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M d-infrared intersubband (I1SB) |asers, Quantum Cascade as well as
optically punped I SB | asers, are based on electronic transitions

bet ween quanti zed subbands in a seniconductor heterostructure of

mul tiple coupled quantumwells (QA8). Popul ation inversion, which
allows for laser action, is generated by engineering the el ectron
scattering times of a 3 level |aser schene. Electrons are punped into
I evel 3, the highest energy level of interest; the laser transition
occurs fromlevel 3 to level 2, and level 2 is rapidly depleted of

el ectrons by resonant |ongitudinal optical (LO phonon scattering into
level 1. This sinple picture has been very successful as evidenced by
the rapid progress nade in | SB | asers; neverthel ess, the recent paper
by HC Liuet al. renminds us that the picture should be far nore
conpl ex, specifically it needs to include collective excitation
phenonena. The latter are clearly noticeable, for a skilled and

nmeti cul ous experimentalist, and need to be taken into account. In
addition, the assunption that phonons are generated unrelated to the
| asi ng process needs to be questioned as well.

H C Liu et al. present a careful study of optically punped |ISB | asers
based on coupled asymetric double QM. The GaAs/ Al GaAs QM are chosen
in thickness so that the energy separation of the two bottom nost
levels 2 and 1 covers the energy of the GaAs, and GaAs-li ke LO phonons
around 36 nmeV. Furthernore, the QA are designed such that the energy
separati on between levels 3 and 1 falls within the em ssion wavel ength
range of a hi gh-power pul sed CO2 punp-laser. Electrons are supplied to
| evel 1 through nodul ation doping of the wide barriers separating the

doubl e QWs.

Under optical punping, |aser action is observed in a Raman process

i nstead of through the conventonal incoherent punping process. This is
the first surprise; in the sinple (inaccurate) picture, electrons would
rather lase fromthe point of |argest dipole nonent of the 3 to 2 |eve
separ ati on i ndependent of the punping energy. The second surprise is
the energy of the Raman shift, which is different fromthe designed
energy separation between levels 2 and 1, and different fromthe energy
of the LO phonon. Both values are well known or have been neasured. The
entire set of about 25 different sanples with a wi de range of designed
levels 2 to 1 energy separations shows exactly this behavior. Even
nore, when recordi ng the Raman Stokes shift of all the sanples, Liu et
al . show, that the pure LO phonon energy is not accessible as a val ue;
i.e. undressed phonons are not emtted. Rather, coupled | SB pl asnon-
phonon nodes are the final product of the | asing process.

This is new and unexpected. The paper pleasantly surprises and
educates. It remains to be seen if electrically punped | SB | asers show
a simlar behavior. If so, the potential inpact may be profound, e.g.
as better lasers are designed as a result. Finally, as the fina
product of the |aser process is not phonons, but coupled |ISB plasnon



phonon nodes, this "could open up a new avenue for realizing a phonon
or even a polaron "laser"...



