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Legacy structure and revision objectives
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One Git project per device
à peary-firmware-DEVICE

One Git project for common IPs
à peary-firmware-iprepo

Caveats à Tedious development workflow:
• Block design recreated and reconfigured for every project
• Common IPs copy-pasted to new project and often modified locally 
• Vivado version inconsistent across projects
• No HDL simulation / verification 
• No CI/CD workflow
• No documentation

Caribou Boreal Firmware (link)

Caribou Peary Firmware(s)

Objective à Smooth development workflow:
• One Git project for all devices
• Block design and common IPs configured and ready in the project
• Unified Vivado version
• Reinforced HDL simulation / verification
• Streamlined CI/CD workflow
• Documented code

https://gitlab.cern.ch/Caribou/boreal


Boreal firmware architecture
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Processing System wrapper:
• Exported HDL from block design including 

Processing System and Reset IP

System common core(s):
• Common cores/IPs related to the system (Zynq 

board, CaR board) features

User common core(s):
• Common cores/IPs related to external or user 

functionalities

DUT core:
• User core including device-specific control and 

readout logic



Processing System Wrapper
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• Pre-configured for the Caribou Zynq board

• One AXI4Lite interface per block (system/user 
core) with a unique address

• Exported as a VHDL file

• To be modified and extended according to the 
system evolution and features extension



Core base design
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• Register map accessible via AXI interface, with configurable number of registers

• Core logic connected to register map and to the core IO interface

• Example: Blink LED core

Core Logic
AXI4Lite

Slave Interface

Register Map

Register Interface

Blink LED Core

DUT Core Register Map

DUT Core IOs

AXI4Lite bus



Project configuration

14 May 2024Younes Otarid | Caribou Developers Meeting 6

Supported devices

Supported SoC boards

AXI Interface Configuration

Automatic constraints selectionAutomatic DUT core instantiation

Configuration file

User 
Core

XDC 
file



Simulation
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+

• Cocotb, an open source coroutine-based cosimulation testbench 
environment for verifying VHDL and SystemVerilog RTL using Python.

• Questa simulator, but any other simulator can be used

Example cocotb successful simulation of register map block



Boreal Manager
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A python script that allows the user to:
• Create the Vivado project

• Execute the TCL project creation script

• Configure the Vivado project
• Choose the board and device

• Build the Vivado project
• Synthesis + Implementation + bitstream generation



CI/CD workflow
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• Single instance of project creation

• Code linting using vhdl-linter and verible-format

• Cocotb simulation of all cores

• Bitstream generation for all supported devices and for all supported boards



Boreal firmware landscape
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Boreal firmware (link):
• Unified, modular and configurable architecture

CI/CD workflow: 
• linting, simulation, building, deployment

https://gitlab.cern.ch/Caribou/boreal


Caribou documentation website
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Project website (link)

• Documentation
• Mattermost channel
• Publications
• Forum
• …

Automatic documentation builds and website deployments

https://caribou-project.docs.cern.ch/


Summary – Outlook

12

Summary
• New Caribou Boreal firmware architecture

• Unified, modular and configurable design

• Reinforced logic simulation and verification

• Streamlined CI/CD workflow

• Documentation website still in progress

• Blink LED demonstrator project successfully tested on ZC706 including with Peary 
software integration

Outlook
• Support of ZCU102 and test of Blink LED demonstrator project

• Define best documentation deployment workflow
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