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PCB Design support for ELEC391.
Altium 2014, 150 licenses

Lecture talks:

« Jan 22 Altium | (Circuit Design + Simulation)
 Feb 1 Altium Il (PCB Layout)

 TBA Guest Lecture — PCB Production

e Support & submission instructions posted here

Mechanical and PCB design support available 2hrs per lab session
MCLD315,306

Mon: 16:00-18:00

Tue : 09:00-11:00/ 14:00-16:00/ 16:00-18:00
Wed: 09:00-11:00/ 16:00-18:00

Thu : 09:00-11:00/ 14:00-16:00/ 16:00-18:00
Fri : 09:00-11:00


http://eng-services.ece.ubc.ca/current-course-support/2015-winter-term-2/elec-391-p-k-a-eece-380/

Ccontents

Walk-through Tutorial, simple PCB
— Altium tips
— Advanced example

Instructions for elec391 design submissions

Anatomy of a PCB
— Traces, pads, vias, layers etc.

PCB Design Best practices



PCB Basic Design Flow

e Gerber: 274X
e Top, Bottom Cu
p e Top, Bottom Solder

~

SEhne ? M e Silkscreen
e MET [ HOE Ll } * Mechanical 1
o rEpEseraen = e Drill files (tool list)

CAM files

eSymbol and Footprint creation
e Auto place
eAuto route ...



2 starting points for PCB design

1. From a companion schematic package
— Prepare project schematics
— Import schematic design
— Component footprints are added automatically
— Connectivity is indicated with rats nests
— Net names are imported from the schematic




Board Implementation
Tutorial - Getting Started with PCB Design

http://techdocs.altium.com/display/ADOH/Board+Implementation
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http://techdocs.altium.com/display/ADOH/Board+Implementation

Creating a New Board from a template
= -1 * Flles Panel.

Open a document

B8 BOARD 1.pcbdoc - N@W from template

-] PCE_design_guide_vE [1).PcbDoc

B8 5co_assianguie .70 — select the A4.PcbDoc template

B8 pCB_design_guide_v7.PecbDoc
B8 pCE_design_guide vB.PcbDoc
B More Recert Document.. — Save as ... same name as
,_}‘ More Documents... -
SCh DOC f||e (but it may end in another directory)

]

k3

Open a project

k3

]

New from existing file
,_5 Choose Document...

,__"; Choose Project...

Mechanical 16

bl

Mew from template
B8 pCE Templates

[d schematic Templates...
@l PCE Projects...

ot o

i i o g

|-»E-#u z
AR e u_sar e e |
[l




First things first ... choosing working units

* Imperial (inches) * Metric (mm)
« 1/1000" of aninch =1 « 1 mm# 1mil !
mil = 1thou « Common unit in SM
* 100mils (0.1") is a parts

common dimension

Panasonic Thick Film Chip Resistors

M Construction

«

* Remember: 100mils = 2.54mm

* To switch units in Altium Press <Q>



Metric or Imperial?

Old PCB wisdom:;

“thou shall use thous”
David L. Jones

/ "every element in a PCB \
design should reside on a

0.05mm grid"
(or a multiple of).

Menthor Graphics

™ \ Tom Hausherr
J EDA Library Product Manager,
l B )

Comment driven by high density & Comment driven by traditional 0.1”
modern surface mount technology spacing between pins
9



First things first ... setting the board origin

* Absolute origin (lower left corner)

» User-defined relative origin
« Edit >> Origin >> Set

10



First thlngs first ... setting the snap grid

 PCBs are grid based objects

 Recent past: ... there were several grids
— visible grid
— snap grid: controls mouse movement
— component grid: controls placement of components
— electrical grid:  range of attraction

* Now: Unified Cursor-Snap System

ar uides

S ToPont Guces « Selecting a suitable snap grid:

¥ Snap To Grids

Snap Tao Objects (Single Axds) -< Ctrl >4< G >

v Snap To Objects (Dual Axis)

+ inchade oo Aigred Objects - Start with a coarse grid to
v Inchude Far Aligned Objects . .
define board size

Adwanced Snap Opbians, ..

:. Bottom 9.:\!1- | :p@h- Level Clear
am | Desige

Compiler | Help | lrehumentz  PCE

11




First thlngs first ... redefining the board shape

* Viewing modes:

« Board Planning Mode (1)

— Design » Edit Board Shape
— Design >> Move Board Shape (Relocate the origin)

« 2D Layout Mode (2)
« 3D Layout Mode (3).

12



Design transfer

 Make the PCB board part of the project

Projects

Workspace1.DsnWrk -
(®) File View () Structure Editor
= w@) Multivibrator.PrjPcb

=1 Source Documents
L Multivibrator.SchDoc
= . Free Documents
=16 Source Documents

PCB1.PcbDoc *
N

 Rename

v B x

Projects
Workspace Workspace1.DsnWrk v
Project
e - (®) File View () Structure Editor
C) ultivibrator.PrjPcb
B ured Documents
Multivibrator.SchDoc
= . Free Documents
=1 Source Documents
] PCB1.PcbDoc *

the file

v 1 Xx

Workspace
Project

® LB~

Projects

v R X

Workspace1.DsnWrk v | Workspace
Multivibrator.PrjPcb Project
(® File View () Structure Editor © [ 3 ~
- wg) Multivibrator.PrjPcb * B

=1 Source Documents
L& Multivibrator.SchDoc
PCB1.PcbDoc* B

Save the PcBDoc file and the project

13



Design transfer

* Design transfer

— On Schematic file
« Design >> Update PCB Document ...

Modifications

Status

|E.. T |Action

| Affected Obj...

Add Components

Add Nets(6)

|
|
]
1
|
|
]
|
|

Affected Document

Check

R R R R R R R

R R R G R

Done fMessage

e e R R K0 e B R K

e e R R Ky e

Yalidate Changes

Execute Changes

Report Changes...

|:| Only Show Errors

14



Configuring the Display Layers

M Top Layer M EBottom Layer M Mechanicall M Mechanical 4 W Mechanical 13 M Mechanical 15 M Mechanical 16 [ Top Overlay M Bottom Over

Electrical layers
32 signal layers and 16 internal power plane layers.

Mechanical layers

32 general purpose mechanical layers, used for design tasks such
as dimensions, fabrication details, assembly instructions, or special
purpose tasks such as glue dot Iayers These layers can be
selectively included in print and Gerber output generation. They can
also be paired, meaning that objects placed on one of the paired
layers in the library editor, will flip to the other layer in the pair when
the component is flipped to the bottom side of the board.

Special layers

these include the top and bottom silkscreen layers, the solder and
paste mask layers, drill layers, the Keep-Out layer (used to define
the electrical boundaries), the multilayer (used for multilayer pads
and vias), the connection layer, DRC error layer, grid layers, hole

layers, and other display-type layers.

15
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Configuring the Display Layers

* Design » Board Layers and Colors

Select PCB View Configuration Board Layers And Colors |Show,.f Hide | View Options I Transparenqr|
Mame |Kir1d
Altium Standard 2D 2D simple Signal Layers (5} |COI0r |Show | Internal Planes (F} |COI0r |Show | Mechanical Color | Show | Enable | Single | Linked To
Altium Transparent 20 20 simple el T shest
Mode
Tutarial 20 simple Bottom Layer (B] [ | Mechanical 1 0 0
| | |Altium 3D Black 3D Mechanical 13 B O 0O 0
Altium 3D Blue 3D Mechanical 15 - 0 0 0
Altium 30 Brown 3D Mechanical 16 - |:| D
Altium 3D Color By Layer 3D
Altium 3D Dk Green 3D
Altium 3D Lt Green 3D
Altium 30 Red 30
Altium 3D White 3D
Path ) ) .
CUsersirobertorAppData\Roaming Aftium Altiu Only show layers in layer stack Only show planes in layer stac Only show enabled mechanical Layer
m Deasigner AllOn Al OFF Used On AllQn Al OFF Used On Al Cn AIlOFF Used On
{é:g!:éi?;fjﬂ[:s;;iaﬁl::;ﬂﬁﬁFBSBCBAG}Wlew . Mask Layers [A] |COI0r |Show | Other Layers (O} |Co|or |5how System Colors [¥) |Co|or |5how
2D.config_2dsimple H Top Paste - |:| Drill Guide |:| Drefault Color for Mew Nets
Explore Folder ... : Bottom Paste - |:| Keep-Out Layer - |:| DRC Errar Markers -
s Top Salder R Drill Drawing B Selections
Description Bottom Salder ] Multi-Layer DRC Detail Markers
Altium Standard 2D Default Grid Color - Small
Default Grid Color - Large
AllOn AlNOFf Used On AllOn  AllOff Used On Pad Holes -
Via Holes -
Top Pad Master -
Bottom Pad Master -
Highlight Color I
Eoard Line Color -
ew configuration ... Silkscreen Layers (K] | Color |Show | Board Area Calor [
configuration Tap Overlay (E] Sheet Line Color [ ]
Bottom Overlay (R) - Sheet Area Color
ew configuration ... Workspace Start Color -
AlOn  AIOFf  Used On Workspace End Calor [ |
Load onfiguration ... . X
AlOn  AllOff Used On
Rename view configuration ...
Remave w configuration... All Layers On All Layers Off Used Layers On Selected Layers On Selected Layers Off Clear All Layers
[l [ 20 Color Profiles ] [ Layer Pairs ... [ OK ] [ Cancel l ’ Apply ]




Component positioning and placement options

 Tools >> Preferences

i PCB Editor — General

Editing Options Autopan Options
[¥] Online DRC Style  Adaptive v|
Object Snap Options
; PP speed |12+}n |
Snap To Center
(®) Pixels/s ) Mils/s
Smart Component Snap @) Pixels/Sec - Mils/Sec

Snap To Room Hot Spots

Space Navigator Options

|:| Double Click Runs Inspector

Words of wisdom:
These are very useful!



Component positioning and placement options

 Tools >> Preferences

i PCB Editor — Interactive Routing

Routing Conflict Resolution Dragging

PreseweAngIeWhen Dragging
Push Obstacles I:J lgnore Obstacles

[«] Walkaround Obstacles (®) Avoid Obstacles (Snap Grid)
Stop At First Obstacle () Avoid Obstacles

AutoRoute On Current Layer

[« Hug And Push Obstacles Unselected via/track

selected via/ftrack Drag W
AutoRoute On Multiple Layers

Interactive Routing Width / Via Size Sources
Current Mode Walkaround Obstacles  w

Pickup Track Width From Existing Routes
Interactive Routing Options

Track Width Mode | Rule Preferred vl
[ ] Restrict To 20/45

Wia Size Mode Rule Pref d v
|:|Fcullcuw Mowuse Trail | HIE FTETETE |
Automatically Terminate Routing Favorites

Automatically Remove Loops

Favorite Interactive Routing Widths

Allow Via Pushing

Favorite Interactive Routing Via Sizes
Dhrndimim (Clnce FffaArk




Positioning components
& routing
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Design Rules

* Design >> Rules

Rule

Constrain

Query

Routing, Width*

Min width = 7mils
Max width =50mils
Preferred =10mils

All

Routing, Width_Power

Min width = 7mils
Max width =60mils
Preferred =40mils

Advanced (Query)

(InNet('12V') OR
InNet(GND"))

Electrical, Clearance

Min clearance = 10mil

(1)

All

/
L/(l) We can use 7mils for your projects

20




Auto route

 Tools » Un-Route » All
 Auto Route » All

’

| Edit Layer Directions ... | | Layer Directions

Routing Strat Layer Current Setting | Actual Direction
SHHng e | Disabled

| | |Top Layer
Available Routing Strategid | | Bottom Layer Any Any Direction
Mame

Cleanup

Default 2 Layer With Edgell
Default Multi Layer Board
General Orthogonal

Via Miser

* You can set
single layer
routing




Handy shortcuts for routing

Press * on the numeric keypad while routing to cycle through the
available signal layers. A via will automatically be added, in
accordance with the applicable Routing Via Style design rule.
Alternatively, use Ctrl+Shift+Roll shortcuts to move back and forth
through the available signal layers.

Shift+R to cycle through the enabled conflict resolution modes,
Including Push, Walkaround, Hug and Push, and Ignore. Enable the
required modes in the PCB Editor - Interactive Routing page of
the Preferences dialog.

Shift+S to cycle single layer mode on and off, ideal when there are
many objects on multiple layers.

Spacebar to toggle the corner direction (for all but any angle mode).

Shift+Spacebar to cycle through the various track corner modes.
The styles are: any angle, 45°, 45° with arc, 90° and 90° with arc.
There is an option to limit this to 45° and 90° in the PCB Editor -
Interactive Routing page of the Preferences dialog. 2






Submission Instructions

* Every group Is entitled to three submissions

 Cost: $25 + $10/ sg-in

 Submission dates:

Midnight, every Monday until March 21
we will check submissions and accept fixes
until Tuesday 5PM

 Turn around: 6 business days
*Work within the listed guidelines
* Verify PCB layout and design - prior to design submission

 Add vour group number on the top overlay — make it visible

24



Submission Instructions

« Email pcbh@ece.ubc.ca
Subject: [PCB] ELEC391, Group Section #, submission# (out of 3)

« Attach: Zipped file with your PCB Project file (*.PrjPcb) and
all associated files, also include the latest DRC report.
(make sure all files are under the same directory)

Body:
Total number of boards to fabricate:
Name of boards to fabricate and number of copies for each:

Do not forget to:
- Include your group number on the top overlay layer
- draw a board outline on Mechanical 1

25



es and Checks

Project  Place | Design | Tocls  Auto Route  Reports Window  Help
4 Update Schematics in All_components_test.Prifch
Import Changes From All_components_test.Prifch

ELI les... 15 PCB Rules and Constraints Ector [mill
forkspace Elzveon e Ry 7 ity [t [oe e o [ 3
ule !.'L"i!ard Bl components test————[¥ ¥ Room Defnition Facement InComponertass(? Region £ = (680, Z510mil, GSL1smil, Z15mi] e |
W AssembiyTestpoint 1 Assembly Testpaint Style Testpoint an Under Comp - Alow  Sides - Top, Bottom  Pref Size = 60mi
PI"QJ ect .  tssembhTestPointlsage 1 Assemby Testpoint Ussge Testpeint an Testpaint - One Required  Mutbple - ot Allowed
T Gearance 1 Cearance Becncl Y Gearance = 10ma
B rd Eha FE :?lm(mmmm ZEComponentClearance 1 Component Clearance Placement. Al - A Horizontal Clearance = 16mil Vertical Oearance = 10mil
3 Unpoureaoyge| | |R0fFanRauting 1 Differential Pairs Routing Routing an Pref Gap = 10mil Min Gap = 10mil MaxGap = L0milPref
Lo ; )[Fabnnhnnlﬁlnnlm 1 Fabrication Testpoint Syle Testpoint an Under Comp - Allow  Sides - Top, Bottom _ Pref Size = 60mi
¥ FabricationTestPointUsage 1 Fabrication Testpoint Usage Testpoint Al Testpaint - One Required  Muttiple - Not Allowed
ranout BGa 1 Fanout Contral Routing KEGA Style - Auto Direction - Aternsting In 3nd Gut Via Gri
| S%Fanout_Default 5 Fanout Control Routing Al Style - Auto  Direction - Alternating In and Out Via Grit
B-2% Routing Topolog| | S%Fanout LCC 2 Fanout Control Reouting LT Style - Auto  Direction - Alternating In and Out Via Grig
<% Routing Priordy |2| [ o%aneut_Smal . Fanout Contral Routing (CompPinCount < 5] Syle - Auto Disection - Out Then In iz Grid = Lmi
3% Routing Layers |%Fanout SOIC 3 Fanout Control Routing LSQiC Style - Auto  Direction - Alternating In and Out Via Grid =
- Routing Cormers TEHeight 1 Height Placement All Pref Height = S00mil  Min Height = Omil Max Height = 100
% Routing Via Soée| | | S Hialesize 1 2 Hale Saze Manufacturing a Min = a0l Max = somil
=% Fanout Control FPHolesar 2 1 Hale Sze Manutacturing an 20mil - Max = 20mil
3% Diferential Fairs P HoleToHoleClearanse 1 Hole To Hole earance Manufaduring Al - A Hale To Hole Qearanse = 10mil
s S tyerrs ' Layee s Varutscuang A0 oy -Entres
= i P HimmumsnnuiarRing 1 Winimum Anmusar fing Manufaduring a in = 2
vt L pe——— 1 Minimum Solder Mask Sver Manufacturing o Winimum Solder Mask Sliver - 10ml
&% vniaduing P tetirtennae i Net nternae Manufacturing a Met Antennze Talerance = Omil
S Minimum Anrutz ' PasteMaskExpansion 1 Faste Mask Expansion Mask Al Expansion = Omil L4
EJPineCiearance 1 Power Fane Cearence peane an Giearsnce - 20mil
[DJFtaneConnect 1 Fowe: Piane Connect Style Frane an Style - Relief Cannect Expansion = 20mil Width = 10mil
EJPolygonConnect 1 FPolygon Conned Style Plane Al - A Style - Relief Connedt  Width = 10mil Angle =50 # Entri
| RoutingComers 1 Routing Comers Routing an Style 45 Degree  Min Sethack = 100mil  Max Setoack = 1
- Layer Pars Sroutinglayers 1 Routing Lapers Eusog a e foaieg
-7 Hale To Hole Oz | SsRoutingPrioity 1 Routing Prierity
- Minimun Salcer| | | Zrautingropoie 1 Routing Topal ¥ * =
ool | i L o] PPOjECt  Place  [Design | Tools | Auto Route  Reports  Window  Help
F SikTosikess | [ ; T T -

W (4| @ @ @ af| ) K Design Rule Check

v I x Reset Error Markers

Browse Violations Shift+V

Workspace
Browse Objects Shift+ %




Rules — design rules

DRC file available here:

http://www.ece.ubc.ca/~eng-services/files/courses/elec391/pch-design/Notes PCB_Layout.txt

Download and save as “.RUL’” file

On your PCB design select:
Design >> Rules

On the 'PCB Rules and Constrains Editor', Right
click anywhere on the left column

— Select: Import Rules
— Select all rules in window (using shift) 2> OK
— Choose .RUL file

— Clear existing rules prior to import? - NO

27



Rules — design rules

Component clearance and (electrical) clearance:
— Minimum distance = 7 mil

(Routing) width:
— Minimum trace width = 7 mil

Layer:
— Maximum number of layers = 2

Annular ring size:

— (create as new rule in Design -> Rules -> Manufacturing ->
MinimumAnnularRing -> New Rule)

— Minimum annular ring size = 8 mil

28



Rules — hole sizes

e Pre-selected hole and drill sizes: plated vs. non-plated sizes

brill - Finishe Approximate Use

Size d Size PP
#76 .020" | .017" via holes
#70 .028" | .025" via holes, fine lead devices such as trim pots etc.
#65 .035" | .032" IC's, 1/4 watt resistors, small diodes, ripple caps etc.
#62 .038" | .035" Square posted pins that measure .025" on the flat.

TO-220 packages, IDC type square posted headers,
#58 .042" | .039" 1/2 watt resistors, 1N9000 series diodes, IC chip
carriers, etc.

#55 .052" | .049" larger connectors, transformer leads, etc.
#53 .060" | .057" similar to .052" above

#44 .086" | .083" TO-220 mounting holes, screw holes, general mounting
1/8 in. | .125" | .122" mounting holes
#24 152" | .149" mounting holes




B Hole Siz itor

i Aluum vesigner (14.3) - Li\Users\Fublic\bocuments\Allum\rersona e | e
!-‘_IDXP File Edit View Project Place Design Tools Au M« B g .
RN §E= Wi\ @ & L QR QyrQf| & S F No Variations) 8 - -
PCB vax d 1

' Libraries v rx

\
= Hole Size Editor v ‘

[ g Apply][xf Clear][p Zoom Level...]

V] Select [V Zoom [¥] Clear E

[Libraries‘..l [ Search... ] [ce DIPS_LGq

& PartsDatabaseV13p2.IntLib W iass

*

:?n.dfho: Am“ C... Libr... | Description |Foo.. | ~
oL 2/ 3_} A PartsDi 555 timer (sin¢ DIP8_Lt| =
Plating Any N 2

@)-1F A PartsDi 555 timer (dua DIP14_
1 E A PartsD: triple 2x1 mux DIP16_
{F A PartsDi dual 4x1 mux ( DIP16_

b s {F A PartsDi A-Muxd DIP16_

.C{EEEE{E%BE ‘ i C PartsDi Banana plug f Banlcr

1F C PartsDi DB9 conn DSUB-.

Include Laye: § airs

6 Unique Holes | Highlighted)
C.. Hole... Len¥. Type |P.. Sy..
64:[2mil |- Round

47 ANmil Pannd 'V

13 43.3071 - Round |¥| %£x ~

>

m

0 Pads/0 Vias (0 Pads/0 Vias Highligh...
Kind Designato...

iF C PartsD:iDB25 conn  DSUB-.
89 components

1 C PartsDi Header, 2-Pin HDR1X 5
v
3D Visualization
Board Insight
Collaborate, Compare and Merge
|
|

: ﬂ”ﬂm:ﬂ"ﬂ“’ﬂ

gri oo

1F C PartsDi Header, 4-Pin HDR1X

55}&3@{; L C PartsDi Header, 4-Pin HDR1X
[v] pcB

PCB 3D Movie Editor

1 C PartsDi Header, 6-Pin HDR1X ~
p Mask Level Clear PCB Filter )
PCB Inspector
PCB List
Time
PCB Rules And Violations
:
System _._Design Compiler . Instruments [ PCB

» | Files Projects Navigator | PCB

Vaults Y B | ™ Mechanical 1
Messages
Class Document Source

:35050mil Y:14085mil Grid: Smil  (Hotspot Snap)






Ref [B1]

PCB Anatomy: Substrate

« Substrate (laminate)

— RIgid board of insulating material

— Provides structural support to the circuit components

— Most commonly used material type is FR4, 62-63mils thick
— Laminates are available in different thicknesses

FR4
Substrate
(laminate)

Copper

cladding '

Figure 1-2 A double-sided copper clad FR4 substrate.

Core { C-stage laminate
Prepreg [ B-stage laminate gzgﬂﬁrg
Core { C-stage laminate

Figure 1-3 Cores and prepreg.

Cu thickness measured in weight oz/ft?
Y2 0z = 0.7mils
1oz - 1.4mils

20z - 2.8mils 1mil = 25um
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https://www.ece.ubc.ca/~robertor/EECE571R/refs/books/Complete PCB Design Using OrCad Capture and Layout.pdf

PCB Anatomy: Layer Stackup

Design >> Layer Stack Manager ...

Layer Stack Manager
Save | | Load | | Presets "| 3D ™ | =] | | EF) | | [jg,| |Layer Pairs v|
Layer Name Type Material Thickness [mil} E.;;tlsfi::c E;:i,f;::; Pullback [mil)
Top Overlay Overlay
Top Solder Solder Mask/Co... |Surface Material |0.4 Solder Resist 3.5
Top Layer Signal Copper 1.4
Dielectricl Dielectric Mone 62 FR-4 4.8
Bottom Layer Signal Copper 14
#ﬂ% Bottom Solder | Solder Mask/Co... |Surface Material | 0.4 Solder Resist | 3.5
/ Bottom Owverlay Overlay
< >
Total Thickness: 65.6mil Add Layer - Delete Layer Move Up Move Down Drill Pairs... | | Impedance Calculation... |

oK

| | Cancel
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Ref [B1]

PCB Anatomy: Traces / Tracks

« Copper traces are patterned either by:
— Photolithography: requires photomasks
— Laser: used to draw patterns on photoresist

— Mechanical milling: Cu is removed to isolate
the traces.

« Trace width and thickness determines:
— Ampacity (current carrying capacity)
— Characteristic impedance for RF designs
« Practical limitations:
— Minimum trace width and gap

Negative view:
Copper planes, Drill —
holes, Solder Masks

Fgure =18 Copper in lay=: Inepatis vitw withou ":A.ll'd)C:q.l:rua‘!:m‘r
lr! zrmai refef, {B) M Eg\llv:mrw ‘w

'\

\/

Figure 1-11 Copper pad and trace after etching and resist stripping.

Figure 1-12 A mechanically milled trace.
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https://www.ece.ubc.ca/~robertor/EECE571R/refs/books/Complete PCB Design Using OrCad Capture and Layout.pdf

Trace width

PCB Anatomy
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10

Trace current (amps)

Use the following online trace width calculator:
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Ref [B1]

PCB Anatomy: Vias

« Connection between layers is accomplished with via holes
« After the holes are drilled, their inner walls are plated
« Top and bottom traces are patterned after plating

(a) (b)
Thermal relief is needed
when connecting a via
to a copper plane

Figure 1-13 Holes are drilled into the board and then copper plated. (a) A nonplated
through-hole. (b) A plated through-hole.

PWR and GND planes
are commonly inner
layers

Teardrops

Figure 1-15 A clearance area provides isolation . ] .
between a plated hole and a plane. Figure 1-14 A connection to a plane layer through a thermal relief.

ped rewlay] :Hioeipadiyim :821n0S

fm%

|
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Ref [B1]

PCB Anatomy: Vias

« Types of via holes:

— Plated and un-plated through-hole, blind, buried
Top Flated
solder through-hole Plasma Faste filled Unplated

mask (through-via) micro-via micro-via hole
(Blind) (Blind)

o 00 L L e

build-up

Bottom .
~ build-up~ ~ -~ (Buried)
(Blind) 1
Bottom Laser
solder micro-via
mask

Figure 1-5 A built-up, multitechnology, PCB stack-up.
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Altium pad properties dialog

Ref [B1]

PCB Anatomy: Holes

With pads Without pads
Holes can be:
e VVias, multi-layer pads, Plated
mounting holes, or cuts
e Plated or non plated 2a
R Pad [mil] B - |
Nonplated
T:):}:::f_BuﬂumL:y:;TnaSold:r Bottom Solder S‘:-‘; .r-lTa ) - 2b 2d
[ o e e
Table 8-2 Basic hole types
. You must specify whether a hole is plated or
e e non plated during the design process
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Ref [B1]

PCB Anatomy: Pads

Pads: contact areas for soldering components, test points, and solder traps
Pads can have any shape

Single layer pads: Top/bottom layer, common for SMT, end launch
connectors

Multi-layer pads: for through hole components
Footprints are a collection of pads

ial [1a]]
Componant cutling
Placa sutline [Silbtsrmsan]

(Hz)

F 3

ry
(5.}

.4

k]
(B
Figure 5-7 Footprint dimensions (typical convention). Figure 5-12 Radiakiaded through-hole device. (3} Axisi-eaned capacitor (b) Layout axial footprint
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Ref [B1]

PCB Anatomy: Solder mask

« Solder mask or solder resist:
— Thin polymer layer deposited on top and bottom layers
— Protects outer layers from oxidation and prevents solder bridges
— Allows for wave or reflow soldering of components

— Holes are opened with photolithography wherever components
will be soldered

— Default color is green, but any other color is possible

Solder Resist
(Soldgr Mask)

llustration ML-14. Apply solder resist. The specified resist (either lllustration ML-15. Solder coat. Solder (tin/lead) is applied to the
dry film, liquid photoimageable, or screen printed) is applied to the exposed copper areas, and the excess solder is removed
surfaces of the PCB or panel

Source: Printed Circuit Board Basics: An Introduction to the PCB Industry, by: Michael Flatt
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Ref [B1]

PCB Anatomy: Legend / Silkscreen / Overlay

« Legend or silkscreen:

— Applied on top of the
solder resist

— Can be applied to one or
both outer layers

— Default color is white but
any other color is

. ) € possible

. S Tip: add (Top) and (Bottom)
SmartChlp—Z -

High Temperature

Nima 2010 M3
ICGBCSN3

Figure 1-16 Final layers are the soldermask (green) and silk screen (white).
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PCB Anatomy: Solder coat / thinning

Bare copper,
no solder mask >

~,
& .-_.r:‘:
-

[o|.(a|'|o|.\1

R L i e

Solder coated + no solder mask
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PCB Anatomy: Mechanical Layers

« Multi-purpose layers
« E.g. Altium supports 32 Mechanical layers: M1 ... M32
« Typically

— M1 Board outline
— M2 PCB manufacturing info
— M11-M12 Top and bottom layer dimensions
— M13 Top layer 3D models and mechanical outlines
— M14 Bottom layer 3D models and mechanical outlines
— M15 Top layer assembly information
— M16 Bottom layer assembly information
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Best Practices: Estimating board size

« Before starting layout it is good to have an idea of the
target size of the PCB board and all other relevant
dimensions.

 Itis very helpful to have the components at hand to plan
the floor-plan.

« An old good trick of the trade is to print the PCB layout at
a 1:1 scale, place the printout on a foam and stick on the
through hole components.
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Best Practices: Floor planning

« Choose your units and set the grid

« Carefully plan the placement of components
— Place analog and digital sections apart
— Group components into ‘functional blocks’
— Place ICs in the same direction
— Align ICs, resistors, labels, capacitors etc.
— Place de-caps close by their ICs
— Place Op-amp resistors near the Op-amp
— Plan for mounting holes and heat sinks

« Aim for symmetry when possible
* Do use Design Rule check



Best Practices: Routing strategy

On two sided boards keep traces perpendicular as much as possible
Avoid 90 degree bends in tracks

Keep traces a short as possible

Always connect a trace to the center of the pad

Use teardrops (Tools >> tear drops), and use vias to avoid lockout
Do not place vias under SMD pads

Layout first all critical traces
e.g. CLK, diff pairs, controlled length

Polygons as fills:
Connect to GND, do not leave ‘dead copper’
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Best Practices: Labelling

Always sign your design: add date, and name of
board

Label all relevant inputs and outputs

Default sizes for comments and designators are
60mils x 10mils

If you have silkscreen on both sides add a "TOP'
label to the top overlay.
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Best Practices: Finishing touches

Add mounting holes

Run: Reports >> Board Information

— Board specification - to confirm board size
— Non-plated hole size

— Plated hole size

Using the hole size editor:
— Minimize the total number of holes sizes
— Verify that all vias are the same size (if possible)

Verify that there are no unwanted leftovers on
any Mechanical layer
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Online resources

* Ten best practices of PCB design — EDN
Magazine, Edwin Robledo & Mark Toth

* Circuit Board Layout Technigues — Texas

Instruments, Chapter 17 of Op-amps for
everyone

« PCB Design Tutorial — David L. Jones
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