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Optical properties of Er-doped GaN
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Optical properties of Er (Erbium)-doped GaN epilayers have been investigated using photoluminescence (PL). Various doses of Er ions
were implanted on GaN epilayers by ion implantation. Sharp visible green emission lines due to inner 4f shell transitions for Er3+ were
observed from the PL spectrum of Er-implanted GaN. The emission spectrum consists of two narrow green lines at 537 and 558 nm. The
green emission lines are identified as Er3+ transitions from the5H11/2 and4S3/2 levels to the4I15/2 ground state. The stronger peaks in the
5×1014 cm−2 sample, together with the relatively higher intensity of the Er3+ luminescence in the lower doped sample, imply that some
damage remains in the 1×1015 cm−2 sample. The peak positions of emission lines due to inner 4f shell transitions for Er3+ do not change
with increasing temperature. This indicates that Er3+ related emission depends very little on the ambient temperature.
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Las propiedadeśopticas de epicapas de GaN dopadas con Er (erbium) se han investigado usando fotoluminiscencia (FL). Varias dosis de
iones de Er se implantaron en epicapas de GaN por implantación de iones. Se observaron lı́neas claramente visibles de emisión verde debidas
a la transicíon de la capa interna 4f para Er3+ del espectro de FL de GaN implantado con Er. El espectro de emisión consiste en dos lı́neas
verdes delgadas a 537 y 558 nm. Las lı́neas de emisión verdes se identifican como transiciones del Er3+ de los niveles 5H11/12 y 4S3/2 al
estado base 4I15/2; los picos más fuertes en la muestra de 5×1014 cm−2, junto con la intensidad relativamente más alta de la luminiscencia
Er3+ en la muestra dopada inferior. Esto implica que aún permanece algún dãno en la muestra de 1×1015 cm−2. Las posiciones pico de
las ĺıneas de emisión debidas a las transiciones internas 4f para Er3+ no cambian con la temperatura creciente. Esto indica que la emisión
relacionada con Er3+ depende muy poco de la temperatura del ambiente.

Descriptores:GaN; implantacíon; Er; fotoluminiscencia.

PACS: 78.55.-m

1. Introduction

Rare earth (RE) materials such as Er (Erbium), Eu (Eu-
ropium), Tm (Thulium), and Pr (Praseodymium) have been
of considerable interest for possible applications in light
emitting devices and for their unique optical properties [1-6].
The rare earth luminescence is reported as it depends very
little on the nature of the host and the ambient temperature.

GaN is one of the promising materials for optoelectronic
devices in the short wavelength region, because of its wide
band-gap and high level of optical activity even under con-
ditions of rather high defect density. In order to obtain an
efficient optical device, improvement of the luminescence ca-
pability is important. RE-doped GaN has been of great inter-
est for application in display and light emitting devices. The

emission from a RE-GaN is spectrally sharp and requires no
color filtering since it arises from atomic RE transition. Re-
cently, many results have been reported concerning the opti-
cal properties of Er-, Eu-, Tm-, and Pr-doped GaN grown on
sapphire or Si [1-6].

Er is known to be an efficient activator in several hosts,
giving rise to strong green luminescence. The development
of green-emission devices by GaN-based semiconductors is
attractive from the viewpoint of a monolithic device com-
posed of red, green, and blue light emitting diodes. Ion im-
plantation is widely used to incorporate impurity atoms into
the semiconductors and have become a workhorse technol-
ogy in modern semiconductor device fabrication. A high con-
centration of dopant atoms can be formed in localized regions
of a semiconductor host [7-9].
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FIGURE 1. PL spectrum of Er-doped GaN at 16 K. Er ions
were implanted at three different doses of 5×1013, 5×1014, and
1×1015cm−2at room temperature.

FIGURE 2. The higher resolution PL spectrum fromEr-doped GaN
of Fig. 1.

In this work, we have reported the optical characteristics
of the photoluminescence (PL) spectrum of Er-doped GaN
grown by metalorganic chemical vapor deposition (MOCVD)
on sapphire. We have observed sharp green visible emis-
sion from Er ions in GaN epilayers. PL properties of Er-
doped GaN with various conditions for ion implantation have
been investigated. Er ions are introduced onto GaN epilayers
grown on (0001) sapphire substrates by ion implantation.

2. Experiments

We have fabricated an Er-doped GaN structure by ion implan-
tation on the GaN epilayers grown by MOCVD. The doping
of GaN with Er can be carried out by MOCVD and molecular
beam epitaxy (MBE), both during growth. And it can also be
done by ion implantation after growth.

GaN on sapphire epilayers grown by MOCVD were im-
planted with 200 keV Er ions at three different doses of
5×1013, 5×1014, and 1×1015cm−2at room temperature. It
was chosen to give an approximation of a square concentra-
tion implant profile in the GaN epilayer (the projected range
and peak concentration were∼40nm and∼3.1×1019 cm−3,
respectively.) Following implantation, the samples were an-
nealed at 1050◦C for 30 minutes in 33% NH3 diluted with
N2 to repair damage resulting from the Er implantation and
to avoid decomposition of nitrides. The PL spectra were mea-
sured at 16K using a He-Cd (325 nm) laser.

3. Results and discussion

Figure 1 shows the PL spectra of Er doped GaN for three dif-
ferent doses of 5×1013, 5×1014and 1×1015 cm−2, measured
at 16 K. After the thermal annealing for 30 min, sharp peaks
of visible emission wereobtained from Er-doped GaN thin
films. Photo excitation by a He-Cd (325 nm), which is above
the GaN band-gap, resulted in relatively sharp green emis-
sion. RE ions can be excited by an energy transfer process
from electron-hole pairs generated in conduction and valance
bands (by photons from a He-Cd laser). The luminescence
of Er was excited indirectly, generating electron-hole pairs in
GaN hosts by He-Cd laser. By using the high excitation op-
tical energy source above the GaN band-gap, the transition
process can be more efficient. Because the electrons can be
excited strongly from the valance to the conduction band, an
efficient energy transfer to Er ions would be possible in GaN
epilayers. We can see the band edge emission of Er doped
GaN at around 400 nm and deep level emission around 500-
600 nm.

Figure 2 shows the higher resolution PL spectrum of
Fig. 1. It shows relatively sharp optical emissions due to 4f-4f
electron transitions with energies largely independent of the
dose density in Fig. 1. The strongest peak, at 558 nm, is due
to the4S3/2 levels for the4I15/2 ground state transition and
the other peak (537 nm) is identified as5H11/2 levels for the
4I15/2 ground state transition. The optical emission and the
PL peaks can be discussed easily by referring to Fig. 3, where
the Er inner shell transition energies up to the GaN band gap
energy (3.39 eV) are shown. Figure 3 shows the relevant en-
ergy levels in the PL spectrum of Er-doped GaN [10]. Op-
tically active level energies are adjusted to reflect observed
values in Er-implanted GaN. Sharp emission lines due to in-
ner 4f shell transitions for Er3+ can be observed from the PL
of Er-implanted GaN as shown in Figs. 1 and 2.
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FIGURE 3. Relevant energy levels in the PL spectrum of Er-doped
GaN.

FIGURE 4. The intensity of the PL peaks of 537 nm and 558 nm as
a function of the implanted dose density.

The narrow peaks may be caused by the energy trans-
fer from the conduction band edge of GaN to tetra valent Er
ions. It is expected that most of the excited carriers will be
captured by the Er related isovalent traps. The excitation is
carried out by a He-Cd laser source (325 nm). Many excited
electrons pumped by a laser source experience nonradiative
phonon transitions until they reach various inner shell energy
levels of the Er atoms, where they can transfer their energy.
The very important question is where the trivalent rare earth
ions are incorporated in GaN: at substitutional sites on the
metal sublattice and/or interstitial sites. After implantation,
Er atoms occupy relaxed Ga substitutional sites. In this Ga

site the tetrahedral bonding for Er3+ results in the allowance
of normally forbidden Er3+ inner-shell 4f-4f transitions. It
is generally accepted that rare earth impurities in III-V semi-
conductors create isoelectronic traps [11]. But the RE ion
in III-V semiconductors can occupy different sites (not only
substitutional). They can create more complex centers in-
volving other impurities or native defects.

Figure 4 shows the intensity of the PL peaks of 537 and
558 nm as a function of the implanted dose density. As
the dose density is increased, the one peak intensity of 558
nm in the 5×1014 cm−2 sample increased a little and that
of 537 nm was nearly unchanged. But the two peaks in
the 1×1015 cm−2 sample decreased apparently compared
to those of 5×1013 cm−2 and 5×1014 cm−2. The stronger
peaks in the 5×1014 cm−2 sample, together with the rela-
tively higher intensity of the Er3+ luminescence in the lower
doped sample, indicate that some damage remains in the
1×1015 cm−2 sample. In order to realize Er-GaN as a light
emitting source, further improvement of the luminescence ca-
pability is required.

Figure 5 shows temperature dependence of PL intensity
of Er-implanted GaN. With increasing temperature, the PL
intensity of band edge emission rapidly decreases. In the case
of the Er3+ related emission, the intensity does not much de-
pend on the measured temperature. It implies that the capture
rate of photon-generated carriers by Er3+ ions is not depen-
dent on the temperature. The peak positions of emission lines
due to inner 4f shell transitions for Er3+ do not change with
an increasing temperature. These results indicate that Er3+

related emission depends very little on the ambient tempera-
ture.

FIGURE 5. Temperature dependence of PL intensity f Er-implanted
GaN.
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4. Conclusion

Visible light emission has been observed from Er-doped GaN
epilayers. The GaN epilayers were grown by MOCVD on
sapphire substrates and implanted with different doses of Er
ions. The emission spectrum consists of two narrow peaks at
537 nm and 558 nm. The narrow lines have been identified
as Er3+ transitions from the5H11/2 and4S3/2 levels to the
4I15/2 ground state. Some damage seems to have remained
in the sample with the highest dose density of 1×1015 cm−2.

The peak positions of emission lines due to inner 4f shell
transitions for Er3+ do not change with an increasing tem-
perature. This indicates that Er3+ related emission depends
very little on the ambient temperature.
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