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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: This paper investigates the punch-through characteristics of separate absorption, charge and multiplication av-
alanche photodetector (SACM APD). By analyzing the device's spectral response, capacitance characteristics, and I-V
characteristics at various operating temperatures, and combining these with simulated internal electric field and energy
band distributions from the SILVACO platform, we analyzed examined the performance of the SACM APD before and
after punch-through and established a corresponding mathematical model. Through structural and process parameter op-
timization for silicon-based SACM APD devices, simulations revealed that when the ion implantation energy of the
field-control layer was 580 keV, the optimized device exhibited a punch-through threshold voltage of -30 V and a capac-
itance reduction to one-third of the pre-punch-through value. Subsequently, a silicon SACM APD device was fabricated
using the complementary metal-oxide-semiconductor (CMOS) process. Measurements confirmed a punch-through
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threshold voltage of -30 V, a 2. 18-fold increase in photocurrent at 808 nm (punch-through) , a redshift of the peak re-

sponsivity wavelength from 590 nm (pre-punch-through) to 820 nm (post-punch-through) , and an elevation of the peak
responsivity from 0. 171 A/W@590 nm to 0. 377 A/W@820 nm. The capacitance was also reduced to one-third of the

pre-punch-through value at 1 MHz.

Key words: punch-through, separate absorption charge and multiplication, silicon-based avalanche photodetectors,

capacitance
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Fig. 1 Schematic diagram of device structure: (a) schematic
of cross-section of the fabricated SACM APD; (b) SEM image
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Fig. 2 Schematic diagram of device structure simulation: (a) internal electric field of the device at different reverse biases, The in-
set shows the feedback electric field at the interface between electric field control layer and absorption layer; (b) simulated /- char-
acteristics and multiplication factor of the SACM APD; (c) energy band diagrams before punch-through; (d) energy band diagrams

after punch-through; (e) doping concentration diagram of the device, when the ion implantation 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) the dark current curves of devices with photosensi-
tive surface radii of 20 p m, 50 p m, 100 p m, and 200 p m; (c)
relationships between the dark current and the photosensitive ar-

ca radius at =30 V, the red line is the fitting curve according to
Eq. (1)
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Table 1 Comparison of photocurrent and absorption
coefficient before and after punch—through

under different wavelengths of input light

Photocurrent  Photocurrent
Absorption
Wavelength  before punch—  after punch—
e oo coefficient
A/mm through through ) .
alem”
Lyne THA L/ RA
405 0.79 0. 86 1.08 95 000
505 0. 63 1.04 1. 65 11 000
635 21.83 41.87 1.92 3200
808 6.31 13.77 2.18 775
850 134.83 212.77 1.58 535
1 064 0.10 0.18 1. 80 11

B, AE 1 MHz PUT S RBUIRES , 87 LA 28 THER
DXHLZE BH P 3 42 i 2 SO R i 2 2 A B
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Fig.5 C-V characteristics of SACM APD: (a) C-V characteris-
tics of 100 um SACM APD at 100 kHz,200 kHz,500 kHz,
1 MHz,5 MHz, respectively; (b) C-V characteristics of devices
with different photosensitive surface radii at 1 MHz (dashed
line represents the simulation result for devices with a radius of
100 um at 1 MHz) ;(c) fitting relationships between the capaci-
tance value and the device photosensitive area at 0 V, -20 V
and -30 V bias
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peratures; (b) the relationship between dark current and temper-
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