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Green emission from Er-doped GaN grown by molecular beam epitaxy
on Si substrates
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Visible light emission has been obtained from Er-dope@aN thin films grown on $111). The

GaN was grown by molecular beam epitaxy using solid soufitesGa and Ey and a plasma gas
source for N. Photoexcitation with a He—Cd laser resulted in strong green emission from two
narrow green lines at 537 and 558 nm identified as Er transitions frodHhg, and*S,, levels to
the*l 15, ground state. X-ray diffraction shows the GaN:Er to be a wurtzitic single crystal film. The
growth temperature is seen to have a strong effect on the GaN:Er surface morpholod$98©
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In the development of GaN technology, sapphire is com-of the temperature range was2.4 um, giving a nominal
monly utilized as a substrate due to a lack of homoepitaxiagrowth rate of 0.8um/h. However, at the higher end of the
substrates, in spite of its large mismatch to GaN. Silicongrowth temperature range, the growth rate decreased signifi-
which also has a large lattice mismatch with Ga\N20%), is  cantly.

a potential alternative to growth on sapphire, due to its high ~ Photoluminescenc@L) characterization was performed
quality and wide availability as a large diameter and low coswith a He—Cd laser excitation source at a wavelength of 325
substrate. Silicon also benefits from its extensive utilizatior’m, corresponding to an energy greater than the GaN band
in the semiconductor industry. Any potential devices thatdap. The laser beam was focused to a spot size2ff0 um
make use of Si can more readily be integrated into industriafvith incident power on the sample at 4-8 mW. PL excitation
processes and exploit current technology. Previous researéfsulted in light green emission from the Er-doped GaN
has reportedr-GaN andB-GaN grown by both molecular films, visible with the naked eye. The room temperature PL

beam epitaxxMBE)1‘3 Si(111) and metalorganic chemical at visible wavelengths is shown in Fig. 1 for a GaN film
vapor depositiohon S(100) substrates. grown on Si at 750 °C substrate temperature. For compari-

In situ incorporatioi~8 of Er into AIN and GaN grown SO & sample previously grown on sapphire at 750 °C under

by MBE on both sapphire and silicon and its room temloera_similar conditions (Er cell temperature1100 °C) is also

ture infrared (IR) emission has been reported. We have reShown. The PL spectra were not taken with the same excita-

cently reportefi the first visible (green emission from E- tion power and, therefore, the relative intensities are not di-
doped GaN grown by MBE on sapphire substrates. In thigectly comparable. However, the same features are observed

letter, we report on Er-doped GaN growth experiments odn both spectra. For growth on both substrates, two major

Si(111) substrates, which demonstrate the feasibility of gr-emission multiplets are ob_served in the green wavelength
. - . . L . region with the strongest lines at 537 and 558 nm. These
inducedvisible light emission and the possibility of integra-

tion with Si technology. emission lines are produced by the Stark spkit,;, and

Er-doped GaN films were grown in a Riber MBE-32

system on 2 inp-Si(111) substrates. Solid sources were 369nm
employed to supply the G& N purity) and Er(3 N) fluxes, i 537 nm
while a SVTA rf plasma source was used to generate atomic | i

nitrogen. The films were grown without initial nitridation. 35
Plasma characteristics were kept constant throughout growtts, |
at 400 W rf power with a M flow rate of 1.5 sccm, corre- 2 | Sisubstrate
sponding to a chamber pressure of mid-1dorr. A buffer e
layer was deposited for 10 min at a temperature 200 °C€ 566 368 310 3
lower than the growth temperature. Er-doped GaN growtha [ "7 )  H
experiments were typically performed for 3 h, with substrate e T e
temperatures ranging from 750 to 950 °C and a constant Ge
beam pressure during growth of &20 7 Torr (cell tem-

perature of 922 °C The Er cell temperature was kept con- 400 450 500 550 600
stant at 1100 °C producing an approximate Er concentration
of 2x10°%cm® as measured by secondary ion mass spec-

trometry. The resulting GaN film thickness at the lower endFIG. 1. PL spectra of Er-doped GaN films grown at 750 °C on sapphire and
Si(111), with Er cell temperature of 1100 °C. Inset is UV band-edge emis-
sion of GaN film grown on Si. The PL is performed at room temperature
3E|ectronic mail: a.steckl@uc.edu with the He—Cd laser line at 325 nm.
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FIG. 3. Representative x-ray diffraction spectrum of Er-GaN filNp.
700 750 800 850 900 950 1000 100R) on S{(111). Inset indicates the FWHM of the G&bD02 peak. Sub-
Substrate Growth Temperature (°C) strate growth temperature was 800 °C with Er cell temperature of 1100 °C.

FIG. 2. Integrated intensity of th&H,,,, and*Sy, lines from the GaN:Er . .
film as a function of Si substrate growth temperature. The open symbols arotark-split levely has increased. A growth temperature of

for a GaN film with optimized buffer layer. Lines are drawn to aid the eye. 950 °C greatly reduced the GaN growth rate and no green
emission could be detected. On one sample, we attempted to
t+ optimize the buffer layer temperature based on the percent-

half maximum (FWHM) of the main component of these age of two-dimensiondPRD) structure(or “streakiness’) on

transitions is around 3 nm, which corresponds to an energ}f!® 9rowth surface as evident from reflection high-energy
width of ~13 meV. A broad emission region is also present,eleCtron diffraction(RHEED) patterns obtained for previous

peaking in the blue-green around 500 nm. The yellow ban@roWths. The resuit is shown as the open symbols in Fig. 2.
PL typically observed at-540—550 nm in conventionally This S|mple. pr.ellmlnary'test for optlmlzat!on demonstrates
grown GaN is absent. As shown in Fig.(ibse in the ul- that the emission mtensﬂy can be further mpreased. '
traviolet (UV) region for the GaN:Er/Si sample band edge The structural properties of the GaN:Er films were inves-
(BE) emission is present at 370 nm, although not nearly as
intense as the green emission.

Interestingly, Zanatta and Nurldshave recently re-
ported green emission at room temperature from Er, in this
case utilizing amorphous SiN insulating films as the host
material. Fora-SIiErN, the emission wavelengths were con-
siderably shiftedto values of 520 and 545 nnirom those
we observed in GaN:Er and the peaks were much broader
(with a FWHM of ~0.8 eV). In addition, the intensity of the
2H,,5, transition was less than that of th&,, transition in
a-SiErN, while in our material it was just the opposite.
However, there were many inherent material differences
which could explain the differences in the spectra: crystalline
versus amorphous structure, wide band-gap semiconductor
versus insulator, Er concentration of 10 at. %anSIiErN
versus 0.25 at. % for GaN. Furthermore, the excitation
source used foa-SIErN was an Ar laser at 488 nm, while
we utilized a He—Cd laser at 325 nm for GaN:Er excitation.
Wegdid not observe the Er transitions with excitation at 488
nm.

The integrated intensity of the green emission is shown
as a function of growth temperature in Fig. 2. The solid
upper line is the integrated signal in the vicinity of e,
emission, while the lower line contains the values corre-
sponding to the signal in the vicinity of tHtS,,, transition.

The general trend of the integrated PL intensity is to increase
with increasing growth temperature up to a certain cutoff at
950 °C. It should be noted that, while the height-to-
baCkground. mt.enSIty .Of the main emission peaks tends .tglG. 4. SEM micrographs of GaN:Er films grown on Si at a growth tem-
decrease with increasing growth temperature, the overall iNserature of(a) 750 °C;(b) 800 °C. The Er cell temperature was 1100 °C in

tegrated emissioffincluding the secondary peaks from the both cases.
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tigated by scanning electron microscofyJEM) and x-ray  source MBE. We have observed for the first time visible
diffraction (XRD). Figure 3 shows a representative x-ray emission from the GaN:Er films grown on Si. These results
spectrum from a thin filnfNo. 100R grown at 800 °C. Only demonstrate the possibility of future integration with current
the S{111) and thea-GaN(0002 peaks were present, indi- Si device technology. This work was supported by a BMDO/
cating good crystallinity. The FWHM of the GaN peak was ARO contract (L. Lome and J. Zavadaand an ARO
0.135°, compared to 0.104° for the(8L1) peak. The XRD AASERT grant. The authors would like to acknowledge
data were collected up to#2=120°, but contained no indi- many technical discussions and the support and encourage-
cation of othera-GaN phases or ang-GaN peaks. ment of J. Zavada. Equipment support was provided by an
SEM micrographs of GaN:Er samples grown at 750 °CARO URI grant and the Ohio Materials Network.

(No. 101R and 800 °C(No. 100R are shown in Fig. 4. The
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spikes protruding-0.5—-1um with an associated surface de- *J. W. Yang, C. J. Sun, Q. Chen, M. Z. Anwar, M. A. Khan, S. A. Ni-
pression. It is not clear whether these spikes are nucleationkishim. G. A. Seryogin, A. V. Osinsky, L. Cheryak, H. Temkin, C. Hu,
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