
through a linear polar
izer and detect it with a 
fast photodiode. The 
signal is periodic when 
the pulses have an 
evolving state of polar
ization and is stationary 
when the state of polar
ization is locked. In Fig
ure lb, we plotted the 
polarization evolution 
frequency (Δ) as a 
function of Θ1 and Θ2. There are several 
regions in Figure lb 
where the polarization 
is locked. These 
regions are indicated 
by gray or black. The 
size and positions of 
the locked regions 
depend on pulse ener
gy. This shows that the 
locking arises from 
nonlinearity. The ellip

tically polarized output observed in the gray regions in 
Figure lb has nonzero components along both principal 
axes, a requirement for a PLVS. To verify that the pulse is a 
PLVS, we completely characterize the polarization state by 
measuring both the amplitude of the components along 
the principal axes and relative phase. It is also important 
that our laser is a low perturbation fiber laser, which pro
vides a good approximation to a conservative system. Our 
numerical simulations show that the properties of PLVS 
in such a laser are very close to those described in Refer
ence 1. On the other hand, when deviations of the laser 
system from the conservative limit are higher, theory 
shows3 that PLVS also exist. 
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able to reproduce nonlinear effects previously demon
strated using Bragg fiber gratings,1,2 including the produc
tion of Bragg solitons and multiple gap solitons at 
considerably lower switching powers and for substantially 
shorter device lengths,3 thus enhancing the feasibility of 
ultrafast optical grating based switches. 

The integrated waveguide filters were fabricated using 
a simple one step electron beam lithographic process,4 

which allows the grating characteristics to be engineered 
and controlled with great accuracy. The MBE grown 
AlGaAs wafer consisted of the following layers: a 1.5 μm 
thick AlGaAs guiding layer with 18% Al sandwiched 
between a 1 μm thick AlGaAs top cladding with 24% Al 
and an AlGaAs bottom cladding 4 μm thick with 24% Al. 
The grating period was 235 nm. The waveguides, 5 μm 
wide, were etched to a depth of 0.9 μm. The grating depth 
was approximately 0.3 μm. 

In the experiments we used 415 ps pulses with a repeti
tion rate of 100 kHz and peak power of 1.4 kW. The pulses 
were coupled into and out of the waveguides using an end-
fire rig. A high resolution commercial spectrum analyser 
and fast optical detector/sampling scope were employed to 
monitor the input and transmitted pulse shapes. 

Figure la shows the grating transmission spectrum of a 
1cm grating with a 0.2 nm stopband width and maximum 
reflectivity of 99%. We tuned the input pulse to lie outside 
the grating stopband and measured the transmission char
acteristics of the grating in the linear and nonlinear 
regime. We observed no significant temporal or spectral 
change in the transmitted pulse shape as the input power 
was increased. We then tuned the light to lie at various 
positions within and near the grating stopband. Figure la 
shows the transmitted pulse spectrum of a pulse tuned 
within the gap for both low and high input powers. Figure 
lb shows the corresponding output temporal pulse shapes 
for the two input power levels. It is clear from Figure 1a 
that considerable spectral broadening occurs in the nonlin
ear regime and is decidedly asymmetric in nature. Distinct 
peaks observed in the spectrum were attributed to the for
mation of multiple gap solitons. As shown in Figure lb the 
spectral broadening is associated with significant pulse 
compression. The results of numerical modelling of our 
devices using standard nonlinear coupled mode equations 

Soliton Effects in an AlGaAs Bragg Grating 
P.Millar, N.G.R. Broderick, D.J. Richardson, J.S. Aitchison, 
R.M. De La Rue and T.F. Krauss 

Experimental and theoretical research exploring the 
nonlinear properties of periodic structures has inten

sified over the past decade within a diverse range of mate
rials utilizing both second and third order effects. Recently 
we studied the nonlinear transmission characteristics of 
high intensity pulses propagating through 4-10 mm long 
gratings etched into ridge waveguides formed in AlGaAs. 
In our experiments we were able to directly measure for 
the first time the nonlinear spectral broadening associated 
with significant nonlinear pulse compression from 400ps 
to 80ps, thereby providing an invaluable insight into the 
nonlinear pulse formation process. In addition we were 

Cundiff Figure 1. (a) Experimental setup; 
(b) Measured polarization evolution frequency 
(Δ) as a function of the angles of the intracavi
ty polarization controllers Θ1 and Θ 2 . Colors 
represent Δ, which can be mapped into total 
cavity birefringence, (c) Same as (b) but at 
higher pulse energy. 

Millar Figure 1. (a) shows the transmitted pulse spectrum of a pulse tuned within the gap for 
both low and high input powers. (b) shows the corresponding output temporal pulse shapes 
for the two input power levels. 
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compares well with what we observed experimentally. We 
are currently investigating the nonlinear properties of oth
er one- and two-dimensional periodic microstructures. 
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Solitoπ Control by QPM Engineering 
Lluis Torner, Carl B. Clausen, Ole Bang, Peter L. Christiansen, 
Yuri S. Kivshar, and Martin M. Fejer 

Quasi-phase-matching (QPM) is a major alternative 
over conventional phase matching in many laser 

applications based on frequency-conversion processes in 
quadratic nonlinear media.1 Besides other practical advan
tages, QPM allows tailoring the nonlinearity of the material 
to form relatively complex structures. This opens a whole 
range of new possibilities, which have become experimen
tally feasible with the recent progress in periodic poling 
techniques. For example, pulse compression in frequency-
doubling schemes in longitudinally chirped QPM gratings 
has been demonstrated in periodically poled lithium nio-
bate, and transverse QPM gratings have been made both 
for shaping second-harmonic beams, and to extend the 
spectral coverage of optical parametric oscillators. Crucial 
to these and other related applications is the possibility of 
tailoring the light-source performance to specific needs, 

expanding further the commercial 
applications of QPM devices.2 How
ever, QPM engineering finds novel 
important applications far beyond 
pure frequency-conversion devices. 

We have recently exposed the great 
promise of engineered QPM patterns 
in soliton systems. Solitons in QPM 
structures form by the mutual para
metric trapping of the multi-fre
quency light waves that propagate in 
the crystal.3 The "glue" that keeps the 
multi-frequency signals locked and 
trapped in robust soliton light states 
is their energy- and phase-exchanges, 
mediated by cascading of quadratic 
nonlinearities. Therefore, all the sta
tionary and dynamic features of the 
soliton signals depend crucially on 
the local phase-mismatch experi
enced by the multi-frequency waves 
that form the solitons. 

The breakthrough introduced by 
QPM engineering is the possibility to 
tailor the longitudinal and transverse 
variations of the phase-mismatch 
between the waves, hence to tailor the 
properties of the solitons. This is a 

unique possibility that links the implementation of poten
tial soliton devices with the identification and design of 
innovative topologies of QPM patterns. In particular, we 
have shown the soliton based signal compression and gen
eral shaping, which includes not only tailoring the soliton 
width and profile but also the fraction of energy carried by 
each of the waves forming the multi-color signals, in QPM 
structures with engineered longitudinal chirps;4 and the 
spatial soliton switching in QPM settings with engineered 
transverse variations of the phase mismatch.5 Transverse 
patterns illustrative of such possibilities include chirps, tilts, 
dislocations and wells, as those shown in Figure 1a. In the 
particular example shown in Figure 1b, upon strong illumi
nation the soliton crosses the QPM well. However, with a 
weaker illumination the soliton is trapped in the well. Soli
ton self-bouncing and power-dependent soliton scanning 
are other potential feasible possibilities shown. More 
advanced and practical QPM lay-outs, including modulat
ed, multi-periodic, and quasi-periodic gratings, and engi
neered QPM multi-grating arrays are now under 
investigation. Engineered competing quadratic and cubic 
effective nonlinearities,6 bandwidth-tailored soliton excita
tion, quasi-discrete soliton signals, and novel kinds of stable 
solitons constitute important examples of the fascinating 
potential outcome. 

We believe that these findings constitute the tip of the 
iceberg of the potential of QPM engineering for quadrat
ic soliton control devices in single-, multi-pass, and cavity 
geometries. We anticipate that creative QPM engineering 
might offer crucial building blocks of all future photonic 
devices employing quadratic soliton signals. 
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Terahertz Sources 
Extremely-Tunable Terahertz Emission: Coherent 
Population Flopping in a DC-Biased Quantum Well 
S. Hughes and D.S. Citrin 

Terahertz (THz) light-emitters are a welcome addition 
to the laser engineer's palette since they offer a marriage 

of optics and high-speed electronics. In the field of semi
conductor nanostructures, the exploration of THz genera
tion schemes and THz-induced carrier dynamics provides a 
useful means to study charge-carrier transport. The inter-

Torner Figure 1. Sketch of possible 
Q P M lay-outs with chirps, dislocations, 
tilts and wells, and illustration of pow
er-dependent trapping of solitons in a 
Q P M well. Labels in (b) stand for dif
ferent soliton input energies. 
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