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1. Introduction

Ge has been considered as a promising material candidate for on-chip light sources monolithic-
integrated on Si substrates. It can be engineered into a direct band gap semiconductor by applying
tensile strain and heavy n-type doping, and thus attractive for laser devices. Here we fabricated
tensile-strained, highly n-doped Ge on Si by MBE growth and spin-on dopant diffusion and
demonstrated ultralarge transient optical gain. We also investigated the effect on thermal
oxidation on the light emission properties of Ge microdisk on Si.

2. Femtosecond transient optical gain from tensile-strained, n-doped Ge on Si

Ge film with tensile strain of 0.22% was grown on Si by MBE. Phosphorus spin-on dopant (SOD)
was then used as a dopant source to incorporate high n-doping concentration. Based on optimized
annealing condition, we achieved active doping concentration as high as 4x10%*° cm™3 and the PL
intensity of n-doped Ge was enhanced by 10 times compared with that of undoped Ge.
Femtosecond pump-probe measurement was performed to investigate the direct optical gain. The
transmittance of Ge film was clearly increased upon increasing the pump power. Peak optical gain
over 5300 cm~ around 1.7 um and gain spectrum broader than 300 nm were obtained.
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3. Surface passivation and smoothing of Ge microdisks by thermal oxidation
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Dry etching induced surface recombination and sidewall roughness are important limiting factors
to achieve high injected carrier density and low optical loss in optical microresonators for laser
devices. We found that thermal oxidation was an efficient method to solve these problems. PL
intensity from Ge microdisks was enhanced by a factor approaching 4 after thermal oxidation,
which was due to the surface passivation. Thermal oxidation is also found to be able to reduce the
sidewall roughness, evidenced from SEM images and increased Q-factor of resonant peaks in PL
spectra from Ge microdisks.
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