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Abstract

The detection of ultraviolet light has very high application value in many areas
such as rocket launch, missile tracking, flame detection, ultraviolet communication
and ultraviolet radiation measurement. The photodetector based 4H-SiC
semiconductor materials is currently the most promising ultraviolet photodetector
because of its advantages such as low leakage current, high quantum efficiency, high
UV-visible rejection ratio, anti-radiation and high temperature resistance. Many
research groups, both at home and abroad, have studied on the 4H-SiC-based
photodetectors, and have successfully fabricated various structures of 4H-SiC UV
photodetectors with superior performance, and continue to explore the new structures
of 4H-SiC photodetectors with more superior performance.

Based on the traditional PIN structure and the separated absorption and
multiplication (SAM) structure of 4H-SIC UV photodiodes, a new 4H-SiC UV
photodiode with a small multiplication region and a large absorption region is
designed and named as APIN in this thesis. The photoelectronic properties of the
APIN photodiode are simulated by Silvaco ATLAS semiconductor device simulation
software. And the simulation results are analyzed in detail.

Simulation results show that the dark current and the breakdown voltage of the
APIN photodiode are closely depentdent on the multiplication layer’s width (D).
While the D increase, the dark current increases, but the breakdown voltage (V)
decreases, the Vy, will not decreases when D is large than 6um. By analyzing the
electric field inside the device, it is found that the reason of the breakdown voltage
decreasing as the D increasing is the different height hole potential well which is
caused by the different influence of the electric field inside the P'N junction to that
of the bottom of the multiplication layer. It is found that the APIN photodiode with
D=4um has good performance, and its photoelectronic properties are analyzed in
details, which is as following: 1) lower dark current which is 7.1><10'13A/um at

reverse bias 100V, an order of magnitude lower than that of SAM APD with same



epitaxial layer and doping, 2) a low avalanche breakdown voltage (125V), close to
that of SAM APD(116V), 3) a avalanche multiplication factor up to 1.3 10* at
reverse bias 124.95V, 4) high spectral response(peak responsivity ~0.14A/W), high
UV-visible rejection ratio(>1000) and high quantum efficiency (about 63% at
270nm) .

Keywords: 4H-SiC; photodetector; avalanche; ultraviolet
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