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Germanium-Based Light Emitting Devices for Silicon Photonics
WEWIZERTY U arF  Bpiitt s 2 — R

1. Introduction

Germanium (Ge) is an attractive light emitting material for the telecommunication band.
Although Ge is an indirect band gap semiconductor, the light emission efficiency can be enhanced
either through quantum confinement in Si/Ge nanostructures, or through strain and doping
engineering to compensate the very small energy different of 0.136 eV between its direct and
indirect conduction band valleys. We realized efficient light emitting devices based on Ge self-
assembled quantum dots (QDs) and n-doped, tensile-strained Ge on Si.

2. Current-injected light emitting diodes based on Ge quantum dots in photonic crystal
nanocavities

Photonic crystal (PhC) nanocavity was fabricated on silicon-on-insulator (SOI) slab containing
multi-layers of Ge QDs. A lateral PIN diode, with optimized doping profile and intrinsic width, was
integrated with the PhC nanocavity to inject carriers into the cavity. Under forward bias, room-
temperature electroluminescence (EL) with sharp resonant peaks was observed. The Q-factor is
around 800, and the EL intensity is enhanced by a factor of > 40 compared with that without cavity.
The output power of the light emitting diode (LED) was measured to be about 6 pW at a 3 mA

injected current.
(a) J “b""." ?oc{a)
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3. Current-injected light emitting diodes based on Ge quantum dots in waveguide-coupled
microdisks

We demonstrated microdisk based LEDs with Ge QDs. A lateral bus waveguide is evanescently
coupled with the microdisk to extract the light emission. A vertical PIN diode is used to inject
carriers into the microdisk. Sharp resonant peaks are successfully observed in the EL spectra
recorded from the waveguide, with Q-factor around 3000. Comparison of the transmission
spectrum of the bus waveguide and EL spectrum also verified that light emission is successfully
coupled from the microdisk to the \:vs?veguide.
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4. Light emission from n-doped, tensile-strained Ge
N-doped, tensile-strained Ge was grown on Si by solid-source molecular beam epitaxy (SS-MBE).
About 0.2% tensile strain was introduced due to the thermal expansion mismatch between Si and



Ge. N-type doping was performed by in-situ doping of Sb during MBE growth, and an active doping
concentration of about 5x10'® cm™ was obtained. Direct band photoluminescence (PL) was
observed at both room and low temperatures. Base on this material, free-standing microdisks were
fabricated. Sharp resonant peaks were also observed in the PL spectra at different temperatures,

with Q-factor approaching 1000.
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