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Design of Waveguide Holographic Configuration for Display
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Abstract: In a holographic waveguide display system, the inconformity of grating parameters of input
grating, turning grating and output leads to a lot of difficulties in system design and gratings fabrication
process. The main condition that the turning grating should be in 60° conical mounting, on which all the
gratings in a waveguide holographic display configuration have uniform grating periods, was presented by
comparing the grating equations in normal mounting and conical mounting. Under this condition, a novel
efficient display was proposed by using a waveguide holographic configuration with three holographic
gratings of the same grating periods recorded on a single substrate and a reflector placed on the side face
of the substrate. The validity of this configuration was proved by the simulation carried out by the optical
design software CODE V. The coupling efficiency loss and invalid area can be dramatically reduced by the
reflector on the side face, compared with the traditional configuration. Moreover, the complexity of
system design and holographic manufacture can be decreased because all gratings used in the proposed
design have uniform grating periods and two of them have uniform orientation. The configuration can be
applied to virtual reality display or wearable display.
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0 Introduction

With the continuous and rapid development of
integration optics and microelectronics, the Waveguide

Holographic (WGH) technology can be applied widely

[1-3]

in image display"* , beam expander'”, compact beam

*J, compact holographic printer'™, and

illumination*
some other applications. The main advantages of WGH
are compact structure, light weight, high efficiency
and having compatibility with integrated optical and
microelectronics  technology™. Traditional display
system applies off-axis method to display images that
need complex lenses, heavy and occupying too much
space™' . For this reason, WGH technology is the

important technical development trend for a new
generation display system. Cameron provided a WGH
display system by using a waveguide bar and plate to
extend a two-dimensional size of an eyebox''l. The
configuration allowed for a see-through image with a

bright

However, the utilizing efficiency may be affected by

simultaneous view of the outside world.
double waveguide coupling, and assembly is difficult.
Eisen et al. presented a planar light-guided projection
display configuration, in which three Holographic
Gratings (HGs) are recorded on a single transparent
planar substrate”’. However, the configuration needs
the input display source to be located close to the
corner of the planar substrate, which may increase
invalid area. Yan et al. proposed a WGH display
configuration with double Total Internal Reflection
(TIR) HGs in conical mounting and double volume
(sl In this

configuration, the overall increase in the number of

holograms in classical mounting
HGs may increase the complexity of system design and
the manufacture steps of HGs. Also, the period of
turning HG is different from other two HGs in the
later two configurations.

In this paper, a novel display is proposed by using
a WGH configuration with a reflector placed on the side
face of the substrate and three gratings with the same
grating periods. The configuration has the properties of
low efficiency loss by using a single substrate and small
invalid area by using a reflector. Moreover, the

complexity of system design and holographic

manufacture can be reduced because all HGs used in

this design have uniform grating periods and two of

them have uniform orientation direction. The
description and principles of this system are discussed
and simulation results are demonstrated. The

configuration can be applied to virtual reality display or

wearable display.

1 Basic principles and geometry

The basic WGH configuration is schematically
presented in Fig. 1), H,, H, and H, are separately
input grating, turning grating and output grating. As
we can see, it comprises three HGs of different sizes
and geometry, all recorded on a single transparent
substrate. The first input HG H, couples the incident
light from the display source into the substrate, traps it
by TIR, and directs it toward the second HG H,,
After

several reflections inside the substrate, the coupled

which expands the light along one direction.

beam reaches H,, where it is redirected toward the
much larger third output HG H,, which expands light
in the other orthogonal direction and decouples it from

the substrate outward toward the viewer.

=N
H;,
nE
Fig.1 The basic WGH configuration

Conventionally, the input HG H, and output HG

H, are in classical mounting. In such classical
mounting, the grating vector and the diffraction light
lie in the plane of incidence. However, the turning HG
H, is a TIR diffraction grating in conical mounting,
where the plane of incidence does not contain the
grating vector. Almost all feasible configurations do
not add phase, other than multiple integers of X, to an
incoming beam. For this reason, the grating functions
of these HGs are generally satisfied with the following
equation

D+, +d,=C @))
&, @,, &, and C are grating functions of H,, H,, H,
and constant (typically 0) respectively. Furthermore,
Eq. (1) is valid for all wavelengths, so the overall
optical configuration will have no chromatic dispersion
and is therefore appropriate for the polychromatic
light. Typically, the output light emerges in a direction
either the same as or opposite of that of the incoming

light.

2 Theoretical analysis of HGs

2.1 Input and output HGs
According to the equation of gratings in classical

mounting"'"
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M sin (G,.) j—Lnd.n sin (Gy) =A/A (2)
where “+7” indicates that ,. and 0, are on the same

indicates that 6.,

side of the grating normal, and “—"

and Oy are on a different side of the grating normal.
Here we assume that the incident light from the air is
perpendicular incident upon the substrate and coupled
out perpendicularly from the substrate by the output
HG, in other words, the incident angle @,., of input
grating H, and diffraction angle 04, of the output
grating H, are all zero. Then, the grating period of H,
has
A

n,sin (Gye,y )

A= (3

where 0., is the diffraction angle of H; and equals to
the transmission angle in the substrate, which should
be no larger than the TIR angle. As a result of TIR,
the diffraction angle of H; is equal to the incident angle
at H,, and the diffraction angle of H, is equal to the
incident angle at Hy,. Then the grating period of H; has
A

A= s (Brs) “
where 0., is the incident angle of H, and is satisfied
with the relation 8., =04.,.
2.2 Turning HGs

A typical three-dimensional conical diffraction
geometry for TIR diffraction gratings is schematically
presented in Fig. 2. The holographic grating is recorded

n

sur

sur

Fig. 2

on a transparent substrate of refractive index n,, that is

TIR holographic grating in conical mounting

surrounded with a material (typically air) of refractive
index n,,, where n,, > n.. A linearly polarized
monochromatic light beam, propagating inside the
substrate, is obliquely incident onto the TIR
holographic grating at the polar angle @, with
azimuthal angle ¢,., then diffracted in angle 0y with
azimuthal angle ¢4. In a WGH display system, we
should consider a specific example of TIR diffraction
grating in conical mounting, where the polar diffraction
angle @.. equals that of the incidence angle 0. The

grating period of the turning HG H}" has

Acos (@ie.z) o
gy Sin (Gen) (14cos (urz)) o
Asin (@y..0)
My, SN (G2 ) Sin (gﬂd‘r.z )

Az:

5

According to Eq. (5), the azimuthal diffraction angle
is the twice that of the incident angle

Qait.2 = 2 Pinc. (6)
Plug the relation Eq. (6) into the formula Eq. (5), we

can carry out the formulation

A= Acos (@ie.z) o
: Ny, sin (Gy,.,) sin (2§0mc,2 )
A

2ngysin (@ye.r ) cos (@) 6

when designing the HGs in the WGH configurations, it
is necessary to take into account the grating period,
which is an important parameter of a diffraction grating
and determine the diffraction direction directly. In
order to reduce the complexity of design and
manufacture, it’ s better to ensure that the grating
periods of all gratings used in a system keep the same
value.

For H, and H,. the same grating periods means
A= A;. From Eq. (3) and Eq. (4), we can get the
relation 6,..; = 04.,. For H, and H,, the same grating
periods means A, = A,. From Eq. (3) and Eq. (7),
with 0., =04, » We can get the equation 2cos (@y...) =
1. Combining the relation equations above, the
condition that all have the same grating periods is g,
=x/3. In other words, the turning grating H, should

be in 60° conical mounting.

3 Configuration of WGH display

An overall block diagram of the WGH virtual
display configuration is designed by using three HGs,
shown in Fig. 3, and the layout of all three HGs is also
given and will be clarified in this figure. The structure
comprises a reflector located on the side face of the
substrate and three HGs of uniform grating period
recorded on a single transparent substrate. The input
HG H, and output HG H; are HGs in classical
mounting. H, is a TIR HG in 60° conical mounting and
has the same orientation direction with H, as shown in

Fig. 3.

S T I B A
‘ = 4 = :

Fig. 3
@, is the grating phase function of H,

The layout of WGH display configuration
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Jg 2TT[nSin (H)er% Z/TTcnsin Dy (8

@, is the grating phase function of H,

@zzg 2TKnsin (G)er% Z/TT[nsin @Dy 9

@, is the grating phase function of H,

D,

D, Z—Qnsin @y

. (10)
@, is the phase function of the reflector H,
qﬁ,:—zf"nsin QF: (11)

Where 0, x and y are the diffraction angle, coordinate
on the a-axis and on the y-axis respectively. Also we
can get the relation @, =@, from Eq. (8) and Eq. (9).
The equation means that the two HGs have the same
grating periods and orientation. It is worth mentioning
that the reflector H, add constant phase shift on the x-
axis only. Combining Egs. (8)-(11) together, we can
get

D+, +D,+D,=0 a2
Eq. (12) indicates that our configuration meets the
chromatic dispersion equation Eq. (1). Although the
single  diffraction  element produces chromatic
dispersion, the total configuration does not add phase
which indicates that the
light

consistent with the incoming light.

shift for all wavelengths,

propagation is
The final output
direction of the same polychrome light will be kept

output direction of incident

identical. Therefore, there are no chromatic problems
and appropriate for multi wavelength light display.

The optical system simulation of our WGH
configuration is shown in Fig. 4. As we can see from
the 3D viewing, the incident beam is diffracted by H,
to the reflector and directed to H, then. The turning
grating H, expand the beam in a direction which is
inclined at an angle of 60° to the y-axis and turn the
image-bearing light to H,. At last, the output grating
H,; expand the beam in the y-dimension and diffract the

beam out to the viewer for display at the same time.

Fig. 4 Simulation result by CODE V
WGH

reflector, in order to meet the chromatic dispersion

Considering a configuration with no

equation Eq. (1), @, should not be equal to @,
O, =—P,— P, = _«/; Z/TTcnsin (@ x+

1 %Tnsin Dy (13)

2
The equation means that the H;, and H, have different
orientation, although they have the same grating
periods. The orientation of H, and H, is symmetric
respect to x-axis. Then the WGH configuration with
no reflector would increase the x-axis length of the
structure.

Compared with the configuration shown in Fig. 1
and the structure with no reflector analyzed above, our
structure is more efficient and economical in space as
the result of the additional reflector. Also, the
unification of grating periods of all three HGs used in
our structure can result in the removal of the
production steps and design procedure. All in all, the
configuration is efficient in coupling efficiency with a
single waveguide, economical in space with the
reflector, and easily to be designed and produced with

the uniformity of gratings.

4 Conclusion

The WGH
compact structure, light weight, high efficiency and

configuration has advantages of
small size. We obtain the main condition, on which all
the gratings used in a WGH display configuration have
the same grating periods, through theoretical analysis.
Based on this condition, we designed a novel WGH
display configuration with three HGs of the same
grating periods recorded on a single substrate and a
reflector placed on the side face of the substrate. By
this design, the efficiency loss and invalid area can be
dramatically reduced. Moreover, the complexity of
system design and holographic manufacture can be
decreased because all gratings used in this design have
uniform grating periods and two of them have uniform
simulation
The

configuration can be applied to virtual reality display or

orientation direction. The analysis and

results of this system are also presented.

wearable display.
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