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How to Use  
Engineered Diffusers

Simple Incident Beam with Diffuse Output

In the typical configuration the incident illumination hits the diffuser on the patterned side of the substrate. 
This is particularly important for the large angle diffusers to reduce the effects of total internal reflection 
and allows the diffuser to work as intended. Incidence from the flat side is possible if the scatter angles are 
sufficiently small.

Also note that the incident illumination should be collimated to achieve the best results, especially when the 
diffuser output contains sharp features. As one deviates from a collimated state, sharp scatter features start to 
smear out.

Figure 1.  Simple diffuser application. Shown is a beam of light incident on the patterned side of the Engineered Diffuser. 
Light is refracted at the surface into the substrate. Upon exiting the substrate the light refracts at the planar surface 

achieving the designed angular spectrum.
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2  How to Use Engineered Diffusers

Sharp Spatial Cutoff Configuration

An alternate configuration to the one above, which defines the diffuser output in angle space, is to operate the 
Engineered Diffuser with a focusing lens thus transforming the output into spatial coordinates at a plane. A large 
collimated beam can be used with the diffuser to ensure maximum uniformity while still maintaining a sharp 
focal plane. If collimated or nearly collimated light is used to illuminate the diffuser then a lens can be placed 
immediately before the diffuser so a focus of the collimated ray bundles occurs at the focal plane of the lens. 
Ignoring the effects of field curvature and distortion, the spatial extent of the illumination at the image plane is 
given by the expression:

Illumination size = Z × tan (diffuser angle).

In an alternate configuration the diffuser comes before the lens. At the focal plane, however, the image is 
independent of the particular configuration. So, for instance, if the Engineered Diffuser produces a square pattern, 
the square will be observed whether the diffuser is placed before or after the lens and independently of the lens’ 
numerical aperture.

Figure 2. Sharp spatial cutoff illumination system. The diffuser is placed near the pupil of the lens system following the lens.

Sharp Spatial Cutoff with Controlled Image Size

In this configuration a lens is used to focus at the illumination plane, a distance F away, see Fig 3. The diffuser is 
placed between the lens and the illumination plane, a distance d from the plane. The diffuse image size is then 
given by

Illumination size (S) = d × tan (diffuser angle).

This configuration is useful if one needs to control the image size with a single diffuser, which can be done by 
simply moving the diffuser to set a desired image size.

Figure 3. Sharp spatial cutoff illumination system with controlled image size. The lens focuses at the illumination plane and  
the diffuser is placed between the lens and the illumination plane.
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Telecentric Illumination using Engineered Diffusers

Sometimes it is desirable to produce light at normal incidence to a plane whose light intensity is everywhere 
uniform. This condition is called telecentric illumination and is shown in Figs. 3 and 4. With a proper lens design this 
system can be free of distortion and field curvature. A collimated illumination source is incident on an Engineered 
Diffuser placed at the front focal plane of a lens or lens system. The scattered output of the diffuser is collimated 
by the lens and delivered parallel to the original optical axis. The spatial Fourier transform of the diffuser is formed 
at the back focal plane of the lens. If the lens diameter is large enough to capture all of the diffused light then the 
size of the illuminated region at the back focal plane of the lens is given by the formula:

Field of view = focal length × tan (diffuser angle).

Figure 4. Telecentric illumination system with Engineered Diffuser. The diffuser is placed at the front focal plane of a lens system. The 
lens collimates the output of the diffuser and delivers light to the back focal plane with all the ray bundles parallel to the optical axis. Small 

collimated illumination beam is depicted.

Increasing the aperture of the incident light increases the illumination angle of the light at the illumination plane. 
This effect is shown in Fig. 4.

Figure 5. Telecentric illumination system with Engineered Diffuser. Finite collimated illumination beam is depicted. The figure illustrates 
three individual field angles. One axial and two other extreme collimated ray bundles are shown leaving the diffuser and forming sharp features 

at the back focus of the lens.
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