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Organic-inorganic hybrid metal perovskite semiconductors have shown the potential for a next generation material in the field of energy efficient solid-state lighting and display applications. Owing to the favorable light amplifying properties such as high oscillator strength, and modal gain coefficient, there has been extensive demonstration of optically pumped lasing from perovskite thin films with wide spectral coverage near the visible and near infrared regions. However, in order to be widely utilized in real-life applications, the development of electrically pumped laser types, or laser diodes which can guarantee higher conversion efficiency, and compact device volume need be accomplished. Thus, development of light-emitting diodes (LEDs) that operate under extreme current density regime with fast response time (near nanosecond time scale) is prerequisite for realizing the electrically excited lasing from non-epitaxial semiconductor materials. Here, several design principles of robust perovskite LED are introduced.
Typical double-hetero diode structures consist of charge transport layers sandwiching optical gain medium and two electrodes. By proper doping of the organic transport layers, both the electrical and thermal conductivities have been improved, leading two orders of increase in maximum injectable current density into the LED. In addition, by replacing glass substrate into sapphire and adding additional heat dissipation layer of graphite sheet, we were able to reduce the maximum temperature of the device during LED operation and maintain high external quantum efficiency of 1% even at 1 kA/cm2 of current density injection. Lastly, we have patterned the underlying ITO and top metal contact to reduce the series resistance and parasitic capacitance of the diode structure, reaching nanosecond pulsed operation with 18 kA/cm2 of injected current density. Unfortunately, we have not observed any lasing action even with the integration of Bragg grating on top of the ITO. But the outcoupled photons from the device exhibited more directional profile, which is a strong evidence of Bragg optical feedback. Therefore, more optimization on the 2nd-order Bragg grating to further reduce the lasing threshold will make the realization of current injection type of lasing device within reach soon.

