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“Ansys Zemax OpticStudio played an essential role in helping us prove the 
capabilities of a highly practical new waveguide system, and to design a 
model that is ready to implement for a variety of manufacturing scenarios.”  

— Pierre-Alexandre Blanche  
Research Professor / University of Arizona, Wyant College of Optical Sciences
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CASE STUDY

 / University of Arizona Uses Ansys OpticStudio to Demonstrate Viability of Curved HUD

Emerging technology markets continue to provide opportunities for innovation in waveguide optics, in 
which electromagnetic waves in the optical spectrum are restricted and guided through a device to 
produce various kinds of transmission for optical systems. Augmented reality (AR) systems, such as those in 
wearable devices or head-up displays (HUD), commonly use fabricated holographic optical elements (HOEs) 
to couple light into the waveguides they use for transporting light from the display engine to the user’s eye. 
The result is an increasingly realistic user immersion into holographic AR space, where virtual information is 
visually overlaid onto the natural world.

 / Challenges

Holographic waveguides are an ideal combiner type for use in HUD because 
they can provide a larger eye box while preserving the field of view (FOV). This 
is something other combiner types have difficulties achieving. To date, most 
commercially successful holographic waveguides use flat surfaces for interfacing 
with the user. Curved surfaces would be more desirable — think of an AR helmet, 
for example, that conforms more closely to the user’s head to provide maximum 
FOV. But with waveguide design, curving the holographic projection introduces 
aberrations to the image, so designing a curved combiner for HUD and AR 
becomes much more challenging.

The physical requirements of near-to-eye display (NED) systems further 
adds to this complexity. In an NED system, the physical footprint must be 
lightweight enough to support ease of wearability while still containing essential 
components. Pupil replicating combiners help reduce the projection component 
and overall footprint, but pupil replication in optical systems has also traditionally 
been limited to flat waveguides only. 

 / Ansys Products Used
• Ansys Zemax OpticStudio

 / Engineering Solution

Using OpticStudio, an optical system that verifies the use of a curved waveguide 
as a combiner through propagation correction using HOEs was designed. light 
is focused and expanded through the waveguide to provide a quasi-collimated 
state within the waveguide, where curved waveguide propagation and image 
extraction is minimally aberrated and within parameters that are highly suitable for 
commercial AR device production.

Pupil replication through HOEs use an insertion hologram to propagate light at total internal reflection conditions. This light reaches an 
extraction hologram, which corrects the outcoupled light so that the viewer sees it as a single image. For their curved waveguide design, 
balancing the way light expanded and focused as it was propagated through the waveguide and interacted with the system’s top and 
bottom surfaces was important. When this balance was achieved, the extraction hologram could be manipulated to outcouple the light in a 
way that produced minimal aberrations on a curved piece of glass.

light propagation schematic in the curved 
waveguide, showing the various interactions 
with curved surfaces susceptible to induces 

image aberrations

Insertion hologram geometric correction, showing 
the induced sagittal ray focus (in green) and the 
resulting virtual focus off total internal reflection 

off the waveguide surface (in red)
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When visionary companies need to know how their world-changing ideas will perform, 
they close the gap between design and reality with Ansys simulation. For more than 50 
years, Ansys software has enabled innovators across industries to push boundaries by 
using the predictive power of simulation. From sustainable transportation to advanced 
semiconductors, from satellite systems to life-saving medical devices, the next great 
leaps in human advancement will be powered by Ansys.
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 /Benefits
• Simulation of pre-distorted images for predictive correction.
• Ray tracing of holographic optical elements that correct the image resolution.
• Coupled-wave analysis of image diffraction to optimize the system prior to building. 

 
 

 / Company Description

The University of Arizona College of Optical Sciences educates students in all aspects of the study and application of light, performing 
internationally recognized research in optical engineering, quantum optics, applied optics and photonics, and image science. The 
College of Optical Sciences is the world’s premier optical institute, with award-winning faculty members, a diverse student body, 
challenging courses, pioneering research programs, and close relationships with the optics industry.

Example HUD image as seen projected onto a curved 
windshield through the corrected waveguide (a) 

versus an uncorrected waveguide (b) which yields 
image duplication of 2.4 degrees


