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EMBEDDED RELAY LENS FOR HEAD-UP 
DISPLAYS OR THE LIKE 

BACKGROUND 

[0001] In a head-up display (HUD), optical design is made 
more complex by a design constraint to keep the optical relay 
lens or lenses out of the direct line of sight of the driver, pilot 
or vieWer. Typically, meeting this design constraint results in 
adding a combiner or using the Windshield as a combiner 
Where the function of the combiner is to combine the image 
from the HUD projector With the vieW of the World directly in 
front of the driver, pilot, or vieWer. The main relay optics for 
an automotive HUD are typically housed inside the dash 
board, With the output light projected upWard onto the Wind 
shield Which re?ects a portion of the light back toWards the 
driver Where not much space may be available, and Where the 
optical path may be relatively complex. 

DESCRIPTION OF THE DRAWING FIGURES 

[0002] Claimed subject matter is particularly pointed out 
and distinctly claimed in the concluding portion of the speci 
?cation. HoWever, such subject matter may be understood by 
reference to the folloWing detailed description When read 
With the accompanying draWings in Which: 
[0003] FIG. 1 is a diagram of an optical relay in accordance 
With one or more embodiments; 
[0004] FIG. 2 is a diagram of a head-up display projector 
utiliZing an optical relay in Which the displayed image is 
projected generally on-axis With respect to the optical relay in 
accordance With one or more embodiments; 
[0005] FIG. 3 is a diagram of a head-up display projector 
utiliZing an optical relay in Which the displayed image is 
projected generally off-axis in accordance With one or more 

embodiments; 
[0006] FIGS. 4A, 4B, and 4C are diagrams near-to-eye 
head-up display projectors utiliZing an optical relay in accor 
dance With one or more embodiments; 
[0007] FIG. 5 is a diagram of a projector display system 
having multiple display regions in accordance With one or 
more embodiments; 
[0008] FIG. 6 is a diagram of a projector system having an 
embedded, at least partially re?ective Fresnel or diffractive 
surface or lens in Which one or more surfaces may have 
curvature in accordance With one or more embodiments. 

[0009] It Will be appreciated that for simplicity and/or clar 
ity of illustration, elements illustrated in the ?gures have not 
necessarily been draWn to scale. For example, the dimensions 
of some of the elements may be exaggerated relative to other 
elements for clarity. Further, if considered appropriate, refer 
ence numerals have been repeated among the ?gures to indi 
cate corresponding and/ or analogous elements. 

DETAILED DESCRIPTION 

[0010] In the folloWing detailed description, numerous spe 
ci?c details are set forth to provide a thorough understanding 
of claimed subject matter. HoWever, it Will be understood by 
those skilled in the art that claimed subject matter may be 
practiced Without these speci?c details. In other instances, 
Well-known methods, procedures, components and/or cir 
cuits have not been described in detail. 

[0011] In the folloWing description and/or claims, the terms 
coupled and/or connected, along With their derivatives, may 
be used. In particular embodiments, connected may be used 
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to indicate that tWo or more elements are in direct physical 
and/or electrical contact With each other. Coupled may mean 
that tWo or more elements are in direct physical and/or elec 

trical contact. HoWever, coupled may also mean that tWo or 
more elements may not be in direct contact With each other, 
but yet may still cooperate and/ or interact With each other. For 
example, “coupled” may mean that tWo or more elements do 
not contact each other but are indirectly joined together via 
another element or intermediate elements. Finally, the terms 
“on,” “overlying,” and “over” may be used in the folloWing 
description and claims. “On,” “overlying,” and “over” may be 
used to indicate that tWo or more elements are in direct physi 
cal contact With each other. HoWever, “over” may also mean 
that tWo or more elements are not in direct contact With each 
other. For example, “over” may mean that one element is 
above another element but not contact each other and may 
have another element or elements in betWeen the tWo ele 
ments. Furthermore, the term “and/or” may mean “and”, it 
may mean “or”, it may mean “exclusive-or”, it may mean 
“one”, it may mean “some, but not all”, it may mean “nei 
ther”, and/or it may mean “both”, although the scope of 
claimed subject matter is not limited in this respect. In the 
folloWing description and/or claims, the terms “comprise” 
and “include,” along With their derivatives, may be used and 
are intended as synonyms for each other. 

[0012] Referring noW to FIG. 1, a diagram of an optical 
relay in accordance With one or more embodiments Will be 
discussed. As shoWn in FIG. 1, an optical relay 100 may 
comprise a Fresnel or diffractive lens 112 disposed betWeen a 
?rst layer 114 and a second layer 116. Although the term 
Fresnel lens may be used herein, it should be noted that the 
term may also encompass and/ or be interchangeable With 
diffractive lens in one or more embodiments, and the scope of 
the claimed subject matter is not limited in this respect. In one 
or more alternative embodiments, Fresnel lens 112 may com 
prise a diffractive lens, and the scope of the claimed subject 
matter is not limited in this respect. In one or more embodi 
ments, ?rst layer 114 and/or second layer 116 may comprise 
a glass or plastic pane or other type of optically transparent 
optical material that may be rigid or ?exible. Example mate 
rials may comprise, for example, glass, tempered glass, poly 
vinyl butyral (PVB) resin, and so on. Fresnel or diffractive 
lens 112 may itself comprise a glass or plastic material that is 
sandWiched betWeen ?rst layer 114 and second layer 116 as 
an embedded Fresnel lens, or alternatively Fresnel lens 112 
may be formed on a surface of ?rst layer 114 and/or second 
layer 116. Since a Fresnel lens 112 may comprise multiple 
surfaces 122, or Fresnel elements, optical relay 100 may 
include a ?ller 120 Which may comprise an optical cement or 
epoxy or other suitable ?ller medium that is at least partially 
see-through and/ or at least partially optically transparent. In 
one or more embodiments, one or more of Fresnel lens 112, 
?rst layer 114, second layer 116, and/or ?ller 120 may be 
cured via application of ultraviolet (UV) light or via tempera 
ture curing. In one or more embodiments, the surface 122 may 
be at least partially re?ective and/or at least partially trans 
parent, for example via an at least partially re?ective coating 
disposed on surface 122. In one or more particular embodi 
ments, such a coating or coatings may further be Wavelength 
selective Wherein light having a ?rst Wavelength may be 
re?ected and light having a second Wavelength may pass 
through the coating. Furthermore, such a coating or coatings 
may be polariZation selective Wherein light having a ?rst 
polariZation may be re?ected or retarded, and light having a 
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second polarization may pass through the coating. Filler 
material 120 may have a ?rst index of refraction nl and 
Fresnel lens 112 may have a second index of refraction n2. In 
the case of a scanned-beam display, diffractive artifacts may 
be reduced, minimized, and/ or eliminated With optical relay 
100 by designing one or more of the sections of Fresnel lens 
112 to have a Width and/or spacing on the order of the beamlet 
siZe, or siZe of a diffraction order spacing Within the diffrac 
tion envelope, projected at the relay lens plane, from each exit 
cone emanating from each pixel of the display’s exit pupil 
expander (EPE), or equivalently, any image plane internal to 
the projector, in the display projector for Which optical relay 
is utiliZed, for example projector 210 of FIG. 2 or FIG. 3, 
beloW, Where such Widths may be, for example on the order of 
about 3 mm to about 6 mm or so, although the scope of the 
claimed subject matter is not limited in this respect. 

[0013] In one or more embodiments, optical relay 100 may 
be utiliZed in a scanned-beam projector, for example a laser 
based scanned-beam projector. In one or more alternative 
embodiments, optical relay may be utiliZed in a non scanned 
beam type projector for example a digital light projector 
(DLP), liquid-crystal display (LCD) type projector, and so 
on, and the scope of the claimed subject matter is not limited 
in this respect. For achieving reduced diffractive artifacts in 
the case of using optical relay 100 in conjunction With a laser 
or non-laser-based one-dimensional-scanned or tWo-dimen 

sional panel display, the minimum Fresnel pitch can be esti 
mated to be on the order of the footprint, as projected on or 
traced to the Fresnel relay, of the minimum cone numerical 
aperture (NA) representing the resolvable pixel resolution of 
the display panel being projected. 
[0014] In one or more embodiments, the overall shape of 
optical relay 100 may be relatively ?at or planar, or alterna 
tively may be non-planar and have at least a slight curve on 
one or more surfaces thereof, Where such a curvature may be 
spherical or aspherical, With Fresnel lens 112 having a spheri 
cal or aspherical curvature, although the scope of the claimed 
subject matter is not limited in these respects. In some 
embodiments, optical relay 100 may be a relatively thinner 
and optically transparent device, or alternative optical relay 
110 may comprise an off-axis section of a Fresnel or diffrac 
tive lens 112 Which may be a slightly thicker but still moder 
ately thin and see-through device. Optical relay 100 and/or 
optical relay 110 may be a stand-alone device that is added for 
example in front of or behind a Windshield or Windscreen of 
a vehicle or of a helmet or other head-Wom device, or alter 
natively optical relay 100 and/or optical relay 110 may be 
disposed Within or otherWise formed as part of or integral 
With such a Windshield or Windscreen, and the scope of the 
claimed subject matter is not limited in these respects. 

[0015] In one or more embodiments, optical relay 100 com 
prises a re?ective Fresnel lens 112 having a surface 122 
disposed betWeen tWo refractive index media having a ?rst 
index of refraction n 1 and a second index of refraction n2, such 
that the ratio betWeen nl and n2 may be selected to implement 
a re?ective and/or poWered optical element. In one or more 

embodiments, nl may be equal to, or nearly equal to, n2 
although the scope of the claimed subject matter is not limited 
in this respect. For example, for an optical relay 100 having 
parallel outer surfaces of layer 114 and layer 116, having 
equal or nearly equal indices nl and n2 alloWs optical relay 
100 to be see-through With no magni?cation of a see-through 
image, and Fresnel or diffractive lens or re?ector 112 may 
still have its oWn magni?cation poWer. In contrast, providing 
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at least su?iciently different tWo indices nl and n2 disposed on 
opposed sides of the Fresnel or diffractive lens or re?ector 
112 can serve to affect magni?cation of a see-through image 
While still maintaining the poWer of the re?ective or diffrac 
tive Fresnel lens 112 Fresnel component. Such an arrange 
ment may be contrasted With the embodiment Wherein a 
combination of adding curvature, and thus poWer, to the outer 
surfaces of layers 114 and 116 of the element sandWich of 
Which optical relay 100 is comprised, thereby giving a lensing 
affect to a see-through image, and in some cases to both a 
see-through as Well as re?ected virtual image. Such an 
arrangement may provide one or more additional degrees of 
freedom in the design and usage of optical relay 100, for 
example using curvature of the outer surfaces of layers 114 
and 116, both on-axis and off-axis spherical, aspheric, or 
planar, as Well as curvature of the embedded Fresnel lens 112, 
and/or both on and off-axis spherical and aspheric Fresnel 
re?ector surface 112. Furthermore, in one or more embodi 
ments it is also possible to actually have the inner surfaces of 
layers 114 and 116 to be curved in addition to the curvature of 
the outer surfaces of layers 114 and 116 so as to still alloW 
fairly-loW see-through distortion While adding a even more 
design degrees-of-freedom in the correction capability of the 
projected image. Such additional correction obtained may be 
greater correction than alloWed by just the Fresnel lens or 
re?ector 112 alone on the re?ective system side of the ele 
ment. FIGS. 4A through 4C, beloW shoW such an element, 
hoWever, outer lens substrates are added to the Fresnel ele 
ments 112 shoWn, such as the sandWiches of layers 114 and 
116, it Would be further possible to design using curvature on 
both the inner and outer surfaces of the substrate at the same 
time as using an embedded Fresnel, enabling even another 
surface for distortion correction of the relayed image. In such 
an embodiment, the layer 114 or 116 disposed after the 
embedded Fresnel element 112 could have curvatures on both 
sides thereof to help regain and/or correct the see-through 
distortion caused by the poWer in the ?rst layer, Which could 
be a tradeoff in order to get more correction for the relayed 
image. In see-through optical relay 100 Wherein magni?ca 
tion of the see-through image is provided, the extra degrees 
of-freedom can be used to achieve this effect as Well. An 
example of such an optical relay 100 is shoWn in and 
described With respect to FIG. 6, beloW. 

[0016] In one or more embodiments, Fresnel lens or re?ec 
tor 112 may be manufactured to be relatively thin and imaged 
in a tilted on-axis or normal-to-vieWer off-axis case, for 
example as shoWn in FIG. 2 and FIG. 3, respectively. In one or 
more alternative embodiments, Fresnel lens 112 could simi 
larly comprise a diffractive lens or holographic lens. A re?ec 
tive coating may be disposed on a surface 122 of Fresnel lens 
112 and may comprise a neutral density or a Wavelength 
selective notch ?lter such as a multi-notch Rugate coating, 
and/or other band-pass ?lter, or types of ?lters such as a 
high-pass ?lter or a loW-pass ?lter suitable for use in mono 
chrome systems. Alternatively, coating may be made re?ec 
tive such as a Wavelength-selective hologram. HoWever, these 
are merely example coatings that may be utiliZed on a surface 
122 of Fresnel lens 112, and the scope of the claimed subject 
matter is not limited in these respects. 

[0017] In one or more embodiments, optical relay 100 may 
be capable of enabling a virtual display such that if a user 
looks through optical relay 100 While an image is projected 
onto optical relay 100, for example as shoWn in and described 
With respect to FIG. 2 and/or FIG. 3, beloW, the image vieW 
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able by the user may appear to be located at a distance beyond 
optical relay 100. Optical relay 100 thus may be displayed in 
such a laser or scanned beam display, and alternatively optical 
relay 100 may also be utiliZed With other types of microdis 
plays such as liquid-crystal displays (LCDs), digital micro 
mirror devices, liquid-crystal on silicon (LCOS), and other 
types of tWo-dimensional (2D) displays and/or one-dimen 
sional (1D) scanned display technologies, and the scope of 
the claimed subject mater is not limited in these respects. 

[0018] In one or more embodiments, optical relay 100 hav 
ing Fresnel lens 112 may be generally constructed as folloWs. 
Fresnel lens 112 may comprise a surface 122 embedded 
betWeen adjacent media of refractive index nl and n2. Outer 
layers of adjacent media comprising ?rst layer 114 and sec 
ond layer 116 may be either planar or non-planar. In one or 
more embodiments, surface 122 of Fresnel lens 112 may have 
a re?ective coating, or an at least partially re?ective coating, 
disposed thereon. An effective focal length of Fresnel lens 
112 may be at least de?ned by a Fresnel surface pro?le of the 
Fresnel elements of Which Fresnel lens is composed and the 
refractive index of the media adjacent to the Fresnel surface. 
In one or more embodiments, such a Fresnel surface pro?le of 
Fresnel lens 112 may be spherical, aspherical, anamorphic, 
on-axis or off-axis, and so on. If the refractive indices of 
Fresnel lens 112 and ?ller 120 are set such that n1 is approxi 
mately equal n2, Fresnel lens 112 is essentially see through, or 
nearly see through, With no poWer for the portion of light that 
originates from the opposite side of optical relay With respect 
to the side Which the vieWer is vieWing, While the light from 
a projector may be imaged and relayed toWard the vieWer’s 
eye. Furthermore, in one or more embodiments, if the indices 
are not set to be su?iciently equal or nearly equal, in such an 
arrangement optical relay 100 may achieve magni?cation of 
the background image While simultaneously vieWing virtual 
overlay content projected from the projector. 
[0019] In one or more embodiments, polariZation coatings 
and/ or retarders may be applied to various surfaces of optical 
relay 100, for example on surface 122 of Fresnel lens 112, 
and/or one or more surfaces of ?rst layer 114 and/or second 
layer 116, and/or on a surface of a Windshield or Windscreen 
With Which optical relay 100 is utiliZed, to enable various 
polariZation input versus output relationships, so as to alloW, 
for example, compatibility of optical relay 100 With the vieW 
er’s sunglasses, and so on. In addition, optical relay 100 may 
include various other coatings, layers, and/or surfaces, for 
example selective, re?ective, absorptive, and/or polariZation 
coatings or surfacing, Which optionally may be applied to the 
step-Wall features of Fresnel lens 112, for example to reduce 
scatter effects by absorption, re?ection, and/or controlled 
direction and/or controlled scatter. HoWever, such coatings, 
layers, and/or surfacing are example elements that may be 
included With or in conjunction With optical relay 100 to 
achieve desired effects or results, and the scope of the claimed 
subject matter is not limited in these respects. In one or more 
embodiments, diffraction effects exhibited by optical relay 
100 may be reduced or minimized. For example, in an 
embodiment of optical relay having an embedded and see 
through Fresnel lens 112, the spacing of the Fresnel elements 
of Fresnel lens 112 may be chosen on the order of the diffrac 
tive beamlet spacing, or diffraction-limited cone NA, of a 
pixel Within an image plane internal to the projector With 
Which optical relay 100 is utiliZed in order to diminish the 
effects of diffraction emanating from optical projector 210, 
although the scope of the claimed subject matter is not limited 
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in this respect. An example scanned beam head-up display 
projector capable of utiliZing optical relay 100 is shoWn in 
and described With respect to FIG. 2, beloW. 

[0020] Referring noW to FIG. 2, a diagram of a head-up 
display system utiliZing an optical relay in Which the dis 
played image is projected generally on-axis With respect to 
the optical relay in accordance With one or more embodi 
ments Will be discussed. As shoWn in FIG. 2, head-up display 
(HUD) system 200 comprises an projector module 210 that 
may include one or more lasers or LEDs as light sources and 

may use any means of placing image information onto the 
projected beam including liquid crystal panels, LCOS, digital 
micromirror, and scanned beam projection technology With 
Which a image may be projected onto optical relay 100. In one 
or more embodiments, projector 210 may be disposed at a 
distance Z from optical relay 100 to image an image plane in 
the projector into an apparent ?eld of vieW (FOV), as seen by 
the vieWer’s eye 216. The output angle a of the proj ectedbeam 
may be tailored With respect to the acceptance angle of 
Fresnel lens 112 of optical relay 100 to result in a desired 
eyebox location along the optical path, While magni?cation of 
the resulting image at image plane 218 can be tailored by 
design of the siZe of the proj ector’s internal image plane 212, 
angle a, distance Z from projector 210 to relay, and the effec 
tive focal length of optical relay 100. The apparent distance D 
at Which the image plane 218 may be located from vieWer’s 
eye 216 may be adjusted by an appropriate selection of the 
distance Z from optical relay 100 to projector 210 and/ or the 
focal length of Fresnel lens 112, or effective focal length 
(EFL) of optical relay 100, since the refractive indices nl and 
n2 may also play a role in determining EFL in one or more 
embodiments, or combinations thereof. In such an arrange 
ment, the vieWer may observe a combination of the back 
ground image 220 With the image displayed by projector 210. 
In general, the distance D of the image plane 218 and the 
distance of the background image 220 are selected to be 
equal, or nearly equal, or at least su?iciently close so that the 
vieWer’s eye 216 is not required to make signi?cant focal 
adjustment When sWitching betWeen observing the image 
generated by projector 210 at image plane 218 and back 
ground image, although the scope of the claimed subject 
matter is not limited in this respect. In general, as the distance 
Z is reduced, the distance D is likeWise reduced. 

[0021] In the embodiment shoWn in FIG. 2, optical relay 
100 may be generally aligned on-axis With the beam pro 
jected by projector 210, i.e., the plane of optical relay 100 
may be such that its normal bisects the angle betWeen the 
projector 210 and the vieWer 216 and thus be tilted at an angle 
With respect to the vieWer’s eye 216. In such an arrangement 
of optical relay 100, Fresnel lens 112 may have a generally 
symmetrical arrangement of the Fresnel elements, although 
the scope of the claimed subject matter is not limited in this 
respect. Such a tilt of optical relay 100 With respect to the 
vieWer’s eye 216 may be utiliZed, for example, to reduce 
adverse re?ections of light emanating from the same side of 
optical relay 100 as the vieWer’s eye 216 is located. Such an 
angle may be at or near BreWster’s angle in one or more 
embodiments. Furthermore, the background image 220 
observed by the vieWer’s eye 216 may be unmagni?ed, or 
nearly unmagni?ed, or alternatively may be magni?ed via 
selection of an appropriate ratio betWeen the index of refrac 
tion nl of ?ller 120 of optical relay 100 and the index of 
refraction n2 of the supporting material on the other side of the 
surface 122 of Fresnel lens 112, hoWever the scope of the 
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claimed subject matter is not limited in this respect. Further 
more, as discussed above, the pitch of the Fresnel elements of 
Fresnel lens 112 may be selected to be on the order of the siZe 
of the beamlets, or diffraction-limited cone NAs, generated 
by projector 210, Which may be for example about 3 mm to 
about 6 mm or so in some embodiments, to reduce or mini 
miZe diffraction artifacts that otherWise may be generated by 
optical relay 100, although the scope of the claimed subject 
matter is not limited in this respect. 

[0022] Referring noW to FIG. 3, a diagram of a head-up 
display system utiliZing an optical relay in Which the dis 
played image is projected generally off-axis, i.e., the normal 
to the optical relay 110 does not bisect the angle betWeen the 
projector 210 and the vieWer 216, in accordance With one or 
more embodiments Will be discussed. In the embodiment of 
HUD system 200 shoWn in FIG. 3, the beam generated by 
projector 210 impinges at an off-axis angle With respect to 
optical relay 110, and optical relay 110 generally may be 
aligned on-axis With respect to the vieWer’s eye 216. In con 
trast to the arrangement of Fresnel lens 112 in the embodi 
ment shoWn in FIG. 2, in the embodiment of FIG. 3 Fresnel 
lens 112 may have a generally asymmetrical arrangement of 
the Fresnel elements such that the Fresnel elements of Fresnel 
lens 112 are generally tilted toWard projector 210 to compen 
sate for of the off-axis feed of the beam generated by projector 
210, although the scope of the claimed subject matter is not 
limited in this respect. In general, such a tilt of the Fresnel 
elements of Fresnel lens 112 may be referred to as the lens 
offset, or lens decenter, or an off-axis section of a Fresnel. The 
arrangement of optical relay 110 and/or projector 200 as 
shoWn in FIG. 3 is substantially similar to the arrangement of 
optical relay and/ or projector 200 as shoWn in FIG. 2. 

[0023] Referring noW to FIG. 4A, 4B, and 4C, diagrams of 
near-to-eye head-up display projectors utiliZing an optical 
relay in accordance With one or more embodiments Will be 
discussed. In the embodiments shoWn in FIG. 4A, FIG. 4B, 
and FIG. 4C, a near-to-eye display 400 may be utiliZed in 
Which optical relay 100 and/or projector 210 are located 
closer to the vieWer’s eye than the HUD system 200 shoWn in 
FIG. 2 or in FIG. 3. For example, near-to-eye display 400 may 
be disposed in a helmet, in headgear, or in eyeglasses or 
similar eyeWear Worn on or otherWise located near the vieW 

er’s head, for example in a periscope, binoculars, or similar 
devices. For such near-to-eye type displays, Fresnel lens 112 
of optical relay 100 may be placed on or in or otherWise 
integrated Within a ?at surface or substrate as shoWn in FIG. 
4A, or placed on or in or otherWise integrated With a curved 
surface or substrate as shoWn in FIG. 4B. Projector 210 may 
be located to project from a side location onto optical relay 
100 in an eyeglasses type format in the planar embodiment of 
near-to-eye display of FIG. 4A. 
[0024] In one or more embodiments, the Z-biasing 416 
placement of projector 210 may be adjusted, in combination 
With the placement of the Fresnel elements of Fresnel lens 
112 along With the tilt or lens offset of the Fresnel elements 
along optical path to reduce or eliminate shadoWing and 
scattering effects due to diffraction and/or to maintain con 
trast in the projected image. In some instances an aberration 
free ?eld of vieW (FOV) may be desired, therefore in some 
embodiments such as shoWn in FIG. 4B tWo optical surfaces 
comprising Fresnel lens 112 and curved substrate surface 418 
and/or 420 Which has a double pass characteristic may be 
utiliZed together to result in less aberration in the FOV. In such 
embodiments, as curvature permits, optical relay 100 of FIG. 
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4B may add magni?cation via a difference in the indices of 
refraction of tWo or more surfaces, and/or With a curvature of 
surface 418 and a curvature of surface 420, or combinations 
thereof, to provide a hybrid Fresnel/non-Fresnel poWered 
optical relay 100, although the scope of the claimed subject 
matter is not limited in these respects. 

[0025] In the embodiment shoWn in FIG. 4C, depending on 
the arrangement 410 of proj ector 210, a combiner/ splitter 412 
may be utiliZed in a near-to-eye display 400. For example, 
combiner/ splitter 412 may comprise a neutral density or met 
aliZed-type beam splitter. Alternatively, combiner/ splitter 
412 may comprise a polariZing beam splitter (PBS). In such 
embodiments, optical relay 100 may include a retarder ?lm 
414 disposed at or near Fresnel lens 112 in order to maintain 
high ef?ciency While utiliZing a beam splitter, although the 
scope of the claimed subject matter is not limited in this 
respect. 
[0026] In one or more embodiments, head-up display sys 
tem 200, and/or near-to-eye head-Worn display system 400, 
may be designed for a range of acceptance for optical relay 
100, and is not limited to the ?xed angle 0t of the projector 
210. In such projectors, the apparent virtual image can be 
placed Where desired for the particular application of the 
projectors, and is not limited to an existing physical plane. In 
one or more embodiments, Wavelength-selective ?ltering 
may be utiliZed at the surface 122 of Fresnel lens 112, and/or 
absorbing dye may be utiliZed just beyond the surface 122 of 
Fresnel lens 112 for non-see-through applications that may 
utiliZe a relatively thinner relay for reduced glare, for example 
as utiliZed in a multiple display region system as discussed 
With respect to FIG. 5, beloW. In one or more embodiments, 
optical relay 100 may be embedded inside a Windshield or 
Windscreen for HUD type applications, laminated onto the 
Windshield or Windscreen, and/or otherWise disposed 
betWeen the vieWer and the Windshield or Windscreen, for 
example in a pull-doWn headliner, or extendible upWards 
from a dashboard, or combinations thereof. Furthermore, by 
utiliZing an appropriate coating, optical relay 100 may also be 
utiliZed to reduce or eliminate ghosting artifacts. In addition, 
optical relay 100 may be utiliZed to minimize or reduce scat 
ter by use of various coatings on the Fresnel elements, or via 
a selected design of the tilt of the Fresnel elements and/or and 
Fresnel facet ring Z-placement so as to limit light illuminating 
the Fresnel facet element sideWalls, Which optionally may be 
selected to tradeoffWith uniformity of the displayed image by 
reducing shadoWing and/or gapping effects on the re?ected 
light. In addition, optical relay 100 may enable formation of 
a true exit-pupil forming system for a HUD system or near 
to-eye display system. HoWever, these are merely example 
applications for optical relay 100, and the scope of the 
claimed subject matter is not limited in these respects. 

[0027] Referring noW to FIG. 5, a diagram of a projector 
display system having multiple display regions in accordance 
With one or more embodiments. As shoWn in FIG. 5, projector 
display system 500 may comprise all or part of a head-up 
display (HUD) projector as shoWn in and described With 
respect to FIG. 2 and/or FIG. 3. Projector display system 500 
may be integrated Within a Windshield 510 of an automobile 
or other vehicle, or alternatively may cooperate With a Wind 
shield 510, for example as an after market system. Projector 
display system 500 may include a ?rst display region 512 and 
a second display region 514. In one or more embodiments, 
?rst display region 512 may be transparent, or at least par 
tially transparent, and second display region 514 may be 
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non-transparent, or at least partially non-transparent, 
although the scope of the claimed subject matter is not limited 
in this respect. First display region 512 may display various 
images 516 and 518 that may comprise, for example, vehicle 
related data such as speed data from a speedometer or miles 
per gallon data, and so on. In one or more embodiments, ?rst 
display region 512 may comprise optical relay 100 as 
described, above, so that the image projected by projector 
display system 500 in ?rst display region 512 may be located 
at an apparent distance D from the vieWer’s eye 216. The 
projected image may also be at least partially transparent in 
one or more embodiments, and background images, such as 
sign 520, tree 522, tree 524, and/or roadWay 526, may be 
visible through ?rst display region 512 While the vieWer 
simultaneously vieWs the displayed image such as image 516 
and/or image 518 also vieWable in ?rst display region. Fur 
thermore, projector display system 500 may also display 
additional images, such as image 528 or image 530, in second 
display region 514, Where second display region 514 is not 
transparent, or at least not as transparent as, ?rst display 
region 512, for example to help provide a desired level of 
contrast for vieWing the images displayed in second display 
region 514. For example, image 528 may contain information 
regarding an upcoming destination that the vehicle is travel 
ing to, and/or image 530 may contain a live camera feed 
obtained from a rear portion of the vehicle. HoWever, this is 
merely example image content, and the scope of the claimed 
subject matter is not limited in this respect. 

[0028] In one or more embodiments, the multiple display 
regions of projector display system 500, for example ?rst 
display region 512 and second display system 514 may com 
prise different materials optimiZed to type of content to be 
displayed in the respective display regions. Projection of the 
images in the multiple regions may be generated by a single 
projector or alternatively from multiple projectors. In one or 
more embodiments, the display region may be divided into at 
least tWo or more regions, such as ?rst display region 512 and 
second display region 514, Where tWo or more of the regions 
comprise different surfaces, geometries, lenses, magni?ca 
tion, optical relays, and so on, optimiZed for the type of image 
content to be displayed in a given regions. Such an arrange 
ment of the multiple display regions for projector display 
system 500 may alloW various display scenarios tailored to 
the given automobile or other vehicle in Which projector 
display system 500 is deployed. For example, projector dis 
play system 500 may be capable of displaying automotive 
safety information on a more transparent portion of the Wind 
shield 510 or other display structure in a Head-Up Display 
(HUD) mode, for example in ?rst display region 512, Wherein 
the HUD display information is intended to be vieWed by the 
driver While driving the vehicle. Likewise images or video 
may be displayed on a different section of the same Wind 
shield 510 another display area, for example in second dis 
play region 514, Wherein the images or video are intended to 
be vieWed by a passenger in the vehicle. Such an arrangement 
of projector display system 500 alloWs multiple bene?ts from 
integrating multiple systems all utiliZed and vieWable from a 
single location such as a Windshield 510 of an automobile or 
other vehicle. Furthermore, one or more of the multiple dis 
play regions of proj ector display system 500 include speckle 
reduction technology in the display region of the Windshield 
Where such technology Would result in a higher quality dis 
play solution, for example for HUD type information dis 
played in ?rst display region 512. In one or more embodi 
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ments, the shape of a given display region may be selected 
based at least in part on the particular application in Which 
projector display system 500 is deployed. Furthermore, any 
combination of shape, design, and/or other technology 
addressing needs of the user and/or the particular application 
could be utiliZed in combination for such a projector display 
system 500. It should be noted that these are particular 
examples of hoW multiple display regions in projector display 
system 500 could be implemented, and the scope of the 
claimed subject matter is not limited in these respects. 

[0029] Referring noW to FIG. 6, a diagram of a projector 
system having an embedded, at least partially re?ective 
Fresnel or diffractive surface or lens in Which one or more 
surfaces may have curvature in accordance With one or more 
embodiments Will be discussed. In the embodiment shoWn in 
FIG. 6, near-to-eye display 400 may comprise an optical relay 
100 disposed generally near the vieWer’s eye 216 and/ or 
nearby projector 210 and the proj ector’s internal image plane 
212. In one or more embodiments, additional design degrees 
of freedom for optical relay 100 may be obtained via utiliZa 
tion of different curvatures and refractive indices in a layered 
element approach as shoWn. In such embodiments, the sur 
faces of the elements of optical relay 100 may have their oWn 
respective curvatures Wherein the curvatures may be either 
spherical or aspheric. To minimiZe diffraction artifacts, the 
Fresnel pitch of Fresnel element 112 may be selected to be on 
the order of beamlet siZe, Which may be for example approxi 
mately one to tWo millimeters for a typical near-to-eye dis 
play 400. In the case of a laser or non-laser-based one-dimen 
sional scanned or tWo-dimensional panel display, the Fresnel 
pitch may be on order of the footprint siZe as projected at the 
Fresnel element of a minimum cone numerical aperture (NA) 
representing the resolvable pixel resolution of the display 
panel being projected for reduced diffractive artifacts. HoW 
ever, these are merely examples for the Fresnel pitch, and the 
scope of the claimed subject matter is not limited in these 
respects. 
[0030] In one or more embodiments, optical relay 100 may 
be see-through or may add magni?cation to see-through via a 
prescription With overlay. Such a magni?cation may be 
achieved via combinations of differences in the respective 
indices of refraction nl of layer 116, n2 of ?ller 120, n3 of ?ller 
120, and/or n4 of layer 114, in selected combinations thereof. 
Likewise, magni?cation may be achieved via combinations 
of curvatures of surface s 1 and/ or surface s2 of layer 116, 
surface s3 of Fresnel lens 112, and/ or surface s4 and/ or surface 
s5 of layer 114. Furthermore, magni?cation may be achieved 
or controlled via any combination of selected refractive indi 
ces n1, n2, n3, and/ or n4 along With surface curvatures surface 
s1, s2, s3, s4 and/or s5, although the scope of the claimed 
subject matter is not limited in these respects. 

[0031] Although the claimed subject matter has been 
described With a certain degree of particularity, it should be 
recogniZed that elements thereof may be altered by persons 
skilled in the art Without departing from the spirit and/or 
scope of claimed subject matter. It is believed that the subject 
matter pertaining to an embedded relay lens for head-up 
displays or the like and/or many of its attendant utilities Will 
be understood by the forgoing description, and it Will be 
apparent that various changes may be made in the form, 
construction and/ or arrangement of the components thereof 
Without departing from the scope and/or spirit of the claimed 
subject matter or Without sacri?cing all of its material advan 
tages, the form herein before described being merely an 
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explanatory embodiment thereof, and/ or further Without pro 
viding substantial change thereto. It is the intention of the 
claims to encompass and/or include such changes. 

1. An optical relay, comprising: 
a lens having an at least partially re?ective coating and 

having a ?rst index of refraction, the lens comprising a 
Fresnel lens, a diffractive lens, a holographic lens, or 
combinations thereof, Wherein the at least partially 
re?ective coating is a neutral density ?lter; 

a ?ller medium having a second index of refraction and 
being disposed adjacent to the lens, Wherein at least one 
of the lens or the ?ller medium, or combinations thereof, 
is at least partially transparent; 

a polariZing beam splitter disposed betWeen the integrated 
photonics module and the optical relay; and 

a retarder or a beam splitter, or combinations thereof, dis 
posed proximate to the lens. 

2. An optical relay as claimed in claim 1, Wherein the lens 
has a generally planar pro?le, a slightly curved pro?le, an 
elliptical curved pro?le, a spherical curved pro?led, or an 
aspheric curved pro?le, or combinations thereof. 

3. An optical relay as claimed in claim 1, Wherein the ?rst 
index of refraction is equal to or approximately equal to the 
second index of refraction. 

4. An optical relay as claimed in claim 1, Wherein the ?rst 
index of refraction is su?iciently different from the second 
index of refraction to provide magni?cation of an image 
transmitted through the lens. 

5. An optical relay as claimed in claim 1, further compris 
ing: 

a ?rst layer and a second layer, Wherein the ?rst layer and 
the second layer are at least partially transparent; 

Wherein the lens and the ?ller medium are disposed 
betWeen the ?rst layer and the second layer. 

6. An optical relay as claimed in claim 1, further compris 
ing: 

a ?rst layer and a second layer, Wherein the ?rst layer and 
the second layer are at least partially transparent; 

Wherein the lens and the ?ller medium are disposed 
betWeen the ?rst layer and the second layer, and the ?rst 
layer or the second layer, or combinations thereof, have 
a curvature to provide magni?cation to an image trans 
mitted through the lens, Wherein the curvature com 
prises an inner surface of the ?rst layer, an outer surface 
of the ?rst layer, an inner surface of the second layer, or 
an outer surface of the second layer, or combinations 
thereof. 

7. A head-up display system for a vehicle, comprising: 
a projector to display a projected image; and 
an optical relay onto Which the image is projected from a 

?rst side of the optical relay to alloW a vieWer to vieW the 
projected image through the optical relay Wherein the 
virtual projected image is displayed on another side of 
the optical relay; 

Wherein the optical relay comprises: 
a lens having an partially-re?ective coating and a ?rst index 

of refraction, Wherein the lens comprises a Fresnel lens, 
a diffractive lens, or a holographic lens, or combinations 
thereof, Wherein the partially re?ective coating is a neu 
tral density ?lter; 

a ?ller medium having a second index of refraction and 
being disposed adjacent to the lens, Wherein at least one 
of the lens or the ?ller medium, or combinations thereof, 
is at least partially transparent; 
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a polariZing beam splitter disposed betWeen the integrated 
photonics module and the optical relay; and 

a retarder or a beam splitter, or combinations thereof, dis 
posed proximate to the lens. 

8. A head-up display system as claimed in claim 7, Wherein 
the projected beam from the projector is arranged to impinge 
generally on-axis With respect to the optical relay, Wherein the 
projected beam generally normal to a plane of the optical 
relay bisects or nearly bisects an angle betWeen the projector 
and a vieWer, and the optical relay is generally tilted With 
respect to a line of sight of the vieWer. 

9. A head-up display system as claimed in claim 7, Wherein 
the projected beam from the projector is arranged to impinge 
generally off-axis With respect to the optical relay, Wherein 
the projected beam normal to the plane of the optical relay 
does not bisect or nearly bisect an angle betWeen the projector 
and a vieWer, and the optical relay is disposed generally 
normal With respect to a line of sight of the vieWer. 

10. A head-up display system as claimed in claim 7, further 
comprising a Windshield, Wherein the optical relay is dis 
posed adjacent to the Windshield or integrated Within the 
Windshield, or combinations thereof. 

11. A head-up display system as claimed in claim 7, further 
comprising a Windshield, Wherein the Windshield has a ?rst 
display region in Which a ?rst type of image may be dis 
played, and the Windshield has a second display region in 
Which a second type of image may be displayed, Wherein the 
optical relay is at least partially disposed Within the ?rst 
display region for displaying the projected image projected 
by the integrated photonics module. 

12. A head-up display system as claimed in claim 7, 
Wherein the lens has a generally planar pro?le, a slightly 
curved pro?le, an elliptical curved pro?le, a spherical curved 
pro?led, or an aspheric curved pro?le, or combinations 
thereof. 

13. A head-up display system as claimed in claim 7, 
Wherein the ?rst index of refraction is equal to or approxi 
mately equal to the second index of refraction. 

14. A head-up display system as claimed in claim 7, 
Wherein the ?rst index of refraction is suf?ciently different 
from the second index of refraction to provide magni?cation 
of an image transmitted through the lens. 

15. A head-up display system as claimed in claim 7, further 
comprising: 

a ?rst layer and a second layer, Wherein the ?rst layer and 
the second layer are at least partially transparent; 

Wherein the lens and the ?ller medium are disposed 
betWeen the ?rst layer and the second layer. 

16. A head-up display system as claimed in claim 7, further 
comprising: 

a ?rst layer and a second layer, Wherein the ?rst layer and 
the second layer are at least partially transparent; 

Wherein the lens and the ?ller medium are disposed 
betWeen the ?rst layer and the second layer, and the ?rst 
layer or the second layer, or combinations thereof, have 
a curvature to provide magni?cation of an image pro 
jected through the lens, Wherein the curvature comprises 
an inner surface of the ?rst layer, an outer surface of the 
?rst layer, an inner surface of the second layer, or an 
outer surface of the second layer, or combinations 
thereof. 

17. A near-to-eye display system, comprising: 
a projector module capable of emitting a projected image; 

and 
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an optical relay onto Which the scanned beam is projected 
from a ?rst side of the optical relay to alloW a vieWer to 
vieW the projected image through the optical relay 
Wherein the projected image is displayed on another side 
of the optical relay; 

Wherein the optical relay comprises: 
a lens having an least partially re?ective coating and a ?rst 

index of refraction, the lens comprising a Fresnel lens, a 
diffractive lens, or a holographic lens, or combinations 
thereof, Wherein the at least partially re?ective coating is 
a neutral density ?lter; 

a ?ller medium having a second index of refraction and 
being disposed adjacent to the lens, Wherein at least one 
of the lens or the ?ller medium, or combinations thereof, 
is at least partially transparent; 

a polariZing beam splitter disposed betWeen the integrated 
photonics module and the optical relay; and 

a retarder or a beam splitter, or combinations thereof, dis 
posed proximate to the lens. 
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18. A near-to-eye display system as claimed in claim 17, 
further comprising: 

a ?rst layer and a second layer, Wherein the ?rst layer and 
the second layer are at least partially transparent; 

Wherein the lens and the ?ller medium are disposed 
betWeen the ?rst layer and the second layer, and the ?rst 
layer or the second layer, or combinations thereof, have 
a curvature to provide magni?cation of an image trans 
mitted through the optical relay, Wherein the curvature 
comprises an inner surface of the ?rst layer, an outer 
surface of the ?rst layer, an inner surface of the second 
layer, or an outer surface of the second layer, or combi 
nations thereof. 

19. A near-to-eye display system as claimed in claim 17, 
Wherein a distance betWeen the integrated photonics module 
and the optical relay is adjustable to alloW adjustment of 
distance at Which the projected image appears from the vieW 
er’s eye. 

20-25. (canceled) 


