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T he lasing of single and multiple
semiconductor nanowires made of

ZnO,1 GaN,2 and CdS3 has recently been
demonstrated. Several unique properties
of nanowires distinguish them favorably
from other semiconductor laser struc-
tures. First, unlike quantum wells and
wires, nanowires require no additional
waveguide because they provide not
only gain but also waveguiding. Lasing
of guided modes has been clearly
observed in the near-field optical images
of nanowires.1-3 The waveguiding leads
to a drastic decrease in laser size: with
typical diameters of 20-200 nm and
lengths of 2-40 �m, single nanowires 
are much smaller than heterostructure
lasers. Second, nanowires are essentially
single-crystal structures. Third, nano-
wires can be grown as one- or two-
dimensional arrays. Efforts are under-
way to assemble them into the more
complicated structures necessary for
device applications.4 Finally, since a
large number of different semiconduc-
tor materials can be used to grow
nanowires, nanowires promise to cover
at least the same frequency range as the
usual heterostructure lasers do.

Experiments1-3 suggest that the two
facets of nanowires function as two
reflectors for guided waves and form a
Fabry-Perot cavity. The lack of accurate
data on the reflective properties of the
facets precludes estimating the threshold
gain and quality factors of nanowire
lasers. The reflectivity of the facets of a
standard edge-emitting diode laser is
given by the textbook Fresnel formula.
This formula cannot be applied to
nanowires because their diameter is typ-
ically smaller than the lasing wavelength.
Thus, the evaluation of the reflectivities
for guided waves amounts to solving for
their diffraction at the nanowire facets.
We addressed this issue in our recent
paper 5 in which we applied the finite-
difference time-domain (FDTD)
method to calculate the reflectivities.

Use of the FDTD method allowed us to
obtain reflectivity data for several lowest
guided modes in a wide range of lasing
frequencies and nanowire diameters.
Our results show that reflectivity is a
complicated function of the mode type,
diameter and lasing frequency. For free-
standing nanowires (Fig. 1), the reflec-
tion coefficient for any guided mode
from the top facet starts from zero near
the cut-off frequency and increases to
0.4-0.7 (depending on the mode type)
with the diameter. But the reflectivity
from the facet on the (sapphire) sub-
strate does not increase monotonically
with the diameter: it starts from a 
finite value near the cut-offs and then
decreases. After it reaches a minimum it
starts to grow. Knowledge of the reflec-
tivities allowed us to obtain realistic val-
ues of the threshold gain and quality
factors for nanowire lasers.

To summarize, the recent progress 
in nanowire synthesis has led to the
demonstration of lasing in nanowires
made of large band gap semiconductors.
The unique features of nanowires, those
that distinguish them from existing laser
structures, call for a detailed study of
their properties to understand their las-
ing mechanism, threshold gain, direc-

Figure 1. Side view of a nanowire laser and a sketch of diffraction of a guided mode upon 
its incidence on the top facet.
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tionality and polarization of emission.
Our results on modal properties 
provide—for the first time to our 
knowledge—realistic evaluations of the
expected performance of this new class
of lasers.
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