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Fig. 1: (a) Simplified structure of a BI SPAD with a BSP and (b) its 940 nm PDP vs. BSP grid pitch. 
 

 

We present the effect of a backside scattering 
pattern (BSP) on the near-infrared (NIR) sensitivity 
of a back-illuminated (BI) single-photon avalanche 
diode (SPAD) fabricated in CMOS image sensor 
(CIS) technology. The BSP on the silicon surface 
induces light scattering, which effectively increases 
the light absorption length and results in the SPAD 
sensitivity improvement in the NIR region where the 
absorption coefficient is small. In this study, we 
implement BI SPADs with various BSP grid pitches 
and compare the 940 nm photon detection 
probabilities (PDP). 

Fig. 1(a) shows a simplified structure of a BI SPAD 
with a BSP. The P-well and Deep N-well constitute 
the 10 μm SPAD junction, and a 2 μm virtual guard 
ring is realized to mitigate premature edge 
breakdown. The BSP is implemented in a grid 
pattern on the backside surface of the P-substrate. 
The pitch of the BSP is systematically varied from 
0.3 μm to 2 μm to identify the optimum pitch. A metal 
reflector is integrated on the frontside of the device 
to reflect photons back into the SPAD. The SPAD’s 
breakdown voltage is about 14.5 V at room 
temperature, and its normalized dark count rate 
(DCR) is about 3.3 cps/μm2 at the excess bias 
voltage of 3 V. 

Fig. 1(b) shows the SPAD’s PDP at the 940 nm 
wavelength according to the BSP grid pitch with the 
excess bias voltage of 3 V. The 940 nm PDP of the 
default SPAD, i.e., without BSP, is about 10.7%. 
With the BSP, the 940 nm PDP of the SPAD 
increases significantly, reaching the maximum of 
about 20.7% with the grid pitch of 0.5 μm. These 
results clearly demonstrate that the BSP is effective 
in enhancing the NIR sensitivity of BI SPADs. 

While SPADs function as next-generation sensor 
device technology in light detection and ranging 
(LiDAR) systems, SPADs’ NIR sensitivity is 
constrained by the silicon-based fabrication. This 
study proves that BSP technology is a good solution 
to overcome the limitation of SPADs’ NIR sensitivity. 
The SPAD having the optimized BSP is expected to 
play a key role in various LiDAR applications.  
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