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Part |: Beginning Guide

 This guide is a beginner’s guide to PCB
design using Altium Designer and is
geared towards the following individuals:

> Possess ample theoretical electronics
knowledge

> Has little or no PCB design experience

> Has little or no Altium Designer experience



Beginning Guide

» Before proceeding to the actual software
tutorial, It is important to understand
when it is absolutely necessary to use a
PCB rather than design with a
breadboard

e Most students have a reluctance to
learning new software and spending

money for something they could possibly
build on a breadboard.




Breadboard vs. PCB

* For many electronic designs, one has a
choice to build a circuit on either a
breadboard or on a printed circuit board.

* Most students have a certain comfort
zone working with breadboards, but there
comes a time when the complexity of the
project or the physical requirements
requires electronic design through CAD
(computer aided design).



Breadboard Advantages

* Very quick to prototype using standard
components

e Can easily make changes to schematic or
the functional working of the circuit

 Easy to connect to electronic equipment
such as function generator, oscilloscope,
power supplies, etc.



Breadboard Disadvantages

e Unprofessional appearance

e Difficult to troubleshoot due to human
error and poor connections

* Works very poorly for high speed design

e Difficult to modify complex SMD
components for prototyping

* Excessive capacitance
* Difficult to replicate



Printed Circuit Board Advantages

* Professional appearance

» Repeatable and controllable stray
inductance and capacitance

e Can handle most power requirements
e Can make very compact

* Excellent high speed capabilities

» Easy to assemble and replicate



Printed Circuit Board Disadvantages

* Increased design time

 Drastically increased schematic-to-finished
product timeframe

* Development Cost
e Difficult to modify once board is fabricated
e Must learn at least a basic form of CAD software

e Quality of PCB can be affected by limited
knowledge of software package

e Capabilities vary greatly with different software
packages.

* High end CAD software is very expensive



Required PCB Design

e Small Packages,
such as a BGA,
MLFE, QFP are
practically
impossible to
prototype on a
breadboard due
to their small
size and MUST

be designed on a
PCB.

From Computer Desktop Encyclopedia
Feproduced with pemission.
@ 1998 Teszera Inc.

http://content.answers.com/main/content/img/CDE/_MCROBGA.GIF



Required PCB Design

e Just dealing with the sheer number of pins

on modern practical designs required a
PCB.

* It is common to see single components
containing up to 1,500 pins

* High speed design cannot be performed
using traditional prototyping methods



Altium Designer

e This is based off the current version of Altium Designer,
6.9.0.12759

e The Altium Designer Suite contains many unified features such as:
> FPGA schematic design
> VHDL/Verilog compilers
> C/ASM compilers
° Scripting
o Simulation
o 2D Field Solver
o Simulation Engine
o Library Management
> Database and advanced query language
> CAM display management
o Schematic Capture
> PCB Layout



System Requirements

Recommended system for optimal performance

B Windows P (Professional or Home)
B 3 GHz Pentium 4 processar or equivalent

®m 1 GByte RAM

B ) GByte hard disk space (Install + Liser Files)

® [Dual monitors with 1280x1024 screen resolution
B 32-hitcolor, B4 MB graphics card®

B Parallel port {if connecting to a ManoBoard-MB1

Minimum system requirements for acceptable performance

B Windows 2000 Professional SP2

1.8 GHzZ processar

1 GByte RAM

2 GByte hard disk space (nstall + User Files)

Main monitor 128041024 screen resolution
Strongly recommended: second mmonitor with minimuom 1024%768 screen resolution

32-hit color, 32 MB graphics card®
Farallel port {if connecting to a NanoBoard-HB1)



Getting Started

* Start the software by

clicking
> Alkiurm Designer &
START = :
PROG RAMS ‘_E“ m Programs k
ALTIUM DESIGNER A seunc .
Altium Designer 6 5 o) ,
4 =7 Fun...
=
o Create a start bar shortcut H< =

g @ Turn OFF Computer. ..

if )’OU Plan on USing the Bistat | J A @ EMN W |
software a lot. (shown on
right)




Project File

* Project files are like a container for your project.
There are many different things you will need for
even a basic project, such as:

> PCB Footprint libraries
o Schematic libraries

> Schematic documents
> PCB documents

° Scripts

o CAM files

o Settings

> Generated reports

> Generated files

> Version Control features
o Etc.



Creating a Project

® When the = Altium Designer 6.4 - Free Documents. Licensed to University of Nevada Las ¥Yegas
SOftware Starts, E “ DxP | Bile | Wiews Project  Window Help
fOI IOW the ) = | Mew b | = schematic
menu sequence Projects (ISANSCNS Chri+0 B8 poE
in the image to werkepl LY OpenProfect... ] ¥HDL Document
create a new Open Design Workspace. . Verilog Document
¢ . ’ §
PC B PrO]ect : Save Project :ﬂ Z Source Document
&+ File' il C Header Document
Save Projeck As...
) 2] &SM Source Dacumernt
M I Save Design Workspace
[ J
any Peop € Save Design Workspace As. ., J Text Docurnent

CAM Docunent

fa
]

skip this step Save Al

and just create = [— L Output JobFile
a schematic file. e -/ Database Link File

. Impaort Wizard
This a h uge | Proec v (B8] PCE Project
mi sta ke! Recent Documents 3 Lbrary » | FPaa Project
AbSOI Utel)’ Recent Projects g Script Files [ 3 ’_j] Zore Project
eve I’)’thlng in Recent Workspares ' Mixed-Signal Simulation ¥ | &+ Integrated Library
Altium Bt Ale+F4 Other ¥ | ] Embedded Praject
DeSigner is H Design Workspace =il Script Project

based on
project files



Project Name

* We need to save our project and rename the project to something
more meaningful.

* Right click on PCB_Project.prjPCB and save the project as
‘PROJECT- EE495’ to a new folder (preferably on a flash drive)
called ‘EE495 Project’ inside a root folder called ‘EE495 Altium’

o EX: F:\EE495 Altium\EE495 Project\PROJECT-EE495.prjPCB
* Inside this folder, we will place all relevant project data

= Altium Designer 6.4 - PCB_Project1.PrjPCE. Licensed to U

‘W’Drkspace'l.Danrk" - ‘ Winrkspace

B DEr Fle  Wew Project  Window  Help | PCB_Project] FrPCB

‘ Project

E u * File View tructure Editor : i1
- =|® * FlaView (5 Ed | LY
- Mo D noume Compile PCE Project PCE_Project 1. PriPCE
Whorkspacel Dentadrl # * | Workzpace Add Mew to Project »
: : % fdd Existing ta Project...
FCB_Project] .PrPCE Project -
Sawve Project

Save Projeck As,..

% File Wiew 1 Stucture Editar '.‘;Ql L_Bl'l

=1 PCB_FProject] PriPCB

Make Active Project

Open Project Docurnents

M o Documents Added

Close Project

Carmlmum



Organization

e It is useful to place all project information inside this folder.

e |nside this root folder, create subfolders called ‘CODFE’ and
‘DATASHEETS’

e Organization and centralization is also important for backing up all
your data properly, version control, and copying project data to a
CD for all finished projects (which you should do for future
reference)

EE495 Project

File Edit  Wiew Favorites  Tools  Help

eBack - \_;l - lj‘

/-_- ) Search H_" Folders

5 ¥ X B | FE-

Address |5 H:\EE495 Altium\EE495 Project

El -j My Compuker

b 3% Floppy (A2) altium Libraries

Falders |l —~— PROJECT-EE4SS, PrPCE P P
@ Desktop /J History H] alkiumn PCB Project /J CODE /J DATASHEETS
1,3 My Docurnents { 28 kE { l
“e Local Disk (21 ,_z-]
{23 CD Drive (D2
“#* Removable Disk (E:)
iy DYD Drive (F:)
“e# PERSISTANT (G!)
= () Portabledpps (H:)
(25 Altium Designer Libraries
| Documents
|5 EE495
= (5 EE495 altium
[SR&FCE oS Froject
253 Altium Libraries
|5 CODE

| DATASHEETS

ufl Hiskary




(Group) Quiz Project #|

* For the first quiz project, we are going to create
a schematic that will contain:

® Atmega8 - Atmel Microcontroller , 16 MHz, QFP
¢ USB-B Connector

® FT232 USB- UART interface chip ,TSSOP28

® 2x5 Programming Input Header (0.1” Pitch)

® SMD (Surface Mount Device) LEDs , 0805 Size

e This project contains all the necessary parts to create a

PCB that can communicate directly with a computer
through a USB (Male B- Male A) Cable.

> You are encouraged to actually build this PCB as an
inexpensive, functional development board.

- This project is to be finished by next Wednesday (5/28)
with a possible in-class portion



Adding a Schematic Drawing

* Follow the menu sequence shown to
create a new schematic. This will
automatically be added to the project
tree we created.

= Altium Designer 6.4 - Project- First.PrjPCE. Licensed to University of Me

Save Design Workspace As...
Save Al

& Smart PDF...

B Dyp | File | view Project  Window  Help
E B MEw 3 ||_a Schematic
] -
Projects [ISEIS=INe |4 B pch
worksp _', Open Project... ] EHII?IL Document
- Open Design Workspace. .. ] verilog Document
raject- _,] i Source Dacurment
i Save Project
* File'y il C Header Document
Save Project As...
= ] A5M Source Docurment
mﬁ Save Design Workspace
_"I Text Docurment

<%, CAM Document

L

1

Cukput Job File

| Database Link, File



Schematic Entry

e The ‘sheet|’ schematic document is now added
to the project tree as shown below.

* Rename thIS file to something with a more
meanln%qu name such as ‘Main’. There are many
times when you will have multiple schematic
entries and |t helps to have a descriptive name

* Any oBen prolect files will appear in the menu
area above where the blank schematic page
appears.

=, Altium Designer 6.4 - C:4First- PCB', Sheet1.5chDoc - Project- First.PrjPCE. Licensed to Univers

‘ DyxP Eile  Edit  Wiew Project  Place Design Tools  Reports  wWindow  Help

NS d|S A |® | | SOl I e Ty | ot
Projects e ||_EISheet1 .s-:th-:|

Workzpacel.Danink, * | “Workspace

Froject- First. PrPCE Froject |

% FileView 1 Structure Editor %l ,__9|"|
B

FId Source Documents




Libraries

* Similar to a real laboratory, to build a design
from a schematic you must first add real
parts to the project.

» For this, we must add what are called
libraries’ to our project. Libraries contain
vital information about the parts we are
going to add.

e Once libraries are added to the project, any
component inside that library can be freely
inserted into your design.



Types of Libraries

e There are three main types of libraries for PCB
design:

> Schematic Library- Contains schematic drawings of parts,
when we look at a schematic, we are looking at a collection
of schematic parts

> PCB Footprint Library- This contains the physical dimensions
of a real component. This information is readily available in
datasheets.

° Integrated Library- These are the most useful libraries
because they combine a physical part (footprint) with a
schematic drawing.



Libraries

e Libraries are located in the folder:
* C:\Program Files\Altium Designer 6\Library

e Updated libraries are available online at

 Altium has since changed some of their
library files, | have included a ZIP file on
the course website with library files we’ll
be using.

* Download and unzip the file into the
library’ folder in your project directory



Libraries

* Copy the following Libraries to a folder called ‘Libraries’ in your Custom Altium
folder:

* Integrated Libraries (*.IntLib)
Atmel Microcontroller 8-bit AVYR
Miscellaneous Connectors
Miscellaneous Devices
NSC Operational Amplifier
ON Semi Operational Amplifier

o Schematic Libraries (*.SchLib)
<none>

» Footprint Libraries (*.PcbLib)
Chip Capacitor — 2 Contacts
Chip Diode — 2 Contacts
Chip Inductor — 2 Contacts
Chip Resistor — 2 Contacts
Crystal Oscillator
Miscellaneous Connector PCB
Miscellaneous Devices PCB
Miscellaneous Devices
Miscellaneous

NOTE:When you create your own schematic and footprint libraries, you should
place them in the same library directory in your project folder



Adding Libraries To A Project

* We have organized all the libraries in a
folder, now we need to add these to the
project

* Follow the following prompt to add
libraries to the project

=, Altium Designer 6.7 - C\Projects\Main.SchDoc - PROJECT- First.PrjPCB. Licensed to Uni
El DXP File Edit Wew Project Place | Design | Tools Reports  Window Help

A= £ﬂ|_Ffl —1|¢ |_*«]s= Y |
|M Add/Remove Library...

S . Voke SchematcLixary

Make Integrated Library

Browse Library. ..

YWorkzpacel Denifrl * * | ol
Template ¥

PROJECT- First. PriPCE Pro
Metlist For Project k
" Fila View " Structure Editar El_ Netiist For Document ,
=120 PROJECT - First PrjPCB = Simulate 3

=1 Source Documents
Create Sheet From Symbal

Create HOL File From Symbol k



Adding Libraries

e There are two methods of adding libraries
> Project Libraries- Libraries available only for the scope of this project

> Installed libraries — Libraries available to ALL projects by default. These do not show
up in the project tree.
The Search Path modifies the search location when searching for parts.

Available Libraries

Froject |In3talled | Search F'athl

Froject Libraries ' Path




Adding Libraries

* We want to make these libraries project-

specific only instead of global availability with
the ‘Installed’ tab

* Make sure the ‘Project’ tab is selected, and add

all libraries from your project library folder

Project |Installed| Search Path |

Froject Libraries | Path | Type
E=istmel Microcontroller 8-Bit &@F H:AEE 495 AlbumsEE 495 ProjecttAltiurn Libranes'Atrmel Mi [ntegrated
_2 Chip Capacitor - 2 Contactz. Pct HAAEE 495 Altum EE 495 ProjectAltium Libranez\Chip Cap Pratel Footprint L
_2 Chip Diode - 2 Contactz. PebLib H:AEE 495 Altum EE 495 ProjectAltium Libranez\Chip Dio Pratel Footprint L
_2 Chip Inductar - 2 Contacts. Pebl HAEE 495 Allum EE 495 Project'Altium Libranez\Chip Indi Pratel Footprint L
_2 Chip Resziztor - 2 Contactz. Pebl H:AAEE 495 Allum EE 495 ProjectAltium Libranez\Chip Res Pratel Footprint L
_2 Crpztal Ozcillator. PebLib H:AEE495 AltiumhEE 435 Project'Altium LibraneshCryztal O Protel Footprint L
_2 Mizcellaneous Connector PCE .1 H:AEE 495 Allum EE 495 Project'Altium Libranesz'Mizcellar Pratel Footprint L
# Miscellaneous Connectars. Intl H:AEE 495 AltiumsEE 495 ProjecttAltiurn Libraries\Miscellar [ntegrated
_2 Mizcellaneous Devices PCB.Pc HAEE495 Allum EE 495 Project'Altium Libranesz'Mizcellar Pratel Footprint L
# Miscellaneous Devices. IntLib - H:AEE 495 AltumsEE 495 ProjecttAltiurn Libraries\Miscellar [ntegrated
_2 Mizcellaneous Devices.Pcblib HAEE495 Allum EE 495 ProjectiAltium Libranesz'Mizcellar Pratel Footprint L
_2 izcellaneous. PeblLib H:AEE495 AltiumhEE 435 Project'Albium LibranestMizcellar Protel Footprint L
& MSC Dperational Amplifier ntLit H:AEE 495 AltumsEE 495 ProjecttAltiurn Libranes\NSC Op I nkegrated
"B (M Semi Dperational Amplifier.] H:AEE 435 AltumsEE 495 ProjecttAltiurn LibrarieshON Sem Integrated




2= Altium Designer 6.9 - H:"EE495 Altium"EE495 Pro

Project Hierarchy

o) B Dz Fle Edit Wew Project  Place  Design

a

NS WS

e By expanding the ‘+’ ]
next to libraries, you Workspace Dariwik v | workspace| |
should see a list of all PROJECT-EE495 PrPCE Projact
the project libraries. D GFieVew ©SmoweEda @] -] |
Make sure you have all e Py T
these libraries B S ouce Feciments
installed before =13 Libraries

. . =1 Compiled Libraries
continuing. &+ Atmel Microcontraller 8-Bit VR

& Miscellaneous Connectors.Intl
& Miscellaneous Devices IntLib
..j- M5C Operational Amplifier. [ ntLil

e Notice how the - & ON Semi Dperstional mplifer |
. = PCE Library Documents
P I"O] eCt tl"ee Sepa I"ateS i Chip Capacitor - 2 Contactz.Po
Chip Diode - 2 Contacts. PcbLit
source d ocum ents an d i EhiE Inductor - 2 Contacts.Pch
i 1 i Chip Resiztor - 2 Contacts. Pchl
I | b raries automati Cal |)’ 2 cryztm Oscillator Peblib

J Mizcellaneous Connector PCE.
J Mizcellaneous Devices PCB.Py
J Mizcelaneous Devices. PochLib
I Mizcelaneous. PcbLib




Open, Saved, Unsaved Files

* Open files are indicated
with a ‘white paper’
Example: Main.SchDoc
* Open modified and
unsaved files are
indicated with a ‘red
paper’
Example: The Project file
itself has been modified.
* Closed files have
nothing in the column
Example: The Atmel
Microcontroller library
e All open files are
accessible by clicking on
them in the project tree,
or in the top bar in a
windows- taskbar type
window

FOjE - LR
Wiarkzpacel . Dertark * | Waorkzpace
FPROJELCT- First.PriPCE Froject

& FileView " Structure Editar &l [k~

=51 PROJECT - Furst. PrjPCB = B
=l Source Documents
= |4.ain SchDoc

= Libraries
[=11 Compiled Libraries
ﬁ% Atmel Microcontraller 3-Bit AR, |r
 Mizcellanenus Connectors. IntLib
i Miscellanenus Devices. IntLib
=111 PCE Library Documents

ol -~ -

e . N

||__EI Main.SchDoc




Project Documentation

° We can ’t create ¥9FTDI Data Sheets - Mozilla Firefox

h . File Edit View History Bookmarks Tools  Help

a schematic o

. . Ba - c x BT @ E‘Q If’|http:,l',l'www.Ftdichip.cu:um,l'Du:ucuments,l'DataSheets.htm
without knowing

. 2] Most Wisited |j Joey Mercier |j Alkiurn Cornrunity (Gl pcbstandards Forums ... ! EDW & Electronics Rel.. 48 P
more details

about the parts
we’ll be using.

Future Technology Devices International Ltd

USB Device Solutions ASIC Design Product Design

 Obtain the FTDI [

FT232R UART Products The table below lists the data sheets for FTDI devices. To view a data sheet, c
Drivers "Save Target As...". Data sheets for Vinculum products will redirect you to the

|IC Datasheet Documents

inculum Documents All of the data sheets are in POF format and require Adobe Acrobat Eeader to t

cation Motes

¢ Rename the file
something less
cryptic such as

ICs  “inculum Modules FTZ232E Modules

IC Data Sheets
“inculum Embedded USE Host Controller [ Data Sheet

FT232R LUSE UART IC Data Sheet

FT232 USB.pdf



Project Documentation

Specifications are often given or required for components, You should check and
double check each meets the project specifications.

Atmega8 Microcontroller, QFP Package, 16 MHz, ROHS Compliant
Mouser P/N: 556-ATMEGAS-16AU
Save as ‘Atmega8 QFP Atmel Microcontroller.pdf’

USB-B (Female/Socket) , ROHS Compliant, Right Angle Mount
Mouser P/N: 806-KUSBX-BSIN-B30

Save datasheet as ‘USB-B Connector’

SMD LEDs (0805), ROHS Compliant
Mouser P/N: 638-172BHC-ANIP23T

2x5 Box Header (Prog. Connector), Gold Plated, ROHS Compliant, Pitch=0.1"
Mouser P/N: 649-66506-066LF
Save datasheet as “2x5 Box Header.pdf’



Chip Sizing Information

‘Chip’ components are devices that come in small rectangles

The 0805 specification for the LED are actually dimensions of the chip component
itself (Size Code).

Split up the numbers to 08 05,These are the dimensions in inches
The Length of the chip diode is 0.08” = 80 mils
The Width of the chip diode is 0.05” = 50 mils

Therefore, the larger the numbers, the larger the chip device:
Larger chip sizes can handle more power

Smaller chip size can handle higher frequencies (ideally)



Chip Sizing Information

I) Tantalum Capacitor (A-Case)

2) Tantalum Capacitor (D-Case)

3 & 4) Electrolytic Capacitor

5) 0805 Ceramic Capacitor

6) 1206 Ceramic Capacitor

7) 1210 Ceramic (Same length, but wider)

'/4 Watt through-hole resistor
given as size reference

(Same as in our lab)

http://lwww.geocities.com/vk3em/smtguide/pics/caps.jpg



Chip Sizing Information

1) 1218 (I Watt)

2) 1206 (1/4 Watt)

3) 0805 (1/8 WVatt)

4) Potentiometer (Bottom & Top)

'/4 Watt through-hole resistor
given as size reference

(Same as in our lab)

http://lwww.geocities.com/vk3em/smtguide/pics/resistor.jpg



Chip Sizing Information

) 20 Pin DIP Package
2) SOIC20,Wide

3) SOIC8,W/Power Tab
4) SOICS, Standard

5) SSOP20

'/ Watt through-hole resistor
given as size reference

(Same as in our lab)

2 - 3

LB N N

http://www.geocities.com/vk3em/smtguide/pics/ic.jpg



Placing Parts

* We have now added all the necessary
libraries for the project, now we need to
draw the schematic.

* Follow the menu sequence below to place
a part

um Designer 6.7 - G\Projects\Main.SchDoc - PROJECT- First.PrjPCB. Licensed

¥P File Edit View Project | Place | Design Tools Reports Window He

SH|S | |QE| R s R o8 xS
E Bus Enfry i-l Ry
TE— -
=

#  Manual Junction
sgpace] Denmtafik * -

— Power Port
JECT- Firzt.PriPCE Wire




Placing Parts

o After clicking ‘place
part’ from the
previous screen, you
will have an option to
place from standard
libraries or database
libraries. Keep this on
standard libraries

e Click the button to
the right of the
‘History’ button to
bring up a list of
available libraries.

- Placement Type
¥ From Standard Libraries
"~ From Databaze Libraries
- Part Details
Physical Component  Slal 0k *  Histon... | J
Logical Symbol IMHDH2><?
Dezignator IF"?
Comment IMHDHEX?
Eaatprint IMHDH2><? j
Bart ID | =l
Lib Path IMisceIIanenus Connectors. [ntLib
ak. Cancel




Creating a Schematic

o At the top of the screen, there is a dropdown box which lists available schematic and integrated
libraries (but not PCB footprint libraries). For the highlighted library, in this case Miscellaneous
Devices, there will be a list of the parts inside that library in the bottom left.

1 | : | 3

=51 PROJECT-EE495.PrPCE =

B4 5 D t
o schbos 2]

=1 Libranies

5 Compiled Libraries Libraries |Miscellaneous Devices. IntLib j_' Find... I
&+ Atmel Microcontraller 8-Bit AV " Atmel Micracontroller 8-Bit AVR.IntLib
4} Miscellaneaus Conmechars Intl Mask  |Miscellaneous Connectors. IntLib
& Miscelaneous Devices IntLib Compang NSC Operational Amplifier IntLib
é MSC Operational &mplifier. | ntLil T DN Semi Dperatiu:un_al .&mplifier.lntLib
& ON Semi Operational Amplifier | CLEPH m!sce::aneous Eewcest.lnll_lltu“__b
=/ PLE Library Documents - 1 P trnel Missocontialler 891 EVPLIntLib
& Chip Capacitor -2 Contacts.Pe 1 PNP1 Miscellaneous Devices IntLib Pl —NNN—
§ Chip Diode - 2 Contacts. Peblit ~LEPNP2 Miscellaneous Devices.IntLib i
> E::E 'F:‘::z:o”: i S E;':::g:gga LEPNP3 Miscellaneous Devices.IntLib I R es 1
- — -1 EPUT Mizcellaneous Devices. IntLib- Py
§ Cl.ystal Oscillator. Peblib -3 EQNPN Mizcelaneous Devices.IntLib M
2 ::zz:::::zzﬂz EZ:?CEBI::T::IE.BEIB:'L o -3 F Relay izcelaneous Devices IntLib - 51 l K
2 Miscellansaus Devicss F'u:l:-Lib 1 E Relay-DPDT Miscelaneous Devices.IntLib D
: — -1 E Relay-DPST Mizcelaneous Devices.IntLib D
& Miscellaneous Poblib -1 E Relay-5PDT Mizcellaneous Devicez.IntLib - 5i
-1 E Relay-5PST Miscellaneous Devices.IntLib - Si
-1 E Res Bridge Miscellaneous Devices.IntLib - B—
| -1 E Res Semi Mizcelaneous Devices.IntLib - S
-1 EResTap Mizcellaneous Devicez IntLib T,
-1 E Res Thermnal Miscellaneous Devices.IntLib - TI
1 E Res Varistar Miscelaneous Devices.IntLib - 4.
-1 E Resl Mizcelaneous Devices.IntLib - R
-3 F Res? Mizcelaneous Devices.IntlLib R~
¢ 1| | 3
195 components
todel Mame | Source [ Type A
ﬁMIAL-D.S Mizcellaneous Devic Footprint
P _21 Res Signal Integrity
N -y RESISTOR Simulation




Select the Atmel
Library and navigate
down to Atmega8.
Notice there are
many options for the
same chip.This is
because although the
device is the same,
there are many
different ‘packages’
that this chip comes
in.

NOTE: The Atmega8
costs about $3.50

Creating a Schematic

Component Mame

/| Librany | Description | Faotprint

-3 F AT9058535-8PC
-3 F ATI058535-8F
-3 F ATmegal-164C
-3 F ATmegas-164l
-3 F ATmegal-16MC
-3 F ATmegas-16M|
-3 F ATmegal8-16PC
-3 F ATmegas-16F!
-3 F ATmegaBl-3ac
-3 F ATmegasl-8al
-3 F ATmegalBL-3MC
-3 F ATmegasL-8M|
-3 F ATmegaBL-8PC
-3 F ATmegatL-8F
-3 F ATmegalB-16AC
~3 F ATmegalB-164
-1 F ATmegalB-16MC

Atmel Microcontroller 8-Bit &R Microcontrolls 40F6
Atmel Microcontroller 3-Bit &R Microcontrolle 40PE
Atmel Microcontroller 8-Bit &E Microcontrolle 328 M
Atrnel Microcontroller 8-Bit 2F Microcontrolle 328, M
Atnel Microcontroller 8-Bit &R Microcontraolls 32k47-4_M
Atrnel Microcontroller 8-Bit &R Microcontrolle 320 71-8_M
Atmel Microcontroller 8-Bit &R Microcontralls 283
Atmel Microcontroller 3-Bit 4%F Microcontrolls 28F3
Atmel Microcontroller 8-Bit &E Microcontrolle 328 M
Atmel Microcontroller 3-Bit AVR Microcontrolle 324_MN
Atnel Microcontroller 8-Bit &R Microcontraolls 32k47-4_M
Atmel Microcontroller 8-Bit AR Microcontrolle 32071 -4_M
Atmel Microcontroller 8-Bit &R Microcontralls 283
Atmel Microcontroller 3-Bit 4%F Microcontrolls 28F3
Atmel Microcontroller 8-Bit &E Microcontrolle 448 M
Atmel Microcontroller 3-Bit &VE Microcontolle 448 M
Atmel Microcontroller 8-Bit &F Microcontrolle 44847 M



Creating a Schematic

e Add the ATmega8-16AC

* Looking at the datasheet for the ATmega8, we can see exactly what the -|6Al stands for.
o Supports up to a 16 Mhz clock
o Commercial grade fabrication (Temperature ranges from 0C to 70C

Speed (MHZ) Power Supply Qrdering Code F’.]I:Kﬂgla':“ Operation Range

ATmegadl-2AC q2A Commercial
ATmegall-8FC 2apP3 (0 to TOC)
ATmegadl-8MC A2M1-A '
ATmegadl -84l q2A

& 2T7-55 .ﬁ.TmElgaEL-E.ﬂl.Ulzl 32A
ATmegaL-8P 28P3 Induistrial
ATmegasl-8PLUE 2apP3 (-H0=C to BEC)
ATmegasl-aM| FZM1-A
ATmegasL-amuE FEM1-A
ATmegai-1 EAG azA Commercial
ATmegal-16FC 2apP3 (0°C to TO°C
ATmegal-16MC FZM1-A ’
ATmegal-164] q2A

16 45-585 ATmegai-1 GALIE a2A
ATmegal-16PI 28pP3 Industrial
ATmegad-16PUS 28P3 {-40°C to 85°C)
ATmegal-16MI A2M1-A
ATmegad-16MLIE M -A




Creating a Schematic

* Here are the three
common packages for

the ATmega8
microcontroller.

* These are scaled relative
to each other with the
close to the same
functionality with each
package.

 NOTE: Why does the
QFP package have 4
more pins than the DIP
package!




Creating a Schematic

* We were given constraints with the assignment of
this project. Sometimes constraints are based on:

> Economics, Size, Power handling, ability to assemble the part
, etc..

e For the microcontroller, we were told it must

function with a clock rate of 16 MHz, and must have
a QFP Package

* |t is crucial to take note of all constraints BEFORE
entering the schematic and/or pcb layout. Itis a
HUGE waste of time to design around a part that
doesn’t meet the specifications.



Creating a Schematic

* Looking again at the ordering information available in the datasheet, we know
that:

> The Chip must be able to work with a |6 MHz clock, we can eliminate all 8MHz rated
microcontrollers

> The DIP package is 28 pins, we can eliminate any package that has a 28’ in the
package information

> The 32M| refer to the MLF packaging, we can eliminate all those items

o This leaves us with a decision to choose between commercial rated or industrial
rated temperature ranges, Either the ending in -16AC, -16Al, -16AU are acceptable

Speed {ile] Power Supply Ordering Code Package! Operatlon Range

Commercial
=0t TOAC)

ndutrial
A0+ bo BRI

AT 21640 324
e Commercial
ATmegad-16A1 324
16 45-55 ATmegat-1 GALIE 324

Industrial
{-40=C o BERC)




Creating a Schematic

e Usually the industrial rated components are more costly than the commercial
rated components, so we will choose the Atmega8-16AC

* QUESTION: A temperature rating doesn’t affect the footprint or simulation
of the device, is there a reason we can’t/shouldn’t just choose any of the three
possible options 7?7

-3 F ATmegal-164C Atmel Microcontroller 8-Bit AVH 8-Bit AVR Microcontroller with £ 328_M
Sl T rrizgac-164) Atmel Microcontroller 3-Bit AVE 3-Bit A%E Microcontroller with £ 324K
-3 F ATmegal-16MC Atmel Microcontroller 8-Bit &WH 8-Bit AVR Microcontroller with £ 320718
-3 f ATmegal-16MI Atmel Microcontroller 8-Bit &WH 8-Bit AVR Microcontroller with £ 320718
-3 F ATmegal-16PC Atmel Microcontroller 8-Bit AWH 8-Bit AVR Microcontroller with £ 283
-3 F ATmegal-16P| Atmel Microcontroller 8-Bit AWH 8-Bit AVR Microcontroller with £ 283
-3 F ATmegalL-84C Atmel Microcontroller 8-Bit AVH 8-Bit AVR Microcontroller with £ 328_M
-3 F ATmegalL-84| Atmel Microcontroller 8-Bit AVH 8-Bit AVR Microcontroller with £ 328_M
-3 F ATmegalL-8MC Atmel Microcontroller 8-Bit &WH 8-Bit AVR Microcontroller with £ 320718
-3 f ATmegalL-oMI Atmel Microcontroller 8-Bit &WH 8-Bit AVR Microcontroller with £ 320718
-3 F ATmegalL-8PC Atmel Microcontroller 8-Bit AWH 8-Bit AVR Microcontroller with £ 283
-3 F ATmegalL-8P| Atmel Microcontroller 8-Bit AWH 8-Bit AVR Microcontroller with £ 283



Creating a Schematic

* Notice to the right, there is the schematic drawing and associated pinout
of the device, beneath that is a drawing of the PCB Footprint (this should

match what you expect from the datasheet)

e The bottom shows all footprints associated with the part

> Why do you think there are three different footprints for a QFP32 ?

{

i

240 components

Model Mame | Source [ Type [l
3 328 L Atmel Microcontroller Footprint
#.-’-‘«tmel ticrocaontroller Foatprint

o Atmel Microcontroller Footprint

LB ATMEGAS-32¢ Atmel Microcontraller PCE3D

Libraries IAtmeI Microcantroller 8-Bit AVR.IntLib 'II Find... |
Mask I j E
13 . S
Component kame # | Libramy | Description - % ﬁ:;ﬁ;. &::E:: ﬁ
-3 F ATA0SB8535-8AC Atrnel Microcontroller 8-Bit AVR 8-Bit AR Microcontraller with { 448,_M ﬁ %:mui}:il. i;:ﬂ;: i
-4 F AT9058535-84] Atmel Microcontroller 8-Bit 2R B-Bit AVR Microcontroller with { 448,_M —i;n FBH(MTD) PO (ADCHEDA ) ﬂ?;—
-3 F ATI0SB535-RIC Atmel Microcontroller 8-Bit AR 8-Bit AR Microcontraller with £ 440_N i R II— FET(ADCLAL) s
-1 E ATI058535-8)1 Atrnel Microcontroller 8-Bit 2R 8-Bit &R Microcontroller with { 440_MN —1e| FE7(XIALIIOND) AICT [P
- f ATH058535-68PC Atrnel M!c:rocontrnller B-B!t AVR B-B!t &R M!croconlrnller w!th t40PE J _:ufk T (T ey L
-1 E ATH055535-8P Atmnel Microcontraller 8-Bit 2R 8-Bit £ Microcontroller with § 40PE <3 FOL1m; .
-1 F ATmegad-164C stmel Micracantraller S-Bit YR 8-Bit &R Microcontraller with  324_M | oi b
-3 F ATmegaB-1641 Atrmel Microcontroller 8-Bit AVR 8-Bit &R Microcontroller with § 328_N —gl:» FDH (XUTLT0) A ig
-1 E ATmegaB-16MC Atrnel Microcontroller 8-Bit AVR 3-Bit AR Microcontraller with § 32M71-4_N ﬁ E:ﬂ-_:ml bl
-1 F ATregad-16M| Atrnel Microcontroller 8-Bit AWR 8-Bit &R Microcontroller with § 32M71-4_N Lzl poviamn) o [
-1 E ATmegaB-16PC Atmnel Microcontraller 8-Bit 2VF 8-Bit 2R Microcontroller with § 28P3 Eﬁ 3
-1 F ATmeqgaB-16PI Atrnel Microcontroller 8-Bit 4WE 8-Bit &R Microcontraller with § 28P3
-4 F ATmegaBl-84C Atmel Microcontroller 8-Bit AR 8-Bit &%R Microcontroller with { 324N A Tus pi1ikl
-1 F ATmegabL-Bal Atrnel Microcontroller 8-Bit AVR 8-Bit AR Microcontraller with § 328_M
-4 F &Tmegall-8MC Atrmel Microcontroller 8-Bit &R 8-Bit &R Microcontroller with § 32M1-4_N
-3 F ATmegaBL-BMI Atrnel Microcontroller 8-Bit AWVR 3-Bit &R Microcontraller with § 32M7-4_N
(i E ATmanafl APC Atenal hirraeanbellar SR AU AR AP hiceneantrllee itk § 2007




Creating a Schematic

e Many vendor supplied integrated libraries contain much more than just a
schematic drawing and PCB footprint

e Shown below is a rendering of a 3D Image of the chip.Altium has an option to
view the PCB in 3D, and this image will represent the Atmega8 in the 3D
rendering

e Also included are SPICE files and/or IBIS files (more on this later)

Q_E A medaicl-oal atrmel MIcrocontraller S-BikAYH 3-BIE AV E MICrocantroller Witk © 320 N
§|_-E ATmegaldl-8MC atmel Microcontraller 8-Bit 4R 8-Bit AYE Microcontioller with § 32071-8_N
§|_-E ATmegadl-BM| Atmel Microcontroller 3-Bit &R 3-Bit &YE Microcontraller with § 3287-4_N
I=| -E AT rraa=ll 0P Mbrnal bdicraemsbeallae DRGE AWDE DR AWE Rderme mssbesllar skl 0P _Ij
4 2
240 components
Model Harme | Source | Type £
i Jaa L Atmel Microcontrollen Footprint
i 324 &tmel Microcontroller Footprint
fﬂ J28,_M Atrnel Microcontrollen Footprint

=roa il (Bt Rl A bl Microcontraller PCB30D

e B




Creating a Schematic

e Place the Atmega8 into the schematic drawing

> You can always move the location later

°  What function does pin 20 perform ?

ium Designer 5.9 E495 Project',Main.SchDoc PROJECT-EE495.PrjPCB. Licensed to University of Nevada Las Yegas ;Iil
l D¥P FEile Edt Wiew Project Place Design  Tools  Reports  Window Help P » — » o - J RACEL - EH:\EE495A\tium\EE495Pmiect\Ma\n.S' (+ R i
NS Qe |agy -] B T | o e 2k b pod LU= O O G D) e) B X i ]
[ rome] | 3 oo
|Wurkspaca1 Dsriwfik E | B —_—. =]
| FROJECT-EE 4355 PriPCE | Project

& FileWiew ¢ Structure Editar @| L4~
EI'™ PROJECT-EE495.PriPCB = B

= Source Documents

(=1 L Libraries

=L Compiled Libraries
;} Atmel Microcontroller 8-Bit 2VR
& Miscellaneous Connectors IntL
& Miscellaneous Devices.IntLib
= NSC Operational Amplifier IntLil
ﬁ OMN Semi Operational Amplifier.|

= PCE Library Documents
22 Chip Capacitor - 2 Contacts Po
2 Chip Diode - 2 Contacts.PcbLit
& Chip Inductor - 2 Contacts Feb
2 Chip Resistor - 2 Contacts Pohl
& Ciystal Oscillalor. Peblib
2 Miscellaneous Connector PCE .
: Mizcellaneous Devices PCB.Pt
& Miscellaneous Devices Pcblin
2 Miscellanzaus. Peblib

[ EFHITHT

SR MY

e

27| Mask Level | Clear

SCH Filter

#:500%-160  Gnd:10 Sustem Design Compiler  SCH Help | Instruments

[0 A Navigator




Zooming In and Out

* You can’t see the function of pin 20 because the image is zoomed out.

To Zoom In/Out

Wheel Mouse and Control Key
Page Up/Page Down Key

e To Pan Left/Right/Up/Down

Wheel Mouse and Shift Key
Left/Right/Up/Down Arrow (Small Pan)
Shift Key and Left/Right/Up/Down Arrow (Larger Pan)

U2
—}gfv PBO (ICP) PCO (ADCO) 445;—
=1 PBL(OCLA) PC1(ADCI) (5=
—*1 PB2(SS/OC1B) PC2 (ADC2) [<a5=
—[3=1 PB3(MOSIOC2) PC3 (ADC3) [<iz=—
—==1 PB4 (MISO) PC4 (ADCA4/SDA) (5=
—<i> PB3 (SCK) PC5 (ADCS/SCL) (a5
—4#> PBG (XTALL/TOSCI) ADC6 [
—> PB7 (XTAL2/TOSC2) ADC7 =
—:{%}D PDO (RXD) PC6 (RESET) s
—<#= PDI (TXD) p
—"ch PD2 (INTO) VCC t——
—s#> PD3 (INTI1) VCC 5
—5t1 PD4 (XCK/TO0) AVCC ==
—5=1 PD5(T) AREF ——
—=>1 PD6 (AINO) 5
—> PD7 (AIN1) GND —=
GND —
GND —

ATmegaS-16AC



Pin Functions

* Pins can be setup for the following functions:

o

o

o

Input, Output, I/O

Open Collector, Passive, HiZ, Emitter,

Power

* Depending on how the pin is set, will determine how the DRC (Design Rule Check)

Interprets the Pin and what connections are allowed

Logical | Pararneters |
Digplap Mame ICB [RYENSAENTY) v Wisible
Dresignator |29 IV Visible
Electrical Type ||U j ] 29
» PC6 (RESET) (as—
Description
Output
Hide OpenCollector
Passive
Fart M umber Er%tter
Power
- Symbolz - Graphical
Inside |Mo Symbal | Location X [300 v [550
Irzide: E dge INo Syl j Length |2D
Outside Edge IND Symbol j Orientation ID Degrees vl
Outside IND Symbal j Color - Locked [
- WHOL Parameters
Defaul Yalue I
Formal Type I
Unique 1d IUPHGAMYJ Hesetl
af I Cancel

o
—};&u PB0 (ICP) PCO (ADCO) <H>"j—-
—e1 PBL(OCIA) PC1 (ADCI) [r$i-
—4r PB2 (SS/0C1B) PC2 (ADCY) (05
—2r PB3 (MOSIOC2) PC3 (ADC3) a5
—Zer PB4 (MISO) PC4 (ADCA/SDA) (i3
Lo PBs (SCK) PCS (ADCS/SCL) (o
—t PB6 (XTALITOSCI) ADCG {5
—S PB7(XTALYTOSC?) ADCT fei-
%%D PDO (RXD) PC6 (RESET) 2
=5 PDI (IXD) ;
—Ze PD2 (INTO) vee 0
—5# PD3 (INTI) VOO
—5r+ PDA (XCK/TO0) AVCC 2
—=e+ PDS (T1) AREF —=
—e PDG6 (ATNO) i
L pD7 (AN GND —=
GND (—
GND |—=—

ATmega8-16AC



Add the USB-B Connector

* It seemed obvious which library contained the Atmel Atmega8, but
now we need to add a USB-B connector.

* An easier method than searching each component and each library is
to search the libraries.

* Click the ‘Find’ button to the right of the library selection

(It doesn’t matter which library is selected/active)

Browse Libraries 27| x|
Libraries I.-i‘-.tmel Microcontroller 3-Bit &%R . IntLib vII Find. |

Atmel Microcontraller 8-Bit A4YE.IntLib
dask kizcelaneous Connectors. IntLib

Miscellaneous Devices IntLib

Compang M50 Operational Amplifier. IntLib

AEAT OM Semi Operational Amplifier.ntLib

Mizcellaneous Devices.IntLib _
LE AT Mizcellaneous Connectors. IntLib

q_E AT|Atmel Microcontroller 8-Bit AR, IntLib -




Add the USB-B Connector

Type in the keyword
you are looking for

We are looking for a
USB-B connector, For
now let’s just search
for ‘USB’ and narrow
down the search after
that.

NOTE: Using
wildcards * before and
after allow for words
such as xxxUSBxxx
to be recognized.

*USE*

- Options
Search in Components j Search type Advanced j

Scope Path

{* ivailable librares Path: |Hf-‘«h-1 FILES*ALTIUM DESIGMER BhLibran, _I
™ Libraries on path ¥ Include Subdirectories
" Refine last search File b ask: I"-" j
i Search %4 Clear Helper... | Higtary... | Favarites. . Cancel




Add the USB-B Connector

The search can take a
while depending on
how many libraries

21x

yo u a re s ea rc h i ng Libraries IE!uary Resvits

j_l Search. I

th ro ugh . Eomponent Mame /

We are searching
through only the
libraries we added to
the project, so it
should happen very
quickly.

Mo Component Selected

The result of this

Maodel Mame | Source | Type

search came back

Mo Preview &vailable

negative, That means

there are no USB
items in any of our
project libraries.

Click the ‘Search’ tab
in the top right corner

oK Cancel



Add the USB-B Connector

¢ Change the scope of
the search from
available libraries

(available to the
project) to ALL
libraries in the path.

*U3E+*

e The path will

automatically be - Options

Search in Components = | Search type Advanced -
entered for the default N e
library location in
Altlum - Scope Path

" fovalable libraries Path: [Fi&M FILES\ALTILM DESIGNER 6\Libran &3]

* * make sure ‘include & Lty o maii ¥ Includs Subdiectories

SUbdireCtOrieS, is " Riefine last search Filz: M ask: I“.” j
ticked. . .

i Search w4 Clear Helper... | Histon... | Favorites... Cancel

e Click the search
button



Add the USB-B Connector

USB is a very common term, so very quickly the list fills up

Expanding the box to read the description helps with identifying what each
part is (in case names such as ‘1-353576-1" mean nothing to you)

We are looking for a SINGLE Through Hole, Right Angle, USB-B
Receptacle socket, which is located at the 8% row down

21
Libraries |Query Fesuilts L] swe |
Mask I j
Caomponent Mame /| Library | Description | Footp | J ‘?

-3 1-353576-1 AP Serial Buz JSE . IntLib LISE 1.1, Right Angle, ST, A Type, Receptacle, 4 Pozition 35357
-1 F 1-353576-2 AMP Serial Bus USE IntLib USE 1.1, Right Angle, ST, & Type, Receptacle, 4 Position 35357 l
- {E 13535831 AMP Serial Bus USBIniLib  USB 1.1, Right Angle, SMT, 4 Type, Receptacls, 4 Posiion 35356 VBUS
-1 F 1-353583-4 AP Serial Buz USE IntLib USE 1.1, Right Angle, SMT., & Type. Receptacle, 4 Position 35358 :
+-1 F 1-440128-0 AP Serial Buz JSE . IntLib U5B 1.1, Right &nale, Thru-Hole, & Type, Receptacle, 4xdx 44012 — ]:)-
-1 F 1-4401281 AP Serial Bus USE IntLib USE 1.1, Right Angle, Thiu-Hole, & Type, Receptacle, 4xdx 44072 -
-1 F 1-440128-2 AMP Serial Bus USE . IntLib LISE 1.1, Right Angle, Thiu-Hale, & Type, Receptacls, $udw 44072 — ]:)+ [r—
1 F 114701561 AP Serial Buz USE IntLib ISE 1.1, Right Angle, Thru-Hole, B Type, Receptacle, 4 Po 1-147 4
31 F1-1470156-2 AMP Serial Bus USE IntLib USE 1.1, Right &ngle, Thiu-Hole, B Type, Receptacle, 4 Po 1-147 — (}NI)
-1 F 1-14701681 AP Serial Bus USE IntLib USE 1.1, Right Angle, Thiu-Hole, & Type, Receptacle, 424 F14701
1 F 414371067 AMP Serial Buz USE IntLib USE 1.1, Right Angle, ThruHole, B Type, Receptacle, 4 Po 14371
-1 F 414371068 AP Serial Buz USE IntLib USE 1.1, Right Angle, Thiu-Hole, B Type, Receptacle, 4 Po 14371
1 F 3535761 AMP Serial Bus USE IntLib USE 1.1, Right Angle, SMT. A Type. Receptacle, 4 Position 35357
-3 F 3535831 AMP Serial Bus USE . IntLib USE 1.1, Right Angle, SMT, A Type, Receptacle, 4 Position 3535¢
-1 F 3535234 AMP Serial Buz USE IntLib USE 1.1, Right Angle, SMT, A Type, Receptacle, 4 Pozition 35358
-3 F 4400681 AP Serial Buz JSE . IntLib U5B 1.1, Right &nale, Thru-Hole, Reverse Type, Receptach 4400€
-1 F 4401191 AMP Serial Bus USE IntLib USE 1.1, Right &ngle, Thiu-Hole, B Type, Receptacle, 4 Po 440711
-1 F 4401132 AMP Serial Bus USE . IntLib LISE 1.1, Right Angle, Thiu-Hale, B Type, Receptacls, 4 Po 44071
-1 F 4401193 AP Serial Buz USE IntLib USE 1.1, Right Angle, ThruHole, B Type, Receptacle, 4 Po 44011
Iqj 440715-4 AbP Serial Buz JSE IntLib LISE 1.1, Right &ngle, Thiu-Hole, B Type. Receptacle, 4 Po 44i‘i:|
4 »
251 compaonents QuicklLogic paSIC 2 IntLib
Madel Mame | Source [ Type ’
- 3 353576 AMP Serial Bug LISE Footprint

L USETT Signal Integrity




Add the USB-B Connector

o Select the 1-1470156-1
and click OK J?

» You will get a message 1 ., ,
stating that the library is 2 VBUS
not available to the —= D-
project, but Altium is —:1[33 D+ —
willing to install it for you, —_— GND —
click yes

2 x| 1-1470156-1

The libram AMF Seral Bus USE. IntLib iz naot available.
.,_-‘_/ Do you want ko install it now?

I- Enn,t aSk again _, ........... IES ............. HD |

e Click ‘OK’ again to add
the part




Add the USB-B Connector

e The library AMP Serial Bus is added automatically to the ‘Installed’ libraries,
NOT the project libraries

e This action DOES NOT MOVE ANY LIBRARIES PHYSICAL LOCATION

e For ease of future design, it is a good idea to move libraries added by this
method to your ever-growing list of libraries

e You can do this by copying the AMP Serial Bus USB from the path given in
the ‘available libraries’ below

C:\Program Files\Altium Designer é6\Library\Amp
to your custom library in your flash drive
X:\EE495 Altium\EE495 Project\Altium Libraries

Available Libr ed 4

Froject  |hstalled ISearn::h F'athl

Inztalled Libraries | Activated | Path [ Type
& Mizcellaneous Dew C:APROGRARM FILESSALTIURM DESIGHER BSLibransstis Intearated
& Mizcellaneous Conn C:APROGRARM FILESWALTIURM DESIGMER B\LibranssMis Intearated
& Atmel Microcontoll C:5Program Fileshaltium Designer B\Libransaimelatmel b Intearated
& AMP Serial Buz LS CAPROGRAM FILESWALTIUM DESIGMER EsLibrandrm Integrated




Add the USB-B Connector

e  AMP makes several different libraries, so be sure to copy the correct one!

File Edit Wew Favorites Tools  Help

@Back - \_J) - IE )

> 3 X 9 E

P, Search LL‘ Folders
Address |||j C:\Program Files\altium Designer &4Library Amp

Folders X

B I3 Library ;I
lEl 3m
) Ackel
|5 Agilent Technologies
1) allegro

|5 &lpha Microelectronics

) alkera

h_ﬂ Amncc

l'-_:? Amp

I3 amphenal

I2) Analog Devices

IL2) Astron

() Atmel

[ Attend Technology
[ BSDL

(3 Bulgin Components

(3 Burr-Brown

L T L S

AMP Card Edge 050 Series
PZILIntLib
Altium Compiled Library

AMP CompactPCI Type B.IntLib
Altium Cornpiled Library
115 KB

AMP CompactPCT Type F.IntLib
Altium Compiled Library
Z5KE

AMP Fookprinks, PcbLib
Protel PCE Library
12,935 kKB

AMP Memory Module SIMM
IL.IntLib
Altium Compiled Library

AMP CHAMP Miniature Ribbon
050 Series ILIntLib
Altium Compiled Library

AMP CompactPCI Type C.IntLib
Altium Compiled Library
15 KB

AMP CompactPCT Tvpe M. IntLib
Altium Compiled Library
17 KB

AMP High-Speed MICTOR, IntLib
Altium Compiled Library
595 KB

AMP Memory Module
SIMM. IntLib
Altium Compiled Library

AMP CompactPCI Type A IntLib
Altium Compiled Library
34 kKB

AMP CompactPCI Type D, IntLib
Altium Cornpiled Library
SEKE

AMP O Subrminiature 050
Series. IntLib
Altium Compiled Library

AMP Memary Modulz DIMM
IIIntLib
Altium Compiled Library

AMP Serial Bus IEEE1394.IntLib
Altiur Comnpiled Library
16 KB

AMP CompactPCI Type
P &_B.IntLib
[ Altium Compiled Library

AMP CompactPCI Type E.IntLib
Alkium Comnpiled Library
S7 KB

AMP O Subminiature AMPLIMITE
Fal 2000, IntLib
L Altium Comnpiled Library

AMP Memary Module
DIMM, IntLib
Altium Compiled Library




Rotating Parts

The easiest way
to rotate parts is

to select the item E

and hold the left
mouse button
down, and tap
the space button,
this will rotate 90
degrees each tap.

Another method
is to double click
the component
to open up the
component
properties
window, and in
the bottom left
corner you can
set the
orientation

NOTE: the
‘mirrored’ tab
will flip the
component
about its axis

2]

[ Eropaities Parameters for J7 - 1-1470156-1 -
Designatar Iﬁ W visible [ Locked Visible | Name 4 |Walue | Type
Camment I1 47156 j ¥ visible O ComponentLinkZURL hitp:/ fecommas. tpcoelectronics.comdc STRING
O Contacthd aterial Phiosgphor Bronze STRING
< o] Patin T Locked []  ContactPlating Giold over Nickel STRING
Dezcription Iht Angle, Thiu-Hole, B Type, Receptacle, 4 Position, White 0 DatasheetDocument 02-Jun-2001 STRING
O DnllSize Correzponds to nominal value. STRING
Urique Id ITLWEKHLH Reset | O Housingh aterial Glass-Fillad Thermoplastic STRING
Type IStandald ﬂ O PackageD ocument 02-Jun-2001 STRING
O PackageReference 11470166 STRING
r Library Link. O PanelGround Without STRING
Design tem 1D |1 14701561 Choose | I FCE_Lavout Complies with manufacturer's recomme STRING
) O
[V Librany Name AP Serial Bus USE. Intlib
Y [MP Seria Bus USB Int ] Publisher Al Limited
[T Table Name I O Terminationlength 3,00 [0.118in.] STRING ]
Validatel
dd. | Remoye. |  Edk. | AddasBue.
r Sub-Design Links
Sub-Project INone Models for J7? - 1-1470156-1
o T Marme [ Type © | Description
Configuration [ere MREER Sigral Integrity
- Graphical 11470156 j Footprint Connectar; USB1.1, Type B, Thru-Hole; 4 Position; Right
Lacation ¥ |4?D v |4?D
Oriertation 180 Degrees = [ Locked
Made INormaI 'I ¥ Lock Pins [ Mirared
[~ Show &l Ping On Sheet [Even if Hidden)
ocal Colore dd.. |~ emove... it..
[ Local Cal Add R Edi

Edit Fins... |

[ ox ]

Cancel




Component Pr:

In the top left corner of the
component properties, you can set
comments, descriptions, designator
values and library link information

NOTE: Unique ID is a unique value
which links the schematic part with
the PCB document.

In the bottom left corner, you can set
graphical properties such as
orientation, mirrored, locked (stuck
in schematic)

The ‘Edit Pins’ button will allow you
to reassign pins, pin functions, and pin
numbers.This should only be used if
you are absolutely positive you know
what you are doing!!

operties

Iv Library Mame

Properties
D esignatar IJ? ¥ visible [~ Locked
Comment I'I 14701561 j ¥ Visible

|| o | | Pat1A T Locked
D ezcription Iht Angle, Thru-Hole, B Tvpe, Receptacle, 4 Position, White
rique 14 ITLWEKHLH Rezet |
Type |Stan|:|ar|:| |

- Library Link,

Drezign [tem D I'I 14701 56-1 Chooze |

|.-’-‘-.MF' Serial Bus USE. IntLib

™ Tahle Mame I
"»-"alidatel
r Sub-Deszign Links
Sub-Project |N|:|ne
Configuration |N|:une
- Graphical —
Location |4?E| Y |4?EI
Orientation [180 Degrees +| I Locked
tode |N|:urmal j ¥ Lock Fine [ Mirmored
[T Show &l Pine On Sheet [Even if Hidden)
™ Laocal Colars

Edit Pinz... |




Component Properties

In the top right corner of
component properties of a
standard component will contain
information such as publishing
date, termination length, URL,
drill sizes, etc.

NOTE: You can add your own
custom fields (such as ordering
information, ordering part
numbers, etc.)

NOTE:You can also add a
custom PCB rule to the
component while you are still in
schematic capture mode

The bottom right corner
contains model information for
the component, such as
footprint model information and
signal integrity models.

Parameters for J7 - 1-1470156-1 <

Visible [ Mame 4| Walue [ Type

| ComponentLink2URL http: //ecommas pcoelectronicz. comdc STRING

] Contactkd aterial Phozphor Bronze STRIMG

] ContactPlating Gold over Mickel STRIMG

] DatazheetD ocument 02-Jun-2001 STRIMNG

] DrillSize Correzponds bo nominal value. STRIMG

] Haouzinghd aterial Glaze-Filled Thermoplastic STRIMG

] Fackagel ocument 02-Jun-2001 STRING

] PackageR eference 1-1470156 STRIMG

| FanelGround Without STRIMNG

] PCE_Layout Complies with manufacturer's recomme STRIMG

(I .z ed 15 Jul-2004 STRING

] Publizher Altium Limited STRIMNG

] TeminationLength 3.00mm [0.1718in.] STRIMG |

add. | FRemove. | Edt. | AddasBue.

Models for J7? - 1-1470156-1
I arme | Type e | D ezcription
LSBT Signal Integrity
1-1470156 ﬂ Footpriat Connectar; USB1.1, Type B, Thru-Haole; 4 Pozition; Right
add. |+| Remove. Edi...




Component Properties

e Mirror the
USB-B
connector
and orient

the parts so

they match
the diagram
to the right.

L s ba k| = = o] [] (o]
— [mm] e} o b | D] SO 0] T a5 ] L

1-1470158-1

m
12
Lar-| PEO(ICE) PCO (ADCH)
7| FBI(OC14) PCI (ADC1Y
T#w| PE2 (SSIOCLE) PC2 (AT
v PE3 (MOSIOC2) PC3 (ADCE)
41| PB4 (MISO) PC4 (ADCHSDA)
~s= FES (5CK) PCS (ADCSECL)
—%r-| PB& (XTALLTOSCL) ADCE
25 PET(XTALZTOSCH) ADCT
%’i:'p PD0 (RXD) PCE (RESET)
Z=1| PDIL (TXD)
Zx PD2 (INTO) Voo
—5r-| PD3 (INT1) Voo
—Z1 PD4 (XCEITO) AVCE
F EDS(T1) AFEF
%1:1: PDI6 (AINO)
Liel PD7 (a1 GND
GHD
GHD
A Tmdgan- THAL
T
vEms L1
5
D- =iz
C - D+ .::]4_
| owp L%



Programming Header

e Add a part from the Miscellaneous Connectors library called ‘Header
5x2’

e Make sure to use caution when selecting parts. If you accidentally add
‘Header 5x2a’ they make look the same, but look at the numbering
system of the pins. Always make sure the numbering method is the same
as you expect it to be.

Libraries IMisceIIanaous Cannectors.IntLib || Find...
Mask I j P o
Component Mame /| Library D~ P")
-1 F Header 4H Miscellaneous Connectors.Intl H l -~ .
-1 F Header 442 Miscellaneous Connectors.Intl H = ~
-1 F Header 424, Mizcellaneous Cornect tors.Intl H 3 _I. — ]_ 6 [
-1 E Header 4x2H Mizcellaneous Connectars.Intl H ~ =
-1 EHeader 5 Mizcellaneous Connectors. Intl HJ :) 6 - = / e
-1 F Header GH Mizcellaneous Connectars.Intl H | 2 8
1 F Header 542 Miscellaneous Connectors. Intl H o} 8 -~ -
-1 F Header 5424, Miscellaneous Connectors.Intl H - | _l 9
-1 F Header S42H Miscellaneous Connectors.Intl H (_) l O -
-1 F Header & Miscellaneous Connect tars Intl H — 5 ]_ (_) —
-1 F Header BH Mizcellaneous Connectars.Intl H
-1 F Header BX2 Mizcellaneous Connectars.Intl H e
-1 F Header BX24, Mizcellaneous Connectors.Intl H He‘a de]_' :))\: ;’%
1 F Header B42H Miscellaneous Connectors. Intl H
1 FHeader 7 Mizcellaneous Connectors.Intl H
-1 F Header TH Miscellaneous Connectors.Intl H
-1 F Header 72 Miscellaneous Connec tors.Intl H
-1 F Header 724, izcellaneous Connectors Intl H
-1 E Header 7x2H Mizcellaneous Connectars.Intl H

-1 f Header & Miscellaneous Connectols.\nll__HILI
»

< |

182 components

todel Wame | Sourcs | Type 2 |
: ﬁHDH%E tizzellansous Conre Footprint
_ja Connector Signal Integrity




FTDI Chip- FT232 (TSSOP28)

e A quick search for
the FT232 chip we
will be using gives |
the following result . o= ==

! Iazk I j -
! il m
' | Companert Mame # | Library | Desq ) oo _ TIREL
23 FTDI Communication UART Il USB —eem EEER I Py
! FTDI Communication UART In USE T p— > o B
;j FT232B00 FTDI Communication UART Inl USE 7 . 18 Jeg
o Although there are g i m b
_{< EIIOTY oD "ﬁ
—={ FEEIZ 1 =—
three matches for 2, 2 = |
| 24 wrom e [ L
he FT232, W T |y
the , YVE are B PP ]
el 1 2%% arrps gl
actually looking for

the FT232RL as we
will see on the next
slide

‘]

| | »

3 components

Model M arne | Source | Tupe 4
 LOFP-32_L  FTDI Communicatior Fookprink k
3 LOFP-32_ M FTDI Communicatior Faatprint
ﬁ LOFP-32_M  FTDI Communicatior Footprint

]
E
i
L4
L4
1
5
]
]
]
¥

.




FTDI Chip- FT232 (TSSOP28)

Like all aspects of
PCB layout, you
must pay attention
to every detail on
everything.

The datasheet
states that the
FT232RL is a 28-pin
SSOP package.

Since this footprint
is not available, we
must create the
part in a custom
library

0.30 +-0.012

—

dndndddd |

0.65 +/-0.026

i

7.80 +/-0.40

5.30 +-0.30

itk

[y
A

-

Tzez1d

V-XXAA

IdL-

1000ooooooonod

1.02 Typ.

28

15

0E°0-H 0T 01

Figure 6 - SSOP-28 Package Dimensions

\ ot
q | | | ! °% 2
0.05 Mi L_ cj
[
12° Typ 1.25 +-0.12
T —
u.cﬂ_sJ T }f 0.25

oo
0.75 +10.20

The FT232RL is supplied in a RoHS compliant 28 pin SSOP package. The package is lead ( Pb ) free and uses a
‘green’ compound. The package is fully compliant with European Union directive 2002/95/EC.



FTDI Chip- FT232 (TSSOP28)

* Follow the menu
sequence shown to
the right to create a

=, Altium Designer 6.9 - H:EE495 Altium*EE495 Project’,Main.SchDoc * - PROJECT-EE495.PrjPCB. Licensed t

E l D#P | Eile | Edit Wiew Project  Place  Design Tools Reports  Window  Help E B vt = v = v
new PCB |Ibl"al")’. = | = b | 2 schematic ‘_r‘ # ‘ it 2| E
= g, =
M ~ Dpen... ChrH+O _d OpenBus System Docurnent
e This library will o] ™ 5 pce
Wiorksp ]
Close Chrl+F4 WHOL Docurent
house ALL of your e _
U Open Project... Yerilog Docurment
com PO n ents &+ File ¥/ Open Design Warkspace. .. 5l € Source Document: -
= Rl C Header Document :
=aal =l Save Chrl+5 & 12
= _ﬂ A5 Source Document _?; FEO
Save fs,.. 1 LEl
11
=] Sawe Copy AS... _] Text Docurnent _lg;“;: PE2
o FEZ
Bl Save 4 A% CAM Document %éu{ 2l
I Cubput Job File —5| PES
Save Project As... . _élp PE&
|- Database Link Filz -
Save Design Workspace As... PE?
Praject 3 30
Page Setup... ! -l PDC
=l ) ] Library k —fg Schermatic Library
. Prink Preview, ..
Script Files b [ pcB Library
=1 Print... Chrl+P
Mixed-Signal Simulation 4 ﬁ WHDL Library
Default Prints. .. .
Other v (B8 PCB3D Library
®  Smart POF... . )
| Design Workspace [+ Database Library
Impott Wizard | WM Database Library
Recent Documents 4 lm




FTDI Chip- FT232 (TSSOP28)

e The new library is

. 2] PROJECT-EE495_PrjPCB =
automatlca”)’ added to =1L Source Documents

L Main.5chDoc *
=l Libranes
(=l Compiled Libraries
& Atmel Microcontroller 8-Bit AR

the project.

. . . = Mizcell C tors. IRkl
» Right click and click Mo ol
¢ ’ ..j- M5C Operational &mplifier.[ntLil
save asS and rename ™ ON Semi Dperational Amplfir
. emi Dperational &mplifier.
the I|brar)’ to a more =11 PCE Library Docurents

. . E‘ Chip Capacitor - 2 Contacts. P
appropriate name: 2 Chip Diode - 2 Contacts PebLit
EE495 and save it in the 2 Chip Inductor - 2 Contacts.Pch
. . E‘ Chip Resiztar - 2 Contacts. Pohl

dIFECtOF)’ with the rest 2 Crystal Dscillator PebLib
f I b . E‘ Mizcelaneous Connector PCB.
o )’OU r libraries E‘ Mizcelaneous Devices PCE.P.

E Mizcelaneous Devices. PochblLib
E‘ Mizcelaneousz. PocblLib

4 Fcblibl1.PcbLib




FTDI Chip- FT232 (TSSOP28)

e Notice the small tabs in
the bottom left corner.

Wiorkzpacel Darwrlk * | Warkspace

PROJECT-EE435. FriPCE Project

% File Wiew © Structure Editar El ,__?|"|

2 PROJECT-EE 495 PriPCB =

* Double click the new B g urce Documents
=l Libraries

PC B I i b ra I’)’ )’O U = [ Compiled Libraries

..3} Atrnel Microcontroller 3-Bit &4A

C reated to Open it’ a_n d ..3} Mizcelaneous Connectors. IntL

..3} Mizcelansous Devices. IntLib

H H ..3} MSC Operational Amplifier ntLil
C I I C k O n th e O n e tltl ed ..3} OM Semi Dperational Amplifier.|
=l PCE Library Documents

¢ . )
PC B Ll b ra ry to WO rk & Chip Capacitor - 2 Contacts Pc
E Chip Diode - 2 Contacts. PobLik
1 1 1 2 Chip Inductar - 2 Contacts Pch
N S I d e th a't I I b ra‘ rY' 2 Chip Resistar - 2 Contacts. Pchl

&2 Crpstal Dscillator PebLib

E Mizcellaneous Connectar PCE.
E Mizcellaneous Devices PCB.Pr
E Mizcellaneous Devices. PoblLib
E Mizcellaneous. Pochlib

4 EE4935 Pchlib

¢ » /i Mavigator 4 PCELibrary 4 PCE |
Ho-13928mil v 477 0mil - Grid:Bmil  [Electrical Grid)




FTDI Chip- FT232 (TSSOP28)

*= Altium Designer 6.9 - H:4EE495 Altium®', EE495 Project’ Altium Libraries' EE495.PchLib - P

o Wlth the PCB Librar)’ B oxp Bl Edt View  Project
tab selected,we cansee -1 . d| |®

. PCE Librar v "
that there is only one

. . Mazk I“ j
Component InSIde our o« Apply | e Elearl & Magnif_-,ll

||b I’al’y Cal Ied INDrmaI TI v Select v Zoom [V Clear Existing

Flace Tools Repaorts  Window  Help

PC BCO M PO N E NT_ | Companents

Marme 4 | Pads | Prirvitivves
FCECOMPOMENT_1 |D

Component Priritives

Tupe |Mame ¢ |®Size  |¥-Size |Laper

Projecks 4 Mavigabor o 2ol iq &4 PCE M Top Layer f! M Ecttom Laye
#e-1.3928mil v A7 0mil - Grid:5mil - [Electrical Grid] | Syste




FTDI Chip- FT232 (TSSOP28)

* From inside your PCB library, click TOOLS > IPC Footprint Wizard
to open the IPC Footprint Wizard.

* This will help you easily create the footprint for the device

e You will see why it is so important and helpful to have standards
when it comes to documentation, naming conventions, etc...

*=, Altium Designer 6.9 - H:\EE495 Altium*,EE495 Project’ Altium Libraries' EE495.PcblLib - PRO

l DwP File Edit  Yew Project  Place | Tools | Reports  Window  Help

E 3= | | B3 | # Gl Q) & Mew Blank, Componenkt
IPC Footprint Wizard. .,
b azk I“ IPC Footprinks Batch generatar., ..
PR [T (e | Companent Wizard. .

| o E‘," /f
e / y - .
9 > W% IPC Footprint Wizard
4 .: 4 A
» ST
R P w %
o i‘&‘% T, This wizard will help you to draw footprints that follow the [FC footprint standard.
B < »



FTDI Chip- FT232 (TSSOP28)

* The first step is selecting what type of part it is. They don’t
specifically have SSOP, but SSOP is just a modified version of the
SOP so select that

e There is a diagram of what the chip looks like to the right

e NOTE: check the note on the bottom of the wizard:All wizard
measurements must be entered as metric (mm) units

Component Types

Mame | Description | Included Packages | Th? sglected component is SOP.
EGA Bl Grid Arrap BGA. CGh ;25 ;;ILE!ZL:;IDU to generate SOP, SOP Expozed
BOFP Bumpered Cuad Flat Pack BOFP
CFFP Ceramic Dual Flat Pack - Trimmed and farmed Gulbwing Leads CFFP
CHIF Chip Componentz, 2-Pinz Capacitor, |nductor, Resistar
COLFP Ceramic Huad Flat Pack - Trimmed and formed Gullwing Leads CLFF
DPAK, Tranziztor Outline DPAK,
LCC Leadless Chip Carrier LCC
MELF MELF Components, 2-Finz Diode, Resziztor
MOLDED Muolded Compaonents, 2-Fins Capacitor, [nductor, Diode
FLCC Flaztic Leaded Chip Carier, Square - J Leads FLCC
PLFF Plastic: Quad Flat Pack PLFF. POFF Expozed Pad
GIFM [luad Flat Pack Mo-Lead CIFM, LLP
QFMH-ZR0W [uad Flat Pack Mo-Lead, 2 Rows, Square Double Row GFM
sS0IC Smal Outline |ntegrated Package, 1.27mm Fitch - Gullwing Leads S0IC, 50IC Expozed Pad
504 Small Dutline Package - J Leads S0
Small Outline Package - Gullwing Leads S0P, SOP Expozed Pad
S0T143/343 Small Outline Transistor SOT143, 507343
SOT223 Small Outline Transistor SOT223

MOTE: All wizard meazurement dimenzions are required to be entered az metric [mim] units.



FTDI Chip- FT232 (TSSOP28)

* At first this might seem a bit daunting and intimidating, but when you
pull up the datasheet to find the values, you will see that the graphics
and naming convention matches what we must entered

Owerall Dimenzions Preview
width Flange [H] Minirmum | 3.97mm
Masirmum | 10.63mm Top View
b airurn Height (&) 2.B8mm _:_ - |
Finimumn gtandoff height (471] 0. 1mm * D
b airriarn body Yfidth (E) F.8mm _Et |
t awirmunn bady length (O] 10.5mm End View }qu—p{

Pin Infarmation

Murnber of pins E

e I A B I

=
B
Tf
v
+
~

Lead width Range (Bl Minimum 0.3 mm

M azimurn [0.57mm

Lead Length Range (L) Minimum | 4rom

Mazimum [1.27mmm

RRRERI R

Pitch [e] 1.27mm



FTDI Chip- FT232 (TSSOP28)

e The first entry is for width range.The datasheet gives a width range
of 7.80 +/- 0.40mm (Min width = 7.4mm, Max = 8.2mm)
Masimum Height (4] [268mm
Mirimum standaff height [41] [0mm

.
‘=]
b arirum bady width (E] I?.Emm g E

b awirmurn body length [0 I'I (0.5rmrm End View }*’E

Pir [ nfarmatian N _I'|:|'L
+
Mumber of ping I'IE al "1 - L
H

Leadidth Range (B]  Minimum IEI.31 T
B2 USB.pdf (SECURED) - Adobe Reader

bl At ari IEI.E'Imm
fit  Miew Document Tools Window  Help

I @v @ iz & ® Jww - <] i [Find .

Width Range [H] kinirnLim IE.'EI?mm
Top View
b &irnim I'I (0.63mm P

T oger

-

[

>~

* T80 +-0.406

p————— 530030 ———

|

1\ 2 VL



FTDI Chip- FT232 (TSSOP28)

e The max height of the chip (A) is

2.00mm |
End View }*E*{
.
* Enter this in for maximum height T%ﬂ:tjﬂ
: : N
* Question:Why would the height
of the chip matter ? ]
U E]
n.nsle J T E
e oy —
— b




FTDI Chip- FT232 (TSSOP28)

 Fill out the rest of the values, you should get the numbers below

e NOTE: Watch as you enter values, the graphic on the right will
dynamically change

SOP Package Dimensions

Enter the required package values.

Qverall Dimensions Preview
Wwidth Range [H] Minimum | 7. 4mm
Top Vi
b airnm | 2. 2mm op View
j‘_ [ )
b awirnarn Height [4] 2.00rmm a
'
binirmum standaff height (4] 0.05mm D
L
b axirum body Width [E) 5.Bmm _E_
b axirmurn body length (D] 10.5mm End View }quA.{
.

Pir Infarmation

Murnber of pinz 28

B
B
I
L2
+
-

Lead "idth Range (B]  Minimum 0. 258mm

P airnum  |0.31 2mm

Lead Length Ranage L] Kinimurm | 0.55mm

b asirnarn | 0. 35mmm

LA REL W R

Fitch [g] 0.65mm



FTDI Chip- FT232 (TSSOP28)

* Accept the automatically entered values for the next few slides until
you get to the slide below

e Uncheck the ‘use suggested values’ and change the name to FT232RL
o Click ‘Finish’ and the part will be added to your library

SOP Footprint Description

The footprint walues can nowe be inferred fram the package dimensions.
You can review and modify them here.

v Uze suggested values

Marne SOPESF fEl-200-28M

Descrption SOP, 28-Leads, Body 10.5%5.Emm [rax], Pitch 0.65mmm, IPC Medium Density



FTDI Chip- FT232 (TSSOP28)

>+, Altium Designer 6.9 - H:\EE495 Altium',EE495 Project\Altium Libraries\EE495.PcbLib * - PROJECT-EE495.PrjPCB. Licensed to University of Nevada Las ¥egas

. .
. Yo u r I I b ra ry WI I I "B ozp Ele Edit Wew Project Place  Iools  Reports  Window  Help = H:AEE495 AlumiEE49S Projectialtium ~

05 e |®|a Q@ |+ =t | 5 - | abiom Standare 20 /@ Am|OONODEE

automatically open =
. o Apply | ! Clear pMagmwl
with your new part = Freermrae.

| Components
included.

Narne /| Pads | Primitives

Notice how there
are two yellow
dots , those are ‘pin
| indicators’ so T E—

Fad 1 0.45mm  21mm  TopLayer

. Pad 2 0.45mm  21mm  TopLayer
th e boa r'd IS Pad 3 0.45mm 21mm  TopLayer
Pad 4 0.45mm  21mm  TopLayer
Pad & 0.45mm  21mm  TopLayer
Pad E 0.45mm  21mm  TopLayer
assembled ro erl Pad 7 045mm 21mm  TopLayer
Pad & 0.45mm  21mm  TopLayer
Pad 2 0.45mm  21mm  TopLayer
Pad 10 0.46mm  2Tmm  TopLayer
Pad M 0.48mm 2 mm  TopLayer __|
o u Ca n n OW e Pad 12 0.45mm  21mm  TopLaver
Pad 13 0.45mm  21mm  TopLayer
Pad 14 0.45mm  21mm  TopLayer

confident that the =B U am e
FT232RL chip will
fit on this footprint




FTDI Chip- FT232 (TSSOP28)

= Altium Designer 6.9 - H:\EE495 Altium*EE495 P

B s Fle Edt  View Project Place  Tooks

* Click the ‘Projects’ tab on the

) 15 | |® |2 Q @ Ei
bottom left to return back to o =
the project file hierarchy R e

Im v Select ¥ Zoom W Clear Existing

Compornents

Mame 4 | Pad: | Prirritivves

* Since a PCB footprint is useless
as far as a schematic is

concerned, we must create a T —
schematic drawing and link the a2 Gsm 2w Tl |

FPad 0.45mm  21mm Toplayer

2

[ L . 3

drawing with the footprint we L oim Tme
=

created

Pad 045mm  21mm Toplaver -

-

4 » % Projects 4 Mavigator 3 £ PCE

#-38Tmm 548 T mm Grid:012%mm  [Electrical Grid]




FTDI Chip-

Keep in mind that
we cannot keep the
schematic drawing
of the FT232 and
change only the
footprint because
sometimes pins are
added, removed, or
are different.

Shown to the right
is the pinout of the
device obtained

from the datasheet

FT232 (TSSOP28)

4. Device Pin Out and Signal Descriptions

Page /

4.1 28-LD SSOP Package

™D [T
DTR#[_JT_|
RTs# [T

veelo [T
RXD [T |
Ri#[_JT_|
GND [T |
Ne [T
DSR#[_T |
DeD#[_IT_|
cTs#[_J]_|
cBus4 [T |
ceusz [T |
cBUS3 [_IT_|

-

TdzezLd ©

V-XXAA
IdLld=

-
~

28

15

[ I__Josco
[ I[_Josci
[ 1] TEST
[ IT__]AGND
1T InNc

T csuso

[T 1cBust
[ TT__]GND
[ IT__]vcc
[ 11| RESET#
[ IT__]GND
[ TT__]3v3ouT
[ IT__]usBDM
[ 1I__]uUsBDP

Figure 2 - 28 Pin SSOP Package Pin Out



Creating a Schematic Part

Create a Schematic
library like we

created a PCB
footprint library

Rename the library
to EE495, and save
in the same
directory as the
rest of your
libraries.

Double click the
schematic library to
open the library,
and then view the
library by clicking
the ‘SCH Library’
tab in the bottom
left of the screen

= Altium Designer 6.9 - H:\EE495 Altium*EE495 Project’,Main.SchDoc * - PROJECT-EE495.PrjPCE. Licensed

l DxP | Eile | Edit  Wiew Project  Place Design  Tools Reporks  Window  Help E b, - = T = T
: 3 | Plew b | 2 Schematic ._f| 7 |J'} F | il
; Open... ChrlH+D _d  OpenBus System Dacurment
Projects IR PETEE = |: EE485 PohLib *
Import v |EE PCE
Wiorkzp
Close Chrl+F4 ] wHDL Document
FROJE )
: Verilag D L
. " Open Project... ] verilog Documen
¥ File 4 Open Design Warkspace. . 4] CSource Document -
LIl C Header Document —
Eaalf = Save Chrl+3 =l 12
== j £3M Source Document _?; FE
Save As. .. : 1 IE
1
oo Save Copy As... =] Text Document <z FE
& FE
B Save Al a5 CAM Document igl[ =
[= Cukput Job File —5 FE
Save Project As... ) _é-_}[; FE
[ Database Link File e
Save Design Workspace As... FEB
Project 3 30
Page Setup. .. ===t FD
=] Library 3 ﬁ Schematic Library
U, Print Preview, .. =
) Script Files ¥ | % PCELibrary
—4 Print... Chr+P X
Mixed-Signal Simulation ¥ | U WHDL Library
Default Prinks. ..
Other v |58 PCE3D Library
T Smarkt FOF... - .
|l Design Workspace [ Database Library
Import Wizard |_| | | SyN Database Library
1 T




Creating a Schematic Part

* The large portion of the screen is for creating your schematic drawing, the
top left part contains all the parts in the library, the towards the bottom left
is the pins and associated function/name

=« Altium Designer 6.9 - H:\EE495 Altium',EE495 Project’ Altium LibrariesEE495.5chLib - PROJECT-EE495.PrjPCE. Licensed to University of Nevada Las ¥egas

l DxP File Edit Wiew Project Flace Tools Reports  Window  Help EH:'!,EE495 Altiur\EE495 Projectialtium =
BE=1=1 |®|@q| EEEEY mods v | & = | 1A M
5" ey > |@ Home“ [ Main SchDac *| | = EE495.Schle| | 2 EE495 PobiLib
-] @
Components / |Desc:ripti0n
i
Pace | add | Delere | Eqt |
Aliazes ; |A
pid | Delete | Ed
Fins | Marne | Type -~
1 |
Y Folitar J b ack | ol




Creating a Schematic Part

Double click the component and enter the values as shown below

Library Component Properties ilil
r P ti
Brnfperltles Parameters for Component_1
efau .
Designator II-I?l b visible [ Locked Yisible | Narme 4| Walue [ Type
Cormrment IFT232HL j v “isible
el ol | Pat1an T Locked
Descrption IFT232F|L USE <> UaRT
Type IStandard j
r Library Link
Symbol Referance |FT232F|L|
- Graphical add. | Fenowe. | Bt | AddasBue.
Mode INu:urmaI YI ¥ Lack Pinz
tMadels for Component_T
™ Show Al Pins On Shest [Even if Hidden| Mame | Type T | Description
[ Local Colors
add. |- | Remove. Edit..
Edit Pinz... | ok I Cahcel




Creating a Schematic Part

e Your component should have a descriptive component name and
description such as the one below

= Altium Designer 6.9 - H:EE495 Altium*EE495 Project' Altium Libraries' EE495.5chLib * - PROJECT-EE495.PrjPCB. Licensed to Lniversity of Neva

El CxP File  Edit  Wiew Project  Place  Tools  Reports  Window  Help

P05 | ®|QQ| REEE SMode - |+ = | g - - &
5” — J — |*HDme||EMaln.Scthc* 2 EE495 Schlib * 3EE495.Pchle|
7] @

Components £ |Desu:riptiu:un
B FT232RL  FT232RL USB <> UART

e Click the ruler tab to see the dropdown list

| &
:
B
&

E O QB x>

as shown in the right. This is the main icon we’ll

e

-~

Be using in creating the schematic drawing

o O e




Creating a Schematic Part = .

ﬂ_ !
* Place a rectangle and draw it so it looks like below = X
o [) F o JI'IL—I
(Size doesn’t matter) ; N
Qjo
Z Place Rectangle
14




Creating a Schematic Part

e Click the ‘place pin’ and place 28 pins around the rectangle
like below

e Click and drag the rectangle to the proper size

-

1 28
1 2R ———t—"

2 27

3 2 i 26
3 24

4 0 25
4 25

5 24
5 24

fi ¢ 23 23

7 22
—F—f—n 22

g 21
] 21

g 9 20 21

10 19
10 19

11 15
11 15

12 17
12 17

13 16

14 k3 s 15
14 15

X
=
O
]
il

—_

[0

I

Uk

(=23

-1

]

p¥m]

—_
[}

—_
—_

—_
8]

—_
[ ]

—_
I

[acta B Y . SR R O I

o = = = = 5
[ R =]

28
27
26
25
24
23
22
21
20
19
15
17
ld
15

28
27
21
25
24
23
22

21
19
15
17
16
15

j
L]
-
Tl

Place Pin



Creating a Schematic Part

Dizplay Mame ITXD v Wisible

Double click Pin | and change
display name to TXD, Dwg_m —
Electical Type  [Olutput ] 1 ]
Change electrical type to Deciion | 1D
OUTPUT Hide C CommectTo [
PatMurber [T =3
- Symbols | ¢ Graphical
|
oL I 1@ 28| L osee — 14 D 08CO uf‘f—
i — E— — 2% pDIR# 0SCT [re—
RTs# [T ] T TEsT ——3:: RTSL TEST {j;{j—_
veeo I | " e 1 veclo AGND ——
RxD [T q III I Jnc _;[:p RXD NC ;3—
Ri# [T j [ 1T__]cBUSOD —:E} A CBUSO .:—_].[%}_
s ]| IND ~I'I 1T _Jcsust =— GND CBUSL <i57—
eI | €AY PR [T oo 5 NC GND —55—
psr# [T N x ﬂ [ 1T_Jvce TE?—' DSE= \_{:1{;'_ IT
peo# 1] 1 D [T 1RESET# T DCD= FESET= *=CC]L_—
cTs# [T m > — T ] GND TE?-' CTS= GND 7
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cBuss [T | |14 15| [T useop —¥= CBUS3 USBDP —
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Creating a Schematic Part

Table 1 - SSOP Package Pin Out Descrip

Sometimes the datasheet
will explicitly give the
function of the pin, this is an
added bonus and not usually
given

You must usually define the
pin type from reading the
description of what the pin
does

Defining pin types is not a
necessity, and things may
work fine without defining
them properly, but you
should usually add the pin
function to allow the DRC
to catch your errors.

Pin No. Name

Type

USB Interface Group

Description

USEDP

l{e]

LUSB Data Sign:

USBDM

e

Power and Ground Group

USB Data Sign:

VCCIO

PWR

+1.8V to +5.25\
powered design
level. This pin c
should be notec
means that in b

GND

PWR

Device ground ¢

V30UT

Output

3.3V output fron
The prime purpt
1.5k0 pull up re
This pin can als

VCC

PWR

3.3V 10525V s

AGND

PWR

Device analog ¢

Miscellaneous Signal Group

8,24 MNC NC Mo internal conr

19 RESET# Input Can be used by
to VCCIO.

26 TEST Input Puts the device

27 0OSClI Input Input to 12MHz

28 0SsCO Qutput | Output from 121

toris used. *



Creating a Schematic Part

e There are usually typical applications schematics which will help
you properly use the device.

* You should always read each and every pin description to see if
you need to add functionality, but it is always a good starting point
to use the typical application sheet

7.1 Bus Powered Configuration

Ferrite Vee TXD
1 Bead
® vce
RXD }——
2 USBDM
RTS# |—
3 USBDP
cTs# |—
4
10nF]| VCCIO FT232R DTR#
5 —1 NC
—| RESET DSR#
SHIELD
___ 1 NC pcps —
| osc
GND _ | osco RET—

CBUSO /—

Vee
CBUST ——
100nF 4.7uF | + 3‘\.!'3OLLT cBus2z b—

L]
_— ceusa |
100nF
CBUSY ——
SND VGND

GND

ozZzh
o=o
ozZzh
[=R-- ]
—wmm-

Figure 11 - Bus Powered Configuration



Creating a Schematic Part

e Usually these typical application notes have corresponding notes
associated with it that you should consider.

* The following rules for this device are a combination of rules for
the USB standard, and for the FT232

e These notes should be regarded as bible, written by people who
understand and have tested their product to death.

Figure 11 illustrates the FT232RK in a typical USB bus powered design configuration. A USEB Bus Powered device gets
its power from the USB bus. Basic rules for USE Bus power devices are as follows —

i)  On plug-in to USE, the device must draw no more than 100mA.
i)  On USE Suspend the device must draw no more than 5Dbpﬁa_

) A Bus Powered High Power USB Device (one that draws more than 100mA) should use one of the CBUS pins
configured as PWREN# and use it to keep the current below 100mA on plug-in and 500pA on USB suspend.

iv) A device that consumes more than 100mA can not be plugged into a USE Bus Powered Hub.
v) No device can draw more that 500mA from the USE Bus.

The power descriptor in the internal EEFPROM should be programmed to match the current draw of the device.

A Ferrite Bead is connected in series with USE power to prevent noise from the device and associated circuitry (EMI)
being radiated down the USB cable to the Host. The value of the Ferrite Eead depends on the total current required by
the circuit — a suitable range of Ferrite Beads is available from Steward (www.steward.com) for example Steward Part
# MIDE05K400R-00.



Creating a Schematic Part

* Now that we have verified that the pins all match the ones in the
datasheet (with the correct pin numbers!) we can move pins
around and make it look more like the application schematic given

e This usually allows for a cleaner looking schematic drawing and
much easier to reference the datasheet.

ey 28

_é::: TXD ) {_}_S{_if_} [}'l__ vee
_3::: DTR? 055C1 {]?{1_ USBDM b B
__—Ii: ETh= TEST *-CC];{—— .

: VCCIO AGND ;T
—{'5[:::- R}:I] NC ;3— 1n.;::c:c:h: FT232R T
——1x RIz CBUSO ﬂi%— —

i~ GND CBUSI (< — — s -

5 NC . GND 0 N
—ov] DsR¢ Ve o— i o
T IHI‘I}_; RESET= =::]18—
TE?-' CTh= GIND 1 oo CBUS1 |
—15';::]'-[::: CBUS4  3V30UT [:::1{1_ al AL ECBUH I
—lj:]'l} CBUS2 USBEDM He— - NN NN $-::Buss I
— CBUS3 USBDP =p=—— I cBusa |—

GND

GND

™D b—

RTS# |——

CTs# b———

DSR# |——

Rl# ——



Now that we have verified
that the pins all match the
ones in the datasheet (with
the correct pin numbers!) we
can move pins around and
make it look more like the
application schematic given

This usually allows for a
cleaner looking schematic
drawing and much easier to
reference the datasheet.

NOTE:You can also hide pins
from the schematic
document. Double click on
the pin and check ‘hide’

Creating a Schematic Part

?3 VCCIO TXD E:_f
= Vo EXD k+——
16 e L3
—f%:]'[}' USBDM RTS# [?T
—= USBDF CTSs =p——
24 } L2
= NC DTE= t:g——
1:} NC DSR# {]_-1{}
——= RESET= DCDE  =——
—=1ef 0SCI RE (oo
—— 0OS8C0
_ 17 3V3OUT CBUS0 -::u%f—
CBUS1 -::}[:ﬁ—
o _ ¢, CBUS2 a—
- v (CBUS3 {]{:f?_
588 H cBUSY it —
wi |- | = o |
~] =1 | = |~

=



Creating a Schematic Part

Now we need
to associate the
PCB Footprint
we created
with the
schematic
drawing

Click the ‘add
footprint at the
bottom of the
page

Click ‘browse’
in the ‘footprint
model’ section

4
| Editor
Model 4 | Type | Location
Add Foatprint = I Remove Edit...

17 I 23
! BT TR ATTII FATRT Tl i~

PCB Model

2

- Footprint Model

M ame |Model Mame Browse... | Bin tap... |
Dezcription IFootprint ot found

- PCE Library
% Any

" Library name |

" Library path I

¢ Use footprint from compaorent library

Lhoosge,.. |

r Selected Footprint

Maodel Marme not found in project libraries or installed libraries

Found in:

Ok Cancel




Creating a Schematic Part

o Select your EE495 Library from the dropdown list

e There is only one part inside your custom EE495 library, so the
choice is easy. Select your part and click ‘OK’

Libraries |EIERE 'I Find... | Libraries IEE495-PCbLib
Chip Inductar - 2 Contacts PcblLib -
Mask | Chip Resistor - 2 Contacts.PebLib - bazk I j
B Crystal Dzcillatar PebLib =
Mame |Miscelaneous Connector PCB. Peblib Mame /| Libwary | Description
Migcell Devices PCE Pcblib
BB L oo Doioss PobLi ~FT232RL EE4%5Pchlb  SOP, 28Lead
-~ CC13 Miscellaneous. PebLib

- CC16 hd
- CC2012-0808 Chip Capacitor - 2 Co Chip Capac

- CC2013-0805 Chip Capacitor - 2 Ct Chip Capac

- CC2513-1008 Chip Capacitor - 2 Ct Chip Capac—
- CC3216-12068 Chip Capacitor - 2 Ct Chip Capac

- CC32251210 Chip Capacitor - 2 Cie Chip Capac

- CC3813-1508 Chip Capacitor - 2 Co Chip Capac

- CC3825-1510 Chip Capacitor - 2 Ct Chip Capac

- CC4513-1805 Chip Capacitor - 2 Ct Chip Capac

- CC4521-1808 Chip Capacitor - 2 Ct Chip Eapi:IL|
4 | 3

24 itemns




Creating a Schematic Part

74 VCCIO
 In your schematic library, you 2 vee
. 16 | epDn
should now see the footprint T i
you created along with the 2 e
NC

schematic drawing you made

19
37
—= OSCI

— 0OSCO

* Finally the part is complete!!

—— = 3V30UT

RXD

RTS#
CTS#

DTR#
DSR#
DCD#

CBUSO
CBUS1
CBUS2
CBUS3
CBUS4

e NOTE:This gets much faster
as you do it more, but you can

see the value of the large list
of integrated libraries included
with Altium

0.65mm, IPC Medium ...




Creating a Schematic Part

e One last check is to look at
the left side of the screen.The

: , . add | Delee | Edt |
first three columns in this case — A
I e YpE -
all refer to data you entered ~1 T Dupkt
. . — 2 DTRH Dlutput 2
when creating the schematic ~3 RIS Oupwt 3
d — 4 WCCIO Poweer 4 lI
Ocument =45 R0 [nput 5 ' Editor ¢
— & Rl# [nput E
* The last column (FT232RL) is ST T erE
the name that you gave the T Dbk w10
H — 11 CTE# [nput i
PCB FOOtPrInt — 12 CBUS4 a 12
. — 13 CBUS2 a 13
e Check and compare that pin | ~{14 CBUS3 10 14 -l
on the schematic is linked to pdd || Dekle 2
pin | on the PCB footprint ot Alpe Lesils: |
#ﬂ FT... Footprint SOP, 28-Leads. Body 10.5:5.6...
e Repeat for the rest. If

something doesn’t match,
something went wrong!!




Save the Project

* Now is a good time to save
the project and all the
changes you made.

* Follow the menu sequence
to the right to save the
project

“= Altium Designer 6.9 - HEE495 Altium*EE495 Pro

i
1

2=
e

(1]
G

Edt Yiew Project Place  Design
Mew b L
Qpen. .. Cti+0 A
Irnpiort b

Space
Close Ckrl+F4

|ect
Qpen Projeck. ..
Cpen Design Workspace. ., L_B|"'

Save Ckrl+5
Save As.,.,

Save Copy As,.,

Save Gl

Save Project As, .,




Insert The FTDI Chip

» Select your EE495 library, and place the only component in your
library (so far).You should see the schematic drawing and also the
PCB footprint. If not something is wrong

Browse Libraries

Livaiies EE-i'El__ T ——

Mask I j + T 1

Component Mame | Library | Desa
----- 1 EFT232RL EE 4395 5chLib FT23 —i;n- B B f—
‘ ;
+

1| | 3

1 components

todel Mame | Type 5 |
..... £ FT232RL Footprint




Insert The FTDI Chip

Notice how the rotated and mirrored USB-B connector matches up
perfectly with the FT232 chip. (D- goes to USBDM, D+ goes to
USBD+) This did not happen by chance

7
_I' TAITT 1
i 50— VCCIO XD
: . = Ve RXD |p—
VBUS 5 16 3
D- ax— —2r USBDM RTS# Py
— D+ fe— ——=1- USBDP CTS#E |
, 1
: =~ NC DTR# [—
-1470156- ; s
1-1470156-1 13 NC DSR# -::l—i'ﬂ
— RESET= DCDs |=F——
17 )
—215 0SCI RI# fa>—o
— 08CO
—L7 4 3v3oUT CBUSO [s—
CBUS1 [#:—
= CBUS2 |<p——
R ——— 14
§EEE® CBUS3 mp—
<BE8E CcRUSA |t —
LU Ll L B[]
- 1 |=—




Current Schematic

Altium Designer 6.9 4 4 j H 495.PrjPCB. Licensed to University of Nevada Las Yegas

D@P File  Edk  Wew Project Place Design  Tools Reports  Window Help (6 = v = | v v - EE495 AltiurnEE495 ProjectiMain.5 »

NSdgl|e | | el i PGS A Y b LY O @ Oy <
[ [ e ‘*Home| | | Ma\n.SchDocH% EE495.SchLib||3 EE495.Pchib|
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2 Miscellaneous Connectar PCB.Pebl gﬂg 3
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Programming Interface

Log In | Order Tracking
= ¢ itemss in your cart

*»>SHARING INGENUITY

We need a device
that will send our

compiled HEX
code to the

Home ‘ Customer Service | Tutorials | Support Forums ‘ Distributors | About Us ‘ Contact Us

Programmers/ AVR

AVE STK Serial Port Dongle

erter your search m

. W Hew Products Frogrammer
microcontroller. @ Top Sellers |
@ Featured Products Skl PGM-00014
[ Feedback Price: $12.95
i Breakout Boards 10-93: $11.66 each (10% off)
ThlS type Of +| Cables 100 or maote: $10.36 each (20% off)
H H + Cellular
device is called a i ani
+| Development Tools Description: AVR-PG18 is programmer based on
pr’ogram mer Dinge and Dents zetisl port PonyProg design. | takes the power
Gift Certificates supply fromthe targethoard. The connectar is 2x5
+ GPS pin wvith 0.1 step and Atmel STHaoo: compatible
LCDs layyout.
Port-O-Rotary
= Programmers - - : : s i
Sparkfun Sel IS Sl E;rt;r:nslons 4530 mim 1.7 2% + 20 om (8*)
AVR .
Documents: avr-pglb.pdf, AVE-PG1B schematic,
many decent mg;m A%R ICSP connector
pr’ogl’am mers that PIC . Software: FREE PonyProg from Claudio Lanconelli
PICAXE £ Click on Photos to Enlarge iceg
# Prot P Supported Devices: The currently supported
are Cheap ($ I 3) - Robotics o devices by PonyProg software, which can be
B concors programmed by AYVRE-PG1B are:
= EEE Widgets ATI0S1200, ATIOS2313, ATIOS2323,
Swag ATANSZ2345, ATOOS4414, ATI0S4434
+ Tools ATANSES1S, ATAOSES3S, ATIOS2323,
Tracking ATI0SZ343, ATI0SZ23ES, ATI0S44335,
+ Wireless ATINS4434, ATAOSE53S, ATIOSE534,

Custom Enclosure Design

SERVICES

ATmegal 03, ATmegalBl, ATmegalB3,
ATmegad2d, ATmegal 23, ATmegad, ATmegs16,
ATmegabd, ATHny12, ATHny1S



Programming Interface

If you want, you
can see the
schematic of the
programmer, and
integrate it onto

your development
board

As you can see,
this is a simple
device which
would only add a
few components
to your project

CONL
=< ). R3 Icsp
E VAR Lk o 212
e 5] o
= A E 5 &
Yy ot e L
CANON-DBSFH M =0
R4 01 BC84SBI:
18K 1N4143 —
RS
RL_4,7K 33K
| IS |
R 7K
Copyright (C) 2@82, OLIMEX Lid
7o 71 ATTpe ALl ol 1mex. corms dey
EZLUS5C5EU] ZLUBECEU]




Programming Interface
|C=H

* The specification for the M
2x5 header, spaced 0.1 A ESET
apart perfectly matches TF
the connection for the FT=S

programmer.

e Although you may not
know what these pins
are, we will assign them
to the programmer
header

1 2
3 4
5 &}
7 8
o 10
Header 532




Placing a Connective Wire

%EE495 Altium*EE495 ProjectMain.SchDoc * - PROJECT-EE495.PrjPCE. Licensed to University of Nevada Las ¥e

Project  Place Design  Tools  Reports  ‘Window  Help -55’ ==l 0 -
A Y[R ot w9 et 2 |E BT e s LoV

| [ MainSchDoc * | | 5 EE4E|5.S|:hLih| | 2 EE495 Pohlib

ace irel
L Wnrksnacel Pl—w'
* Find the icon that looks like the one above, and

click it to place a wire, it will be blue in appearance

L

CT-EE495.PrjPLE. Licenseq

WARNING!!: Make sure not to use the Help [ »| — - L
‘place line’ from the drawing box. This

. . . . X, -
will draw a line that LOOKS like a "-f| 9 ] X N
connective wire, but a connection 485 s | 44 Flace Line O

won'’t be made — o 3 [J




Placing a Connective Wire

e Draw wires on the

-
]

P? Voo

2x5 header as shown L 2 T
on the right T

» Click the GND and 5 10
VCC icons from the Header 5X2
wiring menu (shown =

below) and make it
look like the diagram
to the right

pos |\ Moy LU @8 O G ) o) B



Net Labels

e A net label is a method of electrically connecting nets
of the same name

e This allows a method to make a connection without
requiring placing a wire
e So what’s wrong with running wires ?? It is far more

difficult and more confusing to run wires, especially
when routing a large bus.



Net Labels

* Here is a schematic which is very confusing and would benefit from using
net labels
- gl_, LA -
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1HC PRO1TOCUL

Net Labels

e This is a design
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Net Labels

Another example

THS8134 VIDEO DAC

ARFPR

AGY

AEBPE

FS_AD]

WEEF

DVDD

DGND
COMP

AVDD
AVDD

CPU_12

FB39
43 ERY 11 G _ RSV 11
:I:C481 SR240 =VALUE GND —]—6482 ER241
0.1uF  3VAL = 0.1uF  $¥ValL
FB40 i
41 GGV 11 G _ 11
:I:C483 ¢R242 =VALUE GND —]—0484 <Ra43
0.luF  FVAL = 0.luF  ¥VAL
FB41 i
45 EEY 11 G _ B/ 11
:I:C485 >F.244 =VALUE gD —]—0486 <Ra45
0.1uF VAL = 0.luF  ¥Val
R4
38 19
499
C487
37 [l
[ R/T 11
0.1uF
VCC G 11
12
BV 11
——C483
11 | 0. 1uF CMHSYNC 11
T 48D 1 VSYNC PRIME 11
39 [ I =
| {vee T
40 0.1uF AVCC L1
44 . 7 =

A

——c4
ni

9ﬂ.IJ:C491
nF nink

15-43-6233




Using Net Labels

e Click on the net label
icon and place the net
label on each of the

wires. 21
e Double click the

rename the net.You
can type in a new net, N\e_t

or select one from the \ coior [
Location ¥ 510

dI’OP dOWﬂ IiSt. v E70

Orientation 0 Degrees

Froperties
| Met Iw j Font  Change.. |

e ety L V5 - 38

Place MNek LE||:IE||

Locked [

Ok, Cancel




Using Net Labels

e Rename the nets to

match the diagram on po Nale
the right MOSI 1 2
* WARNING:When RESET — i 4
placing netlabels, make ~— SCK . g
sure there is a red X MISO o 10 ﬁ
at the connection Header 5302
point. If it is a gray X,
there is no electrical {E)
connection '
MOSI MOS]

Good Bad



Using Net Labels

e Our programming Flas]
connector now
exactly matches the ;ﬁg

pinout of the
programmer we
selected to buy

bd =

MOSI 1 5
RESET ;o
1T . (‘F
SCE - Q
MISO o 10
Header 5X2

GND



Using Net Labels

Make the same net labels on the microcontroller as you did on

P VCC
MOSI L [
RESET A4
5K o @
7 3 |—+¢
IS0 -
Header 532
GIND

o
the programming connector
* Connect the Power and Ground nets as shown below.
e The programmer is now electrically connected to the
microcontroller
93
—}3::@ PR (ICF) PCD (ADCD) --::|::2=i—
5t PB1(OC1A) PC1 (ADC1) (<T5z
—=t=| PB2(ES/0C1B) PC2(ADCD) farse-
% PB3 (MOSI/OCT) PC3 (ADC3) ar-jv;f.—
—s— = PB4 (MISO) PC4 (ADC4/SDA) <1
—===———r PB5(5CK) PC5 (ADCS/SCL) (15—
—%ZH? PBRA (HTALI/TORCT ADCA *:S]T
—H= PRV (HTALLTORCD ADCT  |p—
30 e 28  BEZET
~7*=| PDO (RXD) PC6 (RESET) i
g ED1 (T30 :
E(; PD2 (INTO VCC —
—= PD3(INT1) VCC (=g vee
—1911{7-’ PLd (HCESTD) aVCT E
—#= PDS(T1) ARFF
~| PD6 (AIND) 5
Ll pp7 () GND —
GHD 3
A0
ATmegad-16AC GI?TD



Using Net Labels

Make the same net labels on the microcontroller as you did on

P VCC
MOSI L [
RESET A4
5K o @
7 3 |—+¢
IS0 -
Header 532
GIND

o
the programming connector
* Connect the Power and Ground nets as shown below.
e The programmer is now electrically connected to the
microcontroller
93
—}3::@ PR (ICF) PCD (ADCD) --::|::2=i—
5t PB1(OC1A) PC1 (ADC1) (<T5z
—=t=| PB2(ES/0C1B) PC2(ADCD) farse-
% PB3 (MOSI/OCT) PC3 (ADC3) ar-jv;f.—
—s— = PB4 (MISO) PC4 (ADC4/SDA) <1
—===———r PB5(5CK) PC5 (ADCS/SCL) (15—
—%ZH? PBRA (HTALI/TORCT ADCA *:S]T
—H= PRV (HTALLTORCD ADCT  |p—
30 e 28  BEZET
~7*=| PDO (RXD) PC6 (RESET) i
g ED1 (T30 :
E(; PD2 (INTO VCC —
—= PD3(INT1) VCC (=g vee
—1911{7-’ PLd (HCESTD) aVCT E
—#= PDS(T1) ARFF
~| PD6 (AIND) 5
Ll pp7 () GND —
GHD 3
A0
ATmegad-16AC GI?TD



29 RESET

Reset Pin SIS

e The reset pin on the microcontroller is an active low
pin, indicated by the bar above the name

e This means the device functions normally as long as the
reset line is held high, and will go into reset mode
when brought low (like rebooting a computer)

* Looking at the datasheet, we can see characteristics on
each pin and how it works.

RESET Reset input. A low level on this pin for longer than the minimum pulse length will generate a
reset, even if the clock is not running. The minimum pulse length is given in Table 15 on page
38. Shorter pulses are not guaranteed to generate a reset.



Passive Components

* Now we need to add capacitors, resistors, and the LEDs.

e Place a part, select the Miscellaneous Devices library, and scroll down to
CAP

e Place this part (Don’t worry that the footprint isn’t SMD 0805)

Browse Libraries 21x]

Libraries IMisceIIanenus Devices IntLib v|| Find... |

Mazk I j ‘)
Component Mame # | Library D= C .
-3 F 2M3904 Mizcellaneaus Devices.IntLib M
-1 F 2M3908 Mizcellaneous Devices.IntLib - PL_
-1 EADC-2 Mizcellaneaus Devices.IntLib G
-1 F Antenna Mizcellaneous Devices.IntLib G
-1 E Battery Mizcellaneous Devices.IntLib M
-3 F Bell Mizcellaneous Devices.IntLib  El
-1 F Bridgel Mizcellaneous Devices.IntLib  Fu
-3 E Bridge2 Mizcellaneaus Devices.IntLib D C -
-1 F Buzzer Mizcellaneous Devices.IntLib - M ap
qj Mizcellaneous Devices.IntLib  C.
-3 F Cap Feed Mizcellaneoaus Devices.IntLib - Fe AYE
-1 E Cap Poll Mizcellaneous Devices.IntLib P l () (_)p F
-1 E Cap Pal2 Mizcellaneoaus Devices.IntLib P
3 F Cap Pal3 Mizcellaneous Devices. IntLib
-1 F Cap Semi Mizcellaneous Devices.IntLib
-3 F CapWar Mizcellaneaus Devices.IntLib
-1 F Cap2 Mizcellaneous Devices.IntLib
-3 E Circuit Breaker Mizcellaneaus Devices.IntLib
1 F D Schattky Mizcellaneous Devices. IntLib

-1 E D Yaractor Mizcellaneous Devices.IntLib
1]

195 components

Model Mame | Source [ Type # | -
- JE RAD-0.3 Miscellaneous Devi Footprint
= El RN S Bl Mizcelaneous Devi Footprint
= 3 VP45-3.2 Mizcelaneaus Dewi Footprint




r Propertiesz

Dezignator

Comment

Dezcnption

[Inigue 1d

Passive Components

e Change the comment to =Value, and uncheck the

visible

e Change the value to 0.|uF

FParameters for C7 - Cap

IE? ¥ visible I Locked Yizible | Narne 4| Walue | Type
|="-.-"alue j ¥ Visible ] LateztRevizionD ate 17-Jul-2002 STRIMG

] LatestRevizsiontote Re-releazed for 0XP Platform, STRIMG

<< o] Pat1n T Locked [l PackageReference RAD-0.3 STRING

|Eapau:ih:-r ] Published S-dun-2000 STRIMG

] Publizher At Lirnited STRIMG
prER: et | | I i EEE
IStandard j

Type




Passive Components

¢ In the footprint section,
click the ‘add’ button to

taodels for C7 - Cap

Mame | Type T | Dezcrption

CaP Simulation Capacitor

Cap Sigral Integrity

RAD-0.3 ﬂ Footprint Capacitor; 2 Leads

add our 0805 footprint to -
this capacitor

Add... |*| Remove. ..

E dit...

Add New Model

todel Type

IFDDtprint

Cancel




Passive Components
PCB Mo

LChooge... |

7

PCE Mo
. ¢ ’
Click ‘browse - Footprint Model
Model M
and make sure iems [Model Name
4 ’ . Description IFDDtprint ot faund
any’ PCB library
is selected - PLB Libray
; . % Ay
SeIeCt the ChIP £ Libram name I
. ’
CaPaC Itor " Library path I
Ilbrary’ and f-' | [ [RSUP UNRRY TSI A U N 4 N T [ |
choose
CCZO I 2_0805 Libraries IEhip Capacitar - 2 Contactz. PochLib
Mazk I j
M arme ¢ | Library | Description =
P . - CC1005-0402 Chip Capacitor - 2 Ci Chip Capac
Th IS IS COd e fo r. - CC1310-0504 Chip Capacitor - 2 Ci Chip Capac
_ . - CC1608-0603 Chip Capacitor - 2 Ci Chip Capac
CC - Ch | P Cap & CC2012-0805 Chip Capacitor - 2 Ci Chip Capac
- CC2013-0805 Chip Capacitor - 2 Ci Chip Capac
- 1 - CC28131005 Chip Capacitor - 2 Ci Chip Capac—
20 I 2 metrlc - CC3216-1206 Chip Capacitor - 2 Ci Chip Capac
. . - CC32251210 Chip Capacitor - 2 Ci Chip Capac
0805 - em piri cal -~ CC33 31505 Chip Capacitor - 2 Ct Chip Capac
- CC3325-1510 Chip Capacitor - 2 Ci Chip Capac
- CC4513-1805 Chip Capacitor - 2 Ci Chip Capac
CC4521-1808 Chip Capacitor -

a

2 Ci Chip Capac =
| »

24 itemsz

[+ Find.. |




Passive Components

* Place the capacitor down. It should look
something like this:

 This is now our template for a capacitor, — L7
just copy & paste whenever you need O 1uF
capacitors and they will all have the same
footprint and settings we set for this
capacitor

* Do not worry about the ‘C?" ; we will deal
with labeling the parts at the end. For now
it is a waste of time.



Passive Components

* Repeat the same process with resistors and
LEDs (all in same miscellaneous devices
library)

* Modify the settings and change the
footprints
> Diodes are from the Chip Diode library

° Resistors are from the Chip Resistor library

R”

1K

D?




Complete the Schematic

e Copy and paste the

parts as needed to

finish this schematic

Highlight, CTRL-C (copy),
CTRL-V (paste)
The parts to the left are
in the miscellaneous

connectors library and
are called HDRIXI10

NOTE: | moved the pin
locations on the top
connector, this does not
change functionality at all,
it just allows for a
cleaner schematic.To do
this you must first unlock
the pins. Double click the
part and uncheck the
‘lock pins’ to move the
pins around

PORTB

PORTD

P?

GND

o o LY T N ST N I N T

oo

|
— VCCpp,

[a—

u?

PB1

[a—

PB2

[a—

MOSI

MISO

SCK

[Ny R r—

PB6

PB7

B I L e R O N

o O

RXD

TXD

INTO

(W) LY LN

INT1

PD4

PD5

PD6

PD7

[ua—gy r—

U oYYy YUYV OOY

| vee

GND

PBO (ICP)

PB1 (OC1A)

PB2 (SS/0OC1B)

PB3 (MOSL'OC2)
PB4 (MISO)

PB5 (SCK)

PBG (XTAL1/TOSC1)
PB7 (XTAL2/TOSC2)

PDO (RXD)
PD1 (TXD)
PD2 (INT0)
PD3 (INT1)
PD4 (XCK/TO)
PD5 (T1)

PDG (AIND)
PD7 (AIN1)

ATmega8-16AC



Complete the Schematic

It is common
practice to
add a O0.1uF
decoupling
capacitor to
EVERY
power pin
per IC

PCO (ADCO)

PC1 (ADC1)

PC2 (ADC2)

PC3 (ADC3)

PC4 (ADC4/SDA)
PC3 (ADCS/SCL)
ADCo6

ADC7T

PC6 (RESET)

VCC
VCC
AVCC

GND
GND
GND

P?

23 C0
== = _1{“ 1
24 PCl N
25 PC2 N
26 PC3 3
== — 4
27 SDA <
28  SCL 6
19 ADC6 ,
22 ADCT
22 ADCS 2
VCCF——— 9

a ) 1
29 RESET 10

=5 PORTC

0}
4 S GND
ﬁ—hu,
20 o o o
—C? ——C? ——C? —C?
0. 1uF . 0. 1uF 0. 1uF 0. 1uF




Complete the Schematic

* The reset line must be VOO
held high with external B
circuitry.

e Using a |10k pull-up 10k
resistor we can keep RESET
this out of reset

e NOTE: Try adding a 0 1uF
switch from the reset
line to ground. This is a :
hardware reset switch




Complete the Schematic

e Pins 19 and 22 are INPUT pins on the
microcontroller. These pins are both |0-bit
analog to digital converters. It is necessary to pull
these pins high with pull-up resistors if they are
going to be unused (or possibly unused)

,..-'-\.
W

ADC7 [r—— e
ADC6 10K
ADC? o LOK

T 19 ADCG
s (B




Complete the Schematic

Don’t forget we cannot apply 5V across the LED’s.We must use current limiting resistors

To ensure maximum functionality of the development board, rather than hardwiring the LEDs to a

specific port, we will make it so a user can connect any of the three 8-bit ports

P?
1
2
3
4
5
()
8
,st’ ¢Rf’ sR? {R? $R:-_. {Rf" $R? {R? VCC Ii fil'(}
#330 ¢330 ¢330 2330 2330 ¢330 ¢330 2330 |_
—  Header 10

GND

K D?
“ D?
K D?
|‘ D?
K D?
K D?
K D?
K D?

BITO
BIT1




Complete the Schematic

Notice how RXD on the microcontroller connects to TXD on the FT232 chip, This is because two
transmitting signals cannot appear on the same line. One pin is an OUTPUT and one is an input.

Because these pins are correctly defined with both parts,The DRC would catch that if we made
the mistake of connecting TXD to TXD

The LED’s here are optional and light when data is being sent or received

FT232RL
TXD P ?;‘II;
RYD | -
RTS# [}:1_
CTSE |lp—
-
]::"-.[']ii D:-r_ T
"9 VOO
DSE# -ﬂT
DCD# |f<— T
RIZ (O
" W D W D
& TXLED & RXLED
-3 ¥
CBUSO ﬂ{:}-i E;, AN 2:3
CBUS1 ﬂ:%; ——AAN—
~ CBUS2 ﬂ:ﬂ_
E w2 (CBUS3 =::]ti=_‘—
SHE  cBUS4 ka2 —_




Complete the Schematic

e | have altered the typical application circuit for this in two ways:
> | have added terminating resistors on the differential pair

> | have not included the ferrite bead , you should include this . You can include a 0805 footprint as a
placeholder for the ferrite bead which comes in a chip

GND
J_C? c? | Cc? u?2
- 0.1uF 0.1uF 0. LuF "g VCCIC
= | VCC = VCC
VBUS = RO 57 16
D- <:.‘; R(-’ AN lg:rr:s USBDI
D+ = 4 ——AAN—— == USBDI
GND _| 9.
o 21 NC
1-1470156-1 = 8 NC
GND 19 N

RESE]

—

27
_:éf;’ 0S8CI
——— 0QS8CO

GND

_|_—1< 3V301
L

0.1uF Z -

52

— A

GND I
Wy
1



Complete the Schematic

Now that all the
parts are added, we
must label all the
components

Follow the menu
sequence to the right
to label all the parts
automatically

Click “Yes’ when
asking to update the
changes

B Dsr Fle Edit Wew Project Place  Design

P IR AR

Projects L
Wiorkzpacel Dzl * | Workzpace
PROJECT-EE495 PrPCE Project

' File View

™ Stucture Editar

=51 PROJECT-EE495.PrjPCB =
B Source Documents

W= .4 2in, S chDoc
[ Libraries

o |

Confirm Designator Changes
2)
L]

Proceed With Changes ¢

Yes Mo

Tools

Iy

“= Altium Designer 6.9 - H:AEE495 Altium*' EE495 Project,Main.SchDoc - PROJECT-EE495.PrjPCE. Lig

Reports  Window  Help

3
L

Find Component. ..

p)Dovwn Higr archy

Pararneter Manager. ..
Footprint Manager. ..
IIpdate Fraom Libraries. ..

Idpdate Parameters From Database. .,

fnnokake Schematics,
Reset Schematic Designators, .,

Reset Duplicate Schematic Designators, .,

Annokate Schematics Quietly. ..

There are 45 Designators Requiring Update

Force Annokake All Schematics., .

Back Annotate Schematics. ..

x|




Complete the Schematic

o All the parts are
now properly
numbered

e NOTE:This step
IS necessary
before working
with simulations
or PCB Layout

GID
I
J—C?‘ p— 0% J—cg Uz
0. luF OiuF | OQuF 4 [
{1 1 Vr:rzl—li WV
VBUS
D- “‘:12 Rlz‘v‘v‘v 2? lg—]{:’ UE
3 RIB | 27 1
I_ D+ =1 WA == R
¢ GND |—
L ' 2 e
=—C10 2h14 1-1470156-1 = 8w
-
0. 1uF IMEG GIND 19 ) k5
—L— %[? or
e [
OLD —=1 0%
==CIl
0.1uF

98



Finished Schematic
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Smart PDF

e | have included a Smart PDF of the
schematic for this development board in
the downloads section of the website.

* In this PDF file you can select and zoom
In to see parts, nets, etc ...

D Bookmarks

R ; =
hi E||[| Schematics 1
= E] Main. SchDoc _—
- 21 —_
[ 2, E] Components o Ul
P2
g —veo =
+ "}
[ﬂ Mets 1 EE: i FE (ICF) PCO (ADCH) fa ;’E;] 1
2 PBI (DC14) BCl(ADC]) (—es 1
B E] Mets - P I] mmssiocm pc2 (apcy) fudr P2 :
= i JE PB3 (MOSL'0CT) PC3 (ADC3) ﬁ, o 4
= 3 Sop—— S| PB4 MISD) PC4 (ADC4SDA} (== 5
& g b= <z PEI(ECK) PCSADCIECL) b §
7 e PES (XTALL/TOSCI) ADCS jaiz— =t 7
B T FBT (XTALLTOSCI) ADCT fp—— E




Compiling the Project

* Compiling the project is fancy
terminology for error checking.

* Error checking, although not required, is a
must before converting the schematic
drawing into a PCB document.

* We can’t error check without setting up
rules, so first we must setup rules



Compiling the Project

r 6.9 - H:)EE495 Altium" EE495 ProjectMain.SchDoc * - PROJE

it Wiew | Project | Place Design  Tools Reports  indow

e Click B

B Compile PCE Project PROJECT-EE495. PriPCE

° Project > Project "
FriPCE

O pti O n S —— Design Waorkspace -

tructure Edi
Add Mew to Project r

@ | K Compile Docurment Main, SchDoc

ross Probe Mext Message Shift+CErH-F3
Cross Probe Previous Message  Shift+CkrH-F4

add Existing ba Project. ..

Remove from Project. ..

ocurments
chDoc *

Project Documents., ., Chrl+Al+0

Close Project Documents

Close Project

Shows Differences. ..

" Shaw Physical Differences. ..
31 View Channels. .,
Component Links. ..

Assembly Yariants. ..

Wersion Conkrol r

%) Local History r

3_ﬂ| Project Packager. ..

“&  FPGA Workspace Map...

||ﬂ Project Options. ..




Compiling the Project

e Under the Error Reporting tab, you can
set options for which level of report you
will get.
> Some errors are serious

> Some are not a big deal

Iptions for PCB Project PROJECT-EE495.PrjPCB

I

Ermor Reporting | Connection Matri:-:l Clazs Generatiunl Enmparatnrl ECO Generatiunl Dptinnsl Multi-EhanneIl Drefauilt F"rintsl Search Pathz | Parameters

Winlation Type Description ¢ | Report kode
Yiolationz Agzsociated with Buses

=1 iolations iated with Components
Component Implementations with duplicate pins usage [ 1% arning
Component Implementations with invalid pin mappings [ Errar
Component Implementations with mizzing ping in sequence 1w aming
Componentz containing duplicate sub-parts | Errar
Componentz with duplicate Implement ations 1w arming

[ Errar -
[ MNo Repart
[ arning

Components with duplicate pins
Duplicate Component bodelz
Duplicate Part Designatars
Errarz in Component Model Parameters
Ewtra pin found in component dizplay mode

Mizmatched hidden pin connections
bdimmm mbm e im0 vmibeilibe

[ Fatal Errar

A Crrmr




Floating power objects

Global Power-Object scope changes

Harmess Object on a B

Harnezs Object on a \Wire

Mizzina Neaative Met |

Compiling the Project

* A setting of ‘no report’ is the same as the
software ignoring it

* A warning will allow an action, but won’t
be happy about it

e Set the ‘Error’ level or above to see
immediate feedback

* Fatal error will not allow compilation of
the project

[_'Warning
L1 Mo Report
. Warning
[ Error
2 Fatal Errar

Lz

i Differential Pair




Compiling the Project

* If we set ‘floating net labels’ to error, when we
compile the document, a red squiggly line will
appear beneath the floating label and it will
appear in the compilation report

SET)

29

Messages w
Clazs |Document | Source | Message | Tirne | Date | N..|
[ [Eror]  Main.Schloc Compiler Floating Met Label RESET 43345 0 5282001
[ Mwfami... kMain.SchDoc Compiler Met ADCE haz no driving source [Pin P2-7 Pin.. 43345 . BA28420. 2
[ 1Mfami... Main.SchDoc Compiler Met ADCY haz no driving source [Pin P2-8.Pin.. 43345 . 528420 3
[ p#fami.. MainSchDoc Compiler Het Mebl1_2 has no diving source [FinJ1-2.... 43345 B/28/20. 4
[ [wfami.. MainSchDoc Compiler Het Mebl1_3 has no diving source [FinJ1-3,... 43345 /28720 &

[ Mami.. MainSchDoc Compiler Met MetU2 B haz no driving source (Pin U2-61 43245 . B/28/20.. B

 H —

RESET



Compiling the Project

* If we set ‘floating net labels’ to fatal error,
when we compile the document, a red squiggly
line will appear beneath the floating label and it
will appear in the compilation report.

SET) o

Messages w
Class | Document | Source| Message [Time  |Date | N..|
B [F atal Error] tain.Sch... Comp... Floating Met Label RESET 4:35:30.. 52842 'I

[ M arning) tain.Sch.. Comp.. Net ADCE has no diiving source [Fin P2-7. 435300 52802 2
[ M arning) tain.Sch... Comp.. Net ADCY has no diiving source [Fin P2-3.. 435300 542842 3
[ M arning) Main.Sch... Comp.. NetMNetl1_2 has no driving zource [Pind... #3530 52842 4
[ 1w arming] Main.Sch... Comp... Met Hetl1_3 hasz no diving source [Pind... 4:35:30.. 5/28/2.. &



Compiling the Project

¢ If you double-
click the error
. Compile Errors Bl
in the messages 145+ Floating Net Label RESET

. R BN [ et | abel RESET

box, it will
show you
compile errors

* From there you
can select the RESET
offending error
and it will dim
the schematic ™

except for the @
error

“ain. 4530 BA28S2. 3




Compiling the Project

* | recommend reading through and setting whatever rules
you think will be appropriate.

e Keep in mind it is better to have a compilation report
with a lot of information that you don’t care about than to
have an important error slip past

¢ If there are no errors, you will not get a popup screen
when the compilation is complete



Connection Matrix

e The next 2 [= ggggé*%
connection g_gggl§§§§§§aaagg
marixThis 3233222332533 288
s a quick e
way to (S S O O Ty
allow Ll L e L | owtput Pin
certain ol e e L e e ] ) [ ] open collecter Pin
connhections L e e P B P B B Passive Pin
oo be made DONEOO0OEE0E e
denied L e e T ] ] open Emitter Pin
or deniec. 11 [ [ [ [ [ [ [ [ [ ower i
e Usually this L e L L T L nput Pont
doesn’t L L L output Port
L L I L sidirectional Fort
nsed t?j be .J.J.J.J.J.J Unspecified Fort
change o 0 [ 0 L1 1 input Sheet Enty
atalenor L] output Sheet Entry
L Ewor L || Bidirectional Sheet Entry
'—l Warhing .J .J Unspecified Sheet Entry

| MoReport | Unconnected



PROJECT UPDATE

« DUEWED. 06/04/08 !

* Single page report with the following

What have you done for your project- (Be Specific!!) | expect
this to be mostly schematic design and research at this point

o

o

What do you have left to complete

o

Who is responsible for each part of the design
Schematic Entry
PCB Layout

Implementing Technology (Ex: Mike will be in charge of interfacing the transmitter with a
microcontroller)

o

Exam | will be based on this report.

Do not think that if you have done no work yet that you are not responsible for the project or
that your test will be easy. The more work you have done by the 9%, the easier the test should be.

Every group member is responsible if someone is trying to get out of doing work. Do not cover
for anyone else. If | find out that the work was not done by an individual, | will hold the entire
group responsible

If there is a problem with someone not working, you have until the 7t" to split from the group and
work on the same project by yourself if you let me know.



Creating the PCB

e One of the reasons why it is important to define the PCB footprints
while entering in the schematic is to be able to provide a good estimate
of how much board area you will need.

e Generally speaking the following things make production more
expensive

o

o

o

Larger area

More layers

Smaller holes

Closer tolerances

Closer traces and spacing
Thinner or Thicker PCB

e Our goal is to keep cost as low as possible while still being able to
transfer a schematic to a functioning PCB.

e There are no special characteristics of this design that require any
exotics, and we can use a 2 layer PCB for low cost



Creating the PCB

From the project tab in the
bottom left corner, click the ‘Files’
tab and click the upward facing
arrows until you can see

NEW FROM TEMPLATE
Select PCB Board Wizard

2= Altium Designer 6.9 - F:AEE495 Altium\EE4

l D¥F File Edit WView Project Place Desic

JEH S 4 |® @& Q-
Files e
Open a document S

B8 Stepper Motor, PcbDoc
|1 More Recent Documents. ..

J Maore Documents...

bl

Open a project
B8l PROJECT-EE495.PriPCE
g8 LedMatrixDisplay. PriPCE
ﬂ] WeatherChannel PriPCE
|1 More Recent Projects...
J More Projects...

%

New

bl

New from existing file
,j Choose Document. ..
Lj Choose Project...

bl

New from template
B8 pCE Templates...
[[d schematic Templates. ..
Bl PCE Projects...
4] FPGA Projects. ..
’:ﬂ Core Projects...
1l Embedded Projects. ..
B8 pCE Board Wizard. ..

Projects MNavigator SCH Filter
H=0%.280 Gnd:10



Creating the PCB

* You will get a very friendly wizard screen, click next to continue

Altium Designer
New Board Wizard

This wizard will help you create and set up a new
printed circuit board.

It will take you through some simple steps to define
the board layout, manufacturing parameters and
layer information.




Creating the PCB

Choose the board units as Imperial for this since that is what most of us are
most familiar with

NOTE: You are not stuck with the choice of units that you choose here.The
units specified are ONLY used for the PCB wizard

Choose Board Units

Choo=e the type of measurement unitz for the board being created.

If wou uze milz, click Impenal. [F pou uze milimetres, click Metnc.,

(®) Imperial
() Metric



Creating the PCB

There are many predefined templates for exotic designs or standard PCB
computer interface forms, such as AT Bus, PCI bus, Eurocard, and many
others.

Choose CUSTOM (at the top)

PCE Board Wizard

Choose Board Profiles

Select a specific board type from the predefined =tandard profilez or
choose custom.

[Cuztam] ™
" )
Al

a1

a2 h—
a3

A4

AT long bus [13.3 = 4.2 inches)
AT long buz [13.3 # 4.5 inches)
AT long bus [13.3 = 4.8 inches) - SR E
AT lang bus with break-away tab [13.3 = 4.2 inches) e
AT long buz with break-away tab [13.3 2 4.5 inches)
8T long bus with break-away tab [13.3 = 4.8 inches]
AT zhart bug [ ¥ = 4.2 inches)

AT zhort bus [ 7 = 4.5 inches)

AT zhart bug [ 7 = 4.8 inches)

AT zhort busg with break-away tab [ 7 % 4.2 inches)
AT zhort bus with break-away tab [ 7 » 4.5 inches|




Creating the PCB

e Leave the default settings (Rectangular, 5000 mils x 4000 mils )

e The dimensions of the board will be on a generic, information layer
(Mechanical layer) which is used to give information to the board house.

PCE Board Wizard

Choose Board Details
Choose Board Details

Outhne Shape:
{(®) Rectangular
() Circular

() Custam

Board Size:

width | 5000 mil —

Height | 4000 mil {

Dimenzion Layer
Boundary Track width
Dimenszion Line Width

F.eep Out Distance
From Board Edge

Title Block and Scale

Legend String
Dimension Lines

techanical Layer 1

10 mil

10 mil

50 mil

[ ] Comer Cutaff
[ 1nmer CutQff



Creating the PCB

*  We want to have a two layer board.This is two signal layers (top of board,
bottom of board) and zero internal plane layers, make this change

* Do you remember what a power plane is ? How does it differ from a signal

layer? (HINT: you can have signal layers internal or external, and you can have
power planes internal and external)

Choose Board Layers

Set the number of =ignal layers and power planes =uitable for your
de=ign.

Signal Layers:

2 Y

Fower Planes:

0 Fal




Creating the PCB

Make sure the hole type is set on thruhole vias only

Do you remember what a via is ??

(®) Thruhole Vias anly
() Blind and Buried Yiaz only

() Thruhole Yias only
(®) Blind and Buried Viaz only




Creating the PCB

Our board contains mostly surface mount components, so check this option

Choose that both sides of the board can contain components.

NOTE: These settings really don’t matter. They exist for the autorouter which
we will not be using

The board haz ozt

(®) Surface-mount components.

() Through-hale components.

Do wou put components on bath zides of the board?

(®) ez

.:::.H,:, 4



Creating the PCB

Change track size
(10mils) and trace

clearance (8 mils) Choose Default Track and Via sizes

Choo=e the minimum track =ize, via =ize and the copper to copper

What is the metric clearances to u=e on the new board.

length of 8 mils 2222

Change the minimum via

hole size to |5 mils,and  Mirimum Track Size & il
the min. via width to 30
mils

Mirimurn Yia Width 20 mil
NOTE: ALWAYS be sure _ _ 15 i

. Minirum Yia HaoleSize 12 il

your settings can be
fabricated at a
reasonable price before

tinimum Clearance 2 i

setting these values




Creating the PCB

e The wizard is now complete and your PCB is created based on the values you
have given.




Creating the PCB

Right click on

the PCB >
Click ‘Options’
. . Find Similar Objects  Shift+F
Click ‘Board _ _
Obti Build Query... shift+B
tions .
P Filter » Board Options...
Interactive Routing Layer Stack Manager...
Differential Pair Routing Crill Pairs...
Smart Interactive Routing Mechanical Layers...
- Board Layers & Colars.,.
Cut Ctrl+X
Grids...
Copy Ctrl+C
Sheet...
Paste Ctrl+V
Chear Del Shaow Hide. .. Ctrl+D
_ Preferences...
Snap Grid k
Display...
View r SRy
_ Defaults...
Design k
Board Insight...
Dpi
SO Board Insight Display...
Rrard Tneinht | ans




Creating the PCB

Uncheck ‘Display Sheet’ (this has a use, but for now we want to reduce

clutter)

Change the markers from lines to dots and click OK.

NOTE:The snap grid and component grid are very important, we will get

into this later though.

% Board Options [mil]

Measurement Llnit

Urit Imperial w
Snap Grid

b Bl w
Y Bl w

Component Grid

# 20l w

Ny 20wl w

Designatar Dizplay

Electrizal Grid
Electrical Grid

Rarge

il

[ ]5nap On Al Layers
[ ]5nap To Board Outline

Yizible Grid
Markers

Grid 1

Grid 2

Lines

Dats
Lines

100wl

Sheet Position

# | -a0Tmil

-0 mil

‘width | 360,757 mil

Height | #356mil

[ ] Dizplay Sheet
Lock Sheet Primitive

Dizplay Phyzical Designators




Creating the PCB

The PCB has been added to the Warkepacel.Denwrk *  |"Workspace
list of documents, but has NOT et
been added to the project (Notice —
it is listed as a free document) @ FileView O Structure Editor @] (2] ]
Fl@=l PROJECT-EE495_PriPCB =
. El Source Documents
Click and drag the PCB to your F Main SchDoc
project [+ Libraries

=™ Free Documents
H L Source Documents

Right click on the PCBI1.PcbDoc B8 PCB1.PchDoc *
file and save the file in your project
directory.

Save the file as ‘Dev Board’

=8l PROJECT-EE495.PrjPCB =
(=1 Source Docurnents

B8 PCR1 PebDoc *

_d Main.5chDoc
| Librarnes




Creating the PCB

* If you get the following warning, just click OK. It is telling you there may be
compatibility issues if you try to open the PCB document in an older version
of Altium.

Binaryt Format Warning

PCBE Document [Dev Board.PchDoc] will be saved as binary format version
6.0. This format can't be loaded in any version prior to Altium Designer 6.3




Creating the PCB

If you select your schematic again, click the Design button up top and then

click on ‘UPDATE PCB DOCUMENT DEV BOARD.PcbDoc’

This will begin the process to turn your schematic into a PCB

= Altium Designer 6.9 - FAAEE4935 Alum\EE495 Project\Main.SchDoc - PROJECT-EE

l D¥P File Edit View Project FPlace

15 H S 4|2 @& %

Projects ¥
Workzpacel.Dantwrk * | ['Wiorkzp
FROJECT-EE 435.FrPCE Froje

(#) File View () Structure Editor E 12

=5l PROJECT-EE495.PrjPCB =
E L Source Documents

B8 Dev Board PchDoc

_= Main.SchDoc
| Libraries

Design | Tools Reports Window  Help

E &

Lipdate PCB Document Dev Board.PchDoc

Browse Library...
Add/Remove Library...
Make Schematic Library
Make Integrated Library

Template

Metlist For Project
Metlist For Document

Simulate

Create Sheet From Symbal

thl




Creating the PCB

e This will open the ECO (Engineering Change Order)
e This is asking which changes to make.

* Validate changes will check for errors in the process

e Execute will actually perform the change

Modifications . Status
Enable Action Affected Object | Attected Document Check | Done

Add Components45]

v Add iEC1 Ta B8 Dev Board PcbDoc
v Add iE 2 To B8 Dev Board PcbDoc
v Add iEC3 To B8 Dev Board PcbDoc
[¥  Add iEr4 To B8 Dev Board.PchDoc
v Add iECH Ta B8 Dev Board PchDoc
v Add iECE To B8 Dev Board PcbDoc
v Add iECT To B8 Dev Board PcbDoc
[ 0 ev Board PchDoc

¥ Add iECH T B8 Dev Board PchD
? 0 ev Board PechDoc

¥ Add iErH T B8 Dev Board PchD
0 ev Board PechDoc

¥ Add iECI0 T E8 Dev Board PchD
0 ey Board PchDoc

¥ Add iFCH T B8 Dev Board PchD
[ 0 ev Board PchDoc

¥ Add iF D1 T B8 Dev Board PchD
? 0 ev Board PechDoc

¥ Add if Dz T B8 Dev Board PchD
0 ev Board PechDoc

¥ Add iE D3 T E8 Dev Board PchD
0 ey Board PchDoc

¥ Add ik D4 T E& Dev Board PobD
[ 0 ev Board PcbDoc

¥ Add iE DS T E8 Dev Board.PcbD
? 0 ev Board PcbDoc

¥ Add iEDE T B8 Dev Board.PcbD
v Add iE D7 To B8 Dev Board PchDoc
v Add iE DA To B8 Dev Board.PcbDoc
[¥  Add iED9 To E8 Dev Board PchDoc
v add iE D10 To B8 Dev Board PchDoc

Walidate Changes J [ Execute Changes ] Eﬂepurt Changes... J (] Only Show Ermars




Creating the PCB

e Click “Validate’ at the bottom.This may take a while depending on the
complexity of the project.

* Notice the green check boxes to the right. This means that each step with the
green check mark can be performed sucessfully.

e | have deliberately removed the library for the USB connector to show what
will happen if there is an error for a step (red x) Adding the library will fix
this error

Engineering Change Order
rodifications Statuz
Enable Action Affected Object Affected Document Check Done | Messzage
v Add iECE To B8 Dev Board PetDoc v
¥ Add ik C7 To B8 Dev Board PcbDioc e
v Add ! To B8 Dev Board PcbDoc =
v Add iEC9 To B8 Dev Board PcbDoc V')
v Add iECIn To B8 Dev Board PecbDoc Ve
v Add iECNM To 88 Dev Board PcblDoc v
v Add ik D1 To B8 Dev Board PcbDioc o
v Add ik D2 To B8 Dev Board PcbDoc o
v Add iF D3 To 88 Dev Board Pcbloc v
v Add iED4 To B8 Dev Board PcbDoc e
v Add 1E D5 To 8 Dev Board PcblDoc 1
¥ Add iE DR To B8 Dev Board PcbDoc o
v Add ik D7 To B8 Dev Board PcbDoc Ve
v Add ik D& To 88 Dev Board PcblDoc v
v Add 1k D9 To &8 Dev Board PcbDoc o
v Add iE D10 To B8 Dev Board PcbDoc V']
¥ Add iE N To B8 Dev Board PchDoc ) Footprint Mot Found 1-1470156
v Add R To B8 Dev Board PcbDoc v




Creating the PCB

* Because there are usually many different steps to creating the ECQO, it is
usually helpful to check the box that says ‘Only show errors’ at the bottom.

e You are in good shape when no errors occur and this list is empty

Engineering Change Order

Modifications Status
E.. Actioh Affected Object Affected Document Che... Done | Meszage

idd Components[1]
v Add iF N To B8 Dev Board PebDoc ] Foatprint Mot Found 1-1470156

Walidate Changes Report Changes. .. | Only Show Ermars




Creating the PCB

* When no errors appear during the validation step, you can click the ‘execute
changes’ to actually import the schematic to the PCB

Engineering Change Order ? E
Modifications Statusz
En... Action Affected Object Affected Document Ch... Dao.. Meszzage

| aidste Changes | | Report Changes...| [y Show Erors
* You will see a second row of green check boxes when you execute the
changes. Again, check for errors by checking the ‘Only show errors’

v Add == Meth12 1 Ta B8 Dev Board.Pcbloc /A
v| Add == Meth13_1 Ta B8 Dev Board PcbDoc /A
v| Add == MetR15 2 To B8 Dev Board Pcblioc s A
¥| Add == MetR1E_2 Ta E& Dev Board PchDoc /A
v Add == PBO Ta B8 Dev Board.Pcbloc /A
v| Add == FB1 Ta B8 Dev Board PcbDoc /A
v Add == PBZ To B8 Dev Board Pcblioc LA Cll fle RIS D9 D10 C1
¥| Add == PBE Ta E& Dev Board PchDoc /A | ——c

Yalidate Changes [ ] Orly Shows Errors




Creating the PCB

NOTE: Every time you perform an ECO, the results are saved in a text file in

your project directory

E‘- Dev Board PCBE ECO 6-1-2008 2-35-19 PM.LOG - Notepad
File Edit Format View

Help

Added
Added
Added
Added
Added
Added
Added
Added
Added
Added
Added
Added
Added
Added
Added
Added
Added

a ol Alm Al

Component :
Component :
Component :
Component :
Component :
Component :
Component :
Component :
Component :
Component :
Component :
Component :
Component :
Component :
Component :
Component :

S R

Designator=C1l({CC2012-0805)
Designator=C2{CC2012-0805)
Designator=C3(CC2012-0805)
Designator=C4 (CC2012-0805)
Designator=C5(CC2012-0805)
Designator=Ca{CC2012-0805)
Designator=C7 (CC2012-0805)
Designator=CE(CC2012-0805)
Designator=Ca(CC2012-0805)
Designator=C10{CC2012-0805)
Designator=C1l1{cCc2012-0805)
Designator=0l(CD2012-0805)
Designator=02({CD2012-0805)
Designator=D03(CD2012-0805)
Designator=D4 (CD2012-0805)
Designator=D05(CD2012-0805)
Designator=D6({CD2012-0805)



Creating the PCB

o Export the NETLIST following the menu sequence below (You must be on
the PCB document, not the schematic document

» This will export the Netlist to your project directory

= Altium Designer 6.9 - F:AEE495 Altium\EE495 Project\Dev Board.PcbDoc * - PROJECT-EE495.PrjPCB. Licensed to University of Ne

EE‘,'DEP File Edit Wew Project PFlace | Design | Tools Auto Route Reports  Window  Help F:\EE435 Altium'EE435 Project'\Dev Bo = 9-*

d=d S j\, @ Q) G Qo QM Update Schematics in PROJECT-EE495.PriPCB éwL Altium Standard 20 - *

T Inport Changes From PROJECT-EE495.PriPCB

Fules Rules...

B8 Dev Board.PchbDoc ®

[ 4 Apply ” w E|Ear”£' Zaom Level...] Rule Wizard...

Nl [v] [13oket lzoom Bgee| 205 :

— Metist 3 Edit Mets...
24 Rule Clazses [1 Highlighted]
Clearance Congtraint
Cormpaonent Clearance Constraint Board Layers & Colors... L Clean Single Mets..,

Layer Stack Manager... Clean All Nets...

Ditferential Pairs Routin
= = : 2 Manage Layer Sefs ’ Configure Physical MNets...
1 Rule [0 Highlighted) Rooms ’ pdate Free Primitives From Component Pads. ..
M ame Scope Attibutes | On Classes. .. Export Metlist From PCE...
Clearance Al - All Clearance = v
c;ﬁL Browse Components... Create Metlist From Connected Copper...

[ Add/fRemove Library... Clear Al Nets. ..



Creating the PCB

e The Netlist contains information such as parts,
footprint, and value (as shown below)

@ Stepper Motor.PcbDoc.him | [ Main.SchDoc| | B8 Dev Board PcbDoc *| | ] Exported Dev Board Net

f

02
FT232EL
FIZ232EL

]

l
Ul

32BN
ATmegas-16AC

CR201 5
330

]

l

R1S

CR201 5
330



@ Stepper Motor PcbDoc.hti

!

MISO

Creating the PCB &

Ul-1&
!

e It also contains connection .

INT1

information as shown to the right B
e Each Netlabel (either assigned by Em
you or the software, every net Fis
has a netlabel) shows which i
component and pin number ?41
connects to that node ciis
» Obviously a connection like GND Ell
will have many connections, and pa-ze

Er oy

netlabels such as MISO might only 022
have a few (3 in this case)

-

[ s
oo
1 1 1 =
S|
[

1
TR ORI ORI RS

BN T e I e T |

oW R
|



PORTRB

Creating the PCB

> Netlist Connections for Net MISO:

P3 pin 9
Pl pin 5
Ul pin 16

> A quick look at the schematic shows

that this net is properly connected

GND
Pl =
0 Ul
9 [ VCCpp 12
1 h —5=1 PBO (ICP)
2 o —5=1 PBI (OC1A)
3 55T 7s"1 PB2 (SS/0CIB)
4 o151 PB3 (MOSIOC2)
5 e —=© PB4 (MISO)
6 == —Zi= PRS (SCK)

MIS0
P3-9
F1-5
Ul-1%6
]
P3
MOSI L -
RESET _3 :
e
— g 10

Header 3X



Creating the Netlist

e Fortunately, Altium handles the Netlist transparently to
the end user, but it is important to at least be familiar
with the term and how the schematic is transferred to
the PCB and vice versa

e Any changes that are made must be made to the Netlist.

e The Netlist is the ‘link’ between the PCB and the
schematic. It is important that the schematic and PCB
agree on connections, nets, footprints, etc..



Creating the PCB

o After executing changes. If there are errors or not,

whatever the software can import into the PCB it will do
e}

* Notice how the software just sort of ‘dumps’ all your
parts (PCB Footprints) off to the side of the board.

e Does anyone know why the software doesn’t place
the parts 7??




Creating the PCB

e You may have
noticed the words
on the right on
your design. Leave
it where it is and
don’t mess with it.

* We will get to that
later what it does

e This is called a
Special String



Creating the PCB

* Notice how all the parts are placed inside a colored
rectangle box called ‘Main’. This is called a ROOM.

e Rooms are used to group common circuit types.A room
is created for each schematic page we have

e Since we only have one page, called ‘MAIN’, there is only
one room

D3 D4 D5 Dé D7 D8 R




Creating the PCB

* Rooms are like borders for your parts.An item inside a
room cannot escape without an error message.

* Since we only have one room, we can delete the room
without affecting our layout at all.

e Click anywhere in the room and hit the DEL key
* The room will disappear and the components will remain

* NOTE:You can disable the use of rooms in project
options

R12 N1 Cs C8 CS D1 D2 D3 D4 D5 Dé D7 D8 R
f | I I f I I

gy

JO

C/ C8 CS D1 D2 O
I I I I




Creating the PCB

¢ If you hit the ‘L’ key on the PCB page, it will bring up the
following prompt.

e Change the option under mechanical layers that says ‘Used
Layers Only’

View Configurations

Select PCB View Conliguration | Board Layers &nd Colors |Shaw / Hide | View Options
Name Kind ) -
Altium Standard 20 20 simple Signal Layers (5] Color | Show Internal Planes [F] Color | Show Mechanical Color  Show | Enable | Single | Linked To |#
Alium 30 Black ) Tap Layer (T) I - Lt Leyer Hljahest
Altium 3D Blue D Bottom Layer (2] v i v v
Altium 30 Brovn an Mecharical 2 v
Altiumn 30 Color By Laper a0 5
im0 Dk Green » ool .
Altium 30 Lt Green a0 .
Alium 3D Red D SZE:Z::EZ: g — v
Altiurn 30 White D Mecharical 7 - =
Mechanical 8 [
Mechanical 3 - v
Mechanical 10 v
Mechanical 11 - v w
l;il[:‘ncuments and SettingshGlenntApplcation Only show lapers in laver stack Only show planes in laver stack. Only show enabled mechanical Lavers
D atahaltiumD esignersiviewConfigurations'uAltium Used On
Standard 20.config_2dsimple
Mask Layers [4) Color | Show Other Layers (0] Calor | Show Syztem Colars [ Color | Show
- Top Paste - Drill Guide: - Connections and From Tos | v
.[.)escllptlnn Bottom Paste Keep-Out Layer (4 DRL Error Markers ¥
| Altiurn Standard 20 Top Solder - Drill Crrawing v Selections
Bottom Solder ] Multi-Layer v Wisible Grid 1 H v
Visible Grid 2 B ~
Pad Holes -
“ia Holes -
Highlight Calor
:Aclions Board Line Color -
Board Area Color
Shest Line Color -
Silkscreen Layers (K] Color | Show Shest Area Calar
Top Overday [E] v ‘Workspace Start Colar -
Bottom Owerlay (R) - v ‘workspace End Color -



Creating the PCB

e Notice the different tabs at the bottom of the screen.The selected
layer will look different than the others (in this case, top layer)

e Unlike a schematic, which is 2D, a PCB is a 3D entity with a whole
bunch of layers on top of each other. These layers are all combined to
form your PCB.

e NOTE:These layers are all color coded!!!!

D3 D4 D5 D&

v
- = "\I Top Layer ‘{. Mechanical 1 J.{I techanical 13;{{. Mechanizal 1 51{ Top Elverla_l,ljf':ll Keep-Out La_uerj{l Cirill Drawingf{l Multi-La_l.JerJ/




Creating the PCB

* |f we zoom in, notice that U2 (The FT232 chip) has
several green pads, and several red pads.

e The red pads represent something on the top layer. But
why are some of the pads green ??




Creating the PCB

e [f we type ‘L again, it

will bring up the board
layer lists.

Since the layers are
color coded, we can
quickly look for the
green one and notice
that this is a DRC error
marker (Design Rule
Check)

For some reason Altium

has a problem with our
FT232 Chip

Check the boxes for
pad holes and via holes

Syztem Colors [
Connections and From Tos
DRC Errar Markers
Selections

Yigible Grid 1

Yizible Grid 2

Fad Holes

Yia Holes

Highlight Color
Board Line Color
Board Area Color
Sheet Line Color
Sheet Area Color
Wiorkzpace Start Color
Wiarkzpace End Colar

Calor

Show
W

v

A"



Creating the PCB

* If we put the mouse over one of the green pads, it will tell us
information about the pad, most importantly it will tell us what the
error is

e For these pads, there is a clearance constraint error between a pad on
the top layer, and another pad on the top layer

e NOTE: It is up to you to decide is this is a real error, or an improperly

set rule x: 10040000 dx: 385.000 mil
y: 3670.000 dy: -480.000 mil
Snap: 5mil Blectrical: Smil
1 Component 1 Net 1 Violation
Shift + H Toggle Heads Up Display
Shift + G Toggle Heads Up Tracking
Shift + D Toggle Heads Up Delta Origin Display
Shaft + M Toggle Board Insight Len=s
Shift + X Explore Components and Nets
Shift + ¥V Explore Violabons
Clearance Constraint Between Pad on ToplLayer And Pad on TopLayer
GND  0.000 milz (37-Nodes)
U2 FT232RL (FTZ32RL) Top Layer




Creating the PCB

e Like the schematic, there are rules we need to set.
e Click Design > Rules (or) Rules wizard to create/modify rules

e NOTE:The software only creates errors based on your rules. It is up
to you to know if something is OK or not. If you tell the software that
2 mil traces are OK, the software will enforce that.

=, Altium Designer 6.9 - F:AEE495 Alfiumi\EE495 Project\Dev Board.PcbDoc * - PROJEC

ﬁDEF‘ File Edit View Project Place | Design | Tools AutoRoute Reports  Window He

J J ﬂ _=':i i @ _{l 4_;_: 3 A Update Schematics in PROJECT-EE495.PrjPCB
. Import Changes From PROJECT-EE495,PrjPCB

o
]
[l

“Warkzpacel.Dantw/ik * | |Worksp Rules...
Rule Wizard...

FROJECT-EE495.FrFCE Proje
(®) File Wiew ) Stiucture E ditor E

— SN gy gy - - - —_r

Board Shape 3

=

Metlist »




Creating the PCB

"N PCB Rules and Constraints Editor [mil]
o S

/28 Design Fules

-3 E Placement | | ALl

eX e Cts a E--gélegr;:;me M arne |Clearance | Cornnnent | |
P 5----?§Clearance
g‘ Shart-Circuit where the First object matches Full Qe
11 -5 UnRouted Net @2 | | B11
I I l I n I I I Iu I I I E% Un-Connected Pin ) Met
% Routing () Met Class | |
. s SMT O Layer
S Pac I ng S: :;’Ilask () Met and Layer
3 Testpoint O tevanced (Quer) [ Quew Buider..._ |
b etwe e n B Manufacturing ‘where the Second object matches Full Guery
[H-+= High Speed
B @) All
£

i ; ) Met
M ]"“h‘l-» Signal Integrity
d Iffe I"e n t 8 E:;EErlass | |
() Met and Laper

nets Of 8 O Advanced (Quen) | OueryBuider .. |

Constraints

L]
m I I S ° Different Mets Only

Minimum Clearance Smil




Creating the PCB

* Make the following rule changes (from top of list down):
o Max Trace Width= 200 mils
o Minimum Via Size = |5 mils, Min Via diameter = 30 mils
o Maximum Via size = 50 mils, Max Via diameter = 80 mils

o Minimum hole size = |5 mils, Max hole size = 200

dinirmurm | 30l
b amirnurn | B0mil

Freferred | 30mil

B irirnurn | 15mil
td Eirnurn | S0mil

Freferred | 1 5mil



Creating the PCB

e Try using trial and error
and change the setting to
/ mils and you’ll notice
the error markers go
away.

e NOTE:There are many
better ways of
determining the actual
spacing, but we want to
keep things simple for
now




Creating the PCB

e Notice the small
lines, these are

to as a Ratsnest.

e Itis a way of
telling you which
connections need
to be made still

* Example:You can see
pin 2 of R12 needs
to connect to Pin 2

of the USB
connector




Creating the PCB

e Components are moved in the PCB the same way they
are moved in the schematic.

e Notice how the Ratsnest connections remain and will
dynamically change based on how a component is
rotated.




Creating the PCB

There is usually a tradeoff when placing components.
This USB connector might be easier to route if it is in
the middle of the board, but will be difficult for a user to
use a connector in the middle of the board.

For this design, do the best you can to make it easier to
route, for your project, it should make physical sense to
an end user, even if it means harder routing




Creating the PCB

 EVERYONFE’S PCB WILL BE DIFFERENT!!!

* Do not try to make yours exactly like mine or anyone
else’s.

e This design | went out of my way to create a more
dense design for clarity and to resize the board. Feel
free to use the entire board area.




Creating the PCB

e Usually, components that are close together in the
schematic are placed close together in the PCB.

e NOTE: If you have two monitors, keep the schematic
open on one side, and the PCB on the other side. If you
have one monitor, just write down the components
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BEN
L g

=7 8 9 12
0.1uF | 0.1uF | 0.luF 4 VCCIC

J]. iralal 20 T
— \(_,(_,|—I— Aol
VBUS R12 27 16
D- k= AAN—— <1= USBDI 2
3 RI13 13 VCC
D+ =t APN =¥+ USBDI
' = GND — 1
| . ¢
| . ] _| 2 | Ne
C10 R14 1-1470156-1 — 8 | o
& TXLED | \* RXLED
L —Sz= OSCI RIS 330
GND ——— O8CO R16, . 330
_|_—1< 3V301
C11
| 0.1uF
1 %
— < 5
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Creating the PCB

e For the USB circuit,
we will group the
following components
- C7-CI1
- RI2 -RI16
o U2
- D9,DIO0




Creating the PC

* Next group the
components as they
are arranged in the
schematic.

* Prioritize the
placement by
organizing the high
speed or critical
components first at
closest length



Creating the PCB

e Usually the more time you take in component
placement, the less time you will need for routing

* Which placement is better and why ??? (L or R)




Creating the PCB

* Which placement is better and why ??? (L or R)




Creating the PCB

* Which placement is better and why ??? (L or R)




PCB Inspector

e Start the PCB
Inspector.

e This is one of the

most useful and
time saving

features in Altium
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PCB Inspector

e Hold down

control and
CIiCk bOth R I 4 Object Kind  Component

El Object Specific

and C I O Layer Top Laper

Mame L

Component ... €...»
Lock Stings [

Footprint L,
. The PCB e
. Enable Part ... [ ]
I n S PECtO r Graphical
=1 L
shows two M (oo
&ig €3
M Locked Il
objects are ocked__
displayed/selec e

2 object(z] are dizplayed

ted.




PCB Inspector

® Change the Iayer Include all tppes of objects
from TOP to = Kind
Object Kind  Component
BOTTOM, and all El Object Specific
selected objects are
. . M ame _
immediately changed Component .
to the bottom layer Lock Strings ]
Foatprint L.
°® Th|s Change moved Channel Off... <.,
Enable Pin ... [ ]
the component pads Enable Part .. [ ]
from the top of the moehieal
board to the bottom 1 BEESmI
Height £
of the board and losked T
mirrored them Show Name
Show Com... [ ]
Component ... Standard
£ object|z] are dizplayed




2r0.oou dx: -135.000 mil

6300.068 : -185.000 mil
ap: Smil c I Bl

PCB Inspector

* We can now place R14 and
C10 underneath the USB
connector and make the

connection from the bottom of @
the board.

* Notice the pads are BLUE ‘

(color code bottom layer), This
lets you know that these
components are on the bottom
of the board

1\l. Top Layer ‘i{. Bottom Layer A. Mechanical”{[. Mechanical2;|\l_
| Componen tJ7-1-1470156-1 [2400mmil B230rmil on Too Lay




Component Placement

* Place the three
decoupling
capacitors on the
bottom layer, and
position them as
close to the power
pins as possible as
shown below




Component Placement

e The current limiting
resistors can be
place on the bottom
of the board (under
the FT232 chip)

e The RXand TX
indicator LEDs
should be placed on
the top of the board




Component Placement

e This is beginning to
look very cramped
and hard to see
things which are
overlapping.

* We don’t care
where the
component labels
(top overlay) go, and
will position them
last, so they are just
getting in the way
right now




Component Placement

e Click on the LS at
the left of the list of
layers. This is to

change the active
Layer Set (Visible

Board Layer Seks. ..

layers)
all Layers
Signal Lavers
e This will bring up a Plane Layers
screen like that on NonSignal Lavers

the right. Change
the setting to ‘Signal
Layers’

=il I



Component Placement

e This shows only | P ), |
SIGNAL LAYERS or
layers that conduct
electricity and hides
the rest of the layers
that we don’t care
about at the
moment.

* Most of routing is
best done with the
Signal Layers
layerset active



Component Placement

e It is much easier to look
for lines that cross over
here and make changes
with component
placement.

* NOTE: Be careful when
placing components in
this mode. The top
overlay (silkscreen) is
sometimes used for
component boundaries
and you might place a
component inside the
boundary of another
part




Component Placement

* Place the rest of the
components however you
want to




Routing

e Now we need to make electrical connections
between the components

* Click the icon to interactively route connections

* NOTE:Whichever layer is active, the trace will
being on that layer
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Routing

* Make a connection
between two
components as
shown to the right.

e Notice that the wire

itself is associated
with the netVCC




Routing

* By lowering the ‘Masked Objects Factor’ in
the ‘Mask Level’ in the bottom right corner,
when you click on a pad to wire, such asVCC, it
will dull out the other connections to make it
easier to see where the connections need to go

= Diirn Confrol
b azked Objects Factar [~ J
A T O T e R O T T

Highlight Dbjects Factar |
1 1 1 1 1 1 1 1 1 1

- Mazk Cantral

Background Objects Factor |
1 1 1 1 1 1 1 1 1

=rw—mask Level  Cleal

System | Dezign Compiler | Help | Instrumentz | PCE



Routing

* You should
adjust this so
you can easily
see the
highlighted net,
but still see the
outlines of the
other pads




Routing

* Press the TAB key while routing and you can
change the width of the trace for that particular
net, and specific hole sizes. Make VCC |5 mils

X Interactive Routing For Nek [¥CC] [mil]

-~ Froperties
¥ia Hole Size

o N

/ _\\{Jﬁfia Diameter
2 AN /\@/ S0l

Layer ITn:np Layer j

Width from user preferred value
- l

Apply to all lagers v l:

[Impedance: 0]

2l
- Interactive Fouting Conflict Bezolution
i~ Mone

¥ Stop at First Conflicting Object
™ Puszh Conflicting Objects
[~ Plow Through Polygons

~ Routing "idth Constraints

E dit 'width Riule. . | Trace_Width i u:urre_ntl_l,l congtrained by the wle “width' ta a minimum of Smil and
a masimurn of 200mil.

- Interactive Bouting Options
[~ Restrict To 90,45

¥ fwto Complete
[~ Automatically Terminate Fouting

¥ Automatically Femove Loops

- Smart Connection Pad Esits

¥ Allow Diagonal

- “ia Style Constraints

.y Yia style iz currently constrained by the rule 'Routingtiaz’. The minimum and
Edit ‘ia Rule... : ; . . o ! .
marirmum hole zizes are 15mil and S0mil. The minimun and masimum diameters
are 30mil and B0rmil.

- Interactive Bouting ‘width / Wia Size Sources ——

¥ PFickup Track width From Esisting Floutes

Track Width Mode [User Choice |

Wia Size Mode IUser Choice j




Routing

e Notice the newVCC trace is |5 mils thick

NetD'0_2 NetDg_2




Routing

e Try to route this board using mostly perpendicular traces.

* For example, use the bottom layer for horizontal traces, and the top
layer for vertical traces. This will make the routing much easier (at
the expense of more holes)

NetD10_2 Netlg_2

Y NetDa_2 MetR1 _Q

NefDI02  NelRi6




Routing

e The connection on the
right is a differential pair at
a high frequency.

 Differential pairs should be
kept closer together

e Although you are using an
orthogonal method of | | I e
laying out the board,
Critical nets do not need

) ’
to apply. NetR12_1 NetR13_1

e Try to keep the layer
changes and discontinuities
to a minimum for critical
lines




Routing

e As a general rule for right now, you want to make the traces about as
large as you can make them.

e Why?

2 1
GND GND

Netc1o_2 NetC10.2
(]
5

NetC10 2

' N

Metd1_2

IND $
et _3




Routing

* When the USB
connector is
complete, there
should be four
traces coming
from the USB
interface to the
rest of the circuit
o VCC
o GND
o TX
o RX




Routing

e TheTX and RX
traces from the
FT232 Chip to
the rest of the
chip can be
relatively high
speed (I MB/s)

* For reasons we
will go over later,
this means we
should try to
maintain the same
geometry
throughout the

trace. (Don’t vary
the width)




Routing

* When the routing is complete, you should
have something that looks like the picture
to the right.

e VCC and GND connections are not all
complete though.

e We will work onVCC first

efcccooooom

Q.
9
| @.
Q
Q.
@
-Q.
Q.
o




Routing

* In the left-hand drop down box at the top, select VCC.This will
highlight the VCC net

e NOTE:The box to the right will highlight and jump to a particular
component.

h.PrjPCE. Licensed to University of N
dep (6f - = v B v e 5, - - H:AEE495 Altiun

| |.ﬁ.II:ium Standard 2D v £ ] A iR 1

PD7 :|

RESET




Routing

e TheVCC net is highlighted
and there are three ‘ratsnest’
wires that need to be
connected.

e Make the connections to
connect all theVCC’s
together




Routing

e TheVCC net is highlighted
and there are three ‘ratsnest’
wires that need to be
connected.

e Make the connections to
connect all theVCC’s
together

* Repeat the process for GND




Routing

* When the routing is complete, there
should be no more ‘ratsnest’ wires

* We must run a DRC (Design Rule
Check) to make sure there are no
errors.

In —
000O0O0CDO0OCOO0ONO

bgbbgﬁbbbﬂ:

B
@
)
D
@
@
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@
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e Click TOOLS > Design rule check
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Routing

e Uncheck the box to create
a report file

e Click Run Design Rule
Check

 [f there are no errors, you
should get an empty
message box like below

Class | Document | Source | Message | Time | Date |N|

Design Rule Checker

Fiepart Optiohs
Fules Ta Check:
% Electrical
o Fouting
S SMT
:'f‘ Testpaint
T Manufacturing
— High Speed
2 Placement
[[hbx Signal Inteqrity

- DRC Report Optionz
[ Create Report File
W Create Wiolations
I Sub-Met Details
¥ Intemal Plane “amings
W “erify Shorting Copper
¥ Report Driled SMT Pads
v Feport Multilayer Pads with O size Hale

Stop when IEUU wiolations found

MOTE: To generate Report File pou must zave

To speed the process of rule checking enable «
being performed. Mate: Options are only enabls
defined.

Drrline DRC tests for design rule violations az y
Deszign-Rules dialog ta be able ta test for a part

Bun Deszsign Rule Check. ..




Routing

e Change the Layer Set back to ALL LAYERS and view the entire board.

* As you can see, we have a lot of wasted area, so this gives us a chance to
resize the board
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Routing

e Click and drag
the pink line to
the right to the
left, leaving
about 50 mils

sl;pacmg h x: 3265.000 dx: -3685.000 mil
etween the e 6212000 dy: -225.000 mil
Plnk ||ne and | : Snap: 5mil  1mil _

h | - : Avoid Obstacle (Snap Grid)
the £  GeseeesesE
traces/compon ; [|pa1 PE

| cocoecooonm
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QoGO

[#]
&
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&
&
&
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Routing

* Notice the
dimensions are
automatically
fixed to the
new distance
between the
arrows

* Repeat this
process with
the bottom
pink line




Routing

e The board should look something like this.

» Shift and click to select all four pink lines

x: +1845.000dx: 114
y: 7269.000 | dy: 359

Snap: Smikf 1mil
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Routing

e Click

> Design > Board Shape > Define from selected objects
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Routing

The board should now be resized to the
new dimensions

NOTE: The pink line is a special line called
a Keep-Out layer. This is to prevent placing

components too close to the edge of the
board

This is technically not the smartest way to
change the board size, but the simplest to
see how it works.

If you want to change the board size on a
real board please let me know and I'll show
you better methods
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Cleaning Up The Design

* Now we should clean up the design.The top overlay (silkscreen) are
overlapping VIAs so they wont show up well, the fonts are too big, and the
spacing is too close together

= GHD = GMD = GMD = GHD = GHD = GHD = GHD =




Cleaning Up The Design

Right click on any of the
top overlay (such as D)
and click ‘Find Similar
Obijects

& Find Similar Cbjects. ..

e Build Query...

Filker
Text Locked
e Under String Type- S =1
|
DESIGNATOR, change
. Kind e .
from ANY to SAM E.Thls Obiject Kind Text Same
will select all desishators Object Specific %
g iString Type i Designator e ﬂ
on the board Layer |Tn:||:|ElverIa_l,l ]
Compaonent £
String 01




Cleaning Up The Design

=
Object Kind Test

= Dbject Specific

String Type <...»
Layer £
Component <...>
Sitring £

e You can see that all the 015153
component designators are g g

selected, and nothing else 29 ealld | _surs_

e The PCB inspector shows gbl"’%g "

L
...
Lacked O
O

>
>

that 99 objects are selected Fowion <.
D8D7DsD5D4D3D2D1 ?ﬁ?;a

Autopositl... €3

EABANHIACAPRHEASH i ]

TrueType... Aral

e Change the “Text Kind’

Bold I:‘
from ‘Stroke Font’ to ‘True e |F

Inverted .. <>
Type’ Irweerted .. Omil
Inverted .. Omil
Use Inver... [
Inverted ... Center
Inverted .. <>
TextKind  Stroke Font
BarCode ... <._.»
BarCode ... 210mil
BarCode ... <>
BarCode... <>
BarCode ... Omil
BarCode ... Code 39
BarCode ... By BarCode Full “idth

BarCode ... []
BarCode ... Arial
BarCode ...

93 object(s] are displaved




Cleaning Up The Design

e The changes are
immediately made and all
99 designators are changed
from stroke font to true
type font.

* The reduced size and
cleaner font type already
makes the board look a lot
better

D3 DY D DS D4 D3 B2 D1 .

BF BA N5 B BA BA BA %A

Ui

'ao .m.

R10R11
| - 4
g

=]

Kind
| Obiect Kind Text
= Object 5pecific
String Tupe <>
Layer {0
Component €...>
String <>
= Graphical
K1 <.y
1 <.
Locked O
Hide [l
Ruotation <>
Test Height <...»
TexstWidth €._.>
Stroke Font Default
Autopositi.. €.
Mirror O
TrueType... Arial
Bold O
Italic O
Irverted O
Irwerted .. €...>

Irverted ... Omil
Ireeerted ... Omil

e lbwer. []

Inverted .. Center
Inverted ... <%

LT AT TrueType Font
BaCode .. <...>
BarCode ... 210mil
BarCode ... <...»
BaCode ... €3>
BarCode ... Omi
BaCode ... Code 39
BaCode ... By BaCode Full *idth

BarCodel... [ ]
BarCode ... Arial
BarCode ...

99 object(z] are displayed



Cleaning Up The Design

e P4 and P5 are not very intuitive to the end user and should probably be
changed to something more descriptive.

* Also, the 8-bit LED display can also be changed to Bit0, Bitl, etc... or
1,2,4,8,... so a user can easily add the blnary numbers

D8 D7 D6 D5 D4 D3 D20D1




Cleaning Up The M~eimn

LED INPUT

Go back to the
schematic, and change P5 1
to ‘LED INPUT’

2
Change P to PORTB 3
Change P4 to PORTD 4
Change P2 to PORTC 5
Change P3 to ISP (In 6
circuit serial 7
programming)
Change D9 to TX | 8
Change D10 to RX VCC | 9

10
We are making 7 ——
changes to component s Header 10

names here (‘TI\_J[)



Cleaning Up The

e Click DESIGN > Update PCB Document

Dev Board

e As a result of changing the component

names, some nets changed also. Apply all
changes except adding the room

Design | Tools

Window  Help

IUpdate PCE Document Dey Board, PchDoc "

|5|"51| | P - likia.

Engineering Change Order

Modifications Skatusz
|Enable % | Action | Affected Object | | Affected Docurment Check |Done |Message
Change Component Designat
b odify ; 09 -» T In B8 Dev Board PcbDoc
kd dify i D10 -» B In B8 Dev Board.PcbDoc
kd adify i F1-» PORTE In B8 Dev Board.PcbDoc
b adify i P2 -» PORTC In B8 Dev Board.PebDoc
b odify ; F3 - I5P In B8 Dev Board PcbDoc
kd dify i P4 - PORTD In B8 Dev Board.PcbDoc
kd adify i P& -» LED IMPUT In B8 Dev Board.PcbDoc
Change Met Mames[10]
b adify == MetD3 2 -» NetR15_1 I B8 Dev Board PcbDoc
b cdify == MetD10_2 -» HetR16_1 In B8 Dev Board.PcbDoc
Modify == MetP5_1 -» MetLED INFUT_1 In B8 Dev Board.PcbDoc
Madify == MetP5_2 - NetLED INPUT_2 In B8 Dev Board.PebDoc
b adify == MetP5_3 - MetLED INPUT_2 I B8 Dev Board PcbDoc
b cdify == MetPS_4 -» MetLED INPUT_4 In B8 Dev Board.PcbDoc
Modify == MetP5_5 > NetLED INFUT_5 In B8 Dev Board.PcbDoc
Madify == MetP5_E -» NetLED INPUT_E In B8 Dev Board.PebDoc
b adify == MetP5_7 -» MetLED INPUT_7 I B8 Dev Board PcbDoc
b cdify == MetP5_2 -» MetLED INPUT_2 In B8 Dev Board.PcbDoc
=
Add # Room Main [Scope=InComponentClass(t Tao B8 Dev Board.PebDoc



Cleanlng Up The De5|gn

The changes have taken place and now we each connector is more descriptive

e This method can also be used to change PCB footprints, etc..

@@dé@@@@@ﬂ




Cleanlng Up The Design

You can make the font larger or in bold, or change the font itself if you want to, just
double click the text to bring up the menu

e These connectors will have pin headers on them once assembled, so the Pin |

indicator with the rectangular pad will be invisible to us.WWe need to add a better
Pin | indicator.

@@dé@@@@@ﬂ
LED INPUT

PORTD
199..




Cleaning Up The Design

| A
Place Arc by Edge

e Click the place arc by edge
e Place an arc anywhere on the board

*  Double click on the arc to get the
prompt below, change:

o Radius = 5 mil
o Width = 10 mil
o Start Angle = End Angle = 0
o Layer =Top Overlay
& Arc [mil] 20 x]
Radius Smi
Width _
Start Angle 0.000 w
End Angle 350.000 ,
Center - 3053 5mil
- 5174, 5mil
Froperties
Layer ITl:lp O werlay j Locked r
Met  |MoMNet = Keepout I

aF. Cancel




Cleaning Up The Design

* Copy & Paste the arc and place next to
the Pin |’s for the 10 pin headers

et ED INPUTE 2 et ED IMPUTE 1

INPLT




Cleaning Up The Design

*  We should create two new board layer
sets.

Board Layer Seks. ..

* One where only items on the TOP of
the board are visible

All Lavers

¢ One where items on the BOT of the
board are visible

Signal Layers

- Click the ‘LS at the bottom of the Plane Layers

screen and click ‘Board Layer Sets’ MNonSignal Layers

Mechanical Lavers




Cleaning Up The Design

* Click ‘New Set’ in the bottom left i i - =
. ¢

* Click'Make Empty M ame | Active Laper | Wiew From Bottorn Side
LAll Layers Top Layer []
%Signal Lavers Top Laver ]
&Plane Layers ]
EMonSignal Layers Top Qwerlay ]
&b echanical Layers techanical 1 ]

Remove Seb Switch To

Make Emply
From Currently Yisible Layers

port Layer Sets From File... | | sh




Cleaning Up The Design

Layer Sets Manager llil
* Name the set
[§ y
TO P BOARD Marne | Active Layer | Wigw From Bottom Side | Mame | Type | Include In Set
Bl Layers Top Layer ] Top Layer Sighal
&Signal Layers Top Layer ] Eottom Layer Sighal Il
® C h ecC k th e &Plane Layers ] Top Overlay Silk. Screen
. EMonSignal Layers Top Overlay ] Battom Owverlay Silk. Screen Il
fOI IOW| ng boxe S. Erdechanical Layers techanical 1 O Top Pazte Paste Mazk |
TOF BOARD Top Layer O Botiom Pazte Paste Mazk |
Top Solder Solder Maszk |
° TOP La)'er Botiom Solder Solder Maszk |
Drrill Guide Drrill Guide |
o Top Overlay Kesp-Out Layer o W
Mechanizal 1 Mechanical |
H techanical 2 tdechanical Il
[e] -

MU Itl Layer Mecharical 3 Mechanical |
Mechanical 4 Mechanical |
tMechanical & techanical |
tMechanical & techanical |
techanical 7 techanical |
techanical 8 techanical |
techanical 9 techanical 1
Mechanizal 10 Mechanical Il
Mecharical 11 Mechanical |
Mechanizal 12 Mechanical Il
Mechanical 13 Mechanical |
tMechanical 14 techanical |
techanical 15 techanical |
tMechanical 16 techanical |
Crrill Cirawing Corill Drraving |
A ulti-Layer rulti Layer

Mg Set... Remove Set Switch To Include Selecked | Exclude Selected |
Export Layer Sets To File. .. | Irnpart Layer Sets From File... | v Show | Hide Default Layer Sets




Cleaning Up The Design

Layer Sets Manager llﬂ

e Create another

harne | Active Layer | Wiew From Bottom Side | Mame | Type | Include In Set
new Set cal Ied &é«!l Lawers Top Layer O Top Layer S?Qnal [l
%Signal Lavers Top Layer | Buattom Lager Signal
¢ ’ EFlane Layers O Top Overlay Silk. Screen |
BOT BOARD EMonSignal Layers Top Overlay O Bottom Overlay Silk. Screen
Ehdechanical Layers Mechanical 1 ] Top Pazte Pazte Mazk 1
) C h eCk th e ‘View TOP BOARD Top Layer O Battarn Paste FPaste Mask |
, BOT BOARD Buottom Layer Top Saolder Solder Mask 1
1 Battam S5 older Solder Mask |
from bOttom Slde Drvill G uide: Dvill Guide |
Feep-Out Layer Feep-Out 1
o C h ecC k th e Mechanical 1 Mechanical |
Mechanical 2 Mechanical |
1 . Mechanical 3 Mechanical |
fOI IOWI ng boxes. Mechanical 4 Mechanical |
Mechanical B Mechanical 1
° TOP La)’er Mechanical & Mechanical |
Mechanical 7 Mechanical |
© TOP Overla)’ Mechanical & Mechanical |
Mechanical 3 Mechanical |
o MU Iti-Layer Mechanical 10 Mechanical 1
Mechanical 11 Mechanical |
Mechanical 12 Mechanical |
Mechanical 13 Mechanical |
Mechanical 14 Mechanical |
Mechanical 15 Mechanical 1
Mechanical 16 Mechanical |
Dl Drrawing Dl Dirawing |
Muilti-Layer builti Layer

Mew Set.., Remove Set Switch To Include Selected | Exclude Selected |

Export Layer Sets To File. .. | Imnpart Layer Sets From File., .. | [V Shaw | Hide Default Laver Sets Close |




Cleaning Up The Design

o Select the TOP BOARD from the layer
set.

e This is what the real board will look Board Layer Sets. ..

like from the top looking down
without the default Superman ability to
see through all the layers

all Lavers
Signal Layers
Plane Lavers
MonSignal Lavers

Mechanical Lavers

TOP BOARD
BOT BOARD (Flipped)

L g




Cleaning Up The Design

This is the best view to
move the top
overlay/silkscreen layers
around to make sure it will
look good when you are
done.

NOTE: You should avoid the
holes with the top overlay,
but do not worry if the top
overlay is on top of a trace

sp,
Q0 0o



Cleaning Up The Design

| have moved R10 and
RI| indicators to a
location with less
clutter and without
being blocked by a via.

B .61‘.‘
40
N o '
ou - = }
R10 R11
spy
2 ©:0 Ol

e
e
T



Cleaning Up The Design

| have moved R10 and
RI| indicators to a
location with less
clutter and without
being blocked by a via.
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e
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Cleaning Up The Design

e This is also the time
where you should
optimize your traces.

e The trace on the top
image looks silly and
was probably done
because of optical
interference with the
bottom layer

* Viewing ONLY the top
layer can help spot
errors easily and make

a clean and professional
looking PCB




Cleaning Up The Design

o Set the active layer set to the BOT LAYER you made

e Perform the same optimizations as with the top layer

DOO00000000

8000000000

i .0':?.
Q.
Q.
o
Q.
Q.
Q.
[+
Q.
a

00O OCOCOCOODO



Cleanmg Up The Design

The image to the left shows a DRC error because the polarity marking for

the capacitors are too close together.This is not a real error and we don’t
care about it

e The image on the right does not flag for an error, but the bottom overlay for
C1 will not show up properly because of the location of the via.

* Does anyone notice anything else wrong with the image to the right 72?




Cleaning Up The Design

s anything wrong with the bottom overlay in this picture ?

® 1R

GHD WO

M Hp_l 1 2 —e

- 2 1
GND 5
0 JetF-!, 182 NelRi6_1




Cleaning Up The Design|

e Our board looks OK, but there is a lot of
unused space

*  We will add what is called a ‘copper pour’ or
‘polygon pour’ to fill in the empty areas

. DB D7 D6-D5 D+ D3 D2eD .

|C) (} Q000000 [ll
— - LEDMNPUT -

PORTD.

. _ ¢ .
PORTE | [ = - | PORTC

R10 R11
SP

I
2|9 () Q () () n
1RO @ O Q)

wwwcwn
ncwwowq




Cleaning Up The Design

e Click the polygon plane icon as & ‘6~ = - & - o =« 5 -
.|.ﬁ.ltium Standard 2D - i

shown to the right
¢ Change net to GND

Place Polygon Plane

% Polygon Pour [mil]

2%

Fill Mode

¥ Solid [Copper Fegions)

™ Hatched [Tracks/éncs]

" Mone [Outlines Only)

2500

S

S

% B
i

- Propertiez
Hame

Layer

Lock Pnmitives

Locked

ITu:up Lane

r-Mo Met

IT::-p Laye

—

HMin Frim, Length |3mil

Ignore On-Line Yiolations

v
-
-

RO LR H:

Remove Izlands Less Than

[zq. milz] In Area W

Arc Approzimation

b airnum Deviation From Perfect
.5l

_ Remove Hecks When Copper
Width Lezz Than Smi

v

- Met Options

Connect to Net

Mo Met

IF':::ur Ower Same M

Remove Dead Cy

AOCY

INTO
INT1
M50
OS5I
MetC10_2
MetC11_2

L bl




Cleaning Up The Design
o Click about 50-100 mils away from

the each corner and then right click

e This will begin the polygon
calculation and placement.

 NOTE: For large designs this can
take hours D8 D7 D005 Ds D3 DZoDT

OOOOOOOOOE
TED INFUT

PORTD

OOOOOOOOOE

PORTC

R10 R11
ISP

OOOOOH
10 9. 900k

cooocooooom %
nooooooooo




Cleaning Up The Design
* Notice how the polygon pour will
avoid a net that is different than

the net assigned to it.

* |t will put copper everywhere
possible that doesn’t create a
violation




Cleaning Up The Design

e On nets that there
IS 2 connection
(GND), you can
see it handles it
exactly the same
as any other net,
but has a few
short connectors
that connect the
pad/hole to the
pour




Cleaning Up The Design

* Repeat this
process on the
bottom layer of
the board, also

connecting to
GND




PCB Complete!

e Rather than trying to manually figure out what to
order, we can extract a bill of materials from the
design

e This is why it was so important to enter all the
details in correctly earlier

e Click ‘Bill of Materials’ as shown below

E495 Project'Main.SchDoc - PROJECT-EE495.PrjPCB.

Design  Tools | Reporks | Window  Help E"-:’

Bill of Makerials

-

4

i_omponent Cross Reference
I | | o Main.Schhoo

Repork Project Hierarchy
Simple BOM

Repork Single Pin MNeks

~=  Measure Diskance  Cerl4M



PCB Complete!

e Check the box to ‘Open Exported’ and click
‘Export’

Bill of Materials For Project [PRIOJE

Grouped Columns | Show | |Comment  # [+]| Description [+]| Designator  # [+ ]| Footprint 4 [+]| LibRef [+]| Quantity EH
Comment 0.1uF Capacitor C1.C2 C3, C4, C5, CC2012-0805 Cap 11
Faatprint BITO Typical INFRARED D1 CD2012-0805 LEDD 1
BIT1 Typical INFR&RED D2 CD2012-0805 LEDO 1
BITZ Typical INFRARED D3 CD2012-0308 LEDO 1
BIT3 Typical INFRARED D4 Ch2012-0805 LEDD 1
BIT4 Typical INFRARED D& CD2012-0805 LEDO 1
BITS Typical INFRARED D& CD2012-0805 LEDO 1
BITE Typical INFR&RED D7 CD2012-0805 LEDO 1
BIT? Typical INFRARED D& CD2012-0805 LEDO 1
All Colurnns | Shaw | = | |Header 542 Header, 5-Fin, Dual ISP HOR 25 Header 52 1
Addresz [ 1-1470156-1 USE 1.7, Right Andl J1 11470156 1-1470156-1 1
Address2 O Header 10 Header, 10-Fin LED INPUT HDR1=10 Header 10 1
Address3 O PORTE Header, 10Pin  FORTE HDR1X10 Header 10 1
Address4 O PORTC Header, 10Fin  PORTC HDR1X10 Header 10 1
ApprovedBy O FORTD Header, 10Pin  FORTD HDR1X10 Header 10 1
Author O 10k Resistor RIRILR1T  CR20120805  Resl 3
Ezzzkjsgi . E m Resistor R2.R3.R4.R5 A6 CR20120805 Res! 10
Comr;ent 27 Rezistor R12.R13 CR2012-0805 Fesl 2
ComparyMame 0 TMEG Riesistar F14 CR2012-0805 Fesl 1
Component Kind 0 RxLED Typical INFRARED Rix CD2012-0805 LEDO 1
Componentkind [ TXLED Typical INFRARED | T CD20120805  LEDD 1
Comporentlink1Des [ ] ATmegal-164C 8-Bit &R Microcont L1 328 M ATmegal-164C 1
ComponertLink1URI [ ] FT232RL FT232RL USE <> U U2 FT232RL FT232RL 1
ComponentLink2Des [
ComponentLink2URL ]
Cantacthd aterizl O
Eontac.:ﬂ:‘létlng g ;I
E=port Ophions Excel Options
Eile Format IM icrozoft Excel Wiorksheet [*.uls) j Template I
[~ &dd to Project [” Open Expaorted ¥ Figlative Path to Template File

Menu | Export... [ Farce Columns taMiew [ Include Parameters From Database [ Include Parameters From PCB




PCB Complete!

e An Excel spreadsheet of the B.O.M. will open with
all the information you need to quickly order the

parts
Comment Dezcrption Dezignator Footprint LibR ef Cluantity
0.1uF Capacitar C1.C2.C3,C4,Ch, Ce CY, C8.C8.C10, C11 CC2012-0805 Cap 11
BITO Tupical INFRARED Gads LED 01 CO2012-0805 LECO 1
BIT1 Tupical INFRARED Gads LED b2 CO2012-0805 LECO 1
BITZ2 Tupical INFRARED Gads LED 03 CO2012-0805 LECO 1
BIT3 Tupical INFRARED Gads LED D4 CO2012-0805 LECO 1
BIT4 Tupical INFRARED Gads LED Bl CO2012-0805 LECO 1
BITA Tupical INFRARED Gads LED LE CO2012-0805 LECO 1
BITE Tupical INFRARED Gads LED o7y CO2012-0805 LECO 1
BIT? Tupical INFRARED Gads LED 0ae CO2012-0805 LECO 1
Header 542 Header, 5-Fin, Dual row ISP HDRZ5 Header B2 1
1-1470156-1 USE 1.1, Right Angle, Thru-Hole, B TypqJ1 11470156 1-14707156-1 1
Header 10 Header, 10-Fin LED INPUT HODR1X10 Header 10 1
PORTE Header, 10-Fin PORTE HOR110 Header 10 1
PORTC Header, 10-Pin FORTC HOR1=10 Header 10 1
PORTD Header, 10-Fin FORTD HOR110 Header 10 1
10k Resistar R1.R10,R11 CR201 2-0205 Resl 3
IIr33I:I Resiztar R<. R3.A4, R5 RE R7. RS RI,A15. R16 CR201 2-0805 Resl 10
Ilr2? Resistar R12. R13 CR201 2-0205 Resl 2
1MEG Resiztar FR14 CR2012-0805 Resl 1
RHLED Tupical INFRARED Gads LED R CO2012-0805 LECO 1
THLED Tupical INFRARED Gads LED T CO2012-0805 LECO 1
ATmegal-164C 2-Bit &R Microcontroller with 8K, Bptes 4111 326 M ATmegad-16AC 1
FT232RL FT232RL USE <> UART 2 FT232RL FT232RL 1




PCB Complete!

e From the PCB, click
File > Assembly
Outputs > Assembly
Drawings

Design  Tools  Auto Route  Repork:

Edit  View  Project  Place
= 3
Qpern. .. Chrl 0
Import, ..

Close Chrl+F4

A | 4 ot %

= Main.SchDDc| | B8 Dev Board Pohin

Open Project. ..
Cpen Design Waorkspace, .

Save Chrl+5
Save As...

Save Copy As...

Save Al

&

Save Project As...

Save Design Workspace As. ..,

Eabrication Qutputs

P

Default Prints. ..

Assembly Cukputs 3 Assembly Drawings

Page Setup... Generates pick and place files
. Prink Preview. ..
—1  Print... Chrl4+-P

Smart PDF...




PCB Complete!

e This will create
Assembly
Drawings that are
helpful when

Preview Assembly Drawings of [Dev¥ Board.PcbDoc]

assembling the .o

parts.

e Usually | print
these and write
the value of each
component where
the component
goes

FEFE00 mil
-
L ]
L
-
L
-
L
-
L]
n

LA A XSRS NN ] |
| LA X SR A ER N ]

1155, 00 (|2




PCB Complete!

e To get the PCB

fabricated the
board house needs
two things:

o Gerber Files

o NC Drill Files

Follow the menu
sequence to obtain
the NC Drill files
first

*= Altium Designer 6.9 - H:4EE495 Altium®', EE495 Project'.\Dev Board.PcbD

E l D¥P | Eile | Edt  Wiew Project  Place Design  Tools  Auko Route
E S| ew * A 4|+
. - Open... Chrl+
Projects W [ & hain.SchDoc | | B8 Dev Bos
Import...
Wiorkzp
Close Chrl4+F4
FROJE :
Y Open Project...
& File Open Design Workspace. ..
A Save Chrl+5
= ually Save As..,
S]s Save Copy As...
|
Save Al
— Save Project As. ..
Save Design Warkspace As. ..
Eabrication Oukputs r Composite Drill Guide
Assembly Oukputs K Crill Dr awings
Page Setup... Final
3 ; ; Gerber Files
., Prink Preview...
4 Print... Chrlp Mask Set
Diefault Prints. .. rC Drill Files
ODB++ Files
B Smart FOF...
Power-Plane Set
Import Wizard - e




PCB Complete!

Leave these values
as default unless
you know what
you are doing

Click OK

MC Drill Setup

- MC Diill Format
Specify the units and format to be uzed in the MC Dl output files.

Thiz contralz the units [inches or milimeters), and the number of digits before and after the
decimal point.

Unitz Format
¥ |nches 2.3
=24
£~ Millimeters B
{25

The number format zhould be zet bo zuit the reguirements of your design. The 233 format
haz a1 mil rezolution,

24 haz a 0.1 mil rezolution, and 2:5 haz a 0.01 mil rezolution. If pou are uzing one of the
higher rezolutions you

shiould check that the PCE manufacturer supparts that format, The 24 and 25 farmats

only need to be chozen

if there are holes on a grid finer than 1 mil.

2]

- Leading/Traillhg £eroes ————— 1 Coordinate Pozitions

" Keep leading and trailing zeroes " Reference to abzolute arigin
" Suppress leading zeroes ¥ Reference ta relative origin

¥ Suppress lralling zeroes

~ Other

[ Optimize change location commands

[ Generate separate NC Diill files for plated & non-plated holes
[ Uze driled ot command [G85]

[ Generate Board Edae Bout Paths

Fout Tasl Dia |2EIEImiI

] I Cancel




PCB Complete!

e Leave these values

as default unless

you know what
. - Settings
ou are doin
Y & Skart Uniks: 2.3 Trailing Abs Inch

e Click OK

- Shape/Defaulk Hole Size

|n.032|:|:|:|.|:|320 Tool Table. ..

(8]4 | iZancel




PCB Complete!

* A PCB with only
holes in it should
appear.

* These holes match
the holes of your
design

e Go back to the
PCB




PCB Complete!

= Altium Designer 6.9 - H:A\EE495 Altium*EE495 Project'Dev Board.Pch

Follow the menu
sequence to create
the output Gerber
files

E l DxP | File | Edit  Yiew Project Place Design  Tools  Auto Route
= * A 9|+
: ~ Open... 4
Projects I = Main.SchDDc| | B8 Dev B
Impaort...
Wwhorkzp
Close Chrl+F4
PROJE
B Cpen Project..
& File Open Design Workspace, ..
A Save Chrl+3
= maily Save As..,
S| Save Copy As...
i Sawe Al !
] Sawe Project As...
(.
= Save Design Workspace As...
Eabrication Cutputs » Composite Drill Guide
Assembly Cukputs » Crrill D awings
Page Setup... Final
_j; Prink Preview. .. Gerber Files
4 Prik... Crl+P Mask Set
Default Prints. .. M Drill Files
CDE++ Files
T Smart FOF...




PCB Complete!

e Leave the values
intact under the

‘General’ tab

Gerber Setup

Specify the unitz and format to be uzed in the output files.

Thiz controls the unitz [inches or millimeters). and the number of digitz before and after the

decimal paint.

Itz

% |nches
i~ Millimeters

Faorrnat
(e
e
i 25

The number format should be set to zuit the requirementz of pour Project.
The 2:3 format has a1 mil rezolution, 2:4 has a 0.7 mil resolution, and 2:5 haz a 0.07 mil

resalution.

[f wou are wzing ane of the higher rezolutions pou shauld check that the PCE manufacturer
supportz that format.
The 2:4 and 2:5 formatz only need to be chozen iIf there are objects on a gnd finer than 1

.




PCB Comglete!

e Under the Layers

tab, click ‘Plot

Layers’ and you
can either choose
ALL ON or USELC

ON.

* If you choose

USED ON you
should manually
check the bottom
two layers called

o

GPT —Top Pad
Master

Gerber Setup

2l x|

Layerz To Plat & | | Mechanical Layerss] to Add to All Plats
Extenzion |Layer Mame | Plat | Mir... Laper M ame | Plat
GTO Top Owverlay ] bechanical 1 []
GTR Top Pazte ] techanical 2 ]
GTS Top Solder ] techanical 3 ]
GTL Top Laper ] techanical 4 ]
GEL B ottom Layer ] techanical & ]
GBS Bottom Solder ] techanical B ]
GBFP Bottom Paste ] techanical 7 ]
GBO Baottom Owerlay ] techanical 8 ]
[E] AN F.eep-Out Layer ] techanical 9 ]
k1 techanical 1 ] techanical 10 ]
Gh2 techanical 2 1 [ techanical 11 ]
Gh3 techanical 3 1 [ techanical 12 ]
k4 techanical 4 [1 [] 1 |Mecharnical 12 ]
G5 techanical & 1 [ techanical 14 ]
GhE techanical B 1 [ techanical 15 ]
Gh7 techanical ¥ 1 [ techanical 16 ]
GhE techanical 8 1 [
[E{ & techanical 9 1 [
G0 Mechanical 10 [] [ ]
GM11 Mechanical1l [ 1 [1 =
[ Include unconnected mid-laver pads
Plot Lapers Mirror Lapers =
—  Alon
OF. Cancel

GPB — Bottom Pad ™

Master




PCB Complete!

e Under ‘Drill

o [ . o
D ra.WI ng (Th I S IS General I La_l,lers Crill Drawing |,-'l'-,pertures I Advanced I
different than NC - DiilDrawing Plots
D rl II fl I eS) Chec I( ¥ Plat all used layer pairs I Mirror plots Dirill Drawing Spmbals
Top Layer-Battam Laver % Grachic sumbols

¢ Lrap W
the PIOt a” used ' Size of hole string
|a)’el’ Pal r'S’ |n the " Characters
two locations at iﬁ“n“::l”'

the left

= Dirill Guide Plotz
I Plat all uzed laver pairs [ Mirrar plats

Top Layer-Batkom Laper




PCB Complete!

* Under ‘Apertures’

make sure Generall La_l,lersl Dirill Dirawing .ﬁ.pertures ''''' I.ﬁ.dvancedl
Embedded Apertures  Embedded apertures {52744 ¥ [apertures Lis

DCade | Shape | Uzage |%Size |¥Sixe |Hole Si
are SeIeCted [F the Embedded | apertures aption (s

enabled apertures will autamatically

(R8274X) be zreated from the PEE each time

ol generate the autput fles using
Phie [Cshd et

[ thiz aption iz nat enatled the
aperture list on the right iz uzed,

’ N OTE: Befo re IIse the buttons to create or load &
R8274X’ there was zuitable aperture list,
RS274D, which did

- Dptions
nOt Conta| n th e e awirnum aperture size
| 250mil
em be d d ed ¥ Generate relief shapes 4 | |
APe rtu res’ most 7 Elash pad shapes Hew.. | Edit... Bename... | Clear... | Delete
eve ryon S req Ui res I Flash ol fils LCreate List Fram FLCE Load.. | Save... |

RS274-X format

* lgnore the Advanced
tab and click OK



= Altium Designer 6.9 - CAMtastic2.Cam * - PROJECT-EE495.PrjPCB. Licensed to Unive

' D¥P Fil= Edit View Place Tools Rout  Analysis  Tables Macro  Reports !

PCB C m I t ’ EJ S e I A T R =T
O P e e ¢ — M. [ main SchDoc | | B8 Dev Board PohDo

|W0rkspace1 Dzt - | Wiorkspace

Y Again’ depending on | PROJECT-EE 45 FiPC | Pkt |
. ¥ FilaView (" Stucture Editar EILPI
the ComPIeXIty of ™ PROJECT-EE495.PiiPCB = &
the design and the "8 e comiPabtee
&% CaMtastic]. Cam *
capabilities of your
computer, this could 2 Gererete

take hours.

* This design should
take around 10
seconds

* Notice how two
new files have been
created, These are
CAM files




PCB Complete!

The PCB Document is a single
document

The Gerber files are a list of
around 10-40 individual files
with information on each layer

This standardized format of
Gerber files means the board
house does not need to own
every software package
imaginable

CAM Viewers are required to
open these ‘generic’ Gerber
files. CAMtastic is Altiums
included CAM viewer

= Altium Designer 6.9 - CAMtastic2.Cam * - PROJECT-EE495.PrjPCB. Licensed to Unive

' D¥P Fil= Edit View Place Tools Rout  Analysis  Tables Macro  Reports !

1 SHSA® R A TO | & o ®|
L

Projects

| Wiorkspacel Dertwilk

- | Wiorkspace

| PROJECT-EE 435.FriFCB

| Project

* FileWiew { Stucture Editar

[d MainSchDoc
| Libraries
| Generated

=11 Source Documents

B8 Dev Board PcbDoc *
&5 CaMtastic].Cam *

P CAmtastic?. Cam *

EXEL 2l

[ main SchDoc | | B8 Dev Board PohDo

=/ I

=51 PROJECT-EE 495_PriPCB = B




PCB Complete!

* Highlight the CAMtastic file  ®2== MR | 82 @ camtastio2.Cam * -
. . Wiark 1 Daradth ~ | ok
with your board layout on it — e

PROJECT-EE435. FriPCE Project

i File Wiew 1 Structure Editar '3!:' __?|*|

e Click the CAMtastic tab B PROJECT EE495 PriPCE =

= Source Docurments
B8 Dev Board. PobDoc ®
&% CAMtasticl. Cam *
Lq'r': Cakdtaztic? Cam *
[d Main 5chDoc

I Libraries

| Generated

%, Files Mavigakor CAMEastic



PCB Complete!

E D¥P File Edit  Wiew Place Tools Rout  Analysis

e Inside the CAM viewer, you
can see a rather crappy
rendition of your board and
a bunch of color coded files.

e You may also notice there
are new buttons in the menu
screen. This is so you can
modify the output files
(Gerber files) directly.

NoHGL|®RL AT | &
AMLtastic 3

CiaM Editor

-

Curent Layer: dev_board.ggl

Layer Mame

|LayerNo‘ A

M dev_board.gtl 1
Ml dev_board ghbl 2
dev_board.gto 3
M dev_board gbo 4
M dev_board.gtp 5
M dev_board.gbp B
M dev_board gts 7
M dev_board.gbs 8

M dev_board.gko 3

M dev_board gl 10

M dev_board gl 3 1

M dev_board.gmls 12
ard,

ODE Steps

Info @ | Dirc g | Mets S StEDSf\*.l

|D1D Rectangle  0.053000 : 0.051000

|off =/ /{Inch

| 17188186 126636

Files 4 Projects 4 Mavigator

[N [N

Macro  Reports  Window  Help
[t & @ - -~ 17~ =

B8 Dev Board PobDoc * || 25 CAMastic2.Cam *| | 25 CAhtastic! Cam *




PCB Complete!

e You may notice a new chart that appears
in the Gerber files.

* [f you remember the .LEGEND from the
PCB layout, that is known as a SPECIAL
STRING which performs a special
function.

» This particular one creates information
about the holes and represents this
information with symbols




PCB Complete!

e Although it looks like
someone did graffiti on your
work, these patterns
represent the type of hole it
is, and the size of the hole

e The + is the center of the
hole, and the pattern reveals
drill information from the

.LEGEND special string

e NOTE:There are much
better CAM viewers than
Altium’s, Some are included
in my syllabus




PCB Complete!

When you
created the
Gerber files
and NC Dirrill
files,a new
folder is
automatically
created in
your project
folder called
‘Project
Outputs’

All these files
are what you
send to get
your board
made

Altium is nice
enough to
register the
file extensions
with Windows
SO you can
see which
each file is

|2 Project Outputs for PROJECT-EE495

File Edit Wew Fawvorites Tools  Help

) Search

7 0

Folders

OBack - \_) E ?

3 » X 9 |E-

Address I“:I H:Y\EE495 AltiumlEE495 ProjectiProject Outputs for PROJECT-EE49S

Folders x

@' Deskkop
lD Iy Documents
B j Iy Computer
,ﬂ. 314 Floppy (A0
“e Local Disk (C:0
i DWD-RW Drive (D:)
e Removable Disk (E:)
ih DD Drive (F:)
8 PERSISTAMT (G2
= \y Partableapps (H:)
IZ) Alkium Designer Libraries
_; Dacuments
|2 eBooks
|5 EE495
=1 [ EE495 Altium
[ [5) EE495 Project
5 Altium Libraries
|5 CoDE
[C5) DATASHEETS
| History
) Project Outputs for PROJECT-EE495
) Portablespps
|2 Software
_-f Mike Shared on Mike' (¥
_-f Miveen Shared on ‘Miveen (Miveen)' (Z:)
[} Conkral Panel
(& Shared Docurments
|5) Slenn's Docurments
&) My Nebwark Places
#l Recycls Bin

FHHEEREGK

Size | Tvpe

% Dey Board. DRL
=| Dev Board .DRR.
Dev Board, EXTREP
% Dev Board. GEL
% Dev Board.GEO
&% Dev Board. GER
&% Dev Board,GES
3% Dev Board.GD1
&% Dev Board. GGl
3% Dev Board. GKO
% Dev Board. GM1
3% Dev Board.GM13
3% Dev Board.GM15
A% Dev Board GPE
A% Dev Board GPT
3% Dev Board.GTL
3% Dev Board, GTO
3% Dev Board.GTP
3% Dev Board.GTS
Dev Board..LDP
=| Dev Eoard REP
Dev Board UL
E] Dey Board. TXT

Devw Board-macro, APR_LIE

B PrOIECT-EE495, s
E] Status Report, Txk

3KE
1KB
ZKE
ZFKE
42 KB
131 KB
2KE
4KE
46 KB
7KE
1KB
Z1 KB
ZFKE
ZFKE
3KE
4KE
S3KE
135 KB
3KE
SKE
1KB
&6KE
1KE
ZFKE
OKE
10KE
1KE

CaMtastic sperture Daka

Caltastic MC Crill Binary Data

Alkiurn MC Drill Report File

EXTREF File

CAMtastic Boktom Layer Gerber Data
CalMtastic Bottom Overlay Gerber Data
CAMtastic Boktom Paste Mask Gerber Data
CAMtastic Boktom Solder Mask, Gerber Data
CalMtastic Drill Drawing Laver Pair Gerber ...
Caltastic Drill Guide Laver Pair Gerber Data
CaAlMtastic Keepout Laver Gerber Data
Calkastic Mechanical Laver 1 Gerber Data
Caltastic Mechanical Laver 13 Gerber Data
CAMtastic Mechanical Laver 15 Gerber Data
CAMtastic Boktom Pad Master Gerber Data
CAlMEastic Top Pad Master Gerber Data
CAMEastic Top Laver Gerber Data
CAMtastic Top Overlay Gerber Data
CAlMtastic Top Paste Mask Gerber Data
Caltastic Top Solder Mask Gerber Data
LDP File

Report File

RLL File

Text Docurnent

APR_LIE File

Microsoft OFfice Excel 97-2003 'Worksheet
Text Document



PCB Complete!

Click Report > Board information for a quick
summary of your board

Click ‘REPORT’ and include this report file in
any project files you send me. POINTS
WILL BETAKEN OFF IF IT IS NOT
INCLUDED

Reports i Window  Help

|E] Board Information..., b

Design  Tools  Aukto Route
W A |+
| | Main.SchDucH! o
pace
ach
-
L
L

PCB Information

- Primitives

BArcs S
Fillz : 0
Fads ;190
Stringz |
Tracks . 483
Wiag o 44
Palyaon: 2
Coordinates : 0
Dimenzions © 2

- Board Dimensions

[Mir: 2050ril . 367 Fmil]

Bill of Materials
Simple BOM
Project Reports k

Metlisk Status

Measure Diskance  Chrl+M
Measure Primitives
Measure Selected Objects

2

11 B&mil

 —
] 327 3mil

- Other
Fadia Holes
Pad SlotHolez : 0
FPad Square Haoles : 0
DRC Yiolations ~ : 73

: 100

Cloze

Fepaort...




PCB Complete!

e Click the ‘All On’ box and click ‘Report’

Check. iternz that pouw would ke included in the report

Board Specifications
v Layer Information
¥ Layer Pair

v Mon-Plated Hale Size

v Plated Hole Size

W Mon-Plated Slat Size

v Plated Slat Size

v Mon-Plated Square Holes Size

¥ Plated Square Holes Size

v Top Layer nnular Ring Size —
v Mid Laver &nnular Ring Size

¥ Boattom Laver &nnular Ring Size

v Pad Solder bazk

v Pad Paste Mask

v Pad Pwr/Gnd E xpansion

v Pad Relief Conductor width

¥ Pad Relief &ir Gap ;I

IF D-d Dlimf Cobrime

1 AllD I [ Selected objects anly

Report Cloge




PCB Complete!

Date : 6/2/2008
Time : 3:11:42 PM
Elapsed Time : 00:00:00
Filename : H:\EE495 Altium\EE495 Project\Dev Board.PcbDoc

Units : . mm & mils

*  An HTML report file is created
(file path is given) and you can
select the units.

Contents

Contents

Board Specification

General

Routing
Routing Information
Layer Information
Layer Information
Layer Pairs
Board Holes
Non-Plated Hole Size
Plated Hole Size
Board Slots

e This HTML file has hyperlinks so
you can quickly view areas




PCB Complete!

General
. 1165mil x
Board Size 3273mil
Components on board 45
Back to top

Routing Information

Routing completion 100.00%
Connections 122
Connections routed 122
Connections remaing 0

Back to top



PCB Complete!

Non-Plated Hole Size Pads Vias
Total 0 0
Back to top
Plated Hole Size Pads Vias
Omil 134 0
15mil 0 41
30mil 0 3
35.433mil 50 0
36.221mil 4 0
90.551mil 2 0
Total 190 44
Back to top
Non-Plated Slot Size / Length Pads
Total 0
Back to top
Plated Slot Size / Length Pads
Total 0

Back to top



PCB Complete!

Non-Plated Hole Size Pads Vias
Total 0 0
Back to top
Plated Hole Size Pads Vias
Omil 134 0
15mil 0 41
30mil 0 3
35.433mil 50 0
36.221mil 4 0
90.551mil 2 0
Total 190 44
Back to top
Non-Plated Slot Size / Length Pads
Total 0
Back to top
Plated Slot Size / Length Pads
Total 0

Back to top



PCB Complete!

* Be careful with this one, The annular ring
size from board vendors is defined
differently. The Ring size is this
number divided by 2

Top Layer Annular Ring Size Count
15mil 41
20mil 3
23.622mil o0
26.772mil 4
59.055mil 2

Total 100



PCB Complete!

* What'’s wrong with this 222!
* We specified a minimum trace width of

|0 mils, yes we have 81 tracks with a
more narrow width. Is the DRC Broken ?

Track Width Count
3.937mil 21
7.874mil 60
10mil 162
15mil 61
20mil 86
30mil 69
40mil 24

Total 483

HHHHHHHHHH



Special Strings
e Type ‘L from the PCB screen and click the View
Options’

e Check the box that allows you to Convert Special
Strings

Board Layers And Calars I Show / Hide  “iew Options |

Dizplay Optionz - Show
¥ iCoreert Special Stings [ Test Paints
™ Use Transparent Layers IV Status Info
Iv Origin Marker |:|

[ Component Reference Point |:|
IV Show Pad Mets

IV Show Pad Numbers

IV Show Via Mets

Other Options...

Met Mames on -
Tracks Display ISlngIe and Centered j

Plane Drawing IS:::Iiu:I Met Colored j




Special Strings

e Click the Text Entry icon from the PCB menu

ardd kil

| A5 Cahttastic? Cam * | | a5 Cahttasticd CaPlac

—

e Double click on the text you placed to get the
following menu

N string [mil] z2ix|

\
é{? Height &0l
S/a\
e U Rotation 0.000
Location X: 3235mil
' 4052mmil
Properties
Text String)

g
pplication_BuildMumber

ﬂ Locked r

Ay 1| - A
Layer ‘it Court = Mirror -

Camment -
Hot .Component_Count

Computert ame:

Designator

Fill_Count

Hole_Count

Select TrueType Font
Font Name [zl ~| Bold r

Italic r

Inverted [ Use Inverted Rectangle [~




FProperties

Special Strings o [@E
Application_BuildMumber a
. Layer Arz_Count _l
e Shown to the right Font  |-Comment =
. LComponent_Count
are all the available Lomputerlame
.Designatar
i i Fill_Count
Special Strings that Fill Count =
can be placed in __ Laver Name ]
Legend
Met_Caount
PCB Entr)" Met_Mames On_Layer J
. . Pad_Count
® NOTE'ThlS I|St Patterm
Pcb_File_Mame
usually changes Pcb_File_Name No Path x|

with each revision

Plat_File_Marme
Foly_Count
FPrint_Date
Frint_Sczale
Print_Time
Printout_Mame
SlotHole_Count
SquareHole Count

Strng_Count
Track_Count

MergsionContral_RevMurnber

Mia Count










Part 2: Intermediate Guide

* This portion of the guide contains more
advanced features as is geared towards:
> Hardware Engineers
> Signal Integrity Issues
> Advanced Altium Designer features



Logos

* The image you want to create a logo out of MUST be saved
as a MONOCHROME BITMARP file. This can be done by

opening the file in MS Paint and saving the file as shown in
the box below

il altiumlogo.bmp - Paint

File Edit Wiew Image Colors Help

Save in: Ik'j PCE Logao Creator j ) ? =

¥ altiurnlago.brnp
test1.bmp
it testZ.bmp
ts

Making Electronics Design Easier ™

0107 ¢ =% |% |5z
O|Rm|~|w|o=|0|§ |

File narne: Ialtiumlogo j

Save az bype: |Monochrome Eitrnap [*.bmp;” dib]

Monochiome Bitmap [*. bmp;”.dib]
16 Color Bitmap [*
286 Color Bitmap [*.bmp.™.
24-bit Bitmap *.bmp.”* dib]
JPEG [*JPG;"JPEG; " JPE;".JFIF)
GIF [*.GIF]

TIFF [“TIF:TIFF)

PMG [*PNG)

F=



Logos

* The most requested feature people want
to know is how to implement a logo in
their design. There is a script located in

this directory

C:\Program Files\Altium Designer 6\Examples\
Scripts\Delphiscript Scripts\Pcb\PCB Logo Creator

* Add Converter.Pas to your project. This

script will convert any Black and white
image to a PCB footprint.



Logos

e Notice the different menu icons when

you have a script selected. From here, you
can click the small triangle button to
execute the script or press F9

2=, Altium Designer 6.7 - C:4Program Files' Altium Designer 6'Examples’,Scripts’ Delphiscript Scripts',Pch',PCBE Logo Creak

B Dsr Fle Edit Wew Project Tools Run Window  Help

DS H|S ek am|a]o o BE ]

i 5§|§| |%I|__:-’ Bl F

reyo—
Run current scripk (F'_:J]||
Workspacel Dtk * | Workspace . - - - —
Address: |C:HF‘r|:|gram Files! Altiurn Designer &\Examples)ScriptsDelphiscript !
PCB_Froject!.FriPCH Project b
& File View € Shuchure Editor { Summary Converts a monochrome image a2 4 PCE Logo 1
T ICE tracks that can be placed on a DCE docu

|-

Veraion 1.4

e




Logos

Make sure to change the layer to TOP OVERLAY
(Silkscreen) and load the .BMP image. Notice there is an
option for scaling factor, and it shows image size.

Image size will be the dimensions of the logo in mils
once the conversion is complete. Using the scaling
allows you to make the exact dimensions you want for

the

Select zcript ta rwn
= %] PCB_Project! PriPCE
E|--- Corverter, FAS

RunCorverterScript

PCB Logo Creator x|

— Corverter Options
Load

Board Layer :
Top Owerlay Corveert

Image zize : 535 & 239 milz E it
=
="

Sealing Factor : |1

[T Megative
[ Mirrar
[ Mimor

Readwy. .. |




Logos

e Depending on many factors, such as complexity,
and processing power, the converting time may
vary

* When complete, there will be a new PCB
document added to your project containing your
logo. It is a good idea to copy & paste the logo
into your footprint library for future use

[ Megative

e .------.
Mirrar

Corverting, .. |GGG l
I y o ¥y i _
=1 Source Dacumen ke

= ggll PCB_Project1 PriPCB = Making Electronics Design Easier ™




Logos

* Logos can also include:
> Compliance icons such as FCC, ROHS, CE,

etc..
> Warnings such as ESD, High Voltage, Etc

> Make sure you can legally use any logos you
place on your PCB

e (€ C€ = @ £ A

SENSITIVE DEVICES
ESD.bmp ESD.gif

RoHS
A‘ITEHT*DN m ﬁ
Compliant

MMMMMM
ELEETRUS‘I'ATH:
SENSITIVE DEVICES COMPLIANT
ROHS.jpg RoHS_logo.brp RoHS_logo_small. jpg

esd_symbal_l.jpg

tatmel_fogo.bmp CE-LOia0, bmp CE-Lia0, jpg confidential_stamp.jpg Copyright.jpg

FCiC-logo.brp FCC-logo.gif Hatsui. jpg



Multiple Monitor Setup



Schematic/PCB Interaction with
Multiple Monitors



Circuit Simulation



Version Control System



Snippets

* Snippets allow for quick reuse of existing
designs.

e Schematic, PCB, Routing can all be saved as
snippets.

e Easily found by clicking the ‘System’ bar in
the bottom right corner, then enabling
‘Snippets’

Clipboard

Fawarites
Files
Libraries

Messages

ad

COukpuk

v | Projects

41 ¥ | Snippets |

Skorage Manager
To-Do £ Clipboard

Syzfem | Oezign Compler | SH Help | Instrumme




Snippets

e To create a snippet,
simply highlight the
schematic/pcb
information you
would like to reuse,
right click, then
select ‘Add to
Snippet’

i
(|
E2
Becd
30
DE] |
W o
i Find Similar Objects, ..
=N Filter »
GH Place J
Part Actions b
Align 3
Unions b
Snippets 3 Create Snippek from selecked objects
Grids k
View b

Wirkspace Panels




Snippets

* You can create multiple subfolders to keep your snippets
organized.

* To place a snippet, simply highlight the snippet of your choice,
and click the ‘PLACE’ button at the top of the snippets box.

Place USE | Snhippetz Folders... |
= [ 5nippetz
| JPCE

= LOSCHEMATIC

o DF (e BN
PIERE we| DIFF PAIR

o

USB

FT232 Interface

Switch
Swith w/debounce




Snippets

*  When placing a snippet, you will see a rectangular boundary outline of the object. Once the location is
held, you will place the ENTIRE snippet as shown below.

* Notice that nodes, net labels, differential pairs,and component ID’s are all pasted from the snippet.

*  When pasting a PCB snippet, the footprint, layer information, traces, etc..Are all pasted from the
shnippet

e This powerful, simple to use feature is a great timesaving tool when creating multiple projects

| - | — - Lm L=a g M&_I = [ Snippets
FY
| JPFCE
= [OSCHEMATIC
2 3
R |JE|:'8 j}' I’? DIFF PAIR
RRLHFE R Commert...
FT1
35 WOE FT232RL S
Il 20 1 B¥DO
—I—_ ! [ ¢ | %Em RTg 3 10 = UsE
= 0.1uF ETSH | FT232 Interface
ELD Y | usepm prow—1L
USE_DIFF (1) N ) oS
TR, TSELP L'TEH ﬁ(
) USE_DIFF (i1~ DSEH [~ Switch
VBUS |3 DCDH !
. |tliicpg 27 DM ol I Swith w/debounce
Shisldl R S R ) <
| D+ = = > 22| CEUED 4
¢ '
R0 & 36 —— 5T T et 0501 i -
- 7| N
1M ]mu.lur I USE-E Carm ¢ i; R e %<
> CETUS4 RESETH ?(
- 17 HC HS L4
e ] FouT HC ——¢
(]
T gegEy
0.Tu¥ CCRth-]=
oD TR
FT232RL
GHD




Inspector Tools

e The PCB and Schematic Inspector tools
for some reason are hidden a little deep
inside the software.

 This feature allows you to easily and
quickly make project-wide changes to
components, nets, etc.

e Serious users will be amazed at how
much time is saved by using the Inspector
tools



Schematic Inspector

==, Altium Designer 6.7 - D:"PCBYMain.SchDoc * - PCB_Projectl1.PrjPCB. Licensed to University of Nevd

I D®P File Edit | View | Projeck Place Design Tools Reports Window  Help

B d|_’) r Fit Document = 0 .__,f| . |JJ /|

 Start out by
* [ZISTII 1) Eit Al Objects  Ctrl+Pgbn
docking the ] e

Around Point : [D1\PCEAMaIn. SchDocPLeft=0;Right =051 ~ | [

h ° FCE_Project1.PrPCE L Selected Objscts
C e I I l atl C % File View " Strug Underlined Connections 3

ﬂenchmark.pcbdocl | [2 Main SchDoc =

I I S0%
n S P e Cto r. = 5all PCB Benchm noe
° =L Source Doc 200%:
Eﬂ FCE Bend 4007
usua”y I(eep It B PCE Beng =
=1L Settings Zoom In Pglp

=1 Dutput Jal Zoom Cut PgDn

M .
I n t e SI e (] Default
(5 Default Zoom Last
= Libraries Pan Home
dockbar S T IS =
2

Joye

. . Full Screen Alt+FS = 0.1uF
GHI
which is : -
USE_DIFF (1
| Workspace Panels » Design Compiler ¥ jpoe
1 1 T5E_DIFF
Sef I f r a IEl Deskiop Lavouks » Help » ;s_ T:’ﬁss- oI mIT
u u O Key Mappings » Instruments L %Rm
e 27
o B Devices Miew System g -
I I lu tl P e- @  Home ScH > SCH Filter
S —— SCH List
atus Bar J
d 1 I c d Stat T shest
ommand Status
S C re e n I S P ay. — SZH Inspector
iarids »
Toggle Units
-
| E Mo objects zelected
& O P -
_—r': 20 Mazk Level Clear % Clipboard 4 Snippets /

| System | Dezign Compiler | SCH Help | Instruments



Schematic Inspector

* By selecting multiple objects (shift & left
click), you can see the Schematic
Inspector update the display for all
selected parts.

* Items showing <...> have varying values
for more than one component (Such as
location X/Y coordinates)



Schematic Inspector

'PCB Benchmark pcbdnc| | 4 Main SchDoc *

SCH Inspector

Include all topes of obiects from cument document

H dress: |[00\PCEYMain. SchDoc?Left =0;Right =951 GD Back - J T X
® In thIS example, | ‘ o ) W@ ¢€kﬂa Obisct Kind Fart

Th ree E Design

. 2 3 | | Owrer Document Main Schloc
capacitors are Ea —
SeIeCted ;:ientat\om ::

. Mirrared D
g SCh ematIC Display Mode NDormaI
Show Hidden Ping
Inspector Chon Desopat

= Object Specific

S h OWS th at 3 FTL Description Capacitor

. sl N FT232RL Lock Designator ]
O b] e Cts a re _|_i| '_ 23 e p— % ;?ckLPat \[;
H — B o WCCln D [—=—— ins Locke
= 0.1F 3 k
selected in the S b s Fietane
TISEDM CTS# F— .
b f 'K SB_DIFF @- " ) C.onflgulatlon : ]
ottom o It S USE CONE . TSEDP DTRR [—5—3< Library Miscellaneous Devices.Intlib
I 1B D (] Dom M=% Symbinl Reference Cap
" .2 >5_53-;9 FLAE ] S
tas kbar. i m []))+ S Rein ar b P ool p— 7T S Ve Enmgnln:ntlDeslgnatm <>
t oot & ] o - Pt Cormert 010
. RE0 ¢ C36 1 a1 ait Commer L1l
o F ro m th I S Stage, i ]mo I“FD—Jljj free-g Cm—‘ )% E§$§ ggg; %{ Current Footprint CC1608-0603
RN ® CEDEY RESETH ﬁ Component Type Standard
any Val U e ; ] | Swmaur ﬁg LR Database Tabls Mame
. . 37 aeaB R Use Library Name
Changed |nS|de UluFD & ﬁ%%gé Use Database Table Nai [¥]
. == Design Item 1D Cap
the inspector 5 ~ERR  Porameters
. A Published B-Jun-2000
will ET525L X LalestRevisionDale  17-Ju-2002
L X LatestRevisionMate  Re-released for DXP Flatform.

i m m ed iate Iy be HD X PackageReference RAD-0.3

Changed in ALL ;ﬁ:lﬁramm Alum Limited
SELECTED

OBJECTS

| _'l_l 3 object(s] are displaved in 1 document(s)

< 207 | Mask Level | Clear Clipboard Snippets

‘ System | Diesign Compiler | SCH | Help | Ins



Schematic Inspector

e Changes such as changing the part comment from 0.l uF
to luF are immediately visible in the schematic

Display Mode Marmnal
Show Hidden Pins O
Shiow D esignatar
= Object Specific
) Description Capacitor
- g FT232RL Laock Designator O
o l_Dj an — — 1 REDO Lack Part ID |:|
_E: LR | | e YD g TEDD Pinz Locked
oD 18 ) vspom Ic{g: u Flle Name
USE_DIFF @_ A , C.onflguratlon * . . .
TR ] TSELP L'TR# ﬁ Library Miscelaneous Devices.IntLib
r 11 USE_DIFF {31 II;E?II:: S Symbol Refersnce Cap
o 2 %S-PA 7 LN I B ) Component Designator | <...»
"i Mif’.i 7 DP gg CEUS0 Current Part
yﬁ; ANE: Egg; osc1 |21 Part Comment 1uF
w S caus osca ¢ Current Foatprint 16080603
b RESET# ﬁ Component Type Standard
[m] 17 FREOUT EE 8 S [Databaze Table Hame
37 j T, % b Use Library Mame
F EID ZEEEH |Jze D atabase Table Nal [v]
B Dezign Item 1D Cap
GiD “F 12 }Q‘ E Parameters
% Published Sxlun-2000
FT232RL % LatestRevisionDate  17-Jul-2002
- % LatestRevisionMate | Re-released for DXF Platform.
EE'D % PackageReference  RaD-0.3
% Publisher Altiurn Lirmited
Add User Parameter:




Schematic Inspector

*  Allows changing a field with different values (Showing <...>) to make all values uniform
* In the example below, component orientation is changed from <...> to 90 Degrees.
e Immediately each component is rotated to the 90 degree position.

e For this example, the lower two capacitors are unchanged, as their value was already 90 degrees,

#1 L
1 >
Orientation 90 Dearees
Mirrared O
Dizplay Mode Mormal
Show Hidden Ping O
Shaw D esignator
E Object 5pecific
o Drescription Capacitor
. c FT232RL Lack Diesignatar O
0 — — 1 RED0 Lock Part [D D
L —|—15.F | e D g TD0 Plins Lacked
D 0o 16 | peprn lgg: 1 File Hame_
UsE_DIFF @_ Configuration
EE O ] 13 USEDT DTE# %( Library Mizcellaneous D evices IntLib
f— USE_DIFF {(ifi II))E]:E: TX Symbol Reference Cap
o o w; M:-P i; g ;T o A Component Designatar <>
: D+ = = S| CBUSD Current Part
RE0 & 036 L2 & ] Eggé oot 2 s Part Comment TuF
1nt ]mI“'F D—l—u USE-E E:°“"“_| )(% CETNSS osca %( Current Footprint CC1R0S-0803
1 ] CBUS4 RESE;:’ TX Component Type Standard
== ] __El_ 17 | swmour we -5 S Datahlase Table Mame
37 aEE % E Usze Library Mame
1uF ELTij % % % 3 H Usze Databaze Table Mal
1 Drazign Item 1D Cap
oD TREEE }Q| B Parameters
# Published B-Jun-2000
FL13IRL X LatestRevisionDate  17-Jul-2002
- # LatestRevizsionMote  Re-eleased for D<P Platform.
G—E'_D # PackageReference RAD-D.2
# Publisher Al Limited
Add User Parameter:

and the top capacitor is rotated from 0 degrees to 90 degrees.




Find Similar Objects

* The perfect complimentary tool used
with Inspector is the ‘Find Similar
Objects’ right click menu.

FT1
- FT23ZRL
L. 20 | e e L REDO
L | 5 TEDO
— o ooIo B¥D 3
; ETSH
GLD 1 | usEDm croy U
USE_DIFF (i) g Z
TISE COMM EEECE DTRY [——
] USE_DIFF i i} T
VBT DCD# =
2 Rsep: 17 D §
Shisldl R AP 23 RMA——TX
3 'I '] D+ [ : 53] CEUSO
0g 0¥ 0 i e 12 g%; 0301 |23
[ ]mlu.F ! TSE-E Corm < E i s iﬁ ¥
T —=— CBUS4 RESET¥ —-—>
== 17 HC H&
; a ’J:‘— 3VEOUT He
EHD -
£37 :
uF EJ 4 Find Similar Objects. ..
— Eilker [y
GH
Place 3

Part Actions 4

flimr



Find Similar Objects

Find Similar Objecks ﬂil

* To find ALL
capacitors with
a_ part Comment Dwner Document D:APCB M ain SchDioc Ay
Of I UF we K 550 Ay

Object Kind Part Same

1 400 Ay
C h a nge th e Origntation 90 Degrees Ay
. Mirrared O Ay
fo I I OWI ng Dizplay Mode Mormal Any
. Show Hidden Pins O Ay
O b] ects fro m Show Designatar Any
‘ANY’ t Selected Ay
o ObiectSpecitc =
¢ SA M E ) Description Capacitor Ay
Lock Dezsignataor ] Any
. . Lock Part D | Ay = o ﬂ
> Description: Prs Locked by .
C M File Mame Ay iS5 ame
apac Ito r Configuration * Any il Different -
Library Mizcellaneous Devices. IntLib Any
o
Pa’ rt Symbal Reference Cap Any
C o m m e nt' I u F Component Designator  C37 Any
Current Part Ay

M Part Comment 1uF Ay LI
e C I I C k O K Wh e n V¥ Zoom Matching [ Select Matching |Current Docurment j
fi n i S h e d ¥ Clear Existing [ Create Expression

v Mask Matching V¥ Bun Inspectar




Schematic Inspector- Find Similar
Objects

o After hitting
‘Apply’ or ‘OK’,

| Owirier Document Main.SchD
. = Graphical
the Schematic : s
I n SPeCtO r a;:;:;inn %D eeeeee
. . . C35 T
immediately finds e
= Dbject Specific
.
all matchin g parts. IuF e e
. PreLorod
. I th th File Name. ;
n Is Case . e Elub::ri uuuuuuu Migcellaneous Device
Syrbal Ref Ci
three capacitors e
Current Part
we changed R i—
R Component Type Standard
Dratabase Table N
earlier to luF are | ! el
. . ‘3 6 ESE-DE:T‘HT; Table Mal
S —/—— B Designte m 3
highlighted over T e D
ulF X Published ; S-Jun-2000
the rest of the .
° x Paclfageﬂeferance FM.\D-D.? }
schematic, and g ] il [

selected in the 37 +
Inspector. i




PCB Inspector

e PCB Inspector works similar

to the Schematic Inspector.

e Shown below is an example of
finding and selecting all traces Nt NeRzL2
that are 7 mils width on the

top layer only

.. TopLayer

Keepout O

H1 197 5mil
1 TE3mil

#2 2120.53mil
e Notice how quickly we v e
. ‘width il
selected and can modify 744 Locked 0
Selected

objects meeting this criteria!!

2 Include all types of objects

B = Object 5Specific

L E
Objec... Track

Layer  TopLayer
et <>

Keep.. [ ]

o

Graphical

=1

T €.
T T e Width Tl
oo [mdal . HESY =S T Locked []

| 744 object|z] are dizplayed

' 4 ¥ Clipboar




PCB Inspector

* We can almost immediately find any
group of objects on the PCB and change
values.

 This is an important feature because it
will allow you to quickly adhere to
changes in project requirements, such as
fabrication trace-width parameters



Project Report

o A quick detour from 2+

the PCB Inspector )| e it
allows us to see a T
general report on the

project

e From the main 20 x]
toolbar, CIiCI( General |Companents | Mets |
‘Reports’ then Board PR
information IE'i!Sds ;;4 j] 2500mil

e You Will see a general Ef!iii zggu (Mirv 2000w, 3000l
summary as shown E;Efj:;es ;4 _ ID:';tha:'vfia Holes  : 441
to the right, click on Dimersions 2 Cadsltfdes -0
the ‘Report’ button DAC Vialons 1

Repart... Cloze




Project Report

e Select the

information you 2
Wa nt i n C I u d e d i n th e Check items that you would like inchided in the report

v
v Laver Pair
¥ Mon-Flated Hole Size

¥ Plated Hole Size

¥ Mon-Plated Slot Size

¥ Plated Slat Size

¥ Mon-Plated 5 quare Holes Size
¥ Plated Square Holes Size

¥ Top Laver &nnular Ring Size —
¥ Mid Layer Asnnular Ring Size

I Eattom Layer &nnular Ring Size

¥ Pad Solder Mask

¥ Pad Paste Mask

¥ Pad Pwr/Gnd E xpansion

¥ Pad Relief Conductor Width

Iw Pad Relief Air Gap -

¥ O-A D lick Cobeimn

report.

e Usually it is best to
select all and then
navigate to when you
want in the report
with hyperlinks

All On I Al CFf [ Selected objects only

e Click ‘Report’ when

Fieport Cloze

done selecting
objects



Project Report

» An HTML based
report will be
generated with a
table of contents
and hyperlink
navigation available

Contents

Contents

Board Specification

General

Routing

Routing Information

Layer Information

Layer Information
Layer Pairs

Board Holes
Non-Plated Hole Size
Plated Hole Size

Board Slots

Non-Plated Slot Size
Plated Slot Size

Board Square Holes

Non-Plated Square Hole Size
Plated Square Hole Size

Other

Top Layer Annular Ring Size
Mid Layer Annular Ring Size
Bottom Layer Annular Ring Size
Pad Solder Mask

Pad Paste Mask

Pad Pwr/Gnd Expansion

Pad Relief Conductor Width
Pad Relief Air Gap

Pad Relief Entries

Via Solder Mask




Project Report
o The report BRI

Wi I I P ro bab Iy Routing Information

ive m O re Routing completion 53.86%
g . Connections 531
I nfO I"m atl O n Connections routed 286
1 Connections remaing 245
than you will
Back to top

ever want to
know, such as
a detailed

Layer Information

b I d Layer Arcs Pads Vias Tracks Texts Fills Regions ComponentBodies
rea’ ( Own Top Layer 1956 550 0 1174 1 1 47 0
Of the GND 0 0 0 15 4 6 0 0
routlng’ Iayer PWR 0 0 0 15 4 6 0 0
. . Bottom Layer 948 173 0 707 1 0 42 0
information, .
M ?r?fac.)rrmation 4 0 0 6 30 0 0 0
vias, tracks,
Gerber ID 0 0 0 0 1 0 0 0
etc e PCB Boundary 0 0 0 20 3 0 0 0
Printout_Name 0 0 0 0 1 0 0 0
CETIEe TR 6 0 0 24 0 0 0 6

Bodies



Project Report

e Shown below
is a part of the

report on

board hOIQS. Non-Plated Hole Size Pads Vias
Total 0 0

e This contains ™
Plated Hole Size Pads Vias
EVERY h0|e omil 723 0
on the board, 15mi| » >
30mil 10 19
and includes 36mil 3 0
. . 47.244mil 2 0
the drill size oo . )
of the hole. somi : °
100mil 5 0
125mil 2 0

Total 794 370



Report and PCB Inspector

e Scenario:Your PCB Manufacturer tells you that your hole size must
be 20 mils in diameter, and that the holes in your submitted project
are |5 mils (As shown in the previous slide)

e Go to the report to see a detailed analysis of the holes. For this
board we can see the smallest hole size we need to change is 15 to
20 mils, every other hole is larger

o)

o)

o)

o)

o)

Use ‘Find similar objects’ to find pads/vias that match |5 mil hole size

In the PCB Inspector, we know from the report that we need to change
351 Vias,and 10 pads from |5 mils to 20 mils.We can see in the
Inspector window how many objects are selected.

Change the hole size from 15 to 20 mils using PCB Inspector
Find any clearance conflicts with the online DRC and quickly fix
Regenerate output files with smallest hole size = 20 mils

* A process like this, to quickly find and modify 361 holes might take
just a few minutes rather than hours of finding and modifying each
pad/via manually.



Output Job File



Scale Print (1:1 Footprint Verification)



PCB Tab



The Return Path



Bandwidth



Microstrips



Differential Pairs



Signal Integrity Introduction



Fourier Series and Transform



Physical Resistance



Physical Inductance



Physical Capacitance



Reflections



Multi-Layer Boards

e The term ‘Multi-Layer board’ usually
refers to more than two layers.

* A multi-layer board contains a lot more
information such as

o Layer Stack



Layer Stack

e A Layer Stack is a detailed report that contains information
on:

> Physical Layers and ordering of layers
External signal layers
Internal signal layers
Internal planes

Copper thickness per layer (loz = .4 mil, /2 oz = 0.7 mil)
Dielectric material and permittivity constant

Prepreg thickness

Core thickness

Total board thickness

o

o

o

o

(¢]

e This information is crucially important when implementing
transmission lines, microstrips, striplines, etc.



Internal Planes



Internal Signal Layers



Layer Stack

e Design > Layer Stack
manager will show a
3D representation of
the layer stack

Layer Stack Manager

Top Laver —=

GMD [[Multiple Mets) p—- 1 | —
PR ([Multiple Mets)] —s [0 [

Bottorn Layer —=

Place
3 @

L

<zpace

oject

Ciesign | Tools  Auto Rouke  Reports  Window

Update Schematics in Spybox 3.1.PriPCE
Import Changes From Spybox 3.1, PriPCE

Rules...

Rule \Wizard. ..

Board Shape *
Retlist k

=

Laver Skack Manager. ..

-

Total Height [88.6mil)

Board Layers & Caolars, .. L

Manage Laver Seks k

Layer Pairs

I ¥ Top Diglectric
i~ Core [57mil] I ¥ Bottom Dielechic
- Prepreg [12.6mil)
Add Layer | Add Plane |
Core [12 6mil]

Move Up | Move Down |

Delete | F'rgpertie&...l

Configure Drill Pairs. . |

Impedance Calculatian. .. |

Place Stackup Legend |




Layer Stack



Impedance Controlled Routing

e Transmission lines usually required if:



Microstrip



Stripline



Reflections



Cross Talk






Output Files



CAM Viewers

CAM Viewers allow the re/viewing of Gerber files.

e CAMTastic: Basic, Included in Altium Designer
. ViewMate- Pentalogix FREE Gerber Viewer

. CAI"iMaster— Pentalogix

. CAMSSO- Downstream Technology

o GC F;revue- FREE Gerber Viewer

e GerbTool- Wise Software



[ ]
I PC. Formerly known as

Institute of Interconnecting and Packaging Electronic Circuits

 IPC Guides the electronic
interconnection industry through
dramatic changes. IPC brings together
designers, board manufacturers, assembly
companies, suppliers,and OEM’s.

* IPC is responsibly for creating over 200
standards



IPC: Certification

 IPC also has a certification program which
allows one to be certified as:

> Certified Interconnect Designer (C.1.D.)

Proves a designer’s knowledge of how to transform
a schematic into a reliable rigid PCB design.

> Advanced Certified Interconnect Designer
(C.LD.+)

Recognition of a designer’s accomplishments. Exam
covers forty key objectives which go beyond the
C.1.D. certification.



IPC: C.I.D. Certification

e Interested individuals who wish to be
certified should obtain the following articles:

o |[PC-2221A: Generic Standard on Printed Board
Design ($30 members/$60 nonmembers)

o |PC-2222: Sectional Standard on Rigid Organic
Printed Boards ($20/$40)

o |PC-D-325A: Documentation Requirements for
Printed Circuit Boards ($25/$50)

o |PC-T-50G: Terms and Definitions for
Interconnecting and Packaging Electronic
Circuits ($40/$80)

> PWB-CRT-SGA: PWB Designer Certification
Study Guide ($35/$70)



IPC: C.I.D. Certification

1. If analog circuits are restricted to the center of
a vertically mounted board, what is the effect of
placing a power supply in the connector zone,
below the analog circuits?

e Shown to the right
are some of the
sample questions
available on the IPC
Website

A

B.
C.
D.

the analog circuit performs better

the heat from the power supply causes
instability

the power supply, influenced by the analog
circuit, is erratic

the analog circuit requires additional protection
to overcome spikes

2. Which two factors are the primary influence
for the layer assignment in a multi-layer printed
board structure?

nmmoowr

the bonding material used

the requirements of solder mask

the direction of conductor routing

the relationship of core to prepreg

the balanced distribution of copper
the characteristics of the surface layer

3. What are the three most common dielectric
thicknesses of copper-clad laminate used to
produce double-sided printed boards?

mmoowr

50mm [0.0207]
75mm [0.0307]

1.00mm [0.040]
1.50mm [0.0607]
2.00mm [0.080]
2.40mm [0.090]



IPC: For More Information

e IPC Homepage

e Online Store — Purchase Articles

e Certification



Keyboard Shortcuts
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