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• Photography is undergoing a paradigm shift to 3D Imaging

• Current 3D imaging approaches suffer from many draw-backs

• Novel devices and circuit designs implemented in CMOS technology are required to 
make 3D imaging a common-day reality

• Novel CMOS SPADs (Single Photon Avalanche Diode) arrays integrated into Si-
Photomultipliers (SiPM) offer new opportunities by combining unprecedented 
performance in terms of photon counting as well as photon timing

• The key to a breakthrough in 3D imaging is understanding the physics of CMOS 
devices and the electro-optical requirements as well as ability to propose novel 
CMOS mixed design circuit implementation of new concepts

• The combination of new CMOS mixed circuit design architecture, CMOS physics and 
Electro-optics  is where our strength,  interest and unique capabilities can be best 
expressed
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Research Motivation

• Array of mosaic sub-pixels SPADs electrically connected in parallel but responding 
individually at the speed of a single sub-pixel

• Each sub-pixel includes only a SPAD and quenching resistor

• Allows scaling down of sub-pixels

• Mixed design external output circuitry allows high fill factor

• Measures packets of photons – not limited by dead-time

• Allows simultaneously photons counting/photon timing

• The most sensitive as well as fast solid state sensor

SiPM - Si Photomultiplier 
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• The reflected radiation of the sun from the target provides background radiation

• Background photons contributed by the sun are just like signal photons, but are 
unwanted signals

• Since the background photon flux is typically high, ~1012 Τph 𝑠𝑒𝑐 , even with the 
narrow band filter operating at an optimal wavelength, the signal and background 
fluxes are typically of the same order of magnitude 

• The detector readout signal is a train of randomly distributed pulses corresponding 
to the detection of individual photons

• A signal photon and a background photon cannot be differentiated

The limitation of Time-of-Flight

• In order to detect 𝐧 random photons simultaneously, how many sub-pixels of 
SPADS are required?

• This is a key issue not reported before

• We evaluate the exact probability density for detection of a packet of random 𝒏
photons, obeying Poisson Statistics, with a SiPM with 𝒎 sub-pixels (of SPADs)

How many SiPM sub-pixels are required?

𝜕𝑆𝑁𝑅𝑓𝑖𝑟𝑒(𝑚𝑝𝑖𝑥𝑒𝑙)

𝜕𝑚𝑝𝑖𝑥𝑒𝑙
=

𝜕

𝜕𝑚𝑝𝑖𝑥𝑒𝑙

ǉ𝑚𝑝𝑖𝑥𝑒𝑙,𝑆𝐺(𝑚𝑝𝑖𝑥𝑒𝑙)

ǉ𝑚𝑝𝑖𝑥𝑒𝑙(𝑚𝑝𝑖𝑥𝑒𝑙)
= 0

lim
𝑚𝑝𝑖𝑥𝑒𝑙→∞

𝑆𝑁𝑅𝑓𝑖𝑟𝑒(𝑚𝑝𝑖𝑥𝑒𝑙) ≡ 𝑆𝑁𝑅𝑜𝑝𝑡𝑖𝑐𝑎𝑙

OPTIMIZING THE DESIGN OF SiPM ILLUSTRATED FOR ~700  PHOTONS

Conditional Probability density function
• 𝒏 ~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜆) photons randomly strike the SiPM matrix
• array consists of 𝒎 identical sub-pixels
• 𝑷 𝐴𝑘 - Probability for detecting 𝑘 photons
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LiDAR architecture and design
• SiPM, which consists of 1600 sub-pixels N+P SPADs with NIR sensitivity (PDE=0.15)
• Each sub-pixel contains only a quenching resistor Rq = 300KΩ and AC coupled-capacitor Cac = 16fF

• 16 sub-SiPM, each sub-SiPM contains 100 SPADs
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The average value of the times is equal to ҧ𝑡 ≡ 𝑇𝑜𝐹 = 666.5 𝑛𝑠 the estimated range is equal to 𝑍𝑑 =
𝐶0
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∙ 𝑇𝑜𝐹=99.975[m].
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