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ABSTRACT
Four types of planar slotted waveguide arrays have been developed and applied for various millimeter-wave wireless
systems. Key features for these are, single-layer and mass producible, high efficiency and high gain. State-of-the-art
design/analysis techniques for novel structures as well as the characteristics in millimeter-wave band are reviewed.
Beam switching, connectors to RF circuits and the use of PCB substrate are mentioned on demands from systems. The
latest application in the systems is demonstrated, such as FWA, LAN and TV-video link etc.
INTRODUCTION
For real popularization of millimeter wave systems, cost reduction and miniaturization of the system is indispensable.
Key components of these systems are millimeter wave RF modules, circuits and antennas as well as connectors. Fig.1
presents the frequency and the antenna gain for various wireless systems. Authors have developed high-efficiency and
mass producible planar arrays using unique four kinds of single-layer waveguide structures as are shown in Figs.2 and 3.
Low loss characteristics of waveguides make these the leading candidates for high gain antennas in millimeter wave
wireless systems. The latest design of single-layer waveguide arrays are directed toward the applications such as fixed
wireless access (FWA), local area network (LAN), video home link, automotive radars and road monitors in ITS and
mobile communication base stations and so on. This paper first summarizes the state-of-the-art performances of the
single-layer waveguide arrays. Various types of antenna input ports are being designed for the compact interface to
millimeter wave RF circuits. Low sidelobe design as well as the beam scan/switch capability is also developed. Finally,
the latest millimeter-wave wireless systems with these antennas, to appear on the market, are demonstrated.
SINGLE-LAYER WAVEGUIDES
Authors have developed four kinds of waveguides, which are potentially mass producible [1]. The potential for
millimeter wave frequency has already been confirmed in each structure. The state-of-the-art efficiency of these
antennas is presented in Fig.4 in the same coordinate as Fig.1. The waveguide arrays are surpassing other planar
antennas. In “Co-phase feed waveguide”, only two components, that are a slotted plate and a base plate with
corrugation, are the parts of this array. For antennas with resonant shunt slots, the peak gain of 35.9 dBi and the
efficiency of 75.6 % at 22.15 GHz was realized [2]. The 76GHz band arrays for automotive radar are also tested and
35.5dBi with 64% efficiency was reported[3][4]. One difficulty of co-phase feed arrays as applied for high frequency is
that the electric contact between the narrow walls on the bottom plate and the slot plate should be perfect. This
difficulty is removed by “Alternating phase feed waveguide”. Adjacent waveguides are out of phase by 180degree and
electrical contact between the narrow walls and the slot plate is not necessary. So, drastic reduction of loss as well as
cost for fabrication would be expected. The leakage at the periphery of the aperture was suppressed by the choke in
realistic arrays. No less than 60% efficiency and 32.4 dBi gain was reported in 26GHz band antenna with mechanical
contact by simple screws. [5] The 76GHz model antennas are being manufactured as well. The above techniques are for
single mode waveguides. In terms of loss and cost, oversized waveguide arrays are more advantageous. Authors have
been studying “Radial Line Slot Antennas(RLSA)” in this category. Parallel plate structure operating in TEM
cylindrical wave excitation has no sidewalls and assures the lowest transmission loss. It is already commercially
mass-produced for 12GHz DBS reception. For millimeter wave application, stacking of two plates and one spacer is
replaced with a thick substrate for accurate alignment of the plates[6]: the substrate thickness is ten times larger than
that of microstrip and triplate. In 60GHz band, 55% efficiency at 33.4 dBi was accomplished. The new version of
rectangular aperture antennas are also developed using plane TEM wave generator called "Post-wall Waveguide" [7].
The antenna is fabricated using a thick-grounded dielectric substrate and densely arrayed plated via-holes, which

replace conducting narrow walls. It can be easily made at low cost by conventional PCB (print circuit board) fabrication
techniques such as via-holing, metal-plating and etching. Car radar antennas in 70GHz band are now tested and 25-34
dBi are covered with the efficiency 40-50% while about 60% was realized in 60GHz band[8].
CHALLENGES FOR MILLIMETER WAVE SYSTEMS
The latest studies for implementation in millimeter wave systems are reviewed. It includes, the use of thick substrate,
adaptor between the antennas and the millimeter wave RF circuits, low sidelobe design and the beam scan/switch
capability. Original interface of single-layer waveguide arrays are waveguide for single-mode type, coaxial cable for
RLSA and waveguide for post-wall antennas, respectively. In order to enhance the applicability for the systems,
alternative interfaces are under developing. Coaxial feed for post-wall waveguide array has the loss about 0.5dB and the
crossed slot waveguide feed for RLSA in Fig.5 has less than –15dB reflection with excellent symmetry[9][10]. Sidelobe
suppression is required for some applications. Tayler distribution has already been introduced in the power dividing
structures in Co-phase type[11] and post-wall types[12]. Beam switch is attractive but most challenging functions for
car radars and intelligent base station antennas. Here, single-mode post-wall waveguide arrays with four ports Butler
matrix shown in Fig.6 is designed for reconfigurable, switchable or shaped beams in 26GHz band FWA. These arrays
are now used in the systems. <LAN>CRL Japan has developed 38GHz 156Mbps MM-wave LAN named BRAIN and
RLSAs are used for 200m-link user terminals by OKI, as in Fig.7[13]. <FWA>26GHz fixed wireless access named
WIPAS will provide 60Mbps point-to-multi point service and alternating-phase arrays in Fig.8 as well as RF and IF
circuitary is enclosed in a unit 180mmx180mmx100mm by JRC. <TV-video home link>A 60GHz wireless link for
video proposed by Fujitsu Quantum uses the post-wall waveguide array as a user terminal in Fig.9.
REFERENCES
[1] M.Ando, J.Hirokawa, T.Yamamoto, A.Akiyama, Y.Kimura and N.Goto, "Novel Single-Layer Waveguides for HighEfficiency Millimeter-Wave Arrays," IEEE Trans. Microwave Theory Tech., vol. 46, no.6, pp.792-799, Jun.1998.
[2] K.Sakakibara et. al.;"Single-layer Slotted Waveguide Arrays for Millimeter Wave Applications," IEICE Trans.
Commun.,Vol.E79-B, No.12, pp.1765-1772, Dec.1996.
[3] M. Matsuura, I. Wako, T. Yagi, Y. Kimura, J. Hirokawa and M. Ando,"Single-Layer Waveguide Array Antenna in
76GHz," Proc. of IEICE Commun. Conf., B-1-81, Sept. 1998.
[4] K.Sakakibara, Y.Kimura, A.Akiyama, J.Hirokawa, M.Ando and N.Goto, "Alternating Phase-fed Waveguide Slot
Arrays with a Single-Layer Multiple-Way Power Divider," IEE. Proc. Microwave Antennas Propagat., vol.144, no.6,
pp.425-430, Dec.1997
[5] Y.Kimura, T.Hirano, J.Hirokawa and M. Ando; "Alternating-phase Fed Single-Layer Slotted Waveguide Arrays with
Chokes Dispensing with Narrow Wall Contacts," to be published in IEE Proc.- Microw. Ant. and Prop. (2001)
[6] A.Akiyama et. al.,"High gain radial line slot antennas for millimeter wave applications," IEE proc. Microw.
Antennas Propag., 147, 2, April 2000
[7] J.Hirokawa and M.Ando, "Single-Layer Feed Waveguide consisting of Posts for Plane TEM Wave Excitation in
Parallel Plates," IEEE Trans. Antennas Propagat., vol.46, no.5, pp.625-630, May 1998.
[8] J.Hirokawa and M.Ando; "Efficiency of 76-GHz Post-Wall Waveguide-Fed Parallel Plate Slot Arrays": IEEE Trans.
on Antennas and Propagation, vol.48, No.11, pp.1742-1745 (Nov., 2000)
[9] K. Sudo et. al.,"A Millimeter wave radial line slot antenna fed by a Rectangular waveguide through a Ring Slot", to
be published in IEICE Trans. Communications.
[10] R. Jin et. al.;"A Feeding Circuit with CPW for CA-RLSA" to be published in IEEE Trans. on Ant. and Prop.
[11] Y. Kimura et. al.; "Low sidelobe Single-Layer Slotted Waveguide Arrays at 76 GHz Band": to be published in
IEICE Transactions on Communications (2001)
[12]J.Hirokawa and M.Ando; "Sidelobe Suppression in 76-GHz Post-Wall Waveguide-Fed Parallel Plate Slot Arrays":
IEEE Trans. on Antennas and Propagation, vol.48, No.11, pp.1727-1732 (Nov., 2000)
[13] G. Wu, M. Inoue, Y. Hase and H. Murakami,”156Mbps ultra high-speed wireless LAN prototype in 38GHz band”,
GLOBECOM’01, pp.3573-3578, San Antonio, Nov. 2001

Autom otive

Sm

70

M illimeter-wave
W ireless LAN

←
Ph

60

Millimeter-wave
Radar

er
all
ys

Higher Frequency

(GHz)
80

ic
al
Vo

50

lu
m
e→

40

10
16

er
rg

20

La

Satellite
Communications
(COMETS)

30

Millimeter-wave
Subscriber
Radio
System

Entrance Radio Relay

19

22

DBS, Data Link
28
31
43(dBi)
34
37
40
Higher Gain (Larger Size)

25

COMETS: Communications and Broadcasting Engineering Test Satellite
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Millimeter-Wave and High-Gain Applications
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Fig. 2

Gain and Efficiency of Slotted Waveguide Arrays
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RLSA Fed by Rectangular Waveguide through a Crossed Slot
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