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Abstract: Waveguide combiners for head up display (HUD) and augmented reality (AR) 
have the unique advantage to decouple the field of view f rom the eye box s ize thanks to 
pupil replication. However, in order for the image to propagate without aberration in the 
waveguide, its surfaces have been kept flat and parallel. Here we are presenting a  curved 
waveguide with pupil replication that takes advantage of holographic optical elements for 
light injection and extraction, while compensating for propagation aberration. Both ray 
tracing model and early experimental demonstrator are discussed. 

OCIS codes: 090.0090,090.2820,120.2820,230.7400

1. Waveguide Combiner

See through, near to the eye display technology is based on a semitransparent optical combiner that reflects the
information projected by a display, but also lets the viewer see the real world through it. Combiners have been
used for a long time in head up display (HUD) and augmented reality (AR) glasses, which both offer the same
optical functionality, but are located at different distances from the eye. The central challenge for HUD and AR
display lies in the desires for light weight, large field of view (FOV), large eye box, and seamless integration of
the optics for wide-spread acceptance. [1, 2]

Most recently, the combination of holographic optical elements (HOE) and waveguide optics have allowed to
reduce the size of the entire optical HUD/AR systems while expanding the FOV and the eyebox. [3, 4] In such
a system, the light from the light engine is coupled inside a 2D waveguide using an HOE or a prism, and the
image propagates internally using total internal reflection. When propagating inside the waveguide, the light gets
extracted multiple times by another HOE that outcouples the light toward the viewer. The multiple time extraction
extends the eyebox of the system while conserving the field of view. Being able to display large FOV and large
eyebox is a unique feature of the waveguide combiner, other types of combiners have either one or the other. This
is the reason why waveguide combiner technology has dominated the recent design for AR/HUD. [1]

However, so far, state of the art waveguide combiner designs have used flat waveguide that are not aesthetically
appealing. Flat waveguides for AR displays look very unnatural and intrusive to the wearer. The general public is
much more inclined to accept a AR system that is conformational and fit seamlessly such as sunglasses. Likewise,
flat waveguide is not well adapted for automotive HUD where the combiner needs to be independent of the
windshield which is curved. A better solution for both these cases would be to use a curved waveguide that would
fit more naturally into a pair of glasses or into a vehicle’s curved windshield for a better overall aesthetic appeal.

2. Curved Waveguide Combiner

Flat waveguides are used because that shape does not interfere with the light propagating inside the waveguide.
Indeed, internal reflection from parallel surfaces does not induce image aberration. Curved waveguide are much
more complicated to deal with. When the image is propagating inside, the curvature of the top and bottom faces
are distorting the image which can become unrecognizable when extracted by the final hologram. Our approach to
be able to use a curved waveguide is to compensate for its distortion by using a HOE instead of a simple grating
for the image injection and extraction.

Using ray tracing simulation, we implemented a model of a curved waveguide and demonstrated that it was
possible to pre-correct the image by using holographic optical elements instead of simple gratings to inject and
extract the image. The pre-correction is calculated according to the curvature of both faces of the waveguide to
compensate for the waveguide deformation. The extraction hologram is also an HOE that ensure the image is
located at infinity (parallel rays). Figure 2 shows a ray tracing simulation of such a case, where the extracted
image that was initially suffering aberrations is now restored. Different radius of curvatures in both dimensions
(horizontal and vertical) have been successfully simulated using this technique.
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Fig. 1. Image extracted from a curved waveguide without (left) and with (right) pre-correction by
the injection and extraction holograms.

Based on the ray tracing analysis, we developed a system demonstrator using a waveguide with a 34 cm diameter
cylindrical curvature, and 5× 1 dimensional expansion. Picture of the waveguide is presented in figure 2(a) where
a collimated laser beam is injected on the back right side of the waveguide and existing 6 times (1 transmission +
5 replication). Note that the beam is still collimated after propagating through the waveguide. Figure 2(b) shows a
picture of the text ”65MPH” visible after extraction from the waveguide. The vertical and horizontal field of view
are ±1 degrees and ±3.5 degrees respectively. Although the scattering is increasing from right to left due to the
surface quality of the waveguide, the text does not have aberration and is perfectly readable.

Fig. 2. Image extracted from a curved waveguide without (left) and with (right) pre-correction by
the injection and extraction holograms.

The possibility to use curved holographic waveguides have profound implications for the seamless integration
and public acceptance of AR/HUD displays. By being able to use a curved waveguide instead of a flat piece of
glass, the combiner can be integrated more naturally into a pair of glasses or into a curved vehicle windshield for
a better overall aesthetic appeal.
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