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o (57) Abstract: A holographic see-through optical device, a stereoscopic imaging system including the same, and a multimedia head
mounted system are provided. The holographic see-through optical device includes a micro display; a relay optical system, which re -
lays an image generated by the micro display; at least one waveguide comprising at least two portions having different thicknesses or

o different refractive indexes; at least one first holographic optical element, which is arranged at one of the two portions; and at least
one second holographic optical element, which is arranged at the other one of the two portions.



Description

Title of Invention: HOLOGRAPHIC SEE-THROUGH OPTICAL

DEVICE, STEREOSCOPIC IMAGING SYSTEM, AND

MULTIMEDIA HEAD MOUNTED SYSTEM

Technical Field
[1] One or more exemplary embodiments relate to an optical system, and more p ar

ticularly, to a holographic see-through optical device for displaying a combination of a

virtual image and a see-through view, a stereoscopic imaging system including the

same, and a multimedia head mounted system.

Background Art
[2] Most of the known optical devices of augmented reality are based on a combination

of eyepiece eyepieces to enlarge an image formed by LCDs, LCoSs, CRTs, OLEDs, or

other spatial light modulators having compact size and image combiners are based on,

for example, a beam- splitting cube or a semitransparent plate. In some optical devices

of augmented reality that reduce the size of a device, a scanning module is used,

wherein a two-dimensional image is formed by sequentially field scanning by narrow

beam. The disadvantage of these systems is the need for high-precision micro-

mechanical actuators.

Disclosure of Invention

Technical Problem
[3] A flat waveguide is used in an optical device of augmented reality, where it is

preferable for a system to be operated by a single light beam for light expansion.

However, an imaging system used in an optical device of augmented reality is operated

by a number of light beams corresponding to different fields of view. When a wave

propagates in a waveguide, light beams may overlap each other or a gap may be

formed between beam projections on the major surface of the waveguide. In this case,

the brightness of an image may not be uniform.

Solution to Problem
[4] One or more exemplary embodiments include a holographic see-through optical

device for displaying a combination of a virtual image and a see-through view, a

stereoscopic imaging system including the same, and a multimedia head mounted

system.

[5] Additional aspects will be set forth in part in the description which follows and, in

part, will be apparent from the description, or may be learned by practice of the

presented exemplary embodiments.



[6] According to one or more exemplary embodiments, a holographic see-through

optical device includes a micro display; a relay optical system, which relays an image

generated by the micro display; at least one waveguide including at least two portions

having different thicknesses or different refractive indexes; at least one first

holographic optical element, which is arranged at one of the two portions; and at least

one second holographic optical element, which is arranged at the other one of the two

portions.

[7] a portion of the waveguide to which the image generated by the micro display is

incident has a greater thickness that the other portion of the waveguide.

[8] at least one of thickness or reflectivity of the portion of the waveguide to which the

image generated by the micro display is incident are set to diffract light beams on the

first holographic optical element.

[9] portions of the waveguide have gradient refractive indexes.

[10] the relay optical system forms an image of the micro display at the infinite distance.

[11] the waveguide includes a plurality of major surfaces, and the major surfaces includes

one common bottom surface, top surfaces facing the bottom surface, and a interface

surface at which the respective portions of the waveguide meet each other.

[12] the optical axis of the relay optical system is tilted with respect to a line per

pendicular to the bottom surface of the waveguide.

[13] at least one of major surfaces of the waveguide is a flat surface or a free-formed

surface.

[14] the at least one of first and second holographic optical elements have different

wavelength selectivity.

[15] the at least one of first and second holographic optical elements have different angle

selectivity.

[16] a light beam propagated in a waveguide is incident to a second holographic optical

element, is partially diffracted, and partially returns to and reflected by a major surface

of the waveguide, and the mutual interaction is repeated at least twice.

[17] at least two waveguides are stacked.

[18] According to one or more exemplary embodiments, a holographic see-through

optical device includes a micro display; a relay optical system, which relays an image

generated by the micro display; a waveguide including a first portion having a first

thickness and a second portion having a second thickness; a first holographic optical

element arranged at the first portion; and a second holographic optical element

arranged at the second portion, wherein the relay optical system forms an exit pupil at

a location apart from the first portion of the waveguide, the first holographic optical

element combines light beams at the first portion of the waveguide and relays the exit

pupil to a region at which the first portion and the second portion of the waveguide



meet each other, and the second holographic optical element combines light beams

from the waveguide and relays the exit pupil at a location apart from the second

portion of the waveguide.
[19] an average thickness of the first portion of the waveguide is greater than an average

thickness of the second portion.

[20] According to one or more exemplary embodiments, a stereoscopic imaging system in

which any of the holographic see-through optical devices are arranged at eyes of a

viewer, respectively.

[21] According to one or more exemplary embodiments, a multimedia head mounted

system enabling a user to watch surrounding environment combined with displayed

content, the multimedia head mounted system includes a micro display, which

generates an image; a relay optical system, which relays an image generated by the

micro display; at least one waveguide including at least two portions having different

thicknesses or different refractive indexes; at least on first holographic optical element

arranged; at least one of x second holographic optical element; an integrated processor

for handling content to be displayed to the user; and earpieces to be mounted on the

head of the user, wherein an exit pupil is formed at a location apart from the first

portion of the waveguide, the first holographic optical element combines light beams at

the first portion of the waveguide and relays the exit pupil to a region at which the first

portion and the second portion of the waveguide meet each other, the exit pupil

propagates in the second portion of the waveguide via total internal reflection to re

transmit light beams, and the second holographic optical element combines light beams

from the waveguide and relays the exit pupil at a location apart from the second

portion of the waveguide.

Brief Description of Drawings
[22] hese and/or other aspects will become apparent and more readily appreciated from

the following description of the exemplary embodiments, taken in conjunction with the

accompanying drawings in which:

[23] FIG. 1 is a diagram showing a layout of a holographic see-through optical device

according to an embodiment;

[24] FIG. 2 is a perspective view of the holographic see-through optical device;

[25] FIG. 3 is a diagram showing an example that a relay optical system of the

holographic see-through optical device according to an embodiment include three

components;

[26] FIG. 4 is a diagram showing a thin portion (second portion) of a waveguide of the

holographic see-through optical device according to an embodiment;

[27] FIGS. 5, 6, and 7 are diagrams showing relationships between half fields of view o



flight beams incident to the waveguide of the holographic see-through optical device

according to an embodiment and grating frequencies of the holographic see-through

optical device;
[28] FIG. 8 is a diagram showing a thick portion (first portion) of a waveguide of the

holographic see-through optical device according to an embodiment;

[29] FIG. 9 is a diagram showing an example in which the holographic see-through

optical devices according to an embodiment are used with respect to both eyes of a

viewer;

[30] FIG. 10 is a diagram showing an example in which the holographic see-through

optical device according to an embodiment is embodied as an eyeglasses-type device;

[31] FIG. 11 is a diagram showing an example in which the holographic see-through

optical device according to an embodiment is arranged at the right portion of an

eyeglass;

[32] FIG. 12 is a diagram showing an example in which locations of first and second

holographic optical elements of the holographic see-through optical device according

to an embodiment are changed;

[33] FIG. 13 is a diagram showing an example in which the first portion (thick portion) of

the waveguide of the holographic see-through optical device according to an em

bodiment has a tilted surface;

[34] FIG. 14 is a diagram showing an example in which the first portion (thick portion) of

the waveguide of the holographic see-through optical device according to an em

bodiment has a surface that is convex upward;

[35] FIG. 15 is a diagram showing an example in which a surface of the waveguide of the

holographic see-through optical device according to an embodiment has a concave

surface;

[36] FIG. 16 is a diagram showing an example in which the second portion (thin portion)

of the waveguide of the holographic see-through optical device according to an em

bodiment has a concave surface;

[37] FIG. 17 is a diagram showing an example in which the relay optical system of the

holographic see-through optical device according to an embodiment is arranged at a

side of the waveguide;

[38] FIGS. 18 and 19 are diagram showing examples in which the holographic see-

through optical device according to an embodiment includes two waveguides; and

[39] FIG. 20 is a diagram showing an example in which the holographic see-through

optical device according to an embodiment includes a waveguide including two

portions with different refractive indexes.

Mode for the Invention



[40] Reference will now be made in detail to exemplary embodiments, examples of which

are illustrated in the accompanying drawings, wherein like reference numerals refer to

like elements throughout. In this regard, the present exemplary embodiments may have

different forms and should not be construed as being limited to the descriptions set

forth herein. Accordingly, the exemplary embodiments are merely described below, by

referring to the figures, to explain aspects of the present description. Expressions such

as "at least one of," when preceding a list of elements, modify the entire list of

elements and do not modify the individual elements of the list.

[41] In the drawings, the thicknesses of layers and regions are exaggerated for clarity. It

will also be understood that when a layer is referred to as being "on" another layer or

substrate, it can be directly on the other layer or substrate, or intervening layers may

also be present. Like reference numerals in the drawings denote like elements, and thus

their description will be omitted.

[42] FIG. 1 is a top view of a holographic see-through optical device according to an em

bodiment, and FIG. 2 is a perspective view of the holographic see-through optical

device.

[43] The holographic see-through optical device includes a micro display 31, a relay

optical system 32, and a waveguide 33. The micro display 3 1 may generate an image.

The micro display 31 may form a light beam with small divergence. The relay optical

system 32 may form an exit pupil 43 apart from the waveguide 33. For example, the

relay optical system 32 may include at least one lens. FIG. 1 shows an example in

which the relay optical system 32 includes one lens. The optical axis of the relay

optical system 32 may be tilted with respect to a line perpendicular to the bottom

surface of the waveguide 33.

[44] The waveguide 33 may include a plurality of portions having different thicknesses.

For example, FIG. 1 shows an example in which the waveguide 33 includes a first

portion 33-1 and a second portion 33-2, wherein the first portion 33-1 has a different

thickness than second portion 33-2. The first portion 33-1 may have a first thickness t l

and the second portion 33-2 may have a second thickness t2, where the second

thickness t l may be smaller than the first thickness tl . In other words, a first portion

of the waveguide 33 at a side of the waveguide 33 to which a light is incident may

have a greater thickness than a second portion of the waveguide 33 at the other side of

the waveguide 33. Here, a region via which an image generated by the micro display

3 1 is incident to the waveguide 33 may be referred to as an incoupling region, whereas

a region via which a light beam is transmitted via the waveguide 33 and output may be

referred to as an outcoupling region. A thickness of the first portion 33-1 in the in-

coupling region of the waveguide 33 may be greater than that of the second portion

33-2 in the outcoupling region.



[45] Although an example in which the waveguide 33 includes two portions respectively

having first and second thicknesses is described above, the inventive concept is not

limited thereto, and the waveguide 33 may include a first portion having a first

thickness, a second portion having a second thickness, and a third portion having a

third thickness. Alternatively, the waveguide 33 may include at least two portions

having different refractive indexes. Detailed descriptions thereof will be given below.

Meanwhile, the thickness may be a thickness of a cross-section in a direction per

pendicular to a direction in which a light propagates in the waveguide 33.

[46] A first holographic optical element 34a may be located at the first portion 33-1 of the

waveguide 33. For example, the first holographic optical element 34a may be located

on the bottom surface of the first portion 33-1 of the waveguide 33. However, the

inventive concept is not limited thereto, and the first holographic optical element 34a

may be located on another surface of the waveguide 33. A second holographic optical

element 34b may be located on the bottom surface of the second portion 33-2.

However, the inventive concept is not limited thereto, and the second holographic

optical element 34b may be located on another surface of the waveguide 33.

[47] Referring to FIGS. 1 and 2, the waveguide 33 may include a plurality of major

surfaces. The plurality of major surfaces may include a first surface 331, which is the

common bottom surface of the first portion 33-1 and the second portion 33-2, a second

surface 332, which is the top surface of the first portion 33-1, and a third surface 333,

which is the top surface of the second portion 33-2. Furthermore, the plurality of major

surfaces may further include a fourth surface 334 where the first portion 33-1 meets the

second portion 33-2. The fourth surface 334 may be a tilted surface to the second

surface 332 and the third surface 333, as shown in FIG. 1. However, the fourth surface

334 is not limited thereto and may be a surface perpendicular to the second surface 332

and the third surface 333.

[48] For example, the first holographic optical element 34a may be arranged on the first

surface 331 of the first portion 33-1, whereas the second holographic optical element

34b may be arranged on the first surface 331 of the second portion 33-2. The first

holographic optical element 34a and the second holographic optical element 34b may

be transmissive elements.

[49] At least one of the thickness and reflectivity of the first portion 33-1 may be set to

diffract light beams on the first holographic optical element 34a. After total internal re

flection, light beams may travel toward the second portion 33-2 without reflecting

from the second surface 332 to the first holographic optical element 34a.

[50] Beam diffraction on the first holographic optical element 34a may cause the first exit

pupil 43 to relay beams to two surfaces. The two surfaces include the optical axis of

the relay optical system 32 and may include a tangential surface 4 1 perpendicular to



the first, second, and third surfaces 331, 332, and 333 and a sagittal surface 42 per

pendicular to the tangential surface 41. It minimizes gaps and overlaps between light

beams when the light beams propagate in the second portion 33-2 (thin portion) of the

waveguide 33. The second holographic optical element 34b may combine light beams

from the waveguide 33 and relay portions of second and third exit pupils 44a and 44b

at a single surface.

[51] Meanwhile, a light beam that propagates in a waveguide may be incident to a second

holographic optical element, may be partially diffracted, and may partially fall back

onto and reflected by a major surface of the waveguide, where the mutual interaction

may be repeated at least twice.

[52] FIG. 3 is a diagram showing an optical device according to another embodiment. In

the optical device shown in FIG. 3, the relay optical system 32 may include a first,

second, and third components, for example, first, second, and third lenses 32a, 32b,

and 32c. The relay optical system 32 may further include an eyepiece or a collimating

lens. Compared to the optical device shown in FIG. 1, components other than the relay

optical system 32 may be substantially identical to those of the optical device shown in

FIG. 1. For example, the relay optical system 32 may include the first, second, and

third lenses 32a, 32b, and 32c. For example, the field of view of the relay optical

system 32 may be about 15 degrees, the effective focal distance of the relay optical

system 32 may be about 38.2 mm, and the first exit pupil 43 may be located about 57

mm apart from the third lens 32c. The waveguide 33 may be formed of BK7 glass, for

example. The thickness of the first portion 33-1 of the waveguide 33 may be about 4.8

mm, whereas the thickness of the second portion 33-2 of the waveguide 33 may be

about 0.7 mm. Grating frequency of the first and second holographic optical elements

34a and 34b may be 2280 (1/mm). Size of the first exit pupil 43 may be about 3.5x3.0

mm.

[53] The micro display 3 1 may generate an image 31a. A light beam 5 1 from the micro

display 3 1 is incident to the relay optical system 32. The relay optical system 32 may

form an image 31b of the micro display 3 1 at an infinite distance and form the first exit

pupil 43 at a location about 48 mm apart from the second surface 332. The first

holographic optical element 34a combines the light beam 51 at the first portion (thick

portion) of the waveguide 33. At the same time, the second surface 332 and the first

holographic optical element 34a relay the first exit pupil 43 to a tangential surface (41

of FIG. 2) at a first location(a second exit pupil) 44a of the waveguide 33, e.g., at a

region where the first portion 33-1 (thick portion) meets the second portion 33-2 (thin

portion) and a tangential surface (42 of FIG. 2) at a second location(a third exit pupil)

44b that is a designated distance apart from the waveguide 33. The light beam 5 1

propagates in the second portion 33-2 (thin portion) of the waveguide 33 due to total



internal reflection. The second holographic optical element 34b combines the light

beams 5 1 propagated in the waveguide 33 and, at the same time, 1) combines images

of the second exit pupil 44a and the third exit pupil 44b at a location corresponding to

a pupil 35 and 2) expands the first exit pupil 43.

[54] Due to the expansion of the first exit pupil 43, the pupil 35 may be filled with an

image as shown in FIG. 3. When the light beam 5 1 is incident to the second

holographic optical element 34b, the light beam 5 1 is partially diffracted at the second

holographic optical element 34b and partially reflected. The reflected light beam

propagates toward a third surface 333 of the waveguide 33 and, when total internal re

flection occurs, the light beam is partially diffracted and partially reflected and returns

to the second holographic optical element 34b. The process may be repeated for a

couple of times. As a result, an exit pupil may be expanded. The phenomenon is

referred to as pupil multiplication.

[55] The light beam 5 1 is incident to the pupil 35 of a viewer and forms an image of the

micro display 3 1 on a retina. At the same time, a light beam 52 from a surrounding en

vironment 36 passes through the second portion 33-2 (thin portion) of the waveguide

33 and forms an image of the surrounding environment 36 on the retina. Accordingly,

a combined image 53 is formed on the retina.

[56] The first and second holographic optical elements 34a and 34b may be formed of a

sinusoidal grating or a stepped-like grating. Relief lines of the first and second

holographic optical elements 34a and 34b may be parallel to each other. Here, a relief

line may include a line interconnecting the uppermost peak of a sine curve and the

lowermost curve of the sine curve. Furthermore, the first and second holographic

optical elements 34a and 34b may have optical powers. The optical powers may

compensate aberration of the relay optical system 32. Furthermore, diffraction ef

ficiency of the second holographic optical element 34b may be provided such that

brightness uniformity of an image increase along a direction in which a light beam

propagates.

[57] An embodiment in which the locations of pupils are provided by different

thicknesses of at least two portions of a waveguide, e.g., a first portion and a second

portion, will be described below. Light beam propagation in the second portion 33-2

(thin portion) of the waveguide will be described below. The thin portion of the

waveguide is shown in FIG. 4. In FIG. 4, a gray-filled portion indicates a light beam

propagating in the waveguide at an angle above an angle φ related to the maximum

field of view φ ΐ at which the light beam is incident from the first portion 33-1 (thick

portion). To avoid gaps in an image, a first marginal ray 61a (after being reflected by

the third surface 333) and a second marginal ray 61b (after being reflected by the first

surface 331) intersect each other at a point on the first surface 331. Otherwise, gaps or



overlaps may be formed in pupils. A percentage of an acceptable gap with respect to a

pupil size D will be referred to as pi, whereas a percentage of an acceptable overlap

with respect to a pupil size D will be referred to as p2. Based on geometrical con

sideration, conditions related to an acceptable gap and an acceptable overlap may be

expressed as the inequalities shown below.

2t

D - p D

2l2

[59] Here, the second thickness t2 denotes the thickness of the second portion 33-2 (thin

portion) of the waveguide 33, and φ and φ 2' denote angles at which light beams

propagate in the waveguide 33. A relationship between φ and φ 2' and fields of view

φ ΐ and < 2 is shown as a grating equation below.

[60] Τλ = n sin φ ' — sin φ (2)

[61] Here, T denotes a grating frequency, λ denotes a wavelength of a light beam, η

denotes refractive index of the waveguide, φ corresponds to φ ΐ or < 2 , and φ ' cor

responds to and ς>2'. The fields of view l and < 2 may be defined as shown below.

[62] , = + Θ ; (3)

φ = a —Θ ,

[63] Here, Θ denotes a half field of view and a denotes an angle between a first axis 37 of

the relay optical system 32 (refer to FIG. 1) and a second axis perpendicular to the first

surface 331.

[64] The below inequalities may be obtained based on the Inequalities (1), the grating

equation (2), and conditions of total internal reflection.

[65]

λ

sin ' - sin
T >

n«Siinn ¾ - sin<p
T >

[66] Here, < '
T R denotes a critical angle or an angle at which total internal reflection

occurs. The critical angle may be defined as shown below.

[67] , i (5)
Ψ -,, = arcsin(-)

n

[68] The solution of the system of inequalities above provide optimal t2,T, a , pl,p2,D,

and Θ . Some solutions may be shown in FIGS. 5, 6, and 7. The solution regions are

hatched in FIGS. 5, 6, and 7. Lines 71, 72, 73 show relationships between grating

frequency and half field of view. The line 7 1 is the uppermost line of a grating

frequency that allows propagation of a light beam in the waveguide at p i · D
g p

. The



line 7 1 corresponds to the first expression in the system of inequalities (4). The line 72

is the lowermost line of a grating frequency that allows propagation of a light beam in

the waveguide at an angle above an angle smaller than the critical angle. The line 72

corresponds to the third expression in the system of inequalities (4). The line 73 is the

lowermost line of grating frequency that allows propagation of a light beam in the

waveguide with at p2 · Do rl p. The line 73 corresponds to the second expression in the

system of inequalities (4). The thin portion may have a thickness from about 25 mm to

about 40 mm.

[69] Light beam propagation through the first portion 33-1 (thick portion) of the

waveguide 33. The first portion 33-1 (thick portion) of the waveguide 33 is shown in

FIG. 8. To avoid or minimize several light beams incident to the first holographic

optical element 34a, it is necessary for light beams from marginal fields to be traced to

first points 101 out of the first holographic optical element 34a. To form the second

exit pupil 44a (corresponding to the intermediate pupil), it is necessary to ap

proximately coincide the first points 101 to one another. Based on geometrical consid

erations, the below relationships may be obtained.

[ ° ] , , + + D + b 6
<p = arctg ;

2t

D + b
, = arctg

2t

„ + a + D
φ = arctg

2 t2

[71] Here, < 3 denotes an angle at which the chief ray of the central field strikes the first

surface 331, φ 3= , t2 denotes a thickness of the first portion (thick portion), b denotes

an offset of the first point 101 from the first holographic optical element 34a, al, a2,

and a3 denote projection distances of marginal rays and chief rays onto the first surface

331. The relationships between al, a2, and a3 and the distance s between the first

surface 331 and location of the first exit pupil 43 are as follows:

[72] fl, = .v ¾ ; (7)

a2 = s tg p 2,

[73] The below system of equations may be obtained by substituting al, a2, and a3 in (6)

with the system of equations (7) and substituting the system of equations (6) in the

grating equation (2).

[74] λ Τ = n sin φ - sin φ ; (8)

λ Τ = n sin - sin φ

λ Τ = n sin φ ' - sin .

[75] The solution of the system of equalities (8) regarding T provides a grating frequency



providing rays from marginal fields, the rays to be traced from the first holographic

optical element 34a to the first point 101. Furthermore, an optimal thickness t2 and an

optimal location s of the first exit pupil 43 may be provided. It is important to check

whether the solution of the system of equalities (8) is within the solution region of in

equalities (4). Otherwise, it is necessary to solve the system of inequalities (4) and the

system of equalities (8) simultaneously.

[76] The length 12 of the first portion (thick portion) may be approximated as shown

below:

[77] l 2 = a , + D + a + b . (9)

[78] Solutions of the system of equations and inequalities (4) and (8) and FIGS. 5 through

7 show that the optimal thickness of the first portion (thick portion) may be from about

3 mm to about 6 mm and a grating frequency may be from about 2000 (1/mm) to about

2500 (1/mm) when the diameter of an exit pupil of a relay optical system is from about

2 mm to about 3 mm.

[79] Application of the waveguide including a thick portion and a thin portion having an

intermediate exit pupil between them reduces the number of first holographic optical

elements without a significant reduction of the size of an exit pupil by using pupil m ul

tiplication due to the second holographic optical element 34b.

[80] As shown in FIG. 9, a holographic see-through optical device according to an em

bodiment may be used in front of both eyes of a viewer. By using a holographic see-

through optical device in front of both eyes of a viewer, a stereoscopic imaging system

displaying stereoscopic images may be embodied. Furthermore, the holographic see-

through optical device may be mounted on the head of a user and embodied as a

multimedia head mounted system. FIG. 10 shows a system SY including a mount and

earpieces 121. The system is embodied as an eyeglasses-type device. The right portion

of the eyeglasses is shown in FIG. 11. The system SY may include an optical module

132, an integrated processor 131, a radio interface 133, an optical interface 134, and an

acoustical interface 135. The above-stated components may be embedded in the

earpieces of the system SY. The optical module 132 may include the micro display 3 1

and the relay optical system 32 as shown in FIG. 1. The optical module 132 may be

combined with the first holographic optical element 34a. Since the waveguide 33 and

the second holographic optical element 34b are substantially identical to those

described above with reference to FIG. 1, detailed descriptions thereof will be omitted

below.

[81] The integrated processor 131 may handle interactive content to be displayed to a

user. The radio interface 133 may receive or transmit interactive content via radio

waves. The acoustical interface 135 may collect or relay interactive content. The

acoustical interface 135 may be embodied as a camera, a camcorder, or a projection



lens, for example. The acoustical interface 135 may receive or transmit interactive

content via acoustical waves. The acoustical interface 135 may be embodied as a m i

crophone, a dynamic transducer, or a bone conduction transducer.

[82] In an optical device shown in FIG. 12, the first holographic optical element 34a may

be arranged on the second surface 332 of the first portion 33-1 of the waveguide 33,

whereas the second holographic optical element 34b may be arranged on the third

surface 333 of the second portion 33-2. Here, the first holographic optical element 34a

and the second holographic optical element 34b may be embodied as reflective

elements. Meanwhile, the fourth surface 334 may be arranged at a region where the

first portion 33-1 meets the second portion 33-2. The fourth surface 334 may be a tilted

surface tilted with respect to the third surface 333.

[83] A reflective holographic optical element may be used instead of a transmissive

holographic optical element without changing an operation principle.

[84] FIG. 13 shows an example in which the second surface 332 of the first portion 33-1

of the waveguide 33 is not parallel to the first surface 331. The second surface 332 of

the first portion 33-1 may be embodied as a tilted surface tilted with respect to the first

surface 331. The second surface 332 may have a shape that the height of the second

surface 332 decreases from the first portion 33-1 toward the second portion 33-2. In

other words, the thickness of the first portion 33-1 may not be uniform. Although an

example in which thickness of the first portion 33-1 is not uniform is shown, the

thickness of the second portion 33-2 may not be uniform. If the thickness of at least

one of the first portion 33-1 and the second portion 33-2 is not uniform, the average

thicknesses of the respective portions may be utilized. For example, an average

thickness of the first portion 33-1 may be greater than an average thickness of the

second portion 33-2. Meanwhile, average thicknesses may also be applied even when

thicknesses of the portions are uniform.

[85] Although FIG. 13 shows an example in which the first and second holographic

optical elements 34a and 34b are embodied as transmissive elements, the first and

second holographic optical elements 34a and 34b may also be embodied as reflective

elements. In other words, the first holographic optical element 34a may be arranged on

the second surface 332 of the first portion 33-1, whereas the second holographic

optical element 34b may be arranged on the third surface 333 of the second portion

33-2.

[86] FIG. 14 shows an embodiment in which the second surface 332 of the first portion

33-1 is embodied as a free-form surface. The second surface 332 of the first portion

33-1 may have a curved shape. In this case, the fourth surface 334 may have a curved

shape extending from the second surface 332. For example, the second surface 332 of

the first portion 33-1 may have a convex surface. Alternatively, the second surface 332



of the first portion 33-1 may have a concave surface.

[87] FIG. 15 shows an example in which the first surface 331 is formed as a free-form

surface. If the first surface 331 is a free-form surface, the first holographic optical

element 34a and the second holographic optical element 34b may have shapes corre

sponding to that of the first surface 331.

[88] In FIG. 16, the third surface 333 of the second portion 33-2 may be a free-form

surface. In this regard, size reduction and optical efficiency improvement may be

embodied by changing shape of at least one of the first through fourth surfaces 331,

332, 333, and 334.

[89] Alternatively, for convenience of spatial arrangement, the first holographic optical

element 34a may be arranged on a side surface of the first portion 33-1 of the

waveguide 33 as shown in FIG. 17. Next, the micro display 3 1 and the relay optical

system 32 may be arranged to face the first holographic optical element 34a. The ar

rangement structure may be referred to as a side incoupling structure. As described

above, various modifications may be made in shape of the waveguide and ar

rangements of the first and second holographic optical elements.

[90] FIG. 18 is a diagram showing an optical device 100 according to another em

bodiment.

[91] The optical device 100 shown in FIG. 18 includes a plurality of waveguides. For

example, the optical device 100 may include a micro display 31, a relay optical system

32, a first waveguide 33, and a second waveguide 133.

[92] The micro display 31, the relay optical system 32, and the first waveguide 33 are

substantially identical to those described above with reference to FIG. 1, detailed de

scriptions thereof will be omitted below.

[93] The second waveguide 133 may include a relatively thick third portion 133-1 and a

relatively thin fourth portion 133-2. The second waveguide 133 may include a 1-1

surface 1331, which is the bottom surface of the third portion 133-1 and the fourth

portion 133-2, a 1-2 surface 1-2 , which is the top surface of the third portion 133-1, a

1-3 surface 1333, which is the top surface of the fourth portion 133-2, and a 1-4

surface 1334, where the third portion 133-1 meets the fourth portion 133-2. A third

holographic optical element 134a may be arranged on the 1-1 surface 1331 of the third

portion 133-1, whereas a fourth holographic optical element 134b may be arranged on

the 1-1 surface 1331 of the fourth portion 133-2. The third and fourth holographic

optical element 134a and 134b may be transmissive element. Alternatively, the third

and fourth holographic optical element 134a and 134b may be reflective elements,

where various modifications may be made in locations and shapes thereof. The

modified embodiments of the waveguide 33 and the first and second holographic

optical elements 34a and 34b described above with reference to FIGS. 12 through 17



may also be applied to the second waveguide 133.

[94] The first through fourth holographic optical elements 34a, 34b, 134a, and 134b may

be wavelength- selective holographic optical elements. The first through fourth

holographic optical elements 34a, 34b, 134a, and 134b may be multicolor holographic

optical elements. For example, the first through fourth holographic optical elements

34a, 34b, 134a, and 134b may perform holographic process with respect to light beams

of a designated wavelength band and transmit or reflect light beams of other

wavelength bands.

[95] Image quality may be improved by reducing lateral colors aberration and color

ghosts by arranging at least two stacked waveguides. Alternatively, as shown in FIG.

19, angle-selective holographic optical elements may be used as the first through

fourth holographic optical elements 34a, 34b, 134a, and 134b, thereby increasing field

of view.

[96] FIG. 20 is a diagram showing a see-through optical device 200 according to another

embodiment. The see-through optical device 200 may include a micro display 231, a

relay optical system 232 that relays an image generated by the micro display 231, and

at least one waveguide 233 including at least two portions. The waveguide 233 may

include a plurality of portions having different refractive indexes. The waveguide 233

may include a first portion 233-1 and a second portion 233-2, where refractive index of

the first portion 233-1 may be different from that of the second portion 233-2. Alter

natively, the waveguide 233 may have gradient refractive index.

[97] A first holographic optical element 234a may be arranged at the first portion 233-1 of

the waveguide 233, whereas a second holographic optical element 234b may be

arranged at the second portion 233-2. The waveguide 233 may include a plurality of

major surfaces. The plurality of major surfaces may include a first surface 2331, which

is the common bottom surface of the first portion 233-1 and the second portion 233-2,

a second surface 2332, which is the top surface of the first portion 233-1, and a third

surface 2333, which is the top surface of the second portion 233-2. Furthermore, the

plurality of major surfaces may further include a fourth surface 2334 at a region where

the first portion 233-1 meets the second portion 233-2 . The first holographic optical

element 234a may be arranged on the first surface or the second surface, whereas the

second holographic optical element 234b may be arranged on the first surface or the

third surface. Brightness uniformity of an image may be improved by allowing light

beams to propagate in a plurality of portions of the waveguide with different refractive

indexes. An image generated by the micro display 231 and an image of the sur

rounding environment 36 may be viewed together via the see-through optical device

200.

[98] An holographic optical device according to an embodiment may be applied to an ex-



hibition center, a museum, a concert and a sport hall, a stadium, a sport venues , an au

tomobile, a game, a simulation system, and other locations for viewing not only virtual

2-dimensional images formed by an embedded micro display but also actual images of

surrounding environments.

[99] An augmented reality device may be applied to a helmet or an eyeglass and may be

arranged to locate holographic see-through optical devices at the respective eyes of a

user. Alternatively, a holographic see-through optical device may be embodied as a

monocular-type device that is arranged just in front of an eye and includes an

embedded micro display.

[100] A holographic see-through optical device according to an exemplary embodiment

may improve brightness uniformity even with a small number of optical parts.

[101] A stereoscopic imaging system may be embodied by applying holographic see-

through optical devices to both eyes of a user.

[102] A multimedia head mounted system may be embodied by mounting a holographic

see-through optical device on the head of a user.

[103] It should be understood that exemplary embodiments described herein should be

considered in a descriptive sense only and not for purposes of limitation. Descriptions

of features or aspects within each exemplary embodiment should typically be

considered as available for other similar features or aspects in other exemplary em

bodiments.

[104] While one or more exemplary embodiments have been described with reference to

the figures, it will be understood by those of ordinary skill in the art that various

changes in form and details may be made therein without departing from the spirit and

scope as defined by the following claims.
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Claims
A holographic see-through optical device comprising:

a micro display;

a relay optical system, which relays an image generated by the micro

display;

at least one waveguide comprising at least two portions having

different thicknesses or different refractive indexes;

at least one first holographic optical element, which is arranged at one

of the two portions; and

at least one second holographic optical element, which is arranged at

the other one of the two portions.

The holographic see-through optical device of claim 1, wherein a

portion of the waveguide, to which the image generated by the micro

display is incident, has a greater thickness that the other portion of the

waveguide.

The holographic see-through optical device of claim 1, wherein at least

one of the thickness and reflectivity of the portion of the waveguide, to

which the image generated by the micro display is incident, is set to

diffract light beams on the first holographic optical element.

The holographic see-through optical device of claim 1, wherein

portions of the waveguide have gradient refractive indexes.

The holographic see-through optical device of claim 1, wherein the

relay optical system forms an image of the micro display at an infinite

distance.

The holographic see-through optical device of claim 1, wherein the

waveguide comprises a plurality of major surfaces, and

the major surfaces comprises one common bottom surface, top surfaces

facing the bottom surface, and a interface surface at which the re

spective portions of the waveguide meet each other.

The holographic see-through optical device of claim 6, wherein the

optical axis of the relay optical system is tilted with respect to a line

perpendicular to the bottom surface of the waveguide.

The holographic see-through optical device of claim 6, wherein at least

one of the major surfaces of the waveguide is a flat surface or a free-

formed surface.

The holographic see-through optical device of claim 1, wherein the at

least one of first and second holographic optical elements have
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different wavelength selectivity or different angle selectivity.

[Claim 10] The holographic see-through optical device of claim 1, wherein a light

beam that propagates in a waveguide is incident to a second

holographic optical element, is partially diffracted, and partially returns

to and is reflected by a major surface of the waveguide, and

the mutual interaction is repeated at least twice.

[Claim 11] The holographic see-through optical device of claim 1, wherein at least

two waveguides are stacked.

[Claim 12] A holographic see-through optical device comprising:

a micro display;

a relay optical system, which relays an image generated by the micro

display;

a waveguide comprising a first portion having a first thickness and a

second portion having a second thickness;

a first holographic optical element arranged at the first portion; and

a second holographic optical element arranged at the second portion,

wherein the relay optical system forms an exit pupil at a location apart

from the first portion of the waveguide,

the first holographic optical element combines light beams at the first

portion of the waveguide and relays the exit pupil to a region where the

first portion meets the second portion of the waveguide, and

the second holographic optical element combines light beams from the

waveguide and relays the exit pupil at a location apart from the second

portion of the waveguide.

[Claim 13] The holographic see-through optical device of claim 13, wherein an

average thickness of the first portion of the waveguide is greater than

an average thickness of the second portion.

[Claim 14] A stereoscopic imaging system in which holographic see-through

optical devices of any of claim 1 or 12 are arranged with respect to the

eyes of a viewer, respectively.

[Claim 15] A multimedia head mounted system enabling a user to watch the sur

rounding environment combined with displayed content, the

multimedia head mounted system comprising:

a micro display, which generates an image;

a relay optical system, which relays an image generated by the micro

display;

at least one waveguide comprising at least two portions having

different thicknesses or different refractive indexes;
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at least one first holographic optical element;

at least one second holographic optical element,

an integrated processor for handling content to be displayed to the user;

and

earpieces to be mounted on the head of the user, wherein

an exit pupil is formed at a location apart from the first portion of the

waveguide,

the first holographic optical element combines light beams at the first

portion of the waveguide and relays the exit pupil to a region where the

first portion meets the second portion of the waveguide,

the exit pupil propagates in the second portion of the waveguide via

total internal reflection to re-transmit light beams, and

the second holographic optical element combines light beams from the

waveguide and relays the exit pupil at a location apart from the second

portion of the waveguide.
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