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Introduction

• Modular and flexible DAQ system for characterizing and testing of 

RD50 HVCMOS pixel detectors

• Devises fabricated in LF 150 nm CMOS technology

• Two devices produced and currently under test

– RD50-MPW1: two pixel matrices with different readout concepts (16-bit 

counter and FE-I3 style), fabricated in June 2018

– RD50-MPW2: small pixel matrix with analog circuits only, no digital 

parts, as well as several test structures, delivered in February 2020.
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DAQ Requirements

• DAQ requirements

– Read out and control different DMAPS devices

– Accept external trigger input signals

– Work both in standalone mode and in a test beam environment

– User friendly DAQ and slow control software

– Scalable and adaptable to future applications

• DAQ characteristics

– Combining features of FPGA and µC: System-on-chip (SoC).

– Modular design and usage of standardized interconnections (e.g. FMC 

connector)

– Data storage capability: on-board volatile and non-volatile memory

– Fast data transfer to readout PC: GbE

– Use evaluation boards and existing platforms to shorten development
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Caribou DAQ system

• Control and Readout Inner tracking Board (CaRIBOu)

– https://gitlab.cern.ch/Caribou

• Versatile data acquisition system for pixel detectors

– Developed and maintained by Brookhaven National Lab, 

Université de Genève and CERN

– DAQ for several chips like CLICpix2, C3PD, ATLASPix(2), 

H35Demo, etc.

• Open source project

• Modular and design: 

– Commercial SoC evaluation board

– Interface board for common services

– Application specific chip board

• Peary DAQ software framework

• Applicable for chip characterization in lab and beam tests
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Caribou Hardware

• Xilinx Zynq-7000 SoC board

– ZC706 (HEPHY, Liverpool)

– ZC702 (Valencia)

– Dual-core ARM Cortex-A9 

– Artix 7 FPGA

– 2 FMC connectors, GbE, 1 GB 

DDR3 SDRAM, 128 Mb SPI flash 

memory, SD card, USB, etc.

• Control and Readout (CaR) 

board

– Development of Brookhaven 

National Laboratory

– Provides common services like  

power supplies, voltage outputs, 

ADCs, I2C bus, TLU input, etc.

• Custom chip board

– Provides chip specific features

– To be developed for each new 

device
6C. Irmler (HEPHY Vienna)5 June 2020

SoC board

(ZC706)

Control and Readout

(CaR) board

Chip board



Control and Readout (CaR) board
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• FMC mezzanine board to interface multiple 

chip boards from Caribou DAQ

• Supports many voltage levels and 

communication standards with local 

measurement and monitoring capabilities. 
– 8 power supplies with monitoring (0.8 - 3.6 V, 3A)

– 32 adjustable voltage references (0 4 V)

– 8 current references (0 - 1 mA)

– 8 voltage inputs (0 - 4 V, 12 bit ADC)

– 16 ADC inputs (65 MSPS, 14 bit, 0 - 1 V)

– 4 programmable injection pulsers

– 8 full duplex high speed GTx links (<12 Gb/s)

– 17 LVDS links

– General CMOS I/Os (10 outputs and 14 inputs)

– TLU (Trigger Logic Unit) interface

– HV input

– FMC interface to SoC board (extendable by ~3 m cable



RD50-HVCMOS Chip Boards

• Two variants of chip boards, designed by IFIC Valencia

– RD50 MPW1 chip board (6 units produced)

– RD50 MPW2 chip board (17 units produced)

– Only few components on the boards
• LVDS-CML and CML-LVDS converters on board (MPW1)

• I2C ADCs, I2C thermometer, unique ID and 2k EEPROM, HV input (MPW1/MPW2)
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DAQ development activities 

in Valencia

• Alternative system to Caribou with similar architecture

• Commercial SoC evaluation board (Zynq ZC702)

• 2 custom FMC boards

– #1: FMC GPI (General Purpose Interface) as an alternative of CaR board.

– #2: FMC SCT for Synchronization, Communication and Trigger

• Compatible with RD50-MPW1/2 chip boards

9C. Irmler (HEPHY Vienna)5 June 2020
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Valencia DAQ - FMC GPI board
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 FMC board which will be able to be used as an 

alternative/complement to the FMC CaR board.

 Smaller size (69 x160 mm) and less components than CaR

board. 8 layers stack-up.

 FMC-LPC and SEAF connectors compatible with FMC CaR

board.

 No external power required: it uses FMC levels.

 Main features:

 10 output power supplies with monitoring capabilities (8 

configurable/2 fixed).

 32 adjustable voltage outputs (0-4V).

 ADC (12-bit, 50 ksps, 8 channels, I2C).

 2 injection pulsers.

 General CMOS signals (10 outputs and 7 inputs) with 

adjustable voltage levels (0.8-3.6V).

 17 LVDS pairs.

 PCB design finished. First operational prototypes expected 

after summer.
FMC GPI board layout



Valencia DAQ - FMC SCT board
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 FMC board which will be able to be used for different purposes.

 Capture and generate trigger signals.

 Implement synchronized communication among platform boards.

 General purpose digital I/O.

 This module will allow us to use the DAQ as a telescope.

 Board size of 69 mm x 120 mm with a FMC-LPC connector. 8 

layers stack-up.

 No external power required: it uses FMC levels.

 Main features:

 8 digital outputs with adjustable voltage levels (3.3V/5V).

 8 digital inputs with adjustable voltage levels (3.3V/5V).

 4 analogue/digital discriminated AC coupled inputs (0-5V).

 8 LVDS inputs (RJ45 connectors). TLU compatible.

 8 LVDS outputs (RJ45 connectors).

 I2C unique ID and 2k EEPROM.

 Two prototypes already verified and tested. FMC SCT board layout



Firmware

• Chip specific firmware developed for 

– both chips, MPW1 and MPW2

– both Zynq boards: ZC706 and ZC702

• Provides an interface between CPU 

(SW) and detector (HW)

• Logic blocks interfaced through AXI bus

• RD50-MPW1 firmware

– Configuration of supply and reference 

voltages on CaR board

– MPW1 chip configuration, DAC programming,

Injection pulse, FE-I3 matrix readout (digital) 

• RD50-MPW2 firmware

– Configuration of supply and reference 

voltages on CaR board

– MPW2 chip configuration, DAC programming, 

Injection pulse, analog readout of selected 

pixel
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Software

• Embedded Linux running on ARM processor of SoC board

• Caribou System

– Simple C program
• Developed at HEPHY with Xilinx SDK, directly communicating with firmware

• Currently used to characterize chips and to do lab measurements

• Provides basic functionality

• GUI development ongoing in Liverpool by Sam Powell

– Caribou DAQ Software: Peary
• Standard DAQ framework of Caribou system

• Provides abstraction layer between software and hardware

• Already in use for other pixel chips, e.g. CLICpix2, ATLASPix, etc.

• Allows implementation of more advanced functionality as needed for future test beams

• „Valencia“ System

– Set of Python classes and low-level scripts to configure chips, perform 

several tests and acquire data

– Host PC remote control GUI and data plotting software scripts in Python 

in continuous development.
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Peary

• Standard Caribou DAQ software

• Hardware Abstraction Layer (HAL) to 

handle peripherals as objects in C++

• Functions to control CaR board

• Set and measure voltages, capture 

ADC, etc …

• Device management to use multiple 

devices/detectors in parallel

• Various user interfaces available
– Command line interface (CLI)

– Python interface for scripting

– EUDAQ producer to integrate Caribou into 

EUDAQ2 test beam DAQ system
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Peary DAQ software architecture

T. Vanat, Caribou - A versatile data acquisition system, PoS TWEPP2019 

(CLICdp-Conf-2019-012) (2019) 100. 5 p. doi:10.22323/1.370.0100

• To add a new device, e.g. RD50-MPW1/2, one needs to develop a new Caribou 

device, which can then be added to peary with standardized commands



RD50 HV-CMOS 

Peary Implementation

• Peary is part of the Caribou Linux image

• Cross-compiler environment to build custom Linux image with 

Caribou extensions and Peary

– Yocto-based Linux distribution (based on Poky)

– meta-xilinx: Community-developed Yocto layer for board support 

package (BSP) of Xilinx ZC706 

– meta-caribou: custom Yocto layers with Caribou related extensions
• Caribou software (EUDAQ, Peary), recipes to build SD card image, 

additional kernel patches (for I2C, SPI)

• Developed two new Caribou peary devices 

– RD50_MPW1 and RD50_MPW2

– C++ class derived from class CaribouDevice

– Contains all chip specific settings and functions

– SW modules are available at https://gitlab.cern.ch/irmler/peary, which is a fork of 

the official Caribou/peary git repository (https://gitlab.cern.ch/Caribou/peary). 

– We later might include the RD50 devices to the Caribou/peary project or move 

the forked repository to common RD50 HV-CMOS project on CERN gitlab
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Functionality of RD-50 Peary Devices

• SW functionality is strongly bound to the firmware features

• Currently we basically ported the routines we implemented in the C 

program to peary, but made use of the drivers for the common 

infrastructure.

• Apart of the standard peary function like, powerOn(), configure(), 

etc. the following features were implemented:

– RD50_MPW1:

• powerStatusLog():  readout of supply voltages

• getBiasblock(): readout of set bias voltages

• setInjection(): set voltage for injection pulses

• getHitmap(): Acquire hitmap

• getScurve(): Acquire S-curves

– RD50_MPW2 provides all features of RD50_MPW1 plus:

• setTHR(): set threshold voltage of comparator

• setShutter(): set time that shutter is open

• openShutter(): Open shuter for configured periode to acquire hitmap
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Example Command Sequence

• Example command sequence 

to read hitmap of RD50-

MPW2 device with pearycli

– start pearycli

– add_device RD50_MPW2

– powerOn 

– configure 

– getHitmap

– exit
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Status and Outlook

• Can operate both RD50-MPW chips with Caribou peary DAQ

• Repeated / extended measurements, previously done with C program, by 

using peary.  So far got good agreement.

• Development of RD50_MPW devices still ongoing at HEPHY along with 

firmware development.
– Complex interplay between firmware, embedded Linux and peary

– Currently try to find a way to set I2C clock frequency with peary

– Only little documentation available

• So far only used command line interface (pearycli)

• In future we plan to use the EUDAQ2 producer to integrate readout software 

into EUDAQ framework  useful for test beam integration
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MPW1 hitmap,  750mV injection pulse S-Curves of MPW1 row 20 S-Curves of MPW2 row 0-7



Summary

• DAQ development for the RD50 DMAPS devices is 

progressing

• DAQ Hardware 

– Two similar HW platforms in use

• Caribou system with custom chip boards

• DAQ hardware developed by IFIC Valencia

• DAQ Software

– Collection of simple C programs and python scripts used to 

performe first measurements and chip characterization

– Integration into Caribou peary framework in progress

• Can easily be extended to support future devices, e.g. RD50 MPW3

• Plan to integrate RD50 HV-CMOS devices into EUDAQ framework by 

utilizing the EUDAQ producer included in peary.
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Thank you for your attention

20C. Irmler (HEPHY Vienna)5 June 2020


