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The hybrid detector, its potential application 
and hypothetical time based measurement 

idea. 
 

The aim of this project was the exploration and realization of a new concept of 
massively parallel time-to-digital converters (TDC) that are realized in a nanometer-scale 
CMOS process technology and are optimized for time-of-flight (ToF)-based matrix of pixel 
detectors.  The TDCs are used to digitize the detected time-of-arrival of a photon (e.g., X-
ray, infrared) or a particle, while denoting the detector’s position within the matrix (i.e., 
spatiotemporal detection). Given a large number (thousands or even millions in the 
future) of intended pixels to be supported, each pixel detector is envisioned to be served 
by a dedicated TDC. This will maximally increase the detection speed/rate while keeping 
its detection unavailability (i.e., “dead time”) to a minimum. The key TDC parameters are: 
fine picosecond-level resolution, small area and low power consumption; hence, they are 
best implemented in nanometer-scale (nanoscale) CMOS process technology. 
Unfortunately, this process choice makes it incompatible with the photon/particle 
detectors, whose key parameters are the quantum and detection efficiencies in the 
intended spectrum range, which rarely agrees with that of silicon.  The hybrid detector 
thus attempts to solve this technology mismatch problem by stacking the pixel detector 



die on top of the CMOS silicon die of TDC matrix, while interconnecting them with tiny 
bump bondings. In this arrangement, the TDC dimensions must naturally be lower than 
the pitch of pixel detectors, which is now typically around 50-100 µm but expected to 
continue shrinking in the future.  Time-of-flight (ToF) measurements are becoming 
essential to the advancement of detectors for positron emission tomography (PET), high-
energy physics, 3D vision, ultra-high-resolution microscopy, near-infrared imaging, tie 
resolved Raman spectroscopy, quantum security, and many others. In many of these 
applications, a real-time millimeter-level timing resolution along the direct line of 
response is required. During the realization of the project Authors managed to design, 
send to fabrication, and perform measurements few integrated circuits including two with 
multichannel pixel architecture chip. The pixel shaped chip versions are developed to be 
able to connect with pixel shaped detector and in that way allow building the hybrid 
detector (the one composed of two independent modules, i.e. integrated circuit and 
detector that are combined with bump bonding technique). Additionally, project Authors 
intensively worked on individual integrated blocks that are a part of the final time to digital 
system, i.e. two different new PLLs architectures for precise signal clock generation were 
proposed, modern band pass filters and low noise amplifiers were developed, and two 
ADCs architectures were designed and tested. Importantly, great part of the work was 
devoted to propose new techniques for mitigating the process, voltage, and temperature 
negative effects on the working circuits. These are circuits that work automatically and in 
parallel to main blocks and monitor any disturbances from supply lines, or the process 
and temperature influence and provide feedback compensation signal. These methods 
were also verified by extensive measurements and proved their efficiency.  The new 
solutions and methods worked out during this project will have a great deal of universal 
value and applicability, so they are expected to be used in other applications, especially 
where it is important to swiftly process precise timing signals while maintaining low power 
consumption.  
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