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SUMMARY-- A flat diversity antenna, consisting of a disk loaded monopole 
antenna (DLM ) and three notch antennas composed in the same disk, is pro­
posed as a vehicular antenna to reduce a fading effect of urban mobile tele­
phone. Three notches are used for a turnstyle antenna to obtain small cor­
relation coefficient for the disk loaded monopole antenna . The propagation 
measurement verifies the diversity effect of a new flat diversity allteznna. 

1. Introduction 
Techniques to reduce multipath fadings in a land mobile communication system 

are space diversity, polari zation diversity, antenna pattern diversity, and energy density 
reception for antenna dive rsity. According to a random propagation model, t he diversity 
effect depends on a correlation coefficient between two antennas. Small correlation coef­
ficient is obtained by di fferent amplitude radiation pattern or diffe rent phase patte rn . A 
flat energy density antenna consists of a disk loaded monopole antenna and four notch 
antennas designed as a crossed slot antenna composed in the di sk (I]f2]. While the electri c 
field is received by t he disk loaded monopole antenna, the magnetic field by t he notch 
array; as a result , the energy density reception is ob tained. T he energy density reception 
is obtained by this antenna, however, it is also explained by two antennas with smal l 
correlation coefficient based on different phase radiation pattern. 

This paper presents a new flat diversity antenna, reducing the electrical volume 
of the antenna by alte ring four notch array to t hree, and measurement results of its 
input characteristics , radiat ion pattern and propagation measurements. In addition , the 
radjation pattern in a horizontal plane of a notch antenna is explained using a model of 
a magnetic current. 

2. Flat Diversity Antenna 
The turnstyle radiation pattern of four notches excited with phase di fference of 

90° is equivalent to that of three notches exci ted wi t h phase difference of 120°. This 
antenna and its inpu t impedance characteristics (return loss, isolation) is shown in Figs. 
1 and 2, respectively. T his excitation is given by a power divider and delay lines. The 
horizontal phase radiation pattern is constant fo r t he disk loaded monopole. On the other 
hand, it varies £rom 0 to 21i for the tu rnstyle notch antenna. As a result , this combination 
is expected to give a small correlation coefficient as two diversity branches. 

Table 1 shows the frequency band width, t he isolation between antennas, and 
elect rical volume for t he fla.t diversity an tenna. of four and three notches. Three notch 
array reduces the physical volume of t he fl at diversity antenna a factor of 59.1%, and 
also reduces normaliz.ed antenna volume 27%. (The antenna volume is normalized by 
frequency band width of the disk loaded monopole in Table 1). The fractional frequency 
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bandwidths with a return loss of less than - lOdS are 5.6% for the disk loaded monopole , 
and 3.1% for each notch antenna. T he isolation between t he ring patch and each notch 
is less t han - 9.5dB, and that between notches is less than - 7.3dB (Tab. 1). The mutual 
coupling between notches are increased by 2dB, compared with four notch array. 

The mutual couplings disturb the radiation pattern of a notch antenna in Fig. 
3. The radiation from the notch antenna is assumed to be a figure of eight pattern in 
the horizontal plane, assuming a magne tic line current on the notch. However one notch 
ante nna is excited , other two notches terminated to dummy loads are excited by the 
mutual coupling between notches. In other words, we can assume a magnetic currents on 
t hese two notches, which causes an elliptical radiation pattern. 

When we assume a phase difference of ±120° respectively between the adjacent 
magnetic currents (confirmed by experiment), radiation pattern E(8) of notch antenna in 
a horizontal plane is gi ven by 

where A(8) is the horizontal radiat ion pattern of the notch antenna, and M is amplitude 
coeffi cient between notches. The calculated result, in Fig. 3, agrees well with measure­
ment. 

The mutual coupling is calculated by magnetic current filaments shown in Fig. 
4. The amplitude of phase of mutual coupling are shown in Fig. 5(a)(b). The mutual 
coupling is -7.3dB for d=2cm to explain t he isolation characteristics, however, the phase 
difference of d=2cm, - 154°, is not agree with eq.(l ). It is necessary to explain the notch 
array peformance by an analysis model of magnetic line or sheet current. 

3. Propagation Measurements 
We made propagation measurements at 900MHz band to verify the dive rsity 

effect of the fla t diversity antenna. In the measurement, two antenna outputs were in­
putted to a spectrum analyzer, and data were recorded in a digi tal form at each one-tenth 
wavelength in free space interval . 

Figures 6 shows the cu mulative probability of the signal st rength referred to 
the median value of the main antenna. The main an tenna is the disk loaded monopole, 
and the sub antenna is t he turnstyle notch antenna. The curve of the selection diversity 
shows that this Hat antenna provides as efficient two diversity branches, where the voltage 
correlat ion coefficient is 0.13 for the flat antenna. 

4. Conclusion 
T his paper presented t he flat diversity antenna for mobile telephone consisted 

of the disk loaded monopole antenna and turnstyle notch antenna. A prototype of the 
Hat antenna. has been built and tested at 900MHz band , and its measured resul ts of the 
input impedance character istics and the radiat ion patterns are presented. The radiation 
pattern of notch antenna was explained using a model of magnetic ClUrent. The voltage 
correlation coefficient is 0.13 between the ring patch and the turnstyle notch antenna. 
We also verified the diversity effect of the Hat antenna by the fie ld measurement. T he 
flat diversity antenna is shown to be useful for the diversity antenna of mobile telephone 
systems. 
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Fig. 1 Flat diversity antenna 
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Fig. 4 Mode of magnetic current filaments 
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Table 1 Frequency bandwidth, isolation) 
antenna volume of 4/3 notches array 

numbe r of notch 4 3 
boedwidlh of DLM [%J 10.0 5.6 
bandwidth of notch !%] 4.5 3.1 

isolation between 
DLM oed "oloh [dBJ -10.6 -9.5 

isolation between 

notches [d BJ -9.4 - 7.3 

antenna volume [emJ ] 4.77x10' 1.95xlO2 
normalized volume 
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(a) Phase vs. distance (b) Amplitude vs. distance 
Fig. 5 Mutual coupling between magnetic current filaments 
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