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Intersubband far infrared 
emission pumped by resonant 

tunneling in superlattices 

S.J. Allen Jr., Bellcore 

Far infrared emission has been obtained from a semi
conductor superlattice electrically pumped by se

quential resonant tunneling. The experiments performed 
by Helm and co-workers1 realize an idea that has been 
incubating since the conception of semiconductor super-
lattices and artificial engineered bandstructures.2,3 They 
are the first experiments that use tunneling to create hot 
carriers capable of emitting radiation and establish a fun
damental step toward the realization of an intersubband 
laser. 

For processes that exceed the L O phonon energy, the 
intersubband non-radiative relaxation rate is extremely 
fast, of the order of picoseconds.4 To inhibit these non-
radiative processes, it is necessary to consider quantum 
wells with subband splittings below the L O phonon ener
gy, 36 meV, and in the far infrared. Here, the non-radia
tive rates are slowed by several orders of magnitude5 and 
the possibility of observing radiative transitions is substan
tially enhanced. The experiments were performed on su
perlattices with 35 nm quantum wells and 10 nm AlGaAs 
barriers. This gives three electric subband states below the 
L O phonon energy (see figure). 

Although the electric dipole moment is large6 in these 
relatively wide quantum wells, it is polarized normal to 
the surface of the superlattice and radiation emanating 
from the surface is inhibited. To overcome this difficulty, 
metallic gratings were lithographically defined on the sur
face with periods smaller than the wavelength of the radia
tion in the substrate.7 These "beyond cut-off" gratings 
couple the oscillating polarization, driven by the resonant 
tunneling, to a plane wave propagating away from the 
surface. The metal grating was also alloyed into the con
tacting layer of the superlattice and served as the contact 
for resonant tunneling. 

Electrical measurements on small resonant tunneling di
odes, fabricated from the same material, revealed well 
known differential negative resistance structure 8 - 1 0 that in
dicated that the bias sufficient to achieve intersubband ra
diation required successive quantum wells to be aligned, 
as shown in the figure. Under these conditions, electrons 

Schematic diagram of the conduction band of the super-
lattice, emitting far infrared radiation under electrical 
bias. Electrons are injected into the fifth or higher elec
tric subband, while radiation is emitted from the 3—2 
and 2—1 transitions, all of which are below the LO pho
non energy. 

in the ground electric subband are injected into the fifth 
state of the neighboring quantum well. 

Radiation was detected from transitions from third to 
the second and from the second to the first. Little or no 
radiation could be detectecd from transitions originating 
from higher states, even though electrons were injected 
into levels at least as high as the fifth. This is consistent 
with the notion that these states are rapidly relaxed by L O 
phonon emission. From the relative strength of the emis
sion lines, the effective electron temperature was deter
mined to be - 1 4 0 K for electrons below the L O phonon, 
but significantly cooler for those above. The electrons in 
the superlattices are strongly heated but not inverted. 

These experiments have opened the door on direct 
pumping of electric subband states of semiconductor 
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quantum wells by electrical means and have the potential 
for producing population inversion and gain in a solid-
state device in the far infrared. 
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Semiconductor quantum wire 
lasers 

E. Kapon, Bellcore 

The performance of semiconductor lasers has been im
proved by the use of quantum confinement in one 

dimension. In these conventional quantum well (QWL) la
sers, the charge carriers recombine and emit light in ex
tremely thin (usually less than 100 A) layers of a lower 
band gap semiconductor such as GaAs cladded by a high
er band gap barrier compound, e.g., AlGaAs. The quan
tum confinement of carriers in the direction normal to the 
Q W L plane gives rise to discrete energy levels, which ef
fectively narrows the spectral profile of the optical gain. 
This, in turn, leads to lower threshold currents, higher 
modulation bandwidths, narrower spectral linewidths, 
and reduced temperature sensitivity. 

The development of semiconductor laser structures that 
use quantum confinement in more than one dimension is 
expected to yield further improvement in their perfor
mance and to provide new insight into the physics of low-
dimensional semiconductors. Two-dimensional (2D) 
quantum confinement can be achieved with so-called 
quantum wire (QWR) heterostructures, in which a thin 
wire (a few hundred A or less in diameter) of low band 
gap semiconductor is embedded in a high band gap com
pound. However, interface quality is a major problem in 
these quantum structures. Interface defects formed during 

the fabrication process reduce the radiative carrier life
times, which can inhibit the formation of the high carrier 
densities needed for lasing. Early attempts to make Q W R 
lasers consisted of etching narrow mesas in conventional 
Q W L laser material and regrowing high band gap semi
conductor material around the etched features to passivate 
the surface.2 These lasers, however, operated only at low 
temperatures and the lateral dimensions of the wires were 
too large to produce observable lateral quantum size ef
fects. 

Recently, new techniques for making "buried" quan
tum wires that avoid exposure of the wire interfaces dur
ing fabrication have been developed. Molecular beam epi
taxy of GaAs/AlGaAs quantum wells on the stepped sur-

Cross sections of a semiconductor quantum wire laser. 
(a) Schematic illustration, (b) transmission electron mi
crograph. 
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