherwise be absorbed or escape from the display at undesirabie
angles. Light that would otherwise be wasted is reflected or otherwise
redirected back into the display or light source where a portion of it can be

20 'recycled" and returned back to the film at an angle or polarization that ailows
it to escape from thé display. This recycling is useful because it can reduce

power consumption needed to provide a display with a desired level of



bri ghtness. The foll owi ng patents and PCT publications describe various
optical filnms, which are incorporated herein by reference: U S. Pat. .
5,783,120 (PCT Publication WO 97/32222), A Method for 5 Making an E“j:]cal
Film PCT Publication WD 97132223, An Optical Filmwith Co- Continud 2004
Phases; U.S. Pat. No. 5,825,543, Diffusely reflecting polarizing el enent
“inclluding a first. birefringent phase and a second phase; 10 PCT

Publ i ceiopnedd 97/ 32224, An Optical Film PCT Publi capepisi$é132225,

Li ght Fixture Containing Optical Film"' PCT Publication WD 97132226,

Bri ght ness Enhancenent Film OCT Publication WO 97/32227, Optical Filmwth
I ncreased Gain at Non-Normal Angles of Incidence; and 15 PCT Publication
WO 97/ 32230, Optical Fiber with Lghi—Extractor. Test data fromthe
foregoing types of filns, however, clearly show that performance of these
films is best for view ng angles close to the vector normal to the display
screen. At wi der view ng angl es, I's known that the 20 perfornmance of

such filg msfserSrheT#mg@;ﬁageggtéf?ﬁl 'a{ﬁdt pe1f Bﬁﬁlﬂ:aﬁoﬁ@%s Abe u%haBgay devi ces

havi ng play properti clency superior to those uced by the

traditi 0 | ?ﬁ@%%\&yé@]% mcgtﬁ‘&o&gd ﬁgl%ﬁ,' Wré}é.le?]%g,ZS PCT/ US01/ 12079 6 BRI EF

SUMVARY

U.8. Pat. No. 5,783,120 (PCT Publication WO 97/32222), A Methed for
5 Making an Optical Film;

PCT Publication WO 97/32223, An Optical Film with Co-Continuous
Phases;

U.S. Pat. No. 5,825,543, Diffusely reflecting polarizing element
including a first birefringent phase and a second phase;

10 PCT Pl;lblication WO 87/32224, An Optical Film;
- PCT Publication WO 97/32225, Light Fixture Containing Optical Film;

PCT Publication WO 97/32226, Brightness Enhancement Film:

PCT Publication WO 97/32227, Optical Film with Increased Gain at
Non-Normal Angles of Incidence; and

15 PCT Publication WO 27/32230, Opfical Fiber with Light Extractor.

Test data from the foregoing types of films, however, clearly show that
performance of these films is best for viewing angles close to the vector
normal to the display screen. At wider viewing angles, it is known that the

20 performance of such films suffers. There remains in the field a need for
display devices having display properties and efficiency superior to those

produced by the traditional architecture.



The present invention conprises an apparatus and nmethod for inproving the
bri ghtness of a polarized display at view ng angl es off of the 5 vector
normal to the display screen, hereinafter referred to as "off nor 6 00
bri ghtness.” The advantages of the present invention are pronounced &@&AZ
enpl oyed in applications in which the view ng angle requirenents are
asymetric, such as for avionics applications that require cross-cockpi-t
vi ewabwioigiesas t he display. In such a case, the desiredrnkewp® envel ope
m ght 10 be wide in the horizontal axis (e.g., }/- 55 degrees), for
exanple, and narrower in the vertical dinension (e.g., less than 30
degrees). Asymmetric viewing requirenments are also present in many ot her
di spl ay applications, such as comp8Bt-er nonitors and tel evision. Despite
the asymmetry between horizontal and vertical directions, however, it is
still often highly desirable to 15 maintain symetric performance from
side to side. In nost devices suitable for use with the present inventiaon,
a rear optical elenent is |ocated behind the polarized display. As

di scussed above, test data has shown that certain optical elenents, such

pol ari zed di splay w IR REMMARIEPF THERAERTIAN: ope” hany of ¢ hese

optical filnms remain i nade uate, however, for significantly inproving the
of f nornmal bRNGhPRESHT ANVEIREON GRIAPISES| @8 appaiatue dandr methed Hppl i cat i ons.
080 CT 2004 WO 01/79925 PCT/US01/12079 - 7 The prior attenpts to have
opt i m zédpiovingntheabiightnéss ofvadgolarizgdk display at viewing angles off of the
5 vector normal to the display screen, hereinafter referred to as “off normal
brightness.” The advantages of the present invention are pronounced when
employed in applications in which the viewing angle requirements are
asymmetric, such as for avionics applications that require cross-cockpit
viewability of the display. In such a case, the desired viewing envelope might
10 be wide in the horizontal axis (e.g., +/- 55 degrees), for example, and
narrower in the vertical dimension (e.g., less than 30 degrees). Asymmetrié
viewing requirements are also present in many other display applications,
such as computer monitors and television. Despite the asymmetry between

horizontal and vertical directions, however, it is still often highly desirable to

15  maintain symmetric performance from side to side.

In most devices ;e‘,uitab]e for use with the present invention, a rear
optical element is located béhind the polarized display. As discussed above,
test data has shown that certain optical elements, such as optical films, can

20  significantly improve the brightness of a polarized display within the optimal
viewing envelope. Many of these optical films remain inadequate, however,
for significantly improving the off normal brightness at the wider angles

required for many applications.



pol ari zed di spl ays have suffered froma nunber of drawbacks and
limtations. For exanple, the resulting display screen may have its w dest
illumnation 5 angle in a plane oriented al ong the diagonal of the dhﬁﬁ
screen, rather than along the horizontal direction along which it J%%@
nost useful. The present invention overconmes the difficulties described
-above by introducing a polarization rotation el enent between the display
and t hgologdde240 elenent(s) in the display to rotate therpdanmrof pol arized
light transmitted from the rear optical elenents to the rear polarizer.
The pol ari zation rotation elenent can take any of many forns. The choice
of which particular elenent to use will depend upon the details and
demands of a particul ar applicati-en7 —Factors to be consi dered m ght

i nclude, for exanple, dispersion, tolerance of 15 chromaticity shifts,
efficiency and cost. Through the use of the present invention, the plane

I n which the angle of sufficient off normal brightness is broadest can be
reoriented to a plane that is nost ideal for the particular application,
thus dramatically inproving the overall performance and efficiency of such

di splays. 20_The present invention described herein offers a sjgnificant
advantage i nN8i BRPRATEMBLS 1Pt PaYR &°F B?'Z%ﬁ’bd@“f{)i"éﬁ??ugf%énﬂl@s ,angh%
dramatically increases 0 8 OCT 2004 WD 01/79925 PCT/ US01/ 12079 -8 the
conpat i polarized sispdais kave ifterediremsasumber F drayagks aaddinpifationgi de- vi ewi ng
angl e pol arized di spl ays.
For example, the resulting display screen may have its widest iltumination
5 angle in a plane oriented along the diagonal of the display screen, rather than

along the horizontal direction along which it would be most useful.

The present invention overcomes the difficulties described above by
introducing a polarization rotation element between the display and the rear
10 element(s) in the display to rotate the plane of poiarizéd light transmitted from
the rear optical elemer_lts to the rear polarizer. The polarization rotation
element can take 'amy of many forms. The choice of which particular element
to use will depend upon the details and demands of a particular application.
Factors to be considered might include, for example, dispersion, tolerance of
15 chromaticity shifts, efficiency and cost. Through the use of the present
invention, the plane in which the angle of sufficient off normal brightness is
broadest can be reoriented to a plane that is most ideal for the paricular
application, thus dramatically improving the overall performance and
efficiency of such displays.
20
The present invention described herein offers a significant advantage

in display transmittance for wide viewing angies, and dramatically increases



BRI EF DESCRI PTI ON OF THE DRAW NGS 5 The acconpanying figures, in which |ike
reference nunerals refer to identical or functionally-simlar elenents

t hroughout the separate views and which are incorporated in and form part

of the specification, further illustrate the present invention and}8 0CT 2004
together with the detailed description of the invention, serve to explain

the principles of the present invention. S 10 FIG 1 depicts a prior art

pol ari payhdhsyl ay device such as disclosed in ny abo E’ﬁﬂlﬂwl or patents

but al so shows desired view ng envel ope conpared to an ac Vi ewi ng
envelope in a polarized display device. 15 FIG 2 depicts a pol arized

di spl ay device incorporating one enbodinent of the present invention. FIG
3 depicts a polarized display devicgincorporating a second enbodi nent of
the present invention. 20 FIG 4 depicts a polarized display device

i ncorporating a third enbodiment of the present invention. 08 OCT2004 WO

01/ 79925 PCT/ US01/ 12079 - 9 FIG 5 depi cts. a polarized display device
the present invention. FIG 6 depicts

one enoah FERPRHRLY rraRDEBIERRY: ofich o8 pripeieaers wits wideviewing

angle polarized displays.

BRIEF DESCRIPTION OF ;I'HE DRAWINGS
5 The accompanying figures, in which like reference numerals refer to
identical or functionally-similar elements throughout the separate views and
which are incorporated in and form part of the specification, further illustrate
the present invention and, together with the detailed description of the

invention, serve to explain the principles of the present invention.

10 | |

FIG. 1 depicts a prior art polarized display device such as disclosed in
my above noted prior patents but also shows desired ‘viewing envelope

compared to an actual viewing envelope in a polarized display device.

15 FIG. 2 depicts a polarized display device incorporating one

embodiment of the present invention.

FIG. 3 depicts a polarized display device incorporating a second
embodiment of the present invention,
20
FIG' 4 depicts a polarized display device incorporating a third

embodiment of the present invention.



5 according to the present invention. FIG 7 depicts a polarized display
device incorporating a fifth enbodi nent of the present invention. 10 FIG 8
depi cts neasured inprovenent in perfornmance for an enbodi nent of th

present invention. FIG 9 depicts a polarized display device incorpﬁﬁdﬂﬂﬁ@m
an enbodi ment of the present invention. 15 DETAI LED DESCRI PTI ON OF THE

‘I NVENTI ON The present invention is directed toward a wi de view ng angle

di spl ayo oimegedri ch the view ng angl e requirenents are gSyO¥R®abi76, Such as
for avionics applications that require cross-cockpit viewability of the

di splay. In such an 20 application, the ideal view ng envelope is wder in
the horizontal axis (perhaps up to 55 degrees off normal) and narrower in
t he vertical dinmension (perhaps —+e8s—than 30 degrees). Simlar view ng
conditions can be found in other display applications such as conputer
monitors and televisions. 0 8 OCT 2004 WO 01/ 79925 PCT/ US01/ 12079 - 10 In
nost devices suitable for use with the present invention, one or nore rear

optical ele S A, behingdy; | al.)ze ' pangl ... The opti cal

el enent s ha\rjgmﬁ'r asﬁso%p[c?&aﬁécj%\}er sﬁfsua\]/sﬂ)el n(gé‘)é(‘ilegﬁneéucrﬁg'{ag}égegi EO[L{'@% that 5 are

pol ari zat i.on,. depe nt such. as,..for exanple, those polarization-sensitive
SR R bR DdSrorny

scat t er PHEOSIM QREsEn U.S. Pat. No. 5, 751,388, High
Ef ficiency

FIG. 6 depicts one embodiment of a polarization rotation element

5 according to the present invention.

FIG. 7 depicts a polarized display device incorporating a fifth

embodiment of the present invention.

10 FIG. 8 depicts measured improvement in performance for an

embodiment of the present invention.

FIG. 9 depicts a polarized display device incorporating an embodiment
of the present invention.
15
DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed toward a wide viewing angle display
in which the viewing angle requirements are asymmetric, such as for avionics
applications that require cross-cockpit viewability of the display. In such an
20 application, the ideal viewing envelope is wider in the horizontal axis (perhaps
up to 55 degrees off normal) and narrower in the vertical dimension (perhaps
less than 30 degrees). Similar viewing conditions can be found in other

display applications such as computer monitors and televisions.



Pol ari zed Display, and ny U S. Pat. No. 5,999,239, Method for Making a

Pol ari zation Sensitive Optical Elenent. Due in part to
pol ari zation-sensitive reflections at air interfaces and internal
interfaces, it is possible for such 10 el enents to exhibit higher

transm ttance when the transmtted |ight

t he pol

i nci demaedwmdasection. In other words, higher transm t tRRaRei/forbt ai ned for

arization axis of the light falls in or near the plane of

angles that are oriented in the direction of the pass axis of the

opti cal
shown i
gener al
havi ng

2004 WO 01/ 7 \iRgs pyi

needs to be cl osel y aligned with the
Fur t her iRAre reaeaplifgl elemante as lasated bettind al pofarimeecdispiey pabel r fiig 1ot at i on
pass axis 108 of the rear polarizer of the display device 100. For

of the

el ement pol arizer of the display device. 15 One such scenario is
n FIG 1, depicting a polarized display device 100 conprising a
|y rectangul ar pixell ated-di gplay panel 102 and a rear elenent 104
a linear polarization or pass axis 106 substantially aligned with
the pass axis 108 of the rear polarizer (not shown) 20 disposed on the back
surface of pixellated display panel 102. The rear elenent 104 may
conprise, for exanple, a pre-polarizer. It is generally required for
efficiency that a high proportion of the light transmtted by
el ement 104 be tr m,tted the rear polarizer. As such, the pass 08 OCT
2%7}@ for use with the @resenteiaventionyeme 004 general | y
pass axis 108 of the rear polarizer.

exanpl e optital elersentsdravertransinsittacce eemus Griewing angle characteristics that

5

10

15

20

are polarization dependent such as, for example, those polarization-sensitive
scatteripg elements described in my U.S. Pat. No. 5,751,388, High Efficiency
Polarized Display, and my U.S. Pat. No. 5,999,239, Method for Making a
Polarization Sensitive Optical Element. D:JeTn part to polarization-sensitive
reflections at air interffaces and intermal interfaces, it is possible for such
elements to exhibit high-er transmittance when the transmitted light
approaches Brewster's angle and the polarization axis of the light falis in or

near the plane of incidence/reflection. In other words, higher transmittance is

obtained for angles that are oriented in the direction of the pass axis of the

rear optical element polarizer of the display device.

One such scenario is shown in FIG. 1, depicting a polarized display
device 100 comprising a generally rectangular pixellated display panel 102
and a rear element 104 having a linear polarization or pass axis 106
substantially aligned with the pass axis 108 of the rear polarizer (not shown)
disposed on the back surface of pixellated display panel 102. The rear
element 1.04 may comprise, for example, a pre-polarizer. It is generally
required for high efficiency that a high proportion of the light transmitted by

the rear element 104 be transmitted by the rear polarizer. As such, the pass

08 OCT 2004

approaches Brewster's angle and

the rear



5 display configuration for direct view ng has diagonal front and rear pass
axes. The pass axis is also sonetines referred to as the polarization axis
or transm ssion axis of a polarizer. The |ight sources and ot her 8 OCT 2004
structured elenents of the display device 100 nay advant ageously bg
described in above noted prior patents. 10 The desired vi ewi ng envel ope
.120 for a device is driven by the application. The transm ttance envel ope

110 regly 3@% the asymmetry with angle of the transF&ﬁJgﬁﬁ%-@f rear
4

el enent 1 or the polarization selected by rear arizer pass axis 108.
For exanpl e, envel ope 110 could relate to .an 15 iso-transmttance contour,
representing the angles for which elenment 104 has equal transmttance.
Thi s design exhibits reduced transnmi{ttance at steep angles of the view ng
envel ope 120 (possibly even | ower efficiency at those angles than would
result without the rear elenent at all) due to the m smatch . bet ween

envel opes 110 and 120. In the device 100 shown, the nmajor axis 20 112 of

S S S 001 O o655 S Y el BB R S
due to the orientation of the pass axis 106 of rear elenent 104. As can be
seen i nPAIGAXE, 10Reple thes rears pplriaat. i dfunnesmersndesioneansidarationsn 8 O C T
2004 WD 01/ 79925 PCT/ US01/ 12079 12 envel ope 110 and desired envel ope 120.
Thi s ni gemerally pegniede atbitrary retagjion faf dlaer pape akier i@@nafethgapar polarizer
of the display device 100. Fbr example, the most common twisted nematic
5 display configuration for direct viewing has diagona! front and rear pass axes.
The pass axis is also sometime_s referred to as the polarization axis or
transmission axis of a polarizer.A The light éources and other structured
elements of the display device 100 may advantagedusly be described in
‘above noted prior patents.
10
The desired viewing envétope 120 for a device is driven by the
application. The transmittance envelope 110 represents the asymmetry with
angle of the transmittance of rear element 104 for the polarization selected by
rear polarizer pass axis 108. For example, envelope 110 couid relate to an
15 iso-transmitiance contour, representing the angles for wH ich element 104 has
equal transmittance.  This design exhibits reduced transmittance at steep
angles of the viewing énvelope 120 (possibly even lower efficiency at those
angles than would result withgut- the rear element at all} due to the mismatch
between envelopes 110 and 120. In the device 100 shown, the major axis
20 112 of transmittance envelope 110 of rear element 104 is disposed
approximately 45 degrees off of the wider axis 122 of the desired viewing

envélope 120 due to the orientation of the pass axis 106 of rear element 104.

As can be seen in FIG. 1, there is a substantial mismatch between actual



As shown in FIG 2, a display device 200 illustrative of one 5 enbodi nent
of the present invention overcones the difficulties described. above by the
i ntroduction of a polarization rotation elenment 230 between the rear

el enent 204 and the rear polarizer (not shown) on the back surface dff 0€ha
pi xel | ated di splay panel 202. Light rays froma w de-angle illum nation
source (not shown) are incident upon rear elenent 204. Rear elenent 204 10

acts U@ e light rays, transmtting at least a p | f.said rays in
t he generlg?ﬁgi rection of rotation elenent 230. Rotat ??ﬁhgp‘éf%@%f 230
rotates the |ight polarization froman incom ng orientation 232, matching
rear el ement pass axis 206, through angle 234 to outgoing orientation 236,
mat ching rear polarizer pass axis £08. In accordance with an aspect of ny
invention, the 15 orientation 206 of the rear elenent 204 is not fixed to
the orientation 208 of the rear polarizer. As such, the pass axis 206 of
rear el enment 204 can be oriented to a position optimzing the | um nance

envel op % | jpr. axis 212 qQf the_rear elenment 204 to nore closely
conf or m%{%&lgﬂ aﬁe@%@ 0%3}59& %b"ﬁ%fo%%wﬁ@s nRjseatel @rEsenty s, this
enbodi rrent,%i el ds ol%%{:il mal 20 performance at w de view ng angles. The
pol ari zaBNEcapLPefPHmANSed/ Bt 230 can take any of many forns, including an
approxi mately hal f-wave or Al2 plate. The choice of which 0 8 OC T 2004 WO
01/ 79925 PCT/ USO1/ 12079 - 13 particular elenent to use will depend upon the
particular requirenents of the application. Factors to be considered m ght
i nclude, forAsxahpwe, irdi Biger €| oa, display device 200 illustrative of one
5 embodiment of the present invention overcomes the difficulties described.
above by the introduction of a polérization rotation element 230 between the
rear element 204 and the rear polarizer (not shown) on the back surface of
the pixellated display panel 202. Light rays from a wide-angle illumination
source (not shown) are incident upon rear element 204. Rear element 204
10 acts upon these light rays, transmitting at least a portion of said rays in the
general direction of rotation element 230. Rotation element 230 rotates the
light polarization from an incoming orientation 232, matching rear element
pass axis 206, through angle 234 to outgoing orientation 236, matching rear
polarizer pass axis 208. In accordance with an aspect of my invention, the
15  orientation 206 of the rear element 204 is not fixed to the orientation 208 of
the rear polarizer. As such, the pass axis 206 of rear slement 204 can be
oriented to a position optimizing the luminance envelope 210 having major
axis 212 of the rear element 204 to more closely conform to the desired

envelope 220, having major axis 222. Thus, this embodiment yields optimal

20 petformance at wide viewing angles.

The polarization rotation element 230 can take any of many forms,

including an approximately half-wave or A/2 plate. The choice of which



tol erance of chromaticity shifts, and efficiency. Some non-limting
exanples of suitable elenents rotation elenent 230 include the foll ow ng:
5 Conventional retarder such as a positive A-plate (e.g., nx > ny ETZ%
approxi mately hal f-wave. Negative A-plate (e.g., nx < ny = nz), 080 004
approximately hal f-wave. Biaxial retarder (nx != ny != nz), approxinmtely
‘hal f-wave in nx-ny 10 plane. Milti-layer retarder structure, such as an
achronppipprosd f -wave plate or simlar multi-layer styigtdsigore TW st ed,
optic-axis retarder, where the optic axis twists over the rotation angle
within the retarder, such as a TN LCD cell w thout 15 polarizers, or a
simlar birefringent polynmer structure (such as could be fabricated using
pol yneri zable liquid crystal (LG 8B-polynmeric LC). Stacked, high
transmittance birefringent |ayers such as polarizers or retarders) where
the optical axis rotates gradually fromlayer to 20 layer fromfront to
back of the stack. There are many nmaterials known in the art which are

pol yoarsuciiat SR8 %G i uBheS Solydin P B bl gl BE "
pol ysulgpcmgaﬂ&ql #géto% to Be c nSIngeda mlg ??rltcllﬁcr Vfgr’ en&%rple msggfsxo cryl on| t rile,

tolerance of chromaticity shifts, and efficiency. Some non-limiting examples

of suitable elements rotation element 230 include the following:

* Conventional retarder such as a positive A-plate {e.g., nx > ny =
nz), approximatisly haff-wave.
* Negative A-plate (e.g., nx < ny = rnz), approximately half-wave.
* Biaxial retarder (nx != ny != nz), approximately haif-wave in nx-ny
10 plane.
. Multi—layer retarder structure, such as an achromatic half;wave
plate or similar multi-layer structure.
*+ Twisted optic-axis retarder, where the optic axis twists over the
rotation angle within the retarder, such as a TN LCD cell without
15 polaﬁzeré, or a similar birefringent polymer structure (such as could
be fabricated using polymerizable liquid crystal {LC) or polymeric
LC).
= Stacked, high transmittance birefringent layers such as polarizers
or retarders) where the optical axis rotates gradually from layer to

20 layer from front to back of the stack.

There are many materials known in the art which are suitable for use

as these retfarders, including, without limitation, polycarbonate, acrylic,



pol ymer

pol ari zation rotation

2, the
el ement

pr esent
active

pass axis 208 of -45 degrees fromthe—5 horizontal
The rear elenent 204 is a backscattering, back-reflecting, or diffusely
ing pre-polarizer. Pre-polarizer 204- serves to increase the

refl ect

liquid crystals, tri-acetyl cellulose (TAC) and ot hers and
conbi nations thereof. 5 In one formof the enbodi nent of FIG 2,

efficiency of the display by returning the unused polarization to

backl i ghb ' d8sdHd ' : /51, 388 and
5699, 330700 el Sxpag! nEoPVERLARSH AFYAY R, Y, STonfé at

i ew I 210 and 220 i.n FIG 2.
Gner - PoYEepMalRET SRl BRBEF L fic, GRS B npira Do mPReliBron i nol ude
configugn%li,%(ﬁns 0 80 CT 2404 WO 01/79925 PCT/ US01/ 12079 - 15 in which
pol ari zati on-

10

15

20

is rotated for relatively collimted |ight. The npst

In one fonn of the embodiment of FIG. 2, the polarization rotation
element 230 is directly laminated to the rear polarizer of display panel 202. In
another form of the embodiment of FIG. 2, the polarization rotation element
230 is directly laminated to the rear element 204. In yet another form of the
embodiment of FIG. 2, the polarization rotation element 230 is captured

between the rear polarizer and the rear element 204.

In one specific embodiment of thé present invention, the pixellated
display panel 202 shown in FIG. 2 is an active matrix liquid crystal display
panel having a rear polarizer angle pass axis 208 of -45 degrees from the
horizontal axis 210 of device 200. The rear element 204 is a backscattering,
back-reflecting, or diffusely refiecting pre-polarizer. Pre-polarizer 204 serves
to increase the efficiency of the display by retuming the unused polarization to
the backlight cavity (not shown) as described in U.S. Pat. Nos. 5,75.1 388 and

5,889,239.

The embodiment shown in FIG. 2 provides extended illumination or
viewing envelopes, represented by envelopes 210 and 220 in FIG. 2. Other

possible designs useful for rotation of light polarization include configurations

el enent 230 is directly lamnated to the rear

pol ari zes of display panel 202. In another formof the enbodi ment0 ®f0CF2084
pol ari zation rotation elenment 230 is directly lam nated to the rear
204. In yet another formof the enbodinent of FIG 2, the

pol ar i Watt1@y25 ot ati on el enent 230 is captured 10 bet wesmsoirorocar

pol ari zer and the rear element 204. In one specific enbodi nent of the

i nvention, the pixellated display panel 202 showmn in FIG 2 is an
matrix liquid crystal display panel having a rear polarizer angle
axi s 210 of device 200.

11l um nation



significant effect or benefit of the enbodinent in FIG 2 over such designs
Is specifically realized in concert with applications requiring w de-angle
illumnation. The light rays in this enbodi ment are incident uponJQ?ﬁ p?
nore 5 interfaces within the. systemat significant angles rel ati 8 Wé
normal (perpendicular) direction. In accordance with ny invention, the
-display may be utilized in a direct view node without intervening |enses
or di fyyayghsand nmay have a desired envel ope contai np@gyugdighes of nore
than 20 degrees off of normal. Mre preferably, the view ng angl es may
contain angles in excess 10 of 30 degrees fromnormal, but to obtain
maxi mum benefit fromthis enbodi nent of the present invention, the desired
vi ewi ng envel ope may include angletg in excess of 50 degrees from normal .
FI G 3 depicts another enbodi nent of the present invention. As 15 shown in
FIG 3, display device 300 incorporates a polarization rotation elenent 330
between the rear elenent 304 and the rear polarizer (not shown) on the

back sut f 2 i xel | disp . el ,.302. ti el enent 330
rot at es "{ ﬁ‘g’ﬁ?rl‘odﬁlgwgﬁi aﬁ‘g\%df to(sgn%q"i‘%t(%ﬁ{] g "'B}E’r%%(finﬁo@s’ 'on?g%in?ﬁtr ough angl e
334 to putgoing.orientati.on 336, .chin r polarizer pass axis 308. It
is 20 rémﬁ&en%%fé?@t% er\el%efet?ﬂa%ﬁgﬁ?é@eaﬁ% Bl ez taver pychedesigns int to
el ements 200 - 236 of FIG 2. 0 8 0 Cr 2004 WO 01/79925 PCT/ US01/ 12079 -
16 1 n agpesifieallyt gealizasenins copoert @b, apmicatinysdi requiringhavige-anglel G 3
I ncor porates an additional polarization rotation elenment 340 di sposed on
t he illumination. The light rays in this embodiment are incident upon one or more
5 interfaces within the system at significant angles relative to the normal
(perpendicular) direction. In accordance with my invention, the display may
be utilized in a direct view mode without intervening ienses or diffusers and
may have a desired envelope containing angles of more than 20 degrees off
of normal. More preferably, the viewing angles may contain angles in excess
10 of 30 degrees from nommal, but to obtain maximum benefit from this

embodiment of the present invention, the desired viewing envelope may

include angles in excess of 50 degrees from normal.

FIG. 3 depicts another embodiment of the present invention. As

15  shown in FIG. 3, display device 300 incorporates a polarization rotation
element 330 between the rear element 304 and the rear polarizer (not shown)

on the back surface of the pixellated display panel 302. Rotation element 330
rotates the light polarization from incoming orientation 332 through angle 334

to outgoing orientation 336, matching rear polarizer pass axis 308. It is

20 readily seen that these elements are essentially equivalent to elements 200 -

236 of FIG. 2.



front surface of the pixellated display panel 302. Elenent 340 rotates the
pol ari zation of the light transmtted out of the front surface of the
di splay panel 5 302 fromorientation 342 through angle 344 to oriﬁgtm’qim

322. It can be seen in FIG 3 that orientation 322 lies along the fmajor
axis of the desired view ng envel ope 320. Wen used in concert with the
appropriate optical devices, orientation of the polarization along axis
322 ha fect of 10 further broadening the view e in the
maj or §§?§ﬁ%§ of the desired view ng envel ope 320. Eﬁ@éﬁ%@%ﬂ 10
represents the actual transmttance envel ope, not including the fixed,
intrinsic transmttance envel ope (not shown) of display panel 302, that
woul d result absent rotation el ererl6-340, while envel ope 348 represents
t he envel ope of device 300 incorporating rotation 15 el ement 340.

Simlarly, front rotation el enent 340 could be used advantageously in such

a system i ndependently of the presence of elenents 304 and 330. FIG 4.

depi ct s anotje ' sent inventign., In thi 0
enbodi nent , 'Fh%d%@?'g?‘? Seithafls 4 B35 b1 sbptiment shown b TGi Bect 1y behi nd
the displa Faﬁnel 40& ..Polarization rotating elenment 430 is oriented such
that | “ﬁﬂ%o &7 @nadditional inqlanzalien fptatian element340, dispaseshgntthe naj or axi s
422 of the desired view ng envel ope 420 has its polarization rotated to
mat ch t fientrsface o theapixelimad wWisway paoeb 302t Elenapt/a480mmtdtae Aepol ari zer
pass axis 406. To enable the benefits of this enbodi nent,,

polarization of the light transmitted out of the front surface of the display panel

5 302 from orientation 342 through angle 344 to orientation 322.

[t can be seen in FIG. 3 that orientation 322 lies along the major axis of
the desired viewing envelope 320. When used in concert with the appropriate
optical devices, orientation of the polarization along axis 322 has the effect of

10  further broadening the viewing envelope in the major axis 322 of the desired
viewing envelope 320. Envelope 310 represents the actual transmittance
envelope, not including the fixed, intrinsic transmittance envelope (not shown)
of display panel 302, that would result absent rotation elerﬁent 340, whli[e
envelope 348 represents the envelope of‘device_SOO incbrporating rotation

15  element 340. Similarly, front rotation element 340 could be used
advantageously in such a system independently of the presence of elements

304 and 330.

FIG. 4 depicts another embodiment of the present invention. In this

20  embodiment, the polarization rotating element 430 is placed directly behind
the display panel 402. Polarization rotating element.430 is oriented such that

light incident from the rear which is polarized along the maijor axis 422 of the

desired viewing envelope 420 has its polarization rotated to match the rear



pol ari zation rotating elenent 430 is preferably index matched to the rear
pol ari zer of the display panel, neaning that it is directly | am nated or
otherw se attached without an intervening air gap. This allows the ggalT 0L
surface reflections to be mnimzed throughout the desired view ng angle.
Simlarly, front polarization rotation el enment 440, which is preferably.
-index matched to the front of display panel 402, rotates the polarization
442 ofywhigghdezs rays exiting display panel 402 to mat chpd¢hgsoiAr@® axis 422 of
the desired view ng envel ope 420. Wiile the angles are shown in FIG 4 are
10 representative of many typical LCD configurations, the invention should
be understood to be general in nature, as the exact angles vary for
different LCD nodes and different 1@pplications. FIG 5 shows anot her
enbodi ment of the present invention. Wiile 15 simlar to the enbodi nent of
FIG 2 (see discussion with respect to FIG 2 for elenents that are conmon

to FIG 5 and, accordingly, those comonalities wll not be discussed
agai n), P [ t il iqze e 04.:.t{h not have a
pacs axPadlizeBASE B8 Atk | TR Rrdpletie DR of g hpodififbnr ore

| ayers of, gl ass, diffuser Lal , I ndi tin oxid I TO or other 20
nat er i aP%laafﬁ‘ o) 5%3{\'{59 ﬁ?ﬂﬁgﬁ{ ghba@ gegqr@ggo'PHPF Z’Bﬁt.CﬁRéttﬂei"',e e
pol arization rotation is utilized to reduce the surface reflections from
t hese ePeagzarsof thendisplay danghgmeanigg thad deisi disectli damingtashva ope 520. As
shown in FIG 5, a display device 500 incorporating the present invention
i nt r oducibengise SateChelodithow an/ INGYPENIRCTAIUSAP. 1 09 adlowar theatéam r ot ati on
el emrent 530 between the rear el enent 504 and the rear ,
5 surface reflections to be minimized throughout the desired viewing angle.
Similarly, front polarization rotation element 440, which is preferably index
matched to the front of display panel 402, rotates the polarization 442 of light
rays exiting display panel 402 to match the major axis 422 of the desired
viewing envelope 420. While the angles are shown in FIG. 4 are
10 representative of many typical LCD configurations, the invention should be

understood to be general in nature, as the exact angles vary for different LCD

modes and different applications.

FIG. 5 shows another embodiment of the present invention. While

15 similar to the embodiment of FIG. 2 (see discussion with respect to FiG. 2 for
elements that are common to FIG. 5 and, accordingly, those commonalities

will not be discussed again), this embodiment utilizes a rear element 504 that

does not have a pass axis. For example, the rear element rﬁight consist of

one or more layers of glass, diffuser material, Indium tin oxide (ITO) or other

20 materials which do not function as a pre-polarizer. Rather, the polarization
rotation is utilized to reduce the surface reflections from these elements in the

outer angles of the desired viewing envelope 520. As shown in FIG. 5, a

display device 500 incorporating the present invention introduces a



pol ari zer (not shown) on the back surface of the pixellated display panel
502. A portion of any light rays incident on the back of the display

device 500 will be at |least partially polarized by surface refl ecbi@%ﬁ
provi ded that the rays are 5 incident upon any surfaces at non-nor el 2004
angl es. Rotation elenent 530 acts wupon these rays, rotating any |ight

pol ari zati on along an incomng orientation 532, through angle 534 to

out goi W& %79%ht ati on 536, mmtching rear polarizer paBeT/@EE2H608. Wth this
design, the natural reduction of reflectance for certain polarizations at
certain angles of incidence is | everaged to optimze 10 transm ttance over
the desired envel ope 520. As such, this enbodinent vyields optimal
performance at w de view ng angl&.'l e rear elenent 504 of FIG 5 can take
other fornms as well. In one enbodinment, the rear elenent 504 is a
directional control film such as the 15 prismatic Brightness Enhancenent
Film (BEF) available fromthe Mnnesota M ning and Manufacturi ng Conpany

(3MTM) . PelatiEatipnsiptation elebwok 5BGHctween the raatdionent 504 ana4Rs ras, t hese
concentrate the light into a confined angular range. The present invention

can si gpolafizerhby showmeers thd b&:ldé@rﬁ@)’onHé@J;i%elléfb%aﬂitsﬁﬁgﬁ%ggggf the

angul ar range. The effect of surface reflections w : “films can be
passi ng Thragn o s TR (oS RGN &P p adih BRGIT BEMPec Wi uso 12070
been deaert ad RaERE pERRREY FEhiresh PFydiotn erovand Uit dee Boite | near
5 Incident upon any surfaces at non-normal angles. Rotation element 530 acts
upon these rays, rotating any light polarization along an incoming orientation
532, through angle 534 to outgoing orientation 536, matching rear polarizer
pass axis 508. With this design, the natural reduction of reflectance for
certain polarizations at certaih angles of incidence is leveraged to optimize
10 transmiftance over the desired envelope 520. As such, this embodiment

yields optimal performance at wide viewin§ angles.

The rear element 504 of FIG. 5 can take other forms as well. In one
embodiment, the rear element 504 is a directional control film, such as the

15 prismatic Brightness Enhancement Film (BEF) available froi;n the Minnesota
Mining and Manufacturing Company (3MTM). With a suitable backlight
configuration, films such as these concentrate the light into a confined angular
range. The present invention can significantly increase the display output

near the edges of the angular range. The effect of surface reflections with

20 these films can be significant due to the large angles of incidence associated

with rays passing through the prismatic film.



pol ari zation to another orientation of |inear polarization. Those skilled
in the art wll recognize, however, that no single ideal solution exists
for doing this 5 for all wavel engths and all incident angles. This
accommodated in the present invention by providing polarization rdéé@ﬁ&ﬂmﬂ
that is substantially from one linear polarization to another |inear

-pol ari zation, optim zed over the desired perfornmance or view ng envel ope.
10 DeRghdisngzdipon the detailed characteristics of thegmsvigtesent and the
conponents of the display panel, it is generally preferred to deviate
slightly froma sinple polarization rotation design to optim ze performance
fully over the desired envelope. This can be done by iteratively adjusting
the polarization rotation elenent ¥&pirically or by sinulation until an
appropriate 15 nerit function is optimzed over the desired envel ope. As a
non-limting exanple, nost polarizer filnms used as rear or front

pol arizers in LCDs incorporate a transparent polyner substrate such as TAC

on the outsi @'ﬁro‘ﬁbho&i"ﬁe@étéﬁﬂm&%ﬁ@ %hélgolaﬁwen (RafsrblavhertHas transpar ent
filmexhibits birefringence which can affect the angul ar performance It

s desi paple gggcrﬁathﬁéﬁg pg@qqdeﬁokafanc’fn&n@eone' BbAEHAN of Ofifbden el ement

to conp ngence I'n a manner favorable to the desired

viewi ng epvel o 0 6, OCT 2004 WO 1/799 /U 1/ 12 2
Speci fi €8 F'Ft'cgh@ AROtheE graaaken of ? He%\rr%q Wé?a Q8pett® qﬂfﬁq &‘?t ion, the
pol arization rotation elenent is a_single |ayer half wave retarder in which
rel at i varywilliegegnize diqvsivenntat ng snglaiidral splutigRgéstaon deingdhise vari es
over a

5 for all wavelengths and all incident angles. This is accommodated in the

present invention by providing polarization rotation that is substantially from
one linear polarization to another linear polarization, optimized over the

desired performance or viewing envelope.

10 Depending upon the detailed characteristics of the rear element and
the components of the display panel, it is generally preferred to deviate
slightly from a simple polarizati.on rotation design to optimize performance
fully over the desired envelope. This can be done by iteratively adjusting the
polarization rotation element empirically or by simulation until an appropriate

15  merit fun.ction is optimized over the desired envelope. As a non-limiting
example, most polarizer films used as rear or front polarizers in LCDs
incorporate a transparent polymer substrate such as TAC on the outside of
the actual polarizing layer. Generally, this transparent film exhibits
birefringence which can affect the angular performance. It is desirable to

20 adjust the design of the polarization rotation element to compensate for this

birefringence in a manner favorable to the desired viewing envelope.



wi de range. This can be provided, for exanple, by a conventional 5

pol ycarbonate or PVA retarder, or by an acrylonitrile retarder or
acrylonitrile copolyner retarder, such as described in U S. Pat. NpggrT 2004
5,867,239, herein incorporated by reference, or other retarder having
simlar characteristics. Another enbodinent is illustrated by FIG 6.,

whi ch shows a 10 polarization rotation elenent 630 including retarders 650
and 65WO0mveI2set arder 650 has optic axis 654 orient edpaiagegisH56, and
retarder 652 has optic axis 658 oriented at angle 660. The retardances and
angles are adjusted to provide optimal rotation for the display in which
the rotator is wused. In this enbodi ment, each of the two retarders 650 and
652 is a positive 15 A-plate prefer2bty having an in-plane retardance of
about 200 nm Angles 654 and 656 are preferably 14 degrees and 129 degrees
respectively. Rotation elenent 630 is effective for use as elenment 230 in
the enbodinent of FIG 2 and. substantially rotates the polarization by an

angl e 234 of Spapkitall, THCekyadford@ee R Ffind 2485ah Ui np il Y | am nat ed
Yy S

toget her and 20 also |lam nated to the polarizer. e’used in the
enbodi Mgy BolafBLMh | | Qb : ' || . Those.skilled in the
art will rgcognl ze dt?%ﬁat%mglﬁa éﬁgjg%ﬁéﬁéﬁ%riigﬁﬁ%r%aﬁ%é"Mﬁ‘é‘ by usi ng
t .85 004 WD .01179925 PCT/USQ1/ 12079 -- 21 t t

Pexvre il oo BaA e RS STeS b e v o ey
configurations canvj)e_ constructed. Measurenments using the configuration
just de¥98 HBA9Chow ¥EnFARI Pe provided, for example, by a conventional

5  polycarbonate or PVA retarder, or by an acrylonitrile retarder or acrylonitrile

copolymer retarder, such as described in U.S. Pat. No. 5,867,239, hersin

incorporated by reference, or other retarder having similar characteristics.

Another embodiment is illustrated by FIG. B., which shows a

10 polarization rotation element 630 including retarders 650 and 652. The
retarder 650 has optic axis 654 oriented at angle 656, and retarder 652 has

opﬁc axis 658 oriented at angle 660. The retardances and angles are
adjusted to provide optimal rotation for the display in which the rotator is
used. In this embodiment, each of the two retarders 650 and 652 is a positive

15  A-plate preferably having an in-plane retardance of about 200 nm. Angles
654 and 656 are preferably 14 degrees and 129 degrees respectively.
Rotation element 630 is effective for use as element 230 in the embodiment

of FIG. 2 and substantially rotates thé polarization by an angle 234 6f
approximately 45 degrees. The layers are preferably laminated together and

20  also laminated to the polarizer. It may also be used in the embodiments'
shown in other Figures herein as well. Those skilled in the art will recognize

that analogous rotator elements can be made by using properties of



5 effects at normal incidence, as expected for a polarization rotator, and
a significant increase in transmttance at w der angles such as 55 degrees
and ---55 degrees fromnornmal in the horizontal direction. Tests m¢¥§J2m£
conducted wusing a variety of rear elenents, including bare glass,

.glass, BEF filnms, pre-polarizers diffusers and the exterior surface al one,
.as in the enbodi nent 10 of FIG 4. The degree of increase was reasonably
consi ShlloWst h  straightforward predictions or neasycgRRp/&o®f the

pol ari zation sensitive transmttance of the air interfaces or rear

el enment. Yet anot her enbodi nent of the present invention is shown in FIG
7, 15 which is a reflective node display device. Front polarizer 764

pol ari zes light rays, not shown,—whieh are incident on the front of the

di spl ay device 700. The source of these rays, including w de angle rays,
could be anbient light, -or could instead be |ight specifically generated
and directed toward the front of the display device. Addressable

pol ari zation control element 7 sel ectivel h ol arization
rate corimgy & el miiaatbe LGBuRT aiahors srur R oL PR TRARRIE 410 ¢ oy
t hen pass- through pol ari zation rotation elenent 730. A portion of the rays
are reffonfiguEgtions can broRBITESted. by optical el ement 704 and either exit
through the elenents in reverse order or are absorbed by front 0 8 0 C T
2004 WO 01/79925 PCT/ US01/ 12079 - 22-- . polarizer 764 or polarization
control elenment 762. Addressable polarization control elenent 762 can
conpri se, fveaswnomkats asiklgvihee confidurationgjushydestribée shoel amininexl di spl ay LCD
nodes previously described. Optical elenment 704
5 effects at nomal incidence, as expected for a polarization rotator, and a
significant increase in transmittance at wider angles such as 55 degrees and
—55 degrees from normal in the horizontal direction. Tests were conducted
using a variety of rear elements, including bare glass, ITO glass, BEF films,
pre-polarizers diffusers and the exterior surface alone, as in the embodiment
10 of FIG. 4. The degree of increase was reasonably consistent with

straightforward predictions or measurements of the polarization sensitive

fransmittance of the air interfaces or rear eiement.

Yet another embodiment of the present invention is shown in FIG. 7,

15  which is a reflective mode display device. Front polarizer 764 polarizes light
rays, not shown, which are incident on the front of the display device 700.

The source of these rays, including wide angle rays, could be ambient light, or
could instead be light specifically generated and directed toward the front of

the display device. Addressabie polarization control element 762 selectively

20 changes the polarization state of light rays transmitied by front polarfzer 764.
These light rays then pass through polarization rotation element 730. A
portion of the rays are reflected, or backspattered, by optical element 704 and

either exit through the elements in reverse order or are absorbed by front



coul d conprise any el enment which substantially diffusely reflects or 5
backscatters light of a first linear polarization while substantially
absorbing or transmtting light of a second polarization orthogopaljCTgqghe
first. Some exanples would be a reflective or backscattering polarizer
such as a polarization sensitive scattering elenent (PSSE) as described in
U S Pat. Nos. 5,751,388 and 5,999, 239, or an assenbly of an absorbi ng

pol ariweniands 10 a reflector behind it. Optical el enpatudpzim preferably
a backscattering PSSE. The scattering profile of such an elenent is a

function of the norphol ogy, such as shape, size, orientation or aspect
rati os, of the mcrostructure of the elenent. 15 For exanple, a PSSE
including long oriented rods, dreplZ&ts-or fibers will tend to have a
different directionality of scatter than a PSSE including flat domains.
The present invention provides an additional degree of freedomin that the
PSSE axis can be oriented | argely independently of the design of el enents

762 andodGfizer ba HAURZARH B ibinglh 142 UAILIGROYELADS Sor the 20

reflective node as well. In ditrontot escri bed,
t he devi.g itable for backlighting, dependin on the nature
of the FQ@F&ZEIQ%’@@??%E.EHCF RS, PorBGmRip 8 Hey8ieuliEng erp el 170 - 23 Her o
again, the .us((i dof thi@ﬁ,{ arization rotation el ement 730 allows for
opt i m zRPRgreddisniay (i mgdes arvipysiydesesbed.s pPpficale plement Y34 a f ur t her
variation of the enbodinent of FIG 7 is to use the conbination of
pol ari z8@ldn comprise any element which substantially diffusely reflects or
5 backscatters light of a first linear polarization while substantially absorbing or

transmitting light of a second polarization orthogonal to the first. Some

examples would be a reflective or backscattering polarizer such as a

polarization sensitive scattering element (PSSE) as described in U.S. Pat.

Nos. 5,751,388 and 5,999,239, or an assembly of an absorbing polarizer and

10  a reflector behind it.

Optical element 704 is preferably a backscattering PSSE. The
scattering profile of such an element is a function of the morphology, such as
shape, size, orientation or aspect ratios, of_ the microstructure of the element.

15 For example, a PSSE ipcluding long oriented rods, droplets or fibers will iend
to have a different direétionality of scatter than a PSSE including flat domains.
The present invention provides an additional degree of freedom in that the
PSSE axis can be oriented largely independently of the design of elements
762 and 764. This allows optirriization of the viewing enveiope for the

20 reflective mode as well.

In addition to the reflective mode as described, the device can also be

suitable for backlighting, depending upon the nature of the rear element 704.



rotation elenent 730 and a diffusing PSSE 704 in an anal ogous manner as a
5 front or rear projection screen for polarized light. One set of neasured
data is shown in FIG 8. The experinmental setup for this neasur@fe] RS
based upon the enbodinment of FIG 2. Anormally white 'twi sted nematic
cell was used as the display panel, and the -rear 10 el enent was a
.commercially-available 3MIMDi ff use Reflective Polarizer. The

pol ar iwg@hi/e4 otation el enent and pol ari zer angl es wegE6@Rfibyir ed as
described 1 n the enbodi ment of FIG 6. The assenbly was diffusely backlit

and | um nance was neasured both wi thout and with the present invention. In
the nom nal configuration (see FIG 1), the rear elenent polarization axis
was 15 aligned with the rear pol ai28es-pol arization axis. In the inproved
configuration, the polarization axis of the rear elenent was rotated to
hori zontal, and the polarization rotation element was | am nated to the rear
pol arizer. The increase in lum nance as a function of horizontal view ng

angl e, -de v | iewt ng e, 1 h L 8 as 20
per cont Heté ARG HE Ue) Bl G ol BTN ok, P40 afbels Br °, S ot ve

i ncrease pof .as nmuch,as 23%is seen a he hori zontal angl e deyviates from
per pondORUTiZATO G EETvSI GePOEITYog e PN ARG 70T & TUBNet f ur ¢ her
enbodi nent of the present inventionis showmn in FIG 9. Here the

pr oper t Vadatiogn efibe gonkadinge offiods thgsetheneainbipation sheeladzation h
additional light redirecting elenents to yield additional benefits. FIG 9
shows rotation element 730 and a diffusing PSSE 704 in an analogous manner as a

5 front or rear projection screen for polarized light.

; One set of measured data is shown in FIG. 8. The experimental setup
for this measurement was based upon the embodiment of FIG. 2. A nomally
whiter'twisted nematic cell was used as the display panel, and the-rear

10 element was a commercially-available 3M™ Diffuse Reflective Polarizer. The
polari;zation rotation element and polarizer angles were configured as
described in the embodiment of FIG. 6. The assembly was diffusely backiit
and luminance was measured both without and with the present invention. In
the nominal configuration (see FIG. 1), thg rear element polarization axis Was

15 aligned with the rear polarizer polarization axis. In the improved
configuration, the poiarization axis of the rear element was rotated to
horizontal, and the polarization rotation element was laminated to the rear
polarizer. The increase in luminance as a function of horizontal viewing
angle, at zero degrees vertical viewing angle, is shown in FiG. 8 as

20 percentage improvement (Limproved'bnomina-1)*100. A significant relative
increase of as much as 23% is seen as the horizontal angle deviates from

perpendicular.



a side view of a backlit display configuration 900. The w de angle
i1lTumnator 5 980 provides tight rays 982 which then pass through rear

el ement 904. Rays 984 exit rear elenent 904 in a general directibhi8Bgyand
are incident upon light redirecting elenment 988. Rays 984 are redlrected
by light redirecting elenent 988 to a new direction 990, after which they
pass through polarization rotating elenment 930 and pol ari zed di spl ay panel.
902. Th@olQewperati on of polarization rotating el emenpcPRor 1268 €l enent
904 and display panel 902 is as described previously. Conbination of these
elements with |light redirecting el enent 988 all ows sinultaneous

optim zation of wide angle performance and vi ewi ng envel ope mat chi ng.

Light redirecting el enent 988 canr 2&ke any of several forns, including

t hose known to those skilled in the 15 art, such as a Fresnel |ens, Fresnel
prism diffractive elenent, holographic elenent, polarization preserving
di ffuser and others. For each input direction 986 there is one or nore.

cor r espondi ng At oAb aRHIdHN @gogre%ﬂ?rrﬂ}éﬁné{ﬁﬁ% Yo pPEIGNe present

i nvention are possib T'e-as aren e sk led in the
art. In addition to var ori.ent t|o of t envel opes, an corrponent
axes, r#%"? ﬁéeﬁppﬁﬁ'eﬁp?fe&ﬁsp?lﬁw'ﬂ‘ tr‘HQﬂe a8 OToReA MM ot ator, the
present invention can be used advanta eously in caonbination W|th ot her

rear el adgditipsal light redirectisgalementsde viald agritionat benefitg.t Rl Bshows T 2004 WO
01/ 79925 PCT/ US01/ 12079 - 25 a pre-pol arizer. Exanples of such optical
el enent @ gite Vigseoha dtasklitglispiay codiiguratiasr 800 diThecwideraridle umihateror EM
filters. Each of these can have its own
5 980 provides light rays 982 which then pass through rear element 904. Rays
984 exit rear element 904 in a general direction 986 and are incident upon
light redirecting element 988. Rays 984 are redirected by light redirecting
element 988 to a new direction 990, after which they pass through
polarization rotating element 330 and polarized display panel 902. The
10  operation of polarization rotating efement 930, rear element 904 and display
panel 902 is as described previously. Combination of these elements with
light redirecting element 988 allows simultaneous optimization of wide angle
performance and viewing envelope matching. Light redirecting element 988
can take any of several forms, including those known to those skilled in the
15 an, such as a Fresnel lens, Fresnel prism, diffractive element, holographic

element, polarization preserving diffuser and others. For each input direction

986 there is one or more corresponding output directions 990.

Numerous variations of the- present invention are possible as will
20 become apparent to those skilled in the art. In addition to varied orientations
of the envelopes and component axes, and the varied options for the form of

the polarization rotator, the present invention can be used advantageously in °

combination with other rear elements, either instead of or in conjunction with
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haturg ad tthes plaayerdeand dtsh polarization-ezpsitide drasusglitaraie. i | 1kori nati on for

example, use of the present invention could reduce the need for expensive
anti-reflection coatings on such elements. The polarization sensitivity of

transmittance in prismatic directionality films can be leveraged.

The embodiments and examples set forth herein are presentéd to best
explain the present invention and its practical application and to thereby
enable those skilled in the art to make and utifize the invention.- Those skifled
in the art, howéver,-will recognize that the foregoing description and examples
have been preéented for the purpose of illustration and example onlly. Other
variations and modifications of the present invention will be apparent to those
of skill in the art, and it is the intent of the appended claims that such
variations and modifications be éovered. The description as set forth is not
intendecf to be exhaustive or to limit the scope of the invention. Many
modifications and variations are possible in light of the above teaching without
departing from the scope of the following claims. It is contemplated that the
use of the present invention can involve components having different
characteristics. It is intended that the scope of the present invention be
defined by the claims appended hereto, giving full cognizance to equivalents

in all respects.



optimzing a viewng angle in a desired plane conprising: a direct view
pol ari zed di splay panel; and a transm ssive pol arization rotating el enent
proximate to an exterior surface of the polarized display panel, wherein
sai d transm ssive polarization rotating elenent rotates |ight pal @y Vil i on
between a first linear polarization origntation and a second |inear

pol ari zation orientation. 2. The pol ari*®ed di splay device of claiml
wherein said first linear polarization orientation conprises an incom ng
orientation and said second |inear p&lAdMSzation orientation conprises an
outgoing orientation. 3. The polarized display device of claim2 wherein

o o 1. O ERLALL A SEIBYA585A58 S STEIL BB SRt e
2o 2 2 aRS UG B RIE Brasiahg o 1 ve | 20l zec o

panel . 5. The pol & direct \déwm(ﬂa{rizdﬁi/diieplagfpanleaiandl wherein the first |inear
pol ari zation orientation_is aligned wth a major axis of a desired_ view ng
envel ope. 6. The pbifaPPRESIVR aalﬁayamm@hraﬁ el@mgthPIoWMA8ita abmdenor

i root SPOArnel e phERleOTiSOhTRRY, MEER odid e RIS Po Aokl

clai m 1eydinent miarisdight poRITizasibi ®etwedras ifieatlinear pokiratiog ctlept@ith 4l a
| ocated to a rear of the direct view polarized display panel. 0 8 08 T
2004 second linear polarization orientation.

2. The polarized display device of claim 1 wherein said first linear
polarization orientation comprises an incoming orientation and said second linear

polarization orientation comprises an outgoing orientation.

3. The polarized display device of claim 2 wherein said incoming
orientation comprises a rear element pass axis and said outgoing orientation

comprises a rear polarizer pass axis.

4. The polarized display device of claim 1 wherein said transmissive
polarization rotating element is index matched to the direct view polarized display

panel.

5. The polarized display device of claim 1 wherein the first linear

polarization orientation is aligned with a major axis of a desired viewing envelope,

6. The polarized display device of claim 1 wherein said transmissive
polarization rotating element is located in front of the direct view polarized display

panel.

7. The polarized display device of claim 1 wherein said transmissive
polarization rotating element is Jocated to a rear of the direct view polarized display

panet.



-27 8. The pol ari zed di splay device of claim1 further conprising an
optical elenent adjacent to a first side of said transm ssive pol ari zation
rotating elenment and the direct view polarized display panel ﬁ@@ﬁfﬂ to a

2004

second side of said polarization rotating elenment. 9. The pola
di spl ay device of claim8 wherein the optical elenent has

pol ari zati on-sensitive asymmetric transiittance characteri-stics related to
Brewster angle effects. 10. The pol arized di splay device of claim8
wherein the optical element has a polarization axis. . 11. The polarized
di spl ay devide of UlaPaatiBeqibsiandenee opclasal | fyrthasisompsising a. ogtical

O ol ar MeRRERORREDED & AR oI APl P D PO BT Forg Bl Elip ek €

conpri sese alrEE’UQ@W ﬁdf@ﬁé@@rsﬂa’l@@ar@%{eﬁén‘ﬂ% afsedontH i gesaid Eoihﬂzfaﬂ@?#e
retarder, a multilayer retarder and a tw sted optical axis element. 13. The

pol ari zeqztat!ngmlemenéw ce of claim1 wherein the viewing angle conprises an
angl e of nore than 20 degrees off of normal. 14. The pol arized displ ay
device of claim1l wherein the direct view polarized display panel is an

active matrix | iquegh g&%ﬁi‘zﬁh éal%gﬁ”@hté&lvigé%f clHh @Wh%?@ﬁ%’e 9?@&4!% eleMl f&s Of

claim8 wherein the opfica otlcal appar at us

for i rrppokarrzgtnbhesensam@baéymmeMwmmﬂreuttaate@ﬁandct&n@@saelaz@dito Brepitay panel
conpri si ng a poI arization sensitive scattering el enent having a
pol ar i z&PPnetixsts:

10.  The polarized display device of claim 8 wherein the optical element has

a polarization axis.

11.  The polarized display device of claim 10 wherein the optical element

comprises a polarization sensitive scattering element.

12.  The polarized display device of ctaim 1 wherein the transmissive
polarization rotating element comprises a member from the group consisting of a

retarder, a halfwave retarder, a multilayer retarder and a twisted optical axis element.

13.  The polarized display device of claim 1 wherein the viewing angle

comprises an angle of more than 20 degrees off of normal.

14.  The polarized display device of claim 1 wherein the direct view

polarized display panel is an active matrix liquid crystal display.

15.  The polarized display device of claim 8 wherein the optical element is

an optical film.

16.  An apparatus for improving the viewability characteristics of a polarized
display panel comprising:
a polarization sensitive scattering element having a polarization axis;

and



and -28 0 6 OCT 2004 a transm ssive polarization rotating el enent attached
to an exterior surface of the polarization sensitive scattering %Iﬁeme)nt
wherein said transm ssive polarization, rotating element rotates Ii‘ght! 2004
pol ari zati on between a first |inear polZrization orientation and a second

| i near pol arization orientation. 17. The invention of claim16 wherein said
pol ari zation axis of said, polarization sensitive s%:agﬁ?'t@er-i ng elenent is

oriented such that trangajieTvaRrp@rsatien rotaling Feem gI1e5e d8YYi at ed

with saj | gr.i zatj.on _sensitiye 21N to | l.ong a-
desi r oa-UpERieRd &Rt T8R Sk Pr 35 Thb My Bl M ere R b B R sBear - e
di spl ayoldryatidht raestinC ORIdrit rBGtd Mo pRigriRtiontdedne8h L ArBiindght from a
rear optical elenment T n an asymmetric angular pattern for a first linear
pol ar i patarmatiandorientation andreaseauintt lmeae pelariebtipe onientatian. naj or axis for the
first linear polarization; receiving light by a transm ssive polarization
rotating elenent fromsaid rear optical elenment in the first |inear

ol ari zati on~ rot-at i Li-ght . AN ' i t he
Fr ansni ssi VQT‘pol-gﬁ‘% Zﬂ&;teingﬁﬂro(fjﬁ:%grﬁnﬁﬁg%ﬁ;?ﬁgﬁ%ﬁ%@g%?ﬁ%%ﬁ'isgﬁt fromthe

t r ansmperizetipnl @iristld soatteohatdlagent gneiEnied stble thatecoagbrldxiear a
pol ari zation by a polarized display panel having a rear polarizer. 19. The
met hodtrénselitanca gnveloprasseeidird withgaithpoler @ptien seesitive periteling alggent of

Aan9| es.d 8rig,%e%p§:io%zaegesired viewing angle. |

18. A method of projecting light using a polarized display, the method

comprising the steps of:

transmitting light from a rear optical element in an asymmetric angular
pattern for a first linear polarization and having a transmittance envelope with a
major axis for the first linear polarization;, '

receiving light by-a transmissive polarization rotating element from said
rear optical element i‘n the first linear polarization;

| rotating light to a second linear polarization by the transmissive

polarization rotating element; and '

receiving light from the transmissive polarization rotating element in the

second linear polarization by a polarized display panel having a rear polarizer. -

18.  The method of claim 18 further comprising the step of selecting a range

of angles to be optimized.
20. The method of claim 19 wherein the step of selecting a range of angles
comprises selecting a material for the transmissive polarization rotating element that

corresponds with the selected angle.

21.  The method of claim 20 wherein the step of selecting a material

comprises selecting a material with predetermined retardances and angles.

22. A poiarized display device comprising:



20. The nmethod of claim 19 wherein the step of selecting a range of angles
conprises selecting a material for the transm ssive polarization r[j)}? ‘BEFQ@
el enent that corresponds with the sel_%t_ed angle. 21. The nethod of "C (‘n
20 wherein the step of selecting a material conprises selecting a nateri al
wi th predeterm ned retardances and angles. 22. A polarized display device
conprising: 0 8 OCT 2004 -29 a rear optical elenent transmtting light in a
pattern and havi ngaaeki ppticallelateant pahamitzag igm;in a pditteec andi rewinpé dirstzed

di spl ay panel haying a rear polarizer oriented to receive light fromthe
rear opt!"e& P/ n the first Iinear polarization and transmt |ight

in a second |inear ,zat Lon;: . 1SSt Ve i 1,00 i ng
o second | Lnear aRgles L Ea! b0 B0l AR RSIniEs PR ASI AR BLRY

di spl ay reabike e eioth i HQptichpalchant 6 BRClirsY iieddr dRoh@rdtepdartd Sahait panel
in the second |'inear polarization, rotating the light to a third Iinear

pol ar i zdightin asstonddinsar polatgatipe; andht . 23. The pol ari zed di spl ay device
of claim 22 wherein the pattern of i ght transmtte b‘i the rear optical
el ement has a mmj of EBHSTISHYE RORTFGHORxPLRING RISTHEMATIXEH {Q BBERI1 | gned
with th X o el | j hgnisfkcant |y
bt oader E‘st i tﬁfem% dr?]f)erc‘t g%\rgﬁbl%nbé&%aéﬁlé;%ébfel%@%bm@%h*?%’ﬂyg1hé59&5t Vidii
polarized display panel in the second linear polarization, rotating the light to a third

linear polarization, and transmitting the light.

23. The polarized display device of claim 22 wherein the pattern of light
transmitted by the rear optical element has a major axis and a minor axis, the major
axis being aligned with the pass axis of the polarized display panel and being

significantly broader than the minor axis.



