Variable beamwidth corner reflector antenna
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A simple and successful design for a variable beamwidth corner reflector antenna is presented. The gain and the –3dB beamwidth of the antenna are predicted using the finite difference time domain (FDTD) method. The predicted results are compared with measured data and good agreement is reported.




Introduction: The corner reflector antenna is a simple antenna for medium gain applications at UHF and low microwave frequencies. It consists of two flat plates intersecting at an apex angle and is usually fed by a half wave dipole placed along the plane which bisects the plates. The corner reflector antenna was invented in 1938 by Kraus [1] who showed that the radiation characteristic of an infinite size corner reflector can be computed analytically using image theory if the apex angle is a sub-multiple of . An analytical solution for arbitrary apex angles was developed in 1954 by Wait [2]. The influence of the finite size reflector plates on the radiation pattern of the corner

reflector antenna was first investigated by Olver and Steif [3] using the finite difference time domain (FDTD) method described by Taflove [4] and many other authors. For some applications of the corner reflector antenna it is desirable to be able to adjust the beamwidth of the radiation characteristic. This Letter proposes that a variable beamwidth antenna can be achieved by making a corner reflector antenna with a hinge at the apex angle.

Prediction method: FDTD is an ideal method for predicting the radiation characteristics of corner reflector antennas because of its ability to model medium size antennas with considerable accuracy [3]. The 3D code used for the FDTD simulations was developed at Queen Mary and Westfield College (QMW). The cell size was /20 which enables the plates to accurately modelled. The size of the grid was chosen such that the structure was half a wavelength from the absorbing boundary conditions (ABCs). The near field to far field transformation surface was two cells from the apex and the edges of the structure. The simulation frequency was 5GHz and the number of time steps was set such that the field settled down to a constant value.  The H-plane radiation pattern, DH, is defined as the ratio of radiated power in a specified direction in a plane to the total radiated power in this plane:

DH = [2( I(90,()] / [ (0 2( I(90,()d(]

where I(90(,() is the radiation intensity in direction (90(,().

Test antenna: To verify the predictions, an experimental variable beamwidth corner reflector antenna was built and measured. The reflector plates were made of brass. Fig. 1 shows the experimental antenna. The structure which allowed movement of the plates had to be designed so that the apex angle could be precisely changed whilst minimising the distortion to the radiation characteristics. The main difficulty for the design was to ensure that the two plates moved synchronously so that the dipole was always at the bisector. This synchronous movement of the plates was realised through two struts on a sliding rail from the rear of the reflector to the front end of the plates. The location of the fixing point of the struts was partly chosen so that the force needed to change the angle of the plates was minimised, and partly so that a change in apex angle translated to less movement at the apex than at the front end of the plates. This mechanism gave precise control over the apex angle. Special care was taken with the design of the hinge. A normal hinge would produce a slot between the plates when the apex angle was increased. To avoid this, a hinge was constructed where the point of rotation coincided with the apex. The antenna was designed for 5GHz and was fed by a half wave dipole separated by 30mm (0.5 ) from the apex, and the side length of the square plates was 120mm (2 ). The antenna was measured in the compact antenna test range (CATR) at QMW. Gain measurements were conducted using the gain-transfer method. 


Results: The H-plane radiation patterns for apex angles () of 70and 110are shown in Fig. 2. In both cases the side-lobe level is just below –20dB. The front-to-back ratio decreases from –39dB for =70to –32dB for = 110. The comparison of the measured and predicted results shows good agreement in the main beam direction. The measured patterns in the back direction are slightly distorted by the mounting structure. The E-plane patterns showed the same level of agreement, but are of less interest since they are partly dependent on the height of the reflector plates. In Fig. 3, the measured and predicted gain and –3dB beamwidth for apex angles in the range from 30 to 120are shown. The error bars for the measured gain of 1dB represent the accuracy of gain transfer measurements for low gain antennas in the CATR of QMW at 5GHz. The measured gain excludes the input impedance.

The agreement of the predicted and measured –3dB beamwidth is very good. For the gain, the agreement is good for apex angles > 40. Below this angle, the input impedance of the corner reflector antenna falls, owing to the close proximity of the plates in respect to the dipole. This yields a reflection coefficient (S11 ) of > –3dB for which the gain-transfer method does not give good results since a high percentage of the incoming power is reflected. 

The beamwidth changed from 54for an apex angle of 30to a low of 30between = 70and 90. It then increased to 60for an apex angle of 120. Thus, the –3dB beamwidth can be doubled by changing the apex angle by an equivalent amount. For apex angles >120, the radiation pattern splits into two beams. This ties in with the predictions of image theory which postulates a null at boresight for a dipole position 0.5 in front of a flat plate (i.e. = 180).

The gain exhibited the opposite trend. It climbed from 12.6dBi at = 30to 14.2dBi at = 60, and fell again at = 120to 10dBi. The gain variation was 4.2dB for a 90change in apex angle. The plate length of 2was chosen to achieve a compact antenna.

The variation of the –3dB beamwidth can be expanded by increasing the length of the reflector plates. For a plate length of 6the –3dB beamwidth varies from 20 to 60if the apex angle is changed from 30 to 120. 


Conclusion: The theory and experiment have demonstrated the ability to make a simple variable beamwidth corner reflector antenna. 
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Figure captions:

Fig. 1  Experimental variable beamwidth corner reflector antenna

Fig. 2  Measured and predicted H-plane radiation pattern for = 70and
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Fig. 3  –3dB beamwidth and gain against apex angle
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Figure 2
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Figure 3
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