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Abstract

We propose a semiconductor device with two p–i–n junctions maintained at two different temperatures. When the

current injected in the device due to this temperature difference exceeds a threshold value, a superradiant field is created in

the first gate that induces an additional current in the second gate. The injection current is amplified by this reaction loop.

In this way, the heat flow between the two junctions is partially transformed in superradiant power.

r 2006 Elsevier B.V. All rights reserved.

Keywords: Dissipation; Master equation; Fermions; Superradiance; p–i–n structure; Quantum dot

1. Introduction

The superradiance predicted by Dike [1] has been intensively studied [2–4] by taking into account various
physical effects as: (1) the statistical distribution of the electron states [5], (2) level degeneracy effects [6,7], (3)
Langevin forces acting on the atomic system [8], (4) transverse effects [9], (5) competing of one-photon and
three-photon transitions [10], (6) the superradiance spectrum [11], (7) existence of photonic gaps [12–15], (8)
spontaneously generated coherence effects [16], (9) superradiance suppression by scattering [17].

However, a new special interest for superradiance is now arising due to the possible applications in the
information technology [18], on one hand, and, on the other hand, due to very difficult questions emerging
from the dissipative atom–field interaction problem [19–21]. In principle, dissipation is a complex
phenomenon with a description depending on the model adopted for the dissipative coupling and on the
procedure used for reducing the hamiltonian equation of the system and of the environment to a quantum
master equation [22–25].

In this paper, we consider a quantum master equation with microscopic coefficients, that describe the most
probable dissipative processes, of single-particle transitions of the system cþi cj correlated with single-particle
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transitions of a complex dissipative environment including fermions, bosons, and the electromagnetic field.
This equation [26–28] is
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dt
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with the hamiltonian of the dissipative system

H ¼ H0 þ VR, (2)
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where VR is the residual two-body potential, and N2 � 1 explicit dissipative coefficients for an N-level system

lij ¼ lF
ij þ lB

ij þ gij. (5)

The coefficients depend on the dissipative two-body potentials V F ;V B, the densities of the environment states

gF
a ; g

B
a , the occupation probabilities of these states f F

a ; f
B
a , and the temperature T , that are in agreement with

the detailed balance principle [29]. For a rather low temperature, T5eji ¼ ej � ei; j4i, these terms are
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for the Fermi environment,
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for the Bose environment, and
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for the free electromagnetic field, where ~rij is the dipole moment and a ¼ e2=ð4pe_cÞ � 1
137

.

2. The superradiant double p–i–n structure

To illustrate the applicability of this description of dissipative processes, we consider a semiconductor array
of quantum systems as represented in Fig. 1. A transition j1i ! j0i of an active electron is coupled to a single-
particle transition in the sea of the conduction electrons, and this coupling strongly depends on the two
separation barriers between the two conduction regions and the quantum wells with two states j1i and j0i. Of
course, these barriers must have heights significantly higher than the thermal excitation energy, that we take
for the room temperature Eth � 0:025 eV. The penetrabilities do not exceed values leading to an injection
current by tunneling. For the cases considered in the following application, these penetrabilities can reach
values of P ¼ 10�5, that provide a strong separation of the active electrons from the conduction electrons.
When such barriers do not exist, the wave-function cið~rÞ of an active electron and Fað~RÞ of a dissipative
electron are quasi-superposed, and the matrix elements haijV F jbji for a Coulomb near-field potential V F ¼

a_c=j~R�~rj are rather large, leading to a strong dissipative coupling. With these barriers, the two wave
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