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MicroCode Engineering—Software License Agreement

PLEASE READ THE FOLLOWING LICENSE AGREEMENT CAREFULLY BEFORE OPEN-
ING THE ENVELOPE CONTAINING THE SOFTWARE. OPENING THIS ENVELOPE INDICATES
THAT YOU HAVE READ AND ACCEPTED ALL THE TERMS AND CONDITIONS OF THIS
AGREEMENT. IF YOU DO NOT AGREE TO THE TERMS IN THIS AGREEMENT, PROMPTLY
RETURN THIS PRODUCT FOR A REFUND.

CircuitMaker is a proprietary product of MicroCode Engineering and is protected by Copyright
Law. MicroCode Engineering grants you a non-exclusive license to use CircuitMaker subject to
the terms and restrictions of this license agreement. You are receiving a license to use
CircuitMaker, MicroCode Engineering retains title to CircuitMaker and is the sole copyright
owner. You, as an authorized end user of CircuitMaker are permitted certain rights to use
CircuitMaker as defined in this license agreement.

* You are authorized to use CircuitMaker on only one (1) computer at a time. You must obtain
additional license agreements before using the software on additional computers or on a
computer network.

* You may make a backup copy of CircuitMaker for the sole purpose of protecting your
investment from loss.

* You may transfer your right to use CircuitMaker to another party as long as the entire
software package, including the manual and a backup copy of CircuitMaker, are transferred
to the receiving party. However, before transferring this program, the receiving party must
agree to be bound by the terms and conditions of this agreement. If you transfer the
program, you must remove CircuitMaker from the computer on which itis installed and
destroy the backup copy at the time of transfer. Your licence terminates at the time of
transfer. In no case is the right granted to sell, distribute, trade or give away copies of
CircuitMaker, except as stated in this paragraph.

* You may not de-compile, disassemble, reverse engineer, or in any way modify the program
code without the prior written consent of MicroCode Engineering.

* This agreement is effective until terminated. You may terminate this agreement at any time by
destroying the program, documentation, and any the backup copy, or by returning the same
to MicroCode Engineering. The licence will terminate automatically if the terms of this
agreement are violated.

The program code is provided on an “as is” basis without warranty of any kind whatsoever,
either expressed or implied. MicroCode Engineering does not warrant the software to be error
free, nor does it warrant it to meet your specific requirements.
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MicroCode Engineering will, at no charge, replace defective CDs/diskettes or CDs/diskettes that
are returned within ninety (90) days of the date of purchase. MicroCode Engineering warrants
that the program will perform in substantial compliance with the enclosed documentation. If you
report a significant defect in writing to MicroCode Engineering, and MicroCode Engineering is
unable to correct it within ninety (90) days, you may return the entire software package for a
refund. Under no conditions will MicroCode Engineering’s liability exceed the purchase price of
this software.

NO LIABILITY OF ANY FORM SHALL BE ASSUMED BY MICROCODE ENGINEERING ORITS
REPRESENTATIVES, NOR SHALL DIRECT, CONSEQUENTIAL, OR OTHER DAMAGES BE
ASSUMED BY MICROCODE ENGINEERING, EVEN IF MICROCODE ENGINEERING HAS BEEN
ADVISED OF SUCH DAMAGES.

Disclaimer

CircuitMaker is a simulation program that, in most cases, produces results very similar to a real
life circuit. Itis, howevemnlya simulation program and is not expected to provide exactly the
same results as a real life circuit in every instance. While MicroCode Engineering, Inc. has tried
to provide a product which is suitable to a wide variety of applications, we realize that it cannot
produce satisfactory results in all applications. CircuitMaker allows you to minimize the amount
of breadboarding required to produce a functional circuit, but it must not be used as a replace-
ment for proper breadboarding.

MicroCode Engineering, Inc. reserves the right to revise the program and/or manual from time to
time without obligation of MicroCode Engineering, Inc. to notify any person or organization of
such change or revision. MicroCode Engineering, Inc. makes no representations or warranties
with respect to the program “CircuitMaker” or the manual, either express or implied, including
implied warranty of merchantability or implied fitness for a particular purpose. No liability of any
form shall be assumed by MicroCode Engineering, Inc. or its representatives, nor shall direct,
consequential, or other damages be assumed by MicroCode Engineering, Inc. even if MicroCode
Engineering, Inc. has been advised of such damages. This program is supplied “As Is”. Any
user of this software uses it at their own risk. In any case, the liability of MicroCode Engineering,
Inc. is limited to the price the user actually paid.
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U.S. Government Restricted Provisions
If this software is acquired by or in behalf of a unit or agency of the United States Government
these provisions apply. This Software:

(a) Was developed at private expense, and no part of it was developed with government funds,

(b) Is a trade secret of MicroCode Engineering, Inc. for all purposes of the Freedom of Informa-
tion Act,

(c) Is “commercial computer software” subject to limited utilization as provided in the contract
between the vendor and the governmental entity, and

(d) In all respects is proprietary data belonging solely to MicroCode Engineering, Inc.

For units of the Department of Defense (DOD), this software is sold only with “Restricted
Rights” as that term is defined in the DOD Supplement to the Federal Acquisition Regulations,
52.227-7013 (c) (1) (i) and:

Use, duplication or disclosure is subject to restrictions as set forth in subdivision (c) (1) (ii) of
the Rights in Technical Data and Computer Software clause at 52.227-7013. Manufacturer:
MicroCode Engineering, Inc., 927 West Center Street, Orem, Utah 84057.

If this software was acquired under a GSA Schedule, the U.S. Government has agreed to refrain
from changing or removing any insignia or lettering from the Software or the accompanying
written materials that are provided or from producing copies of the manuals or disks (except one
copy for backup purposes) and:

(e) Title to and ownership of this Software and documentation and any reproductions thereof
shall remain with MicroCode Engineering, Inc.,

(f) Use of this Software and documentation shall be limited to the facility for which it is acquired,
and

(9) If use of the Software is discontinued by the installation specified in the purchase/delivery
order and the U.S. Government desires to use it at another location, it may do so by giving prior
written notice to MicroCode Engineering, Inc., specifying the type of computer and new location
site. U.S. Governmental personnel using this Software, other than under a DOD contract or GSA
Schedule, are hereby on notice that use of this Software is subject to restrictions which are the
same or similar to those specified above.
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CHAPTER 1
Welcome to CircuitMaker

Introduction

Welcome to CircuitMake the most powerful, easy-to-use
schematic capture and simulation tool in its class! Thank
you for joining thousands of users who have discovered
that CircuitMaker provides the features of "high-end"
design software atfaaction of the cost.

Using CircuitMaker's advanced schematic capabilities, you
can design electronic circuits and output netlists for
TraxMaker and other PCB design tools and autoroutexs.
can also perform fast, accurate simulations of digital, analog
and mixed analog/digital circuits using CircuitMaker's
Berkeley SPICE3f5/XSpice-based simutato

Required User Background

With just a minimum of electronics thgpiou can success-
fully use CircuitMaker to design and simulate circuits. For
beginners, CircuitMaker is perfect for learning and experi-
menting with electronics and circuit design. For advanced
users, CircuitMaker's powerful analyses provide a sophisti-
cated environment for testing and trying all the "what if"
scenarios for your design. Best of all, you can accomplish
more in less time than traditional prototyping methods.

Required Hardware/Software

* |IBM®compatible 486 or higher PC with a hard disk drive
and a 3%" high density disk drive.

¢ Math coprocessor recommended (for analog simula-
tion).

¢ 8MRAM, 15M hard disk space (20M during installa-
tion).

* Mouse or other pointing device.

* VGA (or higher) resolution monitor (color prefed).
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Microsoft® Windows 95, Windows NT 4.0 or greater or
Windows 3.1x (requires Win32s, a set of operating
system extensions which allows some 32-bit applica-
tions to run under the 16-bit operating system).

Installing CircuitMaker

1
2

Start your Windows operating system.

If you are installing from the CircuitMaker CD, insert it
into the CD drive and skip to Step 5.

OR

If you are installing with floppy disks, insert Disk 1 into
drive A: and continue with Step 3.

If using Windows 95 or NT4, choo&tart > Run from
the Taskbar.

OR

If using Windows 3.1x, choogéle > Run from Program
Manager.

Typea:setupand presgnter.
Follow the installation instructions.

Warning: If you are reinstalling or upgrading
CircuitMaker be sure to install in a different directory to
avoid writing over some of your existing work.

If you are installing under Windows 3.1x, you will be
prompted to install the Win32s operating system
extensions.

Double-click the CircuitMaker icon to launch the
program.

If you are upgrading from an earlier version of
CircuitMaker, see the next sectibpdating from a
Previous Version

Installing the Hardware (HW) Keys

Most copies of CircuitMaker sold internationally (outside
the US and Canada) come with a Hardware (HW) key for
copy protection. If your copy includes a HW key, this key
must be attached to the parallel port of your computer in
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order to run the software. If you have any questions, please
call MicroCode Engineering Technical Support.

Updating from a Previous Version

While upgrading from a previous version of CircuitMaker is
a relatively painless process, you should take care when
converting custom macro libraries and simulating existing
circuits. When you load a pre-4.0 circuit file (identified by
the .CIR extension), it will automatically be converted to the
newer ASCI!I file format (which uses the .CKT extension).

If you havenot added components to the library, simply
follow the instructions above imstalling CircuitMaker

The new version will be installed in a new directory and you
can delete the previous directory.

If you have added new device symbols to the macro library,
seeUpdating 32-bit Macro Librarieor Updating 16-bit
Macro Librariesbelow.

If you have added new SPICE models, 9pdating Model
Librariesbelow.

Warning: Be careful not to discard or overwrite your
previous work.

Updating 32-Bit Macro Libraries

If you are upgrading from a 32-bit version of CircuitMaker
and have created your own macro devices or symbols,
follow these steps:

1 Install the new version of CircuitMaker as described
earlier. Remember to install the new version in a different
directory to avoid writing over your existing work. Run
CircuitMaker.

2 SelectMacros>Macro Copier.

3 Openthe old USER.LIB file as ti@opy Fronfile.
When asked if you want to list only the user defined
devices, click Yes.

4  Open the USER.LIB file from your new CircuitMaker
directory as th€opy Tdfile.

5 Select the first device that you have created and click on
the Copy button. Repeat for each additional device that
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you have created. Each device copied will be placed in
the new USER.LIB file. You may be prompted for
information regarding the simulation mode for which a
device is intended. If the device can be used in digital
simulations, check the Digital box; if it can be used in
analog simulations, check the Analog box. If it can be
used in either simulation mode, check both boxes.

Updating 16-Bit Macro Libraries

If you are upgrading from a 16-bit version of CircuitMaker
and have created your own macro devices or symbols,
follow these steps:

1 Install the new version of CircuitMaker as described
earlier. Be sure to install the new version into a different
directory to avoid writing over your existing work.

2 Runthe BTOA file conversion utility.

3 Selecfile >Convert Library . Openthe USER.LIB file
from your previous CircuitMaker directory. Save the
new file as USERLIB.ASC.

4 Run CircuitMaker.

5 SelecMacros> Convert ASCII Library . Load the file
USERLIB.ASC that you just created. Save the new file
as NEWUSER.LIB.

6 SelecMacros>Macro Copier.

7 Openthe NEWUSER.LIB file as tl@@opy Fronfile.
When asked if you want to list only the user defined
devices, click Yes.

8 Open the USER.LIB file from your new CircuitMaker
directory as th€opy Tdfile.

9 Select the first device that you created and click on the
Copy button. Repeat for each additional device that you
have created. Each device copied will be placed in the
new USER.LIB file. You may be prompted for informa-
tion regarding the simulation mode for which a device is
intended. If the device can be used in digital simula-
tions, check the Digital box; if it can be used in analog
simulations, check the Analog box. If it can be used in
either simulation mode, check both boxes.
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Note: Importing of bitmaps and unconverted metafiles is no
longer supported for creating devices in CircuitMaker. If you
have created devices of this type, the symbol will not be
available in CircuitMaker 6 or PRO (the symbol will be
replaced by a rectangle). These symbols may be redrawn
with the Symbol Editor.

Updating Model Libraries

If you have added or modified any of the .MOD, .SUB or

.LIB files from a previous version, you must make these same
additions or modifications to the files in the new Models
directory.Since many of these .MOD, .SUB and .LIB files in
CircuitMaker 6/PRO contain new information added by
MicroCode Engineering, it is recommended that any
changes you made previously be done manually (don't just
copy your old file over the top of the new one), to avoid any
possible loss of data.

If you have created any user-defined symbols to which
SPICE models have been linked, you must remember that
each of these user-defined symbols has a corresponding
.MOD or .SUB file. Be sure to copy these files into the new
Models directory.

If you have used CircuitMaker's automatic linking feature
(accessed throught the Model Data button in Macro Utilities
dialog box) to link a symbol to a user-added SPICE model in
a .LIB file, you must do one of two things:

1 Reenter the information using the Macro Utilities dialog
box just like before.

OR

2 Copy the linking information that was automatically
placed in the .MOD or .SUB files into the new files. This
information would usually be located at the end of the
.MOD or .SUB file that corresponds to the symbol.

Updating Pre-5.0 Digital Circuits for

Analog Simulation

Digital circuits created in pre-5.0 versions of CircuitMaker
will still run in Digital Logic Simulation mode. However, if
you want to run them in Analog Simulation mode, you
should be aware of the following:
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« Analog is not a free-running simulation mode.

< Analog simulations require proper use of Vcc and
Ground connections to digital devices.

« Analog simulations require designations of all devices.

e The digital devices saved in old circuits do not contain
SPICE data for simulation. These must be replaced by
new digital SimCode devices. To do this, delete the
existing devices and replace them with new devices
from the current library.

e The Pulser is a digital only device. It must be replaced
by a Data Sequencer or a Signal Generator.

< Devices which are animated in Digital Logic Simulation
mode are not animated in Analog Simulation mode.

Multi-User (Project) Installations

You can configure CircuitMaker to support “Projects” for
multiple users, each user having access to separate libraries
and preferences. Project installations are possible whether
on a network or on a stand-alone system. Each user must be
assigned a separate directory from which the CircuitMaker
preferences, libraries and circuit files can be accessed. This
same method may be used by a single user who needs to
access multiple projects, each with separate libraries and
preferences.

Note: A site license is required for network installation.

Setting Up Multiple Projects
1 Install and run CircuitMaker as described above to
initialize the default file paths, then exit.

2 Create a separate directory for each user or project.

3 Place a copy of the Cirmaker.dat file in each user’s
project directory. This file contains the Preferences data
which allows each user to specify their own circuit and
library paths and other circuit and program preferences.

4  If auser will need to make modifications or additions to
the Macros library (changes that must not affect other
users), place a copy of the USER.LIB, DEVICEDB.DAT,
SYMBOLDB.DAT and HOTKEYSDB.DAT files into that
user’s project directory. The DEVICEDB.DAT,
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10

11

12

13

SYMBOLDB.DAT and HOTKEYSDB.DAT files must
always be placed in the same directory as USER.LIB.

If a user will need to make modifications or additions to
the SPICE models or subcircuits, place a copy of the
entire Models directory into that user’s project direc-
tory.

If accidental modification of files which are common to
multiple users is a concern, see your network adminis-
trator for details on how to protect these files from
modification.

In Windows 95/NT4, Right-click the Start button and
selectOpen. Browse to the CircuitMaker icon, right-click
it, and SelecProperties. Click the Shortcut tab.

OR

From the Windows 3.1x Program Managetr, click once on
the CircuitMaker icon to select it. In Program Manager,
select-ile > Properties.

Add the word “PROJECT" onto the string in the Target
edit field. For example:

"c:\...\cirmaker.exe" project

then click OK. This enables the Select Project dialog box
(explained later in this section).

Run CircuitMaker.

The Select Project dialog box appears, allowing you to
find the individual project directories. Browse the
directories to find one individual’s Cirmaker.dat file and
click OK.

When CircuitMaker has loaded, selede > Prefer-
encesthen clickDirectories and Files

Change the Circuit Directory path to that of the project
directory. This is where that individual’s circuit files
(*.CKT) will be stored.

If there is a copy of the User.lib file in the project
directory, change the User Library File path to that of
the individual’s directory. This allows the individual to
make changes/additions to the Macros library.
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14 If there is a copy of the Models directory in the project
directory, change the Model Directory path to that of
the individual’s directory. This allows the individual to
make changes/additions to the SPICE models and
subcircuits.

15 Click OK to exit the Directories and Files dialog box;
then click OK in the Preferences dialog box to save
these changes.

16 Exit CircuitMaker.

17 CircuitMaker is now completely configured for one user.
Repeat steps 9-16 to configure CircuitMaker for each
individual user.

Accessing a Project
1 Run CircuitMaker.

2 The Select Project dialog box appears, allowing you to
find your personal project directory. Browse the
directories to find your CIRMAKER.DAT file and click
on the OK button.

Technical Support

MicroCode Engineering, Inc. is dedicated to producing only
the finest quality software and supporting customers after
the initial purchase. If you encounter problems while using
CircuitMaker or just need general help, contact us via
phone, FAX, electronic mail or US Mail and we’ll provide
prompt and courteous support.

NOTE: Please be prepared to provide your name and
registration number (found on the back of the User
Manual, Disk 1, or the CD jacket) when contacting us.

Telephone: §01) 226-4470
FAX: (801) 226-6532
Internet: http://www.ricrocode.com
Email: support@microcode.com
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CircuitMaker PRO only

Notes, Hints and Tips are
written in the margins for
better visibility.

US Mail: MicroCode Engineering, Inc.
927 West Center
Orem, UT 84057 USA

Future versions of CircuitMaker are planned so please feel
free to write and let us know what features or additions you
would like to see. Our goal is to provide a product that will
meet your needs and expectations, so feedback from you the
end user is essential!

About the Documentation

CircuitMaker comes with two manualslJaer Manualand a
Device Library GuideThisUser Manualhas been designed
to guide you through CircuitMaker’s many features and
simplify the retrieval of specific information once you have a
working knowledge of the product. The sepaiwice
Library Guideoutlines the symbols and device models that
are included with CircuitMaker.

The manual assumes that you are familiar with the Windows
desktop (3.1x, 95, and NT) and its use of icons, menus,
windows and the mouse. It also assumes a basic under-
standing about how Windows manages applications
(programs and utilities) and documents (data files) to
perform routine tasks such as starting applications, opening
documents and saving your work.

Manual Conventions
The following conventions are used to identify information
needed to perform CircuitMaker tasks:

Note that this manual contains information for both
CircuitMaker Version 6 and CircuitMaker PRO. Those
features described in this manual which are only available in
CircuitMaker PRO are highlighted by the banner at the left.

Step-by-step instructions for performing an operation are
generally numbered as in the following examples:

1 Choose-ile >Save
This means “choose thgle menu, then choosgave”

2 Select thédrrow Tool on the Toolbar.
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Menu names, menu commands, and Toolbar options usually
appear in bold type as are text strings to be typed:

3 Type the Label-Valug20K.

This manual also includes some special terminology—words
that are either unique to schematic capture and circuit
simulation or have some specific meaning within
CircuitMaker. Such terms are italicized when first introduced.
Using On-line Help

You can access CircuitMaker’s on-line Help file
(CIRMAKER.HLP) in several ways.

From the Help Menu
To access Help from the Help menu,

1 ChooseHelp > CircuitMaker Help Topics .

2 Choose th€ontentstab to see an overview of all Help
topics arranged hierarchically.

OR

Choose théndex tab, then enter a keyword to look up a
specific Help topic.

OR

Choose thé-ind tab to find Help topics that contain the
word you are looking for.

From a Dialog Box
To access context-sensitive Help,

1 Open adialog box, then pressto display Help
specifically tailored for that dialog box.

From the Toolbar
To get context-sensitive Help about a particular device or
item you have placed in the work space,

1 Click theHelp button on the Toolbar.
2  Click the item.

From the Help File Directly

Even when CircuitMaker is not running, you can view the
Help file by double-clicking its icon in the CircuitMaker
program group.
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Watching the On-line Tutorial

For a quick overview of CircuitMaker, double-click the CM
Tutorial icon. The ScreenCam demonstrations illustrate the
major areas of schematic drawing and simulation.

Where to Go from Here

Once you have mastered a few Windows basics, you'll be
ready to learn CircuitMaker. Use the following table to help
you get around this User Manual.

Topic Where to Go
CircuitMaker Basics Chapters 2, 3
Drawing and Editing Schematics  Chapter 4
Simulation Chapters 5, 6
Exporting Files Chapter 7

Fault Simulation Chapter 8
CircuitMaker Menus Chapters 9-14
Advance SPICE Tips Chapter 15
Creating New Devices Chapter 16
SimCode Chapter 17
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CHAPTER 2
Getting Started

CircuitMaker Basics

This chapter gives you an overview of the CircuitMaker
workspace, conventions, preferences, shortcuts, and
HotKeys. Its a great place to start if you need some
guidance before using CircuitMaker to @wraedit, test, and
simulate electronic circuits.

Starting CircuitMaker
If you have installed CircuitMaker on your hard disk, you're
ready to run the program.

1 Open theStart menu.

2 ChoogPrograms >CircuitMaker 6 or CircuitMaker
PRO.

3 Choose teCircuitMaker program.

You can also create a shortcut for CircuitMaker and
have the icon display on your desktop all the time.

CircuitMaker Workspace

When you start CircuitMakethe blank workspace appears.
This is where you place devices that represent real life
components such as resistors, transistors, power supplies,
etc. The CircuitMaker workspace also includesTihelbar,

Menu Ba, and special windows for circuit simulation and
testing purposes.

After placing devices exactly where you want, you simply
wire them togethe The wiring lines you draw form intelli-
gent links between devices, which then allow the circuit to
be simulated, tested, and analyzed using CircuitMaker's
powerful simulata Figure 2.1 shows the CircuitMaker
workspace filled in with the Drawing/indow and several
analysis windows.
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Title Bar Toolbar

Drawing Window——

Analysis Windowé VIR Y FL Y| R

Figure 2.1. The CircuitMaker workspace.

Connectivity

An important feature of CircuitMaker is the way electrical
connections between the elements in your design are
recognized.

The concept ofonnectivityis the key to using

CircuitMaker to draw and simulate electronic circuits. The
program stores connection information for simulation, and it
is also used for creating and exportimgglistsinto

TraxMaker or other pcb layout programs to create a working
printed circuit board (PCB).

About CircuitMaker Windows

In addition to the Drawing window, CircuitMaker offers
several other windows, most of which display information
and waveforms for analog and digital simulations. During
simulation, the windows for the selected analyses appear,
showing waveforms and simulation data. Multiple analysis
windows can be open simultaneously; however, only one
window of each of analysis type can be open at a time.
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Anatomy of a Schematic Drawing
Figure 2.2 shows a basic schematic, including device
symbols, label-values and designations, wires, and pindots.

RF

) Device designation
Device label-value—— 100k

Z5k

Voo
+12+
Vin W
-100m/ 100wy~ RI - ire
. 10 U741
Device symbol— e .- )
- -+
10KHz AL ( T RL

k

////////__ 3 L Pin dot
-1:=V
Ground Vee 2

Figure 2.2. CircuitMaker’s straightforward approach
makes it easy to identify each part of a schematic drawing.

CircuitMaker Conventions

If you are experienced with Windows applications, you
already know how to start and quit CircuitMaker, select
menus using the mouse, save your work, and locate and
organize your documents. On the other hand, CircuitMaker
has special features that are not common to other Windows
applications. These options let CircuitMaker perform some
of the special tasks unique to circuit design.

CircuitMaker Files

CircuitMaker includes a number of special purpose files in
addition to the CircuitMaker application. The following table
lists the various types of files you will use by file extension.
.CKT  Schematic (or Circuit) files

.DAT Datafiles (HotKeys; device library classifications)
LIB Device library files

SRP  Scriptfiles

.MOD Modelfiles

.SUB  Subcircuit files

.RAW  Simulation data files
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Accessing Tools and Features

This section shows you the fundamental tools and
processes used to draw schematics.

Task Overview

Using CircuitMaker involves six basic procedures: 1)
placing devices (such as resistors, transistors, power
supplies, and grounds) in the workspacereppsitioning
devices; 3editingdevices with precise values and param-
eters; 4)eletingdevices (if necessary); 5) wiring devices
together; 6kimulatingandtestingthe circuit.

Using the Toolbar

You can perform most CircuitMaker tasks using the buttons
on the Toolbar, which is conveniently located at the top of
the workspace.

Oren F|’rint Wiie Tool ITeIete Tool | Rotate 90°
= EEERE +|_%|f SV IR
New Save Arr(|3WTooI Text Tool  Zoom Tool| Mirror
Re|zset Ru|n/Stop |Trace | Parts | Macro | TraxMaker
ol dd & E"'ﬂ'ﬁﬂ% EE gl B
Digital/Analog Step Probe Tool |Waveforms| Search Help

The table on the following page briefly describes each
button and tool on the Toolbar. Generally, a Tool lets you
apply a specific action, whereas a Button performs a general
function. For more details about the drawing and editing
tools, seeChapter 4: Drawing and Editing Schematiésor
more information about the simulation tools, €&apters 5:
Digital Logic Simulationand Chapter 6: Analog/Mixed

Signal Simulation
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Tool or Button
Arrow Tool

Wire Tool

Text Tool

Delete Tool

Zoom Tool

Rotate 90°

Mirror

Digital/Analog

Reset

Step

Run/Stop

Probe Tool

Trace

Waveforms

Parts

Search

Macro

Lets You

Select, move and edit devices, wires
and text. Also used to place wires
(when Arrow/Wire option is checked).

Place wires to connect devices in the
circuit (+Shift to place bus wires).

Add text to the circuit.

Delete devices, wires and text (+Shift
to snip wires).

Magnify and reduce the circuit (+Shift
to reduce).

Rotate one or more selected devices.
Mirror one or more selected devices.

Toggle between Digital or Analog
simulation mode (AND Gate = Digital,
Transistor = Analog).

litialize analog and digital simula-
tions.

Single-step digital simulations (Setup
in Digital Options).

Run and stop simulations.

Observe/plot data at any point(s) in
the circuit (context-sensitive).

Interactively see the logic state of all
nodes in Digital simulation mode.

Show digital waveforms (in Digital
simulation mode).

Display and select devices from the
graphical parts browser.

Search for devices in the library by
name/number.

Create a new macro or expand a
selected macro.
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Agrow

Text %

Delete
W Zoom
Probe

Zoom In
Zoom Dot

Browsze. .
Search...

Refrezh Screen

Figure 2.3. Right-click the
mouse on different areas to
access many CircuitMaker
features.

Help Tool Display information on devices and
wires.

TraxMaker Automatically create a PCB netlist
and launch TraxMaker.

Using the Mouse

As in other Windows applications, CircuitMaker uses the
mouse for clicking, selecting and dragging. When moving
the mouse, a corresponding selection tool (or cursor)
movement occurs on the screen.

The familiar “pointer”Arrow Tool is used for standard
Windows operations, such as choosing from menus and
dialog boxes.

You can return to the standakdrow Tool at any time by
selecting the tool from the Toolbar, or right-clicking on the
schematic background and selectirgow .

Right-Click Pop-Up Menus

You can right-click (click with the right mouse button) in
different areas of the CircuitMaker workspace to open
various pop-up menus (see Figure 2.3). The items listed in
the pop-up menu vary depending on where you right-click.
The following locations and circumstances will each access
a different pop-up menu:

» Schematic background

» Device

*  Wire

» Text object created with the Text Tool.

»  Group of selected items (pop-up menu depends on
types of items that you select)

*  Waveform label
» Anywhere else in Waveform window
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Figure 2.4. Use HotKeys to
quickly select devices. You
can customize HotKeys to fit
your needs.

HotKeys

For quick and easy device placement, CircuitMaker offers up

to sixty user-definable HotKeys that let you place com-
monly-used devices with a single keystroke.

For example, press tihéey (lowercase “r") to get a 1K
resistor. Or preds for a 10V battery. These assignments can

be changed and customized so that the parts you use most

are right at your fingertips. S&hapter 4: Drawing and
Editing Schematic® learn how to customize HotKeys.

For a list of all default HotKeys, chooBevices> HotKeys1
or HotKeys2. Figure 2.4 shows the default HotKeys1 list.

Shortcut Keys

Command key or “shortcut” keys let you select menu
commands directly. The following table lists the available
short cut keys in CircuitMaker.

Keystroke
Ctr+N

Ctr+O
Ctr+S
Ctri+P
Shift+Space

Ctrl+Z
Ctrl+X

Ctr+C

Crl+V

Shift+Insert

Ctrl+D

Ctrl+F or End

W hat it Does
Starts a new CKT file.

Lets you choose a file to open.
Saves the current file.
Prints/plots the current file.

Opens the Script Functions dialog
box.

Undo (reverse) an action.

Cuts the currently selected item or
group of items to the Clipboard.

Copies the currently selected item or
group of items to the Clipboard.

Pastes the currently selected item or
group of items from the Clipboard.

Moves the currently selected group
of items.

Duplicates the currently selected item
or group of items.

Refreshes the sen.
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Esc

Page Up
Page Down
Delete
Home

Tab

Arrow Keys

Aborts the current operation.
Enlarges the display (zooms in).
Reduces the display (zooms out).

Deletes the current selection.

Centers the screen around the cursor

Skips to next input item in dialog
boxes.

Nudges a selected device (by
pressing the Left, Right, Up, or Down
Arrow keys).

CircuitMaker Preferences

CircuitMaker stores many settings such as program and
circuit defaults. You specify preference settings using the
Preferences dialog box (chodsite > Preference$ as

shown in Figure 2.5. You can use different Preference
settings or reload the factory defaults. Séapter 9: File
Menufor more information.

Changing Preferences
1 ChooseFile > Preferences

2 Make the desired changes then choose OK.

Restoring Factory Defaults
If your Preferences settings have become confused, you can
restore them to the way they were when you first started

CircuitMaker.

1 ChooseFile > Preferences

2 Choosdractory Settingsthen choose OK.
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Figure 2.5. Use the Preferences dialog box to manage
CircuitMaker settings.

Basic .CKT File Management

This section explains the basic CircuitMaker file management
procedures.

Starting, Saving & Closing a .CKT File
The features you will use most often are New, Save, and
Save As.

1 ChooseFile > Newto start a new file.

2 ChooseFile > Saveif you've already established a
filename.

Or

Chooserile > Save Agto give the file a filename. This is
the way to copy a .CKT file.
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3 ChooseFile > Close >Yesto save and exit a .CKT file
without exiting CircuitMaker.

OR

ChooseFile > Exit > Yesto exit CircuitMaker and save
your work.

Opening and Re-Opening a .CKT File
1 ChooseFile > Open.

2 Select the file with .CKT extension that you want to
open, then choogepen.

You can open any of the last 8 .CKT files you've had open.
1 Choosd-ile>Reopen

2 Select the file you want to reopen.

Reverting to Previously Saved File

If you made changes to a .CKT file that you don't wish to
save, you may “revert” to the last version of the .CKT file
you saved under the same filename.

To revert to the previously saved file,

1 Choosed-ile > Revert.
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CHAPTER 3
Tutorials

This chapter covers step-by-step processes in the order you
would normally perform thenWorking through the follow-

ing examples will provide a general understanding of the way
CircuitMaker works and will illustrate that there is often more
than one way of doing a task.

Tutorial 1: Drawing a Schematic
This tutorial covers the following topics:

¢ Using the Device Selection dialog box

* Selecting a transistor

¢ Selecting resistors

¢ Selecting a +V and ground device

* Changing resistor and transistor label values
¢ Wiring the circuit

Using the Device Selection Dialog Box

Drawing a schematic is as easy as pointing and clicking with
the mouse. L& walk through a simple example by con-
structing the circuit shown in Figure 3.1.

Figure 3.1. This is a very simple circuit that consists of one
transista, tworesistors, a power soce, and a gound.
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New Button

Parts Button

58] 00

17

Parts Search Button

Device Selection

1 Begin by starting the CircuitMaker program and, if
necessary, clearing the workspace by choositeg>
Newor clicking theNewbutton on the Toolbar.

2 ChooseDevices> Browseor click theParts button on
the Toolbar to display the Device Selection dialog box,
pictured in Figure 3.2.

Note: Throughout this tutorial, the location of a device
in the library is indicated by its major and minor class
and its default HotKey (if applicable) using this format:

[major device class/minor device class] (default
HotKey)

For example, a battery is found at [Analog/Power] (b).
You can also find devices through hotkeys in the
Devices> HotKeyslandHotKeys2 menus. By simply
pressing a HotKey (for example, the letter “b”) you can
quickly select and insert a device into the workspace.

Major Device Class tinor Device Class Drevice Spmbaol Analog Only Device

Active Components MPH Tranz:B

Analog D arlingtans

Connectors Diodes FMF TranzB

Crystalz IGET= PHP Tranz:C

Digital JFET=

Digital Animated MESFETz

Digital Baszics MOSFET s Depl

Digital by Function MOSFETz Enh

Digital by Mumber SCRs

Dizplays Triacs

Example Macroz Unijunction

Fuzes LI Wacuum Tubes

M odel /S ubcircuit [420) Show: | dpalog W Digital V¥ Symbaol Fotate 90 birror |

2M1893 pSi 1.2 80 B00md 90MHz GenPup pkg TO-33 3,21 i’

2MA02 p 5i 1w B5 1A 90MHz Amp pka: T0-39 3,21 Labeltfalue : Help |

2M22184 p Si 800mb' 40 800ma 250kMHz GenPurp pkgTO-39 3,21

2N2219 p 5i 800riw 30V B00mé 300MHz GenPurp pkg T0-39 32,1 [2rizz222.

2M22194 p Si 800mb 40 800ma, 350MHz GenPurp pkg TOE3.21 Hat Ke

M2 p Si 400mw" 30 800ma, 300kHz GenPurp pkg: TO- 21 ¥

2 y 1 Si 500 400 300me, 200MHz GenPurp plkg: TO- ’7 none Change |

2M2ZT0 p Si 1w 45 14 280MHz Amp pkg: TO-33 3,21

2M2369 p Si 360mb 15y 200ma, S00MHz Switch pkg TO-18 3,21

2MZ3694 p 5i 360w 154 500 G00MHz Switching pkg: T0-183,2.1 I™ Retum search. . |

2M2484 p Si 360mb B0 B0ma, 100MHz pkg: TO-18 3,21 i =

i Cahicel |
Figure 3.2. Use the Device Selection dialog box to pick a
device from a large library of devices. Notice that, in this
example, the 2N2222A transistor is selected.
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Transistor

®2H2222A

?“‘ — Resistor RB

@ZNZZZZA

Resistor RC
§ 1k § 1k
@ ENZZZ2ZA

Selecting a Transistor
Begin the circuit by selecting the 2N2222A transistor [Active
Components/BJTs].

1

SelectActive Componentsin the Major Device Class
list, BJTs in the Minor Device Class list, aiNPN
Trans:C in the Device Symbol list. Select tAN2222A
transistor in the Model/Subcircuit list.

Click Placeto select this device from the library.

You can also click th8earchbutton on the Toolbar,
type2n2222a and clickFind to quickly find the part.

Position the transistor at about mid-screen and then
click the left mouse button once.

Notice that the transistor is placed on the workspace
and no longer follows the mouse (see picture at left).

Selecting the Resistors
The next procedure involves placing two resistors.

1

ChooseOptions > Auto Repeat(make sure the feature
has a check mark next to it) or pr€dd+R .

Select a&Resistor[Passive Components/Resistors] (r) by
pressing the lettar on the keyboard. Notice that the
resistor is oriented horizontally.

Press the key again (or click th®ight mouse button)
to rotate the device 90°.

Drag the resistor above and to the left of the transistor
and click the_eft mouse button once.

This will be resistor RB. Don’t worry about the value
yet. Since you enabled the Repeat On feature, another
resistor will appear with the same orientation as the
previous one.

Place the next resistor directly above the transistor. This
will be resistor RC.

Another resistor appears. Press any key on the key-
board (except R or M) to delete it.

ChooseOptions > Auto Repeatand uncheck the Auto
Repeat feature or pre€sri+R .
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Selecting +V and Ground Devices
Now you'll place a voltage source and change its settings.

Voltagt|a device 1 Select a+V [Analog/Power] (1) by pressing the

(number one) key. Place it above resistor RC.

EW
Y 2 Select &round [Analog/Power] (0) by pressing tioe
(zero) key. Place it below the transistor.

3 Double-click thetV device using theeft mouse button
to open the Edit Device Data dialog box, pictured in

§ 1k § 1k
Figure 3.3.
@ EMEZZzzZA

_L_

Ground

Figure 3.3. The Edit Device Data dialog box lets you
change a wide range of device settings.

4  Change the Label-Value field to reatbV.

5 Click once on th#/isible check box next to the Label-
Value field to change the black check mark to a grayed-
out check mark. This cause&5V to replace theV on
the schematic.

6 EnterVccintheDesignationfield and click once in the
Visible check box next to it so that there is a black check
mark in it. Click OK.
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Wire Tool

Changing Resistor/Transistor Label-Values
Now try the same editing procedure on the transistor and

resistors.

1 Double-click resistor RB.

2 Change the Label-Value field to re2200k, enteRB in
theDesignationfield, make it visible and click OK.

3 Double-click resistor RC.

4 Change the Label-Value field to re®d0k, enteiRC in
theDesignationfield, make it visible then click OK.

5 Double-click the transistor to display the Model Selec-
tion dialog box.
Since you have already selected the model that you want
to display (2N2222A), just click on the Netlist button to
open the Edit Device Data dialog box.

6 EnterQlin theDesignationfield and make it visible.
Click OK, and then click Exit to return to the schematic.

7 If necessary, drag the devices and labels around with the
mouse to place them in convenient locations.

Wiring the Circuit Together

Now it's time to hook up these devices into a working circuit

by wiring them together.

1 Select thaVire Tool from the Toolbar (or use tharow
Tool if the Arrow/Wire option is enabled).

2 Place the cursor on the emitter pin (the pin with the
arrow) of the transistor.
When the cursor gets close to the pin, a small rectangle
appears.

3 Click and hold the left mouse button, then drag the wire
to the pin of the Ground symbol.

4 Release the mouse button to make the connection.

If Options > Show Pin Dotsis enabled, a small dot will be
placed at each connection point to verify the connection
(see circuit example on the following page).
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The completed schematic

Open Button

Run Tool
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Place the cursor on the bottom pin of RC, and then click
and hold the mouse button to start a new wire.

Drag the end of the wire to the collector pin of the
transistor and release the mouse button.

Connect a wire from the top pin of RC to Vcc.

Connect another wire from the bottom pin of RB to the
base of the transistor.

Finally, connect a wire from the top pin of RB to the
middle of the wire which connects Vcc to RC.

You can move device and wire positions by dragging
them with the mouse.

Tutorial 2: Simulating a Digital Circuit
The best way to see how the digital simulation works is to
load an example circuit and try some commands.

1
2

Click theOpenbutton in the Toolbar.

Select the SIM.CKT file from the list of available
circuits.

The SIM.CKT circuit contains several mini-circuits and
is useful for demonstrating CircuitMaker’s digital
simulation features.

Click theRun Tool on the Toolbar to start simulation.

You know that simulation is running when you see a
Hex Display showing a count sequence.

Select thé’robe Toolfrom the Toolbar and touch its tip
to the wire just to the left of the label “Probe Wire to the
Left”.

The following illustration describes the meaning of the
letters that might appear in the Probe Tool, depending
on what part of the schematic you touch with the tool.

;® High State Pulse (between High
and Low States)

;Q Low State ;@ Unknown or Tristate



Probe Tool

ST

L2

Trace Button

Waveform Button

Stop Button

5 Move the tip of thé>robe Toolto the Logic Switch
labeled “Toggle Switch” and click near its center. The
Logic Display connected to the output of this mini-
circuit should then start to toggle on and off rapidly.

6 Click theWaveforms Toolbutton on the Toolbar to open
the digital Waveforms window. Each node in the circuit
that has a SCOPE attached is charted in this window.

7 SelectSimulation > Scope Probe

A new waveform called Probe displays in the Wave-
forms window. Watch what happens to this waveform as
you move the Probe Tool around the circuit.

8 Click theTrace button in the Toolbar to see the state of
every wire in the circuit as the state changes.

9 Click theStopbutton in the Toolbar to stop simulation.

Tutorial 3: Analog Analysis

The best way to get acquainted with CircuitMaker’s analog
simulation is to build a few simple circuits, set up the
analyses, and run the simulations. This tutorial covers:

* Simple circuit analysis

¢ Simulating a simple AC circuit
*  More circuit simulation

* Setting up the analyses

* Running the simulation

¢ Mixed-mode simulation
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Simple Circuit Analysis
Let’s begin with a simple DC circuit:

1 Click theNewbutton on the Toolbar.

This opens an untitled circuit window.

Click theDigital/Analog Simulation mode toggle
button.

You know CircuitMaker is in Analog mode when the
transistor icon, not the AND gate icon, is visible on the
Toolbar (see pictures at left). If the AND gate icon is
displayed (Digital mode), click the button to switch.

Draw the circuit as shown in Figure 3.4, using the
following devices:

¢ 1 Battery [Analog/Power] (b)
¢ 1 Ground [Analog/Power] (O (zero))

* 2 Resistors [Passive Components/Resistors] (r)

1k 1k
_‘L 0¥
4

Figure 3.4. A quick way to access the devices for this
circuit is to use the HotKey shortcuts (explained in
Chapter 2) and type the keys for the corresponding
devices.

Note: Every analog circuit must have a Ground and
every node in the circuit must have a DC path to
ground.

Use théWire Tool to wire the circuit together (or the
Arrow Tool when the Arrow/Wire option is enabled).

Choosesimulation > Analyses Setughen click the
Analog Optionsbutton to display the dialog box shown
in Figure 3.5.
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Figure 3.5. The third option (selected) lets you measure
voltage, current, and power with the Probe Tool.

From theAnalysis data saved in RAW filegroup box,
select the third optiotNode Voltage, Supply Current,
Device Current and Powerthen click OK to exit Analog
Options.

This option lets you to take current and power measure-
ments with the Probe Tool.

Click theRun Analysesbutton to start the simulation.
OR
Click Exit and click theRun Tool on the Toolbar.

An interactive SPICE simulation window appears during
the SPICE data collection process showing the progress
of the simulation. When the SPICE data collection
process is completed, the Multimeter Window appears.

Click the wire connected to the + terminal of the battery
with the tip of theéProbe Tool Notice that the lettér
appears on the Probe Tool when you move it over a wire.
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The DC voltage at that node (+10V) appears in the
Multimeter Window.

Click the wire connected between the two resistors.

The DC voltage at that node (+5V) appears in the
Multimeter Window. SPICE data is not collected for the
Ground node in the circuit; it is always at zero volts.

Click the + pin of the battery or one of the resistor pins.
Notice that an “I” displays on the Probe Tool when it is
over a device pin.

The current through that device (5mA) appears in the
Multimeter Window.

Click directly on one of the resistors. Notice that a “P”
displays on the Probe Tool when over a device.

The power dissipated by that resistor (25mW) appears
in the Value Window.

Click the Stop button on the Toolbar to stop the
simulation and return to editing mode.

Creating a Simple RC Circuit

Now let’s replace one of the resistors with a capacitor to
create a simple RC circuit where you can see the charging of
the capacitor. Transient Analysis begins its simulation in a
stable DC condition where the capacitors are already
charged. Since you want to see the capacitor charging from
time zero, you must set the initial condition of the capacitor
to OV.

1

Using theDelete Toolon the Toolbar, delete the second
resistor (the one connected to ground) and the wire
leading to it.

Replace the resistor with a Capacitor [Passive Compo-
nents/Capacitors] (c).

Select an .IC device [Analog/SPICE Controls] (I) and
connect it to the wire between the resistor and capaci-
tor.

This will set an initial condition of OV on the capacitor
for the analysis. Your circuit should now look like the
one pictured in Figure 3.6.



ov
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Figure 3.6. By replacing the resistor with the capaci-
tor, you can create a simple RC circuit to see the
charging of the capacitor.

Run the simulation again by clicking tRain button on
the Toolbar.

This time the Transient Analysis window (similar to an
oscilloscope) appears.

Click the Transient Analysis window to select it, and
then click with the tip of th@robe Toolbetween the
resistor and capacitor.

Notice a diagonal line across the scope. This is actually
the beginning of the charge curve for the capacitor. Your
view of the curve is limited by start and stop times of

the Transient Analysis that were selected by default.
You now have the option of changing the Transient
Analysis settings to increase the size of the time
segment that you can view with the scope, or you can
reduce the component values so the capacitor will
charge quicker. For this example, you will change the
component values.

Stop the simulation by clicking tt&top button.

Double-click the Resistor to display the Edit Device
Data dialog box.

Change the Label-Value from 1k to 100, and then click
OK.

Double-click the Capacitor, change the Label-Value from
1uF to .001uF, and then click OK. Compare your
schematic with Figure 3.7.
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Figure 3.7. Notice that the resistor and capacitor now
have different label-values.

10 Run the simulation again.

This time you will see the charge curve of the capacitor.

Simulating a Simple AC Circuit
Now let’s create a simple AC circuit using a Signal Generator
and two Resistors:

1 Click theNewbutton on the Toolbar.

2 Draw the circuit as shown in Figure 3.8, using the
following devices:

¢ 1 Signal Gen [Analog/Instruments] (g)
¢ 1 Ground [Analog/Power] (O (zero))

¢ 2 Resistors [Passive Components/Resistors] (r)

1k 1k
1:Hz | _1_

Figure 3.8. A simple AC circuit with a Signal Genera-
tor and two Resistors.

3 Use thewire Tool to wire the circuit together (or the
Arrow Tool when the Arrow/Wire option is enabled).
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Make sure you are in Analog simulation mode (the
transistor icon is showing on the simulation mode
button), then run the simulation.

Click the Transient Analysis window to select it, then
click the wire connected to the output of the Signal
Generator.

The sine wave appears on the scope.

Hold down theShift key and click the wire connected
between the two resistors.

A second waveform appears on the scope.

Stop the simulation.

Tutorial 4: More Circuit Simulation

The next example demonstrates how to use all of the
analyses and how to take simple measurements using the
cursors in the analysis windows. Let's create a basic 10X
amplifier circuit using a WJA741 Op Amp in this configuration:

voltage gain = RF/RI
ChooseFile > New.
Make sure that Analog simulation mode is selected.

Draw the circuit as shown in Figure 3.9 using the
following devices:

¢ 1 Signal Gen [Analog/Instruments] (g) for Vin on
the schematic

e 2 +V devices [Analog/Power] (1) for Vcc and Vee
* 2 Grounds [Analog/Power] (0 (zero))

* 3 Resistors [Passive Components/Resistors] (r) for
RI, RF and RL

¢ 1 0Op-Amp5 [Linear ICs/OPAMPs] for U1
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Figure 3.9. A 10X Amplifier Circuit.

4  Select th&rRotate 90button on the Toolbar, which lets
you rotate devices in 90° increments.

5 Using theRotate 90button, rotate RL and the -12V
supply.

6 Use theWire Tool to wire the circuit together.

7 Use theArrow Tool to drag the devices, wires and
labels to make the circuit look clean.

8 Selectthérrow Tool and double-click th&p Amp.

9 SelectUA741from the list of available subcircuits
(located near the bottom of the list; see Figure 3.10) and
click theSelectbutton.

10 Click theNetlist button.

11 Setthe Designation field td1, set it to be visible, and
then click OK.

12 Double-click the top +V device.

13 Setthd_abel-Value field to+12V and visible; set the
Designationfield toVVccand visible; set thBevicefield
to NOT visible then click OK.

14 Double-click the bottom +V device.
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Figure 3.10. Use the Subcircuit Selections dialog box
to select a specific model, such as the UA741.

Set thd_abel-Value field to-12V and visible; set the
Designationfield toVeeand visible; set thBevicefield
to NOT visible then click OK.

Click and drag the labels so they are positioned as
shown on the schematic in Figure 3.9.

Double-click each resistor to change both its Label-
Value and its Designation and make them visible. Set
them up as follows:

Resistor Label-Value Designation

Input 10k R
Feedback 100k RF
Load 25k RL

Double-click theSignal Generator.
SetPeak Amplitudeto 0.1V and the frequency to 10kHz.
Click theWavebutton in the Signal Generator.

Enable the&sourcecheck box foAC Analysis; set
Magnitude to -0.1V and®haseto 0, and then click OK.

You can now use the Signal Generator as a reference for
the AC analysis.

Click theNetlist button.
SetDesignationto Vin, Visible, and then click OK.

Note: The Label-Value field contain&/1V which
represents the minimum and maximum programmed
voltage swings before you double-clicked on the Signal
Generator.
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Setting Up the Analysis

Now that you have created the circuit, you will set up the
analyses. When you run the simulation, the results are
based on the conditions you set up.

1 SelectSimulation > Analyses Setup

2 Uncheck th&dlways Set Defaults for Transient and
Operating Point Analysesoption so it is cleared.

By unchecking this option, you can access the Tran-
sient and Multimeter (Operating Point) Analysis setups.
When checked, defaults are used for the simulation.

3 Click theTransient/Fourier button.

4  Click theSet Defaultsbutton for default Transient
Analysis setups and click OK.

This provides simulation for 5 cycles of the input signal
with 200 data points. For best reliability, Max Step

should be the same size as Step Time. More data points
require longer simulation time.

5 Click theMultimeter button.

6 Select theDC (Operating Point) option in the Display
group box and click OK. This sets the initial display
mode of the Value Window to DC.

Note: You must enable Transient Analysis in order to
obtain DC AVG or AC RMS values. Multimeter must be
enabled in order to use the Multimeter Window.

7 Click theDC...button.

8 Selectthé&nabledandEnable Secondaryoptions in the
DC Analysis Setup dialog box. When you are finished
entering the following settings into the appropriate
fields, choose OK.

Primary Secondary
Source Name Vin Vce
Start -1.5v 1ov
Stop - 14av
Step 0.01v v
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This setup lets you sweep the voltage of Vin over the
specified range at each of 5 different Vcc levels.

9 ClicktheAC... button.

10 Select théenabledoption in the AC Analysis Setup
dialog box and enter the following settings into the
appropriate fields:

Start Frequency 1Hz
Stop Frequency 1MegHz
Test Points 10
Sweep Decade

This setup lets you plot the frequency response of the
circuit. Click OK to save the settings. Click Exit to return
to the circuit.

11 SelectFile > Save Asand save the circuit as
MYAMP.CKT (analyses setups are saved with the
circuit).

Running the Simulation

When you run the simulation, an interactive XSpice window
appears showing the progress of the simulation. By placing
Run-Time Test Points in your circuit beforehand, you can
monitor the results as XSpice collects the data (for more
information about Test Points, s€bapter 6: Analog/
Mixed-Signal Simulation

If you don’t place any Run-Time Test Points, you will see
only a bar graph showing the progress of the simulation.
The amount of time it takes to finish is based on the analy-
ses you have enabled, the amount of data you're collecting,
the complexity of the circuit, and the speed of your com-
puter.

1 SelectthdProbe Toolon the Toolbar.

2 Using the left mouse button, click the wire connected to
the output of the Op-Amp with the tip of the Probe Tool.

CircuitMaker places a Run-Time Test Point on that node
and displays a dialog box.
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Enable théAC, DC andTRAN check boxes, change the
Max. Scale of the DC graph to 15, and then click OK.

Click theRun button on the Toolbar to start the
simulation.

The interactive XSpice simulation window displays
showing the waveforms as the data is collected. When
the data collection process has completed, CircuitMaker
displays the analyses windows.

SelectView > Fit Circuit to Window (or press F4) to
make the entire circuit visible.

Click the Multimeter window to select it (it's in the
upper left hand corner of the screen and should$ay
in the title bar).

Click on any wire in the circuit (except a wire connected
to ground) with the tip of thBrobe Tool Naotice that

the letterV displays on the Probe Tool when it's over a
wire.

The DC voltage at that node will be displayed in the
Value window.

Click the pin of the +12V power supply.

The DC current through that supply appears in the
Value window. Notice that the letteappears on the
Probe Tool when it's over a pin.

You can also measure current and power on other
devices, but only if you have enabled corresponding
Test Points (see the information about Test Points later
in this tutorial).

Note: SPICE sees the current flowiimgo the positive
terminal of a power supply, Multimeter or Signal
Generator as positive current.

Double-click the Multimeter window, change the setting
to AC RMS then click OK.

Now when you click the wires in the circuit the AC
voltage or current appears.
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Click in the Transient Analysis window to select it, and
then click the wire connected to the output of the Signal
Generator with the tip of tHerobe Tool

A green waveform appears in the Transient Analysis
window, similar to what would be seen on an oscillo-
scope.

Hold down theShift key and click on the wire con-
nected to the output of the Op Amp.

A second (yellow) waveform appears in the Transient
Analysis window. A quick comparison of the two
waveforms confirms that the amplitude at the output of
the amplifier is much greater than the amplitude at the
input.

Click thec cursor at the far right of the Transient
Analysis window and drag it to the top peak of the
output waveform (the yellow one).

Click thed cursor and drag it to the top peak of the input
waveform (the green one).

The actual peak voltages appear at the top of the graph
asYc andYd. As you can see from thée andYd

values, the peak voltage at the output of the amplifier is
10 times the peak voltage at the input of the amplifier.
The difference between the two Y cursors is shown as
c-d.

Click theb cursor at the top of the Transient Analysis
graph and drag it to the top peak of the first cycle of the
output waveform.

Click thea cursor and drag it to the top peak of the
second cycle of the output waveform.

The period (period = 1/frequency) of the signal is shown
as the difference between the two X cursets The
frequency also appears directly.

Draw a selection rectangle around a portion of the
waveforms in the Transient Analysis window that is of
interest to you. Do this by clicking the mouse once and
holding the mouse while you draw a box.
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Reset Button Notice that when you release the mouse button, the
view zooms in on the portion of the waveform that you
selected. To restore the original view, click Reset
button in the graph window.

17 Click the DC Analysis window to select it, then click on
any wire in the circuit.

A DC analysis waveform displays in the window, similar
to what would be seen on a curve tracer. Use the
cursors to get measurements from the waveforms.

18 Click the AC Analysis window to select it, and then
click the wire at the output of the Op Amp.

An AC analysis waveform displays in the window.

19 Click theSetupbutton (the left button) in the upper left
hand corner of the AC Analysis window.

20 Selectog scale for the X Grid; seleBtecibelsfor the Y
Axis, click theShow Wave Gridcheck box then click
OK.

The waveform now shows the response of the circuit
over the specified frequency. Use the cursors to get
measurements from the waveforms.

21 Click theStopbutton on the Toolbar to stop the
simulation and return to editing mode.

Mixed-Mode Simulation Example
The following BCD counter circuit demonstrates how digital
SimCode devices can be used in analog simulation mode.

1 Choosd-ile > New.
2 Make sure that Analog simulation mode is selected.

3 Draw the circuit shown in Figure 3.11 using the follow-
ing devices:

¢ Data Sequencer [Analog/Instruments]
* 74LS168A Counter [Digital by Number/741xx]
* +V[Analog/Power] (1)

¢ Ground [Analog/Power] (0 (zero))
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* Logic Switch [Switches/Digital] (s)
* Logic Display [Displays/Digital] (9)
¢ Hex Display [Displays/Digital] (h).

Double-click the +V and ent&®VCC; (including the
semicolon) in the Bus Data field to connect this device
to the Vcc pin of the 74LS168A.

Double-click theData Sequencer

Click thePattern button.

Up/Dowm g ——————————

5w
Data & 7
Seq MW
&
¢ ]
L FaLE1654
- ——CEF FE
Jre1 = —eCET  UST) 3221
Bu i -} q P
Clock T
I il
Iz ug
1 01
i 0

Figure 3.11. BCD Counter Circuit.

7
8
9

10
11

12

SeleciCount Up and click OK.
Enter20in the Stop Address field, and then click OK.

Choosesimulation > Analyses Setuand make sure the
Always Set Defaultscheck box at the bottom of the
dialog box is checked, and then choose OK.

Select thé’robe Toolon the Toolbar.

Using thelLeft mouse button, click on the wire con-
nected to the output of the Data Sequencer with the tip
of theProbe Tool

CircuitMaker places a Run-Time Test Point on that node
and a dialog box appears.

Enable th& RAN check box and thEombine Plots
check box.
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13 SettheMax. Scaleof theTRAN graph to 20, and then
click OK.

14 Hold down theShift key and click the wire connected to
the TC (terminal count) output of tidLS168A

CircuitMaker places a second Run-Time Test Point on
that node and a dialog box appears.

15 Again, enable th€RAN andCombine Plotscheck
boxes.

16 TheMax. Scaleshould already be set to 20. Set the
Vert. Offset to 6, and then click OK.

17 Click theRun button on the Toolbar to start the
simulation.

The interactive SPICE window appears, showing
waveforms as the data is being collected. When the
SPICE data collection process is completed, the
Transient Analysis window appears.

18 Click the output of the Data Sequencer to view the clock
signal in the Transient Analysis window.

19 Click theMan button in the corner of the Transient

Xa000u X000 AbZ000u feq:S0.00K Analysis window to switch to manual scaling mode.
Yc: 5.400 Yd: 0.000 c-d: 5.400
Units/Div X: 5.000u Y: 10.00

= 7 7 20 Click theUp scale button to change the vertical scale to

L= auaREpER AR IR IR I RN :

e S R 10V/Div.

E E i i i H

—  ZE : : ; H (el .

S R A k@ 21 Click the green waveform label along the left-hand edge
g — of the Transient Analysis window to select the wave-
L form.

L1l ‘S‘U‘ L1 ‘lO‘u‘ L1 \15\"]\ 5 “\ L1 ‘25‘u‘ L1 \3 u

Ref=Ground X=5uS/Div

22 Pressth&p Arrow key briefly to change the vertical
position of the waveform, moving the waveform near
the top of the graph.

23 While holding down thé&hift key, click theQO output
of the74LS168A

A yellow waveform appears near the center of the
graph.

24 Click the corresponding yellow label along the left-hand
edge of the Transient Analysis window to select this
waveform.
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25 Press thé&Jp Arrow key to change the vertical position
of the waveform, moving it near the green waveform.

26 Repeat this procedure for each output of the 74LS168A.
The resulting graph should appear similar to the one
shown at the left.

You can run this same circuit in Digital Logic simulation
mode. To try it, stop the simulation, switch to digital and run
simulation. In Digital Logic simulation mode, the displays
will be animated to show the correct output.
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CHAPTER 4
Drawing and Editing Schematics

Using CircuitMake’s robust set of drawing and editing
tools, you can create simple to complex schematics quickly
and easil. This chapter covers schematic drawing and
editing tools and features.
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Figure 4.1. CircuitMaker lets you search a library of
devices, place them, rgithem togethreand edit the
schematic drawing exactly to your specifications.

Drawing & Editing Tools
This section describes the buttons onThelbar that you
will use when placing and wiring components.

Wire Tool ZoomTool

ArrowTooI—l I+ ALF |Q [ | 4[»|—Mirror Button

Text Tool DeleteTool Rotate 90 Button
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Arrow

Text &

Delete
v Zoom
Frobe

Zoom In
Zoom Out

Browse...
Search..

Refrezh Screen

Tip: Right-click with the
mouse to access helpful
pop-up menus. Contents of
the pop-up menus will vary
depending on where you
click.

Tip: Hold down theAlt key
while using the Wire Tool
to draw a dashed line, for
example, around a section
of circuitry to show that it
is a logical block.

Thi= is a
device label.
LA

F

Tip: Using the Text Tool,
you can add text anywhere
in the schematic drawing.

Arrow Tool

Use theArrow Tool to select items, move items, flip

switches, select tools from the Toolbar, etc. You can double-
click items with the Arrow Tool to perform many functions,
such as editing specific devices. You can also activate the
Arrow Tool by pressind\lt+A or right-clicking the mouse in
the schematic background and choogwngw from the

pop-up menu. If you choos$aptions > Arrow/Wire , you

can use the Arrow Tool to place a wire by clicking on a
device pin.

Wire Tool

Use theWire Tool to place wires in the work area. Draw bus
wires by holding down th8hift key when starting to draw
the wire. Refer to the sectioddring the Circuitand

Working with Bus Wirekater in this chapter for more
information. Draw a dashed line by holding downAltte

key while drawing a wire. Dashed lines act just like regular
wires, but if they are not connected to anything, they will
not be included in a netlist. You can also activate the Wire
Tool by pressind\lt+W or by right-clicking the mouse in
the schematic background and choodivige from the pop-
up menu.

Text Tool

Use theText Tool to place text in the circuit. Select the tool,
click in the work area and type the text. Chdéd# > Font

to stylize the text or choodéew > Colors to assign a
different color to text. You can alter the way multi-line text
wraps by clicking it with the Text Tool and resizing its
enclosing rectangle. You can also select the Text Tool by
pressincAlt+T or by right-clicking in the schematic back-
ground and choosingext from the pop-up menu.

Delete Tool

Use theDelete Toolto selectively delete items. Select the
Delete Too| click on the item you want to delete, and the
item is immediately deletedxcept in the case of wirdé

you click and hold on a wire with thizelete Too| the wire is
highlighted but not deleted until you release the mouse
button. If you hold down the mouse button and move the
Delete Toolaway from the wire, the wire is not deleted. This
allows you to see the complete extent of the wire that will be
deleted, before you actually delete it. To delete just a
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Use the Rotate 90 Button to
rotate a selected device in
increments of 90°. Notice that
the Label-Value remains
readable as the device rotates.

segment of wire, right-clickin a wire with théelete Tool
and choose "Delete Wire Segment”, and only the segment
between the nearest corners or connections will be deleted.

Cut (or divide) a wire in two by holding down tBéift key
and clicking the wire with the Delete Tool. The wire is
separated at the contact point.

You can also select thgelete Toolby pressingAlt+D or by
right-clicking in the schematic background the mouse and
choosingDeletefrom the pop-up menu. Or select an item
and press thBeletekey on the keyboard to delete that item.

Zoom Tool @

Use thezoom Toolto magnify (zoom in) and reduce (zoom
out) your circuit. To zoom in, select the Zoom Tool and
position it over the area that you want to enlarge. Click the
left mouse button to magnify the circuit by the selected
Scale Step size. To zoom out, select the Zoom Tool and
position it over the area you want to reduce. Hold down the
Shift key and click the left mouse button to reduce the
circuit by the selected Scale Step Size.

You can also activate the Zoom Tool by presgitiggZ or
by right-clicking the mouse in the schematic background and
choosingZzoom from the pop-up menu.

Another zooming method is to press Bege Upkey on the
keyboard to zoom in or tieage Downkey to zoom out at

any time, without using the Zoom Tool. In this case, the
zoom is centered on the position of the mouse cursor. See
alsoDisplay ScaleNormal Size/PositiomndFit Circuit to
Windowin Chapter 13: View & Window Menus.

Rotate 90 Button

Use theRotate 90 Buttonto rotate the selected device in 90°
increments.

You can also rotate a device as you select it from the library
by pressing the key on the keyboard or by clicking the
Right mouse button before placing the device in the circuit.
You can also select the Rotate 90 Button by chodsitig>
Rotate 90or by pressind\t+R .

Note: When you rotate a device, pin names and numbers
and label values remain readable, that is, they won't be
upside down.
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Mirror Button

Use theMirror Button to flip the device horizontally. You
can also mirror a device as you select it from the library by
pressing then key on the keyboard before placing the
device in the circuit. You can also select the Mirror Button
by choosind=dit > Mirror or by pressind\t+M .

Grid, Title Block and Borders

CircuitMaker gives you many advanced schematic features
to enhance your schematic, and make precise placement
easier.

Grid

Use the Grid option to turn the alignment grid of the circuit
window on or off (see Figures 4.1a and b). The grid is useful
as an aid in precisely aligning objects. Use Snap To Grid to
place new devices (devices not already in a circuit) accord-
ing to the specified grid. It also lets you move old devices
(devices already in the circuit) according to the selected
grid, relative to their original position.

Note: When you place a device exactly on the grid, it always
remains on the grid regardless of scroll position. However,
Snap To Grid does not guarantee alignment of component
pins.

ChooseOptions > Grid to access the Grid Setup dialog box.

Gidine B
[ DisolseGed [ Prind i
[ Snap ToGm

re—am =0

Figure 4.1a. Use the Grid Setup dialog box to turn the
alignment grid on or off.
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Moveable Page Breaks/ Figure 4.1b. Use the Border, Grid, Title Block options to

enhance the appearance of your schematic.

Title Block

Use the Title Block option (see Figure 4.1b for an example) to
add a title box to the lower right corner of the page. The title
block contains the following fields: Name, Title, Revision, ID,
Date, and Page. The Name and Title fields expand in height
to handle multiple rows of text. If you leave the Name or Title
fields blank, CircuitMaker excludes them from the title block.
The title block also expands in width according to the
amount of text that you enter. You can print the title block on
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the first page, on the last page, or on all pages. Additionally,
you can print the full title block on the first page and a
reduced title block (that is, one that does not include the
Name and Title fields) on subsequent pages.

ChooseDptions > Title Block to access the Title Block
setup options.

Borders

Use thisoption to quickly locate devices by displaying a
coordinate grid system around your schematic (see Figure
4.1b for an example). For example, suppose you want to find
a device that you know is located in the B-5 grid square. By
drawing an imaginary line from the letter B and the number 5
on the margins of the schematic; the intersection of these
lines locates the grid square containing the device.

To add a border to your schematic drawing,

1 ChooseOptions > Border to display the Border dialog
box.

2 SelectDisplay Border On Screento display a border
that outlines the total allowed schematic area.

3 SelectDo Not Print if you don’t want to print the
border.

OR

SelectPrint Around Entire Schematic to print the
border so that it is only on the outside edges of the
outside pages, making a border around the entire
schematic when the pages are arranged together.

OR

SelectPrint Around Each Pageto print the complete
border on each page of your schematic.
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Listing and Selecting Devices

CircuitMaker comes with a library of several thousand
devices (see the Device Library book for a complete list of
the devices and instruments). You can select devices (or
parts) from the library using the graphical parts browser (see
Figure 4.2), HotKey shortcuts or the Device Search feature.

The Graphical Parts Browser

You can graphically browse through the parts in
CircuitMaker from the Device Selection dialog box. The parts
are listed by Major Device Class, Minor Device Class,
Device Symbol and Model/Subcircuit.

Figure 4.2. The Device Selection dialog box lets you
graphically browse and select from a library of several
thousand devices.

To list and select a device,
1 Click theParts Button on the Toolbar.
OR
SelecDevices> Browse
OR
Press the key on the keyboard.
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2 Locate the device you want to place by first selecting a
Major Device Class aMinor Device Class aDevice
Symbol, and if applicable, a specific model or subcircuit.

In this manual, device location is indicated as [major
class/minor class]. For example, a 2N3904 could be
found at [Active Components/BJTs].

Notice that the schematic symbol for the part you select
is shown. Use thRotate 90andMirror buttons in the
dialog box to view each device in other orientations.

3 Select theketurn check box if you want to return to the
Device Selection dialog box after placing a device.

4  Click Placeto select the device for placement in your
circuit (or just double-click the item to be selected in the
Device Symbol list or the Model/Subcircuit list).

Notice that the device follows the mouse around the
screen until you click thieeft mouse button.

Filtering Devices in the Parts Browser

TheShow Analog Digital, andSymbol check boxes in the
Device Selection dialog box (see Figure 4.2) let you filter the
devices shown to reduce the number of parts to search
through.

» CheckAnalog to display the devices which function in
CircuitMaker’s Analog simulation mode.

» CheckDigital to display the devices which function in
CircuitMaker’s Digital Logic simulation mode.

e CheckSymbolto display the nonfunctional schematic
symbols.

For example, if you are looking for digital devices to use in
Analog simulation mode, you could uncheck bbtbital
andSymbolto hide all the devices which will not run in
Analog simulation mode. At least one of the three boxes
must be checked at all times.

Note that above the picture of the device symbol are the
wordsDigital Only Device, Analog Only Device Analog/
Digital Device, orSchematic Only DeviceThis indicates
the simulation mode for which the currently displayed
device will function properly.

4-74  Chapter 4: Drawing and Editing Schematics



HotKeys

You can also select devices by pressing a predefined
HotKey on the keyboard. The Devices menu lists all
predefined HotKey assignments, and you can reassign
HotKeys to different devices as needed.

Assigning New HotKeys

You can assign sixty of your most commonly used devices
to HotKeys. This lets you quickly select these devices by
pressing the HotKey on the keyboard or by selecting the
item from the HotKey sub-menus on the Devices menus.

To assign a HotKey to a specific device,

1 Inthe Device Selection dialog box (Figure 4.2), display
the device for which you want to assign a HotKey.

2 Click Changeto display the dialog box in Figure 4.3.

HotKeys are listed alphabetically along with the devices
that are currently assigned to them.

3 Scroll through the list to find the HotKey that you want
to assign to your selected device, and then click the
Assign button.

Bl Dekbes  Lel Modluvels Fuisg Tes

(11

Figure 4.3. Use this dialog box to assign or reassign
HotKeys to devices.
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Note: The Device Search

feature is not case sensitive.

Unassigning a HotKey
To remove a HotKey assignment from the list,

1 Follow Steps 1-3 from the previous section.
2 Assign a new device in its place.
OR
Assignnone (at the top of the list) as the HotKey.

Searching for Devices

Click theDevice Searchoutton on the Toolbar to display the
Device Search dialog box (Figure 4.4), which lets you find all
devices that match the part number or description that you
enter. A match is found any time the search text you enter is
contained in a device’s major class name, minor class name,
symbol name, or model description. However, only the
symbol name and model description appear in the match list.

Ty -
mn—l.ﬁl.q- n,.n-p.lir-upuuu NELI AR

L i [ Dt ﬁuwuh 1 EH || 1illl
= [ L g R Ml 1ol A5
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Figure 4.4, This example shows the found set after typing
the word “voltage” in the Device Search dialog box.

If a search produces items that don't seem to match the
search text you entered, it might be because the match
occurred with the major or minor class names, which are not
displayed.

The Device Search feature accepts partial words to match
devices. For example, a search texbpivould findOp-Amp
orloop. You can also use an asterisk as a “wild card.” For
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example, entering4*8 matches48 7408 74L.S08 74138
74285 and so on. If you enter multiple words as the search
text, a match for each word is found, though not in the order
you enter them. For example, typirgfl op-ampandop-amp
741would both give the same results.

To search for a device,

1 Click theDevice Searchbutton on the Toolbar.
OR
SelectDevices> Searchor pressShift+X.

2 Type adevice name, number, or description in the text
box, then choosEind.

3 Use the scroll bar (if necessary) to scroll through the
list. When you find the device, click it to highlight it.

4  SelectReturn after Placeto return to the Device Search
dialog box after placing an item.

5 To eliminate the need to click titacebutton when a
single match is found, seleRtace Single Itemdo
automatically place an item if it is the only match found.

6 Double-click the device or clidRlaceto place the
highlighted device in the workspace.

OR

Click Browseto display the selected part in the Device
Selection dialog box.

The Browse button is useful to see what the device
symbol looks like and also to find other similar devices.

Note: If you modify the User Library (USER.LIB) file, expect
a slight delay the next time you search for devices in the
Device Search dialog box. The delay is caused as
CircuitMaker builds a new SEARCHDB.DAT search list file.
If for any reason the search list seems incorrect or out of
date, you can create a new search list file by choosing
Macros > Update Search List
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Note: If the Quick Connect
feature is enabled and an
unconnected device pin is
placed so that it touches a
wire or other device pin,
CircuitMaker will auto-
matically make the connec-
tion. See the Wiring section
in this chapter for details.

Placing Devices

After you have searched and found a device, you can place
the device or reselect it using a number of different options
illustrated in this section.

To place a device,

1 Select it using one of the methods discussed in the
previous section.

2 Press the key orRight-click the mouse to rotate the
device into the position you want.

3 Press then key to mirror the device.

4 Left-click the mouse to place the device in the
workspace.

Note: To repeatedly place identical devices, choose
Options > Auto Repeator Ctri+R .

Selecting Devices

Use theArrow Tool to select and move devices around the
workspace. There are four different ways of selecting items
in the circuit window:

Selecting a Single Item
To select a single item, click it with tierow Tool . Click
anywhere else in the work area to deselect the item.

Selecting Multiple Items

To select multiple items, hold down tBaift key and click

on one or more items with the Arrow Tool. To deselect any
single item click on it a second time while still holding down
theShift key. To deselect all items, release 8tdft key and
click somewhere in the work area away from all items.

You can also select multiple items by holding down the
mouse button and dragging a selection rectangle around the
desired items. This method works especially well for

selecting switches, because clicking on a switch will not
always select it (unless you click on the outer edge of the
switch). To deselect any single item from a group of selected
items,Shift-click on it. To deselect all items, click in the
workspace away from all items.
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Selecting All ltems
To quickly select all items, chooEglit > Select Al

Nudging Devices

To slightly “nudge” a device in any direction, select a single
device and then press theft Arrow , Right Arrow , Up

Arrow , orDown Arrow key (as illustrated in Figure 4.5). A
single nudge shifts the device one pixel, whether or not
Snap-to-Grid is enabled.

Note: The nudge feature does not work if you have selected
wires or multiple devices. It only works with a single device.

RF
100k

RL
Z5k

12V

L
Vee —'_—

Figure 4.5. Use the Left, Right, Up, or Down Arrow key to
“nudge” a selected device more precisely.
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Wire Tool

Tip: You can also draw
wires with the Arrow Tool if
you have enabled the
Arrow/Wire option on the
Options menu.

Wiring the Circuit

To simulate and generate PCB netlists properly, the compo-
nents in your circuit must be correctly wired together.
CircuitMaker’s Auto Routing, Manual Routing and Quick
Connect methods are fully integrated and automatic, so you
don’t have to choose or switch between wiring modes. A
“valid connection point” for wiring is any device pin or wire.

Wiring Method How to Use

Auto Wire Routing Click and drag with the Wire Tool
from any valid connection point
to another connection point, then
release.

Manual Wire Routing Click with Wire Tool to start wire,
single-click to change directions,
then single-click on a connection
point or double-click to end wire.

Quick Connect Place or move a device with the
Arrow Tool so that unconnected
pins touch a wire or other device
pins.

The SmartWires™ Advantage

Regardless of the method of wiring you use, CircuitMaker’s
SmartWires™ feature lets you connect a wire to a device pin
or another wire without being in exactly the right place. This
ensures perfect connections every time, and eliminates any
guesswork. A user-definable connection area exists around
each valid connection point. When you place the Wire Tool
in a connection area, a rectangle appears highlighting the
connection point. Use the Preferences dialog box to set the
size of the connection area and whether or not to display the
rectangle. For more information, gennection Aredn

Chapter 9: File Menu

Auto Routing
To quickly and easily Auto Route wires,

1 Select th&Vire Tool from the Toolbar.
2 Move the tool over a valid connection point.

Note: A valid connection point is any device pin or
wire.
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3 Click and hold the left mouse button.

4 Drag the mouse to another valid connection point and
release the mouse button.

The wire automatically routes between the two points.

Auto routing requires two valid connection points. You
cannot draw a wire with auto routing that does not connect
to something on both ends. Also, you cannot draw bus
wires with the auto routing method.

The auto routing can be either Simple or Intelligent, depend-
ing on what you have selected in the Preferences dialog box.
Simple routing draws only one or two wire segments,
horizontal and/or vertical, making the shortest path without
regard for devices that might be in the way. Intelligent

routing tries to find a path which does not cross directly

over any devices. If no reasonable path can be found, the
simple method is used.

Manual Routing

Manual routing lets you freely place wires exactly where you
want them. It also lets you place “free wires” in your circuit
that are not connected to anything.

Note: To draw bus wires, use the manual routing method.
To route wires manually,
1 Select th&Vire Tool from the Toolbar.

2 Move the tool to the position where you want to start
the wire.

3 Click and release the left mouse button.

The Wire Tool cursor disappears and is replaced with an
extended wiring cursor. The extended cursor simplifies
the task of precisely aligning wires with other objects.

4  Click once with the left mouse button to turn 90° or
double-click to end the wire.

5 Single-click the mouse to terminate the wire when it is at
a valid connection point (if you have enabled $iregle
Click Connectoption in the Preferences dialog box).
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6 To cancel awire at any time while you are drawing it,
press any key or right-click with the mouse.

Quick Connect Wiring

One of the easiest methods for wiring is to use the Quick
Connect wiring method. This feature allows you to simply
touch unconnected device pins to wires or other uncon-
nected device pins, and the connections are made automati-
cally.

To wire using Quick Connect,
1 Choose a new device from the library
OR

Nudge or click and drag an existing device with the
Arrow Tool.

2 Move the device so that the end of the unconnected
pin(s) touches a wire or other device pin(s).

3 Once placed, CircuitMaker will connect the device to
the wire or pin it is touching.

NOTE: Placing a device so that two pins are parallel over a
wire will automatically connect both ends and “insert” that
device into the wire segment (as in illustration 3 at left).

The same connection area size used by SmartWires (de-
scribed previously) is used by the Quick Connect feature.
This connection area determines how close you must be to a
wire or pin before CircuitMaker will automatically make the
connection, and can be altered in the Preferences dialog box.

By default, the Quick Connect option is always active. To
turn off Quick Connect, go teéile > Preferencesor Options
> Quick Connectto uncheck and deactivate the Quick
Connect option.

Extending, Joining, and Cutting Wires
Wires are fully editable and can be extended, joined, and cut.

To extend a wire,
1 Selectth&Vire Tool from the Toolbar.

2 Place it over the end of the wire and start a new wire to
extend the existing one.
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Bus connection wires
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To join two wires together,

1 Draw awire from the end of the first wire to the end of
the second wire.

Notice that they become the same wire.

To cut a single wire into two or more separate wires,

1 Select théelete Toolfrom the Toolbar.

2 Place it over the point(s) where you want to cut the wire.
3 Hold down the Shift key.
4

Click the left mouse button to cut the wire. The wire is
divided into multiple wires.

Moving Devices with Connected Wires

You can move a device that has wires connected to it
without disturbing the connection. When you select and
drag a device with the Arrow Tool, the wires undergo a
“rubberband” effect, meaning that they stretch (extend) but
remain connected to the device.

Working with Bus Wires

Bus wires are a special type of wire that contain multiple
individual wires. Each bus wire is identified by a number and
each individual wire within a bus also has a number. Bus
wires can be easily identified in a circuit because they are
drawn thicker than regular wires.

To draw a bus wire,
1 Hold down theShift key.

2 Draw aregular wire using the manual routing method
(seeManual Routinggarlier in this chapter).

Note: You must hold down the Shift key before you start
a wire but you can release the key before the wire is
finished.
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After you draw the bus wire, a dialog box (shown in Figure
4.6) prompts you for a bus number.

Edit Bus Wire Number
Enter a number from 1 ta 32767

Buz Wwire Mumber ; |3

Cahicel

Figure 4.6. Each bus must have a different bus number.
3 Enter a unique bus number.

Note: If two separate buses are given the same number,
they are considered to be the same bus, even though
they are not physically connected on the screen.

You can extend, join, or cut bus wires just like regular wires.
However, you don't need to hold down tBhkift key when
extending bus wires.

Working with Bus Connection Wires

Regular wires that are connected to a bus wire are called
“bus connection wires.” These wires connect to the
individual wires within the bus.

To create bus connection wires,
1 Select th&Vire Tool from the Toolbar.
2 Move the tool over a valid connection point.

Note: A valid connection point is any device pin or wire
(including a bus wire). At least one end of the bus
connection wire must be connected to a bus.

3 Click and hold the left mouse button.

4 Drag the mouse to another valid connection point and
release the mouse button.

When you make the connection, a dialog box appears
asking you to assign a bus connection wire number.

5 Specify a bus connection wire number.
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6 ChooseAngle Connection to Top/Leftif you want to
change the angle of the connection.

To edit a bus wire or bus connection wire number, double-
click it with theArrow Tool and change the number.

CircuitMaker displays bus and bus connection labels by
default, but you can disable them by uncheckipgions >
Show Bus Labels

Wiring Bus Connection Wires Together

If you assign two bus connection wires the same number
and you connect them to the same bus wire (or to different
bus wires with the same bus wire nhumber), they function as
though they were connected together.

“Wiring” with Connectors

CircuitMaker has Input, Output, and Terminal connectors
[Connectors/Misc] that allow you to connect points

together without using direct wires. All Input, Output, and
Terminal connectors that have the same name will operate as
though they were wired together. Double-click one of these
devices to edit its name.

Input and Output Connectors

The Input and Output connectors have different symbols
but they are functionally identical. These connectors are
sometimes a useful alternative to direct wires. The following
two examples are functionally equivalent. The second
example uses Input and Output connectors instead of direct
wires to connect the inverter outputs to the AND gate
inputs.

e — D—

Figure 4.6a: Connections using standard wiring tech-
niques.
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Figure 4.6b: The equivalent connections of Figure 4.6a,
using Input and Output connectors.

...

Terminal Device Power Connections

The Terminal connector (also called the Terminal device) can
function like the Input and Output connectors as described

previously. Additionally, the Terminal device can be used to
connect to a power bus.

For example, suppose you have several op-amps that you
want to connect to VCC in a single net, but you do not want
to run wires everywhere. In this case you can use one
normal +V device and multiple terminal devices. Wire the +V
device to one op-amp, and wire a Terminal device to the each
of the other op-amps. Enté€CC; in the Bus Data field of

the +V device's Edit Device Data dialog box (Bes Datain
theEdit Devicesection later in this chapter). EmM&CC

(not VCC;) in the Terminal Name field for each of the
Terminal devices. This use of terminal devices instead of
multiple +V devices gives you a single net for the netlist
(SPICE or PCB).

You can double click on a Terminal device to edit its name.
When you click the OK button, CircuitMaker automatically
copies the Terminal Name field to the Terminal’s Bus Data
field (in the Edit Device Data dialog box) and appends a
semicolon. The Terminal Name field is also copied to the
Label-Value field.. If for some reason you want to edit the
Bus Data field or Label-Value field directly, click the Netlist
button, make the desired changes, click OK, and then click
Cancel on the Edit Terminal Name dialog box. Normally,
entering the Terminal name in the Edit Terminal Name dialog
box should suffice.
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Labeling the Circuit

CircuitMaker offers several methods of labeling the circuit,
including the Text Tool and editing the device itself.

Using the Text Tool to Label
To label the circuit using the Text Tool,

1 Selectth8ext Tool.

B 2 Click in the workspace where you want to place text.
This is =a
deviee label. } 3 Resize the text box as necessary (see picture at left).
4  Type the text.

Text can be multi-lined and fully stylized. Always visible, text
may be repositioned at any time.

Changing Device Labels
Don't confuse a device designation with a device label-
value. Figure 4.7 illustrates the difference.

Rl
Label-Value——7] (0 k

—AAA—

Designation

Figure 4.7. A Label-Value is information about a device
whereas a Designation identifies the device in the circuit.

To label devices using the Edit Device Data dialog box,
1 Double-click the device.

2 Ifadialog box other than the Edit Device Data dialog
box appears, click thdetlist button.

3 Type the appropriate text in the Label-Value, Designa-
tion, or Description text box.

4  Make the text visible on the schematic by selecting its
Visible check box.

You can reposition label-values, designations and descrip-
tions anywhere around the device by dragging them with the
Arrow Tool. Even if you reposition a label around a device, it
remains attached to the device when the device is moved
around the workspace. For a detailed description of these
labels, refer to the following sectioBditing Devices
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Editing Devices

You can easily edit a wide range of device information
related to schematic, simulation, pcb netlists and other
purposes.

To edit a device,

1 Double-click on a device to display the Edit Device Data
dialog box shown in Figure 4.8.

Note: A different dialog box will appear when you
double-click on certain devices, so click Metlist
button to get to the Edit Device Data dialog box.
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Figure 4.8. Use the Edit Device Data dialog box to
enter or change a variety of device information.

Device

This non-editable field shows the device name as it appears
in the library menus. Use the Visible check box to show or
hide the name in the schematic. If visible, the device name
retains the same orientation as the device when you rotate it.
The label-value, designation and description, however, will
remain right-side up no matter how the device is rotated.
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The Label-Value field has a
tri-state Visible check box:

Label- Value
/not visible.

—Label-Value is
visible.

\LabeI—VaIue is

visible and
retains same
orientation as
device when
rotated

Note that some device names, such as “Resistor”, cannot be
made visible.

Label-Value

Use this field to enter information about the device such as
its label (LN914, 2N3904, etc.) or its value (47K, 100U, etc.), or
to replace the existing Device name (that is, make the Device
not visible and the Label visible). The Label-Value can be
dragged around the device on the schematic with the mouse
and will remain attached to the device when the device is
moved.

If you set the Visible check box to gray (see diagram at left),
the Label replaces the Device name and retains the same
orientation as the device when rotated. Otherwise, the label-
value will remain right-side up no matter how the device is
rotated.

Designation

Use this field to identify the device in the circuit such as U3,
CR7, RLOAD, etc. You can also make this field visible with

the Visible check box. This field must contain the device
designation in order for simulation and pcb netlists to work
properly. The Designation label may also be dragged around
on the schematic with the mouse. It will remain right-side up
no matter how the device is rotated.

This field is filled in automatically when you place the
device. Seéuto Designation Prefilater in this section for
more information. See al&et Designations Chapter 10:
Edit MenuandDevice Designations Chapter 12: Options
Menufor other features that affect device designations.

Important: Individual parts of multipart packages must be
grouped properly. CircuitMaker takes care of this automati-
cally if you use devices as they are from the library. How-
ever, if you have altered multipart packages, they must be
grouped using thedit > Group Items command. Just
changing the Designation field is not sufficient. Each
individual part must be identified as PART A, PART B, etc.,
from the Edit Device Pin Data dialog box. $¥eslater in

this chapter.
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Description

Use this field for schematic reference only. You can use it to
display additional information such as custom part numbers,
tolerances, etc. This field does not affect simulation. Use the
Visible check box to make the field visible or not. You can
also drag the Description label around on the schematic with
the mouse. The Description label will remain right-side up no
matter how the device is rotated.

Package

Use this field to identify the type of physical package
(footprint) the device is in (DIP14, TO-92B, etc.). When you
are creating pcb netlists for TraxMaker or other pcb layout
programs, make sure the Package name you exaetly
matches the name of the corresponding component footprint
in your pcb layout program'’s library.

Auto Designation Prefix

This is the prefix used when CircuitMaker automatically
assigns a device’s designation (whenever you place a
device or seledEdit > Set Designationk The prefix may be
up to 4 characters in length.

Spice Prefix Character(s)

This is the SPICE prefix used in conjunction with the %D
and %M flags described later undgice DataYou would
normally use this field when linking the macro symbols you
define to the proper model selections when creating new
devices (se€hapter 16 Creating New Devic&s more
information). Valid prefixes are:

Prefix Meaning

A XSpice Model

BV Nonlinear Dependent Voltage Sources

Bl Nonlinear Dependent Current Sources

C Capacitors

D Junction Diodes

Dz Zener Diodes

E Linear Voltage-Controlled Voltage Sources
F Linear Current-Controlled Current Sources
G Linear Voltage-Controlled Current Sources
H Linear Current-Controlled Voltage Sources
I

Independent Current Sources
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JN JFETs (N-channel)

JP JFETs (P-channel)

K Coupled (Mutual) Inductors

L Inductors

MN MOSFETSs (N-channel)

MP MOSFETSs (P-channel)

0] Lossy Transmission Lines

ON Bipolar Junction Transistors (NPN)

QP Bipolar Junction Transistors (PNP)
R Resistors

S \oltage Controlled Switches

T Lossless Transmission Lines

U Uniform Distributed RC Lines (Lossy)
Y Independent Voltage Sources

W Current Controlled Switches

X Subcircuits

ZN MESFETSs (N-channel) (GaAs FETS)
ZP MESFETs (P-channel) (GaAs FETS)
Analog

This check box identifies this as a device that can be used in
CircuitMaker’s Analog simulation mode. The analog
simulator can only simulate a device if there is SPICE
simulation data for that device. If you attempt to run an
Analog simulation using a device that does not have the
Analog check box checked, CircuitMaker displays a warning
message and that device will be ignored in the simulation.
When creating your own device, this box should be checked
only if you have supplied SPICE data for the device or if the
device is a macro circuit containing other analog devices
(seeChapter 16: Creating New Devicts more informa-

tion on new device creation).

Digital

This check box identifies this as a device that can be used in
CircuitMaker’s Digital simulation mode. The digital simulator
can only simulate a device if there is digital SimCode for that
device. If you attempt to run a digital simulation using a
device that does not have the Digital check box checked,
CircuitMaker displays a warning message and that device
will be ignored in the simulation. When creating your own
device, select this box only if the device is a macro circuit
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containing other digital devices or was created using digital
SimCode (se€hapter 17: Digital SimCod®r more on
digital device creation).

Parameters

This field stores information that affects the simulation of
certain devices. For digital SimCode devices, this field would
containtype:digital. It could then be followed by a list of
parameters which are generally set in the Digital Model
Parameters dialog box.

Some generic device models can be redefined by passing
parameters as an alias to describe a specific device. For
example, the parameter field of a crystal would contain
alias:XCRYSTAL and could be followed by a list of
databook parameters that define that specific crystal.
Generally, you enter these parameters in the Subcircuit
Parameters dialog box. Seébapter 16: Creating New
Devicedor more information on parameter passing.

Bus Data

Use this field to specify which pins on the device are
connected to the power or ground buses, since these pins
are not shown on the predefined device packages. This field
holds up to 2048 characters, which is helpful when creating
devices with many power and ground pins. The general
format for this data is:

busnam[=pinnum[,pinnum,...]];[busnam=pinnum[,pinnum,....J;...]
For example, on a 74LS83 the Bus Data is:
DVCC=5;DGND=12;

This means that the Vcc bus is connected to pin 5 and the
Ground bus is connected to pin 12. The bus data for a
74AC11190 would look like:

DVCC=15,16; DGND=4,5,6,7;

The order in which the buses are listed is not important.
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To connect these bus pins for Analog simulation or for
creating a PCB netlist to export into TraxMaker or other PCB
layout program, each bus must be defined. There are three
devices that can be used for this purpose: +V, Ground and
Terminal. The Bus Data format for these devices is simply:

busnam;

where busnam identifies the specific bus. For example, each
Ground device, by default, contains the Bus [&MD;

which causes all of the Ground symbols to be tied together
in a single node or net.

Note: For simulation purposes, the Ground dewlveays
equates to Spice node 0, even if the Bus Data changes.

A +V device does not contain any default Bus Data. This is
because each +V device may represent a different supply
voltage. However, the Bus Data field can also be used on
these devices to identify it as the voltage source for the
digital devices. For this example, set the Bus DaftaGC;
orDVDD,;.

In some cases it may be necessary to connect a different
voltage source (such as the output of a voltage regulator) to
the digital devices. In such cases, connect a Terminal device
to the power source and enBvCC in its Terminal Name

field. CircuitMaker will make a connection between the
Terminal device and any bus that has the same name.
CircuitMaker will also make a connection between the
Terminal and any Input or Output connector that has the
same name. Do not use a semicolon in the Terminal Name
field. For exampld)VCC is correct, bubVCC; is incorrect

for the Terminal Name field. Note: CircuitMaker automatically
copies what you enter in Terminal Name field to the
Terminal's Bus Data field and appends a semicolon.

You can short multiple +V and Terminal devices together by
Bus Data for the +V device and Terminal Name for the
Terminal device. If you short two +V devices together, you
will receive an XSpice error when you run the simulation. To
avoid this problem, remove the Spice Data and Spice Prefix
Character from all but one of the shorted +V devices.

See alsd/cc and Groundn Chapter 6: Analog/Mixed-
Signal Simulation
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Spice Data

This field is used to specify the SPICE simulation data for
the device. The analog devices provided with CircuitMaker
already have default SPICE data included. If you create your
own devices to use with the analog simulation, you will need
to fill in this field yourself. You can enter SPICE data into

this field directly, or you can reference it to the other fields in
the dialog box. The percent sign (%) is used as a flag to tell
CircuitMaker to reference the already defined fields. Their
meanings are:

Name (%N)
Inserts the Device Name into the SPICE data string. This is
the name found in the library menus.

Label (%L)

Inserts the Label-Value into the SPICE data string. This
requires the first character in the Label-Value string to be an
alpha character. The label may not exceed 8 characters.

Value (%V)

Inserts the Label-Value into the SPICE data string. This
requires the first character in the Label-Value string to be
numeric. The value may be an integer (12, -44), a floating
point number (3.14159), either an integer or floating point
number followed by an integer exponent (1e-14, 2.65e3), or
an integer or floating point number followed by one of the
following multipliers:

T =10 wu =10°
G =10 n =10°
Meg =10 p =10%
K =1¢ f =10%
m =10®

If multipliers are used, they must immediately follow the
number with no spaces. Letters that are not multipliers
immediately following a number are ignored, and letters
immediately following a multiplier are ignored. For example,
10, 10V, 10Volts, and 10Hz all represent the same number and
M, MA, Msec, and MMhos all represent the same multiplier.
Note that 1000, 1000.0, 1000Hz, 1e3, 1.0e3, 1KHz, and 1K all
represent the same number.
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Model (%M)

Inserts the Label-Value into the SPICE data string. If the first
character of the Spice Prefix Character(s) does not match the
first character in the label, then it inserts the first character of
the prefix at the beginning of the string. The %M is also
required in order to guarantee that t