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Abstract—We report operation of terahertz quantum cascade
lasers at frequencies from 2.0 THz down to 1.2 THz by using a
bound-to-continuum based lasing scheme which combines high
injection efficiency and low intersubband absorption.

Compact, coherent and tunable sources of terahertz (THz)
radiation are highly desirable for a number of applications
including imaging [1], spectroscopy [2] and local oscillators
[3].

The recent demonstration [4] and rapid development [5],
[6] of THz quantum cascade lasers is tracing a new way for
the generation of intense THz frequencies with semiconductor
devices. THz quantum cascade lasers have been demonstrated
from 4.8 THz down to 1.6 THz [7]. By applying intense mag-
netic fields lasing has been demonstrated down to 1.39 THz
[8]. From a technological point of view it would be desirable
to extend the operation range of THz quantum-cascade lasers
down to 1 THz without requiring intense magnetic fields.

Quantum cascade lasers in the so far underdeveloped fre-
quency range from 1 to 2 THz would be especially interesting
for high resolution heterodyne spectroscopy [3] of molecular
rotational lines.

The main challenges for designing THz quantum-cascade
lasers below 2 THz are represented by the achievement of high
injection efficiency of electrons from the injector in the upper
state with minimization of the current flow prior to alignment
and the minimization of the intersubband absorption in the
injector at the photon frequency.

Here we present results on long wavelength quantum-
cascade lasers in the frequency range of 1.2 to 2.0 THz. The
lasing scheme is based on a bound-to-continuum transition
with an energy gap [7]. The role of the energy gap is to
increase the energy separation between the miniband and the
injector states which results in low intersubband absorption at
the photon energy and high injection efficiency of electrons in
the upper state.
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Fig. 1. Laser emission as a function of injected current for different
temperatures and current-voltage characteristic at 10 K in the pulsed mode
for a the sample which is emitting down to 1.21 THz.
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Fig. 2. Spectra at different currents at 10 K in the pulsed mode. The center
of mass of the lasing emission shifts with increasing current from 1.21 THz
to 1.33 THz.

We realized a series of lasers based on the bound-to-
continuum design to cover the frequency range from 2.0
THz (hν = 8.3 meV, λ = 150 µm) down to 1.2 THz
(hν = 5 meV, λ = 250 µm). Our lasers show a strong Stark-
shift with the voltage due to the diagonal nature of the bound-
to-continuum transition. Figure 1 shows the electrical and
temperature characteristics of the laser with emission between
1.21 THz and 1.33 THz. The spectra at different currents are
shown in Figure 2.
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