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Abstract- This article presents and discusses some of the recent 

developments on 60 GHz antenna arrays in substrate integrated 
waveguide (SIW) technology. They include planar linearly 
polarized (LP) antenna, three dimensional (3-D) high gain LP 
antenna, multi-layer single circularly polarized (CP) antenna, and 
3-D dual circularly polarized antenna (DCP) over 60 GHz 
frequency range. Single LP antenna is realized by loading anti-
podal linearly tapered slot antenna (ALTSA) with dielectric rod 
antenna. The dielectric rod antenna is used as a radiating element 
to construct 4 × 4 antenna array.  Single right-hand circularly 
polarized (RHCP) antenna is constructed by using SIW as feeding 
network and CP patch as radiating element. 2 × 2 RHCP array 
makes use of an aperture coupling method to excite each antenna 
element. In the final prototype, DCP antenna is constructed by 
using multi-layer E-plane coupler and rod radiating element. All 
the proposed antenna arrays are experimentally validated and 
compared with the simulated counterparts.   

 

I. INTRODUCTION 

 
Millimeter-wave wave (or mm-wave) antenna arrays with 

single linear and dual circular polarization characteristics are 
widely being used for numerous applications including 
wireless data communication, radar sensors, passive imaging, 
energy harvesting, and cognitive radio systems. The simplified 
block diagram of a radar transceiver using single LP antenna 
and CP antenna is shown in Fig. 1a, b. Radar with CP antenna 
can detect chest and heart displacement irrespective of the 
patient position [1]-[3].The sensor can always detect amplitude 
variations even polarization of patient is not matched with the 
transmitting antenna. Another application of CP antenna in 
energy harvesting techniques, where the rectified output 
voltage would become constant when compared with the 
scenario of an LP antenna. To satisfy front-end requirements of 
these systems, two different techniques have been proposed to 
obtain circular polarization at mm-wave frequency.  

Among different types of feeding mechanism, waveguide is 
an excellent candidate to implement low-loss feeding networks 
and high gain antenna arrays over mm-wave frequency range 
[4]-[5]. Those waveguide-based antennas have been exhibiting 
excellent radiation characteristics, but they are not easy to  

  
(a) 

 
(b) 

Figure.1. General simplified block diagram of a radar sensor using dual 
circular polarization antenna to detect human heart beat and respiration. 
 
integrate with active components on a single substrate. The 
microstrip-fed patch array proposed in [6] is easy to 
characterize and to integrate on a single substrate. However, 
antenna efficiency is lower than 50% at the 60 GHz frequency 
range. Low temperature co-fired ceramic (LTCC) technology 
was used to implement high efficiency antenna arrays in [7]-
[11]. The antenna efficiency was shown better than 90%, but 
the fabrication cost would be high. 

At mm-wave frequency, SIW (substrate integrated 
waveguide) is an oustanding candidate to implement low loss 
and low cost feeding mechanism. SIW-fed antenna is able to 
yield high radiation efficiency and broadband impedance 
behavior. At 60 GHz, SIW-fed antenna arrays with linear 
polarization were proposed in [12]-[16] and circular 
polarization in [17] and [18]. In this work, frequency range 
from 57 GHz to 64 GHz is chosen to design a number of high 
performance antenna arrays with linear and dual circular 
polarizations. The proposed CP antenna can be integrated with 
the front end of the systems proposed in [19] and [20].  



 

Figure. 2. E-plane co-pol and cross-pol radiation patterns as a function of 
substrate thickness. 

 
Figure. 3. ALTSA is loaded by a tapered dielectric rod. 

 

 

II. PLANAR DIELECTRIC ROD ANTENNA 

Among the substrate integrate circuits (SICs) family, 
substrate integrated image guide (SIIG) have been used in [21] 
and integrated non-radaitive dielectric waveguide (SINRD) 
have been used in [22] to feed a dielectric rod antenna. These 
two families of SICs require an additional transition to 
interface with the other parts of circuit. The third and well-
known family member of SICs, is SIW that has also been used 
for the design of feeding networks, e.g., in [23] and to develop 
high-gain dielectric rod antenna arrays. In this work, ALTSA 
antenna is loaded with planar dielectric rod antenna to amplify 
the gain of the combination [18].  

Antenna cross-pol and side-lobe level as a function of the 
substrate thickness is given in Fig. 2. As the substrate thickness 
increases, cross pol level and side lobe levels also increase. As 
the thickness increases, fields are loosely bounded within the 
dielectric substrate hence the polarization purity is also reduced. 
For 10 mil thickness, the cross-pol value is less than -29.35 dB 
and the worst side lobe value is about -26 dB. Experimental 
antenna prototype is shown in Fig. 3. To obtain a better 
matching condition, a grounded coplanar waveguide (GCPW) 
to SIW transition is designed and used to measure the cascaded 
section of ALTSA and rod antenna. The transition behavior is 
similar to the operating principle of a diploe antenna. Input 
impedance and radiation pattern are measured by using the V-
connector. Thus, the final architecture of the proposed antenna 
is a series combination of GCPW transition, linearly tapered 
slot antenna and dielectric rod antenna.   

 

 

Figure. 4. Three dimensional view of the feed network where input 
port on the XY-plane and 16 output ports are located on the vertically 

placed SIW lines. 
 

 

III. HIGH GAIN ANTENNA ARRAY 

In this work, a 45ᵒ LP planar array utilizing 16 radiating 
elements is proposed for the 60 GHz frequency systems. Array 
occupies the total volume of 2.8λ×3.2λ×5.1λ with an average 
peak gain of 17.5 dBi over 8.3% of pattern bandwidth. 
Dielectric rod antenna gain is a function of rod length. SIW-fed 
rod antenna discussed in the previous section is selected as a 
radiating element to implement high efficiency antenna array. 
The feed network of 4 × 4 rod antenna array is shown in Fig. 4. 
The planar power divider and bend used at each intersection 
are optimized to have better impedance match over all the 
bandwidth. Sixteen antenna elements and feed network are 
integrated together to realize the final prototype. Antenna 
performance characteristics are measured by using a Southwest 
microwave end-launch connector. Simulated and measured 
input impedances (with |S11|<-8 dB) are matched over a 
bandwidth from 57 GHz to 64 GHz.   

Far-field radiation pattern is measured in an anechoic 
chamber with 45ᵒ polarization set at transmitting horn antenna.  
Antenna gain is measured as 16.5 dB, 17 dB and 17.5 dB at 59 
GHz, 60 GHz and 62 GHz frequency. Side lobe levels in both 
E-plane and H-plane are lower than –10 dB and cross-
polarization is lower than -18 dB from the maximum gain 
value of 18 dBi. The thickness of 10 mil is chosen to improve 
the cross-polarization level of rod antenna. Nevertheless, the 
mechanical strength is reduced and also the rod antenna end-
points are slightly misaligned along Z-axis of orientation.  
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Figure. 5. Fabricated prototype of the Single RHCP array.

 

IV. SINGLE CP ANTENNA ARRAY 

A parallel type of feeding topology is chosen to remove the 
beam squint effect, which naturally occurs in a series feeding 
topology. An SIW power divider and its physical parameters 
obtained through modeling are given in Fig. 3a. Magnitude of 
the input reflection coefficient is less than – 15 dB from 57 
GHz to 64 GHz. The power is divided equally among the four 
output ports.  

The final array construction in 3 layers is shown in Fig. 5a. 
The SIW feed network is integrated on layer 1.The slots 
provide required excitation coefficients for an array. Layer 2 
works as an air gap between feeding layer 1 and antenna layer 
3. Mutual coupling between antenna elements is reduced by 
placing an array of vias in a rectangular cavity under each 
antenna element. Layer 3 is a radiating layer, where the 
circularly polarized patch antennas are integrated on an 
ultrathin substrate. The feed network printed on a high 
dielectric permittivity allows a freedom to choose the spacing 
between antenna elements. The optimum spacing between 
antennas sums up the individual element patterns to contribute  
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(b) 
Figure. 6. CP antenna feed network (a) architecture (b) amplitude and 

phase performance. 

 
to the maximum total gain. Simulated and measured axial 
ratios as a function of frequency are compared in Fig. 5b. 
Measured AR value is less than 3.5 dB from 58 GHz to 62 
GHz. 

V. DUAL CIRCULARLY POLARIZED ANTENNA 

In this work, E-plane coupler is used as a feeding topology to 
supply equal amplitude for two LP components with 90ᵒ phase 
shift. The proposed DCP antenna is working in left-hand 
circularly polarized (LHCP) mode and right-hand circularly 
polarized wave (RHCP) mode for port 1 and port 2, 
respectively. Four port feeding network shown in Fig. 6a is 
used to obtain a DCP radiation at the 60 GHz frequency range. 
Input ports P1, P2 are located on the horizontal plane and 
output ports P3, P4 are located on the vertical plane. Four SIW 



transmission lines are arranged in a three dimensional (3-D) 
configuration, where vertical and horizontal waveguides are 
connected through an SIW vertical interconnect. Coupler is 
used to feed with equal power division between P3 and P4. A 
differential phase shift of +90ᵒ is realized for excitation at P1 
and -90ᵒ for excitation at P2. Hence, the condition for CP 
operation is satisfied in the proposed feed network. The output 
port lengths are unequal for the two orthogonally polarized 
array ports. To retain 90ᵒ phase shift, an unequal width and 
unequal length phase shifter is integrated between output ports 
of the coupler. As shown in Fig. 6a, the antenna feed network 
is designed in the SIW technology and later used to feed an 
SIW fed rod antenna. Output ports P3 and P4 are loaded with 
two SIW fed dielectric rod antennas to realize the final 
prototype. Simulated amplitude and phase performance as a 
function of frequency is plotted in Fig. 6b. All interconnects 
are matched from input to output ports, so all the field is 
coupled to the output ports. For port P1, a differential phase 
shift between output ports varies from 77ᵒ to 91ᵒ and amplitude 
coefficient varies between -3.7 dB and -4.1dB over the 
frequency range from 57 GHz to 65 GHz. Measured half-
power beam width (HPBW) in both the pattern cuts is 39ᵒ with 
side lobe levels are lower than -10 dB for both input ports P1 
and P2.  

VI. CONCLUSION 

In this work, two linearly polarized antennas and two 
circularly polarized antennas have been proposed and 
experimentally validated in SIW technology. Feed network and 
antenna are designed to share the SIW transmission line. 
Antenna efficiency greater than 70% is obtained for all the 
proposed techniques. The proposed antennas can be used for 
radio and radar front-ends that require single linear or single 
circular or even dual circular polarization at mm-wave 
frequency. 
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