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Diffractive Lenses

• What they are
• How they work
• Zone spacing and blaze profile roles
• First order properties
• Dispersion
• Two point construction model
• Phase model
• Sweatt model
• Efficiency
• Diffractive landscape lens
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Terminology
• Diffractive optical element: generic term
• Fresnel lens: Scale of zones and lack of organized phasing
• Kinoform: Phased Fresnel lens. Phase modulation from surface 

relief
• Holographic optical element: Produced by interfering two or more 

beams
• Binary optics: Made by staircases that approximate the ideal surface 

relief
• Fresnel zone plate: A particular pattern that produces amplitude 

modulation.
• Hybrid lens: combined refractive and diffractive power
• Computer generated hologram: A hologram produced by 

calculations in  a computer
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The work of a diffractive 
optical element

Organized rearrangement of the wavefront

λ
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Fresnel Lens

A Fresnel lens reduces the amount of bulk glass.
Scale of zones is large and the wavefront segments are not rearranged to re-create

a spherical wavefront.  The zones may have equal width too.
The ring-zone segments are not properly organized.

mm
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Two contexts for DOE:
amplitude and phase

•Blaze determines amplitude of diffracted orders
•Geometry of zone boundary determines wavefront shape (phase)

•The wavefront deformation introduced by a DOE is equal to the
wavefront deformation represented by the DOE when it is thought of
as an interferogram
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Example

• Straight fringes represent tilt and so the 
beam is deviated
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Example

• Circular fringes represent defocus and so a DOE with 
these zone boundaries will introduce optical power

• Depending on the spacing, spherical aberration can also 
be introduced
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An infrared DOE

From Michael Morris
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A Fresnel lens cut-away
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First-order properties
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Paraxial diffractive 
lens definition

2nr nf 
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Zone Spacing
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Focal length for a given spacing
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Diffractive V-number
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Diffractive focal length
from grating perspective
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Modeling Diffractive Optics

• Two point construction model
• Phase function
• Sweatt model
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Two point construction model
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Phase model

   .....2 8642   dcba
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Phase model
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Sweatt’s model
 1n   

 For n~10,000 alpha must be very small to maintain 
The same deviation

1n
r

 


For a plano convex lens with n~10,000
The radius must be very long to maintain
The same optical power.
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(1/d)
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Sweatt’s Model

(1/d)



Prof. Jose Sasian

Dispersion in Sweatt’s model
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Dispersion in Sweatt’s model

Schott:   n(λ)² = A+Bλ² +…
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Structural coefficients:
Thin lens (stop at lens)
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Diffractive lens 
(n very large @ X=0)
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Aberration coefficients for
Y=1; X=0

For general case one needs to be careful as the shape depends
on the index for a given power.

22

2
0

II
yS Ж
f




 
  

 

2

0
III

ЖS
f




 
  

 



Prof. Jose Sasian

Structural coefficients
for diffractive lens
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Field curvature correction
hybrid lens
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Verification
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OPD Alternate view
• OPD has two parts. One is due to material 

dispersion, the other to due to diffraction
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Spherical aberration
• Depending on the zone boundary distribution 

DOE axially symmetric DOE can introduce 
different orders of spherical aberration
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Calculating order efficiency
• Simple case of an 

amplitude device with 
a square wave profile

• Duty cycle
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Square wave
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Binary optics technology
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Efficiency for binary optics



Prof. Jose Sasian

Efficiency
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with Shack formula

N=2; RS=0.439
N=4; RS=0.814
N=8; RS=0.949
N=16; RS=0.987
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Efficiency
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Efficiency
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Efficiency
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Comparison
Standard lens, Fresnel lens and DOE lens

Refracting lens Fresnel lens DOE lens
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Images of extended objects

Acrylic powerless lens

Other orders produce images at different magnifications
Like ghost images 
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Canon’s multilayer DOE’s
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How does it work?
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How does it work?
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100% at two wavelengths
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Canon lens
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Alternate view
100% efficiency at 2λ (no ripple)

 2 12 2 450nm  
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An actual lens application
for controlling chromatic change of magnification

Note lack of lens symmetry about the stop

DOE
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Plastic Fresnel lens; 
Diamond turned and replicated Gray scale; note binary edge

Binary 16 levelsBinary 8 levels

Some Fresnel lens and DOE photographs
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Measurement of a DOE



Prof. Jose Sasian

Beware
• Modeling assumes DOEs having no physical structure
• Real modeling faces sampling issues
• Scalar treatment
• Zones are about ~7λ or more
• Light scattered at boundaries and zone shadowing 

effects
• Fabrication: Diamond turning, microlithography printing 

techniques, Grey scale techniques.
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Examples

• Diffractive landscape lens
• Correction of chromatic change in the 

landscape lens, eyepieces, fish-eye 
lenses, unsymmetrical lenses

• Null-corrector Certifier
• Modeling a few zones


