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TIMEPIX3

Developed by Medipix Collaboration

Pixel size (55 x 55) µm

Pixel matrix 256 x 256

Time of Arrival (ToA) 14 + 4 Bits (1.56 ns)

Time over Threshold (ToT) 10 Bits

Modes ToT & ToA /
Hit Counter & iToT /
Only ToA

Readout Data driven /
Sequential
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TIMEPIX3 – DETECTOR PROJECTS
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KEY INFORMATION

− Firmware written in Verilog

− Software written in Python

− Usage of the basil framework 
(github.com/SiLab-Bonn/basil)

− Open source (GPL-3.0 license)

− Usage of a continuous integration 
pipeline for testing
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FPGA SUPPORT

MIMAS A7 ML605 SRSv6 VCK190

Picture

Status Preview Implemented Implemented Planned

FPGA Artix-7 Virtex-6 Virtex-6 Versal Prime (AI)

Capability Low Rate Medium Rate Medium Rate High Rate
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HARDWARE CONCEPT
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TIMING

− Hit-ToA: 14-bit @ 40 MHz → 409,6 µs / cycle

− Parallel 48-bit counter on FPGA @ 40 MHz → ~ 81 days / cycle

− Reset of both via chip reset

− Pulser for FPGA counter: 4096 clock cycles
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SOFTWARE

− One base module: 
tpx3.py

− Settings via YAML files

− Data storage in HDF5 
files

− Graphical User Interface 
(GUI)

− Command Line 
Interface (CLI)

− Standalone Scripts
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Timepix3 base 
module

Scan HDF5 file

Scan PDF file

Custom scan

SOFTWARE - SCANS
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SCANS
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SCANS
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MONITORING

− Monitoring of DACs, Chip 
temperature, power supply

− Usage of an onboard microcontroller

− USB readout

− Storage in database

− Visualisation with Grafana 
(grafana.com)

− Additional features like BoardID, 
External DAC, …
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FULL SYSTEM DESIGN
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GRIDPIX TESTS
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GRIDPIX TESTS

PIXELSPECTRUM TOT PER PIXEL AND HIT
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FIRST TPX3 MULTI FEC TEST
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TRIGGER LOGIC UNIT (TLU)

− Connection to SRS via J9B (RJ45 Port)

− Trigger data handshake mode (1b 
header, 15b timestamp @ 40 MHz, 
16b Trigger ID)

− Trigger rates up to 220 kHz
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FIRST MULTI FEC + MIMOSA TEST
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OUTLOOK

− Full implementation of monitoring

− Implementation of multi chip setups

− Upgrade to 85 Mhits/s capability

→ Porting firmware to more capable

readout board
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•Single 
chip

•CLI

•GUI

v0.3
•Testing

•Debug

•Documentation
v0.9 TLU 

interfacev1.0 Monitoring 
interfacev1.1 Multichipv1.2 v2.0

https://www.xilinx.com/products/boards-and-kits/vck190.html



Thank you for your attention

Tpx3-daq: https://github.com/SiLab-Bonn/tpx3-daq

https://github.com/SiLab-Bonn/tpx3-daq


BACKUP
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DATA SCHEME
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4b header
16b px 
address

14b TOA 10b TOT
4b FTOA or

4b HitCounter

0b0000 0b0 24b data

0b0000 0b1 24b data

0b0101 0b0000 Timestamp bits 0 to 23

0b0101 0b0001 Timestamp bits 23 to 47

Timepix3 hit data

FPGA hit data

FPGA ToA Extension

0b1 15b FPGA Timestamp 16 b TLU Trigger ID

TLU trigger data

3b Link

3b Link



TEST READOUT

− Pulsing of a 1 ct coin on a bare 
Timepix3

− 10 Vpp rectangular pulses

− Readout with two links

− ~ 150 kHz Hit rate
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Detector

Detector and readout 
settings, timestamp

DATA STORAGE AND MONITORING
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GRAFANA AND DATABASE TEST WITH TIMEPIX
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HARDWARE
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Intermediate board with chip carrier and Timepix3

Chip carrier

Adapter card



TIMEPIX3 GRIDPIX DETECTOR
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EQUALISATION

Scan at pixelthreshold 0 Scan at pixelthreshold 15
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EQUALISATION – PIXELTHRESHOLD DISTRIBUTION

14.06.2021 Markus Gruber 29



TESTING
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Local repository GitHub
Push to 
GitHub

Hardware agent
(Self host)

Simulation agent
(Self host)

Software agent
(Shared host)

Azure Pipelines

Run tests at agents
and receive test results

Fix bugs based 
on test results

Send new commits, 
merges and releases


