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Comment on “Light-Induced Drift of Quantum-
Confined Electrons in Semiconductor
Heterostructures”

Stockman, Pandey, and George' claim to have pre-
dicted a new effect of light-induced drift (LID) of

quantum-confined electrons. However, the effect they

describe is identical to the photon-drag effect (PDE), ob-
served experimentally in intersubband absorption by a
two-dimensional electron gas,? and discussed in detail
theoretically.®> We believe the authors were misled by an
artificial distinction often made between the LID and the
PDE that has led to the existence of two “parallel”
literatures on essentially the same subject. In our opin-
ion, the LID can be viewed as a special case of the PDE.

Both effects owe their existence to the momentum of
light. Consider optical transitions between the bands
Ei(k)=E’+h2k?/2m;. In solids, i labels different
bands or subbands and, in gases, different atomic states.
Figure 1 illustrates absorption of photons of energy Aw
and momentum #Aq by particles moving in the directions
q and —q (respectively, |k| =k and [k|=k ).
From the kinematics, hw=E%+h2k2(m;—m,)/
2mmy+ b %k q/mo, it follows that if m2,5m;,, then both
states k" and k7 can be excited and k (70 —k H
=2gm/(m,—m3). For m;— m,, only one state is ex-
cited: It is either k ") or k{7, depending on the photon
energy.

In general, the PDE results from the motion of the ex-
cited particles with the momenta k ")+¢ and k™) —¢
and of the “holes” left behind at k™ and k(). The
total current is made up of four components, Jf
=eG(k*)7;(k®)vf, where a=(=+), 7,(k) is the momen-
tum relaxation time, G(k) the optical transition rate,
o =/m)Dk ), and  ofF=(h/my) (k F)+gq).
Each of these components is large in the sense that it is
proportional to k“ rather than to g, but under “normal”
conditions their net sum is small: ¥; ,Jf~gq. Nontrivial
phenomena arise when the balance between these four
currents is destroyed. This happens, generally, when
11/mi=1+/my. Two special “resonant” situations can
then be distinguished:

(k)< 7,(k) and 7, (k< () 1)
Gl NKGKk™) or GET)>GU)). ()

Both situations can be realized in transitions between
semiconductor valence subbands. An example of case
(1) is when the states k ‘¥’ are close to the opti-
cal-phonon energy hw,, so that E,(k)> hw,
> E (k). An example of case (2) (velocity-selective
excitation) arises at low temperatures, when the Fermi
level lies between the two states: E (k‘7))>Ef
>F 1(k(+)).
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FIG. 1. Illustration of the optical transitions between quan-
tum subbands with account of the photon momentum.
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In both special cases, the average particle velocity is of
order hk F/m> hg/m, and the drag effect is much
enhanced. A characteristic feature of the resonant PDE
is the dependence of the flux direction on the photon en-
ergy. This phenomenon was first observed in p-Ge PDE
experiments, under conditions corresponding to the
“velocity-selective” excitation of type (2), and theoreti-
cally discussed for both cases (2) and (1). References to
those works can be found in Ref. 3.

A simple realization of case (2) occurs in systems with
parallel bands, m; =m, [the requirement 7,1, is usu-
ally fulfilled, while inequality (2) is provided by the kine-
matics of monochromatic excitation], such as electronic
subbands in quantum wells and wires, atoms in gases,
and Landau subbands in a magnetic field.* These sys-
tems constitute the subject of studies in the LID litera-
ture, where the velocity-selective excitation is usually in-
terpreted in the Doppler-effect language. In the LID
literature, including Ref. 1, the PDE is viewed as a small
effect, related to LID by a factor g/k. That this is not
so in special cases (1) and (2) has been demonstrated
above. Hence LID and PDE present different views on
the same underlying physics.
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