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Abstract— This paper addresses the circularly-polarized 
(CP) gain uncertainty when using linearly-polarized feeds to 

obtain circular polarization in Compact Antenna Test Ranges. 
In particular, our emphasis is placed on quantifying the 
inaccuracy caused by deviations in amplitude and in phase of 

the two orthogonal linear measurements. This is of paramount 
importance especially for highly directive CP antennas 
operating at high frequencies in that the CP gain will be 

adversely impacted even by a small deviation from an ideal 90-
degree rotation, as well as by a situation when the rotation may 
cause a slight boresight misalignment. To characterize the gain 

uncertainty, we look at ratio differences between the peak 
amplitude of the linear measurements, as well as cases when 
the phase shift of the two orthogonal linear measurements is no 

longer 90 degrees. The former is done through mechanical and 
electrical boresighting technique in the initial setting. The 
latter, which is the focus of this paper, is carried out through 

several case studies in practice mimicking some non-ideal 90-
degree rotation settings.  

Index Terms— Antenna Measurement, CATR Feed, 

Measurement Uncertainty 

I.  INTRODUCTION  

In Compact Antenna Test Ranges (CATRs), CP antennas 

are measured using either a i) CP, ii) dual-polarized, or iii) 

rotating single-polarized primary feed. The CP feeds, albeit 

mostly desired, need to have a nearly ideal axial ratio, which 

is quite challenging to realize in practice, especially over a 

wide frequency range. Dual-polarized primary feeds, which 

have two orthogonal linear ports, are generally utilized in CP 

gain measurements. They are capable of eliminating 

potential inaccuracy correlated to the feed rotation and/or 

associated connecting cable twists or movements [1]-[5]. 

However, for very high-power measurements, such as Radar 

signatures and jammers, high-power dual-polarized feeds are 

not widely accessible. For the aforementioned measurement 

applications, the utilization of rotating single-polarized feeds 

thus becomes inevitable. To generate two orthogonal 

polarizations for the required CP measurement, the CATR 

feed needs to be rotated by 90 degrees. 

With the need for nearly ideal axial ratio of circular 

polarized feeds, using linear compact range feeds becomes 

the most reliable method for measuring these antennas. 

When using linear feeds, dual-polarized feeds are preferred 

to minimize any error between the orthogonal polarizations. 

However, power constraints often drive a requirement to use 

a single polarization. In this case, ensuring proper alignment 

of the compact range feed and calibration of the feed 

positioner is critical to ensure minimal uncertainty in the 

measurement. Alignment errors, one of the major factors of 

the uncertainty in CATR measurements [6], result in an off-

boresight main beam, causing peak amplitude imbalances 

between the two linear measurements. Earlier research has 

established that the transformation between linear and 

circular polarizations is highly sensitive to phase [7]-[10]. If 

the feed positioner is not properly calibrated, the phase shift 

between the two linear measurements may not have true 90-

degree orthogonality. In this paper, we will review 

measurement cases where both a dual-polarized feed and 

single-polarized feed are used in the measurement of a CP 

antenna. We look at the impacts associated with deviations in 

peak amplitude and with errors in phase shift. Finally, we 

will review the impacts and estimate the measurement 

uncertainties associated with these deviations. 

II. DUAL-PORT LINEAR FEED CONFIGURATIONS 

The objective of this work is to investigate the 

differences bewteen a single-port linear feed and a dual-port 

linear feed when they are used to measure CP gain and to 

study the resultant measurement uncertainities on the 

boresight axial ratio and the peak gain. To this end, a Ku-

band RHCP reflector antenna was selected as an antenna 

under test (AUT) and a CATR dual-polarized feed was 

utilized to carry out the uncertatinty tests. Four cases were 

investegigated, namely AB, A′B′, A′B, and AB′, in which A 

and B are the orthogonal ports of the feed, as illustrated in 

Fig. 1. The prime implies that the feed is rotated by 90 

degrees. For axample, A′B′ means that the feed rotated by 90 

degrees. A′B means that measured data of the rotated port A 

and the port B were used to construct the CP signal. 

 

 

Fig. 1. Configurations of the dual-polarized linear feed for CP gain 

measurment set-up.  



III. RESULTS AND DISCUSSIONS 

Based on the defined dual-polarized linear feed 

configurations shown in Fig. 1, the corresponding results are 

shown in Figs. 2 and 3, wherein the axial ratio (AR) and 

cross-polarization discrimination values at the boresight 

direction of θ=0o between the dual-port linear feed (AB), the 

rotated dual-port linear feed (A′B′), and single-port linear 

feeds (AA′ and BB′) are plotted, respectively. For further 

clarification, the maximum AR differences between all these 

four cases are summarized in Table I.  

 

 

Fig. 2. The AR at the boresight direction of θ=0o between the dual-port 

feed (AB), rotated dual-port feed (A′B′), and single-port feeds (AA′ and 

BB′).  

 

Fig. 3. The cross polarization discrimination at the boresight direction of 

θ=0o between the dual-port feed (AB), rotated dual-port feed (A′B′), and 

single-port feeds (AA′ and BB′).  

TABLE I.  SUMMTARY OF AR DIFFERENCES AT THE BORESIGHT 

DIRECTION OF θ=0O
 FOR THE FOUR CASES 

Cases AA' - 

BB' 

AA'-

AB 

AA' - 

A'B' 

BB' - 

AB 

BB' - 

A'B' 

A'B' 

- AB 

AR 

Differences 0.12 0.30 0.30 0.30 0.30 0.57 

 

As listed in Table I, the AR differences between AB and 

A′B′ are more noticeable than the rest. This is attributed to 

the channel imbalance, misalignment of the feed and/or 

AUT, as well as the polarization mismatch between the AUT 

and the CATR feed. To separate out these factors, we studied 

the uncertainty of the CATR feed positioner by rotating and 

resetting it more than 10 times and reading the location in 

each iteration by a laser position tracker. It turned out that 

the uncertainty of the CATR positioner in the 90-degree 

rotation case is less than 0.07 degree considering the two 

times standard deviation criterion. Hence, for such a small 

uncertainty of 0.07 degree, the boresight axial ratio is almost 

unchanged. Therefore, we believe that the channel 

imbalance, due to the cables’ movement, is more dominant 

than small feed positioner errors. To formulate the problem, 

let us assume that the ideal electric field consists of two 

linear orthogonal components along the x- and y-axes, as 

expressed by (1). The channel imbalance and phase 

differences are thus given by (2) and (3). 

                    (1)      

                                          (2)   

               

      Rewriting (1) by normalizing it with respect to Ex and 

using (2) and (3), we obtain: 

                   (4)     

 

 

Fig. 4. AR versus ∆φ, the deviation from ideal 90o phase, for different 
amplitude imbalances.  

Figure 4 depicts how AR varies versus phase deviations 

from 90o for different channel amplitude imbalances. The 

reference case represents the ideal amplitude balance with 

|Ey/Ex|=1.00. For the reference case, when the phase 

deviations are ±2.5o from 90o, the AR is 0.19 dB. Herein, the 

uncertainty is defined by the difference between the ARs of 

ideal and non-ideal cases. For instance, for the 10% channel 

unbalanced case, i.e., |Ey/Ex|=0.90, with no phase errors, the 

AR uncertainty is 0.46 dB. As the phase error reaches to ±5o, 

the uncertainty of the AR due to the amplitude imbalance 



reaches to 0.21 dB, almost half of the no phase error case. To 

better quantify the resulting uncertainty in the AR, the 

difference between ARs for a given amplitude imbalance and 

the ideal one is plotted in Fig. 5 against the deviations from 

ideal 90o phase. As observed, for all the channel imbalance 

cases, the uncertainty decays as the phase error increases. 

Interestingly, as the amplitude balance improves [see the red 

curve in Fig. 5], the uncertainty becomes less sensitive even 

to larger phase errors.  

 

 

Fig. 5. AR uncertaintity for different amplitude imbalance values against 

the deviation from ideal 90o phase. 

IV. CONCLUSION 

In this paper, different measurement cases were studied 

where both a dual-polarized feed and single-polarized feed 

were utilized in the measurement of a CP antenna. In 

particular, the uncertainty in the AR due to the dual-

polarized feed rotation was investigated by measuring 

several different case studies, wherein the phase deviation of 

the feed was off from its ideal state by ±15o for different 

amplitude imbalance values. It was shown that for a 10% 

channel unbalanced case with no phase errors, the axial ratio 

uncertainty was close to 0.5 dB.   
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