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Fig. 1. (color online) Schematic epitaxial structures of (a) sample A, blue multiquantum well (MQW) LED with
thin barrier; (b) sample B, blue MQW LED with thick barrier; (¢) sample C, green MQW LED with thick barrier.
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Fig. 2. (color online) Forward voltage as a function

of temperature for an injection current of 20 mA of

samples A, B and C.
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Fig. 3. (color online) Mg concentration depth profile
measured by SIMS in p-type layers of samples A, B
and C.
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Fig. 4. (color online) Mg concentration depth profile
measured by SIMS in p-type layers of samples D, E
and F. The marked red circle region shows the initial
growth stage of p-AlGaN.
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Abstract

Many GalnN light-emitting diodes (LEDs) are subjected to a great temperature variation during their serving.
In these applications, it is advantageous that GalnN LEDs have a weak temperature dependence of forward voltage.
However, the factors determining the exact temperature dependence of the forward voltage characteristics are not fully
understood. In this paper, two series of GalnN LEDs are prepared for investigating the correlation between the epitaxial
structural and the temperature dependence of the forward voltage characteristics. The forward voltage characteristics
of samples are studied in a temperature range from 100 K to 350 K. The curves of forward voltage versus temperature
(dV/dT) are compared and analyzed. For the three samples in series I, according to the barrier thickness and emitting
wavelength, they are designated as blue multiquantum well (MQW) with thin barrier (sample A), blue MQW with
thick barrier (sample B), and green barrier with thick barrier (sample C) respectively. Their structures of active region
including the insertion layer between n-GaN and MQW, the MQW, and the emitting wavelength are different from each
other. However, the same slopes of dV /dT at room temperature (300 K+50 K) are observed in the samples. Moreover,
samples B and C with the same p-type layer design also have the same slopes of dV/dT at cryogenic temperatures.
Sample A with a much thinner p-type layer shows a lower slope than samples B and C. Based on the these experimental
data, it is deduced that the intrinsic physic properties of active region such as structure and emission wavelength have
a little influence on the variation of the slope of dV/dT either at room temperature or at cryogenic temperatures.
Moreover, the Mg concentration of the p-GaN main region determines the slope of dV /dT at cryogenic temperatures.
Low doping concentration leads to a high slope of dV/dT.

In order to find the decisive factor determining the slope of dV/dT at room temperature, three samples in series
IT are grown. For sample E, at the MQW-EBL (electron blocking layer) interface, the Mg concentration increases very
slowly while an abruptly varying doping profile is observed for samples D and F. The slopes of samples D and F are
both —1.3 mV-K~'. This is very close to the calculation value of the lower bond for the change in forward voltage
(—=1.2 mV-K™!). Meanwhile, the slope of sample E is —2.5 mV-K™!, which is much higher than those of samples D and
F. Thus, it is suggested that the major factor influencing the slope of dV/dT at room temperature is the Mg doping
profile of the initial growth stage of the p-AlGaN electron blocking layer. These phenomena are mainly attributed to the
changes of the activation energy of p-AlGaN and p-GaN, since it relies on the doping concentration and temperature.
Our findings clarify the roles of active region, p-AlGaN and p-GaN in the temperature dependence of the forward voltage
characteristic. More importantly, the results obtained in this study are helpful for optimizing the growth parameters to

achieve LED devices with forward voltage that has a low sensitivity to temperature.
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