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Tensile-Strained, N-Doped Ge Light Emitting Material and Devices
Fo Vs hhr=s 2Rt — RPEE

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. In last year, we have made progresses on fabrication of
tensile-strained Ge-on-insulator (GOI) and Ge-on-quartz (GOQ) substrates, as well as realization of a new kind of
optical resonator device, microdisks with circular Bragg gratings, on highly n-doped GOI substrate.
2. Research Results

In the past, we fabricated GOI substrate from blank Ge
films grown on Si substrate (GOS). However, due to the
requirement of full removal of Si donor substrate, the
fabrication process is time consuming and the yield is low. 1pm N
This year, we use a new method, the so-called patterned WO 0 te0 10 180 1900 2000
epitaxy lift-off, being able to significantly improve the Wavelength (nm)
fabrication time and yield. The GOS was first patterned -
into stripes by photolithography and dry etching. This Z
patterned substrate was then bonded with handle g
substrate as usual. During the subsequent wet etching, =
KOH solution could be flowed into the patterned area and
etch Si substrate. After the Si region below the Ge stripe
was completely etched away, the two substrates were
separated and Ge stripes bonded on the handle substrate
formed patterned GOl substrates (Fig. (a)). From the
photoluminescence (PL) measurement (Fig. (b)), we can
see that the tensile strain in GOS was also preserved.

We also successfully fabricated Ge-on-Quartz (GOQ) by
using the same wafer bonding process as we did for
normal GOI. From the PL and Raman spectra (Fig. (c) and (d)), we confirmed that about 0.5% tensile strain was
introduced into Ge film. This is due to the fact that Ge has a larger thermal expansion mismatch with quartz than
that with Si. This new platform may find applications in high mobility thin film transistors and flexible electronic
and photonic devices.

Based on highly n-doped GOI substrate recently developed by wafer bonding and spin-on-dopant diffusion, we
fabricated a new kind of optical resonator, that is, microdisks with circular Bragg gratings (CBGs) (Fig. (e)).
Compared with normal microdisk without CBGs, these devices show sharp resonant light emission with larger
fringe contrast and higher Q-factors (~2 times) due to the enhanced reflectivity (3~4 times). This device was
demonstrated to be a promising structure for monolithic Ge lasers on Si substrate.
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Ge Light Emitting Based on the Tensile-Strained Micro-bridge

1. Introduction

As we all know, silicon is one of the most potential material for on-chip optical communication. However,
because of the indirect band gap, it’s very difficult to make an on-chip silicon light sources monolithic-integrated
on Si substrates. Ge is also indirect band gap material, but it can be easily engineered into a direct band gap
semiconductor by applying tensile strain, so Ge is considered as a promising material candidate for on-chip light
sources monolithic-integrated on Si substrates. One structure to create the tensile-strained is the micro-bridge
structure, here, we have made some research on the light emitting performance of the micro-bridge structures.

2. Research Results

Here, we measured the PL spectra of several micro-bridge on the GOS with different structure parameters, the
width of the bridge(Fig.1), the length of the bridge(Fig.2), and the chamfer radius on the end of the bridge(Fig.3)
with the pump light power of about 5mW. The parameters of the best performance and the PL intensity of about
more than 10000 were obtained. And also we measured the Raman shift of these devices, and the largest Raman
shift about 3.41cm™ compared with Ge wafer was obtained (as shown in Fig.4).
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