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ABSTRACT

This paper presents a comparison of three different types of CPW fed dot
antennas integrated with a photodetector. The antennas are driven by optica
power converted into microwave power using the photodetector which is directly
attached to the antennas without the use of any amplifying devices. The operating
frequency of these antennas is around 18.5GHz. This paper presents the gpproach
for matching a photodetector to a sngle dement or to an aray of eements
Measured data and smulaions for various antenna/photodetector configurations
are compared and discussed.

|. INTRODUCTION

The need for more bandwidth and capacity in wirdess systems is the main culprit
for the great interest in the development of wirdess communications systems
operdting in higher and higher frequencies The integration of fiber optics sysems
with RF components is a promisng solution, as well as a cost effective way to
increase bandwidth and overdl system efficiency [1]. Although, fiber optics offer
a lot of bendits (light weight, immunity to sgnd inteference, great bandwidth),
they cannot radiate a lot of power. Even the most modern fibers smply cannot
transfer as much power as a typicad coaxid cable. The idea behind this work is to
minimize the losses due to mismaich between the Optics and the RF components
and to maximize the gain of the tranamitting/recaiving antenna [2].

Figure 1 depicts an SEM image of a Sde-illuminated waveguide photodetector
(WGPD) that is used to convert the RF-modulated opticd power into a
microwave sgnad. The WGPD is a standard pi-n device. Hexibility in te design
of WGPD including optical ocoupling, opticd absorption, trangt time and
capacitance provides the needed versdility to optimize the device design for a
given gpplication. The photodetector is fed by an opticd fiber.
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Figure 1. SEM image of the fabricated WGPD showing the CPW electrodes

1. ANTENNA CONFIGURATIONS

The layouts of the three antennas configurations studied in this paper are shown in
Figure 2. In dl three designs, the length of the dot was 4500 um, the dot width
100 pm, while the gagp was 160um for the CPW and 25um for the rest of the
antennas [3]. The antennas are placed on top of a 500 um BeO subgirate with =
6.7 and disspation factor around 0.004 a 18 GHz . All three antennas have a
double open-end shunt sub to give the input impedance of 20 +500hms (around
18.5GHz), which is the complex conjugate of the photodetector impedance. The
dimensions of the double open-end shunt stub is 7300 um in length and 100umin
width. For the array, the three dements were placed a& 6000um distance of
separation. The black part of the layout represents the photodetector, while the top
of al dructuresis consdered as an infinite ground plane.
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Figure 2:(a) Single element antenna, (b) three element antenna
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Figure2(c). An array of threesingle element antennas

The table below contains, data for the three antenna configurations. One can see

that

the configuration in 2 (¢) yidds the best gan but it dso requires three

inputs, which correspond to three fibers feeding three different photodetectors.
Configuration 2 (b), on the other hand, gives more gain than the sngle dement
and it dill only requires one photodetector as its input.  All configurations are
easy to match to the photodetector and they all provide very good bandwidth.
Figure 3 shows the S11 parameters for two of the antenna configurations, mainly,
the antennas in Figure 2(b) and 2 (¢). The S11 parameter for the antenna in
Figure 1 () is the same as that of Figure 2 (c) and thus it has been omitted from

the figure.

Optimum | Antenna Linear Linear Linear 3dB

operationd | Effidency | Gan Directivity | Maximum | Beam

Frequency Width
One 19GHz | 99.3688% | 3.70249dBi | 3.72999dBi | At (175, | (43.6,
element 270)deg | 121.3)
antenna deg
Three 18.6 GHz | 95.922% | 4.19581dBi | 4.41741dBi At (56.2,
element (140, 100) | 114.45)
antenna deg deg
Three 19GHz | 99.6943% | 7.44899dBi | 7.46228dBi | At (175, | (43.6,
element 270)deg | 81.9)
array deg

Table 1: Simulation results of thethree designs [4]
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Figure3. S11 parametersfor antennasin Figures 2 (b) and 2(c)

[1l. CONCLUSIONS

A new RF/Photonic interface that condsts of an antenna and a waveguide
photodetector was presented and analyzed. Three different CPW-fed dot antenna
configurations were chosen as the radiging dements fed directly from the
waveguide photodetector, which converts the RF-modulated optical power into
dectricd ggnd a microwave frequencies. This new RF/photonic antenna, with
the appropriate space-time processing and coding, can yidd a new smart antenna

for high cagpacity wireless communications.

IV. REFERENCES
[1]. Hao Jang and Paul K. L. Yu, “Waveguide integrated photodiode for analog
fiber opticslinks’, |IEEE Trans. On Microwave theory Techn., Vol. 48, pp.

2604-2610, Dec. 2000

[2]. Mgid Khodier, Christos Christodoulou, “Opticdly driven CPW-fed Sot
Antenna for wirdess Communications’, 2000 | EEE-APS Conference on

Antennas and Propagation, pp. 121 -124

[3]. K. C. Gupta, R. Garg, and |. J. Bahl, Microstrip Lines and Sotlines, Artech

House, 1979

[4]. IE3d Users manud, Release 6, from Zeland Software, Inc., 1999






