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DISPLAY ILLUMINATION SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention generally relates to compact elec 
tronic display systems. More speci?cally, the invention 
relates to illumination systems for use With compact elec 
tronic display systems. 

[0003] 2. Description of Related Art 

[0004] A continuing objective in the ?eld of electronics is 
the miniaturiZation of electronic devices. Most electronic 
devices include some form of display system Which provides 
information to the user. As electronic devices are miniatur 
iZed, display systems are needed Which can be incorporated 
into increasingly smaller devices. It is thus important that the 
space required to house these display systems be reduced. In 
one regard, it is desirable that the thickness of the display 
system be reduced, the thickness of the display referring to 
the dimension of the display system Which is perpendicular 
to the plane of the image formed by the display. 

[0005] In general, the image provided by an electronic 
display may be either a real image or a virtual image. One 
approach to reducing the siZe of a display system is through 
the formation of a virtual image instead of a real image. A 
variety of virtual image displays have been described includ 
ing those described in US. Pat. Nos. 5,644,323; 5,625,372; 
5,684,497; 5,771,124; 5,838,498; 5,870,068; 5,892,624; 
5,905,478, each of Which are incorporated herein by refer 
ence. 

[0006] A real image refers to an image Which is observed 
directly by the unaided human eye. A real image exists at a 
given location When a real image can be observed by the 
unaided eye if a vieWing surface is positioned at the location. 
A photograph is an example of a real image. Examples of 
electronic displays Which provide real images include liquid 
crystal displays, CRT monitors, and projection screens. 
Compact electronic devices because of their small siZe have 
a limited surface area on Which to provide a real image. 
Since the amount of detail that the human eye can resolve 
per unit area is limited, devices Which provide a real image 
are only able to provide a limited amount of legible infor 
mation per display screen. 

[0007] By contrast to real image displays, virtual image 
displays provide a virtual image, i.e., an image Which, if a 
vieWing surface Were positioned at the location of the virtual 
image, no image Would be observed by the eye. By de?ni 
tion, a virtual image can exist at a location Where no display 
surface exists. An example of a virtual image is the image of 
?ne print vieWed through a magnifying glass. 

[0008] In the case of a virtual display, the image is ?rst 
formed by an imaging component referred to as the source 
object. As With real image displays, the source object may be 
a CRT or a liquid crystal display, but it is usually miniatur 
iZed to reduce the overall siZe of the display system. 
Magnifying optics are then utiliZed to form the virtual image 
that is actually seen by the vieWer. Source objects may 
actually generate the light that is vieWed as in the case of a 
CRT or luminescent device. Such a display is said to be an 
emissive display. Alternatively, the display may be non 
emissive such as a liquid crystal display Which requires 
illumination from an external source of light. 

[0009] Virtual image displays provide an image Which 
appears to be larger than the source object. As a result, the 
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siZe of the virtual image, as perceived by the user, is limited 
by the magni?cation of the display system as opposed to the 
siZe of the electronic display. This enables virtual image 
displays to provide the user With a greater amount of legible 
information per display screen than real image displays in 
the same space. It also enables a virtual image display to be 
designed Which provides the same amount of information 
per screen as real image displays in a smaller space. 

[0010] An important aspect of the functioning of a virtual 
image display is the ease of vieWing the virtual image. In this 
regard, it is important for the display to provide a Wide 
apparent angular Width of the virtual image, commonly 
referred to as the ?eld of vieW of the virtual image. The full 
?eld of vieW is de?ned as the ratio of the largest apparent 
dimension of the virtual image to the apparent distance to the 
virtual image. It is generally equivalent to the ?eld of vieW 
for a real image display surface. A need exists for a virtual 
image display system Which provides a Wide ?eld of vieW. 

[0011] A Wide ?eld of vieW requires a large aperture 
through Which the image is vieWed in order to have a 
comfortable distance betWeen the display and the eye, Which 
is referred to as the eye relief of the display. Another 
important property of a virtual display is a large amount of 
space Within Which the eye can move and still see the image. 
This space is referred to as the eye-box. 

[0012] If the source object of the display is non-emissive, 
the display must be illuminated by a source of light such as 
a lamp or LED. When the microdisplay is a non-emissive, 
re?ective display, the illumination must be provided from 
the front side of the display, Which is made more dif?cult by 
the need to vieW the image created on the front side of the 
display. It is important that this illumination provide ample 
light such that the resulting image is bright and that the 
image has suf?cient contrast betWeen bright and dark por 
tions of the image. In the case of a transmissive liquid crystal 
display, the illumination is provided from the rear side of the 
display and is referred to as backlighting. 

[0013] Since virtual image displays are frequently used in 
portable devices, it is important for the displays to be energy 
ef?cient. Hence, it is desirable for the displays to use a loW 
amount of energy for illumination. A need therefore exists 
for a display system Which provides a bright virtual image. 
A further dif?culty associated With virtual image displays is 
irregularities in the illumination of the source object. Aneed 
therefore also exists for a display system Which provides a 
virtual image having substantially uniform illumination 
across the image. 

SUMMARY OF THE INVENTION 

[0014] The present invention relates to illumination sys 
tems for use in virtual image display systems. In general, the 
virtual image display systems of the present invention 
include a non-emissive, re?ective microdisplay Which forms 
a source object; an optical system Which forms a magni?ed, 
virtual image of the source object from light re?ected off the 
microdisplay; a light source system Which produces light to 
illuminate the microdisplay; and illumination system 
according to the present invention. 

[0015] In one embodiment, the illumination system forms 
at least tWo virtual light sources to illuminate the microdis 
play. In one variation, the at least tWo virtual light sources 
include a ?rst virtual light source positioned approximately 
in front of and directly over the microdisplay and second 
virtual light source positioned over and to one side of the 
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microdisplay. The illumination system may also form three 
or more virtual light sources to illuminate the display 
system. In one variation, the at least three virtual light 
sources include a ?rst virtual light source positioned 
approximately in front of and directly over the microdisplay, 
a second virtual light source positioned over and to a ?rst 
side of the microdisplay, and a third virtual light source 
positioned over and to a second side of the microdisplay. 

[0016] In another embodiment, the illumination system 
directs light from the light source system through the 
illumination system to the microdisplay such that the angles 
of incidence of light Which illuminates the microdisplay 
varies across the microdisplay over an angular range that is 
greater than Would be provided by the light source system if 
the light source system Were to directly illuminate the 
microdisplay. 
[0017] In another embodiment, the illumination system 
directs light from the light source system through the 
illumination system to the microdisplay such that the angles 
of incidence of light Which illuminates the microdisplay 
varies across the microdisplay over an angular range of at 
least 40 degrees. In one variation, the angles of incidence of 
light Which illuminates the microdisplay vary over an angu 
lar range of at least 60 degrees. In another variation, the 
angles of incidence of light Which illuminates the microdis 
play vary over an angular range of betWeen about 40 degrees 
and 120 degrees, more preferably betWeen about 60 degrees 
and 100 degrees. 

[0018] In another embodiment, the illumination system 
directs light from the light source system through the 
illumination system to the microdisplay such that a ?rst 
portion of the light incident on the microdisplay is approXi 
mately perpendicular to the microdisplay, a second portion 
of the light incident on the microdisplay is positively angu 
larly displaced relative to the perpendicular to the micro 
display, and a third portion of the light incident on the 
microdisplay is negatively angularly displaced relative to the 
perpendicular to the microdisplay. 

[0019] In another embodiment, the illumination system 
includes an illumination body Which transmits light from the 
light source system to the microdisplay to illuminate the 
microdisplay Where a ?rst potion of the light is internally 
re?ected off one surface of the illumination body prior to 
illuminating the display system and a second portion of the 
light is internally re?ected off tWo surfaces of the illumina 
tion body prior to illuminating the display system. Accord 
ing to this embodiment, at least one of the internal re?ec 
tions may be a total internal re?ection. According to this 
embodiment, multiple and optionally all of the internal 
re?ections may be total internal re?ections. Also according 
to this embodiment, the ?rst portion of light from the light 
source may traverse the illumination body by being inter 
nally re?ected off of a surface of the illumination body 
adjacent the optical system prior to reaching the microdis 
play. Also according to this embodiment, the second portion 
of light from the light source may traverse the illumination 
body by being internally re?ected off of a surface of the 
illumination body adjacent the microdisplay, then internally 
re?ected off of a surface of the illumination body adjacent 
the optical system prior to reaching the microdisplay. Also 
according to this embodiment, a third portion of the light 
may be internally re?ected off the surfaces of the illumina 
tion body three times prior to illuminating the display 
system. 
[0020] In another embodiment, the illumination system 
includes an illumination body Which transmits light from the 
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light source system to the microdisplay to illuminate the 
microdisplay, the light source system being positioned adja 
cent a ?rst surface of the illumination body, the microdisplay 
being positioned adjacent a second surface of the illumina 
tion body, and the optical system being positioned adjacent 
a third surface of the illumination body, Where a portion of 
the light from the light source traverses the illumination 
body by being internally re?ected off the third surface of the 
illumination body. According to this embodiment, at least 
one of the internal re?ections may be a total internal 
re?ection. Optionally all of the internal re?ections may be 
total internal re?ections. 

[0021] Also according to this embodiment, a portion of the 
light from the light source may traverses the illumination 
body by being internally re?ected off the second surface of 
the illumination body and then internally re?ected off the 
third surface of the illumination body. Also according to this 
embodiment, a ?rst portion of the light from the light source 
traverses the illumination body by being internally re?ected 
off the third surface of the illumination body, and a second 
portion of the light from the light source traverses the 
illumination body by being internally re?ected off the sec 
ond surface of the illumination body and then internally 
re?ected off the third surface of the illumination body. Also 
according to this embodiment, a ?rst portion of the light 
from the light source traverses the illumination body by 
being internally re?ected off the third surface of the illumi 
nation body, a second portion of the light from the light 
source traverses the illumination body by being internally 
re?ected off the second surface of the illumination body and 
then internally re?ected off the third surface of the illumi 
nation body, and a third portion of the light from the light 
source traverses the illumination body by being internally 
re?ected off the third surface of the illumination body, then 
internally re?ected off the second surface of the illumination 
body, and then internally re?ected off the third surface of the 
illumination body. 

[0022] In regard to any of the above embodiments, the 
illumination system may comprise an illumination body 
Which forms the at least tWo virtual light sources. The 
illumination body may include a prism Which functions to 
form the at least tWo virtual light sources. The light source 
system may be positioned adjacent a ?rst surface of the 
prism, the microdisplay being positioned adjacent a second 
surface of the prism, and the optical system being positioned 
adjacent a third surface of the prism. The light source system 
produces polariZed light and the third prism surface is 
attached to a re?ective polariZer. In one variation, the angle 
betWeen the third prism surface and the second prism 
surface is less than 45 degrees, more preferably betWeen 20 
and 35 degrees. In a further variation, the angle betWeen the 
?rst prism surface and the second prism surface is betWeen 
about 1.7 and 2.3 times the siZe of the angle betWeen the 
third prism surface and the second prism surface. 

[0023] The present invention also relates to light source 
systems for use in virtual image display systems. In general, 
the virtual image display systems include a non-emissive, 
re?ective microdisplay Which forms a source object; an 
optical system Which forms a magni?ed, virtual image of the 
source object from light re?ected off the microdisplay; a 
light source system according to the present invention Which 
produces light to illuminate the display system; and an 
illumination system Which directs light from the light source 
system to the microdisplay. It is noted that the illumination 
system may be an illumination system as taught herein or 
may be a different illumination system. 
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[0024] An embodiment of a light source system according 
to the present invention comprises a light source body Which 
includes a light entry surface across Which light from a light 
source element enters the light source system, a light exit 
surface across Which light is transmitted from the light 
source system to the illumination system, and a ?rst diffus 
ing/re?ective region positioned opposite the light exit sur 
face Which includes an internally re?ective surface and a 
diffusing region internal to the internally re?ective surface, 
the diffusing region diff-using light Which traverses the 
diffusing region. 

[0025] According to this embodiment, all of the surfaces 
of the light source body other than the light entry surface and 
the light exit surface are preferably internally re?ective and 
more preferably highly diffusely re?ective. 

[0026] In one variation, the light entry surface is orthogo 
nal to the light exit surface. In this regard, light Which enters 
through the light entry surface is ?rst internally re?ected 
before reaching and exiting the light exit surface. In this 
regard, the internally re?ective surface of the ?rst diffusing/ 
re?ective region and the light exit surface are preferably 
angled relative to each other so as to direct light to the light 
exit surface. The angle betWeen the internally re?ective 
surface of the ?rst diffusing/re?ective region and the light 
exit surface is preferably betWeen about 10 degrees and 45 
degrees, more preferably betWeen about 10 degrees and 25 
degrees, most preferably betWeen about 11 degrees and 13 
degrees. The internally re?ective surface of the ?rst diffus 
ing/re?ective region preferably has a length of at least 
10-mm, more preferably betWeen 10-14-mm. The light exit 
surface preferably has a length of at least 10-mm, more 
preferably betWeen 10-12-mm. 

[0027] According to any of the above variations the light 
source system may further include one or more optical 
layers positioned betWeen external to the light exit surface, 
the one or more optical layers performing one or more 
functions selected from the group consisting of columniation 
and polariZation. In one variation, the one or more optical 
layers includes a plurality of optical layers Where an air gap 
is positioned betWeen adjacent optical layers. 

[0028] The optical layers may include a ?rst and a second 
collimators positioned external to the light exit surface. An 
air gap is preferably positioned betWeen the ?rst and second 
collimators. The ?rst and second collimators are preferably 
at right angles relative to each other. ApolariZer may also be 
positioned external to the light exit surface adjacent the 
collimators. 

BRIEF DESCRIPTION OF THE FIGURES 

[0029] FIG. 1 illustrates a side vieW of a display according 
to the present invention. 

[0030] FIGS. 2A-2B illustrate an illumination system 
according to the present invention. 

[0031] 
system. 

FIG. 2A provides a sidevieW of an illumination 

[0032] FIG. 2B illustrates paths of light rays traveling 
Within the illumination system. 

[0033] FIG. 2C illustrates virtual light sources formed by 
the illumination system illustrated in FIGS. 2A and 2B. 

[0034] FIG. 2D illustrates cones of light from the virtual 
light sources contacting the microdisplay. 
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[0035] FIGS. 3A-3B illustrate an embodiment of a light 
source system according to the present invention. 

[0036] FIG. 3A provides a perspective vieW of a light 
source system. 

[0037] FIG. 3B provides a side vieW of the light source 
system illustrated in FIG. 3A. 

[0038] FIGS. 4A-4C illustrate an embodiment of an opti 
cal system employing an immersed beam splitting element. 

[0039] FIG. 4A illustrates an optical system employing an 
immersed beam splitting element. 

[0040] FIG. 4B illustrates an alternative embodiment of 
an optical system employing an immersed beam splitting 
element Where total internal re?ection off of a rear surface 
of the immersed beam splitting element is employed. 

[0041] FIG. 4C illustrates an alternate embodiment Where 
a polariZation modi?er is positioned betWeen the beam 
splitter and the re?ective ?rst optical element. 

[0042] FIG. 5 illustrates an embodiment of an optical 
system employing a beamsplitting magni?cation optic. 

[0043] FIG. 6 illustrates an embodiment of an optical 
system employing a ?rst magni?cation optic and a second 
magni?cation optic. 
[0044] FIGS. 7A-7B illustrate an embodiment of an opti 
cal system employing a ?rst magni?cation optic, a second 
magni?cation optic and an image synthesiZing optic. 

[0045] FIG. 7A illustrates an optical system having a ?rst 
magni?cation optic, a second magni?cation optic and an 
image synthesiZing optic Where the ?rst and second mag 
ni?cation optics are aligned With each other. 

[0046] FIG. 7B illustrates the optical system having a ?rst 
magni?cation optic, a second magni?cation optic and an 
image synthesiZing optic Where the ?rst and second mag 
ni?cation optics are not aligned With each other. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0047] Illumination systems are provided Which may be 
used in various compact virtual image display systems. The 
illumination systems of the present invention provide 
enhanced illumination Which, in turn, enable the display 
systems to provide a virtual image With a large eye-box, a 
large ?eld of vieW, and a very compact overall display 
system design. 

[0048] A feature of the present invention is the ability of 
the illumination systems to direct light from a light source 
system used in the display system to the microdisplay such 
that the angles of incidence of light Which illuminates the 
microdisplay varies across the microdisplay over an angular 
range that is greater than Would be provided by the light 
source system if the light source system Were to directly 
illuminate the microdisplay. This serves to enlarge the 
effective siZe of the light source While maintaining the 
compact siZe of the overall display. 

[0049] The illumination systems of the present invention 
are designed to be used in compact display systems Where it 
is desirable to minimiZe the siZe of the display system. As a 
result, the siZe of the light source that may be used is limited. 
By enlarging the effective siZe of the light source Without 
having to enlarge the light source itself, a compact siZe for 
the display system is achieved. 
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[0050] The illumination systems’ ability to direct light 
from a light source system to the microdisplay such that light 
is incident on the microdisplay over a range of angles of 
incidence is accomplished by the illumination systems effec 
tively creating multiple virtual light sources Where one 
virtual light source is positioned approximately in front of 
and directly over the microdisplay, one is positioned over 
and to one side of the microdisplay, and another is posi 
tioned over and to another side of the microdisplay. As a 
result, light is caused to be directed onto the microdisplay 
Where light rays incident on the microdisplay are (a) 
approximately perpendicular to the microdisplay (b) posi 
tively angularly displaced relative to the perpendicular to the 
microdisplay, and (c) negatively angularly displaced relative 
to the perpendicular to the microdisplay. 

[0051] Light source systems are also provided Which may 
be used in various compact virtual image display systems. 
The light source systems of the present invention are com 
pact in siZe and hence Well suited for use With compact 
display systems employing microdisplays. The light source 
systems also provide a high level of light ef?ciency, thus 
providing better illumination for the display system. The 
light source systems also provide better uniformity of illu 
mination across the virtual image provided by the display 
system. The light source systems are readily adapted for use 
With monochromatic, polychromatic or White light illumi 
nation. 

[0052] The illumination systems and light source systems 
of the present invention may be used in a Wide variety of the 
display systems. These display systems may be employed as 
an inexpensive component Which may be incorporated into 
any electronic device in Which a display is used. In one 
embodiment, the display system is designed for use in 
pocket-sized electronic devices. Examples of such devices 
include, but are not limited to, portable computers personal 
communicators, personal digital assistants, modems, pagers, 
video and camera vieW?nders, portable GPS systems, 
mobile phones, television monitors and other hand held 
devices. 

[0053] FIG. 1 illustrates an embodiment of a display 
system 10 in Which an illumination system and light source 
system according to the present invention may be employed. 
The display system 10 includes an optical system 12, a 
microdisplay 14, a light source system 16, and an illumina 
tion system 17. The microdisplay 14 includes an imaging 
surface 18 Where a source object is formed. As indicated by 
the arroW labeled A, light from the light source system 16 is 
directed through the illumination system 17 such that the 
light is incident on the imaging surface 18. Light from the 
light source system 16 passing to the imaging surface 18 can 
experience one or more re?ections off the surfaces of the 
illumination system 17. Light incident on the imaging sur 
face 18 is re?ected and passes through the illumination 
system 17 to the optical system 12 Where the source object 
is magni?ed and vieWed by a user as a virtual image. 

[0054] As illustrated in FIGS. 1 and 4A-7B, the optical 
system 12, the microdisplay 14, the light source system 16 
and illumination system 17 can be arranged in a variety of 
different con?gurations relative to each other. It is noted that 
all potential con?gurations of these components are intended 
to be encompassed Within the scope of the present invention. 
Further, it is noted that numerous different types of optical 
systems 12 and microdisplays 14 can be used in the present 
invention, some embodiments of Which are disclosed herein. 
It is noted that all embodiments of optical systems and 
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microdisplays, including those not disclosed herein, Which 
may be adapted to be used With the illumination systems 
and/or the light source systems of the present invention are 
intended to be encompassed Within the scope of the present 
invention. 

[0055] A. ILLUMINATION SYSTEM 

[0056] FIG. 2A illustrates an illumination system 17 
according to the present invention. The illumination system 
17 includes an illumination body 20. The illumination body 
20 has a light-entry surface 22 across Which illumination 
from a light source system 16 enters the illumination body 
20. The illumination body 20 also has a display-facing 
surface 24, Which can either internally re?ect the illumina 
tion back into the illumination body 20 or transmit the 
illumination light to the microdisplay 14 positioned adjacent 
the display-facing surface 24. Illumination light is re?ected 
off the microdisplay 14 and reenters the illumination body 
20 through the display-facing surface 24. The illumination 
body 20 also has a magni?er-facing surface 26 Which can 
either internally re?ect illumination light back into the 
illumination body 20 or transmit light Which has been 
re?ected off the microdisplay 14, thereby exiting the illu 
mination system 17 and entering the optical system 12. 

[0057] As Will be described herein, different portions of 
illumination from the light source system reach the micro 
display 14 after traversing different paths through the illu 
mination body 20. One portion reaches the microdisplay 14 
after being re?ected off of only the magni?er-facing surface 
26 of the illumination body 20. Other portions of the 
illumination light reach the microdisplay 14 after being 
re?ected off of multiple surfaces of the illumination body 20 
(including both the magni?er-facing surface 26 and then the 
display-facing surface 24). These different portions of the 
illumination from the light source system form different 
virtual light sources Which combine to provide the display 
With a larger eye-box than Would otherWise be provided by 
a single light source transmitting light directly to the micro 
display. It is noted that additional portions of illumination 
from the light source system may reach the microdisplay 14 
involving three or more internal re?ections, these portions 
forming additional virtual light sources. 

[0058] FIG. 2B illustrates several potential paths for light 
traveling through the illumination body 20 from the light 
source system 16 to the microdisplay 14. As illustrated, a 
?rst path for the light (Path A) reaches the imaging surface 
18 of the microdisplay 14 after being internally re?ected off 
of the magni?er-facing 26 surface of the illumination body 
20. As Will be described herein, the portion of light folloW 
ing this ?rst once-re?ected path corresponds to a ?rst virtual 
light source (illustrated in FIG. 2C as element 40). Asecond 
path for the light (Path B) is internally re?ected ?rst off the 
display-facing surface 24 and then internally re?ected off the 
magni?er-facing surface 26 prior to reaching the microdis 
play 14. As Will be described herein, the portion of light 
Which folloWs this second, tWo-re?ection path corresponds 
to a second virtual light source (illustrated in FIG. 2C as 
element 36). A third path for the light (Path C) involves the 
light being internally re?ected off magni?er-facing surface 
26 and then internally re?ected off the display-facing surface 
24 and then internally re?ected again from the magni?er 
facing surface 26 prior to reaching the microdisplay 14. As 
Will be described herein, the portion of light Which folloWs 
this third, three-re?ection path corresponds to a third virtual 
light source (illustrated in FIG. 2C as element 38). 

[0059] As illustrated in FIG. 2B, the illumination system 
is designed such that a ?rst portion of the light (Path A) is 



US 2001/0001584 A1 

internally re?ected off one surface of the illumination body 
prior to illuminating the display system and a second portion 
of the light (Path B) is internally re?ected off tWo surfaces 
of the illumination body prior to illuminating the display 
system. Yet a third portion of the light (Path C) is internally 
re?ected off three surfaces of the illumination body prior to 
illuminating the display system. One or more of the internal 
re?ections may be a total internal re?ection. Alternatively, 
coatings may be used to cause the internal re?ections. 

[0060] As noted in regard to FIG. 2B, light may reach the 
microdisplay 14 from the light source system 16 after one, 
tWo, three, or more re?ections Within the illumination sys 
tem. As a result of different portions of the light reaching the 
microdisplay after different numbers of re?ections, the 
angles of incidence of light Which reaches the microdisplay 
varies over an angular range that is greater than Would be 
provided by the light source system if the light source 
system Were to directly illuminate the microdisplay. This 
serves to increase the siZe of the eye-box that is produced. 
For example, if the light source system Were to directly 
illuminate the microdisplay, all of the light Would be inci 
dent at approximately the same angle. By contrast, by 
creating the multiple virtual light sources, the angular range 
of the angles of incidence for light from the different paths 
reaching the microdisplay is signi?cantly increased. 

[0061] In one embodiment, the illumination system is 
designed to direct light from the light source system through 
the illumination system to the microdisplay such that the 
angles of incidence of light Which illuminate the microdis 
play varies across the microdisplay over an angular range of 
at least 40 degrees. The angular range may optionally be at 
least 60 degrees. Optionally, the angular range may be 
betWeen about 40 degrees and 120 degrees more preferably 
betWeen about 60 degrees and 100 degrees. 

[0062] FIG. 2C illustrates the virtual light sources pro 
vided by the combination of light source system 16 and the 
illumination system 17 shoWn in FIGS. 2A and 2B. FIG. 
2D illustrates cones of light 36‘, 38‘ and 40‘ from the virtual 
light sources 36. 38 and 40 respectively contacting the 
microdisplay. 
[0063] Applicants refer to 36, 38 and 40 of FIG. 2C as 
“virtual light sources” because they correspond to locations 
Where a real light source Would need to be positioned in 
order to accomplish the same result as illumination system 
17 but Without any re?ections. 

[0064] Virtual light source 36 corresponds to light Which 
reaches the microdisplay 14 after tWo re?ections (e.g., Path 
B). The virtual light source corresponding to this portion of 
the illumination is positioned in front of and approximately 
over the microdisplay. Light rays that Would be incident on 
the microdisplay 14 Would be approximately perpendicular 
to the microdisplay 14. As illustrated in FIG. 2D, cone of 
light 36‘ is approximately centered around a perpendicular to 
the microdisplay 14. 

[0065] Virtual light source 40 corresponds to light Which 
reaches the microdisplay 14 With a single re?ection off 
magni?er-facing surface 26 (e.g., Path A). The virtual light 
source corresponding to this portion of the illumination is 
positioned over and to one side (right) of the microdisplay 
14. Light rays that Would be incident on the microdisplay 
from this virtual light source Would positively angularly 
displaced (positive angles being to the right of perpendicu 
lar) relative to the perpendicular to the microdisplay. As 
illustrated in FIG. 2D, cone of light 40‘ is approximately 
centered right of the perpendicular to the microdisplay 14. 
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[0066] Virtual light source 38 corresponds to light Which 
reaches the microdisplay 14 With a re?ection off display 
facing surface 24 and tWo re?ections off magni?er-facing 
surface 26 (e.g., Path C). The virtual light source corre 
sponding to this portion of the illumination is positioned 
over and to one side (left) of the microdisplay 14. Light rays 
that Would be incident on the microdisplay from this virtual 
light source Would negatively angularly displaced (negative 
angles being to the left of perpendicular) relative to the 
perpendicular to the microdisplay. As illustrated in FIG. 2D, 
cone of light 38‘ is approximately centered left to the 
perpendicular to the microdisplay 14. 

[0067] Additional virtual light sources beyond 36, 38 and 
40 may also be created but the illumination system but are 
not illustrated for purposes of clarity. Illumination systems 
Which produce these additional virtual light sources are 
nonetheless intended to be Within the scope of the present 
invention. 

[0068] An important feature of the present invention is 
that the illumination system 17 creates these multiple virtual 
light sources from single light source system 16. As can be 
seen from FIGS. 1, and 4A-7B, there is no room in the 
display systems to position light sources Where the virtual 
light sources 36, 38 and 40 are positioned. Rather, the virtual 
light sources are positioned Where the optical systems are in 
these display systems (or at least Where light from the light 
sources Would have to traverse the optical systems). One 
therefore Would need to signi?cantly increase the siZe of the 
display systems to accommodate the addition of these mul 
tiple light sources. One Would also have to design the 
display systems such that illumination can be transmitted 
through the optical system to the microdisplay 14. Instead, 
by using the illumination system of the present invention, 
Applicants avoid these problems and meanWhile provide 
enhanced illumination. 

[0069] Afurther important feature of the present invention 
is that the illumination system 17 creates multiple virtual 
light sources as opposed to a single light source. Virtual light 
source 36 primarily provides illumination to an optical vieW 
Which is perpendicular to the microdisplay. MeanWhile, 
virtual light source 38 provides illumination to an optical 
vieW Which is right of the perpendicular to the microdisplay 
and virtual light source 40 provides illumination to an 
optical vieW Which is left of the perpendicular to the 
microdisplay. Since illumination is provided to a ?eld of 
vieW both left and right of the perpendicular to the micro 
display, a larger eye-box is provided to the user. This 
enhances the ergonomics of the display system and creates 
a much larger eye-box for the vieWer’s ease of use. 

[0070] It is noted that the optical system may have a folded 
optical path, such as the path illustrated in FIG. 1. In such 
instances, it is preferred that the illumination system be 
designed such that the multiple virtual light sources are 
aligned With the optical plane. The eye-box produced by the 
optical system is constrained in the plane of the folded 
optical path. By aligning the multiple virtual light sources in 
the optical plane of the folded optical path, the siZe of the 
eye-box along that dimension is increased. 

[0071] The illumination body 20 may be made of a variety 
of different materials. Examples of suitable materials 
include, but are not limited to, glass, acrylic plastic, and 
polycarbonate. 

[0072] The illumination body 20 used in the illumination 
system can have a variety of shapes in order to create the 
















