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Unitl Increase your PCB Design
Productivity With Protel 99 SE

Welcome to the Protel 99 SE Designer, your comprehensve guide to
exploring and using the new and enhanced features included in Protel 99
SE. The information in this book will help you get the most from Protel
99 SE’s advanced board design features, and complements the

comprehensive information provided in this book.

Protel 99 SE is the version of Protel’s integrated board-level design
system for the Windows NT/98/95 operating system. It builds on the
foundation of Protel’s unique Design Explorer platform, introduced with
the relrase of Protel 99, by adding a host of new and enhanced features

aimed at streamlinng the board design process.

Protel 99 SE’s Design Explorer integration platform has been
optimized to give fast application and design document opening, more
responsive performance and more efficient memory usage. You now have
a choive of design data storage methods — save your integrated design in
a single Access database, or as stand — alone files and folders using the
simplicity of the Windows File System. With either storage method you

have available the full power and convenience of Protel 99 SE’s design
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management and integration features.

From design entry through to manufacturing output creation, Protel
99 SE gives you greater design flexibility and power. Capture your design
faster and more accurately with Protel 99 SE’s enhanced schematic editor,
that now features direct on-sheet text editing, sheet-by-sheet and
positional annotation, automatic component class creation based on
source schematic sheets, plus a host of time-saving editing and interface
enhancements.

Create your board from 32 signal layers, 16 internal plane layers, and
16 mechanical layers, with fully-definable layer stackup and drill layer
pairing. With enhanced power plane connectivity, new design rules and
rule scopes, and import/export of design rule sets, Protel 99 SE’s PCB
editor gives you unparalleled versatility in board design definition.

New and enhanced interactive component placement tools will slash
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design layout time. Protel 99 SE supports on-board graphical creation and
editing of placement rooms, dynamic real-time optimization of
connection lines during component moves, and the ability to group
components for fast placement of component blocks.

New and enhanced interactive component placement tools will slash
design layout time. Protel 99 SE supports on-board graphical creation and
editing of placement rooms, dynamic real-time optimization of
connection lines during component moves, and the ability to group
components for fast placement of component blocks.

New PCB design features in Protel 99 SE include a powerful PCB
print management system, an advanced 3D PCB renderer and viewer, and
an invaluable CAM Manager that gives you “one click” output
generation.

The above enhancements and features are just a taste of the many
ways in which Protel 99 SE makes your desktop a more productive board
design environment. Please explore this supplement and see just how

much easier design can be with Protel 99 SE.



Unit2 Design Explorer

The Design Explorer is the name given to the Protel 99 SE design
environment. When you select Protel 99 from the Windows Start menu,
the Design Explorer opens. The Design Explorer is the interface to your

designs, and the various design tools that you use to create your designs.

Windows File System Storage Option

Protel 99 SE includes a new document storage option that stores
design documents directly on a diskdrive. The New Design Database
dialog includes a new Design Storage Type option, where you specify if
the design documents will be stored in a single integrated Microsoft

Access database, or if they will be stored directly on a disk drive.



New Design Database K E I

Lacation I

Pratel 99 SE ztores all design dacuments 1 anirkegrated design database.
Depending upon the stomage tppe, documents ars either stored s single desion
dalabaze o &= stand-alone fies and folders on vour disk drive,

Fon both starage types use Design Explorer b create documents and folders wilkin
e design databaze to organize your design

D esigh Storage Tepe  [wwindows File Sypstern =]

b5 Acces: Dalabaze ]
WAindowys File Syustem

wehindows File Spslem ppe stores design documents as separate fies ona disk dive.

[ atabasze File Mame IM}'Dcsigﬁ.dcb

" Datzbaze Lacation

E:\Frogram Files's SEsamples |
ok | canesl | Help |

Select the document storage type when you create a new design

If the Storage Type is set to MS Access Database then all design
documents are stored in a single database. If the Storage Type is set to
Windows File System then all design documents are stored directly on the
disk drive in the location specified at the bottom of the dialog.

Regardless of the storage system that is chosen, the way you work in
the Design Explorer is exactly the same. If your design uses the Windows
File System Storage Type you still open the design first — then open the
schematic, PCB, or other design documents.

New documents are created in the same way for both storage types,
select File » New to create a new document. Note that you can not
move documents into a Windows File System database with the Windows
File Explorer, they must be imported into a database before they can be
opened. You can import a number of files by importing a folder, or by

dragging from the Windows File Explorer directly into an open design.



Designs that use the Windows File System storage do not support any
of the DesignTeam features, such as document access control. Other
design integration features, like synchronization and background

document opening when printing and netlisting, are supported.

Floating Licenses

Protel 99 SE supports floating licenses. This system allows you to
install Protel 99 SE on as many PCs as you like — Protel 99 SE
automatically monitors how many copies are running and displays a
warning message when there are too many copies running at the same
time.

If your network includes PCs that must have a single-user license
permanently allocated disable the Broadcast and Receive Floating Access

Codes options at the bottom Security Locks dialog.



Uszer Information
Enter your registration information.

access code.

Fleaze enter pour name, the name of the company for whom you work and the product

M ame; ;.

LCompary: ;l :

Aocess Code:

Cancel




Unit3 How to Start

Creating a new design
To create a new Design Database select File ?New Design from the
menus. The New Design Database dialog will pop up. Complete the

following steps:

ME-| Filedrid  WiewilE HelpFERh
h Mix BFIgERL — -  DIEI %

open... fTH
Exit IEH

1 D:A\PROTELSPY, \PZTAELEEH] B 4745 A.ddb
2 Dn\ProtelEEY99SEPCEE 4 EEE B F i ddb
3 D0\PROTELSPY A TH 3648 . ddb

1. Select the Storage Type
2. Enter the Database name

3. Set the location as required

MNew Design Database e |

Location I Password I

Protel 99 SE stores all design documents in an integrated
design database.

Depending upon the storage twpe. documents are either
stored in a single design .

database or as stand-alone files and/tE AR

Design Storage TIMS Access Database j

MS Access type stores all design documents in a single
MS Access database. TEREAT 1L EHE S+ DIE
=R

Database File Na|MyDesign.ddb

Database Location 5
L
4 DAPROTELSP PUBEESIT
— i B R EEEEs. IDE
I BRERIAI R

Cancel | Help I




If you would like to password-protect the Design Database now, click
on the Password tab and enter the password. This password is assigned to
the default user name Admin. You can password-protect a Design
Database at any time, by going to the Members folder and entering a
password for the Admin member. To unprotect a Database remove the
password from the Admin member. Note that you can only
password-protect a design database whose storage type is MS Access
database.

Once the new design database is created an icon for it will appear in
the navigation tree of the Design Explorer, and its corresponding design
window will open in the work area.

Then you will see the following picture:

B W Rledrtt EdiRiE viewilE WindowBO  HelpEER
BB £ 2

Explorer | _1 MyDesign.ddb |[]u[:umﬂnt5
E Design Deskkop @
1@ Active Design Stations
E'E MyDesign.ddb Design Team  Recycle Bin
ﬁ Design Team
----- ' .g:—j' Recycle Bin
-..|_]) Documerts
12T Bh 2 N B SCHAT
PO (R I (3E

MEeEs  TE@
s BRERSCHIC 4




Adding a .SCH file

The first step is:

" ew... BEEICEE =
J rﬁ;‘ L Mew Design... EraRiEit \

Explon open... T3

Documents I

W Close 2%l
@ E Close Design 2% Hl¥E+ T
EIE M Export... B
E; Save all EEHET

L Import... B
Impott Projeck. . 24K ZE
Link Document. . IR0 M

Froperties B4
Exit iB

1 O:\Protel EEY99SERPCESR Y- EEVIE =14 .ddb

2 D\PROTELSPY R iE 345 . ddb
i

The second step is selecting the Schematic Document file:

New Document = el |
Documents Wizardsl
@ Below i= a list of all the new design document trpes
that can he FAEEFCEILIF FrEEPCEEISRRE ANERSCHI
@ o T
CAM autput Docurment  PCE Document  PCB Library PCE Printer
configurakion Folder Cocument
= O O |
Schematic  Spread Sheet Text Waveform
Library ... Dacurnent Dacurnent Docurnent
FRERSCHRR G EE
[~ Show all document kil (0] 4 Cancel | Help

The third step ,click the tab of the Browse Sch, you will see the

following picture.
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Change Library File List 2=
ﬁﬁﬁﬁl@):la&:h ~| « = ck B3
=5 Elantec Consumer. ddb I[%Gnannum DsP.ddb
=8 Elantec Industrial.ddb cennum Interface. ddb
=+ Elantec Interface.ddb I[%Gnannum Miscellaneous. ddb
o5 Gennum Analog.ddb & HP-Eesof.ddb
58 Gennum Consurmer . ddb . :Inktel Databooks.ddb
=5 Gennum Corverter.ddb I[%InI:Erl'ual:in:u'ual Rectifier.ddb
[ i3
Description ! Imtel Databooks. ddb
SR L) [Protel Desien file Ok ddb) =]
Selected Files:
D:APROTEL99ALibramysSchintel Databooks. ddb
D:APROTEL99Librarn\SchhvMizcellaneous Devices. ddb
Add I Bemowve I Ok I Cancel I

Select the design database(.ddb) files which you want, then click the

Add button to add other design databases to the list. You can then browse

within the design database that is currently selected. When you locate the

required document click on it to select it, then click on the OK button.

! - FleXrtd  EdicgRiE viewil B PlacefTE  Desioni®it Tools TH  SimulatethE Eeports?é\:% i

‘miTﬁr_rEE%% SO@ MY L Niiotd w=E

BsMEEE GHEZ? |

3t ), T
)

I-_|) >

B IE o«

Explorer Browse Sch I

— Browse

ILibraries LI

tizcellaneous Devices lib

bl eyt e I e
FIRERI=TEE

F e EE

dd/Rem uvel
Filte|*

O — |
SHEADER

12 HEADER

1EPIM

20PN

2EPIM

34PN

40PN

S0FIMN

AMHD

ANTERNMA
BATTERY Bk

BELL E

EMC
BRIDGE1 %EEFJ =l

Browse |

MyDcsign.dth Documents 7 Sheetl.Sch |

<«

Edit |F'Iac:e| Find |
= {hEfE biE

B —
sl

i B SCHA LT

H> 1 A4 n—-~3cH
é%ﬁ% 2 13;515‘%

L]
H TR TN ES .
31III74LSD4HQ..EI4_'I
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Working with the Navigation Tree

The Design Explorer Design Manager panel provides a navigation
tree with a Windows Explorer-like navigation panel that shows a
hierarchical view of the documents and folders contained within an open
design database. Folders are shown as folder icons in the tree, and
documents are marked with an appropriate icon. A small box next to a
tree branch indicates that the document or folder contains other

documents or folders.
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Unit4 Working with design objects

Design objects are the building blocks of both schematic and PCB
documents. You construct schematic and PCB designs by placing and
arranging design objects on a schematic sheet or PCB layout document.
Everything you use to construct you design is a design object, including
components, tracks, wires, text annotations, etc.

The following topics detail the manipulation of design objects in

Protel, and apply to both schematic and PCB designs.

Placing design objects in documents

The method for placing objects is similar for both schematic and PCB
documents. The basic placement steps are outlined below.

1. Select the object that you want to place ? You can do this by
selecting an object from the Place menu or by clicking on one of buttons
from the various placement toolbars. For components and footprints, you
can also click the Place button in the Panel when browsing libraries.

2. When an object is selected for placement, the cursor will change

to a crosshair, indicating that you are in editing mode, and, if relevant, the

13



object will appear "floating™ on the cursor.

3. Press the TAB key to edit the properties of the object before
placing it. This will open the property dialog for the particular object,
allowing you to change various options. Once you have finished setting
the properties, close the dialog to return to placement mode.

4. Position the cursor and left-click or press ENTER to place the
object. For complex objects such as wires, tracks, polygons, etc. you must
continue the position and click procedure to place all vertices of the
object. Note: If autopanning is active, you can move around the document
by simply moving the cursor past the edge of the editing window in the
direction that you wish to go.

5. After placing an object you will remain in placement mode
(indicated by the crosshair cursor), allowing you to place another object
of the same type immediately.

6. To end placement mode, right-click or press the ESC key (in some
cases, such as placing a polygon, you may need to do this twice; once to
finish placing the object and once to exit placement mode). When you

exit placement mode, the cursor will return its default shape.

Editing design objects in documents

Any design objects you have placed in a schematic or PCB document

14



can be modified in a variety of ways. Objects can be moved around
within the document, and cut, copied and pasted within and between
documents. Also, you can edit the properties of objects to change their
colors, layers, designator, net assignment, etc. With some objects, such as
polyline shapes (tracks, wires, polygons, fills, etc), you can graphically
change the shape of the object after it has been placed.

The topics below detail the general techniques for editing objects

within PCB and schematic documents.

Changing the properties of a design object

All objects in schematic or PCB documents have a defined set of
properties associated with them. These properties can include position,
color, layer, selection status, etc. To view or edit the properties of any
object, open its associated Properties dialog in one of the following ways:

1.When an object is "floating™ on the cursor during the placement
procedure, press the TAB key to open its properties dialog.

2.For any object placed in a document, double-click the object to
open its properties dialog directly.

3.Select Edit - Change from the menus to enter the object change
mode. Click on the object that you want to edit. Right-click or press ESC

to exit object change mode.
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Selecting design objects for editing

Before performing any editing action that operates on multiple design
objects, such as aligning objects in schematic or PCB documents, you
must first select the objects you wish to work with.

There are several ways to select objects:

1.Hold the SHIFT key down and left-click on an object.

2.Click-and-drag to draw a selection box around objects.

3.From a schematic or PCB document, select Edit ?Select from the
menus to open the Selection submenu [shortcut S]. Use the item on this
menu to make group selections in a number of ways.

Selected objects are outlined in the selection color (default is bright
yellow). To change the default selection color, from a schematic or PCB
document select Tools ?Preferences from the menus.

In Protel, selection of objects is cumulative: selected objects remain
selected until you manually deselect them. Selecting additional objects
DOES NOT deselect any objects currently selected.

To deselect an object:

1.Hold the SHIFT key down and left-click on a selected object.

2.From a schematic or PCB document, select Edit ?DeSelect from the
menus to open the Deselection submenu [shortcut X]. Use the item on

this menu to deselect groups of selected objects in a number of ways.
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Setting the match attributes for global editing

When performing a global edit on an object type, the Attributes to
Match By fields in the global editing portion of the object's properties
dialog define the set of objects that the global edit will apply to.

If the property is a text field, you can use the "?" and "*" wildcard
symbols to define the text in this field to match by. A ? defines any single
character, and a * defines any group of characters. For example, to match
all schematic components with designators of the form U1, U2, etc., you
would enter the string U* in the Designator Attributes to Match By field.

Non-text fields will include a dropdown list in their corresponding
Attributes to Match By fields, from which you can select Any, Same or
Different to match objects which have any value, the same value or a
different value respectively in these fields.

To define the set of objects you wish to apply the global edit to, set
the appropriate Attributes to Match By fields to define the matching
criteria. These fields are logically "ANDed" together to form the match

criteria.
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Unit5 Working in schematic documents

Part1 Schematic electrical design objects

A schematic is a diagrammatic representation of an electronic circuit,
and schematic capture is the process of capturing a design as a schematic
in a computer-aided design environment. A computer-based schematic is
more than a simple drawing of the circuit. It also contains information
about the connectivity of the circuit and the parts that make up the circuit.

In Protel, the basic workspace for capturing a schematic is called a
schematic sheet. Electrical, drawing and directive objects are placed on a
schematic sheet to design the circuit and produce working schematic
drawings. A complete circuit design can use just a single sheet, or it can
comprise a number of electrically linked sheets. Protel allows you to
create complex hierarchical and modular designs by linking any number
of sheets to form a complete project.

Schematic electrical design objects define the physical circuit you are
capturing. These objects are used to create a netlist from the schematic,

which is then used to transfer circuit and connection information between
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design tools.

Bus (Schematic electrical design object)

wiringTool = [ =]
== b= b bl = >

Toolbar: WiringTools = B = 1 « &= -5 -I“: or Menu: Place - Bus

Description: A bus is a polyline object that represents a multi-wire
connection. A bus can be assigned to multiple nets using a Net Label of
the form "DI[0..7]" or "D[7..0]", indicating that the nets DO to D7 are
carried by the bus. Use a Bus Entry object to connect to, or branch from a
bus.

To place: Once in bus placement mode, left-click or press ENTER to
anchor the starting point for the bus, then position the mouse and
left-click or press ENTER to anchor a series of vertex points that define
the shape of the bus. When you have finished drawing the bus, right-click
or press ESC. Repeat the previous steps to draw another bus object, or
right-click or press ESC to exit bus placement mode.

Press the TAB key during placement to edit the object's properties.

Graphical editing: When a bus object is in focus, the following editing
handles are available. Click handles A to reposition the
end points of the bus. Click handle B to move a bus
vertex. The end points will remain anchored.Click A B

near the center of a bus segment to grab that segment and reposition it.
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Bus entry (Schematic electrical design object)

Toolbar: WiringTools & B = = ® =1 5

or Menu: Place - Bus entry
Use a bus entry to connect to or branch from a bus object. Place the
bus entry so that it touches the target bus object. The bus entry then forms

a "stub" that you can use as a signal wiring point.

Part (Schematic electrical design object)

== F= . B = o

Toolbar: WiringTools = B = 1 « &= -5 L or Menu: Place ->Part

A part is a schematic symbol that represents an electronic device, such
as a resistor, switch, opamp, IC, etc. Parts are stored within components
in schematic component libraries. A component within a library

represents a physical device. Each component contains one or more parts.

Junction (Schematic electrical design object)

== Tk B Hetl == -

Toolbar: WiringTools = B = 1 « = -5 7" or Menu: Place = Junction

A junction forms an electrical connection where two or more wires
cross. A junction is automatically inserted when a wire starts or
terminates anywhere along the length of another wire. When a wire
crosses other wires, no junction is inserted. If you want to create a

connection between crossed wires, place a junction at the crossing point.
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Power port (Schematic electrical design object)

WiringTool =

= = [=]
o= T B, Hel == I
=]

. ==
WiringTools = & = =+ < =

- or Menu: Place ->Power port
A power port is a special schematic object that lets you easily define a
power or ground net. Seven graphical styles of power port are available,

and can be set by editing the object's properties.

—_

MET Wawve ME‘.‘ Circle HET Bar
l.-r" . —l—
& Arrow | Earth Signal
HE Ground
| Powier
—— Ground

Wire (Schematic electrical design object)

WiringTools = & = + = =1 > or Menu: Place 2> Wire
A wire is a polyline object that forms an electrical connection

between points on a schematic, and is analogous to a physical wire.

Net label (Schematic electrical design object)

[=]
o= T B, Hel == I b
=]

WiringTools = B = =+ < &= 5 . Het] or Menu: Place - Net label
A net label assigns a particular net name to an electrical object. When
a netlist is generated, default names will be given to each net in the

schematic. Manually placing a net label on your schematic defines the

21



name of the net to which it is attached.

Port (Schematic electrical design object)

=]
y =k o
WiringTools = B = =+ < = 5 or Menu: Place ->Port

A port is used to make an electrical connection between one
schematic sheet and another sheet or sheet symbol in a design using
multiple sheets. The name of the port, set in the port properties dialog
(press TAB during placement, or double-click on a placed port to open
this dialog), defines the connection (i.e. a port on a schematic sheet
connects to ports or sheet entries with the same name on other sheets in

the project).

Part 2 Schematic drawing objects

Drawing Tools Ares
Elliptical Ares

Frocess Container -
—_— Ellipses

1k @ Fie Charts=

”Q 7 Line

B / Bectangle
i | Round Rectangle

Folwzons

HEN Beziers
HHe

4 | Graphie. ..
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Annotation (Schematic drawing object)

OrawingTools

/20T E
moocemm .y |

Toolbar: DrawingTools
Menu: Place—> Annotation

Description:An annotation allows you to place a single line of free

text on a schematic sheet. For more extensive, multi-line text, use the

Text Frame object. Annotations are also used to reference special

schematic information strings in schematic templates.

Text frame (Schematic drawing object)

DrawingTool s

SAEFNT
Toolbar: DrawingTools HOedcn@E Menu: Place—> Text

Hir

Frame

Description: A text frame is used to define an area on a schematic to
contain textual information. The frame is a resizable rectangular area that
can contain multiple lines of text, and can automatically wrap text to keep
it within the bounds of the frame. For simple one line text annotations,

use the Annotation object.

Arc (Schematic drawing object)
Toolbar: none Menu: Place—>Drawing Tools—>Arcs

Description: Draws a circular arc on the current schematic sheet.
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Elliptical arc (Schematic drawing object)

DrawingTools
SEFENLTE
DD@@@meﬂﬁ

Menu: Place—>Drawing Tools > Elliptical Arcs

Toolbar: DrawingTools

Description: Draws an elliptical arc on the current schematic sheet

Ellipse (Schematic drawing object)

DrawingTools
SEEFENLTE
DD@@@meﬂﬁ

Menu: Place - Drawing Tools > Ellipses

Toolbar: DrawingTools

Description: Draws an ellipse on the current schematic sheet.

Pie chart (Schematic drawing object)

DrawingTools

S EFNTHE
096@3339@

Toolbar: DrawingTools M
Menu: Place—>Drawing Tools—>Pie Charts
Description: Draws a circular sector or "pie chart” object on the

current schematic sheet.

Line (Schematic drawing object)

DrawingTools

/S RENTE
/-

Toolbar: DrawingTools 2 & < © Bl &
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Menu: Place - Drawing Tools—>Lines
Description: Draws a multi-segment line on the current schematic

sheet.

Rectangle (Schematic drawing object)

DrawingTools

/S EXENTE
Toolbar: DrawingTools = & < © Bl & L]
Menu: Place->Drawing Tools—>Rectangle

Description: Draws a rectangle on the current schematic sheet.

Round rectangle (Schematic drawing object)

DrawingTools

S EFNTHE
DDG@@EEQD

Toolbar: DrawingTools
Menu: Place - Drawing Tools >Round Rectangle
Description: Draws a rectangle with rounded corners on the current

schematic sheet.

Polygon (Schematic drawing object)

DrawingTools

/S EENT 7
Toolbar: DrawingTools = & < © Bl & 5
Menu: Place - Drawing Tools ->Polygons [P D P]

Description: Draws a polygon shape on the current schematic sheet.
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Bezier curve (Schematic drawing object)

DrawingTools

/2T HE
DD@@@meik

Toolbar: DrawingTools
Menu: Place - Drawing Tools > Beziers
Description: A Bezier curve allows you to draw free-form curved

lines on a schematic sheet. The curve is defined by a series of vertex

points that "pull” the line into a curved shape.

Graphic (Schematic drawing object)

DrawingTools

S EFNTHE
DDG@@EEQE

Toolbar: DrawingTools
Menu: Place - Drawing Tools - Graphic
Description: This inserts a graphic file as an object in the current

schematic sheet. The following file types are supported:1.Bitmaps

(.bmp, .dib, .rle). 2.JPEGs (.jpg). 3.Windows Metafiles (.wmf)

Part 3 Schematic design directives

Schematic design directives attach additional design information to
particular circuit nets. This information is not used in the schematic, but
Is incorporated into the netlist and can be used by other design tools, such

as the autorouter or simulation engine.
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No ERC (Schematic design directive)

WiringTool =

Sz e b Bt == O
Fo

Toolbar: WiringTools = & &= T ¥ & |5

Menu: Place - Directives>No ERC

Description: Placing this directive on a node in the circuit suppresses
any report warnings and Error Markers that may be generated for the
node when running an Electrical Rules Check (ERC). Use this directive
to deliberately prevent ERC checking of certain parts of a circuit that you
know will generate a warning (such as unfinished connections) while

checking the rest of the circuit.

Probe (Schematic design directive)

Toolbar: none

Menu: Place - Directives—>Probe

Description: A Probe is a special marker which is placed on the
worksheet to identify nodes for digital simulation during netlist

generation.

Test vector index (Schematic design directive)

Toolbar: none
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Menu: Place - Directives—> Test Vector Index

Description: Test Vectors are special symbols used to identify a node
with a simulation test vector. The test vectors are referred to by a column
number, which indicates the column of the test vector file to use when the
simulation is run. Note: This directive is currently not used internally by

Protel.

Stimulus (Schematic design directive)

Toolbar: none
Menu: Place > Directives—> Stimulus
Description: A Stimulus is a special symbol which is used to identify

a node or net to be stimulated when the digital simulation is run.

PCB layout (Schematic design directive)

Toolbar: none

Menu: Place—> Directives>PCB Layout

Description: Allows you to assign PCB layout information to a net in
the schematic. When a PCB is created from the schematic, the
information in the PCB Layout directive is used to create relevant PCB

design rules.
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Part5 Setting schematic workspace preferences

Schematic preferences affect the schematic editing environment and
are save as part of the Protel environment. These preferences apply to all
schematic sheets.

To set the schematic environment preferences you must have a
schematic sheet as the active document. Select Tools—>Preferences from

the menu to open the Preferences dialog. This dialog has three tabs:

Preferences @@

Pin Options Options

. v Auto-Junction

B i

F"!n Name W Draq Orthogonal
Pin Number |15 W Enable In-Place Editing
Multi-Part Suffix Default PowerObject Names
“ Alpha " Numeric Power Goun|GND
Orcad Load Options Signal Gm"”|5GND
Coov Footorint From/To : Earth |EAHTH

Part Field 1 =
[ OrCAD [TM] Pc
Default Template File
No Default Template File Browse ...

oK | Can-::el| Help |

Schematic tab:In this tab you control the appearance of the labeling of

part pins, enable the Drag Orthogonal and Auto-Junctioning options, and
set the default template used when creating new schematic documents.
Graphical Editing tab: In this tab you set various options controlling
the editing environment, autopanning and undo/redo stack.
Default Primitives tab: In this tab you control the default properties

and behavior of the design objects used to create schematics.
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To set the default template used to create new schematic sheets, select
Tools—>Preferences from the menu when a schematic sheet is active. In
the resulting Preferences dialog, make the Schematic tab active. In the
Default Template File field, enter the path and name of a valid schematic
template (schematic template files have a .DOT extension), or press the
Browse button to search for a file.

When you are performing an editing action in a schematic sheet,
moving the cursor to the edge of the work window will automatically pan
the sheet in the appropriate direction, allowing you to navigate the sheet
without having to use the scroll bars.

To control the speed of autopanning, or to turn off autopanning
completely, select Tools—>Preferences from the menu when a schematic
sheet is active. In the resulting Preferences dialog, make the Graphical
Editing tab active. Set the Autopan Options fields to change the
autopanning behavior.

1.Style: Sets the way the sheet is scrolled during autopanning. Select
an option from the dropdown list. Choosing Autopan off disables
autopanning.

2.5peed: Sets the panning speed. This is independent of sheet size and
sheet contents. Hold the SHIFT key to autopan at a higher speed.

For help on setting individual controls in the Preferences dialog, use

the "What's This" help available when the dialog is open.
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The visible grid is used as an aid for visually aligning objects on a
schematic.

To change the way the visible grid is drawn, select
Tools—>Preferences from the menu when a schematic sheet is active. In
the resulting Preferences dialog, make the Graphical Editing tab active.

The lines used to draw the visible grid can be draw either solid or
dotted. To select a line type, change the option in the Visible Grid field.

To set a color for the visible grid, click the color sample box in the

Grid Color field and choose a color from the color selection dialog.

Part 6 Setting schematic document options

Schematic document options are properties of individual schematic
sheets. These options are stored with the schematic sheet. Changing a
document option only affects the currently active sheet.

To set the options for the active schematic sheet, select Design
—>Options from the menus to open the Document Options dialog. This

dialog has two tabs:
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Document Options @@

Sheet Options | organization |

Template Standard Style
File NameNo Template File Standard |B -
Options Grids Custom Style

Orientation |Landscape  ~ M Snapl |10 [~ Use Custom

¥ Title Bl¢ |Standard -| || I Visib J10 [roo0
v Show Reference 2 Electrical Grid ’—
¥ Show Bor ¥ Enabl

[~ Show Template Gr: Grid ’3_ ’—
sorier I L
Sheet 1ange System Fa ’—

0K | Cancel| Help |

Sheet Options tab: In this tab you configure the sheet size and

orientation, border style, title block, grid ranges, background color, and

system font.

1.

To select a custom sheet size, enable the Use Custom Style
option and set the desired values in the Custom Style fields.
Select the desired orientation in the Orientation field to set the
schematic sheet orientation

You can automatically include a border and grid area around the
edge of a schematic sheet. A border is a line around the edge of
the drawing area. A grid area, or reference zone, draws a set of
grid reference marks around the edge of the schematic inside
the border area. To show or hide the border line, check or
uncheck the Show Border option.To show or hide the reference
zones, check or uncheck the Show Reference Zones option.
When performing any editing action in a schematic, the cursor

movement is restricted to points that lie on the schematic snap
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grid. This grid can be set independently from the visible grid.
To enable or disable the snap grid, check or uncheck the
SnapOn option. To set the size of the snap grid, enter a value in
the SnapOn field.

The schematic electrical grid is a special grid designed to assist
you in wiring up your schematic. The electrical grid defines a
range around electrical objects within which the cursor is
"captured" by the object, overriding the current snap grid. Wires,
part pins, etc, are all affected by the electrical grid. With the
electrical grid turned on, as you wire up your schematic, the
cursor will automatically "find" electrical hot spots, making it
easier to connect to electrical objects. To enable or disable the
electrical grid, check or uncheck the Electrical Grid Enable
option. To set the size or capture range of the electrical grid,
enter a value in the Grid Range field.

The schematic visible grid is used purely as an aid for visually
aligning objects on a schematic. The setting of this grid has no
affect on the cursor movement during editing. To enable or
disable the visible grid, check or uncheck the Visible option. To
set the size of the snap grid, enter a value in the Visible field.
All text on a schematic sheet that is not part of a design object

is rendered in the default font for that sheet. Items which use
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this default font include: border text, system title blocks, pin

names, pin numbers, ports, power ports and sheet entries. Press

the Change System Font button on the to select a default font.
Organization tab: In this tab you enter company and design

information to be used in the Title Block for the sheet.

Part 7 Using schematic sheet templates

he sheet border, title block and included graphics make up what is
referred to as the sheet template. Protel 99 SE comes supplied with a
number of sheet templates, one for each size of sheet available.
Schematic templates are stored in the schematic Templates folder in the
Templates.Ddb design database. This design database is in the \Design
Explorer\System folder in the Protel installation directory on your hard
disk.

To assign a template to a schematic sheet, from the schematic select
Design - Template-> Set Template File Name from the menus. The Select
dialog will appear. The drop-down list at the top of the dialog includes all
design databases that are currently open in the Design Explorer. To add
the Templates.Ddb database click on the Add button, browse to the
\Design Explorer\System folder and double click on the Templates.ddb

file. You can now browse within this design database to the Schematic
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Templates folder, and select the required template.

When you click OK the Set Template dialog will appear ,click OK to
apply this template to just the active schematic, or Apply to All to update
all schematics in this project. It will not affect other schematics in the
design database that are not part of this project.

User defined sheet templates can be created. They are created in the
same way you create a normal schematic sheet. After adding all the
objects to the sheet that you want to appear in the template, select
File>Save Copy As from the menus. In the resulting dialog, set the
Format to either Schematic template binary or Schematic template ascii.
You must give the template a name ending with a .DOT extension. Click
OK to save the template file in the design database.

As well as including custom title blocks and graphics, sheet templates
can include special strings to automatically add document text when

printing or plotting.

Part 8 Managing schematic components

Schematic component descriptions are stored in schematic libraries,
which can be stored within a design database or as external files named
with a .LIB extension. The default schematic libraries supplied with

Protel 99 SE are stored within a series of design databases located in the
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Design Explorer 99 SE\Library\Sch folder in your Protel installation
directory.

New libraries are constantly being developed by the Protel Library
Development Center. Visit the PLDC on the web at www.protel.com for
the latest downloadable libraries.

Each schematic component then consists of one or more parts, which
represent the functional devices contained within the component. For
example, a 74LS00 contains four parts (AND gates), a capacitor has one
part, and a relay can be made up of a coil part and a contact part.

Components are created and modified in the schematic library editor,
an independent document editor that includes tools for managing and
editing libraries. You can open a schematic sheet the schematic library
editor simultaneously, with special features to link between sheet and
library operations. For example, you can move directly from a part
symbol on the sheet, to editing its component information inside the

source library.

Making schematic libraries available for use
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Explorer Browse Sch | To access the components in the schematic

NS libraries, the libraries must first be added to the
Libraries j

AMD Analog Timer Circuit lib list of available libraries in the schematic sheet
ArD DRAM. b

ArD EEPROM. b

AD EPROKM.lib editor

AMD Memoriez.lib
A0 Pipeline Register lib

D ERDML I 2 To view a list of currently available libraries,

dd,l'Flf:muve.| Browse |

Fmﬂ| set the Browse scope to Libraries in the

imggigﬁgﬁ‘é% schematic panel. A list of currently loaded
Ak 2942 FMC[22)
Ak 23420 C122
AMZ2420C-B[22)
Ak 29420 CB[22]
Ak 29420M-B[22)
A 29420MBI22]
Ak 294 2Fh-B (2

libraries will be shown. Click on a library name

in the list to show a list of all components it

AM2947LC(25]

contains in the lower list box.
AM2342LMB[28]
AMTIIEDCI24)
AMTIZE0CE(24) . . . . . .
M TIIBPCLA] To add libraries to the available libraries list,

Edit | Place | Find |

click the Add/Remove button on the panel, or

—
=

T—pom WD o5 . .

g EeRe select Design->Add/Remove Library from the
1! o o 19

T D : : :

O v menus. This opens the Change Library List
— 9 E_ m—

— OED n —— - . .

i omf—— dialog, where libraries can be added and

Pari |

—h
S
—

removed from the Current File List. The only
limit on the number of libraries that can be added is the memory available
in your computer. Once libraries have been added, parts from those
libraries can be placed on the sheet.

The default schematic libraries supplied with Protel 99 SE are stored
within a series of design databases (.DDB files) located in the Design

Explorer 99 SE\Library\Sch folder in your Protel installation directory.
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Each design database may include a number of individual schematic
libraries. Selecting a design database adds all the libraries it contains to

the available libraries list.

Finding components within schematic libraries

Protel 99 SE includes the ability to search all schematic libraries in a
predefined path for a component.To find a component in a library, when a
schematic sheet is active press the Find button on the schematic editor
panel, or select Tools->Find Component to pop up the Find Schematic
Component dialog.

Following are some tips on searching for components:

1. If possible, search by Library Reference as it is much faster. Also
the way you describe a component may not be the way it has been
described in the library.

2. Include the * wildcard before and after the library reference, as
different manufacturers use different prefix and suffixes.

3. If your search produces no results check that the Path is correctly
specified. Also, try searching for a component that you know is in
a library to check that everything is set correctly.

4. Use the Add to Library List button once you locate the correct

component to add the library to the available libraries list.
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Browing component libraries

You can browse for schematic components in the schematic panel,
using the MiniViewer that appears at the bottom of the panel when the
Browse mode is set to Libraries. You can also browse schematic
component libraries in the Browse Components dialog (Design—>Browse

Library).

Placing parts from schematic libraries

To view a list of currently available components, from the schematic
document set the Browse scope to Libraries in the schematic panel . A list
of currently loaded libraries will be shown in the top list box. Click on a
library name in the list to show a list of all components it contains in the
lower list box.

Select a component in the lower list box of the schematic panel and

press the Place button.

Part 9 Editing schematic component libraries

Schematic component descriptions are stored in schematic libraries,
which can be stored within or linked to a design database, or stored as
external files named with a .LIB extension. The default schematic

libraries supplied with Protel 99 SE are stored within a series of design
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databases located in the Design Explorer 99 SE\Library\Sch folder in
your Protel installation directory.

Schematic libraries are managed using the schematic library editor,
which is used to create and modify the components symbols and
descriptions contained within schematic libraries.

To be able to edit a schematic library in Protel 99 SE, it must be
stored in or linked to a Protel design database.

To edit a schematic library, use the Design Explorer to open the
design database containing the library or library link. Design databases
that contain schematic libraries can be manipulated as you would any
other design database.

Simply use the Design Explorer to open a stored or linked schematic
library as a document within the design database. Schematic library

documents are automatically opened with the schematic library editor.

Creating a new schematic library

To create a new schematic library, first open or create a design
database in which to store the library.

To create a new schematic library, from within a design database
select File>New, and double click on the SchLib icon in the New
Document dialog. A new empty schematic library document will be

created in the current folder of the design database. To open the library,
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double-click on its icon in the design window, or click on its icon in the
navigation tree.

As a library is a set of components, it can not exist without at least
one component. When you create a new library, an empty component
sheet (called Component_1) is also created within the library. To rename
Component_1 with a name of your choice, open the library, select
Component_1 from the list in the schematic library editor panel, and

select Tools ?Rename Component from the menus.

Editing components in schematic libraries

Within each schematic library are a set of components. Each
component within the library consists of one or more parts. The
component represents the physical device, and the parts represent the
functional devices it contains. For example, a discrete resistor component
would have just one part, whereas a resistor network might have eight
parts, each representing a single resistor within the physical resistor
network package.

The partitioning of components into parts is entirely up to you as the
designer. You may wish to draw the coil of a relay as one part and the
contacts as another, or it might be more appropriate to draw the whole
relay as one part. A four pin connector could be drawn as one part, or it

could be drawn as four parts. Each part of a component is drawn on a
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separate sheet within in the schematic library editor.

As well being able to have more than one part, each part can have up
to three graphical representations, or modes; Normal, De-

Morgan and IEEE. Each mode is drawn on a separate sheet. The
preferred mode is selected when the part is placed on the schematic sheet,
with the default being normal. Only the Normal mode must be created,

the other two are optional.

Part 10  Repositioning design objects on a

schematic

In Protel schematic documents there are two main ways of

repositioning design objects: objects can be moved or dragged.

1. Moving an object changes its position on the sheet without
maintaining connectivity. Any connect wires are not moved with
the object and any connections will be broken.

2. Dragging an object change its position on the sheet whilst
maintaining connectivity. Any connected wires are moved with
the object being dragged so that the connectivity of the schematic
IS maintained.

Moving and dragging can be performed on single objects, or on

selected groups of objects.
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To move a single object or selection, from the schematic select
Edit->Move—->Move or Edit->Move->Move Selection from the menus to
enter move mode. The cursor will change to a crosshair. Left-click on an
object (or any object in a selection) to "pick up" the object. Move the
cursor to reposition the object(s) and left-click or press ENTER to place
the object. Right-click or press ESC to exit move mode.

To drag a single object or selection, repeat the above procedure, but
select Edit->Move —>Drag or Edit >Move —>Drag Selection from the
menus.

To align selected objects on both axes, from the schematic select
Edit ?Align ?Align to open the Align Objects dialog [shortcut A A].
Select the desired vertical and horizontal alignment from the option
buttons and click OK to have all selected objects moved to the chosen
horizontal alignments. Enable the Move Primitives to Grid option to
constrain alignment to the nearest grid point.

The following single-axis alignments are available from the Edit
—>Align submenu or via shortcut keys:

Align Left CTRL+L

Align Right CTRL+R

Center Horizontal CTRL+H

Distribute Horizontally CTRL+SHIFT+H

Align Top CTRL+T
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Align Bottom CTRL+B
Center Vertical CTRL+V

Distribute Vertically CTRL+SHIFT+V

Part 11  Wiring up a schematic

Wiring up a schematic is the process of placing wires, buses ports and
net labels on your schematic to define the connectivity of the circuit. The
following topics discuss wiring up a single schematic sheet. See the
Creating projects with multiple schematic sheets topic in the Links

section below for information on connectivity in multi-sheet designs.

Overview of connectivity in schematics sheets

Connectivity is the ability to recognize the physical links between
objects inside a schematic sheet and to associate logical connections that
exist between various sheets in a multi-sheet design. Connectivity is also
used to anchor certain objects together. For example, you can drag
connected electrical items (parts, buses, wires, ports, etc.) without
breaking existing connections. More importantly, connectivity allows the
schematic to generate netlists and perform electrical rule checks.

Connectivity is derived from the placement of certain electrical

objects in the sheet and from the placement of net identifiers. However,
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not all electrical objects use placement to define connective behavior.
Some objects use their geometry to establish physical connectivity. Other
objects include logical connectivity in their behavior.

Electrical objects are connected when their electrical "hot spots™ are
touching. When the electrical grid is enabled (Design—>Options) the
cursor will jump to the nearest hot spot and change into a "dot" shape,
indicating a valid electrical connection can be made.

Special cases of connectivity are:

Wire to Wire:  Wires whose ends touch at any angle, butt end-to-end
or have co-linear (overlapping) terminations are deemed to be connected.
Co-linear wires that terminate elsewhere on the sheet are not deemed to
be connected. Wires that cross or terminate perpendicularly are not
deemed to be connected unless a junction is placed at their intersection.

Net Label to Wire: Net labels associate a wire with single net. To
achieve this association, the net label must be placed on the same grid
point as the wire, either vertically or horizontally. Labels can only be
placed on horizontal or vertical lines or at line vertices.

Wire to Bus:  Buses are graphical representations of grouped signals,
and do not have any special connective properties for netlisting. Although
buses display hot spots when wiring and maintain connections during
drags, they do not simulate electrical connections. Wires are graphically

connected to buses using bus entry symbols. Net labels must be used to
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indicate logical connectivity on either side of the bus connection.

Net Label to Bus: Buses are graphical entities and do not provide
physical connectivity for netlisting. Logical connectivity for buses can be
assigned by placing a net label on the bus. Generally, this net label will
include all bus signals, e.g. HA[0..19] represents nets named HAO, HAL,
HAZ2, etc. to HA19. Buses and bus entries do not highlight when the Edit
»Select » Net process launcher is used.

Wire to Pin:  Pins that touch the ends of wires at any angle are
deemed to be connected. Pins that intersect perpendicular wires must be
connected by placing a junction at that location. Junctions will be
automatically inserted where wires cross pins perpendicularly when this
option is active (Tools »Preferences menu item).

Pin to Object: Pins connect directly to other pins, wires, net labels,
sheet entries or ports. Hidden pins can be assigned directly to nets in the
Schematic Library Editor. Unhidden pins can also connect directly to
other sheets, when that sheet is named in the part’s Sheet Path field.

Wire to Port: A Wire touching the end of a port is deemed to be
connected.

Pin to Pin: Pins are deemed to be connected if they are in contact at
any angle.

Bus to Object: Buses are graphical representations of grouped nets

only and have no special physical properties for netlisting. Logical
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connectivity (use of net identifier, e.g. net label and port) is used in these
cases to indicate connections on either side of a bus. Note however, if a
bus is connecting to a port the bus line must end on the end of the port.

Wire to Sheet Entry: A Wire touching the end of a sheet entry is
deemed to be connected.

No ERC: No ERC objects are deemed to be connected to pins or
wires if they are in contact.

Two other special classes of electrical objects are provided. Directives:
used to indicate; simulation points, unconnected pins (No ERC) and PCB
layout properties on individual nets. Net identifiers: used to indicate
electrical connections that are not physically wired together, eg.
connections that continue from one schematic sheet to another in a
multi-sheet design.

The process of placing electrical objects in the sheet is often referred
to as wiring. This is because the connectivity features allow you to work
with electrical objects as though you were physically hooking-up the
circuit.

Net identifier objects support connections that are not physically
joined by wires. These objects include: net labels that identify common
nets on a sheet (or globally, across multiple sheets if you specify); ports
that identify net connections between two sheets; sheet entries that

identify net connections into a sub-sheet (referenced by a sheet symbol);
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and power ports which are special symbols placed to represent a global
power (or another user-specified) net.

Hidden pins on parts are a special fifth type of net identifier that
function similarly to power ports. Hidden pins connect to all other hidden
pins with the same name and connect to a net of the same name, if present.
If "unhidden” these pins are not deemed to be connected and must be

manually wired to be included in a netlist.

Schematic guided wiring and auto-junctioning

Protel's schematic editor includes two features to help you place wires
to electrically connect schematic objects

Guides Wiring: Schematics have a definable electrical grid that makes
it easy to make electrical connections between objects. As you are placing
a wire, when the wire falls within the electrical grid range of another
electrical object, the cursor will snap to the fixed object and a Hot Spot
(highlight circle) will appear. The Hot Spot guides you to where a valid
connection can be made and automatically snaps the cursor to electrical
connection points. It is recommended that you set the electrical grid to be
set slightly smaller than the current snap grid, or it becomes difficult to
position electrical objects one snap grid apart.

Auto-junctioning:  The  schematic  auto-junctioning  feature

automatically places an electrical junction when one wire is terminated
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(ends) on the body of another wire (in a "T" junction), or when a wire
connects orthogonally to a pin or power port. This allows you to easily
create electrical connections at junction points without the need to
manually define the connection. Wires that cross away from their end
points do not have a junction is inserted.

The auto-junction feature is enabled of disabled in the Schematic tab
of the schematic Preferences dialog (from a schematic select

Tools—>Preferences).

Setting the schematic auto wire mode options

When placing wires or buses in a schematic, a special auto wiring
mode is available to automatically route wires and buses between points
on the schematic.

When the auto wiring mode is active during wire or bus placement,
press the TAB key to open the Point To Point Router Options dialog,
which allows you to set the auto wiring options. The following options
are available:

1. Clearance: Defines the minimum clearance between the wire and

other objects on the sheet.

2. Time Out After (s): Sets the maximum time in seconds that the

autowirer will try to calculate a path. If it cannot find a routing

path within this time, it will stop and no wire will be placed.
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3. Avoid cutting wires: The setting of the slider determines how hard

the autowirer will try to avoid cutting crossing existing wires.

Connecting schematic objects using net identifiers

In connectivity terms, a net defines electrically connected points in a
circuit. By placing a wire between two nodes in a schematic, you
effectively assign the two points to the same net. In a schematic, Protel
internally assigns a unique name to each net in the circuit, but you can
manually define net names to create connectivity between nodes on the
schematic.

To manually assign a net name (or net identifier) to a point in your
schematic, place a Net Label on that point. The net name is the name
given to the Net Label.

If you assign the same net name two or more points on a schematic,
these points are effectively connected electrically. You do not need to
manually connect them using a wire.

The diagram (left) shows two electrically equivalent circuits. The top

Hetl shows two resistors connected in parallel using wires to
1

1k 1k make the connections. The bottom shows two resistors
Met2

connected in parallel using net labels to define the
Hetl Hetl

%ﬂl %ﬁz connections
1k 1k

etz etz A typical use of connections using net identifiers is
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connecting to power nets. When you place a power port on a schematic it
defines a net which has a net name equivalent to the power object's name
(VCC, GND, etc.). You can then place net labels on any schematic circuit
nodes which have the same net name as the power port to automatically
connect these nodes. You do not need to physically wire the nodes to the

power port.

Part 12  Workspace editing techniques

The schematic editor includes a number of features to make the
design process more productive. These include:

1. Jumping around the workspace

To move quickly around the current schematic sheet select
Edit->Jump from the schematic menus to open the Jump submenu.

2. Browsing with the panel

When a schematic document is active, the schematic editor panel can
be used to browse through and locate the various objects on the current
sheet, or the entire schematic project. Select Primitives in the pull-down
list, then select the type of objects you wish to browse. A list of all objects
of the selected type will appear in the list window.

You can filter this list by including a text mask (using the * and ?

wildcard characters) in the Filter field.
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Explorer Browse Sch | gojact an object in the list and then:

Browse lick ) " | ]
Brimitives ] ® Click Jump to jump to the selecte
Layout Directives M : . S .
Net ldentifiers object, centering it in the design
MNet Labels .

Part Fields window.

F"artTiies

Bins £ Parts ® Click Text to jump to the selected
Fins hal

Filte[* object and edit its text field, if
U? [200,580) :

U? (230,730 applicable.

U? [260,660)

U? [270,810) ® Click Edit to jump to the selected

object and edit its properties.
Text | Jump | Edit

Update List ® Click Update List to refresh the
[ All in Hierarcl
v Partial Info browse list.

Open All |

Enable the Whole Project option to include
objects from all connected schematic sheets. Disable this option to limit
the browse list to the active sheet.

Enable the Partial Info option to show only the names of the objects
in the object list. Disable this option to show full details of the objects in
the list window.

3. Morphing, or inheriting properties

Protel 99 SE's schematic editor has a powerful feature for copying the
properties of one object into a second object of the same type. You can
use this feature whenever you have an object floating on the cursor before

placing it.
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4. Finding and replacing text

Protel 99 SE allows you to find and replace text anywhere on a single
schematic sheet, or across a multi-sheet project.

To find text, select Edit>Find Text from the menus.
To find and replace text, select the Edit—>Replace Text from the menus.

5. Pasting arrays of objects

When a schematic object is on the schematic clipboard , it can be
pasted into the schematic as an vertical or horizontal object array.

To do this select Edit->Paste Array from the schematic menu to open
the Setup Paste Array dialog. In this dialog, the following options can be
set:

Item count - the number of copies of the clipboard object(s) to paste.

Text increment - an integer defining the designator number increment
for each Part object that is pasted.

Horizontal spacing - the horizontal spacing distance to the right
between each pasted array object. If set to 0, pasted objects are in a
vertical line.

Vertical spacing - the vertical spacing distance above each pasted
array object. If set to O, pasted objects are in a horizontal line.

Once you have set the options in the Setup Paste Array dialog, click
OK to close it. Position the cursor where you want to insert the array and

left-click or press ENTER to past the objects.
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Part 13 Creating projects with multiple schematic

sheets

Protel 99 SE supports single sheet, multiple sheet and fully
hierarchical schematic designs, including complex hierarchy, where
multiple instances of a single sheet can be used in a project. There is no
limit on the number of sheets that you can have in a design.

Multiple sheet projects support large or complex designs that cannot
be served by a single sheet. Even when the design is not particularly
complex, there can be advantages in organizing the project across
multiple sheets. For example, the design may include various modular
elements. Maintaining these modules as individual files allows several
engineers to work on different parts of the design at the same time.

The relationship between sheets in a multi-sheet design is formed by a
special symbol called a sheet symbol, which provides a graphical
representation of subsheets in the design. Sheet symbols contain ports
that represent links on the source schematic. Placing a sheet symbol on a
schematic links that schematic to the sheet represented by the sheet
symbol.

Before creating a multi-sheet schematic design, it is important that

you understand how net identifiers are treated across the design, and the
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different hierarchy models that can be used to electrically link net
identifiers in multiple sheets. This will affect the way you name nets,

power ports, etc. in the different sheets of a multi-sheet design.

Linking schematic sheets using sheet symbols

Protel's schematic editor includes features to "automate™ the process
of creating and linking multi-sheet projects. When you start a multi-sheet
project you adopt either a "top down" or "bottom up" approach to the
design, or a mixture of both.

Top-down design involves defining the functional blocks of your
circuit as sheet symbols on a master schematic, and then creating the
schematics. If you adopt this approach, you can select Tools ?Create
Sheet From Symbol from the schematic menus to automatically create the
schematic subsheets based on the sheet symbols you have created. You
will be prompted to select a sheet symbol. After clicking on a sheet
symbol a new schematic sheet will open with the correct file name. The
new sub-sheet will include ports to match each of the sheet entries on the
sheet symbol you selected.

Bottom-Up Design involves creating the various schematics as
independent circuits, then creating sheet symbols based on these

schematics, then linking these sheet symbols on a master sheet to create
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the final design. If you adopt this approach, select Tools »Create Symbol
From Sheet from the schematic menus (the intended parent sheet must be
the active sheet). The Choose Document to Place dialog will open with a
list of all schematic sheets available in the same folder as the active sheet.
Select the sheet you would like to base your sheet symbol on. You will
then be asked if you want to Reverse Input/Output Directions. After you
answer this (see below), you will be presented with a sheet symbol
floating on the cursor. This sheet symbol will have sheet entries to match
each of the ports on the selected subsheet.

Each of the ports on the sub-sheet has an /O type. Say one of the
ports has an 1/O type of output. If you respond "yes" to the Reverse
Input/Output Directions question then the sheet entry that matches this
port will have an 1/O type of input (the I/O direction has been reversed)
and will be positioned on the left of the sheet symbol. If you respond "no"
to the Reverse Input/Output Directions question then the sheet entry that
matches this port will have an 1/O type of output and will be positioned
on the right of the sheet symbol.

This is called a "flat" design as all the sub-sheets are on the same
level in the project hierarchy. The top sheet includes the sheet symbols for
all the sub-sheets, but not any wiring or circuitry. In this model all the
inter-sheet connection are made globally through ports, where ports of the

same name are connected throughout the project. Note that the net names
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in the two sub-sheets are local, meaning that the net name connects only
within each sheet, not to other sheets in the project.
Management of large designs with this model can be awkward

because it is difficult to trace a net from one sheet to another.

Sheal_1 Sheal_2
@ Sheal_1 Sch Shoal_2 Sch
Do eres = =
H-@ mAslA ek
B Sheet_1.5ch
LR Sheet_2.5ch
ozl rzch
1 \ i
i net labels do E
o B not connect o
a— T T a

RESET RESET —

ports connec
directly between
- . shestz .

Thaa_1.zch Thad_Z.zch

To use this model for multi-sheet schematic designs, set the Net
Identifier Scope to Ports Only Global when performing an ERC, running
a simulation, creating a netlist, compiling a schematic-based PLD, or
synchronizing between schematic and PCB documents.

This model is referred to as complex hierarchy. In this model the
same sheet symbol can be placed more than once in a project, either by
being placed more than once on a single sheet, or by being placed on
multiple sheets. This model fits projects which are highly modular. For
example, a stereo amplifier, where left and right channels are identical
circuits.

Complex hierarchy is used during the schematic capture phase. When
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you are performing any electrical analysis on this type of multi-sheet
design you must first "flatten™ the design, converting it from complex to
simple. From the schematic, select Tools->Complex to Simple to flatten
the design. Each child sheet that is used more than once will be copied
and renamed. You must also re-annotate the design to assign a unique
designator to each part.

To use this model for multi-sheet schematic designs, set the Net
Identifier Scope to Sheet Symbols / Port Connections, when performing
an ERC, running a simulation, creating a netlist, compiling a
schematic-based PLD, or synchronizing between schematic and PCB

documents, after first converting the design from complex to simple.

Part 14  Schematic design verification - the ERC

Design verification is the process of ensuring that the schematic
capture process has produced an accurate "snap shot" of your design,
from which a valid netlist can be created. In Protel's schematic editor this
Is done using the Electrical Rule Checker (ERC). This process examines
the schematic for both electrical inconsistencies, such as an output pin
connected to an output pin, and drafting inconsistencies, such as
unconnected net labels or duplicate designators.

From a schematic document, select Tools ?ERC from the menus to
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open the Setup Electrical Rule Check dialog. This is used to set-up and
execute the Electrical Rule Check.

Running the ERC produces two results. First, a text report is
generated, listing the electrical and logical violations either for the active
sheet, or the entire project. Secondly, error markers are placed on the
sheets at the site of each ERC violation as an aid in tracking and
correcting reported problems.

There may be points in the design which you know will be flagged as
ERC errors or warnings, which you do not want to be flagged. To
suppress these, place a No ERC schematic directive objects at each point

(Place—>Directive >No ERC).

Browsing ERC errors on a schematic sheet

l:"““ : After you have run an ERC on a schematic, any
g'u j warnings or errors are shown as Error Marker objects
Jma:;; on the schematic. You can easily identify all ERC
Lakeds

:f:::?ﬂ"ﬂm d' errors in a schematic by using the schematic panel to

B Waining Unconnechad Mel
E2Vanng Urcomected el | DFOWSE through the Error Markers.

B3 aming Unconnecked Met
EdWaming Unconneched el
5 Waming  Unconneched Mel

In the panel, set the Browse scope to Primitives
Te | Jump | Edit
[ Upsdate kst

and select Error Markers from the top list box. A list
of all error markers will appear in the bottom list box. Select an error in

the list and press the Jump button to have the error marker presented in
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the center of the active window.

Note that a description of the error condition appears on the Status
Bar, alleviating the need to switch back and forth to the error report.
Pressing the Text button in the Component Browser will pop up a dialog

which can also be used to examine the description of the error condition.

Typical causes of schematic ERC errors
Errors found when performing an Electrical Rules Check
(Tools>ERC) on a schematic will typically be due to the one or more of
the following conditions:
® Drafting errors - wires overlapping pins, lines being used instead
of wires, the design being wired with the snap grid off so the wire
ends don’t touch the pin ends or wires / busses finishing under a
port instead of touching the end of the port.
® Syntax errors - net identifiers with spelling mistakes or busses
incorrectly labeled.
® Component errors - component pins placed the wrong way around
on the component or pins with an inappropriate Electrical Type.
@® Design errors - a design condition that the ERC detects as an error,

such as two output pins connected.
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Printing and plotting a schematic

Protel 99 SE includes support for a wide variety of hard copy options
for schematic sheets. Virtually any device that is supported by Windows
can be used to print or plot your schematic drawings.

Schematic printing and pen-plotting are handled similarly to other
Windows applications. Windows manages the printing (or plotting)
process and provides a range of raster and PostScript printer drivers and
vector plotter drivers. These range from 9 pin dot matrix printers and
multi-pen plotters, to high-resolution raster imagesetters.

To setup to print or plot from the active schematic or schematic
library, select the File->Setup Printer menu item. This will open the
Schematic Printer Setup dialog, allowing you to choose a printer and set
up the output options.

To start the print process, click the Print button in the Schematic
Printer Setup dialog, or from a schematic select File=>Print from the

menus.
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Unit 6 Working in PCB documents

A printed circuit board (PCB), sometimes referred to as printed
wiring board (PWB), is the foundation of circuit construction.
Components are soldered onto the PCB, and the PCB provides the
electrical connection pathways between components to form the physical
circuit. Connections are made using copper tracks etched onto the various
layers of the PCB. A PCB document is displayed as a set of superimposed
layers, with each layer corresponding to an individual "phototool™ used to
fabricate the board.

In general, a PCB is derived from a schematic representation of the
circuit. When a schematic is loaded into a PCB document, schematic part
symbols are translated to corresponding board component footprints, and
the connectivity of the schematic is preserved and displayed as

connection lines in the PCB document.

Part 1 PCB design objects

A variety of objects are available for use in designing a PCB. Keep
in mind that most objects placed on a PCB document will define copper

areas or voids in the physical PCB. This applies to both electrical objects,
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such as tracks and pads, and non-electrical objects, such as text and
dimensioning. It is therefore important to keep in mind the width of the
lines used to define each object, and the layer that the object is placed on.

The topics listed below give a full description of each available

design object in this toolbar.

1.Arc

. =]
k M€= @ T T e ¢ & [
Toolbar: GG FOHLA—EL a0

Valid Layers: All
Can be connected to a net?: Yes

An arc is essentially a curved track segment and can be used to
produce curved paths during routing, or curved component or board
outlines. During board routing, arcs are placed on the board when in the
"Arc Corner" placement mode.

There are two methods for placing arcs on a PCB: Center or Edge
placement. In each case you define a number of points on the arc in
. sequence by positioning the cursor and left-clicking or
pressing the ENTER key. When you complete the
sequence the arc will be rendered and you can begin

placing another arc. Right-click or press ESC to exit the arc placement

mode.
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When an arc is in focus, the following editing handles are available :
Point A marks the center of the arc. Click to "grab" the arc by its center
and move it. You can also move the arc by clicking anywhere on the arc
itself.

Click B to change the start and end points of the arc.

Click C to change the radius of the arc.

2. Component Footprint

Flacernert Tool = E

== @ t T o o i
Toolpar: MGG OB, i

Valid layers: Top or Bottom signal layers
Can be connected to a net?: No (Component pads, however, can be
assigned to net)
A component footprint is the representation of a physical device on
a PCB. A footprint may contain pads for connecting to the pins of a
device, a physical outline of the package, device mounting features, etc.
When you enter component placement mode the Place Component

dialog will open.
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Place Component @@

Attributes ]

Footprint | Browse...

DESiQ“ﬂt'|Dt:signatur1

Cummf:nt|cummﬂnt

1].4 Cancel

In this dialog, type the name or browse for a component footprint
from a loaded PCB library. Set the appropriate designator and any
comment text, then click OK to close the dialog. You will return to the
PCB document and an outline of the component will be "floating™ on the
cursor. Position the component and left-click or press ENTER to place it.
The Place Component dialog will re-open, allowing you place another

component. Press Cancel to exit component placement mode.

3. Fill

FlacermentTool =

ré=e orT+mm~$>®I
Toolbar: FG GG OJED 8 | |:|

Afill object places a solid rectangular block on the current PCB layer.

4.Track - Interactive Routing

FlacementTool =

r-l .T-T_'_mlu&tgj. %
Toolpar: GG OB |

Interactive routing is the process of placing track segments. A track
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is a straight solid-filled line with a defined width. Tracks are generally
placed on a signal layer to form the electrical interconnection between
component pads on a PCB. However, tracks are also used as
general-purpose line drawing elements to create board outlines,

components outlines, polygon planes, keep-out boundaries, etc.

The connection hetween pads
A and B is made up of
4 joined tracks.

5.Pad
PlacemertTool= H
(=@ ¢ T aon o i3 @
Toolbar: GGG OJBE |

Pad objects are normally used to create connection pads for
component pins.

In pad placement mode simply position the cursor and left-click or
press ENTER to place a pad. Continue placing further pads, or right-click
or press ESC to exit pad placement mode.

When a pad is in focus, the following editing handles are available :

| Point A marks the center of the pad. Click here to "grab" the pad
I by its center and move it to a new location. You can also move a
focused pad by clicking anywhere within the pad border. This will "grab"

the pad at the point at which you click.
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6.5tring

Flacernert Tool = E

== @ t T o o i
Toolbar: GEEGOE AR

,T

The string object places text on the selected PCB layer. As well as

Can be connected to a net?: No

user-defined text, special strings can be used to place board or system
information on the PCB, such as the layer name or a board legend, by
setting the string text to be one of the special string names (see the Links

section below for more information).

Part2 PCB design layers

A PCB is fabricated as a series of layers, including copper electrical
layers, insulation layers, protective masking layers, and text and graphic
overlay layers.

There are 2 types of electrical layers -signal layers, which contain
the signal interconnect paths, and power planes, which are layers of
unbroken copper used to distribute current to power the components.

Protel's PCB editor provides for the design of boards with up to 32
signal layers plus 16 internal plane layers. These signal and plane layers

are made available in the workspace by defining the layer stack-up, which
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is defined in the Layer Stack Manager dialog Design (Layer Stack
Manager). As well, additional special layers, such as solder and paste
masks, mechanical drawing layers, drill layers, etc, are available.

The 16 mechanical layers have a special property in that they can be
added to any other layer during print or plot output generation. As well,
objects placed on a special Multi layer will automatically be added to
each signal layer.

Protel’s PCB editor is a "layered” environment. You create your
board design by placing objects on these layers. These layers are either
"physical” layers, from which the fabrication information is created, or
system layers, such as the Connect layer which displays the unrouted
connections. Physical layers include the signal layers, internal plane
layers, silkscreen, solder mask and paste mask layers.

Before you can place objects on a physical layer in your PCB
document, that layer must be turned on. Once a physical layer is turned
on, a Layer Tab for that layer will be displayed at the bottom of the PCB
document pane in the design window.

To display or hide particular layers from a PCB document select
Design >Options from the menus and activate the Layers tab in the
Document Options dialog [shortcut L]. For each of the layers there is a
check box next to the layer name, a tick in the check box indicates that

this layer is visible. Layer colors are defined in the Colors Tab of the
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Preferences dialog, select Tools ?Preferences to display this dialog.

Note: Signal and plane layers will only be listed in the Document
Options dialog if they have been enabled in the Layer Stack Manager
dialog. Mechanical layers will only be listed if they have been enabled in

the Setup Mechanical Layers dialog.

Part 3 Defining a new PCB

To begin the PCB design phase of a project, create a new PCB

document in your design database.

au Design Ezplorer — [D:%

MW PR Edit View Flace

% o I

Hew Desigzn. ..
Explor Open. ..

_}_ﬁ Desi Close
+ %Jﬂ M Close Design

- E Import. ..
Export. ..

= Save
Sawve Az ..

: @ 4 Save Copy As. ..
Save A1l
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New Document ﬂ d

Documents IWizards ]

EBelow iz a list of all the new design document trypes
that can be
ﬁ o

I:Mﬂ utput Document i FCE Library PCE Printer Schematic
confi gur. Folder it Document Document
S h t Spread Waweform

. Sheet. II cume nt Document

[ Show all document kil (1].4 Cancel | Help

Then select OK, you will see the following board, and creat a new
PCB called PCB1.PCB. In the bottom of the board, you can see the

six layers .

MyDesign.ddh] Ducuments] Sheetl.Sch &l PCB1.PCB |

<

4 TopLayer #Bottamlayer fMechanicall 4 TopOverlay fKeepOutlayer 4 Mulilaper f

Before bringing design information from the schematic, you should
first create the mechanical and electrical board outline for your board, and
configure the layer stack.

The mechanical outline defines the physical shape and size of the

board, and also includes items such as dimension detail, photo tool targets
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and other company and fabrication specific information. This information
is usually placed on the four Mechanical layers.

The electrical board outline defines the routing and component
placement limits of the board. This is done by defining an outline of the
board on the Keep Out layer. The Keep Out layer is a special layer that
allows you to define "legitimate” placement and routing areas in the PCB
workspace. Generally you would define an area which is the same as the
physical board outline. All signal-layer objects and routing would then be
confined within this area. You could also define areas on the Keep Out
layer within the board outline to act as "no go" areas for placement and
routing.

The layer stack defines what signal and plane layers are available.
Part of the layer stack definition process is to define the drill-pairs.

Protel 99 SE includes a powerful Board Wizard that guides you
through the complete process off creating a new PCB document and
board definition. The Wizard include a number of pre-defined board

templates, and allows you to create your own templates.

Defining the PCB layer stack

The layer stack is defined in the Layer Stack Manager dialog

(Design >Layer Stack Manager)
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Layer Stack Hanager @@

Properties l
../ [ Top Dielectric Add Layer
.| I~ Bottom Dielectric Add Plane
Layer Pairs - Core [12.6m Delete
TopLayer =
Move Up
BottomLayer = Move Down
Properties ...
Drill Pairs..

T Menu 0K

The image in the center of the dialog shows the current layer stack,

the default is for a double-sided board. New layers can be added to the
design by clicking on the Add Layer and Add Plane buttons. Each new
layer is added below the layer that is currently selected. Double-click on a
layer name to edit the properties of that layer.

The Menu button at the bottom of the dialog includes a number of
pre-packed example layer stacks. Note that these example layer stacks are
not fixed, you can start with one of these and easily modify it. Once the
required layers have been added, use the Move Up and Move Down
buttons to configure the layer stack. New layers can be added at any point
in the design process.

There are a total of 32 signal layers available (top layer, bottom layer,
and 30 mid-layers) and 16 plane layers. Layer visibility is controlled in

the Document Options dialog (Design >Options).

72



Document Options ¢

Layers lﬂptinns]

Signal laycis Internal plancs Mechanical laycrs
v TopLay v Mechanic
v BottomL:
Masks Silkscreer Other
[~ Top Solder W Top Overlay v Keepout
[ Bottom Solder [~ Bottom Ove v Multi laye
[ Top Paste [ Drill guide
[~ Bottom Paste [ Drill drawsing
System
v DRC Errors v Pad Holes [ ¥isible Gri |20mil -
¥ Connectiol W Via Holes v ¥isible Gi  [1000mil ~
All On AllOff | Used On Cancel | Help |

Selecting the Layer Stack-up Style

As well as the electrical layers, the stack-up includes the
non-electrical insulation layers. There are typically 2 kinds of insulation
used in the fabrication of a PCB, usually referred to as core and prepreg.

The stack-up style refers to the order of the insulation layers through
the layer stack. Three default stack-up styles are supported -layer-pairs,
internal layer-pairs, and build up. Changing the layer stack-up style
changes the way that the core and prepreg layers are distributed through

the layer stack.
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Layer Stack Nanager

Properties l

..] [ Top Dielectric Add Layer
... I~ Bottom Dielectric Add Plane
Laver Pairs - | Core [12.6m Delete
(Layer Pairs F | Prepreg [12. —
Internal Layer Pai preg [ M
Build-Up . Core [12.6m Move Down

idLayer2 . —_ 1

- el [ Properties ...
MidLayerd -
BottomLayer

Select the preferred stack-up style at the top left of the Layer Stack
Manager dialog. Defining the stack-up style is required if you plan to use
blind and buried vias, and for signal integrity analysis. If you are planning
to use blind and buried vias you must consult with your PCB
manufacturer to ensure that that they can fabricate the design, and that the

correct stack-up style is selected.

Properties l
.. [ Top Dielectric Add Layer
.| I~ Bottom Dielectric Add Plane
- - Core (12.6m Delete
TopLaycr i —_—
| Prepreg [12. Move Up

MidLayerl . I Core [12.6m

ernalPlanel [[No Net]] —

Mowve Down

- Prepreg [12. Properties ...

ernalPlane?2 [[No Net]] — Core [12.6m
MidlLayer2 — Prepreg [12.
MidLayerd —

BottomLayer —.

Defining the layer properties

There are 3 kind of layers added to the layer stack in the Layer Stack
Manager, signal layers, plane layers and insulation (substrate) layers. The
information in these dialogs must be correctly specified if you intend to

perform a signal integrity analysis (Tools>Signal Integrity).
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AES

Prut el Signal Integrity...

i Edit Layer Stack

E = ~ Dielectric- r—
—All Metz i~ Simulatic = —
| Bottom =1 2 Type: | 'l _|
Ho | #] o
Height: |
Epzh: |
~Copper——————————
Height. [0.03556 mm =
Ho. | D =

tove Up tove Diown |

Cancel | |

Signal layers
Name -- User-defined layer name

Copper thickness -- this value is required for signal integrity analysis

Edit Layer

Name ITanayer

Copper thi[:knt:5|1.4mil

oK Cancel Help

Plane Layers
Name -- User-defined layer name

Copper thickness -- this value is required for signal integrity analysis
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Edit Layer ?

i Internal plane ]

Mame |Interna|F‘Iane1

Cupperthicknes|1.4mil

MNet name |[Nu Net] j

oK Cancel | Help

Substrate (dielectric) layers

Material -- material kind, this is entered for reference

Thickness -- the dielectric (substrate) thickness is required for signal
integrity analysis

Dielectric constant -- dielectric constant of the substrate, required for

signal integrity analysis.

Dielectric Properties E|E|

Material |FH-4

Thickness |1 2.6mil

Dielectric con | 4.800

Ok | Cancel | Help

Defining the drill pairs

Part if defining the layer stack-up is to specify the drill-pairs. The
term drill-pairs refers to the 2 layers that a drilling operation starts from,
and stops at. Unless the board includes blind and buried vias only one

drill-pair is required, comprising the Top and Bottom layers. This
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drill-pair is on by default and can not be deleted or modified.

Drill-pairs are defined in the Drill-Pair Manager dialog, click on the
Drill-Pairs button in the Layer Stack Manager dialog to display this
dialog.

If the design includes blind and buried layers then the drill pairs
must be defined to suit the layer stack-up style. This should be done in
consultation with your board manufacturer to ensure that your design

matches their fabrication technology.

Drill-Pair Nanager Add Layer
Drill Pai ‘ Add Plane
rill Pairs
L Core [12.6m Delete
| Prepreg (12. Move Up
| Core [12.6m Move Down
- Prepreg (12. Properties ...
£ Core (12.6m
Prepreg [12.
Add.. |  Detete |  Edit. |
E] Menu 0K
Drill Pairs..

Creating the mechanical definition of a PCB

The detail required for the mechanical definition of a board will
depend on company and manufacturer requirements. Generally,
manufacturers require board corner markers, a reference hole location and

external dimensions as a minimum. Contact your PCB manufacturer for
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details.

To create the mechanical definition of the PCB, you place tracks,
dimensions and other PCB design objects on the four Mechanical layers
available.

In general it is advisable to use one mechanical layer to draw the
physical outline of the board, and then place dimensions, alignment
markers, header information, etc. on the other mechanical layers.

It is good practice to design the physical board outline starting in the
lower left region of the workspace. One inch in, one inch up from the
absolute origin is often used as a position for the lower left corner of the

board. The current origin can then be set as required.

Defining the PCB placement & routing outline

Before commencing the PCB layout process, you must create an
electrical definition of your board. An electrical board definition involves
the creation of a component placement and track routing outline for the
board, as well as defining regions within this outline where placement
and routing are excluded.

The placement and routing outer limits are defined by placing tracks
and arcs on the Keep Out layer to define the electrical outline of the board.
Typically this boundary is set slightly in from the physical edge of the

board, ensuring that tracks and components do not get too close to the
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edge. This boundary is used by the Design Rule Checker, the autoplacer
and the autorouter to limit placement and routing within the boundary.

You can also define "no go" regions within this outline where
components and/or tracks are to be excluded. This can include zones for
mounting hardware and regions required for board profiling. These zones
are created by placing design objects such as tracks, arcs and fills on the
Keep Out layer, within the outer boundary.

The basic rule when using the Keep Out layer is that routing on
signal layers will not cross over design objects on the Keep Out layer.

Keep out regions defined on the Keep Out Layer apply to all signal

Using the Board Wizard to create a new PCB
Protel 99 SE includes a Board Wizard (PCBMaker) which allows

you to select from a large number of industry-standard board templates.
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The templates include; a title block, alignment markers, reference rulers,
dimensions, and standard edge connectors. The Wizard will fill the title
block and let you to specify the number of routing layers and the
track/pad technology.

To create a new board using the board Wizard, select the File >New
menu item. In the Wizards tab of the resulting dialog, select the
PCBMaker icon and click OK. This will launch the Board Wizard which

will guide you through the steps of creating a new board.

New Document @

Documents Wizards ]

Dezign document wizards guide Fou through the process
of creating

[~ Show all document kil 0K Cancel | Help

Select Custom Made Board from the board list in the Wizard to
create a custom board outline. If you select this option, on the last page of
the Wizard you have the option of saving the custom board as a new
Wizard template. Enable this option and enter a name and description for
the board template. The next time you run the Board Wizard, the new

template will appear in the board list.
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foard ¥Wizard

Welcome To PCB Board Wizard

Thiz wizard will help Fou create and =zet up a new
printed circuit

board. It will take you through some simple steps to

Next> | Cancel |

...............................

Board Wizard

Please select from the pre-defined standard board profile:
Units
f« Imperial " Metric
m Custom Made Board —
- Eurocard YME bus format

IBM AT bus format =

IBM XT bus format

IBM PC-104 bus format =

< Back Cancel
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Hoard Wizard

Board Wizard

Custom Board Details

f+ Hectangu
VWidth |[5000mil ﬁ B J

" Circul

" Custo

Height |A000mil ‘I

Boundary Layer -
Dimension Layer echanical Layer 1}k

Track Width 10mil

Dimension Line Width 10mil
Keep Out Distance From Boar/50mil

v Title Block and 5 v Legend Strir v Corner Cutol

v Dimension L v Inner CutOff

< Back Mext > | Cancel |

Custom Board outline

5000mil

4000mil _ 4000mil
5000mil
<Back ||i Next> i Cancel
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foard ¥Wizard

Select the number of signal layers suitable for your design

Layer Stack
* Two Layer - Plated Through Hol

" Two Layer - Non Plated
" Four Layer - -
" Six Layer

" Eight Layer

Specify the number of Power/Ground planes that will be
used in addition to the layers ab™ Two Four None

Next > Cancel |

Board Wizard

Specify the routing technology you want to use:

The board has mostly:
f+ Surface-mount components

" Through-hole components.

Do you put components on both sides of the board?

" Yes ——
* No

< Back  Next > Cancel
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Marmfacturing — You can specify the minimam track =ize,
ria zize
and the copoper to cooper clearance.

Minimum Track Size Bmil +

Minimum Yia Width BOmil ——
Minimum Yia HoleSize 25mil J
h] T
Minimum Clearance Bmil
< Back | Next > | Cancel |

Loading a schematic design into a PCB document

In general a PCB design is not created from scratch, rather the
design information is loaded into the PCB document from a schematic
design. In Protel 99 SE this process if fully automated, with schematic
information easily transferred into a PCB using Protel's "design
synchronizer".

The synchronizer handles the initial transfer of information from the
schematic to the PCB, as well as synchronizing subsequent design
changes in both schematic and PCB documents.

Before loading a schematic design into a PCB document, you should
first define the mechanical and electrical outline of the board ,

You should also ensure that your schematic contains all the
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necessary information to successfully define the PCB

To load schematic information into a PCB document, from either the
schematic or the PCB document select Design >Update PCB from the
menus. For information on the running the synchronizer and updating
subsequent design changes, see Synchronizing schematic & PCB
documents in the links section below.

Once you have loaded a schematic design into a PCB document, all
component footprints will be placed in the PCB design workspace ready

for positioning, and all connectivity information will be displayed.

br — [D:\Program Files\Design Explorer 99 SE\Ezamplesid Port Serial Interface.ddb]

View Flace BIBSEM Tools Simulate FPLI Reports Windew Help
@ p f| Update FCE... ) Ig © cu P

- EFEl6  Browse Litrary. ..
_ Add/Remove Library. ..
H OO«

Make Froject Library

Sch] 4 Update Farts In Cache ort UART and Line Drivers.sch | 4 Port Serial Interface Board.pcb | PCB1.PCB i# 4 Port Serial

Template 4

Create Hetlist...
Create Sheet From Symbol
Create Symbol From Sheet

Optiens. ..

face Boa M M
face. prj

E—=
| = |
E ]
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Ipdate Design @

Synchronization ]

ki1

Connectivity
|Sheet Symbol ! Port Cunnﬂ[:lj [ Append sheet numbers to

[ Assign Net to Connected Cop | Descend Into Sheet Parts

Components
v Update component foo v Delete compone

Rules

[ Generate PCB rules according to schematic lay
{+ {

Classes

v Generate component class for all schematic sh
W Generate net class from all busses in project

review Change:| Execute | T Cancel Help
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Part4 PCB connectivity

When you load a schematic design into a PCB document, the
pin-to-pin connections in each net are displayed as a series of thin
connection lines. The line that connects each pin in the net to another pin
in the net is called a From-To, going FROM one pin in the net TO another
pin. The From-Tos are collectively referred to as the Ratsnest.

The pattern or arrangement of the From-Tos in a net is called the net
topology. If a net has not been assigned a user-defined topology then
From-Tos are arranged to give the shortest possible connection distances
for the entire net, based on the current arrangement of the components.

If the net has a user-defined topology applied the connection line is
added to maintain the topology, and is shown as a dotted line (called a
g Broken Net Marker), indicating that the net should

be routed between these two points to maintain the

uUs

topology.

specific topology can applied to a net by either

defining a Topology Rule, or by defining fixed

From-Tos in the Form-To editor.

[ F T I T T N T EY o T F Ty ]

SE S BEBBEERBBBBBEEE
T E XXX XXX I
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Specifying PCB topology in the From-Tos editor

The arrangement or pattern of the pin-to-pin connections in a PCB is
called the net topology. By default, the pin-to-pin connections of each net
are arranged to give the shortest overall connection length (this topology
Is called Shortest).

To give you total control of the arrangement, or pattern of the
pin-to-pin connections in a net, Protel allows you to define your own set
of From-Tos. A From-To instructs the PCB editor to make a connection
FROM this pin TO that pin.

To specify From-Tos for a net, from the PCB document select the
Design >From-To Editor menu item to open the From-To Editor dialog.
You can define one From-To for a net, a few From-Tos for a critical part
of the net, or specify the entire topology of the net by defining From-Tos
for all the pin-to-pin connections.

Use the Auto Generate buttons in the From-To Editor dialog box to
quickly generate a set of From-Tos for the entire net with the selected
topology.

If you create From-Tos for only part of a net, the remaining
pin-to-pin connections will be set to the shortest topology.

The topology of a net may need to be redefined for a variety of

reasons. High speed designs require that signal reflections must be
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minimized. To achieve this the high speed nets are arranged with a daisy
chain topology, where all the pins are connected one after the other, with
the source pin at one end and a terminator pin at the other end of the
chain. Another requirement of your design may be that all ground pins in
the ground net connect back to a common point. A star topology could be

applied to the ground net.

Display/hide connection lines in a PCB document

To make working with the ratsnest more manageable, you can
selectively show and hide the pin-to-pin connection lines.

From a PCB document, select View >Connections from the menus to
open the connection submenu [shortcut VV C]. Select from one of the
following menu items:

Show/Hide Net: Show/hide the entire set of pin-to-pin connections
for the selected net. When you choose this option, a cross hair cursor
appears. If you know the location of a pad on the net, click on that pad. If
you do not, click in free space and a dialog will pop up, prompting for the
net name. If you are unsure of the net name type ? and click OK to list all
loaded nets.

Show/Hide Component Nets: Show/hide the entire set of pin-to-pin
connections for all nets which connect to the selected component.

Show/Hide All: Show/hide all currently loaded (unrouted)
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connections.

Note: During component moves all connection lines are automatically
hidden, except those that go from a moving component to a non-moving
component. The connection lines that are part of the move are
automatically displayed. This behavior means that you can leave the
connection lines set to hidden -any connection lines involved with a

component move will automatically be displayed.

Changing the properties of a netin a PCB
Each net in a PCB design has a set of user-definable properties: net
name; display color; and hidden status.
To edit the properties of a net, set the Browse mode of the PCB
panel to Nets, select the net you want to change from the list, and press

the Edit button. The Net properties dialog box will open.

Explorer Browse PCB l 4 Port Serial Interfa-::e.ddh] 4 Port UART ant

Properties l

Net Name +1 2V

Color I
Hide -
Selection |

| 0K | Help |

Cancel | Global > |

Edit... | -2 Seled Jump |
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In this dialog you can change the following properties:

Net Name: This field shows the current net name. Edit this field to
change the name of the current net. Nets which are not defined by power
objects or net labels, etc., in the source schematic will be given unique
names of the form Nxxxxx. You can change the default names to
something more appropriate.

Color: This field shows the color that the selected net will be drawn with
in the ratsnest. Click on the color sample to change the display color of
the net.

Hide: If this option is enabled, the selected net is not displayed in the
ratsnest. If this option is disabled, the connections lines for the selected

net will be shown.

Managing the netlist

Select Design >Netlist Manager from the PCB Editor menus to pop
up the Netlist Manager dialog. There are a number of netlist management
options available in the Menu button at the bottom of the dialog,
including:

Modifying a net. Pins can be added and removed from a net, double
click on the net name in the Nets in Class region of the dialog to display
the Edit Net dialog. Use the transfer arrows to remove pins or add pins to

this net.
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Adding and deleting nets. Use the Add button at the bottom of the
Nets in Class region of the dialog to add a new net, use the Remove
button next to it to delete the currently selected net.

Add, remove and edit net classes. Use the buttons at the bottom of
the Net Classes region of the dialog to add, remove or edit a net class.
These operations do not change the netlist.

Exporting the internal netlist from the PCB. This option exports the
current internal PCB netlist to a file.

Generating a netlist from the routed copper. This option creates a
netlist file based on the connectivity created by the routing. It picks up a
name for each net from one of the pads that the routing connects to.

Compare netlists. The netlist compare features can be used to
compare the PCB netlist to an external netlist, or to compare 2 external
netlist. Note that the same comparison can be achieved by selecting
Design >Update PCB from the schematic editor menus, then clicking on
the Preview Changes button at the bottom of the dialog. If there are no
macros listed it means that the schematic and PCB netlists are matched.

Updating the net attributes of routing primitives from the net names
on the component pads. This option is used to re-synchronize the net
name of the routing primitives to the net name on the pads they connect
to. Starting from each pad, the connected copper is selected and the net

name of each primitive set to match the pad’s. Note that this operation
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does not change the netlist.

Part5 Managing PCB components

Protel 99 SE includes a comprehensive library of over 300
predefined through-hole and SMD component footprints for use in
designing PCBs. Also, you can visit Protel's Web site for information on
new and updated PCB libraries:www.protel.com

A "footprint" is the model of a component that is stored in a PCB
library. When this footprint is placed in a PCB document, it is assigned a
designator (and optional comment). It then is referred to as a PCB
component.

Before you can use a footprint in a PCB design, the library
containing the footprint must be available to the PCB editor.

Normally you do not need to manually add footprints to your design.
When you load design information from a schematic into a PCB
document, footprint information in the schematic is used to load all the
necessary footprints into the PCB document.

To create or modify PCB footprints, you open the PCB library
containing the footprint in the Design Explorer.

The footprint libraries supplied with Protel 99 SE are stored within

design databases (.DDB files) in the Design Explorer 99 SE\Library\PCB
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folder in your Protel installation directory.

Making PCB footprint libraries available for use

Before you can use a component footprint in a PCB document, you
must add the library containing the footprint to the current library list in
the PCB editor. In Protel 99 SE, PCB libraries can be stored in a design
database, linked to a design database, or stored as separate files which
have a .LIB extension. The footprint libraries supplied with Protel 99 SE
are stored within design databases (.DDB files) in the Design Explorer 99
SE\Library\PCB folder in your Protel installation directory.

To view a list of current available libraries, with a PCB document

active set the Browse mode on the PCB editor | Explorer Browse PCB |

Browse

| Libraries -
FCE Footprints. lib

panel to Libraries. A list of all currently loaded

libraries will appear in the top list box or the

PCB panel. Click on a library in the list to | dd/Remove] Browse

Components

display a list of the component footprints it

contains in the lower list box. Clicking on a | 1805 a

component will display a preview of the

component footprint in the Mini Viewer at the

bottom of the panel.

To add or remove libraries from the available libraries list, select

94



Design>Add/Remove Library from the menus, or press the Add/Remove
button in the PCB editor panel to open the PCB Libraries dialog. Add or
remove a design database from the list to add or remove all the PCB
libraries it contains. Once all the libraries from that database have been
added to the lower region of the dialog they can be selectively removed.

Once a library has been added, its name will appear in the Browse
window of the PCB Panel, and footprints from that library can be used in
your PCB document. The only limit to the number of libraries that can be

available is the free memory on your computer.

Placing components from a PCB library

Normally you do not need to manually add footprints to your design.
When you load design information from a schematic into a PCB
document, footprint information in the schematic is used to load all the
necessary footprints into the PCB document.

If you wish to manually add a component to the PCB document, you
must first ensure that the PCB library containing the relevant foot print is
loaded and available in the PCB editor .

To browse the components in an available library, from a PCB
document set the Browse mode in the PCB editor panel to Libraries and
click on the desired library in the list. When you click on a component in

the Components list it will be displayed in the MiniViewer at the bottom
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of the panel. To place the selected component, press the Place button (or
double-click on the component name) in the panel.

To place a footprint directly from the PCB document, select Place
>Component [shortcut P C] to open the Place Component dialog. Enter
the component name in the Footprint field, or press the Browse button to
search for a component in the loaded libraries. Set the Designator and

Comment fields and click OK to place the component.

Editing the properties of a PCB component

To edit the properties of component placed in the PCB document,
from a PCB document select Edit >Change from the menus and click on a
component outline in the PCB document to open its Component
properties dialog, or double-click within the component outline to open

its properties dialog directly.

Properties tab
Set the designator and comment text for the component in the Designator
and Comment fields respectively.
The Footprint field contains the name of the current footprint used for the
component. The current component footprint can be changed to any other
available footprint in any open library. When you type a different name in

the Footprint field and click OK to exit the dialog, the PCB editor will
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search the current open libraries and attempt to locate the new footprint.
Component footprints can be changed freely. However, if there are netlist
connections to the pads the new footprint must have the same used pin
numbers available as the previous one. If it does not the warning message
“cannot match pads with new footprint” will be displayed and the
substitution will be aborted. For example, changing a DIP16 to an
SMD16A is a legitimate change as the pin numbers match. Changing a
DIP16 to a TO-3 would generate a warning and the change would be
aborted. If the change is successful the connection lines will also be
updated to remain connected to the appropriate pads.

The Layer field shows the current layer that the component is
assigned to. Select a layer from the dropdown list to change the assigned
layer.

Enable the Lock Prims options to lock the position of all primitives
that make up the component relative to one another. If this option is

disabled, you can change the shape of the component on the board.

Designator and Comment tabs
The options in the Designator and Comments tab are used to

change the way the component designator and comment text is displayed
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on the PCB document. You can change the size and font for the text, as
well as the layer it appears on.

Enable the Hide option to hide the designator or comment text in
the PCB document. Hidden text will not be printed or plotted.

Enable the Mirror option to have the text appear reversed.

Editing the shape of a placed PCB component

Generally, if a component footprint requires modification, the
footprint is edited in the PCB library, and then the PCB is updated. This
will update all instances of that footprint in all currently open designs.
However, you can graphically modify the shape of an individual
component on the board by unlocking the primitives that make up the
component.

To do this, from a PCB document select Edit >Change from the
menus or double-click within a component outline to open the
component's properties dialog. In the Properties tab, uncheck the Lock
Prims option and click OK to close the dialog.

The component primitives - the tracks, arcs, etc. that make up the
footprint - can now be modified individually, allowing you to change the
shape of the component.

To add new primitives to a component place the new primitives as

required, select the new primitives (but not the existing component
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primitives), then select Tools =>Convert >Add Selected Primitives to
Component from the menus. You will be prompted to click on the
component that you want to add the selected primitives to. The target
component must have its primitives unlocked to carry out this operation.
Even when a component's primitives are unlocked, the component is
still recognized as a single component object in the PCB document. If
you want to permanently convert a component into its constituent
primitives, see the Converting a PCB component to its primitives topic in

the links section below.

Converting a PCB component to its primitives
If necessary, a placed component can be converted back into its
original set of primitive parts.

To PERMANENTLY ungroup a component, from a PCB document
select the Tools =>Convert ->UnGroup Component menu item. When
you launch this process you will be prompted "Select Component”. Click
on the component you wish to ungroup. The prompt "Confirm convert
Component To Primitives™ will be displayed. If you click YES (or press Y)
the component designator and comment (if any) will be removed from the
component, and the component will revert to the various primitives that it

was made up from.
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Creating a PCB project library

At any time in the PCB layout process, you can create a PCB
footprint library that will contain all of component footprints currently
placed in the PCB document. This library is called a project library.

To create a project library, from a PCB document select Design
>Make Project Library from the menus. A new PCB footprint library will
be created and saved in the design database in the folder that contains the
source PCB document. All components in the current PCB document will
be added to this library.

A PCB footprint library created in this way can be used as you
would any other library.

Note: When it is created, the project library will be given a default name.

You should change this name to one of your choice.

Re-annotating PCB component designators

Re-annotating component designators reassigns the component
designators throughout the PCB design on a positional basis.

To re-annotate designators, from the PCB document select Tools
>Re-Annotate from the menus to open the Positional Re-Annotate dialog.
Select a re-annotation method using the option buttons in the dialog. As
you select each method, a graphical description of the method is shown in

the dialog.
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Click the OK button to have all component designators on the board
reassigned.

Note: If your PCB document is linked to a schematic, after a
re-annotation you should select Design >Update Schematic from the

menus to re-synchronize the schematic with the PCB.

Editing PCB footprint libraries

To be able to edit a PCB footprint library, the library must be stored
in or linked to a Protel design database. The footprint libraries supplied
with Protel 99 SE are stored within design databases (.DDB files) in the
Design Explorer 99 SE\Library\PCB folder in your Protel installation
directory.

To open a PCB library for editing, simply open the design database
and double-click on the relevant library icon in the design window, or
click on the icon in the navigation tree. This will open the library as a
document in the Design Explorer and start the PCB library editor.

The PCB library editor includes a complete set of processes for
creating, editing and placing library footprints. There is no limit to the
number of component footprints that each library can hold.

Component footprints generally include one or more pads
(corresponding to component pins and numbered accordingly) plus track

and/or arc segments on the silkscreen (overlay) layer to define the
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component body.

Note: When a PCB document is active, you can directly edit a
component in an available PCB library by setting the Browse mode in the
PCB editor panel to Libraries, selecting the library and component from
the displayed lists, and clicking the Edit button on the panel. This will
automatically open the design database containing the library and present

the component for editing in the design window.

Opening a PCB library for editing
To be able to edit a PCB library in Protel 99 SE, it must be stored in
or linked to a Protel design database.

To edit a PCB library, use the Design Explorer to open the design
database containing the library or library link. Design databases that
contain PCB libraries can be manipulated as you would any other design
database.

Simply use the Design Explorer to open a stored or linked PCB
library as a document within the design database. PCB library documents
are automatically opened with the PCB library editor. The default PCB
libraries supplied with Protel 99 SE are stored within a series of design
databases located in the Design Explorer 99 SE\Library\PCB folder in
your Protel installation directory.

Once a PCB is open, you can modify the components in the library, or
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add or delete components.

Note: When a PCB document is active, you can directly edit a
component in an available PCB library by setting the Browse mode in the
PCB editor panel to Libraries, selecting the library and component from
the displayed lists, and clicking the Edit button on the panel. This will
automatically open the design database containing the library and present

the component for editing in the design window.

Creating a new PCB Library

To create a new PCB library, first open or create a design database
in which to store the library.

To create a new PCB library, from within a design database select
File>New, and double click on the PCBL.ib icon in the New Document
dialog. A new PCB library document will be created in the current folder
of the design database. To open the library, double-click on its icon in the
design window, or click on its icon in the navigation tree.

As a library is a set of component footprints, it can not exist
without at least one defined footprint. When you create a new library, an
empty component sheet (called PCBComponent_1) is also created within
the library. To rename this default footprint, open the library, select
PCBComponent_1 from the list in the PCB library editor panel, and

select Tools >Rename Component from the menus.
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1.Creating a new PCB component

To create a new component, you must first open the library that
will hold the component (see Opening a PCB library for editing in the
Links section below)

Once the desired PCB library file is open and active, select the
Tools>New Component menu item. The Component Wizard will
automatically start to guide you through the process of building a new
PCB component.

If you do not want to use the Component Wizard, press Cancel to
manually create a component. You will be presented with an empty
component footprint workspace. Select Tools=>Rename Component to
give your new component a name (255 characters maximum).

Creating a component footprint uses the same tools and design objects
that are used to design a PCB. Place tracks and arcs in the footprint sheet
to create the body of the component, then place pads to form the
component pin connections. As with PCB design, design objects can be
placed on any layer. When you subsequently place the footprint on a PCB
document, all objects that make up the footprint will be assigned to their
defined layers.

2.Placing pads for a new PCB component

One of the most important procedures in creating a new component

footprint is placing the pads that will be used to solder the component to
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the PCB. These must be placed in exactly the right positions to
correspond to the pins on the physical device.

To place a pad in a component footprint, when a footprint sheet is
active in the design window, select Place ?Pad from the menus to call up
a new pad.

Note: You should always build the component around the
workspace 0,0 reference point. The reference is the point you will be
"holding" the component by when you place it in a PCB document. Select
Edit->Reference from the menus to open the Reference submenu. Select
an option from this submenu to move the Reference if it needs to be
changed. While a pad is "floating" on the cursor prior to placement, select
Edit >Jump >Reference to position the cursor at the workspace 0, 0
coordinate. Prior to placing the first pad, press the TAB key to define the
pads attributes.

Always build surface mount footprints on the top layer. Use the L
shortcut key to flip them to the bottom layer during placement.

3.Drawing an outline for a new PCB component

Drawing a PCB footprint outline is done by placing tracks and arcs
on the footprint sheet in the PCB library editor to form the body outline.
Normally the footprint body is created on the Top Overlay layer so that it
can be included in a silkscreen mask during manufacture of the PCB.

When placing tracks and arcs in a PCB footprint sheet the same
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placement modes are available as for placing tracks in a PCB document
to route the board.

The special strings .DESIGNATOR and .COMMENT can be added
to the component in the PCB library editor if you require control over
their layer, location and text attributes prior to placing the component.
These will be displayed in addition to the standard designator and
comment, which can be hidden if desired.

4.Including routing primitives in component footprints

Library components can also include routing primitives, such as
tracks and arcs placed on signal layers.

If your components include routing primitives there is an option
that automatically updates the net name of these primitives as the netlist
Is transferred from the schematic to the PCB. Enable the Assign Net to
Connected Copper option in the Update Design dialog when you select
Design—>Update PCB from the Schematic Editor menus.

Net names can also be applied to routing primitives that are built
into components at any time by selecting Design ?Netlist Manager from
the PCB Editor menus. Select the Update Free Primitives from
Component Pads option from the Menu button at the bottom of the dialog
to reapply the pad net names to all connected copper.

5.Copying PCB footprints within libraries

Components can be copied and pasted between libraries, from a

106



library to a PCB, and from a PCB to a library.

To copy between libraries, or from the library to a PCB, select the
component(s) in the Library Editor panel using the standard Windows
selection keys (left-click, SHIFT+click and CTRL+click). Once the
components have been selected click the right mouse button to pop up the
floating menu and select Copy. Change to the target library, right-click in
the Library Editor panel, and select Paste to add them to the target library.

If you are pasting directly onto a board select Edit—>Paste from the
PCB Editor menus.

6.Updating footprint changes in a PCB document

If you edit a component in a PCB footprint library and you want
this change to be reflected in instances of the component placed on an
existing PCB document, first open all PCB documents you wish to update
as tabbed panes in the design window.

To update all instances of a component in all open PCB documents,
from the footprint sheet in the PCB library editor, click the Update PCB

button in the PCB library editor panel.

Validating component footprints
Use the Component Rule Check to validate all components in the
current library. Select Reports ?Component Rule Check to pop up the

Component Rule Check dialog. The Component Rule Checker tests for
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duplicate primitives, missing pad designators, floating copper and

inappropriate component reference.

Part6 Using PCB design rules

You design your PCB by placing components, tracks, vias and other
design objects. These objects must be placed in the workspace with
regard to each other. Components must not overlap, nets must not short,
power nets must be kept clear of signal nets, etc.

To allow you to remain focused on the task of designing the board,
Protel 99 SE can monitor these design requirements for you. You instruct
the PCB editor of your requirements by setting up a series of design rules.
These design rules are monitored as you layout the PCB. As soon as an
object is placed in violation of a design rule it is highlighted. Also, during
the board verification process you can run the integrated Design Rule
Checker, which will generate a report of any design rule violations in you
PCB.

Protel allows a wide range of design rules to be defined for a PCB.
These include clearances, object geometry, parallelism, impedance
control, routing priority and topology, placement rules, and signal

integrity rules. Each rule has a Rule Scope that defines how it is applied.

108



The scope allows you to apply a rule to objects, nets, net classes,
components, component classes, layers, regions, through to the whole
board.

Design rules are set up and configured in the Design Rules dialog

box (from the PCB document select Design >Rules).

Design Rules E|El

Routing }Manufaduring] High Speedl F‘Iacementl Signal Integrityl Other ]

Rule Classes Clearance Constraint

Clearance Constraint -~

Routing Corners 3
Routing Layers

Routing Priority

Routing Topology

Routing Via Style
SMD Neck-Down Constri s

Enable Name Scopel Scope? Connectivity Gap
O Clearance _Board ______________|Hoard _______________|DifferentNet/10mil |

Rule Followed By Router

I Add... Delete Empenies..|

Run DRC...| | E] Menu | _Close || Help |

Creating and editing PCB design rules

To create a new design rule for a PCB layout, from the PCB
document select Design >Rules to open the Design Rules dialog.

This dialog contains a series of tabs representing different classes of
design rules. Each tab contains a Rule Classes box that lists the specific
design rules available from that tab. Select the appropriate tab.

From the Rule Classes list, select the type of rule you wish to create
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or edit. A list of all rules of that type currently active will appear in the
rules list box. Select a rule from the list and click the Properties button (or

double-click on the rule in the list) to edit that rule.

Routing ]Manufamuring] High Speed] Placemenﬂ Signal Integrity] Other ]

Hilie Clanses Clearance Constraint

Clearance Constraint  ES

Routjno

Roul Edit Rule ] Edit Cumment]

SMIE Rule scope:

Apply this rule to all object pairs [A.B] where: Rule ﬂardCIearanceJ

Enal A belongs to the set of objects filtered by: Rule Attributes
B oa
Filter kind hole Board - num Clearance |10mil

All design objects are included in this

R B belongs to the set of objects filtered by:

All
Filter kind hole Board -
Bun D)
PLaper AB All design objects are included in this Different Nets j
r

Cancel | Help ‘

Click the Add button to add a new rule of the selected type. The
properties dialog for that rule type will open. Set the various options for
the rule, define the Rule Scope, and click OK to create the rule. It will
appear in the rules list.

Rules can be disabled in the Design Rules dialog. Disabling a rule
has the same effect as deleting the rule in terms of how it is handled by
the on-line and batch DRC.

Note: A list of currently defined rules can be displayed in the PCB
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panel, set the Browse mode to Rules.

Setting the scope of a PCB design rule

The scope, or extent of each Rule is determined by the Rule Scope.
The scope allows you to define the set of target objects that a particular
instance of a rule is to be applied to. You set the rule scope in the rule's
properties dialog when you create or edit the rule.

By setting the scope you could apply a rule to the whole board, or you
could target a particular net, component or pad. Protel 99 SE also allows
you to set a compound scope for any design rule, which allows you to
specifically target particular design objects. See the Compound design
rule scope topic in the Links section below for information on this.

Another way to target specific groups of objects is to create object
"classes" and then set the scope to target a class. See the Creating classes
of PCB objects topic for information on this.

For example, your design might include mains level voltages requiring a
clearance of 100 mils, and logic level voltages requiring a clearance of 10
mils. These requirements can be achieved by defining two copper
clearance rules, one with a scope of net class (the net class would include
the mains level voltage nets) and a clearance of 100 mils, the other rule

with a scope of board and the clearance set to 10 mils.
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There are two types of design rules, unary rules and binary rules.
Unary rules apply to one object, or each object in a set of objects. Binary
rules apply between two objects, or between any object in one set to any
object in the second set.

An example of a unary rule is the solder mask expansion rule. This
rule applies individually to each pad identified by the rule scope. An
example of a binary rule is copper clearances, which applies between any
copper object in the first set and any copper object in the second set, as
identified by the two rule scopes. When you configure a unary rule you
setup one rule scope, when you configure a binary rule you setup two rule

scopes.

PCB design rule definitions

Protel 99 SE allows you to create design rules in a number of
different areas.

To create or edit a design rule, from the PCB document select
Design->Rules to open the Design Rules dialog. Select the tab for the
appropriate rule class, and select a rule type from the Rule Classes list.
Click the Add button to a add a new rule of the selected type. Select an
existing rule in the rules list and click the Properties button to edit the

rule.
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Importing and exporting design rules

Rule sets can be exported and imported, allowing you to store and
retrieve favorite rule sets. To import or export a rule set click on the Menu
button at the bottom of the Design Rules dialog. When importing rules
you can either Overwrite or Add them by clicking the appropriate button
in the rule Import Options dialog. Overwrite occurs when a rule with the

same rule name is encountered.

Part 7 Navigating a PCB document

When a PCB document is active, the View menu includes a range of
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options for controlling the view of the main document window. Each
view option has defined menu shortcut keys. You can use these shortcut
keys to change views, even when another process (such as placing an
object) is active.
® View->Fit Document: Changes the view to display all objects in
the workspace.
® View->Fit Board: Changes the view to display the entire board,
based on the board keep out boundary.
® View->Area: Redefines the display area. Click to define the first
corner, then drag the dotted zoom window to define the new
display area.
® View—>Around Point: Redefines the display area. Click to define
the center point, then drag the dotted zoom window to define the
new display area.
® View—>?Zoom In: Brings the design closer to you, relative to the
cursor position on the board.
® View—>Zoom Out: Moves the design away from you . This is also
relative to the cursor, so position the cursor first. To zoom in and
out in smaller increments hold the SHIFT key while pressing
PAGEUP or PAGEDOWN.
® View—>Zoom Last: Returns you to your last view of the screen .

Repeatedly pressing V L allows you to toggle back and forth
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between two views.
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will display the selected net or component. Use
the Zoom button to quickly locate and identify the selected net or
component in the main document window.

When an item in the panel is selected, information about that item
will appear on the Status Bar. Press the Edit button to edit the properties
of the selected object. Press the Jump or Zoom button to have the selected
object centered in the document window. Press the Select button to select
the chosen object in the workspace.

The message zones on the Status Bar can be resized -- position the
cursor over an arrow symbol on the status bar, when the cursor changes to

a double-headed arrow click and drag to resize a message zone.
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Part 8 Manually routing a PCB

Routing is the process of connecting the various components of your
PCB design with tracks and arcs. Because Protel's PCB editor
automatically monitors net connectivity for you, manual routing is very
straightforward. You place tracks, vias, fills and arcs to create the
physical connectivity, and the software monitors the connectivity and
updates the connection lines accordingly.

To Dbegin manual routing of the board, simply select
Place—> Interactive Routing from the menus and start placing a track to
route a connection.

If you place a track on a design object that has a net name, the track
you are placing will adopt the net name, becoming part of that net. If you
click on a connection line, the cursor will jump to the nearest pad, and
then keep the connection line attached to the end of the track you are
placing. If you click on a pad that has multiple connection lines one is
automatically selected, ready for routing. Press the CTRL+SPACEBAR
shortcut to cycle through each of the connection lines coming from this
pad.

Because the connectivity analyzer automatically monitors the
completion status of any net you are routing , you can route without
regard to the arrangement of the From-Tos. Once you complete a

connection, the entire net is reanalyzed and connection lines are added
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and re-optimized as necessary.

Part9 Autorouting a PCB

Protel 99 SE provides an easy to use, powerful, high-quality,
shape-based autorouter, tightly integrated with the PCB design editor.
When you run the autorouter, the board is routed directly in the PCB
window, and adheres to relevant design rules set for the board.

In general, the autorouter does not need the set up of any options, as it
will analyze the current PCB design and automatically select the most
appropriate autorouting strategy. It is important, however, to ensure that
any relevant design rules are set up prior to running the autorouter.

If you have pre-routed any connections on the board, ensure that the
Lock All Preroutes option is enabled in the Autorouter setup dialog before
running the autorouter.

To start autorouting the active PCB document, select Tools=>Auto

Route=>All from the menus.

Preparing a PCB document for autorouting
When designing and setting up a board for autorouting, keep in mind
the following important points:

® The board must include a closed boundary on the keep out layer.
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® Objects placed on the keep out layer create blocks for the router
on all layers.

® Signal layer objects with no net name create blocks for the router
on that signal layer.

® Objects on the mechanical layer are not considered by the router.

Setting up the autorouting design rules

The autorouter obeys the relevant design rules setup for your PCB
document. You should ensure that these design rules are configured
correctly for your design before running the autorouter.

PCB design rules are defined by selecting Design=>Rules from
the menus when the PCB document is active. The Design Rules
dialog includes a status line that reports whether the currently selected

rule definition is followed by the router.

Protecting pre-routes before autorouting

Often you will want to manually pre-route certain nets, then autoroute
the remainder of the board. You can protect the pre-routes from being
ripped up and re-routed by the Autorouter by enabling the Lock All
Preroutes option in the Autorouter.

When this option is enabled all pre-routes, including partially routed

connections and nets, will be locked by the autorouter before routing.
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When this option is disabled, the autorouter will rip up any pre-routed

track segments which do not have their Locked option set.

Running the autorouter
To run the autorouter, from the PCB document select Tools ?Auto
Route from the menus, and select from one of the following options:

® Autoroute All: Routes the entire board with the current routing
setup.

® Autoroute Connection: Select this option and click on a
connection to route that individual connection. Not all of the
Autorouter algorithms are used in this made, so this method is not
recommended for routing an entire board.

® Autoroute Net: Select this option and click on any connection line
in the net. All connections in the net will be routed, using all the
routing passes.

® Autoroute Component: Select this option and click on a
component and all connections starting/ending on that component
will be routed. Note that within a net, only the connections
starting and ending on the selected component will be routed,
using all routing passes.

® Autoroute Area: Select this option and click-and-drag the mouse

to define the area to be routed. All connections starting and ending
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in the designated area will be routed, using all routing passes.
While the autorouter is running, you can open the Auto Route menu
and select one of the following options:
® Pause: You can Pause the autorouter at any stage during the
autorouting process. Select Re-start to continue routing.
® Restart: Restarts the router after pausing.
® Reset: Resets the autorouter.
® Stop: Ends the autorouting process. Any completed routing on the

board will be retained.

Part 10  Verifying the PCB design

Design verification is the process of investigating the PCB design for
errors or potential problems before proceeding to manufacturing.

Protel is a rules-driven PCB layout environment and includes
comprehensive design rule checking. Many of the design rules can be
monitored and enforced on-line as you work, helping to prevent design
rule violations during placement and routing. You can also manually run a
design rule check (DRC) in batch mode at any time in the design process

to check for conformance to specific rules.
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To help solve signal integrity rule violations, Protel 99 SE includes a
powerful Signal Integrity Analyzer that allows you to perform reflection
and crosstalk simulations on your PCB.

You can also generate a number of reports that provide detailed

information about your board design.

Setting up & running the PCB Design Rule Checker (DRC)

Protel 99 SE includes a powerful Design Rule Check (DRC) feature
that verifies that the design meets the requirements specified by the
design rules. It tests for routing violations such as clearance errors,
unrouted nets, width errors, length errors and also conditions that effect
manufacturing and signal integrity.

The DRC can be set to run in the background as you work, flagging
and/or automatically preventing design rule violations. This mode if
operation is known as the Online DRC. For information on setting up this
feature, see the Setting up the PCB Online DRC topic in the Links section
below.

You can also manually run the DRC at any time during the board
design process to check for violations to specific rules. This mode of
operation is known as batch-mode DRC.

To run the DRC in batch mode, from the PCB document select Tools

>Design Rule Check from the menus to open the Design Rule Check
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dialog. In the Report tab enable the rules that you wish to check and set
the other options as appropriate. Click the Run DRC button to start the
batch-mode DRC. Once the check is complete the report file will be

opened in the design window listing any rule violations.

Checking the signal integrity of a PCB

As PCB designs become more sophisticated, with higher clock speeds,
higher device switching speeds, and higher density, the need to analyze
the signal integrity before the design is manufactured becomes more
pressing.

Protel99 includes a sophisticated Signal Integrity Simulator, which
can analyze the PCB layout and check that it functions within the design
parameters, testing such things as overshoot, undershoot and impedance
requirements.

The Signal Integrity Simulator uses the characteristic impedance of
the traces, calculated through a transmission line calculator, and 1/0
buffer macro-model information, as input for the simulations. It is based
on a Fast Reflection and Crosstalk Simulator which produces very
accurate simulations, using industry-proven algorithms.

If the board fails any of the signal integrity design requirements
(specified as design rules), you can then run a reflection or crosstalk

analysis from the PCB, to see exactly how it is behaving.
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If the design does not include a power plane, the analysis will still be

performed, but the results can not be considered accurate.

Generating PCB analysis reports
There are number of reporting features that help analyze the board
during the design process. These reporting features are launched from the

items in the Reports menu.

Part 11 3 dimensional PCB visualization

The 3D PCB Viewer is a visualization tool that allows you to preview
and print a 3D image of your PCB. The 3D Viewer is built around an
OpenGL-based rendering engine, a standard graphics language supported
by most graphics cards. It uses a run-time component modeling algorithm
that uses the component designator prefix, footprint and outline shape to
automatically select model and texture information and construct a
suitable component model. Components that can not be recognized are
automatically extruded.

To create a 3 dimensional view of your board select View->Board in
3D from the menus. The board is analyzed and a 3D view is created in a

new Window.
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Changing the View of the Board

The 3D Viewer supports full rotational and zoom control, making it
possible to display the board at any angle. The board can be rotated by
clicking-and-dragging in the MiniViewer window in the panel. The
standard PCB Editor display shortcuts are also supported -- press the
PAGEUP and PAGEDOWN keys to zoom in, the END key to redraw the
view, right-click and drag on the 3D image to display the slider hand and
slide the 3D view around.

You can also selectively hide the components, silkscreen outlines,
copper, and text strings. These options can be enabled in the panel, or the
3D Viewer Preferences dialog.

The Browse PCB 3D panel also includes a highlight feature, click on
a net name and click the Highlight button to highlight that net on the
board. There is also an Animate option, which flashes the net that is being
highlighted. The highlight color and the animate feature are set up in the

Preferences dialog.

Printing the 3D View

The 3D view can be printed by selecting File=>Print from the 3D
Viewer menus. This will print what is currently displayed in the 3D
window. Three print qualities are supported, Draft, Normal and Proof.

The print quality is selected in the Preferences dialog (select View
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- Preferences).

Part 12  Printing to a windows printing device

An essential part of the design process is producing printed
documentation about the PCB design. This could include a manufacturing
drawing detailing the fabrication information, check plots for verifying
the contents of each fabrication layer, and assembly drawings detailing
component location information and loading order.

In Protel 99 SE printed output is created by preparing a preview of the
required printouts, then printing them from the Print/Preview window.
Using this approach you can define precisely what mix of PCB layers you
want to print, set the scaling and orientation, and see exactly how it will
look on the page before you print it.

Protel 99 SE's print engine also supports printing the current screen
area, and copying the current preview to the Windows clipboard, making
it easy to include PCB information in your documentation.

The Print/Preview feature works by creating a Power Print
Configuration document (*.PPC). This PPC document details: which
PCB is being previewed, the target printer, the set of printouts, and the

PCB layers to include on each printout. When you open a PPC document
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this setup information is read, the PCB is analyzed, and the previews of
the PCB are displayed in a separate Tab in the database window. You can
then print the printouts as required.

Because the actual PCB data is not stored in the PPC document it
must be extracted from the PCB when you create, modify, or open a PPC
document. This analysis happened automatically -- if you prefer you can
disable automatic rebuilding in the Preferences dialog and then use the
Rebuild button (when you change the preview configuration), or Process
PCB button (when you modify the PCB) in the Browse PCBPrint panel to

update the previews.
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Unit 7 Synchronizing schematic & PCB
documents

Protel99 includes a powerful design synchronization tool, that makes
it very easy to transfer design information from the schematic to the PCB
(and back again).

The Synchronizer will automatically extract the component and
connectivity information from the schematic, locate the required
footprints in the PCB libraries and place them in the PCB workspace,
then add the connection lines between connected component pins.

You use the synchronizer to initially transfer your design from the
schematic documents to a PCB design document, and also to synchronize
design changes made in either the PCB or the schematic documents.

Before you transfer the design information from the schematic into
the new PCB outline, you must make the appropriate PCB footprint
libraries available to the PCB editor. When you add a PCB library to the
available library list, the footprints in that library can be placed in the
PCB workspace.

There are several synchronization option that you can set to control

the way the synchronizer behaves. To set these options, from a schematic
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or PCB document select Design—>Synchronization Options from the
menus. The following options can be set:
® Connectivity Generation: This options specifies how the
inter-sheet connectivity is created in a multi-sheet schematic. The
Net Identifier Scope must be set to match the type of electrical
hierarchy you have used when creating the multisheet schematic
design. If the design has changed so that the net names on the
routing no longer match the net names on the PCB component
pads, enable the Assign Net to Connected Copper option to
automatically reapply the pad net names to all the connected
routing.
® Rules Generation: Enable the Generate PCB Rules option to have
the Synchronizer create design rules from PCB Layout directives
in the schematic. Click on option button select the rule creation
mode. Only add missing PCB rules creates a new rule from a PCB
Layout directive if there is no rule already defined for this net,
existing rules are updated to match the settings in the PCB Layout
directive. Strictly follow Schematic directives mode creates a new
if there is no rule defined for this net, and existing rules are
updated to match the settings in the PCB Layout directive. Any
existing net scope rules of the relevant type are removed.

® Component Classes: Enable the Generate Component Classes and

128



Placement Rooms option to have the synchronizer create a PCB
component class from each schematic sheet. Each component
class is given the same name as the schematic sheet it is created
from, with any spaces removed. Multipart components that span
more than one sheet are included in the class of the sheet that
contains the first part of the component. A PCB placement room is
also created for each component class. These placement rooms are
spread across the board, ready for positioning.

® Net Classes: Enable the Generate Net Classes for all Buses in

Project option to create a PCB net class for each schematic bus.

If there are any PCB Layout directives placed in the source
schematics, the synchronizer will translate these into PCB Design Rules.
The settings in each Layout directive are translated into appropriate
design rules, with a Rule Scope of Net.

When you run the synchronizer it first attempts to locate the target
document. It uses the following approach to Indentifying the target
document.

It looks for a target PCB in the same folder in the design database as
the schematic project. If it finds a PCB it uses this. If there is more than
one PCB in this folder the Synchronizer dialog appears, prompting you to
select the correct one. If there are no PCBs in the same folder, the entire

design database is searched, and you are prompted to select the correct
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PCB from a list of all the PCBs in the design database. If there are none
in the design database a new PCB is created, in the same folder as the
schematic project.

To transfer the design information from the schematic to the PCB, the
synchronizer extracts the component and connectivity information and
creates a set of macros. Each action that is has to perform, such as adding
a new component, adding a new net, or adding a node to a net, is defined
by a macro.

If any macro can not be carried out (for example there is no footprint
available), it is flagged as an error in the Changes Tab of the Update
dialog. Prior to executing the Macros it is good practice to resolve any
errors. Press the Reports button at the bottom of the Changes Tab for a
complete description of all the macros.

When a schematic and its PCB have been synchronized, matching
schematic and PCB components are assigned a matching identifier. This
approach means that you are free to separately re-annotate the schematic
or the PCB. They can be bought back into harmony at any time by
running an Update from the design menu.

If a component without a matching identifier is found in either the
schematic or the PCB, the synchronizer attempts to find a matching
component for it. These matches are shown in the Confirm Component

Associations dialog, which automatically appears whenever unmatched
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components are detected by the synchronizer.

The synchronizer does this initial match by designator, always check
that the matches are correct. When you click on the Apply button the
matched components will be given a matching ID.

In Protel 99 SE, when a PCB document is synchronized with its
source schematics, special synchronization specific information is stored
as part of the PCB and schematic document formats. When you import
into a Protel 99 SE design database a PCB design and associated source
schematic project that was created with an earlier version of Protel design
tools, you should run the Protel 99 SE Synchronizer to synchronizer to
update both the PCB and schematic documents with this information.

To do this you must either update the PCB from the schematic, or
update the schematic from the PCB. The method you choose should be
determined by considering which of the imported documents (the PCB or
the schematic) contains the most up-to-date design information. If you
have added components, changed footprints, etc. on the PCB, and these
changes are not yet reflected in the schematic, then you should update the
schematic from the PCB. If, however, there are circuit changes, changes
to parts, etc. in the schematic that have not been reflected in the PCB
design, then update the PCB from the schematic.

Keep in mind that when updating PCB from the schematic, both the

component and the connectivity changes are automatically transferred to
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the PCB. If you update from the PCB to the schematic, however, only the
component attribute changes are automatically transferred to the

schematic. New components and connectivity differences are simply

listed in the synchronization report.
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Unit 8 Working with simulations

With Protel 99 SE you can perform an array of mixed-signal
simulations on your design. The simulation engine works directly from
your schematic, including multi-sheet designs, providing an easy way to
investigate the performance of a circuit throughout the design cycle.

Protel's analog/mixed-signal simulation engine uses an enhanced
version of Berkeley SPICE3f5/Xspice, allowing you to accurately
simulate any combination of analog and digital devices without manually
inserting D/A or A/D converters. This mixed-signal or mixed-mode
simulation is possible because of the inclusion of accurate, event-driven
behavioral models for digital devices, including TTL and CMOS.

Due to the complexity of digital devices it is generally not practical to
simulate them using standard, non-event-driven, SPICE instructions. For
this reason, Protel includes a special descriptive language that allows
digital devices to be simulated using an extended version of the
event-driven XSPICE. The digital devices included in the
simulation-ready schematic libraries are modeled using the Digital
SimCode language, a proprietary language created specifically for use

with Protel.
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The simulator allows unlimited circuit-level analog simulation and
unlimited gate-level digital simulation. Circuit size is only limited by the
amount of RAM you have in your system.

The types of analyses supported include: AC small signal, Transient,
Noise and DC transfer, Monte Carlo analysis, parameter and temperature
sweeping, and Fourier analysis.

Before you can successfully simulate your circuit you need to ensure
that your schematic documents contain all the necessary information. In
general, the following rules must be adhered to before you will be able to
run any of the available simulations:

® All components and parts in the schematic must properly

reference a simulation device model.

® You must place and wire up suitable signal sources to provide

drive to the circuit during simulations.

® You must add net labels to identify nodes in the circuit for which

you wish to plot simulation data.

® If necessary, you must set the initial simulation conditions of the

circuit.
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Part 1 Selecting simulation-ready schematic

components

To perform simulation analyses, all parts placed on your schematic
must contain special simulation-specific information which tells the
simulator how these components are to be treated. In general this means
that schematic parts must include a reference to an appropriate SPICE
device model.

The simulation-ready schematic libraries can be found in the \Design
Explorer 99 SE\Library\Sch\Sim.ddb within the drive and directory

where you installed your Protel software.
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Simulation-ready Resistors

The Simulation Symbols.Lib library contains the following
simulation-ready resistor symbols for use in schematics:

® RES (fixed resistor)

® RESSEMI (semiconductor resistor)

® RPOT (potentiometer)

® RVAR (variable resistor)

These symbols represent generic resistor types.

Simulation-ready Capacitors
The Simulation Symbols.Lib library contains the following
simulation-ready capacitor symbols for use in schematics:

® CAP (fixed, non-polarized capacitor)
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® CAP2 (fixed, polarized capacitor)
® CAPSEMI (semiconductor capacitor)

These symbols represent generic capacitor types.

Library Contains symbols for...

7segdisp.lib--generic seven-segment LED displays of different colors.

Buffer.lib--analog buffer 1Cs arranged by industry-standard part
numbers.

CAmp.lib--current amplifier ICs arranged by industry-standard part
numbers

Comparator.lib--comparator ICs arranged by industry-standard part
numbers.

IGBT.lib--Insulated Gate Bipolar Transistors arranged by
industry-standard part numbers.

Math.lib--various 2-port devices with mathematical transfer functions.

Misc.lib--Miscellaneous ICs and other devices.

Opamp.lib--opamp ICs arranged by industry-standard part numbers.

Opto.lib--generic opto-isolators.

Regulator.lib--1C regulators arranged by industry-standard part
numbers.

SCR.lib--Silicon Controlled Rectifiers arranged by industry-standard

part numbers.

138



Timer.lib--555 timer ICs.
Triac.lib--Triacs arranged by industry-standard part numbers.
Tube.lib--various valve or tube devices.

UJT.lib--various Unijunction Transistors.
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Part 2 Creating digital simulation components

Due to the complexity of digital devices it is generally not practical to
simulate them using standard, non-event-driven, SPICE instructions. For
this reason, Protel's simulation engine includes a special descriptive
language called Digital SimCode that allows digital devices to be

simulated using an extended version of the event-driven XSPICE. The
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digital devices included in the Protel simulation-ready schematic libraries
all reference Digital SimCode models.

Digital SimCode is a proprietary language created specifically for use
with Protel, and devices created with it are not compatible with other
simulators, nor are digital components created for other simulators
compatible with Protel.

Creating a simulation-ready digital component is similar to creating
any simulation-ready component, and you should familiarize yourself
with the Creating your own simulation-ready components topic (see the
Links section below) before attempting to create digital simulation
components.

The main difference between digital components for simulation is
that:

® (digital devices include hidden power and ground power pins in

each schematic symbol (VCC or VDD, and GND), and these pins
are automatically connected during netlisting. The simulator uses
these net names by default, so for a digital-only design it is not
necessary to include sources to power these components. By
default, VCC =5V and VDD = 15W.

@ (digital devices reference an intermediate model (.MDL file) that

simply calls the Digital SimCode device description.
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Part 3 Adding simulation sources to a schematic

Once you place a source from the library, double-click on the

source symbol to edit its properties. See the topics dealing with

specific source types for information on setting the parameters for

each source type.

Bun 34T

Create SPICE Wetlist IPS7SPICERIEERS

Setup. ..

wE

DrawingTool = [ x|
A EET
OO < & 8 i3

Part 4

A RS- EeportsfRE Window® O HelpH5Eh

+5 Voli= DC
-5 ¥olts DC
+12 Walt= DC
—-12 ¥Wolts DC

1kHz Sine Wawe
10kHz Sine Wawe
100kHz Sine Wawe
1MHz Sine Wawe

1kHz Ful=e
10kHz Fulse
100kHz Ful=e
1MHz Ful=e

Identifying simulation circuit nodes

Before a simulation is performed on a circuit, a SPICE netlist is

produced from the schematic. To enable the circuit to be netlisted, each

node in the circuit is given a unique default name. These node names are

then used to identify nodes during simulation data collection.

In order to easily identify points of interest in you circuit, you must

identify these points using Net Labels on the schematic. A Net Label

allows you to assign names such as VIN, VOUT, CLOCK, etc. to nodes
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of a circuit, thereby making it possible to easily identify the signals at
these nodes during a simulation.

Before running a simulation, place Net Labels at all points in the
schematic for which you want to plot simulation data. The Net Label
name will then be used in the netlist to identify these nodes. You will then
be able to choose these points to plot from the Analyses Setup dialog

(Simulate—> Setup)

Part5 Running simulation analyses

To run a simulation, with the schematic document active select
Simulate=>Run from the menus. This initiates a simulation run using the
current configuration of the Analyses Setup dialog.

To configure the analyses before running the simulation, with the
schematic document active select Simulate->Setup from the menus to
open the Anlyses Setup dialog. You can run the simulation directly from
the Analyses Setup dialog by pressing the Run Analyses button within the
dialog.

As the simulation runs, a simulation waveform tab will open
automatically to display the results of the analyses.

If an error is encountered during a simulation run, you will be asked if

you want to view the errors. If you answer yes, an error file will be
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created and displayed.

To view the SPICE netlist derived from the schematic, with the
schematic document active select Simulate ->Create SPICE Netlist
from the menus to generate and display the netlist for the circuit. This is
often useful for tracking down circuit drafting errors that cause simulation

errors.
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1 3 == | (I R
5 . OUT1 SmView Setup
3 T2 ™ Keep last setap
4 ) = % Show artive siznals
DI1[d] ;I ==
Advanced. .. | Fun Analyses Close Help

4-2  XTUSHER) General U1 E

in o.000 v jl
outl h.a49Y
out? L7499V id

' Operating F'u:uintil'
Kl4-3  FRASTAER
2. BRSMEREMN ST
Wt BT A — PR AR LR PR IS AT, &R AR SR e A5 5 IS 0 1 v 550 R % 114 B 3y
BE AT ELI T AR
W RSO R, BT 4 “ Simulate/Setup... 7.
80 IR 42 FIosAHEMER General TUH, % Operating Point Analysis
Transient/Fourier Analysis P43l .
% —P: 1F Active Signals £ £ IN. OUTL1. OUT2 —/MF5.
SPUL: #EFF Show Active Signals.
¥ fik:  Transient/Fourier Analysis 21/ 4-4 fis.
H750: M Run Analysis 12411, AT 12 A01& 4-5 FoRgh 3,

Fjo

==
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DnZ Zwreep I

Temperature Saraap

General | TransientFourier

Start Time
Stop Tume
Step Time

MM aanoum Step

— [ Transient hnalysis

| 0.000

| 5.000m

| 20 0

| 20 0

[~ Use Initial Conditions

Transfer Funetion I Monte Carls

AT Small Siznal I Hoise I Parameter Sareep

— [ Fourier Analysis
Fund. Fraquency Il.IZIIIIEI]{

Harmonics | 10

— Defalt Parameters

[V dlerays set defmlts Set Defamlts |
Cyeles Displayed I 5
Poants per Ciels I 0

2%

Advanced... |

Fun Analyses Close Help

I4| 4-4 Transient/Fourier Analysis U1 1% &

=
[

0.000ms

1.500ms

3.000ms 4.500ms

in W/\A/ 100.0mV
-100.0mV

outl W 1250V
-2.500¥

out? W 12.50 ¥
-2.500 ¥

-

"-lEI perating F'u:uint}-,T ranzient Analysis §

Kl 4-5 A/ o0 A 5 2R
AT DLIE 247 L IR 2 B LA B G i R i e, BT I a] LLAIIE outl=-out2.

3. RR/DRAE ST BREMIN)
I /NIAE T T AE General T2 W % $¢ Operating Point Analysis. AC Small Signal i

T, AC Small Signal BTRIBCE WK 4-6 BT, (7 HEIRWIE 4-7 Pros. ATEEIR AT LARIIE A
HAL K (1) 49015 58 B2 29 IMHZ.
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IC Sweep I Temperature Sweep | Tran=fer Function I ¥omte Carlo I

General I Transient/Fourier AC Small Signal I Hoisze I Parameter Sweep

I AC dnalysi— Sweep Trpe

Start Frequencr I 1.000 {+ Linear
Stop Frequencr I €. 000meg ™ Decade

Test Points 100 " Dctave

Total Test Pointlon

Adranced. .. | Fun Analryses | Cloze I Help

Bl 4-6 BRI AT IS HOR E

0. 000MHZ 3. 000MH: E. O00MHZ
20,00 v
20,00 ¥

Bl 4-7 S o) A 4
4. WEE#EST
FEBN RN LB AT R R, % R AE AR RN (-20°C——110°C) 444 F T4E,
LK (PR REAN 245 K K84k, Temperture Sweepihd FEH131 0T 1F v B 4 P 4-8 i, (s 5
out2 (1)l BEF 4 73 A 45 R W] 4-9 Jiow .

Fenaral I Transient/Fourier I AC Small Signal I Hoise I Farameter Sweep I

IC Sweep i Temperature Sween I Transfer Function I Monte Carlo

¥ Temperature Sweer |

Start Talue |—2EI. an
Stop Talue I 1100
Step Talue I 40,00

Data ecollection points are specified by selecting Actiwe Variables on the GCene

Adwanced. .. | Fun Ainalyses | Cloze I Halp
Kl 4-8 ST ICE
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12,500

wout? 11 -
out?_t2
outz t3 10,00 ¥ ,| ,| ,| ,|
outz_t4
outz 13 T.s0ny -
5.000 ¥ -
2.500 7
0.000 ¥
—z spp v b o ododoedi b b
0. 000ms 2.o000ms 4. 000ms

K14-9 R AR
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N

LI /SR A

LE ] 5-1 RO TE v % i 34 B s 32 1 Protel 99 SE [f) PCB %48 [ 2045 Ja) . A2k
ikt PCB &, & 5-2, WA DL N EERTESK

1\

XA, BRAE S SF 3000milx2000mil;

2. KRHHEE LT
3. PRI AL

4.
5
6

PR 2 T S VRE — AR P28, HLEe /MR EE 15mil;

v IR/ G 2 T8 1 35 mil, LY/ PR AR B 2 58 1 D 60 mil, ek Ay 45° .
v X% PCB AR BEAT v RIS & 12 5 St Ab B

]

O Vee

A
4 GHD
5 Vi
Vol
1 1k 2 T
Ek 1
3
o2 O/ o 1
I
L0uF
SNZot ZSNDe
2cks 2cks
1
Vi | I_ )T
0.5uF EInlEE T
SN2 ZNp4
2cks 2cks
Flf
GHD
GHD
Kl 5-1
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Ul
SN/ o —
a4
-
41
[
™N

2CKS5
-l

5-2
TN SEEG/SEIESK
1. MRS PN 25 R AREL SR 58 ORI B ol H B A 1) F B T)

2. MRAEVET NS & 45 B0 HT PCB i, IE ARA LA LB .
3. REEARKSEIN/SES, JHEE S/ PIHR  o
=. SLHEI
a) HLRIEB B
(1) J33h PCB [n] 'S #F NJOREEIE v i i e (iR 4T L it . ddb) ) Documents S [
o, BT A2 File / New... BRSPS A BIEHE New..., W “Wizards” #5355, Xili
“Printed Circuit Board Wizard™ (E[/fill FE % i 0] F) SCHF Bl A%, 3E\ PCB [ S XTEHE
(2) JEFEEIRIBCRAL: sy “Next” 424154 “Custom Made Board” ——HI /™ A
58 SCERBIAR R
(3 5 XEIRIBR AN R ~F 2% fad “Next” Jio i $RETRIBR AN AL 4 46 7% (Rectangular),
B N TE BE “Width” 3000mil, 7R “Height” 2000mil (EZHLd  “Next” S ASMNY RS,
o 7 (Mechanical Layer 4) 5 H 5 (Keep Out Layer) [A]J#H 2 50mil, HU7H T i
JTATERIN “ V7 Tl
(4) WE RIS 52450 i “Next” BEA, WHEAESBRES “ B 4Bk
BEFL” (R -
(5) RS ALARA: ki “Next” JFikst “ ol Baud L7, IS Ik de Al FH 55—l
“HLEHEAL,
(6) L HoTEESETR: Bih “Next” &, MRAEAES 2kt « gl

165



87, JHREPIC S I R E L EH o 1,

(7) WEAMEGHM: Hidi “Next”, MHHESERIE FL /N 35mil, LA
PRSI ME I BRONE,  d5e/NER TR R 15mil

(8) LRAFEINR: Fii “Next” RAFKEIN, Hiddi “Finish” J&RI5e A ELRIBR G it 44 i
P, R ENRIAAES M E o

2. WAMRRM TR

(1) ZLATuhE 2 PE: PCB sufb 23 A7 /e “ Design Explorer99SE\Library\Pch” 3L
PERAN B =AAERFHRT, % Hoods it 2/t Generic Footprints\Advpcb.ddb ', %4t
LA fEBRNEE AN IL 1) PCB Footprint.lib. #58H] 7 ANFEMLEEh (I To 8, W) ke T
BRSO PCB Bk FREE Y, A5 LA DR R GE AN AT HE A

AT ¥ 14 Design/Add/Remove Library..., 5¢8 5% A2 (¥ “Browse PCB” k1%,
FE R Pk I Pk $E “Libraries”, fidi Add/Remove... 3%4, “AINMNERJCIEE " SHEHE,
2 S BEE b R AT e T R e e A, ity Add L, BIRTASIN 58 B

(2) PAINPILEZR: K Js R AR R I 26 3R SO N PCB T BRI, 2K FL iR it
B LA PCB Tl AR Tef s B SN A — X, e E RN
X 28 2 B P 1l 1T ABHAT 1) 99 4% % (Neetdlist Macro) iy &, TR G 3 2 R I 4 J30 1 L AR |-

1) $ATEH G4 Design / Load Nets... .

2) il “Browse...” ], B MLG RO CBOMETE LR .NET 7,

(3) Bkl: HH AN “Error” TP AT HERIRS, FIBZIRE FHORET IR BECY
10, W WA H R

Node not found: HARITCAHE— A . Js RS Jo e I 3R i i SRR 5 g 5 5
JUAELE PCB I B 2k 1€ 5 i 5 A — 2

Component not found: FKANF|TOAEERE K] 5 DA 34 ] A 45 5 1) ook 6 1 U e d)
FEEIAE CLib) tPRAT], A A RER IO EREL A TER, BOE R R A B R R P
R ANAEAE

SRR R DR, RIS AR R, SR DRIE T AN AR A D e g e
SO 1. 2, HEFTEE R AR B (DIODE0.4) 732 A PCB Footprint.lib J5f255 e
B S 208 AL K, A3, TESE 5. LRI R “TBOREEIE
HLEE . NET” SCffrh, KT A <17 SOy “A” 1\, “2” RS “K” |,
I 8-23 IR, 1B e G BT ORI M 45 S0P o AR IR R A FB B U5 1 I 2% 35
BTG B A k.
HE: —MMES k. IRk e — KRG R, il WbR A BEIERE “Properties...” iy
L, {EXHEHES A Node HH¥) “17 B8 “A”, SRIEXHZAE SO (5 B Rbs 4 8, 1%
$¢ “Validate” fiy4, BLHTETRME B A S BE R K.

(4) $A7: Hih Execute $4411, BRI AR R G I0M. S0k R OB
#.Sch” /LM 48R “ ORI i NET” S ERIRA SR PCB FLEHR L.

166



TRl SERARARME T PCB ot (M PT A S 30, N AT — S i 13 3 &
—RINTER, RIS A S n LS IR . [FIN, PCB gwilas e fit T LRAE, &
H— RYVEAR I i, AN 73 i & D REAH R, IR n] 38 i 5 o 42 11 50 AR ARAE

3. WETIESH

(1 AESHRE: PIT5H 14 Design/Options..., HE# “Options” #5%, LR
THE b o RUbR AR, IS 5 Options/Broad Options.... H:

“Grids” M 15 -
®Snap X, Snap Y : WEHRERREES) (rHIE X 7l Y JilD /Mg,
® Component X, Component Y: BEBBNARAENT, JehrBERAE X Y J7 188 3 I de /M Al .
® Visible Kind: & E Mk Won 7o, AZOR, RORMFITT

“Electrical Grid” s/ {HK& % : Grid Range (K SyuFE) & EE bz, Lt
BRITAERLE Ay bty 1m) DY 48 & i A

“Measurement Unit” i A7 55 47 “Imperial (S5 547) " F1“Metric (2 507)" 1§
FPEAAT o Sl B A “mil CEIRD 7, A AL “mm(=K)”s

HERE: 1mil=0.0254mm.

[H:75]: WA 24T PCB A it LAES I, WAl Ctri+G PREEFST I & Snap
Grids )4 XTHEAER B &

(2) THERH®RE: %4 “Layers” #r%%, sUEWE o Bl BUAR A4, RS0
Options/Broad Layers..., i All On o] 4] JF A7 LARZ M Fdiidl All Off vl G L
YEJZ s STl Used On, W] i 7 B0 AR 1o ARHE AR 55 225K, XUHBR 75 2247 I “ Signal
Layers” Liif#] “Top” F1 “Bottom” Jz; Juffif ik & 22 E)z, Frlh “Silkscreen” T 1E$E
“Top”; WAIMARE LRI, FrLl “Masks” IfTJF “Top Solder” F1 “Bottom Solder”; fit
A I BER G GE R adEE 2, AH] “Paste Mask” (J£85°5 ).

ERFEI:

1. WL PCB AR SE 5 /& 7 — AP IO PIANRZ AT B TE, A 200 b 2 D)4k

2. A5 5 SR PSR R0 0 -5 MR gk ) AT o AR 2 R T B AR AT, AT S i 4 Design/
Layer Stack Manager..., JHJ/" o] 3 = HERR SRR .
® iy Add Layer $41 n LA INME 5 )2 il Add Plane 441 v] V8 i P J2 MR A%z . (H
TERINE S 200, Rz e bR B 5 5 R A N, B AL, AR5 AR .
® % Top Dielectric. Bottom Dielectric ZiEHE, WIAETZ . JEZA ML)
® WEYULEIESE, WIS LAYE Core Abg%H 50 € JEHE .

MEHHES PSS 2, " Move Up Al Move Down #2241 #8441 o 7 2
BRI, WA ek bizs, AR5 $iidi Properties $541l, ST 5 2 BE M R,
T BB 4

3. Wit PCB BN, REBNIIGE TREAME, MIMUZEOAN AT 2, WEARmEsS
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sk, (HZ A DA ATSE By 4 Design/Mechanical Layers..., i PCB ¥ E 5 2 (IH LK
2o
(3) RESHE: HITH ¥4 Tools/Preferences..., AKALSS I EHF KRS H %
BESK, HRABOARE.
4. BIMRAFLIHE
(1) 4734 Tools/Auto Placement/Auto Placer... .
(2) N “HIR” MAEHE. RGeht T Fh B a4 R 75 5
Cluster Placer: ZEfEA R 7, WG TIootHRA ML, JoiHr AHI8CE
Statistical Placer: ZiitAii)m/ra, @& TICRZ N, JoitZ MR ELmR, 2
BUAMBRE K, T%fF. Statistical Placer &5t P 8-36 fran, P rh&Tis X:
®  Group Components: ¥4y P &% I VI oo I —41, Jotkoar i),
Rotate Components: {4 41 N 4 &8 SHEA T 2L, Joftnl Ugs:
Power Nets: & X HLIE 25 4 FK, 1 VCC.
Ground Nets: & XA 4Bk, Wl GND.
Grid Size: BB Il H a0 Jm I A ()RR, BRIAE Y 20mil.
(3) T Z it i) PCB b sofiib, A&k £: “Cluster Placer” AfiJai /7 5,
i OK e, BEATCIF B RARES, S50 LR RIS F 3040 J5) 58
W “RE” RonoulFiERR R, AR L.
(4) FLIREEICIHAT R
H 3T R — M LA S s R AT e Ao b, DL o) A B A R AR A AN R EAR, R
F LB TTAT R, BN TP HES . BB A e S5 4R
1) JCPEIIFEES: 44T Tools / Interactive Placement 137 B IAH G/ 4, 4T 2 R HES Iy
3 S A M e B A b — g B P i 4 s A ] o
2) HENHETT o4t 14T Tools / Auto Placement / Set Shove Depth ... i 4 ¥ B HERF AL
147 Tools / Auto Placement / Shove %, JubrAepli 17, H#thaesh 2 BRI )
Joff b, il bR, A REEME ST R oK, I A B AMRETT e R
5 YU R AL 2K .
3 Julr I ekt ] RUbs 2o 8 mialy 5 R ) sl e K oo, IR %A e AN
VBN EhRAR A 5, SRIGHESN EER, W oahr ol sl iz h i oA 3 3 id 4 1AL
B, RN R I R B G NE R TESOIRES ) AT LU I B 90° Teks, Bn
JBOH B b B W] 3% ) 5 o1 380 24 7
(5) ZmHIRAE T R SE bRt &y, — e b 45 th R oA i fLAR B S B
RSEN, BT nZiion; PCB [ i & Je R RS Bl g . —cdh,  1C /2450 1.6mm
x1.8mm(63mil x70mil), i 4 1.8 mmx 2.0mm(70 mil x80mil).— % i 1.8mm x 1.8mm
(70 mil x70mil). Z—XH oA, BE K ICE RS M TEAE AT I 2
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5. WEBAIMLSH
AT A4 Design/Rules..., Hiidi Routing #7325, W& B2 8, M
W) — e A A2 R 2 (Rule Classes)H
(1) Clearance Constraint: 5 72k 51548 2 [A]ff) 22 4x[A]BE . fids Clearance Constraint,
HEN “zz AR E” MUGHE, i 7440 Properties..., &MU/ 4a]EE 4 15mil.
(2) Routing Corners: ¥ EARTLY M. ridi Routing Corners, #EAN “AaZkds fis
ABE” MHEHE, Hdi F 7 #2411 Properties..., BB AN 45° . HAMELP kAT 90 °
AR (Rounded) #,
(3) Routing Layers: & & Aigk)= KL 7. i Routing Layers, HEA “AiZk)Z
FELE T WHEHE, Bl N 4%l Properties..., LA TRZ BEE KT T AT, JRJE N E
HIT A2
(4) Routing Priority: % &ATLA L. ridi Routing Priority, HEAN “AnLeilstdiix
B ONIEHE, Bl R 5L Add.LL, R AR e AT AL, E GND MR AT ZAL SR
1o [FFERAE RS VCC WM&t e gl 2, x4 0.
(5) Routing Topology: W EAMLMI, Rl EREZ RIFEL 7. AT B
BR— MR PR AT LS, (HX T YR VCC 4%, Hhzk GND M4, WARYE 75 Zk B i
Fiz( (Shortest). A2 B4 (Starburst) 2l 2 (£ 8 IR 2 (Daisy-Balanced),  A<4F-55 7] LAAd F ER
INH Shortest.
(6) Routing Via Style: & & it LA & R~) . miidi Routing Via Style, #EA “idfL
AR T VR ” SHEHE, BRI ALRGT .
(7) Width Constraint: & Ak % % . i Width Constraint, HEX “ELEwE/E” %
IEHE. FIRAHFEAE, S50 VCC Al GND R4 2k 56 % 60mil, , &S0t 2k 2k 58k 35mil.
6. HNMERT LA
(D A3 B IRS o PUT ¥4 Auto Route / Setup..., 7E Routing Passes 15
FEATEAE, € AT LR . e, AT ORI ERE T B BCE, A3 SEI
PCB MR I Azl Am 4k, AH2Un R S0 S LU, D) nT LASE i o] 15 AP F) 25 Tl A S B
(2) AL i LA [ Route Al %41, JFAfxS AR AR HEAT H Bh A 2k,
BAT 2 . RS RHERNIE : AT A 100%, A2k 29 4%, TR ARATFLECN 0, ALk
0%, F“OK I,
R “Auto Route > Hfir & N AT Tid A 3 A2y 1
B ALL: )R
Net: F5EMILEATL
Connection: 5iE WIERE i (AT Lk
Component: f & LI A4k
Area: H75E XA L
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(3) F L% HEIR Protel 99 SE ¥ H BT L kD)% JLF miik 100%, {HIFAREH
ML SR G . 925 b, AN S RAAEANREL R, S U IRk f 2 A R
MBS KL, A AL R Fb— S0 Sl i) Bl e B AR A1 4
BAE HAATL LA BT 2T LB, A Reks iR AR B T A9 R 56 . T LATZR A i
B bR AT IR . AT Bl R,

SR B R E L AR R (AT, S AR DR BT, 4 2
WA AR Z M. AR5 MR B B, i BT, B PUT R A4 Place /

Interactive Routing, % /it PlacementTools T H.4¢ (] re Fedl, JFiRfnsk. L8]
REAE B /7 AR E kA o, s LU0 5 F i ORJE) 4k8mk, wafi
25 N R R E ey A B ko

WE: W T AL, &n] DR B3 rdr bR o A 2e, AT &
Tools/ Un-Route, F #h#r£k th HA 4 Fhoy 2L, 43 51 4 “All” “Net” . “Connection” F1“Component”,
HIhhes Az G0 .

(4) mlt. B2 Lo 'S MOCFheiti: AR M8, A T T3
ARl ATERCR, W BT S . A5 S5 E B ROURR TR AR —Jofh, Xk bR 228 4T
FFH T EYERHEHE, sidi “Global>>" #4274 R EYEE M, 425l “Designator (4
507 R “Comment (SCEFRED” FRZEH “Hide TU” #E, sith OK Ja BT T sofids
5 ML P BRI R B o
W 10 R PICER WIS, He b2 )z (TopOverlay) L, FFUT

HLfir 4 Place/String (i & 54 5 45 B Bk sii i PlacementTools T H 4% L1 T pewr, teezen
A EHE AN AR 2 B BCE SIS, Tk 0 S R 2 A [

2. o' B SR B TTRESET X IO I AN B 2k o AL T oo 22 B 2 1R S
AR BT LUSRAE & b, AR5l A ZORAE TOA R R A ILHE A, DL Aoeh2edhe)in, Joff
AR BN SCFRRIEAR BB s IR SO AR AN B SR B AL e B S5 R

7. WML E: S8 PCB Wil 5, FTEVHT &L F A Protel 99 SE S 4 (1A i oy
REREAT RSN, 5 6 A 2hAi e X F LR35 &R T i “Design” S5~ “Rule......”
i A BT AT N

(1) HARERAE: P47 %474 Tools / Design Rule Check..., “Kyill I & 7 X iGHE,
FEAL T PRSI 7 2

On-line: FEGATI, A= AEHRSSCPE, 7 BRI G 48 DX B Hean DRl .

Report: =B . %7 0hREsEsE, b “Routing Rules” Cfii & B IS 7
T AL
B Clearance Constraint: Z4x[flfH. 4 RESHUCE & 1 H FRVFELRI, WITE Az
PSSR E CSuw i S RS o A V1 R S A N = W e L S

i

Pl
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B Max/Min Width Constraint: i K/ /N2 % B o
W Short Circuit Constraint: g4 d24k
W Un-Route Net Constraint: 25 7 A £k (1) I 2%

“Manufacturing Rules” Cilli& SRR &0 $4t TH/h s RS RE e .

“High Speed Rules” Crpdi SRR A I . F A b5 s SR S RN 1 B A DGR 2

(2) & ICAFN AR WERNIENUS, #idid%i Run DRC, JAshdit N2, 45
W5 PCB i A s NSCARAS, BoRi e s WSk “ ORI fiik .DRC,

(3) HIEH i IWEHHE AR IR R (5 6, M2 PCB g ds iz,
i 2 “ Browse “ N R4, {EAF % ik “ Violation” Cifi eI T, K “Violation”
VERN AT G o ARIGHTRPENT, RIGEHYRE. MR B3l T LALLM BUE L 8 145
ST B, BIEDT A B . ARG IS T RO A, BRI DME R, SR %
A BRI

NI - =1 1 v i 7/

(1) #MAW: FERBEBBE T, b TR AR, B AU AR AR L L
IF, EAARRRA S A E AP, ARSI, SRRAECNE T .

PUAT A4 Tool/Teardrops..., BRIE LT A FEE RIS FLAMNERG, JHRFRE A R
J& (Arc) FIFEJE (Track) Wil BE 76 G Hiti OK RIRTHATHMER#AE, MR 5-3
PioRe

(2) WU o T4 s s R B T RE 0y, G R R B I RO SR AT, e R
ATERJG 5 T SEAE EIRIAR AR B T« T 1T PA A DR B P 19X 2% R T AR 2 1 DX st A e, —
FECRE TSR A B R . OB LB B R JS  F R 20 s O Y L1 5 B e

BT Ffir 4 Place/Polygon Plane... 2% Fiifi PlacementTools 1. H. 4% L = g,
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TR AR S X 7 0 AT SR B /i 4 Edit/Select/Toggle Selection, Kt hrts 3 AR X ik
WAL EALE, i RS Zc Bk 2 o F TR A4 Edit/Clear, RITTT MR T 1 7 1R SICHT X 45k o

(3) i Rl fL I BRI e vt b 22 A AL BORARPUA ST, RIDRE e ) 5
AT DX 2%

HEHAT I B dr 4 Edit/Select/Net, FFLA-F20thadi o fr g @b ity pa g 1, bR 2o Sl
S8 o B DR IZ M % . FEETSE AT 4 Tools/Outline Selected Objects, R 4: [ 5% 4 3% 5 1)
W2 AT R, BAERUNE RS, B s S miess, Bnr oot fae,
HOR W 5-4 s

HE N0 EOE K )

K 5-4
(4) FIVENR22 50 1 ENRIRR DY FE BAR H e R A o s kB 22 5L, DU T 2205 5 [
S AR, HIERR 22 £ ] DU SR el fLOR SEE,  (HAL S T AN
Y AHATIE A4 Place/Pad 2k ¥l PlacementTools T L4 1) @ fiesll, A5 048437
A B THUR, AR5 W3 — a5 i N LR XTI HE, # X-Size. Y-Size. Hole Size =T
EOAHFEME, BP3AMR 22 FLIK EHAT; fF Advanced k25 5G] Plated, #i5E Jo AR VY & R 2 22

FLIENE 52 o
R N T AL B R, AR BCE 2 AT B U R i din 4 Place/Coordinate B%
PlacementTools T H.4 Ff#"" #4l, 7EDUA FoE thALfoORi B A, AR5 Tl 2B L
Bl k.
(5) 3D Z#: 3D HURIE A LIE i PCB [MISZBrRcR, A& BIEE 26 E, soft
A SR TR B, A EL 2 ) U e

T4 4 View/Board in 3D BE TH i o 941, W LLE 5 3D AR

(6) dRiERGT: USRI R RS, W 5 EAE PCB AR EARERLE R (K
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AN, AERSRRE AN B A AR
WIR— B MA7 A YR MU 4 (Mechanicald).

IR PUTEH 4 Place/Dimension B HLil5 PlacementTools T H 4% [ > ﬂz!ﬁﬂ

W= FERGIRRAE RO, %ah5a |- Tab 8, wEILEME; S#HECHaE o
R TG Y BUbR 22 B0t B T e B LR M o AR 2O TR AE P a] BUO RO AR i s B (Height)
LT (Line Width) . BA7 R /738 (Unit - Style). FRIESCTFHIEE (Height). A
ECF I (Width), ST AR (Font). etz (Layer). S miABds. 28 pi AR bRas it
ATHCE . WA PLE R Ei e A8 e (Locked) MIEFIRA (Selected).

- LRSI A > 42 E i a0 VA WIS 8 R Va7 & AN R TG b i R VA

MBI ChR RIS AR, Rl SR 2 B BV R JBCE RS AR

9. TR B ATENHHY

(1) fRA7FLB AR BE VT SO BRATSE B Files/Save As i 4, 763 H 0 T 1 P s A0 N
PR, AT AR R S A% A

(2) SO A PRATSE R Files/Export... fiy4>, 7EHf H T 1 mp sk A 1 i i SC
iR, A R SRS . & AT LUKE PCB SCAT L il AutoCAD 4% A SC A
HyperLynx %X 3CfF. PCAD2000 A% XS, XEESCA s A& T I W4T Bk =X

(3) FTE%H: JE3dT File / Printe / Preview... 3¢ ¥y 4, REUK &4 Preview i
KELJE L% PPC SCF . HEN Preview JEUKHEIE Hil PPC SCAF, 48 J5 1% #% File / Setup Printer...
T4, LB STENPLAYZRAL. £E Printer HAEHE R E£E4TEINLA . £ PCB Filename %A
BoR T T EATENR SR 44 . B a AT S L4 File / Print BUAHSG iy & 24T 4T HI
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v ER/ENAE

Sl

1. FESL—ANEEEEE, B4 “ H i PCB Joftlib”, f3E £ A H i o b K
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