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Abstract— In this paper, a patented compact planar full-
range switched beam grid array antenna (GAA) is proposed 
for millimeter wave applications. By positioning the feeding 
points properly, the GAA is able to generate full-range 
switched beams with a specific coverage, for example, a GAA 
with 17 feeding ports generates 17 beams within a solid angle 
of  =  14.1º to  26.3º with the directivity range from 15.3 dBi to 
18.3 dBi at 93 GHz. For the 77-GHz smart car radar 
application, the GAA can produce 4 beams with ±15° scanning 
range and peak gain >18 dBi. The GAA on low cost printed 
circuit board (PCB) is with extremely compact structure, 
namely, its size is 1/70 of a conventional transmit-array.   
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I. INTRODUCTION  
Millimeter wave antennas with full-range beam scanning 

or switched beam are very useful for applications such as 5G, 
60-GHz WiFi [1], 77-GHz automotive radar [2], 94-GHz 
satellite or imaging radar systems. However the conventional 
electronic digital beam forming or phase array solutions still 
exist problems. The digital beam forming solution needs 
much more sub arrays to achieve high resolution where 
every channel has AD/DA, which leads to high power 
consumption and dramatically increased cost; the phased 
array-based system needs expensive solid-state, MEMS or 
ferrite-based phase shifters as well as many control lines and 
power distribution network, which leads to high cost, high 
power consumption and high complexity especially when the 
number of elements increase.  

In this paper, a patented antenna beam-steering solution 
based on GAA [3] is presented and its applications for smart 
car radar is explored. Compared with the traditional phase 
array, the proposed antenna itself is able to provide the 
necessary phase shift for generating the beam scanning and 
thus phase shifters are not required, which is the great 
advantage for millimeter wave beam steering antenna since 
the phase shifter may not be available at such higher 
frequencies. This also makes the beam-steering innovation 
happen in the antenna part and greatly simplifies the 
transceiver circuit module. Such a phase-shifter-less beam-
steering antenna solution will reliefs the problems of cost, 
complexity, and power consumption of the conventional 
digital beam-forming or phased array-based antenna systems.  

II. FULL-RANGE SWITCHED BEAM GAA
Fig. 1 shows an example of the planar full-range 

switched beam GAA with 17 feeding ports at 93 GHz. It 
consists of a microstrip GAA where the size of the grid cell 
is ~ g× g/2 ( g is the guided wavelength at the operating 

frequency). The GAA can be printed onto a dielectric 
substrate with a ground plane and fed by a probe through a 
ground aperture [4]. The full-range switched beams are 
realized by using multiple feeding ports and positioning the 
feeding probes properly. As shown in Fig. 1 the feeding 
probes are allocated on those “feeding nodes”, respectively. 
At these virtually “current zero” nodes, the adding of the 
feeding probes will not affect the performance of the 
antenna, which provides the possibility for using multiple 
feeding to achieve a full-range switched beam coverage. The 
excitation of the center feeding port 3, makes the antenna to 
generate the boresight beam. The excitations from port 1 and 
port 2 will generate titled beams directed to negative x-
direction while the excitations from port 4 and port 5 will 
generate titled beams directed to positive x-direction. By the 
excitation of the ports 1 to 5, the GAA is able to generate 
beams with specific coverage along x-axis (  = 0°). 
Similarly, the ports 3/6/7/8/9 will cover y-direction (  = 90°) 
and the ports 3/10/11/12/13/14/15/16/17 will provide the 
coverage along the diagonal directions (  = 45° /-45°), 
respectively. Thus a specific coverage is able to be realized 
by arranging the feeding ports properly. 

Fig. 1. The planar full-range switched beam GAA with 17 feeding ports.  

Fig. 2 shows the simulated 2-D radiation patterns at 93 
GHz with 17 beams. The radiator of the grid array is 
positioned on the top surface of the upper substrate (0.2 mm 
thick Ferro A6M, permittivity, r = 5.9, loss tangent tan  = 
0.002) and is fed by probes through the ground aperture. As 
shown in Fig. 2(a) the ports 1 to 5 are able to generate 5 
beams with specific coverage along x-axis (  = 0°). The 3-
dB beam span of the combined five beams is ± 12.2° using 
the peak directivity of 17.2 dBi as a reference; similarly, the 
ports 3/6/7/8/9 will cover y-direction (  = 90°) beam 
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scanning as shown in Fig. 2(b). The 3-dB beam span of the 
combined five beams is ± 26° using the peak directivity of 
18.3 dBi as a reference. Fig. 2(c) shows the coverage along 
the diagonal direction with  = 45° using the ports 
3/10/11/12/13. The 3-dB beam span of the combined five 
beams is -13.1° to 15.5° using the peak directivity of 17.3 
dBi as a reference; the ports 3/14/15/16/17 provide the 
coverage along the diagonal direction with  = -45° as 
shown in Fig. 2(d). The 3-dB beam span of the combined 
five beams is -15.5° to 13.1° using the peak directivity of 
17.3 dBi as a reference. It is noted that the asymmetrical 
beam scanning coverage due to the GAA asymmetrical 
excitations. In summary, the 17 beams are generated within a 
solid angle of  = 14.1º to 26.3º with the directivity of 15.3 
dBi to 18.3dBi. 
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Fig. 2.  The simulated 2-D switched beam patterns at 93 GHz; (a) x-axis 
direction,  (b) y-axis direction, (c) 45° digonal line direction, and (d) -45° 
digonal line direction 

III. 77-GHZ SMART CAR APPLICATIONS

   (a)       (b) 
Fig. 3. Comparision of array antenna at 77 GHz for automotive radar 
applications; (a) 77-GHz transmit array [2] with size of 40.35mm × 
40.35mm × 20 mm and  (b) 77-GHz 4-port GAA with size of 19.5mm × 
22.4mm × 1.03 mm. 

A 77-GHz four switched beam antenna using planar 
transmit array as shown in Fig. 3(a) has been reported for 
automotive radar applications in [2], where the traditional 
lens [5] is replaced with a planar lens with compact 
configuration but the challenge for traditional lens is still 
there, for example, three-dimensional (3-D) configuration is 
bulky, and the assembly of the planar lens and the complex 
feeds is a major issue as well. The antenna generates four 
beams with a coverage range of ±15° with a gain of 18.5 
dBi at 76.5 GHz. To produce four beams with ±15° 
scanning range with peak gain >18 dBi, the GAA solution 
as shown in Fig. 3(b) is with only one ~1 mm thickness 
printed circuit board (PCB), the overall size of the GAA is 
about 1/70 of the  transmit-array.  

IV. CONCLUSION

The planar GAA has showed the superior features of 
generating full-range switched beams with a specific 
coverage by positioning the feeding points properly. The 
extremely compact design at 77 GHz has demonstrated 4 
beams with ±15° scanning range and peak gain > 18 dBi, 
which is desired for car radar applications as compared with 
the traditional transmit array.  
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