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Waveguide Design Workflows for 
Near-Eye Display Systems 
Designing AR Glasses with Optical Simulation 
 

Introduction 
Near-eye display systems rely on waveguides and optical combiners to deliver virtual images 
while maintaining a compact and lightweight form factor. Designing these systems requires 
engineers to balance image quality, field of view, brightness, eye box performance, optical 
efficiency, and user comfort.  

Virtual Reality (VR) systems generally use conventional imaging optics, such as pancake or Fresnel 
lenses, without waveguides. This overview focuses on waveguide-based AR near-eye displays. 

Waveguide-based display architectures for AR smart glasses introduce unique optical 
challenges that are not typically encountered in conventional imaging systems. 

Engineers must understand light propagation within the waveguide, analyze coupling efficiency, 
evaluate diffraction behavior, and identify potential sources of stray light before moving to 
hardware prototypes.  
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Common Near-Eye Display Design Challenges 
Modern near-eye display systems often face challenges such as: 

• Optical losses during in-coupling, propagation and/or pupil expansion and out-coupling 
• Image non-uniformity across the field of view 
• Eye box uniformity requirements and eye relief limitations 
• Chromatic artifacts and color non-uniformity 
• Stray light and ghost image generation 
• Brightness requirements for outdoor visibility 
• Tradeoffs between performance, size, and manufacturability 

These challenges frequently require multiple design iterations and system-level analysis to fully 
understand their impact on the user experience.  

 

Using Simulation to Evaluate Waveguide 
Performance 
Simulation enables engineers to evaluate waveguide performance before building hardware. 
Optical models can be used to study light propagation, diffraction behavior, image quality, and 
optical efficiency while identifying potential design issues early in development.  

Advanced techniques such as k-space analysis provide insight into allowable propagation paths 
and help engineers understand clipping boundaries, coupling behavior, and sources of stray light 
within waveguide systems. These methods can be especially valuable when working with 
geometric or diffractive waveguide architectures.  

 

Supporting the Complete Near-Eye Display 
Workflow 
Successful near-eye display development often requires engineers to move between display 
design, waveguide analysis, optical simulation, stray light evaluation, and system-level 
performance assessment. By analyzing these subsystems together, teams can better understand 
design tradeoffs and make more informed engineering decisions throughout the development 
process.  
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Key Takeaways 
• Waveguides are a foundational technology for many AR near-eye display systems. 
• Design and simulation helps engineers evaluate performance before hardware is built. 
• K-space analysis improves understanding of waveguide behavior and stray light. 
• System-level workflows support better decisions across display, waveguide, and sensing 

subsystems. 
• Early analysis reduces development risk and accelerates design iterations. 
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