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Research on the punch-through phenomenon of separate
absorption, charge and multiplication avalanche photodetectors
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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 cur-
rent-voltage (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 pro-
cess parameter optimization for silicon-based SACM APD devices, simulations revealed that when the ion implanta-
tion energy of the field-control layer was 580 keV, the optimized device exhibited a punch-through threshold voltage
of -30 V and a capacitance 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
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a punch-through threshold voltage of -30 V, a 2. 18-fold increase in photocurrent at 808 nm (punch-through) , a redshift

of the peak responsivity wavelength from 590 nm (pre-punch-through) to 820 nm (post-punch-through) , and an eleva-
tion 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. 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 pm, 50 pm, 100 pm and 200 pm; (c) re-
lationships between the dark current and the photosensitive sur-
face radius at =30 V, the red line is the fitting curve according
to Eq. (1)
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Fig. 4 [-V characteristics and spectral response of SACM
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put light wavelengths for photosensitive surface radius r of 100
um; (b) spectral response of 100 um SACM APD at different
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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

i ) Absorption
Wavelength  before punch—  after punch— o
ol Do coefficient
A/mm through through . .
a/em”
Dy A 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
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Fig. 5 C-V characteristics of SACM APD: (a) C-V characteris-
tics of 100pum SACM APD at 100 kHz, 200 kHz, 500 kHz,
1 MHz and 5 MHz, respectively; (b) C-V characteristics of de-
vices 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 capacitance value and the device photosensitive area at 0 V,
-20 V and -30 V biases
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Fig.6 Temperature characteristics of SACM APD: (a) dark
current of SACM APD with photosensitive surface radius r of
200 pum at different temperatures; (b) the relationship between

dark current and temperature at -20 V and -30 V bias
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