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(a)                                                                                                 (b)

Fig. 1: (a) A traditional SPAD model [1] and (b) an optimized SPAD equivalent-circuit model 

In this study, we present an optimized equivalent-
circuit model for single-photon avalanche diodes
(SPADs), which can provide significantly improved 
precision in circuit simulation. The model is based 
on the SPAD behavioral model introduced in [1], but 
its accuracy is enhanced by incorporating 
components whose values are directly extracted 
from the measurement.

The previous analytical model of SPADs, which 
emulates both the static and dynamic behaviors of 
SPADs, has been implemented in Verilog-A 
hardware description language and can be 
visualized as shown in Fig. 1(a) [1]. To improve the 
precision of the circuit simulation using this model, 
it is essential to integrate the physical parameters of 
the device. Within this process of integrating, we 
can proceed to optimize the SPAD equivalent circuit 
– a process that involves several key steps.

Firstly, SPAD samples with GSG PADs are 
designed and fabricated to enable accurate 
characterization, with their influences de-embedded. 
Then, RF measurements are conducted, and 
numerical values for device parameters are 
extracted from the measurement results. Finally, 
incorporating the extracted parameter components
into the established analytical model [1] results in 
the completion of the SPAD equivalent-circuit model.

In Fig. 1(b), the resulting SPAD circuit model is 
shown. Ra serves a dual purpose within the model, 

encapsulating the finite reverse saturation current 
that contributes to dissipative effects and 
representing the resistance associated with the 
depletion region. This unified representation
simplifies the overall equivalent circuit. Cj models 
the junction capacitance of the SPAD, while Rs
accounts for the resistant in the inactive region (i.e., 
N-well (NW) and deep N-well (DNW)). Cp indicates
the parasitic capacitance between the cathode and 
anode. Cks is the capacitance component of the 
DNW/P-substrate junction.

Through the optimized SPAD equivalent-circuit 
model, it becomes possible to perform more precise 
circuit simulations including the device and 
customize simulations based on the SPAD structure 
by modifying parameters according to its design.
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