
Optics in 1998 
THz Sources 

References 
1. M. Segev et al., "Three-dimensional spiralling of interact

ing spatial solitons," Phys. Rev. Lett. 78, 2551 (1997). 
2. V. Tikhonenko et al., "Three dimensional bright spatial 

soliton collision and fusion in a saturable nonlinear medi
um," Phys. Rev. Lett. 76, 2698 (1996). 

3. V.V. Steblina et al., "Scattering and spiralling of solitons in 
a bulk quadratic medium," Opt. Lett. 23, 156 (1998). 

4. G.I. Stegeman et al., "χ 2 cascading phenomena and their 
applications to all-optical signal processing, mode-locking, 
pulse compression, and solitons," J. Opt. Quantum Elec
tron. 28 (12), 1691 (1996). 

5. B. Costantini et al., "Collisions between type II two-dimen
sional quadratic solitons," Opt. Lett. 23, 424 (1998). 

THz SOURCES 
Measurement and Control of the Spatial 
Amplitude of Bloch Oscillations in 
Semiconductor Superlattices 

M. Sudzius, V.G. Lyssenko, G. Valusis, F. Loser, T. Hasche, K. 
Leo, Institut für Angewandte Photophysik, Technische Univ. 
Dresden, Dresden, Germany; M.M. Dignam, Physics Dept., 
Lakehead Univ., Thunder Bay, Ontario, Canada; K. Köhler, 
Fraunhofer-Institut für Angewandte Festkörperphysik, Freiburg, 
Germany. 

B loch oscillations are one of the most basic effects in 
solids: If an electron is put into a static field, it will 

accelerate until it reaches the edge of the first Brillouin 
zone. It is then Bragg-reflected and returns to its origi
nal position, where it starts to accelerate again. The re
sulting spatial oscillation has never been observed in 
bulk solids since it is suppressed by scattering events. 
Bloch oscillations have recently been observed in semi
conductor superlattices.1-3 These experiments demon
strate that the frequency of the oscillations is tunable 
over a large range by the static electric field and that the 
electron oscillations lead to emission of THz radiation, 
which is promising for applications. 

Recently, the spatial oscillation of the electrons 
(which was originally predicted by Zener in 1934) was 
observed for the first time. In these experiments, the 
small dipole field created by the oscillating Bloch wave 
packets in GaAs/AlGaAs superlattices is detected using 
the field shift of the optical transitions of the superlat
tices, which form a ladder (the so-called Wannier-Stark 
ladder). 

Figure la shows the displacement of the center-of-
mass of the electron wave packet as a function of time. 
For the given excitation conditions, the electron wave 
packet performs an oscillation with a total amplitude of 
about 150 Å. With increasing static field, the oscillation 
amplitude decreases as expected by theory.3 

An exciting possibility in superlattices is to control 
the electron wave packet amplitude by changing the 
spectral laser position. For excitation below the center of 
the Wannier-Stark ladder, one creates a harmonic mo
tion as shown in Figure 1a, for excitation above the mo
tion is similar, but with an initial velocity in the opposite 
direction. For excitation on the center of the ladder, the 
electron wave packet only performs a breathing mode 

motion, without a 
significant center-
of-mass motion. 
Figure lb shows the 
amplitude in units 
of the superlattice 
period in the de
pendence of the 
various excitation 
condition versus the 
excitation energy 
(given in units of 
the Stark ladder 
splitting). For exci
tation below and 
above the Wannier-
Stark ladder center, 
the wave packet 
spatially oscillates. 
While exciting near 
the center, one finds 
a minimum of the 
oscillation ampli
tude, which is asso
ciated with the 
breathing mode 
motion.5 
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T he electron beam in an SEM and a diffraction grat
ing mounted in the focal region of the e-beam have 

been used to produce coherent radiation in the far-IR 
(FIR) region of the spectrum.1 The device, termed a 
grating coupled oscillator (GCO), could also be de
scribed as a Smith Purcell free-electron laser. 

As the beam moves over the grating, the incoherent 
superposition of the radiation wakes produced by indi-

Sudzius Figure 1. (a) Bloch electron displacement as a 
function of delay time. (b) Amplitude of the Bloch-oscillatin 
wave packet as a function of the excitation energy. 
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