Getting Started with PCB
Design

This introductory tutorial is designed to give you an overview
Summary of how to create a schematic, update the design information
Tutorial to a PCB and generate manufacturing output files. It also
utoria

investigates the concept of projects and integrated libraries.
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Welcome to the world of DXP — a complete 32- bit electronic design system for Windows 2000 and XP.
This tutorial will get you started with creating a PCB project based on a multivibrator design.

The Design Explorer

The Design Explorer is the interface to your designs and the design tools. To start DXP and open the
Design Explorer, select Programs » Altium » DXP 2004 from the Windows Start menu. When you
open DXP, the most common initial tasks are displayed for quick selection.
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Getting Started with PCB Design

As you create your design documents, you can easily switch between editors, for example, the
Schematic Editor and the PCB Editor. The Design Explorer will change toolbars and menus according
to the editor you are currently working in. The name of some workspace panels will initially be
displayed down the right side of the workspace. Click on these names to pop out the panels, which
then can be moved, docked or clipped to suit your work environment.
The following diagram shows the Design Explorer when several documents and editors are open at the
same time and the windows have been tiled.
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How the design documents are stored

DXP stores all the design documents and output files on your hard disk as individual files. You can use
the Windows Explorer to search for them. Project files can be created that contain links to the design
documents and are necessary for design verification and synchronization.

Creating a new project

A project in DXP consists of links to all documents and setups related to a design. A project file, e.g.
xxx.PrjPCB, is an ASCII text file that lists which documents are in the project and related output
setups, e.g. for printing and CAM. Documents that are not associated with a project are called ‘free
documents’. Links to schematic sheets and a target output, e.g. PCB, FPGA, embedded (VHDL) or
library package, are added to a project. Once the project is compiled, design verification,
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Getting Started with PCB Design

synchronization and comparison can take place. Any changes to the original schematics or PCB, for
example, are updated in the project when compiled.

The process of creating a new project is the same for all project types. We will use the PCB project as

an example. We will create the project file first and then create the blank schematic sheet to add the

new empty project. Later in this tutorial we will create a blank PCB and add it to the project as well.

To start the tutorial, create a new PCB project:

1. Select File » New » PCB Project from the menus, or click on Blank Project (PCB) in the New
section of the Files panel. If this panel is not displayed, click on the Files tab at the bottom of the
Design Manager panel.

Alternatively, you could select Printed Circuit Board Design in the Pick a Task section of the
Tasks view (View »Tasks) and then click on New Blank PCB Project.

2. The Projects panel displays. The new project file, PCB Projectl.PrjPCB, is listed here with no
documents added.
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3. Rename the new project file (with a . PrjPCB extension) by selecting File » Save Project As.
Navigate to a location where you would like to store the project on your hard disk, type the name
Multivibrator.PrjPCB in the File Name field and click on Save.

Next we will create a schematic to add to the empty project file. This schematic will be for an
astable multivibrator circuit.

Creating a new schematic sheet
Create a new schematic sheet by completing the following steps:

1. Select File » New » Schematic, or click on Schematic Sheet in the New section of the Files
panel. A blank schematic sheet named sheet1.SchbDoc displays in the design window and the
schematic document is automatically added (linked) to the project. The schematic sheet is now
listed under Source Documents beneath the project name in the Projects tab.
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2. Rename the new schematic file (with a . SchDoc extension) by selecting File » Save As. Navigate
to a location where you would like to store the schematic on your hard disk, type the name
Multivibrator.SchDoc in the File Name field and click on Save.

When the blank schematic sheet opens you will notice that the workspace changes. The main toolbar

includes a range of new buttons, new toolbars are visible and the menu bar includes new items. You

are now in the Schematic Editor.

You can customize many aspects of the workspace. For example, you can reposition the panels and

toolbars or customize the menu and toolbar commands.

Now we can add our blank schematic to the project before proceeding with the design capture.

Adding schematic sheets to a project

If the schematic sheets you want to add to a project file have been opened as Free Documents, right-
click on the project name in the Projects panel and select Add Existing to Project. Choose the free
documents name(s) and click Open. Alternatively, you could drag-and-drop the free document into the
project documents list in the Projects panel. The schematic sheet is now listed under Source
Documents beneath the project name in the Projects tab and is linked to the project file.

Setting the schematic options

The first thing to do before you start drawing your circuit is to set up the appropriate document options.
Complete the following steps.
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1. From the menus, choose Design » Document Options and the Document Options dialog will

open. For this tutorial, the only change we need to make here is to set the
sheet size to standard A4 format. In the Sheet Options tab, find the

Standard Styles field. Click the arrow next to the entry to see a list of sheet

styles.

2. Select the A4 style and click the OK button to close the dialog and update
the sheet size.

3. To make the document fill the viewing area again, select View » Fit
Document.

In DXP, you can activate any menu by simply pressing the menu hotkey (the

DXP has a multilevel
Undo, allowing you to
undo any number of
previous actions. The
maximum number of
Undo steps is user-
configurable and limited
only by the available
memory on your
computer.

underlined letter in the menu name). Any subsequent menu items will also have hot keys that you can

use to activate the item. For example, the shortcut for selecting the View » Fit Document menu item is
to press the V key followed by the D key. Many submenus, such as the Edit » DeSelect menu, can be
called directly. To activate the Edit » DeSelect » All on Current Document menu item, you need only

press the X key (to call up the DeSelect menu directly) followed by the A key.
Next we will set the general schematic preferences.
1. Select Tools » Schematic Preferences [shortcut T, P] from the menus to

open the schematic Preferences dialog. This dialog allows you to set global

preferences that will apply to all schematic sheets you work on.

2. Click on the Default Primitives tab to make it active and enable the
Permanent check box. Click the OK button to close the dialog.

3. Before you start capturing your schematic, save this schematic sheet, so
select File » Save [shortcut F, S].

Drawing the schematic

You can save any
schematic sheet as a
document template
(.schdot) allowing you to
include special
information such as a
custom company title
block and logo.

You are now ready to begin capturing (drawing) the schematic. For this tutorial, we will use the circuit
shown below (Figure 1). This circuit uses two 2N3904 transistors configured as a self-running astable

multivibrator.
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Figure 1. An astable multivibrator
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Locating the component and loading the libraries

To manage the thousands of schematic symbols included with DXP, the Schematic Editor provides
powerful library search features. Although the components we require are in the default installed
libraries, it is useful to know how to search through the libraries to find components. Work through the

following steps to locate and add the libraries you will need for the

Libraries - m X
tutorial circuit.
| [ Libraries... ] [ Search... ] [ Place 243304 ]

First we will search for the transistors, both of which are type . @ Components () Foolprints [#] Madels
2N3904. Miscellaneous Devices. IntLib w
1. Click on the Libraries tab to display the Libraries workspace : v

panel- Component Mame Source Descrip #
2. Press the Search button in the Libraries panel, or select Tools Eg E

» Find Component. This will open the Search Libraries dialog. Ejﬁé’fﬂa Hiocetznoous D Bener
3. Ensure that the Scope is set to Libraries on Path and that the Egz;‘ew Miscatznsous D Mukcel o

Path field contains the correct path to your libraries. If you 3

accepted the default directories during installation, the path

should be C:\Program Files\Altium2004\Library\. e

Click on the folder icon to browse to the library folder. Ensure e

that the Include Subdirectories box is not selected (not ticked)

for this example- todel Name Type Source
4. We want to search for all references to 3904, so in the Name éiﬁl&g’f iy ™

text field in the Search Criteria section, type *3904*. The * AR S e

symbol is a wildcard used to take into account the different - -

prefixes and suffixes used by different manufacturers.
5. Click the Search button to begin the search. The Results tab

displays as the search takes place. If you have entered the

parameters correctly, a library will be found and displayed in the

Search Libraries dialog.
6. Click onthe Miscellaneous Devices.IntLib library to

select it. This library has symbols for all the available simulation-ready BJT transistors.
7. Click the Install Library button to make this library available to your schematic. Since this library is

already installed by default, the button is grayed out in this example.
8. Close the Search Libraries dialog.

The added libraries will appear at the top of the Libraries panel. As you click on a library name in the
upper list, the components in that library are listed below. The component filter in the panel can then be
used to quickly locate a component within a library.

Placing the components on your schematic

The first components we will place on the schematic are the two transistors, Q1 and Q2. For the
general layout of the circuit, refer to the schematic drawing shown in Figure 1.

1.

2.

6

Select View » Fit Document from the menus [shortcut V, D] to ensure your schematic sheet takes
up the full window.

Make sure the Libraries panel is displayed by clicking on the Libraries tab.
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3. Q1 and Q2 are BJT transistors, click on the Miscellaneous Devices.IntLib library to make
it the active library.

4. Use the filter to quickly locate the component you need. The default wildcard (*) will list all
components found in the library. Set the filter by typing *3904* in the filter field below the Library
name. A list of components which have the text “3904” as part of their Component Name field will
be displayed.

5. Click on the 2N3904 entry in the list to select it, then click the Place button. Alternatively, just
double-click on the component name.

The cursor will change to a cross hair and you will have an outlined version of the transistor
“floating” on your cursor. You are now in part placement mode. If you move the cursor around, the
transistor outline will move with it.

6. Before placing the part on the schematic, first edit its properties. While the transistor is floating on
the cursor, press the TAB key. This opens the Component Properties dialog for the component.
We will now set up the dialog options to appear as below.

Component Properties @E|
Eroperties i Parameters for (7 - 202904
Designator [ isible Visble | Hame Value Type
tommen: 2N3BU“4 5| P vitle Rewvision 1 11-July-2000: SIM Model Adde STRING
C1Dent Anotste Companent B Julp-2002: e reloased for DHF STRING
Part141 D atasheet Latest Revision: 1957 STRING
Package Reference TO-924 STRING
Libray Ref: |2N3I04 [] Putlisher il Linited STRING
Library Miscelaneous Devices.IntLib Manufacturer Generic Components STRING
Class | Discrete STRING
Deseription |MPN General Purpose dmplifier Class I BT - Low Forrer STRING
Uriqueld  |CKNORC=K Reset
e Standad 2 Caet. ) [Foman. [ Ed. ] [AddecBue,
Sub-Desian Links
Models for 07 - 2N3304
Sub-Project Mame Type Description
Corshaints | 2N3304 Simulation MPN
2M3304 Signal Integrity
Graphical BCY-W3/D4.7 | Faatprint
Location » | 340 Y (330
Orientation |0 Degrees  ~| [ Minored
Mode
O Show All Pins On Shest (Even it Hidden)
[JLocal Colors— [¥] Lock Pins i ” Gk ] [ Ed

7. In the Properties section of the dialog, set the value for the first component

designator by typing Q1 in the Designator field. The link between the
. . . schematic component

8. Next we WI||. check the footprln.t that v.wII be used to reprlesent the ' . and the PCB component
component in the PCB. For this tutorial, we have used integrated libraries is the footprint. The
which mean that the recommended models for footprints and circuit footprint specified in the
simulation are already included. Make sure that model name schematic is loaded from
BCY-W3/D4 .7 is included in the Models list. Leave all other fields at their | 1® FI’CIZ 't':raryt‘l’f"le"

. . you loa e netlist.
default values and click OK to close the dialog. -

You are now ready to place the part. schematic component to

specifv the footorint.




Getting Started with PCB Design

Move the cursor (with the transistor symbol attached) to position the transistor a little left of the

middle of the sheet.

Once you are happy with the transistor’s position, left-click or press
ENTER to place the transistor onto the schematic.

Move the cursor and you will find that a copy of the transistor has been
placed on the schematic sheet, but you are still in part placement mode
with the part outline floating on the cursor. This feature of DXP allows
you to place multiple parts of the same type. So let's now place the
second transistor. This transistor is the same as the previous one, so
there is no need to edit its attributes before we place it. DXP will
automatically increment a component’s designator when you place a
series of parts. In this case, the next transistor we place will
automatically be designated Q2.

If you refer to the schematic diagram (Figure 1) you will notice that Q2 is
drawn as a mirror of Q1. To flip the orientation of the transistor that is
floating on the cursor, press the X key. This flips the component
horizontally.

When you are in any editing
or placement mode (a cross
hair cursor is active), moving
the cursor to the edge of the
document window will
automatically pan the
document.

If you accidentally pan too far
while you are wiring up your
circuit, press V, F (View » Fit
All Objects) to redraw the
schematic window, showing
all placed objects. This can be
done even when you are in
the middle of placing an
object.

Move the cursor to position the part to the right of Q1. To position the component more accurately,
press the PAGEUP key twice to zoom in two steps. You should now be able to see the grid lines.

Once you have positioned the part, left-click or press ENTER to place Q2. Once again a copy of the

transistor you are “holding” will be placed on the schematic, and the next
transistor will be floating on the cursor ready to be placed.
Since we have now placed all the transistors, we will exit part placement

mode by clicking the right mouse button or pressing the ESC key. The
cursor will revert back to a standard arrow.

Next we will place the four resistors.

1.

In the Libraries panel, make sure the Miscellaneous
Devices.IntLib library is active.

2. Set the filter by typing res1 in the filter field below the Library name.

3. Click on RES1 in the components list to select it, then click the Place

button. You will now have a resistor symbol floating on the cursor.

Press the TAB key to edit the resistor’s attributes. In the Properties
section of the dialog, set the value for the first component designator by
typing R1 in the Designator field.

Make sure that model name AXIAL-0. 3 is included in the Models list.

Use the following keys to
manipulate the part floating
on the cursor:

Y flips the part vertically
X flips the part horizontally

spacebar rotates the part by
90°.

To edit the attributes of an
object placed on the
schematic, double-click the
object to open its
Component Properties
dialog.

6. Set up a parameter field for the resistor that will display on the schematic and be used by DXP
when running a circuit simulation later in this tutorial. The =Value parameter can be used for any
general information about the component but discrete components use it when simulating. We can
also set the Comment to read this value and this maps the Comment information to the PCB layout
tool. Rather than enter the value twice (in the parameter =Value and then in the Comment field),
DXP supports ‘indirection’ which will replace the contents of the Comments field with the

parameter’s string.
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Getting Started with PCB Design

If there is not a Value parameter already included in the component properties, click Add in the
Parameters list section to display the Parameter Properties dialog. Enter the name vValue and a
value of 100k. Make sure String is selected as the parameter type and the value’s Visible box is
ticked. Click OK.

This RES1 component already has a Value parameter, so just type 100k in the Value field.

In the Properties section of the dialog, click on the Comment field and select the =Value string
from the drop down list and turn Visible off. Click the OK button to return to placement mode.

Press the SPACEBAR to rotate the capacitor by 90° so it is in the correct orientation.

Position the resistor above the base of Q1 (refer to the schematic diagram in Figure 1) and left-click
or press ENTER to place the part.

Don’t worry about making the resistor connect to the transistor just yet. We will wire up all the parts
later.

Next place the other 100k resistor R2 above the base of Q2. The designator will automatically
increment when you place the second resistor.

The remaining two resistors, R3 and R4, have a value of 1k, so press the TAB key to call up the
Component Properties dialog and change the Value field of the Value parameter to 1k. Click OK to
close the dialogs.

Position and place R3 and R4 as shown in the schematic diagram in Figure 1.
Once you have placed all the resistors, right-click or press ESC to exit part placement mode.

Now place the two capacitors.

1.

3. Click on CAP in the components list to select it, then click the Place button.

7.
8.

The capacitor part is also in the Miscellaneous Devices.IntLib

library, which should already be selected in the Libraries panel. elcpesiionlenyjeicet

simply place the cursor
Type cap in the component’s filter field in the Libraries panel. directly over the object,
click-and-hold the left

mouse button, drag the
object to a new position

Press the TAB key to edit the capacitor’s attributes. In the Properties and then release the
section of the Component Properties dialog, set the Designator to C1, mouse button.
check the PCB footprint model RAD-0.3 is added in the Models list.

Change the Value field of the Value parameter to 20n. Make sure String is selected as the
parameter type and the value’s Visible box is ticked. Click OK.

You will now have a capacitor symbol floating on the cursor.

In the Properties section of the dialog, click on the Comment field and select the =Value string
from the drop down list and turn Visible off. Click the OK button to return to placement mode.

Position and place the two capacitors in the same way that you placed the previous parts.
Right-click or press ESC to exit placement mode.

The last component to be placed is the connector, located in Miscellaneous
Connectors.IntLib.

1.

Select Miscellaneous Connectors.IntLib from the Libraries list in the Libraries panel. The
connector we want is a two-pin socket, so set the filter to *2*.

Select HEADER2 from the parts list and click the Place button. Press TAB to edit the attributes and
set Designator to Y1 and check the PCB footprint model is HDR1X2. No Value parameter is
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required as we will replace this component with a power source when simulating the circuit. Click
OK to close the dialog.

3. Before placing the connector, press X to flip it horizontally so that it is in the correct orientation.
Click to place the connector on the schematic.

4. Right-click or press ESC to exit part placement mode.
5. Save your schematic by selecting File » Save from the menus [shortcut F, S].

You have now placed all the components. Note that the components in Figure 2 are spaced so that
there is plenty of room to wire to each component pin. This is important because you can not place a
wire across the bottom of a pin to get to a pin beyond it. If you do, both pins will connect to the wire.

If you need to move a component, click-and-hold on the body of the component, then drag the mouse
to reposition it.

| 3 4 2
100K 1K 1K 100K
vl c2
= -
¢ 20n C1
HEADER 2
_'l I_ To graphically edit the shape of
20n a wire, or any other graphical
Q1 02 object once it has been placed,
13904 213904 position the arrow cursor over it

and click once.

Whenever a wire runs across
the connection point of a
component, or is terminated on
another wire, DXP will

Wiring up the circuit automatically create a junction.
Wiring is the process of creating connectivity between the various components | When placing wires, keep in
of your circuit. To wire up your schematic, refer to the diagram in Figure 1 and | Mind the following points:

complete the following steps. - left-click or press ENTER to
. . anchor the wire at the cursor
1. To make sure you have a good view of the schematic sheet, use the PAGE position:

UP key to zoom in or PAGE DOWN to zoom out. Also try holding down the

Figure 2. Schematic with all parts placed.

) - press BACKSPACE to
Ctrl key and using the mouse wheel to zoom. remove the last anchor point;
2. Firstly wire the resistor R1 to the base of transistor Q1 in the following - after placing the last segment

manner. Select Place » Wire [shortcut P, W] from the menus or click on the | of a wire, right-click or press
Wire tool from the Wiring toolbar to enter the wire placement mode. The ESC to end the wire placement.

ill ch ¢ hai The cursor will remain as a
cursor will change to a crosshair. cross hair and you can begin

3. Position the cursor over the bottom end of R1. When you are in the right placing another wire.
position, a red connection marker (large asterisk) will appear at the cursor | - Right-click again or press
location. This indicates that the cursor is over an electrical connection point | ESC to exit wire placement
on the component. mode.

4. Left-click or press ENTER to anchor the first wire point. Move the cursor and you will see a wire
extend from the cursor position back to the anchor point.

10 TUO0117 (v1.0) January 22, 2004



Getting Started with PCB Design

5. Position the cursor so that it is below R1 and level with the base of Q1. Left-click or press ENTER
to anchor the wire at this point. The wire between the first and second anchor points will be placed.

6. Position the cursor over the base of Q1 until you see the cursor change to a red connection marker.
Left-click or press ENTER to connect the wire to the base of Q1.

7. Note that the cursor remains a cross hair, indicating that you are ready to place another wire. To
exit placement mode completely and go back to the arrow cursor, you would right-click or press
ESC again — but don’t do this just now.

8. We will now wire C1 to Q1 and R1. Position the cursor over the left connection point of C1 and left-
click or press ENTER to start a new wire.

9. Move the cursor horizontally till it is directly over the wire connecting the base of Q1 to R1. A
connection marker will appear.

10. Left-click or press ENTER to place the wire segment, then right-click or press ESC to indicate that
you have finished placing the wire. Note how the two wires are automatically connected.

11. Wire up the rest of your circuit, as shown in Figure 3.

12V
SR1 4R3 2R4 SR2
-3 b3 b2 3 A wire that crosses the end of
100K 1K LR 100K a pin will connect to that pin,
Y1 c2 even if you delete the junction.
1 — I I Check that your circuit looks
2 20n o1 like Figure 3 before
HEADER 2 [l proceeding.
I
20n
Ql 2
IN3904 2N3904
GND

Figure 3. The fully wired schematic

12. When you have finished placing all the wires, right-click or press ESC to exit placement mode. The
cursor will revert to an arrow.

Nets and net labels

Each set of component pins that you have connected to each other now form what is referred to as a
net. For example, one net includes the base of Q1, one pin of R1 and one pin of C1.

To make it easy to identify important nets in the design, you can add net labels. To place net labels on
the two power nets:

1. Select Place » Net Label [shortcut P, N]. A dotted box will appear floating on the cursor.

2. To edit the net label before it is placed, press the TAB key to display the Net Label dialog.
3. Type 12V in the Net field, then click OK to close the dialog.
4

. Place the net label so that the bottom left of the net label touches the upper most wire on the
schematic. The cursor will change to a red cross when the net label touches the wire. If the cross is
light gray, it means you are trying to label a pin instead.
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5. After placing the first net label you will still be in net label placement mode, so press the TAB key

again to edit the second net label before placing it.

6. Type GND in the Net field, click OK to close the dialog and place the net label. Right-click or press

ESC to exit net label placement mode.

7. Select File » Save [shortcut F, S] to save your circuit. Save the project as well.

Congratulations! You have just completed your first schematic capture using DXP.

Before we turn the schematic into a circuit board, let’s set up the project options.

Setting up Project Options

The project options include the error checking parameters, a connectivity matrix, the Comparator
setup, ECO generation, output paths and netlist options and any project parameters you wish to

specify. DXP will use these setups when you compile the project.

When a project is compiled, comprehensive design and electrical rules are applied to verify the design.
When all errors are resolved, the re-compiled schematic designs are loaded into the target document,
e.g. a PCB document, by generated ECOs. The project Comparator allows you to find differences
between source and target files and update (synchronize) in both directions.

All project-related operations, such as error checking, comparing documents and ECO generation, are

set up in the Options for Project dialog (Project » Project Options).

Project outputs, such as assembly and fabrication outputs and reports can be set up from the File
menu options. You can also set up job options in a Job Options file (File » New » Output Job File).

See Setting up the Project Outputs for more information.

1. Select Project » Project Options. The Options for Project dialog displays.

Options for, PCB Project Multivibrator.PrijPCB

Wiolation Type Diescription Feport Mode
Duplicate Sheet Symbol Hames (24 Error
Mizzing child sheet for sheet symbol (23 Enor
Mizsing sub-Project sheet for component [I'warming
Port nat linked to parent sheet symbol (23 Enor
Sheet Entry not linked to child sheet (2 Error
Adding hidden net ta sheet [T'Warning
Adding ltems from hidden net ta net [ arming
Auto-bssigned Parts To Device Pins [T'wWarming
Duplicate Mets (27 Errar
Flaating net labels [T'wWarming
Floating power objects [ arming
Global Power-Object scope changes [T'wWarming
Met Parameters with no name [ T'wWarning
Met Parameters with no value [T'wWarming
Mets containing floating input ping (23 Enor
Mets containing multiple similar abjects (23 Error

Mets with multiple names
Mets with no driving source
Mets with only one pin
Mets with possible connection problems
Sheets containing duplicate parts

Eror Reporting | Connection Matrix | Comparator | ECO Generation | Options | Multi-Channel | Search Paths

~

All project-related options are set up through this dialog.

12
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Checking the electrical properties of your schematic

Schematic diagrams in DXP are more than just simple drawings — they contain electrical connectivity
information about the circuit. You can use this connectivity awareness to verify your design. When you
compile a project, DXP checks for errors according to the rules set up in the Error Reporting and
Connection Matrix tabs and any violations generated will display in the Messages panel.

Setting up Error Reporting

The Error Reporting tab in the Options for Project dialog is used to set up design drafting checks. The
Report Mode is the level of severity of a violation. If you wish to change a Report Mode, click on a
Report Mode next to the violation you wish to change and choose the level of severity from the drop-
down list. For this tutorial we will use the default settings.

Setting up the Connection Matrix

The Connection Matrix tab (Options for Project dialog) displays the severity of an error type that is
produced when error reporting is run to check electrical connections within the design, i.e. connections
between pins, ports and sheet entries. The matrix gives a graphical representation of different types of
connection points on a schematic and whether they are allowable or not.

For example, look down the entries on the right side of the matrix diagram and find Output Pin. Read
across this row of the matrix till you get to the Open Collector Pin column. The square where they
intersect is orange indicating that an Output Pin connected to an Open Collector Pin on your schematic
will generate an error condition when the project is compiled.

You can set each error type with a separate error level, e.g. from no report at all through to a fatal
error. Right-click to see the menu options to control the entire matrix.

To make changes to the Connection Matrix:

1. Click on the Connection Matrix tab in the Options for PCB Project Multivibratar.PrjPCB

Options for Project dialog. Error Reporting {0 Comparator | ECO Generation | Options | MubiChe ¢ 5
2. Click on the box that is at the intersection of two . z i
types of connection, e.g. Output Sheet Entry E g : i
and Open Collector Pin. g FfiL
; ; SR ER R R e B R
3. Click until .the ng changes to the color of the EEEEEEREEEELEEEO L e
errors as listed in the legend, e.g. an orange HEOEEEEOODEOEOEOE ok
box indicates that an error will be generated if Dég%égé%%é%g%ég e eto b
1 H P assive Pin
such a connection is found. “%EE%%E%E%E%“‘”“
H H 1 H H 1 Open Emitter Pin
Our CI.I’CUIt contains only Passive Pins (on .reS|stors, A O EE DR E o
capacitors and the connector) and Input Pins (on EEEOEEED D newrer
. ) . . B OB B L8 ouputror
the transistors. Let's check to see if the connection 16 E1 BB 3 sianectional pen
i i i i B L T LT B 3 unspecifiea Port
matrix will detect unconnected passive pins. S BB o oeonn
1. Look down the row labels to find Passive Pin. [ Ener DQEE o ot
Look across the column labels to find é :’:::;m @Q mT
Unconnected. The square where these entries e Sz g T S o s e et
|nter§ect |r_1d|_cates the error condition wh_en a
Passive Pin is found to be Unconnected in the
13

TU0117 (v1.0) January 22, 2004



Getting Started with PCB Design

schematic. The default is a green square, which indicates that no report will be generated.

2. Click on this intersection box until it turns yellow so that a warning will be generated for
unconnected passive pins when we compile the project. We will purposely create an instance of
this error to check it later in this tutorial.

Setting up the Comparator

The Comparator tab in the Options for Project dialog sets which differences between files will be
reported or ignored when a project is compiled. For this tutorial, we do not need to show differences
between some features that refer to hierarchical schematic designs only, such as rooms. Make sure
you do not accidentally ignore components when you meant to ignore component classes!

1. Click on the Comparator tab and find Changed Room Definitions, Extra Room Definitions and
Extra Component Classes in the Difference Associated with Components section.

2. Select Ignore Differences from the drop-down list in the Mode column to the right of the these
options.

Options for PCB Project Multivibrator.PrjPCB

Errar Reporting | Connection Malrix‘ Comparator |ECD Generation || Options | MultiChannel | Search Paths | Parameters

Comparison Type Description Made ~
ted with Components
Changed Channel Class Name # Find Differences
Changed Companent Class Mame # Find Differences
Changed Met Class Name % Find Differences
Changed Foom Definitions # Find Differences
Changed Fule #: Find Differences
Charnel Claszes With Extra Members #; Find Differences
Component Classes With Extra Members # Find Differences
Different Comments % Find Differences
Different Designators # Find Differences
Different Footprints #: Find Differences
Different Types Find Differences

Extra Channel Classes
Eutra Component Classes

Extra Camponents @ Find Differences k
Extra Room Definition: T CTETENTCE:

# Find Differences

A o Hasses S v
Object Matching Criteria
Object Type Iin b atch % in b atched Members | Use Mame Matching Show Manual Matching Dialog
Net 75 3 4 After member matching 4% For unmatched objects
Net Claze 75 3 # After member matching % For unmatched objects
Companent Class 75 3 4% After member matching €% For unmatched objects

Now we are ready to compile the project and check for any errors.

Compiling the project

Compiling a project checks for drafting and electrical rules errors in the design documents and puts you
into a debugging environment. We have already set up the rules in the Error Checking and Connection
Matrix tabs of the Options for Project dialog.

1. To compile our Multivibrator project, select Project » Compile PCB Project.
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2. When the project is compiled, any errors generated will display in the Messages panel. Click on
this panel to check for errors. The compiled documents will be listed in the Navigator panel,
together with a flattened hierarchy, components and nets listed and a connection model that can be
browsed.

If your circuit is drawn correctly, the Messages panel should not contain any errors. If the report gives
errors, check your circuit and ensure all wiring and connections are correct.

We will now deliberately introduce an error into our circuit and recompile the project:

1. Click onthe Multivibrator.SchDoc tab at the top of the design window to make the schematic
sheet the active document.

2. Click in the middle of the wire that connects R1 to the base wire of Q1. Small, square editing
handles will appear at each end of the wire and the selection color will display as a dotted line along
the wire to indicate that it is selected. Press the DELETE key to delete the wire.

3. Recompile the project (Project » Compile PCB Project) to check that any errors are found.

The Messages panel will display warning messages indicating you have unconnected pins in your
circuit.

4. Double-click on an error or warning in the Messages panel and the Compile Error window will
display with details of the violation. From this window, you can click on an error and jump to the
violating object in a schematic to check or correct the error.

Before we finish this section of the tutorial, let’s fix the error in our schematic.

1. Click on the tab of the schematic sheet to make it active. If you wish to clear

2. Select Edit » Undo from the menus [shortcut Ctrl+Z]. The wire you deleted | messages from the

previously should now be restored. sEEernEs RAl
click in the window and

3. To check that the undo was successful, recompile the project (Project » select Clear All.
Compile PCB Project) to check that no errors are found. The Messages
panel should show no errors.

4. Select View » Fit All Objects [shortcut V, F] from the menus to restore your schematic view and
save your error-free schematic.

5. Save the schematic and the project file as well.
Now we have completed and checked our schematic, it is time to create the PCB.
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Creating a new PCB document

Before you transfer the design from the Schematic editor to the PCB editor, you need to create the
blank PCB with at least a board outline. The easiest way to create a new PCB design in DXP is to use
the PCB Wizard, which allows you to choose from industry-standard board outlines as well as create
your own custom board sizes. At any stage you can use the Back button to check or modify previous
pages in the wizard.

To create a new PCB using the PCB Wizard, complete the following steps:

. Create a new PCB by clicking on PCB Board Wizard in

PCB Board Wizard

the New from Template section at the bottom of the

Files panel. If this option is not displayed on the screen,
close some of the sections above by clicking on the up
arrow icons.

5 1
e« Protel DXP
s ) New Board Wizard

PCB Board Wizard
. = vou create and set up a new

. B s Choose Board Detail
The PCB Board Wizard opens. The (T
. . . . NN h le st to defi
first screen you see is the introduction \}f} fachring parsmeters and
page_ C||Ck the NeXt bUtton to Dutline Shape: Dimension Laver [Mechanical Layer 1 3
. © Rectanguler Boundary Track Width [10 mi
continue. O Gl
O Cusom Dimension Line Width [10 mil
Set the measure units to Imperial, i.e. . Keep 01 Ditnce [
1000 mI|S = one inCh, Widh 5000 mil [7] Title Block and Scale  [] Comer Cutoff
Height | 4000 mil ﬁ PCB Board Wizard
The third page Of the wizard allows L7 % Choose Default Track and Via sizes
yOU to select the board outline yOU @T Choose the minimum frack size, via size and the copper to copper
A / tlearances to Use or the new hoard
wish to use. For this tutorial we will ;

Minimum Track Size ]

enter our own board size. Select Custom
from the list of board outlines and click Next. i Vit Dl b

Minirum Via HolsSize &l

In the next page you enter custom board options. For
the tutorial circuit, a 2 x 2 inch board will give us plenty b s 2
of room. Select Rectangular and type 2000 in both
the Width and Height fields. Deselect Title Block & T

ancel

Scale, Legend String and Dimension Lines. Click
Next to continue.

This page allows you to select the number of layers in the board. We will need two signal layers
and no power planes. Click Next to continue.

Choose the via styles used in the design by selecting Thru-hole vias only and click Next.

8. The next page allows you to set the component/track technology (routing) options. Select the

10.
11.

16

Through-hole components option and set the number of tracks between adjacent pads to One
Track. Click Next.

The next page, Track/Via Sizes, allows you to set up some of the design rules that apply to your
board. Leave the options on this screen set to their defaults. Click the Next button to continue.

Click Finish to close the Wizard.

The PCB Wizard has now collected all the information it needs to create your new board. The PCB
Editor will now display a new PCB file named PCB1 . PcbDoc.
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’r";. DXP - PCB1.PchDoc * - Free Documents. Licensed to Altium Limited

&
v

PCEL. PcbDoc?Viewhame: BEditor;Lx=1581 = -

B0 Fle Edt Yew Projct Place Desion  Iook  AutoRoute Reports  Window  Help

v 4

JEHS A ® @8 I /5P 1 =8 A M 5 a &
g @ Home | [ Mutivibrator SchDoc | BB PCB1 PokDoc * %
wiorkspacel. Dsriwik - ~ E
(@) File View (O Structure Editor B~ .
- 5l Multivibrator PriPCB = B

=1 Source Documents
[ Multivibrator SchDoc
SIS Free Documents
= Source Documents

L PCE1.PcbDoc *

" Files 4

Mets
[¥]Mask [] Select [#] Zaom [+] Clear Existing

Net Classes
All Mets

Mets
Name

Mode Count | Routed

3
EPV Mask Level | Clear

Systern | Design Compiler | Cross References | Help | Instrument Racks  PCE

<
Top Layer 4 Bottom Layer AMechanical 1 AMechanical 2 iMechanical 3 fAMechanical 4 AMechanical 5

:1855mil v 3185mil  Gric: Smil

12. The PCB document displays with a default sized white sheet and a blank board shape (black area
with grid). To turn it off, select Design » Board Options and deselect Display Sheet in the Board
Options dialog.

You can add your own border, grid reference and title block from other PCB templates supplied with
DXP. For more information about using board shapes, sheets and

For more tutorials, press

templates, see the Board Shapes and Sheets tutorial.

13. Now the sheet has been turned off, display the board shape only by
selecting View » Fit Board [shortcut V, F].

14. The PCB document is automatically added (linked) to the project and is

F1 to access the DXP
Help and Online
Documentation system
and click on the Articles
& Tutorials link.

listed under Source Documents beneath the project name in the Projects
tab.

15. Rename the new PCB file (with a .PcbDoc extension) by selecting File » Save As. Navigate to a
location where you would like to store the PCB on your hard disk, type the name
Multivibrator.PcbDoc in the File Name field and click on Save.

Adding a new PCB to a project

If the PCB you want to add to a project file has been opened as a Free Document, right-click on the
PCB project file in the Projects panel and select Add Existing to Project. Choose the new PCB file
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name and click on Open. The PCB is now listed under Source Documents beneath the project in the
Projects tab and is linked to the project file. Save the project file.

Transferring the design

Before transferring the schematic information to the new blank PCB, make sure all the related libraries
for both schematic and PCB are available. Since only the default installed integrated libraries are used
in this tutorial, the footprints will already be included. Once the project has been compiled and any
errors in the schematic fixed, use the Update PCB command to generate ECOs that will transfer the
schematic information to the target PCB.

Updating the PCB

To send the schematic information to the target PCB in your project:
1. Open the schematic document, Multivibrator.SchDoc.

2. Select Design » Update PCB Document (Multivibrator.PcbDoc). The project compiles and
the Engineering Change Order dialog displays.

Engineering Change Order,

Modifications Status
Enable | Action Affected Object | Affected Document | Check Dane
Add Companents(3)
Add Ei lw| Ta

Multivibratar. PebDoc

v

v Add E el To Multivibrator PebDioz
v Add ]| To Multivibratar. PebDoc
v add Eii ol To Multivibrator PchDoc
v Add 5 Rl Ta Multivibrator. PobD oo
v Add it Rz To Multivibrator PebDioz
v Add £ R3 Ta Multivibrator. PobD oo
v Add it R4 To Multivibrator PebDioz
W] Add Em Ta Multivibrator. PebD oo

Add Nets(B)

v add =12 Ta Multivibrator. PobD oo
v add ~= GMD To M ultivibrator. PebDioc
v Add e NetCl1_1 To Multivibrator. PebDoc
v Add == MetC1_2 To M ultivibrator. PebDioc
v Add T NetC2 1 To Multivibrator, PebDoc
v Add == NetC2_2 To M ultivibrator. PebDioc

Add Component Cl:

[ Multivibrator Multivibrator. PebDoc

=0 Add Rooms(1]
v add @ Room Multivibrator [Scope=InCe Ta P ultivibrator. PebD o
[ “alidate Changes l [ Erecute Changes I Eﬂeport Changes... |

3. Click on Validate Changes. If all changes are validated, the green ticks appear in the Status list. If
the changes are not validated, close the dialog, check the Messages panel
and clear any errors.

You can create a report

of ECOs to print out by
4. Click on Execute Changes to send the changes to the PCB. When clicking on the Report
completed, the Status changes to Done. Changes button.

5. Click Close and the target PCB opens with components positioned ready for
placing on the board. Use the shortcut keys V, D (View Document) if you cannot see the
components in your current view.
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I 000=000

Figure 4. The components next to the board, ready for positioning.

Designing the PCB

Now we can start placing the components on the PCB and routing the board.

Setting up the PCB workspace

Before we start positioning the components on the board, we need to set up the PCB workspace, such
as the grids, layers and design rules.

Grids

We need to ensure that our placement grid is set correctly before we start positioning the components.
All the objects placed in the PCB workspace are aligned on a grid called the snap grid. This grid needs
to be set to suit the routing technology that you intend to use.

S . . o | The PCB Editor supports
Our tutorial circuit uses standard imperial components that have a minimum pin | imperial and metric

pitch of 100mil. We will set the snap grid to an even fraction of this, say 50 or | units. Select View »
25mil, so that all component pins will fall on a grid point when placed. Also, the | Toggle Units to switch.
track width and clearance for our board are 12mil and 13mil respectively (the default values used by
the PCB Board Wizard), allowing a minimum of 25mil between parallel track centers. The most suitable
snap grid setting would, therefore, be 25mil.

To set the snap grid, complete the following steps:

1. Select Design » Board Options [shortcut D, O] to open the Board Options dialog.

2. Set the value of the Snap X, Snap Y, Component X and Component Y fields of the dialog to
25mil using the drop-down lists or typing in the value. Note that this dialog is also used to define

the electrical grid. The electrical grid operates when you place an electrical object, it overrides the
snap grid and snaps electrical objects together. Click OK to close the dialog.

Let’s set some other options that will make positioning components easier.

1. Select Tools » Preferences from the menus [shortcut T, P] to open the Preferences dialog. In the
Editing Options section of the Options tab, make sure the Snap to Center option is checked. This
ensures that when you “grab” a component to position it, the cursor is set to the component’s
reference point.

2. Click the Display tab in the Preferences dialog to make it active. In the Show section of this tab,
uncheck the Show Pad Nets, Show Pad Numbers and Via Nets options. In the Draft Thresholds
section of this dialog, check the Strings field is 4 pixels and click OK to close the dialog.
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Defining the layer stack and other non-electrical layers

If you look at the bottom of the PCB workspace, you will notice a series of layer tabs. The PCB Editor is
a multi-layered environment and most of the editing actions you perform will be on a particular layer.
Select Design » Board Layers & Colors [shortcut L] to display the Board Layers & Colors dialog
where you can display, add, remove and rename and set the colors of the layers.

Board Layers and Colors

Color | Show Interal Planes [P) Color | Show Mechanical Color | Show | Enable | Single | Linked | #
- v Layers(t) Layer To
Mode | Sheet
Bottom Layer v
¥ - Mecharical [ ¥
Mecharical 2 - v
Mecharical 3 - v
Mecharical 4 - v W
Only show layers in layer stack Only show planes in layer stack Only show enabled mechanical Layers T ==
___ayer airs ...
Mazk Layers [4) Color | Show Other Layers [0] Color | Show System Colors [Y) Color | Show
Top Paste - Dill Guide - Connectionz and From Tos v
Bottom Paste - K.eep-Out Layer - v DRC Ermor Markers v
Top Solder - Lill Dirawing - Selections
Bottom Solder [ | Multi-Layer v Visible Grid 1 | |
Visible Grid 2 B
Pad Holes v
. “ia Holes v
Silkscreen Layers (K] | Color | Show Board Line Colar -
Top Dverlay v
Bottom Dverlay - Board Area Color -
Sheet Line Color -
Sheet &rea Color
Workspace Start Color -
Work space End Color -
[ anon [ anof [ UsedOn | [ SelectedOn|[ Selected O || Clear | [ Defaul Color Set || Classig Color Set |
I (] 8 l ’ Cancel ]

There are three types of layers in the PCB Editor:

o Electrical layers — these include the 32 signal layers and 16 plane layers. Electrical layers are
added to and removed from the design in the Layer Stack Manager, select Design » Layer Stack
Manager to display this dialog.

¢ Mechanical layers — there are 16 general purpose mechanical layers for defining the board outline,
placing dimensions on, including fabrication details on, or any other mechanical details the design
requires. These layers can be selectively included in print and Gerber output generation. You can
add, remove and name mechanical layers in the Board Layers & Colors dialog.

e 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 and hole
layers. The display of these special layers is controlled in the Board Layers & Colors dialog.

Layer Stack Manager

The tutorial is a simple design and can be routed as a single-sided or double-sided board. If the design
was more complex, you would add more layers in the Layer Stack Manager.
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1. Select Design » Layer Stack Manager [shortcut D, K] to display the Layer Stack Manager dialog.

Layer Stack Manager @gl

Laver Pairs

(] O Top Dielectric
Core [12.6mil] C] [] Bottom Dislectric

Configure Drill Pairs...

Impedance Calculation. ..

Top Layer —s

Bottom Layer —s-

2. New layers and planes are added below the currently selected layer. Layer properties, such as
copper thickness and dielectric properties are used for signal integrity analysis. Click OK to close
the dialog.

The new board has opened with many more layers enabled than you will use, so let’s turn off all the
unnecessary layers. To turn off layers, complete the following steps:

1. Press the L shortcut key to display the Board Layers & Colors dialog.
2. Click on Used On to disable all layers except those that have something on them.

3. Make sure the four Mask layers and the Drill Drawing layer will not display by checking there is no
tick in the Show button next to their layer names. Click OK to close the dialog.

Setting up new design rules

The DXP’s PCB editor is a rules-driven environment. This means that as you work in the PCB editor
and perform actions that change the design, such as placing tracks, moving components, or
autorouting the board, the PCB editor constantly monitors each action and checks to see if the design
still complies with the design rules. If it does not, then the error is immediately highlighted as a
violation.

Setting up the design rules before you start working on the board allows you to remain focused on the
task of designing, confident in the knowledge that any design errors will immediately be flagged for
your attention.

The design rules fall into 10 categories and are further divided into design rule types. The design rules
cover electrical, routing, manufacturing, placement and signal integrity requirements.

We will now set up new design rules to specify the width that the power nets must be routed.
To set up these rules, complete the following steps:
1. With the PCB as the active document, select Design » Rules from the menus.

2. The PCB Rules and Constraints Editor dialog will appear. Each category of rules is displayed in the
Design Rules panel (left hand side) of the dialog. Double-click on the Routing category to expand
the category and see the related routing rules. Then double-click on Width to display the width
rules available.
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PEE Rules and Censtraints Editor

* g‘ Electrical
+-+% Routing
H e SMT

+- W Mask
+_|Plane

+ '}I‘Teslpuinl

+- 7 Manutacturing
+ = High Speed
+-4E Placement

+ manSignallntegrity

Name

4

+% Routingl ayers
o7 RoutingComers
o7 Routingias
.| PlaneConnect
7 HoleSize

oo Width

g‘ Clearance

| PolygonConnect 1
2% RoutingPricrity 1
W Pasteh askExpar 1
= SoldertdazkExpa 1
+a RoutingT opology 1
“# TeatPointUsage 1
W Testpaint 1
3‘ ShortCircit 1

]

m

MR R E A R R B B EA B R KA KA KA KA =

l Priarities. .. ] l BRule\wizard... ]

.| Tupe Category Scope Attributes ~
Routing Lapers Routing All Toplayer - Horizont:
Raouting Corners Rauting Al Style - 45 Degree |
Fouting Yia Style Rauting Al Pref Size = B2mil  F
Power Plane Connect 5 Plane Al Style - Relief Connec
Hole Size  anufacturing Al Min=1mil Max="1
Width Routing All Pref width = 12mil
Clearance Electiical Al - al Clearance = 13mil
Polpgon Cannect Style  Plane Al Style - Relief Conne
Flauting Priarity Flauting Al Priarity =0
Paste Mask Expansion Mask All Expansion = Omil
Solder Mask Expansion Mask All Expansion = 4mil —
Routing Topalogy Routing All Topology - Shortest
Testpoint Usage Testpaint Al Testpaint - Required
Testpoint Style Testpaint Al Under Camp - Allaws
Short-Circuit Elechical Alo-oal Short Circuit - Mot &l

.- _ i

3. Click once on each rule in the Design Rules panel to select it. As you click on each rule, the right
hand side of the dialog displays the rule’s scope (what you want this rule to target) in the top
section and the rule’s constraints in the bottom section. These rules are either defaults, or have
been set up by the Board Wizard when the new PCB document was created.

4. Click on the Width rule to display its scope and constraints. This rule applies to the entire board

(All).

PEE Rules and Constraints Editor

-1-[28 Design Rules
= g‘ Electical
= g‘ Clearance
z‘ Clearance
+ g‘ Shart-Circuit
+-5% Un-Fouted Met
z‘ Un-Connected Fin
-] % Routing
= o7 Width

+ Fouting Topology
+% Routing Priority
+% Routing Layers
+% Routing Carners
% Routingia Style
+% Fanout Cortrol
S SMT

= Mask

| Plane

+ 7 Testpoint

+- 7 Manufactuing

+ £ High Speed

+ IE Placement

+ |ﬂ|1,~ Signal Integrity

] [

EaES

¥

Mame | width

“where the First object matches

@ &l

) Net

) Met Class

) Layer

() Met and Layer

Comment

Full Guery

411

O Advanced [Quen) Guery Builder ...

Constraints

Preffered Width 12mil

Min Width 12mil

+

Attributes on Layer

Min Width | Preferred Si

12mil
12rmil

12rmil
12mil

Max Width 12mil

Layer Stack Reference

bax Width | Mame
12mil Top Laver
12mil Bottom Layer

[] Characteristic Impedance Driven width

Layers in layerstack only

Unique 1D

Abszolute Laper
In MName In

1] TopLaver 1
1 BottomLayer 32

[ Friorities... ][ BuleWizard... ]

Cloze

One of the powerful features of DXP’s design rule system is that multiple rules of the same type can be
defined, each targeting different objects. The exact set of objects that each rule targets is defined by
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that rule’s scope. The rule system uses a pre-defined hierarchy to work out which rule to apply to each
object.

For example, you could have a width constraint rule for the whole board (meaning all tracks must be
this width), a second width constraint rule for the ground net (this rule overrides the previous rule), and
a third width constraint rule for a particular connection on the ground net (which overrides both of the
previous rules). Rules are displayed in their order of priority.

Currently there is one width constraint rule for your design, which applies to the whole board (width =

12 mil). We will now add a new width constraint rule for the 12V and GND nets (width = 25 mil). To add

new width constraint rules, complete the following steps:

1. With the Width category selected in the Design Rules panel, right-click and select New Rule to
add a new width constraint rule set up to target the 12V net only.
A new rule named Wwidth 1 appears. Click on the new rule in the Design Rules panel to modify
the scope and constraints.

2. Type 12V or GND in the Name field. The name will refresh in the Design Rules panel when you
click back in the Design Rules panel when you have finished setting the rule.

3. Next we set the rule’s scope using the Query Builder but you can always type in the scope directly if
you know the correct syntax. If your query is more complicated, click on the Advanced button and
use the Query Helper.

4. Click on the Query Builder button to open the Building Query from Board dialog.

Building Query. fhom Board

Show &ll Levels AV @ % H# & G - by

Condition Type / Operator Condition ¥ alue Cueny Preview
Belongs ta Met 12 InMet(12%"
OR OR

+| InMet("GMNOY
Add another condition.... MetC2_2

MetC2 1

MetC1_2

MetCl 1

12 !! IiK Cancel

5. Click on Add first condition and select Belongs to Net from the drop-down list. In the Condition
Value field, click and select the net 12V from the list. The Query Preview now reads InNet
(M12vV').

6. Click on Add another condition to widen the scope to include the GND net. Select Belongs to
Net and GND as the Condition Value.

7. Change the operator by clicking on the operator ‘AND’ and then select OR from the drop-down list.
Check that the query preview reads InNet ('12V’) OR InNet (‘GND’).

8. Click OK to close the Building Query from Board dialog. The scope in the Full Query section has
now been updated with the new query.

9. In the bottom section of the PCB Rules and Constraints Editor dialog, change the Minimum,
Preferred and Maximum width fields to 25mi 1 by clicking on the old constraints text (10mil) and
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typing in the new values. Note that you must set the Maximum width field first before you can
change the Minimum value. The new rule is now set up and will save when you choose another rule
in the Design Rules panel or close the dialog.

PEE Rules and Constraints Editor

2% Rauting Topolagy
2% Rauting Priarity
+%= Routing Layers
e Routing Corners
27 Routing Yia Style
2% Fanout Control
S SMT

= Mask

| Plane

+ ?‘ Testpaint

+- 7 Manufacturing
+-= High Speed

+-2F Placement

+ [||le»8igna| Integrity

F [

+-

7

= Design Rules
=& " Electrical
?gfct:l[n::ance Mame |12 or GND Commett Unigue 1D
g‘ Clearance
+ g‘ Shart-Circuit ‘where the First object matches Full Query
#F* Un-Routed Met O al - {InMNet('12V') OR
% Un-Connected Fin ) Met InMet (' GND'])
— 2% Routing ) Met Class i
=127 Width
- width ) Netand Layer
& Advanced [Query) Guery Buildes ..

Caonztraints

Preffered Width 25mil

Min Width 25mil

+

Max Width ZSmi

—

Attributes on Layer
Minwidth | Prefered 5.
25mil 25mil
25rmil 25mil

Max Wwidth | Mame
25mil Top Layer
25mil Bottam Layer

Layer Stack Feference

[[] Characteristic Impedance Driven 'width
Layers in layerstack only

Absolute Layer
In... Narme In...

1] TopLayer 1
1 BottomLayer 32

[ Friorities. .. H Rule Wizard... ]

Cloze

10. Finally, click to edit the original Board scope width rule named width and confirm that the
Minimum, Maximum and Preferred width fields are all set to 12mi1. Click Close to close the PCB
Rules and Constraints Editor dialog.

When you route the board manually or using the autorouter, all tracks will be 12mils wide, except the
GND and 12V tracks which will be 25mils.

Positioning the components on the PCB

Now we can start to place the components in their right positions.

1. Press the V, D shortcut keys to zoom in on the board and components.

2. To place the connector Y1, position the cursor over the middle of the outline of the connector, and
click-and-hold the left mouse button. The cursor will change to a cross hair and jump to the
reference point for the part. While continuing to hold down the mouse button, move the mouse to

drag the component.

3. Position the footprint towards the left-hand side of the board (ensuring that the whole of the
component stays within the board boundary), as shown in Figure 5.

24
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The connection lines are
automatically re-optimized
as you move a component.
In this way you can use the
connection lines as a guide
to the optimum position and
orientation of the
component as you place it.

Figure 5. Components placed on the PCB

4.

When the component is in position, release the mouse button to drop it into place. Note how the
connection lines drag with the component.
Reposition the remaining components, using Figure 5 as a guide. Use the SPACEBAR key as

necessary to rotate components as you drag them, so that the connection lines are as shown in
Figure 5. Don't forget to re-optimize the connection lines as you position each component.

Component text can be repositioned in a similar fashion — click-and-hold to drag the text and press
the SPACEBAR to rotate it.

DXP also includes powerful interactive placement tools. Let’s use these to ensure that the four
resistors are correctly aligned and spaced.

1.

Holding the SHIFT key, left-click on each of the four resistors to select them. A shaded selection
box will display around each of the selected components in the color set for the system color called
Selections. To change this selection color, select Design » Board Layers & Colors [shortcut L].

Click on the Align Components by Top Edges button it on the Utilities toolbar or choose from
the Tools » Interactive Placement » Align menu. The four resistors will align along their top edge.
Now click on the Make Horizontal Spacing of Components Equal button M on the Utilities
toolbar.

Click elsewhere in the design window to deselect all the resistors. The four resistors are now
aligned and equally spaced.

Changing a footprint

Now that we have positioned the footprints, the capacitor footprint appears too big for our
requirements! Let's change the capacitor footprint to a smaller one.

1.

First we will browse for a new footprint. Click on the Libraries panel and select Miscellaneous
Devices.IntLib from the Libraries list. Click on Footprints to display footprints available in the
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active library. We want a smaller radial type footprint, so type rad in the Filter field. Click on the
Footprint names to see the footprints associated with them. The footprint RAD-0.1 will do the job.

2. Double-click on the capacitors and change the Footprint field to RAD-0.1 in the Component dialog.
You can simply type in the new footprint name, or click on the ... button and select a footprint from
the Browse Libraries dialog. Click OK and the new footprints are displayed on the board. Reposition
the designators as required.

3. Your board should now look like the PCB design below.

With everything positioned, it's time to lay some tracks!

Manually routing the board

Routing is the process of laying tracks and vias on the board to connect the components. DXP makes
the job of routing easy by providing a number of sophisticated manual routing tools as well as the new
powerful Situs topological autorouter, which optimally routes the whole or part of a board at the touch
of a button.

While autorouting provides an easy and powerful way to route a board, there will be situations where
you will need exact control over the placement of tracks — or you may want to route the board manually
just for the fun of it! In these situations you can manually route part or all of your board. In this section
of the tutorial, we will manually route the entire board “single-sided”, with all tracks on the bottom layer.
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We will now place tracks on the bottom layer of the board, using the “ratsnest” connection lines to

guide us.

In DXP, tracks on a PCB are made from a series of straight segments. Each time there is a change of
direction, a new track segment begins. Also, by default DXP constrains tracks to a vertical, horizontal
or 45° orientation, allowing you to easily produce professional results. This behavior can be customized

to suit your needs, but for this tutorial we will stay with the
default.

1. Enable and show the Bottom Layer by pressing the
shortcut key L to display the Board Layers & Colors
dialog. Click on the Show checkbox next to Bottom
Layer in the Signal Layers section. Click OK and the
Bottom Layer tab is displayed in the design window.

2. Select Place » Interactive Routing from the menus

[shortcut P, T] or click the Interactive Routing button.

The cursor will change to a cross hair indicating you
are in track placement mode.

3. Examine the layer tabs that run along the bottom of
the document workspace. The Top Layer tab should
currently be active. To switch to the bottom layer
without dropping out of track placement mode, press
the * key on the numeric keypad. This key toggles
between the available signal layers. The Bottom
Layer tab should now be active.

4. Position the cursor over the bottom-most pad on the
connector Y1. Left-click or press ENTER to anchor
the first point of the track.

5. Move the cursor towards the bottom pad of the
resistor R1. Note how the track is laid. By default,
tracks are constrained to vertical, horizontal or 45°
directions. Also note that the track has two segments.
The first (coming from the starting pad) is solid blue.
This is the track segment you are actually placing.
The second segment (attached to the cursor) is called
the “look-ahead” segment and is drawn in outline.
This segment allows you to look ahead at where the
next track segment you lay could be positioned so
that you can easily work your way around obstacles,
maintaining a 45°/90° track orientation.

6. Position the cursor over the middle of the bottom pad
of resistor R1 and left-click or press the ENTER key.
Note that the first track segment turns blue, indicating
that it has been placed on the Bottom Layer. Move
the cursor around a little and you will see that you still
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have two segments attached to the cursor: a solid blue segment that will be |y, may find using a
placed with the next mouse click and an outlined “look-ahead” segment to larger crosshair cursor

help you position the track. useful when placing

7. Re-position the cursor over the bottom pad of R1. You will have a solid blue tracks. TO CIEIRED
cursor size, select Tools

segment extending from the previous segment to the pad. Left-click to place |, preferences. Select

the solid blue segment. Large 90 from the
You have just routed the first connection. Cur?or Type st in the
Options tab of the

8. Move the cursor to position it over the bottom pad of resistor R4. Note a solid | Preferences dialog.
blue segment extends to R4. Left-click to place this segment.

9. Now move the cursor to the bottom pad of resistor R3. Note that this segment is not solid blue, but
drawn in outline indicating it is a look-ahead segment. This is because each time you place a track

segment the mode toggles between starting in a
horizontal/vertical direction and starting at 45°. Currently it is
in the 45° mode. Press the SPACEBAR key to toggle the
segment start mode to horizontal/vertical. The segment will
now be drawn in solid blue. Left-click or press the ENTER
key to place the segment.

10. Move the cursor to the bottom of resistor R2. Once again
you will need to press the SPACEBAR key to toggle the

segment start mode. Left-click or press the ENTER key to Note that the look-ahead segment is clipping

place the segment. (no longer attached to the cursor). The PCB

Editor will prevent you from accidentally

11. You have now finished routing the first net. Right-click or placing a track across another object that
press the ESC key to indicate that you have finished placing | would cause a violation. This connection

this track. The cursor will remain a cross hair, indicating that | must be routed around the capacitor.

you are still in track placement mode, ready to place the next
track. Press the END key to redraw the screen so that you can clearly see the routed net.

12. You can now route the rest of the board in a similar manner to that described in the previous steps.
Figure 6 shows the manually routed board.

Figure 6. Manually routed board, with tracks placed on the bottom layer.
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13. Save the design [shortcut F, S or Ctrl+S].

Tips for placing tracks
Keep in mind the following points as you are placing the tracks:

e Left-clicking the mouse (or pressing the ENTER key) places the track segment drawn in solid color.
The outlined segment represents the look-ahead portion of the track. Placed track segments are
shown in the layer color.

e Press the SPACEBAR key to toggle between the start horizontal/vertical and start 45° modes for
the track segment you are placing.

e Press the END key at any time to redraw the screen.
e Pressthe V, F shortcut keys at any time to redraw the screen to fit all objects.

o Press the PAGEUP and PAGEDOWN keys at any time to zoom in or out, centered on the cursor
position. Use the mouse wheel to pan left and right. Hold the Ctrl key down to zoom in and out with
the mouse wheel.

e Press the BACKSPACE key to “unplace” the last track segment.
e Right-click or press ESC when you have finished placing a track and want to start a new one.

e You cannot accidentally connect pads that should not be wired together. DXP continually analyzes
the board connectivity and prevents you from making connection mistakes or crossing tracks.

e To delete a track segment, left-click on it to select it. The segment’s editing handles will appear (the
rest of the track will be highlighted). Press the DELETE key to clear the selected track segment.

e Re-routing is easy in DXP — simply route the new track segments, when you right-click to finish the
old redundant track segments will automatically be removed.

¢ When you have finished placing all the tracks on your PCB, right-click or press the ESC key to exit
placement mode. The cursor will change back to an arrow.

Congratulations! You have manually routed your board design.

Automatically routing the board
To see how easy it is to autoroute with DXP, complete the following steps:
1. First, un-route the board by selecting Tools » Un-Route » All from the menus [shortcut U, A].

2. Select Autoroute » All [shortcut A, A]. The Situs Routing Strategies dialog displays. Click on
Route All. The Messages panel displays the process of the autorouting.

It's as simple as that! DXP’s autorouter provides results comparable with that of an experienced
board designer and because DXP routes your board directly in the PCB window, there is no need to
wrestle with exporting and importing route files.
3. Select File » Save [shortcut F, S] to save your board.
Note that the tracks placed by the autorouter appear in two colors: red indicates that the track is on the
top signal layer of the board and blue indicates the bottom signal layer. The layers that are used by the
autorouter are specified in the Routing Layers design rule, which was set up by the PCB Board
Wizard. You will also notice that the two power net tracks running from the connector are wider, as
specified by the two new Width design rules you set up.
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Don’t worry if the routing in your design is not exactly the same as Figure 7; the component placement
will not be exactly the same, so neither will be the routing.

Figure 7. Fully autorouted board

Because we originally defined our board as being double-sided in the PCB Board Wizard, you could
manually route your board “double-sided” using both the top and bottom layers. To do this, un-route the
board by selecting Tools » Un-Route » All from the menus [shortcut U, A]. Start routing as before, but
use the * key to toggle between the layers while placing tracks. DXP will automatically insert vias if
necessary when you change layers.

Verifying your board design

DXP provides a rules-driven environment in which to design PCBs and allows you to define many
types of design rules to ensure the integrity of your board. Typically, you set up the design rules at the
start of the design process and then verify that the design complies with the
rules at the end of the design process.

DXP supports
hierarchical design rules.
Earlier in the tutorial we examined the routing design rules and added a new You can set any number
width constraint rule. We also noted that there were already a number of rules | of rules of the same

that had been created by the PCB Board Wizard. S @R il 2
defined scope. The

To verify that the routed circuit board conforms to the design rules, we will now | rule’s priority determines
run a Design Rule Check (DRC): the rule’s precedence.

1. Choose Design » Board Layers & Colors [shortcut L] and ensure that
Show button next to the DRC Error Markers option in the System Colors section is checked
(ticked) so that the DRC error markers will be displayed, if any.

2. Choose Tools » Design Rule Check from the menus [shortcut T, D]. Both the on-line and batch
DRC options are configured in the Design Rule Checker dialog. Click on a category to see all the
rules.
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Design Rule Checker:

E= Report Options

= Bules To Check DRC Report Options
g‘ Electrical Create Report File
f EauTting Create Yiolations
7 Testpoint Sub-Met Dietails
Z M.anufactuling Internal Plane Warnings
;E E;S:eip:;d Yerify Shorting Copper

Signal Integrity
W Stop when | 500 wviolations Found

To speed the process of rule checking enable only the rules that are required for the task
being performed. Mote: Options are only enabled when correzponding riles have been
defined.

On-line DRC tests for design rule violations as you work. Include a Design Rule in the
Design-Rules dialog to be able to test for a particular rule twpe.

I Fun Design Rule Check... N

3. Leave all options at their defaults and click the Run Design Rule Check button. The DRC will run

and the report file Multivibrator.DRC opens. The results will also be displayed in the Messages
panel. Click back into the PCB document and you will see that the transistor pads are highlighted in
green, indicating a design rule violation.

Look through the errors list in the Messages panel. It lists any violations that occur in the PCB
design. Notice that there are four violations listed under the Clearance Constraint rule. The details
show that the pads of transistors Q1 and Q2 violate the 13mil clearance rule.

5. Double-click on an error in the Messages panel to jump to its location on the PCB.

Normally you would set up the clearance constraint rules before laying out your board, taking account
of routing technologies and the physical properties of the devices. Let's analyze the error then review
the current clearance design rules and decide how to resolve this situation.

To find out the actual clearance between the transistor pads:

1.

With the PCB document active, position the cursor over the middle of one of the transistors and
press the PAGE UP key to zoom in.

Select Reports » Measure Primitives [shortcut R, P]. The cursor will change to a cross hair.

Position the cursor over the middle of the left pad on the transistor and left-click or press ENTER.
Because the cursor is over both the pad and the track connected to it, a menu will pop up to allow
you to select the desired object. Select the transistor pad from the popup menu.

Position the cursor over the center of the middle Design Explorer Information ﬁl
transistor pad and left-click or press ENTER.
. & Distance between
Once again, select the pad from the popup menu. \1)
. . . . Pad Q1-3{2416,591mil,3932,651mil) Multi-Laver and
An information box will open showing the Pad 01-2(2466.591mil, 3962, 651mil) Multi-Layer is

minimum distance between the edges of the two
pads is 10.63mil.

Close the information box, then right-click or press
ESC to exit the measurement mode and then use
the V, F shortcut to re-zoom the document.

10.63mil (0.27mm)
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Let’s look at the current clearance design rules.

1. Select Design » Rules from the menus [shortcut D, R] to open the PCB Rules and Constraints
Editor dialog. Double-click on the Electrical category to display all electrical rules in the right side of
the dialog. Double-click on the Clearance type (listed in the right side) and then click on
Clearance to open it. The region at the bottom of the dialog will contain a single rule, specifying
that the minimum clearances for the whole board are 13mil. The clearance between the transistor
pads is less than this, which is why they generate a violation when we run a DRC.

We now know the minimum distance between transistor pads is a little over 10mil, so let’s set up a
design rule that allows the clearance constraint to be 10mil for the transistors only.

2. Select the Clearance type in the Design Rules panel, right-click and select New Rule to add a new
clearance constraint rule.

3. Click on the new Clearance rule, Clearance 1. In the Constraints section of the resulting dialog,
set the Minimum Clearance to 10mil.

4. Click on Advanced (Query) and then click on Query Helper to construct the query from the
Memberships Checks. Alternatively, simply type in the following query in the Query field for the first
object:

HasFootprintPad (*BCY-W3/D4.7/,"*")
The * (asterisk) indicates ‘any pad’ on the footprint named BCY-W3/D4.7.

5. Leave the scope for the second object at ALL and click OK. Click Close to close the PCB Rules
and Constraints Editor dialog.

6. You can now re-run the DRC from the Design Rules Checker dialog (Tools » Design Rule Check)
by clicking the Run Design Rule Check button. There should be no rule violations.

7. Save your completed PCB and the project file.

Well done! You have completed the PCB layout and are ready to produce the output documents.

Setting up the Project Outputs

Project outputs, such as printing and output files, are set up in Output Job files which can be copied
and pasted into other projects and modified as required. Alternatively, you can select individual
commands from the File menu.

1. Select File » New » Output Job File, select the output you wish to set up and double-click to
modify the setups of that output. Make all necessary configurations and save the output jobs file.

2. If you want the outputs to be sent to individual folders according to the output type, select Project »
Project Options, click on the Options tab and click on Use separate folder for each output type
and click OK.

Printing
Once the layout and routing of the PCB is complete, you are ready to produce the output

documentation. This documentation might include a manufacturing drawing detailing the fabrication
information and assembly drawings detailing component location information and loading order.

To produce these drawings, DXP includes a sophisticated printing engine that gives you complete
control over the printing process. You can define precisely what mix of PCB layers you want to print,
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preview the drawings (called printouts) and set the scaling and orientation to see exactly how it will look
on the page before you print it.

Now we will create a print preview using default output settings.

1. Select File » Print Preview from the PCB menus. The PCB will be analyzed and a default printout
displayed in the print preview window. Click on Close.

2. Select File » Print to send the composite drawing to the printer.

3. To change the target printer and set the page orientation and scaling, you can select File » Page

Setup from the menus. Choose your preferred printer and check the printer page is set to
Landscape. Advanced printing options are also available from this dialog.

Manufacturing output files

The final phase of the PCB design process is to generate the manufacturing files. The set of files that

are used to manufacture and fabricate the PCB include Gerber files, NC drill files, pick and place files,
a bill of materials and testpoint files. Output job files can be set by selecting File » New » Output Job
File or you can create outputs through individual commands on the File » Fabrication Outputs menu.
The setups for the manufacturing documents are stored as part of the project file.

Generating Gerber files

Each Gerber file corresponds to one layer in the physical board — the component overlay, top signal
layer, bottom signal layer, the solder masking layers and so on. It is advisable to consult with your PCB
manufacturer to confirm their requirements before generating the Gerber and NC drill files required to
fabricate your design.

To create the manufacturing files for the tutorial PCB:

1. Make the PCB the active document, then select File » Fabrication Outputs »Gerber files. The
Gerber Setup dialog displays.

Gerber Setup E|
General | Layers | Diill Drawing | Apertures | Advanced
Specify the units and format to be used in the output files.
This controls the units [inches or milimeters), and the number of digits before and after the
decimal poirt.
Units Fiarmat
@& Inches ® 23
@] tillimeters ® 24
O 25 If you do not want output
files to automatically
The: number format should be set o suit the requirements of your Project. . open when they are
nglﬁi%rffrmat has a1 mil resolution, 2:4 has a 0.1 mil resolution, and 2:5 has a 0.07 mil created, select Project o
If you are using one of the: higher resolutions you should check that the PCB manufacturer Project Options, click
suppoarts that farmat. R
The 2:4 and 2:5 formats only need to be chogen if there are objects on a grid finer than 1 on the Optlons tab and
il deselect Open Outputs
il

2. Click on the Layers tab to select which layers to use. Click on Plot Layers and select Used On.
Click OK to accept the other default settings.
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3.

The Gerber files are produced and CAMtastic! opens to display the files. The Gerber files are
stored in the Project Outputs folder which is automatically created in the folder where your
project files reside. Each file has the file extension added that corresponds to the layer name, e.g.
Multivibrator.GTO for Gerber Top Overlay. These are added to the Projects panel under
Generated Documents.

Creating a Bill of Materials

1.

2.

3.

To create a Bill of Materials, click on the PCB document, Multivibrator.PcbDoc and select
Reports » Bill of Materials. The Bill of Materials for PCB dialog displays.

Bill of Materials For PCB Document [Multivibrator.PcbDoc]

Grouped Columns Show | Description - || Designator ~ | Footprint ~ | LibRef ~ || Cuantity -
[Capacitor C1 RaD-0.1 Cap 1]
Capacitor c2 RaD-0.1 Cap 1
MPM General Purpo: 01 BCY-w3/D4.7 2N3304 1
g:;i'”;? ::"m SO 2 NPN Genersl Pupo: 02 BCYW/DA7  2N3904 1
Designator v Resistar R1 ARIAL-0.2 Resl 1
g .
Deesignator i) Resistor R2 AlAL-0.3 Resl 1
DesignatorX[rmm] Resistar R3 AXIAL-0.3 Resl 1
Designator-[Mil] Resistor R4 AelsL-0.3 Resl 1
Desighator-Y[mm) Header, 2-Pin 11 HDR1X2 Header 2 1
Docurnent
Footprint Ca
Template v [_] Relative l Repart... ] [ Export.. I l Excel... ] I ok
Eatch Maode 5V [Carmma Delimited] [ csv] | []OpenExpoted  [JForce |

Use this dialog to build up your BOM. Click on Show next to the columns you want to add to the
report.

Select and drag a column heading from Other Columns to Grouped Columns to group components
by that column heading in the BOM. For example, to group by the Footprint column, select
Footprints in the Other Columns section and drag it into the Grouped Column section. The list will
be sorted accordingly.

Bill of Materials For, PCB Document [Multivibrator.PcbDoc]

Grouped Colurnng Show | Description || Designator w || Foatprint || LibRef w || Quantity
v [Capacitor [ Rab-01 Cap 2

MPM General Purpose Amplifier 21,02 BCYW3/D4.7 2M32304 2

Resistor R1,R2 R3, A4 AXIAL03 Resl 4

Header, 2-Fin 1 HDR1x2 Header 2 1
Other Columns Show |~
Footprint v
FootprintDescription
Height{kil]
Height{rmm]
Index -
Template ‘ L [_] FRelative l Report... ] [ Ex=part.. I l Excel... ] I ok l [ Cancel ]

Batch Mode CSY [Comma Delimited) [* cav) j []OpenExported  [] Force Calumns Inta View

4. Click on Report to display a print preview of your BOM. This preview can then be printed using the

Print button or exported to a file format, such as .x1s for Microsoft Excel, using the Export button.
Close the dialogs.

Congratulations! You have completed the PCB design process.
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Further explorations

This tutorial has introduced you to just some of the powerful features of DXP. We've captured a
schematic, run a transient simulation on the design, and designed and routed a PCB, all with the
integrated tools provided in DXP. But we’ve only just scratched the surface of the design power
provided by DXP.

Once you start exploring DXP you will find a wealth of features to make your design life easier. To
demonstrate the capabilities of the software, a number of example files are included. You can open
these examples in the normal way by selecting File » Open from the menus and then navigating to the
\Program Files\Altium2004\Examples\ folder. As well as the board design examples in this
folder, there are a number of sub-folders with examples that demonstrate specific features of DXP.

Check outthe Circuit Simulation sub-folder to explore DXP’s analog and digital simulation
capabilities. As well as analog examples that demonstrate various circuit designs, such as amplifiers
and power supplies, there are mixed-mode examples, a math function example, and an example that
includes linear and non-linear dependent sources and even a vacuum tube example!

With faster logic switching and design clock speeds, the quality of the digital signals becomes more
important. DXP includes a sophisticated signal integrity analysis tool that can accurately model and
analyze your board layout. The signal integrity requirements such as impedance, overshoot,
undershoot, and slope are defined as PCB design rules, and then tested during the standard design
rule check.

If there are nets that you need to analyze in more detail, you can select Tools » Signal Integrity to
pass the design to the Signal Integrity Analyzer, where you can perform reflection and cross talk
simulations. The results are displayed in an oscilloscope-like waveform analyzer, where you can
examine the performance and take measurements directly from the waveforms.

Thanks for participating in this introductory tutorial.
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