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Research on the punch-through phenomenon of separate
absorption, charge, and multiplication avalanche photodetectors
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(1. Key Laboratory of Optoelectronics Technology of Ministry of Education, School of Information Science and
Technology, Beijing University of Technology, Beijing 100124, China;
2. Institute of Advanced Semiconductor Optoelectronic Technology, School of Physics and Optoelectronic
Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: In this paper, the punch-through phenomenon was studied, based on a fabricated separate absorption,
charge, and multiplication avalanche photodetector (SACM APD). The spectral response, capacitance characteristics,
and I-V characteristics at different operating temperatures of the APD were measured and analyzed. Meanwhile, the de-
vice performance before and after the punch-through phenomenon were compared, and the model of the electric field re-
gion formed by external voltage was analyzed, based on the measurement results and the simulated electric field and en-
ergy band distributions by SILVACO. When the ion implantation energy of the charge layer was 580 KeV, the simulat-
ed device had a punch-through voltage of -30V and a capacitance reduction of one-third before punch-through. Then, a
Si SACM APD was prepared based on CMOS process. The punch-through voltage of the device was -30V and the ca-
pacitance was reduced to 1/3@1MHz before punch-through, which exactly matched the simulation results. Moreover,
the photocurrent after punch-through increases to 2. 18 times of the before value at 808 nm. The peak responsivity in-
creases from 0. 171 A/W@590 nm to 0. 377 A/W@820 nm.
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Fig. 1 Schematic diagram of device structure: (a) Schematic

of cross-section of the fabricated SACM APD; (b) SEM image
of 50pum SACM APD
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Fig. 2 Schematic diagram of device structure simulation: (a) electric field distribution of the SACM APD at different reverse bias-
es. The inset shows the feedback electric field at the interface between electric field control layer and light absorbing layer; (b) simu-
lated I-V characteristics and multiplication factor of the SACM APD; (c) energy band diagrams before punch-through; (d) energy

band diagrams after punch-through; (e) the cross-sectional doping concentration distribution of the SACM APD, when the ion im-
plantation energy is 580 KeV
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Fig. 3 [-V characteristics of SACM APD and dark current
characteristics of SACM APD with different sizes: (a) I-V
characteristics and multiplication factor of 100 um SACM
APD:; (b) dark current of devices with a radius of 20 um,50 um,
100 um,200 pum versus voltage; (c) relationships between the
dark current and the photosensitive area radius at —30 V, the

red line is the fitting curve according to Eq. (1)
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Fig.5 C-V characteristics of SACM APD. (a) C-V characteris-
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1 MHz,5 MHz, respectively; (b) C-V characteristics of devices
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Fig.6 Temperature characteristics of SACM APD: (a) dark
current of 200 pm SACM APD versus voltage at different tem-
peratures; (b) the relationship between dark current and temper-
ature at -20 V and -30 V
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