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1. Introduction

Ultraviolet light emitting diodes (UV-LEDs) have
been attracted a great deal of interest as excitation light
sources for photocatalyst, solid state lighting or future high
density optical data storage systems. IlI-V nitride is the
only viable choice of the material for the UV-LED at
present, by which reasonable bright ones have been already
reported [1-3]. Aiming at the commercialization, lowering
the fabrication cost is the most critical issue. Use of large
diameter Si (111) substrates is very promising, however, it
has been believed that increase of the emission efficiency
of the UV-LEDs on Si (111) should be limited because
many dislocations in the order of 10°%cm™ would act as
non-radiative recombination centers in the conventional
AlGaN-based active layers [3,4].

In this paper, we demonstrate bright UV-LEDs on Si
(111) using InAlGaN quaternary alloy active layers. The
InAlGaN well layers with high In contents up to 10%
effectively increase the luminous intensity presumably
originated from the localized excitons in the
inhomogeneous InAlGaN. The obtained internal quantum
efficiency (IQE) of the active layer is as high as 15% at
348nm even on highly defective base layers on Si (111).

2. Structure of UV-LEDs on Si (111)

Figure 1 shows a schematic cross-section of the
fabricated the UV-LED on a Si (111) substrate. The
epitaxal structure is grown by metal organic chemical vapor
deposition (MOCVD), which includes AIN/AIGaN
superlattices (SLs) buffer layers and InAlGaN/AlGaN
multi-quantum wells (MQW) active layers.

The In mole fraction of the quaternary InAlGaN well
layer is varied up to 10% which is higher than the reported
values for the active layers emitting UV light [5, 6]. The
high In contents would cause localized excitons in the
inhomogeneity in the InAlGaN. Note that the well
thickness and compositions are designed to emit UV light
at around 350nm.

Figure 2 shows the cross-sectional transmission
electron microscope (X-TEM) image of the UV-LED
structure on Si (111), in which sharp interfaces in the
superlattice with the dislocation density of 2x10°cm™ in
the overgrown AlGaN are observed.

3. Luminous properties of UV-LEDs on Si (111)

Prior to the LED fabrication, we examine the
luminous  characteristics  of  the MQW by
photoluminescence (PL) varying the temperatures from
10K to 300K. Figure 3 shows the resultant PL peak
intensities as a function of the temperatures. The mole

fractions and well thicknesses of the MQW are summarized
in Table I. Assuming that non-radiative recombination dose
not occur at 10K, the PL intensity at 300K normalized by
that at 10K is defined as the IQE of the active layers. The
obtained 15% of IQE is as high as that on SiC substrate for
the UV emission [5]. In addition, the InAlGaN with 10% of
In exhibits inhomogeneous emission as is seen in the
monochromatic cathode luminescence (CL) image in
Figure 4. The high IQE with inhomogeneous emission
implies that the effect of the dislocation is successfully
screened by the localized excitons in the inhomogeneous
InAlGaN with high In contents.

Figure 5 shows the electroluminescence (EL) spectra
of the fabricated UV-LEDs on Si (111) varying the In
contents in INAlGaN. The peak intensities are plotted as a
function of the In contents in Figure 6. The EL intensity
increases as the In content increases, which is consistent
with the PL data shown in Fig 5. It is also noted that the
structure of the UV-LED dose not contain any GaN layer
which could absorb the light with the wavelength shorter
than 365nm.  Separation of the above LED structure from
Si (111) substrate and transferring it to the other substrate
with highly reflective electrodes would further enhance the
brightness of the UV-LED.

4. Conclusions

In conclusion, we have successfully demonstrate
highly-efficient UV-LEDs on Si (111) using InAlGaN
quaternary alloy MQW with high In contents up to 10%.
The resultant IQE of the active layer is as high as 15% with
inhomogeneous emission presumably originated from the
localized excitons. The presented LEDs would enable low
cost fabrication of the UV emitters to be used in the future
applications including photocatalyst system or high density
data storage systems.
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Table I. Summary of the examined InAlGaN/AlIGaN MQW mole fractions and well thickness of the characterized MQW.

Composition Well thickness Barrier thickness PL peak wavelength
(well/barrier) (nm) (nm) (nm)

(a) A|0.04Gag'geN/A|0.15Gao_85N 3 10 353

(b) |no_ggA|oloseag'gzN/Alol15Gao_85N 3 10 356

() Ing g7Alg 05Gag gsN/Alg 15Gag gsN 2 10 357

(d) |no_loA|0.07Gag'3gN/A|0.15Gao_85N 2 10 356
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