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Motivation to go open source
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 Create a community for standard VHDL blocks that

do not depends on a unique technology

 Matrix Reorganization – competences based. Quality + Synergy

 Reusing by thinking Generics and get users to verify, 

exchange and contribute to the library

 Transfer our knowledge to whoever needs it to spend time on what matters:

Concept and architecture

 Create stronger link with industry and allow the community to benefit from our

expertise
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Courtesy of O. Bruendler former colleague and now working as

FPGA/SoC System Expert at Enclustra GmbH



https://github.com/paulscherrerinstitute/psi_fpga_all

https://github.com/paulscherrerinstitute/psi_common

https://github.com/paulscherrerinstitute/psi_fix

What can you find in the library and where?
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Content
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https://github.com/paulscherrerinstitute/psi_fpga_all
https://github.com/paulscherrerinstitute/psi_common
https://github.com/paulscherrerinstitute/psi_fix


Comprehensive documentation & index
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PSI Common

About 50 components and more to come
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Comprehensive documentation
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PSI Common
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 A VHDL package (based on en_cl_fix from Enclustra GmbH)

 Handles format conversions including rounding and saturation

 Functions for all common arithemetic operations (Add, Mult, Resize, etc.)

 A VHDL Library

 Contains commonly used entities (FIR,CIC, Approx. Function, etc.)

 Strongly parametrizable (also number formats)

 A Python library

 Contains Python bit-true models of all functions in the VHDL package

 Contains bit-true models of all entities that exist in VHDL

 Makes the conversion between VHDL and bittrue Python model easy

 Based on the well known NumPy package for fast processing of arrays

PSI FIX Library
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A remedy for fixed-point design related headaches
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Comprehensive documentation
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PSI FIX – 34 components

IQ modulator & demodulator, DDS, CORDIC, CIC deimation and interpolation,

FIR, IIR, Linear approximation, SQRT, Complex arithmetic, moving average,

binary divider, etc.
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VHDL example of traditional multiplier adder
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Same design using the library
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Python model of the same design

Page 11B.STEF – OPEN Source VHDL Library - LLRF2022 WORKSHOP – BRUGG/WINDISCH – 12-10-2022



Workflow 
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 Concept in python using floating

point and SciPy

 Convert to fixed point using the library

to check if saturation/rouding do not 

affect behaviour

 Testbench, testbench, testbench

Python script generates stimuli and

write to text files that are compared

VHDL = PYTHON?

 Timing closure if bugs occurs very unlikely that they

are produced by work in progress but error sources

come from other elements

Solve Problem in Python
(floating point)

Convert Python to fixed point
(using psi_fix)

Works?
Not

Yes

Works?
Not

Yes

Write VHDL (using psi_fix)
Write Testbench (write files from 

python, read from VHDL)

Bittrue?
Not

Yes

HW Test

Works?

Update or write 
documentation

DONE!

Algo issues?

Fix other code 

Yes

Not

Not

Yes
stimuli

results

Test in python 

use psi_tb_pkg.all;

use psi_fix_pkg.all;

Testbench in VHDL

DUT

=?

B.STEF – OPEN Source VHDL Library - LLRF2022 WORKSHOP – BRUGG/WINDISCH – 12-10-2022



ISE Project GIT folder structure
 Bin: Unique Binary file (Release)

 BitTrue: Python model and stimuli generation

 Design: Python simulation for analysis

 Doc: MD files

 HDL: project specfic design files

 Lib: Submodule PSI_FIX, PSI_COMMON, others

 Sigasi: VHDL Project

 Sim: modelsim & tcl script

 Synth: Xilinx project

 Tb: Unitary Test (Generic) & System Test

Vivado Project GIT folder structure
 EPICS: UI & templates

 Sdk: Xilinx Vivado project.tcl or ISE build script

 V: IP repository, hdl, contraints & project tcl

No nested submodule here we rely on relative path

This to avoid mess with repository version

How do we handle our FW project repo?
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Internal GitLab Libraries structure & scripts
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Mirror to github
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Non-regression test for LLRF project on-going

Before each merge to master branch

the maintainer is responsible to run such a script

Where generics can be modified on the fly



LLRF FPGA Firmware architecture overview
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Demodulator, Down-Converter, filters, CORDIC, DDS, Matrix rotation,

PI Controllers, Data acquisition buffer, fifos, DDS, modulator etc… 

Does it sound familiar?
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LLRF FPGA Firmware architecture overview
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LLRF Architecture design using basic blocks belonging to PSI library

Architecture depends on you and when new component need to

be developped think generic and contribute
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Summer student experience
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 Cavity simulator designed in VHDL by a summer student, 1st year of his Master. (R.Basso)

 Python model using psi_fix and jump to functionnal verification very

quickly with few experience of  FPGA design

 Project is on-going to go on target.

 Add two new components in the library State Space model solver & generic PRBS

All other blocks 

from psi library

Done by 

student
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Reality of open-sourcing
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GitHub Statistics - PSI Common

12 Contributors – 14 forks

 Increase exchange

 Increase quality

 Increase productivity

Last 2 weeks

 More work to maintain

 Not enough contribution from outside

 How to engage?

 Detect pertinence of user feedback

 Be aware that few from outside may ask you to

do their job and this for free

Known users & contributors
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• Think «ReUse» 

• Be curious and dare to use open source code, not everything is perfect not 

everything is trash let’s try to make it work better together

• Participate whenever something is almost as you wish but not yet there

• Reactivity and comprehesive documentation are key for user to adhere

• Spare time and avoid same mistakes that others did in the past to focus on what

really matters: Your architecture!

Contact: benoit.stef@psi.ch

0041 56 310 33 46

Git repository

https://github.com/paulscherrerinstitute/psi_common - Resp. B.Stef

https://github.com/paulscherrerinstitute/psi_fix - Resp. R.Rybaniec

Summary
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mailto:benoit.stef@psi.ch
https://github.com/paulscherrerinstitute/psi_common
https://github.com/paulscherrerinstitute/psi_fix
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Wir schaffen Wissen – heute für morgen

My thanks go to

• GFA/AEK DSP Group

• Radek

• W. Koprek

• J. Purtschert

• Oliver Bruendler

• Enclustra GmbH

• Future contributors
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