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Growth and morphology of 0.80 eV photoemitting indium nitride nanowires
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INN nanowires with high efficiency photoluminescence emission at 0.80 eV are reported. InN
nanowires were synthesized via a vapor solid growth mechanism from high purity indium metal and
ammonia. The products consist of only hexagonal wurtzite phase InN. Scanning electron
microscopy showed wires with diameters of 50—100 nm and having fairly smooth morphologies.
High-resolution transmission electron microscopy revealed high quality, single crystal InN
nanowires which grew in thé0001) direction. ©2004 American Institute of Physics
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The group-lll nitrides have become an extremely impor-1.85 eV. In this letter, we report the synthesis of single crys-
tant technological material over the past decadéey are tal, 0.80 eV photo-emitting InN nanowires using In metal
commonly used in optoelectronic devices, such as higland ammonia. The InN nanostructures are formed using a
brightness light-emitting diodésand low wavelength laser vapor solid growth mechanism deposited on both the quartz
dioded (LDs), as well as high power/high frequency elec- surface and the In source metal surface.
tronic devices:® Recently InN thin films grown by MOCVD The growth of InN nanowires was performed in a high
and MBE were found to have a band-gap energy in the rangiemperature tube furnace with a quartz tube. High purity In
of 0.7-0.9 e\ much lower than the value of1.9 eV  metal(99.999% was placed in a quartz boat in contact with
found for InN films grown by sputtering.This large de- a thermocouple to assure accurate growth temperature mea-
crease in the direct band-gap transition energy and the abilitgurement. High purity ammoni@N) flowed at 200 sccm for
to form ternary(InGaN) and quaternarfAlinGaN) alloys 1 h while the temperature was being ramped to a final
increases the versatility of group-Il nitride optoelectronic 9rowth temperature of 700 °C. The furnace was held con-
devices, ranging from the near IR to the UV. Additionally, Stant at this temperature while ammonia was flowed over the
InN has some promising transport and electronic propertiegjuartz boat at 600 sccm for 2 h. The samples were rapidly
It has the smallest effective electron mass of all the group-li£ooled down to room temperature under ammonia flow be-
nitrides, which leads to high mobility and high saturation foré being purged with N The samples were collected from
velocity® and a large drift velocity at room temperatdre!t ~ Poth the surface of the In metal and from the surface of the

As a result of these properties, there has been a large increa$é@rz boat up to 2 cm downstream of the In source metal.
in interest in InN for potential use in optoelectronic devices,Structural and compositional characterization were per-
such as LDs and high efficiency solar cells, as well as higormed using powder x-ray diffractiotXRD) (Bruker D-8
frequency/high power electronic devices. GADDS) with a CoKa x-ray source, scanning electron mi-
Unfortunately, high quality InN is very difficult to syn- cr_oscopy(SEM) using a FE.I S|r|o_n 75 microscope equipped
thesize. It has a very low decomposition temperature an .'th an eleqtron energ_y—c_ilsperswe spegtromeEDS), s
requires a large overpressure of N. There are only a fe igh resolution transmission electro_n microscepsEM) us-
reports on thin film deposition of In 17 and on the one- N9 2 JEOL 2011 capable of selective area electron diffrac-
dimensional synthesis of InN nanostructures. Vapor—soliciIon qnd _nanobeam electron d'.ﬁraCt'dNBD)' Optical char-
growth of InN nanowires using a mixture of In metal/@y acterization was performed_usmg room-temperature PL. The
powder and ammonia has been repo?‘?e@ther InN nano- PL _S|gr_1als were generated in the backscattering geometry by
structure svnthesis methods use a solvc;—thermal méfhod excitation with the 515 nm line of an argon laser. The emis-
halide che>r/nical vapor depositiofCVD) 20 \D using 'sion signals were dispersed by a 1 m double-grating mono-

! chromator and detected by a LN2 cooled Ge detector.
single-source precursors sM[(CH,)sNMe,J,* and am- Figure Xa) shows a typical SEM image of InN nano-

. s - 122
monolysis of indium oxidé® There are also reports on the \yires taken from the surface of the quartz boat. Typical
synthesis of more advanced structures such as InN/InP corghnowire diameters were in the range of 50—100 nm with
sheath nanowwé%land InN/GaN nanoheterojunctidiisas ¢ pical lengths of several microns. The surface morphology
W_e” as the catalyt|5c selectlye area g_rowth on 9.0|d patternegf the nanowire as shown in the inset of Figajlappears
Si(100 subst.rate§. The wires obtained by this catalytic smoother than the morphologies of wires obtained from
growth technique exhibit a broad photoluminescefiRie) at  other growth strategies for InN:?* Figure Ib) shows the
corresponding EDS spectrum for an individual nanowire in-
dAuthor to whom correspondence should be addressed; electronic maif.i'c.atmg that th_e nanowires consist of In and N in an atomlc
edbourret@Ibl.gov ratio of approximately 1:1. These results were reproducible
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A0 =2.86 A

FIG. 3. (a) Typical TEM image of an individual InN nanowirgb) High
magnification TEM image of InN nanowire. Nanowires have a diameter that
fluctuates between 50 and 100 n¢o) High resolution TEM image of InN
nanowire showing lattice spacing of ti@02 planes to be 0.286 nnid)
Nanobeam electron diffraction of InN nanowire.

to bea=3.52 A andc=5.71 A, which are in good agreement
with the reported values of bulk InN. The strong intensities
b) of the InN diffracted peaks and the absence of any indium
FIG. 1. (a) Typical SEM image of InN nanowires. The diameters of the O.XIde peaks indicate that. the InN nan0W|r.es are of high pu—
wires range from 50 to 100 nm with some thick InN ribbons. The inset is alty and the sample consists of only Wurt_2|te phase material.
typical high magnification image of a single InN nanowite) EDS of a HRTEM study unravels more detailed structural and
single InN nanowire show that the resulting wires are pure InN. morphological information. Figures(® and 3b) show a
typical InN nanowire. Although the diameter fluctuates by

0 : : >
over many growth runs which show that this technique isabout_S(_)/o _along the hanowire, we f'nd. tha}t the wire is
monolithic single crystalline material growing in t§@002)

gﬁi;z)?]t:e of synthesizing InN nanowires with uniform Cornpo_direction. Figure &) displays the high quality of the nano-
Figure 2 shows the XRD pattern for InN nanowires. All wir_e showing.the(ooqa plane_s perpendicular to .the wire
the diffraction peaks in the spectrum are indexed to be heﬁfw"sv'ttuea&érgeg:g;issmcé?g &feoﬁiiecgwlc;gsligzs are
agonal wurtzite phase. The lattice parameters were calculat . .
g wurizite p 'cep W U heasured to ba=3.50 A andc=5.70 A, which are in good
agreement with the measurements from XRD studies.
These wires grew directly on the quartz boat with no

s s intentional catalysts present indicating that the growth
z mechanism was governed by a vapor—solid process. Further
i g7 optimization of the growth parameters should allow growth
s of smoother and thinner wires.
[=

Figure 4 shows the room-temperature PL spectrum for
as-grown InN nanowires. The PL peak emission is located at
0.80 eV, which is consistent with literature results reporting
a band-gap energy emission in the range of 0.70-0.968v.
More importantly, the emission was extremely intense rela-
tive to the amount of material produced and the low incident
laser power use® mW) although a quantum efficiency can-
not be determined from these measurements at this time. The
PL emission from these nanowires was compared to high
50 quality thin films grown usingMOCVD)'? as shown in Fig.
2Theta (deg) 4. It is clear that these single crystalline nanowires have a
very similar emission spectrum but with a narrower full

FIG. 2. XRD spectrum for InN nanowires grown at 700 °C using indium _ . . L . . . .
metal and ammonia. INN nanowires consist of only the hexagonal wurtzit idth at half maximum indicating a higher quality material.

phase with the corresponding indices marked above the respective diﬁraﬁdqitiqnal_l% the peak emission is redshifted by 30_mgV,
tion peak. which indicates a lower band-gap energy than the thin film.
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