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Outline

Session 1 (Tuesday) OXFORD

Recap on PCB basics (see Sneha’s lecture)
Intro to KiCad
Comparison of KiCad to other programs
Quirks | drawbacks to be aware of in KiCad
KiCad workflow options - symbols, footprints etc
Component suppliers & BOM considerations
* RS, Farnell, Mouser, Digikey
* Octopart
* PCB Manufacturing Houses

* Newbury/PCBTrain (UK)

* The “boutique” shops (UK)

* China: example Seeedstudio Fusion
* KiCad install & Schematic Editor demo

Session 2 (Friday)

KiCad Schematic Editor demo (continued, with SPICE)
KiCad PCB Editor demo (routing, netclasses)
Exporting for Manufacture (gerbers, BOM)

Exporting for mechanical CAD
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PCB Basics recap

UNIVERSITY OF

Talk by Sneha Naik earlier in this series: 0);40)23D)

https://indico.cern.ch/event/1277888/contributions/5367707/

Make sure you know the basics of the following words (ask if any are 1 J6
unclear): Y S
Schematic, Board artwork, Symbol, Footprint, Layer, ERC, DRC, BOM

X Input Pin
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Intro to KiCad
Get KICAD here (we're B
using version 7) Kl Ca d E DA

https://www.kicad.org/ A Cross Platform and Open Source Electronics Design
Automation Suite

Ly
Good place to get help
on KiCAD usage:

B Documentation & Download { & &8 ES See what's new

https://forum.kicad.info/

KiCad (pronounced “key-CAD” by original authors) began development in 1992 (!!)
by Jean-Pierre Charras. Since ~2015 managed by Wayne Stambaugh + a team of
developers (including at CERN). It is open source and you can contribute fixes &
code.

Probably the best known, supported and widely used free, open source PCB
design software.

Please try and download and install now if you
Haven't already
CERN contribution: a

https://ohwr.org/project/cern-kicad/wikis/home
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Other Programs vs KiCad

UNIVERSITY OF

OXFORD

AU TO D E S K@' Very popular, free version available. Similar in
~ features to KiCad (more advanced in some ways).
L: E AG L E Widely supported
_ _ But: every new version since Autodesk takeover
See also: diptrace, designspark gets more “locked down”. Free version limited in

layer count & board size. Kicad can (quite well)
import Eagle projects

Much more advanced “professional level” features that
Kicad lacks (controlled impedance, stackup management,
integrated parts database etc etc). Very good interface but

with some learning curve. Altlum ’

Recommend starting with a simpler tool (like KiCad) to
design some simple boards and perhaps pick up something
like Altium later. Kicad can import Altium projects though it
is still quite an experimental feature

See also: OrCAD | Cadence Allegro, Mentor Graphics (PADS)
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Interoperabllity
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From mechanical CAD, you may be familiar with STEP / IGES, which allow (reasonable) interchange of
designs between programs & for manufacturers. You need to be (vaguely) aware of some of this as it
may affect exchanging designs with colleagues & fabrication houses.

For PCB design, the story is not quite as good. There is no good “schematic + PCB” export but there

are some options:

* Gerber “RS-274XIX2” - the standard format that you will send to most board houses. Exports PCB
artwork so it can be manufactured, but doesn’t really know anything about the circuit connectivity (no
schematic information).

* ODB++ - many “pro” level CAD programs support this and can exchange designs between them.
KiCad does not (yet) support it, it is planned for version 7

* IPC-2511b “GenCADI/GenCAM” - similar format to ODB++ but less widely adopted, though it is an
open standard. , but it is not very widely used. If you
use GenCAD export in KiCad you should check the output it generates carefully with an
external tool! (for example https:/Iwww.circuitcam.com/download )

* IPC-2581 - “next generation” export format, which (may) eventually replace Gerber. Planned for
KiCad to support it, but it doesn’t yet! This is a problem for some (very few!) manufacturers,
who now demand IPC-2581 rather than Gerber (see later)

* IPC-D-356A - this is a netlist (rather than PCB artwork) format. Some board houses that do electrical
test want it, KiCad can export this

* Gerber “X3” - the latest Gerber spec includes information similar to IPC-2581. Kicad fully supports
Gerber X3 . Sadly, most other programs do not, as it has not gained as much popularity as IPC-
2581.

* Some board fabrication houses (e.g. in China) now accept KiCad project files directly! However, most
of them don’t yet accept version 6.0/7.0 (only version 5.0), so ideally stear clear of this!
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Things to beware of In KiCad

Not much physical layer stackup Awareness OXFORD
Actually, KiCad 6 does have layer stackup now! And it can be included in
basic constraints. BUT, not very good support yet for automatic controlled
impedance traces (they can be done manually with some effort though!)

* Have to choose a library workflow

Disagreements in community about whether to use “atomic” or “default”
type parts (see later). Have to be careful with either choice (can mix &
match to some extent)
* Lack of IPC-2581 export
Some board houses want this now. It isn’t there yet in KiCad

* Backward/Forward Compatibility Issues
Old versions of KiCad cannot open newer file versions. But new versions
can import and migrate old projects very well

* Some functionality needs plug-ins

Many of the really useful and advanced stuff is in community plugins. Over
time more has moved into core (e.g. curved traces are now built in, but
things like RF via stitching are still done through a plugin)

* Included “standard” libraries are often not very good
The built in standard part library only includes a weird and narrow selection
and KiCAd is not as good as Eagle or Altium when it comes to getting new
parts. They have to be manually downloaded, rather than a nice “Wizard”
dialog that you get in Altium

Grid system in Schematic entry is errr....

Well actually it's much better in 6.x/7.x than 5.x, but still annoying at times
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...And the Good News!

UNIVERSITY OF
* Huge community of users — lots of people on the forums, IRC, around and 0), €1 0)ND
about use this software
* Open Source, no limits on “free” version — no limits on board size, layers etc
etc
* Usable on “real” designs and in industry — though it is a bit more limited than
e.g. Altium, make no mistake KiCad is a professional grade tool

* Text based file formats — compatible with git version
control! (And visual diff tools available, so merging is
possible!)

* Scriptable — you can write plugins and processing
tools in the python language to do custom features in
KiCad.

* pretty good (manual) routing experience-
advanced push’n’shove and other modern routing
techniques are very well implemented and very
usable. Better IMO than Eagle or Diptrace

* No built-in autorouter — autorouters almost
ALWAYS get everything wrong anyway. An external
autorouter (FreeRouting) is available if you really
want it

(right) — CIAA-ACC 12 layer board with Xilinx 7000
Series SOC and kintex-7 FPGA. Running at GHz speed,
A “very serious” design” done in KiCad!
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KiCad Part workflow options

Kicad has no “built in” concept of a part (i.e. footprint + symbol). You can OXFORD
associate any schematic symbol with any footprint! This can be useful for quick
designs and parts available in alternate footprints but it is easy to make very bad
errors which ERC will not save you from!

Many serious people refuse to use KiCad for this exact reason (same applies to
Eagle and, especially, DipTrace). Personally | don’t mind it but have fallen prey to
a pinout error a couple of times over the years!

Luckily, if you want to use atomic parts, KiCad can support this! Tools such as
componentsearchengine (see later) let you download parts in kind of atomic format

Atomic parts KiCad default
Every different part (including different Each symbol in the schematic must be
footprints of the same part), has a separate manually associated with a footprint when
symbol & footprint in your KiCad library. Each ~ You design the board (but usually they have
symbol is associated to one (and ONLY one) a default)
footprint.

Pro: much quicker to get up and running,
Pro: it's very hard to make a very silly pinout easier and more flexible to alter designs later
mismatch error Con: you MUST DOUBLE CHECK

FOOTPRINT ASSOCIATION VERY VERY

Con: maintaining this parts library is a HUGE CAREFULLY
amount of work

Dan Weatherill - AITL PCB Design 2023 9



Buying Components - UK

Sorting out the BOM is (usually) actually the most tedious part of a PCB OXFORD
Design project!

My personal recommendation — start with Farnell! (https://uk.farnell.com/)
Good search interface, wide selection, reasonable price.

%§ Farne" ‘ AN ‘ to81
A Manufacturers Resources ‘Communitis

Home > S ductors - ICs > Amplifiers & Comparators > Operational Amplifiers - Op Amps > Results
21 Product Results Found For "tl081"

‘ Search Within |Q ‘ G compare Selected (0)

Manufacturer ~ Order Code Description | Manufacturer Avallability ~ PriceFor | Price (ex VAT) Quantity No. of Bandwi
o Filter(s) Selected ~ Patho

1avis | 1P I soc | epins

If a part is not on Farnell, it is likely on Mouser (www.mouser.co.uk) or digikey (
www.digikey.co.uk). In some circumstances, it might be on RS (
https://uk.rs-online.com/web/)

STRONG RECOMMENDATION: include both MPN (“manufacturer part
number”) and the order code for a particular supplier in your schematic.

Then, stock issues can be more easily sorted out via OctoPart or by the
board assembly house
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Octopart

UNIVERSITY OF

OXFORD

Always put a manufacturer part number (MPN) in your schematic data!
You can use the tool www.octopart.com to find this part on many different
suppliers, and sometimes to obtain CAD data downloads.

BN NOIOCIABEICAQAQAAET & AlRREZ RdED R E

This file was created by an older version of KiCad. It will be converted to the new format when saved.

L3
*Symbol Properties
General Alternate Pin Assignments
L0 Fields
3 \ Name Value |5how| HAlign | VAlign |Ita|i|:| Bol
\Q: T o L] Center Center
4 & = 1 i
DH Footprint  SPIRIT:WSON-8-1EP_2x2mm_P0.5mm_EP0.9x1.6mm Left Center
L
[} Datasheet http://www.ti.com/product/OPA8587utm_source=google& Center Center
4 0
+> U 1 5 mouser 595-0OPAB58IDSGT Center Center
N OPABSE [N S |8 | e | Ceoner | @ |
—
R72 + T4 w
— )
O UT 10k General Pin Text I
: ate Symbol fror
Show pin numbers P Y
C5 Qe Show pin names Change symt
100n Edit Symbo
~RIm A N7 Angle: 0 b . y
Attributes
Mirror: Around X axis - Exclude from bill of materials
Edit Library Syr

Exclude from board
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Octopart
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OCi'ﬁparf OPAB58 APl BOMTool F

All Parts (6)

Amplifiers - Op Amps, Buffer, Instrumentation
6

Distributor Manufacturer Lifecycle Status CAD Models Number of Pins Input Offset Voltage (Vos) Min Supply Voltage Max Supply Voltage + Add More Filters

EHSpecs Currency: GEP Sort: Relevance Availability: All 6 results | Distributor links are sponsorecla

¢ OPABSBIDSGT - Purchase at the lowest online price® on Tl.com
ti.com

Texas Instruments @ GBP2.848 +AddtoBOM W DatasheetatThcom 3
ﬁ gl?igliaacllgfp(;sifgle 2000W/us 3.3V to 5.25V 8-Pin WSON T/R + CAD Models
Distributor SKU Stock MOQ Pkg 1 10 100 1,000 10,000 Updated
Arrow Electronics OPABSBIDSGR 1,096 1 CutTape GBEP* 5.670 5.053 3.998 2865 2865 <1m
Texas Instruments OPABSBIDSGR 3,000 1 CutTape  GBP* 3.380 3.380 2755 1837 1837 <1m
Mouser 595-OPAB58IDSGR 3,755 1 Tape & Reel  GBP 5.180 4.650 3810 2,840 2830 <Im
Digi-Key : 296-OPABSBIDSGRCT-ND 3,781 1 CutTape GBP 5.320 4.780 3.916 3.316 3316 <Im
Verical OPAB58IDSGR 1,096 3 GBP* 5.053 3.998 2,865 2865 <Im
Show All Specs Descriptions Manufacturer Page Reference Designs

There are various BOM tools and plugins available for KiCAD that can find
supplier part numbers and price a BOM from the MPNSs in your schematic.
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Component Search Engine
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https://componentsearchengine.com OXFORD

Very useful tool to obtain
(mostly basic but usable)
Footprints, symbols and 3D

models of parts that are not in R
KiCad’s built in libraries -
(which is very often!) D

E OPA858IDSGR - Texas Instruments

Description: 5.5 GHz Gain Bandwidth Product, Decompensated Transimpedance Amplifier with FET
Input

:[T): Schematic :;j: PCB 3D
& Download ECAD Model iL_J: symbols EEE footprints models

Alert m&:f there are changes to this model

Symbol PCE Footprints 3D Models

3 1In- ouT -E— s |
— e vs- 2
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Reasonably priced, fast turnaround available, online quotes that are
pretty good: https://www.pcbtrain.co.uk (a.k.a Newbury Electronics).
Can do fabrication and assembly, upload your design and BOM details
and get a quote in your inbox in a couple of minutes

Product Family : 1layer 2 layer -4 layer 6 layer 8 layer 10 layer 12 layer Express laser stencil service Stainless Steel
i YOUR ORDER DETAILS
Service: Express

Copper Weight: @ 70

(Finish Microns)

Material: @
Thickness : 0.8mm 1.2mm 24mm 3.2mm
Finish: @ IS ENIG

X
Circuit Size Xx Y *: 100 X 100 mm .]v .Iv

SolderResist: @ & M Green M Red W Black White

Legend: @ White Yellow

Product Name: 4 layer FR4 (150 deg C) middle Tg 1.6mm ENIG Blue White

RESET NEXT STEP Supply in panels: No

. % Product Family: 4 layer Copper Weight: 35
Price in GBP, exclusive of carriage . FR4 (150degC) Thickness:
Material: rniddle Tg
W/Days 1Qty 2Qty 3Qty 4 Qty Circuit Size Y:
Circuit Size X : 100 mm
Solder Resist:
4 £425.55 £476.88 £52821 £579.52 s White -
inish:
5 £312.71 £357.28 £401.85 £446.44 pe Plandad
Quantity: 1
7 £278.44 £317.62 £356.79 £395.96
10 £227.04 £258.10 £289.17 £320.24
L3
15 £184.21 £208.52 £23283 £257.16
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Manufacturing a PCB In the UK

UNIVERSITY OF

OXFORD
A range of more expensive & boutique
manufacturers who can do more custom

things and guarantee to verified IPC quality
levels, including electrical test etc.

Careful, these get very expensive very fast.

¢ Word of warning: express circuits, whilst a

@BR]DSE very good manufacturer (in my experience),
DRI g now REQUIRES your data in non-gerber
CIRCUIT COMPANY LTD format, and as such right now it is hard,

though not impossible to directly send them
designs from KiCad.

This will improve within a few months
hopefully.

STEVENAGE Recommendation for “boutique”
manufacturer: Cambridge Circuit Company.

- T Y ™ 17 ¢
® CIRCUITS

Cost typically ~2-3x as much as Newbury
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Manufacturing from China

UNIVERSITY OF
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Chinese “prototype” level manufacturers, including
e.g. JLPCB and OSHPark ShOUId nOt be PCB Cost USD$129.90
discounted. The manufacturing quality is typically _
very high, and cost much lower than UK iy
manufacturers. Shipping is generally not that bad 100mm * 100mm
either. However, be prepared for them to 10
manufacture exactly what you send them, :

mistakes and all! E
You will not get an email saying “are you really : n.|.;:
sure you want this”? oz,
Example: my personal favourite based on
experience, SeeedStudio fusion ( J'
http://www.seeedstudio.com/pcb-assembly.html) <
(Right: ~same spec as Newbury/PCBTrain) " D$

Newbury: 10 off in 10 w/days £506.60

Seeedstudio: 10 off in 7 w/days (then shipping):

$130 ~ £103 (+ shipping)
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L3
1@ ® [ 2 4 8 Ge O

L
i
§ EEEEEEE
000000000000

[ELIFABBBYODONNO 7]
Emmmn’ i

ssss&&%
sannaa

Above right: e

Below: Draw (Or 30 Modelts \sh \
Use “generic” symbol, download)

And associate MPN, footprint and SN
Footprint and BOM data in schematic CHECK against

1.0000

1.0000
Name Value Show a aS e e

-90.00 deg
Value VBPW34FAS

0.00 deg
Footprint cosmic_ray_detector_lib:VBPW34FAS -

- 0.00 deg
™~ Datasheet https://componentsearchengine.com/Datashee e OW I -
3 ) )

Description PIN Photodiode 780-1050nm SMD2 GW Vishay

0.000000 mr

I D1 Height 14 DOW” |Oad (Or 0.000000 mr

VBPW3 LFFAS Manufacturer_Name Vishay I I I [
782-VBPW34FAS '™ e draw!!!) 3D

- Mouser 782-VBPW34FAS model for MCAD -
SENTRT integration
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Kicad Schematic Tips
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This applies not just to KiCad but schematic drawing for “real” PCBs in general.

* A schematic for an actual, real PCB that will be built is quite different from the
“conceptual” schematic you jot down on paper or see in a textbook. The “little
details” are important

* Any reasonably sized schematic doesn't nicely fit on one page, and though
it's personal preference | like my schematic pages to not be too crowded.

* KiCad supports multi sheet design in two ways: flat multi-page designs with
global labels, and hierarchical designs with hierarchical labels. | prefer this
latter and again that’s personal preference but for the purposes of today this
Is how we will look at it.

* Associate as much data with the schematic before layout as possible, this
includes: footprints, BOM data, datasheets and netclasses.

* Just like writing a computer program, put text comments on your schematic to
indicate intent.

* Make sure to label important nets with useful names so you can easily see
them whilst in layout
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Schematic Labels

‘I‘\Iormal Iatgels: the two nets labelled R? jt 0),420)°3D)
OUTPUT" are electrically connected — L NFUT W ouTRUT

(this is common in most modern PCB
Software, simplifies schematic spaghetti).

QUTPUT 1 7Y% — C
Cann_Coaxial

But, ONLY if they are on the same sheet! o

ALL power symbols (e.g. “GND”) with :rfn

The same name are connected globally o

Throughout the schematic.
Buses — groups Global labels -
of similar signals\ Connected to

AND_IN[C..1] Uza Global labels of same name
‘ 101 Anywhere in a multi-page

MR Ne i Sohemak
B
NC symbol - / "
Indicates to the ERC that we T4AHCOG
Will not be using this pin
[AND_oUTRUT 3 L {>3%
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Netclasses

« General Net Class Wire Thickness | Bus Thickness | Color | Line Style

Formatting Default 0.1524 mm 0.3048 mm (— solid
Field Name Templates
L]
~ Electrical Rules -
Violation Severity
P_m Conflicts Map + u Set color to transparent to use KiCod default color.
~ Project
Net Classes :
- Filter Nets Net | Net Class
Text Variables ]
Net class filter: - JAND_INO Default
Net name filter: FAND_IN1 Default
JINPUT S Default
Show All Nets Apply Filters JINV_OUT Default
JOUTPUT Default
P
Assign Net Class AND_OUTPUT Default
New net class: - GND Default
. . GNDREF Default
Assign To All Listed Nets Assign To Selected Nets
Import Settings from Another Project... ® Cancel " 0K
17

Right: We have assigned Conn_01x01_Male

UNIVERSITY OF

OXFORD

Netclasses are just “types” of
net, that we might want later for
PCB routing purposes (e.g. to
make all power input nets have
thicker and more separated
traces). We set them up in the
“Schematic Setup” dialog

the “5V5_IN” net to the 1
POWER netclass, this gets

transferred to the PCB

routing

Dan Weatherill - AITL PCB Design 2023
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N Digital inputs
- C?
¢
—dSPI{CS SCK S
GNDA | o
T b
[DACD———2 TDAC =~
N SPI.CS 2| &< @
N\ SPI.SCK 3 =
spLsDl 4[oCF » 2
: sl » X
~ o

Group Bus — groupings of named
Nets inside a bus (but not numbered) — useful for

well defined interfaces e.g. SPI, 12C, UART etc

Hierarchies can be as deep as needed.
You can also use the same schematic
File in multiple sheet symbols if you need
“suplicated” subsystems in the design

UNIVERSITY OF

“Input” hierarchical label — for OXFORD

Hierarchical Labels — connect
Through sheet symbols.

(left) — the contents of
“subsheet.kicad _sch”.

“Passive” hierarchical label

u? ’
ﬁaMCP‘*%i—EMCDDAC 4 - use for all analog signals

Below: the top level sheet. Each
hierarchical label in the subsheet
appears here. We can connect
wires and buses to them as though
the sheet were a component

subsheet

> LDAC
DAC_OUTLC

—

DSPI{CS' SCK SDI}

File: subsheet.kicad_sch
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Walkthrough KiCad Schematic

On the Indico page, you will find two .zip files: OXFORD
1) a KiCAD project for a “PIN diode based gamma ray detector” which has
a pretty complete schematic, including data for parts, MPNSs, footprints etc

“schem_proj_complete.zip”

2) the same project but with a crucial part of the schematic missing — the
frontend for the detector! The challenge is to draw in the missing part of

the schematic. “schem_proj_nofrontend.zip”
We will talk through how to do this together to learn some of the KiCad

basics.
SCW7¢

L
' l
g =

Disws b W CMZZ?C/QQ.‘

22
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Schematic Steps Overview

UNIVERSITY OF

OXFORD

1)Draw basic circuit — the symbols should all already be included
in the project in the “cosmic_ray symbols” library

2)Label & connect — add suitable net labels and connect the new
sheet into the hierarchy properly

3)Annotate — annotate the schematic (assign specific designators
to each part)

4)Pass ERC — run the ERC and tweak until there are no more
errors!

5)Assign Footprints & add BOM data - associate each
schematic symbol to a physical footprint and part to order

6)Assign netclasses — We will assign some netclasses for traces
like “power” and “bias” to associate custom design rules with them
at layout time

7)Set up sheet block and export drawings for review
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To be continued on Friday where we get to the fun part — layout!

Questions, comments etc greatfully received:
Daniel.weatherill@physics.ox.ac.uk

This lecture is brand new for the first AITL series, all feedback is VERY
USEFUL!

Very happy to be contacted about “stupid questions” re: KiCad or any
PCB designs. I've done somewhere around 30 over the years now (in
KiCad, altium, Eagle, DipTrace- urrrgh) so do know a little bit about
what I’'m doing
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Kicad SPICE simulation example

UNIVERSITY OF

L4 s B OXFORD

Run/Stop Simulation Add Signals Probe Tune Sim Parameters

Plot1-AC®| Plot2-TRAN Signals

AN v o o0 Built in access to the ngspice

mm V(/CRRC_FB) (phase)

S e rmms simulator, which is quite nice
(though not effort free!). Ability to
probe and adjust values directly

e e wnmee 1FOM @ KiCad schematic.

No time to go over in detail today
. unless someone really wants a
demo, but example included on

irror on line @ :

.xu3.x_u5.c_coutl -5va /comp_out 9p tc=0,0 .
nknown parameter (tc) Tune IndICO
rror on line 0 :

xu3.c_cinpl -5va /crrc_fb 0.5p tc=0,0
nknown parameter (tc) Spice simulator
irror on line @ :
.xu3.c_cinnl -5va net-_u3-pad2_ ©.5p tc=0,0 B

nknown parameter (tc) ’ M )// / *

irror on line @ : wn/Stop Simulation Add Signals Probe Tune Sim Parameters
.xu3.c_cinph /fcrrc_fb +5va 0.5p tc=0,0

nknown narameter (tr) _ Plot1-AC " Plot2 - TRAN signals
rro Signal
wu_ Plot1-AC ®" plot2 - TRAN ® Signals g
nkn Signal Current mm V/(/CRRC_FB)
iack|
edu Voltage Current mm V(/CRRC_FB)
oin amv mm V/(/CSA_FB)
Ref
lo. 4my-
farn omv-
Cursors
Signal Time Voltage /
Cursors
Signal Time
250us 300us 350us 400us 450us 500us.
3.472mV- Time
mv-
>4mv-
3.460mV- 1;; Tune
0.15u9.20u.25u9.30u9.35u9.40u9.45u9.50u0.55u9.60uD.65u0.70uD.75uD.80uD.85u0.90uD.95u4.00ud .05ud.10us -07

Time
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(<]

F.Fab

4]

F.Adhesive

F.Paste

F.Silkscreen

F.Mask

F.Cu

In1.Cu

In2.Cu

(< I < T < T < B < N < B <

B.Cu

a

B.Mask

3

B Cilberraan

¥ Board Stackup
Board Editor Layers

Board Finish
Solder Mask/Paste
¥ Text & Graphics
Defaults
Text Variables
* Design Rules
Constraints
Pre-defined Sizes
Net Classes
Custom Rules
Violation Severity

Copper layers: | 4

Layer id Type
F.Silkscreen Top Silk Screen
F.Paste Top Solder Paste

 FMask Top Solder Mask

F.Cu Copper

= Dielectric1 | Core >
In1.Cu Copper

mmmm Dielectric2 | PrePreg -
In2.Cu Copper

= Dielectric3 | Core hd
B.Cu Copper

m— EMask Bottom Solder Mask

B.Paste Bottom Solder Paste

B.Silkscreen Bottom Silk Screen

Board thickness from stackup: | 1.6 mm

Import Settings from Another Board...

Off-board, manufacturing

On-board, non-copper
On-board, non-copper
On-board, non-copper
On-board, non-copper
signal

power plane

power plane

mixed

On-board, non-copper

An_hnaard nanrannar

Board Setup

Impedance controlled

Material Thickness

Not specified

Not specified 0.01 mm
0.035mm

FR4 0.48 mm
0.035mm

FR4 0.48 mm
0.035mm

FR4 0.48 mm
0.035mm

Not specified 0.01 mm

Not specified

Adjust Dielectric Thickness

Add Dielectric Layer...

Color

Cwhite

| S

He&ie

CIwhite

Epsilon R

33

4.5

4.5

4.5

3.3

Export to Clipboard

Cancel

Loss Tan

0.02

0.02

0.02

OK

Be sure to setup
layer names, intent
and stackup
thicknesses in the
“board setup” dialog.

(currently impedance
settings don’t do
much beyond add to
export data and
adjust 3D view, “true”
controlled
impedance in next
version!)

(RIGHT): lots of
display options
available, tweak to
however you need

2L E

Y=Y OO NN E&h

o
[N

[HFETS

UNIVERSITY OF

OXFORD

Appearance

Layers | Objects MNets

Pl O Fcu

®inlcu

M n2cu

| JoX:¥

M © FAdhesive

H © B.Adhesive
@ FPaste

|| @ B.Paste
& Fsilkscreen
@ Bsilkscreen

M & FMask

M © B.Mask
@ User.Drawings

| @ User.Comments
@ UserEco1
@ UserEco2
& Edge.cuts

[ | @ Margin

[ | @ F.Courtyard
@ B.Courtyard
@ Frab

M Oerb
@ User.1

| @ User.2
@ User.3
@ User4
® Users

|| @ User.6
@ User.7
@ User.8
@ User.9

w Layer Display Options

Inactive layers (H):

O Normal Dim Hide
Flip board view

Presets (Ctrl+Tab):

All Layers A
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Board Setup UNIVERSITY OF

¥ Board Stackup Allowed Features Copper OX F ORD

Board Editor Layers B ! _ :
Physical Stackup / Allow blind/buried vias ;_:'F Minimum clearance: 0 mm

o paste | # Allowmicrovias (ias) ST e e . Set up your design rules according to
e W il oo o your manufacturer’s stated capabilities
el o » (again in “board setup” dialog). You
can import DRC settings from a

Mote: zone filling can be slow when < 0.005 mm.

Pre-defined Sizes Copper to hole clearance: | 0.25 mm

il EI : previous project —so e.g. keep a

mm

- Copper to edge clearance:
Violation Severity Zons st nay

“template” project for each
manufacturer.

@ Mimic legacy behavior

© smoothed polygons (best performance)
2’,(' Minimum through hele:
L_ Allow fillets outside zone outline

' Hole to hole clg

DRC Control

Length tuning & Refill all zones before performing DRC & Test fFor parity between PCB and schematic

i Reportall errors For each track
& Include stackup height in track length calculations uVias P

2/2 MRl oV Violations | Unconnected Items Schematic Parity
¥ Warning: Track has unconnected end
‘y/" Minimum uVia Track [<no net>] on F.Cy, length 10.0000 mm
Via [+5VA] onF.Cu-B.Cu
Track [-5VA] on F.Cu, length 7.0711 mm
w Error: Clearance violation (netclass 'POWER' clearance 0.2000 mm; actual 0.0000 mm)
Track [<no net>] on F.Cy, length 10.0000 mm
Track [-5VA] on F.Cu, length 7.0711 mm
* Error: Clearance violation (netclass 'POWER' clearance 0.2000 mm; actual 0.0000 mm)
Track [-5VA] on F.Cu, length 7.0711 mm
Track [<no net=] onF.Cu, length 10.0000 mm
¥ Error: Footprint has malformed courtyard (self-intersecting)
Footprint C2
* Error: Fookorint has malformed courtvard (self-intersectina)

Silkscreen

Minimum item

Import Settings from Another Board...

Set up DRC before doing any routing to
avoid disappointment!

show: All @ Errors @ Warnings 71 Exclusions Save...
Using the minimum allowed is not always
best strategy!

Delete Marker | | Delete All Markers

Run DRC
o

The interactive router does generally
prevent you from violating clearance but
you can force it to, and hit it at DRC time
(right)

Se
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KICAD — netclass rules

Board Setup

¥ Board Stackup Track Width Via size

Net Class Clearance

Board Editor Layers  pefault 0.2mm 0.25mm 0.8mm 0.4mm
Physical Stackup
- BIAS 0.2 mm 0.25mm 0.8 mm 0.4 mm
Board Finish
Solder Mask/Paste
¥ Text & Graphics
Defaults
Text Variables
¥ DesignRules
Constraints =
Pre-defined Sizes + L
Filter Nets
custom Rules Net class filter: v
Violation Severity :
Net name filter:
Show All Nets Apply Filters
Assign Net Class
New net class: v

Assign To All Listed Nets Assign To Selected Nets

Import Settings from Another Board...

In fact, you can actually write completely
custom DRC rules to suit many needs —

right Newbury has a different minimum

hole clearance on inner layers than outer

ones, this isn’t available in the default

setup but a simple rule can be written to

enforce it!

Via Hole

UNIVERSITY OF

OXFORD

pVia Size uVia Hole DP Width DP Gap

Dan Weatherill - AITL PCB Design 2023

Netclasses you

created in the

schematic appear also
e in “board setup”, and
- o can have different sets
JPower Regulators/VIN PowER of design constraints
P s o applied to them (left
Jcomparator/comp_ouT pefaut we have power traces
A - with higher thickness
Jdetector_frontend/CSA_Fo Defaul and clearance than
— default)

Cancel OK
DRC rules:
1 (version 1)

2 (rule inner layer hole track

3 (layer inner)

4 (constraint hole clearance (min ©.5mm))
5)

6|

AS




General PCB layout -ratsnest

Generally, best to start by getting
components placed reasonably well
before drawing tracks.

The “ratsnest” is a good guide for
placement and rotation

Dan Weatherill - AITL PCB Design 2023
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OXFORD

In some circumstances it makes sense to
“group” a block of layout so it can be moved
freely around and piece together the whole
layout later. Be careful, though, this can often
lead to unoptimised layout

30




Always follow instructions for layout in component datasheets carefully, particularly for plel iy

anything that deals with power. For modern SMD designs you will likely want quite a few OXFORD
“pours”, large areas covered in copper. Be sure to tweak the parameters how you want them

(e.g. make sure to have thermal relief rather than solid connections in big zones or soldering

them will be a nightmare). In addition, try to fill up empty board space with copper pours and

even out the copper mass on both sides of the PCB: this will prevent warping over time

When using PCB software, take
advantage of the ability to adjust
the display — e.g. on the right |
have set the colouring to be by net
rather than by layer (which is the
default). Below we have set the

display to only some layers and
highlighted an important net we are
working on

ROANVU RSN NN

AUV NN NP

P
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UNIVERSITY OF

OXFORD

The interactive router has a few settings you
will be changing often.

Getting to know keyboard shortcuts is a great
time saver!

Generally, route important tracks first, or those
with electrical constraints (impedance, length

etc) Interactive Router Settings -

Mode
Highlight collisions
Shove
© walk around

Options

Jump over obstacles
8 Remove redundant tracks
% Optimize pad connections

The default (and probably most useful) mode is “walk around”, which e e

routes tracks according to the design rules by optimising their o _ _

geometry. The “shove” mode allows the track you're currently routing to CGRUMIEEDLIntrack henasmanse.

push others out of the way — useful for priority tracks. 8 HLE Hi R R At (G Bt
4 Fix all segments on click

Occasionally you need the “highlight collisions” mode, which allows you

to break the DRC and just let you know you are doing so Cance oK
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Autorouting

Kicad has no built in auto-router, but it can export the Specctra “DSN” file, to use 19).4:0):30)
with external tools. One such is freerouting:
https://github.com/freerouting/freerouting

It isn’t that bad! BUT: autorouting generally only produces good results if you've
already done a nice job with placing components and placing zones for ground,
power planes etc. Even then, you will mostly want to “tweak” the results quite
significantly. Below: exporting a KiCad design to freerouting, and 1 click
autorouting it. The result can be re-imported back to KiCad

wtorouter| | Undo | Redo| | Incompletes | Violations | | Zoom All| Zoom Region arameter Rules Info Other Help
[Rartieuisr |y W) Fero) i lncompbstas | (ioistiona) |f;com AN |20 Reghs | o oo, Ofhe e . —
.:\Aummm«! | unde HLRedu! !InwmpletesHLV»olilivns‘ | Zoom Al ‘llzwmﬁegﬂi
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https://github.com/freerouting/freerouting

KICAD routing - DRC

UNIVERSITY OF

OXFORD

Zone [-5VA] on F.Cu
Zone [GNDA] on F.Cu

w Error: Clearance violation (netclass 'POWER' clearance 0.3000 mm; actual 0.2500 mm)
Zone [-5VA] on F.Cu

FoarmnalCkMRATl A £ Fo

Show: @ All Errors Warnings 241 Exclusions | 24 Save...
Delete Marker | | Delete All Markers Close Run DRC

Getting to “O DRC” can be daunting but it
is mostly worth it!

Look through the errors, many are real
and useful!

To get rid of the rest, you can:

e Adjust library symbols so that the
clearances are improved

* Add specific exclusions for the times
you know you meant to break the rules
(e.g. the overlapping connectors on the
cosmic ray detector board)

—

1-

FLVIN

O

2
GNDA

Note that KiCad’s DRC isn't quite as
smart as Altium’s — one misplaced
component can create a LOT of arrows!
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KiCad external plugin — via fence

UNIVERSITY OF

WARNING: not fully compatible OXFORD
With kicad 7.x yet! (can be achieved
Manually now, but ask if interested!)

https://github.com/easyw/RF-tools-KiCAD

Excellent plugin (though at moment has to
be manually installed, not available through

the builtin “plugin” menu), that contains

several tools useful for high frequency/RF Via settings

design, notably the below via fenced and Offset (mm): | 1.3
mask removed traces. Pty | e
NB the below design is for an LGAD i =
amplifier that should work up to ~10GHz. So Via Size (mm): | 0.8
far we’ve only tested it to about ~4GHz, but A = -

that is another story.

Input Tracks Output VIAs
Include Selected

Include Drawing Lines o
| Remove VIAs violaking

~ clearance rules

At 00000 Layer: F.Cu = Lelete vVias

000000
Debug Dump Cancel OK
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UNIVERSITY OF

OXFORD

Edit global and/or project PCB footprin€ libraries

Gerber Viewer
Preview Gerber files

Lots of useful utilities hidden
towards the bottom of the
initial KiCad project window!

Image Converter
Convert bitmap images to schematic symbols or PCB footprints

Calculator Tools
Show tools for calculating resistance, current capacity, etc.

Drawing Sheet Editor
Edit drawing sheet borders and title blocks for use in schematics and PCB designs

Plugin and Content Manager
Manage downloadable packages from KiCad and 3rd party rep—

Regulators RF Attenuators E-Series Color Code | TransLine | ViaSize Track Width Electrical Spacing Board Classes

[ransmission Line Type Substrate Parameters Physical Parameters

© Microstrip Line

Though we don't (yet) have built-in support s " 7 “
for calculating controlled impedance ™ W T
traces, we DO have this handy calculator ~ wei I aeairsaness —
that can synthesize length & width LA - —_—

parameters after inputting board q ‘ | el ey
information (under “PCB calculator, T H]} " v 320
TransLine”). p Gz 7 | B et 2073 m

We also do have built in length tuning in
the PCB editor (ask for demo if | forget!)
but you have to know the length you want
In advance.

Dan Weatherill - AITL PCB Design 2023
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Other very useful tools towards the bottom of the OXFORP
kl CA D p rOJ e Ct m e n u Regulators RF Attenuators E-Series | Color Code TransLine ViaSize Track Width Electrical Spacing Board Classes
In “PCB calculator” the E-series calculator, o

Required resistance: | kO Simple solution: Error:

tells you what E series resistors you need to o (e e (S
make a particular value

Exclude value 2: kQ 4R solution: Error:

E1 E3 6 2 = Calculate

The “Image Converter” utility converts (black & =

E-series are defined in IEC 60063.

White) PNG images into PCB footprints_ That IS Available values are approximately equally spaced in a logarithmic scale.
how we can do e.g. logos (below) SoE suszezzzas

.3 3.6 3.9 4.3 4.75.15.66.26.87.58.2"

e This calculator finds combinations of standard E-series (between 100 and 1MQ) to create arbitrary values.
e You can enter the required resistance from 0.0025 to 4000 kQ.
e Solutions using up to 4 components are given.

The requested value is always excluded from the solution set.
Optionally up to two additional values can be excluded in case of component availability problems.

Solutions are given in the following formats:

R1 + R2 +...+ Rn
R1 | R2 |...| Rn
R1 + (R2IR3)

COLA)

D LGAD Amptifier (

mp&tt oPM Compact OPMD LC
Navembef 2021 s

Novem

u

i Dag wearher! Layout: Da
Ibag;o;;n Giulio Villani Wood i)

btic: Dan ‘weatherill & Dan Schematic: Dan We.
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(o |
=
o
e
o

bottom

inner
. -
. -

mechanical

other

> Show filenames

@
@

Plot format: | Gerber

Include Layers
F.Cu
In1.Cu
In2.Cu
B.Cu
F.Adhesive
B.Adhesive
F.Paste
B.Paste
F.silkscreen
B.silkscreen
.Mask
B.Mask
User.Drawings
User.Comments
User.Eco1
User.Eco2
Edge.Cuts
Margin

Output Messages

Show: All

RunDRC...

Dan Weatherill - AITL PCB Design 2023

Igad_giulio_rev2- &

layers

top bottom

Service provided by:

- output directory: | ../fabrication/gerbers

General Options
Plot border and title block

Plot Foatprint values
Plot reference designators
Force plotting of invisible values / refs
Plot Edge.Cuts on all layers
Sketch pads on fabrication layers

Do not tent vias

Gerber Options
Use Protel filename extensions

Generate Gerber job file

subtract soldermask From silkscreen

GErrors @D @ Warnings @D  © Actions

Drill marks:
Scaling:
Plot mode:

Use drill/place file origin

M

Check zone fills before plotting

Coordinate format: | 4.6, unit mm
Use extended X2 format (recommended)
Include netlist attributes

Disable aperture macros (not recommended)

Infos

Generate Drill Files...

UNIVERSITY OF

OXFORD

Wslgad g Cu.gbr (Copper, L1) v || Fmt: mm X4.6 Y4.6 no LZ X2 att

¥ | Attr: | Profile ~ | DCode: | <No selection> ¥ | || Grid: 0.5080 mm (0.0200in) v ||| Zoom Aute ¥

Layers Manager
Layers | Items

.reen.gbr (Legend, Top)
br (Legend, Top)
r (Soldermask, Top)
br (Paste, Top)
Cu.gbr (Copper, L1)
_Cu.gbr (Copper, L2)
Cu.gbr (Copper, L3)
gbr (Copper, L4)
Paste.gbr (Paste, Bot)
.gbr (soldermask, Bot)
.reen.gbr (Legend, Bot)
ks.gbr (Legend, Bot)
.herDrawing, Comment
dge_Cuts.gbr (Profile, NP)
s...herDrawing, Comment)
br (Other, Comment
r (Other, Comment)
X | map.gbr
19 lgad_giulio_rev2-NPTH-drl_map.gbr
Graphic layer 20
Graphic layer 21
Graphic layer 22
Graphic layer 23
Graphic layer 24
Graphic layer 25
Graphic layer 26
Graphic layer 27
Graphic layer 28
Graphic layer 29
Graphic layer 30
Graphic layer 31
Graphic layer 32
Graphic layer 33
Graphic layer 34
Graphic layer 35
Graphic layer 36
Graphic layer 37
Graphic layer 38
Graphic layer 39
Graphic layer 40
Graphic layer 41
Graphic layer 42
Graphic layer 43
Graphic layer 44
Graphic layer 45
Graphic layer 46
Graphic layer 47

Franhir lauar 40

Gerber output Is found in the “plot” dialog. KiCad can export full Gerber X2
and includes an advanced viewer — which can even highlight nets and
components (this info is included in Gerber X2 files, welcome to 2023!
ALWAYS check your gerbers layer by layer with a 2" tool, be it another
offline viewer (e.g. gerbv or CircuitCAM or similar), or an online viewer
(https://gerblook.org). MAKE SURE you understand any unexpected
discrepancies before sending them off!

(NB this includes misalignments, you may have got the coordinate origins
wrong or similar!)
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UNIVERSITY OF

The 3D Viewer iS not just for ShOW (though File Edit View Tools Meshes Sketch Part Drawing Fr;:j,rct::ng Drafting Windows D
I l B E [ ; > @ @ @ B e -
it can produce fairly pretty 3D renders as e m e b
shown below) T

Model | Tasks
It is useful to double check footprints,
By downloading manufacturer’'s 3D

models and making sure they fit .

Property Value

\VE'V/ '-Plta}f Rr Unnamed:1* ¥

112.08 x 97.53 mm

You can also export a .STEP file
from kicad, which can then be
opened by your mechanical
engineer friends (above),
though they probably have
something better than FreeCAD
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Walkthrough PCB Layout

UNIVERSITY OF

We will show the basics of laying out a PCB from the project we looked at last time. OXFORD

Again, downloadable from the Indico in several forms:
1) “pcb_proj_blank.zip” — nothing done in the PCB except DRC setup and layer setup

2) “pcb_proj_noroute.zip” — the hardest part done, all the components placed, you get to
do just the fun part, the routing!

3) “pcb_proj_someroute.zip” — some components placed, and some routing done, for you
to fill in the rest

4) “pcb_proj_complete.zip” — completed PCB routed project, and included output
Gerber/Excellion / IPC-D netlist / BOM / drawing / STEP model files for you to look at

Also available on github:

“https://github.com/weatherhead99/AITL kicad pcb design” - there are tags and
branches for the various stages of completion shown in the demos & the export files on
Indico.

Finally NB: some schematic tweaks and a’magical’ BOM export have appeared in these
files since last time, so if you carry on from previous project (Tuesday) you may find minor
differences. Sadly we didn’t have time to go over fully BOM export in these 2 hours)
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PCB Layout Steps

UNIVERSITY OF

OXFORD

Steps to make a PCB.

1) import components from schematic editor. Setup DRC rules, netclass rules & board stackup
2) manually draw board outline & place some mounting holes

3) place components (will show basics then skip over, this is ~90% of PCB design time)

4) route tracks (will demo the manual “PnS” router), tidy up silkscreen, mask & solder layers

5) Tidy up silkscreen, check mask, solder paste layers etc

6) make the DRC pass! (repeat steps 3,4,5 as needed)

6) export for manufacture (gerbers, netlist, PCB drawing & MCAD model)

7) review gerbers

Dan Weatherill - AITL PCB Design 2023
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Happy PCB Designing!

Questions, comments etc greatfully received:

Daniel.weatherill@physics.ox.ac.uk

Very happy to be contacted about “stupid questions” re: KiCad or any PCB designs. I've
done somewhere around 32 over the years now (in KiCad, altium, Eagle, DipTrace-
urrrgh) so do know a little bit about what I'm doing

The docs for kicad are now quite good: https://docs.kicad.org/6.0/en/

There are also pretty good free video tutorials online, and in addition a very good (but
pricy ~£50) commercial eBook and course teaching you the details of the program

available here: https://techexplorations.com/kicad/

This course also includes a lot of “basic” PCB design stuff so is probably not ideal for
experienced designers coming from other programs
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