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Chapter 1
| ntroduction

What isCircuitL ogix?

CircuitLogix is an electronics lab in a computer, and is a
powerful yet easy to use schematic captureand circuit simula-
tion tool developed by Logic Design Inc. Its schematic capa-
bilitieswill enableyouto draw any electronic circuit and create
anetlist for PCB design tools and autorouters. Y ou can easily
build an analog or digital circuit schematic, attach test instru-
ments, and run the simulator to see how the circuit functions.
The behaviour of a circuit is simulated realistically, and the
results are quickly displayed. It can perform alive, freerun-
ning simulation of thedigital portion of your circuit. It canalso
perform anal og and mixed anal og/digital simulationsbased on
Berkeley SPICE and X SPICE.

SPICE (Simulation Program with Integrated Circuit Emphasis),
is the industry standard set of algorithms for analog simula-
tion. CircuitLogix expands SPICE with its own proprietary
mixed-signal extensions to support digital devices. Asare-
sult, you can combinedigital and anal og devicesany way you
want, with CircuitL ogix automatically handling thesignal pro-
cessing. You can choose from ideal or real-world SPICE
models, or create your own models. This feature gives you
complete control over thevaluesand parametersof al compo-
nentsin acircuit.

Circuit files created by CircuitLogix contain details such as
copies of model files, settings of instruments, and analysis
options. Asaresult, your circuit filesare highly reusable and
can be synchronized with later versions of libraries and for
export.CircuitLogix isavauabletool at all stagesof thedesign
process. At the conceptual stage, use CircuitLogix to explore
your ideas and preliminary thoughts. Then, utilize this con-
ceptual work by refining your CircuitLogix fileto encompass
your full design layout. If your circuit requires components
from another software design package, you can import the
standard SPICE netlists from other vendors directly into your
CircuitLogix circuit files. Asyoumovefrom design to produc-
tion, you can use CircuitL ogix to export filesin theformat used
by PCB layout packages such as Tango.

Introduction 1-1
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CircuitLogix is a true 32-bit program intended for use with
Windows 98, NT, XP, and Vista. It isvery easy to use and
even someone with a minimum amount of circuit theory can
successfully use it to design circuits. In fact, by using Cir-
cuitL ogix you can practice designing circuitson your own and
thusgreatly increaseyour expertiseinthisarea. Learningfrom
mistakes can be instructive, but when the subject matter is
electronics, it can also be dangerous. With CircuitLogix you
never need to be concerned about plugging components in
backwards or hooking up wires incorrectly like you would if
you were using real parts on a breadboard. You will never
blow out your expensive components either, and best of all
you will be ableto construct circuitsin much lesstimethanis
required on areal breadboard.

If you are mainly interested in electronics theory, or if you
don’'t have access to an electronics laboratory, CircuitLogix
canreplace an entireelectronicslaboratory by providing accu-
rate simulation of real-world components, circuits, and instru-
ments. Equipping and maintaining an electronics laboratory
can be very expensive. CircuitLogix simulates a lab at a
fraction of the cost, and the endless supply of unbreakable
components reducess the ongoing cost of materials. If you
have limited access to real-world laboratory equipment,
CircuitLogix allowsyou to make the most of your lab time by
designing and testing circuits before entering the |l ab.

For the instructor, electronic principles and practices can be
demonstrated quickly and easily using CircuitLogix. Anexcit-
ing educational feature of CircuitLogix is the ability to place
faulty devicesincircuits. Thisalowsyou, astheinstructor, to
create troubleshooting exercises for students. The fault simu-
lator lets you create multiple, complex faults to challenge
student’s knowledge of devices and circuits and re-inforce
key concepts. Circuit files have been designed for most of the
major electronicstextbooks and are available from Logic De-
sign Inc. In addition to circuit files, Logic Design Inc. also
provides instructor resources such as course management
software, testing and assessment, and other electronics cur-
riculum support tools.



Required Har dwar e/Software
In order to use CircuitLogix you will need:

» IBMe® compatible Pentium | or higher PC with a hard disk
driveand aCD-ROM drive.

» 10MB of available hard disk space (15MB during installa-
tion).

» Mouse or other pointing device.
» Microsofte Windows 98, NT, XP, or Vista.

First Timelnstallation
1 Start your Windows operating system.
2 Insert CircuitLogix CD-ROM into CD-ROM drive.

3. Autorunfeaturewill automatically install CircuitL ogix soft-
ware.

4. When the installation is complete, awindow containing a
CircuitLogix iconwill bedisplayed. Double-click on
the CircuitL ogix icon to launch the program.

Multi-user (Project) Installations

CircuitL ogix can beconfiguredtoalow “Projects’ for multiple
users, each user having accessto separatelibrariesand prefer-
ences. Project installations are possible whether on anetwork
or on a stand-alone system. Each user must be assigned a
separate directory from which the CircuitLogix 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 librariesand preferences.

ToSet Up MultipleProjects:
1 Install and run CircuitLogix to initialize the default file
paths, then exit.

2. Create aseparate directory for each user or project.

3. Placeacopy of the Cirlogix.dat filein 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.

Introduction 1-3
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10.

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, Symboldb.dat and
Hotkeysdb.dat files must always be placed in the same
directory asUser.lib.

If auser will need to make modifications or additions to
the SPICE model sor subcircuits, place acopy of theentire
Models directory into that user’s project directory.

If accidental modification of files which are common to
multiple usersisaconcern, see your network administra-
tor for detail son how to protect thesefilesfrom modifica-
tion.

Double-click on the CircuitL ogix icon to launch the pro-
gram.

The Select Project dialog box will appear allowing youto
find theindividual project directories. Browsethedirec-
toriestofind oneindividual’ sCirlogix.dat fileand click on
the OK button.

When CircuitLogix has loaded, select “Preferences...”
from the File menu, then click on the Directories and
Files... button.

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

If thereis acopy of the User.lib file in the project direc-
tory, change the User Library File path to that of the
individual’ sdirectory. Thisallowstheindividual to make
changes/additions to the Macros library.

If there is a copy of the Models directory in the project
directory, change the Model Directory path to that of the
individual’ sdirectory. Thisallowstheindividual to make
changes/additions to the SPICE models and subcircuits.



Note: Asitelicenceis
required for network
installation.

14. Click on the OK button to exit the Directories and Files
dia og box, then click onthe OK buttoninthe Preferences
dialog box to save these changes.

15. Exit CircuitLogix by sdlecting “ Exit” fromthe File menu.

16. CircuitLogix is now completely configured for one user.
Repeat steps 8-15 to configure CircuitL ogix for each indi-
vidual user.

ToAccessaProject:
1 Double-click on the CircuitLogix icon to launch the pro-
gram.

2 TheSelect Project dialog box will appear allowing youto
find your personal project directory. Browsethe directo-
ries to find your Cirlogix.dat file and click on the OK
button.

UsingOn-lineHelp

CircuitLogix on-line help file can be accessed in several ways.

Select “ CircuitL ogix Help Topics’ from theHelp menu:
Browse through the Contents or search for a specific subject.

PresstheF1key onthekeyboard:

« If the circuit window is the active window, Contents help
will bedisplayed.

« If an analysis window is the active window, help for that
analysistypewill be displayed.

 If adialog box is open, help for that dialog box will be
displayed.

« IftheHelpfileisactive, Help on Help will bedisplayed.

« If the cursor is over a button on the Toolbar, help for that
button will be displayed.

Select theHelp Tool intheToolbar:
Thecursor will bechangedtotheHelp Tool. Youmay click on
any iteminthe circuit to get information about that item.

Double-click ontheHepicon:

Evenwhen CircuitLogix isnhot running, you can view theHelp
fileby double-clicking onitsiconinthe CircuitL ogix program
group.

Introduction 1-5
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Wheretogofromhere

If you are familiar with the Windows™ environment and el ec-
tronic circuit design and generally prefer to go right to work,
please do so, referring to Chapters 2-12 as you need help. If
you are mainly interested in drawing schematics, then begin
by reading Chapters 2, 3, 10 and 11. If you are interested in
simulation, read Chapters4, 5and 6. To help solve problems
using the SPICE analog simulator, refer to Appendix A. Fre-
quently Asked Questions can be found in Appendix B.

Technical Support

Logic Design Inc. is dedicated to producing only the finest
quality software and supporting the customer after the initial
purchase. Appendix B contains a list of commonly asked
questions. Please look these over before contacting us for
technical support. If you encounter other problems while
using CircuitLogix or just need general help, contact us via
phone, e-mail, or regular mail.

Telephone: (877)687-7999
Internet: http://mww.Circuitl ogix.com
Email: support@circuitlogix.com
Mail: LogicDesigninc.

1011 BorenAve.

Seattle, WA, 98104
Futureversionsof CircuitLogix are planned, so pleasefed free
towrite and let us know what features or additions you would
liketo see. Our goal isto provideaproduct that will meet your
needs and expectations, so feedback from you is essential if
we areto achieve this goal!

Required User Background

This manual assumes that you are aready familiar with the
Windows™ environment and that you know how to use the
mouse to open windows, start applications, select afile from
thefile selector dialog, and select menu items from pull down
menus. If thisis not the case please read and study the users
manual that came with Windows before trying to use
CircuitLogix.
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Chapter 2
Getting Sarted
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Schematic Example

Drawing aschematic is as easy as pointing and clicking with
themouse. Let’swalk throughasimpleexampleby construct-
ing the circuit shown at the | eft.

Thisisavery ssimplecircuit that consists of onetransistor, two
resistors, apower source and aground. Follow these stepsto
build thecircuit:

1 Click onthe“New” buttoninthe Toolbar to clear thework
area.

2. Select“Browse...” fromthe Hotkeysl menuor click onthe
Parts button in the Toolbar. The Device Selection dialog
box will appear. Wewill indicatethelocation of devicesin
thelibrary by their major and minor classand, where appli-
cable, their default hotkey using the format:

[major device classyminor device class] (default hotkey)

For example a battery could be found at [ Anal og/Power]
(b). Devices which have hotkeys assigned can also be
found in the Hotkeys menus and can be selected by simply
pressing the desired hotkey on the keyboard.

Let'sheginwiththe“2N2222A" transi stor [ Active Compo-
nents/BJTs]. Select “Active Components’ in the Major
DeviceClassligt. Select“BJTS’ intheMinor Device Class
list. Select “NPN Trans:C" in the Device Symbol list.
Select “2N2222A" inthe Model/Subcircuit list. Now click
on the Select button to select this device from the library.
Position the transistor at about mid-screen and then click
the left mouse button once. The transistor will be placed
onthework areaand will no longer follow the mouse.

3. Enablethe“Repeat On” feature in the Options menu (so it
has acheck mark by it).

4. Select a“Resistor” [Passive Components/Resistors] (r) by

Getting Started  2-1
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pressing the “r’ key on the keyboard. Notice that the
resistor is oriented horizontally. Pressthe “r” key on the
keyboard again (or click on the RIGHT mouse button) to
rotate the device 90°. Position the resistor above and to
theleft of thetransistor. Now click the LEFT mousebutton
once to place the device. Thiswill be RB. Don't worry
about the value yet.

. Since the Repeat On feature has been enabled, another

resistor will appear with the same orientation asthe previ-
ous one. Place thisresistor directly above the transistor.
Thiswill beRC.

. Another resistor will now appear. Press any key on the

keyboard (except R or M) to deleteit.

. Press Ctrl+R to disable the Repeat On feature.

. Selecta“+V" [Analog/Power] (1) by pressingthe“1” key

on the keyboard. Placeit aboveresistor RC.

. Select a“ Ground” [Analog/Power] (0 (zero)) by pressing

the“ 0" key onthekeyboard. Placeit below thetransistor.

10. Double-click on the +V device using the LEFT mouse

button. This will open the Edit Device Data dialog box.
ChangetheLabel-Valuefieldtoread“+15V”. Click onthe
Visible check box next to the Label-Value field to change
the black check mark to agray check mark. Thiswill cause
the “+15V" to replace the “+V” on the schematic. Enter
“Vcc” intheDesignationfield and click onceintheVisible
check box next to it sothat thereisablack check mark iniit.
Click onthe OK button to exit dial og box.

11. Double-click onresistor RB. ChangetheLabel-Vauefield

toread “220k”. Enter “RB” into the Designation field and
makeitvisible. Click onthe OK button to exit.

12. Double-click onresistor RC. ChangetheLabel-Vauefield

toread “870". Enter “RC" into the Designation field and
makeitvisible. Click onthe OK button to exit.
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13. Now, double click on the transistor. The Model Selection

dialog box will be displayed. Since we have already se-
lected the model that we want displayed (2N2222A), just
click on the Netlist button to open the Edit Device Data
dialog box. Enter QlintotheDesignation field and makeit
visible. Click onthe OK button to exit, then click on the Exit
button to return to the schematic.

14. If needed, drag the devices and labels around with the

mouseto placethemin convenient locations. The position
of labels can be cleaned up, if necessary, by using the
“Place Selected Label(s)” command inthe Edit menu.

15. You'll now wirethecircuit together. Select the WireTool

from the Toolbar. Place the cursor on the emitter pin (the
pinwith the arrow) of thetransistor. When the cursor gets
close to the pin, a small rectangle will appear. Click and
hold the left mouse button, then drag the wire to the pin of
the Ground symbol. Releasethe mouse buttonto makethe
connection. If “Show Pin Dots’ is enabled (has a check
mark by it) in the View menu, asmall dot will be placed at
each connection point to verify the connection (see circuit
exampleat |eft).

16. Now, place the cursor on the bottom pin of RC, 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. Next, 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. Finaly,
connect awire from the top pin of RB to the middle of the
wirewhich connectsVccto RC. Deviceand wirepositions
can be moved by dragging them with the mouse.

Getting Started  2-3
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TheEditing Tools

The Toolbar includes several buttons which deal specifically
with circuit layout. These buttons are described here.

Y EENE EEYE R

The Editing Toalz

TheArrow Tool:

The Arrow Tool can aso be selected from the“ Cursor Tools”
option in the Options menu or by pressing Alt+A. Use the
Arrow Tool to select items, move items, flip switches, select
toolsfromthe Toolbar, etc. Y ou can double-click (click twice
with the mouse in rapid succession) with the Arrow Tool to
perform many functions, such as editing specific devices, etc.

If the “Arrow/Wire” option is enabled in the Options menu,
the Arrow Tool may be used to initiate awire when you click
onadevice pin.

TheWireTool:

The Wire Tool can also be selected from the “ Cursor Tools”
option in the Options menu or by pressing Alt+W. Use the
WireTool to placewiresinthework area. Buswiresaredrawn
by holding down the SHIFT key when starting to draw the
wire. Refer to the sections Wiring the Circuit and Using Bus
Wireslater inthis chapter.

TheText Tool:

The Text Tool can also be selected from the “ Cursor Tools”
option in the Options menu or by pressing Alt+T. Use the
Text Tool to placetext inthecircuit. Just select thetool, click
in the work area and type the text. Use the “Select Font”
option in the Edit menu to stylize the text. Y ou can alter the
way multi-linetext wraps by clicking on it with the Text Tool
and resizing its enclosing rectangle.

TheDéeeteTool:

The Delete Tool can aso be selected from the“ Cursor Tools”
option in the Options menu or by pressing Alt+D. Use the
Delete Tool to selectively delete items. Simply select the
Delete Tool and click ontheitemtobedeleted. Theitemwill be
immediately deleted except in the case of awire. For wires,
when the mouse button is held down, the wire will be high-
lighted but not del eted until the buttonisreleased. If you hold



Tip: Many of the items which
can be edited by the Naming
Tool can also be edited by
double-clicking on them with
the Arrow Tool.

down the mouse button and move the Delete Tool away from
thewire, the delete will be cancelled.

Any selected item can also be deleted by pressing the Delete
key on the keyboard.

A wiremay becut (divided) intwo by holding downthe SHIFT
key and clicking on thewirewith the Delete Tool.

TheNamingTool:

TheNaming Tool can aso be selected fromthe” Cursor Tools’
optioninthe Optionsmenu (Name Item) or by pressing Alt+N.
Use the Naming Tool to edit the names of SCOPES, Inpuits,
Outputs, buswire numbers and bus connection wire numbers.
Just click the pointer on theitem to be edited and adial og box
will appear. Macros must be expanded to be edited. A macro
that is saved with a new name will not delete the original
macro.

TheZoom Toal:

The Zoom Tool can aso be selected from the “ Cursor Tools”
option in the Options menu or by pressing Alt+Z. This tool
allows you to magnify (zoom in) and reduce (zoom out) the
circuit being displayed. To zoomin, select the Zoom Tool and
position it over the areathat isto be enlarged. Click the left
mouse button to magnify the circuit by the selected Scale
Step. To zoom out, select the Zoom Tool and position it over
the areathat isto be reduced. Hold down the SHIFT key and
click theleft mouse button to reducethecircuit by the selected
ScaleStep Size.

Alternately, you can pressthe Page Up key on the keyboard to
zoomin or the Page Down key to zoom out at any time, without
using the Zoom tool. The zoom will be centered on the
position of the mouse cursor. See also Display Scale, Normal
Sze/Position and Fit Circuit To Window in the View Menu
chapter.
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2-6 Getting Started

TheRotate90Button:

The Rotate 90 button can al so be selected from the Edit menu
or by pressing Alt+R. Use the Rotate 90 button to rotate the
selected devicein 90° increments.

A device may aso be rotated when it is selected from the
library by pressing the R key on the keyboard or by clicking
the RIGHT mouse button before placing it in the circuit.

TheMirror Button:

The Mirror button can also be selected from the Edit menu or
by pressing Alt+M. Use the Mirror button to flip the device
horizontally.

A device may also be mirrored when it is selected from the
library by pressing the M key on the keyboard before placing
itinthecircuit.

Placing Devices

The main device toolbar shown on the |eft side of the screen
provides accessto 68 of the most commonly used devicesand
instruments. Components are selected from this toolbar by
left-clicking on the desired component with your mouse, and
then moving the mouse cursor onto the work area and left-
clicking again to place the component.

A much more extensive listing of the available devices is
contained inthedevicelibrary. Partscan be selected from the
library using the Device Selection dialog box. Commonly-
used devices can be added to the Hotkeys menus, allowing
you to select the device by pressing one of the user-definable
hotkeys on the keyboard.

To invoke the Device Selection dialog box, click on the Parts
button in the Toolbar, select “Browse...” from the Hotkeysl
menu, or press the “x” key on the keyboard. The following
dialog box will be displayed.



Device Selection [x]

Major Device Class Minor Device Class Device Symbol Analog Only Device

Active Components
Analog Darlingtons

Connectors Diodes PNP Trans:B
Crystals IGBTs PNP Trans:C
Digital JFETs

Digital by Number MESFETs

Digital ICs by Function MOSFETs Depl

Displays

Fuses
Instruments

Model{Subcircuit [395) Show: ¥ Analog ¥ Digital ¥ Symbol Rotate B[Il Mirror |

MPSB717 D Si 1% BOV 500mA 219MHz Amp pkg:TO-92E=

MPS8050 p Si 625mW 25V 14 155MHz GenPurp pkg:TO Label-Value : ﬂl
MP53093 p Si 25mW B0V 500mA 150MHz= Amp pkg:T0 [MPSADE
MP53099 p 5i 625mW B0V 500mA 225MHz pkg:TO-92B

MPS918 p Si 350mW 15V 50mA 800MHz pkg:TO-92B 1 Hot Key
MPSA0S p Si 625mW B0V 500mA 150MHz Amp pkg:TO none _Change

p Si 675mW 80V 00mA ?19MHz GenPurp pk
MPSADGINS p NS Si 625mW 80V 500mA 100MHz GenPury

MPSA16 Si 350mW 40V 100mA 150MHz Ch kix

L ocate the device you wish to use by first selecting a Major
Device Class, aMinor Device Class, aDevice Symbol, and if
required, a SPICE model or subcircuit. Inthismanual, device
locationisindicated as[major class/minor class]. For example,
a2N3904 could befound at [Active Components/BJTS]. Click
on the Select button to select the device for placement in your
circuit (or just double-click on the item to be selected in the
Device Symbol list or the Model/Subcircuit list).

The Show Analog, Digital and Symbol check boxesallow you
to filter the devices to reduce the number of items to be
searched. If only Analog is checked, only the devices which
function in analog simulation mode will bedisplayed. If only
Digital is checked, only the devices which function in digital
simulation modewill bedisplayed. If only Symbol ischecked,
only the nonfunctional symbols will be displayed. For ex-
ample, if you are looking for digital devices to be used in
analog simulation mode, you could uncheck both Digital and
Symbol to hide al the devices which will not run in analog
simulation mode. At least one of these boxes must be checked
at all times.

The symbol that corresponds to the selected item in the De-
vice Symbol list is also displayed. Rotate 90 and Mirror
buttons are provided in the dialog box to allow you to view
each devicein other orientations.

60 of your most commonly used devices can be assigned
hotkeys which alows you to quickly select these devices,
either by pressing the hotkey on the keyboard or by selecting
theitem from the Hotkeys menus.

Getting Started  2-7



2-8 Getting Started

To assign a hotkey to a specific device, select the device by
clicking on it once so that it is highlighted in the list. Then,
click on the Change button to accessthefollowing dial og box.

Device Hot Key Assignments [<]

HotKey Device Name Label. Model or Yalue  Package

none n
Ground

W 5v

Inverter 7404

2-In AND 7408

2-In OR 7432

2-In NAND 7400

2-In NOR 7402

2-In XOR 7486 =l

EEEF YRR

Selected Device r
[NF‘N Trans:C MPSADB pkg:T0-92B | [Assian ] cancel |

The hotkeys are listed alphabetically along with the devices
that are currently assigned to each hotkey. Scroll through the
list to find the hotkey that you want assigned to your selected
device, then click on the Assign button. That device will be
included in the Hotkeys menus and can now be selected from
the Hotkeys menu or by pressing the assigned key on the
keyboard. If youwant to removeadevicefromthehotkey list,
you can either assign a new device in its place or assign
“none” asits hotkey.

Onceyou have selected adeviceto placeinyour circuit, it will
follow the mouse around the screen until you click the LEFT
mouse button. If you pressthe R key on the keyboard or click
the RIGHT mouse button before clicking to place the device,
the device will be rotated. If you press the M key on the
keyboard before clicking to placethe device, thedevicewill be
mirrored. If the“Repeat On” option isenabled in the Options
menu, as soon as a device is selected from the library and
placed in the work area, another identical device is automati-
cally selected and made ready for placement. This repeat
placement process continues until you cancel it by pressing
any key on the keyboard or by double-clicking the mouse.

Use the Arrow Tool to select and move devices around the
work area. If partsareto berotated or mirrored, thisshould be
done prior to connecting wires to them.

Refer to the Device Library chapter for a description of the
basic devices and instruments.



There are four distinct ways of selecting items in the circuit
window:

» Toselectasingleitemclick onitwiththe Arrow Tool. Click
anywhere elsein the work areato deselect theitem.

» Toselect multipleitemshold down the SHIFT key and click
on one or more itemswith the Arrow Tool. To deselect any
singleitemclick onit asecond timewhilestill holding down
the SHIFT key. To deselect all items, releasethe SHIFT key
and click somewhereinthework areaaway fromall items.

» To select switches or multiple items hold down the mouse
button and drag the selection rectangle around the desired
items. To deselect any single item, SHIFT-click on it. To
deselect al items click somewhere in the work area away
fromall items.

» To quickly select all items use the “Select All” command
from the Edit menu.

WiringtheCircuit

Y our circuit must be correctly wired together in order to func-
tion. Thecircuit will not function if you simply placedevices
so that device pins are touching the pins of other devices
where you want connections to occur! Instead, you must
connect a wire between the pins you want connected to-
gether. All wiresmust bevertical, horizontal, or combinations
of these two. It isnot possible to wire at odd angles such as
45° or 60°.

There are two basic methods of wiring: Auto Routing and
Manual Routing. Thesetwo methodsarefully integrated; you
don’t have to switch between wiring modes.

Auto routing has the advantage of being quick and easy to
use. Simply place the Wire Tool (or the Arrow Tool if the
“Arrow/Wire" option is enabled) on avalid connection point
(avalid connection point isany device pin or wire), then click
and hold the left mouse button. Drag the mouse to another
valid connection point and release the mouse button. The
wireisautomatically routed between the two points.
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Tip: Youcaninitiateawire
by clicking on a device pin
with the Arrow Tool when
the “Arrow/Wire" option is
enabled in the Options
menu.

2-10 Getting Started

Auto routing requires two valid connection points. Y ou can-
not 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
Simpleor Intelligent, depending on what you have selected in
the Preferences dialog box. Simplerouting drawsonly one or
two wire segments, horizontal and/or vertical, making the short-
est 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 befound,
the simple method is used.

Manual routing has the advantage of routing wires exactly
where you want them without need for readjustment after the
wireisdrawn. It alsoallowsyouto placewiresinyour circuit
which are not connected on both ends. Manual routing must
be used to draw bus wires.

Move the Wire Tool (or the Arrow Tool if the* Arrow/Wire’
option is enabled) to the position where you wish to start the
wire, then click and release the left mouse button. The Wire
Tool cursor will disappear until you begin to drag the mouse.
It will then be replaced by an extended wiring cursor. The
extended cursor simplifiesthetask of precisely aligning wires
with other objects. Click once with the left mouse button to
turn 90° or double-click to end thewire. If the“Single Click
Connect” option is enabled in the Preferences dialog box, a
singleclick of themousewill terminatethewirewhenitisat a
valid connection point. A wire can be cancelled at any time
whileit isbeing drawn by pressing any key.

The SmartWires™ feature allows you to connect awireto a
device pin or another wire without being in exactly the right
place. A user definable connection area exists around each
valid connection point (avalid connection point isany device
pinor wire). When the Wire Tool enters aconnection area, a
rectangleisdisplayed, highlighting the connection point. The
Preferences dialog box may be used to set the size of the
connection areaand whether or not the rectangleis displayed.

When adevicethat haswiresconnectedtoitismoved (dragged
with the Arrow Tool), the wires will “rubberband” (they will
stretch and remain connected to the device).



L

Bus
Connection
Wires

B

Bus Wire

Wiresmay be extended or joined. To extend awire, select the
Wire Tool and place it over the END of the wire and draw a
wire. To join two wirestogether, draw awire from the end of
thefirst wireto the end of the second wire. They then become
thesamewire.

A singlewirecan also be cut (divided) into two separatewires.
Tocutawire, select the Delete Tool, placeit over thewirethat
isto be cut, hold down the SHIFT key and click theleft mouse
button. Thewirewill be separated into two individual wires.

Using BusWires

Bus wires are a special type of wire that contain multiple
individual wires. Each buswireisidentified by anumber and
each individual wire within abusisalso identified by a num-
ber. Buswirescan beeasily identified in acircuit because they
aredrawn thicker than regular wires.

To draw a bus wire, hold down the SHIFT key and draw a
regular wire using the manual routing method (see Wiring the
Circuit earlier inthischapter). The SHIFT key must be down
beforeawireisstarted but it can bereleased beforethewireis
finished. After the buswirehasbeen drawn, adialog box will
prompt for abusnumber. Each uniquebusmust haveaunique
busnumber. |f 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. Buswirescan also be
extended, joined, or cut, just likeregular wires. Y oudon't need
to hold down the SHIFT key when extending bus wires.

Regular wires that are connected to a bus wire are called bus
connectionwires. Thesewiresconnect to theindividua wires
withinthebus. When the connectionismadeadial og box will
prompt for awire number and the connection angle. Each bus
connection wire is assigned a number. Each bus connection
wirethat is assigned the same number and is connected to the
same bus wire (or another bus wire with the same bus wire
number) will function as though they were connected to-
gether.

Bus wire numbers and bus connection wire numbers may be

edited by clicking on them with the Naming Tool or by double-
clicking onthemwith the Arrow Tool.
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L abdingtheCircuit

Various methods of labeling the circuit are available. One
method isto select the Text Tool, click inthework areawhere
you want the text to appear, and typeinthetext. Text entered
by this method can be multi-lined and fully stylized. It may
also berepositioned at any time and isalwaysvisible.

Each of the devices may also be labeled using the dialog box
that appears when you double-click on the device. Labels
entered by this method may be positioned anywhere around
the device by dragging them with the Arrow Tool and remain
attached to the device when it ismoved around the work area.
For adetailed description of theselabdls, refer to thefollowing
section, Netlist Information.

Bus labels and bus connection labels are enabled by default,
but can be disabled by unchecking the “Show Bus Labels’
optionintheView menu.

Netlist Infor mation

CircuitL ogix hastheability to produceaSPICE netlist whichis
fully compatible with the Berkeley SPICE3 simulation soft-
ware. CircuitLogix analog simulationisbased onthe Berkeley
SPICES3, so to make the analog simulation work you must
supply specific information about each component in the
circuit. Wediscusstheinformation here becauseit can also be
useful for smpleschematiclayout, evenif you are not simulat-
ing thecircuit.

The user double-clicks on a device to bring up the following
dialog box. (On some devices, a different dialog box will be
displayed. Look for a“Netlist...” buttonin those dial og boxes
to get here)) Thisdialog box is used to enter data about the
device. Followingisadescription of the variousitems.



Edit Device Data [<]

Device NPN Trans:C I= | Visibie

Label-Value |2N2219A ¥ Visible

Description l— I~ Visible
Package TO-H

Auto Designation Prefix [ ¥ Analog
Spice Prefix Character(s] W I Digital
Bus Data I

Parameters I

Spice Data  |%6D %1 %2 %3 %M =l
Faults... _lj
4 ¥

I~ Exclude From PCB [~ Exclude From Parts

Pins... | Save... | 0K | Cancel |

» Device: Thisisanon-editablefield which showsthe name
of thedeviceasit appearsinthelibrary menus. TheVisible
check box can be used to hide the name on the schematic
drawing. If visible, it will retain the same orientation asthe
device when rotated. Some device names, such as “Resis-
tor”, cannot be made visible.

» Label-Value: Thisfield may be used to enter information
about thedevicesuch asitslabel (IN914, 2N3904, etc.) or its
value (47K, 100U, etc.), or to replace the existing Device
name (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
devicewhen thedeviceismoved. If theVisiblecheck boxis
set to gray, the Label will directly replace the Device name
and retain the same orientation as the device when rotated.

» Designation: Thisfieldisusedtoidentify thedeviceinthe
circuit suchasU3, CR7, RLOAD, etc. Thisfieldmay alsobe
made visible with the Visible check box. This field must
contain the part designation in order for netlisting to work

properly.

Thisfieldwill befilledin automatically when you select the
“Set Auto Designation...” command from the Edit menu.
Also, if the “Auto Designation” option is enabled in the
Optionsmenu, it will befilled automatically each timeanalog
simulation is run. When the Auto Designation is run, the
previous contents of thisfield arelost. See Auto Designa-
tion Prefix below.
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For multipart packages, theindividual partsmust be grouped
by using the “Group Selected Items’ command in the Edit
menu. Eachindividual part must beidentified as PART A,
PART B, etc., fromtheEdit Device Pin Datadial og box. See
Pins later in this chapter.

Description: Thisfieldisused for schematicreferenceonly.
You may use it to display additional information such as
custom part numbers, tolerances, etc. This field does not
affect simulation. Thisfield may also be made visible with
the Visible check box. The Description label may also be
dragged around on the schematic with the mouse.

Package: Thisfield isused to identify the type of package
the deviceisin (DIP14, TO-92B, etc.). Thisfield isused
when creating netlist files and the Package entered here
should match the name of the corresponding component in
thelibrary.

Auto Designation Prefix: Thisfield isused to specify the
prefix used in the device's designation when “Set Auto
Designation...” is selected from the Edit menu. The prefix
may be up to 4 charactersin length.

SpicePrefix Character(s): Thisfieldisusedto specify the
SPICE prefix used in conjunction with the %D and %M flags
described below under Spice Data. By specifying this
prefix, user defined macro symbols can be linked to the
proper model selections. Valid prefixesare:

XSpiceModel

Nonlinear Dependent Voltage Sources
Nonlinear Dependent Current Sources
Capacitors

Junction Diodes

Zener Diodes

Linear Voltage-Controlled V oltage Sources
Linear Current-Controlled Current Sources
Linear Voltage-Controlled Current Sources
Linear Current-Controlled V oltage Sources
Independent Current Sources
JFETs(N-channel)

UOEQZD

- T
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JFETs(P-channel)

Coupled (Mutual) Inductors
Inductors

MOSFETs(N-channel)
MOSFETs(P-channel)

Lossy Transmission Lines

Bipolar Junction Transistors (NPN)
Bipolar Junction Transistors (PNP)
Resistors

V oltage Controlled Switches
Lossless Transmission Lines
Uniform Distributed RC Lines(Lossy)
Independent Voltage Sources
Current Controlled Switches
Subcircuits

MESFETs(N-channel) (GaAsFETS)
MESFETs(P-channel) (GaAsFETS)

T =2

XE<CHWDQQOZTZ™ Ay

N N
T =2

» Analog: Thischeck box identifiesthisasan analog device.
The analog simulator can only simulate adevice if thereis
SPICE simulation datafor that device. If you attempt torun
an analog simulation using a device that does not have the
Analog check box checked, CircuitLogix will display awarn-
ing message and that device will be ignored in the simula-
tion. When creating your own device, this box should be
checked only if you have supplied SPICE datafor the device
or if thedeviceisamacro circuit with other analog devices.

* Digital: This check box identifiesthisas adigital device.
The digital smulator can only simulate a deviceif thereis
digital simulation codefor that device. If you attempttorun
adigital simulation using a device that does not have the
Digital check box checked, CircuitLogix will display awarn-
ing message and that device will be ignored in the simula-
tion. When creating your own device, this box should be
checked only if thedeviceisamacro circuit containing other
digital devices.

» BusData: Thisfield is used 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 pack-
ages. Thegeneral format for thisdatais:

busnam[=pinnum[,pinnum,...]J;[busnam=pinnum[,pinnum,...];...]
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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;". Theorder in which the
buses are listed is not important.

In order to connect these bus pins for analog simulation or
for creating aPCB netlist to export into TraxM aker, 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 devicesissimply:

busnam;

where busnam identifiesthe specific bus. For example, each
Ground device, by default, contains the Bus Data “ GND;”
which causes al of the Ground symbolsto be tied together
inasingle node or net. Note: For simulation purposes, the
Ground device ALWAYS equates to Spice node 0O, even if
the Bus Data changes.

A +V devicedoesnot contain any default BusData. Thisis
because each +V device may represent a different supply
voltage. However, the Bus Datafield can also be used on
these devices to identify it as the voltage source for the
digital devices. For this example, set the Bus Data to
“DVCC;” or“DVDD;".

In some cases it may be necessary to connect a different
voltage source (such asthe output of avoltage regulator) to
thedigital devices. Inthiscase, connect aTerminal device
tothepower sourceand enter “DV CC;” initsBusDatafield.

Seealso Vcc and Groundinthe Anal og/Mixed-Mode Simu-
lation chapter.

Parameters: This field is used to store information that
affectsthe simulation of certain devices. For digital smcode
devices, this field would contain “type:digital”. It could
then befollowed by alist of parameterswhich are generally
setinthe Digital Model Parametersdialog 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 parametersthat define the specific crystal. These
parameters are generally entered in the Subcircuit Param-
etersdialog box.

SpiceData: Thisfieldisused to specify the SPICE simula-
tion datafor the device. The analog devices provided with
CircuitLogix already have default SPICE dataincluded. If
you create your own devices to use with the analog simula-
tion, you will need tofill in thisfield yourself. The SPICE
data may be entered into this field directly, or it can refer-
encetheother fieldsinthedialog box. The percent sign (%)
isused asaflagtotell CircuitL ogix to reference the already
definedfields. Their meaningsare:

%N Name—Insert the Device Nameinto the SPICE data
string. Thisisthe name found in the library menus.

%L Label—Insert the Label-Value into the SPICE data
string. Thisrequiresthefirst character inthe Label-
Vauestring to be an alphacharacter. Thelabel may
not exceed 8 characters.

%V Value—Insert the Label-Vaueinto the SPICE data
string. Thisrequiresthefirst character inthe Label-
Vaue string to be numeric. The value may be an
integer (12, -44), afloating point number (3.14159),
either aninteger or floating point number followed by
an integer exponent (1e-14, 2.65€e3), or an integer or
floating point number followed by one of thefollow-

ingmultipliers:
T =102 u =10°
G =10° n =10°
Meg =10° p =102
K =10 f =10%
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%M

%S

%D

%l

%P

%B

m =103

If multipliersare used, they must immediately follow
the number with no spaces. Letters immediately
following a number that are not multipliers are ig-
nored, and lettersimmediately followingamultiplier
areignored. Hence, 10, 10V, 10Volts, and 10Hz all
represent the same number and M, MA, Msec, and
MMbhos all represent the same multiplier. Note that
1000, 1000.0, 1000Hz, 1€3, 1.0e3, 1KHz, and 1K all
represent the same number.

M odel—Insert 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, theninsert thefirst character of the prefix at the
beginning of the string. The %M isalso required in
order to guarantee that the .MODEL data for this
device will be included in the SPICE netlist file for
simulation. The Label (including prefix) may not
exceed 8 characters.

Subcir cuit—Insert the Label-Value into the SPICE
datastring. If thefirst character inthelabel isnot an
“X",theninsertan“X” at the beginning of thestring.
The %S isalso required to ensure that the SUBCKT
data for this device will be included in the SPICE
netlist file for simulation. The Label (including the
“X") may not exceed 8 characters.

Designation—Insert the Designation label into the
SPICE datastring. If thefirst character of the Spice
Prefix Character(s) doesnot match thefirst character
in the designation, then insert the first character of
the prefix at the beginning of the string.

Description—Insert the Description field into the
SPICE datastring.

Package—Insert the Package label into the SPICE
data string.

Bus Data—Insert the entire Bus Data field into the
SPICE datastring.



%X  Named subcircuit—Insert the specified subcircuit
into the SPICE datastring. If thesubcircuit residesin
a .SUB file other than the one associated with the
symbol name of the current device, the .SUB file
name where the subcircuit is located must also be
specified. For example: “%XUA741" or
“O%XUAT741.0PAMPS”.

%=" path\filename.ext” IncludeFile—Insertthe ASCII text
file filename into the SPICE data string by using
SPICE’s.INCLUDE command. Pathisthe sameasthe
current circuit unless enclosed in quote marks (* ).

%pinorder Node—Insert thenode number for the specified
pininto the SPICE datastring. Pinorder referstothe
position of the pininthe Edit Device Pin Datadialog
box. For example, the pin at the top of the list is
represented by %1, the next pin down is%2, etc. See
Pins later in this section.

The following examples show how the Spice Data field is
used when creating custom devices:

If resistor R3 has a value of 27 ohms and is connected
between node 5 and ground, the SPICE datafor R3 could be
writtenas“R3 5 0 27ohms’. Thisdata may be entered
directly into the Spice Datafield, but it would be difficult to
determine the node numbers to use. A more universal
method would beto enter the string “%D %1 %2 %V”.

If transistor Q2 is a2N3904 with its collector connected to
node 7, its base to node 4 and its emitter to node 12, the
SPICE datamay bewrittenas“Q2 7 4 12 Q2N3904", but
the SPICE model datamay need to be enteredinto the netlist
manually. A more universal method would be to enter the
string“%D %1 %2 %3 %M.

If opamp U4 isan LM 741 wherethe +input is connected to
node 3, the -input isconnected to node 1, the +V pinto node
5,the-V pinto node 12 and the output to node 9, the SPICE
datamay bewrittenas“XU4 3 1 5 12 9 XLM741", but
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again, amore universal method would beto enter the string
“%D %1 %2 %3 %4 %5 %S'.

Faults...: Clicking on this button brings up the Device
Faults dialog box for adding fault datato the device. If the
fault data has been password protected the Access Faults
dialog box will bedisplayed. Seethe Fault Simulation chap-
ter for details.

Exclude From PCB: This checkbox is used to exclude a
devicefromthe PCB netlist (see Script FunctionsintheFile
Menu chapter).

Exclude From Parts. This checkbox is used to exclude a
devicefrom the partslist.

Pins...: Clicking on this button brings up the following
dialog box which allows you to edit the pin numbers of the
package for the selected device and to determine whether
the pin numberswill be shown on the schematic.

Edit Device Pin Data E
Device Name : NPN Trans:C
Parts per package : 1
Pin Name - Number  Show pins for

C - 03
B - 02
E - m

Default Pin #sl
Cancel |

Some device packages actually contain morethan one of the
samedevice. For example, a7400 Quad 2-Input NAND gate
actually has 4 gatesin the same package. The pin numbers
aredifferent for each gate. Theindividual gatesare grouped
together to indicate which gates go in which package. As
each gate is placed in the circuit, the next available gate is
used from the previous package. If no gatesareavailablein
the previous package, anew packageisused. Thegatescan
later be regrouped as needed using the “Group Selected
Items’ command inthe Edit menu. Each gateinthe package
isassigned a letter (A, B, C, etc.) and the pin numbers for



that gate correspond to that assignment. The pins used for
a particular gate can be manually reassigned by selecting
the appropriate letter (PART A, PART B, etc.) for that gate
with the up and down arrowsin the dial og box.

Default pin data has already been entered for the predefined
devices. Clicking onthe Default Pin #s button will restore
the pin numbersto their original default values. Default pin
numbers may be added to amacro device by editing the pin
numberswhilethe macro isexpanded and saving the macro.
Macro pin names and numbers may be edited by double-
clicking on themin the Symbol Editor. The order in which
the pinsappear inthelist isdetermined by the order inwhich
the pinswere placed on thedevice. To edit pin numbersfor
aspecific part, double-click ontheminthisdialog box. This
does not change the pin numbersin the library.

e Save...: Clicking on this button will temporarily set the
default settingsfor thisdevicetype. Eachtimeanew device
of thissametypeispulled fromthelibrary menus, it will have
these settings. For example, if you set the resistor value to
1k ohms and click on the Save... button, each subsequent
resistor pulled from the menu will have avalue of 1k ohms.
These settings will remain the default until replaced by
another save, or until you quit the program atogether.

Printingand Exporting Cir cuits

When you' re done designing and testing your circuit, it can
be printed out on any Windows-selectable printer. If your
design is larger than a single sheet of paper it will automati-
cally be printed on multiple sheets of paper. Page breaks can
be shown by enabling the “ Show Page Breaks” option in the
View menu. Other print options are also available, including
print scaling and color printing. See Print Setup in the File
Menu chapter. Digital timing diagramsand analog waveforms
can also be printed.

CircuitLogix also provides easy-to-use mechanismswhich en-
able you to export both the circuit and waveforms for use in
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word processing, publishing, drawing, or other programs. Ex-
port of the circuit and waveformsis done using the Clipboard
or by saving the circuit or waveforms in a bitmap file or
metafile. See Export Optionsinthe File Menu chapter.

Various script functions are provided to allow you to create
PCB netlists, SPICE3 netlistsand Partslists. See Script Func-
tionsin the File Menu chapter.

Creating User-defined Schematic Symbols

CircuitLogix isfully expandable. By creating your own sche-
matic symbols and adding them to the user library, you can
adapt CircuitLogix to your specific needs. Refer to the next
chapter, Macro Devices, for moreinformation on creating both
functional and nonfunctional devices.



Chapter 3

Analog/Mixed-Mode Simulation

SPICE:
Simulation
Program with
Integrated
Circuit
Emphasis.

One of the most important features of CircuitLogix is its ability
to simulate your design, enabling you to detect and correct
design errors before investing time and money in the con-
struction of actual hardware prototypes.

Analog is the classic world of electronics. There are no logic
state restrictions as in digital electronics; the voltage level of
any given circuit node is not limited to a high or low. Analog
simulation, therefore, is much more complex. CircuitLogix
analog/mixed-mode simulation is based on an enhanced ver-
sion of Berkeley SPICE35/XSpice. This combination provides
the ability to simulate a wide variety of both analog and digital
devices. The analog simulator generates a data set based on
the analysis parameters selected by the user. This data can
then be analyzed in the graphics windows.

Mixed-mode refers to the ability to mix both analog and digital
devices in a single simulation. This is actually an extension of
the analog simulation mode. Logic Design Inc. has created
accurate, event-driven behavioral models for a wide variety of
TTL and CMOS digital devices so that they may be simulated
in analog mode. These digital models provide accurate char-
acteristics for each device within their respective families.

All Analog Only and Mixed-Mode devices and instruments—
capacitors, transistors, Signal Generators, etc., as well as the
4xxx and 74xxx devices—can be used with the analog simula-
tor. In the Device Selection dialog box, above the picture of
each device symbol, appear the words “Digital Only Device”,
“Analog Only Device”, “Mixed-Mode Device”, or “Schematic
Only Device”. This indicates the simulation mode for which
the currently displayed device is intended. Refer to the Device
Library chapter for a description of each device and the simu-
lation mode for which it is intended.
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Using the Analog Simulator

To do analog simulation there must be SPICE information for
each device in the circuit. Only those devices listed as analog
compatible in the Device Library chapter have SPICE data
associated with them. Other devices may be used in the circuit,
but the SPICE information for those devices must be provided
by the user. SPICE information can be added in the Spice Data
field of the Edit Device Data dialog box (double-click on the
device to open the dialog box). The Analog check box in the
Edit Device Data dialog box indicates whether or not there is
SPICE simulation data available for the particular device or if it
can be used in analog simulations. If the Analog check box is
not checked and the device is used in analog simulation, a
warning will be displayed and that device will be ignored,
leaving an open circuit where that device is located.

E Analog simulation mode is selected when the transistor icon is

#nalog Simulstion Tool displayed on the Digital/Analog button in the Toolbar.
The analog analyses are set up in the Analog Analyses dialog
box described later in this chapter. By default, whenever you
create a new circuit, the “Always Set Defaults” option is
enabled for the analog analyses. This means that Operating
Point Analysis (the digital meter) will be enabled for simple DC
circuits. For more complex circuits, Transient Analysis (the
oscilloscope) will also be enabled and set to its default condi-
tions. Under normal conditions, these settings will rarely need
to be changed.

Once the circuit has been created, run the simulation by click-
ing on the Run button in the Toolbar. An interactive SPICE
simulation window will be displayed during the SPICE data
collection process showing the progress of the simulation.
When the SPICE data collection process has completed, a
graph window will be displayed for each of the selected analy-
ses.

Getting Started—Analog Circuit Examples

The best way to get acquainted with CircuitLogix analog
simulation is to build a few simple circuits, set up the analyses,
and run the simulations.

3-2 Analog/Mixed-Mode Simulation
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Simple Circuit Analysis
Let’s begin with a simple DC circuit:

L.

Click on the New button in the Toolbar. An “Untitled”
circuit window will be opened.

Select Analog simulation mode. The transistor icon should
be visible in the Toolbar, not the AND gate icon. If the
AND gate icon is displayed on the button, click on the
button.

Make sure the “Auto Designation” option in the Options
menu is enabled (so there is a check mark by it).

Draw the circuit as shown, using the following devices.
Click on the Parts button and select 1 Battery [Analog/
Power] (b), 1 Ground [Analog/Power] (0 (zero)) and 2
Resistors [Passive Components/Resistors] (r). Note: ev-
ery analog circuit must have a Ground and every node in
the circuit must have a DC path to ground. Use the Wire
Tool to wire the circuit together.

Select “Analog Options...” from the Options menu. Un-
der the section “Analysis data saved in RAW file”, select
the third option, “Node V, Supply I, Device I, Device P”.
This option will allow you to make current and power
measurements with the Probe Tool. Click on the OK
button to exit.

Click on the ON/OFF switch located in the top right corner
of the screen to switch on power to the circuit and start
the simulation. An interactive SPICE simulation window
will be displayed during the SPICE data collection pro-
cess showing the progress of the simulation. When the
SPICE data collection process has completed, the Value
Window will be displayed.

Click on the wire connected to the + terminal of the battery
with the tip of the Probe Tool. The DC voltage at that
node (+10V) will be displayed in the Value Window. Click
on the wire connected between the two resistors. The DC
voltage at that node (+5V) will be displayed in the Value
Window. SPICE data is not collected for the Ground node
in the circuit; it is always at zero volts. Click on the + pin
of the battery or on one of the resistor pins. The current
through that device (SmA) will be displayed in the Value
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Window. Click directly on one of the resistors. The
power dissipated by that resistor (25mW) will be dis-
played in the Value Window.

Click on the ON/OFF toggle switch again to stop the
simulation and return to editing mode.

l[-:n Now, let’s replace one of the resistors with a capacitor to
oN create a simple RC circuit where we can see the charging of the
capacitor. Transient Analysis begins its simulation in a stable
DC condition where the capacitors are already charged. Since
we want to see the capacitor charging from time zero, we must

set the initial condition of the capacitor to OV:

9.
0

1 1.

o
1k 1uF

—L 13

14.
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10.

Delete the second resistor (the one connected to ground)
and the wire leading to it and replace it with a Capacitor
[Passive Components/Capacitors] (c).

Select .IC device [Analog/SPICE Controls] (I) and con-
nect it between the resistor and capacitor. This will set an
initial condition of OV on the capacitor for the analysis.

Run the simulation again. This time the Transient Analy-
sis window (displays data like an oscilloscope) will be
displayed. Click in the Transient Analysis window to
select it, then click with the tip of the Probe Tool between
the resistor and capacitor. You will see a diagonal line
across the scope. This is actually the beginning of the
charge curve for the capacitor. Our view of the curve is
limited by start and stop times of the Transient Analysis
that were selected by default. We now have the option of
changing the Transient Analysis settings to increase the
size of the time segment that we can view with the scope,
or we can reduce the component values so the capacitor
will charge quicker. For this example, we will change the
component values.

Stop the simulation. Double-click on the Resistor to bring
up the Edit Device Data dialog box. Change the Label-
Value from 1k to 100. Click on the OK button to exit.

. Double-click on the Capacitor. Change the Label-Value

from 1uF to .001uF. Click on the OK button to exit.

Run the simulation again. This time you will see the
charge curve of the capacitor.
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The Mewy Button

Now let’s create a simple AC circuit using a Signal Generator
and 2 Resistors:

15.

16.

17.

18.

Click on the New button in the Toolbar. An “Untitled”
circuit window will be opened.

Draw the circuit as shown, using the following devices.
Select 1 Signal Gen [Analog/Instruments] (g), 1| Ground
[Analog/Power] (0 (zero)) and 2 Resistors [Passive Com-
ponents/Resistors] (r). Use the Wire Tool to wire the
circuit together.

Run the simulation. Click in the Transient Analysis win-
dow to select it, then click on the wire connected to the
output of the Signal Generator. The sine wave will be
displayed on the scope. Hold down the SHIFT key and
click on the wire connected between the two resistors. A
second waveform will be displayed on the scope.

Stop the simulation.

More Circuit Simulation

The next example will demonstrate how to use all of the analy-
ses and how to make simple measurements using the cursors
in the graphics windows. Let’s create a simple 10X amplifier
circuitusing a uA741 Op Amp. In this configuration:

voltage gain =RF/RI

Select “New” from the File menu. An “Untitled” circuit
window will be opened.

Make sure that Analog simulation mode is selected.

Disable the “Auto Designation” option in the Options
menu (so there is no check mark by it). This allows us to
specify our own designation for each device (e.g., Vcc,
U1,RF,etc.)

Draw the circuit as shown (don’t worry about the values),
using the following devices. Select 1 Signal Gen [Analog/
Instruments] (g) for Vin on the schematic. Select 2 +V
devices [Analog/Power] (1) for Vcc and Vee. Select 2
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Grounds [Analog/Power] (0 (zero)). Select 3 Resistors
[Passive Components/Resistors] (r) for RI, RF and RL.
Select 1 Op-Amp5 [Linear ICs/fOPAMPs] for Ul. Devices
can be rotated in 90° increments by selecting the device
with the mouse and clicking on the Rotate 90 button in the
Toolbar. Use this method to rotate RL and the -12V
supply. Use the Wire Tool to wire the circuit together.
Use the Arrow Tool to drag the devices, wires and labels
to make the circuit look nice.

Select the Arrow Tool from the Toolbar and double-click
on the Op Amp. Select UA741 from the list of available
subcircuits (it’s near the bottom of the list) and click on
the Select button. Now click on the Netlist button. Setthe
Designation field to “Ul” and visible. Click on the OK
button, then the Exit button.

Double-click on the TOP +V device. Set the Label-Value
field to “+12V” and visible. Set the Designation field to
“Vee” and visible. Set the Device field to NOT visible.
Click on the OK button.

Double-click on the BOTTOM +V device. Set the Label-
Value field to “-12V”* and visible. Setthe Designation field
to “Vee” and visible. Setthe Device field to NOT visible.
Click on the OK button. Click and drag the labels so they
are positioned as shown on the schematic.

Double-click on each resistor to change both its Label-
Value and its Designation and make them visible. Set
them up as follows (refer to the circuit diagram):

Resistor  Label-Value Designation
Input 10k RI
Feedback 100k RF
Load 25k RL

Double-click on the Signal Generator. Setthe Peak Ampli-
tude to 0.1V and the frequency to 10kHz. Click on the
Wave button. Enable the Source check box for AC Analy-
sis. Set Magnitude to -0.1V and Phase to 0. Click on the
OK button. The Signal Generator can now be used as a



reference for the AC analysis. Click on the Netlist button.
Set the Designation field to “Vin” and visible. Note that
the Label-Value field contains “-1/1V” which represents
the minimum and maximum programmed voltage swings,
respectively before you double-clicked on the Signal Gen-
erator. Click on the OK button. Again, click on the OK
button to exit.

Setting up the Analyses

Once the circuit has been created, we will set up the analyses.
When we run the simulation, the results will be based on the
setup conditions provided here.

L.

2.

Select “Analog Analyses...” from the Options menu.

Click on the Always Set Defaults check box so it is cleared.
This gives you access to the Transient and Operating
Point analysis setups. When this box is checked, defaults
are used every time you run a simulation.

Click on the Set Defaults button for default transient
analysis setups. This will provide simulation for 5 cycles
of the input signal with 200 data points. For best reliabil-
ity, Max Step should be the same size as Step Time. More
data points requires longer simulation time.

Select “DC” in the Operating Point section. This sets the
initial display mode of the Value Window to DC. Note:
Transient Analysis must be enabled in order to obtain DC
AVG or AC RMS values. Operating Point must be en-
abled in order to use the Value Window.

Enable the DC Analysis. Set it up as follows:
Source Name Start Stop Step

Primary Vin -5V -7V 001V
Secondary Vee v 14V v

This setup will allow us to sweep the voltage of Vin over
the specified range at each of 5 different Vcc levels.
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6.

Enable the AC Analysis. Set it up as follows:

Start Frequency Stop Frequency Test Points Sweep

7.

&

1Hz 1MegHz 100 Linear
Click on the OK button to save the settings.

Select “Save As...” from the File menu. Save the circuit as
“MYAMP.CKT”.

Running the Simulation

When you run the simulation, an interactive SPICE simulation
window will be displayed showing the progress of the simula-
tion. If Run-Time Test Points have been placed in your circuit,
you will be able to monitor the results as the data is collected.
Otherwise, 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 analyses that are enabled and their setup values, the
complexity of the circuit, and the speed of your computer.

L.

3-8 Analog/Mixed-Mode Simulation

Select the Probe Tool in the Toolbar. Use the left mouse
button, click on the wire connected to the output of the
Op-Amp with the tip of the Probe Tool. A Run-Time Test
Point will be placed on that node and a dialog box dis-
played. Enable the AC, DC and TRAN check boxes and
change the Max. Scale of the DC graphto 15. Click on OK.

Click on the ON/OFF button in the Toolbar to start the
simulation. The interactive SPICE simulation window will
be displayed showing the waveforms as the data is col-
lected. When the SPICE data collection process has
completed, the analysis windows will be displayed.

Select the “Fit Circuit to Window” command (press F4) to
make the entire circuit visible.

Click on the Value window to select it (it’s small black box
in the upper right hand corner of the screen and should
say “DC” in the title bar). Click on any wire in the circuit
(except a wire connected to ground) with the tip of the
Probe Tool. The DC voltage at that node will be displayed
in the Value window. SPICE data is not collected for the
Ground node in the circuit; it is always at zero volts.
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Click on the “pin” of the +12V power supply (click above
the pin dot, very close to the circle, otherwise you may get
the wire instead of the pin). The DC current through that
supply will be displayed in the Value window (if you
clicked too close to the wire, the voltage for this node will
be shown). Current and power can also be measured on
other devices, but only if corresponding Test Points are
enabled (see the Test Points section later in this chapter).
Note: SPICE sees the current flowing into the positive
terminal of a power supply, Multimeter or Signal Genera-
tor as positive current.

Double-click inside the Value window and change the
setting to AC RMS. Click on the OK button. Now when
you click on the wires in the circuit the AC voltage or
current will be displayed.

Click in the Transient Analysis window to select it, then
click on the wire connected to the output of the Signal
Generator with the tip of the Probe Tool. A green wave-
form will be displayed in the Transient Analysis window,
similar to what would be seen on an oscilloscope.

Hold down the SHIFT key and click on wire connected to
the output of the Op Amp. A second (yellow) waveform
will be displayed in the Transient Analysis window. A
quick comparison of the two waveforms will confirm that
the amplitude at the output of the amplifier is much greater
than the amplitude at the input.

Click on the “c” cursor at the far right of the Transient
Analysis wmdow and drag it to the top peak of the output
waveform (the yellow one). Click on the “d” cursor and
drag it to the top peak of the input waveform (the green
one). The actual peak voltages are displayed at top of the
graph as “Yc” and “Yd”. As you can see from the “Yc”
and “Yd” 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”.
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10.

11.
12.
The Reset Button
13.
The Setup Buttan
14.

Click on the “b” cursor at the top of the Transient Analy-
sis graph and drag it to the top peak of the first cycle of
the output waveform. Click on the “a” cursor and drag it
to the top peak of the second cycle of the output wave-
form. The period (period = 1/frequency) of the signal is
shown as the difference between the two X cursors as “a-
b”. The frequency is also displayed directly.

Click and drag a selection rectangle around a portion of
the waveforms in the Transient Analysis window. The
view will zoom in on the portion of the waveform selected.
To restore the original view, click on the Reset button in
the graph window.

Click on the DC Analysis window to select it, then click on
any wire in the circuit. A DC analysis waveform will be
displayed in the window, similar to what would be seen on
a curve tracer. The cursors can be used to get measure-
ments from the waveforms.

Click on the AC Analysis window to select it, then click
on the wire at the output of the Op Amp. An AC analysis
waveform will be displayed in the window. Click on the
Setup button (the left button) in the upper left hand
corner of the AC Analysis window. Select “Log” scale for
the X Grid, select “Decibels” for the Y Axis and enable the
“Show Wave Grid” check box. Click on the OK button.
The waveform will now show the response of the circuit
over the specified frequency. The cursors can be used to
get measurements from the waveforms.

Switch the power to the circuit off by changing the toggle
switch to the OFF position, which will 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.

L.

2.

3-10 Analog/Mixed-Mode Simulation

Select “New” from the File menu.

Make sure that Analog simulation mode is selected.
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BCD Counter Circuit

Draw the circuit as shown using the following devices:

Data Sequencer [Analog/Instruments]
74LS168A Counter [Digital by Number/74xxx]
+V [Analog/Power] (1)
Ground [Analog/Power] (0 (zero))
Logic Switch [Switches/Digital] (s)
Logic Display [Displays/Digital] (9)
Hex Display [Displays/Digital] (h).

Double-click on the +V and enter “DVCC;” in the Bus
Data field to connect this device to the Vce pin of the
7ALS168A.

Double-click on the Data Sequencer. Click on the Pattern
button. Select “Count Up” and click on OK. Enter “20” in
the Stop Address field. Click on the OK button.

Select Analog Analyses from the Options menu. Make
sure the “Always Set Defaults...” checkbox at the bottom
of the dialog box is checked.

Select the Probe Tool from the Toolbar. Using the Left
mouse button, click on the wire connected to the output
of the Data Sequencer with the tip of the Probe Tool. A
Run-Time Test Point will be placed on that node and a
dialog box will be displayed. Enable the TRAN checkbox
and the Combine Plots checkbox. Set the Max. Scale of
the TRAN graph to 20. Click on the OK button.

Hold down the SHIFT key on the keyboard and click on
the wire connected to the TC (terminal count) output of
the 74LS168A. A second Run-Time Test Point will be
placed on that node and a dialog box will be displayed.
Again, enable the TRAN checkbox, and the Combine
Plots checkbox. The Max. Scale should already be set to
20. Setthe Vert. Offset to 6. Click on the OK button.
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Click on the toggle switch to switch on power and start
the simulation. Ignore any “pins not connected” warn-
ing. The interactive SPICE window will be displayed
showing the waveforms as the data is being collected.
When the SPICE data collection process has completed,
the Transient Analysis window will be displayed.

Click on the output of the Data Sequencer to view the
clock signal in the Transient Analysis window. Click on
the Man button in the corner of the Transient Analysis
window to switch to manual scaling mode. Click on the
Up scale button to change the vertical scale to 10V/Div.
Click on the green waveform label along the lefthand edge
of the Transient Analysis window to select the waveform.
Press the Up Arrow key on the keyboard briefly to change
the vertical posistion of the waveform, moving the wave-
form near the top of the graph.

Hold down the SHIFT key and click on the QO output of
the 74LS168A. A yellow waveform will appear near the
center of the graph. Click on the corresponding yellow
label along the lefthand edge of the Transient Analysis
window to select this waveform. Press the Up Arrow key
on the keyboard to change the vertical posistion of the
waveform, moving it near the green waveform.

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

This same circuit can be run in the 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.

Simulation Tools

Several buttons in the Toolbar are used specifically for simula-

tion. These buttons are described below. It should be noted
that the functionality of these tools is somewhat different for
digital logic simulation.

3-12 Analog/Mixed-Mode Simulation
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The Digital/Analog Button: @

Click on the Digital/Analog button to choose the type of
simulation you want to run. When the AND gate icon is
displayed, digital simulation is enabled; when the transistor
icon is displayed, analog simulation is enabled.

The Reset Button:

In Analog mode, clicking on the Reset button will generate the
node numbers for the circuit without running the simulation.
This would be important if you want to save a SPICE listto a
file or view the node numbers on the schematic, but not run the
simulation. Reset Simulation can also be selected from the
Options menu or by pressing Ctrl+Q.

The ON/OFF Button: 2 L]

Click on the ON/OFF button in the upper right corner of the
screen to start the simulation. An interactive SPICE simulation
window will be displayed showing the progress of the simula-
tion (see SPICE For Windows later in this chapter). The
amount of time it takes to complete the simulation is based on
the analyses that are enabled, their sweep ranges, the com-
plexity of the circuit, and the speed of your computer. Finally,
if no errors occurred during the simulation a graph window will
be displayed for each of the selected analyses. Run Simulation
can also be selected from the Options menu or by pressing
F10.

If no changes have been made since the last simulation was
run, clicking on the power toggle switch will not rerun the
simulation, but will immediately load the previous simulation
data.

Once the data collection sequence has ended and the analysis
windows are displayed, pressing the OFF button will stop the
simulation, closing all analysis windows, and returning to
editing mode.
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The Probe Tool:

The Probe Tool can also be selected from the “Cursor Tools”
option in the Options menu or by pressing Alt+P. It works
differently in Analog mode than in Digital mode. Ifthe simula-
tion is not running, clicking on the circuit using the right
mouse button will add or remove user defined Test Points.
Clicking on the circuit using the left mouse button will add or
remove Run-Time Test Points. See the Test Points and Run-
Time Test Points sections below. Ifthe simulation is running,
clicking with the Probe Tool on a wire or device pin will display
a value or waveform only in the active analysis window.
SHIFT-click will allow you to select or deselect multiple items.
CTRL-click will set the Probe Tool’s voltage reference node
(the default voltage reference is ground) only for the active
analysis window. The variable names shown in the selected
analysis window are also shown on the circuit. Only the DC,
DC AVG or AC RMS voltage or current of the last selected
variable will be displayed in the Value window.

The Trace Button:

The Trace button is used for digital simulation only. Refer to
the Simulation Tools section of the Digital Logic Simulation
chapter.

The Waveforms Button:

Click the Waveforms button to open all of the analysis win-
dows for which there is data in the .RAW file for this circuit.
This allows you to view the graphs for this circuit without
rerunning the simulation (this is only available if the circuit has
not been modified since the .RAW file was created). If you
click the button again, all the waveform analysis windows will
close. Closing all the windows also stops the simulation (just
like clicking on the Stop button) and allows you to edit the
circuit. These graph windows can also be opened individually
from the View menu. This command can also be selected in the
Options menu or by pressing F12.
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Vee and Ground

CircuitLogix digital devices do not include Vcec and ground
pins. However, to properly simulate these devices in analog
simulation mode, Vcc and ground connections are required.
This is done by placing entries in the Bus Data field of each
digital device which reference specific power and ground
buses.

A power supply bus can be created by placing a +V device in
the circuit with a bus identifier (such as “DVCC;” or “DVDD;”)
in its Bus Data field. A ground bus is already defined by the
Ground symbol which contains “GND;” in its Bus Data field. If
no bus is placed directly in the circuit, the default values for
DVCC, DVDD and DGND are used. These default values are
specified in the Analog Options dialog box. See Analog
Options later in this chapter.

The Bus Data fields are predefined in CircuitLogix digital
devices with values such as “DVCC=16;DGND=8;” which
also identifies the specific pin numbers on the package that are
connected to the buses.

In the example at the left, both the NAND gate and the inverter
are connected to +5V and ground, along with two bypass
capacitors. The DGND on the devices is connected to the
GND bus through the Analog Options dialog box.

This is the same procedure used to connect the Vcc and
ground pins in a PCB netlist for export. See Bus Data in the
Schematic Capture chapter for more information.

Test Points

Test Points are locations where you can probe the circuit with
the Probe Tool and expect to see data. Test Points determine
how much data is actually stored in the .RAW file, and they
determine which variables can be displayed in the analysis
windows when the simulation is run. As a result, more test
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points require a longer simulation time.
There are two methods of placing Test Points in a circuit:

First (and most common), CircuitLogix will automatically place
test points at specific locations based on a user selected
default. These default Test Points are selected using the radio
buttons in the Analog Options dialog box. See the Analog
Options section later in this chapter for a description of these
radio buttons. The default Test Points are not displayed on
the circuit.

Second, user defined Test Points may be placed in the circuit.
When user defined Test Points are in the circuit, the default
Test Points described above become disabled and data will be
collected only for each user defined Test Point. To place user
defined Test Points in the circuit: 1) make sure the simulation
is stopped; 2) select the Probe Tool from the Toolbar; and 3)
click on the appropriate locations in the circuit using the right
mouse button. To add multiple Test Points, hold to the SHIFT
key while clicking. You can place Test Points on wires to
measure node voltages, on device pins to measure current or
on devices themselves to measure power dissipation. Data
will not be collected for some devices such as those contain-
ing subcircuits. To remove all user defined Test Points from
the circuit, right-click in any blank area of the circuit window
with the Probe Tool.

Run-Time Test Points

Run-Time Test Points are locations in the circuit where the
data will be graphically displayed while it is being collected,
that is, while the SPICE simulation program is running. Like
regular Test Points, they can be used to measure voltage,
current or power dissipation. To place Run-Time Test Points
in the circuit: 1) make sure the simulation is stopped; 2) select
the Probe Tool from the Toolbar; and 3) click on the appropri-
ate locations in the circuit using the left mouse button. The
following dialog box will be displayed:
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Y ou must specify which type of analysis data you wish to see:
AC, AC in decibels, DC or Transient. You can optionally
specify the minimum and maximum y-scale values that will be
used on each graph. You can choose to have multiple wave-
forms displayed on the same graph during simulation. To do
so, you must enable the “Combine plots with same analysis
and scale” check box in each Run-Time Test Point that is to be
combined. When combining Run-Time Test Points on a single
plot, it is sometimes useful to change the DC offset of each
waveform so they do not overlap. To do so, just enter a
different offset value in the Vert. Offset field for each Run-
Time Test Point. You can also choose to pause when the
simulation is complete, before returning to CircuitLogix.

You can edit an existing Run-Time Test Point by double-
clicking on it with the Arrow Tool.

To add multiple Run-Time Test Points, hold down the SHIFT
key while clicking. You can place Run-Time Test Points on
wires to measure node voltages, on device pins to measure
current or on devices themselves to measure power dissipa-
tion. Waveforms will only be displayed if data is actually
collected by either default or user defined Test Points. Wave-
forms will not be displayed for some devices such as those
containing subcircuits. To remove all Run-Time Test Points
from the circuit, left-click in any blank area of the circuit
window with the Probe Tool.

SPICE for Windows

Switch the ON/OFF button to the ON position to start the
simulation. An interactive SPICE simulation window will be
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displayed showing the progress of the simulation. Ifthere are
Run-Time Test Points in the circuit, the corresponding wave-
forms will be displayed as the data is collected, otherwise the
progress of the simulation will be displayed as a simple bar
graph. Following is an example of a SPICE simulation window
where both Transient and AC analyses are enabled, but only
AC Analysis has a corresponding Run-Time Test Point.

P O A A Ty T T e K = A T e i M
B [escaledl Up Omn

|:| Giop when simulsien |z campleic.

u THARE A% anm

When activated, the “Stop when simulation is complete” check
box tells SPICE to pause when the simulation is complete,
before returning to CircuitLogix. This can also be set in the
Run-Time Test Point dialog box. If enabled, SPICE will ask if
you want to exit when it has completed the simulation. If you
click on Yes, CircuitLogix will display the graphics windows
allowing you to analyze the simulation data. If you click on
No, you will remain in SPICE for Windows until you click on
Quit in the menu bar.

If you click on Rescale All in the menu bar, all of the plots will
be rescaled to fit the min. and max. data that has been col-
lected. You can do this even while the simulation is still
running. If you want to change the scale for a single plot
window, click on the window to pause the simulation and the
following dialog box will appear. Enter the desired scale limits
(or click on the Auto button to scale to the data that is already
in the window).

AC plot: A=V(6) Auto
Min.Scale: W
Max. Scale: W Cancel

If there are more graphs to be displayed than can be shown on
your monitor, use the Up and Down menu items to move the
graphs into view.
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The simulation can be stopped at any time. If you click on Quit
in the menu bar, the following dialog box will be displayed,
asking if you want to save the simulation data collected. This
is very useful if you have been waiting for a long simulation
and want to analyze the data which has been collected so far,
but don’t want to wait for the simulation to complete. If you
click on Yes, CircuitLogix will display the graphics windows
allowing you to analyze the simulation data that has been
collected. Note: the simulation cannot always be stopped at
a location where the data will be available for display. If
you click on No, the simulation data will be discarded. If you
click on Cancel, the simulation will continue.

Quit [x]

Save simulation data collected?

Mo | cawel |

A SPICE netlist is automatically generated and written to disk
in a temporary file called “filename NET” where filename is the
name of the circuit file. The Berkeley SPICE3 program will
analyze the netlist file and store the simulation results in a file
called filename.RAW. This is all done while the interactive
SPICE simulation window is being displayed. The amount of
time it takes to complete the simulation is based on the analy-
ses that are enabled, their sweep ranges, the complexity of the
circuit, and the speed of your computer. The .RAW file can
become very large for a complex simulation and is deleted
when changes are made to the circuit. The size of the RAW
file can be greatly reduced by reducing the number of Test
Points in the circuit and by disabling the ASCIIOUTPUT
option in the Analog Options dialog box.

Warning Messages vs Error Messages

Sometimes CircuitLogix will display warning or error messages
during circuit simulation. These messages will also be saved
in atext file called filename.ERR. CircuitLogix will prompt you
to view these messages, displaying them in the Windows
Notepad editor.
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Warning messages are not fatal to the simulation. They
provide information about changes that SPICE had to make to
the circuit in order to complete the simulation. These include
invalid or missing parameters, etc. Normally, valid simulation
results are generated even if warning messages are reported.
Simcode warnings may include information such as timing
violations (tsetup, thold, trec, tw, etc.) or significant drops in
power supply voltage on digital components.

Error messages are fatal to the simulation and provide infor-
mation about problems that SPICE could not resolve. Error
messages indicate that simulation results could not be gener-
ated, and must be corrected before you will be able to analyze
the circuit. Refer to Appendix A, Troubleshooting SPICE
Convergence, if you need help with SPICE simulation errors.

The Graphics Windows

When a simulation is run, a separate window is displayed for
each type of analysis that is enabled. The types of analyses
available are Transient (oscilloscope), DC (curve tracer), AC
(Bode plotter), and Operating Point (digital meter). See Ana-
log Analyses later in this chapter. An example of the graph
window in which analysis data is displayed is shown below.

19 3a ¥b: 101.7m wehc 4B TIu Ereq: IN_S3
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Displaying Waveforms

To plot a variable in the graph window, click on a wire or
supply pin with the tip of the Probe Tool. Clicking on another
wire will replace the variable with a different one. Holding
down the SHIFT key while clicking allows you to plot multiple
variables simultaneously. Holding down the CTRL key while
clicking allows you to move the voltage reference for the
active graph window. To plot a subcircuit’s internal variables,
click on the subcircuit device with the tip of the Probe Tool
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and select the variable from the list. Branch currents through
and power dissipation of other devices can be displayed if the
appropriate Test Points have been enabled. Branch currents
can also be plotted for any branch in the circuit by inserting a
Multimeter or OV voltage source in the branch, then clicking
on its pin. You can change the color of any waveform by
double-clicking on its variable name in the variable list.

Scaling Waveforms

The graphic analysis windows can be used in either auto scale
or manual scale mode. When the Man button is depressed,
the window is set to manual scale mode. When the Auto
button is depressed, the window is in auto scale mode.

The manual scale controls allow you to specify the units per
division for both the X and Y scales. The units per division are
displayed only for the selected waveform. A waveform is
selected by clicking on its label—A, for example or V(8) if
“Display Variable Names” is enabled in the Options menu—in
the list on the left-hand side of the graph window. The up and
down arrow buttons are used to change the Y scale for the
selected waveform only. The left and right arrow buttons are
used to change the X scale for all waveforms. Note: only linear
scales can be adjusted, manual scaling has no affect on log
scales.

In auto scale mode, all of the waveforms are displayed at the
same scale. The graph is automatically scaled so that the
waveforms fill almost the entire graph. If you click and draga
selection rectangle around a portion of the graph, that portion
of the graph is zoomed to fill the graph window. Since the
graph window itself can also be sized, it is easy to make any
portion of a waveform fill almost the entire screen.

Offsetting Waveforms

Select a waveform by clicking on its name in the variable list on
the left-hand side of the graph window. The waveform can
then be repositioned on the graph, altering its x and y offsets.
Click and drag the waveform itself with the mouse or press the
arrow keys on the keyboard to change both the X and Y
offsets. If the Off button is depressed, the offset values for the
selected waveform are shown near the top of the graph win-
dow. If a cursor is selected, pressing an arrow key will move
the cursor, not the waveform.
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Tip: Waveforms and
cursors can be nudged
around on the graph
by selecting one and
pressing the arrow
keys on the keyboard.

The Measurement Cursors

The measurement cursors are the heart of the waveform analy-
sis windows. There are four cursors, two on the x axis and two
on the y axis. Each cursor may be turned ON or OFF by
double-clicking on the tab at the end of the cursor. A cursor
may be repositioned either by dragging the tab or by selecting
it and pressing the arrow keys on the keyboard. Ifno cursor is
selected, pressing the arrow keys will move the selected wave-
form. The value at each cursor’s position is displayed at the
top of the graph window as well as the difference in value for
each pair of cursors.

In manual scale mode, the cursor values correspond to the
selected waveform only. In auto scale mode, the cursor values
correspond to all waveforms, assuming there are no offsets.

The Setup Button:
The Setup button brings up the following dialog box which is

used to control the x (horizontal) and y (vertical) axes of the
graph and allows you to store and recall waveforms.
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By default, the x axis represents time for the Transient Analy-
sis and frequency for the AC Analysis. For DC it represents
the sweep of the primary source. These defaults, however,
can be changed to any variable name available in the pop-up
menu. The Decibels and Phase options apply to AC Analysis
only.

Any waveform which is currently being displayed on the
graph can be stored for future reference. Select the waveform
in the Store list box, then click on the Store button. A dialog
box will appear, allowing you to specify the name of the file in
which the waveform will be stored. Each waveform is stored in
a separate file.
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All waveforms displayed on a graph must have exactly the
same datapoints on the X axis. Since SPICE does not always
generate data at the same datapoints with each run, the data
points must be linearized when they are stored. This guaran-
tees that they can be recalled and placed on the same graph
with any other waveform of the same analysis type. The
number of datapoints to which the waveform will be linearized
when it is stored is determined by the value entered in the
Linear Data Points field. By default, this number is determined
by the smallest step in datapoints before the waveform is
linearized. The Show Data Points check box allows you to
view the points at which there is data stored for the waveform.

Note: Anytime you linearize or alter the number of datapoints
of a waveform, you may alter the shape of the waveform. Some
data may be lost if you store or recall a waveform with too few
datapoints. On the other hand, storing too many data points
may cause the graph to be drawn slowly or to use up excessive
memory.

To recall a stored waveform and place it on the graph, click on
the Recall Stored Waveform button and select the appropriate
waveform file from the file selection dialog box. The following
dialog box is then displayed.

Select Waveform Name

Data points in file: 256

Waveform Name: [

™ Persistent Waveform

Cancel

The number of linearized datapoints in the file is indicated in
the dialog box. Ifthe waveform is loaded, all SPICE data for the
specified analysis type will be linearized to match the number
of datapoints shown here.
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The waveform may be renamed to avoid naming conflicts with
other waveforms. If the Persistent Waveform check box is
checked, the waveform will remain displayed on the graph no
matter where else you click on the circuit. This type of wave-
form will have an asterisk (*) placed in front of the name.

If the Persistent Waveform check box is not checked, the
waveform will only be displayed when you click on the corre-
sponding point in the circuit (it will be displayed together with
the waveform for the loaded circuit). Waveform names are
considered to indicate the same point in the circuit if their
names are the same up to the “)” or “]” character in the name.
Multiple waveforms for the same point in the circuit may be
plotted by adding different characters after the ) or “]”. For
example, if one recalled waveform is named v(4)1 and another
is named v(4)2, both waveforms will be displayed simulta-
neously along with the current v(4) waveform when you click
on node 4 in the circuit.

To remove a persistent stored waveform from the graph, select
it in the Remove list box, then click on the Remove button.
Alternately, to remove any waveform from a graph, select it
(click on its label on the left side of the graph window) and
press the DELETE key on the keyboard.

The Reset Button:

Clicking on the Reset button in the graphics window returns
all of the waveform offsets to zero and restores the graph to its
unzoomed state. It does not change the axes.

Analog Analyses

Several types of analog analyses are available in CircuitLogix.
Selecting “Analog Analyses...” from the Options menu brings
up the following dialog box.
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Analog Analyses (<]

- DC Analysis [Curve Tracer]
I éEnabIedE Source Name Start Value Stop Value Step Value

Primary  [Vin [-700.0m  [1.500 [-20.00m
Secondary I I I I
AC Analysis [Bode Plotter]
nalysis (Bode Plotter] Sweep
v Enabled Total AC testpoints: 100 o [Lrrsar
Start Frequency Stop Frequency Test Points " Decade
| 1.000 Hz | 1.000MegHz ~ [100  Octave
- Transient Analysis [Oscill

v Enabled Start Time Stop Time Step Time  Max.
I uic [o.0005 | [500.0us | [2.500u8  [2.500us

Operating Point [Digital Meter]
’]7 Enabled ¢ DC & DCAVG ¢ AC RMS Set Defaults

™ Always Set Defaults for Transient and Operating Point analyses

Cancel

Operating Point Analysis

Operating Point Analysis generates data similar to the read-
ings of a DC multimeter. It determines the DC bias of the entire
circuit with inductors shorted and capacitors opened and
determines linearized, small-signal models for all of the nonlin-
ear devices in the circuit. It does not take into account the
existence of any AC source. Operating Point Analysis is
generally performed automatically before each of the other
analyses, even if it has been disabled in the Analog Analyses
dialog box. It must be enabled, however, if you want to use the
Probe Tool as a multimeter to view the DC, DC AVG or AC
RMS values of the circuit or to view OHMS or DC values with
the multimeters. (Viewing the DC AVG or AC RMS values also
requires that Transient Analysis be enabled.) See The Probe
Tool earlier in this chapter.

DC Analysis

DC Analysis generates output like that of a curve tracer. It
performs an Operating Point Analysis at each of a series of
steps defining a DC transfer curve. Source Name is the name
of an independent power source (either a fixed voltage or
current supply or a Signal Generator) that is to be stepped in
the circuit. The start, stop and step values define the sweep
range and resolution. The primary source is required while the
secondary source is optional. If a secondary source is speci-
fied, the primary source is stepped over its entire range for
each value of the secondary source.

Analog/Mixed-Mode Simulation 3-25



If DC Analysis is enabled, a Graphics Window will be dis-
played when the simulation is run, allowing you to view and
measure the DC transfer curves for the circuit. In the example
shown above, Vin will be swept from 0V to 3V in 100mV
increments with Vcc at 3V, 4V and 5V. See The Graphics
Windows earlier in this chapter.

AC Analysis

AC Analysis generates output like that of a Bode plotter. It
computes the small-signal AC output variables as a function
of frequency. It performs an Operating Point Analysis to
determine the DC bias of the circuit, replaces the signal source
with a fixed amplitude sine wave generator and analyzes the
circuit over the user-specified frequency range. The desired
output of an AC small-signal analysis is usually a transfer
function (voltage gain, transimpedance, etc). In order to do an
AC Analysis, at least one Signal Generator must be connected
to the circuit and enabled as an AC Analysis source (double-
click on the Signal Generator, then click on the Wave button to
set up the AC Analysis Source options). When linear sweep
is selected, Test Points is the total number of test points in the
sweep. When decade is selected, Test Points is the number of
test points per decade. When octave is selected, Test Points
is the number of test points per octave.

If AC Analysis is enabled, a Graphics Window will be dis-
played when the simulation is run, allowing you to view and
measure the frequency response of the circuit. In the example
shown above, the selected AC sources will be swept from
10kHz to 10MHz in a linear sweep with a total of 100 test
points. See The Graphics Windows earlier in this chapter.

Transient Analysis

Transient Analysis generates output like that of an oscillo-
scope. It computes the transient output variables (voltage or
current) as a function of time over the user-specified time
interval. It first performs an Operating Point Analysis to
determine the DC bias of the circuit. Transient Analysis
always begins at time zero. In the time interval between zero
and Start Time, the circuit is analyzed but not displayed. Inthe
time interval between Start Time and Stop Time, the circuit is
both analyzed and displayed. Step Time is the suggested
computing increment, but the timestep will be varied automati-
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cally by SPICE in order to properly converge. Max. Step limits
the varying size of the timestep that SPICE is allowed to use
when calculating the transient data; for default, the program
chooses either Step Time or (Stop Time - Start Time)/50, which-
ever is smaller. Typically, you will want to set Step Time and
Max Step to be the same. When the UIC (Use Initial Condi-
tions) option is enabled, the Transient Analysis begins from
an initial condition, bypassing the Operating Point Analysis.
This would be useful for viewing the charging of capacitors,
etc.

If Transient Analysis is enabled, a Graphics Window will be
displayed when the simulation is run, allowing you to view
and measure voltage, current and power dissipation wave-
forms of the circuit, providing the appropriate Test Points
have been enabled. In the example shown above, the transient
analysis will be calculated from the Operating Point Analysis
point (DC stable) to 2us. See The Graphics Windows earlier in
this chapter.

Set Defaults

The Set Defaults button is used to set up the default param-
eters of the Operating Point and Transient analyses. For
simple DC circuits—those which contain no Signal Generators
or reactive devices, for example—only Operating Point Analy-
sis will be enabled. For more complex circuits, Transient
Analysis will also be enabled and the default start, stop and
step settings will be used. Start Time is set to zero and Stop
Time, Step Time and Max Step are set to display 5 cycles of the
lowest frequency Signal Generator in the circuit with a resolu-
tion of 200 data points. These default values are user defin-
able in the Preferences dialog box. If the Always Set Defaults
check box is checked, CircuitLogix will act as though this
button was pressed automatically before each simulation.

Always Set Defaults

This check box is intended to simplify the task of setting up
the Transient and Operating Point analyses. It is primarily for
the beginning user who does not completely understand or
does not want to be concerned with all of the settings in the
Analog Analyses dialog box. When this box is checked, the
Set Defaults button will be pressed automatically every time
the simulation is run.

Analog/Mixed-Mode Simulation 3-27



Multimeter

CircuitLogix includes a multimeter for measuring resistance or
DC, DC AVG or ACRMS voltage or current. You may place as
many multimeters into your circuit as you like. When a simula-
tion is run, the measured value will be displayed on the meter.
When measuring voltage, connect the meter in parallel with
the circuit; when measuring current, connect it in series. When
measuring resistance, remove any power sources from the
circuit and beware of dangling devices that may cause SPICE
errors. Also, since the multimeter forces a current through the
circuit to measure ohms, make sure you have only one multim-
eter set to ohms in the circuit at a time. Note: SPICE sees the
current flowing into the positive terminal of a power supply,
Multimeter or Signal Generator as positive current.

When you place a Multimeter [Analog/Instruments] in your
circuit, the following dialog box appears showing the settings
for the multimeter. Note: To measure DC AVG or AC RMS
values, Transient Analysis must be enabled and must simulate
enough cycles of transient data to make the measurements
meaningful. Likewise, Operating Point Analysis must be en-
abled in order to obtain resistance and DC values.

~ DC
 Voltagel © DC AVG
 Current  AC AMS

Resistance: |100.0Meg

The resistance of a voltmeter is high and the resistance of an
ammeter is low, so it will have little effect on the circuit it is
measuring. When measuring voltage on a high resistance
circuit it may be desirable to increase the resistance of the
voltmeter. When measuring current through a low resistance
circuit it may be desirable to decrease the resistance of the
ammeter. When measuring pn junction resistance, it may be
desirable to increase the forcing current of the ohmmeter.
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Multifunction Signal Generator

CircuitLogix includes multifunction signal generators, and you
can place as many signal generators in your circuit as you
would like. Waveform functions include Sinusoidal, Single-
Frequency FM, Exponential, Pulse (including Triangle and
Sawtooth), and Piece-Wise Linear. The settings for each of
these functions are edited through separate dialog boxes.
These dialog boxes are described below.

After placing a Signal Gen [Analog/Instruments] (g) in your
circuit, double-click on it with the Arrow Tool. A dialog box
will appear showing the settings for the currently selected
waveform function (the default is Sine Wave). All of the
waveform dialog boxes have the following items in common:

Volts/Amps: Allows you to select whether this is a voltage or
current source.

Netlist...: Brings up the Edit Device Data dialog box described
in the Schematic Capture chapter.

Wave...: Brings up the following dialog box, allowing you to
change waveform functions for this generator.

Edit Signal Generatar

Bine Wave._. I FM Signal.

|
E:q:m:rlli:l...l Pim:z-‘l'ﬂznz...l
PulseiTrangle{Sawinath_. |

~AC Analysis
[l ] Value

[ox]  comn]

This dialog box allows you to change waveform functions by
clicking on one of the function buttons and also allows you to
specify this generator’s effect when running AC Analysis.
AC Analysis temporarily replaces each AC source with a
sinusoidal wave of a fixed magnitude and phase. The Source
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check box allows you to specify whether this generator will be
used as an AC source in the AC Analysis. The Magnitude
and Phase edit fields allow you to specify the fixed values that

will be used.
Sine Wave...
The following dialog box is used to set the parameters of the
sinusoidal waveform.
1Y
1.0 kHz

DC Offset: n.000¥
Peak Amplitude : I 1.000 ¥
Frequency : I 1.000kHz

Start Delay : I 0.000 5
Damping Factor : I 0.000

Output - :
’75' Volts © Amps O

Netlist...l Wave...l Cancel |

The waveform, beginning at Start Delay, is described by the
following formula where t = instance of time:

V(t,tot,) =VO

V(tg, tot, ) = VO +VA sin(2nF (t-SD)) e (-SPITHETA
DC Offset (VO): Used to adjust the DC bias of the signal
generator with respect to the negative terminal (usually
ground), measured in volts or amps.

Peak Amplitude (VA): Maximum amplitude of the output
swing, excluding the DC Offset, measured in volts or amps.

Frequency (F): Frequency of the output in hertz.

Start Delay (SD): Provides a phase shift of the output by
delaying the start of the sine wave.
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1%
1.0 kHz

Damping Factor (THETA): A positive value results in an
exponentially decreasing amplitude; a negative value results
in an exponentially increasing amplitude.

FM Signal...
The following dialog box is used to set the parameters of the
single-frequency FM waveform.

Edit FM Signal Data

DC Offset : [0.000v
Peak Amplitude : IW
Carrier Frequency : W
Modulation Index : IW
Signal Frequency : W

Output
’75' Volts ¢ Amps X I

Netlist...l Wave...l Cancel |

The waveform is described by the following formula where
t=instance of time:
V(t)=VO +VA sin(2nF t+MDI sin(27tF t))

DC Offset (VO): Used to adjust the DC bias of the signal
generator with respect to the negative terminal (usually
ground), measured in volts or amps.

Peak Amplitude (VA): Maximum amplitude of the output
swing, excluding the DC Offset, measured in volts or amps.

Carrier Frequency (F): Frequency of unmodulated output in
Hz.

Modulation Index (MDI): Value corresponding to a function
of amplitude of the modulating signal indicating the level of
modulation. MDI = (frequency deviation) / Fg

Signal Frequency (F,): Frequency of modulating signal in Hz.
Exponential...

The following dialog box is used to set the parameters of the
exponential waveform.
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Edit Exponential Data
Initial Amplitude :
Pulse Amplitude : 5.000 ¥
Rise Time Delay : 1.000u3

Rise Time Constant: | 700.0n

OGEGERL

Fall Time Delay : 2.000uS

Fall Time Constant: | 300.0n
Output

’75' Volts © Amps OK

Netlist...l Wave...l Cancel |

The waveform is described by the following formulas where

Ay t = instance of time:

10. kHz V(t,tot,))  =VI
V(tptot,)  =VI+(VP-VI)(1-elRP/RT)
V(ty, toty,,) =VI+ (VP -VI) (-e'-RD/RT) +

(VI-VP)(1- e-(t-tFD)/tFT)
Initial Amplitude (VI): Initial amplitude of the output with
respect to the negative terminal (usually ground), measured in

volts or amps.

Pulse Amplitude (VP): Maximum amplitude of the output
swing, measured in volts or amps.

Rise Time Delay (RD): The point in time, from t0, when the
output begins to rise. This provides a phase shift of the
output by delaying the start of the exponential waveform.

Rise Time Constant (RT): RC charging time constant.

Fall Time Delay (FD): The point in time, from t0, when the
output begins to fall.

Fall Time Constant (FT): RC discharging time constant.
Pulse\Triangle\Sawtooth...

The following dialog box is used to set the parameters of the
pulse waveform.
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Edit Pulse Data E

Initial Amplitude : Delay To Start: [0.000 S |
Pulse Amplitude : IW (Output—‘
Period (=1ffreq) : | 1.000uS | 9 il r Amps
Pulse Width: [ 300.0nS Ne“ist___l ok |

Rise Time : [ 100.0n8

Fall Time : [100.0n5 " Wave---l Cancel |

The waveform is described as follows where t = instance of
time. Intermediate points are set by linear interpolation:

V(t,) =VI
V(t,) =
V(tSD-H:TR) =
V(tSD+tTR+tPW) =
V(tSD+tTR+tPW+tTF) = VI
V(tSTOP) = VI

Initial Amplitude (VI): Initial amplitude of the output with
respect to the negative terminal, measured in volts or amps.

Pulse Amplitude (VP): Maximum amplitude of the output
swing, measured in volts or amps.

Period (=1/freq): Duration of one complete cycle of the output.

Pulse Width (PW): Duration that output remains at VP before
beginning to ramp toward VI.

Rise Time (TR): Duration of the ramp from VIto VP.
Fall Time (TF): Duration of the ramp from VP to V1.

Delay to Start (SD): Duration that the output remains at VI
before beginning to ramp toward VP the first time.

Piece-Wise...

The following dialog box is used to set the parameters of the
piece-wise linear waveform.
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Edit Piece-Wise Data
Point# - Time [x] - Amplitude Pointd - Time [x] - Amplitude
1: [[MIE o000y 5: [400005  [500.0mv

2: [10000s  [0.000V 6: |5.00005 [500.0mv

3: [zo000us  [1.000v 7: [6.000us  [0.000V

4: [3.00008  [2000v 8: [7.00008  [0.000V
’—PWL Data File Name
|

Offset —— Max. Time — Max. Amp

Output
voits © Amps Netlist.| Wave..| [ 0k | Cancel |

Piece-wise linear data must come from one of two sources: 1)
The waveform may be described by a set of up to 8 points
entered directly into this dialog box by the user. The time
specified for each successive point must be more positive
than its predecessor. Ifitis not, the cycle will end, excluding
that and all successive points. 2) Optionally, the waveform
may be defined in an ASCII text file containing an indefinite
number of points. Values must be entered in pairs and each
pair must include a time position followed by an amplitude.
The first character of each data line must be a plus sign (+) and
each line may contain up to a maximum of 255 characters.
Values must be separated by one or more spaces or tabs.
Values may be entered in either scientific or engineering nota-
tion. Comments may be added to the file by making the first
character of the line an asterisk (*). For example:

* Random Noise Data

+ 0.00000e-3 0.6667 0.00781le-3 0.6372 0.01563e-3 -0.1177
+ 0.02344e-3 -0.6058 0.03125e-3 0.2386 0.03906e-3 -1.1258
+ 0.04688e-3 1.6164 0.05469e-3 -0.3136 0.06250e-3 -1.0934
+0.07031e-3 -0.1087 0.07813e-3 -0.1990 0.08594e-3 -1.1168
+ 0.09375e-3 1.4890 0.10156e-3 -0.2169 0.10938e-3 -1.4915
+0.11719e-3 1.4914 0.12500e-3 0.1486

Intermediate points are determined by linear interpolation. If
Max Amplitude is specified in the dialog box, the data in the
file will be scaled vertically so that the peak-to-peak amplitude
of the waveform is equal to the specified Max Amp and cen-
tered around zero. If an Offset is specified, the waveform will
be offset vertically by the specified amount. If a Max Time is
specified, the waveform will be scaled horizontally to fit the
specified Max Time. Example circuit: PWL.CKT.

Note: The .PWL file must be located in the same directory as
the circuit you are simulating.
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The Data Sequencer

This device can be used in both digital and analog simulation
modes. Also known as a Data or Word Generator, it allows the
user to specify up to 32767 8-bit words which can be output in
a defined sequence. Since there is no limit to the number of
Data Sequencers that can be place in a circuit, several could be
placed in parallel to create a data stream of any width. Double-
click on the Data Sequencer with the Arrow Tool to display the
following dialog box. For a complete description of the data
sequencer, refer to The Data Sequencer in the Digital Logic
Simulation chapter.

Edit Data Sequencer

Address - Data

Data Display
0001 - 11110000 = " Hex  Binary

005 - 11010010 | StanAdess: 1
005 - 10110100 | Stop Address: %2
gggg : :g:]l]]g: 1m|] Present Address : l1—
gggg : 1I]]I]1[I1[I1n|1]1|]1|] Tick Increment : l"_il
D011 DinioND | Lowlevels [0.000V
D013 001100 HighLevel: [5000V
0014 - 00101101 7| Step Time - IW
" Use External Clock ClockVTH: | 1.300¥

Pattern...l Netlist...l 0K | Cancel |

Initial Conditions

NODESET Statement

General Form:
_NODESET V (NODNUM) =VAL V (NODNUM) =VAL

Netlist Example:
.NODESET V(7)=3.33 V(11)=1.5

The Nodeset line helps the program find the dc or initial
transient solution by making a preliminary pass with the speci-
fied nodes held to the given voltages. The restriction is then
released and the iteration continues to the true solution. The
NODESET line may be necessary for convergence on bistable
or astable circuits. In general, this line should not be neces-
sary. See also: NODESET.
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IC Statement

General Form:
.IC V(NODNUM)=VAL V(NODNUM)=VAL

Netlist Example:

';NF_:' LIC V(3)=2.5 V(4)=-1 V(9)=1

The IC line is for setting transient initial conditions. It has two
different interpretations, depending on whether or not the UIC
parameter is enabled in the Transient Analysis. Also, one
should not confuse this line with the .NODESET line. The
.NODESET line is only to help dc convergence, and does not
affect final bias solution (except for multi-stable circuits). The
two interpretations of this line are as follows:

1. When the UIC parameter is enabled in the Transient Analy-
sis, the node voltages specified on the .IC control line are used
to compute the capacitor, diode, BJT, JFET, and MOSFET
initial conditions. This is equivalent to specifying the IC=...
parameter on each device line, but is much more convenient.
The IC=... parameter can still be specified and takes prece-
dence over the .IC values. Since no dc bias (initial transient)
solution is computed before the transient analysis, one should
take care to specify all dc source voltages on the .IC control
line if they are to be used to compute device initial conditions.

2. When the UIC parameter is not enabled in the Transient
Analysis, the dc bias (initial transient) solution is computed

':E before the transient analysis. In this case, the node voltages
specified on the .IC control line are forced to the desired
values. During transient analysis, the constraint on these
node voltages is removed. This is the preferred method since
it allows SPICE to compute a consistent dc solution.

See also: .IC. Example circuit: 555.CKT.

SPICE’s Elementary Devices

Each device used in a circuit requires certain information for
the SPICE simulation to run. This section describes each type
of device and information that each requires. CircuitLogix
provides this information to the SPICE netlist if the circuit is
properly drawn and labeled by the user.
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This information is provided here to help the user better
understand how each of the components affects the simula-
tion of the circuit. Parameters that are enclosed in “<>”
symbols are optional. Refer to the SPICE Models section of
the Macro Devices chapter for more information about the
models mentioned here.

Resistors

General Form:
RXXXXXXX N1 N2 VALUE

Netlist Example:
R1 1 2 10K

Spice Data Example:
%D %1 %2 %V

N1 and N2 are the two element nodes. Value is the resistance
(in ohms) and may be positive or negative, but not zero. See
also: Resistor, Var Resistor. Example circuit: ANALOG.CKT.

Semiconductor Resistors

General Form:
RXXXXXXX N1 N2 <VALUE> <MNAME> <L=LENGTH> <W=WIDTH> <TEMP=T>

Netlist Examples:
R1 1 2 10K
R3 5 6 RMODEL L=12u W=lu

Spice Data Example:
%D %1 %2 %M TEMP=100

This is the more general form of the resistor. It allows model-
ing of temperature effects, and calculation of the actual resis-
tance value from strictly geometric information and the speci-
fications of the process. If VALUE is specified, it overrides the
geometric information and defines the resistance. fMNAME
is specified, then the resistance may be calculated from the
process information in the model MNAME and the given
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LENGTH and WIDTH. If VALUE is not specified, then MNAME
and LENGTH must be specified. If Width is not specified,
then it is taken from the default width given in the model. The
(optional) TEMP value is the temperature at which this device
is to operate, and overrides the temperature specification in
the Analog Options dialog box.

Capacitors

General Form:
CXXXXXXX N+ N- VALUE <IC=INCOND>

Netlist Example:
C2 13 0 0.1UF
Cc5 7 0 10UF IC=3V

Spice Data Example:
$D %1 %2 %V IC=12V

N+ and N- are the positive and negative element nodes, re-
spectively. VALUE is the capacitance in Farads. The initial
condition is the initial (time-zero) value of the capacitor volt-
age. Initial conditions only apply if the UIC option is enabled
for the Transient Analysis.

SPICE uses perfect capacitors, that is, capacitors with no DC
leakage. Since all nodes in a circuit must have a DC path to
ground, you cannot simulate a circuit with capacitors in series
as this would completely isolate the nodes that are between
the capacitors. One solution to this problem is to connect a
large-value resistor, say 1-gigaohm, in parallel with each ca-
pacitor to account for the leakage resistance of that capacitor.

See also: Capacitor, Polar Cap, Var Capacitor. Example circuit:
555.CKT.

Semiconductor Capacitors

General Form:
CXXXXXXX N+ N- <VALUE> <MNAME> <L=LENGTH> <W=WIDTH> <IC=INCOND>

Netlist Example:
C2 13 0 0.1UF
C5 7 0 10UF CMODEL L=12u W=lu

Spice Data Example:
$D %1 %2 M L=10U
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This is the more general form of the Capacitor and allows for
the calculation of the actual capacitance value from strictly
geometric information and the specifications of the process. If
VALUE is specified, it defines the capacitance. fMNAME is
specified, then the capacitance is calculated from the process
information in the mode]l MNAME and the given LENGTH and
WIDTH. If VALUE is not specified, then MNAME and
LENGTH must be specified. If WIDTH is not specified, then it
is taken from the default width given in the model. You may
specify either VALUE or MNAME, LENGTH, and WIDTH,
but not both.

Inductors

General Form:
LYYYYYYY N+ N- VALUE <IC=INCOND>

Netlist Example:
L3 12 9 1UH
L4 5 0 100UH IC=12.3MA

Spice Data Example:
%D %1 %2 %V IC=5MA

N+ and N- are the positive and negative element nodes, re-
spectively. VALUE is the inductance in Henries. The initial
condition is the initial (time-zero) value of the inductor current.
Initial conditions only apply if the UIC option is enabled for
the Transient Analysis.

Since inductors induce voltage across their coils based on the
amount of magnetic flux, they must be considered as voltage
sources in SPICE. In SPICE, voltage sources (and therefore
inductors) cannot be connected directly in parallel. One solu-
tion to this problem is to connect a small-value resistor, say
0.001 ohms, in series with each inductor to account for the
winding resistance of that inductor.

See also: Inductor, Var Inductor, Coil 3T, Coil 5T. Example
circuit: RESONANT.CKT.

Coupled (Mutual) Inductors

General Form:
KXXXXXXX LYYYYYYY LZZZZ%Z%Z VALUE
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Netlist Examples:
K12 L4 L3 0.999
KXFRMR L1 L2 0.87

Spice Data Example: (center-tap inductor)
%DA %1 %2 50UH (inductor A)
%DB %2 %3 50UH (inductor B)
K$D %DA %DB .85 (inductive coupling)

LYYYYYYY and LZZ7Z7777 are the names of two coupled
inductors, and VALUE is the coefficient of coupling, K, which
must be greater than 0 and less than or equal to 1. Using the
“dot” convention, place a “dot” on the first node of each
inductor, indicating that the voltages at these node are in
phase (the voltages go up and down together).

If more than two inductors are being coupled, SPICE data must
be provided for each coupling. For example, a transformer with
one primary coil (L1) and two secondary coils (L2 and L3)
might be expressed as follows:

L1 5 0 10MH
L2 6 7 1MH
L3 8 9 1MH
K12 L1 L2 0.93
K13 L1 L3 0.93
K23 L2 L3 0.97

The turns ratio for a given pair of windings can be determined
by the following formula where LS and LP are the inductance

of the primary and secondary windings, respectively:
Turns Ratio = sqgrt(LS/LP)

See also: Transformers. Example circuit: VTPWRAMP.CKT.

Voltage/Current Controlled Switches

General Form:
SXXXXXXX N+ N- NC+ NC- MODEL <ON><OFF>
WXXXXXXX N+ N- VNAM MODEL <ON><OFF>

Netlist Examples:
S1 1 2 3 4 svsi (V->Switch)
S2 5 6 3 0 SVS2 ON (V->Switch)
Wl 1 2 VSl WISl (I->Switch)
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Note: A transformer that is
simulated in this manner will
not reflect the impedance
of the secondary winding
back into the primary.

Spice Data Example:
%D %1 %2 %3 %4 %M ON

Nodes 1 and 2 are the nodes between which the switch termi-
nals are connected. ON/OFF indicates the initial condition of
the switch. For the voltage controlled switch nodes, 3 and 4
are the positive and negative controlling nodes, respectively.
For the current controlled switch, the controlling current is
that through the specified voltage source. The direction of
positive controlling current flow is from the positive node,
through the source, to the negative node. See also: [->Switch,
V->Switch. Example circuit: SWITCHES.CKT.

Independent Sources
General Form:

VXXXXXXX N+ N- <<DC> VALUE> <AC <MAG <PHASE>>>
IYYYYYYY N+ N- <<DC> VALUE> <AC <MAG <PHASE>>>

Netlist Examples:
VCC 10 0 DC 6 (V Source)
ISRC 1 2 AC .3 45 SIN(0O 1 1MEG) (Signal Gen)
VMEAS 12 9 (Ammeter)
Spice Data Example:

%D %1 %2 DC 0 SIN(0O 1 1k 0 0) AC 1 O (Signal
Gen)

N+ and N- are the positive and negative nodes, respectively.
Voltage sources need not be grounded. Positive current is
assumed to flow into the positive node, through the source,
and out of the negative node. A current source of positive
value forces current to flow into the N+ node, through the
source, and out of the N-node. Voltage sources, in addition to
being used for circuit excitation, are the ‘ammeters’ for SPICE;
that is, zero valued voltage sources may be inserted into the
circuit for the purpose of measuring current. They, of course,
have no effect on circuit operation since they represent short-
circuits.

VALUE is the DC (operating point) value or offset of the
source. If the source value is zero it may be omitted. If the
source is time-invariant (e.g., a power supply), then the value
can be preceded by the letters DC.
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The letters AC indicated a small-signal AC source. MAG (AC
magnitude) and PHASE (AC phase) are used for AC analysis
only. IfMAG is omitted following the keyword AC, a value of
1 is assumed. If PHASE is omitted, a value of 0 is assumed.

Any independent source can be assigned a time-dependent
value for transient analysis. If a source is assigned a time-
dependent value, the time-zero value is used for DC (operating
point) analysis. There are five independent source functions:
pulse, exponential, sinusoidal, piece-wise linear, and single-
frequency FM. These are discussed in the Multifunction
Signal Generator section of this chapter.

Note: For SPICE simulation, voltage sources cannot be placed
directly in parallel, and current sources cannot be placed
directly in series.

Seealso: +V, V Source, I Source, Battery, Signal Gen. Example
circuit: CEAMP.CKT.

Linear Voltage-Controlled Current Sources

General Form:
GXXXXXXX N+ N- NC+ NC- VALUE

Netlist Example:
G1 2 0 5 0 0.1MMHO

Spice Data Example:
8D %1 %2 %3 %4 %V

N+ and N- are the positive and negative nodes, respectively.
Current flow is from the positive node, through the source, to
the negative node. NC+ and NC- are the positive and negative
controlling nodes, respectively. VALUE is the
transconductance (in mhos). See also: V->I Source. Example
circuit: 741.CKT.

Note: For SPICE simulation, current sources cannot be placed
directly in series.

Linear Voltage-Controlled Voltage Sources
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General Form:
EXXXXXXX N+ N- NC+ NC- VALUE

Netlist Example:
El 2 3 14 1 2.0

Spice Data Example:
%D %1 %2 %3 %4 %V

N+ is the positive node and N- is the negative node. Current
flow is from the positive node, through the source, to the
negative node. VALUE is voltage gain. See also: V->V Source.

Note: For SPICE simulation, voltage sources cannot be placed
directly in parallel.

Linear Current-Controlled Current Sources

General Form:
FXXXXXXX N+ N- VNAM VALUE

Netlist Example:
F1 5 17 vS2 0.5K

Spice Data Example:
V%D %3 %4 DC 0V (measures controlling current)
%D %1 %2 V%D %V (current source)

N+ and N- are the positive and negative nodes, respectively.
Current flow is from the positive node, through the source, to
the negative node. VNAM is the name of a voltage source
through which the controlling current flows. The direction of
positive controlling current flow is from the positive node,
through the source, to the negative node of VNAM. VALUE
is the current gain. See also: I->I Source.

Note: For SPICE simulation, current sources cannot be placed
directly in series.

Linear Current-Controlled Voltage Sources
General Form:

HXXXXXXX N+ N- VNAM VALUE

Netlist Example:
H1 5 17 VS2 0.5K
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Spice Data Example:
V%D %3 %4 DC 0V (measures controlling current)
%D %1 %2 V%D %V (voltage source)

N+ and N- are the positive and negative nodes, respectively.
VNAM is the name of a voltage source through which the
controlling current flows. The direction of positive controlling
current flow is from the positive node, through the source, to
the negative node of VNAM. VALUE is the transresistance
(in ohms). See also: I->V Source. Example circuit: 741.CKT.

Note: For SPICE simulation, voltage sources cannot be placed
directly in parallel.

Nonlinear Dependent Sources

General Form:
BXXXXXXX N+ N- <I=EXPR> <V=EXPR>

Netlist Examples:

BSOL 0 1 TI=COS(V(1))+SIN(V(2))

BVS1 0 1 V=LN (COS(LOG(V(1,2)"2))) -
V(3)"4+V(2) "V (1)

Spice Data Example:
8D %1 %2 V=3L

N+ is the positive node, N- is the negative node. The values of
the V and I parameters determine the voltages and currents
across and through the device, respectively. Ifis given then
the device is a current source, and if V is given the device is a
voltage source. One and only one of these parameters must be
specified for each source.

The expressions given for V and I may be any function of
voltages and currents through voltages sources in the system
(e.g., V(1) indicates the DC voltage at node 2 referenced to
ground, V(3,4) indicates the voltage difference between nodes
3 and 4, and I(VS2) indicates the DC current through the
voltage supply VS2). The following functions of real variables

are defined:
abs acos acosh asin asinh atan
atanh cos cosh exp 1n log
sin sinh sgrt tan u uramp
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“u” is the unit step function, with a value of one for arguments
greater than one and a value of zero for arguments less than
zero. “uramp” is the integral of the unit step: for an input x, the
value is zero if x is less than zero, or if x is greater than zero the
value is x. These two functions are useful in synthesizing
piecewise nonlinear functions, though convergence may be
adversely affected.

The following standard operators are defined:
+ - * / ~ unary -

In addition, the following boolean operators are defined. In-
put threshold values (BOOLT) and output values (BOOLL and
BOOLH) are universally defined in the Analog Options dialog
box.

& (AND) | (OR) ! (XOR) ~ (NOT)

Older versions of SPICE used a POLY function to describe
nonlinear sources. For example, the following statements are
all equivalent:

E1 19 0 POLY(2) 7 4 2 0 3 .1 .5 (Spice2)

El 19 0 POLY(2) (7,4) (2,0) 3 .1 .5 (Spice2)

Bl 19 0 vV = 3 + .1*V(7,4) + .5*V(2,0)
(Spice3)

Bl 19 0 V = 3 + .1*V(7,4) + .5*V(2) (Spice3)

Each statement indicates that the voltage at node 19 will equal
3 volts plus .1 times the voltage across nodes 7 and 4 plus .5
times the voltage at node 2, using ground (node 0) as a
reference. Many existing SPICE subcircuits contain this type
ofnonlinear source. CircuitLogix automatically converts them
to the SPICE3 format each time you run a simulation.

Note: For SPICE simulation, voltage sources cannot be placed
directly in parallel and current sources cannot be placed di-

rectly in series.

See also: NLV Source, NLI Source, [-Math, V-Math. Example
circuit: 741.CKT.

Lossless Transmission Lines
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General Form:
TXXXXXXX N1 N2 N3 N4 ZO0=VALUE <TD=VALUE>
+ <F=FREQ <NL=NRMLEN>> <IC=V1,I1,V2,I2>

Netlist Example:
T1 3 0 2 0 z0=50 TD=20NS

Spice Data Example:
%D %1 %2 %3 %4 Z0=%V TD=10NS

N1 and N2 are the nodes at port1; N3 and N4 are the nodes at
port 2. ZO0 is the characteristic impedance. The length of the
line may be expressed in either of two forms (one form must be
specified). The transmission delay, TD, may be specified
directly (as TD=10NS, for example). Alternately, a frequency F
may be given, together with NL (the normalized electrical
length of the transmission line with respect to the wavelength
in the line at the frequency F). If a frequency is specified but
NL is omitted, 0.25 is assumed (that is, the frequency is as-
sumed to be the quarter-wave frequency).

The initial condition specification consists of the voltage and
current at each of the transmission line ports. Initial condi-
tions only apply if the UIC option is enabled for the Transient
Analysis.

The lossy transmission line described below with zero loss
may be more accurate than the lossless transmission line due
to implementation details.

Lossy Transmission Lines

General Form:
OXXXXXXX N1 N2 N3 N4 MNAME

Netlist Example:
02 3 0 2 0 OXLINE

Spice Data Example:
%D %1 %2 %3 %4 %M

This is a two-port convolution model for single-conductor
lossy transmission lines. N1 and N2 are the nodes at port1; N3
and N4 are the nodes at port 2. Note that a lossy transmission
line with zero loss may be more accurate than the lossless
transmission line due to implementation details.
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Uniform Distributed RC Lines (Lossy)

General Form:
UXXXXXXX N1 N2 N3 MNAME L=LEN <N=LUMPS>

Netlist Example:
Ul 1 2 0 UXLINE L=50UM N=6

Spice Data Example:
%D %1 %2 %3 SM L=25u

N1 and N2 are the two element nodes the RC line connects,
while N3 is the node to which the capacitances are connected.
MNAME is the model name, LEN is the length of the RC line in
meters. LUMPS, if specified, is the number of lumped seg-
ments to use in modeling the RC line (if omitted, a default value
based on the model parameters will be used). See also: URC-
Line.

Junction Diodes

General Form:
DXXXXXXX N+ N- MNAME <AREA> <OFF> <IC=VD>
<TEMP=T>

Netlist Example:
D3 2 10 DIN914 OFF
D5 7 12 DIN4001 3.0 IC=0.2

Spice Data Example:
%D %1 %2 %M OFF IC=.6 TEMP=70

N+ and N- are the positive and negative nodes, respectively.
MNAME is the model name, AREA is the area factor, and OFF
indicates an optional starting condition on the device for
operating point analysis. The initial condition specification
using IC=VD only applies if the UIC option is enabled for the
Transient Analysis. The TEMP value is the temperature at
which this device is to operate, and overrides the temperature
specification in the Analog Options dialog. See also: Diode,
Zener Diode. Example circuit: PS1.CKT.

Bipolar Junction Transistors (BJTs)

General Form:
OXXXXXXX NC NB NE <NS> MNAME <AREA> <OFF> <IC=VBE, VCE>
+ <TEMP=T>
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Netlist Example:
Q5 11 26 4 Q2N3904 IC=0.6, 5.0
Q3 5 2 6 9 QNPN .67

Spice Data Example:
%D %1 %2 %3 %M .67 OFF

NC, NB and NE are the collector, base and emitter nodes,
respectively. NS is the optional substrate node; if unspeci-
fied, ground isused. MNAME is the model name, AREA is the
area factor, and OFF indicates an optional starting condition
on the device for operating point analysis. The initial condi-
tion specification using IC=VBE, VCE only applies if the UIC
option is enabled for the Transient Analysis. The TEMP value
is the temperature at which this device is to operate, and
overrides the temperature specification in the Analog Options
dialog. See also: NPN Trans, PNP Trans. Example circuit:
CEAMP.CKT.

Junction Field-Effect Transistors (JFETSs)

General Form:
JXXXXXXX ND NG NS MNAME <AREA> <OFF> <IC=VDS, VGS> <TEMP=T>

Netlist Example:
J2 6 3 21 J2N3819 OFF

Spice Data Example:
%D %1 %2 %3 ®M .67

ND, NG and NS are the drain, gate and source nodes, respec-
tively. MNAME is the model name, AREA is the area factor,
and OFF indicates an optional initial condition on the device
for operating point analysis. The initial condition specifica-
tion using IC=VDS, VGS only applies if the UIC option is
enabled for the Transient Analysis. The TEMP value is the
temperature at which this device is to operate, and overrides
the temperature specification in the Analog Options dialog.
See also: N-JFET, P-JFET. Example circuit: CSJFAMP.CKT.

MOSFETs

General Form:

MXXXXX ND NG NS NB MNAME <L=VAL> <W=VAL> <AD=VAL>
+ <AS=VAL> <PD=VAL> <PS=VAL> <NRD=VAL> <NRS=VAL> <OFF>
+ <IC=VDS, VGS, VBS> <TEMP=T>
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Netlist Example:
M6 23 16 0 17 MRF150

Spice Data Example:
%D %1 %2 %3 %3 %M TEMP=55

ND, NG, NS and NB are the drain, gate, source and bulk
(substrate) nodes, respectively. MNAME is the model name.
L and W are the channel length and width, in meters. AD and
AS are the areas of the drain and source diffusions, in meters?2.
Note that the suffix U specifies microns (le-6 m) and P sq-
microns (1e-12m?2). Ifany of L, W, AD, or AS are not specified,
default values are used. The use of defaults simplifies input
file preparation, as well as the editing required if device geom-
etries are to be changed. PD and PS are the perimeters of the
drain and source junctions, in meters. NRD and NRS desig-
nate the equivalent number of squares of the drain and source
diffusions; these values multiply the sheet resistance RSH
specified in the model for an accurate representation of the
parasitic series drain and source resistance of each transistor.
PD and PS default to 0.0 while NRD and NRS to 1.0. OFF
indicates an optional starting condition on the device for DC
analysis. The initial condition specification (optional) using
IC=VDS, VGS, VBS only applies if the UIC option is enabled
for the Transient Analysis, when a transient analysis is de-
sired starting from other than the quiescent operating point.
See the .IC device for a better and more convenient way to
specify transient initial conditions. The TEMP value (op-
tional) is the temperature at which this device is to operate,
and overrides the temperature specification in the Analog
Options dialog. The temperature specification is ONLY valid
for level 1, 2, 3, and 6 MOSFETs, not for level 4 or 5 (BSIM)
devices. See also: N-MOSFET 3T, N-MOSFET 4T, P-MOSFET
3T, P-MOSFET4T.

MESFETs (GaAsFETs)

General Form:
ZXXXXXXX ND NG NS MNAME <AREA> <OFF> <IC=VDS,
VGS>

Netlist Example:
z1 3 5 6 ZM2 OFF
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Spice Data Example:
%D %1 %2 %3 %M OFF

ND, NG and NS are the drain, gate and source nodes, respec-
tively. MNAME is the model name, AREA is the area factor,
and OFF indicates an optional starting condition on the device
for operating point analysis. The initial condition specifica-
tion using IC=VDS, VGS only applies if the UIC option is
enabled for the Transient Analysis. See also: N-MESFET, P-
MESFET.

Subcircuits

General Form:
XYYYYYYY N1 <N2 N3 ..> SUBNAM

Netlist Example:
XUl 7 5 6 12 3 XLM741

Spice Data Example:
%D %1 %2 %3 %4 %5 %S

Subcircuits are used in SPICE by specifying the device desig-
nation beginning with the letter X, followed by the circuit
nodes to be used in expanding the subcircuit, followed by the
subcircuit name. See also: Subcircuits. Example circuit:
ANALOG.CKT.

Simcode Devices

General Form:
AXXXXXXX [NPI NGI NI1I <NI2I ..>] [NPO NI1O0 <NI20 ..> NO1lO
+ <NO20 ...>] MNAME

Netlist Example:
A2 [6 8 4] [7 9 5] 2404B

Spice Data Example:
%D [%4bi %2bi %1i] [%4bo %lo %20] %M
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Chapter 4

Digital Logic Simulation

Digital Zimulation lcon

One of themost important featuresof CircuitLogix isitsability
to simulate your design, enabling you to detect and correct
design errors before you invest time and money in the con-
struction of actual hardware prototypes.

Digital electronicsistheworld of thecomputer. Thebinary 1's
and O's of the computer are actually the high and low voltage
levels of tiny electronic devices known as integrated circuits.
Digital logic simulation, then, becomesarelatively smpletask
because of the limited number of digital states that must be
represented. CircuitLogix digital logic simulator isquick and
fully interactive, meaning that you can flip switches, altering
the circuit with the simulation free running and immediately
see the response of the circuit.

All Digital Only and Mixed-Mode devices provided with
CircuitL ogix — 4xxx and 74xxx devices, Data Sequencer, Pulser,
etc.—can beused inthedigital logic simulator. Inthe Device
Selection dialog box, above the picture of each device symbol
appear the words “Digital Only Device”, “Analog Only De-
vice”, “Mixed-Mode Device”, or “Schematic Only Device”.
This indicates the simulation mode for which the currently
displayed device is intended.

Refer to the Device Library chapter for a description of each
device and the simulation mode for which it isintended. The
Edit Device Datadia og box containstwo check boxes, Analog
and Digital. These check boxes are used to identify the
simulation modeinwhich each device canbesimulated. If you
attempt to simulateadevice using asimulation modefor which
thedeviceisnot intended, CircuitLogix will display awarning
message and that device will be ignored, producing an open
circuit where that deviceislocated.
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UsingtheDigital L ogic Simulator

Digital ssimulation is completely interactive, meaning that the
circuit responds immediately to changes from input stimulus,
and the operation of the circuit isshown asit happensright on
the screen. Operation of thecircuit can be observed in several

ways:

« WiththeCircuitLogix “Trace” featureenabled, the state of
every node in the circuit is shown simultaneously as the
simulation runs. In this mode wires at a logic one are
shown asred, wires at alogic zero as blue, and wires at an
unknown or tristateasgreen (these colors may be changed
withthe“ Select Colors...” command inthe Options menu).

« Any number of SCOPE probes can be connected to any
nodes in the circuit, so that the timing diagrams for those
nodes are shown in aseparate digital Waveforms window.
The timing information is updated continuously to show
changes as they happen.

« Circuit operation can be observed by connecting any of a
variety of displays and noting the conditions shown on
them.

« YoucanusetheProbe Tool to probeany wireinthecircuit
either during simulation or after it has been stopped. The
logic states seen by the Probe Tool can also be charted in
the Waveformswindow.

Getting Started—Digital Circuit Examples

Thebest way to seehow thedigital simulationworksistoload
an example circuit and try some of the available commands.
First, launch CircuitL ogix by double-clicking onitsicon. After
afew seconds CircuitLogix will load into memory and will then
beready to use. To experiment with apre-built circuit, follow
these steps:

1 Click on the Open button in the Toolbar.
2 Sdlectthefile*SIM.CKT” fromthelist of availablecircuits.

Thiscircuit contains several mini-circuitsand is useful for
demonstrating CircuitLogix digital simulation features.
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3. Click on the ON/OFF button in the Toolbar to start the
simulation. Thefact that the simulation isrunning will be
evident because you will see a Hex Display showing a
count sequence.

4. Select the Probe Tool from the Toolbar and touch itstip to
the wire just to the left of the label “Probe Wire To the
Left”. If the Probe Tool shows a small triangle pointing
down, the wire is at a zero state, if it shows a triangle
pointing up, the wire is at a one state, and if the probe
indicator is empty, this would indicate an unknown or
tristate.

5. Movethetip of the Probe Tool to the Logic Switch labeled
“Toggle Switch” and click near its center. The Logic
Display connected to the output of thismini-circuit should
then start to toggle on and off rapidly.

6. Click onthe Waveforms button in the Toolbar to open the
digital Waveforms window. Each node in the circuit that
has a SCOPE attached is charted in thiswindow.

7. Select “Scope Probe” from the Options menu. A new
waveform titled “Probe” will be displayed in the Wave-
formswindow. Watch what happens to this waveform as
you move the Probe Tool around the circuit.

8. Click onthe Trace button in the Toolbar to see the state of
every wireinthecircuit asit changes.

9. Click on the ON/OFF button again in the Toolbar to stop
thesimulation.

Simulation Tools

Several buttonsin the Toolbar are used specifically for smula-
tion. These buttons are described below. The use of these
tools is demonstrated in the examples shown earlier in this
chapter. It should be noted that the functionality of these
toolsissomewhat different for anal og/mixed-mode simulation.
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The Simulation Tools

TheDigital/AnalogButton: @

Click on the Digital/Analog button to choose the type of
simulation you want to run. When the AND gate icon is
displayed, digital smulation is enabled; when the transistor
icon isdisplayed, analog simulation is enabled.

TheReset Button:

Click onthe Reset button toinitializethe simulation. Reset can
al so be selected from the Options menu or by pressing Ctrl+Q.

TheON/OFF Button: Ell.

Click on the ON/OFF button to start the simulation. Click on
the ON/OFF button again to stop the simulation. Thiscan also
be selected in the Optionsmenu or by pressing F10. Whenthe
simulation is running you can't perform edit operations such
as move and delete (if you try, CircuitLogix will generate an
audible “beep”). You can flip switches with the Arrow or
Probe Tool, and view or toggle the state of a wire with the
ProbeTool.

TheProbeTool:

The Probe Tool can aso be selected from the “ Cursor Tools”
option in the Options menu or by pressing Alt+P. Use the
Probe Tool to monitor the state of any nodein the circuit or to
inject a state into a node. To see the state of a node, either
while the simulation is running or after it has stopped, touch
the Probe Tool’ stiponawireor devicepin. If thesmall triangle
in the head of the Probe Tool points up the node is at a one
state, if it points down it is at a zero state, and if the triangle
doesn’'t appear the node is at an unknown or tristate. If the
“Scope Probe” option is enabled, the states seen by the Probe
Tool will be charted in the Waveformswindow.



Toinject astate into anode touch thetip of the Probe Tool on
awireor device pin and click theleft mouse button. The state
of that node will then be changed to be opposite of what it was
(aone becomes azero and azero becomesaone). Toinjecta
tristate signal, hold down the SHIFT key and click. Remember,
if thenodeisdriven by some other devicethe state changewill
be immediately overridden because the device will drive the
node back to its original state.

The Probe Tool can also be used to flip switches while the
simulationisrunning.

TheTraceButton:

Click on the Trace button to turn the trace feature on or off.
Trace can aso be selected from the Options menu or by
pressing F11. With trace on, the states of all nodes within the
circuit aremonitored asthecircuit runs. CircuitLogix doesthis
by drawing the wires in different colors to show the state of
each wire. A wireat aone statewill be shown asred, awire at
a zero state will be shown as blue, and a tristate wire will be
shown as green. This feature can be used to debug your
circuit or to simply provide a convenient way of observing
operation of the circuit.

NOTE: Because the wires in the circuit will be redrawn each

time they change states, turning this option on may slow
down the speed at which the smulation runs.
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TheWaveformsButton:

Indigital mode, clicking onthe Waveformsbutton will open or
close the digital Waveforms window. This can also be se-
lected inthe Optionsmenu or by pressing F12. Waveformsare
described in detail later in this chapter.

Propagation Delays

Thedelay of adevice determineshow many simulationticksit
takes for asignal to propagate from the input to the output of
thedevice. Thedefault delay for all devicesis1, but thisvalue
can be changed to any valuefrom 1to 14. It isleft to the user
to determine the real-time value of each tick. The concept is
that if one device has a delay of one and another a delay of
three, then in the real world the second device would have a
propagation delay three times larger than the first device.

To change the delay of one or more devices, first select the
device(s), then select the “Set Prop Delay(s)...” command
from the Edit menu. The following dialog box will then be
displayed allowing you to enter anew valuefor the delay or to
cancel the command.

Enter a delay from 1 to 14:
3] :I

Cancel

Use the “ Show Prop Delays’ command in the View menu to
display the propagation delay of al devicesinthecircuit. The
delay valueswill be shown within arounded rectanglelocated
near the center of each device. Some devices (Pulsers, Logic
Display’s, macro devices, etc.) do not have a delay, so no
valuewill be shown. In the case of macro devices, thedelay is
determined by the individual delay setting of each device
withinthe macro.
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ThePulser

The Pulser isadigital pulse generator which provides a con-
tinuous stream of highsand lows. The pulseformat, timehigh,
timelow, andtrigger mode areindividually programmablefor
each Pulser in the circuit.

To edit the Pul ser settings, double-click on the Pulser with the
Arrow Tool. Thefollowing dialog box will then appear. Y ou
can change the number of simulation ticksfor which the pulse
will stay high and low, the format of the pulse (normal or
inverted), and whether the pulser is in free run or externa
trigger mode.

Edit Pulser [x]
l— = Pulse F t
Pulse ﬂ|gh a j ulse Formal
d % Normal
Pulse Low |5 j © Invert
I External Trigger Netlist Cancel

The External Trigger option allows the Pulser to be used as a
programmableone-shot. Inthismode, the CP1 and CP2inputs
serve asrising and falling edge trigger inputs respectively. If
either pin receives a trigger pulse then the outputs of the
Pulser will go active on the next simulation tick and remain
activefor “PulseHigh” ticks. The Pulser can beretriggeredin
this mode so additional trigger pulses occurring before the
completion of the cycle will cause the active time to be ex-
tended for another cycle.

The Data Sequencer

This device can be used in both digital and analog simulation
modes. Alsoknown asaDataor Word Generator, it allowsthe
user to specify up to 32767 8-bit wordswhich can be output in
a defined sequence. Since thereis no limit to the number of
Data Sequencersthat can be used in acircuit, several could be
placedin paralel to create adatastream of any width. Double-
click onthe Data Sequencer with the Arrow Tool to display the
following dia og box.
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Address - Data Data Display
' Hex ' Binary
0004 - 11000011
0008 - 10000111 .
0009 - 01111000  TickIncrement: |1 ZI
" Use External Clock Clock VTH: [1.300¥

0001 - 11110000 =
Start Address :
0005 - 10110100
0010 - 01101001
0011 - 01011010 Low Level : 0.000v
Pattern... | Netlist... ”TI Cancel |

0002 - 11100001 |_1
Stop Address : 32

0006 - 10100101

0012 - 01001011

0013 - 00111100 High Level : |5.000V

0003 - 11010010
0007 - 10010110 Present Address : |1
0014 - 00101101 x|

Step Time : 1.000us

The Start Addressisthe address of the datathat will be output
first when the simulation begins. The Stop Address is the
address of the datathat will be output last before the sequence
repeats.

When Use External Clock isenabled, the CP1 and CP2 inputs
serve asrising and falling edge clock inputs, respectively. If
either pinis clocked, the Data Sequencer will advance to the
next address.

Digital simulation mode only: The Present Address indi-
cates the address of the data that will be output next if the
circuit isnot reset or modified. The Tick Increment specifies
how many simulation ticks will occur before the output is
advanced to the next address when the external clock is dis-
abled.

Analog simulation mode only: Low Level and High Level
indicate the output voltage levels. Step Time indicates the
length of time that the outputs remain at each address when
the external clock is disabled. Clock VTH is the voltage
threshold level at which the external clock pinswill causethe
outputs to advance to the next address.



ThePattern Editor

Pattern data (the Datafield in the Data Sequencer dialog box)
can betyped directly intothelist box. However, when creating
alarge pattern this method woul d become quite time consum-
ing. The Pattern Editor helps you to quickly create large,
complex patterns. When you click on the Pattern button, the
following dial og box will appear.

~Select Pattern—————————————————
& No Change Increment: l1—
© Fill With Os © Fill With 1s
 Count Up " Count Down
© Shift 0 Left © Shift 1 Left
© Shift 0 Right © Shift 1 Right

~Affected Data
Address - First: |1 Last: |32
Bits - LsB: |1 MSH: |8

Max. number of pattern lines: |32

Cancel

The Pattern Editor not only allows you to enter predefined
pattern sequences, it also alows you to specify which rows
(addresses) and columns (bits) will be affected. For example,
you could fill just one column with a count up sequence to
produce a stream of ones and zeros on asingle output. Or you
could fill rows 23-67 with onesin just 5 columns and fill the
samerowswith arepeating Shift O Leftinthe other 3 columns.

Increment indicateshow many rowswill contain the same data
before the next changein pattern. For example, with anincre-
ment of 3, a Shift 1 Left pattern will only shift on every third
pattern row.

The maximum pattern sizefor each Data Sequencer can be set
by the user. This allows you to create small patterns for
several Data Sequencers without allocating large amounts of
memory or creating large circuit files. The Max. number of
pattern rows, by default, is set to 32, but can be increased as
needed to as much as 32767. It can never be smaller than the
Stop Address. When you increase the maximum number of
pattern rows, the new rowswill befilled with zeros. Any time
you decrease the maximum number of pattern rows, any pat-
tern datathat was stored in the upper addresseswill be perma-
nently lost.

Digital LogicSimulation 4-9



4-10 Digital Logic Simulation

Digital Waveforms

By attaching SCOPEs [Digital/Instrument] (t) to points of
interest in the circuit, the states of these nodes can be graphed
over timeasthesimulation runs. Choose“Waveforms” inthe
Optionsmenu or click onthe Waveformsbuttoninthe Tool bar
todisplay or hidethedigital Waveformswindow. Anexample
of what thewindow lookslikeis shown below.

! Waveforms(2) [H[=] E3
50 180 170 180 120 z0o

Bz 7 | =

Waz I S A i

Oa1 — L L [ -

Before you can view timing waveforms for any node in your
circuit, you must connect a SCOPE to each node to be moni-
tored, or, if you have enabled the “ Scope Probe” optionin the
Options menu, you can monitor the states of the Probe Tool in
the Waveformswindow.

The order in which the waveforms are displayed can be
changed. Simply use the mouse to point at any of the scope
labels in the window and then press and continue to hold
downtheleft mouse button. A rectanglewill bedrawn around
thelabel indicating that it i s selected and you can then moveit
to the desired position. Once you have moved a label to the
desired position rel ease the mouse button and the waveforms
will beautomatically reordered inthewindow. Y ou can repeat
this process as often as desired in order to position the wave-
formsin any order. When you save acircuit to disk, the order
of the waveforms is saved also, so upon opening the circuit
later the waveform ordering isretained.

The digital Waveforms window is used in conjunction with
the “Digital Options’ (see below) to set breakpoints in a
circuit. Toset abreakpoint, click inthesmall squareto theleft
of aSCOPE’ slabel inthe Waveformswindow. Clicking once
will fill the bottom portion of the square indicating abreak on
zero condition. Clickingasecond timewill fill thetop portion
of the square indicating a break on one condition. Clicking a
third time will return the square to it’s empty state indicating
no break condition.



Digital Options

The Digital Optionsdialog box is used to control the size of a
step when running the simulation in single step mode, to set
the conditions for break points and to set the simulation
speed. Thefollowing dialog box will appear when you choose
“Digital Options...” fromthe Options menu.

Digital Options [x]
e e |1_ ﬂ ("Qnti;scles
% Magnification: IB_ ﬂ & Ticks
Simulation Speed : IS'[I— il ?ﬂz g?:‘:zﬁ;

Breal c

’7(-' AND ¢ OR

((-‘ Level ¢ Edge

Cancel

Step size can be measured in either ticks or cycles. A cycle
alwaysconsistsof 10ticks. A tick isthe smallest unit of delay
for the digital simulator. It takes one tick to perform asingle
step of the simulation for al devices.

X Magnification can be adjusted to view alarger or smaller
section of the waveforms in the digital Waveforms window.
By default, the magnificationisset to 8. A smaller value will
zoom out, agreater valuewill zoomin.

The Simulation Speed text edit field enablesyou to determine
how fast the simulation runs. This would be useful, for ex-
ample, if thesimulationisrunning too fast to view the states of
a seven-segment display. By setting this field to a lower
number, the simulation would be slowed down enabling you
to view the changes of the display. Another method of
slowing the simulation would be to run it in single step mode
or set breakpoints.

The break optionsare used in conjunction with the waveforms
window to set breakpoints. When set for “Level - And”, all
break conditions must be met before the simulation will stop.
When setfor “Level - Or”, any oneof the break conditionswill
stopthesimulation. When set for “ Edge - And” thesimulation
will stop when the proper edge occurs on al of the specified
waveforms. When set for “ Edge - Or” thesimulation will stop
if atransition to any of the specified conditions occurs.
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In this section, a series of ssimple experiments will al be
performed using CircuitLogix. The experiments are designed
to assist in teaching someone the basic theory of digital
electronics aswell as how to design simple digital circuits. It
should be noted however, that this coursein itself is probably
not sufficient to teach someone with no prior electronics
experience the entire concept of digital circuit theory and
design. Itisrecommended that if you do not have at | east some
prior digital circuit knowledge, that you obtain an additional in
depth beginners level book on the subject to aid you in the
learning process.

The approach taken with this tutorial isto first teach you the
meaning of various terms and symbols which are used to
describe the circuits which will be built, and then to present a
series of experiments which are performed with the aid of
CircuitLogix. Through thisseriesof experimentsyouwill learn
how to wiretheavailable partsto form aspecific circuit which
will be used as the basis for a series of questions. These
questions when answered correctly will provide the theoreti-
cal knowledge of digital electronicsfor thiscourse. Wiring the
circuits and getting them to work as well as your own experi-
mentationwill providethe practical or handson knowledgefor
this course.



What is Digital
Electronics?

The first step we need to take is to gain an understanding of
what is meant by digital electronics. A digital system can be
defined asoneinwhich all communicationwithinthesystemis
carried outinadigital manner. Typically, thisdigital communi-
cation meansthat all signals within the system can have only
three possible conditions or states. A signal can be on, off, or
tristate. Digital electronics is the branch of electronics con-
cerned with electronic systems which are composed of ele-
mentsthat exhibit thisdigital behavior. Because adigital sys-
tem can only exhibit one of three possible states, they are
usually easier to understand than analog systems which can
have an infinite number of states. A large number of digital
systems are even simpler than those just described because
they have only two states, on or off. The light in the living
room of your homeis probably adigital system. It iseither on
or off and by flipping the switch you control thissimpledigital
system.

In this tutorial we will limit ourselves to the study of digital
electronic circuits which have only two possible states.
Tristate devices will not be covered in thistutorial. Y ou will
learn the language used to describe and talk about these
circuitsaswell as how to construct and verify operation of the
circuits.

One barrier which must be overcome first is the language or
jargon barrier. Digital electronics has alanguage all its own
and it is necessary for you to understand this language in
order to successfully understand and construct the circuits.

Presented on the next few pages is a short list of the most
important terms which you will see used and the meaning of
each. Please study thislist before beginning any of the experi-
ments.
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clock pulse: A cyclewithinacircuitfromalogicOtoalogic 1
and back toalogic 0 or visaversa. Clock pulsesare commonly
used as control signals within acircuit.

clock generator: A device which produces aclock pulse(s).
Clock generators are available as a single integrated circuit
and are commonly used as the clock source for microproces-
sor and other integrated circuitswhich requireaclock in order
tofunction. A clock generator called a“ pulser” isprovidedin
CircuitLogix and the pulser iscompletely programmablefrom
within CircuitLogix.

complement: Theoppositestate. Thecomplement of alogic 0
is alogic 1 and the complement of a logic 1 is a logic O.
Inverters are commonly used to invert or complement signals
withinacircuit.

component: The smallest subsystem of a circuit. The inte-
grated circuitsand LED’ sare components of acircuit.

connection: The joint or attachment between two compo-
nents in a circuit. In order to make any circuit work it is
necessary to connect the components together in the correct

way.
device: Seecomponent.
DIP: Seedua in-linepackage.

dual in-line package: A type of container or housing for
integrated circuits. The dual in-line package or DIP has pins
extending from it to which wires can be connected in order to
wireacircuit.

frequency: The number of times that alogic level changes
states each second. Theunit of frequency isthe hertz. If alevel
changesfrom 0to 1 to 0 100 times each second in somecircuit
that signal is said to have afrequency of 100 hertz.



ground: The reference point for al voltage measurements
within a circuit. It is called ground because often times this
point is actually connected to the earth through a conductor.

IC: Integrated circuit. A small device which is composed of
many tiny transistors and other components connected to-
gether to perform some useful function. Integrated circuitsare
packaged in amanner which makesthem easy to usein design-
ing circuits. IC's can be compared to tiny black boxes which
can be wired together to form the heart of everything from
computersto digital clocks.

LED: Light emitting diode. A semiconductor device which
resemblesatiny light bulb and can be turned on or off. LED’s
are available in several colors such asred, green, and yellow
and are commonly used as power indicators and such on
computers and other electronic devices.

logic 0: One of the possible voltage levels within a digital
circuit. Inmany circuitsalogic 0isOvolts.

logic 1: The opposite or complement of alogic 0. In many
circuitsalogic 1is5volts.

logic diagram: A special type of diagram used to show the
logic elementsand theway they areinterconnectedin adigital
circuit.

Logic Display: Thisisadevice used in CircuitLogix which
indicates the state of the wireto which it is connected. When
thewireisinal state, thedisplay ‘lights'.

Logic Switch: Thisisadeviceusedin CircuitL ogix which acts
asaconnection to either +V or to ground depending on which
way it isswitched.

node: Any point along a wire or wires that are connected
between two pointsin acircuit. Any point along a wire con-
nected between two integrated circuits would be called a
node.

power supply: Thesourceof electrical power for acircuit. The
power supply provides the voltage and current necessary
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to operate acircuit. In CircuitLogix you are not required to connect a power supply to the devices

4-16 Digital Logic Simulation

tomakethemfunction. Itisvery important that you realize that
in the real world acircuit will not function unlessevery IC is
connected to a power supply of the correct voltage, usualy 5
volts.

pulse: A changefromalogicOtologic 1andback tologicOor
visaversa

schematic diagram: A special type of drawing which shows
the interconnections of all deviceswhich form acircuit.

seven-segment LED: A special type of LED inwhich seven
individual LED’s are formed into the shape of an 8. All seg-
ments are individually controllable and can be turned on in
various combinations to form the numbers 0 through 9.

state: Thelogiclevel at somepointinacircuit.

truth table: A tabular table used to show the behavior of a
circuit for al possible logic states presented at the inputs of
thecircuit.

voltage: Potential difference between two pointsin acircuit.
V oltage represents the pressure that causes electronsto move
within acircuit. The symbol for voltageis“V”.



Experiment 1

Schematic Diagram of Cir cuit

Introduction - The purpose of this experiment is to demon-
strate what alogic 0 and logic 1 state are within a circuit by
using the Logic Switch and Logic Display devices. You will
also learn the necessity of wiring components together cor-
rectly inacircuitin order for thecircuit to function asplanned.

All digital circuitsoperate based onthreepossiblelogiclevels
presentinthecircuit. TheselogiclevelsarelogicO, logic 1, and
tristate. Thetristatelogiclevel isaspecial case, and will not be
studiedinthisseriesof experiments. LogiclevelsOand 1 (also
known as low and high levels) refer to voltage levels and for
the type of integrated circuits availablein CircuitLogix these
levelsaretypically OV and 4.5V respectively. Becausedigita
circuits operate based on only two levels, learning the basics
of digital circuit theory and designisnot difficult. Thelogic 0
and logic 1 are the control signals which will cause al inte-
grated circuitsto operate. Theoperation of adigital circuit can
be visualized by imagining a black box into which various
control signals are passed (logic levels 0 and 1) and out of
which some other combination of logic levels comes.

The Logic Display isasimple device used in CircuitLogix to
indicate the state of any given nodeor pointinadigital circuit.
Typicaly, however, inareal digital logic circuit youwould use
aLight Emitting Diode (LED) which, when its anode is con-
nected through a current limiting resistor to +5V and its cath-
odeispulledto alLow state, will emit light. LED’sarewidely
used as display indicators in everything from personal com-
puters to stereos. They are used to show such things as
power is applied and that a cycle has finished. LED’s are
available in several colors such asred, green, and yellow.

.9

[
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Stepl

Step 2

Step 3

Step 4

Step 5

4-18 Digital Logic Simulation

Wirethecircuit showninthe schematic diagram aboveusing a
“Logic Switch” [Switches/Digital] (s) and a“Logic Display”
[Displays/Digital Only] (9). Becareful towireit asshownin
thediagram. If you need help using CircuitLogix at any point
along the way refer to the appropriate section of the users
manual.

Click on the “Run” button in the Toolbar. Now move the
mouse until it is pointing at the switch. Click on the switch
several times and observe that it moves up and down. Thisis
a special type of switch which outputs a logic 0 when down
and alogic onewhen up. Usethe mouse to change the switch
toalogic 0. What do you observe on the Logic Display?

Usethe mouseto changethe switchtoalogic 1. Now what do
you observe on the Logic Display?

Select the “Delete Tool” from the Toolbar. Now point at the
wire between the switch and the Logic Display and click. Now
click onthe“Run” iconinthe Toolbar. What do you observe
onthe Logic Display now?

Change the switch to alogic 0. Now what do you observe on
the Logic Display? How can you easily tell what logic stateis
present at any point in acircuit at any time?



Experiment 2

Schematic Diagram of Cir cuit

Step 1

Step 2

Step 3

Introduction - The purpose of this experiment is to learn how
the Pulser and SCOPE operate in CircuitLogix and how they
are used in the design and testing of digital circuits.

The SCOPE availablein CircuitL ogix performsthefunction of a
logic analyzer which is used in the real world to view logic
levels in a circuit. The Pulser performs the function of a
programmable clock source whichwould typically bebuilt out
of several integrated circuits in a rea circuit. These two
devices will be used extensively throughout the experiments
so it isimnortant that vou understand how they function.

l
TP [ ]
QP
P2 -
L

Wirethe circuit shown in the schematic diagram above using
thefollowing devices:

Pulser [Digital/Instrument] (p)
LogicDisplay  [Displays/Digital Only] (9)
SCOPE [Digital/Instrument] (t)

Start the simulation by clicking on the “Run” icon in the
Toolbar. What do you observe on the Logic Display?

Click on the “Waveforms’ iconin the Toolbar. What do you
observe?
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Step 4

Step 5
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Stop the simulation by clicking onthe* Stop Sign” iconinthe
Toolbar. Select the“Arrow Tool” from the Toolbar and then
double-click on the Pulser. A dialog box will then appear
which enablesyouto edit the Pulser. Changethe“ Pulse High”
to 1 and the“Pulse Low” t0 9. Close the dialog box and then
start the simulation again. Now what do you observe?

Edit the Pulser again but this time change the pulse format to
inverted by clicking the “Invert” button in the dialog box.
Start the ssimulation again. How isthewaveform different this
time?



Experiment 3

Introduction - The purpose of this experiment isto learn what
an AND gateisand what the truth tablefor it is.

Integrated circuit gates are the fundamental building blocks of
digital circuits. A gateis simply an integrated circuit which
produces specific outputs for any given input condition.
There are six types of gates that are very common in digital
circuits. They aretheINVERTER, the AND gate, the OR gate,
the NAND gate, the NOR gate, and the XOR gate. Thesegates
are available as integrated circuits which combine several
gates into one package. The AND gate for example can be
purchased at any local electronics store as an integrated cir-
cuit called the 74LS08 and this one IC contains four AND
gatesin the samepackage. Thename 74L S08 isderived by the
manufacturer and isnumerical in order to makeit easy to keep
track of awidevariety of IC's.

The term gate is used because these devices serve as a en-
trance through which signalsin acircuit pass. A gate can be
pictured asadeviceinto which digital signalsenter and which
has an output or outputs from which new signals come. The
resulting signals out of a gate depend on what the input
signalswere and are based on avery precise set of rulescalled
atruth table. Each type of gate hasits own truth table which
determines what the outputs will be given any set of inputs.

In this experiment you will usethe AND gate. Youwill learn

what the truth table for the AND gate is by experimental
methods.
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Stepl

Schematic Diagram of Cir cuit

Step 2

4-22 Digital Logic Simulation

Wirethe circuit as shown below using the following devices:

2-InAND [Digital/Gates] (3)
LogicDisplay  [Displays/Digita Only] (9)
Logic Switch [Switches/Digital Only] (s)

51 T~ E[

52 AZ“—: |:
Start the smulation. Then use the mouse to toggle the two
switches to each of the four combinations shown in the fol-

lowing table. Record in the following table the state of the
Logic Display for each combination of the switches.

S1 S2 | Output of AND

0 0
0 1
1 0
1 1

Y ou have now discovered the truth table for the AND gate.
Canyou seewhy itiscalled an AND gate? It's because both
input one AND input two must be at alogic 1 in order for the
output to bealogic 1. Can you guess what the truth table for
the OR gate might be? Proceed to the next experiment to seeif
you areright.



Experiment 4

Stepl

Schematic Diagram of Cir cuit

Step 2

Introduction - The purpose of this experiment isto learn what
thetruthtablesfor theOR, INVERTER, NAND, NOR, and XOR
gates are. These gates are fundamental to almost al digital
circuits and understanding their truth tables is a prerequisite
to gaining an in depth understanding of digital electronics.
Spend as much time as is required to thoroughly understand
thesedevices. It will pay off later by allowing you to use your
creativity to design circuits on your own.

Wirethe circuit shown below for the OR gate.

51 ol E[
57 J_:“—: i

Fill in the truth table below for the OR gate by changing the
switches to all four possible combinations and recording the
output state in the following truth table.

Output of OR

S2
0
1
0
1

Rl ] O O

Did the truth table turn out as you expected?
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Step 3

Step 4

4-24 Digital Logic Simulation

Wire the circuit for the INVERTER and then fill in its truth

table. E{
=Y I Dc |

S1 Output of Inverter

Wire the circuit for the NAND gate and then fill in its truth

table.

51 ;:,—j E: ﬁ
52 1=~

S1 S2 Output of NAND

0 0

0 1

1 0

1 1




Step 5

Step 6

Wirethecircuit for the NOR gate and thenfill initstruthtable.

3 e

52 T
S1 S2 Output of NOR
0 0
0 1
1 0
1 1

Wirethecircuit for the XOR gate and thenfill initstruthtable.

e

S1 S2 Output of XOR
0 0
0 1
1 0
1 1
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Introduction - The purpose of this experiment isto learn how
onemore complex type of integrated circuit worksby examin-
ing the functionality of the dual D flip-flop.

ThislCiscommonly availableasthe 74L S74 integrated circuit.
It isavery useful device and is frequently used in computer
circuits. It is called a flip-flop because it has two pairs of
complementary outputs which are usually opposite states
fromeach other. Theoutputsare called Q and QN respectively
and there aretwo Qs and two QNson a74LS74. Each Q and
ON pair function independently of the other pair soitisreally
like having two of the exact samething in one package. If Qis
high then QN will be low and visa versa (except under one
special condition).

Thetruthtablefor the 74L S74 isshown below. Only oneof the
two flip-flops is shown for this device because both behave
identically. Eachlineof thetruth tablewill now be explained.
The “X” in the truth table means that it doesn’t matter what
level that pinisat.

Truth Tablefor 1/2 of the 74LS74

ce|D|[s|R|Q|OQN
Linel| ~ [ L | 1] 1]|o0o]f1
Line2| ~ | H| 1| 1]1]o0
Line3| X [ x | 1| o o1
Linea| X | x o | 1] 1]o0
Lines| Xx [ x | o | o | 1|1

Linel- Thearrow pointing up meansthat in order for that line
of thetruth tableto work as shown the CP pin must movefrom
alogicOtoalogic 1. The“L” meansthat the D pin must be at
alogic O prior to the 0to 1 transition of the CP pin and it must
stay at a O until this transition has occurred. If al these
conditionsare met then a0 is*“clocked” into the flip-flop.



Step 1

Line2- The“H” meansthat the D pin must beat alogic 1 prior
totheOto 1 transition of the CP pinand it must stay at a1 until
thistransition has occurred. Thisisthe sameasline 1 except
for the state of the D pin. If all conditionsshowninline2 are
met thenalis“clocked” into theflip-flop.

Line3- Thisisthe“reset” mode. If the R pingoestoalogic 0
whileall other inputs are at the specified levelstheflip-flopis
saidto“reset” and Q goesto alogic Owhile QN goesto alogic
1

Line4 - Thisisthe “set” mode. If the S pin goesto alogic O
whileall other inputs are at the specified levelstheflip-flopis
said to “set” and Q goesto alogic 1 while QN goesto alogic
0.

Line 5 - This is the “undetermined” mode. It is called this
because if both S and R go to a 1 simultaneously the state of
the outputs is unpredictable.

Wirethe circuit as shown in the following schematic diagram
using the following devices:

7AL.S74 [Digital ICsby Number/74L Sxx]

Logic Switch [Switcheg/Digital] ()
LogicDisplay  [Displays/Digital Only] (9)

51(';/—(L
s2b—— [S
D Q

CP ON
s3i——T1"g
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Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

4-28 Digital Logic Simulation

Set switch 4 (R pin) and switch S1 (Spin) tologic 1. Now start
the simulation by selecting the “Run” command. Flip switch
S3 (CP) to alogic 1. What do you observe on the Logic
Displays connected to Q and QN? Which line of the truth
table above does this condition correspond to?

Flip switch S3 (CP) back to 0. Do the outputs change state?
Why not?

Flipswitch S2 (D) toalogic 1. Now switch S3 (CP) froma0to
al. What state are the outputs in now?

Change all switches so that they are as shown on line 3 of the
truth table. Do the outputs correspond to the conditions for
the “reset” state?

Change all switches so that they are as shown on line 4 of the
truth table. Do the outputs correspond to the conditions for
the “set” state?

Change all switches so that they are as shown on line 5 of the
truth table. Do the outputs correspond to the conditions for
the “undetermined” state?



Experiment 6

Step 1

Introduction - The purpose of this experiment is to learn how
the Hex Display works and how it can be used as a display
indicator. The Binary Coded Decimal (BCD) counter
(74L5168) will be used to drive the Hex Display so it will be
studied also.

The Hex Display isaspecialized version of the Logic Display
studied inthe previousexperiment. A Hex Display issimply a
collection of specially shaped Logic Displaysarranged in one
packagein amanner such that theindividual display segments
can beturned on to form numbers. Seven-segment LED’sare
used extensively in electronic devices to show such things as
the time of day and the cook time on microwave ovens.

The74LS168isacounter IC. It hasfour outputscalled QO, Q1,
Q2, and Q3. For any device which has multiple outputs the
states of al the outputs at any given time can be represented
by adecimal number. Thusinstead of saying that Q0=0, Q1=1,
Q2=0, and Q3=1 we can say theQ'sareat 9. Thisnumber is
obtained by using a simple number system called the “binary
number system”. It is based on having an assigned value or
weight for each output. The final value is then obtained by
adding the weights for all the outputs.

The binary number system assigns the lowest member a
weight of 1, the next highest member aweight of 2, the next 4,
thenext 8, and soon. For the 74L S168 QOisthelowest member
soithasaweight of 1, Q1 aweight of 2, Q2 aweight of 4, and
Q3aweight of eight. Thusif al Q' swereat alogic 1 wewould
say that the Q' shaveadecimal value of 15 (1+2+4+8).

Given the following table of possible output states for the
7415168, fill inthe equivalent decimal values.
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Decimal Vaue

Q
®
Q
[}
Q
=
Q
S

Rr|lr|lo|lo|lo|l|o|lo|l o]l of o
o|lo|lr|r|r|rr|o|lo|lo| o
o|lo|lr|r|lo|lo|lr|r|lo]lo
r|lo|lr|oOo|lr|O|lrRr|O|FR]| O

Y ou havejust learned the binary number system. Thissystem
isused extensively in digital circuit design so it isimportant
that you understand it.

The 74LS168 has several valid modes of operation. It is
capable of counting up (0 to 9 and back to 0) as shown in the
abovetableand it isalso capable of counting down (9to 0 and
back t09). It also hasseveral other useful modesbut thesewill
not be covered in this experiment. The modes used in this
experiment are showninthefollowingtable.

CP CEP CET PE ubD Mode
n 0 0 1 1 Count Up
A 0 0 1 0 Count Down

The Hex Display has four inputs. The state of these inputs
determines what segments turn on. The Hex Display is con-
structed so that if a binary 0111 is present at the inputs, the
segments are turned on so that a seven is formed on the
display. If abinary 0100 is applied, the segments turn on so
that atwo isformed, etc.



In this experiment, the 74L.S168 will be connected to the Hex
Display and configured so that it can count up or down based
on the position of a switch. The result will be that the se-
guence 0 to 9 and back to 0; or 9 to 0 and back to 9 will be
observed on the Hex Display.

Step 2 Wirethe circuit as shown in the following schematic diagram
using the following devices:

7415168 [Digita |Csby Number/74L Sxxx]
Pul ser [Digital/Instrument] (p)

Hex Display [Displays/Digital Only] (h)

vV [Digital/Power] (1)

Ground [Digital/Power] (0 (zero))

Logic Switch [Switches/Digitdl] ()

1 AT ——

+4

ge*pmﬁp%j ]
g up 4321

' by &
P11 i
—ACP2 2 - _%ﬁ? 812
EmB o Qo
Step 3 Start the simulation. What do you observe on the Hex Dis-
play?
Step 4 Flip S1to 0. Now what do you observe on the Hex Display?
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Hopefully you have learned many new things through this
series of experiments. Thisis only a beginning, however, as
the world of digital electronics is a vast and ever changing
one.

At thispointitisup toyou to seek increased knowledge about
digital electronics. This series of experiments has introduced
you to digital circuits, but you have barely scratched the
surfaceof thisvast field. Y our local or university library prob-
ably has several good books that can provide amorein depth
understanding of the subject. As you read and study on your
ownyouwill find examplecircuitsthat you would liketo build
and experiment with their functions. CircuitL ogix isready and
ableto help you test these designs aswell as any you come up
with on your own. Don't be afraid to try things out just to see
what will happen, with CircuitL ogix youwill never destroy an
expensive I C or other device.



Answersto Experiment 1

Step 2 - The Logic Display should be off. The Logic Displays
in CircuitLogix are wired internally so that alogic O causes
them to turn off and alogic 1 causes them to turn on.

Step 3 - The Logic Display should be on since alogic 1 is
present.

Step 4 - The Logic Display should be off since the wire
connecting the switch to the display has been removed. When
theinput to the display isdisconnected the display will be off.

Step 5 - The Logic Display should still be off since the wire
connecting the switch to the display has been removed. Since
the display is disconnected from the circuit it doesn't matter
what statethe switchisin, the display will remain off.

Answers to Experiment 2

Step 2 - The Logic Display should be toggling between being
on and off. This occurs because the Pulser is producing an
alternating 0 and 1 condition.

Step 3 - The waveform for the node connected to the SCOPE
will be shown in the “Waveforms®” window. When the wave-
formisatalogic 1it correspondsto theLogic Display beingon
and when the waveform is at alogic O it corresponds to the
Logic Display being off.

Step 4 - Thewaveformisnow highfor only onetick whereasit
washighfor 4ticksbefore. In CircuitLogix ticksareused asthe
measure of time whereas in the real world the time that the
waveform is high would be measure in some fraction of a
second such as nanoseconds. CircuitLogix uses the tick be-
cause it is not possible to simulate the circuit at the same
speed asareal circuit.

Step 5 - The waveform has been turned upside down or
inverted.
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Answers to Experiment 3

Step 2 - The output column of the truth table should contain O,
0, 0, 1. For an AND gate the output will only be high if both
input 1 and input 2 are high.

Answers to Experiment 4

4-34 Digital Logic Simulation

Step 2 - The output column of the truth table for the OR gate
should contain0, 1, 1, 1. For an OR gate the output will be high
if either input 1 or input 2 ishigh. The output will below only
if both input 1 and input 2 are low.

Step 3 - The output column of the truth table for the inverter
should contain 1, 0. Theinverter complementsor invertswhat-
ever logic level appears at itsinput.

Step 4 - The output column of the truth table for the NAND
gateshould contain1, 1, 1, 0. The NAND gateisjust an AND
gate with an inverter connected to its output.

Step 5 - The output column of the truth table for the NOR gate
should contain 1, 0, 0, 0. The NOR gateisjust an OR gatewith
an inverter connected to its output.

Step 6 - The output column for the XOR or exclusive OR gate
should contain 0, 1, 1, 0. This gate produces a high output if
either input 1 or input 2 are high but not if both inputsare high.



Answers to Experiment 5

Step 2 - Q1 should be low and Q1N should be high since we
loaded a 0 into the flip-flop. This correspondsto line 1 of the
truth table.

Step 3- No, CP1 must changefromOto 1inorder toload anew
state into the flip-flop. Even if this had occurred the outputs
wouldn‘t have changed since D1 stayed at alogic O.

Step4- Qlislow, Q1N ishigh. Weloaded alintotheflip-flop.
This corresponds to line 2 of the truth table.

Step 5- Yes, theflip-flopisreset corresponding toline 3 of the
truth table.

Step 6 - Yes, theflip-flopisset corresponding to line 4 of the
truth table.

Step 7 - Yes, the flip-flop is in the undetermined state which
corresponds to line 5 of the truth table.

Answers to Experiment 6

Step 1 - Thedecimal equivalentsareO, 1,2, 3,4,5,6,7,8,and 9.
The 74LS168 produces the binary representation of these
decimal numberswhen counting.

Step 3 - TheHex Display should be counting up and each time
it reaches 9 it should start over at 0. This is because the
counter isin the “count up” mode.

Step 4 - The Hex Display should be counting down and each

time it reaches O it should start over at 9. Thisis because the
counter isin the “count down” mode.
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Chapter 5

Hew Chil+h
Open... Chil+0
Lloze

Bevert...

Merge...

Save Chil+5
Save bz

Export Options...

Export Circuit...

Export ' aveforms...

Frint Setup...

FErrint Circuit... Chil+F

Frint ' aveformes...

Script Functions. ..
Freferences...

Shift+SPACE

Exit

The File menu contains commands that enable you to open,
save and print circuits and waveforms.

New

Select the*New” command to clear the current circuit fromthe
work area and begin a new circuit. If an unsaved circuit is
present in the work area when you select this command, you
will be asked if you want to savethe current circuit first.

Open...

Choosethe*“Open...” command to abandon the current circuit
andload anew circuit into thework area. |f an unsaved circuit
is present in the work area, you will be asked if you want to
savethecurrent circuit first. A fileselector dialog will thenbe
displayed allowing you to choose the circuit to load into the
work area. Thefileextension used by defaultis.CKT.

Close

Use the “Close” command to close the open windows. |f
changes have been made to the current circuit you will be
asked if you want to save the circuit before closing.

Revert...

Choose the “Revert...” command to abandon any changes
made since last saving the circuit to disk and load the last
saved version back into thework area. CircuitLogix will then
display a dialog box asking you to confirm that you want to
revert to the last saved version.

Merge...

The “Merge...” command enables you to add a circuit saved
ondisk tothecircuitinthework area. Thiscommandisuseful
because it alows you to save commonly-used circuits or
portions of circuits to disk, then reuse them as often as you
need without having to rebuild them from scratch each time.
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Select the “Merge” command and choose the circuit to be
added to the work area. The circuit will be placed starting at
the top left corner of the screen, so be sure to position the
work areaand existing circuit accordingly.

Save

Choosethe“ Save” command to save the current circuit in the
work areato disk using thenameshownintheTitleBar. When
you save a circuit whose title is UNTITLED.CKT, afile
selector dialog will bedisplayed allowing you to saveit under
adifferent name.

Save AsS...

Choose the “ Save As...” command to save the current circuit
todisk using afilenamethat isdifferent than the oneshownin
the Title Bar. CircuitLogix will display afile selector dialog
allowing you to choose the path and afile name of up to eight
characters. The circuit is saved in an ASCII format with a
default fileextension of .CKT.

Export Options...

The“Export Options...” allowsyou to specify the format used
when transferring graphicsto the clipboard or when exporting
agraphicto afile.

Windows Metafile format is Windows format for vector
graphics. A device independent bitmap is a pixel-by-pixel
representation of a graphic that |ooks good at any resolution.
A device dependent bitmap is a pixel-by-pixel representation
of agraphic that only looks good at its original resolution.



Export Options
—— Output—

 Color

thitmap = & BMW
" Device dependent bitmap
Show LEDJLAMP Display State

({* ON I OFF & SIMULATIONW Cﬂncﬂll

Selected Format
({_ "

Export Circuit...

The" Export Circuit...” command allowsyou to savethecircuit
ondisk, intheformat selectedin the Export Options described
above (asaWindowsMetafile, Device Independent Bitmap or
Device Dependent Bitmap). When you choose this command,
adialog box will be presented enabling you to select the name
of thefilewherethecircuit will be saved.

Export Waveforms...

The “Export Waveforms...” command allows you to save the
waveforms for the current circuit on disk, in the format se-
lected in the Export Options described above (as a Windows
Metafile, Device Independent Bitmap or Device Dependent
Bitmap). Only the information currently displayed in the ac-
tive Waveformsor Analysiswindow will be saved. Whenyou
choose thiscommand, adialog box will be presented enabling
you to select the file where the waveforms will be saved.

Print Setup...

The “Print Setup...” command allows the desired printer and
page orientation to be selected before printing. Thisis done
through two dialog boxes. The first dialog box is the normal
Windows Print Setup dialog. The second dialog box, shown
below, appears after you have clicked the OK button in the
Print Setup dialog box. This second dialog box allowsyou to
scale the output to the printer 10% to 2000%, and choose
between black & whiteand color.
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Scale: 100 Enter from 10 to 2000.
Show LEDJLAMP Display State
’7(' ON © OFF & SIMULATION

Print Mode 7
’7(;- BW  Color 0K I Cancell

Print Circuit...

Choose the “Print Circuit...” command to print the current
circuit to aprinter or to saveit to aprint file. A Printer dialog
box will be displayed, allowing you to select the desired out-
put. If the circuit istoo large to fit onto a single page it will
automatically be divided into page size blocks asit is printed
(see"“ Show Page Breaks’ inthe View menu). All printersand
printer options which can be selected from the Printer dialog
box are supported. Printer setupswill vary depending on the
device you are printing to, but typically such options as page
orientation and reduction factor are available.

Print Waveforms...

Choosethe " Print Waveforms...” command to print thewave-
forms to a printer or to save it to a print file. Only the
information currently displayed in the active Waveforms or
Analysiswindow will be printed.

Script Functions...

CircuitLogix has the ability to execute special script files to
perform various tasks. When you select the “Script Func-
tions...” command, the following dialog box will appear. The
Change Directory buttonisprovided to allow you to select the
scripts from a directory other than the CircuitLogix home
directory.

Script Functions [x]
Directory: C:ACMAD_32}

Create Parts list [.PRT)

Create SPICE netlist (NET)

Create SPICE subcircuit .SUB)

Create TraxMaker PCB netlist [[NET)

Create Layo1 PCB netlist [.NET)

Simulate External SPICE netlist

Step device value and run SPICE

Change Directory

Cancel




CreatePartslist (.PRT)

Runthe*” Create Partslist (.PRT)" scriptto create apartslistfile
and writeit to disk. Thisfile containsinformation about how
many and which kinds of parts are used in your circuit.

Example
Parts 1list for circuit:
C:\Cm50\Bp.ckt

Cc2,Cl: .o02uf CAP (2)
ICl: UA741 (1)

R1: 39.8k RESISTOR (1)
RF: 159k RESISTOR (1)
R2: 401.9 RESISTOR (1)

Create SPICE netlist (NET)

Runthe*“ Create SPICE netlist (NET)” script to create aSPICE
compatibletext filedescribing your circuit and writeit to disk.
This text file can be imported into other SPICE compatible
simulation programs.

Create SPI CE subcir cuit (.SUB)

Run the “ Create SPICE subcircuit (.SUB)” script to create a
.SUB filedescribing your circuit. Thetext canthen be copied
into a.SUB file which corresponds to the device symbol you
intendto use. Connect SCOPE [Digital/Instrument] (t) devices
to your circuit to indicate the connecting nodes of the
subcircuit. Label them TP1 (1st node), TP2 (2nd node), etc., or
anything that endswith anumber (1, 2, 3, etc.) up toamaximum
of 64 connecting nodes.

Create PCB netlist (NET)

Run the “Create PCB netlist ((NET)” script to create a PCB
netlistfile. ThisPCB netlist filegenerated by CircuitL ogix can
be imported into any Printed Circuit Board layout program
capable of importing Tango netlists. To create a PCB netlist,
your circuit must meet thefollowing requirements:
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1 Eachdeviceinthecircuit must have aunique Designation
(ie.D1,C3, etc)).

2. Eachdevicemust haveavalueor label (ie. 10k, 2N2222A,,
etc.).

3. Eachdevice must have aPackage type which should match
one of the available Patternsin your PCB Layout program
(ie. DIP14, AXIALO.4, etc.).

4. Pin numbers must be assigned for each device in the
circuit.

If any of theserequired itemsismissing, an error messagewill
be shown. Seethe step-by-step examplein Appendix C.

Simulateexter nal SPICE netlist

The “Simulate external SPICE netlist” script allows you to
import and simulate a SPICE netlist that was not created in
CircuitLogix. Thenetlistisconverted to acompatible-SPICE
format and savedinanintermediate TXT file. SPICE will then
run, creating a .RAW file in which the simulation data is
stored. A new circuit is opened and the Plot Var device is
placed in the circuit. Click on this device to get alist of the
variables that can be plotted, then select a variable from the
list. The waveform for that variable will be plotted on the
graph. To view multiple waveforms, SHIFT-click on the Plot
Var device. When you stop the simulation, the circuit will be
cleared.

Step devicevalueand run SPICE

The “ Step device value and run SPICE” script allows you to
automatically run multiple SPICE simulations, stepping the
valueof adeviceover auser-definablerange. Thewaveformis
stored for each nodethat hasaRun-TimeTest Point attached.
Run-Time Test Points are described in the Analog Simulation
chapter. When thesimulationrunsarecomplete, all the stored
waveformswill bedisplayed. Whenyou click onapointinthe
circuit for which data has been collected, the waveforms that
correspond to that point—including any stored waveforms—
will be displayed. The following device's values may be
stepped: Resistors, Capacitors, Inductorsand DC Voltage and
Current Sources. When you run this script, you will be pre-
sented with ashort series of dialog boxes, requesting that you
providethefollowing information.



The number of simulation runs.
The number of linearized data points to save for each run.
The device for which the value is to be stepped.

A w N P

The value for the device on the first smulation run. If the
deviceisaVar Resistor, you must supply the position of
the wiper as a percentage of the wholefor thefirst smula-
tion run.

5. Thevalue for the device on the last smulation run. If the
deviceisaVar Resistor, you must supply the position of
the wiper as a percentage of the whole for the last smula-
tion run.

Prefer ences...

Choose the “Preferences...” command to change the default
settings of CircuitLogix. Preferences are stored in the
CIRLOGIX.DAT file. Thefollowing dial og box appears:

Device{Plot Font : ITrueType: Courier New =] Default Font

™ Repeat On I~ ArrowfWire Tool [ Single Click Connect

¥ Display Toolbar [~ Promptto SAVE [~ Display variable names
~Connection Area- ~Auto Wire Routing ’—Default Transient Analysis

x: |3_ Y: 3 " Simple Cycles Displayed: |2

™ Sound On & Intelligent Points Per Cycle: |40
o iy Es Export Options... | Directories and Files... |
i~ Circuit Defaults
redt Display Title Box— Grid
¥ Show Pin Dots
 None X 10 y: |10
¥ Show Bus Labels = l_ l_
First Page i
¥ Show Page Breaks g i @
" All Pages ™ Snap To Grid

™ Show Node Numb
™ Show Prop Delays ¥ Auto Refresh ™ Auto Designation

Circuit Fault Data... | Circuit Display... | Select Colors... |
Factory Settings Cancel

Theitemsinthe Program Defaults section are used no matter
what circuit isloaded, whiletheitemsin the Cir cuit Defaults
section are saved with each individual circuit.

Click on the Factory Settings button to reset all the Prefer-
ences to their factory default settings.
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Device/Plot Font

This option lets you specify the default font used in
CircuitLogix. Thisfontisused on all the device labels, wire
labels, pin names, key caps, ASCII displays and in the plot
windows.

Default Font Button

Sets CircuitLogix default font to its factory default which is
“Courier New”. This is a TrueType (scalable/rotatable),
monospaced font that comes with the Windows operating
system.

Repeat On
See Repeat On in the Options Menu chapter.

Arrow/WireTool
See Arrow/Wire in the Options Menu chapter.

Single Click Connect

Thisoption isused for manual routing of wires. When Single
Click is enabled, you can terminate awire by a single mouse
click on any valid connection point. Y ou can still terminate a
wire at any location with adouble-click, evenif the end of the
wireisnot at avalid connection point. When the Single Click
optionisdisabled, you must double-click to end thewire. This
double-click mode lets you turn a wire very close to other
wires or pins without connecting to them.

Display Toolbar
See Display Toolbar in the Options Menu chapter.

Display variablenames
See Display Variable Names in the Options Menu chapter.

PrompttoSAVE

If modifications have been made to the circuit, you may want
to savethecircuit before you runthe simulation. If thisbox is
checked, then each time you run the simulation CircuitL ogix
will warn you if the circuit has not been saved.

Connection Area
The connection area defines arectangle around valid connec-



tion points (avalid connection point isany device pin or wire).
The SmartWires™ feature allows you to connect a wire to a
valid connection point, even if your cursor is not exactly on
that point. By setting the “X” and “Y” values, you specify
how close (within how many pixels) you must be to the con-
nection point before the wire will snap to that point. By
default, the cursor must be within 3 pixels of the connection
point. When the “Sound On” option is enabled, the system
will beep through the PC’ s speaker each timethe cursor enters
aconnection area. Whenthe* Show Box” optionisenabled, a
rectanglewill be appear around the connection areaeach time
the cursor enters that area.

Default Transient Analysis

This section allows you to control the parameters supplied to
the Transient Analysis when the Default Setups button is
pressed in the Analog Analyses dialog box. These valuesare
only used in circuitswhich contain oneor more Signal Genera-
tors. “Cycles Displayed” determines the number of cycles of
thelowest frequency Signal Generator to beanayzed. “Points
Per Cycle’ determinesthe resolution of the analysis.

Export OptionsButton
See Export Optionsearlier in this chapter.

Directoriesand FilesButton

Thedefault directoriesand files used by CircuitL ogix are user
definable. “Circuit Directory” isthe path towhereyour circuit
(.CKT) files are located. “Model Directory” is the path to
where your SPICE model librariesarelocated. “ Script Direc-
tory” isthe path to where your script (.SRP) files are located.
“User Library File" isthe path and file name of your User.lib
(Macros) file. “DevicelLibrary File” isthe path and file name of
theDevicelibfile.

Note: The Devicedb.dat, Hotkeydb.dat and Symboldb.dat
filesmust be in the same directory as User .lib.

Show Pin Dots
See Show Pin Dotsin the View Menu chapter.
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Show BusL abels
See Show Bus Labelsin the View Menu chapter.

Show Page Breaks
See Show Page Breaks in the View Menu chapter.

Show NodeNumbers
See Show Node Numbersin the View Menu chapter.

Show Prop Ddlays
See Show Prop Delaysin the View Menu chapter.

Display TitleBox
See Title Box in the View Menu chapter.

Grid
See Drawing Grid in the View Menu chapter.

Circuit Fault DataButton
See Circuit Faultsin the Fault Simulation chapter.

Circuit Display Button
See Circuit Display Datain the View Menu chapter.

Select ColorsButton
See Sdlect Colorsin the View Menu chapter.

AutoRefresh
See Auto Refresh in the Options Menu chapter.

Auto Designation
See Auto Designation in the Options Menu chapter.

Exit
Choosethe " Exit” command to exit CircuitL ogix and returnto

Windows. If there are unsaved changes, you will be asked if
you want to save them.
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Chapter 6
Edit Menu

Undo Move Cirl+Z
Cut Chrl+
LCopy Chil+C
Paste Chil+
Move Shift+HNSERT
Delete ltems DELETE
Duplicate Chil+D
Select All Chil+4,
Copy Circuit
Copy Waveforms
Fiefresh Screen Chil+F
Fotate 90 Alt+R
irror Alt+bd
Straighten Selected \Wire[z] Alt+l
Flace Selected Label(s] A+l
Set Prop Delay(s)...
Set Auto Designation. .. Chil+F4
Edit Selected Item
Group Selected ltems
Select Font...

Paste Cursor

The commands in the Edit menu provide some of the tools
necessary to construct and modify circuit diagrams.

Undo

Many of the CircuitLogix editing commands can be undone.
Edit operations which can be undone are Cut, Paste, Delete
and Move. Only the most recent edit can be undone and many
commandswill void the ability to undo. Commandswhichwill
void the ability to undo include Run, Single Step, Reset,
Define New Macro, Expand Macro and Delete Macro.

Cut

The*Cut” command will remove all selected items and place
them in the paste buffer and on the system clipboard.

Copy

The" Copy” command will placeall selected itemsin the paste
buffer and on the system clipboard.

Paste

The “Paste” command will display the contents of the paste
buffer inthework areaand the displayed itemswill follow the
mouse around the screen. The cursor isreplaced by the paste
cursor, indicating the top left corner of the paste area. When
the items are positioned at the desired location, click the
mouseto finalize the paste. To cancel the paste, pressany key
or double-click the mouse.

Move

The“Move’ command performs both a“Cut” and a* Paste”.
Thisprovidesaquick way to move an entirecircuit or portion
of acircuit to anew position on the screen.

Delete Items

The"“Deleteltems’ command removesall selected itemsfrom
thework area.
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Duplicate

Choose the “Duplicate’” command to make a copy of all se-
lected items. When this command is selected the duplicated
itemswill follow the mouse around the screen. The cursor is
replaced by the paste cursor, indicating the top left corner of
the paste area. When the items are positioned at the desired
location click the mouse to finalize the duplication. To cancel
the duplication press any key or double-click the mouse.

Select All

Thiscommand selectsall itemsinthework area. Thisisuseful
when you want to cut, copy or move the entire circuit.

Copy Circuit

The “Copy Circuit” command allows you to copy the entire
circuit to the system clipboard in one of three formats—
Windows Metafile, Device Independent Bitmap or Device
Dependent Bitmap—depending on the format selected in the
“Export Options...” optionintheFilemenu. Thisenablesyou
to later paste the contents of the clipboard into a graphics
program for further manipulation, printout, etc. When this
command has been executed, an aert box will appear informing
you that the circuit has been copied to the clipboard.

It should be noted that you cannot paste items into the
CircuitLogix work area which were copied using this com-
mand. It is designed only to copy the circuit to the system
clipboard.

Copy Waveforms

The “Copy Waveforms’ command allows you to copy the
contents of the Waveformswindow to the system clipboardin
one of three formats—Windows Metafile, Device Indepen-
dent Bitmap or Device Dependent Bitmap—depending onthe
format selected in the “Export Options...” option in the File
menu. When this command has been executed, an aert box
will bedisplayed informing you that thewaveformshave been
copied to the clipboard.

In order to use this command, at least one oscilloscope must
be connected in your circuit and the Waveformswindow must
be open. Only the information currently visible in the Wave-



The Rotate 90 Button

The Mirror Buttan

formswindow will be copied to the clipboard. To ensure that
meaningful waveform information is copied to the clipboard,
you must run the ssmulation prior to selecting this command.

Refresh Screen

Choose the “Refresh Screen” command to redraw the entire
circuit. Redrawing may be desirable following acommand or
operation which causes parts of the screen to become “dirty”.
Also see Auto Refresh in the Options Menu chapter.

Rotate 90

This is the same as the Rotate 90 button described in the
Schematic Capture chapter.

Mirror

Thisis the same as the Mirror button described in the Sche-
matic Capture chapter.

Straighten Selected Wirg(s)

When you have wires with multiple bends, sometimes you
may want to clean them up alittle. Thisisjust aquick way of
taking out some of the extra“kinks’ without having to adjust
thewiremanually. All selected wiresmay be affected.

Place Selected L abel(s)

This command allows you to place the labels of all selected
devicesin their standard positions without rotating or mirror-

ing.

Set Prop Delay(s)... (for Digital Simulation Mode)

Thiscommand allowsyou to alter the propagation delay of all
selected devices. Thedelay of adevice determineshow many
simulationticksit takesfor asignal to propagate fromtheinput
tothe output of thedevice. Thedefault delay for all devicesis
one, but by using the “Set Prop Delay(s)...” command this
value can be changed to any integer from 1 to 14. The units
assigned to delay are arbitrary, and it is left to the user to
determinewhat they are. The conceptisthat if one device has
adelay of one and another a delay of three, then in the real
world the second device would have a propagation delay
threetimes larger than thefirst device.

EditMenu 6-3



6-4 EditMenu

To invoke this command first select at least one device, then
select the” Set Prop Delay(s)...” command from the Edit menu.
Thefollowing dialog box will then be displayed allowing you
to enter anew value for the delay or to cancel the command.

Edit Delay [<]
Enter a delay from 1 to 14:
El j

Cancel

Use the “ Show Prop Delays’ command in the View menu to
display the propagation delay of al devicesinthecircuit. The
delay valueswill be shown within arounded rectanglelocated
near the center of each device. Somedevices (pulsers, LED's,
macro devices, etc.) do not have a delay, so no value will be
shown on them. In the case of macro devices, the delay is
determined by the individual delay setting of each device
contained within the macro.

Set Auto Designation...

Use this command to automatically generate the designations
(R1, C3, Q2, etc.) for each devicein the circuit. If any of the
devicesinthecircuit aready have adesignation, that designa-
tion will bereplaced. The designation prefix for each device
can be set in the Device Data dialog box described in the
Netlist | nformation section of the Schematic Capture chapter.
Each device must have a unique designation in order for
anal og simulation to work.

Edit Selected Item

This sub-menu allows the same functions as double-clicking
onaniteminthecircuit. Itisincluded hereasareferencetothe
various functions. Select a single item in the circuit, then
select the proper command from thismenu. Thefunctionsare
described below.

Edit BusConnection...

This feature allows the number associated with an existing
wire that is connected to a bus wire to be modified. It also



The Maming Tool

allowsthe angle on the connecting wireto be selected. Select
the wire (connected to a bus) to be edited by clicking on it
once, then select the “ Edit Bus Connection...” command and
enter a new number or angle. Alternately, click on the wire
withthe Naming Tool or double-click onitwiththe Arrow Tool
and enter a new number or angle.

Edit Bus Connection [<]

Enter a number from 1 to 32767

Wire :|3 on Data Bus 1

v Angle connection to Top/Left

Cancel

Edit BusWireNumber ...

Thisfeature allowsthe number associated with an existing bus
wireto be changed. Select thebuswireto be edited by clicking
on it once, then select the “Edit Bus Wire Number...” com-
mand and type in anew number. Alternately, click on the bus
wirewiththeNaming Tool or double-click onit withthe Arrow
Tool and enter anew number.

Edit Bus Wire Number [<]

Enter a number from 1 to 32767

Bus Wire Number : |{]
Cancel

Edit DeviceData. ..

Choosethe“Edit Device Data...” command to change device
labels, values, SPICE data, etc. Refer to Netlist Informationin
the Schematic Capture chapter for details.

Edit Digital Params...

Choosethe*” Edit Digital Params...” command to changedigi-
tal simcode device parameters. Refer to Digital Smcode
Devicesin the Macro Devices chapter for details.

Edit Run-TimeTest Poaint...

Choosethe*Edit Run-TimeTest Point...” command to change
the setting for the selected Run-Time Test Point. Refer to Run-
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Time Test Pointsin the Analog/Mixed-Mode Simulation chap-
ter for details.

Edit/Select SpiceModd!....

Choosethe“Edit/Select SpiceModel...” command to change
the SPICE model for the selected device. Refer to SPICE
Modelsin the Edit Devices chapter for details.

Edit PROM/RAM...

Usethe“Edit PROM/RAM...” commandto programthe32x 8
PROM or the 1k x 8 RAM. Once a PROM is programmed, it
retains its contents until reprogrammed. When acircuit con-
taining aPROM issaved to disk the contents of the PROM are
also saved. For debugging purposes, the contents of the
RAM can be viewed and edited, but the datawill not be saved
withthecircuit.

Toinvoke thiscommand, click on asingle PROM or RAM to
selectit, then select the” Edit PROM/RAM...” command. The
following dialog box will then appear alowing you to enter
either hexadecimal or binary numbers.

Edit PROM/RAM Data [<]

Address - Data Data
- ~ Hex
- " Binary
- Help

Netlist
Cancel

0009 - 00 =l

Edit Pulser ...

Choose the “Edit Pulser...” command to change the pro-
grammed settingsof aPulser. Thepulseformat, timehigh, time
low, and trigger mode areindividually programmablefor each
Pulser inthecircuit. For acomplete description of the Pul ser,
refer to The Pulser inthe Digital Logic Simulation chapter.

Edit Multimeter ...

Thisfeature allows you to change the function of the selected
meter (voltmeter or ammeter). Select the Multimeter to be
changed by clicking on it once, then select the “ Edit Multim-



eter...” command. Alternately, double-click on it with the
Arrow Tool. Refer to Multimeter in the Analog/Mixed-Maode
Simulation chapter.

Edit Input/Outpuit...

This feature allows the name associated with an INPUT or
OUTPUT device to be edited. Select the Input (or Output)
device to be modified by clicking on it once, then select the
“Edit Input/Output...” command and type in a new name.
Alternately, click on the Input (or Output) device with the
Naming Tool or double-click on it with the Arrow Tool and
enter anew name.

InjOut Name: |[Sys Clk

Netlist Cancel

Edit Data Sequencer ...

Choosethe “Edit Data Sequencer...” command to change the
programmed settings of aData Sequencer. Thisdeviceallows
the user to specify up to 1024 bytes which can be output in a
defined sequence. To edit thisdata, sel ect the Data Sequencer
to bemodified by clicking onit once, then select the* Edit Data
Sequencer...” command (or just double-click on the Data Se-
guencer with the Arrow Tool). For a complete description of
the Data Sequencer, refer to The Data Sequencer inthe Digital
L ogic Simulation chapter.

Edit Signal Generator ...

Choosethe Edit Signal Generator...” command to changethe
programmed settings of the selected multifunction signal gen-
erator. For acompletedescription of thesignal generator, refer
to Multifunction Signal Generator in the Analog/Mixed-
M ode Simulation chapter.

Edit Scope/ProbeName...

Thisfeatureallowsan existing SCOPE or Analysis Probe name
to be changed. Select the scope or probe to be changed by
clickingonit once, then select the* Edit Scope/Probe Name...”
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command and typein anew name. Alternately, click on the
scopeor probewiththe Naming Tool or double-click onit with
the Arrow Tool and enter anew name.

Enter Name :  |TP1

Netlist Cancel

Group Selected Items

This command is provided to allow the user to specify which
devicesare contained within the same package. For example, a
7400 Quad 2-1nput NAND gate actually has4 gatesinthesame
package. The pin numbers are different for each gate. The
individual gates are grouped together automatically as they
are placed in the circuit. The gates can later be regrouped as
needed using this command.

Select Font...

Choose the “Select Font...” command to change the font
attributes of any selected, free-floating text field, or the default
font for new text.



Chapter 7
Fault Simulation

An exciting educational feature of CircuitL ogix istheability to
placefaulty devicesin circuits, allowing aninstructor to create
troubleshooting exercises for students. An instructor can
create aworking circuit, then“zap” oneor moreof thedevices
by applying shorts, opens or other faults to selected pins on
those devices. The instructor can then password protect the
fault data and limit the resources available to the student.
Faults can be added to both digital and analog circuits.

Y ou should always create aworking circuit before adding any
fault data. CircuitLogix comprehensivefault smulator hasthe
capability of creating multiple, complex faults. However, dis-
cretion should be used when adding faultsto acircuit. Oneor
two damaged pins on an IC, a burnt resistor, or a shorted
capacitor may be enough to present a challenge for the stu-
dent.

Device Faults

Each device may have multiplefaults, but each device pin may
only have a single fault. There are 6 basic types of device
faultsthat can be simulated in CircuitL ogix: pin(s) stuck high,
pin(s) stuck low, pin(s) open, pins shorted together, wrong
values, and user-defined faullts.

Pin(s) stuck high. In digital ssmulation mode the specified
pins will be connected to alogic high. In analog simulation
mode the specified pins will be connected to an invisible,
independent voltage source of a user-specified value.

Pin(s) stuck low. Indigital simulation modethe specified pins
will be connected toalogiclow. Inanalog simulation modethe
specified pins will be connected to an invisible, independent
voltage source of auser-specified value.

Pin(s) open. Indigital simulation modethe specified pinswill
be disconnected from the device. 1n analog simulation mode
the specified pins will be connected to the device through an
invisibleresistor of auser-specified value.
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Pinsshorted together. Indigital simulation mode the speci-
fied pins will be shorted directly together. In analog simula-
tion mode the specified pins will be connected together
through adaisy-chain of invisible resistors of a user-specified
value.

Wrong value. For analog simulation mode only. The Label-
Valuefor thedeviceisreplaced during simulation by the Fault
Label-Vdue.

User defined. For analog simulation mode only. The SPICE
model or subcircuit specifiedinthe Label-Vauefor thedevice
isreplaced during simulation by the model or subcircuit speci-
fied in the Fault Label-Vaue. Thefaulty model or subcircuit
may be onethat has been modified by theinstructor to operate
incorrectly.

AddingDeviceFaults

To add faultsto adevice, double-click on the deviceto get the
Edit Device Datadialog box. Then click on the Faults button
to bring up the Device Faults dialog box. Following is a
description of the various items.

Device Faults
™ Enable the following Selected Device Fault[s] : [ Internal High
Fault Label-Value : lm— ™ Internal Low
Fault: VALUE - TYPE - SELECTED PINS — Device Pins:
[5.000 | HiGH ;g::;
[oo00 | Low
[1.000g | OPEN
[1.000m | sHoRT|

Hint Message : |

Fault Password : Cancel

» Enablecheck box: When checked, the faults specified for
thisdevicewill beenabled. Itisenabled automatically when
you edit the fault data.

» Fault Label-Value: Thisfieldisusedforthe“wrongvalue”’
and “user defined” faults mentioned previoudy. If avalue
is entered in this field, it will replace the device's Label-
Valuewhen thesimulationisrun. Faulty SPICE model and
subcircuit namesmay also beentered here. If thefieldisleft
blank, the device's real Label-Vaue will be used in the
simulation.



» Faultsand Device Pins: Select one or more pins from the
Device Pinsligt, then click on one of thefault buttons. The
selected pins will be removed from the selection list and
placed to theright of the associated fault button. Pressinga
fault button again will removethat fault from the pinslisted
next to it, and place the pins back in the selection list.

The HIGH button is used for the “pin(s) stuck high” fault.
Thevalue to the left of the button is used in analog simula-
tion mode to indicate the voltage of an invisible voltage
source to which the pin is stuck.

The LOW button is used for the “pin(s) stuck low” fault.
Thevalue to the left of the button is used in analog simula-
tion mode to indicate the voltage of an invisible voltage
source to which the pin is stuck.

The OPEN button is used for the “pin(s) open” fault. The
value to the left of the button is used in analog simulation
mode to indicate the resistance (very high) between the pin
and the device.

The SHORT button is used for the “ pins shorted together”
fault. The value to the left of the button is used in analog
simulation mode to indicate the value of the resistors (very
low) that are daisy-chained between each of the selected
pins.

* Internal High/L ow check boxes. Theseareused for digital
simulation only; they do not affect analog simulation. Stuck
high and stuck low faults are assumed, by default, to be
external to the device. Due to the nature of the digital
simulation, it is desirable to use internal high/low faults on
input pins and external high/low faults on output pins. For
this reason you should not have an input pin and an output
pin both stuck high or both stuck low on the same device.

» Hint Message: Theinstructor may place abrief hint about

the nature of the fault in this field that can be accessed by
the student while troubleshooting the circuit.
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« Fault Password: The instructor may enter a password in
thisfield to restrict accessto thefault data. If apasswordis
entered here, all fault datawill be password protected. If the
password is deleted, the fault data will no longer be pro-
tected. Passwords are case sensitive and may be up to 15
charactersin length. They may include any printable char-
acter, excluding TAB or ENTER. Password protection:
—restricts access to the Device Faults dialog box.
—restricts access to the Circuit Faults dialog box.
—eliminatesfault commentsfromthe.NET file.

Access Faults

If the fault data has been password protected, the Access
Faults dialog box will be displayed whenever the student:

a clicksonthe*Circuit Fault Data...” buttonin the Preferences
dialog box, or

b. clicks on the Faults button in the Edit Device Data dialog
box, or

c. double-clicks on a device (if “Device Data Display” has
been checked in the Circuit Faults dial og box).

Access Faults E

Password : I
Replace Devicel 0K I

Display Hint | Cancel |

If “Replace Device” has not been disabled (in the Circuit
Faults dialog box), the student can click on this button to
replace adevice. This disables the fault data for the device,
but does not actually delete the fault data.

If “Replacement Status’ has not been disabled (in the Circuit
Faultsdialog box), amessagewill then be displayed indicating
whether the replaced device was good or faulty. “Replace-
ment Status’ can be disabled from the Circuit Faults dialog
box.

If “Display Hint” has not been disabled (in the Circuit Faults
dialog box), the student can click on the Display Hint button to
view any hint the instructor has provided for that device.
“Display Hint” can be disabled from the Circuit Faults dialog
box.



Theinstructor can see how many devices were replaced, and
how many hints were displayed, al from the Circuit Faults
dialog box. Theinstructor can also enter the password to gain
accessto the Device Faults or Circuit Faults dialog box.

Circuit Faults

When faults are enabled, the instructor can control which
resources are available to the students. The Circuit Faults
dialog box is used for this purpose, as well as defining the
default analog fault values. The settings specified in this
dialog box are saved with the circuit.

From the Preferencesdial og box, click onthe Circuit Fault Data
button to bring up this dialog box:

~Disable Circuit Options
™ Wire Tool ™ Delete Tool ™ Rotate/Mirrar
™ Cut Command ™ Copy Command ™ Paste Command
™ Device Repl ™ Repl Status [ Display Hint
™ Script Functions ™ Model Selection ™ Subcircuit Selection
™ Signal Selection ™ Device Data Display [ Device Libraries
™ Digital Options ™ Digital Trace ™ Show Node Numbers
™ Analog Options ™ Analysis Selections ™ Save Circuit
Hints Displayed: 0 Devices Replaced : 0 I~ Auto Save Circuit
Select Hinted Devicesl Select Replaced Devices | after Hint or Replacement
Select Faulty Devicesl Replace Selected Devices | Clear HinlisEpIacEmenlsl
- Circuit Default Values Fault Lock Password :
HIGH : [5.000 OPEN: |1.000g [
Low: [o.000 SHORT : [1.000m [ ok | cancel |

DisableCircuit Options

This section is used to limit the features available to the
student. Only theitemswhich arenot checked areavailable
to the student. By default, none of the items are checked,
meaning that the student has access to all CircuitLogix fea-
tures.

WireTool. With thisbox checked the student will be unable
to use the Wire Tool or the Arrow/Wire Tool to modify the
circuit.
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Delete Tool. With thisbox checked the student will be unable
to use the Delete Tool or the Delete key to modify the circuit.
This does not, however, prevent the student from replacing a
device (by clicking on the Replace Device button in the Ac-
cess Faults dialog box).

Rotate/Mirror. With this box checked the student will be
unableto rotate or mirror devicesin the circuit.

Cut Command. With this box checked the student will be
unable to use the Cut and Move commands to modify the
circuit.

Copy Command. With this box checked the student will be
unable to use the Copy, Duplicate and Copy Circuit com-
mands. This preventsthe student from copying faulty devices
into another circuit which is not password protected.

Paste Command. With thisbox checked the student will be
unable to use the Paste and Duplicate commands to modify
thecircuit.

Device Replacement. With thisbox checked the student will
be unable to use the Replace Device button in the Access
Faults dialog box. This does not prevent the student from
deleting the device or selecting a new device from the device
library.

Replacement Status. With this box checked, no message is
displayed when a device is replaced. The message would
indicate whether or not the replaced device was faulty.

Display Hints. With this box checked the student will be
unable to view any hint messages.

Script Functions. With this box checked the student will be
unable to run any of the script functions.

Model Selection. With this box checked the student will be
unableto select anew SPICE model for any device.

Subcir cuit Selection. With thisbox checked the student will
be unable to select anew SPICE subcircuit for any device.



Signal Selection. With this box checked the student will be
unable to change the settings of the Signal Generators.

Device Data Display. With thisbox checked the student will
be unable to view or edit the device data in the Edit Device
Data dialog box, and will be unable to change the Visible
status of the device labels and values.

DeviceLibraries. With thisbox checked the student will be
unable to select new devices from the device library. This
does not prevent the student from replacing a device by
clicking on the Replace Device button in the Access Faults
dialog box.

Digital Options. With this box checked the student will be
unable to access the Digital Options dialog box.

Digital Trace. With this box checked the student will be
unable to use the Trace feature. The Trace featureisused in
digital simulationto view thelogic states of all thewiresinthe
circuit.

Show NodeNumbers. With thisbox checked the student will
be unable to view the node numbers for the circuit. Viewing
the node numbers could help identify opens and shorts in a
circuit.

Analog Options. With this box checked the student will be
unable to access the Analog Options dialog box.

Analysis Selections. With this box checked the student will
be unable to change the enabl ed/disabled status of the analog
analyses. This limits the student to analysis types specified
by the instructor. The student will, however, be able to
change the settings of the enabled analyses and run a modi-
fied smulation.

Save Circuit. With this box checked the student will be
unable to save the circuit. This cannot be checked if “Auto
Save Circuit after Hint or Replacement” ischecked (see Hints
and Replacements below).

Hintsand Replacements
Each time the student presses the Replace Device or Display
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Hint button in the Access Faults dialog box aflagisset for the
selected device. If “Auto Save Circuit after Hint or Replace-
ment” is checked, the circuit will be saved automatically each
time they are pressed, preserving the student’s work. The
instructor can view the number of devices that were replaced
and the number of hints that were viewed by the student.
Buttons are provided to let theinstructor see (highlight) all of
the devicesthat werereplaced, all of the devicesfor whichthe
student viewed ahint, or al of the devicesthat have fault data
in them (whether the faults are enabled for that device or not).
The Replace Selected Devices button disables the fault data
for al of the selected devices; it does not delete the fault data.
The Clear Hints/Replacements button clears the flags.

Circuit Default Values

This section of the Circuit Faults dialog box is used to set the
default values that correspond to the various faults in analog
simulation mode. These defaults can be overridden for each
deviceindividualy.

HIGH This is the default value for the invisible voltage
source to which the specified pins of a device are
connected when a HIGH fault is specified. The
factory defaultis+5V.

LOW This is the default value for the invisible voltage
source to which the specified pins of a device are
connected when a LOW fault is specified. The
factory defaultisQV.

OPEN This is the default value for the invisible resistor
placed between the specified pins and the device.
Thefactory defaultis 1G ohm.

SHORT  Thisisthe default value for the invisible resistors
that are daisy-chained between the specified pins
of thedevice. Thefactory default is 1m ohm.

Fault L ock Password

The instructor may enter a password in this field to restrict
accessto thefault data. If apassword isentered here, all fault
data will be password protected. If the password is deleted,
the fault datawill no longer be protected. Passwords are case
sensitive and may be up to 15 charactersin length. They may



includeany printable character, excluding TAB or ENTER.

Warning: If you forget the password, you will be unable to
access the fault data for the circuit.

“Black Box” Macros

Theinstructor may lock amacro so that it cannot be expanded
by the students, thus creating a “black box”. To do this,
expand the macro, select “Macro Lock” from the Macros
menu, enter any 4-digit number (1-9999), then save the macro.
When you attempt to expand the macro again, you will be
prompted to enter the 4-digit code. A code of O (zero) leaves
the macro unlocked.

Warning: If youforget the code, youwill beunableto expand
themacro.

Fault Example
1 Opentheexamplecircuit PS1.CKT.
2. Pressthe Run button in the toolbar to run the simulation.

3. Selectthe Transient Analysiswindow, then probe around
onthecircuit to verify that thecircuit isworking properly.
If you click onthe positive side of thefilter capacitor (C1),
you should see aripple on waveform at about 15VDC. If
you click on the emitter side of the transistor (Q1), you
should see a DC voltage of about 6V.

4. Stop the simulation by clicking on the Stop button in the
toolbar.

5. Double-click on the filter capacitor (C1) to bring up the
Edit Device Datadialog box. Click ontheFaultsbutton 9.
Click on OK toexit the Device Faultsdia og box, then click
on OK to exit the Edit Device Datadial og box.

10. Select “Preferences...” from the File menuto bring up the
Preferences dialog box. Click on the Circuit Fault Data
button to bring up the Circuit Faults dialog box.

Click on Device DataDisplay soit is checked.

Click on the Clear Hints/Replacements button to clear
these flags.

=
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14,

16.
17.

24,

217.

Type“xxx” intothe Fault L ock Password field.

Click on OK toexit the Circuit Faultsdial og box, then click
on OK to exit the Preferences dial og box.

If the fault settings for the circuit are to be saved (hot
required for thisexampl€), you must now savethecircuit.

Press the Run button in the toolbar to run the simulation.

Look at the waveform on the positive side of the filter
capacitor. Y ou should seeasinewave of very low ampli-
tude (about 150mV peak-to-peak). The student might
determine from this measurement that the filter capacitor
is shorted and want to replaceit.

Stop the simulation by clicking on the Stop button in the
toolbar.

Double-click on the filter capacitor (C1) to bring up the
Access Faults dialog box. Click on the Display Hint
button to view the hint.

Double-click on the filter capacitor again to bring up the
Access Faults dialog box. Click on the Replace Device
button to disable the fault data for this device.

Run the simulation again to see if the problem has been
fixed.

Stop the simulation and select “Preferences...” from the
Filemenuto bring up the Preferencesdialog box. Click on
the Circuit Fault Data button to bring up the Access
Faultsdial og box.

Type“xxx” into the Password field and click OK to bring
up the Circuit Faults dial og box.

Note that there was one device replaced and one hint
displayed.

Click onthe Device DataDisplay check box to removethe
check. Delete the “xxx” from the Fault Lock Password
field.

Click onthe Select Replaced Devices button.

Click on OK toexit the Circuit Faultsdial og box, then click

on OK to exit the Preferences dialog box. Thedevicethat
wasreplaced (thefilter cap) will be selected.



Chapter 8
Device Editor

CircuitLogix isfully expandable becauseit alowsyouto create
your own completely functional devices and nonfunctional
device symbols. You will see the term “macro device” used
loosely throughout this manual to refer to any device created
by or whose functionality can be modified by the user. New
devices can be created in the following manner:

1. A macro device can be created. This is a device which
contains internal circuitry, built using CircuitLogix and its
existing devices, which performs the desired function of the
new device. The symbol of a new macro device is created
using the Symbol Editor. Macro devices can be nested, mean-
ing that a macro can be used within another macro, thus
allowing the user to create building blocks and piece them
together in order to create the final device. Whenamacrois
saved, al the circuitry is hidden within its package. The new
macro can then be used in any circuit and functions according
tothecircuitry hidden within. Refer to the section Creating a
New Macro later in this chapter for a step-by-step tutorial
about creating macro devices.

2. SPICE model and subcircuit information can beattachedtoa
new or existing device. For new devices, asymbol iscreated
using the Symbol Editor. When using thismethod for creating
new devicesitishelpful if the user isfamiliar with SPICE, an
industry standard program for simulating circuits. For those
interested in learning more about SPICE, ashort list of refer-
ence booksislisted in Appendix A. With this method, atext
editor isused to create or modify an ASCI| file containing the
SPICE information. For moreinformation, refer tothe section
SPICE Models and Subcircuits later in this chapter.
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TheMacroButton: [£3]

The Macro button in the Toolbar is used to create or edit a
macro device. To create anew macro, just click on the button
and the following dialog box will appear. Thisisthe same as
selecting “Define New Macro...” from the Macros menu.

Name: |AND-NOR|

Parts Per Package: |1_

Cancel

Enter aunique name for the macro of 13 charactersor lessand
specify how many of these partswould befoundinasingleIC
package. The Macro Name is used to identify the macro
devicein thelibrary. When you click on the OK button, the
Symbol Editor will appear, allowing youto createasymbol for
the new macro.

To edit an existing macro, select the macro to be edited by
clicking on it once with the Arrow Tool, then click on the
Macro button. Thisisthe same as selecting “Expand Macro”
fromthe Macros menu. Itwill clear thework areaand expand
the macro. At this point, internal circuitry may be added or
edited, or you may double-click on the macro symbol to edit
the attributes of the macro packageitself. When you double-
click on the macro symbol, the following dialog box will ap-
pear.

Edit Macio [<]

v gShnw Macro NameE

Macro 2

Parts Per Package: |1

Netlist... Symbol...

From this dial og box, the macro name may be changed (when
you save the macro, it will be saved under the new name, but
will not delete the old one). Y ou can also change the number
of these partsthat would befound in asingle IC package. The
Netlist button takes you to the Edit Device Datadialog. The
Symbol button takesyou into the Symbol Editor, allowingyou
to edit the schematic symbol of the expanded macro.



TheSymbol Editor

New macro packages (schematic symbols) are created using
the Symbol Editor. The Symbol Editor isinvoked asdescribed
above (see The Macro Button).

Symbol Editor

- Element Type
" Line  Palyline
© 1} Arc ¢ Polygon

AC -
" 1J2 Arc ¢ Rectangle

™ Include Pins [ Scale

Add Shape LLLY
£ Circle ¢ Round Rect AND-NOR
 Ellipse ¢ [PinRight = AddPkg | [0 Pin DIP T1

@ Select} Move em(s] Fill Enclosed Element with

Add Existing Shape

Color: [Device = (t‘ Color & Ba[:kgmund—‘ %3
 Edit Buffer

Element Attribute [x1.y1) [x2,¥2] [x3.¥3] [xd.y4)

PinRight™ 01 26,-2 ﬂ

- Element List ~

i -l
Cut Copy Replacel Insert | Appendl Delete | I Show Grid bey): 50.54

¥ Show Symbol Name

¥ Show Pin Names Redraw
’r\'mw Clear Trace
200

Cancel |

The symbol name, if enabled, will only be displayed when
thereare other elementsinthe symbol. Y ou can click and drag
the name at any time to position it where desired, or you can
disableit. The View selection allows you to zoom in or out
(from 25%-800%) to better view the device while you are
workingonit. Youcanalsoturnonthedrawing grid. Thesize
of the drawing grid is controlled by the Grid Setup dialog box
(described in the View Menu chapter). The Snap-To-Grid
featureisnot used inthe Symbol Editor. Thegrid color canbe
changed in the Select Colors dialog box availablein the View
menu.

Drawingwith theM ouse

Symbolsor parts of symbols may be drawn freehand with the
mouse. Select an element type by clicking onitsradio button.
The following element types are defined: Line, 1/4 Arc, 1/2
Arc, Circle, Ellipse, Polyline, Polygon, Rectangle, Round Rect,
and Pins. Pins can point up, down, left or right and can have
bubblesto indicate negative logic. Pinswith bubbles areindi-
cated withthetilde (~).
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Before drawing an element, select the color and fill. Any
enclosed element will befilled with either the element color or
the background color.

When an element has been placed, its description is placed at
the end of the Element List and the element itself remains
highlighted. Theeditor will remainin drawing mode until you
click onthe Select/Move Item(s) radio button.

Once an element has been placed, it cannot be edited (re-
shaped) with the mouse, but it may be moved with the mouse.
All elementsthat are highlighted will be moved whenyou click
and drag any one of them with the mouse. You can select
multiple elements by holding down the SHIFT key whileclick-
ing onthe elements. To delete or make changesto an existing
element, refer to The Element List and the Edit Buffer later in
this chapter.

Addingan Existing Shape

Device symbolswhich are already in the library can be added
to the new symbol, thus making it easy to base a new symbol
ononewhich aready exists. Select the device by nameinthe
drop-down list box. If you want to include that device' s pins
in the new symbol, check the Include Pins check box. If you
want to scale theincoming device (makeit larger or smaller),
specify thescale. If pinsareincluded, they will not be scaled.

Toimport ametafile devicefrom an externa drawing program,
place the metafile object on the clipboard. Select “ Clipboard-
WMF" as the existing shape, then click on the Add Shape
button. The metafilewill be convertedto CircuitLogix device
format.

Click on the Add Shape button to bring the device into the
drawingwindow. PresstheR key onthekeyboard (or click the
RIGHT mouse button) to rotate theincoming device. Pressthe
M key on the keyboard to mirror the incoming device. Click
the LEFT mouse buttonto placethedevice. Oncethedeviceis
placed, it will remain highlighted allowing you to easily move
or delete it. To delete or make changes to a device that has
been placed, refer to The Element List and the Edit Buffer later
in this chapter.



AddingaDIP Package

Dual In-line Packages (DIPs) can be added quickly in the
Symbol Editor. Just specify the number of pins—in 2 pin
increments—then click on the Add Pkg button. DIPs cannot
be scaled directly, but they can be rotated and mirrored.

EditingPin Information

To edit pin names and numbers, double-click onthe pin. The
following dial og box will appear.

Symbol Pin E

Name: ICP
Pin #s: |3,11

0K I Cancel |

Each pin should be given a name (up to 16 characters) and a
number, even if the names are not displayed. Pin names will
help youto verify that any linksto SPICE modelswill belisted
in the correct order. For multipart packages, one pin number
should be listed for each part in the package, separated by
commas. For compatibility with PCB design software, each pin
number should match the Pad Designation of the correspond-
ing pad in the PCB software.

TheElement List and the Edit Buffer

As elements are added to the drawing, they are also added to
theElement List. TheElement Listisalist of all of theelements
inthedrawing, displayedintext format. Thelink betweenthe
drawing window and the Element List is interactive. When
you select an element in the drawing window, it ishighlighted
inthe Element List. Likewise, when you select an element in
the Element List, itishighlighted in the drawing window.

Elements can only be edited in the Edit Buffer. Thefollowing
buttonsareavailableto helpin editing. They also allow youto
changethe order of theelements. Elementsat the beginning of
the list are drawn first so they are in the back of the drawing
(bottom layer); those at the end of the list are drawn last so
they will infront (top layer).
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Cut Removesthe selected el ementsfrom the Element
List and placesthem inthe Edit Buffer.

Copy Placesacopy of the selected elementsinthe Edit
Buffer.

Replace Replaces the selected elements with the con-
tents of the Edit Buffer.

Insert Inserts the contents of the Edit Buffer immedi-
ately before the selected element in the Element
List.

Append Appends the contents of the Edit Buffer to the
end of the Element List.

Delete Removesthe sel ected €l ementsfrom the Element
List.

When editing an element, strict rules of syntax must be ob-
served. Thedefinition for each element must statethe element
type, attribute (lineffill color or pin name), and a set of xy
coordinates. A more complete description of the syntax re-
quired for each element is given under Element Definitions
later in this chapter.

TheTraceFeature

The Trace button allowsyou to step through the Element List,
highlighting each element oneat atime. Steppingwill beginat
the currently selected element. To see how the symbol is
drawn from the beginning, element by element, select thefirst
element in the list, click on the Clear button to erase the
drawing window, then click on the Trace button repeatedly.
This will help you identify elements that are hidden behind
other elements, etc.

Element Definitions

Element: Line

Attribute: pen color

x1yl: start point of the line
X2,y2: end point of the line
x3,y3: n/a

x4,y4: n/a

Element: Polyline

Attribute: pen color

x1,yl: 1st point of the polyline



X2,y2:
x3,y3:
x4,y4.
Note:

Element:

Attribute:

x1,yl:
X2,y2:
x3,y3:
x4,y4.
Note:

Element:

Attribute:

x1,yl:
X2,y2:
x3,y3:
x4,y4:

Element:

Attribute:

x1,yl:
X2,y2:
x3,y3:
x4,y4:

Element:

Attribute:

x1,yl:
X2,y2:
x3,y3:
x4,y4:

Element:

Attribute:

x1,yl:
X2,y2:
x3,y3:
x4,y4.

Note:

2nd point of the polyline (optiona if +Polyline)

3rd point of the polyline (optional)

4th point of the polyline (optional)

A preceding plus sign (+Polyline) indicates that this
isan extension to the preceding polyline element.

Polygon

pen color*

1st point of the polygon

2nd point of the polygon (optional if +Polygon)

3rd point of the polygon (optional if +Polygon)

4th point of the polygon (optional)

A preceding plus sign (+Polygon) indicates that this
isan extension to the preceding polygon element.

Rect

pen color*

|eft top corner of the rectangle
right bottom corner of the rectangle
na

na

RRect

pen color*

|eft top corner of the rounded rectangle

right bottom corner of the rounded rectangle
width and height of ellipse defining the corners
na

Ellipse

pen color*

|eft top corner of the defining rectangle
right bottom corner of the defining rectangle
na

na

Arc

pen color

|eft top corner of the rectangle defining the complete
elipse

right bottom corner of therectangle defining the com-
plete ellipse

end point of line 1 whose start point is at the center of
theellipse

end point of line 2 whose start point is at the center of
theellipse

Thearc followstheoutline of the ellipseand isdrawn
counterclockwisefromline1toline2.
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Element: PinUp, PinDown, PinL eft, PinRight

PinUp~, PinDown~, PinL eft~, PinRight~

Attribute: pin name (16 characters max.)

x1,yl: point where pin attaches to package

X2,y2: n‘a

x3,y3: n‘a

x4,y4: n‘a

Note: A pinisaconnection point for wires. Pins can have

bubblesto indicate negativelogic. Pinswith bubbles
areindicated with thetilde (~).

When the pen color on an enclosed element isimmediately
followed by an asterisk (for example, LtBlue*), thefill color
will bethe same asthe pen color, otherwisethefill color will
be the background color.

When the Symbol isComplete

When you have completed drawing the symbol, click on the
OK button. You will return to the expanded macro where
circuitry may be added or edited before the new device is
saved. Inthefollowing section isastep-by-step procedurefor
creating anew macro device.

CreatingaNew Macro

Following isastep-by-step example of how to use the Symbol
Editor to create your own macro devices.

1

Itisagood ideato make abackup copy of the USER.LIB
file prior to creating or deleting amacro. That way, you
will always have a copy of the library to revert to in case
thelibrary isdamaged or atered in any undesirable way.

If your macro isto be nonfunctional or isto contain only
SPICE data for analog simulation, skip to the next step.
Otherwise, construct a circuit which performs the func-
tion which your new macro device is to have. For ex-
ample, if you wanted to build adevice which performsan
AND-NOR function you would construct something like
the circuit shown below.



3. Select the “Define New Macro...” command from the

Macros menu (or click on the Macro button in the Tool-
bar). Thefollowing dialog box will be displayed.

Define New Macra

Name: [AND-NOR|

Parts Per Package: |1_

Cancel

Enter a unique name up to 13 charactersin length in the
Macro Nametext edit field. Thenameyou enter herewill
be used later to select the device from thelibrary. Inthis
example, wewill usethename“ AND-NOR”.

Specify the number of parts per package. Thisrefersto
the number of these devices that are found in the same
chip. For example, a 7400 package contains 4 NAND
gates and a 556 package contains 2 timers. In this ex-
ample, wewill usethe default of 1 part per package. Click
on the OK button to invoke the Symbol Editor.

Symbaol Editor
~Element Type —— ~Add Existing Shape B
 Line " Polyline AC =
© 14 Arc © Polygon ™ Include Pins - Scale
gl gl
112 Arc Rectangle Add Shape 100 %
€ Circle € Round Rect AND-NOR
« Ellipse C [PinRighr =] | _AddPka | [~ PinDIP J11
& Select ] Move ltem(s) Fill Enclosed Element with —12 olo— |
Color: |Device - ’V(‘ Color Backgmund—‘ _%2
-~ Edit Buffer
Element Attribute [x1.y1] [x2.¥2] [x3.¥3] [x4.y4]
PinRight™ 01 26,-2 ﬂ
< K|
~Element List - = =
Cut | Copy Fh:plm:el Insert | Appendl Delete I Show Grid  [xyl: 50.54
R ¥ Show Symbol Name
PinLeft N 26 ¥ Show Pin Names Redraw
PinLeft 12 26,0 View
PinLeft 13 -26,9 = — M M
e ZI 0K | Cancel |
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10.

14.

For this example, we will begin by placing an 8 Pin DIP
packageinthedrawing window. Type“8” inthe Pin DIP
field, then click on the Add Pkg button. Click the left
mouse button to place the package in the center of the
drawing window.

The macro name “AND-NOR” will be displayed in the
center of the drawing window. Click and drag thisname
into position near the top of the DIP.

ChangetheView to 200% by clicking ontheup arrow next
totheViewfield.

Thisdevice consistsof 1 Rect, 4 PinL eftsand 4 PinRights.
We will remove 3 of the 4 PinRights. Click on the top
right-hand pininthedrawingto select it, then click onthe
Delete button. Repeat for the 2 bottom right-hand pins.

Click ontheremaining right-hand pinto selectit. Click on
the Copy button to copy the pin from the Element List to
the Edit Buffer. Change “PinRight” to “PinRight~" and
change “P7” to “O1”. Click on the Replace button to
replace the selected pin with the new pin. The pininthe
drawing will now have abubbleonit.

Click on the Show Pin Names check box to enableit.

Click on the top left-hand pin to select it. Click on the
Copy button to copy the pin from the Element List to the
Edit Buffer. Change“P1” to“11”. Click onthe Replace
button to replace the selected pin with the new pin. Re-
peat for each remaining pin, naming them “12”, “13” and
“14".

Click onthe OK button. The new symbol you created will
be displayed and will follow the mouse around the work
area. Click themouseto placethesymbol inthework area.

Select the Wire Tool from the Toolbar and connect wires
from the macro package pinsto pointswithin your circuit



15.

16.

from which you want to be able to connect later. Shown
below isan example of acompletely wired macro device.

If your macro device is to have any default data associ-
ated with it, the data should be added at thistime. To do
this, double-click onthe macro package, then click onthe
Netlist... button. Any data entered in the Device Data
dialog box at thistimewill bethereevery timethismacrois
selected from the library menus. Now is a good time to
add the default Package, Auto Designation Prefix, Spice
Prefix Character(s) and Spice Dataif required.

If you are satisfied with your macro select the “Macro
Utilities...” option from the Macros menu. The Macro
Utilitiesdialog box will then be presented.

Macro Utilities E{
Major Device Class Minor Device Class - Save Macro
Active Components ~| |DB Type Macro 2
Analo Major Device Class :
Crystals Connectors
Digital Wi D al
Digital by Number LTy (LRI (S 2
Digital ICs by Function Misc
Displays
Fuses Save Macro
Cl Selected Di =
Device Symbol Analog/Digital Device ass e:nnz el

AC Outlet Add REmove
AC Plut
c.mnefm ~Expand/Delete Macro—
Input 13W3
Mono Jack
Output Expand Delete
Phone Jack
Phone Plug Model|Data,.,
SIP10 =l  oa |

You must specify the Mgjor and Minor Device Class
under which your macro will be shown in the Device
Selection dialog box. To place the device in an existing
Major or Minor Device Class, click on the appropriate
itemsinthelists. Tocreateanew Major or Minor Device
Class, type in the Major or Minor Device Class namein

DeviceEditor 8-11



8-12 DeviceEditor

the appropriatetext edit fields. Finally, click onthe Save
Macro button. Thiswill cause the new macro to be saved
inthefile USER.LIB and thework areawill becleared. To
usethenew macro simply select it fromthedevicelibrary
and use it just as you would any other device.

Digital Simcode Devices

Digital smcodedevicesaremixed-modedigital deviceswhich
can be simulated in analog mode using features of X Spice.
These devices use event-driven behavioral models created by
Logic Design Inc. New simcode models cannot be added by
the user, but simcode devices can be used in macro circuitsto
create new mixed-modedigital devices.

When you double-click on a device that has digital simcode
modelsassociated withiit, thefollowing dialog box will appear.

Edit/Select Model [x]

Name - Description

4011 *2-in NAND - type:digital pkg: DIP14 [A1 2, 3][E| 5 E 4][C B g
4093 *2-in NAND schmitt ln ger - .
*2-in NAND - 3

7415132 *2-in NAND with hysleresls type:digital pkg:DIP14 [A: 1 2
74L537 *2-in NAND with buffered outputs - type:digital pkg:DIP14

Edit. |  Delete |  Netist.| [ Select | Exit |

While you cannot edit the model itself, you can alter certain
parameters of themodel. Todo so, click onit with the mouse,
then click on the Edit button. The following dialog box will

Digital Model Parameters [<]

Defaulll Min. | Typ. | Max.l Parameter Type:

Propagation Delays
Transition Times
i el
i i

o e o | Device Current
o . o | User Defined

Data entered below takes precedence in simulation:

GND value : PWR value :

VOL value : VOH value :
VIL value : VIH value :
WARN flag: Cancel




The radio buttons allow you specify whether each of the
parameters of themodel will be minimum, typical or maximum
valuesfor the selected device(s). Refer to Edit Selected Items
inthe Edit menu for information on changing the parameters of
multiple devices. The Default setting allowsthe parameter to
remain unchanged. All parameters can vary from pin to pin,
part to part and family to family. The parametersare:

Propagation Delays: Thetimeit takesfor asignal changeon
an input to affect the data on the out-

put.

Transition Times. Therise and fall times of the outputs.

Input Loading: The amount of load resistance that will
be applied to the output of the driving
device.

Output Drive: The amount of output current avail-
able.

Device Current: The amount of current drawn through
the supply pin to ground.

User Defined: This parameter does not affect digital

modelsprovided with CircuitL ogix.

The edit fields allow specific values to be entered for certain
parameters. These values take precedence over family spe-
cific values. Under normal conditions they should be left
blank. The parametersare:

GND & PWR: These two parameters must be pro-
grammed as a pair (if you set one, you
must also set the other). Setting these
voltageswill override any other power
and ground voltages specified for the
selected devices.
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Note: If a macro device
contains internal circuitry
as well as SPICE data,
the SPICE data will be
ignored.
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VOL & VOH: Thesetwo parameterswill overridethe

family defaults.

VIL& VIH: Thesetwo parameterswill overridethe
family defaults.

WARN Flag: When set to nonzero, warning mes-

sageswill be generated when there are
timing or supply voltage violations on
the device.

SPICE Modelsand Subcir cuits

There are 3 basic types of componentsin SPICE: 1) elemen-
tary components such as resistors, capacitors, power
sources, etc., 2) models defining single discrete devices such
as BJTs, JFETs, MOSFETS, etc., and 3) subcircuits which
combine multiple items—elementary components, models,
and other subcircuits—to create a single, more complex de-
vice. Inorder to makethesedeviceswork in analog simulation,
theremust be SPICE dataavailablefor each device. Themodel
and subcircuit data is stored in ASCII text files, typically
identified by a.LIB extension.

CircuitLogix also alows you to add your own SPICE model
libraries. SPICE models are available from many sources.
Many component manufacturers provide SPICE models for
their products upon request. They can also be found on the
internet, in engineering magazines, and other sources which
are availableto the general public.

Model and Subcircuit LinkingFiles

Model and Subcircuit datais stored in ASCI| text files, typi-
cally withthe .LIB extension. Thesefilescanbeedited directly
with any ASCI| text editor.

Each analog device symbol in CircuitLogix hasalinking file
associated with it. In order to use SPICE models in
CircuitLogix, they must belinked to the corresponding device
symbol by placing areference to the model inthelinking file.
Tocreateanew link or to modify an existing link, select Macro
Utilities, from the Macros menu. Locate the symbol that you
want to use for the specific model or subcircuit that you are
adding, then click on the Model Data button. The following
dialog box will be displayed.



Model Type: HPN [<]

Description: ISi 625mVY 160V 600mA 300MHz GenPurp
From Library File: To Library File: Pkg Name: |T0-92B
C\...\Models\Nsbijt.lib C:A..\MODELS\NPN.MOD PartIn Pkg: PART A é’
2N3904/NS NPN | |2N4264 File:Mcebjtliba| |C - ool
2N508B/NS NPN 2N4265 File:Mcebjtlib_ |B - bo2
2N4400 File:Mcebijt.lib E - 003
BSR14/NS NPN 2N4401 File:Mcebijt.lib
BSR17A/NS NPN 2N4410 File:Mcebijt.lib
BSS64/NS NPN 2N5088 File:Mcebijt.lib
BSVE2{NS NPN 2N508B/NS File:Nsbjt.lib
MPS5179/NS  NPN 2N5089 File:Mcebijt.lib
MPSADGINS NPN 2N5209 File:Mcebijt.lib
MPSA42INS NPN 2N5210 File:Mcebijt.lib
MPSH10/NS NPN x| |2N5550 File:Mcebijt.libx|
Show Model Type(s] .
Al & NPN Device Package Bus Data: I
Open... | Add | Modify | Delete | Clear Pins | Exit |

Initially, only the center list box will haveanythinginit. Thisis
a list of the devices in the linking file associated with the
selected symbol. If you click on one of the modelsto select it,
the description, package and pinout information will be dis-
played. To modify this information, just type in the desired
changes and click on the Modify button. To remove arefer-
ence from the linking file, click on the model to select it, then
click on the Delete button.

To add new references to the linking file, click on the Open
button and open the library file in which the actual model or
subcircuit resides. All of the model and subcircuit names
foundinthislibrary will bedisplayedinthelist box ontheleft.
If desired, the list can be limited to only those devices which
are compatible with the selected device symbol. Enter appro-
priate description, package and pininformation for the model.
If there are multiple parts per package, be sure to enter pin
numbers for each of PART A, PART B, etc. If the model is
similar to another part that isalready inthelinking file, it may
be ssimpler to first select the similar part to fill in the blanks,
make any necessary corrections, then select the new model.
Click on the Add button to add the new reference.

Thenames of thelinking files correspond to the device symbol
names, with thefollowing exceptions. Linking file namesare
limited to 8 characters, so the device symbol nameistruncated
to 8 characters when searching for a match. All spaces and
punctuation characters are removed. If thelast 1 or 2 charac-
ters of a truncated device symbol name are numbers, those

DeviceEditor 8-15



8-16 DeviceEditor

numbersreplacethelast charactersinthefilename. If adevice
symbol nameincludesacolon (:), the colon and all characters
after the colon are ignored. For example, the devices “NPN
Trans’,“NPN Trans:A”, “NPN Trans:B” and “NPN Trans.C”
aredll associated withthelinking file*“NPNTRANS.MOD".

If CircuitLogix cannot find alinking file using the file name
formed from the device symbol name, andif that symbol can be
simulated using simple SPICE models, a default file nameis
used instead. The default file name is based on the SPICE
Prefix Character(s). Following is alist of the SPICE Prefix
Character(s) and their corresponding default file names:;

c CAP.MOD ON NPN.MOD
D DIODE.MOD QP PNP .MOD
DZ ZENER .MOD R RESISTOR .MOD
JN NJFET .MOD S SW.MOD
JP PJFET .MOD U URC.MOD
MN NMOS . MOD W CSW.MOD
MP PMOS .MOD ZN NMESFET .MOD
o} LTRA.MOD Zp PMESFET .MOD

All others, including subcircuit-only device symbols, have no
default file name. Subcircuit-only device symbols (symbols
that cannot be simulated with asimple model) must uselinking
fileswiththe.SUB extension.

Transistorsarein fact an exampleof whenadefault filenameis
used. Since the file “NPNTRANS.MOD” does not exigt,
CircuitLogix looksinthedefault file NPN.MOD for themodel
referenceinformation.

.MOD linking filescontain referencesto acollection of SPICE
models and subcircuits specific to a particular discrete device
symbol in CircuitLogix. Insomecases, itisdesirabletoreplace
amodel with asubcircuit which will more accurately model a
particular device. For example, some RF or Power Transistors
arenot modeled well by asimple SPICE model. Insuch cases,
itisOK toreferencethe subcircuit inthe MOD filejust likeit
was a model. For more information on using models, see
SPICE Models later in this chapter.



.SUB linking files contain referencesto a collection of SPICE
subcircuits specific to a particular device symbol in
CircuitLogix. For moreinformation on using subcircuits, see
SPICE Subcircuits later in this chapter.

In most cases, thelinking filesare not edited directly. Thefile
format isdescribed below for information only.

Thegenera format for areferenceinalinkingfileis:

*Device Description pkg:PACKAGE [DVCC=14;DGND=7;] 1,2,3,..
. PARAM QXXXXXXXX File:Filenam.lib

where pACKAGE [DvcC=14;DGND=7;] 1,2,3,.. 1S the com-
ponent name and pad designations in PCB design software
(the bus datalisted hereisfor digital component symbolsthat
do not have external power and ground pins), ¢ is the Spice
prefix character for the specific device type, xxxxxxxx isthe
model nameand Filenam.1ib isthenameof thelibrary filein
which the model or subcircuit actually resides.

There should be an appropriate description of the device on
thelineimmediately before each .PARAM line. Thislinewill
be displayed as the description in the Model or Subcircuit
Selections dialog box. The first character of this description
line must be an asterisk (*). When you double-click on a
device to select a model, subcircuits that are found in the
.MOD filewill aso bedisplayed, but the first character in the
description will appear asan“x” instead of a“p”. Y ou should
also include appropriate package and pin information at the
end of thedescriptionline. Thisinformationisrequired when
creating a PCB netlist.  The pin information indicates the
pinout of the devicein the package. For example:

*500mW 40V 800mA pkg:TO-18 3,2,1
.PARAM Q2N2222A File:Mcebjts.lib

Notethat thepin order isspecifiedas3,2,1. SPICE definesthe
pin order of a BJT as collector, base, emitter (see Bipolar
Junction Transistors (BJTs) in the Analog Simulation chap-
ter). InaTO-18 package containing a2N2222A transistor, the
emitter is connected to pin 1 (next to the tab), the base is
connected to pin 2 and the collector is connected to pin 3.
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CircuitLogix identifies pins by the order of placement in a
devicesymbol. Thisinformation can beusedto createanetlist
linking one program to the other.

If the same deviceisavailablein different packages, you may
specify additional packagesusing an alias. Noticethe SPICE
prefix character is replaced with the letter “A” and the file
referenceisremoved:

*350mW 40V 800mA alias:Q2N2222A pkg:TO-92B
1,2,3
.PARAM APN2222A

If there are multiple devicesin the same package, the pinsneed
to be specified for each device with a letter to indicate the
designation extension:

*Dual Op Amp pkg:DIP8
(A:3,2,8,4,1) (B:5,6,8,4,7)
.PARAM XMC1458 File:Mcemods.lib

These two methods may be combined if you have multiple
devicesthat are available in different packages.

SPICE Models
When you double-click on a device that has SPICE models
associated withiit, thefollowing dial og box will appear.

Name - Description
1N34 pb60Y 85mA Ge Signal Diode pkg:DIODED.A 1,2 A
1N4001 p50¥ 1A Si GenPurpose Diode pkg:DIODED.4 1,2 ]

1N4002 p100¥ 1A Si GenPurpose Dmde pkg DIODED.4

p600Y 1A Si GenPurpose Diode pkg DIODED.4
1N4006 p800Y 1A Si GenPurpose Diode pkg:DIODED.4 1
1N4007 p1000V 1A Si GenPurpose Diode pkqg:DIODED.4 1,2
1N4148 p75Y 10mA Si Computer Diode pkg:DIODED.4 1,2
1N4149 p75Y 10mA Si Computer Diode pkg:DIODED.4 1,2 |

Edit.. Delete Netiist.. | [ Select | Exit |




Thecurrently sel ected model will behighlightedinthelist. To
select adifferent model, click on it with the mouse, then click
on the Select button (or just double-click onthemodel). If any
subcircuitsarefound inthe .MOD file, they areindicated by an
“x" asthefirst character in the description instead of a“p”.

To bring up the Edit Device Data dialog box discussed in the
Schematic Capture chapter, click on the Netlist button.

Toedit an existingmodél, click onit with themouse, then click
on the Edit button. Thefollowing dialog box will appear.

Diade Model Parameters [<]
Name ; [[TEIH Parameters - Value:
15: Saturation current 2.550n -
RAs: Ohmic resistance [0,] 42.00m
N: Emission coefficient 1.750
TT: Transit-time [0,] 5.760u
CJoO: Zero-bias junction capacitance [0,] 18.50p
VJ: Junction potential 750.0m
M: Grading coefficient 333.0m
EG: Activation energy 1.110 *
XTI 5 ion-current p € Exp 3.000 *
KF: Flicker-noise coefficient 0.000 * |
Description: |4[I[IV 14 Si GenPurpose Diode pkg:DIODED.41, Cancel 0K

Themodel parametersdisplayed are the SPICE model param-
eters and must not be confused with actual data book param-
eters. Unless you are familiar with SPICE modeling, it is
recommended that you do not attempt to modify the existing
SPICEmodels.

Thevalueslisted for each parameter represent val ues defined
for that specific device type. If the valueisfollowed by and
asterisk (*), that valueisadefault value, representative of the
DEFAULT model, not necessarily the correct value for this
specific device. To change the value of a SPICE parameter,
select the parameter and typethe new valueinto the Value edit
field and pressEnter. If you want to set aspecific parameter to
equal that of the DEFAULT model, type an asterisk in the
Valueedit field and press Enter.

To savethemodel, click onthe OK button. To saveit under a
new name, typethe new nameinto the Namefield, thenclick on
the OK button. Note: Models created in this manner are
stored directly in the .MOD linking file in place of the model
reference. The original .LIB file remains unchanged. When
viewed inthe Model Selectionsdialog box, thefirst character
of the device description will be an asterisk (*).
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Toremovean existing model, select it by clickingonit withthe
mouse, then click onthe Delete button. Thiswill only remove
themodel referencefromthelinkingfile; it will not removethe
actual model fromthelibrary.

AddingNew M odelstoan Existing Symboal

When you obtain new modelsfrom an outside source, they are
generdly providedinasingle ASCI| library file. If you editthis
file with a word processor, be sure to save the file in TEXT
ONLY format. Use the Model Data button in the Macro
Utilities dialog box to create a link to each model in the new
libraryfile.

Example: Adda2N5209 transistor to CircuitLogix.
1 Select Macro Utilitiesfrom the Macros menu.

2. Locatethesymbol for an NPN transistor, thenclick onthe
Model Data button.

3. Click on the Open button and open the library file
(Mcebjt.lib) inwhichthe2N5209 model resides.

4.  All of themodel and subcircuit namesfoundinthislibrary
will be displayed in the list box on the left. Click on the
2N5200.

5. Enter appropriateinformation about the model in the De-
scriptionfield (for example: S 625mwW 50V 50mA 30MHz
Amp).

6. InthePkgNamefield enter TO-92B to match the name of
the component pattern in PCB design software.

7. Enter pin numbers to match the pad designations of the
component. Onthe TO-92B, withtheflat sidefacing you,
pin lisontheright, pin2isinthemiddleand pin 3ison
the left. For the 2N5902, these pins correspond to the
collector, baseand emitter, respectively (C=1, B=2, E=3).

8. Click on the Add button to add the new reference. The
new model can now be selected alphabetically from the
list of npn transistors.

Adding existingmodelstoanew macro symboal:

Create anew nonfunctional macro device symbol asdescribed
earlier in this chapter. Be sure to place the pinsin the same
order as they are listed in the syntax for the corresponding



model. For example, if you are creating a new symbol for a
diode, you should place the anode pin first, then the cathode
pinto correspond with the SPICE definition of adiode. Thisis
not required, but it will be easier to understand when filling in
the Spice Datafield for the device. In order to link the new
symbol to an existing model file, you must name the new
symbol appropriately. For example, you may want to namethe
symbol “Diode:A” to link to the DIODE.MOD file or
“Schottky:A” tolink tothe SCHOTTKY.MOD file.

With the new macro expanded, double-click on the device,
then click on the Netlist button to view the Edit Device Data
dialog box. Enter thefollowing data:

» Enter an Auto Designation Prefix for the device. For ex-
ample, Qfor transistors, D for Diodes, etc.

* Set the Spice Prefix Character(s) for thisdeviceto berepre-
sentative of the type of device models you are using. For
example, an NPN Bipolar Junction Transistor must havethe
prefix “QN”. Refer to Netlist Information in the Schematic
Capture chapter for alisting of valid prefix characters.

 Enter an appropriate SPICE instruction for this device into
the Spice Data field. Refer to Netlist Information in the
Schematic Capture chapter for more information or refer to
the examples provided with other devices. Click onthe OK
button.

Save the macro by selecting “ Save Macro” in Macros menu.

Example: Create anew device symbol for standard junction
diodes.

1 Create anew macro symbol for adiode using the symbol
editor described earlier in this chapter. Name the new
macro symbol DIODE:A. When placing pins on the new
device, place thefirst pin on the anode (N+), the second
pin on the cathode (N-). They should be placed in this
order to match the syntax for the diode model.

2 Expand the new macro symbol (if it is not already ex-
panded) by clicking on it once with theleft mouse button,
then click on the Macro button in the Toolbar.

3. Double-click on the device symbol, and click on the
Netlist button. Enter thefollowing information inthe Edit
Device Datadialog box of the expanded macro (to set the
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defaultsfor thismacro device):
Auto Designation Prefix: D
SpicePrefix Character(s): D
SpiceDatafield:

4. Save the macro. See Save Macro in the Macros Menu
chapter for moreinformation.

o\
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o\

1

o\
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o
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SPICE Subcircuits

SPICE subcircuits fall into three basic categories, 1) compo-
nent models, 2) macromodelsand 3) equivalent circuits. Com-
ponent models are basically acompl ete schematic of the chip,
simulated using discrete components. Thistype of subcircuit
is generally more accurate than a macromodel, but requires
more time to simulate. The macromodel is more of a block
diagram of the chip, where inputs and outputs may be simu-
lated using discrete components, but the internal workings
consist of simpler itemssuch asgain blocks, etc. Thistype of
subcircuit simulates rather quickly and in most cases is accu-
rate enough that a component model is not needed. Equiva
lent circuits may be needed to simulate discrete devices that
have no SPICE model. For example, an SCR can be roughly
equated to a pair of NPN and PNP transistors coupled to-
gether.

When you double-click on adevice that has subcircuitsin the
library thefollowing dia og box will appear.

Name - Description

LF157{NS x N5 Sngl JFET OpAmp pkg:CANS 3,2,7,4,6 A
LF255{NS x NS Sngl JFET OpAmp pkg:CANS 3,2,7,4,6
LF256{NS x NS Sngl JFET OpAmp pkg:CANS 3,2,7,4,6

LF257/NS x NS Sngl JFET OpAmp pkg:CANS 3,2,7,4,6

x Quad WideBW JFET OpAmp pkg
% Snal WideBW JFET OpAmp pka:DIPB 3,2.7,4.6
LF351{NS x NS Sngl WideBW JFET OpAmp pkg:DIP8 3,2,7,

LF353 x Dual WideBW JFET OpAmp pkg:DIP8 [A:3,2,8,4
LF353{NS x NS Dual WideBW JFET OpAmp pkq:DIP8 (A:3,2
LF355 % LTC Sngl JFETin LoSupCurrent OpAmp pkg:DIPx|

Edit. |  Delete |  Netist.| [ select | Exit |

Thecurrently selected subcircuit will behighlightedinthelist.
Toselect adifferent subcircuit, click onit with the mouse, then
click on the Select button (or just double-click on it with the
mMouse).



To edit or view an existing subcircuit, click on it with the
mouse, then click on the Edit button. Thefollowing dialog box
will appear.

Subcircuit Data [ %]

*Dual LoOffset LoDrift JFET OpAmp pkg:DIP8 [A:3,2,B,4,1][B:5,E,B,4j

.SUBCKT XLF412C 12345

C1 1112 3.498E-12

C2 6 715E-12

DC 553 DX

DE 54 5 DX

DLP 390 91 DX

DLN 92 90 DX

DP 4 3DX

BGND 99 0 V=Y[3]~.5 + V[4]".5

BB 7 99 I=I[VB]*28.29E6 - I[VC]*I0EG + I[VEJ*30EG +

+ I[VLPJ~30EG - IIVLN]*30EG _Id
| ®

al
Cancel

The subcircuit is listed in the edit dialog, beginning with the
descriptionlineand ending withthe . ENDSIline. Any changes
made to the subcircuit will cause the modified subcircuit to
replacethereferenceinthe subcircuit linkingfile. Theoriginal
subcircuit will remain unchanged in the library file, but the
referencetoit will belost. Naming conventionsfor .SUB files
arediscussed in Model and Subcircuit Linking Filesearlier in
this chapter.

Adding New Subcir cuitstoan Existing Symbol

When you obtain new subcircuits from an outside source,
they aregenerally provided inasingle ASCI| library file. Ifyou
edit thisfile with a word processor, be sureto save thefilein
TEXT ONLY format. Usethe Model Databutton inthe Macro
Utilities dialog box to create a link to each model in the new
libraryfile.

Example: Add an LF412C operational amplifier (5-pin
subcircuit) to CircuitL ogix.
1 Select Macro Utilitiesfrom the Macros menu.

2 Locatethe symbol for the 5-pin opamp (Op-Amp5), then
click on the Model Data button.

3. Click on the Open button and open the library file
(Mcemaods.lib) inwhichthe LF412C model resides.

4.  All of themodel and subcircuit namesfoundinthislibrary
will be displayed in the list box on the left. Click on the
LH12C.
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5. Enter appropriateinformation about the model in the De-
scriptionfield (for example: Dual LoOffset LoDrift JFET
OpAmp).

6. InthePkgNamefield enter DIP8to match the nameof the
component pattern.

7. Enter pin numbers to match the pad designations of the
component. Sincethe LF412Cisadua op amp, you must
enter pin numbersfor both PART A and PART B. Click
on the up or down arrow to switch between the two. For
PART A thepin numbersshouldbe: IN+=3,IN-=2,V+=
8,V-=4andOut=1. For PART B thepin numbersshould
be: IN+=5,IN-=6,V+=8,V-=4and Out=7. Notethat
theV+and V- power supply pinsare the samefor both op
amps.

8. Click on the Add button to add the new reference. The
new subcircuit can now be selected alphabetically from
thelist of 5-pin op amps.

Addingexisting subcir cuitsto anew macro symbol:

Create anew nonfunctional macro device symbol asdescribed
earlier in this chapter. Be sure to place the pinsin the same
order as they are listed in the corresponding subcircuit. For
example, if you are creating anew symbol for a5-pin opamp,
you should place the +Input pin first, then the -Input pin, the
+Vsupply pin, the -Vsupply pin and finally the Output pin to
correspond with the SPICE node connections for the 5-pin
opamp subcircuit. Thisisnot required, but it will be easier to
understand when filling in the Spice Datafield for the device.
In order to link the new symbol to an existing subcircuit file,
you must name the new symbol appropriately. For example,
you may want to namethe symbol “Op-Amp5:A” tolink to the
OPAMP5.SUBfile.

Since CircuitL ogix identifies pinsby the order of placementin
adevice symbol, for clarity we recommend that the placement
order of the pins match the order of the nodes listed in the
subcircuits. The actual link between device symbol pinsand
SPICE subcircuitsis controlled by the Spice Datafield of the
device where %n refersto the nth pin in the element list. For
example, inthe Spice Data

%D %1 %2 %3 %4 %S



the node number connected to the first pin placed on the
device symbol isrepresented by ¢ 1, the second pinby 2, etc.
When used with a subcircuit which begins

.SUBCKT XMRO9933A 21 23 6 15

node 21 inthesubcircuit connectsto thefirst pin on the device
symbol, etc.

With the new macro expanded, double-click on the device,
then click on the Netlist button to view the Edit Device Data
dialog box. Enter thefollowing data:

« Enter an appropriate Auto Designation Prefix for the device.
For example, U or ICfor integrated circuits, etc.

* Set the Spice Prefix Character(s) to “X” for subcircuit de-
vices.

* Place an appropriate SPICE instruction for this device into
the Spice Data field. Refer to Netlist Information in the
Schematic Capture chapter for more information or refer to
the examples provided with other devices. Click onthe OK
button.

Save the macro by selecting the “Save Macro” command in
the Macros menu.

Example: Createanew device symbol for optoisolators.

1 Create anew macro symbol for an optoisolator using the
symbol editor described earlier in thischapter. Namethe
new macro device symbol Opto Isol:A. When placing
pins on the new device, place the first pin on the anode
(N+), the second pin on the cathode (N-), thethird pinon
the collector, and the fourth pin on the emitter. They
should be placed in this order to match the syntax for the
optoisolator subcircuits.

2 Expand the new macro symbol (if it is not already ex-
panded) by clicking on it once with theleft mouse button,
then click on the Macro button in the Toolbar.

3. Double-click on the device symbol, and click on the
Netlist button. Enter thefollowing information inthe Edit
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Device Datadialog box of the expanded macro (to set the
defaultsfor thismacro device):

Auto Designation Prefix: oP
SpicePrefix Character(s): X
SpiceDatafield:

4. Save the macro. See Save Macro in the Macros Menu
chapter for moreinformation.
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Parameter Passing

Parameter passing simplifiesthe task of creating new compo-
nents. It allows you to pass databook values directly into
generic SPICE models or subcircuits, using mathematical
equations to create SPICE model parameters. The generic
model is placed in the linking file associated with the device
symbol, then referenced by an alias.

Devicescreated inthismanner are selected and edited just like
any other device model. To edit the parameters being passed,
double-click on the device, then click on the Edit button.

General Form (generic modédl):
*MNAME :Device Title

*MNAME : P1: | P1 Description
[<<Min>, <Max>>] |[Default
*MNAME : P2: | P2 Description

[<<Min>, <Max>>] |[Default

*MNAME : Pn: | Pn Description

[<<Min>, <Max>>] |[Default
*{pPl=Default Pl=Default .. Pn=Default}

*Desc pkg:Package Pins
Generic .MODEL or .SUBCKT using {P1, P2, etc. in math expressions}



General Form (dias):

*Desc alias:MNAME {Pl1=Val P2=Val} pkg:Package
Pins

.PARAM ANAME

MNAME is the name of the generic model or subcircuit,
including the appropriate SPICE prefix character. P1, P2, etc.
arethe names of the parametersbeing passed. P1 Description,
P2 Description, etc. arethe description of the parameters. Min
and Max are optional items which limit the value that can be
entered for each parameter. Default is the default value for
each parameter if novalueisspecified. Descisadescription of
thedevice. Packageand Pinsinformationisused for export to
TraxMaker for PCB layout. ANAME is the alias name (the
name of the specific device).

Valid operatorsin the math expressionsinclude;

+ - x /)

Following is an example of a generic subcircuit for a crystal
which can be used as a building block for creating other
crystals.

*XCRYSTAL:Crystal Subcircuit Parameters
*XCRYSTAL:FREQ: | Fundamental frequency
[1,]|1MEG

*XCRYSTAL:RS: |Series resistance [1,]]750
*XCRYSTAL:CX: |Parallel capacitance [0,]|13pf
*XCRYSTAL:Q: |Quality Factor [10,1000]]1000
*{FREQ=1Meg RS=750 C=13pf Q=1000}

*Generic 1MHz Crystal:crystal pkg:XTAL1 1,2
.SUBCKT XCRYSTAL 1 2

Ls 1 2 {((Q*RS)/(6.2831852*FREQ))} IC=0.5M
cs 2 3 {(1/(0*6.2831852*FREQ*RS)) }

RS 3 4 (RS}

cx 1 4 {cx}

.ENDS XCRYSTAL

*alias:XCRYSTAL ({FREQ=2E6 RS=250} pkg:XTALL

1,2
.PARAM A2.000MHZ

Since CX and Q are not passed in the alias parameter list, the
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default values of 13pF and 1000 will be used.

Cx
11
Al

Crystal Subcircuit
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Chapter 9

Device Editor Menu

| Hocro:

Define Mew Macro...  Chrl+H
Edit Macra...

Save Macro

Expand Macro Chil+E
Macro Lock...

Macro Utilties. .. Chrl+J
Macro Copier... Crl+hd

Save ASCI Library...

Convert ASCI| Library...

Using commandsin the Device Editor (Macros) menu, you can
expand CircuitLogix to meet your exact needs. This chapter
describes the commands used to create, edit and manipulate
macros. Refer to the Device Editor chapter for a step-by-step
tutorial about creating macro devices.

Define New Macro...

Select the“ Define New Macro...” command to makethe cur-
rent circuitintoamacro device. Macrosaresavedinadisk file
called “USER.LIB” and once created, are available for usein
any circuit or in another macro device.

Edit Macro...

Click on an expanded macro’s symbol to select it, then select
the“Edit Macro...” command to edit its name, device data or
symbol. Alternately, you can double-click on the expanded
macro’s packagewiththe Arrow Tool. If anexistingmacrois
expanded and saved with a new name, it is saved as a new
macro and does not overwritethe existing macro. Thefollow-
ing dialog box will be presented upon executing the Edit
Macro command:

Edit Macro [x]

I :Shuw Macro Name:

Macro 2

Parts Per Package: [1

Netlist... Symbol...

If no macro (either a newly defined or an expanded one) is
present inthework area, thismenuitemwill bedimmed indicat-
ing that it isnot available. A macro may be defined as having
multiple parts per package; that is, you may specify that there
are more than one of these macro circuits, al identical, in a
singlechip. See Groupsinthelndex for moreinformation.
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Save Macro

The " Save Macro” command enables you to save or resave a
macro device. An existing macro saved in thismanner will be
placedinitsorigina positioninthedevicelibrary. All devices
require a Major Device Class designation, so if you use the
Save Macro command to save anew macro, CircuitLogix will
display the Macro Utilitiesdialog box allowing you to specify
both amajor and minor class. To save an existing macroina
new location, refer to the Macro Utilities section below. To
save under a different name, refer to Edit Macro above.
Macro devicesarestoredinthefile USER.LIB.

Expand Macro

The “Expand Macro” command enables you to edit a previ-
ously saved macro device. Expanding a macro device means
that the black box containing the macro’s circuitry is opened
andall internal circuitry isvisible.

To expand amacro, click on asingle macro deviceto select it
and choose the “Expand Macro” command from the Macros
menu (or click on the Macro button in the Toolbar). Anaert
box will appear warning that expansion of the macrowill clear
thework area. If you haven't saved the present work, click on
the Cancel button to abort the expansion, then save the
current work area and reselect the “Expand Macro” com-
mand. If you don’'t need to savethework area, click onthe OK
button to complete the expansion of the macro.

Make changes to an expanded macro using any of the avail-
able editing commands. When you have finished making
changes to the macro, select the “ Save Macro” command in
the Macros menu.



MacroLock...

An instructor may want to lock a macro so that it cannot be
expanded by the students, thus creating a“black box”. Todo
this, expand the macro, click onthe expanded macro’ s symbol
to select it, then select the “Macro Lock...” command. The
following dialog box will bedisplayed.

Macro Lock E

Enter 4 digit combination

[0= Not Locked) II]

Cancel |

Enter any 4-digit number (1-9999), then savethemacro. When
you attempt to expand the macro again, you will be prompted
to enter the 4-digit code. A code of O (zero) leavesthe macro
unlocked.

Warning: If you forget the code, you will be unable to
expand the macro.

Macro Utilities...

Selecting this option will bring up the following dialog box
which enables you to save, expand or del ete a macro.

Macro Utilities [<]
Major Device Class Minor Device Class | Save Macro
Active Components ~| [DB Type Macro 2
Analoi Major Device Class :
Crystals Connectors
Digital Minor Device Cl .
Digital by Number .|nnr cvice LIass -
Digital ICs by Function Misc
E:Js;l:ys =l Save Macro
- ClI Selected Device |
Device Symbol Analog/Digital Device ass selecled Uevice
none
AC Outlet Add Remove
AC Plu:
Cunnggmr - Expand/Delete Macro |
Input 13wW3
Mono Jack
Output Expand Delete
Phone Jack
Phone Plug HModellData,.,
SIP10 =l ,—IExit
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SaveMacro

This button enables you to save or resave a macro device. If
thereisno macro (expanded or newly defined) inthework area,
this button will be dimmed. Refer also to the section Save
Macro described earlier in this chapter.

To saveamacro, select both amajor and minor deviceclassto
indicate where the device will be saved in the device library,
then click the Save Macro button. The macro will then be
saved in USER.LIB and the work areawill be cleared. New
major and minor class names may be add by typing in anew
namein the Major Device Class and Minor Device Class text
editfields.

Class Selected Device

The Add and Remove buttons are used to move devices into
different major and minor device classes. First, select the
deviceinthecircuit window, then select Macro Utilitiesfrom
the Macros menu. Select the major and minor device classes
fromthelist boxes. Click onthe Add button to add the device
totheselected classes. Click onthe Removebuttonto remove
the device from the selected classes. If adevice is removed
from al classes, it will be inserted in the User Defined major
class. Toremove adevice completely, see Delete Macro.

ExpandMacro

The function of this button was explained earlier in this sec-
tion. To expand amacro device, select themacro and then click
the Expand Macro button.

DeleteMacro

This button enables you to delete a macro device from
USER.LIB. To delete amacro device, select the macro, then
click the Delete Macro button. Remember to save anythingin
thework areaprior to executing thiscommand becausefollow-
ing deletion of amacro thework areawill becleared! Itisalso
agood ideato make abackup of USER.LIB beforecreating or
deleting macros in case something goes wrong and you want
torestoretheoriginal library. Note: Many of the deviceslisted



in the Macro Utilities dialog box are actually in the
DEVICE.LIB fileand cannot be del eted.

War ning: You cannot open a circuit which usesa macro that
has been deleted fromthelibrary unlessyoufirst createa new
macro with the same name.

Modd Data

This button is used to add new SPICE models to the
CircuitLogix library. It bringsup adialog box which alowsyou
to place new referencesinto the linking file for selected sym-
bol. Refer to Model and Subcircuit Linking Files in the
Macro Devices chapter.

MacroCopier ...

The following steps illustrate how you would use the Macro
Copier to copy your macrosinto anew version of USER.LIB.

1 Choosethe*Macro Copier...” command from the Macros
menu. Thefollowing dialog box will appear.

Copy From >>> Copy >>> Copy To

CACMEX_32\User.li Ci\...\Usera.lib

|

Open...l Help... | Exit | 40pen...| New... |

Copy macro 3-In NAND
devices from | 3-In NAND:DM
one library to | 3-In NOR
another. 3Fin NOR:DM
¥In OR
3In OR:DM
Jin-and ;I

2. Click on the Open button on the left side of the dialog to
display the Open dialog box. You will be asked if you
want to list only the user defined devices. If you are
copying devices that you have created, answer “Yes'.
Select thefilefromwhich macroswill becopied. Thiswill
be the library file which has your macrosin it (probably
USER.LIB inyour old CircuitL ogix directory).
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3. Click onthe Open or New button on theright side of the
dialog to display either the Open or the Save As dialog
box. Select the file to which macroswill be copied. This
would normally be USER.LIB in your new CircuitLogix
directory.

4. Select amacro to copy from the left hand file list. If a
macro already exists with the same name, the existing
macrowill bedeleted.

5. Click onthe>>>Copy>>> button. Y ou may be prompted
for information regarding the simulation mode for which
thedeviceisintended. If thedevicecan beusedindigital
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.

6. Repeat steps 4 and 5 as needed.

SaveASClI Library...

Choosethiscommand to writethe currently loaded USER.LIB
filetoan ASCII file. A file selector dialog will be presented
asking for the name for the ASCII file. In this format, user
defined symbolswhich have been saved in Windows metafile
or bitmap format will be lost and replaced by a simple rect-
angle. Thepins, however, will remainintact. The ASCII format
isused for conversion between 16- and 32-bit systems. This
library may be converted back to binary format using the
“Convert ASCII Library...” command.

Convert ASCII Library...

Choose this command to convert an ASCII user library file
(created with the “ Save ASCII Library” command described
above) to binary format. A file selector dialog will appear
asking for the name of the ASCII user library file to be con-
verted. Then asecond file selector dialog will appear, asking
for the name of the new binary file. Thiscommandisprovided
for compatibility between 16- and 32-bit systems.



Chapter 10

Options Menu

Dptions
LCircuit Infa... Crl+l
Bepeat On Chil+R

v Auto Refresh Chrl+J
Auto Designation

v Display Toolbar Chrl+T
Display Y ariable Mames
Scope Probe Alt+S
Armowine Chel+a
Curzor Tools 3

v Analog Mode
Reset Simulation Chrl+3
Step Simulation Fa
Fiun Simulation F10
Trace On F11
Wwaveforms F12
Digital Options... Chil+FE
Analog Optiong... Chil+F7
Apalog Analpses... Chil+F&

The Options menu contains commands which enable you to
control various display, editing and simulation options.

Circuit Info...

Choosethe“Circuit Info...” command to see how many items
are currently present in the work area and to find out how
much freememory isavailable. Thefollowingdialog box will
appear showing you thisinformation.

Devices 206
Wires 277
Nodes 123
Text Fields 3
Bytes In Undo Buffer 722
Bytes Used In Macros 1]
Bytes Of memory Used 173346
Bytes Of memory Available 875230

Repeat On

This option enables you to control how devices are selected
from the library. With “Repeat On” checked, as soon as a
deviceis selected from the library and placed, another identi-
cal deviceisautomatically selected and made ready for place-
ment. This repeat placement process continues until you
cancel it by pressing any key on the keyboard or by double-
clicking themouse. With“Repeat On” not checked, you must
select and place each device separately.

Auto Refresh

This option enables you to control the refresh mode. When
Auto Refresh is enabled, the screen will refresh automatically
asthecircuitisedited. Whenitisdisabled, the screen must be
refreshed manually while editing (see the “Refresh Screen”
command in the Edit menu). Disabling this option will allow
you to work more quickly on aslower computer system.

Auto Designation

When this option is checked, the “Set Auto Designation”
command (see the Edit menu) will be executed automatically
each time you run an analog simulation. This option must be
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disabled if you want to use your own device designations.

Display Toolbar

The“Display Toolbar” command shows or hides the Toolbar
at thetop of the CircuitL ogix window.

Display Variable Names

The “Display Variable Names’ option replaces the A, B, C
labels used on the analog analysis graphs with the variable
names such as V(8), etc. This alows you to identify the
various points in the circuit more consistently with those
being graphed in analysis windows.

ScopeProbe

This option, when checked, causes the logic levels detected
by the Probe Tool to be displayed in the digital Waveforms
window whilerunning digital simulation.

Arrow/\Wire

This option, when checked, allows you to initiate a wire by
clicking once onadevice pinwiththearrow tool. Youcanonly
use the Arrow Tool to initiate a wire on a device pin or to
extend an existing wire. You cannot initiate awire from the
middle of another wire using the Arrow Tool as you can with
the Wire Tool. This option can be used for both auto and
manual routing.

Cursor Tools

This submenu provides an aternate method of selecting the
Arrow, Wire, Text, Delete, Naming, Zoom, Probe and Help
Tools.

Digital/Analog M ode

Thisworksjust like the Digital/Anal og button in the Toolbar
which is described in the Digital Logic Simulation chapter.
Thenamethat isdisplayed in the menuisthe simulation mode
that is currently selected.



Reset Smulation

Thisworks just like the Reset button in the Toolbar which is
describedintheDigital Logic and Anaog/Mixed-Mode Simu-
lation chapters.

Step Simulation

Allows you to run the simulation for one step. When you
select this option, the simulation runs for one step and then
stops. Thiscommand is useful for debugging acircuit, espe-
cially when used in conjunction with the Trace button.

Run Simulation

Used instead of the ON/OFF button to switch on the power
and run the simulation.

TraceOn

Thisworks just like the Trace button in the Toolbar whichis
described inthe Digital Logic Simulation chapter.

Waveforms

This works just like the Waveforms button in the Toolbar
which is described in the Digital Logic and Analog/Mixed-
Mode Simulation chapters.

Digital Options...

This dialog box is used to control the size of a step when
running the simulation in single step mode, to set the condi-
tionsfor break pointsand to set the simulation speed. Refer to
Digital OptionsintheDigital L ogic Simulation chapter.

AnalogOptions...

This dialog box is used to control the SPICE simulation op-
tions such astemperature, tolerances, default Test Points, etc.
Refer to Analog Optionsin the Analog Simulation chapter.

Analog Analyses...

This dialog box is used to set up the SPICE analyses to be
performed. Refer to the section Analog Analysesin the Ana-
log/Mixed-Mode Simulation chapter.
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Analog Options

SPICE alows you to control certain aspects of its simulation
such as iteration limits, temperature, etc. When you select
“Analog Options...” from the Options menu the following
diaog box will appear.

Analog Dptions - Spice Yariables
Option Variabl = D ipti = Option Value: 1.000p
Absolute current error tolerance [0,] d p "!
CHGTOL: Charge tolerance in coulombs [0,] 10.0e-15 =
DEFAD: MOS drain diffusion area [0.] 0.000 =
DEFAS: MOS source diffusion area [0,] 0.000 =
DEFL: MOS channel length in micrometers [0.] 100.0 =
DEFPW: MOS channel width in micrometers [0.] 100.0 =
GMIN: Min. allowed branch conductance [0.] 1.000p =
ITL1: DC operating point iteration limit [0.] 100.0 =
ITL2: DC transfer curve iteration limit [0,] 50.00 ’;I

" ASCIIOUTPUT:  Save simulation results as ASCIl text in the RAW file
"Dig“ﬂ' Power Supply Bus Data - Value or Bus Name

D¥CC: |5.[I[I[IV DVDD: (5.000¥ DGND: IGND

Analysis data saved in RAW file Integration Method
© Node Volage and Supply Current & Trapezoidal
£ Node Voltage, Supply and Device Current © Gearorder: [2

' Node Voltage, Supply Current, Device Current and Power
© Node Vohage, Supply Current and Device/Subcircuit VARs e || | el

ASCIIOUTPUT Check box

By default, the simulation data is saved in the .RAW filein
binary format, creating smaller .RAW files. By enabling this
check box, SPICE will savethesimulation datain ASCI| format,
alowing you to read the data directly or load it into other
applications. Default=binary format.

DVCC,DVDDand DGND

Thesearedefault values of theV cc, Vdd and ground busesfor
the digital devices. If these buses are not specified in the
circuit, these values will be used. If a bus name is entered
instead of avalue, that bus will be connected to the devices.
By default, DVCCand DVDD=+5V,DGND="GND".

I ntegration Method

This sets the numerical integration method used by SPICE.
The trapezoidal method is relatively fast and accurate, but
tends to oscillate under certain conditions. The gear method
requires longer simulation times, but tends to be more stable.
The gear order must be a value between 2 and 6. Using a
higher gear order theoretically leads to more accurate results,
but increases simulation time. Default=Trapezoidal.



Analysisdatasaved in RAW file

Four radio buttons are used to select the default level at which
variables are saved in the .RAW file. This determines how
much data is actually stored in the .RAW file and which
variables can be plotted in the analysis windows when the
simulation is run. When the top button is selected, only the
node voltages and supply currents are stored. When the
second button is selected, node voltages, supply currents and
device pin currents are stored. When the third button is
selected, node voltages, supply currents, device pin currents
and device power dissipation are stored. When the bottom
button is selected, node voltages, supply currents, device pin
variables and subcircuit internal variables are stored. If any
user defined Test Points have been added to the circuit, data
will be saved only for each user defined Test Point and these
radio buttons will be disabled.

Option Variables

Default valuesfor each option areidentified in the dial og box
by an asterisk (*). To change the value of a SPICE option,
select the parameter and typethe new valueinto the Value edit
field. If you want to set a specific option to its default value,
typean asterisk inthe Valueedit field. Followingisalist of the
options and their effect on the simulation.

Option Effect
ABSTOL Sets the absolute current error tolerance of

theprogram. Set ABSTOL=REL TOL* (low-
est current magnitude in the circuit). De-
fault=1 picoamp.

CHGTOL Usedinthe L TE timestep control agorithm
as a lower limit on capacitor charge or in-
ductor flux. Default=1.0e-14 coulombs.
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DEFAD
DEFAS
DEAL
DEFW

GMIN

ITL1

ITL2

ITL3

ITL4

ITLS

10-6 OptionsMenu

Sets the MOS drain diffusion area. De-
fault=0.0 meters?.

Sets the MOS source diffusion area. De-
fault=0.0 meters?.

Sets the MOS channel length. De-
fault=100.0 micrometer.

Setsthe M OS channel width. Default=100.0
micrometer.

Sets the minimum conductance (maximum
resistance) of any device in the circuit. It
also sets the value of the conductance that
isplacedin parallel with each pnjunctionin
thecircuit. Default=1.0e-12 mhos. Raising
this value may help with simulation con-
vergence in many circuits, but decrease
accuracy.

Sets the Operating Point Analysisiteration
limit. Default=100iterations. Thismay need
to be raised as high as 500 for many cir-
cuits.

Sets the DC Analysis iteration limit. De-
fault=50 iterations. This may need to be
raised as high as 200 for some circuits.

Setsthe lower Transient Analysisiteration
limit. Default=4 iterations. This is not
implemented in SPICE3. It isprovidedin
CircuitLogix for compatibility in creating
SPICE2 netlists.

Setsthe Transient Analysistimepoint itera-
tion limit. Default=10 iterations. Raising
this value to 100 or more may eliminate
“timestep too small” errors improving
both convergence and simulation speed.

Sets the Transient Analysis total iteration
limit. Default=5000 iterations. Thisis not
implemented in SPICE3. Itisprovidedin
CircuitLogix for compatibility in creating
SPICE2 netlists.



AVREL

PVTOL

RELTOL

TEMP

TNOM

TRTOL

VNTOL

BOOLL

Sets the relative ratio between the largest
column entry in the matrix and an accept-
able pivot value. The value must be be-
tween 0 and 1. Default=1.0e-3. In the nu-
merica pivoting algorithm theallowed mini-
mum pivot is determined by
EPSREL=AMAX1(PIVREL*MAXVAL,
PIVTOL) whereMAXVAL isthemaximum
element in the column where a pivot is
sought (partial pivoting).

Setstheabsol ute minimum valuefor amatrix
entry to be accepted as a pivot.
Default=1.0e-13.

Sets the relative error tolerance of the pro-
gram. The value must be between 0 and 1.
Defaultis0.001 (0.1%). Larger valuesmean
faster simulation time, but less accuracy.

Setsthe actual operating temperature of the
circuit. Any deviationfrom TNOM will pro-
duce a change in the simulation results.
Default=27°C. TEMP canbeoverridden by
a temperature specification on any tem-
perature dependent instance.

Setsthe nominal temperature for which de-
vice models are created. Default=27°C.
TNOM can be overridden by a specifica-
tion on any temperature dependent device
model.

Usedinthe L TE timestep control algorithm.
Thisis an estimate of the factor by which
SPICE overestimates the actual truncation
error. Default=7.0.

Sets the absolute voltage tolerance of the
program. Set VNTOL=RELTOL* (lowest
voltage magnitudeinthecircuit). Default=1
microvolt.

Sets the low output level of a boolean
expression. Default=0.0V.
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BOOLH

BOOLT

BADMOS3

KEEPOPINFO

Sets the high output level of a boolean ex-
pression. Default=4.5V.

Sets the input threshold level of a boolean
expression. Default=1.5V.

Use the older version of the MOS3 model
with the “kappa’ discontinuity.

Default=NO (don’t use the older version).

Retain the operating point information
when an AC Analysisisrun. Thisis par-
ticularly useful if the circuit is large and
you do not want to run a (redundant) Op-
erating Point Analysis. Default=NO (run
OPeachtime).

TRYTOCOMPACT Applicable to the LTRA model. When

NOOPTER

GMINSTEP

SRCSTEP

ACCT

LIST

OPTS

BYPASS

specified, the simulator tries to condense
LTRA transmission line's past history of
input voltages and currents. Default=NO
(don’t compact).

Skip directly to GMIN stepping algorithm.
Default=NO (don't skip).

Setsthe number of stepsinthe GMIN step-
ping algorithm. When setto 0, GMIN step-
ping is disabled, making source stepping
thesimulator’ sdefault DC (operating point)
convergence algorithm. Default=10 steps.

Sets the number of stepsin the source step-
ping algorithm for DC (operating point)
convergence. Default=10 steps.

Causes accounting and run-time statistics
tobedisplayed. Default=NO (no display).

Displays a comprehensive list of al ele-
ments in the circuit with connectivity and
values. Default=NO (nolist).

Displays alist of al standard SPICE3 Op-
tion parameter settings. Default=NO (no
list).

Enables the device bypass scheme for non-
linear model evaluation. Default=1 (on).



MINBREAK

MAXOPALTER

MAXEVTITER

NOOPALTER

RAMPTIME

CONVLIMIT

CONVSTEP

CONVABSSTEP

AUTOPARTIAL

PROPMNS

PROPMXS

TRANMNS

Sets the minimum time between
breakpoints. Default=0 seconds (sets the
timeautomatically).

Sets the maximum number of anal og/event
alternations for DC (operating point) con-
vergence. Default=0.

Sets the maximum number of event itera-
tionsfor DC (operating point) convergence.
Default=0.

Enables DC (operating point) alternations.
Default=NO.

Controls turn-on time of independent
sources and capacitor and inductor initial
conditionsfrom zerototheir final valuedur-
ing the time period specified. Default=0.0
seconds.

Disable convergence agorithm used in
some built-in  component models.
Default=NO.

Sets the limit of the relative step size in
solving for the DC operating point conver-
gencefor codemodel inputs. Default=0.25.

Sets the limit of the absolute step size in
solving for the DC operating point conver-
gencefor code model inputs. Default=0.1.

Enables the automatic computation of par-
tial derivatives for X Spice code modules.
Default=NO.

Scale factor used to determine minimum
propagation delay when actual valueis not
specified in simcode model. Default=0.5
(50% of typical propagation delay).

Scale factor used to determine maximum
propagation delay when actual valueis not
specified in simcode model. Default=1.5
(150% of typical propagation delay).

Scale factor used to determine minimum
transition time when actual value is not
specified in simcode model. Default=0.5
(50% of typical transitiontime).
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TRANMXS

LOADMNS

LOADMXS

DRIVEMNS

DRIVEMXS

CURRENTMNS

CURRENTMXS

TPMNTYMX

TTMNTYMX

Scale factor used to determine maximum
transition time when actual value is not
specified in simcode model. Default=1.5
(150% of typical transitiontime).

Scalefactor used to determine minimumin-
put loading (maximum input resistance)
when actual value is not specified in
simcode model. Default=1.5 (150% of typi-
cal input resistance).

Scalefactor used to determine maximumin-
put loading (minimum input resistance)
when actual value is not specified in
simcodemodel . Default=0.5 (50% of typical
input resistance).

Scale factor used to determine minimum
output drive capacity (maximum output re-
sistance) when actual valueis not specified
in simcode model. Default=1.5 (150% of
typical output resistance).

Scale factor used to determine maximum
output drive capacity (minimum output re-
sistance) when actual valueis not specified
insimcodemodel. Default=0.5 (50% of typi-
cal output resistance).

Scale factor used to determine minimum
supply current (maximum internal resis-
tance) when actual valueis not specifiedin
simcode model. Default=1.5 (150% of typi-
cal internal resistance).

Scale factor used to determine maximum
supply current (minimum internal resis-
tance) when actual valueis not specifiedin
simcodemodel . Default=0.5 (50% of typical
internal resistance).

Temporary global override for propagation
delay index on simcode devices. (O=defaullt,
1=min, 2=typ, 3=max). Default=0.
Temporary globa override for transition
timeindex on simcode devices. (O=defaullt,
1=min, 2=typ, 3=max). Default=0.



LDMNTYMX

DRVMNTYMX

IMNTYMX

SIMWARN

RSHUNT

ADCSTEP

Temporary global overridefor input loading
index on simcode devices. (O=default,
1=min, 2=typ, 3=max). Default=0.

Temporary global overridefor output drive
capacity index on simcode devices. (0=de-
fault, 1=min, 2=typ, 3=max). Default=0.

Temporary global override for supply cur-
rent index on simcode devices. (O=default,
1=min, 2=typ, 3=max). Default=0.

A nonzero value indicates that simcode
warning messages can be displayed during
run time. Simcode warnings may include
information concerning timing violations
(tsetup, thold, trec, tw, etc.) or indicate sup-
ply voltage dropping below device specifi-
cations. Default=0.

Value in ohms of resistors added between
each circuit node and ground, helping to
eliminate problems such as “singular ma-
trix” errors. In general, the value of
RSHUNT should besettoavery highresis-
tance (1e+12). Default=0 (no shunt resis-
tors).

The minimum step size required to register
an event on the input of the internal A/D
converters. Default=0.01 volts.
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Chapter 11
View Menu

Select Colars. ..

Dizplay Scale.. F2
Maormal Size/Position  F3

Fit Circuit To Window  F4
Find and Select,.. Chrl+F3

v Show Pin Dots F&

v Show Bus Labelz F&

v Show Page Breaks F7
Show Node Mumbers  F8
Show Prop Delays
CDevice Dizplay Data... Chil+k
Circuit Dizplay Data..  Chl+L
Drawing Grid... Chrl+G
Title Bow... Chrl+B
Cazcade Windows
Tile Windows
1 Circuit ALT+1

The View menu contains commands which enable you to
control various display options and windows.

Many of theitemsin the View menu are an on/off type option.
If a check mark is shown beside an item, then the item is
currently selected; if acheck mark isnot shown besideanitem,
itisnot currently selected. Just highlight the menu item and
click the left mouse button, and it will be either selected
(checked) or deselected (not checked).

Sdlect Colors...

Thisfeature allowsthe user to sel ect the color associated with
several functions (i.e. low level, high level) and items (i.e.
Logic Display color, Hex and ASCII Key Cap color). Thecolor
of individual LEDscan be changed, for example, by first select-
ing one or more LEDSs, choosing the “ Select Colors...” com-
mand and changing the SELECTED LEDscolor. Theselected
LED color will be the default color for all new LEDs. Logic
Display colors can be changed by double-clicking on them.
You can aso individually select the color of 7-segment dis-
plays, analog waveforms, etc.

Select Colors =]

Red | Pink |

Green | Orangel

Magenta| Lt Gray
Yellow Gray
Brown Dk Gray

Dt L Defaults Black
Save Selemiunsl ,Tl Cancel |

Choose“All Items” to set everything (except the background)
to the same color. Pressthe Defaults button to restore every-
thing toitsoriginal color. Pressthe Save Selections button to
save the selected colors even after quitting CircuitLogix.
Note: The color selections are stored in asingle file, not with
eachindividual circuit.
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11-2 View Menu

Display Scale...

This feature allows the user to select the scale at which a
circuit will be displayed. It also allows user to select the Scale
Step of the Zoom Tool.

Enter 10 to 2000:[100 %
Scale Step Size: |25 %
v Auto Scale Step

Cancel

Normal Size/Position

This feature changes the circuit display scale to 100% and
moves the horizontal and vertical scroll bars to their home
positions.

Fit Circuit ToWindow

Thisfeaturewill reduce or enlargethecircuit (by changing the
Display Scaleand scroll bar positions) sothat theentirecircuit
can be displayed within the circuit window.

Find and Select...

Thiscommand will display thefollowing dialog box, allowing
you to search through your schematic and identify specific
devices or nodes.

Node Number: |27—

Designation: l—

Label or Value: l—

Symbol Name: l—
Cancel

For example, if aSPICE messageindicatesaproblem at node 27
and your schematic israther complex, thiscommand can help
you find the specified node. All wires connected to that node
will beselected. Y ou can also search for multiple devices. For
example, to select al the transistors, enter “Q*” in the Desig-
nationfield. All charactersafter the*Q” will beignoredinthe
search.



Show Pin Dots

This option allows you to control how connections between
wiresand devicesaredrawn. With“ Show PinDots’ checked,
connections between wires and devices will be shown by a
small dot where the connection occurs. If “Show PinDots” is
not checked, the connecting dots will not be drawn. Dots
showing where wires connect to other wires are always dis-

played.

Show BusL abdls

This option displays bus labels (numbers) by putting asmall,
numbered box at the end of each buswire, and also showsthe
number of each busconnection wire next to the corresponding
bus connection.

Show Page Breaks

This option displaysthe page divisions of amulti-page circuit
whenit issent to the printer. The Show Page Breaksoptionis
also useful when positioning a circuit on asingle page. The
page breaks you see on your screen are based on the printer
selection, paper size and scaling factor.

Show NodeNumbers

This option displays the node number for each node in your
circuit. The number isshown at the center of the longest wire
segment of each node. The node numbers are determined by
CircuitLogix and are used for simulation purposes. They
correspond to the variable names used in the analog anal yses'
graphs, and can be used as a reference when viewing the

graphs.

Show Prop Delays

This option displays the propagation delay for each device.
With “ Show Prop Delays’ checked, the delay for each device
will be shown within arounded rectangle at the center of each
device. If “Show Prop Delays’ isnot checked all deviceswill
bedrawninnormal form without thedelay value being visible.
Some devices such as Pulsers, LEDs and Macros do not have
adelay, so no value is shown for these devices.

To change the propagation delay of one or more devices

ViewMenu 11-3



11-4 View Menu

select the” Set Prop Delay(s)...” command from the Edit menu.

Device Display Data...

This dialog box allows you to quickly change the display
settings of all selected devices. If thedisplay itemiscurrently
visible on some of the selected devices, but not on others, the
check box will be gray. Refer to Netlist Information in the
Schematic Capture chapter for moreinformation.

™ Show Device Name [ Show Description
v Show Device Label [~ Show Pin Names
v Show Designation [ Show Pin Numbers

showall | Hidean| [[OK | cancel|

Circuit Display Data...

Thisdialog box allowsyoutotemporarily overridethedisplay
settings of every device in the entire circuit. The buttons at
thetop of each columnwill quickly changethe settingsfor the
entire column, or you can changeindividual itemsby clicking
ontheradio buttons. The Default setting tells CircuitL ogix to
use the Visible settings of each individual device. Refer to
Netlist Information in the Schematic Capture chapter.

Circuit Display Data
Default| Show | Hide

o o« « Device Name
o o« « Device Label
g s s Designation

g s s Description

o o« « Pin Names

& c | pin Numb

0K I Cancel

DrawingGrid...

Select “Drawing Grid...” to turn the alignment grid of the
circuit window on or off. The grid is useful as an aid in
precisely aligning objects. Snap-To-Grid alows new devices
(devicesnot aready in acircuit) to be placed according to the
specified grid. It also alows old devices (devices already in
thecircuit) to bemoved according to the selected grid, relative
to their original position. Snap to Grid, however, does not
guarantee alignment of component pins.



Grid Setup

Horizontal spacing |10 ﬂ
Yertical spacing 10 ﬂ

™ Show Grid ™ Snap To Grid

Cancel

TitleBox...

Choose the “'Title Box...” command to add atitle box to the
lower right corner of the page. When you select the Title Box
feature, thefollowing dial og box will appear:

Title:

Drawn By: I—
Start Date: l—
Last Mod. Date: I—
Comments: I—

Display Title Box

& Do not display

" Display on first page only
" Display on all pages

Cancel

By selecting the desired check box you can specify if you want
aTitleBox to appear on every page, only thefirst, or not at all.

CascadeWindows

This command will arrange all open windows in a cascaded
(stacked) order.

TileWindows

Thiscommand will arrange all open windowsin atiled (adja-
cent) order.

Windows

Each window that isopen (or can be opened with the available
simulation data) islisted hereinthemenu. Selecting awindow
from this menu will open it and bring it to the front.
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Chapter 12
Device Library

The device libraries are stored in two files; DEVICE.LIB
and USER.LIB. All macro devices created by the user are
stored in USER.LIB.

Devices can be selected from the libraries in various ways.
Refer to Placing Devices in the Schematic Capture chapter.
Once you have selected a device, it will follow the mouse to
any position within the drawing window. If the portion of
the work area where you need to position the device is not
currently visible, move the device to the border of the
window and the circuit will automatically scroll.

To place the device, click the mouse and the device will be
placed at its present position. To cancel placement of the
device press any key or double-click the mouse. Devices can
be mirrored and/or rotated prior to placing them. To rotate a
device, press the R key or click the right mouse button. To
mirror a device, press the M key.

The “Repeat On” option in the Options menu determines
whether the same device can be placed in the work area
multiple times, or if you must select each device separately
to placeit. Refer to Repeat On in the Options Menu chapter
for further details.

The devices and instruments are described in this chapter.
They are classified into the following categories:

Analog Can be used with the analog simulator.

Digital Can be used with the digital simulator.

Mixed-mode Can be used with either the analog or digital
simulator.

Schematic  These devices are intended for drawing sche-
matics and are not functional.

To assist you in finding the items in the library, each of the
following device descriptions include the location in the
parts browser. The location is displayed in the following
format:

[Major Device Class’Minor Device Class] (Default Hotkey)
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CircuitLogix is by no means limited to the devices provided in the device library. New devices
can be created as macros or by importing SPI CE-compatible subcircuits. User defined devices are
permanently storedinthelibrary filesand can beused just likeany other device. Refer tothe Device
Editor chapter for a complete discussion about creating new devices.

+V: Mixed-mode[Analog/Power] (1)

In analog simulation mode, thisdevice providesafully programmable DC power supply. It canbe
programmed for either a positive or negative voltage. It always uses the ground node as a
reference. Indigital simulation modeit providesafixed High state. Seealso: Independent Sources.
Examplecircuits; LOCK.CKT,ANALOG.CKT.

+V

7

.IC: Analog [Anaog/SPICE Controlg] (1)

Wirean .IC deviceto any nodethat needs.IC (Initial Conditions) programmed. Double-click onthe
deviceand set the Label-Vauefieldtothedesiredinitial value. Seealso: Initial Conditions. Example
circuit: 555.CKT.

(1S

.NODESET: Anaog[Anaog/SPICE Controlg] (N)
Wirea.NODESET deviceto any nodethat needs Nodeset programmed. Double-click onthedevice

and set the Label-Valuefield to the desired Nodeset value. See also: Initial Conditions. Example
circuit: BISTABLE.CKT.

(NS)

1K RAM: Mixed-mode[Digita/RAM-PROM]

Thisisa1024 x 8 Random AccessMemory. MultipleRAM chipsmay beused inasinglecircuit or
macro. However, RAM dataisnot saved with the circuit or macro. Boththe CSand WE pinsmust
bepulledlow towriteintothe RAM. Toread fromthe RAM, keep the WE pin high and pull the CS
pin low. For debugging purposes, you can edit the contents of the RAM. Refer to Edit PROM/
RAM in the Edit Menu chapter.

O_
A8 WEP—

L1111 1111]1
>
RO

S0000000=0
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4x4 Switch: Mixed-mode[Switches/Matrix]

Thisisa4x4 switch matrix. Clickingon one of the buttons closesaswitch which connectsone of the
horizontal pinsto one of thevertical pins. The switch remainsclosed until another buttonisclicked.
If youtry to activate the switch whilerunning an analog simulation, CircuitL ogix will ask if you want
torerunthe simulation with the switch inthe new position. Examplecircuit: 4X4.CKT.

X1 X2X3 x4

555 Timer: Analog[Linear ICs/Timers]

Thisdeviceincludesthe SPICE datafor simulating a555 Timer. Timersmay beselected fromalist
of available subcircuits or new subcircuitsmay be added by theuser. Double-click onthedeviceto
select the desired subcircuit. When creating astable circuits, initial conditionswill be required on
the timing capacitor in order for SPICE to converge on asolution. For monostabl e operation, the
component model subcircuit should be used rather than the macromodel subcircuit. See also:
Subcircuits, Initial Conditions. Examplecircuit; 555.CKT.

555
Gnd Vcc
Trg Dis
Out Thr
Rst Ctl

AC Outlet, AC Plug: Analog/Schematic[Connectors/Misc]

These devices are included for schematic purposes, however, the AC Outlet may be included
during Analog simulations. Each contact is treated as having a very high shunt resistance
(1E+12Q) toground.

PDE

Antenna: Analog [Schematic Symbols/Antennas]
Thisdeviceincludes an internal 50Q resistor to ground. The resistance can be changed by editing
itsLabel-Valuefield.

N2
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ASCI| Display: Mixed-Mode[Displays/Digita Only] (a)

Thisrepresents a16X4 LCD display intended mainly for usein Digital ssmulation mode. Upto 4
linesof 16 ASCII characters per line can bedisplayed onthisdevice. The character, determined by
thebinary code applied to pins 1-7, issent to the display when thelevel onthe/CP pin changesfrom
hightolow. NOTE: <RETURN> will start anew line, <BACKSPACE> will delete apreviously
entered character, CTRL+G (bell) will send abeepto the PC's speaker, and CTRL+L (form-feed) will
clear the display. The background color of the display can be changed. The text is always the
Device Text color. Thisdevice can be used in Analog simulation mode as well, but no characters
will bedisplayed. Examplecircuit: DISPLAY.CKT.

This is the
ASCI1 Display.

OFRPNWAOION

3

ASCII Key: Digitd [Digital/Input Device] (A)

The ASCII Key operateslikethe Hex Key with oneaddition: A strobe pulse (low, high, low level) is
generated and appears on the pin labeled “S’. The binary code for any ASCII character can be
generated by thisdevice. Thisdevicesimulatesakeyboard. Examplecircuit: DISPLAY .CKT.

S7654321
TTTTTTTI

Battery: Mixed-mode[Anaog/Power] (b)

In anal og simulation mode, this deviceincludesthe SPICE datafor simulating aDC voltage source.
ThevoltageisspecifiedintheLabel/Valuefied. Indigital simulation modeit providesafixed High
stateonthe“+" pinand afixed Low stateonthe“-" pin. Seealso: Independent Sources. Example
circuit: CEAMP.CKT.

1t
-

Buffer/Amp: Anaog[Linear ICs/BufferssAmps]

This device includes the SPICE data for simulating buffers and amplifiers. Buffers/amps may be
selected from alist of available subcircuits or new subcircuits may be added by the user. Double-
click on the device to select the desired subcircuit. See also: Subcircuits.

{j}
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CA 7-Seg, CC 7-Seg: Mixed-mode[Displays/7-Segment LEDS]

These are Common-anode and Common-cathode 7-Segment LED Displaysintended mainly for use
in Digital ssimulation mode. They will display each of 7 segments plus the decimal point, corre-
sponding to theinput pinsasthey are pulled low. Different colors can be selected for each display.
If the Prop Delay for thisdevice is set to greater than 1, the display will remain visible even when
power isremoved. Thisallowsthedisplay to be multiplexed without causing aflash each timethe
display isaddressed. Thisallowsthedisplay to better simulatereal-timeoperation. Inareal circuit
theflashes are not usually noticeable because of the high repetition rate of the multiplexing circuit.
These devices can be used in Analog simulation mode as well, but the segments will not light up.
Examplecircuit: DISPLAY .CKT.

! 4
V+ Gnd

mAl=)

abcdefg.| [abcdefg.
TTTTTTI] TTTTTTI]

Capacitor, Polar Cap, Var Capacitor: Anaog[Passive Components/Capacitors] (c, C)

These devices include the SPICE data for simulating a capacitor. The value of the capacitor is
specifiedintheLabel/Vauefield. Itisdrawnasa“variable” capacitor for schematic purposesonly.
Seealso: Capacitors, Initial Conditions. Examplecircuit: 555.CKT.

1k %€ A

SemiCapacitor: Analog [Passive Components/Capacitors]

This device includes the SPICE data for simulating a semiconductor capacitor. Semiconductor
capacitors may be selected from alist of available subcircuits or new subcircuits may be added by
the user. Double-click on the device to select the desired subcircuit. See also: Subcircuits,
Semiconductor Capacitors.

1

Car: Mixed-mode|[Digital/Output Device]

Thisis an animated device with a Start input, a Finish output and a Reset button. It isintended
mainly for usein Digital simulation mode. Multiple carsmay beplacedinthecircuit. Thenumber of
simulation ticksit takesfor acar to reach thefinish israndom for each car. A new random number
is generated each time the Reset button in the Toolbar is pressed. The reset button on the car
returnsthe car to itsstarting position. Double-click on the car to program the travel distance (up to
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1000 units). Different colors can be selected for each car. Thisdevice can also be used in Analog
simulation mode, but there will be no animation and the Finish output will never go true. Example
circuit: CARS.CKT.

Caution: Schematic[Schematic SymbolsMisc]
Thisdeviceisincluded for schematic purposes.

A\

CDA-5: Analog|[Linear ICs/BufferssAmps]

Thisdeviceincludesthe SPICE datafor simulating current differencing amplifiers. Amplifiersmay
be selected from alist of available subcircuits or new subcircuits may be added by the user. Double-
click on the device to select the desired subcircuit. See also: Subcircuits.

e

Coax, TwinLead, TwistedPair: Schematic[Schematic Symbols/Cables]
These devices are included for schematic purposes. SPICE data may be added by the user to
simulate the lossless, lossy or URC transmission lines.

| - YV T

Coil 3T, Cail 5T: Analog [Passive Components/Inductors]
These devices include the SPICE data for simulating an inductor. The inductance of the coil is
specifiedintheLabel/Vauefield. Seealso: Inductors. Examplecircuit: RESONANT.CKT.

=000~ 00000 -

Comparator5, Comparator 6: Analog[Linear |Cs/Comparators]

These devicesinclude the SPICE data for simulating 5-pin and 6-pin voltage comparators. Com-
parators may be selected from alist of available subcircuits or new subcircuits may be added by the
user. Double-click on the device to select the desired subcircuit. See also: Subcircuits.

b £

Connector: Mixed-mode[ConnectordMisc]
This device has an internal wire that connects the two sides, so it behaves just like awire during
simulation.

>
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Crystal: Anaog[Crystals/Standard]

Thisdeviceincludesthe SPICE datafor simulating acrystal. Crystalsmay be selected fromalist of
available subcircuits or new subcircuits may be added by the user. Double-click on the deviceto
select thedesired subcircuit. Seealso: Subcircuits. Examplecircuit: XTAL_OSC.CKT.

[+

Data Seq: Mixed-mode[Digital/Instrument]

The Data Sequencer allows the user to specify up to 32k bytes which can be output in a defined
segquence. Multiple Data Sequencers may be individually programmed. Refer to the Data Se-
guencer sectionin the Digital Logic Simulation chapter to program this device. Example circuit:
BUSWIRE.CKT.

Data 8-
Seq 7

6

5

/|

3

—CP1 2
-gcpP2 1+

DB-9, DB-15, DB-15HD, DB-25, 13W3: Schematic[Connectors/DB Type, Misc]

These devicesareincluded for schematic purposes. Buswiresmay be added internally to themacro
to connect two of them together for simulation. Be sure to use a unique bus wire number for each
pair of connectors. Examplecircuit; DB9.CKT.

\OOOOO’ \OOOOOOOO’ \OOOOO ’
[O 0000 O] [O 0000000 O] [O Oooooooooo O]
TT T TTT T T TTT T T
AR Ll

O0O0O0OOOOOOOOOOO ooooo0
[O\OOOOOOOOOOOO/O] [o\@@ OOOOO@/O]

DC Maotor: Mixed-mode[Motors/DC]

Indigital simulation mode, the DC Motor isan animated device. Thearmaturewill rotate clockwise
whenthereisahigh onthe positiveterminal and alow onthenegativeterminal. 1t will rotate counter
clockwisewhen thereisahigh on the negativeterminal and alow on the positiveterminal. 1nanalog
mode, the DC Motor is not animated, but it acts as an inductor and aresistor in series. Example
circuit: LADDER.CKT.

©
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Diac:A, Diac:B, Diac:C, Diac: D: Schematic[Schematic Symbols/Diacs]
Thisdeviceisincluded for schematic purposes.

*@®LQ

Diode: Analog [Active Components/Diodes] (d)

Thisdeviceincludesthe SPICE datafor simulating ajunction diode. Diodes may be selected from
alist of available models or new models may be added by the user. Double-click on the deviceto
select the desired model. See also: Diodes, Models, Initia Conditions. Example circuit:
ASTABLE.CKT.

_”_

Varactor, Varactor:A: Analog[Active Components/Diodes]

This device includes the SPICE data for simulating a variable capacitance diode. Diodes may be
selected from alist of available models or new models may be added by the user. Double-click on
the device to select the desired model. See also: Diodes, Models, Initial Conditions.

MW K

Zener Diode: Analog[Active Components/Diodes] (D)

Thisdeviceincludesthe SPICE datafor simulating azener diode. Diodesmay be selected fromalist
of available models or new models may be added by the user. Double-click onthe deviceto select
thedesired model. Seealso: Diodes, Models, Initial Conditions. Examplecircuit: PS1.CKT.

‘h(

Fuse, Fuse:A, Thermal Fuse: Analog[Fuses/Electronic] (f) [Fuses/Thermal]

These devicesinclude the SPICE datafor simulating a current fuse. Fuses may be selected from a
list of available subcircuits or new subcircuits may be added by the user. Double-click on the
deviceto select the desired subcircuit. See also: Subcircuits.

S o- I+ —2OC—
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FW Bridge: Analog [Active Components/Diodes]

This device includes the SPICE data for simulating a full-wave bridge rectifier. Bridges may be
selected from alist of available subcircuits or new subcircuits may be added by the user. Double-
click onthedeviceto select the desired subcircuit. Seealso: Subcircuits. Examplecircuit: PS1.CKT.

Ground: Mixed-mode[Analog/Power], [ Digital/Power] (O (zero))

In analog simulation mode, this device provides a ground reference node for the circuit. Every
analog cir cuit must haveaground reference. Indigital smulation modeit providesafixed Low
state.

—

Hex Display: Mixed-mode[Displays/Digital Only] (h)

ThisisaHexadecimal 7-Segment Display with abuilt in decoder. Itisintended mainly for usein
Digital ssimulation mode. It will display a hexadecimal number (0-9 and A-F) based on the binary
codeapplied tothe pins1-4. Different colorscan be selected for each display. Thisdevicecanaso
be usedin Analog simulation mode, but the segementswill not light up. Examplecircuit: SIM.CKT.

-

4321
TTTT

HexKey: Digita [Digital/Input Device] (H)

Thisisahexadecimal key. It will generatethe binary code associated with the hexadecimal number
displayed onthekey. After the hex key hasbeen selected (singleclick on the hex number shownin
the middle of the device), the hex number displayed can be changed in two ways: 1) click on the
number displayed to increment it, or 2) press a hexadecimal key (0-9 and A-F) on the keyboard.
Multiple Keysmay be used in acircuit; only the selected key will accept input from the keyboard.
Examplecircuit: LOCK.CKT.

4321
TTTT
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| Source, V Source: Mixed-mode[Anaog/Power] (i, v)

In analog simulation mode, these are independent DC current and voltage sources. Enter the
current or voltage in the Label-Valuefield. Indigital simulation mode, they provide afixed High
stateonthe“+” terminal and afixed Low stateonthe“-" terminal (the arrow points away from the
“+" terminal, toward the “-" terminal on the | Source). See also: Independent Sources. Example
circuit: 741.CKT.

@ @
I->| Source, V->| Source: Anaog[Anaog/Power]

These are linear current-controlled and voltage controlled current sources. The current on the
output (right-hand side) is controlled by the current or voltage on the input (left-hand side). See
also: Current-Controlled Current Sources, V oltage-Controlled Current Sources. Example circuit:
741.CKT.

T

I->Switch, V->Switch: Analog[Switches/Controlled]

These devices include the SPICE data for simulating a current-controlled and voltage-controlled
switch. Specific modelsmay beadded by theuser. Seealso: Current Controlled Switches, Voltage
Controlled Switches, Models. Examplecircuit: SWITCHES.CKT.

NE

I->V Source, V->V Source: Analog [Ana og/Power]

These are linear current-controlled and voltage-controlled voltage sources. The voltage on the
output (right-hand side) is controlled by the current or voltage on the input (left-hand side). See
also: Current-Controlled V oltage Sources, V oltage-Controlled V oltage Sources. Examplecircuit:
741.CKT.

T
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[-Mathl, -Math2: Analog[Math Functions/Current]

These devices provide direct accessto SPICE’ s nonlinear dependent source math functions. They
are set up in subcircuit format to provide easy selection of the math functions. [-Mathl provides
accessto the single-variable current functions (abs, cos, sqrt, etc.) |-Math2 provides accessto the
dual-variable current operations (+, -, *,/ and”). Seeaso: V-Math, Nonlinear Sources.

+=

ABS(I 1(A+B)
7%

1111
o>
+
fele]
I+
TT

Inductor, Var Inductor: Analog[Passive Components/Inductors] (I, L)

This device includes the SPICE data for simulating an inductor. The inductance of the cail is
specifiedintheLabel/Vauefield. Itisdrawnasa“variable’ inductor for schematic purposesonly.
See also: Inductors.

—

LYY L _YYo

Input, Output: Mixed-mode[Connectors/Misc]

These are schematic symbols of page connectors in acircuit. All “Input” and “Output” devices
that have the same namewill operate asthough they were connected together. Double-click onthe
deviceto edit thename. Examplecircuit: INOUTPUT.CKT.

[SsysCIk > -SysCIk >

Lamp: Mixed-mode[Displays/Incandescent]

This device includes the SPICE data for simulating a resistor in analog mode. The value of the
resistor isspecifiedintheLabel/Valuefield. Indigital simulation mode, thelamp will light when one
terminal ishigh and the other terminal islow. Each lamp may beadifferent color.

O

LED: Mixed-mode[Displays/Diode]

ThisisaLight Emitting Diode. In digital mode, it will “light” when alow level is applied to its
cathodeand ahighlevel isappliedtoitsanode. Different colorscan beselectedfor each LED. This
device also includes the SPICE datafor ssmulating an LED. LEDs may be selected from alist of
available subcircuits or new subcircuits may be added by the user. Double-click on the deviceto
select thedesired subcircuit. Seea so: Subcircuits. Examplecircuit: OPTO.CKT.

Y-
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LogicDisplay: Mixed-mode[Displays/Digital Only]

Thisisasimplelogic stateindicator intended for usemainly in Digital simulation mode. It hasonly
onepinand indicateswhether the stateislow (display off) or high (display on). Double-click onthe
Logic Display to changeitscolor. Thisdevice can aso be used in Analog simulation mode, but it
doesnotlight. Examplecircuit: LED.CKT.

&

L ogic Switch: Mixed-mode[Switches/Digitdl]

Thisisaswitch which provideseither aLow or aHighlogic level whenindigital simulation mode
and two programmabl e voltage level swhile in anal og simulation mode. When in analog mode, the
default voltages levels are Ov and 5v. To change the voltage levels, select the switch by dragging
aselection rectanglearound it, double-click onit, and then enter a SPICE comment of thefollowing
formintothe SPICE Datafield: * 0=1v 1=10v. Thiscomment will makethe switch output 1v for alow
level and 10v for ahigh level. While digital simulationisrunning asingle click on the switch will
cause its output to immediately change states. If you click on the switch while running an analog
simulation, CircuitLogix will ask if you want to rerun the simulation with the switch in the new
position. To move a switch to a new location you must first drag a selection rectangle over the
switchtoselectit. Examplecircuit: SIM.CKT.

o—"

LossLessline: Analog[Transmission Lines/SPICE Simulation]

This device includes the SPICE data for simulating a lossless transmission line. Characteristic
impedance is specified in the Label/Value field. Time delay or frequency/normalized length are
specified in the Spice Data field. See also: Lossless Transmission Lines. Example circuit:
LLTRAN.CKT.

o D

LossyLine, URC-Line: Analog[Transmission Lines/SPICE Simulation]

Thesedevicesincludethe SPICE datafor simulating lossy and uniform distributed RC transmission
lines. Specific modelsmay be added by theuser. Seealso: Lossy Transmission Lines, URC Lines,
Models.

e ————
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MC1496: Anaog[Linear ICs/Modulators]

Thisdeviceincludesthe SPICE datafor simulating an M C1496 Balanced M odul ator/Demodul ator.
Devicesmay be selected from alist of available subcircuitsor new subcircuits may be added by the
user. Double-click on the device to select the desired subcircuit. See aso: Subcircuits. Example
circuitt AMMOD.CKT.

MC1496

Vc Out
Vc Out
Vs Bias
Vs Vee

Mono Jack, Stereo Jack, Phone Jack, PhonePlug: Schematic[Connectors/Misc]

These devicesareincluded for schematic purposes. Buswiresmay be added internally to themacro
to connect two of them together for simulation. Be sure to use a unique bus wire number for each
pair of connectors.

T1¥ e ©

Multimeter: Anaog[Analog/lnstruments]

Multimeters can be wired directly into the circuit to measure resistance, voltage or current. DC
voltage and current can only be measured if Operating Point Analysisisenabled. To measure DC
AVG or ACRMSvoltageor current, Transient Analysis must be enabled and must simulate enough
cycles of transient data to make the measurements meaningful. Multiple multimeters may be
individually programmed. Refer to the section“Multimeter” inthe“ Analog Simulation” chapter to
programthisdevice. Examplecircuit: SWITCHES.CKT.

o
& DCYW o

N-IGBT,N-IGBT:A,N-IGBT:B,N-IGBT:C: Anaog[Active ComponentyIGBTS]

These devicesincludethe SPICE datafor simulating N-channel Insulated Gate Bipolar Transistors.
Transistorsmay beselected from alist of available models or new model smay be added by theuser.
Double-click on the device to select the desired model. See aso: Subcircuits.

{O4D
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N-JFET,N-JFET:A: Andog[Active ComponentsJFETS] (j)

This device includes the SPICE data for simulating an N-channel junction field-effect transistor.
JFETsmay beselected from alist of availablemodels (i.e. 2N4393) or new model smay be added by
the user. Double-click on the device to select the desired model. See dso: JFETSs, Models, Initial
Conditions. Examplecircuit: CSIFAMP.CKT.

LD

N-MESFET,N-MESFET:A: Anaog[ActiveComponentyMESFETS] (2)

Thisdeviceincludesthe SPICE datafor simulating an N-channel MESFET (GaASFET). MESFETS
may be selected from alist of available models or new models may be added by the user. Double-
click onthe deviceto select the desired model. See also: MESFETS, Models.

H @
_N
|_|
N-DMOS3T,N-DMOS3T:A,N-DMOSA4T,N-DMOSAT:A: Anadog
[Active ComponentsyMOSFETsDepl]
These devicesinclude the SPICE datafor simulating 3-terminal and 4-terminal N-channel Depletion
ModeMOSFETs. MOSFETsmay be selected from alist of available models or new modelsmay be

added by the user. Double-click on the device to select the desired model. See also: MOSFETS,
Models, Initial Conditions.

G EE

N-EMOS3T,N-EMOSS3T:A,N-EMOSAT,N-EMOSAT:A: Anaog

[Active Components M OSFETsEnh] (m)

These devicesincludethe SPICE datafor simulating 3-terminal and 4-terminal N-channel Enhance-
ment Mode MOSFETs. MOSFETsmay be selected from alist of available models or new models
may be added by the user. Double-click on the device to select the desired model. See also:
MOSFETSs, Models, Initial Conditions.

EBHEE®
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N-UJT: Analog[Active Components/Unijunction]

This device includes the SPICE data for simulating an N-channel unijunction transistor. Transis-
torsmay be selected from alist of available subcircuits or new subcircuits may be added by theuser.
Double-click on the device to select the desired subcircuit. See also: Subcircuits.

~

NC Push-button, NO Push-button, SPDT PB: Mixed-mode[Switches/Push Button]
TheseareNormally-Closed, Normally-Open and Single-Pole Double-Throw Push-Button switches.
Whiledigital simulationisrunning, the switch may be activated by clicking onit with theleft mouse
button and will remaininthe activated position aslong asthe mouse button isheld down. Multiple
switches of the sametype may be activated simultaneously if they have the samelabel inthe Label-
Vauefield. Theseswitchescannot be activated while running an analog simulation, but simply act
asashort or anopen. Examplecircuit: CARS.CKT.

e —o_l_o— ﬁ

NL I Source, NLV Source: Anaog[Anaog/Power]

These are nonlinear current and voltage sources. See aso: Dependent Sources. Example circuit:
741.CKT.

@ Qj
NPN Darlingl, NPN Darling2, NPN Darling3: Analog[Active Components/Darlingtons]
These devices include the SPICE data for simulating an NPN Darlington Transistor. Transistors

may be selected from allist of available subcircuits or new subcircuits may be added by the user.
Double-click on the device to select the desired subcircuit. See also: Subcircuits.

@ @l
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NPN Trans:B, NPN Trans:.C: Anaog[Active ComponentsBJTS] (q)

These devicesinclude the SPICE datafor simulating an NPN bipolar junction transistor. Transis-
tors may be selected from alist of available models or new models may be added by the user.
Double-click onthedeviceto select the desired model. Seealso: BJTs, Models, Initial Conditions.
Examplecircuit: CEAMP.CKT.

4 @)

Op-Amp3: Anaog[Linear ICYOPAMPS]
Thisdeviceisprimarily intended for schematic purposes, but it includes SPICE datafor simulating
anideal operational amplifier. Seealso: Voltage-Controlled V oltage Sources.

B

Op-Amp5, Op-Amp6, Op-Amp7: Analog[Linear ICSOPAMPS] (0)

These devices include the SPICE data for simulating operational amplifiers. Op amps may be
selected from alist of available subcircuits or new subcircuits may be added by the user. Double-
click on the device to select the desired subcircuit. See also: Subcircuits. Example circuit:
ANALOG.CKT.

£ g e

Optolsolator: Mixed-mode[Optical Devices/Coupler]

Thisisan NPN optical isolator. Indigital mode, the LED inthisdevice operatesexactly likearegular
LED. WhentheLED is“on”, thelogiclevel appliedtothe NPN transistor'semitter will appear onits
collector. Whenthe LED is*“off”, a3-statelevel will appear onthetransistor'scollector. Inanalog
mode, the LED does not light, but the SPICE subcircuit information will be used for simulation.
Double-click onthedeviceto select thedesired subcircuit. Seealso: Subcircuits. Examplecircuits:
OPTO.CKT, STEPPER.CKT.

Eadl
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P-IGBT,P-IGBT:A,P-IGBT:B,P-IGBT:C: Anaog[ActiveComponents/IGBTs]

These devicesincludethe SPICE datafor simulating P-channel Insulated Gate Bipolar Transistors.
Transistorsmay be selected from alist of available model s or new model smay be added by theuser.
Double-click on the device to select the desired model. See aso: Subcircuits.

L OL®

P-JFET, P-JFET:A: Anaog[Active Components/JFETS] (J)

This device includes the SPICE data for simulating a P-channel junction field-effect transistor.
JFETs may be selected from alist of available models or new models may be added by the user.
Double-click onthedeviceto select the desired model. Seea so: JFETS, Models, Initial Conditions.

40

P-MESFET,P-MESFET:A: Anaog[Active ComponentY MESFETS| (2)

These devicesincludethe SPICE datafor simulating aP-channel MESFET (GaASFET). MESFETSs
may be selected from alist of available models or new models may be added by the user. Double-
click on the deviceto select the desired model. Seealso: MESFETS, Models.

H @
-
|_|
P-DMOSS3T,P-DMOS3T:A,P-DMOSAT, P-DMOSAT:A: Anaog
[Active ComponentsM OSFETsDepl]
These devicesincludethe SPICE datafor simulating 3-terminal and 4-terminal P-channel Depletion
Mode MOSFETs. MOSFETsmay be selected fromalist of available models or new modelsmay be

added by the user. Double-click on the device to select the desired model. See also: MOSFETS,
Models, Initial Conditions.

kB G
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P-EMOS3T,P-EMOS3T:A, P-EMOSAT, P-EMOSAT:A: Andog

[Active ComponentsM OSFETSEnh] (M)

These devicesincludethe SPICE datafor simulating 3-terminal and 4-terminal P-channel Enhance-
ment Mode MOSFETs. MOSFETsmay be selected from alist of available models or new models
may be added by the user. Double-click on the device to select the desired model. See also:
MOSFETSs, Models, Initial Conditions.

@&

Pentode, Pentode:H: Schematic[Active Components/V acuum Tubes]
These devices are included for schematic purposes.

Photo Diode: Schematic[Optical Devices/Sensors]
Thisdeviceisincluded for schematic purposes.

@

Photo NPN: Schematic[Optical Devices/Sensors]
Thisdeviceisincluded for schematic purposes.

&

Photo Resist: Analog [Optical Devices/Sensors]

Thisdeviceincludesthe SPICE datafor simulating astandard resistor. The value of theresistor is
specifiedintheLabel/Valuefield. Seealso: Resistor.

@
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Piezo Buzzer: Mixed-mode[Transducers/Sound Device]

In digital simulation mode, the piezo buzzer will send a continuous stream of beeps to the PC's
speaker whenalow level isappliedtoits“-" termina and ahighlevel isappliedtoits“+" terminal.
It contains SPICE datafor usein analog modeasacapacitor. Seealso: Capacitors. Examplecircuit:
SOUND.CKT.

Plot Var: Anaog [Analog/SPICE Controls]

This device provides alist of al of the plot variables for which data has been collected for the
circuit. Placethisdeviceanywhereinthedrawing window; nowiresareneeded. Click onthedevice
with the Probe Tool, then select the variable you wish to plot from the list. To view multiple
waveforms, SHIFT-click onthePlot Var device.

Plot
Variable
PNP Darlingl, PNP Darling2, PNP Darling3: Analog[Active Components/Darlingtons]
Thisdeviceincludesthe SPICE datafor simulating an PNP Darlington Transistor. Transistors may

be selected fromalist of available subcircuits or new subcircuits may be added by the user. Double-
click on the device to select the desired subcircuit. See aso: Subcircuits.

9

PNP Trans:B,PNP Trans:C: Anaog

[Active Components/BJT | (Q)

These devicesincludethe SPICE datafor simulating an PNP bipolar junctiontransistor. Transistors
may be selected from alist of available models or new models may be added by the user. Double-
click onthedeviceto select thedesired model. Seealso: BJTs, Models, Initial Conditions. Example
circuit: PUSHPULL.CKT.

1 ©
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PROM 32: Mixed-mode[Digita/RAM-PROM]

Thisisa32x 8 PROM. Multiple PROMsmay beindividually programmed. Refer to Edit PROM/
RAM inthe Edit Menu chapter to program thisdevice. PROM datais saved with thecircuit andin
macros. Examplecircuit: STEPPER.CKT.

PROM32

—CS

o7

06|

O5
—-A4 041
—A3 03
—A2 02
—Al 01
—AO0 OO

Pulser: Digital [Digital/Instrument] (p)

The Pulser isaprogrammable pulsegenerator. Multiple Pulsersmay beindividually programmed.
Refer to The Pulser inthe Digital L ogic Simulation chapter to program thisdevice. Examplecircuit:
SIM.CKT.

ey
P2

L

by
&

PUT: Analog[Active Components/Unijunction]

This device includes the SPICE datafor simulating a programmable unijunction transistor. PUTS
may be selected from allist of available subcircuits or new subcircuits may be added by the user.
Double-click on the device to select the desired subcircuit. See also: Subcircuits.

v

Reference3: Anaog[Linear |Cs/References]

Thisdeviceincludesthe SPICE datafor simulating a3-pin programmablereference. Referencesmay
be selected from alist of available subcircuits or new subcircuits may be added by the user. Double-
click on the device to select the desired subcircuit. See also: Subcircuits.

%
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Regulator3: Analog[Linear |Cs/Regulators]

This device includes the SPICE data for simulating a 3-pin voltage regulator. Regulators may be
selected from alist of available subcircuits or new subcircuits may be added by the user. Double-
click on the device to select the desired subcircuit. See also: Subcircuits.

IN OUT

COM
I

Relays

Relaysareavailableintwo forms. The SPDT Relay isacomplete unit, containing both the coil and
the contactsin asingledevice. Other relay devicesare availablein separate sections, allowing you
to create your own relayswith multiple pairs of contacts. By assigning the samelabel inthe Label-
Vauefield of the coil and the contacts, the coil can be assigned to switch any number of contacts.

SPDT Relay: Mixed-mode[Relays/Complete]

Thisdeviceincludesthe SPICE datafor simulating a Single-Pole Double-Throw relay. Relays may
be selected fromalist of available subcircuits or new subcircuits may be added by the user. Double-
click on the device to select the desired subcircuit. In digital mode, it switches the contact
connectionswhen alow level isapplied to oneterminal of the coil and ahigh level isapplied tothe
other terminal. Seealso: Subcircuits. Examplecircuit: ALARM.CKT, ANRELAY .CKT.

Circle, Polar Coail, Rectangle, Solenoid, Standard: Mixed-mode[Relays/Cail] (k)

These relay coils can be used in conjunction with any of the relay contacts. In order to control
contacts with a given coil, set the Description field to the same string for both the coil and all
contacts which the coil should control.

Indigital simulation mode, the coilsswitchwhen alow level isapplied to oneterminal of thecoil and
a high level is applied to the other terminal. The pickup and release times for a coil can be
individually programmed. The pickup timeisthetimedelay following activation of the coil until the
contacts close whiletherelease timeisthe timefollowing deactivation of the coil until the contacts
open. To change the pickup and release times, double-click on a coil and then enter a SPICE
comment of thefollowing forminto the SPICE Datafield: * p=2r=3. Thiscomment will set thedigital
simulation mode pickup timeto be 2 ticks and the rel ease time to be 3 ticks.
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In analog simulation mode the coil may be selected from alist of available models or new models
may be added by theuser. Double-click onthedeviceto select the desired model. Note: No SPICE
dataisincluded for the Latch Coil or the Polar Latch. Examplecircuit: LADDER.CKT.

Ot~ 38
Latch Coail, Polar Latch: Digita [Relays/Cail] (K)
Theserelay coilsare similar to those described above with the following exceptions: 1) they do not

contain SPICE simulation datafor usein analog simulation and 2) being latched coils, they latch the
contacts into the opposite position with a single pulse.

L L

SPDT:A,SPDT:B, SPDT:C, SPST-NC, SPST-NO: Mixed-mode[Relays/Contacts] (K)

These relay contacts can be used in conjunction with any of the relay coils. In order to control
contacts with a given coil, set the Description field to the same string for both the coil and all
contacts which the coil should control. In analog simulation mode, the contacts may be selected

fromalist of availablemodel s or new model smay be added by the user. Double-click onthedevice
to select thedesired model. Examplecircuit: LADDER.CKT.

= o e
RDIP14,RDIP14:A,RDIP16, RDIP16:A: Analog [Passive Components/Resistors]
RSIP10,RSIP10:A, RSIP6,RSIP6: A, RSI P8, RSIP8: A

These devices include the SPICE data for simulating resistor packs. The value of theresistorsis
specifiedintheLabel/Vauefield. Seealso: Resistors.

| Annnn mmm G s Gann

Resistor, Resistor:A: Mixed-mode[Passive Components/Resistors] ()
Thesedevicesincludethe SPICE datafor simulating aresistor. Thevalueof theresistor isspecified
intheLabel/Valuefield. Indigital simulation mode, when connected directly toa+V or aGround, it
actslikeastandard pull-up or pull-down resistor. Otherwise, it actsasan openindigital simulation
mode. Seealso: Resistors. Examplecircuits: ROCKET.CKT, ANALOG.CKT.

-~n-
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SemiResistor, SemiResistor A: Analog [ Passive Components/Resistors]

This device includes the SPICE data for simulating a semiconductor resistor. Semiconductor
resistors may be selected fromalist of available subcircuits or new subcircuits may be added by the
user. Double-click on the deviceto select the desired subcircuit. See also: Subcircuits, Semicon-
ductor Resistors.

-~n—

Var Resistor, Var Resistor A: Analog [Passive Components/Resistors] (R)
These devices include the SPICE data for simulating two fixed resistors by setting the following
defaults:

Labe/Vaue 10k
SpiceData $DA %1 %2 4k
DB %2 %3 6k

where the total resistanceis 4k + 6k = 10k. These values may be adjusted asrequired by the user.
See also: Resistors.

N N

Rocket: Mixed-mode[Digital/Output Devices)]

Thisisan animated device similar tothe Car, but with + and - input pins. When ahigh stateisplaced
on the + input and alow state is placed on the - input, the rocket will fire. The reset button on the
rocket returns the rocket to its starting position. Double-click on the rocket to program the travel
distance (up to 1000 units). Different colors can be selected for each rocket. Thisdevice can aso
be used in Analog simulation mode, but is not animated. In this mode, a 1kQ resistor is placed
acrossthe+and- input pins. Examplecircuit: ROCKET.CKT.

[

Schottky: Analog [Active Components/Diodes)

Thisdeviceincludesthe SPICE datafor simulating aschottky diode. Diodes may be selected from
alist of available models or new models may be added by the user. Double-click on the deviceto
select the desired model. See also: Diodes, Models, Initial Conditions.

_M"_
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SCOPE: Digita [Digital/Instrument] (t)

A “SCOPE" isactually atool which allowsyoutolook at simulation waveformsasthey are charted
in the Waveforms window. Connect a scope (each scope must have a unique name) at each point
inthe circuit where you wish to seethe states charted. Double-click onthedeviceto edit the name.
SCOPEs are a so used to identify the connecting nodes when creating asubcircuit drawing for use
withthe" Create SPICE subcircuit (.SUB)” script. Examplecircuit: SCOPE.CKT.

TP1

SCR: Analog [Active Components/SCRs]

Thisdeviceincludesthe SPICE datafor simulating an SCR (thyristor). SCRsmay be selected from
alist of available subcircuits or new subcircuits may be added by the user. Double-click on the
deviceto select thedesired subcircuit. Seealso: Subcircuits. Examplecircuit: SCR.CKT.

>

Shockley: Schematic [ Schematic Symbols/Diodes]
Thisdeviceisincluded for schematic purposes.

_H_

Signal Gen: Analog [Analog/Instruments] ()

Thisisafully programmable, multifunction anal og signal generator which offersavariety of output
waveforms. Multiple generators may beindividually programmed. The minimum and maximum
amplitudes of thewaveform are stored in the Label-Vauefield and by default are displayed above
the device symbol. Refer to the section Multifunction Signal Generator inthe Analog Simulation
chapter to programthisdevice. Examplecircuit: ANALOG.CKT.

14
1.0 kHz

SPDT Switch, SPST Switch: Mixed-mode[Switches/Toggle] (S)

Thesearefunctional Single-Pole Double-Throw and Single-Pole Single-Throw switches. Multiple
switches of the same type may be activated simultaneoudly (creating double-pole or triple-pole
switches, etc.) if they havethe samelabel inthe Label-Vauefield. If youtry to activate the switch
whilerunning an analog simulation, CircuitL ogix will ask if you want to rerun the simulation with the
switchinthenew position. Examplecircuit: ALARM.CKT.

8 o oo
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Speaker: Mixed-mode[Transducers/Sound Device]

Indigital simulation mode, the speaker will send asingle beep tothe PC’ sspeaker when alow level
isapplied to one of itsterminals and ahigh level is applied to its other terminal. It will also send a
single beep each time the high and low level arereversed or removed and then applied. It contains
SPICE datafor useinanalog modeasaresistor. Seealso: Resistors. Examplecircuit: SOUND.CKT.

Stepper: Mixed-mode[Digital/Output Device]

This device simulates an eight position stepper motor. Itisintended mainly for Digital simulation
mode. It can be connected in unipolar or bipolar mode and can be drivenin full or half steps. The
following tables show how the motor is driven in unipolar mode with the A and B terminals
connected to alogic high. In analog simulation mode, it is not animated, but treated as inductors
andresistorsin series. Examplecircuit: STEPPER.CKT.

Half Steps Full Steps
123 4 g 1234l Q
c
0x 00 = o ®|0 x 0 x =
1 A OXXOA?) g OXXOAg
2 — = x =
—m— 0 0x0 ) = x 0x 0 |&
M xo0xo|l|2 3BY|xoo0x|eS
43 B x00O0f]|®
T | 1% oo 2
X X % x = Off (3-state)
000x|]|7Z 0= Logic Low
0 x 0 x =

Stoplight: Mixed-mode[Digital/Output Device]

Thisdevicehas3lights—red, yellow and green—with oneinput for eachlight. Itisintended mainly
for usein Digital smulation mode. Thelight will be on when itsassociated pinisin the high state
and off whenitspinisinthelow state. Inanalog simulation mode, thelightsdo not light. Example
circuit: DISPLAY.CKT.

L d
i
&
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Terminal: Analog[Connectors/Misc]

This is a schematic symbol of a generic connector terminal point. It can be used in Analog
simulationsto connect digital simcode devicesto apower bus. To do so, enter the name of the bus
inthe Terminal’ sbus datafield.

?

Tetrode, Tetrode:H: Schematic[Active Components/VVacuum Tubes]

This device includes the SPICE data for ssimulating a vacuum tube tetrode. Tetrodes may be
selected from alist of available subcircuits or new subcircuits may be added by the user. Double-
click on the device to select the desired subcircuit. See also: Subcircuits. Example circuit:
VTPWRAMP.CKT.

=5

Transformers

CircuitLogix providestwo different types of transformer simulation. The first method which most
closely represents the functionality of actual transformers uses subcircuits, consisting of a volt-
age-controlled voltage supply, a current-controlled current supply, winding resistances and leak-
age and magnetization inductors. The turns ratios for these devicesis determined by the voltage
and current gains of the supplies. The Transl, Trans2 and Trans3 devices use this method.

The second method uses coupled (mutual) inductors. This method is described in detail in the
Analog Simulation chapter. The drawback to this method is that the impedance of the secondary
winding is not reflected back into the primary. The Transformer and CT Transformer devices use
thismethod. See Coupled Inductorsfor moreinformation.

Note: For SPICE to operate properly, al nodesin acircuit requireaDC path to ground. Incircuits
that use transformers, both sides of the transformer need a DC path to ground. This can be
accomplished in various ways:

1 Ground can be connected directly to both sides of the transformer (see example circuit
PS1.CKT).

2. Ground can be connected indirectly to both sides of the transformer through a resistor (see
examplecircuit PS2.CKT).

3. Enable the RSHUNT option in the Analog Options dialog box which is accessed from the
Options menu.
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Transl, Trans2, Trans3: Anaog[Transformers/Subcircuit]

These devicesincludethe SPICE datafor simulating atransformer. Transformers may be selected
fromalist of available subcircuitsor new subcircuits may be added by theuser. Double-click onthe
device to select the desired subcircuit. See aso: Transformers, Subcircuits. Example circuits:
PS1.CKT,PS2.CKT.

Transformer, CTTransformer: Analog[Transformers/Coupled Inductors]

These devicesincludethe SPICE datafor simulating apair and atrio of coupledinductors. Seealso:
Coupled Inductors, Transformers. Examplecircuit: VTPWRAMP.CKT.

A 3l

Triac:A, Triac:B: Analog[Active Components/Triacs]

Thisdeviceincludesthe SPICE datafor simulating atriac (thyristor). Triacs may be selected from
alist of available subcircuits or new subcircuits may be added by the user. Double-click on the
deviceto select thedesired subcircuit. Seealso: Subcircuits. Examplecircuit: TRIAC.CKT.

* @

Triode, Triode:H: Schematic[Active Components/Vacuum Tubes)

Thisdeviceincludesthe SPICE datafor simulating avacuum tubetriode. Triodes may be selected
fromalist of available subcircuitsor new subcircuitsmay be added by theuser. Double-click onthe
deviceto select thedesired subcircuit. Seealso: Subcircuits. Examplecircuit: RIAAAMP.CKT.

i

DevicelLibrary 12-27



Tunnel: Schematic[Schematic Symbols/Diodes]
Thisdeviceisincluded for schematic purposes.

_H_

VacDiode, VacDiode:H: Schematic [Active Components/Vacuum Tubes)
These devices are included for schematic purposes.

P

V-Mathl,V-Mathl Ref,V-Math2, V-Math2 Ref: Analog[Math Functions/V oltage]

These devices provide direct accessto SPICE’ s nonlinear dependent source math functions. They
are set up in subcircuit format to provide easy selection of the math functions. V-Mathl and V-
Math1 Ref provides access to the single-variable voltage functions (abs, cos, sgrt, etc.) V-Math2
and V-Math2 Ref providesaccessto thedual-variablevoltage operations (+, -, *,/ and). V-Mathl
and V-Math2 require only asingleinput for each variable which isthen referenced to ground. V-
Math1 Ref and V-Math 2 Ref require both + and - inputsfor each variable and provide both a+ and
- output. Seealso: I-Math, Nonlinear Sources. Examplecircuit: MATH1.CKT.

ABS(V ABS(V V(A+B V(A+B
v (¢ )Q —V+ ¢ é+— —A (A )Q— A+( +B)
V- -+ —B A- +
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@
+
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Window: Digital [Digital/I/O Device]

Thisis an animated device which simulates the opening and closing of awindow. It hasasingle
input (OC) which opens the window when high and closes it when low, or, it can be opened or
closed by clicking on thewindow panewith themouse. It also containsasingle-pole double-throw
switch that is activated when the window is opened or closed. Examplecircuit: ALARM.CKT.
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Basic L ogic Devices: Mixed-mode[Digital/theminor classvaries)

Basic logic devices include a variety of common gates and flip-flops. Most of the gates are
provided with their DeM organ equivalents. Examplecircuit: 4X4.CKT.

Buffers: The output will follow theinput.

TristateBuffers:  If the output is enabled, the output will follow the input.
Inverters: If theinput is high, the output will be low.

AND gates: If all inputs are high, the output will be high. 2, 3and 4 inputs.
OR gates: If any input is high, the output will be high. 2, 3 and 4 inputs.
NAND gates: If all inputs are high, the output will below. 2, 3, 4 and 8inputs.
NOR gates: If any input is high, the output will below. 2, 3, 4 and 8 inputs.
XOR gates: If only oneinput is high, the output will be high. 2 inputs.
XNOR gates: If only oneinput is high, the output will below. 2inputs.

D Hip-flops: The output follows the input when clock occurs.

JK Flip-flops: The output based on the J and K inputs when the clock occurs.
SR Flip-flops. The output is high when set, low when reset.

Digital I Cs: Mixed-mode[Digital ICsby Number/theminor classvaries)

CircuitLogix provides acomprehensive library of commonly used Digital integrated circuits. Pin
names are based on the HE4000 and 74L SO0 families as defined by Philips Semiconductors, an
international manufacturer of integrated circuits. The device number listed below indicates the
logical function of the device. In digital simulation mode, the logic function of all families (74xx,
T4AL Sxx, 74Sxx, 74Fxx, 7AHCxX, etc.) isthe same. 1nanalog simulation mode, the characteristics of
each family isunique. Characteristics of each part can be adjusted only within the min, max and
typical databook values.

Note: All of these devices are mixed-mode. O.C. = Open Collector outputs.

4000 Dual 3-Input NOR Gate and Inverter
4001 Quad 2-Input NOR Gate

4002 Dual 4-Input NOR Gate

4006 18-Stage Static Shift Register

4008 4-Bit Binary Full Adder

4011 Quad 2-Input NAND Gate

4012 Dua 4-Input NAND Gate

4013 Dual D Flip Flop

4014 8-Bit Static Shift Register

4015 Dual 4-hit Static Shift Register

4017 5-Stage Johnson Counter

4018 Presettable Divide-by-n Counter
4019 Quad 2-Input Multiplexer

4020 14-Stage Binary Counter

4021 8-Bit Static Shift Register

4022 4-Stage Divide-by-8 Johnson Counter
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4023
4024
4025
4027
4028
4029
4030
4031
4035
4040
4041
4042
4043
4044
4049
4050
4068
4069
4070
4071
4072
4073
4075
4076
4077
4078
4081
4082
4085
4086
4093
4094
4104
4502
4505
4508
4510
4511
4512
4514
4515
4516
4517
4518
4519
4520
4522
4526

Triple 3-Input NAND Gate

7-Stage Binary Counter

Triple 3-Input NOR Gate

Dual JK Flip Flop

1-of-10 Decoder

Synchronous Up/Down Binary/Decade Counter
Quad Exclusive-OR Gate

64-Stage Static Shift Register

4-Bit Universal Shift Register

12-Stage Binary Counter

Quad True/Complement Buffer

Quad D-Latch

Quad R/S Latch (3-State)

Quad R/S Latch (3-State)

Hex Inverter

Hex Buffer

8-Input NAND Gate

Hex Inverter

Quad Exclusive-OR Gate

Quad 2-Input OR Gate

Dua 4-Input OR Gate

Triple 3-Input AND Gate

Triple 3-Input OR Gate

Quad D Register (3-State)

Quad Exclusive-NOR Gate

8-Input NOR Gate

Quad 2-Input AND Gate

Dual 4-Input AND Gate

Dual 2-Wide 2-Input AND-OR-Invert Gate
4-Wide 2-Input AND-OR-Invert Gate

Quad 2-Input NAND Schmitt Trigger

8-Stage Shift-and-Store Bus Register

Quad Low-to-High Voltage Trand ator (3-State)
Strobed Hex Inverter/Buffer

64-Bit, 1-Bit per Word Random Access Read/Write Memory
Dual 4-Bit Latch

BCD Up/Down Counter

BCD to 7-Segment Latch/Decoder/Driver
8-Input Multiplexer (3-State)

1-of-16 Decoder/Demultiplexer with Input Latches
1-of-16 Decoder/Demultiplexer with Input Latches
Binary Up/Down Counter

Dual 64-Bit Static Shift Register

Dual BCD Counter

Quad 2-Input Multiplexer

Dual 4-Bit Binary Counter
Programmable 4-Bit BCD Down Counter
Programmable 4-Bit Binary Down Counter
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4531 13-Input Parity Checker/Generator
4532 8-Input Priority Encoder

4539 Dual 4-Input Multiplexer

4543 BCD to 7-Segment Latch/Decoder/Driver
4555 Dual 1-or-4 Decoder/Demultiplexer
4556 Dual 1-of-4 Decoder/Demultiplexer
4585 4-Bit Magnitude Comparator

4731 Quad 64-Bit Static Shift Register

7400 Quad 2-Input NAND Gate

7401 Quad 2-Input NAND Gate (O.C.)
7402 Quad 2-Input NOR Gate

7403 Quad 2-Input NAND Gate (O.C.)
7404 Hex Inverter

7405 Hex Inverter (O.C.)

7406 Hex Inverter Buffer/Driver (O.C.)
7407 Hex Inverter/Driver (O.C.)

7408 Quad 2-Input AND Gate

7409 Quad 2-Input AND Gate (O.C.)
7410 Triple 3-Input NAND Gate

7411 Triple 3-Input AND Gate

7412 Triple 3-Input NAND Gate (O.C.)
7413 Dual 4-Input NAND Schmitt Trigger
7414 Hex Inverter Schmitt Trigger

7415 Triple 3-Input AND Gate (O.C.)
7416 Hex Inverter Buffer/Driver (O.C.)
7417 Hex Buffer/Driver (O.C.)

7420 Dual 4-Input NAND Gate

7421 Dual 4-Input AND Gate

7422 Dual 4-Input NAND Gate (O.C.)
7425 Dual 4-Input NOR Gate with Strobe
7426 Quad 2-Input NAND Gate (O.C.)
7427 Triple 3-Input NOR Gate

7428 Quad 2-Input NOR Buffer

7430 8-Input NAND Gate

7432 Quad 2-Input OR Gate

7433 Quad 2-Input NOR Buffer (O.C.)
7437 Quad 2-Input NAND Buffer

7438 Quad 2-Input NAND Buffer (O.C.)
7439 Quad 2-Input NAND Buffer (O.C.)
7440 Dual 4-Input NAND Buffer

7442 BCD-to-Decimal Decoder (1-0f-10)
7445 BCD-to-Decimal Decoder/Driver (O.C.)
7447 BCD-to-Seven-Segment Decoder/Driver (O.C.)
7448 BCD-to-Seven-Segment Decoder/Driver w/Pullups
7473 Dual JK Flip-Flop

7474 Dual D Flip-Flop

7475 Quad Bistable Latch
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7476
7483
7485
7486
7490
7492
7493
7495
7496
74107
74109
74112
74113
74125
74126
74133
74136
74138
74139
74147
74148
74151
74153
74154
74155
74157
74158
74160A
74161A
T4162A
74163A
74164
74165
74166
74168
74169
74173
74174
74175
74181
7482
74190
74191
74192
74193
74194
74195
74197

12-32

Dua JK Flip-Flop

4-Bit Full Adder

4-Bit Magnitude Comparator

Quad 2-Input Exclusive-OR Gate

Decade Counter

Divide-by-Twelve Counter

4-Bit Binary Ripple Counter

4-Bit Shift Register

5-Bit Shift Register

Dua JK Fip-Flop

Dual JK Positive Edge-Trigger Flip-Flop
Dual J-K Edge-Triggered Flip-Flop

Dual J-K Edge-Triggered Flip-Flop

Quad Buffer (3-State)

Quad Buffer (3-State)

13-Input NAND Gate

Quad 2-Input Exclusive-OR Gate (O.C.)
1-of -8 Decoder/Demultiplexer

Dual 1-of-4 Decoder/Demultiplexer
10-Lineto 4-Line Priority Encoder

8-Input Priority Encoder

8-Input Multiplexer

Dual 4-Lineto 1-Line Multiplexer

1-of-16 Decoder/Demultiplexer

Dual 2-Lineto4-Line Decoder/Demultiplexer
Quad 2-Input Data Selector/Multiplexer
Quad 2-Input Data Selector/Multiplexer (Inverting)
BCD Decade Counter

4-Bit Binary Counter

BCD Decade Counter

4-Bit Binary Counter

8-Bit Serial-In Parallel-Out Shift Register
8-Bit Serial/Parallel-In, Serial-Out Shift Register
8-Bit Serial/Parallel-In, Serial-Out Shift Register
Synchronous BCD Decade Up/Down Counter
Synchronous 4-Bit Binary Up/Down Counter
Quad D Flip-Flop (3-State)

Hex D Flip-Flop

Quad D Flip-Flop

4-Bit Arithmetic Logic Unit

Lookahead Carry Generator

Presettable BCD/Decade Up/Down Counter
Presettable 4-Bit Binary Up/Down Counter
Presettable BCD/Decade Up/Down Counter
Presettable 4-Bit Binary Up/Down Counter
4-Bit Bidirectional Universal Shift Register
4-Bit Parallel Access Shift Register
Presettable 4-Bit Binary Ripple Counter
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74199
74240
74241
74242
74243
74244
74245
74247
74248
74251
74253
74256
74257
74258
74259
74266
74273
74280
74283
74290
74293
74298
74352
74353
74373
74374
74375
74377
74378
74568
74569

8-Bit Parallel Access Shift Register

Octal Inverter Buffer (3-State)

Octal Buffer (3-State)

Quad Inverting Transceiver (3-State)

Quad Bus Transceiver (3-State)

Octal Buffer (3-State)

Octal Bus Transceiver (3-State)
BCD-to-Seven-Segment Decoder/Driver (O.C.)
BCD-to-Seven-Segment Decoder/Driver w/Pullups
8-Input Multiplexer (3-State)

Dual 4-Input Multiplexer (3-State)

Dual 4-Bit Addressable Latch

Quad 2-Lineto 1-Line Data Selector/Multiplexer (3-State)
Quad 2-Lineto 1-Line Data Selector/Multiplexer (3-State)

8-Bit Addressable Latch

Quad 2-Input Exclusive-NOR Gate (O.C.)

Octal D Flip-Flop

9-Bit Odd/Even Parity Generator/Checker

4-Bit Full Adder with Fast Carry

BCD Decade Counter

4-Bit Binary Ripple Counter

Quad 2-Port Register

Dual 4-Lineto 1-Line Multiplexer

Dual 4-Input Multiplexer (3-State)

Octal Transparent Latch (3-State)

Octal D Flip-Flop (3-State)

Quad Bistable Latch

Octal D Flip-Flop with Clock Enable

Hex D Flip-Flop with Clock Enable

BCD Decade Up/Down Synchronous Counter (3-State)
4-Bit Binary Up/Down Synchronous Counter (3-State)
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Symbols

%
%="path\filename.ext” 2-21
%B 2-21
%D 2-20, 2-21
%L 2-19
%M 2-20
%N 2-19
%P 2-21
%pinorder 2-21
%S 2-20
%V 2-19
%X 2-21

+V 2-18, 5-17, 12-4

AC 5-46, 12-4, A-2

UNCLUDE 2-21

.NODESET 5-45, A-2

NS 12-4

.RAWFile 5-30, 5-31

13W3 12-9

1KRAM 12-4

4x4 Switch 12-5

4xxx 12-32

555Timer 12-5

74xxx 12-32

A

ABSTOL 5-32, A-3

AC Analysis 5-28

ACOutlet 12-5

Access Faults 6-6

ACCT 5-35

ADCSTEP 5-37

Adding Shapes (Symbol Editor) 3-6
ADDSHUNTS A-1

Aliases 3-29
Always Set Defaults 5-30
Ammeter 5-38, 12-15
Analog

Analog Analyses 5-27
Analog Check Box 5-4
Analog Options 5-30, 5-55

I ndex

Analog Options (Fault Simula-
tion) 6-9
AnalogSimulation 5-3
Analysis Selection (Fault Simula-
tion) 6-9
Digital/AnalogMode 1-2, 10-4

Analyses

AC Analysis 5-28

Analog Options 5-30
Analysis Example 5-9
Analysis Probe 8-10
Analysis Selection (Fault Simula-
tion) 6-9

DC Analysis 5-27

Operating Point Analysis 5-27
Run-Time TestPoints 5-18
Set Defaults 5-29
SPICE for Windows 5-20
TestPoints 5-18

Transient Analysis 5-28

AND gates 12-32

Antenna 12-6

Arc 3-9

ArrowTool 1-2, 2-6

Arrow/Wire 7-10, 10-4

Ascii Display 12-6

Ascii Key 12-6

ASCIIOUTPUT 5-21, 5-30

Auto Designhation 7-12

Auto Designation Prefix 2-16

Auto Refresh 7-12

AutoRouting 2-11

AUTOPARTIAL 5-35

BADMOS3 5-34

Battery 12-6

Behavioral Models 3-14

Bill of Materials See Parts Lists
Binary Output 5-30

Bitmap 2-24

BJTs 5-58

Black Box 6-11, 9-5



Bode plotter 5-28

Boolean Expressions 5-34, 5-55
BOOLH 5-34, 5-55

BOOLL 5-34, 5-55

BOOLT 5-34, 5-55
Breakpoints 4-12, 4-13
Bridge 12-11

Browse 2-3, 2-8

Buffer 12-32

Buffer/Amp 12-7

BusData 2-18, 2-21, 5-17
BusLabels 7-12, 11-5

Bus Wires 2-13, 8-7
BYPASS 5-35

Bypass Capacitors 5-17

C

CA7-Seg 12-7

Capacitors 5-48, 12-7

Car 12-8

CascadeWindows 11-7
CC7-Seg 12-7

CDA-5 12-8

CHGTOL 5-32

Circuit Display Data 7-12, 11-6
CircuitFaults 6-6, 6-7, 7-12
CircuitInfo 10-3

Class Selected Device 9-6
Close 7-3

CMOS Devices 12-32

Coax 12-8

Coil 3T 12-8

Coil 5T 12-8

Coils 12-13

Color 4-4, 7-12, 11-3
Comparator5 12-8
Comparator6 12-8
ComponentModels 3-24, 12-5
ConnectionArea 7-11
Connector 12-9

Contacts 12-24
CONVABSSTEP 5-35
Convergence A-1

I ndex

Convert ASCll Library 9-8
CONVLIMIT 5-35
CONVSTEP 5-35
Copy 6-8, 8-3
Copy Circuit 8-4
CopyProtection 1-11
CopyWaveforms 8-4
Copyright 1-12
CoupledInductors 5-50, 12-29
Crystal 12-9
CTTransformer 12-30
Current Controlled Switches 5-
50, 12-12
CurrentSources 5-51, 12-12
Current-Controlled Current
Sources 5-53, 12-12
Current-Controlled Voltage
Sources 5-54, 12-13
CURRENTMNS 5-36
CURRENTMXS 5-37
CursorTools 10-4
Cursors 5-24
CurveTracer 5-27
Cut 6-8, 8-3

D

D Flip-flops 12-32
DataSequencer 4-9, 5-45, 8-
9, 12-9

DB-15 12-9
DB-15HD 12-9
DB-25 12-9
DB-9 12-9
DC Analysis 5-27
Warnings A-2
DCMotor 12-10
DEFAD 5-32
DEFAS 5-32

DefaultFont 7-10

Default Transient Analysis 7-11
Defaults 7-9
Define New Macro 9-3
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DEFW 5-32
Delays 4-8, 11-5
Delete Items 8-3
Delete Macro 9-6
DeleteTool 1-2, 2-6, 6-7
DeMorgan Gates 12-32
DependentSources 5-54
Description 2-16, 2-21
Designation 2-15, 2-20, 8-6, 10-
3, 11-6
Designation Prefix 2-16
Device Current 3-15
Device Data (Edit) 8-7
Device Data Display (Fault Simula-
tion) 6-8
Device Display Data 11-6
Device Faults 6-3, 6-4, 6-6
DevicelLabel 11-6
Devicelibrary 2-8
Device Library (Fault Simulation) 6-9
DeviceName 2-19, 11-6
Device Replacement (Fault Simula-
tion) 6-8
Device Selection 2-3, 2-8, 3-14
Device Symbol 2-3, 2-9
DEVICE.LIB 12-3
Device/Plot Font
DGND 5-30
Diac 12-10
Digital
Digital Logic Simulation 4-3
Digital Options 4-12
Digital Options (Fault Simula-

7-10

tion) 6-9

Digital Simcode Devices 1-6, 3-
14, 5-61

Digital/AnalogButton 1-2, 4-
6, 5-15, 10-4

Edit Digital Parameters 8-7
Digital Oscilloscope 5-28
Diodes 5-57, 12-10, 12-26, 12-31
DIPs 3-7

Directories and Files 1-8, 7-11

Disable Circuit Options 6-7
Disclaimer 1-13
Display Hints 6-6, 6-8, 6-9
Display Scale 11-4
Display Title Box 7-12
Display Toolbar 7-10
Display Variable Names
10, 10-4
Displaying Waveforms
Dots 11-5
Double-pole Switches
DPDT Switch 12-27
Drawing Grid 7-12, 11-6
Drawing Shapes (Symbol Editor)
Drive Capacity 5-36, 5-37
DRIVEMNS 5-36
DRIVEMXS 5-36
DRVMNTYMX 5-37
Duplicate 8-4
DVCC 5-30
DVDD 5-30

E

EditBuffer 3-7

Edit Bus Connection 8-7

Edit Bus Wire Number 8-7

Edit DataSequencer 8-9

Edit Device Data 8-7

Edit Digital Params 8-7

EditInput/Output 8-9

EditMacro 9-3

EditMenu

Copy 8-3

Copy Circuit 8-4
Copy Waveforms
Cut 8-3

Delete Items 8-3
Duplicate 8-4
Edit Selected Item 8-6
Edit Bus Connection 8-7
Edit Bus Wire Number 8-7
Edit Data Sequencer 8-9
Edit Device Data 8-7
Edit Digital Params 8-7

5-23

12-27

8-4

5-23, 7-

3-5



EditInput/Output 8-9
Edit Multimeter 8-9
EditPROM/RAM 8-8
Edit Pulser 8-8
Edit Run-Time Test Point 8-8
EditScope/Probe Name 8-10
EditSignal Generator 8-9
Edit/Select Spice Model 8-8
Mirror 8-5
Move 8-3
Paste 8-3
Place Selected Label(s) 8-5
RefreshScreen 8-5
Rotate90 8-5
Select All 8-4
SelectFont 8-10
Set Auto Designation 8-6
Set Prop Delay(s) 8-5
Straighten Selected Wire(s) 8-5
Undo 8-3
Edit Multimeter 8-9
EditPROM/RAM 8-8
Edit Pulser 8-8
Edit Run-Time Test Point 8-8
EditScope/Probe Name 8-10
Edit Selected Item 8-6
EditSignal Generator 8-9
Edit/Select Spice Model 8-8
Element Definitions 3-8
Element List 3-7
Ellipses 3-9
Equivalent Circuits 3-24
Errors 5-22, 7-8, A-1
Exclude FromParts 2-22
Exclude FromPCB 2-22
Exit 7-12
ExpandMacro 9-4, 9-6
Exponential 5-42
Export 7-4, 7-11
Circuit 2-24, 7-5
Waveforms 7-5

I ndex

F

FaultExample 6-11
FaultPassword 6-6, 6-10
Faults 2-22, 6-3

FETs 5-58, 12-16

File Menu

Close 7-3

Exit 7-12

Export Circuit 7-5
ExportOptions 7-4
ExportWaveforms 7-5

Merge 7-4
New 7-3
Open 7-3

Preferences 7-9
Print Circuit 7-6
PrintSetup 7-6
PrintWaveforms 7-6
Revert 7-3

Save 7-4

Save As 7-4

Script Functions 7-6
Fill Color 3-6
Find and Select 11-4
Fit Circuit To Window
Flip-Flops 12-32
FMSignal 5-41
Fonts 8-10
Frequency Measurement 5-
Frequently Asked Questions
Fuse 12-11

FWBridge 12-11

G

GaAsFETs 5-60
Gates 12-32
GearlIntegration 5-31, A-3
GenericModels 3-29
Getting Started

Analog Circuit Examples

11-4

12
B-1

5-4



Digital Circuit Examples 4-4
SchematicExample 2-3
GMIN 5-32, A-2
GMINSTEP 5-34
Graphics Windows 5-22
Grid 7-12, 11-6
Ground 2-18, 5-17, 12-11
Group Selected Items 2-23, 8-10
Groups 2-23, 8-10, 9-3

H

Hardware Requirements 1-3
Help 1-9

Help Tool 1-2

Hex Display 12-11
HexKey 12-12
HIGH 6-3, 6-5,
Hints 6-5, 6-8,
Hotkeys 2-9

ISource 12-12

I->1Source 5-53, 12-12
|->Switch 5-50, 12-12
I->VSource 5-54, 12-13
I-Math 12-13

IMNTYMX 5-37
Importing SPICE Netlists 7-8
IndependentSources 5-51
Inductors 5-49, 12-13

0

6-1
6-9

Initial Conditions 5-29, 5-45, 12-

4, A-2
Input 8-9, 12-13
Input Loading 5-36, 5-37
Input Loading (Digital Simcode De-
vices) 3-15
Installing CircuitLogix 1-3
Integration Method 5-31
Introduction 1-3
Inverter 12-32
ITLT 5-32, A-2
ITL2 5-32, A-2

I ndex

12-32

5-34

ITL3 5-32
ITL4 5-33, A-3
ITL5 5-33

J

JFETs 5-58
JKFlip-flops

K

KEEPOPINFO

L

Label 2-15

Label-Value 2-15, 2-19, 11-6
Labeling the Circuit 2-14

Lamp 12-13
Latched Relay
LDMNTYMX
LED 12-14
Library Menus
License Agree

Coil 12-24
5-37

12-3, 12-4
ment 1-12

Line Color 3-6
Linearized Waveforms 5-25

Lines 3-8
Linking Files
LIST 5-35
Loading 5-3

3-16, 9-7

6, 5-37

LOADMNS 5-36
LOADMXS 5-36
Locking Macros 9-5

Logic Display
Logic Gates
Logic Switch

12-14
12-32
12-14

Lossless Transmission Lines 5-56

LossLessLine
Lossy Transm

12-14
ission Lines

LossyLine 12-15
LOW 6-3, 6-5, 6-10

M

Macro Button

1-2, 3-4

5-57
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Macro Copier 9-7

Macro Libraries 1-4

MacroLock 6-11, 9-5

Macro Utilities 3-13, 9-5

Macro Utilities Dialog

Class Selected Device 9-6
Delete Macro 9-6
ExpandMacro 9-6

Model Data 9-7
SaveMacro 9-6

Macromodels 3-24, 12-5

Macros 2-24, 3-3

Creating 3-10

Expanding 9-4

Saving 9-4

Macros Menu 9-3
Convert ASClI Library... 9-8
Define New Macro 9-3

Edit Macro Name 9-3
ExpandMacro 9-4

Macro Copier 9-7

Macro Lock 9-5

Macro Utilities 9-5

Save ASClI Library... 9-8
SaveMacro 9-4

Major Device Class 2-3, 2-9, 3-
14, 9-6

Manual Routing 2-12

Math Functions 12-13, 12-31

MAXEVTITER 5-35

MAXOPALTER 5-35

MC1496 12-15

Measurement Cursors 5-24

Merge 7-4

MESFETs 5-60

Metafile 2-24, 3-6

MINBREAK 5-35

Minor Device Class 2-3, 2-9, 3-
14, 9-6

Mirror 1-2, 2-8, 2-9, 6-8, 8-5

Mixed-mode Simulation 5-3

ModelData 9-7

Model Linking Files 3-16, 9-7

Models 2-16, 3-16, 3-21, 6-8, 8-

8
Modulators 12-15
MonoJack 12-15
MOSFETs 5-59
Move 8-3
Multipart Packages 2-23, 8-10
Multi-user Installation 1-7
Multimeter 5-27, 5-38, 8-9, 12-15
Multipliers 2-20, A-1
Mutual Inductors 5-50, 12-29

N

N-DMOS3T 12-16

N-DMOS4T 12-16

N-EMOS3T 12-17

N-EMOS4T 12-17

N-IGBT 12-16

N-JFET 12-16

N-MESFET 12-16

N-UJT 12-17

Naming Tool 1-2, 2-7

NAND gates 12-32

NCPushButton 12-17

Netlists 2-14, 7-8

New 7-3

NLISource 5-54, 12-17

NLVSource 5-54, 12-17

NO PushButton 12-17

Node Numbers 2-21, 6-9, 7-
12, 11-5

NODESET 5-45, A-2

NonlinearSources 5-54, 12-17

NOOPALTER 5-35

NOOPITER 5-34

NORgates 12-32

Normal Size/Position 11-4

NPN Darlingl 12-18

NPN Darling2 12-18

NPN Darling3 12-18

NPNTrans 12-18

Numerical Integration 5-31



)

Offsetting Waveforms 5-24
Ohmmeter 5-38, 12-15
Op-Amp3 12-18
Op-Amp5 12-18
Op-Amp6 12-18
Op-Amp7 12-18

OPEN 6-3, 6-5, 6-10, 7-3
Operating Point Analysis 5-27
Warnings A-1

Options Menu 10-3
Analog Analyses 10-5
Analog Options 10-5
Arrow/Wire 10-4

Auto Designation 10-3
Auto Refresh 10-3
CircuitInfo 10-3
CursorTools 10-4
Digital Options 10-5
Digital/Analog Mode 10-4
Display Toolbar 10-4
RepeatOn 10-3
ResetSimulation 10-5
RunSimulation 10-5
ScopeProbe 10-4

Step Simulation 10-5
TraceOn 10-5
Waveforms 10-5
Optolsolator 12-19

OPTS 5-35

ORgates 12-32
Oscilloscope 5-28
Output 8-9, 12-13
Output Drive Capacity 5-36, 5-37
OutputDrive: 3-15

P

P-DMOS3T 12-20
P-DMOS4T 12-20
P-EMOS3T 12-20
P-EMOS4T 12-20
P-IGBT 12-19

I ndex

P-JFET 12-19

P-MESFET 12-19

Package 2-16, 2-21, 3-19, 11-6

Pad Designation 3-7

PageBreaks 7-12, 11-5

Parameter Passing 3-29

Parameters 2-19

Partial Derivatives 5-35

Parts Button 1-2, 2-3, 2-8

Parts Lists 2-24, 7-7

Password 6-6, 6-10

Paste 6-8, 8-3

Pattern Editor 4-10

PCBNetlists 2-18, 2-24, 3-20, 5-
17, 7-8

Pentode 12-20

PersistentWaveform 5-26

PhoneJack 12-15

PhonePlug 12-15

Photo Diode 12-20

PhotoNPN 12-20

PhotoResist 12-21

Piece-Wise 5-44

PiezoBuzzer 12-21

PinDots 7-12, 11-5

PinNames 2-22, 3-7, 3-12, 11-6

PinNumbers 2-22, 2-23, 3-7, 3-
19, 11-6

PinPlacement 3-10

PIVREL 5-33

PIVTOL 5-33

Place Selected Label(s) 8-5

Placing Devices 2-8

Plotvar 7-8, 12-21

PNPDarlingl 12-21

PNPDarling2 12-21

PNPDarling3 12-21

PNPTrans 12-22

PolarCap 12-7

POLY 5-55

Polygons 3-9

Polylines 3-8

Position 11-4

Power Devices A-3
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Preferences 1-7, 7-9 Relays 12-23
Prefix 2-16 RELTOL 5-33, A-2
Print RepeatOn 2-10, 7-10, 10-3, 12-3
Circuit 2-24, 7-6 Replace Device 6-6, 6-8, 6-9
Waveforms 7-6 Replacement Status 6-6, 6-8
PrintSetup 7-6 Required Hardware 1-3
Printed CircuitBoards 7-8 Required UserBackground 1-11
ProbeTool 1-2, 4-4, 4-6, 4-11, 5- Reset 1-2, 4-6, 5-15, 10-5
16, 10-4 Reset (Waveforms) 5-26
ProjectInstallation 1-7 Resistors 5-47, 12-25
PROM 8-8 Revert 7-3
PROM32 12-22 RF Devices A-3
PrompttoSave 7-10 Rocket 12-26
Propagation Delays 3-15, 4-8, 5- Rotate90 1-2, 2-8, 2-9, 6-8, 8-5
36, 5-37, 8-5, 11-5 RoundRects 3-9
PROPMNS 5-36 RSHUNT 5-37
PROPMXS 5-36 RSIP1O0 12-25
Pulse Waveform 5-43 RSIP6 12-25
Pulser 4-8, 8-8, 12-22 RSIP8 12-25
PUT 12-22 Run 1-2, 4-6, 5-15, 10-5
PWL 5-44 Run-Time Test Points 5-10, 5-
16, 5-18, 5-20, 7-8, 8-8
Q S
Quick Reference - Toolbar 1-2
Save 2-23, 7-4
R Save As 7-4
RAM 8-8, 12-4 SaveA_SCII_Library 9-8
RAMPTIME 5-35 Save Circuit 6-9
RAWFile 5-30, 5-31 Save Macro 3-14, 9-4, 9-6
RDIP14 12-25 Sawtooth 5-43
RDIP16 12-25 Scale 11-4
RecallingWaveforms 5-25 Scaling Waveforms  5-23

Schematic Capture 2-3

Rectangles 3-9 SCOPE 4-4, 4-11, 8-10, 12-26

Reference 5-16

Reference3 12-23 ScopeProbe 4-7, 4-11, 10-4
Refresh Screen 85, 10-3 ggﬁptlﬁaigons 2-24, 6-8, 7-6
Regulator3 12-23 coloct All 8.4

Relay Coil 12-24

Relay Contacts 12-24 SelectColors 4-4, 7-12, 11-3

Selectingltems 2-11
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