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the circuit simulation that is shown in Fig. 2, and the suitable actiori7] I. Aoki, K. Tezuka, H. Matsuura, S. Kobayashi, T. Fujita, T. Yakihara,
of the actual MMIC’s. The conversion gain of th&-band down- EéttOkagl a;‘f ﬁ&, Nf')iura’ ‘fgs_(igz ﬁ\JSSAZSngBJQ gSCi”aIOFE"ﬂC”O”-
go(;“:jesrte‘:'ﬁ:;;;g?: fﬁ;'zr;;?;i (;(.Jnn.ecte.d at poift in Fig. 1) IS S[8] I. Aoki, K. Tezuka, H.pl\F/)Iatsuura, S. Kobayashi, T. Fujita, and A. Miura,

.0 dB. - - ircuit without the IF amplifier has ™ gy g1z AlGaAs HBT oscillator,” inIEEE 1996 GaAs IC Symp. Dig.,
a —6.5-dB conversion gain. We also measured another de$ign ( Orlando, FL, 1996, pp. 281-284.

Band 1; IF signal connected at poift in Fig. 1), and found its
conversion gain to be 7.7 dB. This is a comparable value within
measurement errors. The rat-race circuit without the IF amplifier has
a —6.8-dB conversion gain. These values are close to the estimated
value shown in Fig. 2(a). We think the errors mainly arise from the
power measurement of the millimeter-wave signal performed using a
spectrum analyzer with a harmonics mixer. The leakage from LO to
RF of W-Band 1 and/-Band 2 are-24 and—25 dB, respectively.

In conclusion, we can use either poift or @ in Fig. 1 as an IF
signal connecting point under a proper diode bias.

As compared to that of th&/-band down-converters, the con-
version gain of thel’-band down-converters is slightly lower. At apstract—A switchable multi-sector antenna for indoor wireless local-
first, we considered this to be due to the conductive loss of tlaeea network (LAN) systems in the 60-GHz band has been proposed.
CPW of the rat-race circuit, because the length of the CPW fépe antenna has a pyramidal configuration. Each isosceles-triangular

V-band down-converters is 1.67 times longer than thatifoband surface of the pyramid has been inclined 30 from the vertical axis
) in order to cover an appropriate elevation angle range. This antenna

down-converters. However, Fig. 2 shows that there is no significalifiites a right-handed circularly polarized wave to suppress unwanted
difference. We think that the difference comes from the error of thaultipath delayed waves. The low-loss curved microstrip-line feeding has
power measurement in the millimeter-wave range. been introduced at the junction between antenna feed lines and monolithic
microwave integrated circuit (MMIC) amplifiers at the bottoms of the
pyramid. Using this antenna, the terminal receiver for indoor wireless
LAN systems in the 60-GHz band has been developed.

A Switchable Multi-Sector Antenna for Indoor
Wireless LAN Systems in the 60-GHz Band

Yasushi Murakami, Toru Kijima, Hisao Iwasaki,
Toshio lhara, Takeshi Manabe, and Kyoichi ligusa

IV. CONCLUSION

We have described the millimeter-wave diode down-converters'”dex Terms—Curved microstrip lines, millimeter-wave LAN’s, multi-
. o S - t t , patch ant .

with an HBT amplifier. The combination of high cutoff SBD’s and>ccio" antenna, patch antennas

HBT’'s works very well as a high-frequency down-converter. This

combination can be used for the integration of other circuits such as an |. INTRODUCTION

HBT (.)SC'”ator [7], [8]. In "?“?'d'“or?' HBT’s’havg the ability of power Recently, demand for high-speed and large-capacity wireless local-
handling, so an LO amplifier using HBTS might be a good C.ho'C_Srea network (LAN) systems is growing. Millimeter-wave wireless
for the frequency converters_. We be!leve_ that the device Comb'nat'EﬂN’s are expected to achieve a data transmission rate as high as 156
can be used for many applications in this frequency range. Mb/s, which is compatible with asynchronous transfer mode (ATM)
cable networks.
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Fig. 1. Perspective view of the proposed CP-FSA.
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Fig. 3. Radiation pattern of paired-element patch antenna on an isosce-
patch antennas with les-triangular plate in the azimuth plane at 59.5 GHz.

perturbation segments

TABLE |

PARAMETERS OF PAIRED-ELEMENT PATCH ANTENNA
Ttem Valuc
Diclectric constant (both sides) 2.20
Substrate thickness (both sides) 0.127 mm
Patch radius 0.9tmm
Perturbation Segment 3.25 % of the
whole patch area
Slot length 0.8 mm
Slot width 0.1 mm

Bascline fength and height
of an isosceles triangular 11.0 mm
Llement spacing 2.75mm(=0.55Xg
microstrip line €59.5GHz)

back side

Fig. 2. Paired-element patch antenna on an isosceles-triangular plate.
(RHCP) using perturbation segments [6]. To achieve a low axial ratio
over a wide bandwidth, a paired-element configuration [6] is used.
at least two base stations (BS’s) and select one of them, dependlfi§ parameters of paired-element patch antennas are listed in Table |.
on propagation environment. The antenna and feed substrates were adhered with an adhesive sheet.
In this paper, we present a circularly polarized four-sector antenna
(CP-FSA) suitable for millimeter-wave wireless LAN’s. The antenna . M EASUREMENT RESULTS OF CP-FSA
has four sectors to cover the entire azimuth plane. In order to cover arhg. 3 depicts the radiation pattern in the azimuth plane at

appropriate elevation angle range, each antenna was inclined fromig% GHz. In this figure, a solid line indicates copolarization RHCP

vertical axis, which led to the pyramidal antenna configuration [5 . T o
. . . components, while a broken line indicates cross-polarization LHCP
To realize a low-loss connection between antennas and monolithic-

microwave inte e oo &omponents. From this figure, half-power beamwidth of &@as
grated-circuit (MMIC) amplifiers for the propose : L . : ) .
pyramidal antenna, we have introduced a curved microstrip—anter?nbatlamecj' Therefore, I IS confirmed th‘.”‘t the py_ra_mldal configuration
feeding to connect them. can cover the entire azimuth plane with a variation less thar_l 3 dB.
On the other hand, a half-power beamwidth of 3 the elevation

plane was obtained.

The return loss of this antenna was less thatD dB within the

Fig. 1 shows the schematic view of the proposed switchabfiequency range of between 59.0-60.0 GHz. The gain of more than
CP-FSA. Each triangular plate is inclined°3fdom the vertical axis, 5.4 dBi and the axial ratio of less than 2.5 dB was obtained in the
in order to cover an appropriate elevation-angle range. The numiberesight direction. The gain of this antenna was about 2 dB lower
of sectors is determined to be four, by using patch antennas with @Ban the calculated one (ideal case). This may be due to transmission-
half-power beamwidth. The antenna is mounted on a planar cartii@e losses, pattern deterioration due to the isosceles-triangular ground
plate. Four MMIC amplifiers (power or low-noise amplifiers) arglane [7], and the impurity of circular polarization.
mounted on the back side of the carrier plate. Each antenna on afor the pyramidal structure of the proposed antenna, the connection
isosceles-triangular plate is connected to each MMIC amplifier at tbetween antenna feed lines and MMIC amplifiers with an angled
bottom of the isosceles-triangular plate. Beam switching is achievgnhction is a serious problem in terms of integration. We have
by switching bias dc voltages of MMIC amplifiers on and off. overcome this problem by introducing the curved microstrip lines at

Fig. 2 depicts one of the isosceles-triangular plates of the CP-FSAe angled junction. The antenna feed-line substrates (PTFE substrate)
Two patch-antenna elements are etched on an isosceles-triangatar curved along with the curved part of the carrier plate. Fig. 4
substrate. Each patch-antenna element is fed from its back side admparedS21| characteristics of the microstrip line on the flat plate
slot coupling, and excites the right-hand circularly polarized wawnd the curved microstrip line whose radius of curvature was 5 mm.

II. ANTENNA CONFIGURATION
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make lines tend to crack, the radius of curvature was chosen to be
5 mm.

Fig. 5 shows the azimuth pattern of CP-FSA mounted on the top
of the RT housing at 59.5 GHz, when the elevation angle wds 30
The housing is 500-mm-long, 340-mm-wide, and 225-mm-high. The
antenna was offset 165 mm along the longitudinal direction from the
center of the top plate. In the measurement, the sector was selected
automatically by comparing the received power of each antenna. In
this figure, the solid line indicates the calculated pattern and the
black circles indicate the measured data. The measured pattern agrees
reasonably with the calculated pattern. As expected, each antenna was
found to cover a quadrant sector in azimuth plane.

IV. CONCLUSION

Fig. 4. Comparison of transmission characteristics of the curved microstrip o circularly polarized four-sector antenna for RT’s in the 60-GHz

line with that of the microstrip line on a flat plate.

0 (dB)

wireless LAN systems has been proposed and developed. This
antenna has a pyramidal configuration. In order to achieve low-
loss connection between pyramidal antennas and MMIC amplifiers,
a curved microstrip-line feeding is introduced. Experimental results
confirm that this antenna can be used for millimeter-wave wireless
LAN systems.
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