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Visible emission from Er-doped GaN grown by solid source molecular
beam epitaxy
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Visible light emission has been obtained from Er-doped GaN thin films. The GaN was grown by
molecular beam epitaxy on sapphire substrates using solid sqfoc&za, Al, and Ey and a plasma

gas source for N Above GaN band-gap photoexcitation resulted in strong green emission. The
emission spectrum consists of two narrow green lines at 537 and 558 nm and a broad peak at light
blue wavelength$480—510 nm The narrow lines have been identified as Er transitions from the
2H,,,and*S;, levels to the'l 15, ground state. The intensity of the 558 nm emission decreases with
increasing temperature, while the intensity of the 537 nm line actually peak3CQ K. This effect

is explained based on the thermalization of electrons between the two closely spaced energy levels.
© 1998 American Institute of Physids50003-695(98)03438-X

While great progressis being made in enhancing the 8.2x 1077 Torr (cell temperature of 922 9C The Er cell
emission intensity of Er-doped Si, it still experiences signifi-temperature was varied from 950 to 1100 °C. The resulting
cant loss in luminescence efficiency at room temperaturg&saN film thickness was nominally 2,4m giving a growth
compared to low temperature. This thermal quenching wasgate of 0.8um/h, as measured by scanning electron micros-
showrf by Favennecet al. to decrease with the band-gap copy (SEM) and transmission optical spectroscopy.
energy of the semiconductor. Examples of rare eéRB)- PhotoluminescencéPL) characterization was performed
doped wide band-gap semiconduct@¢BGSs which have  with two excitation sourceqa) above the GaN band gap—
been reported include GaPSIC* and 1lI-V compounds. He—Cd laser at 325 ni#—8 mW on the sample(b) below
Advantages of WBGS over other semiconductors and glassébe GaN band gap—Ar laser at 488 26—-30 mW. The
also include chemical stability, carrier generation excite ~ PL signal was analyzed by a 0.3 m Acton Research spec-
the RB, and physical stability over a wide temperaturetrometer outfitted with a photomultiplier for ultraviolet
range. The IlI-N semiconducting compounds are of particu{UV)-visible wavelength¢350—600 nmand an InGaAs de-
lar interest because of their direct band gap and high level gector for infrared(1.5 um) measurements. The PL signal of
optical activity even under conditions of rather high defectthe Er-doped GaN samples was obtained over the 88—400 K
density, which would quench emission in other smaller-gagémperature range.

-V and wide-gap 11-VI compounds. Laser diodes fabri-  Above band-gap excitatiofHe—Cd lasey resulted in

cated using GaN-based structures are rapidly reaching tHight green emission from the Er-doped GaN films, visible
commercialization stage. with the naked eye. The room temperature PL at visible

The doping of Ill nitrides(GaN, AIN) with Er by mo- wavelgngths is shown.in Fig. 1 for a GaN film grown on
lecular beam epitaxyMBE) and metalorganic chemical va- SaPphire at 750 °C with the Er cell at a temperature of
por deposition(MOCVD) both during growth and post
growth by ion implantation has been recently repofte.
The successfuh situincorporation®!>®of Er into AIN and [ substrate :  750°C
GaN by MBE and its infraredIR) emission characteristics L Er Cell : 1100°C
have been reported. None of the papers in the literature re-
port emission in the visible range from Er-doped llI-nitrides.

We have grown Er-doped GaN films in a Riber MBE-32
system directly orc-axis sapphire substrates. Solid sources
were employed to supply the G@ N purity), Al (6 N), and
Er (3 N) fluxes, while an SVTA Corp. rf plasma source was
used to generate atomic nitrogen. The substrate was initially
nitrided at 750 °C for 30 min at 400 W rf power with a N I /MW\J K/
flow rate of 1.5 sccm, corresponding to a chamber pressure L
of mid-10"° Torr. An AIN buffer layer was grown at 550 °C o / ‘ L L T
for 10 min with an Al beam pressure of %30 8 Torr (cell 400 450 500 550 600
temperature of 970 °C Growth of the Er-doped GaN pro- Wavelength (nm)

ceeded at 750 °C fa8 h with a constant Ga beam pressure of

FIG. 1. Visible PL spectrum of Er-doped GaN film grown on sapphire at
950 °C with an Er cell temperature of 1100 °C. The PL is performed at room
3E|ectronic mail: a.steckl@uc.edu temperature with the He—Cd laser line at 325 nm.
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FIG. 2. Relevant energy levels in the PL of GaN:Er films: excitation laser 13,2 level in ,the case of Brhas been genera"_y reported. In
photon energies, GaN conduction band edge andf Emeérgy levels. our GaN:Er films we have observed for the first time strong
emission from upper excited leveléH;, and“S,,) when
o : . . . hotopumping with the He—Cd laser. It is interesting to point
L100*C. TV\IIO mar:or emssprrw] n;ultlplets are I(.)bservegég thé:)ut that photons from the 488 Ar laser line, which do not
gr;gen Waxebengctj region with the .strolngest Ines at Ki ar_‘groduce this visible green emission, have sufficient energy
" I.”T]‘t'bl ro":‘ 4865”'33'°Tnhreg"|’|“ 'SS‘S% Ft’re_serl‘lt' p‘;a '”gé 2,54 e\} to be absorbed by these Er levels. Utilizing
elg ue a nm. the yellow band typically ODSEIVedyp, e Gan band-gap excitation is a more efficient process

at ~bS£}O—5:O gm n GaN P.L IS ?bsent. Indtgdrestmglljy, utiliz- because of the combination of strong photogeneration of ex-
ing below band-gap excitatiofhr lasey we did not o S€IVE " iited electrons and efficient energy transfer to Er ions.

the green emission. While this letter is concerned with vis- The temperature dependence of the PL intensity of the
ible emission from GaN:Er, the near IR emission at Ar 2H,,,, and*S,, lines is shown in Fig. 3 for the GaN:Er film

IS :Ist;olof great pra_ctlf_:al |mpo|rtadnc_:e. BothIF?bov_e t_)and-gaarown with an Er cell temperature of 1100 °C. It is important
an Tr? ow—lga_p e>;]c.|tatt)|on resu tﬁ In near- err:ussmn. to note that the intensity of th&S;, line decreases mono-
e relationship between the excitation photon energBfonically with increasing temperature, while the;,, line

and the PL emit.ted phqton energy can be more easily diSFlas a maximum at around 300 K. The two curves actually
cg_ssed by r_eferrmg to Fig. 2, where the Er inner shell tran< 0ss at~250 K, with the 2H,;,, line being consistently
sition energies up to the GaN band-gap ene@y e\) are stronger than théS,, line at higher temperatures. The most

sQown along Wr']th the; pump I;]ser ph%ton ener'glei. Th.(ejt:]raqfkely explanation for the opposite temperature dependence
sition energy(shown in parentheseand approximate wi between the two closely spaced electronic states is that elec-

of the Er levels are based on the emission spectrum of thﬁons are thermally equilibrated between the two levels at

X v )
free ”"’i”"%”t Ef* ion (see: fpr e_xample, Dieke and temperatures below 300 K. Under thermalization conditions,
Crosswhité’). The green emission lines are produced by

2H,,,, and*S;, transitions to thél ;5,, ground state. The 1.5
um emission is generated by transitions from thg, state

to the same ground state. The energy values associated wit
these three transitionshown in bold are based on the PL

*—I, @ 588 nm

emission spectra from our GaN:Er films. Photopumping with 3 28/

the 3.8 eV photons of the He—Cd laser produces strong pro- € Ty @ 537 nm
motion of electrons into the GaN conduction band because ol ‘?, “\‘\

the high absorption coefficient at above band-gap wave- g

lengths. A certain fraction of these excited carriers lose their f [—Ratio : E, ;= 101.5 meV

energy through radiative recombination accompanied by';
GaN band-edge emission. However, many excited electrons § - 2

povvd vl s eved 3l il vl el 31

o
L e L L R B L L I

~
experience nonradiative phonon transitions until they reach #90R \
the various inner shell energy levels of the Er atoms where Er Cell : 1100 °Cf TS
they can transfer their energy. While many of the Er transi-  -40L. . | . , | e N
tions are in principle parity forbidden, the Stark splitting of 2 4 6 8 10 12

these levels, which occurs because of interaction with the Inverse Temperature (1000/K)

host material, results in some of them becoming allowed: g 4. Ratio of PL intensity from théH,y,, and*Sy, lines as a function of

transitions. In RE-doped glasses, many of these levels showciprocal measurement temperature.
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as we decrease the temperature from 300 to 88 K, the PL  This work was supported by a BMDO/ARO contrdkt
intensity from the uppetH ,,,, level is reduced as it increas- Lome and J. Zavadaand an ARO AASERT grant. The au-
ingly feeds electrons to the lowé8;, level, whose intensity  thors would like to acknowledge many technical discussions
increases as we reduce the temperature. Above 300 K, trand the support and encouragement of J. Zavada. Equipment
intensity of both levels decreases with increasing temperasupport was provided by an ARO URI grant and the Ohio
ture, indicating that the supply of electrons to #&,;,and  Materials Network.
4S,,, states is being reduced by oth@onradiative transi-
tion paths.
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