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Structure and photoluminescence of ZnSe nanoribbons grown by metal
organic chemical vapor deposition
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ZnSe nanoribbons have been synthesized using sputter-coated gold films as catalysts via
metalorganic chemical vapor deposition or(Bi0 substrates. Both x-ray and selected area electron
diffractions determine that they have the zinc-blende structure. High-resolution transmission
electron microscopic investigations show that their structure is highly ordered and contains coherent
twin lamellae near one edge but is essentially free of dislocations. Photoluminescence studies at 10
K show that sharp excitonic peaks dominate their spectra, reflecting their high purity and nearly
perfect stoichiometry. New excitonic peaks are observed in the nanoribbons and their possible
origins are discussed. @004 American Institute of PhysicgDOI: 10.1063/1.1695096

Quasi-one-dimensiondllD) nanometer-sized semicon- lae are seen running along the length and only near one edge
ductor structures in the forms of nanowires, nanorods, andf the flat nanoribbon. Since these defects are not randomly
nanoribbons have attracted considerable interest because diftributed within, the structure of the nanoribbons remains
their usefulness as elementary building blocks inlargely coherent. Moreover, we should remark that because
nanotechnologyand potential applications in optoelectronic they appear to terminate at the surfaces and not bounded by
nanodevices. Recently, the growths of group IV, llI-V, andpartial dislocations within the nanoribbons, they are not elec-
lI-VI 1D semiconductor nanostructures have been achievegtically active and do not create a local electric or strain field.
by various methodé However, a large portion of the work As such, their presence does not inhibit the formation and
on lI-VI quasi-1D systems has focused on ZnO, ZnS, CdSeecombination of excitons.
and CdS. Only a few studies on ZnSe were repottéal- For cubic crystals to display 1D growth habits, certain
though there exists an extensive literature on the growth ofymmetry breaking mechanism is required to account for the
other ZnSe nanostructures, such as epitaxial l&/gmntum
wells,” and quantum dot$As far as we know, growing ZnSe
1D nanostructures by metalorganic chemical vapor deposi-
tion (MOCVD) has not been reported, although such growths
of ll-V nanowires have been reportédn this letter, we
report the success in using gold as a catalyst to synthesize
ZnSe nanoribbons on Si001) substrates by MOCVD, a
technique of demonstrated value in the commercial produc-
tion of blue-green light emitting devices.

The conditions of MOCVD growth were reported
elsewherd® The synthesized products were characterized by
x-ray diffraction(XRD) using the Cu k radiation, scanning
electron microscopegSEM), high-resolution transmission
electron microscope(TEM), atomic force microscope »
(AFM), and photoluminescend®L) spectroscopy.

The SEM image of Fig. () shows that the synthesized
product consists of a high density of long nanoribbons,
whose lengths range from several to tens of micrometers.
The x-ray diffraction(XRD) pattern of the nanoribbons is
shown in Fig. 1b). All of the diffraction peaks can be in-
dexed to a zinc-blende-structured ZnSe. Their ribbon like
shape is confirmed by TEM and AFM. An AFM image of a
typical nanoribbon, having a width of about 210 nm and
thickness 30 nm, is shown in Fig(€2. TEM observations of . . 1
two nanoribbons are shown in Figi. The lattice-resolved 30 40 50 60 70
image of Fig. 2c) clearly reveals th¢l11} atomic planes and
the(112) direction of growth. Stacking faults and twin lamel- 20 (deg)
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FIG. 1. (a) A typical SEM image of the synthesized productls) XRD
dAuthor to whom correspondence should be addressed; electronic maipattern of the synthesized products; the broad peak at 68° is from the sub-
skhark@phy.cuhk.edu.hk strate, Si(004).
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FIG. 3. PL spectra of the ZnSe nanoribbons at room temperature and at 10
K. The photon energies in eV atg (2.798, I, (2.784, BA (2.750. The
inset shows the new above band gap peak.

agree with the accepted ionization enertfiesf the impuri-
FIG. 2. Microscopic images of ZnSe nanoribbo(@:AFM image showing ties, they can also be traced to a plausible source within our
two cross overlapped flat nanoribbons with a saw-tooth edge; a short nandVlOCVD growth chamber, which was also used to grow
wire is also seen,; the line and the arrow heads indicate where the profile gither nanostructures on GaAs substrates. Sublimation of
B e et 6 1S 4 GaAs is know to occur a 550°C, the growth temperature o
the coherent twin lamellae structure within. the nanoribbon&® and might have resulted in unintentional
doping by cross-contamination. The peak at 2.602 eV is the
Y-line luminescence, which has been linked to the presence
large anisotropy. Many such mechanisms have been prost structural defects in materials of low impurity
posed, two of the better-known ones are found in the VL&oncentratiot? The weak deep-level emissions, possibly in-
and emergent dislocation models. For the effective operatiogolying self-activated defects centered around 2.3 eV, indi-
of the VLS mechanism, the presence of a particle at the tip igate the nearly perfect stoichiometric composition of the
necessary. However, a particle of Au alloy has never beeRanoribbong® The bound exciton peaks are slightly broad-
found at the tip of the vast number of nanoribbons studied byned (10 meV), possibly caused by the proximity of the
TEM and AFM. Moreover, our nanoribbons were grown atcomplexes to the surface of the nanoribbons, which was not
550°C, a temperature far too low for Au to melt, even whenintentionally passivated. The broadened peak also ob-
particle size depression of the melting point is considéted. scures the observation of free excitons. At higher photon
More important, the(112) growth direction also lends sup- energies(Fig. 3, insel, we note the existence of two small
port in ruling out VLS. Rapid crystal growth along one di- peaks at 2.849 and 2.816 eV. The former is new, seen for the
rection requires a self-perpetuating growth site. An emergenrst time in zinc-blende-structured ZnSe; its energy is some
screw dislocation could provide the required site but it could29 meV above the band gap. Its energy coincides with the
not explain the preferredl12 growth direction. Instead of bound exciton emissions in wurtzite-structured ZASe.
growth spirals or screw dislocations, we found only stackingHowever, our XRD results and TEM studies found only zinc-
faults and twin lamellae. It has been shown that these caplende-structured ZnSe. The origin of this peak can be un-
also provide self-perpetuating growth sites in fcc crystals inderstood if we assign it to excitons bound to impurities lo-
the form of reentrant cornef$® Under high supersatura- cated within the twin lamellae region of the nanoribbons.
tion, growth via the reentrant corner mechanism is fasteSince their Bohr radius is smalt40 A), the excitons only
than even the emergent screw dislocation mechatfish. see the local hexagonal environment. Were it not for the
Whisker growth along th€112) direction by the reentrant coherent nature of the twin lamellae and the quasi-1D nature
angle mechanism has been confirmed in Si and Ge. In thess# the nanoribbons, the excitons would not have formed and
whiskers the resulting morphology is similar to our ZnSetheir emissions been able to escape outside. In three-
nanoribbons, in that the growth direction ¢$12 and the  dimensional or even quasi-two dimensional structures, stack-
major terminating surfaces are thil1} and{110 planes® ing faults and twin lamellae are usually bounded by partial
We believe the Au particles probably act as the nucleatinglislocations, whose associated local space charges would
sites for ZnSe embryos, as nanoribbons tend not to grovield-ionize most of the weakly bound excitons. Moreover,
without them. the surrounding zinc-blende materials would absorb any
Figure 3 shows the PL spectra of the nanoribbons at 1@bove band gap photons from the surviving excitons, except
and 298 K. The sharp peaksandl ; are readily attributed to those emitting very near the surface. The nanoribbons, on the
bound excitons. From the energy of the band gap20 e\Vj  other hand, naturally provide many nearby exit surfaces.
and that of the band to acceptA) peak, the acceptor There are two possible assignments for the peak at 2.816 eV.
binding energy is deduced to be 70 méVThe barely re- Energy considerations alone would suggest it is either from
solved doublet at 2.721 eV is attributed to emissions fronthe first excited state of free excitons or a LO-phonon replica
donor—acceptor pair transitions. The donor is suggested to i the 2.845 eV peak. In view of its intensity and the fact that

Gay,, and acceptor Ag. Not only do these identifications there is no evidence of a peak or a shoulder that could be
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