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339 nm Deep-UV Emission from Alg 13Gag s7N/Aly.10Gag.eoN Double Heterostructure
Light-Emitting Diode on Sapphire Substrate
Nobuyuki Otsuka, Ayumu Tsujimura, Y oshiaki Hasegawa, Gaku Sugahara, Masahiro Kume and Yuzaburoh Ban
Matsushita Electric Industrial Co., Ltd., Advanced Technology Research Laboratories,
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We report 339 nm deep-ultraviolet (UV) emission, which we believe the shortest wavelength
from light-emitting diodes (LEDs) on sapphire at room-temperature (RT).

The AlxGaixN compounds have the potential for use in laser diodes (LD) and LEDs covering
nearly the entire deep-UV region of the spectrum (200~365 nm). Applications of deep-UV emitters
include high-density optical storage systems and high-efficiency lighting. Despite a considerable
amount of research directed towards InGaN-based violet LEDs,12 very little research has been
conducted on AlGaN-based UV LEDs.3% For the AlGaN double heterostructure (DH) LEDs, the
linewidth of emission peak in excess of 40 nm suggests a band-to-impurity transition.® Recently,
RT operations of multi-quantum well (MQW) LEDs with emission peak wavelengths 346 and 353
nm have been reported.s.”) Although the introduction of MQW structures is promising, the large
strain due to the difference in the Al molar fraction between the well and barrier layers causes a
significant piezoelectric field, resulting in the longer emission wavelength and poorer emission
efficiency. Thus, it is difficult to shorten the emission wavelength simply by narrowing the well
thickness or by increasing the Al molar fraction in the barrier layers.” In this paper we report on
the fabrication and the characterization of AlIGaN DH LEDs consisting of a relatively high Al
content active layer grown on sapphire in order for the deep-UV LEDs to suppress the piezoelectric
field.

We fabricated the LEDs on (0001) sapphire substrate because a crack-free thick GaN layer can
be grown on sapphire substrate under the active layer, resulting in the quality of the AlGaN active
layer on sapphire substrate being better than that on SiC substrate. We propose a LED structure
in which the Alg10GangoN active layer is sandwiched by undoped Alg13Gags/N barrier layers (BLDH)
to suppress carrier recombination involving Mg acceptors,® as shown in Fig. 1. The LED structures
were grown in a horizontal quartz tube reactor by low-pressure metalorganic vapor phase epitaxy
(MOVPE).®) The RT eectroluminescence (EL) spectrum from the BLDH-LED is shown in Fig. 2. An EL
emission at 339 nm, which is attributed to the active layer, as inferred from the PL spectrum of the LED structure,
is the shortest wavelength for LEDs on sapphire at RT, to our knowledge. For a DH-LED structure without
undoped barrier layers, we observed only an EL emission at 371 nm. Therefore, the undoped barrier layers play
important roles in obtaining the band-to-band emission of the active layer. The RT EL spectra from the
BLDH-LED for severa different forward injection current levels are shown in Fig. 3. The intensities of the EL
peaks at 339, 363, and 369 nm increase with the injection current with almost the same intensity ratios. The EL
peaks do not show any significant broadening or spectral shifts throughout the current range. The EL peaks at 363
and 369 nm are assumed to be attributed to the emission from the n-GaN layer and the recombination
involving Mg acceptors still remained in the BLDH-LED, respectively. The dependence of the integrated EL
intensity on forward injection current for the 339 nm peak is shown in Fig. 4. The EL intensity increases with the
injection current with a power (m) of 1.7 in the injection current range lower than 20 mA, while exhibiting a linear
dependence (m=1) in the injection current range higher than 20 mA, as reported for conventional LEDs.? These
results indicate that the recombination process is changed from recombination currents (m=2), in which the
currents are predominantly nonradiative, to diffusion current (m=1), in which the radiative recombination
resulting from band-to-band transition is dominant."d A full-width at half maximum linewidth of 5.6 nm (60
meV) obtained for the 339 nm peak in the BLDH-LED is significantly narrower than that previously reported for
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DH LEDs? and as narrow as that of 5.8 nm (57 meV) for MQW LEDs.® The narrow linewidth of the BLDH-LED

suggests that the emission is attributabl e to the band-to-band transition.

In summary, we have successfully observed 339 nm deep-UV emission for Alg13Gags/N / Alg10GapsoN DH
LEDs with undoped barrier layers on sapphire, which we believe to be the shortest wavelength yet reported. We
proposed the introduction of the undoped barrier layer to redize deep-UV emission by suppressing the
recombination involving Mg acceptors. The 5.6 nm emission linewidth as narrow as that reported for MQW
LEDs suggests band-to-band transition. These results, while providing an initia baseline, offer strong support for

the viability of AlGaN UV LEDs.
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Fig. 2. RT eectroluminescence spectrum  of

BLDH-LED. Emission peaks are a 339, 363 and 369
nm. Injection current is 20 mA.

—~ 10° : : :
4(2 | =339 nm o
c L
-] 105— .." L0
. y
2 4 o
8 10 .
2., .
5 10° L T 1
) <~
o *»
RS -
-l
L 101 1 1 1
101 100 10! 107

Current (mA)

103

Fig. 4. Dependence of integrated EL intensity on
forward injection current for 339 nm pesk of

BLDH-LED.



Paper No. 38

1. Akasaki, H. Amano, K. Itoh, N. Koide and K. Manabe, Inst. Phys. Conf. Ser. 129 (1993) 851.

2 S, Nakamura, T. Mukai and M. Sench, Appl. Phys. Lett. 64 (1994) 1687.

% Y. Kuga, T. Shirai, M. Haruyama, H. Kawanishi and Y. Suematsu, Jpn. J. Appl. Phys. 34 (1995)
4085.

* H. Hirayamaand Y. Aoyagi, Extended Abstracts 18" Electronic Materials Symposium (1999) pp.
79.

> T. Mukai, M. Yamadaand S. Nakamura, Jpn. J. Appl. Phys. 37 (1998) L1358.

® J. Han, M. H. Crawford, R. J. Shul, J. J. Figiel, M. Banas, L. Zhang, Y. K. Song, H. Zhou and A.
V. Nurmikko, Appl. Phys. Lett. 73 (1998) 1688.

” T. Nishidaand N. Kobayashi, Phys. Stat. Sol. (a) 176 (1999) 45.

8 A. Tsujimura, A. Ishibashi, Y. Hasegawa, S. Kamiyama, |. Kidoguchi, N. Otsuka, R.
Miyanaga, G. Sugahara, M. Suzuki, M. Kume, K. Harafuji and Y. Ban, Phys. Status
Solidi A 176 (1999) 53.

9 M. H. Pilkuhn and W. Shairer, Light Emitting Diodes, ed. T.S. Moss (Elsevier
Science Publishers B.V., Amsterdam, 1993) Vol. 4, Chap. 7, p. 634.

10 K. Kurisu and T. Taguchi, Electroluminescence, Springer Proroceedings in Physics,
ed. S. Shionoya and H. Kobayashi (Springer-Verlag Berlin, Heidelberg 1989) Vol. 38,
p. 367.



