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1. ZCHIC

The purpose of the proposed research is to develop silicon-based light emitting devices based on current-injected
optical microcavities with Ge quantum dots embedded inside as internal light source.

As the dominating materials in IC industry, silicon has attracting more and more attention as an optical material in the
photonics field in recent years due to the mature, low-cost and large-scale CMOS technology. The attractive vision of a
next-generation silicon chip is the hybid-integrated ‘elctro-optical superchips’, on which various optical components and
electronic control circuits are integrated together. However, Si is not a good optical emitting material due to its indirect
bandgap.

2. WHERE

In order to overcome the difficulty, in our research, Ge self-assembled quantum dots were embedded into silicon as
light-emitting centres. Ge self-assembled quantum dots have the advantages of full CMOS compatibility and
easy-fabrication. It is notable that the wavelength of the light emitted by Ge self-assembled quantum dots is 1.3 pum to
1.6 um. However, the light emission efficiency from unprocessed Ge self-assembled quantum dots is lack of efficiency
and spectrum purity, especially at room temperature. In our research, different optical microcavities were used to
enhance the light emission from Ge quantum dots utilizing the optical resonance in microcavities. In the case of photonic
crystal microcavities with Ge dots, the lattice constant of photonic crystal was used to control the wavelengths of
resonant peaks. The fabricated device was characterized by photoluminescence and electroluminescence.

3.  WRZERCR
1) We have demonstrated controllability of resonant peak wavelengths by adjusting the lattice constant of the
two-dimensional photonic crystal cavity. Fig. 1 shows the dependence of the wavelengths on lattice constant.

2) We achieved a success in fabrication of current-injected optical microcavities with current-injection structures.  After
optimization of Ge dots growth, doping method, e-beam lithography, and etching, etc, we fabricated the device using
typical CMOS process technology, such as MBE growth, e-beam lithography, ion implantation, etching, PECVD, etc.
The success of fabrication is very important and will help us in the following research on Si-based light-emitting devices.
Fig. 2 shows a fabricated 4p-microdisk with p-i-n structure for current-injection.

3) We observed room-temperature electroluminescence from Ge dots in microdisk resonators. As shown in Fig.3 ,
when the applied bias is 4 volts, the light emission is obviously showing broad F-P modes superimposing with multiple
sharp peaks which are expected to be the whispering-gallery modes. Superlinear increasing of emission intensity was
also observed when increasing the voltage.
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4. F & ¥

We successfully fabricated current-injected microdisk with Ge dots, and get obvious room-temperature
electroluminescence from the device applied a bias. This result proves the possibility to carry out
practicable Si-based light-emitting devices based on Ge dots in optical microcavities.
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