Printed Circuits Board
(PCB) Design



What is a PCB?

A Mechanical Solution to an Electrical Problem
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What is a PCB?

Layers, Traces, Planes, and Vias ...
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What is a PCB?

Essentially, your job is this ...
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The PCB Design Process

Schematic
Capture

Place
Components

- [teration

Route Traces

Generate Gerbers Fab!



PCB Design Software

A CAD Tool For Designing a Board

Symbol I I Footprint



PCB Design Software

Symbol + Footprint + Device = Component
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PCB Design

o A Plan

@ Block Diagram

z Component Selection

@ Connections and Testing Considerations
@ Power and Performance Considerations

& A New Project
o Access to Libraries



PCB Design

It’s all about the planning.
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Schematic Capture

Schematic Capture

1 Schematic - fUsers/bob/Documents/eagle/UCCS_Demo/untitled.sch - EAGLE 5.6.0 Light ™

B3 F 311 ) ® 28 6 QQa§ oo O §

Sheets €& € 0.linch (6.1-1.8)

® F'ile -> New ->
Schematic
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® Keep a grid.
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Schematic Capture

Schematic Capture

® Click the Add icon B . rrrrers

® Find the
component in the
library

® Set values

® Don’t see the
library? Try Use ->
Library
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Schematic Capture

Schematic Capture

® Click the Add icon

® Find the global
symbol in the
library (supply1)

® Place as if it were
a component
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Schematic Capture

Schematic Capture

1 Schematic - fUsers/bob/Documents/eagle/UCCS_Demo/untitled.sch - EAGLE 5.... T

B&E& @ Sin B W =8 @A @ »~ §

sheets ) € | 0.1inch (3.1 0.6)

® Click the Wire icon

# Left-click to select object to change value
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Schematic Capture

Schematic Capture

® Avoid changing the grid unless absolutely necessary.
® Use multiple “sheets”.

® Schematic drives the layout ...

® Groups, Info, and Layers icons are useful.

® Pan, zoom easy to use.

® Really care about that “net”? Label it.

® Keep it clean - don’t be lazy.

® Document!
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SchematiciCapture

Place Components

But before you do ...

® Passives - 0805 means 0.08” by 0.05”
® Connectors - beware of physical fit
® Actives - lots of packaging alternatives

® Give thought to testability and troubleshooting

Thru-Hole (TH) Surface Mount (SMT)

DIP LQFP, QFP, TQFP QFN BGA

15



Schematic Capture

Place Components -

® From the schematic,
choose File ->

Switch to Roard.

® “Create From
Schematic”

® Board window
automatically opens.
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Schematic Cap

Place Components

Some Common Tasks

® Right-click on top of
component, select
Move to reposition.

® While moving, right-
click to Rotate.

® Use “Group” wisely.

® Right-click to Mirror 7 8 tock

E3 Mirror

(change to other side i
of board) ; g

4= Rotate

&> Show
& Smash

® Use Move to change

= Value

OUtli ne Properties
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Schematic Cap

Place Components
Thinking ahead

' 2 Board - /Users/bob/Documents/eagle...

® Take your time.

0.05 inch (0.55 0.45)

® Untangle flight lines.

® Think about planes.

® Consider testability.
® Mechanical Fit?

® Hard stuff first.

® Keep silkscreen.

® Think hard about components
on 2-sides.

# Left-click to select object to move
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Place Components

® Are your Design Rules setup correctly?
® Run the Design Rule Check (DRC) often.
® Run the Electrical Rule Check (ERC) often.

® Save a snapshot of your pllgacement file.



Schematic Capture

Route Iraces
Adding “Waaaahrs” To Your Layout

Routenlraces

® You want to route, not
™ O OB 2 Board - fL.Iae:rs,."bﬂt:JfDncumerjtsfeagIE,FUEES_Demu_._ -

wire. ~H &3 32 W 2% a&aag >

N R L o i B

® You want to ripup, not T e——
delete nets.

® Are you on the top or the
bottom? (B 166otom 3

® Vias are on top and
bottom. Easy to add.

® DRC often!

Signal: GND, Class: 0 default 4 Left-click to place wire (double-click ¢ p

® |terate like mad.
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Schematic Cap

Route Iraces

Some General Tips

RoUteNraces)

® Two layers? Have an x-
layer and a y-layer.

® Don’t forget mounting
holes, other nice things.

® Add testability features.

W l,L
Signal: N531, Class: 0 default 4 Left-click to select airwire to route

21



L -

IEmatic Capture:

SC

Generating Gerbers ]

—5-

Some General Tips

3 CAM Processor - (Applications /EAGLE/cam/AdvancedCircuitsALL.cam - EAGLE 5.6.0 Light

' Paste  Drill  Component side  Solder side  Silk screen CMP  Solder stop mask CMP  Solder stop mask SOL '

Job g Layer
B S N P LRI Top
Section |Solder stop mask S0L i Bottom
Pads
B Vias
Unrouted
Dimension
tPlace
bPlace
tOrigins
bOrigins
tMames
bMNames
tValues
bValues
tStop
bStop
tCream
bCream
tFinish
bFinish
tGlue
bClue

Prompt

[ lUpside down
¥ pos. Coord

Pt
=]

Output

[N

Device | GERBER_RS274X :) ¥ Optimize

¥ Fill pads

TR I

.fgerber/%MN.sts

=
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Offsat
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X Oinch

IR TTIRIT]

Y Qinch

[T T
= I, R SR )

( Process Job ) [ Process Section ) { Description ) { Add ) { Del )

/Users /bob/Documents /eagle/KST_RPS/kst_rps_revB.brd

® Using Advanced Circuits? Have | got a script for you ...

® Generate critical layers.
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Schematic Capture

Generating Gerbers

Routelraces

Gen Gerbers

onvert meters to fe Q)

1-800-979-4PCB
www.4PCB.com

FreeDFM Our exclusive FreeDFM file check service at www.FreeDFM.com not only
sends you a FREE report on your files within minutes, but now... WE'LL EVEN
PAY YOU TO USE IT! Get up to $100 OFF when you place your order using a

What FreeDFM FreeDFM gquote.

Ch

"FreeDFM worked Upload PCB Design Files Now - And Get Your Free DFM Report!
great!" l— .
-Stanley Mann, Your Email
Mann Electronic I Confirm Email
Solutions P —
I ( Brows

Click here for details (for your results)
on how to upload }

files for Free DFM

Report.

(Zipped, Up to 10 -Layey

‘Why Upload?

o Get Free PCB design file check for manufacturability. We check to
make sure we have the files and data necessary to build your job

© Results mailed to you in minutes

© You get a graphical report, delivered in minutes, showing any
potential issues with detail as to their nature and location
Reduces possibility of CAM Held issues after order placement
Enables 48% faster total thru-put from order placement to shipment
Also provides a price quote with your choice of turntimes

Naming
Conventions
Display a table of
software package
extensions and
naming conventions

View sample FreeDFM report below.

freedfm.com

® You’ll need an account with Advanced Circuits.
® Email will be sent confirming design rule checking.
® Advanced Circuits even gives you a discount.

® Squash any errors, review all warnings. Look for open vias, closed vias, etc.
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Schematic Capture

Generating Gerbers

Routenlraces

Reviewing The Result
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® ViewMate - Free Gerber Viewer for Microsoft Windows
® Review planes, drill holes, and “obvious” defects. Not usually any surprises here.

® Biggest error - not exporting the proper layers.
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Fab

® Generate a Parts List
(aka “The BOM”) using
Export -> Partlist.

® Generate a Pin List (aka
“The Netlist”) using
Export -> Netlist.

® Sanity check both.

Schematic Capture
Place Components

Routelraces

Gen Gerbers

Eab!

Partlist

Exported from ledTest.zch at 18716789 7:i23 AM

EAGLE Yersion 5.6.8 Copyright {c) 1983-2089 CodSoft

Part Value Device Package Library Sheet
BATL BATTERY Ahd BATTERY-AAA SparkFun 1

LEDL LED1ZAG LED-12A6 JparkFun 1
Rl 330 RESISTORBEAS-RES BEA3-RES SparkFun 1

| ] pinlist

Pinlist

Exported from ledTest.zch at 18716789 7:25 AM

EAGLE Yersion 5.6.8 Copyright {c) 1983-2889 CodSoft
Part Pad Pin Dir Met

BAT1 GMDE1 GHD
PiRaEl + WY M1

MEL
ME2

[k 9=
GMD
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Schematic Capture
F ab Place Components

Routenlraces

Some General Tips

Fab!

® Do you have all of your components? Lead time?
® Find out what file format your PCB Vendor wants.
® Advanced Circuits - GERBER_RS_274X

® Consider routing it yourself.

® Consider barebonespcb.com. Really cheap.

® Sleep on it.

AS



The PCB Design Process

Schematic
Capture

Place
Components

- [teration

Route Traces

Generate Gerbers Fab!

27



