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Our new laboratory for the chemical beam epitaxy
(CBE) of both II-VI and I1i-V compound semicon-
ductors finally began to take the form of a working
research facility in 1990. The substantial labora-
tory renovation was completed in February; the
CBE system hardware was delivered in March and
installed throughout most of the summer; ZnSe
was deposited onto GaAs substrates in early
August. However, the modular CBE system is not
complete yet. We are anticipating delivery of the
analytical/metalization chamber and a
Hl-V-dedicated gas source molecular beam epitaxy
(GSMBE) system. Both chambers will be
attached to the periphery of the ultrahigh vacuum
(UHV) transfer chamber. Figure 1 shows the
system footprint complete with all chambers which
are currently expected. In the future, we plan to

add an in situ patterning chamber for further pro-
cessing of the samples prior to removal from the
UHV environment. The analytical metalization
chamber will contain Auger Electron Spectroscopy,
reflection high energy electron diffraction, electron
beam evaporators for metals, and ports for photon
illumination of the sample. The GSMBE system
will be dedicated to the growth of arsenides,
phosphides, and antimonides; solid elemental
sources of In, Ga, Sb and Al will be utilized with
gaseous hydrides of As and P. The chamber will
be employed for the fabrication of sophisticated
quantum-effect electronic devices, a variety of
optoelectronic devices, and advanced II-VI/III-V
multilayered heterostructures.
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Figure 1. Layout of the CBE laboratory showing the footprint of the modular UHV system. The five chambers are
the introduction, transfer, analytical/metalization, 11-VI CBE reactor, and |11-V GSMBE reactor. Also indicated in the

drawing is the wet chemical station for substrate preparation.

The 1I-VI semiconductor ZnSe is currently
receiving considerable attention due to the recently
reported success of p-type doping. Once ZnSe is
successfully doped, both n- and p-type, various
optical devices such as laser diodes, optical
modulators, etc., can take advantage of the
2.67 eV bandgap to provide operation in the
blue/biue-green portion of the spectrum. The
most successful n-type dopant has been Cl with
10'® electron carrier concentrations reported for
molecular beam epitaxy (MBE) growth. Thus far,
incorporation of Li has been demonstrated to
result in p-type ZnSe. Electrical measurements to
confirm the presence of holes are complicated due
to the small hole concentrations and the problem
associated with forming ohmic contacts to p-type
material. However, pn junctions formed in ZnSe
have emitted blue light at room temperature. Due
to significant problems of Li interdiffusion, investi-
gations are currently focusing on incorporating
dopant species other than Li to provide shallow
acceptors. A potential candidate is nitrogen,
although this volatile atom is difficuit to incorpo-
rate due to its small sticking coefficient and stable
dimer bonding.

Our objective is to study controlled substitutional
doping of ZnSe, both n- and p-type, by employing
the growth technique of chemical beam epitaxy.
CBE offers many advantages compared to MBE or
metalorganic chemical vapor deposition and
emphasizes the use of gaseous sources in an
ultrahigh vacuum environment. In the CBE growth
technique, the gaseous sources which are utilized
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are both hydrides and metalorganics. It is anti-
cipated that precise flux control of each specie via
mass flow control of the gas will be a significant
advantage in the growth of the high vapor pres-
sure 1-VI compounds.

We have grown ZnSe thin films on GaAs bulk sub-
strates by metalorganic molecular beam epitaxy
(MOMBE). MOMBE differs from CBE due to the
absence of the gaseous hydride sources. The
metalorganic gaseous sources which have been
employed at present are diethylzinc (DEZn) and
diethylselenide (DESe). In the growth exper-
iments, the metalorganics are “cracked” or
thermally decomposed prior to impingement onto
the GaAs. The Zn and Se atoms are removed from
the hydrogen and carbon atoms to allow the use
of a lower growth temperature and to more closely
approximate the MBE growth approach.

Figure 2 shows the refiection high energy electron
diffraction pattern obtained from a 500A ZnSe film
grown on GaAs. The presence of Kikuchi lines
and a strongly streaked pattern suggest that the
ZnSe is of high quality and single crystalline. The
two-fold reconstruction lines observed in the
[010] indicate a Zn-stabilized surface. For the
growth of the thin ZnSe shown here, the substrate
temperature was approximately 300°C with 1.0
and 0.30 sccm flow rates of DEZn and DESe,
respectively. Investigations of the surface mor-
phology with Nomarski interference microscopy
has indicated the presence of a featureless surface
at 1000x magnification. Additional experiments
are in progress to increase the growth rate, as well
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