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What is MicroTCA?



MicroTCA is an abstraction done on hardware.
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MicroTCA and fwk are abstractions at a different level
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What is fwk?



What is fwk?

Project

Module A Module B

Module C Module D

Project ‘ A FWk ‘
Artifacts: ¥

EDA Tool Baremetal EmbeddAdLmux Verification Documentation
Project Application Project

> Itis an open-source, FPGA Framework. Written in Tcl-language (> 11Kk lines)

> Automates the creation and build processes of EDA Tools

> Divides the codebase into smaller chunks of IPs (Modules)
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Supported Tools

ModelSim Ocotb

yocto -

PROJECT

Wl Libefd

System-on-Chip

GerosHDL
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Why does fwk exist?



Why does fwk exist?

fwk started from the MSK Group at DESY.
This group focuses on:

> Research and Development
> Maintenance
> Collaboration: Public/Private Sector
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Why does fwk exist?

Resource Problem:

> # FPGA Bitstreams + Verification: >100
> # Baremetal Projects: >15

> # Embedded Linux Images: >7

> # developers: 8

Solution: Increase Reusability with Abstraction
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Where is fwk used?



Where is fwk used?
Biggest fwk project: European-XFEL, Hamburg, Germany

> Low-Level-RF (LLRF) Systems
> Beam Diagnostics

> Timing and Synchronization

> DAQ

> Motion Control

View of the E-XFEL Linac
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fwk is used in:
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How does fwk work?



Module

Generated by Gemini 3

Module is a container for an IP. It is the building block of fwk.
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Module

Standardized

Interfaces
HDL Source Files: Software Documentation Yocto Recipes
(.vhd, sv, v, ...) (Y, -G, .CH+, ...) (.adoc, .md, ...) (.bb, .bbappend, ...)

Generated by Gemini 3 edited by a human
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Types of Modules

Generated by Gemini 3

There are many types of modules: BSP, RTM, FMC, APP, etc.
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Modules using Modules

Generated by Gemini 3

Modules can encapsulate other modules.
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Assembled Project

Generated by Gemini 3

Final assembled project.

()
DESY. | fwk Tutorial | Cagil Gimis | Hamburg, 02.12.2025 Page 19 i


http://creativecommons.org/licenses/by/4.0/

DESY Modules

DESY.

Types of DESY Modules

Number of Modules

Total in-house Modules: 108 (25 open-sourced under CERN OHWL- W2)
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DESY Modules

M Modules &
Subgroups and projects  Sha groups

Name v

Board Support Packages (BSP) &
Communication Busses Modules (BUS) &
Digital Signal Processing (DSP) &

FPGA Mezzanine Cards (FMC) &

Miscellaneous Modules (MISC) &

Peripherals &

eripherals th 10 support for ADC, DAC, SP1

Rear Transition Modules (RTM) &

Test Modules (TEST) &

! Tutorial @

Visit our Gitlab Page to see all DESY-Modules
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fwk on Evaluation Boards

> fwk can support various evaluation
boards from AMD. Available:

> ZCU208, ZCU102, RFSoC4x2

> Universidad Politécnica de Madrid has
created an fwk example design for
Kria260!

> GitHub Link: 12A2 Instrumentation R&D
Group
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Tools: DesyRDL



DesyRDL

module_b_top

timing_top
> Modules are often uses lots of 1 j> j :> ang
reg ISte rS - module.tcl

> One module address space can
- - Reset .
be inside another module <_—>
> Use meta-programming (Jinja2) ==
to generate boilerplate VHDL —
code for address decoder and B

register logic

(S

project.tcl
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Future



Milestones & Future

Milestone 1.0.0 Reached:
> Complete overhaul of the Tcl API
> Documentation written from scratch (w/ the help of LLMs)
> Evolved into a community project with >20 contributors.

> External Facilities and Companies started to join the cause!

Outlook:

> MSK Group of DESY will continue maintain and develop for many years to come.
> 2.0.0 Planning has already started...

Special thanks to Lukasz Butkowski for his great contribution to 1.0.0 efforts
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fwk Documentation and Tutorials

[& Froa Fimware Documents FPGA Firmware Documentation (Public)

ccumenation | Tuorils / Adess S

wk Documentation @ fwkDocumentation / Tc APl Rfeence nk Documentation

Wk comens Wi

mm;e - fwk Tcl API Reference HomePage Address Space Tutorial

satton saton
Whatis s ot rS— hee nstances otk o Thi ol
[ Main Process Procedures

JU————— or staring i i, s ecommended o v th Main Docuenton of DesyDL

How ukworka nder the oo o ok works under thehood?
Inhor om0 gerts o comped e mp o wih szt Ko e et o dod

Command Refeence (1ske) fwkoreateProject -
e AP Rferance J S, Tel AP elerence oo Angoge (i) vk anaee ht h e gencted vy e a6 4o 1o e roectcomecy
Addess space e spce (e, ensuring rares are set coecty).
oL o oy g fow DL Loy anagement Ovrview of the roject
Siproried A Took 1. Createstheprojectbud diectory (PrjBut1dPath ). Suppored DA Tocks madle 1oy
Test and Vercation of s M 2 oot T TTRTESToGE o ewore o rcfct e Testand Vercatonof a oduie —
Mo Documentatn Gude y ST . Modsle Decumentton uide
Ea—— ackages any modles definedinthe £Fuk: 11p nemespace (f  existo) e ) - —/
s . Calls fuk: 001 createproject 1o reat th empry tooproject. b ( i | i _ o
cnanceLon 5 Call fuk: rdoonCreate (uns doOnCreate hock in il modules). s Tl e

6.calls (processes sl emplaes). Aderess Space Tuorisl

butons nd Devlopment 7.calls Tsandvrfsten Tl

Gude g Cocr

8.Calls fok:iaddSourcesfec (uns  addSources hock n all modus, which i wm cals =

ok ool addsources ). "
5.Calls fuk: :doPostCreate (ns doostCreate hookin allmodules). B
Ucenseand Copyrghts
10.Calls uk: £t0o1. :saveproject and fuk: tool: icloseProgect (fnot i GuI mode).
cude

fwk:buildProject

proc :fuksthutldprogect 4}

1.Call fuk: stool: operProject

2 reates the out diectry e ||

3.Calls fuk: :addr: imatn toregenerate adless spaces ensurig they are p-to-date) ; —

4.Calls fak: :4o0nEu11d (1 doonBuL1d hook inal modules).

s i wewiluse s ol named mosule.b,whichcontins a dependent moduie named Tming.

5 Call fuk: £2001  butlderoject (uns thetoofs main syrthestAmplementation)

e e 6.Calls fuk: 001 exportout (copiesarfacts o the out drecton) fkOocsmenston ondis For »plase refr

Check out the brand new documentation and tutorials for 1.0 release!
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Thank you!

Contact

Deutsches Elektronen- Gagil Gimus

Synchrotron DESY 0000-0003-2176-0212
MSK
cagil.guemues@desy.de

www.desy.de +49-40-8998-3760

https://cagil-gumus.github.io/
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