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Abstract

The unbalanced fed ultra low profile inverted L antenna on a rectangular conducting plane is proposed and analyzed numerically and
experimentally. By adjusting the length and height of inverted L antenna, the feed point position, and the size of conducting plane, the
return loss bandwidth and the directivity can be controlled. The return loss bandwidth of 2.57 % and the directivity of 4.34 dBi are ob-
tained, when the size of conducting plane is 0.245 [ ([1: wavelength) by 0.49 [1, and the antenna height is [1/30. The input impedance
of the proposed antenna is compared with those of the conventional base-fed inverted L antenna and the base fed inverted F antenna.
Although the directivity of base-fed inverted L antenna is almost same as that of proposed antenna, its input resistance becomes very low.
In the base fed inverted F antenna, the return loss larger than 10 dB is not satisfied in the case of the antenna height less than 0.05

Keywords: ILA, Low Profile Antenna, Return Loss, Unbalanced Fed, WIPL-D.

1. Introduction

The input impedance of horizontal dipole positioned very close to
a perfect conducting plane becomes low due to the occurence of a
metallic structure, and it approaches zero as the distance decreases
toward zero [1 - 3]. An ultra-low profile dipole antenna, which is a
horizontal dipole very closely positioned to an infinite conducting
plane was proposed to solve the impedance matching problem [4].
A half wave-length dipole is excited at the offset points from its
center, so that reasonable impedance can be attained even with a
conducting plane in proximity to the dipole. The maximum gain is
higher than that of a half-wave dipole with a quarter wavelength
distance between the dipole and the reflector about 8.4 dBi. The
return loss bandwidth greater than 10 dB is about 2%. In order to
realize ULPD, however, a 3 dB coupler and a 90° phase shifter are
needed. The applied unbalanced feed by the author to the ultra low
profile inverted L antenna positioned very close on a rectangular
conducting plane and analyzed numerically and experimentally
[5]. We may call this antenna as “ULPIL antenna” for conven-
ience. As a low profile antenna, the base fed inverted F antenna is
well known [6 - 11]. The antenna with base fed inverted F antenna
in the case of the size of 0.245(1 have been compared to 0.49(1[
12]. In order to obtain the good return loss and the maximum
directivity at the design frequency, many parameters such as the
antenna height, the length of horizontal element, the feed point
position and the size of conducting plane have to be optimized. In
the previously reported references [5] and [12], the antenna pa-
rameters were not optimized.

In this paper, the ULPIL antenna on a rectangular conducting
plane is analysed numerically and experimentally and the relation
between its characteristics and antenna parameters is discussed.
The base fed inverted F antenna is compared by the characteristics
of ULPIL antenna. In the numerical analysis, the electromagnetic
for antenna simulator WIPL-D based on the Method of Moments
is used [13].

2. Structure of proposed ULPIL antenna

Figure 1(a) shows the structure of the proposed antenna located on
a rectangular conducting plane. The size of conducting plane is
pxp+pxm by pyp+pym. The mounted semi-rigid coaxial cable
with the characteristics impedance of 50 Q on the conducting
plane. The radius of the outer conductor is 1.095 mm and that of
the inner conductor is 0.255 mm, and PTEE (polytetrafluoroeth-
ylene) is filling the space within a coaxial cable [14]. This antenna
consists of a horizontal arm in the y-direction and a small leg in
the z-direction. The coaxial cable is extended behind ground
plane. The generator is connected to the bottom end of coaxial
cable. The inner conductor of the coaxial cable is extended from
the end of outer conductor, that is, this antenna is excited at the
end of outer conductor in the numerical analysis. The height of
horizontal element is h. Figure 1(b) shows the conventional, base
fed inverted F antenna. The design frequency is 2.45 GHz. The
wavelength [ at 2.45 GHz is 122.45 mm. Since the edge singular-
ity of electromagnetic field affects the antenna characteristics, the
edge effect is considered in the numerical calculation [13].
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Fig. 1: ULPIL antenna and base fed inverted F antenna on a rectangular
conducting plane.

3. Result and discussion

In this section, the relation between the return loss and directivity
characteristics and the parameters of ULPIL antenna such as the
antenna height h, the length of horizontal element L, the feed point
position L1, the width of conducting plane pxm = pxp, the length
between the base point of antenna and the end of conducting plane
pyp is discussed. The characteristics of ULPIL are also compared
with those of the base fed inverted L antenna and the base fed
inverted F antenna.

3.1 Effect of antenna height h

Table 1 shows the return loss bandwidth larger than 10 dB and the
directivity for different antenna height h. The length of horizontal
element L and the feed point position L1 are optimized so that the
resonant frequency becomes to be 2.45 GHz. The fixed antenna
parameters are as follows; pxp = pxm = 15 mm, pym = 10 mm,
pyp = 44 mm. Figure 2 show the current distribution on ULPIL
antenna for different h. As h becomes smaller the larger current
flows on the conducting plane, since the mutual coupling between
the inverted L antenna and the ground plane becomes stronger.
Therefore the return loss bandwidth becomes narrower and the
directivity becomes higher. When h = 4 mm ([1/30), the return
loss bandwidth becomes 2.57 % and the directivity of 4.34 dBi is
obtained. By adjusting the pyp, the directivity becomes higher
compared with the result of the reference [5].

Table 1: Return loss and directivity of ULPIL antenna for different anten-
na height h.

h L Ly Return loss bandwidth Dlzri%g:_?; at
Lowest Highest
[mm] re f?eq_ %] [dBi]
[GHZz] [GHZz]
2 | 318 | 26.9 2.439 2.459 0.82 4.79
4 | 310 | 226 2.417 2.480 2.57 4.34
6 | 29.8 | 18.2 2.392 2.509 4.78 4.18
8 | 283 | 142 2.386 2.545 6.49 4.01
10 | 26.8 | 9.9 2.334 2.581 10.08 3.81

pxm = pxp = 15 mm, pym = 10 mm, pyp =44 mm

(d) h=10mm

Fig. 2: Current distribution of ULPIL antenna. pxm = pxp = 15 mm, pym =
10 mm, pyp = 44 mm.

3.2 Effect of length of horizontal element L

Figure 3 shows the input impedance characteristics of ULPIL for
different L. L1 =22.6 mm, h = 4mm, pxm = pxp = 15 mm, pym
=10 mm, and pyp = 44 mm are fixed. In the case of L = 31 mm,
the resonant frequency becomes to be 2.45 GHz. In the figure, the
input impedances at the design frequency of 2.45 GHz are indicat-
ed by “x”. When L is 30 mm, the input reactance becomes capaci-
tive. On the other hand, when L is 32 mm, the input reactance
becomes inductive. This is easily explained by the transmission
line theory [15]. The input reactance of the open circuited parallel
line becomes capacitive if its length becomes shorter than a quar-
ter wavelength. Figure 4 shows the reflection coefficient for dif-
ferent L. L1 is optimized so that the S11 becomes smallest at the
resonant frequency in each case. The resonant frequencies in the
case of L =30 mm, 31 mm, and 32 mm are 2.535 GHz, 2.45 GHz,
and 2.375 GHz, respectively. The length of L becomes almost a
quarter wavelength at each resonant frequency. This means that
the resonant frequency can be adjusted by L.
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Fig. 4: S11 characteristics of ULPIL antenna for different L. L1 is opti-
mized . h =4 mm, pxm = pxp = 15 mm, pym = 10 mm, pyp = 44 mm.

3.3 Effect of feed point position L1

Figure 5 shows the calculated current distributions of ULPIL with
L1 = 22.6 mm and the base fed inverted L antenna. The input
impedance is defined by the ratio of the impressed voltage and the
feed point current. Therefore the input resistance becomes smaller,
as L1 becomes smaller. The input impedance is 50 (1 in the case
of L1 is 22.6 mm. That of base fed inverted L antenna is
4.06+j26.85 1. The directivity of ULPIL with L1 = 22.6 mm and
the base fed inverted L antenna is 4.34 dBi and 4.86 dBi, respec-
tively. Since the input impedance of the base fed inverted L an-
tenna is mismatched to 50 [, the actual gain of it becomes low.
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(b) Phase distribution
Fig. 5: Calculated current distribution at 2.45 GHz for different L;. h = 4
mm, L =31 mm, pxm = pxp = 15 mm, pym = 10 mm, pyp = 44 mm.

3.4 Effect of width of conducting plane pxp = pxm

Table 2 shows the return loss bandwidth and the directivity for
different width of conducting plane pxp = pxm. The feed point
position L1 are optimized by the length of horizontal element L so
that the resonant frequency becomes to be 2.45 GHz. As the
width of conducting plane becomes wider up to 30 mm, the return
loss bandwidth becomes narrower and the directivity becomes
higher. The return loss bandwidth becomes wider and the directiv-
ity becomes lower following the changes width of the conducting
plane becomes wider. In this antenna, as shown in Figure 2, the
large current flows on the ground plane. This means that the
current on the ground plane just under the horizontal element con-
tributes to the radiation.

Table 2: Return loss and directivity of ULPIL antenna for different pxp =
pxm

p;(gp L Ly Return loss bandwidth Dge:élé::); at

Lowest Highest

(] feq. | freq | D6 | [980
[GHZz] [GHz]

10 31.9 | 20.9 2.392 2.504 4.57 4.17

15 31.0 | 22.6 2417 2.480 2.57 4.34

20 30.6 | 23.2 2.426 2.473 1.92 4.40

25 304 | 235 2.432 2471 1.59 4.48

30 30.3 | 23.7 2432 2.468 1.47 451

35 30.1 | 235 2.432 2.469 151 4.47

40 30.1 | 234 2432 247 1.55 4.26

h =4 mm, pym =10 mm, pyp =44 mm
3.5 Effect of length of conducting plane pvp

Figure 6 shows the return loss bandwidth and the directivity for
different length pyp between the base point of ULPIL and the end
of conducting plane. pxm = pxp =15 mm, and pym = 10 mm are
fixed. The length L of horizontal element and the feed point posi-
tion L1 are optimized so that the resonant frequency becomes to
be 2.45 GHz.

As the antenna height h becomes higher, the directivity becomes
worse although the return loss bandwidth becomes wider. This
may be due to the angle subtended at the ground plane by the hor-
izontal element of inverted antenna becomes small as h becomes
higher. When pyp = 44 mm in the case of h =4 mm, the directivi-
ty becomes maximum. Since the length of conducting plane be-
comes almost a half wavelength in this case, the large current
flows on the conducting plane.
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Table 3: Return loss and directivity of base fed inverted F antenna for

ro — different h.
- TOn=Mnirmy ] Directivity at
=:| 8 ;ﬂﬂ:gm Ls h L - Retturn Ios;bz:]ndlmdth 2 A5GHzZ
=8&nm owes ighes .
5 | ]/D\[J\D\ [mm] freq. freq. [%] [dBi]
é ) \D\[ [GHZ] [GHZ]
g E/ p 33| 7 | 26.2 2.388 2.520 5.39 4.02
® A — 33| 8 | 256 2.353 2.556 8.29 3.92
3 / ! 33| 9 | 249 2.334 2.587 10.33 3.80
F o —o—6 3310 | 243 | 2312 2.610 12.16 3.69
ﬁ o pxm = pxp = 15 mm, pym = 10 mm, pyp = 44 mm
vS
0 Table 4: Return loss and directivity of base fed inverted F antenna for
€0 PO c0 a0 Y0 different L,
gvg thm [ i Directivity at
. L h L Return loss bandwidth
(@) Return loss bandwidth > eurn Toss bandwt 2.45GHz
Lowest Highest .
¢ [mm] freq. freq. [%] [dBi]
[GHZ] [GHZ]
rE 33|10 | 243 2.312 2.610 12.16 3.69
4.0 | 10 | 25.2 2.311 2.612 12.29 3.71
/’/;Q'\‘ 50 [ 10 | 265 | 2314 2603 | 11.80 373
= 6.0 | 10 | 27.3 2.325 2.580 10.41 3.76
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Fig. 6: Return loss bandwidth and directivity of ULPIL antenna for dif-
ferent h. pxm = pxp = 15 mm, pym = 10 mm.

4. Comparison with base fed inverted F an-
tenna

Table 3 shows the return loss bandwidth and the directivity of the
base fed inverted F antenna for different antenna height h in the
case of the length of short stub Ls =3.3 mm. In this section, the
dimension and parameters of conducting plane are fixed as pxp =
pxm = 15 mm, pym = 10 mm, and pyp = 44 mm. Table 4 shows
the return loss bandwidth and the directivity of the base fed in-
verted F antenna for different length of short stub Ls. In both
tables, L and L1 are optimized so that the resonant frequency be-
comes to be 2.45 GHz. Figure 7 shows the input impedance char-
acteristics of the base fed inverted F antenna for different h. In the
base fed inverted F antenna, the input impedance is adjusted by
changing the element length L and short stub length Ls. From
Figure 7, when the antenna height h is less than 7 mm, the return
loss larger than 10dB is not satisfied even though the antenna
length is adjusted. Figure 8 shows the input impedance character-
istics of the base fed inverted F antenna for different Ls. Figure 8
indicates that the input impedance is not matched when the short
stub length Ls becomes longer than 5 mm.

Figure 9 shows the comparison of the return loss bandwidth and
the directivity between ULPIL antenna and the base fed inverted F
antenna. When the height h of the base fed inverted F antenna is
less than 7 mm (about 0.05( 11/, the return loss bandwidth larger
than 10 dB is not satisfied even though the short stub is adjusted.
Therefore, in Figure 9, data are not shown in the case of h is less
than 7 mm. Figure 9 indicates that ULPIL antenna is very low
profile and has higher gain compared with the base fed inverted F
antenna.

pxm = pxp = 15 mm, pym = 10 mm, pyp = 44 mm

Fig. 7: Input impedance characteristics of base fed inverted F antenna for
different h. pxm = pxp = 15 mm, pym = 10 mm, pyp = 44 mm, Ls = 3.3
mm.

Fig. 8: Input impedance characteristics of base fed inverted F antenna for
different Ls. pxm = pxp = 15 mm, pym = 10 mm, pyp = 44 mm, h = 10 mm.
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Fig. 9: Comparison of return loss bandiwidth and directivity between
ULPIL antenna and base fed inverted F antenna. pxm = pxp = 15 mm, pym
=10 mm, pyp = 44 mm, Ls = 3.3 mm.

5. Comparison with measurement

ULPIL antenna is fabricated and measured. Figure 10 shows the
photograph of fabricated antenna [5]. The antenna parameters are
as follows; h =4 mm, L = 31.1mm, L1 = 22.6 mm, pxp = pxm =
15 mm, pym = 10 mm, pyp = 50 mm. Figure 11 shows the calcu-
lated and measured return loss characteristics. The electric field
radiation patterns at the frequency of 2.45 GHz shown in Figure
12. In the case of an antenna on a small conducting plane, the
leakage current may flow on the coaxial cable behind the conduct-
ing plane. In order to evaluate the influence of the leakage current
on the coaxial cable behind the conducting plane to the radiation
pattern, the clamp filter composed of the ferrite core is attached on
the coaxial cable behind the ground plane [16]. Figure 13 shows
the measured electric field radiation patterns of the antenna with
the clamp filter at the frequency of 2.45 GHz. From Figure 12, the
measured radiation pattern is slightly different with the calculated
pattern in the backward direction. This difference becomes small
when the clamp filter is attached on the coaxial cable. Therefore
the leakage current on the coaxial cable may be small although the
ground plane is small compared with the wavelength.

- e TROE
Fig. 10: Fabricated antenna.
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Fig. 11: Return loss characteristics of antenna. h =4.0 mm, L = 31.1 mm,
Ly =22.6 mm, pxp = pxm =15 mm, pym =10 mm, pyp = 50 mm.
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Fig. 12: Electric field radiation patterns of ULPIL antenna at 2.45GHz. h =
4.0 mm, L =31.1 mm, L; =22.6 mm, pxp = pxm =15 mm, pym = 10 mm,
pyp =50 mm.
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Fig. 13: Electric field radiation patterns of ULPIL antenna at 2.45GHz. h =
4.0 mm, L =31.1 mm, L; = 22.6 mm, pxp = pxm =15 mm, pym = 10 mm,
pyp =50 mm.

6. Conclusion

The proposed and analyzed ultra-low profile unbalanced-fed in-
verted L antenna on the rectangular conducting plane resonant
frequency is decided by the length of the horizontal element and
the impedance matching can be done by adjusting the position of
the feed point.. The return loss bandwidth and the directivity are
controlled by changing the antenna height and the size of rectan-
gular conducting plane. When the size of conducting plane is
0.24507 by 0.4507 and the antenna height is [1/30, the return loss
bandwidth larger than 10 dB becomes 2.57 % and the directivity is
4.34 dBi. The radiation characteristics of the base-fed inverted L
antenna are almost same as those of proposed ULPIL antenna
although the input resistance of base fed inverted L antenna be-
comes small. In this paper, the input impedance characteristics of
the base fed inverted F antenna is also compared with the pro-
posed ULPIL antenna. In the base fed inverted F antenna, the
input impedance is adjusted by changing the length of horizontal
element and the short stub length. If the antenna height of base fed

inverted F antenna is smaller than 0.05(1, the return loss larger
than 10 dB is not satisfied. The proposed ULPIL antenna has high
gain even though the antenna height is less than 0.05(1. The pro-
posed antenna is applicable for the antenna for mobile terminal of
the wireless communication.
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