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Abstract—High-performance InGaN light-emitting diodes con-
sisting of 120 side-by-side and individually addressable microstripe
elements have been successfully fabricated. Each stripe in these de-
vices is 24 m in width and 3600 m long, with a center-to-center
spacing between adjacent stripes of 34 m. The emission wave-
lengths demonstrated range from ultraviolet (UV) (370 nm) to blue
(470 nm) and green (520 nm). The devices show good uniformity
and performance due to finger-pattern n-electrodes running be-
tween adjacent stripes. In the case of the UV devices for example,
turn-on voltages are around 3.5 V and continuous-wave output
powers per stripe 80 W at 20 mA. A major feature of these de-
vices is their ability to generate pattern-programmable emission,
which offers applications in areas including structured illumina-
tion wide-field sectioning optical microscopy.

Index Terms—InGaN, light-emitting diode (LED), micropixel-
lated light-emitting diode (LED).

I. INTRODUCTION

MOST OF the established applications for InGaN light-
emitting diodes (LEDs) emphasize their use in illumina-

tion and lighting, where output power and electrical-to-optical
efficiency are major performance factors and only a general di-
rectionality of the light output is required. Recently, however,
there has been increasing interest in special forms of these de-
vices for applications in areas requiring a higher degree of spa-
tial, spectral, or temporal control, such as instrumentation and
bio- and chemical-sensors. Micropixellated InGaN LEDs have
emerged as very promising sources for such purposes [1]–[3].
Here, the emission area is patterned into a high-density array of
microemitting elements, which may, for example, be in the form
of disks [1]–[3] or rings [4] and can be matrix-addressed. Such
devices have been reported at near-ultraviolet (UV), blue, and
green wavelengths in arrays of up to 128 96 matrix-address-
able elements [5], and extension to the deep-UV is underway
[6]. Pulsed operation down to nanosecond durations has been
achieved [7], as has integration of microlenses for beam pro-
jection [2], [8]. These successes open up a wide range of po-
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tential applications, and the search for other suitable forms of
microstructured devices continues apace.

In this letter, we report the fabrication of high-perfor-
mance microstripe device arrays, where 120 side-by-side stripe
light-emitting elements, each individually addressable, form the
active area of the device. Stripe structure has previously been
embodied in broad-area LEDs to aid light extraction via inter-
digitated contacts or gratings [9], [10]. Our stripe devices are
specifically engineered to allow pattern-programmable control
for imaging applications in areas such as structured illumina-
tion wide-field sectioning microscopy [11]. The stripe array
facilitates individual element addressing in continuous-wave
(CW) mode.

II. DEVICE FABRICATION

The devices were fabricated from “standard” LED wafers
which were grown on c-plane sapphire substrates by metal–or-
ganic chemical vapor deposition. The wavelengths demon-
strated are 370, 470, and 520 nm, depending upon the specific
wafers used; full details of the respective wafer structures have
been reported previously [3]–[5]. The fabrication requirement
for the microstripe LEDs is for each stripe to be electrically and
optically isolated from the others; this is facilitated through the
etching of rectangular mesa structures down to the n-type GaN.
In our approach, each individual microstripe has an n-electrode
rail alongside the mesa, running to a common broad-area
n-electrode contact pad, and each stripe has an independent
p-electrode running along its length.

The first process step defining the rectangular GaN LED
mesa for isolation was performed by standard photolithographic
patterning and inductively coupled plasma dry etching. The
ridge structure of each individual micro-LED bar was formed
subsequently by the same etching process. Prior to the metalliza-
tion, SiO was deposited on the etched structure using plasma-
enhanced chemical vapour deposition. For the ohmic contact
formation to the p-GaN, the SiO on the top of the ridges was par-
tially removed by buffer oxide enchants using photolithographic
patterning.Thena thinNi–Autransparentcontactwasevaporated
on the patterned area. A premetallization HCl acid treatment was
applied and the contacts were alloyed by rapid thermal annealing
in air. The connection of each of the stripes was performed by
a Ti–Au metal deposition using a sputtering and liftoff process.
Finally, the contacts were alloyed by RTA in N .

III. RESULTS AND DISCUSSION

Fig. 1 shows a schematic cross section of the device structure
(a) and a microphotograph of the individual p-finger contact
arrangement to each stripe and n-contact metal rail on the
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Fig. 1. (a) Cross-sectional schematic of the device structure, (b) optical mi-
crophotographs of microstripe-geometry UV LEDs, at the end of the p-elec-
trodes. The center-to-center spacing of adjacent stripes is 34 �m. (Color version
available online at http://ieeexplore.ieee.org.)

Fig. 2. Operational patterns of the individually addressed blue microstripe-
format LEDs, with (a) one element ON, adjacent four elements OFF; (b) three
adjacent elements ON, two neighbouring elements OFF; and (c) all elements ON.
(Color version available online at http://ieeexplore.ieee.org.)

side of each stripe (b). The exemplar devices reported here
have 120 bars, the size of each being 24 3600 m and the
space between two bars being 10 m (center-to-center spacing
34 m). Therefore, the whole active area of each device is
4080 3600 m .

Fig. 2 shows representative demonstrations of the pattern-
programmable operation of the devices. For illustration, a blue
(470 nm) device driven by different control programs is shown
in configurations of (a) 1 element ON/4 elements OFF, period

elements; (b) 3 elements ON/2 elements OFF, period ele-
ments; and (c) all elements ON. From these images, we can see
that the light emission is quite uniform, not only along the length
of the stripes but also from stripe to stripe. We attribute this good
uniformity to the 4- m-wide n-metal line of Ti–Au ( nm)
inserted between each adjacent pair of stripes, which facilitates
uniform current spreading along the length of each stripe. From
the patterns of Fig. 2, several aspects of these stripe format micro

Fig. 3. Typical single-bar I–V characteristics of microstripe-geometry UV LED
compared to a conventional broad-area reference LED. (Color version available
online at http://ieeexplore.ieee.org.)

LEDs are revealed. First, each bar of the device can be individu-
ally addressed; second, required patterns can be obtained by the
designed driving program under CW or pulsed operating mode.

Fig. 3 shows typical current–voltage (I–V) characteristics of
a single bar of this microstripe format LED emitting at 370 nm.
For comparison purposes, the I–V curve of a conventional single-
element broad-area LED fabricated from the same wafer and fol-
lowing an identical process flow, is included in the same graph. A
feature observed from the graph is the higher differential series
resistance of 187 for this stripe device compared to the differ-
ential series resistance of the broad-area LED devices of 33.7 ,
although the turn-on voltages are similar (3.46 V for stripe-
geometry LEDs; 3.35 V for the broad-area LED). The p-contact
of the broad-area LED has a size of 420 660 m , which is
4.8 times larger than the p-contact area (16 3590 m ) of the
microstripe LED. The ratio of the p-contact areas of these two
devices is close to their series resistance ratio. This result shows
that the series resistance is mainly determined by the area of
the p-contact although the resistance is also affected by other
factors such as the current spreading length. The n-ohmic con-
tact contributed little resistance to the total differential series
resistance compared to the p-contact and the QW structure. The
whole stripe device shows good uniformity of electrical prop-
erties. The differential series resistances and turn-on voltages
for all 120 stripes of this device vary only from 170 to 200
and from 3.4 to 3.5 V, respectively.

Representative light output power versus current curves of an
individual stripe-LED element is shown in Fig. 4(a). In order to
make an accurate comparison to the broad-area LED, the cur-
rents and output powers were normalized to the device active
areas to obtain the current and output power densities. The rela-
tion between these parameters for the two devices is plotted in
Fig. 4(b), showing the superior performance of the microstruc-
tured devices. The larger sidewall surface area in stripe geom-
etry micro-LEDs is one of the reasons for higher light extraction
as explained previously in the case of microring and microdisk
structures [4]. However, the larger sidewall surface area in the
microstripe LED is not the only factor in improving micro-LED
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Fig. 4. Plots of (a) power versus current for a single UV bar, (b) power density
versus current density for microstripe UV LED (single bar) compared to the
reference broad-area LED. (Color version available online at http://ieeexplore.
ieee.org.)

external efficiency and other contributions should also be con-
sidered. When reducing the LED size down to the microscale,
much better current spreading can be achieved. Also, in a mi-
croscale LED structure with lateral dimensions close to the ab-
sorption length, most of the laterally propagating photons can
reach the sidewall and scatter out without suffering absorption.
These characteristics associated with the microscale LEDs will
enhance the light extraction and conversion efficiency.

It should be pointed out that the power measurement we per-
formed was under the CW mode. In this situation, the output
power of the stripe format LEDs (single bar) saturated when
the injection current was over 80 mA due to the problem of
self-heating. Hence, effective thermal management will reveal
the full-power scaling capabilities of these stripe-geometry de-
vices. Flip chip bonding technology, for example, should im-
prove the heat dissipation to get higher output power.

As for the blue and green microstripe format LEDs, they show
similar results, which mean the stripe devices have higher for-
ward voltage, series differential resistance, and output power
compared to those of broad-area LEDs at the same injection
current, respectively. Table I shows the detailed measurement
results, performed at 20 mA in CW mode.

TABLE I
MEASUREMENT RESULTS OF THE BLUE AND GREEN LEDs

IV. CONCLUSION

Individually addressable microstripe-format LEDs have been
successfully fabricated at UV, blue, and green wavelengths.
A major feature of such devices is that they are pattern-pro-
grammable. I–V characteristics and output power measurements
reveal that the light emission of this stripe geometry device is
quite uniform owing to the special design of finger-geometry
n-electrodes. The output power is enhanced greatly due to the
large sidewall area. The encouraging performance of these
microstripe devices opens up a range of possible applications.
The stripes can be individually addressed in a wide range
of spatially and/or temporally programmed modes. Grating
illumination from such a device with three separately phased
patterns, for example, would represent a novel approach to
structured illumination microscopy [11].
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