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(= Agenda

1. Motivation to create open-source library
2. What can you find in the library and where ?
.  PSICommon
[I.  PSIFIX
lll.  Workflow
3. How do we handle our project repo
4. LLRF FPGA Firmware architecture overview
5. Reality of open-sourcing

No, thanks!
We're really busy

Round wheels
are more
efficient...
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We've got
to move really
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(== Motivation to go open source

= Create a community for standard VHDL blocks that
do not depends on a unigue 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

Courtesy of O. Bruendler former colleague and now working as
FPGA/SoC System Expert at Enclustra GmbH

TOGETHER WE ARE STRONGER
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What can you find in the library and where?

https://github.com/paulscherrerinstitute/psi fpga all

https://github.com/paulscherrerinstitute/psi common

https://github.com/paulscherrerinstitute/psi fix

Python
TCL
VHDL
Vivadolp

scripts

LI . N | o opnoDaQ

en_cl_fix @ 11cTlae

psi_common @ 7074a5d
psi_fix @ 8a9000b
psi_multi_stream_daq @ 28b79e9

psi_th @ cc9477b

vivadolP_axi_mm_reader @ 09afdf1
vivadolP_axis_data_gen @ 41a1d11
vivadolP_clock_measure @ af531eb
vivadolP_data_rec @ da03917
vivadolP_fpga_base @ b4317c0
vivadolP_i2c_devreg @ 437514f
vivadolP_mem_test @ feb2274
vivadolP_power_sink @ 0198c69
vivadolP_psi_ms_daq @ 6cf9ae3
vivadolP_spi_simple @ b750a12

vivadolP_sync_edge_det @ bb0635e
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v

Content

00D D oD O

00D @D OBEBOGDOD

psi_common_arb_priority.vhd
psi_common_arb_round_robin.vhd
psi_common_array_pkg.vhd
psi_common_async_fifo.vhd
psi_common_axi_master_full.vhd
psi_common_axi_master_simple.vhd
psi_commaon_axi_multi_pl_stage.vhd

psi_common_axi_pkg.vhd

psi_fix_bin_div.vhd
psi_fix_cic_dec_cfg_1ch.whd
psi_fix_cic_dec_cfg_nch_par_tdm.vhd
psi_fix_cic_dec_cfg_nch_tdm_tdm.vhd
psi_fix_cic_dec_fix_1ch.whd
psi_fix_cic_dec_fix_nch_par_tdm.vhd
psi_fix_cic_dec_fix_nch_tdm_tdm.vhd
psi_fix_cic_int_fix_Tch.vhd
psi_fix_comparator.vhd

psi_fix_complex_absvhd
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PSI Common

About 50 components and more to come

Memory components

Component Source Description
Simple dual port RAM psi_common_sdp_ram.vhd link
Simple dual port RAM with byte enable | psi_common_sp_ram_be.vhd link
True Dual port RAM psi_common_tdp_ram.vhd link
True dual port RAM with byte enable psi_common_tdp_ram_be.vhd link
FIFO components
Component Source Description
Asynchronous FIFO psi_commaon_async_fifo.vhd link
Synchronous FIFO psi_common_sync_fifo.vhd link

Clock domain crossing (CDC) components

Component
Pulse clock crossing {asynchronous pulse/vld transfer)
Simple clock crossing (asynchrenous data value transfer)
Status clock crossing (asynchrenous slow changing value transfer)

Synchronous CDC with AXI-S handshaking from Lower clock to Higher multiple integer
clock frequency

Synchronous CDC with AXI-S handshaking from Higher clock to lower multiple integer
clock frequency

Bit CDC

Other components that can be used as cdc

* psi_commeon_tdp_ram

* psi_common_async_fifo

Time Division Multiplexing (TDM) data Handling components

Component Sou
TDM data to parallel psi_common_td
Parallel to TDM data psi_common_p:
TDM data to Parallel with configurable valid output channel number  psi_commen_td
TDM data multiplexer psi_common_td
Parallel to TDM with configurable valid output cutput channel psi_common_p

TDM data to parallel with last support and completion psi_common_td

Arbiters components

Component Source Description

Pricrity psi_common_arb_priority.vhd link

Round robin psi_common_arb_round_robin.vhd link

Interfaces components
Package Source Description

SPI master psi_comman_spi_mastervhd link
5Pl master configurable width psi_common_spi_master_cfg.vhd link
12C master psi_comman_i2c_master.vhd link
AX| master Simple psi_common_axi_master_simple.vhd link
AXI master Full psi_common_axi_master_full.vhd link
AXI slave IP (32 bits) psi_common_axi_slave_ipif.vhd link
AXI slave IP (B4 bits) psi_common_axi_slave_ipifé4.vhd MN.A
AX] multi pipeline stage psi_common_axi_multi_pl_stage.vhd N.A
AXl slave Lite IP psi_commaon_axilite_slave_ipif.vhd link
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Comprehensive documentation & index

miscellaneous components

Component
Delay settable via generics
Pipeline stage
Multi pipeline stage

Sizable Ping pong buffer // & tdm (interface to stream continuously dat:
into DPRAM)

Celay settable via register

Generic Watchdog

Don't optimize (Xilinx) allows evaluating synthesis
Generic Debouncer

Anzlog Trigger Generator

Digital Trigger Generator

Dynamic Shifter

Pulse/Ramp generator

Pulse generator ctrl static

Parallel to serial

Serial to parallel

Find Min Max
Min Max Sum
PRBS

Packages
Package Source Description
Math psi_common_math_pkg.vhd link
array psi_common_array_pkg.vhd link
logic psi_commeon_logic_pkg.wvhd link
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PSI Common

* VHDL source: psi_commaon_| o_genevhd

® Testbench: psi_common_ramp_gene_tb.vhd

Description

This component implements a ramp generator where the user can set the target level to reach and the step number prior to reach this level. It

- Compre

can from a certain value either continue ramping up either ramping down as the figure below shows. The direction is selected with the next

value to reach, if current value is higher than previous one then it ramps up and opposite. Orignally the block handled only unsigned value and

now can asapt to signed via generics.

Ramp_cmd_i

4
geshag|
Pulse_o -~
Tgt_Ivli 8100 X o X 2500 X 16000 X 8300 2500
Ramp_inc_i 125 X 400 Y 100 X 1500 ) 80 350
1

Init_cmd_i

Sts.o oo J 01 X 11

Generics
Generics Description
rst_pol_g reset polarity (‘1" or '0")
width_g Width of the data in bits
is_sign_g sign = True / unsign = False
init_val_g init value integer
Interfaces
Signal Direction Width Description

L
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hensive documentation

--**= automatic check pr

1k_3)

falling_edge(clk i) then
soutPuls_dff <

utPuls;

if RampCm 1' and sOutSts = "11"

print("[info]: new ramp command se

else

erity error;
o8 elsif soutsts

gtlevel2 = sOutPuls report "###ERROR### info: error arrival data, expected * &
to_integer(signed(Tgt

" & to_:

ve12)))&
(sign

ring(to_integ

(s0utPuls))) severity error;

d(sOutPuls)) report "###ERROR## info: erity error;

iable count : integer := B
115

116 th_run loop

117 o5

115 uhile count /= 18 loop

ModelSim
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I5j=» PSI FIX Library

A remedy for fixed-point design related headaches

= 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.)

= AVHDL 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

A

— Based on the well known NumPy package for fast processing of arrays
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(F=}» Comprehensive documentation

PSI FIX — 34 components
(=) PauL SCHERRER INSTITUT

3.4.4 Architecture biLi k

For details on the filter mathematics, refer to 3.2.4. This section only describes how the multi channel filter is aqi
implemented.

bq_i
(]
s
Pipeline_g = false Pipeline_g = true

Figure 9: psi_fix_cic_dec_fix_nch_par_tdm Architecture

3.19.4 Architecture

Inphase Inphase

2g lout O lout

Quadrature

i g 0gQout

eee

Output Spectrum

3.9.4 Architecture w0

The figure below shows a base structure that is used in all filter configurations. The structure consists of three
binary shifts (acting as a multiplication by constant coefficient) followed by two adders.

Amplitude [d8]
L
g
g

-175

—200

Figure 12: psi_fix_fir_3tap_hbw_dec base structure 00 o o4 o o e
A — - Frequency [Fs]

|Q 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

c —L21]
[1,2,2]
A Round
full + full > & [1,2,35
[1,6,5] [1,7,5]
B Saturate
[0,4,3]

signal a : std logic vector(4 downto 0); ——Format : (1,2,2)

signal b : std logic vector(c downto 0); -—Format : (0,4,3)

signal c : std logic vector(: downto 0); ——Format : (1,2,1)

signal m : 5td logic vector(l2 downto 0); --Format : (1,6,5) --> unusual
signal sum : 3td logic vector(lZ downte 0); --Format : (1,7,5) —-—> unusual
signal rnd add : std logic vector(lZ downto 0); --Format : (1,7,5) --> unusual
signal rnd : s5td logic vector(l0 downte 0); --Format : (1,7,3)

signal sat : std logic vector( 5 downte 0); --Format : (1,2,3)

m <= std logic vector(signed(a)*signed('0'& b)) ;

sum <= std logic vector(signed(m) + signed(c&"0000")); -— unusual

rnd add <= std logic vector(signed(sum) + £); -— why 47?

rnd <= rnd add(l2 downto 2); -— new range?
Jif signed(rnd) > 31 then -— why 317

sat <= "O0L111111"; —— upper wvalue
lelse
sat <= rnd(5 downto 0); -—-new range

-end if;
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c —121]

[1,2,2]
’ full full Round 2,3

X - + —» & L&
[1,6,5] [1,7,5]

B Saturate

[0,4,3]
constant a fmt : PsiFixFmt t := (1,2,2);
constant b fmt : PsiFixFmt t := (0,4,3);
constant ¢ fmt : PsiFixFmt t := (1,2,1);
constant 5 fmt : PsiFixFmt t (L,2,32);

-
-

——Automatic scaling of internal formats

constant m fmt : PsiFixFmt t := (max(a fmt.s, b fmt.s), a fmt.

--Automatic scaling of internal formats

signal a : std logic vector(PsiFixSize(a fmt)-1
signal b : std logic vector(PsiFixSize(b fmt)-1
signal ¢ : std logic vector(PsiFixSize(c fmt)-1
signal m : std logic vector(PsiFixSize(m fmt)-1

signal sat: std logic vector(PsiFixSize(s fmt)-1

—— short wand readable functional code
m <= PsiFixMult(a, a fmt, b, b fmt, m fmt);
sat <
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downto 0
downto 0
downto 0
downto [
downto [

[ [
R
-

. s

.

(=)= Same design using the library

I+b fmt.I, a fmt.F+b fmt.F);

—-—Format
——Format
——Format
——Format
——Format

PsiFixAdd(m, m fmt, c, ¢ fmt, s fmt, PsiFixRound, PsiFixSat);

(1,2,2)
(0,4,3)
(1,2,1)
(1,6,5)
(1,2,3)
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(=== Python model of the same design

C [1,2,1]
[1,2,2]
A . . Round
X ul + u ) & [1,2,3h
[1,6,5] [1,7,5]
B Saturate
[0,4,3]

from psi fix pkg import *
import numpy as np

a fmt = PsiFixFmt(l,2,2)
b fmt = PsiFixFmt(0,4,3)
c fmt = PsiFixFmt(1l,2,1)

s _fmt = PsiFixFmt(l,2,3)

#Automatic scaling of internal formats
m_fmt = PsiFixFmt(max(a ftm.S, b fmt.S), a fmt.I+b fmt, a fmt.F+b fmt.F)

def Model(a : np.ndarray, b : np.ndarray, c: np.ndarray) -> np.array:
m <= PsiFixMult(a, a fmt, b, b fmt, m fmt);
|sat <= PsiFixAdd(m, m fmt, c, c_fmt, s fmt, PsiFixRound, PsiFixSat);
return s
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BS Workflow

Solve Problem in Python

= Conceptin python using floating ez e

point and SciPy
Works?
= Convert to fixed point using the library

to check if saturation/rouding do not Convert Python to fixed point :
(using psi_fix)

affect behaviour

A

= Testbench, testbench, testbench v

Python script generates stimuli and Write VHDL (using psi_fix) }4—{ W”tsylﬁzt:erzzzﬂ;‘:'(;:;evf:%i;mm }7
write to text files that are compared I . I

VHDL = PYTHON? Not

Bittrue?

= Timing closure if bugs occurs very unlikely that they
are produced by work in progress but error sources
come from other elements e .

Fix other code

use psi tb pkg.all;

1

|

I
. . | use psi fix pkg.all;
stimuli e

/»', 777777777 | :> DUT

|
|
|
|
|
|
|
|
|
|
|
|
N

Update or write
documentation
DONE!
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(H» How do we handle our FW project repo?

ISE Project GIT folder structure Q}

% Bin
= Bin: Unique Binary file (Release) @ Bittrue
= BitTrue: Python model and stimuli generation : E:gn
= Design: Python simulation for analysis @ Hd '
* Doc: MD files : ;:asi Y
= HDL: project specfic design files & Sim
" Lib: Submodule PSI_FIX, PSI_COMMON, others : ;}:th
= Sigasi: VHDL Project &| .gitignore
= Sim: modelsim & tcl script %] .gitmodules

#% | Changelog.md

= Synth: Xilinx project &1 README.md

» Th: Unitary Test (Generic) & System Test

Vivado Project GIT folder structure ’)

]
& Doc
= EPICS: Ul & templates & EPICS
VAT . . . . & Libraries
= Sdk: Xilinx Y|vado pro;ect.tc.l or ISE bullld script Bl sax \/l\/ADO’
= V:IP repository, hdl, contraints & project tcl &) Sigasi :
& Sim
v
No nested submodule here we rely on relative path :J gitattributes
This to avoid mess with repository version @] gitignore
% .gitmodules
% | Changeloeg.md
#| README.md
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create_tb_run "modified_cic_
tb_run_add pre script
set dataDir [file normali

tb_run_add arguments

& GitLab

-“E Libraries ©

Group ID: 682 add_tb_run

Libraries not specific to any domain create_tb_run "11rf_pro
tb_run_add pre script

Subgroups and projects Shared projects  Archived projects
dataDir [file normali

o S w@ tb_run_add arguments
add_tb_run
e Ctrisys @ - =
Control System Related Libraries
create tb run "11lrf pr
) ¢ FEbsw 19} - - = _—l'
B Embedded software tb_run_add_pre_script

set dataDir [file normaliz

= BoardSupport @  Owner

Any files or repositories that help with the usage of specific hardware tb_l" Uﬂ_ﬁdd_EI"EUTﬂE nts 'EF ileFol
add_tb_run
Firmware @  Owner - -

v B
FPGA Firmware libraries that are not domain specific
. Edklp ©
> ==
= Collection of pcores for Xilinx Embedded Development Kit (EDK). No general VHDL (that belongs to "VH.. 7 o 0 ﬂ 21 B0

Python © Z Bo Rs &o

Vivadolp @
Only put reusable Wvado IPI IP-Cores here. No general VHDL (that belengs te "VHDL") and not project-...

Z o [ &o

Z Bbo A &o

that library elements must have self-checking testbenches and documentation. Ot...

=D VHDL ©

VHDL Libraries. Nof

TcL @

FPGA Firmwape related TCL libraries

o e Z bo Q2 &o

Mirror to github
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Internal GitLab Libraries structure & scripts

1 pi sim.py”™ ™

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
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LLRF FPGA Firmware architecture overview

©

DDS
Fclk:500MHz

x4

Fs:62.5MSPS

| Input/set/Error/Out

.l
L)
I 1

CKout

B RF 50MHz

I
I
(TERTST T VTS DI T T et e Nt !
| FMC1 11 ADC Input I I
| Async FIFO 1 |
| : | Data Afray [ |
CHO « ! S| [ ocmmes| 1 / 7 ; \
| I 1 Mo : , DAQ for Statistics ‘
| I | | ‘ : !
I : ! : !
I : -:_ 1,015 = : g 3 : o SNy |
0, 8!
I : 5 : 8 (| ) ! ; Bl |c A F5:97.65625kSPS }
| —» T\ {'CIC par2tdm I i R=16 R=5 v v
X 1 clc+ ' | : ¥ : FIR cic !
| i L& o | ] L] 2 |
I P e S S |
I | : Fs:7.8125MSPS
I | Demod non-1Q(5) Fs:250MSPS Fs:7.8125MSPS |
il I
I | | :
I e — ) B [ W W I
1 ‘ ! wy !
[ Eclk:250MHz _ [ Fclk:125MHz ] |
[ I
2:10 } | v y |
v DBG_DAC_REC I v . | [sR_pAQ:7.8125Msps v SR_DAQ:97.75) v I
| § _DAQ:7. P! _DAQ:~97.7Sps
Synchro 128k | | SR_PM:7.8125MSps Length: (8*2+12)*16 b Length: (8%2+12)* 16 bits SR_PM:7.8125MSps I
L 16b*8Ch. | | Length: 16*16 bits Duration:0.0002 sec Duration:0.320 sec Length: 16*16 bits !
Timing | } Duration:0.05 sec Duration:0.05 sec }
,
T I
‘ | \
v N

X AXI BUS to Proces;or gystem X

G
~~

Demodulator, Down-Converter, filters, CORDIC, DDS, Matrix rotation,
Pl Controllers, Data acquisition buffer, fifos, DDS, modulator etc...

Does it sound familiar?
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LLRF FPGA Firmware architecture overview

______________________

|
: Data Array
CHO 10 Channels
|
[ g
. .
. .
. .

x4

x4

DDS
Fclk:500MHz

<«

AMP Pl controller
ENES!
PHI Pl controller

CTRL AMP/PHI

Fs:62.5MSPS

' bpuc

Input/Set/Error/Out

Mod non-IQ (5)

DAQ for Statistics

CKout

I
I
I
I
I
I
I
I
I
I
I
I
F5:97.65625kSPS I
CH7 !
I
. I
Ckin } F5:7.8125MSPS }
250.0MHz Fs:250MSPS Fs:7.8125MSPS |
I I
I I
‘ I e I
| I |} I
1 I
Fclk:125MHz ] I
| | y v |
I
[ v, |[sr_baa:7.8125Mmsps || SR_DAQ:97.75 v [
\ : X _DAQ;~97.75ps
synchro | | SR_PM:7.8125Msps Length: (8°2+12)°16 b Length: (8*2+12)*16 bits SR_PM:7.8125MSps I
/nc! | || Length: 1616 bits Duration:0.0002 sec Duration:0.320 sec Length: 16716 bits ‘
Timing | } Duration:0.05 sec Duration:0.05 sec I
T T I
'
I f I
v J :
X AXI BUS to Processor System X

LLRF Architecture design using basic blocks belonging to PSl library

Architecture depends on you and when new component need to

be developped think generic and contribute

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

RF 50MHz
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BS Summer student experience

= Cavity simulator designed in VHDL by a summer student, 1st year of his Master. (R.Basso)

qguickly with few experience of FPGA design

Project is on-going to go on target.

l |

Python model using psi_fix and jump to functionnal verification very

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

o AXI
[ LUT LT ‘
disturb beam
Done by *---___ -
- B i R -|= BSI_FIX PSI_FIX
student -- -

= O LT :
T& KLysTRON || delay I cep?x
CPLX =
= MULT 00 DDDD- ~ADB - _u_
g

PSI_FIX PSI FIX PSI_comoN PSI_FIX

All other blocks

NIVERSITE
E MONTPELLIER

oUTo

from psi library

Cavity Sompensees
Simulator DDDD
S

ooT2

oooo [ @ 1.e
CPLX | |
PSI_COMAON MULT NS
PSI_FIX
Oooo | @
cpLx | [ =
DS1_COMAOH MULT
DSI FIX
R —
S¥ X7
CPLX NNNN CPLX | |19 Z
ADD MULT
/ PSI COMMON

rrrrrr

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

Page 17



PAUL SCHERRER INSTITUT

[F== Reality of open-sourcing

Contributions to master, excluding merge commits and bot accounts

: GitHub Statistics - PSI Common
2 12 Contributors — 14 forks

2019 Agpril July  October 2020 April July  October 2021 April July  October 2022 April July  October /—)
(intel.
Visitors e /7

e’
%\ Last 2 weeks -

AmresccN_ ETH ziin
101\ — / —
UJK"‘ k %
09 0/28 10,01

@

H AMDZ1
Alcon

" a Novartis company

STA'UBLI € XILINX.

=  More work to maintain

* Increase exchange = Not enough contribution from outside
7 N\

) Increase quality | @l ] = How to engage?

Increase productivity = 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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BS Summary

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
0041563103346

Git repository
https://github.com/paulscherrerinstitute/psi common - Resp. B.Stef
https://github.com/paulscherrerinstitute/psi fix - Resp. R.Rybaniec
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[HJ=» Wir schaffen Wissen — heute fiir morgen

My thanks go to

GFA/AEK DSP Group
Radek

W. Koprek

J. Purtschert

Oliver Bruendler
Enclustra GmbH
Future contributors
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