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Abstract 

Phase retardance elements such as quarter, half and full waveplates are essential elements in the most of the 
polarization systems. So, they should be determined precisely. Accurate determination of the phase retardation for 
these elements are necessary and critical due to its effect on the optical polarization measurements. In this paper we 
measure two-dimensional phase retardation distribution of half wave plate using four step phase shifting technique for 
accurate retardance measurements through the whole surface of the wave plate. By using this technique, four images 
are captured, which are related to different orientation of the azimuth angle of the analyzer, and mathematically 
analyzed to obtain the phase retardance measurements. The mean value of the phase retardance measurements is 
182.57˚ with uncertainty 0.6˚.  
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1. Introduction

The optical retardation elements are anisotropic materials like quartz, mica, polymer and calcite. These elements are 
used to change the polarization state of light transmitted through it with a known retardance value [1, 2]. Some of these 
elements such as quarter, half and full wave plates are designed with certain phase retardance angle at a specific 
wavelength [3, 4]. There are several well-known methods that are used for the calibration and determination of the 
optical phase retardance angles. Among these methods, the Senarmont compensating method which is considered as 
the traditional method [5-7] but it has a disadvantage that the misalignment of any of the optical components in the 
setup will cause error in the measurements due to that this method depend on the extinction of light using both the 
polarizer and analyzer to get the phase retardance measurement. Over the years, different methods have been carried 
out for retardance measurements by detecting the phase of young’s fringes [8] or by using two compensator methods 
for retardation measurement [9] or by measuring the phase retardance and birefringence angles using photometric 
imaging polarimeter [10]. In this work, the two-dimensional distribution of the phase retardance angles of half wave 
plate through the whole surface are measured precisely using the four-step phase shifting technique and the mean value 
of the retardance angle is found in a good consistence with the results in ref [11]. 

2. Experimental work

Figure 1. Shows the four-step phase shifting technique where the system is illuminated with a laser beam. This beam is 
incident on a linear polarizer with its transmission angle is adjusted at 90˚ and then the linear polarized beam is passes 
through a quarter waveplate with its fast axis fixed on 45˚ and then is transmitted through the sample, second quarter 
wave plate and analyzer. The second quarter wave plate is rotated at a fixed azimuth angle - 45˚ while the analyzer is 
rotated with different rotation angles α (0˚, 45˚, 90˚ and 135˚).  
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Figure 1 Four-stepping technique, where P, A are the polarizer and analyzer respectively, Q1, Q2: quarter wave plates, 
S: sample under test, L: convex lens and CCD: CCD camera 

Four images are captured using CCD camera to measure the phase retardance angles of the half wave plate. The images 
are mathematically analyzed in accordance to the intensity at each pixel and the retardance angles 𝛿 can be extracted 
using this equation [12]: 

𝛿 = tan−1(
𝐼4−𝐼2

𝐼1−𝐼3
)       (1) 

Where I1, I2, I3 and I4 are the intensity values at each rotation angle (0˚, 45˚, 90˚ and 135˚) respectively.  

3. Results and discussion 

In this section we show the results of the phase retardation measurements using the four-stepping method. Figure 2 
represents the two-dimensional phase retardation measurements of the half wave plate at wavelength 632.9 nm.  

 

Figure 2 The two dimensional phase retardation measurements for the half wave plate using the four step 
polarimetric technique. 

These measurements are repeated for 5 times to estimate the uncertainty of the measurements. From figure 2, the phase 
retardance measurements is range from 184.18˚ to 181.47˚ and the mean value of the retardance measurements at 
wavelength 632.9 nm is  

𝛿 = 182.57˚ ±  0.6˚  

where the 0.6˚ is the expanded uncertainty in measurements. 

The uncertainty in phase retardance angles is estimated using the standard ISO98-3 (2008) [13]. The main sources of 
uncertainty that contribute in the phase retardance angle measurements using the four-step method are the 
repeatability of measurements, the error in quarter wave plates and error in polarizers. Repeatability of the 
measurements has significant contribution on the estimated uncertainty and it is found to be 0.2˚.  
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The mean value of the phase retardance measurements of half wave plate at the wavelength 632.9 nm is found to be 
compatible with the results of the same plate using both the Senarmont compensating method and the polarizing 
interferometry method as described in ref [11]. 

4. Conclusion 

The two-dimensional phase retardance measurements of half wave plate are determined precisely using four step phase 
shifting technique. This technique depend on the rotation of the analyzer angle at four different orientation angles and 
images are captured using CCD camera. The images are analyzed to get the two-dimensional mapping distribution of 
the phase retardance angles over the whole sample. The mean value of the phase retardance measurements of the half 
wave plate is found to be 182.57˚ with uncertainty 0.6˚ and is in a good consistence with the measurements of the half 
plate using Senarmont method.  
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