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Abstract

Germanium-on -Insulator (GOI), which combines the merits of Ge and SOI, is
gaining interest as a newly emerged Si-based material. Besides the much higher
carrier mobility and its favourable absorption coefficient in the near infrared
wavelength regime (1.3~1.55 um), the ability of overcoming potentially fatal flaws in
bulk Ge devices is another practical advantage of GOI. Thus, GOI can be widely used
in micro- and opto- electronic application. The Ge waveguide photodetectors based on
GOI material, which combine the advantages of GOI and the waveguide-coupled
structure, can improve the performance of Ge photodetectors with high speed and
high quantum efficiency. Therefore, the research on GOI material and Ge waveguide
photodectors are of great significance for Si-Based optoelectronic integration.

In this dissertation, GOI was fabricated by Smart-Cut'™ in combination with
wafer bonding technology. Some key technologies for Si-based Ge waveguide
photodetectors fabrication were also investigated. The main works and innovation of
this dissertation are summarized as follows:

1.  Ge waveguide photodetectors with various coupling structure were designed
by RSoft simulation. The results demonstrated that the device length can be small
with the butt-coupled structure, but the submicron SOI waveguides would suffer from
high fiber coupling loss. For the mixed-coupled structure, RSoft simulation revealed
that about 80 % of the light is absorbed by Ge with 0.99 pm Ge thickness, 100 um Ge
length, including the coupling loss from the optical fiber to the waveguide. And the
calculated 3dB bandwidth is 25 GHz.

2. Surface morphologies, strain status and defect evolution were systemically
investigated for Ge wafer after hydrogen implantation with different implantation
power densities. For lower implantation power density, large strain is observed with
the direction normal to the sample surface. The strain profile is in line with the
hydrogen distribution in Ge. With the higher implantation power density, the strain is
found relaxed and there exhibits mosaics structures in the as-implanted samples,

where the platelet defects grow, propagate and coalesce due to the serious
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self-annealing effect during hydrogen implantation. Such a defect evolution behavior
would result in no blister or discrete blisters after annealing of the implanted Ge
samples.

3. The blistering of the hydrogen implanted Ge was carried out and compared
with various thermal annealing temperatures. For the annealing temperature between
400 °C and 500 °C, the Ge surface layer was found fully exfoliated. But at higher
temperatures, discrete blisters were observed. A crack propagation model was
proposed for the splitting of thick Ge layer after annealing at various temperatures.
For the annealing temperature lower than 500 °C, cracks extend mainly along the
direction parallel to the surface; But at higher temperatures, hydrogen diffusion is
enhanced, then the crack would propagate in the vertical direction, which result in the
craters and bubbles on the surface after thermal annealing.

4. The wafer bonding conditions of Ge and Si0,/Si were optimized, including
the surface treatment, bonding temperature and the applied pressure. Then the GOI
with good bonding quality was fabricated by Smart-Cut™ and wafer bonding
technology. It was found that post-annealing in vacuum at 500 °C further improved
the crystal quality of the GOI. Moreover, as shown by X-ray diffraction (XRD)
measurement, the full width at half maximum (FWHM) of the Ge (004) peak was
reduced to 72.6 arc sec and almost all the residual stress was released. The polishing
method with three steps was proposed, which reduced the surface roughness of GOI
to only 0.15 nm. The bulk hole mobility reaches 775 cm?/V-s as obtained by the Hall
effect measurement. Also, the extracted electron mobility at Ge/oxide interface from
pseudo-MOSFET measurement is 56 cm?/V-s, and the interface trap density is
verified about 7x10'? cm™-eV™,

5. Phosphorus implantation doping in Ge was studied. A model of phosphorus
diffusivities enhanced by implant damage and high carrier concentration was
proposed for the simulation of phosphorus profile in Ge. For phosphorus implanted in
bulk Ge, after RTA at 650 °C for 15 s, an adequate n-type junction was formed.
However, there was an enhanced local phosphorus diffusion approaching the
epi-Ge/Si interface, which is a serious problem for fabricating the photodetector.
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After RTA at 650 °C for P implantation in Ge, the implant damage was eliminated
and the electrical concentration of phosphorus was about 1.5~3.5x10" ¢cm™.

6. Some key technologies of Si-based Ge waveguide photodetector fabrication
were studied. Al/n"-Ge contacts show ohmic characteristics with a specific contact
resistivity as low as 1.25x10” Qecm?®. Dry etching processes were investigated on Ge
and Si. Smooth etched surfaces and vertical etched sidewalls were presented. Finally,

Ge waveguide photodetector was fabricated based on the above investigations.

Key words: Germanium on Insulator; Wafer bonding; Smart-cut; Phosphorus
implantation doping in Ge; Ohmic contact formation on n-type Ge; Ge waveguide

photodetector.
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