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Microstructural properties of Eu-doped GaN luminescent powders
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GaN powders doped with europium have been prepared using Eu and Ga nitratesHanasN
reactants. The resulting particles have dimensions ranging from 0.5 ter.0The crystalline
structure was studied by transmission electron microscopy, and it consisted of single crystals with
a hexagonalwurtzite) structure containing small cubic domaigzinc blende and a high density of
stacking faults, all aligned along th@001] and(111) directions, respectively. Cathodoluminescence
measurements show strong light emission in the red region. This luminescence corresponds to
transitions of Eu with the strongest emission in the 611 nm line, which is associated to’*thd Eu
transition from®D, to ‘F,. These results demonstrate the feasibility of GaN:RE powders for
luminescent applications. @002 American Institute of Physic§DOI: 10.1063/1.1507355

The group Il nitrides and their alloys have vast potentialpresented. The growth technique employed here is a modifi-
applications for optical devices emitting in the ultraviolet cation of the method developed by Hahn and Juza for obtain-
and in the full range of the visible spectrum. High-efficiencying GaN by thermal decomposition of ammonium hexafluo-
GaN-based materials for blue, green, and amber light emitrogallate using ammonia as a carrier gas.
ting devices have been successfully demonstrated by The Eu-doped GaN powders were produced using
Nakamura: However, red emission has not been realized yeEu(NG;);, Ga(NQ,)3, and NH, as the reactant materials.
in these materials because of difficulties in the synthesis ofhe required amount of each precursor was calculated from
high In-content InGaN.The growth of high quality InGaN the desired mass of the product according to the chemical
with In concentration higher than 20% is considered veryreactions involved in the synthesis. The Eu concentration in
challenging. the GaN powders can be controlled down to 0.1% of Eu by

Luminescence from materials doped with rare eé&iR) varying the initial mass of the Eu(N{p; precursor. A more
elements has generated much interest in recent years. Thetailed description of the growth process is given
special characteristics of the rare-earth elements are due eisewherd?™3
their outer electron configuration. Following the Aufbau  The Eu concentration was estimated by Auger electron
principle, the 52 and 5° subshells are completely filled in Spectroscop(AES) and x-ray photoelectron spectroscopy
the lanthanide series. The electrons in thie stibshell are  (XPS). Cathodoluminescend€L) spectra were acquired us-
strongly localized and do not participate in chemical bonding a commercial Gatan MonoCL2 spectrometer in a JEOL
ing. Thus, the optical and magnetic characteristics of thesdSM 6300 scanning electron microscdEM). The kinetic
elements are independent of the nature of their hosgnergy of electrons used for CL excitation was 5 keV with an
environment* electron beam current of 60—300 pA. The CL measurements

In recent years, GaN doped with RE elements has bewere performed at 5.7 K. In the spectral range of these mea-
come some of the most extensively studied RE-doped lumisurements there was no significant change in system re-
nescent materials. RE-doped GaN is a promising candidag@Ponse and the behavior of the blaze angle was very flat.
for optoelectronic devices, high-efficiency low-cost solar Therefore no correction for system response was applied to

cells, optical coatings, and various types of senSoreu  the CL spectra.

has been used extensively to achieve red light emidsith. The microstructural properties of GaN:Eu powders were

RE-doped GaN materials are typically grown in thin films, studied by transmission electron m.|crosco§m.EM). A-small

where the RE doping of GaN is carried antsitu or ex situ ~ @mount of GaN:Eu powder was uniformly mixed with epoxy
In this work, the microstructural properties of Eu-dopedand then encapsulated between two silicon wafers. The

GaN Iuminescent powders grown by a different method aré@Mple preparation for TEM analysis was done by conven-
tional cross-section techniques. The sample was examined in

a JEOL 4000EX TEM operating at 400 kV.

dpermanent address: Centro de Ciencias de la Materia Condensada, Univer- ; ; .
sidad Nacional Autooma de Meico, Ensenada, Baja California, Figure 1 shows a SEM image of the GaN:Eu powder.

CP 22860, Mexico; electronic mail: edel@ccmc.unam.mx The morph0|09y C_Jf the _powders COOSiStS of aggregates
YElectronic mail: ponce@asu.edu formed of fine particles with sizes ranging between 0.5 and
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FIG. 1. Microcrystalline morphology of the GaN:Eupowder observed in
SEM image.

- IG. 3. HRTEM image showing the typical structure of the GaN:Eu
1.0 um. The Eu concentration measured by AES and XP articles. The vertical segments are due to the stacking sequence of the

was approximately 5 at. %. hexagonal structure, and the tilted segments are associated with stacking
A CL emission spectrum of GaN:Eu powder is shown infaults or small cubic domain&). An edge dislocation appears in the image

Fig. 2. The spectrum exhibits two groups of emission linesE)

associated to Bl (4f configuratiof) 4f—4f transitions

from °D, and®D, levels to the’F; ground state. The red _ . _ _
emission at 611-622 nm corresponds tothg— ’F, tran- Figure 3 shows a high-resolution TEWRTEM) image

sition and is the strongest in the CL spectrum. Peaks at 536f a GaN:Ed™ particle. The material has a hexagonal struc-
591, and 663 nm are attributed to th®,—’F,, °D, ture with many stacking faultéSFs. The black line traces
—'F,, and °D,—'F; transitions, respectively. The CL the arrangement in the stacking sequence. The planar faults
emission at 360 nm corresponds to the band-to-band transtan be clearly seen in Fig. 3; the stacking sequence of the
tion of GaN. The intensity of this emission is relatively hexagonal structure ABABABA.. (vertical segment is
strong for powders of this type, and its sharpness is indicainterrupted by a single extra plane that is out of sequence.
tive of the high crystallinity of the GaN matrix. The extra plane gives rise to a stacking fault

Electron diffraction patterns from single GaNEupar- ...ABABCABA.. (tilted portion. In the region of the SFs,
ticles indicated a hexagon@hurtzite) structure. Diffraction ~ there are three planes following theABC... sequence. If
patterns along 41120) zone axis indicate disordering in the during growth of the material, this sequence repeats again, a
basal plane stacking sequence along [i8@01] direction. ~ Small cubic domain is formed.. ABCABCA..) like that
This disordering is seen by a continuous intensity line thatdentified withC in Fig. 3. Other kinds of defects observed
connects the diffraction spots along toedirection. Low- are edge dislocations, however they are not as common as
magnification TEM imaging reveals planar faults uniformly the SFs.

distributed over the whole particle, with some of the planar ~ Figure 4 shows the microstructure of two single
faults terminating within the particle. GaN:Ed" particles that have coalesced during the synthesis
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FIG. 4. HRTEM image of the coalescence of two GaN:Eparticles. Both

FIG. 2. Cathodoluminescence spectrum of GaNEat 5.7 K. particles show small cubic domains along141) direction.
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