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We report an amelioration of the electrical, thermal and optical performances of green
InGaN/GaN multiple-quantum-well light-emitting diodes (LEDs) with AlGaN/GaN shortsuperlattice (SSL)-inserted structure grown using metal-organic chemical vapor deposition. According to an atomic force microscopic study, the GaN template with the SSL-inserted structure
shows a signi cant reduction in pit density compared to the conventionally-grown template. The
insertion of the SSL is also found to alleviate the e ect of threading dislocations on the degradation
of the electrical performance and promotes the stability of the K-factor and a low thermal resistance under a long-term acceleration test. A relatively higher optical output power is obtained for
SSL-inserted InGaN/GaN green LEDs at high injection currents.
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cial issues for the design and fabrication of LEDs. The
reduction of heat generation leads to a higher quantum
eciency and a longer lifetime for the devices. Thus,
it is of great interest to investigate the role of di erent epitaxial structures on the thermal characteristics of
GaN-based LEDs. Moreover, there are a few published
works on the aging behavior of GaN-based LEDs [12,13].
In this paper, we report on the long-term thermal acceleration test (0 { 395 h) of green InGaN/GaN multiplequantum-well (MQW) LEDs with and without an AlGaN/GaN SSL inserted structure. The investigation was
made by using transient thermal measurements. Hightemperature and high-driving-current stress stimulate
accelerated aging of GaN-based LED and gives an idea
of the expected reliability of GaN-based LEDs grown on
AlGaN/GaN intermediate structures.

I. INTRODUCTION

GaN-based light-emitting diodes (LEDs) have gained
great attraction in recent years due to their high eciency, long life and diversity of color [1, 2]. High ux
and high power white LEDs are expected to replace conventional light sources, such as light bulbs and uorescence lights, in many application areas [3]. Nevertheless,
to be able to compete with uorescent and other higheciency lighting sources, it is essential to drive GaNbased LEDs at very high current densities to maximize
light output. One drawback of high-current-density operation is the self-heating of the heterostructure, which
can damage the device performance and generate nonradiative recombination centers [4{6]. It is well known
that heat dissipation and current spreading in the heterostructure can be signi cantly improved with a reduction of the threading dislocation (TD) density by using
a freestanding GaN substrate, instead of sapphire, or
by using a lateral epitaxy overgrowth technique [7{10].
More recently, an AlGaN/GaN short-superlattice (SSL)inserted structure has promised to be ecient in reducing the density of TDs [11]. Generally, reduction of heat
generation in the light-emitting layer is one of the cru-
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For this study, ve periods of green InGaN/GaN
MQWs, which consist of a 20-
A InGaN well with an in GaN barrier,
dium content of about 25 % and 110-
A
were grown on GaN templates prepared with zero and
ten periods of an AlGaN/GaN (4.5 nm/2 nm) SSL- inserted structure on sapphire (0001) substrates by using
a low-pressure metal-organic chemical-vapor deposition
technique. Herein, trimethylgalium, trimethylindium,
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Fig. 1. AFM images (5 m  5 m) of GaN templates having (a) zero and (b) ten periods of AlGaN/GaN SSL- inserted
structure.

trimethylaluminum and ammonia were used as Ga, In,
Al and N precursors, respectively. After the growth
of the LED epitaxial layers, mesa structure LED chips
with 350 m  350 m areas were fabricated using the
standard chip processing techniques of photolithography,
inductively coupled plasma, electron beam evaporation
and annealing. Ni/Au (5 nm/5 nm) was deposited as
the transparent conductive layers. Then, Cr/Ni/Au and
Ni/Au layers were deposited as metal contacts to the nand the p-type layers, respectively.
The surface morphology of GaN templates were examined using atomic force spectroscopy (AFM). The optical
output power of the fabricated LED diodes was measured
at room temperature. The wafers were then cut into a
rectangular shape of about 350 m  350 m and these
chips were packed in a big-surface mount device (SMD)
packaging type without encapsulation to avoid its e ects
in the study. Then, all samples were gradually aged from
0 to 395 h at a xed ambient temperature of 85  C with
a relative stress current of 50 mA. The current-voltage
(I-V) characteristics of the LEDs were measured at each
increase in time.
Simultaneously, a transient thermal measurement was
performed to investigate the thermal behavior of the
green InGaN/GaN MQW LEDs with the use of AlGaN/GaN SSL-inserted layers. The transient thermal
measurement was made in the following procedures: The
rst step was to get the K-factor, a ratio between the
forward voltage and the junction temperature change,
which is known to be a temperature sensitive parameter (TSP). All the thermal measurements were made in
a temperature-controlled box. For the K factor calibration, a 2-mA sensing current was used in the temperature range of 20 { 100  C in step of 10  C. It should be
noted that the sensing current should be maintained at
a minimum value to avoid the self-heating e ect. Evaluation software was used in the second step of the measurement to capture the thermal transients in real time,
recording the cooling/heating curve and to convert the
transient to cumulative and di erential structure functions, which are simply graphic representations of the

Fig. 2. Reverse leakage current of green InGaN/GaN
MQW LEDs having zero and ten periods of an AlGaN/GaN
SSL-inserted structure for various acceleration test times at
a reverse bias of 10 V.

one-dimensional equivalent thermal R-C network of the
measured system and structure function theory. The advantage of the thermal transient test is the ability to
quantitatively measure the thermal resistance at both
the chip level and the packaged level [14{16].

III. RESULTS AND DISCUSSION

The surface morphological features of GaN templates
grown on sapphire substrates with zero and ten periods
of an AlGaN/GaN SSL are shown in Figure 1. The GaN
surface morphology grown with a SSL-inserted structure
shows better smoothness and lower pit density compared
to that of a conventionally-grown GaN layer. The pit
density observed on the GaN surface using with and
without the SSL were 1.6  108 cm 2 and 2.92  108
cm 2 , respectively. This result indicates that the AlGaN/GaN SSL insertion in uences the propagation of
threading dislocations that originated due to the lattice
and thermal mismatch between the GaN and the sapphire substrate. It has been well documented that the
interface stress of the SSL structure causes dislocations
propagating through the c-axis to be annihilated [11]. To
investigate the degradation of LED devices constructed
on these GaN templates, we executed the acceleratedaging tests and the results are discussed below.
The variations of the reverse leakage current in the IV characteristics of InGaN/GaN MQW LEDs with zero
and ten periods of an AlGaN/GaN SSL are shown in Figure 2. The stress current was 50 mA and the stress time
was gradually changed from 0 to 395 h at a xed ambient
temperature of 85  C. The leakage current was found to
be 4.4  10 5 and 2.9  10 5 A at a reverse voltage of 10
V for LEDs with zero and ten periods of an AlGaN/GaN
SSL structure, respectively. As seen in Figure 2, the
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Fig. 3. Plots of the K-factors versus the acceleration test
time for green InGaN/GaN MQW LED having (a) zero and
(b) ten periods of an AlGaN/GaN SSL-inserted structure.

leakage currents of both LEDs increase as a function of
the aging time, but in a small range for SSL-inserted
diodes. After 395 h, the leakage current increased to 1.8
 10 4 and 4.4  10 4 A for LEDs with and without
the SSL structure, respectively. It is well known that the
leakage current of a reverse-biased GaN-based LED becomes prominent when the reverse bias increases because
of enhanced tunneling probability through the deep-level
states attributed to the presence of TDs in the LED [17,
18]. Note that the carrier recombination associated with
defects and dislocations is nonradiative in nature, which
results in thermal dissipation. These results imply that
the insertion of an AlGaN/GaN intermediate structure
plays an important role in alleviating the e ect of TDs
on the degradation of the electrical performance under a
long lifetime.
The variations in the K-factors with aging stress time
for LEDs with zero and ten periods of an AlGaN/GaN
SSL are shown in Figures 3(a) and (b), respectively.
Herein, it should be noted that the measurement of the
K-factor calibration was performed three times for each

Fig. 4. Di erential structure functions of various acceleration test times for green InGaN/GaN MQW LED having
(a) zero and (b) ten periods of an AlGaN/GaN SSL-inserted
structure.

increase in time in order to obtain more accurate values. It is obvious to see that without the insertion of
an AlGaN/GaN SSL, the K-factor increases with stress
time whereas for an LED inserted with ten periods of
an AlGaN/GaN SSL, the K-factor shows a stabilizing
behavior. These results show that the introduction of a
SSL in the LED structure might moderate the thermal
e ect on the device performance as a result of stabilizing
the K-factor under a long lifetime test.
In order to study the e ect of using an AlGaN/GaN
SSL inserted in a LED structure on the thermal property
of the device, we carried out a thermal transient test.
The structure functions of LEDs having zero and ten
periods of an AlGaN/GaN SSL obtained from the transient thermal measurements are shown in Figures 4(a)
and (b) for various aging times, respectively. The initial higher thermal resistance (at 0 h) for the LED with
a SSL structure, compared to the conventional one, is
thought to arise from the di erence in the SMD packaging process. However, the results show a higher thermal
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uctuations.

IV. CONCLUSION

Fig. 5. Optical output power of green InGaN/GaN MQW
LEDs having zero and ten periods of an AlGaN/GaN SSLinserted structure as a function of the injection current.

resistance from the LED without a SSL structure than
that from the LED with ten periods of an AlGaN/GaN
SSL for higher aging times of 135 and 395 h. Kotchetkov
et al. demonstrated the relation between the dislocation
density and the thermal conductivity of GaN [19]. According to them, the dislocations play an important role
in the thermal resistance and are responsible for the temperature increase. Since nonradiative carrier recombination normally occurs in regions associated with defects
and dislocations, this mechanism will inevitably results
in heat generation. Here, the TD reduction by SSL insertion might be the reason for obtaining a low thermal
resistance in the respective LED, which will render devices with better electrical characteristics and lower heat.
Consequently, the lifetime of the LED device promises to
be extended by the use of an AlGaN/GaN SSL-inserted
structure.
The optical output power versus injection current plot
for the InGaN/GaN LEDs grown with and without a
SSL structure is presented in Figure 5. As commonly
observed, the output power initially increases with injection current and tends to saturate for higher currents
because the junction temperature of the LED chip will
increase when it is driven at higher currents. For the
LED with a SSL-inserted structure, a relatively better
optical output is obtained at higher currents than for
the conventional LED. The reduced dislocations caused
by the SSL structure o er a better thermal dissipation
that leads to an improved optical output power at higher
injection currents. On the other hand, the similar optical output observed for both the LEDs at low injection
currents indicates that the reduction in the threading
dislocation density does not much in uence the recombination process in our green InGaN/GaN LEDs with
high In content, which might be due to the strong localization of excited carriers related to In compositional

Electrical and thermal transient measurements under
a long-term acceleration test were carried out to study
the e ect of an AlGaN/GaN SSL-inserted structure on
the performance of green InGaN/GaN MQW LEDs. As
the acceleration test time varied from 0 to 395 h, the
increase in leakage current was observed to be 4.4 
10 4 and 1.8  10 4 A at a reverse bias of 10 V for
LEDs with zero and ten periods of an AlGaN/GaN SSL
structure, respectively. The LEDs with a SSL-inserted
structure also showed good stability of the K-factor, low
thermal resistance and a higher optical output power at
high injection currents. The improved electrical, thermal and optical performances of the green InGaN/GaN
LEDs are attributed to the reduced TD density due to
the SSL structure.
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