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Abstract Ultraviolet (UV) light emitting diodes (LEDs) were grown on a patterned n-type GaN substrate (PNS) with 200 nm
silicon-di-oxide (SiO2) nano pattern diameter to improve the light output efficiency of the diodes. Wet etched self assembled
indium tin oxide (ITO) nano clusters serve as a dry etching mask for converting the SiO2 layer grown on the n-GaN template
into SiO2 nano patterns by inductively coupled plasma etching. PNS is obtained by n-GaN regrowth on the SiO2 nano patterns
and UV-LEDs were fabricated using PNS as a template. Two UV-LEDs, a reference LED without PNS and a 200 nm PNS
UV-LEDs were fabricated. Scanning Electron microscopy (SEM), Transmission Electron Microscopy (TEM), X-Ray Diffraction
(XRD), Photoluminescence (PL) and Light output intensity- Input current- Voltage (L-I-V) characteristics were used to evaluate
the ITO-Si0, nanopattern surface morphology, threading dislocation propagation, PNS crystalline property, PNS optical property
and UVLED device performance respectively. The light out put intensity was enhanced by 1.6times@100mA for the LED
grown on PNS compared to the reference LED with out PNS.
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Fig. 1. Schematic diagram of PNS UV-LED. SiO, nano sized
columns are on an internal n-GaN layer.

35 - e

AR - A -

Fig. 2. SEM image of (a) self assembled ITO-SiO, layer and (b)
SiO, nano patterns after ITO removal.
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Table 1. Results of XRD rocking curve.
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Fig. 3. Cross section TEM image of 200 nm PNS UV-LED.
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Fig. 4. Light intensity vs input current characteristics. The inset
shows optical microscope image of reference(left) and PNS UV-
LED(right) at 50 mA.
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Fig. 5. Input current vs. voltage characteristic.
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Fig. 6. PL property with PNS structure; (a) reference, (b) one PNS
and (c) double PNS.

=718k} reference2}t ¥l S w, 100 mA°A4] PNS
UV-LEDS] 7% oF 1.68] S71ske 232 AATh. light
output intensity®] S7F= SiO, patternE2] 73S 2 HE
22} Q= threading dislocation blocking® 2 <13+ g
o] AXAde] i wfiEol™ HESE SiO, nano patterns©]
UV-LED®] ¥g5olr YQ= Yo scatteringS F-=31]
Hop @2 Yo oJRE whd ver] wEgl Zow 3w
ChEl T

Fig. 49] inset> Reference(¥1%)2} PNS UV-LED(2-&
Z)ell 50mAE Zo] B8 An|Fd o R Az ARxlo|tt
obd Az} miR7IX| 2 Hizuke} 740] PNS UV-LED]
light output intensity”} 57 =< & & 5+ 3

Fig. 5% reference®} PNS UV-LED?] I-VEAS e}
itk 52 AF 50 mAA] reference®t PNS UV-LED]
A Ak 22t 3.1VEF 32VE YERTE AAA0] S



\ﬂ'hgrﬁ . ZHAT

—
1o O]OC:)L\_:_— °

276
7FehA RIS A okaet” skx)uk Fig. SellA
PNS UV-LED®] &2 %te] 0.1V S7Fetdeh. L o=
4 % Cleaning®] A} re-growth 374 2719] =}o
(n-GaN growth= Aol &3 re-growth=
F37]edodM JAPsATh=E QA3 Aom F5=m
g zx71e] HAsr e FHh

Fig. 6 reference, PNS UV-LED$} double PNS UV-
LEDS] PL 54< YeRA reference ti¥] PNS UV-LED
9} double PNS UV-LED®| 7-¢- PL intensity”} 2z} <F
1.86, 3.87 S7lsle AHE AUTE. wbA, o] Ae} o]
7] XRD, TEM ZA3& 53l PNS| SiO, nano pattern
E2 GaNWol|A] nano-ELOGZ Z8-3ll GaNe] crystal

qualityE 4 A7 ol @371 e Ao s AdET)

:1F rr

-
-

ofl o

4.4 B

2 AFoME SiOyF We7]E iHE ntype GaNE
o]-§-sto] UV-LEDE Al#tstsitt. XRD 43 TEM &
A, PL¥4]S %3l nano-patterns°] threading dislocation
< blocking 3F+= nano-ELOGZ 283} n-GaNZ-<] 24
o] FFES Il 3 LI-ViEA 23 PNS
UV-LED] light intensity7} 1.6¥] Z7}3HS el &9l
£ ATE 53 PNSY nano-ELOG T} 29| scattering
point2A] BIE FRIsIglon, ko =% PNS 349 F
Zslol|l thek A5 S8 HS LED| &&S /Y
As AoE 7thgict

Karthikeyan Giri Sadasivam *

3

¥

1.

2.

3.

10.

i

Y. Kawakami, Y. Narukawa, K. Omae, S. Fujita and S.
Nakumara, Phys. Status Solidi, 178, 331 (2000).

T. Nishida, H. Saito and N. Kobayashi, Appl. Phys.
Lett., 79, 711 (2001).

N. Grandjean and J. Massies, J. Cryst. Growth, 134, 51
(1993).

. E. J. Kang, C. Huh, S. H. Lee, J. J. Jung, S. J. Lee and

S. J. Park, Electrochem. Solid State Lett., 8(12), G327
(2005).

. S.J. Park, K. G. Sadasivam, T. H. Chung, G. C. Hong, J.

B. Kim, S. M. Kim, S. H. Park, S. R. Jeon and J. K. Lee,
J. Nanosci. Nanotechnol., 8, 5393 (2008).

. T. Fujii, Y. Gao, R. Sharma, E. L. Hu, S. P. DenBaars and

S. Nakamura, Appl. Phys. Lett., 84, 855 (2004).

. J. Cho, H. Kim, H. Kim, J. W. Lee, S. Yoon, C. Sone, Y.

Park and E. Yoon, Phys. Status Solidi C, 2, 2874 (2005).

. M. Yamada, T. Mitani, Y. Narukawa, S. Shioji, I. Niki, S.

Sonobe, K. Deguchi, M. Sano and T. Mukai, Jpn. J. Appl.
Phys., 41, L1431 (2002).

. H. W. Huang, J. K. Huang, S. Y. Kuo, K. Y. Lee and H.

C. Kuo, Appl. Phys. Lett., 96, 263115 (2010).

K. W. Kwon, S. H. Park, S. S. Cho, B. J. Kim, I. H. Kim,
J. K. Lee, S. W. Ryu and Y. H. Kim, Jpn. J. Appl. Phys.,
46, 7622 (2007).



