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Abstract

High-power light-emitting diodes (LEDs) and laser diodes have
been realized on nonpolar planes of bulk-GaN substrates.
Spontaneously polarized light emission is obtained from nonpolar
LEDs, which is believed to improve the system energy efficiency
when nonpolar LEDs are combined with liquid-crystal displays.
Preliminary experimental results are reported.

1. Introduction

Solid-state lighting has attracted vast attention in terms of the
energy saving, for which light-emitting diodes (LEDs) are the key
technology. White LEDs [1] have been used for liquid-crystal
display (LCD) backlighting. This way of using white LEDs is not
energy efficient since LCDs utilize polarized light, which is
obtained by passing light through a polarization film. Polarization
films have a typical transmission of 30% (50% by eliminating one
of two polarizations and 20% by absorption of the film). In
addition, color filters are necessary for color LCDs, thereby
lowering efficiency further. Nonpolar-oriented InGaN LEDs emit
polarized monochromatic light, which is believed to offer a
reduction in optical energy absorption in the LCD unit. The present
report demonstrates advantages in energy savings by employing
nonpolar LEDs with an LCD unit in addition to recent results in the
nonpolar optoelectronics research. Preliminary studies can be found
inRef. 2.

GaN-related materials crystallize in wurtzite structure
(two-constituent hexagonal). Figure 1 is an illustration representing
a GaN crystal. The basal plane (called the c plane) is an electrically
polar plane. When GaN films are prepared on nonpolar planes, in-
plane crystal symmetry (rectangular symmetry) becomes lower than
the films prepared on the ¢ plane (hexagonal symmetry). As a
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Figure 1. A hexagonal prism representing GaN crystal
structure with conventional nomenclature of crystallographic
planes and Cartesian coordinate axes. The @ and m planes
are two major nonpolar planes. Colors painting
crystallographic planes de net indicate any physical .
significance, but only for graphical clarity.
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result, light emission from these nonpolar films can have polarized
characteristics to the surface-normal direction. This mechanism
was known for many years [3-5], but it was not until recently that
device applications were sought as electroluminescence was
demonstrated in 2005 [6].

2. Recent progresses in nonpolar LEDs
Nonpolar-oriented device growths were unsuccessful until bulk-
GaN substrates became commercially available in 2006. Since
then, high-power LEDs and laser diodes have been realized on the
m-plane [7,8]. Optical polarization studies have been accelerated:
low-temperature characteristics [9], sample preparation effects [10],
and crystallographic orientation effects [11]. The a-plane, on the
other hand, has not been competitive in optoelectronic devices for
not-well-understood reasons [12].

3. Experiments and Results

Nonpolar LED samples used in the experiments were fabricated by
the metalorganic chemical-vapor deposition (MOCVD) method on
m-plane oriented GaN substrates. LED structures consisted of a
nultiple QW stack of InGaN/GaN that was sandwiched by »- and
p-type GaN layers. Conventional mesa structure (an active area ~
300 x 300 pm?®) was fabricated on the LED wafers. Details of
sample LED preparation are described elsewhere [13].  Similar
LEDs were prepared in the ¢-plane orientation as a comparison.
The nonpolar LEDs emitted blue light in the 450-nm range with a
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Figure 2. Experimental setup. Light emission from an LED
was observed through an LCD unit while the bias veltage (5
V) was turned on and off. The confocal microscope had a
collection angle of approximatelv 10°.
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Figure 3. Emission spectra of the two LEDs: (a) the m-plane
LED and (b) the c-plane LED.

typical polarization ratio p of 0.9 (surface-normal detection via a
confocal microscope), whereas light emission from the c-plane
LEDs was unpolarized.

These LEDs were placed under an LCD unit in such a
way that the polarizations of the entrance polarization film and
nonpolar-LED emission were parallel (within the eye accuracy).
* Light emission was observed via a confocal microscope [14] under
three different conditions: the LCD bias (5V) was on, the bias was
off, and the LCD unit was removed. The objective lens was 5x with
a numerical aperture 0.15. The experimental setup is schematically
shown in Fig. 2. Recorded spectra are shown in Fig. 3 for the two
types of LEDs. Optical absorption of LED emission by the LCD
(bias off) was less in the m-plane LED case than the c-plane LED
case. This result is explained by polarized light emission of the m-
plane LEDs and promises the improved energy efficiency. Weak
light emission was detected when the LCD bias was on, where
complete extinction was expected. The reasons for the incomplete
extinction are presumably imperfect functioning of liquid-crystal
cells, guided and scattered light within the LCD, and misalignment
of the experimental setup [2].

4. Summary

GaN-based optoelectronic devices prepared in nonpolar orientations
were discussed with an emphasis on polarized light emission from
the m-plane LEDs and their potential application for LCD
backlighting. Nonpolar-oriented devices were fabricated on bulk-
GaN substrates via the MOCVD method. Those devices have
exhibited high optical output power, polarized light emission, and
continuous lasing actions. Nonpolar LEDs have a potential to
contribute to energy savings in LCD backlighting applications.
Preliminary experiments were performed, where m-plane InGaN
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LEDs were combined with an LCD unit. Advantages in the system
energy efficiency over the ¢-plane LEDs were confirmed.
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