
Printing: 
This poster is 48” wide by 36” high. 
It’s designed to be printed on a 
large-format printer. 
 

Customizing the Content: 
The placeholders in this poster are 
formatted for you. Type in the 
placeholders to add text, or click 
an icon to add a table, chart, 
SmartArt graphic, picture or 
multimedia file. 

To add or remove bullet points 
from text, just click the Bullets 
button on the Home tab. 

If you need more placeholders for 
titles, content or body text, just 
make a copy of what you need and 
drag it into place. PowerPoint’s 
Smart Guides will help you align it 
with everything else. 

Want to use your own pictures 
instead of ours? No problem! Just 
right-click a picture and choose 
Change Picture. Maintain the 
proportion of pictures as you resize 
by dragging a corner. 

BACKGROUND 

 

We have developed a method to characterize an optical retardation plate to enable 
sorting the collection of unlabeled devices that often accumulates in labs.  In as few 
measurements as possible,  we would like to measure the retardation and design 
wavelength of any unknown plate easily and quickly.  After exploring several 
methods, we settled on a procedure to determine the thickness, order, and 
retardation over a broad spectral range.  

 

 DEVELOPMENT OF A METHOD 
A conventional method to determine if a wave plate is λ/4 or λ/2 is to adapt the 
following setup: 

 

 

 

 

 

 

Using the analyzer (another polarizer) one can determine the optical axis of the WP. 
Once this is established the plate is set to 45° from its axis. Turning the analyzer, if the 
intensity does not change, the WP retardation is λ/4. If extinction occurs at two 
points 180° apart, the WP retardation is λ/2. The issue with this method is that if the 
incorrect wavelength is chosen for the WP neither of the conditions will be met. 

 

However, if a white light source was used we can find retardance across a spectrum, 
in our case we used multiple sources together to get a range over 350nm-1050nm 

 

 

 

 

 

 

This was done with a spectrum analyzer and to simplify the process, ε ≡
𝐼𝐶

𝐼𝑝
 is 

introduced, where Ic 
 is the intensity when the polarizers are set to extinction, Ip is 

intensity when polarizers are set to full pass.  

 

Retardance, 𝛿 = 2 𝑡𝑎𝑛−1 1
𝜀 , can then be found as a function of λ and wavelengths 

can be found where the plate is λ/2 and λ/4. This method is very quick but it 
erroneously labels 3λ/4 plates as λ/4. This is fine in many applications but to get 
more correct retardance information, as we have set out to do, a different method 
was adopted. 

 

SPECTRAL TRANSMISSION METHOD 

A powerful but more involved method described in Ref 1 provides a means to 
measure thickness, order and phase shift simultaneously, knowing only the 
birefringence dispersion relation of the wave plate by measuring the transmission 
through the previous setup: 

𝑑 =
λ𝑖λ𝑖+2

∆𝑛 λ𝑖 λ𝑖+2 − ∆𝑛 λ𝑖+2 λ𝑖
 

 

𝛿 λ0 =
2𝜋

λ0

∆𝑛 λ0 λ𝑖λ𝑖+2
∆𝑛 λ𝑖 λ𝑖+2 − ∆𝑛 λ𝑖+2 λ𝑖

 

 

𝑁 = 𝐼𝑁𝑇(
𝛿 λ0  

2𝜋
) 

Where d is thickness, δ(λ0) is absolute retardance at λ0, N is order, Δn(λ) is the 
birefringence dispersion relation to wavelength, and λi and λi+2 are intersection points 
on the transmission plot as shown to the right. 

This method requires knowledge of Δn(λ) and for a totally unknown WP the method 
fails. When this is the case we can instead couple d and Δn(λ) giving the following 
relationship:  

∆𝑛 ∗ 𝑑 =
λ𝑖λ𝑖+2

λ𝑖+2 − λ𝑖
 

 

𝛿 λ0 =
2𝜋

λ0
∆𝑛 ∗ 𝑑 

The find the order, N, we use a minimization technique that minimizes the difference 

between M ≡ 
∆𝑛 λ ∗𝑑 

λ
 and its integer part. This technique requires guessing at the 

order to minimize the difference of the two values over all observed λ. Using this 
technique we get a single value of thickness that does not depend on intersection 
points. 

 

 

 

The minimization technique has the added benefit of giving a more consistent 
thickness compared to the method in Ref 1 because it is less susceptible to errors in 
transmission intersection points.  

 

This method also makes use of the entire spectrum that was measured, since we 
have used a broad spectrum with an analyzer this allows for much more data to be 
considered in the measurement of d, and order. 

RESULTS 
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Broad-Spectrum Measurement of Retardance 

Spectral transmission method method applied to an unknown WP: 

Transmission measured by the first method to be a QWP for 633nm: 

The retardation as a function of wavelength:  

Order was measured to be 38 at 633 nm 
 ∆𝑛 ∗ 𝑑 = 2.463 μm ± .0014 μm 
Assuming the plate was quartz crystal: d = 2.06 ± .017 mm 
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