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COPYRIGHT NOTICE

© Labcenter Electronics Ltd 1990-2019. All Rights Reserved.

The Proteus software programs (Proteus Capture, PROSPICE Simulation, Schematic Capture
and PCB Layout) and their associated library files, data files and documentation are copyright ©
Labcenter Electronics Ltd. All rights reserved. You have bought a licence to use the software on
one machine at any one time; you do not own the software. Unauthorized copying, lending, or
re-distribution of the software or documentation in any manner constitutes breach of copyright.
Software piracy is theft.

PROSPICE incorporates source code from Berkeley SPICE3F5 which is copyright © Regents of
Berkeley University. Manufacturer's SPICE models included with the software are copyright of
their respective originators.

The Qt GUI Toolkit is copyright © 2012 Digia Plc and/or its subsidiary(-ies) and licensed under
the LGPL version 2.1. Some icons are copyright © 2010 The Eclipse Foundation licensed under
the Eclipse Public Licence version 1.0. Some executables are from binutils and are copyright ©
2010 The GNU Project, licensed under the GPL 2.

WARNING

You may make a single copy of the software for backup purposes. However, you are warned
that the software contains an encrypted serialization system. Any given copy of the software is
therefore traceable to the master disk or download supplied with your licence.

Proteus also contains special code that will prevent more than one copy using a particular
licence key on a network at any given time. Therefore, you must purchase a licence key for
each copy that you want to run simultaneously.

DISCLAIMER

No warranties of any kind are made with respect to the contents of this software package, nor
its fitness for any particular purpose. Neither Labcenter Electronics Ltd nor any of its employees
or sub-contractors shall be liable for errors in the software, component libraries, simulator
models or documentation, or for any direct, indirect or consequential damages or financial
losses arising from the use of the package.

Users are particularly reminded that successful simulation of a design with the PROSPICE
simulator does not prove conclusively that it will work when manufactured. It is always best to
make a one off prototype before having large numbers of boards produced.

Manufacturers’ SPICE models included with PROSPICE are supplied on an ‘as-is’ basis and
neither Labcenter nor their originators make any warranty whatsoever as to their accuracy or
functionality
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SCHEMATIC CAPTURE TUTORIAL

INTRODUCTION

The aim of this tutorial is to take you through the process of entering a circuit of modest
complexity in order to familiarise you with the techniques required to drive the schematic
capture module in Proteus. The tutorial starts with the easiest topics such as placing and wiring
up components, and then moves on to make use of the more sophisticated editing facilities,
such as creating new library parts.

An accompanying tutorial in the PCB module then continues the project development using the
completed schematic drawn in this tutorial.

For those who want to see something quickly, DSPIC33 REC_SCHEMATIC.pdsprj contains the
completed tutorial circuit but no layout while DSPIC33_REC_UNROUTED.pdsprj and
DSPIC33_REC_COMPLETE.pdsprj both contain a completed schematic and a PCB. All of
these projects can be loaded from the Open Sample command on the Proteus 8 home page
under the tutorials category.

I sample Poects v N e

Results {5)
Keywords
Category Title o
7] Match Whole Words Orly 2 Tutorials Analogue Simulation Tutorial (Part 2)
3 Tutorials dsPIC33 recoder (completed)
Category =
Interactive Sirmulation " 4 Tutorials dsPIC33 recorder (schematic anly)
Schematic & PCB Layout 5 Tutorials dsPIC33 recorder (unrouted) i
Tutorials
VSM for 8051
VSM for 8086 =

Analogue Simulation Tutorial (Part1)

Sub-category (Feature)

[4l] Category: Tutorials
Analogue Simulation Features: Analogue Simulation
Layout

Schematic

[ Open l I Cancel J

@ Note that throughout this tutorial (and the documentation as a whole) reference is
made to keyboard shortcuts as a method of executing specific commands. The
shortcuts specified are the default or system keyboard accelerators as provided
when the software is shipped to you. Please be aware that if you have configured
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your own keyboard accelerators the shortcuts mentioned may not be valid.
Information on configuring your own keyboard shortcuts can be found in the
General Concepts section of the Documentation.

Creating a New Project
We shall assume at this point that you have installed the Proteus 8 software package.
To start the software, click on the Start button and select Programs, Proteus 8 Professional and

then the Proteus 8 application. The main application will then load and run and you will be
presented with the Proteus home page.

@ If you have a Demonstration copy of the software you can start the Proteus
application via the Proteus 8 Demonstration tab from the Start Menu.

In order to create a schematic we must first create a project. Since this tutorial is partnered with
the PCB tutorial we will create a project for schematic/PCB.

Start by pressing the new project button near the top of the home page in Proteus.

Open Project ( Mew Project » Import Legacy Design | Open Sample

On the first page of the wizard specify a name and path for the project.

—

,
S e o s S g2

Project Name

Mame MY_PROJECT.pdsprj

Path  D:\PROTEUS PROJECTS) Browse

@ Mew Project () From Development Board Blank Project

We need a schematic so check the box at the top of the next step and then choose the default
template.
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)
E New Project Wizard: Schematic Desig [N

Create schematic design fram the zelected template:

Dezign Templates

Landscape A0
Landscape A1 |

Similarly, we need a layout so check the box at the top of the layout page and again choose the
default template.

.
E New Project Wizard: PCE La -2 eS|

Create PCE lavout from the zelected template:

Layout Templates

Double Eurocard [2 Layer)

! Double Eurocard [4 Laver) i

The next screen allows us to define the layer stack for our PCB. Since we will be designing a
simple two layer board there is no configuration necessary here.

@ MNew Project Wizard: PCB Layer Stackup ? X
D Mame Type Material Thickness Diglectric  Power Plane
TR Top Resist Surface Resist 10um 350
TOP Top Copper Signal Copper 18um
Core FR4 1.55mm 480
BOT Bottom Copper Signial Copper 18um
BR Bottom Resist Surface Resist 10um 350
< >
Stackup WwWizard Create Power Plane Total Thickness: 1.606mm Slot Layer:| [JMech 1 ~
Back Mext Cancel Help

@ For multi-layer PCB's the stackup wizard button would be used to define the
number of copper layers, cores and pre-preg's. This is discussed in more detail in
the accompanying PCB tutorial.

The next screen is for configuration of drill spans. Again, for our proposed 2-layer board the only
possibility is thru-hole so there is no action required.
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@ New Project Wizard: PCB Drill Pairs ? X
#  Mame Start Layer Stop Layer Type
1 THRU Top Copper Bottom Copper Through Hole
| Create from Cores | | Create from Vias | | Add | Delete
[ ne [ o ||

The final screen in the PCB configuration is simply a preview of a PCB cross section that
displays visually what has been set up in the previous screens.

@ New Project Wizard: PCB Board Preview

Surface, 10um Resist

Core, 1,55mm FR4

Surface, 10um Resist’

[ hext ]| cancel |

Help

We are not simulating the design so leave the firmware page blank and continue on to the

summary which should look like the following:



Schematic Capture

E New Project Wizard: Summary @ﬂ—hj

Summary

Saving As: D:\TempMew Project.pdsprj
v’ Schematic
/ Layout

Firmware

Details

Schematic template: C:\ProgramDataLabcenter Electronics\Proteus 8 Professional (DEV)\TEMPLATES\DEFALLT.DTF
Layout template: C:\ProgramData\Labcenter Electronics\Proteus 8 Professional (DEV)\TEMPLATES\DEFAULT.LTF
Mo Firmware Project

Click on the finish button to create the project.

I A schematic template can contain sheet size, colour scheme, company logo, header
block and various other aesthetic presets. Further information can be found in the
Templates chapter of the reference manual.

kr A PCB template can contain board edge, mounting holes, design rules, layer stack and
various other technology information. Refer to the Templates chapter in the PCB
documentation for more information.

Ik The configuration of the Layer Stack and Drill Spans is really important for multi-layer
PCB's and is discussed in some detail in the reference manual.

The project will open with two tabs, one schematic capture and the other for PCB layout. Click
on the schematic tab to bring the Schematic module to the foreground.

E Mew Project - Proteus 8 Professicnal (DEV) - Schematic
File Edit View Tool Design Graph Debug Libi

DEEN AEE«aGEE-~| @

[E8 Schematic Capture PCE Layout

Sil— |
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Guided Tour

The largest area of the screen is called the Editing Window, and it acts as a window on the
drawing - this is where you will place and wire-up components. The smaller area at the top left
of the screen is called the Overview Window. In normal use the Overview Window displays, as
its name suggests, an overview of the entire drawing - the blue box shows the edge of the
current sheet and the green box the area of the sheet currently displayed in the Editing Window.
However, when a new object is selected from the Object Selector the Overview Window is used
to preview the selected object - this is discussed later.

ENEW Project-ProtEusSPn;fes;onal (DEV}—Schemat[cCapture:- “_‘ =SHCCS X

File Edit View Tool Design Graph Debug Library Template System Help

NSEN AEECEED | @ B4 +8a8Q
DR EEEE SRS (G SR BRD B

[E8 Schematic Capture x FCE Layout X

Overview
Window

+ [
“+3(°0Q

[P} DEVICES

Editing Window

Object
Selector

® [ < 0| F it

} I' “ ] [i] Mo Messages

Root sheet 1 -18850.0  -150.0 th
(e

Schematic Capture Window

If you don't like the default layout of the toolbars you can pick them up and dock them on any of
the four sides of the application. Similarly you can move the Object Selector & Overview
Window pane across to the right hand side of the application by dragging the end of it all the
way across to the other side.

©® Toolbars and menu options will switch according to which tab is active (at the front).
Throughout this tutorial when we refer to an icon or a menu command we are
assuming that the schematic tab is active.

Right clicking the mouse either in the Object Selector or in the Overview Window will provide a
context menu, including the option to ‘auto hide’ the left hand pane. This is extremely useful if
you want to maximise the editing area of the application. When enabled the Object Selector and
Overview Window will be minimised to a ‘flyout bar’ at the left (or right) of the application by
default and will appear either when the mouse is placed over the bar or when the mode of
operation is changed by selecting a different icon.
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¥ dsPIC33 R

J: @@ opevices | File Edit )
ZN7002 _ =
TE |, _— @)=
il Pick from Libraries
= ix Library Manager BB Schen
Delay | Tiay >
1 [ea o
CH =
g 2
Ol |y
# | CH Delete = =2
@ CH =
tH 15 T
oo ag Instances -
/ EE Package Allocation :D: ,"—L
o~ CR . =3
O DS Auto hide b B3
~ |JUMPER %—v* I3
2
Auto hide the Object Selector Device Mode Icon

Navigation of the view displayed in the Editing Window takes two forms; adjusting the scale of
the drawing (zooming) and adjusting the area of the drawing displayed (panning). These
techniques are somewhat intertwined and are discussed in more detail below:

Zooming

There are several ways to zoom in and out of areas of the schematic:

@ Point the mouse where you want to zoom in and out of and roll the middle mouse button
(roll forwards to zoom in and backwards to zoom out).

@ Point the mouse where you want to zoom in or out of and press the F6 or F7 keys
respectively.

@ Hold the SHIFT key down and drag out a box with the left mouse button around the area
you want to zoom in to. We call this Shift Zoom

@ Use the Zoom In, Zoom Out, Zoom All or Zoom Area icons on the toolbar.

Zoom Icons
@ The F8 key can be used at any time to display the whole drawing.

@ The Shift Zoom and the middle mouse zoom techniques can also be used over the
Overview Window. That is, you can position the mouse over the Overview Window
and either roll the middle mouse button or use Shift Zoom to navigate in or out of an
area of the schematic.
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Panning
As with zooming, there are a number of options for panning across the editing window.

@ Click on the middle mouse button to enter track pan mode. This puts the schematic in a
mode where the entire sheet is picked up and will move as you move the mouse. The
track pan cursor will indicate when you have entered this mode. Left click the mouse
again to exit track pan mode.

@ To simply 'pan’ the Editing Window up, down, left or right, position the mouse pointer over
the desired part of the Editing Window and press the F5 key.

@ Hold the SHIFT key down and bump the mouse against the edges of the Editing Window
to pan up, down, left or right. We call this Shift Pan.

@ Should you want to move the Editing Window to a completely different part of the
drawing, the quickest method is to simply point at the centre of the new area on the
Overview Window and click left.

@ Use the Pan Icon on the toolbar

©® Note that when using the track pan method above you can also zoom in and out by
rolling the mouse wheel. So, click the middle mouse button to pick up the sheet and
move the sheet by moving the mouse and zoom the sheet by rolling the middle
mouse button. Left click to 'drop' the sheet and exit track pan mode.

It is well worth spending a few moments familiarising yourself with navigation in Proteus - it is
after all one of the most common operations you will perform. In particular, learning to use the
middle mouse button both for track pan and for zooming will save you time during schematic
design.

A grid of dots or lines can be displayed in the Editing Window as a visual aid using the Grid
command on the View menu, or by pressing 'G' to toggle the grid from ‘dots’, ‘lines’ or ‘off, or by
clicking the Grid Icon on the toolbar. The grid helps in lining up components and wires and is
less intimidating than a blank screen. If you find it hard to see the grid dots or lines, either adjust
the contrast on your monitor slightly (by default the grid is displayed in light grey) or change
their colour with the Set Design Defaults on the Template menu.

Below the Overview Window is the Object Selector (sometimes known as a 'parts bin') which
you use to select devices, symbols and other library objects. We'll familiarise ourselves further
with using the Object Selector later.

Finally, at the bottom of the screen is the co-ordinate display, which reads out the co-ordinates
of the mouse pointer when appropriate. These co-ordinates are in 1 thou units and the origin is
in the centre of the drawing

+200.0  +2000 th

Origin Co-ordinates
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@ Note that Proteus allows you to reposition all the icon toolbars as well as
move/resize the Object Selector/Overview Window. Do be aware however, that this
documentation refers to all the rebars and windows in their default locations.

Visual Aids to Design

Proteus is designed to be as user friendly as possible and provides two main ways to help you
see what is happening during the design process — objects are encircled with a dashed line or
‘twitched’ when the mouse is over them and mouse cursors will change according to function.
Essentially, the object-twitching scheme tells you which object the mouse is over (the ‘hot’
object) and the mouse cursor tells you what will happen when you left click the mouse on that
object. While extremely intuitive, a summary of cursors used, together with their actions, is
provided below:

Cursor | Description

Standard Cursor - Used in selection mode when not over a 'hot' object.

Placement Cursor - Placement of an object will commence on a left click of the
mouse.

Hot Placement Cursor - Appears green when placement of a wire is available on left
click of the mouse.

Bus Placement Cursor - Appears blue when placement of a BUS is available on left
click of the mouse.

Selection Cursor - Object under the mouse will be selected on a left click of the
mouse.

Move Cursor - The currently selected object can be moved.

Drag Cursor - The wire or 2D graphic can be dragged by holding the left mouse
button down

Assignment Cursor - When over an object (having set the Property Assignment Tool)
You can assign the property by left clicking the mouse button.

Eﬂ%’q—»%@@\% <% |57

We will see more of the different cursor types throughout the course of the tutorial.

Keyboard Shortcuts

For those customers who prefer to invoke commands and dialogues via the keyboard Proteus
provides a comprehensive and flexible scheme for assigning shortcuts. The dialogue form is
invoked from the System Menu — Set Keyboard Mapping command, where all commands and
operation modes can be accessed from the combo box at the top. Simply select the command
you want, apply a key sequence and assign it to that command
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[EB Edit Keyboard Map A X

Command Groups:

[Schematic Window [File Menu) Commands v]

Available Commands:
E Irmport Legacy DSH file -
Impart Image
G5 Import Section
5y Export Section
Export Bitmap
Export Metafile
Export [W=F File
Export Encapsulated Postzcript
Export Adobe POF File
E xport Yector File

050 Print Design
Eﬂ; Frint Setup =

m

Key zequence for zelected command:

<Mokep Set> Azzign |Inazzign

o) (ot

Keyboard Mapping Dialogue Form

@ While there are few limits on shortcuts, a few standard windows accelerators are
restricted as they are global across the entire Proteus system (e.g. CTRL+S for
save).

Display Options

Proteus is capable of harnessing the power of your computers graphics card to speed up
operation and present a crisp and smooth display. However, as not all machines have sufficient
graphics cards the software is also capable of using Windows to perform display and graphical
operations. The available modes of operation are called:

@ Windows GDI Mode.

@ OpenGL Hardware Accelerated Mode.

@ Direct 2D Hardware Accelerated Mode.
If your graphics card is not powerful enough to support hardware acceleration then Proteus will
simply default to Windows GDI mode. Should your computers graphics card be capable of both

Direct2D and OpenGL the system will default to Direct2D mode as this tends to be more reliably
implemented by graphics card vendors.

10
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Configuration of the screen display takes place from the Set Display Options on the
System menu. Some of these options are specific to a particular hardware acceleration
technology and will be disabled when a different mode is enabled.

[EB Set Display Options X

Graphics Mode:
Your graphics card reportz that it supports Open GL in hardware.

Usze windows GDI Graphics
Uge Double Buffered Windows GDI Graphics

Use Direct?D Graphics [Hardware Accelerated)

Auto-Pan Animation:

Pan Digtance: {J
Mumber of Steps: 3
Pan Time [ms): 100

Highlight Animation:

Animation Interval (ms| 100

Attack Rate: {J
Release Rate: 0]

Multi-S ampling: [ 4 - [ ok | [ Cancel

M.B. Muli-zampling places significant demands on your graphics card,

The Set Display Options Form for OpenGL and Direct2D

The first section of the dialogue reports on whether your graphics card will support OpenGL
and/or Direct2D hardware acceleration and, if so, allows you to switch between graphics mode.

The auto-pan section of the dialogue allows you to control distance, smoothness and speed of
pan operations on the schematic. For example, holding down the shift key and bumping the
mouse against the edge of the window will auto-pan the screen.

The highlight animation options allow you to specify the speed at which objects become active
when the mouse is moved over them. The attack rate is the rate at which the object is
highlighted and the release rate is the speed at which the object returns to its default state.
These options are only available in hardware accelerated display modes.

Finally, the multi-sampling combo box allows you to specify the level of anti-aliasing you want
when working in OpenGL mode. The higher the level of multi-sampling the better the anti-
aliasing effect but the more GPU resources are consumed. If you select a level of multi-
sampling which is not supported by your graphics hardware the software will reset the level to
the closest one which your card can handle.

. What you get with multi-sampling varies enormously between graphics cards. Some
present extremely smooth text, while with others it looks blurry and on a few it causes
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display issues. We would suggest you being with multi-sampling off if you choose to work
in OpenGL mode.

ki Configuration of colours and styles in Proteus takes place from the Template Menu. This
allows to change everything from paper, grid and highlight colours to the thickness and
colour of all the object types used in a design. Please refer to the reference manual
section on Templates for more information.

Design Overview

The circuit we are going to draw is shown below. This is reasonably straightforward schematic
that will nonetheless allow us to cover most of the major features of the Proteus schematic
capture package. Being a real-world design, it will also allow users to follow the design through
the PCB phase of development via the PCB tutorial.

E dsPIC33_REC_complete - Proteus 8 Professional (DEV) - Schematic Capture '——-— = i&‘
File Edit View Tool Design Graph Debug Library Template System Help
O E CEEea@EEa- @ B+ +Q983
SRR ESEE R, ERL BRI R
Schematic Capture PCE Layout
P
c [w]
O L
# 0|3
L o
ol§ I
=l 45
I '
[ |
I =
[e]
= |3 |
= i
(B
e |
O
@
&
=
,
=
@
o L | dsPIC33FJ12GP201 Data Record \
® s aRecorder | AT\ MicROCHIP
A omplete Blectronics Design Sy MCL, sersars and memery.
P I Il M| @ toMessages © MCU, sensors and memory
+350.0 7500 th

The dsPIC33 Data Recorder Sample Design

General Description

The dsPIC33 Data Recorder Tutorial circuit is a solid state recorder designed to collect three of
the most important environmental variables:

@ Atmospheric pressure

@ Ambient temperature
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@ Relative humidity

A number of low cost silicon transducers with built-in signal conditioning or digital interfaces
have been used for measurement. This reduces the number of components to the minimum
required for dsPIC33 interfacing.

All measurements get periodically stored into a non-volatile, low power memory in row binary
format for later transfer to a host PC either by using a serial terminal or, more properly, a simple
program (not supplied with the project). For the purpose of this project a serial terminal is used.

The circuit is designed to work with a battery for relatively long period in an unattended
environment and, as such, a particular emphasis has been given to optimizing the power
consumption and consequently the battery life. The recorder will sleep most of the time and will
be woken up periodically only to accomplish the required recording operations.

Circuit Description

The following is a block diagram showing the behaviour and interaction of the circuit
components.

Temperature/Humidity ™

- ¢ Non-Volatile
Digital sensor. | »  64-kbits memory.
Ten_1p_. Range -40 to 120°C 12C standard.
Humidity Range 1 to 99% RH Timer1 ext. elock 32kHz
Serial two wires interface ’_‘ D }_‘
TH_SDA
Abs. Pressure Sensor DSP!C33F‘"2GP2°1 SDA
Range 76 to 122kPa  -— 16-bit general purpose sa ADC Ref. Gen.
Analogue output MCu ANO +Vref = +2.5V
Internal Clock 8MHz AN Vref = +1.5V
ouTP
AN2 AN_SW
Scaling buffer. LPRESS § = Dc/Dc converter
+1.5V @ 76kPa - SWPW | o 3V battery mngr.
+2.5V @ 122kPa | ¥ R
Host Mode

Block diagram of the dsPIC Data Reorder Design

We'll cover the basics of the design construction as we progress through the tutorial but in order
to keep the focus on the practical aspects of using the software, design decisions and theory
will not be discussed in this document.
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Basic Schematic Entry

We’'ll start the tutorial by familiarizing ourselves with the basics of schematic design; picking
components from the libraries, placing them on the schematic and wiring them together.

The design in question is relatively large and there is therefore a reasonable amount of drawing
involved. We provide a completed schematic at the end of this section so, if you feel that you
have mastered the basics at any point, there is no need to continue with drawing the remainder
of the circuitry. We do however urge you to read through the full contents of the documentation
as we introduce important features throughout.

The first thing we need to do is to get the parts from the libraries that we need in our schematic.

Selecting Parts from the Library

You can select parts from the library in one of two ways:
@ Click on the P button at the top left of the Object Selector as shown below. You can also
use the Browse Library icon on the keyboard shortcut for this command (by default this is
the P key on the keyboard).

G Schematic Capture

@ Right click the mouse on an empty area of the schematic and select Place — Component -
From Libraries from the resulting context menu as shown below:
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Place 1| Component @1} From Libraries
Select All Objects * | Junction Dot
== | Text Script
| Bus
E?‘é 1F | sub-Circuit
55
2] = | Terminal 4
L|-J =
> Device Pin ’
1. Root sheet 1 By
.= | Graphs 3
[7] Animation Region
@ Generator 4
| Probe 4
Virtual Instrument 4

Line

Path
Texd

+me>8000
P

Symbol 4
Marker 4

Either of these two methods will cause the Device Library Browser dialogue form to appear.
For reference, the following is a list of all the components we will need for our design:

2N7002 24LCo64 AVX0805NP0O22P |AVX0805X7RIN| AVX08055X7R10N
AVX0805X7R100NB82432T1103K000 BAS40 CHIPRES1K CHIPRES10K
CHIPRES20K CHIPRES68K CHIPRES100K CHIPRES100R CHIPRES200K
CONN-H2 CONN-SIL4 CONN-SIL6 CRYSTAL DSPIC33FJ12GP201
JUMPER LED-RED LM285-2V5 LM358 MAX1724
MPX4115 SHT15 TAWD106M025R0600

There are several ways in which we can find and import components from the libraries into the
schematic. In the case of parts where you would know the part name it's usually best to start the
search with that. Try entering '2N7002’ into the Keywords field on the Device Library Browser
dialogue form. This gives a direct result and we can then simply double click on the part in the
results list to import it into the schematic. When you do this you should notice that the part now
populates the Object Selector as in the following screenshot.
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[G8 Schematic Capture

= DEVWICES
L e

i

=

L= |

The 2N7002 in the Object Selector

Given that we know the names of all the parts we want we could simply proceed by using this
technique to bring in all the components we need. However, this may not always be the case
and Proteus provides several methods for finding parts in the component libraries. One of the
most intuitive is to use the library browser a little like an internet search engine, typing in
descriptive keywords and then browsing the results to find a specific part. Try this now with the
resistors, typing in “1k resistor’ in the keywords field of the library browser dialogue to locate the
CHIPRES1K component (double click on the part in the results list to import into the schematic).
We could similarly search for “10k SMT resistor’ to find and insert the CHIPRES10k component
and so on.
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-
&8 Pick Devices

- )

Keywords: Besults (10]: CHIPRESTE. Preview:
Tk SMT resistor Device Library Description Analogue Primitive [RESISTOR
7
g";mhﬂlm'e:’\!”f; e E CHIPRES11K RESISTORS  0.1%, 1%, 100ppm, SMT Thick fim chip resistor [RL5000)
PR (SIS LA HIBEIEEE CHIPRESTK.  RESISTORS 1%, 100ppm. SMT Thick film chip r i ]
Lategony: CHIPRESTKT RESISTORS 0.1, 1%, 100ppm. SMT Thick film chip resistar [RLS000)
[ E CHIPRESTKZ RESISTORS 0.1, 1%, 100ppm. SMT Thick film chip resistar [RLS000)
Resistors CHIPRESTEZ RESISTORS 0.1, 1%, 100ppm, ST Thick film chip resistor (RLS000) _:_
CHIPRESTKS RESISTORS 01w, 1%, 100ppm. SMT Thick film chip resistar [RLS000)
CHIPRESTKE RESISTORS 01w, 1%, 100ppm. SMT Thick film chip resistar [RLS000)
CHIPRESTKS RESISTORS 01w, 1%, 100ppm, SMT Thick film chip resistar [RLS000]
CHIPRESSIE RESISTORS 01w, 1%, 100ppm, SMT Thick fim chip resistar [RLS000]
CHIPRESSIE RESISTORS 01w, 1%, 100ppm, SMT Thick fim chip resistar [RLS000]
FCE Preview:
Sub-category:
Manufacturer:
< 1 3 [ QK ] [ Cancel ]

Picking a CHIPRES 1K Resistor from the Pick Devices form

Note that there are web search results accessible by clicking on the yellow bar at the bottom of
the search display. This provides free access (you need to register a free account) to over 15
million library parts, meaning that if the part is not included with the installed libraries you can
still source it from this dialogue form.

@ You can customize the information displayed in the Library Browser’s results list by right
clicking the mouse on the results list. The context menu provides you with options to display
Categories, Sub-Categories, Manufacturer and Library alongside each result.

It may be that we simply want to browse for a specific type of part and/or one available from a
specific manufacturer. To take an example, clear out the contents of the keyword field and then
select the Capacitors Category. In our design we are looking for some Nickel Barrier caps from
AVX so we can further filter the results set by selecting Nickel Barrier from the sub-category
field and AVX from the Manufacturer field. There are still a large number of caps available so
we might type in 22p’, “1N’, etc. in the keywords field to isolate and select the particular
components we require (AVX0805NP022P, AVX0805X7R1N and so on).
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Whilst this exercise is a little contrived given that we are starting from a preset list of parts, the
techniques described are flexible enough to allow you to locate any library part quickly. Work
through the full parts list for the design (as provided above) now using one or more of these
methods to find and select the parts into your design. When you are finished you should have
all of the required components in the Object Selector as shown in the following screenshot.

(@08 oevices
EXE R

24LCE4
AW0305NPOZZP
AW 0B057R 1M

A 0B05-7R 10
A4A0305:7R100M
B82432T1103K000
BASAD
CHIPRESTK
CHIPRES10K.
CHIPRES20K.
CHIPRESEK.
CHIPREST00K,
CHIPRES100R
CHIPRES 200K,
CONM-H2
COMM-SIL4
COMNM-SILE
CRYSTAL
DSPIC3I3RN2GR2M
JUMPER

LED-RED
Lh285-25

L4358
Mae1724E2K50
MF=4115

SHT15
TAW/D106MOZ5R 0600

A Full list of required components

For example, if you wanted to search for a specific stockcode you would need to make sure that
the stockcode column was enabled (right click on results list) and then type something like ‘digi
<stockcode>' to locate the digikey stockcode.

Similarly, if you want to search through only your own library parts, you can simple enable the
library field and then type something like ‘user <partname>’; the user term will filter the results to
the USERDVC library thus reducing the search range to your own libraries.

© Itis inevitable that at some point there will be parts needed for a project which
aren't supplied in the installed libraries. In such cases you can quickly download
and import the parts free of charge from popular third party vendors such as Ultra-
Librarian, SnapEDA, Library Loader or PCB Library Expert. The process is
discussed in detail in the reference manual and also covered in video format on the
website and our Youtube channel.
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Placing Objects on the Schematic

Having selected the parts we need the next thing is to actually place them on the drawing area
— the Editing Window — and wire them together. You'll notice from the screenshot that we have
also split the contents of the schematic into logical blocks of circuitry. This is partly aesthetic but
also reduces wiring clutter on the schematic and will allow us to cover the use of terminals to
form connections as we work through the tutorial.
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1noR = Dz
BAsO CONN-SILE
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‘:l P4
[i<]
u1 -

(=) REO/CHGR POMNZEMUD 1RGO {1 PRESS
WODCORE RELCNS/R P UANTEMUC LAGC 1 0 TH sDA
RELCH1RPLEOSC VEMUDIPG DI 1 AN_S
RALICHZAR EFHAND/EN D2/PG D2 RAT/CNZIRPTANTD 0 couok
RATICHIAREF-ANIFEMUCZ/PGC2 RESCHZ2ZRPESDAT 1 S08
RAZICNIOG LKIDSCI RESICNZIRFSC LT Q scL
RAMCH2SC LKDOSCO RETLCHAZIR P LMNT
RALCHDTICKISSCO/EMUCIREEI RETSICN1URF1SANG

RECORD

I

1 Tx
1 RX

DSFIC33F126 P201

FIZIC 6T THEDA sl SHTTS
WEC-¥DD =

PROTELS dsPIC33FJ12GP201 Data Recorder

ﬁ\ MICROCHIP
The Complete Electronics Design System MCU, sensors and memory.

Main Sheet of the dsPIC33 Data Recorder Schematic

We are going to start off simply and complete the block of circuitry comprising the 12C Memory
device as shown below.
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R2 R1
10K 10K
R3 ] uz 1
scL O AVAVAY - SCK a0 —
100F T S0A A1 —
Wep a2
R4 UCLE+
S04 e
2 AN = WO =y 0D =

12C circuit section

Begin by placing the 12C memory device as follows:
@ Select the 24CL64 device from the Object Selector.

o b
T—SDP. .“.1T
R T R

= EM oevces

2M7002

bk
1 avososnro gp

= | AWH03057R1N

@ Left click on the schematic to enter placement mode.

@ Move the mouse to the desired location for the part, then left click the mouse again to
‘drop’ the part and commit placement.
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Often we need to move parts or blocks of circuitry after placement and now is a good time to
cover the different ways in which we can do that. The procedure for this should be familiar to
most users; we need to select the object(s) we want to move, left depress the mouse, drag to
the new location and finally release the mouse to drop.

We can select an object in several ways as detailed below:

@ Choose the Selection Icon and then left click on the object. This is a standard technique
found in most graphical applications and will tag any object. Bear in mind when using this
technique that you must change back to component mode for example, when you wish to
perform other actions such as placing components etc.

@ Right clicking the mouse on an object will both tag the object and present a context menu
containing available actions on that object.

@ Draw a tagbox around the object by depressing the left mouse button and dragging the
mouse to form a box encompassing the object to be selected. This method will work for
any object (or indeed sets of objects). Sizing handles are provided to allow you to resize
the tagbox in the event that it does not fully enclose the object. This is the technique that
should be used for moving multiple, connected objects or blocks of circuitry.

We’'ll get plenty of practice moving things around as we lay out the schematic; for now just use
one of these techniques to move the memory device down towards the bottom left of the Editing
Window in roughly the same position as in the screenshot at the top of the section.

Having placed the memory device, we now need to get the peripheral circuitry down and
oriented correctly. We are going to need two 10k pull up resistors and two 100 Ohm resistors for
the data and clock lines. Additionally, we are going to need to use terminals to achieve
connectivity with power, ground and other sections of circuitry. Begin by selecting the
CHIPRES10k device and click left once on the anti-clockwise Rotation icon (shown below); note
that the preview of the resistor in the Overview Window shows it rotated through 90°.

c )

< i %

i +

L LB

t = (@M DEvices
| 2700z

Using the Rotation Icons with the Overview window
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Now place the resistor above and to the left of the memory device in the same way as before.
Then, simply left click again on the Editing Window to start placing the second 10K resistor just
beside the first one.

Next, select CHIPRES100R, rotate appropriately (see above) and place two to the left of the
memory device in line with the SCK and SDA pins.

©® You can also rotate parts 'live' when in placement mode. Left click the mouse once
to enter placement mode (at this point you will see the component outline following
the mouse) and then use the '+' and '-' keys on the numeric keypad to rotate the
component as you are placing it. Left click again to commit the placement in the
normal way.

We use terminals in schematic design simply to terminate a wire and assign a connection. Often
this connection is to either power or ground but it can just as easily be to another wire
elsewhere on the circuit. Terminals allow us both to vastly reduce actual wiring (avoiding
spaghetti schematics) and to make connections between different sheets on the schematic. To
place terminals, start by selecting the terminal mode; this will switch the Object Selector and
provide us with a listing of the available terminal types.

We need a power terminal, ground terminal and also two default terminals for the connections
on the 12C bus. From this stage, placement and orientation are identical to any other object in
Proteus and should now be quite familiar. Place the appropriate terminals in their approximate
locations now, such that the area around the memory device now looks something like the
following

k
i} LOBEL T
+

=@  TERMINALS

L
:D: INPUT r\!\

OUTPUT

IDIR
'WER
2 [GROUND

BUS

Selecting the Default Terminal

Unless you are fairly skillful, you are unlikely to have got all the components oriented and
positioned entirely to your satisfaction at the first attempt, so now is a good time to practice
moving things around as discussed earlier. In particular note that you can drag a tagbox around
a group of objects to move the lot in one go.
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YOD
Rz R1
10k 10k
R3 B = 1
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Components positioned correctly

Similarly, you can clear a selection (or group of selections) either by left clicking in empty space
or by right clicking in empty space and choosing the Clear Selection option from the resulting
context menu

| SECTEETTER e | TECTECETPREPEes ]
R3
sl 00—
100R
- <TEXT=
R ¥
soa O—  —4AN—
100R
=TEXT=
[Fpemosscssssoscns i [ ]

Dragging components

Remember that you can rotate while moving by using the '+' and '-' keys on the numeric keypad.

Wiring Up

Having placed all the requisite components we now need to wire them together. There are three
main techniques used to help make wiring a circuit as simple and quick as possible:

Modeless Wiring

There is no 'wiring mode' in Proteus - wires can be placed and edited at any time, without the
hassle of entering a dedicated wiring mode prior to placement. This means less mouse travel,
less mode switching and quicker development.

Follow-Me Wire Autorouting

After starting to place a wire, the proposed route of the wire will follow the movement of the
mouse orthogonally to the termination point of the wire.
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Live Cursor Display

The cursor will change as a visual indicator when wiring to show when a wire can be placed,
when a wire can be terminated and when a wire is being placed.

The basic procedure for placing a wire between two pins is given below, using the connection
between the SCK pin of the memory device and the 1000hm resistor as an example:

@ Move the mouse over the SCK pin on the memory device - the cursor will change to a
green pen.

@ Left click the mouse and then move it to the left until it is over the pin of the 100 Ohm
resistor. The wire will follow the mouse and the cursor / pen is white during wiring

7 b
scL O— —AAM— — s
100R > SD/
WP
@ Left click the mouse again to commit the connection and place the wire.
R3 .
g

scL O— —AW —s

100R - S5

I it

The procedure for wiring onto an existing wire is almost identical but there are a couple of items
to note:

@ You cannot directly start a connection from an arbitrary point on a wire; in our example
you want to start the connections from the pin and terminate them on the wire.

@ When you terminate the connection on another wire a junction dot will be placed
automatically to complete the connection.

Dragging a wire

If, during a design, you want to make a wire-to-wire connection you must first place a junction
dot on the wire and then wire from the junction dot to the other wire

If you want to adjust a wire after placement (for example, the wire from the SDA pin to the
resistor) then simply right click on the segment you want to move and then either select the
‘Drag Wire’ context menu option or simply depress the left mouse button and drag to the new
location.
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Armed with the above you should now be able to connect up all of the circuitry, so that your
schematic now looks something like the following

R2 R1
10K 10K
R3 ; uz 1
O AVATLAY S| SCk Al —
10O0R so4 Al

T 3

Ll p a2
i ACLEL
m] I

— WCC=YDD —
100R - -

3

Schematic section with all parts / terminals placed

©® Remember, Proteus provides visual indicators to help you. If the cursor turns green
you can start/stop wire placement.

Connectivity by Touch

The following basic rules of thumb may be helpful:

@ lif you are placing the component you can attach to another component, wire or terminal
directly.

@ If you are dragging the component you can attach to another component pin, junction dot or
terminal.

@ If you are copy and pasting you can only attach it to a pin end, a bus pin, a junction dot or a
terminal only.

Making Connections with Terminals

The final thing we need to do to complete this block of circuitry is label the terminals. Terminal
naming is extremely important as it denotes the connection to be made. We could name the
terminals in any fashion we liked but sensible names make the schematic more legible and
easy to understand.
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Al
R

Terminal connection

@ Power, Ground and NC terminals are the exception to this rule, although there is no
reason not to label them; an unlabeled power terminal is assigned to the VCC net
and an unnamed ground terminal will be assigned to net GND. A pin connected to
the NC terminal is NC and cannot then be connected on the layout.

Essentially what we are doing by labeling a terminal is making a connection to somewhere else
on the schematic (a terminal with the same name) without placing a physical wire between the
two objects.

As discussed previously, if you are in any doubt, Proteus is flexible enough to present you with
several methods for editing parts - choose your preferred method for editing the terminal from

the following:
@ Double left click on the terminal.

@ Right click on the terminal to select it and launch the context menu and then use the Edit
Properties menu option.

@ Enter Selection Mode, left click to highlight the terminal, then right click to launch its
context menu and use the Edit Properties menu option. Remember to exit selection mode
when you are finished.

[EelEdit Terminal Lab_ o S|

Label l St_lrllel

Stritg; - Auto-Sync?
Rotate
@ Horizontal 1 Wertical Shaw Al

Having now launched the terminals dialogue form, type in VDD in the edit field as shown below
and hit ok to exit the dialogue form.

/. Note that, where appropriate you should always prefix numerical terminal values with a '+'
or'-'. For example, a terminal labelled 12V is ambiguous and you should therefore ensure
it is labelled +12V or —12V.

Finish the job now by editing the other terminals and labeling them appropriately such that your
completed circuit block now looks like the following:
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Schematic section completed

Power Connections

Proteus supports a powerful scheme for making power connections implicitly, thus vastly
reducing the number of wires on the schematic. There are three main concepts involved that we
will discuss in turn below.

Hidden Power Pins

Almost all relevant parts in Proteus have their power pins hidden (not visible on the schematic).
The crucial point to remember is that in such cases is that by default the name of the pin
denotes the net to which it will connect.

@ If you need all pins to be visible on the schematic (e.g. for auditing purposes) consider
using the library import tool (Library Menu -> Import Part) to bring in the parts you need.
This process is quick and easy and works with library parts supplied from all major
vendors.

Power Rail Configuration

The easiest way to manage power nets and connectivity is through the Power Rail
Configuration dialogue form, which is invoked from the Design Menu. If we do this now we can
see that we have three pre-defined power supplies, namely GND, VCC/VDD and VEE.
Changing the combo box at the top we should also see that the GND net is connected to the
GND supply and that both the VCC and the VDD nets are connected to the VCC/VDD supply.
It's worth examining how this happened more closely:

@ The GND net is created by connections to an unlabeled ground terminal.
@ The VDD net is created by connections to the power terminal labeled VDD.

@ The I2C memory has two hidden power pins, VCC and GND, which are assigned to nets
bearing their names.
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Managing power nets and power supplies is a very important concept so we’ll experiment a little
to re-enforce the point. Exit the Power Rail Configuration dialogue form, right click on the 12C
memory part and select Edit Properties from the resulting dialogue form. Next, click on the
Hidden Pins button at the right hand side to view the hidden pins and their net assignments.

[EB Edit Component - @ s
Part Reference: uz Hidden: 0K
Part Yalue: 24CLE4 Hidden: Hidden Pins
Element: Mew —
Cancel
| Data'write Time: n Hide &l -
FLE Pack, ==
aekage [58 Edit Hidden Power Pins e

Initial contents of memory:

Pl Py Enal the name of the net a hidden pin should

Log Start/5top Conditions? Fin GND:

PinWCC:  WCC

Other Properties:

Cancel

Exclude from Simulation Attach hierarchy module
Exclude from PCE Layout Hide common pin:
Exclude from Bill of Materials Edit all properties as text

Hidden Power pins in schematic components.

Let’'s change the power pin to be on net VDD, instead of the default of VCC. If we then exit the
dialog and re-invoke the Power Rail Configuration dialogue and switch to the VDD/VCC power
supply we should see that the VCC net is no longer present (this was the only connection on
our schematic so far).

While we are here and for completeness change the Voltage of the power supply to be 3.3V,
which is actually what we will be using. In PCB Design this is useful only as a reference to
ourselves but actually has significance in the software for simulation purposes.

This exercise, while useful in explaining how to view/change the power nets for individual
components, had no effect on design connectivity. The software is clever enough to assign both
the VCC and the VDD nets to the same supply and the Power Rail Configuration dialogue
allows us to configure our power connectivity at design level.

Returning to the schematic now, edit the VDD terminal (right click, edit properties) and change
the terminal label to ‘MY_POWER_NET'. If you go back to the Power Rail Configuration
dialogue you should see that this is now an unconnected power net (a power net which is not
associated with a power supply).
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Changing the Terminal name

If we were doing this for real, we would now have to select the VSS/VDD power supply and then
click the assign button to map our power net onto the correct supply.

0@ If we had simply removed the label from the power terminal (instead of renaming it),
it would have been designated to the VCC net and again everything would be done
for us.

A final point worth noting is that new power supplies are created automatically when you label a
terminal with a voltage. For example, labeling a power terminal +12V would create a +12V
supply and assign the +12V net to the supply automatically. This means again that no action is
required by the user.

In general usage therefore, the software will handle the assignments of power nets to power

supplies and will create new supplies automatically. However, if you need more flexibility (for
example, an analogue ground and a digital ground) then using terminal labels and the Power
Rail Configuration dialogue gives you the control you need. Please see the reference manual
for more information if required.

Let’'s change our terminal label back to VDD for consistency before we move on.
@ For more information please visit Power Rail Configuration in the Online Help.

Global Power Nets

Power nets and connections are always global on a given sheet on the schematic. By default,
they are also global to the design. However, if you do have a multi-sheet design and you want
separate power supplies on different sheets you can isolate the supplies by un-checking the
Global Power Nets box (Design Menu - Edit Design Properties dialogue form). This means that
you need to explicitly wire through the sheets on the design but not within a given sheet. It is
typically used only for the most complex of designs and is not relevant for the purposes of this
tutorial.
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Part Labels and Annotation

You should see that all the parts you have placed have both a unique reference and a value. A
unique and sequential annotation is assigned to components as you place them on the
schematic, although you can re-annotate manually if you need to.

You have full control over the position and visibility of part labels — you can change the values,
move the position or hide information that you feel is unnecessary. The discussion below
details how to manipulate part labels on a per component basis.

If you zoom in on any resistor you have placed you will see that Proteus has labelled it with a
unique Reference (e.g. ‘R1) and also with a Value (e.g. ‘10k’). You can edit both these fields
and their visibility via the Edit Component dialogue form. Launch this dialogue form now by
double clicking the left mouse button over the resistor (or using one of the alternative methods
discussed previously).

Edit C t e e
[ER Edit Compenen
Part Reference: R2 Hidden:
Resistance: 10k Hidden: Tlp
Element: MNew —_—
Lancel
Model Type: ANALDG ~|[Hidean ]
PCB Package: 0305 A |E| Hide Al -
Stock Code: 720532 Hidedl
Other Properties: |

Exclude from Simulation
Exclude from PCE Layout
Exclude from Bill of Materialz

Attach hierarchy module
Hide common ping
Edit all properties as text

The Edit Component dialogue form

From the resulting dialogue form you can edit both the part name reference and, in this case,
the resistance. Of more interest to us however, is the visibility options (highlighted in the above
screenshot). It can be useful, particularly in densely populated schematics to hide some details
displayed beside the parts — the tradeoff being that you would then need to edit the part as
above to see its reference and value.

At this stage it is worthwhile familiarising yourself with editing components and hiding and
showing references and values.

Some caution is required when changing part references in this manner. If, for example, you
change ‘R1’ to be ‘R2’ then you will have two parts with the same reference on the schematic.
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This will cause netlist errors when working in the PCB module. If, however, you re-annotate
using the new button on the edit component you are guaranteed a unique part reference.

B2 cotComvorert g

Fart Beference: Rz Hidder: []
Resistance: 10k Hidder: []
Element: Mew

: -
Model Type: SNALOG vl [Hide Al .]

PCE Package: 005 v Hide &l -

Stock Code: 720532 Hide: & -

The 'New' button will automatically assign a new reference
Similarly, the Global Annotator (discussed later in the tutorial) will always avoid duplication of
part references.

As well as the ability to hide part labels you can move them to a more convenient place. This is

commonly used where you might want to place a wire over the current position of the label and

need to free up some screen space. We will try this now with the 'R2' and the '10k’ labels on the
pull up resistor, moving them across to the other side of the component body.

Start by selecting the resistor. Now point at the label 'R2' and with the left button depressed,
drag it to its new position to the left of the component body. Then do the same with the 10k’
label.

VDD

R2
10k 10k
<TEX

Dragging a reference
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Timesaving Techniques & Block Editing

Armed with all of the basic techniques we can now look at the other blocks of circuitry on the
front sheet of the design, practice what we have covered so far and introduce a couple of new
timesaving techniques. Let’s start by drawing the dsPIC33 block as shown here:

woo woo woo

i

a K
RE
10k RECORD
RID |
4 R e D2
Bes i
o | a
1 :I JP4
& U1
10eF 1 —_— [ e
+ LR RV N LR R VANZENU D /PG D1 O PRESS
| | vnocoRe RE WS NSRR VANVENUCIPGE] [—= 0 TH_SOA
RE 4N 1/RR USOSCUEN DVE G 03 O AN
WREF+ O 2| RAIVCNZW R EF-+E NIFENUIDZR 5 02 RET/CNZIRETANTD — O O com_aK
WwREF- I 3 R, 10T N34 R EF =88 M1SEM UC 2P GC2 RESCNZRPSSDAT i Tl SD&
g Ro 20T NAC LKW ST REWC N21RPISCLT 12 T sCL
- ReacnmcLkmss RE1LCN12RE 4ANT [ 0 1™
R 1 NILT 1 C K0S COEM U GE 3 RE15.C M1 1RF 15/ HE 0 Re

X1
+ D - CSPICTIFI2GR 01

F2T63K HT

— o ==z
Mozp T2

L

&Y

dsPIC33 Circuit section

You should be able to tell which components go where by comparing the component names in
the Object Selector to the parts labels on the screenshot above. For clarity however, you can
use the following table as a reference:

Cl,c2 AVX0805NP022P X1 CRYSTAL

C3 TAWD106MO25R0600 c4 AVX0805X7R100N
R8 CHIPRES10K R9 CHIPRES1K
R10 CHIPRES100R D1 LED-RED

D2 BAS40 JP1l JUMPER

Ul DSPIC33FJ12GP201

Begin by placing and wiring the oscillator and power sections (left hand side) of this circuitry
using the methods outlined in the previous sections. When you are ready we’ll look at the right
hand side, where we can use a couple of additional features to speed up the process.

Proteus has a very useful feature to help with schematic wiring when we are laying out a series

of topologically identical wires. Essentially, it allows us to auto-repeat the last wire placed to
form a new connection.
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Start by rotating and placing a couple of the terminals to the right of the processor.
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J3
TO
41
L1
N7
NG
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o

—_—
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bbbddb

o X o

OUOZE;U

— I Imm
|
o254

%

Terminals belonging to the dsPIC33

Now drag a box around the terminals and select the block copy command; this will allow you to
quickly copy out three more sets of terminals ready for connection. Right click the mouse when

you are finished to exit block copy mode

bbbddddd
ll||||||

Block copying Terminals

Wire up the first connection from pin 4 (RBO) of the dsPIC to the terminal exactly as we
discussed previously. Instead of repeating the process for the other seven connections simply
hover the mouse over the next pin down (so that the cursor turns green) and double click. This
will auto-repeat the previous connection, allowing you to rapidly wire up the other lines.

@ Note that this technique works by placing an identical wire to the one placed directly
beforehand. It follows that the destination must be exactly the same distance away
(i.e. aligned) and that you must perform the operations consecutively

We can now complete this section of circuitry, placing and wiring up the remaining components
and labeling the terminals as per the screenshot at the top of the section. Note that a list of
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existing terminal label names is available as a drop down list from the Edit Terminal dialogue
form (refer to the section on labeling terminals if you need a reminder).

String:

Label l Style ]

(

BN_Shw
COr_OM
GHD
WY_POWER_MNET
ouTP
PRESS
R

SCL

504
Si_Pus
TH_SDA
T
1_voD
J1_W55
U3_GMHD
U3_vDD
Ld_W+
14 y-
WCCA/DD
oD
WREF+
WREF-
W55

Drop down list of Terminals

It is highly recommended that you use this where applicable as it avoids the potential to make
typing errors. Remember that terminal names donate connections so care should be taken

during labeling.

You should be getting quite proficient at basic schematic entry now and the other three small
blocks of circuitry on this sheet should present no problem. When you are finished your
schematic should look something like the one below:
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Completed dsPIC33 circuit

@ If you feel comfortable with the topics we have covered to date, you can skip some
of the drawing and load a pre-supplied completed schematic later in the tutorial

As a final point it is worth re-emphazing that you can re-arrange or move blocks of objects at
any time by tagging a box around them and dragging them to the desired location.

!n.l'ﬂlh.r
J— =] c2

Moving a block of circuitry to the desired location
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Multi-Sheet Designs and Connectivity

It is increasingly common in larger designs to split the schematic into multiple sheets. This
serves both to reduce clutter on the schematic and also to organize the design into logical
blocks. Proteus fully supports this methodology and we have arranged our tutorial design into
two sheets in order to cover the relevant procedures. The work we have done so far has been
to complete the first sheet (processor, sensors and memory circuitry), meaning we still need to
cover the analog and power circuitry. We'll do this on a separate sheet.

While beyond the scope of this tutorial it is worth mentioning that Project Clips provide a method
for re-using logical blocks of design and layout. More detail is in the reference manual and a
short tutorial movie is linked on our website.

Also, note that what we are doing here is adding a second sheet at the same level as the first
sheet. Proteus fully supports hierarchical designs where you use sub-circuits to contain logical
blocks. This is discussed in detail in the reference manual.

Adding Sheets to a Design

To add a new sheet to the schematic we simply invoke the command from the Design menu as
shown below.

Graph Debug Library Template 5

Edit Design Properties
Edit Sheet Properties
Edit Design Motes

Configure Power Rails...

Mew (Root) Sheet

Remove/Delete Sheet

Goto Previous Root or Sub-sheet  Pgup
Goto Mext Root or Sub-sheet Pgdown

o e o H [

Goto Sheet

<

1. MCLU, sensors and memary.

2. Analog, Reference Power

Creating a new sheet

Try this now to generate the second sheet.
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Naming, Ordering and Navigating Sheets

Before we lay out the circuitry on this sheet we need to do a little housekeeping. While it's not
necessary it is often helpful to name the different sheets on the schematic and also to order
them in some sensible fashion. We can do both of these things via the Edit Sheet Properties
command on the Design Menu.

[EE Edit Sheet Properties [T |
ROOT
Sheet Title: Analog. Reference & Power
Sheet Ordinal; 20
Annotator | nit: 0
Mon-physical sheet?
| Estemal MOD file? [ ok || Cancel |

The Edit Sheet Properties dialogue form

The Sheet Title is what will be displayed and should therefore reflect the contents of the sheet.
In our case let’s name it ‘Analog, Reference & Power’.

Sheets on the schematic are organized by Sheet Ordinal and by default these are 10, 20 and so
on. A sheet with an Ordinal of 20 will therefore appear behind the first sheet (default Ordinal
10). If you prefer purely numeric nomenclature we can change the sheet name to be 2, to
better reflect its position in the design structure.

@ The default sheet names may seem inconsistent. This is because Proteus also has
a Master Sheet, present in all designs, which allows the application of a company
logo, revision number, author and other schematic information. This is beyond the
scope of this tutorial but more information can be found in the Templates chapter of
the accompanying reference manual (Help Menu — Schematic Capture Help).

Sometimes, it is desirable to have a base annotation for a sheet; this means that the global
annotator will increment from the value entered in this field. For example, if we set this to be 100
then the first resistor placed on the sheet would be annotated as R100. When left at its default
value the global annotation will continue from its current position — this is fine for the purposes
of the tutorial.

@ Setting initial annotation for sheets is useful as it can guide the Global Annotator
when batch annotating. It can - if you choose - also then be honored when
annotating physically via the Automatic Annotator in the PCB Layout Module.
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Before exiting, your dialogue form should now look something like the following:

K Annotator ? =

Scope:
Ok,
(® Whole Design _
(O Cumert Branch Cancel
() Cument Sheet
Mode:
O Total
(®) Incremental

Initial Count:

Edit Sheet properties with the Annotator set

For completeness we should also follow this process for the sheet we have just finished laying
out. Before we can change the properties of a sheet we must first navigate to that sheet in the
design and Proteus provides several ways to do this:

@ From the Design Menu select Root Sheet 2 at the bottom of the menu.

Graph Debug Library Template S

Edit Design Properties
Edit Sheet Properties
Edit Design Notes

Configure Power Rails...

Mew (Root) Sheet

Remove/Delete Sheet

Goto Previous Root or Sub-sheet  Pgup
Goto Mext Root or Sub-sheet Pgdown

o me b H B

g

Goto Sheet

1. Root sheet 1

v 2 Rootsheet2 %

@ From the Design Menu, select the Goto Sheet command, select the sheet and click OK to
switch to that sheet.
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ot o

Select the sheet you wish to go to: 2 Sheet(s)
+JF Root sheet 1
n

[ Ewpand Orelevel || Collaose One Level || Expand/Collapse &l |

Mate: you can alzo hold the SHIFT key down and click the sheet name to
zelect it and cloge the dialog form.

[ Ok ] [ LCancel ]

@ Use the PGUP and PGDOWN keyboard shortcuts to navigate between sheets. These
cycle up and down the sheets respectively, although for a two sheet design they will
seem to have the same function!

@ The Design Explorer is also a powerful way to navigate the schematic — this is
covered in the Design Verification section of the tutorial and in more depth in the
reference manual.

Once you find yourself back on the sheet we have laid out simply repeat the process above,
with a sheet title of ‘MCU, sensors and memory’ and a sheet name of ‘1°.

ROOT
Sheet Title: MCU, zensors and memary
Sheet Drdinal; 1
Annotator nit: 0
MHon-physical sheet’?
Extenal MOD fle? | ok || Cancel

Sheet 1 properties

You should now see correctly organized and labelled sheets at the bottom of the Design Menu
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Graph Debug Library Template

Edit Design Properties
Edit Sheet Properties
Edit Design Notes

LA

Configure Power Rails...

[#]  Mew (Root) Sheet

ﬁ Remove/Delete Sheet

nu] Goto Previous Root or Sub-sheet  Pgup

D-ﬁ Goto Mext Root or Sub-sheet Pgdown
+I

[¢: Goto Sheet

v

1. MCL, sensors and memory

2. Analog, Reference Power

This is what you should see in the Design menu

Connectivity between Sheets

Now that we have taken care of the naming, let's navigate back to our blank sheet and lay out
the analog circuitry. The following screenshot shows the circuit we need to draw.

ADC Reference Generator VREF+ = +2.5¥, VREF- = +1.5V Pressure Scaling Buffer +1.5V @ 76kPa, +2 5V @ 122kPa

0 sw_ew
i c6 :

[ o

R21

PRESS O
mor
i

"

DcDc converter - 3V (battery) to 5V

u
=]

8524321 1103K000
5
BaTT L

I3 STRAT=ANSI

0 sw_pw
+er

SWOW  cHD

WaXTIZ4EZKSD

answ O
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As we can see, there are three logical blocks of circuitry; a reference generator for the ADC
module, an analog buffer for the pressure channel and a DC/DC converter to provide 5V from
the 3V battery to the other two sections on each pressure sampling time.

If you feel that you need more practice then you can use all of the techniques we have covered
so far to complete the schematic. Alternatively, if you are comfortable with the basics of
schematic entry we will load a pre-supplied completed schematic in the next section.
Regardless, there are a couple of points of note that are worth emphasizing.

Firstly, connectivity between sheets is achieved by having terminals with the same name on
both sheets. From the screenshot above you can see the named terminals and, switching to the
first sheet, the corresponding terminals with the same name. This technique allows signals to
propagate not only across a sheet but also across sheets.

Secondly, it is possible when placing wires to ‘guide’ the wire placement as you place the wire.
This is achieved by left clicking the mouse as you change direction, placing an ‘anchor’ to help
the follow-me algorithm place the wire the way you want. Typically, this is useful on more
complex wire trails but we can look at a simple example for the purposes of illustration.

Consider the connection between the negative input of U4:B and resistor R18 as shown here:

B \ i R18
- / AN N—
+ 100~
4B
R15
100k LI 358

Negative input wire to R18

If we delete this wire (right click and select delete), we could replace the connection in the usual
way and the follow-me algorithm would make a decent job of it. However, if we wanted to be
more precise we could proceed as follows:

@ Hover the mouse over the negative input such that it turns green and then left click to
start wire placement.
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R N

5

+_

@ Move the mouse along to the left and then left click the mouse once to place an ‘anchor’.

@ Move the mouse up, left click to place an anchor, then right, left click to place an ‘anchor’
and finally down onto the wire between the op-amp output and resistor.

6 -—
7
5
+_~usB
LM358

This technique constrains the follow-me algorithm and provides greater control during wire
placement. If at any time during placement you change your mind and wish to remove an
anchor simple right click the mouse once. Finally, if you want to completely disable the wire-
auto-router and, for example, place a wire at 45 degrees, simply hold the CTRL button down on
your keyboard during placement.

Gateswap

Now that we have a multi-element placed (LM358 dual op-amp) it's a good time to look at gate-
swapping on the schematic. The reference for a multi-element part reflects both its part
reference (e.g. U4) and also its gate element identifier (e.g. A) as shown below.
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U4:A and U4:B

Start by editing one of the LM358 gates (right click - edit properties) to bring up the Edit

component dialogue form.

3 Edit Component ? *
Part Reference: |U4 | Hidden: []
Part Value: [Lm358 | Hidden: []

Cancel

Element: L4:B ~ Mew
SPICE Model- [Lm3se/NS | Hdeat -
SPICE Library: [naTOA Sl Hdemn  ~
PCE Package: |SOE ~ ”ﬁ Hide Al ~
Cther Properties:
[ Exclude from Simulation [ Attach hierarchy module
[ Exclude from PCE Layout Hide common pins

Exclude from Cumrent Variant [] Edit all properties as text

Edit Component Dialogue form for an Op-Amp

To swap the gates we are switching the element identifiers (A and B) on a single part (U4). The
element field of the dialogue conveniently contains a combo box will all available gates so all we
need do is change the element and hit OK to commit.

[E8 Edit Compenent

Part Reference:

Schematic Capture

Swap element 144" with 'U4:B

[ Ok %_] [ Cancel

Part W alue: Lk 358

Element: ‘I_M:B v' =

SPICE Modsk UaB r

SPICE Library: NATOA
508 v

PCB Package:
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On schematic this switches the gates over according to the change specified in Edit component.
L I ) u4:B

— T
I ) R18 R21

10 |~
i
3 : M O WREF- RRESS O 7 SV ! .
-+ e i00R i00R -
Ln3ss J— ci [
l g e T

Preparing for PCB Layout

Now that we have completed the circuit we need to give some thought to PCB Layout and the
information that we are going to provide from the schematic. A netlist basically consists of a set
of footprint names (packages associated with schematic components) and connections (wiring
on the schematic), although we can make things easier for ourselves later on by providing
additional information.

If you do not have a completed schematic at this point or wish to work with the pre-supplied
schematic you can load it via the Open Samples command on the Proteus home page. The file
name is dsPIC33_REC_SCHEMATIC.pdsprj.

Packaging Considerations

Ideally, each component in Proteus should be associated with a footprint in the PCB editor.
While you can do this at the point of placement in the PCB Layout, best practice would be to
sort this out in the schematic. Fortunately, the Proteus system provides a large set of pre-
packaged components where this work is all done for us. As a case in point, the schematic we
have just created requires no alteration or packaging work as the parts we have selected from
the libraries already have footprints assigned to them.

However, it is possible that you may want to change the footprint associated with a part (e.g.
PTH to SMT). We'll use the current schematic as a playground to explore how we can view and
change packages to components.

To view the package associated with a component:

The footprint for a component is simply a property of the component in Proteus. We can
therefore easily view the footprint by editing the component. Try this now by right clicking on
one of the resistors on the schematic and selecting Edit Properties from the resulting context
menu. You should see that there is a PCB Package property on the dialogue form and that the
part is packaged with a standard 0805 footprint.

44



Schematic Capture

B8t Comprert

Fart Beference: A3 Hidden: [
Rezistance: 100k, Hidden: [ Help
Element; New

LCancel

- |[Hidesl |

Hide Al -
Hide: &l hd

bk od

FCE Package: 05
72-0973

The new package appeatrs in the Edit Component Dialogue form

©® You can also see what the default footprint is for a component at the time you
select it from the libraries. At the bottom of the Pick Devices dialogue form a
preview of the footprint is shown for the currently selected component.

For convenience, components in the schematic often have packagings for more than one
footprint. For example, if you launch the Edit Component dialogue form for the dsPIC33
component you will see that you have the option of either an SO18W or a DIL18 footprint. In this
case the designer can simply change the footprint if required via the Edit Component dialogue
form.

To change a package on a component

@ Launch the Edit Component dialogue form by right clicking on the resistor and selecting
Edit Properties from the resulting context menu.

R13 | R

_W | Drag Object

100k Edit Properties N Ctrl+E

¢ Delete Object

c Rotate Clockwise Mum-5ub

@ Click on the question mark to the right of the package property to launch the footprint
browser

Maodel Type: [AN.&LDG __V__] [Hide All v]

PCE Package: 0305 Hide All -
Stack Code: 720373 Hide 4l -
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@ Clear out the text from the keywords field and then use the filters on the left hand side to
narrow down the selection. We will want to select the ‘Discrete Components’ category

with type ‘Through Hole’ and Sub-Category ‘Resistors’. We can then select for example
the ‘RES40’ footprint and click OK to commit.

Kepwords: Results [E]:

Device  Library Description |
D
DT it a RES120 PaCKAGE  Generic resistor package, 1.2in pitch, 90th pads

Lategory FES180 PACKAGE  Generic resistor package, 1.8in pitch, 100th pads
[&] Categaries] RES40 SGE G e, 4 70th pads
-m e fineric msistor package, S00th pitch, 710t pads
Integrated Circuits RESED  PACKAGE  (Generic resistor package, 00th pitch, 80th pads
Mizcelaneous RESS0  PACKAGE  Generic resistor package, 900th pitch, S0th pads
Tupe:

[l Tupes]

Surface Mount

Surface Mount IPC7 251

Sub-categon:

[&]l Sub-categaries]
izl Capacitors
Awial Electrolytics
Bridge Rectifiers
Diodes

Radial Capacitors

Radial Electralytics
Resistor Packs
EESaEE

desistars
Transistors
Warigtors

RES40 Preview:
0.4in

r

@ You should now see that the RES40 is listed as the PCB Package for the component in
the schematic.

Madel Type: | &NALOG ~|[Hide sl  +|

PCE Package: - | Hide Al -
Stock Code: 7203713 Hide: &l -

To change a package on all components of a particular type

If we want to make a wholesale change to parts already placed we can do so from the design

explorer. First, open the design explorer via the icon on the main toolbar and then switch to the
search tab:

Layout 3¢ Bill of Materials ¢

«ABR=P

Loy

it X Bill { Design Explorer

Wiew Search N

- Loz’
section ponent  Met

Following on from our example above, let's set category to be Resistor and hit search
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Category

Refe

~ | |Resistors (R)

Al

[
14y

E— + MNew Custom...

Capaditors (C)
Diodes (D)
Inductors (L)
Transistors

Integrated Circuits (U)

Miscellaneous

You should now see a filtered list of all the resistors on the schematic in a grid view. We could

filter further by entering a resistor value.

View Search

Component  Net

Sheet

Tagged

Analog, Reference & Power ~ O
Reference Type Value Package
R11 (20K) RES 20k 0805
- R12 (20k) RES 20k 0805
R13 (100K RES 100k 0805
- R14 (68K} RES 68k 0805
RI5 (100K} RES 100k 0805
- R16(100k)  RES 100k 0805
R17 (100) RES 100 0805
- R18 (100) RES 100 0805
R19 (200k)  RES 200k 0805
- R20 (1K) RES 1k 0805
R21 (100) RES 100 0805

To change the package, simply type in the field at the top and then, much like Excel, drag the

value down the other entries |in the column.

- R11(20K) RES
- R12 (20 RES
R13(100k)  RES
1+ R14 (68K) RES
R15(100k)  RES
~ RI6(100k)  RES
R17 (100) RES
R18 (100) RES
R19(200k)  RES

R20 (1k) RES

R21 (100} RES

Apply Changes  Discard Changes

20k

20k

100k

68k

100k

100k

Value Package
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Hit Apply Changes to commit the change.
|

Apply Changes  Discard Changes
‘ R11(20 RES 20k

R12 (20k) Rl 20k

. Some caution is required with bulk editing like this because the software will accept your
input without verification. It is however, extremely handy for changing passive footprints
en-masse.

Connectivity Considerations

When we transfer our schematic to the PCB Layout software (netlist) all of the wires and
connections are grouped into nets and passed through. Proteus actually does quite a lot of work
for us behind the scenes at this point, automatically generating numerical names for the nets
and also assigning the net to a default ‘net class’.

Net names are assigned by Proteus according to the following rules:

@ A group of connections which include a named terminal will be assigned a net name
according to the name of the terminal.

@ A group of connections which include an unnamed ground terminal will be assigned to
the GND net.

@ A group of connections which include an unnamed power terminal will be assigned to the
VCC net.

@ Any other group of connections is given an auto-generated numerical name.

What this means in practice is that all the work is done for us here; there is no real need for us
to get involved in naming groups of connections. It is important however, that we understand the
rules for unnamed ground and power terminals. If in any doubt, you should always name your
terminals explicitly.

If a net does not have a name from a terminal you can if you wish explicitly name a net by
placing a wire label with syntax (NET=NAME). This is useful if you wish to place a power plane
on the net in the PCB and otherwise helps to distinguish the net from other nets with auto-
generated names.

A ‘net class’ is simply a group of nets which will have common properties in the PCB Layout.
Specifically, all connections in a net class will have the same trace width and will obey a single
set of rules with regard to clearances and design rules. Again, Proteus will do a considerable
amount of work for us and will assign net classes as follows:

@ Any net with a power or ground terminal is assigned to the POWER net class.
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@ Any net with a bus is assigned to the BUS net class.
@ Any other net is assigned to the SIGNAL net class.

This gives us quite a bit of flexibility during PCB layout as we can define different trace widths,
via styles, clearances and so on for each net class. Sometimes, however, we will need a
particular set of conditions for particular connections. Proteus allows us therefore to create our
own net classes and these will then be passed through to the PCB Layout software, allowing us
to define routing and clearance properties specifically for those connections.

Let's take an example. On the tutorial schematic consider the output of the DC/DC converter on
the Analog sheet of our design. This is the 5V switched power supply for the analog circuitry so
we really want to lay this out with a track width smaller than that on the POWER net class but
larger than on the SIGNAL net class. The procedure for specifying a new net class is very
straightforward.

To specify a new net class

@ Select the Wire Label Icon.

@ Left click the mouse on a wire we wish to assign the net class to. Any wire on the net will
do —in our case let’s place it between the output of the MAX1724 and the SW_PW
terminal. You will see a small X’ under the cursor when the mouse is over the wire.

+

@ Left click the mouse over the wire to launch the wire label dialogue form. Then simply
type in ‘CLASS=ANSW'’ to assign the net class.
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[B8 Edit Wire Label |0 ||

Label l Style l

- Auto-Sync?

String:

Rotate

@ Haorizontal "Wertical Shaw All

If you have completed drawing the schematic follow this procedure now to add the net class;
this will already be in place if you have loaded our pre-supplied schematic. If you work through
the PCB layout tutorial, you'll see how to configure routing styles and design rules for the net
class.

Design Verification

It is always a good idea to spend a little time checking the schematic before we move through to
PCB layout. Proteus provides a unique and extremely powerful tool in the form of the Design
Explorer that will help us catch any errors before we sign off on the schematic phase of design.
In this tutorial we will introduce the tool and cover some basic functionality but we do
recommend that you read the section in the reference manual (Help Menu — Schematic Capture
Help) and spend some time familiarizing yourself with its many capabilities.

@ Note that what you see in the Design Explorer throughout this section will depend
on whether you have drawn the schematic yourself or loaded the pre-supplied one
from disk.

The Design Explorer

The Design Explorer can be launched from top level application module toolbar and will appear
as a separate tab inside the Proteus application.

Axo@A@E=0 0|

The Design Explorer icon

It is worth mentioning that, in terms of your Proteus workspace, you can detach tabs into
separate frames. This is particularly useful if you want to view more than one module at the
same time and have two monitors or a lot of space on screen. To split a tab onto its own frame
simply drag and drop it onto an area of free space. This will allow you to view both the Design
Explorer and the Schematic at the same time.
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Split programs in Proteus

Alternatively, if you do prefer to work with tabs in a single frame you can quickly cycle between
tabs using the standard Windows CTRL+TAB keyboard shortcut.

Once launched and in its default mode, you should see a dialogue form that looks a little like
Windows™ Explorer. The left hand pane displays the sheets and the right hand pane displays
the contents of the currently selected sheet. Clicking on another sheet in the left hand pane will
force the right hand pane to show the contents of that sheet selected.
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8 dsPIC33_REC - Proteus § Professional (DEV) - Design Explorer - o x
File View Navigste Vsriant System Help
» GNz=NERN - Y i -4
DoAB M@ B AmE|0 s Tk ta *-5 s
_ﬁsmeman: Capture X £8EPCB Layout 3 5] Bill of Materials 3¢ Dmign Explorer ‘
Netist View View  Search
» [ Digital and Interactive ... Name Type Number Sheet ®
¥ [ Analog, Reference & P... | o g Passive f Analog, Refere...
-4 GND
[®veewon o= D1 A Passive A Digital and Inte..
iy #0001 Om D4 K Output K Digital and Inte..
F Y 200068
L% 200089 Om D5 K Output K Analog, Refere..
4L 200070 o= 111 Passive 1 Analog, Refere...
=41 200071
L 41 200072 o= RI1 Passive 1 Digital and Inte..
F Y #0007 o= R2_1 Passive 1 Digital and Inte..
F Y 200076
L% 200080 Om R51 Passive 1 Digital and Inte..
- Y =o00es o= RE_1 Passive 1 Digital and Inte..
F Y #0086
L% 200088 O= R16_1 Passive 1 Analog, Refere...
© Y #0089 o= R19_1 Passive 1 Analog, Refere...
FYY 200092
L 200005 ©= U1_.VDD Power Pin 18 Digital and Inte...
FYANsw Om U2 VCC Power Pin 8 Digital and Inte...
EY oute
L%/ pRess ©= U3_VDD Power Pin 4 Digital and Inte...
FYoswew Om USBATT  Passive 1 Analog, Refere...
E Y vRERs
Ly vrer = U1_vDD Module Link Digital and Inte.. .

The Design Explorer

The Design Explorer has two distinct modes; partlist mode and netlist mode. The former will
show a physical representation of the sheets (the components on a sheet) whilst the latter will
show how the design is organized into groups of connections (nets). You can switch between
the two modes via the Design Explorer Icons.

Py b ta -2
Design Explorer icon bar

Since we are in partslist mode by default let’s look at what we can do from there. You may
remember that earlier in this topic we discussed how to check the packaging for a single part.
The Design Explorer shows us the bigger picture and allows us to make a global check of the
packagings on the design at a glance. All of the footprints used are displayed beside their
schematic reference at the far right hand side of the right hand pane so all we need to do is
scan down the list to make sure everything is packaged, switch sheets (via the left hand pane)
and repeat the process. If a part on the schematic did not have a footprint assigned it would
have bright red text stating 'MISSING' in this field to highlight the potential problem.

A quick scan will immediately show that we do not have a packaging associated with the LED
schematic part. Right click on the Design Explorer on the line with the LED and select Goto
Schematic Part from the context menu
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ah=0805=7R10M 10n 0205
BASAD | Metlist View Ctrl+N T:
COMM-SIL4 MF
MFH4115 Find Mext F3 M
CHIPRES10K 05
CHIFREST0K Goto Schematic Sheet 4]
CHIFRES100R Gota Schematic Part [} 05
CHIPRES100R & (5
CHIFREST0OE, | Goto PCE Part 5
CHIFRES100R TR =05

The Design Explorer's context menu

This will zoom the schematic around the part and tag it for editing. Simply right click on the
highlighted part and select Edit Properties in the normal way. We could follow the procedure
that we discussed earlier to find a suitable footprint but in this case take it as a given that it is
named LED and simply type in LED in the PCB Package field of the dialogue form.

Part Beference: [N} Hidder: [] ok,

Part ¥ alue: RECORD Hidder: []
B Cancel

Element: MHew

Model Type: [Digital v] [Hide All v]

Faonward YWalkage: 24 Hide Al -

Full drive cumrent: Hide All -

2,
PCE Package: % i Hide Al hd

Advanced Properties:
[ Breakdown Yaltage - ] 4 Hide All -

LED Assigned as the package

After making the change, the Design Explorer will live update to reflect the current status of the
schematic.

-5 ANX0B05<TRT0M 10n 0805
£ LED-RED RECORD LED
P02 BAS40 BAS40 5072301

Design Explorer showing the LED packaged

Now, simply follow the same procedure as above to change the footprint to an 0805.
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We can also use the Design Explorer to investigate the connectivity of the schematic — for this
we need to switch into netlist mode via the icon at the top left of the dialogue form. This will give

us a view as shown below.
DE: 2&« t A %] %Ql

The Netlist icon

The first point to note is the net names which, as we discussed earlier, are either named
according to terminal or label or simply assigned a number if the net consists only of wire
connections. We can right click on any net to view its connections on the current sheet by
selecting the ‘Goto Schematic Net’ option from the resulting context menu. This is particularly
useful when we want to check single pin nets for example, or if we want to name a net manually
(see the section on connectivity considerations earlier in the tutorial). Finally, where we have a
net or nets grouped with a named net class (far right column on the right hand pane) it can be
useful to check our assignments.

Power Met Partlist View Ctrl+P
Local Met

Local Nl Az Ctrl+F
Local Met

Local Met

Lacal et Goto Schematic Sheet

Local Met Goto Schematic Met %
Local Met

Local Met Goto PCB Met

Goto Schematic Net will highlight the selected net

@ The Design Explorer is an extremely powerful tool and has many different uses
throughout the lifecycle of a typical project. In particular it can be used as a link
between the schematic and the PCB, facilitating cross-probing and PCB lookup. We
recommend that you read and work through the chapter in the reference manual
(Help Menu — Schematic Capture Help) for more information.

Assembly Variants

Assembly Variants provide a simple method of managing multiple product configurations in a
single schematic/pcb project. This is done by specifying the fitted or not fitted status of each
component on a per variant basis. They are often used for excluding parts from cheaper
versions of a product or for identifying PCB versions to firmware by controlling the use of pullup
resistors on an MCU port.

In Proteus, Assembly Variants are configured primarily through the Design Explorer. Let's look
at a simple example and we'll remove the SHT15 temperature and pressure sensor from a new
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product variant. Start by creating the new variant from inside the Design Explorer and naming it
budget.

Add Assembly Variant ? x
Variant = System  Help

4| Add Variant Name [BUDGET |
.Z: Rename Variant

2 | Remove Variant

Notice that this gives us a new column in the component grid. Each entry currently has a tick
which indicates that the part is fitted on the board for the variant. If we click on the entries for the
budget column on U3 along with R5, R6 and R7 they will change to a cross. Clicking on the
apply changes button at the top will then set these parts to be excluded from the BUDGET
variant.

RS (10K} RES 10k 0803 X
R& (100} RES 100 0803 X
R7 (100) RES 100 0805 X
yout 3 [F]Bilof Materigls 3 - [EE] Design

R8 (10k) RES 10k 0803 v .
R9 (1K) RES 1k 0805 v

Apply Changes  JDiscard Changes
R10 (100) RES 100 0805 v i COMN-SILG CON
U1 (DSPIC3... DSPIC33F)12GP.. DSPIC33FJ12GP.. SO18W v
U2 (FM24C... 24LC64 FhA24CLE4 508 v
U3 (SHT15)  SHT15 SHT15 s08 X
X1 (CRYST... (CRYSTAL CRYSTAL ELECT-B& Vv

When you have more than one variant on the schematic you can switch between Active
Variants via the variant combo box at the top of the screen. When we switch to budget variant
you should see that the part reference for the temperature sensor circuitry will be greyed out to
indicate that the part is not present in the active variant.

____________
| Basiinsinsinsiagll | oD ===
won n J1
CONN-3ILE CONN-SILE
Ip /
R5
R5
10k Base Design v \ 10k
- u3 “|Base Design B RE . u3
3 =g seL P ¥
scL > AAS ook "D\l']’\l'\c e
iy —> i
TH_S DA < T——AAA— 00 sr@v TH SDA ¢—:‘D\,D'V\;— 0@ @
100 T SHTTS
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We could also have done this by individually editing the parts and checking the exclude from
Active Variant box on the Edit component dialogue. You need to be very careful when working
this way to ensure that you have first selected the variant you want from the combo-box at the
top.

us
RE 3
" s6L AN o o | "
: 100 —[ DATA
R7 [ Exclude from Simulation [ Attach hierarchy module
St Des.lgn - TH #DA < IDvD bk “'" Drag Object E from Hide common pins
Base Design Edit Properties Exclude from Cument Variant [] Edit all properties as et
8ig

X Delete Object

e

Finally, you can quickly manage variants for a group of parts by first dragging a selection box
around the parts and then showing selected in the search tab of the design explorer.

X [B)Bllof Matenals ¥ [B] Desion Explorer X

view ( search

______
o N n Component Net
CORFES e
Sheet Tagged Variant
RS Al - BUDGET -
<
RE 3 Reset
s
SELE> “;{\« ' - Reference Type Value Package BUDGET < e
ielp
RT
TELSEAEE AAA RS (10K) RES 10k 0805 v
100
R6 (100) RES 100 0805 v
R7 (100) RES 100 0805 v
v

U3(SHT13)  SHT15 SHT13 s08

The Proteus software manages the variant information through all of the output systems,
changing the BOM Report, the Pick and Place files, the Assembly Drawings, the 3D Viewer and
any export for MCAD to reflect the fitted status of the parts. Assembly variants do not affect the
2D PCB layout.

@ You can add the @VARIANT text string to the schematic to indicate the current
variant on the schematic. This is a useful reminder and particularly important for
printing schematic documentation. See the header block in the schematic reference
manual for more information.

Bill of Materials

Constructing a Bill of Materials is an often necessary but frustrating task at the end of the
schematic design phase. Fortunately, Proteus provides a completely flexible scheme which
allows you to include as much or as little information as required.

Let’s start by looking at the default Bill of Materials Output. Launch the Bill of Materials module
from the application module toolbar at the top of Proteus.

Aroeaa(@=n0)

Launch the Bill of Materials from the icon
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The section at the top of the report is taken from the Design Properties Command, which you

can find on the Design Menu, and modify accordingly.

1 Edit Design Properties 7 b

Filename: |C:\Progmn1Data\Labcenter Hlectronics'\Proteus 8 Profess|

Ttle:  |dsPIC33_REC |
Doc. No: | 1 |
Bevision: |1 |
Author:  [DJS |

Created: 15 June 2012
Modified: 05 January 2017
Metlisting Options
Global Power Nets?

Cache Model Files? Cancel

The Edit Design Properties dialogue form

If your Active Variant is not the base design then the Assembly Variant will also
be included in the header block:

Bill Of Materials for dsPIC33 REC

Design Title dsPIC33_REC
Author
Document Number

Assembly Variant BUDGET
Design eated Jurer 2012
Design Last Modified 20 November 2015
Total Parts In Design 56

Bill of Materials categories control the grouping of parts in the report and work by comparing the
reference prefix of the components. For example, all resistors have a prefix of ‘R’, capacitors a

prefix of ‘C’ and IC’s a prefix of ‘U’. Similarly, Bill of Materials Fields control the content of the

report with each field contributing a column.

Both fields and categories can be created, edited or deleted directly from the left hand control

panel on the BOM report.
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4]
BOM Template
&

|EditHeader,Footer | | Editstle |

Categories

Category Prefixes
Modules
Capacitors
Resistors
Inteqgrated Circuits
Transistors
Diodes
Miscelaneous

tooC@mO=E

D& FED

|:| Suppress empty categories
References:
@ Shortened (R1-R7)
) Individual (R1,R2...)

Fields

Field Property
Value VALUE
PCB Package PACKAGE
Supplier SUPPLIER

& D

BOM MNotes

Section for editing The Bill of Materials information

Let's work through a couple of examples. First, we'll order all our parts from Digikey so let's
specify a supplier in the BOM. To do this, we need a new field.
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& & D

{]

Fields
Field Property

Value VALUE

PCB Package PACKAGE

IUSER1 USER1

IJSER2 USER2

USER3 USER3

IJSER4 USER4

BOM Fields

Launch the BOM Field editor by clicking on the Add button underneath the Fields listing.

Figlds
Field Property
Value VALUE
PCB Package PACKAGE
USER1 USER1
IUSER2 USER2
IUSER3 USER3
ISER4 LUSER4

N3

£2

The 'Add’ button enters the Edit BOM Fields dialogue form

If you are adding a field that you have previously defined then you select it from the drop down
combo box at the top of the dialogue form. However, since we have not defined a SUPPLIER
property before click on the new button to create a property definition.
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Edit BOM Field D

Field Property

A field defines a column of values to be output in the BOM report based on
the given property.

Component property name: A J I New [ I
i
I Title for column heading: U
! |
| Field Value
| The component property value is output with an optional prefix and suffix.

Leave these blank if they are not required.

Prefix {to go in front of value):
Suffix (to go after value):

Apply prefix and suffix to blank {empty) values? [

Mumeric Values

Output sub-totals ftotals for this field [ |
Specify a floating point predsion
I
I oK I I Cancel I
Adding a New BOM field

@ There are two non-editable fields that you can apply namely .placed and .name.
The placed field will show whether the part is placed on the layout (component or
solder side) while the name field simply populates with the component names.

Property name is SUPPLIER, description can also be Supplier and Type is String.

Mew Physical Property @I-E—hj

Property Name  SUPPLIER.

Description Supplier

Type String b I

[ Save l I Cancel ‘

New Property dialogue filled out correctly

We don't need to prefix or suffix values and this is not a numerical property so sub-totals are
meaningless. Click on the OK to exit the dialogue form and create the property.

At this point the BOM has switched to the Property Editor tab which is essentially a grid view of

the data in the report. We need to add information for each component in the Supplier column.
We could do this individually but since all of our parts are coming from a single supplier it's far
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easier to use find/replace. Left click on the supplier column and then either use the CTRL+F
shortcut or click on the find/replace icon.

Find Capacitors - Find Mext

Replace ’ Replace H Replace all ]

] Fullcs @—E". | Current Column Only [7] case Sensitive

Find and Replace form

Leave the find edit box blank (we are entering data into blank fields), type Digikey in the
Replace edit box and make sure that the current column only checkbox is selected.

i ™
Find And Replace |2 [l
[5] p

Replace Digikey [ Replace ][ Replace all ]

Current Column Only [7] case sensitive

Replacing blank fields with 'DigiKey'

Hit the replace all button to enter the data. You should see that all of the fields in the Supplier
column are populated and coloured in blue.

‘ost Supplier
Digikey]
Digikey
DigiKey
Digikey
DigiKey
Digikey
ik e

DigiKey now appears where the blank fields were
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The blue indicates that the changes have not yet been committed; if you have made a mistake
the clear pending changes button will revert your edits. When you have reviewed your changes
use the Apply Changes button at the top to commit.

ADI scripting results (o

Property Editor

Applied successfully

Cateqories Display Generate Properties -
Group Components [Apply Changes] IClear Pending Changes]

Applying BOM Changes

If you switch back to the HTML View of the report you should now see the information you
entered in the report.

Unit Cost Supplier

10 Digikey
D106M025R0600 DigiKey
i ’ DigiKey
5 DigiKey
0106MO025R0600 DigikKey
" DigiKey

DigiKey is now assigned as the supplier

Also, if you return to the schematic and edit a component the data will be present there as well.

B8 o Comprert e

Fart Beference: F 3 Hidder: [ ]

Resistance: 100R Hidder: [~
Element;

Madel Type: ANALOG ~|[Hideat |
PCE Package: 0803 hd Hide: &l A
Stock Code; 72-0532 Hide 4l -

Supplier: Digik.ey Hide All -

The Supplier field is automatically added in to the form
Changing the data in the edit component dialogue form will live update the BOM report.
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Catégor}r References Value Supplier
PCB Package: 0805 - EI 6 Capacitors c2 22p
Stack Code: Famell 317-500 T Capacitors 1 22p
Suppler: Famell/Maplin 8 Diodes D3 LM285-2V5
9 Diodes D2,D4 BAS40 DigiKey

The BOM updates live with any changes in the schematic

This process can of course be repeated as required with other properties such as RoHS, MoQ,
Lead Time, etc. More practical examples and detail can be found in the Bill of Materials
reference manual (accessed via the Help Menu in BOM Module).

©® Note that property changes are applied locally to the schematic components and
not to the library parts. If you want to update your parts with newly entered
information then run the 'Compile to Library' command from the Library menu. This
will put all components in the design (along with their new properties!) into a library
of your choice.

Having configured the information on the BOM you can generate the report from the export
options from the icons at the top.

- @ [] Append Project Motes =% [Csvi [ Full csv I

Export options for the BOM

It is beyond the scope of this tutorial but you also have full control of the colour and styling of
the report. This works via the customize stylesheet button at the top of the HTML view and is
discussed in detail in the BOM Reference manual.

Printing

To print the schematic, first select the correct device to print to using the Printer Setup
command on the File menu. This activates the Windows common dialogue for printer device
selection and configuration. The details are thus dependent on your particular version of
Windows and your printer driver - consult Windows and printer driver documentation for details.
When you have selected the correct printer, close the dialogue form and select the Print option
on the File menu to print your design. There are a number of options available on this dialogue
form, all of which have context sensitive help and are also discussed in more detail in the
reference manual under Hard Copy Generation. For our purposes we will simply center the
schematic output on the page and print. Do this now by right clicking on the Print Preview and
selecting the Position Output at Center option as shown below.
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artrait

ndzcape

s ;

traditianal Position Output at Top | 1
Position Output at Bottorn I

1 Position Output at Left ‘[

Position Output at Right

Position Output at Center %

Position Output Mumerically...
v Use Printer Margins?
[

@ You can also export the schematic directly in PDF format from the Output Menu (no driver
installation required).

@ The current schematic is now ready for board layout so if you have purchased a Proteus
PCB Design package you can move straight onto the accompanying tutorial booklet for PCB
Layout.

Library Parts

Introduction

The Proteus Design Suite comes with a significant installed base of schematic components,
almost all of which are already packaged with the correct PCB footprint. However, with the
number of new parts entering the market every day and the vast choice available to engineers it

is inevitable that users will have to either import library parts into Proteus or create library parts
inside Proteus.

Importing Library Parts

Importing Library Parts is by far the preferred option. It is both much faster to do, is far less error
prone and you can import both the schematic part and the layout footprint at the same time.
Proteus supports two ways to import parts:

@ Integrated Web Search and Import (Requires a valid USC)

@ Manual Library Part Import Dialogue.

Short tutorial videos on working with both methods can be found on our Youtube Channel
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Web Search Import

The integrated web search import works directly from the library picker dialogue. You simply
type the part name you want and, after searching the installed libraries, you can search a
database of over 15 million parts from our partner Samacsys. This service requires a free
account to be registered with Samacys and a valid USC to import the parts.

$ Pick Devices ? X
Keywords: Showing local results: 10 Preview
1K SMT RESISTOR | Device Library Stock Code Description Analogue Primitive [RESISTOR]
[N CHIPRES 1K RESISTORS  72-0872 0.1W, 1%, 100ppm, SMT Thick filf
CHIPRESIK  RESISTORS  72-0799 0.1W, 1%, 100ppm, SMT Thick fl
Shaw only parts with madels?
owonly partswithmode’s? L1 | pypeeci)  pesisTors  72-0801 0.1W, 1%, 100ppm, SMT Thick fil
Bz CHIPRESTK2  RESISTORS  72-0804 0.1W, 1%, 100ppm, SMT Thick iy~ —]______J—
(A1l Categories) CHIPRESTK3  RESISTORS  72-0806 0.1W, 1%, 100ppm, SMT Thick fil
Resistors CHIPRESTKS ~ RESISTORS  72-0809 0.1W, 1%, 100ppm, SMT Thick fl
CHIPRESIKG  RESISTORS ~ 72-0811 0.1W, 1%, 100ppm, SMT Thick fl
CHIPRESIKZ  RESISTORS ~ 72-0813 0.1W, 1%, 100ppm, SMT Thick fl
CHIPRESSIK  RESISTORS ~ 72-0955 0.1W, 1%, 100ppm, SMT Thick fl
CHIPRESSTK  RESISTORS  72-0973 0.1W, 1%, 100pprm, SMT Thick file "CC Preview

Sub-category:

(All Sub-categories)

Manufacturer:
(Al Manufacturers)

* | |oso5_RES -

<
‘)Isa maCSyS Found more results at 'Companent Search Eng\i:@', press to VIEWl I oK Cancel
L

Library Part Import Dialogue

This method enables you to manually import via the Import Part command on the Library
menu in either the schematic of the layout editors. This import will work with all major vendor
files such as those generated by Ultra-Librarian, Samacys, SnapEDA and PCB Library Expert
as well as through common supplier portals such as Digikey or RS Components. It does not
require a valid maintenance contract to work but does involve slightly more effort.
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= Impart PADS - PICTEF19156-1_ 50 7 x
PICIBF19156-1 50
- 9.36mm
= VERGTRSEY FETCHFOATSE01 [l
- eaua BB AR BE [
N mescownvezon [
Hzem p—
oowomaama  rescRrcownsy [
——] VBATRAE 0t DG [
o . Foscas -5
F] osma ves 0
= e oeouwsse [
Adac e ——)
] couaegianc Vi
e ] RCEEGH 1
PICI6F19156-1_S0 | SOIC 1279 MI30N265-28N -

Farsing ‘T ProbeusPIC 16F 191561_S0.p',

Line 3: Part PIC16F 19156-1_50, PCB padage(s) SOIC127P 1030K255-26N
Parging "CrProbeus/PIC 16F 19155-1_S0.C,

Line 3: Schematic decal PIC16F19155-1_ 50

Line 78: Schematic decal PIN

Line 94 Schematic decal PINGHORT

fProbeus PIC 16F 19156-1_50.d.

decal 'SOIC 127 10 30X 5- 28N

d 1 partf

aming(s

—— et e

The Import Part dialogue with a part loaded.

@ Technically, the import works with PADS Library V9.x files, meaning that the import will work
with any supplier who can generate a fileset in this format.

To import a library part using the library picker
Web search import works as follows:

1) Launch the library picker in the schematic module (also 'P' on the keyboard).
# Schematic Capture

L)

> ==
4 =
IR P [ DEVICES

= [7as08

=

2) Search for a part. If matches exist in the installed libraries they will be shown

and you can click to open web search results from the bar at the bottom of the picker.
If there are no matches from the installed libraries you will go directly to web

search results.
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¥ Pick Devices ? hed
Keywords: Showing local results: 164 Preview
|PIC13F| | Device Library Cat. Sub-Cat. Manu ™
Match whole words? [] | PIC18F1220 PICMICRO  Microprocessor ICs PIC18 Family  Micro
. PICT18F1230 PICMICRO  MicroprocessorICs PIC18 Family  Micro
?
Show only parts with models? [1| o) 1oc 1355 picmicRo Microprocessor ICs  PIC18 Family  Micror
BT PIC18F1330 PICMICRO  Microprocessor ICs PIC18 Family  Micro
(All Categories) PIC18F13K22  PICMICRO  Microprocessor [Cs PIC18 Family  Micros
Microprocessor |Cs PIC18F13K30  PICMICRO  Microprocesser [Cs PIC18 Family  Micro
PIC18F14K22  PICMICRO  Microprocessor ICs PICT8 Family  Micro
PICT18F14K50  PICMICRO  Microprocessor ICs PIC18 Family  Micror | PCB Preview
D — PIC18F2220 PICMICRO  Microprocessor ICs PIC18 Family  Micro
S PIC18F2221 PICMICRO  Microprocessor ICs PIC18 Family  Micro
(Al Sub-categories) PIC18F2320  PICMICRO  MicroprocessorICs  PIC18 Family  Micror
PIC18F2321 PICMICRO  Microprocessor ICs PIC18 Family  Micro
PIC18F2331 PICMICRO  Microprocessor ICs PIC18 Family  Micro
PICT18F23K20  PICMICRO  Microprocessor ICs PICT8 Family  Micro
Manufacturer: PIC18F23K22  PICMICRO oproggssor [(Cs PICT8 Family  Micro
PIC18F2410 PICMICRO og %orlCs  PIC18 Family  Micro
(All Manufacturers) PIC1RF247 PICMICRO  Micr arlCs  PICIRFamilv  Microd ¥
< -
ﬁSa maCSys Found more resits at ‘Compenent Search Engine’, press to view oK Cancel

3) Results in normal font are available for import. Results in disabled text can
be requested (at no charge) from the build service form.

¥ Pick Devices ? X
Keywords: Showing Component Search Engine results: 50 Preview
PIC18F45K Library Cat. L
Match whale words? Compenent Search Engine
§ 5 / Component Search Engine
SonpEE i e PIC18F45K42-1/PT l,\\, Component Search Engine  Integrated Circuit
SR PIC18F45KA2-E/PT Component Search Engine
(All Categories) PIC18F / Component Search Engine
(Unspecified) PIC18F45K. MY Component Search Engine
Integrated Circuit PICT18F45K42T-1/M Component Search Engine  Integrated Circuit
PICT8F45K40T-I/MV  Component Search Engine PCE Preview
PICT18F45K20-1/ML Component Search Engine  Integrated Circuit
Sub-cate: :
Hhreategeny PIC18F45K20-1/PT Component Search Engine  Integrated Circuit - IIIIIIIIIII -
PICT18F45K22-E/ML Component Search Engine  Integrated Circuit = =
PICT18F45K22-E/PT Component Search Engine  Integrated Circuit g
PICT8F45K22-1/ML Component Search Engine  Integrated Circuit — |—]
PIC18F45K22-I/PT Component Search Engine  Integrated Circuit [ =
MR PIC18F45K80-1/ML Component Search Engine  Integrated Circuit [ =
PIC18F45K80-1/PT Component Search Engine  Integrated Circuit
ES“ Man.:.fadcjturers) PIC18F45K22-I/P Component Search Engine  Integrated Circuit UL
nEpece D 1 Component Search Engine Quad Flat Packages A
Microchip Comnnnent Search Fnnine e
| OK | Cancel

4) Double click to import. The first time you do this you will need to supply credentials
or create a free account.
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ﬁ mport part

Would you like te import this part?

PIC18F45K42-1/PT

Microchip

8-bit Microcontrollers - MCU 32KEB Flash, 2ZKB RAM, 2368 EEPROM, 12-bit ADC2,
Vector Interrupts, DMA, MAP, DIA, DAC, Comp, PWM, CWG, HLT, WWDT,
SCAN/CRC, ZCD, PPS, UART, SPI/12C, IDLE/DOZE/PMD

& Authentication required

Please enter your username and password to download parts from Component Search Engine

Username: |

Password: |

If you are not already registered, dick here to open the registration page

5) When you double click to import, both the schematic part and the associated PCB
footprint will be brought into your user libraries and also picked into the current
project. In most cases, the 3D STEP file for the footprint will also be imported.

If you need to request a part to be made you can do so directly from the pick dialogue
by double clicking on one of the disabled entries in the web search. The service
is free of charge and average turnaround is 24-48 hours.

¥ Pick Devices

Keywords: Showing Component Search Engine results: 50 Preview
Pic18F45K Device Library 0
vt e merdr [ [PiciErss@o-em components || [REQUEST
— . . PICT8F45K42-E/P Component 5 =
shew eriy perte winmedel? Ll | o\ ygegscarypr  Components| | [ES
Category: F:
(All Categories) 8 Component 5 b
(Unspecified) PICT8F45K42-E/MV Component 5 Sym Ol
Integrated Circuit PIC18F45K42T-IYMV  Component S
PICT8F45KA0T-I/MV  Component S | PCB Preview
T — PICT8F45K20-1/ML Component 5
PICT8F45K20-I/PT Component S
PIC18F45K22-E/ML Component S
PIC18F43K22-E/PT Component 5
PICT8F45K22-1/ML Component S
PICT8F45K22-I/PT Component 5
= PICIZF45KE0-I/ML  Component S
PIC18F45K20-1/PT Component S
(All Manufacturers) PICTBF4SK22-1/P Component 5
(Unspecified) DM163025-1 Component §i
Microchip MA1AS Comnonent 5 ¥
>
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M Part not available w

This part is not yet complete:

PIC18F45K42-E/PT

Microchip

8-bit Microcentrollers - MCU 32KE Flash, 2KB RAM, 2368 EEPROM, 12-bit ADC2,
Vector Interrupts, DMA, MAP, DIA, DAC, Comp, PWM, CWG, HLT, WWDT,
SCAN/CRC, ZCD, PPS, UART, SPI/12C, IDLE/DOZE/PMD

If you would like to help build the part please click OK

Cancel
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Import Library Part using the Dialogue

1) Download the part you want onto your computer. This will almost always be in a zip file.

2. 05T bt

File name: | PIC16F19156.zip

Save as type: | (".zip)

2) If the part doesn't come from a vendor source that we directly support (see here) then you'll
need to extract all the files from the zip into a folder of your choice.
3) From the Library Menu in Proteus select the Import Part command.

Library Template System
1@ | Pick Parts P
B

Import Parts %

4) Click on Select File and use the file selector on the right hand side to select either generic
PADS Library V9 files or the vendor of your choice.

P File 2KB v

~ | [Ultra Librarian (*.p *.zip) ~
PADS LIBRARY V9 (*.p *zip)

BSDL (*.bsdl *.bsd)
SnapEDA Downloads (*.snapeda)
Ultra Librarian (*.p *.zip)
Samacsys (*.p *.zip)
All Files (%)

5) Choose the appropriate file to load. This will normally be a zip file if the vendor is selectable
in the file selector or a .p file if you've had to extract the parts into a folder.

® import Library Parts +'3
T+ « OS(C) » Protsus » v & [ SearchFrote P
Organize + New folder - - | o
I Deskiop A Name ~
4| Decurnents PADS2000
¥ Downloads Parts
J Music & PIC1EF18.5ip
= Pictures B exports.zip
B videos ] PICTEF19.5ip o
IODFMNS, T T X25M,
5. 05(0) DIODFNAZ0XTTHADLISH2IN.p v
L >
File narne: ED:t‘éFis.zip w || Uitra Librarian (*p ".zip) -
Coce
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6) Review the parse log and the previews to make sure everything looks good. Use
configuration settings if need be to fix problems.

% Import PADS - PIC16F19156-1 50 ? x

PICIEF19156-1 50

9.36mm

ALFICOUT S

]

H

]

Salesee
Ehkl:klzhhbla&lulala

EEEFEE
H
i

r‘ | .-
PIC16F19156-1_50 ¥ SOICI1Z7P 1030N265-28N
Parsing 'C: Proteus FIC 16F 19155-1_50.p',

Une 3: Part PIC16F19156-1_50', PCB package(s) SOIC127P 1030%265-28N
Parsing 'C: Proteus/PIC 16F 19155-1_50.c.
Line 3 ..me-elxoey PlCJuF 91551 50'

7) Use Import Part and follow the wizards to bring first the footprint and then the component into
Proteus. This will both put the parts into your libraries and deposit them in the parts bin of the
current project ready for placement. You should have an end parsed result that looks like the
following:

Impaorting PCE package 'SOIC127P 1030%265-28M',
Package import complete

Importing schematic decal PIC 16F 19156-1_5C"
Device import complete

@ What you are actually doing at this last stage is running the Make Package tool to create the
footprint and then running the Make Device tool to make the schematic component. The areas
where input may be required from you are in the library choice and the description and
categorization of the part.

@ For most complex devices, you can also find a BSDL script from the manufacturer. This is
schematic part only but can be imported via the same import part command (select BSDL in
stage 4 above).

Creating New Devices

If all else fails you can create parts yourself entirely inside Proteus. Alternatively, you may wish
to permanently adjust the properties or footprints of an existing component. This section of the
documentation starts from the basics of creating a new device and covers the entire process
through to storing the new part in the library.
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@ While the following topics are a detailed explanation of how to create component parts in
Proteus, in practice this should almost never be necessary. In addition to the many installed
libraries Proteus includes a web search with access to 15 million library parts and also the
universal part importer provides support for almost all third party part vendors (Ultra-Librarian,
Samacsys, SnapEDA, etc.). If the part doesn't exist in Proteus itself the next step is to search
for and then import it directly from a third party vendor. This is discussed in some detail in the
importer help file and shown on our Youtube Channel.

Graphics and Pins

For our example part let's assume that we want to create a Microchip MCP23008 12C expander.
The first thing we need to do is to create a graphical representation of the part on the
schematic. When we are finished it should look something like the following:

u

;— s0L GPO %
—=— spa, GP1 —r
. GP2 —=
e Al =P3 4
— A1 GP4 —2
—— Az GPS5 =
=FE BT
GP7 ——
=

MCP23008

The MCP23008 Completed

Let’s begin by placing the component body as follows:

@ Select the 2D Graphics Square icon and make sure the component style is selected in
the Object Selector.

71


https://www.youtube.com/channel/UCFNnl5S532GMtwXJUYRo_wQ

LABCENTER ELECTRONICS LTD.

d

@@ GRaPHICS
) COMPOENT

FORT

™ MAFKER

ACTUATOR

® INDICATOR
PR OBE

A IPROBE

= TAPE

0]

GENERATOR
# TERMINAL
SUBCIRCUIT
20 GRAPHIC
WIRE DOT
WIRE

BUS WIRE
BORDER
TEMPLATE

@ Left click once on an empty area of the schematic to begin placement.

@ Move the mouse until the rectangle is around the size of the part that you want. It's better
to make this slightly larger than might be required as we can easily resize it later.

@ Left click again to complete placement of the graphic.
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I Proteus supports a powerful graphics style system of local and global styles and the
ability of local styles to follow or track global styles that allows you to easily and flexibly
customize the appearance of your schematic. See the section Graphics and Text Styles
in the online reference manual for a complete explanation of how styles work and how
they are used.

The next job is to place the component pins.

Select Component pin mode and make sure that you have the default pin type selected in the
Object Selector.

%NHUE

== PINS

L
1 |INVERT @

POSCLE
MEGCLE
SHORT
> JBus

1. Left click the mouse on the schematic to begin placement. The small cross at the end of
the pin indicates the side of the pin that will be wired to so it is important that this is
outward facing.

—

2. Move the mouse so that the other end of the pin touches the edge of the component
graphic and left click again to place
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3. A new pin is automatically primed for placement so simply move the mouse down slightly
and left click to place again.

4. Repeat the process down the left hand side of the component graphic using the
completed screenshot as a reference. Right click to finish placement.

5. Click on the X-Mirror icon to point the pin in the opposite direction ready for placement
down the right hand side.

6. Repeat as of stage 3 to place the pins down the right hand side of the component.

7. Right click the mouse when you are finished to exit pin placement mode.
@ The Plus (+) and Minus (-) keys can also rotate the pin during placement, but you will find
that when adding pin numbers, they will be on the opposite side of the pins that you placed

before rotation. In this case right click on the pin(s) affected and click the Y-Mirror option to
correct the pin(s).

hﬂ

2
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At this stage your component graphics should look something like the following:

E — —
E — —

—
B —
B —
B —

—
B e

The body of the MCP23008

The actual positioning of the pins is of course somewhat aesthetic and you may prefer to have
different groupings to those we have chosen.

Now that we've placed the pins we may need to adjust the size of the component body. If you
need to adjust the size of the component body to better fit. To do this, click on the Selection
Mode icon and simply left click on the edge of the component body, then left depress the mouse
on one of the nodes, drag to the new size and release the mouse to commit.

This works much like any other graphics package. For example, if you right click along the
bottom you can drag up and down and if you right click on an edge and you can drag
diagonally. Make sure however, that you do not leave any of the pins ‘hanging’ (not touching)
when you do this, else you will have to subsequently move the pins back onto the component
edge.

@ If you want to make fine adjustments you may need to adjust the Snap level — these options
are available from the View menu in Proteus (defaulted to 0.1in) and are discussed in more
detail in the reference manual.

Now that we have the basic shape of the part we need to add names to the pins. This can be
done as follows:

@ Right click on the pin at the top left of the component and select Edit Properties from the
resulting context menu.
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——

>_ + | Drag Object

Edit Properties Ctrl+E
>_ €| Delete Object

@ Type in the name of the pin (SCL), the default pin number (1) and the electrical type
(INPUT). You can use the other options to control visibility but for our purposes the
defaults are fine.

oo DU -

FinName:  SCL

Default Fin Murmber: 1
| Draw body?

Draw name? Fiotate Fin Mame? [l
Diraws number? Fiatate Pin Mumber’? [
Electrical Tope:
1 PS - Pazsive 1 TS - Tristate
i I PU - Pull-up
F o 1 PD - Pull-down
1 10 - Bidirectional 1 PP - Power Pin

Uze the Pgllp and Pgl'n keys to navigate through the pinz

<Previouz I MHext: I [ (1] H Lancel I

@ Hit the Next button at the bottom to switch to the next pin in the list and repeat the
process — the schematic will update to show which pin you are editing. If you are
unfamiliar with this part and don’t therefore know the electrical type of the pin simply
leave it as the default Passive type.

Electrical Type:

@ PS5 - Pazsive

VP - Input

1 OP - Qutput
110 - Bidirectional

@ When you get to the RESET pin you'll need to add an overbar. Do this simply by adding a
dollar (‘$’) prefix and suffix to the name.
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(&3 Edit Pin ="

.
PinMame: ( $RESETS

Default Pin Murmber: B

Dirave body? 7
Draw name? J Ratate Fin MName?
Dirawve number? J Rotate Pin Mumber?

@ Hit the OK button when you are finished.

You may have noticed that there is a significant omission from the schematic part as we have
drawn it so far, namely that there are no physical power pins on the device. Since we do not
need to wire power nets explicitly we do not need a physical pin for the component. We need
only ensure that the power pins are handled correctly with respect to the physical PCB footprint
and we'll discuss this in more detail in the next section. It is worth noting however, that while it is
very common to have non-physical power pins in order to reduce clutter on the schematic, you
may have a preference for everything to be explicitly wired. In this case you could simply add
two extra pins and name them VDD and VSS respectively.

Our final task now is to make a device from the composite graphics and pins that we have
placed. Start by drawing a tag box around the entire graphic (right depress the mouse and drag
the selection box). Next, right click the mouse inside the selection box and select the Make
Device option from the resulting context menu.
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EE@EME G >

—-
-
o

aliiis

!

— S‘ | Rotate Clockwise MNum-Sub

; O Rotate Anti-Clockwise MNum-Plus
P — SI %¥ Rotate 180 degrees

i &= H-Mirror Ctrl+M
5 t ¥-Mirror

— A‘g Block Copy
e — A'E Block Move

—
—

- 3 ‘@ Block Rotate
| et A 5| Block Delete Delete

&% CutTo Clipboard
Copy To Clipboard

Clear Selection

£ Make Device %

6 _ZLr'

Make Device icon and the Context menu option

This presents us with the Make Device dialogue form, where we can customize the part. All
fields throughout this wizard have context sensitive help associated with them, accessed by
clicking on the question at the top right and then on the field in question. However, the only

items we need to deal with here are the Device Name and the Reference Prefix. The device
name should be MCP23008 and the reference prefix should be ‘U’.

@ The reference prefix serves to categorize parts for Bill of Materials Output and is
also used in annotation. These are fairly standard across the industry with ‘R’
denoting resistors, ‘C’ for capacitors, ‘U’ for IC’s and so on.

Use the Next button at the bottom of the dialogue to move onto the next screen.

Adding Footprints

In a previous section of the documentation we saw how to quickly add a footprint to a schematic
part. This is useful for small passives and simple parts but, when we are creating a device we
need to follow a more complete procedure. This ensures not only that we have a correct
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mapping between the pins on the component and the pads on the footprint but also allows us to
better handle power pins.

From the screen on the Make Device dialogue form click on the Add/Edit button to launch the
Visual Packaging Tool. The first thing we need to do is to find the footprint we want to use so
click on the Add button at the top of the dialogue form.

-
e
Packagings:
Detault packade? ename | | Delete Order
Mo, Of Gates: |1 Gates [elements| can be swapped on the PCE lapout?

The 'Add’ button in the Packaging Tool

This brings up the package browser dialogue which we covered earlier in the documentation.
Assuming that we want the surface mount package, type SOP18 in the Keywords field and then
double click on the part in the results list to select it.

Kepwords: Besultz [1):
| s018 Device Libramy Diescription
Match whole Wards?

5 l--1TEI*F' 18 pin, S0th pitch S0IC

garies]
cuits

Selecting the SO18W from the package library

The Visual Packaging Tool will now look something like the following screenshot.
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[E8 Package Device

Packagings: | S0718w T

/| Default package? [ Add |ﬂename | | Delete |

Mo Of Gate 1 Gates [elerments] can be swapped on the PCE lapout?
Pir Hidden  Common  Type B it
$RESET Input E =
Al |mput 5
Al |mput 4
A2 |t 3
GPO 1/0 10
=P 10 11 i

ML Pins Add Fin

Swapable Pins:

| Use ARES Libraries | Help | | Azsign Package(s) | | Cancel |

e = —— — — — = o

There are several points of note here. Firstly, the pads in the preview which are white are
deemed to be mapped onto component pins. This has happened as we have correctly specified
the default pin numbers when we edited the pins earlier on (pad name maps onto pin number
when present). If we had chosen to leave the pin number fields blank we would have to map all
of the pins in this dialogue form.

Secondly, we can see that there are three pads (7, 9 and 18) which are not mapped onto
component pins. Normally we would have the datasheet beside us to get the footprint mappings
but in this case pin 7 is an NC pin, pin 9 is the VSS pin and pin 18 is the VDD pin.

The NC pin is easily handled — simply type 7 in the field for NC Pins. Notice that the preview on
the right hand side will update to show that this pad is now considered dealt with.

We now need to add two ‘virtual’ pins for the power pins. These are pins which don’t need to be
on the schematic (their connection is made implicitly according to their name) as they will add
unnecessary clutter, but do need to be mapped onto pads in the footprint.

@ If you want to have all pins visible on the schematic (e.g. for auditing purposes) you
can certainly do so. You would add another three pins to the device, connect one of
them to an NC terminal (to put on the NC net) and connect the other two to power

80



Schematic Capture

terminals with the correct names. If you are in any doubt regarding power nets and
connections please see the section earlier in the document on powering the circuit
or consult the reference manual.

Click on the Add

Pin button underneath the grid, type VSS to name the pin and then repeat the

process for the VDD pin. Remember that connections to these virtual pins are made according

to their name so

make sure that you name them correctly.

-

[ER Package Device

Packagings: [SD1 b= ']

[] Default package?[ Add ][Bename” Delete ] Order

Mo Of Gate ] Gates [elementz] can be swapped on the PCE lapout’?
Pir Hidden  Common  Type A -
INT Output a
SCL Input 1
SDA 10 2

HE g

e
Add Pin I emove Pin I

,
|

Adding a virtual pin

Having created the pins we assign them to pads on the footprint as follows:

@ Click in the column at the far right of the VSS pin.

@ Click on the corresponding pad on the footprint (pad 9).

@ The cursor will move down to the next pin (VDD) so all we need to do is click on pad 18
on the preview.

Clicking on pads will assign the pin
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We should see that all the pads on the footprint are now highlighted, indicated that the part is
fully packaged. Simply hit the ‘Assign Package’ button at the bottom of the Visual Packaging
Tool to commit and return to the Make Device dialogue form.

@ Itis possible (and extremely useful) to have more than one packaging for a given
component. We could, for example, follow the exact same procedure to add a
DIL18 footprint to the component. Where more than one packaging exists you can
specify the one which will be used by default by checking the default box
underneath the package name in the Visual Packaging Tool.

Click the next button at the bottom of the dialogue form to move onto the Property definitions
section.

Adding Properties

This screen allows us to add component properties to the device. We looked at doing this on a
particular instance of a device (the part on the schematic) earlier in the documentation; the
difference is that properties entered here will be stored in the master library part and therefore
available every time we use the part in a design.

We can see that the PACKAGE property is already defined — this was what we configured
visually on the previous screen

B8 Make Device (o e S|

The device you are making already has packagings defined. Itis strongly recommendad that you used the
A_cld.u’E dit button o review these az they may no longer be walid if you hawe changed any of the device

0.4in

| Help | | 2Back || Mexts | | Cancel

Package preview on the Make Device form
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Let's assume we want to add a property for RoHS compliance.
@ Start by clicking on the New button at the bottom left and then clicking on Blank ltem.

@ On the right hand side fill out the name as ‘ROHS’ and the description as ‘RoHS
Compliant’

@ The next field is the data type which in our case is a simple Boolean (Yes/No) — select
this from the drop down list.

@ Change the Default value to be Yes and leave the visibility defaults as they are.

|Jse the Mew and Delete keys to add/remove properties to the device. Properties can be uzed to specify
packaging for PCE layout and parameters for simulator models, az well az information such as stock-codes
and components costs.

—1  Property Definition:

PACKAGE -
4 Mame: ROHS
Ll [escription: RoHS Compliant
" Type: [Baulean [Tes/Mo] v]
g
Tepe: [Nu:urmal v]
Property Defaults:
b4
B Default Yalue: [?Yes v]
e Dol Wizibility: [Hlde Marne & W aluie v]

|Jze default property definitions when editing Components?

Co ) (oo J[em ][ o

If you want to add more properties (e.g. MoQ, Price, Code, Supplier, etc.) simply repeat the
process above. Alternatively, the Bill of Materials provides a convenient way to apply data to
schematics as discussed earlier in the tutorial. Finally, for complete control or if you are doing
this on a large scale, we recommend you read up on ASCII Data Import in the reference
manual.

Click the next button at the bottom of the dialogue when you are finished to move on to the next
screen.
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Attaching a Datasheet

This screen allows us to attach a datasheet to the part we are creating. To do this we would
need to enter the filename for the datasheet and then configure the path as required. As we
don’t have a datasheet handy we’ll ignore this step but the following screenshot shows an
example of how we would set it up.

R

B8 Make Device

‘You can link your device to a data sheet [Acrobat |PDF file] and/or a help file. These can then be
accessed via special buttons on the ‘Edit Component’ dialogue farm.

Data Sheet:

Drata Sheet Filename:  MCP23008.PDF I
Download Server:
Download Path C:AD atashests'
Download User [d:

Download Password:

Help Topic:

Help File:

[ Help

] [ <Back |[ Mew [ oK

Adding a datasheet to the component

The main advantage of working through this step is to have the datasheet handy when you
place the part. If present, you can simply edit the component and click on the Data button at the
right hand side.

B et Comporet i

Part Beferance: Hidder: [] /@\
Fart 3 alue: MCP23008 Hidden: |:|<
Element: Mew

Ce=)
PLE Package: DiL1e hd Hide &l hd
RoHs: s -|[Hideat  ~|

The Data button will launch the assigned Datasheet

©® For convenience, we have configured many of our library parts with datasheets

which you can download from our web server via this button.
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Indexing and Library Selection

The final screen allows us to categorize our part and choose which library we will place it in. As
we have seen earlier in the tutorial the part description and the categories are used as filters
when finding and selecting parts from the library so it is worth giving some thought to your
description. An example of what you might enter is shown in the following screenshot.

Device Categony: Save Device To Library:

[EMichprocessanEs "'] (Mew | ([MEEIONS o
Device Sub-cateqaony:

[Peripherals v] [(Hew |

Device Manufacturer:

[Microchip v] [ Mew |

Stock/Order Code:

Device Descrption:
Micrachip 8-Bit I-0 Port Expander with I2C Inter

[7] &dvanced Mode [E dit Figlds Manually)

Device Mates: ‘

n |

1|

[ Help ] l <Back ] MHest: [ ok ][ LCancel ]

Final section where you save the component to a library

When you are finished simply click the OK button. You will be prompted to replace all instances
of the device on the schematic — this allows you to update the current design if you are
modifying a part which already exists on the schematic.

Finally, if you now select the part from the Object Selector and edit its properties you should see
something like the following screenshot.
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B Edit Component ? *
Part Reference: |U‘I | Hidden: [
Part Value: [mcP23008 | Hidden: [J Data
EmrE [t Hidden Pins
PCE Package: |piLie |8 Hicem - el
Cther Properties:

[ Exclude from Simulation [] Attach hierarchy module
[ Exclude from PCE Layout Hide common pins
Exclude from Cument Varant [ Edit all properties as text

Edit Component for the MCP23008

@ ltis also possible to create multi-element parts in Proteus. While beyond the scope
of this tutorial these are covered in the reference manual.
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Introduction

The purpose of this tutorial is to familiarize you as quickly as possible with the main features of
the PCB Layout, to the point that you can use the package for real work. Users with modest
computer literacy should find it possible to learn the package and produce their first board within
a day or two.

The tutorial proceeds by taking you through worked examples involving all the important
aspects of the package including:

@ Basic techniques for placement and routing.
@ 3D Board Visualisation.
@ Netlist based design including both manual and automatic routing.

More advanced editing techniques such as block editing and route editing.

@ Report generation.
@ Hard copy generation.
@ Library part creation.

We do urge you to work right the way through the tutorial exercises as many things are pointed
out that if missed will result in much wasted time in the long run. Also, having worked through
the tutorial and thus got a basic grasp of the concepts behind the package you will find it much
easier to absorb the material presented in the reference chapters.

@ Note that throughout this tutorial (and the documentation as a whole) reference is
made to keyboard shortcuts as a method of executing specific commands. The
shortcuts specified are the default or system keyboard accelerators as provided
when the software is shipped to you. Please be aware that if you have configured
your own keyboard accelerators the shortcuts mentioned may not be valid. You can
configure your own keyboard shortcuts via the System - Set Keyboard Mapping
command.

@ Menus toolbars and icons all switch when you change between tabs to reflect the
functionality of the module you are working on. When we talk about menu
commands or icons in this tutorial we assume that the PCB layout tab is selected.
The menu contents will be very different if the schematic tab is selected!

Overview of the Layout Editor

We shall assume at this point that you have installed the package, and that the current directory
is some convenient work area on your hard disk. This tutorial is a direct continuation of project
we started in the schematic capture tutorial so we will start by loading the project file with the
completed schematic.
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From the home page in Proteus click on the Open Sample button, filter to the tutorials category
and then select the dsPIC33 Recorder (schematic only) sample.

F —
E o R . ==
—
Results (5)
Keywards
Category Title i
- - R —— B e
[ Match Whole Words Only 3 Tutorials d=PIC33 recoder (completed) s
Category m dsPIC33 recerder (schematic only) E
(Al 5 Tutorials dsPIC33 recorder {unrouted)
Generator Scripts i
Graph Based Simulation Details
Interactive Simulation - dsPIC33 rder (schematic only)
Sub-category (Feature) dsPIC33 based recorder - Schematic tutorial
[4lN Category: Tutorials
Analogue Simulation Features: Schematic
Layout
Schematic

[ Cpen J[ Cancel

Opening a Tutorial sample design

This will open the tutorial project with the completed schematic from the Schematic Capture
tutorial. We can start the PCB layout module from the application module toolbar at the top of

the Proteus application.
AXEHEAR |

@ If you are working on two monitors or have free screen space you can drag and
drop one of the tabs to view both modules simultaneously. If not, you can switch
between the tabs with the mouse or via the standard windows CTRL+TAB shortcut
key.

Much of the look and feel of the application is similar to Proteus and hopefully now familiar,
although there are some important differences.

The Main Window

The largest area of the screen is called the Editing Window, and it acts as a window on the
drawing - this is where you will place and track the board. The smaller area at the top left of the
screen is called the Overview Window. In normal use the Overview Window displays, as its
name suggests, an overview of the entire drawing - the blue box shows the edge of the current
sheet and the green box the area of the sheet currently displayed in the Editing Window.
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However, when a new object is selected from the Object Selector the Overview Window is used

to preview the selected object — this is discussed later.

3 Home Page X B Schematic Capture 3 {82 PCB Layout %

2 UNTITLED - Proteus 8 Professional (DEV) - PCB Layout - X
File Output View Edit Library Tools Technology Systern Help

DA ATS@AB =T @ B[TW AL
BAHEMSEE $RQRQ fmomn - TEENEQC A

<1500 th

) & PREVIEW

%’ 54 WINDOW

iy = COMPONENTS

< 1

U

0! EDITING WINDOW
H OBJECT

S | SELECTOR

0

]

@

i

i

[ Top Copper v ’ > .I o Ll : '

PCB Layout Window

The Control Bar

The control bar at the bottom of the application is different from what we have seen in the

Proteus application and essentially splits into five sections:

[ Top Copper h Layer Selector

F %0 TX % Selection Filter

Component: Ref=U1, %al=D5PIC33FJ12GP201, Package=5018w, Rot=0" Status Bar

No CRE errors Conectivity / Netlist Status

Mo DRC errors DRC Status

25750 20000 th Mouse Coordinates
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At the left hand side is the Selection Filter which allows you to configure both the layers and the
objects that will be selected in the current operating mode. Typically, the default rules will suffice
and this serves simply as a convenient override where you may wish finer granularity in
selection at a given time. The Layer Selector combo box also determines the current layer or
layer set and also applies to the placement of PCB objects.

CTop Silk ~| & j}-oﬁd% i Tk | &

The Layer and Selection filter

In the middle is the Status Bar which provides textual ‘hints’ on the object currently under the
mouse. This is particularly useful when you hover a mouse over a pad for example, as it will
inform you which net the pad is on.

Yector Graphic: Layer=Board Edae.

The Status bar shows what the mouse is pointing at

Next, we have the connectivity status which controls the syncing of the PCB to the schematic
and - when everything is synchronized - doubles as a live connectivity checker.

Mo CRC emors ..": Changes Pending d Out of Sync

Netlist Information and CRC information on the status bar

Next to the connectivity status is the live Design Rule Checker. This will report any physical
design rule violations that occur while the board is being designed. A left click on this will launch
a dialogue detailing the violations with the further option of zooming in to examine a particular
error.

Mo DRC erraors

v

DRC information on the status bar

Finally, at the far right hand side is the co-ordinate display which reads out the position of the
cursor when appropriate. These reflect not the exact position of the pointer but the location to
which it has been snapped. Default snapping options are selectable from the View menu (or via
keys CTRL-F1 and F2 -F4) and the snap values can be configured from the Grids command on
the Technology menu

17750 27500 th
Mouse Co-ordinates
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The co-ordinates can be in imperial or metric units as set by the Metric (default key mapping 'M")
command. You can also set a false origin using the Origin command (default key mapping 'O")
in which case the co-ordinates change colour from black to magenta.

The dot grid on the Editing Window can be toggled on and off using the Grid command, or via
its keyboard shortcut (by default this is ‘G’). The spacing of the dots normally reflects the current
shap setting, except when zoomed out. In this case, the dot spacing is set to a suitable multiple
of the snap spacing.

The PCB Layout can be set to display an X cursor at the position to which it has snapped the
pointer through the X-Cursor command, default key mapping is 'X'.

We’'ll become familiar with all of these items and use them regularly as we work through
placement and routing of the board.

Navigation

Navigation of the layout (middle mouse zoom, panning, keyboard shortcuts, etc.), is identical to
the Proteus schematic capture package. Refer to the Proteus Getting Started Guide or the
Proteus reference manual for more information.

Visual Aids to Design

The PCB Layout package will use visual effects to help you understand what is happening
during board layout. There are two principle techniques:

Proteus will ‘twitch’ an object when that object is under the mouse and the selection filter
enables selection of that object type. This serves to identify when an object is ‘hot’.

Proteus provides dynamic cursors which change to identify what a left click will do at any given
time (place an object, select an object, move an object, etc.). A list of cursor types is shown
below.

Cursor Description
Standard Cursor
ﬁ Placement Cursor - Left click will place and object according to mode.
\[5 Selection Cursor - left click will select the object under the mouse.

{3@ Movement Cursor - left drag will move the object selected.

Throughout this tutorial — and indeed whenever you are working in the Layout module — you
should make use of these visual indicators to as an aid to understanding the software.

@ Proteus 8 includes a multi-level ‘undo’ and ‘redo’ system via the shortcut keys
CTRL+Z and CTRL+Y respectively. If you make mistakes throughout the tutorial
remember that you can unwind as many times as you need to!
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Display Options

Proteus is capable of harnessing the power of your computers graphics card to speed up
operation and provide true layer transparency on the layout. However, as not all machines have
sufficient graphics cards the software is also capable of using Windows to perform display and
graphical operations. The three modes of operation are called:

@ Windows GDI Mode.

@ OpenGL Hardware Accelerated Mode.

@ Direct2D Hardware Accelerated Mode
Proteus will test your computer when you first open the application and, if possible, will then set
a default hardware accelerated mode for you. Control over hardware acceleration and display

options can be found via the Set Display Options command on the System Menu. Some options
are relevant only to a particular mode and will be disabled if you select a different mode.

Graphics Mode

The first section of the dialogue reports on whether your graphics card will support OpenGL or
Direct2D hardware acceleration and, if so, allows you to switch from Windows GDI mode into
one of these two modes.

IH Set Display O

Graphics Mode:

Your graphics card reports that it supports Open GL in hardware.
Uze Windows GDI Graphics
Uze Double Buffered 'Windows GO Graphics

Uze Open GL Graphics [Hardware Accelerated)
@ {Uze Direct?D Graphics [Hardware Accelerated}

Select the best option that your graphics card supports.

Opacity
When a hardware accelerated display mode is selected the Opacity section of the dialogue
allows you to configure the transparency of various layers on the board.

Opacity:

Current Layer: ﬂ

Backaround Layer: (}

Solder Resist Layers: Ij

Solder Paste Lavers: (]

Dimmed Objects: {

Opacity options
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When using hardware acceleration, Proteus places special significance on the current layer,
giving it a higher opacity than other copper layers on the layout. This means that objects on the
layer you are working are clearly visible and that objects on the other layers of the board are
dimmed. You can control the relative opacity of both the current layer and the background
layer(s) using the sliders on this section of the dialogue form. For example, if you wish to
disable transparency altogether you could set the background layer slider to maximum.

Additionally, with hardware acceleration you can live view the solder resist and paste mask
around pads and vias on the layout (turn on/off from View Menu - Layers). When enabled, you
can also adjust the opacity of these layers using the appropriate slider controls

@ If you are working on complex, multi-layer PCB's it can be useful to define a number
of preset views for the board. This is done by creating new colour sets in the
displayed layers dialogue (e.g. TOP_VIEW, BOT_VIEW) with appropriate layers
visible and assigning them keyboard shortcuts.

Auto-Pan Animation

In Proteus, holding down the shift key and bumping the mouse against the edge of the Editing
Window allows you to pan the screen. Similarly, dragging an object against the edge of the
Editing Window will pan the screen in the direction of the drag. This navigation feature is called
auto-pan and is controlled via the options in this section of the dialogue form.

Auto-Pan Animation;

Pan Distance: (]
MHumber of Steps; 3
Fan Time [ms): 100

Auto-Pan options.

You can adjust the distance moved on auto-pan (pan distance), the number of steps taken to
cover this distance (number of steps) and the speed of the animation (pan time). These options
are available regardless of which mode of operation you have specified.

Highlight Animation

When working in hardware accelerated mode objects under the mouse with smoothly increase
their intensity to inform you that they are selectable. The highlight animation options in this
dialogue allows you to control the smoothness and speed of this effect.

Highlight Znimatior:
Animation Interval (me) 100

Attack Fate: 1

Felease Fate: 1

Animation Speed options
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The animation interval controls the frame rate of the animation and therefore the smoothness of
the fade-in/fade-out effect. Normally, the default value for this is suitable.

The attack rate specifies the speed at which an object will go from “fully off’ to ‘fully on’ whilst the
release rate allows you to adjust the speed at which an object will return from ‘fully on’ to ‘fully
off’.

These options are only available in hardware accelerated modes.

Multi-Sampling (Anti-Aliasing)

Multi-Sampling is a method used by graphics cards to reduce anti-aliasing effects when
graphics are displayed at different zoom levels. It is particularly applicable to text but impacts on
all graphics on the layout.

Multi-5ampling: | 4= - [ 1]:8 ] | Laticel |

M.B. Multi-zampling places significant demands on your araphics card.

When working in OpenGL mode you can specify the level of multi-sampling you want to use.
The higher the level of multi-sampling the better the resulting display but the more GPU
resources are consumed. If you select a level of multi-sampling which is not supported by your
graphics hardware the software will reset the level to the closest one which your card can
handle. For normal operation in Proteus a multi-sampling level of 4x is quite sufficient.

Displayed Layers Dialogue

The displayed layers dialogue allows you to control the visibility and colour of the various layers
on the board. You can launch this from the View menu in Proteus or by clicking the mouse on
the status bar at the bottom of the application.

You can change the colour of a layer by clicking on the colour beside the layer and control the
visibility of the layer via the checkbox beside the layer (where appropriate). All changes are
updated live on the layout.

You can switch between the pre-supplied colour profiles (print and screen), create your own
colour profiles via the 'new' button at the top of the dialogue form and assign them to keyboard
shortcuts. This allows you for example to have a TOP colourset showing only top copper, top
silk, top resist and top paste mask. More information is available via the context sensitive help
for the dialogue form (click on the question mark at the top right of a dialogue and then on a
field of the dialogue form to launch).
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ii¥] Display Settings
Displayed Lavers ] Thuiew Settings |
Colowr Set: | TOP_COPPER - [ New | [ Rename | [ Delete
Kevboard Shortcut “I—v/
B V| Top Copper O[T Mech. 1 B [ inner1 [ | Inner 8
B [ |Bottorn Coppe 0[] Mech. 2 B[ lnner 2 B[ lrnerd
O V] Top Sik B [ |Mech. 3 B[ [Inner 3 W [ Inner 10
B[] Bottom Silk 0 [ Mech. 4 2 [ inner 4 W [ Inner 11
B [/] Top Resist [ llegal T linner 5 B [ JInner 12
B[] Bottorn Fesist M [] Keepout B[ Inner 6 W [ Inner13
@ [¥] Top Paste W [ | Occupancy B[ inner 7 B [ [Inner 14
@[] Bottorn Paste [ [¥] Edae B Thiu Pads 2 Pin Numbers
B[] Ratsnest B [/ Drill Holes B Thru Vias W Empty Zones
O [#] ForceVectaors [ Grid Lines B Euried Vias B Dnag Cursor
W FPaper [Z Hilight W Dimmed
Resist / Solder Paste Display & EditBox | /orld Box
/| Draw Full 5older Resist
7] Draw Full Solder Paste al | [ nore |
[ QK. ] | Cancel |

Finally, if you are working in OpenGL or Direct2D mode, the Resist/Paste Mask Display options
allow you turn on full display of these layers on the board, showing the resist and paste
coverage around pads and vias. When enabled you can change the intensity of these layers by
switching to the Thru-View settings tab and adjusting the appropriate slider controls.

Background Layer: |_|
Solder Resist Layers: I_l
Solder Paste Layers: |_|
Dimmed Objects: |_|
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Component Placement

Proteus 8 works with a live netlist so the PCB Layout module already has much of the
information we need to start the layout process. In particular, we have specified which footprints
are associated with each schematic symbol and Layout module can therefore pre-select these
for us ready for placement. This brings us to an important distinction in the software; the
difference between a component and a package.

Components and Packages

@ A component is an instance of a footprint that has been netlisted through from the
schematic.

@ A package is a physical footprint that exists in the PCB Libraries.

Selecting component mode will access footprints which have been specified as relating to parts
in Proteus and carry connectivity information whereas selecting package mode will access
‘unbound’ physical instances of a footprint. When working with a layout which is driven from a
schematic we therefore exclusively use component mode.

The Component Mode icon is second from the top directly underneath the Selection icon.
Clicking on this will display a list of items in the Object Selector which correspond directly to the
parts in Proteus that we used to create the schematic.

]

(1

=i T

ih)

X

H

L+

a

+]

LB} [RECORD)

@ D2 (Bas4n)
D2  [BASHO]

B 0z (LmMzesas

D4 [BAS4D)

Component Mode

The Package Mode icon is directly underneath the Component mode icon and clicking on this
will show us the physical footprints corresponding to the components in the layout.
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(M rackacEs

oe0s
BATT
CC1005
CC1310
CONN-SIL2
COMN-SIL4
CONN-SILE
DILDg
D035
ELECT-BE
IND1812
LED
MINIMELF
RES40
508
SO18W

LEOBODO X L)y

Package Mode

When placing, routing and laying out a PCB based on a schematic (such as with this project) we
will be working with components.

The Board Edge

Before we can place the components on the board we need to define what shape and size the
board will be. For our project we need only a simple rectangular board edge but we do want to
control the dimensions of the board (115mm wide and 40mm high).

The first thing to point out here is that Proteus will operate in either imperial or metric units and
you can switch between modes either by toggling the Metric command on the View menu or via
the ‘M’ keyboard shortcut. You may need to switch units for the placement of the board edge
and also elsewhere in the documentation.

©® You can set your default or preferred units from Technology Menu - Grid
Configuration command.

To start placing the board edge, select the 2D Rectangle icon from the left hand side of the
application.
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N 4+@> 80 00\

2D Box Icon

Next, change the Layer Selector to the Board Edge Layer.
[JBoard Edge -

Board Edge layer selected

Move the mouse to the approximate starting point (e.g. top left) for the board edge. Now, hold
the mouse still and press the ‘O’ key on the keyboard to set the origin of the co-ordinate system
to the point under the mouse. This will be reflected in the co-ordinate display at the bottom right
of the application. Left click to start placement and drag in the normal way. The co-ordinate
display at the bottom will show you the dimensions of the board edge as you drag.

DRC ermors

+26.000  -14.000 mm

Drawing a board edge

Press the ‘M’ key on the keyboard to toggle between metric and imperial units as required.
Once you have the desired size of board edge click left again to commit placement. Don’t worry
about where in the Editing Window you have placed the board edge — we will move it to the
centre of the world area shortly.
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Placed board edge which is always Yellow

If you would like the board edge to be a specific size, edit the board edge graphic
and set the dimensions to your requirements:

£k Edit 2D Graphics

X Coordinate:
Y Coordinate:
Width:
Height:

Thiz Graphic Only

Finally, restore the co-ordinate system to its global origin by pressing the ‘O’ button on the
keyboard again. The colour of the co-ordinates will change from Magenta to black to indicate
that the global origin is now in use.

+0.000  +0.000 mm

Co-ordinates at 0,0

@ Placing a board edge should always be the first task as the software needs to know
the boundaries of the board in order for example, to know the limits of where the
autorouter can function or the size of a power plane.

If you need to delete the board edge or resize it you can do so via the context menu options and
drag handles that will appear when you right click over the board edge graphic.
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Drag Object

Edit Properties... Ctrl+E
Move to...

Delete Object

Rotate Clockwise Num-5ub

Select Delete from the context menu

@ Complex board edges can be directly imported onto the board edge layer using the
Import DXF function on the File Menu.

Layer Stackup and Drill Spans

Before we begin layout, we need to define our layer stackup and specify which drill ranges are
valid for vias. Start by launching the layer stackup dialogue from the Technology menu.

Technology  System  Help
Design Rule Manager
Set Grid Snaps
Set Layer Stackup %
Set Layer Pairs

Set Text Style
Set Board Properties

Configure Teardroppin

We will be making a simple two-layer board with a single core between top copper and bottom
copper. This will be shown visually on the editable grid and as a cross section in the board view
tab.

{8 Edit Layer Stackup and Drill Spans ? X {8 Edit Layer Stackup and Drill Spans ? %

Leyers | Orl Spans | Board View Layers | Dl Spans B0 Vs

D Name Type Material Thickness  Dielectric  Fower Plane Surface, 0.01016mm Resist

TR TopResist Surace Resist 001016 350
TOP  Top Capper Signal Copper 0.035mm
Core FR4 1.6mm 480
BOT Bottom Copper Signal Copper 0.035mm
BR Bottom Resist Surace Resist 001016 350 Core, 1.6mm FR4

< >

Surface, 0.01016mm Resist
Stackup'wizard | Create Power Plane Total Thickness: 1.69032mm  Slot Layer:| [T Mech 1 ~

Cancel oK Cancel

Since the defaults are fine for us, there is no action required here. If we did want to edit the
stackup then we would do so via the stackup wizard button which would allow us to change the
number of copper layers and the construction method for the board.
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{ak Board Stackup W... ? X

Mo. of Copper Layers: |2 ~

Board Style: Intemal Pairs

e
< Surface Thickness:  [0.01016mm

Stackup ‘Wizard Create Power Flal Copper Thickness: 0.035mm
Cors Trckrsss

P Tk

Surface Dielectric: 35

Prepreg Dielectric: 48

Similarly, on the drill spans tab there are no additions required, since our target PCB is 2-layer
only. However, to provide some context to the topic, the following are some screenshots from a

6-layer stackup.

8 it Loyer Stackup and DrillSpans 7 x 4 it Loyer Stackup and DrillSpans 7 x 48 Edit Layer Stackup and Drill Spans 7 x
Layers | ol Spans | Board View Layers  Drl Spans | Board View | Layers | Dil Spans 2ard View!

D Name Tipe Meterdl  Thickness  Dieciic PowerPlane £ Mame Stat Layer Stop Layer L
T Top Fewl Soface T Fea GGibiEnn 350 1 THRY Top Copper Bottom Copper ™
TOP  TopCogper  Signal Copper 0035m 2 ToPn Top Copper Inner 1 &

Core R4 16mm a0 3 en Inner2 Ioner 3 B
noowc Pine Copper 0035m 4 egor Ioner Botom Copper £l

Proeg  FRS 3 ')
2 w2 Signal Copper 0038mm

Core FRa 160m )
B e Signal Copper 0.035mm

Prepeg  FRE 03m )
- Plre Copper 00350m

FRE 160m a0
BOT  EatomCopper  Signal Copper 0035m
BR  BotomFess  Sulce  Resst 0010%6mm 350
< > < >
Stackup Wizard| | Cieale BoleiPlane | Total Trckness: 563032rm St Layer[EMech 1| O Create fiom Vs Add Dekte
Corcel & || Coel o || Coed

The most important thing to remember is that for multi-layer boards, configuration of this
dialogue is really important. We'd encourage you to read through the dialogue level help and if
you are unsure about anything, the topic is discussed in detail in the reference manual.

7 >

¢ Power Flane
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Work Area, Co-ordinates and Snap

It is likely that your board edge covers a small portion of the Editing Window, which is less than
ideal as all of the work will be taking place inside this area. We can of course zoom into the area
(point the mouse and roll the middle mouse button or use the F6 key) but the default zoom level
is designed to show the entire Work area. The Work area is the area inside the dark blue box at
the edges of the Editing Window. Let’s tidy this up a bit before we move on.

Start by switching into Selection Mode and then left click and drag a selection box around the
board edge.

K Schematic Capture % {.!} PCB Layout x

%= 4r e ()

I0y8jes sjusuodwon

Selection mode and the board edge selected

If you get it wrong and don’t completely cover the board edge, use the green handles to resize
the selection box until it completely encompasses the board edge.

Resizing a box by the drag handles

Now place the mouse inside the selection box, depress the left mouse button and drag into the
centre of the work area, releasing the mouse button to commit the placement.

Moving the board edge
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@ This is a very important technique worth mastering as it allows you to easily block
select and then perform actions on (move, delete, etc.) groups of objects.

Having centered our board edge in the Work area we can shrink the work area to a suitable
size. From the Technology Menu, select the Board Properties command and then set to
something like 175mm by 100mm, such that the resulting work area forms a reasonably
boundary to the board.

Technology  Systemn  Help

M Design Rule Manager

Set Grid Snaps Mazirum idth: — 175mm = [Max. 10m]
Set Layer Sta.ckup I airnurn Height: 100mm | = [Max 10m).
Set Layer Pairs Board Thickness:  1.26mm =
TERE Feature Thickness: S0um =

Set Board Properties =
Configure Teardropping Ok ] ’ Carncel
Configure Length Tuning

Apply Technology Data from Template

Save layout as Template

Setting the board properties

We saw briefly when placing the board edge that we can specify a temporary origin and use
that to place items of a given size (or to place items a specific distance away from our origin
point for example). We can however, also specify the location of the Output Origin. This is the
default origin used whenever we do not explicitly set a temporary origin and is shown on the
layout as a small blue marker.

It can be useful to move this to a corner of the board and particularly so if we have mechanical
constraints that we need to consider during placement (e.g. mounting hole locations). For our
design, we’ll move the origin to the bottom left corner of the board edge.

1) From the Output menu choose the Set Output Origin command.
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View Edit Library Tools Tec
[3] Print Layout Ctrl+P
[ Print Setup

i5 | Printer Information

Set Qutput Area

||| Set Qutput Crigin %

Export Graphics »

2) Move the mouse towards the bottom left of the board edge. Roll the middle mouse button as
required to zoom in for more accurate placement.

3) Left click the mouse to commit placement.

The co-ordinate display will now provide values relative to the position at the bottom left of the
board by default, and relative to any specified temporary origin when set.

©® Remember that you can also toggle metric or imperial units via the command on the
View menu or the ‘M’ keyboard shortcut.
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@ A useful trick once we have specified our origin is to use the Goto-XY command on
the View Menu to move the mouse to the exact location we want to place position

sensitive parts. This command will automatically switch between X-Y or Radius-

Theta

depending on whether you are in polar or cartesian co-ordinates.

Proteus has a default grid and will snap objects onto the grid, making it easy to form
connections and control board layout. There are four hotkeyed snap settings for both metric and
imperial units, changeable from the View Menu or by keyboard shortcuts. It follows that

changing the snap setting to a lower unit will allow finer granularity, whereas raising the snap

setting will make it easier to select objects at higher zoom levels. It is not advisable to change
the snap settings regularly through a design but rather to choose the highest appropriate setting
for the board you are working on.

You can change the four default snap settings via the Grids command on the Technology Menu.

Imperial Metric
Technology  Systemn  Help -
Fine Snap: L Fine Snap:  0.7mm
£ Design Rule Manager HCEEE : -
Set Grid Snaps F2 Snap: Sth F2 Snhap: 0.5mm
Set Layer Stackup F3 Snap: 285th F3 Snap: Trrim
Set Layer Pairs F4 Snap: 50th F4 Snap: 2.5mm
Set Text Style
Dt spacing Start up units
-, ) s @ Impenial
Ainimum [px]: 8 = ) Metric

Grid settings can be set according to the users requirement

The grid display itself can be toggled between off, dots and lines via the ‘G’ key on your

keyboard, whilst the colour of the grid can be configured from the Displayed Layers Dialogue

(View Menu).

Placing Components and the Ratsnest

Now that we've handled all the basics we can finally start to get our components on the board.
The following screenshot shows a fully placed board and we can use this to get our
approximate positioning. Since it is a fairly simple board we are going to place manually but it is

worth noting that Proteus includes a fairly sophisticated auto-placement facility that includes

component grouping (e.g. powersupply, usbengine, etc.) and floorplanning on the layout.
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dsPIC33 board un-routed

Placing a component in the Layout is very similar to that in the schematic.

Start by selecting Component Mode from the left hand side icon set and then ensure that the
layer selector is set to Component Side — we won’t be placing any solder side components in

this project.

b

(1
-ﬁ? (® CoMPONENTS
Al v
K
C2  (22p)
o5 [10uF]
C4  [100n)
O (10r)
06 [(10n)
: £a  [in)
o0 [n)
g o (n
e
® 02  [BAS40)
B oz (mzesas
D4 [BAS4D)

[Component Side =

Component mode and the Layer Selector

The object selector by default will contain a list of all parts to be placed. For more complex
boards however it is worth noting that you can restrict the display to only items selected on the
schematic or only those on the currently selected schematic sheet.
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Components selected in Proteus and shown in the Layout - Component 'tagged' mode

This allows you to select parts of your design in the schematic and then work on placement and
routing of them in PCB Layout without the clutter of other components in the object selector.
Our layout however is relatively simple so we will work globally (all of the components available
in the object selector).

Let’s get the AA battery holder down first on the right hand side of the board. Select J1 from the
Object Selector, position the part using the previous screenshot as a guide and then left click
again to commit placement. Note that once we have placed the part it is removed from the
Object Selector and we can continue by placing the J2 connector above and towards the right of
the battery.

You should notice both during placement and afterwards that there are green ‘elastic’ lines
between the two components and also a yellow arrow from each component. The green lines
are ratsnest lines and indicate connections that have to be made between the two parts, whilst
the yellow arrows (named ‘force vectors’) indicate a preferred position for the part to minimize
ratsnest distance. The force vectors are provided as guidance only and are based solely on
logic to reduce ratsnest lines. Since we will be using the earlier screenshot to dictate positioning
we can turn them off.
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dsPIC33 board as you see it having placed all the components

From the View Menu, select the Edit Layer Colours/Visibility command. The resulting dialogue
form shows all the layers in the layout with colour and visibility configuration options. All we
need do here is deselect the checkbox for the ‘Vectors and Ratsnest’ layer and exit the

dialogue.
Display Setti S
Displayed Layers | Thuview Settings |
ColowrSet. | BLACK, FAPER | [ Mew |
—|Faj [ 1 [V Mech. 1 W V] Inner 1 W V] Inner 8
M V| Bottom Coppe [ (V] Mech. 2 M V] Inner 2 W V] Inner 9
=1 [¥] Top Silk B [V] Mech. 3 W V] Inner 3 W V] Inner 10
B (V] Bottom Silk = [V Mech. 4 = (V] Inner 4 W V] Inner 11
B V] Top Resist W [V] llegal 1 7] Inner 5 B (V] Inner 12
B V] Bottom Resist 1 (V] Keepout M V] Inner B W V] Inner 13
= V] Top Mask B [V] Oceupancy o V] Inner 7 B [V] Inner 14
=~ —] [V Edge B Thiu Pads — Pin Mumbers
R atzneszt B [¥] Drill Holes B ThiuVias M Emply Zones
ForceYectors / ] Grid Lines B Buried Yias B Drag Cursor
B Paper — Hilight B Dimmed
Fesigt / Solder Paste Digplay = B e = ol Bl
Draw Full Solder Resist
Diraw Full Solder Paste | All | | MNone |

The Ratsnest and Force Vector layers turned off

@ You can also launch this dialogue form by clicking the mouse on the status
reporting bar at the bottom of the application.

@ Itis important to remember that this dialogue form controls visibility only; to control
whether objects on a layer were selectable/editable we would use the Selection
Filter which is discussed in more detail later in the documentation
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You may find that you need more control over the positioning in order to move connector J2 into
position. Remember that objects are linked to a snap grid so all we need do is reduce the snap
grid via the options on the View Menu, for example to 1mm snap.

Edit Library Tools Technology

Redraw Display
iy

R

Edit Layer Colours/Visibility Ctrl+L

E

Ak Toggle Board Flip
Toggle Grid

Toggle Metric/Tmperial
Toggle False Origin

it
7 —¢— 3 Hded
ik

Toggle Polar Co-ordinates
Toggle X-Cursor

Goto X-Y Position
Goto Component

Goto Pin

Snap 0.1mm

Snap 0.5mm
¥ | Snap lmm

Snap 2.5mm %
"i"’ Center At Cursor

F

= N O = oo

Ctrl+G
Ctrl+C

Ctrl+F1
F2
F3
F4
F5

If you are working in imperial units you can either change the snap to 25th or use the ‘M’

shortcut to switch to metric units

Now that we have the granularity we need, simply right click on the part to select it and then
drag it into the desired position. We can move the connector closer to the board edge if we
move the part label underneath the part. Again, the process is identical to the one we covered in
the Proteus tutorial — remember this time to right click on the label itself and not the component

body.

As you place components and ratsnest lines appear the connectivity status also will update to

show the number of missing connections.
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x 1 mizzinalz)

J1 and J2 placed with the CRC showing 1 connection missing

A missing connection is essentially a wire connection on the schematic that has not been routed
on the layout. It follows that when the board is completed the connectivity status should report
no missings. We'll look at this is more detail when we discuss routing later in the tutorial.

If we now consider the other principle components we can go ahead and place U1 (dsPIC33),
U2 (12C memory), U3 (temp/humidity sensor) and U4 (dual op-amp) in exactly the same way,
such that we end up with something like the following screenshot.

dsPIC33 board so far...

Note that the S08 footprints used for the U2, U3 and U4 components have been rotated
appropriately to reduce ratsnest length. This is best done at placement time as the ratsnest
display will update live to give visual guidance.

Start by placing U1 in the normal way and then start placement of U2 by left clicking once on
the Editing Window. Now use the ‘+’ and ‘-* keys on your numeric keypad to rotate the
component as you move it into position, left clicking the mouse again to commit placement as
before. Repeat the process for U3 and U4, moving or rotating parts after placement (right click
and then context menu options) until your board approximates the previous screenshot.
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@ If you are placing components in a high density area where routing space is at a
premium you can hide the part reference via the edit component dialogue form
(right click on the part and select edit properties from the resulting dialogue form).

Generally speaking you have two options for placement of the board. You can either manually
place the components in their positions or, if you have the Advanced Features Set (Proteus
PCB Design Level 2, Level 2+ or Level 3), you can use the Auto-placement feature to get all the
components on the board and then move them into the desired locations. In either case, you
may find it useful to temporarily disable the ratsnest lines during placement; remember that this
is controlled from the Layers dialogue form as discussed earlier.

The auto-placer can be invoked from the Tools Menu in the PCB layout and for our purposes all
the default options will suffice.

Technnlog}r Systern  Help

Follow Me Routing

v

v

v | Auto Trace Style Selection  Ctrl+T
v | Auto Track Necking Ctrl+MN
¥ | Auto Zone Regeneration Ctrl+R
&4

Search & Tag T
OR Search & Tag
AND Search & Tag

Automatic Mame Generator N

Live Metlist
Clear Metlist
@* Connectivity Report

15 Auto-placer %
Auto-router

Gateswap Optimizer
Power Plane Generator

E;z Automatic Annotator

Selecting the Auto-Placer from the Tools menu

Whichever route you follow the task is to lay out all the components on the layout, using the
previous layout as a reference. Try to leave some space at the bottom of the board so that we
can run traces down and along from connector J2.

The following points are useful to bear in mind as you continue placement:
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@ The middle mouse will zoom you in and out as you place components (as will keyboard
shortcuts F6 and F7)

@ Right clicking on a component once placed will present a context menu option, allowing
you to move, rotate or delete the part.

@ Changing the snap settings to a finer grid will allow more accurate positioning at the
expense of more precision being required to select the part.

@ If you place a part in an illegal position (e.g. over another part) you will get one or more
design rule violations. For now, simply move the part to a legal position — we will look
more closely at design rules in the next chapter.

B DRCemos:

DRC errors

©® Once you feel comfortable with placing and moving parts, feel free to move on to
the next section. We will load a board with all the parts placed before we discuss
design rules and routing.

Mounting Holes and Pad Styles

Before we move on to look at connectivity considerations we should complete the physical
layout by placing mounting holes for the board. In our case we want to use pad with 3mm hole
and a diameter of around 0.18in and to position them conveniently for mini-locking PCB
supports. The first thing we need to do is switch into circular through hole pad mode and scan
for a suitable pre-supplied pad in the Object Selector.

TI®@ crcTHRU

C-40-25
C-50-25
& |C50-30

C-60-30
C-70-30
C-30-30
C-90-40

g |caosn
C-100-45
@ | 10060
C-120460
C-15060

X &

C-300-50
C-500-60
DILCcC

e C-180-M3
B C-2E0-M4
J
=
Select the correct pad style for mounting holes
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The nomenclature of pads in the PCB Layout is designed for easy reading and tends to follow
the following format:

<PAD TYPE> - <DIAMETER/SIZE> - <HOLE>

Units are in imperial unless prefixed with an ‘M’ so for example a C-40-15 is a circular pad with
a 40th diameter and a 15th hole and a C-200-M3 is a circular pad with a 0.2in diameter and a
3mm hole. Our spec requires a pad with a 0.18in diameter and a 3mm hole, which we can see
does not exist in the pre-supplied set. We therefore need to create the pad as follows:

1) From the Library Menu select the New Pad Style command.

Tools Technology Syster

(ﬁg Pick parts from libraries P

Compile To Library
Library Manager

Mew Pad Style %
Mew Pad Stack

Mew Trace Style

Mew Via Style

Merge default styles

2) Enter a name for the pad; we recommend you follow the standard naming convention (i.e. C-
180-M3).

Create New Pad Style

Marne: C-180-M3
Marmnal SMT
@) Circular Circular
Square Square
DIL Palygonal
Edge
[ ok ] | Cancel |

3) Specify the pad type — in our case we want Circular through hole pad.
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4) The diameter of the pad is 180th or 0.18in.The drill mark is the size of the mark output in a
drill plot, 30th would be fine. The drill hole needs to be 3mm and the guard gap should be
enlarged to 20™. The guard gap (or solder mask expansion) is the amount by which the pad
diameter is expanded on the resist plot.

I% Edit Circular Pad Styi!% %

MName: C-180-M3

Diameter; 180th =
Drill Mark: 0th =

Drill Hole: 3mm

Guard Gap:  20th |2 Prezent -
LChanges:

Local Edit
@ pdate Defaults

1l

LCancel

5) At the bottom of the dialogue form we have the choice whether to make this pad style
permanent for future designs (Update Defaults option) or local only to this design (Local Edit
option). Unless there is a particular reason for a local edit only we recommend that you leave
this on the default setting.

LChanges:

REl

@) Update Defaultz \ﬂ/

6) When you exit the dialogue form you should see that the new pad style is available for
placement from the Object Selector.

When entering specific values you may find it easier to simply type in the values that you want
rather than using the up and down arrows beside the controls.

We are going to want to place two mounting holes at the top and bottom left of the board and
then a third at a specific location (for mini-locking PCB supports). You may therefore have to
move some circuitry out of the way to make room; for example, the crystal block at the bottom
or the pressure transducer at the top. As we’ve seen earlier we can easily do this by entering
selection mode, drawing a selection box around the circuitry and then dragging to a new
position. This is shown below with the crystal circuitry.
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Moving a selection of circuitry
Remember that you can resize the selection box to include or exclude items using the drag
handles if you don’t get the right size the first time.

Once you've cleared some space, go to the circular PTH pad icon again, select theC-180-M3
Pad style and place two at the top and the bottom left of the board.

Mounting holes placed

We want to position the third mounting hole above the battery and in a reasonably accurate
position. Specifically, we want to place the hole 35mm up from the bottom of the board and
87.5mm along from the left. We’'ve already set our global origin to the bottom left of the board so
this is set to be the reference point for the co-ordinate system. All we need do therefore is move
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the mouse up and right from the bottom of the board edge until the co-ordinate display reads
correctly (you may need to switch into Metric units using the ‘M’ shortcut key toggle).

If required, we can move the DC/DC converter circuitry as before, then switch back to pad mode
and place the final mounting hole at the correct co-ordinates.

@ Alternatively, having set the output origin and knowing the co-ordinates you can
right click on the mounting hole and select the move-to command from the context
menu to programmatically position the part.

With position sensitive components it is often useful to ensure that they cannot be nudged or
moved inadvertently after placement. You can lock any object in position by moving the mouse
over the object until it is encircled by a dashed line, right clicking on the object and selecting
Edit Properties from the resulting context menu. The Lock Position checkbox can then be
selected to prevent movement or deletion of the part.

@ You can also set a specific minimum zone clearance for the pad to reserve some
extra space for the bolt.

11#] Edit Single Pin

Layers: ALL -
Style: | C180-M3 -
4 Drag Object — Bielief: | Defaul -
Dril Hole:  [Plated -

Edit Properties... % Ctrl+E
Maove to.. Met: | [Mane] - |

—
?ﬁ }( Delete Ob_iECt Mumber;
C@ [ 0k ] | Carcel |

Locking pads and components

We have now completed the physical layout of the board. If you decided not to follow the full
layout process you can load a version of the board in its current form by opening the home
page, clicking on the Open Sample button. The project you want this time is the unrouted
dsPIC33 Recorder project from the Tutorials category.
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DEEW)

Open Project MNew Project  Import Legacy Design{_ Open Sample

——
i Sample Projects B
_—

Results (5)

Keywords
Category

Analogue Simulation Tutorial (Part 2)

[7] Match whole Wards Only 2 Tutorials

3 Tutorials dsPIC33 recoder (completed)
Category
[AlI] 4 Tutorials dsPIC33 recorder (schematic only)

Generator Scripts . ==

Interactive Simulation Details

Schematic & PCE Layout
. dsPIC33 recorder (unrouted)

Sub-category (Feature) dsPIC33 based recorder - Layout tutorial (unrouted)

[4l] Category: Tutorials
Analogue Simulation Features: Layout
Layout
Schematic

Opening a sample project

Design Rules and Net Classes

Now that we have a placed board we need to configure the software to obey any design
constraints or electrical considerations relevant to the layout. We can do this largely from a
single dialogue form called the Design Rule Manager. Start by launching this dialogue form now
from the Technology Menu in the Layout module.

Technology  System  Help

M Design Rule Manager b
Set Grid Snaps

Set Layer Stackup

Set Layer Pairs

Set Text Style

Set Board Properties
Configure Teardropping
Configure Length Tuning

Apply Technelogy Data from Template

Save layout as Template
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Design Rules

The first tab of this dialogue form allows us to configure constraints and minimum clearances for
the layout. We have a DEFAULT rule loaded which must apply to all layers and all net classes,
providing a set of clearances between objects equivalent to manufacturing guidelines.

£k Design Rule Manager ? X
Design Rules l Net Classes ] Defaults I
Region: Rules:
Rule Mame Pad-Pad Pad-Trace Trc-Tre Graphic Edge
i Top C
i DEFAULT 10h  15h MWh 18k 18K
----- ottom Copper
(O Al @ Applicable Mew || Clone || Edit || Delete
Enable design rule checking?
Cancel

The Design Rule Manager

@ This rule and these clearances are created automatically for each layout in order to
provide a minimum set of constraints for a board. You can change the values of the
default clearances applied to new layouts via the Design Rule Manager on the
Technology menu.

The first thing we need to decide is whether a single rule is suitable for all layers and all traces
on the layout. It is possible to create as many new rules as required and we can limit their effect
to a given layer on the PCB, a specific area of the PCB and/or a given set of connections (net
class). A great deal of information on this is available in the reference manual but for our
purposes we can manage fine with configuration of the existing rule.

Given that this equipment is intended to work out-doors we’ll need to increase the clearances
between pads and traces to improve the insulation against condensing moisture. A 20%
increase should be sufficient so we need to change the Pad-Pad, Pad-Trace and Trace-Trace
clearances from 10th to 12th.
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Design Rule Manager

Design Rudes | bet Classes | Defauls |

Bagion: Bules;
B°"_" c Fube Mame Pad-Pad Pad-Trace TroeTre  Graphic
Teo Capper s
Bettom Copper DEFAULT  &h Gh &h Ith
@
Fpphy to Regon:
Cees
Aophyto Met Class:
OM ® k4
A @A Respect To:
[71 Enable desion nske checking?

Edge
&h

Clearances

[Pad-Pad Clearance: 120

Pad - Trace Oearance: :h-!h

Trace - Trace Cearance; N2k

afe| (o | e | Falv| [l

Graphics Carance. 18h
Edpe/Siot Clearance: | 130
Apph Defauts
19 Cancel

Default clearance settings in the DRC manager

The graphics and edge clearances are fine at the default values.

©® Note that the edge/slot clearance field defines the clearance for power planes

against the board edge.

In addition to these clearances there is a board global rule for Resist-Trace clearance. This rule
enforces a clearance between the solder mask and copper and is intended to prevent exposed

slivers of copper on the manufactured PCB.

{ak Design Rule Manager

Design Rules ] Net Classes !

Default Styles:

MNeck Style: | T10 w
Relief Style: | RELIEF ~
Global Settings:

Curve Tolerance: th 3

Rule Check Tolera
Solder Resist Guard:

? X

()3 Cancel

If, during route placement, you find these DRC errors, the solution is to either move the trace or
edit the pad style and change the guard gap (solder mask expansion) for that pad style.

Since there are no new rules required for this board we can move on to the net classes tab of

the dialogue.
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Net Classes

This is the place where we configure trace and via styles and control which layers we route on
when auto-routing the board. The selector at the top allows us to switch between different net
classes and configure each separately.

Let’s start with the POWER Net class, which should be the default selection. As we discussed in
the Proteus Getting Started Guide any nets that include a power or ground terminal are
automatically assigned to the POWER net class, unless manually overridden.

We'll set the track / trace size to 25th, not so much for current considerations but to reduce track
impedance (we’ll also place a single low impedance ground plane later to help with this). In PCB
nomenclature this corresponds to track style T25.

The neck style — if configured — specifies the track style for necking (thinning) to help the track
pass through obstacles. Together with our design rule aware routing (which knows which
objects are obstacles) this is very powerful. When set, you can hold the SHIFT key during route
placement to toggle between necked and normal track styles which is invaluable in tricky or
dense routing.

Advanced necking: The SHIFT key is held down while routing the escape from the BGA and
then released to resume routing at normal track width.
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Our board is not likely to be complex enough that this will be an issue but we'll set the neck style
to 15th so that we can practice.

Given that we don’t really have current constraints the choice of vias is a tradeoff between the
higher manufacturing costs of smaller vias and the decreased routing quality of large vias. For
the current this circuit is dealing with and for a standard 1.6mm FR-4 support plated with 35um
copper, vias with the standard 0.4mm hole are a good compromise. For the power tracks we
need a suitable annular size and 40" is a reasonable choice. We can therefore set the via style
to be V40.

© If you are not sure of the characteristics of a particular style, you can view them by
selecting the appropriate mode icon (via, track, pad, etc.), highlighting the style in
question in the Object Selector, and then clicking on the ‘E’ button at the top of the
Object Selector.

The options at the bottom of the dialogue form allow us to change the via type (clearly not
relevant on a two layer board) and also to change the colour or visibility of the ratsnest lines.
The latter can be useful if we are manually routing and wish to quickly distinguish between
power and signal connections.

The layer assignment pairs on the right hand side tell the autorouter which layers to route on for
multi-layer boards. Again, for our two layer board, there is nothing to configure here.

We should now have finished setting up the POWER net class — your dialogue form should now
be configured as per the following screenshot.

{sk Design Rule Manager ? X
Design Rules  Met Classes ] Defaults ]
Met Class: | POWER ~ New Rename Lielete
Routing Styles Layer Assignment for Autorouting
o . 75 . . e o)
Pair 1
Neck Style: | T15 v (Vert):
Via Shle: | " (Hoz): [[JMone) -
Pair 2
(Vert): | {None) ~
Via Type: Ratsnest Display: Pair 3 (Hoz): | (] (None) >
@ Smart (Vert): |[_1{MNone) v
(O Thru-Hole Colour _— (Hoz): | ]{None) ~
Hidden? [ A% ert): [ (None) -
-
Cancel

Specifying the Power net settings

121



LABCENTER ELECTRONICS LTD.

Let's move on to the next net class in the selector; the ANSW class. You may remember that we
specifically named this net class in the Proteus Getting Started Guide in order that the 5V
switched power supply for the analog circuitry (the output of the DC/DC converter) could be
handled separately in the layout. What we want for these connections is a track size larger than
the standard SIGNAL net class but smaller than the POWER net class, so let's change the
Trace Style to T15 (15th track). For consistency, the neck style can also be T15 and we can use
a smaller via (with the same 0.4mm hole) by selecting the V30 Via Style.

{8t Design Rule Manager 7 X
Design Rules et Classes ] Defaults ]
Net Class: | ANSW ~ Mew Renarme Delete
Routing Styles Layer Assignment for Autorouting
Trace Stle: | T15 ~ (Hoz): |l Top Copper ~
Pair 1
Neck Style: | T15 - (Vert): |l Bottom Copper
Vs Syle: Va0 v (Hoa):
- Pair 2
ety
ia Type: Ratsnest Display: Pair 3 (Hoz): |[](None) >
O Smart (Vert): (_]{None) ~
@ Thru-Hole cobor (Hoa):
Pair 4
it ety
ey
Cancel

Specifying the ANSW net settings

@ If you don’t have a V30 via style you can create one easily by going to the Library
Menu, selecting New Via Style and filling out appropriately.

@ Creating your own net classes is extremely simple and provides you with the
flexibility you need both with regard to trace and via configuration but also with
design rule constraints

The final net class we have is the standard SIGNAL net class that encompasses all non-power
and unspecified connections. We've deviated from the widely used “8/10 Rules” (8th trace, 10th
clearance) in order to compensate for outdoor usage but the standard 8th track width (style T8)
is fine. We can also set the neck style to 8™ and keep our standard V30 via style for these
connections.

Having finished configuration, exit the dialogue form to return to the layout.
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Keepout Areas

We can also introduce tracking constraints by limiting areas in which tracks can be placed. A
good example of this is the crystal towards the bottom left of the layout where we do not want
tracks under this area. To form a keepout area, start by selecting the 2D Box graphic icon and
changing the layer selector to be keepout.

Bk eepout -

N80 @EN

Selecting the Keepout layer

Next, place a small box around the silkscreen of the crystal in exactly the same way as we did
for the board edge (left click to start placement, drag out the area, left click again to commit
placement).

Keepout placed produces 2 DRC errors

Unless you are very skillful you will be presented with a box indicating that design rules have
been detected.
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One or more desiagn rule [DRC) enors have been detected.

To zee a lizt of the emors, chick left on the DRC status
box at the bottom of the zcreen, near to the status bar.

[ Dan't display this message again.

First DRC warning

Checking the box on the dialogue form will prevent it from appearing in the future. If you left
click the mouse on the DRC section of the status bar a small window will appear providing
information on the errors. You should see that they are of type PAD-EDGE as the pads of the
crystal are closer to the keepout graphic than the 15" specified in the Design Rules.

Design Rule E
rDesignF{uIe Viclation Type Layer(s) Spec'd Clearance Actual Clearance

DEFAULT PAD-EDGE TOP 15.00th -4.00th

DEFAULT PAD-EDGE TOP 15.00th -4.00th

Displaying DRC errors
We have two options here:
1) Ignore the DRC errors. The keepout graphic will not impact on connectivity.
2) Move the graphic to a legal distance from the pads. The easiest way to do this is to first
change the snap level down (View Menu), right click on the graphic and select the Drag Object

context menu option, and then change the snap level back when you are finished.

When you are finished your keepout area should look something like the following screenshot.

124



PCB Layout

Correctly placed Keepout

@ The default for the keepout is that it applies to all layers. However, after placing the
graphic on the keepout layer, you can right click change it to apply only to a specific
copper layer from the resulting context menu. This can be very useful on more
complex or densely packed board.

We have a similar problem around the temperature/humidity sensor (U3). We are going to want
a slot machined on the board to cut the thermal path and reduce the measurement errors of the
sensor (we want to measure environment temperature, not the one conducted by the PCB). We
therefore need to ensure that no tracks are placed in the area we are going to slot through:

1) Select the 2D Graphics rectangle icon and then change the layer to be KEEPOUT.

Bk eepout -

N80 @EN
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2) Place a rectangle around the bottom half of the IC as shown below.

U3

U3 with a Keepout

This time we cannot move the keepout to remove the DRC errors as the positioning is sensitive.
Instead we can manually override the errors by launching the DRC dialogue, right clicking and
selecting the Ignore option from the resulting context menu.

e
IDesign Rule Violation Type Layer(s) S5Spec'd Clearance Actual Clearance

DEFAULT  PAD-E Ignore this error [%

DEFAULT  PAD-E -4,00th
DEFAULT  PAD-E Reset Ignored Errors -4.00th
DEFAULT  PAD-EDGE TOP 15.00th -4,00th

Ignoring DRC errors

Design Rooms

Alternatively, we can designate this area of the board to have different design rules from
everywhere else. To do this, we select the room icon and drag a box around the area. Then we
set it up as a DRC room which needs to cover all layers (since the keepout is on all layers) and
give it a sensible name.
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Hade label; 51}
0K Cancel

Setting up a Design Rule Room

Now that we have the room set up we need to change the design rules inside it. Go back to the
design rule manager and find the room definition. You'll notice when you select the room in the
tree that the right hand side shows you that the default rule but shaded in a light grey. This
indicates that the default rule applies in the area but was defined at a higher level. In other
words, the room inherits the clearances from the board unless you give it specific clearances.
We do this by clicking on the new button to create a new rule, give the rule a name and scope it
to apply to the room and finally setting the clearances we want. In our case we simply want to
turn off the edge clearance test in this area - everything else can stay the same.

@

Design Fues | Net Classea | Defauts |

Dt Fubes | Het Classes | Defouits |

Begion Bues:

Boaed Rue Mame PadPad PadTrace TreTre Graphic Edge
Top Copper ) . ) .
)
=1 Batiom Copper
KeepadRoom

Clearances

Pad - Pad Clearance: | 10th

Pad - Trace Clearance: | 15th

() The Same Net Class
() Other Net Classes

[A Enabie design nde checkis

(DA [®) Applicable Hew
F7] Enable design nde checking? lb

Carce
Setting a new Rule for the Design Room.

©® Design Rooms are a really useful concept and helpful wherever clearances vary in
specific regions of the PCB. This can be as simple as pad-pad clearance on fine
pitch SMD devices, fanout areas from BGA's, edge connectors at the board edge
and so on. We strongly recommend you read up further in the reference manual.
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Routing the Board

Having configured the board constraints we can now move on to actually making connections
and routing the board.

Teardrops

@ Teardrop functionality is included in the Advanced Feature Set and requires a
license for PCB Design Level 2 or higher.

Placing teardrops at the connection point between track and pad is often useful in preventing
drill breakout during board manufacture. We can configure teardrops from the Set Teardropping
command on the Technology Menu.

Technology  Systern Help
M Design Rule Manager
Set Grid Snaps
Set Layer Stackup

[ Inchude undrilled pads.
Set Layer Pairs M aximurm annular ring: 25th = @
a

Enable teardiops.

Set Text Style
Set Board Properties
Configure Teardropping

Teardrop length:

Configure Length Tuning

Apply Techneology Data from Template

Save layout as Template

The dialogue form lets us set the maximum annular ring size on a pad below which a teardrop
connection will be made and then also lets us set the length of the teardrop. You can, if you
want, also apply teardrops to surface mount pads although we are not aware of any
manufacturing reason for doing so. On surface mount pads the annular ring parameter is
considered to be center pad to nearest pad edge.

A per pad override for setting/clearing a teardrop connection can be accessed from the edit

single pin dialogue. This provides an additional level of control over where teardrop connections
are made.
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[T €dit Single Pin el X ]
Lavers: [ FARR -
Stye: C60-30 -
Eielef: [ Default v
Tearthop:  [Folow glabal -]
Hz:-lber: Falon goba

[ (]9 ] I Caticel I

Note that the creation of a teardrop connection is dependent on the design rules. If making a
teardrop connection would violate one of the design rules then it will simply not be created.

Once configured teardrops connections will be made dynamically as we complete routes in the
sections below.

Placing a Route Manually

Before we start, we will want the ratsnest lines turned back on. If you have them disabled (can't
see any green lines between pads), turn them on from the View Menu - Displayed Layers
dialogue.

Let's begin by manually placing some tracks on the board. Typically, we would manually lay out
connections where a specific path is desired for the track or where we need greater control over
track position. On our layout we want to make sure that our connections from connector J2
follow a sensible path around the board so we can start here and route them manually.

Start by selecting track mode at the left hand side of the Object Selector and changing the layer
selector to be on Top Copper.

I Top Copper -

I3 =] || 5

Trace / Track selection and the Layer selector

If we look at pad 4 of the J2 connector we can see that the closest ratsnest line is directing us
across to the GND pad on the step converter. This is not ideal as we would have to navigate the
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mounting hole and then track into the small SMT pad. Instead, we will route this down and
across the bottom of the board to a more convenient ground connection.

The Layout module features a sophisticated 'follow me' routing algorithm for manual routing in
which the route being placed will follow the path of the mouse as best it can while still obeying
all of the design rules for the board that we set up previously. You start track placement by left
clicking the mouse on pad 4 and then move the mouse downwards.

Routing J2 Pin 4

You should see that the closest legal destination for the track is now highlighted in white. This
will update as we move the mouse and since we are not going to route to this destination we
can ignore it for now.

@ You will also see a shadow track between the current mouse position and the destination. If
you press the ENTER key on the keyboard it will complete the route along the path shown by
the shadow track. You can do this at any time while routing manually.

When the mouse approaches the bottom of the board, you could just change direction to the left
and the track will corner to follow the mouse. However, since we want a tighter corner it is better
to left click the mouse to place an anchor and then change direction to the left.

You will see that as we move further to the left the ratsnest guide will change to show us that we
can terminate the track on pin 1 of jumper JP2.
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Connecting to JP2 Pin 1

Once we are underneath the jumper we can change direction and move upwards towards the
destination pin

Connecting the trace to the pin

Finally, we can click left over the pin to finish placing the route. This will both commit the route
and remove the ratsnest line corresponding to this connection.
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Finished route from J2 pin 4 to JP2 pin 1

Note that we did not need to select the width of track to route with as we configured this in the
previous chapter. The PCB Layout recognizes that we are routing a track on the GND net,
applied the rules for the POWER net class and selected the specified 25" track style for us.

Manual routing is probably the most common action you will perform with the software and it is
vital that you understand how it works. The basic rules of operation are:
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Left click on pad, track or zone border to begin routing from that object.

Left click at any point during routing to commit the route up to the mouse position (we
call this anchoring).

Right click to terminate the route at its last committed / anchored point.
ESCAPE key to abandon route entry completely.

ENTER key will automatically complete the track in the path shown by the 'shadow'
track.

SPACEBAR to float a via on the end of the route and left click to then place the floating
via.

Double left click to drop a via at the current mouse position.
Move the mouse backwards over existing tracking to rub-out.

SHIFT key toggles the neck style on/off (SHIFT key down = neck style on, SHIFT key
up = neck style off).
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We strongly recommend experimenting with manual routing for a while on this board until you
are comfortable with how it works. The following is a summary of how to perform common
actions; try these while routing any of the remaining connections.

Panning and Zooming

While placing a track you can use the middle mouse wheel (or F6 & F7 keys) to zoom in and out
during routing. Panning will happen seamlessly when the mouse is at the edge of the Editing
window during routing.

Placing Anchors

The follow me routing algorithm will move the track being placed according to the way you move
the mouse. If you want a track to follow a particular path then you need to help by left clicking
whenever you change direction. This places an anchor or commits the route up to the mouse
pointer such that the follow me router will not change it. You will see this happening as the
outline track becomes solid.

Getting Stuck / Re-routing while routing

Since the manual routing system obeys the design rules for the board you don't need to worry
about clearances while placing routes. You can however route to a place where you are blocked
(the routing icon will change to a no-go sign at this point). Often you just place a via and
continue on but sometimes it is better to rewind and try another path across the current layer.

Moving the mouse backwards over the route being placed will rub out that portion of track so to
rewind and change direction just move the mouse back to the last good point - anything you had
placed from that point onwards will be removed.

©® On densely packed boards in particular, speed of mouse movement is an issue.
Remember that you are guiding the placement so moving slowly through tight
spaces will work far better than ripping the mouse from source to destination. Use
the SHIFT key to neck down and back up - this will get you through tight spaces.

Placing Vias

If you double click during placement you will place a via at the point the mouse is at and can
then continue routing on the associated layer. If you press the spacebar you will float a via on
the end of the mouse and can then position the via manually before placing with a left click.
Using the spacebar has the advantage of snapping to legal objects (e.g. via under SMT).

In either case the placement of the via is also design rule aware and Proteus will not let you
drop a via in an illegal spot. If you use the floating via method (with the spacebar) the layout will
attempt move the via to the nearest legal spot. This can be extremely useful on busy boards or
when you want to butt a via tightly against another object.
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Layers used for vias are defined in the Layers Pairs dialogue on the Technology Menu.
Examples of routing with vias and discussion on layer pairs follows further in the tutorial.

Object Hugging

Since the design rules are all live during placement it is quite easy to hug a track to another
track or to wrap a track around an object. If the mouse is over an object where the route being
placed cannot travel then the route will follow the mouse path as closely as it legally can,
essentially hugging the barrier object.

Abandoning a Route

- If you want to abandon the route at the last committed (solid) segment then right click the
mouse.

- If you want to abandon the route at the mouse pointer then left click to commit up to mouse
pointer and then right click to terminate the track.

- If you want to abandon the route completely then hit the ESCAPE key.

Making Connections

If you are connecting directly to a pad then a left click of the mouse will complete the connection
and terminate route placement.

If you are connecting to a track then left click will commit the placement and right click will
terminate the route forming the connection. The same procedure applies if you are connecting
to a zone except that you must connect to the zone border.

Placing a Curved Route

Placing a route with curved corners can be helpful with signal integrity and net tuning or simply
for aesthetic reasons. In Proteus, you can switch to curved route placement by holding down
the CTRL key during route placement. Releasing the CTRL key will immediately switch back to
linear routing giving you the control to curve only specific parts of the route. The process of
placing the route is exactly the same as before, except we hold CTRL down on the keyboard for
curves. So:

1) Left Click the mouse to start the route.

2) Hold CTRL down to curve the corners and guide the route towards the destination pad
with the mouse.

3) Left click the mouse on the destination pad to terminate the route.
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Deleting a Route

Once the route has been completed we can delete either the full route or a specific part of the
route if we are not happy with the placement. Let’'s assume that we were not happy with our
placement of the last piece of track (upwards to pad 1 of JP2).

Start by right clicking on the track over this segment of track. This will highlight the entire track
and the Delete Route option near the top would then remove the complete trace from the board.
However, we have far more control if we use the options at the bottom of the context menu. In
this particular case, select the Trim to Single Segment option; this will change the selected area
of track to the segment we have clicked on.

f-ﬁf Copy Route
f-ﬁf Move Route

S Change Layer L4
= Change Trace Style L4
. ,ﬁ; Change Via Style L4
-
IP- Mitre

P- Unmitre

Set Mitre Depth...

"—; Trim to vias
a—a Trim to current layer

‘5 Trim to single segment
I—K| Trim manually

Trimming a trace to a single segment
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Next, right click on the highlighted segment and select the Delete Route command; this will
delete only this segment of the route.

| Drag Routes(s)
) Modify Route
K Delete Route(s)

Copy Route

Mowve Route

= =

| W X

Change Layer »

Deleting a trace via the context menu
Finally, zoom in, change the snap settings if need be and replace the route from the existing
track to the terminating pad.

If things have gone more badly wrong you can simply delete the entire route and start again;
what you are aiming for is something like the following screenshot:
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Editing a Route

It is often the case that routes need to be nudged or moved into position after placement and we
definitely don’t want to be deleting and replacing routes or parts of routes all the time. To take
an example, let's move our track lower down the board a little, towards the bottom board edge.

Start by right clicking on the horizontal section (segment) of the track; this is the section we
want to move. Next, select Drag Route from the resulting context menu, move the mouse down
to ‘pull’ the track into the desired location and then left click again to commit placement.

@ Moving tracks works as we’ve seen on a track segment. Using the Trim Manually
option on the context menu for a track allows you to define your own segment and
you therefore have complete flexibility with altering track topology.

You may want to perform operations on multiple tracks at one time. The obvious example of this
is changing the width of the track(s) and/or the via style used when routing them. You can do
this by first switching to selection mode, then using CTRL+left click to select and finally by right
clicking on any of the selected tracks to access the context menu.

Layer Pairs and Manual Routing

The track we have placed is of course only on top copper, whereas we often want to via up and
down through the board when routing. Proteus handles this with a concept called Layer Pairs.
This means that every layer on the board has an associated layer so that via destinations are
known during placement. For a two layer board this is obvious with top copper being associated
with bottom copper and vice versa but with multi-layer boards configuring the layer pairs
(Technology Menu — Layer Pairs) can be an important step.

@ Don't be surprised to see much of layer pairs dialogue disabled. The available layer
pairs are restricted to the signal copper layers set up in your layer stack.

In our case, the default assignments are correct and no action is required. Let’s place a couple
more routes manually to see how this works. We'll look at connecting pins 1 and 2 of the J2
connector which are the transmission lines from the USART on the dsPIC processor.

We’'ll start with pin 1 and route from the pin on the bottom copper layer. Make sure that you
have track mode selected and then hit the space bar on the keyboard, noticing that this will
toggle the layer between the two layers associated as a layer pair. If you have ended up on top
copper simply hit the space bar again to set the layer to bottom copper.
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M Bcttom Copper -

L X E AL

Selecting the Bottom Copper layer

The processor is some distance from the connector and the easiest path would seem to be
down and along the bottom of the board. Begin placing the track by left clicking on pin 1 on the
connector and then moving the mouse downwards

Routing on Bottom Copper

When we get near the bottom of the board, left click the mouse to place anchors and guide the
mouse to the left. To maximise space on the board you can route across the bottom of the
board with the mouse over the board edge graphic - this will hug the track to the absolute edge
of the board leaving only the Edge Clearance between the two.

Tracks will hug the board edge

Once you get near the U1 IC bring the track up just past the right hand pads of the processor
footprint.
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Routing to the left of the right hand pads of the Processor

We now need to place a via before we can connect to the SMT pad on top copper. As described
above you can either double click the mouse at the point you wish to place the via or you can
press the spacebar to float a via and then guide the placement point with the mouse before left
clicking to commit. The latter method has the advantage of allowing you to butt the via as
closely as possible against the pad thereby minimising the stub track length on top copper.

Placing a via by pressing the space bar

Quite a lot has been covered in making these connections and, unless you are fairly skillful,
there has probably been some finger trouble along the way. We'll continue with the other
connections from the J2 connector to help familiarize ourselves with the techniques we’ve
introduced.

Pin 2 of the connector should follow an almost identical path to pin 1 and again we can start
placement on bottom copper (check the layer selector before you start placement; the space
bar will toggle the layers). We can easily hug the track we have just placed by moving the
mouse parallel to the path we want to travel but over the original track as shown below.

Tracks will also hug other tracks
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In order to make the connection, we can then route vertically underneath the pads and make a
short 45 degree track before double clicking to place the via and complete the connection.

Routing a 45 degree angle

Of course there are many ways we can route the board and personal preference also plays a
part. Feel free to experiment with the other connection on the connector, working around the
battery holder, using the ratsnest to find a legal destination and then completing the route. The
following screenshot is an example of what you might have when you are finished.

Both tracks fully routed

Basic Auto-Routing

From this point on we’ll use the auto-routing engine to complete placement of the routes. As
with the manual tracking the auto-router will obey all the design rules that we configured earlier.

Start by invoking the auto-router from the Tools Menu in Proteus (PCB Layout Module) or from
the icon at the top of the application.
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Technalug}r System Help

¥ | Follow Me Routing

v
¥ | Auto Trace Style Selection  Crl+T
¥ | Auto Track Mecking Ctri+M
v | Autc Zone Regeneration Ctrl+R
|
|
|
E Auto-placer
% Auto-router
Gateswap Optimizer
I]__‘I" Power Plane Generator
E;l Autematic Annotator

Select the Autorouter from the Tools menu

The resulting dialogue form is reasonably complex but all fields have context sensitive help
associated with them. You can also find additional information about the various type of routing
pass in the reference manual. For our purposes (and indeed for most boards of small/medium
complexity) the defaults are more than adequate. We'll start by running in ‘fully automated

mode’ which should be selected by default so simply hit the begin routing button to complete the
remaining connections.

@Shape Based Auto
‘ Execution Mode:

; g i Begin Routi
| @ Run basic schedule automaticalls
Fanout Passes: 5 Fepeat Phases: 1 Epart Design File

Fiouting Passes: 50 Filter Pagzez: 3 Impart Session File

Lleaning Passes: 2 Fecomer Pazs: ‘ez w

Fiun specified DO file automnatically EBrowse

Enter rauter commands interactively

Launch external copy of ELECTRA

Design Rules: LConflict Handling:
‘e Grid 25th @ Treat conflicts as missings Reset to Defaults
Via Grid: P5th Load conflicts as illegal tracks

7] &llow off grid routing? llegal tracks will flash yellow and =

show az design rule violations

V| Enable autonecking? I&I

The Autorouter dialogue form
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Everything will happen quite quickly from this point onwards but you should see routing
progress on the status bar as the engine works towards completion. Once the board is complete
there are two immediate points of note:

@ The auto-router has preserved those tracks that we placed manually and has not ripped
and replaced them whilst working on the rest of the board.

@ Once the autorouter has completed a final pass is made to corner the tracks. If you prefer
this not to happen you can remove the Recorner Pass option on the dialogue form before
invoking the router

Execution Mode:

@ Run bazic schedule automatically

Fanout Passes: ] Fepeat Phases: 1
Routing Passes: B0 Filter Paszes:

LCleaning Pazzes: 2 Recomer Pass:

Run gpecified DO file automatically

Enter router commands interactively
Launch external copy of ELECT R

Set the Recorner Pass to be NO

Length Matching Routes

@ Automatic length matching is part of the advanced feature set and requires PCB
Design Level 2 or higher.

For high speed signal lines it is common to need to match the lengths of the tracks to ensure
that all relevant signals arrive inside the sample and hold time of the receiving chip. While not
required for the tutorial design we now have a fully routed board so it is a good opportunity to
explain how the feature would be used. The first step is to select the tracks that you wish to
length match by holding the CTRL button down and left clicking on each track. We've chosen to
do this with two large routes into U1 as shown here:
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Selecting two tracks for length matching

Next, right click on one of the tracks and select the match route lengths command from the
context menu. If successful you will see track segments added in a serpentine pattern to the
shorter route in order to match its length with the longer route.

Matched lengths

Full configuration of the added length can be found on the Configure Length Tuning command
on the Technology Menu or from the context menu.
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Length Tuning

Semerting Size Cap Style
4t
Minimum Height: +| |track width ~ -I | p—___
t
________ ®Curved () Mitred () Squared
Maximum Height: +| |track width ~ J | I L
________ Length Tolerance
Prefemed Height: 2 [ track width ~ _[IT'L_I =] |thou -
________ Uniform Height
—i :-c— ————————————————
Wi B 5] [rackwdn ﬂj‘— M IUL
(@ Off Cion () Centred
Ok Cancel

Configuring Length Matching Options.

Other points to note about length matching.
@ You can match multiple tracks at the same time (e.g a bus).
@ The length of a track is shown on the status bar when it is selected.

@ If a track is part of a group that has been length matched the target length is also shown
in the status bar when you select the track.

@ The pre-production check will test all matched tracks against their target length and warn
you if their length has changed.

@ [f you choose routes with vias the length (depth) of the via is calculated from the
thickness values you enter in the layer stackup.

The Selection Filter

Now that we have a completed board it's worth spending a little time looking at the techniques
for selecting various object types on different layers.

The Proteus Layout module uses the Selection filter at the bottom left of the application window
to determine which objects are available for selection at any given time.

I Top Copper ~ |90 T &

The left most button will determine whether the layer selector is active:

When this is toggled off the selection applies to all layers on the board.

144



PCB Layout
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When toggled on the selection applies only to the layer specified in the layer selector

(E P FRRITX =

The other buttons represent different object types (tracks, components, graphics, etc.) and
determine whether those object types are selectable. Hover the mouse over an icon for a tooltip
description.

# PRI -

If you switch between the different modes of operation (for example from selection mode to
track mode to component mode) you will see that the selectable object types will change
according to the mode you are in. Whilst these are good defaults for normal operation you can
change at any time simply by toggling on or off the layer switch or object type that you do or do
not want to be selectable. If you find yourself changing selectable items regularly you can also
change the defaults via the System Menu — Set Selection Filter command.

e —
E Selection Filter Config.. kﬂ %

[Eeleciion & E diing Mode LY
Default Filter State

Components

Graphic Objects
Components Pinz
Tracks

Wias

Zonez / Power Planes
Ratznest Connections

HEEEEEE

[ k. l I Cancel

The Layer Selection options

Let's take a practical example and delete all the traces on the top of the board, except the one
we have manually placed. Start by entering Selection Mode and left dragging a selection board
around the entire board.
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Select the entire board

Next, deselect those objects that we do not want to delete, namely everything apart from tracks
and vias. The tagged items will update automatically to provide visual confirmation of what is
selected.

#(» % 0GIT X %

Only the tracks will be selected

Now change the layer to be Top Copper on the layer selector and toggle the layer button such
that the selection filter applies only to the current layer

" .

Top copper selected

Use the green drag handle at the right of the tagbox to move the selection filter in until it does
not encompass the J2 connector.
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Notice that Only the traces on Top Copper are Selected

Finally, use the icon at the far right of the selection filter to deselect items that are only partially
inside the tagbox; in our case this will deselect the track we manually placed from J2, pin 4.

£ % 0REIT X(&

Tag box toggle

We can now simply hit the delete button on the keyboard or right click inside the tagbox and
select Block Delete icon to remove all the top copper tracks.

@ Bear in mind that the selection filter controls what objects are available for selection
at any given time. If you ever find that you can’t select an item the first thing to
check is whether that object type is enabled for the mode that you are in.
Alternatively, simply switch to Selection Mode where all items are selectable.

Advanced Auto-Routing

Given that we’ve ripped a lot of partials and removed vias as well we’'ve actually made a bit of a
mess here. Fortunately, we can fix the situation by simply re-invoking the auto-router and re-
placing all our tracks. The router has its own clean up phase so it will tidy up all the redundant
partial tracks for us as it completes the new routing.

If you have a standard features version of Proteus (PCB Starter Kit, Level 1 or Level 1+) simply
run the autorouter as we discussed in the previous section to re-route the board.

For those using the Advanced Feature Set, we’ll use this section to show in brief some of the
additional features available. These fall into two main categories:
@ The ability to route only a specified area or set of connections.

@ The ability to control the routing script; i.e. to determine which routing commands are
executed and in which order.
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Start by invoking the autorouter dialogue form (Tools Menu), switching to Interactive mode and
then selecting the Begin Routing button.

Technology System  Help

v | Follow Me Routing

4

¥ | Auto Trace Style Selection  Ctrl+T

v | Auto Track Mecking Ctrl+N

¥ | Auto Zone Regeneration Crl+R Run specified DO file automatically Browse
I (@) Enter router commands interactively

E Auto-placer
% Auto-router

Gateswap Optimizer

ﬂ" Power Plane Generator

E% Automatic Annotator

Entering the router interactively

A command window will open at the bottom of the Editing Window, which will allow us to direct
the routing progress interactively. The PCB Layout provides a rich command set to control
routing, including such things as bend radius for mitering tracks and fanout length and direction
from SMT pads. This is fully documented in the reference manual so we will concentrate on
some basic practical examples in this tutorial.

There are a couple of important points worth emphasizing at this stage:

Any commands entered will action on a set of tagged connections or on the whole board if
nothing is highlighted.

Changing the circuit or switching modes will automatically exit the routing interface.

Essentially, what this means is that we can dictate what connections are routed by controlling
which items are highlighted.

First of all let's clean up the loose tracking on bottom copper resulting from our previous rip of
the top copper tracks. The basic syntax of most commands is:

<command> <number of passes>

so we can start by typing clean 2 to clean up the superfluous tracking.

Type router commands here...
Clean 2
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Next, let's assume that we want to route all the VCC connections. Select the
VCC/VDD=POWER net in the Object Selector and click on the small ‘T’ button above the Object
Selector to highlight all the connections on that net. Finally type in ‘route 5’ to route these
connections.
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@ Clicking anywhere in the Editing Window will deselect the currently tagged items.
When the focus is in the Editing Window you can also use the middle mouse (or
keyboard shortcuts) to zoom in and out in the normal way.

Similarly, we can highlight connections on an area of the board and route them independent of
the rest of the board. For example, right depress the mouse and drag a selection box around
the left half of the board and then type ‘route 10’ to complete open connections in that area.
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Autorouting an area of the board

You may notice that this has left a couple of ratsnest lines or has not completed all of the
connections. We could try to resolve this by issuing clean, filter and more route commands, but
for our purposes it’s easier to simply revert back to a ‘whole-board’ scenario and then
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completing routing. You can do this by left clicking on an empty area of the Editing Window to
clear the selection. Typing route 25, followed by clean 2 should see the board completed

Tvpe router commands here...
Route 25
Clean 2

Finally, we can reduce trace length by typing recorner diagonal as a finishing touch.

Type router commands here...
Route 25

Clean 2

recorner diaganal

Do note that there is much more flexibility in the command set than that shown in this tutorial,
both in the number of commands and in the parameters that control the command actions.

@ You can exit auto-routing at any time via the ESCAPE button on your keyboard.

Netlists and Design Changes

We have now placed and routed our layout based on the schematic we designed in the Proteus
tutorial. In practice however, it is very unlikely that we would not be making design changes
during the PCB process so we'll devote a little time to examining a typical workflow.

Clearly, we will be editing both the schematic and the layout modules so both need to be open.
If the schematic tab is closed you can open it from the application module toolbar at the top of

the Proteus application.
GA(;Jﬁ} 4 a|

Proteus icon on the Application toolbar

Since we will be working with both modules you may want to split them into two frames if you
have two monitors. To do this simply drag one of the tabs onto the other monitor. For this
documentation, we will assume that the Schematic Capture and PCB Layout are open as tabs
inside a single Proteus frame.

dsPIC33_REC_unrouted - Proteus 8 Professional (DEV) -
le  Qutput Wiew Edit Library Tools Technolog

DEEW A #EddB6E- @

_ﬁ Schematic Capture 3 {sk PCB Layout x

=
Fi

Multiple tabs in one frame
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Live Netlisting

First, let’'s delete the J2 connector on the schematic. Switch to the Proteus tab, right click and
select delete object from the resulting context menu.

1 : + | Drag Object

2 Edit Properties Ctrl+E

3 O | Delete Object %

4 : e Rotate Clockwise Mum-5ub
S Rotate Anti-Clockwise Murm-Plus

P N L P T, T ——

Deleting a component in Proteus

Now switch back to the PCB tab. Note that the J2 part has been dimmed to show that it is not
present on the schematic and that the connectivity status shows that we have pending changes
(we are out of sync).

: Changes Pending

Netlist is out of sync

Since the action taken in Proteus removes from the board it requires manual confirmation. We
can now either hit undo (CTRL+Z) if we don't like the change or we can click on 'Changes
Pending' in the connectivity status to accept the change. When we do this, the 'shadow' part will
disappear.

_d .
Ehangeaﬁendlng
-

Clicking on Changes Pending will remove J2 and correct the netlist

@ Note that tracks that were connected will also be deleted. If you want instead to
delete only the footprint (leaving the connected tracks in place as stubs) then you
can do so by directly deleting the package in the layout.

The undo system is still available to revert the changes. Clicking on the UNDO icon (or
CTRL+Z) once will bring back the shadow objects and repeating the process a second time will
bring back the schematic part and the real PCB footprint.
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2 ¢

Undo and Redo icons

If you click on undo while in the PCB Layout tab but the undo action applies to the schematic
you will be prompted to confirm the operation. In our case, we do want to bring back the
connector so accept the prompt to return the PCB to the original state.

Undo previous action on the schematic?

| oK |[ Lancel ]

This is a simple example of a change which affects objects already placed on the layout. The
important thing to remember is that while the netlist is live, you must manually confirm any
change which affects the connectivity of objects you have already placed.

Batch Netlisting

If you prefer, live netlisting can be turned off and a more traditional batch mode netlist used.
This is controlled from the 'live netlist' toggle on the Tools menu (in the PCB module).

Techm:llug}r Systern  Help

v | Follow Me Routing

Auto Trace Style Selection  Crl+T
Auto Track Necking Ctrl+MN
Aute Zone Regeneration Ctrl+R

=R I SR SR

Search & Tag T
OR. Search & Tag
AMND Search & Tag

Automatic Name Generator N

v | Live MNetlist %
Clear Metlist

1| Connectivity Report

E Aute-placer

?ﬁ Auto-router
Gateswap Optimizer

'ﬁ‘ Power Plane Generator

u1

uz | Autematic Annotator
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Having turned live netlisting off, let's repeat the same procedure to see the difference. Switch to
the schematic tab, delete the connector and then switch back to the PCB tab. This time the
connector on the PCB remains present and the connectivity status reports that the layout is
locked and out of sync.

d Out of Sync

Editing operations are dizabled because the layout iz locked.

Status bar messages when 'out of sync'

This means that we have not loaded the changed netlist and cannot work on the layout until we
bring the netlist across. Proteus works with a single database of parts that include schematic
components and pcb footprints so - while you can work on the schematic - you cannot work on
the PCB until you sync it with the schematic. Click on the connectivity status to unlock the PCB
and bring the current netlist across.

a Out of Spnc

This brings us to the same state as we arrived at automatically with live netlisting on. We have a
shadow part in the layout and the connectivity status reports changes pending.

d .
Ehangeaﬁendlng
-

The main difference between live netlisting and batch netlisting is only that you must confirm
each netlist load manually in the latter mode. We recommend that live netlisting is used for
normal working, although for particularly large designs batch mode may provide a useful tool.

@ Some functionality will require a live netlist and so if you are working in batch mode
you may find menu commands disabled until such time as you bring the netlist back
in and sync.

Annotation

Annotation changes from schematic to layout or from layout to schematic are also a common
editing operation when both modules are in use.

Schematic to PCB

Annotation changes made in the schematic will automatically be reflected in the PCB when live
netlisting is on and will require unlocking when live netlisting is off. The Global Annotator on the
Tools Menu on the schematic can automate this task.
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PCB to Schematic

You can re-annotate the board either manually (editing the part reference labels) or globally
from the automatic annotator command on the PCB Layout tools menu.

o e il
Technology System Help
Follow Me Routing Re-annotate placed components?
Trace Angle Lock Ctrl+K @ Al placed Tagged only
v | Auto Trace Style Selection  Ctr+T Use sheet offsets

[ | Board side order: | Component side first -

I First side: Top to bottom, starting left  «
| Autuspaver . Second side; Top to bottom, starting left  ~
% Auto-router Configuration:

Gateswap Optimizer -p -r
'fl" Power Plane Generator
5% | Automatic Annotator [

Launching the Automatic Annotator

When live netlisting is on, this will automatically reflect to the schematic. With live netlisting off,
the schematic will update and the layout will then lock as the netlist has changed and needs to
be manually passed through to the layout.

General Netlisting Rules

There are several important rules of thumb to understand about netlisting in Proteus.

When live netlisting is on, a change that adds connectivity will happen automatically (e.g.
adding a wire on the schematic will add a ratsnest on the layout). If you make a change that
removes connectivity the layout will show the change by dimming the deleted objects and you
will need to manual confirm the operation.

When live netlisting is off (batch netlisting) any and all changes to the netlist will require you to
unlock and apply the netlist before you can continue working on the layout.

Clicking on changes pending to remove footprints that have been deleted on the schematic will
also remove associated tracks. If you want to remove footprint only and leave the tracks simply
delete the part in the layout (rather than Proteus).

Dimmed objects in the layout are visual placeholders only - they do not exist on the board. Best
practice is always to click on changes pending on the connectivity status and to arrange the
layout to conform to the schematic.

Imported projects (from older versions) will always start with live netlisting off as there is no way
to tell whether they are in sync. By contrast, new projects will always start with live netlisting on.
In either case you can switch according to preference from the live netlisting toggle on the Tools
menu in the PCB layout module.
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Power Planes and Slots

If you switch back to the layout tab we will continue the layout phase of the project. To minimize
track impedance we are going to place a power plane covering the entire board.

Placing Power Planes

This is actually the easiest type of power plane to place and is available in all levels of the
professional software. Start by invoking the power plane generator command from the Tools
Menu

Technnlogy Systemm  Help

Follow Me Routing

v

v

¥ | Auto Trace Style Selection  Ctrl+T
v | Auto Track Necking Ctrl+N
v | Auto Zone Regeneration Ctrl+R
i

Search & Tag T
OR Search & Tag
AMD Search & Tag

Automatic Mame Generator N

Live Metlist
Clear Metlist
@: Connectivity Report

@ Auto-placer

Auto-router
Gateswap Optimizer
Power Plane Generator %

qu Automatic Annotator

Opening the Power Plane Generator from the Tools menu

From the resulting dialogue form select the GND=POWER net, keeping the layer as bottom
copper and setting the boundary style to be T10. This is the trace style in which the inner and
outer boundaries of the zone are drawn and also determines the thinnest section of copper by
which the power plane can make a connection. Setting this larger will prevent the copper
flowing through small gaps (e.g. between pins) but making it smaller means that connectivity
may be made only by thin sections of copper.

We can leave the clearance between the power plane and the board edge at the default value.
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Power Plane Gen
| GMD=POWER |

Met: -
Laver: I E ottom Copper -
Boundany: | Ti0 = |

Edge clearance: 25th

[ OF. ]| Cancel |

Power Plane Generator Dialogue form

After you exit the dialogue form you should see that the power plane is generated across the
entire board.

Power Plane has flooded the entire layer

The clearance from the zone to the board edge is defined by the Edge/Slot design rule. We can
change this via the Design Rule Manager on the Technology and the zone will re-generate to
the new clearance when we have finished.
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{sk Design Rule Manager ? X

Design Rules | Net Classes ] Defaults ]

Bule Mame: | DEFAULT w MNew Rename Delete
Apply to Layer: Clearances
[C1iAl Layers) . s
Technelogy  Systern Help Pad - Pad Clearance: =
£ Design Rule Manager b Apply to Net Class: Pad - Trace Clearance: 3
Set Grid Snaps (Al Classes) Trace - Trace Clearance: =
Set Layer Stackup i Erpiac
Set Layer Pairs With Respect To:

Edge/Slot Clearance:

All Net Classes
The Same Net Class
Other Net Classes Apply Defaults

Enable design nule checking?

©® Since you can set a new design rule per layer it is possible to have different
clearance rules for power planes on different layers

Stitching Zones

In Proteus you can auto stitch / shield a power plane. This is done by right clicking on the edge
of a power plane and select the relevant option:

Change Layer 4

Via shield
Via stitch

Remove stitching vias

Regenerate

Nesting and Islands

There are several additional configuration options available to us now that we have placed the
zone. Editing a zone is slightly different from most other objects in the PCB Layout, in that you
must right click on the border of the zone (to avoid continuous unwanted selections).

Firstly, check the selection filter and make sure that the zone object type is selectable (or switch
to selection mode).
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& SO

Zone icon in the Selection Filter

Next, zoom in and move the mouse over the edge of the zone, right clicking the mouse when
the zone is shown as active under the mouse. Select the Edit Properties from the resulting
context menu.

+ | Drag Object
Edit Properties... % Ctrl+E

Move to...

2| Delete Object

Right click on the edge of a zone to edit its options
The main options of interest are towards the bottom of the dialogue form and are explained
below:
Relieve Pins
When checked pins on the same net as the zone will have thermal relief applied to them; the
thickness of the thermal relief is determined by the Relief field of the dialogue form.

@ The software will prevent you from using a relief track style that is larger than the
boundary style thickness; this is to protect against the reliefs 'sticking out' of the
boundary.

©® The topology of the relief stems on a particular pad can be changed to a diagonal
'X' by editing the pad itself after placement. This is sometimes useful to maximise
contact with a zone.

This option should almost always be left in its default checked state.

Exclude Tracking

If this option is checked, the zone will treat tracks on its own net as obstacles. Otherwise the
zone flows over such tracking, effectively ignoring it. Tracks on other nets, or loose pieces of
track on no net are always treated as obstacles.

This option is normally left unchecked.
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Suppress Islands

An island is defined in the PCB Layout as a block of copper or zone area in which no valid
connections can be made. When checked, the layout will remove all such blocks from the
board, leaving only areas of copper with connections.

Allow Nesting

It is quite common, particularly with larger boards, that the flow of a zone will encounter an
obstacle through which it cannot pass. When checked, the zone will jump over the obstacle and
continue flowing across the board.

This is a very useful option for example on busy boards or where you want to connect a pad
where the topology of the board makes it impossible for a single zone flow to get through.

Given our relatively simple board, the default options are ideal for our purposes. Selecting the
nesting option will have no effect for example as there are no inner boundaries on the board.
However, if you want to experiment you should find that if you uncheck ‘suppress islands’
option, the resulting zone populates far more of the board that in our initial configuration.

x '

Net: |GND=POWER -

Laver/Colour: I Eiottom Copper + | Dimmed il
Boundary: | T10 - | . ‘

Felief: (RELIEF v
Tupe: | Solid - 25th
Clearance: 10th =

Relieve Ping:
Exclude Tracking:
Route to this Zone:

[ ok ]l Cancel |

We have covered only the basics of power plane functionality here relevant to our current
design. For more information, including split planes, zone keepouts, and bridge tracking please
see the power planes section of the reference manual.

Slots

To complete the layout of the board we need to return to our temperature/humidity sensor (U3).
In order to make accurate measurements, we want a thermal cutout around this part, ensuring
that the temperature we are measuring is actually the environmental temperature and not
conducted heat from the PCB.

You may remember that we placed a keepout area around this part to prevent the autorouter
from placing tracks through the area we want to cut out. Start by zooming in around U3 and
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removing the keepout. You'll need to either switch to Selection Mode or to change the selection
filter such that you can select 2D Graphics

Drag Object

= = Edit Properties... Ctrl+E
F %05 I TX %
Move to...
Delete Object %
+ | Rntate Clockwise Murmn-Suh

Deleting a Keepout area
While we are here, we might as well move across and repeat the process by deleting with the
other keepout around the crystal.

Returning to U3, we now need to outline the cutout region. In the PCB this is a two stage
process; we need to place graphics appropriately on a mechanical layer and then designate the
mechanical layer as the slotting layer when we generate output for manufacture.

Select the 2D Graphics Line icon, change the layer selector to be MECH1 and then place three
lines to form a ‘U’ shaped cutout.

[IMech -

PN NUIANETY

Placing a slot on MECH 1

Finally, we can thicken these three lines to something more appropriate as follows:

Enter selection mode, hold the CTRL button down on the keypad and left click once on each
line. This will select all three lines

Selected items are white
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Right click on any line and select Edit Properties from the resulting context menu.

‘*’ Drag Object
Edit Properties... % Ctrl+E

Mo tn

Uncheck the Follow Global checkbox, change the width to be 20th and then apply to all tagged
graphics.

us

Edit line's graphic

This Graphic Only | All Tagged Graphics | Cancel

Changing multiple objects at once

I We will cover how to specify MECH1 as the slotting later in the documentation in the
section on manufacturing outputs.
3D Visualisation

Now that the board is now routed and ready for production we first want to examine it in 3D in
order that we can properly preview how it will look in real life and possibly make final design
alterations prior to prototyping. Start by invoking the 3D Visualisation Engine from the module
toolbar at the top of the application

AEE@FEE - @

3D Viewer icon

This will open and load the 3D view of the board in a separate tab. As with any tab, you can
drag onto a separate frame if you want to look at both the 2D layout and the 3D view
simultaneously.
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Basic Navigation

The first thing we can do is view the board from different preset angles. Five preset views are
supplied: top view, front view, back view, left view and right view and these are accessible via
any of the following methods:

@ Menu options on the View menu in the 3D Viewer
@ From the navigation toolbar at the bottom of the 3D Viewer
@ From keyboard shortcuts F8 through F12 whilst in the 3D Viewer.

H Y <@g b
Now that we can look at the board from a number of angles the next thing is to be able to look
at it at a specific zoom level. Again, there are numerous ways to zoom in and out of the board:
@ Roll the middle mouse wheel in and out (recommended)
@ Menu options on the View menu
@ From the icons on the Navigation Menu
@ From keyboard shortcuts F6 (zoom in) and F7 (zoom out)

Experiment now with custom zoom levels and different preset views — whilst it is pretty
subjective we envisage most users changing views via the navigation toolbar or keyboard
shortcuts and using the middle mouse wheel to zoom in and out.

Bareboard View and Height Clearances

For inspection of resist and hole depth it is often useful to view the board without components.
Selecting the bareboard view will remove all the physical components from the board.

®

Show Components icon

By contrast, if you need to fit the PCB into a chassis and wish to check height clearances you
can enable the height boundary box via the icon at the bottom of the display.

@s

Casing icon

Specification of the height takes place from the Dimensions command on the Settings menu of
the viewer.
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4[] Dimension Settings &lﬂ_hj

Board Thickness: =

Feature Thickness: A0um =

Height Clearance (top): 10rmm =

Height Clearance (battom]l:  Tmm =
[ OF. ] | Cancel |

Board properties dialogue form

Custom Views

The next logical step is to be able to customise the view. This works conceptually by ‘attaching’
the mouse to the camera such that as you move the mouse the camera moves to the area of

the board that you are interested in. You can invoke the Navigation mode either from the View
menu, the crosshairs icon on the Navigation toolbar or simply by clicking the left mouse button.

3D Mouse cursor

You will know as soon as you are in Navigation mode as a crosshair cursor will appear over the
mouse and your view of the board will change as you move the mouse. Using this together with
the middle mouse wheel zoom will allow you to both ‘fly pass’ the board and to easily zoom in to
closely examine a particular area of the board. Exiting navigation mode is as simple as right
clicking the mouse.

For example, if we start in Front View (use the F9 keyboard shortcut) and we want to examine
the resistors on the right we might proceed as follows:

—_

Left click the mouse to enter navigation mode.

Move the mouse over the resistors.

Roll the middle mouse button to zoom in as required.
Right click the mouse to exit navigation mode.

w N
= = = -

N

The final necessary piece to completely customize the view is to allow users to spin or ‘orbit’ the
board. This is done in navigation mode by holding down the left mouse button and moving the
mouse. Essentially this will spin the board as you move the mouse — when you release the
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mouse button the camera will follow the mouse around the current view of the board as normal.
Try this now, experimenting with different views of components on the board.

Remember that, if you are struggling to get the view you want you can use the keyboard
shortcuts or navigation toolbar to return to one of the preset views. You should find however,
that with only a little practice you become quite proficient at navigation.
To summarise:

@ Left click enters navigation mode.

@ Camera follows mouse around the board in navigation mode.

@ Using the middle mouse wheel (or shortcut keys) allows you to zoom as you move the
camera.

@ Left depressing the mouse in navigation mode allows you to spin/orbit the entire board.

@ Right click of the mouse exits navigation mode.

3D Models (STEP/IGES)

Each footprint on the layout can also have an associated 3D model. Normally, these are either
STEP Files (for large or complex parts) or scripted geometric models (for simple passives).

In the case of STEP or IGES files, the procedure is:
1) Download the file from the internet or otherwise source the 3D model. There are many sites
available, with www.3dcontentcentral.com and www.tracepartsonline.net being amongst the

most popular.

2) Save the file into the MCAD directory of your Proteus installation. By default, this is:
C:\ProgramData\Labcenter Electronics\Proteus 8 Professional\MCAD\

3) Right click on the footprint in the PCB and select Make Package, and then click on the 3D
Mechanical Models tab.
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I [ Make Package EE I
Indexing and Library Selectich._30 Mechanical Madel 30 visual Model]

) Geometric Description l Top ”Bottomﬂ Front “ Back ” Left “ Right I
@) M-CAD [STEP or IGES] File

File name:
Micro_ 5D step

y -

Ratation = I [Tl P

Offset el |
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I Help ‘ [ ak H Cancel J

4) Type the name of the STEP file and then the rotation and offset required to align the STEP
file with the pads on the board.

For geometric models, the difference is basically that you describe the part in terms of size and
shape via a simple scripting language. This is covered in the reference manual.

Live Update

Like any other module in Proteus, the 3D Viewer will update live as changes are made to the
PCB layout module. In practice, the usefulness of this will depend very much on the power of
your machine (number of cores, memory, etc.) and the complexity of the board.

On a board of modest complexity and a modern computer the redraw time is not significant and
- particularly on split frames - is very useful for movement and positioning.

Ih More information on 3D Visualization including creation your own 3D models, exporting

3D STEP Files for MCAD import, customizations and applying 3D data to legacy designs
can be found in the 3D Viewer section in the online reference manual.
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Board Output Options

Last, but by no means least, we come to the crucial business of reproducing the pretty on
screen graphics on paper or film. Under Windows, most hard copy devices are supported
through the normal Windows printer drivers. Additionally, we supply our own drivers for pen-
plotters, Gerber photoplotters and Excellon NC drill machines.

Printing

We will deal here firstly with printing to an ordinary Windows printer device — it is unlikely that
you will have a photoplotter to hand! The first step is to select the correct device to print to using
the Printer Setup command on the Output menu. This activates the Windows common dialogue
for printer device selection and configuration. The details are thus dependent on your particular
version of Windows and your printer driver - consult Windows and printer driver documentation
for details.

Then, with a layout loaded, invoke the Print command from the OutEut menu. .
Print Layout

Frinter: Optiotes:
Kyocera FS-C5015M KX ERiE ] Colow Geb| MONOCHROME -
[0.0.011) .
Eilename Lahcenter Platter Driver?
Mode: Artwark, - Separate Pages?  Copies: 1 &
Layersdfitworks: Scale Botation: Reflection:
View Edit Library Toels Tec /| Top Copper Inner 1 Inner & RO% @ % Horizontal @ Nomal
21l Print Layout Ctrl+P | Bottom Copper Irner 2 Inner 3 @ 100% S ertical (P
. 7] Tap Sik Inner 3 Inner 10 st
{8 Print Setup Eattam Sik Iriner 4 Inrer 11 - Campensation Factars:
i3y Printer Information Top Resist Irner 5§ Inner 12 200 Mate: these are not traditional
BEottom Fesist Iriner & Inner 13 400% scaling factors!
Tap Mask Inner 7 Inner 14 B00 w1 ¥
Battom Mask  [W] Mech 1 Mech 3 .
Crill tech 2 Mech 4 Print To File?
Y BoardEdge ———— ————— Er=—
All HNone D:APRODEVMIMAGESSAMPLES | Eilename
Advanced Dptiots |+ QK Cancel

The dialogue forms offer a number of controls, all of which have context sensitive help
associated with them (context sensitive help on dialogue forms is accessed with a ‘point and
shoot’ mechanism via the ‘?’ key at the top right of the dialogue form). The default settings
should do for getting something and you commence output generation by clicking on OK.
Output can be aborted by pressing ESC, although there may be a short delay before everything
stops whilst Proteus and your printer/plotter empty their buffers.

With plotters in particular, you will probably need to experiment with pens, paper, and the
various settings on the Set Devices dialogue form in order to get optimum results. Full details
may be found under the chapter Hard Copy Generation in the reference manual.

@ The PCB Layout will remember your printer settings from the Printer Setup dialogue
and maintain them independently of your printer settings for other applications. This
means that you can configure a default set of printer options solely for use with the
Layout application.
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Output for Manufacture

The PCB Layout module provides two main output options for board manufacture:
@ Traditional Gerber/Excellon (available in all professional versions).
@ ODB++ Manufacturing Output (available in Advanced Feature Set only).

From a user interface perspective both options are very similar but from a manufacturing
perspective, the ODB++ option provides far more information than the older Gerber formats.
Examples include:

@ Inclusion of the connectivity information (the netlist) with the output fileset.
@ Explicit support for plated/unplated specification on pads.
@ Explicit support for fiducials.

All of this means that when viewing the output fileset from ODB++ the verification process is
simpler and more complete. However, traditional Gerber/Excellon output is still prevalent in
manufacture and would be sufficient for most purposes.

Regardless of your option the basic procedure is the same. When you invoke either of the
output options you will most likely be prompted to run a pre-production check. This runs an
automatic checklist to test for some common design errors and will report either a pass or a fail.

The layout haz been modified since the last pre-production check was run.

Labcenter recommends mwnning the pre-production check. prior to generating
files for board manufacture.

Do pou wish to run the pre-production check now?

| wes [ THa

The Pre-production check (PPC) prompt

. If your pre-production check reports errors we strongly recommend that you resolve them
before proceeding to the manufacturing output dialogue. Please also note that pre-
production check is an aid to the designer in quality assurance but not a guarantee;
manual inspection of the layout is recommended and a prototype should always be made
and tested before mass production.

kh More information on the Pre-production Check can be found in the CADCAM Output
section of the online reference manual (Help Menu).

Assuming a pass you will then be provided with the Manufacturing Output dialogue form.
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[[i£] CADCAM (Gerber and |

CADCAM Output | CADCAM Notes |

Dutput Generation
Filestem:
FEolder: D:WPRODEVYMAGE\SAMPLES T utarials
@ Output to individual TXT files? Automatically open output folder
Output to a single ZIP file? Automatically open ZIP file?
Laversitrbworks: Botation: Reflection:
7] Top Copper Inner 1 Inner 8 @ ¥ Horizontal @ Mormal
/| Bottom Copper Inner 2 Inner 9 = Wertical Mirror
| Tap Silk Ifrer 3 Irner 10 ) . .
Battar Sik I — INF Flle-gnlts. Gerber Format:
| Top regist Inmer & Inmer 12 @ Imperial (thou) R52740
= . .
Bottom Resist Inmer B Inmer 13 etric: [mm) @ RSo74x
| Top Mask Inner 7 Inner 14 Auto
Battomn Mask | Mech1 Mech 3 S latting Fouting Laver
] Dl Mech 2 Mech 4 e
| Edge [will appear on all layers] I Mech 1 -
Apply Global Guard Gap | Gth
Bitmap/Faont B asterizer;
[ o | [ Mome | Resolution: [ 500 dpi ~
| Run Gerber Yiewer When Done?

The Gerber / Excellon Output dialogue form

The options in the top section of the dialogue form are self-explanatory but there are some
points of note regarding the rest of the configuration options.

The software attempts to populate the layer set with those layers used on the layout but this
should always be verified. One of the most common problems with manufacture occurs when
the manufacturer is not supplied with the full board information.

The Apply Global Guard Gap option will set the expansion of the resist plot around pads and
vias to the distance specified when this option is checked. This will take effect on all pads and
vias except those which have been manually altered on the layout. Some board manufacturers
prefer to create the resist plot in house and this option could then be used to remove any resist
expansion pre-manufacture. Unless otherwise directed we recommend that you leave this
option unchecked.

The Slotting /Routing Layer option specifies explicitly which layer of the board is to be used for
defining the routing strokes for cutouts and slots. In our case, we have used MECH1 and we
must therefore set this via the selector.
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Iner 1 Slotting/R outing Layer:
Ihner 2

Inner 4

Inner 5
Inner B

IH ! B I Rezolution: 500 dpi -

Select the required slotting layer

Bitmap/Faont B asterizer:

The Bitmap/Font Rasterizer option controls the thickness of trace used to render bitmaps and,
more importantly, power planes. The higher the resolution the better tonality of the resulting
bitmaps but the larger the files. It is also possible that some manufacturers have a minimum
width requirement and in such cases it may be necessary to reduce the DPI settings to conform
with this. Generally speaking however, the default settings are fine.

The option at the bottom left allows you to automatically load your output into either the
Labcenter Gerber Viewer (CADCAM Output) or the Valor ODB++ Viewer (ODB++ Output). This
is useful if you want to verify the output fileset before passing to your manufacturing house.

@ If you intend to panelize the board you should use the Gerber X2 output in the
CADCAM Output command, then close the project, open the gerber module and
import your CADCAM files, selecting Panelization Mode from the resulting dialogue
form. Panelization is only available with Gerber X2 output - you cannot create
panels from RS274X Gerber.

Finally, the Notes tab allows us to insert any relevant information or special considerations for

the manufacturer. This is very important when we have specified a slotting layer as there is no
standard way to pass this information through. A simple note that the information on MECH1 is
for slotting will suffice.

Having configured the necessary option we can generate the files and send for manufacture.
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APPENDIX: Creating New Packages
Library Importer

Proteus comes pre-supplied with a large quantity of footprints, and we have seen previously
how to select and place these parts on to a layout. However, it may be necessary at times to
create your own custom footprints or symbols — also a simple task with Proteus — and this
process is detailed below.

© While the following topics are a detailed explanation of how to create component parts
in Proteus, in practice this should almost never be necessary. In addition to the many
installed libraries the universal part importer provides support for almost all third party
part vendors (Ultra-Librarian, Samacsys, SnapEDA, etc.). If the part doesn't exist in
Proteus itself the next step is to search for and then import it directly from a third party
vendor. This is discussed in some detail in the importer help file and shown on our
Youtube Channel.

Drawing the Footprint

In our example, we will create a SQFP44 footprint with 0.8mm pitch and 12mm width. You may
also wish to refer to the more advanced video tutorials linked below:

Finished SQFP44
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Start by selecting rectangular SMT mode. We want a pad 0.5mm by 1.8mm that should already
exist as M0.5x1.8.

450350

The Pad used in the M0.5x1.8

0 If the pad style does not exist you can easily create it as discussed earlier in the
tutorial (Click on the ‘C’ button above the Object Selector).

Make sure that the Layer Selector is on Top Copper and place one of the pads in the usual way.
Right click to cancel placement immediately after placing a single pad and then left click on the
pad to highlight it. With the pad highlighted, go to the Edit Menu and select the replicate
command. Alternatively you can right click on the pad and select replicate from the resulting
context menu.

+

Drag Object
Edit Properties... Ctrl+E
Move to...

Delete Object

Rotate Clockwise MNum-5ub
Rotate Anti-Clockwise MNum-Plus
Rotate 180 degrees

X-Mirror Ctrl+M
Y-Mirror

Cut Te Clipboard
Copy To Clipboard

K
c
o
L)
-
1
%

Change Layer

; Replicate

Right click and select the replicate command

@ The replicate command will action on tagged objects so you should ensure that you
have only the placed pad highlighted before invoking this command.

There are 11 pads on each side of the footprint so we need to replicate 10 times with an X-Step
of 0.8mm as per the following screenshot.
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Duplication
H-Step: 0.8mm
Y-Step: 0O

Mo, of Copies: 10

Re-Annatation

Increment:

Replicate Dialogue

. Note that you need to include the units of either millimetres (mm) or Thou (th) when
entering values in to the X/Y-step fields.

This will give us a single row of pads of the correct pitch (zoom in, change the snap settings and
measure if you would like to confirm). The next step is to duplicate this row of pads to form the
bottom of the footprint.

Start by right dragging a tagbox around the entire row of pads and then go to the Edit menu and
select replicate. This time we want only one copy, 12mm down (or up) from the current row. Use
negative co-ordinates if you want the duplicated row beneath the current one or positive co-
ordinates if you want it above.

We now need to repeat the process with the other two rows. Drag a tagbox around a full row,
right click inside the tagbox and select Block Copy from the resulting context menu.

e Rotate Clockwise Mum-5Sub
Retate Anti-Clockwise Mum-Plus
Rotate 180 degrees

H-Mirrer Ctrl+M
Y-Mirror

+ TR0

Move to...

Block Copy %
Block Move

@ Block Rotate
Block Delete Delete

B [

Block copy will copy everything inside the tag box
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Move the mouse and drag the copy to a free area, left clicking to place and then right clicking to
exit copy mode. Now, drag a tagbox around the row, right click and select the Block Rotate
option, specifying a 90 degree rotation to align the pads correctly.

birror ¥ P

kirror

Block rotation of 90 degrees

In order to position this row of pads correctly it’s best to first set place a marker on the location
we want to move the row of pads to. For this footprint the centre of the top pad on the left hand
side is 2mm below and 2mm to the left of the centre of the left hand most pad on the top row.
This gives us enough information to accurately position the row.

Select marker mode in preparation and then move the mouse over the left hand most pad on
the top row until it is encircled. You’ll want to be on a fairly precise snap setting for this (e.g.
0.5mm or F2 shortcut key).

Make sure the pad is encircled

If you find your snap settings in thou you need to switch to Metric mode, either by hitting the ‘M’
key on the keyboard or via the Metric option on the View Menu.

Now, hit the ‘O’ key on the keyboard to set a false origin at this location and then invoke the
Goto-XY command from the View Menu.
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Edit Library Teools Technology

Redraw Display R

M Edit Layer Colours/Visibility Ctrl+L

iﬁ; Toggle Board Flip F

4 Toggle Grid G

M Toggle Metric/Imperial M

- Toggle False Origin a

J.Z Toggle Polar Co-ordinates Z
Toggle X-Cursor X
Goto X-Y Position Ctrl+G
Goto Component Ctrl+C

Goto Pin

Type in —=2mm in both the X and the Y co-ordinate fields (i.e. down and left) and make sure that
the offset is relative to the current origin. Select OK and click the mouse twice to place the

marker at this location.
anm XY Coordi.. lmtie| eS|
b

Coordinate: -2mm

¥ Coordinate: -2

Relative to: W
[ 4 H Cancel I

OK will take the mouse to the specified location

The marker we have placed will serve for now as the location we want to centre the top most
pad of our third row. Simply draw a tagbox around the row, left depress the mouse inside the
selection box and drag into position. You will almost certainly need to use the zoom commands
(F6, F7 or the middle mouse wheel) and possibly also adjust the snap setting (CTRL+F1) to get
accurate positioning.

174



PCB Layout

Moving the centre of a pad on to the marker

Having placed the row of pads right click on the marker and delete it — we’ll come back to
marker placement later on. The final stage of pad placement is to replicate the newly placed row
of pads onto the right hand side. As before, draw a selection box around the row of pads and
use the replicate command with an X offset of 12mm to duplicate the row.

Duplication

WSteps 12mm =
YStep: D =
Mo, of Copies: 1 =

Re-Annatation

Increment; ]

4

[ QK ]| Cancel |

Adding the silkscreen graphics is now straightforward. Select the 2D Graphics Line icon, make
sure the Layer Selector is on top silk and place four lines along the inside edges of the pads to
form a box. You'll find this much easier to do if you change the snap settings upwards (e.g. F2).
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[ Top Silk -

N+@E8 D @EHN

Placing the Top Silk area

The next job we have is to number the pads. Start by invoking the Auto Name Generator from
the Tools Menu. We don’t need to enter anything in the string field here; simply leave the
defaults and click on the pads consecutively to number them, Number 1 is the top pad on the
left hand row.

Technalag}r System Help

¥ | Follow Me Routing

v

v | Auto Trace Style Selection  Ctrl+T
v | Auto Track Mecking Ctri+N
¥ | Autc Zone Regeneration Ctrl+R
% Search & Tag T

Cahcel

OR 5Search & Tag
AND Search & Tag
Automatic Mame Generator N %

Auto Name Generator
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Remember to hit the escape key on your keyboard when you have finished numbering pin 44 to
exit assignment mode.

It's common to place a small dot beside pin one and you can do this via the 2D Graphics circle
icon. Make sure that the Layer Selector is on Top Silk and turn the snap setting down to
minimum (CTRL+F1) to achieve finer control over the size.

Place a small dot where Pin 1 is

The final step is to specify where we want the origin of the device to be (for placement
purposes) and where we want the silkscreen graphics for the package reference to appear.
Both of these are done with markers.

Select marker mode and make sure that ORIGIN marker is highlighted in the Object Selector.
You'll recall that we used this as a reference point earlier but its real job is to specify the origin
of the component for placement and rotation. This is really a decision for the user but typically
the origin is either pin 1 or the centre of the component. For simplicity here, we will place the
origin on pin 1; left click to begin placement, move the mouse over the centre of pin 1 and left
click again to commit the origin marker.

Origin marker placed

Now, change the marker type to be REFERENCE in the Object Selector. The Reference marker
dictates where the component reference (e.g. U1, R12, C3) is placed by the software relative to
the component. Again, this is very subjective but we’ll set it above and slightly to the left of the
part.
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L MAREERS

ORIGIM
REFEREMCE
X WaLLE

Reference marker placed

Having completed the layout of the footprint, we can now move on to the (far simpler) process
of packaging the part into the libraries.

Circular Pad Placement

The replicate command is dynamic based on whether you are in cartesian co-ordinates or polar
co-ordinates (View Menu Toggle). If you needed to place pads in a circular shape you would:
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@ Select Polar mode (View Menu).

Edit Library Tools Technology
Redraw Display R
Ml | Edit Layer Colours/Visibility Ctrl+L

F

Al| Toggle Board Flip

B

+++| Toggle Gnd

M Toggle Metric/Imperial
'¢' Toggle False Origin

oggle Polar Co-ordinates

Mo Z oo

Toggle X-Cursor

Goto Position Ctrl+G

@ Place a False Origin ('O' shortcut key).

@ Orient your first pad and place at radius distance from (false) origin.

% 70Q
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@ Right click on the pad, select replicate command and specify angle (e.g. 20) and number
(e.g. 17) to complete the circle.

I Radial Replicate

Duplication
Angle: 20

-
i

Relative ta: Curent Origin

Mo, of Copies: 17

-
i

Re-tinnotation

Increment: 0

Al

[ (1] l | Cancel

Packaging the Footprint

Drag a selection box around the entire footprint and then select the Make Package command
from the Library Menu.

Tools Techneology Syster
@5 Pick parts from libraries P

:;j’ Make Package

yh' Decompose Tagged Objects

Launch 'Make Package' from the Library menu

The first screen is fairly self-explanatory and similar to that we’ve seen in the schematic capture.
Note that the package description is searchable when we are browsing for footprints so a little
effort to make this as descriptive as possible is worthwhile. You will also want to create the part
in the USERPKG library which is the default library supplied for user footprints. For our
purposes, we'll call this package TESTPKG and give it some basic entries.
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[[1¥] Make Package

Indexing and Library Selection | 30 Visualization

Mew Package Name:

Save Package To Librany:

TESTPEG LISERPEG
Package Category:

|Integrated Circuits v| @

Package Type:

|Surface Faunt v| [(Mew |

Package Sub-categony:
[ 5hrink Quad Flat Packs ~| (Hew

Package Description:
Test package

Advanced Mode [E dit Manually)

| Help | [ Ok ]| Lancel

The Make Package dialogue form

@ You can create your own libraries via the Library Manager — please see the
reference manual for details. You should not make your own parts into the other
pre-supplied libraries as Labcenter may overwrite these libraries during upgrade
installs.

When this is filled out, switch tabs to the 3D Visualisation tab (do not hit the OK button at this
stage — we still have some work to do). Essentially what we need to do here is provide as much
information as possible in order to get a sensible 3D image of the part which can then be used
when we use the 3D Viewer to examine a board. This job is greatly aided by a 3D Preview on
the dialogue form that will update live as we adjust parameters. Discussion of parameters and
values is beyond the scope of this tutorial and is discussed in some depth in the online
reference manual (Help Menu in the PCB Layout — Help Index). For our purposes, simply fill out
the property fields as shown in the next section.

3D Visualisation

This is where you would either provide a STEP file or use the Labcenter script to provide a
geometric model for the part. In either case, you will get a 3D representation of the part in the
3D Viewer and can then export to Solidworks or other MCAD toolchains for case and mounting
design.

If you are providing a STEP file you must:

1) Download the STEP file from the internet and place in the MCAD directory of your
Proteus installation.

2) Import via this dialogue.
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3) Rotate and offset such that the part is aligned correctly on the 2D courtyard. Note that
you can zoom in and out on the preview with the middle mouse wheel (or buttons) and
the flip command will mirror the board at its current position.

Fortunately, this job is greatly aided by the number of STEP files available on the internet (e.g.
www.3dcontentcentral.com) and a 3D preview on the dialogue form to help with alignment.

3D Models

3D Mechanical Model | 30 visual Model |

_ Geometric Description [ Top |(Battomn || Fromt |[ Back || Left |[ Right |
@ M-CAD [STEP or IGES] File

File name:
MOLEX_CONS_1x8_UB.STEP =

# ki z
Ratation g g =l o

alr

Offset 0 = 1 Bmm 2 0 2
Def-Colour E

Show component

Show board

Spin

l Help I [ (] 4 ]I Cancel

Setting the 3D parameters

Discussion of geometric model parameters, values and importing models is beyond the scope
of this tutorial and is discussed in some depth in the online reference manual (Help Menu in
PCB Layout — Help Index). Geometric models are ideally suited to large pin count parts with
small extrusion (e.g. BGA, QFP)

@ STEP files, while common, are often poorly made resulting in large file sizes. Bear
in mind the bigger the STEP file the slower the 3D Viewer will render. Consider
using geometric models where no sensibly sized STEP file is available.

If you now select the Package Icon, you will see that TESTPKG has appeared in the Object
Selector, and can be placed like any of the packages you have used so far. Also, if you place
the part on the layout and invoke the 3D Visualisation engine from the Output Menu (PCB
Design Level 2 or higher required) you will see the 3D rendered image of the part.
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VSM TUTORIAL (Interactive)

Introduction — Interactive Simulation

The purpose of this tutorial is to show you how to conduct an interactive simulation with a
microcontroller using Proteus VSM and the VSM Studio IDE. The emphasis will be on practical
usage of the simulator and IDE, with more detailed coverage of each topic being available in the
reference manuals. This tutorial does not cover schematic entry; if you are not familiar with
drawing in Proteus then you should take the time to work through the tutorial content in the
Proteus reference manual.

We will use a pre-drawn schematic of the Microchip F1 Evaluation Board as shown below.

£ F1 Evaluation demo board " Pro
File Edit View Tool Design Graph Debug Library Templata System  Help

DEES AEEAFEBR-|7 @&+ $8989 % G Bl EMA BER R
Schemalic Capture X | oo VSM Studs %
v [
= 5 L=
i ] o
+ i g‘ Wi 332-DF
3 RC RH DH 4
@0 oevices
b EUTTON m
iF [P
CRYSTAL
= |JUMPER AC ' u ‘-' M O
= |LEDYELLOW [ ]
- |MCPaaon
s | FICTELF1937
1 ratie
R
g VIM-332DF
s
g
= . Fressing and releasing the button 51 yclesthiough the display modes
1. Time
@ R1 2 Temperste
10k 3.PotADCvalus
s1 U1
@ e R2 "
ROZ RAO/ANDACIZIND-/C2OUT/SRN OIS 8 /8EG12
A 100 RALANI/C12INT-/5 57
— RARANICR IN+AR EF-/DAC O UTACChE
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RAF/OSCI/CLRINGG BGE
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c 0.1y L] RBO/ANI 2T P S0/SRINTAERD
0 L| 5 RBA/ANIDACIZING. fCPSiMLm
0 0.1y RB3/ANITIZINZ- ﬂCPSJ/CDFZﬂFZMﬂLm
L| RBA/ANT1AC]
REEJ‘AMG#CFSE/CDFS#MNHEfDEMM
Rad FBA/ICSPCLKACDCLKS:
@ — — RB7/IC 5P OAT/CDOATAS BG13
PICTIGLFIO37
Me(:umplere Electronics Design System @
b Il M| @ TMessagels) - ANIMATING: 00:00:02 650000 (CPU load 27%) 27000 47000 th

Starting from the basics of driving the simulation from the VSM Studio IDE we will then look at
some of the various debugging and measurement tools available inside the Proteus VSM
software.
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Requirements

To work through this tutorial you will need:

@ An installed copy of the Proteus Software at Version 8.0 or later. A demonstration copy of

the software can be downloaded free of charge from the Labcenter website if you do not
have a professional copy.

@ An installed copy of the Hi-Tech PIC16 compiler at Version 9.8 or later. Download and
installation of this compiler can be managed from within the Proteus software VSM Studio

IDE); we will cover the procedure for this later in the Project Setup section of the tutorial
below.

We would still recommend you read through the tutorial, even if you do not have the tools

installed. Most of the material - and all of the debugging techniques — are generic and will prove
useful in your own designs.

Project Setup

The first thing we need to do is setup our Proteus 8 project. Since we are using a pre-drawn
schematic in the form of a virtual development board this procedure is much simplified.

From the home page in Proteus launch the new project wizard and select the development
board option. Next, change the microcontroller family to be PIC16 and finally the F1 Evaluation
board (F1 Release) from the listbox at the bottom. Click finish to import the project.

3 MNew Project Wizard: Start liléj

Project Mame

Mame F1Release.pdspri
Path  D:\MY_PROTEUS_PROJECTSY Browse

Mew Project @ From Development Board Blank Project

I Development Board i
Micro-controller Family Details

| [pcs *| 1

| Development Board PIC16 evaluation board with LCD controller

PICDEMZ2+ with PICI6FET7
PICDEM MC demo Controller

Family: PIC16
16Fa17 Device: PIC16LF 1937
Mixed Signal Demo with MCP4922 Compiler: HI-TECH C for PIC10/12/16
Enhanced PGA Evaluation Board
F1 Release
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After project import you should see two tabs in the application, the schematic capture module
with the F1 Evaluation Board design and the VSM Studio IDE containing the standard Microchip
source code for driving the hardware.

B Fraiustion demp DR E PSSOl

File Firmware Build Edit Debug Config Syste
NEEAN AEEAE DR~ ?

Schematic Capture % " o] Source Code x

The first thing we need to do is compile the source code and produce some firmware that we
can test in simulation.

Compiler Configuration

The Microchip source code was written using the Hi-Tech PIC16 compiler so we need to have
this tool installed in order to compile firmware. Switch to the VSM Studio tab and launch the
compilers configuration dialogue form from the Config Menu.

[ E Compilers @Iﬂ_ﬁJ )
Compiler Installed Compiler Directory 5
MPASM (Proteus) e K:/PRODEV/IMAGE/VSM Studio/Tools/MPASM
AVRASM (Proteus) es K:/PRODEV/IMAGE/VSM Studio/Tools/AVEASKM
ASEM-51 [Proteus) ves K:/PRODEV/IMAGE/VSM Studio/Tools/ASEMS1
WinAVR Download

SDCC ford0s51 Download

m

Vi
GEC for ARM & C/Program Files (B6)/yagarto/bin

CC5for PIC Goto Website
CodeComposer for MSP430 | Goto Website
CodeComposer for Piccolo Goto Website
HI-TECH C for PIC10/12/16 Goto Website

HI-TECH C for PIC18 Goto Website

[ Chedk All ][ Chedk ][ Manual... ][ oK H Cancel ]

[

The dialogue form lists all of the supported compilers along with an indication of whether or not
they are installed and configured or not. Pressing the 'Check All' button at the bottom of the
dialogue will scan your computer for compilers and - if found - will configure them to work
directly from within Proteus.

Open source compilers can be downloaded and installed directly from Labcenter's servers.
Links are provided to the download page on the vendors website for proprietary compilers. The
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Hi-Tech compiler we need requires download from Microchip's website so if you don't have this
compiler installed you will have to:

1) Click on the goto website button beside the compiler.

CodeComposer for Piccolo Goto Website
HI-TECH C for FIC10/12/16 § Goto Website [J

HI-TECH C for FIC18 Goto Website

.\
.k_j _

2) Download and install the compiler.

3) Click on the Check All button at the bottom of the dialogue form to configure the compiler to
work with Proteus.

HI-TECH C for PIC10/12/16 Goto Website
HI-TECH C for PIC13 Goto Website |:|

| Check Al |[ Chedk H Manual... H oK H Cancel ]

You should notice after running this command that the Hi-Tech compiler row on the dialogue
form is marked as installed. The output window at the bottom of the IDE will also report on the
results of the compiler checking.

.,

Compiler Installed Compiler Directory

HI-TECH C for PIC10/12/16 “ C:/Program Files [x86)}/HI-TECH Software/PICC/9.E
HI-TECH C for PIC13 Goto Website

B

IAR for 8051 Goto Website

| checkal || chek || manual...

VSM Studio Qutput

GCC for ARM: C:/Program Files (x86)/vagarto/bin

HI-TECH C for PIC10/12/16: C:/Program Files (x86)/HI-TECH Software/PICC/9.80/bin
MPLAE C18: C:/MCC18/bin

MPLAE C30: C:/Program Files (x86),/Microchip/MPLLE C30/bin

2 | J | | | P HoMessages - Ready

At this stage we have compiler, source code and schematic all in place. Use the Build Project
command on the Build Menu in VSM Studio (or the build icon) to compile your firmware.
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Build | Edit Debug Config
ot Build Project F7 [%

|16 | Rebuild Project . m
ﬁ o oo B Bepeb ]

<3| Clean Project Fo

%w Project Settings
Output from the compiler is written to the bottom pane of the IDE and you should get a compiled
successfully message on completion.

W5M Studio Output

Running this compiler in PRO mode, with Cmniscient Code Generation enabled,
produces code which is typically 40% smaller than in Lite mode.

The HTI-TECH € PRO compiler cutput for this code could be 1529 words =smaller.
See http://microchip.htsoft.com/portal/pic pro for more information.

Compiled successfully.

4 fir

’ I’ " | P 13 Mezsage(s]  Ready

The next step is to run the simulation and test our compiled code on the virtual hardware.

@ VSM Studio automatically configures common compiler options to correctly build
your programs for simulation in Proteus. If you need to tweak settings (e.g. link to
external library) you can do so via Project Settings on the Build Menu.

Running a Simulation

Running a simulation is as simple as pressing the play button on the animation control panel at

the bottom left of Proteus.
OO Il =

You should see that the schematic tab comes to the foreground and that the LCD panel
displays the default time.
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The Microchip demonstration code for the F1 Evaluation Board has three modes, one for time,
one for temperature and a third which gives an ADC reading from the POT. You can interact
with the simulation and cycle through the modes of operation by pressing the control button on
the schematic.

N
|
R1
10k
S1
I— e R2
Bo o ANN——0 RO2

When in temperature mode you can adjust the temperature on the MCP9800 temperature
sensor by clicking on the increment or decrement buttons. The current temperature is
transmitted on the 12C bus to the PIC processor and then formatted and displayed on the LCD.
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U2

471 SCLK  ALERT =2 o

5m | 'i
SDA 8
. e Z[E[F] el e

MCP9800

When in voltage mode you can adjust the value of the POT. The voltage reading is converted
by the processor and then displayed on the LCD panel.

(B33

WM -T2 0P

AC

Ik The PIC microcontroller has a 10-bit LCD so our displayed value range is 0 to 1023 over
the 0 to 3.3V range.

When you are finished press the stop button on the animation control panel to stop the

simulation.
» I (@
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Important Notes

Quite a lot is happening when we run a simulation in Proteus that might not be immediately
apparent.

Firstly, the micro-controller on the schematic is executing the compiled firmware file in exactly
the same way as a physical PIC would execute its programmed firmware. Working with the
VSM Studio IDE simply automates the 'programming' step by sending the output file to the
schematic after a successful compile.

You will have noticed that almost all of the wires on the schematic end in a terminal with a
name. For those unfamiliar with terminal connections it is worth explaining how this works. On
the schematic, any two terminals with the same name are considered connected (like a 'virtual'
wire). For example, the RC3 and RC4 terminals at the side of the temperature sensor
correspond to the RC3 and RC4 terminals connected to the 12C pins on the PIC processor.

RGZ2ZICCH 1/H TAMSEGS
RC3/SCK/SCL/SEGH
RC4/SDI/SDAM1G/SEG11
RC5/SDO/SEG10

~ 2

/ﬁggﬁaf\) 4 1 scLk
O——e

_RC4 SDA
v

We tend to lay out schematics like this to avoid spaghetti wiring and to split the schematic into
easily identifiable logical blocks. The important thing to understand is that all signals travel on
the visible wires. This means that you can attach a voltage probe or measurement instrument
anywhere that you can see a wire (indeed, we will do both later in the tutorial). All that Proteus
does is 'jJump' the signal between the two terminal ends as though there was a single wire
connection. You can read up more on this type of connectivity in the Proteus reference manual.

Finally, the status bar at the bottom of the application reports the simulation time elapsed.
Depending on the power of your computer, the clock speed of the processor and complexity of
the schematic, a particular simulation may not run in real time but it will always run
synchronously and the execution time is reported on the status bar.

P Nl B 8 2Message(s) - AMIMATING: D0:00:11.500001 [CPU load 23)

As an example, on a particularly slow computer this simulation in clock mode may not advance
as the clock on the wall advances but it will always advance as the simulation time advances.
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Writing Firmware

Now that we have completed the workflow through simulation let's add some functionality to the
program. We know that pressing the button switches between time display, temperature and
POT display so we can easily add another mode of operation here. Start by switching to the
VSM Studio IDE tab and opening up the main.c file (double click on the item in the project tree).

[EE Schematic Capture % " ww ¥5SM Studio x

Projects & | mchp_supp
4 [= PIC1&6LF1537(U1) 1/
4 Header Files 2/

:| GenericTypeDefs.h 3
| iZc.h 4/
E imput.h 9 *
S| led.h L
[E mchp support.h T
! mep9800.5 8=
. g +

5| rtcc.h
= seven seg.h LI
i A 11 +
4 Source Files
- n 1z =+
iZc.c

. ot 13 *
| input.c 14+
15 *
16 *
17 *
-

[
=]

You will see near the top of the file that there are some function prototypes and an enumeration
of the modes of operation. We need to add a new function prototype for our test mode and also
add a corresponding value to the enum. You can add the following:

40 void display time (void):

41 void display temp(int t);

42 void display int(int t);

43 void display rpm(int rj;

44 void display pot(int pj:

45 void display test(volid):

46 R

47 volatile char blink:

48

49 typedef enum { MODE TTME, MODE TEMPERATURE, MODE POT, MODE TEST} mode t: |

Next, we need to find the button switching logic in order to add our new mode of operation. The
easiest way to do this is to search for one of the other modes. Right click on the editing window
in VSM Studio, select Find from the resulting context menu and then enter MODE_POT as the
search term.

191



LABCENTER ELECTRONICS LTD.

}

- ¥ — —— e

]
ak; MODE_POT
of Cut Cirl+X ETON_PRE?SED: [ Replace with
press time = |
= Copy Ctrl+C ;k; -
[E Paste Ctrl+V [TON_RELEASED: ||| Lookin
time set) [Current Document
Undo Ctrl+Z 0
X Search Upwards
Redo Ctrl+Y time set = 0;
[ Match case
i Sl = [ Match whale words only
@ Ctri+F switch (displa Loz
{ﬂ Replace Ctrl+H { Find Next Replace Replace Al

case MODE .L

break;

case MODE TEMPERATURE: display mode
break;

case MODE POT: display mode = MODE TIME:
break:;

Almost the first hit is the one we are looking for, namely a switch statement on button release
that cycles through the setting of the display modes. All we need do here is add our new mode.

switch(display mode)
{
case MODE TIME: display mode = MODE TEMPERATURE;
break:;
case MODE TEMPERATURE: display mode = MODE POT:
break:;

case MODE POT: display mode = MODE TEST; '@

break;

case MODE TEST: display mode = MODE TIME; .@

break:;
default: display mode = MODE TIME:
break:;

@ Note that you need to change the display mode on the previous case statement as
well.

Just below this in the code there is another switch statement which actions the current display
mode. Again, we need to our case here and call our function.
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switch{display mode)

case MODE TIME:
display time ()
break;
case MODE TEMPERATURE:
display temp (mcp3800 get_temp () )7
break;
case MODE POT:
display pot(input pot());:
break;
case MODE TEST:
display test(); «
break:;
default: display mode = MODE TIME; break:

The last step is to write a function that does something when we enter our mode of operation.
We'll add this at the bottom of the file.

336 void display test (voild)
337 {// Do Something...

338 3
You can experiment and add anything you like here but we'll do something simple, writing a
value to the display and adding a little binary counter on the LED's.

343 woid display test (voild)
344 0 { static int i,d:

SEtE

346 display int (1111);
347 if (++d > 400)

348 [ {d=o0;

349 BORTE=1;

350 i= (i+1) % &8:
351 }

352

Since we are using PORTE to write the LED's here we also need to configure the port pins.
We'll set up ANSELE in the peripheral config section at the top of the main function.

T8 AWNER1 = 1;
T8 AWNSR3 = 1;
80 AWNSB3 = 1:
81 ANSB1l = 1;
82 ANSELE= 0;

The final step is to build the project and launch Proteus as discussed before. If you have made
a mistake (as we have here) you will get a compiler error in the output window. Clicking on this
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error will navigate to the problem. In our case we have missed a semi-colon from the end of the
line.

167 switch(display mode)

168 {

163 case MODE_TIME: display mode = MODE TEMPERATURE:

picc.exe —-passl --errformat="Error at file 33f line 3%l column $3c: (3%3n) 333" --warnfors 170 break:

HI-TECH C Compiler for PIC10/12/16 MCUs (Lite Mode) V9.83 171 case MODE_TEMPERATURE: display mode = MODE_POT:

Copyright (C) 2011 Microchip Technology Inc. 172 break:

(1273) Omniscisnt Code Generation not available in Lite mods (warning) 173 case MODE POT: display mode = MODE TEST:

Warning at fle ../12G h ine 32 column 83; (162) #warning: THE INTERRUPT DRIVER 15 ACTIVE #warning REMEMBER 2c handier() IN YOUR ISR = —— - - K

Error at fil ..fmain.c line 176 column 1: (312) *;- expected 3

make: e+ [main.pi] Erzor 1 ¢ 175 case MODE_TEST: display mode = MODE TIME; ‘
176 break:

Error code 2 177 default: display mode = MODE_TIME;

178 preak;

VSM Studio Output

@ Some errors - such as linker errors - will obviously not be navigable. In these cases
you may need to change the options/includes via the project settings command.

When we run the simulation this time we can use the button to cycle through the modes of
operation until our own is reached (time -> temperature -> test). We should see our displayed
number on the display at this point and a byte cycle count on the LED's

A D3 D1

. [ RC RH DH T .
4 B

@
o
O
-
"
-
-
- an
= 3
@D
(%)

. L0 R2 -
o—ea—AAN ——O RO2 D4
1t wTatelel eleelale ez mlele @

Again, press the stop button on the animation control panel to stop the simulation.

This example is a little contrived and not terribly exciting but it does show how you can quickly
write and simulate code on virtual hardware.

Active Popups

So far, we have been writing our code in the VSM Studio tab and simulating on the schematic
capture tab. There is nothing wrong with this and it can work very well on two monitors if you
drag one of the tabs onto another screen.

When debugging however, you are typically more interested in stepping the code and looking
only at small sections of the board for verification. The active popup system in Proteus is
designed to do exactly that - bringing defined sections of the schematic into VSM Studio during
simulation.

In our case, the temperature sensor is a good example of something we might want to see and
interact with during debugging. To add it as an active popup:

1) Switch to the Proteus tab and selecting the Active Popup icon.
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@ s ®)E ¢ o

2) Start at the top left and drag a box around it.

U2
: Al —3
L 27.0
o o
MCPEE00

¢

3) You should see a blue dashed line around the area when you are finished.

| o
1 U2 :
- sok aERT - :
T |
} e o |
| MCPesil |
St A

@ If you make a mistake you can right click on the dashed line and delete. Similarly, if
your positioning is wrong, you can right click on the dashed line and drag.

Other likely candidates for active popups are the mode selection button, the POT and the
display itself so we can repeat the process above, dragging additional boxes around these
items. Your schematic should look something like the following when you are finished.
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Since we have specified active popups the assumption is that we will be working (debugging)
inside VSM Studio. If you press the play button to run the simulation now you should find that
you switch to the VSM Studio tab and that the active popups appear docked on the right hand
side of the IDE.
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Schematic Animation g x
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@ The source and variables areas of the tab will display a simulation running message
at this point as we are freely executing code. We'll cover debugging in the next
section of the tutorial.

Active popups are clever not only because they bring areas of the schematic into the debugging
environment but because you can interact with them. For example, if you click on the S1 button
to switch modes you should see the display change to the temperature on the 12C temp sensor
and if you then adjust the temperature on the sensor the display should reflect the changes.
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Schematic Animation g X
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You can switch back to the schematic tab and you will see exactly the same status as in the
active popups. When you stop the simulation (from the animation control panel) the active
popups will disappear and VSM Studio will switch from its 'debugging layout' to its 'design
layout' where you can once again edit and compile your source code.

©® You can only create or adjust active popups on the schematic when the simulation
is stopped. You can however resize active popups inside VSM Studio by dragging
while the simulation is running.

Now that we have configured our active popups we can start to look at how to debug problems
when things don't quite work the first time.
Basic Debugging

Much of the real power of Proteus VSM comes from its debugging capabilities. We have already
seen how we can write code and test during free running simulation and we'll now look at how
to step through our code in simulation time.

Start the simulation with the pause button on the animation control panel
» »dD m

The program will switch to the VSM Studio tab, active popups will display on the right hand side,
the main panel will report a 'no source line message' and a list of program variables will appear
at the bottom of your screen.
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I F1 Evaluation demo board - Proteus 8 ional (DEV) - VSM Studi e e |

File Firmware Build Edit Debug Config System Help

DERR ABBEEEE=7] X D oo 6 068 dh ]

Schematic Capture. X o] VSM Studio

FIC CPU Source Code - U1 Schematic Animation & x
[ REJE S

WP
Schematic Animation g X
51
=
Schematic Animation & X

Nosource ling at PC address [PC=0000]

Schematic Animation B x

D&
VR op

VM Debug Windows a8
PIC CPU Varizbles - U1 [£
Name Address value =
izc_errors ox006A \o*
izc_state 0x0060 ACH
i2c_address 0x007¢C o
EHizc_buf_ptr 0x007 8 oxo00
izc_bytes_left 0x0079 "No*
Hizc_complete 0Xx007A 0x00 =
[Hizc_trb_current 0x007E 0x00
izc_current_count ox0068 "No©
izc_count ox0067 RN
izc_done 0x0069 "\o*
Hizc_queue ox0120 struct .ui[s]
12c_queue_head 0x0068 \o* L
izc_queue_tail 0x006C “\o*
blink 0x0066 “\o*
device_time 0x00A0 o il
coronde cowntar _ nennne n
< i ’
P Il M| @ TMessagslsl | PROSPICE : oo [ o

At this stage the simulation has 'booted' and a stable operating point has been found but no
instructions have executed and no real time has elapsed.

No source code is shown as there is no source line at the current program counter value

You can select any of the program source files from the combo box at the top of the window but
we will start with the main.c file which contains the principle program control loop.
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Schematic Capture X " o= ¥SM Studio  x

PIC CPU Source Code - U1
[ =E

led.c
DebugsDebug. as
input.c
mcp9200.c

i2e.c

C:\F‘rogra#iles [#BE]8HI-TECH Software PICCHS. 83%sourcessbmul. o

tee.c

C:%Program Files [+861%HI-TECH SoftwareWPICCHS, 83hsources iwmul.c
C:%Program Files [+861%HI-TECH Software PICCHT. 83 hsourcesi hvwmod. ¢
C:“Program Files [36)\HI-TECH SoftwareWPICCL3. 83\ s0urces ctime. o
C:\Program Files [86)\HI-TECH Saoftware\PICCAS. 83 z0urces amwmod. o
C:\Program Files [86)\HI-TECH Saoftware\PICCAWS. 83z ourceshamdiv.c
C:%Program Files [«861%HI-TECH Software\PICCHS. 83 hzourceshalmod. o
C:%Program Files [«861%HI-TECH Software\PICCHI. 83 hsourcesh aldiv.c
Debughstartup. as

Mo source line at PC address [PC=0000],

To take a simple example, let’s set a breakpoint in the main event loop when a button is
released. The easiest way to set/toggle a breakpoint is to double click on the line of code that
you wish to break on. The breakpoint indicator should appear at the left of the source window
beside the line of code in question. If you set a breakpoint by mistake then you can remove it or
toggle it off by double clicking again on the line (or from the right hand context menu).

-——= case BUTTON_PRESSED:

D1EF btn_press_time = time{0);

D1FC break;

case BUTTON_RELEASED: /7 on rele
if(time_set)
3

time_set = 0;

else

3
switch{display_mode)
3

0204 cdase MODE_TIME: displ

If we run the simulation now (play button) it will switch happily execute in free running mode
until we release the mode switch button (S1) at which point the code for button release will be
hit and the simulation will pause. You can do this easily by clicking on the button in the active
popup window.

Having hit our breakpoint we can single step our code (and the system) via the usual
commands which can be found at the top right of the source window or on the debug menu in
VSM Studio. Alternatively you can use the F10 and F11 shortcut keys for 'step over' and 'step
into' respectively.
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5 48 8 Y b

If you really need to examine behaviour in detail you can even step the code at assembly level.
Right click on the source menu and select 'disassembly’ from the resulting context menu and
then use the same step commands as before.

Dissassernbly % Ctrl+D
Gote Line... Chrl+L
Goto Address...

Find... Ctrl+F

Right click and select disassembly again to return to high level source code stepping

©® You may notice during step debugging that the active popup for the display does
not show a full legible output. This is correct and a consequence of the display
being multiplexed.

If you want to run through to the next button release simply press the play button on the
animation control panel and then click the button on the active popup to trigger the breakpoint
again.

Right click and select clear all breakpoints when you are finished and then press the stop button
on the animation control panel to end the debugging session.

Important Notes

When you hit a breakpoint or single step debug in Proteus it is important to understand that you
have the entire system under time control. This means for example that capacitors will not
discharge or motors lose momentum when the system is paused. When you step over a
command the instructions are executed, the effect of those instructions are propagated through
the system and then the system will pause again. You can see this controlled advance of time
via the output on the status bar during debugging.

Many additional debugging windows are available which are not discussed in this tutorial. All of
these can be launched from the debug window in VSM Studio and will appear at the bottom of

the IDE. Data will be displayed on the windows whenever the simulation is paused. The watch

window - which is a special case - is discussed separately in the next section of the tutorial.

The Watch Window

The watch window is the one debugging window that provides live data during free running
simulation and it also gives us a different way to target breakpoints. To start with, let's use the
watch window to monitor the ADC conversions from the POT.

201



LABCENTER ELECTRONICS LTD.

Start the simulation using the play button at the bottom of Proteus and then launch the watch
window from the debug menu in VSM Studio. You should see it appear as a docked tab at the
bottom of the IDE.

Config System Help

Pl | start VSM Debugging Ctrl+F12
Il | Pause vsm Debugging Pause
Il Stop VSM Debugging Shift+Pause

WSM Debug Windows
PIC CPU Variables -U1 0] | Watch Window [EJ

Name Address

= Herz. Tile Popup Windows
DD Vertical Tile Popup Windows |

1. Simulatien Log
2

. Watch Window %

4. PIC CPU 4
¥ | 5. Schematic Animation
v | 0. Schematic Animation
v | 1. 5chematic Animation
Next, right click on the watch window and select 'Add items by name' from the context menu.
We want to add the ADC registers ADRESH and ADRESL which you can do by double clicking
on an entry. Exit the dialogue form when you are done and you should see both items appear in
the watch window display.

8 Add Memory ltem
Memany: FIC CPUNData Memary - L1
‘watchable |lems PIC CPU Variables - U1 Watch Window D
Add ltems (By Name)... Alt+N
ADCOMOD CCP34S
Add Items (By Address)... Alt+A % ADCONT CLCP3CON Name Address value Watch Expression
WCCNCUN ADRESH 0X009C obb
ADAESL CCPSCON ADRESL 0X0098 obb
AMSELA CCPR1 [WORD)
ANSELB CCPR1H
AMSELD CCPRIL
ANSELE CCPR2 [(WORD)
APFCOM CCPR2H

We now need to use the active popups (or switch to the schematic tab) to switch into POT
reading mode. Click on the control button three times to cycle the modes and then use the
actuator buttons at the left of the device to vary the value on the POT.

'—OJ%L —> % E?’
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You can change the display format of the items to binary if you find it easier to understand the
results. You would do this by right clicking on each item in the watch window and changing the

display format to binary.

Data Type »
Display Format Binary
v | Show Addresses? Ctrl+ Shift+A Octal
Show Types? Ctrl+T ¥ | Hexadecimal
Show Previous Values? Signed Integer
¥ | Show Watch Expressions? Unsigned Integer
¥ | Show Gridlines? Ctrl+G L
Minimum Size Space AsCll Ted
Set Font...
Set Colours... |

Since this is 10-bit ADC we would expect the maximum value to be 1023 or 0x03FF and we
should see this value when the POT is fully ramped up.

Schematic Animation g X
V5M Debug Windaws Schematic Animation 5 X
PIC CPU Variables - U1 Watch Window [E£J 05
WIN-332-0P
Name Address value
ADRESH 0X003C oxX03 RC RH DH DI
ADRESL 0x0098 OxXFF
M
AC ' l ’ M
|

[ [ [ []
= - = —|

[
et

]
™|

[
2]

um FCICE
el w3 2 - [ £zf |

Now let's assume that we needed to catch the midpoint on the way back down. We know that
the midpoint value result should be around 0x1FF so we can set conditions on the watch items
to trigger a breakpoint. We do this by right clicking on a watch item and selecting watchpoint
condition from the context menu. In our case we would want to stop when both ADRESH is
equal to 0x01 and when ADRESL is less than or equal to OxFF. This will work as the first time
we hit this value on the way down from the maximum will be at the midpoint voltage.
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Add Items (By Name)... Alt+MN
Add tems (By Address).. Alt+A

Watchpoint Condition... %

Select All Ctrl+A

" ° Watchpoint Condition

E

&

% Watchpoint Condition (L9 [t o]

Global Break Condition Global Break Condition

Turn off [dizable] watch paints. Turn off [disable] watch paints.

Suspend the simulation if ANY expressian is true. Suspend the simulation if ANY expression is true.
@) Stop the simulation only when ALL expressions are true. @) Stop the simulation only when ALL expressions are true,
Itern Break Expression Itern Break Expression
Item: ADRESH b tem: ADRESL -
Mask: Mone - | |0=00 Mask: Mone x| |0=00
Condition: | Equals - - Condition: |Less or Equal To -
el rr— oK g —
Value: 1 Value: OxFF

Cancel - LCancel
u

Note that you need to separately configure ADRESH and ADRESL. The watch window display
should look like the following when you are finished.

WSM Debug Windows

PIC CPU variables - U1

Watch Window [£]

Name Address

Ox009C

ADRESL Ox0039E

value watch Expression
[0x03 ___[=1
OXFF <= OXFF

Having set up the watch conditions all we need do now is adjust the POT back down until the
breakpoint kicks in when the conditions are met. As before you can do this either via the POT
active popup inside VSM Studio or by switching to the schematic tab. When triggered you
should see that the value on the watch items is Ox1FF and - if need be - you could start single
stepping your code at exactly the point the conditions were triggered.

V5M Debug Windows

PIC CPU Variables - U1

Watch Window [

Name Address value watch Expression
0X009C
ADRESL Ox00D9B OxFF <= OXFF

@ Watch conditions are particularly useful for things like debugging timer code when
you want to trap an overflow condition.

@ You can disable watch point expressions by right clicking on a watch item, selecting

watchpoint condition and then selecting the 'turn off watchpoints' option from the
resulting dialogue.

Before we move on to discuss hardware breakpoints either disable the watchpoint conditions
(as described above) or delete the watch items completely and then press the stop button on

the animation control panel to end the simulation.
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Hardware Breakpoints

So far, we have looked at how to break into the simulation based on software conditions
(watchpoints and breakpoints). It is also possible to use hardware breakpoint objects in order to
check the code when a hardware condition occurs. As an example, if we wanted to catch the
beginning of activity on the 12C bus we could set up a hardware breakpoint on the 12C line as
follows.

Switch to the schematic tab and then select the voltage probe icon from the mode selector on

the left hand side. Next, click on the editing window to begin placement, move the mouse over
the SDA line on the bus and left click again to drop the probe on the wire.

/I/le\ U2
RC3 O <7
4 O

SCLK  ALERT
RG Al

SDA
[ 27.0 ]
o @

MCP9800

Now right click on the probe and select edit properties from the resulting context menu.

rea |0 U2

_’f 4 I P W B B I
l /\/ + | Drag Object
Edit Properties Ctrl+E

7| Delete Object

Select digital breakpoint and we want to trigger on active low so enter 0 as the trigger value.
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r w ™
[EE Ecit Voltage Probel | |

Probe tame: RC4

Resistive Loading
[] Load To Ground?

Show Al

Waveform Recording
[ Becord Ta File?

Show Al

Real Time Breakpaoint
1 Dizabled @ Digital ) Analog

Trigger ¥alue: 0 Show Al =

AmoatTime: 0

[ 15olate after? ok ” Cancel ]

Hit OK and then press play to run the simulation. You should find that the simulation will pause
almost immediately and the source window in VSM Studio will show that we have just executed
a command to set SDA low.

SDA_TRIS = 03

NOF () ;
NOP () ;
SDA_TRIS = 1;

[E0000001E] Digital breakpoint &t time 4.5657ms (4.5657ms elapsed) - INPUT=00000000
= /f imitialize the hardware
OATD SS5PCON = 0Ox00;
0ATF SS5PSTAT = 0x00;
This breakpoint is actually taking place inside the initialization routine. If we wanted to skip this
and activate only when we enter 12C mode we need to set and arm time on the breakpoint. Do
this by stopping the simulation, switch to the schematic module and edit as before. Set the arm
time to 1 second.

Real Time Breakpoint

) Disabled @ Digital ) Analog
Trigger Y alue, 0 Show Al

[ Isnlate after? [ oK, ” LCancel ]
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This time when we run the simulation the breakpoint will not trigger until we press the mode
selection button to enter temperature mode (where temperature is transmitted on the 12C bus).

e
002E izc_handler
= -
51 ---- void display_temp{int T
. L@ I play_ P ]

- e -—— static int counter = 0
e static int integrator=

-—— int average,

e static int v = 0;

3
H

You should find that you end up inside one of the 12C routines in the source code. You can
follow the code path from here using the stepping and debugging described in previous
sections. Stop the simulation again when you are finished.

Interactive Measurements

It is quite common to want to examine signals and waveforms on the design and Proteus
provides two main ways of doing this. As an example, let's assume we need to examine the 12C
traffic from the MCP9800 temperature sensor; we can do this either interactively or by more
traditional graph based methods.

The first thing we need to do is tidy up the schematic and remove the debugging items we have
used previously. You can remove the voltage probe by right clicking on the probe on the
schematic and selecting delete from the context menu. Similarly, we can right click on the
border of the active popup objects and delete them.

RC4 . UL
_—""1 ; 4 I e 1. o * Drag ObJECt .
l /\/ < | Drag Object Edit Properties Ctrl+E

Edit Properties Ctrl+E r}( Delete Object Iy
X Delete Object
RTDBREAI et Iy

@ When an active popup is defined on the schematic Proteus will switch to VSM
Studio when the simulation starts as it is assumed you are primarily debugging
source code. Since we are now analyzing signals we want to remove the active
popups so that the simulation starts with the schematic tab open.

A

The next thing to do is to get the 12C debugger placed and connected. Select the instrument
icon which produces a list of available interactive measurement tools in the parts bin. In our
case, the obvious candidate is the 12C protocol analyser.
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|2C DEBUGGER

Click on the 12C analyser in the parts bin to select it and then place it on the schematic in the
usual way. For ease of wiring, you'll want to drop it underneath the temperature sensor.

‘ L2
‘ 3
FE3 O «— | sELK ALERT [——
e 4
o o
TE=

, Elec

Next, we need to wire up the pins. Note that the cursor turns green on both a starting and
stopping point for a wire. The wiring procedure is therefore to position the mouse over the
starting point (the pin on the 12C debugger) until the cursor turns green, left click to start
placement, move mouse to destination point (cursor turns green) and finally left click to
terminate placement. Use this technique to connect both the SCL and the SDA lines to the 12C
bus.
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RC3 O £ SCLEk  ALERT b—
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hC PSE00
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Once we have wired up the analyser we can start the simulation. You should see straight away
that there is an additional window for the 12C debugger and what seems to be some
initialization/identification traffic. To view normal transmission we need to press the button on
the schematic to switch into temperature mode display.

12C Debug - $12C DEBUGGER#0002 |1

el

4.5
4.8
4.5

4

4.58Tms 5 P
4.841lms S5 30 AR 01 B
5.132ms 5 30 R &0 R

Predefined Sequences

[Tl 3

Queued Sequences

|7 |
(1]
T
[s

Since the code is constantly polling you should then pause the simulation from the animation
control panel so that we can take some time to analyse the traffic.
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12C Debug - $I12C DEBUGGER#0002

(-4 35356 = 98.356 s 5 31 » | | Predefined Sequences
-4m 92358 s 98.358 = 5§ SC

Lo 98_358 =

98_358 s 98_358
i.4m 93.358 s Bit

LI T

Queued Sequences

i
[47]
T

@ If you are working within a single frame the VSM Studio tab will come to the

foreground when the simulation is paused as it is assumed you are interested in the
source code pending execution. The analyser will however remain on top. If you
want to see both the schematic and the source at the same time you can either use
Active popups or drag the VSM Studio tab onto some free space to separate it.

The syntax used in the protocol analyser is standard and should be familiar. You can expand
any sequence via the '+' box on the left hand side. The peripheral (MCP9800) has a standard
address of 0x90 so we can see from the read requests that the sequence is start (S), followed
by read request 0x91 (Read request, bit 0 set), followed by 0x1B (data) and so on. As you
would expect the data received (0x1B) is 27 decimal corresponding to the temperature currently

displayed on the peripheral.
12C Debug - $02C DEBUGGER#0002 @

RGN 93.356 = 93.356 5 5 51 2 1B & 00 N DR E e

C-48 93.358 s 98.358 5 S 90 A 00 A D

L4 93358 s 5
=48 93.355 s SE5.352 = S0 A

You can experiment with this by running the simulation, changing the temperature on the
MCP9800 schematic part and then pausing again to check the display output on the 12C

debugger.

U2 12C Debug - $12C DEBUGGER#0003
g: SCLK  ALERT [ 3.443 s 3.450 s § 91 R 17 A 00 N B
DA EFET - 5
3.445 5 3,445 s 812
o 0 3.44% s Bit 7 SDA=1 (WHI)
WIEPEED 3.445 s Bit 6 SDA=0 (SLO)
3.445 5 Bit § SDA=0 (SLO)

210



Proteus VSM

Do note that with constantly polling firmware such as this there is considerable overhead in
terms of performance as we are constantly writing textual data to the display. However, in most
cases you are using the instrument for testing or debugging, at which point the simulation speed
is secondary to problem solving. As with all debugging windows you can close the debugger
when not in use and then re-open it from the Debug Menu in either VSM Studio or Proteus.

Further Reading:
I More information on the protocol analyser - along with other instrumentation — is available
in the Proteus VSM reference manual. In particular, note that you can use the analyser as

an 12C master (or slave) device as well as simply as a monitor.

I More information on picking, placing and wiring on the schematic can be found in the
Proteus tutorial documentation, launchable from the home page.

Graph Based Measurements

We can look at the same traffic in a different way by using graph based simulation. There are
however some important differences which affect how we set up the simulation, namely:

@ You cannot interact with the circuit during a graph based simulation.
@ A graph based simulation runs for a specified period of time.

@ The results are not visible until this period of time has finished and the simulation has
stopped.

Given the above, let's look at how we might analyse the 12C traffic with a digital graph. First of
all, delete the interactive 12C debugger by right clicking on it and selecting delete from the

context menu.
ML PH5LL RAD 0‘ ]
RCO {)—,
REO

ZDA RAE O
12c,L %8
—1 SCL
+ | Drag Object
TRIG Edit Properties Ctri+E

7% Delete Ohbject %

C Rotate Clockwise Mum-5ub
O Rotate Anti-Clockwise Murm-Plus

Next, make some space for the graph by dragging a tagbox around the display and wires with
the right mouse button so that they all highlight. Left depress the mouse and drag the lot to the
right of the schematic.
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Now select the graph icon and then the digital graph from the parts bin. Left click the mouse at
the top left of where you want the graph to be and then move the mouse down and to the right.
Left click again to commit placement.

“u GRAPHS

AMALOGUE
DIGITAL

MIXE D
FREQUENCY
TRAMSFER
MOISE
DISTORTION
FOURIER
AUDIO
INTERACTIVE
CONFORMANCE
OC SWEEP 7
AC SWEEP

HE s L=IE S

1 ® [

@ Note that the graph on the schematic doesn't need to be particularly large. We will
maximise it later when we want to analyse the simulation results.

Having added the graph we now need to tell it which wires we want to trace. We do this by
attaching probes to the wires and then specifying the probes as traces on the graph. Select the
voltage probe icon and then place a probe on each of the two 12C lines. This is done exactly as
we discussed earlier in the section on hardware breakpoints.
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RC3
RC4 <7
RC3 O =
RC4 O

If you need to make some room for the probes, right click on the terminal at the end of the wire,
right click and select drag object from the context menu and move to the left to make room for
the probe.

RC3 O_"I" Dragﬂbj;c‘;
RC4 0_ Edit Properties

7 Delete Object

@ You can use the middle mouse button or the F6/F7 keys to zoom in and out around
the mouse position if you need to get in closer. The F8 key will return to the default
view of the schematic.

By default, the voltage probes will pick up the name of the terminal. It's useful to rename them
to be more meaningful in the context of our simulation. You can do this by right clicking on the
probe, editing its properties and then changing the name to be SCL or SDA respectively.

[E3 Edit Voltage Probe (% S|
I e d
RC4 l | Frobe Name:
/d 4 rabe Mame SDA

RC3 O :gﬁ "l" Drag Object Resistive Loading
RC4 Edit Properties Ctrl+E Lot Vo Ereume

3¢ Delete Object

Show Al

Now that we have the probes on the wires and the graph on the schematic we need to add the
probes to the graph. There are several ways to do this but probably the easiest is simply to drag
the probe onto the graph. To do this, right click on the probe, select drag object, move the
mouse over the graph and then left click again to drop. Do this for both probes.

SDA d
—6L:/~;~ Drag Ohj!ct | :

Edit Properties Ctrl+E
¢ Delete Object
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By default, a graph based simulation will run from time zero to one second of simulation time. In
our case, it would make much more sense to run from one second to two seconds, thus
skipping the initialization traffic. We can do this by editing the graph (right click and edit
properties) and changing the start and stop time.

Graph fitle: DIGITAL AMALYSIS lJzer defined properties:

Start time: 1 I
Stop time: 2

Left Axiz Label:

Bight Axiz Label:
DOptionz
Initial DC zolution:
Always simulate: 4

Log netlistz]: [
SPICE Options
Setv-Scales [

]S ] [ Cancel ]

@ Left clicking on an empty area of the schematic will de-select any currently selected
objects. Normally, this is done when you exit an edit properties dialogue form as the
object will still be highlighted.

We are now ready to simulate except for one significant problem. As mentioned previously, you
cannot interact with a circuit during a graph based simulation but we need to switch mode in
order to poll the temperature sensor and trigger the 12C traffic. Since we can't press the button
we need to inject an equivalent signal to the PIC so that the firmware switches into temperature
mode. We do this with generators. Select the generator icon and then the pulse generator from
the parts bin. Place the generator to the right of the button beside the RD2 terminal - you may
need to move the terminal first to make some space on the wire for the generator.
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Now edit the generator in the usual way (right click - edit properties). Select single pulse from
the digital generator types and change the pulse polarity to be negative so that the pulse signal
represents a button push. Since we are simulating from 1s to 2s set the start time to 1.25s and
the pulse width to something like 50ms.
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- ™
[EE Digital Pulse Generator Pmﬂem &l&]

Generator Mame: Pulze Polarity

RD2 () Positive [Low-High-Low] Pulze
@ Megative [High-Low-High] Pulse

Analogue Typez
@ 0C

) Sine

) Pulse Start Time [Secs): 1.28s =

() Praaliry _ . T
# File @ PulzeWidth [Secz]  B0Oms

Fulze Timing

';'-‘f""-‘di':' () Stop Time [Secs]:
() Exponent
) SFFM

() Easy HOL

Diigital Types
() Sheady State
() Single Edge
@ Single Pulse
() Clack
() Pattern
() Easy HOL

Current Source?
[ 1s0late Befare?
[] Manual E ditz?

[¥] Hide Properties? [ Ok, ][ Cancel ]

We can now run the simulation. Unlike an interactive simulation the animation control panel is
now used (we are simulating for a fixed time which does not necessarily start at time zero).
Instead, use the 'Simulate Graph' command on the graph menu. You should then see results
which look like those below.

Graph | Debug Library Template
¥ Edit Graph... e

| Add Traces... Ctrl+T
% Simulate Graph [% Space

{25 View Simulation Log  Ctrl+V/

Aside from the fact that the traffic didn't start until around 1.25s (as specified by the pulse) we
can't see much information here. Right click on the graph and select maximise from the context
menu to launch the program in a new tab.
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I {5 View Simulation Log Ctrl+V

Export Graph Data... B& DIGITAL ANALYSIS x
Clear Graph Data...

F Maximize (Show Window) %

X

When the graph tab is in the foreground the menu's and icons change to show things we can do
with the graph. In particular, notice the new graph toolbar at the top of the application

B_: F1 Evaluation demo board - Proteus 8 Professional (D AL ANAL

File View Graph Options System Help

OEET o EmeE G EE- @

The zoom commands can be found here and probably the most useful of these is the 'zoom to
area' icon. Click on this icon and then drag around a small area to localise the display. If you
repeat this you will soon be able to zoom in on a single 12C sequence.

23 o AR BN NC TRV

@ Alternatively, you can hold the SHIFT button down and drag a box with the mouse
to zoom into the area inside the box.

Those familiar with the 12C protocol can then verify the raw data on the graph against the
sequencing we saw earlier on the protocol analyser.

Finally, you can take measurements with the graph as follows:

Left clicking the mouse on the graph window will place a (green) cursor on the graph.

Left dragging the mouse will allows you to position the cursor
@ Holding the CTRL key down and left clicking will place a (red) cursor.

@ Left dragging the mouse with the CTRL key down will allow you to position the (red)
cursor.

@ Data for each cursor and delta between them is shown on the display at the bottom of the
graph window.
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¥ F1 Evaluation demo board - Proteus 8 Professional (DEV) - DIGITAL ANALYSIS =SREN X

File View Graph Options System Help

DEHN i EEEFE B~ |7 EIL¥ @@ S0 Q 5

Schematic Capture % o= %S Studio = DIGITAL ANALYSIS =

O - e e e . T T s

Further Reading

I All of the general placement and editing techniques discussed briefly here are covered in
far more detail in the Proteus tutorial documentation.

b More information on Graphing is provided later in this documentation and a full discussion
of generators, probes and graph based simulation can be found in the Proteus VSM
reference manual.

Diagnostic Messaging

Another - often overlooked - tool provided in Proteus is diagnostic messaging. This is an
interface that allows you to ask the system for a plain text report of activity in a particular
peripheral or peripherals. To look at this we will turn on diagnostic messaging for the LCD
panel.

Switch to the schematic tab and then launch the configure diagnostics command from the
Debug menu.
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Library Template System

Pl start vsm Debugging

:3" Run Sirmulation

Reset Debug Popup Windows

Reset Persistent Model Data
# Configure Diagnostics

Enable Remote Debug Monitor

=

=

ad

Help
Ctrl+F12

F12

Expand the entry for the display panel, click on the entry and then change the trace information

level to full trace.

Configure Diagnnsii‘ X
Trace Categories:
&~ SYSTEM [I51S/PROSPICE)
PIC16LF1937 [U1)]
B 5] VIM-332-DP [D5]
S 1 ] Ciagno
=8 MCPI800 (U2) |
|
Trace Information Level:
) Disabled 1 Wamings Only @) Full Trace () Debug
[T] Suspend simulation whenever an event iz logged?
Log from 0 for B0 zeconds. [ 0k ] [ Cancel ]

Now expand the PIC16 and scroll down to the LCD module entry, again changing the trace

information level to 'full trace'.
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[E8 Configure Diagnostl'cA LB |

Trace Categories:

- /4y CCP1 Module i

b & CCPZ Maodule

e 8y CCP3 Module
- /4, CCP4 Module
& CCPS Module
/8, EEPROM Module

m

= VIM-332-DP [D5)

----- 6 Diagnostic Messages
=-[E] MCP9800 (U2) -

Trace Information Level:

(1 Disabled 1 Wammings Only @) Full Trace ) Debug

[7] Suspend simulation whenewver an event is logged?

Log from 0 for B0 secu:unu:ls.[ 0k l[ Cancel ]

Start an interactive simulation from the animation control panel and then click on the simulation
advisor to view the diagnostic messages. This will switch Proteus to the VSM Studio tab and the
simulation advisor will appear as a docked window at the bottom of the frame.

simulation Log [£J | Watch Window | PIC CPU Variables - U1 |
Mezzage Source  Time
&P Loaded 256 bytes of persistent EEPROM data, n
€D [COFF] Loading PICT8 COFF file 'DebughDebug, COF, U1
EHEND DFEOOTING U1
B Loaded 3993 program words and 0 data bytes, n
@ 24Messagels] | g ioi016 (001 Inifilised and module s dissbled ut
&8 [PIC16 LCD] Intialized and module iz disabled. n
@8 [PIC1E LCD] PC=0x0030. Initialized and module iz dizabled. U1 0004504000z
&8 [PIC1E LCD) PC=0x04BF . Segment register mask is loaded with: 37 (0600110111) U1 0.004545750s
&8 [PIC16 LCD] PC=0:04C0. Segment register mazk is loaded with: 14 [0600010100) U1 0.004545250=

If you pause the simulation note that the LCD messages contain PC values which you can click
on to locate the instruction in your source code that caused the condition.
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—_— S/l operi hera‘l configuration

O03F PORTD a;
0040 PORTE = 03
o041 TRISCZ2 = 0;
0043 TRISED = 0;
o044 TRISEL = 0;
VSM Debug Windows
Simulation Log (£ | Watch Window [ PIC CPU Variables - U1 [

Meszage

@ [PIC1E LCD] Initialized and module is dizabled,
‘[F'II:‘I B LED] Initialized and module iz dizabled.

ialized and module iz dizabled.
‘[F'II:'I g LCD] PC=0=0ABE. Segment register mask is loaded with: 37 (0b00110111)
& [PIC1E LCD] PC=0x0AC0. Segment register mask: is loaded with: 14 [0b0001 01 00)
& [PIC1E LCD] PC=0x0AC2. Segment register mask. iz loaded with: 13 [0b00010011)

b I Il B | @ 24Messagels) - PAUSED: O0:05:55.580719

@ Navigation to source code is only possible when the simulation is paused.

Finally, stop the simulation and turn off diagnostics in the same as they were enabled, except
change the trace information levels back to warnings only.

Diagnostic messages are particularly useful in a problem situation where you need to gather
information before deciding where to hunt for the bug. It does generate a major performance hit
try it with the PIC MSSP peripheral and MCP9800 in temperature mode for example) and
should therefore only be enabled when required. You can also choose to log over only a limited
time period if you know when the activity band of interest is.

Trace Categories:

/4, Timer 6 Module -
& CCP1 Module

& CCP2 Module

& CCP3 Module

& CCP4 Module

& CCPS Module

-4, EEPROM Module ‘ ‘

& y
-8 VIM- 332-DP (D5) i
=-[E MCP9800 (U2) -

Trace Information Lewvel:

() Dizabled @ Warnings Only () Full Trace () Debug

[ Suspend simulation whenever an event is logged?

Lag frar 0 for BO secohds.
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VSM TUTORIAL (Graphs)

The purpose of this tutorial is to show you, by use of a simple amplifier circuit, how to perform a
graph based simulation using Proteus VSM. It takes you, in a step-by-step fashion, through:

@ Placing graphs, probes and generators.

@ Performing the actual simulation.

@ Using graphs to display results and take measurements.

@ A survey of the some of the analysis types that are available.

The tutorial does not cover the use of Proteus in its general sense - that is, procedures for
placing components, wiring them up, tagging objects, etc. This is covered to some extent in the
Interactive Simulation Tutorial and in much greater detail within the Proteus manual itself. If you
have not already made yourself familiar with the use of Proteus then you must do so before
attempting this tutorial.

We do strongly urge you to work right the way through this tutorial before you attempt to do your
own graph based simulations: gaining a grasp of the concepts will make it much easier to
absorb the material in the reference chapters and will save much time and frustration in the long
term.

Getting Started

The circuit we are going to simulate is an audio amplifier based on a 741 op-amp, as shown
below. It shows the 741 in an unusual configuration, running from a single 5 volt supply. The
feedback resistors, R3 and R4, set the gain of the stage to be about 10. The input bias
components, R1, R2 and C1, set a false ground reference at the non-inverting input which is
decoupled from the signal input.

As is normally the case, we shall perform a transient analysis on the circuit. This form of
analysis is the most useful, giving a large amount of information about the circuit. Having
completed the description of simulation with transient analysis, the other forms of analysis will
be contrasted.
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== OUT

If you want, you can draw the circuit yourself, or you can load a ready made design file by File
Menu ->Open Sample -> Tutorials -> Analogue Simulation Tutorial (Part 1) within your Proteus
installation. Whatever you choose, at this point ensure you have Proteus running and the circuit
drawn

Generators

To test the circuit, we need to provide it with a suitable input. We shall use a voltage source with
a square wave output for our test signal. A generator object will be used to generate the
required signal.

Click on the Generator icon: the Object Selector displays a list of the available generator types.

For our simulation, we want a Pulse generator. Select the Pulse type, move the mouse over to
the edit window, to the right of the IN terminal, and click left on the wire to place the generator.
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Generator objects are like most other objects in Proteus; the same procedures for previewing
and orienting the generator before placement and editing, moving, re-orienting or deleting the
object after placement apply (see Generators and Probes in the reference manual).

As well as being dropped onto an existing wire, as we just did, generators may be placed on the
sheet, and wired up in the normal manner. If you drag a generator off a wire, then Proteus
assumes you want to detach it, and does not drag the wire along with it, as it would do for
components.

Notice how the generator is automatically assigned a reference - the terminal name IN.
Whenever a generator is wired up to an object (or placed directly on an existing wire) it is
assigned the name of the net to which it is connected. If the net does not have a name, then the
name of the nearest component pin is used by default.

IN C1
]
0.1u

Finally, we must edit the generator to define the pulse shape that we want. To edit the
generator, right click on it and select Edit Properties from the resulting context menu. Select the
High Voltage field and set the value to 10mV. Also set the pulse width to 0.5s.
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[EB Pulse Generator Properties [& &_J
Generator Name: Iiial [Low] Y oltage: a -
IM -

Pulzed (High) “aoltage:  10m =
Analogue Typez =
o Start [Secs): o =
Sine Rize Time [Secs): 1u =
@ Pulze =
Pulin Fall Time [Secs]: 1u =

File Pulse Width:
Audio E——
Exponent @ Pulze'width [Secs] 0.5z =
SFFM Pulse width (%) :

i Eazp HOL

Select the OK button to accept the changes.

@ For this circuit only one generator is needed, but there is no limit on the number
which may be placed.

Probes

Having defined the input to our circuit using a generator, we must now place probes at the
points we wish to monitor. We are obviously interested in the output, and the input after it has
been biased is also a useful point to probe. If needs be, more probes can always be added at
key points and the simulation repeated.

To place a probe, click left on the Voltage Probe icon (ensure you have not selected a current
probe by accident - we shall come to these later). Probes can be placed onto wires, or placed
and then wired, in the same manner as generators. Move the mouse over to the edit window, to
the left of U1 pin 3, and click left to place the probe on the wire joining pin 3 to R1 and R2. Be
sure to place the probe on the wire, as it cannot be placed on the pin itself. Notice the name it
acquires is the name of the nearest device to which it is connected, with the pin name in
brackets. Now place the second probe by clicking left just to the left of the OUT terminal, on the
wire between the junction dot and the terminal pin.

U1
MPOSIF ™~
ouT
3 ]y i /{7
5 [= out
741
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Probe objects are like generators and most other objects in Proteus; the same procedures for
previewing and orienting the probe before placement, and editing, moving, re-orienting or
deleting the probe after placement apply (refer to the section on Probes in the reference manual
for more information). Probes may be edited in order to change their reference labels. The
names assigned by default are fine in our case, but a useful tip when tagging probes is to aim
for the tip of the probe, not the body or reference label.

Now that we have set up the circuit ready for simulation, we need to place a graph to display the
results on.

Graphs

Graphs play an important part in simulation: they not only act as a display medium for results
but actually define what simulations are carried out. By placing one or more graphs and
indicating what sort of data you expect to see on the graph (digital, voltage, impedance, etc.)
Proteus knows what type or types of simulations to perform and which parts of a circuit need to
be included in the simulation. For a transient analysis we need an Analogue type graph. Itis
termed analogue rather than transient in order to distinguish it from the Digital graph type, which
is used to display results from a digital analysis, which is really a specialised form of transient
analysis. Both can be displayed against the same time axis using a Mixed graph.

To place a graph, first select the Graph icon: the Object Selector displays a list of the available
graph types. Select the Analogue type, move the mouse over to the edit window, click once to
start placement, drag out a rectangle of the appropriate size and click a second time to place
the graph.
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Graphs behave like most objects in Proteus, though they do have a few subtleties. We will
cover the features pertinent to the tutorial as they occur, but the reference chapter on graphs is
well worth a read. You can tag a graph in the usual way with the left mouse button, and then
(using the left mouse button) drag one of the handles, or the graph as a whole, about to resize
and/or reposition the graph.
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We now need to add our generator and probes on to the graph. Each generator has a probe
associated with it, so there is no need to place probes directly on generators to see the input
wave forms. There are three ways of adding probes and generators to graphs:

The first method is to tag a probe/generator and drag it over the graph and release it - exactly
as if we were repositioning the object, repeat for each probe/generator. Proteus detects that you
are trying to place the probe/generator over the graph, restores the probe/generator to its
original position, and adds a trace to the graph with the same reference as that of the
probe/generator. Traces may be associated with the left or right axes in an analogue graph, and
probes/generators will add to the axis nearest the side they were dropped. Regardless of where
you drop the probe/generator, the new trace is always added at the bottom of any existing
traces.

LN(POS P r“"l
| Drag Object
Edit Properties Ctrl+E

The second and third method of adding probes/generators to a graph both use the Add Trace
command on the graph menu; this command always adds probes to the current graph (when
there is more than one graph, the current graph is the one currently selected on the Graph
menu).

If the Add Trace command is invoked without any tagged probes or generators, then the Add
Transient Trace dialogue form is displayed, and a probe can be selected from a list of all probes
in the design (including probes on other schematic sheets).

B8 Add Transient Trace ?&'ﬂ

T Type:
Nare: UT(POS IP) —ra'f ly':'e

@ Analog
Fiobe P1:  [U1[PDS IF) - Ef“a'

az0r

Probe P2 |E|LIT v| Moize
Probe P2 |E<NEINE> §'|

iz
Probe P4: |<NDNE> v| Left

@ Le
Espression;  P1+P2 Right

Reference
[ u] s ]| Cancel |

If there are tagged probes/generators, invoking the Add Trace command causes you to be
prompted to Quick Add the tagged probes to the current graph; selecting the 'Cancel’ option
invokes the Add Transient Trace dialogue form as previously described. Selecting the 'OK'
option adds all tagged probes/generators to the current graph in alphabetical order.
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. (uick-add tagged probes?

! . ) Thiz will add all tagged probes to the current graph. If your schematic has multiple graphs ‘
the determination of the curent graph iz indicated via the checkbox on the graph menu.

[ K ]| Cancel |

We will Quick Add our probes and the generator to the graph. Either tag the probes and
generators individually, or, more quickly, drag a tag box around the entire circuit - the Quick Add
feature will ignore all tagged objects other than probes and generators. Select the Add Trace
option from the Graph menu and answer Yes to the prompt. The traces will appear on the graph
(because there is only one graph, and it was the last used, it is deemed to be the current
graph). At the moment, the traces consist of a name (on the left of the axis), and an empty data
area (the main body of the graph). If the traces do not appear on the graph, then it is probably
too small for Proteus to draw them in. Resize the graph, by tagging it and dragging a corner, to
make it sufficiently big.

As it happens, our traces (having been placed in alphabetical order) have appeared in a
reasonable order. We can however, shuffle the traces about. To do this, ensure the graph is not
tagged, and click left over the name of a trace you want to move or edit. The trace is highlighted
to show that it is tagged. You can now use the left mouse button to drag the trace up or down or
to edit the trace (by clicking left without moving the mouse) and the right button to delete the
trace (i.e. remove it from the graph). To untag all traces, click the left mouse button anywhere
over the graph, but not over a trace label (this would tag or delete the trace).
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There is one final piece of setting-up to be done before we start the simulation, and this is to set
the simulation run time. Proteus will simulate the circuit according to the end time on the x-scale
of the graph, and for a new graph, this defaults to one second. For our purposes, we want the
input square wave to be of fairly high audio frequency, say about 10kHz. This needs a total
period of 100ms. Tag the graph and click left on it to bring up its Edit Transient Graph dialogue
form. This form has fields that allow you to title the graph, specify its simulation start and stop
times (these correspond to the left and right most values of the x axis), label the left and right
axes (these are not displayed on Digital graphs) and also specifies general properties for the
simulation run. All we need to change is the stop time from 1.00 down to 100u (you can literally
type in 100u - Proteus will covert this to 100E-6) and select OK.

[EE Edit Transient Graph

Graph Litle: AMNALOGLE AMALYSIS
Start time: I

Stop time: 100u

Left dxiz Label:

Right fwiz Label:
Options
Initial DC solution: [+
Always simulate: |

Log nethzt(<]):

SPICE Optionz
Set-Scales

The design is now ready for simulation. At this point, it is probably worthwhile loading our
version of the design (Open Sample -> Tutorials -> Analogue Simulation Tutorial (Part 2)) to
avoid any problems during the actual simulation and subsequent sections. Alternatively, you
may wish to continue with the circuit you have entered yourself, and only load the default file if
problems arise.
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Simulation

To simulate the circuit, all you need do is invoke the Simulate command on the Graph menu (or
use its keyboard short-cut: the space bar). The Simulate command causes the circuit to be
simulated and the current graph (the one marked on the Graph menu) to be updated with the

simulation results.

Debug Library Template

P2 Edit Graph...
3 | Add Traces... Ctrl+ T
# | Simulate Graph Space

Eﬁ View Simulation Log Ctrl+V

Do this now. The status bar indicates how far the simulation process has reached. When the
simulation is complete, the graph is redrawn with the new data. For the current release of
Proteus and simulator kernels, the start time of a graph is ignored - simulation always starts at
time zero and runs until the stop time is reached or until the simulator reaches a quiescent
state. You can abort a simulation mid-way through by pressing the ESC key.

ISIS Professional X

':9] Load partial results?

| g | ‘ LCancel

A simulation log is maintained for the last simulation performed. You can view this log by
clicking on the simulation advisor at the bottom left of the schematic frame. The simulation log
of an analogue simulation rarely makes for exciting reading, unless warnings or errors were
reported, in which case it is where you will find details of exactly what went wrong. In some
cases, however, the simulation log provides useful information that is not easily available from
the graph traces.

I 11 Messag...
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So the first simulation is complete. Looking at the traces on the graph, it's hard to see any
detail. To check that the circuit is working as expected, we need to take some measurements.

Taking Measurements

A graph sitting on the schematic, alongside a circuit, is referred to as being minimised. To take
timing measurements we must first maximise the graph. To do this, right click on the graph and
select the maximise option from the resulting context menu.

- % View Simulaticn Log Ctrl+V
Export Graph Data...
Clear Graph Data...

E Maximize (Show Window) [%

X

This will open the graph in a new tab and change the menus and icons to include functionality
applicable to the graph.

On the left side of the screen is an area in which the trace labels are displayed and to right of
this are the traces themselves. When cursors are placed the data and delta values are
displayed at the bottom of the graph. As this is a new graph, and we have not yet taken any
measurements, there are no cursors visible on the graph, and the status bar simply displays a
title message.

The traces are colour coded, to match their respective labels. The OUT and U1(POS IP) traces
are clustered at the top of the display, whilst the IN trace lies along the bottom. To see the
traces in more detail, we need to separate the IN trace from the other two. This can be achieved
by using the left mouse button to drag the trace label to the right-hand side of the screen. This
causes the right y-axis to appear, which is scaled separately from the left. The IN trace now
seems much larger, but this is because Proteus has chosen a finer scaling for the right axis
than the left. To clarify the graph, it is perhaps best to remove the IN trace altogether, as the
U1(POS IP) is just as useful. Click right on the IN label and select Delete Trace. The graph now
reverts to a single, left hand side, y-axis.
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I Drag Trace Label

Edit Trace Properties
X Delete Trace %
P | Edit Graph...
n'_%r'L"m Add Traces... Ctrl+T
= Simulate Graph Space
Q-S View Simulation Log Ctrl+V

Export Graph Data...
Clear Graph Data...

»
| Restore (Close Window)

We shall measure two quantities:

@ The voltage gain of the circuit.

@ The approximate fall time of the output.
These measurements are taken using the Cursors.

Each graph has two cursors, referred to as the Reference and Primary cursors. The reference
cursor is displayed in red, and the primary in green. A cursor is always 'locked' to a trace, the
trace a cursor is locked to being indicated by a small X' which 'rides' the waveform. A small
mark on both the x- and y-axes will follow the position of the 'X' as it moves in order to facilitate
accurate reading of the axes. If moved using the keyboard, a cursor will move to the next small
division in the x-axis.

Let us start by placing the Reference cursor. The same keys/actions are used to access both
the Reference and Primary cursors. Which is actually affected is selected by use of the CTRL
key on the keyboard; the Reference cursor, as it is the least used of the two, is always
accessed with the CTRL key (on the keyboard) pressed down. To place a cursor, all you need
to do is point at the trace data (not the trace label - this is used for another purpose) you want to
lock the cursor to, and click left. If the CTRL key is down, you will place (or move) the Reference
cursor; if the CTRL key is not down, then you will place (or move) the Primary cursor. Whilst the
mouse button (and the CTRL key for the Reference cursor) is held down, you can drag the
cursor about. So, hold down (and keep down) the CTRL key, move the mouse pointer to the
right hand side of the graph, above both traces, and press the left mouse button. The red
Reference cursor appears. Drag the cursor (still with the CTRL key down) to about 70u or 80u
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on the x-axis. The title on the status bar is removed, and will now display the cursor time (in red,
at the left) and the cursor voltage along with the name of the trace in question (at the right). It is
the U1(POS IP) trace that we want.

You can move a cursor in the X direction using the left and right cursor keys, and you can lock a
cursor to the previous or next trace using the up and down cursor keys. The LEFT and RIGHT
keys move the cursor to the left or right limits of the x-axis respectively. With the control key still
down, try pressing the left and right arrow keys on the keyboard to move the Reference cursor
along small divisions on the time axis.

Now place the Primary cursor on the OUT trace between 20u and 30u. The procedure is exactly
the same as for the Reference cursor, above, except that you do not need to hold the CTRL key
down. The time and the voltage (in green) for the primary cursor are now added to the status
bar.

Also displayed are the differences in both time and voltage between the positions of the two
cursors. The voltage difference should be a fraction under 100mV. The input pulse was 10mV
high, so the amplifier has a voltage gain of 10. Note that the value is positive because the
Primary cursor is above the Reference cursor - in delta read-outs the value is Primary minus
Reference.

ouT: D¥-+92 ¥m

We can also measure the fall time using the relative time value by positioning the cursors either
side of the falling edge of the output pulse. This may be done either by dragging with the
mouse, or by using the cursor keys (don't forget the CTRL key for the Reference cursor). The
Primary cursor should be just to the right of the curve, as it straightens out, and the Reference
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cursor should be at the corner at the start of the falling edge. You should find that the falling
edge is a little under 10m.

Using Current Probes

Now that we have finished with our measurements, we can return to the circuit — just close the
maximised graph for the cross at the right of the tab.

= ANALOGUE ANALYSIS x

We shall now use a current probe to examine the current flow around the feedback path, by
measuring the current into R4.

Current probes are used in a similar manner to voltage probes, but with one important
difference. A current probe needs to have a direction associated with it. Current probes work by
effectively breaking a wire, and inserting themselves in the gap, so they need to know which
way round to go. This is done simply by the way they are placed. In the default orientation
(leaning to the right) a current probe measures current flow in a horizontal wire from left to right.
To measure current flow in a vertical wire, the probe needs to be rotated through 90° or 270°.
Placing a probe at the wrong angle is an error, that will be reported when the simulation is
executed. If in doubt, look at the arrow in the symbol. This points in the direction of current

flow.

Select a current probe by clicking on the Current Probe icon. Click left on the clockwise Rotation

icon such that the arrow points downwards. Then place the probe on the vertical wire between
the right hand side of R4 and U1 pin 6.

QuT
_._LD QouT

OUTp®

Add the probe to the right hand side of the graph by tagging and dragging onto the right hand
side of the minimised graph. The right side is a good choice for current probes because they are
normally on a scale several orders of magnitude different than the voltage probes, so a
separate axis is needed to display them in detail.
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At the moment no trace is drawn for the current probe. Press the space bar to re-simulate the
graph, and the trace appears.

Even from the minimised graph, we can see that the current in the feedback loop follows closely
the wave form at the output, as you would expect for an op-amp. The current changes between
10mA and 0 at the high and low parts of the trace respectively. If you wish, the graph may be
maximised to examine the trace more closely.

Frequency Analysis

As well as transient analysis, there are several other analysis types available in analogue circuit
simulation. They are all used in much the same way, with graphs, probes and generators, but
they are all different variations on this theme. The next type of analysis that we shall consider is
Frequency analysis. In frequency analysis, the x-axis becomes frequency (on a logarithmic
scale), and both magnitude and phase of probed points may be displayed on the y-axes.

To perform a frequency analysis a Frequency graph is required. Click left on the Graph icon, to
re-display the list of graph types in the object selector, and click on the Frequency graph type.
Then place a graph on the schematic as before, dragging a box with the left mouse button.
There is no need to remove the existing transient graph, but you may wish to do so in order to
create some more space (right click and delete object from the resulting context menu).
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Now to add the probes. We shall add both the voltage probes, OUT and U1(POS IP). In a
frequency graph, the two y-axes (left and right) have special meanings. The left y-axis is used to
display the magnitude of the probed signal, and the right y-axis the phase. In order to see both,
we must add the probes to both sides of the graph. Tag and drag the OUT probe onto the left of
the graph, then again drag the robe onto the right. Each trace has a separate colour as normal,
but they both have the same name. Now tag and drag the U1(POS IP) probe onto the left side
of the graph only.

GARIN (dE!
ouT

Magnitude and phase values must both be specified with respect to some reference quantity. In
Proteus this is done by specifying a Reference Generator. A reference generator always has an
output of 0dB (1 volt) at 0°. Any existing generator may be specified as the reference generator.
All of the other generators in the circuit are ignored in a frequency analysis. To specify the IN
generator as the reference in our circuit, simply tag and drag it onto the graph, as if you were
adding it as a probe. Proteus assumes that, because it is a generator, you are adding it as the
reference generator, and prints a message on status line confirming this. Make sure you have
done this, or the simulation will not work correctly.
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Selected 'IM' as reference generator.

e~
-

There is no need to edit the graph properties, as the frequency range chosen by default is fine
for our purposes. However, if you do so (right click on the graph and select Edit properties), you
will see that the Edit Frequency Graph dialogue form is slightly different from the transient case.
There is no need to label the axes, as their purpose is fixed, and there is a check box which
enables the display of magnitude plots in dB or normal units. This option is best left set to dB,
as the absolute values displayed otherwise will not be the actual values present in the circuit.
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Now start the simulation by right clicking on the graph and selecting the simulate option from the
context menu. When it has finished, maximise the graph by opening it in a new tab as before

(right click context menu).

Considering first the OUT magnitude trace, we can see the pass-band gain is just over 20dB (as
expected), and the useable frequency range is about 50Hz to 20kHz. The cursors work in
exactly the same manner as before - you may like to use the cursors to verify the above

statement.
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The OUT phase trace shows the expected phase distortion at the extremes of the response,
dropping to -90° just off the right of the graph, at the unity gain frequency. The high-pass filter
effect of the input bias circuitry can be clearly seen if the U1(POS IP) magnitude trace is
examined. Notice that the x-axis scale is logarithmic, and to read values from the axis it is best
to use the cursors.

Swept Variable Analysis

It is possible with Proteus to see how the circuit is affected by changing some of the circuit
parameters. There are two analysis types that enable you to do this — the DC Sweep and the
AC Sweep. A DC Sweep graph displays a series of operating point values against the swept
variable, while an AC Sweep graph displays a series of single point frequency analysis values,
in magnitude and phase form like the Frequency graph.

As these forms of analysis are similar, we shall consider just one - a DC Sweep. The input bias

resistors, R1 and R2, are affected by the small current that flows into U1. To see how altering
the value of both of these resistors affects the bias point, a DC Sweep is used.
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To begin with place a DC Sweep graph on an unused space on the schematic. Then tag the
U1(POS IP) probe and drag it onto the left of the graph. We need to set the sweep value, and
this is done by editing the graph (right click - edit properties). The Edit DC Sweep Graph
dialogue form includes fields to set the swept variable name, its start and ending values, and
the number of steps taken in the sweep. We want to sweep the resistor values across a range
of say 100kW to 5SMW, so set the Start field to 100k and the Stop field to 5M. Click on OK to
accept the changes.

Graph fitle: DC SWEEP ANALYSIS User defined properties:

Sweep variable: *

Start value: 100k
Stop walue: Bt
Mominal walue: R00m
Mo, steps: 100
Left Axiz Label:

Right Axiz Label:

Optiohz
Alwaps zimulate?
Log netlist[z]? [l

SFICE Optionz q P
Setv-Scales [

1]8 ][ Cancel ]

Of course, the resistors R1 and R2 need to be altered to make them swept, rather than the fixed
values they already are. To do this, double left click on R1 to edit it, and alter the Value field
from 470k to X. Note that the swept variable in the graph dialogue form was left at X as well.
Click on OK, and repeat the editing on R2 to set its value to X.

e <o conpore I -

Part Beference: A1 Hidder: []
Part % alue: * Hidder: []

Element; MNew

Simulator Primitive Type:  PASSIVE Hide &l - |
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Now you can simulate the graph by right clicking on it and selecting the simulate option. Then,
by maximising the graph, you can see that the bias level reduces as the resistance of the bias
chain increases. By 5SMW it is significantly altered.

Of course, altering these resistors will also have an effect on the frequency response. We could
have done an AC Sweep analysis at say 50Hz in order to see the effect on low frequencies.

Noise Analysis

The final form of analysis available is Noise analysis. In this form of analysis the simulator will
consider the amount of thermal noise that each component will generate. All these noise
contributions are then summed (having been squared) at each probed point in the circuit. The
results are plotted against the noise bandwidth.

There are some important peculiarities to noise analysis:

@ The simulation time is directly proportional to the number of voltage probes (and
generators) in the circuit, since each one will be considered.

@ Current probes have no meaning in noise analysis, and are ignored.

@ A great deal of information is presented in the simulation log file.

@ PROSPICE computes both input and output noise. To do the former, an input reference
must be defined - this is done by dragging a generator onto the graph, as with a
frequency reference. The input noise plot then shows the equivalent noise at the input for

each output point probed.

To perform a noise analysis on our circuit, we must first restore R1 and R2 back to 470kW. Do
this now. Then select a Noise graph type, and place a new graph on an unused area of the
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schematic. It is really only output noise we are interested in, so tag the OUT voltage probe and
drag it onto the graph. As before, the default values for the simulation are fine for our needs, but
you need to set the input reference to the input generator IN. The Edit Noise Graph dialogue
form has the check box for displaying the results in dBs. If you use this option, then be aware
that 0dB is considered to be 1 volt r.m.s. Click on Cancel to close the dialogue form.

Edit Moise Gra [T ]

Title: MOISE AbALYSIS User defined properties:

Reference: I -
‘ Start frequency: 10
Stop frequency: T

Interval: DECADES =

Mo. Stepsdinterval. 10

Options

Y Scale in dBx [ Always zimulate:

Log total contributions: Log netlist(z]): [ -

Log spectral contibutions; [ 1 }
SPICE Options Set*-Scales [

QK ] [ LCancel ]

Simulate the graph as before. When the graph is maximised, you can see that the values that
result from this form of analysis are typically extremely small (pV in our case) as you might
expect from a noise analysis of this type. But how do you track down sources of noise in your
circuit? The answer lies in the simulation log. View the simulation log now, by clicking on the
simulation advisor at the bottom of the schematic frame.

I 193 Messa...

Use the down arrow icon to move down past the operating point printout, and you should see a
line of text that starts

'Total Noise Contributions at ...'
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Ul Q1 lowerf - 0.00 Volts

This lists the individual noise contributions (across the entire frequency range) of each circuit
element that produces noise. Most of the elements are in fact inside the op-amp, and are
prefixed with U1_. If you select the Log Spectral Contributions option on the Edit Noise Graph
dialogue form, then you will get even more log data, showing the contribution of each
component at each spot frequency.
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