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Fully depleted CMOS sensors represent a significant step forward in radiation detection, combining the advantages of monolithic active pixel sensors with the enhanced signal collection efficiency of depleted bulk materials. The ARCADIA Collaboration established a technology platform for the development and production of deep sub-micron fully depleted CMOS monolithic sensors with excellent collection efficiency, advancing this semiconductor detector technology with IP cores, ASICs, and back-end dedicated acquisition systems. The sensor technology was demonstrated on system-ready full chip monolithic active pixel sensors with high rate capability and very low power for the detection of charged particles and photons. Innovative CMOS monolithic LGADs featuring a shallow gain layer and implementing a low-gain avalanche diode were developed for time-of-flight detectors, while other prototype ASICs have implemented multi-threshold photon-counting architectures for X-ray imaging. The implementation of fully depleted monolithic strip sensors with embedded electronics and low power density makes the proposed approach a good candidate for future detectors in space applications. The ARCADIA technology will find applications in medical instruments, nuclear imaging and dosimetry, frontier detectors for experimental high energy, and astroparticle physics. This review details the main development achievements by describing the technology demonstrators fabricated and tested and provides a detailed overview of the characteristics and architecture of the ARCADIA-MD3 full-chip monolithic active pixel sensor.
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1 MONOLITHIC CMOS PIXEL DETECTORS
Monolithic complementary metal-oxide semiconductor (CMOS) sensors integrate sensor, readout, and processing electronics in the same silicon substrate. These are fabricated in microelectronics silicon foundries typically focused on CMOS Image Sensor (CIS) technology, with a manufacturing capability in the range of several thousand wafers per week. In the framework of the development of radiation detectors for particle and nuclear physics, CMOS sensors are a very competitive solution compared to traditional hybrid pixel or micro-strip detectors, allowing for significant potential gains in terms of performance, increased robustness, and lower production costs.
In early proposed solutions for the use of a CMOS technology for tracking detectors in high-energy physics (Hillemanns et al., 2013), the signal is collected on a relatively shallow epitaxial layer (typically 15–30 μm). The charge carriers generated from the incident particle or photon are transported through diffusion and collected by a small collection electrode. The resulting signal is processed with on-pixel CMOS front-end electronics, which includes both analog and digital circuitry. A significant milestone in this field was achieved with the production of the sensors used to instrument the inner tracker ITS2 of the ALICE experiment at CERN during the detector upgrade in 2021 (Ravasenga, 2024). However, the long collection time intrinsic to the diffusion process makes these sensors unfit for operation under high fluxes of neutrons or charged particles causing bulk damage or generally in applications where high time resolution is required. In addition, the limited thickness of these devices does not allow for soft X-ray imaging with sufficient efficiency. Modifications of this process were subsequently proposed with an additional implant introduced to allow the full depletion of the 25 μm epitaxial layer (Pernegger et al., 2017), while the migration from a TJ 180 nm to a TPSCo 65 nm technology node is now paving the way for future upgrades of the ALICE inner tracker (Ferrero, 2024).
Other approaches embed the electronics in a large collecting electrode, which can be implemented either with a deep nwell or a buried layer, both structures having become standard in modern deep sub-micron processes. The large collection electrode guarantees a uniform electric field across the sensor, allowing for better radiation hardness up to fluences of 1015n/cm2. The common implementation of such HV-CMOS sensors uses a p-sub contact on the top side, and the readout circuitry is built inside a deep n-well which isolates the CMOS electronics from the sensor high-voltage bias (Perić et al., 2021). Notwithstanding, this approach has two major drawbacks: the large collecting electrode creates a large parasitic capacitance, while the electronics embedded inside the sensor introduce positive feedback between the preamplifier-discriminator and the sensor itself. A higher bias current is thus necessary, and current-mode logic can be indispensable for avoiding the coupling issues; both lead to a generally higher power dissipation than small collection electrode sensor technology.
An interesting alternative, based on silicon-on-insulator wafers, most commonly uses a buried oxide that separates a thick, high-resistivity sensor layer from a thin, microelectronics-grade layer to create the substrate for the CMOS electronics (Arai et al., 2017). The thickness of the sensing layer can be chosen in a wide range, thus allowing its optimization for the applications of interest. However, the use of SOI wafers entails two critical issues. On the one hand, the high voltage required to deplete the sensors couples through the buried oxide to the thin CMOS substrate, causing a shift of the threshold voltage of the MOSFETs. This problem was addressed by introducing a buried p-well that shields the CMOS layer from the high voltage, although the shape of such a p-well must be carefully optimized to avoid performance degradation due to the increase of the sensor capacitance. On the other hand, SOI-based sensors are prone to accumulate charge in the buried oxide layer after irradiation, which can degrade the performance of the CMOS circuitry. This is typically solved by using a second buried oxide layer for which the inner silicon layer, encapsulated between the two oxides and biased with a dedicated voltage domain, counteracts the effect of the accumulated charge. This layered implementation significantly increases the cost of the substrate procurement and wafer processing of this highly specialized technology.
Fully depleted CMOS sensors, featuring a completely depleted substrate with a thickness of several hundred micrometers, with the charge collected exclusively by drift, offer the possibility of replacing conventional hybrid pixels and strips in most applications. This possibility is hence relevant for experiments employing silicon detectors on future particle colliders and astroparticle physics experiments in space, with a potential application also in the medical field. The technology proposed in this study allows for the implementation of silicon sensors with an active thickness of up to 500 μm using a reduced set of custom process masks for fabrication in the standard LF11IS CMOS process at LFoundry.
2 THE ARCADIA CMOS SENSOR TECHNOLOGY
The SEED and ARCADIA projects, funded by the INFN CSN5, established a collaboration with the silicon foundry LFoundry s.r.l. to create an INFN platform to develop and produce high-efficiency deep-submicron CMOS monolithic sensors. These are implemented on n-type high-resistivity (>2kΩ⋅cm) wafers with a typical final thickness ranging from 100μm to 500μm. The top side of the wafer is processed with LFoundry’s CMOS 110 nm node technology featuring six metal layers and 1.2 V NMOS/PMOS devices isolated with a deep p-well, while the back of the wafer features a p-n junction realized with a p+ implantation. The process uses an epitaxial layer where the increased doping concentration allows control of the potential beneath the deep p-well, moving the punch-through between the backside p+ electrode and the top p-type regions toward higher voltage values. The n-epi layer was engineered in such a way that the collection electrode can be biased at a voltage below 1 V, enabling the use of thin oxide 1.2 V core devices for better radiation tolerance. A detailed insight on the sensor technology and performance can be found in Pancheri et al. (2020).
Figure 1A illustrates the cross-section of a pixel array chip with a backside bias electrode on a heavily doped bias layer, forming the backside junction. The depletion layer hence develops from the backside of the n-type substrate when a negative bias voltage is applied to the p+ electrode. The choice of using the backside junction to bias the sensor allows for a full depletion of the substrate without the need to apply high voltage potentials at the front side, thus enabling the use of low-voltage CMOS electronics to read out the fast signals produced by electron drift current. The backside is processed after thinning to the final thickness and implanting a very shallow p+ boron-doped region subsequently activated with a laser annealing; Figure 1B illustrates a sensor thinned down to 200 μm before backside lithography. The possibility of post-processing the backside with lithography allows the creation of a multiple floating guard-ring termination structure around the sensor active area, avoiding early edge breakdown at the borders of the p+/n+ substrate junction. For tracking applications requiring thinner sensors (100μm or below), the sensor can be implemented without the need for the lithography processing of the backside, thus avoiding the use of the backside floating guard rings (Figure 1C). Alternatively, very thin sensors can be fabricated, starting from a p+ substrate with the double epitaxial layer grown on top (Figure 1D).
[image: Diagram showing cross-sections of different semiconductor wafer structures. (A) Pixel array with peripheral electronics, featuring n-epi and n-sub layers. (B) HR wafers for backside lithography with 200 micrometers active thickness. (C) HR wafers without backside lithography showing 100 micrometers active thickness. (D) p+ wafers with double epi layers displaying 48 micrometers active thickness. Each section highlights specific layers such as n-epi, high resistivity n-type silicon, and p+ substrates.]FIGURE 1 | Detailed cross-section of the ARCADIA fully depleted CMOS sensor technology, depicting the arrangement of the pixel array and guard-ring terminations on the back-side (A). Embodiments of the technology for thicker sensors with backside lithography (B), for thinner sensors with maskless backside using a p+ implantation (C), and a maskless option (C) using a p+ starting substrate as a passive carrier (D).3 ARCADIA PROTOTYPES AND FULL-CHIP DEMONSTRATORS
Involving seven INFN divisions and over 50 researchers and engineers, the ARCADIA1 initiative advanced semiconductor sensor technology while also developing IP cores, ASICs, and dedicated data acquisition systems. This collaboration demonstrated the scalability and technology readiness of the proposed MAPS sensor through the development of a full-size system-ready demonstrator featuring a low-power, high-density pixel matrix CMOS monolithic sensor. Other deliverables of the project include passive pixel and strip test structures for sensor characterization, monolithic silicon strip arrays with embedded readout electronics and silicon strip readout ASICs, test vehicles for multi-threshold photon counting architectures, small-scale prototypes for ultra-low power and fast timing, and mixed-signal ASICs for fast timing with sensors implementing a gain layer. The circuits and sensors were produced through a series of single-project wafer engineering runs employing different splits of starting substrate, process options, and final wafer thicknesses. The list of designs on board the ARCADIA engineering runs and its correspondence to the reticle floorplan (Figure 2) is depicted below.
[image: Diagram displaying the layout of semiconductor devices. The left section (A) includes labeled blocks: ASTRA-VI, ARCADIA-MD1b, ARCADIA-MD1a, ARCADIA-miniD, and others like COBRA, MoTiC, and MATISSE LP. The right section (B) shows blocks labeled MADPIX, ARCADIA-MD3, ARCADIA-miniD, and similar components as in section A. Each block represents distinct microchip or testing structures.]FIGURE 2 | Reticle floorplans for the ARCADIA engineering runs, mask sets for the first (A) and second (B) single-project wafer productions.3.1 ARCADIA-MD3 FD-MAPS main demonstrator (512 × 512 pixels)
The system-ready fully depleted monolithic active pixel sensor has an active area of >1.6 cm2 on a matrix with 262 K pixels featuring a pitch of 25 μm. The data-driven binary readout allows for a rate capability of 100 MHz/cm2; with a total power density of 17-30 mW/cm2; for low-rate operation, the power density is below 10 mW/cm2. The first engineering run included two full-chip designs with different front-end circuit topologies labelled as MD1a and MD1b, thoroughly characterized after a focused ion-beam correction of a connectivity issue at the level of the data transceiver control. The ARCADIA-MD3 design implements the needed corrective actions and was sent for fabrication on a second single-project wafer production. The readout logic, floorplan, and chip organisation of the ARCADIA-MD3 chip are detailed here in Section 4.
3.2 ARCADIA-miniD FD-MAPS mini demonstrator (512 × 32 pixels)
Smaller FD-MAPS demonstrators for testability and debugging implemented power management IPs (Bianco, 2021; Traversi et al., 2023) and configurability options for yield optimization on large sensors, using a dedicated low drop-out LDO regulator for each section of the chip.
3.3 FD-MAPS and test structures for timing applications
Third-party designs from the Paul Scherrer Institute PSI and ETH Zurich for timing applications. Details on the design characteristics and silicon results of MoTiC (Monolithic Pixel Detector with Timing) can be found in Burkhalter et al. (2024).
3.4 MATISSE low power front-end
MATISSE-LP is a small-scale FD-MAPS prototype featuring a 2 × 2 mm2 matrix with 50μm pixels and an ultra low-power front-end. The matrix is organized into four sectors of six columns each, each column embedding 24 pixels with a 50 μm pitch. The compact discrete-time pixel amplifier is based on a source follower input stage which is AC coupled to the discriminator with offset compensation, the pseudo-CMOS binary output being then propagated to the chip periphery. The estimated power density, based on post-layout simulations and with 11.2 nW/pixel at a rolling-shutter readout frequency of 10 kHz, is expected to be below 0.5 mW/cm2 (Durando, 2021).
3.5 Passive pixel and strip test structures
Arrays of passive pixels with parallel connections used for electrical characterisation (I-V and C-V curves with probe station) were used, with studies of charge collection efficiency and tests with pulsed IR and NIR lasers. Both pixel and matrix test structures implement pitches ranging from 50 down to 10 μm, with and without a gain layer (Neubüser et al., 2021; De Cilladi et al., 2021; Ferrero et al., 2023; Corradino et al., 2024).
3.6 ASTRA 64-channel mixed signal ASIC for Si-Strip readout
A mixed-signal silicon strip readout ASIC for space-borne experiments with very low-power performance (<1mW/channel) and low-noise (ENC below 1,000 e−) used a bi-polar input stage optimized for sensor capacitance up to 100 pF. The high dynamic range, needed for high Z identification, extends from 10 k to 1000 k electrons (1.6–160 fC). A slow shaper branch, with a shaping time programmable in the range 1–10 μs, is used for the charge measurement with an externally controlled sample-and-hold circuit. Both multiplexed or a digitized (using a Wilkinson ADC) pulse output are provided, together with a fast-OR or triggered channels. The ASTRAv2 upgraded prototype of the chip, fabricated on the second single-project wafer production, optimized the floorplan and I/O placement to allow side-by-side abutment of sensor strips and readout electronics on large-scale detectors (Barbanera et al., 2024).
3.7 ASTRA-VI 32-channel monolithic strip and fully functional readout electronics
A proof-of-concept CMOS monolithic strip block featured fully functional readout electronics. The 32-block of 2×256 50μm2 pixelized strips implements an active sensor area of 12800×3200 μm2. Each strip is connected to a charge-sensitive preamplifier stage followed by a CR-RC shaper with four programmable peaking time settings. The analog signal is read using an external control signal that opens the switch and stores the shaper output peak voltage for each channel, after which a multiplexer is used to send the sampled signals of the 32 channels off-chip with a 10 MHz readout clock. Alternatively, the analog multiplexer can be disabled and the signal stored in the S&H capacitor digitized with a low-power Wilkinson ADC. The data payload is serialized and sent off-chip via using a c-LVDS Tx link (Giampaolo, 2022).
3.8 HERMES small-scale demonstrator for fast timing
The HERMES Discrete-time Electronics CMOS Sensor is a first prototype for timing applications, targeting a sub-ns time resolution without the use of a gain layer. Each of the 48 50-μm pixels embeds a charge-sensitive amplifier front-end with a synchronous reset and a low power discriminator with fast switched self-compensation of the offset, using an auto-zeroing switched technique. Measurements using a 1,060 nm laser on 100 μm thick depleted substrates show a time resolution in the order of 120 ps r.m.s. for a MIP (Durando and Follo, 2023).
3.9 MADPix multi-pixel active demonstrator chip for fast timing
The use of a p-type gain implant beneath the n+ collecting electrode to push the timing performance was tested both with passive pixel and strip test structures and with a first 4.4 × 16.4 mm2 small-scale demonstrator with embedded electronics. The MADPix CMOS Low-Gain Avalanche Detector (LGAD) is subdivided into eight matrices, each with 64 250 × 100-μm2 pixel pads to implement different sensor and front-end flavors and a rolling shutter readout. The pixel geometry is constrained by design-for-manufacturability limitations and is not optimized for timing due to the increased distortion term. The gain layer is introduced with an ion p+ implantation beneath the n+ collection electrode. Since the bias voltage of the said electrode must be above 20 V, a multi-finger metal capacitor is used to create the required AC coupling between the sensor and the front-end electronics. Test beam characterisation at CERN and DESY showed a timing resolution better than 75 ps r.m.s. for the MADPix prototype, the performance being sensor-limited by the 48-μm thick active layer (Follo et al., 2024). A short-loop production, planned for the fall of 2025 and using 20- and 15-μm active layer splits, is expected to deliver the first prototypes with a time resolution, estimated from Monte Carlo studies based on experimentally-tuned simulations, of 20 ps r.m.s.
3.10 METPC multi-energy thresholds photon counting chip
The first small-scale demonstrator of an X-ray multi-photon counter using the ARCADIA technology platform is a fully digital 896-pixel demonstrator (8 × 112 pixels) with a pitch of 110 μm, where the modular design and digital-on-top integration flow allows for straightforward scalability to larger devices. Each pixel includes a cascode core amplifier with a Krummenacher front-end amplifier and a second-stage shaper, discriminators, and DAC for threshold trimming, while the pixel digital section implements the charge-sharing correction algorithm, digital thresholds, and energy binning. The charge-sharing correction algorithm uses information on the pixel collected charge (local-ToT) and the sum of the charge collected by the neighboring pixels (sum-ToT). Data collected on-pixel are sent to the end-of-column circuitry, which also hosts the power management blocks and handles data transmission, data serializers and custom-LVDS transceivers, SPI-based configuration, power management, and ancillary circuits for analog bias (Cai, 2024).
3.11 COBRA first prototype of an active CMOS pad detector for tracking and dosimetry
The COBRA chip is a small area pad detector O (1mm2) with an embedded CMOS readout that can be mounted on the tip of a thin and flexible prostate catheter and used for low-dose (LDR) and high-dose (HDR) rate brachytherapy treatments, both of which require excellent control of the actual position of the radioactive seeds implanted within a patient’s body to deliver the intended dose to the target cancer cells. The chip consists of an active region of 460×340 μm2 corresponding to the frontside n-type collection electrode of a p-i-n diode. The dual gain front-end amplifier can be programmed through three digital signals, selecting between high gain (HG) and low gain (LG) modes for LDR and HDR, respectively. A comprehensive review of the characterization results with IBIC microscopy and gamma sources with phantoms of the COBRA active CMOS pad sensor is described in Bui et al. (2024).
4 THE ARCADIA-MD3 FULLY DEPLETED MAPS
ARCADIA-MD3 is a system-ready versatile full-chip demonstrator for the FD-MAPS embodiment of the LF11is CMOS monolithic sensor technology developed by the collaboration. The sensor active region consists of 512 × 512 pixels, each pixel embedding the collection electrode, analog and digital circuitry on a 25 μm × 25 μm area. Figure 3 illustrates the physical implementation of the pixels and the organization of the chip. The sector biasing houses the power management, bandgap DACs, and biasing for the analog circuitry of each section. The configuration of the pixel operation mode, bias circuits, and end-of-sector logic is handled by an SPI block through a dedicated I/O interface. The 1.28×1.28cm2 active area can be abutted side-by-side with minimum impact to the dead area between the sensors.
[image: Diagram showing a multi-core system architecture with columns labeled 0 to 15, each containing cores from 15 to 0. Data flows through timestamps into token counters, then into a selector FSM, finally reaching a FIFO. Arrows indicate data movement and process sequences.]FIGURE 3 | ARCADIA-MD3 FD-MAPS chip floorplanThe ARCADIA-MD3 chip physical and logical hierarchy organization is shown in Figure 4. The active sensor matrix (512 × 512) is partitioned into sections (32 × 512) which are independently read out and have a dedicated serializer and c-LVDS data link. The sections are in turn composed of 16 core columns (2 × 512) arranged as double-pixel columns with mirrored analog and digital domains. Each of these core columns stacks 16 cores (2 × 32), which are the minimum synthesisable unit in the matrix and implement a buffering scheme in such a way that the propagation delay of hit and handshaking signals is optimized. The cores are then subdivided into 2 × 2 pixel regions to allow the sharing of logical resources such as pixel addressing (addresses are hard-coded in the region), data multiplexing and bus arbitration logic.
[image: Diagram showing the structure of a chip composed of a 512 by 512 pixel matrix section, divided into regions and columns. The matrix is segmented into sections and columns, each labeled with a number from zero to fifteen. Adjacent to the matrix is a core area including analog FEs, pixel regions, and input-output logic.]FIGURE 4 | ARCADIA-MD3 FD-MAPS matrix organization.The data-driven binary readout is based on a priority-encoding solution, with the hitmap region (hardcoded during synthesis) and core (generated during readout) addresses being propagated to the section readout unit whenever the pixel receives the writing token. For each event, the chip buffers the pixel hit into a status bit, which is then cleared on readout. In order to minimize the latency to clear the pixel, a clustering readout is used to group the payload of multiple hits on each transaction. For the implementation of the clustering readout, the matrix is configured into primary and secondary pixel regions, the former having readout capability. Therefore, the primary’s data packets to be sent to the periphery are composed of the hitmap of the primary itself, the hitmap of one of the neighboring secondary pixel regions, and a bit indicating whether the secondary is a top or bottom neighbor. The hitmap is hence the collection of the status of the pixels—for example, if all the pixels in the secondary are hit, its hitmap will be 1,111; if otherwise, only the top ones are hit, and the hitmap will be 1,100. Each pixel has an associated status register (FF), and for each hit, the pixel front-end amplifier generates a discriminator output high which is buffered and sets the status register to 1. The full flag of each primary pixel region in the column is OR-ed with the one of the preceding (top) ones, creating a token chain. As soon as the token signal is propagated to the periphery section readout unit (Figure 5), the timestamp is latched for the column. A selector Finite-State Machine (FSM) selects a column to drain, samples its data, and sends a read signal upward. The selector FSM can read from a column for a maximum programmable number of times. When the maximum is reached or the token goes down from the column, the the selector addresses the next one with the token signal active. The payload consisting of the column data, column adddress and timestamp is then sent to the output FIFO and will be sampled by the periphery circuits.
[image: Diagram showing a multi-core processing system with sections labeled Section 0, Section 1, and Section 15, each containing Core 0 and Core 15. Arrows depict data flow between timestamp modules, token counters, a selector FSM, and a FIFO module.]FIGURE 5 | Block diagram of the ARCADIA-MD3 FD-MAPS section readout unit.This low-power asynchronous architecture implements a readout logic where the system clock is not propagated to the pixel matrix. The clock is generated off-chip in a range of 100–320 MHz and is used by the double data rate (DDR) serializers and data transceivers, implemented with a custom high data rate and low-power data link (Pezzoli et al., 2021). The 32-bit data words are 8b10b encoded into 40-bit packets and, if the FIFO of the section readout unit is empty, synchronization packets are transmitted for keeping the clock aligned with the DAQ.
The periphery circuitry, FIFOs and readout units are designed such that a 100 MHz/cm2 particle hit rate can be handled and transmitted using 16 DDR output links. For very low power applications, the rate capability of the sensor is scaled down, and all data produced by the matrix is buffered from all section readout units into a central FIFO. The clock gating turns off the finite-state machines, encoders and serializers from all output links except one, and all but one of the c-LVDS data transceivers are disabled. Hence, the ARCADIA-MD3 chip can be configured to operate in a high or low rate mode (Figure 6). The power density of the full chip in low rate mode is approximately 10 mW/cm2. Depending on the driving strength settings for the c-LVDS links, which can be configured with 3-bit global configuration registers, the total power density of the chip operating in high rate mode is 17–30 mW/cm2.
[image: Diagram comparing high rate and low rate modes. High rate mode shows sections zero to fifteen with individual transmission paths labeled "TX." Low rate mode combines these sections into a single transmission path via a combiner before "TX."]FIGURE 6 | ARCADIA-MD3 FD-MAPS normal and low-rate operation modes.The ARCADIA-MD3 FDMAPS, which is seen mounted on a front-end carrier board in Figure 7, was extensively tested using radioactive sources and in cosmic ray stands. A detailed description of the analog and digital circuits and electrical characterisation of the CMOS sensor and the results of a test beam characterisation with a three-plane telescope using the 120 GeV proton beam at FNAL will be discussed in detail in forthcoming publications in preparation.
[image: Close-up of a rainbow-colored sensor chip next to a radiography image of a leaf. The leaf features a prominent vein pattern in shades of blue and green, transitioning to red and orange at the edges.]FIGURE 7 | ARCADIA-MD3 FD-MAPS mounted on a PCB. Image of a leaf obtained with an X-ray radioactive source (55Fe) and a 200μm thick 512 × 512 pixel MD3 sensor; color bar indicates the number of counts on each pixel.5 CONCLUSION
The ARCADIA collaboration developed a technology platform for the design and production of fully depleted CMOS monolithic sensors using a proprietary INFN-LFoundry sensor technology. This development, financed by an INFN CSN5 Open Call, allowed for the design and production of the ARCADIA-MD3 system-grade 515 × 512 FD-MAPS demonstrator with a very low power consumption, monolithic CMOS silicon strip arrays with embedded electronics, prototype chips for X-ray imaging and medical applications, and the implementation of a CMOS LGAD sensor concept for future timing detectors. The possibility to fully deplete very thick high-resistive silicon substrates paves the way for the use of these sensors in future medical instruments for proton, X-ray, molecular, and nuclear imaging, while the unprecedented power density of 10mW/cm2 makes thinner ARCADIA sensors an excellent candidate for vertexing and tracking detectors on future leptonic colliders. The demonstration of the possibility of adding a gain layer for charge multiplication creates a CMOS-LGAD variation of the sensor, the excellent intrinsic timing performance of which can be exploited for time-of-flight detection in high-energy physics and many other applications requiring ultimate time resolution.
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