
VOLUME 70, NUMBER 7 PHYSICAL REVIEW LETTERS 15 FEBRUARY 1993

Comment on "Delayed Relaxation by Surfactant
Action in Highly Strained III-V Semiconductor
Epitaxial Layers"

A recent Letter by Grandjean, Massies, and Etgens on
the use of surfactants to inhibit three-dimensional island
formation in InAs/GaAs(100) heteroepitaxy [1] brings to
light some important issues with regard to the primary
function of a surfactant in affecting the growth mode of
films growing in a so-called "Stranski-Krastanow" (SK)
mode. The claim by Grandjean [I] and others previously
[2] is that by reducing the surface free energy of a
strained overlayer using a surfactant, the growth mode
may be altered (i.e., islanding suppressed). We wish to
point out that for the SK mode, where beyond the wetting
monolayers growth is 8 on strained 8, lowering the sur-
face free energy actually facilitates island formation.
This can be understood by considering that forming an is-
landed film (for SK growth it is energetically favorable
for islands to form on the wetting monolayers rather than
on the substrate) increases the surface area of the over-
layer. Thus, by lowering the surface tension, there is rel-
atively less energy cost associated with forming a three-
dimensional islanded microstructure. On the other hand,
by increasing the surface free energy of the overlayer, is-
landing becomes more energetically costly. In the InAs/
GaAs(100) system, we have recently demonstrated
(without using a surfactant) that increasing the surface
tension of the overlayer will inhibit island formation [3].
It appears then that having only surface tension as a pa-
rameter to control the SK growth mode, it should be
large in order to achieve planar growth. This is in con-
trast to Volmer-Weber growth, where planar growth of
the first monolayer (i.e. , wetting) could be achieved by
decreasing the surface free energy of the epilayer.

With regard to segregation, it is implicit in Grand-
jean's argument that lowering the overlayer surface free
energy is necessary in order that In and As atoms will

prefer exchanging sites with the Te surfactant atoms and
be incorporated into subsurface sites. A problem arises
because surface free energy is a macroscopic term, and as
has previously been suggested [4], the exchange and in-
corporation is a local process. In such a situation, it is
only necessary that on the scale of a few atoms the local
configuration which is energetically favored is that with
the surfactant atoms at the surface rather than embed-
ded. The likelihood that newly deposited film atoms ver-
tically exchange sites with surfactant atoms will depend
on the energy difference between the two configurations
(i.e. , the driving force). Although, on a macroscopic

scale, lowering the surface tension of the bare film may
be an accompanying effect, it need not be.

It is stated by Grandjean, Massies, and Etgens that by
reducing surface diffusion kinetics of film atoms, island-
ing may be suppressed. We believe this is the relevant
physical effect enabling surfactants to dramatically alter
the growth mode. Once an overlayer atom is subsurface,
diffusion may be significantly reduced. This is because
the energy barrier for thermally activated hopping may
be increased by the surfactant. The important point is
that the barrier is determined in a complex way by the lo-
cal atomic configuration, not surface free energies. Thus,
the success of surfactants is due to altering kinetics, not
energetics as has been previously suggested. Indeed, we
have demonstrated (without using surfactants) that re-
ducing surface diffusion kinetics will alter the growth
mode and suppress island formation in highly strained
InGaAs/GaAs(100) [5]. However, by using surfactants
one may reduce surface diffusion without lowering the
temperature.

In our view, a surfactant segregates and produces an
increased energy barrier for hopping. This reduces sur-
face diffusion, thus inhibiting island formation. Lowering
surface tension in previous cases has been an accompany-
ing effect, but island suppression was not due to this. It
might be argued that by definition a surfactant lowers the
surface free energy of the overlayer. However, from this
definition, it does not follow that lowering the surface free
energy of the overlayer is central to inhibiting island for-
mation. This being the case, perhaps the community
should consider an alternate term to "surfactant. "
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