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Clear and Useful Aperture 
Calculating the useful aperture of optical components  
 
The clear aperture (CA) of a substrate is a key component of any optical 
specification. It specifies the area of the substrate surface over which the  
surface specifications are met.  
 
The CA is usually represented as a percentage of the overall surface 
area. For example, for a substrate with 100mm diameter and 90% clear 
aperture, the  clear aperture is a 90mm diameter central area. 
 
Knowing the clear aperture of your substrate is essential when thinking 
of an optical design. If you were using a 5mm diameter beam and an 
optic with clear aperture of only 4mm, you would most likely not get 
good results. 
 
If the beam you are using is going to be incident at 0°, it is easy to 
compare the beam diameter and the clear aperture and decide on a 
specification for the substrate. However, if a beam is incident on the 
optical component under an angle, as is often the case, a calculation has 
to be undertaken to ensure that beam diameter and optical components 
are compatible. 
 
When a light beam passes through a substrate at a non-zero angle, it will 
come out at a different point along the diameter of the substrate (beam 
deviation), which will depend on the angle of incidence, the thickness of 
the substrate, and its refractive index. This may or may not be within the 
given clear aperture. If it is not within it, then the optic might not meet 
the required specification, and it will not function as intended.  
 
The figure below clearly shows that when the substrate is used at an 
angle, the “useful” aperture is smaller than that of the same substrate 
used at 0º.  
 
 

Figure: Diagram of light path through a substrate at 0°, and at 45°. 
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This needs to be taken into account when specifying optical 
components. The equation below calculates the useful aperture of the 
substrate : 
 
UA = [d(CA) - (t ∗ tan(Θ))] ∗ cos(α)    with  Θ = sin-1((n1/n2) ∗ sin(α)) 
 
(UA represents the useful aperture, CA the clear aperture, d the 
component diameter, t the component thickness and α the angle of 
incidence of the beam) 
 
Applying the formula to standard substrates and commonly used angles 
of incidence gives the data listed in the table below. 
 
It is calculated for a clear aperture of 85% and substrate refractive index 
of 1.5. The refractive index varies with material and wavelength, so the 
useful aperture will have a slight wavelength dependence. We have 
developed a spreadsheet to calculate useful aperture to any 
specification, which will be available to use on our website. 
 

 
If you are in doubt about how to specify your components, please do 
not hesitate to contact the MPO Team, we look forward to helping you. 
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