
Outline

Abstract

Key Insights

Refractive Lens 
Limitations

Mature technology (microscopes/telescopes) 
but bulky and diffraction-limited

Requires cascaded lenses/mirrors, limiting portability

Metamaterial 
Breakthroughs

Superlens: Subdiffraction imaging via negative refractive index

Metalens: Ultrathin planar design with nanostructured phase control

Parallel approaches: Multilevel diffractive lenses

Future Potential

Compact imaging systems with enhanced resolution/FOV

Applications in portable medical devices, AR/VR, and aerospace optics

Core Technical Analysis

Traditional Lenses: Fundamental 
Constraints

Diffraction Limit: Resolution capped at ~λ/2 (Snell’s law)

Complex Systems: Multi-element designs (lenses, polarizers) 
increase size/weight

Super-Resolution 
Microscopy

Complicated techniques (e.g., STED, STORM)

Rely on fluorescence, not pure optical imaging

Functional limitations in real-time imaging

Metamaterial Lenses

Superlens

Mechanism: Negative-index materials amplify evanescent waves

Strength: Subdiffraction imaging

Weakness: Narrowband operation, huge loss, difficult to far-field

Metalens

Mechanism: Subwavelength nanostructures for phase modulation

Strength: Broadband, large FOV, CMOS compatibility

Weakness: Nanofabrication challenges

Technology Comparison        Technology                Mechanism             Advantages             Limitations

Superlens Negative-index 
materials

Subdiffraction 
resolution

Narrowband, 
material loss

Metalens Nanophotonic 
phase control

Compact, 
multifunctional

Fabrication 
precision

Multilevel  
Diffractive Lenses

Hierarchical 
phase layers

Large scale, 
easy fabrication

Chromatic 
dispersion

Future Directions

Integration Challenges
Compatibility with existing optoelectronics (e.g., CMOS sensors)

Scalable manufacturing for mass production

Functional Upgrades

Dynamic Tuning: Liquid crystal/phase-change material integration

Multispectral Operation: Broadband achromatic designs

Multifunctional: Polarization imaging, phase imaging, depth detection, edge detection

Application Scenarios

Medical Imaging: Handheld diagnostic tools

AR/VR Displays: Ultrathin metasurface-based optics

Space Optics: Lightweight systems for satellites/drones
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