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Abstract—The effects of parasitic elements on the voltage and a parasitic monopole [5]. Special attention is paid to the
standing wave ratios (VSWR's) of two antennas are investigated. pehavior of dual-frequency operation for the antenna system.
First, a parasitic monopole is used for a normal-mode helical The dual-frequency performance is evaluated from the VSWR

antenna. The VSWR investigation shows that dual-frequency . .
operation is obtained by the parasitic element effects. The dual- relative to 50(2. The frequency ratiog,; /f1, are calculated as

frequency operation is revealed as a function of monopole position @ function of the monopole height,p for various values of
above a ground plane (monopole height). As the monopole height monopole lengthily >, wherefg and f;, are higher and lower

decreases, the separation of a higher resonance frequengy;  resonance frequencies of the antenna system, respectively. The
from a lower resonance frequencyf,, increases. For a monopole . jation pattern is also presented and discussed together with

length of L » = 0.4Anx, Where Ayx is the resonance wavelength o .
of the helix, the frequency bandwidth for a VSWR = 2 criterion the current distributions of the monopole and the helix.

is 12.5% in the lower frequency f, region and 5.2% in the The second part of this paper is devoted to realization
higher frequency fr; region, with a frequency separation ratio of wide-band VSWR performance for a low-profile IFA [2],

of fu/f. = 2.14. Secondly, L-figured parasitic elements are [4], [9]-[15]. It is known that when the IFA height from
used for an inverted-F antenna (IFA). The parasitic elements a conducting ground plane is approximately one-tenth of

improve the VSWR performance. The frequency bandwidth for .
a VSWR = 2 criterion is approximately two times as wide the wavelength, the frequency bandwidth for a VSWRz

as that of the single IFA. It is also found that bending the Criterion is approximately 8%. In this paper, twofigured
horizontal sections of the IFA and parasitic elements contributes parasitic elements are added to the IFA to widen the VSWR

to reducing the antenna size while not significantly deteriorating pandwidth. It is revealed that the VSWR bandwidth for the
thedv(f_,WR banWidth' The radiation patterns are also presented A \ith the parasitic elements is approximately two times as
and diseussed. wide as that of the single IFA (note that this kind of bandwidth

Index Terms—Antennas, multifrequency antennas. enhancement using a parasitic element has been found for a
plate-type IFA (orL antenna) by Virga and Rahmat-Samii
|. INTRODUCTION [16])

NORMAL'MODE helical [1] and inverted-F antennas Bending the horizontal sections of the present IFA and
(IFA's) [2] have been used as antennas for a portabirasitic elements contributes to reducing the antenna size. For
telephone, which are placed outside and inside the handsgis, the VSWR performance for the bent antenna configuration
respectively [3], [4]. Antennas for wireless communicatiofs investigated. It is found that the bent IFA with the bent
systems, such as personal satellite communication and ggirasitic elements does not significantly deteriorate the VSWR
lular network systems, are required to have a dual-frequengxndwidth.
(frequencies for transmission and reception) performance or ahe current distributions along the helix and IFA sys-
wide-band voltage standing wave ratio (VSWR) performancems considered in this paper are analyzed using the method
This paper presents techniques to realize the dual-frequedgymoments [17], [18] (the Galerkin method in which the
and wide-band VSWR performances using normal-mode heliecewise sinusoidal functions are used for both basis and
cal and IFA’s with parasitic elements. testing functions). On the basis of the calculated current
The experimental work by the authors in 1992 [5]{7}iistributions, the antenna characteristics, including the input
showed that a normal-mode helical antenna with a monop@igpedance, VSWR, radiation pattern, and gain, are evaluated.

has multiple resonance frequencies. In this antenna system,t@e confirmation of these calculated values, some measured
monopole is not in contact with the helix, i.e., the monopolgata are presented.

acts as a parasitic element. Recentlyatiuli et al. inves-
tigated a similar antenna system [8], where a monopole is
combined with a helix. II. DUAL-FREQUENCY PERFORMANCE OF A
The first part of this paper is devoted to the theoretical NORMAL-MODE HELIX WITH A° PARASITIC MONOPOLE
investigations of an antenna system composed of a feed helix

Manuscript received February 28, 1997; revised December 29, 1997. A. Configuration
The authors are with the College of Engineering, Hosei University, Koganei, . . . .

Tokyo 184, Japan. 9 9 9 y.Rog Fig. 1 shows the configuration and coordinate system of a
Publisher Item Identifier S 0018-926X(98)04309-9. feed helix and a parasitic monopole (HX-MP). The HX-MP
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Fig. 2. VSWR as a function of relative monopole heightip /Virx
(= zmp /0.18Aux ). The monopole lengthp is kept constantyip = 14
cm = 0.4\px. (@) Helix without monopole(zmp /Virx = o0). (b)
& coaxial line zmp/Vux = 1.03 (¢) zmp/Vux = 0.91.

Fig. 1. An antenna system composed of a normal-mode helix and

monopole. i€ found that two resonance phenomena appear in the vicinity

of fux. Low VSWR'’s are obtained in the lower resonance
is located above a conducting ground plane of infinite extefitequency f; region and higher resonance frequengy
The monopole, made of a wire of radiggp, has a length of region.
Lyr and is located at = zyp (monopole height) on the As the monopole heightyp further decreases, the separa-
axis. The helix, made of a wire of radiysix, is a normal- tion of the f from the f;, becomes wider. This is shown in
mode helix [1] specified by vertical lengthix, circumference Fig. 3 as a function of the relative monopole heigh / Virx.
C, pitch anglea, number of turns:, and heightVixo. The frequency separation ratj; /fz, has a maximum value
Throughout Section I, the parameters exceptfgfr and of 2.14 at zvp/Vax = 0.30. In this case, the frequency
Lyp are fixed:pyp = 0.15 cm, pux = 0.03 cm, Vux = 6.45  pandwidth for a VSWR= 2 criterion is 12.5% in the lower
cm, ¢ = 148 cm, a = 37.5°, n = 5.625 tumns, and frequency f;, region and 5.2% in the higher frequendy;
Vixo = 0.075 cm. The helix is fed from a 50k coaxial line. region, as summarized in Table I, where the overall antenna
height is also presented (the antenna withp/Vix = oo
B. Effects of Antenna Heightr on corresponds to the helix without a monopole). Table | reveals
Dual-Frequency Performance that the frequency bandwidth for a VSWR 2 criterion in
Calculations show that the helix without the monopoléhe lower frequency, region is wider than that in the higher
resonates af = 850 MHz (= fux) with a VSWR of 2.23. frequency fx region.
This is shown in Fig. 2(a). The vertical length of the helix Fig. 4(a) shows the total radiation patterns of the HX-MP
is Vizx = 0.18\px at the resonance, whepgrx is the free- at fr and fg for zyp/Vax = 0.30. The £y component is a
space wavelength at a resonance frequency of the helix andin component of the radiation field. Thg; component is
Apx &~ 35.3 cm. less than—30 dB below the peak of th&; component and is
Now, a monopole whose lengthis,» = 14 cmis added to not shown in this figure. Measured results are also presented,
the helix. Note that this length corresponds to approximatedyiowing good agreement with calculated ones.
0.4\gx. The VSWR of the HX-MP with the change in The total radiation from the HX-MP is decomposed into the
monopole heightyp is shown in Fig. 2(b) and (c). Fig. 2(b) radiation from the monopole [Fig. 4(b)] and the radiation from
illustrates the case where the monopole is not inserted to the helix [Fig. 4(c)]. It is found that, the radiation patterns for
helix. The spacing between the monopole and helix is 0.2 dire monopole aff;, and fy are different, whereas those for
(= xmr—Vix = 6.65—6.45 cm). It is found that the resonancethe helix remain almost unchanged. It follows that the total
is observed afgx and the frequency bandwidth for a VSWRradiation pattern is strongly affected by the radiation from the
= 2 criterion increases to approximately 20%. monopole. This can be interpreted by the current distributions
Fig. 2(c) shows the VSWR when the monopole is slightly = I,.4j1I; shown in Fig. 5. It is clear that the current distribu-
inserted to the helix. Note that an upper portion of 0.5 tuions along the monopole are different fat and f, whereas
of the helix surrounds the monopoleypr/Vix = 0.91). It the current distributions along the helix are almost the same.
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Fig. 3. Higher resonance frequengy; and lower resonance frequengy, 2
as a function of relative monopole heightsp /Virx (= zmp/0.18Aux).

The monopole lengtiiyp is kept constantLyp = 14 cm & 0.4 px.

60°

TABLE |
RESONANCE BEHAVIOR AND OVERALL ANTENNA %
HEIGHT FOR Lyvip = 14 cm = 0.4A11x - o 1020 6B) 890" s a5) X
heli
VSWR 2 bandwidth | overall height (~Lygtzyg) elix
Zyp/ Vix (%) (C)

f, region | fy; region {cm) (huix) Fig. 4. Radiation patterns at higher resonance frequefigyand lower
o 0 6.45 018 resonance frequency,, . Monopole length isLyp = 14 cm = 0.4A\nx
103 201 2065 058 and relative monopole height isyip/Vax = zmp/0.18Aux = 0.30.
= . - CalculatedEy measuredEy e e e. (a) Total radiation from a helix
091 149 58 19.87 0.56 with a monopole. (b) Radiation from a monopole. (c) Radiation from a helix.
0.30 12.5 5.2 15.94 0.45
0.12 122 3.9 14.77 0.42 z T

zZuptlmp
The gains atf;, and fy for a relative monopole height of ]

zmp/Vux = 0.30 are approximately 5 and 7 dB, respectively, —
in the = direction. S

-

e
o

C. Effects of Monopole Lengthy> on I Lwe
Dual-Frequency Performance Vil L /
The monopole lengthLyp is kept constant(Lyp =~ ;’ |
0.4Apx) in the previous Section II-B. In this section, the | ‘ //
effects of the monopole lengthlyr on the radiation 2 i 4 v
characteristics are investigated. |
Fig. 6 shows the behavior of VSWR relative to 5Dfor 50 510 50 510 -50 510 -5 0 5 10
three monopoles. This figure is for monopole Iengﬂis_p = L (mA) m;}}’g“)\gle i) er(mr:S;le
0.3 ux, 0.4 gx and 0.5 Agx where the monopole height is f= 550MHz f.= 1175MHz

kept constantzypr = 2.5 cm = 0.07Agx, corresponding to S
2 relative monopole height ofup/Virx = 0:30. It i found .. Curers dsrutons At ower Sssonane reuenty =
that as the monopole length decreases, the lower freqUERGYth is Lyp = 14 cm ~ 0.4Apx and relative monopole height is
fr approachegux while the higher frequencyy goes away zmpe/Virx = zmp/0.18Anx = 0.30.
from fyx. As the monopole lengtiiyp further decreases,
the f5 further goes away and the performance of the HX-MP!- WIDE-BAND VSWR FERFORMANCE FOR ALOW-PROFILE
approaches that of the single helix. INVERTED-F ANTENNA WITH PARASITIC ELEMENTS

The frequency separation ratjfy;/ f7, as a function of the A monopole parasitic element is useful in widening the
relative monopole heightyp/Vix is shown for the three frequency bandwidth for VSWR (as well as in generating
monopoles in Fig. 7. Measured values agree with calculatedo resonance frequencies), as observed in Fig. 2(b). In this
ones. For the case of a monopole of lendthr = 0.3Agx, Section lll, two parasitic elements are used for a low-profile
the frequency separation ratiy;/ f;, has a maximum value antenna to widen the VSWR bandwidth around a center

of 2.27 atzvp/Vax = 0.39. frequency.
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Fig. 7. Frequency separation ratiofs/fr as a function of relative . ) ) . 3 3
monopole height snip / Viax (= v /0.18Aux) for three values of Fig. 8. Configuration and coordinates. (a) An IFA-PE. (b) A bent IFA-PE.

monopole heightLyp. 7
\ z
A. Configuration 6 \\ ; onb' .
. ' . . IFA-0 ' C
Fig. 8(a) shows the configuration and coordinate system of \\ al g Ih
a low-profile IFA with two parasitic elements (IFA-PE) located ~ °| \| x

on a conducting ground plane of infinite extent. The IFA-PE £
is excited by a coaxial line from point a. The lengths of the 2 4
horizontal section b—e and vertical section a—b are designated 3
as L., and h, respectively.

The two parasitic elements are parallel to the IFA with
spacingL,, (parasitic element spacing). The arm end of each
parasitic element’ is in contact with the ground plane. The 1
horizontal and vertical lengths of the parasitic elements are 0.9 0.95 1.0 1.05 1.1
taken to be the same as those of the IFA. The configuration of frequency (f/fo)
the parasitic elements are the same as that of the IFA excEpt9. Frequency response of VSWR. An IFA-PE: calculated _; mea-
for the vertical section c—d. surede e e. An IFA without parasitic elements (IFA-0): calculated - - -

The section c—d is used for matching the antenna impedance
Zant 10 the feed line impedancg,. The distance from the Fig. 9 shows the frequency response of the VSWR relative
vertical section a—b to c—d is designatedias (matching pin t0 5042 for the IFA-PE. The frequency bandwidth for a VSWR
distance). Note that both the IFA and the parasitic elements2 criterion (VSWR: bandwidth) is calculated to be approxi-
are made of conducting wires of radips mately 16%. Measured values are also depicted in Fig. 9. The

The configuration parameters throughout Section Il are g8lculated and measured values are in good agreement.
follows: L., = 4.4 cm= 0.1760 )0, h = 2.28 cm= 0.0912), For comparison, the frequency response of the IFA without
L, = 5.55 mm = 0.0222), andp = 0.15 cm = 0.0060\o, the parasitic elements (IFA-0) is also illustrated in Fig. 9. The
where )\ is the wavelength at a frequency @f = 1.2 GHz. impedance of the IFA-O is matched to a Q0feed line by

Note that the antenna lengih,, + h(= 6.68 cm) is longer locating the section c-d on thex axis, as shown in the
than \o/4(= 6.25 cm). inset of Fig. 9. Note that the impedance matching cannot

be obtained by locating the section c—d on the axis.
) The VSWR, bandwidth is calculated to be 7.9%. Hence,
B. Wide-Band VSWR Performance the VSWR, bandwidth of the IFA-PE is approximately two
When the matching pin distance is chosen tollpe= 8.8 times as wide as that of the IFA-O. It follows that adding
mm = 0.0352\q, the IFA-PE is matched to a 90-feed line parasitic elements to an IFA contributes to widening the
at fo. VSWR bandwidth.
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plane in Fig. 1 is more than 0.5 wavelength. Similar behavior
is obtained for the IFA-PE with a square ground plane whose
side length is more than 0.5 wavelength in Fig. 8. Hence, a
ground plane of 1 nx 1 m was used to measure the impedance
of both the HX-MP and IFA-PE.

S0 20 (@) y An antenna mounted on an infinite ground plane and excited
¢ =0 deg. ¢ = 90 deg. by an unbalanced feed corresponds to an antenna wihout a
(a) ground plane excited by a balanced feed (due to image theory).

The radiation patterns in Figs. 4 and 10 were measured using
the balanced feed instead of the unbalanced feed.

The radiation patterns are affected by ground plane dimen-
sions. The maximum radiation for a finite ground plane is no
longer observed in the horizontal plane in Figs. 1 and 8. As an
example, the measured radiation pattern for the IFA-PE with a
ground plane ob)\y x 6} is plotted by crosses in Fig. 10(c).

90010 =20 (dB)

V. CONCLUSIONS

Dual-frequency and wide-band VSWR performances are
required for wireless communication systems. For these re-
guirements, two antenna systems with parasitic elements are

J presented.
L TR SO e e y First, an antenna system c_omposed of a normal-mode helix
¢ =0 deg. ¢ = 90 deg. and a monopole (HX-MP) is analyzed for dual-frequency
© operation, where the monopole acts as the parasitic element

Fig. 10. Radiation patterns. CalculateH ; E4 - - - . Measured: to th_e helix. The VSWR rel_ative to 502 is evaluated as a
Es o o o o; Es o e e. Additional measured results for a finite groundfunction of the monopole heightp. It is found that the HX-
plane of6Ag x 6o are plotted by crosses< x x) in (c). (a) An IFA-PE.  MP resonates in the vicinity of a resonance frequency of the
(b) An IFA-0. (c) A bent IFA-PE. helix fx.
HX

Fig. 10 shows the radiation patternsfat where Fig. 10(a) As the monopole heighty;p decreases, the separation of
and (b) are for the IFA-PE and the IFA-O, respectively. & higher resonance frequendy, from a lower resonance
is found that the radiation patterns of (a) and (b) are almdsequency f;, increases. For the case of a monopole length
the same, i.e., the parasitic elements do not deteriorate tfeLyir ~ 0.4Ayx and zvp/Vux ~ 0.3, where Vix is
inherent radiation pattern of the single IFA (IFA-0). Note thdhe vertical length of the helix andgx is the wavelength
the asymmetrical radiation patterns with respect tostexis at fux, the frequency bandwidth for a VSWR 2 criterion
in the ¢ = 0° plane are due to the asymmetry of antenna 12.5% in the lower frequency;, region and 5.2% in the
configuration with respect to the axis. higher frequencyfy region, with a frequency separation ratio

Bending the horizontal sections of the IFA-PE, showaf fi/fr = 2.14. The gain is approximately 5 dB &t and
in Fig. 8(b), leads to the downsizing of the antenna. The dB at fg.
horizontal section of the IFA is bent at poirft, resulting Secondly, a low-profile IFA is investigated to improve the
in reduction of the horizontal section length frof,, to VSWR performance. Adding two parasitic elements (PE) to
L., — L.(= L,), where L, is the length of the section e—f.the IFA increases the frequency bandwidth for the VSWR. The
Note that the parasitic elements are also bent with the saM@WR bandwidth of the IFA-PE is approximately two times
length L.. Calculations show that the VSWbandwidth is as wide as that of the single IFA. It is also found that bending
approximately 11% for a 20% reduced horizontal length. THbBe horizontal section of the IFA-PE elements contributes to
radiation pattern for this downsizing configuration is shown ithe downsizing of the antenna system, not deteriorating the
Fig. 10(c). It is seen that the radiation patterns are similar iwherent radiation pattern of the single IFA. The frequency
those of the IFA-O. bandwidth for a VSWR= 2 criterion is 11% for a 20%

The similar radiation patterns Fig. 10(a)—(c) fatresult in reduced horizontal length.
the almost the same gain. The gains in thealirection are
approximately 5 dB for the IFA-PE and the bent IFA-PE, while REFERENCES
the gain of the single IFA is 4.4 dB.
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