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=PFL  Software

= Electronic Design Automation (EDA), or ECAD

= Many choices with many capabilities:
« Commonly used free software: KiCAD

Of importance to us:

= Schematic and Layout design capabilities

= Checks:
 Electrical Rules Check (ERC): Does the schematic make sense?
» Design Rules Check (DRC): Can the PCB be fabricated?

» Layout Vs Schematic check (LVS): Does the layout match the schematic?
(sometimes part of the DRC)



=P7L  Symbols & Footprints

Designator Designator P
ad number
value | rart
Pin number via o TCH
\ AD8620 AD8620 Pad
3 )
Pin — 1 .
2 6

I A D8620

| AD8620
>

¢‘

Symbol(s)
But single component

Footprint

Pin and pad numbers should match with the component used
(refer to datasheet)



=PrL  Schematic example: ;

+3V0 —

Basic clock msigenn | Labe

-—gx 0ecout TLHC1L
-4—“7 1 {>§ 0scOut
Y~ Power
Tips & tricks: ene connector N
* Use net labels to link nets without I 1uF
wires
(Possibility to have “global labels” to B
link between sheets) b8 +3v0 Net

7uhcts  No Connects ? /

7 ‘*

— 1 uiG
=T 100nF T4HC14

« Use “No Connect” crosses when 3
pins are unused

vcc

* Add decoupling capacitors to ICs

* Place unused parts on the
schematic, tie inputs BUT NOT
OUTPUTS (obviously)
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=PrL

Moving to PCB

= Make sure all footprints are already set in schematic
« If footprint and/or symbol of your component does not exist, create it

according to datasheet

e Description

Passive

¥ \ee, NPN Tinsisor, T0-2

25 \ee, NPN Trnsior, 1O

Q
Input BC337

When placing
component

Reference Q7

Footprint xags_TO_SOT_THT-T0-52_inkine
Datasheot ? | Mes/dita
Description 0.8 ic, 45 Ve, NPN Transistor,

General Pin Functions
Fields
MName

Reference U1

Editing components
properties

Value ShowName ~HAlgn  VAlgn  ltalic  Bold

] Center  Center

= Center )
Package_DIP:DIP-14_W7.62mm LongPeds I\ [ -
DmheT T D Center  Center )
Descrigtion  Hex investes schmitt wrigger [w Center  Center )0 )4_Pin
d
=
ARE 8. Footprint Chooser {13485 iterns loaded)
Q- Filter
Geners!
- tem Descriptio
CERDIP-16_W7.62mm Si..zed LongPads Sockel 16-lesd thi
h CERDIP-16_WT.A2mm SideBrazed Socket 16-lesd thi
CERDIP-18_W7.62mm SideBrazed 18-lead thi

angle 0

Mimror: Nt mirrored

8 Show pin numbers

Library ink: 74

serties
3900 mils
1700 mils
" 0

88 Show pin names. CERDIP-18_W7.62mm_SideBrazed Socket 18-lead thi

CERDIP-18_W7.62mm SideBrazed LongPads  18-lead th
| LongPads Socket 18-lesd thi

CERDIP-20_W7.62mm_SideBrazed 20 lead thi
mm_SideBrazed_LongPads  20-lead thi
CERDIP-20_W7.62mm_5i..zed_LongPads Socket 20-lead th

Z-lesd th

2-lesd thi

jead thi

DIP-12_W7 62mm_LongPads
1d-4ead though-hole mounted DIP package, row spacing 7 62 mm (300 mils), LongPads

Keywords THT DIP DIL PDIP 2.54mm 7.62mm 300md LongPads

__ Apply foatprint filters (DIP*W7.62mm")
Filter by pin count (14]

0cogoon

+3V0

mm_LongPads

Cancel



=P7L  Custom symbols and

footprints

Default library should suffice in most cases, so only briefly shown

during demo

Steps quite self explanatory:

In create symbol window: File—>New library

Select library
File>New component
Add pins, set designator, ...

Many resources online if need be, or ask us ©

Take care to match pins and
pads number order!

rmﬁmm%a@&EWIﬁ

eate, delete and edit symbols

Create,r delete and edit footprints |

J1

an n_DlxDiir_Pin R1
1k

+3V0 —



Importing in PCB

L NF7 ECRE Sl

Update PCE with changes made to schematic (F8) |

= Lists all the components/nets/... not matching between PCB and
schematic

= All validated differences will be corrected on the PCB's side, adding
components and connections alongside

= Note: Importing from schematic only checks that the component exists.
If the footprint was changed in a library, you need to “update footprints
from libraries”



=PrL PCB stack-up ‘

2 LAYER RIGID PCB STACK-UP LAYER DEFINITION

Mask

Layer1

& silkscreens
(unavailable at ACI)

Layer 2

Mask

TOTAL THICKNESS WITH MASK: 63.800 mils

F. : Front side (more often called TOP)

] t:::;'am;,ens Nets B. : Back side (more often called OTTOM) Cu: Where there is copper (tracks, pads, ...)

'EQFw

Paste: For solder paste, usually equal to “mask”
Silkscreen: For annotations
Mask: Where no solder mask should be placed

Edge cuts: Shape of the board
Fab: Fabrication schematic/annotations

YOoON\N|zmh o 2§t X
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=P7L With components

= Once everything imported from schematics,
it's time to plan the routing

= Keep the final application in mind:
» Decoupling caps close to ICs’ power pins

* Mechanical constraints (location of
connectors, holes, ...)

Conn_01x04_Ping

= Ratsnest: small lines showing the
connections remaining

7LHC14
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=PrL  Setboard rules ’

= Prepare rules corresponding to fabrication constraints
= Good to do early on

X
Board Stadwp Copper Asccircle approximated by segments
Board Editor Layers
Physical Stackup ¥ Minimum clearance: 0 mm Maximum allowed deviation: 0.005 mm
Board Finish Nate: zone filling L 05
o . ling can be slow when < 0.005 mm
Solder Mask/Paste # Minimum track width: o mm
Text & Graphics M Minimum connection width: 0 mm
Defaults Zone fill strategy
Formatting the
ormatting ¥ Minimum annular width: 0.1 mm L. (] Allow fillets outside zone outline
Text Variables
* ¥ M diamets 05 -
Design Rules x LLLLIRLIC TS 2t mm % Minimum thermal relief spoke count: 2 =
= Copperio ke e 025 I
Pre-defined Sizes e i N g
Teardrops 7] Copperto edge clearance: 05 mm  Length tuning
-tuning Pat ; .
Length-tuning Pattems 18 Include stackup height in track length calculations
Net Classes e
loles
Custom Rules
§ i i [P W Mimimum thenh ol 02 mm
File Edit View Place Route Inspect Tools Preferences Help Board Setup

B

X
DBADCIACRARRR|S b  ["TiEe = =

Width Diameter Hole ‘Width Gap Via Gap
Physical Stackup
s Board Setup... m Ooaa0 o Board Finish
rack USe Fit board setup including layers, design rules and various defaults - mm](0. Soider Mask/Facte

Text & Graphics
Defauts
Formatting
Text Variables

= Design Rules
Constraints

Teardrops

Length-tuning Patterns
Net Classes

Custom Rules
Violation Severity

+

-

+
-
+

Import Settings from Anather Board,

[ ox | cencel



PrL

Board rules

Standard Dimensions (in mm)

Description PCB size max. Panel size max.
Small 148 x 180 170x 250
Medium 228 x 230 250 x 300
Large 228 x 310 250x 380

Hole Diameter (in mm)

Material Thickness

Min. Hole Diameter

Max. Hole Diameter

(c)

(c)

0.8

0.3

6.2

Available drills:

+  From 0.25 up to 3.25 mm, by steps of 0.05

e From 3.30 up to 6.2 mm, by steps of 0.1
« Drill diameters above 6.2 mm must be placed in the Qutline file, GERBER RS-274X format

In brief, for our application:
* Width and clearance of minimum 250um (10mil)
* Adapt width to current if high current application
* Via of 800um, with hole of 500um

11


https://www.epfl.ch/schools/sti/ateliers/wp-content/uploads/2019/09/ACI_design-rules.pdf
https://www.epfl.ch/schools/sti/ateliers/wp-content/uploads/2019/09/ACI_design-rules.pdf

RN H 1D

gD -1AYOoOONNZh

Use shortcuts:
Route (X), place vias (V), flip component
to other layer (F), ... I o | L

Track: 0.381 mm (0.01500 in) ‘ Via: 0.800 / 0.500 mm (0.03150 / 0.01969 in) ~ | B B.Cu (PgDn) ~ m | 0.2540 mm (0.0100 in) ~ | Zoom 1200 ~

p &
p 5
Dc2
o3
D C
P rt
D
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=PrL

Ground plane )

= Once the routing is finished, it is good practice to add a ground plane, to
improve the shielding on the PCB, and reduce copper waste in
fabrication

2 DAVIASK

o o} UISEI'Drawings
= Select a copper layer - i e
= Add a zone following the PC/B’_s‘edges, on TOP & BOTTOM, tied to
GND

“ o : o e
= You can “pour” it, with right click > Wl s g oo
or by running the DRC B




=PrL

Checks

ERC
Jolor 3l ]

Electrical Rules Checker
" Perform electrical rules check

Electrical Rules Checker

:Viﬂliﬂiﬂﬂi (0) | Ignored Tests (1)

Show: (] All @tros @  @Wanings @ [ Exclusions
Delete Marker

Save...
Delete All Markers

Run ERC

Show: (] All

Delete Marker

DRC
eiRE HieF &

Design Rules Checker
N ‘ 7 ann ) .

. ) - oo Show the design rules checker window
Design Rules Checker

X
@ Refill all zones before performing DRC

8 Test for parity between PCB and schematic
[CIReport all errors for each track

Violations (0) Unconnected ltems (0) Schematic Parity (0) Ignored Tests (4)

B trors 0 'Warnings 0 [ Exclusions

Save...
Delete All Markers

14



EPFL  Gerber files

Plot X

Plot format: Gerber v Output directory: L)
File Edit View Place Route Inspect Tools Preferences Help
Include Layers Plot on All Layers General Options
ro Append Board... | @ | S @)\ @\ ®\ @D\ G)\ ‘ @rcu (OB.Cu [ Plot drawing sheet Drill marks: None
2] Bu OBMask Plot foatprint values Scaling: 11
Save Ctrl+S  1i2: 0,800 / 0.500 mm (0.03150 / 0.01969 in) ~ ‘ [m CJFAdnesive Dlepaste ) .
. c B Adnesive OB Silkscreen Plot reference designators Plot mode: Filled
ave a Copy... -
Y PY. F Paste 8 B.Adhesive Plot footprint text (] use drill/place file origin
Revert 4 B.Paste B.Courtyard
ESilkscreen Osfab Iy [ Force plotting of invisible values / refs Mirrored plot
“ Rescue B.Silkscreen (JFcu [ Sketch pads on fabrication layers Negative plot
FiMask OFMask Check zone fills before plotting Tent vias
@ Import > B.Mask [JFPaste
() UserDrawings. (JF Silkscreen
Gerber Options
m Export > () User.Comments (JF Adhesive X 3 Coordinate _ -
s = (O usergcot OF Courtyard ] Use Protel filename extensions oordinate format: 4.6, unit mm v
I Fabrication Outputs > P Gerbers (gbr).. (JUserEco2 (JFFab Generate Gerber job file Use extended X2 format (recommended)
Drill Files (drl)... Edge.Cuts [Juser.Drawings y -
m Board Setup... Eb (.drl) ) Margin eeom o [ subtract soldermask from silkscreen @ Include netlist attributes
mb IPC-2581 File {xml)... [ JF.Courtyard ™~ 4 () Disable aperture macros (not recommended)
Page Settings...
IQ g z E& Component Placement (pos, .gbr)... Output Messages
Print.. Cirl+P P .
B "‘% Footprint Report (.rpt)...
Plot... -
= 90  IPC-D-356 Netlist File...
| .
Close E& B i T Show: (] All Erors @ @ Warnings (@ @ Actions Infos. Save...

Run DRC. Close Generate Drill Files.

“Gerber files” are fabrication files containing each layer’s pattern
To make the PCB, both Gerber and Drill files are needed

“Include layers” = One file per layer, as needed for fabrication
“Plot on all layers” - Useful to export a PDF showing the final PCB and verify by hand

To provide: Gerbers of Copper, Paste and Mask layers (no silkscreen needed)
Drill Files (Excellon, other parameters should not matter as defined in the file itself)
PDF to scale of PCB layout
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