
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2016/064773 Al
28 April 2016 (28.04.2016) P O P C T

(51) International Patent Classification: Street, Vancouver, British Columbia V6A 4H6 (CA). AB-
G02B 27/01 (2006.01) G02B 3/00 (2006.01) DOLLAHI, Hamid; 9-1245 Homer St., Vancouver, BC
B60K 37/00 (2006.01) V6B 2Y9 (CA). STOEBER, Boris; 313-1890 West Sixth

Avenue, Vancouver, BC V6J 1R6 (CA).
(21) International Application Number:

PCT/US20 15/056296 (74) Agent: GUPTA, Rishi; Capital Patent Group, c/o CPA
Global, P.O. Box 52050, Minneapolis, Minnesota 55402

(22) International Filing Date:
(US).

20 October 2015 (20.10.201 5)
(81) Designated States (unless otherwise indicated, for every

(25) Filing Language: English kind of national protection available): AE, AG, AL, AM,
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(30) Priority Data: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

62/066,256 20 October 2014 (20. 10.2014) US HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

(71) Applicant: INTEL CORPORATION [US/US]; 2200 KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

Mission College Boulevard, Santa Clara, California 95054- MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

1549 (US). PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(72) Inventors: PARK, Hongbae Sam; 1404-6595 Bonsor Av TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
enue, Burnaby, British Columbia V5H 4G5 (CA).
HOSKINSON, Reynald Antoine; 601-289 Alexander (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

[Continued on nextpage]

(54) Title: NEAR-EYE DISPLAY SYSTEM

(57) Abstract: The present disclosure
provides a near-eye display system for gener
ating a virtual image of a display, including: a
display, a first lens array comprising a plural
ity of concave microlenses having a first
pitch, and a second lens array positioned in
front of the first lens array, the second lens ar
ray comprising a plurality of convex mi
crolenses having a second pitch, wherein the
first lens array is positioned on an optical path
between the display and the second lens array,
and wherein the first lens array has a focal
plane at the display and the second lens array
has a focal plane at a virtual image plane of
the first lens array.

102

FIG. 1

©
v

o

o



w o 2016/064773 Ai llll I I I I 11III III II II I I II llll III II I II

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
— as to the applicant's entitlement to claim the priority of

TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
the earlier application (Rule 4.1 ?'(in))

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, — of inventorship (Rule 4.17(iv))
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE,

Published:
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,

GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG). — with international search report (Art. 21(3))

Declarations under Rule 4.17 :

— as to applicant's entitlement to apply for and be granted
patent (Rule 4.17(H))



NEAR-EYE DISPLAY SYSTEM

Cross reference to related applications

[0001] The present disclosure claims the benefit of priority to United States

Provisional Patent Application No. 62/066,256 titled "NEAR-EYE DISPLAY

SYSTEM" and filed on October 20, 2014, the entire contents of which are

incorporated by reference herein.

Technical Field

[0002] The present disclosure relates to a near-eye display system, which

may, for example, be encompassed in a heads-up display system.

Background

[0003] Head-Up Display (HUD) systems have become popular in a number of

applications, including personal wearable devices. Generally, HUD systems present

data to a user without requiring the user to look away from their usual viewpoints.

[0004] A near-eye display system creates a display in front of the user's field

of vision and is an integral part of any HUD system. One of the limiting factors in

designing a near-eye system for HUD systems is the human eye's accommodation.

Accommodation is the process by which the human eye changes optical power to

maintain a clear image or focus on an object as its distance varies. A normal human

eye can typically comfortably focus on objects at a distance of 25 cm or greater,

although studies have indicated that the minimum distance a normal human eye can

focus (minimum amplitude of accommodation) can be as small as about 10 Dioptre,

which is roughly around 10 cm.

[0005] Wearable HUD systems are generally intended for ease of portability

and comfort of use. Compact systems that provide for the minimum amplitude of

accommodation of a user's eye, are desirable.

[0006] Improvements in near-eye displays are desirable.



Brief Description of the Drawings

[0007] These and other features of the disclosure will become more apparent

from the following description in which reference is made to the appended drawings

wherein:

[0008] Figure 1 is a schematic diagram of an example of a near-eye display

(NED) system.

[0009] Figures 2A-H are a schematic diagrams of different arrangements and

shapes of microlenses in a lens array.

[0010] Figure 3 is a schematic diagram of an example of a lens array.

[001 1] Figure 4 is a schematic diagram of a near-eye display system, wherein

the solid line style (—) represent light rays, dashed and dotted lines (— ■— ■)

represent the apparent path of light rays; and dashed-only lines (— ) represent the

virtual image.

[0012] Figure 5A is a schematic diagram of a spherical microlens surface.

[0013] Figure 5B is a schematic diagram of an aspherical micolens surface.

[0014] Figure 6A is a schematic diagram of a diffractive grating layer.

[0015] Figure 6B is a schematic diagram of a Fresnel grooves layer.

[0016] Figure 7 is a schematic diagram of an example of a folded-eye display

system.

[0017] Figure 8 is a schematic diagram of another example of a folded-eye

display system.

[0018] Figure 9 is a schematic diagram of an eyebox (shaded region) formed

in an example of a near-eye display system.

[0019] Figure 10 is a schematic diagram of the results of a 2-D ray tracing

simulation of an example of a near-eye display system.

[0020] Figure 11 is a process flow diagram for creating a virtual and real

image from a display for a near-eye display device.

Detailed Description

[0021] Generally, the present disclosure provides a near-eye display (NED)

system for generating a virtual image of a display, including: a display, a first lens

array positioned in front of the display, the first lens array comprising a plurality of



concave microlenses having a first pitch, and a second lens array positioned in front

of the first lens array, the second lens array comprising a plurality of convex

microlenses having a second pitch, wherein the first lens array has a focal plane at

the display and the second lens array has a focal plane at a virtual image plane of

the first array.

[0022] For simplicity and clarity of illustration, reference numerals may be

repeated among the figures to indicate corresponding or analogous elements.

Numerous details are set forth to provide an understanding of the examples

described herein. The examples may be practiced without these details. In other

instances, well-known methods, procedures, and components are not described in

detail to avoid obscuring the examples described. The description is not to be

considered as limited to the scope of the examples described herein.

[0023] A schematic illustration of an example near-eye display (NED) system

100 is shown in Figure 1. The near-eye display system 100 includes a display 102

that transmits visual information for visual reception, and a first lens array 104 and a

second lens array 106 that transmit and refract light provided by the display 102.

Figure 1 shows a convex first microlens array 104 and a concave second lens array

106.

[0024] In the context of the present disclosure, it should be understood that

each of a lens' optical surfaces may be convex (bulging outwards from the lens),

concave (depressed into the lens), or planar (flat). A lens is biconvex if both of its

optical surfaces are convex, whereas a lens is biconcave if both of its optical

surfaces are concave.

[0025] In the context of the present disclosure, a near-eye display system is a

system with one or more optical elements within the user's field of vision that present

an image for viewing by the user. The optical elements may be transparent or

opaque depending on the application. For example, as discussed further below in

some embodiments, the display itself may be within the user's field of vision,

whereas in other embodiments the display may be outside of the user's field of

vision, and a beamsplitter, holographic optical element, or other optical element may

be used to direct light from the display to the user's eye.



[0026] In the context of the present disclosure, the display 102 may be any

display that presents visual information by emitting light. An example of a display

that may be used in the present disclosure is a liquid crystal display (LCD).

[0027] In the context of the present disclosure, a lens array contains multiple

small lenses, which may be referred to as microlenses. The microlenses of a lens

array may be arranged in a one-dimensional or two-dimensional matrix. The

examples disclosed herein contemplate lens arrays comprising two-dimensional

matrices of microlenses, which would typically be used in conjunction with typical

displays such as, for example, LCDs. Lens arrays comprising one-dimensional

matrices of microlenses may be useful in conjunction with retinal-scanning type near-

eye displays.

[0028] In some embodiments, the microlenses of each lens array are all

evenly spaced. The term "pitch" is used to refer to the center-to-center spacing

between adjacent microlenses of an array.

[0029] The microlenses of an array may be formed from a block of transparent

optical material, or may be formed from transparent optical material on a supporting

substrate. A supporting substrate may be a thin sheet of light-permitting substrate.

The optical material used for the microlenses and/or the supporting substrate may,

for example, be quartz glass, borosilicate glass (e.g. Pyrex™), or polymer-based

materials such as polydimethylsiloxane (PDMS) or poly(methyl methacrylate)

(PMMA). In some embodiments, a lens array may be made by preparing a mold and

using the mold for example to stamp out the array from a suitable optical material, or

filling the mold with suitable optical material.

[0030] In some embodiments, all microlenses in an array have the same focal

length. Accordingly, each lens array may consist of either convex or concave

microlenses.

[0031] In the context of the present disclosure, it should be understood that

two or more lens arrays, with different pitches, in series, collectively form a

superlens. The pitch of a lens array is defined as the distance between the centers

of adjacent microlenses in the lens array.

[0032] Microlenses of different shapes and arrangements in a microlens may

be used, as desired. For example, Figure 2A shows an example array 200A with

circular lenses 202A arranged in an orthogonal formation, and Figure 2B shows an



example array 200B with circular lenses 202A arranged in a hexagonal formation. In

both of the arrays 200A/200B, there is some "non-lens area" 204A/204B (formed by

the gaps between microlenses), such that the "fill-factor" of the microlenses is less

than 100%. The hexagonal formation of circular lenses in array 200B has a higher

fill-factor than the orthogonal formation circular lenses in array 200A. Figures 2C

and 2D show example arrays 200C and 200D that provide 100% fill-factor, but the

square microlenses202C of array 200C of Figure 2C, and the hexagonal microlenses

202C of array 200D of Figure 2D may be more difficult to fabricate than circular

lenses.

[0033] Lens arrays with 100% fill factor provide increased light propagation

efficiency in comparison to arrays with less than 100% fill factor. For example,

where light from the display passes through gaps between the microlenses, this light

is not refracted and instead reaches the user's eye as stray light, which may be

perceived as a blur, and result in decreased resolution. In some embodiments, the

non-lens area of a lens array may be covered with a light-blocking paint or other

opaque material such that light is only permitted to pass through the lens portions of

the lens array. In some embodiments, the non-lens areas of both of the first and

second lens arrays 104/1 06 comprise opaque material. In some embodiments, the

non-lens area of only one of the first and second lens arrays 104/1 06 comprises

opaque material. For example, in some embodiments an opaque coating may be

applied to the second (convex) lens array 106, which is the outermost array. In other

embodiments, an opaque coating may be applied to the first (concave) lens array

104, which may simplify fabrication since the first lens array 104 has a flatter profile

(e.g., the concave microlenses of the first lens array 104 may not protrude outwardly

from the surface(s) of the array).

[0034] Figure 2E shows an example lens array 200Ewith circular microlenses

202E arranged in an orthogonal formation, and separated from one another such

that the edges of the microlenses do not abut each other, resulting in a greater

percentage of non-lens area 204E (and thus a lower fill-factor) in comparison to

array 200A of Figure 2A. The non-lens area 204E of array 200E is covered with a

light-blocking material such that light can only pass through the array 200E through

the microlenses 202E.



[0035] Arrays such as the example array 200E of Figure 2E with relatively

greater amounts of non-lens area that is rendered opaque may be useful in

situations where strong ambient light is present. For example, sunlight management

is an important consideration in the design of NEDs, because oftentimes sunlight can

enter into the NED through the lens (e.g., by reflection from the user's cheek), if the

intensity of the sunlight overpowers the brightness of the display, it can wash out the

display. By providing a lens array with a reduced fill factor and an opaque non-lens

area, the light-blocking coating on the non-lens area can advantageously reduce the

amount of sunlight entering the NED through the array.

[0036] The example arrays of Figures 2A-E have generally square shapes,

but it is to be understood that the shape of a lens array can be varied depending on

the intended application. For example, lens arrays can have shapes that are

generally circular (e.g. array 200F of Figure 2F), rectangular (e.g. array 200G of

Figure 2G), triangular (e.g. array 200H of Figure 2H), hexagonal (now shown), or

other shapes.

[0037] Figure 3 is a schematic diagram of an example of a convex (second)

lens array 106 consisting of convex microlenses 108 having a pitch p 109. (The first

lens array is not shown in Figure 3.) In the context of the present disclosure, it

should be understood that the relationship between the pitches and focal lengths of

the first and the second lens arrays 104 and 106, and the behavior of the light rays

passing through the system 100, is defined by Equation 1:

F =——— f 2 Equation 1,pl-p2

wherein Fis the focal length of the system 100 as a whole, p 1 is the pitch of the first

lens array 104, and p2 and f2 are the pitch and effective focal length, respectively, of

the second lens array 106.

[0038] In the context of the present disclosure, it should be understood that

focal length is the measure of how strongly an optical system converges or diverges

light. For an optical system in air, it is the distance over which initially collimated

rays are brought to a focus. The focal plane is the plane through a focal point and

perpendicular to the optical axis of a lens. A virtual image is an image formed when

the outgoing rays from a point on an object diverge and the image appears to be



located at the point of apparent divergence. In contrast, a real image is one that is

formed when the outgoing rays from a point on an object converge at a real location.

[0039] In some examples, particular combinations of pitch and focal lengths of

the first and second lens arrays 104/1 06 may be selected such that the superlens

can behave as a singlet lens producing a magnified image. An illustration of a

portion of an example of a near-eye display system 100 is shown in Figure 4 . The

display 102 is at the focal plane of the first lens array 104. Outgoing rays from the

display 102 diverge as they pass through the first lens array 104, generating a virtual

image 110 on the same side of the first lens array 104 as the display 102, and are

collimated as they pass through the second lens array 106. In this example, the

focal plane of the second lens array 106 is at the plane of the virtual image 110

generated by the first lens array 104.

[0040] In some embodiments, each microlens of each of the first and second

lens arrays 104/1 06 is a spherical microlens. In the context of the present

disclosure, it should be understood that a microlens is spherical when the

microlenssurface, at all points, is equidistant from the center of the microlens, as

shown in Figure 5A (e.g., the microlens has a constant radius of curvature. In other

embodiments, the microlenses may be aspherical. In the context of the present

disclosure, it should be understood that a microlens is a spherical when the points of

the microlenssurface are not equidistant from the center of the microlens, as shown

in Figure 5B (e.g., the microlens does not have a constant radius of

curvature).Aspherical microlenses may be used for optical aberration correction.

Examples of optical aberrations include chromatic aberrations, distortion aberrations,

coma aberrations and spherical aberrations.

[0041] Chromatic aberrations can occur, for example, when color displays

(such as an LCD monitor) are viewed through a typical magnifying glass, and color

separation might be observed. This is because the refractive power of the

magnifying glass is different for different colors (wavelengths). Usually chromatic

aberrations are minimized with the use of low refractive index materials, or the

surface of a lens can be treated with diffractive gratings optimized for wavelengths of

light of interest. Also, concave-convex lens pairs can be used such that they cancel

out the chromatic aberration. The concave and convex arrays 104 and 104 of system

100 can be designed to minimize chromatic aberration.



[0042] Distortion aberrations can occur, for example, in typical spherical

magnifiers, where the image viewed through the spherical magnifier can seem to be

either pulled towards the viewer or away from the viewer at the edges of the image.

This is because the magnification differs as we move from the center of the lens to

the edge of the lens. This can be corrected by making the lens surface aspherical.

[0043] Other aberrations such as coma and spherical aberrations can also

occur with spherical lenses, since the effective resolution of the lens will be far less

than ideal because the light refracted by a spherical lens do not actually get focused

at a common point on the optical axis. Instead, the focal point would be spread over

a certain range on the optical axis, and the lens will never be in a perfect focus,

which could decrease the resolution. This can also be corrected by having an

aspherical lens surface. In practice, all non-ideal lenses cause optical aberrations to

occur to a certain degree, and can be challenging to correct for all of the aberrations

at the same time. Prior art solutions typically address aberrations through the use of

additional lenses. In contrast, system 100 comprises only two arrays 104 and 106 of

microlenses, and surface treatments may be used to correct for aberrations, such as

for example, using diffractive gratings or modifying the lens surface geometry from

spherical to aspherical. Whether or not particular aspherical microlenses and/or

surface treatments are desirable for a particular NED system depends on what type

of optical aberrations are required to be corrected. In some embodiments, a NED

system design may begin with spherical microlenses in the arrays, then, based on

other elements of the system (e.g., whether it is a folded or non-folded type system),

adjust one or both of the lens arrays to include aspherical microlenses, diffractive

gratings, or other surface treatments to address any optical aberrations.

[0044] In some embodiments, instead of each microlens of each being

implemented a small simple lens, one or both of the first and second lens arrays

104/1 06 may be implemented as an array of diffractive grating microlenses or an

array of Fresnel microlenses. A diffractive grating is an optical component with

periodic structure, which splits and diffracts light into several beams traveling in

different directions. The directions of these beams depend on the spacing of the

grating and the wavelength of light.

[0045] Figure 6A shows an example lens array 600A comprising a plurality of

diffractive grating microlenses 602A. A diffractive grating microlens may be



configured to act as a convex microlens or a concave microlens. In the example of

Figure 6A, the lens array 600A has binary phase gratings ( i.e., only 1 grating step

size), but other grating types may be used in other embodiments. Also, in some

embodiments diffractive optics can also be used in conjunction with refractive optics,

for example a refractive lens can be surface treated to have diffractive gratings on it.

[0046] Figure 6B shows an example lens array 600B comprising a plurality of

Fresnel microlenses 602B. Each Fresnel microlens comprises a plurality Fresnel

grooves that have the same curvature as corresponding portions of a traditional

continuous lens surface. In the example of Figure 6B, the lens array 600B

comprises convex Fresnel microlenses 602B, but concave Fresnel microlenses may

be used to implement a concave lens array.

[0047] Some embodiments of a NED system according to the present

disclosure comprise lens arrays with aspheric microlenses having diffractive gratings

formed on the surfaces of the microlenses. Such a lens array may require more

initial time or effort to construct (e.g. a more complex mold may be required), but

once the initial lens array design is completed mass production of such arrays would

be largely similar to arrays with spherical microlenses (e.g., by using the mold for

stamping the arrays from suitable optical material).

[0048] In some embodiments, the near-eye display system may have a non-

folded configuration, such as in the example schematically depicted in Figure 1. In

other examples, the near-eye display system may be in a folded configuration, as

shown for example in Figures 7 and 8 . In the context of the present disclosure, it

should be understood that a non-folded optics configuration is an optical system in

which the display surface and the surfaces of the lens arrays are parallel and share

the same optical axis, which is normal to the surfaces. A folded optics configuration

is an optical system in which the beam is bent for the purpose of reducing the

physical length of the system or for the purpose of changing the path of the optical

axis. Components such as free-form surface prisms, beam splitters, mirrors,

waveguides and other optical components may be used to make a folded near-eye

display system.

[0049] Figure 7 shows one example of a folded near-eye display system 700

where the lens arrays 104/1 06 are the final elements that light from the display

passes through before reaching a user's eye. Briefly, the beam from the display 102



is redirected by a transparent beam redirection element 702 (e.g., a beam splitter,

holographic optical element, or the like) before it travels to the lens arrays 104/1 06,

then to a user's eye. A null lens 704 is used to negate the optical effect of the lens

arrays 104/1 06, thus allowing the outside scenery to be seen through the transparent

beam redirection element 702.

[0050] Figure 8 shows a second example of a folded near-eye display system

800 where the lens arrays 104/1 06 are the initial elements that light from the display

passes through. Briefly, a beam from the display 102 travels to the lens arrays

104/1 06 before it is redirected by a transparent beam redirection element 802, then

to a user's eye. The transparent beam redirection element 802 may, for example, be

embedded within a transparent optical medium between a rear surface 804 and a

front surface 806.

[0051] Head-up display (HUD) systems were initially developed for military

aviation, but are now used in commercial aircrafts, automobiles, computer gaming

and wearable devices. HUD systems, for example, include head-mounted wearable

display devices that have the capability of reflecting projected images as well as

allowing the user to see through it. Ideally, wearable HUD systems should be as

compact as possible so that the user is comfortable wearing the system.

Consequently, the display of most contemporary wearable HUD systems are

positioned as close to the eye as possible to minimize the overall form-factor. The

distance of a display from the eye may be referred to as "eye relief" of the display.

For example, a near-eye display system as disclosed herein may be used to permit

smaller eye relieve than certain prior art HUD systems.

[0052] One consideration in the design of a HUD is the eyebox. The eyebox

is the three-dimensional space in front of a near-eye display within which the

complete virtual image of the display can be viewed by a user's eye. The larger the

eyebox, the more freedom of head movement the viewer has while still being able to

view the complete virtual image. An example of an eyebox 114 of a near-eye display

system 100 according to certain embodiments of the present disclosure is shown in

Figure 9 . The eyebox 114 is formed in the space created by overlapping collimated

beams. The size of the eyebox is determined by the size of the display 102 and lens

arrays 104/1 06, and the angle a, which may be referred to as the "exit angle." Angle

a is defined as the angle between the optical axis 120 of the arrays 104/1 06, and



light rays refracted from the outer edges (which may be referred to as "edge rays") of

the second lens array 106. Angle a is considered to have a negative value when

the edge rays converge, as shown in Figure 9, which occurs in a concave-convex

system such as system 100. In contrast, Angle a is considered to have a positive

value in systems where the edge rays diverge.

[0053] In 2-D ray tracing simulations, the eyebox can be viewed as the area

where collimated beams overlap, as shown in Figure 10 . The results of the

simulation show the deflection of collimated beams, launched from different locations

on the display 102, and deflected when exiting from the near-eye display system

100, which consists of the first and second lens arrays 104/1 06.

[0054] The field of view (FOV) of a near-eye display is a linear function of the

size of the lens arrays. Consequently, in the examples herein, without any change in

the lens array parameters (such as focal length or microlens diameter), a large FOV

can be achieved by increasing the surface area of the lens arrays 104/106. An F-

number is the ratio between the focal length and the aperture diameter of a lens. In

some examples, the present disclosure provides a near-eye display system with an

F-number of less than 1. For example, some embodiments provide a NED system

with lens arrays 104/106 having a combined focal length of about 5.4mm and an

aperture diameter of about 12mm, which translates to an F-number of about 0.45.

[0055] In some embodiments, the distance between the first lens array 104

and the second lens array 106 may be about 10 mm or less. For example, in some

embodiments the first and second lens arrays 104/1 06 may be in contact with each

other. In some embodiments, the distance between the first lens array 104 and the

display 102 may be between about 0 mm and about 50 mm.

[0056] In some embodiments, the combined overall focal length of the first

and second lens arrays 104/1 06 may be about 5mm, the exit angle of the first and

second lens arrays 104/1 06 may be about -14 degrees. In some embodiments, the

first lens array 104 may have a pitch of about 260 µιτι , and the second lens array 106

may have a pitch of about 250 µιτι . In some embodiments, the first lens array 104

may have a pitch of about 280 µιτι , and the second lens array 106 may have a pitch

of about 269 µηη .Α long as the ratio between pitches and the respective focal

lengths of the first and second lens arrays 104/1 06are kept constant, any pitches will

work for given overall system focal length and exit angle. In some examples, the first



lens array may have a focal length of about -400 µιτι and the second lens array may

have a focal length of about 1020 µιτι .

[0057] Figure 11 is a process flow diagram 1100 for generating a virtual

image. A display can emit light representing a displayed image ( 1 102). A first,

concave microlens array can receive the emitted light and refract the light, which can

create a virtual image between the display and the first, concave microlens ( 1 104).

A second, convex microlens array can receive the refracted light, and refract the light

to create real image of the emitted light representing the displayed image ( 1 106). In

some embodiments, the refracted light from the second, convex microlens array can

be redirected to change the location of the resulting real image. In some

embodiments, the displayed image can be redirected before reaching the first,

concave microlens array.

[0058] Aspects of the embodiments are directed to a near-eye display system

for generating a virtual image of a display. The near-eye display system may include

a display, a first lens array comprising a plurality of concave microlenses having a

first pitch; and a second lens array positioned in front of the first lens array, the

second lens array comprising a plurality of convex microlenses having a second

pitch. The first lens array can be positioned on an optical path between the display

and the second lens array. The first lens array has a focal plane at the display and

the second lens array has a focal plane at a virtual image plane of the first lens

array.

[0059] Aspects of the embodiments are directed to a method for generating a

virtual image. The method can include receiving, at a first, concave microlens array,

light emitted from a display, generating a virtual image based on the light emitted

from the display at a location between the display and the first, concave microlens

array, receiving, at a second, convex microlens array, the light transmitted from the

first, concave microlens array, and generating a real image based on the light

emitted from the display with the second, convex microlens array.

[0060] Aspects of the embodiments are directed to a wearable apparatus

configured to perform the method steps. Aspects of the embodiments are directed to

a near-eye display device that includes a display means, a means for generating a

real image, and a means for generating a virtual image. In some embodiments, the



near-eye display device also includes means for changing the direction of emitted

light.

[0061] In some implementations of the embodiments, the pitch of the first lens

array is not equal to the pitch of the second lens array, such that the virtual image is

magnified.

[0062] In some implementations of the embodiments, virtual image is

magnified in comparison to the display by a magnification factor of at least 1.

[0063] In some implementations of the embodiments, the distance between

the first lens array and the second lens array is between about 0 mm and about 10

mm.

[0064] In some implementations of the embodiments, the distance between

the first lens array and the display is between about 0 mm and about 50 mm.

[0065] In some implementations of the embodiments, the distance between

the first lens array and the second lens array is between about 0 mm and about 10

mm, and the distance between the first lens array and the display is between about 0

mm to about 50 mm.

[0066] In some implementations of the embodiments, wherein the first lens

array has a pitch of about 260 µιτι .

[0067] In some implementations of the embodiments, wherein the second lens

array has a pitch of about 250 µιτι .

[0068] In some implementations of the embodiments, the first lens array has a

pitch of about 260 µιτι and the second lens array has a pitch of about 250 µιτι .

[0069] In some implementations of the embodiments, the first lens array has a

focal length of about -400 µιτι .

[0070] In some implementations of the embodiments, the second lens array

has a focal length of about 1020 µιτι .

[0071] In some implementations of the embodiments, the first lens array has a

focal length of about -400 µιτι and the second lens array has a focal length of about

1020 µηη .

[0072] In some implementations of the embodiments, the first and second lens

arrays have an exit angle of about -14 degrees.

[0073] In some implementations of the embodiments, the first and second lens

arrays have a ratio of combined focal length to aperture diameter of less than 1.



[0074] In some implementations of the embodiments, the first and second lens

arrays have a ratio of combined focal length to aperture diameter of about 0.5.

[0075] In some implementations of the embodiments, the display, the first lens

array and the second lens array have the same optical axis.

[0076] Some implementations of the near-eye display system may include a

transparent beam redirection element; and a null lens. The display may be

positioned substantially perpendicular to the first and second lens arrays. The

transparent beam redirection element may be positioned on the optical path between

the display and the first lens array, and the first and second lens arrays may be

positioned between transparent beam redirection element and a user's eye. The null

lens may be positioned on the opposite side the transparent beam redirection

element from the first and second lens arrays and the null lens may be configured to

negate the optical effect of the first and lens arrays.

[0077] Some implementations of the near-eye display system may include a

transparent beam redirection element embedded within a transparent optical

medium. The transparent beam redirection element may be positioned on the

optical path between the second lens array and a user's eye.

[0078] In some implementations of the embodiments, the microlenses are

spherical lenses.

[0079] In some implementations of the embodiments, the microlenses are

aspherical lenses.

[0080] In some implementations of the embodiments, the near-eye display

system includes diffractive gratings formed on the surfaces of the microlenses.

[0081] In some implementations of the embodiments, the near-eye display

system includes diffractive gratings formed on the surfaces of the microlenses.

[0082] In some implementations of the embodiments, one of the first and

second lens arrays comprises diffractive grating microlenses.

[0083] In some implementations of the embodiments, one of the first and

second lens arrays comprises Fresnel microlenses.

[0084] In some implementations of the embodiments, the microlenses of the

first lens array are biconcave.

[0085] In some implementations of the embodiments, the microlenses of the

second lens array are biconvex.



[0086] In some implementations of the embodiments, the microlenses of the

first lens array are biconcave and the microlenses of the second lens array are

biconvex.

[0087] In some implementations of the embodiments, the microlenses of the

first and second lens arrays are square lenses or hexagonal lenses arranged to

provide a fill factor of substantially 100%.

[0088] In some implementations of the embodiments, the microlenses of the

first and second lens arrays are circular lenses arranged in an orthogonal

arrangement.

[0089] In some implementations of the embodiments, the microlenses of the

first and second lens arrays are circular lenses arranged in a hexagonal

arrangement.

[0090] In some implementations of the embodiments, a non-lens area of one

of the first and second lens arrays comprises an opaque material.

[0091] In some implementations of the embodiments, a non-lens area of one

of the first and second lens arrays comprises an opaque material.

[0092] The present disclosure may be embodied in other specific forms

without departing from its spirit or essential characteristics. The described

embodiments are to be considered in all respects only as illustrative and not

restrictive.



Claims:

1. A near-eye display system for generating a virtual image of a display,

comprising

a display;

a first lens array comprising a plurality of concave microlenses having a first

pitch; and

a second lens array positioned in front of the first lens array, the second lens

array comprising a plurality of convex microlenses having a second pitch,

wherein the first lens array is positioned on an optical path between the

display and the second lens array, and

wherein the first lens array has a focal plane at the display and the second

lens array has a focal plane at a virtual image plane of the first lens array.

2 . The near-eye display system of claim 1, wherein the pitch of the first lens

array is not equal to the pitch of the second lens array, such that the virtual image is

magnified.

3 . The near-eye display system of claim 1, wherein the display, the first lens

array and the second lens array have the same optical axis.

4 . The near-eye display system of claim 1, wherein one of the first and second

lens arrays comprises diffractive grating microlenses.

5 . The near-eye display system of claim 1, wherein one of the first and second

lens arrays comprises Fresnel microlenses.

6 . The near-eye display system of claim 1, wherein the microlenses of the first

lens array are biconcave.

7 . The near-eye display system of claim 1, wherein the microlenses of the

second lens array are biconvex.



8 . The near-eye display system of claim 1, wherein the microlenses of the first

and second lens arrays are circular lenses arranged in an orthogonal arrangement.

9 . The near-eye display system of claim 1, wherein the microlenses of the first

and second lens arrays are circular lenses arranged in a hexagonal arrangement.

10 . The near-eye display system of claim 1, wherein a non-lens area of one of the

first and second lens arrays comprises an opaque material.

11. An wearable apparatus for generating a near-eye virtual image of a display,

comprising:

a first lens array comprising a plurality of concave microlenses having a first

pitch; and

a second lens array positioned in front of the first lens array, the second lens

array comprising a plurality of convex microlenses having a second pitch,

wherein the first lens array is positioned on an optical path between the

display and the second lens array, and

wherein the first lens array has a focal plane at the display and the second

lens array has a focal plane at a virtual image plane of the first lens array.

12 . The wearable apparatus of claim 11, wherein the pitch of the first lens array is

not equal to the pitch of the second lens array, such that the virtual image is

magnified.

13 . The wearable apparatus of claim 11, wherein the display, the first lens array

and the second lens array have the same optical axis.

14. The wearable apparatus of claim 11, wherein one of the first and second lens

arrays comprises diffractive grating microlenses.

15 . The wearable apparatus of claim 11, wherein one of the first and second lens

arrays comprises Fresnel microlenses.



16 . The wearable apparatus of claim 11, wherein the microlenses of the first lens

array are biconcave.

17 . The wearable apparatus of claim 11, wherein the microlenses of the second

lens array are biconvex.

18 . An wearable apparatus for generating a near-eye virtual image of a display,

comprising:

a first lens array comprising a plurality of concave microlenses having a first

pitch;

a second lens array positioned in front of the first lens array, the second lens

array comprising a plurality of convex microlenses having a second pitch;

a transparent beam redirection element; and

a null lens,

wherein the display is positioned generally perpendicular to the first and

second lens arrays,

wherein the first lens array is positioned on an optical path between the

display and the second lens array, and

wherein the first lens array has a focal plane at the display and the second

lens array has a focal plane at a virtual image plane of the first lens array;

wherein the transparent beam redirection element is positioned on the optical

path between the display and the first lens array, and the first and second lens

arrays are positioned between transparent beam redirection element and a user's

eye.

19 . The wearable apparatus of claim 18, wherein the transparent beam

redirection element is embedded within a transparent optical medium,

wherein the transparent beam redirection element is positioned on the optical path

between the second lens array and a user's eye.

20. The wearable apparatus of claim 18, wherein the null lens is positioned on the

opposite side the transparent beam redirection element from the first and second



lens arrays and the null lens is configured to negate the optical effect of the first and

lens arrays.



























A. CLASSIFICATION OF SUBJECT MATTER

G02B 27/01(2006.01)i, B60K 37/00(2006.01)i, G02B 3/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
G02B 27/01; G02F 1/015; G06T 15/00; G02B 27/44; G09G 5/00; B60K 37/00; G02B 3/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: near-eye display, virtual image, microlens, array

DOCUMENTS CONSIDERED TO BE RELEVANT

Category' Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2012-0249537 Al (BAE e t a l . ) 04 Oct ober 2012 1-20

See paragraphs [0008] , [0050H0060] and f i gures 1 , 3A-3C .

US 2012-0212399 Al (BORDER e t a l . ) 23 August 2012 1-20

See paragraphs [0136H0160] , [0224] and f i gures 82 , 95 .

US 2014-0168783 Al (NVIDIA CORPORATION) 19 June 2014 1-20

See f i gure 5 .

US 2014-0118829 Al (QUALCOMM INCORPORATED) 01 May 2014 1-20

See f i gure 4 .

R 10-2002-0034875 A (MICROSOFT CORPORATION) 09 May 2002 1-20

See f i gure 22 .

I IFurther documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

02 February 2016 (02.02.2016) 02 February 2016 (02.02.2016)

Name and mailing address of the ISA/KR Authorized officer .
/ International Application Division

Korean Intellectual Property Office KANG, Sung Chul
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-8405

Form PCT/ISA /210 (second sheet) (January 2015)



Information on patent family members PCT/US2015/056296

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2012-0249537 Al 04/10/2012 KR 10-2012-0111401 A 10/10/2012

us 2012-0212399 Al 23/08/2012 US 8482859 B2 09/07/2013

us 2014-0168783 Al 19/06/2014 CN 103885582 A 25/06/2014
DE 102013114527 Al 26/06/2014
T W 201439590 A 16/10/2014

us 2014-0118829 Al 01/05/2014 CN 104755968 A 01/07/2015
EP 2912503 Al 02/09/2015
KR 10-2015-0074169 A 01/07/2015
WO 2014-066662 Al 01/05/2014

KR 10-2002-0034875 A 09/05/2002 EP 1202096 A2 02/05/2002
EP 1202096 A3 04/02/2004
EP 1202096 Bl 07/05/2008
JP 2002-214543 A 31/07/2002
JP 4362251 B2 11/11/2009
KR 10-0815752 Bl 20/03/2008
T W 1530175 B 01/05/2003
us 2004-0233498 Al 25/11/2004
us 2005-0002086 Al 06/01/2005
us 2005-0172625 Al 11/08/2005
us 2006-0070379 Al 06/04/2006
us 6775048 Bl 10/08/2004
us 6967761 B2 22/11/2005
us 6990811 B2 31/01/2006
us 7151627 B2 19/12/2006
us 7168249 B2 30/01/2007

Form PCT/ISA/2 10 (patent family annex) (January 20 15)


	abstract
	description
	claims
	drawings
	wo-search-report

