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EDITORIAL

M lcrowaves and photonics are among the fastest grow-
ing disciplines in engineering and physics. This spe-
cial issue addresses the interface of these emerging 

technologies. There is an increasing interest in the in-
teraction of microwaves and lightwaves in semiconduc-
tor materials, devices, circuits and systems. This interest 
has been generated partially by the availability of new, 
high speed, electrooptic devices (diode lasers, modulators, 
photo-diodes, switches, etc.) and partially by the devel-
opment of more sophisticated microwave and millimeter-
wave circuits and systems. 

Microwave optoelectronics offers new potentials for the 
improvements in both microwave and optical systems. 
Optical control of microwave circuits, optical feed of 
microwave antennas, optical transmission of microwave 
signals are typical examples for it. 

New applications are offered by the new aspects of 
the interaction processes. The interaction processes are 
divided into two parts: into the optical to microwave and 
the microwave to optical processes. However, in many 
cases both types of interaction processes are applied like 
in the optical transmission of microwave signals and in 
the combined optical-microwave signal processing. The 
application of optical solutions is advantageous because 
the optical circuits can be integrated into the microwave 
circuits without interfering with them, they have low 
losses and small dimensions, short reaction time, and wide 
transmission band. 

In this special issue specific topics are presented by some 
well known experts of the field. These selected topics 
naturally don't cover the very broad area of microwave 
optoelectronics, however, the papers give us a flavor of 
the problems what can be solved utilizing the procedures 
of microwave optoelectronics. The present special issue 
provides new and interesting results. 

The optical transmission can advantegously be used in 
a cellular or pico-cellular mobile communications system. 
The radio frequency of mobile systems is gradually in-
creasing and therefore the optical link has to carry high 
microwave or millimeter-wave frequencies. That requires 
improvements in the laser diode transmitter, in the fiber 
— what is usually the transmission medium — and in the 
optical receiver. 

The first paper deals with the system aspects of optical 
millimeter-wave generation techniques for broadband ra-
dio access networks. The system performance is analyzed 
considering the major sources of impairments. 

The second paper present a novel technique for the 
generation of optical pulse trains with millimeter-wave 
repetition frequency. This method uses the nonlinear 
properties of a Mach-Zehnder intensity modulator to 
quadruple the pulse repetition frequency in an actively 
mode-locke erbium-doped fiber ring laser. 

In the third paper a special kind of photodetector is dis-
cussed which is used for high power nonlinear heterodyne 
mixing of two optical signals, their difference fequency is 
in the millimeter-wave range. For that purpose a travel-
ling wave structure is applied including a periodic array of 

nonlinear Schottky diodes. 
In the next paper design problems of an optically con-

trolled semiconductor coplanar-strip waveguide attenua-
tor/modulator are studied based on a quasi static field dis-
tribution and a simple model of optically induced attenua-
tion. 

Application of analog fiber-optic links is the topic of 
a further paper. This paper presents an overview of 
analog optical links based on their three application areas: 
transmit, distribution and receive links. 

A possible new reception method utilizing optical-
microwave mixing processes is introduced in the next paper. 
Two types of the mixing processes are investigated both 
theoretically and experimentally. 

Two further papers discuss the noise problems of broad-
band optical receivers and the transmission impairments of 
dispersive fibers. 

In a short paper a continuous-time programmable-gain 
logarithmic photoreceptor cell is presented for parallel 
VLSI image processing. 

We hope that with this special issue the readers will get 
new impression and knowledge about the fast growing area 
of microwave optoelectronics. 

T. BERCELI 
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OPTICAL MILLIMETER-WAVE GENERATION 
TECHNIQUES FOR BROADBAND 

RADIO ACCESS NETWORKS 
R. A. GRIFFIN, P M. LANE' and J. J. O'REILLY 

TELECOMMUNICATIONS GROUP, DEPARTMENT OF ELECTRONIC AND ELECTRICAL ENGINEERING 
UNIVERSITY COLLEGE LONDON 

TORRINGTON PLACE, LONDON WC1 E 7JE UK 

We review optical millimeter-wave generation for application in 
the photonic transport of data in broadband access networks. 
Performance is analyzed considering major sources of impairments. 

1. INTRODUCTION 
The provision of a radio link for the final drop in broad-

band customer access networks offers potential for rapid 
deployment, low cost-per-customer, and minimal mainte-
nance. The millimeter-wave band is currently uncluttered 
and will support large bandwidths; utilization of frequency 
bands around 30 GHz and 60 GHz is currently under con-
sideration. The system which we consider here involves the 
use of photonic technology for the transport of mm-wave 
signals from a central base station to multiple remote an-
tenna units, merging photonic, microwave and digital radio 
technology [1]. This approach is currently being pursued 
by the FRANS project, a collaborative research project 
within the European Commission ACTS program. 

The use of photonic technology for centralized signal 
distribution eases the requirements of the antenna unit 
functionality and provides transparent mapping of signals 
from the base station to the mm-wave radio spectrum. 
Each antenna unit provides only photodetection, amplifi-
cation and filtering of the downlink signal before broad-
cast; MMIC technology will allow low cost implementation 
of these functions. Integrated, high gain patch antennas 
can provide efficient coverage of well-defined pico-cells. 
Operation in the mm-wave domain does though pose chal-
lenges for the design of the photonic link. In addition to 
generation of mm-wave optical signals, the requirements 
for transparency to data format and impairments inherent 
to the fibre link present some difficulty. 

In this paper we consider the generation of optical 
mm-wave carrier signals, together with the imposition of 
data and delivery over fibre. In Section 2 we provide 
a brief overview of potential optical mm-wave sources. 
In Section 3 we consider system impairments. Using 
these considerations, in Section 4 we focus on a mm-wave 
generation technique which appears viable, and provide a 
detailed analysis of the implementation and performance 
of this approach. 

2. SURVEY OF ALTERNATIVE GENERATION 
TECHNIQUES 
Over recent years there has been a proliferation of tech-

niques developed for the generation of optical millimeter-
wave signals. Fibre-supported radio has been one of 
the main influences driving interest in this area. In this 
section alternative techniques are briefly described and 
broadly categorized. Although some approaches may be 
performed with various types of lasers, we assume the use 
of semiconductor lasers, which appear to offer the most 
potential for practical, low cost mm-wave system imple-
mentation. 

2.1. Direct Laser Amplitude Modulation 
Broadband Devices 

A key feature of semiconductor lasers is their ability 
to support direct intensity modulation at high frequencies. 
The development of high bit rate optical links has driven 
the development of lasers with bandwidths spanning the 
microwave spectrum. Current state-of-the art is a band-
width of 30 GHz [2]. Although further increase in band-
width is likely, packaged devices with bandwidths of 60 
GHz and beyond — seen as requirements for mm-wave 
radio access networks — are unlikely to be available in the 
near future. 

Resonant Enhancement 

An alternative approach to ultra-fast broadband lasers 
is to modify the frequency response of a lower-bandwidth 
device so as to enhance the modulation response at a par-
ticular desired frequency. This approach has been demon-
strated using an external cavity to produce a resonant re-
sponse at mm-wave frequencies. A more practical imple-
mentation has also been demonstrated using an extended-
cavity DFB laser [3]. 

2.2. Mode-Locking 
Mode-locking is a special case of resonant modulation 

as described above. The laser is again driven with a 
frequency matched to the optical round-trip time of the 
laser cavity, which may be an external or extended cavity. 
In this case, however, a wavelength-selective element 
is included in the laser cavity to limit the number of 
longitudinal laser modes. Resonant modulation fixes the 
relative phase between adjacent modes, producing an 
output train of short pulses at a repetition frequency equal 
to the modulation frequency. Depending on the number 
of modes, the output pulses may be much shorter than 
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