WD 2005/ 024969 PCT/ | L2004/ 000814 1 SUBSTRATE- GUI DED
OPTI CAL DEVI CES The present invention relates to

wae ndstoeabe- gui ded optical devices, and parti cedbrl2po4/@o814
devi ces which include a plurality of reflecting
surfaces carried by a common |ight-transm ssive
substrate, also referred to @as a light-guide. The
i nvention can be inplenented to advantage in a |large

25223{ i hoadUSTHRBY SO RBED QP EICAT 0N 1kS s anc
a gé:s%l J&J&%{lﬁ@g aﬁ?ﬁl%g?ﬁ afh Zglibs%agg ﬁgqsep %?Ecal devices, and
partﬂ:ﬁga CJTch 'd@%c@?%meﬁtlh ﬂﬁesdJ gﬁ?f bteans surfaces carried by a

npact I um and scan

conﬁﬁﬁkﬁglﬁuﬁﬁlsﬂilsﬂh@ sﬁlﬁﬁtﬁﬁé | 40§ QT@LT@& td Bea ﬂ1@ﬁﬂlghﬁl&t

appl i cations for conpact optical elenents is in HVD s
whéheiinvarticoptache imphubentseio edvdiage asa dargenagnbey of imaging
| ens and a conbiner, in which a two-dinensional

appmaé,mna,ysuo;h amﬁg@gxar@phenhﬁﬁd-momﬁ@d ped hspdayp displays KBEMD’s and
b be obt
HUG o geligjor pBone: craioadt Sisgldh 31 GRDIGy ORI eaphjxpanders,

s Y400 &) RrcB g BRYicqHths| ?ﬁ%@ afi Ol i Biors, compact

111u1{1ﬁ1§'§9 ,anﬁﬁcﬁg&ggnm ng source and sim |l ar devices,

rect y neans of a relay lens or an opti cal

Backrgb@ﬁn@uﬂﬂi@lnﬂﬂl(ﬂi splay conprises an array of
enents (pixels) imged to infinity by a collimating

| efneaofither mmsoriant egpplicationst fre eopeparft dptieal eleawants iy in HMD’s
nmeans of a reflecting or partially reflecting surface
whezgin angopiirahmosils $vCs bethmsnan kraging d@rgma%a combmer in which a

oo G5O PASI, B HARY SRS YA Konsd L ¥y e of an
ovs 6 TR ARRD o3 BRI A0N A L R ot

(SLNﬁer efl REF eARSde M PRibe ¥h,ef h b %ﬁﬁﬂ s l@}nELCD) an organic

ore, even for noderaté rfo nce eV| ces,

light epdigthid ddde dhrhp (()LEDDIHbﬂra sicmmmg: lsobve ahd skinfids deWices, or
di splays but especially in head-nmounted applications,

indivdutllye by mdans o stretayniens oneoepdiael fipebbundle. mhgrﬂlslalayl comprises
as coppact as ble. The strive for, coppactnes

an aﬁ@g cp%@jemgnge(p@geé:ﬁs) 1rr¢ﬂgeﬂépéﬁﬁng}5rhy| @ golbimatyyg lens and transmitted
S ut| on aI l of on.t he hand

into ] eeﬁ’tl‘?VY/er ﬁgﬂg@nsf of a Q?acﬁng or par%aﬁy reﬂectmg surface

acting as a combmer for non-see-through and see-through applications, respectively.
Typically, a conventional, free-space optical module is used for these purposes. As
the desired field-of-view (FOV) of the system increases, such a conventional optical
module becomes larger, heavier and bulkier, and therefore, even for moderate
performance devices, impractical. This is a major drawback for all kinds of displays
but especially in head-mounted applications, wherein the system must necessarily be
as light and as compact as possible.

The strive for compactness has led to several  different complex optical
solutions, all of which,. on the one hand, are still not sufficiently compact for most

practical applications, and, on the other hand, suffer major drawbacks in terms of



practical applications, and, on the other hand, suffer
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state-of-the-art HUD’s suffer several significant drawbacks. All HUD’s of the
current designs require a display source that must be offset a significant distance from
the combiner to ensure that the source illuminates the entire combiner surface. As a
result, the combiner-projector HUD system is necessarily bulky and large, and
requires considerable installation space, making it inconvenient for installation and, at
times, even unsafe to use. The large optical aperture of conventional HUDs also pose
a significant optical design challenge, rendering the HUD’s with either a

compromising performance, or leading to high cost wherever high-performance is
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image. This is a key feature in mobile communications, and especially for mobile

Internet access, solving one of the main limitations for its practical implementation.
Thereby, the present invention enables the viewing of the digital content of a full
format Internet page within a small, hand-held device, such as a cellular phone.

A broad object of the present invention, therefore, is to alleviate the drawbacks
of state-of-the-art compact optical display devices and to provide other optical
components and systems having improved performance, according to specific
requiréménts.

The invention therefore provides an optical device comprising = a

light-transmitting substrate having at least two major surfaces parallel to each other



The invention therefore provides' an optical device
conprising . alight-transmtting substrate having at
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funciamrﬁ)enrtﬁ%%sers%nding of the invention. The description taken with the drawings
are to serve as direction to those skilled in the art as to how the several forms of the
invention may be embodied in practice.
In the drawings:
Fig. 1 is a side view of a prior art folding optical device;
Fig. 2 is a side view of an embodimeht of a LOE, in accordance with the present
invention;
Figs. 3A and 3B illustrate the desired reflectance and transmittance characteristics of
selectively reflecting surfaces used in the present invention for two ranges of

incident angles;
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Fig. 4 illustrates the reflectance curves as a
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coating for P-polarization; Fig. 5, illustrates a

refl ectance curve as a function of wavel ength for an
exenplary dichroic coating §or S-polarization; Fig. 6
|IIustrates the reflectance curves as a function of
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VI &Mﬁnﬁé c@mmgr&r Sapalamzaforﬁel ectively reflective
surfaces; Fig. 10 illustrates detailed sectional views
Fig. 6fillusteatesstheactlacterce cwnenas & Xemsioarof incidayt aigle for an exemplary
sel ectively reflective surfaces, for three different
vi@\mﬂjc‘é@?é% Fi g. 11 i I I ustrates the reflectance
. rves as a.functio 1t _.an for two,.oth
Fig. ' oo Rematic PRaoraryiew 51 & FgE NufapF 1 age g i the prosent
me . expand a beam al ong both axes utilizing a
ﬁl&?&{%& configuration; Fig. 13 illustrates an
Fig. egqm a{agrﬁﬁbmbﬁmﬁ% Qfetatlféﬁ wcﬁéﬁat VieWse erla%n eﬁéﬁigﬂ%e%ay of
in a standard eye-glasses frane; Fig. 14 illustrates
ansgtastivelyadeyletti ayfdoem i n accordance W|th t he present
_invention; Fig. 15 illustrates an exe mﬁ/
Fig. o didiagramoflustnging deteiled seatonal vie iather areayaof sedectively
“lens is attached to the surface the LOE, and Fig 16
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Fig. 1Py el JFiEled @ofpaioudin of et R TRCEr fhblagrarray of
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conven pt1cs arrangenen
Fig. 11 illustrates the reflectance curves as a function of incident angle for two other

dichroic coating;
Fig. 12 is a diagram illustrating a method to expand a beam along both axes utilizing a
double LOE configuration;
Fig. 13 illustrates an exemplary embodiment of the present invention embedded in a
standard eye-glasses frame;
Fig. 14 illustrates an exemplary HUD system in accordance with the present invention;
Fig. 15 illustrates an exemplary embodiment of the present invention wherein a negative
lens is attached to the surface the LOE, and
Fig 16 illustrates an exemplary embodiment of the present invention wherein negative
and positive lenses are attached to the surface;s the LOE.
Detailed Deécription of Preferred Embodiments
Fig. 1 illustrates a conventional folding optics arrangement, wherein the
substrate 2 is illuminated by a display source 4. The display is collimated by a
collimating lens 6. The light from the display source 4 is coupled into substrate 2 by a
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wherein v is the refractive index of the substrate.
Typically the refractive index values lie in the range of 1.5-1.6.

Commonly, the diameter of the eye pupil is 2-6 mm. To accommodate
movement or misalignment of the display, a larger exit-pupil diameter is necessary.
Taking the minimum desirable value at approximately 8 to 10 mm, the distance
between the optical axis of the eye and the side of the head, /, is, typically, between 40
and 80 mm. Consequently, even for a small FOV of 8° the desired substrate
thickness would be of the order of 12 mm.

Methods have been proposed to overcome the above problem. These include,
utilizing a magnifying telescope inside the substrate .and non-parallel coupling
directions. Even with these solutions, however, and even if only one reflecting
surface is considered, the system thickness remains limited by a similar value. The

FOV is limited by the diameter of the projection of the reflective surface 12 on the



utilizing a magni fying tel escope inside the substrate
.and non-parallel coupling directions. Even with
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reflecting surface is considered, the system
thickness remains limted by a simlar value. The FOV
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selectively reflecting surfaces, fabricated within a LOE. Fig. 2 illustrates a sectional
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view of an LOE according to the present invention. The first reflecting surface 16 is
illuminated by a collimated input plane wave 18, emanating from a display light
“source (not shown) located behind the device, wherein the plane wave 18 is one of a
set of light waves located within a given FOV to be coupled into the LOE. The
reflecting surface 16 reflects the incident light from the source such that the light is
trapped inside a planar substrate 20 by total interﬁal reflection. - After several
reflections off the surfaces of the substrate, the trapped wave reaches an array of
selectively reflecting surfaces 22, which couple the light wave 23 out of the substrate
into the EMB 24 of a viewer. For avoiding ghost images, the output light wave 23
should be a plane wave, otherwise, differeﬁt rays representing a single point at the
display source will arrive at the EMB 24 of the viewer at different incident angles and
ghost images that interfere with the primary image will be seen by the viewer. In

order to prevent this phenomenon, the output light wave 23, and hence the input wave



reflections off the surfaces of the substrate, the
trapped wave reaches an array of selectively
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shoul d be a plane wave, otheyw se, different rays
representing a single poi nt at the display source
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The trapped rays arrive at the reflecting surface from the second direction 30
after an odd number of reflections from the substrate surfaces 26, where the off-axis
angle is o.’;, = 180°-a;, and the incident angle between the trapped ray and the normal

to the reflecting surface is:

n .\ur2 Aur2

o 3ain
IB ref= —180 "'180 —é—“ . (6)

In order to prevent undesired reflections and ghost images, the reflectance for
one of these two directions should be negligible. The desired discrimination between
the two incident directions can be achieved if one angle is significantly smaller then
the other one. It is possible to provide é coating with very low reflectance at high
incident angles and a high reflectance for low incident angles. This property can be

exploited to prevent undesired reflections and ghost images by eliminating the
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Fig. 6 illustrates the reflectance curves of the same dichroic coating, as a
function of the incident angle for both polarizations at wavelength A=550 nm. There
are two significant regions in this graph: between 65° and 80° where the reflectance is
very low, and between 15° and 40° where the reflectance changes monotonically with
decreasing incident angles (increasing for P-polarized light and decreasing for
S-polarized light). Hence, as long as one can ensure that the entire angular spectrum

of B’,.r, where very low reflections are desired, will be located inside the first region,

while the entire angular spectrum of B,.,, where higher reflections are required, will
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substrate, i.e., oig = 180°, then the angle o, between the first reflecting surface and

the substrate plane is:

_Ciig_ « ! a'in (8)

The solutions for 0., and o’y in the above example are 25° and 65°, respectively.
Fig. 7 presents a sectional view of the reflective surface 16, which is embedded

inside the substrate 20 and couples light 38 from a display source (not shown) and



refl ectance of the overall |ight according to the
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surface, after reflection fromthe surface 16, it

on the |substrrde surfage. apagthgfotherihandy the prpyegtion of a reflection surface 22

on the substrate plane, is S; =T tan(oy,,). To avoid either overlapping or gaps
between the reflecting surfaces, the projection of each surface is adjacent to its
neighbor. Hence, the number N of reflecting surfaces 22 through which each coupled
ray passes during one cycle (i.e., between two reflections from the same surface of the
Substrate) is:

28, 2T -co¥(a,,,) (10)

N = =
S2 T- COt(asurZ)

In this example, where o, = 25° and o, = 25°, the solution is N = 2; that is,
each ray passes through two different surfaces during one cycle.
The embodiment described above with regard to Fig. 8 is an example of a

method for coupling the input waves into-the substrate. . Input waves could, however,
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FOV ~ surl eye

max R

eye

Hence, for the same parameters of the examples above, the limiting substrate
thickness for‘an FOV of 8° is in the order of 2.8 mm; for FOVs of 15° and 30°, the -
limiting substrate thickness is 3.7 mm and 5.6 mm, respectively. These afe more
favorable values than the limiting thickness of the state-of-the-art solutions discussed
above. Moreover, more than two selectively reflecting surfaces can be used. For
example, for three selectively reflecting surfaces 22, the limiting substrate thickness
for FOVs of 15° and 30° is approximately 2.4 mm and 3.9 mm, respectively. Similarly
additional reflecting surfaces may be introduces to, amongst other advantages, reduce
the limiting optical thickness further. |

For embodiments where a relatively small FOV is utilized, a single partially

reflecting surface can be sufficient. ForAexample, for a system with the following



an angle of a,,, = 50, where the incident angle is 25.

Part of the energy of the ray is coupled out of the
wanlsease. Assumi ng that one array of two sel BCT/ine04000814

reflecting surfaces 22 is used to couple the |ight
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iI's a1/ Consequently, the projecte

betvwedRGfe | diffeRint poetiom of the meagelr Irkedpubatirg et Rffecting surfaces
inclined to 12 of f axis. Neverthel ess, for many

w1thadﬁ‘ferea1t icoatingshi whersbyctbe ptedllst mncasofi bunfste 46ets lower than the
ig. 9, each selectively ref]lecting surface is
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! nivoitist el adrisiitmi indhp setRing Bfet HibRspr due to the

diftdrBGCretcfbn' s%aué&% torfadl?fe?é}rt rﬁpse tﬁaﬁijeach each selectively reflecting

surface:-some rays arrive directly without a reflection from a selectively reflecting
surface; other rays arrive after one or more such reflections. This effect is illustrated
in Fig. 8. A ray intersects the first selectively reflecting surface 22 at the point 52.
The incident angle of the ray is 25° and a portion of the ray’s energy is coupled out of
the substrate. The ray then intersects the same selectively reflecting surface at point
43 at an incident angle of 75° without noticeable reﬂectioﬁ, and then intersects again
at point 54 at an incident angle of 25° where another portion of the ray’s energy is
coupled out of the substrate. In contrast the ray shown in Fig. 10, undergoes only one
reflection from the same surface. A greater number of multiple reflections occur at

smaller incident angles. Therefore, one method to compensate for non-uniformity
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to acﬁl%ve ar‘fI image of uniform brightness over the entire FOV. The simplest

correction method is to set, for each reflecting surfaqe,.the reflectance to increase
monotonically along the propagation direction of the trapped rays. This increase can
be either continuous or gradual. For instance, as illustrated in Fig. 8, the reflectance at
point 54 is higher than at point 52. However, more accurate constructional methods

can be applied.
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9) having cwobadiffeneiteceflmctaayge icarydsottsedmingkhaighe rdesignated reflecting

angles for points 52 and 54 (Fig. 8) are 35° and 25° respectively, and that the required

reflectance for both angles is 30%, it is desired that the reflectance of the first section
of rays with a 25° incident angle is minimized. Therefore, as illustrated in Fig. 11,
reflectance at point 52 is 30% and ~0% at the incident angles of 35° and 25°
respectively, while the reflectance at point 54 is 30% and ~0% at the incident angles
of 25° and 15° respectively. Naturally, the reflectance curve of the coating can be
changed either gradually or continubusly as a ﬁmctioﬁ of the lateral axis in this case

as well.



account the refraction due to Snell's law) fromthe
center of the designated eye pupil 60 to the

w@anosioadoby refl ecting surface. The cal cul at ed BPECT/H20040000814
is set as the nomnal incident direction and the
particul ar coating is designed according to that
direction, taking into accaént prior reflectance
related to this particular view ng angle. In

adghtd B ohREHEIRYVPohD FEENALRA BLerPfliskliied The FOV along

ctihg ace is's mnimze the "1nfluenc

the ?%l?(fégnﬁl $etis QAo ARE BeAYSnsidiabd.s e FONORIdM the 1) axis is not

ected out 1n this particular section. Hence, for
depéieht WpeitgsiaePrenurhber 6 ticagtedtivklyerdfiontiagfsunfackhicbut rather,
rel evant surfaces will be very close to the desired
on thef laterbldimension. albagi theugt axis esf theo ioipdtf swases coupled into .the
sections ‘of the first reflecting surface 46 (Fig. 9)
substiate. nfhe wextitherchicvabéd FOM aloog thenagds isAssuni ng t hat
the designated reflecting angles for points 52 and 54
(Fig. 8) are 350 and 25 pespgctively, and that the (12)
required refIE@Va@a?—HrrLg@t-fh—asrgl es is 30% 'it is
desired that the refl et 5ACES 8@ he first section of
rays with a 25 incident angle is mnimzed. Therefore,

whegsini D! ¥stheahReall dinféndionldlong rehtis ©FaRE ehilt WwAVdRlcomplddSinto the
30% ahd ~-0% at the inci den% angl es of 35 and 25
subsigsqectively, while the reflectance at point 54 is 30%
and -0% at the incident angles of 25 and 15 i
r edpetisj ifehg desieedUFQIV is, 3Q°héhendry exingtiresane parapieterelescribed
coating .can be _changed either grflduall

abovahs AHELSE JaEl AMEASIONGR 4B mihe | Has PViaysly demqnsirated that
e S50 Db PR E L AROB SRR, Lt e
sub%%ﬂﬁ% 5%“2%9 q%h gﬁ %e O{%hg(%@gtn ﬂ% %s@éﬂeﬁt@@%@g? &t 9°=88nm yields
5~ B U OB PR L) et han the
longliieng i diheabiong Eben ddr axiitapt dsbect fapiot ofvd A gascoifhl £dtandard

into.the substrate. The maxi num achi evabl e FOV al ong
viddoh@isplhypand the FOV7inr tyen(4ad} is R2°Oilfreareqiiregelaterhl A{mension is

sin a;,,) wherein D1 is the lateral -dinension along . .
appiokimsiedy Gt mme stiplfeurntolé Jargstphasy thendengiglinal dimension. This
asyrag}%%r @h@b@%t@f grfgl]é{ng%ag gr:lqr gg@l':%ijcgﬁ n%%’lertlcha? napgyture, or a
very large display source are required. In any case, with such numerical values
dimensions, it is impossible to achieve the desired compact system.

Figure 12 illustrates an alternative method to expand the beam along both axes
utilizing a double LOE configuration. The input wave is coupled inté the first LOE
20a by the first reflecting surface 16a and then propagating along the & axis. The
partially reflecting surfaces 22a couple the light out of LOE 20a into the second LOE
20b by the reflecting surface 16b. The light is then propagated along the 1 axis, and
then coupled out by the selectively reflecting surfaces 22b. As shown, the original
beam is expanded along both axes where the overall expansion is determined by the
ratio between the lateral dimensions of the elements 16a and 22b respectively. The

embodiment illustrated in Fig. 12 is just an example of a double-LOE setup. Other



above, the limting lateral dinension is 42 mm It was
previously denonstrated that the |ongitudi nal

wal2ovszidsen al ong the 4 axis of the input wavesPCDuRbe00814
into the substrate is given by SI =T tan(ai"). A
substrate thickness of T =4 nmmyields S, = 8.6 mMm
Seem ngly, the lateral extent7 of the LOE is fivefold
| arger than the [|ongitudinal dinmension. Even for an

confé?@%ﬁg@f ngx‘éi‘de F\ﬁéio"g ﬁreﬁé eaeﬁ‘e Wohlbifed d%ﬂ?e{rﬂtg ke Dmplicated

int 'l axis 1s
optiEAGYEleRt drala@PhodivTBNFOR réxhﬁlﬁlé:}we@?ﬁif@fe@h ¥uBérdt83, the coating
still four-fold larger than the |l ongitudi nal

of edétnbeisgalesighbd or eny withe yhres bpsioltotorst ¢z be aombined to produce
collimating lens wth a high nunerical aperture, or a

a thxperaplordigelaglisygieay olateasgr eacheupbsirale. is (igngparenwéth respect to
b P TS e T v i v
o b R AR TR P v
crea&? Pié ﬁtlf(tgfdlé’z%bé Therd ARUMaNGVSheS exfRPles9n ivikiehtRQeral substrates

t by the first reflecting surface 16a and

can bBeBnibigRP@atihed tefeny atthere4otpliatethystepar ti al |y
reflecting surfaces 22a couple the light out of LOE

204n igeherai,hadl e difteremEcoignrationshef thef light-gwiglesepticat elements
16b. The light is then propagated along the 11 axis, )
congiferedrahenecolipl ¥y crriimppriant adeaniagss ey alismmative; ggnpact optics

f urfaces..22b. As s%(r)wn he original beamis expanded
or display apBHFALSHSs Wit BIMYAS overal | expansion i s

1) detrgfthhgdal la&%@)urcf@&ﬁrp?@ %1%%9;%%@ & e ‘substr?t% so that the

di mensions e el enents 1 _ respective
overdlE opBEA108kR@BAT isi {é19S Copaet hid Fl!i%ntw%%t,s olffé‘éﬁ1§aan unparalleled
~ exanpl e of” a doubl e-LCE Setup. O her 2005/ 024969
formR@détbt.,2004/ 000814 17 configurati ons where two or nore
LOEs are conbi ned together to form conplicated ] .
2) optlhcedntey tenethar eompast phsplry | wnimyratingmihe, preserdeinvention
di fferepnt substrates, e coatif of each bei ng .
e e TR 87 L RSHIOTS Ab e gt Kihlay Satiepwrelaiys s the eyepicce.
.canbi,ned to_ produ t - 0 |.S .
Thif PERIOHES SRR o, e RS F R0t MR Rl ERG 3 she Broanding
t i >R .
subjifate, S AAEPInG AELER) 5o SHERGS PIRHEENRBaRoNIRAS common
to othdrf @ikpRYy SyBrRaENr DiratiRiod, shceythe Q%@ﬁépér&lré esfuihe€ldOENis much
order to create the final i mage. ere are many ot her
smadbenrthhre ghé actine cres efethal owpbs apearters, dan nuemermabiapedure of the
together to forma nmopre conplicated system In

. ) I
collgapiang lenal 6 (his. db)f fer@yeh complleuthan gisqupedt fr a comparable

| i ght-gui de, optica . .
conver(llcpon Wmagm sys‘t:enll. eéc?nrg%c%gntly a significantly more convenient optical

system can be implemented and the many difficulties associated with off-axis optics
and high numerical-aperture lenses, such as field or chromatic aberrations can be
compensated for relatively easily and efficiently.

3) The reflectance coefficients of the selectively reflective surfaces in the present
invention are essentially identical over the entire relevant spectrum. Hence, both

monochromatic and polychromatic, light sources may be used as display sources. The



consi dered above, offer several inportant advantages

over alternative conpact optics for display
wapphsiozat? ons, which include: 1) The input di SPCEYL2004/000814

source can be located very close to the substrate, so

that the overall optical systemis very conpact and

l'i ghtwei ght, offering an unpgralleled formfactor. 2)

In contrast to other conpact dlsplay configurations

; f bi
Lok Jsf BREdrola kAR Amiignis httive mefubly eplor displays
wit %gﬁ'rgéiﬁutl Ehis flexibility, conbined with the ability
ht ate e source close to the expandi ng

4) suBsideadagh painteyomtiRs infig digasy isaratsfordiedinto deléne wave that is
optical configuration that is comon to other display

refleeyat éme. theneyed df thorviewen e hee largp ytarapérthe rreﬂeétnn@ array, the
LOE is nuch smaller than the active area of th
tolergnegruen s exdst docatioa Qﬁﬂrh@rq}@aﬂandfrﬁei"lgmf@a@ﬂ}’trﬁlélxed As such, the

Viev\gegqulﬁﬁln:rsgtaltﬂg Pnﬁ?égﬁhgpg%Feé%) %}Bﬁ(}@nw‘%feoﬁl& lopﬁﬁaﬁ ﬁ@l be significantly
1argé‘ry1?15 i o%%?%?&x%%@{ élﬁé%l%y%'og?i L{Eﬁ?ﬂl |y more conveni ent

can and the many

5) dl Bﬁﬂdévé 1drgs p@ﬁs@fcth%t19€’eﬂéit§rfr&ﬁfﬂ1€>ﬁl§p19§’tsbﬁ1%e 8n%ul ?leglhmto the
nunerlcal-aperture | enses, "such as field or chroma

subsalage, ranidi inse & dargbeportionod rthatmhpﬂeﬂ enerpatis VedoychalSidnd coupled
and efficiently. 3) The reflectance coefficients of

out itfe thel ayet o/ ey viestareer displayuef soemwarativichie highe deightness can be
vention ssentially. identical over the entire

n
aCth‘éﬁ’ Geen With sksnla soutert Wit GRHPOWS SONFBWREORe and

DO ey b AR 0255850 h 3Bl B4me LOE 20
is elﬂ c?edrlﬁ%!n %’ b%lﬁ :]flﬁ @3hﬂ%&ﬁﬁﬂﬁ?%ﬁuﬁ@%%@ﬂolhma‘cﬁg lens 6,

-qual it pl ays resaél ution

“and ahél @@dﬁﬁ%c fens mmaref dREinbie] irpld thé &ed Pvriicnst TARTTRE r@s _glasses
into a ane wave that is reflected into the eye of

frantefy 9u&t1r$mato theordga dfahgd. QR20. dfort 4 easeeihl whichribe alisplyy source is
the tolerances_on the exact |ocation of the eye can

an elgstionigntlemenhiudh aset srad CBE, kubh or QIeEthmEVI@g@I@é@mcs 74
' field f d. th -

for %sedgf‘?@%if PR (08, 5ar P Ao Hegh 1ok FHEHER o SpPag 72 A
pOW?P Q{I#J}?lﬁ éf 85‘12 infkfade n’féalsacb&{e%‘fatggrt{) %1[ ZB eo}) QLenp '7$3yor other

source i s coupl

comfHRSdtRIne m@m ﬁﬂcﬁﬁﬁng ﬂaakg Q)rp@f)ﬁéaﬁntrﬁﬁsrhﬁbﬁmcOUthﬁﬁlatlvely,
energy is "recycled" and couple
battery and miniature data link electronics can be integrated in the eye- glasses frame.
The embodiment described above can serve in both see-through and
non-see-through systems. In the latter case opaque layers are located in froﬁt of the
LOE. It is not necessary to occlude the entire LOE, typically only the active area,
where the display is visible needs to be blocked. As such, the device can ensure that
the peripheral vision of the user is maintained, replicating the viewing experience of a
computer or a television screen, in which such peripheral vision serves an important
cognitive function. Alterhatively, a variable filter can be placed in front of the system

in such a way that the viewer can control the level of brightness of the light emerging

from the external sceﬁe. ‘This variable filter could be either a mechanically controlled



out into the eye of the viewer, a display of

conparatively high brightness can be achieved even
wowdok/ogiospl ay sources with | ow power consunpt i BOT/II20@L000814

13 illustrates an enbodi ment of the present invention

in which the LOE 20 is enbedded in an eye-gl asses

frame 68. The di splay sourcgqg4, the collimating | ens

6, and the folding Iens 70 ‘are assenbl ed inside the

frame, just

devigh Sups a8 agoIGRE (HisTL CENDD TORERE POLEETI Iy HECROLREIY controlled
devigimPr seh ap gyt f AR CE, SR W SRS of ghe fiter s
dete agrkédg‘%f ﬁ%ﬁi@*n?ﬁ%ﬂﬁe eha PG AP GHR. €Onk aéiflBd tH/chieve the

e arm /2. A power supply and data

requifddevaridife Hansmitaeefittablie td @sarelctbdbyoraid eaderdls dn order to
ot her communi cation neans including radio or optical

provideekuireil @ontrdl v£ opticalvensmitandsatwherginamdtemiald withreectrically
data link el ectronics can be integrated i-n the
confgglabje gptieal mropersies TreinepmIRIP Hntlaspated $irysBIFes. can

) I ST N e,
B 5 Bk ol AR SbRESE356% 4 By b o nc

eye.! DRSS Yod B 18ISk inSelBRRAS ah @ akBsHhPelette OF ettt foe, but with

t he device can ensure that the peri'pheral vision o
the tdine unege.i Alemaiivalyngds posgiblectat progect o \differemg parts of the same
. experience of a conputer or a television screen, in
imagg,i with sonte qreriapthsterer the oo syesy esabling apyodenROV. Yet another

cogni tive function. _Alternatively, var,jable.filter
posgiRHItdS P B} WPy GEEeTRH S9BCS A AT SEnim Ojisy to create a

that the vie . . C . th . i . fo.. .
serbgbple e ol R OB Bt BlAEb A EE RS bossvte,
. I .
ncl a1 5 A P PR A e snd ot

sugheaentbdddhehin ®ff Fig.en3 & jhwo ahoeRhmpl Atlakatagy She simple

an electronically controlled” device, or even an
implamhertationr ofielvé peesemhiaveityon.h Sinceathersubsaateegwifled bptical element,

filter is determned by the brightness of the | .
constktuting ahe peair Plothed systera, aetviesd compachiaadelighaveight, it could be

instélﬁ%ﬁ in: ggfﬁ%/thrpi,rge | ef t@{'r%gggn}aﬁt%gﬁgggéelt tgfarrxb/ir%b%:ﬁ%l%%gdin.lents are also
posfip e filng FrVikdt, f FoREe Fmibl T SphfE Sng ERS ore. s

emlﬂﬁ]cﬁ’rﬂ@ﬁf {sC8eAEMated F6F gg;gliﬂéa@i@nis Riierk &E'b RBd ey Shovldt bé asar-to-eye:

ere are so alter Ives as to the precise way in

heatMihelihtad, Héad-waim dcheadtddriizéd in this. enbodi ment. The
sinplest option is to use a single elenent for one

The embodiment described above is a-mono-ocular optical system, that is, the
image is projected onto a single eye. There are, however, applications, such as
head-up displays (HUD), wherein it is desired to project an image onto both eyes.
Until recently, HUD systems have been used mainly in advanced combat and civilian
aircraft. There have been nurﬁerous proposals and designs, of late, to install a HUD
in front of a car driver in ordér to assist in driving navigation or to project a thermal
image into his eyes during low-visibility conditions. Current aerospace HUD systems

are very-expensive, the price of a single unit being in the order of hundreds of



eye. Another option is to use an elenent and a displ ay
source for each eye, but wwth the sane inage.
wa\kaosonatd vely it is possible to project two dpéT/arzemmo00814

parts of the sanme inage, with sone overl ap between
the two eyes, enabling a wi der FOV. Yet another
possibility is to project t different scenes, one to
each eye, in order to create a stereoscopic imge.

thoulfld JtsiAL! ShnAldiviBy, Hd ERRLhY QySEACIRNGSY BREc AReavy, and
possi bl €, 1 ncludi ng 3-di nensi onal" novi es, advanced

bulky, &hdiake k6@ Icuinberdoned Miom dnssyldimsiraadsalherirafitet alone a car.
enmbodi nent of Fig. 13 is just an exanple illustrating

LOEtbasedi fPUP  potphigatisnt provade ofhet hpospibelitées fotvent Yassi. compact,
Since the substrate-guided, optjcal elenent, T

self-Gomsiiet [TV Rl 0t ab Graowli ¥t ISLa ohie onfiBeq apgess offleq simplifies

and |ightweight, it could.he installed i t
the RiruEom AR TRARRNRTRS. OF itk abtival iyt fol et I8 the LD and
| % S P . o viear : )
e R Rt BT SUy HR g bEhgleBUD s s el
intro@ﬁéingrha&ﬁﬁpzic@! ineRdrseR, consubiey@sioheot itepdaymetios ikdustry.
be ne€ar-to-eye: ead- nount ed, head-worn or
heRig: dalr ilhwstkateshe meethodi ofentatated ming ad HBOY esystema based on the

mono-ocul ar optical system that is, the 1image is-
presgtojneenidon.onthe light fgn aedisplayngqusce dels P@h@wg@d by a lens 6 to

N
Unt | t H i .in.
o e SRR S 55 ool SHFE S ST e on o

thir&%ﬁ%cﬁ#ﬁﬁﬂ&&spiﬁ Reseh §0tg¢]€s fRsli gt out Yhtol tAk @yed 24 of the viewer.

I NSt a a HUD 1n front a car driver in ofder to
The aserdll sytefl! ickh rge Rami gatnpast andtlightwejgit of thbesimmlof a large
image into his eyes during lowvisibility conditions.
post@rdr kartingex dsiphuess HuDasest enilimgtass.y elhe -dispdpe riouges, having a

Vol aF G4 cuNS 200BmGIb 6enp by Hizsbed fo00H at 25° comers of the
o SRS S0 R N SR Bh P
o o ey ) tr
oGP, B IE SO LA P D Seialyil for e mor
com?ﬁget?tle@ ithad HI8S irfs®fllaRiones a Gsl%pPe_C tomn$etiat @aicakysesh HiMoreover,

can be readily installed in confined spaces. It
sinc@! theresiigmld heed fot hm erteshaludispiey aodrceaforf anage ipngjeofion, the
the optical systens related to the HUD and therefore
necessity tstatk ¢anhpenents inaisefd placewistviorgadovi ng on

aerospace HUD s, as well, as__i-ntroduci.ng a.c act,,
Bt Bl ek ARIFS, BIP G StaHe 1 ek (ATpe tan that of a

head—ﬂ{jolﬁ%%g@/ system, it is expected that a double-LOE configuration, as described

above with reference to Fig 12, will be needed to achieve the desired FOV There may
be some special cases, however, including systems with small vertical FOVs, or with
a vertical LED array as a display source, in which a éingle-LOE configuration would
suffice.

The embodiments illustrated in Fig. 14 can be implemented for other
applications, in addition to HUD systems for vehicles. One possible utilization of

these embodiments is as a flat display for a computer or television. The main unique



Fig. 14 illustrates a nethod of materializing an HUD
system based on the present invention. The |ight from
wa2aseplvay source 4 is collinmated by a | ens 6 POI/IL2004/000814
infinity and coupled by the first reflecting surface
16 into substrate 20. After reflection at a second

reflecting array (not shownp] the optical waves
inmpinge on a third reflecting surfaces 22, which

cnaGRUEG o ) S1818 18c DGeEAE oAl OB o,
is fobBBEVWR M¥initPfort fie aSkagilaly aonefient RRSthAEE.d- 0¥ 80 the main
thickness of 'a few m I lineteers. The display source,
dravtsick s of axistiap wompoter, displaysisahit the asat hassbeosys hareybeat a very
- attached to one of the corners of the substrate, )
closeMéstancerofdhesween 40winded em, whiladhe natunal foswe of adwalihy gye is to
ected that the .ins

infingf.  Rdarg) BeeRE I EPaREIRGRTS A0ch WOBhE, o7 @ fong duration of
g ¢ € . . RS
timef G ERRAfex (M) SHE e 08T iRbuBubL S computers tend to

devélﬁ}gdmgef)ia‘?‘n 18X6&41BBh, (bR proPieURR fsaffel BEM both myopia and
projection, the necessity to install conponents in

hypétoprf aced %%ﬁﬁali speetaoled €0 woin0étht heomyiter pwpflht disphy, based on
typical HUD systemis nuch |arger than that of a

the presehtrinvertenh, spslddm an appropsiaisessietion fietpewpliowbbeulier from the
configuration, as described kK above with reference to )

aboyg-gescribegli problsans abdedp Det sl 40 eVorke Vs A s@dpagunted display.

F“@E&&%@% P%%gﬁfgmn%e{s}ﬁ{?ﬁ :aﬁlgyv%a‘,:%%/s? mgﬁ%\éﬁﬁ te r(].:\%llgllr’llgll QEEF physical
sso SOV EALRS & S Ghal; FEGE ) e DB e,k 00 LG devic, i

would beSoksibRdtd Anpiethent thrE@Bcreend ORIsaiRE B! DhIES particularly
applications, in addition to HUD systens for vehicles.

imp6entofos shdblike agplicatiens suchafs lap hed pakmiopicomputers.s as a
flat display for a conputer or television. The main
uniYeet enpihez qaBsibie deplepentatiaroofi tlis ge1bpdiment is as a screen for a

o Bk P A o AR s
e S, SR Y SO P05 1 85 o
be %@fﬂ?t ist fif th'? ‘Jt{gcel%a%fttfbdr%ﬁg#ge g%b?afﬁﬁﬁf% 2OV § eﬁﬂderciﬁlffehence, the

tance 0 ween cm while the natura

infokPaH8n @bnRnh RApEANIIL YE fArsasttext ik RbhOérh¥d, dbesP@ampl®ys is limited.
suffer fromheadaches after working for a | ong

A sipmiRédrpimpiovément iattha projeptedeF O VWaay be trhades withotheerkbodiment
illusftrr.':l(’:tzgciJ ?r{] %llgy IV(\)A. t'Phe? ?Igggug fs.rt%cfléeenddatt i%ﬁnity, and the screen can be located
much closer to the eyes of the viewer. In addition, since each eye sees a different part
of the total filed-of-view (TFOV), with an overlap at its center, another increase in the
TFOV may be achieved. Therefore, a display with an FOV of 40° or larger is
feasible.

In all of the embodiments of the invention described above, the image
transmitted by the LOE is focused to infinity. However, there are applications or

users where the transmitted image should be focused to a closer distance, for

example, for people who suffer from myopia and cannot see properly images located



devel op nyopia. In addition, sone people, who suffer
from both nyopia and hyperopia, need speci al
wap@shambes for work with a conputer. A flat dPepliag04/000814
based on the present invention, could be an
appropriate solution for people who suffer fromthe
above- descri bed probl ens anq¥ﬁo not wish to work with
a head-nounted display. Furthernore, the present
invgntion al | ows ffr a significant reductigon int

. . : )

at lopig diskagces sifye b ilusirates esthods farHen! Fgating ar%élas,ﬁvsed on the
the.LCE.is |lagrger th he devi.ce, it uld be

pressBE ormtlof, rpimen el AP ge i Be i P i dnfoud bl 20 by
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el 43R0 B8V crlRAY 8 oY VBRI roflcryg urfces 22

intoathet &Ry 2A08H ithe &/iéwer. eIt aphipaliic ldnk SSETHOGNeTEt insages to a
as a screen for a personal digital assistance (PDA).

conWémesti dstafcet fmed eptishalhy coorenothenabematiernof the viewer’s eye,

. presently used, is under 10 cm Since the m ninal

inclydiggastigimaiisre thedann-spneays lean 82 wanrhanattachedforthe surface of

the R TaiS E Gr e SO s Bt §itaLT it B8 pRGRFdpeticen

the gel(ﬂg %.Iﬁ?lﬁﬁg ’s%ﬂ%)creftg % %ngjrg Qﬂllef]%?%ﬂéﬁlglrdof}%& % ggﬁgiyscigﬁidg ethe substrate

cant | nprovemnen cte

by tHRletwidal réfitRypodi ment  illustrated in Fig. 10. The
image is focused at infinity, and the screen can be

| odatadditionjdh all of ¢ie tmbblenante fahe tieenticemeescribed above, it is
addi tion, since each eye sees a different part of the
assunaechthat thecetefnal sesne(iykoajed aliinfindy. dlosvéap, therd are applications,

such e FOTRIPGESSIOT Op MIEAIGA FHHHBrvhieR by Cxsregl Soanges locsied at closer
I —
baséd?&ﬁ’%?éj}rnge@e il Bhiioh. M"Yﬁi’a%{ei&)t REhEiR nghglzetd' At a substrate

or use ere the transm ed I magé shou

20 bpausglécting setReer? dhatthae eefléQtd XMy bPHaRRIR! Rflective
who suffer from myopia and cannot sée propérly i mgés

surfhcasa? 2 dnidOHRO 65¢ Q4466 thePCikidr2 0AAb0R0 &1én@ Ammpe | 8 drom a close
. distances. Fig. 15 illustrates a nmethod for '
distangsi is eHimaigddolivhsity bxedenohs end thenr passed thneughthesubstrate 20

into3e 5jea THeaenean felgﬂéeE ii%ffésiess ¥ 2 L&%ﬁé&%a%rﬁ%? d 'Etéiafe, usually
the gl WyRboR B ihfepdectifl S Bt RS B ks of he

viewdl®s by@geRqued. conveni ent distance and optionally
corrects otqher aberrations of the viewer's eye,

The lenses 82 and 88 which are plotted in Figs. 15 and 16 are simple
plano-concave and plano-convex lenses respectively. However, to keep the planar
shape of the LOE it is possible to utilize instead Fresnel lenses, which can be madeé of
thin molded plastic plates with fine steps. Moreover, an alternative way to materialize
the lenses 82 or 88, instead of as fixed lenses as described above, is to exploit
electronically controlled dynamic lenses. There are applications where it is required that
the user will be able not only to see a non-collimated image but also to control
dynémically the focus of the image. Recenﬂy, it has been shown that a high resolution,
spatial light modulator (SLM) can be used to form a holographic element. Presently, fhe

most popular sources for that purpose are LCD devices, but other dynamic SLM devices



i ncluding astigmati sm The piano-concave | ens 82 can
be. attached to the surface of the substrate at its

wo b@bs/034969 ace. However, a thin air gap 84 nustPOERIL2004/000814
preserved between the |lens and. the substrate to
ensure the trapping of the inmage rays inside the
substrate by total internal2yeflection. In addition,
in all of the enbodiments of the invention described

can %Qq}égd 3'3 R)%él n%—ﬁg& w%ﬂaé%ﬁa%{: S8k %ﬁl/lngcs%ggrail ?mndred lines/mm
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external scene is |ocated at closer distances. Fig.
dynam@ig ¢lbm§nﬁsanébe armthbﬂem@n, ingishd of the Aigedileabed daseribed above in
esent i nventi on
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timhE ek (Ol of ﬁ%”ﬂ%??ﬂ%zvem (PO iR prBlebBg U O and the rea
imagy of & e&ferhii}levwwewer Anot her scene inmage 86 .froma
close distance is collimated to infinity by a |lens 88
andt whi lbep%i‘édél@t torthesgyBkitlae i8 it artdhat 12@ mwm»on frenot limited to

82. f 80 d
L ST O PR T S —

N T T
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pi ano- concave and pi ano-convex | enses respectively.

resgdeueaeillustrative @pdtdie rpsteiotve, thb Esbeﬁa@fof tthe indntioh being indicated
possible to utilize instead Fresnel |enses, which can

by the appindefl clalms ratbied éoarp basthe cfqpegniog désctiptibneand all changes
steps. Moreover, an alternative way to materiali ze

which @on@q‘g@blrsﬁl%meemngumétréaae f cauivaloney qfdhe elaims arc therefore

is.to exploit electronically
mteggﬁc? %FT’S 5§%§rﬁhgrql%nses There are applications
where it is required that the user will be able not
only to see a non-collimted image but also to contro
dynam cally the focus of the imge. Recently, it has
been shown that a high resolution, spatial |ight
nodul ator (SLM can be used to form a hol ographic
el ement. Presently, the npbst popul ar sources for that
pur pose are LCD devices, but other dynam c SLM devi ces
WO 2005/ 024969 PCT/ L2004/ 000814 23 can be used as
wel |l . Hi gh resolution, dynam c | enses having severa
hundred |ines/mm are known. This kind of
el ectro-optically controlled | enses can be used as the
desired dynam c elenents in the present invention,
instead of the fixed | enses described above in



conjunction with Figs. 15 and 16. Therefore, the
operator can determ ne and set, in real tine, the
wez@s249ezal pl anes of both the virtual inage PCDR20040814
by the LCE and the real inmage of the external view
It will be evident to those skilled in the art that
the invention is not limteg4to the details of the
foregoing illustrated enbodi nents and that the present
invention may be enbodied in other specific forns
WHAT ISuWCILdePEDEp:f rom the spirit or essenti al
attributes thereof. The present enbodi nents are
1. thAnebtcal devibe coonwisde:ed in all respects as
illustrative and not restrictive, the scope of th
i rev Hght-answeitiing Fwbtete kaving at leestippemaiar wlr@ucﬁ%paraﬂel to each
rather than by the foregoing description, and all
othebm%s whi ch cone w thin the neaning and range of
eqw val{aagé%l of the clains are therefore intended to
LSABFE n. V\D 2005/ 024969 PCT/ | L2004/ 000814
24V\HATISCLII\/ED i devi ce. .
e moeb g oo <mp i At R e e AYES fuoyspig aybsteate by

mte&@%hew\g IEIH or surfaces parallel to each other and
a dl sSplay |ight source; optical neans for

CO PldaBg dnggﬁérti‘a'ﬂ R abe%PiéFg:Mrfa%éu !&%té(fﬂtn? iRl Substrate which is

strate | nt | ection | east one

non- @famelaid 3hid ﬁ{dj&cédrw:ﬁ of flacqibsiait ed in the substrate
IS non-parallel to said major surfaces of the

S U&&&ﬁ@éﬁz@ﬁf et eaidzedirdaneimnitatigheivhves docated in tgiven field-of-
light waves |located in a given field-of- view that

viewg ahat daigHightevesesaare adlithated; it arhanguar acsplibtaon is defined for
resolution is defined for said optical device,

said wipéicel deviq:e, asdm@artmeangmﬂaroﬁe\b@mméwt‘aﬁ@l 120 two different rays
di fferent dy | ocated i n one of said collim

locatedgn ongof sal ¢<§11§Wéﬁd laghtiwaessisi S@wdl?g@h%n S%lé@agukar sgpolution.
2. Theot:}fi: devi ce acco dln? ﬁclalml whfre

2. safhe emlp%,l eviggapreording tpclpm I, er%fswécqntwe DiFps ipa plane
| ocat ai d, supstrat e,an erein, ,a sin

wavb RS ferne, AL oo eﬁembméaﬁst%% By Er i gho gt on the

bour\é%qeg le oL nﬁlg Sq%esgf‘f Slaﬁg deﬁfe-lf% eg eg@ggﬁ?%nd one of said

majoq' St BLEND S EAUSubsRMe ORG1IAISAEE by two different rays from one of said

collimated light waves that enter the substrate in two different locations.

3. The optical dévice according to claim 2, wherein said plane wave-reflecting
surfacé is disposed at an angle to said major surfaces to cause one of the rays to
illuminate diréctly said boﬁndary line, and a second of the rays to be reflected first by
said plane wave-reflecting surfacé and then by the other of the major surfaces of the
substrate before illuminating said boundary line.

4. The optical device according to claim 1, wherein said at least one partially
reflecting surface couples the collimated light waves trapped by internal reflection out
of said substrate.

5. The optical device according to claim 1, wherein collimated light waves

located in said field-of view reach an eye of an observer.



collimated |ight waves that enter the substrate in two
different |ocations. 3. The optical device according
w0 0008l0ai969 2, wherein said plane wave-refl ecti NnBCT/IL2004/000814

surface is disposed at an angle to said mjor surfaces
to cause one of the rays to illumnate directly said
boundary line, and a second2ef the rays to be
reflected first by said plane wave-reflecting surface
and then by the other of the major surfaces of the

6. SulPhk bptiealiiviceaddordiniznatciaig Bavkerebuhdaeflettanee ofsaid at least
The optical device according to claiml1l, wherein said

one partiatigatfloctingsurficel Isya noeihdotmrgatingf ace coupl es the
collimated |ight waves trapped by internal reflection

7. ouThefopsiaalddesnbseecardingso ciim hpvhergin thevefectanevpfisaid at least
to claim1, wherein collimted |ight waves located in

one partigllyireflacting suréages ehangeamaenponifalln observer. WO

2005/ 024969 PCT/ 1 L2004/ 000814 25 6. Th i cal deyi

8. acdBe@PHGaL 4P RTHOIIGHE CEM TRehsreh DeBReaanee higa ot leas
t least . ot tiall flecti face, i

one estialls e e g Aias: SRR SEIAE devi ce accor di ng
to&laim 7, [0 b . ' .

0. gt aRed) (P SHE! VRG] 83 AcBlanl B Lid at tast
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one JRARAR FeAGK e sdtfac o Bl RS P Lot [ 2ast

10. - OTBeRpiichPidMcE 8EdoRainkne ctaihf ACRheehR@aldt@EbabY Yaid at least
9. The optical device according to claim7, wherein

one phRiS lefetAMe Surdicesprodueds d faklof visw lpaig ahifyrm brightness.
reflecting surface, changes continuously. 10. The
11. opThealptidaldedcaacmrdinggotobainl 3dj whereimtherreflectahee of said at least
reflectance .of said at |east one partially reflecting
one spartialy peftettings serfidee plodicesi ewﬁhgi/mngLﬂthﬂrVﬂng a predefined
_brightness. 11. The optical device according to claim
brighitneghier ei n the refl ectance of said at |east one
partially reflecting surface, produces, a field of view )
12. havibgpriicat denice geerrdpg ihelagad, reingid, gisplay light source is a
. device according to claim1, wherein said display
hunCfE}B(Ptaégl?P ‘is a liquid crystal display. 13. The

1. PSR AR o) T b SRR U gt soure s a
orgaq{.ig ﬂ%hfj&%ﬁjtiﬁé ‘diode display.

14.  The optical device according to claim 1, wherein said display tht source is a
virtual retinal diéplay.

15.  The optical device according to claim 1, wherein said display light source is a
liquid crystal display light source operating in such a way that the Fourier transform
of the desired image is formed on the plane of said liquid crystal display.

16.  The optical device according to claim 1, wherein said substrate is partially
transparent, to enable see-through operation.

17.  The optical device according to claim 1, further comprising an opaque surface
located on or iﬁ said substrate, so as to block the entrance of light traversing the

substrate from an external scene.



14. The optical device according to claim1l1, wherein
said display light source is a virtual retinal
walz@ploadps9 15. The optical device accordi ng t o BCHITRA4/000814

wherein said display light source is a liquid crystal
di splay light source operating in such a way that the
Fourier transform of the desired image is forned on
the plane of said liquid crystal display. 16. The
opti cal device according to claim1l, wherein said

18. subisé r@jtieal sdppacd i acbyding r’an&;tmrrenlt,, furtheznabingrising a variable
see-t hrough operation. 17. The optical device

transagittanct sgrfhee ddabed 80 af Ut dtemuetmtin sitrapcenobighugraversing the
surface |located on or in said substrate, so as to

substyhisg ort benteottingribe beightneg of dighy pesiing thiough seid fia‘ﬂée from an
froman external scene. WD 2005/ 024969

extepels¢a®004/ 000814 26 18. The opti cal device according

19. 1 7 ERS Rtiah deet ARG L0 Ut § 8o SHeprin he diansmriftgpce of said
3%:@%%&@ 3 SOt Y SebLAgpbd s SHBGR 1B, fre g of e
d1rec§§@ %ggérgglﬂgﬁ{ ng a cle)e(ut Snr 22' \?\Aﬁng nl?heThe opti cal

20. Loene 'Béar ical agvfete =ebfHiny b aﬁg&? b1tr f‘@ﬁ?fﬁm Eﬁﬂcﬁ }%lelétf 888 partially

m ned according to t ess of |ight

reﬂe@tlﬁg Ghedcd %ﬂéc@é’&ﬁﬁlféd WEVEURSS bafifctidh calbiatédtd e&dlch both eyes
device according to claim1, wherein said at |east one

of aPabddraed.y reflecting surface reflects trapped waves
into a direction calculated to reach both eyes of an
21. ob¥he veticaldevidhecapdingab deiwi d¢ewheozin dhitgdedce isanoutfed in an
wherein said device is nounted in an eyegl asses
eyeglasaeefrag®. The optical device according to claimi1,
wherein said device is located in a head-up-djs . .
22. 23Thalnptispt dewice feopringée Glaihd, éeEsiai sHd dewretlﬁgpcated in a
conprising a lens located next to one of the mgjor
hea(%upf(h-ﬂééyof the substrate. 24. The optical device

o g 8 e AU S4Bt Rk i entogoed ne
to one ofl\ﬁle majo\f Surfaces of the substrate.
24.  The optical device according to claim 23, wherein said lens is an ophthalmic
lens designed to correct aberrations of a viewer’s eye.
25.  The optical device according to claim 1, further comprising a collimating lens
located next to the second of said major surfaces of the substrate.
26.  The optical device according to claim 25, wherein said lens is a focusing lens
designed to focus a collimating image to a predefined distance.
27.  The optical device according to claim 25, wherein said lens is a Fresnel lens.
28." The optical device according to claim 25, wherein said lens is a dynamic lens.
29. The optical device according to claim 28, wherein said dynamic lens is an
electronically controlled lens.
30. The optical device according to claim 26, wherein said collimating lens is a

Fresnel lens.



25. The optical device according to claim1, further
conprising a collimating lens |ocated next to the
wa@ewsnetsed sai d maj or surfaces of the substrat BCT/BB004/000814
The optical device according to claim 25, wherein said
lens is a focusing lens designed to focus a
collimating i mage to a predeédi ned di stance. 27. The
opti cal device according to claim25, wherein said
lens is a Fresnel lens. 28. The optical device
31. acddwedoptipal dewicei anceBlingiterdaim £24i ewhezein $ad aotlymating lens is a
lens. 29. The optical device according to claim 28,
dyngges Isns. said dynamic lens is an electronically
controlled I ens. 30. The optjcal _device according to .
32. o e opfic e aesardingof ol ALy WORTEIR o dyPREHfplens is an
| ens. . WWO 2005/ 024969 PCT/ | L2004/ 000814 27 31. The
ﬂeqﬂﬂq%%W‘H@8P 88§%§ording to claim26, wherein said
collimating lens is a dynamc lens. 32. The optica
devi ce according to claim 31, wherein said dynamc
lens is an electronically controlled | ens.



