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A holographic universal display according to the present 
invention uses re?ective lighting for a liquid-crystal panel. 
T he system comprises at least tWo Waveguide holograms in 
a matched con?guration that redirects incident light beams 
as diffracted beams so that the beams passing out of the 
display are targeted toWards the vieWer. That is to say, light 
beams that are incident to the display at large angles, over a 
Wide range, With respect to normal are redirected into a set, 
narroW range of angles close to the required angle for 
optimal viewing. The required angle for optimal vieWing is 
nominally perpendicular to the plane of the display (i.e., 
normal), but is optionally selectable (by design of the 
holograms) to be an angle varies from the strict perpendicu 
lar. 
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SYSTEM AND METHOD FOR THE 
MANUFACTURE OF A UNIVERSAL 

REFLECTIVE-TRANSMISSIVE DISPLAY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. § 
119(e) from provisional application No. 60/171,884, ?led 
Dec. 23, 1999. The No. 60/171,884 provisional application 
is incorporated by reference herein, in its entirety, for all 
purposes. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates generally to optical systems 
that employ holograms as the optical elements. More par 
ticularly, the present invention relates to a liquid-crystal 
display (LCD) that employs holograms to provide backlight 
ing per operation in either a re?ection mode or a transmis 
sion mode. 

[0003] Modern re?ective displays are intended for the 
image to be vieWed With a source of light positioned “behind 
the back” of the person vieWing the display. When the angle 
of incidence of the ambient light source is oblique, ie “in 
front of the vieWer”, the image appears to be blind With 
shade covering a part of the image. 

[0004] It has been proposed to use re?ection holograms 
for the improvement of the re?ectance of the re?ective 
display that contains a liquid-crystal panel combined With a 
holographic diffuser (positioned behind the panel) and a 
re?ecting layer. HoWever, such a holographic diffuser does 
not resolve the shade problem that occurs With light having 
an oblique angle of incidence. In addition, this approach 
does not provide the re?ective mode for the Whole spectrum 
of White light (for the color displays and for the black-and 
White displays of the “White paper” type). For further details, 
refer to US. Pat. No. 5,659,408 issued to Wenyon. 

[0005] Certain displays operate in the re?ective mode and 
contain a dielectric backing With an applied polyamide 
insulating layer and an electrode system, Which provide the 
diffuse re?ection of light, a liquid-crystal layer, Which 
changes its properties if the voltage is applied to the elec 
trode system, and a coating equipped With a system of 
relevant transparent electrodes and given light-diffusing 
properties. The light is re?ected directly from the bottom 
electrode of each liquid-crystal cell so that the display could 
operate in the re?ective mode given a Wide spectrum of 
incidence angles. It is quite different from the conventional 
external re?ector Which, in its turn, operates effectively in 
the narroW spectrum of incidence angles close to the per 
pendicular to (i.e., the normal angle With respect to) the 
re?ective display plane. This type of re?ective display does 
not operate in the transmission mode. Furthermore, the 
manufacturing technology germane to such a display is very 
different from the conventional and cheap technology of the 
transmission-based liquid-crystal displays. 

[0006] Another Weakness of this type of re?ective display 
is its isotropism (i.e., even diffusion in all directions) When 
diffusion perpendicular to the display plane (i.e., toWard the 
vieWer of the display) Would be preferred. In addition, the 
angles of re?ection of light from the refractory electrode are 
symmetric to the angles of incidence With respect to the 
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perpendicular to the display plane (i.e., they are specular). 
On the other hand, an asymmetric scheme Wherein light 
incident at oblique angles (e.g., say from 30 to 70 degrees) 
is re?ected at angles that are close to the perpendicular (e.g., 
+/—15 degrees With respect to normal angle) Would be 
preferable. 

[0007] It has also been proposed for an LCD display to 
employ a holographic diffuser for the backlighting of the 
liquid-crystal panels. Such a display contains a ?at plate 
made out of a translucent material that is used as a 
Waveguide, a re?ective or transmissive hologram applied to 
the Waveguide surface, a re?ective layer applied to another 
surface of the Waveguide, and a liquid-crystal panel oper 
ating in the transmission mode. For further details, refer to 
US. Pat. No. 5,724,111 to MiZobata et al. 

[0008] As to this type of display, light from the source 
enters the Waveguide at an end face of the Waveguide Where 
the source is located. The light being diffused all over the 
Waveguide diffracts on the hologram, the outcoming light 
evenly illuminates the liquid-crystal panel cells With the 
parameters of the mentioned holographic diffuser (time 
interval, the angular spectrum of diffracted Waves) being set 
so that the outcoming beams move in a direction su?iciently 
close to the perpendicular to the display plane. 

[0009] Such display Will not operate in a re?ective mode. 
As the incidence angle of the outside beam Which has passed 
through the liquid-crystal panel is not optimal, it is necessary 
for the beam to cover the Whole path tWice going through all 
the diffusions and absorptions in the optical system so that 
it could come back to the location of the liquid-crystal 
display even if the light becomes diffracted on the hologram. 
Hence, the operating effectiveness of such display in the 
re?ective mode is practically Zero both if the incidence is 
oblique or perpendicular (Which is inconvenient because that 
geometry requires the light source be behind the vieWer). 

SUMMARY OF THE INVENTION 

[0010] The present invention is directed to both a system 
and a method of manufacturing of a universal display that is 
re?ective and transmissive, and produces a quality image. 
The system and method use simple construction and manu 
facturing technology. A holographic universal display 
according to the present invention uses re?ective lighting for 
a liquid-crystal panel. The system comprises at least tWo 
Waveguide holograms in a matched con?guration that redi 
rects incident light beams as diffracted beams so that the 
beams passing out of the display are targeted toWards the 
vieWer. That is to say, light beams that are incident to the 
display at large angles, over a Wide range, With respect to 
normal are redirected into a set, narroW range of angles close 
to the required angle for optimal vieWing. The required 
angle for optimal vieWing is nominally perpendicular to the 
plane of the display (i.e., normal), but is optionally select 
able (by design of the holograms) to be an angle varies from 
the strict perpendicular. 

[0011] Optionally, a holographic universal display accord 
ing to the present invention also operates in the transmission 
mode With the side illumination generated by the special 
light source optically connected With the Waveguide. 

[0012] A display manufactured using this method com 
prises a liquid-crystal panel With multiple electrically-con 
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trolled transmission cells, and an illuminator block. The 
illuminator block includes an optical Waveguide element 
that is as thick as at least several light Waves, a ?rst 
hologram on a ?rst surface of the liquid-crystal panel, and a 
second hologram on a second side surface of the Waveguide 
element. A light source is optically connected With the 
Waveguide. 

[0013] FolloWing the method according to the present 
invention the ?rst hologram transforms the incident beams 
being at a large angle (more than 20 degrees) With the 
Waveguide mode, i.e. the Waves that exist only in the 
Waveguide and are fully re?ected internally at its boundary. 
The second hologram is intended for the reproduction by 
such a Waveguide mode that is excited during the diffraction 
on the ?rst hologram. As a result of such diffraction the 
second hologram transforms the Waveguide mode into an 
outcoming light Wave that reaches the vieWer’s eye after 
passing through the liquid-crystal panel. 

[0014] For holograms that are properly embodied accord 
ing to the present invention, the incident light beam that has 
passed through a certain cell of the liquid-crystal panel is 
re-radiated, after the double diffraction by the holograms, so 
that it goes out of the display through the very cell through 
Which it entered the panel. This hologram system compen 
sates chromatic aberrations, i.e., dependence of the light 
Wavelength on the diffraction angle and the illumination 
block used for the formation of the outcoming achromatic, 
i.e. White light. 

[0015] This method enables utilization of liquid-crystal 
panels, including the color panels, both in the transmission 
and re?ective modes, the re?ective mode using the most 
comfortable con?guration of the incident light—above and 
in front of the vieWer and the normal vieW of the re?ected 
light. This method enables us to produce the achromatic 
re?ected light and, accordingly, use this techniques in the 
color liquid-crystal displays. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Additional objects and advantages of the present 
invention Will be apparent in the folloWing detailed descrip 
tion read in conjunction With the accompanying draWing 
?gures. 

[0017] FIG. 1 illustrates a sectional vieW of a display 
accordance to a ?rst embodiment of the present invention. 

[0018] FIG. 2 illustrates re?ective mode operation of a 
display according to an embodiment of the present invention 
With light coming from the vieWer’s direction. 

[0019] FIG. 3 illustrates re?ective mode operation of a 
display according to an embodiment of the present invention 
With light coming into the Waveguide. 

[0020] FIG. 4 illustrates an appropriate recording scheme 
for a Waveguide hologram for use in implementing the 
present invention. 

[0021] FIG. 5 illustrates a display according to an alter 
nate embodiment of the present invention Wherein illumi 
nation is facilitated via a Waveguide light collector. 

[0022] FIG. 6 illustrates conceptually the con?guration of 
relative patterns of incident light angular range With respect 
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to outgoing light angular range, according to operation of a 
display embodied according to the present invention. 

[0023] FIG. 7 illustrates an add-on holographic screen for 
light collection. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] Referring to FIGS. 1-3, a display according to an 
embodiment of the present invention is illustrated. The 
display has a liquid-crystal panel 1, an optical Waveguide 
element 2, bearing a ?rst hologram 3 and a second hologram 
4 on its ?rst and second side surfaces, and an electronic 
controlled source of light 5 optically connected With the 
Waveguide 2. The liquid-crystal panel is a transmissive light 
modulator (for ease of illustration, the draWing shoWs one 
cell only) With multiple liquid-crystal cells 6 controlled by 
the image forming circuit 8. 

[0025] The optical Waveguide 2 With the holograms 3, 4 
and source of light 5 form the illuminator block for the 
lighting of the liquid-crystal cells from the back surface 9 of 
the panel 1. 

[0026] The optical Waveguide 2 is preferably a plate made 
out of an optically translucent material With the polished ?rst 
side surface 10 and second side surface 11 as Well as the 
end-faces 12, 13. 

[0027] The source of light 5 can contain an incandescent 
lamp, gloW-discharge lamp or three groups of LED (red, 
green and blue). The mentioned source of light is optically 
connected With the Waveguide from the end-face 12 and 
controlled by the image electronics 8. 

[0028] The hologram 3 is located on the Waveguide sur 
face 10. The hologram 4 is located on another side surface 
11 of the optical Waveguide and equipped With the additional 
diffusory re?ective coating 15, for example, diffusory metal 
layer so that the light Which has passed through the holo 
grams 3, 4 could come back to the optical system undif 
fracted. The diffraction ef?ciency of the holograms is inho 
mogeneous in terms of square. The diffraction ef?ciency of 
the hologram 3 decreases from the end-face 12 to the 
end-face 13. Just the other Way round, the ef?ciency of the 
hologram 4 groWs from the end-face 12 to the end-face 13. 

[0029] The mentioned display operates in the folloWing 
modes: 

[0030] Re?ective; 

[0031] Transmission; and 

[0032] Mixed. 

[0033] When the display is set in the re?ective mode, the 
electronic block 8 applies a signal to the suitable liquid 
crystal cells transforming them into the translucent or 
opaque state. It does not signal to sWitch the source of light 
5. The light from the external source (Which can be the sun, 
incandescent lamps, luminescent lamps or diffused light) 
coming from the face of the liquid-crystal panel 14 at the set 
spectrum of angles goes through the open cells and diffracts 
on hologram 3. The light diffracted on the hologram 3 is a 
Waveguide mode that becomes scattered in the optical 
Waveguide 2 and is fully re?ected internally on the bound 
aries of the Waveguide element 10 and 11. 
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[0034] Referring to FIG. 4, an approximate recording 
scheme for the Waveguide hologram 3 is illustrated. In order 
to form a properly con?gured hologram (orientation, lattice 
constant and the form of Wave-fronts) We use a suitably 
siZed prism 16 out of the optically translucent material With 
a refractive index no smaller than that of the Waveguide 
material. Using the immersion oil this prism is pressed by 
the Waveguide 2 With a recording medium applied to its 
surface. The incident laser beam 18 coming from the 
Waveguide forms a reference beam. The object beam is 
formed by the beam 17 coming from the air at the angle 
corresponding to the required spectrum of the radiation entry 
angles in the conditions of external backlighting. 

[0035] Passing through the Waveguide the light beam that 
has diffracted on the hologram 3 falls on the hologram 4. The 
hologram 4 transforms the incident Waveguide mode into the 
outcoming Wave that spreads close or perpendicular to the 
Waveguide plane. Hence, the original incident light being at 
the large angles With the perpendicular of the liquid-crystal 
panel 1 comes out close or perpendicular to the panel after 
passing through the illuminator block. This is the Way to 
achieve comfortable perception formed by the display. 

[0036] The total diffraction efficiency of the holograms 3, 
4 in the optional point is kept constant due to the inhomo 
geneous diffraction ef?ciency in terms of square. The depen 
dence of the light departure angle on the light Wave length 
in the sequential diffraction on the holograms 3, 4 is sig 
ni?cantly Weaker than the similar dependence taken sepa 
rately for each hologram. This happens because the last 
re?ection for each hologram have different signs, and in the 
sequential diffraction the chromatic aberrations, i.e. the 
dependence of the light departure angle on the light Wave 
length, become compensated. 

Transmission Mode 

[0037] When the display is set in the transmission mode, 
the electronic block 8 applies a signal to the suitable 
liquid-crystal cells transforming them into the translucent or 
opaque state. It also does signal to sWitch the source of light 
5. The light from the source 5 gets into the Waveguide 2, 
spreads from the end-face 12 to the end-face 13 due to the 
full internal re?ection effect, diffracts on the hologram 4 and 
departs from the Waveguide 2. The light that has not 
diffracted on the hologram While remaining inside the 
Waveguide and shoWing multiple re?ections on the lateral 
faces again becomes fully re?ected internally and re-dif 
fracts on the other areas of the hologram 4. Due to the 
increase in the diffraction ef?ciency the brightness of the 
departing light is constant all over the square of the display. 
The hologram 3 is intended for the transformation of the 
external light. If reproduced by the Waveguide mode it does 
not operate effectively. The diffracted part of the Waveguide 
mode becomes re?ected from the diffuser 15 providing an 
additional backlighting of the liquid-crystal panel 1. 

Mixed Mode 

[0038] This mode is a combination of 1-st and 2-nd modes 
that adds back-lit illumination in the event of non-conve 
nient or Week brightness of external illumination. 

[0039] The display can be used for the monitors, indica 
tors of the home appliances, information boards, computer 
monitors and TV receivers. 
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[0040] Referring to FIG. 5, an embodiment that uses 
illumination is illustrated. This approach includes a 
Waveguide light collector 23 having a hologram 22 for 
directing light into the Waveguide 23 and through a light 
pipe 24 into Waveguide 2. 

[0041] Referring to FIG. 6, operation of incident light and 
outgoing light con?guration is illustrated. An illumination 
source provides incoming light over a range of angles 25 to 
the LCD 1. Light is re?ected to the user over a more narroW 
set of angles 26. 

[0042] Referring to FIG. 7, an add-on holographic screen 
embodiment for light collection is illustrated. Add-on optical 
element 19 comprises a hologram 20 for directing light onto 
diffuser 15. Light is then re?ected back through LCD 1 
Where it illuminates each cell of the LCD (here indicated as 
a single cell 6). Spacers 21 provide the correct distance from 
LCD 1 and protect the LCD 1 from damage. 

[0043] Construction of a universal re?ective and transmis 
sion device for the lighting of the liquid-crystal panel 
according to the present invention has a number of signi? 
cant features. The system uses at least tWo Waveguide 
holograms and matching to provide a con?guration of the 
incident and diffracted beams so as to direct the beams 
passing there through toWards the vieWer as targeted. That is 
to say, the beams being incident at a large angle (the set 
spectrum of angles being Wide) With respect to the display 
perpendicular are re-directed into a set (narroW) spectrum of 
angles close to the display perpendicular. Optionally, the 
light is re-directed into a narroW spectrum at a designated 
angle for the vieWing that is other than perpendicular to the 
plane of the display. A display embodied according to the 
present invention can also operate in the transmission mode 
With side illumination generated by a light source optically 
connected With the Waveguide of the light block. 

[0044] A display manufactured using the method as 
described above and operating both in the transmission and 
re?ective modes (or re?ective alone) has a liquid-crystal 
panel With multiple electricity-controlled transmission cells, 
and an illuminator block Which, in turn, includes an optical 
Waveguide element as thick as at least several light Waves, 
a ?rst hologram on a ?rst surface adjacent the liquid-crystal 
panel, and a second hologram on a second surface of the 
Waveguide element. For the transmission mode, a light 
source is optically connected With the Waveguide. 

[0045] The system operates by forming illumination on a 
transparent display comprising a liquid crystal panel, With a 
series of transparent cells, having front and back surfaces. 
Illumination is effected by a transparent optical Wafer 
(Waveguide) having front and back surfaces, ?rst and second 
edges, a ?rst hologram situated on the front surface of the 
Wafer, a second hologram and a re?ecting layer situated on 
the back surface of the Wafer. 

[0046] The system further operates by transmitting light 
from an external light source through the cells of the LCD 
panel, the light source illuminating the ?rst hologram by 
transmitted light and diffraction of it, With coupling of light 
poWer into the Wafer (Waveguide), and propagation of this 
light through the Wafer (Waveguide) due to the total internal 
re?ection on both sides of Wafer. Diffraction of the Waves on 
the second hologram and outWard transmission of diffracted 
light in a predetermined direction for backlighting of the 
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LCD panel (the major part of re?ected outgoing light is 
outgoing in the same cell that it Was incident) occurs, While 
at the same time illuminating light Waves are coupled from 
the illumination source to the edge of the Wafer, and a ?rst 
part of optical Waves are diffracted on the second hologram 
and coupling out from Wafer With illuminating of the LCD 
panel into its back surface. A second part of coupled light is 
diffracted on the ?rst hologram (With loW diffraction ef? 
ciency) With a part of the light being coupled out. Light is 
re?ected from the re?ection coating on the second holo 
gram, thus forming some additional backlit illumination of 
LCD panel. 

[0047] An additional aspect of the invention is that dif 
fraction efficiency for each of the ?rst and second holograms 
is non-uniform across their surfaces. In addition, the ?rst 
hologram has an increasing and the second hologram has a 
decreasing diffraction ef?ciency along the direction of light 
propagation illuminated from illumination sources. Further, 
the sum of the local diffraction ef?ciencies of the tWo 
holograms is constant all across the surface of the Wafer. 

[0048] According to the present invention the ?rst and 
second holograms are recorded in such a Way, that they 
compensates for one another’s chromatic dispersion. The 
system further alloWs non-diffracted light coupled from 
illuminating sources to propagate along the Waveguide and 
be diffracted at another part of the holograms, that is the light 
performance ef?ciency increases. 

[0049] According to an alternate embodiment, the illumi 
nating source is embodied as a Waveguide holographic light 
collector (that is preferably disposed on the protection cover 
of display) and a ?exible Waveguide. The light ?exible 
Waveguide connects the light collector With edge of the 
Wafer. 

[0050] The present invention has been described in terms 
of preferred embodiments, hoWever, it Will be appreciated 
that various modi?cations and improvements may be made 
to the described embodiments Without departing from the 
scope of the invention. 

What is claimed is: 
1. A display for visual representation of images, the 

display comprising: 
a liquid-crystal array; and 

an illuminator block disposed adjacent the liquid crystal 
array in optical communication thereWith, Wherein the 
illuminator block comprises: 
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an optical Waveguide having a ?rst surface adjacent the 
liquid crystal array and a second surface, the ?rst and 
second surfaces being disposed on opposed sides of the 
optical Waveguide, 

a ?rst hologram on the ?rst surface, and 

a second hologram on the second surface. 
2. The display of claim 1, Wherein the liquid-crystal array 

comprises multiple electrically-controlled transmission 
cells. 

3. The display of claim 1, further comprising: 

a light source optically connected With the optical 
Waveguide. 

4. The display of claim 1, further comprising: 

a diffusive metal layer disposed adjacent the second 
hologram. 

5. A display for visual representation of images at a 
prede?ned angle for optimum vieWing, the display compris 
mg: 

a liquid-crystal array; and 

an illuminator block disposed adjacent the liquid crystal 
array in optical communication thereWith, Wherein the 
illuminator block comprises a pair of matched holo 
grams; 

Wherein light beams that are incident to the display at 
angles in a ?rst range that are substantially different 
from the prede?ned angle for optimum vieWing are 
redirected into a second range of angles that are sub 
stantially similar to the prede?ned angle for optimal 
vieWing. 

6. The display of claim 5, Wherein the ?rst range is about 
25 degrees to about 65 degrees With respect to the prede?ned 
angle for optimal vieWing. 

7. The display of claim 5, Wherein the second range is less 
than about 15 degrees With respect to the prede?ned angle 
for optimal vieWing. 

8. The display of claim 5, Wherein each one of the pair of 
matched holograms has a diffraction ef?ciency that is non 
uniform across the surface of the illuminator. 

9. The display of claim 8, Wherein the sum of the 
diffraction efficiencies of the pair of matched holograms is 
constant at any given point across the surface of the illumi 
nator. 


