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CZa OUTLINE

Part 1 — Introduction to KiCad
KiCad, an open source EDA Software

Designing MM detectors with KiCad
The plugins make KiCad very powerful

Part 2 — MM dedicated plugins
Plugin demo
Plugin development
Automated netlist generation

Next steps

Summary
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C2A KICAD, AN OPEN SOURCE EDA SOFTWARE

KiCad, a free and open source EDA software
» created in 1992 by Jean-Pierre Charras from Grenoble University g qico
« multi platform: GNU/Linux, Windows and Apple OS X o

» supported by CERN & Society Foundation

https://cernandsocietyfoundation.cern/projects/kicad-development

« under continuous development — v6 foreseen for end of 2021

@ KiCad (5.1.2)-1 Chtempcach detecteurdecgentinitiinit.pro

File Wiew Tools Browse Preferences Help

DB =% G s

D |32 B |85 & 2l 8 =

= Project name:
....... _fé‘f' init.sch Chtemp’cachdetecteurdecgentinitiinit.pro

KiCad front panel
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DE LA RECHERCHE A LINDUSTRIE

C2A DESIGNING MM DETECTORS WITH KICAD (1/2)

TPOT MM prototype and its HV filter board for sPhenix

256 strips — 512mm x 256mm readout zone
2 inner layers with pvias, grid GND

HV contacts through FSI connectors — connection to FE through mec8 edge connectors

- SFHEMNIX ¥ '+ RPHI - FETECTOR — Schematic - - -

sphenix_unitB : strlp 6h ta-128 + 1 mecA - -
sphenix_unitC : strip 129 to 192 4+ -1 mech-
spheniv_unitD @ strip 193 tp 256 + 1 mecH-

| I O T S §

- gnd_shield -; GND- BTM layer + pad (avec fI'EII'I'E- thermlques pour rE|:|r|5E}
- — Finitior N|.5fu -

--—-'thu:knessiﬁmrn (mecﬂ) S

Sheet: sphents unth rphl  Sheet: sphenis untf rphi . . Sheeb sphenis uniC_rohi . . . Sheet: spheniz unif

BHD
T READOUT-REHI |- SFEMD . READOUT RPHI | TEMD L READOUT RPHI. | -GN REiDDUT

. File: sphrn'l-t_un'ltC_-rphl'.sl:h .. FIlE 5|:|henlx_umt|:|

_Filei sphenis_unita rphi.sch Fllg; sphenlLunItB_,rphI’sch

' Shect SDhEDILHlll;J © Shept: fmecadolessPhl ¢ - 5"“‘ ""'“"Hnl“—-‘ -

Eheet.s h!ul‘&.J-W_thl
. e cHV e e e MECA | e MECA . .
© 0 Ffle: mecaHdlessch

File: mecaHoleasch

_Filei sghenisHV_rphisch. . .Flle:.sphgn[xj\‘_;.sch. -

TPOT Z prototype schematic
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TPOT Z prototype layout
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Cea DESIGNING MM DETECTORS WITH KICAD (2/2)

TPOT MM prototype and its HV filter board for sPhenix
256 strips — 512mm x 255mm readout zone
2 inner layers with pvias, grid GND

HV contacts through FSI connectors — connection to FE through mec8 edge connectors
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C2A THE PLUGINS MAKE KICAD VERY POWERFUL (1/3) 7@/
— o

« The objective of [its] development is to enhance its functionality, making it

an efficient tool for PCB design, which people can use to share their design
Information without compromising productivity.

This will ensure that there are N0 artificial barriers to the sharing of information,
so that design and development knowledge can flow more freely »

Quote from: https://cernandsocietyfoundation.cern/projects/kicad-development
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« What does «enhance its functionality » mean?

—> Users can develop third-party tools, the so called PLUGINS, that can interact with KiCad to

add custom functionalities

lTlh'i Pcbnew — Chtemp'\cac\detecteuridecgentinitiinit.kicad_pch
File Edit View Place FRoute Inspect Tools Preferences Help

e = =< | oad Netlist...
W5 | i1
Update PCB from Schematic...

=
m
—i|

Track: 0.230 mm (9.84 mils) * ~ | Via: 0.80 7 B

Update Footprints from Library...

Set Layer Pair..,

Scripting Console

o EW O B

External Plugins...
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L0100 mm (0,39 mils) ~ | Zoom Auto w
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Refresh Plugins

Detector Gen Plugin - CEA Irfu DEDIP - VD

vl o

Met2Met distance

PadZPad distance

i

Replicate layout

Teardrops

Ba o

Via Stitching Generator
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C2A THE PLUGINS MAKE KICAD VERY POWERFUL (3/3) 76%

 How can it be an efficient tool for detector layout design ?

- Exploit the potential of the « footprint generator wizard » to automatically draw
(1) Mesh mask (pilar) — (2) insolation mask (wall) — (3) readout zone (pixels or
Strips)

omnis_couchel
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C2A THE PLUGINS MAKE KICAD VERY POWERFUL (3/3)

 How can it be an efficient tool for detector layout design ?

Exploit the potential of the « no artificial barriers » to automatically generate a KiCad
netlist that is a key element for an efficient and error — free routing process.
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C2A THE PLUGINS MAKE KICAD VERY POWERFUL (3/3)

Part 1 in a nutshell
We have decided to develop dedicated KiCad plugins for
« Mesh mask (pilars) generation
« Insolation mask generation

* Readout zone footprint
« Automated netlist generation

And now, time for demo !

18.06.21 - RD51 Collaboration Meeting Aude.grabas@cea.fr - Valmir.donascimento@cea.fr Page 10



C2A PLucGIN DEMO (1/3)

» Creating an insolation mask (movie)

Cad (3.1.10)-1 \\DapdcFvwd 26707 My DocumentstkicadProjects\Padsinetlist\simple_Tisimple_1.pro -

File View Tools Browse Preferences Help
ODOE @a® O ¢
‘jl simple_1.pro .

-
Iilﬁi simple_1.kicad_pch =
= simple_T.net

= A
F)

L= Project narge;

’— simple_1.sch “WhapdcIwd267074 My DocumentsikicadProjects\Pads\netlist\simple_Tisimple_T.pre

- ge | simple_1 - Copie.sch

simple_1-cache.lib

=

o gy SIMP le_2.net

KiCad Home page

We choose a wizard

Proiect on network share auto refrech not available
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DE LA RECHERCHE A L'INDUSTRIE

C2A PLUGIN DEMO (2/3)

Meshes with different patterns (movie)

von
File Edit
Grid: 0.0100 mrr ~ | | | Zoom Auto

Layers Manager

[tems

Butto
Butto
Butto

Connector_Dsub
Connector_FFC-FPC
r_Harwin
Connector HDMI
tor_Hirose
nnector_|DC
JAE

Cannector IST
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DE LA RECHERCHE A L'INDUSTRIE

C2A PLUGIN DEMO (3/3)

» Readout zones with strips (1D and 2D) (movie)

oy
WS e @edaqll
Parameters

Parameter Value Units

Footprint Generators

Available Footprint Generators  Messages

Name Description

BGA .Ball Grid Array Footprint Wizard

Circular Pad Array Circular array of pads

FPC (SMT connector) FPC (SMT connector) Footprint Wizard

Micromatch SMD connectors  Micromatch (with lock and w/o lock), footprint wizard
QFN Quad Flat No-lead (QFN) footprint wizard

QFP Quad Flat Package (QFP) footprint wizard

2D Barcode QRCode QR Code barcode generator

S-DIP Single/Dual Inline Package Footprint Wizard

9 SOIC SOIC, MSOP, SSOP, TSSOP, etc, footprint wizard

~N WV W NN -

o

10 | Touch Slider Capacitive Touch Slider wizard
11 BARCODE USS-39 USS-39 Barcode

12 \ZIP N lines Zip Package Footprint Wizard
13 ZOIC ZOIC, etc, Footprint Wizard

MICROMEGAS mask 2 wizard

15 Insolation Mask MICROMEGAS insolation mask wizakt!
16 Mesh mask MICROMEGAS mesh mask wizard

Update Python Modules Cancel

Z 25000,00 X 0.000000 Y 0.000000 dx 0.000000 dv 0.000000 dist 0.000 arid X 2.540000 Y 2,540000 mm
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PLUGIN DEVELOPMENT

« KiCad uses two languages

C++ Python

* Performance SWIG * Rapid prototyping
R Portability » Easy to understand

_ * Interpreted
 Compiled P

A
v

4 4

Core application User Plugins

!
Pcbnew API
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C2A AUTOMATED NETLIST GENERATION

« The objective: Use a CSV file that describes the connections between the detector
components and Front End Electronics as an input to KiCad.

« Howcanwedoit?

a4 ) (- N a4 )

Netlist output
CSV file Python script file (readable
by KiCad)
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DE LA RECHERCHE A LINDUSTRIE

CZ2A AUTOMATED NETLIST GENERATION (DEMO - MOVIE)

= | sphenix_z sphenixMapping_z.csv - Excel

EERE Acen  paage  ttinage Fichier [N Insetion  Miseenpage  Formules  Données  Révision  Affichage O Recherch DO NASCIMENTO JUNIOR
_J r',' v ol jtit'“*'ﬂ""e”w‘ o X e Standard ~| [ Mise en forme conditionnelle ~ &= Insérer ~
foinglera er Collei S 7‘“‘ ‘ ’ Supprimer Renommer  Nowveau i proprités F*: rn‘i::ma e = il ) vm% o0 BF Mettre sous forme de tableau ~ Supprimer
B pide d dassler 5 v = 8 528 [37 Styles de cellules ~ Format ~ A
EYesie-paplets Oroaniser Holiveay Sl Seladionner Presse-papiers & Police Nombre Style Cellules Edition -~
<« v 4 > CePC » Documents > kicadProjects > Netlist > sphenix_z v O eche sphenix_z 123 = £ =
= . Talle A B & D E F G H I -
| fp-info-cache 17/06/2021 17:54 Fichie 1 |connectorlD_A connectorPartNumber_A connectorFootprint_A piniD_A traceName detectorStrip detectorFootprint
g 18 sphenix_zkicad_pcb 17, K K 2 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 1gnd
1 phenix_z.pro 0 K Ko 3 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 2 gnd
sphenix_z.sch 17/06/2021 1 K Ko 4 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 3rdl 1 sphenixZ
5 5 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 4 rd2 2 sphenixZ
6 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 5 rd3 3 sphenixZ
7 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 6 rdd 4 sphenixZ
8 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 7 rd5 5 sphenixz
9 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 8 rd6 6 sphenixZ
10 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 9 rd7 7 sphenixZ
=i 11 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 10 rd8 8 sphenixZ
= 12 [connectorl mec8-135-02-L-D-ra-1 mec8_readout 11 rd9 9 sphenixZ
8 13 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 12 rd10 10 sphenixZ
14 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 13 rdi1 11 sphenixZ
15 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 14 rd12 12 sphenixZ
5 16 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 15 rd13 13 sphenixZ
Y = 17 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 16 rd14 14 sphenixZ
4élément(s)  Etat:@ Connecté  Statut de la synchronisation: . Fichiers en conflit |9 |18|connectort  mec8-135-02-L-D-ra-1 mecs_readout 17 rd1s 15 sphenixz
19 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 18 rd16 16 sphenixZ
20 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 19 rd17 17 sphenixZ
21 connectorl mecg8-135-02-L-D-ra-1 mec8_readout 20 rdi8 18 sphenixZ
22 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 21 rd19 19 sphenixZ
23 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 22 rd20 20 sphenixZ
24 |connectorl mec§-135-02-L-D-ra-1 mec8_readout 23 rd21 21 sphenixZ
25 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 24 rd22 22 sphenixZ
26 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 25 rd23 23 sphenixZ
27 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 26 rd24 24 sphenixZ
28 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 27 rd25 25 sphenixZ
29 connectorl mecg§-135-02-L-D-ra-1 mec8_readout 28 rd26 26 sphenixZ
30 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 29 rd27 27 sphenixZ
31 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 30 rd28 28 sphenixZ
32 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 31 rd29 29 sphenixZ
33 |connectorl mec8-135-02-1-D-ra-1 mec8_readout 32 rd30 30 sphenixZ
34 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 33 rd31 31 sphenixZ
35 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 34 rd32 32 sphenixZ
36 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 35 gnd
37 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 36 gnd
38 connectorl mec8-135-02-L-D-ra-1 mec8_readout 37 rd33 33 sphenixZ
39 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 38 rd34 34 sphenixZ
40 | connectorl mec8-135-02-L-D-ra-1 mec8_readout 39 rd3s 35 sphenixZ
41 connectorl mec8-135-02-L-D-ra-1 mec8_readout 40 rd36 36 sphenixZ
42 |connectorl mecg-135-02-L-D-ra-1 mec8_readout 41 rd37 37 sphenixZ
43 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 42 rd38 38 sphenixZ
44 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 43 rd39 39 sphenixZ
45 |connectorl mec8-135-02-L-D-ra-1 mec8_readout 44 rda0o 40 sphenixZ -
sphenixMapping_z O < 3
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C2A NEXT STEPS: MANY IDEAS ©

Footprint wizards:
* Include a feature to generate segmented meshes

* The pattern is repeated every X and Y

« Optimization: export mesh footprint directly as a Gerber File
« Saves time when creating meshes with millions of pads

Netlist Generator Script:
« Add a User Interface Plugin embedded into KiCad to simplify its usage
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SUMMARY

KiCad is a (very) powerful and flexible EDA software for Detector Design.
It can cover all steps of detector design flow.

« 2 keywords:
« Efficiency

« Saclay Bulk Lab staff starting to design the masks required for the bulk
process using dedicated Footprint wizard

* Micromegas Designers can draw (exotic ©) readout zone using the
dedicated Footprint wizard

« Automated netlist generation is a precious help for CAD Designer

» Flexibility
* Free, open source, multi platform software
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Thank you for your attention

aude.grabas@cea.fr
valmir.donascimento@cea.fr
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Etablissement public a caractére industriel et commercial | R.C.S Paris B 775 685 019

Tel : +33 1 69 08 xx xx — Fax : +33 1 69 08 xx xx
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Direction de la Recherche Fondamentale
Institut de recherche

sur les lois fondamentales de I'Univers
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C2A BACK UP SLIDES
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PLUGIN DEVELOPMENT

 Extensive use of the Pcbhnew API

Python scripts

* Insolation, mesh and detector wizards

¥

Pcbnew API

A

C++ functions

« Use of existing plugins

17.06.21 - RD51 Collaboration Meeting Aude.grabas@cea.fr - Valmir.donascimento@cea.fr Page 21



WHEN ELECTRONICS DESIGNERS MEET DETECTOR

UNER TRACKER
DETECTOR FOR THE
PHASE-II UPGRADE
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)

step mapping
masks

netlist  =ootprint library

Freely inspired from https://xkcd.com/730/ and from Theodore Zorbas Poster
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C22A STEP 1 - SCHEMATIC

Definition: a symbolic representation of the physical connection between different
electrical components of a system »

Physical connections == green line with a name (net name)
Electrical component == standardized drawing or ‘box’

FZ (]
MAtoRIn T net_RtoC — n Pad ( 1

)3 ~

HVPwk_1
HYFwRE_pa

HY_pwr

Conn_Coaxial_Fower

Example in the electronic world: RC filter for HV supply
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C22A STEP 1 - SCHEMATIC

MPGD Definition: « a symbolic representation of the physical connection between
the readout zone and the FE board connectors and the HV elements

Physical connections == green line with a name (net name)
Component == ‘box’ (no standard component for detector readout zone)

exampl
PP §1 1 '\ L
pa [2\ 52 0 A a
3\ 53 3 p3 |2 - 53
P \ 54 "
i\ T L s : - -
P4 - - - p5 |2 Conn_02:0% Cdd Even
5 |2 — pg 1B 51 1 2 sA_
Pe 2 =i 3 50 58 [ do s13
PO q . 50 g 1ee1 . . : - P3 o r Sil " - " - .
m TTEED :Cnnn_ﬂi:-:iﬁ_FernalE P10 B
P : p11 [ S,
P11 Pl . g a1 11, . . . : oo 2] ' '
Fi2 2 512 12 ¢ e 3 /I
P13 11—/—513—13—< _ Py [
pqy [ . . 514 14, . . . . ST
P15 L
\ P15 [ _ 516 16, | _ _ C NPIE B
N /

2 Examples in the detector world:
« 16 pixels / strip readout zone connected to 1 FE connector

« 16 pixels / strip multiplexed signals connected to 1 FE connector
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C22 STEP 2 > FOOTPRINT ASSOCIATION

Wikipedia Definition: A footprint or land pattern is the arrangement of pads or through
holes used to physically attach and electrically connect a component to a PCB.
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C2a STEP 2 - FOOTPRINT ASSOCIATION 74%

MPGD Definition: A detector footprint is the arrangement of pixels or strips of a read
out zone to physically attach and electrically connect it to a detector PCB

aidwexa
cadwexa
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C2a STEP 2 - FOOTPRINT ASSOCIATION 75%

MPGD Definition : (1) A detector footprint is the arrangement of pixels or strips of a
read out zone to physically attach and electrically connect it to a detector PCB

(2) Amask footprint is a pattern designed for the bulk process machine : insolation
mask for the mesh plots, silkscreen mask for resistive paste, insolation protection wall,...
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C2A STEP 3 = NETLIST GENERATION AND EXPORTATION 7@/
= o

Definition: A netlist is a list of components in a circuit and a list of the nodes that
connect the components to each other.
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