
A prototype 4D-tracking demonstrator based on the TimeSPOT developments

We present first results obtained with a prototype 4D-tracking demonstrator, using sensors and electronics
developed within the TimeSPOT project, and tested on a positive charged pion beam at CERN SPS. The setup consists of five
small tracking layers in a row, having area of about 3 mm squared each, three of which equipped with 3D-trench silicon sensors
and two with 3D-column diamond sensors. The five layers are then read-out by a KC705 Xilinx board on a PC. We describe the
demonstrator structure and operation and illustrate results on its tracking capabilities.

Angelo Loi, on behalf of the IGNITE and TimeSPOT Experiments

Introduction:

Context: Device under test:

        a radiation hardness up to 10¹⁶ -
10¹⁷ MeV neq/cm².

    Within TimeSPOT, the 
hybrid Timespot-1 has been developed 
and fabricated. The ASIC is a 32x32 pixel 
matrix with each channel having its own 
TDC and pitch of 55 μm. It is connected 
on a 32x32 sensor matrix in 3D silicon 
sensor technology.

            Both devices were bump-bonded 
together at IZM and installed on the Tspot test board.

Timespot-1 ASIC Layout and 
single channel architecture

Tspot board

3D silicon sensor wafer for TimeSPOT

Timespot-1 Hybrid, wirebonded on Tspot-1

Setup:

Current activities/perspectives:Results:

   Test-beam campaign performed during May 2023. Setup consisted in 5 tracking stations, 3 made of Timespot hybrids with silicon 
matrix and 2 with diamond pixel matrix. 

Each station was controlled 
by an independent IIC 
interface board. 

DAQ and system sync has 
been implemented within 
a customised firmware 
implemented on a KC705 
fpga board, which also 
has a IIC interface as 
backup. 

Inner view showing 5 Tspot boards used as tracking stations

Schematic of the FPGA firmware for DAQ and slow control

     During test-beam it was found that all silicon hybrid 
devices suffered very high leakage current and no bias voltage 
above 1 V could be applied.

Cause most probably related to the bump 
bonding applied on the Dummy structures 
integrated on top of the ASIC for increased  
mechanical stability.

Tracking the beam was still possible, with reduced performance, 
reaching a measured time resolution of 200 ps, confirmed 
successive by LASER measurements

Hit maps of all 5 tracking stations during a single acquisition

              Further developments and experience 
from TimeSPOT are continuing within the IGNITE initiative. 
The initiative is fully funded 
by the INFN and involves 
14 INFN sections and 70 
researchers.      

External view of the setup, diplaying FPGA and mezzanine (green boards), IIC 
interface (white boxes) and clock generator (blu board)

Currently, ongoing  measurements, using the advanced TCT setup at 
the INFN Cagliari are characterising the entire Timespot-1 pixel matrix 
pixel per pixel.  

The firmware of the DAQ 
was developed around 
the ipbus firmware 
(https://ipbus.web.cern.c
h/) which allowed a fast 
development and easy 
communication with the 
FPGA.

The ipbus software package allowed the development of a 
custom graphical user interface used to control DAQ and 
system synchronisation.

Main objectives of the projects are:
1. Define large pixel matrix for HEP experiments with integrated TDC 

per pixel with time resolution less than 50 ps
2. Power management with low power budget for large scale matrices 
3. Management of very high data rate using photonic IC

TCT-Setup with Timespot-1 ASIC as DUT

Results by L. Anderlini

At future experiments at 
the Hi-Lumi LHC, 4D (space and time) 
tracking is a crucial ingredient, 
necessary to avoid high event pile-up 
which inevitably would decrease 
overall detector efficiency.
The requirements for a future LHCb-
VELO like 4D tracking detector are a 
space resolution around 10 μm, a
time resolution better or equal to 50 
ps, as well as . 

The TimeSPOT project focused its effort on the 
development of innovative sensor and ASIC 
technologies, culminating in the Timespot-1 hybrid.

TimeSPOT 3D silicon sensor for fast timing
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