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Wireless Communication with Smart Photonic
Antennas using Transmission Power Control

Georgios Tzeremes, Herbert Tanner, Tsai Liao and Christosh@stodoulou

Abstract|  This paper presents a novel, integrated a pho-
tonic antenna with a power control scheme. The controller
regulates the levels of radiated power by adjusting the bi-
asing voltage of a side-illuminated waveguide photodetect
(WGPD). The WGPD converts the RF-modulated optical
power into a microwave signal, which is then fed to an an-
tenna. The controller uses as input the noise level mea-
surements of a di®erent receiving antenna, and periodicall
calculates the necessary amount of power that must be radi-
ated. The performance of the RF/photonic device has been
studied theoretically and in simulation. With the addition
of power control capabilities, the device realizes an early
attempt to design smart photonic antennas.

or

I. Introduction

There are three main steps in the evolution of
RF/Photonics systems for wireless communications. The
“rst step is to use photonics to gradually replace conven-
tional RF components, such as the coax interconnecting
the antenna to the electronics since optical "bers provide
a better medium for broadband RF communication sys-
tems. The light weight property of bers, and its immunity
to other signal interference make them ideal in the develop-
ment of future RF distribution systems. The second step
is the seamless integration of photonics and RF wireless
circuits in the form of OptoElectronic Integrated Circuits
(OEIC's); ber-optic technologies have reached the stage
where insertions into various commercial RF systems are
practical. In the third step the aim is to eliminate the
need of local oscillators, mixers, ampli ers and a host of
other parts by directly feeding an antenna through a "ber
at millimeter wave frequencies. Despite the fact that the
integration of photonics with antennas has recently gained
momentum [2], [3], [4], the issue of controlling the output
power in photonic antennas has not yet been considered.

We present a framework for developing faster, adaptive
wireless communication using arrays of smart antennas.
Our primary contribution is on the integration of RF an-
tennas with optical "bers and transmission power control
systems. The antenna and the optical ber are interfaced
through a photodetector, and the hybrid integration with
the antenna increases bandwidth and communication ca-
pacity. Our power control system (implemented in soft-
ware) uses RF noise power measurements to adaptively
regulate the bias voltage of the photodetector. Through
the bias voltage, the transmission power of the antenna can
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be adjusted. In this way we achieve the required signal-to-
noise ratio for slowly varying noise levels, and control the
capacity of the channel at the same time.

Since parallel nodes in a wireless network introduce
noise, nodes must transmit at the minimum possible en-
ergy level. This paper presents a method to automati-
cally regulate the transmission power of each antenna so
that the capacity of the channel is adjusted, and signal
interference is kept at minimum. An array of RF mod-
ulator/photodetectors integrated directly to an array of
antennas, can combine the advantages of both "ber optics
and wireless channels. Used with a transmission power
control system, this new RF/photonic antenna array can
form a smart system that enhances network capacity and
coverage. A large number of such RF/Photonic antenna
elements could be networked together into a star con gu-
ration, feeding in and out of a radio hub.

Il. The Photodetector{Antenna System

The °exibility in the design of Waveguide Photodetector
(WGPD) { provided by optical coupling, optical absorp-
tion, transit time and capacitance { o®ers the ability to op-
timize it for the given application [5], [6]. The Waveguide
Photodetector converts the RF-modulated optical power
into a microwave signal, subsequently fed to an antenna.
Between the WGPD and the antenna there is a double
stub matching circuit, to ensure the maximum transfer of
power from the WGPD to the radiating elements. The gen-
eral concept of this design from the optical modulation, to
the optical ber and nally the radiating elements is pre-
sented in Figure 1. The WGPD is a standard p-i-n device
grown on a semi-insulated InP substrate. It eliminates the
bandwidth-e+ciency trade-o® that is fundamental to nor-
mal, surface illuminated photodetectors.

The photodetector is fed by an optical "ber, terminated
at the facet of the optical waveguide layer. Bias across the
photodetector a®ects simultaneously the output power and
the frequency of operation. Increasing the biasing voltage
raises the maximum output power and decreases the pulse
duration. The e®ects of biasing can be seen in Figure 2:
biasing of the photodetector increases the drifting compo-
nent in the current density equations [7]:
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The biasing of the photodetector is provided through the
antenna design. The antenna is a CPW- fed three element
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Fig. 2. E®ect of PD bias voltage on transmission power.

(around 3.2 dB). This provides measurements of noise from
every direction in the environment, while it blocks the po-

\Fiberoptic
larization state of the radiated signal.

cable

IIl. The Transmission Power Control System

Optical Modulat . . . .
/plca oeEe The objective of the control system is to use the noise

measurements obtained by the second antenna in order to
regulate the RF power levels so that, despite variations in
the noise levels, the required signal-to-noise ratio is aleys
achieved. In a large scale wireless network, such control
laws have to be implemented in distributed and decentral-
ized fashion. Figure 6 shows how this control system is
folded dipole slot. The transmitting antenna is a trans- nterfaced with the Photodetector/Antenna: light coming
formation of the basic folded dipole design in a patch/slot from the optical ber is transformed into RF by the Pho-
version [8]. It operates around 18.5 GHz with a bandwidth todetector/Antenna. The bias voltage of the photodetec-
of 1 GHz and a gain of 6.5 dB. Due to magnetic currents tor behaves as the controlling gate, regulating the output

generated in the slots, each folded slot antenna radiates POWer level of the antenna,P asP = Ev; where E is a
like a half wavelength folded dipole with linear polariza- Constant that is obtained from Figure 2, and is estimated

tion. The main advantages are low cross polarization { © P& approximately E =75:5mW=V. ,
-23 dB's), and low coupling between its elements [9]. Due to th(_e transmission of other antennas and r_e°ect|ons
To avoid leakage of the generated microwave, low pass ©f ItS OWn signal, the antenna transmits in an environment
Tters have been designed for the Co-planar Waveguide With noise, w. The noise signal,w is considered as white
(CPW) transmission line [10] (Figure 1). The CPW is used Gaussian. _In an md_oor environment, the noise signal is
as a feed to the antenna while also serving as electrodesSIOWly varying, in which case the bandwidth of the power
and biasing line of the WGPD [11]. The characteristic cor_1tro| system is u_sually adequate for tracking noise Ievsl._
impedance and phase velocity of a CPW depends more onNOiSe levels are picked up by a second antenna, perpendic-
the dimensions of the conductive surface than the substrate Ularly polarized, in a distance sutcient to exclude coupling
thickness. Bending the transmission line ensures good ra- e®ects. This second antenna works as a sensor, measuring

: i S ;
diation pattern in the dielectric. At the same time, this ©Nly the environmental noise: P~ = w: The bias voltage,
con guration preserves the length of the feeding line [12]. V> IS controlled by a microprocessor, based on the sequence

Figures 3 and 4 show experimental S11 parameter and the of light pulses carrying microwave-optical signals that ar
radiation pattern of the speci ¢ design rive through the optical ber and the noise measurements

A second antenna is used as a receiver, to monitor the obtained from the secondary antenna. The microproces-

background noise (Figure 5). It is a single element folded S°' direc'gly regulate§ the bias voltage, and therefore the
dipole patch antenna with polarization perpendicular to discrete time dynamics of the latter can be expressed as:
the transmittin_g antenna. The sepgration distance of the Vil = Vi + U + %

two antennas is over 1 cm (approximately 4 wavelengths),

which is suxcient to avoid any coupling e®ects [1]. This an- where uy is the control input for power regulation and * is

tenna should have almost the same etciency as the trans- frequently appearing slowly varying DC signal, acting as
mitting antenna, although its directivity is much smaller an input disturbance. In our setup, + could be in the order

Fig. 1. Schematic representation of the antenna/photodete ctor.
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Fig. 3. S11 parameters of the transmitting antenna.

Fig. 5. Layout of the transmitting antenna and the perpendic  ular
polarized antenna monitoring noise.
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Fig. 6. Block diagram of the RF power transmission control sy stem.

controller structure depicted in Figure 8 has to be imple-
mented as shown in Figure 9.
The control system described above allows the photode-

Fig. 4. The radiation pattern of the transmitting an- tector/antenna system to track the noise levels and main-

tenna. tain a constant power level above them (Figure 10, 11).
of millivolts, whereas the bias voltagev is in the order of In Figure 10, the high frequency pulse sequence IS the

tens of volts, allowing us to safely ignore its e®ect. The response ofthe Photodetecior/Antenna system o the light
system output signal (Figure 8) is de ned as: input S|gnal.. Thg low frequency.pulse sequence corre-
sponds to piecewise constant, white Gaussian noise. Re-

Ye=Pj w=Evj w; (1) 9ardless of the variation of the noise levels, the output is

regulated to a predetermined level above that of noise.
and expresses the di®erence between the power of the To test the tracking performance of the control scheme
transmission signal and the noise level. For successfulfurther, we simulated a sinusoidal noise waveform. The
transmission it is necessary that this di®erence is always results are given in Figure 11. From the response, it is
above a threshold, i.e. the desired signal-to-noise ratio: clear that tracking ability is not restricted to the particu lar
Ydesred = SNR: The power control law can then be de- class of piecewise constant inputs but it extends to more
"ned as (Figure 8): general dynamic signals.

U = é(rk ¢SNR| yi) = Mk ¢SNR:5 Evi + W, @ IV. Conclusions
We present a novel smart antenna design, in which
where ry is the (light) reference signal. The simplicity of we integrate photodetectors with antennas and regulate
the control input (2) ensures minimum computation de- the power level of radio transmission through a software-
lay. Thus the frequency of the control loop is essentially implemented control system. Linking the optical ber di-
determined by the availability of sensing data from the rectly with the antenna through a photodetector increases
monitoring antenna. Bearing in mind that the system di- bandwidth without the need for signal ampli cation. The
rectly measures noisew, rather than output signal yi, the control system then adjusts the transmission power so



SUBMITTED FOR PUBLICATION TO: IEEE ANTENNAS AND WIRELESS P ROPAGATION LETTERS, JULY 5, 2004

Output  HVL at 146mA

Bias HVL
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Fig. 8. Block diagram of the control system design.

that the desired signal-to-noise ratio is achieved and main

tained, regardless of (low frequency) °uctuations of noise
levels, ensuring reliable communication and allowing reg-
ulation of the channel capacity. The design would enable
control of faster, more reliable and adaptive wireless com-
munication systems using integration of photonics and mi-
crowave technologies.
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