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ABSTRACT: 
This invited presentation reviews some of our results in the area of optical nonlinear devices. It 
also briefly reviews the origins and past developments of what became a field of photonics. In 
conclusion it attempts to suggest where photonics research might be moving in the future, which 
would truly materialize its inherent pervasiveness. 
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1. Introduction 
Technological progress has its origins in curiosity 
research and the dreams of scientists and engineers; 
it is fueled by human desire to advance and improve, 
to develop business, to turn in a profit. Information 
has become the most valuable commodity of our 
lives. Information transfer, storage and processing 
have become the most important activity of 
mankind. High technology businesses deal almost 
exclusively with information technology and 
produce over forty percent of the national domestic 
product in developed countries. The hardware 
infrastructure, along with added software 
intelligence, represents a formidable technological 
force for innovation and applications. The example 
of the electronic revolution, with its silicon 

integrated chip, testifies to that more than 
convincingly.  

 Photonics has evolved from our natural desire to 
exploit omnipresent light more than just as a means 
to “see” things. The invention of the laser was a 
revolution in itself, with development of the optical 
fiber providing the application push. The needs of 
modern telecommunications created a huge market 
for novel photonic devices. Real or potential 
applications in other fields such as instrumentation, 
sensors, biomedicine, consumer products, 
entertainment, military added to this drive for better, 
more complex and sophisticated photonic devices. 
The marvel of engineering ingenuity, the compact-
disk player, truly revolutionized consumer 
electronics business and brought the tiny laser diode 
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chip to a “dollar-store” level by marrying in its 
development physics, signal processing, optics, 
communications and materials in an unprecedented 
way.  
 Although the idea of stimulated emission goes 
all the way back to Bohr and Einstein [1], the 
invention of the laser did not take place until the 
sixties when Basov, Prokchorov, Schawlow, Townes 
and Maiman [2] transformed it into reality. Similarly 
Gabor’s [3] idea of holography did not materialize in 
a practical version until decades later, when it was 
made possible by the arrival of the laser. Kao and 
Hockham’s [4] optical fiber as a new transmission 
medium was preceded by pioneering studies of 
Hondros and Debye [5]. Although much earlier 
Shockley, Brattain and Bardeen did show (based on 
von Neumann’s original idea) that semiconductors 
could be used for light amplification, it was the 
optical fiber that provided a tremendous stimulus for 
semiconductor laser research and development with 
the pioneering contributions of Kogelnik [6], Yariv 
[7] and others.  

 Miller’s [8] concept of integrated optics 
conceived in the late sixties, and developed by some 
of the fathers of this field, Tamir [9], Tien [10] and 
others, clearly came too early from the applications 
point of view, while the fathers of modern nonlinear 
optics, Franken [11] and Bloembergen [12], excited 
many researchers over its potential in various 
applications. Seven of these early pioneers (as well 
as more recently Kroemer and Alferov) were 
awarded Nobel Prizes, bringing photonics more to 
the technology forefront and emphasizing its 
importance as a pervasive enabling technology. 

 Yet, photonics is still in its infancy, if any 
comparison with electronics is warranted. Present 
photonic devices are mostly passive, with very low 
integration, at a primitive level of functionality, and 
with no built-in intelligence. Besides the classical 
use of light in imaging, it is still best exploited in the 
straight transmission of information rather than in 
processing and storage. Some skeptics even suggest 
that the use of light for transmission might be its 
only and ultimate practical application since 
electronics has always accommodated new high-
performance processing and storage requirements 
better. 

 The material side of photonics is even more 
dismal if one considers functional and technological 
compatibility issues. Much effort has been expended 
in attempts to develop integrated 
optics/optoelectronic circuits, analogous to the 
powerful electronic integrated circuitry. 
Fundamental material and technological problems, 
however, have prevented such a development in the 
last thirty five years and still persist to this very day, 
indeed. Over several decades of worldwide intensive 

research and development work in photonic devices, 
the whole field has been scattered with successes 
and failures of different material systems from glass, 
gels and plastics to LiNbO3 and LiTaO3, from 
silicon and organic materials to III/V and II/VI 
semiconductors.  

 All these and many other materials may, to a 
better or worse extent, satisfy certain applications 
requirements. However, there does not seem to exist 
a material system that would be as dominant in 
photonics as silicon is in electronics. The failed 
aspirations of many to develop an optical 
“equivalent” of the transistor, that is an all-optical 
switch of sorts, in a “photonic universal” material 
may just reflect an excessive concern with the 
electronics analogy. It may very well turn out 
eventually that photonics may never find one 
material system that would satisfy all possible needs. 

 

2. Optical nonlinearities 
Optical waveguides and periodic optical structures 
have remained in the focus of many researchers for 
obvious reasons. Waveguide configurations offer 
effective solutions to implementing many desired 
processing functions via efficient changes of 
refractive index due to diffraction-less propagation 
of high power densities. Also the use of otherwise 
weak optical nonlinearities is a possible way to 
establish optical nonlinear operations such as 
bistability. When Gibbs [13] showed bistable 
switching in a semiconductor and Chemla [14] 
successfully studied nonlinear optical effects in 
semiconductor quantum-well structures, many new 
exciting developments took place, for example 
bistability in waveguides proposed, studied and 
successfully developed by Stegeman [15]. Optical 
periodic configurations, (first investigated by 
Rayleigh [16], then by Bragg brothers [1] and 
Brillouin [17], and examined by Winful [18] in the 
nonlinear regime), were used for the first time for 
optical mixing in integrated optics by Normandin 
[19]. These then led to various new photonic devices 
proposed by many other researchers including Cada 
[20]. 

 Optical nonlinearities have been studied 
extensively in the recent decades, indeed. Large and 
intensive research efforts have also gone into 
nonlinear optical devices, as referenced above. Some 
remarkable results have been obtained [13], 
including fundamental discoveries [15]. Despite the 
initially successful pioneering work in 
semiconductor multiple quantum wells and in 
optical bistability as mentioned above, and despite 
literally hundreds of new and novel structures and 
devices proposed and tested, no practical devices 
really emerged, except perhaps for some frequency-
doubling devices (e.g. laser pointers). After spending 



ÓPTICA PURA Y APLICADA – Vol. 38, núm 3 – 2005. 4ª Reunión Española de Optoelectrónica, OPTOEL’05  

Opt. Pur. y Apl. 38 (3), 2005 - 4 - M. Cada 

many years and millions of dollars, companies 
eventually shut down the activities.  

 The main reason seem to have been the 
underestimation of the fact that the optical 
nonlinearities of materials used in device 
implementations are either too weak (transparent 
crystals) or associated with large absorption losses 
(semiconductors near the band edge). The weak 
nonlinearities need to be enhanced in an 
accumulative way by making the interaction lengths 
long, while the nonlinear effects coupled with 
optical losses require some way of amplification or 
resonance to compensate for such loss. Even in cases 
when a resonance effect can be utilized, optical 
bistability using semiconductor nonlinearities has 
not materialized in a form of practical devices. The 
required bistable switching energies along with 
achievable speeds, limited in most cases by the 
carrier recombination time, could not match the 
capabilities of electronics. The mentioned analogy 
with electronics did not work in photonics, which is 
not suitable for cascading devices to implement 
complex and robust functions, that being a case of 
electronics. Robustness and speed in optics lies in its 
natural parallelism, which, in turn, has up to this day 
not been fully exploited. 

 However, there have been recent renewed 
interest and efforts because of the need to solve 
critical bottlenecks in optical communication 
systems. For example, the electro-optic and opto-
electronic conversions that limit the overall 
performance, or the nonlinear optical processing 
functions required to handle complex optical signals 
in sophisticated ways, are presently critical 
problems. In addition, potential applications in fields 
such as bio-medicine (nonlinear imaging, 
diagnostics), sensing (femtosecond light pulse 
interrogation), instrumentation (ultra-fast real time 
measurements), computing (quantum optics) or 
fundamental science (photon storage) are attracting 
researchers’ and engineers’ attention. More 
specifically, nonlinear optical devices, either directly 
fiber-based or implemented in integrated photonic 
version in various material systems (e.g. 
semiconductors), offer a potential for establishing 
higher-level processing as well as sensing 
functionalities; functionalities that go well beyond 
basic functions such as straight sensing of a physical 
quantity, multiplexing multichannel signals, or direct 
modulation and demodulation. Examples of 
expected functionalities implemented with novel 
devices are optical mixing, wavelength conversion, 
optical limiting, broadband traveling-wave-type 
modulation, tunable and adaptive filtering, wide 
tunable lasers, semiconductor femtosecond lasers, 
smart optical sensing, optical switching, and optical 
storage. 

 

3. Selected results 
3.a. Multiple-quantum-well vertical switches 
These contributions of our group came in the early 
years of what became a major world research effort 
in the area of semiconductor multiple-quantum well 
(MQW) materials and devices. More details and 
further references can be found in [20]. 

 The first vertical directional coupler was 
designed, fabricated and successfully tested. An 
MQW layer served as a nonlinear optical coupling 
region that affected the transfer of light from one 
guide to the other and effectively established an 
operation of all-optical switching. The concept was 
further developed and extended to include electro-
optic switching, whereby an applied voltage 
performed the switching operation via the quantum-
confined Stark effect in the MQW layer. This is 
considered to be the first semiconductor ∆κ switch.  

 In another design two different MQW layers 
were used to implement wavelength-dependent 
operations such as two-wavelength switching or 
wavelength multi/demultiplexing. Also, with a p-i-n 
doped MQW employed in the vertical switch, it was 
possible to apply voltage in the reverse direction and 
obtain a self-electro-optic effect. Robust optical 
switching operation was demonstrated with high 
contrast and constant output power. This is 
recognized as the first waveguide self-electro-optic 
device (WSEED). It is illustrated in figure 1.  

 
Fig. 1.- Waveguide self-electro-optic device 

 
 A first MQW nonlinear waveguide grating 
coupler was also designed, fabricated and tested. 
The nonlinear properties were employed to vary the 
out-coupled angle of the light beam with its own 
intensity. The demonstrated principle was found to 
be usable for tuning the coupling angle, fine-
focusing the output beam, or as a nonlinear beam-
steering method for dispersion measurements. 

 
3.b. Semiconductor nonlinear multilayers, 
bistable Bragg reflectors and optical harmonic 
mixers 
Optical switching and bistability were investigated 
by our group in semiconductor periodic structures 
and Bragg reflectors. For some specific references 
one also can consult [20]. 
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 For the first time a theoretical demonstration of 
optical bistability in a periodic layered medium, (a 
long-period superlattices), rather than with a Fabry-
Perot etalon, was achieved. This new result set off 
intensive work worldwide in pursuit of more 
efficient, lower-threshold bistable switching. The 
first experimental results were obtained with a 
GaAs/AlAs periodic structure where reflectivity 
tuning and all-optical logic operations were 
demonstrated.  

 A new type of optical bistable device was 
predicted and subsequently designed, fabricated and 
demonstrated. It consisted of an original idea to 
combine and phase match distributed feedback (a 
multilayer) with a Fabry-Perot resonator. The double 
resonance so obtained produced the best-ever 
experimental results with very low bistable 
switching threshold and the highest contrast. Figure 
2a shows the experimental switching traces 
obtained; the contrast is greater than 40 dB.  

 Figure 2b demonstrates all-optical clock 
extraction (lower trace) from an NRZ signal (upper 
trace). The middle trace represents the input NRZ 
signal having been reflected off the bistable 
multilayer. Other variations of the same idea were 
studied and reported. System application 
experimental demonstrations were performed 
showing transparent optical signal regeneration and 
all-optical self-routing. 

 
Fig. 2a.- Bistable switching in multilayers. 

 

 
Fig. 2b.- All-optical clock recovery 

 
 

 Multilayered semiconductor structures were 
employed in the studies of nonlinearities of the 
second order. Using a resonant periodic structure 
embedded in a waveguide (designed and fabricated 
in the InGaAsP material system), the first surface 
emission of red light was obtained. It was generated 
by the nonlinear mixing of counter-propagating 
guided waves. The experimental arrangement for 
such studies is shown in figure 3. The results led to a 
patented ultra-fast optical beam deflector usable for 
displays and reconfigurable optical interconnects.  

 
Fig. 3.- Optical coherent mixing 

 Further studies revealed (both theoretically as 
well as experimentally demonstrated) for the first 
time an optical rectification effect in waveguides 
[21]. Voltages were measured, produced by 
rectifying an optical mode propagating in an InP-
based waveguide. The effect proved to be extremely 
useful for monitoring electrical efficiency and 
automated light coupling in optical waveguides. 

 Also theoretical and experimental research 
showed that anisotropic optical properties of a 
waveguide material could be used to generate sum-
frequency optical signals. Original analysis, design 
and successful experiment with an LiNbO3 
waveguide showed that its optical anisotropy 
enables phase matching of two wavelengths, 1550 
and 800 nm, thus producing green light; even blue 
light generation was observed [22].  

 Recently, we studied and designed a nonlinear 
intracavity Bragg mirror in the CdTe material 
system [23]. It is basically a 1-D photonic crystal 
with a defect (a matching layer) that satisfies 
stringent requirements for a switching mirror of a 
1079.5-nm pulsed laser. This material system may 
become important for photonic crystal based 
structures and devices since it offers high refractive 
index contrast, it is optically nonlinear, and is 
compatible with the silicon technology.  

 Our other recent work dealt with using 
optoelectronic mixing to generate microwave signals 
for wireless communications carrier frequencies 
[24]. Figure 4 illustrates the experimental results 
obtained. A dual-mode dual-fiber-Bragg-grating 
external-cavity laser has been developed exploiting 
as its gain medium a semiconductor optical amplifier 
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(SOA). Gratings were written in the same fiber 
while separated by a fiber section that was used to 
tune the microwave signal via temperature changes. 
The resulting optical spectrum of the laser and the 
spectrum of the generated microwave signal at 31.54 
GHz are shown in the figure. 

 

 
 

 
Fig. 4. Optoelectronic generation of microwaves. 

 

3.c. Bistable quantum-well distributed-feedback 
lasers 
Our research concentrated on periodic nonlinear 
optical devices with optical gain, the most common 
structure being a semiconductor laser. Nonlinearities 
of the gain mechanism were studied theoretically 
and experimentally as they pertained to possible new 
functionalities such as bistable switching and self-
pulsation. A distributed-feedback/Fabry-Perot 
structure was proposed for a lateral-injection 
surface-emitting laser, which included both gain and 
index coupling [40]. InP-based edge-emitting 
multiquantum-well distributed-feedback lasers were 
also investigated. A two-section gain-coupled laser 
studied experimentally is shown in figure 5.  

 
Fig. 5.- Quantum-well DFB laser 

 
 Bistable characteristics were observed in detail. 
The measured  hysteresis curve of this laser is 
displayed in figure 6. It was further exploited in 
setting up all-optical set-reset operations. The new 
important experimental result obtained was the 
possibility of turning on and off the bistable laser 
with identical pulses from another laser, which has 
applications in all-optical switching. An all-optical 
optical memory function and all-optical flip-flopping 
were demonstrated [25]. 

 
Fig. 6.- Hysteresis of the bistable laser. 

 
 An original system-approach analysis of the 
dynamic characteristics of bistable laser diodes was 
developed [26]. It is a powerful tool that explained 
switch-on, switch-off and self-pulsation transients 
observed in experiments, which are extremely 
important in communication lasers operated under 
high-speed modulation. An analytical formula was 
derived of a self-pulsation frequency as it depends 
on the gain function profile. A new theoretical 
approach was developed based on coupled-power 
equations rather than the traditional coupled-mode 
ones [27]. It is simple and easy to apply to optimized 
laser designs, especially for distributed-feedback 
lasers. A new laser design was proposed that has the 
lowest threshold attainable and eliminates the effect 
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of spatial hole burning [28], these being critical 
problems in high power semiconductor lasers. 

 
3.d. Nonlinear Maxwell’s equations and 
nonlinear optical devices 

An original analytical approach to solving nonlinear 
Maxwell’s equations in a Kerr-like medium was 
developed [29]. As a result a widely-accepted 
concept of a so-called critical power in coupling 
guided modes via a Kerr-like nonlinearity was 
proved to be false when saturation effects were 
taken into account. It was shown that it existed only 
as a result of mathematical limits of Jacobi elliptical 
functions used in attempting to solve a problem 
without applying proper realistic physical 
conditions. New functions were introduced that 
solve Maxwell’s equations beyond the validity of 
Jacobi functions thus rendering the critical-power 
theory to a physically non-existent phenomenon 
[30]. It was also proven experimentally since the 
critical power in the presence of saturation in 
nonlinear switching was never observed.  

 A novel approach was applied to a nonlinear 
optical medium with higher than the third-order 
nonlinearity to investigate observed chaotic behavior 
and to design a new switching mirror for a laser 
system [23]. The experimentally-known instabilities 
and chaotic dynamic properties were successfully 
explained using the new model. The global 
optimization method was employed for the first time 
to solve an extremely difficult problem of 
optimizing nonlinear optical structures with optical 
gain in terms of the best attainable operating 
parameters [31]. It is a very powerful tool that 
enables designs to be approached in a systematic 
way with a guaranteed final result.  

 A new concept has been proposed to analyze 
and design nonlinear photonic devices in optical 
fiber waveguides. A possibility exists to produce a 
source of visible coherent light with very high 

efficiencies. Recently, a new particular solution to 
general nonlinear Maxwell’s equations was 
formulated [33]. The solution describes any non-
magnetic dielectric nonlinear situation and is 
particularly suitable to photonic devices. Only 
differentiation rather than integration is required to 
obtain a solution for a given source function. 

 The recent experimental work focussed on 
investigations of active (with optical gain provided 
by SOA’s) integrated Mach-Zehner inteferometers 
(MZI’s) employed in more complex optical circuitry  
configurations [34]. An optical feedback with 
controllable gain was used to establish various 
nonlinear operations. Figure 7 shows the 
experimental setup with an integrated MZI including 
SOA’s in each arm (Alcatel), and an external fiber 
feedback that includes a pigtailed SOA.  

 Figure 8 illustrates the function of all-optical 
multi-bit buffer memory. The input data sequence 
(11011000110) is displayed after it has passed the 
optical loop three times. One clearly see the self-
recovering property of the memory whereby the last-
pass sequence has been “repaired” compared to the 
first-pass one. Several other arrangements were 
designed, simulated, built and tested. Functionalities 
such as a single-bit flip-flop or an all-optical ring 
oscillator were implemented. Since there has been 
very little work reported on MZI-SOA’s with 
feedback, a potential exists in exploiting such 
configurations in real devices. Higher level 
nonlinear functionalities are possible to be 
implemented, which makes such devices attractive 
for various communications and computing related 
all-optical signal processing applications. 
Particularly the technological feasibility of 
integrating the feedback onto a common chip with 
MZI-SOA’s offers a great promise. 

 

 
 
Fig. 7.- Experimental setup for all-optical operations. MZI-SOA is an integrated Mach-Zehnder interferometer (MZI) 
with semiconductor amplifiers (SOA), DFB-LD is a distributed-feedback  (DFB) laser diode (LD), PC is polarization 
control, FBG is a fiber Bragg grating. 
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Fig. 8.- Multi-bit buffer-type memory. The bit pattern is 
11011000110. Bars above the traces indicate passes 
(three) through the feedback loop. The time scale is 100 
ns/div. 
 
4. Future 
The extraordinary success of integrated active 
electronics resulted from a general approach 
whereby an as-clean-as-possible material crystal is 
grown first. It is then processed by introducing 
“dirty” impurities under controlled way to modify its 
electronic properties. Integrating such artificial 
alterations onto a basic material then establishes all 
the various functionalities the integrated chip offers 
today. Once the human mind put software into the 
chip as an added intelligence, the electronic chip 
became a powerful technological means for enabling 
progress in almost all aspects of our life. 

 Much effort has thus been expended in attempts 
to develop integrated optics/optoelectronic circuits, 
expecting to have an analogous powerful impact of 
electronics integration. Fundamental material and 
technological problems, however, had slowed down 
the progress in this field to the point that not too 
many years ago it was relegated to the curiosity 
activities of university research laboratories. These 
mostly passive devices found few uses in the real 
world at that time.  

 Fortunately the situation has changed 
drastically, with the Internet providing most of the 
push for more bandwidth. Wavelength-division-
multiplexing schemes requiring robust light 
processing functions triggered a new round of 
“integrated optics” research and development. 
However, any comparison with the level of 
integration in electronics only exposes the still 
primitive level where photonics finds itself today. 

 Also, the whole area of photonic devices has 
almost exclusively been studied from the point of 
view of a passive structure, except for 
semiconductor lasers and amplifiers. Even in those 
cases, however, the optical gain has traditionally 
been used either to generate coherent output or to 

provide linear signal gain. As a result, when a linear 
medium is used, only simple functions can be 
implemented, such as wavelength multiplexing or 
passive optical filtering. When a nonlinear medium 
is employed, the effects are, as mentioned above, 
either too weak or associated with large absorption 
losses.  

 Science and technology, like any other human 
activity, are also susceptible to “fashions”. One of 
the latest fashionable subjects in photonics has been 
the area of photonic bandgap materials. The true is 
that one can date first works in periodic structures 
back to last century’s lord Rayleigh and other 
followers. Two- and three-dimensional periodicity is 
natural property of many materials and thus does not 
represent anything revolutionary. One should not 
even talk about materials but rather about structural 
configurations that can be implemented in many 
different materials. Since the periodic structures 
offer almost infinite number of possible light 
propagation properties that can be obtained, this, in 
fact, might be the universal “material” for photonic 
devices of the future. Two- and three-dimensional 
periodic structures, made in various material systems 
chosen based on particular area of applications, 
could then serve as a “starting material” of sorts, 
similarly to the electronics’ silicon. 

 Therefore, since photonics does not have its 
‘silicon” material, and it appears that it may never 
have it, a different approach might be necessary. 
Rather than attempting to find an ideal universal 
material for implementing photonic devices and 
integrated configurations, one may need to focus on 
various materials with unifying structural properties, 
i.e. two- and three-dimensional periodicities. Such a 
common “photonic material”, or rather common 
materials’ structurality, modified and altered by 
introducing optical nonlinear and optical amplifying 
regions, will then represent the specific device 
functionality built-in in its very structure.  

 An analogy with biology rather than electronics 
comes to one’s mind. Biological materials, e.g. DNA 
molecule, structure themselves right from the start to 
the desired functionality, having built-in genetic 
intelligence to do so. The self-assembly, self-
organization, and adaptation abilities of biological 
materials are truly miraculous and expose quite 
clearly our own primitive level of making and 
building things, no matter how developed we believe 
we are.  

 Our future approach, motivated by our recent 
works [23,31-34,37], is based on the two 
developments discussed in the previous paragraphs. 
The first is the fact that it is optical gain that can turn 
photonic waveguide and multilayered and/or 
nanostructured elements into (active) 
multifunctional devices with low insertion loss and 



ÓPTICA PURA Y APLICADA – Vol. 38, núm 3 – 2005. 4ª Reunión Española de Optoelectrónica, OPTOEL’05  

Opt. Pur. y Apl. 38 (3), 2005 - 9 - M. Cada 

high operating speeds, especially where 
nonlinearities inherent to either the material or the 
gain mechanism are utilized. Wavelength is 
expected to be the key parameter that has not yet 
been fully utilized except for transmission channel 
carriers in optical communications systems. Its use, 
for instance, as intelligence added to transmitted bits 
of information could significantly influence the 
future development of algorithms and protocols in 
optical telecommunications.  

 Exploitation of the wavelength as a functional 
parameter in processing operations (for example 
logic) can tap into the potential of photonics well 
beyond the present state of the art. Therefore, a basic 
generic structure with optical gain, for example the 
one employed in semiconductor amplifiers and 
lasers, can form an elementary designer building 
block for the research in future optical devices. 

 The second is the principle of integratability of 
basic device configurations. Intrinsically monolithic 
integratability of optical generation, detection and 
control can then lead to scalability that, in turn, leads 
to efficiency and robustness in terms of 
functionality. It is therefore timely to embark on 
serious design and implementation research work for 
active (that is with inherent optical gain) photonic 
devices integratable into more complex circuits and 

systems for higher-level processing functions, by 
employing optical nonlinear properties and effects. 

 Obtainable functions include all-optical 
operations such as switching, wavelength 
conversion, clock extraction, re-timing/re-
amplification/re-shaping function, wavelength logic, 
ultra-fast optical and optoelectronic mixing and 
tunable heterodyning, computational functions, as 
well as others that can drastically enhance future 
communication and computing systems functionality 
and flexibility. 

 Recent advances in photonic bandgap materials 
[35-37] offer tremendous opportunities for design 
and implementation of future photonic devices of 
such kind. The potential, and future needs indeed, 
for applications of such devices, if invented and 
implemented successfully, are limitless (e.g. see 
[38,39] and references therein). It is known that 
micro- and nanostructured systems with photonic 
band gaps allow, in principle, the actual interaction 
between light and matter to be modified. If such 
modification can be accessed dynamically - for 
example through the nonlinear optical properties of 
the material - then applications hitherto only 
theoretical may now be implemented.  

 For example, true optical storage is one of the 
biggest challenges in photonics technology and its 

 

 
 

Fig. 9- Diagram of future research in Integrated Active Photonics. 
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application in optical networks and elsewhere. New 
photonic devices using photonic bandgap materials 
and nanotechnology can be explored for the 
objective of inventing a photon- rather than electron-
based storage element. Controlling the photon, such 
as its speed, direction and confinement, will be the 
crucial tasks to be attacked. Successful 
implementation of a device of this sort would have a 
revolutionary impact on optical communications and 
optical computing, with benefits in biomedicine and 
other fields.  

 Also, fully three-dimensional photonic crystals 
with complete photonic band gaps and incorporating 
tunable defect (active and nonlinear) modes for 
dynamic optical memory and for tailoring 
photochemical processes might be of high interest to 
researchers in this field. This would lead to 
applications, for instance, in dynamic bit skew 
compensation for high-speed data interconnects 
between bi-directional bit-parallel systems. 

 The main long-term objective is therefore to 
invent/design, develop and implement a new class of 
active photonic devices (with optical gain) with 
multifunctional capabilities where wavelength is the 
crucial operational parameter, integratable into more 
complex configurations in a common 
material/structural platform. Figure 9 presents in a 
diagram form our future research plans indicating 
also the methodology of concentrating on few key 
structures/devices as a possible way towards the 
ultimate goal. The area of design, fabrication and 
testing of active integratable photonic devices will 
thus form a basis for the enabling photonics 
technology of the future. The focus of such research 
should be aiming at five to ten years, and even 
beyond, in advance of current industry needs. 

 
5. Conclusions 
These new photonic devices employing novel 
material structures will facilitate not only 
information technology, communications, data 

processing and computing, but also sensing, 
biomedical and life sciences, manufacturing, health 
care and environmental sustainability, and many 
other applications areas, demonstrating thus the 
inherent pervasiveness of photonics. The goal of 
researching and developing such active integrated 
photonic configurations will, of course, require 
novel approaches to modeling, designing and 
evaluation methods of these structures, devices and 
components. 

 As a conclusion, a common material/structural 
platform that can support, in a compatible and 
technologically viable way, integration of various 
active photonic devices with complex functionalities 
including optical memory into complicated 
configurations is the main and primary long-term 
challenge of research in this area. It is my view that 
if such research contributes successfully to solving 
this big problem, a demonstration of such a powerful 
technology would be an achievement as significant 
as the electronic integrated circuit for which Kilby 
received the Nobel Prize in 2000. 
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