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Preface

Congratulations on choosing Multisim from Electronics Workbench. We are confident that it will
deliver years of increased productivity and superior designs.

Electronics Workbench is the world’s leading supplier of circuit design tools. Our products are used by
more customers than those of any other EDA vendor, so we are sure you will be pleased with the value
delivered by Multisim, and by any other Electronics Workbench products you may select.

Documentation Conventions

When Multisim manuals refer to a toolbar button, an image of the button appears in the left column.

The manuals show circuits in black and white, although Multisim is configured to use color by default.
(You can change the color scheme.)

When you see the icon in the left column, the functionality described is only available in certain ver-
sion of Multisim, or to users who have purchased add-in modules.

Multisim manuals use the convention Menu/ltem to indicate menu commands. For example, “File/
Open” means choose the Open command from the File menu.

Multisim manuals use the convention of an arrow (3) to indicate the start of procedural information.

Multisim manuals use the construction CTRL-KEY and ALT-KEY to indicate when you need to hold
down the “Ctr]” or “Alt” key on your keyboard and press another key.

The Multisim Documentation Set

Multisim documentation consists of a Getting Started and Tutorial manual, this User Guide, and on-
line help. All Multisim users receive PDF versions of the Getting Started and Tutorial manual and the
User Guide. Depending on your version of Multisim, you may also receive a printed version of the
manuals.

Getting Started and Tutorial

The Getting Started and Tutorial manual introduces you to the Multisim interface. It also offers an
introductory tutorial that takes you through the stages of circuit design, simulation, analysis and report-
ing.



User Guide

The User Guide describes Multisim and its many functions in detail. The manual is organized
based on the stages of circuit design, and explains all aspects of using Multisim, in detail.

On-Line Help

Multisim offers a full help file system to support your use of the product. Choose Help/Multisim
Manual to display the help file that explains the Multisim program in detail, or choose Help/
Multisim Reference to display the help file that contains reference material (from the appendices)
such as details on all the components families provided with Multisim. Both are standard Win-
dows help files, offering a table of contents and index.

In addition, you can display context-sensitive help by pressing F1 from amy command or window,
or by clicking the Help button on any screen that offers it.

Adobe PDF Files

Both the Getting Started and Tutorial manual and the full User Guide, including appendices, are
provided on the Multisim CD as Adobe PDF files and are accessible from the Multisim program
folder on the Windows Start menu. To open PDF files, you will need Adobe’s free Acrobat
Reader program, available for download at www.adobe.com.

License Agreement

Please read the license agreement included in the Multisim Getting Started and Tutorial Manual
carefully before installing and using the software contained in this package. By installing and
using the software, you are agreeing to be bound by the terms of this license. If you do not agree to
the terms of this license, simply return the unused software within thirty days to the place where
you obtained it and your money will be refunded.



Chapter 1
Introduction

1.1 About this Chapter

This chapter briefly introduces you to this manual and to Multisim 2001 itself. It also provides
a summary of Multisim’s features and in which edition they are available.

1.2 About this Manual

This manual is written for all Multisim 2001 users. It explains, in detail, all aspects of the
Multisim 2001 product. The manual contains both:

» chapters, which explain features and functions, and which are organized based on the
Design Bar buttons

» appendices, which contain reference-type information.

Depending on your Multisim 2001 edition, this manual, or just its appendices, may be avail-

able only on-line, not in print.

This manual describes a number of functions that are available only in some edition of Multi-
. sim 2001, or to users who have purchased optional modules. Such functions are identified by
@} the icon shown in the column to the left. To order optional modules, contact Electronics

Workbench. For a list of features in each product, see “1.4 Multisim 2001 Educational Edi-

tions” on page 1-2.

This manual assumes that you are familiar with Windows applications and know how, for

example, to choose a menu from a command, use the mouse to select an item, and enable/dis-

able an option box. If you are new to Windows, see your Windows documentation for help.
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What is Multisim 2001?

Multisim 2001 is the latest generation of the world’s most popular electronic design and edu-
cation software from Electronics Workbench. It is a complete system design tool that offers a
large component database, schematic entry, full analog/digital SPICE simulation, VHDL/Ver-
ilog design entry/simulation, FPGA/CPLD synthesis, RF capabilities, postprocessing features
and seamless transfer to PCB layout packages such as Ultiboard, also from Electronics Work-
bench. It offers a single, easy-to-use graphical interface for all your design and analysis needs.

Multisim 2001 Educational Editions

Multisim 2001 is available in three editions for the educational community: Education, Lab,
and Student.

The Education edition is for use by professors, teachers, instructors, tutors etc., and is typi-
cally used for the creation of demonstrations, examples, assignments, or tests.

The Lab edition is for use by students at school in a multi-station laboratory environment. It is
available either in networked or standalone configurations.

The Student edition is for use by students for home study on their personal computer.

Electronics Workbench



Chapter 2
User Interface

2.1  About this Chapter

This chapter explains the basic operation of the Multisim 2001 user interface, and briefly
describes all available Multisim 2001 commands.

Some of the features described in this chapter may not be available in your edition of Multi-
<] sim 2001. Such features have an icon in the column next to their description.
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User Interface

2.2

Introduction to the Multisim Interface

Multisim’s user interface consists of the following basic elements:

Multisim Design Bar “In Use” list  Simulate switch

Menus Z= Multisim - [Tut3]
\?ﬁ\e Place Edit “iew Simulate Transter Togls Options ‘window Help

System otaa| swle| 8l a.l|lEameE |oo]=s]
— 0 | 1 ‘ z | 3 |

ls

I\n Use List | ‘

4 | 5 | ] | 1=

toolbar

wCC

%5C1

=

R1

|| I R3 100chm
]

ukluz |<§ |41|
=4

<+ 10kehm

£l
z
5

El

-

LED1
h 4 @ LED_red

3

)
|

z

0

4
Q2
2N2222A.

:/m

1

Circuit
window

ol

3 -
2HZ2ZZA T

S 1200hm
7413000

@J'@I‘HI';P'I

2
g
3

L

- My tutorial circuit

N I
FReady \ | [ /\NUM| 4

Status line — Link to Edaparts.com Component toolbar Instruments toolbal

Note Your circuit window may, by default, have a black background; however, for the pur-
poses of this document, we show a white background. To change the background
color, see “2.4.3 The Circuit Tab” on page 2-6.

Menus are, as in all Windows applications, where you find commands for all functions.

The system toolbar contains buttons for commonly-performed functions, as described in “2.5
System Toolbar and Zoom Toolbar Buttons” on page 2-13.

The instruments toolbar contains buttons for each instrument, as described in “6.2 Introduc-
tion to the Multisim Instruments” on page 6-1.

The link to Edaparts.com launches your Web browser loaded with the Electronic Workbench
Edaparts.com Web site. You can then navigate the site to download parts, as described in “4.4
Using Edaparts.com” on page 4-24.

The zoom toolbar allows you to zoom in and out on the active circuit.
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Introduction to the Design Bar

2.3

The Multisim Design Bar is an integral part of Multisim, and is explained in more detail in
“2.3 Introduction to the Design Bar” on page 2-3.

The “In Use” list lists all the components used in the active circuit, for easy re-use.

The component toolbar contains Parts Bin buttons that let you open Parts Bins (which, in
turn, contain buttons for each family of components), as described in “3.5.1 Choosing a Com-
ponent and Using the Browser Screen” on page 3-6.

The circuit window is where you build your circuit designs.

The status line displays useful information about the current operation and a description of
the item the cursor is currently pointing to.

The simulate switch is an easy way to run, stop or pause the simulation of your circuit.

Introduction to the Design Bar

The Design Bar is a central component of Multisim, allowing you easy access to the sophisti-
cated functions offered by the program. The Design Bar guides you through the logical steps
of building, simulating, analyzing and, eventually, exporting your design. Although Design
Bar functions are available from conventional menus, this manual assumes you are taking
advantage of the ease of use offered by the Design Bar.

Note If the simplified version option is selected, the Design Bar is hidden. For details on the
simplified version option, “13.4.1.2 Simplified Version” on page 13-7.

The Component design button is selected by default, since the first logical activity is to place

components on the circuit window. For details on the functions associated with this button,
see Chapter 4, “Components”.

The Component Editing button lets you modify the components in Multisim, or add compo-
nents. For details on the functions associated with this button, see Chapter 5, “Component
Editing”.

The Instrument design button is selected by default and lets you attach instruments to your
circuit. For details on the functions associated with this button, see Chapter 6, “Instruments”.

The Simulate button runs/pauses/stops the simulation. The green sine wave line moves while
simulation is running. For details on functions associated with simulation, see Chapter 7,
“Simulation”.

The Analysis button lets you choose the analysis you want to perform on your circuit. For
details on the functions associated with this button, see Chapter 8, “Analyses”.

The Postprocessor button lets you perform further operations on the results of your simula-
tion. For details on the functions associated with this button, see Chapter 9, “Postprocessor”.

Multisim 2001 Educator User Guide 2-3

soela| 189S



User Interface

User Interface

2.4

2.4.1

2-4

The VHDL/Verilog HDL button allows you to work with VHDL modeling (not available in
all editions). For details on the functions associated with this button, see Chapter 10, “HDLs
and Programmable Logic”.

The Reports button lets you print reports about your circuits (list of components, component
details, instruments). For details on the functions associated with this button, see Chapter 11,
“Reports”.

The Transfer button lets you communicate with and export to PCB layout programs, such as
Ultiboard, also from Electronics Workbench. You can also export simulation results to pro-
grams such as MathCAD and Excel. For details on the functions associated with this button,
see Chapter 12, “Transfer/Communication”.

Customizing the Interface

About Customizing the Interface

You can customize virtually any aspect of the Multisim interface, including the toolbars, the
colors used in your circuit, page size, zoom level, auto-backup interval, symbol set (ANSI or
DIN) and printer setup. Your customization settings are saved individually with each circuit
file you use so you could, for example, have one color scheme for one circuit and another for
a different circuit. You can also override the settings for individual instances (for example,
change one particular component from red to orange) or for the entire circuit.

Most customization is done through Options/Preferences. This command allows you to
either change the settings for the current circuit file only, or create default settings that affect
both the current circuit and all circuits you subsequently create. For example, if your current
circuit shows component labels and you save those settings as the default, when you choose
File/New and create a new circuit, that circuit will be set to show component labels as well.
Changing the default settings will not affect circuits you have already created and saved.
However, if your current circuit shows component labels and you simply change it to hide
such labels, the change affects only your current circuit.

Customization changes done through the pop-up menu, as described in the following sections,
affect the current circuit only.

Electronics Workbench



Customizing the Interface

2.4.2 General Instructions for Customizing the
Interface Using the Preferences Screen

This section explains general procedures for setting preferences. The following sections
describe details of setting specific options.

» To set the preferences for circuits, choose Options/Preferences. The Preferences screen
appears, offering you the following six tabs:

the Circuit tab, where you set the way your circuit and its components appear on the
screen

the Workspace tab, where you set the appearance and behavior of the circuit window

the Wiring tab, where you set the wire width and autoroute options

the Component Bin tab, where you set the symbol set, behavior of the Component toolbar
and its Parts Bins, and component placement

the Font tab, where you select the font, font size and style for text elements on the circuit
the Miscellaneous tab, where you set the auto-backup options, default path and folder,
simulation level and PCB options.

1. Select the desired tab.

Set the desired customization options. The specific options and settings available in the
tabs are described in the following sections of this chapter.

To save your options for the current circuit only, click OK.
or

To save your options as the default, affecting both the current and subsequent circuits,
click Set as Default, then click OK.

or

To restore your previously saved settings (if you don’t like the changes you made and
would like to start over again), click Restore Default and then continue making changes.

or

To cancel your changes and close the screen, click Cancel.

Multisim 2001 Educator User Guide 2-5
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2.4.3 The Circuit Tab

The options on this tab control the way your circuit and its components appear on the screen,
and the level of detail which appears. Multisim comes with several color schemes that affect
the circuit window background color, wire color, and component color. You can also develop
your own color scheme to meet your individual needs.

Shows the resuls of enabling

— the options on the right.
Circuit |W’0rkspace| W'iringl EomponentBinI Faont I Miscellaneousl N P 9

~Sho Enable those items you want
1 Dkonm [V Show component labsls shown. You can override your
Test o [V Show component reference 1Ds —1| choices for a particular compo-
u / nent, as described in “3.9.1 Dis-
¥ Show component values playing Identifying Information
I¥ Show component attribute about a Placed Component” on
page 3-18.
— Color
Custom [~ \~_ Select a built-in color
Background _l scheme.
‘g’"e : — > Set up a custom color
it ool | scheme (only if “Custom”
Component selected as scheme).
without model —I )
itual component |
|| Shows the currently
selected color scheme.
Set az Default | Fiestore Diefault | QK | Cancel | Help |
Saves the selected Restores the default Saves the settings for the
settings for currentand  settings to previously current circuit only.
subsequent circuits. saved ones.

Note To set the circuit options for only the current circuit, right-click on the circuit window
and choose either Show, which displays a screen identical to the show options in the
Circuit tab of the Preferences screen (shown above), or Color, which displays a screen
identical to the color options in the tab.

» To use one of the built-in color schemes, choose the scheme from the drop-down list. A repre-
sentation of the scheme’s settings appears in the preview box below the list.
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Customizing the Interface

» To create a custom color scheme, choose Custom from the drop-down list.
1. Click on the color bar next to any item. A Color selector screen appears.

2. Click on the color you want to use for that item and click OK. You are returned to the Pref-
erences screen. The results of your choice appear in the preview box.

3. Repeat until all your color settings are made.
4. To save your settings for the current circuit and close the screen click OK.

or
To restore the default settings to the current circuit, click Restore Default.

or

To save your settings as the default for the current and subsequent circuits, click Set as
Default, then click OK.

2.4.4 The Workspace Tab

The options on this tab determine the appearance and behavior of the circuit window.

Shows the results of enabling the

Circuit  Workspace |W’iring| EomponentBinI Faont I Mizcellane /options on the I'ight.
~Sho Enable those items you want shown.

_| ™ Show grid
s V' Show page bounds /

V' Shaw title block.

| _—

Select a built-in sheet size.

~ Sheet size o
[ - |
‘width 85 = e . )
Orientation——— | pight 5 - I Modify a sheet size.
 Portrait & Inches
& Landscape © Centimeters

—Zoom level
Coaox ooz | Set up the desired zoom level at
CEBx (33 which the component window
appears.
Set az Default Fiestore Diefault QK | Cancel | Help |
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Note You can also set the circuit window options for the current circuit only by right-click-
ing on the circuit window and choosing either Show Grid, Show Page Bounds, or
Show Title Block and Border from the menu that appears.

Multisim comes with several sheet sizes that you can use for laying out your circuit. You can
modify any of the settings of these sizes.

2.4.5 The Wiring Tab

The options on this tab control the wire width and autowire options.

Preferences E

Circuit I Workspace  Wilng | Component BinI Faont I Miscellaneousl
Control the degree

Change the wire - Wie width [draving option) —————————————— of automation used
width for current or \\ in wiring. See
subsequent wiring. ’ 1 Chapter 3, “Sche-
matic Capture” for
— Aol details.
V' Autowire on connection
V' Autowire on move

Set az Default | HestoreDefauItl QK | Cancel | Help |

Note You can also set the wiring options for the current circuit only by right-clicking on the
circuit window and choosing Wire width from the menu that appears which displays a
screen identical to the wire options in the tab.
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Customizing the Interface

2.4.6 The Component Bin Tab

The options on this tab determine the symbol set, behavior of the Component toolbar and its
Parts Bins, and component placement.

Select options for

Selectthe Symb0| Circuit I Workspacel Wwirng ~Companent Bin | Fant I Miscellaneousl Opening and view-

set to be used for
components. The S

— Symbol standard

ing the Parts Bin.

graphic changes \ & ANSI

to represent the A DIN
selected symbol

set. To override — Companent toolbar functionality

this setting for
individual compo-
nents, see

% Auto show parts bins, keep open on click
' Auto show only

" No auto show, click to open

| | Select options for

“5.10.2 Creating

and Editing a — Place component made

Component’s
Symbol with the
Symbol Editor”
on page 5-18.

" Place single component
' Continuous placement for multi-section part only [ESC to quit]

' Continuous placement [ESC to quit]

placing components.

Set az Default Fiestore Diefault QK | Cancel | Help |

» To set the options for opening and viewing the Parts Bin select from the following options in
the Component toolbar functionality section of the tab:

Component Toolbar Option

Description

Auto show parts bin, keep
open on click

Parts bin opens when you hover over a Parts Bin button.
Clicking on a Parts Bin button will keep the Parts Bin open
even after a component is placed.

Auto show only

Parts bin opens when you hover over a Parts Bin button
and closes after a component is selected.

No auto show, click to open

Parts bin opens when you click on a Parts Bin button and
stays open after a component is placed.

Multisim 2001 Educator User Guide
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» To set the options for placing components select from the following options in the Place com-
ponent mode section of the tab:

Place Component Option  Description

Place Single Component Allows you to place one selected component at a time.

Continuous Placement for Allows you to place multiple instances of a component by

Multipart Only continuing to click once the component is placed. End
continuous placement by pressing ESC. For example,
7400N has 4 NAND gates under one component, so
using this option means each time you place a 7400N you
place a different one of its NAND gates.

Continuous Placement Allows you to place several consecutive components of
the same type by continuing to click once the component

is placed. End continuous placement by pressing ESC.

2.4.7 The Font Tab

The options on this tab set the font for component labels and values, node and pin names,
schematic text and component attributes.

Preferences E

Specify the font, style
Circuit I Workspacel W'iringl Component Bin ~ Font | Miscellaneousl

and size of labels and
names on your circuit. Fant: Fant Style: Size:

[
g R I Bold NEES
Arial Black Bold Italic _I 10 :ll

ggzlkN::tioq"::a Bold =l lFtﬂgmar =iz =
Displays a sample P
using the selected foN
settings. | Specify to change
~ the font for the
entire circuit or a

\

. ~ Change all Apply to

Specify the text ele- ¥ Comporent labels %) Selection selected area on
ment to change to the ¥ Comparent values = Entire circuit your circuit.
selected font. V| Compaonent attributes

¥ Fir names

¥ Mode names

¥ Schematic text

Set az Default | Fiestore Diefault QK | Cancel | Help |
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Customizing the Interface

Note You can also set the font options for the current circuit only by right-clicking on the
circuit window and choosing Font from the menu that appears. This displays a screen
identical to the font options in the tab.

» To change the font for any text element of the circuit:

1. Select the font, font style and font size for the desired elements.

2. Select the elements you want to change from the following options in the Change All sec-

tion of the tab:

Font Option

Description

Component labels

The Component label assigned by Multisim and identified in the Label tab of
the Component properties screen. For details on changing this label see
“3.11.1 Modifying Component Labels and Attributes” on page 3-25.

Component values

The value being used by the component and identified in the Values tab of
the Component properties screen. For details on viewing and modifying this
value see “3.9.2 Viewing a Placed Component’s Value/Model” on page 3-19.

Component attributes

Descriptive information you add to specific components using the Component
properties screen. For details see “3.11.1 Modifying Component Labels and
Attributes” on page 3-25.

Pin names The number automatically assigned to a pin when it is placed on your circuit.
For details on changing this number see “5.10.2.6 Pins” on page 5-21.
Node names The number automatically assigned to a node when it is placed on your cir-

cuit. For details on changing this number see “3.11.2 Modifying Node Num-
bers” on page 3-26.

Schematic text

Notes that you add to your circuit by using the Place/Place Text command.
For details see “3.11.4 Adding Miscellaneous Text” on page 3-27.

Multisim 2001 Educator User Guide 2-11
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2.4.8 The Miscellaneous Tab

The options on this tab control the auto-backup options, default path and folder, digital simu-
lation settings and PCB Ground options.

Enable or disable auto-backup.

Preferences

Circuit I Workspacel W'iringl Component BinI Fort  Miscellaneous |
Specify the interval at which

auto-backup will be performed ™~

Set the realism of the output
when simulating digital compo-
nents. For details, see “7.3.1
Simulating Circuits with Digital
Components” on page 7-3.

Select this option to make digi-
tal and analog ground the
same when exporting to PCB
layout packages.

V' Auto-backup

‘when Auto-backup is enabled, Multizim automatically creates a
e file at the interval you specify. If you have a power outage or
zystem fal our work. may be retrieved from this file.

Auto-backup interval |2D 3: minutes

— Circuit Default Path

I Browse |

¢ Digital Simulation Setting:

& |deal [faster simulation)

" Real [more accurate simulation- requires power and digital ground)

—PCEB Ground Option
I Connect digital ground to analog ground

Set az Default | Fiestore Diefault QK | Cancel | Help |

2.4.9 Other Customization Options

2-12

Set the default
path for saving
circuits.

You can also customize the interface by showing or hiding, dragging to a new location and,
optionally, resizing any of the following:

* System toolbar

e Design Bar

e “In Use” list

e Instruments toolbar
e Zoom toolbar

These changes apply to all circuits you are working with. Moved or resized items will return
to that location and size when Multisim is next opened.

You can use Options/Simplified Version to hide the Design Bar and several analyses and
instruments. For more details on the simplified version option, see “13.4.1.2 Simplified Ver-

sion” on page 13-7.

Electronics Workbench



System Toolbar and Zoom Toolbar Buttons

Finally, you can use the View menu to display or hide various elements, as described in “2.6.3
View Menu” on page 2-18.

2.5 System Toolbar and Zoom Toolbar Buttons
The system toolbar and zoom toolbar offer the following standard Windows functions:

Saves the active circuit. Copies the selected elements  Prints the active circuit.

and plaf:es them on the Win- Launches the Multisim help
dows clipboard. file.
Creates a circuit file. N

- - | | | |___Z i t on th
T Dlilnl %llgl =1 @l Q a(c:)t(i)\gscli?czirt?;c(:gasiig or

/ / T decreasing the view

Opens a circuit file.~~ Removes the selected elements  Inserts the contents of the
and places them on the Windows  Windows clipboard at the
clipboard. cursor location.
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2.6 Menus and Commands

This section explains, in brief, all available Multisim commands. It is intended primarily as a
reference.

2.6.1 File Menu

Contains commands for managing circuit files created with Multisim.

2.6.1.1 File/New (Ctri+N)

Opens an untitled circuit window that can be used to create a circuit. The new window opens
using your default circuit preferences. Until you save, the circuit window is named “Circuit#”,
where “#” is a consecutive number. For example, you could have “Circuitl”, “Circuit2”,
“Circuit3”, and so on.

You can create an unlimited number of circuits in one session.

7N Note Users of editions other than Professional or Power Professional can only have one cir-
@A cuit open at a time. For these users, the File/New command closes the currently open
circuit file.

2.6.1.2 File/Open (Ctrl+0)

Opens a previously created circuit file or netlist. Displays a file browser. If necessary, change
to the location of the file you want to open.

Note You can open files created with Version 5 of Electronics Workbench, files created in
Multisim and netlist files.

2.6.1.3 File/Close

Closes the active circuit file. If any changes were made since the last save of the file, you are
prompted to save those changes before closing.

2-14 Electronics Workbench



Menus and Commands

2.6.1.4 File/Save (Ctrl+S)

Saves the active circuit file. If this is the first time the file is being saved, displays a file
browser. If you want, change to the desired location for saving the file. You can save a circuit

file with a name of any length.

The extension . msm is added to the file name automatically. For example, a circuit named
Mycircuit will be saved as Mycircuit .msm.

Tip To preserve the original circuit without changes, choose File/Save As.

2.6.1.5 File/Save As

Saves the current circuit with a new file name. The original circuit remains unchanged.

Tip Use this command to experiment safely on a copy of a circuit, without changing the
original.

2.6.1.6 File/Print Circuit

Prints all or some aspects of a circuit on a printer attached to your system. You can choose one

of the following options:

* Print—see “3.13 Printing the Circuit” on page 3-31

* Print Preview—previews the circuit as it will be printed. Opens a separate window, where
you can move from page to page and zoom in for details. You can also print what you pre-
view. For details, see “3.13 Printing the Circuit” on page 3-31.

* Print Circuit Setup—allows you to set the page margins, page orientation (landscape or
portrait), zoom level and output options (for example to include/exclude subcircuits).

Print Circuit Setup E
—Page Margins——————— [~ Page Orientation
Tap: o762 =
Baftom 0,762 =
Left: 1778 =
Right: o762 =
= Inches & Portrait
& Centimeters ' Landscape
— Z00n: — Optio:
" Fit To Page
0 140% Iv' Dutput In BlackAwhite
' 100% ™ Dutput Subckts
75 ™ Output Instruments
[l ™ Output As Bitmap
 Custom sefttings:  [100 =] % ™ Output Background
Set &g Default | Restare Default | (] 3 I Cancel
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2-16

These settings apply only to the current circuit. For details on these fields see “3.13 Printing
the Circuit” on page 3-31.

Note If you change the page orientation using the Page Circuit Setup screen, the change is
also reflected in the Print Setup screen.

2.6.1.7 File/Print Reports

You can choose from one of the following reports to print:

» Database Family List — see “11.2 (virtual)(virtual)Database Family List” on page 11-1
*  Component Detail Report — see “11.3 Component Detail Report” on page 11-3

2.6.1.8 File/Print Instruments

Prints the faces of any or all of the instruments in your circuit. For details, see “11.4 Instru-
ments” on page 11-4.

2.6.1.9 File/Print Setup

Changes the printer, paper size, paper source and page orientation for a selected printer.

Print Setup EHE
— Prirter
Mame: Froperties... |

Status: Feady
Type: Lexmark Optra R plug
Wwhere:  WWOUTERMLEXMARK_PCL

Comment:

— Paper Orientation
Size: ILetter Bkx11in j & Portrait
Source: IAuto zelect j " Landscape

(] 3 I Cancel |

Note If you change the page orientation using the Print Setup screen, the change is also
reflected in the Print Circuit Setup screen.

2.6.1.10 File/Recent Files

Displays a list of the eight most recently saved circuit files. To re-open a file, select it from the
list.
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2.6.1.11 File/Exit

Closes all open circuit windows and exits Multisim. If you have unsaved changes in any cir-
cuits, you are prompted to save or cancel them.

2.6.2 Edit Menu

Contains commands for removing, duplicating or selecting information. If a command is not
applicable to the selected item (for example, a component), it is dimmed.

2.6.2.1 Edit/Undo (Ctrl+2)

Undoes the most recently performed delete.

2.6.2.2 Edit/Cut (Ctrl+X)

Removes selected components, circuits or text. What you cut is placed on the Windows clip-
board so you can paste it elsewhere.

2.6.2.3 Edit/Copy (Ctrl+C)

Copies selected components, circuits or text. The copy is placed on the Windows clipboard.
You can then use the Paste command to paste the copy elsewhere, including other applica-
tions such as word processors.

2.6.2.4 Edit/Paste (Ctrl+V)

Places the contents of the clipboard. The cursor shows a “ghosted” image of the item to be
pasted. Click to indicate where the item is to be pasted.

2.6.2.5 Edit/Delete (Del)

Permanently removes selected components or text. Does not place the selection on the clip-
board and does not affect anything currently on the clipboard.

Caution

Use the Delete command with care. Deleted information cannot be
retrieved, although the most recent deletion can be recovered using
the Undo command.
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Note Deleting a component or instrument removes it from the circuit window, not from its
toolbar.

2.6.2.6 Edit/Select All (Ctrl+A)

Selects all items in the active circuit window.

Tip To select all but a few items, use the Select All command and then deselect the ones you
don’t want by CTRL-clicking.

2.6.2.7 Edit/Flip Horizontal (Alt+X)

Flips the selection horizontally. For details, see “3.8 Rotating/Flipping Components” on page
3-16.

2.6.2.8 Edit/Flip Vertical (Alt+Y)

Flips the selection vertically. For details, see “3.8 Rotating/Flipping Components” on page 3-
16.

2.6.2.9 Edit/90 Clockwise (Ctri+R)

Rotates the selection 90 degrees clockwise. For details, see “3.8 Rotating/Flipping Compo-
nents” on page 3-16.

2.6.2.10 Edit/90 CounterCW (Shift+Ctrl+R)

Rotates the selection 90 degrees counter-clockwise. For details, see “3.8 Rotating/Flipping
Components” on page 3-16.

2.6.2.11 Edit/Component Properties

Opens the properties screen of the item selected in the active window. For details, see “3.9
Placed Component Properties” on page 3-17.

2.6.3 View Menu

Contains commands for displaying and hiding elements of the circuit window such as the
grid, toolbars and page boundaries.
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2.6.3.1 View/Toolbars

Shows or hides the selected toolbar. Choose to show or hide any or all of the following tool-
bars:

* system toolbar

* design toolbar

* instruments toolbar

* zoom toolbar (the “zoom” buttons of the system toolbar)

e “In Use” list.

For information on these elements, see “2.2 Introduction to the Multisim Interface” on page
2-2.

2.6.3.2 View/Component Bars

Shows or hides the appropriate component toolbar for the selected database. Choose to show
or hide the component toolbar for any or all of the following databases:

e Multisim database

* User database

» Edaparts Bar

For information on these databases see “4.2 Structure of the Component Database” on page
4-1.

2.6.3.3 View/Status Bar

Shows or hides the status bar, which provides useful information about the current operation
and a description of the item the cursor is currently pointing to.

2.6.3.4 View/Show Simulation Error Log/Audit Trail

Shows or hides the simulation log, which records all the events of a circuit simulation. For
details about this log, see “7.3.2 Start/Stop/Pause Simulation” on page 7-4.

2.6.3.5 View/Show XSpice Command Line Interface

Opens a window into which you can type Xspice commands to be executed. Press RETURN to
execute the command. The command is listed at the top part of the window and any errors are
reported in the error log/audit trail.
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2.6.3.6 View/Show Grapher (Ctrl+G)

Shows or hides the Grapher screen, which shows the results of simulation on a graph or chart.
For details about this screen, see “8.23 Viewing the Analysis Results: Grapher” on page 8-57.

2.6.3.7 View/Show Simulate Switch

Shows or hides the simulation on/off switch. An alternative to using the Design Bar button or
menu commands. The switch looks like this:

TR | =i

2.6.3.8 View/Show Text Description Box (Ctri+D)

Opens a window in which you can enter comments or information about the circuit. For
details, see “3.11.4 Adding Miscellaneous Text” on page 3-27.

2.6.3.9 View/Show Grid

Shows or hides a grid in the background of the circuit window. This helps you place elements
in specific locations on a grid. For details, see “3.3.2 Displaying or Hiding the Grid, Title
Block, Page Bounds and Page Borders” on page 3-3.

2.6.3.10 View/Show Page Bounds

Shows or hides page boundaries in the circuit window. This helps you note where circuits will
appear on printed output. For details, see “3.3.2 Displaying or Hiding the Grid, Title Block,
Page Bounds and Page Borders” on page 3-3.

2.6.3.11 View/Show Title Block and Border

Shows or hides the circuit’s title block and border. For details, see “3.3.2 Displaying or Hid-
ing the Grid, Title Block, Page Bounds and Page Borders” on page 3-3.

2.6.3.12 View/Zoom In (F8)

Lets you increase the magnification of your view of the circuit. For information on setting the
default zoom level see “2.4.4 The Workspace Tab” on page 2-7.

2.6.3.13 View/Zoom Out (F9)

Lets you decrease the magnification of your view of the circuit. For information on setting the
default zoom level see “2.4.4 The Workspace Tab” on page 2-7.
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2.6.3.14 View/Find (Ctrl+F)

Displays a list of the reference IDs in the current circuit. You can select one or more of these
reference IDs, whose associated components are then selected in the circuit window. For
details, see “3.10 Finding Components in Your Circuit” on page 3-24.

2.6.4 Place Menu

Contains commands for placing elements in the circuit window

2.6.4.1 Place/Place Component (Ctrl+W)

Lets you browse the databases (“Multisim Master”, “Corporate Library” and “User”) for com-
ponents to be placed. For details, see “3.5.1 Choosing a Component and Using the Browser
Screen” on page 3-6.

2.6.4.2 Place/Place Junction (Ctrl+J)

Places a junction when you click. For details, see “3.7 Manually Adding a Junction (Connec-
tor)” on page 3-16.

2.6.4.3 Place/Place Bus (Ctrl+U)

Places a bus with segments created as you click. For details, see “3.14 Placing a Bus” on page
3-33.

2.6.4.4 Place/Place/Input/Output (Ctrl+l)

Adds connecting nodes to a circuit for use as a subcircuit. For details, see “3.12.2 Setting up
a Circuit for Use as a Subcircuit” on page 3-29.

2.6.4.5 Place/Place Text (Ctrl+T)

Lets you place text on the circuit. For details, see “3.11.4 Adding Miscellaneous Text” on
page 3-27.

2.6.4.6 Place/Replace Component

Before using, select a component on the circuit window to be replaced. Invokes the Browser
screen (see Chapter 3, “Schematic Capture” for more information) from which you can select
a new component. Click OK to replace the old component with the new one.
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2.6.4.7 Place/Place as Subcircuit (Ctrl+B)

Places the contents of the clipboard as a subcircuit. For details, see “3.12.3 Adding Subcir-
cuits to a Circuit” on page 3-30.

2.6.4.8 Place/Replace by Subcircuit (Ctrl+Shift+B)

Replaces the selected components with a subcircuit of the same components. For details, see
“3.12.3 Adding Subcircuits to a Circuit” on page 3-30.

2.6.5 Simulate Menu

2-22

2.6.5.1 Simulate/Run (F5)

Runs/stops the simulation of the active circuit. Running a simulation starts a sequence of
mathematical operations to compute values for the nodes (testpoints) in the circuit.

Tip A digital circuit can also be activated from the word generator. See Chapter 6, “Instru-
ments” for more information.

2.6.5.2 Simulate/Pause (F6)

Pauses/resumes the current simulation.

2.6.5.3 Simulate/Default Instrument Settings

Allows you to set defaults settings for instruments that are based on a transient analysis (such
as the oscilloscope, spectrum analyzer and logic analyzer). For details, see “6.4 Default
Instrument Analysis Settings” on page 6-5.

2.6.5.4 Simulate/Digital Simulation Settings

Allows you to choose between optimizing on accuracy or speed of simulation when digital
components are included in your circuit. For details, see “7.3.1 Simulating Circuits with Dig-
ital Components” on page 7-3.

2.6.5.5 Simulate/Instruments

Contains commands you use to place instruments (an alternative to using the instruments tool-
bar or the Design Bar). For details on these instruments, see Chapter 6, “Instruments”.

Note Ammeter and voltmeter instruments are available from the Indicators Parts Bin.
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Simulate/Instruments/Multimeter

Places a multimeter on the circuit window. A multimeter is used to measure AC or DC voltage
or current, resistance, or decibel loss between two nodes in a circuit. For details, see “6.7
Multimeter” on page 6-8.

Simulate/Instruments/Function Generator

Places a function generator on the circuit window. A function generator is a voltage source
that supplies sine, triangular or square waves. It provides a convenient and realistic way to
supply power to a circuit. For details, see “6.8 Function Generator” on page 6-12.

Simulate/Instruments/Wattmeter

Places a wattmeter on the circuit window. A wattmeter provides the combined functions of a
voltmeter and an ammeter. It is used to measure the magnitude of the active power, that is, the
product of the voltage difference and the current flowing through the current terminals in a
circuit. For details, see “6.12 Word Generator” on page 6-24.

Simulate/Instruments/Oscilloscope

Places an oscilloscope on the circuit window. The dual-channel oscilloscope displays the
magnitude and frequency variations of electronic signals. It can provide a graph of the
strength of one or two signals over time, or allow comparison of one waveform to another. For
details, see “6.10 Oscilloscope” on page 6-15.

Simulate/Instruments/Bode Plotter

Places a Bode plotter on the circuit window. A Bode plotter produces a graph of a circuit’s fre-
quency response and is useful for analyzing filter circuits. For details, see “6.11 Bode Plotter”
on page 6-21.

Simulate/Instruments/Word Generator

Places a word generator on the circuit window. A word generator sends digital words or pat-
terns of bits into circuits to test them. For details, see “6.12 Word Generator” on page 6-24.

Simulate/Instruments/Logic Analyzer

Places a logic analyzer on the circuit window. A logic analyzer displays the levels of up to 16
digital signals in a circuit. It is used for fast data acquisition of logic states and advanced tim-
ing analysis to help design large systems and carry out troubleshooting. For details, see “6.13

Logic Analyzer” on page 6-29.
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Simulate/Instruments/Logic Converter

Places a logic converter on the circuit window. A logic converter is able to perform several
transformations of a circuit representation. It has no real world counterpart. For details, see
“6.14 Logic Converter” on page 6-33.

Simulate/Instruments/Distortion Analyzer

Places a distortion analyzer on the circuit window. A typical distortion analyzer provides dis-
tortion measurements for audio signals in the range of 20 Hz to 100 KHz. For details, see
“6.15 Distortion Analyzer” on page 6-35.

Note This instrument is hidden when the simplified version option is selected. For details,
“13.4.1.2 Simplified Version” on page 13-7.

Simulate/Instruments/Spectrum Analyzer

Places a spectrum analyzer on the circuit window. The spectrum analyzer is used to measure
frequency versus amplitude. For details, see “6.16 Spectrum Analyzer” on page 6-37.

Note This instrument is hidden when the simplified version option is selected. For details,
“13.4.1.2 Simplified Version” on page 13-7.

Simulate/Instruments/Network Analyzer

Places a network analyzer on the circuit window. The network analyzer is used to measure the
scattering parameters (or S-parameters) of a circuit, commonly used to characterize a circuit

intended to operate at higher frequencies. For details, see “6.17 Network Analyzer” on page
6-37.

Note This instrument is hidden when the simplified version option is selected. For details,
“13.4.1.2 Simplified Version” on page 13-7.

2.6.5.6 Simulate/Analyses

Contains commands you use to set up and run the circuit’s analysis (an alternative to using the
Design Bar). For details on these analyses, see Chapter 8, “Analyses”.

Simulate/Analyses/DC Operating Point

Sets up and runs DC operating point analysis, which determines the DC operating point of a
circuit. For details, see “8.4 DC Operating Point Analysis” on page 8-10.

Simulate/Analyses/AC Analysis

Sets up and runs AC analysis, in which the DC operating point is first calculated to obtain lin-
ear, small-signal models for all nonlinear components. Then a complex matrix (containing
both real and imaginary components) is created. For details, see “8.5 AC Analysis” on page
8-12.
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Simulate/Analyses/Transient Analysis

Sets up and runs Transient analysis, also called time-domain transient analysis, which com-
putes the circuit’s response as a function of time. For details, see “8.6 Transient Analysis” on
page 8-14.

Simulate/Analyses/Fourier Analysis

Sets up and runs Fourier analysis, which evaluates the DC, fundamental and harmonic com-
ponents of a time-domain signal. For details, see “8.7 Fourier Analysis” on page 8-17.

Simulate/Analyses/Noise Analysis

Sets up and runs Noise analysis, which is used to detect the magnitude of noise power in the
output of electronic circuits. For details, see “8.8 Noise Analysis” on page 8-21.

Simulate/Analyses/Distortion Analysis

Sets up and runs Distortion analysis, which measures harmonic distortion and intermodulation
distortion products. For details, see “8.9 Distortion Analysis” on page 8-25.

Simulate/Analyses/DC Sweep

Sets up and runs DC sweep analysis, which computes the DC operating point of a node in the

circuit for various values of one or two DC sources in the circuit. For details, see “8.10 DC

Sweep Analysis” on page 8-27.

Note This analysis is hidden when the simplified version option is selected. For details, see
“13.4.1.2 Simplified Version” on page 13-7.

Simulate/Analyses/Sensitivity

Sets up and runs Sensitivity analysis, which calculates the sensitivity of an output node volt-

age or current with respect to the parameters of all components (DC sensitivity) or one com-

ponent (AC sensitivity) in a circuit. For details, see “8.11 DC and AC Sensitivity Analyses”

on page 8-29.

Note This analysis is hidden when the simplified version option is selected. For details, see
“13.4.1.2 Simplified Version” on page 13-7.

Simulate/Analyses/Parameter Sweep

Sets up and runs Parameter Sweep analysis, which verifies the operation of a circuit by simu-

lating it across a range of values for a component parameter. For details, see “8.12 Parameter

Sweep Analysis” on page 8-32.

Note This analysis is hidden when the simplified version option is selected. For details, see
“13.4.1.2 Simplified Version” on page 13-7.
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Simulate/Analyses/Temperature Sweep

Sets up and runs Temperature Sweep analysis, which quickly verifies the operation of a circuit
by simulating it at different temperatures. The effect is the same as simulating the circuit sev-
eral times, once for each different temperature. You control the temperature values. For
details, see “8.13 Temperature Sweep Analysis” on page 8-35.

Note This analysis is hidden when the simplified version option is selected. For details, see
“13.4.1.2 Simplified Version” on page 13-7.

Simulate/Analyses/Pole Zero
Sets up and runs Pole Zero analysis, which finds the poles and zeros in the small-signal AC
transfer function of a circuit. For details, see “8.16 Pole Zero Analysis” on page 8-44.

Note This analysis is hidden when the simplified version option is selected. For details, see
“13.4.1.2 Simplified Version” on page 13-7.

Simulate/Analyses/Transfer Function

Sets up and runs Transfer Function analysis, which calculates the DC small-signal transfer

function between an input source and two output nodes (for voltage) or an output variable (for
current) in a circuit. It also calculates input and output resistances. For details, see “8.14
Transfer Function Analysis” on page 8-39.

Note This analysis is hidden when the simplified version option is selected. For details, see
“13.4.1.2 Simplified Version” on page 13-7.

Simulate/Analyses/Worst Case

Sets up and runs Worst Case analysis, a statistical analysis that lets you explore the worst pos-
sible effects on circuit performance of variations in component parameters. For details, see
“8.15 Worst Case Analysis” on page 8-41.

Note This analysis is hidden when the simplified version option is selected. For details, see
“13.4.1.2 Simplified Version” on page 13-7.

Simulate/Analyses/Monte Carlo

Sets up and runs Monte Carlo analysis, a statistical analysis that lets you explore how chang-

ing component properties affects circuit performance. For details, see “8.17 Monte Carlo

Analysis” on page 8-50.

Note This analysis is hidden when the simplified version option is selected. For details, see
“13.4.1.2 Simplified Version” on page 13-7.
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Simulate/Analyses/Batched Analyses

Sets up and runs batched analyses, which let you set up a series of different analyses, or differ-
ent variations on the same analysis, to be performed on a circuit in sequence. For details, see
“8.19 Batched Analyses” on page 8-54.

Note This analysis is hidden when the simplified version option is selected. For details, see
“13.4.1.2 Simplified Version” on page 13-7.

Simulate/Analyses/User-Defined Analysis

Sets up and runs a user-defined analysis. This command presents you with a screen into which
you can type the SPICE commands to be executed to perform the analysis. For details, see
“8.20 User-Defined Analyses” on page 8-55.

Note This analysis is hidden when the simplified version option is selected. For details, see
“13.4.1.2 Simplified Version” on page 13-7.

Simulate/Analyses/Noise Figure Analysis

This analysis is part of Multisim’s RF Design module (standard in the Power Professional edi-
tion, optional in the Professional edition) and is described in Chapter 14, “RF”.

Note This analysis is hidden when the simplified version option is selected. For details, see
“13.4.1.2 Simplified Version” on page 13-7.

Simulate/Analyses/Stop Analysis
Stops the currently running analysis.

Note This analysis is hidden when the simplified version option is selected. For details, see
“13.4.1.2 Simplified Version” on page 13-7.

Simulate/Analyses/RF Analyses

Included in the menu for the purposes of completeness. Since RF analyses are available from
the Network Analyzer instrument, this command places the Network Analyzer for you. For
details, see “14.4.2 Network Analyzer” on page 14-16.

Note This analysis is hidden when the simplified version option is selected. For details, see
“13.4.1.2 Simplified Version” on page 13-7.
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2.6.5.7 Simulate/Postprocess

Opens the Postprocessor screen, which you use to combine the results of several analyses in

different ways. To use the Postprocessor, you must have performed at least one analysis on
your circuit. For details, see Chapter 9, “Postprocessor”.

Note This function is hidden when the simplified version option is selected. For details, see
“13.4.1.2 Simplified Version” on page 13-7.

2.6.5.8 Simulate/VHDL Simulation

Runs the VHDL simulation module. For details, see Chapter 10, “HDLs and Programmable

Logic”.

Note This simulation is hidden when the simplified version option is selected. For details,
see “13.4.1.2 Simplified Version” on page 13-7.

2.6.5.9 Simulate/Verilog HDL Simulation

Runs the Verilog HDL simulation module. For details, see Chapter 10, “HDLs and Program-
mable Logic”.

Note This simulation is hidden when the simplified version option is selected. For details,
see “13.4.1.2 Simplified Version” on page 13-7.

2.6.5.10 Simulate/Auto Fault Option

Applies faults to randomly selected components in the circuit. You choose the number of
faults (either in total, or the number of each type of fault) to be applied. For details, see “7.7.1
Using the Auto Fault Option” on page 7-14.

2.6.5.11 Simulate/Global Component Tolerances

Multisim’s virtual components are, by default, “ideal”— they have no internal resistance and

their output is consistent. You can choose to use global components instead. These randomly

introduce variances to simulate the performance of actual, physical components. Global com-
ponent settings affect the simulation results. See “4.6 Component Nominal Values and Toler-
ances” on page 4-32 for details.

Note This function is hidden when the simplified version option is selected. For details, see
“13.4.1.2 Simplified Version” on page 13-7.
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2.6.6 Transfer Menu

2.6.6.1 Transfer/Transfer to Ultiboard

Displays a file browser where you choose or enter a file name for the transferred data. A file
of the correct format is created. If you plan to use backannotation, you must save your file
immediately.

2.6.6.2 Transfer/Transfer to other PCB Layout
Displays a file browser where you choose or enter a file name for the transferred data. You
can also choose the appropriate file type from a list of available types.

Note This transfer function is hidden when the simplified version option is selected. For
details, see “13.4.1.2 Simplified Version” on page 13-7.

2.6.6.3 Transfer/Backannotate from Ultiboard

Backannotates changes made to a circuit in Ultiboard (for example, deleted components) to
the Multisim circuit file. Displays a file browser where you choose the backannotation file
corresponding to your circuit file. The circuit file must be open before you use this command.

Note This transfer function is hidden when the simplified version option is selected. For
details, see “13.4.1.2 Simplified Version” on page 13-7.

2.6.6.4 Transfer/VHDL Synthesis

@ Runs the VHDL Synthesis program on a file created from the current circuit. You are
prompted to save the file, and then VHDL Synthesis appears with the file loaded in it. For
details, see Chapter 10, “HDLs and Programmable Logic”.

Note This transfer function is hidden when the simplified version option is selected. For
details, see “13.4.1.2 Simplified Version” on page 13-7.

2.6.6.5 Transfer/Export Simulation Results to MathCAD

Exports the results of your simulation to a file format readable by MathCAD™. For details,
see Chapter 12, “Transfer/Communication”.

Note This transfer function is hidden when the simplified version option is selected. For
details, see “13.4.1.2 Simplified Version” on page 13-7.
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2.6.6.6 Transfer/Export Simulation Results to Excel
Exports the results of your simulation to a file format readable by Excel™. For details, see
Chapter 12, “Transfer/Communication”.

Note This transfer function is hidden when the simplified version option is selected. For
details, see “13.4.1.2 Simplified Version” on page 13-7.

2.6.6.7 Transfer/Export Netlist
Exports the netlist of your design. Opens a standard file browser where you can choose the
file name and folder for the exported netlist.

Note This transfer function is hidden when the simplified version option is selected. For
details, see “13.4.1.2 Simplified Version” on page 13-7.

2.6.7 Tools Menu

2-30

Note The Tools menu is hidden when the simplified version option is selected. For details,
see “13.4.1.2 Simplified Version” on page 13-7.

2.6.7.1 Tools/Create Component

Invokes the Create Component Wizard, which takes you through the steps of creating a com-
ponent. For details, see “5.7 Adding Components” on page 5-9.

2.6.7.2 Tools/Edit Component

Lets you edit any component in the database. For details, see “5.4 Editing Components” on
page 5-5.

2.6.7.3 Tools/Copy Component

Lets you copy any component in the database. For details, see “5.9 Copying Components” on
page 5-15.

2.6.7.4 Tools/Delete Component

Lets you delete any component in the Corporate Library or User databases. For details, see
“5.8 Removing Components” on page 5-14.
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2.6.7.5 Tools/Database Management

Lets you add component families, assign button icons to families, and (for some editions of
Multisim) enter or modify user field titles for those component families. For details, see “5.3
Managing the Database” on page 5-3.

2.6.7.6 Tools/Update Models

Updates any newly loaded Multisim Master models that are being used from the Multisim
Master database in the active circuit. Use this option only after you have loaded a new Multi-
sim Master database.

2.6.7.7 Tools/Remote Control/Design Sharing

Allows you to communicate with and share designs with others, either across a network or
using the Internet. For Project/Team Design module or Educational edition users only. For
details, see Chapter 13, “Educators Guide”.

2.6.7.8 Tools/Edaparts.com

Launches your Internet browser loaded with the Electronic Workbench Edaparts Web site.
You can then download components into the “User” database. For details, see “4.4 Using
Edaparts.com” on page 4-24.

2.6.8 Options Menu

2.6.8.1 Options/Preferences

Lets you specify preferences for current or subsequent circuits. For details see “2.4 Custom-
izing the Interface” on page 2-4.

2.6.8.2 Options/Modify Title Block

Lets you enter data to appear in the circuit’s title block. For details, see “3.11.3 Adding a Title
Block” on page 3-27.
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2.6.8.3 Options/Simplified Version

Changes the interface display by hiding the design bar and hiding some the more complex
instruments and analyses. The simplified version option can be enabled or disabled using
Global Restrictions — see “13.4.1.2 Simplified Version” on page 13-7. If the simplified ver-
sion is disabled, it is greyed out in the Options menu.

2.6.8.4 Options/Circuit Restrictions

Lets you set restrictions on a particular circuit’s functionality for other users. You control
these restrictions through the use of passwords. For details, see “13.4.2 Setting Circuit
Restrictions” on page 13-9.

2.6.9 Window Menu

2-32

Contains commands used to control the display of Multisim windows. Lists all open circuit
windows.

2.6.9.1 Window/Cascade

Arranges circuit windows so that they overlap.

2.6.9.2 Window/Tile

Resizes all open circuit windows so they all show on the screen. Allows you to quickly scan
all open circuit files.

2.6.9.3 Window/Arrange Icons

Lines up minimized windows.

2.6.9.4 Window (open files)

Lists the open Multisim circuit files. Select one to make it active.
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2.6.10 Help Menu

Contains commands that display on-line help and Multisim edition information.

Tip If you want to be able to refer to Help information as you work on a circuit, use the Keep
Help on Top function in the Help window’s Options menu.

2.6.10.1 Help/Multisim Help

Displays Multisim’s basic help file. The contents of this help file are identical to the contents
of the chapters of this guide.

2.6.10.2 Help/Multisim Reference

Displays Multisim’s reference help file. The contents of this help file are identical to the con-
tents of the appendices of this guide.

2.6.10.3 Help/Release Notes

Displays edition information, additions or corrections to printed documentation, and other
useful information.

2.6.10.4 Help/About Multisim

Displays information on the edition number of Multisim. Customer support may ask for this
number.
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Chapter 3
Schematic Capture

3.1  About this Chapter

This chapter describes all the basic functions involved in creating a circuit in the circuit win-
dow. This chapter explains the fundamental steps in circuit creation, but is not intended to
describe all the potential aspects of circuit design. For example, you should look to other
chapters for details on the component database, instructions on editing components, and infor-
mation on adding instruments.

3.2 Introduction to Schematic Capture

Schematic capture is the first stage in developing your circuit. In this stage you choose the
components you want to use, place them on the circuit window in the desired position and ori-
entation, wire them together, and otherwise prepare your design. Multisim also allows you to
modify component properties, orient your circuit on a grid, add text and a title block, add sub-
circuits and buses, and control the color of the circuit window background, components and
wires.

3.3  Setting up Your Circuit Window

Multisim lets you set up the circuit window to match your design requirements. In particular,
you can set:

* sheet size

» whether or not the grid, page bounds, page borders and title block are visible

* the symbol set (ANSI or DIN) you want to use

* color scheme for background, components, wiring and text

* fonts for names and values of components, pins and nodes.
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When you create a component file, the current settings in the Preferences screen (as described
in “2.3.1 About Customizing the Interface” on page 2-5) are used as the defaults for these
options. You can override the defaults, with your new settings being stored with the circuit
file. This allows you to have unique settings for each file you create. If you click Set as
default when setting preferences, your settings affect all subsequent circuits as well as the
current one.

3.3.1 Setting up a Sheet Size

> To set the sheet size for this circuit:

1. Choose Options/Preferences and click the Workspace tab.

Show/Hide the grid,
Circuit  Workspace |W’iring| EomponentBinI Faont I Miscellaneousl > Fb)lagibound andtitle
OCK.

— Shao

T“_[ “ ™ Show grid
Ga

V' Show page bounds
[/ Shows title black

Select a predeter-
mined sheet size.

The correspond- B Set the

ing height, width ~ lﬁ Custam si237//;/desired sheet
and orientation are Width 85 & /// sizes.
displayed in the Diientation—————— | {oight m/

cu_stom _S|ze_and C Porrait & Inshes

orientation fields. ' |andscape " Certimeters

Select a land- J Set default zoom

k . ~Zoom level 1 level for the circuit
scape orientation .
. Co200%  F100% window.
(horizontal) or por- :
trait (vertical) ori- e O
entation for your
circuit.

Set az Default | HestoreDefauItl QK | Cancel | Help |

2. Choose the desired sheet size from the drop-down list.

3. Change any of the characteristics (orientation or size) necessary.
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4. To confirm the sheet size, click OK. To cancel it, click Cancel.
or

To restore the default settings to the current circuit (and start again), click Restore
Default. Then continue to make your changes.

3.3.2 Displaying or Hiding the Grid, Title Block, Page
Bounds and Page Borders

Multisim lets you display a background grid on the circuit window, to help you orient your
components. It also lets you show or hide the component’s title block (explained in more
detail in “3.10.3 Adding a Title Block™ on page 3-29), the page bounds that show the param-
eters of your sheet size, and the page borders that display a mapping grid.

As described in “2.3.4 The Workspace Tab” on page 2-8, the current and default settings that
specify which of these items are displayed is set in the Preferences screen. You can also use
the pop-up (right-click) menu to set these defaults for the current circuit only.

» To affect what is shown or hidden in the current circuit, do one of the following:

* enable View/Show Grid, View/Show Page Bounds or View/Show Title Block and Bor-
der

or

» right-click on the circuit window and choose Show Grid, Show Page Bounds, or Show
Title Block and Border from the pop-up menu that appears.

3.3.3 Selecting a Symbol Set

Multisim allows you to use either ANSI or DIN symbols on your circuit window.

» To choose the desired symbol set, choose Options/Preferences, display the Component Bin
tab, and select the desired symbol set. Select the symbol set to be used for components. The
graphic changes to represent the selected symbol set. To override this setting for individual
components, see “5.9.2 Creating and Editing a Component’s Symbol with the Symbol Edi-
tor” on page 5-19.
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3.3.4 Selecting a Circuit Color Scheme

New circuits are created using the default color scheme.

To select a different color scheme or create your own, choose Options/Preferences, display
the Circuit tab, and select a built in color scheme, or create a custom one. The selected colors
appear in the preview box. For more details about these settings see “2.3.3 The Circuit Tab”
on page 2-7.

3.3.5 Selecting Fonts for Labels, Values and Names

3.4

3-4

» To select a font for text elements on your circuits (e.g. component labels and text descrip-

tions), choose Options/Preferences, display the Font tab, and select the desired font, font
size and style. An example of the selected font appear in the sample window. For more details
about these settings see “2.3.7 The Font Tab” on page 2-11.

Selecting Components from the Database

The first step in schematic capture is placing the appropriate components on your circuit win-
dow. Multisim components are stored in three databases: “Multisim Master”, “Corporate
Library”, and “User”. (These databases are discussed more thoroughly in Chapter 4, “Compo-
nents”.)

There are two methods of locating a component in a database:

» through either the component toolbars or Place/Place Component, you can browse
through all the component groups/families, as explained in “3.4.1 Choosing a Component
and Using the Browser Screen” on page 3-7

* by searching a specific component group/family of the database, as explained in Chapter
4, “Components”.

The first of these choices is used most commonly. The families of components you need to
create a circuit are grouped into logical divisions, each grouping represented by a Parts Bin
button on the Component toolbar. This logical grouping is a key advantage of Multisim, sav-
ing you time and frustration. You can toggle the Component toolbar on and off by clicking the
Components button on the Design Bar.

Each Parts Bin button on the Component toolbar corresponds to a group of components with
similar functionality. Placing your cursor over one of these buttons and clicking, opens the
corresponding Parts Bin containing a button for each component family. The behaviour of the
Component toolbar and its Parts Bins is affected by your circuit’s preferences. For details, see
“2.3.6 The Component Bin Tab” on page 2-10.
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Note For a detailed look at the make-up of the component Parts Bins, see “4.1.3 Classifica-
tion of Components in the Database” on page 4-3.

For example:
_:II e =i
Placing the cursor on this =
Parts Bin button an clicking._ e | e E
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Electronics Workbench provides the unique concept of virtual components in Multisim. Vir-
tual components are not “real”, that is, they cannot be purchased, and have no footprint. They
are included for simulation flexibility. Virtual component family buttons are color coded
green on the Parts Bin. Virtual components appear by default in a different color from other
components on the circuit window. You control the color as described in “2.3.3 The Circuit
Tab” on page 2-7.
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3.5

3.5.1

=&l

3-6

Placing Components

Choosing a Component and Using the Browser
Screen

By default, the Component Design Bar button is enabled and one or more Component tool-
bars are visible. If no toolbar is visible, click the Component button on the Design Bar or
select View/Component Bars and choose the desired database.

To choose and place a component.

1.

On the desired Component toolbar, place the cursor on the desired Parts Bin button and
click. The associated Parts Bin appears.

From the Parts Bin, click the button for the desired component family. If the selected com-
ponent is a virtual component, you can simply place the component. For other compo-
nents, a simplified Browser screen appears by default.

To view the full Browser screen click Advanced. Alternatively, you can display the full
Browser screen by choosing Place/Place Component.

From the Browser screen, select the desired component from the Component List. Infor-
mation about that component appears.

If you selected the wrong component family from the toolbar, choose the correct compo-
nent family from the Component family field of the Browser screen. The information in
the Select Component area will change accordingly.

Tip To make your scroll through the Browser’s Components List faster, simply type the

first few characters of the component’s name. Click Advanced to see the full version of
the Browser screen.

Note Virtual components are identified by a green colored button in the Parts Bins. These

components cannot be purchased.
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Shows the symbol that  Indicates the database from which to Indicates the component
will be used to repre- draw the component (defaults to the family with which you are
sent the component database of the selected Parts Bin). working (defaults to the
selected in the Compo- selected family toolbar)
nent List.
Component Brawser ll .
_ Information
Component Mame List: Sym“bvol [BMSI1) Database Mame: b4y kisim Master , = about the
= s !
;itgggg j ,; \ Companent Family: [741 ¢ ~1+-component
) 7405010 Component Mame: |74LSOTH i
Lists the 7ALS01N et St T selected in
- ; the Compo-
components  |74-502D .
74L502M Function: [QUAD ZINPUT NANDWITHOPEN | nont |ist
available in 7415030 Model Data: COLLECTOR
the family Ly \MODEL 74L501 d_nand [ rise_delay = 32n fall_delay = 26n] =] .
FaLsap Contains
named in T4LS04H
74L505D " the model’s
Component 7ALS05N B _ILI information
iy fi 74L508D 4 » .
Fam”y field. raLs0al Manufacturer Mame: Model Level - [D:
;itgggg Operations
FALS09M Search...
FALS107D List Report...
;itg:‘l g;g Dretail Repart...
74L5109N User Fields. .
74L510D = Eat. |
74L510M =l e
ok | cyé | / Simple.. | Hep |
Lists the manufacturers of the compo- Lists the model levels available for the component
nent selected in the Component List. selected in the Component List.

Click to search the database. For details, see “4.2 Locating
Components in the Database” on page 4-22.

Produces a list of the components in the family. For

Operations . . . . .
details, see “11.1 (virtual)(virtual)Database Family List” on

Search...
ListRepott.. | | Produces detailed information about the selected component.

Detalfieport.. [ For details, see “11.2 Component Detail Report” on page 11-
User Fields... | 3.

Edit...

Allows you to enter user field information for the selected
component. For details, see “13.7 Working with User Fields”
on page 13-7.

Allows you to edit the component. For details, see
Chapter 5, “Component Editing”.
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6. To confirm that this is the component you want to place, click OK. (To cancel placing the

component, click Cancel.) The Browser screen disappears and the cursor on the circuit
window changes to a ghost image of the component you wish to place. This indicates a
component is ready to be placed.

A ghost image of the

component appears on _%D
the circuit window = L1
showing you exactly T[]
where the component

will be placed.

. Move your cursor to the location where you want the component placed. The workspace

automatically scrolls if you move your cursor to the edges of the workspace.

. Click on the circuit window where you want the component placed. The component’s

symbol and labels appear (unless you have specified that they are not to be displayed, as
explained in “3.10.1 Modifying Component Labels and Attributes” on page 3-27), as well
as a unique reference ID made up of a letter and number. The letter represents the type of
component and the number is a sequential number that indicates the order in which the
components were originally placed. For example, the first digital component has the refer-
ence ID “U1”, the next is “U2”, the first inductor has the reference ID “L1”, and so on.

Note If the component you place is a virtual component (that is, it has no equivalent in the

real world, and will therefore not be exported to Ultiboard), it is a different color from
real components and the Browser is not required (i.e. no Step 3). This color is set in the
Preferences screen, as explained in “2.3.3 The Circuit Tab” on page 2-7.

Note If you are placing a component whose package includes multiple “devices” (for exam-

ple, four separate gates), you are prompted to specify which of the sections you want
to place. You can choose any one and, depending on your settings, you can use all of
the available devices from one chip before starting to use a second. Your settings for
placing components with multiple devices is set in the Preferences screen, as explained
in “2.3.6 The Component Bin Tab” on page 2-10.

3.5.2 Using the “In Use” List

3-8

Each time you place a component or subcircuit, it is added to the “In Use” list for easy re-use.
To place a copy of any currently placed component, simply select it from the list. The copied

component appears at the top of your circuit window—you can move it to any location you
like.

For educational purposes, you can hide the “In Use” list from students’ view by using restric-
tions. See “13.3 Using Restrictions” on page 13-4 for details.
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3.5.3

3.5.4

Moving a Placed Component

You can move a placed component to another location by doing one of the following:

* dragging the component
* selecting the component and pressing the arrow keys on your keyboard to move it up,
down, or to either side in increments of one grid space.

Note A component’s icon and labels can be moved independently or together—if you plan
to move the component, be sure the whole component is selected, not just its label.

Labels
—¥ BN
Icon —_ .

HA17333

Note Moving automatically adjust the wiring to an appropriate configuration, unless you
have disabled the “autowire on move” option described in “3.5.4 Setting Wiring Pref-
erences” on page 3-15.

Copying a Placed Component

» To copy a placed component:

1. Select the desired component and choose Edit/Copy.
or

Right-click on the desired component, and, from the pop-up menu that appears, choose
Copy.

2. From the Edit menu, choose Paste.
or

Right-click anywhere on the circuit window and, from the pop-up menu that appears,
choose Paste.

3. The cursor shows a “ghosted” version of the copied component. Click at the location
where you want the copied component placed.

Once you have placed the copied component, you can click and drag it to the desired location.

You can also copy a component using the Windows control keys for cut (CTRL - X), copy
(CTRL - C) and paste (CTRL - V).
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3.5.5 Replacing a Placed Component

You can easily replace a placed component by using the Replace button on the component’s
“properties” screen.

» To replace a placed component:

9. G

1. Double-click on the component you want to replace. The component’s “properties” screen

appears.
RESISTOR E
Label I Display  ¥alue |Fault I
Yalue/Model : |1 COohm
Footprint : |HESU-5
M anufacturer: |Generic:

Function:

Edit Component |
el |

Heplacel QK I Eancell Info | Help |

2. Click Replace. The Browser screen appears, already loaded with the selected compo-
nent’s component family.

3. Select a new component from the Component Name List, and click OK. The new compo-
nent appears on the circuit window in the place of the previous one. For more details about
the Component Browser, see “3.4.1 Choosing a Component and Using the Browser
Screen” on page 3-7.
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3.5.6 Controlling Component Color

The default color used for a component and the background color of the circuit window are
controlled by the Preferences screen, as described in “2.3.1 About Customizing the Interface”
on page 2-5.

» To change the color of the placed component, right-click on the component and choose Color
from the pop-up menu that appears. You are presented with a color palette. Choose a color and
click OK to apply it to the selected item.

» To change the color of the background, and the default color scheme used throughout the cir-
cuit, right-click on the circuit window. The window that appears allows you to set a different
color scheme. For more on color schemes, see “2.3.3 The Circuit Tab” on page 2-7.

3.6 Wiring Components

Once you have placed components on the circuit window, you will want to wire them
together. All components have pins that you can use to wire them to other components or
instruments. You can choose to wire components either automatically or manually. Automatic
wiring, a feature unique to Multisim, means Multisim finds the path for wire placement for
you and avoids wiring through other components or overlapping wires. Manual wiring means
you control the flow of the wire on the circuit window. You can easily combine these methods
for a single connection, for example, by starting with manual wiring and then switching to
automatic.
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3.6.1 Wiring Components Automatically

» To wire two components together, automatically:

1. Click on a pin from the first component to start the connection (your pointer turns into a +
sign) and drag. A wire appears, attached to your cursor.

2. Click on a pin on the second component to finish the connection. Multisim automatically
places the wire, which snaps to an appropriate configuration (unless you have disabled the
“autowire on connection” option, as described in “3.5.4 Setting Wiring Preferences” on
page 3-15). The wire is numbered as a node.

T

NLT_F@_4_1E

System-generated node number

Tip If the connection was not successful, you may be trying to place the wire too close to
other surrounding components. Try to make the connection at a slightly different loca-
tion, or use manual wiring, as described in the following section.

For information on changing the color of the wire, see “3.5.6 Controlling Wire Color” on

page 3-16.

Note After a wire is connected between two pins the cursor returns to its normal mode and is
ready for your next command.

» To delete a wire, click on it and press DELETE or right-click on it and choose Delete from the
pop-up menu that appears.
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3.6.2 Wiring Components Manually

» To wire two components together, manually:

1. Click on a pin from the first component to start the connection (your pointer turns into a +
sign) and drag. A wire appears, attached to your cursor.

2. Control the flow of the wire by clicking on points as you drag. Each click “fixes” the wire
to that point. For example:

c1
+ The mouse button was
—l{— """""""" : clicked at these loca-
1.0F tions.
R
R N
""""""" ¥ 1.0kohm

By default, Multisim “skips over” (avoids) components to which it is not connected. For

example:
The wire “skips” this
. 1 w1 4 component.
_|E = 2w
- e
1.0F 1.0kahm

To pass through intermediary components instead, position the wire at the desired location
beside the intermediary component and press SHIFT while dragging the wire. For example:

____________ —_ R
[ . V.
a1 s e —

1711 . 1.0kohm
The wire passes through

this component.

3. Click on the desired pin of the second component to finish the connection. The wire snaps
to an appropriate configuration and the connection is numbered.

Note To stop the wiring process at any time, press ESC.

» To delete a wire, click on it and press DELETE or right-click on it and choose Delete from the
pop-up menu that appears.
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3.6.3 Combining Automatic and Manual Wiring

You can combine the two methods of wiring when placing a single wire. Multisim assumes
you always want to perform automatic wiring until you click somewhere, which “locks” the
wire to that point (this is manual wiring). Multisim then continues with automatic wiring,
until you click once more—either at a destination pin or wire to complete the connection, or at
another interim point on the wire you are placing. This method allows you to use automatic
wiring for most connections, and use manual wiring only for difficult paths or portions of
paths.

3.6.4 Setting Wiring Preferences

You can set your preferences for how Multisim controls the automatic wiring.

» To set your wiring preferences:

1.

Choose Options/Preferences and select the Wiring tab.

2. In the autowire section of this tab, you can set two options: Autowire on connection and

Autowire on move.

Enabling Autowire on connection ensures that Multisim will choose the most efficient
path to wire the selected components together. Disabling this option gives you more con-
trol over the wire path, as Multisim follows the exact path of your cursor.

Enabling Autowire on move ensures that, when you move a wire a component, Multisim
reshapes the wire to the most efficient path. Disabling this option means that the wires will
move exactly in the shape and direction that you move a wired component.

In the wire width section of this tab, specify the width of all wires for the current circuit or
subsequent circuits.

To save your options for the current circuit, click OK.
or

To save your options for the current and subsequent circuits, click Set as Default, then
click OK.

or

To restore your previously saved settings (if you don’t like the changes you made and
would like to start over again), click Restore Default and then continue making changes.

or

To cancel your changes and close the screen, click Cancel.
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3.6.5 Modifying the Wire Path

» To alter the shape of the path once it is placed:

1. Click on the wire. A number of drag points appear on the wire:

Drag points
[ a
3 w1
L R
"‘_h:_, a_— 12V
-|- [ B —
1.0F 1.0kahm

2. Click any of these and drag to modify the shape.
or

Move your cursor anywhere on the wire. When your cursor changes to a double arrow,
click and drag, in the direction of the arrows, to modify the shape.

You can add or remove drag points to give you even more control over the wire shape.

» To add or remove drag points, press CTRL and click on the wire at the location where you
want the drag point added or removed.

3.6.6 Controlling Wire Color

The default color used for wires is controlled by the Preferences screen, as described in “2.3.3
The Circuit Tab” on page 2-7.

» To change the color of the placed wire from its default values, right-click on the wire and
choose Color from the pop-up menu that appears. You are presented with a color palette.
Choose a color and click OK to apply it to the selected item.

» To change the color scheme (including the default wire color) for the current circuit only,
right-click on the circuit window. The window that appears allows you to set a different color
scheme. For more on color schemes, see “2.3.3 The Circuit Tab” on page 2-7.
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3.7 Manually Adding a Junction (Connector)

If you want to start a wire at a position that is neither a pin nor a junction, you must add a
junction. Multisim automatically inserts junctions when you connect one wire to another wire
to differentiate them from wires that are crossing but not connected.

» To manually add a junction:

1. Choose Place/Place Junction. Your cursor changes to indicate that a junction is ready to
be placed.

2. Click on the location where you want the junction placed. A connector appears at the
selected location.

» To make a connection from a placed junction:
1. Move your cursor close to the junction, until the cursor changes to a (+) symbol.

2. Click and drag a wire from the junction to the desired location.

3.8 Rotating/Flipping Components

You can rotate or flip a component by either using the pop-up menu or selecting the compo-
nent and using commands from the Edit menu. The instructions below describe the pop-up
menu method only.

» To rotate a component:
1. Right-click on the component.

2. From the pop-up menu that appears, choose 90 Clockwise to rotate the component 90
degrees clockwise.

or
Choose 90 CounterCW to rotate the component 90 degrees counter clockwise.

For example:

Unrotated: Rotated 90 degrees clock- Rotated 90 degrees counter-
wise: clockwise:

m
(IR ] R =
1 /5\ u
3 u1
ZDO_ Z4Ls000 7415000
_ ™

T4LS00D Tw
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Note Text associated with the component, such as labels, values, and model information,
will be repositioned and rotated as a result of your action. Pin numbers will rotate
along with the associated pin. Any wires attached to the component are rerouted auto-
matically.

» To flip a component:
1. Right-click on the component.

2. From the pop-up menu that appears, choose Flip Horizontal to flip the component hori-
zontally.

or
Choose Flip Vertical to flip the component vertically.

Note Text associated with the component, such as labels, values, and model information,
may be repositioned, but is not flipped. Any wires attached to the component are
rerouted automatically.

For example:

Unflipped: Flipped horizontally Flipped vertically
U1 Ul 74L500D
1 1
i 3
A ([ e
7415000 F4LS00D 1
U

3.9 Placed Component Properties

Each component placed on the circuit window has a set of properties that control certain
aspects of it beyond those stored in the Multisim database. These properties affect only the
placed component, not other instances of that component in other circuits or other locations in
this circuit. Depending on the type of component, these properties determine some or all of
the following:

* the identifying information and labels about the placed component to be displayed on the
circuit window (for details, see “3.10.1 Modifying Component Labels and Attributes” on
page 3-27)

* the model of the placed component
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3.9.1

» for some components, how the placed component will be used in analyses
* the faults to be used for the placed component’s nodes.

The properties also show the component’s value or model and footprint.

Displaying Identifying Information about a Placed
Component

As described in “2.3.3 The Circuit Tab” on page 2-7, your settings in the Circuit tab of the
Preferences screen determine which of the four pieces of identifying information (label, val-
ues, reference ID and attributes) is displayed on your circuit. You can also right-click on a the
circuit window to display a window where you can set these defaults for the current circuit
only. Finally, you can override these settings for an individual placed component, as described
here.

For educational purposes, you can also hide this information from students’ view for all the
components in an entire circuit by using restrictions. See “13.3.2 Setting Circuit Restrictions’
on page 13-8 for details.

i

» To set the identifying information to be displayed for a placed component:

1. Double-click on the component. A “properties” screen for the selected component
appears.

2. Click the Display tab.

. ) . Label  Display |Value I Fault I
When this option is

enabled’ the types of ™ Use Schematic Option global setting
identifying information —— |

displayed for this individ- ¥ Show labels
ual component are con- ' Shaw values
trolled by the circuit’s ¥ Show reference 1D

. w )
setti ngs. ¥ Show Attributes

When the above global
setting option is not
enabled, these options
are available and deter-
mine which identifying
information is displayed
for this individual compo-

nent. Heplacel ak. I Eancell Info | Help |

3. Disable the Use Schematic Option global setting option.
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4. Enable the identifying information you want displayed for this component, and disable the
identifying information you do not want displayed for this component.

5. To cancel your settings, click Cancel. To save your settings, click OK.

3.9.2 Viewing a Placed Component’s Value/Model

The Values tab of the “properties” screen for a component shows the value/model being used
for the placed component. Depending on the type of component, you see one of two types of
tabs.

For real components, the tab looks like this:

denties the value

information of the

. i Yal
Component belng Label I Dizplay Yalue |Fault I

used.
Walue/Model : [10kahm
Footprint : |HESU-5
Manufacturer: |

Function: ‘

Edit Component in DE |
el |

Heplacel QK I Eancell Info | Help |
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For virtual components, whose “value” can be set manually, the tab looks similar to this:

Yirtual Resistor [ %]

Label I Display  ¥alue |Fault I

Resistance [R) m
" Tolerance IW %
I~ Temp(T) |2? E
Options let you
change the default 1o [0
settings of the virtual [ 1c2 o
component.
[~ THOM |2? E

Heplacel QK I Eancell Info | Help |

You can modify any of these fields (if a field is not editable, be sure you have enabled its cor-
responding option). To cancel your changes, click Cancel. To save your changes, click OK.

The ability to change the value or model of a component is allowed only for “virtual” compo-
nents. It is important that you understand these components. Virtual components are not real;
that is, you could not go to a supplier and purchase them. They are provided for your conve-
nience. Multisim treats them slightly differently from real components in two ways. First, by
default, virtual components are shown in a different color from that of real components on
your schematic. This is to remind you that, since they are not real, these components will not
be exported to PCB Layout software. Second, when you place such parts you do not need to
choose from the Browser, since you can set the value or model of a virtual part to anything
you want.

Virtual parts include all sources, virtual resistor/capacitor/inductor parts, and numerous oth-
ers. Virtual parts also include other “ideal” devices intended to provide theoretical equivalents
of, for example, the perfect opamp.

For educational purposes, you can hide the values of all components in a circuit from stu-
dents’ view by using circuit restrictions. See “13.3.2 Setting Circuit Restrictions” on page 13-
8 for details.
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3.9.3 Controlling How a Placed Component is Used in
Analyses

For some components, you can determine how they are to be used in any analyses you might
perform on the circuit. These components offer an additional “properties” screen tab — Anal-
ysis Setup.

For educational purposes, you can hide analysis information for all components in a circuit.
See “13.3.2 Setting Circuit Restrictions” on page 13-8 for details.

» To control how the component is used in analyses:
1. Double-click on the component. The “properties” screen for the component appears.
2. Click the Analysis Setup tab:

Enable the options Label I Displayl Walue  Analysis Setup | Fault I

for the analyses in Choose which
which you want ¥ UseinAC Frequency Analysis / magnitude and/or
the component AL Magritude [ v = —1 phase is to be
used. AC Phase i Deg used during the

analysis.
[V Distortion Option Frequency 1

Magnitude |1 I [ 3:
Phase ID Deg

[V Distartion Option Frequency 2
Magnitude |1 I [ 3:
Phase ID Deg

Heplacel QK I Eancell Info | Help |

3. To cancel your changes, click Cancel. To save your changes, click OK.
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3.9.4 Setting a Placed Component’s Faults

3-22

You can assign a fault to any terminal of the placed component using the Faults tab of that
component’s “properties” screen.

» To assign a fault to a placed component:

1. Double-click on the component. The component’s “properties” screen appears.
2. Click the Faults tab:

Shows the termi-
nals of the placed
component.

RESISTOR [x]

Lakel I Displayl Walue  Fault |

\ 11 & Mone Choose which
e / type of fault to

Do ign to th
d assign to the
" Shart 7 9 .
selected terminals.
" Leakage
100 Ohm

Heplacel QK I Eancell Info | Help |

3. Select the terminals to which the fault should apply.

4. Enable the type of fault you want assigned to a terminal. The options are:

Option Description

None No fault

Open Assigns a very high resistance to the terminals, as if the wire leading to the
terminals was broken.

Short Assigns a very low resistance to the terminal, so the component has no mea-
surable affect on the circuit.

Leakage Assigns the resistance value specified in the fields below the option, in paral-

lel with the selected terminals. This causes the current to leak past the termi-
nals instead of going through them.
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5. To cancel your changes, click Cancel. To save your changes, click OK.

3.9.5 Using the Auto Fault Option

When you use the Auto Fault option, you specify the number of faults or, optionally, the num-
ber of faults per different type of fault, that you want Multisim to assign to placed components
in the circuit.

» To use the auto fault option:

1. Choose Simulate/Auto Fault Option. The Auto Fault screen appears:

Auto Fault [ %]

@ Enter the number and type of faults that pou

want inserted in wour circuit, bultizim wil

randomly ingert as many faults az you specify
for each fault type. The “any"* option selects
a random combination of shorts, opens, and

leakage's.
Any ID 33
Shart m
Open ID 3‘
Leak lﬁ |
Specify Leak Resistance Cancel |
J100 =

2. Use the up/down arrow keys or enter numerical values directly in the Short, Open, and
Leak fields, or enter a numerical value in the Any field to let Multisim randomly select the
type of faults to assign.

3. If you specify a number of leaks, enter a number and unit of measurement in the Specify
Leak Resistance fields.

4. Click OK to apply the faults, or Cancel to cancel, and return to the circuit window.
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3.10 Finding Components in Your Circuit

» To quickly find a component in the circuit window:

1. Choose View/Find. A list of the components in your circuit appears.

This is the list of the Find Component | %]
reference IDs of all

components in the Please select the reference ids of the components
circuit. youl are trying to find.
Components

selected here will

also be selected

in the circuit win- \
dow.

Select Components
Cancel |

2. Select any number of components (hold down the SHIFT key while clicking to select more
than one).

3. Click Select Components. All selected components are also selected in the circuit win-
dow.

3.11 Labelling

Multisim assigns a label to a placed component, node or pin. You can modify or move the
component or node label. Pin labels are set in Component Editing, as explained in Chapter 5,
“Component Editing”. You can control which elements are displayed at the circuit or compo-
nent level, as described in “3.8.1 Displaying Identifying Information about a Placed Compo-
nent” on page 3-19. You can select a font, font style and size for labels, as described in “2.3.7
The Font Tab” on page 2-11.

Multisim also allows you to add a title block (described in “3.10.3 Adding a Title Block™ on
page 3-29) and additional text to your circuit (described in “3.10.4 Adding Miscellaneous
Text” on page 3-29).
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3.11.1 Modifying Component Labels and Attributes

Labels and, for most components, a reference ID are assigned by Multisim to a placed compo-

nent. You can also assign this information using the Label tab of the component’s “properties”
screen.

» To assign a label and/or reference ID to a placed component:

5, <

1. Double-click on the component. The component’s “properties” screen appears.
2. Click the Label tab:

Enter or modify the HESISION ]
reference ID and/or Label | Display | Value | Faut |
label here.
Reference D
Label —
Altributes
Enter gny name or yalge Name T Value T Show =
you wish and have it dis- / //
played with the compo- _~T
nent.

-
1 | F

Heplacel QK I Eancell Info | Help |

3. Enter or modify the label and/or reference ID text (which must be composed of letters or
numbers only — no special characters or spaces).

4. Enter or modify the component attributes (which can be any name or value you choose to
give them.) For example, you could give the component the manufacturer name or a name
that is meaningful to you such as “new resistor” or “revised May 15”.

5. Select the component attributes to display. Attributes will be displayed with the compo-
nent.

Note If you assign the same reference ID to more than one component, Multisim warns you
that this is not normally desirable. cannot proceed with assigning the same reference
ID to multiple components.

6. To cancel your changes, click Cancel. To save your changes, click OK.
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3.11.2 Modifying Node Numbers

Multisim automatically assigns a node number to each node in the circuit. You can modify
and move these labels.

» To modify a node label:

1. Double-click on the wire. The Node properties screen appears:

Node name that appears

on the circuit window.
Mode name
—

| Node’s trace width, as

‘ PCE trace width calculated by Multisim.
Analyzis y
Sets nodes’ values to be
[T Use IC for Transient &nalysis IU o used for these analyses.
[~ Use MODESET for DC |u i)

(] 3 I Cancel |

2. Make the desired settings.
3. To confirm your settings, click OK. To cancel them, click Cancel.

Note You should exercise caution when changing node names, as they are critical to your
circuit’s connectivity as understood by simulation or PCB layout.

» To move a node label, simply select it and drag it to a new location.
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3.11.3 Adding a Title Block

You can enter information about your circuit, including title, description and size, using the
Title Block screen. Whether or not the title block appears is controlled as described in “3.2.2
Displaying or Hiding the Grid, Title Block, Page Bounds and Page Borders” on page 3-4.

» To enter information about your circuit:

1. Choose Options/Modify Title Block. The Title Block screen appears.

Title Block [ %]

Title: ICircuiHl

Description: IPTUiECt 1

Designed by: IJDHNT Document Mo IUUU‘I Revizian: lW
Checked by: I [rate: I Cancel |
Approved by:l Sheet; |1_ af: |1_ Size: IA Help |

2. Enter information about your circuit and click OK. The title block appears at the bottom
right corner of the sheet. If the title block does not appear, it may be set to be hidden. See
“3.2.2 Displaying or Hiding the Grid, Title Block, Page Bounds and Page Borders” on
page 3-4 for details.

» To edit the contents of a title block, choose Options/Modify Title Block and modify the text.

3.11.4 Adding Miscellaneous Text

Multisim allows you to add notes to a circuit, for example to explain a particular part of a cir-
cuit.

» To add text:
1. Choose Place/Place Text.

2. Click on the location where you want the text placed. A text box appears.
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3. Type the text.

7 v

[

Textappears where
you click

-

This is a battery.

4. Click elsewhere on the circuit window to stop adding text.

» To delete text, right-click on the text box and choose Delete from the pop-up menu that
appears, or press DELETE.

» To change the color of text, right-click on the text box, choose Color from the pop-up menu
that appears, and choose the desired color.

» To change the font options for the text, right-click on the circuit window, choose Font from
the pop-up menu that appears, and choose the desired font options. Select “Schematic text” in
the Change all section.

3.11.5 Adding a Description

In addition to adding text to a particular portion of a circuit, you can also add general com-
ments to your circuit. These comments can be edited, moved around the circuit window, and
printed.

» To add a description:

1. Choose View/Show Text Description Box. The Description window appears:

=
=
Frint | Cancel |

2. Enter text by typing directly into the window.

3. When you are finished entering text, click OK to save the text and close the description
window, or Cancel to close the window without saving.

» To print your description, from the Description window, click Print.
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» To add to or modify the description, choose View/Show Text Description Box again. The
Description window appears, with the text saved from the last time you saved it. Use the
scroll bar on the right side of the window to find the desired location in the text.

» To move the description window around the circuit window, click in the title bar area and drag
the window to a new location.

3.12 Subcircuits and Hierarchy

3.12.1 Subcircuits vs. Hierarchy

Multisim allows you to use one circuit inside another. The embedded circuit, or subcircuit,
appears as a single icon on the circuit window of the circuit in which it is embedded, simplify-
ing the appearance of the circuit.

Subcircuit

Main circuit

3.12.2 Setting up a Circuit for Use as a Subcircuit

To make it possible to wire a subcircuit into your circuit, you should add Input/Output nodes
to the circuit which will be the subcircuit. These appear on the subcircuit’s icon when the sub-
circuit is embedded in a circuit, so you can see where to add the connecting wires.

» To add an input/output node to a circuit:

1. Choose Place/Place Input/Output. The cursor changes to indicate a node is ready to be
placed.

2. Click at the location where you want the input/output node placed.
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3. The connecting node is placed on your circuit window. You can wire it into your circuit as
with any other components.

- The connecting node is wired

\into the circuit.

—

3.12.3 Adding Subcircuits to a Circuit

3-30

» To add a subcircuit to a circuit:

1. Copy or cut the desired circuit file or portion of a circuit file to the clipboard.

2. Choose Place/Paste as Subcircuit. You are prompted for a new name for the subcircuit.
Your cursor changes to a ghost image of the subcircuit indicating a subcircuit is ready to
be placed.

3. Click on the location in the circuit where you want the subcircuit placed (you can move it
later, if necessary).

4. The subcircuit appears in the desired location on the circuit window as an icon with the
subcircuit name inside it.

The subcircuit name appears with your other components in the “In Use” list. The subcircuit

icon can be manipulated as with any other components. For example, you can right-click on

the icon and rotate it or set its color. You can also connect wires from the original circuit to
any appropriate location in the subcircuit (that is, where potential input/output connections are
available), as shown earlier in this section.

To edit a subcircuit:

1. Double-click on the subcircuit icon in the main circuit window that contains the subcir-
cuit. The Subcircuit screen appears.

2. Click Edit Subcircuit.

The subcircuit appears in its own window, from which you can edit the subcircuit as you
would any other circuit.

For educational purposes, you can “lock” a subcircuit to make it unavailable to students for
viewing or editing. See “13.3.2 Setting Circuit Restrictions” on page 13-8.
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» To replace a component with a subcircuit:

1. Select the component on the circuit window that you want to replace.

2. Click Place/Replace by Subcircuit. You are prompted for a new name for the subcircuit.
The component is removed from your circuit and your cursor changes to a ghost image of
the subcircuit indicating a subcircuit (created from the selected component) is ready to be
placed.

3. Click on the location in the circuit where you want the subcircuit placed (you can move it
later, if necessary). The subcircuit appears in the desired location on the circuit window as
an icon with the subcircuit name inside it.

3.13 Printing the Circuit

Multisim allows you to control specific aspects of your printing, including:

* whether to output in color or black and white

* whether to include the background in the printed output
* page margins for printing

» scaling of the circuit’s image to fit the printed output.

» To set the default printing environment for circuits, use File/Print Circuit/Print Circuit Setup.

Set page margins Print Circuit Setup [x]| Selectto print
for printed output. _ o the circuit in
—Page Margins—————— [~ Page Onentaton————————————— .
. the portrait
S [ (vertical) or
Botom [n782 =5 landscape
Left : = .
: 1778 2 (horizontal)
Rioht: o762 =] orientation.
" Inches & Paolrait
& Centimeters ' Landscape
— Z00n: — Optio:
" Fit To Page
Select an option /:: 140% E Output In Black Awhite
. + 005 Output Subckts
to _Scale the cir . 75 ™ Output Instruments
cuit down or up in  B0% ™ Output & Bitmap
printed OUtpUt.  Custom sefttings:  [100 =] % ™ Output Background
Set &g Default | Restare Default | (] 3 I Cancel
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Set your options in the lower right portion of the screen by enabling the appropriate check
boxes. Select from the following options:

Print Options

Description

Output in Black/White

Prints the circuit in black and white (for non-color print-
ers). When disabled, colored components print in shades
of grey.

Output Subcircuits

Prints the circuit and subcircuit on separate sheets.

Output Instruments

Prints the circuit and faces of the instruments used in the
circuit on separate sheets.

Output as Bitmap

Output Background

Includes the background in printed output. Use for color
printers or white on black output.

» To print the circuit file using the specified environment, choose File/Print Circuit/Print.

» To preview your printed file, choose File/Print Circuit/Print Preview. The circuit appears in a
preview window where you can zoom in, move from page to page, and send the circuit to the

printer.

The Print Preview screen offers the following toolbar:

Moves from page to Zooms in or out on
page in a multi-page the image.
image.

N / N\

[P

\

Sends the pre-
viewed image to the
printer.

I Mest Page I Frey Fage | Two Page | Zoom |n I Zoan Hut I Cloze
Toggles between Closes the Print
showing one page or Preview window.

two pages at a time.
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Placing a Bus

Buses are a set of parallel paths in your schematic that are used to connect one group of pins
to another group of pins over a similar path. When implemented on a PCB, for example, a bus
may in fact be a single piece of copper or series of cables carrying several binary bits repre-
senting a digital word in parallel.

To place a bus in your circuit:

1. Choose Place/Place Bus.

2. Click on the first point for the bus.

3. Click on the next point for the bus.

4. Continue to click on points until the bus is complete.
5

. Double-click to mark the ending point of the bus. The bus is drawn in the same color as set
for virtual components.

Click at each
location of the
bus.

6. Wire the bus into your circuit by dragging a wire to any location on the bus. The Node
Name screen appears:

Bus.
0
ok | Hee |

7. If necessary, change the name shown (this name is appended to the word “Bus” to form
the node name) and click OK.

To change the color of the bus, right-click on it and choose Color from the pop-up menu that
appears.

To change the reference ID of the bus (by default, Multisim gives it the reference ID “bus”),
double-click the bus and change the reference ID in the properties screen that appears.
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3.15 Using the Pop-up Menu

3.15.1 From Circuit Window, with no Component

3-34

Selected

If you right-click on the circuit window with no component selected, a pop-up menu of appro-
priate commands appears. These commands are:

Command

Description

Place Component

”

Lets you browse the databases (“Multisim Master”, “Corporate Library’
and “User”) for components to be placed. For details, see “3.4.1
Choosing a Component and Using the Browser Screen” on page 3-7.

Place Junction

Places a connector when you click. For details, see “3.6 Manually
Adding a Junction (Connector)” on page 3-17.

Place Bus

Places a bus with segments created as you click. For details, see “3.13
Placing a Bus” on page 3-35.

Place Input/Output

Places an input/output node to connect a subcircuit to the current cir-
cuit. For details, see “3.11.3 Adding Subcircuits to a Circuit” on page
3-32.

Place Text Lets you place text on the circuit. For details, see “3.10.4 Adding Mis-
cellaneous Text” on page 3-29.

Cut Removes the selected item from the circuit and stores it on the clip-
board.

Copy Lets you copy the selected item from the circuit to the clipboard.

Paste Lets you paste the current contents of the clipboard onto your circuit.

Place as Subcircuit

Places an external circuit within the current circuit. For details, see
“3.11.3 Adding Subcircuits to a Circuit” on page 3-32.

Replace by Subcircuit

Lets you replace the selected component with an external circuit. For
details, see “3.11.3 Adding Subcircuits to a Circuit” on page 3-32.

Show Grid

Shows or hides grid in the background of the circuit window. This helps
you place elements in specific locations on a grid. For details, see
“3.2.2 Displaying or Hiding the Grid, Title Block, Page Bounds and
Page Borders” on page 3-4.

Electronics Workbench



Using the Pop-up Menu

Command

Description

Show Page Bounds

Shows or hides the parameters of your sheet size. For details, see
“3.2.2 Displaying or Hiding the Grid, Title Block, Page Bounds and
Page Borders” on page 3-4.

Show Title Block and Border

Shows or hides the circuit’s title block and border. For details, see
“3.2.2 Displaying or Hiding the Grid, Title Block, Page Bounds and
Page Borders” on page 3-4.

Zoom In Lets you view the circuit at an increased magnification level. The
default magnification levels are set in Options/Preferences in
Workspace tab.

Zoom Out Lets you view the circuit at a decreased magnification level.

Find Displays a list of the reference IDs in the current circuit. You can select
one or more of these reference |IDs, which are then selected in the cir-
cuit window. For details, see “3.9 Finding Components in Your Circuit”
on page 3-26.

Color Lets you choose or modify the color scheme for the circuit. Overrides
the defaults set in Options/Preferences. For details, see “2.3.3
The Circuit Tab” on page 2-7.

Show Lets you choose what component elements appear on the circuit win-
dow. Overrides the defaults set in Options/Preferences. For
details, see “2.3.4 The Workspace Tab” on page 2-8.

Font Lets you select a font, font style and size for component labels and val-
ues, pin names and node names.

Wire width Lets you select a wire width for current circuit.

Help Opens the Multisim Help file.
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3.15.2 From a Selected Component or Instrument

3-36

If you right-click on a selected component or instrument on the circuit window, a pop-up
menu of appropriate commands appears. These commands are:

Command Description

Cut Removes the selected components, circuits or
text.

Copy Copies the selected components, circuits or

text. For details, see “3.4.4 Copying a Placed
Component” on page 3-10.

Flip Horizontal

Flips the selection vertically. For details, see
“3.7 Rotating/Flipping Components” on page 3-
17.

Flip Vertical

Flips the selection horizontally. For details, see
“3.7 Rotating/Flipping Components” on page 3-
17.

90 Clockwise

Rotates the selection 90 degrees clockwise.
For details, see “3.7 Rotating/Flipping Compo-
nents” on page 3-17.

90 CounterCW

Rotates the selection 90 degrees counterclock-
wise. For details, see “3.7 Rotating/Flipping
Components” on page 3-17.

Color

Changes the color of the placed component
from its default values. For details, see “3.4.6
Controlling Component Color” on page 3-12.

Help

Opens the Multisim help file.
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3.15.3 From a Selected Wire

If you right-click on a selected wire on the circuit window, a pop-up menu of appropriate
commands appears. These commands are:

Command Description

Delete Deletes the selected wire.

Color Changes the color of the selected wire from its default value.
Help Opens the Multisim help file.
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Chapter 4
Components

4.1

4.2

4.2.1

©

About this Chapter

This chapter introduces you to the underlying structure and organization of the Multisim 2001
component database. It also explains how to access the database for parts and how to search
the database for information.

Some of the features described in this chapter may not be available in your edition of Multi-
sim 2001. Such features have an icon in the column next to their description.

Structure of the Component Database

The Multisim component database is designed to hold the information necessary to precisely
describe any component. It contains all the details needed for schematic capture (symbols),
simulation (models), and PCB layout (footprints), as well as other electrical information. The
power of the Multisim database comes from its structure: multiple levels, well-organized
component groupings, and detailed information fields.

Databases

Components are stored in three different databases:

* the “Multisim Master” database stores the components as originally designed by Electron-
ics Workbench and shipped with Multisim; these remain the same for all users of Multisim

» the “Corporate Library” database (available only for users with the Project/Team Design
module) stores components selected and, possibly, modified or created by an individual
user; these remain available to any other selected users
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» the “User” database stores components modified, imported or created by you; these are
available only to you.

The “User” and “Corporate Library” databases are empty when you first use Multisim. You
can use the “User” database to store frequently used components, favorite components or
components that you import from Edaparts.com (as described in “4.3 Using Edaparts.com”
on page 4-25) or create using Component editing (which is described in the following chap-
ter).

The “Corporate Library” database (available only for users with the Project/Team Design
module) is primarily intended for companies or individuals who work on projects where com-
ponents with specific attributes are shared within a group or project. It can be set up by your
company, or, if you wish, by Electronics Workbench. Contact us for more information about
this service.

If you modify a component, thereby creating your own edition, you must store it in either the
“User” or “Corporate Library” database. You cannot modify the “Multisim Master” database
(this is a safety precaution to prevent corruption of the component database shipped as part of
Multisim).

You choose which database you want displayed by selecting View/Component Bars, as
explained in “4.1.2 Displaying Database Information” on page 4-2.For educational purposes,
you can also hide databases, and their associated Parts Bins, from students’ view by using
restrictions. See “13.3 Using Restrictions” on page 13-4.

4.2.2 Displaying Database Information

4-2

A separate Component toolbar exists for each database, letting you build a circuit that com-
bines components from any or all of the available databases. By default, only the “Multisim
Master” database Component toolbar is displayed.
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» To select which database you want displayed, choose View/Component Bars and select the

desired database.

The associated Component toolbars appear as follows:

Multisim Master and
User database
selected:

et |43 [}
5 ez [z fwlif

I
2
I
)
Z
ail

L
3

-
o
=
o
o
=

||

=
52
(=]
=
o
|a)

OB = 4T
Q[REl = dz

Only Multisim All databases
Master database
selected:
selected:
= ===
e ] e
o oY
|
a bl A 5
Ar4A HTHAE AT

0
5
5

o
3
=
o
3
=]
=
=]
=]

TTL

5 (o (IR 2
CHOs CHOs LU LHUE
i o3 (e =
MisC MISC M5l M5l
i (o (IR e

=
%
o
=
55
o
=
LI
{a)
=
LA
{a)

[0|@|¢) =4
OB =4
@ RN ]
@ RN [

4.2.3 Classification of Components in the Database

Multisim divides components into logical groups, each represented by a Parts Bin. Each Parts
Bin contains families of related components. The Parts Bins are listed below:

e Sources
e Basic
¢ Diodes
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4-3

sjusuodwon



Components

Components

¢ Transistors

* Analog ICs

e TTL

« CMOS

* Miscellaneous Digital ICs
* Mixed Chips

¢ Indicators

¢ Miscellaneous

e Controls

e RF (for users with RF module)
* Electro-mechanical

Each toolbar has two versions: ANSI (American standard) and DIN (European standard). The
two standards use different icons to represent the components. Both are shown in the sections
that follow.

Note The content of the toolbars may change as the database expands.

To switch between ANSI and DIN symbol sets, choose Options/Preferences. In the Compo-
nent Bin tab, select the standard you wish to use.

4.2.3.1 Component Families List

To see the contents of any family:

1. From the Browser screen that appears when you are placing a component, click
Advanced to view the full Browser screen.

2. In the Operations box, click List Report.

A Notepad window appears, listing all the components stored within the currently selected
family. For example:

.,J ListReportFile.dat - Notepad e _ O x|
File  Edit Search Help

ultiSIM Database =
Family  74F

74F aeD 74F BBN 7UFB2D FUFB2H

74F 4D 74F B4H 74F 88D 74F B8N

7u4F 189D 7u4F189H FuF10D F4F18H

FuF112D TUF112H FUF113D F4F 113N

FUF114D TUF1144 FUF11D F4F11H

7uF125D 7UF125H FUF126D FUF126HN

FuF138D 7u4F138H FUF139D F4F139H

FUF148D TUF 148N FUF151D F4F151N

74F153D T4F153H FUF157AD TUF157AN

FUF157D 7UF157H FUF158AD F4F158AH

FUF158D 7UF158H FUF160AD F4F160AN =
7UF161AD 7UF161AH FUF162AD FUF162AN

7UF163AD FUF163AH FUF169D FUF169H

FUF174D FUF1748H FUF175D FUF175H

7UF181H 7UF182D TUF182H F4F198D

74F198H T4F191D TUF191H T4F192D

FUF192H 7uF193D FUF193H FUF194D

FUF194N FuF20Dp FUF20N FUF21D

7UF21H 7UF248D FUF2484 FUFZH1D

FUF2n1H FUF202D FUF2LON FUFZLRD
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4.2.3.2 Sources Toolbar

ANSI:

Ground

B

=

VCC voltage source —_ V—|c£

=
o
=}

DC voltage source

\_:

AC voltage source —_— @

Clock source —_ @

FM voltage source
FSK source

\

@@@@@@%

Voltage-controlled @
\
Voltage-controlled voltage

square wave
— B
source

Current-controlled voltage__— m¢

=B

source @
Pulse voltage source /

Exp. voltage source /

Piecewise linear voltage/

source

&

Voltage-controlled piecewise / ag:-@
linear source il

m®®®®

Polynomial source

e

I
| —
| —
| —
| —
/
/
\

\

////

Digital ground
VDD voltage source

DC current source
AC current source
AM source

FM current source

Voltage-controlled sine
wave oscillator

Voltage-controlled tri-
angle wave

Voltage-controlled current
source

Current-controlled current
source

Pulse current source

Exp. current source

Piecewise linear current source

Controlled one-shot

Nonlinear dependent source

Note For details about these component families, see the appendices in either the printed
manual or the PDF file shipped with Multisim.
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DIN:

Ground

L 7
VCC voltage source
[
0 (=1
AC voltage source — —
Clock source \®+ e+
q:)nn o

FM voltage source - =

+ +
FSK source \ (hen | Een -

DC voltage source

Voltage-controlled

(D
square wave T [}rED [}E)
Voltage-controlled voltage il ifi |-

source

Current-controlled voltage— || EE}CE 5

source o=
E —E

AT

Digital ground
VDD voltage source

DC current source
AC current source
AM source

FM current source

Voltage-controlled sine
wave oscillator

Voltage-controlled tri-
angle wave

Voltage-controlled current
source

Current-controlled current
source

Pulse voltage source — + + \ Pulse current source

T (e e
Exp. voltage source
e/@m ewl
Piecewise linear voltag FUL

source
Voltage-controlled piecewise 7 q

linear source / ="

Polynomial source

I///

Exp. current source
Piecewise linear current source

Controlled one-shot
Nonlinear dependent source

Note For details about these component families, see the appendices in either the printed
manual or the PDF file shipped with Multisim.
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4.2.3.3 Basic Toolbar

ANSI:

Resistor

Capacitor \

Inductor
\

Potentiometer

Variable capacitor

Variable inductor

Switch -

Rpack _ ﬁ

Transformer —_ EE
i

Magneticcore —__ |

Connectors —__ ||

=y~
S

SHT

Resistor Semiconductor—

i
Resistor smt / =

ST

Inductor smt

/
/

| —
/

—

I

L
-

1

Resistor virtual
Capacitor virtual
Inductor virtual
Variable potentiometer

Virtual variable capacitor

Virtual variable inductor

Relay
Pullup

Non-linear transformer

Coreless coil

Sockets

|  Capacitor Semiconductor

Capacitor smt

Note For details about these component families, see the appendices in either the printed
manual or the PDF file shipped with Multisim.
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Resistor Resistor virtual

- — Capacitor virtual

Inductor virtual
/

Variable potentiometer
- —

Virtual variable capacitor
/

Capacitor \T
Inductor [
\

Potentiometer —

Variable capacitor
\

- — Virtual variable inductor

Switch

_ L __— Relay

Pullu
/ p

Eg 3 — Non-linear transformer
\

Magneticcore — | g@ | Coreless coil

Faa s

—

—

Variable inductor g
T

5

Rpack

Transformer

— bl | ————— Sockets

E ”i —— Capacitor Semiconductor

Connectors

Resistor Semiconductor—"
SHT SHT

¥
Resistor smt / 1t | Capacitor smt

SHT

Inductor smt /7

Note For details about these component families, see the appendices in either the printed
manual or the PDF file shipped with Multisim.
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4.2.3.4 Diodes Toolbar
ANSI:

Diode —  w me— Diode virtual

Zener
Pin diode —— —

" | scR
Schottiy diode — ||
pac . —— #

Varactor ——————  #}

_p(
A || FwB
LED ——— | L) {:}
-
%

' TRIAC

DIN:

Diode virtual

Diode
Pin diode &

B

n {i? 1l FwWB
_B.k
B

Zener

Ltp ———— ¥
_ I
Shottky diode #

DIAC ‘H‘

Varactor ———— ||| _é.]_

SCR

T TRIAC

Note For details about these component families, see the appendices in either the printed
manual or the PDF file shipped with Multisim.
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4.2.3.5 Transistors Toolbar

ANSI:

BJT_NPN

Transist._.

T
BITPNP — | ?

BJT_4T_NPN virtual—— ||

Darlington_NPN —— Q

[=]

BJT_NRES

-

-
BJT_Array
MOS_3TDN

- / JE
MOS_3TDP

MOS_3TEN
MOS 3TEP _—— | i8] J

MOS_4TDN virtual—— | &

MOS_4TEN virtua
JFETN __ —— £
JFETP — | £
GaAsFET_N virtual —— |
Power_MOS_N—— | J&

Iz

Power_MOS_COMP — || _Ik% |

BJT_NPN virtual
BJT_PNP virtual

_—— BJT_4T_ PNP virtual

. Darlington_PNP

—— BJT_NRES

T~ IGBT

" MOS_3TDN virtual
MOS_3TDP virtual

T~ MOS_3TEN virtual

MOS_3TEP virtual

MOS_4TDP virtual

MOS_4TEP virtual

JFET_N_virtual
JFET_P_virtual
GaAsFET_P virtual
Power_MOS_P

Note For details about these component families, see the appendices in either the printed
manual or the PDF file shipped with Multisim.

Electronics Workbench



Structure of the Component Database

DIN:

Transist... 3

BJT_NPN
— \
]

BJTPNP — |

BJT_NPN virtual
/

BJT_PNP virtual

)
BJT_4T_NPN virtual — | 1 —— BJT_4T_PNP virtual

Darlington_NPN —— ’Q | Darlington_PNP

.

BJT_Array / i
/E

BJT_NRES —— BJT_NRES

T~ IGBT

™~ MOS_3TDN virtual

MOS_3TDN
I=
MOS_3TDP J_'_' MOS_3TDP virtual
= |
MOS_3TEN T~ MOS_3TEN virtual

MOS 3TEP _—— | B

MOS_4TDN virtual—— | &

MOS_4TEN virtua—— | e

oETN b
JFETP b

GaAsFET_N virtual— || JFET P virtual

Power MOS_N | JEF| Ik# GaASFET_P virtual

1k
Power MOS_COMP—— | _l= Power_MOS_P

MOS_3TEP virtual

MOS_4TDP virtual

MOS_4TEP virtual

JFET_N_virtual

Note For details about these component families, see the appendices in either the printed
manual or the PDF file shipped with Multisim.
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4.2.3.6 Analog Toolbar

ANSI:

\ Frooe
E} _

Norton Opamp _ E’P‘
Wide bandwidth amplifiers !
Comparator \

Special function —— |

Opamp

DIN:

Opamp

Wide bandwidth amplifiers —

Comparator — |

Special function —— |

/

——

/

Opamp 3 virtual

| Opamp 5 virtual

Opamp 7 virtual

| Comparator virtual

Opamp 3 virtual

| Opamp 5 virtual
| Opamp 7 virtual

| ____Comparator virtual

Note For details about these component families, see the appendices in either the printed
manual or the PDF file shipped with Multisim.
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4.2.3.7 TTL Toolbar

ANSI:
TIL [M... B3

74STD \?4—?43«/ 74S
= | 1=

74LS G T 74F

T |

7ans [ 7ans | |__—74AS
74ALS —— 1= | L=

DIN:
74STD |78
T4 745
74LS T4LE | F4F | — 74F
\ —
74AS

TAALS | T4AS [ L ——
74ALS ——

Note For details about these component families, see the appendices in either the printed
manual or the PDF file shipped with Multisim.
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4.2.3.8 CMOS Toolbar

ANSI:
CMOS_5V CMOS_10V
axxx | 4xxx ,/
oMo 18V | 4 24HG 2
iES T
74HC_4V 74HC | 74HC
©- — ———— 74HC_6V
TinyLogic_2V B |Er—
TING | Ting TinyLogic_3V
TinyLogic_4v — | A |B[I~
TinyLogic_6V T TinyLogic_5V
DIN:
CMOS_5V CMOS_10V
A%Ex | 4% ,/
5L
omMos1sv | 4x 744G, 2V
IET§ -
T4HC | 74HC
e — 74HC_8V
TinyLogic_2V T + |
TINY | TINY TinyLogic_3V
TinyLogic_4V — | T~
TinyLogic 6V — TinyLogic_5V

Note For details about these component families, see the appendices in either the printed
manual or the PDF file shipped with Multisim.
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4.2.3.9 Miscellaneous Digital Toolbar

ANSI:

TIL \M Memory
D ment | |
VHDL T Verilog HDL
e | T i g

HOL

Line driver — | J . .
e drive sren |reiuis| T Line receiver

Line transceiver —— | SHE

DIN:

e — | o | Memory
T 1T verilog HDL

VHDL erilog
e | T i g

HOL

Linedriver —— [luwe e [L ) ine receiver

Line transceiver ———  tIHE

Note For details about these component families, see the appendices in either the printed
manual or the PDF file shipped with Multisim.
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4.2.3.10 Mixed Chips Toolbar

ANSI:

ADC_DAC
- \

Analog switch

—

Monostable

DIN:

ADC_DAC
- \

Analog switch
\

”””/’,—4’

Monostable

ADC
DAC

=]

T

wirTuaL |

MOMO
ot

£]| 2k
5
2

AOC
DAC

Timer

Analog switch virtual

— Phase locked
loop

Analog switch virtual

Phase locked loop

Note For details about these component families, see the appendices in either the printed
manual or the PDF file shipped with Multisim.
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4.2.3.11 Indicators Toolbar

ANSI:
Voltmeter DR et
T -
Digital Probe — | @
@ [—_
Lamp
Hex display N
Buzzer — | 4} \ Bargraph
DIN:
Voltmeter / Ammeter
B v | ] 5
Digital Probe —_—
@ | T—
Lamp
Hex display
Buzzer |} Bargraph

Note For details about these component families, see the appendices in either the printed
manual or the PDF file shipped with Multisim.
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4.2.3.12 Miscellaneous Toolbar

ANSI:

Crystal

Optocoupler

Vacuum tube —

Voltage regulator — o
iF

Voltage suppressor | th

Buck converter _

Buck boost converter |

Lossless line type1

4

Lossy transmission line — E

Crystal virtual

Optocoupler virtual

/

| _— Vacuum tube virtual

| Voltage reference

| Motor

Boost converter

| Fuse

Lossless line type2

——— Net

DIN:
Crystal

Optocoupler

Vacuum tube —

Voltage regulator — o
F

Voltage suppressor | th

Buck converter _

Buck boost converter____ |

Lossless line typel —— ¥ &

Lossy transmission line — a

NI

Crystal virtual

Optocoupler virtual

/

| ___—Vacuum tube virtual

| Voltage reference

— Motor

| Boost converter

| Fuse

Lossless line type2

——— Net

Note For details about these component families, see the appendices in either the printed
manual or the PDF file shipped with Multisim.
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4.2.3.13 Controls Toolbar

ANSI:

Multiplier Divider

T
Qs

Voltage differentiator

Current limiter block ——
=

Voltage slew rate block —

Transfer function block | | —— Voltage gain block

| — Voltage integrator

Voltage hysteresis block

RIENE W
1

T—— Voltage limiter

,_
c

| Voltage-controlled limiter

@ B
|

Three way voltage summer

DIN:
Multiplier Divider
\ - - ’/
o
Transfer function block | | —— Voltage gain block
] i
Voltage differentiator ﬁ | | — Voltage integrator
Voltage hysteresis block @l & |[—— Voltage limiter
Current limiter block — | @[] Voltage-controlled limiter
1+ +2
Voltage slew rate block —7 LT Three way voltage summer

Note For details about these component families, see the appendices in either the printed
manual or the PDF file shipped with Multisim.
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4.2.3.14 RF Toolbar

ANSI:
RF capacitor RF inductor
-"—RF kF /
RF_BJT_NPN i g
_BJ1T_ {‘R, {:r — RF_BJT_PNP
RF_MOS_3TDN HE q
_ _ —_ JE ¥ \
Strip line _ Tunnel diode
DIN:
RF capacitor RF inductor
-"_nr KF //
RF_BJT_NPN \ RF_BJT_PNP
{RF {RF ’/
RF_MOS_3TDN P N
Strip line Tunnel diode

Note For details about these component families, see the appendices in either the printed

manual or the PDF file shipped with Multisim.
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4.2.3.15 Electro-mechanical Toolbar

ANSI:

Sensing switches

Timed contacts

\Em / Momentary switches
ar S

Supplementary contacts\ o[- | —

s

&

Coils, relays

Fir 3“% | Line transformer
e

Protection devices ——— 20 [T Output devices

DIN:
Same as ANSI.

Note For details about these component families, see the appendices in either the printed
manual or the PDF file shipped with Multisim.

4.3 Locating Components in the Database

You can locate components in a specific component family within a specific database by
either browsing through the available data, or by searching for a component that meets spe-
cific criteria.

4.3.1 Browsing for Components

When you are placing a component, the Browser screen that appears lets you browse for com-
ponents anywhere in the Multisim database. For details, see “3.4.1 Choosing a Component
and Using the Browser Screen” on page 3-7.

4.3.2 Standard Searching for Components

Multisim comes with a powerful search engine to help you quickly locate components if you
know some information about the type of component you need. Multisim searches its data-
base for components that meet your criteria and presents them to you, enabling you to choose
the component that most suits the needs of your application from the list of candidates. You
might need to select a component with a specific package because of space limitations, with a
specific power dissipation because of your design, with a specific electrostatic discharge
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because of its relationship to other components, or with a specific manufacturer because of
company requirements.

» To perform a standard search of the database:

1.

Display the Browser screen, normally by clicking on the appropriate Parts Bins and com-
ponent family in which you want to search, or by choosing Place/Place Component.

In the Database Name field, select the desired database (Multisim Master, Corporate
Library or User).

In the Component Family field, select the desired Component family.

Click Search. The Search screen appears:

Search - BIT_NPN | ]
Component M ame(Sting]:
ManufacturerString]: | Search > I
Footprint{String]:

r— Comman P. b Cancel |
Thermal Resistance Junction[Mum]: = aMD ==
Thermal resiztance Caze(Num]: = aND == &I
Power Dissipation(M um]: = aND ==
Derating Knee Point[Nurn): = AND ==
Min. Operating Temperature(Nurm): - aND ==
Max. Operating TemperatureNum]: - aND ==
ESD{Mum]: = aND ==
Irv the fields above, enter any information you have on the part you are searching for. You can «
uze characters and any SOL acceptable symbols [e.g. . 7, etc.] in ghing-fields, enter one of
the symbals (=, > < »=¢=<>, |= | followed by a number in number-fields.
ExAMPLES: LI

In the desired fields, enter your search criteria (you must enter at least one item). Enter
text or numbers using scientific notation. Numbers must be prefixed with a symbol (for
example, “="). You can also use ‘“>”, “<*, “>=", and “<=" in conjunction with numbers, to
set a range. For text, case is not considered, and you can use the “*” wildcard to find par-

tial strings.
For example, in the Footprint field:
* “CASE646-06” finds only the exact string “CASE646-06"
* “*06” finds any string ending with “06”
» “CASE*” finds any string starting with “CASE”
* “*646*” finds any string with “646” inside it
For more information about fields in the Search screen, see “4.4.1.2 Common Parame-
ters” on page 4-33.
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The following example shows the value you would enter to find a transistor component
with a footprint of “TO-18":

Search - BIT_NPN | ]
Component M ame(String):
Manufacturer|String]: | Search » I
Footprint[String]: TO-1§
Comman P. b Cancel |
Thermal Resistance Junction(Num]: |- aND ==
Thermal resistance Case[Murn): = aND == &I
Power Digsipation[Mum]: = AND T =
Derating knee Paint{Murm]: = aMD ==
Min. Operating TemperatureMum]: = AND T =
Max. Operating Temperature[Mum]: = aMD ==
ESD(Mum]: = AND ~I-

6. To carry out the search, click Search. When the search is complete, the Search Results
screen appears.

Tip The more specific your search criteria, the smaller the number of matching components.

» To select a component from the search results:

When the search is complete, the Search Result screen appears, displaying information about
the first component that matched your criteria. The Component drop-down list contains a list
of all the components that matched your criteria. For example, using the search example
above, the results look like this:

Search Results - BIT_NPH [ %]
Number of compo- Component (22 Found) | Transistors Device Specific Parameters:
nents that ma'tCh.ed Manufacturer-Level Motorola-L0-2M 2221 = fezm &
the search criteria. Bt ToE Weha: 60
— Com le[max]: 05
List of componentS/ ermal Resistance Junction: |0.00 HFE [min) 20
that matched the Thermal Resistance Case:  [0.00 P:E[max]: ;EE
search criteria. Power Digsipation: 0.80 /Pa. 3
Drerating Knee Point: 0.00 B .
) f . . Package: TO-18
Details of the Min. Operating Temperature: E.DD
Max. Operating T Ature; [0
Component ESD: oo Adv. Search > |

seles:ted from < Back |
the list.
Help |

From the Component drop-down list, select the component you are interested in. To view
information about any component found by the search, simply choose it from the drop-down
list and the display fields change accordingly.
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7. To place the selected component, click OK. You return to the circuit window, where you

can place the component by clicking the desired location on the screen.

» To return to the Browser screen, click Back or Cancel.

Using Edaparts.com

The Edaparts.com Web site is designed for Multisim users, where you can:

search for components to download into your Multisim User database

update your Multisim Master database with new components created specifically for your
edition of Multisim

search the suppliers’ Internet sites for specific parts

request quotes from suppliers.

The first time you visit the site, you will need to create a password to log on.

Locating and Downloading Components

The following procedure explains how to launch the Web site from Multisim and then navi-
gate through the Web site to locate and then download components. There are also instruc-
tions on the Web site to assist you at every step of the process.

4.4.1.1 Locating Components

To locate and download components:

Note Components downloaded from Edaparts.com do not have simulation models and may

1.

not have footprint information. To simulate these components, you must add model
information using Component Editing. Footprint information can also be added using
Component Editing. For details about adding model and footprint information see
“5.10 Creating or Editing a Component Model” on page 5-26 and “5.11 Creating and
Editing Component Footprints” on page 5-30.

Click the Edaparts.com button or choose, Tools/Edaparts.com. Your default Internet
browser opens, loaded with the Edaparts.com Web site.

or
Use your Internet browser to navigate to http://www.Edaparts.com.

To search for a component, click FreeTradeZone. You are prompted for a password.

3. Follow the directions on the login screen to either login (if you already have a password)

or create new login information. After you have logged on, the “freetradezone” screen
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4.
5.

appears divided into three main sections; “research it”, “find it”, or “buy it”. For more
information on the “find it” and “buy it” sections of this screen, see “4.3.3 Finding, Buy-
ing and Requesting Quotes for Parts” on page 4-30.

To search for components that you can then download, click “research it”.

Enter a part number, manufacturer or keyword in the fields, by following the instructions
on the screen.

Click Search. The search results are displayed. If your search criteria results in multiple
categories of components, the categories are listed with a folder icon to the left of the cat-

egory.

© vour search criteria found devices in multiple categaries, Select one of the categories below ta view parts.

Select Categories

Integrated Circuit - Consumer - Radio Receiver Circuit - FM

Integrated Circuit - Analog - Power Supply - Yoltage Reference
Integrated Circuit - Consumer - Remate Control - Transmitter/Encoder

* If your search criteria results in individual components, the components are listed.

LM1875T Single Audio Amplifier Mational Semiconductor , . B N

Carp
Dizcontinued |—D ﬁN

LM B7STio Single Audia Amplifier deilens Seininen:bise
Dizcontinued |—D ﬁN

Corp
Mational Semiconductar

Corp

O o n;
PE_ R )

LM1E7ST/E+ Single Audio Amplifier

 If your search criteria has no results, click the Back button on your browser and try
again.
If your search resulted in categories, display the list of components contained in the cate-
gory by clicking the folder icon beside the desired category.

Click the Manufacturer part number (in blue) of the desired component. More details
about the component appear.
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4.4.1.2 Downloading Components Using the Eda-
parts.com Command

» After you have selected a component using the procedure above, you can download that com-
ponent. If you accessed Edaparts.com from within the Multisim program, use the following

procedure:

1. To proceed to download the selected component, click Download to Multisim in the bot-
tom right section of the screen. The Eda Data Processing screen appears.

Select to place the compo-
nent on the active Multisim
workspace and save it in the
Miscellaneous Parts Bin of
the User database.

Opens the View Log that
shows the download status
and component data.

- Eda Data Processing

@ The component has been successiully
saved to the Miscellaneous Parts Bin
inthe USER Database.

¥ Place component on workspace

Wiew Log Help

2. Select from the following options:

* To place the component on the active Multisim workspace and save it in the Miscella-
neous Parts Bin of the User database, select Place component on Workspace.

* To save the part to the Miscellaneous Parts Bin of the User database, click OK.

* To view the download status of the component being saved, click View Log. The View
Log screen appears as shown below:

Electronics Workbench
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Indicates if the component has
a symbol.

Indicates if the component has a
footprint.

- Eda Data Processing Log

Indicates the method used to cre-
ate the symbol being loaded.
There are two possible methods:
“Pin Table” (Pinout information)
and “Part Type” (MSM under-
stands the type of part).

[CIo[=l| Partinfor-

mation
Comp_Mame | Fead | Save to DB | Footprint | Symbol | Symbol_Type loaded
MC7497F i3 i3 I Yes Pin Table X
Help with the
4| Il compo-
Parts Data: nent.

Comp_Mame = MC7497F

Manufacturer_Mame = Motorola Semiconductar Products Inc
Comp_Type = ANALDG

********** Package_[ata

Processing message:

Parzing EDA parts data.

Flease wait ...

Fiead the EDA parts data from file: C:ATEMPSWOT 1D OC. b3k
Warning: Syntax eror in line [2): Mo right mark '

K|

j// Process-
ing infor-

mation

Note A component will not be saved if it does not have pinout information or a package

type.
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4.4.1.3 Downloading Components Using your Internet
Browser
» If you have accessed Edaparts.com by navigating to the Web site using your Internet browser,
use the following procedure to download the selected component:

1. To proceed to download the selected component, click Download to Multisim in the bot-
tom right section of the screen. The Windows File Download screen appears.

File Download [ %]

“r'ou have chosen to download a file from this location.

phg_all_AY-3-82 from www. freetradezone. com

Wwhat would you like to do with this file?
' Open this file from its current location
& Save this file to disk

¥ &lwayz ask before opening this type of fils

(] 3 I Cancel | More Info |

2. To save the component and to load into Multisim at a later time, select Save this file to
disk. A Windows Save As screen appears.

3. Select the desired location to save the component on a computer that has Multisim
installed. The component is saved with an .mxml file extension.

» To open a saved component file and load it into the Multisim User database:

1. Double click on a component file that has a .mxml file extension. Your Multisim program
launches and the Eda Data Processing screen appears.
2. Select from the following options:

* To place the component on the active Multisim workspace and save it in the Miscella-
neous Parts Bin of the User database, select Place component on workspace.

* To save the part to the Miscellaneous Parts Bin of the User database, click OK.

» To view the download status of the component being saved, click View Log.
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4.4.2 Updating your Multisim Master Database

This procedure explains how to update your Multisim Master database with new components
that have been created specifically for your edition of Multisim.
» To update your Multisim Master database using Edaparts.com:

e 1. Click the Edaparts.com button or choose, Tools/Edaparts.com. Your default Internet
X | browser opens, loaded with the Edaparts.com Web site.

2. Click the name of your edition of Multisim (e.g. Professional, Power Professional, Educa-
tional, Personal and Student). The Windows File Download screen appears.

File Download [ %]

“r'ou have chosen to download a file from this location.

phg_all_Lk187 from v freetradezone. com

Wwhat would you like to do with this file?
&' Open this fils from its current location
7 Save this file to disk

¥ &livaus ask before speting thistipe ofifile

(] 3 I Cancel | More Info |

3. Select “Open this file from its current location”.

4. Click OK. Your Multisim program opens, displaying the Data Merge screen and begins to
update your database. When the update is completed, the Data Merge screen displays
“done” and the screen closes.

5. To stop the update, click Cancel.

4.4.3 Finding, Buying and Requesting Quotes for Parts

You can use the Edaparts.com web site to search suppliers’ Internet sites for specific parts and
requesting quotes for parts from suppliers. For more information about using these functions,
see the instructions under the “find it” and “research it” sections of the Edaparts.com Web
site.
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4.5 Types of Information Stored for
Components

The Multisim databases store information about components in pre-defined fields (that is,
fields that are pre-filled in Multisim) and user fields (that is, fields you can use to capture
information that you want to record about a component). Both types of information appear in
the Browser and Search screens. User fields only appear if you have the Project/Team Design
module.

Multisim also offers a detailed report of information about components, their models, and
their packages.

» To see this report:

From the Browser screen, click Detail Report. A detailed report appears for you to view or
print. For example:

Graup Farnily Symbol
ANSI DIM ANSI DIM ANSI DIM

Lac?

TTL TTL 7d Td a o oy
EDO_ 8 Far?
L |5 | = |V

w
-
COMPONENT
Family : T4ETD
Hame : 7400N
Model Audit 2 09/18/958:J0G;
Manufacturer : Texas Instruments
Description : Function=QUAD Z-INPUT HAND
: Number=4
: Package=N0ld4
Package : 745TD_PACEAGE
=
Cloge I Prirt

4.5.1 Pre-Defined Fields

For each component, the following information is stored in the “Multisim Master” database:

» general information
* common parameters
* component-specific data.
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4.5.1.1 General Information

The following fields appear on the Browser screen:

Field Description Example
Database Name Name of Multisim database in which Multisim Master
the component is stored.
Component Family | Name of family to which the compo- 74S
nent belongs. Determines which tool-
bar icon is used to place the
component.
Component Name Name of the individual component. 74S00D
Footprint Footprint for the component (real com- | DO14
ponents only). Used in Ultiboard or
other vendors’ PCB layout products.
Function Describes the component. QUAD 2-INPUT NAND
Model Data Contains the model’s code. in SPICE
Manufacturer Name of the company that manufac- Texas Instruments
Name tures the component. Recorded in the
Bill of Materials.
Model Level ID Used during simulation (could be L.O
SPICE code, VHDL, Verilog HDL, etc.)
Symbol Symbol used (either ANSI or DIN) to
) ReflD
represent the component during sche- A
matic capture. EDQL
PartName
Attribute
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4.5.1.2 Common Parameters

This is information specifying the parameters that are common to all components. This infor-
mation can be searched using the basic search, and appears on the Search screen.

Field Description Example
Thermal Resistance The thermal resistance within the 0.00
Junction component (watts or degrees centi-
grade).
Thermal Resistance Case The thermal resistance of the whole 0.00
case/package (watts or degrees centi-
grade).
Power Dissipation The power dissipation of the whole 0.08

component (watts).

Derating Knee Point The point at which the component’s 0.00
power starts being re-rated (degrees
centigrade).

Min. Operating Minimum operating temperature for 0.00

Temperature the component (degrees centigrade).

Max. Operating Maximum operating temperature for 0.70

Temperature the component (degrees centigrade).

ESD Electrostatic discharge that the com- 0.00
ponent can tolerate (degrees centi-
grade).

4.5.1.3 Component-Specific Data

This is important electrical information that is different for each type of component. It is often
needed in advanced searches. For more details, see the component’s description in the corre-
sponding appendix.

Component Nominal Values and Tolerances

Multisim uses the nominal values for each component in simulation.

When you want to observe circuit behavior that is more typical of real world results, you can
choose to use tolerances instead. The components in this case randomly introduce variances to
simulate the performance of actual, physical components. Tolerance settings affect simulation
results. For example, a 1 kohm resistor with a 10% variance could vary 100 ohms either way.
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» To set the tolerances to be used for components:

1. Choose Simulate/Global Component Tolerances. If you have undeclared tolerances,
you see a screen that allows you to set a percentage to be applied to undeclared tolerances
in the circuit for each type of eligible component in the circuit. For example:

Global Component Tolerances [ %]

their tolerances set ta the
walues you specify below.

@ All components will have QK I

Cancel |

Set Tolerances for: Help |

Yirtual R esistor

Wirtual Capacitor
Wirtwal Inductar

Batterny [i} %
DC current source
AL voltage zource |1
AC curent source

Pulze voltage source |10 &

JRRRRRRRR

Fulse curent source |10 4

Only those components that exist in the active circuit can have values assigned to them in

this screen.

2. Enter the desired variances.

To cancel your changes, click Cancel. To save them, click OK. The simulation will now
use random values as specified.
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Chapter 5
Component Editing

5.1 About this Chapter

This chapter explains how to create, edit, copy, or delete a component, and how to manage the
Multisim 2001 component database. It also explains how to load into the Multisim 2001 data-
base any models that you may have developed, obtained or purchased, and how to create sim-
ulation models using Multisim’s Model Makers or code modelling.

'%‘ Note Some of the features described in this chapter may not be available in your edition of
/] Multisim 2001. Such features have an icon in the column next to their description.
Some of the menu items and Design Bar buttons used in component editing are hidden
if you have selected Options/Simplified Version. For more information about the sim-
plified version option, see “13.3.1 Setting Global Restrictions” on page 13-4.

5.2 Introduction to Component Editing

You can modify any component stored in the Multisim component database. (See Chapter 4,
“Components” for more information on this database.) For example, an existing component
might now be available in a new package (originally pin-through hole, now surface mount).
You can easily copy the component information and change only the package details to create
this new component. You can also create your own component and place it into the database
or load a component from another source.

Note Multisim’s database stores extensive information about components. Creating a com-
ponent, depending on its use, may require entering many details, Where possible, we
recommend that you modify an existing, similar component, rather than to create one.

As described in Chapter 4, “Components”, in the component database each component is

identified by the following types of information:

» general information (such as name, manufacturer, date and author) — see “5.4 Editing a
Component, General Properties” on page 5-8 for details

Multisim 2001 Educator User Guide 5-1
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symbol (pictorial representation of the component for schematic capture) — see “5.9
Editing and Creating a Component Symbol” on page 5-17 for details

model (information used to represent the actual operation/behavior of the component dur-
ing simulation) — necessary only for a component that will be simulated. See “5.10 Cre-
ating or Editing a Component Model” on page 5-26 for details.

footprint (the package that Multisim uses when exporting a schematic containing this
component to a PCB Layout package such as Ultiboard) — see “5.11 Creating and Edit-
ing Component Footprints” on page 5-30 for details

electronic parameters of the component — see “5.5 Editing a Component, Electronic
Parameters” on page 5-9 for details

user fields (if used to further define the components)

In addition, all components can be organized by using Database Management. which lets you:

add and remove component families from the User database
modify user field titles for any database
add and change toolbar button symbols

Note If you modify any information about a component in the Multisim Master database,

you must store the modified information in the “User” or “Corporate Library” data-
base to prevent corruption of the Multisim Master database.

Warning: If you modify any piece of information about any compo-
nent in the “Corporate Library” or “User” databases, you are
prompted for a new name for the component. If you do not give a
new name, Multisim saves the changes to the original location, so
the original “User” or “Corporate Library” database component infor-
mation is lost. It is recommended that you do provide a new name,
even for minor variations to the original.

For educational purposes, you may choose to disallow component editing by students. You
can use restrictions to prevent students from editing components. See “13.3 Using Restric-
tions” on page 13-4 for more information.

5-2
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5.3 Managing the Database

The Database Management screen allows you to:

* add and remove component families from the User or Corporate Library database. You
cannot add or remove families in the Multisim Master database.

* set up or modify user field titles for any database

* add or change toolbar button symbols for component families in User or Corporate

Library databases.

» To invoke the Database Management screen:

aIF 1. Click the Component Editing button on the Design Bar and choose Database Manage-
D\ ment from the pop-up menu that appears.

or

Choose Tools/Database Management.

The Database Management screen appears.

- Database Management

Modity Uzer Field Titles |

-~ Database

Uszer

j Delete Empty Families |

— Family

Add

Buttan in Toolbar

Lets you edit the user field titles
which appear on the User Field tab
of the Component Properties screen
for components in the selected dat-
base.

Lets you delete all empty compo-
nent families in the selected data-
base

Lets you select a different toolbar
button to be associated with the
selected family and symbol set.

Lets you modify and existing toolbar
button

Shows the toolbar button associated
with the selected component family

» To add a component family to the User or Corporate Library database:

1. In the Database list, choose the database in which you want to work.

2. Click Add. You are prompted to select a family group (e.g. Transistors, Analog) and enter

a family name (e.g. Sample).

3. Click OK. You return to the Database Management screen.

4. A default icon of the group is automatically assigned to the new family. To change it, fol-

low the procedure below.

Multisim 2001 Educator User Guide
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5. Your new family appears in the associated component family (group) toolbar. For exam-
ple, a new Sample family will appear in the Passive Parts Bin of the library you selected.

» To load a component toolbar button:

1. With the desired component family selected, click Load. You will be prompted to navigate
to the desired toolbar button file.

2. Select the desired toolbar button file and click Open.

3. The new toolbar button will be displayed on the Database Management screen in the But-
ton in Toolbar area.

» To edit the default component toolbar button:
1. With the desired component family selected, click Edit.
2. Your paint program is launched and the bitmap file of the button opened.
3. Edit the bitmap file to your requirements and then save and close the paint program.
4. The revised toolbar button will appear as the component toolbar button.
» To delete a component family from the User or Corporate Library database.
1. In the Database list, choose the database from which you want to delete a component fam-
ily.
2. In the Family list, choose the component family that you want to delete.
3. Click Delete. You are prompted to confirm your deletion.
4. To complete the delete process, click OK. You return to the Database Management screen.
» To modify User Field Titles:
r%‘ 1. Click Modify User Field Titles. The Modify User-Field Titles screen appears.

]
Modify User-Field Titles [ %]

Title 1: A ailability

Title 2: Cost

Title 3:

Title 4:

Title 5:

| Ok I | Lancel I

2. Enter the desired information in the Title fields.
3. Click OK. You return to the Database Management screen.

Note Modifying user field titles changes the titles for all databases, not only the selected
database. User field titles can be changed again at any time.
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» To delete empty families from the User or Corporate Library database:

1.

54

Click Delete Empty Families. You are prompted to confirm your command to delete all
empty family folders.

To proceed click OK. All empty family folders will be deleted from the Family list on the
Database Management screen for the selected database.

Editing Components

» To edit an existing component:

.||:|§ 1.

Click the Component Editing button on the Design Bar and choose Edit Component from
the pop-up menu that appears.

or

Choose Tools/Edit Component.

The Select Component screen appears:

Select Component - Edit x|
— Databaze
Mame: hALltiS b b 3zter
— Farnily
TEALS
Mame: I T48LG j :E}"
— Component
Marne: [74aL500M a Mo
b anufacturer: I W ational

-
o
=]

Model Level - 1D: ILD-?MLSDDA

Help

Edit E zit
[ & |

From the Database Name list, choose the database containing the component you want to
edit.

From the Family Name list, choose the component family containing the component you
want to edit. The family’s icon appears on the screen.

From the Component Name list, choose the component you want to edit. The compo-
nent’s icon appears on the screen.
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5. If necessary, choose the Manufacturer and Model Level ID of the component you want to
edit (if more than one manufacturer or model exists).

6. To continue, click Edit. (To cancel, click Exit.) The Component Properties screen appears,
consisting of multiple tabs:

Component Properties

General | Symboll Model I Footprintl Electranic Parametersl Uszer Fieldsl

Component:
Nare: [74aL500M
Manufacturer: |Nati0na|

Datefmm/dd/y):  [03/23/00

Author: Jrwr

Save I Exit | Festore | Help |

You can click Save from any of the tabs to save the edited component.
For information on those tabs see:
* “5.4 Editing a Component, General Properties” on page 5-8
* “5.9 Editing and Creating a Component Symbol” on page 5-17
* “5.10 Creating or Editing a Component Model” on page 5-26
* “5.11 Creating and Editing Component Footprints” on page 5-30
'%‘ * “5.5 Editing a Component, Electronic Parameters” on page 5-9

5-6 Electronics Workbench



Editing a Component, General Properties

You are prompted to specify the location where you want the edited component saved.

e = | Choose the database
e ] in which you want the
|User =l edited component
| Fariy stored.

&N__ Choose the family in

which you want the
edited component
stored.

| Click here to add new
family (prompted for

fdd New Family | ok | Cancel | group and name).

5.5 Editing a Component, General Properties

The General tab of the Component Properties screen allows you to modify the component’s
name and manufacturer. The data and author are drawn from system information and cannot
be changed.

Component Properties

General | Symboll Model I Footprintl Electranic Parametersl Uszer Fieldsl

Component:
Nare: [74aL500M
Manufacturer: |Nati0na|

Datefmm/dd/y):  [03/23/00

Author: Jrwr

Save I Exit Festore Help
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5.6
Parameters

Editing a Component, Electronic

The screen consists of two sets of fields. The device parameters vary depending on the type of
component. The Appendices of this manual (provided in print format only with the Power
Professional edition) describe each component family’s parameters in detail.

Component Properties

Common parameters

Generall Symboll Model I Footprint ~ Electronic Parameters | Uszer Fieldsl - are the same for all
r~ Comman P. ters: components.

Thermal Resistance Junction: |m

Thermal Resistance Case: 116.00

- The electronic
Power Digsipation: 0. parameters
Drerating Knee Point: 0.00 displayed d_o nat
affect the simulation .
Min. Operating Temperature: 0.00 results. These Device parameters
5 . p are only H

Max. Operating Temperature: (70,00 viaed for detail vary dependlng on

ESD Rating: 0.00 report. component.
— Device Specific P

Label | Walue |

Function QUAD 2-INPUT NAND

Humber 4

Package [GAET)

Save I Exit | Festare | Help |

The common parameter fields are common to all components. These are:

Field

Description

Thermal Resistance Junction

Enter or modify the thermal characteristics within the component
(from the junction to the case), in watts or degrees centigrade.

Thermal Resistance Case

Enter or modify the thermal characteristics of the whole package
(component) in watts or degrees centigrade.

Power Dissipation

Enter or modify the power dissipation of the component, in watts.

Derating Knee Point

Enter or modify the temperature at which the power of the compo-
nent/package begins ro be de-rated, in order to operate the device
in its safe operating range. Use degrees centigrade.

Min. Operating Temperature

Enter or modify the lowest ambient temperature at which the com-
ponent can operate reliably. Use degrees centigrade.

5-8
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Field Description

Max. Operating Temperature Enter or modify the highest ambient temperature at which the com-
ponent can operate reliably. Use degrees centigrade.

ESD Rating Enter or modify the electro-static discharge for the component.

5.7 Adding Components

Multisim includes a Create Component Wizard to step you through the process of creating a
component.

» To create a component:

1. Click the Component editing button on the Design Bar and choose Create Component
from the pop-up menu that appears.

)
or
Choose Tools/Create Component.
The Create Component Wizard appears.
Create Component Wizard - Step 1 of 6
Enter Component Information

Companent M ame:
Itest

I anufacturer Harme:

ICCC

Component Type:
Iﬁ-‘-.nalog j

% | will use this component for baoth simulation and layout [model and footprint]

" Simulation anly [model |

™ Layout only [footprint]

et Cancel

* Enter the component name, manufacturer and type.

* Select the component simulation and layout footprint requirements for the component.

* To use the component for simulation and PCB layout, select | will use this compo-
nent for both simulation and layout (model and footprint).
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* To use the component only for simulation select Simulation only (model).
* To use the component only for PCB layout, select Layout only (footprint).

Note The number of Steps you will have to complete will depend upon which component
requirements you select in Step 1. For example, if your component only requires a
simulator model, the wizard will skip Step 6 on pin and model mapping.

2. Click Next. Step 2 of the wizard appears.

Enter Layout Footprint [nfarmation

Package Type: Ingq

Standard Footprint |

Mumber of gections per Component

—{* Single Section Companent:

Mumber of Ping: |3 3:

— " Multi-Section Component:

HumEenah Seations:

ol

Humtsenai EinsEErSectorm

< Back | MHext > I Cancel

* Specify the package type and pin number information for the component. The foot-
print information you enter here will appear in the Footprint tab of the Component
Properties screen.
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3. Click Next. Step 3 of the wizard appears.

Create Component Wizard - Step 3 of 6

Enter Sumbal Infarmation

— Symbal

= lielel= Rz ek

ReflD

— IN1

auTt —

PartMarme

Aftribute

= EE
|| i)

= %EE

= Hidder Eraund Eirs

Edit |

£1hEG
€ GH

< Back I et = | Cancel |

* The symbol you assign to this component will appear when it’s placed on the circuit

window.

* To modify the symbol information, click Edit and a symbol editing program will be
launched — see “5.9.2.3 Working with the Symbol Editor” on page 5-21 for more

details.

4. To accept the symbol information displayed, click Next. Step 4 of the wizard appears.

Create Component Wizard - Step 4 of 6 [ x|

Set Mapping Information Between Symbal and Layout Foatprint

Symbal Ping

| Fcu:tpint Ping |

1M1
IN2
ouTt

Add

[VElErE |

< Back | [z I Cancel |
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The logical and footprint pin mapping is needed for exporting to a layout package. The
relationship of logical and footprint pins must follow the syntax in the databook in order to
work in Multisim — see “5.9.2.6 Pins” on page 5-22 for more details.

» For each logical pin, enter a corresponding footprint pin. The mapping information
you enter here will be displayed in the Footprint tab of the Component Properties
screen.

» To add logical and footprint pins, click Add. A logical pin will be added which you can
then edit directly on this screen.

* To delete logical and footprint pins, select the pin and click Delete.

5. Click Next. Step 5 of the wizard appears only if you indicated in Step 1 that this compo-
nent requires a simulation model.

Create Component Wizard - Step 5 of 6 E

Enter Sirmulation kadel Infarmation
Lets you create a
—Maodel Data P model with Multisim’s
| Model Maker.

—— Bipolar Junction Trangigtoy s - Start Model Maker... I
X p

. .

.

*

«

x

x

Bipolar Junction Transistor Model

Load Modelom ik || -tS youload amodel
Interactive Image Technologies stored in a file

SPICE MODEL MAKER TOOL “ersion 1.1 Select from DB |
All Rights Reserved #

~]_ Lets you copy data
from another model

* Date: Tuszday, Movember 14, 20007

= IMPUT WaALUES: -
1 | 3

< Back | Mext | Cancel

* Select a model from the Multisim database or from your own files, or create a model
using a Model Maker.

* For more information on model maker see “5.10 Creating or Editing a Component
Model” on page 5-26.

* For more information on loading a model see*5.10.2 Loading an Existing Model” on
page 5-29.

* For more information on copying data from another model see “5.10.1 Copying a
Component’s Model” on page 5-28.
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6. Click Next. Step 6 of the wizard appears. If you indicated in Step 1 that this component
does not require a layout footprint, the wizard will skip this last step.

Create Component Wizard - Step b of 6 E

Set Mapping Information Between Symbol and Simulation Maodel

Fin Mapping T able:

Symbaol Ping I Order of Ping in Model I
IM1 1
IN2 2
ouTi 3

The corect arder of 2 BJT model is:

Callector, Baze, Emitter
< Back | Finizh I Cancel |

* For each symbol pin enter a corresponding number to connect to its’ respective nodes

in the model. The mapping information you enter here will be displayed in the Model
tab of the Component Properties screen. When you are done, click Finish.

The completed Component Properties screen appears, allowing you to review the component
information.

» To save the new component:

1. C

lick Save. You are prompted to select a database and family destination for the new

component.

2. Select a component family and database and click OK. Your new component has been
saved.

» To edit the component, please see the subsequent sections of this chapter which give detailed
information on the tabs of the Component Properties screen:

the General tab — see “5.4 Editing a Component, General Properties” on page 5-8
the Symbol tab — see “5.9 Editing and Creating a Component Symbol” on page 5-17
the Model tab — see “5.10 Creating or Editing a Component Model” on page 5-26
the Footprint tab — see “5.11 Creating and Editing Component Footprints” on page 5-
30

Electronic Parameters tab — see “5.5 Editing a Component, Electronic Parameters”
on page 5-9
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5.8 Removing Components

» To delete an existing component:

1. Click the Component editing button on the Design Bar and choose Delete Component
from the pop-up menu that appears.

1F
D\ or
Choose Tools/Delete Component.

The Delete Component screen appears:

Select Component --- Delete E3
— Databaze
Marme:
-~ Farnily
. TEAL 5|
Mame: I TAALS j :E}"
— Component
Marne: {744l 500M 52 |

[elete I E it Help

Components may hot be deleted from the master database,

2. From the list, choose the database containing the component you want to remove (“Corpo-
rate Library” and “User” only). You cannot delete a component from the Multisim Master
database.

3. From the Family list, choose the component family containing the component you want to
remove.

From the Component list, choose the component you want to remove.

5. To continue, click Delete. You are prompted to confirm the deletion. To cancel, click Exit.
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5.9 Copying Components

» To copy an existing component:

1. Click the Component editing button on the Design Bar and choose Copy Component
from the pop-up menu that appears.

1F
D\ or
Choose Tools/Copy Component.

The Copy Component screen appears:

Select Component --- Copyp [ x|
— Databaze
I arme:
— Family
TEALS
Marme: I?#.-’-‘«LS j 1
~ Component
Name: | 744L500M okl
- 1 e
b arwifacturer: INatmnaI j e
Model Level - 1D: ||_u.?m|_sum j Lt

Copy I E xit

Heb |

2. Using the drop-down lists, identify the component you want to copy and click Copy. You
are prompted to select a destination.

3. Select the component database and component family that you want to copy the compo-
nent to and click OK. A confirmation screen appears, assuring you that the component has
been copied.

4. Click OK to return to the Copy Component screen.

5. When you are finished copying components, click Exit.
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5.10 Editing and Creating a Component Symbol

5-16

The Symbol tab of the Component Properties screen allows you to:

* edit a component’s symbol
* give a component the same symbol as another component
* create a symbol for a component.

Component Properties Use to edit a
. General Symbol | Model I Footprintl Electronic Parametersl User Fieldsl Component’s
The symbol assigned symbol

to this component, if

any. This is what will —7—u__ ReflD Edit | | Use to create
appear when this com- A ¥ B o new sym-
ponent is placed on EDO— Hew bol
the circuit window. PartName Select from DB } .
Attribute Use to copy a
symbol from
Symbal Set: |m -] one compo-

nent to
another.
The symbol set

(ANSI or DIN) of the

displayed symbol. Click toignore

changes toa
symbol and
continue
using the orig-

Save I Exit Festare Help | inal one.
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5.10.1 Copying a Component’s Symbol

» To copy a symbol from another component:

1. From the Component Properties screen, click Select From DB (database). The Select
Symbol Data screen appears.

Select Component --- Select Symbol Data

—Databaze

[RENE

— Family

Marme: I?#‘LS j

- Component

Name: [ 74AL500M i

Select I E xit Help

2. Use the drop-down lists to identify the component whose symbol you want to copy and
click Select. (Click Exit to cancel.) You return to the Component Properties screen, where
the symbol associated with the selected component appears.

3. If you want to change the symbol set to be associated with this component, select ANSI or
DIN from the Symbol Set drop-down list. The appropriate symbol appears in the upper
part of the screen.

4. To confirm the association of this symbol with your component, click Save.

If desired, you can also edit the copied symbol using the Symbol Editor, as described in the
following sections.
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5.10.2 Creating and Editing a Component’s Symbol with
the Symbol Editor

» To edit a component symbol:

5-18

1.

2.

Under the Symbol tab of the Component Properties screen, from the Symbol Set drop-
down list, be sure you have selected the desired symbol set (ANSI or DIN) whose symbol
you would like to edit. The appropriate symbol appears in the upper part of the screen.

Click Edit. The Symbol Editor appears, displaying the selected symbol for you to edit.

» To create a new symbol for the component, under the Symbol tab of the Component Proper-
ties screen, click New. The Symbol Editor appears with a blank screen and the three compo-
nent labels (these are described in “5.9.2.4 Labels” on page 5-22).

The Symbol Editor looks like this:

Menu bar 4 Symbol Editor - [_ o] ]

Toolbar

Palette

Design
space T T —__

Status
line

~~File Edit Wiew Stucture Align Graphics ‘“window Help -

=1 N = e aEm E =

ReflD

PartHame

Attribute

=
4| | »

Ready [%=580 -6 7

The Symbol Editor screen consists of:

the menu bar, which contains the menus with their associated commands
the toolbar, which gives quick access to some commonly used tools.
the design space, which is where you build or modify your symbols.

the palette, which provides quick access to the most common operations in the Symbol
Editor.
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» the status line, which gives information on the currently selected object or action.

The next sections describe the menus and palette in more detail.

5.10.2.1 Symbol Editor Menus

Menu

Use

File

Use the File menu to create a symbol for a component or open an existing file
containing a symbol. This menu also lets you preview, save or print the sym-
bol. You also use this menu to exit the Symbol Editor.

Edit

Use the Edit menu to make changes to a symbol. You can choose to cut, copy,
paste, or delete selected text or graphics displayed in the Symbol Editor
screen. This menu also contains commands used to flip or rotate the displayed
graphic.

View

Use the View menu to show/hide the following screen elements: toolbar, status
bar, palette, grid and page boundaries. It also contains commands that let you
change the grid and the magpnification of the symbol.

Structure

Use the Structure menu to group together selections and position them in front
of or behind each other.

Align

Use the Align menu to change the position of the selections in the window in
relation to each other or to the grid.

Graphics

Use the Graphics menu to change the characteristics (color, font, pattern, pen
style, or arrowheads) used for graphics and their accompanying text labels.

Window

Use the Window menu to move among the different open symbol files in the
Symbol Editor.
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5-20

5.10.2.2 Symbol Editor Palette

The Symbol Editor palette gives you quick access to the most common operations in the Sym-
bol Editor.

The following illustrations give information on the tools and their functions :

Use the rotate tool to select a
Use the select tool to symbol and rotate it counter

choose a symbol. \ I_ / clockwise.
\\
[~
ab

To draw a rectangle: To draw a circle or ellipse:
select the rectangle / T —— selectthe ellipse tool; click and
tool; click and drag to drag to draw the circle or
draw the rectangle. ellipse.

To draw a line: select /

the line tool; click and
drag to draw the line.

To draw a multi-segment line: select
the multi-line tool; click for each
point of the line; double-click to

J;UI_O{Z}

end.

To draw a polygon: select
the POWQO” tool; click for m To draw an arc: select the arc
each point of the poly- I k {:} tool: click and drag to draw
gon; double-click to end. the arc.

O

L . . .
Select the text tool to Click the pin tool to add an input/
enter text. Click to b_ :) output pin to the symbol.
start; enter text; cIick\ ah |— ,/
empty space to end.

5.10.2.3 Working with the Symbol Editor

The Symbol Editor is essentially a graphics editor with the usual range of tasks (placing
graphics, changing, their color, size and fill, and so on), along with special additions.

To use the Symbol Editor to create working symbols, however, you need to be familiar with
the elements required to make up a symbol in Multisim. The three key elements needed for a
symbol are:

* labels
* shape
* pins

These are described in more detail in the following sections.
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5.10.2.4 Labels

Each symbol has three labels, variables that are replaced by values from the component’s
model. This allows the same symbol to be used for many different components in a family.
The variables are:

* the component’s reference ID (represented by the string “RefID”)
* the component’s value or part name (represented by the string “PartName”)
» the component’s attribute (represented by the string “Attribute”).

All symbols have these variables; if you choose to create a new symbol in the Symbol Editor,
these three variables are supplied automatically (although you control where they are located
with respect to the shape and how they are presented, for example, their color and font).

Information for the component's reference ID, identified as “RefID”, and component “Part-
Name” are is extracted from the components database and automatically entered by Multisim.
For example, “R1” indicates that the component is the first resistor placed on the circuit win-
dow. The “R” is extracted from the component database and the “1” is a sequential number
placed on the component. Any additional resistors either placed on the circuit window using
the Parts Bin or copied will increase sequentially, i.e. R1, R2, R3.

5.10.2.5 Shape

A symbol requires a shape to allow users to recognize its general function. For example, a

capacitor has a shape of -} and a nor gate has a shape of :DO—. You utilize the drawing

capabilities of Multisim’s Symbol Editor to construct a shape that makes logical sense for the
component you are creating or modifying. The simplest way to do this is to edit the shape of
an existing component. Once this is done, you will need to add pins.

5.10.2.6 Pins

There are three main parts to a pin: the “logical pin”, the “physical pin”, and the shape of the
pin.

The “logical pin” is the name given to an actual pin. For example, most digital parts have pins
named “Vc” and “GND”. These names are the “logical pin” names used to identify the actual
pin. The logical pin name can be anything you want as long as it is understood. You can use
the acronym “GND” or call the pin “Ground”. It is recommended, however, that you use the
logical pin names provided in the data book for a component.

The “physical pin” is the physical location of the pin on a given component. For example, if
you are creating a symbol that has 16 physical pins attached to it, then you would have physi-
cal pins numbered from 1 to 16. The numbering of the physical pins is what is used by PCB
layout software to ensure that connections from one component to another are made properly.
While it is recommended that you use the logical pin names given in a databook for a compo-
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nent, for the physical pin names you must use the names from the databook or your compo-
nent will not work properly.

Note The relationship of logical and physical pins must follow the syntax in the databook in
order to work in Multisim.

The third part of a pin is its appearance or shape. Multisim provides eight pin shapes that you
can use:

5-22

dot

dot-clock

line

short

Z€10

length

clock

input

wedge

output
wedge

0
New Pin 32—

0
New Pin <>—

Hew Pin- ——

New Pin-—

0
New Pin &

0
New Pin- <2——

New Pin-<1—

New Pin- =—

Negative Active Signal

Negative Active Clock

Positive Active Signal

Positive Active Signal -

short format

Terminal Pin

Positive Active Clock

Negative Active Input

Signal (DIN symbols)

Negative Active Output
Signal (DIN symbols)

Electronics Workbench



Editing and Creating a Component Symbol

None of the pin shapes have any impact on the operation of the component. However, pin
shapes do have an impact on the component user; each of the shapes is used for specific iden-
tification purposes. Again, it is recommended that you follow the pin shape from the data
book when creating a symbol for a component.

Pins must be connected to the symbol shape correctly in order for the symbol to function
properly. Follow these rules:

* A pin must always be facing out with no shapes, lines or text blocking its way to be con-
nected by a wire. If a pin is blocked, you may not be able to connect it.
* A pin can only be connected at the far end of the logical side:

0
New Pin 2—

The side marked “New
Pin” is the logical end of
the pin. Connect the pin
at the far end of the logi-
cal side.

To add a pin to a symbol:
1. Click the Pin button on the palette. A cursor appears.

Note Click on the screen where you want the pin to appear. A “new pin” placeholder
appears: When placing a pin to a shape, always use the side containing the logical pin
0 Logical Pin end
New Pin O—~"

name. Multisim will not recognize a pin that has been connected backwards.

2. If the pin does not touch the shape as you want it to, either click and drag the pin to the
desired location or draw a line from the logical pin end to the component shape.

Once you have placed the pin in its location, you can then edit its properties.
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» To edit a pin’s properties:
1. Double-click the pin. The Pin Edit screen appears:

Pin Edit x|
Froperties Mame | Part | | 0K I
Logical Pin & Hidden
Phyzical Pin A Vigible £ I |
Shape Dot anee

2. Click on the pin attribute (Logical Pin, Physical Pin or Shape) you want to edit. A field
appears at the bottom of the screen, allowing you to enter the value of the Logical pin and
change its shape. For example:

Pin Edit [x]
Thisfield lets
you set the Properties Mame oK. I
value for the Logical Pin
selected Physical Pin Y Wizsible Cancel |
Shape Dt
property.
Logical Pin: I&Y ¥ Visible

3. Enable or disable Visible to make the value visible or hidden by default.

Note 1t is recommended that you use databook names for logical pins. It is important that
you use the databook numbering for the physical pins.

4. To cancel your changes, click Cancel. To confirm them, click OK.

5.11 Creating or Editing a Component Model

A component that has an effect on the circuit must have a model if you wish to simulate that
component. The only components in Multisim that do not have models associated with them
are connectors and junctions. These components do not affect the simulation of the circuit.

The Model tab of the Component Properties screen offers you a number of options to choose
from to assign a model to your component. You can:

* modify the model information of a component
* load an existing model for a component
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* copy a model of one component to another
* create a model for a component

Use to create a
Generall Symbol  Madel |F00tprint| Electronic Parametersl User Fieldsl model with Mult-
sim’s Model
Model Mame: I?“ALSUUN Maker.

Model D ata:
MODEL 744LS004 d_nand [ rise_delay = 11n fall_delay = £= | | Start Model Maker.. | | Use to load a

T’ model stored in a
Load Model from File X del stored
file.
Select from DB :I.
— N

< | _,l—l Use to copy data
from another
model

Fin Mapping T able:

| Symbol Pins |_Drder of Fins in Madel |
g 12 Shaw Template |~—-\ Dlsplays template
Y 3 of pins connected
to their respective
nodes in the
model

Click to ignore
changes to a
Save I Exit | Restare | Help | model and con-
tinue using the
original one.

First of all, you can directly modify the existing model data by using the fields of this screen,
or you can enter information from scratch in these fields. The Model Data and Symbol to
Model Pin Mapping fields contain the information that make up the model itself (and are thus
the most important part for simulation purposes). The Model Data field contains the model’s
code (for example in SPICE) and the Pin Mapping table field lists the pins and their corre-
sponding mapping order. See “5.10 Creating or Editing a Component Model” on page 5-26
for more information on editing model data.

Note If you modify a model, the model changes for all other components within the same
database, whose model is based on that template. If you want to modify a model for a
specific component, save the modified model with a name similar to that of the com-
ponent.

Alternatively, you can copy a model whose model template matches what you want. More

information on copying models is given in “5.10.1 Copying a Component’s Model” on page
5-28.

Thirdly, you can import or load an existing model by clicking Load Model from File. These
options are described in more detail in ““5.10.2 Loading an Existing Model” on page 5-29.
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Finally, depending on your edition of Multisim, you can create your own model using the

Model Maker command. .

Note If you choose to edit a model’s data or template directly, be very careful when entering

information. Making a typing error or removing a character by mistake could cause the
model to function improperly. Unless you are experienced at creating/editing models,
it is recommended that you copy a model that has the same Template information you

require.

5.11.1 Copying a Component’s Model

5-26

» To copy the model information from an existing component:

Click Select from DB. The Select Model Data screen appears.

Select the database

you want to choose elecl Component --- Select Model Data [ %]
a model from. deliese
Mame:
Select the compo- - Family The com
nent family, name, L Name: TAALS ec
|7aeL5 = e ponent’s
manufacturer, model '
level that you want [ e icon and
ur
from the drop-down Wiz [748L500M 7] |4 X symbol
lists Manufacturer: INationaI j EE) appear
. Pari?
Model Level - ID: ILD-?MLSDDA =] Lt here.
The model’s data and

template appear here. ™ | Model Data:

4

MODEL 74ALS004 d_nand [ rise_delay = 11n fa;l

Model Tempalte:  [a%p_a [ZHA72Ed%E14 20B?%0d%0IE)
axp b [R5k 2A SR Yk 2B
| |
Select I Exit | Help |

Select from among the available databases in the Name drop-down list.

Using the Family and Component drop-down lists, choose the component whose model
template most closely matches what you want.

4. Click Select to return to the Component Properties screen.
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5.11.2 Loading an Existing Model

The models for a component can come from a variety of sources. Please note that some of
2] these options may not be available in your edition of Multisim.

» To load or import a model created by Multisim’s analog or digital model maker:
1. Click Start Model Maker. The Select Model Maker screen appears:

Select Model Maker
Model Maker List:

Diode
MOSFET
Operational Amplifier

Zener

Waveguide

Microztrip Line

Open End Microstip Line
Interdigital Capacitor

RF Spiral Inductor

Stip Line

Stripline Bend

Cancel |

Help

2. Select the Model Maker you wish to use to make a model.

3. Click Accept to continue to start the process of making a model. Click Cancel to return to
the Model Tab of the Component Properties screen.

4. For analog model makers, refer to subsequent sections of this chapter for procedures on
using specific Model Makers. For RF model makers, see Chapter 14, “RF”.

5. When you have entered in all the required information in the Model Maker screens, click
OK. The data for the model you have just created will appear in the Model tab fields.

» To load or import an existing VHDL, Verilog HDL, Code Model, or SPICE model for your

component:

1. Click Load Model From File. A standard file browser appears, allowing you to choose the
file type, name and location of the files to be loaded. Before loading a netlist, make sure
you know what folder it is in. Most Bspice, Xspice and Pspice netlists end in exten-

sions.cir and .net.

2. Select the file to load and click OK. The model data appears in the Model tab fields.

Note PSpice is not an industry standard, but is proprietary to the Orcad SPICE simulation
tool. Since some component vendors make models for their components available in
PSpice format, Multisim has been designed to support PSpice models as extensively as
possible. However, you will not be able to share models or circuits with other SPICE

users or tools.
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5.12 Creating and Editing Component Footprints

The Footprint tab of the Component Properties screen allows you to specify/modify package
information for a component and map physical and logical pins of a component. The logical

and physical pin mapping is needed for exporting to a layout package; the pin group and type
information is needed for simulation.

Component Properties

Generall Symboll Model ~ Footprint | Electronic Parametersl Uszer Fieldsl
Package Type: b144
Mumber of Pins: m
MNumber of 5ections: lﬁ
Component Technology: m

Symbaol to Footprint Pin Mapping T able:

Logical Ping | Footprint Pins | Section | Type | ;I
GHD 7 GROUND GHD

I g C ACTIVE DRIVER

34 | C INPUT

3B 10 C INPUT

4 11 o] ACTIVE DRIVER

44, 12 o] INPUT

4B 13 o] INPUT

WCC 14 POWER_1 WCC =

Enter phyzical and package information o that pour part can be properly ;I
exported to PCE lapout. The pin mapping table is used to match each pin on
wour spmbol to a physical pin location. The section column is used to identify

to which group a pin applies in a mult-sections. The type column identifies

the pin's function. & simulation only component alwaps use MOME' az its
package type. -

Save I Exit | Festore | Help |

» To modify or enter package information:
1. In the Package Type field, modify or enter the package type (for example, DIP14).
2. In the Number of Pins field, modify or enter the number of pins.
3. In the Number of Sections field, modify or enter the number of sections.
4. In the Component Type field, choose the component type from the drop-down list.

5. In the Component Technology field, choose the component technology from the drop-
down list.

» To map logical and physical pins:
1. Click on the field you want to modify, until a frame appears around the field.
2. For each logical pin, enter its corresponding physical pin on the package.

3. For each pin, enter the grouping of pins, using the syntax described in “5.11.1 Pin Group
Naming Convention” on page 5-31.
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4. For each pin, enter the type, using the syntax described in ““5.11.2 Pin Type Naming Con-

vention” on page 5-31.

5. To save your changes, click OK. To cancel them, click Cancel.

5.12.1 Pin Group Naming Convention

For logical pins, use the following formats:

For: Use: Where:
pins associated with one section of a component GRP:n nis the section
pins common to several sections, but not all sections | GRP:m:m nand m are the sections
pins common to all sections COM
pins associated with voltages PWR:VO V0 is ground
or or
PWR: Vn nis a voltage
unused pins (no connects) NC

5.12.2 Pin Type Naming Convention

For digital components, the pin type is used to link together the I/O models to the logical core
for each device. In other families, such as analog components where the simulation models
are self-contained units, pin types are for information purposes only.

Use the format:
TYPE: MODE: MODEL

Multisim 2001 Educator User Guide

5-29

Joyp3 wsuodwo)



Component Editor

Component Editing

where

Type

is either A (analog) or D (digital)

Mode

is one of the following:
input

output

I/0

3-state
Open_drain
Open_source
Open_sink
1/O_open_drain
I/O_open_source
1/O_open_sink
Input_ECL
Qutput_ECL
I/0_ECL
Terminator
Power

NC

Model

pin model name (none for analog)

5-30
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5.13 Creating a Component Model Using the
Model Makers

Multisim offers several advanced Model Makers which automatically generate simulation
models for you when you give them databook values as input. Using Model Makers will save
you time and effort but do require practice for you to become proficient with them.

For each Model Maker, preset values are provided for a specific model. However, these are
not default values, and you can select numerical values based on the component you are inter-
ested in, using data from a databook.

When working with databooks, note that different databooks provide parameters for a compo-
nent model in different styles. While some pieces of information are given numerically in
tables or lists for a specific operating point, others are given in the form of a chart or graph.
Both types of information are required by Multisim’s Model Makers. In the case of tables or
lists, you will need to enter the operating point and the value that you want. In the case of
charts or graphs, the way you select the points from the appropriate curves will have an
impact on the accuracy of the parameters of the final model. We give suggestions on methods
for selecting points in the procedures for each Model Maker. Also, note that the pieces of
information provided by databooks are usually the same from one manufacturer to another,
even though the names or labels and descriptions of parameters are different.

5.13.1 BJT Model Maker

1. From the Model tab of the Component Properties screen, click Start Model Maker. The
Select Model Maker screen appears.

2. From the Model Maker list, select BJT and, to continue, click Accept. (Click Cancel to
return to the Model tab.) The BJT Model screen appears.

3. Enter values on the BJT Model Maker screen as described in the following sections.
4. When all values are entered, click OK to complete the model, or click Cancel to cancel.
Note The BJT Model screen shows preset values for the MPS2222A model.
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1. In the BJT Model Maker, click the General and Table Data tab:

<BJT Model>

General and Table Data | Capacitances | DC Current Gain Chart (WFE vs. e | "On'" Yoltages, Curent-Gain Bandw. |

General
i~ Mazximum Ratings

Emitter-Base Maximum  [5

Yaltage [VEBO) v

r— Output Admittance

I™ Check if data nat available

Type of BJT [PNP.NPH]  [nPM hd

Companent Name

MNOTE: Preset values are aDtUtDM Admitance [hoe] |100 Ui
for MP52222 - Collector Curent 1) |10 mé
Semiconductor o

5 = - Collzctor-E mitter 10 i
[Si, Ge, Gads] ! “oltage [Voe)
todel Parameter |27 degr.C

nominal Temperature

— Switching Characteristics
[defaulk 27 degr.C]

Storage Time [ts) 200 ns
Base T ture fi at
oot Data 5 degr.C - Collector Cunent fle) [150 mé

- Bage Current [Ib1] 15 mé
- Base Current [Ib2) 15 mé

oK I Cancel | Help |

2. Locate data information for the BJT model from a databook.
» To enter General data:

1. Enter the appropriate BJT type (NPN or PNP) in the Type of BJT field. This is usually
found on the first page of the data book.

2. Enter the Component Name. This is usually found in the top right-hand corner of the
datasheet.

3. In the Semiconductor field, enter the type of semiconductor. This is usually found written
next to the component type.

4. If desired, change the default value set by Multisim for Model parameter nominal Tem-
perature of 27 degrees.

5. If desired, change the default value for Base Temperature for Input Data. This is typi-
cally found in the top left corner of the “Electrical Characteristics” table in the databook.
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» To enter Maximum Ratings data:

1. In the databook for the BJT, locate the “Maximum Ratings” table — for example:
MAXIMUM RATINGS

Rating Symbol | MPS2222 | MPS2222A Unit
Ente.r this info r.m a- Collector—Emitter Voltage VeEO 30 40 Vdc
tion in the Emit-
Collector—Base Voltage VeBo 60 75 Vdc
ter-Base T Emitter—B Volt V) 5.0 6.0 Vd
. mitter—Base Voltage X . c
Maximum Volt- g EBO
. Collector Current — Continuous | 600 mAdc
age field. c
Total Device Dissipation @ Ta = 25°C Pp 625 mw
Derate above 25°C 5.0 mWw/°C
Total Device Dissipation @ T = 25°C Po 1.5 Watts
Derate above 25°C 12 mWw/°C
Operating and Storage Junction TJ Tstg —55to +150 °C
Temperature Range

2. Find the value for Emitter-Base Voltage and enter the value in the Emitter-Base Maxi-
mum Voltage (VEBO) field.
» To enter Output Admittance data:

1. In the databook, locate the “Small Signal Characteristics” table, and find the values for
Output Admittance — for example:

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product(2) fr MHz
(I¢ = 20 mAdc, Vg = 20 Vde, f = 100 MHz) MPS2222 250 -
MPS2222A 300 -
Output Capacitance Cobo — 8.0 pF
(Vog = 10vde, Ig = 0,f = 1.0 MHz)
Input Capacitance Cibo pF
(VER = 05 Vde, Ig = 0, f= 1.0 MHz) MPS2222 - 30
MPS2222A - 25
Input Impedance hig k<
(I = 1.0mAdc, Vg = 10 Vde, f = 1.0 kHz) MPS2222A 20 80
U this i f i (Ig = 10 mAde, Ve = 10 Vde, f= 1.0 kHz) MPS2222A 0.25 125
se tnis Information
. Voltage Feedback Raio hre X10-4
to enter data in the (I = 1.0 mAdc, Ve = 10 Ve, £ = 1.0 kHz) MPS2222A, - 80
. (I = 10 mAde, VCE = 10 Ve, = 1.0 kHz) MPS2222A — 40
Output Admit-
. Small-Signal Current Gain hfe -
tance fields. (I¢ = 1.0 mAde, Ve = 10 Vde, f = 1.0 kHz) MPS2222A 50 300
(I = 10 mAde, VgE = 10 Ve, = 1.0 kHz) MPS2222A 75 375
\ Output Admittance hoe pmhos
(I = 1.0mAdc, Vg = 10 Vde, f = 1.0 kHz) MPS2222A 50 35
(g = 10 mAdc, Vg = 10 Vdc, f= 1.0 kHz) MPS2222A 25 200
Collector Base Time Constant m'Cg - 150 ps
(I = 20 mAde, Vg = 20 Vde, f= 31.8 MHz) MPS2222A
Noise Figure NF - 40 dB
(I = 100 pAde, Vg = 10 Vde, Rg = 1.0kQ. f= 1.0kHz)  MPS2222A

If data are not available, enable Check if data not available.
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2. Based on the table data, enter:

e Output Admittance (hoe)
e Collector Current (Ic)
e Collector-Emitter Voltage (Vce)
Note Databooks provide maximum and minimum values for the Output Admittance param-
eter. Select a typical value of output admittance.

» To enter Switching Characteristics data:
1. In the databook, find the “Switching Characteristics” table — for example:

Use this infor- SWITCHING CHARACTERISTICS MPS2222A only

mation to enter Delay Time (Vg = 30 Ve, Vg gf = -0 Ve, 4 - 10 ns
data in the Rise Time Ig = 150 mAdc, Igq = 15 mAdc) (Figure 1) & _ 25 ns
Switching Storage Time Ve = 30 Vde, g = 160 mAd, fs - 225 ns
Characteris- Fall Time 151 = Iz = 15 mAdo) (Figure 2) t - 60 s
tics fields. 1. Pulse Test: Pulse Width = 300 s, Duty Cycle & 2.0%.

2. fris defined as the frequency at which |hig| extrapolates fo unity.

2. Based on the table data, enter:

e Storage Time (ts)

e Collector Current (Ic)
e Base Current (Ib1)

e Base Current (Ib2)

Entering Capacitances Data

1. Click the Capacitances tab:

General and Table Data  Capacitances | DC Current Gain Chart [WFE ws. Ic]l "On" Voltages, Current-Gain Bandw. I

— Emitter-Base Capacitance ——————————————— i~ Collector-B ase Capacitance Chart
[Input Capacitance] [Output Capacitance]
E?pac\lan:e [Ceb1] oF gﬁpac\tance [Ceb1) 11 oF
" Lowest Value of 01 W " Lowest Value of 01
Reverse Voltage Reverse Voltage L
Intermediate ¥ alues Intermediate Values
Capacitance [Cebz] 22 o Capacitance [Cch2) El pF
at: at
Reverse Voltage 0.3 v Reverse Voltage 0.3 W
Capacitance [Ceb3] Capacitance [Cch3)
- 20 pF o a oF
Rewerse Valtage 0.5 Wy Rieverse Voltage I—U'B v
Capacitance [Ceb4] l— Capacitance (Cchd] l—
at: 14 P at: 25 PP
Highiest Value of 3 Highiest Valug of ]
Reverse Voltage v Reverse Voltage i

aK I Cancel Help
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2.

In the databook, locate the “Ceb and Ccb vs. Reverse Voltages (RV)” graph — for exam-
ple:

Point corresponding to the Select two intermediate Point corresponding to the
lowest reverse voltage. points for Intermediate highest reverse voltage
Values.
Use this curve to a3
enter Emitter-Base — 11
Capacitance T | T
(Input Capaci- g “Hcif,b
tance) data. See 81
below. S M SN
S 7.0 —
Point corresponding S 50 n “‘-~.._\
[
to the lowest reverse / ol ]
voltage. / Pl
/ i
. 20 /
Select two interme- 01 0203 050710 | 20 30 507010 20 30 /50
diate points for REVERSE VOLTAGE (VOLTS)
Intermediate Val- Figurd 9. Capacitances
ues.
Use this curve to enter Point correspond-
Collector-Base ing to the highest
Capacitance (Out- reverse voltage.

put Capacitance)
data. See below.

» To enter Emitter-Base Capacitance (Input Capacitance) data:

1.

Multisim 2001 Educator User Guide

On the Ceb curve, locate the point corresponding to the lowest voltage, or the beginning
point, of the Ceb curve. Use the coordinates of this point to enter values for:

e Capacitance (Ceb1)
¢ Lowest Value of Reverse Voltage
On the same curve, locate the point corresponding to the maximum voltage, or the end

point. Use the coordinates of this point to enter values for:

¢ Capacitance (Ceb4)

¢ Highest Value of Reverse Voltage

To enter Intermediate Values, select two intermediate points close to the left side in the
low voltage region. Ensure that they are not too close, to avoid excessive error in the
model. Use the coordinates of the first and second points to enter values for:

e Capacitance (Ceb2) at Reverse Voltage
e Capacitance (Ceb3) at Reverse Voltage
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» To enter Collector-Base Capacitance Chart (Output Capacitance) data:

1.

Using the Ccb curve from the same “Ceb and Ccb vs. Reverse Voltages (RV)” graph,
repeat steps 1 through 3 above to enter values for:

e Capacitance (Ccb1)

¢ Lowest Value of Reverse Voltage
e Capacitance (Ccb2) at Reverse Voltage
e Capacitance (Ccb3) at Reverse Voltage

e Capacitance (Ccb4)

* Highest Value of Reverse Voltage

Entering DC Current Gain Chart data
Click the DC Current Gain Chart (hFE vs. Ic) tab:

1.

<BJT Model>

General and Table Dalal Capacitances  DC Curent Gain Chart [hFE v le] | "On'" Yaltages, Current-Gain Bandw, |

i~ DC Current Gain [hFE] at base Temperature
DC Cunent Gain [hFE1) 35|
at:
Mirimal Collectar Current ID 1
DC Cunrent Gain [hFE2) |125
Intermediate Collactor IU 3
Current [low walues range]
b ax Value of DC Current 215
Gain [WFE_Max]
Collector Current [IL] at 0.5 IU 3
Max DC Current G i [lowe
values range)
Callector Current Ik at 0.5 Izm
Max DC Current Gain [high
walues range]

i~ DC Curnrent Gain [hFE] at anaother Temperature

Anather Temperature on I_ deqr.C
the Chart k2] 128 o
DC Current Gain [hFE1_t2) |1 a5
at:

Minimal Callector Current  |0.1 mé

DC Current Gain [WFEZ_t2)  [=3n

at.
Intermediate Collector ID_4 mA
Current [low values range)

Max Walue of DC Cument |3gg

Gain [hFEMax_t2]

Callectar Current [IL__t2] at Ig_g i

(0.5 Max DT Cument Gain

[lo walues range)

o]

Cancel | Help

In the databook for the BJT, locate the hFE vs. Ic graph.
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» To enter DC Current Gain (hFE) at base Temperature data:

1. Among the hFE vs. Ic curves at the base temperature for the BJT, select the one whose
Vce is most likely the operating point for the transistor. For example:

Select a The fourth curve from top Point corresponding to
point o rep- is the hFE vs. Ic curve at maximum DC Current
resent the base temperature (Vce = Gain
intermedi- ) \
ate DC Cur- 1000 ——
rent Gain in o \1me
the low Ic z = oo
region. § miosoms=emEr T ) L] RN
] S = 25C R i

Point corre- 2 ‘m ; ;

. \ = o0 1]
sponding 10 ™5 |y i N
minimal DC £ » \ e
Current 20 \ Veg = 10V
Gain 1 | \ IR

01 02 a3 05 07 10 20 30 507D 10 0 30 50 70 100 200 300 500 700 1.0
I, COLLECTOR CURRENT (mé}
Ic value for point Figure 3. DC Current Gain

corresponding to

0.5 of maximum Point corresponding to 0.5 Ic value for point correspond- Point corre-
gaininthe lowIc  of the maximum DC Current  iNg to maximum gain (see sponding to
region (see Gain in the low Ic region “Entering “On” Voltages and 0.5 of the
“Entering “On” Current-Gain Bandwidth maximum
Voltages and Cur- Data” on page 5-39). DC Current
rent-Gain Band- Qaln in the
width Data” on hlgh Ic
page 5-39). region

Note You will need to select a curve with the same voltage as the Ic-Vbe curve you will use
to enter data on the last tab of this screen. See “Entering “On” Voltages and Current-
Gain Bandwidth Data” on page 5-39.

2. Find the point on the curve corresponding to the minimal collector current, or the begin-
ning point of the curve. Use the coordinates of this value to enter:
e DC Current Gain (hFE1)
¢ Minimal Collector Current
3. Select a point from the low Ic region of the same curve. Use the coordinates of this point
to enter:
e DC Current Gain (hFE2)
¢ Intermediate Collector Current (low values range)
4. Find the highest point on the curve, and enter its DC Current Gain value in the Max Value
of DC Current Gain (hFE_Max) field.
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Note You will need to note the Ic value of this point to plot points on the Ic-Vbe curve you
will use to enter data on the last tab of this screen. See “Entering “On” Voltages and
Current-Gain Bandwidth Data” on page 5-39.

5. Find the two points corresponding to 0.5 of the maximum DC current gain value, one in
the low Ic region and one in the high Ic region. Use these points to enter:
e Collector Current (IL) at 0.5 Max DC Current Gain (low values range)
¢ Collector Current (Ikf) at 0.5 Max DC Current Gain (high values range)
Note You will need to note the Ic value of the point in the low Ic region to plot points on the

Ic-Vbe curve you will use to enter data on the last tab of this screen. See “Entering
“On” Voltages and Current-Gain Bandwidth Data” on page 5-39.

» To enter DC Current Gain (hFE) at another Temperature data:

1. Using the hFE vs. Ic graph, find a curve at a different temperature from the base tempera-
ture. (This can be any other temperature.) For example:

Point corresponding to 0.5
of the maximum DC Current
Gain in the low Ic region

The second from top
curve is hFE vs. Ic at
125° (Vce = 1V)

\ Point corre-
. 1000  ——— T i
Point corre- " e sponding to
di Ty 155G T = maximum DC
oG et Current Gain
ini Z 300 = == — N
minimal DC £ "N T 1 trmer—y — Ty
Current _____-— | B 5 3
Gain N = === PSS s =i
S =
8 = e N5
iy == - N
- Vee=10V
Select a 2 L
point to rep- 0 T
reSent the 01 02 03 05 07 10 20 30 50 70 10 20 B 50 70 100 200 300 500 700 10k
intermedi- Ig, COLLECTOR CURRENT {mA)
ate DC Cur- Figure 3. DC Current Gain
rent Gain in
the low Ic
region.

2. Enter the temperature of the selected curve in the Another temperature on the Chart (t2)

field.

3. Find the point on the curve corresponding to the minimal collector current, or the begin-

ning point of the curve. Use the coordinates of this value to enter:

e DC Current Gain (hFE1_t2)
¢ Minimal Collector Current

Electronics Workbench



Creating a Component Model Using the Model Makers

4. Select a point from the low Ic region of the same curve. Use the coordinates of this point

to enter:

e DC Current Gain (hFE2_t2)

¢ Intermediate Collector Current (low values range)

5. Find the highest point on the curve, and enter its DC Current Gain value in the Max Value
of DC Current Gain (hFE_Maxt2) ficld.

6. Find a point corresponding to 0.5 of the maximum DC current gain value in the low Ic
region and enter its value in the Collector Current (IL_t2) at 0.5 Max DC Current Gain
(low values range) field.

Entering “On” Voltages and Current-Gain Bandwidth Data
1. Click the “On” Voltages, Current-Gain Bandw. tab:

<BJT Model>

General and Table Data | Capacitances | DC Curent Gain Chart (hFE vs. o) “On"Voltages, Cunent Giain Bandw. |

~ "'On" Yaltages Chart

Collector-Emitter Yoltage for
‘Whe vs. lc [same as hFE curve]

at:
the Lowest Value of
Collector Current

"0n" Baze-Emitter Yoltage

Current [low values range|

[Vbe_hFEMax) at Max Gain

I

—Wbe[sat]-lc

Saturation Base-Emitter Yoltage
[Wbel_sat] @ |c/lb=10 and ak:

[osz v

Weelzat]- o
Saturation Collector-E mitter
and at:

Collector Current in the high
values range

180 e,

e i 057 Y
‘On'" Base-Emitter Yoltage [Vbel] Collector Current in the IF A
01 i) high values range
i i 0.95
Saturation Base-Emitter Volt W
[Vbe_iL] at 0.5 Max Gain Collsctor .58 M Nab:rza I;::l] a?se ONTHEEIr RS
the Highiest Valus of &00 s
"On'" Base-Emitter Valtage 0.915 W Callector Curment
01 .
\okage [Voel_sat] @ lob=10 W Saturation Collector-Emitter 021 v

Valtage [Wee2_sat] @
leAb=10 and at
the Highiest Walue of
Collector Current

r— Current-Gain B andwidth Product Chart [fT)

Maximum % alue of Current-Gain -~ 250
Bandwidth Product

Lowest Value of Base-Emitter

Temperature Coefficients Chart
’;’o\lage Temperature Coefficient

i
dear.C

—

[ o ]

Cancel | Help

2. In the databook, locate the Ic vs. Vbe graph.
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» To enter “On” Voltages Chart data:

1.

On the graph, locate the curve with the same Vce as the one used in the hFE data. Enter its
Vce value in the Collector-Emitter Voltage for Vbe vs. Ic (same as hFE curve) field. For

example:

The second from top
10

curve is the Vbe vs. Ic
with same Vee as Ie-

TTTTIT
T)=25°C A

hFE curve. (See o8
“Entering DC Current
Gain Chart data” on
page 5-36.)

TTTTTT s

Ve (sat) @ Io/lp=

VWA
1%

WL T
1

@
1

=]
=]
=

BE(on) @ Ve =

V, VOLNGE {(VOLTS)
=
-

2

Point corresponding to

minimal Vbe 02

Point corresponding to

VoE(sat) @ ol =10
CTrr—t

L

0.5 of the maximum
DC Current gain. (See
“Entering DC Current
Gain Chart data” on
page 5-36.

0
0102 05 1020 50 10 20 50 100 200 500 1.0k

I, COLLECTOR CURRENT (mA)

Figure 11. “On" Voltages

Point corresponding to
maximum DC Current

- gain. (See “Entering

DC Current Gain Chart
data” on page 5-36.)

Find the point on this curve corresponding to the minimal Ic value, or the beginning point
of the curve. Use the coordinates of this point to enter:
e “On” Base-Emitter Voltage (Vbe1)
¢ Lowest Value of Collector Current
Using the Ic vs. hFE graph from the previous section, locate the Ic-hFE curve at the base
temperature that was used to enter data on the third tab of this screen. At the point of the
maximum DC Current Gain (hFE), note the coordinate for the collector current (Ic).

On the Ic-Vbe graph, find the point corresponding to this coordinate for Ic on the curve
used in steps 1 to 4. Enter the voltage for this point in the “On” Base-Emitter Voltage
(Vbe_hFEMax) at Max Gain field.

Using the Ic vs. hFE graph from the previous section, locate the Ic-hFE curve at the base
temperature that was used to enter data on the third tab of this screen. At the point corre-
sponding to 0.5 of the maximum DC Current Gain (hFE), note the coordinate for the col-

lector current (Ic).

On the Ic-Vbe graph, find the point corresponding to this coordinate for Ic on the curve
used in steps 1 to 4. Enter the voltage for this point in the “On” Base-Emitter Voltage
(Vbe_iL) at 0.5 Max Gain Collector Current (low values range) field.
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» To enter Vbe(sat)-Ic data:
1. Using the Ic vs. Vbe graph, locate the curve whose Vbe(Sat)@Ic/Ib=10. For example:

The top curve is Vbe-Ic

; W m Point corresponding to
when Vbe is saturated\i T)225C Eoil highe;:t vaeljz ofdcolglJec
L -
and lc/Ib=10. [T et
08 i g tor current
& | Voe(sal) @ ol = 10 et
3 e il 1oV
2 08 =
§ VaE(en) @ Vee =10V Select a point in the
gu high values range of
= the collector current.
02 7
|t

VCE{saf) @ 1o = 10
Ot

0
0402 05 1020 50 10 20 50 100 200 500 1.0k
I, COLLECTOR CURRENT (mA)

Figure 11. “On” Voltages

2. Find the highest point on the curve. Use the coordinates of this point to enter:

e Saturation Base-Emitter Voltage (Vbe2_sat)
¢ Highest Value of Collector Current
3. Select a point on the curve in the high values range of the collector current. Use the coor-
dinates of this point to enter:
e Saturation Base-Emitter Voltage (Vbe1_sat)
e Collector Current in the high values range

» To enter Vce(sat)-Ic data:
1. Using the Ic vs. Vbe graph, locate the curve whose Vbe(Sat)@Ic/Ib=10. For example:

B mRmEE

| Ty=25C ,:
o
as b L T
TTTTTT T
@ | Vasal @ loflg = 10 tomp e
3 06 i i 1.0V
2 o
The bottom curve (E VaE(on) @ Ve = 10V Point corresponding to
is Vbe-Ic wh u V. g 04 highest value of collec-
is Vbe-lc when Vce - t
. or current
is saturated and Ic/ "
lb=10. \V\\\@I g =10 A
s il [ Select a point in the

0
0102 05 1020 50 10 20 50 100 200 500 1.0k hlgh values range of

Ic. COLLECTOR CURRENT (m) the collector current
Figure 11. “On” Voltages

2. Find the highest point on the curve. Use the coordinates of this point to enter:

e Saturation Base-Emitter Voltage (Vce2_sat)
¢ Highest Value of Collector Current
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3. Select a point on the curve in the high values range of the collector current. Use the coor-
dinates of this point to enter:

e Saturation Base-Emitter Voltage (Vce1_sat)
¢ Collector Current in the high values range

» To enter Current-Gain Bandwidth Product Chart (fT) data:

1. In the databook, locate the “Current-Gain Bandwidth Product versus Frequency” graph —
for example:

. . g 500 (———

Point corresponding to the E VeE=20V

maximum fT value =] T)=25°C
3 am o L
i |4 P
a \
o 20
g d
g L
&
=z //
§ 100 |
i
&
e 70
o
=
(]
= 5

10 20 30 50 70 10 20 30 50 70 100

¢, COLLECTOR CURRENT {mA)

Figure 10. Current—-Gain Bandwidth Product

2. Locate the maximum fT value, or the highest point, of the curve. Enter this value in the
Maximum Value of Current-Gain Bandwidth Product field.

» To enter Temperature Coefficients Chart data:

1. In the databook, locate the “Temperature Coefficients” chart — for example:

i M |

T T T ==
0 R for VCEsat)

-05

Point representing the
lowest value of base-
emitter voltage tem-
perature coefficient

=

COEFFICIENT (mvi®C)
L
(=3

/’

[ Ll

-20 H = Rays forVag
L]
[

T T
25 [ 11
01 02 05 10 20 50 10 20 50 100 200 500
I, COLLECTOR CURRENT (mA)

Figure 12. Temperature Coefficients
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2. On the base-emitter temperature coefficient curve, find the minimum value, or the lowest

5.13.2 Diode Model Maker

From the Model tab of the Component Properties screen, click Start Model Maker. The
Select Model Maker screen appears.

3.
4.
Note The Diode Model screen shows preset values for the IN4001 model.

Enter values on the Diode Model screen as described in the following sections.

point, and enter this value in the Lowest Value of Base-Emitter Voltage Temperature
Coefficient field.

From the Model Maker list, select Diode and, to continue, click Accept. (Click Cancel to
return to the Model tab.) The Diode Model screen appears.

When all values are entered, click OK to complete the model, or click Cancel to cancel.

Entering General, Maximum Rates, Forward and Reverse Charac-
teristics Data

1.

i~ Instantameous Fonward Characteristics

|
General

Component Mame |1 4001

i~ Rewerse Caracteristic:
hrchaitoiettc o C
I;Itvgﬁm [D‘Hlf.]raverse curent |5— "
[Tt?:]plcal reverse recovery time IS'U— s

i~ Reverse Breakdown

¥ Reverse Breakdown Data NOT available

Reverse Breakdown Yolkage (5] W
[E]

Reverse Breakdown Current [

() v

Click the General, Max Rates, Forward and Reverse Characteristics tab:

<Diode Model> E

General, Max Rates, Forward and Reverse Characteristics | Capacitances |

Lowest forward curent (IF1)
- 0.m &
Lowest forward woltage [VF1) 062 W

Fonward current (IF2) 1 A

at

an intermideate fonsard l—
woltage [VF2) 03 W

Highest farward current (IFM)| 20 £
at

Highest farward voltage 18 W
[FM)

(1] I Cancel | Help

2. Look up data information for the diode in a databook.
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>

>

To enter General characteristics, enter the Component Name. This is usually found at the top
of the data sheet.

To enter Reverse Characteristics data:
1. In the databook, find the “Maximum Ratings and Electrical Characteristics” table.
2. Based on information in this table, enter the following values:

¢ Maximum repetitive peak reverse voltage (VRRM)
* Maximum DC reverse current at rated DC blocking voltage (IR)
* Typical reverse recovery time (trr).

To enter Reverse Breakdown data:
1. In the databook, find the “Reverse Voltage vs. Reverse Current” chart.
If no data are available, enable Reverse Breakdown Data NOT available.
2. On the chart, locate the graph that indicates the ambient temperature of 25° C.

3. Select a point on the graph that represents the mid-point of the horizontal direction, as
indicated in the chart.

4. Use the coordinates of this point to enter values for:

¢ Reverse Breakdown Voltage (BV)
¢ Reverse Breakdown Current (IBV)

To enter Instantaneous Forward Characteristics data:

1. In the databook, locate the “Typical Instantaneous Forward Characteristics” graph — for

example:
Point correspond-
FIG. 3 - TYPICAL INSTANTANEQUS FORWARD ing to the highest
CHARACTERISTICS
' 20 forward voltage
Point on the curve £ 10 |
. Z

corresponding to = i =

the intermediate for- 5 i/ e oTH=3004 ]

ward voltage 2 yd (RBUTYEYELE
Zw 1 :
= P
o -
28 F
w =
2<
g
: 0.1 =
2 F
<
b F i
< ol

0.01

06 0.8 1.0 1.2 1.4 1.6 1.8
. . INSTANTANEOUS FORWARD VOLTAGE,
Point corresponding to VOLTS

the lowest forward volt-
age
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2. Find the point of lowest forward voltage, at beginning point of the curve. Use the coordi-
nates of this point to enter values for:

e Lowest forward current (IF1)
¢ Lowest forward voltage (VF1)
3. Find the point of highest forward voltage, or the end point on the curve. Use the coordi-
nates of this point to enter values for:
¢ Highest forward current (IFM)
* Highest forward voltage (VFM).
4. Using your eye or a ruler, find the second or intermediate point on the curve which you
think best identifies the transition point in the curve.

Note Guidelines for selecting the intermediate point vary from one databook to another. If
the graph is provided in logarithmic format, which is usually the case, a good way to
find this point is to place a ruler along the beginning of the curve in the lower voltage
area, which will look like a straight line. Where the curve begins to diverge from your
ruler, use this point as your intermediate point. If the graph is provided in linear for-
mat, plot the data in logarithmic fashion and follow the ruler procedure.

5. Use the coordinates of this point to enter the values for:

* Intermediate forward current (IF2)
* Intermediate forward voltage (VF2).
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1. Click the Capacitances tab:

<Diode Model>

)
=}

[
w3

=
m

-
—
-
E—
E—
F
-
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» To enter Junction Capacitances data:

1.

In the databook, find the “Typical Junction Capacitance” chart — for example:

Point corresponding to the lowest reve-

verse voltage FIG. 5 - TYPICAL JUNCTION CAPACITANCE
100 T T TTTTT
T;=25°C H
=1.0 MHz M
Weig=50mvp-p H
=
Select a second point on the curve inthe — ;™
lower voltage area for the second to low- :z: o
est reverse voltage. 5 LT """-.._.
£ 1 b
3 Sasi]
Select a third point on the curve in the & HEE
lower voltage area for the third to lowest/ 9 ol
second to highest reverse voltage = L1111
////’/’
Point corresponding to the highest /16.1 . s o

reverse voltage REVERSE VOLTAGE, VOLTS

Find the junction capacitance at zero reverse voltage and enter it in the Junction capaci-
tance at zero reverse voltage (CJO) field.

If this information is not given in the databook, enable CJO data NOT available.

Find the point of lowest reverse voltage, or the beginning point of the curve. Use the coor-
dinates of this point to enter the values for:

¢ Junction capacitance (CJ1)

* Lowest Reverse Voltage (Vr1).
Find the point of highest reverse voltage, or the end point on the curve) and enter the coor-
dinate values in the Junction capacitance (CJ4) and Highest Reverse Voltage (Vr4)
fields.

Select two additional intermediate points on the graph, greater than the lowest reverse
voltage but in the lower range of the reverse voltage.
Use the coordinate values of the second point to enter:
¢ Junction capacitance (CJ2)
* Second to Lowest Reverse Voltage (Vr2).
Use the coordinate values of the third point to enter:

* Junction Capacitance (CJ3)
* Second to Highest Reverse Voltage (Vr3) (Third to lowest reverse voltage)
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5.13.3 MOSFET (Field Effect Transistor) Model Maker

5-48

1. From the Model tab of the Component Properties screen, click Start Model Maker. The
Select Model Maker screen appears.

2. From the Model Maker list, select MOSFET and, to continue, click Accept. (Click Can-
cel to return to the Model tab.) The MOSFET Model screen appears.

3. Enter values on the MOSFET Model screen as described in the following sections.
4. When all values are entered, click OK to complete the model, or click Cancel to cancel.
Note The MOSFET Model screen shows preset values for the BSS83 model.

Entering General and Output Characteristics Data
1. Click the General, Output Characteristics tab:

<MOSFET Model>

General, Dutput Characteristics I Transfer Characteristics - Opt. 1 and 2| Transfer Characteristics - Opt, 2| Capacitances |

|
i~ General

Channel Type of = .
Mosfet INMUS tax Drain Current 50 A

Companent harne

i~ Dutput Characteristics in Dhmic region
/ds when drain currert iz

Yz for the curve Drain Cumrent 13
[vggs,uhmicl |4 5 W (lds_Ohmic) 27 mé Ids_ Ohmic (Vds Ohmic] W

i~ Output Characteristic:

s Wds curve 1 (for lowest Vas)

r~ |ds Wds curve 2 [for intermideate Ygs] Ids_¥ds curve 2 [for highest ¥gs)

Wos for this curve 3 v Wgs far this curve 3 W for this curve 45
MVas_f) pas_f1) ¥ [Vas_f2) i
Drin Curent (s 00) |5 i S |

. tain Current (Ids_f00] [5 mé, Drain Current [Ids_f10] 20 Dirain Current 40 i,

at: at:

Ve 00lower Vsl 7y |y omer v N ves0fowervey 3 W
Drain Current (Ids_f01) |10 mh Drain Current (Ids_t11] [27 e Drait Current (Ids_f211[47 e
t: t:

al at: al

Wds_f01 [higher Yds: 2
:_f01 [higl 1 [0 y Vel P11 {higher Ves] q y Wds_[21 [higher Yds] Is W

— i 1

2. Look up data information for the MOSFET in a databook.

» To enter General data:

1. Enter the Component Name. This can usually be found in the top right corner of the
datasheet.

2. Enter the Channel Type of MOSFET. This is the title of the datasheet and is found at the
top of the datasheet.
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3. Find the “Ratings” table for the MOSFET.
4. From the data given in the table, enter the Max drain current

» To enter Output Characteristics in Ohmic Region data:
1. From the MOSFET data information, find the Id vs. Vds graph — for example:

. 60 MDAZ50
Highest VGS value | | |
T 45| vgg=4sv
(mA) av
—_|
The first curve corre- /___——( A
sponds to the highest 40 /
35V
VGS value. //_/’
I// sl V|
The sharply-rising sec- g et 25Y
tion of the curves is the -1
Ohmic region of the T ad
curves J4 1T |
% 4
Vpg (v)
Tj=25°C.

Fig.3 Vsg = 0; typical values.

2. Locate the curve with the highest VGS. Enter this VGS value in the VGS for the curve
(Vgs_ohmic).

3. Locate a point in the ohmic region of the same curve.
4. Enter the Id value of this point in the Drain Current (Ilds_Ohmic) field.

5. Enter the Vds value of this point in the Vds when drain current is Ids_Ohmic
(Vds_Ohmic) field.

» To enter Output Characteristics for Saturation Region data:

1. Using the same graph as above, locate the saturation region of the curves. The saturation
region is the steady state situation of the curves where points along the curve fit on a
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2.

4.

6.

7.

straight line. (The curve corresponding to the highest VGS does not have a saturation

region.) For example:

MDAZ50
60 L] - —
Ip Vgg =45V | |
(mA) 4y ——T]
]
" y D e e
/ 35V
il
=il
I // =1,
20 _/// e
el 2V
‘-"""'# st
V L =TT
o
0 o] 4
Vpg (v)
TI =25 °C.

Fig.3 Vsg = 0; typical values.

The second from left curve cor-
responds to the highest VGS,
and has a saturation region

The region where the curves
exhibit a steady state, or
where points can be plotted
along a straight line, is the sat-
uration region.

The fourth from left curve cor-
responds to the intermediate
curve with a saturation region.

The bottom curve corresponds
to the lowest VGS value.

To enter data for the Ids_Vds curve 1 (for lowest Vgs) fields, find the curve with the low-

est Vgs value.

Enter the Vgs value of this curve in the Vgs for this curve (Vgs_f0) field.

Using your eye or a ruler, locate the beginning and end points of the saturation region, or
the area where the points fit along a straight line, for this curve.

Use the coordinates of the beginning point to enter:
¢ Drain Current (Ids_f00)
* Vds_f00 (lower Vds).

Use the coordinates of the end point to enter:

¢ Drain Current (Ids_f01)
* Vds_f01 (higher Vds).

To enter data for the Ids_Vds curve 3 (for highest Vgs) fields, find the curve with the
highest Vgs value, but which still has a saturation region. (This description excludes the

topmost curve of the Id-Vds graph.)
Repeat steps 4 through 7 to enter values for:

* Vgs for this curve (Vgs_f2)
¢ Drain Current
* Vds_f20 (lower Vds).

Electronics Workbench



Creating a Component Model Using the Model Makers

¢ Drain Current (Ids_f21)
* Vds_f21 (higher Vds).
9. To enter data for the Ids_Vds curve 2 (for intermediate Vgs) fields, find the curve in the
middle point between the curves corresponding to the lowest Vgs and the highest VGS
with a saturation region.

10. Repeat steps 4 through 7 to enter values for:

* Vgs for this curve (Vgs_f1)
¢ Drain Current (Ids_f10)

* Vds_f01 (lower Vds).

e Drain Current (Ids_f11)

* Vds_f11 (higher Vds).

Entering Transfer Characteristics data

1. Click the Transfer Characteristics - Opt. 1 and 2 tab:

General, Dutput Characteristics  Transter Characteristics - Opt. 1 and 2 | Transfer Characteristics - Opt. 3| Eapacltancesl

i~ Transfer Characteristics [Drain Current v, Gate-to-Source Yoltage) - Options A, B

Vs for ldVge curee———————————— ‘whether multi 1d-Ygs curve available

iIrd three |d-+as curves for different
“sh are available

 Input 1dVgs curve for large Yds

GOTO Option C [Mext Page]

Transfer Characteristics: |dgs (Option &) Transfer Characteristics: 1ds-Vgs (Option B)

Wds for lds-Vas curve 10 W
Drain Cunent [Ids_A1) |1 mé
; 10
at WVgs AT (lower Vgs] |1_5 v Drain Current Ids_B1 s
at gz B [lower Ygs) 2 v
Drain Cumert [|ds_42) 10 mé Drain Current [|ds_B2) 3 s
at Vas_A2 higher Vgs) - v at Yas_B2 [highier Yas) El u
1 1 1

» To select Transfer Characteristics options:

1. In the databook, locate the Id vs. Vgs graph. Depending on the available data, under Vds
for Id-Vgs curve and Whether multi Id-Vgs curve available, enable the appropriate
options.

Note If the graph contains more than one Vsb curve, it implies that source and bulk (sub-
strate) are not connected together.
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If the latter option is not enabled, you will be prompted to enter data in the Option A or
Option B fields on the same screen.

If the latter option is enabled (as it is in our example), the screen will prompt you to Go to
Option C (Next Page).

2. To go to Option C, click the Transfer Characteristics - Opt. 3 tab:

<MOSFET Model>
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» To enter Transfer Characteristics (Drain Current vs. Gate-to-Source Voltage) data for all
three options:

1. Look at the data in the Ids vs. Vgs graph — for example:

The highest point on
the curves corre-

sponds to the maxi- 12 MDAZS3
mum Id value. \\\ ‘
Ip [TMep=0v|4V [12v
The leftmost curve (mA) 8Y Multiple Vsb curves
corresponds to the imply that source-bulk
lowest Vsb value. N
—

/ / (substrate) are not con-

The second from left nected together.

curve corresponds to
the intermediate Vsb

) /
value. ’7[
4

The rightmost curve
corresponds to the L)

highest Vsb value. 0
/ 1 ? *Vosnm*

Point corresponding to
10% of maximum Id Tj=25°C.
value

Fig.6 Vps =Vas = Vasith)-

2. If you are using Option A, proceed to step 4.
If you are using Option B, proceed to step 3.

If you are using Option C, to enter data in the lds-Vgs Curve for lowest Vsb fields, locate
the curve with the lowest Vsb.

3. If you are using Option B, enter the Vds value in the Vds for Ids-Vgs curve field.
If you are using Option C, enter the Vsb value in the Vsb for this curve (Vsb_C1) field.

4. Find the maximum Id, or the highest point of the curve. Use the coordinates for this point
to enter:
for Option A:

e Drain Current (Ids_A1)
e Vgs_A1 (lower Vgs)

for Option B:

¢ Drain Current Ids_B1
e Vgs_B1 (lower Vgs)
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for Option C:

e Drain Current (Ids_C11)
e Vgs-C11 (lower Vgs)

. Find the point on the curve which corresponds to 10% of the maximum Id on the same

curve. Use the coordinates of this point to enter:
for Option A:

e Drain Current (Ids_A2)
e Vgs_A2 (higher Vgs)
for Option B:

¢ Drain Current (Ids_B2)
e Vgs_B2 (higher Vgs)
for Option C:

e Drain Current (Ids_C12)
e Vgs_C12 (higher Vgs)

. To complete the Option 3 screen, to enter data in the lds-Vgs Curve for highest Vsb, find

the curve with the highest Vsb value, and repeat steps 3 through 5 above to enter data for:

Vbs for this curve (Vsb_C3)
Drain Current (Ids_C31)
Vgs_C21 (lower Vgs)

Drain Current (Ids_C32)
Vgs_C22 (highest Vgs)

. To enter data in the Ids-Vgs Curve for Intermediate Vsb fields, select the curve corre-

sponding to a Vsb value in between the highest and lowest Vsb. Repeat steps 3 through 5
above to enter data for:

Vsb for this curve (Vsb_C2)
Drain Current (Ids_C21)
Vgs_C21 (lower Vgs)

Drain Current (Ids_C22)
Vgs_C22 (highest Vgs)
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Entering Capacitances Data
1. Click the Capacitances tab:

<MOSFET Model> X!

General, Output Ehara:lenst\csl Transfer Characteristics - Opt. 1 and 2| Transfer Characteristics - Opt. 3 Capacitances I

i~ Candition; Capacitance values from the datasheet——————————
Feed-back capacitance F
.6 p
Iz Bulk and Source connected ? MO ~ e e |15—
. pF
Output capacitance 1 pF
¥ Cossds, and Crssds curve NOT available X
Drain-Substrate Yoltage 15 W
i Capacitances vs. Drain-to-Source Yoltage
AtVds_capl IU— Feed-back capacitance [Crs1] 1 pF
(lowest value] A —
Output capacitance [Cos1) 1 BF
AtWds_cap2 IU Fesdback capacitance [Crs2) |1
[intermideate low] ¥ & ) — F
Output capacitance (Cos2) 1 pF
AtVds cap3 !
it Bt i) IU v Feed-back capacitance [Cra3) IW oF
Output capacitance [Cos3] IW r
P
AtWds cay I ol
[highes_l vaplue] 0 W Feed-back capacitance [Cred] | eF
Output capacitance [Cosd) 1 oF
[ RS e

» To enter Conditions:

1. Determine whether the bulk and source of the model are connected, and select the appro-
priate answer from the Is Bulk and Source connected? drop-down list.

Note The substrate condition can be determined by two means. The first is to check the
schematic of the device where the internal connections of the MOS transistor are
shown. The second is to check the 1d-Vgs graph. If the graph contains more than one
Vsb curve, it suggests that source-bulk (substrate) are not connected together.

2. In the databook, locate the “Capacitances vs. Drain-to-Source Voltage” chart. If it is avail-
able, you may enter data in the Capacitances vs. Drain-to-Source Voltage fields. If it is
not available, enable Coss-Vds and Crss-Vds curve NOT available, and use the
datasheet to enter capacitances.
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» To enter Capacitance values from the datasheet:
1. In the databook, find the “Characteristics” table
2. From the table, enter data for:

Feedback capacitance
Input capacitance
Output capacitance
Source-Gate Voltage

5.13.4 Operational Amplifier Model Maker

5-56

1. From the Model tab of the Component Properties screen, click Start Model Maker. The
Select Model Maker screen appears.

2. From the Model Maker list, select Operational Amplifier and, to continue, click Accept.
(Click Cancel to return to the Model tab.) The Operational Amplifier Model screen
appears.

3. Enter values on the Operational Amplifier Model screen as described in the following sec-
tions.

4. When all values are entered, click OK to complete the model, or click Cancel to cancel.

Note The Operational Amplifier Model screen shows preset values for the LA741 model.
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Entering General and Input Data
1. Click the General Input tab:

<Dperational Amplifier Model> x|

General, Input | Poles and Zernl Outpt |

~ General
Component Hame 4741 HNOTE:
Prasat

o Tt values
1ansistor Type in WEN +| arefar

input stage w7

=

~ InpLt

Input Capacitance [Ci] pF
Input Offzet Current (11a]
Imput Bias Current (I1b]

Input Offzet Yoltage [V1o)
Comman-mode [nput
Riesistance (Rom]
Differential-mode |nput
Resistance (R1]
Commar-mode Rejection

i
GOhm

0hkm

T

0 dB
Ratio (CMRR)
Valtage Gain Avd
@ indR
 inWimy
. dB
Yollage Gain [&wd] 106

oK I Cancel | Help |

2. Look up data information for the operational amplifier in a databook.

Multisim 2001 Educator User Guide 5-57

Joyp3 wsuodwo)



Component Editor

5-58

» To enter General data:

1. In the Component Name field, enter the appropriate name of the component. This is usu-
ally found in the top right corner of the datasheet.

2. In the Transistor Type in input stage field, select the type of transistor used in the input
stage. This can be determined by looking at the schematic of the internal structure of the
opamp.

Note

This information is optional, as the opamp model can be based on any type of input
transistor. If the type of the input transistor is not important, select the “Don’t Care”
option.

» To enter Input data:

1. In the databook, find the two tables labelled “Electrical Characteristics at specified free-air
temperature”.

2. Use the data from these tables to enter:

Note

Note

Note

Note

Input Capacitance (I)

Input Offset Current (I110)

Input Bias Current ((I1b)

Input Offset Voltage (V10)

Common-mode Input Resistance (Rcm)

Differential-mode Input Resistance (R1)

Common-mode Rejection Ratio (CMRR)

Voltage Gain Avd

The Common-Mode input resistance is usually very high. If its value is not available,
choose 2 Gohm as the default.

While the typical value for the Common-Mode Rejection Ratio (CMRR) is provided
in the “Electrical Characteristics” table, its variations with frequency are also provided
in a chart called “Common-Mode Rejection Rate Vs. Frequency”. If you use this chart,
use the CMRR value for the lowest frequency possible.

While the typical value for Large Signal Differential Voltage Amplification (Avd) is
provided in the “Electrical Characteristics” table, you can also find it in a chart called
“Open-Loop Large Signal Differential Voltage”. If you use this chart, use the Avd
value at the lowest frequency.

Databooks provide Avd gain in either dB or V/mV. If the value is provided in V/mV,
you can still enter the data in dB. However, you should convert the numerical values:
value in dB = 20 * log[1000 * (value in V/mv)]
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Entering Poles and Zero Data
1. Click the Poles and Zero tab:

<0Operational Amplhfier Model»
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» To enter Gain-frequency curve poles and Zero data:

1. In the databook, locate the “Avd-Open-Loop Single Differential Voltage Amplification vs.
Frequency” chart — for example:

OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
Vs

FREQUENCY
107
[T T TTT
Voos =15V
- 106 Vog==-15V ||
= m Vg=+10V
Sm 105 R =2k ||
87T N Ta =25°C
& c
=2
The first pol 5%
e first pole BE 400
o
§E N
=
': @ 1p2
g8
9L 10
The second pole \tg\r N
10-1
1 100 10k im 10mM
f — Frequency — Hz
Figure 8

2. Find the first pole on the curve, or the point on the curve where the first horizontal line
transitions into a slope. Enter the frequency value for this point in the Pole 1 frequency
(fr1) field.

3. Find the second pole on the curve, or the point where the slope transitions into a sharper
slope. Enter the frequency value for this point in the Pole 2 frequency (fr2) field.

» To enter High frequency pole and zero data, find higher frequency poles using the curve
mentioned above, web sites or books. If these pieces of information are not available, enable
Not Available.

Electronics Workbench



Creating a Component Model Using the Model Makers

Entering Output Data
1. Click the Output tab:

<Dperational Amplifier Model>

General, \mputl Poles and Zero. Dutput |

r— Output

Slew Rate [SR+) 0.5 Wius
[non-nverting mode]

Slew Rate [SR-) ID_E Wlus
[inverting mode)

Output Resistance [Fa) |75 Ohrn
taximum 5 ource [lsr] |25 ey
Current

Magimurn Sink (lsn] |25 mé
C

urrent

(1] I Cancel | Help |

2. In the databook, locate the “Operating Characteristics” table.
3. Use the data from this table to enter:

¢ Slew Rate (SR+) (non-inverting mode)
¢ Slew Rate (SR-) (inverting mode)

Note Databooks may provide only one value for both inverted and non-inverted slew rates.
4. Refer to the “Electrical Characteristics” tables mentioned in the previous section. Use the
data from these tables to enter:
¢ Output Resistance (Ro)

e Maximum Source (Isr) Current
e Maximum Sink (Isn) Current

Note Databooks normally provide the short circuit output current. This is the maximum
value of the output current which the output node can provide if it is connected to the
negative power supply, or can accept if it is shorted to the positive power supply. You
should enter its value regardless of its sign.
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5.13.5 Silicon Controlled Rectifier Model Maker
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3.
4.

From the Model tab of the Component Properties screen, click Start Model Maker. The
Select Model Maker screen appears.

From the Model Maker list, select SCR and, to continue, click Accept. (Click Cancel to
return to the Model tab.) The SCR Model screen appears.

Enter values on the SCR Model screen as described in the following sections.

When all values are entered, click OK to complete the model, or click Cancel to cancel.

Note The SCR Model screen shows preset values for the 2N6504 SCR.

Entering Electrical and Maximum Forward Voltage Data

1.

Click the Electrical Data, Max Forward Voltage tab:.

<SCR Modeb>
Electical Data, Max Forward Yoltage | Time Data, Max Fatings I
Mame of Model Builder [optional]
Device Type Mo SNESD4
[Preset values are for 2NE504)
- Electrical Characteristic:
Holding Current 35 i,
Gate Trigger Current 40 M
Gate Trigger Yoltage 15 v
Peak Forward Blocking Current 10 ud
Peak Forward Blocking Yoltage 50 W
1.05 Peak Reverse Blocking Vaoltage 5258 v
Critical Rate of Rize of Off-5tate Volage 50 Wilg
i~ b aximum Forward Yoltage Chart

Instantaneous Forward Curent 01 A
at

Minimum Walue of Ingtantaneous Yoltage 0.85 W
Instantaneous Fonward Cumnent E A
at.

Intermediate %alue of Instantaneous Yoltage 1 W
Instantaneous Forward Current 100 A
4

M aximum Yalue of Instantaneous Voltage 255 W

(1] I Cancel | Help |

2. Look up data information for the SCR in a databook.

3. Enter the name of the model builder (optional).

4. Enter the device type number. This is usually found in the top right corner of the datasheet.

» To enter Electrical Characteristics data:
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1.

Locate the “Electrical Characteristics” table — for example:

Use this information

ELECTRICAL CHARACTERISTICS (Tg = 25°C unless otherwise noted.)

to enter data in the Characteristic Symbol Min Typ Max Unit
Electrical Char- *Peak Forward or Reverse Blocking Current IDRM. IRRM
. . (VaK = Rated VpRyy or VRRi, Gate Open) Ty=25C - - 10 HA
acteristics fields T)=125C - - 2 mA
under the Electrical *Forvard “On” Voliage() VIM 18 | vols
(lrm=50A)
Data’ Max Forward ‘G-:MT Cy it (Conti dc) Tg=25C [ 40 mA
ate Trigger Current (Continuous dc ¢ = 25° GT - -
Voltage tab. (Anode Voltage = 12 Vde, Ry = 100 Ohms) TG = -40°C - 25 75
*Gate Trigger Voltage (Continuous dc) VGT 1 15 Volts
(Anode Voltage = 12 Vdc, Ry = 100 Ohms, T = -40°C)
Gate Non-Trigger Voltage VoD 02 - - Vaolts
(Anode Voltage = Rated VpRryy, R = 100 Ohms, T = 125°C)
PP *Holding Current Iy - 35 40 mA
Use this informa- (Anode Vollage = 12 Vde, Tg = —40°C)
tion to enter data in TomOnTrme o — s 2 s
the Electrical fru=25A lgT =50 mAde)

HH Turn-Off Time (VpRry = rated voltage) s
Characteristics g e a N
fields of under the (T =25A IR=25A T, = 125°C) - s | -
Time Data, Max Critical Rate of Rise of Off-State Voltage dvidt - 50 - Vius

’ (Gate Open, Rated VpRr, Exponential Waveform)

Ratings tab. See
“Entering Time Data
and Maximum Rat-
ings Data” on page
5-65.

*Indicates JEDEC Registered Data.
1. Pulse Test: Pulse Width & 300 us, Duty Cycle % 2%.

2. Based on the data provided this table, enter:

Holding Current

e Gate Trigger Current

Gate Trigger Voltage

Peak Forward Blocking Current

Critical Rate of Rise of Off-State Voltage

3. In the databook, locate the “Maximum Ratings” table.

4. Based on the data in the table, enter the value of the Peak Forward Blocking Voltage
field.

5. Multiply this value by 1.05 and enter the value in the 1.05 Peak Reverse Blocking Volt-
age field.
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» To enter Maximum Forward Voltage Chart data:

1.

5-64

In the databook, locate the “Instantaneous Forward Current vs. Instantaneous Voltage”
graph, and find the If-Vf curve at 25°. For example:

FIGURE 3 — MAXIMUM FORWARD VOLTAGE

100 —
L —1 el
70 — = ,,/ -
Point corresponding to the maxi- — ////
mum instantaneous forward cur- i
rent 30 /
125°C //
20 7
/
g /
2 . e
= I
5 #
o
. . . g "0 i
Point corresponding to the inter- =T 1 J'
mediate instantaneous forward — /
current % 10 I —
@ {
2 20
z
: l
=
2 10 | 1
g i
Point corresponding to the mini- 05 LI
mum instantaneous forward Il
current 03 Il' ’
0 !
[
01 I{

0 04 08 12 16 20 24 28
VE, INSTANTANEOUS VOLTAGE (VOLTS)

On the curve, find the point at the minimum If, or the beginning point of the curve. Use the
coordinates of this point to enter:

* Instantaneous Forward Current.

* Minimum Value of Instantaneous Voltage.
Find the point at the maximum If, or the end point of the curve. use the coordinates of this
point to enter:

¢ Instantaneous Forward Current

* Maximum Value of Instantaneous Voltage.
Locate an intermediate point on the curve corresponding to the transition point. Since the
graph is provided in logarithmic format, you can do this by using a ruler to draw a line
starting at the beginning point and following the straight line of the curve in the lower
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>

>

voltage area. Where the curve begins to diverge from your ruler, use this point as your
intermediate point. Use the coordinates of this point to enter:

¢ Instantaneous Forward Current
¢ Intermediate Value of Instantaneous Voltage

Entering Time Data and Maximum Ratings Data
1. Click the Time Data, Max Ratings tab:

<SCR Model>

Electrical D ata, Max Foward Voltage  Time Data, Max Ratings I

- Electrical Characteristic:

Turr-On Time IT ] us

Turr-0ff Time |1 q us
— Maximum Ratings Chart

Fonard Current EZ A

Rewerse Curtent [Irc] when the device is in

"off-state’". If nfa enter 0 0 )

Reverse Yaoltage [Vrc) when the device is in 0 W

"off-state’”. IF n/a enter 0

|dentifier. [Egual ta 1 if above Iic and Wic [i]

values availsble, athenwise 0]

Parameter related to "off-state”. [Equal to zera if |25— &

above Irc and Vic values available, othennize
equal to Forward Current]

Parameter related to "off-state”. [Equal to zera if
abave Ire and Vic values available. othenise 50 v
equal to Peak Reverse Blocking Yoltage)

aK I Cancel I Help I

To enter Electrical Characteristics data, refer to the “Electrical Characteristics” table men-
tioned in the previous section, and enter data in the Turn-On Time and Turn-Off Time fields.

To enter Maximum Ratings Chart data:
1. Refer to the “Maximum Ratings” table mentioned in the previous section.
2. Find the Forward Current and enter this value in the Forward Current field.

3. For the Reverse Current ficld, find the reverse current (IRC) when the device is in off-
state and enter this value, or, if this value is not provided, enter 0.

4. For the Reverse Voltage field, find the reverse voltage (VRC) when the device is in off-
state or, if this value is not provided, enter 0.

5. For the Identifier field, enter 1 if Reverse Current and Reverse Voltage values are avail-
able, or 0 if they are unavailable.
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6.

For the first Parameter related to “off-state” field, enter O if the Reverse Current and
Reverse Voltage values are available, or, if they are not provided, enter the Forward Cur-
rent value.

For the second Parameter related to “off-state” ficld, enter O if the Reverse Current and
Reverse Voltage values are available, or, if they are not provided, enter the Peak Reverse
Blocking Voltage value.

5.13.6 Zener Model Maker

5-66

3.
4.

From the Model tab of the Component Properties screen, click Start Model Maker. The
Select Model Maker screen appears.

From the Model Maker list, select Zener and, to continue, click Accept. (Click Cancel to
return to the Model tab.) The Zener Model screen appears.

Enter values on the Zener Model screen as described in the following sections.

When all values are entered, click OK to complete the model, or click Cancel to cancel.

Note The Zener Model screen shows preset values for the IN4728 A model.

Entering Electrical Characteristics Data

1.

<Zener Model>

Electr. Characteristics ITemp Coeff., CapacitancEI

Click the Electrical Characteristics tab:

Component Hame
[Drefaults are for TN47284)

r~ Revers Characteristic: - Forward Characteristic
MNominal Zener Voltage [Vzt] 33 i
at Forward Current (171 I
at: ! e,

Zener Test Current [|zt] TE ey
MNominal Zener Impedance at
Zzt and Izt [Fzt) 4 Obims

Forward Current ([1f2) |1 ]
Leakage Current [Ir] o0 uA at: mé
at

Lowest Fonward Yoltage [¥F1] 073 W

Reverse Test Valtage (Vi) | W Intermideate Forward Yoltage (VE2] 0.8 v
Zener Impedance near 300 Ohms Highest Forsard Current [Ifm] 200 A
Breakdown knee [Z2k) at:
Zener Curment near 1 Highest Forward Voltage [Vim)  [1.05
Breakdown Knee [Izk] e ¥

Ok I Cancel | Help |

2. Look up data information for the Zener diode in a databook.
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3. From the databook, locate the “Electrical Characteristics” table — for example:

Use the infor- *ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) VE = 1.2 V Max, IF = 200 mA for all types.

mation from Nominal Maximum Zener Impedance (Noted) | Leakage Current
i Zener Voltage Test Surge Current @

this table t(.) JEDEC Vz@Ilzr Current Ta=25C

enter data in Type No. Volts Izt Zr@lzr | Zz@izk | 1z R VR ir—mA

the Reverse (Note 1) (Notes 2 and 3) mA Ohms Ohms mA | uAMax | Volts (Note 5)

= 1N4T28A 33 76 10 400 1 100 1) 1380

(_:har_aCterls TN4T29A 38 69 10 400 1 100 1 1260

tics fields. NAT30A 39 64 9 400 1 50 1 1190
1N4T31A 43 58 9 400 1 10 1 1070
1N4732A 47 53 8 500 1 10 1 970
1N4733A 51 49 7 550 1 10 1 890
1N4734A 56 45 5 600 1 10 2 810
1N4735A 6.2 41 2 700 1 10 3 730
1N4736A 6.8 37 35 700 1 10 4 660
1N4T37A 75 34 4 700 0.5 10 5 605
1Nd7384 82 31 45 700 05 10 [ 550

4. Enter the name of the component in the Component Name field.

» To enter Reverse Characteristics data, use the information from the table for the following
fields:

¢ Nominal Zener Voltage (Vzt)

e Zener Test Current (Izt)

¢ Nominal Zener Impedance at Zzt and Izt (Zzt)
e Leakage Current (Ir)

¢ Reverse Test Voltage (Vr)

e Zener Impedance near Breakdown Knee (Zzk)
e Zener Current near Breakdown Knee (Izk)

Note In the example, the databook only provides the maximum Zener impedance. To find a
typical value for Zzk, use 0.75 times the maximum value of Zzk. To find the typical
value of Zzt, you can use the Zz-1z graph. Find or estimate a curve at the nominal
zener voltage given in the table, and choose the point which corresponds to the test
current given in the table. Use the Zz coordinate of this point to enter as the typical
value.
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» To enter Forward Characteristics data:

1.

In the databook, locate the If-Vf graph, and find the maximum curve at 25° — for exam-
ple:

The sixth from left curve is

1000 ™~ ~ oo
. F MINIMUM
the maximum curve at 25°. 500 7
I MAXIMUM T 7
2 20 ra l' ’
£ 7 A—— 7
. ) = qm0 — I ; l/%
Point corresponding to 4 P
maximum forward voltage 3 © +— AL
7 ' V7
g 75°C 4 e
z 4 £ % DY A
) ) =) = Foret
Point corresponding to /“‘rs 150°C — > F ';’ £ %0
intermediate forward volt- - ) ~ ,r' W ANATE AT
age 7 P VA
9 & 17 WiF |
04 05 - 07 08 09 1 1.1
Point corresponding to V. FORWARD VOLTAGE (VOLTS)
minimum forward voltage Figure 10. Typical Forward Characteristics

Find the point on the curve with the lowest forward voltage, or the beginning point. Use
the coordinates of this point to enter:

e Forward Current (If1)

¢ Lowest Forward Voltage (Vf1)
Find the knee point on the curve, or the point where the slope changes drastically. Use the
coordinates of this point to enter:

e Forward Current (If2)

¢ Intermediate Forward Voltage (Vf2)
Find the point of maximum forward voltage, or the highest point on the curve. Use the
coordinates of this point to enter:

¢ Highest Forward Current (Ifm)
¢ Highest Forward Voltage (Vfm)
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Entering Temperature Coefficient and Capacitance Data
1. Click the Temp. Coeff., Capacitance tab:

<Zener Model>
Elect. Characteristics  Temp. Coeff., Capacitance |
i~ Temperature Coeff.
Temperature Coefficient at Zener mvs
nominal Yoltage [THETA_va) ¥ deqr.C
i Capacitance vs. Bias Yoltags
Capacitance at 0 Bias a0 F
Yoltage (C1) e
Capacitance [CJ2] 205 F
at ?
Intermideste Bias Yoltage 1 W
Capacitance [CIM] 150 pF
at:
Highest Yoltage 165 W

aK I Cancel Help

To enter Temperature Coefficient data:

1. From the databook, find the Temperature Coefficient versus Zener Voltage graph — for
example:

[T |
Point corresponding to the Z @I
temperature coefficient at the =+ TJE S2kc
. w
Nominal Zener voltage o = o~
G |20 mA =
& 7
E a ///‘\
. =] v / Y
Locate the Vzt and find the & 0.1 mA
. . a b T ima |
corresponding point on the = ey
; Hoo- NOTE: BELOW 3 VOLTS AND ABOVE 8 VOLTS
curve to determine the tem- i CHANGES IN ZENER CURRENT DO NOT
ici EFFECT TEMPERATURE COEFFICIENTS
perature coefficient. 2 3\ L - ~ - !

Wz, ZENER VOLTAGE (VOLTS)

Figure 4. Effect of Zener Current

2. Locate the curve corresponding to the model’s test current as given in the “Electrical
Characteristics” table. (If it is not on the graph, estimate its placement.)
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3. Find the point corresponding to the model’s Vz, as provided in the “Electrical Characteris-

tics” table. Enter the Temperature Coefficient for this point in the Temperature Coeffi-
cient at Zener Nominal Voltage (THETA_vz) field.

» To enter Capacitance vs. Bias Voltage data:

In the databook, locate the “Capacitance versus Nominal Vz” graph — for example:

400

. . |
The capacitances at three bias 300
voltages z — o
N
— 100 NARY \ 2 BI.AS.
[ - I
& s 1V BIAS TH
% 50 o N "
g N AR
"‘h\ T
g 2 \\ -/
[&)
Locate the Vzt and plot the S ~ L
H T,
points on the thrge curves to 8 50% OF BREAKDOWN BIAS .
determine capacitance val- I
4 — [ TTTI] [ 1 I
ues. 1 2 5 10 20 50 100

V7, NOMINAL V7 (VOLTS)
Figure 9. Typical Capacitance versus Vz

On each of the three curves in the graph, locate the point corresponding to the Vzt pro-
vided in the “Electrical Characteristics” table.

For the curve at zero bias voltage, use this point to enter the capacitance value in the
Capacitance at 0 Bias Voltage (CJ1) field.

For the intermediate curve, enter its bias voltage in the Intermediate Bias Voltage field
and enter the capacitance value for the point you have marked in the Capacitance (CJ2)
field.

For the curve with the highest voltage, enter its bias voltage in the Highest Voltage field.
(In our example, this value is 50% of the nominal Zener voltage (Vzt) of the model, as
provided in the “Electrical Characteristics” table.) Enter the capacitance value for the
point you have marked in the Capacitance (CJM) field.
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5.14 Creating a Model Using Code Modeling

This section explains how to model a component using a high-level, industry-standard pro-

gramming language: C. The component can then be added to the Multisim database. To use
code modeling you must have a C compiler such as Microsoft Visual C++, Version 4.1 or
greater, and be familiar with programming and compiling C code. This section is not designed
for Multisim users without programming exposure.

Multisim has built-in models for most types of devices, but it is impossible to provide models
for every possible device. The behavior of some devices may be extremely difficult to model
as groups of SPICE components, but may be easier to describe in terms of high-level, behav-
ioral equations. As a result, the behavior of these devices can be modeled using code model-
ing.

5.14.1 What is Code Modeling?

Code modeling is the behavioral modeling of devices whose governing equations are known.

Note This section serves as a basic guide to code modeling and includes helpful examples.
However, code modeling is a complex process, so be aware that you need time and
practice to gain proficiency.

A code model consists of a set of interface definitions and a C function implementation

describing the device’s behavior. The naming and location of these files is important. The

model is created by combining two files (Ifspec.ifs and Cfunc.mod). The resulting
file, which is given the same name as the folder containing its source files, is placed in the
codemodl folder.

Ifspec.ifs

modelname.dll
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5.14.2 Creating a Code Model

» To create a code model:

1.

Set up your environment variables for Microsoft Visual C++ by running VcVars32 .bat
(installed, by default, in the c: /Program Files/DevStudio/Vc/Bin folder).
This step should be repeated each time you restart your computer and want to create a
code model.

Create a folder under the codemodl folder (within the folder where you installed Multi-
sim). Give the folder the same name as the model you are creating. For example, from the
codemodl subdirectory, create the folder C: /Program Files/EWB/codemodl/
testmodl

Create an interface file called Ifspec.ifs in the folder you just created. The interface
file describes the number and types of connections and parameters of the device. For
example, create the file C: /Program Files/EWB/codemodl/testmodl/
Ifspec.ifs

Create an implementation file called Cfunc . mod in the subdirectory. The implementa-
tion file gives the equations that govern the behavior of the device. For example, create the
file C:/Program Files/EWB/codemodl/testmodl/Cfunc.mod

To compile the files into a dynamically-linked library (DLL), go to the codemod1 folder
and execute the command MakeDev “folder”, where “folder” isthe name of the
folder containing the . ifs and .mod files. For example, execute

C:/Program Files/EWB/codemodl

cd

MakeDev “testing”

Errors and warnings may appear.

Place the resulting .d11 file, which has the same name as the folder containing its source
files, in the codemodl folder (that is, above the folder with the model’s name). For
example, the file created is called C: /Program Files/EWB/codemodl/test-
ing.dll

Note All of the code modeling files follow the C code syntax. For an overview of the gen-
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eral rules for the C code syntax, see any C code reference manual.
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5.14.3 The Interface File (Ifspec.ifs)

The interface file sets out, in tables, the names used by the model, the electrical connections to
the devices (ports), and the user-defined variables (parameters) that provide finer control over
the behavior of the model. These tables are explained in this section, and examples given for
each table. An example of an interface file is shown in “5.14.3.4 Example Interface File” on

page 5-78. The interface file, along with the implementation file, needs to be compiled into a
DLL to complete the code model.

5.14.3.1 Name Table

The model name, description text, and C implementation function name are defined in the
name table. The model name must be the same as the subdirectory containing the code model
files. It is recommended that the model name be eight characters.

The name table has the following syntax:
NAME TABLE:
C_Function Name:function name

Spice ModelName:model name
Description: “text”
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where:

function_name

model_name

text

For example:

NAME TABLE:

Spice Model Name: capacitor

is a valid C identifier which is the name of the main entry point (function) for the
code model. It may or may not be the same as the SPICE model name. To
reduce the chance of name conflicts, we recommend you use the prefix “UCM_"
for user code model, or use a prefix based on your own initials. The following
prefixes are used by the XSPICE simulator core and should not be used for user

code models:

A2VERI
A2VHDL
ADC_BRDG
ASRC
ASWITCH
BJT

BSIM

CAP

CCCS
CCVS

CKT
CLIMIT

CM
CMETER
CORE

CP

CSwW
D_2_R
D_AND
D_BUFFER
D_CHIP
D_DFF
D_DLATCH
D_DT
D_FDIV
D_INV
D_JKFF
D_NAND

D_NOR
D_OPEN_C
D_OPEN_E
D_OR
D_OSC
D_PULLDN
D_PULLUP
D_RAM
D_SOURCE
D_SRFF
D_SRLATC
D_STATE
D_TFF
D_TRISTA
D_VERI
D_VHDL
D_WGEN
D_XNOR
D_XOR
DAC_BRDG
DAC_HIZ
DEV

DIO
DIVIDE
ENH

EVT
EW_CAP
EW_IND

EW_RES
EW_SCR
EW_SWTCH
EW_VLT
FTE

GAIN

HLP
HYST

ICM

IDN
ILIMIT
IND
INDUCTOR
INP

INT

IPC

ISRC
JFET
LCOUPLE
LIMIT
LMETER
MES

MFB

MIF
MOSH1
MOS2
MOS3
MULT

N1
NCO
ONESHOT
POLY
POT

PPT

PWL
R2V
RDELAY
RES
RGAIN
S_XFER
SINE
SLEW
SMP
SQUARE
SUMMER
S

TRA
TRIANGLE
URC
vces
VCVS
VERIZA
VHDL2A
VSRC
XCAP
ZENER

is a valid SPICE identifier which will be used on SPICE deck .model records to
refer to this code model. It may or may not be the same as the C function name.

is a string describing the purpose and function of the code model.

C_Function Name: cm_capacitor
“Capacitor with voltage initial condition”

Description:
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5.14.3.2 Port Table

The device ports are defined in the port tables. The port table has the following syntax:

PORT_TABLE:

Port_ Name: name
Description: text
Default Type: default
Allowed Type:

Vector: vector
Vector Bounds: size
Direction: dataflow
Null Allowed: null

where:

[type type typel

name is a valid SPICE identifier giving the name of the port.

text is a string describing the purpose and function of the port.

default  specifies the type used for the port when no type is explicitly specified. Must be one of the
items listed in “type”.

type lists the allowed types to which the port can be connected, with names separated by com-

mas or spaces (for example, [d, g, h].

Type Name
d

g

gd

h

hd

i

id

\"

vd

vham

Valid Directions

in, out
in, out
in, out
in, out
in, out
in, out
in, out
in, out
in, out

in

Description

digital

conductance (voltage input, current output)
differential conductance (voltage input, current output)
resistance (current input, voltage output)

differential resistance (current input, voltage output)
current

differential current

voltage

differential voltage

current through named voltage source

vector specifies whether or not port is a vector and can be considered a bus. Choose from:

* yes - this port is a vector
* no - this port is not a vector
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size for port that are vectors only, specifies upper and lower bounds on vector size. Lower bound
specifies minimum number of elements, upper bound specifies maximum number of ele-
ments. For unconstrained range, or ports that are not a vector, use a hyphen (“-”).

data- specifies the dataflow direction through the port. Choose from:
flow * in
e out
* inout
null specifies whether or not it is an error to leave the port unconnected. Choose from:

* yes - this port may be left unconnected
* no - this port must be connected

For example:

PORT_TABLE:

Port Name: cap

Description: “capacitor terminals”
Direction: inout

Default Type: hd

Allowed Types: [hd]

Vector: no

Vector Bounds: -

Null Allowed: no

5.14.3.3 Parameter Table

The device parameters are defined in the parameter tables. The parameter table has the fol-
lowing syntax:

PARAMETER TABLE:

Parameter Name: name

Description: text
Data Type: type
Vector: vector
Vector_ Bounds: size
Default Value: default
Limits: range
Null Allowed: null
where:
name is a valid SPICE identifier which will be used on SPICE deck .model cards to refer to this
parameter.
text is a string describing the purpose and function of the parameter.
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type

vector:

size:

default

range

null

is the parameter data type. Corresponds to the underlying C data type (e.g. “double”), not the
conceptual type of the parameter (e.g. “voltage”). Choose from:

¢ boolean (if C data type is “Boolean_t" with valid values MIF_TRUE and MIF_FALSE)

e complex (if C data type is “Complex_t" with double members real and imag)

e int (if C data type is “int”)

¢ real (if C data type is “double”)

* string (if C data type is “char*”)

* pointer (if C data type is “void*”)

specifies whether parameter is vector or scalar. Choose from:
* yes - parameter is vector
* no - parameter is scalar

for parameters that are vectors only, specifies upper and lower bounds on vector size. Lower
bound specifies minimum number of elements, upper bound specifies maximum number of ele-
ments. For unconstrained range, or parameters that are not a vector, use a hyphen (“-”). Alter-
natively, specifies the name of the port whose vector size is to be used for this parameter.

if Null_Allowed is “yes”, a default value to be used if the SPICE deck .model line does not sup-
ply a value for the parameter. Value must correspond to Data_Type (numeric, boolean, com-
plex or string literal).

is a limited range of values (for “int” and “real” type parameters only).

specify whether or not parameter is allowed to be null. Choose from:

e yes - the corresponding SPICE deck .model card may omit a value for this parameter, and
the default value will be used or, if no default value, an undefined value will be passed to
the code model

* no - this parameter must have a value. XSPICE will flag an error if the corresponding
SPICE deck .model card omits a value for this parameter.

For example:

PARAMETER TABLE:

Parameter Name: c ic

Description: “capacitance” “voltage initial condition”
Data Type: real real

Default Value: - 0.0

Limits: - -

Vector: no no

Vector Bounds: - -

Null Allowed: no no
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5.14.3.4 Example Interface File

Here is an example interface file:

/* ====================================================
FILE ifspec.ifs

MEMBER OF process XSPICE

Copyright 1991

Georgia Tech Research Corporation

Atlanta, Georgia 30332
All Rights Reserved

PROJECT A-8503

AUTHORS
9/12/91 Bill Kuhn

MODIFICATIONS
<date> <person name> <nature of modifications>

SUMMARY
This file contains the definition of a capacitor code model with volt-
age type initial conditions.

INTERFACES
None.

REFERENCED FILES
None.

NON-STANDARD FEATURES

None.

==================================================== %/

NAME TABLE:

Spice Model Name: capacitor

C_Function Name: cm_capacitor

Description: “Capacitor with voltage initial condition”
PORT_TABLE:

Port_ Name: cap

Description: “capacitor terminals”

Direction: inout
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Default Type: hd

Allowed Types: [hd]

Vector: no

Vector Bounds: -

Null Allowed: no

PARAMETER TABLE:

Parameter Name: c ic
Description: “capacitance” “voltage initial condition”
Data Type: real real
Default_Value: - 0.0
Limits: - -
Vector: no no
Vector Bounds: - -
Null Allowed: no no

5.14.4 The Implementation File (Cfunc.mod)

At each simulation iteration for a circuit using the code model, Multisim’s XSpice simulation
engine calls the implementation file. An example of an implementation file is shown in
“5.14.4.2 Example Implementation File”” on page 5-88. The implementation file, along with
the interface file, needs to be coupled into a DLL to complete the code model.

The code model function then generates the code-modeled device’s output. This output is
based on the following:

* The input that XSpice presents to the code model function.

» The state of the model, which is stored and returned by XSpice.

The implementation file includes one or more of the macros, shown in “5.14.4.1 Implementa-
tion File C Macros” on page 5-80, that provide the API (Application Programming Interface)
between XSpice and the code model.

This section lists the macros from which you can select. The example file shown in “5.14.4.2
Example Implementation File” on page 5-88 gives an example of how to implement a macro.
The implementation file, along with the interface file, needs to be compiled into a DLL to
complete the code model.

Multisim 2001 Educator User Guide 5-79

Joyp3 wsuodwo)



Component Editor

5.14.4.1 Implementation File C Macros

AC_GAIN(outputname, inputname)

Type Complex_t
Args ylil, x[i]
. Analog code models only (event-driven or digital code models should do

Applies to ) . .
nothing during AC analysis).
Assigns a value to this macro to specify the gain from outputname to input-

Description name at the current frequency. The code model function is called once for
each frequency point simulated.

ANALYSIS

Type enum

Args none
All code models, since their behavior typically changes depending on the

Applies to type of analysis being performed, and this macro can be used to specify
appropriate output macros.
Returns the type of analysis being performed:

Description MIF_AC for AC

P MIF_DC for DC operating point
MID_TRAN for transient
ARGS

Type Mif_Private_t

Args none

Applies to All code models.

- The code model function’s parameter list. Must be present and should not
Description

be modified.

5-80
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CALL_TYPE
Type enum
Args none
Applies to Only code models that are mixed-mode (analog and event-driven or digi-
tal).
If the analog portion of the simulator requested the code model call, set to
Description MIF_ANALOG. If the digital portion of the simulator requested the code
P model call, set to MIF_EVENT. Needed if a code model’s computation
effort can be reduced based on the type of call made.
INIT
Type Boolean_t
Args none
Applies to All code models.
If this is the first call to the code model function during the current analysis
Description or batch of analyses, set to MIF_TRUE. Otherwise, set to MIF_FALSE.

Needed to let the code model perform startup activities (for example, allo-
cated memory) at the start of simulation only.

INPUT(inputname)

Type

double or void *

Args

name [i]

Applies to

Analog/mixed-mode code models.

Description

Only analog inputs are allowed (for event-driven, use INPUT_STATE and
INPUT_STRENGTH). Returns the value on the node or branch con-
nected to inputname. Type/units of input value is specified when input
type is specified in the Ifspec.Ifs file.
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INPUT_STATE(inputname)

Type enum
Args name [i]
Applies to Digital/mixed-mode code models.
Only event-driven/digital inputs are allowed (for analog, use INPUT).
Returns the digital value (ZERO, ONE or UNKNOWN) at node at input-
Description name. When a single output is connected to that node, this will equal the

value of the last output event. When multiple outputs are connected, con-
flict resolution is performed.

INPUT_STRENGTH(inputname)

Type enum
Args name [i]
Applies to Digital/mixed-mode code models.
Only event-driven/digital inputs are allowed (for analog, use INPUT).
Returns the digital strength (STRONG, RESISTIVE, HI_IMPEDANCE or
Description UNDETERMINED) of node at inputname. When a single output is con-

nected to that node, this will equal the strength of the last output event.
When multiple outputs are connected, conflict resolution is performed.

INPUT_TYPE(inputname)

Type char *
Args name [i]
Applies to All code models.
Any inputs allowed. Returns the type string (i.e.: “v” for voltage, “i” for digi-
tal, “hd” for differential conductance, etc.) which describes the current
Description usage of inputname. Needed to distinguish between “simulation time”

usage of an input or output with more than one allowed type. For example,
used for an input which has allowed types [v, i] and behaves differently
when the input is voltage vs. current.
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LOAD(inputname)

Type double
Args name [i]
Applies to Digital/mixed-mode code models.

Only event-driven/digital inputs are allowed. Assign a value to LOAD to set
the input load due to inputname on the connected node. The load is given

Description as a capacitance (normalized to 1ohm resistance) which is summed with
all the other loads on the event-driven node to yield the total delay of the
node.

MESSAGE(outputhame)

Type char *

Args name [i]

Applies to Digital/mixed-mode code models.

Only event-driven/digital outputs are allowed. A message string to be
Description placed on an event-driven node can be assigned to MESSAGE. Allows a
code model to issue a message associated with a node.

OUTPUT(outputname)
Type double or void *
Args name [i]
Applies to Analog/mixed-mode code models.

Only analog outputs are allowed (for event-driven, use OUTPUT_STATE
and OUTPUT_STRENGTH and OUTPUT_DELAY). Assigns a value to
the node or branch connected to outputname. Type/units of output value
specified when output type is specified in the Ifspec.Ifs file.

Description
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OUTPUT_CHANGED(outputname)

Type Boolean_t
Args name [i]
Applies to Digital/mixed-mode code models.
Only event-driven/digital inputs are allowed. Set to MIF_TRUE by default.
i Assign MIF_FALSE to indicate no change on that output. Allows the code
Description

model to specify that the event-driven output did not change and thereby
speed up simulation.

OUTPUT_DELAY (outputname)

Type none
Args double
Applies to Digital/mixed-mode code models.
Only event-driven/digital inputs are allowed (for analog, use OUTPUT).
Description Sets the delay after which the transition event specified by

OUTPUT_STATE occurs.

OUTPUT_STATE(outputname)

Type none
Args Digital_State_t
Applies to Digital/mixed-mode code models.
Only event-driven/digital outputs are allowed (for analog, use OUTPUT).
Assigns the digital value (ZERO, ONE or UNKNOWN) to node at output-
i name by creating an event which is a transition to that value. When a sin-
Description

gle output is connected to that node, this will equal the value of the last
output event. When multiple outputs are connected, conflict resolution is
performed.
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OUTPUT_STRENGTH(outputname)

Type

none

Args

Digital_State_t

Applies to

Digital/mixed-mode code models.

Description

Only event-driven/digital outputs are allowed (for analog, use OUTPUT).
Assigns the digital strength (STRONG, RESISTIVE, HI_IMPEDANCE or
UNDETERMINED) at node at outputname. When a single output is con-
nected to that node, this will equal the strength of the last output event.
When multiple outputs are connected, conflict resolution is performed.

OUTPUT_TYPE(inputname)

Type char *
Args name [i]
Applies to Digital/mixed-mode code models.
Any output allowed. Returns the type string (i.e.: “v” for voltage, “i” for digi-
tal, “hd” for differential conductance, etc.) which describes the current
e usage of outputname. Needed to distinguish between “simulation time”
Description b .
usage of an input or output with more than one allowed type. For example,
used for an input which has allowed types [v, i] and behaves differently
when the input is voltage vs. current.
PARAM(paramname)
Type cb
Args name [i]
Applies to Any code model.
o Applies to all parameters. Returns the value paramname. Needed to
Description

access model parameters specified in the netlist.
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PARAM_NULL(paramname)

Type Boolean_t
Args name [i]
. Only parameters allowed to be unspecified (Null allowed in the param
Applies to o
table of the Ifspec.Ifs file is yes).
Returns MIF_TRUE if paramname was not specified in the netlist and
Description MIF_FALSE if it was specified. Allows the code model to tell if a parameter

value equals its default because the default value was actually specified.

PARAM_SIZE(paramname)

Type int

Args name

Applies to Vector type parameters only.
Returns the number of elements in a vector type parameter. Needed to

Description iterate over the vector parameter if the number of vector elements is not
fixed.

PARTIAL

Type double

Args ylil, xi]

Applies to Analog/mixed-mode code models.

Description Partial derivative of output y with respect to input x.

5-86
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PORT_NULL

Type Boolean_t

Args nameli]

Applies to Any code model.

Description Has this port been specified as unconnected?
PORT_SIZE

Type int

Args name

Applies to Any code model.

Description Size of port vector.
RAD_FREQ

Type double

Args <none>

Applies to Analog/mixed-mode code models.

Description Current analysis frequency in radians per second.
T (<n>)

Type double

Args <none>

Applies to All code models.

Description History of the previous nth analysis time (TIME = T[0]). Maximum of 8.
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TEMPERATURE

Type double

Args <none>

Applies to All code models.

Description Current analysis temperature.
TIME

Type double

Args <none>

Applies to All code models.

Description Current analysis time (same as T[0]).

5.14.4.2 Example Implementation File

Here is an example implementation file:

MEMBER OF process XSPICE
Copyright 1991

Georgia Tech Research Corporation
Atlanta, Georgia 30332

All Rights Reserved

PROJECT A-8503

AUTHORS
9/12/91 Bill Kuhn

MODIFICATIONS

<date> <person name> <nature of modificationss>
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SUMMARY

This file contains the definition of a capacitor code model
with voltage type initial conditions.

INTERFACES

cm_capacitor ()

REFERENCED FILES

None.

NON-STANDARD FEATURES

None.

#define VC 0

void cm_capacitor (ARGS)

{

age

Complex t ac_gain;
double partial;
double ramp_ factor;
double *ve;

/* Get the ramp factor from the .option ramptime */
ramp_factor = cm_analog ramp factor (MIF INSTANCE) ;

/* Initialize/access instance specific storage for capacitor volt
*/
if (INIT)
cm_analog_alloc (MIF_INSTANCE,VC, sizeof (double)) ;
vc = cm_analog _get ptr (MIF_INSTANCE,VC, 0);
*vc = PARAM(ic) * cm analog ramp factor (MIF_INSTANCE) ;
}
else {
vc = cm_analog_get_ptr (MIF_INSTANCE,VC, 0);
}

/* Compute the output */

if (ANALYSIS == DC) {
OUTPUT (cap) = PARAM(ic) * ramp factor;
PARTIAL (cap, cap) = 0.0;

}

else if (ANALYSIS == AC) {
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ac_gain.real = 0.0;

o ~

ac_gain.imag = -1.0 / RAD FREQ / PARAM(c) ;
AC_GAIN(cap, cap) = ac_gain;
1
else if (ANALYSIS == TRANSIENT) {
if (ramp_factor < 1.0)
*vc = PARAM(ic) * ramp factor;
OUTPUT (cap) = *vc;
PARTIAL (cap, cap) = 0.0;

}

else {
cm_analog_ integrate (MIF _INSTANCE, INPUT (cap) / PARAM(c),
vc, &partial);
partial /= PARAM(c) ;
OUTPUT (cap) = *vc;
PARTIAL (cap, cap) = partial;

5.14.4.3 Additional Example ifspec File

MEMBER OF process XSPICE
Copyright 1991

Georgia Tech Research Corporation
Atlanta, Georgia 30332

All Rights Reserved

PROJECT A-8503

AUTHORS
9/12/91 Bill Kuhn

MODIFICATIONS
<date> <person name> <nature of modifications>

SUMMARY
This file contains the definition of a capacitor code model with volt-

age type initial conditions.

INTERFACES
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None.

REFERENCED FILES
None.

NON-STANDARD FEATURES

None.

=========================================================== */
NAME TABLE:

Spice Model Name: capacitor

C_Function Name: cm_capacitor

Description: "Capacitor with voltage initial condition"
PORT_TABLE:

Port_Name: cap

Description: "capacitor terminals"

Direction: inout

Default Type: hd

Allowed Types: [hd]

Vector: no

Vector Bounds: -

Null Allowed: no

PARAMETER TABLE:

Parameter Name: c ic

Description: "capacitance" "voltage initial condition"
Data_ Type: real real

Default Value: - 0.0

Limits: - -

Vector: no no

Vector Bounds: - -

Null Allowed: no no

/* $Id: cfunc.tpl,v 1.1 91/03/18 19:01:04 bill Exp $ */

/

oo, ... 20000 I 4. 5.0 ... [ 7
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Additional Example cfunc File
FILE d_jkff/cfunc.mod

Copyright 1991
Georgia Tech Research Corporation, Atlanta,

All Rights Reserved

PROJECT A-8503-405

30332

AUTHORS
21 Jun 1991 Jeffrey P. Murray
MODIFICATIONS
12 Aug 1991 Jeffrey P. Murray
30 Sep 1991 Jeffrey P. Murray
29 Jan 1992 Jeffrey P. Murray
SUMMARY
This file contains the functional description of the d jkff code
model.
INTERFACES
FILE ROUTINE CALLED
CMutil.c void cm_toggle bit();
CMevt.c void *cm_event alloc (MIF_INSTANCE)

void *cm_event get ptr (MIF_INSTANCE)

REFERENCED FILES
Inputs from and outputs to ARGS structure.

NON-STANDARD FEATURES

NONE

/*=== INCLUDE FILES ====================%/
/*=== CONSTANTS ========================%/
/*=== MACROS ===========================%/
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/*=== LOCAL VARIABLES & TYPEDEFS =======%/
/*=== FUNCTION PROTOTYPE DEFINITIONS ===%*/
B ———

FUNCTION cm_toggle bit ()

AUTHORS
27 Sept 1991 Jeffrey P. Murray

MODIFICATIONS
NONE

SUMMARY

Alters the state of a passed digital variable to its
complement. Thus, a ONE changes to a ZERO. A ZERO changes
to a ONE, and an UNKNOWN remains unchanged.

INTERFACES
FILE ROUTINE CALLED
N/A N/A
RETURNED VALUE
No returned value. Passed pointer to variable is used

to redefine the variable value.

GLOBAL VARIABLES
NONE

NON-STANDARD FEATURES
NONE

/*=== CM_TOGGLE_BIT ROUTINE ===%*
static void cm_toggle bit (Digital State_t *bit)

{

/* Toggle bit from ONE to ZERO or vice versa, unless the
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bit value is UNKNOWN. In the latter case,
without changing the bit wvalue.

if ( UNKNOWN != *bit )
if ( ONE == *bit ) {
*bit = ZERO;
}
else {
*bit = ONE;

}

FUNCTION cm _eval jk result

AUTHORS
30 Sept 1991 Jeffrey P. Murray

MODIFICATIONS
NONE

SUMMARY

return

*/

Evaluates the J and K input states, plus the last state of
the flip flop, and returns the expected output value.

INTERFACES
FILE ROUTINE CALLED
CMutil.c void cm_toggle bit();

RETURNED VALUE
A Digital_State_t.

GLOBAL VARIABLES
NONE

NON-STANDARD FEATURES
NONE

/*=== CM_EVAL JK RESULT ROUTINE ===%
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static Digital_ State t cm_eval jk result (Digital State_t j_input,
Digital State t k input,
Digital State t old output)

Digital State t output; /* returned output value */

switch (j_input) {

case ZERO:

switch (k_input)

case ZERO:
output = old output;
break;

case ONE:
output
break;

case UNKNOWN :
output = UNKNOWN;
break;

ZERO;

}

break;

case ONE:

switch (k_input) {

case ZERO:
output = ONE;
break;

case ONE:
output = old output;
cm_toggle bit (&output) ;
break;

case UNKNOWN:
output = UNKNOWN;
break;

}

break;

case UNKNOWN:
output = UNKNOWN;
break;

return output;
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FUNCTION cm_d_jkff ()

AUTHORS
21 Jun 1991 Jeffrey P. Murray
MODIFICATIONS
12 Aug 1991 Jeffrey P. Murray
30 Sep 1991 Jeffrey P. Murray
29 Jan 1992 Jeffrey P. Murray
SUMMARY

This function implements the d jkff code model.

INTERFACES
FILE ROUTINE CALLED
CMutil.c void cm_toggle bit();
CMevt.c void *cm_event alloc (MIF_INSTANCE)

void *cm_event get ptr (MIF_INSTANCE)

RETURNED VALUE
Returns inputs and outputs via ARGS structure.

GLOBAL VARIABLES
NONE

NON-STANDARD FEATURES
NONE

/*=== CM_D_ JKFF ROUTINE ===%

/************************************************
* The following is the model for the *
digital jk-type flip flop for the
ATESSE Version 2.0 system.

* ok X *

Created 6/21/91 J.P.Murray
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************************************************/

void cm_d jkff (ARGS)

{

/* generic loop counter index */
int 1i;
/* current clk wvalue */
Digital State t*clk,
/* previous clk value */
*clk _old,
/* current set value for dff */
*set,
/* previous set value for dff */
*set_old,
/* current reset value for dff */
*reset,
/* previous reset value for dff */
*reset old,
/* current output for dff */

*out,
/* previous output for dff */
*out_old,

/* current j input value */
j_input,

/* current k input value */
k_input,

/* temp storage for state values */

temp;

/*** Setup required state variables ***/
if (INIT) { /* initial pass */

/* allocate storage */

cm_event_alloc (MIF_INSTANCE, 0, sizeof
cm_event_alloc (MIF_INSTANCE, 1, sizeof
cm_event_alloc (MIF_INSTANCE, 2, sizeof
cm_event alloc (MIF_INSTANCE, 3, sizeof

Digital State_t));
Digital_ State_t
Digital_ State_t

Digital State t

)
)i
) .
)

7

7
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clk = clk old = (Digital State t *)
cm_event _get ptr (MIF_INSTANCE,0,0);

set = set old = (Digital State t *)
cm_event get ptr (MIF_INSTANCE,1,0);

reset = reset old = (Digital State t ¥*)
cm_event _get ptr (MIF_INSTANCE,2,0);

out = out_old = (Digital_ State t *)
cm_event _get ptr (MIF_INSTANCE, 3,0);

/* declare load values */
LOAD(j) = PARAM(jk_load);
LOAD (k) = PARAM(jk load) ;
LOAD (clk) = PARAM(clk load) ;
if ( !PORT NULL(set) ) {

LOAD (set) = PARAM(set load);
}

if ( !PORT NULL (reset) ) {
LOAD (reset) = PARAM(reset load) ;

}

}

else { /* Retrieve previous values */

/* retrieve storage for the outputs */
clk = (Digital_State t *) cm_event get ptr (MIF_INSTANCE,0,0);
clk_old = (Digital State_ t *)

cm_event get ptr (MIF_INSTANCE,O0,1);
set = (Digital State t *) cm_event get ptr (MIF INSTANCE,1,0);
set old = (Digital State t *)

cm_event get ptr (MIF INSTANCE,1,1);
reset = (Digital State t *)

cm_event get ptr (MIF INSTANCE,2,0);
reset old = (Digital State t *)

cm_event get ptr (MIF_INSTANCE,2,1);
out = (Digital State t *) cm event get ptr (MIF INSTANCE, 3,0);
out_old = (Digital State t *)

cm_event get ptr (MIF INSTANCE,3,1);

}

/**x*x**xx load current input values if set or reset

are not connected, set to zero... ***kk*k**x/
*clk = INPUT STATE (clk) ;
if ( PORT NULL(set) ) {

*set = *set old = ZERO;

}

else {
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*set = INPUT_ STATE (set) ;

}

if ( PORT NULL(reset) ) ({
*reset = *reset old = ZERO;
}

else {
*reset = INPUT STATE (reset);

/*x*x%%%* Determine analysis type and output appropriate values
*******/

/**x*x%% DC analysis...output w/o delays **xx*x/
if (0.0 == TIME) {
temp = PARAM(ic) ;

/** Modify output if set or reset lines are active *x/

if ( (*set==0ONE) && (*reset==ZERO) ) temp = ONE;
if ( (*set==ZERO) && (*reset==ONE) ) temp = ZERO;
if ( (*set==ONE) && (*reset==ONE) ) temp = UNKNOWN;
*out = *out_old = temp;
if ( !PORT NULL(out) ) {

OUTPUT STATE (out) = temp;

cm_toggle bit (&temp) ;

if ( !PORT NULL (Nout) ) {
OUTPUT_STATE (Nout) = temp;
}
}
else { /***x*%% Transient Analysis ****%%x/
/**x*%* Find input that has changed... **x%*/

/**%*% Tegt set value for change **x%*/

/* either set or set release */
if ( *set != *set_old ) { switch ( *set ) {
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case ONE:
if ( ONE != *reset)

/*set will change output */
if (*out_old != ONE) ({

/* output goes to ONE */
*out = ONE;

if ( !'PORT_NULL (out)
OUTPUT_STATE (out)
OUTPUT_DELAY (out)

}

if ( !PORT NULL (Nout)

)

OUTPUT_STATE (Nout)
OUTPUT_DELAY (Nout)

}
}

else {

/* output already set */

)

{
ONE ;
PARAM (set_delay) ;

{

= ZERO;
PARAM (set delay) ;

*out = *out old;
if ( !PORT NULL(out) ) {
OUTPUT CHANGED (out) = FALSE;
}
if ( !PORT NULL (Nout) ) {
OUTPUT CHANGED (Nout) = FALSE;
}
}
1
else {

if (*out_old != UNKNOWN) {

put */

/* set will change out-

/* output goes to UNKNOWN */

*out = UNKNOWN;

if ( !PORT NULL (out)
OUTPUT STATE (out)
OUTPUT_DELAY (out)

}

if ( !PORT_NULL (Nout)

)

OUTPUT STATE (Nout)
OUTPUT DELAY (Nout)

else {

5-100

)

{

UNKNOWN ;
PARAM (set_delay) ;

{

= UNKNOWN;
= PARAM (set delay) ;

Electronics Workbench



Creating a Model Using Code Modeling

*/

*/

*out = *out old; /* output already unknown
if ( !PORT NULL(out) ) {
OUTPUT_CHANGED(out) = FALSE;
!
if ( !PORT NULL(Nout) ) {
OUTPUT_CHANGED (Nout) = FALSE;
}
!
1
break;
case ZERO:
if ( ONE != *reset) f{
/* output remains at current value */
*out = *out_old;
if ( !PORT NULL(out) ) {
OUTPUT_ CHANGED (out) = FALSE;
}
if ( !PORT NULL(Nout) ) {
OUTPUT_CHANGED(Nout) = FALSE;
1
1
else {
if (*out _old != ZERO) { /* set will change output

/* output returns to reset condition */

*out = ZERO;

if ( !PORT NULL(out) ) {
OUTPUT STATE (out) = ZERO;
OUTPUT DELAY (out) = PARAM(set_delay) ;
}
if ( !PORT_NULL(Nout) ) {
OUTPUT_STATE (Nout) = ONE;
OUTPUT DELAY (Nout) = PARAM (set delay) ;
else {
*out = *out old; /* output already reset */
if ( !PORT NULL(out) ) {
OUTPUT CHANGED (out) = FALSE;
if ( !PORT NULL(Nout) ) {
OUTPUT_CHANGED (Nout) = FALSE;
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}

break;
case UNKNOWN:

if ( ONE == *reset ) ({
/* output goes to ZERO */
*out = ZERO;

if ( !PORT NULL(out) ) {
OUTPUT_STATE (out)
OUTPUT_DELAY (out)

ZERO;

PARAM (set_delay) ;
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Chapter 6
Instruments

6.1 About this Chapter

This chapter explains how to use the various virtual instruments provided as part of Multisim
2001. It explains both the general procedures for attaching and configuring the instruments,
and the specific steps in using each instrument.

& Some of the features described in this chapter may not be available in your edition of Multi-
@A sim 2001. Such features have an icon in the column next to their description.

6.2 Introduction to the Multisim Instruments

Multisim provides a number of virtual instruments. You use these instruments to measure the
behavior of your circuits. These instruments are set, used and read just like their real-world
equivalents. They look and feel just like the instruments you’ve seen and used in a lab. Using
virtual instruments is one of the best and easiest ways of examining your circuit’s behavior
and showing the results of a simulation. These instruments can be placed in any level of cir-
cuit or subcircuitfor information on subcircuits, see “3.11 Subcircuits and Hierarchy” on page
3-31) but they are active only for the currently active circuit or subcircuit.
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Virtual instruments have two views: the instrument icon you attach to your circuit, and the
opened instrument, where you set the instrument’s controls and display screen.

Opened instrument

Multimeter-XMM1 . e
/lnstrument identifier
S hbd 1

L .
Instrument icon

Terminal input/
output indicators

The instrument’s icon indicates how the instrument is connected into the circuit. Once simu-
lated, a black dot inside the terminal input/output indicators shows that the instrument is con-

nected to a node.

» To add an instrument to a circuit:

1. By default the instruments toolbar is displayed on the workspace. If the instrument toolbar
is not displayed, click the Instruments button on the Design Bar. The Instruments toolbar

appears, including one button for each instrument.

Multimeter Wattmeter  Bode Plotter Logic Analyzer Distortion Analyzer

\ \ \ / / _— Network Analyzer

A e e el

SN N

Function Generator Oscilloscope Word Generator  Logic Converter ~ Spectrum Analyzer

2. From the Instruments toolbar, click the button of the instrument you want to use.

3. Move the cursor to the location on the circuit window where you want to place the instru-
ment and click. The instrument is placed with the connections landing on the grid.
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The instrument icon and the instrument identifier appear. The instrument identifier identifies
the type of instrument and its instance. For example, the first multimeter you place on a circuit
is called “XMM1”, the second is “XMM?2”, and so on. This numbering is unique within each
circuit. That is, if you create a second circuit, the first multimeter placed in it is “XMM]1”, and
SO on.

Note Not all Multisim editions support multiple instances of an instrument.

4. To wire the instrument into the circuit, click on a terminal on the instrument’s icon and
drag a wire to the desired location in the circuit (a pin, wire, or junction). All the rules for
component wiring, described in Chapter 3, “Schematic Capture”, apply to instruments as
well.

Note To change the color of the Instrument icon, right-click on it and choose Color from the
pop-up menu that appears. Choose the desired color and click OK.

For educational purposes, you may wish to prevent students from being able to place instru-
ments on the circuit window. You can restrict students’ access to the Instruments tool bar by
using restrictions, as described in “13.3 Using Restrictions” on page 13-4.

» To use the instrument:

1. To view and modify an instrument’s controls, double-click its icon. The instrument con-
trols appear. Make any necessary changes to the control settings, just as you would on
their real-world equivalents. The control settings are different for each instrument, so if
you are unfamiliar with them or need instruction, refer to the section on that particular
instrument in this chapter.

It is critical that the control settings be appropriate for your circuit. If the settings are
incorrect, this may cause the simulation results to appear incorrect or difficult to read.

Note Not all areas of the open instrument are modifiable. A hand appears when your cursor
is on a control that can be modified.

2. To “activate” the circuit, click the Simulate button on the Design Bar and choose Run

| from the pop-up menu that appears. Multisim begins to simulate the circuit’s behavior and
the signals, as measured at the points to which you have connected the instrument, are dis-
played.
The simulation results depend on the circuit’s construction. During simulation, messages
about the simulation results and any problems with the simulation are written to the simu-
lation error log/audit trail. The error log/audit trail appears automatically when you stop
the simulation. If you want to keep an eye on the progress of the simulation, you can dis-
play the error log/audit trail during simulation. To display it, from the View menu choose
Show Simulation Error Log/Audit Trail. For more detailed information about simulation,
see Chapter 7, “Simulation”.
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While the circuit is activated, you can adjust instrument settings. You cannot change the
circuit by changing values (except for variable components), or perform any schematic
capture functions such as rotate or component replacement.

» To pause or resume the simulation, click the Simulate button on the Design Bar and choose

Pause from the pop-up menu that appears. The simulation is paused.

» To stop the simulation, click the Simulate button on the Design Bar and choose Run from the

pop-up menu that appears. The simulation ends, with the final results shown on the instrument
face and in the audit trail.

You can also run, stop, pause, or resume using commands from the Simulate menu.

Working with Multiple Instruments

A single circuit can have multiple instruments attached to it, including (for some editions)
multiple instances of the same instrument. In addition, each circuit window can have its own
set of instruments. Setting up many different instruments or multiple instances of one instru-
ment is done in exactly the same way as setting up one instrument.

Instruments that sample for an amount of time cause a transient analysis to be run. If you use
multiples of such instruments, only one transient analysis is run. The settings of this analysis
are derived from considering all the concurrent instruments and choosing settings that will
satisfy each. For example, if you have two oscilloscopes with two different time-bases (reso-
lutions), Multisim uses the time-base of the oscilloscope with the smallest time-base (highest
resolution). As a result, both instruments will sample at a higher resolution than they would
individually.

The results from each instrument are recorded separately in the error log/audit trail.

Electronics Workbench



Default Instrument Analysis Settings

6.4 Default Instrument Analysis Settings

Multisim lets you set default settings for instruments that are based on a transient analysis
(such as the oscilloscope, spectrum analyzer and logic analyzer).

» To set the default instrument settings:

1. Choose Simulate/Default Instrument Settings. A streamlined Default Instrument Set-
tings screen appears displaying the most commonly used functions.

2. Click More. The full screen appears:

Set initial conditions: Zero, Default Instrument Settings [x]
User-Deﬁned7 Calculate DC Defaults for Transient &nalysis Instruments | Mizcellaneous Dptionsl
Operating Point, or Automati-

cally Determine Initial Condi-
tions.

— Initial condition

i i i i Instrument Analysi
Start time of transient analysis nistrument Analy

must be greater than or equal Stat time (TSTART) [0 sec
to 0 and less than End time. End time (TSTOP) |1e+030 s
Fieset to default |

End time of transient analysis ¥ Set masimurn tmestep (ThA)
must be greater than Start

time. ' Maximum time step [ThA) I‘Ie-DDE —

' Generate time steps automatically

Enable to enter the maxi-
mum time step the simula-
tion can handle.

Enable to manually set time l=enialtine stes

steps. I Fiitial birme eten I‘I 005 =

Enable to generate time steps I | Estimate mawimur bime: stem based|ar met [T E]
automatically.

— More Option:

Enable to set a time interval for
simulation output and graph-

ing.
3. Enter settings as desired and click Accept, or click Cancel to cancel. These settings will
be in effect the next time you run a simulation.

Less << I | Accept I | Cancel I | Help I

You can control many aspects of the simulation, such as resetting error tolerances, selecting
simulation techniques, and viewing the results. The options you choose will determine the
efficiency of the simulation. See “8.28 Analysis Options” on page 8-78 for details on the
analysis options and their default values. You set these options through the Miscellaneous
Options tab.
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6.5 Voltmeter

(o ] The voltmeter offers advantages over the multimeter for measuring voltage
— -DEI.DEID W . . . . .
in a circuit. The advantage of using the voltmeter is that you can use an
unlimited number of voltmeters in a circuit and you can rotate their termi-
nals to suit your layout. The side with the heavier border is the negative terminal.

6.5.1 Resistance (1.0 Q - 999.99 TQ)

The voltmeter is preset to a very high resistance (1 M2(+)) which generally has no effect on
a circuit. If you are testing a circuit that itself has very high resistance, you may want to
increase the voltmeter’s resistance to get a more accurate reading. (However, using a voltme-
ter with very high resistance in a low-resistance circuit may result in a mathematical round-off
error.)

6.5.2 Mode (DC or AC)

The voltmeter can measure DC or AC voltage. In DC mode, any AC component of the signal
is eliminated so that only the DC component of the signal is measured. In AC mode, any DC
component is eliminated so that only the AC component is measured. When set to AC, the
voltmeter displays the root-mean-square (RMS) value of the signal.

6.5.3 Connecting a Voltmeter

Connect the voltmeter in parallel with the load, attaching the probes to connectors on either

side of the load you want to measure. When a circuit is activated and its behavior is simulated,

the voltmeter displays the voltage across the test points. (The voltmeter may also display

interim voltages before the final steady-state voltage is reached.)

Note If a voltmeter is moved after the circuit has been simulated, activate the circuit again to
get a reading.

Electronics Workbench
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6.6

6.6.1

6.6.2

6.6.3

Ammeter

The ammeter offers advantages over the multimeter for measuring current

A
in a circuit. The advantage of using the ammeter is that you can use an

unlimited number of ammeters in a circuit and you can rotate their terminals to suit your lay-
out. The side with the heavier border is the negative terminal.

Resistance (1.0 pQ - 999.99 Q)

The ammeter’s resistance is preset to 1 m{, which presents little resistance to a circuit. If you
are testing a circuit that has low resistance, you can lower the ammeter’s resistance even fur-
ther to get a more precise measurement. (However, using an ammeter with very low resistance
in a high-resistance circuit may result in a mathematical round-off error.)

Mode (DC or AC)

The ammeter is preset to DC mode, which measures only the DC component of a signal. If
you want to measure the current from an AC source, change the mode to AC. When set to AC,
the ammeter displays the root-mean-square (RMS) value of the alternating signal.

Connecting an Ammeter

Like a real ammeter, the simulated ammeter must be connected in series at nodes you want to
measure. The negative terminal is on the side with the heavy border. If an ammeter is moved
after the circuit has been simulated, activate the circuit again to get a reading.
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6.7 Multimeter

EALIER

Negative terminal \./Positive terminal

Use the multimeter to measure AC or DC voltage or current, and resistance or decibel loss
between two nodes in a circuit. The multimeter is auto-ranging, so a measurement range does
not need to be specified. Its internal resistance and current are preset to near-ideal values,

which can be changed (see “6.6.3 Internal Settings” on page 6-11).

| 654.598 mv
&[T 8 #]
Signal mode /’T‘IM—I:‘ _

el Set...

Measurement options

Click to display
internal settings.

6.7.1 Measurement Options

e ] )

Voltmeter Ohmmeter

— Decibels

Ammeter
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6.7.1.1 Ammeter

This option measures current flowing through the circuit in a branch between two nodes.

Insert the multimeter in series with the load to measure current flow, just like a real ammeter
(as shown in diagram below).

]
1N4057 e
R z3 R2 oz
1] I |
1

1 1.0kohm 1.0kohm
1N1133C

To measure current at another node in the circuit, connect another multimeter in series at that
load and activate the circuit again. When used as an ammeter, the multimeter’s internal resis-
tance is very low (1n Ohm).

To change the resistance, click Set. See “6.6.3 Internal Settings” on page 6-11 for details.

6.7.1.2 Voltmeter

This option measures voltage between two nodes. Select V and attach the voltmeter’s probes
in parallel with the load (as shown in diagram below).

KM
=

1.0chm 2 A.00hm

When used as a voltmeter, the multimeter has a high internal resistance of 1 mohm, which can
be changed by clicking Set. See “6.6.3 Internal Settings” on page 6-11 for details.
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6.7.1.3 Ohmmeter

This option measures resistance between two nodes. The nodes and everything that lies
between them are referred to as the “component network”. To measure the resistance, select
this option and attach the multimeter’s probes in parallel with the component network (as
shown in the diagram below).

HMMA
=l

1
o1
z Dz
R1 R2 1 2

! 1.00hm 2 1.0chm 2

To get an accurate measurement, make sure that:

* there is no source in the component network

* the component or component network is grounded

* the multimeter is set to DC (for more details, see “6.6.2 Signal Mode (AC or DC)” on
page 6-11)

 there is nothing else in parallel with the component or component network.

The ohmmeter generates a 1-mA current, which can be changed by clicking Set. See “6.6.3

Internal Settings” on page 6-11 for details. If the ohmmeter has been attached to different

nodes, re-activate the circuit to get a reading.

6.7.1.4 Decibels

This option measures decibel voltage loss between two nodes in a circuit. To measure the
decibels, select this option and attach the multimeter’s probes in parallel with the load (as
shown in diagram below).

HMMA
=l

1
o1
z Dz
R1 R2 1 2

! 1.00hm 2 1.0chm 2

The Decibel standard for calculating dB is preset to 1 V, but can be changed by clicking Set.
See “6.6.3 Internal Settings” on page 6-11 for details. Decibel loss is calculated as follows:

dB = 20*1og10(“’;m)

in
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6.7.2 Signal Mode (AC or DC)

Al

6.7.3

The Sine-wave button measures the root-mean-square (RMS) voltage or current of an AC
signal. Any DC component of the signal will be eliminated, so only the AC component of the
signal is measured.

The Straight-wave button measures the current or voltage value of a DC signal.

Note To measure the RMS voltage of a circuit with both AC and DC components, connect
an AC voltmeter as well as a “DC” voltmeter across the appropriate nodes and mea-
sure the AC and DC voltage.

The following formula can be used to calculate RMS voltage when both AC and DC compo-

nents are in the circuit. Be advised that this is not a universal formula and should be used in

conjunction with Multisim only.

RMS VOltage =4/ (‘/dc2 + Vac2 )

Internal Settings

Ideal meters have no effect on the circuit being measured. An ideal voltmeter would have infi-
nite resistance, so no current could flow through it while it is attached to a circuit. An ideal
ammeter would present no resistance to a circuit. Real meters do not achieve this ideal, so
their readings will very closely match theoretical, calculated values for a circuit, but never
with absolute precision.

The multimeter in Multisim, like a real multimeter, is nearly ideal. It uses very small and very
large numbers that approximate zero and infinity to calculate near-ideal values for the circuit.
For special cases, however, the meter’s behavior can be changed by changing these values
used to model its effect on the circuit. (The values must be higher than 0.)

For example, if testing the voltage of a circuit with very high resistance, increase the voltme-

ter’s resistance. If measuring the current of a circuit with very low resistance, decrease the

ammeter’s resistance even further.

Note Very low ammeter resistance in a high-resistance circuit may result in a mathematical
roundoff error.
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6.8

To display the default internal settings:
1. Click Set. The Multimeter Settings screen appears.

Multimeter Settings

Ammeter resistance (R) I 1.000 E FDhm
“ltmeter resistance (R)I 1.000 E GOhm
Ohmmeter curmert (1) I 10.000 E FA

Cancel |

2. Change the desired options.
3. To save your changes, click OK. To cancel them, click Cancel.

Function Generator

EFGE

" ar Positive
terminal
Negative

terminal
Common or neutral

terminal

The function generator is a voltage source that supplies sine, triangular or square waves. It
provides a convenient and realistic way to supply stimulus signals to a circuit. The waveform
can be changed and its frequency, amplitude, duty cycle and DC offset can be controlled. The
function generator’s frequency range is great enough to produce conventional AC as well as
audio- and radio-frequency signals.

Electronics Workbench



Function Generator

The function generator has three terminals through which waveforms can be applied to a cir-
cuit. The common terminal provides a reference level for the signal.

Function Generator-XFG1 |3

—awe Forms
Choose one of the pos-

sible waveforms.

- Signal Options

Frequency | 1 | Hz

Duty Cycle [ &0 % Effect of signal option
Amplitude [ 10 W choices depend on
Offset 1 W waveform chosen.

Set Rise/Fall Time I
- Common +
' ('“ '

» To reference a signal from ground, connect the common terminal to the ground component.

The positive terminal (+) provides a waveform in the positive direction from the neutral com-
mon terminal. The negative terminal (-) provides a waveform in the negative direction.

6.8.1 Waveform Selection

You can select three different types of waveforms as the output.

» To select the waveform, click the Sine-, Triangular- or Square-wave button.

6.8.2 Signal Options

6.8.2.1 Frequency (1Hz — 999 MHz)

This setting determines the number of cycles per second the function generator generates.

6.8.2.2 Duty Cycle (1% — 99%)

This setting determines the ratio of on-period to off-period. It affects the shape of triangular
and square waves as shown below. A sine wave is not affected by the duty cycle setting.

6.8.2.3 Amplitude (1uV — 999 kV)

This setting controls the signal’s voltage, measured from its DC level to its peak. If the leads
are connected to the common and either the positive or the negative terminal, the wave’s
peak-to-peak measurement is twice its amplitude. If the output comes from the positive and
negative terminals, the wave’s peak-to-peak measurement is four times its amplitude.
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6.8.3

6.9

6-14

6.8.2.4 Offset (-999 kV and 999 kV)

This option controls the DC level about which the alternating signal varies. An offset of 0
positions the waveform along the oscilloscope’s x-axis (provided its Y POS setting is O). A
positive value shifts the DC level upward, while a negative value shifts it downward. Offset

uses the units set for Amplitude.

Rise Time

This option sets the time over which the square waveform is built (and, therefore, the angle of
the waveform). Only available for square waveforms.

Wattmeter

HW M

onnect in series with load.

Connect in parallel with load.

Wattmeter-XwM1 B3 Average power
[

| 0.000 W
Pawer Factor: I 0.000

“okage Current \ Power factor (between 0 and 1)
+ -

+

C 6 coc

The wattmeter measures power. It is used to measure the magnitude of the active power, that
is, the product of the voltage difference and the current flowing through the current terminals
in a circuit. The results are shown in watts.The wattmeter also displays the power factor, cal-
culated by measuring the difference between the voltages and the current, and multiplying
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them together. The power factor is the cosine of the phase angle before the voltage and cur-

rent.

10kohm
R3

6.10 Oscilloscope

_— Ground terminal

A channel terminal

Trigger terminal

B channel terminal
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The dual-channel oscilloscope displays the magnitude and frequency variations of electronic
signals. It can provide a graph of the strength of one or two signals over time, or allow com-
parison of one waveform to another.

Dscilloscope-X5C1

.

Graphical display

MHHHHHHMMHMHMMH |

| (I ASClI file.
T2-T1 HHRATAIEET (o /

T 4.8ms T2
Al 1030mY | Az WAZ-wA Save
Ground

Vel | 046 T\v Bz N
—Timebase — Channel Channel B THdser Grounds the oscilloscope
/ .
seale 500 usifiv Seale |5 i oy [5 WD Fdge x| £
20| \ES

¥ position [0 ¥ pasition] 0.0 ¥ podigion [0.0 Level [0 v~
77T A | Bpaave || Ac| [0 | [T & AC - | 5| singMer. fcts == \
/ Trigger

Readouts at vertical Readouts at vertical Difference between read-
cursor 1. cursor 2. outs at vertical cursors.

6.10.1 Time Base (0.1 ns/Div — 1s/Div)

Timebase ——— Value, in seconds, of the divisions on the x-axis

Secale [ 500 us/Div —
— Signal’s starting point on the x-axis

H position | 0.0

YiT | Add | B AE
Determines the axes of the oscilloscope display
(Y/T is voltage magnitude against time)

Adds trace A and trace B.

The time base setting controls the scale of the oscilloscope’s horizontal or x-axis when com-
paring magnitude against time (Y/T).

» To get a readable display, adjust the time base in inverse proportion to the frequency setting
on the function generator or AC source—the higher the frequency, the lower (or more magni-
fied) the time base.
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For example, if you want to see one cycle of a 1 kHz signal, the time base should be around 1
millisecond.

6.10.1.1 X Position (-5.00 — 5.00)

This setting controls the signal’s starting point on the x-axis. When X Position is 0, the signal
starts at the left edge of the display. A positive value (for example, 2.00) shifts the starting
point to the right. A negative value (for example, -3.00) shifts the starting point to the left.

6.10.1.2 Axes (Y/T, A/B, and B/A)

The axes of the oscilloscope display can be switched from showing waveform magnitude
against time (Y/T) to showing one input channel against the other (A/B or B/A). The latter
settings display frequency and phase shifts, known as Lissajous patterns, or they can display a
hysteresis loop. When comparing channel A’s input against channel B’s (A/B), the scale of the
x-axis is determined by the volts-per-division setting for channel B (and vice versa).

Tip To analyze waveforms in detail, use the Design Bar button to stop and start. Continue
the simulation when ready.

6.10.2 Grounding

It is not necessary to ground the oscilloscope, as long as the circuit to which it is attached is
grounded.
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6.10.3 Channel A and Channel B Settings

OI)
—_
0]

6.10.3.1 Volts per Division (10u V/Div — 5 kV/Div)

Volts per division on the y-axis

When used alone, inverts the trace 180 degrees,

from to
Channel & Channel B m m

Soale | 5 Wiy Seale |5 Wi When used in conjunction with timebase Add
W position| 0.0 W position |D-D / button, subtracts Trace B from Trace A.
& st oe |6
Point of origin Input terminal indicators.

on the y-axis

This setting determines the scale of the y-axis. It also controls the x-axis scale when A/B or B/
A is selected.

To get a readable display, adjust the scale in relation to the channel’s expected voltage. For
example, an input AC signal of 3 volts fills the oscilloscope’s display vertically when the y-
axis is set to 1 V/Div. If the volts-per-division is increased, the waveform will become
smaller. If the volts-per-division is decreased, the waveform’s top will be cut off.

6.10.3.2 Y Position (-3.00 — 3.00)

This setting controls the point of origin for the y-axis. When Y position is set to 0.00, the
point of origin is the intersection with the x-axis. Increasing Y position to 1.00, for example,
moves 0 (the point of origin) up to the first division above the x-axis. Decreasing Y position
to -1.00 moves 0 down to the first division below the x-axis.

Changing the Y position setting for channels A and B may help distinguish their waveforms
for comparison.

6.10.3.3 Input Coupling (AC, 0, and DC)

With AC coupling, only the AC component of a signal is displayed. AC coupling has the
effect of placing a capacitor in series with the oscilloscope’s probe. As on a real oscilloscope
using AC coupling, the first cycle displayed is inaccurate. Once the signal’s DC component
has been calculated and eliminated during the first cycle, the waveforms will be accurate.

With DC coupling, the sum of the AC and DC components of the signal is displayed. Select-
ing O displays a reference flat line at the point of origin set by Y position.
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Note Do not place a coupling capacitor in series with an oscilloscope probe. The oscillo-
scope will not provide a path for current, and the analysis will consider the capacitor
improperly connected. Instead, choose AC coupling.

6.10.4 Trigger

Descending edge

Ascending edge.
\%r#

Triggering level B [F ]| O
Love In _lv_ _External trigger terminal

Triggering signal ~ siglnnpes lIE BIEE

These settings determine the conditions under which a waveform is first displayed on the
oscilloscope.

6.10.4.1 Trigger Edge

» To start displaying the waveform on its positive slope or rising signal, click the “ascending
edge” button.

» To start with the negative slope or falling signal, select the “descending edge” button.

6.10.4.2 Trigger Level (-999kV — 999 kV)

The trigger level is the point on the oscilloscope’s y-axis that must be crossed by the wave-
form before it is displayed.

Tip A flat waveform will not cross the trigger level. To see a flat signal, make sure the trig-
gering signal is set to Auto.

6.10.4.3 Trigger Signal

Triggering can be internal, with reference to the input signal for channel A or B, or external,
with reference to a signal through the external trigger terminal situated below the ground ter-
minal on the Oscilloscope icon. If a flat signal is expected, or if signals are to be displayed as
soon as possible, select Auto.

The Sing button is used to make the oscilloscope trigger one pass when the trigger level is
met. Once the trace gets to the end of the scope face, the trace will not change until you click
Sing again.

The Nor button is used to make the oscilloscope refresh every time the trigger level is met.
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6.10.5 Using Cursors and Readouts

6-20

» To display the exact values of the wave, drag the vertical cursor until the desired portion
appears.

The boxes below the display show the time and the voltage at the probe connections, where
the vertical cursor intersects the sine wave, and the difference between the two positions.

Once a circuit has been activated and its behavior simulated, you may move the oscilloscope’s
probes to other nodes without re-activating the circuit. Moving the probes automatically
redraws the waveforms for the new nodes. If you fine-tune the oscilloscope’s settings either
during or after simulation, the display redraws automatically.

Note If the oscilloscope settings or analysis options are changed to provide more detail, the
waveforms may appear choppy or uneven. If so, activate the circuit again to get more
detail. You can also increase the precision of a waveform by increasing the simulation
time step using the default instrument settings, as explained in “6.3 Default Instru-
ment Analysis Settings” on page 6-5.
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6.11 Bode Plotter

HEPA1

T QOutput terminals

Input terminals

The Bode plotter produces a graph of a circuit’s frequency response and is most useful for
analyzing filter circuits. The Bode plotter is used to measure a signal’s voltage gain or phase
shift. When the Bode plotter is attached to a circuit, a spectrum analysis is performed.

Magnitude or phase Saves the output to a file
that can be used in a
spreadsheet.
Sl s sl /Select sampling rate (res-
T ||Magni‘tude Phase I| Sa\rel Se‘t...I olution pOint)
— wizrtical Harizartal . .
[ in | W\:§Verncal and hori-
r[oan i fGHe zontal axes settings
; [-z00 4B K fmikz
Readouts
| T
+/é n - + 0 Out 5.
Directional arrows +V  —y(COoM) +V —V(COM)

move vertical cursor

The Bode plotter generates a range of frequencies over a specified spectrum. The frequency of
any AC sources in the circuit does not affect the Bode plotter. However, an AC source must be
included somewhere in the circuit.

The initial and final values of the vertical and horizontal scales are preset to their maximum
value. These values can be changed to see the plot on a different scale. If the scale is expanded
or the base changed after simulation is complete, you may need to activate the circuit again to
get more detail in the plot. Unlike most test instruments, if the Bode plotter’s probes are
moved to different nodes, it is best to re-activate the circuit to ensure accurate results.
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6.11.1 Magnitude or Phase

Magnitude measures the ratio of magnitudes (voltage gain, in decibels) between two nodes,
V+and V-.

Phase measures the phase shift (in degrees) between two nodes.
Both gain and phase shift will be plotted against frequency (in hertz).
» 1If V+ and V- are single points in a circuit:
1. Attach the positive IN terminal and the positive OUT terminal to connectors at V+ and V-.
2. Attach the negative IN and OUT terminals to a ground component.

» If V+ (or V-) is the magnitude or phase across a component, attach both IN terminals (or both
OUT terminals) on either side of the component.

6.11.2 Vertical and Horizontal Axes Settings

6-22

Final value

“ertical —Rorizonital
Base settings E
. . F Hz
Log = logarithmic , [0 0 B He

Lin = linear

Initial value

6.11.2.1 Base Settings

A logarithmic base is used when the values being compared have a large range, as is generally
the case when analyzing frequency response. For example, if measuring a signal’s voltage
gain, the decibel value is calculated as follows:

dB = 20*10;;{%)

The base scale can be changed from logarithmic (Log) to linear (Lin) without the circuit being
activated again. (Only when using a logarithmic scale is the resulting graph referred to as a

Bode plot.)
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6.11.2.2 Horizontal Axis Scale (1 mHz — 999.9 GHz)

The horizontal or x-axis always shows frequency. Its scale is determined by the initial (I) and
final (F) settings for the horizontal axis. Since a frequency response analysis requires a large
frequency range, a logarithmic scale is often used.

Note When setting the horizontal axis scale, the initial (I) frequency must be smaller than
the final (F) frequency. Multisim will not let you set I larger than F.

6.11.2.3 Vertical Axis Scale

The units and scale for the vertical axis depend on what is being measured and the base being
used, as shown in the table below.

When Measuring... Using the Base... :\sTimum Initial Value \“;Iaalﬁ?llsjm Final
Magnitude (gain) Logarithmic -200 dB 200 dB
Magnitude (gain) Linear 0 10e+09

Phase Linear -720° 720°

When measuring voltage gain, the vertical axis shows the ratio of the circuit’s output voltage
to its voltage. For a logarithmic base, the units are decibels. For a linear base, the vertical axis
shows the ratio of output voltage to input voltage. When measuring phase, the vertical axis
always shows the phase angle in degrees. Regardless of the units, you can set initial (I) and
final (F) values for the axis using the Bode plotter’s controls.

Note When setting the vertical axis scale, the initial (I) frequency must be smaller than the
final (F) frequency. Multisim will not let you set I larger than F.
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6.11.3 Readouts

Move the Bode plotter’s vertical cursor to get a readout of the frequency and magnitude or
phase at any point on the plot. The vertical cursor is stored at the left edge of the Bode plotter
display.

» To move the vertical cursor:
* click the arrows near the bottom of the Bode plotter
or
» drag the vertical cursor from the left edge of the Bode plotter display to the point on the

plot you want to measure.

The magnitude (or phase) and frequency at the intersection of the vertical cursor and the trace
are shown in the boxes beside the arrows.

P R

. e —
\ .
7043 Hz Phase at the vertical cursor

fF RS+ F 0wl -

Click the dire&onal arrows to
move the vertical cursor

Frequency at the vertical cursor

6.12 Word Generator

WG

Least significant 16 bits

in the 32 bit word \

External trigger terminal

Most significant 16 bits in the 32 bit word

Data-ready terminal

6-24 Electronics Workbench



Word Generator

Use the word generator to send digital words or patterns of bits into circuits to provide stimu-
lus to digital circuits:

Creates a subset of words for output

dd Conitrols
Hex equivalent of gggggggg Edit o0no [ Evee Input rate
32-bit binary Curer | 0000 s | )
Doooonno iti Step 4~ Saves word
words for output 00000000 Initial 0001 “Breskpoint | |
—_|onoooooa Final 03FE — patterns or
[Gooooooo | Trigger — generates pre-
00000000
. Ilmemal Btemal| £ %] set patterns.
* Indicates break ooooooon L Girzepemsp P A
point 00000000 - e nats -
— - Ready Hexadecimal
00000000 i — | —%
Scrolltoview | |oooo0o0000 ey 00000000 equivalent of
other words in ooooooo0 Binary A5C1 | oooo current word
00000000
the pattern. nnnnnnnn - IDDDDDDDDDDDDDDDDDDD\DDDDDDDDDDDDD
3 .
g ASCII equiva-
lent of cur-
. . \ rent word
Output terminals, correspond to Binary equivalent of current
those on the word generator icon word

6.12.1 Entering Words

The left side of the word generator instrument face displays rows of 8-digit hexadecimal num-
bers, ranging from 00000000 to FFFFFFFF (0 to 4,294,967,265, in decimal). Each horizontal
row represents a binary 32-bit word. When the word generator is activated, a row of bits is
sent in parallel to the corresponding terminals at the bottom of the instrument.

» To change a bit value in the word generator, select the number you want to modify and type
the new value in the Hex, ASCII or Binary fields, using the appropriate number format.

As the words are transmitted by the word generator, the value of each bit appears in the circles
representing the output terminals at the bottom of the instrument.
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6.12.2 Controls

6-26

Cycle |__———Sends a continuous stream of words

Burst — Sends all the words from the initial to the final address in a stream
Step

| Sends one word at a time

Breakpoirit

Pattem

Pauses the stream of input at selected words

Uses or creates saved pattern

To inject the 32-bit words into a circuit, click Step, Burst or Cycle. The current word appears
in the box labeled Current.

To transmit one word at a time into the circuit, click Step.

To send all words in sequence, click Burst. Clicking Cycle sends a continuous stream of
words that can be stopped by clicking Cycle again, or by pressing CTRL+T.
Use Breakpoint when you want to pause and restart the stream of words at a specified word.

To insert a breakpoint, select the word in the scroll list where you want the input to stop, then
click Breakpoint. An asterisk marks a breakpoint in the scroll list.

To remove a breakpoint, click on an existing breakpoint (*) in the scroll list, then click Break-
point.
More than one breakpoint can be used. Breakpoints affect both Cycle and Burst.
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6.12.3 Creating, Saving and Reusing Word Patterns

Click Pattern to display a set of options that allow you to save word patterns entered in the
word generator to a file and load previously saved word patterns. This function can also be
used to generate useful patterns or to clear the display.

Changes all words to hex 0000
Opens previously saved pattern\r Clear buffer

T T Open
Saves currentpatternasafile __ |~ s:\,e (el |
o
=
Creates pattern of subsequent word © shift Right
increasing or decreasing by 1 ~ shift Left || et Initial Pattem

Creates pattern such that the result-
ing binary words have a single 1 Prompts you to choose the initial value when
shifted to the left or right you click the Accept button.

6.12.4 Addressing

Changes the address of the
initial word to be output.

Address ———————— H
Displays the address of the word
Bit [ /selected in the scroll box.
Current I
- Displays the address of the current

Initial 0000 >
e word being output.

Final I oooo

Changes the address of th
final word to be output.

Each word in the word generator’s scroll window has an address, expressed as a 4-character
hexadecimal number. When a word in the scroll box is changed, its address appears in the Edit
box. As the word generator outputs words, each word’s address appears in the Current box.

» To create a subset of the words to be output, enter first and last addresses in the Initial and
Final fields.
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6.12.5 Triggering

Use input terminals Trigger on ascending edge of signal

-Trigger 1 |
Intermal EctemaII IT Q
Use external trigger Trigger on descending edge
terminal of signal

» To use the word generator clock to trigger input from the word generator’s input field to the
circuit, click Internal. To use input through the external terminal instead, with each input
cycle causing one word to be transmitted, click External.

Use the “ascending/descending edge” buttons to control whether the input signal triggers the
word generator on its ascending or descending edge.

6.12.6 Frequency and Data Ready

Frequency
1 kHz

a.

Set the clock frequency of the word generator in Hz, kHz or MHz. Each word is placed on the
output terminals for the duration of one clock cycle.

Oata
Feady - |

Enabling this option lets the circuit know that data from the word generator is ready.
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6.13 Logic Analyzer

Terminals for
input signals

External clock

HLAA

Trigger qualifier

Cloc{qualifier

The logic analyzer displays the levels of up to 16 digital signals in a circuit. It is used for fast
data acquisition of logic states and advanced timing analysis to help design large systems and
carry out troubleshooting.

Logic Analyzer-XLA1

2.700m

2.900m

Time ()
3.100m  3300m

3.500m

3.700m

Term 1
Term 2
Term 3
Term 4
Term 5
Term &
Term 7
Term &
Term &
Term 10
Term 11
Term 12
Term 13
Term 14
Term 15
Term 16
Clock _Ft
Tlock_ )

piaiainininieinininieinininisie)]

Clock Bt [T L L L]

I LI LTIy

[ LT LT

i

[+

Clock

@

op

=2

[Fezat T1-T2| I—

Clocksdiv I 1 E
Set... IEﬂemaI Qualifier
o o

Trigger
Set... I
Qualifier

i

The 16 circles on the left side of the icon correspond to the terminals and horizontal rows

across the instrument face. When the terminal is connected with a node, its circle is displayed
with a black dot and the node’s name and color are displayed. Otherwise the terminal circle is
displayed without a black dot.
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When a circuit is activated, the logic analyzer records the input values on its terminals. When
the triggering signal is seen, the logic analyzer displays the pre- and post-trigger data. Data is
displayed as square waves over time. The top row displays values for channel O (generally the
first bit in a digital word), the next row displays values for channel 1, and so on. The binary
value of each bit in the current word is displayed in the terminals on the left side of the instru-
ment face. The time axis is displayed as the top axis of the signal display screen. The screen
also displays the internal clock signal, external clock signal, external clock qualify signal and
trigger qualify signal.

To specify the number of samples stored before and after triggering, click Set in the Clock
box or use the default instrument settings, as explained in “6.3 Default Instrument Analysis
Settings” on page 6-5.

The logic analyzer stores data until it reaches the pre-trigger number of samples. Then, it
begins discarding samples as new samples appear until it sees the trigger signal. After the trig-
ger signal, samples are stored up to the value of the post-trigger samples.

The time position automatically displays the time position values of the two crosshair cursors,
T1 and T2, when sampling stopped. It also automatically moves the first crosshair cursor T1
to the position of time zero, when sampling stopped.

To change the threshold voltage, use the default instrument settings, as explained in “6.3
Default Instrument Analysis Settings” on page 6-5.

6.13.1 Stop & Reset

6-30

Selecting Simulate/Pause while the circuit is simulating, pauses both the circuit and the
Logic Analyzer. By using the scroll bar at the bottom of the instrument face, you can view the
results of the Logic Analyzer at any period from the first instance the trigger condition was
met as long as the Logic Analyzer was not reset. If you did reset the Logic Analyzer, you will
be able to view the results from the time the instrument was reset and the trigger condition is
met.

To restart the instrument, click Reset. This action will clear all information in the instrument
and start storing new information from the instance the trigger condition is met after you
clicked Reset.

To dump stored data when the logic analyzer is not triggered, click Stop. If the logic analyzer
is already triggered and displaying data, clicking Stop will stop the instrument and allow the
simulation to continue. After you have stopped the instrument, you must reset the Logic Ana-
lyzer to begin storing data again.

To clear the logic analyzer’s display, click Stop, then Reset. Clearing the display does not
disrupt the simulation. The instrument will start storing data from the instance the trigger con-
dition is met after you pushed the Reset.
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6.13.2 Clock

The clock informs the logic analyzer when to read an input sample. The clock can be internal
or external.

» To adjust the clock settings:
1. Click Set in the Clock area of the logic analyzer. The Clock Setup screen appears.

Clock frequency depends

Connect to external on simulation speed.

signal mode.
Clock setup
Clock Source
" Bdemal (% Intemal
Cancel I
Clock Rate ————————————————
Set clock rate Clock uafifier
10 = FHz IJIE 'I
Sampling Setting
Set amount of Pre-trigger Samples | '™
data to show Post-trigger Samples 1000
before and after Threshald “oitage 0w [z 500000
sample.

2. Select external or internal clock mode.

Set the internal clock rate. The clock qualifier is an input signal that filters the clock sig-
nal. If it is set to “x”, then the qualifier is disabled and the clock signal determines when
samples are read. If it is set to “1” or “0”, the samples are read only when the clock signal
matches the selected qualifier signal.

4. Set how much data to show before (Pre-trigger samples) and after (Post-trigger sam-
ples) the sample.

5. Click Accept.
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6.13.3 Triggering

6-32

The logic analyzer can be made to trigger upon reading a specified word or combination of
words or when meeting the increase edge or decrease edge of the clock signal.

Trigger 5Settings [ x|
— Trigger Clack Bdge
i+ Positive Cancel I
" Megative
" Beth Trigger Qualifier |* %2 __C_hoose_a
Enter up to three —Trigger Pattems ; = trigger filter.
trlggerlng 16 blt Pattemn A 0000000000000 0000
Words. Pattem B LSSty
Choose among 21 Pattemn C IIIIIIIIIIIIIIIII
combinations of A, B Triager Gembination= [, =]

and C.

» To specify up to three trigger words or word combinations:

1.
2.
3.

Click Set in the Trigger box of the logic analyzer.
Select Positive, Negative or Both positive and negative clock edge.

Click in the box labeled Pattern A, Pattern B, or Pattern C and enter a binary word. An
“x” means either 1 or 0.

From the Trigger combinations drop-down list, select the desired combination. (See
below for a list of combinations.)

From the Trigger qualifier drop-down list, select the desired trigger qualifier. The trigger
qualifier is an input signal that filters the triggering signal. If it is set to “x”, then the qual-
ifier is disabled and the trigger signal determines when the logic analyzer is triggered. If it
is setto “1” or “0”, the logic analyzer is triggered only when the triggering signal matches
the selected trigger qualifier.

Click Accept.
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The possible trigger combinations are:

A

AorB
AORBORC
B AND C
ANOC

ATHENC

A THEN (B OR C)

B

AorC

A AND B
AANDBAND C
BNOC

B THEN C

ATHENB THEN C

6.14 Logic Converter

The logic converter is able to perform several transformations of a circuit representation or

digital signal. This is a useful tool for digital circuit analysis, but has no real-world counter-
part. It can be attached to a circuit to derive the truth table or Boolean expression the circuit
embodies, or to produce a circuit from a truth table or Boolean expression.

HLCA

Truth table
for speci-
fied inputs

Boolean

expression N

Logic Converter-XLC
Inputs ———— =———"=A=~

-

50
mo)
20
=0

A B

C

BorC

AANDC

NO B

ATHEN B

(A ORB) THEN C

A THEN (B WITHOUT C)

oon

oot
002

o0l
00e

003
o0&

oo7

PRSP e
~osoeo=o |mO
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in “6.13.3 Entering and Converting a Boolean
Expression” on page 6-35.
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» Click the circles or the label below them to display the inputs for that terminal.

6.14.1 Deriving a Truth Table from a Circuit

>

To derive a truth table from a circuit schematic:
1. Attach the input terminals of the logic converter to up to eight nodes in the circuit.

2. Connect the single output of the circuit to the output terminal in the Logic Converter icon.

3. Click the Circuit to Truth Table | 2= = TBIT |y o0 The truth table for the cir-
cuit appears in the logic converter’s display.

6.14.2 Entering and Converting a Truth Table

6-34

>

>

>

To construct a truth table:

1. Click the number of input channels you want, from A to H, across the top of the logic con-
verter. The display area below the terminals fills up with the necessary combinations of
ones and zeros to fulfill the input conditions. The values in the output column on the right
are initially set to 0.

2. Edit the output column to specify the desired output for each input condition.

To change an output value, click on it to move among the three possible settings: “0”, “1” and
“x” (an “x” indicates that either 1 or 0 is acceptable).

To convert a truth table to a Boolean expression, click the Truth Table to Boolean Expres-

sion [I8IL =+ &8 | button. The Boolean expression is displayed at the bottom of the
logic converter.

To convert a truth table to a simplified Boolean expression, or to simplify an existing Boolean

101 51_.',“} A

| ‘ button.

expression, click the Simplify

The simplification is performed by the Quine-McCluskey method, rather than the more famil-
iar Karnaugh mapping technique. Karnaugh mapping works for only small numbers of vari-
ables and requires human intuition, while Quine-McCluskey has proved to be exhaustive for
any number of variables but is too cumbersome for manual solutions.

Note Simplifying a Boolean expression requires substantial memory. If not enough memory
is available, Multisim may not be able to complete this operation.
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6.14.3 Entering and Converting a Boolean Expression

6.15

A Boolean expression can be entered in the box at the bottom of the logic converter using
either sum-of-products or product-of-sums notation.

To convert a Boolean expression to a truth table, click the Boolean Expression to Truth
Table _AE___ = T8l | pygon,

To convert a Boolean expression to a circuit, click the Boolean Expression to Circuit

AB = ” button.

The logic gates that fulfill the Boolean expression appear on the circuit window. The compo-
nents are selected so you can move them to a different location on the circuit window or put
them in a subcircuit. Deselect the components by clicking on an empty spot on the circuit.

To see a circuit that fulfills the conditions of the Boolean expression using only NAND gates,

A —+  MAND |butt0n

click the Boolean Expression to NAND

Distortion Analyzer

Note If the simplified version option is selected, the Distortion Analyzer is hidden. For
details on the simplified version option, see “13.3.1.2 Simplified Version” on page 13-

6.
KOA1
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A typical distortion analyzer provides distortion measurements for signals in the range of 20
Hz to 100 kHz, including audio signals.

Distortion Analyzer-¥XDA1

This label
changes —

Total Harmonic Distortion(THD) : I

Furdamertal Frequency

20k Hz

depending on
which type of S
measurement is 0 H - |
Stop
selected.
Control hbode

IVIW M Se‘rtingsl

— Display hode
I % dh,
4 Input [
\

\

Units used to present results.

The types of measurements performed are either Total Harmonic Distortion (THD) or Signal
Plus Noise and Distortion (SINAD). To set the way results are to be displayed for either type
of measurement, click Settings.

Settings B=

THO Definition
’V i+ |EEE i oanNsISIEC |
Start Frequency: IED E Hz
End Frequency: Igg E FHz
Harmonic Mum.: I 10 E

Ok I Cancel I

6.15.1 Harmonic Distortion

Harmonic distortion produces signals at harmonics of the test frequency. For example, for a 1
kHz signal, the harmonics may be at 2 kHz, 3 kHz, 4 kHz, etc.
A very sharp tunable notch is required to measure harmonic distortion. The filter is tuned to
the test frequency such as 1 kHz, which will remove the 1kHz signal, leaving only the har-
monics or the distortion. The distortion harmonics are measured and the resulting value is
compared to the amplitude of the test signal.

6-36

For THD only - sets the definition used to calculate THD
|_— (IEEE defines this slightly differently from ANSI/IEC).
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6.15.2 SINAD

This type of measurement measures the ratio of (signal plus noise and distortion)/(noise and
distortion).

6.16 Spectrum Analyzer

Note If the simplified version option is selected, the Spectrum Analyzer is hidden. For
details on the simplified version option, see “13.3.1.2 Simplified Version” on page 13-
6.

The spectrum analyzer is used to measure amplitude versus frequency. It performs a similar
function in the frequency domain as an oscilloscope performs in the time domain. It operates
by sweeping through a range of frequencies. The amplitude of the signal at the input of the
receiver is plotted against the frequency of the signal. This instrument is capable of measuring
a signal's power at various frequencies, and helps determine the existence of the frequency
components’ signal.

The spectrum analyzer is part of the RF Design Module. For more details, see the “RF” chap-
ter.

Network Analyzer

Note If the simplified version option is selected, the Network Analyzer is hidden. For details
on the simplified version option, see “13.3.1.2 Simplified Version” on page 13-6.

The network analyzer is used to measure the scattering parameters (or S-parameters) of a cir-
cuit, commonly used to characterize a circuit intended to operate at higher frequencies. These
S-parameters are used to derive matching cells using other Multisim analyses. The network
analyzer also calculates H, Y, Z parameters.

The circuit is idealized as a two-port network. To properly use the network analyzer, the cir-
cuit must be left open at its input and output ports. During simulation the network analyzer
completes the circuit being analyzed by inserting its sub-circuits. You need to remove these
sub-circuits from the circuit before performing other analysis and simulation.

The network analyzer is part of the RF Design Module. For more details, see Chapter 14,
‘6RF?’.

Multisim 2001 Educator User Guide 6-37

sjuswnJsu|



Instruments

Instruments

6-38

Electronics Workbench



Chapter 7
Simulation

7.1  About this Chapter

This chapter explains the various types of simulation available in Multisim 2001, the applica-
tion for which each type is appropriate, how the types of simulation are used separately and
together, and finally some of the underlying logic of Multisim 2001 simulation.

& Some of the features described in this chapter may not be available in your edition of Multi-
@A sim 2001. Such features have an icon in the column next to their description.

7.2 Introduction to Simulation

Simulation is a mathematical way of emulating the behavior of a circuit. With simulation, you
can determine a circuit’s performance without physically constructing the circuit or using
actual test instruments. Although Multisim makes simulation intuitively easy-to-use, you
should be aware that the technology underlying the speed and accuracy of the simulation, as
well as its ease of use, is extremely complex. For that reason, explaining how Multisim per-
forms its simulation is beyond the scope of this manual.

7.2.1 What Type of Simulation Should | Use?

The type of simulation that is appropriate for a circuit depends on the type of circuit and how
you plan to physically implement it. For example, analog, digital and mixed analog/digital cir-
cuits to be built as a PCB are, in general, best simulated with a SPICE simulation. Digital cir-
cuits to be implemented in Programmable Logic Devices are usually simulated at the
behavioral language level, most commonly with VHDL or Verilog HDL. (See Chapter 10,
“HDLs and Programmable Logic” for details.)
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For very complex digital devices (LSI or VLSI chips) such as microprocessors or memory,
SPICE models are not usually practical, and in these cases, VHDL or Verilog HDL is the pre-
ferred solution.

7.2.2 What Kind of Simulation Does Multisim Support?

Multisim offers multiple simulators, optimized to meet the needs of various types of circuit
designs and implementation. These simulators include:

* SPICE (including specialized RF simulation)
* VHDL

*  Verilog HDL

* Co-simulation of all three together

When designing with programmable logic devices such as Field Programmable Gate Arrays
(FPGAs) or Complex Programmable Logic Devices (CPLDs), VHDL or Verilog HDL simu-
lators have traditionally been used separately from each other and from SPICE. With Multi-
sim, these simulators can be also used in combination. For example, to simulate a PCB
designed using Multisim’s schematic capture front end, Multisim uses SPICE for most of the
simulation (that is, components will use SPICE models) and VHDL or Verilog HDL for mod-
eling the most complex digital parts (including programmable devices), all brought together
in the co-simulation mode. Multisim’s simulation engine checks which type of model (SPICE,
VHDL, Verilog HDL, etc.) is used, as indicated in the component database, and calls the
appropriate simulator. It then controls the passing of information between these various simu-
lators, all without requiring your intervention.

To simulate a system- or board-level design, these simulators are used together in a co-simula-
tion environment. This means that, for example, a chip that is modeled using VHDL or Ver-
ilog HDL (whether a CPLD/FPGA or a complex digital chip such as a microcontroller) can be
a component in a PCB design. Multisim will simulate most of the board using SPICE, but
automatically simulate the VHDL- or Verilog HDL-modeled chip with VHDL or Verilog
HDL simulation. This co-simulation environment is described in this chapter. Communica-
tions between the multiple simulation engines in co-simulation mode are extremely complex,
yet remain very easy for you to use. All the results are combined together, so they can be dis-
played on a common set of instruments and analyses, as if all the devices were modeled using
the same technology.
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7.3 Using Multisim Simulation

This chapter explains the simulation of PCB-level circuits. This, by default, is primarily the
function of the Multisim SPICE simulator. In cases where the PCB circuit makes use of a
complex digital chip modeled with VHDL or Verilog HDL (including a programmable logic
device), Multisim automatically simulates that device with the correct VHDL or Verilog HDL
simulator. This process is invoked automatically during simulation of the PCB-level circuit, is
performed simultaneously with the SPICE simulation, and is transparent to you.

To view the results of your simulation, you will need to use either a virtual instrument or be
running an analysis (explained in the next chapter) in order to display the simulation output.
This output will include the combined results of all Multisim simulation engines (SPICE,
VHDL, Verilog HDL), all brought together conveniently in common displays (instruments or
Grapher).
& Note For design entry, simulation and source code debugging of individual VHDL or Ver-
L%A ilog HDL modelled chips (on their own, not as part of a PCB circuit), likely as part of
the programmable logic design flow, see “7.5 VHDL Simulation” on page 7-13 and
“7.6 Verilog HDL Simulation” on page 7-13 for an introduction. For details, see
Chapter 10, “HDLs and Programmable Logic”, which explains designing with VHDL
and Verilog HDL.

7.3.1 Simulating Circuits with Digital Components

When simulating circuits with digital components, you have the option of simulating for
speed or for accuracy. The “Ideal” option simulates your circuit quickly by not taking into
account variances in digital power and internal tolerances. The time to simulate digital com-
ponents is faster but the signal is not as accurate.

The “Real “option simulates your circuit accurately, but slower than the “Ideal” option, by
accounting for all variances. When using Real simulation settings, you are required to add
digital power and digital ground to your circuit.
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» To select a digital simulation option:

1. Choose Simulate/Digital Simulation Setting.

Digital Simulation Settings [ x|

" |deal [faster simulation]

' Rieal [more accurate simulation- requires power and digital ground

Cancel |

2. Select either Ideal (faster) or Real (more accurate) depending on the speed and accuracy
you require.

3. Click OK.

7.3.2 Start/Stop/Pause Simulation

» To simulate a circuit, click the Simulate button on the Design Bar and choose Run from the
| pop-up menu that appears. Multisim begins to simulate the circuit’s behavior.

During simulation, messages about the simulation results and any problems with the simula-
tion are written to the simulation error log/audit trail. The error log/audit trail appears auto-
matically when you stop the simulation. If you want to keep an eye on the progress of the
simulation, you can display the error log/audit trail during simulation. To display it, from the
View menu choose Show/ Simulation Error Log/Audit Trail.

» To pause the simulation while it is running, click the Simulate button on the Design Bar and
| choose Pause from the pop-up menu that appears. To resume the simulation from the same
point as when you paused, click the Simulate button and choose Pause again.

» To stop a simulation, click the Simulate button on the Design Bar and choose Run from the
pop-up menu that appears. If you restart the simulation after stopping it, it will restart from the
beginning (unlike Pause, which allows you to restart from the point you paused).

» Alternatively, you can run simulations by choosing Run and Pause from the Simulation
menu using the same instructions as above.

> A final option available to you for starting and stopping simulations is to use the simulation
CuJET|| switch. From the View menu, choose Show Simulation Switch to display a switch for “acti-
vating” your circuit. The switch can be used to start, stop, and pause the simulation.
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7.3.3 Interactive Simulation

In a capacity unique to Multisim, simulation is interactive. You can simply change the values
of “interactive” components (those whose behavior can be controlled through the keyboard)
and see the simulation results instantly. Interactive components include such devices as the
potentiometer, variable capacitor, variable inductor, and multiple switcher. For example,
changing a 100 kohm resistor to the next smaller resistor may alter the results more than
desired, but with Multisim, you could use a variable resistor, reducing its value gradually, all
the time seeing the simulation result change, until you reach the correct result.

7.3.4 Circuit Consistency Check

When you simulate your circuit or perform an analysis, a circuit consistency check is per-
formed to determine if the circuit is “legal” — for example, if a ground is present. Errors are
written to the error log. This function speeds your simulation process, since it alerts you to
items that may cause simulation errors and allows you to correct them before simulating.
Keep in mind that the types of problems found by the circuit consistency check are those that
will cause simulation errors. The circuit consistency check does not necessarily indicate a cir-

cuit’s viability.

7.3.5 Miscellaneous SPICE Simulation Capabilities

Multisim offers the following SPICE-specific simulation capabilities.

7.3.5.1 Component Tolerances

As explained in “4.5 Component Nominal Values and Tolerances” on page 4-33, Multisim
allows you to use “real world components” that introduce variances to simulate the perfor-
mance of actual, physical components. Real world component settings are based on compo-
nent tolerances, and therefore vary from their nominal values. This affects simulation results.
For example, a 1 Kohm resistor with a 10% variance could vary 100 ohms either way.
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7.3.5.2 Menu-Driven Simulation from Netlist Without
Schematic
You can also run simulations from a command line.

» To open the command line interface, choose View/Show Command Line. The following win-
dow appears:

+ XSpice Command Line

| Mew | §ave|

You can enter commands directly in this window. The most important commands are:
SOURCE, PLOT, OP, SAVE, WRITE, TAN, SET and ANAC.

7.4 Multisim SPICE Simulation: Technical Detail

This section explains the basic technical methodology of circuit simulation in a SPICE-based
simulator, including an outline of the stages of circuit simulation and an explanation of the
methods of formulation and solution used in the circuit simulation. It is not necessary to com-
prehend this information to make use of Multisim’s simulation, but you may find it interest-
ing. In addition, if you would like some advanced technical hints for user controllable
simulation settings, see “7.3.7 User Setting: Maximum Integration Order” on page 7-11.

To fully understand the information in this section, you should be acquainted with the theory
of electronic circuit simulation and the mathematics involved.

7.4.1 BSpice/XSpice Support

Multisim incorporates SPICE3F5 and XSpice at the core of its simulation engine, with cus-
tomized enhancements designed by Electronic Workbench specifically for optimizing simula-
tion performance with digital and mixed-mode simulation. Both SPICE3F5 and XSpice are
industry-accepted, public-domain standards, unlike non-standard, proprietary formats such as
PSPICE. SPICE3FS is the most recent edition of the SPICE (Simulation Program with Inte-
grated Circuit Emphasis) core designed by the University of California at Berkeley.
SPICE3FS5 has evolved from the original program developed and released in 1972. It is com-
monly called BSpice. XSpice is a set of unique enhancements made to SPICE, under contract
to the US Air Force, which included specialized modeling subsystems.
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7.4.2 Circuit Simulation Mechanism

After you create a circuit schematic and begin simulation, the solution of the circuit and gen-
eration of the data you see on instruments such as the oscilloscope is the role of the simulator.
More specifically, the simulator is the part of Multisim that calculates a numerical solution to
a mathematical representation of the circuit you created.

For this calculation to occur, each component in a circuit is represented by a mathematical
model. Mathematical models link the schematic in the circuit window with the mathematical
representation for simulation. The accuracy of the component models is one of the key items
that determines the degree to which simulation results match real-world circuit performance.
The mathematical representation of a circuit is a set of simultaneous, nonlinear differential
equations. The main task of the simulator is to solve these equations numerically. A SPICE-
based simulator transforms the nonlinear differential equations into a set of nonlinear alge-
braic equations. These equations are further linearized using the modified Newton-Raphson
method. The resulting set of linear algebraic equations is efficiently solved using the sparse
matrix processing LU factorization method.

7.4.3 Four Stages of Circuit Simulation

The simulator in Multisim, like other general-purpose simulators, has four main stages: input,
setup, analysis and output (described below).

Stage Description

Input stage Simulator reads information about your circuit (after you have built a schematic,
assigned values and chosen an analysis).

Setup stage Simulator constructs and checks a set of data structures that contain a complete
description of your circuit.

Analysis stage The circuit analysis specified in the input stage is performed. This stage occupies
most of the CPU execution time and is actually the core of circuit simulation. The
analysis stage formulates and solves circuit equations for the specified analyses

and provides all the data for direct output or postprocessing.

Output stage You view the simulation results. You can view results on 0s such as the oscillo-
scope, on graphs that appear when you run an analysis, or in the log file/audit trail.
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7.4.4 Equation Formulation

7.4.5

7-8

In a circuit, each common point created by wires and connectors is called a node. The simula-
tor calculates the voltage at each node. Each branch joining two nodes will have a separate
current flowing through it.

To calculate a circuit solution, a circuit is represented internally as a system of equations, in
the form:

A*X =B
where:
A = modified nodal admittance matrix with dimension nx n
X = vector of unknowns with dimension n
B = vector of constants, also with dimension n
n = number of unknowns.

The system of equations is formulated using a general circuit analysis method called the Mod-
ified Nodal Approach (MNA).

The unknowns () include each node voltage (excluding ground), as well as the voltage
source currents. B contains the voltage and current source constants, and the entries in the
admittance matrix (A) are determined by Ohm’s law and Kirchhoff’s current and voltage
laws.

The modified nodal admittance matrix is deemed sparse because it contains more zeros than
non-zeros. Making use of a linked list, the solution of circuit equations can be performed by
employing non-zero terms only. This method is called Sparse Matrix Technique. Generally, a
sparse matrix approach requires less memory consumption and achieves faster simulation.

Equation Solution

Multisim solves circuit equations for linear and nonlinear circuits using a unified algorithm.
The solution of a linear DC circuit is treated as a special case of general nonlinear DC circuits.

LU factorization is used to solve the system of sparse modified nodal matrix equations
described previously (a set of simultaneous linear equations). This involves decomposing the
matrix A into two triangular matrices (a lower triangular matrix, L, and an upper triangular
matrix, U) and solving the two matrix equations using a forward substitution and a backward
substitution.
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Several efficient algorithms are used to avoid numerical difficulties due to the modified nodal
formulation, to improve numerical calculation accuracy and to maximize the solution effi-
ciency. These include:

* A partial pivot algorithm that reduces the round-off error incurred by the LU factorization
method.

* A preordering algorithm that improves the matrix condition.

* A reordering algorithm that minimizes nonzero terms for the equation solution.

A nonlinear circuit is solved by transforming it into a linearized equivalent circuit at each iter-

ation and iteratively solving the linear circuit using the above-described method. Nonlinear

circuits are transformed into linear ones by linearizing all nonlinear components in the circuit

using the modified Newton-Raphson method.

A general nonlinear dynamic circuit is solved by transforming the circuit into a discretized

equivalent nonlinear circuit at each time point and solving it using the method for a nonlinear

DC circuit described above. A dynamic circuit is transformed into a DC circuit by discretizing

all dynamic components in the circuit using an appropriate numerical integration rule.

7.4.6 Numerical Integration

To approximate the value of the integral of the differential equations used in the time-domain
solution, Multisim optionally uses two numerical integration methods:

* the Trapezoidal (default) method

* the Gear (order from 1 to 6) method.

When the trapezoidal method is applied, the following approximation is used to discretize the
differential equations:

Vn+1:Vn+ﬁ(alV"+1 + dV")
2\ dt dt
where
V... = presentunknown voltage value
V, = previous time-point solution
h =  time step length
n = timeinterval.

The first-order Gear integration is the popular Backward Euler method. The second-order
variable step size Gear integration formula is:
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an+1 2hn+hn—l V hn+hn—lv hn V
= n+1+ n+ n—1
dt hn(hn+hn—l) hn_hn—l hn—l(hn+hn—l)
where
Vn+1 = present unknown solution
V, = previous first time-point solution
V. = previous second time-point solution
h, = present time step
N = previous time step

7.4.7

7.4.8

7-10

User Setting: Maximum Integration Order

You can change the maximum order for integration method using the MAXORD analysis
option (see “8.28 Analysis Options” on page 8-78). Using a higher order (3 through 6) Gear
method theoretically leads to more accurate results, but slows down the simulation. Be aware
that the maximum order for integration method is the maximum order that could be used, but
that the simulator selects the most appropriate order based on the circuit.

Due to the nature of the nonlinear components, each time point may involve solving the
admittance matrix several times before converging to a solution. The point solution is reached
when the difference between consecutive voltage values is less than the tolerance calculated
internally in terms of the absolute and relative tolerances specified in the analysis options.

Convergence Assistance Algorithms

Multisim uses two modified Newton-Raphson continuation algorithms, Gmin stepping and
Source stepping, to help find the solution during a DC Operating Point analysis of general
nonlinear circuits.

7.4.8.1 Gmin Stepping

Gmin stepping is a multi-step iterative algorithm. This algorithm simply adds a conductance,
Gmin, to the diagonal elements of the modified nodal admittance matrix so that a solution will
converge more quickly. The basic concept is to keep the matrix well-conditioned.
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Initially, a large Gmin value is applied and an approximate solution is found quickly. The ini-

tial value is set by the Gmin value times 10¢minSeps Gmin. The Gmin value is taken from the
GMIN (Gmin Minimum Conductance) analysis option and the number of steps from GMIN-
STEPS (both options are described in more detail in “8.28 Analysis Options” on page 8-78).
The conductance is then reduced by a factor of ten and the circuit is solved again by setting
the previous solution as the initial guess of the next iteration. When Gmin is reduced to zero, a
final solution of the circuit is performed and the correct answer is obtained. This actually
divides one single-step solution of the simple nonlinear iteration into a multi-step solution,
which uses the same algorithm but has many smaller steps.

7.4.8.2 Source Stepping

Source stepping is a convergence assistance algorithm. This algorithm solves a nonlinear cir-
cuit problem by setting a fraction of the source vector as a parameter variable to aid the con-
vergence of the DC solution. Similar to the Gmin stepping method, Source stepping converts
a single nonlinear circuit problem into a multi-step nonlinear circuit problem. Starting from a
zero source vector, the source vector is slowly ramped up to its full DC value. At each source
step, a simple nonlinear iteration solution is performed. The ramp rate is controlled by the
SRCSTEPS (“Steps in source stepping algorithm”) analysis option (see “8.28 Analysis
Options” on page 8-78).

7.5 RF Simulation

"N RF simulation is included with Multisim Power Professional and is available as part of the
<2l Professional Edition in an optional RF Design module. This section is simply a brief introduc-
tion to the simulation portion of the RF Design module.

You simulate an RF circuit the same way you simulate a board/system-level circuit in Multi-
sim, as described in*“7.2 Using Multisim Simulation” on page 7-3. This is because Multisim’s
RF Design module simulates RF circuits using an optimized SPICE engine (as opposed to
VHDL, Verilog HDL, etc.). There is no need to tell Multisim that your circuit is an RF circuit.
RF simulation uses the SPICE simulation engine, but has been optimized to accurately simu-
late circuits designed to operate at higher frequencies, or at faster clock speeds (which gener-
ate RF characteristics). This optimization uses parts specifically designed and modeled to
simulate accurately at these higher frequencies.

For detailed information on RF simulation and the RF Design module, see Chapter 14, “RF”.
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7.6 VHDL Simulation

N Multisim employs a specialized VHDL simulator which simulates, not at the SPICE level
<2l using schematic design entry, but at the behavioral language level. VHDL is one of the two
most widely used behavioral languages, commonly used for designing and modeling:
» programmable logic devices such as CPLDs and FPGAs
* complex digital chips, such as memory, CPUs, microcontrollers, and other devices which
could not be reasonably modeled using SPICE.

Even if you are not using such devices today, you will likely find it increasingly necessary to
do so in the future. Multisim offers the perfect environment for experienced and novice
VHDL users alike.

The Multisim VHDL simulator can be used in two ways:

* As part of the board/system design process, when components are modeled in VHDL
instead of SPICE. Multisim automatically invokes the VHDL simulator as needed (this is
called co-simulation). In this method, you do not need extensive VHDL knowledge, but
can simply take advantage of the broader library of simulatable models for complex digi-
tal chips.

If you have VHDL simulation, it is invoked automatically by Multisim when you begin
simulation (as described in*7.2 Using Multisim Simulation” on page 7-3) and a compo-
nent that is part of your system- or board-level circuit is modeled in VHDL.

You need not do anything different to simulate in this co-simulation mode than you do to
simulate a circuit with only SPICE-modeled parts. Just begin simulation as normal and
Multisim takes care of the rest, recognizing when VHDL models exist and reacting
accordingly.

* Aspart of the programmable logic design process, in which you write, simulate and debug
VHDL source code. This is a much more involved process and does require knowledge of
the VHDL language on your part. For details on this type of VHDL simulation, see Chap-
ter 10, “HDLs and Programmable Logic”.

7.7 Verilog HDL Simulation

RN Multisim employs a specialized Verilog HDL simulator which simulates, not at the SPICE
L%A level using schematic design entry, but at the behavioral language level. Verilog HDL is,
along with VHDL, one of the most widely used behavioral languages, commonly used for
designing and modeling:
» programmable logic devices such as CPLDs and FPGAs
* complex digital chips, such as memory, CPUs, microcontrollers, and other devices which
could not be reasonably modeled using SPICE.
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Even if you are not using such devices today, you will likely find it increasingly necessary to
do so in the future. Multisim offers the perfect environment for experienced and novice Ver-
ilog HDL users alike.

The Multisim Verilog HDL simulator can be used in two ways:

1. As part of the board/system design process, when components are modeled in Verilog
HDL instead of SPICE. Multisim automatically invokes the Verilog HDL simulator as
needed (this is called co-simulation). In this method, you do not need extensive Verilog
HDL knowledge, but can simply take advantage of the broader library of simulatable
models for complex digital chips.

If you have Verilog HDL simulation, it is invoked automatically by Multisim when you
begin simulation (as described in “7.2 Using Multisim Simulation” on page 7-3) and a
component that is part of your system- or board-level circuit is modeled in Verilog HDL.

For details on Verilog HDL simulation, see Chapter 10, “HDLs and Programmable
Logic”. You need not do anything different to simulate in this co-simulation mode than
you do to simulate a circuit with only SPICE-modeled parts. Just begin simulation as nor-
mal and Multisim takes care of the rest, recognizing when Verilog HDL models exist and
reacting accordingly.

2. As part of the programmable logic design process, in which you write, simulate and debug
Verilog HDL source code. For details on this type of Verilog HDL simulation, see Chapter
10, “HDLs and Programmable Logic”.
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7.7.1 Using the Auto Fault Option

When you use the Auto Fault option, you specify the number of faults or, optionally, the num-
ber of faults per different type of fault, that you want Multisim to assign to placed components

in the circuit.
» To use the auto fault option:
1. Choose Simulate/Auto Fault Option. The Auto Fault screen appears:

Auto Fault [ %]

Enter the number and type of faults that pou
@ want inserted in wour circuit, bultizim wil
randomly ingert as many faults az you specify

for each fault type. The “any"* option selects
a random combination of shorts, opens, and

leakage's.
Any ID 3:
Shart IU 3:
Open ID 3‘
Leak I 3 |

Specify Leak Resistance Cancel |
J100 =

2. Use the up/down arrow keys or enter numerical values directly in the Short, Open, and
Leak fields, or enter a numerical value in the Any field to let Multisim randomly select the

type of faults to assign.

3. If you specify a number of leaks, enter a number and unit of measurement in the Specify
Leak Resistance fields.

4. Click OK to apply the faults, or Cancel to cancel, and return to the circuit window.
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Chapter 8
Analyses

8.1  About this Chapter

This chapter explains how to use the various analyses included in Multisim 2001. It explains
how to work with analyses in general, the specific settings and options for each individual
analysis, and how to view and manipulate analyses results.

N Some of the features described in this chapter may not be available in your edition of Multi-
@A sim 2001. Such features have an icon in the column next to their description.

8.2 Introduction to Multisim Analyses

Multisim offers you many analyses, all of which utilize simulation to generate the data for the
analysis you want to perform. These analyses can range from quite basic to extremely sophis-
ticated, and can often require one analysis to be performed (automatically) as part of another.
For each analysis, you will need to decide upon some settings that will tell Multisim what you
want the analysis to do.

In addition to the analyses provided by Multisim, you can also create user-defined analyses
based on SPICE commands you enter.

When you activate an analysis, the results are displayed on a plot in Multisim’s Grapher
(unless you specify otherwise; see “8.22 Viewing the Analysis Results: Grapher” on page 8-
64 for more information on the Grapher) and saved for use in the Postprocessor (not available
in all editions of Multisim; see Chapter 9, “Postprocessor” for more information). Some
results are also written to an audit trail, which you can view (see “8.21 Viewing the Analysis
Results: Error Log/Audit Trail” on page 8-63 for more information).
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8.3

8.3.1

8-2

|_|>

For educational purposes, you can choose which analyses will be available to students in a cir-
cuit. See “13.3 Using Restrictions” on page 13-4 for more information. If the simplified ver-
sion is selected in Global Restrictions, some of the analysis will be hidden. For more
information on setting the simplified version see “13.3.1 Setting Global Restrictions” on page
13-4.

Working with Analyses

You need to know how to work with analyses in general as well as the specific options for
each individual analysis. For each analysis, you can set:

* the analysis parameters (all have default values)
* how output variables are to be handled (required)
» atitle for the analysis (optional)

* custom values for analysis options (optional).

Analysis settings are saved with the circuit.

The next section describes the general procedures for performing analyses, and the following
sections describe the details of each particular analysis.

General Instructions

To perform an analysis:

1. Click the Analyses button on the Design Bar, or choose Simulate/Analyses. A menu
appears with the list of analyses available. If you have the simplified version option
selected, the list of analyses will display only the basic types of analyses. For more infor-
mation about the simplified version, see “13.3.1.2 Simplified Version” on page 13-6.

2. Select the desired analyses. Depending on the analysis selected, the screen that appears
will include some or all of the following tabs:

* the Analysis Parameters tab, where you set the parameters for this analysis

* the Output Variables tab, where you specify what is to be done with specific analysis
output (not present in all analyses)

* the Miscellaneous Options tab, where you choose a title for the plot produced by the
analysis, and set any custom values for analysis options

* the Summary tab, where you see a consolidated view of all the settings for the analy-
sis.
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Y

By default, most of the tabs display a streamlined version of the tab with just the most com-
monly used fields. Click More on the analysis screen to display the full screen displaying all
available options. The options and settings available in these tabs are described in the follow-
ing sections of this chapter. The examples in those sections show the full screen.

To save the settings as the defaults for future use, click Accept on the analysis screen.
To run the simulation with the current settings, click Simulate on the analysis screen.
To run several analyses in batch, see “8.18 Batched Analyses” on page 8-60.

Tip To stop an analysis, press ESC.

8.3.2 The Analysis Parameters Tab

The options available on the analysis parameters tab are different for each analysis, and so are
described in different subsections of this chapter, one per analysis. Each analysis description
includes guidelines for both normal and advanced use of the analysis.

Some lists of items are accompanied by a Filter variables displayed function. This lets you
filter the items shown in that list, choosing whether or not to include internal nodes, submod-
ules, open pins and device parameters.
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8.3.3 The Output Variables Tab

This tab displays, on the left, all the possible output variables for the current circuit. You

choose the variables you want to use in the analysis. By default, the tab displays just the most
commonly used fields. Click More to display the full screen displaying all available options as
shown in the example below.

8-4

Distortion Analpsis

Choose types of
output variables
to display.

Possible output
variables from the
circuit (of the ~
selected type).

Filter types of
variables

displayed. \

Analysic Parameters  Output vaniables | Mizcellaneous Dptionsl Summaryl

Yariables in circuit

IAII vaniables

-

3

[FEE= N

{0
veolbranch
wgnd

w1 Hbranch

Filter Unslected Yariables |

%]
Choose types
_ of variables to
Selected variables for analysis be used in
IAII vaniables j analysis.

Plat during
simulation

Come Remove | Come .
Output vari-

7

| ables to be
used in anal-
ysis.

— More Options

Add device/model parameter |

Delete selected variables

Filter S elected Variables |

[~ Show all device paameters
at end of simulation Y the
audit trail

\

Less << I |

Simulate

Arcept I | Cancel I | Help\\ I
\

Use to add a parameter from a
specific device or model to the

list of variables.

Use to filter the variables displayed to
include internal nodes, open pins and
output variables.
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8.3.3.1 Choosing How Output Variables are to be
Handled

To include the output variable in the plot, select a variable from the list on the left and click
Plot During Simulation.

To select for than one variable at a time, press SHIFT while selecting variables from the list on
the left and click Plot During Simulation.

To remove an item from the right hand list, select it and click Remove.

Using the Output Variables tab, you can also filter the variables list, filter the variables dis-
played, as well as add a wide range of device or model parameters.

By default, all variables are initially included in the Variables in Circuit list.

8.3.3.2 Filtering the Variable Lists

To filter the variables list according to general variable type:
1. Click the Variables in Circuit drop-down list.

2. Click the general variable type (such as voltages, currents, device/model parameters) to
include in the list.

You can filter the variables displayed to include internal nodes (such as nodes inside a BJT
model or inside a SPICE subcircuit), open pins, as well as output variables from any submod-
ules contained in the circuit.

To filter the variables displayed:
1. Click Filter Selected Variables. The Filter Nodes screen appears:

Filter nodes x|
Enable the desired

settings. \ ™ Display internal nodes
™ Display submadules Cancel |

™ Display open pins

2. Enable one or more settings.
3. Click OK.

Multisim 2001 Educator User Guide 8-5

sosAjeuy



Analyses

Analyses

8.3.3.3 Adding Parameters to the Variable List

To add a parameter from a specific device or model to the list of variables:

1. Click Add device/model parameter. The Add Device/Model parameter screen appears,
allowing you to specify which parameter is to be added. For example:

Choose whether
to add either a Device Type IHesistor j &I
device or model Parameter Type Name [ir =] Cancel |
parameter.

Parameter Ilesistance j

Description  Flesistance

2. From the Parameter Type list, select whether you want to add a device parameter or
model parameter. These let you set how various internal parameters of a component or
model change during the analysis.

3. From the Device Type drop-down list, select a device type from the devices in the circuit.
4. From the Name drop-down list, select a specific instance of the device type.

5. From the Parameter drop-down list, select a parameter from all available device/model
parameters. A brief description of the selected parameter appears in the Description list.

6. Click OK to add the selected parameter to the Variables in Circuit list. This variable can
now be included in the analysis.

7. To save the addition, click Accept. To cancel the addition, click Cancel.

The parameter appears in the left-hand list under the Output Variables tab on the analysis
screen, which is automatically set to show only device/model parameters.

To delete a parameter added in this way, select it and click Delete selected variables.

To show the values of all the components and models in the circuit at the end of the simula-
tion, enable Show all output parameters at end of simulation in the audit trail.

8.3.4 The Miscellaneous Options Tab

8-6

The options on this tab provide you with additional flexibility, but do not require that you set
them. Use this tab to set a title for the analysis results, to check if the circuit is valid for analy-
sis, and to set custom analysis options. By default, the tab displays just the most commonly
used fields. Click More to display the full screen displaying all available options as shown in
the example below.
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AL Analpsis [ %]

Frequency Parametersl Output variables  Miscellaneous Options | Summaryl

v Usze thiz custom analyzis option

Parameter | Diescription | Walue ;I
acct Frint zimulation statistics Do not uze J
To set custom analysis gmin Minimum conductance Uze default
ti ble thi ti teltal Felative emar tolerence Uze default
options, enable this option... abstol Absolute error tolerence Uze default
whtal Woltage enor tolerence Uze default
. el Truncation ermor overestimation factor
...and select an analySIS / chatal Charge errar tolerence Usze default
option from the list. ni\irnl Minirnurn Arcentahle oot | Isﬁlriﬁfaulr _ILI
4 3
I Use thiz option
Frint simulation statistics [acct)
Eesel aptian b defaul

— More Options
¥ Peiform Consistency check before starting analysis

. L i ints: |1zannn
To check if the circuit is / Maximurn number of paints:

valid for analysis, enable Title for analysis: IAC Analysiz #1
this option.
The title appears on the PlOt Less << I | Simulate I | Accept I | Cancel I | Help I

produced by the analysis, and
is recorded in the audit trail.

To check if the circuit is a valid circuit for analysis, enable Perform consistency check
before starting analysis. This option automatically identifies inconsistencies such as open
capacitors, empty circuit files and ungrounded circuits.

Normally analyses run without further intervention. If an analysis does not perform as neces-
sary, you may need to set custom analysis options.

To change the analysis title from its default, enter text in the Title for Analysis field.

To set custom analysis options:
1. Enable Use this custom analysis option.

Note You should have a general knowledge of the SPICE simulation engine before altering
the default settings under this option.

2. In the list of analysis options (analysis options shown in blue are set to the non-SPICE
default value), select the analysis options whose value you want to change. The screen at
the bottom of the list changes to reflect the choices available to you.
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For those analysis options that you simply turn on or off, the screen looks like this:

[ Use this option
Enable convergence assistance on code models [corvelimit]

Fiezet option to default

To control whether or not the option takes effect, enable or disable the Use this option
option. To reset the default value for the option, click Reset option to default.

For those analysis options for which you set values, the screen looks like this:

¥ Use thiz option

Upper tranzsient iteration limit (i) a0
Beset option to default Option Value

To use the default value, enable Use default value. To set a specific value, disable Use
default value and type a value in the Option Value field. To re-set the value to its default
setting, click Reset option to default.

3. To save your changes, click OK. To close without saving, click Cancel.

For a complete list of the available analysis options, see “8.28 Analysis Options” on page 8-
78.
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8.3.5 The Summary Tab

This tab offers a quick overview of all the various settings for your analysis. It does not
require you to set any options, but you can use it to view summary information about your
analysis. By default, the tab displays just the most commonly used fields. Click More to dis-
play the full screen as shown in the example below.

.
Click here to “roll up”

and conceal underly- Frequency Parametersl Clutput variablesl Miscellaneous Options ~ Summary |

ing information. = AC Analysis #1

Flot title: AT Analyzis #1

- Analysis zettings

Sweep type: Decade

Mumber of points per decade: 10
Starting frequency for sweep: 1
Stop frequency for sweep: 1e+010
Wertical scale: Logarithmic
Horizontal zcale: Logarithmic

- Perform congistency check

- Wariables from analysiz

[#- Representation az SPICE commands
- Results saved to file: CADOCUME~1"NLEGGETTALOCALS~1A\TEMPYEWE_12. Rl
[#- Analysis Options

Click here to reveal
underlying information.

Location and name of file
to which the analysis — |
results are being saved.

| Less << I | Simulate I | Accept I | Cancel I | Help I

You navigate through this display as you do with Windows Explorer. The “+” beside an item
indicates that it has additional information underneath it, which can be revealed by clicking
the “+”. The “-” beside an item indicates that all its information is being revealed. That infor-
mation can be hidden by clicking the “-”.

This window also shows you the SPICE representation of your analysis options, as well as the
name of the file to which the analysis results are being saved (. raw file). This file is used for
Postprocessing.

Multisim 2001 Educator User Guide 8-9

sosAjeuy



Analyses

Analyses

8.3.6

8.4

8.4.1

8-10

Incomplete Analyses

For a variety of reasons, the simulator in Multisim is occasionally unable to complete a simu-
lation or an analysis.

Multisim uses the modified Newton-Raphson method to solve nonlinear circuits. When a cir-
cuit includes nonlinear components, multiple iterations of a set of linear equations are used to
account for the non-linearities. The simulator makes an initial guess at the node voltages, then
calculates the branch currents based on the conductances in the circuit. The branch currents
are then used to recalculate the node voltages and the cycle is repeated. This cycle continues
until all of the node voltages and branch currents fall within user-defined tolerances, that is,
convergence occurs. You can specify tolerances and iteration limits for the analysis through
the analysis options described in “8.28 Analysis Options” on page 8-78.

If the voltages or currents do not converge within a specified number of iterations, an error
message is produced and the simulation is aborted (typical messages include “Singular
matrix,” “Gmin stepping failed,” “Source stepping failed”” and “Iteration limit reached”).

DC Operating Point Analysis

About the DC Operating Point Analysis

The DC operating point analysis determines the DC operating point of a circuit. For DC anal-
ysis, AC sources are zeroed out and steady state is assumed, that is, capacitors are open cir-
cuits and inductors are short circuits. The results of DC analysis are usually intermediate
values for further analysis. For example, the DC operating point obtained from DC analysis
determines approximate linearized, small-signal models for any nonlinear components such
as diodes and transistors for the AC frequency analysis.

Assumptions Digital components are treated as large resistances to ground. Results include
node DC voltages and branch currents.

Note You can specify whether or not specific node trace widths are to be used for this type
of analysis. For details, see “3.10.2 Modifying Node Numbers” on page 3-28.
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8.4.2 Setting DC Operating Point Analysis Parameters

There are no analysis parameters to be set for this analysis.

8.4.3 Troubleshooting DC Operating Point Analysis
Failures

DC operating point analysis may fail to converge for various reasons. The initial guesses for
the node voltages may be too far off, the circuit may be unstable or bi-stable (there may be
more than one solution to the equations), there may be discontinuities in the models or the cir-
cuit may contain unrealistic impedances.

Note All error messages generated during an analysis appear in the error log/audit trail. For
more information about this function, see “8.21 Viewing the Analysis Results: Error
Log/Audit Trail” on page 8-63.

Use the following techniques to solve many convergence problems and analysis failures.

Before you proceed, identify which analysis is causing the problem (keep in mind that DC

operating point analysis is often performed as the first step of other analyses). In each of the

following solutions, begin with step 1, then continue performing the subsequent steps, in
order, until the problem is solved.

1. Check the circuit topology and connectivity. Make sure that:

* The circuit is correctly wired, and includes no dangling nodes or stray parts.

* You haven’t confused zeros with the letter O.

* Your circuit has a ground node and every node in the circuit has a DC path to ground.
Make sure no sections of your circuit are completely isolated from ground by trans-
formers, capacitors, etc.

» Capacitors and voltage sources are not in parallel.

* Inductors and current sources are not in series.

* All devices and sources are set to their proper values.

* All dependent source gains are correct.

* Your models/subcircuits have been correctly entered.

2. Increase the operating point analysis iteration limit to 200-300. This allows the analysis to
go through more iterations before giving up.

3. Reduce the RSHUNT value by a factor of 100.
4. Increase the Gmin minimum conductance by a factor of 10.

5. Enable the option Set to zero.
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8.5

8.5.1

8.5.2
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AC Analysis

About the AC Analysis

In AC analysis, the DC operating point is first calculated to obtain linear, small-signal models
for all nonlinear components. Then a complex matrix (containing both real and imaginary
components) is created. To construct a matrix, DC sources are given zero values. AC sources,
capacitors, and inductors are represented by their AC models. Nonlinear components are rep-
resented by linear AC small-signal models, derived from the DC operating point solution. All
input sources are considered to be sinusoidal. The frequency of the sources is ignored. If the
function generator is set to a square or triangular waveform, it will automatically switch inter-
nally to a sinusoidal waveform for analysis. AC analysis then calculates the AC circuit
response as a function of frequency.

Assumptions Applied to an analog circuit, small-signal. Digital components are treated as
large resistances to ground.

Setting AC Analysis Frequency Parameters

Before you perform the analysis, review your circuit and decide on the nodes for analysis.
You can specify magnitude and phase of a source for AC frequency analysis through the
placed component’s parameters, as described in “3.8.3 Controlling How a Placed Component
is Used in Analyses” on page 3-23.
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AC Analysis Frequency parameters are set in the following screen:

Enter the start frequency for

the sweep. AL Analpsis [ %]
Frequency Parameters | Output variables | Miscellaneous Options | Summar

Enter the stop frequency for l D I ptne | 4
the sweep.

Start frequency [FSTART) Hz |

10 -

Select a sweep type: Stop frequency [FSTOP] GHz =]
decade, linear, or octave. — | “weeRlee F;CLZI
Defines how points to be Nun?ber of points per decade —
calculated are distributed il ele Logaitic 7] Reset to default
across the frequency range.
Enter the number of points
to be calculated during the
analysis. For a linear sweep
type, use the number of
pOgltS between start and [ire =2 I | Simulate I | Accept I | Cancel I | Help I
end.

Select a vertical scale: linear,
logarithmic, decimal, or
octave. Vertical scale con-
trols the y-axis scaling on the
output graph.

Note To reset all parameters to their default values, click Reset to default.

The result of the AC frequency analysis is displayed in two parts: gain versus frequency and
phase versus frequency.

If you have the Bode plotter connected to your circuit and activate the circuit, a similar analy-
sis is performed.

Setting AC Analysis Frequency Parameters for Normal Use
In most cases, you only need to:

* set a Start Frequency (FSTART)
* set a Stop Frequency (FSTOP)

Setting AC Analysis Frequency Parameters for Advanced Use
In addition to the frequency range, you can also:

» choose a desired sweep type (decade, linear, or octave) from the Sweep type drop-down
list

» enter the number of points to be calculated in the Number of points per decade field

* choose the vertical scale (linear, logarithmic, decimal or octave) from the Vertical scale
drop-down list.
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Note The greater the number of points calculated, the more accurate the results will be;
however, the simulation speed will be adversely affected.

8.6 Transient Analysis

8.6.1 About the Transient Analysis

In transient analysis, also called time-domain transient analysis, Multisim computes the cir-
cuit’s response as a function of time. Each input cycle is divided into intervals, and a DC anal-
ysis is performed for each time point in the cycle. The solution for the voltage waveform at a
node is determined by the value of that voltage at each time point over one complete cycle.

DC sources have constant values; AC sources have time-dependent values. Capacitors and
inductors are represented by energy storage models. Numerical integration is used to calculate
the quantity of energy transfer over an interval of time.

if initial conditions are set to be... then...
Automatically determined initial con- Multisim tries to start the simulation using the DC operat-
ditions ing point as the initial condition. If the simulation fails, it

uses user-defined initial conditions.

Calculate DC operating point Multisim first calculates the DC operating point of the cir-
cuit, then uses that result as the initial conditions of the
transient analysis.

Set to zero the transient analysis starts from zero initial conditions.

User-defined the analysis starts from initial conditions as set in the tran-
sient analysis screen.

AssumptionsNone.

8-14 Electronics Workbench



Transient Analysis

8.6.2 Setting Transient Analysis Parameters

Before you perform the analysis, review your circuit and decide on the nodes for analysis.
Transient Analysis Parameters are set in the following screen:

Note If your screen does not look like the example below, click More to display the full
analysis screen.

Set initial conditions: Set to Transient Analysis [<]
Zero, User?Deflne.d, Calculate Analysis Parameters | Clutput variablesl Mizcellaneous Dptionsl Summaryl

DC Operating Point, or Auto- \
matically Determine Initial Con-
ditions.

Start time of transient analysis Start time (TSTART) ID—
/ SEC

must be greater than or equal

Fieset to default
to 0 and less than End time. End time (TSTOF] |U-Dm _— —l

 Initial Conditions

IAutomaticaIIy determine initial conditions j

End time of transient analysis ¥ Marimum time step settings (TH<)
must be greater than Start ' Minimum number of time points 100
time.
. - £ Mawimum time step [THA% | -
Click to enter minimum num- e 12005 sec
ber of time points (number of " Gererate time steps automatically
points between start and /
StOp tlmes). More options
Click to enter the maximum I Setinitial time step [TSTEF)] |1e-005 sen
time step the simulation can

[+ E stimate masimum time step based on net list [TASE

handle.

Click to generate time steps
automatically.

| Less << I | Simulate I | Accept I | Cancel I | Help I

The result of the transient analysis is a calculation of voltage versus time.

If you have the oscilloscope connected to your circuit and activate the circuit, a similar analy-
sis is performed.

Note To re-set all parameters to their default values, click Reset to default.

Setting Transient Analysis Parameters for Normal Use

The default settings are appropriate for normal use, providing the transient response of the

selected output variables starting at time 0 seconds and stopping after 1 ms (0.001). You can,

if you wish:

* change the start time by entering a value greater than or equal to O and less than the End
time in the Start time (TSTART) field

» change the end time by entering a value greater than the Start time in the End time
(TSTOP) field.
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Setting Transient Analysis Parameters for Advanced Use

For advanced use, you can:

define the initial conditions at time O seconds by selecting an initial condition (Set to Zero,
User-Defined, Calculate DC Operating Point, or Automatically Determine Initial Condi-
tions) from the Initial conditions drop-down list

You can have the initial conditions set to zero, or you can use the steady state values of the
circuit under analysis. During and/or after circuit construction, you can specify node volt-
ages. These forced values can also be used as initial conditions for the analysis.

Note If you select “Automatically determine initial conditions”, Multisim will attempt to

use steady state conditions to run the analysis. If this is unsuccessful, Multisim will set
initial conditions to zero. If simulation is still not possible, Multisim will use the spec-
ified user-defined conditions.

define the maximum time step to be taken by the simulation engine by enabling Maximum
time step (TMAX) and entering the desired time step

define the minimum time step to be taken by enabling Minimum number of time points
and entering the desired number of points to be calculated

Note The value of TMAX is determined by dividing the interval between the specified anal-

ysis start and end times by the minimum number of time points specified.

enable Set Initial Time step (TSTEP), and enter a value less than the specified maximum
time step value in the Time step (TSTEP) field. If possible, the size of the time steps taken
during the simulation will begin with the initial timestep and will continue to increase to
the value specified by the maximum time step.

8.6.3 Troubleshooting Transient Analysis Failures

8-16

If transient analysis is being performed (time is being stepped) and the simulator cannot con-
verge on a solution using the initial time step, the time step is automatically reduced, and the
cycle is repeated. If the time step is reduced too far, an error message (‘“Timestep too small”)
is generated and the simulation is aborted. If this occurs, try one or more of the following:

Check the circuit topology and connectivity. See step 1 of “8.3.3 Troubleshooting DC
Operating Point Analysis Failures” on page 8-13.

Set relative error tolerance to 0.01. By increasing the tolerance from 0.001 (0.1% accu-
racy), fewer iterations are required to converge on a solution and the simulation finishes
much more quickly.

Increase transient time point iterations to 100. This allows the transient analysis to go
through more iterations for each time step before giving up.

Electronics Workbench
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* Reduce the absolute current tolerance, if current levels allow. Your particular circuit may
not require resolutions down to 1 iV or 1 pA. You should allow at least an order of magni-
tude below the lowest expected voltage or current levels of your circuit.

* Realistically model your circuit. Add realistic parasitics, especially junction capacitances.
Use RC snubbers around diodes. Replace device models with subcircuits, especially for
RF and power devices.

* If you have a controlled one-shot source in your circuit, increase its rise and fall times.

* Change the integration method to Gear. Gear integration requires longer simulation time,
but is generally more stable than the trapezoid method.

8.7 Fourier Analysis

8.7.1 About the Fourier Analysis

Fourier analysis is a method of analyzing complex periodic waveforms. It permits any nonsi-
nusoidal period function to be resolved into sine or cosine waves (possibly an infinite num-
ber) and a DC component. This permits further analysis and allows you to determine the
effect of combining the waveform with other signals.

Given the mathematical theorem of a Fourier series, the period function f/t) can be written as
follows:

f(t) = Ay +A coswt+A,cos2mt + ... + B sinwz + B,sin2m7 + ...

where:

A, the DC component of the original wave
the fundamental component (has the same frequency and

A coswt + B, sinwt =
period as the original wave)

A, cosnot + B, sinnwt = the n'" harmonic of the function

A B = the coefficients

2n = the fundamental angular frequency, or 21 times the fre-
T quency of the original periodic wave

Each frequency component (or term) of the response is produced by the corresponding har-
monic of the periodic waveform. Each term is considered a separate source. According to the
principle of superposition, the total response is the sum of the responses produced by each
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term. Note that the amplitude of the harmonics decreases progressively as the order of the har-
monics increases. This indicates that comparatively few terms yield a good approximation.

When Multisim performs Discrete Fourier Transform (DFT) calculations, only the second
cycle of the fundamental component of a time-domain or transient response (extracted at the
output node) is used. The first cycle is discarded for the settling time. The coefficient of each
harmonic is calculated from the data gathered in the time domain, from the beginning of the
cycle to time point “t”. That is set automatically and is a function of the fundamental fre-
quency. This analysis requires a fundamental frequency matching the frequency of the AC
source or the lowest common factor of multiple AC sources.

Assumptions None.

8.7.2 Setting Fourier Analysis Parameters

8-18

Before you perform the analysis, review your circuit and select an output node in the screen.
The output variable is the node from which the analysis extracts the voltage waveform. Fou-
rier Analysis Parameters are set in the following screen :
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Note If your screen does not look like the example below, click More.

Set to the frequency of an AC Fourier Analysis ]
source in your circuit. If you have Analyz ters | Output variablesl Miscellaneous Dptionsl Summaryl
several AC sources, use the low- -
est common factor of frequencies [Pl
Click to have Multisim estimate ’ Frequency resolution [Fundamental frequency]: 1000 m
fundamental frequency. MNumber of harmonics: IS
Set the number of harmonics of Sl i e e g SR [o soo _ Estimate |
the fundamental frequency that _—— Edit transient analysis |
are calculated.

. — Result
Click to set parameters for _
associated transient analysis. LR b Display [Chart and Gragh =]
Enable to display results as Wertical scale || oqarithhic =
phase.
SeF the amoynt of time during - ’
WhICEdS.?-Tplln.g STiUIdloc.Cl;r (0 v Degree of polynomial for interpolation: I‘I
use Edit Transient Analysis).

) Sampling frequency: I‘I 00000 Hz

Enable to display results as bar
graph. If not enabled, results dis- ]

lay as linegraph. T
play as egrap | Less << I | Simyle{e I | Accep{ I | Cancel ' I | Help I
Enable to normalize graphs. !
.No(rjmahzled gLap:]s ahre normal- Specify a sampling Choose a vertical scale: linear,
ized against the 1st harmonic. frequency. logarithmic, decibel, or octave.

Enable to enter degree to be

used when interpolating

between points on simulation
Fourier analysis produces a graph of Fourier voltage component magnitudes and, optionally,
phase components versus frequency. By default, the magnitude plot is a bargraph but may be
displayed as a line graph.
The analysis also calculates Total Harmonics Distortion (THD) as a percentage. The THD is
generated by notching out the fundamental frequency, taking the square root of the sum of the
squares of each of the n harmonics, and then dividing this number by the magnitude of the
notched out fundamental frequency.

Choose a display option: chart, graph, or chart and graph.

THD = [(Zi=2Vl~2)/ V,1x 100 %, where V| is the magnitude of the i™ harmonics.
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Setting Fourier Analysis Parameters for Normal Use

For normal use, you just need to specify parameters for the following:

frequency under test, either by clicking Estimate to have a value selected based on the AC
sources in the circuit, or by entering a value in the Frequency resolultion (Fundamental
frequency) field. This value should be the lowest common factor for the frequencies
present in the circuit.

number of harmonics, by entering a value in the Number of harmonics field. You can
specify the stopping time for sampling to avoid unwanted transient results prior to the cir-
cuit reaching steady-state operation.

stopping time for sampling by enabling Stopping time for sampling (TSTOP) and enter-
ing a new stopping time for sampling. Although the Nyquist rate specifies only two times
the highest frequency component being considered in the analysis as a suitable sampling
rate, it is recommended that you specify a sampling frequency sufficient to obtain a mini-
mum of 10 sampling points per period.

enter a value in the Sampling Frequency field.

Note The sampling frequency should be equal to the frequency resolution (the number of

harmonics plus one) times at least 10.

Setting Fourier Analysis Parameters for Advanced Use

In addition to the basic procedures, you can also specify parameters for the following:

degree of polynomial for interpolation, by enabling Degree of polynomial for interpola-
tion and entering a value in the appropriate field. The higher the degree of polynomial the
greater the accuracy of the results.
results display format by doing one or all of the following:
» choosing a vertical scale (linear, logarithmic, decibel or octave) from the Vertical
Scale list
» choosing a display option (chart, graph, or chart and graph) from the Display list
* enabling Display phase to display results as phase
* enabling Display as bar graph to display the results as a bar graph instead of a line-
graph.
* enabling Normalize graphs to normalize the results with respect to the frequency
under test.
transient analysis options by clicking Edit transient analysis to edit the transient analysis
setup. For details, see ““ Setting Transient Analysis Parameters for Normal Use” on page
8-17.

Electronics Workbench



Noise Analysis

8.8 Noise Analysis

8.8.1 About the Noise Analysis

Noise is any undesired voltage or current appearing in the output. One common result of noise
is “snowy” television reception caused by fluctuations across all frequencies of the television

signal.

Multisim can model three different kinds of noise:

1.

S

Thermal noise (also known as Johnson, or white noise) is temperature dependent and
caused by the thermal interaction between free electrons and vibrating ions in a conductor.
Its frequency content is spread equally throughout the spectrum.

The power of this generated noise is given by Johnson’s formula:

P =kxTxBW

where

Boltzmann’s constant (1.38 x 10_23J/K)

= resistor temperature in Kelvin (T = 273 + temperature in Celsius)

= frequency bandwidth of the system being considered

The thermal voltage could be represented by a mean-square voltage source in series with
the resistor

¢> = 4kTR x BW

or the resistor mean-square current generator

i = 4kTBW/R.

Shot noise is caused by the discrete-particle nature of the current carriers in all forms of
semiconductors. It is the major cause of transistor noise. The equation for shot noise in a
diode is:

i = (2gxIdex BW)?
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i = shot noise (RMS amperes)

electron charge (1.6 X 107" Coulomb)

q =
Idc = DCcurrent (A)
BW = bandwidth (Hz)

For all other devices, such as transistors, no valid formula is available. See the device
manufacturer’s data sheet. Shot noise and thermal noise are additive.

3. Flicker noise (also known as excess noise, pink noise, or I/f noise) is present in BJTs and
FETs and occurs at frequencies below 1kHz. It is inversely proportional to frequency and
directly proportional to temperature and DC current levels.

Assumptions Applied to an analog small-signal circuit. Non-conforming parts are ignored.
Noise models for SPICE components are used.

8.8.2 Noise Analysis Example

8-22

Noise analysis is used frequently when diagnosing problems in communications systems. It
calculates the noise contribution from each resistor and semiconductor at the specified output
node. Each noise source is assumed not to be statistically correlated with the other noise
sources in the circuit and their values are calculated independently. The fotal output noise at
the output node is the Root Mean Square (RMS) sum of the individual noise contributions.
The result is then divided by the gain between the input source (VO in the sample circuit
below) and the output source (node 13) to give the equivalent input noise. Equivalent input
noise is the amount of noise that you would need to inject at the input source of a noiseless
circuit to give an output noise level matching the noisy circuit. The total output noise voltage
can be referenced to ground or to another node on the circuit. In this case, the total output
noise is taken across these two nodes.

For example, if you choose V1 as the input noise reference source, and N1 as the output node,
all the noise generators in the circuit have their noise contributions summed at N1 to provide
the output noise. This value is then divided by the gain from V1 to N1 to get the equivalent
input noise which, if injected from V1 into a noiseless circuit, would cause the previously cal-
culated amount of output noise at N1.
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8.8.3

Setting Noise Analysis Parameters

Before you perform the analysis, review your circuit and decide on an input noise reference
source, output node and reference node.

Noise Analysis Parameters are set in the following screen:

Choose an AC voltage Noise Analysis [X]
source as InPUt' \A”alPSis Parameters IFrequancy Palamalelsl Output variablesl Miscellaneous Dptiunsl Summa[yl
This is the node at which Input noise reference source: IW1 j Change Filter

all noise contributions will T Ouput node I? j Change Filter

be summed. Fieference node Jo =] ChangeFier

Reference voltage /

When enabled, generates a
trace of the selected compo-
nent’s noise contribution.
Number of frequency steps is
divided by the points per sum-
mary, which reduces the reso- el I ‘ Simulate I | Accept I | Cancel I | Help I
lution of the output graph.

™ Set points per summary I1

Setting Noise Analysis Parameters for Normal Use

Noise analysis performs an AC analysis to determine the noise. Noise analysis produces an
output noise spectrum, an input noise spectrum and, optionally, a component contribution
spectrum. When the analysis is finished, its results are displayed as a graph of voltage

squared, V2, versus frequency.
The thick trace identifies the total output noise at node 13, while the thin trace identifies the

equivalent input noise at the AC source (V0). For this example, the output noise power is con-
stant for all frequencies within the frequency sweep specified in the window.

On the analysis parameters tab, specify:

* input noise reference source
* output node
» reference node.

Setting Noise Analysis Parameters for Advanced Use

On the analysis parameters tab you can specify how often the noise contributions of each
noise generating device are produced by enabling Set points per summary and entering a
value.
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Setting Noise Analysis Frequency Parameters

Noise Analysis Frequency Parameters are set in the following screen:

Moize Analysis [ x]

Analysis Parameters  Freguency Parameters | Output variables I Miscellaneous Dptionsl Summaryl

Start frequency for the sweep

\ Start frequency [FSTART) | Hz 'l
End for th _ Stop frequency [FSTOP) 10 GHz j
nd frequency 1or the sweep Reset ta main AC
Docad - eset to main
Swesp type scane i values

Murnber of paints per decade 10
Choose from Decade/Linear/ WeiTe el Logarifmic 7] Reset ta defaull_|

Octave

For linear, number of frequency
points between start and end fre-
quencies.

fiEre s I | Simulate I | Accept I ‘ Cancel I | Help I

Choose from Logarithmic/Linear/
Decibel/Octave.

Setting Noise Analysis Frequency Parameters for Normal Use

The default settings on the Frequency Parameters tab are appropriate for most cases. You just
need to define a frequency range by typing a value in the Start Frequency (FSTART) field
and in the Stop Frequency (FSTOP) field.

To copy the settings from the current AC analysis to this analysis, click Reset to main AC
values.

Once the required variables are selected and the frequency range has been defined, you can
then run the analysis.

Setting Noise Analysis Frequency Parameters for Advanced Use

On the Frequency Parameters tab you can also set:

* sweep type, by choosing the desired sweep type (decade, linear, or octave) from the
Sweep type drop-down list. The sweep type defines how the points to be calculated are
distributed across the frequency range.

» the number of points to be calculated during the analysis, by entering a value in the Num-
ber of points per decade field.

Note The greater the number of points calculated, the more accurate the results will be,
however, the simulation speed will be adversely affected.
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» the format of the analysis results by choosing the desired scale (linear, logarithmic, deci-
mal, or octave) from the Vertical scale drop-down list.

Note Click Reset to Default to reset all parameters on the Frequency Parameters tab to their
default values.

8.9 Distortion Analysis

8.9.1 About the Distortion Analysis

Signal distortions are usually the result of gain nonlinearity or phase nonuniformity in a cir-
cuit. Nonlinear gain causes harmonic distortion, while nonuniform phase causes intermodula-
tion distortion.

Distortion analysis is useful for investigating small amounts of distortion that are normally
unresolvable in transient analysis. Multisim simulates harmonic distortion and intermodula-
tion distortion products for analog small-signal circuits. If the circuit has one AC frequency,
the analysis determines the complex values of the second and third harmonics at every point
in the circuit. If the circuit has two AC frequencies, the analysis finds the complex values of
the circuit variables at three different frequencies: at the sum of the frequencies, at the differ-
ence of the frequencies, and at the difference between the lowest and highest frequencies of
the second harmonic.

The analysis carries out a small-signal distortion analysis of the circuit. A multi-dimensional
Volterra analysis is carried out using a multi-dimensional Taylor series to represent the nonlin-
earities at the operating point. The series expansion uses terms of up to the third order.

Assumptions Analog circuit, small-signal. Non-conforming parts are ignored. Distortion
models for SPICE components are used.

8.9.2 Setting Distortion Analysis Parameters

Before you perform the analysis, review your circuit and decide on one or two sources and
one or more nodes for analysis. You can also change the magnitude and phase of sources for
distortion analysis through the placed component’s parameters, as described in “3.8.3 Con-
trolling How a Placed Component is Used in Analyses” on page 3-23.
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Distortion Analysis Parameters are set in the following screen:

Enter the start frequency DistoitionJanslisis) [ X]
for the sweep. Nﬁbsis Parameters | Qutput varisbles | Miscellaneous Dptions | Summary |
Enter the stop frequency for the Start fraquency [FSTART) I He =
sweep. Stop frequency (FSTOF) 10 GHz j

/ Sweep ype Decade vl Flelset to main AC |

. — values
Select a sweep type decade, Mumber of paints per decade 1o
linear, or octave. Wertical scale Logarithmic = Reset to default |
Enter number of points. For lin-
ear, number of frequency points ™ F2/F1 ratio |u.1
between start and end.
Select a vertical scale: logarith-
mic, linear, decibel, or octave.
Eres I ‘ Simulate I | Accept I | Cancel I | Help I

When enabled, if there are sig-
nals of two frequencies (F1 and
F2), then F2 is set to this ratio
multiplied by the start frequency
while F1 sweeps. Must be greater
than 0.0 and less than 1.0.

If the F2/F1 ratio is disabled, the analysis calculates harmonic distortion of one frequency
which is swept according to the screen entries. If F2/F1 ratio is enabled, a spectral analysis is
performed. Each independent source in the circuit may potentially have two (superimposed)
sinusoidal inputs for distortion at frequencies F1 and F2.

If the F2/F1 ratio is disabled, the analysis produces a graph of the second and third harmonics,
displaying them on a Distortion tab in the Grapher. If the F2/F1 ratio is enabled, the analysis
produces a graph of the selected voltage or branch current at the intermodulation frequencies,
F1 + F2, F1 - F2, 2*F1 - F2, versus the swept frequency, F1. These graphs appear in the IM
Distortion tab of the Grapher. For more information on the Grapher, see “8.22 Viewing the
Analysis Results: Grapher” on page 8-64.

Setting Distortion Analysis Parameters for Normal Use

The default settings on the Analysis Parameters tab are appropriate for most cases. You need
only define the frequency range by typing a value in the Start Frequency (FSTART) field and
in the Stop Frequency (FSTOP) field.

Note Click Reset to main AC values to set the Analysis Parameters to the values defined
for the AC frequency analysis.
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Setting Distortion Analysis Parameters for Advanced Use
Using the Analysis Parameters tab, you can set:

» the sweep type, by choosing the desired sweep type (decade, linear, or octave) from the
Sweep type drop-down list. The sweep type defines how the points to be calculated are
distributed across the frequency range.

» the number of points to be calculated during the analysis, by entering a value in the Num-
ber of points per decade field.

Note The greater the number of points calculated, the more accurate the results will be;

however, the simulation speed will be adversely affected.

* the type of vertical scale, by choosing the desired scale (linear, logarithmic, decimal, or
octave) from the Vertical scale drop-down list.

When you enable F2/F1 ratio, circuit variables are calculated at (F{+F,), F{-F,, and
(2F))-F,.
» To set the F2/F1 ratio for multiple AC source circuits:

1. Enable F2/F1 ratio.

2. Enter a value in the appropriate box. The value must be greater than zero and less than

one.

Note F1 is swept according to the values specified as the start and stop frequencies for the
analysis. F2 is kept at a single frequency as F1 sweeps. The value of F2 is determined
by multiplying the F2/F1 ratio by the start frequency (FSTART) specified.

Note Click Reset to Default to reset all parameters on the Analysis Parameters tab to their
default values.

8.10 DC Sweep Analysis

Note If the simplified version option is selected, this analysis is hidden. For details on the
simplified version option, see “13.3.1 Setting Global Restrictions” on page 13-4.

The DC sweep analysis computes the DC operating point of a node in the circuit for various
values of one or two DC sources in the circuit.

Using a DC sweep analysis, you can quickly verify the DC operating point of your circuit by
simulating it across a range of values for one or two DC voltage or current sources. The effect
is the same as simulating the circuit several times, once for each different value or pair of val-
ues. You control the source values by choosing start, stop and increment values in the Analy-
sis Parameters tab of the DC Sweep screen.

AssumptionsDigital components are treated as large resistances to ground.
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8.10.1 Setting DC Sweep Analysis Parameters

8-28

Before setting analysis parameters, review your circuit and decide on one or two DC sources
to sweep, and a node for analysis.

DC sweep analysis plots the appropriate curves sequentially. If only one source is being
swept, a curve of the output node value versus source value is traced. If two sources are swept,
the number of curves equals the number of points for the second source. Each curve repre-
sents the output node value versus the first source value while the second source value is held
at each of its sweep values.

DC Sweep Analysis parameters are set on the following screen:

Choose the source for DC Sweep Analysis Ed
the sweep. Analysis Parameters | Output variablesl Miscellaneous Options | Summary I
\—Source1
Click to filter the items souee = \/C“;F"l
. . EIT
in the Source list. S e "
Increment IU.S W
The values at which Goure 2
the analysis will stop i wil |7 | Chiange Fier | I™ Use source 2
and start Startvalie IU W
Stap valie I'I W
The values by which T T
each sweep will
increase
flare > I | Simulate I | Accept I | Cancel I | Help I

As above, but for sect
ond source

Setting DC Sweep Analysis Parameters for Normal Use

For normal use, you only need to set:

» the source for the sweep, by choosing from the Source drop-down list under the Source 1
options

* astarting value for the sweep, by entering it in the Start Value field

* astop value for the sweep, by entering it in the Stop Value field

* an increment value for the sweep, by entering it in the Increment field.

The analysis will calculate the circuit’s bias point values beginning with the specified start

value. The Increment value will then be added to the start value and the circuit variables will

be recalculated. The Increment value is added again and the process continues until the stop
value is reached.
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Setting DC Sweep Analysis Parameters for Advanced Use

You can filter the variables displayed to include internal nodes (such as nodes inside a BJT
model or inside a SPICE subcircuit), open pins, as well as output variables from any sub-mod-
ules contained in the circuit.

» To filter the variables displayed:
1. Click Change Filter. The Filter Nodes screen appears.
2. Enable one or more settings.
3. Click OK.

8.11 DC and AC Sensitivity Analyses

8.11.1 About the Sensitivity Analyses

Note If the simplified version option is selected, this analysis is hidden. For details on the
simplified version option, see “13.3.1 Setting Global Restrictions” on page 13-4.

Sensitivity analyses help to identify the components which affect a circuit's DC bias point the
most. This will focus efforts on reducing the sensitivity of the circuit to component variations
and/or drift, or it may provide evidence that a design is too conservative and that less expen-
sive components, with more variation and/or drift, may be used.

Sensitivity analyses calculate the sensitivity of an output node voltage or current with respect
to the parameters of all components (DC sensitivity) or one component (AC sensitivity) in
your circuit. Sensitivity analyses produce the relevant parameters with their original values
and their sensitivities. Sensitivity is expressed as the change in output per unit change of input
both in values and percentages.

Both analyses calculate the change produced in an output voltage or current by perturbing
each parameter independently. The results of the DC sensitivity analysis are sent to a table,
whereas the AC sensitivity analysis plots the AC graphs for each parameter of the component.

For the DC sensitivity analysis, a DC analysis is first performed to determine the DC operat-
ing point of the circuit. Then the sensitivity of each output for all of the device values (as well
as model parameters) is calculated.

Assumptions Applied to an analog circuit, small-signal. Models are linearized.
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Consider the following example.

Note If the flat line overlapping X-axis gets displayed, this means that the output voltage/

current is not affected by the chosen component value.

The DC sensitivity analysis generated a report (shown below) of the output voltage at node 12
sensitivity with respect to all components and their parameters. (Alternatively, you can choose

to run a DC sensitivity analysis of the current source.)

What does the DC report mean? In the first line of the report, the change (increase) of one unit
of flicker noise (AF) of the Zener diode (D10) will cause the decrease of the output voltage by
1.583e-012 V. Note that the sensitivity number is negative: -1.582e-012. This indicates that

the increase of one unit of a device parameter will cause the decrease of voltage. Each line is
to be similarly interpreted.

Component Sensitivity (V/unit)
D10:af -1.582e-012
D10:bv 0.00046414
D10:eg -1.4252e-012
D10:fc -3.1639e-012
D10:ibv -0.0002668
D10:is -38.487
D10:m -4.7507e-012
D10:n -1.582e-012
D10:rs 2.3913e-006
D10:tnom -6.5352e-014
D10:vj -2.1093e-012
D10:xti -5.2732e-013
D10_area -2.2575e-005
D10_temp -8.6695e-008
D11:af -3.9034e-013
D11:bv 1.4958
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Component Sensitivity (V/unit)
D11:eg -3.5165e-013
D11:fc -7.8067e-013
D11:ibv -1.5478

D11:is 954.04

D11:m -1.1722e-012.....

The AC small signal sensitivity is calculated if AC analysis is selected. For AC sensitivity
only, the analysis measures the sensitivity of the voltage or current with respect to the param-
eters of the chosen component.

In the example, the chosen component is BJT transistor Q18. The analysis calculates the AC
sensitivity of the output voltage at node 12 with respect to all parameters of Q18 transistor.

Note The AC sensitivity analysis does not generate any data (fails) if resistors are chosen as
components. The transistors seem to be very unpredictable as well.

8.11.3 Setting Sensitivity Analysis Parameters

Before you perform the analysis, review your circuit and decide on an output voltage or cur-
rent. For an output voltage, choose nodes on either side of the circuit output. For an output
current, choose a source.

Sensitivity Analysis Parameters are set in the following screen:

Sensitivity Analysis [ x]
Analysis Parameters | Output wariables | Mizcellaneous Optians I Summaryl
For Voltage only, the point in Output nodes/cunents
. . . Noltage :
:he circuit fc|>tr which you want . B =] | Change Fiter |
0 see resuls. Output reference IU j Change Filter |
 Current
[utputsouce Wl j [Eharme Elen |
For Voltage only, the reference e Absalute =l
voltage.
Analyzis Type
€ DT Sensitivity
& AL Sensitivity Edit Analysis |
Click Edit Analysis to edit the
Analysis Parameters.
‘ fdiare > I | Simulate I | Accept I ‘ Cancel I | Help I
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Setting Sensitivity Analysis Parameters for Normal Use
For normal use, you only need to specify:

 the output node or source current to use during the analysis, by enabling Voltage and
choosing an output node from the Output node drop-down list or by enabling Current
and choosing a source current from the Output reference drop-down list.

* the type of sensitivity analysis to run by enabling either DC Sensitivity or AC Sensitivity.

Setting Sensitivity Analysis Parameters for Advanced Use

From the Output scaling drop-down list, you can select the type of output scaling: absolute or
relative. You can also click Change filter to access the Filter Node screen. Using this screen,
you can include internal nodes, open pins, as well as output variables from any submodules in
the circuit.

When performing an AC sensitivity analysis, you can also edit the AC frequency Analysis
Parameters by clicking Edit Analysis. The Frequency Parameters tab appears. You can then
set the sweep type, the number of points, and the vertical scale.

Parameter Sweep Analysis

About the Parameter Sweep Analysis

Note If the simplified version option is selected, this analysis is hidden. For details on the
simplified version option, see “13.3.1 Setting Global Restrictions” on page 13-4.

Using parameter sweep analysis, you can quickly verify the operation of your circuit by simu-
lating it across a range of values for a component parameter. The effect is the same as simulat-
ing the circuit several times, once for each different value. You control the parameter values
by choosing a start value, an end, the sweep type, and an increment value.

You may perform three types of sweeps: DC Operating Point, Transient Analysis, and AC
Frequency Analysis.

Assumptions See the assumptions for the selected analysis: DC operating point analysis
described in “8.3 DC Operating Point Analysis” on page 8-12, transient analysis described in
“8.5 Transient Analysis” on page 8-16, or AC frequency analysis described in “8.3 DC Oper-
ating Point Analysis” on page 8-12.

You will find that some components have more parameters that can be varied than other com-
ponents. The number of varied parameters depends on the model of the component. That is,
active components such as op-amps, transistors, diodes and others have more parameters
available to perform a sweep than passive components such as resistors, inductors and capac-
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itors. For example, an inductor has only inductance available as a parameter for analysis,
whereas a diode model contains a set of approximately 25 parameters such as Saturation cur-
rent, Ohmic resistance, Junction potential, Break Down voltage and others available for anal-
ysis.

8.12.2 Setting Parameter Sweep Analysis Parameters

The behavior of a circuit is affected when certain parameters in specific components change.
Before you perform the analysis, review your circuit and decide on a component and parame-
ter to sweep, and a node for analysis.

Parameter Sweep Analysis Parameters are set in the following screen:

Note If your screen does not look like the example below, click More to display the full
analysis screen.

Choose the type

Analysiz Parameters | Output variablesl Miscellaneous Dptionsl Summaryl of device to

Choose sweep — Gy P sweepf .e. BJT,
parameter: Device Device [BJT - Capacitor or

Sweep Parameter — Inductor.
Parameter or —_— - Mame | qh:sul. 1y | )
Model Parameter. — [oevice Paameter 7] P

. 1f hd
amater | of & Enter the refer-
Present Yalue |U ence ID of the

Desciiption |[Dievice initially off component to
Dictates how Multi- - sweep.
) r— Points ta sweep
sim calculates the Sy Vil Tyme Choose the

interval between _— i 7] Yalues [0.]
the stop and start
values. Choose
from Decade,
Octave, Linear, or

— Mare Optio
List.
alysis to sweep ITransient analysis j Edit &nalysiz |
For List sweep / ¥ Group all races on one plot

device parameter
of the component
to be sweeped.

only. A list of val- \ Cliok to edit

ILiZ:soi?\tlr?: r|>isc;ver. \\ \\ parameters of the
i chosen analysis.

must be separated [ Les }“\ | [ simdate ]| ACCBD‘\\ || cancet ||  Her | y.

by spaces, com-
mas or semicolons.

If not enabled, each trace Choose DC Operating Point, AC Analysis,
appears on a separate plot.  Transient Analysis, Nested Sweep.
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Parameter sweep analysis plots the appropriate curves sequentially. The number of curves is
dependent on the type of sweep as shown below:

Type of Sweep Curves

Linear The number of curves is equal to the difference between the start and end
values divided by the increment step size.

Decade The number of curves is equal to the number of times the start value can
be multiplied by ten before reaching the end value.

Octave The number of curves is equal to the number of times the start value can
be doubled before reaching the end value.

Setting Parameter Sweep Analysis Parameters for Normal Use
For normal use, you only need to:

* select a sweep parameter by choosing a parameter type (Device or Model) from the
Sweep Parameter drop-down list, then entering information in the Device, Name, and
Parameter fields

Note A brief description of the parameter appears in the Description field and the present

value of the parameter is displayed in the Present Value field.

» set the sweep variation type by choosing a type of distribution (linear, decade, or octave)
from the Sweep Variation Type drop-down list.

» select the analysis to sweep by choosing from the Analysis to sweep drop-down list.

Optionally, you can set the analysis parameters by clicking Edit Analysis. Under the Analysis

Parameters screen that appears:

* enter a start and stop value in the Start time (TSTART) and End time (TSTOP) fields

* enter the number of points in the Minimum number of time points field. The increment
value will be calculated and automatically set.

Note If the analysis is unedited, the last values set for the analysis will be used. If the analy-

sis has not been run previously, the default values will apply.

* if you want to sweep other than the list, type the desired parameter values, separated by a
space, in the Values field
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Setting Parameter Sweep Analysis Parameters for Advanced Use

You can use the Analysis Parameters screen to select different sweep variation types while
setting Analysis Parameters. You can also perform nested sweeps, combining various levels
of device/model parameter sweeps.

» To set the sweep variation type and specify the range and number of points to sweep:

1. Choose the type of distribution (linear, decade, or octave) from the Sweep Variation Type
drop-down list.

Click Edit Analysis. A new Analysis Parameters screen appears.
Enter a start value for the sweep in the Start time (TSTART) field.
Enter a stop value for the sweep in the End time (TSTOP) field.

ok »D

Enter the number of points in the Minimum number of time points field. The increment
value will be calculated and automatically set.

8.13 Temperature Sweep Analysis

8.13.1 About the Temperature Sweep Analysis

Note If the simplified version option is selected, this analysis is hidden. For details on the
simplified version option, see “13.3.1 Setting Global Restrictions” on page 13-4.

'%‘ Using t(.emp.eratur.e sweep analysis, you can quickl'y verify the op(?ration. of your 'circyit by

(<] simulating it at different temperatures. The effect is the same as simulating the circuit several
times, once for each different temperature. You control the temperature values by choosing
start, stop and increment values.

You may perform three types of sweeps: DC Operating Point, Transient Analysis, and AC
Frequency Analysis.

Assumptions See the assumptions for the selected analysis: DC operating point analysis
described in “8.3 DC Operating Point Analysis” on page 8-12, transient analysis described in
“8.5 Transient Analysis” on page 8-16, or AC frequency analysis described in “8.3 DC Oper-
ating Point Analysis” on page 8-12.

Temperature sweep analysis affects only components whose model includes temperature
dependency, such as:

* Virtual Resistor

* 3 - Terminal Depletion N-MOSFET

* 3 - Terminal Depletion P- MOSFET

* 3 - Terminal Enhancement N- MOSFET
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3 - Terminal Enhancement P- MOSFET
4 - Terminal Depletion N- MOSFET

4 - Terminal Depletion P- MOSFET

4 - Terminal Enhancement N- MOSFET
4 - Terminal Enhancement P- MOSFET
Diode

LED

N-Channel JFET

NPN Transistor

P-Channel JFET

PNP Transistor
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8.13.2 Setting Temperature Sweep Analysis Parameters

Before you perform the analysis, review your circuit and decide on a node for analysis.
Temperature Sweep Analysis Parameters are set in the following screen:

Note If your screen does not look like the example below, click More to display the full
analysis screen.

Displays the Temperture Sweep Analysis [ %]

parameter type: Analysiz Parameters | Output variablesl Miscellaneous Dptionsl Summaryl

Temperature o
—SweepF b
Sweep Parameter
IS

ITemperature 'l
Dictates how Multisim

calculates the interval Present Value |27 Deg
between the stop and Description |Temperature sweep of the circuit.
start values. Choose

— Paints b
from Decade, Octave, s 8 suesp
Sweep Variation Type

Linear, or List. Values | Deg
For List sweep only. A
list of values to sweep
over. ltems in the list — More Dptions
must be separated by Analysis to swesp | Transient analysis j Edit Analysis |
spaces, commas or
semicolons. [+ Group all races on one plot \
| \
| Less << I | Simulate I‘ Accept I | Cancel I | HND I
\ \
\
If not enabled, each trace Choose DC Operating Point, AC Click to edit parameters of the
appears on a separate plot. Analysis, Transient Analysis. chosen analysis.

Temperature sweep analysis plots the appropriate curves sequentially. The number of curves
is dependent on the type of sweep, as shown below.

Type of Sweep Curves

Linear The number of curves is equal to the difference between the start and end
values divided by the increment step size.

Decade The number of curves is equal to the number of times the start value can
be multiplied by ten before reaching the end value.
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Type of Sweep Curves

Octave The number of curves is equal to the number of times the start value can
be doubled before reaching the end value.

Setting Temperature Sweep Analysis Parameters for Normal Use

You can use the Analysis Parameters tab to define the temperature values to be swept, and the
type of analysis to be run at the various swept temperatures. You can also edit the analysis.

The Sweep Parameter field is set to Temperature by default and the default setting for the
Sweep Variation Type is List. You need only enter the desired list of temperatures to sweep,
and the type of analysis to be performed.

To specify the list of temperatures and the analysis:
1. Enter the list of temperatures (separated by a space) in the Values field.

2. Choose the analysis to be performed by choosing from the Analysis to sweep drop-down
list.

3. Click Edit Analysis to specify the Analysis Parameters.

Note If the analysis is unedited, the last values set for the analysis will be used. If the analy-
sis has not been run previously, the default values will apply.

Setting Temperature Sweep Analysis Parameters for Advanced
Use

You can select different sweep variation types while setting Analysis Parameters.

To set the sweep variation type and specify the range and number of points to sweep:

1. Choose the type of distribution (linear, decade, or octave) from the Sweep Variation Type
drop-down list.

Click Edit Analysis. A new Analysis Parameters screen appears.
Enter a start value for the sweep in the Start time (TSTART) field.
Enter a stop value for the sweep in the End time (TSTART) field.

ok »D

Enter the number of points in the Minimum number of points field. The increment value
will be calculated and automatically set.

6. Choose the analysis to sweep from the Analysis to sweep drop-down list.
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8.14 Transfer Function Analysis

8.14.1 About the Transfer Function Analysis

N Note If the simplified version option is selected, this analysis is hidden. For details on the

@A simplified version option, see “13.3.1 Setting Global Restrictions” on page 13-4.
Transfer function analysis calculates the DC small-signal transfer function between an input
source and two output nodes (for voltage) or an output variable (for current) in a circuit. It
also calculates input and output resistances. Any nonlinear models are first linearized based
on the DC operating point and then small-signal analysis is performed. The output variable
can be any node voltage, while the input must be an independent source defined somewhere in
the circuit.

Assumptions Analog circuit, linear models. Models are linearized.
The DC small signal gain is the derivative of the output with respect to the input at the DC

bias-point (and zero frequency). For example:
adVour
dv,,

The input and output resistance of a circuit refers to the “dynamic” or small-signal resistance
at the input or output. Mathematically, small-signal DC resistance is the derivative or the
input voltage with respect to the input current at the DC bias-point (and zero frequency). The
following is an expression for input resistance:

dv,,
dl

In Multisim, the results of the Transfer function analysis produce a chart showing the ratio of
the output to the input signal, the input resistance at the input source node and the output
resistance across the output voltage nodes.
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Before you perform the analysis, review your circuit and decide on an output node, a refer-
ence node and an input source.

Transfer Function Analysis Parameters are set in the following screen:

Transfer Function Analysis [ x]

Analysis Parameters | Mizscellaneaus Dptinnsl Summaryl

Choose a voltage or current | ntsowce W v] _ChangeFite: |
source. Output nodesdsource

& Yollage
For Voltage only, point in circw 4 ~|  Change Filter
for which you want to see Output reference 0 < Change Filter

results " Curent
[

wyl 0 Ehiange Filter |

For Voltage only, reference
voltage

fdiare > I | Simulate I | Accept I ‘ Cancel I | Help I

Transfer function analysis produces a chart showing the transfer function (output/input), input
resistance at the input source and output resistance across the output voltage nodes or at the
output variable.

Setting Transfer Function Analysis Parameters for Normal Use
For normal use, you only need to:

» choose an input source from the Input source drop-down list

* enable Voltage and select an output node from the Output node drop-down list and an
output reference node (usually ground or node 0) from the Output reference drop-down
list

* enable Current and select a source current from the Output source drop-down list

For more advanced use, a source current as well as output node voltage can be used for this

analysis.

Setting Transfer Function Analysis Parameters for Advanced Use

You can filter the variables displayed to include internal nodes (such as nodes inside a BJT
model or inside a SPICE subcircuits), open pins, as well as output variables from any sub-
modules contained in the circuit. Filtering the variables shortens the list of results.
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» To filter the variables displayed:

1. Click Change Filter. The Filter Nodes screen appears:

Filter nodes

[™ Display internal nodes

[~ Display submodules Cancel |

[™ Display open pins

2. Enable one or more settings.
3. Click OK.

8.15 Worst Case Analysis

8.15.1 About the Worst Case Analysis

Note If the simplified version option is selected, this analysis is hidden. For details on the
simplified version option, see “13.3.1 Setting Global Restrictions” on page 13-4.

Worst case analysis is a statistical analysis that lets you explore the worst possible effects of
variations in component parameters on the performance of a circuit.

The first simulation is performed with nominal values. Then, a sensitivity run (AC or DC) is
performed. This allows the simulator to calculate the sensitivity of the output waveform (volt-
age or current) with respect to each parameter. Expressing a specific component’s sensitivity
as a negative number yields the component’s minimum value for the worst case analysis. For
example, if the sensitivity of resistor R1 is -1.23V/Ohm, then the minimum sensitivity value
of this component is calculated with the following formula:

R1,. = (1-Tol)xRI1,,,

where
R1 . = minimum value of the R1 resistor
min
Tol = tolerance specified in the dialog box divided by 100%
R1 = nominal value of the resistor R1
nom
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>

Expressing a specific component’s sensitivity as a positive number yields the component’s
maximum value for the worst case analysis. The maximum value is calculated with the fol-
lowing formula:

R2, .= ((1+Tol)xR2, .

Once all the sensitivities have been obtained, a final run provides the worst case analysis
result.

Data from the worst case simulation is gathered by collating functions. A collating function
acts as a highly selective filter by allowing only one datum to be collected per run.

The six collating functions are:

This collating function... Captures...

Maximum voltage the values of the Y-axis maxima.

Minimum voltage the values of the Y-axis minima.

Frequency at maximum the X value where the Y-axis maxima occurred.

Frequency at minimum the X value where the Y-axis minima occurred.

Rising edge frequency the X value the first time the Y value rises above the user-
specified threshold.

Falling edge frequency the X value the first time the Y value falls below the user-
specified threshold.

Assumptions Applied to an analog circuit, DC and small-signal. Models are linearized.

Setting Worst Case Analysis Tolerance Parameters
Before you perform the analysis, review your circuit and decide on an output node.

In the Model tolerance list tab, choose which tolerance parameters are to be used. You can do
this using any of the following methods:

To edit a tolerance in the list, select it and click Edit selected tolerance. The tolerance’s cur-
rent variable settings appear. Modify the variables as desired and click OK to save.

To delete a tolerance from the list, select it and click Delete tolerance entry.

To manually add a tolerance, click Add a new tolerance.
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The Tolerance screen appears:

Choose type of sweep to be per-

formed: Model Parameter or

Device Parameter. N
Parameter Type Model Parameter x

When selected, the current value —Parameter
and a description of the parame- Device Type | |
tor appear. \ Hame Iqldeal'xu‘l i j Present Value
Choose the type of distribution: | e [ren =]
Gaussian or Uniform. Description |NF‘N tupe device
Choose Unique (each random ~Talerence
number generation is distinct), ora Distribution [Gusssian =]
numbered lot (the same rqndom b [Urigee =]
number generation for various

Tolerance Type IF’ercent jv
parameters).

/Tolerance walue II]

Choose Absolute to enter a
value, or Percent to vary the
parameter by the specified per-
centage of its stated value.

Enter a percentage value, or a set

value depending on the tolerance

type selected.

Cancel

Help |

Enter the desired variables in the appropriate fields.
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8.15.2 Setting Worst Case Analysis Parameters

8.16
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Worst Case Analysis Parameters are set in the following screen:

Choose DC Operating Point or AC
Analysis. For details on either

parameter’ see “8.3DC Operating Model tolerance list  Analysis Parameters | Mizcellaneous Dptlnnsl Summar_ul
Point Analysis” on page 8-12. e REl
Analysis DC operating point = Edit sl

Click to edit selected parameter. ___ |
Choose an output variable. _Ouputvaiate —[3 =] _Change Fiter

Threshald IU

Worst Case Analpsis [x]

Function Mol =z

Choose a function: MAX, MIN, =0 [Detat =]
RISE_EDGE, FALL_EDGE. T Aesietio ,an?/

Enable to restrict the x-axis range 7?,”“;;5:':;'0’6388 or o plat

of the analysis being run. Set X )_ / \
low (default is 0) and X high

(default is 1).

\
\
Click to group all traces on a single SN | T U Camel\\ |t |

plot. \

Choose a direction: Default, Low or High. From RISE_EDGE and FALL_EDGE
functions only: enter a value for the
threshold voltage.

Click to change the filter that affects
the list of possible output variables.

For DC circuits, the worst case analysis generates a plot of the circuit’s possible output volt-
ages ranging from the nominal specification value (1 on the x-axis) to the worst case value (2
on the x-axis). A list of the components and their worst case values appears in tabular form.

For AC circuits, the worst case analysis generates separate plots for the nominal and worst
case runs. A list of the components and their worst case values appears in tabular form.

Pole Zero Analysis
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8.16.1 About the Pole Zero Analysis

If the simplified version option is selected, this analysis is hidden. For details on the simpli-
fied version option, see “13.3.1 Setting Global Restrictions” on page 13-4.

Pole zero analysis will only work properly if there are passive components in the circuit. Pole
zero analysis finds the poles and zeros in the small-signal AC transfer function of a circuit.
The analysis begins by calculating the DC operating point and determining the linearized
small-signal models for all nonlinear devices. From the resulting circuit, the analysis finds the
poles and zeros of the transfer function.

Pole zero analysis is useful in determining the stability of electronic circuits. When designing
circuits, it is important to know whether the output signal remains bounded or increases indef-
initely following the application of an input signal. An unbounded output could damage or
destroy the circuit; therefore, it is important to know if the circuit can accommodate the
expected output before applying the input signal. A circuit is said to have bounded input-
bounded output (BIBO) stability if any bounded input results in bounded output. BIBO stabil-
ity can be determined by examining the poles of the transfer function of the circuit. Your cir-
cuit should have poles with negative real parts; otherwise, it could have an unintentionally
large and potentially damaging response to certain frequencies.

Transfer functions are a convenient way of expressing the behavior of analog circuits in the
frequency domain. A transfer function is ratio of the LaPlace Transform of the output signal
to the LaPlace Transform of the input signal in a circuit. The LaPlace Transform of the output

signal is commonly referred to as VO(S) and the LaPlace Transform of the input signal is
referred to as V;(s) where the parameter s = j®, or more commonly, s = j27f

A transfer function is in general a complex quantity the magnitude of which gives the magni-
tude response (or transmission) and the angle of which gives the phase response. One way of
expressing the transfer function is the following:

T(s) = Vo(s) _ K(s+z)(s+2,)(s +23)(s +24)...
VIEVG) T Grp)GHp)+p(stpy)..

The numerator of the function contains the zeroes of the function (=2, =2, =23, =245 ---)
and the denominator contains the poles of the function (—p, =P, —=P3, =Py, --- )-

The zeroes of the function are those frequencies at which the transmission will be zero. The
poles of the function are the natural modes of the network, and define natural frequencies.
Both poles and zeros can contain either real, complex, or purely imaginary numbers.
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8.16.1.1 About Circuit Stability

As stated earlier, the stability of the circuit can be determined by examining the transfer func-
tion of the circuit. Since the transfer function is a representation of the circuit in the frequency
domain, the location of the poles and zeros will be referred to the Complex plane. The com-
plex plane is the set of axes in which the horizontal is defined as the Real Axis(Re) and the
vertical is the Imaginary Axis(w).

When all the poles of the circuit have negative real parts, the poles are located on the left hand
side of the complex plane. In this situation the circuit is stable, that is, it does not generate sig-
nals on its own. The following diagram illustrates the behavior of a stable circuit:

e

Fe

If there are poles present on the right hand side of the complex plane, then the circuit will gen-
erate a signal of its own and, therefore, be considered unstable. The following diagram illus-
trates the behavior of an unstable circuit:

nﬂﬂﬂ

I'JU""IU Fe

Jwe
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As stated earlier, for absolute stability there can be no poles with positive real parts, since
these may cause the output signal to become unbounded. Using the poles and zeros of the
transfer functions of the circuit, you can get a graphical representation of the behavior of the
circuit in the frequency domain. You can obtain the approximate plots of magnitude and phase
of the transfer function using Bode plots.

8.16.1.2 About the Bode Phase Plot

To obtain the Bode plot for the magnitude of transfer function, the asymptotic plot for each
pole and zero is first drawn. The slope of the high-frequency asymptote of the curve corre-
sponding to a zero is +20dB/decade, and that for a pole is -20dB/decade. Then the plots are
added together, and the overall curve is shifted vertically by an amount determined by the
multiplicative constant of the transfer function (in this case K).

The Bode phase plot is done using the same concept; however, there are some differences.
The asymptotic plots consists of three lines. The first line is a horizontal one at a level of zero
up to s=0.1Ip1l, the second line has a slope of -45°/decade and extends from s=0.1lp1l to
s=10Ip1l, and the third line has a slope of zero at a level of -90°. The complete phase response
can be found by adding the plots of the poles and zeros.

The frequency response of the low pass filter is an example of the above discussion.

The circuit is defined by the following transfer function:
a, -40

T(s)= =
s+, s+15924

where the natural frequency (expressed in radians) is

1

W, = =159KH;
2 (SUF)(20€Q2)
and the dc gain
a, = ﬂ =-40
0.5Q

As can be seen from the cursors, the break frequency in Hertz is 1.59KHz. This is the point at
which the slope of the magnitude plot is -20dB/decade due to the pole present at this fre-
quency. The phase plot displays a slope of -45°/decade between 159 Hz and 159KHz.

In the case of higher order circuits, for example, the transfer functions contain multiple poles
or zeros at certain frequencies. The order of the pole or zero, n, is determined by the number
of times this pole is present at a certain frequency. In this case, when plotting the Bode magni-
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tude plot each higher order pole has an asymptote of -20 ndB/decade and each higher order
zero has an asymptote of +20 ndB/decade.

Assumptions Applied to an analog circuit, small-signal. Digital pins are treated as large
resistances to ground.

8.16.2 Setting Pole Zero Analysis Parameters

8-48

Before you perform the analysis, review your circuit and decide on input and output nodes
(positive and negative). The input nodes are the positive and negative points in the circuit
which are the transfer function inputs. Likewise, the output nodes are the positive and nega-
tive points in the circuit which are the transfer function outputs. You can use 0 (ground) for
both positive nodes or both negative nodes.

Pole Zero Analysis Parameters are set in this screen:
Choose an analysis type: Gain Pole-Zera Analysis =]

Analysis (output voltage/input volt-
age), Impedance Analysis (output

Analysis Parameters | Mizcellaneous Options I Surmmary I

. — Analyzis Typ:
VOItage/lnpUt current), lnDUt T ' Gain Analysis [output voltageinput voltage) ' Input Impedance
Impedance (voltage/current as " Impedance Analpsis [output voltagenput cume ' Output Impedence

seen from the input terminals),

Output Impedance (voltage/cur- ‘“T“ " B T e |
rent as seen from the output termi- e

na|s)_ Inp: ID j Change Filter |
. . /W 1] - Change Filter |
Choose input nodes on opposm/ I =l
Output |

sides of the input. o =] changsFiter |

fialyses peiformed  [Pale nd Zero Anapsis =l

Choose output nodes on opposite
sides of the output. |

Fifiare; I | Simulate I | Accept I | Cancel I | Help I

Choose analyses to be performed:
Pole Analysis (finds poles of transfer
function), Zero Analysis (finds zeros
of transfer function), Pole and Zero
Analysis (finds both).

Pole zero analysis produces the real and imaginary coordinates of the poles and/or zeros,
depending on which analyses are enabled.

The Pole Zero analysis provides precise results on circuits containing passive devices (resis-
tors, capacitors and inductors). Circuits containing active devices (transistor or opamps) will
not always display the expected results.

Note The SPICE algorithm used in the pole zero analysis may occasionally result in an error
message such as “Pole zero iteration limit reached, giving up after 200 iterations.”

Electronics Workbench



Pole Zero Analysis

Note that the analysis may still have found all the poles and zeros even if you receive
this message.

Setting Pole Zero Analysis Parameters for Normal Use
For normal use, you only need to:

* select the analysis type by enabling the desired type

* select an input node from the Input (+) drop-down list and the Input (-) drop-down list

* select an output node from the Output (+) drop-down list and the Output (-) drop-down
list

» select the analysis to be performed, by choosing from the Analysis performed list

Setting Pole Zero Analysis Parameters for Advanced Use

For more advanced use, you can filter the variables displayed to include internal nodes (such
as nodes inside a BJT model or inside a SPICE subcircuits), open pins, as well as output vari-
ables from any submodules contained in the circuit.

» To filter the variables displayed:
1. Click Change Filter. The Filter Nodes screen appears.

Filter nodes

[™ Display internal nodes

[~ Display submodules Cancel |

[™ Display open pins

2. Enable one or more settings.
3. Click OK.
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8.17

Monte Carlo Analysis

8.17.1 About the Monte Carlo Analysis

8-50

Note If the simplified version option is selected, this analysis is hidden. For details on the
simplified version option, see “13.3.1 Setting Global Restrictions” on page 13-4.

Monte Carlo analysis is a statistical technique that lets you explore how changing component
properties affects circuit performance. Multiple simulations are performed and, for each simu-
lation, the component parameters are randomly varied according to the distribution type and
parameter tolerances that you set in the screen.

The first simulation is always performed with nominal values. For the rest of the simulations,
a delta value is randomly added to or subtracted from the nominal value. This delta value can
be any number within the standard deviation. The probability of adding a particular delta
value depends on the probability distribution. Two probability distributions are available:

Uniform is a linear distribution that generates delta values uniformly within the tolerance
range. Any value in the tolerance range is equally likely to be chosen.

Gaussian distribution is generated with the following probability function:

p(x) _ \/;_ﬂe_z(ua_;)

where
u = the nominal parameter value
s = the standard deviation value
x = the independent variable

The standard deviation, s, is calculated from the parameter tolerance according to:

_ tolerance percentage*nominal value
100
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>

>
>

The percentage of the population included in the tolerance band is determined by a compo-
nent’s nominal parameter value plus or minus O times the number of standard deviations, SD,
in the tolerance band. SD is related to the percentage of population included as shown:

SD Percentage of Population Included
1.0 68.0
1.96 95.0
2.0 95.5
2.58 99.0
3.0 99.7
3.29 99.9

For example, if you set the tolerance percentage to 5%, then, for a 1 k€2 resistor in your cir-
cuit, ¢ is 50 Q. One standard deviation leads to a tolerance band of 0.95 kQ to 1.05 kQ (1 kQ
+/- 50 Q), and 68.0% of the population is included. At 1.96 standard deviations, the tolerance
band is 0.902 kQ to 1.098 kQ (1 kQ +/- 98 Q), and 95.0% of the population is included.

Note that the tolerance percentage is applied globally to all components.

Assumptions See the assumptions for the selected analysis: DC operating point analysis
described in “8.3 DC Operating Point Analysis” on page 8-12, transient analysis described in
“8.5 Transient Analysis” on page 8-16, or AC frequency analysis described in “8.3 DC Oper-
ating Point Analysis” on page 8-12.

Setting Monte Carlo Analysis Tolerance Parameters
Before you perform the analysis, review your circuit and decide on an output node.

In the Model tolerance list tab, choose which tolerance parameters are to be used. You can do
this using any of the following methods:

To edit a tolerance in the list, select it and click Edit select tolerance. The tolerance’s current
variable settings appear. Modify the variables as desired and click OK to save.

To delete a tolerance form the list, select it and click Delete tolerance entry.

To manually add a tolerance, click Add a new tolerance.
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8-52

The Tolerance screen appears:

Choose type of sweep to be per-
formed: Model Parameter or
Device Parameter.

When selected, the current value
and a description of the parame-
ter appear.

Choose the type of distribution:
Gaussian or Uniform.

Choose Unique (each random
number generation is distinct), or a
numbered lot (the same random
number generation for various
parameters).

Choose Absolute to enter a
value, or Percent to vary the
parameter by the specified per-
centage of its stated value.

Enter a percentage value, or a set
value depending on the tolerance
type selected.

xq
Parameter Type I Model Parameter 2 I
- Parameter
Davice Tyee A ~ |
Mame I 2022225 hit_npn_471 j Present Yalue

I~ Parameter Inpn j

Deseription |NF’N type device
— Tolerence

Distribution I Giuassian =
— Lat number I Unigue -

Tolerance Type IPercent j'

Tolerance value II]

Enter the desired variables in the appropriate fields.
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8.17.2 Setting Monte Carlo Analysis Parameters

Monte Carlo Analysis parameters are set in the following screen:

Analysis to be swept for: DC
Operating Point, Transient Anal-
ysis, AC Analysis. To edit the
parameters of AC or Transient
Analysis, click Edit Analysis.

Number of runs must be greater
than or equal to 2.

Choose output variable. To
change the filter that affects the
list of possible output variables,
click Change Filter and choose
the desired filter node.

Choose a collating function:
MAX, MIN, RISE_EDGE,
FALL_EDGE.

Option to restrict the x-axis
range of the analysis being run.
Set X low (default is 0) and X
high (default is 1).

Monte Carlo Analysis x|

Model tolerance list - Analysis Parameters | Mizcellaneous Dptionsl Summaryl

—&nalyziz P.
Analyzis
- Mumber of nuns |1

Output variable

Function LS T

[~ Restrict to range:

I Trangient analyzis - l
I 3 - l Change Filker |

2 oy IU—

Edit Analyzis |

Threshold ID
# high I'I

Output Contral
¥ Group all races on one plot

Text Output IA" j |1
/

runlz]

/

| I ore 3 V| Simuilate I |

|
Accept I | l\Elanc:xel I | Help I
|

/

Choose from: All, Every, List,
First, and None. If you choose

For RISE_EDGE and
FALL_EDGE functions only,

Multisim 2001 Educator User Guide

enter a value for threshold
voltage.

Every, List or First, set the num-
ber of runs for which this applies.

Enable to have all traces
grouped on a single plot.

Monte Carlo analysis produces the appropriate voltage curves sequentially. The number of
curves is equal to the number of runs you specified in the screen.

Note If the simplified version option is selected, this analysis is hidden. For details on the
simplified version option, see “13.3.1 Setting Global Restrictions” on page 13-4.

RF Analyses

Note If the simplified version option is selected, this analysis is hidden. For details on the
simplified version option, see “13.3.1 Setting Global Restrictions” on page 13-4.

RF analyses (Characterizer, Noise Figure and Matching Networks analyses) are performed
through the Network Analyzer instrument and are described in “14.3.2 Network Analyzer” on

page 14-18.
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8.19

8-54

Batched Analyses

Note If the simplified version option is selected, this analysis is hidden. For details on the
simplified version option, see “13.3.1 Setting Global Restrictions” on page 13-4.

You can batch together different analyses, or different instances of the same analysis, to be
performed in sequence. This provides a convenient way for advanced users to perform multi-

ple analyses from a single, interpreted command.

For example, you might use batched analyses to:

» repeatedly perform the same set of analyses, such as when trying to fine-tune a circuit
» prepare demonstrations of circuit principles, for educational purposes

* build a record of the analyses that you performed on the circuit

* setup a sequence of long analyses to run automatically.

To set up batched analyses:

1. Choose Analysis/Batched Analyses. The Batched Analyses screen appears:

Batched Analyses x|

This is the list

Awailable analyzes

of analyses
that could be

added to the /

batch.

This is the list of
analyses to be
performed in
the batch. To
see summary
information
about an analy-
sis, click the “+”
beside the
analysis.

Uszer Defined Analysiz
OC operating point
DC Sweep

AL Analysiz
Tranzient Analysi

ier Analysiz
Moize Analysiz
Digtortion Analysis
Farameter Sweep
Temperature Sweep
Paole Zena

Transfer Function
Monte Carlo

Worst Case
Senaitivity

-» Add analpsiz
-

Edit Analysiz

Analyzes To Perfform:

[+ DC Sweep #1

| Delete Analysis |

Run Selected Analpsziz |

Remowve all Analpzes |

Fun all Analpses

Acocept I

Cancel I

2. To add an analysis to the batch, select it and click the Add Analysis button. The parame-
ters screen for the selected analysis appears, so you can set the parameters for the analysis.

3. When you have finished the settings for the analysis, click Add to List.

Note To save the settings without adding the analysis to the batch, click Accept. To discard
your changes click Cancel. Your display returns to the Batched Analysis screen.

The analysis is added to the Analyses to Perform list on the right. Summary information
can be revealed by clicking the “+” beside the analysis.
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4. Continue to add analyses as desired. Note that the settings for one instance of an analysis
become the default settings for that analysis during this operation. For example, if you set
your first DC Sweep to an increment of 0.6, the 0.6 increment is the default value when

you add your next DC Sweep to the batch.

5. To run just one of the analyses in the batch, select it and click Run Selected Analysis. To
run all of them, click Run All Analyses.

The Summary tab shows the results of the analyses performed in the session.

» To edit an analysis’ parameters in the batch, select it and click Edit Analysis. The selected
analysis’ parameters screen appears, allowing you to make any modifications you wish to the
analysis.

» To remove an analysis from the batch, select it and click Delete Analysis. To remove all anal-
yses, click Remove All Analyses.

8.20 User-Defined Analyses

The user-defined analysis presents you with the following screen into which you can type
SPICE commands to be executed to perform the analysis.

User Defined Analysis x|

Cammands | Miscellaneous Dptionsl Summaryl

Enter the list of spice commands to execute:

Enter the list of SPICE
commands to execute. ~—_

| [diore > I | Simulate I | Accept I | Cancel I | Help I

You require a working knowledge of SPICE to use this interface. It provides an advanced,
fully customizable way for you to set up your own analyses.
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8.21 Noise Figure Analysis

N This analysis is part of Multisim’s RF Design module (standard in the Power Professional edi-
L%A tion, optional in the Professional edition) and is described in Chapter 14, “RF”.

8.22 Viewing the Analysis Results: Error Log/
Audit Trail

When you click Simulate to begin simulating the circuit using the chosen analysis or analy-

ses, you may see one or both of the following views of the results:

* the error log/audit trail, which displays the results in text format (explained here)

» the Grapher, which displays the results in graphical format (explained in “8.22 Viewing
the Analysis Results: Grapher” on page 8-64.)

If you set the analysis option ACCT on, the error log/audit trail also includes errors or warn-
ing messages generated during simulation, and a chart of simulation statistics. For more on
analysis options, see “8.28 Analysis Options” on page 8-78.

» To have the error log/audit trail appear, from the View menu choose Show Simulation Error
Log/Audit Trail.

The error log/audit trail display is useful for diagnosing the analysis and its results. Here is an
example display:

i Simulation Error Log/Audit Trail B=

Mew

Ingtrument Analysis: Transient Analysis #0
Qutput fran instrument analysis
[=1- Instrument operation peformed (2000, May 05, Friday, 03

HH

Save

-- Inatrument Analysiz: Tranzient Analysiz #0 & Full
=1 Clutput from instrument analysis € Simple
- Warning: losing old state for circuit =5 amplhld © MNone
< |

Each analysis you perform, either individually or in batch, during this Multisim session, is
stored in the audit trail. The file is cleared when you exit Multisim.
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As with the summary information, you can expand or contract the contents of the display to
show or hide details. You can also choose to display all the errors (Full), only the simple
errors (Simple), or none of the errors (None) by choosing one of the options on the right of
the screen. Regardless of the option you choose, the full set of errors is saved. You can also
save the results of the audit trail in a separate file (click Save and choose a file name and loca-
tion) or clear them (click New).

8.23 Viewing the Analysis Results: Grapher

To have the Grapher appear, from the View menu choose Show Grapher.

The Grapher is a multi-purpose display tool that lets you view, adjust, save, and export graphs
and charts. It is used to display:

* the results of all Multisim analyses in graphs and charts

* a graph of traces for some instruments (for example, oscilloscope and Bode Plot).

The display shows both graphs and charts. In a graph, data are displayed as one or more traces
along vertical and horizontal axes. In a chart, text data are displayed in rows and columns. The
window is made up of several tabbed pages.

Each page has two possible active areas, indicated by the red arrow: the whole page, or the
chart/graph displayed on that page. Some functions, such as cut/copy/paste, affect only the
active area, so be sure you have selected the desired area before performing a function.

= Analysis Graphs M= 3
File Edit “iew Toolz Option: Help
Name of page. Click to Dlﬁlnlélﬁl ééllﬂlf.%l %lEIlHﬁl@\lﬁl @l@l‘igl %ll
display that page. i Oscilloscope-XSC1 Parameter Sweep #1 |Oscilloscope—XSC1|

40000 Device Parameter Sweep:

|
Chart or graph area of ]
page. Note the red /ﬁ
arrow showing that | N \\\\ \!\\
this is the active area.
20000 -
b

1.0000 4

/#w_rﬁd—r,;,_ﬂ._r‘_#_rﬁd—o—._'

0 4= T T T !
0 250.0000p 500.0000 0 F50.0000p 1.0000m
time

Multisim 2001 Educator User Guide 8-57

sosAjeuy



Analyses

Analyses

The window offers a number of buttons on a toolbar:

Saves contents of current  Shows preview of pagesas  Undoes most

pages in a graph file. they will be printed. See recent action.
Presents menu of two “8.27 Print and Print Pre-
commands: New Page view” on page 8-77.
and Delete All Pages

/
D SR &|m=|el-

Prints some or all of the cur-

Cuts, copies and pastes pages or

Opens previously saved rent pages. See “8.27 Print )
graph file. and Print Preview” on page graphf/charts. See “8.26 Cut, Copy and
8-77. Paste” on page 8-76.

Displays/hides Restores pre-zoom Lets you set graph properties.  Lets you re- Lets you export
graph legend. See dimensions. See  See “8.23 Working with Pages apply chart analysis results to
“8.24.1 Grids and “8.24.3 Zoom and on the Grapher” on page 8-67  properties. Excel. See “12.3.2
Legends” on page Restore” on page and “8.24 Working with Graphs” Exporting to

8-68. 8-72. Excel” on page
\ \ \ /1 2-3.

2| S|« | @ @[] Gl
T~ N\

Applies/removes grid for Displays/hides cur-  Displays/hides ~ Undoes chart  Lets you export

the selected graph. See sors and data. See negative image of Properties. analysis results to

“8.24.1 Grids and Leg-  “8.24.2 Cursors” on  graph or chart. MathCAD. See

ends” on page 8-68. page 8-69 for details. “12.3.1 Exporting to
MathCAD” on page
12-3.

When the Grapher is on the screen, it remains visible until you do one of the following:
* Close the window.
or

* Toggle off View/Show Grapher.
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8.24 Working with Pages on the Grapher

Every analysis you perform on a circuit displays its results on a separate page of the grapher.
Every trace may also appear on a separate page, if that is how you have set up your analysis.

» To view a page on the grapher, click its tab.

» To scroll through pages (when there are too many tabs to fit in the available space), click the
forward or reverse arrow buttons that appear at the right edge of the tabs.

» To change page properties:
ﬂ 1. Select a page by clicking its tab.
2. Click the Properties button. The Page Properties screen appears.

T Y |

r— Tab Name

Tab Mame

Ok

Cancel

Appl

il

— Title

Title |

FEont |

— Page Propertie

Background Color

Show/Hide Diagrams on Page |

||:|White v[

To change:

Do this:

Name of the tab

modify Tab Name field

Title of chart or graph

modify Title field

Title’s font

click Font button and choose from fonts displayed

Background color of page

select from Background Color drop-down list box

Which diagrams appear on the page

click Show/Hide Diagrams on Page and select from the
list that appears.

3. To apply the change and close the screen, click OK. To apply the change and leave the
screen open for additional selections, click Apply.
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8.25 Working with Graphs

To help you examine graphical data, you can use a grid, a legend and vertical cursors. You can
also zoom in on any part of a graph. You can apply these tools separately or together. In addi-
tion, you can change several graph display characteristics from the tabs of the Graph Proper-
ties screen.

Note To display the Graph Properties screen or to use the buttons described in this section,
you must have a graph selected. If the Page Properties screen appears, you have a page
selected rather than a graph. Click on a graph to select it. A red arrow appears to the
left of the graph to indicate it is selected.

Note The Graph Properties screen allows you to click either OK or Apply. Clicking OK
applies the change and closes the screen. Clicking Apply applies the change and leaves
the screen open for additional selections.

8.25.1 Grids and Legends

» To apply a grid to a graph:
1. Select a graph by clicking anywhere on it.
% 2. Click the Show/Hide Grid button. To remove the grid, click the button again.
or
Select a graph by clicking anywhere on it.
@ 1. Click the Properties button. The Graph Properties screen appears:

Graph Properties x|
General | Left Axisl Bottom Axisl Fiight Axisl Top Axisl Tracesl
— Title
Title
— Grid Trace Legend
Pen Size IU ::II I [ Sibver j ™ LegendOn
™ Grid On
r— Cursar
& Single Trace —
™ Cursors On = Trace |1 _I;
&l Traces

QK I Cancel | Lol |
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2. Click the General tab.
3. Enable the Grid On option. If desired, change the grid pen size and color.

» To apply a legend to a graph:

1. Select a graph by clicking anywhere on it.

B -

or

Select a graph by clicking anywhere on it.

3. Click the Properties button. The Graph Properties screen appears.
4. Select the General tab.

5. Enable the Legend On option. If desired, change the labels of the traces using the Traces
tab. See “8.24.6 Traces” on page 8-75 for details.

8.25.2 Cursors

Click the Show/Hide Legend button. To remove the legend, click the button again.

When you activate the cursors, two vertical cursors appear on the selected graph. At the same
time, a window pops up, displaying a list of data for one or all traces.

Cursors

%~ Analysiz Graphs
File Edt “iew Tool Optionz Help

=lolx|

Dl=|@|ale) #[wlal | wefu - |@) v 7] HE|

Oscilloscope-XSC1 |

Tut3
0 E Uscillnscnpe*{ﬁ[ﬁ] <]
\Lk hannel L
100 \ x1
— 100 4 vi
Eu/ x2
Ef 50 vz —
[=} dx
= [ dy
b {f‘| 1/dx
2 504 1/dy
B min = 0.ooo0
6 mEK H 0.0000
-100 4 win v 0.0000
max v 0.oo0oo
-150 T T — T 13
0 A00p 200p 1200p 160.0p 200.0p
Titne (s}

Cursor data
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The cursor data includes:

x1,y1 (x,y) co-ordinates for the left cursor
x2,y2 (x,y) co-ordinates for the right cursor
dx x-axis delta between the two cursors
dy y-axis delta between the two cursors
1/dx reciprocal of the x-axis delta

1/dy reciprocal of the y-axis delta

min x, min y x and y minima within the graph ranges

max X, maxy  xandy maxima within the graph ranges

» To activate the cursors:
1. Select a graph by clicking anywhere on it.
Iﬁl 2. Click the Show/Hide Cursors button. To remove the cursors, click the button again.
or
Select a graph by clicking anywhere on it.
@ Click the Properties button. The Graph Properties screen appears.
Select the General tab.

Enable the Cursors On option.

A

Select Single Trace to view cursor data for one trace or All Traces to view cursor data for
all traces. If you select Single Trace and there is more than one trace in your graph, use
the Trace field to select the one you want.

» To move a cursor, click and drag it horizontally.
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8.25.3 Zoom and Restore

» To zoom in on any part of a graph:
1. Select a graph by clicking anywhere on it.

2. Click and drag the pointer until the dotted enlargement box covers the region of the graph
that you want to zoom in on.

= Analysiz Graphs =] 3
File Edt “iew Took Options Help

DS #|s|a|- | we|u]|a] w|df] bl

Oscilloscope-XSC1  Oscilloscope-X5C1 |
Tut3
150 15
Enlargement box
for zooming ~ 100 ] a
5 3
%\ - 00em 2
2 L B
< "1 e =
- o
] =
g 504 L -5000m &
g B o
& =
D 100 A Lo 2
150 ‘ . . . BE]
0 1673 336p 019 6692p 83654
Titne (s)

3. Release the mouse button. The axes are scaled and the graph redrawn based on the
enlargement box.

or
Select a graph by clicking anywhere on it.
@ 4. Click the Properties button. The Graph Properties screen appears.
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5. Click an axis tab to zoom along that axis. For example, choose the Bottom Axis tab to
zoom along the horizontal dimension. (Check the Traces tab to see which axis is used for
the range you want to zoom.)

Graph Properties x|
Generall Left Axis  Bottom Axis | Right Axisl Top Axisl Tracesl

— Label

Label

FEont |
I Enabled  PenSis [0 = [[Blck ] Fort |

—Scale

@ Linear ¢ Logaithmic ¢ Decibels € Octave Autarange |
—Range

Minirmum ID b axinmum IU-UU‘I
r— Divisian

Total Ticks |3 binar Ticks I‘I Precision |4 _,::'
QK I Cancel | Lol |

6. Type a new minimum and maximum.

| ﬂ » To restore a graph to its original scale, click the Restore Graph button.

8.25.4 Title

» To apply a title to a graph:

1. Select a graph by clicking anywhere on it.

2. Click the Properties button. The Graph Properties screen appears.
3. Choose the General tab.
4

kil

Type a new title. To change the title’s font, click the Font button.
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8.25.5 Axes

You can change several characteristics of a graph’s axes from the four axes tabs in the Graph
Properties screen. The options are identical in each of the tabs.

Graph Properties [x]

General  Left Axis | Bottom Axlsl Right Axlsl Top Aklsl Tracesl

—Label

Label Fieal

FEont

¥ Enabled Pen Size IU _Ij

| EEETE l Fant |

— Secal

* Linear ¢ Logathmic ¢ Decibels " Dctave Autorangel

— FRange
Minimum I-U.584?1 2652755019 I aimum I-U.441 B47083017432
~ Divizia

Numbep |3 Frequency I3 Frecizion |4 _|::' Scale I1

oK I Cancel | Leppll |

» To change the characteristics of an axis:

Select a graph by clicking anywhere on it.

£l

1

2. Click the Properties button. The Graph Properties screen appears.
3. Click the axis tab for the axis you want to change.
4

Change any of the axis’ characteristics, using the following fields:

Field

Use

Label

Label for the axis. To change the axis font, click Font.

Pen Size

Controls the thickness and color of the axis and the font of the axis’ val-
ues. To change color or font, click Color or Font.

Minimum/
Maximum

Controls the minimum and maximum values displayed. Values change
when you zoom.

Number

Sets the number of tick marks on axis.

Frequency

Sets the occurrence of values on tick marks. For example, “2” means that
a value appears every two tick marks.

Precision

Sets the number of significant digits for axis values.

Scale

Sets a multiplication factor for axis values. Changes the scale of the axis.
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Field Use

Enabled Determines whether or not the axis appears.

8.25.6 Traces

You can change several characteristics of each trace in a graph from the Traces tab in the
Graph Properties screen.

|

Graph Properties [ %]

Generall Left Axisl Battom Axisl Right Axisl Top fwiz  Traces |

Trace =i Label Iﬂ_UDEﬂ_U
— Sample

Pen Size I‘I _|;

Caolar I I Fied VI

* Range ' Range Offset

& Battom Asis & Left Ais % Dffset |D
7 Top Az © Right Az Y Offset IU

QK I Cancel | Lol |

» To change the characteristics of a trace:

1. Select a graph by clicking anywhere on it.
2. Click the Properties button. The Graph Properties screen appears.
3. Click the Traces tab.
4. Select a trace.
5. Change any of the trace’s characteristics, using the following fields:
Field Use
Trace Specifies the trace whose properties are being affected.
Label Specifies a label for the trace. Appears in legend.
Pen Size Controls the thickness of the trace.
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Field Use

Color Controls the color of the trace. The Sample box shows a preview.
Bottom Axis/Top Axis Controls the X range of the trace.

Left Axis/Right Axis Controls the Y range of the trace.

X Offset/Y Offset Value to offset the trace from its original coordinates.

8.26 Viewing Charts

To help you examine and organize a chart, you can sort rows, adjust column widths, change
precision and add a title.

» To sort a row of data, click the column name button of the column you want to sort by. Sorting
order is from low to high for numbers; otherwise, it is alphabetical.

» To adjust the width of a column, click and drag the left edge of the column name button.

» To change the chart’s column precision (number of significant digits) or title:

1.
2. Click the Properties button. The Chart Properties screen appears.
3.
4

. To change a column’s precision, select a column number and a precision (number of sig-

Select a chart by clicking anywhere on it.

To change the chart title, type a new title. To change the font, click the Font button.

nificant digits). Precision only affects columns that contain numerical values.
Click OK.

8.27 Cut, Copy and Paste

The Grapher window lets you cut, copy and paste pages, graphs and charts.

Note You must use the cut, copy and paste buttons from this window. You cannot use the

Multisim menus, buttons or keyboard shortcuts for these functions.

» To cut, copy and paste pages:

1

# [,

|ﬁ 3.

Select a page by clicking on its tab.
Click the Cut or Copy button.
Click the Paste button. The cut or copied page appears.

Note When a page is selected (the red arrow points to the tab), cut, copy and paste affect

page properties only. They do not affect the graphs or charts on the page.
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» To cut, copy and paste graphs and charts:
1. Select a graph or chart.
2. Click the Cut or Copy button.
3. Click the Paste button to paste the graph or chart onto the same page.
or, to paste onto a new page:
4. Click the New button.
5. Choose New Page.
6. Type a tab name and click OK.
7. Click the Paste button.

Note When a graph or chart is selected (the red arrow points to the graph or chart), cut, copy
and paste affect the selected graph or chart only. They do not affect overall page prop-
erties.

» To open a new page, click the New button and choose New Page.
» To delete all pages, click the New button and choose Delete All Pages.

» To open an existing graph file:
1. Click the Open button. A file browser appears.

L

2. Select the file you want to open. Graph files have the file extension .gra.
3. Click Open.
» To save a graph file:
E 1. Click the Save button. A file browser appears.

2. Select a file you want to overwrite or type a new filename. Graph files have the file exten-
sion .gra. The file extension is automatically added.

3. Click Save.

8.28 Print and Print Preview

» To view the printed pages before you print:
@ 1. Click the Print Preview button. One or two pages appear in the window.

» Use Next Page and Prev Page to scroll through the pages.
» Use One Page/Two Page to toggle between viewing one or two pages at a time.
* Use Zoom In, Zoom Out to control the zoom on the pages.
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2. Click the Print button to open the print screen and print the pages.

@ or

Click Close to close print preview.

» To print pages:

1. Click the Print button on the toolbar or from the print preview. The print screen appears.
2. If desired, enable Print to file.

3. Choose a print range.

4. Choose the number of copies.

5. Enable Collate if required.

6. Click OK.

Printed graphs indicate a key to the line colors or styles (for black and white printers) and
label the names of all traces.

Note Colored lines are distinguished through different line styles for black and white print-

€r8s.

8.29 Analysis Options

Multisim lets you control many aspects of the simulation used within the analyses, such as
resetting error tolerances, selecting simulation techniques and viewing the results. Simulation
efficiency is also dependent on the options you choose.

This section briefly describes the simulation options you have for controlling simulation used
within the analyses and lists their default values. You will find these options through the Mis-
cellaneous Options tabs of the various analyses screens, as explained in “8.2.4 The Miscella-
neous Options Tab” on page 8-8.

Code Option Name

Description

Default

Unit

Recommendation

ACCT Print simulation
statistics

Turns on/off display of statisti-
cal data on simulation-related
information. Data may be use-
ful for debugging simulation-
related problems. Data appears
in the Grapher screen.

Off
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Code Option Name Description Default Unit | Recommendation
GMIN Minimum con- Resets the minimum conduc- 1.0e-12 mho | Do not change
ductance tance used in any circuit default.
branch. Cannot be zero.
Increasing this may positively
improve the convergence of the
solution; however, it will also
negatively affect simulation
accuracy.
RELTOL | Relative error Resets the relative error toler- 0.001 - Use typical values
tolerance ance of the simulation, which is between 1.0e-06
the universal accuracy control. and 0.01.
The value can significantly
affect the convergence of the
solution and the simulation
speed. Value must be between
1 and 0.
ABSTOL | Absolute error Resets the absolute current 1.0e-12 A Generally, set to 6
tolerance error tolerance. Default is suit- to 8
able for most bipolar transistor
VLSI circuits.
VNTOL Voltage error Resets the absolute voltage 1.0e-06 \ Generally, set to 6
tolerance error tolerance of the program. to 8 orders of mag-
nitude smaller than
the largest voltage
signal in the circuit.
TRTOL Truncation Resets transient error toler- 7 - Use default value
error overesti- ance. Only used in the local
mation factor truncation error criterion.
CHG- Charge error Resets the charge tolerance in 1.0e-14 C Do not change
TOL tolerance coulombs. default.
PIVTOL Minimum Resets the absolute minimum 1.0e-13 - Do not change
acceptable value for a matrix entry to be default.
pivot accepted as a pivot.
PIVREL Minimum Resets the relative value 0.001 - Do not change
acceptable between the largest column default.

ratio of pivot

entry in the matrix and an
acceptable pivot value. Value
must be between 1 and 0.
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Code Option Name Description Default Unit | Recommendation
TNOM Nominal tem- Resets the normal temperature | 27 °c Do not change
perature at which model parameters are unless you want
measured and calculated. your circuit to
match data book
specifications that
were extracted ata
temperature other
than 27°C.
ITLA DC iteration Resets the upper bound limit to 100 - If you receive the
limit the number of Newton-Raph- error message “No
son iterations during a DC convergencein DC
operating point analysis. analysis”, increase
the ITL1 value to
500 or 1000 and
rerun the analysis.
ITL2 DC transfer Resets the DC transfer curve 50
curve iteration iteration limit.
limit
ITL4 Uppertransient | Resets the upper bound limit to 10 - If you receive the
iteration limit the number of Newton-Raph- error message
son iterations at each transient “Time step too
time point. Increasing the value small” or “No con-
may slow down transient simu- vergence in tran-
lation time. Decreasing the sient analysis”,
value increases the chance of increase the ITL4
in-convergence. value to 15 and
rerun the analysis.
DEFL Default MOS- Resets the value for MOS 0.0001 m Use default value
FET length channel length. unless you know
how to specify a
value from a MOS
device datasheet.
DEFW Default MOS- Resets the value for MOS 0.0001 Lm Use default value
FET width channel width unless you know
how to specify a
value from a MOS
device datasheet.
DEFAD Default MOS- Resets the value for MOS drain | 0 m?2 Use default value
FET area of diffusion area. unless you know
drain how to specify a

value from a MOS
device datasheet.
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Code Option Name Description Default Unit | Recommendation
DEFAS Default MOS- Resets the value for MOS 0 m2 Use default value
FET area of source diffusion area. unless you know
source how to specify a
value from a MOS
device datasheet.
BYPASS | Allow bypass Turns off/on the device bypass On - Do not change
of unchanging scheme for nonlinear model default.
elements evaluation. Turning off may
increase simulation time.
MAX- Maximum inte- Sets the maximum order for 2 - Use the default
ORD gration order integration when GEAR chosen value for most cir-
as transient analysis integration cuit simulation.
method. Must be between 2
and 6. Using a higher order the-
oretically leads to more accu-
rate results, but slows down
simulation.
TEMP Operating tem- | Resets the temperature at 27 °c -
perature which the entire circuit will be
simulated. Setting in the Analy-
sis Parameters screen will
override.
OLD- Use SPICE2 - -
LIMIT MOSfet limit-
ing’
ITL6 Stepsinsource | Setsthe number of stepsinthe | 10 - -
stepping algo- Gmin stepping algorithm. Helps
rithm find a solution during a DC
operating point analysis. See
“7.3.8 Convergence Assis-
tance Algorithms” on page 7-11
for more information.
GMIN- Number of Sets the number of steps in the 10 - -
STEPS Gmin steps Gmin stepping algorithm. Helps

find a solution during the DC
operating point analysis. See
“7.3.8 Convergence Assis-
tance Algorithms” on page 7-11
for more information. If a zero
value is specified, the Gmin
stepping algorithm is disabled.
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Code Option Name Description Default Unit | Recommendation
MIN- Minimum time 0
BREAK between
breakpoints
NOOP- Go directly to - -
ITER Gmin stepping
METHO Integration Selects for transient analysis. TRAPE- | - Use GEAR (gear
D method Default provides faster simula- ZOIDAL integration
tions with same numerical method) if
accuracy, but can produce unwanted numeri-
unintended results. cal oscillations
occur during simu-
lation or if circuit
contains ideal
switches. Use
default if circuit
operates in oscilla-
tion mode, for
example, oscillator
circuits. Be aware
that Gear integra-
tion may overdamp
results.
TRYTO- | Try compac- Applicable only to lossy trans- Off - -
COM- tion for LTRA mission line component. When
PACT lines option turned on, Multisim tries
to reduce data storage and
memory usage needed for tran-
sient simulation of circuits con-
taining lossy transmission lines.
BADMO Use old mos3 - -
S3 model (discon-
tinuous with
respect to
kappa)
KEE- Record operat- | Retains the operating point - - Particularly useful
POP- ing point for information whether an AC, if the circuit is large
INFO each small-sig- | Distortion, or Pole-Zero analy- and you do not
nal analysis sis is run. want to run a

redundant ".OP"
analysis.
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Code Option Name Description Default Unit | Recommendation
NOOPA Do not do ana- - -
LTER log/event alter-

nation in

DCOP
RAMP- Transient anal- | Ramps independent sources, 0 s -
TIME ysis supply capacitor and inductor initial

ramping time conditions from zero to their

final values during the time
period specified.

MAXEV- | Maximum 0
TITER event itera-

tions at analy-

sis point
MAXO- Maximum ana- 0
PALTER | log/event alter-

nations in

DCOP
CONV- Enable conver- | Enables/disables a conver- ON - -
LIMIT gence assis- gence algorithm used in some

tance on code built-in component models.

models
CONV- Absolute step Controls automatic conver- 0.1 - -
ABSSTE | allowed by gence assistance by establish-
P code model ing an absolute step size limitin

inputs between | solving for the DC operating

iterations point.
CON- Fractional step Controls automatic conver- 0.25 - -
VSTEP allowed by gence assistance by establish-

code model ing a relative step size limit in

inputs between | solving for the DC operating

iterations point.
AUTO- Use auto-par- - -
PAR- tial computa-
TIAL tion for all

models
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Code Option Name Description Default Unit | Recommendation
RSHUN Shunt resis- Inserts resistance to ground at Dis- Q Should be set to
T tance from all analog nodes in the circuit. abled some very high
analog nodes Reducing value reduces simu- (1.0e12 resistance, say
to ground lation accuracy. when 1e+12Q. If you get
dis-
a “No DC path to
abled) ground” or a
“Matrix is nearly
singular” error
message, try
decreasing
RSHUNT to
1e+9Q or 1e+6L.
Temporary file Allows you to adjust the file size | 10 Mb If your circuit has

size for simula-
tion.

for storage of simulation
results. When the file reaches
its maximum size, you are
prompted to stop simulation,
use remaining disk space and
continue, or discard existing
data and continue.

many nodes and
you want to scroll
the oscilloscope
back in time to the
start of the simula-
tion, you may need
to increase the
temporary file size.
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Chapter 9
Postprocessor

About this Chapter

This chapter explains how to use the Postprocessor to mathematically manipulate the results
of simulation obtained through analyses in different ways. Several examples are provided at
the end of the chapter.

To use the Postprocessor, you must have performed at least one analysis on your circuit. This
chapter assumes that you are familiar with the analyses offered by Multisim 2001, and the
Grapher function that displays analysis results. For details, see Chapter 8, “Analyses”.

Some of the features described in this chapter may not be available in your edition of Multi-
sim 2001. Such features have an icon in the column next to their description.

Introduction to the Postprocessor

The Postprocessor allows you to manipulate the output from analyses performed on a circuit
and plot the results on a graph or chart. The plotted results are referred to as “traces”. Types of
mathematical operations that can be performed on analysis results include: arithmetic, trigo-
nometric, exponential, logarithmic, complex, vector, logic, etc.

The following examples illustrate possible uses of the Postprocessor:

» Divide the output curve by the input curve obtained from a transient analysis, and observe
the results.

*  Multiply a voltage by a current to observe circuit power.

* Assess the differences caused by minor changes to your circuit. For example, run an anal-
ysis on a circuit, then change one condition of the circuit (such as changing the input volt-
age of the component’s value) and run the analysis again. Subtract one set of results from
the other to show the effect of the circuit modification.
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9.3

9.3.1

9-2

Using the Postprocessor

The Postprocessor calculates the results of equations and plots these results as “traces” on
graphs and charts. To use the Postprocessor, you build the equations yourself by combining
the variables from previous circuit analysis results with mathematical functions.

To build equations for the Postprocessor, you must have performed at least one analysis.
When you perform an analysis on a circuit, the results appear in the Grapher screen and are
stored for use by the Postprocessor. Some analysis results may have been saved only for the
Postprocessor. For information on performing analyses, see Chapter 8, “Analyses”.

Basic Steps

» To construct an equation from which a trace will be plotted, you select variables (from previ-
ous analyses) and mathematical operators, successively moving from the left side of the equa-
tion to the right. Follow the steps below:

|a£,| 1.

This is where you will
build your Postpro-
cessor equations.

This is the name of
the circuit on which
analyses have been
performed in this
session.

This is an analysis
performed on this ci
cuit.

These are the vari-
ables that resulted
from the selected
analysis.

Click the Postprocessor button on the Design Bar. The Postprocessor screen appears.

Traces to plot
Mew Page Load Pages Delete Page
m Mew Graph Save Pages Delete Diagram
Mew Chart
Add Trace Delete Trace |

Drefault Analizys Results:
Trangient Analysis [tran01]

Analyzis Results Analysis Yariables Awailable functions

= * rit-biasing Jan e =l e
: Transient Analysis [trand1]  r= - —
- * net-f-biasing w[2] e ﬂ Cloze

W
wylHbranch

/

¥

abs) LI Lancel
Copy Variable To acel Copy Function Ta Tracel Help

il

Set Default Analyzsis Besults |

These are the mathematical functions
available for use in your equations.
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2. In the Analysis Results list, click the “+” sign beside the item naming the first analysis
whose results you want to work with. Each analysis is identified with a name followed by
a code in brackets. That code will be used to identify the variables from that analysis when
the trace is plotted. The variables that resulted from that analysis appear in the Analysis
Variables list. For more about the syntax of these variables, see “9.3 Postprocessor Vari-
ables” on page 9-8.

To filter the Analysis Variables list to show only certain variables, choose from the drop-
down list of options to show:

* all variables

* top level variables only (not those in subcircuits)
* subcircuit variables only

* open pins variables only

* device parameters variables only.

3. From the Analysis Variables list, select the variables you want included in the equations
being used to define the trace, and click Copy Variable to Trace. The variable appears in
the “Traces to plot” window, prefixed with the code of the analysis from which it is drawn
(unless the selected analysis is the default analysis — for details on using the default anal-
ysis, see “9.2.1.1 Using the Default Analysis” on page 9-5).

Tiaces to plot
Here is the equation you Mew Page Load Pages Delete Page
are building, which will \I || _MewGraph | SavePages | Dol Disgram
be used to plot the dul.b/ New Chart
trace. Note how the vari- Add Trace Delete Trace |

ables are prefixed with
the analysis code. In this
example, the first vari-
able comes from the

Default Analisys Results:
Operating Point (op01]

ana|ysis “disto03” and Analysis Fesults Analysis Variables Awailable functions
the second from analy- = Interactive Image Technolog A1 = e | Draw |
- 2 ‘- Operating Paint (op01] -
sis “dc05”. - - =
i) % ose
¥[7] "
——
+
y [ absl) =l _Gorea |
Set Default Analysiz Besults | Copy Variable To Tracel Eopy Furction To Trace] Help |

From the Available Functions list, select the mathematical function you want included in the
equation for this trace, and click Copy Function to Trace. To filter the list to show only cer-
tain mathematical functions, choose from the drop-down list of options. For details about the
available functions, see “9.4 Available Functions” on page 9-8.
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Note Although it is possible to manually type or modify a trace’s equation, manual interven-
tion can introduce syntax errors. Wherever possible, use the “copy” buttons to build
your traces.

4. Continue to choose analyses, variables and functions until the equation is complete. For
example, your equation might look like this:

20¥logl2)*de02 w1 branch

To plot the traces defined by this equation, click Draw.

You are prompted for a page name. This is the name of the tabbed page that will display
the results in the Grapher. It is also the name given to the Postprocessor page on which the
trace will be stored. Depending on the trace, you are prompted for a Grapher graph name,
plot name, or both. If prompted for both, and you do not want to create one of them, click
Cancel when prompted for that name.

The results of the Postprocessor plotting the trace appear in the Grapher screen, on pages with
the names you specified (that is, one for a plot, one for a graph), along with the results of the
analyses previously performed. Results, including errors, are also recorded in the audit trail. If
the audit trail is not already open, you can open it from the View menu.

The equation as shown in the “Traces to plot” window moves down a line, leaving the top line
free for a new trace. For more on working with multiple traces, see “9.2.1.2 Creating Multiple
Traces” on page 9-5.
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9.3.1.1 Using the Default Analysis

The equation you build using the Postprocessor contains variables that are prefixed with their
analysis’ code. To simplify the equation and the trace displayed on the graph, you can set one
of the analyses to be the default analysis.

The Analysis Results list always contains one analysis defined as the default. The default is
the analysis that, in the absence of any other indication, the Postprocessor uses for calcula-
tions. Variables from the default analysis do not have identifying prefixes in the equation or
when the trace is plotted.

Traces to plot
Mew Page Load Pages Delete Page
I j Mew Graph Save Pages Delete Djagram
dul.b/ Mew Chart
Add Trace Delete Trace |

The default analysis

\ Drefault Analizys Results:
\

Operating Paint [op01]

Analyzis Results Analysis Yariables Awailable functions
8- Interactive Image Technolog IAII j IAII j Draw |
- Dperating Paint [opd1) = =

2] e Cloze |

(7] *

N
M Cancel

4 | | _;l abi[] =l ——I
Set Default Analysiz Besults | Copy Variable To Tracel Enpy Function 1o Trace] Help |

The default analysis is identified on the Postprocessor screen at the bottom of the Analysis
Results list.

» To change the default analysis, select the desired analysis and click Set Default Analysis
Results. The equation changes to reflect your choice.
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9.3.1.2 Creating Multiple Traces

The Postprocessor screen uses the same conventions as the Grapher screen, as shown below:

Page name

PostProcessor

page 1 WENEEN 5 Aialysis Graphs

Igraph‘l \ LI MewGr: File  Edit>¥iew Help
| e N e E R EREE
(CEATUE Transient Analysis #1 page 1 |
Default Anal al h ]_
681 5985 - grap
Analyzis Results \ Analysis Yariables —
E--*_Interactivelmage \l echinolog IAII ‘j:’
p i
wylHbranch
S31077K |
a 1.0000m
| Copy YWarable To Tre Titne (S)

Graph or chart name

» To add another trace to a page:
1. Click on the tab of the page to which you want to add the trace.
2. Create the trace as usual.

3. When you click Draw, the trace is added to the current page. To add it without drawing,
click Add Trace.
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9.3.2 Working with Pages, Graphs and Charts

» To add another page for holding traces, click New Page. You are prompted for a name for the

page. When you click OK, a tab with that name is added to the Postprocessor.

These tabs

represent the

available
pages.

» To add a graph or chart to an existing page:
1. Click on the tab of the page to which you want to add the graph or chart.

Transient Analysiz [tran01]
Graph [tranC1]

[

_lLl Click the arrows to

browse through the
available pages.

2. Click New Graph or New Chart. You are prompted for a name.

3. The name is added to the drop-down list for that page.

Trangient Analysis [tran01] | Transierﬂ_’|

Chart [tran01] =N

Graph [tran01] #1
| Graph 1] #2
f o ]

-
-

Each chart or graph on a page appears on the same tab in the Grapher screen.

» To remove a trace, select it and click Delete Trace.

A\

The drop-down list
| ———shows the graphs and
charts in the page.

To delete a page, select it and click Delete Page.

» To save the current set of pages, click Save Pages. Navigate to the location where you want

to save the file and provide a file name.

» To load a saved set of pages, click Load Pages, navigate to the location of the saved file,

select it and

click Open.
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9.4

9.5

9-8

Postprocessor Variables

The variables that appear in the Analysis Variables list of the Postprocessor are based on the
selected analysis. They can include any or all of the following:

v(#) voltage in node, where # represents the node number

vv##branch | branch current through voltage source “vv#” (vv# represents the voltage
source name)

expr.x# expression within subcircuit x#

Available Functions

The functions you can apply to the Postprocessor variables are:

Symbol Type Description

+ Algebraic plus

- Algebraic minus

* Algebraic times

/ Algebraic divided by

A Algebraic to the power of
% Algebraic percentage

, Algebraic complex 3,4=3+j(4)
abs() Algebraic absolute value
sqrt() Algebraic square root
sin() Trigonometric sine

cos() Trigonometric cosine

tan() Trigonometric tangent

atan() Trigonometric inverse tangent
ot Relationship greater than

It Relationship less than
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Symbol Type Description

ge Relationship greater than or equal to

le Relationship less than or equal to

ne Relationship not equal to

eq Relationship equal to

and Logic and

or Logic or

not Logic not

db() Exponential 20 log10(mag(vector))

log() Exponential logarithm (base 10)

In() Exponential natural logarithm (base 3)

exp() Exponential e to the vector power

j0 Complex i(sqrt(-1)) times vector

real() Complex real component of vector

image() Complex imaginary part of vector

vi() Complex vi(x) = image (v(x))

vr() Complex vr(x) = real (v(x))

mag() Vector magnitude

ph() Vector phase

norm() Vector vector normalized to 1 (that is, the largest
magnitude of any component is 1)

rnd() Vector random

mean() Vector results in a scalar (a length 1 vector) that is
the mean of the elements of the vector

Vector(number) Vector results in a vector of length number, with
elements O, 1, ... number-1. If numberis a
vector than just the first element is taken,
and if it isn’t an image then the floor of the
magnitude is used.

length() Vector length of vector
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Symbol Type Description

deriv() Vector derivative of vector — uses numeric differ-
entiation by interpolating a polynomial and
may not produce satisfactory results, par-
ticularly with iterated differentiation. Only
calculates the derivative with respect to the
real component of the vector’s scale.

max() Vector maximum value from vector

min() Vector minimum value from vector

vm() Vector vm(x) = mag (v(x))

vp() Vector vp(x) = ph (v(x))

yes Constat yes

true Constat true

no Constat no

false Constat false

pi Constat pi

e Constat natural logarithm base

c Constat speed of light in vacuum

i Constat square root of -1

kelvin Constat degrees kelvin

echarge Constat fundamental charge

boltz Constat Boltzman’s constant

planck Constat Planck’s constant
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Chapter 10
HDLs and Programmable Logic

10.1

About this Chapter

This chapter deals with Hardware Description Languages (HDLs) generally, and more specif-
ically with the two most common HDLs: VHDL and Verilog HDL, and their usage in Multi-
sim 2001. It also addresses one of the most common applications of using HDLs — designing
with programmable logic devices and the process of synthesis.

This chapter is divided into three main parts: the first section provides a brief overview of
HDLs within Multisim 2001, the second section deals with VHDL, and the third section deals
with Verilog HDL. Important information, particularly for newcomers to HDLs, also exists in
the VHDL appendix.

This chapter is primarily of use to those with the VHDL or Verilog HDL Design, Simulate and
Debug module of Multisim 2001, included in the Power Professional edition and available as
an add-on product to Professional Edition users. Also available is a separate add-on product
that includes the ability to simulate a circuit containing a device for which the model already
exists in VHDL or Verilog HDL, but not the ability to write or design VHDL/Verilog HDL
source code.

Some of the features described in this chapter may not be available in your edition of Multi-
sim 2001. Such features have an icon in the column next to their description. See “1.5 Multi-
sim 2001 Features Summary” on page 1-3 for a description of the features available in your
edition.
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10.2 Overview of HDLs within Multisim

10.2.1 About HDLs

HDLs are designed specially to describe the behavior of complex digital devices. For this rea-
son they are referred to as “behavioral level” languages. They can use behavioral level models
(instead of transistor/gate level, like SPICE) to describe the behavior of these devices. Using

HDLs avoids the unwieldy task of describing such devices at the gate level, greatly simplify-
ing the design process.

Designers typically choose from two different HDLs: VHDL and Verilog HDL. Multisim sup-
ports both of these languages.

HDLs are commonly used for modeling complex digital ICs that could not easily be modeled
in SPICE, or for designing circuits in programmable logic. Multisim supports both of these
applications of HDLs.

10.2.2 Using Multisim with Programmable Logic

Designing circuits using programmable logic is becoming increasingly common as engineers

deal with the need for shorter design cycles, smaller products, and lower cost results. Pro-

grammable logic devices (PLDs) generally fall into three broad categories (listed in order of

increasing complexity):

* PLAs (the original Programmable Logic Devices, introduced just after the earlier, simpler
Programmable Array Logic)

* CPLDs (Complex PLDs)

* FPGAs (Field Programmable Gate Arrays).

All such devices share a common characteristic: they have standard blocks of digital logic and
a means of interconnecting these blocks on the semiconductor. This allows you to program the
device to perform a particular function. In spite of this common characteristic, however, each
of these three broad classes of devices uses a different architecture for its logic blocks and the
interconnections between them. Describing these varying architectures that the device ven-
dors use for implementing blocks/interconnects within the semiconductor wafers is beyond
the scope of this chapter, but is covered sufficiently in many text books on the subject.
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This chapter deals with CPLDs and FPGAs because simple PLDs are not often designed using
VHDL or Verilog HDL. Such simple PLDs are now less common and typically programmed
with the older ABEL or CUPL languages, not addressed in Multisim. The following is a list of
the key steps in designing with CPLDs and FPGAs:

» creating/writing source code in VHDL or Verilog HDL

* simulating/analyzing the operation/performance of that code

* debugging the code to generate final source code

* synthesizing the source code (specific to a particular device vendor)

» fitting (for CPLDs) or placing a routing (for FPGAs)

* physically programming the device.

The last two steps in the process must be done with tools provided by the programmable logic
device vendor and are therefore not a part of Multisim.

10.2.3 Using Multisim for Modeling Complex Digital ICs

In addition to using Multisim for Programmable Logic design, you may also use it to write
VHDL or Verilog HDL code, modeling the behavior of complex digital ICs. Alternatively,
you may accomplish the same thing by obtaining models for certain devices through the pub-
lic domain, from device vendors, or from others in your company who have written or
obtained them. If you already have a model, you do not need to program in VHDL or Verilog
HDL. Multisim will simulate such components as part of a board level circuit, as long as the
model exists.

10.2.4 How to Use HDLs in Multisim

» To use Multisim to simulate a circuit containing a device for which the model exists in VHDL
or Verilog HDL (instead of SPICE), just begin simulation, as described in Chapter 7, “Simula-
tion”. As long as the model exists in Multisim, or you have added it (as described in Chapter
5, “Component Editing”), Multisim will automatically select the appropriate type of simula-
tion engine when you begin simulation. Multisim also deals with the communication between
the various simulation engines, without manual intervention. This function is unique to Multi-
sim.

» To use Multisim for writing, simulating and debugging HDL source code and/or for synthe-

3:} sizing HDLs, click the VHDL/Verilog HDL button on the design bar. From the pop-up menu
that appears, select from the following options:

* VHDL simulation

e VHDL synthesis

*  Verilog HDL simulation
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10.2.5 Introduction to VHDL

10-4

VHDL is a programming language that has been designed and optimized for describing the
behavior of digital hardware circuits and systems. As such, VHDL combines features of a
simulation modeling language, a design entry language, a test language, and a netlist lan-
guage.

VHDL is an extremely comprehensive and extensive language, and cannot be entirely cov-
ered in this manual. However, an introduction to programming in VHDL, including a detailed
primer and a set of examples, can be found in the appendices.

As a simulation modeling language, VHDL includes many features appropriate for describing
the behavior of electronic components ranging from simple logic gates to complete micropro-
cessors and custom chips. Features of VHDL allow electrical aspects of circuit behavior (such
as rise and fall times of signals, delays through gates, and functional operation) to be precisely
described. The resulting VHDL simulation models can then be used as building blocks in
larger circuits (using schematics, block diagrams or system-level VHDL descriptions) for the
purpose of simulation.

Just as high-level programming languages allow complex design concepts to be expressed as
computer programs, VHDL allows the behavior of complex electronic circuits to be captured
into a design system for automatic circuit synthesis or for system simulation. This process is

called “design entry”, and is the first step taken when a circuit concept is to be realized using
computer-aided design tools.

Design entry using VHDL is very much like software design using a software programming
language. Like Pascal, C and C++, VHDL includes features useful for structured design tech-
niques, and offers a rich set of control and data representation features. Unlike these other pro-
gramming languages, VHDL provides features allowing concurrent events to be described.
This is important because the hardware being described using VHDL is inherently concurrent
in its operation. Users of PLD programming languages such as PALASM, ABEL, CUPL and
others will find the concurrent features of VHDL quite familiar. Those who have only pro-
grammed using software programming languages will have some new concepts to grasp.

One area where hardware design differs from software design is in the area of testing. One of
the most important (and under-utilized) aspects of VHDL is its use as a way to capture the
performance specification for a circuit, in the form of a test bench. Test benches are VHDL
descriptions of circuit stimulus and corresponding expected outputs that verify the behavior of
a circuit over time. Test benches should be an integral part of any VHDL project and should
be created in parallel with other descriptions of the circuit.

VHDL is also useful as a low-level form of communication between different tools in a com-
puter-based design environment. VHDL’s structural language features allow it to be effec-
tively used as a netlist language, replacing (or augmenting) other netlist languages such as
EDIF.
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10.2.5.1 VHDL: A Standard Language

One of the advantages of using VHDL is that it is a standard in the electronic design commu-
nity. As a result, you will be able to use your design concepts because the design entry method
you have chosen is supported in a newer generation of design tools.

You will also be able to take advantage of the most up-to-date design tools and have access to
a knowledge base of thousands of other engineers, many of whom are solving problems simi-
lar to your own.

10.2.5.2 A Brief History of VHDL

VHDL (VHSIC [Very High-Speed Integrated Circuit] Hardware Description Language) was
developed in the early 1980s as a spin-off of a high-speed integrated circuit research project
funded by the U.S. Department of Defense. During the VHSIC program, researchers had to
describe circuits of enormous scale (for their time) and manage very large circuit design prob-
lems that involved multiple teams of engineers. With only gate-level design tools available, it
soon became clear that better, more structured design methods and tools would be needed.

There are a number of progressively more advanced standards that define VHDL in detail, as
described in Appendix A, “VHDL Primer”. All are supported by Multisim. The major mile-
stones in the VHDL standards evolution are summarized below:

» first introduction of publicly available edition of VHDL (1985)

» IEEE Standard 1076 — basis of almost all of today’s products, released in 1987 and
updated in 1993/94

» IEEE Standard 1164 — solves the problem of non-standard types

» IEEE Standard 1076.3 — the standard for synthesis

» IEEE Standard 1076.4 — adds timing information, known as VITAL.
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Chapter 11
Reports

11.1 About this Chapter

Multisim 2001 allows you to generate a number of reports. This chapter explains the major
types of reports:Database Family List, Component Detail Report and Instrument Maps.

@ Some of the features described in this chapter may not be available in your edition of Multi-
sim 2001. Such features have an icon in the column next to their description.

11.2 Database Family List

You can produce a Database Family List showing all the components in a family.

Note Although this report appears in the pop-up menu under the Reports Design Bar but-
ton, when you choose Database Family List you are reminded that this report is
accessed through the Browser screen only. Click OK from this prompt to open the
Browser screen. The Database Family List report is included in the Reports pop-up
menu only as a way of listing all available Multisim reports in one location.
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» To produce a Database Family List showing all the components in a specific family:

1. Access the database, as described in “3.3 Setting up Your Circuit Window” on page 3-1,
to select a component Parts Bin and a family within that Parts Bin (for example, the

74STD of the TTL group).

or

Access the Component Browser by clicking the Reports Design button, Database Family

List, then OK.

M anufacturer Mame: Model Lewvel - 1D:

Texas Instiuments

2. From the Browser screen, click List Report.

Operations
Search...
List Report...
Dretail Repart...
Uszer Fields...

Edit...

Note Normally when you use the Browser you first select a specific component. This is not
necessary when creating a Component Family list, since the list shows all the parts in

this family.

3. A Notepad screen appears, listing all the components found within the currently selected

family. For example:

.,J LizstReportFile.dat - Notepad

File  Edit Search Help

MultiSIH Database

Family  74F

74F @8D 74F 6N
7HFBuD THF BuN
74F189D 74F189H
7T4F112D THF112H
THF114D THF114H
THF125D THF125H
74F138D 7HF138H
THF148D THF148H
74F153D THF153H
THF157D THF15TH
THF158D THF158H
74F161AD 7uF161AH
74F163AD 7T4F163AN
THF174D THF174H
THF181H 7T4F182D
THF1968H THF191D
THF192H 74F193D
THF194H 74F20D
TUFZ1H THF248D
THF241H THF242D

FaF 82D

F4F BaD

F4F18D

F4F113D
F4F11D

FUF126D
F4F139D
FUF151D
FUF157AD
F4F158AD
F4F168AD
FUF162AD
FUF169D
FUF175D
FUF182H
F4F191H
F4F193H
F4F20H

FUF240H
TUF242H

F4FB2H
F4F BENH
F4F18H
F4F113H
F4F11H
FUF126H
FUF139H
F4F151H
FUF157AN
F4F158AH
F4F160AH
F4F162AH
FUF169H
FUF175H
F4F198D
FUF192D
FUF194D
FaF21D
FaF241D
FUF243D

||

4. Use any of the standard Notepad functions to search, scroll, file, edit or print this informa-

tion.
5. When done, choose File/Exit.
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11.3 Component Detail Report

You can produce a Database Detail Report showing all the information stored in the Multisim

database about a particular component.

Note Although this report appears in the pop-up menu under the Reports Design Bar but-
ton, when you choose Database Family List you are reminded that this report is
accessed through the Browser screen only. Click OK from this prompt to open the
Browser screen.The Database Family List report is included in the Reports pop-up
menu only as a way of listing all available Multisim reports in one location.

» To produce a database family list showing detailed information about a specific component:

1. Access the database, as described in “3.3 Setting up Your Circuit Window” on page 3-1,
to select a component Parts Bin and a family within that Parts Bin (for example, the

74STD of the TTL group).
or
Access the Component Browser by clicking the Reports Design button, Database Family
List, then OK.
2. In the Browser screen, select a specific component in the family and click Detail Report.

M anufacturer Mame: Model Lewvel - 1D:

Operations

Texas Instiuments

Search...

List Report...
Dretail Repart...
Uszer Fields...
Edi...
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3. This produces a screen that contains all the details about the selected component, includ-
ing its schematic symbols, manufacturer, electrical parameters, simulation model and foot-
print (package). For example:

Detail report [ %]

Graup Farnily Symbol
ANSI DIM ANSI DIM ANSI DIM

uz

TTL TTL 7d Td a o oy
EDO_ 8 Far?
et = e

w

-
COMPONENT
Family : T4ETD
Hame : 7400N
Model Audit 2 09/18/958:J0G;
Manufacturer : Texas Instruments
Description : Function=QUAD Z-INPUT HAND
: Number=4
: Package=N0ld4
Package : 745TD_PACEAGE _I
-

Cloze I Frint |

Scroll through the information as necessary.

5. To print the information, click Print. You are prompted, with a standard Windows print
screen, to choose a destination printer.

6. To close the screen, click OK.

11.4 Instruments

The Instruments report show the faces of any or all of the instruments in your circuit. Any
simulation data for the circuit appears on the instrument report.

» To produce a print-out of the instrument faces:

1. Click the Reports button on the Design Bar and choose Instruments from the pop-up
menu that appears.
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2. You are prompted to choose which of the possible instruments in your circuit to include in

printing:

Print Instruments [ %]
Select Instruments:
Cancel |

3. Click on any instrument to select/deselect it, then click Print to print the selected instru-

ments.
4. A standard print dialog appears. Choose the desired print options and click OK.
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Chapter 12
Transfer/Communication

12.1 About this Chapter

This chapter explains how to use Multisim 2001 to transfer either circuit schematics them-
selves (in whole or in part), or the results of simulation.

& Some of the features described in this chapter may not be available in your edition of Multi-
@A sim 2001. Such features have an icon in the column next to their description.

12.2 Introduction to Transfer/Communication

Multisim makes it easy to transfer schematic and simulation data to other programs for further
processing. In a unique capability, Multisim can even combine schematic information and
simulation data for transfer together. For example, when transferring your schematic to per-
form a PCB layout, Multisim can include optimized trace width information (calculated using
the Trace Width Analysis during simulation).

12.3 Transferring Data

12.3.1 Transferring from Multisim to Ultiboard for PCB
Layout

One of the most common applications to which you may want to transfer data is a PCB layout
program. Ultiboard, also from Electronics Workbench, is one of the industry’s leading PCB
layout tools and offers many advantages over other layout programs, including trace width
optimization synchronized with Multisim simulation.
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» To transfer a circuit design from Multisim to Ultiboard, in order to perform a PCB layout:
¢>| 1. Click the Transfer button on the Design Bar.

2. From the menu that appears, choose Transfer to Ultiboard. A standard file browser
appears.

3. Specify the name and location of the file to be created. Multisim then creates files that can
then be loaded into Ultiboard.

4. Load the created files into Ultiboard, following the instructions in the Ultiboard User
Guide.

Note If changes are made to your design while in Ultiboard, you may want to backannotate
them in Multisim. This is done using the Transfer menu (not the Design Bar button)
and is explained in “2.5.6 Transfer Menu” on page 2-34.

12.3.2 Transferring to Other PCB Layout

If you are using a PCB layout package produced by a vendor other than Electronics Work-
bench, you can create files in the necessary formats for transfer to the following third party
layout packages:

* Eagle

* Lay
 OrCAD
* Protel

* Tango

» PCAD

» To transfer the circuit design to a third party layout package:
g>| 1. Click the Transfer button on the Design Bar.

2. From the menu that appears, choose Transfer to Other PCB Layout. A standard file
browser appears.

3. Navigate to the desired folder, enter a file name and choose the desired manufacturer from
the drop-down list. Multisim creates a file of the appropriate format that can then be
loaded into the layout package of your choice.
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12.4 Exporting Simulation Results

12.4.1 Exporting to MathCAD

You can export the results of your simulation to MathCAD, allowing you to perform sophisti-
cated mathematical operations on your data.

=]

&

Note This function is only available if you have MathCAD installed on your computer.

» To export the simulation results to a MathCAD session:

1.
2.

S.

Click the Transfer button on the Design Bar.

From the list that appears, choose Export Simulation Results to MathCAD. A prompt
screen appears, asking you to confirm that you want to open the Grapher and continue
with the export process.

Click OK. The Grapher appears, showing the results of your simulation and/or analysis.
Use the Grapher to define which data will be transferred to MathCAD. By default, Math-
CAD will assign the x and y coordinates of the current trace to the variables inl and in2. If

necessary, move the trace to the correct location by clicking on it (to check which trace is
current, enable the cursors).

Click the Transfer to MathCAD button.

6. A new MathCAD session is started.
Note MathCAD will shut down when Multisim shuts down.

12.4.2 Exporting to Excel

=)

You can export your simulation results to Excel, allowing you to use the data for further pro-
cessing in a spreadsheet.

Note This function is only available if you have Excel installed on your computer.

» To export the simulation results to an Excel spreadsheet:

1.
2.

Click the Transfer button on the Design Bar.

From the list that appears, choose Export Simulation Results to Excel. A prompt screen
appears, asking you to confirm that you want to open the Grapher and continue with the
export process.

Click OK. The Grapher appears, showing the results of your simulation and/or analysis.
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4. Use the Grapher to define which data will be transferred to MathCAD. The Excel spread-
sheet will contain the x and y coordinates of the current trace. If necessary, move the trace
to the correct location by clicking on it (to check which trace is current, enable the cur-
Sors).

% 5. Click the Transfer to Excel button. A new Excel spreadsheet is created, with data from
the x coordinates in column one and data from the y coordinates in column two.

6. If desired, save the Excel spreadsheet.
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Chapter 13
Educators Guide

13.1 About this Chapter

This chapter describes the features that Multisim offers to allow you to exercise greater con-
trol over the program’s interface and functionality, as well as to set certain aspects of a cir-
cuit’s behaviour for teaching and training. These features include assigning faults to
components in a circuit, setting global and circuit restrictions, and sharing/controlling files
over a network.

13.2 Circuit Creator’s Name

Multisim provides a feature by which the name of the creator of each circuit is stored with that
circuit. This name is taken from the name entered at the time Multisim is installed. Educators
can take advantage of this feature to identify the student who, for example, created the circuit
being submitted as the answer to an assignment (provided that the student uses his/her own
copy of the program to create the circuit). The name appears on the Circuit Restrictions
screen, which you can view as long as no passwords have been set — see “13.4.2 Setting Cir-
cuit Restrictions” on page 13-9 for more information.

13.3 Assigning Faults to Components

You may want to assign faults to components for instructional purposes, such as troubleshoot-
ing exercises. You can manually assign faults to individual components in a circuit or let Mul-
tisim randomly assign faults to various components across a circuit.
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13.3.1 Setting a Placed Component’s Faults

13-2

You can assign a fault to any terminal of the placed component using the Faults tab of that
component’s “properties” screen.

» To assign a fault to a placed component:

1. Double-click on the component. The component’s “properties” screen appears.

2. Click the Faults tab:

Shows the termi-
nals of the placed
component

RESISTOR [x]

Lakel I Displayl Walue  Fault |

\ = ' None Choose which
- " Open / type of fault to
q assign to the

" Shart 7 .
selected terminals
" Leakage

a0 Ohm

Heplacel QK I Eancell Info | Help |

3. Select the terminals to which the fault should apply.

4. Enable the type of fault you want assigned to a terminal. The options are:

Option Description

None No fault

Open Assigns a very high resistance to the terminals, as if the wire leading to the
terminals was broken.

Short Assigns a very low resistance to the terminal, so the component has no mea-
surable affect on the circuit.

Leakage Assigns the resistance value specified in the fields below the option, in paral-

lel with the selected terminals. This causes the current to leak past the termi-
nals instead of going through them.
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5. To cancel your changes, click Cancel. To save your changes, click OK.
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13.3.2 Using the Auto Fault Option

When you use the Auto Fault option, you specify the number of faults or, optionally, the num-
ber of faults per different type of fault, that you want Multisim to assign to placed components
in the circuit.

» To use the auto fault option:

1. Choose Simulate/Auto Fault Option. The Auto Fault screen appears:

Auto Fault [ %]

Enter the number and type of faults that pou
@ want inserted in wour circuit, bultizim wil
randomly ingert as many faults az you specify

for each fault type. The “any"* option selects
a random combination of shorts, opens, and

leakage's.
Any ID 33
Shart m
Open ID 3‘
Leak lﬁ |
Specify Leak Resistance Cancel |
J100 =

2. Use the up/down arrow keys or enter numerical values directly in the Short, Open, and
Leak fields, or enter a numerical value in the Any field to let Multisim randomly select the
type of faults to assign.

3. If you specify a number of leaks, enter a number and unit of measurement in the Specify
Leak Resistance fields.

4. Click OK to apply the faults, or Cancel to cancel, and return to the circuit window.

13.4 Using Restrictions

Restrictions are useful in a number of ways:

* when you are designing circuits for demonstration purposes and want to limit the func-
tionality available to students;
* when you are sharing circuits with students and want
* to prevent them from being able to edit the circuit in any way;
* to limit the types of modifications they can make to a circuit;
* to limit the types of analyses they can perform on it;
* to limit the information they can see about certain parts of the circuit (for example, the
value of a resistor you want them to calculate).
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You can set global-level restrictions, which become default Multisim settings, or circuit-level
restrictions, which affect only specific circuits.

To ensure that only you can set or modify restrictions, you use passwords which can protect
both global and circuit restrictions. It is important that you set passwords immediately when
using restrictions that you want to keep secure against any modification by students. The pass-
word for global restrictions is encrypted and stored in the Multisim program file. The pass-
word for circuit restrictions (for restricting only a particular circuit) is encrypted and stored in
the circuit file.

13.4.1 Setting Global Restrictions

Use global restrictions to set the basic level of functionality of Multisim available to students

in all circuits with which they will work. You can select a default path where circuits are to be

saved, hide databases, Parts Bins and the “In Use” list, and determine whether students may

edit components or place instruments.

You can also hide a number of instruments and analysis options from the menus by using the

simplified version. See “13.4.1.2 Simplified Version” on page 13-7.

Note Global restrictions are overridden by circuit restrictions if the circuit restrictions are
saved with the circuit. See “13.4.2 Setting Circuit Restrictions” on page 13-9 for
information.

13.4.1.1 General Global Restrictions

» To set general global restrictions:

1. Choose Options/Global restrictions. Enter the default password “testbench” and click
OK. You can, and should, change this default password. (See “13.4.3 Setting Passwords
for Restrictions” on page 13-11 for more information.) The Global restrictions screen
appears:

Multisim 2001 Educator User Guide 13-5

apIny) siojeonpg



Educators Guide

Educators Guide

2. If it is not displayed, click the General tab:

Enable these check-
boxes to disallow

Global restrictions

General | Analyzis I

component editing,
to hide Parts Bins,
databases, and “In-

Use” list. \

See “13.4.1.2 Sim-
plified Version” on
page 13-7.

Click here to select a

— Circuit Path

" default path/location to

—1 store circuits.

Dizable databaze editing

— Part Bir
™ Hide Multisim DB
™ Hide User DB

™ Hide In-Use list

™ Hide instruments parts bin

=

~ " Simplified version

% Full version

Paszword | QK I Cancel Help

3. Set your options by enabling the appropriate checkboxes. Select from the following

options:

Circuit path

Sets the default path and location where students find
and save files.

Disable component editing

Ensures that students cannot edit component proper-
ties. Makes the Component editing unavailable and dis-
ables the Tools/Edit Component command.

Hide Multisim DB

Hides the Multisim database and Parts Bins from the
interface.

Hide User DB

Hides the “user” database and Parts Bins from the inter-
face.

Hide Instruments Parts Bin

Makes instruments unavailable to be placed in the cir-
cuit. Hides the Instruments Design Bar button from the
interface, and disables the Simulate/Instruments
command.

Hide In-Use List

Hides the In-Use List

4. Click OK.
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Your options are immediately set for all circuits, unless you have set circuit restrictions. (See

“13.4.2 Setting Circuit Restrictions” on page 13-9.)

13.4.1.2 Simplified Version

The simplified version presents an easier to use Multisim interface for students and instructors
who do not need access to the full set of Multisim functions. The simplified version removes
access to a variety of functions, including post processing, VHDL and/or Verilog, component
editing and some instruments and analyses. The simplified version can also be locked, pre-

venting students from turning it off with Options/Simplified Version and having access to all

analyses and instruments.

» To set up the simplified version:

1. Display the General tab of the Global restrictions screen:

Global restrictions [ %]
General |Analysis|
r— Circuit Path
™ Disable database editing
— Part Bir
Locking a view dis- I Hide Mulisim DB
at.JIes.the Optlo.ns/ B 14 s B
Simplified Version o :
. ™ Hide instruments parts bin
menu option.
™ Hide In-Use list
. v
Enable this box to e i
turn on simplified "z 2plesversen
version.
Enable this box to set Passiard | o | Help
the full version with-

out restrictions.

2. Set your options by enabling the appropriate checkboxes. Select from the following

options:

Simplified Version

Changes the interface display by hiding the design bar and
restricting the available instruments and analyses. If the simplified
version is restricted, it will be greyed out in the Options menu.

Full Version

Displays the Multisim interface without restrictions.
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3. Click OK.

Your options are immediately set for all circuits, unless you have set circuit restrictions. (See

“13.4.2 Setting Circuit Restrictions” on page 13-9.)

13.4.1.3 Global Analyses Restrictions

» To set global analyses restrictions:

1. From the Global restrictions screen, click the Analyses tab:

Global restrictions E

General  Analysiz |

Please, select applicable box to enable the analysis.

[WIAC Analysiz

[w]DC operating point
DC Sweep

[ 1Distortion Analysis

[ 1Fourier Analysiz

[ Monte Carlo

[C1Moise Analysiz

[ 1Moise Figure Analyzis
[ 1Parameter Sweep

[ 1Pole Zero

15 ensitivity

[ Temperature Sweep
[ Trace Width Analysis
[ 1 Transfer Function

[ Transient Analyzis

[ 1Uzer Defined Analysiz
[ I'wforst Caze

Passward | (] 3 I

2. Enable the desired analyses by clicking the appropriate checkboxes (for more information
on analyses, see Chapter 8, “Analyses”.), and click OK. Only the analyses you check will
be enabled on the Simulate/Analyses menu or when the student clicks the Analyses
Design Bar button.

These options are immediately set for all circuits, unless you have set circuit restrictions. (See

“13.4.2 Setting Circuit Restrictions” on page 13-9.)

13-8
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13.4.2 Setting Circuit Restrictions

Use circuit restrictions to set restrictions on individual circuits. Circuit restrictions override
global restrictions. They are saved with your circuit and invoked each time the circuit is
loaded. In addition to hiding Parts Bins and databases and setting available analyses, you can
set a schematic to be read-only, i.e. not editable by students, you can hide components’ values,
faults and uses in analyses, and you can lock subcircuits to make them unavailable for open-

ing by students.

Note Remember that circuit restrictions only apply to the current circuit; i.e. when you cre-
ate a new circuit, only the global restrictions will apply (see “13.4.1 Setting Global
Restrictions” on page 13-5 for details). If you want circuit restrictions to apply to a
new circuit, you will need to reset those restrictions each time you create a new circuit.

» To set general circuit restrictions:

1. Choose Options/Circuit restrictions. If you have created a password, you will be
prompted for it. (See “13.4.3 Setting Passwords for Restrictions” on page 13-11 for more
information.) Enter your password in the Password screen, and click OK. The Circuit

restrictions screen appears.

2. Ifitis not displayed, click the General tab:

The creator of the circuit. (This
information is supplied by the
installation program.)

Enable to set the schematic as
“read-only”.

Enable checkboxes to hide com-
ponent properties and lock subcir-
cuits.

Enable the appropriate check-
boxes to hide desired Parts Bins,
databases, and “In-Use” list.

Multisim 2001 Educator User Guide
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Circuit restrictions E

General | Analyzis I

i~ Circuit creater
Mame:  Richard Smith
Serial #:  388mcB5fc9348n

— Component data

™ Hide component values

™ Hide component analysis tab
™ Hide componert faults

™ Lock subcircuits

— Parts Bin

T——__| I" Hide MultiSIM DE

™ Hide User DB
™ Hide instruments parts bin
™ Hide Inlse list

Passward | (] 3 I

Cancel Help
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3. Set the desired options by enabling the appropriate checkboxes. Select from the following

options:

Schematic read-only

Prevents students from saving the circuit, and hides
Parts Bins. Students will only be able to draw wires
between instruments and an open pin on an existing
connector. Also, they can only remove wires that are
between an instrument and a connector.

Hide component values

I

Marks the Values tab of components’ “properties”
screens with an “X” and hides values. You may wish to
provide false values using labels.

)4

Hide component analysis Hides the Analysis setup tab of components’ “proper-
tab ties” screens.
Hide component faults Marks the Faults tab of components’ “properties”

screens with an “X”, and hides faults.

Lock subcircuits

Prevents students from opening subcircuits and seeing
their contents. Students must measure the input and
output of a hidden subcircuit to determine its contents.

Hide Multisim DB

Hides the Multisim database and Parts Bins from the
current circuit.

Hide User DB

Hides the “user” database and Parts Bins from the cur-
rent circuit.

Hide Instruments Parts Bin

Makes instruments unavailable to be placed on the cir-
cuit. Hides the Instruments Design Bar button and dis-
ables the Simulate/Instruments command for the
current circuit.

Hide “In-Use” list

Hides the “In-Use” list from the current circuit.

4. Click OK. The options you select are immediately invoked in the circuit.

5. To have the restrictions apply each time the circuit is opened, choose File/Save to save the

restrictions in the circuit file.

13-10
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» To set circuit analyses restrictions:

1. From the Circuit restrictions screen, click the Analyses tab:

Circuit restrictions E

General  Analysiz |

Please, select applicable box to enable the analysis.

[WIAC Analysiz

[C10C operating point
[w] Distortion Analysis
[w]Fourier Analysiz

[ Monte Carlo

[w]Moize Analysiz

[ 1Moise Figure Analysis
[w]Parameter Sweep
[w]Pole Zero

[w] S engitivity
[C1Temperature Sweep
[ 1 Transfer Function
[v] Tranzient Analyzis

[ 1Uzer Defined Analysiz
[ 'wforst Caze

Paszword | QK I Cancel | Help |

2. Enable the desired analyses by clicking the appropriate checkboxes (for more information
on analyses, see Chapter 8, “Analyses”), and click OK. Only the analyses you check will
be enabled on the Simulate/Analyses menu or when the student clicks the Simulate
Design Bar button.

3. To have these analyses apply each time the circuit is opened, choose File/Save to save the
restrictions.

13.4.3 Setting Passwords for Restrictions

When using restrictions, you should create a password immediately to ensure that your set-
tings are secure.

» To create/change a password:

1. For global restrictions, choose Options/Global restrictions. For circuit restrictions,
choose Options/Circuit restrictions.
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13-12

2. From the restrictions screen that appears, click Password. The Change Password screen

appears:
Change password E
0ld pazsword:

|
Mew pazsword: I
|

Confirm password:

Cancel |

3. If you are choosing a password for the first time, leave the Old password field blank.
If you are changing a password, enter the old password in the Old password field.

4. Enter your (new) password in the New password field.

5. Confirm your password by entering it again in the Confirm password field.

6. Click OK to return to the Global restrictions screen, or Cancel to begin again.

Note If you want to change global/circuit restrictions, you will need to enter the password
you have assigned in either case. Be sure to keep your passwords written down and in
a safe place, as you will not be able to retrieve them from the program or circuit files,
where they are stored in encrypted form.

Note A circuit password is not automatically transferred to a new circuit when you go to set
circuit restrictions for it, so you will need to recreate the password every time you cre-
ate circuit restrictions that you want to keep secure.

Remote Control/Circuit Sharing

Multisim’s Remote Control/Circuit Sharing module allows you to share a circuit with students
over a network, and to control Multisim running on each others’ PCs.

This module offers a way for you and groups of students to work at a distance with the same
circuit in a laboratory environment, and is useful for demonstrations and examples, allowing
students to see you making changes to the circuit in real time. It can also be very useful for
online tutors trying to assist a student having difficulty at home.

To use Multisim’s Remote Control/Circuit Sharing capability, you must have access to a net-
work or the Internet, and have the free Microsoft application Netmeeting installed. To install a
copy of this product, go to http://www.microsoft.com/netmeeting.
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Once you have established a connection with students, you can:

* send text messages back and forth (in a “chat” mode)

* see and/or talk to the students (if you have the necessary software and hardware to support
audio/video links)

* use an electronic whiteboard to present ideas to students

* send circuit files to students

* control students’ machines, so you can show them the changes you are making to a circuit.

» To use the Remote Control/Design Sharing module:
> 1. Click the Transfer button on the Design Bar.

2. From the list that appears, choose Remote Control/Design Sharing. Netmeeting is
launched.
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Chapter 14
RF

14.1 About this Chapter

This chapter describes the key capabilities included in the RF Design Module. This module is
] part of the Multisim 2001 Power Professional product, and is available as optional for the
Professional Edition.

This chapter contains descriptions of the elements (components, model makers, instruments,
analyses) of Multisim 2001’s RF Design module, as well as a tutorial demonstrating their use
and some specific examples of RF functionality.

14.2 Introduction to the Multisim RF Module

The Multisim RF module is intended to provide fundamental RF circuit design features
needed by engineers to design, analyze and simulate RF circuits.

The Multisim RF module is made up of the following:

* RF-specific components, including customized RF SPICE models

* model makers for creating your own RF models

* two RF-specific instruments (Spectrum Analyzer and Network Analyzer)

» several RF-specific analyses (circuit characterizer, matching network cells, noise figure).
Elements of the RF Design module are fully integrated into Multisim. That is, the instruments,
analyses and components are installed in the same places and invoked in the same way as all
other instruments, analyses and components. You will not see a separate access to the RF
Design Module in Multisim’s interface. Instead, for example, the RF components go into their
own Parts Bin on the component toolbar and the RF instruments are accessed through the
Design Bar’s Instrument button.
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14.3 Components

14.3.1 About RF Components

14-2

Components in the electronics field fall into two categories — “lumped” components and
“distributed” components. Lumped components are smaller than the wavelength, where:
A=<
f

In these cases, the wavelength of the voltages and currents at which they are operating is sig-
nificantly larger than the components themselves. Ohm's Law, in this case, is valid. For exam-
ple, a 1/4 Watt resistor is about 0.270 inch long and 0.090 inch in diameter.

RF components, on the other hand, are most often “distributed elements”, where the phase of
a voltage or current changes significantly over the physical extent of the device, because the
device dimensions are similar to, in some cases even larger than, the wavelength. Standard
circuit theory is therefore not always applicable to circuits that are working at a few MHz to
above GHz.

The usual models for lumped components are often not valid in the RF world. For example, a
capacitor can behave as an inductor or an inductor can behave like a capacitor at high frequen-
cies.

RF components exhibit parasitic effects, and have models different from those used in low
frequencies. Connections between two nodes at high frequencies would exhibit different
behavior from those at low frequencies, and are modeled using capacitances and inductances.
These connections behave as transmission lines when implemented on a Printed Circuit Board
(PCB). The board itself becomes part of the circuit, interfering with the normal circuit func-
tion. That is why low frequency circuit simulation EDA tools can become unreliable at higher
frequencies.

Standard RF components include capacitors, inductors, toroids, ferrite beads, couplers, circu-
lators, transmission lines or striplines, waveguides, and high frequency active devices such as
transistors and diodes. More complex components, such as quadrature hybrids, mixers, filters,
and attenuators, are built using these standard components. This chapter deals with the stan-
dard components and their models in high frequencies.
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14.3.2 Multisim’s RF Components

The RF Design module contains over 100 parts and models specifically built for accuracy at
higher frequencies. This ability to handle higher frequencies helps overcome a typical prob-
lem with SPICE models, which tend to perform poorly at such frequencies.

These parts are found in the Component toolbar near the bottom in the Parts Bin that looks
like this:

RF component tool- RF Parts Bin

bar Parts Bin

You access RF components as you would any other Multisim components. There are several
Component Families in the RF Parts Bin, including: RF capacitors, RF inductors, RF NPN
BJTs, RF PNP BJTs, RF MOSFETs, RF tunnel diodes and RF striplines/waveguides.

Families containing components with wide commercial availability (e.g. RF NPN BJT) have
a large number of components within them. Families containing components that are not
readily available “off-the-shelf” (e.g. RF inductors) contain only a few components. The latter
were modelled using Multisim’s RF Model Makers, explained in “14.3 RF Instruments” on
page 14-10. RF Model Makers are also used to customise your own parts, as explained in
“14.5 RF Model Makers” on page 14-30.

14.3.3 Theoretical Explanation of the RF Models

This section explains some of the scientific theory behind the operation of RF components
and why they must be modelled differently at higher frequencies. You do not need to under-
stand this information to use the RF components in Multisim, but it may be of interest to you.
If it is not of interest, you may proceed to section 14.3 and begin using the RF components
immediately.

Multisim 2001 Educator User Guide 14-3

44d



RF

RF

14-4

14.3.3.1 Striplines/Microstrips/Waveguides

Wires are used to connect two internal nodes on a circuit and show no difference in phase and
magnitude between two connecting nodes. Wires, however, behave differently at RF frequen-
cies depending on their length and diameter. One effect at RF frequencies is called the “skin
effect”, explained below.

A conductor, at low frequencies, utilizes its entire cross-sectional area as a transport medium
for charge carriers. As the frequency is increased, an increased magnetic field at the center of
the conductor presents an impedance to the charge carriers, thus decreasing the current den-
sity at the center of the conductor and increasing it around its perimeter. This effect is called
the “skin effect”, and occurs in all conductors, including resistor leads, capacitor leads, and
inductor leads. As the frequency increases, this effect is more pronounced.

A simple wire connecting two nodes in high frequencies behaves as a transmission line. The
following figure shows the equivalent circuit of a transmission line. There are four compo-
nents. The capacitor is the result of an actual capacitance existing between the center of the
conductor and the ground. Between these two plates is the dielectric, which is not perfect.
This leakage is modeled using conductance G and is given per unit length of line. Also, due to
the resistance of the conductor itself, we have a series resistance R. Its value depends on the
resistivity of the material used, the length, the cross-section of the conductor, and the skin
effects.

Every transmission line has a resistance, called its “characteristic impedance”. Most micro-
wave systems have a characteristic impedance of 50 Ohm. This value is a compromise
between maximum power handling capability and minimum attenuation. At 50 Ohm, there is
a reasonably low attenuation, and adequate power handling capability.

If the outer diameter of the conductor of a coaxial line is shown by “D”, and the inner diame-
ter is shown in “d”, and € is the dielectric constant of the cable, the characteristic impedance is
calculated by the following formula:

138 D
Z, = E log,, (3)
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The components C and L shown in the figure above are calculated as follows:

_ _1.354¢
€ = (/D (PF)/(f1))

~
1}

0- 1404 log,, (D/d) ~ ((RH)/(f1))

A stripline is a useful form of transmission line. The stripline consists of a conducting strip
lying between, and parallel to, two wide conducting planes. The region between the strip and
the planes is filled with a uniform dielectric.

Microstrips are easy to fabricate using photolithographic processes. At the same time that a

transistor is placed on top of the board, for example, a microstrip can also be placed. Micros-
trip is, therefore, easily integrated with other passive and active devices. A conductor of width
W is printed on a thin, grounded dielectric substrate of thickness “d” and relative permittivity

[T

T

A waveguide is a structure, or part of a structure, that causes a wave to propagate in a chosen
direction.

If the waveguide boundaries change direction, the wave is constrained to follow. Waveguides
come in a variety of types: simple parallel plate structure, cylindrical structures with conduct-
ing boundaries, rectangular waveguides, and circular waveguides. A transmission line or a
stripline is a special case of waveguide.

14.3.3.2 RF Resistors

Resistors find many applications as terminators or attenuators. The equivalent circuit of a
resistor at radio frequency is shown in the following figure. The inductor is calculated using
the physical geometry of the resistor.

]

L = 00021 [2.3 10g(% - 0.75 )} (LH)

[ = length of wire in cm

d = diameter in cm
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14.3.3.3 RF Capacitors

Capacitors are used for interstage coupling, for bypassing, in resonant circuits, and in filters.
RF capacitors must be chosen carefully to ensure the best performance for specific applica-
tions. RF capacitors consist of two metal plates separated by a dielectric. The capacitance of
an ideal capacitor has a direct relationship with the area (A), and is proportional inversely to
the thickness of the dielectric (d). Its relationship is expressed in the following formula, where
¢ is the dielectric constant of the dielectric material.

A
C=c¢ p
The actual capacitor shows imperfection. One type of capacitor is modeled as shown in the

following figure.

Rz
e e

In order to find the numerical values of the ideal elements in the model above, we need to con-
sider a number of factors.

Let ¢ represent the phase of current compared to the voltage. This phase is ideally 90, but is
smaller for real components. The power factor (PF) is defined as COS (¢). This factor is a
function of temperature, frequency, and the dielectric material. The power factor is usually
used to describe the capacitor in low frequencies.

This factor in higher frequencies is sometimes referred to as the dissipation factor. This factor
describes how much power is dissipated, lost, or transformed to heat energy in RF frequen-
cies. Another factor that defines the quality of the capacitor is closely related to power factor
and is called Q factor. This factor is the reciprocal of dissipation factor. The larger the Q, the
better the capacitor.

No dielectric material is perfect. Therefore, there is always leakage current between two
plates. This behavior is best described by Rp which is usually around 100,000 MOhm. The
series resistor is the AC resistance of the capacitor in high frequencies, and is obtained using
COS (¢)/Cw * 1e6. Here, ® =2*pi*f.

There is a frequency point above which the capacitor starts to behave like an inductor.
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14.3.3.4 RF Inductors

Inductors are extensively used in resonant circuits, filters, and matching networks. The fol-
lowing figure shows a typical inductor modeled for RF frequencies. An inductor is a wire
wound or coiled. Each two windings are at close proximity, which creates a distributed capac-
itor, Cd. The inductor would behave like a capacitor at high frequencies. There is always a
series resistance which prevents the coil from resonating. The ratio of an inductor's reactance
to its series resistance is often used as a measure of the quality of the inductor. The larger the
ratio, the better the inductor is.

14.3.3.5 Active Devices

In low frequencies, active devices are modeled using a number of ideal components such as
resistors and capacitors. In high frequencies, each of these ideal components should be
replaced by its equivalent, as discussed earlier. For example, a resistor should be replaced by a
resistor in series with an inductor. Some simplifications would reduce redundant components.
Two inductors in series, for example, can be replaced by one inductor. A typical equivalent
circuit of RF transistor is shown in the following figures.

Ly Mob Curc Le
Che L e - c L Cee
b'e
ImVoe
Re
Le
E
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The cutoff frequency f,. can be derived from the equivalent circuit and is inversely propor-
tional to the transit time T:

f _ Em _ 1 _ Vs
¢ 2rnC; 2 T, 2nLg

where L, is the effective length of the gate, and vy is the saturation velocity that electrons
travel.
Active components included in Multisim are RE_BJT_NPN, RF_BJT_PNP,

RF_MOS_3TDN, and tunnel diode. See Appendix M, “RF Components” for information on
these components.
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14.4 RF Instruments

Multisim’s RF Design module provides two key instruments for successful RF circuit design
and analysis: the Spectrum Analyzer and the Network Analyzer.

14.4.1 Spectrum Analyzer

14.4.1.1 About the Spectrum Analyzer

The spectrum analyzer is used to measure amplitude versus frequency. This instrument is
capable of measuring a signal's power and frequency components, and helps determine the
existence of harmonics in the signal.

One area that has an interest in spectrum measurement is communications. For example, cel-
lular radio systems must be checked for harmonics of the carrier signal that might interfere
with other RF systems. Other interesting applications of spectrum analysis are distortions of
the message modulated onto a carrier.

The spectrum analyzer displays its measurements in the frequency domain rather than the
time domain. Usually the reference frame in signal analysis is time. In that case, an oscillo-
scope is used to show the instantaneous value as a function of time. Sometimes a sine wave-
form is expected but the signal, rather than being a pure sinusoidal, has a harmonic on it. As a
result, it is not possible to measure the waveform’s level. If the same signal were displayed on
a spectrum analyzer, its amplitude would be displayed, but so would its frequency compo-
nents, that is, its fundamental frequency and any harmonics it may contain.

Time domain measurements such as rise and fall times, pulse width, repetition rates, delays,
etc., cannot be easily obtained in frequency domain measurements. Therefore, both tech-
niques are important.

14.4.1.2 Using Multisim’s Spectrum Analyzer

The spectrum analyzer in Multisim does not generate the noise one normally expects in a real
spectrum analyzer. In reality, the noise generated by the spectrum analyzer itself (due to the
random electron motion through the various circuit elements of an analyzer) is amplified by
the various gain stages in the analyzer, and ultimately appears on the CRT as a noise signal
below which measurement cannot be made. With Multisim’s spectrum analyzer, no additional
noise is introduced by the instrument itself.

A number of parameters characterize a spectrum analyzer:

» frequency range in which the instrument operates
» frequency spans
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» reference level
* measurement range.
These are all represented on the Multisim spectrum analyzer, and must be set manually.

Spectrum Analyzer-X5A1 x|
- —Span Control
I Set Span | Zero Span I Full Span I
f-start and f-end - e i
it dB | dB I Li
can be set manu-~S3 S g e
ally. Span | 100 [kHz | Range [ 2 D
Start |1 kHz Ref. ID.D dB
Center | 51 KHz Rezolution Frequency
LEnd  [101 khe | 1 [khe
(— Contrals
Start II Stop Triger Set...I Display-RefI
Input Trigger

14.4.1.3 Frequency Range

Frequency range is the range of frequencies over which the spectrum analyzer will analyze
signals. There are two frequencies that you manually set: f-start (minimum value 1kHz) is
entered in the Start field and f-end (maximum value of 4 Ghz) is entered in the End field.
Zero frequency is not allowed for any of the frequency settings.

14.4.1.4 Frequency Spans

This parameter indicates the following frequency range to be displayed:

~ %pan Control

I Set Span | Zero Span I Full Span I

» If Full Span is selected, the entire instrument range, which is 1kHz to 4GHz, is displayed.

» If Zero Span is selected, a single frequency defined by the Center field is displayed.

» If Set span is selected, the frequency span is determined using either span control or fre-
quency control, as explained in “14.3.1.5 Frequency Analysis” on page 14-12.

14.4.1.5 Frequency Analysis

There are two methods to select the frequency range:

e span control
» frequency control.
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Span Control

This technique sets the span and the center frequencies, i.e., f-center and f-span.

To set the span and the center frequencies, click Enter (in the Frequency area of the instru-
ment’s display) to automatically calculate the values of f-start and f-end using the following
expressions:

f-start = (f-center - f-span/2)
f-end = (f-center + f-span/2)

Frequency Control

You can define the starting and ending frequencies manually. In order to do this, you need to
enter the numerical values of frequencies in the Frequency area of the screen. Their values
should be non-zero values. When Enter is clicked, the center frequency (f-center) and the
range of frequency displayed on the spectrum analyzer (f-span) are calculated automatically.
The relationship among these parameters is expressed as follows:
f-center = (f-start + f-end)/2
f-span = (f-end - f-start)
Frequency ————
Eniter I
T N

stat |1 KHz
Center | 51 KHz
End [101 KHz

These two techniques are interrelated, that is, it is not possible to set all four parameters inde-
pendently. Both techniques are useful. For example, if you want to see frequency components
around one specific frequency such as100 Mhz +/- 100kHz, then the frequency control tech-
nique is easier to apply. The center frequency, in this example, is 100 Mhz, and the span is
2*(100kHz) = 200 kHz.
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14.4.1.6 Amplitude Range

— Amplitude
T
Range I 2 Wi
Ref. I oo dB

You can set the amplitude range of the signal visible on the screen by choosing one of the fol-
lowing three options:

* dB - This option stands for 20*1og10(V), where log10 is the logarithm in base 10, and V is
the amplitude of the signal. When this option is used, the signal is displayed by “dB per
division”, shown in the right-hand side of the spectrum analyzer. The dB reading is of
interest when measuring the power of the signal.

* dBm - This option stands for 10*1log10(V/0.775). Zero dBm is the power dissipated in a
600 Ohm resistor when the voltage across it is 0.775 V. This power is equal to 1 mW. If
the level of a signal is +10 dBm, it means that its power is 10 mW. When this option is
used, the signal power is displayed based on the reference of 0 dBm. For applications in
which the terminating resistor is 600 Ohm, such as in telephone lines, it is more conve-
nient to read dBm as it is directly proportional to the power dissipation. However, in dB,
you need to include the value of the resistor to find the dissipated power in the resistor. In
dBm, the value of the resistor has been accounted for already.

* LIN - This option selects a linear display of the signal. To change the maximum amplitude
displayed on the screen, enter a voltage value in the Range field.

14.4.1.7 Reference Level

The reference level is used to set the range of the input signal that can be displayed on the
screen.

The axes of the spectrum analyzer are not marked by units and values. You can read the fre-
quency and the amplitude of each point displayed on the screen by using the cursor. When the
cursor is moved and placed on the point of interest, the frequency and the amplitude in V, dB,
or dBm are displayed at the right-lower part of the analyzer.

You can observe more than one frequency and evaluate the results for the entire frequency
range shown. You may want to know when the amplitude (in dB or dBm) of some compo-
nents is above a certain limit in dB or dBm. For example, say you were interested in the (-
3dB) amplitude. By locating (-3dB) points you can estimate the bandwidth of the amplifier.
By clicking Display-Ref, you can set the reference level to (-3dB) and, using the cursor at the
same time, you can find the lower edge and upper edge of the pass band.
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You can also find out whether the amplitude of the signal is less than a certain value for a cer-
tain band of frequency. To do this, observe signals on the spectrum analyzer, and use the refer-
ence button. The maximum reference value in dB is set to (+30 dB). Display-Ref is available
only if either dB or dBm are activated.

14.4.1.8 Frequency Resolution

The frequency resolution is initially set to a minimum value of A f = f_end/1024. However,
you can change it to a greater value and observe the spectrum. You need to select the fre-
quency resolution so that the frequencies are integer multiples of frequency resolutions.

Note For an accurate reading, the frequency components should not be below A f.

14.4.1.9 Examples

Example 1

The following figure shows a mixer, which is often used in communications applications.

w1 3

W2
0% 1.2MHz
% 0.8MHz

IS |

There are two input sinusoidal waveforms. Their frequencies are 0.8 MHz and 1.2 MHz. The
amplitudes are set at 8 V and 10 V, respectively. Note that the amplitude is the peak value of

the sinusoidal waveform—it is not the RMS value of the waveform. The mixer is set to multi-
ply the signals with unity gain without introducing an offset in either of the input signals. You
can expect to find two components at the output placed at (1.2+0.8) =2 MHz, and (1.2 - 0.8)

=0.4 MHz.

» If you want to try this example for yourself, do the following:
1. Construct the network as shown above.

2. Double click on the multiplier and set the gains to 1 and the offsets to zeros.

Multisim 2001 Educator User Guide 14-13

44d



RF

RF

14-14

3. Double-click on the spectrum analyzer and initialize it using one start and end frequencies
(example 3 in this chapter shows another way to initialize the spectrum analyzer).

¢ Set Span to 3MHz and Center to 1.8MHz.

* Click Enter. The frequency value of f-start is automatically set to (1.8MHz - 3/2 MHz)
=300 kHz. The frequency value of f-end is automatically set to (1.8MHz + 3/2 MHz)
=3.3MHz.

* Since the amplitude of the component is around (8*%10)/2 = 40V, set the amplitude
range to 100 V in “LIN” mode.

4. Run the simulator.

5. Double-click on the spectrum analyzer.
6. Click Start and wait until the signal stabilizes

The spectrum analyzer starts performing the Fourier Transform of the input signal in time
domain. However, since it begins with only a few samples, it does not provide accurate results
initially. You must wait until the screen is refreshed a few times to obtain accurate readings of
the frequency components and their magnitudes. At this time, the internal frequency resolu-
tion is equal to the user-defined frequency resolution. Both of these values are shown on the
device. Using the cursor on the screen, you can read the amplitude and frequency of each
component. In the example, the readings are the same as the calculated values, that is, two fre-
quency components at 2MHz and 0.4 MHz, with 40 V magnitude.

Example 2

In order to run another example, you need to choose Run and stop the simulation running for
the previous example. The second example has the same circuit structure, as shown below.

. : ¥ ’—‘—\x A1

10 1.2MH vz
P Iz
2% 0.8MHz TR 1Y

IS |

5
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However, DC offsets (1 V) to the input and the output signals are introduced. Due to the off-
sets, you will have components at DC, as well as 0.8 MHz and 1.2 MHz. The spectrum ana-
lyzer shows the components and their amplitude on the screen if the same setting used in the
previous example is also used here.

Example 3

This example considers an active device that works in saturation. This structure is shown
below:

250k0hm

a1 3
I * |: BFR106 2
0.1v ZhiHe 3
1uF 1TOhm

2 W3
0. 1% dMHz

1

» To initialize the spectrum analyzer:
1. Double-click on the spectrum analyzer.
2. Set Start to 1kHz and End to 11MHz.

3. Click Enter. The frequency value of f-span is (11MHz - 1kHz) = 10.999kHz. The fre-
quency value of f-center is (11MHz + 1kHz)/2 = 5.5005 MHz.

4. Set the range to 2 dB/division, and set the reference to 4 dB to demonstrate the application
of reference dB level.

The frequency values of f-start and f-end are set so that the frequency components of interest
are captured and their magnitudes can be studied. Using the spectrum analyzer, you can verify
that there are more than two frequency components present at the output node. There are three
components above 4 dB—zero frequency, 2MHz, and 4 MHz. Other frequency components
are at higher frequencies and have dB level less than 4 dB.
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14.4.2.1 About the Network Analyzer

The network analyzer is used to measure the scattering parameters (or S-parameters) of a cir-
cuit, commonly used to characterize a circuit intended to operate at higher frequencies. These
S-parameters are used for a variety of purposes, including in Multisim RF analyses. The net-
work analyzer also calculates H, Y, Z parameters.

14.4.2.2 Using the Network Analyzer

The circuit is idealized as a two-port network. To properly use the network analyzer, the cir-
cuit must be left open at its input and output ports. During simulation the network analyzer
completes the circuit being analyzed by inserting its sub-circuits. You need to remove these
sub-circuits from the circuit before performing other analysis and simulation.

When you start simulation, the network analyzer automatically executes two AC analyses.
The first AC analysis is applied at the input port to compute the forward parameters S11 and
S21. The second analysis is applied at the output port to compute the reverse parameters S22
and S12. After the S-parameters are determined, you can use the network analyzer to view the
data in many ways and perform further analyses based on the data.
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Marker and cir-
cuit information

Chart display

Metwork analyzer-<XNA1 [ x|

I 511 Sl

=2 g2

—Fommat —————————————————

Parmete [ P (=]
Smith Mag
Polar Re/lm |

[Seale | Auto Seale| et up|

Select an
appropriate
I~ representa-
tion for the
data.

Show or hide
individual
traces.

Select a differ-
ent set of
parameters to
be displayed
on the chart.

Work with net-

work analyzer

Select a mode of operation.

The display of the network analyzer is divided into two regions:

data.

* The left region contains a chart display area and a text display area that shows marker and
circuit information.
* The right region contains the controls for the network analyzer.

14.4.2.3 Marker Controls

Select from the Marker drop-down list how you want data represented:

* Real/Imaginary
* Magnitude/Phase
* dB (Magnitude)/Phase.
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Use the scroll bar below the list to step through each data point acquired for the circuit. Ini-
tially, the frequency points are selected in decade. The default frequency sweep range is
between 1 MHz and 10 GHz. You can also use the PAGE UP and PAGE DOWN keyboard keys
to navigate the data set.

14.4.2.4 Trace Controls

Use the Trace buttons to show and hide each individual trace on the chart. When the network
analyzer is opened, S11 and S22 are shown in the trace area. The trace buttons change
depending on what parameter or analysis is being looked at. The possible sets in “Measure-
ment” mode are {S11, S12, S21, S22}, {Z11, 212,721, Z22}, {H11, H12, H21, H22}, {Y11,
Y12,Y21, Y22}, {K, IAl}. The possible sets in “RF Characterizer” mode are {P.G., T.P.G.,
A.P.G.}, {V.G.}, and {Zin, Zout}. For more about these modes, see “14.3.2.7 Mode Con-
trols” on page 14-21.

14.4.2.5 Format Controls

Parameter Options

Select the set of parameters to be displayed on the chart. The parameters available depend on
the network analyzer’s mode. In “Measurement” mode, you can choose from S-, Y-, H-, Z-
parameters, and stability factors K and IAl. In “RF Characterizer” mode, select from Power
gains, Voltage gains, and Impedances.

Format Buttons

Use these buttons to display data using different chart formats. The formats available depend
on the selected parameter group.

Use the Scale button to change the scaling of the current chart. Only Polar plot, Real/Imagi-
nary plot and Magnitude/Phase plot can be changed.

Use the Auto Scale button to automatically scale the data so that it can be displayed within
the current chart.

Use the Setup button to change the various display properties of the network analyzer.

14.4.2.6 Data Controls

Use the Save button to save the current S-parameter data set to file.

Use the Load button to load a previously saved S-parameter data set into the network ana-
lyzer. Once the data is loaded, you can use all the functions provided by the network analyzer
to view and analyze the data. The saved S-parameter file has the file extension . sp.

Electronics Workbench



RF Analyses

Use the Exp button to export the data set of the selected parameter group to a text file. For
example, if the selected parameter group is Z-parameters displayed in magnitude/phase chart
format, Z-parameters will be exported, and their values will be in magnitude/phase format.

Use the Print button to print the selected chart.

14.4.2.7 Mode Controls

From the Mode drop-down list, select the network analyzer mode:

* measurement mode, which provides the parameters in different formats

* RF Characterizer mode, which provides the power gains, voltage gains, and impedances
seen from input and output ports

* “Match Net. designer” mode, which opens a new window, explained in “14.4.2 Matching
Network Analysis” on page 14-23.

Use the first of the above choices to use the Network analyzer to perform measurement (its
normal application). Use the second and third options to access the two RF analyses explained
in “14.4 RF Analyses” on page 14-21.

Use the Setup button to enter the measurement settings for computing the circuit’s S-parame-
ters.

14.5 RF Analyses

14.5.1 RF Characterizer Analysis

Multisim’s RF characterizer analysis tool helps designers study RF circuits in terms of the
power gains, voltage gain, and input/output impedances. A typical application is an RF ampli-
fier. The source signal at the input of an amplifier is usually provided by a receiver and its
power is relatively small. The RF designer often intends to magnify the input signal and pro-
vide an output signal in terms of both voltage and current: i.e., the output power delivered to
the load is considerably higher than that of the input signal. That is why the power transfer-
ability of the designed circuit is of interest. The power gains in Multisim are calculated by
assuming that source and load impedances are 50 Ohm. You can change these values by click-
ing the Setup button next to the Mode drop-down list to specify that the RF simulator
assumes

Zl=ZoandZs=ZoorI's=T1=0.

Another aspect of a circuit is the input and output impedances of the amplifier. An RF ampli-
fier usually has more than one stage of amplification. Each stage of the amplifier is loaded by
the input port of the next stage.
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The loading effect is best understood by studying the input/output impedances. Most engi-
neers would like to design an amplifier which has maximum input impedance in low RF fre-
quencies, to reduce its loading effect on previous stage. On the other hand, the smaller the
output impedance is, the better the output signal would be delivered. In higher RF frequen-
cies, it is desirable to have an output impedance matching that of the load to minimize the
reflection of signals. The Multisim RF characterizer analysis toolbox helps designers to study
these impedances and choose the most appropriate frequency of operation.

To use the simulator in order to read the desired variable:

1. Connect the network analyzer to the amplifier.

2. Run the simulator. Ignore the DC warnings and wait until the AC analyses are complete.
3. Double click on the network analyzer.
4

. At the bottom of the right side of the control panel of the network analyzer, select “RF
characterizer” from the Mode drop-down list.

5. Under the Trace options, set the desired variable, from among T.G., A.P.G., and T.P.G.
While the curves are plotted versus frequency, the numerical values are displayed at the
top of curves for each frequency point.

6. From the Parameter drop-down list, select “Gains”. Here, the voltage gain (V.G>) is plot-
ted versus frequency and its value is given at the top of the curve.

Note Use Auto Scale each time you change the parameters to get a better reading.

7. In the Parameter drop-down list, select “Impedances”. The input/output impedances are
provided in the form of a curve as well as printed out at the top of the curves.

8. Use the frequency scroll bar to select the desired frequency for a specific variable.

Power Gains

The Multisim RF Simulator calculates the General Power Gain (PG), Available Power Gain
(APG) and Transducer Power Gain (TPG) for Zo = 500hm at a given frequency. The dBMag
is derived as 10log () |PGI.

PG is defined as the ratio of the power delivered to the load and the average power delivered
to the network from the input, and is given as PG = |1S21 PA1-1S1112).

The Transducer Power Gain, TPG is the ratio of the power delivered to the load to the power
available from the source. For Gs = GL= 0, TPG = |S21| 2

The Available Power Gain, APG is the ratio of the power available from the output port of the
network to the power available from the source and it is expressed as

2 2
APG =1IS211 /(1-18221 )
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Voltage Gain
Voltage Gain, VG, is obtained for I's = I'; = 0 and is expressed as VG = S21/1 + S11).

Voltage Gain expressed in dBMag is calculated as 20log ;, IVGI.

If you observe the time domain signals of the input and output while the transistors are operat-
ing in the linear region, you find that the amplitude of the output voltage signal (when 50
Ohm load and source impedances are used) to the amplitude of the input voltage signal is the
same as V.G. given by Multisim. Note, however, that V.G. is calculated using S-parameters.

Input/Output Impedances

These values are calculated assuming I's = I'; = 0. For this condition, we have:
Zin= (1 + Tin)/(1-Tin) where Tin=SI11 and
Zout= (1 + Tout)/(1-Tout) where Tout = S22.

One must note that these values are normalized. The simulator prints denormalized values of
Zin and Zout.

14.5.2 Matching Network Analysis

While designing RF amplifiers using Multisim, RF engineers need to analyze and, if neces-
sary, modify circuit behavior. The Matching Network Analysis provides three options for ana-
lyzing circuit behavior:

» Stability circles

* Unilateral gain circles

* Impedance matching.

These options are described in detail in this section. Depending on the application, one or
more of the options is used. For example, to design oscillators only stability circles are used.
On the other hand, to match an unconditionally stable circuit, the simulator first analyzes the
stability properties of the circuit then uses automatic impedance matching.

The three options are accessed from the Match Net. Designer window.
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» To open the Match Net. Designer window:
1. Double-click the Network Analyzer on the circuit window.

2. From the Mode drop-down list, select “Match Net. Designer”. The Match Net. Designer
screen appears:

Match Het. Designer [ %]

| Impedance katching I Unilateral Gain Circles I

Stability Factor

Dela 09828 /-14.752 Mag / Ph

K [i.oooa

Stahility  [Linconditionally stable

[1-0000 = L T HER

Stability Circles
Stability circles are used to analyze the stability of a circuit at different frequency points.

In an ideal design, when an input signal is delivered to the input port of a two-port network,
the entire source signal is delivered without any loss. In practice, however, part of the input
signal bounces back to the source. Then, when the amplified signal is delivered to the load
impedance, part of this signal bounces back to the output port of the amplifier. The amplifier,
if it is not unilateral, transfers the reflected wave back to the source impedance. A circuit is
considered unstable if the signal reflected is equal to the signal delivered in either the input or
the output port.

An RF engineer aims to minimize this “bounce” effect and deliver maximum signal to the
load. The stability circles in the network analyzer help achieve this goal.

» To perform the analysis:

1. Connect the biased amplifier to the network analyzer using two series capacitors (usually
100 F). The values of these capacitors are selected to minimize the numerical errors. In
practice, however, two capacitors must be used to isolate the amplifier from the pre- and
post-stage amplifiers in DC mode. Note that the impedance of these capacitors should not
contribute to the attenuation of the input or output signal. The impedance of a capacitor is
frequency dependant and is calculated using X_c = 1/(jwC) where “w” is (2*pi*f).
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2. To activate the network analyzer, click the Simulate button on the Design Bar and choose
Run/Stop from the pop-up menu. Wait until the AC-analyses are complete. Ignore the
warning for DC-analysis.

Double-click on the Network Analyzer icon on the circuit window.
From the Mode drop-down list select “Match Net. Designer.”
From the Match Net. Designer screen, click the Stability Circles tab.

AN

Select the desired operating frequency from the field in the lower left corner of the screen,
and click OK.

The result is a Smith Chart showing an input stability circle and an output stability circle. A
stability circle represents the boundary between the values of source or load impedance that
cause instability and those that do not. The perimeter of the circle thus represents the locus of
points which forces K=1. Note that either the inside or the outside of the circle may represent
an unstable region. Unstable regions are hashed on the Smith Chart.

There are three possible scenarios on the Smith Chart, as described below:

* None of the Smith Chart is hashed In this case the circuit is said to be “unconditionally
stable”, meaning that any area of the Smith Chart represents a valid passive source or load
impedance. The designer can, then, select the input or output impedances using other cri-
teria (such as gain or noise criteria).

* Parts of the Smith Chart are hashed In this case the circuit is “potentially unstable”,
meaning it is possible to select passive input or output impedance and still maintain the
stability of the circuit. An input impedance should fall outside the hashed area of the input
stability circle to achieve stability at the input port, while an output impedance should be
selected outside the output stability circle to achieve stability at the output port.

* The entire Smith Chart is hashed In this case, the circuit is unstable regardless of input
or output impedances. The designer has a number of options to achieve stability, including
changing the frequency of operation, changing the DC biasing of the transistor, changing
the transistor itself, or changing the entire structure of the amplifier.

In addition to stability circles, there are two numerical values printed on the “Match Net.
Designer” screen. They are A and “K”. The design is unconditionally stable if (IAl < 1) and
K>1. For K<1, for example, the circuit is potentially unstable, and will most likely oscillate
with certain combinations of source or load impedance.
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Unilateral Gain Circles

This option is used to analyze the unilateral property of a circuit. A transistor is said to be uni-
lateral when there is no “bounce” effect, meaning the signal reflected from the output port to
the input port is zero. This occurs if the reverse transmission coefficient, S;, or the reverse

transducer power gain, |812I2 is equal to 0. This means that the input section of the amplifier

is completely isolated from the output section. (Note that passive networks are usually not
unilateral.)

The unilateral property of a network is determined by calculating the “Unilateral Figure of
Merit” (U). If necessary, the frequency can be adjusted to improve the unilateral property.

To calculate the “Unilateral Figure of Merit”:

1. From the Match Net. Designer screen click the Unilateral Gain Circles tab.

2. Read the value of “U” or the “Unilateral Figure of Merit”.

3. Calculate the upper and lower limits of the following inequality using “U”.
1/(1 +U) 2 < Gp/Grpy < 1/(1-U) 2
where, G — transducer power gain, is defined as the ratio of the output power delivered
to a load by a source and the maximum power available from the source, and Gy repre-

sents the transducer power gain assuming unilateral property (S12=0) for the network.
You need not calculate GT or GTU since only the limits are of interest here. If the limits
are close to one, or “U” is close to zero, the effect of S12 is small enough to assume unilat-
eral property for the amplifier. If it is not, go to the next step.

4. Change the frequency so that the minimum “U” is read. This frequency suggests an oper-
ating point for the amplifier where the unilateral property is best met.

Note The operating frequency to achieve the best unilateral property for the amplifier does
not necessarily coincide with the maximum gain for the circuit. The unilateral gain cir-
cles are developed to identify the best load and source impedances to minimize the
error due to unilateral assumption and maintain a satisfactory level of gain. The gain
circles are also used for a trade off between the gain and the bandwidth.

Wide Band Amplifier

To design a wide band amplifier, first find the maximum gain delivered by the circuit:
1. Double-click the network analyzer icon on the circuit window.

From the Mode drop-down list, select “RF characterizer”.

Read the value of TPG (transducer power gain or Gr). This value is printed in dB.

From the Mode drop-down list, select “Match Net. Designer”.

wok »D

From the Match Net. Designer screen, click the Unilateral Gain Circles tab.
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6. Change the value of Gs and Gl manually and individually until the circles become a dot on
the Smith Chart.

7. Calculate the maximum transferable power.
Gmax = Gs (dB) + TPG (dB) + GI(dB)
The maximum gain is achieved only for a narrow band. Since the slightest change in the cir-

cuit component would change its performance, the maximum gain is not achievable in reality.
For a wider band of frequency, use a gain of less than the maximum.

» Knowing the level of gain you want to achieve, select input and output impedances:
1. Select the desired gain (should be less than the maximum gain calculated above).
2. Choose Gs and Gl so that these three conditions are met:

* Gs+GTU + Gl < Gmax
* Gs < Gsmax
* Gl < Glmax.

3. Enter the selected values for Gs and GI and observe the circles. Select points on the circles
closest to the center of the Smith Chart. These points are shown on the Smith Chart and
circles by two triangles. The circle for Gl = 0 dB always passes through the center. There-
fore, the best point of the Gl to produce Gl =0 dB.

Any point selected on the Smith Chart is a normalized point. These points provide the imped-
ances for the input and output ports that you then design manually.

Note To ensure these points will not cause instability, we recommend you follow the
instructions in *“ Stability Circles” on page 14-24. If the amplifier is “unconditionally
stable”, it would be stable for any passive load or source network, so you need not
check stability circles in this case.

Impedance Matching

Occasionally, a design is considered “unconditionally stable”, meaning the amplifier does not
oscillate in the presence of any passive load or source impedance. In this case, you can use the
impedance matching option to automatically modify the structure of an RF amplifier to
achieve maximum gain impedance.

To deliver maximum power, a circuit must match at both its input and output ports. In other
words, there needs to be maximum matching between the output of the amplifier and the out-
put impedance, and the input of the amplifier and the source impedance. There are eight pos-
sible structures for each port, although only a few of these provide complete matching.

» To use impedance matching to find a matching network:

1. Connect the network analyzer to your amplifier as described in “ Stability Circles” on
page 14-24. Do not forget the capacitors in order to prevent DC loading of the network
analyzer.
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Run the simulation.

Double-click the network analyzer icon.

From the Mode drop-down list, select “Match Net. Designer”.

On the Match Net. Design screen, click the Impedance Matching tab.
Change the frequency to the desired operating point.

Enable Auto Match.

N kv

The instrument provides the structure as well the numerical values of components. You can
click on the left and right sides of the Impedance Matching window and change the structure.
However, only a few of the eight structures can provide matching.

14.5.3 Noise Figure Analysis

14-26

A measure of signal quality is its signal/noise ratio. Noise accompanies any signal at the input
to a two-part device such as an amplifier or attenuator. Designers are interested to know how
much noise is added to the output signal of a two-part network since these networks contrib-
ute to the output noise. Passive components (i.e. resistors) add Johnson noise while active
components add shot or flicker noise. A measure of this signal/noise degradation is given by
the noise figure:
o Ss/Ns

So/N,

where S¢/Nj is the input signal to noise ratio and S,/N, is the output signal to noise ratio.

Multisim calculates the noise figure using the equation:
_ Yo
GNy
where N, is the output noise power (which includes the noise due to two-part network and the

magnified input noise) Ny is the thermal noise of the source resistor (this resistor generates

noise equal to the output noise of the previous stage), and G is the AC gain of the circuit (the
ratio of the output signal to the input signal of the two-part network). Note that the bandwidth
of the signal has been considered in source resistor.

Finally, Multisim prints the Noise Figure in dB, that is 10 log;( (F).
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14.5.3.1 Noise Figure Analysis Tabs

Just as for other Multisim analyses, you need to fill in the appropriate fields from the Analysis
Parameters tab.

Analysis parameters are shown below:

Moize Figure Analysis.__ x|
Analysis Parameters | Mizcellaneous Dptionsl Summaryl
Choose an input source. -
\lnput noize reference source IW‘I j Change Filter
Ouput node |5 j Change Filter
Feference node ID j Change Filker

Enter temperature in degrees

Kelvin. \ Frequency IE
Temperature |3DD-‘I 3 Kelvin

Drescription

| Simulate I | Accept I | Cancel I | Help I

Setting Noise Figure Analysis Parameters for Normal Use

For normal use, you only need to:

select an input source from the Input noise reference source drop-down list

select an output node from the Output node drop-down list

select a reference node from the Reference node drop-down list

enter a value in the Frequency field

enter a value in the Temperature field. The default setting of 300.15 degrees Kelvin is
equivalent to 27 degrees Celsius.

You can filter the variables displayed to include internal nodes (such as nodes inside a BJT
model or inside a SPICE subcircuits), open pins, as well as output variables from any sub-
modules contained in the circuit.
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» To filter the variables displayed:
1. Click the Change Filter button. The Filter Nodes screen appears.

Filter nodes x|

[™ Display internal nodes

™ Display submodules Cancel |

[™ Display open pins

2. Enable one or more settings.
3. Click OK.

14.6 RF Model Makers

As with the other Multisim Model Makers, RF Model Makers automatically simulate models
based on the input you provide. Whereas input for other model makers usually comes from
data books, RF Model Makers can also receive other types of input, such as operating charac-
teristics or physical dimensions, depending on the type of components you are modelling.

Multisim has RF Model Makers for the following types of components:
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14.6.1 Waveguide

For Waveguide models, enter values in the two tabs shown below. Use the following diagram
for assistance in identifying the values:

Central strip

Slot width width

Conductor

thickness — ——_ ¢

Relative dielectric
constant (g,)

Dielectric thickness

\ Conductor

length
<Waveguide Model> B <Waveguide Model> [ %]
General, Electrical Characteristics | Linear Dimensionsl General, Electrical Characteristics  Linear Dimensions |
— General —waveguide Linear Dimension
Mame of the Model Builder I
RE | Bt limah E
onductor lengl 2 T
Device Name ISAMF’LE_
MOTE: Preset values are provided for a
sample waveguide Central strip width |1 mm
— “Waveguide Electrical Charactenistics———————————————
Slat width |2 mm
Relative diglectric constant IS-8
i |2 . .
Dypcelig i =y iz Dielectric thickness 1.27 mm
Fiesistivity I‘I 7.08 nOhmm
(P— T Conductor thickness ID.DDS mm

o]

[yl
[
=
=}
o

| Help ak. I Cancel | Help
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14.6.2 Microstrip Line

For the Generic Microstrip Line models, enter values in the two tabs shown below. Use the
following diagram for assistance in identifying the values:

Conductor
thickness
Relative dielectric
constant (g,)
Dielectric
thickness

General, Electrical Characteristics | Linear Dimensionsl

—E |
General

Mame of the Model Builder
[optional)

Object of simulation SamMPLE_

A

MOTE: Preset values are provided for a
zample generic microstrip line

r— Microstrip Line Electrical Charactenistics——————————————

Relative diglectric constant

11

Operating frequency GHz
Fiesistivity 24.4 nOhmm
Logs tangent 0.002

o]

| Help

[yl
[
=
=}
o

Conductor
width
Conductor
length
<Microstrip Line Model> [ %]
General, Electrical Characteristics  Linear Dimensions |
— Microstrip Line Linear Dimengions———————————————————
Conductar length Im mm
Conductor width ID.B mm
Dielectric thickness ID.835 mm
Conductor thickness ID.DDS mm
QK I Cancel | Help
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14.6.3 Open End Microstrip Line

For Open End Microstrip models, enter values on the following tabs:

<0pen End Microstrip Line Model> E <0pen End Microstrip Line Model> E

General, Electical Characteristics | Lirear Dimensionsl General, Electical Characteristics  Linear Dimensions |

— General r Microstip Linear Dimension

Conductar length I mm

Mame of the Model Builder
[optional)

Device Mame SAMPLE_

A

MOTE: Preset values are provided for a sample
generic microstip line with an open end Comductar width I -

r— Microstrip Line Electrical Characteristics

[20]
0E
Conductor thickness ID.DDS mm

Relative diglectric constant IS-8
Dielectric thickness ID.835 mm
Operating frequency |2 GHz
Fiesistivity 24.4 nOhmm
Logs tangent 0.002

oK I | Help Ok I Cancel | Help

[yl
[
=
=}
o

Multisim 2001 Educator User Guide 14-31

44d



RF

RF

14.6.4 RF Spiral Inductor

For the RF Spiral Inductor models, enter values in the two tabs shown below. Use the follow-
ing diagram for assistance in identifying the values:

Inner diameter Outer diameter

\

Space between

/ conductors

Conductor width \ \1/
0

<RF Spiral Inductor Model> [ %] <RF Spiral Inductor Model> [ %]
General, Linear Dimensions | Electrical Eharacteristicsl General, Lingar Dimensions  Electrical Characteristics |
— General — Spiral Inductor Electrical Characteristics———————————
Mame of the Model Builder I
[optional) - .
. Relative diglectic constant
Device Mame ISAMF’LE_I

MOTE: Preset values are provided for a

sample RF Spiral Inductor Operating frequency |2DD GHz
— Spiral Inductar Linear Dimensions ——————————————— Resistivity 122 nOhrm
Outer diameter |5 mm
Shunt capacitance at outer IU BF
Inner diameter |2 mm GEE e
Shunt capacitance at inner I
Space between conductars IU-3 mm conducto? 0 FiF
Conductor width IU-B frie Total capacitance between ID oF
conductars
Conductor thickness 0.z o

o]

[yl
[
=
=}
o

| Help (] 3 I Cancel | Help
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14.6.5 Strip Line Model

For the Strip Line models, enter values in the two tabs shown below. Use the following dia-

gram for assistance in identifying the values:
‘ \ Conductor length

<Strip Line Model> [x] <Strip Line Model> E

General, Electrical Characteristics | Linear Dimensionsl

Dielectric thickness

Conductor
thickness

s

Conductor width

General, Electrical Characteristics  Linear Dimensions |

— General — Strip Line Linear Dimension:
Mame of the Model Builder I
[optional] Conductor length IE mm
Device Mame ISAMPLE_
MOTE: Preset values are provided for a
zample generic strip line
Conductor width ID.B mm
— Stip Line Electical Charactenistics———————————————————
Relative diglectric constant IS-8
Dielectric thickness 1.27 mm
Operating frequency I‘I GHz
Fiesistivity I‘I 7.08 nOhmm
Conductor thickness ID.DDS mm
Logs tangent IU_Uuz

QK I Cancel | Help QK I Cancel | Help
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14.6.6 Stripline Bend

14-34

For the Stripline Bend models, enter values in the two tabs shown below. Use the following
diagram for assistance in identifying the values (refer to the Stripline diagram in “14.5.5 Strip
Line Model” on page 14-35 for Relative dielectric constance (g,), Dielectric thickness and
Conductor thickness):

Stripline con-
l ductor width

T

Bend angle
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<Stripline Bend Model>

Multisim 2001 Educator User Guide

<Stripline Bend Model>
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14.6.7 Lossy Line

For Lossy Line models, enter values in the two tabs shown below. Use the following cata-
logue excerpt for assistance in identifying the values:

14-36

Phase velocity

50 Ohm Transmission Cable
RG-188AM QPL
26 AWG [ ““,,,,_

Characteristic AVEB (strandy Nom. | Vel
H Trade Number Type (dia.) Core v Shields Imp. of
Impedance Industry Stds. Hom. D.C.R. Hom.oo. Hom. G.C.R {ohms) Prop.
—
100 14 26 (7.0067) 0058 . | 95% SCDrm— B9.5% | 29.2 pFmt
a00 6.4 | SCCCS 0.02in. 0.108 in. Inner
1000 12.4 B4.1 shma 8.5 ohma
(Meters) (K
i 06 .64 1473 mm 95.8 pFim
Line length _—1 1524 | 29 508 mm | 2743 mm
3049 2] 275.8 ohmakm Inner
27.9 shmstm

Nominal atten-
uation @ lower
frequency
bound

Plenum
Version(s):

TFE Teflon

TFE Teflon Tape

nfa

Coaxial High Termperature MIL-C-17 Cable. 26 AWG stranded silver coated copper
coated steel (SCCCS) conductor with TFE Teflon® insulation. Silver coated copper braid,
96% coverage. White TFE Teflon® tape jacket. MIL-C-170 Temperature Rating : 200°C.
Suggested Operating Ternperature Range (Non-UL): -70°C to +200°C. Maximurm
Operating Voltage (Mon-UL): 900 Volts RMS. Passes VW-1 Verical Wire Flame Test.
Faor cables manufactured to the latest government revision of other MIL-SPEC
reguirernents, please contact your nearest Belden® Regional Sales Office. Spools may
contain more than one piece. Lengths may vary £10% from length shown.

Attenuation
Nom. Atten.

(dBA00FY
Nominal atten-
uation @
higher fre-
quency bound

—
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<Lossy Line Model> E <Lossy Line Model> E

General, Ling Characteristics | Aftenuation, Frequency Range I General, Line Characteristics  Attenuation, Frequency Range |

— Lozzy Line Attenuation

Morminal attenuation & Im dB./100f
1
135

—E |
General

Mame of the Model Builder
[optional)

A

Device N SaMPLE _
FYiee Hams Lower frequency bound I MHz
MWOTE: Preset values are for 83241 Belden

— Lozzy Line Characteristic Maminal attenuation (& I dB./100f

Line length 100 ft Higher frequency bound |1 0oo MHz
Characteristic impedance |5D Ohmg
Operating frequency I‘IDD MHz

Fhase velocity B35 b4

QK I Cancel | Help QK I Cancel | Help

14.6.8 Interdigital Capacitor

For Interdigital Capacitor models, enter values in the two tabs shown below. Use the follow-
ing diagram for assistance in identifying the values:

Finger length

Number of fingers = 7

Finger width

Space between
fingers

Finger end gap

Relative dielectric constant (g,)
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<Interdigital Capacitor Model> E <Interdigital Capacitor Model> E
General, Electrical Characteristics | Linear Dimensionsl General, Electrical Characteristics  Linear Dimensions |
— General r— Interdigital Capacitor Linear Dimensions——————————
Hame of the Madel Builder I
[optional] Mumber of fingers 10
Device Mame ISAMPLE_
MOTE: Defaults are provided for a sample Finger length 4 urmn

generic interdigital capacitor

1

=
=

Finger width
 Interdigital Capacitor Electrical Characteristics

Relative diglectric constant I‘I 25 Substrate height 10 T
Operating frequency |1 GHz

Space between fingers |4.8 um
Resistivit 1707 nOhm*m

u

Shunt capacitance at input ID Strip thickness |1 5 um
hode PF
ﬁgggt capacitance at output ID oF e T lw— ur
Series inductor between nodes ID nH

External terminal width Te+030 urmn
Series resistance 0 Ohm

0k I Cancel | Help 0k I Cancel | Help

14.7 Tutorial: Designing RF Circuits

This tutorial is intended to:

* provide an introduction to simple RF circuit design

* demonstrate to engineers how to use Multisim for designing an RF circuit. Each design
step is accompanied by the required simulation steps in Multisim.

The methodology that an RF engineer uses to design an RF circuit differs from that used for a
low-frequency circuit design. An RF designer looks at performance parameters such as S-
parameters, input/output impedances, power gain, noise figure, and stability factor. These
design parameters are not directly available from a SPICE simulation. Impedance matching is
a phase of RF circuit designs where the designer uses a Smith Chart, and calculates the values
of matching elements such that maximum power is transferred to the load impedance. The
Smith Chart or the calculations are not provided by SPICE simulation.
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14.7.1 Selecting Type of RF Amplifier

Select the type of amplifier based on the application. Amplifiers designed for low-power
applications are different than those for low-noise applications. Similarly, broad-band amplifi-
ers are different in terms of design and structure than those for high-gain amplifiers. Some of
the possible applications are:

*  Maximum Power Transfer — These types of amplifiers operate in a very narrow band of
frequencies.

* Design for Specified Gain — Designers may intentionally introduce mismatching at the
input and/or the output ports to improve the bandwidth, even though the resulting power
transfer is not maximal.

* Low-Noise Amplifier Design — In receiver applications, you need a pre-amplifier with as
low a figure noise as possible since the first stage of a receiver front end has a dominant
effect on the noise performance of the overall system. It is not possible to obtain both min-
imum noise figure and maximum gain for an amplifier.

* Oscillators — To produce a sinusoidal steady-state RF signal, you can use active elements
and intentionally introduce negative resistance.

The network analyzer provided by Multisim is not intended for high-power RF amplifiers,

because the network analyzer performs small-signal analyses of the RF network only.

In this tutorial, we will design the amplifier for maximum power transfer. Then, we will pro-
vide design steps for constant gains.

» To prepare for the tutorial, open a new circuit window.

14.7.2 Selecting an RF Transistor

Different types of transistors are designed for a broad range of applications. For example, you

may find many transistors for low noise applications. Cost of the transistor plays a significant

role in choosing from those offered. In this tutorial, we will choose MRF927T1 because it is

used for low power, low noise applications at relatively high frequencies.

To select the MRF927T1 transistor in Multisim, do the following:

1. Click the RF Parts Bin.

2. From the RF Parts Bin, click the RF_BJT_NPN bipolar transistor button. The Browser
screen appears.

3. Scroll down in the component list until you find MRF927T1 and select it. Component data
for that component appears in the screen.

4. Click OK. The Product-RF screen closes and your cursor changes to indicate a transistor is
ready to be placed.
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5. Click to place the transistor on the circuit window. The results look similar to this:

o1
MRFIZTT1

14.7.3 Selecting a DC-operating Point

DC-operating point is referred to as Vce and Ic. There are many reasons to select a specific
DC-operating point. You need to consider “maximum swing” at the output, small/portable
power source, and gain-bandwidth. Some DC-operating points are available in the data book,
and others must be decided based on the application.

Vce Settings

Vce is always less than Vcc, and it is usually around Vce/2 for maximum swing in a common-
emitter configuration. For this tutorial Vce=3V and Vcc=9V are selected.

Ic Settings

The nominal value of Ic for the selected transistor is SmA. The power dissipated in transistor
at any time is Ic*Vce. For this tutorial, Ic=3mA is selected to dissipate less power and to be
close to the nominal value of Ic. This will let us achieve relatively good current-gain band-
width and moderate voltage gain. (The voltage gain is maximum at Ic=ImA and the current
gain-bandwidth is maximum at Ic=5mA..)

14.7.4 Selecting the Biasing Network

14-40

There are a number of possible structures to select from for proper DC-biasing of the network.
It is important to note that the performance of the transistor and the amplifiers depends on
DC-operating points. The following figure shows one possible biasing network.

R24

e
2k0hm
W1 ?
ay T R33 3
255k 0h
10 AT'L &
4 t MRFI27T1
__D-
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This is the simplest structure for a biasing network. However, its thermal stability is poor. To
find the resistor values for this structure you need to know five values: Vce, Ic, Vcc, Vbe, and
Beta (which is the DC-current gain of the transistor and is given in most data books). Beta
relates Ic to Ib as  Beta = Ic/Ib. Vbe is the base-emitter voltage of transistor when it is active,
and is typically 0.7 V. Both Beta and Vbe depend on the values of Ic and Ib. The initial design
process starts with typical values of Rc and Rb in the structure shown above. However, if
accuracy is critical, you should use Multisim to ensure that the values of Ic and Vce are as
intended. In this tutorial, these selections are used:

e Vce=3V
e Ic=3mA
e Vce=9V
e Vbe=0.7V
e Beta=100.

The initial values of Rc and Rb are calculated as shown below.
Rc = (Vce-Vee)/Ic = (9V - 3V)/ 3mA =2 KOhm
Ib =Ic/Beta=3mA/100 =30 uA
Rb = (Vcc - Vbe)/Ib = (9V - 0.7V)/30 pA = 277 KOhm

To select the DC operating points:

1. Draw the circuit shown above with Rb=277 KOhm and Rc=2KOhm. Note that Vcc=9V
and the transistor is MRF927T1.

2. Click the Analysis button on the Design Bar and choose DC Operating Point. The DC
Operating Point Analysis screen appears.

3. Select the nodes representing the collector and base of the transistor.
4. Click Plot during Simulation.
5. Click Simulate.

The results will show a reading of Vc and Vb. In the DC-biasing network, Vc is Vce and Vb is
Vbe. The first readings are Vce=3.33V and Vbe=0.8V. You can modify the value of either Rc
or Rb or both, to achieve the desired DC operating point. After a number of iterations, you
arrive at Re=2KOhm and Rb=258KOhm. Reading the values of Vce and Vbe for the final
simulation, you will note that

Beta = Ic/Ib = Rb*(Vcce-Vcee) / [Re. (Vee-Vbe)] = 94.36

which is close to the initial value of Beta.
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14.7.4.1 Selecting an Operating Frequency Point

The operating frequency point chosen depends on the type of application, and is usually
defined in the design specifications. For this tutorial, you can assume a single (center) fre-

quency analysis of 3.02 GHz.

14.7.4.2 Analyzing the RF Network

» To perform the simulation:

1. Connect the biased transistor to the network analyzer using two series capacitors. These
capacitors are used to isolate the network analyzer from the biasing network in DC mode.
This step is necessary whenever the biasing network is important, that is, for active cir-

cuits only.

The connection should look like this:
F1

2k0hrm
W1

oz
= av
—_— Rz 4| |__

252k 0hm 100F
o
= I |: MRFIZFT1

]

A "

A00F

11

2. Choose Simulate/Run and wait until the AC analyses are complete. Ignore the warning
for DC analyses.
3. Double-click on the Network Analyzer icon on circuit window, and from the Mode drop-
down list, select “Match Net. designer”.
4. On the Match Net. designer window that appears, do the following:
* set the frequency to 3.02 GHz
* since the circuit is “unconditionally stable” for this frequency point, click Impedance
Matching
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* since the circuit is “unconditionally stable”, automatic impedance matching is possi-

ble. Click Auto Match.

The window provides the structure and the values necessary for conjugate matching; hence,
maximum power transfer is achieved.

Below is our design for maximum power transfer at {=3.02 GHz:

Ra

R1

2

W1
@

]

I

ZkOhm

Rz

Lz R3

258k0hm

¥ @1

T }.‘ MRFI27T1

S00hm

W2

0.01% 3.02GHz

{12+

At

=

g

c3
1.2175pF

1.067nH 7

[
Il
I
1F

I 10

4.833nH S0kOhm

c4
0.8062pF

1

Note 1F is needed to isolate the active network from its matching network to keep the tran-
sistor in its biasing state.

Impedance matching yields maximum power transfer for a very narrow bandwidth. In real
applications, however, you need to balance the power transfer and the bandwidth. For this rea-
son, mismatching is intentionally introduced to the circuit.

» To design the amplifier for a constant gain less than the maximum possible gain, for better fre-
quency response:

1. Open the DC biased transistor circuit discussed previously.

2. Open the network analyzer and change settings as follows:

* select “RF Characterizer” from the Mode drop-down list
* select “Power Gain” from the Parameter drop-down list
* select “dB MAG” from the Marker drop-down list

* set the frequency to 3.02 GHz
e click TPG (Transducer Power Gain) under Trace and set its value to 4.3652 dB for our

example.

3. From the Mode drop-down list, select “Match Net. Designer” and, in the Match Net.

designer screen, click Unilateral Gain Circles.

4. Change the value of Gs and Gl manually and individually until the circles become a dot on
the Smith Chart.The example shows Gs=0.042 dB and G1=1.2650 dB.
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5. Calculate the maximum transferable power. Pmax = 0.042 + 4.3652 + 1.2650 = 5.6722
dB.

6. Select the gain desired. This gain should be less than 5.6752 dB. 3.5302 dB was selected
as the power gain.

7. Choose Gs and Gl so that Gs + 4.3652 + G1 =3.5302dB and Gs< 0.042dB and Gl <
1.2650 dB. You selected Gs = -0.08350 dB and Gl = 0 dB.

8. Enter the selected values for Gs and Gl and observe the circles. Select point or points on
the circles which are closest to the center of the Smith Chart. The circle for Gl = 0 dB
always passes through the center. Therefore, the best point of the Gl is the center itself.
This means that 50 Ohm load is sufficient to produce Gl = 0 dB. The best point on Gs for
the example is Z1 = 2 (normalized). Using this value, you can design the matching network
at the input port of the amplifier. You must make sure that the selected point or points are
stable. Therefore, it is recommended that you go back to “Stability Circles”, and confirm
the stability of the design. Since the amplifier is unconditionally stable, it would be stable
for any passive load or source network. Hence, you need not check the stability circles.

The complete amplifier is shown in the following figure:

R1

2 ZkOhm s
W1
2

[
ay R3
RZ 4| P
=
1F

T
500hm
252k 0hm
1
4
rh]

T }.‘ MRFI27T1 1

Ra

L1 i
e ||
3 12 I

S00hm 55.04nH 7

1F

¥ c3

vz
N 11.01pF
0.01Y 3.0265Hz

F—=——

Note The matching elements are calculated manually in this example.
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implementation file (code model) 84
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about 6-1
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constructing a truth table 6-14
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creating See model creation

loading 5-28
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by importing 5-28

using code modeling 76
model maker

diode 45

MOSFET 50

silicon controlled rectifier 67
module

RF 14-1
Monte Carlo analysis 8-47
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moving component 3-8
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internal settings of 6-22
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using ammeter measurement option 6-20
using decibel measurement option 6-21
using ohmmeter measurement option 6-21
using voltmeter measurement option 6-20
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multiple traces, postprocessor 9-6
Multisim

about 1-2
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N

network analyzer 6-33, 14-15
nodes, assigning labels 3-23
noise analysis 8-19

noise figure analysis 14-18
numerical integration 7-8
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setting circuit 13-6 Simulate menu 2-19
setting global 13-4 simulation
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about 14-2 Bspice/Xspice support 7-5
interdigital model 14-36 checking circuit consistency 7-4
lossy line model 14-35 choosing type 7-1
microstrip line model 14-29 circuit 7-6
microstrip open end model 14-30 circuit equation 7-7
RF model makers 14-27 equation solution 7-7
RF spiral inductor model 14-31 Gmin stepping 7-9
strip line model 14-32 interactive 7-4
stripline bend model 14-33 maximum integration order 7-9
waveguide model 14-28 miscellaneous SPICE capabilities 7-4
RF instruments numerical integration 7-8
network analyzer 14-15 RF 7-10
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RF module 14-1 stages of 7-6
about 14-1 starting and stopping 7-3
components (see also RF components) 14-2  supported types 7-2
instruments (see also RF instruments) 14-9 using 7-3
RF simulation 7-10 VHDL 7-11
RF tutorial 14-37 SINAD 6-10
rise time 6-12 solution, equation 7-7
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