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A Novel Electromagnetically Coupled
Microstrip Antenna with a Rotatable Patch
for Personal Handy-Phone System Units

Atsuya Ando,Member, IEEE Yasunobu Honma, and Kenichi Kagoshiniéember, IEEE

Abstract—n this paper, we propose a novel electromagnetically
coupled microstrip antenna with a rotatable patch to overcome
the problems associated with the conventional whip antenna for
the personal handy-phone system (PHS). The structure of the Patch Substrate
newly developed antenna installed in actual PHS units is de-
scribed. Its fundamental characteristics such as radiation pattern,
bandwidth, and gain are shown. The performance of the antenna Shaft
in actual propagation environments is also clarified. It is shown
that this novel antenna is superior to the conventional whip Microstrip Line
antenna and achieves efficient performance in commercial PHS
service.
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I. INTRODUCTION

OR hand-held-type portable telephones in cellular and (ch Substrate

microcellular radio mobile communication systems, the Microstrip
whip antenna is commonly used because of its simplicity. ~ jne
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However, it has four main problems. X
The first problem is the degradation in effective gain seen Ground Shaft I
with unit inclination. Since unit inclination causes polarization z Y

mismatching between the portable telephone antenna and base- (b)

station antenna, the effective antenna gain of portable tele- . .
. . . . . ig. 1. Configuration of proposed antenna. (a) Geometry of layers. (b)

phones in land-mobile propagation environments is degradgidss-sectional view.

when the portable telephone units are inclined [1]. The second

problem is the degradation experienced in antenna gain du@b®ne system (PHS) units. Section lll shows the variation

operator proximity [2]. The third problem is the RF exposurijf] radiation pattern with inclination angle of the PHS unit.

experienced by the users [3]. The omnidirectional radiatiésection 1V describes the impedance characteristics such as res-

pattern of whip antennas in the horizontal plane leads toofant frequency and bandwidth. Section V describes the gain

strong degradation in antenna gain and a significant amoghgracteristics. Section VI illustrates the performance of the

of RF exposure. The fourth problem is antenna breakdown anewly developed antenna in actual propagation environments

poor handling as the whip antenna extends beyond the uni@nd Section VII presents some final conclusions.

Assessing these problems discovers three requirements.

The first is an antenna structure that keeps the polarization IIl. ANTENNA CONFIGURATION

dire_ction vertical_rggardless of unit inclination. The second is Fig. 1 shows the configuration of the proposed antenna.

a directional radiation pattern to reduce the RF exposure afife metallic rectangular patch completely covers the patch

gain degradation caused by operator proximity. The last issgpstrate. The weight is an integral part of the patch substrate.

built-in-type antenna to overcome the problem of breakdowt icrostrip line is located on the bottom feed substrate. The

and poor handling. _ characteristic impedance of the microstrip line, which feeds the

In this paper, we propose a novel electromagnetically cogaich electromagnetically, is 30. The shaft pierces the bot-
pled microstrip antenna with a rotatable patch that fulfillgym feed substrate and the microstrip line and is inserted into
these requirements. Section Il introduces the structure of the,gje in the patch substrate. Consequently, the patch lies on

newly developed antenna as installed in actual personal hangy; of the feed substrate and can rotate freely around the shaft.
Fig. 2 shows the configuration of the newly developed

e irs e W irtons e Labovtoten, Karogava(GIENNa installed in PHS units. The antenna s aftached to
239-0847 Japan. y ’ g ffle RF package a_mq i; m_ountgd on the back side of the unit
Publisher Item Identifier S 0018-926X(98)04870-4. [4]. When the unit is inclined in theZ-Y plane, the patch
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Fig. 3. Radiation pattern change with unit inclination angle. (a) Proposed
(@) (b) antenna. (b) Conventional whip antenna.

Fig. 2. Configuration of newly developed antenna installed in the PHS unit.

(a) Upright. (b) Inclined. —6— Lower Frequency (VSWR =2)
1960 —e— Higher Frequency (VSWR = 2)
T T T T T T T

rotates and remains vertical because of the weight [as shown g5, —&— Resonant Frequency
in Fig. 2(b)] wherea represents the unit’s inclination angle _ 1040 L
. . . . . N A
from the Z axis. Therefore, the polarization direction of theg 1930
new microstrip antenna is always kept vertical and there is ng )
effective gain degradation due to inclination. This antenna aI% 19207 - 1918
reduces the degradation experienced in antenna gain due to ghel 910 Bandwidth
proximity of the operator's body because of its directionafc 1900 f:;ggis
radiation pattern, which offers very low levels toward the 1890
operator. Furthermore, this antenna requires no handling by 18so oo
the user and is less prone to breakdown because of built-in- -40 -20 0 20 40
type antennas. Since this antenna needs only natural gravity Inclination Angle (deg)
to hold the patch vertical and can continuously change tRg. 4. variation in resonant frequency and bandwidth with unit inclination
polarization direction with respect to the unit, there is none efigle.
the time lag needed for switching the RF port as is performed
by electrical switching systems. In addition, it leads to lowgidiation level of the radiation pattern significantly change
unit prices because no expensive electrical components (sMdth unit inclination.
as switches) are used and it has a relatively simple structure.
The length of the patch is chosen to resonate at the 1.9-
GHz band. The length of the microstrip line was determined
experimentally so that good impedance matching is achievedig- 4 shows the measured resonant frequency and band-
at the inclination angle of0 The sizes of the feed substratevidth of the proposed antenna installed in the unit, as shown in
and rotatable patch are 50 47 mm and 44.5x 20 mm, Fig. 2. The bandwidth is estimated for a voltage standing wave
respectively. The thickness and relative dielectric constant '&ftio (VSWR)< 2. It is seen that both the resonant frequency
both the feed substrate and the patch substrate is 1.6 mm &R#l bandwidth vary with inclination angle. This is because
3.6, respectively. The weight is determined so that the patélf electromagnetic coupling between the patch and microstrip

rotates freely. The volume of the whole antenna including boliRe changes with patch rotation. The asymmetry in the shape
the feed substrate and patch is about 2.cm is believed to be caused by fabrication errors. The maximum

resonant frequency separation from the center frequency of
PHS band due to unit inclination is 31.4 MHz. The resonant
frequency corresponding to the shorter edge length of the patch
Fig. 3 shows the variation in measured radiation patterissobtained at the inclination angle of Q@00bviously, patch
of both the proposed antenna and the conventional quarteatation must restricted mechanically to obtain the desired
wavelength whip antenna with respect to inclination angle VSWR’s.
where 0 dBd represents the maximum radiation strength offFig. 5 shows the effective bandwidth which is the overlap
a half-wavelength dipole antenna. The measuring frequeriogtween the bandwidth of VSWR 2 and the frequency band
is 1.9065 GHz, the center frequency of the PHS band. Thé 23 MHz needed for PHS. It is found that the effective
inclination is in theZ-Y plane, as shown in Fig. 2. The radi-bandwidth decreases as the unit inclination angle increases.
ation patterns were measured for vertically polarized wavekhe effective bandwidth needed for PHS is achieved over
It is seen that the shape and maximum radiation strengthinlination angles of ©to +20°. The bandwidth performance
the radiation pattern of the new antenna are kept constatnarrow and not sufficient for PHS given the definition
regardless of unit inclination. Considering the convention®SWR < 2. The bandwidth achieved is about 58% of that
guarter-wavelength whip antenna, the shape, and maximaeeded for PHS use. Further development is desired to increase

IV. IMPEDANCE CHARACTERISTICS

I1l. RADIATION PATTERN
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Fig. 5. Variation in bandwidth for PHS with unit inclination angle. Zim J
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c 4r . VSWR < 2. It is clarified that the new antenna has sufficient
& | ] gain performance and possesses no practical problem from

] the standpoint of gain even its bandwidth performance is not
L sufficient for PHS. The degradation in gain of the conventional
guarter-wavelength whip antenna with unit inclination is about
2.7 dB. These results clarify that the proposed antenna is
superior to the conventional quarter-wavelength whip antenna
and achieves sufficiently high gain.
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Fig. 6. Variation in gain with unit inclination angle.

the bandwidth. The worse input impedance degrades only the PERFORMANCE INACTUAL PROPAGATION ENVIRONMENTS
received and transmitted signal levels and does not increase th€he received signal levels were measured to clarify the
noise level nor create other problems. Because time-divisiparformance of the proposed antenna as installed in PHS units
multiple access/time-division duplex (TDMA-TDD) system isand tested in actual propagation environments. An actual PHS
adopted and transmitting power is very low in PHS, there is fiase station was used in the measurements.
power leakage from Tx to Rx and the electrical components,Fig. 7 shows the map locating the measuring point. A whip
such as amplifiers, experience negligible problems due to taetenna was used as the base-station antenna. The base-station
reflected power caused by the worse impedance matching. 8¥genna was mounted on an internal wall of the second floor
confirmed that no change in the impedance characteristicsoffa building so the waves transmitted from the base-station
the new antenna is observed when the unit is held by handatastenna must pass through the windows of the building. The
the side of the human head. distance between the base-station antenna and measuring point
was about 110 m in a straight line. The azimuth angle is
V. GAN defined in Fig. 7.

Fig. 6 shows the variation in gain of the newly developed Fig. 8 shows the variation in received signal level with
antenna and that of a conventional quarter-wavelength whigspect to the azimuth angle that the direction perpendicular
antenna with inclination angle. In Fig. 6, open circles express which the patch (orX axis; Fig. 2) is pointing. In this
the gain measured at the PHS center frequency of 1906dse, the PHS unit is upright, i.e., the inclination angle®is 0
MHz for the VSWR < 2, open squares express the gaifihe received signal level of the whip antenna was measured
measured at PHS center frequency for the VSWR, and and shown only at the azimuth angle of Because of its
the dotted closed circles represent the gain measured at Ri$idirectional radiation pattern in the horizontal plane. It
lower frequency of 1895 MHz of the VSWR 2. The open is seen that the received signal level of the proposed antenna
triangles represent the gain for the whip antenna. decreases as the PHS unit rotates in the horizontal plane. From

It is seen from Fig. 6 that the proposed antenna has aoqualitative view, the level variation of the azimuth angle
significant degradation in gain over the inclination angle aforresponds to the level variation shown in Fig. 3. It is seen
+50° and achieves the peak gain of about 0 dBd. In theHmat the received signal level of the proposed antenna is higher
figures, 0 dBd represents the maximum radiation level ofthan that of the whip antenna in the main lobe region from 0
half-wavelength dipole antenna. The maximum degradationtm90°, while the received signal level of the proposed antenna
gain measured at the frequency of the VSWR2 is about is lower than that of the whip antenna in the backlobe region
2 dB compared to that measured at the frequency of tfrem 90 to 180.
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Fig. 9 shows the variation in received signal level with
respect to the inclination angle of the PHS unit when the
patch is pointing at the®0in azimuth. It is confirmed that the
novel antenna has no significant degradation in received sig
level over the inclination angle of 8Gin actual propagation
environments. The degradation of the received signal ley
at the inclination angle of 90is lower than that of the
conventional patch antennas or whip antennas because tf
is no degradation of gain until the inclination angle of 50
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Fig. 9. \Variation of received signal level with inclination angle.
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