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Abstract: In order to achieve infrared photodetectors with high gain low noise and high 3 dB-bandwidth( 3
dB-BW) for low-oss and high-efficiency fiber communication many researchers have paid attention to the
Ge/Si avalanche photodiode( APD) which is regarded as a potential photoelectric device for the detection of
infrared light. In this paper we propose and theoretically study a potential structure of a Ge/Si APD with a
specific lateral carrier collection structure. The influence on the electric field distribution of the doping concen—
tration of the top Si layer the size of the gap between heavily-doped n-Si and the Ge/Si mesa and the thick—
ness of the top Si layer thickness have been considered. It was found that the doping concentration of Si multi—
plication significantly affects the junction effect of the vertical p*<-p -n~ junction and lateral n"-n" junction

which in turn affects the distribution of the electric field. Furthermore the reason for the high 3 dB-BW is also
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clarified by studying the carrier transportation. This feature is explained by the high carrier velocity in the di-

rection of carrier collection induced by the fringing electric field formed by the lateral n*-n~ and vertical p*-i—

p —n junction structure. It was found that the migration path of carriers in our lateral collection APD is along

the edge of the Ge mesa and turns to the lateral direction in the Si layer. This is very different from the vertical

migration path in a traditional SACM Ge/Si APD. We researched and found that an extremely low dark current
can be obtained using an oxide—free Ge/Si direct wafer bond. A high 3 dB-bandwidth of ~20 GHz was a—
chieved under an optical input power of =30 dBm at 1 310 nm. Such a high 3 dB-bandwidth is demonstrated

using the specific lateral carrier collection structure of this APD.
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Fig.1 Schematic diagrams of the ( a) lateral-collection Ge/Si APD and ( b) traditional vertical SACM Ge/Si APD
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Fig.2 Electric fields of Ge/Si APDs at 30 V reverse bias in linear coordinates. ( a) The original APD with 0.5 wm top Si

layer( doping concentration of 510" ¢m™)  ('b) the optimized APD with a gap of 1 pum between the mesa and n* -

Si layer ( c¢) IV curves
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Fig.3 Electric fields ( linear coordinate) of Ge/Si APDs with the doping concentrations of (a) 1x10" em™ (b) 5x10'

em™ (¢) 1x107 em™  and (d) 5x10" ¢cm™ at 30 V reverse bias
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Fig.4 (a) [ curves (b) energy band diagrams of devices at 0 V bias and ( ¢) at 30 V bias with different doping concen—

tration of top Si layer
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Fig.5 Electric fields( linear coordinate) of Ge/Si APDs with (a) 300 nm (b) I pm and (¢) 1.5 wm thick top Si layer

and ( d) corresponding ¥ curves
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Fig.6 Electric fields( logarithmic coordinates) of Ge/Si APDs with (a) 0 um (b) 1 pum (¢) 2 pm and (d) 5 wm wide

gap region
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Fig.7 Lateral electric fields( a) and the related 3 dB-BW( b) of the APDs with different width of gaps
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Fig.8 (a) A ¢) The electron velocity( linear coordinates)  direction of current flow( contrary to electrons transport) and
vertical electron velocity curve in edge of SACM APD; ( d) A {) the electron velocity direction of current flow and

vertical electron velocity curve of proposed APD. Inset shows the lateral electron velocity
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Fig.9 (a) [ curves gain and ( b) 3 dB-BW of devices with different Ge absorption layer thicknesses( 0.5 pm 0.6 um
0.7 wm) under an optical input power of =30 dBm at 1 310 nm

1 Ge/Si APD

Tab.1 Performance comparison obtained by Ge/Si APD with different structures
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