
20

Aperture Coupled Beamforming Antenna Array 
Based on Multiple Layered Substrate

Shailendra KAUSHAL,1 Yuichiro YAMAGUCHI,1 
Kiyoshi KOBAYASHI,2 and Ning GUAN1

An aperture coupled micro strip-patch antenna for V-band is designed in this paper. It 
consists of two substrates with slot cut ground in between two substrates with patch at the top 
and feed line at the bottom of other substrate. Power is coupled from feed line through slotted 
ground to the patch. This antenna gives good matched results for 59GHz to 63GHz  below  
- 10dB and gain of maximum 14-15dBi for single antenna and more than 24dBi for 16 array 
elements beamforming array. The beam forming of ± 45 ∞ is shown for channel 2 and channel 3 
of IEEE 802.11ad.

1. Introduction
Aperture coupled antennas give large bandwidth, 

excellent cross polarization and efficiency as compared 
to conventional micro-strip antennas, and have 
attractive features of low profile, ease to be integrated 
and low cost have been applied to various applications, 
such as mobile communication, GPS navigation, radar 
systems, microwave imaging, and wireless power 
transfer such as Wi-Fi and Wi-Gigs. As the large data 
rates are primary requirement for modern equipment 
so high gain and large bandwidth antennas are 
required. Many improvements such as large array 
antennas are being investigated with low loss 
substrates so as to decrease the losses and increase 
the gain and efficiency. In [1], [2] multiple dielectric 
layer aperture coupled antennas is shown for 
improving performance such as gain and bandwidth, 
whereas in [3] superstrate is used and in [4] stacked 
patch is used for this purpose. In this paper, array of 
subarray is designed for this purpose using multiple 
dielectric layers. By using different layers for patch 
and feed line, the size of antenna can be minimized.

2. Antenna design and simulation results
This design contains 5 layers (3 metal and 2 

substrate layers) (Fig. 1). Metal layers are called as 
patch, ground and micro-strip feed line. Substrates are 
named as antenna substrate (below patch) and circuit 
substrate (above feed line). In this design antenna 
substrate is chosen as LCP (Liquid Crystal Polymer) 
of 200 µm (er = 2.9, tan d = 0.005) and circuit substrate 
as PTFE (polytetrafluoroethylene) of 130 µm(er = 2.2, 

tan d = 0.0009). Very thin low loss PTFE is used as so 
as to lower the dielectric loss and thin micro-strip lines 
can be realized.

 The patch as shown in Fig. 2 is realized by connecting 
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Fig. 1.   Antenna design isometric view and top view 
(HFSS model).
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Fig. 2. Design of patch, ground aperture and feed line.
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square patches (1.28 mm x 1.28 mm) with a small pad 
of (0.5 mm ¥ 0.5 mm) through a thin (0.13 mm) line. 
This type of antenna gives better results as compared 
to conventional square/rectangular patch. 1D antenna 
is very effective because of space limitation for 
beamforming.

The other dimensions as shown in Fig. 2 are L = 34, 
W = 4.5, P = 3.9, L1 = 14.4, Wd = 0.1, W50 = 0.38, outer 
aperture 1.35 x 0.6, inner aperture 0.75 x 0.3 (all 
dimensions are in mm). The power is fed at the small 
pad through slot and it is distributed to the patches. 
Total size of antenna is 34 mm x 4.5 mm x 0.487 mm.

The slot in the ground plane is of compressed 
rectangular shape shown in Fig. 2 and feed line has 
been fed at the center of 1D array and it is distributed 
from mid so that antennas at the center are fed with 
maximum power and side patches with decreasing 
power so as to decrease the side lobes, an extra folded 
line segment is to introduce extra phase, so that all the 
antennas either side have the same phase w.r.t to one 
another.

The simulated result of antenna is shown in Fig. 3. 
S11 is well matched between 59 GHz-63 GHz. The gain 

vs frequency graph shows that minimum gain of 12 
dBi in this range. The simulated radiation efficiency is 
around 80%.

3. Phased array design and results
The phased array pattern as shown in Fig. 4 is 

designed by arranging 16 antennas parallel to each 
other at a distance of l/2 (in this case 2.5 mm is 
taken). The total size of antenna is 40 mm x 34 mm. All 
the elements are fed parallel to each other.

When no phase shift is given between two successive 
antennas (0 ∞) then it gives broad side radiation. Fig. 5 
shows the radiation pattern at 58.5 GHz with H-plane 
and E-plane radiation pattern. The 0 ∞ phase shift case 
frequency vs broad side gain is plotted in Fig. 6. The 
reflection characteristics S11 for all ports remain 
almost the same as shown in Fig. 3 since all are 
individually fed. The beam forming pattern at 58.5 
GHz is shown in Fig. 7 with gain and beam direction 
theta. When no phase shift is given between adjacent 
antennas it gives broad side radiation, with phase shift 

Fig. 4. Beamforming pattern.
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Fig. 5. Gain for 16 elements phased array at 58.5 GHz.
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Fig. 6. Frequency-gain plot for no progressive phase shift.
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Fig. 3. Gain and directivity for antenna.
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of ± 120 ∞ the main beam shifts at ± 47 ∞ with gain of 24 
dBi, whereas phase shift of ± 60 ∞ gives beam at ± 21 ∞ 
direction with gain of 25 dBi.

4. Conclusion
The above designed antenna gives very good beam 

forming for millimeter wave frequencies. The gain 

depreciation for beam forming at ± 45 ∞ is less than 2 
dBi for wide band from 58 GHz to 63 GHz. In this 
range bandwidth is also matched. Beyond this range 
the gain decreases and that why beamforming pattern 
gives lower gain. The fabricated antenna is under 
measurement with RFIC for beamforming ability, 
results will be published in the next communication.
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Fig. 7. Beamforming at 58.5 GHz.
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