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1. Introduction

The input impedance of a horizontal dipole located very close to a perfect electric
conducting plane becomes lower due to the existence of a metallic structure, and it approaches zero
as the distance is decreased toward zero [1 - 3]. An “ultra low profile dipole (ULPD) antenna’,
which is a horizontal dipole very closely located to an infinite conducting plane was proposed to
solve the impedance matching issue [4 - 5]. A haf-wav dipole is excited at the offset points from
its center. Therefore the reasonable impedance can be obtained even with a conducting plane in
proximity to the dipole. The maximum gain of 8.4 dBi is obtained. The authors applied the
unbalanced feed to the ultra low profile inverted L antenna on the rectangular conducting plane [6].
When the size of conducting plane is 0.245 A (A: wavelength) by 0.49 A and the antenna height is
AM30, and the length of horizontal element is around a quarter wavelength, the input impedance of
this antenna is matched to 50 ohms and its directivity becomes more than 4 dBi. In order to
miniaturize the size of conducting plane, the meandered inverted L antenna was proposed [7]. The
size of conducting plane becomes 70 mm by 350 mm (0.0735 A by 0.3675 A) at the 315 MHz band.

In this paper, the meandered inverted L antenna on a modified conducting plane is proposed and
numerically analyzed. In the numerical analysis, the electromagnetic simulator WIPL-D based on
the method of moment isused [8].

2. Analytical Model

Figure 1 shows the meandered inverted L antenna on a rectangular conducting plane. The
antenna element is composed of a semi rigid coaxial cable. The inner conductor of the coaxia
cable is extended from the end of outer conductor, that is, this antennais excited at the end of outer
conductor. The radii of outer and inner conductors of coaxia cable are 1.095 mm and 0.255 mm,
respectively. Parameters of inversed L antenna are determined so as to satisfy the return loss less
than -10 dB at the frequencies from 312 MHz to 315.25 MHz of the keyless entry system in Japan.
The size of conducting plane is 70 mm by 350 mm. The horizontal element is meandered one turn.
One or two dots are located on the conducting plane.
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Figure 1. Analytical model
h=31.74mm(1/30), hy4=107mm, L2=196.2 mm, hx=20mm, hy=10mm, pxm=100mm,
pxm= pxp=35mm, pym=50mm, pyp=300mm
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Figure 2: Rectangular dot.

3. Results and Discussion

(d) Rectangular slot
Figure 2 shows the conducting plane with a rectangular slot. The distance between the
antenna end and the dot issy. Table 1 shows the return loss bandwidth less than -10 dB and the
directive gain at 315 MHz as a function of the dot position sy. Figure 3 show the current
digtributions at 315 MHz for sy is -50 mm and 50 mm. Since the current path length on the
conducting plane is almost same in both cases, the return loss bandwidth and the directive gain are
almost same.
(b) H shaped slot
Figure 4 shows the H shaped dlot located around the antenna end. Figure 5 shows the current
distribution on the antenna shown in Figure 4. Figure 6 shows the H shaped dot located around the
feed point. Figure 7 shows the current distribution on the antenna shown in Figure 6. Figure 8
shows the two H shaped dot located at the feed point and the antenna end. Figure 9 shows the
current distribution on the antenna shown in Figure 8. Table 2 shows the comparison of the return
loss bandwidth and directivity at 315 MHz between the antennas without slot, with one H shaped
slot and two H shaped dlots. By adding the two H shaped dots on the conducting plane, the return
|oss bandwidth is extended. The return loss bandwidth is 63.3MHz from 301.0MHz to 364.3MHz,
and the directivity becomes 2.63dBi at the frequency of 315 MHz.

Table 1: Characteristics as afunction of sy.

(mm] | hy4 [mm] Return loss bandwidth Directivity at
Y y low freq[MHz] | high freq[MHZ] | 315MHz [dBi]
-50 103 307.4 319.4 2.72
-30 103 307.7 319.7 2.72
-10 104 307.8 319.5 2.72
10 104 308.1 319.8 2.71
30 104 308.1 320 2.72
50 104 308.1 320 2.72
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Figure 3: Current distribution of the antenna with arectangular dot at 315 MHz.
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Figure 4. H shaped dot at antenna end.
=31.74mm (1/304), pxm=pxp=35mm, pym =50mm, pyp=300mm, hx=20mm, hy=10 mm, sIx=25mm,
sly=10mm, sl1=5mm, sl2= 25mm, sI3=25mm

1.00
0.89
0.78
0.67
0.56
0.44
033
022
om
0.00

Figure 5: Current distribution at 315 MHz.
h=31.74mm (1/301), pxm=pxp=35mm, pym =50mm, pyp=300mm, hx=20mm, hy=10 mm,
slx=25mm, sly=10mm, sl1=5mm, /2= 25mm, sl3=25mm
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Figure 6: H shaped dlot at feed point. 1.00
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Figure 7: Current distribution at 315 MHz. 0.00
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Figure 8: Two H shaped dot at feed point and antenna end.
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Figure 9: Current distribution at 315 MHz.

Table 2: Comparison of return loss and directivity of antenna with H shaped slots.

Return loss bandwidth Directivity at
Slot position | hyd [mm] | L2 [mm] low freq. high freq. 315 MHz [dBi]
[MHZ] [MHZ]
w/o slot 104 199.5 308 319.6 2.70
Antennaend 85 196.5 306.6 324.3 2.76
Feed point 53 189.5 304.5 329.2 2.61
2 dots 50 171 301.0 364.3 2.76

4. Conclusion

The meandered inverted L antenna on a modified conducting plane has been proposed and
numerically analyzed. In order to extend the return loss bandwidth, the rectangular slot or H-shaped
slots are located on the conducting plane. The size of conducting plane is fixed as 70 mm by 350
mm (0.0735 A by 0.3675 A) at the 315 MHz band. When two H-shaped slots are located, the return
loss bandwidth of 63.3 MHz and the directivity of 2.63 dBi are obtained.

In the next step, the size of conducting plane will have to be reduced for the practical
application of the keyless entry system of car.
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