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ABSTRACT

In this study, germanium thin films epitaxially deposited on silicon substrates by
using a home-made plasma-enhanced chemical vapor deposition system (PECVD) with
GeCl,/H, as precursors. We optimized the growth temperature, gas flow rate, RF
power, and operating procedures to achieve a impurity-free and high-quality
monocrystalline germanium thin film with a low surface roughness and high deposition

rate.

The growth temperature is important for the crystalline quality. For the growth
temperature in range of 100~600 °C, the germanium thin film was monocrystalline.
The crystalline quality significantly improved at 450 °C, but was reduced at 600 °C.
This behavior may be attributable to the desorption of hydrogen and the reaction

mechanism between germanium tetrachloride and hydrogen atoms.

The growth temperature is also important for the the desorption of impurity. Under
a growth temperature of approximately 25 °C, chlorine was present in the germanium
thin film, but no chlorine was detected for a growth temperature above 100 °C. With a
growth temperature below 300 °C, a high hydrogen content remained in the germanium
thin film, which can lead to blistering, but no blistering was detected after growth or

during post growth annealing for a growth temperature above 450 °C.

The Gas flow rate, RF power, and operating procedures can change the
concentration of germanium tetrachloride vapor and hydrogen atoms in the reaction
chamber, which are important for the deposition rate and surface roughness. For a low
gas flow rate or low RF power, the germanium thin film can be easily etched by oxygen
and water vapor which come from the bubbler and gas pipelines. This etching can cause

ii
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a rough surface, but for appropriate growth parameters, a low root mean square (RMS)

of surface roughness can be achieved.

For the monocrystalline germanium thin film grown by PECVD with a low
impurity content (below the detection limit of energy-dispersive X-ray spectroscopy),
low RMS surface roughness (0.786 nm) and high deposition rate (78 nm/min), the
threading dislocation density (TDD) was approximately 10* cm~2. The Dark current
density and responsivity of a 700 nm germanium thin film PIN photodetector were

42-10"*A/cm? and 0.08 A/W (@ 1550 nm).

Keywords : monocrystalline germanium thin film, plasma-enhanced chemical vapor

deposition, germanium tetrachloride, low threading dislocation density
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