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Abstract—The recent research and development of the planar 
substrate-integrated millimeter-wave/ sub-millimeter-wave 
antenna technologies are reported. The selected planar antenna 
designs fabricated onto print circuit board (PCB) or low 
temperature co-fired ceramic (LTCC) substrate operating at 
60/77/140/270-GHz bands are addressed.  

Keywords—millimeter wave antenna, planar antenna, tapered slot 
antenna, substrate integrated waveguide (SIW), low temperature 
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I. INTRODUCTION 

Millimeter-wave (mmW)/sub-millimeter-wave (sub-mmW) 
bands are becoming increasingly important in many 
applications such as remote sensing, radio astronomy, plasma 
diagnostics, radar, imaging systems, and communication 
systems because of their wide operation bandwidths. Recently, 
the research into wireless personal area networks is gradually 
moving into a Giga-bit era for high quality service. The 
availability of seven-GHz bandwidth at the unlicensed 60-
GHz ISM band offers a great opportunity for ultra-high speed 
short-range wireless communications. As a key component, 
the antenna design at mmW/sub-mmW bands has arisen many 
unique challenges of not only the design methodology for high 
performance but also non-electrical issues such as mechanical 
fabrication tolerance, complexity, and cost. For commercial 
mmW/sub-mmW systems, the antennas must be of low cost, 
high gain and high integration ability for mass production. 

In this paper, selected planar mmW/sub-mmW antenna 
designs based on conventional print circuit board (PCB) 
process as well as low temperature co-fired (LTCC) process 
are reviewed. The antennas are developed under several 
research programs funded by Agency of Science, Technology 
and Research (A*STAR) [1]. 

II. 60-GHA ANTENNAS 

 A. 60-GHz antennas on PCB 

Fig. 1 exhibits three antenna designs on RO4003 PCB. The 
antipodal Fermi antenna achieves |S11| of less than -15 dB and 
gain of 15.6−17.2 dBi over the frequency range of 55−67 GHz 
[2].  The fan-like antenna is able to offer a wide-angle coverage 
with an E-plane beamwidth up to 184º at 60 GHz, |S11| of less 
than -9.7 dB and gain of 1.6−6.4 dBi over 57−64 GHz [3]. The 

2×4 substrate integrated waveguide (SIW) cavity-backed wide 
slot antenna array achieves the return loss of larger than 10dB, 
gain of 10–12 dBi and the cross-polarization levels lower than 
25 dB in both E- and H-planes over an operating bandwidth of 
about 11.6% at 60 GHz [4]. 

 
 

B. 60-GHz antenna on LTCC 

The mmW antenna designs on low temperature co-fired 
ceramic (LTCC) substrate are getting increasing attention 
because of the flexibility in realizing arbitrary number of 
layers, cross-layer-vias, open and embedded cavities. Fig. 2 
shows two 60-GHz antenna arrays on LTCC. The 8×8 cavity 
antenna array achieves the bandwidth of 17.1% and gain up to 
22.1 dBi at 60 GHz bands [5]. The 4×4 circularly polarized 
antenna array exhibits a 3-dB axial ratio bandwidth of 6.8 
GHz (60.2–67 GHz) and the boresight gain greater than 12.5 
dBic [6]. 

 
C. Metamaterial based 60-GHz antennas  

Two metamaterial-based 60-GHz antennas are shown in Fig. 
3. A zero-index metamaterial (ZIM) structure is proposed for 
the gain enhancement of an antipodal tapered slot antenna 
(ATSA) at 60-GHz bands [7]. The single ATSA loaded with 
the  ZIM cells exhibits the gain enhancement of up to 2.6 dB 
in the frequency band of 5766 GHz. Fig. 3b shows the SIW 
fed low-profile mushroom antenna array that consists of a 
single-layer mushroom radiating structure and a single-layer 
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Fig.  2. 60-GHz antennas on LTCC; (a) 8×8 slot antenna array and 
(b) 4×4 circularly polarized antenna array. 

                            
(a)                   (b)                     (c) 

Fig. 1. 60-GHz antennas on PCB; (a) antipodal Fermi antenna , (b) 
fan-like antenna with wide beamwidth, and (c) SIW cavity-backed 
wide slot antenna.



feeding network [8]. The 8×8 mushroom antenna array 
achieves the 10-dB return loss bandwidth of 56.365.7 GHz 
with the boresight gain greater than 21.2 dBi (the maximum 
boresight gain is up to 24.2 dBi at 62.3 GHz).  

 

III. 77-GHZ ANTENNAS 

Fig. 4 demonstartes the 77-GHz antennas for automotive 
radar applications. In particular, a transmit-array on dual-layer 
PCB is developed, wherein the co-planar patch unit-cells are 
etched on opposite sides of the PCB and connected by 
through-via. When combined with fourSIW slot antennas as 
the primary feeds, the transmit-array is able to generate four 
beams with a specific coverage of ± 15 with the gain greater 
than 18.5 dBi [9]. The co-planar structure significantly 
simplifies the transmit-array design and eases the fabrication, 
in particular, at millimeter-wave frequencies.   

 

IV. 140/270-GHZ ANTENNAS 

Fig. 5, shows the antennas at 140 GHz / 270 GHz using 
Silicon and LTCC substrate integrated structure [10-13]. The 
antenna designs on Silicon are based on etched cavities with 
either air or polymer being filled in the metalized cavities. The 
antenna design also incorporates low-loss benzocyclobutene 
(BCB) for even better performance [10]. It is a big challenge 
to implement antenna design at 270 GHz because the 
uncertainties and tolerances of the fabrication and material 
characteristics affect the antenna performance more 
significantly. The compact cavity-backed Fresnel zone plate 
(FZP) lens antenna achieves a boresight gain of 20.8 dBi at 
270 GHz and a 3-dB gain bandwidth of 9.1 GHz (266.2–275.3 
GHz). The planar linearly polarized radial line slot array 
antenna exhibits the |S11| less than -10 dB over the frequency 
band of 261.3–282.2 GHz, a maximum boresight gain of 27.6 
dBi at 275.2 GHz, and a 3-dB gain bandwidth of 9.8 GHz 
(271.2–281 GHz). 

V. CONCLUSION 

A number of mmW/sub-mmW antennas have been developed 
by I2R and the collaborators for different applications, wherein 
PCB and LTCC processes have been applied to the antenna 
implementation up to 60 GHz and 270 GHz, respectively. 

Moreover, the compact planar antenna designs with high gain 
and high efficiency are still challenging at mmW/sub-mmW 
bands for emerging applications. 
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Fig. 3. Metamaterial based 60-GHz antennas; (a) zero-index 
metamaterial loaded antipodal tapered slot antenna and (b) SIW 
fed mushroom antenna array. 
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 Fig. 4.  77-GHz antennas; (a) lens antenna and (b) transmit array 
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 (c)                                                (d) 

Fig. 5. Antennas at 140 GHz and 270 GHz. (a) 135-GHz co-
planar patch array, (b) 140-GHz TE20-mode SIW slot antenna 
array, (c)  270-GHz cavity-backed Fresnel zone plate lens 
antenna, and (d) 270-GHz strip-loaded linearly polarized radial 
line slot array antenna   


