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Green electroluminescence from Er-doped GaN Schottky barrier diodes
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Visible light electroluminescencéEL) has been obtained from Er-doped GaN Schottky barrier
diodes. The GaN was grown by molecular beam epitaxy on Si substrates using solid sonGes

and E) and a plasma source for,NAI was utilized for both the Schottk§small-areqand ground
(large-areaelectrodes. Strong green light emission was observed under reverse bias, with weaker
emission present under forward bias. The emission spectrum consists of two narrow green lines at
537 and 558 nm and minor peaks at 413 and at 666/672 nm. The green emission lines have been
identified as Er transitions from tHéd,,,, and*S;,, levels to the*l 15, ground state and the blue and

red peaks as théHg, and *Fg, Er transitions to the same ground state. The reverse bias EL
intensity was found to increase linearly with bias current. 1898 American Institute of Physics.
[S0003-695(98)00343-X

Starting with the pioneering wotlof Ennenet al. with  Ga cell temperature of 922 °Corresponding to a beam
erbium-doped Sip—n junctions, Er-doped semiconductor pressure of 8.210 7 Torr), and Er cell temperature of
light-emitting diodes(LED’s) have been shown to emit in 1100 °C. The resulting GaN growth rate wa®.8 um/h and
the near infraredIR) at ~1.5 um. The near-IR emission the Er concentration was 5x10°%cn?. GaN films with a
corresponds to transitions between the lowest excited statBickness of~2.5 um were utilized.

(*l13) and the ground state’l;s) of the erbium atoms. To fabricate Schottky diodes on the GaN:Er fiims a
Improvements in emission efficiency of Er-doped Si IR semitransparent Al layer was deposited by sputtering. The Al
LED’s obtained by co-doping with oxygen have enabledfilm was patterned into a series of ring structures of varying
room-temperature operatiéri.Wide-band-gap semiconduc- areas utilizing a lift-off process. The Al rings served as indi-
tors (WBGY) are attractive Er hosts because the emissioryidual Schottky contacts, while the large continuous Al sur-
efficiency appears to increase with the band-gap Vatbes face was used as the common ground electrode. Electrolumi-
allowing room-temperature operation without the need to in"escence(EL) characterization at ultravioletUVv) and
troduce other impurities. Electroluminescence has been r&/Sible wavelengths was performed with a 0.3 m Acton Re-
ported from several WBGS hosts, including Er-dopedseamh spectrometer outfitted with a photomultiplier tube
GaAs® GaP® GaN7*® Znse®% and SiC! The properties of (PMT) detector._ All measu.remelnts were conducted at room
Er-doped GaN and other 1ll—V semiconductors has been rd€mperature using dc applied bias voltage and current.
cently reviewed by Zavada and ZhatigThe GaN-based Applying reverse bias current of the order of 1 mA to a

semiconductor structures are of great interest because th&AN:Er Schottky LED results in green emission visible with

appear to be optically very robust, exhibiting high emissionthe_ naked eye unde_r normal _aml_)ient lighting conditions. A
typical EL spectrum is shown in Fig. 1 for a LED operated at

levels under conditions of defect density that would normally1 5 mA. Th ds f 350 to 700 .
guench emission in other smaller-gap llI-V and wide-gap_ MA. The spectrum extends from to nm, covering

lI-VI compounds'® As a consequence, LED’s and Iasers;hESQ\{SPQregfwaYﬁ?ngth range.tTge a_rtea :fzthAe/ c:;:z)de IS
based on intrinsic emission from Gafdnd related alloys . cnT, yielding a current densily 0 cnt.

have developed extremely rapidly in the past few y&4rs. The emission spectrum consists of two strong and narrow

We have recently reported visible photoluminescence
(PL) from Er-doped GaN films grown on sappHitand Si® T '5'3"";'5;3' ——5580m |
In this letter, we report the operation of Er-doped GaN 3409
Schottky contact LED’s emitting visible light. Er-doped GaN _
films were grown in a Riber MBE-32 system on 2 m.Si :ﬂ -
(111 substrates. Solid sources were employed to supply theE
Ga(7N purity) and Er(3N) fluxes, while an SVTA rf-plasma &

" |Bias: Current- 1.5mA |

source was used to generate atomic nitrogen. For the Workﬁ 1::: r 413nm 666, 672 nm ;
reported here, a GaN buffer layer was first deposited for 10& 600 |

min at a temperature of 600 °C, followed by GaN growth at
a temperature of 750 °C. The growth conditions were as fol- 400
lows: N, flow rate of 1.5 sccm at a plasma power of 400 W,

350 400 450 500 550 600 650 700
Wavelength (nm)

3E|ectronic mail: a.steckl@uc.edu
Ypermanent address: Air Force Research Laboratory, Wright—PattersdrG. 1. Room-temperature, visible EL spectrum of GaN:Er Schottky barrier
AFB, OH 45433. LED (7.65< 10~ * cn? area operating with 1.5 mA current.
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[ © ] energy width of 25.8 meV. The corresponding PL peak has a
[ ] FWHM of around 3 nm(=~13 me\). It is instructive to com-
0 ] pare these emission characteristics to those of conventional
[ / \fﬂ ] GaN-based green LED’s. As discussed by Nakamura and
600 [ Fasol'* there are two approaches for obtaining green LED’s

utilizing 1lI-N alloys: (a) an InGaN/AlGaN double hetero-
500 . ] junction (DH) structure; andb) an InGaN single quantum
r VW ] well (SQW) structure. The DH structure requires heavy co-
M ] doping (~10'%cm?®) with Si and Zn to achieve green emis-
400 A sion. The InGaN DH LED biased at 0.5 mA emits at a wave-
S N P I I I I T length of 537 nm, with a FWHM 0f-90 nm(Ref. 14, see p.
650 655 660 665 670 675 680 685 690 190. The InGaN SQW structure requires the growth of
Wavelength (nm) seven layers, includga 2 nmthick quantum well. The com-
position of the SQW determines the emission wavelength.

FIG. 2. High-resolution spectra of the EL-active regions from the GaN:Er , - .
Schottky barrier diode (7.6510 4 cn? area operating with 1.2 mA cur- Green SQW LED’s emitting at 525 and 550 nm have line-

EL Intensity (a.u.)
'»1~'-
e

rent: (a) blue peak;(b) green peaks; angt) orange-red peaks. widths of 45 and 65 nm, respective(Ref. 14, see p. 204
lines at 537 and 558 nm, which provide the green emission Bias Current Density (Alkcm?)

color. The two green lines have been identified as Er 14000 05 19 b
transitions’ from the ?H,;,, and *S;;, levels to the?l g, ; Fad
ground state. Photoluminescer(@) characterization of the 12000 |- S Pt
same GaN:Er films grown on Si performed with a He—Cd 4 40000 E . X _:‘"

laser excitation source at a wavelength of 325 nm, corre-g : o«

sponding to an energy greater than the GaN band gap, alsr% 8000 =gy At

produced green emission from the same two transitions. Mi- §  go0 [ o

nor EL peaks are observed in Fig. 1 at 413 and at 666/672= [ o

nm. They correspond, respectively, to théy, and*Fg, Er @ 4000 (@ s . v ey
transitions to the same ground state. No intrinsic band-edge 500 F.d . Area: 7.65107 cm
EL emission from the GaN itself was observed. 5-', o

Expanded sections of the EL emission peaks from the
spectrum of Fig. 1 are shown in Fig. 2. The full width at half
maximum(FWHM) of these emission lines is around 6 nm.

For the largest EL peak at 537 nm, this is equivalent to an FIG. 4. Total visible EL emission intensity vs bias current at 300 K.
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Current Densty (Alom2) approximately 95% of the optical emission. As can be seen
2s000™ 05 1.0 1.5 2.0 from Fig. 4, a linear relation is maintained between the op-
- #3 w3 tical output and the bias current over a wide range of values.
20000 [ o Interestingly, at current values smaller than 208, the re-
- - ) lationship is still linear, albeit with a different slope. This
;; ¥ & s ’ fundamental current-light dependence holds for diodes of
g "L T Wt different areas. As shown in Fig(&, the EL intensity ver-
s - N ’ sus current density for three diodes with areas ranging from 2
£ 10000 2 T to 7.65< 104 cn? falls within a narrow range. Figure(s)
w . an indicates the EL intensity levels produced as a function of
5000 | i G 4 applied voltage for the same three diodes. Once again, the
L 5.0 @ values for all three diodes fall within a rather narrow range
e —_—t—— defining a power-law dependence.
25000 : In summary, we have reported visiklgreen electrolu-
a minescence characteristics of Er-doped GaN. The EL of the
20000 |- / GaN:Er Schottky LED’s as a function of input current indi-
) [ / cates a well-behaved device characteristic. The use of Al for
% 15000 me both the Schottky and grouqd electrode pro'vides a s.ir.nple
] [ »/0 and rapid process for evaluation of these devices. Significant
£ 10000 : = improvements in diode characteristics will likely come from
] i L5 more sophisticated contact approaches. We conclude that
s = GaN:Er LED’s represent a significant addition to the rapidly
5000 o . . . .
i / expanding array of GaN-based light-emitting devices.
F ()//6 ()
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