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Abstract

Silicon-based photodetector is the foundamtental element in silicon photonics.
Germanium materials has been adopted in Si-based photodetector fabrication due to
its large optical absorption coefficient in the near-infrared band, huge hole carrier
mobilities, and its compatibility with traditional silicon-based processes. And the
photo-electric properties in tensile strained Ge membrane can be further improved
compared with bulk Ge materials. The micro-region structure would be helpful in
introducing the tensile strain to Ge. For Ge on Si materials, the anisotropic etching of
Si substrate is necessary for obtaining the micro-structured Ge membranes and has
been well studied. But the impacts of dislocations in the Ge-on-Si materials on the
etching process are still unkown which comprise of the main research scope of the
thesis.

In this thesis, the impacts of dislocations near the interface between Ge epilayer
and Si substrate on the etching of Ge on Si materials had been investigated in details.
And we designed a lateral Ge PIN photodetector with SOI(Silicon on Insulator)
structure based on software simulations. The key technologies of lateral Ge
photodetector were investigated. The results are summarized as followed:

1. The impacts of dislocations in Ge on Si on the anisotropic TMAH wet etching
from back side for suspended Ge membrane were investigated. The etch rate of the Si
kept constant during the 25% TMAH wet etching process at 80 oC for a long time (10
h). But the inverted pyramid etching pits can be found in the Ge on Si after TMAH
immersing. Etching pits with different sizes and shapes (some of them were even
penetrated) were also observed in dislocation-rich region near the interface between
Ge and Si. Three stages of the morphology evolution can be identified according to
the crossrange crystal faces in the etching pits, which can be explained by the
no-mask etching rule of Wulff-Jaccodine’s method

2. The finite element analysis ANSYS software was used to analyze the strain in
suspended Ge membrane, which was introduced by the stressor layer. It was found

that tensile strain increased to 1.9% from the middle to the border of membrane. In
I



experiment, 490nm thick tungsten was deposited on the suspended Ge/Si bilayer
structures with various window sizes. The strain was found increased with larger
window size. However, the maximum tensile strain is only measured to be 0.3%
because of the strain relaxation by etch pits.

3. The structure parameters of lateral Ge PIN photodetector was analyzed by
simulations. The results are as follows: the device length L is defined as 2 um, 10 um
and 20 pum; the width Wee is defined as 0.6-0.8 um; the depth of Ge layer is defined
about 0.8 um. A simulated device with width W, defined as 0.7 um, length L defined
as 2 um and the depth defined as 0.85 um, is calculated to meet a the optical
responsivity of 0.26A/W and a 3dB bandwidth of 41.4 GHz at bias of -1 V with an 1
W/cm? light incidence at 1550nm wavelength. The dark current density was 71.4
mA/cm?.

4. The technologies of Ge photodetector have been investigated based on the
designed lateral Ge PIN photodetector. To form the narrow Ge active mesa, an initial
2.5 um width was first obtained by photolithography and dry etching. Then a
narrowing process was performed by wet etching to reduced the mesa width to the
designed 1 pum; the junction depth in p-type and n-type doped Ge were simulated and
determined to 170 nm and 153 nm; the thickness ratio of Ni on the horizontal side and
the sidewall on device region was 2.8, and the solid-phase reaction condition was

optimized to be 450 °C/10 min.

Keywaords: Micro structure; Silicon-based Germanium materials; Dislocations;

Etching of TMAH solution; PIN Photodetector
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