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LCP Based Dipole Antenna Fed by Rectangular 
Waveguide Operating at 60-GHz band

Ryohei Hosono,1 Yusuke Uemichi,1 Xu Han,1 Yusuke Nakatani,2 
Susumu Tsuchiya,3 Kenji Takahashi,4 and Ning Guan,1

In recent years, wireless communication with high speed and huge capacity data transmission 
at 60 GHz band is focused. Kiosk downloading which is a short-range wireless communication 
is one of 60 GHz applications. Requirements for millimeter-wave devices such as antenna are 
low loss and broadband operation whose bandwidth is up to 9 GHz. In the short-range wireless 
communication application, omni-directional radiation or large beam coverage is also required. 
In this paper, the design and evaluation of a dipole antenna fed by rectangular waveguide at 
60 GHz is reported. The antenna is fabricated on liquid crystal polymer (LCP) substrate. The 
proposed antenna has broadband operation and broad beam radiation so that it is suitable for 
the short-range wireless communication at 60 GHz band.

1. Introduction
In recent years, there is a strong interest in high 

speed and huge capacity wireless network by using 60 
GHz band. 60 GHz band has a large unlicensed band 
whose maximum width is up to 9 GHz. However, a mo-
lecular oxygen absorption causes large attenuation at 
60 GHz so that high radiated power is needed in long-
range wireless communication. Based on this fact, a 
short-range wireless communication such as Kiosk 
downloading is one of candidates for 60 GHz band ap-
plications. For short-range wireless network, devices 
such as antenna are required to operate not only with 
wideband impedance matching but also with omni-di-
rectional or broad beam radiation. Additionally, de-
vices are often designed with low loss configuration 
such as rectangular waveguide to realize high power 
output.

In this paper, the design and evaluation of a dipole 
antenna fed by rectangular waveguide at 60 GHz is re-
ported. The antenna is fabricated on liquid crystal 
polymer (LCP) substrate which has quite low dielec-
tric loss. The proposed antenna has wideband opera-
tion and broad beam radiation at 60 GHz band. We 
believe that it is suitable for the short-range wireless 
communication.

2.  Rectangular waveguide to microstrip line 
transition
Figure 1 shows an overall structure of the rectangu-

lar waveguide to microstrip line (MSL) transition. It 
acts as a feeding circuit for the dipole antenna fed by 

rectangular waveguide. The transition is composed of 
a single-layer LCP substrate, two metallic plates and a 
metallic back-short block. The LCP substrate has a 
thickness of 0.05 mm and relative dielectric constant 
of 2.9 and dielectric loss tangent of 0.003 at 60 GHz 
band.

The metallic plates have thickness of 0.1 mm. An 
aluminum plate of A5052 is used for fabrication of the 
metallic plates and the back-short block by machining 
process. There are apertures in metallic plates for cou-
pling with the aperture of a GND plane of the LCP sub-
strate. Moreover, the apertures in the metallic plates 
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Fig. 1. Configuration of Waveguide to Microstrip line 
transition.
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add susceptance for wideband lumped impedance 
matching. The metallic plates also contribute to en-
hance a strength of the transition which reduces de-
flection of the LCP substrate when the components in 
overall structure are fixed by screw.

The proposed transition can be fabricated cost-effec-
tively if compared with conventional transitions 1)-3) 

which utilizes multi-layered dielectric substrate. Con-
trary to the conventional transitions, the thickness of 
the LCP substrate is relatively low with the value of 
0.05 mm so that a dip in frequency characteristics of 
transmission caused by a radiation inside substrate 1)-3) 

is not occurred.
To evaluate conversion loss from the waveguide to 

MSL, a back-to-back structure is employed for fabrica-
tion shown in Fig. 2. Figure 3 shows the frequency 
characteristics of S-parameters for the waveguide to 
MSL with showing the comparison between simula-
tion and measurement. The simulation is carried out 
by the commercial software HFSSTM. Good agreement 
is confirmed between simulation and measurement 
and the bandwidth of |S11| < -10 dB is 10 GHz from 55 
to 65 GHz. To calculate the conversion loss between 
the waveguide to MSL by de-embedding technique 4), 
two transitions with different length of MSL are evalu-
ated. Figure 4 shows the frequency characteristics of 
the conversion loss in measurement. The conversion 
loss < 1 dB from 55 to 64.5 GHz is confirmed.

3.  Dipole Antenna Fed by Rectangular  
Waveguide
Figure 5 shows a dipole antenna fed by rectangular 

waveguide with the proposed transition described in 
Chapter 2. The dipole antenna has a bow-tie shaped 
radiation element due to realizing wideband operation. 
Adding a slit to the GND plane, operating frequency 
band is adjusted for desired frequency range. Addi-
tionally, broadband rectangular waveguide to MSL 
transition proposed in the previous chapter makes it 
possible for overall antenna structure for wideband op-
eration.

Figure 6 shows frequency characteristics of reflec-
tance for a fabricated waveguide fed dipole antenna. 

Fig. 2. Fabricated Waveguide to Microstrip line transition.

-30

-25

-20

-15

-10

-5

0

55

S
-p

ar
am

et
er

s 
[d

B
]

Frequency [GHz]

S11-Sim.
S21-Sim.
S11-Meas.
S21-Meas.

56 57 59 60 62 63 64 656158

Fig. 3. Frequency response of Waveguide to Microstrip line 
transition.
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Fig. 4. Conversion loss of Waveguide to Microstrip line 
transition.
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Fig. 5. Waveguide-fed dipole antenna.
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Fig. 6. Simulated and measured input characteristics of 
fabricated antenna.
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Good agreement between simulation and measure-
ment is obtained and the bandwidth of |S11| < -10 dB is 
57.5 to 65 GHz so that broadband operation is con-
firmed.

Figure 7 shows radiation patterns of the proposed 
antenna at 60 GHz band comparing with simulation 
ones. Good agreement between simulation and mea-
surement is obtained in yz-plane but a discrepancy for 
radiation pattern between them is observed in zx-plane. 
This discrepancy is caused by a back-short block used 
for the measurement which is not accounted in the 
simulation. 3 dB beam width in yz and zx-plane at 60 
GHz are 50∞ and 38∞ so that broad beam radiation is 
observed.

Figure 8 shows frequency characteristics of mea-
sured maximum gain of the proposed antenna in yz 
and zx-planes comparing with simulated ones. Based 
on this figure, even though reasonable agreement be-
tween simulation and measurement is obtained in yz-
plane, the discrepancy between them is also obtained 
in zx-plane due to the same reason. The measured 
maximum gain greater than 4 dBi is obtained at from 
57 to 65 GHz in both planes so that appropriate perfor-
mances in operation bandwidth and radiation for the 
short-range wireless communication are finally dem-
onstrated.

4. Conclusion
In this paper, a dipole antenna fed by rectangular 

waveguide for short-range wireless communication at 
60 GHz band is reported. The proposed antenna is 
composed of a radiation element, metallic plates and a 
metallic back-short block. It is confirmed that band-
width of |S11| < -10 dB is 57.5-67 GHz in measure-
ment. It means that the operation bandwidth satisfies 
with 60 GHz application requirement. Moreover, radi-
ation characteristics of the proposed antenna is evalu-
ated by measurement and broad beam radiation and 
maximum gain greater than 4 dBi are confirmed. The 
proposed antenna is suitable for short-range wireless 
communication with high speed and huge capacity 
wireless network.
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Fig. 7. Simulated and measured radiation pattern of fabricated 
antenna at 60 GHz.
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Fig. 8. Simulated and measured frequency characteristics of 
maximum gain.




