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1. Introduction

Wide bandgap semiconductors of IIl-nitride based ma-
terials have recently attracted considerable interest because
of their wide applications for optoelectronic devices such as
detectors, light-emitting diodes (LEDs) and laser diodes
(LDs) in green-blue-UV spectrum range.

In recent years, high efficiency GaN-based LEDs have
been attracted a great interest because of the wide applica-
tions such as traffic light, full color display, optical storage,
and lighting [1]. However, the total output light from these
LEDs is still rather low. Therefore, how to enhance the
efficiency of GaN-based LEDs is an area of active study.
Particularly, many studies of improvements are in the ex-
ternal quantum efficiency (1) because of a significant gap
between the internal efficiency of LEDs and their external
efficiency. The external quantum efficiency of the ni-
tride-based LEDs is often low due to the large refractive
index difference between the nitride epitaxial layer and the
air. It has been reported that the refractive indexes of GaN
and the air are 2.5 and 1, respectively. Thus the critical an-
gle [0, = sin”(ny-ngen)] for the light generated in the In-
GaN-GaN active region to escape is about 23° [2, 3]. Hence,
for a conventional GaN-based LED, just a small fraction of
light generated in the active region of the LED can escape
to the surrounding air. The light extraction efficiency en-
hancement method was discussed in many papers [4-8].

In this article, we report on the improved light output of
GaN-based LEDs using photoelectrochemical (PEC) oxida-
tion method via H,O on the p-GaN surface. The light out-
put efficiency of a LED structure with an oxide film on top
surface was significantly increased compared to that of a
conventional LED structure. The oxide film on the top sur-
face of the LED would also provide an efficient surface
passivation effect for the devices [8].

2. Experimet

GaN LED samples were grown on a c-face sapphire
(0001) substrate by MOCVD. The LED structure consists
of a 30-nm-thick GaN low temperature buffer layer, a
2.0-um-thick undoped GaN layer, a 1.5-um-thick highly
conductive n-type GaN layer, a multiple quantum wells
(MQWSs) region consisting of 2/5-nm-thick InGaN/GaN
five periods multiple quantum wells, and a 0.3-um-thick
p-type GaN. The LED sample was firstly divided into two
parts, one is for PEC oxidation; another is for comparable
without PEC oxidation. Both the samples were performed
regular LED process. The previous one for PEC oxidation
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is following performed PEC oxidation process using PEC
oxidation method in water with 15V bias-assisted under
300mW/cm? illumination during 30 and 45 minutes. Then,
the oxide film Ga,O; was grown on the surface of p-GaN.
In particularly, we chose water not commonly used KOH or
H;PO, for the solution of PEC oxidation process to ensure
that the oxide film won’t be etched after it formed [9]. The
size of LED devices is 300x300 pm?” and the p-, n-contact
are Ni/Au (20/200 nm) and Ti/Al/Ni/Au (20/150/20/200
nm), respectively. A mesh p-contact was used to improve
current spreading without transparent contact.

3. Results and discussions

The conventional LEDs, PEC-oxide LED by 30min
and 45min PEC process were both preformed output light
intensity-current-voltage (L-I-V) measurement. The com-
parison of L-I characteristic of conventional LED and
PEC-oxide LED are shown in Fig. 1. The figure shows that
the light output of the PEC-oxide LED was much higher
than the conventional LED (about 2.5 mW) under 20 mA
current injection. The light output of the oxided LEDs dur-
ing 30min and 45 min PEC process were increased about
16% and 37% respectively compared with the conventional
LED drived at 20 mA. The increased light output of the
LED with PEC-oxide surface is directly proportional with
the PEC-oxidation time and might result form the rough-
ness of the interface between oxide film and the top of the
LED surface. Additionally, the intermediate oxide layer can
enhance the probability of photons escaping from the LED
in the in-plane directions. By the way, the IV characteristics
of all the samples reveal that the dynamic resistance
(R=dV/dI) of LEDs after PEC oxidation process are almost
the same with the conventional LEDs, and the PEC oxida-
tion process would not degrade the I-V characteristic of
LEDs.
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Fig. 1 L-I characteristics of conventional and PEC oxided LEDs



In order to confirm the effects of the roughened sur-
face on the enhancement of light output, the atomic force
microscope (AFM) measurement was performed after the
oxide film was removed to expose the interface. Figure 2(a)
shows the AFM images of the top surface of conventional
LED and Fig. 2(b)-(c) show the exposed interface of oxide
film and the top of the LED surface. The RMS of p-GaN
surface roughness was around 2 nm as showed in Fig. 2(a).
Figure 2(b) and 2(c) exhibit that the RMS of p-GaN surface
roughness during 30min. and 45 min oxidation process are
about 9.4nm and 18.6nm respectively. The AFM images
suggest that the roughness of the interface between oxide
film and GaN increases with oxidation time and might en-
hance the light extraction efficiency.
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Fig. 2 AFM images of (a) the top surface of conventional LED
and the exposed interface by during (b) 30min, (c) 45min PEC
oxided processing.

4. Conclusions

In summary, we report on improved light output of
GaN-based LEDs using photoelectrochemical (PEC) oxida-
tion method via H,O on the p-GaN surface. The light out-
put of the oxided LEDs during 30min and 45 min PEC
process were increased about 16% and 37% respectively
compared with the conventional LED drived at 20 mA. The
AFM data show that the roughness of the interface between
oxide film and GaN increases with oxidation time and
might enhance the light extraction efficiency.
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