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280 nm UV LEDs grown on HVPE GaN substrates
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We report on the enhancement of optical and electrical properties of 280 nm UV LEDs using low dislocation density
HVPE-grown GaN substrate. Compared with the same structure grown on sapphire, these LEDs show ~30% reduction in
current-voltage differential resistance, ~15% reduction in turn-on voltage, more than 200% increase in output power slope
efficiency and saturation at higher currents. Lower density of defects due to higher material quality and better heat dissipa-

tion are believed to be the reason behind these improvements
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1. Introduction

UV LEDs are promising candidates for applications such
as high-brightness white lighting, secure communication
and chemical/biological agent monitoring. To realise these
devices, wide bandgap III-Nitride semiconductors have
been studied during the past few years. As a result, a few
UV LEDs have been demonstrated by different groups
[1-5]. One of the major requirements for these devices is
low-dislocation-density substrate. UV LEDs grown on
free-standing GaN substrates have shown great improve-
ments in the light output power of the devices for wave-
lengths about 340 nm [1,4]. For some of the applications,
light emission at wavelengths as short as 280 nm is essen-
tial. High Al composition layers are necessary for realisa-
tion of such devices. Differences in lattice parameter and
thermal expansion coefficient of AlGaN and GaN along
with pronounced problem of p-type doping makes it diffi-
cult to demonstrate 280 nm LEDs. Therefore, there have
been very few reports on these devices so far [2,5]. Here,
we report on enhancement in the characteristics of 280 nm
UV LEDs using low-dislocation density hydride vapour
phase epitaxially (HVPE) grown GaN as a substrate [6].

2. Experiment

The UV LED structures were grown in a horizontal-flow
low-pressure metalorganic chemical vapour deposition
(MOCVD) reactor. TMGa, TMAI, TMIn, and ammonia
were used as sources for Ga, Al, In, and nitrogen, respec-
tively. SiH, and Cp,Mg were used for n-type and p-type
doping, respectively. Growth temperature was ~1000°C
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and the pressure was 100 mbar. Two different substrates
were used in our experiments: a 2-pum-thick GaN/sapphire
as a reference and a thick GaN (~14 pm) grown by HVPE
method on sapphire. The dislocation density of the
HVPE-grown GaN substrate is estimated to be ~5x108
cm3. The structure of the LEDs consists of a 25-period
n-type Alj4,Gag 5sN/Al33Gag 6N superlattice, a 5-period
quaternary AllnGaN/AlInGaN multi-quantum well
(MQW), a 25-period p-type Aly4GagsgN/Alg33Gag 6N
superlattice, and a 50-nm-thick p-GaN:Mg as contact layer.
The complete structure is given in Fig. 1. The superlattices
have a period of 40 A, resulting in total thickness of 100
nm. Thickness of the barriers and wells in the MQW are se-
lected to be 70 A and 30 A, respectively. Standard lithogra-
phy and dry etching techniques were utilised to process the
LEDs. Rapid thermal annealing (RTA) at 1000°C in N, am-
bient was performed in order to activate Mg acceptors. Sol-
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Fig 1. Structure of the 280nm UV LED.
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vent cleaning was done in order to ensure the surface clean-
ness. Native oxide of the top surface was then removed by
a solution of HCI:H,O (1:1). Semi-transparent Ni/Au
(30A/30A) was evaporated on the top as an ohmic contact
and current spreading layer. In order to transform the char-
acteristics of the contacts from rectifying to ohmic, con-
tacts were annealed in an RTA system at 500 °C. 400x400
um square mesas were then etched down to n-type GaN.
Ti/Au was used as n-type contact layer as well as p-type
bonding pad on top of the mesas.

3. Results and discussion

Photoluminescence measurements on the samples show a
dominant emission at 280 nm, consistent with the structure
design. Current-voltage characteristics of the devices
grown on 2 um GaN/sapphire and 14 pym HVPE-GaN/sap-
phire are shown in Fig. 2. The device grown on thick GaN
shows a lower turn-on voltage (~5.1 volts) and lower dif-
ferential resistance (~75 Q) as compared to the reference
device (turn-on of ~6 volts and differential resistance of
105 Q). This is an indication of the improved material
quality due to the lower dislocation density in the thick
HVPE GaN substrate.

Electroluminescence (EL) spectra of the UV LED
grown on HVPE-GaN are shown in Fig. 3. Measurements
were done under pulsed injection current and the light was
collected from topside of the device. It should be noted
that almost 65% of the light is expected to be absorbed by
the 50-nm-thick p-GaN contact layer of which another
50% will be absorbed by the semi-transparent Ni/Au
ohmic contact layer. Figures 4(a) and 4(b) show the opti-
cal transmission curve of annealed Ni/Au (30 A/30A) de-
posited on sapphire and 50 nm p-GaN grown on AIN
buffer, respectively. In addition, due to losses in the bot-
tom GaN, no light will be reflected back up to the device
to be collected from topside. These losses play a huge role
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Fig 2. IV characteristics of the 280-nm UV LEDs grown on 14
pm-thick GaN (solid line) and 2 pm-thick GaN (dashed line).
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Fig 3. EL spectra of the 280-nm UV LED on HVPE GaN at various
injection currents; inset shows a wider scan which exhibits no
additional peak other than the main peak.

in reducing the quantum efficiency of the LEDs. Despite
all these losses, we were able to measure the EL spectrum
of the devices. The peak of the spectra are located a A
~280 nm, as designed. No additional peaks can be ob-
served in these spectra, which is indicative of a mono-
chromatic light source (inset of Fig. 3).

Power measurement was conducted on the device using
an integrating sphere placed very close to the surface of the
sample (~1 cm). Shown in Fig. 5(a) is the P-I curve in both
pulsed (duty cycle = 1%) and continuous-wave (cw) injec-
tion mode. In pulsed injection mode, the output power satu-
rates at a current level of ~400 mA, while the output power
of the reference LED saturates at currents as low as 250
mA under the same duty cycle (1%). This suggests better
heat dissipation for the LED grown on thick HVPE GaN
compared to the reference LED, as the output power satu-
rates at higher injection currents. Thermal conductivity of
GaN is approximately 5 times higher than that of sapphire
(1.3 W/em.K for GaN and 0.3 W/cm.K for sapphire),
which will result in better heat removal from the device if
the GaN layer is thick enough. A slope efficiency of 8.1
nW/mA in pulsed mode and 10.5 nW/mA in cw mode was
found for this LED. Theses values for the reference sample
(grown on 2-um-thick GaN) are 2.5 nW/mA in pulsed
mode and 1.2 nW/mA in cw mode, which are considerably
lower, especially in cw mode [Fig. 5(b)]. This comparison
implies that light can be extracted more efficiently, as a re-
sult of improved material quality, which in turn will allow
for operation at lower injection levels.

Research on 280 nm UV LED:s is just in its early stages
and improvements need o be made in order to achieve via-
ble performances from these devices. Minimising the ab-
sorptions in top layers, reducing the defect density, opti-
mising the device structure, and using novel fabrication
techniques are among the improvements that can be made
in order to elevate the performance of such devices.
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Fig 4. Optical transmission of (a) semi-transparent Ni/Au
(30A/30A) before and after annealing, and (b) SOnm-thick p-GaN
grown on AIN buffer.

4. Conclusions

In summary, we reported on the enhancement of the elec-
trical properties of 280 nm UV LEDs using low dislocation
density HVPE-grown GaN substrates. Reduced differential
resistance, enhanced light output power, increased slope ef-
ficiency, and better heat removal are among the improve-
ment made due to better substrate quality and thicker ther-
mally conductive GaN layer which serves as a heat dissi-
pater.
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Fig 5. (a) Light output power of the 280-nm UV LED grown on

HVPE GaN in pulsed mode (duty cycle of 1%, triangles) and cw

mode (squares), and (b) comparison of power of the 280-nm UV

LEDs grown on HVPE-grown GaN substrate (squares) and on
sapphire (triangles).
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Objectives and Topics

The ISTET conference series is devoted to research and
education in both theory and applications of electromagnetic
fields, electrical circuits and networks, signal processing and the
control of electromagnetic systems. Until now, progress in
modern technology has led to new challenges, which finally
resulted in new applications and improved the theoretical
concepts. To bridge the gap between these areas special
emphasis will be laid on the common theoretical aspects being
involved. Last but not least adequate representations of fields,
circuits and control systems in our university courses should be
discussed continuously paying special attention to multimedia
aspects.

Technical papers describing original work in research, development and application in electrical fields and circuits, con-
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poster),

e an extended abstract (2000 words) with: paper title, authors’
names, affiliations and addresses. The ISC will decide about
acceptance. Details of the paper layout will be sent to the authors
with acceptance notification.

trol systems and signal processing of the following topics are solicited:

e Electromagnetic fields

e Circuit and system theory

e Signal processing and identification aspects
e Theoretical concepts

* Applications

e Innovative educational aspects
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