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What’s Covered in the Talk k"

PCB designitools

Component libraries

Circuit schematic capture

PCB LLayout

Tooling artwork generation - Gerber files

Homebrew PCB fabrication process to create single o%
double sided boards in afew hours 7/
* Line and spacing limits
» Artwork generation
* Direct.contact printing
« Etching
. Plating
* Einallcuting; timming; andivias

\\ Ts! 0 N Recipe for PCB'Prototyping",-""',// /




PCB Front End/ Tiools

Two software packages for-schematic capture, board
layout, library parts . generation, and auto routing
» Eagle
— Light (free)
= Limits - Single page schematic -2 layers -100x80mm board
— Hobbyist ($169/in 2012)

= Limits — 99 page schematic — 6 layers — 100x160mm board 7
7/
— Info & downloeads www.cadsoftusa.com 71/
. . //J/// 4
 Dipirace /i
— Llite (free) 27/ ///, "/
~ [Limits 300 pads & 2 layers // 7 /

— Non Prafit(selling|a few:boards foryoeur-hobbyisek) ==
Standard $125(in 2012) — Limit 1600/pads4fayers’ /’fﬁ??":;"/?'
Extended|$248 (in|2012) — Limit 2000 padsi6ilayers /7

EUlli$348(in 2012) - unlimited S/ _’y,,//
— |nfe & dewnleads Www.dIpirace com LA,

o n

Recipe for PCB Prototyping/ / /
." ‘ ’ ,v/ ","’/ /
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PCB Front End Tools (cont’d) k"

Both Eagle and Diplrace are/'have

2

/' ,' H
'l

Extremely capable but alse complex and'therefore not
easy (o use so have considerable learning curves

In depth tutarials for, most functions including library
generation

Good on-line help features Vs
77/
Support forums ///// 77
Extensive libraries p / éf;/
7/

Schematic capture, boeard layoeut, trace auto routmg, / // 7

ground & power: plane pour, Suppert, scrlptlng for tas5s//l|ke
autematic parts list generationrand export o) Gerber 6rmat
for PCBifab 7

Recipe for PCB Prototyplng



X "‘;;;'v--ﬂ;_I\Ztarlz‘\’ ‘ Recipe for PCB Prototyplng /

Use Eagle or Dipirace?

« |luse Eagle and examples in the following slides use that
program.

* |'haven't used DipTrace but Bert VE2ZAZ uses it and quite
likes It.

e At this time Ilhave a preference for, Eagle, simply because
of the time I've invested in it generating libraries and
pbecoming familiar with the schematic and layout tools. But

77/
I'must say that in investigating Dipirace l'like it alot. It~ 707/
/ '/
also looks very poweriul, deesn't have any board area ////
IImitations (although pads are limited); and/has frlendller/
licensing terms. ,.‘ 27/

i ’ /
. ,’ /
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Generating, Library: Parts

Parts are created /for.-both schematic capture & PCB
LLayout
« A symbaol is used to define what a part looks like on schematics
« A package is used to define what the part look like on the PCB
» A device shows how /@ pins will be connected in both

It’s critical that you trust your library.components so 7
before using any part.. ’
. Check the pin out connect|V|ty

Why create cusiom components’?
. The part:can't:be foundiin any: library 9%
s Special Glearances are needed/forthe fab process &/ ,
*. Consistency ofipart atiributes; value; part numb(e‘r

N L LS /
\ fs. J / /

\\\\\'\2@[12 NN Recipe for PCB Prototyplng / 6
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Library part generation
A Package...

» | tendto make pads bigger, than many fooetprints ask so that |
can hand solder; to them

e[

&

sfe X S\ R
N 7%t

‘ A

/T
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N
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File Edit Draw ‘iew Library Options Window Help

U

% ’ 4

Description Technologies Attributes | Prefix | I
CAP_NONPOLARIZEDIZ208| |

Capacitors Non-polarized Value  off & on

/4
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Schematic Capture

L I b r r y B 2 Schematic - C:\Program Files\EAGLE"projects’, 10GHzBeaconTempS: \LM35Temp ¥0.0d.sch - EAGLE 5.11.0 Standard

File Edit Draw Yiew Tools Library Options Window Help

COMPONEN;
are Wireo gic==| S =

mrce
mlnvE

create a
schemat

L

il

N R
22

AR

335 .J.O\
/ w B O

~oMard2- Recipe for PCB Prototypirg/ / ///, 10
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EiﬁiS‘Eﬁ&”‘ﬁ%frwl,ﬂ-»umm

B ERC Errors

/ I Sheet I

!nen |
arafa [

{3

b=
£ Y g

=

™ Centered

- Board and schematic are consistent
- Errors {0)
[=l- Warnings (7)

ssing junction in net GND

POWER pin U1 GND connected to N$2

POWER pin U2 ¥+ connected to N§1
POWER pin U2 ¥- connected to GND
POWER pin U3 ¥+ connected to N§1
POWER pin U4 YIN connected to N$4

- (1) POWER pin 4 YOUT connected to N§1
.. Approved (0)

Clear all

Processed Approve

wi B D 3

=
m
-

J

51

<~’4~r Processor
ir

t wD Stop pev ot LD o

L4860l

orp Sdegl=LAR Counie=lAdEe)
ore '“df-:t-l‘“ =2 ATy

0 OUIpUE DRAROASNT B9 NG Doc
tout lﬂ:—\r”r' s8e notss doc

Beacon I0 with Temp Sensor

TITLE: LM35TempSenseld.ad

REU:

Document Number:
p.od

Date: B6/11/26011 22:58:58 [Sheet: 1/1

2| KT

IERC: 7 errorsfwarnings - board and schematic are consistent.




RPCB' LLayout

Initial 'Parts LLayout.created from schematic

¥ 1 Board - C:\Program Files\EAGLE'projects' 10GHzBeaconTempSenseorLM35TempSense¥0
File Edit Draw View Tools Library Options Window Help

leEaE |3 (wmmeaaag -~ 0l ;
= [oosinch(s.204.25) | |
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RPCB' LLayout

i# 1 Board - C:\Program Files\EAGLE\projects' 10GHzBeaconTempSenseoriLM35TempSense¥0.

C tﬂn-hDraw Vlew Tools  Library Optlons ‘Window Help _
ompone i

iz

=1
T

alrwires

O N\ | AN O o
SBO AN

D
"
D
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RPCB' LLayout

Component Placement

¥ 1 Board - C:\Program Files\EAGLE\projects’ 10GHzBeaconTempSenseor\LM35TempSens
View Tools Library Options Window Help

QaQa@v~|PHl|7?
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More Air\Wires

And alittle more of;a challenge to route

¥ 2 Board - C:\Program Flles\EAGLE\pro1ects\TransverterSequencerl\'l‘ransverterSeque!merWﬂ.Qjé
File Edit Draw Yiew Tools Options Wlndow Help

N T e

Remp /fo

J &g



RPCB' LLayout

Tracks routed & ground/plane added

# 1 Board - C:\Program Files\EAGLE'projects’, 10GHzBeaconTemp "LM35T
VFile Edit Draw : ﬂgwiTools Library Options. \u\{ipdow Help

CERE aQ QAo |82
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EREC Check

Run the ERC check with all needed Gerber layers active
* Top & bottom metal, solder. stop masks & silk screen masks

:# 2 Board - C:\Program Files\EAGLE'projects’ TransverterSequencerl\TransverterSequencer1¥0.1c.brd - EAGLE 5.11.0
File Edit Draw View Library Options ‘Window Help

@[o =D B2

#! IDRC Errors K

>0
g

[=I- Errors (8)

Clearance
Clearance
Clearance
Cleara
Clearance
Clearance
Stop Mask
Stop Mask

Approved (0)

I Centered Clear all
Processed Approve
i 7

E3

of
X
1T
&
2
{7
X

i oD

o
©

72NN

w|e@®@BON
e TR

Recipe for PCB‘\P!ro:o’fyp /f;/ /////// 18



Gerber.tooling generation

Llayers are automatically created
» Eagle processes PCB tooling files using a ‘CAM' job

Theseven Gerber files requiredfor-a 2 layer. PCB

 GITL - top metal layer

» GBL - bottom metal layer

« GIS - top solder: stop mask

« GBS - bottom solder stop mask
« GIO - top silk screen mask

« GBO - pottom silk screen mask
o XT] - NC drill file

"

Examine eachlayer.carefully before.committing to f"’" /

» Smalllthings almost invisible in Eagle:pop out When: the Gefb/
files are viewed individually 5907

GG Rreview,canibe used/to manlpulate and VIe
individual/Gerber-layers:... and/it's free. !/

\\\ N NS /’/ Z
SoMard2e o Recipe for PCB Prototyplng ///
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Fab house or-home process?

Two excellent/low costfab houses
» Both provide two layer: PCB'’s with solder mask and silk screen
 [teadstudio.com — 10 boards up to 5*5cm <$10 - up t010*10cm <$25
» batchpch.com - $10 setup fee + $2.50//sq in.
* Turn aroeundtime is 4 to 5 weeks

So why homebrew PCB’s?

» Speed — boards are ready 2 to 4 hours after. the artwork is ready.

» Prototype before committing to, PCBiservice especially: RE strip fj
and/coplanar waveguide designs 2 ,,///

» [Low cost:<$0.30//sg In Gnece process equipmentin place // //
* And seme negatives
— No'plated/throaugh holes /
— [line'and|spacing|pitchiis net:as fine'as commermal PCBja/
— Initialleguipment:cost Consumes thesavings for flrs;/t/:ﬁ//%more patches
— Precess; prove-in tral andierraer-canitime consurﬁln frustrating

\ \I\Ztarlz . Recipe for PCB Prototyplng // / 20
e LT LA // £




Homebrew procGess recipe

Process based on PCB Fab-in a-Box
s WWW.pchfx.com — good tuterials and plenty of.good advice
» Direct transfer. from laser; printout on transfer medium te PCB

The “DirectEtch” Technique

- FAB i y
P -IN A- 74

42 BOX©

Overview

INTRO: This section will quickly touch on the basics of what our
STARTHERE system can do. When done with this page, just mouse-
PRODUCTS over the "START HERE" button to select more information
about each of these subjects.

ACCESSORIES

e D ; i ST
\‘Q\I:;!\_\Z@rl_z N o Recipe for PCB Prototyping’ / / /// ol
R . S-S AA S A S



PCB FFab-in a-Box

Feature sizes usable with this process

« Minimum line size and spacing depends on laser: printer
resolution & print quality
 Line width and spacing - 0.25mm, (10mil) min, 0.4mm
typical
— Commercial fab houses typically hold te 0.15mm (6mil) min Vs
« Vias - 0.66mm msure through boeard connectivity with /,///Z
reasonable alignment care . :’-;’;:f’/;//

— Commercial fab houses typically allow:minimum 0: 6mm V}E/IS

with 0.3mm hole

22

{x

/' ,' H
'l

2 i Recipe for PCB' Prototyping’
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1200 dpi resolution

Straight through paper print path
Cardstock paper thickness
Toner density selectable

B&W laser
printer

Toner Iransfer-paper

N\
SN\, BESSUPPLY Item for “Starter kit”

N FARB
PCB <

TonER

Sealer-— Toner-Reactive Foil

TonerdmageApplicators

N » Pouch faminater GBC mod/ 20
l\\"\“ﬁ;;-_[\_‘z@rl_z\‘ ™ Recipe for PCB Prototyplng / / /
. LT A S A A
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Preparing Artwork...

Tiling PCB’s
Tnletop and/bottom copper layers. (GIL &
GBL) using GC Preview

e Boards less than 5cm(2) on a side won't run through the
laminator so need to be tiled. It's also often useful to run
multiple copies of a design or multiple boards at ence so
tiling the PCB design and/adding alignment fiducials for

double sided/board/is the next step '/)/(;/;;
»  Detailed procedure in available doecumentation //,////5
* Briefly erient. components as follows 4_ ’;f/

— Mirror; top layers but not: boettom layers 7)) //

—  joyminimize the amoeunt of copper-to be etched: LeaVe%mm
petweentiles inracluster, 20mm between top and bottdm

layers
— Alignimost critical spacmg s@thatit's normal/to
3 paperdirection toyminimize printer, toner’/sdau T/EITOrS
i\\"\“i\;;-_[\_‘Zterl_Z X ™ Recipe for PCB Prototyping’ / / s / 24
. WALy ///



GC Preview

Trlefor.single layer PCB

@ GC-Prevue - [C:\Program Files\EAGLE'projects', 10GHzBeaconTempSenseor' 10GHzBeacon ID with Te
24 File Edit Wiew Parts NC DFM Tools Stackup ‘Window Help

EECTECE R EE Y N el A T

Selected Data
Pads and Drills: 0
Routs and Traces: 0

User mm

(70.98580, 2.54050)
Absolute mm
(70.98580, 2.54050)
Relative mm

(7N QRRAN 2 RANRM

14l x|
Hole/Rout Layers
= Physical Layers
[+] P1 Unknown "LM35T empSenseV0.0c.GTL"
+[v) P1.1 "LM35TempSenseV0.0c.GTL" [a0...
() P2 Unknown "LM35T empSense¥0.0c.GTL"
+[v) P21 "LM35TempSenseV0.0c.GTL" [a0...
() P3 Unknown "LM35T empSense¥0.0c.GTL"
+[v) P3.1 "LM35TempSenseV0.0c.GTL" [a0...
[v) P4 Unknown "LM35T empSense¥0.0c.GTL"
+[v) P4.1 "LM35TempSenseV0.0c.GTL" [a0...
Unassigned Layers
/i Aperture Tables
fy Drill Tables
fp Probe Tables

Recipe for PCBI irfo’f /p /f?/ / / ///// 25



GC Preview

Double sided /board tiled with alignment fiducials

@GC—Prevue—[E:\Program Files\EAGLE"projects’ TransverterSequencer1’TransverterSequencerl.gwk] _ 1Ol x|
L_-:‘a File Edit View Parts NC DFM Tools Stackup Window Help -8 x|

===l S i22,/¢c00cD [DeaAD

[pearsew||xzx ||\ |[m |7
—_— i« B

éelected Data
Pads and Drills: 0
Routs and Traces: 0

User mm

(-563.20580, 216.79400]
Absolute mm
(-53.20580, 216.79400)
Relative mm
(-53.20580, 216.79400]
Distance: 223.22745

Hole/Rout Layers
Physical Layers
] () P1 Unknown “corner-. 25520.GTL"
(] P2 Unknown "corner-. 25520.GTL"
[v) P3 Unknown "comer-.25520.GTL"
[+] P4 Unknown "corner-. 25520.GTL"
(v) P5 Unknown "transverterController1v0.0d.GB... -
[+] PE Unknown "transverterController1V0.0d.GB...
[v] P7 Unknown "transverterController1V0.0d.GT...
3} [v) P8 Unknown "transverterControllerV0.0d.GT...
: Unassigned Layers
1 Aperture Tables
IRy Drill Tables
fp Probe Tables

Recipe for PCB Prototy }17/ / / // 26
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Print: PCB'onistid. paper

GC Preview print.out.of
tiled PCB array . centered
on standard 8.5 x 11

paper

NN e Recipe for PC Pr(é /W///
R
NN N \Qik 5{, “ S

27



Humidify: Iransfer. Paper

Place Toner Transfer-Paper-over water-bath
* Cutto size based on GC printout

« [etrest 2 minutes over bath — improves toner
adhnerence to transfer paper /




Print:on: Transfer. Paper

Prepare transfer-paper
» Cutthe standard paper; print just above the top alignment fiducials
» Attach Transfer paper to the cut header. using Scotch Removable
tape
» Set printer.for cardstock and highest toner density.

» Cut tiled transfer paper-to
fiducial alignment marks and
fold to carefull match fiduciz}} 7

Recipe for PCB Pr(éto /p/% / //// 29



RPCB' Blank

PCB material

* ER4 1.6mm (62mils) with 35u
(1oz/sq.ft.) copper is
standard/and low cost

« Other FR4 options — 32mils
1 or, Yz 0z alse good =

o« Stick with| ER4 especially for;
RE boards
Use a shear, hacksaw, T
coping saw, or-Dremelitool ==
with cut-offibladeito cutthe wilh g

PCB toisize

Recipe for PCB Proto‘[ypwf?/ /

30



Clean the blank: PCB

Start.with ' household cleanser
» Remove tarnish fingerprints and any dirt
Finish with vinegar-and /salt:bath
» 1 tablespoon saltin 1 cup vinegar heated te about 60 deg. C.

Rinse thoroughly and/pat:dry with'a lint.free.shop
towel'to avoid water-marks

o VREE Y

Recipe for PCB Proto’ty ///// 31
“ ! f 1 /



lLaminator:

lransier-paper:
j0ldea over-onto
PCB IS passed
nrougn tne
laminator;

* Pass tnrougmn,
olatirst. =lip
DVEr:ana pass
nrougniagain

> Laminator:
pfaviaes
Cofrectneat
dnadfpressure
DPLMIZING
Onerransier;
ONLO EEH




Quenching Transfer-Paper

Bucket filled with water

» Takes about 30 seconds
for. the transfer paper; to
release toner.onto PCB

A A /'/ /
Recipe for’PC@ rototyping’
[ TR



TRE 1ol

Toner-Reactive Foil
e Seals laser; printer-toner. deposited on copper

« Pass through laminator: fold over edge first. FI|p PCB and
pass through Iamlna @Jseconui

s———— -

N Na Reci f.. PCB. / e
N . ecipe for PC ;



TRE 1ol

TREfollIs . deposited onto the PCB

Foil exiting laminatot
Impressed into toRe:

7z
Spent TRF showing

areas transfenréqitléf,g

35



Cleaning up TRE residue

Excess bits of TRE ol
may. be left.on PCB

« Brush with a teothbrush
and liquid seap te remaove
loose TRE

A\




Cleaning ' Up Errors

Sharpie marker-fixes . voids
» Inspect boeard very carefully under- magnifying lamp




Preparing PCB/for Etch

Sharpie ‘cleanup’

N
N\

NN
NN
)

\\:\ o X v" R A v ,w ."nv /
NN S Recipe for PCE P
. \‘\~\ » N L F ." ;| 2 (
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Prepare Etchant

Ammonium Persulfate

* Mix 4 parts water tol part
persulfate i new 3:1 ifi old}

 Heatto 70 - 80 deg C




Etched PCB

Place etchant.and PCB Ina Ziploc plastic bag
» Double bag if spillage Is a concern
Use a brayer.and gently roll'it over-the PCB

‘lv

qr [n the bag over occasj 3lly and continue moving the /
. ;,ghn rg over the PGB surfaceiwith the brayer
.\ e ‘

> a pprox 10 min.

40



paper towel

» Clean the etched PCB using the salt &
vinegar bath used initially to clean the

beard,then rinse taoreughly
o - -

o= N
L A : L

.\}.’




Tinnit

* Two part dry mix 5¢cc each
part: (teaspoon) in 70cc
distilled water

* Indefinite shelfilife in dry
form, 2 months when mixed

» Heat water to 60 — 65 deg|C
and add/plating salts

 Stir-until salts dissolve, keep
heating the bath or. salts will
begin te precipitate out

o Jihe PECB must be clean!

\ o« Immerse PCBin hot plating
NN *’/ bath for: about tWo minutes

\\\ Recipe for PC@ PrcSto‘{ / 42
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Tin Plating

Neutralize plating reaction

» Alter sufficient plating has been deposited on the PCB dip
the boeard injan Ammon|
plating process.

| S

e mm.\o"f\n&r‘z’"‘



Recipe for PCB P'r'o"tg’tyéi/f ' 44
‘:-!"ft // Y, P



Separate Tiled PCB’s

Use a Shear, hacksaw, coping saw, or-Dremel
tool/'with a cut-off/blade — or-ask Bryan

r
| 4

e




Finish PCB: Trim

Disk, belt.'sander, or-file
* The inexpensive Craftex disk /' belt sander is ideal for this task




D L F000 Tso88 =

\Zj\.:;.‘_.:::.‘:‘ . l ‘ l" «!'l, ‘- / . : - 3
NS Recipe for PCB rF"r/(z)’.t(:)"typ/f(ﬂ//////// 47
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RPCB Drilling/tools

Proxxon mini-adrill'\press

A'task lightis essential - Ikea Jansjo LED desk lamp
Works well

PCB drill bit sets
available from eBay

48



« Keep a list of drill sizes used for common holes — speeds
up the drilling task

» Print out and carefully align a 1:1 drawing on the PCB/and
tape it in place to be used as a template.

» Don't use the template method for,nen ground plane vias,
drill'them directly on the bare PCB for; best alignment

K ,// /
Recipe for PCB Pr@to’ty /17/
“ ! f 1 Y
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RPCB Drilling' Complete

EECT T PC:B’P@&Q’&J‘ ?/ // 7///// 50
.‘\; j‘ ./ “/ J 27 7



Drilling & Populating Vias

* use #76 drill 0.46mm & 30ga wire wrap wire

* RF ground plane vias use #70 drill 0.7mm & 22 ga wire.
This wire gage makes the via fairly low inductance

- .
a 9 '



Equipment & Supplies

Capltal Equipment & Vendors
B&W: Laser Printer. with envelope feed through path
- HP' - Epson - Samsung etc.
« Pouch Laminator. GBC H-220 www.dipmicro.com

* Proxxon drill press - TMB115 (+ chuck + XY table)
Www.minicraftteols.com or www.micromark.com

» Soft rubber brayer for print making www.michaels.com - //;f
Speedball (pressureraller) . //75;/,7

- PCBIdrill sets, - eBay search on ‘PCB drill bit” - bitguyl _/{/55'///
 |lluminatedimagnifying lamp 3idiopter: - Busy Bee Machme /

Tools , ///
» Craftexdisk/ belt sander; - Busy Bee Machlne Tools /7 //
. Microwave oven: - Kijiji % /’

/ .
/////

sinfrared thermometer: - Canadian iire or, eBay G5
e Shear, lacksaw, coping saw e bremel tool w:th c/l/ plade

S Mart2 Recipe for PCB Prototypira’ / / / /. 52
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Equipment & Supplies

Consumable Supplies

« PCB-in a-Box transfer. paper: & foil www.dipmicre.com: of;
www.digi-key.com

« Blank PCB' - eBay search on 'FR4" or. DipMicro
 Ammonium Persulfate - GC Electronics - Active Electronics

» Acetone

o Tinnit by Philmore-Datak  www.abra-electronics.com /4///5
e Microwave resistant fooditrays (for-immersion batis) 2 ,//{////Z/
» Measuring cups, plastic speons P :’-;’;;]7’/5///

» Distilled water, P ///f/

e Ammonia | 7 v_f,','v‘_,,'.k*/'////'/ /

. Ziploc Plastic bags - heavy duty 4 ///

o [ont free shoep towell - Scott shiop towel roII —Canadlar(ﬂze

~
"
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Special thanks fto...

Bryan Campbell VE3SZRK{for-suggestions and
patience in developing the homebrew PCB
fab process withime

Dave Green VESITL Y and Dave Conn VESKL for//.
the great.camera work:that:helped/bring: 2
pictures;toithis presentation
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