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A Simple Data Acquisition Project

Introduction to colibri
Tooling
Design Overview
Component Design using colibri standards
Integration

Validation and Verification
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The colibri library

is a collection of fully verified, reusable
VHDL components for FPGA designs,
with a focus on data acquisition
applications.

Components are generic and
parameterizable, ensuring flexibility and
reusability across a wide range of
applications.

The library is designed to be completely
open source and vendor independent.

Find it on GitLab!

Category

Content

Common

Synchronizers, Buffers, Debouncers

Communication

Scramblers, Gearboxes

Encoders Run-Length Encoders/Decoders
File 1/O Simulation File utilities
Interfaces Avalon/AXI converters
Input/Output 12C, SPI, UART

Memory FIFOs, RAM entities

Packet Packet-based streaming utilities
Pipes Arbiters, Broadcasters, Routers
Protocols Ethernet, Aurora 64b/66b

and more...
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https://gitlab.cern.ch/colibri/colibri/-/tree/devel?ref_type=heads

Key concepts of colibri: verification

Every component is verified

- Formal verification, when possible (see fv - devel - colibri / colibri - GitLab )

. Extremely efficient for covering (unexpected) corner cases

- Self-checking testbenches (see sim - master - colibri / colibri - GitLab)

. Important for complex designs (multi-clock, data streaming, ...)

. Produces waveforms demonstrate component behaviour
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https://gitlab.cern.ch/colibri/colibri/-/tree/devel/fv?ref_type=heads
https://gitlab.cern.ch/colibri/colibri/-/tree/master/sim?ref_type=heads

Key concepts of colibri: coding guidelines

Common coding style is a necessity in multi-person collaboration!

Well defined in a document: Guidelines for FPGA Gateware Development in LHCb - CERN Document Server

Defined as VSG rules: colibri / vhdl style quide - GitLab

. Enables automated formatting using the tool
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https://cds.cern.ch/record/2929526
https://gitlab.cern.ch/colibri/vhdl_style_guide

Key concepts of colibri: portability

Written in pure VHDL with care taken to not cause issues with different synthesis tools
. We currently mainly focus on Quartus and Vivado
Scripts and file-lists are provided for easy workflow integration

- HDL on git (see utils/hog - devel - colibri / colibri - GitLab)
- Vivado (see utils/vivado - devel - colibri / colibri - GitLab)
- Quartus (see utils/quartus - devel - colibri / colibri - GitLab)
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https://gitlab.cern.ch/colibri/colibri/-/tree/devel/utils/hog?ref_type=heads
https://gitlab.cern.ch/colibri/colibri/-/tree/devel/utils/vivado?ref_type=heads
https://gitlab.cern.ch/colibri/colibri/-/tree/devel/utils/quartus?ref_type=heads

Hands-on project: Simple data readout design

Multiple data input channels (e.g. from some ADCs)

Data continuously stored in a buffer -> trigger condition: readout a constant
number of samples

Trigger is based on the 1st channel value over threshold

Readout data is sent via a UART interface
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Top-level design diagram
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What we need to do?

Most components are found in colibri

L {
and ready to be assembled |
We need to implement the control FSM o || o |0 | ooy || comme | | ||
component, following colibri standards - B m  em
Then we assemble all components and

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

test it in simulation =
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We will learn how to ...

code a new component that adheres to the colibri standards
test the new component using formal verification

find all the required components in the colibri library

assemble them together using colibri types and utils

test the design in simulation using constrained-random coverage

EES VI SR

Along the way we will also introduce some convenient features, such as automatic
formatting and VHDL templates.
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Tutorial Prerequisites

Download and install the following tools:

- A collection of open source tools for RTL development -> oss-cad-suite

- VUnit, python simulation interface - > Installing - VUnit documentation

- NVC open source simulator -> https://qgithub.com/nickg/nvc

Or use the all-in-one docker image:

> docker pull gitlab-registry.cern.ch/colibri/hdl containers/colibri de:latest

> docker image tag $ colibri
> docker run -it --rm -v .:/wrk:z colibri

Note: can be used instead of
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https://github.com/YosysHQ/oss-cad-suite-build/releases/tag/2026-05-05
https://vunit.github.io/installing.html
https://github.com/nickg/nvc

Recommended VS Code extensions

TerosHDL: Useful HDL development toolbox

TerosHDL

Powerful toolbox for A : , ocumentation, snippets... and more!

Teros Technology

Surfer: in-editor waveform viewer

surfer
An Extensible and Snappy Waveform Viewer that supports VCD, FST, and GHW files

surfer-project
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https://marketplace.visualstudio.com/items?itemName=teros-technology.teroshdl
https://marketplace.visualstudio.com/items?itemName=surfer-project.surfer

Extra dependencies

vhdl-style-guide (vsg) for automatic formatting and jinja2 for VHDL templates

> python3 -m venv .venv

> source .venv/bin/activate

> plp 1nstall vsg jinjaZ2
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Starting point

Get the starting point repository from CERNBox and extract it

> wget https://cernbox.cern.ch/remote.php/dav/public-files/ghWk0Dg43I3Yvu0/fdf26 colibri tutorial.zip

> unzip fdf26 colibri tutorial.zip
> cd f£df26 colibri tutorial

Add colibri sources as submodules

> git submodule add -b devel https://gitlab.cern.ch/colibri/colibri.git

> git submodule add https://gitlab.cern.ch/colibri/templates.git

> git submodule update --init --recursive
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Readout FSM Flow Chart

RESET

Control FSM diagrams § o

counters are reset

Readout FSM State Diagram S_IDLE ISD

trigger ='1'

reset

busy =1
increment accepted trigger counter

trigger

Y

HEADER

S_HEADER

buffer is empty

write header to buffer

output is ready buffer is empty

S_PAYLOAD

buffer is empty

word count <
g_NUM_WORDS

write data to buffer
increment word counter

PAYLOAD

A

buffer is empty
and
word count = g_NUM_WORDS

word count =
g_NUM_WORDS

Y

S_WAIT
. src_ready = '1'
buffer is empty

and busy = 0
word count < g_NUM_WORDS

15

colibri development team FPGA Developers’ Forum 2026



Prepare to develop the FSM component

Generate a VHDL template for the FSM

> ./templates/generate templates.py -i tmpl/readout fsm.json

By default, output files are found in Etkalldirectory

Note: jinja2 Python module is required to run the above command

> python3 -m venv .venv

> source .venv/bin/activate

> pip 1install jinjaZ
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2-process coding in VHDL

Combinational

1 record type to hold all registered signals

Q
(rreg) D > 0-£0D1 >

1 process to register all the signals .
> rin = £,(D,r)

1 process to describe all combinatorial logic

- 1 variable to manipulate all registered _

signals (v_int) “«—

- 1statement to apply all reset values <k > _

Sequential

Readable and easier to follow. VHDL can get

out of hand quickly otherwise, because all Diagram sourced from vhdI2proc, by Jiri Gaisler

statements are concurrent.
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https://download.gaisler.com/research_papers/vhdl2proc.pdf

Test-driven development (TDD)

|dea: first write the test case, then implement a feature to satisfy it

Formal verification (FV): we write assertions about component behaviour - each
assertion describes a feature
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TDD flow with Formal verification
Add a new assertion (PSL)

prop_low_bound_raise
ts_accepted '1° norm_time > g MAX DLY

time_low o - prev(time_i) - g MAX DLY
rst_i;
low_bound_raise prop_low_bound_raise;

Prove succeeds (SBY) Prove fails (SBY)

summary: engine_© (abc pdr) returned PASS summary :

summary: engine_© did not produce any traces
DONE (PASS, rc=0)

summary :
summary :
DONE (FAIL, rc=2)

Implement the feature (VHDL)

((time_valid_i = 1 time_i - r.time_low r.time_high - r.time_low))
v.active(to_integer(time_i)) 2
(time_i - r.time_low > g MAX DLY)
v.time_low time_i - g MAX DLY
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Our task: Finish the control FSM

A PSL (property specification language) file is prepared in the [Rgldirectory with
assertions commented-out

The control FSM VHDL file is ready in the [¥3elldirectory, but is unfinished.

Can you find what is missing using Formal verification?

To run FV:

> docker run -it --rm -v .:/wrk:z colibri

> cd fv
> sby —--yosys "yosys -m ghdl" -f run.sby
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Assemble the top-level

Readout Top Level
Comparator
\“\' (common/comparator.vhdl)
71// { ‘
tr/gger"
Front End Ny
O |[e-bit data
32-bit data 32-bit data 8-bit data
Front End g
1 8-t data - valid valid valid
= 32-bit data Ring Buffer ———> ReadoutFSM ——— Gearbox —> UART TX —> uart tx pin
(memory/ring_buffer.vhdl) (comms/gearbox.vhdl) (io/uart/uart_tx.vhdl)
Front End G
G 8-bit daté/ ready ready ready
Front End A < o (|
3 L /
8-bit data
write busy
enable

P e e e
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Prepare sources for the top-level development

Generate the component and TB templates and do a test run

./templates/generate templates.py -i tmpl/readout top.json

cp out/readout top.vhdl src
cp out/readout top tb.vhdl sim
docker run -it --rm -v .:/wrk:z colibri

python sim/run.py
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Find the components

Comparator: src/common/comparator.vhdl - devel - colibri / colibri - GitLab

Ring Buffer: src/memory/ring_buffer.vhdl - devel - colibri / colibri - GitLab

Gearbox: src/comms/gearbox.vhdl - devel - colibri / colibri - GitLab

UART TX: src/io/uart/uart tx.vhdl - devel - colibri / colibri - GitLab

Each component has a corresponding test-bench in the sim directory - try
running one and inspecting the result

> docker run —-it --rm -v .:/wrk:z colibri
> cd colibri

> python sim/common/run.py *comparator*
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https://gitlab.cern.ch/colibri/colibri/-/blob/devel/src/common/comparator.vhdl?ref_type=heads
https://gitlab.cern.ch/colibri/colibri/-/blob/devel/src/memory/ring_buffer.vhdl?ref_type=heads
https://gitlab.cern.ch/colibri/colibri/-/blob/devel/src/comms/gearbox.vhdl?ref_type=heads
https://gitlab.cern.ch/colibri/colibri/-/blob/devel/src/io/uart/uart_tx.vhdl?ref_type=heads

Inspecting simulation results

Open the resulting waveform file (IEREPEEId) with a preferred viewer

colibri > = wave.fst
File View Settings Help

I @ O % I Q Q H I <€ € > P P | Ih— @ I K

Time 000 fs 55925000000 fs 55950000000 fs 55975000000 fs 56000000000 fs

Scopes £ =

» comparator tb
vunit_lib.run_pkg enable

vunit_lib.check pkg

trigger | | ; |___J-j

colibri development team

input [11:0] 1276)(622 )(522 Y2121 {1199 {1014 {2346 Eé?%z—-i_ie_j 3396 ) 1817 (955
thres [11:0] 3008) 1166 ) 2506\,{—280 {2895 X 3978 2854)(161@ X 1611 {2614 X(3669 2528 X 2
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Use colibri types to interconnect the components

Readout

Comparator AXI-Strea m:

e, gelncommon/types.vhdl

trigger],

Front End
0

32-bit data 32-bit data

8-bit data

Front End [
1 [

VU 3opit dllta Ring Buffer | valid | B | valid Gearbox L valid | BUARTTX |, oiix pin
(memory/ring_buffer.vhd @mms/gearbox.v! /uart/uart_tx.vhdl)
Front End
2 ready ready ready
Front End ‘ 1 ‘
3 > ‘.":3‘
write busy
enable

Concatenation: EIRAESS VAR [\ DE D s
+ 3RV array to slv procedure 2/std_logic /:]std_[ogic_vectori 55
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Simulate and test the full readout design

The design is tested using constrained-random test

. Random stimulus to the unit under test (UUT) (i.e. random input bytes)
We monitor the UUT response until certain coverage conditions are met
If at any point the UUT is not complying with our expectations the test Fails

Coverage conditions - we want to observe:

1. At least 4 triggers accepted
2. At least 4 triggers rejected

> docker run —-it --rm -v .:/wrk:z colibri

> python sim/run.py *final*
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