Introduction to  Altium. 15-'-l

Designer

| L ,.,1"
—
-‘\“ ' -

— Prepared by:
K

Mahyar Bayran

Principles of Electronics

Sharif University of Tech.
Fall 2015



Content

Goals

Intro

Creating PCB Project ,Schematic and PCB
Adding Libraries

Designing Schematics

Designing PCB

Common errors and tips

Guide to online ordering a PCB
References



¢ Ability to design simple Schematic and PCB.

4 Earn sufficient skills to do your course projects.

4 Learn common errors.



Altium and PCB

Altium Designer is an electronic design

automation software package for printed circuit
board, FPGA and embedded software design, and
associated library and release management
automation.

A Printed Circuit Board (PCB) mechanically supports
and electrically connects electric components

using conductive tracks, pads and other features
etched from copper sheets laminated onto a non-
conductive substrate.




Early PCBs

Before the advent of the
PCB, circuits were
constructed through a
laborious process of point-
to-point wiring.

This led to frequent
failures at wire junctions
and short circuits when
wire insulation began to
age and crack.




PCB samples

You can see samples of Printed Circuit Board (PCB) at
below: (holes are connected with conductive tracks)




PCB fabrication process

» The complicated process of PCB fabrication can be
summarized into this flow chart:



What’s a Schematic?

Schematic sheet is like
what you draw to design a
circuit on a piece of paper.

You can see an example of
a Schematic. (circuit of a
CE amplifier with
feedback for microphone
input)
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Creating PCB project

O p e n t h e Project Types: Project Templates:
I < Defaults ~

FPGA Project ATlong bus (13,3 x 4.2 inches)

m (]
p rog ra . go to . Core Project AT long bus (13,3 x 4.5 inches)
Embedded Project ATlong bus (13,3 x 4.8 inches)

) ° Integrated Library AT long bus with break-away tab (13.3 x 4.2 inches)
F I I e\ N eW\ P rOj e ct Seript Project AT long bus with break-away tab [13.3 x 4.5 inches)
b AT long bus with break-away tab (13.3 x 4.8 inches)
AT short bus [ 7 x 4.2 inches)
AT short bus [ 7 x 4.5 inches)
AT short bus [ 7 x 4.8 inches)
AT shart bus with break-away tab [ 7 x 4.2 inches)
S I h M AT short bus with break-away tab [ 7 x 4.5 inches)
e e Ct t e O pt I O n S AT short bus with break-away tab [ 7 x 4.8 inches)
Eurocard VME 3U {3,937 x 6,299 inches)
Eurocard VME 3U (3.937 x 8.660 inches)

a S yo u S e e ’ Eurocard VME 3U with break-away tab [3.937 x 6.299 ... ¥

Manage Templates...
Mame;

L

rename it and

C | i C k O K Ch\Users\Public\Documents\Altium\Projects g Create Project Folder
[]

Repository

DAdd Project ta Version Control

Repository Folder

|:| Managed Project




Creating Schematic

Select Projects from the side toolbar.
Right click on your PCB project.

For creating a Schematic sheet, go to: Add
New to Project\Schematic

= a1l PCB_Project.PrjPch
2 No Document

% Compile PCB Project PCB_Project.PrjPcb

Recompile PCB Project PCB_Project.PrjPcb

Add New to Project 3 | Other Ctrl+N
% Add Existing to Project... | .o Schematic

Save Project “ B I_DCB

Save Project As... = ;OM
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Creating PCB

From the side toolbar (Files ), Click Next >.
select PCB Board Wizard from
New from template section.

Files v 1 x

Open a document ¥

£

Open a project

New

£

W Altium Designer
New Board Wizard

New from existing file

£

r

New from template

~ This wizard will help you create and set up a new

BB PCB Templates.., printed circuit board.

[d schematic Templates...
83l PCB Projects...

@] FPGA Projects...

‘_ﬂ Core Projects...

1l Embedded Projects...

Corce
B8 pCB Board Wizard... -

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

Choose Metric from Board Choose A4 from Board Profiles.
Units. Click Next >. Click Next >.

Choose Board Profiles

Select a specific board type from the predefined standard profiles or
choose custom.

Choose Board Units

Choose the type of measurement units for the board being created.

[Custom] A
If you use mils, click Imperial. If you use millimetres, click Metric. iﬂ
() Imperial A1

A2
43

AT long bus (13.3 % 4.8 inches)

AT long bus with break-away tab [13.3 % 4.2 inches) No Preview
AT long bus with break-away tab [13.3 % 4.5 inches)

AT long bus with break-away tab (13.3 » 4.8 inches)

AT short bus [ 7 x 4.2 inches)

AT short bus [ 7 % 4.5 inches)

AT short bus [ 7 x 4.8 inches)

AT short bus with break-away tab [ 7 # 4.2 inches)

AT short bus with break-away tab [ 7 % 4.5 inches)

AT short bus with break-away tab 7 » 4.8 inches)

B
[

Cancel < Back Nest > Cancel < Back
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Creating PCB

Set Signal Layers to 2 and Power
Planes to 0. Click Next >.

Choose Board Layers

Set the number of signal layers and power planes suitable for your
design.

Signal Layers:
2 =

Power Planes:

Cancel < Back | Next > |

Choose Thruhole Vias Only from
Via Style. Click Next >.

Choose Via Style

Choose the routing via style that is suitable for your design.

(®) Thruhale Vias only

() Blind and Buried Vias only
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Creating PCB

Choose Through-hole components
and then One Track.

Choose Component and Routing Technologies

Choose the component and routing style that you intend to use

The board has mostly:
() Surface-mount components.

E Through-hole componerg

Number of tracks between adjacent pads

() Two Track

") Three Track

W
S——
22

Cancel < Back

Click Next > twice then Finish.

Choose Default Track and Via sizes

Choose the minimum track size, via size and the copper to copper
clearances to use on the new board.

Minimum Track Size

Minimum Via Width 1.6 mm

Minimum Via HoleSize

Minimum Clearance

He 1

‘ Altium Designer
Board Wizard is complete

~ You have successfully completed the Board Wizard

To close this wizard and create the board click Finish.

LCancel < Back
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Adding Libraries

After installing Altium Designer, you should
install the libraries that include various devices

needed in your Design (like resistors, capacitors,
transistors, regulators, ...).

Libraries can be found at:
http://techdocs.altium.com/display/ADOH/Download+Libraries

Usually libraries belong to different

manufacturing companies and contain their
production.

15


http://techdocs.altium.com/display/ADOH/Download+Libraries

Adding Libraries

Go to: Design\

[ ]
Ad d/Remove L| bra ry\ Project | Installed |Search Path
° t II\ ° t II f Installed Libraries Activated | Path Type ~
I n S a I n S a ro m - Bq;’i::!:?nifi%s v Miscellaneous Devices.Intlib Integrated
4 ~_Miscellaneous . .
; v
fl Ie . Fag Connectors.IntLit Miscellaneous Connectors.IntLib Integrated
& Erpfi sgs%:uflslﬁntub v FPGA\FPGA 32-Bit Processors.Intlib Integrated
FPGA
b2 > < - * g Configurable v FPGAVFPGA Configurable Generic.IntLib Integrated
Design | Tools Simulator Reports Window GenericIntLib
e o — = FPGA DB
- & Common v FPGAVFPGA DE Common Port-Plugin.IntLib Integrated
., Browse Library... Port-Plugin.IntLit
= e 1 - FPGA . . W FPGA\FPGA Generic.IntLib Integrated
44 Add/Remove Library... | Generic.IntLib
o e 59 - ::PGA . v FPGAVFPGA Instruments.IntLib Integrated
. . nstruments.IntLi
Make Schematic Library EPGA
Fag Memaories.IntLib v FPGAVFPGA Memories.IntLib Integrated
Make Integrated Library - FPGANBIDSKOT ) FpGA\FPGA NB2DSKO1 Port-Plugin.IntLib Inteqrated ¥
’ Library Path Relative To: | DovAltium\Shared Documents\AD15\Libran, =
Project Templates 4
Move Down Install... |~ Bemaove
I Install from file...
Install from Vault... | Close
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Adding Libraries

Select the downloaded libraries and click

Open.

£ 11 AUQIT 30UNG IENEFATONINTLID | earys
&= Tl Communication Interface.IntLib Teef /s
&= Tl Communication Sonar.Intlib Tasi /s
& Tl Communication Transceiver.IntLib Teeds
&= Tl Converter Analog to Digital.IntLib e
&= Tl Converter CODEC DSL.IntLib Teefr /ol
&= Tl Converter CODEC Voice-Band.IntLib Teeffs
&= Tl Converter Digital to Analog.IntLib Teef/s
&= Tl Converter Frequency to Veoltage.IntLib Tees s
LU 4

File name: | "TI Analog Comparator.IntLib” "Tl Analog Curr

LI 1L *TET L AITILIM W Ompied ..
0/TO =F:FD ... Altiurmn Compiled ..
/TO =F:FD ... Altiurmn Compiled ..
P8 b, T Altium Compiled ..
[/TO =11e9 ... Altiurmn Compiled ..
[JTO =129 ... Altiurmn Compiled ..
[YTO =11 .., Altiurmn Compiled ..
0/TO 1129 ... Altium Compiled ..
[/TO =11e9 ... Altiurmn Compiled ..

>

Integrated Libraries (*.IMTLIE) +

Libraries should be installed by now.
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Designing Schematics

Before starting to work on Schematics, you should
know which devices you are going to use and how they
are connected.

Choose the Schematic sheet which you created before.

At the top, there is a designing toolbar.

o N LE OIS D S D

You probably won’t need most of them. In your
project, you’ll mostly need Place Wire, Place Net
Label, GND and VCC symbol and Place Part (you’ll also
find these tools in Design at top).
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Designing Schematics

Place | Design Tools Simu

Bus

Let’s start by placing parts. Bus Entry

1+ Part..

= Manual Junction

For placing a part, you must
have installed the libraries

a n d a ISO yo u m u St kn OW Physical Component ~ | History

Logical Symbol

which company makes that
part. Comment

Footprint

Part ID

Go to: Place\Part\Choose.

Database Table

OK Cancel
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Designing Schematics

=

Select the library you
want to place part from
and select the part.

Important Note: be

sure that selected parts,
have valid footprints!

Footprint defines the
location of a device and
therefore the location
of pins and their holes’
sizes on PCB.

Libraries & Miscellaneous Devices IntLib

Mask

W

w . Find...

Component Mame
-3 E Res Semi
-1 F Res Tap
-1 E Res Thermal
-3 F Res Varistor

-3 F Res1

-1 F Res3

-1 F Res Adj1
-1 F Res &dj2
B-31 E Res Packi
-1 F Res Pack2
-1 F Res Pack3
-1 F Res Pack4
~{iERPot
-3 F RPot 5M
qj SCR

-4 F Speaker
1 SW-BWAY

-1 F SW-12WAY
.3 E Qui_nipa
£

Library ]
Miscellaneous Devices.| *
Miscellaneous Devices.| 1
Miscellaneous Devices.| 1
Miscellaneous Devices.|\
Miscellaneous Devices.| |

| Miscellaneous Devices.| |

Miscellaneous Devices.| f
Miscellaneous Devices.| ¥
Miscellaneous Devices.|
Miscellaneous Devices.! |
Miscellaneous Devices.| |
Miscellaneous Devices.! |
Miscellaneous Devices.| |
Miscellaneous Devices.| |
Miscellaneous Devices.| ©
Miscellaneous Devices.| :
Miscellaneous Devices.| |
Miscellaneous Devices.| €
Miscellaneous Devices.| -

Mizrallananie Naviraes |1

>

R?
—
Res?

1K

195 components

Model Name
- 5 AXIAL-0.4

__l Res
L} RESISTOR

Type
Footprint

Source
Miscellaneous Devi

Signal Integrity

Simulation

footPrint \IL

OK Cancel
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Designing Schematics

Put the device in
Schematic.
Double-click on the
name.

Rename the device in
Parameter properties.
Tip: Always rename the
devices.

Note: For rotating the
device, press space key
while dragging the
device.

Mame YValue

[ visible v [#]visible [ ]Lock

Properties

Location X |350

Color - Type STRING v

Location ¥ |&44 Font Times Mew Roman, 10

[ Locked Unique ID | NEDGLTI Reset

Orientation |0 Degrees w Allow Synchronization With Database

Autoposition Allow Synchronization With Library

Justification | Bottom W | | Left W

21




Designing Schematics

You can change the value of a device by
double-clicking on the value.

@ Tip: Check the datasheet of the part first!
You can find basic electronic devices like

Resistor, Capacitor and... in Miscellaneous
+Devices.IntLib Library.
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Designing Schematics

Now that parts are placed, they need to be connected.
For that you can use Wires or Net Labels.

@ Tip: divide your circuit into different areas and use
wire for connections inside areas and use Net Label for
connections between areas.

= Note: Nets with same label are connected to each
other.

@ Tip: Try to use Net Label more often (but no so much)
in your designs, because it increases your circuit’s
readability.

23



Designing Schematics

After putting a Net Label on the port, you can edit the
Net Label’s string by double clicking on it.

- Note: You can use 2-Pin Header for Power ports.

@ Tip: Always use Net Label for GND and VCC nets. It will
take much less space.

@ Tip: Always make sure that wires and net labels are not
in the air!

< Note: Make sure the devices don’t have same names.
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Designing Schematics

header power

Now we’re going to SN |
design this Schematic.
Pay attention to Video:

VCC
IjRE Ile
Res? Res?
10K 10K
RE Dt
Res?
ol 100K
ME1 -
I: | ¢ 1 QL
| 4 f-‘ 2IN3903
_ Cap Poll
Micl 1uF
GND
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Designing Schema

DXP File Edit View Project pPlace Design Tools Simulator Reports Window Help Sheet1.SchDoc?Left=107;Right=24( ~ - a Z v - v | v~ -
A ® = v ! | L } 3 ) [No Vanations] 8
Projects viRx g Ll Sheet1.SchDoc*
~
Workspacel.DsnWrk v  Workspace 1 ) 3
PCB_Project.PrjPch Project
@ File View () Structure Editor L. RS IR
-/ @) PCB_Project.PriPch * B
I=d Source Documents 3
= 8

< >
Files Projects MNavigator SCH Filter Editor 7 Y M

X110 ¥:750 Grid:10 System Des Compiie Instruments  Shortcuts
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Designing PCB

After creating PCB file, both PCB and Schematic
files must be added to the same project.

Go to: Design\ Import Changes from
PCB_Project.PrjPcb

Design | Tocls Auto Route BReports  Window
Update Schematics in PCB_Project.PrjPcb
Import Changes From PCB_Project.PrjPch

Rules...

Fule Wizard...

27



Designing PCB

Now click Validate Changes:

Add Rooms(1)
Add

Add Component Classes(1)

L1 Sheet1

¥ Add == GND To B8 PCB1.PcbDoc
¥  add == MetCl 1 To B8 PCB1.PcbDoc
v  Add == MetCi_2 To B8 PCE1.PcbDoc
¥ Add == out To B8 PCB1.PcbDoc
¥ Add S= oo To B8 PCB1.PcbDoc

B8 PCB1.PcbDoc

B8 PCE1.PcbDoc

Modifications Status
Enable Action Affected Object Affected Document Check |Done |Message
=y | Add Components(7)
¥ Add ik Ta B8 PCB1.PcbDoc
¥ Add q_E header power To B8 PCB1.PcbDoc
¥ Add 1k MK1 To B8 PCB1.PcbDoc
¥ Add ik To E8 PCB1.PcbDoc
¥| Add iEm To B8l PCE1.PcbDoc
v  Add ik R2 To B8 PCE1.PcbDoc
¥ Add iERf To E8 PCB1.PcbDoc

s sddbets .

# Room Sheetl [Scope=InComponentClTo

Validate Changes Execute Changes Beport Changes... DDnIy Show Errors
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Designing PCB

Now click Execute Changes:

Modifications Status
Enable Action Affected Object Affected Document Check |Done |Message
= Add Components(7)
v Add ik To 8l PCB1.PcbDoc /]
v Add a_E header power To E8 PCB1.PcbDoc /s
v Add 1k MKT To 8l PCB1.PcbDoc /]
v Add iF o To 8 PCB1.PcbDoc )
v Add ER A To B8 PCB1.PcbDoc /]
v Add iFR2 To B8 PCB1.PcbDoc /]
v Add ik Rf To E8 PCB1.PcbDoc /]
P ey
v Add == GND To B8 PCB1.PcbDoc /]
v Add == MetC1_1 To B8 PCB1.PcbDoc /]
v Add == MetC1 2 To B8 PCE1.PcbDoc /]
v  Add == our To B8 PCE1.PcbDoc /]
v  Add == WCC To B8 PCE1.PcbDoc /]

Add Component Classes(1)

[ Sheet1 B8 PCE1.PcbDoc

Add Rooms(1)
v Add

# Room Sheetl (Scope=InComponentCl To B8 PCB1.PcbDoc

Validate Changes |[Execute Changes] Beport Changes... |:| Only Show Errors Close
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Designing PC

Now click Close:

Modifications Status
Enable Action Affected Object Affected Document Check |Done |Message
C
¥ Add 1 F C1 To B8 PCB1.PcbDoc
v Add | F header power Ta E& PCB1.PcbDoc
¥ Add 1 F MK To B8 PCB1.PchDoc
¥ Add 1 E a1 To B8 PCB1.PcbDoc
v Add 1 E R1 To B8 PCE1.PcbDoc
¥ Add 1 F R2 To B8 PCB1.PchDoc
v Add | E Rf To B8 PCB1.PcbDoc
C
¥ Add ~= GMND To B8 PCB1.PcbDoc
v Add <= MetC1_1 To B8 PCE1.PcbDoc
¥ Add = MetC1_2 To B8 PCB1.PchDoc
¥ Add = OUT To B8 PCB1.PcbDoc
v Add -~ VWCC To B8 PCE1.PcbDoc
=S |
v Add __| Sheetl Ta B8 PCB1.PcbDoc
C
v| Add + Room Sheet1 [Scope=InCompaonentCl To B8} PCB1.PcbDoc
Walidate Changes Report Changes... DOnIyShnw Errars
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Designing PCB

7 Note: Make sure that there is no error after
the update.

After importing, you can find the added parts

inside the pink area, outside of PCB area
(black area).

© ® @

(o] @@

Qo0

[¢] ®
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Designing PCB

Put the devices in appropriate locations inside
the black area.

Now you should connect devices with Routes.
Routes are conductive tracks connecting the
holes.

The best way is using Auto-Route.
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esigning PCB

Go to: Auto-Route)\ All...

Auto Route
All...

Beports  Window  Help - =

Met
Met Class...

Connection

Click Edit Layer Directories

Routing Setup Report

Report Contents
Bouting Widths
Bouting Via Styles
Electrical Clearances
Fanout Styles

Layer Directions

Drill Pairs

Net Topologies

Met L avers

SMD Neckdown Rules
Unroutable pads
SMD Neckdown Width Warnings
SMD Entry Warnings

Routing Strategy

Available Routing Strategies
Mame
Cleanup

Default 2 Layer With Edge Connectors
Default Multi Layer Board

General Orthogonal

Via Miser

Add

Edit Rules ..,

Save Report As ..

Description
Default cleanup strategy

Default strategy for two-layer boards with edge connectors
Default strategy for routing multilayer boards

Default general purpose orthogonal strategy

Strategy for routing multilayer boards with aggressive via minimiza

|:| Lock All Pre-routes
Duplicate
|:| Rip-up Violations After Routing

Route All Cancel
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Designing PCB

Click on Current Setting of
Top layer and set its value to
Not Used. Click OK.

Click Route All.

Your PCB should look like
this:

=¥ Note: you can also manually
modify routes by dragging
them and using
Interactively Route
Connections .

Layer
Top Layer
Bottom Layer

Current Setting | Actual Directio

* | Horizontal

~ | Vertical

lul

header pauer
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Designing PCB

Now we’re going to set the size of PCB.
Select Interactively Route Connections from

top toolbar. ———

ol

Interactively Route Connectio r15|

Surround the devices
by routes and make
a rectangle like this:
(red rectangle)
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Designing PCB

Double-click on routes and check Locked and
Keepout.

Your PCB should look like this: (surrounded by
pink routes)

R1

)
|:;| header power

5

Expansion

CCCCCC
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Designing PCB

-7 Note: Pink routes, are called Keep-out routes.
Select all devices and routes (including Keepouts).
Go to: Design\ Board Shape\ Define from selected
objects.

Click Yes.

Design | Tools  Auto Route  Reports  Window  Help W= = v 5 - -

Update Schermatics in PCE_Project.PriPcb /| (Mot Saved) -

Import Changes From PCE_Project.PriPch

Rules... o Could net find board cutline using primitives centerline
Rule Wizard... due to the following error:

Board Shape . Define from selected objects At least 2 connected tracks/arcs or full circle required
Netlist , Define from 3D body (Requires 30 mode ?:;jrz:tcgfeiueicitk;rgzItglgigjii:i:auda?rd outline using
xSignals b Create Primitives From Board Shape

Layer Stack Manager... 4 Define Board Cutout Yes No
Board Layers & Colors.., L Auta-Position Sheet
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Designing PCB

Now Your PCB should only have black areas
only inside Keepouts, like this:




Common errors and tips

» Remember! any problem you run into in Altium
can be found in internet. Look for answers in
different forums.

» While opening a PCB file, you may get “Please
wait a moment” crash. | solved this problem by
running the program with Integrated Graphics of
PC.

» Don’t make your board too small. you’ll have
problem soldering the elements. Also don’t put
devices too close to each other.
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Common errors and tips

»Errors while importing from Schematic to PCB
are mostly caused by these:
1. Some of your devices don’t have valid
footprints.
2. You have some nets on air!

»You may not find your desired device in the
libraries. In this case you should replace by a
device which has the same footprint, so make
sure size of the Pin-holes are the same.
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Common errors and tips

@ Important Tip: Make sure that routes on PCB, are not too
close to holes.

** If necessary, you can change the size of the holes, by double
clicking on the hole and editing the Hole Size.

2

. NetC1 1
% For new size holes, add I

0.1 mm tolerance to

Top Layer Bottom Layer Top Paste Top Solder Bottom Solder | Bottom Paste  Multi-Layer

diameter of the device’s =

Template | 140R85 V] Library

p I n Location Size and Shape
L ————
X 76.581mm (@) Simple () Top-Middle-Eottom [ Full Stack
\/ ¥ 80.518mm Corner
+* Check web for answers!
Rotation 270,000 1.4mm 1.4mm Round v
Hole Information
Hole Size 0.85mm
(® Round
(JRedt Offset From Hole Center (X/Y) Omm Oomm
() slot

Paste Mask Expansion
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Common errors and tips

< You can change the width of a route too.
< This comes handy for routes that pass huge current.
If you don’t increase its width, then that route will

just melt!
< To do so, just double-click on the route and change
the width:
—  Start X VE.32Tmm
¥: 63.373mm
—F — End X: 96.25mm

¥Y: 63.627mm
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Guide to online ordering a PCB

Try your best to make your PCB, a One layer PCB,
so it will cost less. use only bottom routing (the
blue one).

It’s not necessary to spend a lot of money on
PCB, so try to choose cheaper options while
ordering a PCB.

Calculate width and height of the board by
checking the coordinates (located at left-top of
workspace) of board corners.
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Guide to online ordering a PCB

Recommended options for simple PCB:

e e g s
SrELGEL i g
_,'.:-_,rq‘—.ﬂ-?i-E Lo Tsals e
':;“'“' A (e sl e gl .—"-"::'—_,-'— 3 J_— TR S R
kT = AP
= Ldaacds By
ke Tilmled s
3 i o B
16 o Aule) s Joe pd culas

.
different for PCBs | & () 22 sk
100 o Aadia) 2 4 e
1 ol
ot ke B
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Contact

-7If you have any questions, you can contact me
by email with title of “Altium”.

fsharif.pelec@gmail.com
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Thank you!



