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Typographic conventions

Certain typographic conventions are employed to simplify reading and using the
manuals. Here are the guidelines:

1. Named keys are denoted by the key name alone. For example:
Press HOME, then press ENTER.

2. Text that isto be typed by the user is denoted by the text enclosed in double
quotes. For example:

Typeinthe name"TTLINV".

3. Combinations of two keys are shown with the key symbols separated by a plus
sign. For example:

ALT +R
4. Option selection is shown hierarchically. For example this phrase:
Options/ Preferences/ Common Options/ General / Sound

means the Sound item from General section of the Common group on the
Preferences dialog box, from the Options menu.

5. Square brackets are used to designate optional entries. For example:
[Low]

6. The characters "<" and ">" bracket required entries. For example:
<emitter _|lead>

7. User entries are shown initalics. For example:
emitter_lead

8. The OR symbol (| ) designates mutually exclusive alternatives. For
example, PUL | EXP | SIN means PUL or EXP or SIN.



Chapter 1 Windows Basics

What's in this chapter

This chapter introduces and reviews the basics of working with Windows. It de-
scribes the common Windows structures including menus, dialog boxes, text
boxes, list boxes, drop-down list boxes, option buttons, and check boxes. It also
covers basic mouse and keyboard handling techniques and describes the differ-
ence between selecting and choosing.
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Introduction

MCS8 isaWindows program. To use the program, it is necessary to understand
how Windows itself operates. Even though it is assumed that you are familiar
with the Windows system, this chapter provides a brief introduction and review
of the basic Windows features. If you feel aneed for more information after read-
ing this chapter, review the first chapter in the Windows User Guide that came
with your Windows operating system. It has an excellent introduction to Win-
dows. Much of what we present here is adapted from the Guide.

Parts of awindow

Most MC8 operations are performed from within overlapping rectangular regions
called windows. In this section we describe the parts common to most of these
windows, and defer for later the more specialized MC8 functions.
Minimize button
Maximize / Restore

Menu bar Title bar button
Tool bar Close button

Control menu box———————— e N B et
C| I’CUIt COﬂtI’O| menu [ Fil= Edit Companent indows  Options  Analysis  Design  Model |Help =8 x
box DSWHER[- ~ s BB+ ~+w«++¢|MOCIB[PG[ERE | B H]

A fon TN K2 (e e B0 52 a2 [ [ e 5 e 08B () E

T
Vertical

Windows border—— scroll bar

[EXN ol

W| ndOW corner ICormponent Mode Drawing area Grid 26,8

Horizontal scroll bar
Figure 1-1 The parts of awindow
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The various parts of awindow and their purposes are as follows:

Control menu box

The Control menu box is located in the upper-left corner of the window. This box
isastandard feature of all Windows applications and is mainly used to control
the MC8 window size and location on the desktop. It lets you re-size, move,
maximize, minimize, and close the M C8 window. The mouse can also be used to
perform these tasks by dragging.

Circuit control menu box

The Circuit control menu box is similar to the standard control-menu box except
that it controls a circuit window only. There can be many circuit windows open
simultaneously. This standard Windows structure is provided for management of
circuit windows, but there are easier ways to manipulate circuit windows. These
will be described in later chapters.

Menu bar

This bar shows the available menus. A menuisalist of commands or options that
lets you access various program features. Some items on amenu have an immedi-
ate effect. For example, when you choose Save from the File menu, the current
circuit is saved to disk immediately. Other menu items control deferred actions or
behavior. For example, when you choose Wir e from the M ode item of the Op-
tions menu, nothing happens immediately. When you later drag the mouse in the
circuit window, it draws awire, instead of drawing a component or text.

Title bar

Thetitle bar shows the name of the window. If the window is acircuit window,
thetitle shows the circuit name and directory path. If the window is adialog or
text box the title shows the name of the dialog or text box. If the window is an
analysis output window, such as numeric output, the title shows the file name and
path of the file where the numeric output has been saved to disk.

Tool bar

Thetool bar shows the tool buttons. These are graphical equivalents of the menu
items. Clicking on atool bar button is the same as clicking on its equivalent menu
item. Tool bar buttons provide convenient, quick accessto frequently used menu
items. Immediate action buttons temporarily depress when clicked, then spring
back. Modal buttons stay depressed until another mode is chosen. A depressed
modal button means that the mode is enabled. Thisis the same asits correspond-
ing menu item having a check mark.
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Close button
The Close button closes the window.

Maximize/ Restor e button
The Restore button restores the windows former size.

Minimize button
The Minimize button reduces the window to an icon.

Scroll bars

The scroll bars are used to pan the window document. If the window is acircuit,
the scroll bars are one of several waysto view different parts of the circuit. If the
scroll bars are part of alist box, they let you browse the list.

Window border

The window border is a control object on the outside edge of the window. When
the mouse passes over the edge, the cursor changesto avertical or horizontal
double arrow. A mouse drag then moves the underlying border, changing the
window size and proportions.

Window cor ner

The window corner is acontrol object on the corner of the window. When the
mouse passes over the corner, the cursor changesto adiagonal double arrow. A
drag here simultaneously moves the two corner sides, changing the window size.
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Basic mouse and keyboard techniques

This section explains the basic terms and techniques used to select and choose
items from windows, menus, list boxes, and dialog boxes. The definitions of the
more common terms are as follows:

ThisTerm Means

Click To quickly press and rel ease a mouse button.
Double-click To click amouse button twice in rapid succession.
Drag To hold the mouse button while you move the mouse.
Point To move the mouse until the mouse pointer is at the

desired location on the screen.

Mouse button means the |eft mouse button, unless otherwise specified. The right
mouse button is reserved for specialized functions.

The terms choose and select have two distinct meanings. To select something
means to mark it, usually as a prelude to choosing it. To choose means to use the
mouse or keyboard to pick or activate the selected item, option, or action.

Selecting is done by clicking the item with the cursor or dragging the cursor over
aregion containing the object. Selected text in atext field or in the text area ap-
pearsin reversed video. Selected schematic objects, including text objects, are
shown in the user-specified select color. Selected items from awindow or dialog
box may be shown as a highlight, or a dotted rectangle.

To choose a selected item in adialog box, you click it with the mouse or press the
SPACEBAR key. Highlighted buttons are chosen by pressing ENTER.

Accelerator keys are provided for some of the more frequently used menu items.
Like tool bar buttons, they provide a quick and ready way to choose or activate
common menu items. The keys are shown on the menus, adjacent to the items
they activate.

Accelerator keys are well worth learning. For frequently used features, they can
save alot of time. Appendix D hasalist of the accelerator keys.
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Menus
Menus provide the basic commands and options that let you use M C8 features.
To select a menu:

Mouse

Using the mouse pointer, point to the name of the menu on the menu bar, and
click the left mouse button. This opens the menu and displays its contents.

Y ou can also drag the mouse from the menu name directly to the item name
and release the button to choose it.

Keyboard
If the menu name contains an underlined letter, press ALT + underlined
letter. Alternatively, use this method:
®* PressALT to select the menu bar.
* Press LEFT ARROW or RIGHT ARROW to select the desired menu.
* Press ENTER to open the selected menu.

To close a menu:
Click anywhere outside the menu or press the ESC key.

To choose an item from a menu:
Click the mouse on the item name or use UP ARROW or DOWN ARROW
keys to select the item, and then press ENTER to choose the item.

Menu conventions:
Convention M eaning
Dimmed or missingitem  Theitemisnot available or inappropriate.
For example, the Copy command is dimmed
when nothing is selected.

Ellipsis(... ) A dialog box appears revealing more choices to
be made before the command can be completed.

Check mark A check mark meansthe optionisin effect.

A key combination The key combination is a shortcut for thisitem.

A triangle Thisindicates that a cascading menu appears

listing additional choices.
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Chapter 2

1
The Circuit Editor

What's in this chapter

This chapter describes the Circuit editor, the foundation of the Micro-Cap 8 user
interface. It provides accessto all of the basic program functions, including circuit
construction, analyses, and the various editors.

Features new to Micro-Cap 8

¢ Cleanup routine for removing files

¢ Individual component colorswithin aschematic

* Attribute Add / Change/ Delete/ Display Editor for making simultaneous
changes to many schematic parts

* Fileencryption

* |BISmodeling tools

® Dynamic AC analysis mode

¢ Distortion analysismode

® Schematics and other graphics can now be saved under these formats:
EMF, WMF, JPEG, GIF, BMP, TIFF, and PNG

* Info page shows where the program found defines, macros, models and
other filesneeded by the simulation

* Tranglator command on the File menu converts Touchstone file parameters
fromS, Y, Z, G, or H format to any other format (S, Y, Z, G, or H)
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Circuit structure

MC8 analyzes circuits. A circuit isan interconnection of electrical components.
There are two basic types of circuit description that MC8 uses:

® Schematic, apicture of the circuit topology.
* SPICE text file, atextual description of the circuit topology.

Schematics

Schematics are comprised of drawings and text. Drawings provide the circuit
description and text providesthe modeling and analysisinformation required for
an AC, DC, or transient analysis. MC8 runs analyses from data contained in the
schematic. It isnot necessary to convert it to a SPICE netlist first, although MC8
can also analyze SPICE netlists. Sometimes M C8 al so uses modeling information
from libraries referenced in the schematic.

Each schematic contains a drawing area and a text area.

Drawing area

The drawing area contains one or more pages of analog and/or digital
components interconnected by wires. It may also contain graphical objects
(which contain no electrical information) and grid text (which may contain
electrical information). Grid text can be moved from the drawing areato the
text area and vice-versa by selecting it and pressing CTRL + B. Thisiscalled
the shuttle command. Pages can be added or deleted from the Edit menu or
with aright click on any page tab in the page selector at the bottom of the
schematic window. Page display is controlled by the page scroll bar located at
the lower |eft part of the circuit window.

Text area

Thetext area contains only text. It typically holdslocal command statements,
subcircuit descriptions, model statements, and digital stimulus statementsthat
may be too bulky for convenient display in the drawing area. There can be
one or more text pages. The text editor is capable of handling multi-megabyte
text files.

The display can be toggled between the current text or schematic page and the
last used text or schematic page by pressing CTRL + G. The text area can be
selected by clicking on the text areatab in the page scroll bar area. To return to
the schematic, click on one of the desired page tabs or press CTRL + G.
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Y ou can split the display to simultaneously show different parts of the drawing
and/or text areas by dragging the vertical or horizontal splitter bar towards the
middle of the window.

SPICE text files

SPICE text files are standard SPICE text descriptions of a circuit, a subcircuit, or
amodel statement. MC8 generally followsthe original Berkeley SPICE2G for-
mat, with many PSpice™, SPICE3, and some HSPICE™ extensions. Text files
are entered and edited in a text document similar to what a text editor or aword
processor creates. When you create a new SPICE text file, MC8 opens a text
document and lets you edit it as desired. Only when you start an analysis does
MCS8 error check it.

Note that M C8 can aso translate schematics into SPICE text files of various fla-

Vvors, in case you want to check the accuracy of an external SPICE simulator
against MC8. MC8 will, of course, accept such filesfor analysis.
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Schematic objects

A schematic object is anything that can be placed in a schematic. There are sev-
eral types of objects:

® Components: Thisincludes all analog and digital sources, active and passive
parts, and connectors. In short, it includes any object chaosen from the Component
menu.

* Wires: Wires are used to interconnect components. There are two varieties of
wires. orthogonal and diagonal. Orthogonal wires are restricted to the vertical or
horizontal direction. They may contain both avertical and ahorizontal segment.
Diagonal wires are drawn at any angle and only contain one segment.

® Text: Text, sometimes referred to as grid text because its origin is restricted to
an imaginary grid, isused for naming nodes, creating command statements, and
general documentation.

® Graphics: Graphical objectsincludelines, rectangles, ellipses, diamonds, arcs,
pies, and pictures. They are used for aesthetic or documentation purposes and
have no effect on the electrical behavior of the circuit.

Schematics may contain picturefilesin any of the following formats: WMF, EMF,
JPG, BMP, GIF, TIFF, and PNG. The most common use of this featureisto
place a picture of an analysis plot in a schematic. Picture files of any MC8 win-
dow with graphics may be captured by the Copy The Entire Window to a Pic-
ture File command on the Edit menu. Once the picture file has been created, it
can be included in a schematic as a graphic object.

* Flags: Flags mark locationsin a schematic that you are likely to want to view
many times. They facilitate rapid switching of the display between multiple circuit
locations. They are most useful in very large circuits, where the display redraw
time may be too long for convenient use of the scroll bars.

These are the only objects that can be placed in a schematic.

Note that grid text is the only object that can be moved between a drawing page
and a text page.
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Schematic modes

The Schematic editor isamodal editor. That means the behavior of the mouse
whenitisclicked or dragged in the schematic depends upon what modeitisin.
Schematic modes affect either the mouse behavior or the schematic display.

® Behavioral modes

* Circuit altering modes
® Select mode
* Component mode
® Text mode
* Wire mode
* Diagonal wire mode
® Graphics/ Picture File mode
°* Flag mode

¢ Circuit querying modes
* Info mode
* Help mode
* Point to end paths mode
® Point to point paths mode

* VView modes
* Attribute Text
* Grid Text
* Node Numbers
* Node Voltages / States
® Current
* Power
* Condition
® Pin Connections
* Grid
® Cross-hair Cursor
* Border
* Title

The behavioral modes are mutually exclusive. At any given moment, only one

mode isactive. Y ou can tell which modeis active by looking at the mode buttons.
An active mode button is pushed in. An inactive mode button is pushed out.
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To select amode, click its button. This desel ects the prior mode button.

Behavioral modes:

ﬂ Select mode: This selects an object, region, or location for one of several actions:

ERTAY

T

L

* Editing the selected object (Requires adouble click)

* Clearing the selected region (Deleting without copying to the clipboard)
* Cutting the selected region (Deleting with copying to the clipboard)

® Moving the selected region

* Rotating the selected region

® Stepping the selected region

® Mirroring the selected region

® Making a macro of the selected region

® Copying the selected region to the clipboard

® Making aBMP file of the selected region

* Drag copying the selected region

* Moving the selected object to front or back

e Shuttling the selected text object between the text and drawing areas
* Changing the selected object's color or font

* Defining the upper-left corner position of a subsequent paste operation

To select an object you must first be in Select mode. To enter Select mode do one
of thefollowing:

® Click on the Select mode button M or pressCTRL + E.

® Press the SPACEBAR key. Press it again to restore the original mode.

® Press and hold the SHIFT or CTRL key down. In this mode you can select
an object or aregion, but you can't drag the mouse. When the key is
released, the original mode isrestored.

To select a contiguous group of objects, drag the mouse over the region contain-
ing the objects. To select a noncontiguous group of objects, hold down the SHIFT
button and click the mouse on each object.

Component mode: This mode lets you add components to the schematic. The
component that gets added is the last one chosen.

Text mode: This mode lets you add grid text to the schematic. Grid text is used
for node naming, defining electrical characteristics, and documentation.

Wire mode: This mode lets you add orthogonal wires to the schematic. Orthogo-
nal wires can have one or two segments and be vertical or horizontal or both.
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Diagonal wire mode: This mode lets you add diagonal wires to the schematic.

Graphics/Picture File mode: This mode lets you add a graphical object (line,
rectangle, ellipse, pie, arc, diamond, or picturefile) to acircuit. Picturefilesare
typically created with the Edit / Copy The Entire Window to a Picture File
command.

Flag mode: This mode lets you add flag markers for rapid navigation of large
schematics with many pages.

Info mode: This mode provides model information about a part when you click on
it. Theinformation isusually amodel, subckt, or define command statement for
the part. If the part is amacro, the macro circuit which it represents is displayed.
If it isasubckt, the subcircuit description is displayed. If it isadevice that usesa
model statement, the model statement is displayed. Double-clicking on the part
also displaysmodel informationinthe Attribute dial og box.

Help mode: In this mode, you click on acomponent to display its parameter or
attribute syntax. ALT + F1 gives syntax help on selected SPICE part names.

Point to End Paths: In this mode, you click on adigital component and MC8
traces al of the digital paths that originate at the component and end when they
driveno other combinatorial component.

Paint to Point Paths: In this mode, you click on two successive digital compo-
nents and have MC8 trace all of the digital paths between the two components.

View modes:

Attribute text mode: This mode controls the display of all attribute text. Attribute
text will bedisplayed only if theindividual attribute display check boxesare en-
abled and the Attribute text mode is enabl ed.

Grid text mode: Thismode controlsthe display of al grid text. If disabled, al grid
textisinvisible. If enabled, all gridtextisvisible.

Node numbers: This mode displays the numbers assighed by MC8 and used to
identify circuit nodes.

Node Voltages / Sates: This mode displays time-domain node voltages and in

Dynamic AC, AC node voltages for analog nodes. It displays node states for digi-
tal nodes.
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Current: This mode shows the last time-domain currents for each component. It
displays AC branch currents in Dynamic AC mode. Currents are shown with an
arrow indicating the direction of positive current.

Power: This mode displays the last time-domain values of stored, generated, and
dissipated power for each component. It displays AC power termsin Dynamic
AC mode.

Condition: This mode displays the last time-domain condition for each compo-
nent which has conditions. Typical conditionsfor aBJT are LIN (linear), SAT
(saturated), OFF (both junctions off), and HOT (excessive power dissipation).

Pin connections: This mode marks pin locations with a dot. These are the places
where connections are made to wires or other component pins.

Grid: This mode displays the schematic grid to which objects are anchored. All
wires, components, and other objects originate on agrid.

Cross-hair cursor: This mode adds a full-screen schematic cross-hair cursor. Its
principleuseisinaligning components.

Border: This mode adds a border around each printed sheet of the schematic.
Title: This mode adds a title block to the corner of each schematic sheet. Thereis

an option to have only onetitle block per page. This option is accessible from the
Properties dialog box, accessed with F10.
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Menus

Circuiteditor

The Circuit editor creates and edits circuits. When the circuit is a schematic, it
becomes the Schematic editor and its display |ooks like the figure below:

Title bar

Main tool bar

& Micro-Cap 8.0.0 - [EAmc Adatalprint.CIR] [_[=]x] . .
[ Elle lEdit Component Windows Options Analysis Design dodel Help =151=| \/ ertical Sp||tter
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Select Mode | [Scfoll bar [ |
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Selectedpage Horizontal scroll bar control
Page tab display width control— Statusbar (showing componentinformation)

Figure 2-1 The Schematic editor
The principal components of the editor are asfollows:
Menus: Located beneath the title bar, menus select major functional groups.
Title bar: Located in the top center of the window, the title bar displays the name
of the window. The mouse can be used to move the window by dragging the title
bar.
Main tool bar: Shown below the title bar, the main tool bar contains buttons that
represent the most frequently used options, such as file operations and access to
the various editors. Thetool bar provides a quick way to access those options.

Clicking on abutton will activate the desired option.

Circuit tool bar: Shown below the main tool bar, the circuit tool bar contains
buttons that represent the most frequently used menu options that apply specifi-
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cally to the circuit. Thetool bar provides a quick way to access those options.
Clicking on abutton will activate the desired option.

Schematic scroll bars: These scroll bars, located to the right and the bottom of
thewindow, let you pan the schematic vertically or horizontally. Clicking on the
scroll arrows pans the display roughly 10% of the window width per mouse click.
Moving the scroll box, either by dragging it or by clicking in the scroll bar area,
moves the view to alocation proportionate to the new scroll box position relative
to the scroll bar end points.

Page selector tabs: Located in the lower left of the window, the page selector
tabslet you select a particular page for viewing.

Selected page: The color of the selected schematic page tab is the window
background color.

Text area tab: The text areais selected by clicking on the Text tab. CTRL + G
may also be used.

Solitter bars. Dragging these bars across the window splitsit into two parts, with
avertical or horizontal bar between. Each part can be independently scrolled and
toggled between text and drawing areas. Only one split section at atime can dis-
play the text area. Each split section can be scrolled or panned to view different
parts of the schematic.

Satus bar: This bar describes the items the mouse pointer is currently passing
over. It isalso used to print informative messages.

When the mouse is over apart, the center pane will show its Component library
memo field if it has any descriptive text.

The pane at the right shows the part type and information about its last current
and power values. If the part isadigital primitive gate, it will print thelogic ex-
pression.
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Selecting and desel ecting objects

To manipulate an object after it has been placed in the schematic, it must first be
selected. Selection or de-selection requires the use of the mouse and follows the
general Windowsrules.

First step: If not already in Select mode, click on the Select mode button M in

the Tool bar or press CTRL + E. Y ou can also toggle between Select mode and
the current mode using the SPACEBAR key.

Second step:
To select a single object:
Click on the object. The object is selected.

To select or desdlect a single object:

Press SHIFT and click on the object. The object's selection state is toggled. If
the object was formerly selected, it becomes deselected. If it was formerly
deselected, it becomes selected.

To select multiple contiguous objects:
Drag the mouse creating aregion box. This selects al objects that originate
withinthebox.

To select or deselect multiple contiguous objects:
Press SHIFT and drag the mouse creating a region box. This toggles the
selection state of all objects originating within the box.

To select or deselect multiple noncontiguous objects:

Pressand hold SHIFT while clicking on each individual object or dragging on
each group whose selection status you want to change. This toggles the
selection state of the object or group.

When would you want to deselect specific objects? Sometimesit is necessary to
select most but not all of alarge group of contiguous objects. It iseasier and
faster to drag select the entire group and then deselect one or two of them than to
individually select each of the desired objects.

If you click on a component's attribute text, the text will be selected, not the com-
ponent. Be careful to click within the component where there is no attribute text.
Single-clicking on attribute text selectsit and letsyou moveit. Double-clicking on
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attribute text opens alocal edit box at the text location and lets you edit it there
without using the Attribute dial og box.

To select al objectsin the window, press CTRL + A. To deselect al objects,
click on any empty space in the window.

Rapid switching to/from Select mode:

In the course of building or editing a schematic, it often happensthat you need to
rapidly switch between modes, especially between Select mode and Component
or Wire mode. To make this process easier several short term mode switchers
areavailable:

* To temporarily suspend the current mode and enable Select mode,
press and hold the SHIFT key down. Y ou can use this pseudo Select
mode for object selection only. Y ou can't drag objects. When the SHIFT
key is released the former mode will be restored.

* To temporarily suspend the current mode and enable Select mode,
press and hold the CTRL key down. The mode will change to Select.

Y ou can use the Select mode as needed. When the CTRL key is
released the former mode will be restored. Note that under this mode
you can't move objects with the mouse. CTRL + mouse drag is used to
drag copy an object.

® To suspend the current mode and switch to Select mode, press the
SPACEBAR key. It is not necessary to hold the key down. The mode
will change to Select. Y ou can use the Select mode as needed, then press
the Spacebar when you're finished and the former mode will be restored.

Pressing the SPACEBAR key is the easiest method of alternating
between Select and other modes.
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Creatinganew circuit

To create a new circuit, select the New item from the File menu. This presents
the New dial og box which lookslikethis:

i

LCancel
= SPICE /Text

Help...
= Library
= MDL

Figure 2-2 The New dialog box

This dialog box lets you create one of three types of files:
® Schematics: These are combined drawing and text documents.

® SPICE/Text files: These are text documents. They include SPICE circuit
descriptions, and subcircuit and model statementsfor the
Digital Library, Analog Vendor Library, and Spectrum
suppliedmodel libraries.

e Library: These are binary files that store the model parameters
for some of the Analog Library.

°* MDL: These files store the data sheet or measured values from
which the Model program creates model parameters for
useinthe Analog Library.

To create a particular type of file, click on the item and then click on the OK but-

ton. This opens an empty window of the appropriate type and givesit ageneric
filename.
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Adding and editing components
To add a component to a schematic:

First step: Select a component from the Component menu, from one of the com-
ponent buttonsin the Tool bar, from one of the Component palettes, or from the
Find Component dialog box (SHIFT + CTRL + F). You can skip this step if the
component you want has already been selected by a prior step. The main part of
the Component menu is divided into these categories:

® Analog Primitives

* Anaog Library

* Digital Primitives

* Digital Library

® Animation

* I[mport (Holds partsimported from acircuit file)

* Flters (Visible after creating afilter macro from the Filter Designer)

* Macros (Visible after creating a macro with the Make Macro command)

The Analog Primitives section contains each of the basic analog components like
resistor, capacitor, or NPN transistor. These parts all require the user to provide
the defining electrical attributes such as resistance, capacitance, or a suitable
model statement. Model parameters can be entered directly from the Attribute
dialog box, or you can select a pre-modeled part from the Analog Library by pick-
ing itsname from the Model list box. Editing amodel statement localizestheinfor-
mation by saving a copy of the edited model statement in the circuit text area.
The same appliesto subcircuits. Editing asubckt from the Attribute dialog box
causes a copy to be placed in the text area of the circuit.

The Analog Library section contains pre-modeled analog components refer-
enced by part names similar to their commercial names. In this section, you'll find
partslike IRF510, 2N2222A, and 1N914. These parts have electrical attributes
aready defined in subckts, macros, or model statements somewhere in one of the
model library files referenced by the master index file, ".LIB NOM.LIB", which
MC8 automatically includesin every circuit file.

The Digital Primitives section contains one each of the basic digital components
like AND gates, OR gates, flip-flops, PLAS, and stimulus sources. These parts
also require the user to provide a suitable model statement, or to rely on .LIB
statements to access modeling information.
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The Digital Library section contains commercia digital components with part
names similar to their corresponding commercial part names. In this section, you'll
find partslike 7400, 7475, and 74L S381. These parts also have electrical at-
tributes defined in the model library files referenced by thefile, ".LIB NOM.LIB".

The Animation section holds behavioral animation parts, including LEDs, seven
segment displays, relays, analog and digital current and voltage meters, DC mo-
tors, and analog and digital switches. The Import section holds partsimported
from circuits. The Filters section contains filter macros created by the filter de-
sign function, accessed from the Design menu. The Macros section holds macros
created with the Make Macros command.

Second step: Make sure MC8 is in the Component mode. Selecting a part from
the Component menu will automatically switch to Component mode. If MC8isin

the Component mode, its Tool bar button ﬂ will be depressed. If you are not
sure, click on the button in the Tool bar, or press CTRL + D.

Third step: Click the mouse in the schematic and drag the component to the de-
sired location. Click the right mouse button until the part is oriented the way you
want. Release the button when the part is where you want it.

Fourth step: Enter the appropriate attributes into the Attribute dialog box. If the
partisfromthe Filters, Analog Library, or Digital Library sections, thisstepis
unnecessary and the Attribute dialog box will not even appear. If the part isfrom
the Analog Primitives or the Digital Primitives sections, this step letsyou enter
important information like the part name and value or model name.

To edit a component's attributes:

Click on the Select button M in the Tool bar. Double-click on the part to invoke

the Attribute dialog box. Click on the attribute name that you want to edit, then
click inthe Vaue field and type in any changes. Y ou can also change the model
name by choosing a new model name from the Model list box.

Subcircuits and model parameters can be edited from within the dialog box. Any
editslocalize the information by placing acopy of the model statement or subckt
within the text area of the circuit.

Y ou can change an attribute's font by first selecting the attribute and then clicking
on the Font button and choosing anew font, style, size, or effect. Y ou can aso
change the display flag for attribute text and pin names. Choose OK to put your
changes into effect.
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TheAttribute dialog box

When you add a component that has not been modeled, the Attribute dialog box is
presented to let you enter certain component information. The exact information
required varies with the component but generally a part name and a value are the
minimum required for the simpler partslike resistors, capacitors, and inductors.
More complex parts usually require a part name and a model name. Digital parts
sometimes requirelogic expressions, block names, or stimulus table names.

The number of attributes is determined by the type of component. Here is the
dialog box asit appearsfor atypica NJFET primitive.

NJFET =]
4 Manm W alLu
ﬁmnm I Show {2N5584 = | Sy [ B Change button
Diizpla
(l‘ Fin Markers [~ Fin Mames [~ FinNumbers B Curent ¥ Fower ¥ Condiion Calor | ‘
Attribute list box [ParT= [vdsve s —————— Plot selector

PaCKAGE=TO-71
COST=

FOWER=

Model list box
_______ -
0K | Corcel | Fort. | s | 0oee | Heln | - — Navigate buttons
Command bU'[tOI’]S MNew I Spntas... I Flat I Expand... I Help Bar I Brewse. I il :I LI
Source of displayed | Souce:Globallibrary located at e:\me7uibiag\JFET.LBR |
moded information WT0 [1.68847 BETA, [1.58806M LAMBDA [10M il
) 15 [10F RO [0 Rs [0
Edit areafor model CoD (5503550 £Gs [10.0506F M [S00M 5|
parameters, subcircuits, etc. O Threshold valtage

hese are the model parameters. Editing makes the parameters local to this circuit
and saves them as a model statement in the text area

Figure 2-3 The Attribute dialog box

The attributes are shown in the Attribute list box. For an NJFET transistor the
attributes are: PART, VALUE, MODEL, PACKAGE, COST, and POWER.
Each attribute has a name and a value as shown in the table.

Attribute Name Attribute Value
PART J1

VALUE none

MODEL 2N5584
PACKAGE TO-71

Thefirst attribute is the part name. The optional second attribute is atext string
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describing the area, off flag, and initial conditions. The MODEL attribute specifies
the model name which in turn specifies a set of model parameters which may be
located locally within the circuit in the text or drawing areas of the schematic, or
may be located globally in the libraries. The PACKAGE attribute specifiesthe
physical package used by the part. Package information is used to create netlists
for external PCB (Printed Circuit Board) programs.

The COST and POWER attributes specify the unit cost and power budget for the
Bill of Materials (BOM) report. Thisis atype of netlist report that shows the
parts count, cost, and power budget of the circuit.

To edit aparticular attribute value, select it by clicking on the attribute namein the
Attribute list box. Next, click inthe Value field and edit it as desired.

Y ou can add other attributes. These have no effect on the electrical behavior of
the device. To add an attribute, click on the Add button. This adds a new attribute
and places the name 'USER' in the Name field. The Value field isleft blank. Y ou
can then edit the attribute Name and Value fields.

To delete an attribute, select it by clicking on its name in the Attribute list box.
Then click on the Delete button. Only user-added attributes may be deleted.

To change an attribute font, size, style, color, or effects, click on the Font button.
Thisdisplaysthe Font dialog box. The Font dialog box lets you edit text features.
It is described later in this chapter.

The Model list box displays alist of available model names from the libraries.
Y ou can scroll through the list and choose amodel by clicking onit.

Command buttons provide the following functions:
OK: This accepts any edits that have been made and exits the dialog box.
Cancel: This cancels any edits that have been made and exits the dialog box.
Font: Thisletsyou alter the font and style of the selected attribute.
Add: This adds a new attribute.

Delete: This deletes the selected attribute. Only user-added attributes may
be deleted.
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Help: This accesses the help topic for the Attribute dialog box.

New: If the MODEL attribute is currently selected, this creates a new model
name local to the circuit. Y ou can also create a new model simply by typing
in amodel name not already in thelibrary.

Syntax: Thisdisplaysthe syntax for the primitive from the help file.

Plot: This produces zero to three plots for each basic part type (primitive).
The plots are created on the fly from mini-simulations of test circuits designed
to produce the plot in question. Some parts, like the Pulse source, have a
simple simulation and asingle plot (two cycles of itswaveform). Others, like
the NPN, have severa plots that can be chosen from the plot selector. Some
parts, like macros and subckts, have no plot at all. Once the plot is displayed,
it responds dynamically to parameter edits.

Expand: This button causes the data field where the text cursor is |located

to expand into a much larger text box. Thislets you enter or edit alarge piece
of text. Normally, thisis used only when an attribute value field requires a
very large body of text, as for example, atable source with many pairs of
dataor adigital stimuluswith many entries. These situations can also be
handled by simply entering an aliasin the valuefield and adding a..define
statement in the text area that equates the alias with the larger table.

Help Bar: Thistogglesthe display of the Help bar. Itsjob isto give a brief
explanation of thefield, button, or control under the cursor.

Browse: This button lets you browse when working with FILE attributes.

The Edit area lets you edit model parameters, subcircuits, digital stimulus state-
ments, and other model information.

The Show check boxes adjacent to the Name and Value fields et you control
whether the selected attribute's name and value are displayed on the schematic.
Normally the attribute nameis not displayed and only some of the attribute values
are. Typically, only the part attribute value (in this case 'J1") is displayed, although
occasionally the model attribute value (in this case '2N3369") is a so.

The Pin Markers check box controls the display of markers showing the location

of the pin connection points where wires would connect the pin to other circuit
nodes. Thisis helpful when the actual pinlocationisnot obvious.
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The Pin Names check box controls the display of pin names. Sometimesthisis
helpful for vendor-supplied subcircuit part models where node numbers are used
instead of more meaningful names. Normally this option isturned off.

The Pin Numbers check box controls the display of package pin numbers. Thisis
primarily used to identify the physical pin numbersfor PCB work. Normally this
optionisturned off.

The Current check box controls the display of the last time domain current value
for the part, if the Current display button g isenabled.

The Power check box controls the display of the last time domain power value
for the part, if the Power display button y isenabled.

The Condition check box controls the display of the last time domain condition
(ON, OFF, etc.) for the part, if the Condition display button % isenabled.

The Color button lets you change the component's color. Prior to MC8, all com-
ponents had the same color. In MC8 they can be assigned different colors.

The Change button lets you copy the displayed attribute val ue to the attribute
fields of parts selected from alist. For example, you could use this command to
change all 2N2222 model attributesto 2N3903.

The Plot Selector lets you select from alist of characteristic plots for the device.
Some devices have as many as three plots, while some have none.

The Navigate buttons scroll through other partsin the circuit. Each click on the

left or right navigate button will display another part of the same type. Each click
on the up or down navigate button will display adifferent part type.
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Adding wiresto a schematic
Wires are added to a schematic by dragging the mouse from one point to another.

If the mouse moves horizontally or vertically astraight wireis created. If it moves
diagonally acorner is created.

First step: Click on the Wire mode button " | inthe Tool bar.

Second step: Point the mouse at the desired starting position and press and hold
the left mouse button down.

Third step: Drag the mouse to the desired end point of the wire and release the
left mouse button.

Several pointsareworth keeping in mind:
* The segment orientation of atwo-segment wire can be changed by clicking
the right mouse button before the wire is completed (before the left mouse
button is released).
® Connections are indicated by adot.

—

* |f two wires are connected at their end points the wires fuse together and
become one wire. The connection dot then disappears.

* If either end point of awire touches another wire, the wires are connected.

]

* Wiresthat cross at interior points do not connect. An end point of awire
can connect only to another end point, acomponent lead, or an interior point
of another wire.
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* A wire that crosses another wire's end point or acomponent's lead dot will
connect to the wire or component lead.

T

* |f the Node Snap option is enabled, wires will snap to the nearest node
withinaonegrid distance. Although thisisusually helpful with analog parts, it
is sometimes a problem with dense digital connectionson aone grid pitch.

Y ou may want to temporarily disablethisoption if you notice awire end point
jumping to an undesired location. The Node Snap option isenabled or disabled
from Options / Preferences / Options / Circuit / Node Snap.

* Although wires are the principal method of interconnecting nodes, grid text
may also be used. Two nodes with the same piece of grid text placed on
them are automatically connected together. This feature is especially
useful in cases where you have many components sharing a common node,
such asanalog VDD and ground nodes, or digital clock, preset, and clear
nodes. In the figure below, R1 and R2 are in parallel, because they are each
connected to a node named with the text ABC.

ABC ARC
R1 R2
1K 2K

Naming can be done by dropping a piece of text on anode or by double
clicking it and changing its node name. Both procedures name the node.

» Holding the Shift key down after starting a wire forces the wire to stay
horizontal or vertical, depending uponitsprincipal direction prior to pressing
the Shift key. It is necessary to press the Shift key after starting the wire,
since pressing it before starting the wire would temporarily exit Wire mode
and enter Select mode.

» While drawing atwo-segment wire, clicking the right mouse button causes
the junction between the segments to flip between the two possible corner

positions.
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Adding and editing grid text

There are severa kinds of text visible in aschematic. First, thereis the attribute
text of individual components. Thistype of text is created and edited from within
the Attribute dialog box. The second kind of text iscalled grid text. Although grid
text can be used for any purpose, its most important use is for naming nodes.

To add grid text to a schematic:
First step: Click on the Text mode button ﬂ in the Tool bar.

Second step: Click the mouse in the schematic where you want to add the text.
A Text dialog box will appear. It offersthefollowing options:

Grid Text
Tent ]F'atterns] Drientation] Font ] Stepping]
MODEL gn npn ¢bi=75 is=11 cje=5p cje=2p waf=50t=.5n tr=5n var=100) J
QK | Cancel | Help |

Figure 2-4 The Text dialog box
Command buttons
OK: This accepts user text entry or edits and places the new or edited
text at the mouse site.
Cancel: Thisignores any user edits and exits the dialog box.
Help: This accesses the Help system.
Options
Text: Thisletsyou edit the text content.
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Patterns: Thisletsyou edit the text color, fill (background) color, and the
border width and color.

Orientation: Thisletsyou edit the print order / orientation. There are
four choices. Normal specifiesleft to right order. Up specifies bottom to
top order. Down specifies top to bottom order. Upside Down specifies
right to left order and upside down orientation.

Font: Thisletsyou edit the text font, size, style, and effects.

Stepping: These options are present only when adding text. They let you
add multiple rows and/or columns of incremented text.

Instances X: This sets the number of rows of text.

Pitch X: This specifies the spacing in number of grids between
rows of text.

Instances Y: This sets the number of columns of text.

Pitch Y: This specifies the spacing in number of grids between
columns of text.

Stepping is used to name wires or nodes with grid text. For example, if
you wanted sixteen names AQ, ... A15 vertically arranged, you enter text
of "AQ", select Instances X = 1, Instances Y = 16, and Pitch Y =2

(grids).

To add or edit existing text, select the Text panel of the dialog box. Typein or edit
the text and press OK. To make a piece of text start on a new line place the in-
sertion point text cursor at the desired position and press ENTER.

Grid text can be moved between text and drawing areas by selecting the text,
then pressing CTRL + B. The display of the schematic window can be toggled
between the text and drawing areas by typing CTRL + G.

To edit grid text:
First step: Click on the Select mode button ﬂ in the Tool bar.

Second step: Double-click the mouse on the text you want to edit. A Text dialog
box will appear showing the selected text. Edit the text as desired.
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Formulatext

MC8 provides a special kind of schematic grid text that can be used to calculate
formulas. Itsformisasfollows:

=formula

Grid text of thisform behaves like a small spreadsheet. The presence of the "="
at the first character position tells MC8 that the text isreally aformulaand that it
should calculate the value of the formula every time there is any change to sche-
matic text. For example, the following four pieces of text define three variables,
L1, C1, and C2 and a piece of formulatext:

DEFINE C1 1IN
DEFINE C2 1IN

.DEFINE L1 10U

=2*PI/SQRT (L 1* C1* C2/(C1+C2))

Note that these are individual pieces of text, not a single block of text. The for-
mula text must be placed in the schematic, not the text area. The .define state-
ments may be placed in either the text area or in the schematic.

The formulaisfor the resonant frequency of a Colpitts oscillator. Any change to
any text updates the value and M C8 printsthe following:

2*PI/SQRT(L1*C1*C2/(C1+C2))=88.858E6

Formulatext isdesigned to provide a convenient way to automatically compute
and display new design values from complicated formulas. For example, if you
change the value of C1 to 10nF, MC8 prints a new resonant frequency as follows:

2+ PI/SQRT(L 1* C1* C2/(C1+C2))=65.899E6

Formulatext is entirely visual. The values can not be used in other expressions.
To do that the formulamust be defined with asymbolic variable namelike this:

DEFINE FO 2*PI/SQRT(L1*C1*C2/(C1+C2))

FO could now be used in an expression or in, for example, a capacitor's VALUE
attribute.
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Adding and editing graphic objects

First step: Click on the Graphics mode button @ in the Tool bar. A menu ap-

pears, listing the avail abl e graphic objects. Choose one of the objects by clicking
on it. Drag the mouse in the schematic to create the object.

Graphic objectsincludetheline, ellipse, rectangle, diamond, arc, pie, and picture.
All have handles which can be dragged to ater the size and shape of the object.
Drag on a corner handle to change the size of the object. Drag on a non-corner
handle to change the width or length of the object's bounding box. Thisletsyou
change the aspect ratio or relative shape of the object.

Double-clicking on agraphics object invokesadial og box for editing the object.

If the object isa picture, afile dialog box will be presented. Select the name of
the picturefile, border and fill options, and then click on the OK button.

Here is an example of acircuit file with a JPG picture of Mona Lisa.

& Micro-Cap 8.0.0.0 - [E:\mc8\dataiMona. CIR] ME S
[ File Edit Component ‘Windows Options  Analysis  Design  Model Help =@ x|
DEABER[- s oe|t~+rt+r+¢ MOCIBP G| Zrns% | B %D
N TN W=l s ol O [0S o S B E

Mona Stable Oscillator =

|
y2 f{ 01U

ST

rF 1K
E CC 1 CONT

655 565 ul
*+—| THRES  OUT

T TRIG  DISCH

Figure 2-5 A circuit with a JPG file

MC8 can import or export (create) picturesin TIFF, JPEG, BMP, GIF, PNG,
WMF, and EMF formats.
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Adding and editing flags
First step: Click on the Flag mode button | in the Tool bar.

Second step: Click in the schematic at the position where you want to place the
flag. A text box is presented. Type in the name of the flag and click OK.

To edit aflag, double-click on it and edit the name in the text box as desired.

Moving schematic objects

First step: Click on the Select mode button M in the Tool bar.

Second step: Select the object or group of objects.

Third step: Drag the selected object or group. Slide the mouse across the draw-
ing to the desired location and rel ease the mouse button. Be sure to drag within
the body of the object, or within the selected region. If you don't, you will deselect
whatever had been selected. If this happens go to the second step and try again.

Rotating schematic objects

To rotate asingle component, click on it and hold the left mouse button down,
then click on the right mouse button. Each click rotates the part 90 degrees.

To rotate agroup of objectsfollow the following procedure:
First step: Click on the Select mode button M in the Tool bar.
Second step: Select the object or group of objects.

Third step: Click on one of the three rotate buttons. The Flip X axis button ﬂ
rotates the region about the horizontal axisin 180 degreeincrements, flipping it
about the horizontal axis. The Flip Y axis button @ rotates the region about the
vertical axisin 180 degree increments, flipping it about the vertical axis. The Z
axis button g rotates the region about the Z axis (the Z axisis perpendicular to
the schematic plane) in 90 degree increments, producing four distinct orientations.
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Stepping schematic objects

Stepping lets you define arectangular region and then duplicate its contents a
specified number of times. It is called stepping after the photolithographic term
'step and repeat’ used in the semiconductor industry. This feature is most useful
for creating highly repetitive circuit structures such as PLA, RAM, or ROM. The
stepping procedureisasfollows:

First step: Click on the Select mode button M in the Tool bar.

Second step: Drag the mouse to define a region containing the object or group of
objects that you want to step. This creates a box encompassing the desired area.
Normally, when you first create the box, you draw its boundariesjust outside the
area of interest, because if you touch one of the objects, you end up dragging it
instead of creating the box. If you step with the box thisway, you'll end up with
unconnected sections due to the space between the objects and the original box
boundaries. Thisis usually not what you want. The way around thisisto use the
box handles. These handles are on all four corners and each side of the box. Af-
ter theinitial box creation, the handles can be dragged to eliminate the spaces.
This lets the stepping process create contiguous, connected sections.

Third step: Click on the Stepping button, E to invokeits dialog box.

Step box X |
Times to step Harizontal I'I 3:
Times o step Vertical IIJ 3:

™ Copy text

] I Cancel | Help... I

Figure 2-6 The Stepping dialog box

This dialog box | ets you make three choices; the direction in which to step the
box, the number of timesto copy it, and whether or not you want to copy the
box's grid text. All attributes of components found in the box are copied, except
Part name, which is alwaysincremented. Grid text, if copied, will be incremented
if the Text Increment option in the Preferences dialog box is enabled.
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Mirroring schematic objects

Mirroring lets you define arectangular region called abox and then copy are-
flected image of the box contents. The mirroring procedureis asfollows:

First step: Click on the Select mode button M in the Tool bar.

Second step: Drag the mouse to define a region containing the object or group of
objects that you want to mirror. This creates a box encompassing the desired
area. Normally, when you first create the box, you draw its boundaries just out-
side the area of interest, because if you touch one of the objects, you end up drag-
ging it instead of creating the box. If you mirror thisway, you'll end up with un-
connected sections due to the space between the objects and the original box
boundaries. Thisis usually not what you want. The way around thisis to use the
box handles. These handles are on all four corners and each side of the box. Af-
ter theinitial box creation, the handles can be dragged so that the box has no
spacesin it. Thisletsthe mirroring process create a contiguous, connected copy.

Third step: Click on the Mirror button, ﬂ Thisinvokesthe Mirror dialog box.

Mirror X

Fieflection

" Vertizal

[~ Copy text

" Harizarkal

(1] I Cancel | Help... |

Figure 2-7 The Mirror dialog box

Thisdialog box lets you choose avertical or horizontal reflection and whether or
not you want to copy the box's grid text. A vertical reflection produces a copy
vertically below theoriginal region. A horizontal reflection producesacopy hori-
zontally to theright of the original region. All attributes are copied except Part
name, which isincremented. Grid text, if copied, will be incremented if the Text
Increment option in the Preferences dialog box is enabled.
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Del eting schematic objects

First step: Click on the Select mode button M in the Tool bar.

Second step: Select the object (component, text, wire, flag, or graphic object) to
be deleted by clicking onit. To select multiple objectsfor deletion, hold the SHIFT
key down while you click on each object. Y ou can also select one or more objects
by dragging the mouse to define arectangular region (box). All objectswithin the
box will be selected when the mouse button is released.

Third step: Press the Delete key to delete the object(s). Deleting in this fashion
does not copy the deleted objects to the clipboard, so they will not be available for
pasting to a new location. If you want to delete the objects and have them copied
to the clipboard for a future paste operation, use the Cut command (CTRL + X).

The Delete key alone removes all selected wire segments entirely from one end-
point to another. CTRL + Delete cuts wire segments that cross the select region
box exactly at the box boundaries.

The Undo and Redo commands

The Undo command undoes the effect of an operation. It is activated by pressing
CTRL + Z, by clicking on the Undo button ﬂ or by selecting the Undo item
from the Edit menu. Undo is available for most editsto text fields, schematics,
shapes, and analysis pl ot objects. Changes available for undoing include editing,
deleting, moving, rotating, reflecting, and stepping. Search and replace operations
on text documents and the text area of schematics are not reversible. Text edits
are not reversible after the text cursor has been moved to another field. If a com-
mand is not reversible, you can still reverseits effects by saving the file prior to
using the command, and then using the Revert option from the File menu to load
the old version of thefile stored on disk.

The Undo command is multistage. It can undo many timesand isonly limited by
available RAM memory.

There is also a multistage Redo command. It is activated by pressing CTRL + Y,
by clicking on the Redo button ﬂ or by selecting the Redo item from the Edit
menu. It is the complement of Undo. It restores the undone state.
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Node number assignment

MC8 automatically assigns numbers to the circuit nodes when an analysisisre-
quested, when the circuit is saved to disk, or when any change is made to the cir-
cuit and the Options/ View / Node Numbersﬁ option is active. Node num-
bers are displayed on the schematic only when this option is enabled. When you
want to plot or print a node's voltage waveform you refer to the waveform as

V (node name), where the node name may be either the node number assigned by
the program or atext name assigned by you. For MC8 to associate the node
names with the node, the lower left corner of the text outline box must be placed
directly on the node. Node Snap, if enabled, makes this easier by moving the text
to the nearest node within one grid. The Node Snap option is selected from the
Preferences dialog box (CTRL + SHIFT + P).

The system assigns and displays node numbers according to the following rules:
1. Ground is node number 0, but its node number is never displayed.
2. The other nodes are numbered from 1 to the highest node number.

3. When an analog node and a digital node touch, or are connected by awire,
both nodes are assigned a unique number. The program automatically inserts
an interface circuit between the two nodes. The interface circuit generates an
interface node of the form <num>$ATOD or <num>$DTOA depending upon
whether the digital node is an input or an output, respectively. If the interface
node is accessible (can be referenced in aplot expression), it will be printed
on the schematic. In general, interface nodes between anal og parts and digital
primitives are accessible unless they occur at a subcircuit interface.

4. Analog node numbers are displayed in abox with rounded cornerswhile
digital node numbers are displayed in a box with square corners.

5. Nodes with the same grid text node name are connected together. That is,
if two separate nodes each have a piece of identical grid text placed on them,
they are considered to be connected and will share the same node name. This
provides a convenient way of connecting large numbers of common nodes,
without having to use wires to connect them.
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The clipboard

The clipboard is atemporary storage area that is used to save schematic or text
fragments, as a prelude to pasting them to a new location. It is an invaluabl e tool
for editing schematics or text, and can save considerable time. The clipboard
commands are as follows:

Command Shortcut key Effect
Clear DELETE Deletes the selected object without copying
to the clipboard.

Cut CTRL + X Deletes the selected object and copiesit to
theclipboard.

Copy CTRL +C Copies the selected object to the clipboard.

Paste CTRL +V Pastes the clipboard contents to the last

mouseclick location.

To copy something to the clipboard, select the object or drag select aregion.
Press CTRL + C or click on the Copy button. All selected objects will be copied
totheclipboard.

To paste the clipboard contents, first click at the desired location. Then press
CTRL + V or click on the Paste button. The entire contents of the clipboard will
be pasted into the schematic or text area at the site of the last mouse click.

Like most other operations, the clipboard actions can be undone by using the
Undo command. Simply choose Undo from the Edit menu, press CTRL + Z, or
click on the Undo button to undo the operation.

M C8 maintains two separate clipboards: atext box clipboard and a schematic
clipboard. Text copied from atext box will not mix with text copied from the
schematic. Text from the text area of a schematic is regarded as schematic ma-
terial and is stored to or copied from the schematic clipboard. Thus, itis possible
to copy text from the text area and paste the same text to the drawing area. Of
course, the shuttle command, CTRL + B does this directly. Schematic objects
saved to the clipboard are available only for use within MC8 and cannot be pasted
to other applications. To export schematic pictures or plots, use the Copy the
Entire Window to a Picture File command on the Edit menu.
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Drag copying

Copy and paste works well when you want to duplicate a part of acircuit, but
thereis another, often easier, option called drag copying. It works asfollows:

« Select acircuit object or region to be duplicated.
* Press and hold the CTRL key down.
» Drag on any item in the selected area.

This procedure copies the selected objects and drags the copy along with the
mouse, leaving the original objects undisturbed. Aswith other copying operations
like stepping, mirroring, and pasting, part names are alwaysincremented, but grid
text isincremented only if the Text Increment option (Preferences) is enabled.

Drag copying can be used on any schematic object, whether it isacomponent,
wire, graphics object, flag, or piece of text.

Drag copying is especially convenient since it replaces the two step process of
cut and paste with asimple one step operation with immediately visible results. If
you don't like the result, press CTRL + Z to undo it and try again.

After the drag operation has begun, you can release the CTRL key and continue
dragging.

Drag copying is often a convenient method for adding new components. If you
want to add another 10K resistor, and a 10K already exists in the schematic, drag
copying isfast and easy. For example, the standard process consumes four steps:

1. Enter Component mode.

2. Select Resistor.

3. Click in the schematic.

4. Enter the resistor VALUE and (sometimes) MODEL attributes.

The drag method uses one step:
1. CTRL +drag a 10K resistor to the new location.
Drag copying is especially useful when an entireregion, like the differential stage

of an amplifier, can be copied. Even if some editing of the copied region's objects
isrequired, the entire processis usually smpler, faster, and less error prone.
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The Info command

The Info command displays model information about acommand statement or a
component. It workslikethis:

First step: Click on the Info mode button ﬂ in the Tool bar.
Second step: Click on the command or component.

Thelnfo function will provide someinformation for all componentsand some
command statements. It generally providesinformation that isnot easily visible,
such as a subckt listing or amodel statement from an external file, adigital source
stimulus table, or a Laplace or Function source datatable. For simpler compo-
nentswithout model statements, the Info function usually invokesthe Attribute
didogbox.

Text information found in the schematic is highlighted and shown as a part of the
schematic. Other information is displayed in the Model editor or the Text editor.

For the .INCLUDE and .L1B command statements, Info displays the contents of
the file referenced in the command statements.

If theinformation isfound in the text area, the Info command switchesto it and
displays the information. To return to the schematic page, press CTRL + G.

The Help command

In addition to the general Help command, there is a component specific Help
mode. Here is how it works:

First step: Click on the Help mode button k2| in the Tool bar.

Second step: Click on the component for which you want help.
The Help function provides parameter and syntax information for every compo-

nent. Thisisthe same information available from the Help system. It isjust alittle
easier to access in the context of working with the Circuit editor.
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Thedigital path commands

One of the most important properties of digital circuitsis path delay. Path delay is
how long a signal takes to propagate through each of the many possible pathsin a
circuit. MC8 provides several related commandsfor analyzing and displaying
these paths. These commands do three things:

* |dentify and list the gatesinvolved in the paths.

» Show the delay of each path, calculated from theindividual delays of the
gatesin the path list.

« Graphically show selected paths on the schematic by highlighting the
gates in the selected path.

There are three path commands:

1. Point to End Paths command: This shows all paths from the component at

s the point of amouse click to the end points. A path ends when a gate does
not drive another standard or tri-state gate.
2. Point to Point Paths command: This shows all paths from the point of the
ok first mouse click to the point of the second mouse click.
- 3. Show All Paths command: This shows all pathsin the circuit starting on
wrrt STIM, FSTIM, or flip-flop outputs and ending when a gate in the path does

not drive another standard or tri-state gate.
The procedure to use these commands s as follows:
First step: Select one of the three path commands from the Options menu.
Second step: For the Point to End command, click on the body of a gate or

stimulus component. For the Point to Point command, click on the starting compo-
nent and on the ending component.
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At this point, MC8 shows alist of paths appropriate to the chosen command in the
Path dialog box. It typically lookslikethis:

& Micro-Cap 8.0.0.0 - [E:\mc8\dataltrace ] _cir]
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B e e O MO e PG e e ]
A TR e B B S O - [ e B

Mo | Path
D00 UZUTT UG Ug U4 L2 LT3 LTy 5
D001 U201 DU U14 LB LIS LTE LI BEn &7
o0z 0400801412 UT3UT Sn S |
0003 U U008 141018 LA LG LT 7an S
s U4UA0TSUTE D17 atn I
LT USUE LS T4 12113 17 7n Ten
005 UBUFUSUSUSUMUISISUIETT 93 T =~
007 UBUTUSUTS UTALIE LT Bn Sin
008 USLIAUS LA IN3T 5n 57 119/
003 USLIAUB U148 G LT 70 S e
oo uUsLIaLISUTSUIF atn 3
o1 U207 U3 UE LB LT4LI2U13 U7 Tn Tin
M2 U0UTLIUEUBINALIBIIIUIE T Tan Tan
M3 U20U7 031813 UG T Bin Sin =
ez | Coor | Pl | Hep. | -

Figure 2-8 The Path dialog box

Scroll through the list and click on apath and MC8 will redraw the schematic and
highlight the path. Y ou can use the DOWN ARROW key to trace each path in
thelist fromtop to bottom.

For each path, the path list shows the name of each gate in the path, and the total
delay through the path for the low to high and high to low signal transitions at the
path start. To calculate the LH delay, the program assumes alow to high transi-
tion at the path start. It then traverses the path, summing the delays using the ac-
tual signal transitions at each gate, the gate's timing model, and the gate's MN-
TYMXDLY value. To calculate the HL transition, the program assumes a high to
low transition at the path start and performsasimilar anaysis.

A path ends when any gate in the path does not drive a standard gate or a tri-

state gate. Path commands handle combinatorial gates only. Subcircuits are not
expanded.
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Navigating schematics

Navigating means being able to quickly display the part of the schematic you are
interested in. There are several methods to accomplish this:

Schematic scrolling: Scroll the schematic using the vertical or horizontal
scroll bars. Thisisthe conventional method. Itisslow but sure.

Scaling: Use the Zoom-Out @ or Zoom-In @&,| buttonsin the Tool bar
to resize the schematic and get your bearing.

Panning: Pan the schematic. Panning means to move the view to a different
part of the circuit. In keyboard panning you use CTRL + <CURSOR KEY >
to move the view in the direction of the cursor key arrow. In mouse panning
you click and hold the right mouse button, while dragging the mouse. The
effect islike diding a piece of paper across a desktop.

Centering: Use the SHIFT + right click method to re-center the view. While
holding down the Shift button, click the right mouse button at the point you
want centered in the window. Clicking toggles the scale between 1:1 and 1:4
and centers the schematic at the mouse position.

Flagging: Place flags at locations you expect to revisit. Then select aflag
from the Select Flag dialog box which is accessed from the Tool bar @ or
from the Go To Flag item on the Edit menu.

Page scrolling: Use the Page scroll bar if the desired area is on another
page. You can also use CTRL + PGUP and CTRL + PGDN to navigate the

Although users are encouraged to adopt the method that works best for them,
each method tends to work best in different circumstances. For small to medium
view changes, use panning. For large changes in medium size schematics, use
centering, or for very large changesin very large schematics, use flags.
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Global Settings

These numeric values and options control device model and circuit analysis op-
tions. Some of these definitions can befound in theindividual device models:

Numeric Options:
ABSTOL: Absolute current tolerance. This venerable SPICE parameter
specifies the absolute tolerance to be added to the relative current tolerance.
Together, their sum must exceed the difference in successive solution values
for each current in the circuit to achieve convergence at a particular solution
point. Increasing ABSTOL often helpsto converge high current devices.
CHGTOL: Absolute charge tolerance. This parameter islike ABSTOL but
appliesonly to charge variables. Adjusting CHGTOL isoccasionally required
to converge MOSFET devices.
DEFAD: MOSFET default drain area.
DEFAS: MOSFET default source area.
DEFL: MOSFET default channel length.
DEFW: MOSFET default channel width.
DIGDRVF: Minimum drive (forcing) resistancefor digital 1O models.
DIGDRVZ: Maximum drive (high impedance) resistance for digital models.

DIGERRDEFAULT: Default maximum error message limit for individual
digital constraint devices.

DIGERRLIMIT: Default maximum error message limit for all digital
devices during each analysisrun.

DIGFREQ: The minimum digital time stepis1/ DIGFREQ.
DIGINITSTATE: Initial state of flip-flops and latches: O=clear, 1=set, 2=X.

DIGIOLVL: Default digital 10 level, 1 to 4. Specifies one of four DtoA
and AtoD interface circuits.
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DIGMNTYM X: Specifiesthedefault digital delay: 1=Min, 2=Typical,
3=Max,4=Min/Max.

DIGMNTY SCALE: Specifies scale factor used to calculate unspecified
minimum delaysfrom specified typical delays.

DIGOVRDRYV: Minimum ratio of drive resistances for one gate to overdrive
another driving the same node.

DIGTYMXSCALE: Specifies scale factor used to calculate unspecified
maximum delays from specified typical delays.

GMIN: Specifies the minimum branch conductance.

I TL 1: Operating point iteration limit before supply relaxation is attempted.
ITL2: DC transfer curve iteration limit for each point of the DC sweep.
ITL4: Transient analysisiteration limit for each time point.

LONE: Thisisthe value produced by alogical expression when the
expression is TRUE.

LTHRESH: Thisisthe voltage that must be exceeded for alogical boolean
function to emit an LONE state. For example, the expression V(1) AND
V(2) will be TRUE and produce an analog value of LONE only if
V(1)>=VTHRESH and V(2)>=VTHRESH.

LZERO: Thisisthe value produced by alogical expression when the
expression is FALSE.

PERFORM _M: Thisisthe number of data points on each side of a data
point that must satisfy a performance function search criteria before the data
point is accepted. It is used to minimize the effect of noisy data

PIVREL: Minimum relative value required of a pivot in the matrix solver.
PIVTOL: Minimum absol ute value required of apivot in the matrix solver.
RELTOL: This parameter sets the relative voltage and current tolerance.

Successive solution values for each iterated voltage or current variable in the
circuit must be less than the sum of the relative and absolute tolerances to
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achieve convergence at a solution point. Increasing or decreasing RELTOL is
occasionally required to convergedifficult circuits.

RMIN: Thisisthe minimum absolute value of the resistance of aresistor or
an active device lead resistance, (e.g. BJT RB, RE, and RC).

R_NODE_GND: Thisis the resistance added from node to ground when the
Add DC Path to Ground option (Options / Preferences) is enabled and a node
needs a path to ground.

SD: The hisisthe number of standard deviations in the tolerance band.

SEED: Thisisthe seed number for the RND, RNDR, RNDC, and RNDI(t)
random functions. If SEED is >0 the random numbers are the same with
each usage of the function.

TNOM: Default model parameter measurement and analysis temperature.

TRTOL: Thisisthe amount by which the standard LTE formulas are
presumed to overestimate the true error.

VNTOL: Absolute voltage tolerance. This parameter specifies the absolute
voltage tolerance to be added to the relative voltage tolerance. Together,
their sum must exceed the difference in successive solution values for each
iterated voltage in the circuit to achieve convergence at a particular solution
point. Increasing VNTOL isuseful in converging high voltage devices.

WIDTH: Controlsoutput column width.
Check Box Options:
NOOUTM SG: This disables the creation of output warning messages.

NUMERIC_DERIVATIVE: If enabled, this flag causes MC8 to use
numeric derivativesin lieu of agebraic formulasfor function sources.

PRIVATEANALOG: If enabled, all analog devices have private model
libraries. A device can have a private copy of itsmodel library or apublic
copy. If the copy is private, alterations made to the model values by stepping,
optimization, or Monte Carlo features affect only the one device. If the copy
ispublic, it will be shared by all analog parts with the same model name and
changes made to the model values by the stepping or Monte Carlo features
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affect all devices which share the copy. The presence of a DEV tolerance in
amodel statement forces a private copy, regardless of the state of the
PRIVATEANALOG flag. The default value for this option is enabled.

PRIVATEDIGITAL: If enabled, al digital devices have private model
libraries. A device can have a private copy of itsmodel library or apublic
copy. If the copy is private, aterations made to the model values by stepping,
optimization, or Monte Carlo features affect only the one device. If the copy
ispublic, it will be shared by al digital parts with the same model name and
changes made to the model values by the stepping or Monte Carlo features
affect all devices which share the copy. The presence of a DEV tolerance in
amodel statement forces a private copy, regardless of the state of the
PRIVATEDIGITAL flag. The default value for this option is disabled.

TRYTOCOMPACT: If enabled, this flag causes MC8 to compact the past
history of lossy transmission lineinput voltages and currents.

Method Options:

GEAR: If enabled, selects Gear integration.

TRAPEZOIDAL: If enabled, selects trapezoidal integration.
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TheFilemenu

The File menu provides commands for the management of schematic circuit files,
SPICE circuit files, document text circuit files, and model library files.

5|
=4

* New: (CTRL + N) This command invokes the New dialog box to create a
new schematic, SPICE or text, binary library, or Model Program file.

® Open: (CTRL + O) This command invokes the Open dialog box to load
an existing filefromthe disk.

* Save: (CTRL + S) This command saves the active window file to disk
using the name and path shown in thetitle bar.

® Save As: This command saves the active window file to disk after
prompting the user for anew file name and (optionally) a new path.

* Protect: This option saves the file with a user-defined password in an
encrypted format. Thereafter, the file can only be opened for viewing / editing
if the password is supplied. Protected files can still be simulated or used as
macrosin other circuits without requiring the password. Use this option to
protect proprietary circuit or macro filesthat may contain sensitive material.
To remove the protection, use the Save or Save As commands, which saves
thefilein standard text format without encryption.

* Paths: This option lets you specify one or more default paths for DATA
(circuits), LIBRARY (model libraries), and PICTURE (picturefiles). If more
than one path is specified, they must be separated by a semicolon (;). MC8
first lookslocally in the circuit for model data. It searches LIBRARY paths
next, scanning multiple pathsin left to right order. See Chapter 24, "Libraries’
for more information on paths. Note that local .PATH commands, within the
circuit can be used to specify different paths. Chapter 26, "The Command
Statements", has more information on the .PATH commands.

* Cleanup: Thisletsyou remove clutter by deleting many working files
created by Micro-Cap but usually of secondary importance. The most
common files that need frequent deleting are the numeric output files (*. TNO,
*.ANO, and *.DNO) and the probe data files (*.TSA, *.ASA, and *.DSA).

* Migrate: Thisletsyou migrate selected files from an earlier version of
Micro-Cap. After you specify the location of an older MCAP.DAT file, MC8
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readsit and makes alist of appropriate files that can be optionally copied to
suitable Micro-Cap 8locations.

* Trandate:
g ® Binary Library to SPICE Text File: This command translates a
LIE

binary MC8 library parameter file, FILE.LBR, into atext file, FILE.LIB,
containing model statements.

LiE ® SPICE Text Fileto Binary Library: This command transates a
SPICE text file, FILE.LIB, containing model statements, into abinary
MCS8 library parameter file, FILE.LBR.

= ® Schematic to SPICE Text File: This command creates a SPICE
= netlist from the active schematic. Any or all analyses may be specified
and several types of SPICE formats may be specified.

® Schematic to Printed Circuit Board: These commands create
netlist files to be used as input to the Protel, Accel, OrCad, or PADS.

* Schematic to Old Version: These commands trans ate the current
schematic fileto MC5, MC6, and MC7 formats.

* Bill of Materials: This command creates a bill of materials for the
schematic listing part name, type, value, quantity, and other attributes.
This option also lets you format and arrange the order of the items that
are to be printed.

* Model to SPICE File: This option converts MODEL program data
filesinto SPICE style model statementsin a SPICE text file.

* |BISto SPICE File: This accesses the IBIS dialog box which creates
equivalent SPICE models from IBISfiles. It also creates a SPICE file to

run atransient simulation on the output buffersin either Standard Models

format or Golden Waveforms Check format.

® Touchstone Files: This option converts Touchstone file parameters
fromS, Y, Z, G, or H format to any other format (S, Y, Z, G, or H).

® Load MC File: This command loads a circuit numeric output file and
scans it for references to Monte Carlo performance function error reports. It
then creates the circuits which caused errors during the Monte Carlo run,
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showing each circuit with parameter values which caused failure. Failure
means not meeting a performance function limit (like risetime or delay)
specified intheoriginal Monte Carlo run.

* Revert:(CTRL+AIt+R) This command restores the file in the active
window to the one currently on disk.

¢ Close: (CTRL+F4) This command closes the active file. This means it
removesit from the MC8 memory but not from the disk. It will optionally
ask if you want to save any changes on disk. Y ou can disable this query in
Options / Preferences / Warnings / File.

* Print Preview: This option previews what the printed schematic, analysis
plot, 3D plot, performance plot, or Monte Carlo plot will look likewith current
print options. It also lets you select, move, and resize the schematic and plot.

® Print: (CTRL+P) This command prints a copy of the document shown in
Print Preview in accordance with the instructionsin Print Setup.

* Print Setup: This option changes the printer settings and paper choices. Its
format will vary with different printers, but usually it letsyou specify a
particular printer to use and the paper size, source, and orientation.

* Recent Files: Thisisalist of the most recently used files. Y ou can reload
or display any one of them by clicking onitsfile name. The number of files
displayed is set by the File List value in the Common Options section of
the Prefer ences dialog box.

® Exit: (ALT+F4) This exits Micro-Cap 8.
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The Edit menu

Thismenu providesthefollowing options. Equivalent tool bar buttons appear next
to the commands below.

ﬂ ® Undo: (CTRL + Z) MC8 has a multistage undo. It can undo the last N
operationsthat change acircuit file. N islimited only by RAM memory and is
usually greater than 20. Undo can aso restore the last state of atext field, if
thetext cursor isstill inthefield.

* Redo: (CTRL + Y) Redo operates in the opposite direction of Undo. It
restores the prior circuit state. Like Undo, it can redo the last N operations
that change acircuit file.

¥ ® Cut: (CTRL + X) This command deletes the selected objects and copies
them to the clipboard. Objectsinclude text field text and schematic objects.

2 ® Copy: (CTRL + C) This command copies selected objects to the
clipboard. Objectsinclude text from text fields and schematic objects.

® Paste: (CTRL + V) This command copies the contents of the clipboard
starting at the current cursor position. If agroup of charactersin atext field
is currently selected at the time of the Paste operation, they are replaced with
the text in the clipboard. If the front window is a schematic, the paste is done
from the last point in the schematic where the mouse was clicked.

ﬂ ® Clear: (DELETE) This command deletes the selected items without
= copying them to the clipboard. This command del etes selected wires from
their end points.

® Clear Cut Wire: (CTRL + DELETE) This command deletes selected
wires by cutting them exactly at the sides of the select box.

® Select All: (CTRL + A) This command selects all objects in the current
window or al text in the current text field or document.

* Copy to Clipboard: Thiscommand copiesall or part of the visible portion
of the front window in graphics format to the clipboard. The picture in the
clipboard may then be imported via pasting to other programs, such as Word
or Excel.
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You can't paste a clipboard picture to MC8, though you can import a picture
file to MC8 using the Picture item from the Mode part of the Options

menu, or by clicking on the graphic @ icon. Select Picture, then drag or click
in the schematic and M C8 prompts for the picture file name.

* Copy the Entire Window to a Picture File: This command creates a
picturefilein avariety of formats from the front window. The file can then be
imported into M C8 or other Windows applications.

® Add Page: This command adds a new page to the schematic.
* Delete Page: This command deletes one or more schematic pages.

* Refresh M odels: This command localizes circuit model information by
copying subckts and model statements from the libraries to the circuit. Itisa
handy way to embed model information in thefile prior to sending a copy of
the circuit to a colleague who may not have your models. It can also serve as
arefresh step, restoring model information from the master librariesin case
you have edited the models and want to restore them.

* Box: These commands affect objects enclosed in the selected "box" region.

® Step Box: This command steps all objects within the selected region
vertically or horizontally (or both) a specified number of times.

* Mirror Box: This command creates a horizontal or vertical mirror
image of the objects enclosed in a selected region.

* Rotate: (CTRL + R) This command performs a counterclockwise
rotation of the objectsin a selected region.

* Flip X: Thiscommand flips the objects in a selected region about the
X-axis. The X-axisis defined as the horizontal line that bisects the selected
region.

® Flip Y: Thiscommand flips the objectsin a selected region about a Y -
axis. The Y-axisisthe vertical line that bisects the selected region.

* Make Macro: (CTRL + M) This command makes a macro circuit
from the circuitry inside of the current box region. It gathersthe circuitry
into anew circuit, labels the pin names, saves the circuit to disk under a
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name you choose, records an entry in the macro components library file,
MACRO.CMP, and replaces the circuitry within the box region with an
adjustable macro symbol representing the circuitry. After the macro
command, the circuit will smulate just as before, but the schematic will
have less clutter.

® Change: These options let you change several attribute features:

® Properties: (F10) This accesses the Properties dialog box for the
circuit window. From here you can change the color of circuit features
such as wire or component color. Changes affect all objects rather than
just selected objects.

® Graphic Object Properties: This accesses the Properties dialog box
for the graphic objectsline, ellipse, rectangle, diamond, arc, and pie. From
here you can change the default propertieslike color, fill, and pattern. The
changes affect the next graphic object added. To change an individual
object's properties, double click on it and edit the property.

Attributes: Thislets you change the display status of the five main
attributes of all componentsin the circuit, en masse.

Apply Display Properties: This command copies the display properties
of a selected part to al other parts with the same component name. It
might be used, for example, to make all resistors appear blue and use
Arial 12 point font for the VALUE attribute and Courier 14 point font for
the PART attribute. To apply it, edit a part to appear the way you like it,
then use this command to make all other similar parts appear the same.

Color: Thisletsyou change the attribute color of selected components,
text, and wires.

Font: This lets you change the attribute font of selected parts.

Rename Components: This command renames all components using
standard naming conventions. It also reorders the components to make
the node numbers flow from left to right and top to bottom. It updates the
component names in analysis plot expressions, so that R(RRX) changes
to R(R5) if the part name is changed from RRX to R5. It does not update
node numbersin analysis plot expressions, however, so expressionslike
V(20) will not be changed to V(2) if node 10 gets changed to node 2.
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Rename Defines: This command renames all .defined symbolic names
where conflicts exist between the symbol name and predefined names.

Reset Node Positions: The relative printing position of the node
number, node voltage, current, power, and condition can be changed by
dragging itstext. This command provides away to restore their original
default positions.

® Bring to Front: A mouse click on a stack of overlapping objects selects
the front object in the stack. If the front object isn't the one you want, away
is needed to select other objects from the stack. This command makes the
selected object the front object.

* Send to Back: This command makes the selected object the back object.

® Go To Flag: Thiscommand invokes the Go To Flag dialog box. It letsyou
reposition the display on aflag. Select aflag and click on the OK button and
the program redraws the schematic, with the selected flag at the center of the
display. Thisitem is enabled only when there are flagsin the schematic.

* Find: (CTRL + F) Thiscommand invokes the Find dialog box, whichis
used to search the circuit window for avariety of objects, including part
names, node names, attribute text, component type, and grid text. It looks
likethis:

Find
Search On Previous
= Part MName |F"NE
ol
Node Harms _ﬂ
C Afribute Text frans
dmac
= Component Type oo |
 Grid Text
Current
£oAl FING =]

Finz
I~ Exact Match |FINE

S

SIGMA2
Close SIGHAI

SIGhAA
Help Z'

Figure 2-9 The Find dialog box
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® Repeat Last Find: (F3) This command repeats the search and finds the
next object in the circuit that matches the search criteria.

* Replace: This option replaces text in atext document or in the text area of
a schematic. The replace function for schematic attributes is done from the
Attribute dialog box using the Change button.

* Find in Files: Thiscommand invokesthe Find in Files dialog box, whichis
used to search the disk for files. Y ou can search for a specific piece of text
(e.g. integrated Z80 mind warp generator), shape names (e.g. NOR3, OP9),
definition names (e.g. NPN, Resistor), component names (e.g. 2N2222A,
1N914,)) or any attribute value (e.g. 2.4K, TO5). The principal purpose of this
command isto find a circuit whose name has been forgotten, but some small
part of its content is still known (e.g. | remember | used a2N4124 in it).

Find in Files | %
Search Figlds
|7 © Text ¢ Shape ¢ Definition © Component & Attribute
~Find StEp |
Text [2n4124 | p— |
Definitian
| s =l r |
[ Loak In
|C:1MC?\DATA LI | I Lookin subfolders
—File types
[Fam =

CAMCFDATALML ] Freg.cir
CHMCFDATAYEC _GATE. dir
Total files found=2 Tatal files searched=157

Figure 2-10 The Find In Files dialog box

Y ou can search any kind of text file in any folder. It need not be a circuit file.
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The Component menu

This hierarchical menu shows the contents of the Component library. Thelibrary
was created and can be edited by the Component editor, although most users
will not need to do much editing. One part of the menu lookslikethis:

Options  Analysis Design Model Help JAETES
s o almmmim[p o |[ER s 1 5%E|
> ,

v Dv wEeF

»

LF411

LF411_MC
LF411_NS
LF411A =
LF411C_TI
LFa12

LF412_LT
LF412_MC

LF412_NS
LF412A
LF412A_LT
LF412C_TI

» AD00O- > LF442

» coooo- v LF442_MC

» E000OD-  » LF442_NS

» 10000~ > LF442A_NS

» LF0000- » LF442B_NS
LHOD0o- >

LMooo- >
LPOODD- >
LT0000- >
MO0OD- >
oPIONL- >

POOOD- > ;’j
Toooo- »

‘
elect Mode |LF442ADual Low Power JFET Input Gparnp

Figure 2-11 The Component menu

The Component menu lets you select a component for placing in the schematic.
It is designed to provide easy accessto any of the more than 16,000 partsin the
library. Access to more common generic parts is best done from a Component
palette or a Component button. The menu contains these sections:

Analog Primitives. This section has generic analog components for which the
user suppliesthe values or model statements that define their electrical behavior.

Analog Library: This section has models for commercial analog components.
The values or model statements that define their electrical behavior are provided
intheModel library.

Digital Primitives. This section has generic digital components for which the
user suppliesthe values or model statements that define their electrical behavior.

Digital Library: Thissection has modelsfor commercial digital components.
The values or model statements that define their electrical behavior are provided
intheModel library.
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Animation: This section contains objects which change their display or respond
to user clicks during asimulation. The objectsinclude meters, seven-segment dis-
plays, LEDs, and avariety of digital and analog switches. They work with the
Dynamic DC, Dynamic AC, and Animate modes.

Import: Thissection isatemporary holding bay for Component library datafrom
parts that have been imported from circuits. Once a part has been imported, its
name appears on the Component menu and it is available for placement in other
circuits. Part names can be dragged from here into other sections of the library.

Filters: Thissection is present if filter macros have been created by the filter
design feature, accessible from the Design menu.

Macros: This section is present if macros have been created by the Make
Macro command, accessible from Edit / Box / Make Macro.

Find Component: (CTRL + SHIFT + F) The Find Component command lets
you search the Component library for apart by its name, shape, definition, or
memofield. Itlook likethis:

Find Component [x]
Moise Search Field:

— ( " Nams € Shaps (' Defiition (' Mera & Al |
I Beginning of e

2 PHF L o A
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ADEO0_AD Dual, Low Noise, ‘Widsband Yariable G
ADEOQ)_AD Dual, Low Noise, ‘Wideband Variable G
ADE0Z_AD Dl Lows Huise, Wideband Yariable G —
ADE02)_AD Dual, Low Naise, ‘wideband Yarisble G Base

ADED3_AD Low Moise, S0MHz Y ariable Gain Ampl

ADED3S_AD Low Moise, 30MHz Variable Gain Ampli

ADEQ4AH_AD Ultralows Moise Variable Gain Ampiifier]

ADEDSAN_sD Low Moise, Single Supply Wariable Gair

Collector

ADE45_AD Low Noise, Low Diift FET Opamp]
ADE45A_AD Low Moise, Low Diift FET Opamp]
ADE45E_AD Law Hoise, Low Diift FET Opamp]

ADE4G)_&AD Low Moise, Low Diift FET Opamp]

&D645K_aD Low Moise, Love Drift FET Dpamp]

LDR455_AD Low Noise, Low Diift FET Opamp) v |

Shape IF‘NF‘ Definition IFNF File IE'\m:E\Slar\dald cmp

Memo IPNP Lows Moise Amplifier 80V T4 ek

ok | Concel | MakeFie | Hep. |

Figure 2-12 The Find Component dialog box

To select acomponent for placement, use the cursor keys or click the mouse on
one of the parts on the Component menu items. When you select a component,
MC8 automatically changes the tool mode to Component. To actually place the
component, click the left mouse button in the schematic, or click and drag the
component to where you want it to be placed. To rotate the component, click the
right button before the left button is released.

Last Used: This part of the menu shows recently selected parts.
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The Windows menu
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® Cascade: (SHIFT + F5) This command cascades the open circuit
windowsin an overlapping manner.

* Tile Vertical: (SHIFT + F4) This command vertically tiles the open
circuit windowsin anon-overlapping manner.

® TileHorizontal: Thiscommand horizontally tiles the open circuit
windowsin anon-overlapping manner.

® Overlap: Thiscommand overlaps the circuit window and the analysis plot
window. If the Plot on Top option is enabled, the circuit is maximized and
al/4 sizeanalysisplot is placed on top, otherwise the analysisplot is
maximized and a1/4 sizecircuit isplaced on top. Thisoptionisavailableonly
when anormal or Probe-mode transient, AC, or DC analysisis active.

* Maximize: This command maximizes a selected circuit window or circuit
window icon.

® Arrange | cons: Thiscommand neatly arranges any minimized circuit
window icons.

e Zoom-In: (CTRL + numeric keypad + ) If the active circuit window is
a schematic, this command magnifies the schematic. This command affects
only the display, not the printed size. If the active circuit window is atext
window, this command draws the window using the next largest font size.

® Zoom-Out: (CTRL + numeric keypad - ) If the active circuit window
is aschematic, this command shrinksit. The command affects only the
display, not the printed size. If the active circuit window isatext window,
this command redraws the window using the next smallest font size.

® Toggle Drawing/Text: (CTRL + G) Every schematic has a drawing
area and a text area. The drawing area contains the schematic. The text
areaiswhere local model, subckt, stimulus, and source table statements are
stored. This command toggles the window display between the drawing and
text aress.

® Split Horizontal: Thishorizontally splitsthe front schematic window into
its drawing and text areas for simultaneous viewing.
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® Split Vertical: Thiscommand vertically splitsthe front schematic window
into its drawing and text areas for simultaneous viewing.

® Remove Splits: This command removes any split panes in the window.

® Component Editor: This command accesses the Component editor, which
is used to define part names and their electrical definition.

® Shape Editor: This command accesses the Shape editor, which is used to
create and maintain graphical shapes for the components.

® Package Editor: This accesses the Package editor, which manages the
information needed to generate netlists to popular PCB programs.

® Check Model Library Parameters: This checks the entire model library
against the upper and lower limits specified at Options/ Model Parameter
Limts Editor.

® Check Model Library Parameters: This checks the model parameters
of partsinthe Modd library against the limits set in the Model Parameter
Limits Editor. The check isonly donefor partsthat are implemented from
basic model primitives such as NPNs, NMOS, JFETSs, diodes, etc. Subckt and
macro-based parts are not checked.

® Calculator: Thisinvokesthe Calculator window. It letsyou typein
expressions and it calculates the result. Y ou can use circuit variablesif you
arein an analysis mode. It can even do symbolic derivatives. Here are some
sampleexpressions:

(1+2*))* (1+2*])....complex product returns-3 + 4%

VBE(QL)*IB(Q1) + VCE(QL)*IC(Q1)....power in a BJT
SERIES(N,0,25,1/FACT(N))...Evaluates the first 26 terms of /FACT(N).
The derivative of 1(L1)*V(L1) W.R.T. I(L1) returns V(L1). This example
worksonly in analysismode since I(L1) and V(L 1) are defined only in
analysis mode. Expressions using generic symbolswork in schematic mode.

For example, thederivative of XX returns X* XA (X-1)+X*X* LN(X).

® Filesin Memory: Thisgroup liststhe open filesin memory. If multiple
circuits have been loaded, you can select one for display from thislist.
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The Options menu
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® Main Tool Bar: (CTRL + 0) Thistoggles the main tool bar on and off.
® Default Main Tool Bar: This option restores the default main tool bar.
¢ Status Bar: This option toggles the Status bar on and off.

* Mode: This option accesses the Mode submenu. It contains these items:

® Select: (CTRL + E) This mode selects objects for editing. To change
attribute values like part name or model name, to edit afragment of grid
text, or to select a schematic region for moving or deleting you must bein
the Select mode. Normally, you invoke this mode by clicking on the Select
button, pressing the SPACEBAR, or by typing CTRL + E, but you may
alsoinvokeit by selecting thismenu item.

® Component: (CTRL + D) This mode lets you add a component to the
schematic. Invokethismode by clicking on the Component button, typing
CTRL + D, or selecting this menu item.

® Text: (CTRL + T) Thismode lets you add grid text to the schematic.
Grid text can be used for node names and model statements (which can
also be placed in the text area). Y ou can invoke this mode by clicking on
the Text button, by typing CTRL + T, or by selecting this menu item.

* Wire: (CTRL + W) This mode adds orthogonal wiresto the
schematic. Wires are used to connect components together. Y ou can
invokethis mode by clicking on the Wire button, by typing CTRL + W,
or by selecting this menu item.

* WireD: Thismodeis used to draw diagona wiresin the schematic.

* Line, Rectangle, Diamond, Ellipse, Arc, Pie: These modes let you
draw graphic objects on the schematic or plot. Y ou can select amode
from here, or click on the Graphics button in the Tool bar, then select the
desired object from the menu that pops up.

® Polygon: Thiscommand letsyou place apolygon in an analysis plot.
The polygonisintended for usein defining valid specification ranges.
After rough drawing apolygon object, double-clicking onit letsyou type

73



74

-

in more exact values. The key words MIN and MAX place a polygon
vertex coordinate flush with the plot sides.

* L eft Brace: This mode is used to place a variable size |eft brace
graphical object in the schematic.

* Right Brace: This mode is used to place a variable size right brace
graphical object in the schematic.

® Brace Pair: Thismodeis used to place a variable size graphical object
consisting of a pair of left and right bracesin the schematic.

* Flag: This mode is used to place flags on the schematic. Flags are used
tomark locationsfor quick navigation. Normally, you invokethismode by
clicking on the Flag button, but you may also use this menu item.

® Picture: This mode lets you place picture files in the schematic.
® Scale: (F7) This command puts the analysis plot in Scale mode.
® Cursor: (F8) This command puts the analysis plot in Cursor mode.

* Point Tag: Thismode lets you place a point tag on aplot. A point tag
labelsthe X and Y values of asingle data point on awaveform.

® Horizontal Tag: Thismode lets you place a horizontal tag between
two data points. This tag measures and |abels the horizontal difference
between two data points on one or two waveforms, yielding pulse width
or timedelay if the X expressionis Time.

* Vertical Tag: This mode lets you place a vertical tag between two
data points. This tag measures and labels the vertical difference between
two data points on one or two waveforms.

® Help: (CTRL + H) This command invokes the component help mode.
This mode lets you click the mouse on a schematic component to seeits
parameter and model syntax.

°® Info: (CTRL + I) Thisinvokesthe Info mode. In this mode, clicking
on acomponent showsits model parameters, model statement, subcircuit
description, or command statement, depending upon the component.
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® Point to End Paths; This command invokes the Point to End Paths
mode. Inthismode, clicking on adigital component displaysall pathsfrom
the component clicked to all possible end points. End pointsinclude
flip-flops and gates which drive no other gates.

* Point to Point Paths: This command invokes the Point to Point Paths
mode. Inthismode, clicking on adigital component displaysall pathsfrom
the first component clicked to the second component clicked.

* View: These options determine what will be drawn on the schematic.

¢ Attribute Text: If checked, this shows component attribute text.

® Grid Text: Thisoption shows grid text. Grid text is any text created
with the Text tool.

* Node Numbers: This option shows the node numbers assigned by the
program to each node. Analog nodes have rounded rectangles and digital
nodes have normal angular rectangles. Grid text placed on a node may
serve as an alias for the node number.

* Node Voltages/ States: This displays node voltages and digital states.
In Dynamic AC, AC voltages are shown. Otherwise, time-domain values
are shown. Depending on the last analysis, these could be a DC operating
point, transient analysis ending values, or DC Sweep ending values.

® Current: Thisoption displaysthelast AC, DC, or transient analysis
time-domain currents. During Dynamic AC, AC currents are shown.

* Power: Thisoption displaysthelast AC, DC, or transient analysis
time-domain power. During Dynamic AC, AC power is shown.

® Condition: Thisoption displaysthelast AC, DC, or transient analysis
time-domain conditions. Conditions define the operating statefor devices
such as ON, OFF, LIN, SAT, and HOT for BJTs.

® Pin Connections: This option displays a dot at the location of each
pin. This helps you see and check the connection points between parts.

* No Grid: Thisoption displays no schematic grid.
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® Grid: Thisoption displaysastandard grid without bold grid points.

* Grid Bold 5: Thisoption displays a standard schematic grid with every
5thgrid pointinbold.

* Grid Bold 6: Thisoption displays a standard schematic grid with every
6'th grid point in bold. 6 isthe standard grid spacing of simple parts.

® Bold Grids User (N): This option displays a standard schematic grid
with every N'th grid point in bold. The distance between bold grids, N, is
user selectablein the Properties dialog box.

® Cross-hair Cursor: This option adds a cross-hair cursor.

® Border: This option adds a border to the schematic.

* Title: Thisoption adds atitle block to the schematic.

® Show All Paths: This command shows al digital paths and their delays.
Selected paths are highlighted on the schematic. It is an immediate command
as opposed to the Point to End Paths and Point to Point Paths modes, which
require mouse clicks to specify path endpoints before a path list appears.

* Preferences. (CTRL + SHIFT +P) This accesses the Preferences
dialog box, where many user preferences are selected. These include:

® Options: This accesses alist of operational choices:

® Select Mode: This option causes the schematic mode to revert to
Select after any other mode is completed. For example, to place a
component you must be in the Component mode. After placing the
component, the mode normally staysin Component mode. If this
option is selected, the mode reverts to Select immediately after a
component is placed. The same thing would happen when drawing
wires, placing text, querying apart, or any other mode-based action.

® Sound: This controls the use of sound for warnings and to indicate
theend of asimulation run.

® Add Parentheses to defines:. This brackets the right side of
.define statements with a pair of parentheses to avoid expansion
problems. For example, with the added parentheses,
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.DEFINE A 1+V (1) isinterpreted as (1+V (1))
Without the added parentheses an expression like 1/A becomes
V1+V(1) = 1+V(1).
With the added parentheses the /A becomes 1/(1+V(1)).

® Time Stamp: This option adds atime stamp to all numeric output
filesand plots.

* Print Background: If enabled, this option adds the user-sel ected
background color to the printouts. It isusually disabled, since most
background colorsdo not print well.

® Component Menu Shape Display: This option shows the shape
as different components are selected from the Component menu.

* Date Stamp: This option adds a date stamp to all numeric output
filesand plots.

® Use Bitmaps in Menus: This option enables or disables the use
of bitmap icons on the menus.

® FileList Size: This value sets the number of file names to include
in the Recent Files section of the File menu.

* Warning Time: This sets the duration of warning messages.
* Analysis Options: This accesses a list of options related to analysis:

* Floating Nodes Check: This provides a warning for floating
nodes (those for which only one component pin is attached).

® DC Path to Ground Check: This checks for the presence of a
DC path to ground. It should normally be on.

® Convergence Assist: This enables Convergence Assist which
optimizes Global Settings parametersto help acircuit converge. It
may modify RELTOL, ABSTOL, VNTOL, ITL4, ITL2, GMIN,
METHOD, and others to achieve convergence. If it succeeds, it adds
an .OPTIONS statement to the circuit with the modified parameters.
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* Add DC Path to Ground: This option automatically adds a
1/GMIN resistor to any path where there is no path to ground.

* Plot on Top: If enabled, this option places the analysis plot on top
of the schematic if they are overlaid. If unchecked, the schematic
floats above the plot.

* [nertial Cancellation: If enabled, this option causes the logic
simulator to employ inertial cancellation, which cancelslogic pulses
whose durations are shorter than the device delay. If thisoptionis
disabled, the smulator does not cancel short pulses.

* Analysis Progress Bar: If enabled, this option displays a progress
bar during a simulation run in the Status Bar area, if the Status Bar
feature is enabled on the Options menu.

® Select Curve Color: If enabled, this option colors the selected
curve branch in the Select Color Primary. It is nearly always on,
except when many hundreds of branches would slow down the
redraw required by the select color.

® Gmin Stepping: This option enables the use of Gmin stepping if
source stepping fails to achieve DC convergence.

* Circuit Options. This accesses alist of options related to circuits:

® Text Increment: This controls grid text incrementing during a
paste, step, drag copy, or mirror operation. Incrementing means that
the ending numeralsin the text are increased by one. If no numerals
are present, a'l' is added to the text.

* Node Snap: This flag compels components, wires, and text to
originate on anodeif anode's pin connection dot iswithin one grid of
the object being placed or moved.

® Auto Show Model: This mode causes model statements added to
the schematic text areato automatically split the circuit window and
show the newly added model statement.

® Component Cursor: If enabled, this option replaces the mouse
arrow pointer with the shape of the currently selected component
when Component modeis active.
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* Rubberbanding (SHIFT + CTRL + R): If enabled, this option
causes drag operations to extend the circuit wires to maintain node
connections. When disabled, drag operations sever selected wires at
their endpoints and drag them without changing their shape or length.

* Show Slider: This places a slider on the schematic adjacent to
voltage and current sources, resistors, inductors and capacitors
during Dynamic AC and DC. Y ou can change the component value
by dragging the slider with the mouse. The value can also be changed
by precise amounts, with each press of an UP ARROW or DOWN
ARROW cursor key.

* Nodes Recalculation Threshold: If Show Node Numbers is
enabled, nodes are recal culated and displayed when any editing is
done. For large schematics this can be time consuming. Thisvalue
sets an upper limit for node count beyond which automatic node
recalculationwill beignored.

* Block Select Display Mode: This option enables the block select
mode, which shows the background of selected objectsin the Block
Select color. This makes selected objects easier to spot, especially
when thereis only one object. If disabled, the selected object is
drawn in the standard foreground Select color.

¢ Automatically Add Opamp Power Supplies. This automatically
adds and connects the VCC and VEE power supplies for level 3
OPAMP primitives. It places the batteries on a schematic page
called Power Supplies. Note that it will not work for vendor supplied
opamp subckt models.

* Node Highlight: Thisoption automatically highlightsthe entire
node as the mouse cursor passes near the node.

® Color Palettes: Thisoption lets you define your own palettes. Click on
any of the color sguaresto invoke a color editor that lets you customize
the hue, saturation, and luminance of the selected palette color.

* Format: This option controls the numeric format to be used when
displaying analysisplot tag values, DC operating point valuesin the
numeric output text page, schematic node voltages, currents, and powers,
schematic path delays, and formulatext.
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°® Status Bar: Thislets you change the Status bar text attributes.

® Main Tool Bar: This panel lets you show or hide buttons and tool bars
that normally reside in the main tool bar area.

® Component Palettes: This lets you name the nine component pal ettes
and control their display inthe Main tool bar. Y ou can also toggle their
display on and off during schematic use with CTRL + palette number.

® Auto Save: This accesses the Auto Save dialog box from which you
can enable automatic saving of circuit filesto disk every timeyou run an
analysis or on a specific time schedule.

® Warnings. This accesses the Warnings dialog box from which you can
enabl e specific warning messagesincluding:

® File: This provides awarning when closing an edited file whose
changes have not yet been saved.

® Quit: Thisasksif you really want to quit.

® Opamp Power Supplies: This alerts the user when MC8 adds
VCC and VEE power supplies.

* Add DC Path to Ground: Thiswarns when adding resistors to
avoid aDC path to ground.

® Excessive Time Points: This warns when the circuit analysis
limitscall for an excessive number of time points.

® Excessive Data Points. This warns when the circuit analysis has
created an excessive number of data points. Data points equal time
points times number of waveform or graphs plotted.

® Revert: Thisasksfor confirmation before allowing afile revert.

® AC Signal: Thiswarns the user when attempting an AC analysis
and the AC signal for all sourcesinthecircuitis zero. Thisisnearly
awaysincorrect as all AC voltages and currents will also be zero.

* Style: The Style dialog box which lets you select and define different
circuit styles. Styles consist of text fonts, colors, sizes, and display styles.
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* Default Properties For New Circuits: This dialog box sets new circuit
properties. All panels have a default button to select preset default values.

® Schematics: This controls several schematic features:
® Color/Font: This provides control of text font and color for various
schematic features such as component color, attribute color and font,
and background color.

* VView: Thispanel setsthe default user bold grid spacing.

¢ Title Block: This panel lets you specify the existence and content
of thetitle block.

® Tool Bar: Thislets you select the tool bars and buttons that appear
in thelocal tool bar arealocated just below the main tool bar.

® SPICE Files: This provides two types of features for SPICE text files.

® Color/Font: This provides control of text font and color for SPICE
text files.

® Tool Bar: This panel lets you select the tool bars and buttons that
appear in thelocal tool bar arealocated just below the main tool bar.

* Analysis Plots: This provides control for several analysis plot features:

® Scales and Formats. This panel lets you specify units, scale factor
and numeric format for analysisplots. It provides some plot options
for both the X and Y axes:

¢ Scale Factor: Thislets you apply a scale factor. Under Auto MC8
picksasuitable scalefactor fromthelist (T,G,Meg,K,m,u,n,p,f).

® Scale Units: Thisletsyou add units (Volts, Amps, etc,) to the plot.
If Autois selected MC8 will attempt to guess what the units should
be from the plot expression.

® Scale Format: This option controls the numeric format for the plot

X 1'Y scales. The choicesinclude Scientific (1.00E4), Engineering
(10.00K), Decimal (10,000.00), or Default (10K).
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* Value Format: This controls the numeric format for numbers
printed in the Cursor tables and in the numeric output page. The
usual format optionsare available.

® Auto/ Static Grids: This specifies the number of gridsto use
when auto scaling or when the Static Grid option is enabled.
Static grids are the ol d-styl e fixed grids used in M C6.

® Enable Scaling: This option enables auto scaling inthe X or Y
direction. ToautoscaleintheY direction only, disablethisoption
in the X panel, and vice versa.

® Optimizer: This sets the Optimizer window numeric format.
® Watch: This sets the Watch window numeric format.

®* SameY Scalesfor Each Plot Group: This controls whether
each of the waveforms in the plot group share the same numeric
scale or have their own individual Y-axis scales.

* Static Grids: If enabled this option produces fixed plot grids
that stay in place asthe plot is panned, asin MC6. Otherwise the
grids move when the plot is panned, asis standard in MC8.

* Keep X Scales the Same: If enabled, this option keeps the X
scales of different plot groups the same.

* Slope Calculation: This controls the method for measuring
slope; normal, dB/octave, and dB/decade. The latter two are
more appropriate for certain AC measurements.

® Colors, Fonts, and Lines: This provides control of text font and
color for various plot features such as general scale and title text,
window and graph background colors, and individual curvecolor,
thickness, and pattern.

® Tool Bar: This panel lets you select the tool bars and buttons that
appear inthe local tool bar arealocated just below the main tool bar.

® FFT: This panel letsyou select the default parameters for FFT
functionsused in analysis plots, including number of pointsto usein
the FFT routine, and autoscaling options.

Chapter 2: The Circuit editor



* Numeric Output: This panel lets you control the content of
numeric output files (*.TNO, *.ANO, and *.DNO).

® Include Numeric Output: This enables creation of the
numeric output file. The other options control content of thefile.

® Include Model Parameters: This prints model parameters.

® Include Zero Parameters: This enables the printing of
zero-valued parameters.

¢ Include Undefined Parameters. This prints undefined model
parameters using their default values.

* Include Analysis Limits: This adds the analysis limits.

* Include Waveform Values: This controls the printing of all
waveform valuesto the file. The numeric output icon ,

adjacent to the waveform expression in the analysis limits, must
also be enabled for printing to occur.

¢ Include Operating Point Values: This controls the printing
of the operating point datato thefile.

* 3D Plots: This provides control for several 3D plot features:
® Color: This provides color control of 3D plot features such as
general scale and title text, window and graph background colors,
axiscolors, patch color, and surface line color.
® Font: Thisprovidesfont control for all text in the 3D plot.
¢ Scales and Formats: This panel selects the numeric format for
the X, Y, and Z axis scales and the numeric values in the cursor

tables. It also controls the slope cal culation method.

® Tool Bar: This panel lets you select the tool bars and buttons that
will appear in the local tool bar area.

* Monte Carlo Histograms:. This panel provides control for Monte
Carlo histogram plot features:
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® Color: This provides color control of histogram features such as
scal e and title text, window and graph background, and bars.

® Font: Thisprovidesfont control for al text in the histogram.

® Tool Bar: Thispanel letsyou select the tool bars and buttons for
the local tool bar area.

* Performance Plots: This panel controls performance plot features:

® Scales and Formats: This panel lets you specify units, scale
factor, numeric format and other options for performance plots. The
optionsare similar to those for analysis plots.

® Colors, Fonts, and Lines: This provides control of text font and
color for various plot features such as general scale and title text,
window and graph background colors, andindividua plot color,
thickness, and pattern.

® Tool Bar: This panel lets you select the tool bars and buttons that
appear in the local tool bar area.

® FFT: Thispanel controlsthe FFT window features:

® Scales and Formats: This panel lets you specify units, scale
factor, numeric format and other optionsfor FFT plots. The options
arevery similar to those provided for analysis plots.

® Colors, Fonts, and Lines: This provides control of text font
and color for various plot features such as general scale and title
text, window and graph background colors, and individual curve
color, thickness, and pattern.

® Tool Bar: This panel lets you select the tool bars and buttons that
appear inthe local tool bar arealocated just below the main tool bar.

® FFT: This panel letsyou select the default parameters for FFT
operations used in the FFT window, including the number of pointsto
use in the FFT routine, and auto scaling options. These parameters
are distinct from similar parameters specified for FFT operations
used in the analysis plots. They are usually the same but need not be.
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* Model: This panel controls the Model Program features:

® Colors/Font: This provides control of text font and color for
various plot featuresfor the Model program displays.

* Tool Bar: This panel lets you select the tool bars and buttons that
appear in the tool bar area of the Model Program display.

°® Glabals: Thispanel controls the properties of new graphical objects
and the type of format type assumed when reading in SPICE files.

* Graphical Object: Thispanel controlsthe properties of graphical
objects such as border, fill, font, and line pattern.

® Spice Type: This panel lets you set the type of SPICE format to
be assumed by new circuit files when they read SPICE material.

® Global Settings. (CTRL + SHIFT + G) This shows the Global Settings
dialog box where many simulation control choices are made. These settings
are discussed in greater detail in the Global Settings section of this chapter.

® User Definitions: This option displays the file MCAP.INC. Thisfile,
located on the directory with MCB8.EXE, stores global definitionsfor useinall
circuits. The contents of thefile are automatically included in al circuit files.

* Model Parameter Limits Editor: This editor lets you set the minimum
and maximum values that the model parameters can have. It also shows the
default values, but does not allow you to edit them. A warning messageis
generated and placed in the numeric output file for parameters that do not fall
within the limit values. Y ou can also run a comprehensive check of all models
from Windows / Check Model Library Parameters.

* Component Palettes. This option accesses the Component Palettes.
These provide aquick and convenient alternative to the Component menu
when choosing components for placement in the schematic. Membershipin a
palette is specified from the Component editor. The standard installation
provides several sample pal ettes contai ning common analog and digital
components. The palettes can be tailored to suit personal preferences. Palette
display can be toggled on and off by pressing CTRL + palette number. For
example, CTRL + 1 togglesthe display of palette 1.

85



86

TheAnaysismenu

The Analysis menu is used to select the type of analysisto run on the circuit in
the active window. It provides these options:

® Transient: (ALT + 1) This option selects transient analysis. This lets you
plot time-domain waveforms similar to what you'd see on an oscill oscope.

®* AC: (ALT + 2) This option selects AC analysis. Thislets you plot
frequency-domain curves similar to what you'd see on a spectrum analyzer.

* DC: (ALT + 3) Thisoption selects DC sweep analysis. This letsyou plot
DC transfer curves similar to what you'd see on a curve tracer.

® Dynamic DC: (ALT + 4) This option selects an analysis mode in which
MC8 automatically respondsto user edits by finding and displaying the DC
solution to the current schematic. Y ou can change battery voltages and
resistor values with slider controls or with the cursor keys. Y ou can also
make any edit such as adding or removing components, editing parameter
values, etc. MC8 responds by cal culating the DC solution and will display

voltages and states if % is enabled, currents if ﬂ is enabled, power
dissipationiinsenabled, and device conditionsif 8 |isenabled.

® Dynamic AC: (ALT + 5) In Dynamic AC, MC8 runs AC analysis and
displays AC voltages, currents and power terms directly on the schematic
while stepping through alist of frequency values. The program displays AC

voltages if @ isenabled, AC currents if E is enabled, and AC power
termsif 3| is enabled.

°® Sensitivity: (ALT + 6) This option selects an analysis mode in which the
program cal culates the DC sensitivity of one or more output expressionsto
one or more input parameter values. The input parameters available for
measurement include all those avail able for component stepping, whichis
practically all model parameters, al value parameters, and al symbolic
parameters. Thus you can create alot of data with thisanalysis. A suitably
smaller set of parametersis specified in the default set, or you can select
only one parameter at atime.
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® Transfer Function: (ALT + 7) This option selects an analysis mode in
which the program calculates the small signal DC transfer function. Thisisa
measure of the incremental change in a user-specified output expression,
divided by avery small change in a user-specified input source value. The
program also calculates the input and output DC resistances.

* Distortion: (AL T + 8) This option selects Distortion analysis. In this mode
MC8 runstransient analysis and then analyzes the distortion productsin the
output signal by using FFT routines.

® Probe Transient: (CTRL + ALT + 1) This selects transient analysis
Probe mode. In Probe mode, the transient analysisis run and the results are
stored on disk. When you probe or click part of the schematic, the waveform
for the node you clicked on comes up. Y ou can plot al of the variable types,
from analog node voltagesto digital states. Y ou can even plot expressions
involvingcircuitvariables.

® Probe AC: (CTRL + ALT + 2) This option selects AC Probe mode.

® Probe DC: (CTRL + ALT + 3) This option selects DC Probe mode.
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TheDesign menu
The Design menu accesses the Filter Design functions.

Active Filters: This part of the program designs an active filter from your filter
specifications. Thefilter type can be low pass, high pass, band pass, notch, or
delay. Thefilter response can be Butterworth, Chebyshev, Bessel, elliptic, or
inverse-Chebyshev. Polynomials are calcul ated from the filter specifications,
then mapped into one of several different circuit styles, ranging from classical
Sallen-Key to Tow-Thomas. Optional plots of the idealized transfer function are
available. Filters can be created as circuits or as macro components.

Design I Implemenlaliunl Dpl\unsl
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igh- R O
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© Delay £ © Inverse Chebyshey &
— Specification: — Palez and Zero
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Figure 2-13 The Active Filter Designer

Passive Filters: This part of the program designs a passive filter from your
specifications using capacitors and inductors. Thefilter type can be low pass, high
pass, band pass, or notch. The filter response can be Butterworth or Chebyshev.
Thefilter polynomials are cal culated and implemented in either standard or dual
circuit configuration. Optional plots of theidealized transfer function are avail able.
Filters can be created as circuits or as macro components.

Thefilter design functions from the Design menu is covered in more detail in
Chapter 29.
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The MODEL program

The MODEL program produces optimized analog model parameters from com-
mercial data sheets. It creates model librariesin either text or binary form. Its
maindisplay lookslikethis:
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File Edit Component ‘Windows Options Analysis Design  Model Help - 8] =}
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Figure 2-14 The Model program
Basically the MODEL program takes data sheet information and using a Powell
optimizer, optimizes the model parametersto fit the supplied data sheet values or
graphs. The resulting model parameters can then be saved and used in the Micro-
Cap model libraries.

The program is described in detail in Chapter 27.
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The Modd editor

Model libraries provided with MC8 come in two forms, text and binary.

In text form, they are contained in files with the extension LI1B, and encode de-
vice models as .MODEL, .MACRO, and .SUBCKT statements. Text files can
be viewed and edited with any text editor, including the M C8 text editor.

In binary form, model libraries are contained in files with the extension LBR, and
areimplemented as a list of model parameters for the parts. These binary files
can be viewed and edited only with the Model editor. The Model editor isinvoked
when the File menu is used to open or create a binary library file.

The Model editor should not be confused with the MODEL program, whichis
accessed from the Model menu. MODEL produces optimized analog model pa-
rameters from commercia data sheets. MODEL can create model libraries in
either the text or binary form.

Once the binary libraries are created, the Model editor can be used to view and
editthem. TheModel editor display lookslikethis:
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Figure 2-15 The Model editor

The Model editor isinvoked from the File menu by loading abinary model library
file (e.g. onewith aLBR extension).
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Thevarious parts of the editor function asfollows:

* Name: Thisfield is where the part name is entered. If the part has been
imported from the MODEL program, thisfield isacopy of the T1 text field.

* Memo: Thisisasimple text field that may be used for any descriptive
purpose. If the part has been imported from the MODEL program, thisfield
isacopy of the T3 text field.

* Type selector: Thisis used to select which device type to display. Each
library may contain a mixture of different device types. Selecting NPN for
example, displaysall of the NPN bipolar transistorsin thefile.

* Part selector: This selects a part by name for display and possible editing.
It provides awindow to review the specific model valuesfor the displayed
part. Asin other windows, the Maximize button may be used to enlarge the
window to see more of the model values.

* Add: This adds a new part of the current device type to the current library.
* Delete: This deletes the displayed part.

® Pack: Thisremoves al duplicated and untitled parts and reorders the parts
alphanumerically.

* Copy: This command copies a part from the displayed library to atarget
library. If the target library already has a part with the same name, the name
of the newly created copy is set to "oldname_copy". The target library may
be the current library.

* Merge: Thiscommand merges alibrary from disk with the library
currently in memory. The merged library isdisplayed but is not automatically
saved to disk.

® Go To: Thiscommand lets you specify a parameter name, then scrolls the
parameter list of the currently displayed part to show the parameter value.

Note that the Find function is available to locate parts by name in the current
library fileor in one of thelibrary fileson disk. Simply click onthe Find

button ﬂ inthe Tool bar.
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The Help system
The Help system provides information on the product in several ways:
® Contents (F1): This section provides help organized by topics.

® Search for Help On...: The search feature lets you access information by
selecting atopic from an alphabetized list.

® Product Support: Thisoption provides technical support contact numbers.

* Tip of the Day...: Thisoption provides short tips on product features that
are displayed each time MC8 is started.

® User's Guide: This accesses the User's Guide.
* Reference Manual: This accesses the Reference Manual.

The manuals are in PDF format. Y ou must have Adobe Acrobat to read
them. Here are some hints on using them:

® CTRL + O: Fitsthe page within the window. Thisis probably the best
sizefor browsing.

® Page Up: Takes you to the next higher page number.
® Page Down: Takes you to the next lower page number.

* Home: Takes you to the first page. The Contents section begins on
page 3. Contents entries are hypertext links. Clicking on any entry takes
you to the referenced page.

® End: Takesyou to the last page of the index. Index entries are
hypertext links. Clicking on any entry takes you to the referenced page.

* Bookmarks. Enabling the Bookmarks option on the Acrobat Windows
menu displays the Contents and Index links. Clicking on any entry takes
you to the referenced page.

® CTRL + LEFT ARROW: Takes you back one step to the prior page.
Thisishandy when using theindex hypertext links.
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® CTRL + F: Find command which lets you search for any text.
* About Micro-Cap: This option shows the software version number.

® Statistics (ALT + Z): Thisdisplays alist of statistics showing the key ID,
Micro-Cap version number and executable date. In an analysisit also shows
the setup and run time, the number of analog and digital nodes, the number of
data points calculated during the run, alist of the actual partsin the circuit
after macro and subcircuit expansion, and alist of the number of iterations
and solutionsfor the run.

® Check For Updates: This shows the latest version of MC8 available from
the Spectrum web site and assists in downloading it to your local machine.

* Key ID: This displays the security key 1D which you sometimes need
when upgrading the program or accessing technical support.

* Demos: These live demos show how to use the principal features. They
describe the basics of creating schematics and running analyses. Other topics
include: adding new partsto thelibrary, using Probe, IBISfiles, parameter
stepping, Fourier analysis, anal og behavioral modeling, filter design, animation,
distortion, optimization, Monte Carlo analysis, performance plots, and more.
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Chapter 3

.
The Shape Editor

What's in this chapter

This chapter describes the Shape editor. This editor is used to build new shapes or
change existing shapes. Shapes are used to represent components in a schematic.
Each shape is composed of objects such as lines, circles, and rectangles.

Upon exiting and saving changes, the shapes are available for use by the Compo-
nent editor. That editor maintainsthe Component library, from which components
are selected for use in schematics.

A largelibrary of shapesis supplied with MC8, so most users will not need to use
the Shape editor. For those who want to customize their shapes or add new ones,
this chapter isfor you.
Features new in Micro-Cap 8
* New animation shapes added. These include the colored LED, relay, motor,
SPST, SPDT, and DPST switches, stoplight, voltage and current meters, and
the analog bar.

® Shape library files can now be saved on write-protected directories such as
frequently occur on a LAN.
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The Shape editor layout

The Shape editor is selected from the Windows menu. Its display looks like this.

DoHBS - 4% EBRX OO0 FNRK~TRY -1 A4 % LOmEEaa
TOOI bar -2 F-> — Y LI B
Path/ file name
Shapename
Shapelist box

Command buttons

Shape display

Figure 3-1 The Shape editor

Shape list box:

Thislist box displaysall of the shapes currently inthelibrary.
Command buttons:

Add: This command adds a new shape to the library.

Delete: This command deletes the currently selected shape.

Revert: This command restores the selected shape to its original version
when the shape was first displayed. This only affects the displayed shape.
Edits on other shapes during the current invocation of the Shape editor
remain in effect. Selecting a new shape disables the Revert feature for the
old shape. All edits on all shapes are temporary, however, and may be
discarded when you exit the editor or close the file. Only when you exit or
close the file are the changes saved to disk.
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Editor: Thisinvokesthe Object editor, which lets you edit the numeric
parameters of the fundamental objects comprising the selected shape. This
providesfiner control over object size and shape than can be obtained with
the normal mouse editing. Some features, such asthedigital block pin
symbols, are only changeable from the Object editor.

Close: This closes the Shape editor and, if any changes have been made,
asksif you want to retain them.

Help: This accesses the Help system.

Tool bar:

10
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The Tool bar provides the buttons to select toolsfor creating, editing, and
viewing the selected shape. The tools and their properties are as follows:

New: (CTRL + N) This command creates a new shape library file. Any
shapes added to it are available for use in the Component library.

Open: (CTRL + O) This command loads an existing shape library file. Its
shapes are then available for use in the Component library.

Save As: This command saves the current shape library file under a new
name specified by the user.

Trandate: This command trandates the current shape library file to an older
format under a new name specified by the user.

Remove: This command removes the currently loaded shape library file. Its
shapes are no longer available for use in the Component library.

Undo: (CTRL + Z ) Most operations that change a shape can be reversed
with the Undo command. Undo will only reverse the last change.

Cut: (CTRL + X) This command deletes the sel ected objects and copies
them to the clipboard.

Copy: (CTRL + C) This command copies selected objects to the clipboard
from where they may be pasted to the Shape display.

Paste: (CTRL + V) This command copies the contents of the clipboard
starting at the last mouse position.
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Clear: (DELETE) This command deletes the selected items without copying
them to the clipboard.

Slect All: (CTRL + A) This command selects all items in the shape for a
subsequent move, rotation, or deletion.

Slect: Click this button to activate the Select mode. Y ou must be in Select
mode to edit or select a portion of shape for editing.

Pan: Click this button to activate the Pan mode. Panning is used to move the
display view to see different parts of alarge shape. Asusual, you can aso
use the keyboard or the mouse. M ouse panning involves dragging the right
mouse button and can be done in any mode. Alternatively, you can select this
mode and drag with the left mouse button.

Rectangle: Click this button to create a rectangle in the shape by dragging
the mouse in the Shape display. To change the shape of the rectangle, drag
one of the eight handles (small black rectangles).

Diamond: Click this button to add a diamond in the shape by dragging the
mouse. To change the shape of the diamond, drag one of the eight handles.

Ellipse: Click thisbutton to add an ellipse to the shape by dragging the mouse
in the Shape display. To change the shape of the ellipse, drag one of the eight
handles. To create acircle, press the SHIFT key before dragging the mouse.

Arc: Click this button to add an arc to the shape by dragging the mouse in the
Shape display. To change the shape of the arc, drag one of the eight handles.

Block: Click this button to create adigital block in the shape by dragging the
mouse in the Shape display. To change the shape and number of |eads, drag

one of the eight handles. To edit the leads to reflect their function, select the
block and then invoke the Object editor by clicking on its command button.

Line: Click this button to create aline in the shape by dragging the mousein
the Shape display. To change the direction or length of the line, drag on one
of the two handles.

Closed Polygon: Click this button to add a closed polygon. Click the mouse

in the Shape display, once for each vertex. Thereisno limit on the number of
vertices. Double-click on the last vertex or click the right mouse button. This
finishes the polygon by adding afinal edge between the first and last vertices.
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To change the overall dimensions of the polygon, drag one of the handles.
Use the Object editor to edit the individual vertex coordinates.

Open Polygon: Click this button to create an open polygon. Click the mouse
in the Shape display, once for each vertex. Thereisno limit on the number of
vertices. Double-click on thelast vertex or click the right mouse button to end
the polygon. To change the overall dimensions of the polygon, drag one of the
eight handles. Use the Object editor to edit the individual vertex coordinates.

Included Shape: Click this button to include an existing shape in the current
shape by clicking the mouse in the Shape display where you want the shape

placed. Thisinvokesalist of existing shapes. Choose the shape you want to

include from thislist. Once the shapeisincluded, it can be dragged about.

Text: Click thisbutton to add text to the shape by clicking the mouse in the
Shape display where you want the text placed. Thisinvokes atext dialog box.
Typethetext and click OK. To edit text, double-click onit in Select mode.

Seven Segment LED: Click this button to create seven segment LED shapes
for use in animated components.

Digital LED diode: Click this button to create adigital LED diode shape for
use in animated components.

Digital Switch: Click this button to create adigital switch shape for usein
animated components.

SPST Switch: Click this button to create an analog SPST switch for usein
animated components.

SPDT Switch: Click this button to create an analog SPDT switch for usein
animated components.

DPST Switch: Click this button to create an analog DPST switch for usein
animated components.

Soplight: Click this button to create a three-color stoplight shape for usein
animated components.

Meter: Click this button to create an analog / digital voltage/ current meter
for usein animated components.
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Analog Bar: Click this button to create an analog bar shape for use in
animated components.

Relay: Click this button to create a moving relay shape for use in animated
components.

Analog Colored LED: Click this button to create a colored analog LED
diode shape for use in animated components.

Motor: Click this button to create a DC motor shape with arotating shaft for
use in animated components.

Current: Click this button to add adirection indicator for positive current.
It is used only when the schematic Currents ﬂ mode is enabled.

Outline: Click this button to create outlined shapes, rather than filled shapes,
when dragging arectangle, diamond, ellipse, or closed polygon.

Fill: Click thisbutton to create filled shapes, rather than outlined shapes,
when dragging arectangle, diamond, ellipse, or closed polygon.

Grid: Click this button to show the grid. The grid isatwo-dimensional array
of locations where shape objects must originate and terminate if their nodes
are accessible in a schematic.

Grid Shap: Click this button to force the coordinates of all shape objects to
occur at agrid point. This ensures that the coordinate points will be usable as
connecting points (pins) in aschematic.

Zoom-Out: Click this button to decrease the displayed image size. This does
not affect the size of the image in the schematic.

Zoom+In: Click this button to increase the displayed image size. This does not
affect the size of the image in the schematic.

To Front: Click this button to send the selected object in an overlapping stack
of objectsto the front.

To Back: Click this button to send the selected object in an overlapping stack
of objects to the back.
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Next Object: Click this button to select a different object in a stack of
overlapping objects. Click the button until the one you want is selected.

Font: Click this button to change the text attributes of any selected text. This
also changes the default text attributes that will be used the next time text is
added to the shape.

Flip X: This command rotates the selected region about the X axisin 180
degreeincrements, essentially flipping the object or group about the X axis.

Flip Y: This command rotates the selected region about the Y axisin 180
degreeincrements, essentially flipping the object or group about the Y axis.

Rotate: This command rotates the selected region about the Z axis (the Z
axisis perpendicular to the schematic plane) in 90 degree increments,
producingfour distinct orientations.

Mirror: This command creates a mirror image copy of the selected region. It
invokesthe Mirror dialog box which letsyou choose avertical or horizontal
reflection and whether you want to copy the text in the region. A vertical
reflection produces acopy vertically below the original region. A horizontal
reflection produces acopy horizontally to theright of the original region.

Shape drawing window:

This window shows the selected shape. Y ou can change the image size, and
pan or scroll the window to see larger shapes.
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The Object editor

Most objects can be created and edited by simple mouse operations. For the
closed and open polygons and the block, it is necessary to use the Object editor to
edit the object's characteristics. For other abjects, it is sometimes convenient to
use the editor to tweak the numeric values that control the size and shape of the
object, after the object has been roughly drawn with the mouse.

The Object editor isinvoked by clicking the Editor button or by double-clicking on
the object that you want to edit. The editor lookslike this:

Pin selector

Object Editor | x|
[ <» ¢ oBJECTS P ¥

. . BLOCK 1 =] [ie a8 j
Object list box WS 5 (=] B [ea
TH?® 3 z B [50
- ¢l[=] | e [35
Shape == 1 5 ([~ [1e [112
Objects i2a ArERIE [1z8
L ] =1 | [12a

I 8 E B [160 .|

Delste Cloge |

I
@
=

Object parameters

Figure 3-2 The Object editor

The major parts of the Object editor are:
Shape Objects:

Thisletsyou select new objectsto add to the existing list. Click on an object
to add it to the object list.

Object list box:

This shows the objects that the shape is composed of .
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Pin selector:

When the selected object is ablock, this shows the pin symbols. These
symbols are intended to iconically convey the existence and function of the
pin. They do not, of course, affect the actual behavior of the pins that they
represent. There are five basic pin symbols:

Open: No pin at thislocation.

Clock: A clock pin.

Inversion: A logical inversion.

Inverted Clock: Aninverted clock pin.

Normal: Noindication of the pinfunction.

Object parameters:
These fields hold the numeric values that characterize the object. Rectangles,
diamonds, ellipses, arcs, lines, and text use two sets of coordinates to define
the coordinates of two opposite corners of the objects's bounding box. The
bounding box isthe rectangle that contains the object. Polygon parameters
are aset of N coordinates of the form X,Y. The Included Shape parameters
are the coordinates of the position where the included shape is placed.
Coordinates are numerically equal to the number of grids from the upper left
origin at the highest scale.
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The Shapelibrary

The Shape library contains the graphical shapes used in schematics to represent
components. Each shapeis comprised of various graphical primitives. Shapes are
created, edited, and maintained by the Shape editor. The name of the file that
holds the standard Shape library is called STANDARD.SHP. Upon installation,
thisfileis placed in the same directory as the MC8.EXE, but can be relocated
from within the Shape editor. If located on a read only directory, all edit com-
mands are locked out. This is the way to provide secure LAN access to the
shape library.

It ispossible to have more than one shape filein the shapelibrary. Multiplefiles
can be maintained, and viewed with the Shape editor.

Shape information is saved in the circuit filein Micro-Cap 7 and 8. When an MC7
or MC8 circuit isloaded and is found to contain components whose shape names
are not in the current Shape library, the program imports them and placesthem in
afile called IMPORT.SHP. These shapes then become part of the Shape library
and are available for general use.

Chapter 3: The Shape Editor



Chapter 4 The Component Editor

What's in this chapter

The Component editor manages the Component library. Thislibrary providesthe
circuit components used in MC8 circuits. It stores the name of each component,
the shapeit uses, the electrical definition, component text placement, and pinin-
formation. All components, from resistors to macros and SPICE subcircuits are
linked to M C8 using the Component editor.

This chapter isorganized asfollows:

® The Component editor layout

* Adding componentsto thelibrary
* Adding subcircuitstothelibrary
¢ Using the Add Part wizard

® Using the Import wizard

® Makingcircuit files portable

Features new in Micro-Cap 8
* Large Shape Display
* Component files can now be saved on write-protected directories such

as frequently occur on a LAN
® COST and POWER global assign commands
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The Component editor layout

The Component editor is accessed from the Windows menu. It lookslike this:

Component Editor [x]
T 00l bar buttons R RRERECREE R =,
Dz S@B 4+ as BERX B~ aj@qj|e?
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. Dot [ z] 7 D PART Atibute
Datafields ¥ Displey FILE Atirbute oo (135 Optl ons
— e—C o)
omnector
Gt | (P | I Disploy Pin Names Ciystal (40)
Palette  {Hone ~ | ™ Display Pin Numbers DEDC Canventer (32)
Memo  [Unirod Puise Wicth Modklator Diode (248¢) Component
Ferile (257)
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Tota Components 15323

|Group=Regulator

Figure 4-1 The Component editor

Tool bar buttons:
B New: (CTRL + N) This command creates a new Component library file with
J asingle group. Its components are then available for use in schematics and
shown in the Component menu.

Open: (CTRL + O) This command loads an existing MC5, MC6, or MC7
library file. Its components are then available for use in schematics and are
shown in the Component menu.

O,

Merge: This command lets you merge an MC4, MC5, MC6, or MC7

& Component library file with the current MC8 Component library. It providesa
dialog box to let you locate the external library file that you want to merge
into the current library. Only unique components from the external library file
are included. Components with duplicate names are not merged. If an
incoming part uses a shape whose name isn't in the current MC8 Shape
library, the shape is copied from the external shape library to the current MC8
Shape library. A '$' is added to the shape name.

106 Chapter 4: The Component Editor



B |E

'-J-al

The Import Wizard button imports .MODEL and .SUBCK T-based parts
from atext file. It copiesthe model fileto the library folder, addsthefile
name to the master index file, NOM.LIB, and makes the required entriesinto
the Component library. It finds all of the model statements and subcircuitsin
the file and enters each as a new part using the .MODEL or .SUBCKT
name. Part names already in the library are ignored. New parts are added
using as aguide a part selected by the user from alist of parts whose pin
names match. New parts whose pins do not match existing parts are added
with generic shapes and their memo fields are annotated to indicate that more
work is needed to compl ete them. Usually thisinvolves picking asuitable
shape and placing the appropriate pins on the shape. The Import wizard is
optimized for automating the massimport of vendor-model ed parts.

The Trand ate button converts and saves the Component library file into
either MC6 or MC7 format.

The Parts List button creates a text file containing the part names from the
currently selected group or from the entire library.

The Add Part Wizard button integrates all of the actions necessary to add a
single part to the MC8 libraries. Like the Import wizard, it copies the model
filetothelibrary folder, addsthe file name to the master index file, nom.lib,
and makes the required entries in the Component library. It differs from the
Import wizard in that it handles asingle part of any type, not just subcircuits.

Add Component: This adds a hew component if the name selected in the
Component selector window is any group or component name except the
highest level, thelibrary file name.

Add Group: This adds a new group name if the item selected in the selector
window is any group name. If the current selection is a component name, this
option isdisabled, since you can't add a group to acomponent.

Cost and Power: This option lets you set the COST and POWER attributes
for all parts of aparticular definition. For example, you can set the COST
attribute of all componentsin the library that are defined as NPN or
RESISTOR. Thisonly affectstheinitial attribute of the part when it is placed
in a schematic.

Copy: Thiscommand copies the current component to the clipboard, awaiting
a paste operation.
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Paste: This command pastes the clipboard component with a generic nameto
the slot before the currently selected component in the Component Sel ector.

Replace: The command replaces the current component description with the
onein the clipboard except for the part name which remains the same.

Delete: This deletes the selected file, group, or component. Only empty
groups may be deleted. If the group contains another group or a component,
an error message will result. Files are removed from the list of files that
comprise the Component library, but are not deleted from the disk.

The Move button accesses adialog box which facilitates moving multiple
parts from one part of the library to another.

The Undo button undoes prior edits. It isamultistage undo for editsto the
datafields. It doesnot undo part additions/del etions.

The Redo button restores prior edits. It is amultistage redo for edits to the
datafields. It does not redo part additions/del etions.

The Find button finds parts whose name, shape, definition, or memo fields
match a specified text string.

ZoomIn: This command increases the displayed shape size. It doesn't affect
the shape size as seen in the schematic.

Zoom-Out: This command decreases the displayed shape size. It doesn't
affect the shape size as seen in the schematic.

The Info command loads and displays relevant model information for the part,
usually asubckt listing or amodel statement.

The Sort command lets you sort the parts and/or groups al phabetically.

Clear Palettes: This command clears the user-defined content of the
component pal ettes.

Help: This command accesses the help files for the Component editor.
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Data fields:
Name: Thisisthe component name as it appears in the Component menu.

Shape: Thisis the name of the shape that is drawn when the component is
added to acircuit.

Definition: Thisisthe electrical definition of the component. It implicitly
defines the mathematical model to be used. It does not specify the numeric
parameters. These come from amodel library or amodel statement name
in the Attribute dialog box when the component is added to acircuit.

Cost: Thisoptional field isused in the Bill of Materials report whereit is
listedindividually andincludedinthecircuit totals.

Power: Thisoptional field isused inthe Bill of Materialsreport whereitis
listedindividually andincludedinthecircuit totals.

Palette: Thislist box letsyou assign the currently displayed part to one of
the component pal ettes.

Memo: Thisfield may be used for any desired documentation purpose. It is
mainly used to describe the function of the component.

View: This controls what the Shape display shows:
Pins. This shows the pin names.

Attribute Text Orientation 1. There are eight basic combinations of
rotation and reflection but only two text orientations are needed.
Orientation 1 isused for rotations that are equivalent to O degrees. As
with other cases, this controls only theinitial placement of attribute text.

Attribute Text Orientation 2. Orientation 2 is used for rotations that
are equivalent to 90 degrees.

Options:
Assign Component Name to MODEL (or NAME , or File, or others): This
assigns the component name to the MODEL or NAME attribute when the
part is placed in a schematic. This bypasses the Attribute dialog box, and
simplifiesthe process of adding components. Thisoption isenabled on all
Analog and Digital Library partsand isdisabled on all Analog and Digital
Primitiveparts.
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Display PART Attribute, Display VALUE Attribute, and Display MODEL
Attribute: These options set the display flag for the attributes. They control
theinitial display only, when the part isfirst placed. Afterwards, display is
controlled by toggling the appropriatedisplay flaginthe Attribute dial og box.

Display Pin Names and Display Pin Numbers. These options set the initial
display flag for showing pin names and package pin numbers. These flags
can beindividually changed on the part when it is placed in a schematic. Pin
names are normally shown for complex LS| parts, but not shown for simpler
components, such as diodes and transistors, since their shapes adequately
identify the pin names. It is easy to identify the base |ead of an NPN, but not
so easy to identify pin names on acomplex linear part. Pin number display is
mostly used to facilitate PCB work.

Shape / pin display:
This display shows the shape and its pins. Placing named pins on the shape
associ ates specific shape locations with electrically, subcircuit, or macro
defined pin names. When you add a basic component, like an NPN transistor,
pin names automatically appear and need only be dragged to suitable locations
on the shape. Pins and their names may be independently located on the
shape by dragging the pin dot or the pin name.

Since macros and subcircuits have no intrinsic pin names, the user must
specify the pin names and their position on the shape. Thisis done by clicking
inthe Shape/ pin display, typing the pin name into the Pin Name dialog box,
specifying whether itisan analog or adigital pin, and then dragging the pin to
the proper position on the shape.

Editing an existing pin nameinvolves double-clicking onthe pinnameor pin
dot to invoke the Pin Name dial og box.

Hidden pins are assigned to afixed named node in the schematic and are
never displayed. Thistype of pinisoccasionally used to simplify the process
of wiring up power pins.

Additional pin fields:
Some digital parts have avariable number of pinsand thus require an
additional Pinfield to specify the number of input, output, or enable pins. For
example, anor gate may have an unlimited number of inputs. An Input field
then specifies the number of inputs.
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Component Selector:
The selector isahierarchical list box that lets you select a component for
viewing or editing. To open or close agroup, double-click onit, or click once
onits+ or - box. To select acomponent, click onit.

The display order used in the Component editor isalso used in the Component
menu to select parts for placement in the schematic.

Total Components:

This shows the number of componentsin all files currently openinthe
Component library.
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Adding componentsto the library

Asoriginally supplied, the Component library containsall of the usual components
that you ordinarily need. The main use of the Component editor isto define new
macro and subckt components, although you might find it desirableto add your
own common components. Y ou may, for instance, wish to create several types of
grounds, or several types of resistorsto reflect different physical construction, or
to explicitly denote the plus and minus leads. Users may also need to add a part
whose model has been supplied by avendor in the subckt format.

We will first describe the detailed procedure. Later we'll describe awizard that
simplifies adding parts by automating and hiding some of the steps.

To add acomponent to the library you first choose its group by clicking on the
group namein the component selector. Next, you click on the Add Component
button and specify thefollowing:

® The name of the component.

® The name of the shape it uses.

® Theelectrical definition.

® An optional memo description.

® Theinitial text coordinates of the attributes (by dragging text into place).

* The pin name locations (by dragging pin name origin markersinto place).

* Thedisplay options.
If the component isamacro, subcircuit, logic expression, pindly, or constraint,
then named pinsmust beexplicitly added. Normally, logic expressions, pindlys,
and constraints are used only in subcircuits as building blocksfor the Digital li-
brary, so the Component library has only token components of thistype. Itisnot
expected, for example, that a user will want to add alogic expression to a sche-
matic, butitispossible.
This covers only the Component library setup. Other steps are required to make

the part available for use in a simulation. These can be done manually or can be
handled automatically with the Add Part wizard, described later.
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Adding subcircuitsto thelibrary

Many vendor-supplied modelsare already included inthelibrary. Thissection
shows you how to add new ones. We'll add a hypothetical OPAMP called the
OP09_AD. Thiscomponent is similar to the OP08 component supplied by Analog
Devices. The subcircuit, astypically supplied by avendor, is shown below.

Component Editor [x]
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Figure 4-2 The OP09_AD subcircuit model
Note that the subcircuit employs seven pins, arranged as follows:

Pin name Function

3 Non-invertinginput
2 Invertinginput

9 Positivesupply

5 Negativesupply
45 Output

15 Compl

17 Comp2

Thefirst decision is where in the menu hierarchy to place the new component.
Click on the Analog Library + symbol in the Component selector. Select Analog
Library / Opamp / Precision/Rail-to-Rail / OPO000- / OPO7_LT. Finaly, click on
the Add Part ﬂ button. Type "OP09_AD" in the Name field. Press the Tab key
to move to the Shape field. Press O until OPAMPY is shown. Press the Tab key
to moveto the Definition field. Press Suntil Subckt appears. Enable the Assign
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Component Name to NAME feature. Enable the Display PART Attribute and
Display NAME Attribute features.

The next step isto add the pins. Click in the Shape/ pin display. Type"3" into the
Pin Name dialog box that appears. Note that the default pin typeisanalog. Click
on the OK button. This places apin named 3 in the display. Drag the pin dot to
the non-inverting input and release it there. Drag the pin text to just above the pin
dot. Now add the remaining pinsin the same manner.

Click on Attribute Text Orientation 1 and drag the text to a suitable position out
of the likely wire connection paths. Repeat for Attribute Text Orientation 2. Then
click onPins. Thefinal display shouldlook likethis:
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|OF09_AD: Shape=Cpamp7?

Figure 4-3 Entering the OP09_AD subckt in the Component library

This completesthe Component library entry. Exit the Component editor. Click

OK if you want to save the part edits. If you do click OK, the edits are saved in
the Component library, assuring that it is on the Component menu and available
for placement in a schematic. It also means that MC8 knows that it is a subcircuit
and will be expecting to find the subcircuit model in one of several places:
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1. In the text area.

2. Inthe optional filelisted in the FILE attribute.

3. In afilereferenced in a user .LIB statement.

4. In afile referenced in the default .L1B NOM.LIB statement.

.L1B statements are the preferred way of handling vendor-supplied subcircuit
models. In this case you would presumably have received afile from the vendor.
Letscall it AD.LIB. Thefile would contain the subcircuit model for the new
OPO09_AD device and possibly many more besides. The name of the new file
must be added to the .LIB statements you plan to use in the schematic. If you do
not add .L 1B statements to your schematics but rely on the default NOM.LIB
statement, then the new file name must be added to the NOM.LIB file so that
MC8 can accessit. The NOM.LIB fileis a standard text file, so you can add the
new entry using any text editor, including the MC8 text editor. Load NOM.LIB
from thelibrary directory. Add the following text to the NOM.LIB file.

.LIB"AD.LIB"
(if AD.LIB isinthe current library directory)

LIB "C:\MYPATH\AD.LIB"
(if AD.LIB isa C:\MYPATH)

On the next access of the NOM.LIB file, MC8 will discover that it has been
modified and will regenerate anew index to al of the subckt, model, and macro
statements in the file. This can take several seconds. After the index is generated,
finding a particular model, subckt, or macro statement is quite fast. Indices are
regenerated only when the NOM.LIB file or one of the files referenced in the
NOM.LIB file changes.

Note that the component name as entered in the Component library must
match the subckt name exactly.

No extraor missing characters are allowed. Many vendors supply standard com-
ponents using the same name, so MC8 libraries must distinguish them. That is
why atwo letter namelike' AD' is appended to the name as supplied by the ven-
dor. For example, the LM 118 supplied by Linear Technology isLM118 LT. The
National Semiconductor versionisLM118 NS. If you add duplicate models, you
should rename them also. Don't forget to change the name used in the . SUBCKT
statement in the vendor supplied file to match the new name.
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Using the Add Part wizard

The lengthy procedure just described shows how to add a subckt part from
scratch. The Add Part wizard can often simplify thistask. It combines all of the
steps required to enter a new part and is particularly nice for subckt parts where
it can often guess the correct pin placement and shape based upon similar parts
dready inthelibrary.

Well illustrate the procedure with the sasmplefile, AD.LIB supplied with MCS8,
and located in the library folder. Pretend that you have just downloaded it from a
vendor. In the file is a subckt description for the OP09_AD opamp. Here is how
you add it to the library using the Add Part wizard.

1) Select Component Editor from the Windows menu.
2) Select the group where you want the part name to appear in the Component

menu. In this case, select Analog Library / Opamp / Precision/Rail-to-Rail /
OP000- / OPO7_LT

3) Click on the Add Part wizard #% | button.
4) Thefirst prompt isfor the part name. Typein "OP09_AD". Click Next.
5) The next prompt isfor the electrical definition. Select Subckt. Click Next.

6) The next prompt asks for the name of the file containing the subckt. Type
AD.LIB (thefileisaready in thelibrary folder so no path is needed). Click Next.

7) The next prompt isthe tricky one. The wizard scans the Component library and
compilesalist of al subcircuit parts that have pin names matching the OP09_AD.
Actually it presents only arepresentative list, as there may be many matching
parts. Accept the recommended choice since thisis atypical seven-pin opamp
model. Click Next.

8) The next prompt asks for an optional memo field. Click Next.
9) The next prompt asks for an optional palette assignment. Click Next.

10) The next panel letsyou set theinitial display of the various part attributes.
Click Next.
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11) The next pandl lets you make the assignment of the component name to the
NAME attribute. This assignment avoids the need to invoke the Attribute dialog
box when one of these partsis added to a schematic. Click to enable the option.

Click Next.

12) Thefina panel advises you to examine the entry to be sure all elements have
been selected properly, particularly the choice of shape and where the pin names

have been placed on the shape.

For our example, the new part should look likethis:
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Figure 4-4 Using the Add Part wizard
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Using the Import wizard

MC8 also includes an Import wizard for importing large numbers of similar
.MODEL and .SUBCKT-based parts.

Well illustrate the procedure with the samplefile, AD.LIB supplied with MC8,
and located inthe library folder. We'll pretend that you have just downloaded it
from avendor. In the file are multiple subcircuits. Hereis how you add them to
thelibrary using the Import wizard.

1) Select Component Editor from the Windows menu.

2) Select the group where you want the part names to appear in the Component
menu. For thisillustration smply select Analog Library.

3) Click on the Import wizard ﬂ button.

4) Thefirst prompt isfor the file name. Typein "ad.lib". In this example, you don't
need to specify apath since the fileis aready in the MC8 library folder. If it were
not, you would specify or browse to the location of thefile. Click Next.

5) The next prompt isfor an optional suffix. Click Next.

6) The program scansthe ad.lib filelooking for subcircuits. When it finds one, it
scans the library for parts with the same pin names. There are several possible
outcomes from this search:

Exact Match: If the search finds one or more exact pin matches and all match-
ing parts use the same shape it ssimply enters the part using the shape and pin |o-
cations from the matching parts.

Near Miss: If the search finds one or more exact pin matches and the matching
parts use different shapes, it presents alist and asks you to select a part. If you
are unsure about which part to use, scan the subcircuit listing in the Info dialog
box, especially the comments near the . MODEL or .SUBCKT line. These often
reveal enough about the part to pick a suitable shape. Y ou may want to create a
specia shape for the part.

No Match: If the search finds no matches, it enters the part using a generic
shape and pin placements and annotates the memo field to indicate additional
work is needed.
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In this example, the search turned up one near miss part, the IRF5101A, an
N-channel MOSFET. Select the MTP360N06V part, which uses the DNMOS
shape. Click OK.

The search results are shown in the dialog box. Several parts with exact matches
were found and these parts were entered without assistance. No matches were
found for the ODDBALL part so it was entered generically. The IRF5101A was
entered with the MTP360N06VY part as a template.

At this point you can click the Finish button or the Cancel button. Pressing the
Cancel button ignores the imported parts. Pressing the Finish button adds them,
but does not yet write the changes to disk. When you exit the Component editor,
you can elect to save the changes by writing them to disk.

For our example, the display should end up likethis:
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Figure 4-5 Using the Import wizard
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Using Copy, Paste, and Replace

The clipboard can also be used for rapid entry of similar parts. Toillustrate, as-
sume we want to enter a number of 5 pin opamp parts from Analog Devices that
use the same pins as the OP08_AD part listed previously in this chapter.

1) Select Component Editor from the Windows menu.

2) Select the part that is to serve as atemplate. For thisillustration simply select
Analog Library / Opamp / Precision/Rail-to-Rail / OPO000- / OPO7_LT /
OPO8_AD.

3) Click on the Copy button. The program copies the OPO8_AD to the clip-
board.

4) Click on the Paste 2| button. MC8 pastes the clipboard part (the OPO8_AD)
to anew position, and names it new_1. Change its name to OP09_AD and you've
just entered the OPO9_AD part. Each new part added takes one click and a few
keystrokes for the name.

The Paste operation adds a new part using all of the properties of the clipboard
part except the name which is generic and must be changed by the user.

The Replace operation is similar, but it does not add a part. It merely replaces the
properties of the selected part with those from the clipboard part, except for the
name, which remains the same. The purpose of this command is to replace many
nearly identical parts with a new template where the pin placements or attribute
text placement isto be made uniform.
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Makingcircuitfilesportable

Micro-Cap 5 and 6 could not load acircuit fileif it contained a part that was not
aready in the component library. If you wanted to share a circuit with afriend,
you had to send your component and sometimes your shape library along with the
circuit. That is no longer necessary with MC7 or MC8.

Toimprovefile portability, circuit files now contain copies of their shape and com-
ponent library data. A friend'sMC7 or MC8 can read your circuit file without
needing your shape and component libraries because the circuit fileitself has that
information.

When Micro-Cap loads a circuit file that has a part that is hot in the Component
library (i.e. not listed in any of the currently open component library files), it reads
the shape and component data from the circuit file, automatically creates an entry
for the part, and placesit in the auxiliary component library file, IMPORT.CMP.
This makes the part instantly usable. Note that the circuit file must have been
saved in Micro-Cap 7 or Micro-Cap 8 format for this feature to be available.

Y ou can drag or move the part into any group of any component library file. Until
deleted, the part is available for usein any circuit.

If your friend also wantsto run asimulation, they will need model information as

well. The Refresh Bl| button adds or updates model statements and subckts and
copiesthem into the circuit file so that the circuit file aloneis all that is needed to
run an analysis.

Macro circuits (*.MAC) used in a circuit are separate files and are not

added or updated by the Refresh command. It will still be necessary to send
them along with the circuit file if you want total file portability.

121



122 Chapter 4: The Component Editor



L
Chapter 5

The Package Editor

What's in this chapter

The Package editor manages the Package library. This library provides the pack-
age information for the componentsin the MC8 Component library and enables
the program to create netlist files for use by external PCB programs. It stores the
name of each package and the pin information for each package. All package
information islinked to the components using the Package editor.
This chapter isorganized asfollows:

® The Package editor layout

* Adding basic packagesto the library

® Adding complex packagesto thelibrary
Features new in Micro-Cap 8

¢ Dialog box is now expandable

¢ Default package types
* Multiple packagelibrary files.
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The Package editor layout

The Package editor is accessed from the Windows menu. It looks like this:
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Figure 5-1 The Package editor

Command buttons:

Add: This command adds an entry to the Package library. A Find dialog box
appears reguesting the name of the component whose package and pin infor-
mation is to be defined. This command should be chosen when the package
contains only one instance of the specified component.

Add Complex: This command adds an entry to the Package library. A Find
dialog box appears requesting the name of the component whose package
and pininformation isto be defined. This command should be chosen when
the package contains multiple instances of the specified component.

Duplicate: This command duplicates the currently selected entry, except for
the component name, which is chosen from a Find dialog box. The purpose of
the command is to speed data entry when the new part is very similar to an
existing part, except for the component name.

Delete: Thiscommand del etes the highlighted package.
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Find: Thiscommand finds a specified library entry. A Find dialog box ap-
pears requesting the text of the entry. The text would typically be the part
name followed by the package type, although the search routine works with
fragments by returning multipleitems. For example, performing afind on
"740" will return all entriesthat start with 740.

Close: This command closes the Package editor and optionally saves any
changes to the STANDARD.PKG file.

Help: This command accesses the Package editor Help system.

Info: Thiscommand displays model information for the part.

File command buttons:

i

New: (CTRL + N) This command creates a new package library file. Any
packages added to it are available for use in the Package library.

Open: (CTRL + O) This command loads an existing package library file. Its
packages are then available for use in the Package library.

Merge: This command merges a package library file (*.PKG) with the cur-
rent package library file. It provides adialog box to let you locate the external
library file that you want to merge with the current library. Only unique pack-
ages from the external library file are included. Packages with duplicate
names are not merged.

Save File As: This command saves the current package library file under a
new name specified by the user.

Remove: This command removes the currently loaded package library file. Its
packages are no longer available for use in the Package library.

Data fields;

Package: Thisisthe package asit will appear in the Attribute dialog box of
the specified component for the PACKAGE attribute.

Component: Thisis the component that the package is being defined for.
Thisfield isfixed except when the package is first entered from an Add, Add
Complex, or Duplicate command.

Pin Cnt: This controls the pin count for the entry.
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Accel: Thisfield overwrites the Package field when the schematic is trans-
lated to an Accel netlist.

OrCad: Thisfield overwrites the Package field when the schematic is trans-
lated to an OrCad netlist.

Protel: Thisfield overwrites the Package field when the schematic is trans-
lated to a Protel netlist.

PADS Thisfield overwrites the Package field when the schematic is trans-
lated to a PADS netlist.

Pin fields:
These fields define the configuration of the pinsin the PCB netlist. For aba
sic package, there are two fields: Pin Name and PCB. The Pin Name fields
contain the names of the pins as they appear in Micro-Cap for the specified
component. These are the pin names as they appear in the Component editor.
If the Pin Name is set to NC#, (no connection) the corresponding PCB field
isignored. The PCB fields contain the names of the pins that will be used in
the output PCB netlist. Normally, these are the pin numbers from the
component's data sheet that correspond to the pins specified in the Pin Name
fields. For acomplex package, athird field, called Gate, will be present. Since
acomplex package contains multiple instances of the component, the Gate
fields must specify which instance the pinis being defined for. A *'in the
Gate field indicates that all instances of the component in the package share
thispin.

Package selector:
The selector isalist box that lets you select a package for viewing or editing.
The packages are sorted in groups according to their first character. The tabs
at the top of the selector control the group that is shown in the list box.

Where more than one package is available for a part, a default package can
be specified by clicking on the adjacent check box. When the part is placed in
a schematic, the default package is specified for the PACKAGE attribute.

Expanding the Package editor window size:

To expand the Package editor window size, move the mouse to one of the win-
dow edges and when the two-headed arrow icon comes up drag the window edge
with the left mouse button.
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Adding basic packagesto the library

The Package library contains package information for most of the components
that come with Micro-Cap. The main use of the Package editor is to define new
packages. Figure 5-2 displays the package information for the 74164 component
which uses a basic package. The data sheet for this component can be found in
TI's TTL Logic data book.
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Figure 5-2 The Package editor settings for the 74164
Adding abasic package uses the following procedure:
® Click onthe Add command button.

¢ |n the Find Component dialog box, specify the component name such as
74164.

¢ Define the package type in the Package field such as DIP14.

¢ Define the number of pinsin the Pin Cnt field such as 14.

* Define the Pin Name fields with their corresponding PCB fields. Click on
the drop-down list of aPin Namefield to view the available pin names. For
example, in Tl's data sheet for the 74164, pin 1 on the package is specified as
the A pin. In the Package editor, the Pin Name field should be set to A, and
its corresponding PCB field should be set to 1.
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Adding complex packagesto the library

Figure 5-3 displays the package information for the 7400 component which uses a
complex package. The data sheet for this component can be found in TI's TTL
L ogic databook.
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Figure 5-3 The Package editor settings for the 7400

Adding acomplex package uses the following procedure:
® Click on the Add Complex command button.

* |n the Find Component dialog box, specify the component name such as
7400.

* Define the package type in the Package field such as DIP14.
* Define the number of pinsin the Pin Cnt field such as 14.

* Define the Pin Name fields with their corresponding Gate and PCB fields.
Click on the drop-down list of aPin Name field to view the available pin
names. For example, in Tl's data sheet for the 7400, pin 4 on the package is
specified as the 2A pin which isthe 1A pin for the second instance of the
7400 component in the package. In the Package editor, the Pin Name field
should be set to 1A, the Gate field to B to denote the second instance of the
component, and the PCB field to 4.

128 Chapter 5: The Package Editor



Chapter 6 TransentAnalysis

What's in this chapter

Transient analysis requires the repeated iterative solution of a set of nonlinear
time domain equations. The equations are derived from the time-domain models
for each of the components in the circuit. The device models are covered in a
later chapter.

The principal topicsdescribed in this chapter include:

® What happensin transient analysis
® Transient AnalysisLimitsdialogbox
® Transient menu

® [nitidization

® Using the P key

* Numeric output

Features new in Micro-Cap 8
® Retrace mode
* Expandable AnalysisLimitsdialog box window and field sizes
* Manual and auto-sizing of the AnalysisLimitsdialog box
® X Scaling Only option
* Keep X Scales Same option
* Data point marker graphic and style options
* Static (MC6 style) grids option
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What happensintransient analysis

Transient analysis predicts the time-domain behavior of acircuit. It triesto predict
what would happen if you built the circuit in the lab, hooked up power supplies
and signal sources and looked at the curves with a scope or alogic analyzer.

The program assumesthat the circuit isfully nonlinear, though it can handle linear
circuitsaswell. It begins by first constructing aset of nonlinear, time-varying,
differential equationsto represent the circuit. The remaining processis comprised
of three steps:

* Initialization of statevariables
» DC operating point (optional)
* Maintransient analysis

Initialization of state variables:
Theinitialization processisexplained in more detail later in this chapter. State
variablesinclude node voltages, inductor currents, and digital node states.

Optional DC operating point:

The purpose of the operating point isto establish, by iterative calculation, astable
set of state variable values that represent the steady state condition the circuit is
assumed to have for the Time = 0 starting point of the transient analysis. The op-
erating point is calculated by treating capacitors as open circuits and inductors as
shorts. Using a DC nonlinear model for the other devicesin the circuit, the pro-
gram linearizes the model about the |ast set of state variable values. Linearizing
means replacing the nonlinear model with simple numeric constants that express a
linear relationship between the terminal voltages and currents of the device.
These numeric constants are usually obtained by differentiating the state variables
with respect to their controlling variables. The linear model isassumed to hold
over theinterval of oneiteration. The program then solves for the incremental
voltages and currents. It adds these increments to the prior state values, and
checksto seeif they have stabilized, or converged. When al state variables have
converged, the operating point is complete and the program starts the main tran-
sientanalysis.

Main transient analysis:

The main transient analysis begins with the state variables computed during the
operating point, or theinitialized valuesif the operating point was skipped. Using a
standard nonlinear time-domain model for each devicein the circuit, the program
linearizes the model s about the last set of state variable values. It then solves a
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set of linear equations for incremental voltages and currents. It adds these linear
increments to the prior state variable values and checks to see if they have stabi-
lized. When all of the state variables have stabilized, convergence at this data
point is achieved and the data point is evaluated to seeif the local truncation error
(LTE) isacceptable. If so, the time point is accepted and added to the plot, timeis
incremented, and the next data point is attempted. If the LTE is not acceptable,
the data point is discarded, the time step is reduced, and a new data point is at-
tempted. This process continues until the time variable equal s the specified tmax.

To summarize, the basic conceptual sequence for Transient analysisis asfollows:

1. Initidlize state variables.

2. Optionally calculate the DC operating point.

3.SetTlast =T =tminand DT = minimum time step.

4. Solvefor all state variables.

5. If variables have converged go to step 6, else go to step 4.
6. If LTE of state variables is acceptable go to step 8.

7. Discard time point: DT = DT/2, set T = Tlast , and go to step 4.
8. Plot or print requested variables. Set Tlast = T.

9. If Time equalstmax, quit.

10. Time = Time + time step.

11. Go to step 4.
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Command buttons

TheTransient AnalysisLimitsdialog box

&aMicro-Cap 8.0.0 - [Transient Analysis]

[ File Edit Windows Opfions Transieni Scope MonieGado  Model Help

-1olx]
18] x|

Numericlimits

Curve options

Expression
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Load the MIXEDA4 circuit file and select Transient from the Analysis menu.
MC8 extracts the necessary circuit information directly from the schematic. More
information is needed before the analysis can begin, and that information is sup-
plied by the AnalysisLimitsdial og box.
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Figure 6-1 The Analysis Limits dialog box

Command buttons
The Command buttons are located just above the Numeric limitsfield.
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TheAnalysisLimitsdialog box isdivided into five areas: the Command buttons,
Numericlimits, Curveoptions, Expressionfields, and Options.

Run: Thiscommand starts the analysis run. Clicking the Tool bar Run button
| or pressing F2 will also start the run.

Add: Thiscommand adds another Curve options field and Expression field
line after the line containing the text cursor. The scroll bar to the right of the
Expression field scrolls through the curves when there are more than can be

Delete: This command deletes the Curve option field and Expression field
line where the text cursor is.



Expand: This command expands the text field where the text cursor isinto a
large dialog box for editing or viewing. To use the feature, click the mousein
the desired text field, and then click the Expand button.

Stepping: Thiscommand invokesthe Stepping dialog box. Steppingis
reviewed in a separate chapter.

Properties: This command invokes the Properties dialog box which lets you
control the analysis plot window and the way curves are displayed.

Help: Thiscommand invokes the Help screen which providesinformation by
index and topic.

Numeric limits
The Numeric limitsfield provides control over the analysistime range, time step,
number of printed points, and the temperature(s) to be used.

* Time Range: Thisfield determines the start and stop time for the analysis.
Theformat of thefieldis:

<tmax> [,<tmin>]

The run starts with time set equal to <tmin>, which defaultsto zero, and ends
when time equal s <tmax>.

* Maximum Time Step: This field defines the maximum time step that the
program is allowed to use. The default value, (<tmax>-<tmin>)/50, is used
when the entry is 0.

* Number of Points: The contents of this field determine the number of
printed values in the numeric output. The default valueis 51. Note that this
number is usually set to an odd value to produce an even print interval. The
print interval isthe time separation between successive printouts. The print
interval used is (<tmax> - <tmin>)/([number of points] - 1).

* Temperature: Thisfield specifies the global temperature(s) of the run(s)
in degrees Celsius. Thistemperatureis used for each device unlessindividual
device temperatures are specified. If the Temperature list box shows Linear
or Logtheformat is:

<high> [, <low> [ , <step>1]]
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The default value of <low> is <high>, and the default value of <step>is

<high> - <low> (linear mode) or 1.0 (log mode). Temperature values start

at <low> and are either incremented (linear mode) or multiplied (log mode) by

<step> until <high> is reached.

If the Temperature list box shows List the format is.
<tl>[,<t2>[,<t3>][,..]]

wheretl, t2,.. are individual values of temperature.

One analysisis done at each specified temperature, producing one curve
branch for each run.

Curve options

The Curve optionsfield islocated below the Numeric limitsfield and to the left of
the Expressions field. Each curve option affects only the curveinitsrow. The
optionsfunctionasfollows:

The first option toggles the X-axis between alinear @ and alog || plot.
Log plotsrequire positive scale ranges.

The second option toggles the Y -axis between alinear % and alog
plot. Log plots require positive scale ranges.

The g option activates the color menu. There are 64 color choices for an
individual curve. The button color isthe curve color.

The EF| option prints a table showing the numeric value of the curve. The

number of values printed is set by the Number of Pointsvalue. Thetableis
printed to the Output window and saved in the file CIRCUITNAME.TNO.

A number from 1 to 9 in the (P) column selects the plot group the curve will
be plotted in. All curves with like numbers are placed in the same plot group.
If the P column is blank, the curve is not plotted.

Expression fields

The X Expression and Y Expression fields specify the horizontal (X) and vertical
(Y) expressions. MC8 can evaluate and plot awide variety of expressions for
either scale. Usually these are single variableslike T (time), V(10) (voltage at
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node 10), or D(OUT) (digital state of node OUT), but the expressions can be
moreelaboratelikeV (2,3)*1(V1)*sin(2* PI* 1IE6* T).

Variables list

Clicking the right mouse button inthe Y expression field invokesthe Variables
list which letsyou select variables, constants, functions, operators, and curves, or
expand the field to allow editing long expressions. Clicking the right mouse button
inthe other fieldsinvokes asimpler menu showing suitable choices.

The X Range and Y Range fields specify the numeric scales to be used when
plotting the X and Y expressions.

Theformat is:
<high> [,<low>] [,<grid spacing>] [,<bold grid spacing>]

<low> defaults to zero. [,<grid spacing>] sets the spacing between grids.
[,<bold grid spacing>] sets the spacing between bold grids. Placing "AUTQO" in
the X or Y range calculates the range automatically. The Auto Scale Ranges op-
tion calculates scalesfor al ranges during the simulation run and updates the X
and Y Rangefields. The Auto Scale (F6) command immediately scales all curves,
without changing the range values, |etting you restore them with CTRL + HOME
if desired. Note that <grid spacing> and <bold grid spacing> are used only on
linear scales. Logarithmic scales use anatural grid spacing of 1/10 the major grid
values and bold is not used. Auto Scale uses the number of grids specified in the
Properties dialog box (F10) / Scales and Formats / Auto/Static Grids field.

Options
* Run Options
* Normal: Thisrunsthe simulation without saving it.

® Save: Thisrunsthe simulation and savesit to disk, using the same
format asin Probe. The file nameisNAME.TSA.

* Retrieve: Thisloadsapreviously saved simulation and plots and prints
it asif it were anew run. The file nameis NAME.TSA.

® State Variables
These options determine the state variables at the start of the next run.

® Zero: Thissetsthe state variable initial values (node voltages, inductor
currents, digital states) to zero or X.
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® Read: Thisreads a previously saved set of state variables and uses
them astheinitial valuesfor the run.

* | eave: Thisleaves the current values of state variables alone. They
retain their last values. If thisisthe first run, they are zero. If you have
just run an analysis without returning to the Schematic editor, they are
the values at the end of the run. If the run was an operating point only
run, the values are the DC operating point.

® Retrace: Thisrunsthe analysis N times, where N is the number in the
Retrace Runsfield. For thefirst run, normal initialization isdoneand, if
regquested, the operating point is calculated. Initial conditions are retained
for subsequent runs, whether invoked manually with F2 or automatically
by using a number greater than 1 in the Retrace Runs field.

® Operating Point: This calculates a DC operating point. It uses theinitial
state variables as a starting point and calculates a new set that represents the
DC steady state response of the circuit to the T=0 values of al sources.

® Operating Point Only: This calculates a DC operating point only. No
transient run ismade. The state variables are |eft with their final operating
pointvalues.

® Auto Scale Ranges: This setsthe X and Y range to AUTO for each new
analysisrun. If it is not enabled, the existing scale values fromthe X and Y
Range fields are used.

The Run, State Variables, and Analysis options affect the simulation results.
To see the effect of changes of these options you must do arun by clicking
on the Run command button or pressing F2.

Resizing
The Analysis Limitsdialog box can beresized in avariety of ways:

* Field size adjustment: Adjust the field sizes by dragging the lines that
separate the column titles (e.g. X Expression, Y Expression, €tc.).

® Auto-size: Click the auto-size button to the right of the Y Range field to
automatically adjust thefield sizesto match existing expression lengths.

® Grow: Drag the Grow icon in the lower right corner of the dialog box to
change the shape / size of the dialog box.
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TheTransient menu

Run: (F2) This starts the analysis run.

Limits: (F9) This accessesthe Analysis Limits dialog box.
Stepping: (F11) This accesses the Stepping dialog box.
Optimize: (CTRL + F11) This accesses the Optimize dialog box.
AnalysisWindow: (F4) This command displaysthe analysis plot.

Watch: (CTRL + W) This displays the Watch window where you define
expressions or variables to watch during a breakpoint invocation.

Breakpoints: (ALT + F9) This accesses the Breakpoints dialog box.
Breakpoints are Boolean expressions that define when the program will enter
single-step mode so that you can watch specific variables or expressions.
Typical breakpoints are T>=100ns AND T<=10ns, or V(OUT)>5.5.

3D Windows: Thisletsyou add or delete a 3D plot window. It is enabled
only if more than one runisdone.

Performance Windows: This lets you add or delete a performance plot
window. It isenabled only if thereis more than one run.

FFT Windows:. This adds or deletes FFT windows. To add one it opens
the FFT Windows Properties dialog box, where you can select waveforms
and specify FFT parameters. See Chapter 31, "Fourier Analysis', for more
details on FFT windows and function calls.

Numeric Output: (F5) This shows the Numeric Output window.

State Variables editor: (F12) This accesses the State Variables editor.
Reduce Data Points: Thisitem invokes the Data Point Reduction dialog
box. It lets you delete every n'th data point. Thisis useful when you use very
small time steps to obtain very high accuracy, but do not need all of the data
points produced. Once deleted, the data points cannot be recovered.

Exit Analysis. (F3) This exits the analysis.
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Initidization

State variables define the state or condition of the mathematical system that rep-
resentsthe circuit at any instant. These variables must be initialized to some value
prior to starting the analysisrun. Hereishow M C8 doesthe initialization:

Setup initialization:
When you first select atransient, AC, or DC analysis, all state variables are
set to zero and all digital levelsto X. Thisis called the setup initialization.

Run initialization:

Each new run evokes the run initialization based upon the State Variables
option from the Analysis Limitsdial og box. Thisincludes every run, whether
initiated by pressing F2, clicking on the Run button, stepping parameters, using
Monte Carlo, or stepping temperature. There are three choices:

Zero: The analog state variables, hode voltages, and inductor currents are
set to 0. Digital levelsare set to X, or in the case of flip-flop Q and QB
outputs, set to 0, 1, or X depending upon the value of DIGINITSTATE.
Thisvalueisdefined inthe Global Settingsdialog box. Thisistheonly
optioninDC analysis.

Read: MC8 reads the variables from the file CIRCUITNAME.TOP.
Thefileitself is created by the State Variables editor Write command.

L eave: MC8 does nothing to theinitial state variables. It simply leaves
them aone. There are three possibilities:

First run: If the variables have not been edited with the State
Variableseditor, they still retainthe setup initialization val ues.

Later run: If the variables have not been edited with the State
Variables editor, they retain the ending values from the last run.

Edited: If the variables have been edited with the State
Variables editor, they are the values shown in the editor.

Retrace: MC8 does nothing to the initial state variables. It smply leaves
them aone.
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Device initialization:
Deviceinitializationisthethird step. It isaways done for the first run and for
subsequent runs if Retrace is disabled.

After the State Variables option has been processed, .IC statements are
processed. Device IC statements, such as those for inductor current and
capacitor voltage, override .IC statements if they are in conflict.

Note that .IC statements specify values that persist throughout the
initial bias point calculation.

They are moreresilient than simpleinitial valueswhich can (and usually
do) change after thefirst iteration of the bias point. This may be good or
bad depending upon what you are trying to achieve.

Using theseinitial values, an optional operating point cal culation may be
done and the state variables may change. If no operating point is done, the
state variables are | eft unchanged from the initialization procedure. If an
operating point only is done, the ending state variable values are equal to
the operating point values.

Thetransient analysis begins after the setup, run, and deviceinitializations are
complete.

At first glance, you might think Retrace mode could be used to do eye diagrams,
but thereis amuch easier way. Simply use an X expression like this

T MOD Period

instead of the usual T. Period is the expected period of the waveform so a typical
X expression might be:

T MOD 2n

See the circuit EYE_DIAGRAM.CIR for an example of how to do this.
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The State Variables editor

The State Variables editor isfor reviewing or editing state variables. It lookslike

this
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Figure 6-2 The State Variables editor

The editor displays node voltages, inductor currents, and digital nodelevels. The
scroll bars may be used to review values not visible on the display. Any value
may be edited.

The command buttons function asfollows:
* Close: This exits the dialog box.

® Clear: Thisimmediately setsall analog valuesto zero. Digital node levels
are set to 'X'.

® Read: Thisimmediately reads a new set of values from a disk file, after
prompting for afile name.

* Write: Thisimmediately writesthe displayed valuesto adisk fileusing a
user-supplied file name. Thisfileis created for use when the Analysis Limits
State Variables Read option is selected. The Read option uses the values
storedinthisfileat the Runinitialization stage.

® Print: This copies the values to atext file called CIRCUITNAME.SVV.
* |C: Thiscommand trans ates the existing state variablesinto .IC
statements and saves them in the circuit's text area. The following

translations are made:
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State variable IC statement

Nodevoltage .IC V(Node name) = Node voltage
Inductor current IC I(Inductor name) = Inductor current
Digital node state .IC D(Digital node name) = Digital node state

The purpose of thiscommand is to provide a handy way to create .IC
statements, which some prefer as ameans of initializing state variables.

It is important to note that the clear and read commands, and all manual
edits result in immediate changes, as opposed to the delayed changes
made by the Analysis Limits options. The Zero, Read, and Leave options
from the Analysis Limits dialog box affect the values at the start of the
simulation (Run initialization).

® Help: This accesses help topics for the State Variables editor.

Using the Pkey

During a simulation run, the value of the expressions for each curve can be seen
by pressing the'P key. Thiskey toggles the printing of the numeric values on the
analysis plot adjacent to the expressions. Thisis a convenient way to check the
course of anew, lengthy simulation when theinitial plot scales are unknown. This
feature may significantly slow the simulation, so only useit to "peek" at the nu-
meric results, then toggle it off with the 'P' key.
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Numeric output

Numeric output may be obtained for each curve by enabling the output button

in the curve row. Content is also controlled from the Numeric Output panel of the
Properties dialog box (F10).

Analysis Limits Summary: Thisisa printout of the main analysis limits from
the AnalysisLimits, Stepping, and Monte Carlo dialog boxes.

Operating point information: Thisis a printout of the DC operating point
values for each device in the circuit. It includes a selection of device currents,
voltages, conductances, and capacitances.

Curve tables: Thisisatabular printout of the value of each X and Y
expression of each selected curve. The values are interpolated from the
actual data points. The Number of Points value from the Analysis Limits
dialog box determinesthe number of points printed in the table.

Digital warnings: Theseinclude digital hazard and constraint violations.

Output is saved in the file CIRCUITNAME.TNO and printed to the Numeric
Output window, which is accessible after the run by clicking on the button.
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v
-10Z.891u
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RZ§.V1 xzs.vz
3. 644 0.000 J
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3.015n  3.500 3.843
6.030n  3.500 2.574
9.045n 3.500  1.584 Ij
R M) Text{Infa 1 I

Figure 6-3 Numeric output
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Chapter 7 ACAnalysis

What's in this chapter

This chapter describesthe AC analysisroutines. AC analysisisalinear, small
signal analysis. Beforethemain AC analysisisrun, linearized small signal models
are created for nonlinear components based upon the operating point bias.

Features new in Micro-Cap 8

® Expandable AnalysisLimitsdial og box window and field sizes
* Manual and auto-sizing of the AnalysisLimits dialog box

¢ 1-2-5Minor Log Grids option

® X Scaling Only option

* Keep X Scales Same option

* Data point marker graphic and style options

* Static (MC6 style) grids option
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What happensin AC analysis

AC analysisisatype of small-signa or linear analysis. Thismeansthat all circuit
variables are assumed to be linearly related. Double one voltage, and you double
any related quantities. When you plot or print V(1) you are seeing the small-signal
linear voltage between node 1 and the AC ground node.

Using asmall-signal model of each device in the circuit, MC8 constructs a set of
linear network equations and solves for every voltage and current in the circuit
over the specified frequency range. The program obtains the small-signal models
by linearizing the devices about the state variable values. These are usually the
result of an operating point calculation, but may also result from aread, from edits
in the State Variables editor, or may simply be |eft over from the last run, depend-
ing upon the selected State V ariables option.

Linearizing means replacing adevice's nonlinear model with asimple constant
that expresses alinear relationship between the terminal voltages and currents of
the device. Thelinear model isassumed to hold for small signal changes about the
point at which the linearization takes place, which isusually the DC operating
point. Digital parts are treated as open circuits during the linearization process.
For linear resistors, capacitors, and inductors, the linearized AC valueisthe same
as the constant time-domain value. For nonlinear passive components whose
value changes with bias, the linearized AC value is the time-domain resi stance,
capacitance, or inductance computed at the operating point. This meansthat in a
resistor with avalue expression like 1+2*V(10), the V(10) refersto the time-do-
main V(10), not the AC small signal V(10). If the operating point calculation pro-
ducesa DC vaue of 2.0 voltsfor V(10), then the value of thisresistor during AC
analysiswill be 1+2* 2 =5 Ohms. Normally, during the small-signal AC analysis,
the resistance, capacitance, or inductance does not change. If, however, the
component's FREQ attribute is specified, then the value of the FREQ expression
isthe AC resistance, capacitance, or inductance, and is alowed to be afunction
of frequency. See Chapter 22 for the specifics on the use of the FREQ attribute
with resistors, capacitors, inductors, and NFV and NFI function sources.

For nonlinear componentslike diodes, JFETs, MOSFETSs, and bipolar transistors,
the conductances, capacitances, and controlled sources that comprise the AC
model are obtained by partial derivatives evaluated at the operating point value.
These values are also constant during AC small-signal analysis.

The only devices whose transfer function or impedance can change during AC
small-signal analysis arethe Z transform, Laplace function and table sources, and
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when their FREQ attribute is specified, resistors, capacitors, inductors, and NFV
and NFI function sources. Z transform and L aplace sources use the complex fre-
quency variable S (j*2* PI*frequency ) in their transfer function, so their transfer
function must change with frequency during the run.

For curve sources, the small signal model issimply an AC voltage or current
source. The AC value of the source is determined from the parameter line for
SPICE components and from the attribute value for schematic components.

SPICE Voltage Source or Current Source:

The AC magnitude value is specified as a part of the device parameter. For
example, a source with the value attribute "DC 5.5 AC 2.0" hasan AC
magnitude of 2.0 volts.

Pulse Source and Sne Source:
These sources have their AC magnitude fixed at 1.0 volt.

User Source: These sources provide a signal comprised of the real and
imaginary partsspecifiedintheir files.

Function Source: These sources create an AC signal only if a FREQ
expression isspecified.

Because AC analysisislinear, it doesn't matter whether the AC amplitude of a
singleinput sourceis 1 volt or 500 volts. If you areinterested in relative gain from
one part of the circuit to another, then plot V(OUT)/V(IN). Thisratio will bethe
same regardless of the value of V(IN). If V(IN) is 1, then it is not necessary to
plot ratios, since V(OUT)/V(IN) = V(OUT)/1 = V(OUT). If there is more than
one input source with anonzero AC value, then you can't meaningfully look at
gains from one of the source nodes to ancther node.

The basic sequence for AC analysisisthis:

1. Optionally calculate the DC operating point.

2. Compose the linear equivalent AC model for every device.
3. Construct a set of linearized circuit equations.

4. Set frequency to fmin.

5. Solvefor al voltages and currentsin the linearized model.
6. Plot or print requested variables.

7. Increment frequency.

8. If frequency exceeds fmax, quit, else go to step 5.
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Command buttons

Numericlimits

Curve options

TheACAnalysisLimitsdialog box

TheAnalysisLimitsdialog box isdivided into five principal areas: the Command
buttons, Numericlimits, Curve options, Expressions, and Options.

EAC Analysis Limits H
il i Add | [elEte | Erpand | Stepping | Propeties. I Help. |
p— Frequency Range IA ito _I |1 B1e? Bun Options Normal
Number of Points 101 State Varisbles ZEID
Temperaturs |L aaaaa ;I 27 Opt| ons
Mazimum Change % 1 ¥ | Dperating Paint
Noige Input 1 - ¥ Auto Scale Ranges
Moize Dutput auT
F | * Expression | " Expression | ¥ Range | * Range | >.L_ A utO'S| ze
[ EE [vtou [reeio0zer [3:21
EEE 7 [itvtouy [T E
EEE 7 [retvtzen | | [ECE | E
|Defines the range of the X-axis. Jormat is <high=[,=low=[,=grid spacing>[‘<bolp grid spacing=]]] A Grow

Expressions

Figure 7-1 The Analysis Limits dialog box

The command buttons are located just above the Numeric limits.

Run: Thiscommand starts the analysis run. Clicking the Tool bar Run
ﬂ button or pressing F2 will also start the run.

Add: Thiscommand adds another Curve options field and Expression field
line after the line containing the cursor. The scroll bar to the right of the
Expression field scrolls the curve rows when needed.

Delete: This command deletes the Curve option field and Expression field
line where the text cursor is.

Expand: This command expands the working area for the text field where
thetext cursor currently is. A dialog box is provided for editing or viewing.
To usethefeature, click in an expression field, then click the Expand button.

Stepping: Thiscommand calls up the Stepping dialog box. Stepping is
reviewed in a separate chapter.

Properties: Thiscommand invokes the Properties dialog box which lets you
control the analysis plot window and the way curves are displayed.

146  Chapter 7: AC Analysis



Help: Thiscommand calls up the Help system which provides information by
index and topic.

Thedefinition of each iteminthe Numeric limitsfield isasfollows:

® Frequency Range:
The contents of this field depend upon the type of frequency stepping
selected from the adjacent list box. There are four stepping choices:

® Auto: Thismethod uses the first plot of the first group asapilot plot.

If, from one frequency point to another, the plot has a vertical change of
greater than Maximum change % of full scale, the frequency step is
reduced, otherwise it is increased. Maximum change % is the value from
the fourth numeric field of the AC AnalysisLimitsdialog box. Auto isthe
standard.

* Linear: This method produces a frequency step such that, with alinear
horizontal scale, the data pointsare equidistant horizontally. The Number
of Pointsfield setsthe total number of data points employed.

® Log: Thismethod produces a frequency step such that with alog
horizontal scale, the data pointsare equidistant horizontally. The Number
of Pointsfield setsthe total number of data points employed.

¢ |ist: Thismethod uses acomma-delimited list of frequency points
from the Frequency Range, asin 1E8, 1E7, S5E6.

The Freguency Range field specifies the frequency range for the analysis.

For the List Option:
The syntax is <Frequencyl> [, <Frequency2>] ... [, <FrequencyN>].

For Auto, Linear, and Log Options:

The syntax is <Highest Frequency> [, <Lowest Frequency>]. If
<Lowest Freguency> is unspecified, the program calculates a single data
point at <Highest Frequency>.

* Number of Points: This determines the number of data points printed in
the Numeric Output window. It also determines the number of data points
actually calculated if Linear or Log stepping is used. If the Auto Step method
is selected, the number of points actually calculated is controlled by the
<Maximum change %> value. If Auto is selected, interpolation is used to

147



148

produce the specified number of points. The default valueis 51. This number
isusually set to an odd value to produce an even print interval.

For the Linear method, the frequency step and the print interval are:
(<Highest Frequency> - <Lowest Frequency>)/(<Number of points> - 1)
For the Log method, the frequency stepiis:
(<Highest Frequency> / <Lowest Frequency>)Y(sNumber of points> - 1)
* Temperature: Thisfield specifies the global temperature(s) of the run(s)
in degrees Celsius. Thistemperatureis used for each device unlessindividual
device temperatures are specified. If the Temperature list box shows Linear
or Logtheformat is:

<high> [, <low> [ , <step>] ]
The default value of <low> is <high>, and the default value of <step>is
<high> - <low> (linear mode) or 1.0 (log mode). Temperature values start
at <low> and are either incremented (linear mode) or multiplied (log mode) by
<step> until <high> is reached.
If the Temperature list box shows List the format is.

<tI>[, <t2>[,<t3>][,..]]

wheretl, t2,.. are individual values of temperature.

One analysisis done at each specified temperature, producing one curve
branch for each run.

* Maximum Change %: This value controls the frequency step used when
Auto is selected for the Frequency Step method.

* Noise Input: Thisisthe name of the input source to be used for noise
calculations. If the INOISE and ONOI SE variables are not used in the
expressionfields, thisfieldisignored.

® Noise Output: Thisfield holds the name(s) or number(s) of the output
node(s) to be used for noise calculations. If the INOISE and ONOISE
variables are not used in the expression fields, thisfield isignored.
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The Curve options are located below the Numeric limits and to the left of the Ex-
pressions. Each curve option affects only the curve in its row. The options func-
tionasfollows:

Thefirst option toggles the X-axis between alinear M and alog || plot.
Log plotsrequire positive scale ranges.

The second option toggles the Y -axis between alinear E§| and alog
plot. Log plotsrequire positive scale ranges.

The g option activates the color menu. There are 64 color choices for an
individual curve. The button color isthe curve color.

The [E| option prints atable showing the numeric value of the curve.

Thetableis printed to the Output window and saved in thefile
CIRCUITNAME.ANO.

The [[] option selects the basic plot type. In AC analysis there are three
types available, [[i1]] rectangular, [i#] polar, and [{&] Smith chart.

A single digit number from 1 to 9 in the P column sorts the curvesinto
different plot groups. All curves with like numbers are placed in the same plot
group. If the P column isblank, the curve is not plotted.

The Expressionsfield specifies the horizontal (X) and vertical (Y) scale ranges
and expressions. The expressions are treated as complex quantities. Some com-
mon expressions are F (frequency), db(v(1)) (voltagein decibels at node 1), and
re(v(1)) (real voltage at node 1). Note that while the expressions are evaluated
as complex quantities, only the magnitude of the Y expression vs. the magni-
tude of the X expression is plotted. If you plot the expression V(3)/V(2), MC8
evaluates the expression as a complex quantity, then plots the magnitude of the
final result. It isnot possibleto plot acomplex quantity directly versusfrequency.
Y ou can plot the imaginary part of an expression versusits real part (Nyquist
plot), or you can plot the magnitude, real, or imaginary parts versus frequency
(Bodeplot).

The scale ranges specify the scales to use when plotting the X and Y expres-
sions. Therangeformat is:

<high> [,<low>] [,<grid spacing>] [,<bold grid spacing>]
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<low> defaults to zero. [,<grid spacing>] sets the spacing between grids.
[,<bold grid spacing>] sets the spacing between bold grids. Placing "AUTQO" in
the X or Y scale range calculates its range automatically. The Auto Scale Ranges
option calculates scalesfor all ranges during the simulation run and updates the X
and Y Range fields. The Auto Scale (F6) command immediately scales all curves,
without changing the range values, |etting you restore them with CTRL + HOME
if desired. Note that <grid spacing> and <bold grid spacing> are used only on
linear scales. Logarithmic scales use anatural grid spacing of 1/10 the major grid
values and bold is not used. Auto Scale uses the number of grids specified in the
Properties dialog box (F10) / Scales and Formats / Auto/Static Grids field.

Clicking the right mouse button inthe Y expression field invokes the Variables
list. It lets you select variables, constants, functions, and operators, or expand the
field to allow editing long expressions. Clicking the right mouse button in the other
fieldsinvokesasimpler menu showing suitable choices.

TheOptionsgroupincludes:

® Run Options
* Normal: Thisrunsthe simulation without saving it to disk.

® Save: Thisrunsthe simulation and savesit to disk.

* Retrieve: Thisloads a previously saved simulation and plots and
printsit asif it were anew run.

* State Variables: These options determine what happens to the time
domain state variables (DC voltages, currents, and digital states) prior to
theoptional operating point.

® Zero: Thissetsthe state variable initial values (node voltages, inductor
currents, digital states) to zero or X.

® Read: Thisreads a previously saved set of state variables and uses
them astheinitial valuesfor the run.

* |_eave: Thisleaves the current values of state variables alone. They
retain their last values. If thisisthe first run, they are zero. If you have
just run an analysis without returning to the Schematic editor, they are
the values from that run.
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® Operating Point: This calculates a DC operating point, changing the time-
domain state variables as aresult. If an operating point is not done, the time
domain variables are those resulting from theinitialization step (zero, leave, or
read). The linearization is done using the state variables after this optional
operating point. In anonlinear circuit where no operating point isdone, the
validity of the small-signal analysis depends upon the accuracy of the state
variablesread from disk, edited manually, or enforced by deviceinitial values
or .IC statements.

® Auto Scale Ranges. This sets al ranges to Auto every time asimulation is
run. If disabled, the existing values from the range fields are used to produce
theplots.

Resizing
The AnalysisLimitsdialog box can beresized in avariety of ways:

* Field size adjustment: Adjust the field sizes by dragging the lines that
separate the column titles (e.g. X Expression, Y Expression, etc.).

* Auto-size: Click the auto-size button to the right of the Y Range field to
automatically adjust thefield sizesto match existing expression lengths.

® Grow: Drag the Grow icon in the lower right corner of the dialog box to
change the shape / size of the dialog box.

Using the P key

During an AC analysis run, the value of the expressions for each curve can be
seen by pressing the 'P' key. This key toggles the printing of the numeric values
on the analysis plot adjacent to the expressions. Thisis a convenient way to check
the course of anew, lengthy simulation when the initial plot scales are unknown.
Thisfeature may significantly slow the ssmulation, so only useit to "peek” at the
numeric results, then toggle it off with the 'P key.

151



152

The AC menu

e

B |= [z

Run: (F2) This starts the analysis run.

Limits: (F9) This accesses the Analysis Limits dialog box.
Stepping: (F11) This accesses the Stepping dialog box.
Optimize: (CTRL + F11) This accesses the Optimize dialog box.
AnalysisWindow: (F4) This command displays the analysis plot.

Watch: (CTRL + W) This displays the Watch window where you define
expressions or variables to watch during a breakpoint invocation.

Breakpoints: (ALT + F9) This accesses the Breakpoints dialog box.
Breakpoints are Boolean expressions that define when the program will enter
single-step mode so that you can watch specific variables or expressions.
Typical breakpoints are F>=10Meg AND F<=110Meg, or V(OUT)>2.

3D Windows: Thislets you add or delete a 3D plot window. It is enabled
only if more than onerun is done.

Performance Windows: Thislets you add or delete a performance plot
window. It isenabled only if there is more than one run.

Numeric Output: (F5) This shows the Numeric Output window.

State Variables editor: (F12) This accesses the State Variables editor.
Reduce Data Points: Thisitem invokes the Data Point Reduction dialog
box. It lets you delete every n'th data point. Thisis useful when you use very
small time steps to obtain very high accuracy, but do not need all of the data
points produced. Once deleted, the data points cannot be recovered.

Exit Analysis. (F3) This exits the analysis.
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Numeric output

Numeric output may be obtained for each curve by enabling the output button
in the curve row. Content is also controlled from the Numeric Output panel of the
Propertiesdialog box (F10).

Analysis Limits Summary: Thisisaprintout of the main analysislimitsfrom
the AnalysisLimits, Stepping, and Monte Carlo dial og boxes.

Operating point information: Thisis a printout of the DC operating point
values for each devicein the circuit. It includes a selection of device currents,
voltages, conductances, and capacitances.

Curve tables: These are tabular printouts of the value of each X and Y
expression of selected curves. Duplicated X expressions (like F for
frequency) are eliminated.

Output is saved to the text file CIRCUITNAME.ANO and printed to the window,
which is accessible after the run by clicking on the [E| button. Hereis atypical
result.

i Micro-Cap 8.0.0 - [E:\mc7\data\diffamp.ANO]
File Edit ‘Windows Options AC Scope Monte Cado  Model Help =& x|
LedEsR|ocsn@ - vk o ¢ [MODE|PGlARS 1| ES2
[» i W[ (o4 EiC Q@@ F
free Micro-Cap 8.0.0 wEr
e
E
AC Analysis of diffamp wwn
Limi
Frequency Range 10Meg, 1K
uwher of Points 100
Tenperature Linear 27
aximum Change % §
oise Input V1
nise Output uth
Fom Options Hormal
[itate Variables Zero
[Frequency Step  Auto
Operating Point On
Temperature=27
Tenperature=27
M D Text {Info 1 | ,IJ

Figure 7-2 Numeric output
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Noise
MCS8, like SPICE, model s three types of noise:

® Therma noise
® Shot noise
® Hicker noise

Thermal noise, produced by the random thermal motion of electrons, isaways
associated with resistance. Discrete resistors and the parasitic resistance of ac-
tive devices contribute thermal noise.

Shot noiseis caused by arandom variation in current, usually due to recombina-
tion and injection. Normally, shot noise is associated with the dependent current
sources used in the active device models. All semiconductor devices generate
shot noise.

Flicker noise originates from avariety of sources. In BJTSs, the source is normally
contamination traps and other crystal defects that randomly release their captured
carriers.

Noise analysis measures the contribution from all of these noise sources as seen
at the input and output. Output noise is cal culated across the output node(s) speci-
fied in the Noise Output field. To plot or print it, specify 'ONOISE' asthe Y ex-
pression. Similarly, input noiseis calculated across the same output nodes, but is
divided by the gain from the input node to the output node. To plot or print input
noise, specify "INOISE" asthe Y expression.

Because the network equations are structured differently for noise, it is not pos-
sible to simultaneously plot noise variables and other types of variables such as
voltage and current. If you attempt to plot both noise and other variables, the pro-
gram will issue an error message.

Because noise is an essentially random process, there is no phase information.
Noiseis defined as an RM S quantity so the phase (PH) and group delay (GD)
operators should not be used.

Noise is measured in units of Volts/ HZY2.
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AC analysistips
Here are some useful things to remember for AC analysis:

The magnitude of the expression is plotted:

If you ask for aplot of V(OUT), you might wonder what gets plotted since
V(OUT) has both an imaginary and area part. If no operator is used, MC8
plotsthe magnitude, which isdefined asfollows:

Condition What is Printed or Plotted
1) IM(V(OUT)) is zero RE(V(OUT))
2) IM(V(OUT)) is not zero MAG(V(OUT))

If the expressionisreal (i.e. itsimaginary part is zero) you get the real part.
If the expression is complex (i.e. itsimaginary part is nonzero) you get the
magnitude of the real part and imaginary parts.

Condition 1 lets you see polarities asthe real part can be negative. Condition
2 necessarily masks negative real parts asit requires squaring the real part.

Plotting complex power:
Power expressionsin AC plot complex AC power. For example

AC power dissipated in R1 PD(R1)
AC power storedin C1 PS(C1)
AC power stored in diode D1 PS(D1)

AC power dissipatedindiodeD1  PD(D1)
AC power generated in source V1 PG(V1)

Total power generated PGT
Total power stored PST
Total power dissipated PDT

Y ou can aso plot complex power by using fundamental expressions. To plot
the power stored in a capacitor C1, plot V(C1)*1(C1). To plot power stored in
an inductor L1, use V(L1)*I(L1). For a port whose input nodes are A and B,
plot (V(A,B))*I(V1), where V1isazero-valued independent voltage source
in serieswith one of the port leads. Thiswould plot the total power flow into
the port.
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Unexpected output when bypassing the operating point:

If your circuit is producing strange results and you are not doing an operating
point, make surethat theinitial conditionsyou've supplied are correct. You
must supply al node voltages, inductor currents, and digital statesif you skip
the operating point in order to get meaningful results.

Zero output:

If your circuit is producing zero voltages and currentsit is probably because
the sources are absent or have zero AC magnitudes. Only the PUL SE and
SIN sources have a nonzero 1.0 default AC magnitude. The User source
supplies what its file specifies. Function sources generate an AC excitation
equal to the value of their FREQ expression, if any. The other sources either
have no AC magnitude at al or else have a0.0 volt default AC magnitude.

Smultaneous Auto Frequency step and Auto Scale:

If you select both Auto frequency stepping and Auto Scale, the first plot will
probably be coarse. Auto frequency stepping uses the plot scale employed
during the run to make dynamic decisions about a suitable frequency step. If
Auto Scaleisin effect, the plot scale employed during therun is preset to a
very coarse scale. The frequency steps are not referenced to the actual
range of the curve, sinceit isonly known after the run. The solution isto
make two runs, and turn off the Auto Scale option after the first run. The
second run will have the benefit of knowing the true range of the curve

and will produce asmoother plot.

Flat curves:

If your circuit isavery narrow band reject filter and your gain plot isflat, itis
probably because the frequency step control is not sampling in the notch. This
can happen when the sweep starts at a frequency far to the left of the notch.
Sincethe plot isvery flat, the frequency step is quickly increased to the
maximum. By the time the frequency nears the notch, the step exceeds the
notch width and the sweep jumps over the notch. Thisislike acar moving so
fast that is doesn't notice a narrow pothole that would have been apparent at
alower speed. The solution is to set the fmin much nearer the expected
notch, or use one of the fixed frequency step methods. If you use a fixed
step, make sure the frequency step is smaller than the notch. This can be
accomplished by increasing the Number of Points value or decreasing the
frequency range and centering it near the expected notch frequency.
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Chapter 8

DCAnalysis

What's in this chapter

This chapter describes the features of DC analysis. DC is an acronym for direct
current, one of two competing power transmission strategies early in the develop-
ment of electrical engineering technology. For our purposes, DC means simply
that the sources are constant and do not vary with time.

During aDC analysis, capacitors are open-circuited, inductors are short-circuited,
and sources are set to their time-zero values. DC analysis sweeps one or two
input independent variables (such as current or voltage source values) over a
specified range. At each voltage or current step, MC8 performs an operating
point calculation.

Transfer characteristics are atypical application for DC analysis.
Features new in Micro-Cap 8

® Expandable AnalysisLimitsdial og box window and field sizes
® Manual and auto-sizing of the AnalysisLimitsdialog box

® X Scaling Only option

* Keep X Scales Same option

* Data point marker graphic and style options

* Static (MC6 style) grids option
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The DC Analysis Limitsdialog box

TheAnalysisLimitsdialog box isdivided into five major areas. the Command
buttons, Numericlimits, Curveoptions, Expressionfields, and Options.

il DC Analysis Limits [ x|
Command bUttonS Fiun Add | Dielete | Expand... | Stepping... | Properties...l Help... |
- Sweep
ethod Marne Fange
Variable 1 [auta = | [+ =1 ] [-on5.-.oo5
Numericlimits Wariable 2 [None = | [HONE =l | [nonE
— Temperatur Murnber of Paints taximum Change %-—
Methad Fange
[Linear =] [127.27.10 51 [5
Fun Options INormaI - I ™ Auta Scale Ranges Optl ons
P I # Expression I ' Expression I # Range I ' Hange I >-|-—AU'[0-Si ze
) EE [ [ttty 0050050002 [65.4.08
Curve options =
EEE]z [ | [deitan e el ) | [0.005.0.008.0.002  [1000.0.200
Expressions [Defines the range of the Y-apds. Format is <high=[,low=[,<grid spacing=[ <hold grid Grow

Figure 8-1 The Analysis Limits dialog box
Command buttons provide these commands.

Run: Thiscommand starts the analysis run. Clicking the Tool bar Run ﬂ
button or pressing F2 will also start the run.

Add: Thiscommand adds another Curve optionsfield and Expressions
field line after the line containing the cursor. The scroll bar to the right of the
Expressionsfield scrolls through the curves when needed.

Delete: This command del etes the Curve option field and Expressions
field line where the text cursor is.

Expand: This command expands the working area for the text field where
thetext cursor currently is. A dialog box is provided for editing or viewing.
To usethefeature, click in an expression field, then click the Expand button.

Stepping: Thiscommand calls up the Stepping dialog box. Stepping is
reviewed in a separate chapter.
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Properties: This command invokes the Properties dialog box which lets you
control the analysis plot window and the way curves are displayed.

Help: This command calls up the Help system.

The definition of each field in the Numeric limitsare asfollows:
* Variable 1. Thisrow specifies the Method, Name, and Range fields for
variable 1. Itsvalueisusually plotted along the X axis. Each value produces
aminimum of one datapoint per curve. There are four column fields for this

variable.

* Method: This field specifies one of four methods for stepping the
variable: Auto, Linear, Log, or List.

® Auto: In Auto mode the rate of step size is adjusted to keep
the point-to-point change less than Maximum Change % value.

¢ Linear: This mode uses the following syntax from the Range
columnfor thisrow:

<end> [,<start> [,<step>] ]

Sart defaults to 0.0. Sep defaults to (start - end)/50.
Variable 1 starts at start. Subsequent values are computed by
adding step until end is reached.

°® Log: Log mode uses the following syntax from the Range
column for thisrow:

<end> [,<start> [,<step>] ]

Sart defaults to end/10. Sep defaults to exp(In(end/start)/10).
Variable 1 starts at start. Subsequent values are computed by
multiplying by step until end isreached.

e List: List mode uses the following syntax from the Range
columnfor thisrow:

<vl> [,<v2> [<v3>] ..[,<vn>] ]

The variable is simply set to each of the values vi, v2, .. vn.
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* Name: Thisfield specifies the name of variable 1. The variable itself
may be a source value, temperature, a model parameter, or a symbolic
parameter (one created with a .DEFINE statement). Model parameter
stepping requires both a model name and a model parameter name.

* Range: Thisfield specifies the numeric range for the variable. The
range syntax depends upon the Method field described above.

* Variable 2: Thisrow specifies the Method, Name, and Range fields for
variable 2. The syntax isthe same as for variable 1, except that the stepping
options include None and exclude Auto. Step defaults to (end - start)/10.
Each value of variable 2 produces a separate branch of the curve.

® Temperature: This controls the temperature of the run. The fields are:

® Method: Thislist box specifies one of two methods for stepping the
temperature: If the list box shows Linear or Log the format is:

<high> [, <low> [ , <step>]]
The default value of <low> is <high>, and the default value of <step>is
<high> - <low> (linear mode) or 1.0 (log mode). Temperature values
start at <low> and are either incremented (linear mode) or multiplied (log
mode) by <step> until <high> is reached.
If the list box shows List theformat is:

<tl>[,<t2>[,<t3>][,..]]
wheretl, t2,.. are individual values of temperature.
One analysisis done at each specified temperature, producing one curve
branch for each run. When temperature is selected as one of the

stepped variables (variablel or variable 2) this field is not available.

® Range: This field specifies the range for the temperature variable. The
range syntax depends upon the Method field described above.

* Number of Points: Thisisthe number of data points to be interpolated and

printed if numeric output is requested. This number defaultsto 51 and is often
set to an odd value to produce an even print interval. ltsvalueis:
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(<final1> - <initial1> ) /(<Number of points> - 1)

<Number of points> values are printed for each value of the Variable 2
source.

* Maximum Change %: Thisvalueisonly used if Auto is selected as the

step method for Variable 1.

The Curve options are located below the Numeric limits and to the left of the Ex-
pressions. Curve options affect the curve in the same row. The definition of each

optionisasfollows:

Thefirst option toggles the X-axis between alinear m and alog || plot.
Log plotsrequire positive scale ranges.

The second option toggles the Y -axis between alinear E§| and alog
plot. Log plotsrequire positive scale ranges.

The g option activates the color menu. There are 64 color choices for an
individual curve. The button color isthe curve color.

The E| option prints a table showing the numeric value of the curve. The

number of values printed is set by the Number of Pointsvalue. Thetableis
printed to the Output window and saved in the file CIRCUITNAME.DNO.

A number from 1 to 9 in the Plot (P) column places the curveinto a plot
group. All curves with like numbers are placed in the same plot group. If
the P column is blank, the curveis not plotted.

The Expressionsfield is used to specify the horizontal (X) and vertical (Y) scale
ranges and expressions. Some common expressions used are VCE(Q1) (collector

to emitter voltage of transistor Q1) or 1B(Q1) (base current of transistor Q1).

The X Range and Y Range fields specify the scales to be used when plotting the

Xand Y expressions.
Therangeformat is:

<high> [,<low>] [,<grid spacing>] [,<bold grid spacing>]
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<low> defaults to zero. [,<grid spacing>] sets the spacing between grids.
[,<bold grid spacing>] sets the spacing between bold grids. Placing "AUTQO" in
the scale range calculates that individual range automatically. The Auto Scale
Ranges option calculates scales for all ranges during the simulation run and up-
datesthe X and Y Range fields.

The Auto Scale (F6) command immediately scales all curves, without changing
the range values, letting you restore them with CTRL + HOME if desired. Note
that <grid spacing> and <bold grid spacing> are used only on linear scales.
Logarithmic scales use anatural grid spacing of 1/10 the major grid values and
bold is not used. Auto Scale uses the number of grids specified in the Properties
dialog box (F10) / Scales and Formats/ Auto/Static Grids field.

Clicking the right mouse button inthe Y expression field invokes the Variables
list which lets you select variables, constants, functions, and operators, or expand
thefield to allow editing long expressions. Clicking the right mouse button in the
other fieldsinvokes asimpler menu showing suitable choices.
The Options areais below the Numeric limits. The Auto Scale Ranges option has
acheck box. Clicking the mouse in the box will toggle the options on or off with
an X in the box showing that the option is enabled.
The options available from here are:

® Run Options

® Normal: Thisrunsthe simulation without saving it to disk.

® Save: Thisrunsthe simulation and savesit to disk.

* Retrieve: Thisloads a previously saved simulation and plots and
printsit asif it were anew run.

® Auto Scale Ranges: This setsthe X and Y range to auto every time a
simulationisrun. If itisdisabled, the valuesfrom the rangefieldswill be used.

Resizing
The Analysis Limitsdialog box can beresized in avariety of ways:

* Field size adjustment: Adjust the field sizes by dragging the lines that
separate the column titles (e.g. X Expression, Y Expression, etc.).

162  Chapter 8: DC Analysis



* Auto-size: Click the auto-size button to the right of the Y Range field to
automatically adjust thefield sizesto match existing expression lengths.

® Grow: Drag the Grow icon in the lower right corner of the dialog box to
change the shape / size of the dialog box.
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The DC menu

O8:

B |= [z

Run: (F2) This starts the analysis run.

Limits: (F9) This accesses the Analysis Limits dialog box.
Stepping: (F11) This accesses the Stepping dialog box.
Optimize: (CTRL + F11) This accesses the Optimize dialog box.
AnalysisWindow: (F4) This command displays the analysis plot.

Watch: (CTRL + W) This displays the Watch window where you define
expressions or variables to watch during a breakpoint invocation.

Breakpoints: (ALT + F9) This accesses the Breakpoints dialog box.
Breakpoints are Boolean expressions that define when the program will enter
single-step mode so that you can watch specific variables or expressions.
Typica breakpoints are V(A)>=1 AND V(A)<=1.5, and V(OUT)>5.5.

3D Windows: Thislets you add or delete a 3D plot window. It is enabled
only if more than onerun is done.

Performance Windows: Thislets you add or delete a performance plot
window. It isenabled only if there is more than one run.

Numeric Output: (F5) This shows the Numeric Output window.

State Variables editor: (F12) This accesses the State Variables editor.
Reduce Data Points: Thisitem invokes the Data Point Reduction dialog
box. It lets you delete every n'th data point. Thisis useful when you use very
small time steps to obtain very high accuracy, but do not need all of the data
points produced. Once deleted, the data points cannot be recovered.

Exit Analysis. (F3) This exits the analysis.
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Numeric output

Numeric output may be obtained for each curve by enabling the output button

in the curve row. Content is also controlled from the Numeric Output panel of the
Propertiesdialog box (F10).

Analysis Limits Summary: Thisisaprintout of the main analysislimitsfrom
the AnalysisLimits, Stepping, and Monte Carlo dial og boxes.

Expression tables: Thisisatabular printout of the value of each X and Y
expression of each selected curve. Duplicated X expressions are
eliminated. The values are interpolated from the actual data points. The
Number of Pointsvalue from the Analysis Limits dialog box determinesthe
number of points printed in the table.

Output is saved to the text file CIRCUITNAME.DNO and printed to the Nu-
meric Output window. Thiswindow is accessible after the run from the DC
menu. Hereis atypical numeric output window.

£ Micro-Cap 8.0.0 - [E:\mc7\dataldiffamp. DNO]
[ File Edit ‘Windows Options DC Scope Monte Carlo Model  Help =8 x|

DeEEsR|- - rEd| i monEPeERs 1Es
hiRE#hELQa0F

T O T T DT =
KR Micro-cap £.0.0 LELs

KR DC Analysis of diffamp LELs =
********************************************************************************

Limits

Variable 1 Method Auto

Variable 1 Mawme vl

Variable 1 Range .005,-.005
Variable 2 Method MNone

Variable 2 MHame HONE

Wariable 2 Range NONE
Temperature Linear 127,27,10
Number of Points 351

faximun Change % 5

Run Options Mormal

Temperaturs=27
V(Tn) V(Outh) del(v(Outh))/del(v(in))

-5.000m  6.000 H/ A
-4.800m  6.000 -0.000K
-4, 600m  6.000 -0.001K
-4.400m 3.9939 -0.001K
-4,Z00m 5.999 -0.001K
-4.,000m 5,999 -0.00ZK
WA M Text Alnfo / [l | »IJ

Figure 8-2 Numeric output

165



166

Using the Pkey

During a DC analysis run, the value of the expressions for each curve can be
seen by pressing the 'P' key. This key toggles the printing of the numeric values
on the analysis plot adjacent to the expressions. Thisis a convenient way to check
the course of anew, lengthy simulation when the initial plot scales are unknown.
Thisfeature may significantly slow the simulation, so only useit to "peek" at the
numeric results, then toggle it off with the 'P' key.

Troubleshooting tips
Here are some useful things to remember for DC analysis:

IV curves:

To generate IV curves for a device, place a voltage source across the output
leads and sweep its voltage using the Variable 1 source. Place a voltage or
current source at the base or gate and step its voltage or current with the
Variable 2 source. Look at the IVBJT sample circuit for an example of how
todothis.

No convergence during a sweep:

DC anadlysisisthe most difficult of al the analysis modes, because it does not
benefit from the converging effects of capacitors and inductors, as transient
analysisdoes. If convergencefails, especially during a sweep, try changing
the starting and/or step value to avoid the problem area.
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Chapter 9 DynamicACAnaysis

What's in this chapter

This chapter describes the features of Dynamic AC analysis which isintroduced
with Micro-Cap 8. Thisanalysis mode displays AC voltage, current, power terms,
directly in the schematic as frequency is stepped. It can also display AC values
responding dynamically to schematic edits.
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What happensin Dynamic AC analysis

In Dynamic AC, the program runs AC analysis for alist of frequency values and
then displays AC voltages, currents, and power terms on the schematic.

When the Dynamic AC modeisinvoked, the Analysis Limitsdialog box ispre-
sented to let you set up or change the analysis conditions. It lookslike this:

Dynamic AC Limits X |

eur | B[R B3 O g e

Frequency List 1,1E31E5,1ER ¥ Place Text

Temperature 27
Slider Percentage Step Size 10
Caomplex Walue Dizplay
Firzt W alue
" Magnitude * Magnitude in dB " Real Part " Mone
Second Value
¥ Phaze in Degrees " Phase in Radians " Mone

Start ‘ | ‘ Ok | Cancel | Help... |

Figure 9-1 The Dynamic AC Analysis Limits display

AnalysisLimitsdialog box containstheseitems:

* Display buttons: There are several buttons for controlling the display:
Each can beindividually enabled, from within the dialog box or, after itis
closed, from the tool bar.

ren| Grid Text 52| AC pin currents
& Attribute text 3| AC power terms
| Node numbers —| Pin connections

i/ Node AC voltage
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® Frequency List: Thisislist of the frequency values to simulate. Dynamic
AC aways uses afixed list of discrete frequencies, rather than alinear or log
frequency range.
® Temperature: Thisis the temperature at which the analysisisto be run.
¢ Slider Percentage Step Size: Thisis the percent change that occurs for
each key press that increases (Up Arrow) or decreases (Down Arrow) the
value of a selected resistor.
® Complex Value Display: First Value: Complex AC values are generally
shown with two numbers. Thislets you select what to display in thefirst
number position:

® Magnitude: This shows the magnitude of the real and imaginary parts.

® Magnitudein dB: This shows the magnitude of the real and imaginary
partsin decibels.

® Real Part: This shows the real part.
® None: This shows nothing in thefirst position.

* Complex Value Display: Second Value: This lets you select what to
display inthe second number position:

® Phase in Degrees: This shows the phase in degrees.

® Phase in Radians: This shows the phase in radians.

* I[maginary Part: This showsthe imaginary part.

* None: This shows nothing in the second position.
® Place Text: This check box enables the placement of grid text in the
schematic showing the Dynamic AC parameters, including frequency,
temperature, and the complex number format used.

The AnalysisLimitsdialog box also hasthese buttons:

® Start: This starts the analysis. Each press of the button produces one
analysis at one of the frequency values. When the end of thelistis
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reached, it starts over at the first frequency in the list. After the first value the
button name changes to Next.

® Previous: Each press of this button produces one analysis at the prior
frequency value.

® Stop: Pressing this button stops the analysis at the last frequency, disables
the Previous button and restores the name of the Next button to Start.

® OK: Thisexitsthe dialog box, but Dynamic AC modeistill in effect. Edits
to the schematic now produce dynamic updates to the selected AC quantities
at the last frequency.

® Cancel: Thisexitsthe dialog box, and ignores any changes to the dialog
box contents. Dynamic AC mode is still in effect. Edits to the schematic now
produce dynamic updates to the selected AC quantities at the last frequency.

® Help: This accesses help information for the dialog box.
In summary the operation isasfollows:
Whilethe AnalysisLimitsdialogbox isdisplayed:

For each press of the Start/Next or Previous buttons, one frequency point is
calculated and the selected AC results displayed on the schematic. Press the
OK button to exit the dialog box.

Whenthe AnalysisLimitsdialog box isnot displayed:

The program responds dynamically to edits by running anew analysis and
then updating the AC values on the schematic. Any change to the schematic,
such as adding or deleting parts, aswell as using the cursor keysto control
the value of selected resistors, capacitors, inductors, and batteries, SPICE V
and | sources, produce a new analysis at the last frequency.

Dynamic AC values (node voltages, currents, and power terms) have a
background fill to readily distinguish them from Dynamic DC quantities
which are shown without a background fill. In the examples that follow, the
fill has been removed to better show the AC values.
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A sample of Dynamic AC analysis

Toillustrate Dynamic AC analysis, load the circuit file DY AC1. Select Dynamic
AC from the Analysis menu. Click on the OK button. The display should ook
likethis:

& Micro-Cap 8.0.0.0 - [E:-\mc8\dataldyac] CIR]
[E] File Edit Component Windows Options  Analysis DynamicAC  Design  Model  Help

DSHESR|- Bt ~+rk++¢ MOC|E|P G|EM®
IN~ T LN B B [w[a oo 0 i a9 k2B & ] 2 E

Pryramic &G =

Frequency=1e+008 DYAC1.CIR
[Temperature=27 Foun Dynamic AC analysis on this. Step thiaugh the frequensies
Dispilaying AC Voltages in the Dynamis AG dizlog box, and the data updates on the
Formt: Feal, Imag sehematic..

0k 10k =
AT
| i

T1e7.]

0.

1.5k Ri7

o1 o
.163.791n) 222777 602n)
2 172316 4557m)
I T—
209.100.7 4]
K.

13
154.155m)

oyt
T36.257r, 475 520m)

R15
a0k

| —
T36.257m, 475 5%0n)
o

B03m-3.935(105.9m 488 G24n] 12
1 on

1 .
Figure 9-2 IMHz AC voltages in real, imag

MC8 finds the AC voltages at the last frequency (1E6) in the list and displays
them in the default real, imaginary format. Press F9 and select Magnitude in the
First Value group. Click onthe OK button. The display now lookslikethis:

& Micro-Cap 8.0.0.0 - [E:-\imc8\dataldyac].CIR]

File Edit Component Windows Options Analysis DynamicAC  Design  Model  Hel 5| x|
DSHBE&R - 28 tvrrd++ ¢ DOCE PG BRI &

A TOANB- iR wappzr d A B0 S MRS E

Dyramic AC B
Frequency=1e+008 DYAC1.CIR
Fun Dynamic 1 this. Step thio gh{h o e
Displaying AC Yoltages h‘h D:’ 2mic Atd \ sh nd the data
Format: Mag, Degrees sehematio
i -
! 10K 10K
V‘l AT
- aio
EETTS
i 20K,
Ri7
o o7
32,6800 22251937
— [C24a7.003 J—
3097 851
3K ra
e 757] * ouT
(498 SEam 74151
s Jus

12K R2
R 38K
Louon 2738118 6.265)—(L 477,439

Figure 9-3 1IMHz AC voltages in mag, phase (degrees)
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Press F9 again and click the Start button. MC8 sets the frequency to the first item
in thelist (1Hz) and presents the AC voltages.

& Micro-Cap 8.0.0.0 - [E:\mc8\dataidyacl.CIR]
[ig File Edit Component ‘Windows Options Analysis DynamicAC  Design Model Help T

S I B L Dynanic AC Limits x

[x ~ T LN 6B~ i K [fwlob)= e pm s —
yRamic AC Frequeney List [11E3,1E5,1E6 [ Place Test

requency=1
[Femperature=27 Run Dynamic o Temperature List 27

lisplaying AC Votages in the Dynamic
R Zthamatic Slider Percentage Step Sizs ||

10
RiE
[64.356.177.001
5 9
1 "
26

Comples Yalue Displas

Fist
’V # Magrinde © Magnitudein B Real Part £ None

Second
’7(-' Phase inDegrees " PhaseinRadians € eore e € None

Figure 9-4 Cycling through the frequency list

After thefirst click, the Start button becomes the Next button and each click on it
produces a new set of AC values at the next frequency in the list. Y ou can use
the Previous button to redo the analysis at the prior frequency value. After the
last item in the list, analysis starts over at the first value.

Asin Dynamic DC, you can edit the schematic by removing or deleting parts, or
by editing component parameter values and immediately see the effect onthe AC
voltages, currents, and power terms. Resistor, capacitor, and inductor values, and
battery voltages are adjustable using the cursor keys and sliders.

To illustrate these capahilities, press CTR + ALT + R to restore the DY ACL cir-

cuit. Click in the Voltages button El to enable the display of AC voltages (if not
already enabled). Select the battery V1. Press the down arrow cursor key once.
The battery voltage will decline by 10% to 13.5v DC and the AC voltages will
change because the transistor biases will have changed. The display should ook
likeFigure9-5.
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icro-Cap 8.0.0.0 - [E\mc8\dataldyac] .CIR]

File Edit Component Windows Options Analysis DynamicAC Design  Model Help
DSHESR = 480 t~+*t++4 MO0B PG BRI

[ ~ T LB iR wapers —i-Aag B2y # Q] aF

Pyraic: AC -
Fresuency=1e+005 f—

TTempersture=27 DYAC1.CIR
oy e e Run Dynamis AC analysis on this. Step thiough the frequansies
in the Dynamic AC dialeg box, and the 4ata updates on the

Format; Real, insg

schematic

2177 -83.434m)
[or 20K
FANF RI7

L3

ot
- 133.527r,455.659n)

R2

36K
.40 {1 355,101 1077,

_ 10K

Figure 9-5 AC voltages at V1 = 13.5V DC

Now disable the El voltage button, and enable the El button. This produces a
displaylikethis:

& Micro-Cap 8 - [E:\mc8idataldyacl CIR]
] File Ecit Component ‘Windows Options Analysis DynamicAC Design  Model Help

DEHBSR|- - bmB|t++rr+++¢|DO00E PG
[y ~TLNB-i Rwlapmzs i —iE-HaxlE B0y #BAQ@F

yramic AC -

Frequency=1e+006 =l
MTemperature=27 DYAC1.CIR

e Run Dynamic AG analysis on this. Step thiough the fraquensies
S el in the Dynamic AC dialog box, and the data updates on the

sohematic,
953,369 4964 219 719,58 6764]
709 0790199 5214

.85 7u. 15,144

!
[b87 475,140 547

RE
19K =

45 3520170612
-—-q

AT 55,160 T ool e 175485

598 220,161 9[07.624u-3- 60672011 293

Figure 9-6 AC currentsat V1 = 13.5vV DC

The AC currents are displayed in the real, imaginary format. Exit Dynamic AC
with SHIFT + F3 key.

Dynamic AC issimilar to Dynamic DC, except that it shows AC quantities and
worksin the frequency domain.
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Chapter 10 DynamicDCAnalysis

What's in this chapter
This chapter describes the features of Dynamic DC analysis. This analysis mode

isdesigned to dynamically display the DC voltage, current, power, and device
conditions, as the circuit responds to user changes.

Features new in Micro-Cap 8
® AnalysisLimitsdialog box to set temperature and increment percentage

* Ability to use Stepping on Dynamic DC
* Ability to usethe optimizer on Dynamic DC
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What happensin Dynamic DC analysis

Dynamic DC is an interactive process in which the user modifies the circuit and
the program cal culates the DC response immediately and displays one or more
measures of the DC state. The process looks like this:

® User modifiesthe circuit
* MC8findsthe DC solution
® The schematic display is updated

The schematic hasfour optional display buttonsfor displaying the circuit'stime
domain quantities. Each can beindividually enabled.

Voltages/states

52| Device pin currents

3| Device power

91t Device condition (ON, OFF, SAT, LIN, etc.)

When the Dynamic DC modeisinvoked, the Voltages/states button is enabled, so
that, at a minimum, the schematic shows these values. To display current, power,
or condition you must click these buttons separately.

Y ou can make any kind of change to the schematic and the program will respond
by calculating the new DC state. Y ou can rewire, add or delete components,
change parameter values or any edit you wish and the display will show the
updated val ues.

The battery, voltage source, current source, and resistor values can be adjusted in
one of two ways:

*® Select adevice and drag the slider which appears next to it. The presence
of the dider can be enabled or disabled from the Preferences dial og box
(SHIFT + CTRL + P). By default it is off. The attributes SLIDER_MIN
and SLIDER_MAX control the slider range for the part. When a part isfirst
placed in a schematic or edited, its SLIDER_MIN attribute is set to zero and
its SLIDER_MAX attribute is set equal to the VALUE attribute.

Chapter 10: Dynamic DC Analysis



® Select adevice (click on it) and you can use the UP ARROW and DOWN
ARROW keys to increase or decrease the source value. One or more parts
may be selected for simultaneous manipulation in thisway. Each key press
changes the VALUE attribute by afixed percentage value (set in the analysis
limits) of the difference between SLIDER_MAX and SLIDER_MIN.

Note that the display buttons show the indicated quantitiesfor all analysis modes,
not just Dynamic DC. After atransient analysis, the buttons display the ending
conditionsof thetransient analysis, which typically isnot the DC operating point
but the last transient analysis time point. It would be the result of the transient
analysis operating point if the Operating Point Only option has been selected.

After an AC analysis, the buttons show the results of the last DC operating point
performed during the analysis, if one was performed.

After aDC analysis, the buttons show the results of the last DC sweep point.

Note that if you drag a component away from acircuit and drop it in an empty
space, MC8 will normally object during the analysis setup since this creates one
or more nodes with no DC path to ground. Since thisislikely to temporarily occur
during Dynamic DC, M C8 enables the Add DC Path to Ground option during Dy-
namic DC.

After the Dynamic DC modeis exited, the option's original statusisrestored.

When Dynamic DC modeisinvoked, its Analysis Limitsdialog box is presented
to let you set up or change the analysis conditions. It lookslike this:

Dynamic DC Limits x]|
BT
Temperature IE? V¥ Flace Test
Slider Percentage Step Size I1 L

OF. Cancel | Help... |

Figure 10-1 Dynamic DC Analysis Limits dialog box
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TheAnalysisLimitsdialog box containstheseitems:

* Display buttons: There are several buttons for controlling the display.
Each can beindividually enabled, from within the dialog box or, after itis
closed, from the tool bar.

jer| Grid Text

& Attribute text
Node numbers
| DC node voltages
52| DC pin currents
3| DC power terms
/58| Conditions

—| Pin connections

* Temperature: Thisisthe temperature at which the analysisisto be run.
e Slider Percentage Step Size: This is the percent change that occurs for
each key press that increases (Up Arrow) or decreases (Down Arrow) the

value of a selected resistor.

® Place Text: This check box enables the placement of grid text in the
schematic showing the Dynamic DC parameters.

The AnalysisLimitsdialog box also has these buttons:
® OK: Thisexitsthe dialog box, but Dynamic DC modeisstill in effect.
Edits to the schematic now produce dynamic updates to the selected DC
quantities.
® Cancel: Thisexitsthe dialog box, and ignores any changes to the dialog
box contents. Dynamic DC mode is still in effect. Edits to the schematic
now produce dynamic updates to the selected DC quantities.
® Help: This accesses help information for the dialog box.

Dynamic DC values are always shown with a clear fill to readily distinguish
them from Dynamic AC quantities which are shown with a shaded fill.
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A sample of Dynamic DC analysis

Load the file TTLINV. Select Dynamic DC from the Analysis menu. Close the
AnalysisLimitsdialogbox. Thedisplay shouldlook likethis:

& Micro-Cap 8.0.0.0 - [E:-\imc8\datatttliny. CIR]
[ File Ecit Component Windows Options Analysis DynamicDC  Design  Madel  Help E

DSHEGR w4 2Bt~ nt++ 4 |DO0B|PG BRE 1B 12

[h A T LN E R e B 52 G 80— L[ [ ) ok B B

TTLINV.CIR

Rg  This dircuitfeeds @ pulse source into an analog
wersion of a TTL inverter which is then connected to

two digital versions ofthe inverter. Run transient and

DC analysis

HIA[» TH\Page 1,{Text pModels Jinfo / < | Jﬂ
Figure 10-2 Display of initial node voltages

M C8 solved for the DC voltagesin the circuit and displayed the voltages and digi-
tal states on the screen. Select the battery by clicking on it, and press the DOWN
ARROW key. Each time you press the key, the battery voltage goes down by 10
percent so that after the fourth key press, the display lookslike this:

@ Micro-Cap 8.0.0.0 - [E:\mc8\datalttliny. CIR] HER
[ File Edit Component Windows Options Analysis DynamicDC  Design Model  Help |

DEHESH o~ §BFR t~+xL++2 MOCEE PG BERL 1A%
(AT LN Rwlapozs @~ -Aad 0+ wEaF

TTLINY.CIR
s This circuit feeds a pulse source info an analog
wersion of & TTL inverter which is then connected o
two digital versions of the inverter. Run transient and
DC analysis.

HIA]»T¥]\Page 1 {Tert pModels }Infa / |« jﬂ
Figure 10-3 Display of voltages at the switching point
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The battery voltage has declined to about 3 volts and the output of the analog
stage and hasfallen to about 1.7 volts. The digital states have all changed to X.
The dynamic control can be used to adjust DC voltages precisely to show the
switching point of thecircuit.

Now digablethe voltage button, and enable the El button. This produces a
displaylikethis:

i File Edit Component ‘Windows Options  Analysis  Dynamic DC  Design  Model Help NEE|
DEMEER|w - 4me [t ~vr g+ MOIE[PG BRS¢ 0|

In A TLN iR |wapash @i E 2 (@B aeF

TTLINV.CIR

RS This circuitfeeds a pulse source into an analogy

ree in
Ik BT pag'sion of a TTL inverter which is then connected to

0 digital versions of the inverter. Run transient and —

[F57 32ubc analysis

RIATFTFIPage 1 {TextAMadels o/ I .-

Figure 10-4 Display of device currents

The display now shows each of the device pin currents. Redundant currents have
been removed for clarity.

The display shows voltages, currents, and power values using a numeric format
specified in Preferences / Format / Schematic Voltages/Current/Power .

Y ou can changethisformat to display more digitsif you like. The numeric format
is explained in Chapter 2. More digits produce more numbers on the screen and
often less clarity, so there is a trade-off.

Y ou can also display power terms. Depending upon the device, there may be gen-
erated power, dissipated power, or stored power. In general, active devices have
both stored and dissipated power terms. In a DC operating point calculation, how-
ever, the stored power term will be zero. Sources generally have only generated
power terms.
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To seewhat the power displayslook like, disable the El button, and enable the

"il button. Thisproducesadisplay likethis:

& Micro-Cap 8.0.0.0 - [E:-\mc8\datatttliny. CIR]
] File Ecit Component ‘Windows Options Analysis DynamicDC  Design  Model  Help

|- [ x]
=81 x]

DEHESH © 4 BB t~raxt v+ s MOCEE PG RML 1 E%[

In T 1N i Rwlape i@ -Dal@2r 2+ 6@ aF

TTLINV.CIR
E ukg El—u—‘: s circuitfeeds a pulse source into an analog
§ =T 57 kT T Fﬁu B2l 0n o7 a TTL Invertarwhich Is then connacted o
l two digital versions ofthe inverter. Run transient and
DC analysis,
d=158 EnEN
=)

TR
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sl

Figure 10-5 Display of device power terms

Finally, to seewhat the condition display lookslike, disabl etheH button, and

enablethe El button. Thisproducesadisplay likethis:

& Micro-Cap 8.0.0.0 - [E:-\imc8\dataittlinv. CIR]
[ File Edit Component ‘Windows Options Analysis DynamicDC  Design  Model  Help

|- 5] x]
=18 %]

DEHRSR © 48R t~+rt++ MOEE PG BERL 1B %[

Ih T LN R (wlane s p— - a @ o EeF

TTLINY.CIR
This circuit feeds a pulse saurce into an analog
wersion of a TTL inverter which is then connected to
twn digital versions ofthe inverter. Run transient and
DC analysis.

M« TH]\Page 14Texi ) Madsls \Infa / < |

e

Figure 10-6 Display of device conditions
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Chapter 11 Transfer FunctionAnalysis

What's in this chapter

This chapter describes the features of Transfer Function analysis. Thisanalysis
mode is designed to calculate the DC transfer function from a specified input
source to a specified output expression.

The principal topicsdescribed in this chapter include:
* What happensin Transfer Function analysis

* The Transfer Function analysis dialog box
* A Sample of Transfer Function analysis
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What happens in transfer function analysis

Transfer function analysis cal cul ates the small-signal DC transfer function from a
specified input source to a specified output expression. Depending upon the input
source and the output expression the transfer function calculated can be:

* Voltage gain: Input voltage source and output expression = V(OUT)

® Current gain: Input current source and output expression = I(RL)

® Transconductance: Input voltage source and output expression = [(RL)

* Transadmittance: Input current source and output expression = V(OUT)
Thisanalysismode also cal culates the small-signal input and output impedances.

To measure the transfer function, the program makes avery small change in the
input source DC value and measures the resulting change in the specified output
expression value. The ratio of these two quantities produces the transfer function.

To measure the input impedance, the program makes a very small change in the
input source DC value and measures the resulting change in the input current or
voltage value. The ratio of these changes produces the input impedance.

To measure the output impedance, the program first adds a test voltage source
across the node set implicit in the output expression. For example, an output ex-
pression such as "V(10,20)" would result in a voltage source between the nodes
10 and 20. If the output expression has no implicit output node set specified, as
would be true with an expression like"1B(Q1)", the output impedance will not be
calculated and the result N/A (meaning not available) supplied for the answer. If
the output nodes fall across a battery, inductor, or other voltage-defined device,
the answer 0.0 will be returned, since the DC resistances of these are all zero.
Finally asmall DC change is made in the output test source and the resulting
changeinits current noted. The ratio of these two quantities produces the output
impedance result.
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The Transfer Function Analysis Limits dialog box

Toillustrate how thistype of analysisworks, load the file DIFFAMP. Select
Transfer Function from the Analysis menu. The dialog box looks like this:

Transfer Function
Output Expression |V(OUTA) j
Input Source Name |V1 j

Transfer Function ,7 W Flace Text
Input Impedance ,7
Output Impedance ,7

’W‘ Close | Heln... |

Figure 11-1 The Transfer Function dialog box

Thedialogbox providesthefollowinginputfields:
® Output Expression: Thisiswhere you specify the desired output expression.
It can be any legal expression involving any number of DC time-domain
variables and functions. Usually it'sasimple expression like V(A,B) or I(R1).
® Input Source Name: Thisisthe part name of the input source.

Theresults are placed in these fields:

* Transfer Function: Thisisthe field where the program places the result of
thetransfer function calculation.

* Input Impedance: Thisisthe field where the program places the result of
theinput impedance cal culation.

® Qutput Impedance: Thisisthe field where the program places the result of
the output impedance cal culation.

Thereisaso afield caled "Place Text". If this box is checked, then the numeric
results are placed into the schematic as grid text.
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A sample of transfer function analysis

Toillustrate, make sure the Place Text option is selected, then click on the Calcu-
latebutton. Thedisplay should ook likethis:

Transfer Function
Output Exprassion |V(OUTA) j
Input Source Mame |V1 j

Transter Funcion  |604.23 W Place Text
Input Impedance 100069
OutputImpedance  [5000

[ Calculste Close | Help... |

Figure 11-2 The analysis results

MC8 solved for the transfer function and impedances and printed the resultsin
the dialog box. If you run DC analysis and manually calculate the small-signal DC
transfer function, you will get the same result, though it will take longer to set up.
Click on the Close button. Notice that the program added a piece of grid text de-
scribing the results of the transfer function analysis to the schematic

8 Micro-Cap 8.0.0.0 - [E:\mc8\data\diffamp_CIR] HER
[&] File Edit Component ‘Windows Opfions  Analysis  Design  bodel  Help =@ x

DEEASR o~ s BE[t~*nx++¢ | MOCB[PG BH4 ! 55l
N TN B [ eapm ey B i~ @S M E K] D E

COutput Expression =V({OUTA) e —
Input Source Mame =41 ° i

Transfer Function =604 23 5R§ o

Input Impedance =100063 - Outd ] outs lvz

Output mpedance =5000

MODEL W1 PUL (WORNE=0.001 P2= 2 P3=2.6U F4=2 7L P&=510)
MODEL M1 MPM { BF=250 CJC=0 8P CJE=1.8F TF= M TR=1H)
MODEL M2 NPN { BF=50 CJC=1P CJE=2P TF=1M TR=6M)

RISV Page 1 T2 < | h
Figure 11-3 The annotated schematic
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Chapter 12 Sensitivity Analysis

What's in this chapter
This chapter describes the features of Sensitivity analysis. This analysis mode
calculates the DC sensitivity of one or more output expressions to one or more
circuit parameters.
Thetopics described in this chapter include:

* What happensin Sensitivity analysis

® TheSensitivity analysisdialogbox
* A Sampleof Sensitivity analysis
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What happensin sensitivity analysis

Sensitivity analysis cal culatesthe small-signal DC sensitivity of one or more out-
put expressions to one or more input variables. Sensitivity isdefined as:

Changein an output expression/ Small changein aninput variable

The"Small change" part isimportant, as the intention isto approximate the value
of the derivative at the nominal operating point. Accordingly, achange of
1E-6*Valueisused, or if Valueis zero then achange of 1U is used.

Sensitivity analysisisliketransfer function analysis, except that it calcul atesthe
sensitivity of aimost any DC expression to any variable that can be stepped.
Transfer function analysis, by contrast, only calculates the DC sensitivity of ex-
pressions to the value of input DC source values.

Sensitivity analysis can calculate agreat many quantities depending upon the
choices made in the dialog box. Y ou can choose one input parameter or you can
choose many. If you choose many, and opt for all parameters, the program may
grind away for along time, so choose wisely. If you select the All On and Model
options, for example, each MOSFET level 1-3 model will require 51 operating
point calculations, and the MOSFET levels5 and up will require many hundreds.
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The Sengitivity AnalysisLimitsdial og box

Toillustrate how thistype of analysis works, load the circuit DIFFAMP. Select
Sensitivity from the Analysis menu. The dialog box looks like this:

Sensitivity Analysis
Sensitivity
Outgut | Sensitivity | Sensitivity (2/%) |-
WIOUTA)
WIOUTE)
]
Input Yarizhle
PR M2
FULWT
" Compaonent @ todel " Symbolic
& One " Multiple

Calculatel Close | Help.. |

Figure 12-1 The Sensitivity dialog box

Thedialogbox providesthefollowinginput fields:

® Sensitivity group: Thisiswhere you specify the desired output expressions
and it is also where the sensitivity answer isreturned. There are three fields:

® Qutput: Thisiswhere you specify one or more output expressions. Each
expression is placed on anew line. To edit an existing expression click onit.
To add anew output, click on ablank line and type in the new expression.

® Sensitivity: Thisisthe absolute sensitivity expressed asapureratio.
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® Sensitivity (%/%): Thisis sensitivity expressed as the percentage change
in the output expression divided by the percentage change in the input
parameter.

Both measures of sensitivity are printed in thiswindow only if only one
input variable is selected. If more than one is selected, then the results are
placed in atext output file called CIRCUITNAME.SEN.

* Input Variable group: Thisgroup is used to specify theinput parameter. The
fields are the same as in the Stepping dialog box, as the same parameters
are available in both cases. There are several buttons that select the input
parameter(s):

* Component: This specifies asingle instance of a part's parameter.

® Model: This specifiesamodel parameter, affecting all parts that use the
model name.

* Symbolic: This specifies asymbolic parameter (one created with a.define
statement).

® One: This selects asingle parameter for testing.
* Multiple: Thisselectsmultiple parametersfor testing. Specifically, it
specifies all those parameters shown as selected in the Input Variable

group.

To specify which parameters to test when doing multiple input parameters,
you can use the buttons as follows:

® All On: Thisselectsall parameters for all devices, creating lots of data.

® Default: This selects a special subset of parameters for al devices. The
set has been chosen to reflect common usage.

® All Off: This deselects all parametersfor all devices.

Y ou can manually select the parameters you want by using the CTRL + click
method to select alist of preferred parameters.

To start the sensitivity calculation use the Cal cul ate button. The Close button
closesthe dialog box without saving any changes.
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Select NPN N1 and its BF parameter. Click on the Calculate button and the dia-
log box shows the results.

Sensitivity Analysis
Sensitivity
Output | Sensitivity | Sensitivity (%/%) B
WDUTA) -9.8861=-006 -0.000473076
WDUTE) -9.5861-006 -0.000473076
[ |
InputYariable
MNP M2
FLULYT
" Component & Model " Symbolic
* One " Multiple

CCicuaie Close | Help.. |

Figure 12-2 Sensitivity of V(OUTA) and V(OUTB) to BF of N1

The Sensitivity fields show the raw and percentage relative sensitivity of
V(OUTA) and V(OUTB) to the BF parameter.

Because we elected to calculate for only one parameter, the results are shown in
thedial og box.

To see the effect of doing sensitivity for many parameters, click on the Model and
Multiple optionsand the Default button.

Click on the Calculate button and the program computes the sensitivity of the two

output expressions to the default model parameters and presents the resultsin a
text page called DIFFAMP.SEN. It looks like Figure 12-3.
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The file shows the two sensitivity measures for each checked model parameter in
atabular format as show below:

& Micro-Cap 8.0.0.0 - [E:\mc8\data\diffamp.sen)]
File Edit Component Windows Opfions Analysis Design  Model Help

DEHE&ER| o~ mB| v+ +%++ ¢ |MOME[P G|

i #EEeR9F
V{OUTA) VinUTB) B

ane Value Sensitivity Sensitivity (%74} Sensitivity Semsitivity (373 |
Bl Value 10000 000263545 504453 -0 00286235 -4.5440
ne.Value loooo -0.00258296 -4. 94406 0.00282545 50445
R Value 5000 -2.17172-011 -2.07843e-008 -0.000188125 -0. 14848
£S5 Value 5000 -0.000155125 -0. 148463 -2.017662-011 -1.931e-00
me_Value 10000 7.663592-005 0.146804 7.663592-005 0.14680
B3 Value 20000 0.000520174 199134 -0.000520232 -1.9815
B7_Value 20000 -0.000520232 -1.93156 0.000520174 18813
F10.Valus 5000 -8.639662-005 -0.0826861 -6.639662-005 -0.082686
mo_Value 1000 0.000418557 0073542 0.000418557 007354
Ro.Value 2000 -0.000255418 -0.0977732 -0.000255418 -0.097773
3. de.value 13 0.0330337 0.113737 0.0330337 011373
2.dec.valus 3 0753532 0.865403 0.753532 0.86540
TH M1 IS le-016 -6.37143e+013 -0.001213E7 -6.37148e+013 -0.0012138
PN H1.EF 250 -9.88614=-006 -0.000473078 -9.885062-008 -0.00047307
TN H1.HF 1 0178535 0.0342501 0.178535 0.034250
PN H1.HE L5 0 o 0

TH H1.ER 1 4.88853e-003 3.38717e-010 -3.2885e-003 -6.28628e-01
PN H1.NE 1 5.826452-010 1.11524e-010 -6.252782-010 -1.19685e-01
TN H1.HC z 0 o o

PN HZ.IS le-ule 2.5601424013 0.0004590038 Z.580162+013 0.0004900%
PN N2 EF 50 0.00025074 0.00278254 0.000290741 0.0027828
PN NZ.HE 1 -0. 0661533 -0.0126624 -0.0651533 -0.012662
PN N2 NE L& 0 o 0

TN HZ.EE 1 -1.317352-008 -z.52154e-009 7.247542-010 1.387258-01
PN HZ.NE 1 -1.07232e-008 -2.08368e-009 1.06581e-008 2.04008e-00
TN HZ.HC H 0 o 0

ﬂum % Text A Info / H 4 | | »

Figure 12-3 Multiple parameter sensitivity results
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Chapter 13 DistortionAnalysis

What's in this chapter

This chapter describes the features of distortion analysis. Thisanalysis mode cal-
culates the distortion in a user defined output expression caused by the circuit's
nonlinear transfer function.

The principal topicsdescribed in this chapter include:
* What happensindistortionanalysis

* Thedistortionanalysisdialogbox
* A sample of distortion analysis
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What happensin distortion analysis

Distortion analysisisatype of transient analysisthat applies asingle frequency
sinusoidal signal to the named input source and measuresthe resulting distortionin
the specified output expression using the IHD (Individual Harmonic Distortion)
function.

If apure, single frequency, sinewave signal isapplied to the circuit input and if
thecircuit is perfectly linear, the output will be a sinusoid at the same freguency.
The spectral content of the input and output will be the same except possibly in
amplitude and phase. There will be no distortion.

To the extent that the circuit isn't perfectly linear, some output signal level will be
found at frequencies other than the input frequency. In other words, distortion will
occur. ThelHD (Individual Harmonic Distortion) function showsthe distortion at
each harmonic frequency as a percentage of the signal level at the fundamental
frequency.

Everything donein distortion analysis could also bedonein transient analysis. Dis-
tortion analysis simply automates the setup and creates the appropriate plots to
show distortionresultseasily.

For Distortion analysis, a Sn source or a Voltage Source or Current Source
of type SIN must be connected to the circuit input. Its frequency and ampli-
tude will be set by values from the Distortion Analysis Limits dialog box.
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The Distortion Analysis Limitsdialog box

To show how distortion analysisworks, load the circuit DIST1. Select Distortion
from the Analysismenu. Thedialog box lookslikethis:

[l Distortion Analysis Limits %]
Run | 1 Sele] | (et | Erpard... | Stepping... | Properties. | Help.. |

Fundamental Frequancy 10k Bun Options Wamal hd

Input Source Name [vin *|  State Variables m

Input Source AmphtudelList =] [im ¥ Dperating Point

Duspu Expression fiouT) ™! Operating Peint Oriy

Tempersture [Linear v | B ¥ ko Seale Ranges

Simulation Cycles 5

Mauirum Time Step u

Retrace Runs 1

P | A Expression | ' Expression |  Range | ' Fiange | > |

ME=Ems [FemmEanT) [100000.10000 21 [0.075.0.0.015
[ME =G [IHO(HARMO0T). 10000) [100000,10000 21 [0.025.0.0.005
=M= T [THDHARHEAQUT. 0000) [100000.0.10000  [15.1.05
=M= T [remm [nooss0.000mm foos0120.04

Figure 13-1 Distortion Analysis Limits dialog box

Thedialogbox providesthefollowinginput fields:

* Fundamental Frequency: Thisis the fundamental frequency (FO) to be
used in the analysis. The frequency of the sine source driving the input will be
set to this value.

* Input Source Name: Thisisthe name of the source to be used as input.
It must be either a Sine Source, or a Voltage Source or Current Source of
type SIN. In order to run distortion analysis, one of these sources must be
present in the schematic and should be connected to the circuit input.

* Input Source Amplitude: Thisisthe amplitude of the input sine wave. It
can beasinglevalue or alist of values for stepping. The stepping formats are

List: A commadelimited list of values. Example 100mv,10mv, 1mv
Linear: End, Start, Step. Example 1.0, 0.5, 0.1
Log: End, Start, Multiplier. Example 1.0,0.01, 10

These formats follow the usual conventions for stepped parameters.
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Note that the Input Source Amplitude contents are mapped into the first panel
of the Stepping dialog box. If you want to step another variable, use one of
the other panels. Up to 20 items may be stepped.

® Qutput Expression: Thisis the output expression to be used to measure
distortion. Usually it issomething simplelike V(OUT), but it can be any
expression, like the power delivered to aload, asin PD(RLOAD).

® Temperature: Thisisthe operating temperature for the simulation.

® Simulation Cycles: Thisis the number of periods of the fundamental
frequency that the simulation will run for. It should be long enough to get past
any initial transients. A suitable number for most circuitsis 3-5. Note that
even though MC8 might run the simulation for 3-5 cycles, it only usesthe last
full cyclefor FFT calculations. For example, if you specified afundamental
frequency of 10Khz and 5 for thisfield, MC8 would run the simulation for
tmax = 5/F0 = 5/10K = 5*100uS = 500uS. It would then use that part of the
output expression waveform from the end of the 4'th cycle (400uS) to the end
of the 5'th cycle (500uS) for the FFT calculations. This truncated waveform
can be seen in the third plot and is labeled Sampled Waveform.

* Maximum Time Step: Use this value to specify the maximum time step
to be used in the analysis. Thisvalueistypically set between .01 and .001
timesthe Simulation Run Timein order to get sufficient resolutionin the
output waveform.
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Distortionanalysisexample

Toillustrate how distortion analysisworkswell usethefile DIST1.CIR.

& Micro-Cap 8.0.0.0 - [eAmc8\data\Dist] CIR] HER
[&] File Edit Component ‘Windows Opfions  Analysis Design  Model Help =13 |
DSEEER[0 - 1 LB+ v+*xt++o MOCB PG Z0 4 | Wi
A TLNE- i R[wlans 0 g~ Halg il - AlHRQQSEF
i s J B
= 014 i —
|t
- R
o ory__| RiG
1K
- oy | T
Ha T
3K ]
Rl 3K our R
o o [ mDKJ:
il pj Fiig
] _‘)us e
1 j o
w Com e
- I
éw« o )ne - m wgg
J—‘ R3 ‘5I R14
24k VWB'[ 75
B2 popic =
mnum\: 1Text 4 | | 4

Figure 13-2 Distortion sample circuit

This example uses the classic UA709 schematic. Select Distortion from the
Analysismenu. Thisdisplaysthe Distortion AnalysisLimitsdialog box. The
analysislimitsare set up to produce three plots:

HARM (V(OUT))
This plots the magnitude of the harmonics present in the output
expression V(OUT) versus frequency.

IHD(HARM (V(OUT)),10000)

This plots the distortion as a percentage of the fundamental (10KHz)
magnitude for each of the harmonicsin the output expression V(OUT)
versus frequency.

V(OUT)
This shows the output expression, in this case V(OUT), versus time.
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Press F2 to start the analysis. The results look like this:

& Micro-Cap 8.0.0.0 - [Distortion Analysis]
[@ Ele Edit Wndows Options Distorion Scope  Monte Carlo  Model  Help |

[DeEEsr|a-sza]l i vir e s |MO0E P G|ER® [EWE
KR 2T e m S lE S AVAY S AU AaAEDF
75 dist! .CIR
& Amplitude of V(OUT) vs Frequency...............
45, m
30
15,
0 10.000K 20.000K 40.000K B0.000K 80.000K 100.000K
HARMMOL
;
5 - -
0 Percent Distortion of V(OUT) vs Frequency....
16,
10,
5
0 10.000K 20.000K . 40,000k - B0.000K - 80000k - 100,000k
IHD(HARMM (O UTS), 10000)
:
80
Sampled Waveform V(OUT)vs T .
“ P ( s o~
o N /
o NS
120 0.000y 100,000y 200.000u 200.000u 400.000y 400.000u
WOUT)
T

Figure 13-3 Distortion plot

Thisanalysis presentsalmV sine signal to the input signal source called VIN,
runs the analysis for 500uS, sampl es the output expression V(OUT) from 400uS
to 500uS and plotsthe resulting harmonics, distortion, and the sampled waveform.

Since we are only interested in the steady state, sampling the waveform after
400uS helpsto avoid most of theinitial transients that might otherwise corrupt the
distortion measurement.

The plot shows the 2'nd harmonic distortion to be about 16m% or 0.016% and the
3'rd harmonic distortion to be less than 1m% or 0.001%.

Note that thereis an optional THD plot that is set up but disabled. To plot it, give
it aplot group number in the P column.

Caveats
* Distortion is sensitive to initial transients. Use the Simulation Cycles
value to insure that the transients have settled. Start with 3-5 periods and then
reduce the number until the distortion numbers no longer change.

* Distortion is sensitive to signal level: Because al rea circuits have
some nonlinearity, distortion isvery sensitivetothesignal level. Be sureto
use asignal level that is appropriate to your application.
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Chapter 14 Scope

What's in this chapter

Scopeisaterm for the collection of toolsfor displaying, analyzing, and annotating
the analysisplot and its curves. Availableintransient, AC, DC, and Distortion
analysis, it letsyou expand, contract, pan, and manipulate curves, and display their
numeric values. Cursors are available with commandsto locate local peaks, val-
leys, maxima, minima, slopes, inflection points, and specific values. Tags, text, and
graphics are available to annotate and document the plot.

Features new in Micro-Cap 8
® Keep X Scales the Same
® X Scaling Only

® Y Scaling Only
* Four data point marker styles. Open and filled, bubbles and squares
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Analysis plot modes

After an AC, DC, transient, or distortion analysisis over, there are severa modes
for reviewing, analyzing, and annotating theanal ysispl ot.

LY

i
T

-

e Select: (CTRL + E) In this mode, the left mouse button is used to select
text, tags, and graphic objects for moving and editing.

* Graphics: Clicking on thisbutton |ets you select agraphic object (line,
ellipse, rectangle, diamond, arc, pie, brace(s), or polygon for placement on
the plot. Once the object has been selected you drag the mouse to create the
object.

» Scale: (F7) Inthis mode, you can drag the left mouse button to define a
plot regionto magnify.

e Cursor: (F8) In this mode, the display shows the value of each curve at
each of two numeric cursors. The left mouse button controls the left cursor
and theright button controlstheright cursor. Theleft cursor isinitialy placed
on thefirst data point. Theright cursor isinitially placed on the last data point.
The LEFT ARROW or RIGHT ARROW keys move the left cursor (or right
cursor if SHIFT is also pressed) to a point on the selected curve. Depending
on the cursor positioning mode, the point may be the next local peak or valley,
global highor low, inflection point, next simulated datapoint, next interpol ated
datapoint, top, or bottom.

* Point Tag: In this mode, the left mouse button is used to tag a data point
with its numeric (X,Y) value. The tag will snap to the nearest data point.

e Horizontal Tag: In this mode, the left mouse button is used to drag
between two data points to measure the horizontal delta.

» Vertical Tag: In thismode, the left mouse button is used to drag between
two data points to measure the vertical delta.

e Text: (CTRL + T ) This mode lets you place text on an analysis plot. You
can placerelative or absolute text. Relative text maintainsits position relative
to the curve when the plot scale is changed. Absolute text maintainsits
position relative to the plot frame. Y ou can also control text border and fill
colors, orientation, font, style, size, and effects.
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Panning the plot

Panning means to change the plot view without changing the scale. It isusually
employed after zooming in. There are two ways to pan the plot:

Keyboard:
Use CTRL + LEFT ARROW to pan the plot to the left.
Use CTRL + RIGHT ARROW to pan the plot to the right.
Use CTRL + UP ARROW to pan the plot up.
Use CTRL + DOWN ARROW to pan the plot down.

Keyboard panning is available from any mode.

M ouse:
Cursor mode: Press and hold the CTRL key down. Place the mouse
in the plot window and drag the right mouse button in the desired
direction.

Other modes. Place the mouse in the plot window and drag the right
mouse button in the desired direction.

Panning moves only the curvesin the selected plot group. Click in another plot

group, click on aplot expression in another plot group, or use the Tab key to se-
lect adifferent plot group.
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Scaling the plot

Scaling shrinks or magnifiesthe analysis plot after the analysisis complete. Mag-
nifying enlargesasmall region of the plot for inspection. Shrinking bringsthe plot
scale back to asmaller size for amore global view of the plot. The Enable Scaling
optioninthe X and Y sections of the Properties (F10) / Scales and Formats panel
alows scaling to occur in either or both the X and Y directions. It controls each of
thefollowing scaling methods:

Auto Scale: (F6) This command immediately scales the selected plot group.
The selected group isthe plot group containing the selected or underlined
curve.

Restore Limit Scales: (CTRL + Home) This command draws all plots
using the existing scale rangesfrom the Analysis Limits dialog box.

Zoom-Out: (CTRL + Numeric pad -) This command shrinks the image
size of the selected plot group. Zoom-Out g does the same thing.

Zoom-In: (CTRL + Numeric pad +) This command enlarges the image
size of the selected plot group. Zoom-In @ does the same thing.

Mouse Scaling:
Scale mode: Place the mouse near one corner of the region to be
magnified and drag the left mouse button to the other corner.

Cursor mode: Press and hold the CTRL key. Place the mouse near one
corner of the region to be magnified and drag the left mouse button to the
other corner. Thisisthe same asin Scale mode, but with the CTRL key
held down during the drag.

Mouse Scaling is available only in Scale and Cursor modes.
Properties dialog box: (F10) This dialog box controls the characteristics of
the front window. When the front window isan analysis plot, this dialog box
contains a Scales and Formats panel which lets you manually change the
scales of individual curves after the analysis run.

Undo: (CTRL + Z) This command restores the prior scale.

Redo: (CTRL + Y) This command undoes the last scale undo.
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Tagging the plot

Tagging isaway of both measuring and documenting a data point or difference
between two data points. Tagging can be done on a single curve, between two

points on asingle curve, or between two points on two curves. There are three
tagging modes:

Point Tag mode: This mode lets you tag a data point on a curve. It shows
the X expression and Y expression values at the data point. Thismodeisvery
useful for measuring or documenting the exact time of adigital event, or the
peak or valley of an analog curve.

Vertical Tag mode: This mode lets you drag a tag between two data points
on one or two curves. It shows the vertical difference between the Y values
at the two data points.

Horizontal Tag mode: This mode lets you drag a tag between two data
points on asingle curve or two different curves. It shows the horizontal
difference between the X expression values at two data points. It is most
useful for measuring the time difference between two digital events such as
the width of a pulse or the time delay between two events.

There are also several immediate commands for tagging the data points at the
NUMEXic Cursors.

® Tag Left Cursor: (CTRL + L) This command attaches a tag to the left
cursor data point on the selected curve.

* Tag Right Cursor: (CTRL + R) This command attaches atag to the right
cursor data point on the selected curve.

® Tag Horizontal: (SHIFT + CTRL + H) This command attaches a horizontal
tag from the left to the right cursor, showing the difference between the two
X expression values.

® Tag Vertical: (SHIFT + CTRL + V) This command attaches a vertical tag
from the left to the right cursor, showing the difference between thetwo Y
expression values.

The numeric format of the tag numbersis determined by the numeric format set
at Options / Preferences / Format / Analysis Plot Tags.
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Adding graphicsto the plot

Y ou can add graphic symbols to the analysis plot when in the Graphics mode. To
invoke the Graphics mode, click on the graphics button, #5| and select one of the
objects from the menu that pops up. To add one of the graphic objects, click and
drag in the plot area. The abjects are:

Rectangle
Line
Ellipse
Diamond
Arc

Pie

{

}

{}
Polygon

Each of these objects can be edited after creation by double-clicking on them.
Thisinvokes adialog box that lets you change their border and fill characteristics.

The polygon object allows direct numerical editing of the polygon vertices. Itis
intended as a design template, a region describing the area that a curve or curves
may occupy and still be within specification. Thefilter designer addsapolygonto
the AC plot to indicate the acceptable region for the Bode plot from the user's
filter specs. Y ou can use the constants MIN and MAX to specify the plot mini-
mum and maximum coordinateseasily.

To see an example of adesign polygon, create afilter circuit using the active or
passive filter functions from the Design menu and run an AC analysis. Enter
Select mode and then double-click on the yellow polygon to seeits properties,
includingitsborder, fill, and vertex structure.
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Scope menu

The Scope menu provides these options:

S

™~

3

fi

E EDE

* Delete All Objects: This command removes al objects (shapes, tags, or
text) from the analysis plot. To delete an object, select it by clicking onit, then
press CTRL + X or the DELETE key. To delete all objects use CTRL + A to
select all objects, then press CTRL + X or the DELETE key.

* Auto Scale: This command scales the plot group containing the selected
curve. F6 may also be used. The selected curve is the one whose Y
expressionisunderlined.

® Restore Limit Scales: This command restores the range scales to the
valuesinthe Analysis Limits dialog box. CTRL + HOME may a so be used.

* View: Theview optionsonly affect the display of simulation results, so
you may change these after arun and the screen is redrawn accordingly.
These options may also be accessed through Tool bar icons shown below.

® Data Points: This marks the actual points calculated by the program
onthecurveplot. All other values are linearly interpolated.

* Tokens: This adds tokens to each curve plot. Tokens are small graphic
symbolsthat help identify the curves.

* Ruler: This substitutes ruler tick marks for the normal full screen X
and Y axisgridlines.

* PlusMark: Thisreplaces continuous grids with "+" marks at the
intersection of the X and Y grids.

® Horizontal Axis Grids: This adds grids to the horizontal axis.
* Vertical Axis Grids: This adds grids to the vertical axis.

* Minor Log Grids: Thisadds but does not label minor log grids
between magjor grids at the 2, 3, 4...9 positions.

®* Minor Log Grids 2 5: This adds and |abels minor log grids between
major grids at the 2 and 5 positions.
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® Baseline: This adds a plot of the value 0.0 for use as a reference.

® Horizontal Cursor: This adds a horizontal cursor intersecting each of
the two vertical numeric cursors at their respective data point locations.

® Trackers: These options control the display of the cursor, intercept, and
mouse trackers, which are little boxes containing the numeric values at the
cursor data point, its X and Y intercepts, or at the current mouse position.

® Cursor Functions: These control the cursor positioning in Cursor mode.
Cursor positioning is described in more detail at the end of this chapter.

* |_abel Branches: This accesses a dialog box which lets you select from
the automatic and user-specified X location method for labeling multiple
branches of a curve. This option appears when multiple branches are created
by Monte Carlo, parameter stepping, or temperature stepping. To remove
labels, select them with the mouse, or select all objectswith CTRL + A, then
press the delete key.

* L abel Data Points: This accesses a dialog box which lets you specify a
set of time, frequency, or input sweep data points, in transient, AC, or DC
analysis, respectively, which areto belabelled. Thiscommand is mostly used
to label frequency data points on polar and Smith charts. To remove |abeled
points del ete them from the dial og box.

* Animate Options: This option displays the node voltages/states, and
optionally, device currents, power, and operating conditions (ON, OFF, etc.),
on the schematic as they change from one data point to the next. To use this
option, click onthe £ button, select one of the wait modes, then click on

the Tile Horizontal = button, or Tile Vertical @ button, then start the run. If
the schematic isvisible, MC8 prints the node voltages on analog nodes and
the node states on digital nodes. To print device currents click on ﬂ To
print device power click on E To print the device conditions click on % It
lets you see the evolution of states as the analysis proceeds. To restore a full
screen plot, click on theg button.

* Normalize at Cursor: (CTRL + N) This option normalizes the selected
(underlined) curve at the current active cursor position. The active cursor is
the last cursor moved, or if neither has been moved, then the left cursor.
Normalization divides each of the curve's Y values by the Y value of the
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curve at the current cursor position, producing anormalized value of 1.0
there. If the Y expression contains the dB operator and the X expressionis F
(Frequency), then the normalization subtracts the value of the Y expression at
the current data point from each of the curve's data points, producing a value
of 0.0 at the current cursor position.

* Normalizeat Minimum: This option normalizes the selected (underlined)
curve at itsminimum value.

* Normalize at Maximum: This option normalizes the selected (underlined)
curve at its maximum value.

* Goto X: (SHIFT + CTRL + X) This command lets you move the left or
right cursor to the next instance of a specific value of the X expression of the
selected curve. It then reportsthe Y expression value at that data point.

*GotoY: (SHIFT + CTRL + Y) This command lets you move the left or
right cursor to the next instance of a specific value of the Y expression of the
selected curve. It then reports the X expression value at that data point.

® Go to Performance: This command calculates performance function
valueson the Y expression of the selected curve. It also moves the cursors to
the measurement points. For example, you can measure pulse widths and
bandwidths, riseand fall times, delays, periods, and maximaand minima.

* Goto Branch: This command lets you select which branch of a curveto
place the left and right cursors on. The left cursor branch is colored in the
primary select color and the right cursor branch in the secondary select color.

* Tag Left Cursor: (CTRL + L) This command attaches a tag to the left
cursor data point on the selected curve.

® Tag Right Cursor: (CTRL + R) This command attaches a tag to the
right cursor data point on the selected curve.

® Tag Horizontal: (SHIFT + CTRL + H) This command places a
horizontal tag between the left and the right cursor, showing the difference
between the two X expression values.

® Tag Vertical: (SHIFT + CTRL + V) This command places a vertical tag
between the left and the right cursor, showing the difference between the two
Y expression values.
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* Align Cursors: Thisoption, available only in Cursor mode, forces the
numeric cursors of different plot groups to stay on the same data point.

® Keep Cursors on Same Branch: When stepping produces multiple runs,
onelineis plotted for each run for each plotted expression. Theselines are
called branches of the curve or expression. This option forces the left and
right cursors to stay on the same branch of the selected curve when the UP
ARROW and DOWN ARROW cursor keys are used to move the numeric
cursors among the several branches. If this option is disabled the cursor keys
will move only theleft or right numeric cursors, not both, allowing them to
occupy positions on different branches of the curve.

® Same Y Scales For Each Plot Group: This option forces all curvesin a
plot group to use the same Y scale. If the curves have different Y Range
values, one or moreY scaleswill be drawn, which may lead to crowding of
the plot with scales.

* Thumb Nail Plot: Thisoption draws asmall guide plot which givesa
global view of where the current plot(s) are on the whole curve. Y ou select
different views by dragging a box over the curve with the left mouse button.
Dragging the box with the right mouse button pans the main plot.

® Enable X Scaling: This option enables horizontal axis scaling for the

F6 (Auto Scaling), Zoom (+,-), and panning and drag scaling commands. |f
this option is enabled and you press F6, the curves in the selected plot group
will be auto-scaled in the horizontal direction. Vertical axes are not affected
by thisoption. The Auto Scale option on the Analysis Limits dial og box
overrides this option and auto-scales both the X and Y axes.

* Enable Y Scaling: This option enables vertical axis scaling for the

F6 (Auto Scaling), Zoom (+,-), and panning and drag scaling commands. |
this option is enabled and you press F6, the curves in the selected plot group
will be auto-scaled in the vertical direction. Horizontal axes are not affected
by thisoption. The Auto Scale option on the Analysis Limits dial og box
overrides this option and auto-scales both the X and Y axes.

® Keep X Scalesthe Same: This option forces al horizontal scales using
the same X expression to be the same. In other words, drag scaling or
panning in plot group 1 will changethe horizontal scaleinall plot groupsthat
have the same X expression. This option is convenient when you want
separate plot groups but want the scales to remain the same.
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The Plot Properties dialog box

Curve display and format can be changed after the run with the Properties dialog
box. Itlookslikethis:

Properties x|
Flot | Scales and Formats | Colors, Forts, and Lines | FFT | Header | Numeic Dutput | Save Curves | ToolBar |

Cur Titl
lrlprlﬂ 70R W Ao

Curve Plot Group Plot Type
’]7 Show ’7 1 v—‘ (Heclangu\ar -

1R1)

oK I Cancel | Lppir | Help I

Figure 14-1 The Plot Properties dialog box

The Plot Properties dialog box lets you control the analysis plot window. It can be
used for controlling curve display after or even before the plot. Before a plot ex-
ists, you can access the dialog box by clicking on the Properties button in the
AnalysisLimitsdialog box. Thedialog box providesthefollowing choices:

* Plot
Curves: Thislets you select the curve that Plot and Graph fields apply to.

Title: Thisletsyou specify what the plot titleisto be. If the Auto button

is checked, thetitle is automatically created from the circuit name and
analysisrundetails.

Curve: This check box controls the plotting of the selected curve. To
hide the curve, remove the check mark by clicking in the box.

Plot Group: This controls the plot group number.

Plot Type: This controls the plot type, rectangular, polar, or Smith chart.
The latter two are available only on AC analysis.
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® Scales and Formats

Chapter 14: Scope

Curves: Thislets you select the curve that the other fields apply to.

X: Thisgroupincludes:

Range Low: Thisisthelow value of the X range used to plot the
selected curve.

Range High: Thisisthe high value of the X range used to plot
the selected curve.

Grid Spacing: Thisis the distance between X grids.
Bold Grid Spacing: Thisis the distance between bold X grids.

Scale Factor: This lets you specify an optional X scale factor
fromthelist (None, Auto, T, G, Meg, K, m, u, n, p, f).

Scale Units: Thisletsyou specify optional X axis units from the
list (None, Auto, Seconds, Volts, Amps, Ohms, ...). Auto can
select suitable units for simple expressions such as Sfor Time,
but complex expressions such as T+10 are ignored.

Scale Format: Thislets you specify the numeric format used to
print the X axis scale.

Value Format: This lets you specify the numeric format used to
print the X valuein the table below the plot in Cursor mode and in
the tracker boxes.

Auto Scale: This command scales the X Range and places the
numbersinto the Range Low and Range High fields. The effect
on the plot can be seen by clicking the Apply button.

Log: If checked this makes the X scale log.

Auto/Static Grids: Thisisthe number of X axis grids to use
when auto scaling or Static Grids are used.

Enable Scaling: When thisitem is checked, al immediate action
X axis scaling and panning commands (F6, CTRL + +, CTRL + -,
mouse drag) are enabled.



Y: Thisgroup provides complementary commandsfor the'Y axis group:

Range Low: Thisisthe low value of the Y range used to plot the
selected curve.

Range High: Thisisthe high value of the Y range used to plot
the selected curve.

Grid Sacing: This is the distance between Y grids.
Bold Grid Spacing: Thisis the distance between bold Y grids.

Scale Factor: This lets you specify an optiona Y scale factor
fromthelist (None, Auto, T, G, Meg, K, m, u, n, p, f).

Scale Units: Thislets you specify optional Y axis units from the
list (None, Auto, Seconds, Volts, Amps, Ohms, ...). Auto can
select suitable units for ssimple expressions such asV for V(A),
but complex expressions such as V(A)"2 are ignored.

Scale Format: Thisisthe numeric format used to print the Y
axis scale.

Value Format: This|ets you specify the numeric format used in
the numeric output window, to print the Y valuein thetable
below the plot in Cursor mode, and in the tracker boxes.

Auto Scale: This command scales the Y Range and places the
numbers into the Range Low and Range High fields. The effect
on the plot can be seen by clicking the Apply button.

Log: If checked this makes the Y scale log.

Auto/Satic Grids: Thisisthe number of Y axis grids to use
when auto scaling or Static Grids are used.

Enable Scaling: When thisitem is checked, all immediate action
Y axis scaling and panning commands (F6, CTRL + +, CTRL + -
mouse drag) are enabled.

Satic Grids: This option uses the number N specified in the Auto/Static
Gridsfield for the number of gridsinthe X and Y axes, keeping the grid
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spacing at (Range High - Range Low ) / N. This option forces the use of
fixed location, variable value, M C6-style plot grids versus the newer
floating grids that move asthe plot is panned.

Keep X Scales the Same: This option forces all horizontal scales using
the same X expression to be the same. In other words, drag scaling or
panningin plot group 1 will changethe horizontal scaleinall plot groups
that have the same X expression. This option is convenient when you
want separate plot groups but want the scales to remain the same.

Sope Calculation: Thislist box lets you select the Normal, dB/Octave,
or dB/Decade method of calculating slopes. The latter two are most
useful in AC analysis.

Same Y Scales for Each Plot Group: Enabling this check box forces the
Auto Scale command to use a single common scale for all plotswithin a
graph group. If the box is not checked, the Auto Scale command
determinesindividual scalesfor each curve.

Save Range Edits: Enabling this check box causes any edits to the range
fields to be copied to the appropriate range fields of the Analysis Limits
dial og box, making them permanent.

Use Common Formats: Clicking this button copiesthe X and Y formats
of the selected curve to the format fields of al curves.

Smith Chart Scale Factor: This specifies the impedance scale factor for
Smith charts. For normalized values, use a scale factor of 1.0.

® Colors, Fonts, and Lines
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Objects: Thislist box lets you select the object that the other commands
(color, font, lines) apply to. Theseinclude:

General Text: Thisistext used for axis scales, titles, cursor
tables, and curve name.

Grid: Thisistheanalysisplot grid.
Graph Background: This is the plot background.

Baseline Color: Thisis baseline color.



Window Background: This is the window background.
Select: Thisisthe color of a selected object.

Select Box: Thisis the Select mode box.

Tracker: This sets the text and color properties of trackers.

Select Color Primary: This sets the color of the branch that the
Go To Branch Left button selects.

Select Color Secondary: This sets the color of the branch that
the Go To Branch Right button selects.

Data Point Labels: This sets the text and color properties of
datapoint labels.

Plot All: This sets the curve and scale text color, and the curve
width, pattern, data point, and drawing style of all curves
simultaneoudly.

Curve Names: This sets the curve and scale text color, and the
curvewidth, pattern, data point, and drawing style of individual
curves.

Variable Name (Color): This group lets you change the color of the
selected object. The group name changes to reflect the object chosen.

Curve Line: Thisgroup lets you change the color, width, pattern, point
and style of the plots. The Rainbow option assigns a spectrum of colors
to each branch of a stepped curve.

Font: Thisfield lets you change the font of the selected object.

Sze: Thisfield lets you change the text size of the selected object.
Effects: This field lets you change text effects of the selected object.
Text style: Thisfield letsyou set the text style of the selected item in the

Object list. Text styles consist of afont, size, color, style, and effect. Text
styles can be assigned to general text, trackers, and data point labels.
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Sample: Thisfield shows a sample of the selected object using current
text, line, color, width, and pattern properties.

® FFT: Thispanel controls parametersfor use in FFT functions.

Upper Time Limit: This specifiesthe upper time limit for FFT functions.
Generally thisis set to amultiple of the fundamental period, typically 3-5
periods.

Lower Time Limit: This specifiesthe lower timelimit for FFT functions.
Generally thisis set to amultiple of the fundamental period to avoid
startup transients in the target waveform typically 2 - 4 periods. The
difference between the upper and lower time periods should be 1 period.

Number of Points: This specifies the number of interpolated data points
to usefor FFT functions. Typically 1024, 2048, or 4096 are nearly always
suitable choices.

Auto Scaling: This group controls auto scaling options for FFT functions
and includesthese options:

Include DC Harmonic: This option includes the DC harmonic
when auto scalingisdone. Typically itisdisabled.

Auto Scale First .... Harmonics: This number specifies the
number of harmonicsto include when scaling.

® Header: This group controls the header format for text numeric output.
Left: Thisgroup letsyou add text to the left side of the text output.
Center: This group lets you add text to the center of the text output.
Right: This group lets you add text to the right side of the text output.
In each case the following formats are available:
$MC Prints Micro-Cap
$User Prints user name
$Company Prints company name

$Analysis Prints analysis type (Transient, AC, DC)
$Name Printscircuit name
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Y ou can use these or any other text in the left, center, or right.
Delimiters: Thisgroup lets you select the delimiter that will be placed
between itemsin the curve tables of the numeric output. The choices
are Tab, Semicolon, Comma, Space, and Other.

* Numeric Output: This group lets you choose what to include in the
Numeric Output displays and the corresponding output text files.

Include Numeric Output: This option enables al the rest of the options.
If itisdisabled, nothing is placed in the Numeric Output file.

Include Model Parameters: This option includes model parameters.

Include Zero Parameters: This includes parameters with zero
values. If disabled, zero-valued parameters are not printed.

Include Undefined Parameters. This includes parameters
with undefined values. If disabled, undefined parameters (which
have default values) are not printed.

Include Analysis Limits: This option includes the values from the
AnalysisLimitsdialog box (e.g. Time Range, Maximum Time Step, etc.).

Include Waveform Values. This option includes selected X and Y
waveforms. A waveform is selected if the adjacent icon is enabled.

Include Operating Point Values. This option includes node voltages and
device currents, voltages, and other key parameters at the DC bias or
operating point.

® Save Curves: This group lets you save one or more curves for later
display or usein aUser source. It provides these fields:

Curves. Thislets you select the curve that the other fields apply to.
Temperature: If the analysis run stepped temperature and produced
multiple curves, thisfield letsyou select which to save. Thisfield will be

grayed out if temperature was not stepped.

Sepped Variable: If the analysis run stepped a variable and produced

215



216

multiple curves, thisfield lets you select which to save. Thisfield will be
missing if nothing was stepped.

Save Curve(s): Thisfield is a copy of the selected curve name.

As (New Name): This lets you specify the name to save the curve under.
It isthe name you later use to select the curve for display or usein a
User Source.

Number of Points: This lets you specify the number of data points to
calculate by interpolation from the actual curveif the Save Actual Data
Pointsoptionisdisabled.

Save Actual Data Points: If this option is disabled, the curve saved to
thefilewill be calculated by interpolation using Number of Points
equidistant data points from the actual curve. If thisoption is enabled, the
curve saved to thefile will contain the actual simulation data points,
which generally will occur at irregular time (or frequency) points.

In File: Thislets you specify the file name to save the curve under.

Browse: This command lets you browse directories for the file name you
want to save the curve under or to delete the curve from.

Save: This command saves the selected curve using the specified curve
name and file name. Note that when curves are saved to existing files,
they are added to thefile. If the curve already existsin thefile, itis
overwritten. All other curvesin the file are unaffected.

Delete: This command lets you delete the specified curve name.

* Tool Bar: This page lets you select the buttons that will appear in the local
tool bar area below the Main tool bar.
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Tool Bar: Thislist box lets you select the different local tool bars.

Buttons: This box lets you select the buttons that are to appear in the
selected local tool bar.

Show Button: If checked, the selected button is shown in the analysis
plot tool bar.



Top: If enabled, the tool bar is placed at the top part of the window.

Left: If enabled, the tool bar is placed at the left part of the window.
All On: Thiscommand places all buttonsin the tool bar.

All Off: This command places no buttons in the tool bar.
Default: This command places the default set of buttonsin the tool bar.
Thefour buttons at the bottom have the following function:
OK: This button accepts al changes, exits the dialog box, and redraws the
analysis plot. Subsequent runswill use the changed properties, and they will

beretained in thecircuit file, if itislater saved.

Cancel: This button rejects all changes, exits the dialog box, and redraws the
analysisplot using theoriginal properties.

Apply: Thisbutton displaysthe analysis plot using the current settingsin the
dialog box to show how the display would be affected by the changes. The
changes are still tentative, until the OK button is clicked.

Help: This button accesses the local help files.

Default Values
Many of the Properties panels have two buttonsto allow selection and definition
of default values:

Default: This button copies the current set of default parameters/options
to the panel, overwriting any changes you have made.

Set Default: This button makes the current set of parameters/options the
standard defaults for the panel. This alters the standard defaults for this panel
only but it does so for all future uses of the Default button and for all newly
created circuits as well, so useit carefully.

Torestorethe original defaults go to:
Options menu / Default Properties for New Circuits

Select the appropriate property panel and click on the Default button. This
restores the default values on the F10 Properties panel to the original values.
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Cursor mode positioning
The cursor can be positioned in avariety of different and useful ways.

Mouse control

Drag with the left mouse button to control the left cursor, and the right button to
control the right cursor. The mouse places the cursor anywhere, even between
simulationdatapoints.

Keyboard control

The LEFT ARROW and RIGHT ARROW cursor keys move the left cursor and
SHIFT + cursor keys move the right cursor. The keyboard moves the cursor to
one of the simulation data points, depending on the positioning mode.

The positioning mode, chosen with a Tool bar button, affects where the cursor is
placed the next time a cursor key is pressed. Cursor positioning picks locations on
the selected, or underlined, curve. Curves are selected with the Tab key, or by

clickingthe 'Y expression with the mouse.

E

|%-

E

b

* Next Simulation Data Point: In this mode, pressing the cursor keys finds
the next actual data point in the direction of the cursor arrow from the run.

* Next Interpolated Data Point: In this mode, pressing the cursor keys
finds the next rounded interpolated data point in the direction of the cursor
arrow.

® Peak: In this mode, pressing the cursor keys finds the next local peak on
the selected curve.

* Valley: Inthismaode, pressing the cursor keys finds the next local valley on
the selected curve.

® High: Clicking this button finds the data point with the largest algebraic
value on the current branch of the selected curve.

* |ow: Clicking thisbutton finds the data point with the smallest algebraic
value on the current branch of the selected curve.

* [nflection: In this mode, pressing the cursor keys finds the next data point
with the largest magnitude of slope, or first derivative, on the selected curve.
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- A Top: Clicking this button finds the data point with the greatest Y value of
== dl branches of the selected curve at the current X cursor position.

A * Bottom: Clicking this button finds the data point with the smallest Y value
25 of al branches of the selected curve at the current X cursor position.

A ®Global High: Clicking this button finds the data point with the largest

— dgebraicY vaue of all data points on al branches of the selected curve.

Ay ® Global Low: Clicking thisbutton finds the data point with the smallest

algebraic Y value of all data points on all branches of the selected curve.

When Cursor mode is selected, afew initialization events occur. The selected
curveisset to thefirst, or top curve. The Next mode is enabled. Clicking on a
mode button not only changes the mode, it also movesthe last cursor in the |ast
direction. The last cursor is set to the left cursor and the last direction is set to the
right. Theleft cursor is placed at the left on the first data point. The right cursor is
placed at the right on the last data point.
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Chapter 15 Probe

What's in this chapter
This chapter describes the use of Probe. Probe is a display tool for transient, AC,
and DC analysis. When one of the Probe optionsis selected and an analysisis

subsequently run, the simulation results are saved to disk. Probe then lets the user
review the results by probing the schematic with the mouse.

Features new in Micro-Cap 8

* Faster recall and display of probe data
* VVoltage / current toggle command (SPACEBAR)
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How Probe works

Probeis another way to view simulation results. It lets you point to alocationin a
schematic and see one or more curves associated with the node or component at
that point. It functions exactly like anormal simulation, but accesses all of the
variablesfor each solution point from adisk file. When you first invoke Probe, the
program determinesif thereis an up-to-date simulation filein the working data
directory. If not, it runsthe analysis and creates the simulation file. When you
click on the schematic, Probe determines where the mouse pointer is, extracts
from thefile the appropriate variable for both the vertical and horizontal axes, and
plotstheresulting curve.

The simulation or analysis run is conducted according to the values set in the
AnalysisLimitsdialog box. For example, in transient analysis, one of theimportant
valuesis Time Range, which determines how long the analysiswill run. To edit
this or any other value, press F9 to access the dialog box. Thiswill present an
abbreviated version of the standard dialog box. Y ou can edit the fields as needed.
Press F2 to rerun the analysis, prior to probing.

Plots are constructed using the properties from Options / Default Properties
for New Circuits/ Analysis Plots. Numeric scales and Cursor mode values are
formatted using the Scales and For mats settings. Plot text, line properties, and
colors are taken from the Colors, Fonts, and Lines settings. Tool bar choices
are taken from the Tool Bar settings.

Y ou can temporarily change plot properties from the Properties dialog box (F10).
These changes are used during the current Probe session and are discarded after
exiting Probe. Subsequent invocations of Probe will start again with the settings
from Options / Default Properties for New Circuits / Analysis Plots.
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Probe menu

* New Run (F2): This option forces a new run. Probe automatically does a
new run when the time of the last saved run is earlier than the time of the last
edit to the schematic. However, if you have changed RELTOL or some other
Global Settings value or option that can affect asimulation run, you may want
to force anew run using the new value.

* Limits (F9): Thisletsyou edit the analysis limits for the run.

» Add Curve: Thisoption letsyou add a plot defined by aliteral expression
using any circuit variable. For example you might enter VCE(QL)*1C(Q1) to
plot atransistor's collector power.

* Delete Curves: This option lets you selectively remove curves.
» Delete All Curves: (CTRL + F9) This removes all curves from the plot.

* Separate Analog and Digital: This puts analog and digital curvesin
separate plot groups, overriding the P setting.

* One Curve: In thismode, only one curve is plotted. Each time the
schematic is probed, the old curve is replaced with the new one. You can
also add more than one trace with this mode by holding the CTRL key
down while clicking on an object. This adds the curve if not already
plotted or deletes it if it is already plotted.

» Many Curves: In this mode, new curves do not replace old ones, so many
curves are plotted together using one or more vertical scales.

» Save All: This option forces Probe to save al variables. Useit only if you
need to display charge, flux, capacitance, inductance, B field, or H field.

» Save V and | Only: This option saves space and lowers access time by
saving only time, frequency, digital states, voltage, and current variables. It
discardsthe remainder, including charge, flux, capacitance, inductance,
resistance, power, and magnetic field values.

* Plot Group: Thisletsyou pick the plot group to place the next curvein.

 Exit Probe: This exits Probe. F3 also works.
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Transientanalysisvariables

The Vertical menu selects the vertical variable and the Horizontal menu selects
the horizontal variable. When the user clicks the mouse in a schematic, Probe
determines whether the object at the mouse tip is a node or a component and
whether itisanalog or digital.

If the object isadigital node, Probe plots the state curve of the node.

If the object is an analog macro or subcircuit, or adigital component, Probe pre-
sents alist showing its pin names and the associated node hames. Y ou can select
one or more analog node voltages or digital state curves by clicking on the pin
name or node name. After clicking the OK button, Probe plots the selected curve.

If the object is either an analog node or analog component (other than a macro or
asubcircuit), Probe extracts the vertical and horizontal variables specified by
these menus and uses them to plot the analog curve.

« Voltage: If the mouse probes on a node, a hode voltage is selected. If the
mouse probes on the shape of atwo-lead component, the voltage across the
component is selected. If the mouse probes between two leads of athree or
four lead active device, the lead-to-lead difference voltage is sel ected.

Click on two nodes while holding the SHIFT key down and you'll get the
differential voltage across the two nodes.

 Current: If the mouse probes on the shape of atwo-lead component, the
current through the component is selected. If the mouse probes on alead of a
three or four lead active device, the current into the lead is selected.

You can toggle between voltage and current modes by pressing the
SPACEBAR key

* Energy: If the mouse probes on a component, it plots the energy dissipated
(ED), generated (EG), or stored (ES) in that component. If the component
has more than one of these, alist appears alowing selection. Clicking off a
component, in the schematic background, lets you select one of the total
energy terms, EGT (total generated energy), EST (total stored energy), or
EDT (total dissipated energy).
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 Power: If the mouse probes on a component, it plots the power dissipated
(PD), generated (PG), or stored (PS) in that component. If the component
has more than one of these, alist appears allowing selection. Clicking off a
component, in the schematic background, lets you select one of the total
power terms, PGT (total generated power), PST (total stored power), or PDT
(total dissipated power).

* Resistance: If the mouse clicks on a resistor, this selects the resistance.

» Charge: If the mouse clicks on a capacitor, this selectsits charge. If the
praobe occurs between the leads of a semiconductor device, this selects the
charge of the internal capacitor between the two leads, if any. For example, a
click between the base and emitter of an NPN selects the CBE charge stored
in the diffusion and junction capacitance.

* Capacitance: If you click on a capacitor, this selects its capacitance. If the
probe occurs between the leads of a semiconductor device, this selects the
capacitance of the internal capacitor between the two leads, if any. For
example, aclick between the base and emitter of an NPN selects the
diffusion and junction capacitance of the base-emitter region.

e Flux: If the mouse clicks on an inductor, this selects the flux.

* Inductance: If the mouse clicks on an inductor, this selects its inductance.
* B Field: If the mouse clicks on an inductor which is referenced in aK
(coupling) device with anonlinear core model specified, this selectsthe B
field of the core.

* H Field: If the mouse clicks on an inductor which is referenced in aK
(coupling) device with anonlinear core model specified, this selectsthe H
field of the core.

* Time: Thisselectsthe transient analysis simulation time variable.

e Linear: This selects alinear scale.

e Log: Thisselectsalog scale.
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ACanalysisvariables

Only analog variables and operators are available in AC analysis. Here are the
availablevariables:

« Voltage: If the object is anode, a complex node voltage is selected. If the
object is atwo-lead component, the complex voltage across the component is
selected. If the mouse probes between two leads of athree or four lead
active device, the lead-to-lead differential complex voltageis selected. Hold
the Shift key down and probe on two nodes to get differential voltage.

e Current: If the object is atwo-lead component, the complex current
through the component is selected. If the mouse probes on a lead of athree
or four lead active device, the complex current into the lead is sel ected.

* Inoise: This selects a plot of noise, regardless of where the mouse is
clicked. Inoiseisreferenced to the input source specified in the Noise Input
field of the AnalysisLimitsdialog box (F9).

» Power: If the mouse probes on a component, it plots the AC power
dissipated (PD), generated (PG), or stored (PS) in that component. If the
component has more than one of these, alist appears allowing selection.
Clicking off acomponent, in the schematic background, lets you select one of
the total power terms, PGT (total generated power), PST (total stored
power), or PDT (total dissipated power).

* Onoise: This selects a plot of noise, regardless of where the mouse is
clicked. Onoiseis referenced to the output node name specified in the Noise
Output field of the Analysis Limitsdia og box (F9).

* Frequency: This selects the sweep frequency variable.

» Magnitude: This plots the magnitude of the probe variable.

* Magnitude(dB): This plots the decibel magnitude of the probe variable. It
is the default operator.

* Phase: This plots the phase of the probe variable.

» Group Delay: Thisplots the group delay of the probe variable.
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 Real Part: Thisplotsthereal part of the probe variable.
* Imag Part: Thisplotsthe imaginary part of the probe variable.
e Linear: This selects alinear scale.

* Log: Thisselectsalog scale.
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DCanalysisvariables
Both analog and digital variablesare availablein DC analysis. They include:

« VVoltage: If the mouse probes on adigital node, the digital state of the node
is selected. If the mouse probes on an analog node, its node voltageis
selected. If the mouse probes on the shape of atwo-lead component, the
voltage across the component is selected. If the mouse probes between two
leads of athree or four lead active device, the lead-to-lead differential voltage
is selected. Hold the Shift key down and probe on two nodes to get the
differential voltage.

 Current: If the mouse probes on adigital node, the digital state of the node
Is selected. If the mouse probes on the shape of a two-lead component, the
current through the component is selected. If the mouse probes on alead of a
three or four lead active device, the current into the lead is selected.

 Power: If the mouse probes on a component, it plots the power dissipated
(PD) or generated (PG) in that component. If the component has more than
one of these, alist appears allowing selection. Clicking off acomponent, in
the schematic background, lets you select one of the total power terms, PGT
(total generated power) or PDT (total dissipated power). Since PST (total
stored power) is zero in DC analysis, PGT will always equal PDT because of
the general relationship between power variables:

PGT = PST + PDT

* Linear: This selects alinear scale.

e Log: Thissdectsalog scae.
The default horizontal variableisthe value of the specified Variable 1 of the DC
AnalysisLimitsdialog box. For example, if the source is avoltage source, the
horizontal value is the voltage across the source, or if the sourceis a current
source, the horizontal valueisthe current through the source.
This default can be changed through the Plot item in the Properties dialog box.

The Propertiesdialog box isinvoked by clicking in the Probe plot, then pressing
F10. A plot must be present before an X variable change can be made.
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Probe analog variables

The Horizontal and Vertical menus are used to select the curve variables and

operators which will be displayed by Probe. The curves displayed for each vari-
able or operator are dependent upon the component selected. The variables and
operators are shown in the following tables.

Component Variables
Capacitance / Energy / Power Energy / Power | Energy / Power
Component Voltage Current Inductance Charge / Flux Generated Stored Dissipated
Sources \Y | NA NA EG/ PG NA NA
Resistor \Y | NA NA NA NA ED / PD
Capacitor \ | C Q NA ES/PS NA
Inductor \ | L X NA ES/PS NA
Diode \Y | C Q NA ES/PS ED / PD
. . VAP, VAM, VBP [IAR IAM
Transmission Line VEM IBP, IBM NA NA NA NA NA
VB, VC, VE,
BJT VBE, VBC, VEB |IB, IE, IC |CBE, CBC QBE, QBC NA ES/PS ED / PD
VEC, VCB, VCE
VB, VC, VE, VS,
VBE, VBC, VBS
BJT4 VEB VEC, VES :2 IE1c ggg cBC ggg QBC NA ES/PS ED / PD
VCB, VCE, VCS
VSB, VSE, VSC
VG, VS, VD, VB,
VGS, VGD, VGB IG, 1S, ID CGS, CGD QGS, QGD
MOSFET: LEV 1-3 | VDS, VDG, VDB B ’ CGB, CBD QGB, QBD NA ES/PS ED / PD
VSG, VSD, VSB CBS QBS
VBG, VBD, VBS
VG, VS, VD, VB,
VGS, VGD, VGB
!\goli';iT'LEV 458 VDS, VDG, VDB :g’ IS, 1D NA NA NA NA NA
— VSG, VSD, VSB
VBG, VBD, VBS
VP, VM, VOUT,
OPAMP VPM, VCC, VEE NA NA NA NA NA NA
VG, VD, VS,
JFET VGS, VGD, VSG |IG ID, IS |CGS, CGD QGS, QGD NA ES/PS ED / PD
VSD, VDG, VDS
VG, VD, VS,
GaASFET VGS, VGD, VSG |IG ID, IS |CGS, CGD QGS, QGD NA ES/PS ED / PD
VSD, VDG, VDS
Variables that are mere permutations of the leads are not shown. For example CGS and CSG produce the same plot as do QGS and QSG.

Table 15-1 General syntax for Probe variables

Resistance is available only for resistors. Inductance, B field, and H field are
availableonly forinductors.
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Probe regions

When probing for node voltages or digital states, you click the mouse on one of
the round dots shown on the node, or on any portion of any wire connecting to a
node. If there is more than one dot on a node, it doesn't matter which you pick.

Probe can plot many internal device variables. For example, the internal charge
and capacitance of a MOSFET (Level 1-3 only) can be accessed. The probe re-
gionsfor devices with three or more pins are more complicated than for nodes
and other devices. For example, the variable selected for atransistor is deter-
mined by the nearest device pin line segment. These line segments areillustrated
below for the case of a MOSFET. When the mouse is clicked near a device, the
distance from each line segment to the point where the mouse is clicked is deter-
mined. The closest line segment determines the two leads. The Vertical and Hori-
zontal menu choi ces determine the variable type.

Drain to Gate Drain to Body

Drain to Source

Gate to Source Source to Body

Gate to Body

Figure 15-1 MOSFET line segment diagram

Probing a SPICE file

Y ou also probe SPICE files. Clicking on two-terminal deviceslike sources, resis-
tors, and diodes plots the voltage across or current through the device, depending
upon whether the Vertical option is set to Voltage or Current. Clicking on three-
terminal devices, presents adialog box where you can select the desired voltage
or current variable. Clicking on anode number plots the node voltage.
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Chapter 16

Stepping

What's in this chapter

Stepping is the process of varying a parameter value to see its effect on circuit
behavior. Transient, AC, DC, Distortion, Dynamic AC, and Dynamic DC analysis
all providethe capability of stepping parameter values.

This feature cannot be used simultaneously with Monte Carlo analysis. If both are
enabled, MC8 will enable the last one turned on by the user, and disable the other.

Stepped waveforms are plotted on the same graph. To distinguish one from the
other, use Cursor mode and the UP CURSOR ARROW and DOWN CURSOR
ARROW keys to switch between branches. As the cursor keys change the se-
lected branch (step value) of the waveform, the window title changes showing the
value of the stepped parameter(s). Y ou can also label the individual branches and
use the mouse or the Go to Branch feature to select individual branches.

Features new in Micro-Cap 8

* All On and All Off buttonsin the Stepping dialog box that turn on or
off all stepping panelsthat have been defined.
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How stepping works

Stepping systematically alters the value of one or more parameters of one or
more components and then runsthe analysis, drawing multiple branches for each
curve. Earlier versions of the program placed restrictions on changing some vari-
ables, such asthe model level and parasitic resistances. Most parameter types
can now be stepped, including attribute parameters like the resistance of aresis-
tor, model parameters like a transistor beta, and symbolic parameters created
with a.define or a .param command. If the parameter changes the equation ma-
trix, MC8 simply recreates the equations. For each parameter set, arun is made
and the specified waveforms plotted. With parameter stepping, performance
plots show performance function dependence on one parameter, while 3D plots
can show dependence on two parameters.

What can be stepped?

There are three basic types of variables that can be stepped:

Attribute parameters
Model parameters
Symbolic parameters (those created with a .DEFINE statement)

Some components such as the simple dependent sources, IOFI, IOFV, VOFI,
and VOFV, are characterized by a single attribute parameter called 'VALUE'.
In this type of component, thisisthe only parameter that can be stepped.

Some components have only model parameters, and these are the only param-
eters that can be stepped.

Some components have both attribute and model parameters and both types of
parameters can be stepped.

Symbolic parameters used in model statement parameters or attributes can be
stepped.

Using a symbolic variable, you can also step text using the list option. This
is handy for changing models, stimulus files, or other text-based param-
eters.
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The Stepping dialog box

Parameter stepping is controlled by the Stepping dialog box. It lookslikethis:

Stepping E
TRivee |2 |3 |4 s e |z s ]z | 1 1z el
Step What |Fn =] IVaIue =]

Fram [5000
Io | I
Step Walue |1 oo

Step It
F‘" Yes & Mo

Chang
" Step all variables simulkaneougly & Step variables in nested loops

All On Al O Default | ul s I LCancel Help...

Method P ter Tyepe
{6‘ Linear ¢ Log ¢ List (G‘ Component ¢ Model € Sumbolic

Figure 16-1 The Stepping dialog box

Thediaog box isdivided into several areas:

® Parameter Panels

The dialog box providestabsfor up to twenty parameters, although two or
three is a practical maximum. Each tab accesses a panel which controls a
single parameter. Stepping for each parameter is enabled when its Step It
optionisset to Yes.

® Step It: Set this option to Y es to enable stepping for the parameter.

® Step What

The left Step What list box in each parameter panel specifies the name
of the model parameter, component, or symbolic variable valueto be
stepped. Since dissimilar parts may share the same model name, the
electrical definitionisshown along with the name. Clicking onthelist
box displaysalist of theitems available for stepping. To select one, click
onit. Theright Step What list box in each panel specifies the name of
the parameter to be stepped. Clicking on thelist box displaysalist of the
available parameters. To select a parameter, click on it.

* From: Thisfield specifies the starting value of the parameter.

® To: Thisfield specifies the ending value of the parameter.
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* Step Value: Thisfield specifies the step value of the parameter.

* Method: The Method option in each panel controls how the Step
Vaue affects the parameter value.

® Linear: Linear stepping adds the Step Vaue.
°* Log: Log stepping multiplies by the Step Vaue.

® | ist: List stepping lets you enter acomma-delimited set of
specific valuesin the Fromfield.

® Parameter Type: This option in each panel specifies whether the
Step What field refersto amodel, component, or symbolic name.

® Component: Thisis used for passive parameter values, as
for example, the resistance of aresistor.

* Moddl: Thisisused for model parameters, as for example,
the BF of aBJT, or adelay parameter for adigital device.

® Symbolic: Symbols are variables created with a .DEFINE or
a .PARAM statement. They can be used in component value
parameters or in model parameters. Stepping them is a powerful
way of controlling many parameter values. For example, you
can control the W and L of many MOSFET devices with this:

.DEFINE W1 2U
.DEFINE L1 0.3U

.MODEL NM1 NMOS (W=W1 L=L1...)

Thislets you selectively step only the W and L of the devices
that use the symbols W1 and L 1.

Y ou can step either an individual instance or all instances of amodel
parameter. In Component mode, stepping affects one parameter of one
device only if the PRIVATEANALOG and PRIVATEDIGITAL
options (Global Settings) are enabled. In Model mode, stepping affects
the parameter in all devices that use the model name regardless of the
state of the PRIVATEANALOG or PRIVATEDIGITAL flags.



* Change: The Change option only comesinto play if you are stepping
multiple parameters. It controls whether the parameter changes are to be
nested or simultaneous.

® Step all variables simultaneously: In this type of change, al
parameters change val ue simultaneously, so you get a small set of
matched parameter values.

® Step variables in nested loops: In this type of change, each
parameter changesindependently, so you get all combinations of the
specified values.

For example, suppose you step L1 through the values 1u and 2u and you
step C1 from 1nto 2n. Simultaneous stepping, will produce two runs,
and nested stepping will produce four runs as shown below.

Nested Simultaneous
L1=1uCl=1n L1=1uCl=1n
L1=1uCl=2n L1=2uCl1=2n
L1=2uCl=1n
L1=2uC1=2n

Simultaneous stepping requires an equal number of steps for each
parameter. If the parameter panels specify different numbers of steps, an
error message will be issued. Use nested stepping when you want all
combinations of parameter variation. Use simultaneous stepping when
you want only specific combinations.

® All On: This button turns on the Step It flag for al active panels.

¢ All Off: This button turns off the Step It flag for al active panels.

® Default: This button creates a set of step values ranging from 1/2 to twice
the nominal parameter value.

® OK: This button accepts the changes made and exits the dialog box.
® Cancel: This button ignores any changes and exits the dialog box.

® Help: This button accesses the Help system.
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Publicvs. privatelibraries

Toillustratethe stepping possibilitieswith the four combinations of public or pri-
vate libraries and component or model stepping, imagine acircuit with two tran-
sistors, each having aMODEL attribute of "2N2903".

This circuit uses two transistors with component names Q1 and Q2. They both
usethe 2N2903 model. Thisdiagramillustratesthe four possibilities.

Private Models PublicModels

Component M ode Stepping Q+——2Nn2903 Q+——{2Nn2903

Case 1: Step QLBF
Q Q——

Model Mode Stepping Q Q 2N290
Case 2 : Step 2N2903.BF
Qz—{anzs0d Qe

The shaded models are changed by stepping. In case 1, we are stepping Q1.BF.
In this case we step the model that Q1 points to. When the libraries are private,
then the model pointed to by Q1 would be stepped and that pointed to by Q2
would not be stepped. They point to distinct model locations, even though they
use the same model name. When the libraries are public, stepping the model
pointed to by Q1 also steps the model pointed to by Q2 since they point to the
same model location.

In case 2, we are stepping 2N2903.BF. In this case we step al of the instances
of the 2N2903 model. It doesn't matter whether models are private or public,
since all instances of the model are changed.

Only component stepping and privatelibrariesselectively stepindividual in-
stances of model parameters. All other cases step al instances of model param-
eters.
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Stepping summary
The most important thingsto remember when using stepping include:
1. The parameters of these components may not be stepped:

® Transformer

® User sources

® Laplace sources

* Function sources

* SPICE dependent sources (E,F,G,H sources)

* Old switches (S and W switch parameters can be stepped)

The behavior of User, Laplace, Function, and SPICE sources are embodied in
algebraic formulas and numeric tables, and thus have no parametersto be
stepped. Y ou can step symbolic parameters which are used in Laplace,
Function, and SPICE source expressions. For example, you could use
.DEFINE TAU 5

A Laplace function source whose LAPLACE attribute is:

V(I+TAU*S)

could then be changed by stepping TAU.

Similarly inaLaplacetable sourcelike

.DEFINE RVAL 2.0

.DEFINE TAB (1k,0,RVAL)

you could change the behavior of the source by stepping RVAL.

The User source gets its data from an external data file and has no parameter
that can be stepped.

2. In Component mode, stepping affects one parameter of one device only if
the PRIVATEANALOG and PRIVATEDIGITAL options (Global Settings)
are enabled. In Model mode, stepping affects one parameter of all devices
that use that model name. Thus you are potentially affecting many devices.
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Thisis true regardless of the state of the PRIVATEANALOG or
PRIVATEDIGITAL flags. In model stepping, AKO models track stepped
parameters in the parent model and all of the temperature model parameters
are availablefor stepping.

3. The MOSFET Level model parameter may be stepped, but an error will
occur if the model has been created with parameters for level 1, 2, or 3 and
the level changesto aBSIM model (Level 4, 5, 8, 14, 49) or the EKV model
level (Level 44). BSIM and EKV parameter names are significantly
different from levels 1-3.

4. Linear stepping starts with the From value and adds the Step Va ue until
it reaches the To value. Log stepping starts with the From value and then
multiplies by the Step Value until it reachesthe To value. A Step Value of 2
is often convenient and is called octave stepping. A Step Value of 10is
sometimes referred to as decade stepping. List stepping ssimply uses the
values specified in the From field.

5. If multiple parameters are to be simultaneously stepped, they must each
specify the same number of steps. If there is a mismatch, an error message
is generated.

6. At least two parameters must be varied to create 3D plots where a
performance function is chosen for the Y axis.

7. Stepping aresistor, capacitor, or inductor that uses an expression for its
value, replaces the value calculated from the expression with the step value.
In other words, the step value takes precedence over the calculated value.
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Chapter 17 Optimizer

What's in this chapter

The optimizer included with MC8 uses avariation of the Powell direction-set
method for optimization. It isarobust technique that workswell for the kinds of
optimization problemsfoundincircuitdesign.

The chapter is organized asfollows:

* How the optimizer works

® The Optimizedialog box

® Optimizing low frequency gain
® Optimizing matching networks
® Curvefitting with the optimizer

Features new in Micro-Cap 8
® Optimization can now be applied in Dynamic DC and Dyamic AC.

® Optional dynamic plotsshow optimization progress.
® Initial optimization range automatically selected from existing val ue.
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How the optimizer works

The optimizer systematically changes user-specified parametersto maximize,
minimize, or equate a chosen performance function, while keeping the parameters
within prescribed limits and conforming to any specified constraints.

It worksin any analysismode, letting you optimize distortion, transient, AC small-
signal or DC characteristics. Anything that can be measured in any analysis mode
by any performance function can be maximized, minimized, or equated. Equating
Isthe process of matching specified pointson acurve. A typical application would
be trying to match points on aBode plot gain curve.

To see how optimization works, load thefile circuit OPT1.CIR. It lookslikethis:

& Micro-Cap 8.0.0.0 - [E:\\mc7\dataloptl.CIR]

[id File Edit Component \indows Options Analysis Design Model Help N
DSEHESR |- -5 2@ +~++x+>+¢ MOCB|PG =74 | B%[F]
(R~ TiNiRelap e oo s— s - E o (aEDF

Optimizer Sample Circuit

Find the value of R2 that maximizes DC power dissipation in R2

Run transient analysis, press CTRL + F11, Click on the Optimize button.
Answer should be R2 = 732.13.

R1

v 73243 R2
1 Dl 6.0

RIT T\ Page 1 (et 7 | | -

Figure 17-1 The OPT1 circuit

Thiscircuit delivers power to a 6.0 ohm load from a 1.0 volt battery through a
732.13 ohm source resistance. We'll use the optimizer to find the value of R2 that
maximizesits power.
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The Optimize dialog box

Run transient analysis and select Transient / Optimize or press CTRL + F11.
Thisloadsthe Optimizedialog box, whichlookslikethis.

i Paramster Low High Step Cunent Optimized
S =2 GE [0 [i=3 [100 [3213 [3213
R | | | F P
== | | | [° [
R ! ! | F P

i Perfomance Funclion E xpression To Current Optimized Enor
[Masiizes =] - |+ | Get|[7_LevelodRz11 10 [ [eraesal [eraessn |
s R R | | | | |
e — =1 = o] o] | | | |
=1 | | ] | [ [ [

Method RMS Eror
’7(3' Standard Powell ¢ Stepping Powel I Update Plot I

i~ Constrain

R Shep | Eormal Seftings Clsz Help

Figure 17-2 The Optimizer dialog box
The syntax of the optimization processis:
Fnd  {Parameter value}
That  {Maximizes, minimizes, equates} { Performancefunction} To{Value}
Using {Standard Powell or Stepping Powell Method}
While {Boolean Constraints}
The user suppliesthe itemsin braces{}.
Thedialog box offersthese options:
Find:
Parameter: Thisiswhere you select the parameter to be optimized. Click
on the Get button to select a parameter. The choice of parametersis the
same asin the Stepping dialog box.

Low: Thisisthe lower limit of the parameter value.

241



242

High: Thisisthe upper limit of the parameter value.

Sep: Thisisthe amount by which the Stepping Powell method will step the
parameter value between local optimizations.

Current: The current value of the parameter is displayed here during the
optimization process.

Optimized: The most optimal value of the parameter found so far is displayed
here during the optimization process.

That:

Maximizes, Minimizes, Equates, list box: This is where you select an
optimizing criteria. Y ou can maximize or minimizethe chosen performance
function. Y ou can aso match a curve by using the equate option together
with the Y -Level performance function.

-: Thisremoves the optimizing criterion for the current row.

+: Thisadds anew optimizing criterion at the end of thelist. Y ou can have
multi plemaximizeor minimizecriteria, or multipleequatecriteria, butyou
cannot mix maximize/ minimize criteriawith equate criteria. Each criterion
carries equal weight.

Get: This selects the performance function and its parameters.

To: The optimizer will try to match the selected performance function to this
valueif equate is selected. If Y_Level is used, the optimizer tries to match
theY expression valueto the valueinthisfield.

Current: The current value of the performance function is displayed here
during the optimization process.

Optimized: The most optimal value of the performance function found so far
isdisplayed here during the optimization process.

Error: This showsthe error for the row criteriain Equate optimizations only.

M ethod:

Sandard Powell: Thisis the Powell direction-set, the preferred method.

Sepping Powell: This method steps the parameters from Low to High using
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steps of Step. At each step, the standard Powell method is used to find the
local optimum. If thelocal optimum is better than the current best value, itis
retained, and the next step istaken. Thisis the method to use where you want
to get the best of many local optima. It is also the slowest since the optimizer
does N standard Powell optimizations, where

N = number of steps for parameter 1 *
number of steps for parameter 2 *

number of steps for last parameter
N can be very large so use this method judicioudly.

Thismethod is generally only used on intractable functions that have many
local maximaor minima.

Update Plot:
This option updates the plot for each optimization value to show progress
towardstheoptimizationgoal.

RMS Error:
For equate optimizations, this shows the RMS error (square root of the sum
of the squares of the differences between the target and actual values).

Constraints:
There are four fields for constraints. Each constraint is entered as a Boolean
statement. Here are some examples.

PD(R1)<=100m
V(OUT)>=1.2
VCE(Q1)*1C(Q1)<=200m

The buttons at the bottom of the dialog box give these options:

Optimize:
Startsthe optimizer.

Stop:
Stopstheoptimizer.

Apply:
Modifiesthe circuit by changing its parametersto the optimized values.
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Format:
L ets you choose the numeric format of the displayed values.

Settings:
Maximum Relative Per-iteration Error: If the relative difference in the
RMS error function from one iteration to the next drops below this value,
the optimizationwill stop. Thisvalueistypicaly 1uto 1m.

Maximum Percentage Error: If the actual percentage error of the RMS
error function dropsbelow thisvalue, optimization will stop. Thisvalueis
typically 0.1t05.0.

Initial Range Factor: This factor is used to create initial values for the
Low and High fields of the parameters being optimized. The Low valueis
set to Nominal Value/ Initial Range Factor. The High valueis set to
Nominal Vaue* Initial Range Factor. These are only suggested limits
and can be changed by the user.

Close:
Quitstheoptimizer.

Help:
Thisaccesses|ocal help information for the Optimizer dialog box.

The settings for the OPT1 circuit determine the value of the resistor R2 that
maximizesthe power dissipated in R2. It findsthe value of R2 that maximizes:

Y_Level(PD(R2),1,1,0)
PD(R2) isthe power dissipated in resistor R2.

Y _Level(PD(R2),1,1,0) isthe Y expression value of the curve PD(R2) at the
X expression (T) value of 0, which isthe DC operating point value.

Click on the Optimize button. After afew seconds the optimizer finishes and pre-
sentsthe optimal value of R2 = 732.13 ohms.

We could have guessed this value from the simplicity of the circuit. Maximum

real power is delivered when the |oad impedance equals the conjugate of the
source impedance. In this case maximum power is delivered when R1 and R2 are
the same value, 732.13 ohms.
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Initial gainat 10KHz

isabout 55.6 dB. \

Optimizinglow frequency gain

Load thecircuit file OPT2. It lookslikethis:

& Micro-Cap 8.0.0.0 - [E\mc8idatalopt2.CIR]
[ File Edit Component Windows Opfions  Analysis Design  Model Help =181 x|

DEHESR|- = B B[+ ~++4++¢|MOTB|PG =% | H% A

[h T LS § W2 (e S g s (R D B

Optimizer Sample Circuit

Find the value of the RMOD parameter that maximizes dB(V(OutA)) at F=10Khz.
Run AC analysis, press CTRL+F 11, Click on the Optimize button.

Answer is RMOD R = 3.282

MODEL=RMOD

¥CT

MODEL VT PUL {VONE=0.001 P2= 21 P3=2 Al P4=2 T P6=5L))
MODEL KT MPN (BF=250 CJC=08P CJE=1.8P TF= 5N TR=1N)

w MODEL N2 NPH { BF=50 CJC=1P CJE=2P TF=1 H TR=EN)
I MODEL RMOD RES (R=1.0
[ T¥T\Page 1(TextHl «| v

Figure 17-3 The OPT2 circuit

Select AC analysis and press F2. Press F8. Note that the gain at F=10KHz is
about 55.6 dB. The standard run lookslikethis:

& Micro-Cap 8.0.0.0 - [AC Analysis]

Elle Edit ‘Windows Options AC  Scope  Monte Carlo hodel  Help
DeWHSR[o~JeR|i++»%+~¢ MOMBE|PG|EHRI

NP BT e n I B A ALY R A A B

7200, opt2 CIR

{I010M 5 618

10.000M,17 287

WQDDmK

™ 10m
Right Delta Slope
db(V{OUTA; 17.287 -38.333 -3.837E-D6
F {HZ) 10.000M 9.990M 1.000E00

Figure 17-4 AC analysis before optimization
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Select AC / Optimize or press CTRL + F11. Thisloads the Optimize dialog box

for AC analysis. It lookslikethis:

Optimize [ %]

- Find

Farameter Lo

High Step Current

Optimized

_.|_+|E||F!ESHMDD[FH [

|10 |.1 |0

[ =) |

I I I

0 =) |

| | P

[ =) |

| | P

i That

Performance Function Expression

To Current Optimized

Ernor

M asimize: 2| _| _+| EIIY_LevaI[db[V[DUTA]]J,1,1e+DD4]

e

i I I

o =1 ] s

i ethod:
’7(:" Standard Powell ¢ Stepping Powel ¥ Update Plot

i~ Constrain

amat.. | Settings..._ | Ciose |

Figure 17-5 The Optimizer dialog box for OPT2

These settings for the OPT2 circuit determine the value of the model parameter
R in the resistor model RMOD that maximizes the 10K Hz gain of the circuit.
RMOD isthe model used by the two 5K load resistors R2 and R5. These settings

for theoptimizer find thefollowing:

The value of RES RMOD(R) that maximizes:
Y_Level(db(V(OUTA)),1,1,1e+004)
db(V(OUTA)) isthe dB value of the output voltage of the diffamp circuit.

Y_Level(db(V(OUTA)),1,1,1e+004) is the value of the curve db(V(OUTA))
at the X expression (F) value of 1E4, which isthe lowest frequency inthe AC

analysisrun.

Click on the Optimize button. After afew seconds the optimizer finds the optimal
valueof R=3.282. Since R multipliesthe nominal resistance, this means that the
value of the load resistors R2 and R5 that maximizes db(V(OUTA)) is:

3.282*5k = 16.4K
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We used Standard Powell here. Most circuit optimization problems have simple

local minima

like this and are best served with this method.

Click on the Apply and Close buttons, then press F2. When the run is over, press
F8. The Apply and Close buttons copy the optimized valuesto the circuit and F2
produces a new run with the optimized R model parameter. F8 puts usin Cursor
mode so we can readily read the new values. The display should look like this:

Optimized 10kHz

gainisabout 65.8 dB. \

& Micro-Cap 8.0.0.0 - [AC Analysis] [ [=]x]
[O File Edit Windows Opfions AC Scope  Monte Cado Madel  Help =181x|

e e e mlw e e E =]

A PRI AT (e 0L [IE e[ AVAY S RN AAE

72,00 opt2 CIR

D.UWDM‘GS 836

12 DD.WDK

db(W{OUTA

13.109 -50.727 -5.078E-06
F (Hz)

10.000M 9.990M 1.000E00

Figure 17-6 AC analysis after optimization

The gain at F=1E4 is now about 65.8 dB.

When the Apply button is clicked the old model name is replaced by anew one
with the newly optimized parameter value. The old model statement with the old
name is left unchanged in the text area of the circuit. All parts that used the old

model name are changed to use the new model name and thus the new optimized
parameter value.
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RL power peaks at
about 1.34 GHz.

Optimizing matching networks

Load thecircuit file OPT3. It lookslikethis:

8 Micro-Cap 8.0.0.0 - [Ex\mc8\datatopt3.CIR]
Ed File Edit Component ‘Windows Opfions  Analysis  Design  Model Help

DEHESR |-~ i 28 s ~++x++¢ MOMNE|PG =i !
(R TN d R e opem e 3 90— - [ 5 e D) 44|
|
Matching network to be optimized at 4Ghz
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RG L1 oo
N IN . 1 OUT - +
;. ] Q0 RL
VG 50 l 100p 75
/ ca 1.19n R
10p —
[T 4] D]Page 1 Texth Models Alnfo / Kl _'ld

Figure 17-7 The OPT3 circuit

Select AC analysis and press F2. Note that the RL power, V(RL)*I(RL) peaks at
about F=1.3GHz. The standard run lookslikethis:

g Micro-Cap 8.0.0.0 - [AC Analysis] [ [=]x]
F\\a Edit ‘Windows Options AC  Scope  Monte Carlo Model  Help =181 x|

DeEEsnacfhe| s s D mOnE[(P 6 |[ERs UEs
NP2 AT & e n|s S DB A A RN AR B

opt3.CIR
1

VN1
6.00r -
1.337G,3667m!
. N
“ )
3 \ :
2 :
s N
D00 Sy 16 106
WRLARL

F (Hz)

Figure 17-8 AC analysis before optimization

248 Chapter 17: Optimizer



Select AC/ Optimize or press CTRL + F11. Thisloads the Optimize dialog box

for AC analysis. It lookslikethis:

Optimize [ x]

- Find

Farameter Lo

High Step Current

Optimized

] sl i

|1n | |0

|0

el [

IEI

IEI

I =i |

|0

[ =) |

|
| | o
|

|0

|0

i That

Performance Function Expression

To Cuirent Optimized

Error

[Masimize: - _| _+| EIIY_LeveIN[FEL]‘I[F!L]J,1,4e+008]

e =1 |« [

e =1 |~ [

froe =1 o o

b ethod
’V(;' Standard Powell € Stepping Powell ™ Update Plat

i~ Constrain

T Hiptimize Sitop | Apply I Far

mat.. | Settings | Close |

Figure 17-9 The Optimizer dialog box for OPT3

These settings find the values of the C3 and C4 network-matching capacitors that
maximize the AC power, V(RL)*I(RL), delivered to the load, RL at 4GHz. To
summari ze, theoptimizer findsthefollowing:

The value of C3 and C4 that maximizes:

Y_Level(V(RL)*I(RL),1,1,4e+009)

V(RL)*I(RL) isthe AC power delivered to the load RL.

Y_Level(V(RL)*I(RL),1,1,4e+009) is the value of the curve V(RL)*I(RL) at
the X expression (F) value of 4GHz, which is the frequency at which we
want the matching network to deliver peak power.

Click on the Optimize button. After afew seconds the optimizer finds the optimal
value of C3 = 3.3pF and C4 = 1.894pF. These values deliver about 5mW to the

load at 4GHz.
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Click on the Apply and Close buttons, then press F2. The Apply and Close but-
tons copy the optimized values of C3 and C4 to the circuit and F2 produces a new
runwith the optimized values. Thedisplay shouldlook likethis:

& Micro-Cap 8.0.0.0 - [AC Analysis]
[@ File Ecit ‘Windows Options AC Scope Monte Carlo  Model Help EET

DinE§m|nm 4 a| Lot h A %AFQ‘D]DE\‘PG‘;%%ES. um\
BT 2T 0 IE > %[ A A YR A AE

opta.CIR
1

RL power pesksaf ——H— |

5mW at about 4GHZ.\

(N1 7 /\
B
. b : o)
4.00r /.
| 3.9950 5
200r i
v 500N 16 106G

VRLIMRL)
F(HD)

Figure 17-10 AC analysis after optimization

Note that the Smith chart is plotting 2* VIN-1 which, for thiscircuit, is equivalent
to plotting the scattering parameter, S11. Note also that S11 goes through the
Smith chart origin (1,0) at 4 GHz, another indication that the matching capacitor
network has been optimized to deliver maximum AC power to the load.
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Curvefitting withtheoptimizer

Load thecircuit file OPT4. It lookslikethis;

@ Micro-Cap 8.0.0 0 - [F\mc8\dataloptd CIR] HER
File Edit Component ‘Windows Options Analysis Design  Model Help =13 x|

DEHBSR - - bEB|t~+r%++ & |MO0E|PG|E* | B%[H
[N T i R=ler o d = s e o o (e

OFT4: Curve Fitting Example

[« [¥]\Page 1,{Text) Madels ;Info / kil D

Figure 17-11 The OPT4 circuit

Select AC analysis and press F2. Press F8. The standard run looks like this, after

placing the cursors at 2MHz and 10MHz. Note the value of db(V(OUT)) is 1.397
at 2MHz and -9.583 at 10MHz.

8 Micro-Cap 8.0.0.0 - [AC Analysis] - [=]x]
File Edit ‘Windows Options AC  Scope  Monte Carlo Model Help 18] x|
DeEdan|saved| iy mome|P 6 ERs
NP BT e n I B A ALY R A A B
10 opid.CIR
2.000M,1.397 ),
)
10 : [10.000M -5 683
-30
-50
-70
90005 W oM 100K
Left Right Delta Slope
DBGHOUTH 1.307 -9.583 -10.980 -1.373E-06
F (Hz) 2.000M 10.000M 6,000 1.000EDD

Figure 17-12 AC analysis before optimization
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Select AC/ Optimize or press CTRL + F11. Thisloads the Optimize dialog box
for AC analysis. It lookslikethis:

[ find Parameter Lo High Step Current Optimized
P N | [s0 i [E2 [o [o
] seE Ed [ I o o
N | [0 fron. = [o [o
| e | | I [o [o
i That
Performance Function Expression To Current Optimized Error
Equates || _| _+| E“Y_Level[DBN[DUT]]J 1.2e+006] BEE | | | -
Equates vl_—|_+IEIIY7LevaI[DB[V[DUT]],1 " Ae+006] [10ss | | [
Equates =] _| _+| E“Y,Leveuoew[ounm 7=+ 006 [T [ [ [
Equates || _| _+| E“Y_Leval[DBN[DUT]]J 1.8e+006) [a103 | | | Il
Methock RMS Eror
’7(:" Standard Powell ¢ Stepping Powel ¥ Update Plot IIJ
i~ Constrainl
| |
| |

| S| Fomat. | Settings..._ | Ciose | Help. |

Figure 17-13 The Optimizer dialog box for OPT4

These settings for the OPT4 circuit determine the value of R1, C1, and L1 that
equate the six values of DB(V(OUT)) to specified values at different frequen-
cies. Tosummarize, it findsthefollowing:

Thevaueof R1, C1, and L1 that:

Equates Y_Level(DB(V(OUT)),1,1,2e+006) to 2.188
Equates Y_Level(DB(V(OUT)),1,1,4e+006) to 10.449
Equates Y_Level(DB(V(OUT)),1,1,6e+006) to -1.696
Equates Y_Level(DB(V(0OUT)),1,1,8e+006) to -9.103
EquatesY_Level(DB(V(OUT)),1,1,10e+006) to -13.939
EquatesY_Level(DB(V(OUT)),1,1,20e+006) to -27.134

In short, we are trying to match six data points, at frequencies ranging from

2 MHz to 20MHz on the plot of db(v(out)).

In equate optimization, the optimizer actually minimizesthe square root of the sum
of the squares of the differences between the target and actual values. The RMS

Error field always shows this root-mean-square error measure.
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Click on the Optimize button. After afew seconds the optimizer finds the optimal
values; R1= 255, L 1=3u, and C1 = 500pF.

Click on the Apply and Close buttons, then press F2. When the run is over, press
F8. The Apply and Close buttons copy the optimized valuesto the circuit and F2
produces anew run with the optimized values. The display should look likethis,
after placing the cursors on the 2MHz and 10MHz values.

& Micro-Cap 8.0.0.0 - [AC Analysis]

[ File Edit Windows Options AC Scope honte Cafo  Model Help BT

EeHEaR|-~ a8 L+ [DO0REG|ERE 1[E%E|
N PR AT e u s S IE b e AW A Y R s AE
10 ptd.CIR.
Z.000M2.158]
-0 10.000M-13.839
-30
-50,
-T0.
8000 T ‘ om oM
Left Right Delta Slope
DBN{OW 2188 -13.939 16127 -2.016E-06
F {HZ) 2.000mM 10.000M 8.000M 1.000E00

Figure 17-14 The optimized plot

Checking two of the equate values, at 2Mhz and 10MHz, we find they equal the
specified target values 2.188 and -13.939 respectively.

The optimizer was able to match these values exactly in thisexample. That is
because the target values were taken originally from a circuit that was identical to
the optimized circuit. We know that the target values are realizable because they
came from an actual circuit. In caseslikethisit is sometimes possible for the
optimizer to find scaled versions of the same circuit, since these have exactly the
same circuit response. A scaled circuit isderived from acircuit by multiplying
every resistance and inductance value by a scale factor and by dividing every
capacitor value by the same factor. There are an infinite number of such scaled
circuits. Thisisnot usually aproblem, only something to be aware of. Y ou may
get many optimal solutionsto thiskind of problem.
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Chapter 18

.
Monte CarloAnalysis

What's in this chapter

After successfully simulating acircuit, auser may want to know how the circuit
performance is affected by parameter variation. Monte Carlo analysis provides a
means of answering that question.

During Monte Carlo analysis, multiple runs are performed. For each run, anew
circuit is generated from components whose numerical parameter values are ran-
domly selected. The selection processis based upon user-specified parameter
tolerances and distribution types. MC8 extracts performance characteristics from
each run and displaysthe information graphically in the form of histogramsand
numerically in theform of statistical parameters.

Monte Carlo-related features new in Micro-Cap 8
® User-defined random number seed

® User-defined histogram grid spacing
® Optional zero-toleranced curve
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How Monte Carlo works

Monte Carlo works by analyzing many circuits. Each circuit is constructed of
components randomly selected from populations whose parameters vary accord-
ing to user-specified statistical distributions.

Tolerances are applied to a component's numeric model parameters. Only model
parameters and symbolic parameters can be toleranced. Tolerances are
specified as an actual value or as a percentage of the nominal parameter value.

Both absolute (LOT) and relative (DEV) tolerances can be specified. A LOT
toleranceis applied absolutely to each device. A DEV toleranceisthen applied to
thefirst through last devicerelative to the LOT toleranced value originally chosen
for the first device. In other words, the first devicein thelist receives aLOT tol-
erance, if one was specified. All devices, including the first, then receive the first
device's value plus or minus the DEV tolerance. DEV tolerances provide a
means for having some devices track in their critical parameter values.

Both tolerances are specified by including the key words LOT or DEV after the
model parameter:

[LOT[t&d]=<value>[%]] [DEV[t& d]=<value>[%]]

For example, this model statement specifies a 10% absol ute tolerance to the for-
ward beta of the transistor N1:

.MODEL N1 NPN (BF=300 LOT=10%)

In this example, for aworst case distribution, each transistor using the N1 model
statement has a forward beta of either 270 or 330. If a Gaussian distribution were
used, arandom value would be selected from a Gaussian distribution having a
standard deviation of 30. If auniform distribution were used, arandom value
would be selected from auniform distribution having ahalf-width of 30.

This example specifies a 1% relative tolerance to the BF of the N1 model:
.MODEL N1 NPN (BF=300 DEV=1%)
The DEV value specifies the relative percentage variation of a parameter. A

relative tolerance of 0% implies perfect tracking. A 1.0% DEV tolerance implies
that the BF of each N1 device is the same to within +- 1.0% for aworst case
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distribution. DEV tolerances require the use of private libraries, regardless of the
state of the PRIVATEANALOG or PRIVATEDIGITAL flags. These flags are
set in Options / Global Settings.

This sample specifies a 10% absolute and 1% relative BF tolerance:
.MODEL N1 NPN (BF=300 LOT=10% DEV=1%)
In this example, assuming aworst case distribution, the first N1 model isran-

domly assigned one of the two values 270 or 330. These two values are calcu-
lated from the mean value of 300 and 10% L OT tolerance as follows:

BF =270 = 300 - .1.(300)
BF =330 = 300 +.1,(300)

Suppose that the LOT toleranced BF value was randomly chosen to be 330.
Then all N1 transistors, including thefirst, are randomly given one of these val-
ues, based upon the 1% DEV tolerance:

327=330-.01.300
333=2330+.01.300

If the LOT toleranced BF value had been randomly chosen to be 270, then all N1
transistors, including the first, would be randomly given one of these values,
based upon the 1% DEV tolerance:

267 =270-.01.300
273=270+.01.300

Assuming aworst case distribution, all BF valuesin any particular run would be
chosen from the set { 267, 273, 327, 333}.

Resistors, capacitors, and inductors must be tol eranced through their multiplier
model parameter. This example provides a 10% LOT tolerance and a 1% DEV
tolerance for aresistor.

.MODEL RMOD RES (R=1 LOT=10% DEV=1%)

Any resistor that uses the RMOD model will be toleranced, since the toleranced
Rvauewill multiply itsresistor value.
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[t&d] specifiesthetracking and distribution, using thefollowing format:
[/<lot#>][/<distribution name>]

These specifications must follow the keywords DEV and LOT without spaces
and must be separated by "/".

<lot#> specifieswhich of ten random number generators, numbered O through 9,
are used to calculate parameter values. This lets you correlate parameters of an
individual model statement (e.g. RE and RC of a particular NPN transistor model)
as well as parameters between models (e.g. BF of NPNA and BF of NPNB).
The DEV random number generators are distinct from the LOT random number
generators. Tolerances without <lot#> get unigue random numbers.

<distribution name> specifies the distribution. It can be any of the following:

Keyword Distribution

UNIFORM Equal probability distribution
GAUSS Normal or Gaussiandistribution
WCASE Worst casedistribution

If adistribution isnot specified in [t&d], the distribution specified in the Monte
Carlodialog box isused.

Toillustrate the use of <lot#>, suppose we have the following circuit:

Q1 Q2
NPN1 NPN2

MODEL NPN1 NPN (RE=1 LOT=10%)

MODEL NPN2 NPN (RE=2 LOT=10%)

Figure 18-1 Uncorrelated RE values

In this example, Q1's RE value will be uncorrelated with Q2's RE value. During
the Monte Carlo runs, each will receive random uncorrel ated tol erances.
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Now consider thiscircuit;

e)] Q2
NPN1 NPN2

MODEL NPN1 NPN (RE=1 LOT/1=10%)

MODEL NPN2 NPN (RE=2 LOT/1=10%)

Figure 18-2 Using <lot#> to correlate RE values

Here, the presence of LOT/1 in both RE tolerance specs forces the LOT toler-
ance of the RE values to be the same. The values themselves won't be the same

since their nominal values (1.0 and 2.0) are different.

DEV can also use [t&d] specifications. Consider this circuit.

Q1 Q2
NPN1 NPN2

.MODEL NPN1 NPN (RE=1 LOT/1/UNIFORM=10% DEV/2=1%)

.MODEL NPN2 NPN (RE=2 LOT/1/UNIFORM=10% DEV/3=1%)

Figure 18-3 Using <lot#> in DEV and LOT

Here the LOT toleranced RE values will track perfectly, but when the DEV tol-
erance is added, the values will be different due to the use of different generators

for DEV.
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Tolerancing symbolic parameters

Symbolic parameters, those created with a .DEFINE statement, may also be
toleranced. The format isasfollows:

.DEFINE [{lotspec}] <varname> <expr>
where the format of lotspec is similar to that for other parameters except thereis
no DEV tolerance. With symbolic variables, thereis only one instance so DEV
tolerancing cannot be used.
[LOT[t& d]=<value>[%]]
[t&d] specifiesthetracking and distribution, using the usual format:
[/<lot#>][/<distribution name>]
For example,

.DEFINE {LOT/I/GAUSS=10%} RATE 100

Thisdefines avariable called RATE that has a Gaussian distribution withaLOT
tolerance of 10% and its tolerances are based on random number generator 1.

Here is another example:
.DEFINE {LOT/3/UNIFORM=20%} VOLTAIRE 100
This defines avariable called VOLTAIRE with anominal value of 100. It hasa

uniform distribution with aLOT tolerance of 20%. I1ts LOT toleranceis based on
the random number generator 3.
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Tolerances and public vs. private libraries

In order to accomplish relative DEV tolerancing, it is necessary to have private
libraries. Consider this case:

.MODEL N1 NPN (BF=300 LOT=10% DEV=1%)

Because of the DEV tolerance, each instance of a BJT using the N1 model will
have aunique BF. This can only happen with private libraries. Thus, when a
model uses a DEV tolerance, the PRIVATEANALOG or PRIVATEDIGITAL
flags are enabled, forcing the use of a private library for al parts which use the
model. The flags are not affected for other models.

To summarize, for al parts which use the model statement:

If DEV isused, then all devices have their own private model parameter set,
regardless of the PRIVATEANALOG or PRIVATEDIGITAL flag settings,
and may have different parameter values if the tolerances are not zero.

If DEV is not used, and PRIVATEANALOG or PRIVATEDIGITAL are
disabled, then all devices that use the same model name will have the same
parameter values, since public libraries are being used.

If DEV is not used, and PRIVATEANALOG or PRIVATEDIGITAL are
enabled, then all devices that use the same model name may have different
parameter values, if the tolerances are not zero.

This table summarizes how the parameters of two parts using the same model
vary depending upon DEV use and the PRIVATE flags.

PRIVATE PUBLIC
DEV USED UNIQUE UNIQUE
DEV NOT USED UNIQUE SAME

This table summarizes how the parameters of two parts using the same model
vary depending upon LOT use and the PRIVATE flags.

PRIVATE PUBLIC

LOT USED UNIQUE SAME
LOT NOT USED SAME SAME
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Distributions

The actual values assigned to atoleranced parameter depend not only on the tol-
erance, but on the distribution aswell.

A worst case distribution places all values at the extremes of the tolerance band.
There are only two values:

Min = Mean - Tolerance
Max = Mean + Tolerance

The mean value is the model parameter value.

A uniform distribution places values equally over the tolerance band. Values are
generated with equal probability over the range:

From Mean - Tolerance to Mean + Tolerance

A Gaussian distribution produces a smooth variation of parameters around the
mean value. Values closer to the mean are more likely than values further away.
The standard deviation is obtained from the tolerance by thisformula:

Standard Deviation = Sigma = (Tolerance/100)-Mean/ SD

SD (from the Global Settings dialog box) isthe number of standard deviationsin
the tolerance band. Thus, the standard deviation is calculated directly from the
tolerance value. The value chosen depends upon how much of anormal popula-
tion isto be included in the tolerance band. Here are sometypical values:

Standard deviations Percent of population
1.0 68.0
1.96 95.0
20 95.5
2.58 99.0
3.0 99.7
3.29 99.9

If asupplier guarantees that 99.9% of all 10% resistors are within the 10% toler-
ance, you would use the value 3.29. Using a Gaussian distribution, a 1K 10% re-
sistor may have avalue below 900 ohms or above 1100 ohms. The probability
would be less than 0.1% for an SD of 3.29, but it could happen.
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Options
The Monte Carlo options dialog box provides these choices:

¢ Distribution to Use: This specifies the default distribution to use for all
LOT and DEV tolerances that do not specify adistribution with [t&d].

® Gaussian distributions are governed by the standard equation:
f(x) = e>%Yg(2.1)*

Where s = x-p/o and W isthe nomina parameter value, o isthe standard
deviation, and x istheindependent variable.

* Uniform distributions have equal probability within the tolerance
limits. Each valuefrom minimumto maximumisequally likely.

* Worst case distributions have a 50% probability of producing the
minimum and a50% probability of producing the maximum.

* Status: Monte Carlo analysisis enabled by selecting the On button. To
disableit, click the Off button.

* Number of Runs: The number of runs determines the confidence in the
statistics produced. More runs produce a higher confidence that the mean and
standard deviation accurately reflect the true distribution. Generally, from 30
to 300 runs are needed for a high confidence. The maximum is 30000 runs.

® Show Zero Tolerance Curve: If this option is enabled, the first run
tolerances are set to zero to provide a kind of baseline or reference curve.

* Report When: Thisfield specifies when to report afailure. The routine
generates afailure report in the numeric output file when the Boolean
expressioninthisfield istrue. Thefield must contain a performance
function specification. For example, thisexpression

rise time(V(1),1,2,0.8,1.4)>10ns

would generate a report when the specified rise time of V(1) exceeded 10ns.
The report lists the model statement values that produced the failure. These
reports are included in the numeric output file (NAME.TNO for transient,
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NAME.ANO for AC, and NAME.DNO for DC) and can be viewed directly.
They are also used by the Load M C File item in the File menu to recreate
the circuits that created the performance failure.

® Seed: The random number seed directly controls the sequence of random
numbers generated by the program. By specifying a seed number you can
identify and recall in alater simulation the same random numbers used to
produce tolerance values and the corresponding histograms. If the seed is
>=1 it returns a repeating sequence of random numbers. If the seed is blank
or <1 it returns a non-repeating sequence of random numbers.

Performance functions

MC8 saves all X and Y expression values of each plotted expression at each data
point for each run, so you can create histograms using expressions comprised of
the functions after the runs are done. For example if you plotted the curve
V(OUT), you could do a histogram of the expression:

Rise Time(V(3),1,1,1,2) +Fall_Time(V(3),1,1,1,2)

Performance function expressions reduce an entire curve to a single number that
captures an important behavioral characteristic for one particular run. Individual
numbers are then combined to form apopulation which is statistically analyzed
and itshistogramisdisplayed. Ideally, the histogramsand popul ation statisticswill
reveal expected variationsin the performance function expression when the cir-
cuit is manufactured.

The performance functions are described in greater detail in the "Performance
Functions' chapter.
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Chapter 19 Performance Functions

What's in this chapter

Performance functions are mathematical procedures designed to extract circuit
performance measurements from curves generated during an analysis. This chap-
ter describestheir capabilities. It includes:

* What are performance functions?

* Performance functions defined
* The Performance Function dialog box
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What are performance functions?

MC8 provides agroup of functions for measuring performance-related curve
characteristics. These functions let you measure such things asrise time, fall time,
pulse width, frequency, period, and many others. These functions may be used to
analyze any curve generated during the course of an analysis. There are several
ways in which performance functions may be used:

* Immediate mode: In this mode, you click on the Go to Performance ﬂ
button and select afunction from thelist. The function isthen applied to the
curve specified in the Expression list box curve and the numeric result printed
inthedialog box.

* Performance plots: In thismode, you do multiple runs by stepping numeric
parameters and then create a plot showing how the performance function
varies with the stepped variables. Y ou can create two and three dimensional
performance plots.

* Monte Carlo plots: In thismode, you run multiple Monte Carlo runsand
then create a histogram showing how the performance function varies
statisticaly.

All performance functions share one trait. They extract a single number (the per-
formance function) from a group of numbers (the plot or curve). So performance
functions are akind of data reduction. They reduce an array of points, e.g. the
plot of V(OUT) vs. Time, to asingle number, e.g. RiseTime.
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Performance functions defined

MC8 provides agroup of functions for measuring performance-related curve
characteristics. These functionsinclude:

Rise Time

Fall_ Time

Peak X

Peak_Y

Valley X

Valley Y

Thisfunction marksthe N'th timethe Y expression rises
through the specified Low and High values. It places the
cursors at the two data points, and returns the difference
between the X expression values at these two points.
Thisfunction is useful for measuring the rise time of
time-domain curves.

Thisfunction marksthe N'thtimethe Y expression falls
through the specified Low and High values. It places the
cursors at the two data points, and returns the difference
between the X expression values at these two points.
Thisfunction isuseful for measuring thefall time of
time-domain curves.

This function marks the N'th local peak of the selected
Y expression. A peak isany data point algebraically
larger than the neighboring data points on either side. It
places the left or right cursor at the data point and
returnsits X expression value.

Thisfunction isidentical to the Peak_X function but
returnsthe Y expression value. Thisfunction isuseful for
measuring overshoot in time-domain curves and the peak
gainrippleof filtersin AC analysis.

This function marksthe N'th local valley of the selected
Y expression. A valley isany datapoint algebraically
smaller than the neighboring data points on either side. It
places the |eft or right cursor at the data point and
returnsits X expression value.

Thisfunctionisidentical totheValley X function but
returnsthe Y expression value. It is useful for measuring
undershoot in time-domain curves and the peak
attenuation of filtersin AC analysis.
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Peak Valley

Period

Frequency

Width

High X

Chapter 19 Performance Functions

This function marks the N'th peak and N'th valley of the
selected Y expression. It places the cursors at the two
data points, and returns the difference between the Y
expression values at these two points. Thisfunctionis
useful for measuring ripple, overshoot, and amplitude.

The period function accurately measures the time period
of curves by measuring the X differences between
successive instances of the average Y value. It does this
by first finding the average of the Y expression over the
simulation interval where the Boolean expression istrue.
Then it searches for the N'th and N+1'th rising instance
of the average value. The difference in the X expression
values producesthe period value. Typically aBoolean
expression like"T>500ns" is used to exclude the errors
introduced by thenon-periodicinitial transients. This
function isuseful for measuring the period of oscillators
and voltage to frequency converters, where a curve's
period usually needs to be measured to high precision.
The function works best on curves that pass through
their average value once per fundamental period. It will
not work well on curvesthat contain significant
harmonics of the fundamental. The function places the
cursors at the two data points, and returns the difference
between the X expression values at these two points.

Thisisthe numerical complement of the Period function.
It behaves like the Period function, but returns 1/Period.
The function places cursors at the two data points.

This function measures the width of the Y expression
curve by finding the N'th and N+1'th instances of the
specified Level value. It then places cursors at the two
data points, and returns the difference between the X
expression values at these two points.

Thisfunction finds the global maximum of the selected
branch of the selected Y expression, places either the
left or the right cursor at the data point, and returnsits X
expressionvalue.



High Y

Low X

Low_Y

X_Level

Y Level

X Delta

Y Delta

X_Range

Thisfunction finds the global maximum of the selected
branch of the selected Y expression, places either the
left or the right cursor at the data point, and returnsits 'Y
expressionvalue.

Thisfunction findsthe global minimum of the selected
branch of the selected Y expression, places either the
left or the right cursor at the data point, and returnsits X
expressionvalue.

Thisfunction findsthe global minimum of the selected
branch of the selected Y expression, places either the
left or the right cursor at the data point, and returnsits Y
expressionvalue.

This function finds the N'th instance of the specified Y
Level value, places aleft or right cursor there, and
returnsthe X expression value.

Thisfunction finds the N'th instance of the specified X
Level value, placesaleft or right cursor there, and
returnsthe Y expression value.

Thisfunction finds the N'th instance of the specified Y
expression range, places cursors at the two data points,
and returns the difference between the X expression
values at these two points.

Thisfunction finds the N'th instance of the specified X
expression range, places cursors at the two data points,
and returns the difference between the Y expression
values at these two points.

Thisfunction finds the X range (max - min) for the N'th
instance of the specified Y range. First it searches for
the specified Y Low and Y High expression values. It
then searches all data points between these two for the
highest and lowest X values, places cursors at these two
data points, and returns the difference between the X
expression values at these two points. It differs from the
X_Deéltafunction in that it returns the difference in the
maximum and minimum X valuesin the specified Y
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Y_Range

Slope

Phase Margin

Chapter 19 Performance Functions

range, rather than the difference in the X values at the
specified Y endpoints.

Thisfunction findsthe Y range (max - min) for the N'th
instance of the specified X range. First it finds the
specified X Low and X High expression values. It then
searches all data points between these two for the
highest and lowest Y values, places cursors at these two
data points, and returns the difference between the Y
expression values at these two points. It differs from the
Y _Deéltafunction in that it returns the difference in the
maximum and minimum Y valuesin the specified X
range, rather than the difference in the Y values at the
specified X endpoints. Thisfunctionisuseful for
measuringfilterripple.

This function places cursors at the two data points that
straddle the data point nearest the specified X value, and
returns the slope between the two cursors.

Thisfunction finds the phase margin of aplot. A
dB(expr) plot and a PHA SE(expr) plot must be present
for it towork properly. Thisfunctionisonly availablein
AC analysis.



The Performance Function dialog box

These functions may be used on asingle analysis plot, in Monte Carlo analysis,
optimization, and in 3D plotting. When aruniscomplete, click on the Go to Per-

formance Function ﬂ button. Thedialog box lookslikethis:

Go To Performance [ x|

Performance | Cepes |

Function Exprezzion Boolean M Level

|t = [vioutaouwey =] 1 [1 25

Lefl/‘: lv\ﬁ Default Parameters |

it
Finds "wWidth at specified level

GoTo |  Fr | Cse | Hep |

Figure 19-1 Performance Function dialog box

There are two panels: Performance and Cases. The Cases panel lets you select a
branch if more than oneis available due to stepping. The Performance panel lets
you select a performance function to apply to the selected curve branch chosen
from the Cases pandl.

The Performance panel providesthefollowing fields:
Function: This selects one of the Performance functions.

Expression: This selects the expression for the function to work on. Only
expressions that were plotted during the run are available.

Boolean: This Boolean expression must be true for the performance functions to
consider adata point for inclusion in the search. Typically thisfunction is used to
exclude some unwanted part of the curve from the function search. A typical
expression here would be"T>100ns". Thiswould instruct the program to exclude
any data points for which T<=100ns. A value of 1 selectsall datapointssinceit is
always true (e.g. >=1.0).
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N: Thisinteger specifies which of the instances you want to find and measure.
For example, there might be many pulse widths to measure. Number oneisthe
first one on the left starting at the first time point. The value of N isincremented
each time you click on the Go To button, measuring each succeeding instance.

Low: Thisfield specifies the low value to be used by the search routines. For
example, inthe Rise_Time function, this specifiesthe low value at which theris-
ing edge is measured.

High: Thisfield specifies the high value to be used by the search routines. For
example, inthe Rise_Time function, this specifiesthe high value at which theris-
ing edge is measured.

Leve: Thisfield specifies the level value to be used by the search routines. For
example, in the Width function, this specifies the expression value at which the
width is measured.

The buttons at the bottom provide these functions:

Go To (Left): Thisbuttonis called Go To when the performance function natu-
rally positions both cursors (asthe Rise_Time and Fall_Time functionsdo). Itis
named L eft when either the left or right cursor, but not both, would be positioned
by the function. When named L eft, this button places the |eft numeric cursor at
the position dictated by the performance function.

Right: This button places the right numeric cursor at the position dictated by the
performance function. For example, the Peak function can position either the left
or right cursor.

Help: Thisbutton accesseslocal help information for the dialog box.

Close: This button closes the dialog box.

Default Parameters: This button calculates default parameters for functions
which have them. It guesses at a suitable value by calculating the average value
or the 20% and 80% points of arange.

Performance functions all share certain basic characteristics:

A performance function at its core is a search: The set of data points of the

target expression is searched for the criteria specified by the performance func-
tion and its parameters.
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Performance functions find the N'th instance: Every performance function
has a parameter N which specifies which instance of the function to return. The
only exceptions are the High and Low functions for which, by definition, thereisa
maximum of one instance.

Each performance function request from the dialog box increments the N
parameter: Every time a performance function is called, N isincremented after
the function is called. The next call automatically findsthe next instance, and
moves the cursor(s) to subseguent instances. For example, each call to the Peak
function locates a new peak to the right of the old peak. When the end of the
curveisreached, the function rolls over to the beginning of the curve. N is not, of
course, incremented when a performance function is used in optimization or 3D
plotting.

Only curves plotted during the run can be used: Performance functions op-
erate on curve data sets after the run, so only curves saved (plotted) during the
run are available for analysis.

Boolean expression must be TRUE: Candidate data points are included only
if the Boolean expression istrue for the data point. The Boolean expression is
provided to let the user include only the desired parts of the curve in the perfor-
mance function search.

At least PERFORM _M neighboring points must qualify: If a data point is
selected, the neighboring data points must be consistent with the search criteria or
the point is rejected. For example, in the peak function, adata point is considered
apeak if at least PERFORM_M data points on each side have alower Y expres-
sion value. PERFORM_M isaGlobal Settings value and defaultsto 1. Use 2 or
even 3if thecurveisparticularly choppy or hasany trapezoidal ringingin it.
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Performance function plots

Performance Function plots may be created when multiple analysis runs have
been done with temperature or parameter stepping. To illustrate, load thefile
PERFL1. Runtransient analysis. The plot should look likethis:

i Micro-Cap 8.0.0.0 - [Transient Analysis]

@E\\e Edit Windows Options  Transient Scope Monte Caro  Model Help 8| x

EwEHsR|s wRe Ty nOnE| P e[ Erw VE S|
AR AT e S IE Y - AV A YR AAE DT

B perfl CIR C1=100p...4.6n

E //m@

0.00

0.00u 0.200 0.40u 060y 0.80u

1.00u
V{ow

T

Figure 19-2 The transient analysis run

From the Transient menu, select Performance Windows - Add Performance
Window. This presents the Properties dialog box for performance plots.

Properties [>]
Plot | Fomat | Calors. Fants. and Lines | Tool Bar |

Tith
’7 [Rise_TimeMOUTLT1.1,3) vs C1 F auto |

= Awis | ETRETEGITE: Curve Plat Group
’7 C1 Walue 'I [ - —| [F Show [ 1 'I—|
i imelv[0 3]

Add Delete I

0K | Cancel | | Help |

Figure 19-3 The Properties dialog box for performance plots
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The Plot Properties dialog box is similar to the one for the analysis plot. It letsyou
control the appearance of the performance plot window after, or even before, the
plotiscreated. The dialog box providesthe following choices:

* Plot
Curves: Thislist box lets you select the curve that the performance
functions will operate on. The Add and Delete buttons at the bottom let
you add or delete a particular performance plot.

Title: Thisfield lets you specify what the plot title isto be. If the Auto
button is checked, thetitle is automatically created from the circuit name
and analysisrun details.

X Axis: Thislets you select the stepped variable to use for the X axis.

Temperature: |f temperature was also stepped, each value creates a
separate curve. This lets you select the temperature whose curve the
performance functions will operate on.

Curve: This check box controls whether the selected performance
curve will be plotted or not. If you want to hide the curve from the plot
group, remove the check mark by clicking in the box.

Plot Group: Thisgroup'slist box controls the plot group number.

What To Plot: This group lets you select the performance function and
its parameters.

Sepped Variables List: If more than one variable has been stepped,
there will be one or more List boxes. These list boxes let you select
which instance of the stepped variable(s) the performance functions

will process. For instance, if you stepped R1, L1, and C1 through 5 values
each and chose R1 for the x axis variable, there would be alist box for
L1 and one for C1. From these two lists, you could select any of the

5 X 5 =25 possible curves and plot a performance function versus the

R1 value.

® Format
Curves: Thislist box letsyou select the plot that the other fields apply to.

X: Thisgroupincludes:
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Range Low: Thisisthe low value of the plot X range.

Range High: Thisisthe high value of the plot X range.

Grid Spacing: Thisis the distance between X grids.

Bold Grid Spacing: Thisis the distance between bold X grids.

Scale Factor: This lets you specify an optional X scale factor
fromthelist (None, Auto, T, G, Meg, K, m, u, n, p, f).

Scale Units: Thislets you specify optional X axis unitsfrom the
list (None, Auto, Seconds, Volts, Amps, Ohms, ...). Auto can
select suitable unitsonly for simple expressions.

Scale Format: This accesses a dialog box where you select the
numeric format used to print the X axis scale.

Value Format: This accesses a dialog box where you select the
numeric format used to print the curve's X value in the table
below the plot in Cursor mode and in the tracker boxes.

Auto Scale: This command scales the X Range and places the
numbersinto the Low, High, and Grid Spacing fields. The effect
on the plot can be seen by clicking the Apply button.

Log: If checked this makes the scale log.

Auto/Satic Grids: Thisisthe number of X axis grids to use
when auto scaling or Static Grids are used.

Enable Scaling: This enables auto scaling on the X axis.
Y: Thisgroup provides asimilar set of commands for the Y axis group.

Same Y Scales for Each Plot Group: Enabling this check box forces the
Auto Scale command to use asingle common scale for al plotswithin a
graph group. If the box is not checked, the Auto Scale command
determinesindividual scalesfor each curve.

Keep X Scales the Same: This option forces all horizontal scales using
the same X expression to be the same.
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Satic Grids: This option forces use of fixed location, variable value, plot
grids versus the newer floating grids that move as the plot is panned.

Use Common Formats: Clicking this button copiesthe X and Y formats
of the selected curve to format fields of all plots.

® Colors, Fonts, and Lines
Objects: Thislist box lets you select the object that the other commands
(color, font, lines) apply to. Theseinclude

General Text: Thisistext used for axis scales, titles, cursor
tables, and curve name.

Grid: Thisistheanalysisplot grid.

Graph Background: This s the analysis plot background.
Window Background: This is the window background.
Select: Thisisthe Select mode.

Select Box: Thisis the Select mode box.

Tracker: These are the trackers.

Plot All: This selects al performance plots.

Plot Names: This selects a particular performance plot.

Varied (Color): This group whose name changes to reflect the selected
object, letsyou changeits color.

Curve Line: Thisgroup letsyou change the color, width, pattern, point,
and style of plots and some of these properties for the other objects. The
Rainbow optionisnot available.

Font: This group lets you change the font of the selected object.

Sze: Thisgroup lets you change the text size of the selected object.

Syle: This group lets you change the text style of the selected object.
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Effects: This group lets you change text effects of the selected object.

Sample: This group shows a sample object using the currently selected
font, color, width, and pattern properties appropriate to the object.

® Tool Bar:
This page lets you select the buttons that will appear in the local tool bar area
below the Main tool bar.

Tool Bar: Thislist box lets you select the different local tool bars.

Buttons: This box lets you select the buttons that are to appear in the
selected tool bar.

Show Button: If checked, the selected button is shown in the selected
tool bar.

Top: If enabled, the tool bar is placed at the top part of the window.
Left: If enabled, the tool bar is placed at the left part of the window.
All On: Thiscommand places all buttonsin the tool bar.
All Off: This command places no buttons in the tool bar.
Default: This command places the default set of buttonsin the tool bar.
Thefour buttons at the bottom have the following functions:
OK: Thisbutton accepts al changes, exits the dialog box, and redraws the
performance plot. Subsequent runs will use the changed properties and they

will beretained in the circuit file, if thefileitself islater saved.

Cancel: Thisbutton rejects all changes, exits the dialog box, and redraws
theanalysisplot using theoriginal properties.

Apply: Thisbutton displaysthe analysis plot using the current settingsin
the dialog box to show how the display would be affected by the changes.
The changes are till tentative, until the OK button is clicked.

Help: This button accesses|ocal help information.
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Click on the OK button. This selects the Rise_Time function with default param-
eters and creates the following performance plot.

i Micro-Cap 8.0.0.0 - [Performance: Rise_Time{V(OUT),1,1,1,2) vs C1]
[ Ele Edit MWindows Options Transient Scope Monte Cardo  Model Help =l x

e e e =R = T ERE
(2 i 2T |8/ WE ¥ + % ==+ AVAY ¥ R4 F

w Rise_Time(V{OUT),1,1,1,2) vs C1

/

5

"'0.000n 1.200n 2.400n 36000 4.800n 6.000n
Rise Time((OUT)1,11,2

]

Figure 19-4 Rise time performance plot

This plots shows how the rise time of V(1) (as measured between 1 and 2 volts)
varieswith the value of C1, the only stepped variable. Double-click on the graph
or press F10. Thisinvokes the Properties dialog box. Click on the Add button.
Click on the Get button and select Fall_Time from the Function list box. Click on
the OK button. This adds the Fall_Time function plot to the performance window.

£ Micro-Cap 8.0.0.0 - [Performance:Rise_Time(V{QUT),1,1,1,2) vs C1]
EE\IE Edit ‘Windows Opfions  Transient Scope Monte Carlo  Model  Help =181 x|

DeEHals - vEE| Iy s OO E|P6[ERs 1ERE
NP 2W 2T & A ME S & o[+ A YhY Y mY SF

e Rise_Timed(OUT),1,1,1,2) vs C1

/\.

%,/

L
e

0,

"'0.000n 1.200n 2.400n 3.600n 46000 0000
Rise Time(OUT)1,1,1,2) = Fall_Time(40UT,1,11,2)
o1

Figure 19-5 Rise and fall time performance plots
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The window shows plots of both the Rise Time and Fall_Time functions. Press

F11 and click the Yesitem in the Step It group of the Parameter 2 panel. Hit OK
and press F2. Therunslook likethis:

&3 Micro-Cap 8.0.0.0 - [Transient Analysis]

[0 Ele Edit MWindows Options Transient Scope Monte Carlo  Model Help =l x
e e e e = R T ER =]
hF e AT e u| [ MEF + #x[++AVAV S ARYaa EHDF

g perfl CIRR1=126 60 C1=100p_4 fin

0.00u 0.20u 0400 060y 0.80u 1.000
WO

T

Figure 19-6 Stepping both C1 and R1

Press CTRL + F6 until you see the performance plot. It should look like this:

&3 Micro-Cap 8.0.0.0 - [Performance: Rise_Time{V(OUT),1,1,1,2) ¥ys C1 : R1 =12.5]
[F Fil= Edit Windows Options Transient Scope bone Calo  Model Help 18] x|

EsEEgRlacreell vy G MO0E|P 6| BERE 1 EE
(P BT 2T [E A & %A AV RY(DF

0 Rise_Time({(OUT),1,1,1,2)vs C1 ‘R1=125

N

2.400n 4.800n 6.000n

0.000n 3600
= Fall_Timed/(OUT,1,1,1,2)
al

1.200n
Rize Time(wi0UT),1.1,1.2

Figure 19-7 Performance plots for R1=12.5
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In the new runs, C1 varies from .1n to 4.6n and R1 varies from 12.5 to 50. The
plot shows the functions vs. the C1 variable only. What about R1? Since a 2D
plot can only show functions versus one variable, the plot itself is prepared for a
single value of the other stepped variable. In this case the plot isfor R1=12.5
only. To see other values, press F10, and select a new value from the R1.Vaue
list box for each of the two plots. Hereis the plot for R1=25.

£ Micro-Cap 8.0.0.0 - [Performance:Rise_Time(V(QUT),1,1,1,2) vs C1 : R1 = 25]
@ Eile  Edit Mindows Opfiong Transient Scope Monte Carlo Model  Help -8 x

EEEelE R = E R T MmO o[BG = e e ]

(o i 2T/ [ ME ¥ + % =[--+-AVavyBmY|aF

Rise_Time(v{OUT),1,1,1,2)vs C1: R1=25

a5,

30.000n

25,

20.000n

10.0000 g i 1.200n 24000 36000 48000 6.000n

Rise Time(VOUT).111.2 = Fall_Time40UT),1,1,1,2)
1

Figure 19-8 The Fall_Time performance plot for R1=25

When two or more variables are stepped, there is another way to view the re-
sults. Y ou can do a 3D performance plot. To illustrate, select Add 3D Window
from the 3D Windows item on the Transient menu. From the 3D Properties
dialog box select the Performance item from the Y Axis Type group, and select
the Fall_Time function from the Function list box in the What To Plot group. Click
OK. Theresult lookslike Figure 19-9.

This 3D plot showsthe Fall_Time function plotted along the (vertical) Y axisvs.
C1 aong the (horizontal) X axisand R1 along the (normal to paper) Z axis. It is
the same data but presented a different way. In fact if you examine the 3D plot,
you can seethe 2D fall time plot within it.
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Figure 19-9 The 3D Fall_Time performance plot
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Chapter 20 3D Graphs

What's in this chapter

Micro-Cap provides 3D graphsfor plotting and visualizing simulation results. This
chapter shows you how to use them.

The chapter is organized asfollows:

How 3D plotting works

3D example

The 3D dialog box

Cursor modein 3D

3D performance functions
Changing the plot orientation
Scaling in 3D
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How 3D plotting works

In a 3D plot there are three variables. Each is associated with one of three mutu-
aly orthogonal axes, X, Y, and Z. The Z axis may be thought of as pointing out
from the paper toward the user. The X and Y axes are coplanar with the paper.

Y AXxis
[ ]
y =1(x,2)
X AXxis
y
Z
X

Z AXis

TheY axis can plot one of two things:

® Any expression (curve) plotted during the run.
* Performance function expressions using curves plotted during the run.

Expressions can be plotted if either temperature stepping or parameter stepping
has been employed during the run.

Performance functions expressions can be plotted if at least two variables have
been stepped. One of the two can be temperature.

The first stepped variable is plotted along the Z axis. For example, if you
stepped temperature and chose to plot V(1) onthe Y axis, then T (Time) would
normally be plotted on the X axis, and the stepped variable, temperature, would
normally be plotted on the Z axis. If you stepped R(R1) and you chose to plot
V(1) ontheY axis, then T (Time) would normally be plotted on the X axis, and
the stepped variable, R(R1), would normally be plotted on the Z axis.

T or the second stepped variable is plotted along the X axis. For example, if
you stepped R(R1) and C(C1), then you could plot an expression like V(1) vs. T
on the X axis and either R(R1) or C(C1) on the Z axis, or a performance function
like Rise_timevs. R(R1) on the X axis and C(C1) on the Z axis.
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3D example

Toillustrate how 3D plotting works, load thefile 3D1. It lookslikethis:

8 Micro-Cap 8.0 0.0 - [F-\mc8\data\3d1 CIR] HER
[ File Ecit Component ‘Windows Options  Analysis Design  Model Help =13 x|
DEHBASR - - be8[t~+r+++ ¢ |MO0E|PG|EE | B%[HE
TN Rfwap® 23 @i~ &850t o8 [E]DF

3D Plotting Sample Circuit. =

This circuit illustrates 2D plotting. It plots the variable Drop, defined below
Crop is an exponentally damped 30 sinusoid. Itis dependent upon two
circuit variables, T {(simulation time) and R(R1) (resistance of R1). The
resistar exists salely to provide a stepable 3D variable

Run Transient, and select Transient->20 Plots-=Drop vs T vs R Value

R1
1

define o (T-4)
defire b (RR1)-4)
Jdefine u a*a +b*o

.define Drop exo(-abs{u)/3)*sin{u)

I Yy — o

Figure 20-1 The 3D circuit

Thecircuit consists of aresistor, R1, and asymbolic variable, Drop, which is de-
pendent upon the resistance of R1 and T. Select Transient from the Analysis
menu. Theanalysislimitslook likethis:

{8 Transient Analysis Limits [ x|
Add | el | Epparil. | Stepping... | Properties. | Help... |
Time Range o Bun Options Mamal -
Wawimum Tirme 5tep 1 StateVariables  [Zern -
Mumber of Paints 51 ¥ Operating Paint
Temperature ILinEarj 27 ™ Dperating Paint Only
Rietrace Runs 1 ™ Auto Scale Ranges

A Expression | ¥ Expression | % Range | ' Range | 3 |

Pl
HEmE |‘_|T [prep [eore [re

Figure 20-2 The analysis limits of 3D1

According to these limits T will vary from 0 to 8 with maximum steps of .1. We
are plotting the value of the Drop variable. Since there are no capacitors or induc-

torsin thiscircuit, the actual time step size starts small and quickly ramps up to
the maximum of .1.
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TheStepping dialog box lookslikethis:

tRivae |2 3 Je |5 |8 |7z s |z | |1 ]z |2
Step 'what ;I |Va|ue ;I
Fram Jo
To B
Step Yalue |_1

Step It
’7(? ez { Mo

tethad Type
’7(3 Linear ¢ Log € List ’7(: Component ¢ Model € Spmbalic

Change
’7("' Step all variables simultaneously & Step variables in nested loops

alon | g | Default | o | Cancel | Hebp... |

Figure 20-3 R(R1) is stepped from O to 8

According to thisdialog box, the value of R1 will belinearly stepped from0to 8in

steps of 0.1. Click OK. Press F2 to start the run. The resultslook like this:

& Micro-Cap 8.0.0.0 - [Transient Analysis]

[@ Eile Edit Windows Options Transient Scope Monte Calo  Model Help
CwHHER[x = s R~ 4 r ¢ | DO00R|P G |ER 1 E (]
ARG AT E e 8B & - AV AY Y A AARDF

g 3d1.CIRR1=0...8

1 00q5g 160 320 430
Dron

Figure 20-4 The 2D analysis plot of Drop

The plot shows the value of the variable Drop, with T varying from O to 8 and

R(R1) varying from O to 8. There are 81 runs (1+8.0/0.1).
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Select the Drop vs. T vs. R1 item from the 3D Windows item from the Tran-
sient menu. This plotsthe value of the symbolic variable, Drop, along the Y axis,
vs. T adong the X axis, vs. R(R1) along the Z axislike this:

& Micro-Cap 8.0.0.0 - [Graph3D:Drop vs T vs R1]
[@] File Edit ‘Windows Options Transient Scope Monte Caro  Model Help EIES

Hweda s apen|l oy i moomE|P 6| sns i akE)|
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Drop us Tvs R1

@

625518m
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9
)
11851Tm @

= s04mIm
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Figure 20-5 The 3D plot of Drop

In this case, we stepped only one variable R(R1). During the run, MC8 cal cul ated
81 values of R(R1), the Z axis variable, and alittle more than 81 values of T, the
X axis variable, for each of the 81 values of R(R1). For each of these approxi-
mately 6600 values, it calcul ated the value of the Drop function.

When a 3D plot is requested, MC8 interpolates the specified number of data
points from the simulation run at equally spaced values. It then produces a 3D plot
where the intersection of the X and Z isolines mark the interpolated data points.
The patches between the grid lines are colored according to the value at the adja-
cent isoline. The color used (color spectrum, gray, clear, etc.) is specified in the
3D Plot Properties dialog box.

287



The Properties dialog box for 3D plots

When you add or change a 3D graph you employ its properties dialog box. To see
what it lookslike press F10. The Plot panel of the dialog box lookslikethis:

Properties | %
|Dpti0ns| Scales and Formatsl Calor I Fant I ToolBarI

4 A Z A

IT =] || [R1vae =]

IDrop ;I =it |IHise_Time[Drop,1,1,1,2]

—what To Plat
I

o—

TIEmpEErature

-

ak. I Cancel | Appl | Help |

Figure 20-6 The Plot panel of the 3D dialog box

The dialog box controls all aspects of the 3D graph. The command buttons at the
bottom access the principal features of the graph:

OK: This accepts any changes made and exits the dialog box.
Cancel: Thisignores any changes made and exits the dialog box.

Apply: Thisredraws the plot behind the dialog box using the current settings
S0 you can see what the settings look like before committing to them.

Help: This accesses the Help system.
There are six panels:

Plot: This button accesses the main plot features of the 3D graph. In
particular it includestheseitems:
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X Axis: Thisliststhe variables availablefor plotting along the X axis. If
"Performance” is selected from the Y Axislist below, the X axislist will
show all stepped variables except the one already selected for the Z axis.
Otherwise, thislist will include only the unique X expressionsfrom the
AnalysisLimitsdialog box. Typically theseinclude T (Time), F
(Frequency), or the DC sweep variable.

Z Axis: Thisliststhe variables available for plotting along the Z axis.
These include any stepped variable not aready selected for the X axis.

Y Axis: Thisfield liststhe options available for plotting along the Y axis.
It includes each of the plotted Y expressions and, if at least two items
have been stepped, it includes a"Performance” item. Selecting thisitem
enabl es the adjacent Get Performance button which is then used to select
a performance function to plot. The choice of Y axis variable constrains
the choice of variables for the X and Z axis axes.

* |f "Performance’ is selected, the X Axis variable must be one
of the stepped variables.

* |f oneof the plotted Y expressionsis selected, the X Axis
variable must be its associated X expression. For example, if one
of the plotted Y expressionswas V(1) and its X expression was
T, then selecting V(1) for the 3D Y axis forces the choice of T
for the 3D X axis.

What to Plot:

These lists show excess stepped variables not already selected as axis
variables. If avariableisnot being used as an axis variable, you can
select which of its stepped values you want to plot. Each value produces
adifferent 3D surface plot.

Temperature:

If more than one temperature has been run, and temperature is not being
used as an axisvariable, thisfield lets you select which run to plot.
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Options: This button accesses items which control the existence, quantity, or
content of certain graph features. It lookslikethis:

Properties | %]
Plaot Options |Scales and Formatsl Caolar I Fant I ToolBarI
— Title
IDrop ws Tvs R/ W Auto
— Dptian: Fatche:
I Contour IV Grid ™ Flash Cursor % Igg
W Aues ¥ Scales
W lzolines ¥ Background z ISD

Ok I Cancel | Apply | Help |

Figure 20-7 The Options panel of the 3D dialog box

Title: Thisisthetitle of the 3D plot. Theinitial titleisaways of aform
that reflects the names of the axis variables. Itsformat is"Y axis variable
vs. X axisvariablevs. Z axisvariable". Y ou can edit thisfield to change
thetitletext if Autoisdisabled. However, if the Autofield is enabled, the
title will automatically revert to the axis name form as changes are made
to axis variable names.

Options: These items control the existence of certain graph features:
Contour: Thisoption plotsa 2D contour of the Y axisvariable.

Axes: If enabled, this option adds the three axes, X, Y, and Z.
Note that the axes are colinear with the grid, so to see the effect
of thisfeature, the Grid feature must be disabled.

Isolines: This option drawsisolines on the plot along which X
and Z are constant. The intersection of these lines comprise the
boundaries of the colored surface patches of the 3D plot.

Grid: Thisoption draws parallel grid linesin each coordinate
plane to delineate equal fractional parts of the scale.
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Scales: This option draws numeric scales along each axis.

Background: This option paints the three coordinate planes
clear when disabled, regardless of their color settings.

Flash Cursor: This option flashes the two numeric cursors for
easervighility.

Patches:
X: This controls the number of patches along the X axis. This
number defaultsto 40. It may be as high as you wish, but
remember, the number of total patchesis equal to the product of
the number of X and Z patches. Picking 40 for each axis requires
40* 40 = 1600 patches. Picking 1000 for each axis requires
1000* 1000 = 1,000,000 patches. Each patch must be imaged
through a set of 3D trigonometric transforms. These take time to
calculate and slow down the drawing. Also, with more than 200
patches the surface is covered with isolines spaced so closeiit's
hard to see the surface, so limit this value to 20 to 200.

Z: This controls the number of patches along the Z axis. The
same considerations as for the X axis apply here as well.

Scales and Formats: This panel accesses the numeric format features of
the 3D graph. Its options are shown below:

Properties x|

| Color I Font I TooIBarI

Plat I Options

o Slope Calculation
Scale  Fomat | 2 Digit Engineering INormaI j'

Walue Faormat | 5 Digit Engineering

=

Geale  Fomat | 2 Digit Enginesring

Walue  Fomat | 5 Digit Enginesring

2

Scale Format | 2 Digit Engineering

Walue Faormat | 5 Digit Engineering Diefault |

ok I Cancel | Apply | Help |

Figure 20-8 The Format panel of the 3D dialog box
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For each of the three axes, X, Y, and Z, you can control the Scale and Value
numeric format.

Scale Format: Thisisthe numeric format used to print the X axis scale.
There are two basic formats:

Value Format: This numeric format is used to print the curve's X, Y, and
Z valuesin the table below the plot in Cursor mode. Itsformat isthe
same as the scale format described above.

* Slope Calculation: This lets you select among three forms of slope
calculation: Normal, dB/Octave, and dB/Decade.

Color: This panel accesses the color features. The panel 1ooks like this:

Properties x|
| Fant | Toal Bar|

Objects——————————— Color——————————
LN |
B ]|
T
2 5 W 2 = e
: 2 = ]
‘windaw Background Colar A A .
Select Calar O s
Select Box Calor =

Patch Colar
’7("' Clear i Spectum © Gray O Red © Green O Blue

Default Set Default |

Ok, I Cancel | Apply | Help |

Figure 20-9 The Color panel of the 3D dialog box
Thispanel letsyou control the color of the following features:
Objects: Thisgroup includesthe color of the grid, text, isolines, X, Y,
and Z axis planes, and the window background. To change an object's

color, first select it, then select a new color from the palette.

Patch Color: This panel lets you control the color of the patches that
comprise the 3D surface. You can choose from:
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* Clear: This option leaves the patches transparent, producing
what looks like awire mesh if the I solines option is enabled, or no
plotat al if itisn't enabled.

® Spectrum: This option colors the patches with the colors of the
spectrum ranging from blue for the lowest values to red for the
largest values.

® Gray: Thisoption colors the patches with shades of gray that
range from black for the low valuesto white for the high values.

* Red: This option colors the patches with shades of red that
range from dark red for the low valuesto light red for the high
values.

® Green: Thisoption colors the patches with shades of green
that range from dark green for the low values to light green for
the high values.

¢ Blue: This option colors the patches with shades of blue that
range from dark blue for the low valuesto light blue for the high
values.

® Font
This standard panel letsyou select font, style, size, and effectsfor all of
the text used in the 3D plot.

® Tool Bar
This standard panel lets you select the buttons that will appear in the local
tool bar of the 3D window.

To add a 3D plot window, select Transient / 3D Windows/ Add 3D Window.

Thisdisplaysanew 3D Properties dialog box and lets you select the desired plot
features.

293



294

Cursor mode in 3D

Aswith normal 2D plots, aCursor mode is available to numerically examine the

3D plot. Press F8 or click on the Cursor mode% button. The 3D plot will now
look likethis:

8 Micro-Cap 8.0.0.0 - [Graph3D:Drop vs T vs R1]
[®] File Edit Windows Options Transient t Scope MonteCaro Maodel Help ETER

e L e A el = R R
AT - H -+ AVAY A AYDE

Dropvs Ts R1

we

B25 518m

a 2 456.517m

287 517m

118517Tm 2

Left Right Delta Slope
Drap 0.013m 0.013m 0.000m 1.000E00
T 0.00000 8.00000 8.00000 INF
R1 0.00000 0.00000 0.00000 INF

Figure 20-10 The 3D plot in Cursor mode

Click the mouse somewhere near the middle of the 3D surface plot. A cursor
should appear. Press the LEFT ARROW key several times. Press the RIGHT
ARROW key several times. Notice that the cursor selects a changing set of X
axis, or T, values, but moves along agrid of constant Z axis, or R(R1), value.

Press the DOWN ARROW key several times. Press the UP ARROW key sev-
eral times. Notice that the cursor selects a changing set of Z axis, or R(R1), val-
ues, but moves along a grid of constant X axis, or T, value.

All of the usual Cursor function modes are available. In particular the Next, Peak,
Valley, High, Low, Inflection, Global High, Global Low, Goto X, GotoY, and Go
to Performance modes are available. For example, click on the Peak button.
Press the RIGHT ARROW cursor key several times. The left numeric cursor is
placed on each successive peak of the constant Z, or R(R1), curve.
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3D Performance functions

Toillustrate how to select performance functionsfor 3D plotting, load thefile

3D2. Select AC from the Analysis menu. Press F2 to start the runs. The runs
looklikethis:

& Micro-Cap 8.0.0.0 - [AC Analysis]

EME Edit Windows Options AC  Scope  Monte Carlo Model  Help

Feudanchmell vy i |D00EPe|En+ lE
ANF R AT e A IE S [T A VAV RERAESF

10 3d2 CIR C1=800p..900p L2=11m..13m

Figure 20-11 The 3D2 runs
Select AC / 3D Windows/ Width... This produces the following plot:

& Micro-Cap 8.0.0.0 - [Graph3D:Width{db(v(Out)),1,1,-15) vs C1 vs L2]
@] File Edit “Windows Opfions AC Scope Monte Cado  Madel Help

D@eHESR[5 = i me] s v+ +~ 0 | mOmE|P &
NGE- 2T (@[ b S A AV RY D F
Width(dh (Ot T 1 15 ws CTvs L2

1 ri et
A
S, n'..r'.ru",’l"’l'"'ﬂﬂ”"l""i
A L T
7
A

e
T
il

Figure 20-12 The plot of Width vs. L2 and C1
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Here we have plotted the Width performance function:
Width(db(v(Out)),1,1,-15)

This performance function measures the width of the db(V (Out)) function at a
Boolean of 1 (alwaystrue), first instance, at the Y value of -15. This effectively
measures the -15 db bandwidth of the bandpass filter.

Thevalueof L2 is stepped from 11mh to 13mh, in steps of .25mh, while stepping
C1 from 800pf to 900pf in steps of 25pf. This produces 9*5, or 45 runs. The width
is measured for each of these runs and the 3D graph plots the value of the Width
function vs. the C1 value along the X axis and the L2 value along the Z axis. The
plot shows how the filter bandwidth varieswith C1 and L2.

Select AC / 3D Windows/ Y _Range(). This produces the following plot:

8 Micro-Cap 8.0.0.0 - [Graph3D:Y_Range(db(v{Out)),1,1,49000,51000) vs C1 vs L2]
[@] File Edit Windows Options AC Scope Monte Cardo  Model Help MEIE

EwdEar[sarmels e mOnR|P G |ERs E5E
(NS TIE Y +#[FE-AVAV S BYDF

¥_Range(db(«(Ouf)),1,1,48000,61000) vs C1 vs L2

Figure 20-13 The plot of Y_Range vs. L1 and C2
Here we've plotted the Y__Range performance function:
Y_Range(db(v(Out)),1,1,49000,51000)
This performance function measures the variation of the db(V (Out)) function at a

Boolean of 1 (alwaystrue), first instance, over the X range of 49KHz to 51KHz.
This effectively measures the passband ripple of the filter.

Chapter 20: 3D Plots



Changingtheplot orientation
The orientation of the 3D plot can be changed in severa ways:
* By dragging the axis endpoints with the mouse.
* By using the keyboard
* Q: Rotates the plot clockwise about the X axis.
* A: Rotates the plot counter clockwise about the X axis.
* \W: Rotates the plot clockwise about the Y axis.
* S: Rotates the plot counter clockwise about the Y axis.
* E: Rotates the plot clockwise about the Z axis.
* D: Rotates the plot counter clockwise about the Z axis.
® X: View from perpendicul ar to the X=0 plane.
* Y: View from perpendicular to the Y=0 plane.
® Z: View from perpendicular to the Z=0 plane.
* CTRL + HOME: Standard view orientation.

* C: Toggles between contour and 3D view.
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Scalingin3D

The choice of scaling is determined entirely by the range of axisvariables. There
isno user control of scaling.

298 Chapter 20: 3D Plots



L
Chapter 21

.
Analog Behavioral Modeling and Macros

What's in this chapter

This chapter describes the analog behavioral modeling capability and macro cir-
cuit blocks. There are 41 macro circuit files provided with the M C8 package.
Most have numeric parameters that allow the macro function to be adapted to
particular circuit uses. Here is the complete list of macro parts.

* Absolute value (full wave rectifier) function (ABS)
* Amplifier (AMP)

® Center-tapped transformer (CENTAP)

° Limiter circuit (CLIP)

* Comparator (COMPARATOR)

* Delay (DELAY)

* Diac (DIAC)

¢ Differentiator (DIF)

* Digital potentiometer (DIGPOT)

* Divider (DIV)

® Linear transfer function (F)

* Frequency-shift keyer (FSK)

® Gyrator for impedance transformation (GY RATOR)
® |deal 2-port transformer (IDEAL_TRANS2)

® |deal 3-port transformer (IDEAL_TRANS3)

® Integrator (INT)

* Two-input weighted multiplier (MUL)

* Time domain noise source (NOISE)

¢ Potentiometer (POT)

® Phase-shift keyer (PSK)

* Programmable Unijunction Transistor (PUT)

® Pulse width modulator withaT flip-flop(PWM_T)
* Pulse width modulator without aT flip-flop(PWM_NT)
* Simplerelay model (RELAY 1)

* State-variable relay model (RELAY 2)
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® Resonant circuit (RESONANT)

® Schmitt trigger circuit (SCHMITT)

* Silicon-controlledrectifier (SCR)

* Slip or hysteresis function (SLIP)

* Snubber (SNUBBER)

® Spark gap device (SPARKGAP)

* Two-input weighted subtracter (SUB)

® Two-input weighted summer (SUM)

® Three-input weighted summer (SUM3)
® Triac (TRIAC)

* Trigger (TRIGGERG)

® Triode vacuum tube model (TRIODE)

* VVoltage-controlled oscillator (V CO)

* Wideband transformer (WIDEBAND)
® Crystal model (XTAL)

® 555 Timer (555)
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L aplace sources

L aplace sources are controlled sources whose transfer function is a function of
the complex frequency variable, S= 2*PI* J*F. There are eight basic types:

Expression-defined sources:
Current-controlled current source  LFIOFI
Current-controlled voltagesource  LFVOFI
Voltage-controlled voltagesource  LFVOFV
Voltage-controlled current source  LFIOFV

Table-defined sources:
Current-controlled current source L TIOFI
Current-controlled voltagesource LTV OFI
Voltage-controlled voltagesource  LTVOFV
Voltage-controlled current source  LTIOFV

The presence of the complex frequency variable, S, lets you describe more than
simple gain blocks. Thistype of source |letsyou define an arbitrary linear transfer
function block with any combination of polesand zeros. In fact, you can define
virtually any linear S domain function that can be expressed either as an algebraic
formulaor as atable of ordered triplets (frequency, magnitude, phase).

For transient analysis, MC8 first determines the impul se response of the function.
Theimpulse responseis obtained by performing an inverse Fourier transform on
the transfer function. During the transient analysis, the output of the sourceis
obtained from the convolution of the actual waveform at the source input nodes
and the stored impul se response waveform. This allows the Laplace source to
accurately respond to any input waveform, not just simple, predefined waveforms.

In AC analysis, the transfer function value is computed from the expression in-
volving S, where S = 2.Tefrequency-j, or interpolated from the given table.

For DC analysis, the transfer function value is computed from the expression with
S=0, or obtained from the table using the lowest frequency data point.

Here are some examples:

1/(1+.001*S) A low passfilter
01*S/(1+.01*) A high passfilter
exp(-pow((C*S*(R+S*L)),.5)) Simplelossy, transmissionline
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Function sources

Function sources are controlled time-domain sources whose transfer function may
be dependent upon everything but the complex frequency variable. Like Laplace
sources, there are four basic types; current and voltage dependent and current
and voltage output. There are both expression and table-defined versions.

The table-defined sources come in the usual four varieties:

Current-controlled current source NTIOFI
Current-controlled voltagesource NTVOFI
Voltage-controlled voltagesource  NTVOFV
Voltage-controlled current source  NTIOFV

A table of ordered pairs (in,out) describes the time domain input-output relation-
ship. For AC analysis, the sourceis linearized about the operating point, and the
resulting linear real transfer function is used.

The algebraic sources comein two varieties:

Voltage sources  NFV
Current sources NFI

Because you define the output value directly in an expression, rather than describ-
ing the transfer function, the sources can be used as either dependent or indepen-
dent sources. The'input' isimplicitly contained in the expression asavariable.

Here are some examples:

10*TANH(I(L2)) Nonlinear inductor expression
10PF/(1+V(D1)/.45) Nonlinear varactor expression

10*SIN(2*PI*10* T)*EXP(-T/(R(R1)*5)) Damped Sine wave source
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ABS

Sometimes referred to as a full-wave rectifier, the ABS block provides the abso-
lutevalueof theinput signal. Itsdefinitionis:

Voul® = 1V, O |

Thefunction isimplemented with the ABS macro:

ABS MACRO

Called by other circuits. Not intended for stand alone analysis.

THE ABS OUTPUT IS ARECTIFIED YERSION OF THE INPUT.
IT1S IMPLEMENTED WITH AN MFY FUNCTION SOURCE.

PINA I PING

R1 (E' £l
1IGMIN  masging)

Figure 21-1 ABS macro circuit
There are no input parameters. Thisimplementation uses an NFV Function

source to provide the absolute value function. The macro block mainly servesto

provide amore suitable symbol than the general source symbol of the NFV Func-
tion source.

See the circuit SYSTEM?2 for an example of the use of this macro.
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AMP

Thisblock providesasimplelinear amplifier. Itsdefinitionis:

Vou = gain 'V, ()

The function isimplemented with the AMP macro:

AMP MACRO

Called by other circuits. Not intended for stand alone analysis.

THE AMP OUTPUT IS AN AMPLIFIED VERSION OF THE INFUT.
THE BLOCK IS IMPLEMENTED WITH AWOFY DEPENDENT SOURCE.

FINA IN FINA

=
= GAIN

PARAMETERS(GAIN=1)
HELP GAIN "This is the amplifier's voltage gain."

Figure 21-2 AMP macro circuit

Thesingleinput parameter, GAIN, multipliestheinput to produce an amplified
output. Thisimplementation uses asimple linear dependent VOFV source. It
could have been done with a Function source or a Spice poly source. In general,
the ssimplest type of source that will perform the function is preferred.
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CENTAP

The CENTAP macro is a center-tapped five terminal transformer with param-
eters defining the primary and two secondary inductances.

Thiscircuit isimplemented with threelinear inductorsand one K (coupling)

device.

Parameter
L1
L2
L3

CENTAP MACRO

Called by other circuits. Not intended for stand alone analysis.
A CENTER-TAPPED 5 TERMINAL TRANSFORMER MACRO

Electrical mode Physical madel

PinA PinE pint pinS
ho— Ko EEE L28 ¢
B oai__s Iy 5 T
pigt1E T EY o 85 u in4
=3 — =
213 O+ L33y
z, pinC a2 5—5 E—_:' pin3
parameters(L1=1mL2=1m L3=1m)
HELF L1 "Primary inductance” n12 = sqrifL 1L 2}
HELF L2 "Secondary inductance 1" n13 = sqri{L 1/L3)

HELF L2 "Secondary inductance 2" n23 = sqri{L2/L.3)

Figure 21-3 CENTAP macro circuit

Definition

Primary inductance
Secondary inductance 1
Secondary inductance 2

See the circuit TRANS for an example of the use of this macro.
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CLIP

The clip macro can be used as alimiter, ideal OPAMP, or inverter. It provides an
output that isascaled copy of theinput, but limited to the specified maximum and
minimumlevels.

Thisfunction isimplemented with the CLIP macro:

CLIP MACRO
Called by other circuits. Not intended for stand alone analysis.

THIS MACRO HAS A USER-SPECIFIED GAIN IF THE INPUT IS WITHIN
THE RANGE (LOW, HIGH), OTHERWISE THE GAIN IS ZERD. THUS,

ITS OUTPUT IS THE INPUT TIMES THE GAINWITHIN THE RANGE, AND
1S CLIPPED TO LOW FOR LOW INPUTS AND TO HIGH FOR HIGH INPLITS,
THE MACRO IS IMPLEMENTED WITH A TABLE (NTVOFY) SOURCE

PINA FINB

L.
CLIPPER
1 ULOWIGAIN}LOW) GHIGHIGAIN)HIGH)

PARAMETERS(LOW=-10,HIGH=10 GAIN=1)

HELP LOW“Lowest output value®
HELP HIGH "Highest output value"
HELP GAIN "Linear gain hetween clip limits"

Figure 21-4 CLIP macro circuit

A pair of input parameters, LOW and HIGH, define the lowest value and highest
value of the output. Between these limits, the output equal sthe input multiplied by
the GAIN parameter. The block is constructed of aNTVOFV Function table
source.

Parameter Definition

GAIN Linear gain between cliplimits
LOW L owest output value

HIGH Highest output value

See the circuit SY STEM?2 for an example of the use of this macro.
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COMPARATOR

Thiscircuit isamacro model for acomparator with hysteresisand issimilar in
construction to the Schmitt macro. The macro circuit lookslikethis:

Called by other circuits. Not intended for stand alone analysis.
. Parameters (VIL=-1, VvIH=1, vOL=-10, WvOH=10, Rout=1, sign=1)

Inverting Version Non-inverting Version
(8ign=-1) (Sign=1)

- ﬁ - H
WOL| — WOL
|

Figure 21-5 COMPARATOR macro equivalent circuit

The parameter definitions are asfollows:

Parameter Definition

VIH Lower limit of input state change voltage

VIL Upper limit of input state change voltage

VOH Lower limit of output voltage

VOL Upper limit of output voltage

ROUT Comparator output resistance

SIGN -1 forinverting version, 1 for non-inverting version

See the circuit COMPDEMO for an example of the use of this macro.
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DELAY
The delay macro provides a programmable time del ay.

Vo, (tdelay) = V()

Thisfunction isimplemented withthe DELAY macro:

DELAY MACRO

Called by other circuits. Not intended for stand alone analysis.

This rmacro provides a time delay intransient analysis or a phase
shiftin AC analysis. The only parameter that needs to be
specified is the value ofthe delay in seconds

Z0=60 TO=delay

|n1EgA ‘ 50‘ out
R2 1E1 R1 1E2
L

PARAMETERS(DELAY=10ng)
HELP DELAY "Delay in seconds”

Figure 21-6 DELAY macro equivalent circuit

The singleinput parameter, DELAY , provides the specified time delay through a
transmissionline.
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DIAC

The DIAC macro is based on an elaboration of the TRIAC macro and looks like
this

R&
{RS}

A T2
R4

PARAMETERS(VK=32 RE=10)
HELP VK "Breakover voltage" R2
HELP RS "Series resistance” 310

Figure 21-7 DIAC macro circuit

A pair of input parameters, RS and VK define the seriesimpedance and the volt-
age at which breakover occurs.

Par ameter Definition
RS Series resistance
VK Breakover voltage

See the DIACL1 and DIAC2 circuits for an example of the use of this macro.
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DIF

The differentiator istheinverse of theintegrator. It provides an output whichisa
scaled version of thetime derivative of theinput signal:

Vo, () = scale d(v, (B)/dt

Thisfunction isimplemented with the DIF macro:

DIFFERENTIATOR MACRO

Called by other circuits. Not intended for stand alone analysis.

PINA T

rO -
B

o1(¥) some 1 E gl

N v rpme

PARAMETERS(SCALE=1)
HELP SCALE "Scale factar to multply the derivative by"
WIPINE) = SCALEDIV{PINVD(T)

Figure 21-8 DIF macro equivalent circuit

Thesingleinput parameter, SCALE, multiplies or scalesthe derivative. This par-

ticular implementation has abuffered output, allowing it to drive very low imped-
ance networks.
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DIGPOT

Thedigital potentiometer macro isloosely based on the MAX5450-5455 series of
devicesfrom Maxim. These devices are digital potentiometers with an up/down
interface consisting of two fixed resistorswith 256 digitally controlled wiper con-
tacts (taps). There are three digital inputs that determine the tap point that will be
accessible to the wiper. These digital inputs are INC, CS, and U/D.

The INC input isthe wiper increment control input. A high to low transition on
thisinput increments or decrements the wiper position depending on the states of
CSand U/D. The CSinput isthe chip select input. When thisinput islow, the
wiper position may be changed through INC and U/D. The U/D input is the up/
down control input. When thisinput ishigh, ahigh-to-low transition on INC incre-
ments the wiper position, and when theinput islow, ahigh-to-low transition on
INC decrements the wiper position. If the wiper is at either the high or low end of
theresistor array, any increment or decrement in the direction of the endpoint will
not change the wiper position, so in other words, there is no wrap around effect.

Finally, upon power-up theinitial setting for the wiper isat midscale (tap 127).

Thisfunction isimplemented with the DIGPOT macro:

Figure 21-9 DIGPOT macro circuit
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DIV

Occasionally, system blocks require afunction that dividestwo analog signals.
Thedesired functionis:

Vo, (t) = scale VOV,

Thisfunction isimplemented with the DIV macro:

DIVIDE MACRO
Called by other circuits. Not intended for stand alone analysis.

DIV MACRO
THE DI¥ MACRO PROVIDES A SCALED RATIO OF THE INPUT SIGHALS.

A PINA PING

[l Sl R
:‘E El
H PINB l SCALEVIMN(B)

PARAMETERS(SCALE=1)
HELP SCALE "Scale factor to multiply the ratio by"

Figure 21-10 DIV macro equivalent circuit

The single input parameter passed to the macro by the calling circuit, SCALE,
multiplies or scalesthe ratio of the two input waveforms at the output.
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F

This system block merely provides a convenient shape to house a general linear
transfer function, F(S). It isimplemented with a Laplace LFVOFV source.

F(s) = Vo (9 V()

Thisfunctionisimplemented with the F macro:

F MACRO

Called by other circuits. Not intended for stand alone analysis.

THE F MACRO UBES A LAPLACE SOURCE TO IMPLEMENT
ALINEAR TRANSFER FUNCTION.

Pit Fing
fallaiy

E1 Fs

PARAMETERS(FS=1/(3+1K)
HELF FS "Laplace transfer function”

Figure 21-11 F macro equivalent circuit

The input parameter is an expression representing the complex frequency transfer
function.

See the circuit SY STEM2 for an example of the use of this macro.
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FSK

Thisblock provides afrequency-shift keyer encoder.

FSK MODULATOR MACRO

Called by other circuits.
Not intended for stand alone analysis.

In Binaryl Binary!

189
o % & 2 M <
L Out

E1 é\f(Tmam JASine 1)+ViBinan 0y ViSin

Sinel Sined

: : L
V1 5 VZ&
L L

MODEL SINET SIN (F=NC1/TB A=WhAG)
MODEL SINED SIN (F=NCO/TB A=WMAG)

PARAMETERS0AMAG=1 NCO=2,NC1=2,TB=10u)
HELP WMAG "Magnitude of the output waveform”
HELP NCO"Murmnber of cycles of the output waveromn that will aceur in the duration of a single zero bit of the ingutwaverom”

HELP NC1 "Mumber of cycles of the output waveform that will aceur in the duration of 2 single one it of the input waveform®
HELP TB "Duration of a single hitin seconds"

Figure 21-12 FSK macro equivalent circuit

The input parameters are as follows:

Parameter Definition

WMAG Magnitude of the output waveform

NCO Number of cycles of the output waveform that will occur
inthe duration of asingle zero bit of the input waveform

NC1 Number of cycles of the output waveform that will occur
in the duration of asingle one bit of the input waveform

B Duration of asingle bit in seconds

See the circuit FSK2 for an example of the use of this macro.
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GYRATOR

The gyrator can be used to scale aresistive impedance. It can also transform an
inductive impedance to a capacitive impedance or a capacitive impedance to an
inductiveimpedance.

Thisfunction isimplemented with two cross-referenced linear dependent V OFI
sources.

Gyrator Macro

Called by other circuits. Not intended for stand alone analysis.
Ina Outa

=N

A HI
-1y
A Duth
PARAMETERS(G=1)

Inb

HELP G "Transformation factor. Req = 1/{R"G"G), Leq = CI{G™G), Ceq = L*G*G"

Figure 21-13 GYRATOR macro equivalent circuit
A single parameter, G, determines the impedance transformation as follows:
Req = 1/(R*G*G)
Leq=C/(G*G)
Ceq=L*G*G

See the circuit GYRTEST for an example of the use of this macro.
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IDEAL_TRANS2

Thisisanideal two port transformer. It provides afixed voltage gain.

Thisfunction isimplemented with two cross-referenced linear dependent sources.

The gain is constant with frequency.

PARAMETERS(GAIN=1)
Help GAIM "Yoltage gain or fumns ratio of the transformer”

YALUE=YT GAIN Fi{ 4 JF1 R

. |

1MEG  *

” 1
1P I Rl 2P
niy
YALUE=0

)EQ VALUE=GAIN

2t

W2 = GAIN Y1
2= 1/GAMN

This macro provides an ideal transfarmer governed by these equations:
%1 and V2 are the port voltages and 11 and [2 are the port currents)

Figure 21-14 Ideal_Trans2 macro equivalent circuit

A single parameter, GAIN, determines the transformer voltage gain.

VOUT = VIN*GAIN
IOUT = 1IN / GAIN

See the circuit IDEALTRANS for an example of the use of this macro.
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IDEAL_TRANS3

Thisisanideal three port transformer. It provides a fixed voltage gain from the

input port voltage to each of the two output ports. The gains are constant with
frequency.

Thisfunction isimplemented with four cross-referenced linear dependent
sources.

PARAMETERSIRatin12=1 Ratin13=1)
Help Ratiol 2 "Turns ratio bietween port 1 and port 2"
Help Ratiol 3 "Turns ratio between part 1 and port 3"

Vi o w2 R3
P 2r e FF
o = < -
VALUE=0 VALUE=0
FLYF2 FF R1 3 B4 yALUE=RATION3
1MES VALUE=RATIO12
1] B[] ElY
YALUESV2 Ratio13 viaLUE=Y1 Ratio1 2

This macro provides an ideal three port transformer governed by these equations:
(1,2, and W3 are the three port voltages and |1, 12, and 13 are the three port currents)
V2 = Ratio12 7 V1

I2 = 11/ Ratio12

V3 = Ratio13 * V1
I3 = 11 /Ratin13

Figure 21-15 Ideal_Trans3 macro equivalent circuit

Two parameters, GAIN12 and GAIN13, determine the transformer port voltage
gans.

VOUTZ2 = VIN*GAIN12
IOUT2 = 1IN / GAIN12

VOUTS3 = VIN*GAIN13
IOUT3 = 1IN/ GAIN13

See the circuit IDEALTRANS for an example of the use of this macro.
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INT

One of the most useful functions for system modeling istheintegrator. Ideally this
function provides an output which istheintegral of theinput signal:

Vou(t) =vinit +scale] V(1) dt
0

Thisfunctionisimplemented with the INT macro:

INTEGRATOR MACRO

Called by other circuits. Not intended for stand alone analysis.

PARAMETERS(SCALE=1MINIT=0)

T
: 61 _Lc R 651
SCALE T 1MEG,

T pina

PINA

— 11C = VINIT

W(PINE) = SCALE"INTEGRALIVFINA) DT

HELP SCALE "Scale factar to multiply the integral by"
HELP VIMIT "Initial value of the integral”

Figure 21-16 INT macro equivalent circuit

Two parameters are passed to the macro by the calling circuit: SCALE and
VINIT. SCALE multipliestheintegral and VINIT providesitsinitial value. This
particular implementation has abuffered output, allowingit to drive very low im-
pedance networks. It aso has avoltage limiting resistor. The resistor keeps the
output voltage finite when thereisa DC voltage input. It should be large enough
to avoid placing any practical limit on the frequency response.

Parameter Definition
SCALE Scalefactor to multiply theintegral by
VINIT Initial value of theintegral

See the circuit SYSTEM1 for an example of the use of this macro.
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MUL

Phase detectors and other system blocks require a function that multiplies two
analog signals. Thedesired functionis:

Vou(t) = scale V (1) V(1)

Thisfunction isimplemented with the MUL macro:

MUL MACRO

Called by other circuits. Not intended for stand alone analysis.

THE MUL MACRO PROVIDES A SCALED PRODUCT OF THE INPUT SIGNALS.
A PINA PINC
-,
El
5 PG T SCALEM(A)V(E)
BINB

PARAMETERS(SCALE=1.0)
HELP SCALE "Scale factor to multiply the input by"

Figure 21-17 MUL macro equivalent circuit
The single input parameter passed to the macro by the calling circuit, SCALE,

multipliesthe product of the two input waveforms. The scaled product is provided
at the output. Thisimplementation is done with an NFV function source.

Parameter Definition
SCALE Scalefactor to multiply theinput by
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NOISE

This macro implements a random noise generator to produce anoisy time-domain
waveform.

NOISE MACRO

Called by other circuits. Not intended for stand alone analysis.
THE MNOISE SOURCE IS A RANDOM VALUE GEMERATOR, ITWILL PRODUCE
ANEW RANDOM VALUE EVERY TS SECONDS, THE WALUEWILL BE IN THE
RAMGE FROM YE*(0=X=1)

Pluz

W1
- Minus

PWL TIME_SCALE_FACTOR=ts WALUE_SCALE FACTOR=vs 0[md} REPEAT FOREWER 1 {rnd} ENDREPEAT

PARAMETERS(TS=10n 5=1m)
(HELF T5 "Noise repitition rate. Anew noise value will be generated every TS seconds”
HELP WS "The maximurn value of the noise source. All values will be in the range of 0.0 to VS volts "

Figure 21-18 NOISE macro equivalent circuit

The parameter definitions are asfollows:

Parameter Definition

TS Noise repetition rate. A new noise value is generated
every TS seconds.

VS The maximum value of the noise source. All valueswill

bein therange of 0.0 to VSvolts.
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POT

This macro implements a potentiometer using several resistor val ue expressions.
The two parameters determine the initial pot setting. Percent isin % so 70%
would be given as 70 and not .70.

To sweep the pot wiper arm, step the Value field of the macro resistor R1 from
the Stepping dialog box. The stepped value will override the default percent pa-
rameter. See POTDEMO.CIR for an example.

POT MACRO
Called by other circuits. Not intended for stand alone analysis.
When this macra 1s placed in a schematic, the two
parameters will determine the initial pot setting. Percent
i3 in % 50 70% would be given as 70 and not .70
To step this macro, go to stepping and choose to step
MACROPARTHAME R1 WALUE (ie; ¥1 R1 VALUE)
The stepping will averride the percent parameter. See
FOTDEMO CIR for an example

PlnA
R1
POTSIZE"PERCENT/100 PINE

R2
POTSIZE-R(RT) .

PARAMETERS(POTSIZE=10K PERCENT=50)
HELP FOTSIZE "Maximum resistance valug"
HELF PERCENT "Percent of Potsize between PINA and PINE"

Figure 21-19 POT macro equivalent circuit

The parameter definitions are asfollows:

Parameter Definition
Potsize Maximum resistance value
Percent Percent of Potsize between PINA and PINB

See the circuit POTDEMO for an example of the use of this macro.
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PSK

Thisis a phase-shift keyer.

PSK MODULATOR MACRO

Called by other circuits.
Not intended for stand alone analysis.
parameters (WMAG=1,NC=4TB=10L)

In Binary

% £ m)q 5

= J; MODEL SINE SIN (F=NC/TB A=WMAG)
Sine out

v é_ E1 (j?.v(;am*vmma;

HELP YWWAG “Magnitude of the outaut waveform”

HELP MC "Mumber of cycles of the output waveform that will accar in the duration of one bit of the input waveform®

HELP TB "Duration of a single bitin seconds”

Figure 21-20 PSK macro equivalent circuit

The parameter definitions are asfollows:

Parameter Definition

WMAG Magnitude of the output waveform

NC Number of cycles of the output waveform that will occur
inthe duration of one bit of the input waveform

TB Duration of asingle bit in seconds

See the circuit PSK2 for an example of the use of this macro.
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PUT

Thiscircuit isamacro model for aPUT, a Programmable Unijunction Transistor.
The macro equivalent circuit isasfollows:

PUT MACRO
Called by other circuits. Not intended for stand alone analysis.
parameters(iH=50m,|GT=40m, TON=Tu,¥TMIN=1 YDRM=50DVDT=1E8,TQ=30u K 1=1.0 K2=1.0)

Anode

-—-- TRANSISTOR PARAMETERS —
define TF1 (BF 1*BF 2-1)*Trise/{1.8*BF 1) 1
03

¥ D2

define AF1 1 HIGTA 94H)
defire BF2 9

>
define 151 (POWE10,(-(Y THIN+.74)7.113)) gﬂj Fae
define 152151 Dz =+ R1
define CJC2 H™ 21K1"sgri( TON/DYDT) DFOR QZW
define RE1 1E-4 N
define TR1 1.25°K2*TQ Diw
define BF 1 (AFTW(1-(AFT)) DUt
define Trise 2°TON/S L
define CJET (CIC2)" 75
define AFT ((AF17(AF 1<= 3))+{ T5(AF 1> 9)))

athode

HELF IH"DC halding current’

HELF IGT "Gate frigger current’

HELF TON"Turn-on time"

HELP WTHIIM "Minimum anode to eathode on-state voltage”
HELP WDRM "Maximurmn repelitive peak off-state voltage”

HELF DWDT "Critical rate of rise of off-state voltage"
HELF TG "Tum-off time"

HELP K1 "Tueak factor for VDT

HELP K2 "Tweak factor for TQ"

Figure 21-21 PUT macro equivalent circuit

The parameter definitions are asfollows:

Parameter Definition

IH DC holding current

IGT Gate trigger current

TON Turn-ontime

VTMIN Minimum anode to cathode on-state voltage

VDRM Maximum repetitive peak off-state voltage
DVDT Critical rate of rise of off-state voltage
TQ Turn-off time

K1 Twesk factor for DVDT

K2 Tweak factor for TQ

See the circuit THY 1 for an example of the use of this macro.
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PWM_T and PWM_NT

The macro circuit is based upon the March 7, 2002 EDN article, “Modular
macromodeling techniques for SPICE simulators”, which featured a very work-
able model for the UC1845 pul se width modulator. We have implemented the
model in Micro-Cap and expanded it to model the full line of UCX84X PWMs.
Thismacroistheversionwith anintegral T flip-flop. Its schematic lookslikethis:

Figure 21-22 PWM_T macro equivalent circuit

The PWM_NT macro is the same circuit without the T flip flop.

The parameter definitions are asfollows:

Parameter Definition
VOFF VDD voltage at which regulation ceases
VON VDD voltage at which regulation begins

See the circuit UC1845 BOOST circuit for an example of the use of this macro.
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RELAY1

Thisrelay model includes a user-specified coil resistance and inductance. The cail
current is sensed and converted to a voltage by H1 which drives a Schmitt macro
to provide hysteresis between the ION and IHOLD currents. The output of the
Schmitt drives astandard voltage controlled switch S1.

RELAY1 MACRO
Called by other circuits. Not intended for stand alone analysis.

]
B

RCOIL LCoIL ! > H1
o e - ouT2
I E SCHMITT 1

e R1 e . ouT1

st

T MODEL 81 ¥SWITCH (RON=RCON ROFF=ROFF VON=.9 VOFF=1)

PARAMETER S(RCOIL, LCOILRON,ROFF JON,IHOLD)
HELP RCOIL"Resistance ofthe relay coil"

HELP LCOIL"Inductance of the relay coil"
HELP RON"Closed resistance of the output switch”
HELF ROFF "Open resistance of the outpLt switch

HELP I0N "Input current required to close the relay contacts”

HELP IOFF "Input current required to hold the relay contacts closed”

Figure 21-23 RELAY 1 macro equivalent circuit

The parameter definitions are asfollows:

Parameter Definition

RCOIL Resistance of the relay coil

LCOIL Inductance of the relay coil

RON Closed resistance of the output switch

ROFF Open resistance of the output switch

ION Input current required to close the relay contacts
|OFF Input current required to hold the relay contacts closed

See the circuit RELAY for an example of the use of this macro.

325



326

RELAY?2

Thisrelay model includes aflux circuit and derives a magnetizing force from the
flux. It then algebraically sumsthe magnetizing, stop, friction and restoring spring
forces acting on the relay plunger to arrive at a net force which is integrated
onceto get the plunger velocity and again to get the plunger position. This plunger
position directly controlsthe switch contacts.

RELAYZ MACRO
Called by other circuits. Mot intended for stand alone anatysis

RELAY MODEL WITH MECHAMICAL MODEL FOR SWITCH BOUNCE
SET MAXIMUM TIME STEP TC 6U-50U FOR BEST RESULTS.

M R ne FLUX
RCOIL CF i

FSTOP

=

N =]

T apLe=purLI
s ouTt
CULCOILFOAFLUP(+1.1-APOSITION) + (1.1A(POSTIDN)Y2) = =

FORCE it VELOCITY

e Lm

Int [}

’ ) e .

L i L
KFORCE KFLUEOAFLUKIFZAAREA- MFSTOR) - KSTOP™WMVELDCITYTF STOP) - (KSPRING™WPOSTION)) T

DEFINE FUML1 (0.0)(1, 0) (11,1680 (1 2 268)  define KFORCE 01 define AREAZ
PARMMETERS(REDILLCTILRON.ROFF) detine .01 define KSPRING 100
detine KFLUNIEF  define KSTOP a4,

HELF ROFF "Dpen resistance of the output suitch”

Figure 21-24 RELAY?2 macro equivalent circuit

The parameter definitions are asfollows:

Parameter
RCOIL
LCOIL
RON
ROFF

Definition

Resistance of the relay coil
Inductance of the relay coil

Closed resistance of the output switch
Open resistance of the output switch

See the circuit RELAY for an example of the use of this macro.
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RESONANT

This macro implements aresonant circuit with aresistor, capacitor, and inductor.
The L valueis entered as an input parameter, LIN. The C value is computed
from the LIN and FO input parameters. The resistor is computed from all three
input parameters. Theimplementation isasfollows:

RESONANT MACRO
Called by other circuits. Not intended for stand alone analysis.

parameters(LIN=1rn,FO=1 Meg, 00=20)

ZYPFFOLINAD
R1

fuc
Plus LI Minus
—

c1
T(UN4*FIFPIFFOFO)

HELP LIN "Value of inductance”
HELP FO "Center frequency”

Figure 21-25 RESONANT macro equivalent circuit

The parameter definitions are asfollows:

Par ameter Definition

LIN Value of inductance
FO Center frequency
Q0 Quality factor
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SCHMITT

Thiscircuit isamacro model for a Schmitt trigger, acircuit with alarge number
of uses, including noisefiltering, hysteresis, and level shifting. Thecircuit looks
likethis:

SCHMITT TRIGGER MACRO
Called by other circuits. Mot intended for stand alone analysis
Inverting Version Non-inwercing Version

(Sigu=-1] (Sign=1)

HELP X1 *Lower limit of input state change voltage®

- HELP %2 "Upper limit of input state change voltage"
HELP 1 "Lawer limit of output voltage"

.Parameters (X1=1,X2=2,71=1,V2=2,Rout=1, Sigm=-1]
ﬁ | | HELP *r2*Upper limit of output voltage"

! ! HELP ROUT "Output resistance of circuit’

T T HELP SIGN -1 for ifvarting versian, 1 for hon-inverting version®

Figure 21-26 SCHMITT macro equivalent circuit

The parameter definitions are asfollows:

Parameter Definition

X1 Lower limit of input state change voltage

X2 Upper limit of input state change voltage

Y1 Lower limit of output voltage

Y2 Upper limit of output voltage

ROUT Output Resistance of circuit

SIGN -1forinverting version, 1 for non-inverting version

See the circuit OSC1 for an example of the use of this macro.

328  Chapter 21: Analog Behavioral Building Blocks



SCR

Thiscircuit isamacro model for asilicon controlled rectifier or SCR. The macro
equivalent circuitisasfollows:

PARAETERS(IH=50m A, |GT=40mATON=1us, “TMIN=1V, VORM=S0W, DVOT=50Meg, T0=20Us KI=1, K2=1)

ANODE HELF IH "D Holding Cument”
define RGK ((IGTIH)~ 36)/C TSIGTIMGT <= 361 75 361H) ©ate T .
define TF1 (BF14BF2.1 P Triseil1 3BF1) HELF 16T "Gate Trigger Current
detine AP 1+0GTIL2HH)
define BF2 8 o
define IS1 (POV(10,(-(TMIN+ 7334 11)3) ¥ ol

detine 152 151

define CIC2 IH.21 K1 s TONDYDT
define AFT ((AFT*(AF1=.5) AND (AF1<=9)
HOTAF 1= 304 SAF] <= 1)

- TRANSIETOR PARAMETERS -

GATE

02
bt
Y HELP K1 * DVOT adjustment (st te 1 unless sthemise specified
HELP K2 'T0 adjustment (set to 1 unless otheruise specified)’

define Trise 2°TON/3
define CJET (CIC2TS ATHODE

..... MODEL STATEMENTS e

model (R NP (BF=BF 1 [3=151 REREI CJE-CJE! BR=BF1 TF=TF1 TR=TR1)

model ON NPN (BF=BFZ 15=I52 CIC=CICD)

model D1 O 5= 0017151 BE)

model DJ2 O (18=.001°(151) BVSVDRM)
model DFOR D (8V=VDRM )

HELP T *Tum of time"
define BF1 (AFTY(1-(AFT)

Figure 21-27 SCR macro equivalent circuit

The parameter definitions are asfollows:

Parameter Definition

IH DC holding current

IGT Gate trigger current

TON Turn-ontime

VTMIN Minimum anode to cathode on-state voltage
VDRM Maximum repetitive peak off-state voltage
DVDT Critical rate of rise of off-state voltage

TQ Turn-off time

K1 Twesk factor for DVDT

K2 Tweak factor for TQ

See the circuit THY 1 for an example of the use of this macro.
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SLIP

The SLIP macro models hysteresis, or backlash. The output is zero within the dlip

zone, -DX to +DX. Outside of the hysteresis zone, the output is proportional to the
input. The output isclipped to MAX.

Thisfunction isimplemented with the SLIP macro:

SLIP MACRO
Called by other circuits. Not intended for stand alone analysis.

THE SLIP MACRO MODELS HYSTERESIS OR BACKLASH IN A SYSTEM. THE
QUTPUT IS DIRECTLY PROPORTIONAL TO THE INPUT EXCEPT IN THE DEAD
ZONE, + DX, WHERE IT IS ZERQ. THE OUTPUT I3 ALSO CLIPPED AT +- MAX
THE MACRO USES A NTYOFY FUNCTION TABLE SOURCE TO IMPLEMENT
THE TRAMSFER FUNCTION. THE WALUES OF MAX AND DX ARE PASSED

AS PARAMETERS TO THE MACRO BY THE CALLING CIRCUIT.

PINA FINB
e

- TABLE
T MAK -MAK) (DX, 0) (DK, 0) (MAK MAK)

PARAMETERS(MAX=10Di=1)
HELP WAX "Maximum output valug"
HELP DX "Slip value"

Figure 21-28 SLIP macro equivalent circuit

A pair of input parameters, DX and MAX, define the slip zone and the maximum
output level. The function is constructed with an NTVOFV Function table source.

Parameter Definition
DX Slipvalue
MAX Maximumvalue

See the circuit SYSTEM?2 for an example of the use of this macro.
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SNUBBER
The SNUBBER macro models a snubber diode.

Thisfunctionisimplemented with the SNUBBER:

R1

VWA i}
RSNUB CSNUB
ANODE | ] CATHODE

MODEL=DSNUB
D1

HELP CSNUB "Snubber Capacitance"
HELP RSNUB "Snubber Resistance"

Figure 21-29 SNUBBER macro equivalent circuit

A pair of input parameters, CSNUB and RSNUB, specify the parallel RC net-
work that provides the energy absorbing parasitics.

Parameter Definition
CSNUB Parallel capacitance value
RSNUB Parallel resistance value
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SPARKGAP

Thisisamacro

circuit model for a spark gap arrestor.

SPARKGAP MACRD

Called by other circuits
Mot intended for stand alone analysis

HELP CARC "Are capacitance”

it RS
aint o Suitohapye 10 -Paremstrstidhres=00, V=10, sus=500M, Rreg=1 Lpi=130H,Rel-2K,Cpar=1F, Cars=3F}
| ' | e
m 1o ) PSP, P Thsshi. 10, F(AB S0 o lsus. 10, 100)
10heg JJN . Ri
pn2 B G ol TR -
Thresh
R4 da & Duet
1810w ? T Mihres+Cuthres™ o) d@ Y
1 T00r\Ait)
= &0 Ol L o T
e g

Ty 2 -
\{3witeh FinZP{3witcheh) . m{éw—{%ﬁ
~100heg™Dif. Find FinZ)
lon
rg@ (e
Azas(\,(uvm)_t :

L I

Figure 21-30 SPARKGAP macro equivalent circuit

Parameter
VTHRES
VARC
ISUS
RNEG
LPL

RPL
CPAR
CARC

Definition

Voltage at which the spark-gap strikes

Voltage across the spark-gap once struck
Sustaining current under which the arc is stopped
Negative resistance once struck

Lead inductance

Flux loss associated with LPL

Gap capacitance

Arc capacitance

See the circuit SPARK for an example of the use of this macro.
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SUB
A common requirement is to subtract two analog signals. The desired functionis:
Vou® = ka V(1) - kb V(1)

Thisfunction isimplemented with the SUB macro:

SUB MACRO

Called by cther circuits. Not intended for stand alone analysis.

THE SUB OUTPUT IS EQUAL TO THE WEIGHTED
DIFFERENCE OF THE INPUT SIGMNALS

A PINA PING

i Sl
El

B PINE 1 Kim(A)- KB™VIB)

[ SLN.

PARAMETERS (KA=1 KE=1)

HELP KA "MWultiplier of input A"
HELPF KE "Multiplier of input B"

Figure 21-31 SUB macro equivalent circuit

The two input parameters, KA and KB, scale each input. The scaled input signals

are then subtracted to produce the output. Thisimplementation is done with an
NFV function source.

Parameter Definition
KA Multiplier of input A
KB Multiplier of input B

See the circuit SYSTEM?2 for an example of the use of this macro.
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SUM

Many system simulations call for afunction to perform the anal og addition of two
signals. Thedesired functionis:

Vo) = ka V (1) + KbV, (t)

Thisfunction isimplemented with the SUM macro:

SUM MACRO

Called by other circuits. Not intended for stand alone analysis.

THE SUM MACRO PROYIDES AN OUTPUT EQLIAL
TO THE WEIGHTED SUM OF THE INPLIT SIGMALE.

A PINA PINC
ol Sl .
E1
B _PINB 1 KA+ KB™(B)
——

PARAMETERS (KA=1,KB=1)

HELP KA "Multiplier of input A"
HELP KB "Multiplier of input B"

Figure 21-32 SUM macro equivalent circuit

The two input parameters, KA and KB, scale each input. The scaled input signals
are then added to produce the output.

Parameter Definition
KA Multiplier of input A
KB Multiplier of input B

See the circuit SYSTEM?2 for an example of the use of this macro.
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SUM3
A triple summer is sometimes convenient. The desired functionis:
Voul) = kaV () + kb V, ()+ ke V(1)

Thisfunctionisimplemented with the SUM 3 macro:

SUM3 MACRO
Called by other circuits. Not intended for stand alone analysis.

R1
PINA A Ao .

e .
FINB 8 _FRI E1
BE—E
BING s Ry l KA KB (B)+KC™V(C)
L S

1els

PARAMETERS (A=1,KB=1KC=1)
HELP KA "Wultiplier of input A"
HELP KB "Multiplier of inpLt B"
HELP KC "Multiplier of input C"

Figure 21-33 SUM 3 macro equivalent circuit

Thethree input parameters, KA, KB, and KC, multiply each input. The three
scaled input signal s are then added to produce the output. Thisimplementationis
done with an NFV function source.

Parameter Definition

KA Multiplier of input A
KB Multiplier of input B
KC Multiplier of input C

See the circuit SYSTEM1 for an example of the use of the SUM3 macro.
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TRIAC

Thiscircuit isamacro model for a TRIAC. The macro equivalent circuit is as

follows:;

Called by other circuits. Not intended for stand alone analysis.

PARAMETERS(|H=50mA, |5T=40mATON=10US, VIMIN=1V, VDRM=50, DVDT=50Men,T0=20Us K1=1, K2=1)

HELP IH"DC holding current’

HELF IGT “Gate trigger current

HELP TON "Turn-an time"

HELP VTMIN “Minimum anode to cathode on-state voltage"
HELP VORM "Maximur repefitive peak of-stats voltage"

=== TRANSISTOR PARAMETERS -

HELP DYDT "Critical rate of rise of off-state voltage"
HELP TQ"Tutn-offtima"

HELP K1 "Tweak factar for DVDT"

HELP K2 "Twveak factar for TQ"

define 11 (POWE D, (-OTHIN+ F4p.11)1 w2
define AF1 1 +(GTH.IH)) ANODE
define BF1 (AFTH(1-(AFTY) 4 n
define 152 151 ¥ L
define BF2 9 ap n P
define RE1 1E-4 GNG
define RiSK TEIGT TR R 4
define Trise 25 TON/3 GATE o p Ven N sate
define TR 1 25%K2*TQ R? a1 arc n
define GJET (CICZ 75 ] >0 brx
define CJCZ IH* 21K “sar(TONIDVDT) P
define TF1 (BF1°BF2-1)Trisel(1 8°BF 1)
define AFT ((AF17(AF1 <= 8))+ (3(AF 1= 9)))

ATHODE |

Figure 21-34 TRIAC macro equivalent circuit

The parameter definitions are asfollows:

Parameter
IH

IGT

TON
VTMIN
VDRM
DVDT
TQ

K1

K2

Definition

DC holding current

Gate trigger current

Turn-ontime

Minimum anode to cathode on-state voltage
Maximum repetitive peak off-state voltage
Critical rate of rise of off-state voltage
Turn-off time

Tweak factor for DVDT

Tweak factor for TQ

See the circuit THY 1 for an example of the use of the TRIAC macro.
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TRIGGERG

Thiscircuit isamacro model for athyristor gate trigger circuit. The macro
equivalent circuitisasfollows:

Trigger Macro
Called by other circuits, Notintended forstand alone analysis.

L e p— (RS-

& Thyristor Gate Trigger Circut
Firing Angle =time delay from the positive going zera
crossing on AC_IN to the leading edge of Trigger_Out
is proportional to the voltage on CONTROL
W(CONTROL) must be in the range 0 T0 PEAK

Figure 21-35 TRIGGER6 macro equivalent circuit

There are no parameters for the macro.

See the circuit CONVERTERS for an example of the use of this macro.
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TRIODE

The TRIODE isamacro model of avacuum triode device. Its equivalent circuit
Is as shown below.

TRIODE MACRO

Called by other circuits. Not intended for stand alone analysis.
The Triode macro is implemented with a 32 power function

source. The model uses avoltage-controlled current source.

The k Mu, Cap, Cac, and Cpe values are passed as parameters

when the macro is used ina circuit. For example, a typical

MALT0 parameter call wauld be Triode(1 E-6,20,101.2nf,.1 )

2
Grid — Plate
c3  CoP o1

W) T
calh Jeec

K pow((VIPLATE)-(1+MUIV(CATH)+MU™VIGRID)) 1.5)
PARAMETERS (K=SMMU=05 CGP=10P CGC=10P CPC=10P)
HELP K "Tube constant k"

HELP MU "Tube constant mu"

HELP CGP "Grid to plate capacitance "
HELP CGC "Grid to cathode capacitance”
HELP CPC "Plate to cathode capacitance”

Figure 21-36 TRIODE macro equivalent circuit

The Triode macro isimplemented with a 3/2 power function voltage-controlled
current source. The K, MU, CGP, CGC, and CPC values are passed as param-
eters when the macro is used in a circuit.

Parameter Definition

K Tube constant k

MU Tube constant mu

CGP Grid to plate capacitance
CGC Grid to cathode capacitance
CPC Plate to cathode capacitance

See the circuit F4 for an example of the use of the TRIODE macro.
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VCO

A voltage-controlled oscillator, or VCO, isan oscillator whose instantaneous fre-
guency is dependent upon atime-varying voltage. The VCO macro has a voltage
whose time dependenceis given by:

V() = vpcos (2n(fOt +kf f v, (1) db))

Inthisform, f; isthe center frequency and k, is the frequency sensitivity in
Hz/volt. Thisform of linear VCO is easily implemented as a macro:

VCO MACRO

other circuits. Notintended for stand alone analysis.

INPUT PARAMETERS ARE:

VP THE PEAK MAGNITUDE OF THE OUTPUT SIGNAL
F0. THE CEMTER FREQUENCY

KF...THE FREQUENC'Y SENSITIVITY IN HZVOLT

PINA WMOD FINB
[ ELAT—
‘ 1 0 o :
- G 1E6 T 11C=0 v Veo

L rcosrerprmaenamony

PARMMETERS(YP=1 FO=1 ey F=1Meg)

HELP VP "Peak magnitude of the output signal”
HELP FO "Center frequency
HELP KF "Frequency sensitivity in Hz/Volt"

Figure 21-37 VCO macro equivalent circuit

The VCO uses anonlinear function source, which uses the output of an integrator
stage to control the frequency. The input parameters specify the magnitude, cen-
ter frequency, and the frequency sensitivity.

Parameter Definition

VP Peak magnitude of the output signal
FO Center frequency

KF Frequency sensitivityinHz/Volt

See the circuit F1 for an example of the use of this macro.
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WIDEBAND

Thisisawideband model of atransformer.

WIDEBAND MACRO

Called by other circuits. Mot intended for stand alone analysis.

.parameters(RS=10MN=1 FL=1k FH="10Meg)
define k1 sqri(1/(1+4=(FLFH)N)

Inp Outp
D B
S(REZFPIFL o PnLILP)
ZLP K1 s
Intm ' LR i Outm

HELF RE "Source resistance used to measure FL and FH
This resistance is external to the macro.
The load resistance should be n*n*RE."

HELF N"Number ofturns"
HELP FL "Low frequency -3dB hreakpoint®

Figure 21-38 WIDEBAND macro equivalent circuit

Par ameter Definition
RS Primary series resistance
N Number of turns

FL Low frequency breakpoint
FH High frequency breakpoint
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XTAL

XTAL isamacro model of acrystal. Itsequivalent circuit is as shown below.

CRYSTAL (XTAL) MACROQ
Called by other circuits. Not intended for stand alone analysis.

Plus PARAMETERS({FO=1Meg R=500,Q=50K)

HELP FO "Center fraquency”
HELP R "Resistance”
RRZ HELP Q "Crystal quality factor”

WP | QRO ZPIFD)
L1

Cpal
LCseries
1/ (pow( ( 2*PFFD Y 25 RAC { TRIFD ) )
inus

Figure 21-39 XTAL macro equivalent circuit

The XTAL macro isimplemented with a standard tank circuit model for crystals.

Par ameter Definition

FO Center frequency

R Resistance

Q Crystal quality factor

For examples of how to use the macro, see the circuit XTAL1, which shows a
crystal oscillator application.
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555

The 555 isamodel of the ubiquitous 555 timer circuit. Its macro and equivalent
circuit areasfollows:

555 TIMER MACRO
Called by other circuits. Not intended for stand alone analysis.

Figure 21-40 555 macro equivalent circuit

The 555 uses several nonlinear function sources to monitor the THRES and TRIG
input voltage values. When they cross a certain threshold the sources switch to a
high or low level and charge capacitors which drive the R and Sinputs of aRS
flip-flop. Theflip-flop drivesthe output and an NPN which provides a discharge
path. There are no input parameters.

For examples of how to use the macro, see the circuits 555M ONO, which shows
amonostabl e application, and 555ASTAB, which demonstrates how to use the
555 in an astable application.

Y ou can change the power supply by using a.PARAM statement as follows:

.PARAM V555_VDD=<VDD value desired>
.PARAM V555_VSS=<VSS value desired>

The statement may be placed in the text area, the grid text, the User Definitions,
or an appropriate text library file.
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Chapter 22

.
AnalogDevices

What's in this chapter

This chapter covers the parameter syntax, model statements, model parameters,
and model equations used by each of the Micro-Cap analog devices.

Model statements describe the model parameters for the more complex devices.

Model parameters are the numeric values to be used in the model equations.
They are obtained from model statements or binary model libraries (*.LBR).

Model equations use the numeric model parameter values in a set of mathemati-
cal equations that describe three aspects of a device's electrical behavior:

1. The static relationship between terminal currents and branch voltages.
2. Energy storage within the device.
3. Noise generation.

In the chapter that follows, each component is described in terms of :

1. SPICE parameters and / or schematic attribute formats.

2. Model statement format (if any).

3. Model parameters (if any).

4. The electrical model in terms of its schematic and model equations.

If the SPICE parameter format is not given, the component is available for use
only in schematic circuits and not in SPICE text file circuits.

All devices have PACKAGE, COST, and POWER attributes. The PACKAGE
attribute specifies the package to be used for PCB netlists. ©COST and POWER
attributes specify the cost and power contributions for the Bill of Materials report.

Features new in Micro-Cap 8
* N-Port device using Touchstone data format
* BSIM4 MOSFET model
® EKV 2.6 MOSFET model
® Timer model
* New animated devices
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Animated anal og bar

Schematic format
PART attribute
<name>

Example
BAR1

LOW attribute
<low_value>

Example
1

HIGH attribute
<high_value>

Example
2

The animated anal og bar produces a colored bar whose height tracks its input

voltage. When the voltage equals low_value the bar is at a minimum. When the
voltage equals high_value the bar is at a maximum.
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AnimatedanalogLED

Schematic format
PART attribute
<name>

Example
LED2

COLOR attribute
<color name> , <on voltage> , <on current>

Example
Red,1.7,0.015

The animated analog LED is alight emitting diode whose color appears when the
voltage across its two terminals equals or exceeds on voltage. It is modeled elec-
trically as a conventional diode whose voltage and current match the specified on
voltage, and on current.

The choice of color is controlled by the user-selected pal ette color associated with
color_name. To change the color name or actual on-screen color, double click on
aLED, then click on the COLOR attribute, then on the LED Color button in the
Attribute dialog box. Thisinvokesthe LED Color dialog box which letsyou edit
the existing LED COLOR attributes or add additional ones. The following are
suppliedwiththeorigina MC8library.

YELLOW, 2.0, .015
GREEN, 2.1, .015
BLUE, 34, .012
RED, 1.7, .015
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Animated DC motor

Schematic format
PART attribute
<name>

Example
MOTOR1

RPSPV attribute

<revs per_sec_per_volt>

Example
1

RMOTOR attribute
<motor_resistance>

Example
50

LMOTOR attribute
<motor_inductance>

Example
1

The animated DC motor rotates at an angular velocity controlled by the instanta-
neousinput voltage. Therate of rotationis:

Revolutions per second = (input voltage ) * ( revs_per_sec per_volt)

The motor is modeled electrically as aresistor of value motor_resistance in se-
ries with an inductor of value motor_inductance.

Thevoltage on the Velocity pinisequal to the velocity in revolutions per second.

Warning: If the rotation rate is too high the display will appear to be still
due to a rapid rotation rate. A rate of 10 RPS is a good working maximum.
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Animated DPST, SPDT, and SPST switches

Schematic format
PART attribute
<name>

SPDT switch
STATE attribute
<UP | DOWN>

SPST or DPST switch
STATE attribute
<OPEN | CLOSED>

RON attribute
<ron>

Example
.001

ROFF attribute
<roff>

Example
1E12

GROUP attribute
<group_name | NOT group_name>

Examples
Groupl

NOT Group22

Double clicking in the switch area toggles the state of these switches between
open and closed (SPST and DPST), or between up and down (SPDT). The
switches are modeled with a simple resistor whose on and off values are set by
ron (default=.001) and roff (default=1E15). Double clicking just outside of the
switch area accesses the Attribute dialog box for the device. A click on a switch
with a GROUP attribute causes all others of the same attribute to behave the
same. If group_name is preceded with the reserved word NOT, the switch be-
haves oppositely to that of switches with group_name.
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Animated meter

Schematic format
PART attribute
<name>

Example
METER1

LOW attribute
<low>

Example
-10

HIGH attribute
<high>

Example
10

SCALE attribute
<T|MEG|K|m]|u|n]|p]|f >

Example
m

AUTOSCALE attribute
<ON | OFF>

Example
OFF

ANALOG_OR_DIGITAL attribute
<ANALOG | DIGITAL>

Example
ANALOG

AMPS OR VOLTS attribute
<AMPS | VOLTS>
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Example
VOLTS

INPUT RESISTANCE attribute
<rin>

Example
1E9

The animated meter is avoltage or current meter whose display can be either
analogordigital.

Click on the Digital or Analog text on the meter shape to select either an analog
ordigital display.

Click on the Amps or Volts text on the meter shape to select either an ammeter
or avoltmeter.

Click on the Autoscal e text on the meter shape to toggle between automatic scal-
ing and manual scales. In manual scaling the lower limit is set by low and the
higher limit is set by high. The digital meter mode always uses autoscaling.

The SCALE attribute is effective only when AUTOSCALE is OFF and the
ANALOG meter option is selected. With an input voltage of 8000, a scale of k
would read 8 when the analog range is 10 (LOW=0 and HIGH=10).

When the meter isin voltmeter mode, rin is added across the input terminals.
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Animatedrelay

Schematic format
PART attribute
<name>

Example
RELAY1

LIN attribute
<input_inductance>

Example
1E-4

RIN attribute
<input_resistance>

Example
100

ION attribute
<input_on_current>

Example
50m

| OFF attribute
<input_off current>

Example
15m

RON attribute
<on_resistance>

Example
1

ROFF attribute
<off_resistance>
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Example
1E9

BIDIRECTIONAL attribute
<YES | NO>

Example
NO

The animated relay isan SPST relay that responds dynamically to changesin in-
put current. It behaves like a smooth transition, current-controlled W switch. The
relay input is modeled as an inductor of value input_inductance and a resistor of
value input_resistance.

Model Equations

If BIDIRECTIONAL attribute is set to NO
IC = Current flow into the Plus Input
else
IC = ABS(Current flow into the Plus Input )

Log-mean of resistor values = In((RON.ROFF)¥?)
Log-ratio of resistor values = In(RON/ROFF)
Mean of control currents = (ION+IOFF)/2
Difference of control currents = ION-IOFF
Switch output resistance

—
PV

SIS

Pyl
(0)]

If ION > |OFF
If IC >= ION
RS = RON
If IC <= |OFF
RS = ROFF
If IOFF < IC < ION
RS = exp(LM + 3LR{(IC-IM)/(2ID) - 2LR.(IC-IM)¥ID?)

If ION < IOFF
If IC <= ION
RS = RON
If IC >= IOFF
RS = ROFF
If IOFF > 1C > ION
RS = exp(LM - 3LR.(IC-IM)/(21D) + 2LR.(IC-IM)¥I1D?)

355



Animatedtrafficlight

Schematic format
PART attribute
<name>

Example
LIGHT1

TURN-ON VOLTAGES attribute
<on_voltage>

Example
2

The animated traffic light is designed to smulate atypical traffic light. There are

threelights, red, yellow, and green. Each of the threelightsisilluminated when its
input control pin voltage exceeds on_voltage.
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Animateddigital switch

Schematic format
PART attribute
<name>

Example
Ul

1/O MODEL attribute
<1/O model name>

Example
IO _STD

10 LEVEL attribute
<interface subckt select value>

Example
1

POWER NODE attribute
<digital power node>

Example
$G_DPWR

GROUND NODE attribute
<digital ground node>

Example
$G_DGND

STATE attribute
<output_state>

Example
1

The animated digital switch generatesa 1 or O at itsdigital output. To change the
state, double-click on the switch body.
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Animateddigital LED

Schematic format
PART attribute
<name>

Example
Ul

/O MODEL attribute
<1/O model name>

Example
IO_STD

IO LEVEL attribute
<interface subckt select value>

Example
1

POWER NODE attribute
<digital power node>

Example
$G_DPWR

GROUND NODE attribute
<digital ground node>

Example
$G_DGND

Theanimated digital LED isilluminated when the digital stateat itsinput pinisa
1, otherwiseitisnot illuminated. It is designed to represent the display of alight
emitting diode. It hasasingleinput pin. Depending on the digital state or the ana-
log voltage at the input pin, the LED will belit with adifferent color on the sche-
matic. The colors the LED uses are defined in the Color/Font page of the circuit's
Properties dialog box. In this page, thereisalist of digital states that have a cor-

responding color.
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Animated seven segment display

Schematic format
PART attribute
<name>

Example
Ul

1/O MODEL attribute
<1/O model name>

Example
I0_STD

10 LEVEL attribute
<interface subckt select value>

Example
1

POWER NODE attribute
<digital power node>

Example
$G_DPWR

GROUND NODE éttribute
<digital ground node>

Example
$G_DGND

ON STATE attribute
<HIGH | LOW>

Example
HIGH

Each segment in the display islit if its control pinisat the ON STATE, otherwise
itisunlit. ON STATE can be specified as either HIGH or LOW.
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Battery

Schematic format
PART attribute
<name>

Example
V1

VALUE attribute
<value>

Examples
10

55V

The battery produces a constant DC voltage. It isimplemented internally as the
simplest form of SPICE independent voltage source. Itsmain virtueliesinitssim-

plicity.
The battery provides a constant voltage value. If you need a voltage source that is

dependent on other circuit variables or time, use one of the dependent sources or
the function source (NFV).
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Bipolar transistor

SPICE format
Syntax
Q<name> <collector> <base> <emitter> [substrate]
+<model name> [area] [OFF] [IC=<vbe>[,vce]]

Examples
Q15792N3904 1 OFF 1C=0.65,0.35

Q2579202N3904 2.0
Q3 C 20 OUT [SUBS] 2N3904

Schematic format
PART attribute
<pame>

Examples
Q1
BB1

VALUE attribute
[area] [OFF] [IC=<vbe>[,vce]]

Example
1.50FF 1C=0.65,0.35

MODEL attribute
<model name>

Example
2N2222A

Theinitiaization, '|C=<vbe>[,vce]', assignsinitial voltagesto thejunctionsintran-
sient analysisif no operating point is done (or if the UIC flag is set). Areamulti-
plies or divides parameters as shown in the model parameters table. The OFF
keyword forces the BJT off for the first iteration of the operating point.

Model statement forms
.MODEL <model name> NPN ([model parameters])
.MODEL <model name> PNP ([model parameters])
.MODEL <model name> LPNP ([model parameters])
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Examples
.MODEL Q1 NPN (IS=1E-15 BF=55 TR=.5N)

.MODEL Q2 PNP (BF=245 VAF=50 |S=1E-16)
.MODEL Q3 LPNP (BF=5 IS=1E-17)

Name Parameter Unit/s Default Area
IS Saturation current A 1E-16 *
BF Ideal maximum forward beta 100.0
NF Forward current emission coefficient 1.00
VAF Forward Early voltage \% 00

IKF  BFhigh-current roll-off corner A 00 *
ISE  BE leakage saturation current A 0.00

NE BE leakage emission coefficient 150

BR Ideal maximum reverse beta 1.00

NR Reverse current emission coefficient 1.00
VAR Reverse Early voltage \% 00

IKR  BRhigh-current roll-off corner A 00

ISC  BC leakage saturation current A 0.00

NC BC leakage emission coefficient 2.00

NK High current rolloff coefficient 0.50

ISS  Substrate pn saturation current A 000 *
NS Substrate pn emission coefficient 1.00

RC Collector resistance Q 000 /
RE Emitter resistance Q 000 /
RB Zero-bias base resistance Q 000 /
IRB  Current where RB falls by half A 00 *
RBM  Minimum RB at high currents Q RB /
TF Ideal forward transit time S 0.00

TR Ideal reverse transit time S 0.00
XCJC Fraction of BC dep. cap. to internal base 1.00
MJC BCjunctiongrading coefficient 0.33
VJC BCjunctionbuilt-inpotential \% 0.75
CJC BC zero-bias depletion capacitance F 000 *
MJE BEjunctiongrading coefficient 0.33
VJE BEjunctionbuilt-inpotential \% 0.75

CJE BE zero-bias depletion capacitance F 000 *
MJS  CSjunctiongrading coefficient 0.00
VJS  CSjunctionbuilt-inpotential vV 0.75

CJS  CSjunction zero-bias capacitance F 000 *
VTF Transit time dependence on VBC vV 00

ITF  Transt time dependenceon IC A 000 *
XTF  Transit time bias dependence coefficient 0.00
PTF  Excess phase 0.00
XTB  Temperature coefficient for betas 0.00
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Name Parameter Units Default Area

EG Energy gap eV 111
XTIl Saturation current temperature exponent 3.00
KF Flicker-noisecoefficient 0.00
AF Flicker-noiseexponent 1.00
FC Forward-biasdepl etion coefficient 0.50
T _MEASURED Measured temperature °C

T_ABS Absolute temperature °C

T REL_GLOBAL Relative to current temperature °C

T REL LOCAL Relative to AKO temperature  °C

TRELl RE linear temperature coefficient °Ct 0.00
TRE2 RE quadratic temperature coefficient °C2 0.00
TRB1 RB linear temperature coefficient °Ct 0.00
TRB2 RB quadratic temperature coefficient °C2 0.00
TRM1 RBM linear temperature coefficient °Ct 0.00
TRM2 RBM quadratic temperature coefficient °C2 0.00
TRC1 RC linear temperature coefficient °Ct 0.00
TRC2 RC quadratic temperature coefficient °C2 0.00

BJT model equations

COLLECTOR

]

R

mi & DBC lcac =l
BasE, | 1 SUBSTRATE
: 1Ty NP or PHP
I

RE
¥ e CBE DJ o OnLY

D)= L o]
r RE
IE

SUBSTRATE
[LPHP ONLY)

EMITTER

Figure 22-1 Bipolar transistor model

Definitions

The model parameters|S, IKF, ISE, IKR, ISC, ISS, IRB, CJC, CJE, CJS, and ITF
are multiplied by [area] and the model parameters RC, RE, RB, and RBM are
divided by [area] prior to their use in the equations bel ow.

T isthe device operating temperature and Tnom is the temperature at which the
model parameters are measured. Both are expressed in degrees Kelvin. T is set to
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the analysis temperature from the Analysis Limits dialog box. TNOM is deter-
mined by the Global Settings TNOM value, which can be overridden with a.OP-
TIONS statement. T and Tnom may both be customized for each model by speci-
fying the parameters T_MEASURED, T_ABS, T_REL_GLOBAL, and
T_REL_LOCAL. For more details on how device operating temperatures and
Tnom temperatures are calculated, see the .MODEL section of Chapter 26,
"Command Statements”.

The substrate nodeis optional and, if not specified, is connected to ground. If,ina
SPICE file, the substrate node is specified and is an a phanumeric name, it must
be enclosed in square brackets.

The model types NPN and PNP are used for vertical transistor structures and the
LPNP isused for lateral PNP structures. The isolation diode DJ and capacitance
CJ are connected from the substrate node to the internal collector node for NPN
and PNP model types, and from the substrate node to the internal base node for
the LPNP model type.

When adding new four terminal BJT components to the Component library, use
NPN4 or PNPA4 for the Definition field.

When a PNP4 component is placed in a schematic, the circuit isissued an LPNP
model statement. If you want a vertical PNP4, change the LPNP to PNP.

VT =kT/q

VBE = Internal base to emitter voltage

VBC = Internal base to collector voltage

VCS = Internal collector to substrate voltage

In general, X(T) = Temperature adjusted value of parameter X

Temperature effects

EG(T) = 1.16 - .000702-T%/(T+1108)

| S(T) =1 Se((T/Tnom—l)-EG/(VT)). (T /Tnom)(XTl)

|SE(T) = (| SE/(T/Tnom)XTB).e((T’T nom—l)-EG/(NE-VT)).(T/Tnom)(XTI/NE)

| SC(T) = (| SC/(T/Tnom)XTB).e((TlTnom'l)'EG/(NC'VT)).(T/Tnom)(XT”NC)

BF(T) = BF.(T/Tnom)*™

BR(T) = BR.(T/Tnom)X™®

VJE(T) = VIE(T/Tnom)-3-V T.In((T/Tnom))-EG(Tnom).(T/Tnom)+EG(T)
VJC(T) = VIC(T/Tnom)-3.VT.In((T/Thom))-EG(Tnom).(T/Tnom)+EG(T)
VJIS(T) =VIS(T/Tnom)-3.VT.In((T/Tnom))-EG(Tnom).(T/Tnom)+EG(T)
CJE(T) = CIE(1+MJIE:(.0004-(T-Tnom) + (1 - VIE(T)/VJIE)))

CJC(T) = CIC(1+MJIC.(.0004-(T-Tnom) + (1 -VIC(T)/VIC)))
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CIS(T) = CIS(1+MIS(.0004(T-Tnom) + (1 - VIS(T)VIS)))

Current equations

Q1=1/(1- VBC/IVAF - VBE/VAR)

Q2 = I1S(T)-(eVBENFVDL1)/IKF + 1S(T).(eVBYNRVDL1)/IKR
QB = QL(1+(1+4-Q2)°%) / 2

Current source value

ICT = I1S(T)-(€VBEFNFVI.1)/QB - 1S(T).(eVBCINRVD)-1)/QB

Base emitter diode current
IBE = ISE(T).(elVBENEVI). 1)+ S(T).(elVBENFV-1)/BF(T)

Base collector diode current
IBC = ISC(T).(eVBI/NCVD 1) +1S(T).(eVBCYNRVT).1)/QB/BR(T)

Base terminal current

IB=IBE +IBC

IB = IS(T)-(€VBENFVI)-1)/BF(T)+I SE(T)-(elVBEMNEVD). 1)+
| S(T)-(G(VBC/(NR'VT))-1)/BR(T)+| SC(T)-(GNBC/(NC'VT))-].)

Collector terminal current
IC= |S(T).(e(VBE(NF-VT))_ e(VBC/(NR-VT)))/QB
- S(T)-(e(VBC/(NR'VT))-l)/B R(T)- | SC(T)-(e(VBC/(NO'VT)) _1)

Emitter terminal current
IE=1 S(T).(e(vBE/(NF-VT))_e(VBC/(NR-VT))) /QB
+| S(T).(e(VBE/(NF-VT))_ 1)/B F(T)‘H SE(T)-(G‘VBE(NE'VT))-].)

Capacitance equations
Base emitter capacitance
GBE = base emitter conductance = §(IBE) / d(VBE)

If VBE < FC.VJE(T)
CBE1 =CJE(T)-(1 - VBE/VJE(T))M*E
Else
CBEL1 = CJE(T)-(1 - FCy®M® . (1 - FC.(1+MJE)+MJE.VBE/VJE(T))

R=1I S(T)-(e(VBE(NF'VT))-l)/U S(T)-(G(VBE/(NF'VT))-].)+| TF)

CBE2 = GBE.TF.(1+X TF.(3R2-2.R?).¢VBO(1L44-VTR)
CBE = CBE1+CBE2
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Base collector capacitances
GBC = base collector conductance = §(IBC) / 8(VBC)

If VBC < FC.VJC(T)
C = CIC(T)(1 - VBCVIC(T))yM*
Else
C = CIC(T)«(1 - FCy@MX) (1 - FC.(1+MJIC)+MJIC.VBC/VIC(T))

CJX = C(1- XCXC)
CBC = GBC.TR + XCJC.C

Collector substrate capacitance
If VCS<O0
CJ= CJS(T)-(1 - VCSIVI(T))M*s
Else
CJ= CIY(T)-(1 - FC) ™M (1 - FC.(1+MJS)+MJISVCS/VIY(T))

Noise
RE, RB, and RC generate thermal noise currents.

I=(4.k.T)/RE
Ib?=(4.k.T)/RB
I2=(4.k.T)/RC

Both the collector and base currents generate frequency-dependent flicker and
shot noise currents.

Ic2=2.q-Ic+KF.ICB"F/ Frequency
Ib?=2.q-1b+KF.IBEAF/ Frequency

where
KF istheflicker noise coefficient
AF istheflicker noise exponent
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Capacitor

SPICE format
Syntax

C<name> <plus> <minus> [model name] <value> [IC=<initial voltage>]

Examples
Cl231U

C278110PIC=2

<plus> and <minus> are the positive and negative node numbers. The
polarity references are used to apply theinitial condition.

Schematic for mat
PART attribute
<pame>

Examples
C5

XC16

VALUE attribute
<value> [IC=<initial voltage>]

Examples
1U

110P1C=3
50U* (1+V/(6)/100)

FREQ attribute
[fexpr]

Examples
1.2+10m*log(F)

MODEL attribute
[model name]

Examples
CMOD

MICA
367



368

VALUE attribute
<value> may be asimple number or an expression involving time-domain
variables. It isevaluated in thetime domain only. Consider thefollowing
expression:

In+V(10)*2n

V(10) refersto the value of the voltage on node 10 during atransient analysis,
aDC operating point calculation prior to an AC analysis, or during aDC
analysis. It does not mean the AC small signal voltage on node 10. If the DC
operating point value for node 10 was 2, the capacitance would be evaluated
as 1n + 2*2n = 5n. The constant value, 5n, would be used in AC analysis.

FREQ attribute
If <fexpr> isused, it replaces the value determined during the operating point.
<fexpr> may be a simple number or an expression involving frequency
domain variables. The expression isevaluated during AC analysisasthe
frequency changes. For example, suppose the <fexpr> attribute is this:

In+1E-9*V(1,2)* (1+10m*log(f))

In this expression F refers to the AC analysis frequency variable and V(1,2)
refers to the AC small signal voltage between nodes 1 and 2. Note that there
is no time-domain equivalent to <fexpr>. Even if <fexpr>is present,
<value> will be used in transient and DC analysis.

Initial conditions
IC=<initial voltage> assigns an initial voltage across the capacitor.

Stepping effects

The VALUE attribute and al of the model parameters may be stepped. If
VALUE is stepped, it replaces <value>, eveniif it is an expression. The stepped
value may be further modified by the quadratic and temperature effects.

Quadratic effects
If [model name] is used, <value> is multiplied by afactor, QF, a quadratic func-
tion of thetime-domain voltage, V, across the capacitor.

QF = 1+ VC1.V + VC2.V?

Thisisintended to provide a subset of the old SPICE 2G POLY keyword, which
isno longer supported.
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Temperature effects
The temperature factor is computed as follows:
If [model name] is used, <value> is multiplied by atemperature factor, TF.

TF = 1+TC1(T-Tnom)+TC2(T-Tnom)?

TC1 isthelinear temperature coefficient and is sometimes given in data sheets as
parts per million per degree C. To convert ppm specsto TCL1 divide by 1E6. For
example, a spec of 1500 ppm/degree C would produce a TC1 value of 1.5E-3.

T isthe device operating temperature and Tnom is the temperature at which the
nominal capacitance was measured. T is set to the analysis temperature from the
AnalysisLimitsdialog box. TNOM isdetermined by the Global Settings TNOM
value, which can be overridden with a .OPTIONS statement. T and Tnom may
be changed for each model by specifying valuesfor T_MEASURED, T_ABS,

T _REL_GLOBAL, and T_REL_LOCAL. See the . MODEL section of Chapter
26, "Command Statements", for more information on how device operating tem-
peratures and Tnom temperatures are calculated.

Monte Carlo effects

LOT and DEV Monte Carlo tolerances, available only when [model name] is
used, are obtained from the model statement. They are expressed as either a per-
centage or as an absolute value and are available for all of the model parameters
except the T_parameters. Both forms are converted to an equivalent tolerance
percentage and produce their effect by increasing or decreasing the Monte Carlo
factor, MF, which ultimately multipliesthefinal value.

MF = 1 + tolerance percentage /100

If tolerance percentage is zero or Monte Carlo is not in use, then the MF factor
is set to 1.0 and has no effect on the final value.

Thefinal capacitance used in the analysis, cvalue, is calculated as follows:
cvalue=value* C* QF * TF* MF

Model statement form
.MODEL <model name> CAP ([model parameters])

Examples
.MODEL CMOD CAP (C=2.0 LOT=10% VC1=2E-3 VC2=.0015)

.MODEL CEL CAP (C=1.0 LOT=5% DEV=.5% T_ABS=37)
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Model parameters

Name Parameter Units Default
C Capacitancemultiplier 1

VC1 Linear voltage coefficient V-t 0

VC2 Quadratic voltage coefficient V-2 0

TC1 Linear temperature coefficient °ct 0

TC2 Quadratic temperature coefficient °C2 0

T _MEASURED Measured temperature °C

T_ABS Absolute temperature °C

T REL GLOBAL Relative to current temperature °C

T REL_LOCAL Relative to AKO temperature °C

Noise effects
There are no noise effects included in the capacitor model.
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Dependent sources (linear)

Schematic format
PART attribute
<pame>

Example
DEP1

VALUE attribute
<value>

Example
10

Theseideal, linear, two-port functions transform the input voltage or current to an
output voltage or current. Input voltage is the voltage between the plus and minus
input leads. Positive input current is defined asinto the plusinput lead.

Model equations

Part Equation

|OFI lout(lin) = value lin
IOFV lout(Vin) = value Vin
VORV Vout(Vin) = value Vin
VOFI Vout(lin) = value lin

1IN

- -
Hi1
== WOF] = PN

I

e
¥ LoF 1 = P
.
L
E1
VN (5 VOFY = PN
VNG (g

10FY = P*IN

Figure 22-2 Dependent sources-linear
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Dependent sources (SPICE E, F, G, H devices)

Standard SPICE for mats:

Syntax of the voltage-controlled voltage source

E<name> <plusout> <minusout> [POLY (<k>)] nlp nlm
+ [n2p n2m...nkp nkm] pO [pl...pK] [IC=c1],c2[,c3...[,cK]]]]

Syntax of the current-controlled current source

F<name> <plusout> <minusout> [POLY (<k>)] vl [V2...vK]
+ pO0 [pl...pK] [IC=c1[,c2[,c3...[,cK]]]]

Syntax of the voltage-controlled current source

G<name> <plusout> <minusout> [POLY (<k>)]
+nlp nlm [n2p n2m...nkp nkm] pO [pl...pK]
[IC=c1[,c2[,c3...[,cK]]]

Syntax of the current-controlled voltage source

H<name> <plusout> <minusout> [POLY (<k>)] v1 [Vv2...vK]
+ p0 [pl...pK] [IC=c1],c2[,c3...[,cK]]]]

Standard PSpice™ supported formats:

Extended syntax of the voltage-controlled voltage source

[E | G]<name> <plusout> <minusout> VALUE = {<expression>}

[E | G]<name> <plusout> <minusout> TABLE{ <expression>} =
+ <<input value>,<output value>>*

[E | G]l<name> <plusout> <minusout> LAPLACE {<expression>} =
+ {<Laplace transfer function>}

[E | G]l<name> <plusout> <minusout> FREQ
+ {<expression>} = [KEYWORD]
+<<frequency value>,<magnitude value>,<phase value>>*

nlpisthefirst positive controlling node.

nimisthefirst negative controlling node.

nkp isthe k'th positive controlling node.

nkmisthe k'th negative controlling node.

pOisthefirst polynomial coefficient.

pkisthe k'th polynomial coefficient.

vl is the voltage source whose current isthefirst controlling variable.
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vk is the voltage source whose current is the k'th controlling variable.

clisthel'stinitial condition.
ckisthek'thinitial condition.

SPICE Examples

E274POLY/(2) 10 15 20 25 1.0 2.0 10.0 20.0

G274 POLY (3) 10 15 20 25 30 35 1.0 2.0 3.0 10.0 20.0 30.0
F274POLY(2) V1V21.02.010.020.0

H27 4 POLY(3) V1V2V31.02.03.010.0 20.0 30.0
E11020 FREQ{V(1,2)} = (0,0,0) (1K,0,0) (10K ,0.001,0)
G11020 TABLE{V(5,6)*V(3)} ={(0,0,0) (1K,0,0) (2K,-20,0)}
E210 20 LAPLACE {V(5,6)} ={1/(1+.001* S+1E-8*S*S)}

Schematic format

The schematic attributes are similar to the standard SPICE format without the
<plusout> and <minusout> node numbers. The TABLE, VALUE, LAPLACE,

and FREQ features are not supported in the schematic versions of the E, F, G,
and H devices. These features are supported in the Function and Laplace de-

vices, described later in this chapter.

PART attribute
<pame>

Example
Gl

VALUE attribute
[POLY (<k>)] nlp nlm [n2p n2m...nkp nkm] pO [pl...pK]
+ [IC=c]],c2[,c3...[,cK]]]]

[POLY (<k>)] nlp nlm [n2p n2m...nkp nkm] pO [pl...pK]
+ [IC=c]],c2[,c3...[,cK]]]]

[POLY (<k>)] v1 [v2..vK] pO [pl...pK] [IC=cl[,c2[,c3...[,cK]]]]
[POLY (<k>)] v1 [v2...vK] pO [pl...pK] [IC=c1[,c2[,c3...[,cK]]]]

Examples
POLY(2) 10152025 1.02.010.020.0

POLY (3) 101520253035 1.02.03.010.020.030.0
POLY(2) V1V21.02010.020.0
POLY(3) V1V2V31.02.03.010.020.030.0
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Model equations

< E
JEVOFV=F(P,V)
L

@ E2
~ HVOFI=F(P, I}

I

L F
FIOFI=F(P,l}

Fq) F2
GIOFV=F(P,I)

Figure 22-3 Dependent sources-SPICE poly

When the POLY keyword is not used, the general equation for the dependent
sourcefunctionis:

F= Pt pl'vl + pz'V12+ ps'V13+'" pk'vlk

F isthe output value of the dependent voltage or current source.
V, isthek independent variable value.

Py Py P,-.p, are the k +1 polynomial coefficients.

When the POLY keyword is used, the polynomial is computed as follows
F=>pllVE
B ji=0 pjkzl k

The values of the exponents E,, E,, E,, ..., E, are chosen by a procedure which is
best understood by referring to Table 22-1. For a description of how the
LAPLACE and FREQ versions work, see the Laplace Sources section of this
chapter and theintoduction to Chapter 21, "Analog Behavioral Modeling."

KEYWORD determines how the tabular data is interpreted:
MAG Magnitude isinterpreted as an actua value.

DB Magnitude isinterpreted as a decibel value.
RAD Phase is interpreted as radians rather than degrees.
R I Magnitude is interpreted as the real part. Phase is interpreted as

theimaginary part.
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Number of input variables (Order)
1 2 3 4
Coefficient El |E1E2 ([E1E2E3 |E1E2E3E4
PO 0 0 O 0O 0 0 |0 0O 0 O
P1 1 1 0 1 0 O 1 0 0 O
P2 2 01 (01 0 |0 1 0O
P3 3 2 0 0 0 1 0O 0 1 O
P4 4 1 1 2 0 0 |0 O 0 1
P5 5 0 2 1 1 0 2 0 0 O
P6 6 3 0 1 0 1 1 1 0 O
P7 7 2 1 0 2 0 1 01 O
P8 8 1 2 0 1 1 1 0 0 1
P9 9 0 3 0O 0 2 0 2 0 O
P10 10 |14 O 3 00 |O 1 1 O
P11 11 |3 1 2 10 0 1 0 1
P12 12 |2 2 2 0 11|10 0 2 O
P13 13 |1 3 1 2 0 |0 0O 1 1
P14 14 |0 4 1 1 1 0O 0 0 2
P15 15 |5 O 1 0 2 3 0 0 O
P16 16 |4 1 0 30 |2 1 0 O
P17 17 |3 2 0 2 1 2 01 0
P18 18 |2 3 0 1 2 2 0 0 1
P19 19 |1 4 0 0 3 1 2 0 O

Table 22-1 Polynomial exponents
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The lightly shaded parts of the table mark the coefficients used for summing the
input variables. The heavily shaded portions of the table mark the coefficients
used for forming a product of the input variables. Other combinations of polyno-
mial products are shown in the rest of the table.

For example, to create a voltage source whose value equals the sum of threein-
put voltages, usethis:

E140POLY(3)1020300111

This creates a voltage source whose output is a third-order polynomial function of
three sets of differential voltages.

Input variable 1 =V (1) - V(0)= V(1)= voltage on node 1
Input variable 2 =V (2) - V(0)= V(2)= voltage on node 2
Input variable 3 =V(3) - V(0)= V(3)= voltage on node 3

The exponents E,=1, E,=1, and E,=1 are chosen from the p,, p,, and p, rows, re-
spectively, of the 3'rd order column. The output of this sourceis:

\ =po’V 1O'V20’V 3O+ pl’V 11'V 2O’V30+ pz'Vlo’V 21'V 30+ ps’V 1O'V20’V 31
V= po+ p1'V1+p2'V2+p3'V3

V =0+ 1V +1V +1V,

V =V 4V, +V,

To create a current source whose value equals the product of the current flowing
in two sources, use this;

F130POLY(2)V1V200001

This creates a current source whose output is a second order polynomial function
of the current flowing in the sourcesV, and V...

Input variable 1 =11= current flowing through 'V,
Input variable 2 = 12 = current flowing through V,

The exponents E,=1 and E,=1 are chosen from the p, row and second order col-
umn. The output of thissourceis:

— 0y O 110 o 1 210 111
| = po’(l)l ’(|)2+ F;-l.IJO.IZ-l-OpZiIl'IZ: E)CS.Il'I% +1 p4’|1’|2
| = 01,01 0+ 0l 110+ 01 O+ 01 21 0+ 11 L1,

=1,
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Diode

SPICE format
Syntax
D<name> <anode> <cathode> <model hame> [area] [OFF]
+ [IC=<vd>]

Example
D178 1N914 1.0 OFF IC=.001

Schematic format
PART attribute
<name>

Example
D1

VALUE attribute
[area] [OFF] [IC=<vd>]

Example
10.0 OFF IC=0.65

MODEL attribute
<model name>

Example
1N914

Both formats

[area] multiplies or divides model parameters as shown in the model parameters
table. The presence of the OFF keyword forces the diode off during the first it-
eration of the DC operating point. Theinitial condition, [|C=<vd>], assignsan
initial voltageto thejunction in transient analysisif no operating point isdone (or if
the UIC flag is set).

Model statement form
.MODEL <model name> D ([model parameters])

Example
.MODEL 1N4434 D (1S=1E-16 RS=0.55 TT=5N)
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Diode model parameters
The diode model isthe standard PSpice™ diode model with an additional linear
parallel resistance added to account for leakage effects.

Name Parameter Units Def Area
Level Model level (1=SPICE2G, 2=PSpice) 1.0

IS Saturation current A 1E-14 *
N Emission coefficient 1.00

ISR Recombination current param. A 000 *
NR Emission coefficient for ISR 2.00
IKF High-injectionkneecurrent A 00

BV Reverse breakdown knee voltage \% 00

IBV Reverse breakdown knee current A 1E-10 *
NBV Reverse breakdown ideality 1

IBVL Low-level reverse breakdown current A 0 *
NBVL Low-level reverse breakdown ideality 1

RS Parasitic series resistance Q 0 /
TT Transittime S 0.00
CJO Zero-biasjunction cap. F 000 *
VJ Built-inpotential \% 1.00

M Grading coefficient 0.50

FC Forward-biasdepl etion coefficient 0.50

EG Energy gap eV 111

XTI Temperature exponent for 1S 3.00
TIKF IKF temperature coefficient(linear) °Ct 0.0
TBV1 BV temperature coefficient(linear) °Ct 0.0
TBV2 BV temperature coefficient(quadratic) °C2  0.00
TRS1 RS temperature coefficient(linear) °Ct 0.00
TRS2 RS temperature coefficient(quadraticy °C2  0.00

KF Flicker noise coefficient 0.00

AF Flicker noise exponent 1.00

RL L eakage resistance Q 00
T_MEASURED Measured temperature °C

T_ABS Absolute temperature °C
T_REL_GLOBAL Relative to current temperature °C
T_REL_LOCAL Relative to AKO temperature °C
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Model equations

ANODE,___

CATHODE

Figure 22-4 Diode model

Notes and Definitions

The model parameters|S, ISR, IKF, IBV, IBVL, and CJO are multiplied by
[area] and the model parameter RS is divided by [area] prior to their usein the
diodemodel equationsbelow.

T isthe device operating temperature and Tnom is the temperature at which the
model parameters are measured. Both are expressed in degrees Kelvin. T is set
to the analysis temperature from the Analysis Limits dialog box. TNOM is deter-
mined by the Global Settings TNOM value, which can be overridden with a.OP-
TIONS statement. T and Tnom may both be customized for each model by speci-
fying the parameters T_ MEASURED, T_ABS, T_REL_GLOBAL, and

T REL_LOCAL. See the MODEL section of Chapter 26, "Command State-
ments", for more information on how device operating temperatures and Thom
temperatures are calculated.

Temperature Effects
VT=k.T/q=1.38E-23.T/1.602E-19

|S(T) =1S. e((TFI'nom -1)EG/(VT:N)) | (T/Tnom)(XTI/N)

|SR(T) = |ISR. e((TFI'nom -1)EG/(VT-NR)) | (T/Tnom)(XTI/NR)
IKF(T) = IKF . (1+TIKF(T - Tnom))

BV(T) = BV . (1+TBV 1(T-Tnom)+TBV2(T-Tnom)?)
RS(T) =RS . (1+TRSL(T-Tnom)+TRS2.(T-Tnhom)?)
VI(T) =VI(T/Tnom)- 3V T.In(T/Tnom)- EG(Tnom)-(T/Tnom)+EG(T)
EG(T)=1.17-.000702.T?%/(T+1108)

EG(TNOM) = 1.17-.000702TNOM?/(TNOM+1108)
CJO(T) = CJO-.(1+M.(.0004-(T-Tnom) + (1 - VIT)/VI))
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Current source equations

| = Ifwd - Irev
Inrm = 1S(T) . (eV/VTN) - 1)
If IKF>0
Kinj = (IKF /(IKF +Inrm))¥2
Else
Kinj=1

Irec = ISR(T) . (€V/(VTNR) _ 1)

Kgen = ((1-V/VY(T))? + 0.005)"/2

lrev = |BV(T) . (e—(V+BV)/(VT-NBV) _ 1) + |BVL(T) . (e-(V+BV)/(VT-NBVL) _ 1)
Ifwd = Kinj . Inrm + Kgen . Irec

Capacitance Equations
Transit Time capacitance
Gd = DC conductance of the diode
CT=TT.Gd
If V < FCVJ(T) then
CJ= CJO(T)-(1 - VIVJT)™
Else
CJ = CJO(T)-(1 - FC)™*M,(1 - FC.(1+M)+M.(V/VXT)))

C=CT+0CJ

Noise Equations
Flicker and shot noise is generated by the diode current, I. The resistors RS and
RL generate thermal noise. The noise currents are computed as follows:

= (4k.T / RS)*S
= (4k.T / RL)0S
(2.-qg-1 + KF. 1"/ Frequency)®®

S

le
e
l, =
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Function sources

Schematic format
PART attribute
<name>

Example
F1

VALUE attribute for formula (NFV _and NFI) type
<formula>

Example of formulatype
10*Sin(2* PI* 1E6* T)*V (3)* | (L1)* EXP(-V(IN)/100NS)

FREQ attribute

[<fexpr>]

Example
1200* (1+sqrt(F/1e6))

DERIVATIVE attribute
[<Algebraic> | <Numeric> | <Default>]

Example
Algebraic

NOISE EXPRESSION attribute for NFI only
[<noise_expr>]

Example
1200* (1+sqrt(F/1e6))

TABLE attribute for table (NTIOFI, NTIOFV, NTVOFV, NTVOFI) types

(<XLy1>) (x2y2>) ... ([(XkyK)])
Braces are required for expressions and optional for variables.

Examples of table type
(-1m,25) (1m,25) (2m,30)
({start- 1m}, {25*level} ) (end,level) ({end+3m}, level2)
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Function sourcesprovidethe principletime domain anal og behavioral modeling
capability. You can express a voltage or current source's time-domain depen-
dence on circuit variables as an algebraic formula or as atabular function. The
two basic types are distinguished by the way the value of the output current or
voltageiscalculated.

Formula type

The Formulatype, which is similar to the SPICE3 B device, uses an algebraic
formula, or expression, to compute the value of the output variable as afunction
of any set of valid time-domain variables. There are two versions of this source:

NFI Function current source
NFV Function voltage source

Here is an example of an expression that models a vacuum triode:

K* pow((V (Plate)-V (Cathode)+Mu* (V (Grid)-V (Cathode))),1.5)
Table type
The Table type, which is similar to the SPICE3 A device, uses atable of ordered
data pairs which describe the output variable as afunction solely of theinput vari-
able. The table describes a time-domain transfer function.

Theinput variable for a Table source may be either:

Current flowing into the positiveinput lead.
V oltage between the positive input lead and the negative input lead.

There are four basic types of Table source:

Source type Input  Output Definition
Current-controlled current source | I NTIOFI
Current-controlled voltage source | V NTVOFI
Voltage-controlled voltagesource  V V NTVOFRV
Voltage-controlled current source  V I NTIORV

There are two rules for constructing the data pairs in the TABLE attribute.

1. The x,y pairs are separated by commas, pairs are enclosed in parentheses
and are separated by spaces. The x,y values may be replaced by expressions
containing constants or symbolic variables created with a.define statement.

Chapter 22: Analog Devices



Expressions are evaluated only once, in the setup phase of the analysis, so
they must not contain variablesthat vary during an analysisrun, like V(1) or

T, or even simulation control variableslike tmin that are unknown when the
expressions are evaluated.

2. Datapairs must be arranged in input ascending order.
x1<x2<...xk
Output is calculated from the input value asfollows:
1. The output value is constant at y1 for input values below x1.
2. The output value is constant at yk for input values above xk.
3. Output values are interpolated for input values between table values.

Forexample:
(-.010,-10) (.010,10)

For an NTVOFV source, this describes an ideal amplifier having again of 1000
with the output clipped to +-10 volts. The output value when the input is greater
than .010islimited to +10.0. Similarly, the output value when theinput islessthan
-.010islimitedto-10.0.

FREQ usage

If <fexpr> is present, it replaces the ordinary small-signal AC incremental value
determined during the operating point. <fexpr> may be a simple number or an
expression involving frequency domain variables. The expression isevaluated
during AC analysis as the frequency changes. For example, suppose the <fexpr>
attributeisthis:

1+V(3)* (1+1e6/F)
In this expression, F refersto the AC analysis frequency variable and V(3) refers
to the AC small-signal voltage from node 3 to ground. Thereis no time-domain

equivalent to <fexpr>. Even if <fexpr> is present, only <value> will be used in
transient analysis.
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NOISE_EXPRESSION usage
If noise_expr is present, it generates a noise current equal to the expression. For
exampleto simulate shot noise you might use an expression likethis:

1E-16 * pow(6.5ma1.1) / F

Note that the expression should contain only frequency (F) dependent variables.
The featureis available only in the NFI source.

FREQ usage

If <fexpr> is present, it replaces the ordinary small-signal AC incremental value
determined during the operating point. <fexpr> may be a simple number or an
expression involving frequency domain variables. The expression isevauated
during AC anaysis

DERIVATIVE attribute
Derivatives of the expressions are evaluated in severa ways:

Algebraic:

Algebraic formulas are created for each the derivative of each variable in the
expression. Thisis generally the preferred way asit is usually more accurate.
However, complex expressions with many variables sometimesresultin large
unwieldy derivative expressions which take much longer to evaluate than simple
numerical derivatives.

Numeric:

Derivatives are cal culated numerically by simple perturbation. This method often
works the best when the formulas are complex but well behaved and have no
discontinuities.

Default:
In this case derivatives are evaluated according to the state of the Global Settings
NUMERIC _DERIVATIVE flag.

See the sample circuit T1 for an example of table sources, and the sample circuits
F1, F2, F3, and F4 for examples of formula sources.
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GaASsFET

SPICE format
Syntax

B<name> <drain> <gate> <source> <model name>
+ [area] [OFF] [IC=<vds>[,vgs]]

Example
B15792N353110FFIC=1.0,25

Schematic format
PART attribute
<name>

Example
Bl

VALUE attribute
[area] [OFF] [IC=vdg,vgg]]

Example
1.5 OFF 1C=0.05,1.00

MODEL attribute
<model name>

Example
GFX_01

The deviceis an n-channel device. Thereisno p-channel version. Level 1 speci-
fiesthe Curtice model, level 2 specifiesthe Raytheon or Statz model, and level 3
specifies the Triquint model. The [OFF] keyword forces the device off for the
first iteration of the operating point. Theinitial condition, [IC=vds[,vgs]], assigns
initial voltagesto the drain-source and gate-source terms. Additional information
on the model can be found in references (14) and (15).

Mode statement form
.MODEL <model name> GASFET ([model parameters])

Example
.MODEL B1 GASFET (VTO=-2 ALPHA=2 BETA=1E-4 LAMBDA=1E-3)
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Model Parameters

Name Parameter Units Def. Level Area
LEVEL Model level (1, 2, or 3) 1 ALL
VTO Pinch-off voltage V -250 ALL
ALPHA Saturation voltage parameter V1 200 ALL
BETA Transconductance coefficient  A/V? 010 ALL *
B Dopingtail extender Vi 030 2
LAMBDA Channel-lengthmodulation V-1 000 ALL
GAMMA Static feedback parameter 000 3
DELTA Output feedback parameter (A-V)1000 3

Q Power law parameter 200 3

RG Gate ohmic resistance Q 000 ALL /
RD Drain ohmic resistance Q 000 ALL /
RS Source ohmic resistance Q 000 ALL /
IS Gate pn saturation current A 1E-14 ALL

N Gate pn emission coefficient 100 ALL

M Gate pn grading coefficient 050 ALL
VBI Gate pn potential \% 100 ALL
CGD Zero-hias gate-drain pn cap. F 000 ALL *
CGS Zero-bias gate-source pn cap. F 000 ALL *
CDS Fixed drain-source cap. F 000 ALL *
FC Forward-bias depl etion coeff. 050 ALL
VDELTA Capacitancetransition volt. V 020 23
VMAX Capacitancelimitingvoltage  V 050 23

EG Bandgap voltage eV 111  ALL

XTI IS temperature coefficient 000 ALL
VTOTC VTO temperature coefficient V/°C 0.00 ALL
BETATCE BETA exp. temperature coeff. %/°C 0.00 ALL
TRG1 RG temperature coefficient °Ct 000 ALL
TRD1 RD temperature coefficient °cCt 000 ALL
TRS1 RS temperature coefficient °cCt 000 ALL

KF Flicker-noisecoefficient 000 ALL

AF Flicker-noiseexponent 100 ALL
T_MEASURED Measured temperature °C ALL
T_ABS Absolute temperature °C ALL
T_REL_GLOBAL Relative to current temp. °C ALL
T_REL_LOCAL Relativeto AKO temperature °C ALL
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GaAsSFET model equations

DRAIN
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Figure 22-5 The GaAsFET model

Notes and Definitions

The model parameters BETA, CGS, CGD, and CDS are multiplied by [area] and
the model parameters RG, RD, and RS are divided by [area] prior to their usein
the equations below.

T isthe device operating temperature and Tnom is the temperature at which the
model parameters are measured. Both are expressed in degrees Kelvin. T is set
to the analysis temperature from the Analysis Limits dialog box. TNOM is deter-
mined by the Global Settings TNOM value, which can be overridden with a .OP-
TIONS statement. T and Tnom may both be customized for each model by speci-
fying the parameters T_MEASURED, T_ABS, T_REL_GLOBAL, and

T _REL_LOCAL. See the .MODEL section of Chapter 26, "Command State-
ments", for more information on how device operating temperatures and Thom
temperatures are calculated.

Vgs = Internal gate to source voltage

Vds = Internal drain to source voltage

Id = Drain current

VT=k.T/q=1.38E-23.T / 1.602E-19

In general, X(T) = Temperature adjusted value of parameter X

Temperature Dependence
BETA(T) = BETA.1.01BETATCE(T-Tnom)
EG(T) =1.16-.000702-T%(T+1108)
VTO(T) =VTO + VTOTC(T - Tnom)
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IS(T) = IS(Tnom) . gl(EG/(VT-N))(T/Tnom -1))
RG(T) = RG-(1 + TRGL(T - Tnom))

RD(T) = RD.(1 + TRDL(T - Tnom))

RS(T) = RS(1 + TRSL(T - Tnom))

VBI(T) = VBI(T/Tnom)-3-V T-In((T/Tnom))-EG(Tnom)-(T/Tnom)+EG(T)
CGS(T) = CGS(1+M-(.0004(T-Tnom) + (1 - VBI(T)/VBI)))

CGD(T) = CGD-(1+M-(.0004(T-Tnom) + (L - VBI(T)/VBI)))

Current equations level 1

Cutoff Region : Vgs< VTO(T)
ld=0

Linear and Saturation Region: Vgs> VTO(T)
I[d=BETA(T)-(1+LAMBDA.Vds).(Vgs- VTO(T))*tanh(ALPHA.Vds)

Current equations level 2

Cutoff Region : Vgs< VTO(T)
[d=0

Linear and Saturation Region : Vgs > VTO(T)
If O< Vds< 3/ALPHA
Kt=1-(1-VdsALPHA/3)?
Else
Kt=1

|d=BETA(T)-(1+LAMBDA.Vds).(Vgs-V TO(T))2Kt/(1+B-(Vgs-V TO(T)))

Current equations level 3

Cutoff Region : Vgs< VTO(T)
[d=0

Linear and Saturation Region : Vgs > VTO(T)
If O< Vds< 3/ALPHA
Kt=1-(1-VdsALPHA/3)?
Else
Kt=1

ldso = BETA.(Vgs-(VTO-GAMMA.Vds) %Kt
Id = Idso/(1+DEL TA.Vdsldso)
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Capacitance equations level 1
If Vgs < FC.VBI(T)
Cgs=CGS/(1 - Vgs/VBI(T))M
Else
Cgs= CGS(1 - FC)®M.(1 - FC.(1+M)+M.(Vgs/VBI(T)))

If Vds < FC.VBI(T)
Cgd = CGD/(1 - Vgd/VBI(T))M
Else
Cgd = CGD.(1 - FC)M).(1 - FC.(1+M)+M.(Vgd/VBI(T)))

Capacitance equations level 2 and level 3
Ve = (Vgs+Vgd + ((Vgs - Vgd)? + ALPHA -2)¥2)/2

If (Ve +VTO(T) +((Ve - VTO(T))>+DELTA?Y?)/2 < VMAX
Vn = (Ve +VTO(T) +((Ve - VTO(T))>+DELTA?)Y?)/2
Else
Vn=VMAX

K1=(1+Ve-VTO(T))/((Ve - VTO(T))>+DELTA2)¥2)/2
K2 =(1+ (Vgs- Vgd)/((Vgs - Vgd)>+ALPHA?)¥3)/2

K3 =(1-(Vgs- Vgd)/((Vgs - Vgd)**+ALPHA?)Y2)/2

Cgs = CGSK2K1/(1 - VI/VBI(T))¥2 +CGD.K3)

Cgd = CGSK3K1/(1 - VN/VBI(T))Y2 +CGD-K2)

Noise

The parasitic lead resistances, RG, RD, and RS, generate thermal noise currents.

Ig? = 4k.T / RG
|o?= 4k.T / RD
IS = 4kT / RS

The drain current generates a noise current.

12 = 4k.T.gm-2/3 + KF.Id"F / Frequency
where gm = 0dld / 0V gs (at operating point)
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Independent sources (Voltage Source and Current Source)

SPICE format

Syntax for the voltage source

Vname <plus> <minus> [[DC ] dcvalue]

+ [AC magval [phaseval]]

+ [PULSE v1 v2 [td [tr [tf [pw [per]]]]]]

OR[SIN vo va [fO [td [df [ph]]]]]

OR[EXP v1 v2 [td1 [tcl [td2 [tc2 ]11]]

OR[PWL t1v1t2 V2 ..[tn, vn]]

OR[SFFM vo va fO [mi [fm]]]

OR[NOISE interval [amplitude [start [end [seed]]]]]
OR[GAUSSIAN amp tpeak width [period]]

Syntax for the current source
The current source syntax is the same as the voltage source except for the
use of | for the first character of the name.

Examples
V3SPICEODC OAC10SINO011IMEG 100NS 1E6 O ;voltage-sin

V5SPICEODC 0AC10EXP01 100N 100N 500N 100N ;voltage-exp
V4 SPICEODC 0AC10PWL 0,1 100N,2 400N,3 1U,0 ;voltage-pwil
I1SPICEODC 0AC 10 SFFM 01 1E6 .5 1E7 ;current-sffm
V1SPICEODC 1 AC10NOISE 10N 1 100N 700N 1 ; voltage-noise

V2 SPICEODC 0AC 10 GAUSSIAN 1 500N 100N 1U; voltage-gaussian

Schematic for mat

These are the Voltage Source and Current Source from Analog Primitives /
Waveform Sour ces group of the Component menu.

PART attribute
<name>

Example
V1

VALUE attribute
<value> where value is identical to the SPICE format without the name and
the plus and minus node numbers.

Examples
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DC 1 PULSE 0 IMA 12ns 8ns 110ns 240ns 500ns
122 SPICEODC 0AC 10SFFM 02 2E6 .5 1E7 ;current-sffm

Equations
The equations and sample waveformsthat follow are for transient analysis
only. AC analysis uses AC magval (volts) and AC phaseval (degrees) to set
the amplitude and phase of the small signal stimulus. TSTEP isthe print
interval. TSTOP isthe run time. These values are obtained from the Analysis
Limitsdialog box. For SPICE files, MC8 obtains these values from the
.TRAN statement and copies them to the Analysis Limits dialog box.

EXP type
Name Description Units Default
vl Initial value VorA None
v2 Peak value V or A None
tdl Risedelay S 0
tcl Rise time constant S TSTEP
td2 Fall delay S td1+TSTEP
tc2 Fall time constant S TSTEP

The waveform value generated by the EXP option isas follows:

Timeinterva Value
0 to tdl vl
td1 to td2 v1+(v2-v1).(1-e(MMEtdD jtcq)
td2 to TSTOP V1+(v2-v1).((1-e(MMEtD jic)-(1-e(TME2)/1cD))
250 CH17.CIR Temperature = 27
/ — ]

1.00

0.50

noo

000U 020u 0400 060U 0.80u 1.00u

YIVEXF!

Figure 22-6 Waveform for "EXP 1 2 150n 50n 550n 100n"
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PUL SE type

Name Description Units Default
vl Initial value Vor A None
v2 Pulse value V or A None
td Delay S 0

tr Risetime S TSTEP
tf Falltime S TSTEP
pw Pulse width S TSTOP
per Period S TSTOP

The waveform value generated by the PUL SE option is as follows:

From To Value

0 td vl

td td+tr v1+((v2-v1)/tr).(T-td)

td+tr td+tr+pw v2

td+tr+pw td+tr+pwHtf  v2+((v1-v2)/tf).(T-td-tr-pw)
td+tr+pw+tf per vl

where From and To are T values, and T=TIME mod per. The waveform
repeats every per seconds.

CH17.CIR Temperature = 27

250

200

/ /

1.00 /
050 /

000

0.00u 0.20u 040u 060u 0.30u 1.00u
V{VPULSE

Figure 22-7 Waveform for "PULSE .4 1.6 .1u .1u .2u .1u .5u"
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SFFM type

Name Description

\Ye] Offset value

va Peak amplitude
fo Carrier frequency
mi Modulationindex
fm Modulationfreq.

Units
VorA
VorA
Hz

Hz

Default
None
None
1/TSTOP
0
1/TSTOP

The waveform value generated by the SFFM option isas follows:
F = vo + vasin(21ef0.T+mi.sin(2-1efmT))
where T = Transient analysistime

4.00

CH17 CIR Temperature = 27

320

N A\

1 VO AT L A ¥
\

PRI

\
\/

0.80

v OUU 00u 0.20u

VI(YSFEM

0.40u 060U

0.80u 1.00u

Figure 22-8 Waveform for "SFFM 2 1 8Meg 4 1M eg"

393



SIN type

Name Description Units Default
VO Offset value Vor A None

va Peak amplitude VorA None

fo Frequency Hz UTSTOP
td Delay S 0

df Damping factor st 0

ph Phase degrees 0

The waveform value generated by the SIN option is asfollows:

From To Value
0 td VO
td TSTOP vo+va.sin(2-me(f0.(T-td)+ph/360)).e (-

where T = Transient analysistime

CH17.CIR Temperature = 27

2.00

Figure 22-9 Waveform for "SIN 1 1 10Meg 100n 5E6 "
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PWL type

General Form:

PWL

+ [TIME_SCALE_FACTOR=<ts value>]

+ [VALUE_SCALE FACTOR=<vs value>]
+(data_pairs)

where the syntax of data_pairsis:
<tin>,<in>

ts value, if present, multiplies all tin values and vs_value, if present,
multipliesall invalues.

Syntax for asingle point on the waveform:
(<tin>,<in>)

Syntax for m points on the waveform:
(<tin><in>) (<tin><in>) ... (<tin ><in >)

Syntax to repeat (data_pairs)* n times:
REPEAT FOR <n> (data_pairs)*

ENDREPEAT

Syntax to repeat (data_pairs)* forever:
REPEAT FOREVER (data pairs)*
ENDREPEAT

Each data pair specifies one point on the waveform curve. Intermediate
values arelinearly interpolated from the table pairs.

There is no specific limit on the number of data pairsin the table. They may
be added indefinitely until system memory isexhausted.

Examples:
The VALUE attribute for a 10 ns non repeating square wave:
PWL (0,0) (5n,0) (5n,5) (10n,5) (10n,0)

The VALUE attribute for another 10 ns non repeating square wave:
PWL TIME_SCALE_FACTOR=1n (0,0) (5,0) (5,5) (10,5) (10,0)
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The VALUE attribute for a 10 ns non repeating square wave, with a high
level of 5KV:
PWL VALUE_SCALE_FACTOR=1E3 (0,0) (5n,0) (5n,5) (10n,5) (10n,0)

The VALUE attribute for a 10 ns square wave, repeated 20 times:
PWL REPEAT FOR 20 (0,0) (5n,0) (5n,5) (10n,5) (10n,0) ENDREPEAT

The VALUE attribute for a 10 ns square wave, repeated forever:
PWL REPEAT FOREVER (0,0) (5n,0) (5n,5) (10n,5) (10n,0) ENDREPEAT

Here is an example of a PWL waveform:

CH17.CIR Temperature = 27

250,

200

150

100

050

000

0.00u 0.20u 040u 060U 0.80u 1.00u
VVPWL

Figure 22-10 Waveform for
"PWL 0.05u,1 0.20u,1.5 0.20u,2 0.40u,1 0.51u,2 0.61u,1.5 0.80u,2"
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Noise Type

Name Description Units Default
interval Interval between values Secs 0
amplitude NoiseAmplitude VorA 0
start Start of random interval Secs 0
end End of random interval Secs 0
seed Random number seed None 0

The waveform starts at the dcvalue and stays there through start. Interval
seconds later a random value between + amplitude/2, and - amplitude/2 is
added to the baseline dcvalue. Interval seconds later another random value
is added to the dcvalue and the source is updated. This process is repeated
every interval seconds until end where the waveform value returns to the
dcvalue. Note that the value at T = start and T = end is dcvalue. The first
random value occurs at T = start + interval. The last random value occurs at
T =end - interval.

If seed is >=1 the values are random but are the same on every run.
Otherwise the values are both random and different on every run. The seed is
initialized at the beginning of every temperature, Monte Carlo, or stepping run.

MNOISEZ.CIR

W

v 0.000u  0.100u 0.200u 0.300u 0.400u 0.5000 0.600u 0.700u 0.800u 0.900u 1.000u
w1}

Figure 22-11 NOISE Waveform for
"DC 1AC 10NOISE 2N 1 100N 700N 1"

This source type is an extension to the standard SPICE V oltage Source and
Current Source.
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GaussianType

Name Description Units Default
amp Amplitude VorA None
tpeak Timeto reach A Secs None
width Width at 50% Sec None
period Repetitionperiod Secs 0

The waveform, within each period is a Gaussian pulse calculated as follows,
where T isthe elapsed time from the start of the simulation.

devalue + amp* exp(-pow(((T mod period) - tpeak)/(width/1.6652),2))

1000 /\

0750

Figure 22-12 GAUSSIAN Waveform for
"GAUSSIAN 1 500N 200N 1U"

This source type is an extension to the standard SPICE Voltage and current
sources.
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I nductor

SPICE format
ntax
L<name> <plus> <minus> [model name] <value> [IC=<initial current>]

Examples
L1231U

L278110PIC=2

<plus> and <minus> are the positive and negative node numbers.
Positive current flowsinto the plus node and out of the minus node.

Schematic for mat
PART attribute
<pame>

Examples
L5

L1

VALUE attribute
<value> [IC=<initial current>]

Examples
1U

110U IC=3
10U* (1+1 (L 10)/100)

FREQ attribute
[fexpr]

Examples
1.2mh+5m* (1+log(F))

MODEL attribute
[model name]

Examples
LM

L_MODEL
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VALUE attribute

<value> may be asimple number or an expression involving time-domain
variables. The expression is evaluated in the time domain only. Consider the
expression:

100+ (L2)*2

I(L2) refersto the value of the L2 current, during atransient analysis, aDC
operating point calculation prior to an AC analysis, or duringaDC analysis. It
does not mean the AC small signal L2 current. If the operating point value
for L2 current was 2, the inductance would be evaluated as 100+2* 2=104.
The constant value, 104, isused in AC analysis.

FREQ attribute

If <fexpr> isused, it replaces the value determined during the operating point.
<fexpr> may be a simple number or an expression involving frequency
domain variables. The expression isevaluated during AC analysisasthe
frequency changes. For example, suppose the <fexpr> attribute is this:

10mh+ (L 1)* (1+1E-9%f)/5m

In this expression, F refersto the AC analysis frequency variable and 1(L 1)
refers to the AC small signal current through inductor L1. Note that there
is no time-domain equivalent to <fexpr>. Even if <fexpr>is present,
<value> will be used in transient analysis.

Initial conditions
Theinitial conditionassignsaninitial current through theinductor in transient
analysisif no operating point isdone (or if the UIC flag is set).

Stepping effects

Both the VALUE attribute and all of the model parameters may be stepped. If
VALUE is stepped, it replaces <value>, even if it is an expression. The stepped
value may be further modified by the quadratic and temperature effects.

Quadratic effects
If [model name] is used, <value> is multiplied by afactor, QF, which is a qua-
dratic function of the time-domain current, I, through the inductor.

QF = 1+ ILLI +IL2I?
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Thisisintended to provide a subset of the old SPICE 2G POLY keyword, which
isnolonger supported.

Temperature effects
The temperature factor is computed as follows:

If [model name] is used, <value> is multiplied by atemperature factor, TF.
TF = 1+TC1(T-Tnom)+TC2(T-Tnom)?

TC1 isthelinear temperature coefficient and is sometimes given in data sheets as
parts per million per degree C. To convert ppm specsto TCL1 divide by 1E6. For
example, a spec of 200 ppm/degree C would produce a TC1 value of 2E-4.

T isthe device operating temperature and Tnom is the temperature at which the
nominal inductance was measured. T is set to the analysis temperature from the
AnalysisLimitsdialog box. TNOM isdetermined by the Global Settings TNOM
value, which can be overridden with a .OPTIONS statement. T and Tnom may
be changed for each model by specifying valuesfor T_MEASURED, T_ABS,
T REL_GLOBAL, and T_REL_LOCAL. See the .MODEL section of Chapter
26, "Command Statements", for more information on how device operating tem-
peratures and Tnom temperatures are calcul ated.

Monte Carlo effects

LOT and DEV Monte Carlo tolerances, available only when [model name] is
used, are obtained from the model statement. They are expressed as either a per-
centage or as an absolute value and are available for all of the model parameters
except the T_parameters. Both forms are converted to an equivalent tolerance
percentage and produce their effect by increasing or decreasing the Monte Carlo
factor, MF, which ultimately multipliesthefinal value.

MF = 1 + tolerance percentage /100

If tolerance percentage is zero or Monte Carlo is not in use, then the MF factor
isset to 1.0 and has no effect on the final value.

The final inductance, Ivalue, is calculated asfollows:

Ivalue = <value>* L * QF * TF* MF
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Model statement form
.MODEL <model name> IND ([model parameters])

Examples
.MODEL LMOD IND (L=2.0 LOT=10% IL1=2E-3 IL2=.0015)

MODEL L_W IND (L=1.0 LOT=5% DEV=5% T_ABS=37)

Model parameters

Name Parameter Units Default
L Inductancemultiplier 1

IL1 Linear current coefficient Al 0

L2 Quadratic current coefficient A2 0

TC1 Linear temperature coefficient °cCt 0

TC2 Quadratic temperature coefficient °C2 0
T_MEASURED Measured temperature °C

T_ABS Absolute temperature °C

T REL_GLOBAL Relative to current temperature °C

T REL_LOCAL Relative to AKO temperature °C

Noise effects
There are no noise effects included in the inductor model.
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Isource

Schematic format
PART attribute
<name>

Examples
11

CURRENT_SOURCE

VALUE attribute
<value>

Examples
1U

10

The Isource produces a constant DC current. It isimplemented internally as a
SPICE independent current source.
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JFET

SPICE format
Syntax
J<name> <drain> <gate> <source> <model name>
+ [area] [OFF] [IC=<vds>[,vg9]]

Example
J15792N353110FFIC=1.0,25

Schematic format
PART attribute
<name>

Example
J1

VALUE attribute
[area] [OFF] [IC=<vds>[,vgs]]

Example
1.50FFI1C=0.05,1.00

MODEL attribute
<model name>

Example
JFET_MOD

The value of [area], whose default valueis 1, multiplies or divides parameters as
shown in the table. The [OFF] keyword turns the JFET off for the first operating
point iteration. Theinitial condition, [| C=<vds>[,vgs]], assignsinitial drain-source
and gate-source voltages. Negative VTO implies a depletion mode device and
positive VTO implies an enhancement mode device. This conforms to the SPICE
2G.6 model. Additional information on the model can be found in reference (2).

Model statement forms

.MODEL <model name> NJF ([model parameters])
.MODEL <model name> PJF ([model parameters])
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Examples

.MODEL J1 NJF (VTO=-2 BETA=1E-4 LAMBDA=1E-3)

.MODEL J2 PJF (VTO= 2 BETA=.005 LAMBDA=.015)

Model Parameters

Name
VTO
BETA
LAMBDA
RD

RS

CGS

CGD

M

PB

IS

FC
VTOTC
BETATCE
XTI

KF

AF

T _MEASURED
T ABS

Par ameter

Thresholdvoltage
Transconductance parameter
Channel-lengthmodulation

Drain ohmic resistance

Source ohmic resistance

Zero-bias gate-source junction cap.
Zero-bias gate-drain junction cap.
Gatejunction grading coefficient
Gate-junctionpotential
Gate-junction saturation current
Forward-biasdepl etion coefficient
VTO temperature coefficient
BETA exp. temperature coefficient
IS temperature coefficient
Flicker-noisecoefficient
Flicker-noiseexponent

Measured temperature

Absolute temperature

T _REL_GLOBAL Relative to current temperature

T _REL_LOCAL

Relative to AKO temperature

Model equations

Units
V
AIV?
V—l

> <

Vv/eC
%/°C

°C
°C
°C
°C

DRAIN

[olels] %RD
'—.

GATE

‘D\D

Rg
SOURCE

Figure 22-13 JFET model

Def. Area

-2.00
1E-4
0.00
0.00
0.00
0.00
0.00
0.50
1.00
1E-14
0.50
0.00
0.00
3.00
0.00
1.00

*

* ¥ S~ =~
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Notes and Definitions
Parameters BETA, CGS, CGD, and IS are multiplied by [area] and parameters
RD and RS are divided by [area] prior to their use in the equations below.

Vgs = Interna gate to source voltage
Vds = Internal drain to source voltage
Id = Drain current

Temperature Dependence

T isthe device operating temperature and Tnom is the temperature at which the
model parameters are measured. Both are expressed in degrees Kelvin. T is set
to the analysis temperature from the Analysis Limits dialog box. TNOM is deter-
mined by the Global Settings TNOM value, which can be overridden with a.OP-
TIONS statement. Both T and Thom may be customized for each model by
specifying the parameters T_MEASURED, T_ABS, T_REL_GLOBAL, and

T _REL_LOCAL. See the MODEL section of Chapter 26, "Command State-
ments", for more information on how device operating temperatures and Thom
temperatures are calculated.

VTO(T) =VTO + VTOTC(T-Tnom)

BETA(T) = BETA.1.01BETACE(T-Tnom)

| S(T) = Sel.ll-(T/Tnom—l)/VT.(T /Tnom)XTl

EG(T) = 1.16 - .000702.T%/(T+1108)

PB(T) = PB.( T/Tnom)- 3.V T.In((T/Tnom))-EG(Tnom)-(T/Tnom)+EG(T)
CGY(T) = CGS(1+M.(.0004-(T-Tnom) + (1 - PB(T)/PB)))

CDS(T) = CDS(1+M.(.0004-(T-Tnom) + (1 - PB(T)/PB)))

Current equations
Cutoff Region : Vgs< VTO(T)

Id=0

Saturation Region : Vds > Vgs- VTO(T)

Id=BETA(T)-(Vgs - VTO(T))2(1+LAMBDA.Vds)
Linear Region : Vds< Vgs- VTO(T)

|d=BETA(T)-Vds(2(Vgs - VTO(T))- Vds)(1+LAMBDA.Vds)
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Capacitance equations
If Vgs< FC . PB(T) then
Cgs = CGS(T)/(1 - Vgs/PB(T))V
Else
Cgs = CGS(T)-(1 - FC.(1+M)+M.(Vgs/PB(T)))/ (1 - FC) &W

If Vgd < FC . PB(T) then
Cgd = CGD(T)/(1 - Vgd/PB(T))™
Else
Cgd = CGD(T)-(1 - FC.(1+M)+M.(Vgd/PB(T)))/ (1 - FC) &-\)

Noise
The resistors RS and RD generate thermal noise currents.

Ird>= 4k.T / RD
Irs =4kT /RS

The drain current generates a noise current.

12 = 4k.T.gm.2/3 + KF.Id"F / Frequency
where gm = 0dld / dVgs (at operating point)
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K (Mutual inductance/ Nonlinear magnetics model)

SPICE formats
K<name> L<inductor name> <L<inductor name>>*
+ <coupling value>

K<name> L<inductor name>* <coupling value>
+ <model name>

Examples
K1L1L2.98

K1L1L2L3L4L5L6.98

Schematic format
PART attribute
<pame>

Example
K1

INDUCTORS attribute
<inductor name> <inductor name>*

Example
L10L20L30

COUPLING attribute
<coupling value>

Example
0.95

MODEL attribute
[model name]

Example
K_3C8

If <model name> is used, there can be a single inductor name in the INDUC-
TORS attribute. If model nameis not used, there must be at least two inductor
names in the INDUCTORS attribute.
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The K device specifies alinear mutual inductance between two or more induc-
tors. You can specify a nonlinear magnetic core by using a MODEL attribute.

A resistive impedance of /GMIN is added between the positive pins of the
coupled inductorsto avoid DC convergence problems.

Coupled linear inductors
In this mode, the K device provides ameans to specify the magnetic coupling
between multipleinductors. The equations that define the coupling are:

vi=L 3w, By
LTt U dt

dl,
LK+
|k dt LR
where |, isthe current flowing into the pluslead of thei'th inductor. For linear
inductors, <model name> is not used.

Nonlinear magnetic core(s)
If a<model name> is supplied, the following things change:

1. Thelinear K device becomes a nonlinear magnetic core. The model for the
coreisavariation of the Jiles-Atherton model.

2. Inductors are interpreted as windings and each inductor <value> is interpreted
as the number of turns for the winding. In this case, <value> must be a constant
whole number. It may not be an expression.

3. Thelist of coupled inductors may contain just one inductor. Use this method to
create a single magnetic core device, not coupled to another inductor.

4. A model statement is required to define the model parameters or <model
name> must be in the model library referenced by .LIB statements.

The nonlinear magnetics model isbased on the Jiles-Atherton model. This model
is based upon contemporary theories of domain wall bending and translation. The
anhysteretic magnetization curveis described using amean field approach. All
magnetic domains are coupled to the bulk magnetization and magnetic fields. The
anhysteretic curveis regarded as the magnetization curve that would prevail if
there were no domain wall pinning. Of course, such pinning does occur, mainly at
defect sites. The hysteresis effect that results from this pinning is modeled as a
simplefrictional force, characterized by a single constant, K. The resulting state
equation produces arealistic ferromagnetic model.
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The Coreis modeled as a state-variable nonlinear inductor. MC8 solves adiffer-
ential equation for the B and H fields and derives the terminal current and voltage
from these values. The B field and H field values are available as output variables
intransient analysis.

Plotting B and H fields
B(L1) Plotsthe B field of inductor L1 in CGS units of Gauss.
H(L1) Plotsthe H field of inductor L1 in CGS units of Oersteds.

BSI(L1) Plotsthe B field of inductor L1 in Sl units of Teslas.
HSI(L1) Plotsthe H field of inductor L1 in Sl units of Amps/Meter.

To place asingle corein acircuit, use this procedure:

1. Place an inductor in the circuit with these attributes:
PART L1
VALUE 1

The value 1 represents the number of turns.

2. Place aK device in the circuit with these attributes:
PART K1
INDUCTORS L1
COUPLING 10
MODEL KCORE

Step 2 changes the inductor L1 from astandard linear model to a nonlinear core
whose properties are controlled by the model statement. See the circuit file
CORE for an example of asingle core device and how to do BH loop plots.

To place two magnetically coupled coresin acircuit, use this procedure:

1. Place thefirst inductor in the circuit with these attributes:

PART L1
VALUE Number of primary turns
2. Place the second inductor in the circuit with these attributes:
PART L2
VALUE Number of secondary turns

3. Place aK devicein the circuit with these attributes:
PART K2
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INDUCTORS L1L2
COUPLING  Coupling coefficient between L1 and L2 (0-1.0)
MODEL KCORE

This procedure creates two coupled cores whose magnetic properties are con-
trolled by the KCORE model statement. See the sample circuit file CORES3 for an
example of multiple, coupled core devices.

Model statement form
.MODEL <model name> CORE ([model parameters ])

Examples
.MODEL K1 CORE (Area=2.54 Path=.54 M S=2E5)

.MODEL K2 CORE (MS=2E5 LOT=25% GAP=.001)

Model parameters

Name Parameter Units Default
Area Mean magnetic cross-section cm?  1.00
Path  Mean magnetic path length cm 1.00

Gap  Effectiveair gap length cm 0.00
MS  Saturationmagnetization am  4E5
A Shape parameter am 25
C Domainwall flexing constant .001
K Domainwall bending constant 25

Note that the model parameters are a mix of MKS or S| units (a/m) and CGS
units (cm and cm?).

Model Equations
Definitionsand Equations
All calculationsare donein MK S (SI) units
M, = magnetic permeability of free space = 4*PI* 1e-7 Webers/ Amp-meter
N= number of turns
Ma= Anhysteretic magnetization
H = Magnetic field intensity inside core
B = Magnetic flux density inside core
M = Magnetization dueto domain alignment
| = Core current
V = Core voltage
Ma= MS. H/( |H| +A)
Sign =K if dH/dt > 0.0
Sign=-K if dH/dt <= 0.0
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dM/dH = (MaM) / ((Sign)(1+C)) + (C / (1+C))-dMa/DH
B =, - (H +M)

L =y, - (1+dM/dH) - N2. AREA / PATH

V=L .di/dt

To derive model parameters from data sheet values, use the MODEL program.
Doing it manually requires this procedure:

1. Many data sheets provide the value of Bsat in Gauss. To calculate the required
value of MSin units of Amps/meter, multiply the Bsat valuein Gauss by 79.577.
Thisyields the required model value for MSin Amps/meter.

2. Run the sample circuit CORE.CIR and adjust the values of A, K, and C, to fit
the data sheet BH curve. The effect of increasing each parameter is as follows:

Parameter u HC BR
A - + +
K + +
C + - -

where p is the slope or permeability, HC is the coercive force value, and BRis
the remanence.

389.CIR

|

_1 /
,2 /

L

'4 -6.00 -6.00 -4.00 -3.00 -2.00 -1.00 0.00 1.00 200 300 400 500 6.00
B(L1

H(LT)

Figure 22-14 Typical BH loop
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L aplace sources

Schematic format
PART attribute
<name>

Examples
FIL1

LOW1

LAPLACE attribute of LFIOFI, LFIOFV, LFVOFV, LFVOFI
<expression>

Example
1/(1+.001* S+1E-8*S*S)

FREQ attribute of LTIOFI, LTIOFV, LTVOFV, LTVOFI
<(fi,mi,pl) (f2,m2,p2)...(fn,mn,pn)>

Example
(0.0,2.0,0.0) (1Meg,0.9,-10) (10Meg,0.2,-35)

KEYWORD attribute (for use with FREQ attribute)
[[DB | MAG] [DEG | RAD]] | [R_N

Examples
DB RAD

MAG DEG
R_|

There is no SPICE version of this source. Use the Dependent source, E or G de-
vice.

The keywords DB, MAG, DEG, RAD, R_| areinterpreted as follows:

DB: Magnitude value is expressed in decibels. (default)
MAG: Magnitude valueistrue magnitude.

DEG: Degrees value is expressed in degrees. (default)
RAD: Degrees value is expressed in radians.

R_I: Thetable contains real and imaginary parts.
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Laplace sources are characterized by alinear transfer function. The two basic
types are distinguished by the way the transfer function is calculated. The For-
mulatype uses an algebraic expression to describe the transfer function in terms
of the complex frequency variable, S. The Table type uses a table of ordered data
triplets which describe the transfer function. Each data triplet comprises the fre-
quency, magnitude, and phase of the transfer function.

In AC analysis, the value of the transfer function is computed from the algebraic
expressioninvolving S, where S= 2.1efrequency-j, or obtained by interpolation
from the given table.

For DC analysis, the value of the transfer function is computed from the given
algebraic expressioninvolving S, where S= 0, or obtained from the table, using
the lowest frequency data point supplied.

For transient analysis, it is necessary to first determine the impul se response of
the function. Theimpulse responseis obtained by performing an inverse Fourier
transform on the transfer function. Then, during the transient run, the output of
the source is obtained from the convol ution of the waveform at the source input
nodes and the impulse response waveform. This alows the source to accurately
respond to any input waveform, not just simple, predefined waveforms.

The accuracy of this procedureislimited by the number of time pointsin theim-
pulse response, or aternatively, by the bandwidth of the function. Asapractical
matter, no more than 8192 time points should be computed for the impulse re-
sponse, due to memory and time limitations. The actual number of time points, N,
isalogarithmic function of the value of RELTOL.

N = 26081 (RELTOL)

For example, for RELTOL=.001, 512 time points are computed.

Asageneral rule, Laplace sourceswill give the best transient analysis results on
narrow band functions. Wide band functions, such asthe differentiator, f(s)=s,
and the integrator, f(s)=1/s, are best modeled by using discrete components. See
the sample circuits INT (integrator macro) and DIF(differentiator macro).
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Formulatypes
Theinput and output variables and definition namesfor the Laplace formula

sources are as follows;

Source type Input Output Definition
Current-controlled current source | I LFIOFI

Current-controlled voltagesource | \% LFVOFI

Voltage-controlled voltagesource  V Vv LFVOFRV

Voltage-controlled current source  V I LFIORV
Here are some examples:

1/(1+.001*S) asimplelow passfilter.

1/(1+.001*s+1E-8*S*S) asecond order filter.

exp(-pow((C*S*(R+S*L)),.5)) equation of asimplelossy, transmission
line. R, L, and C are .define constants.

For illustration, seethecircuitsL1, L2, and L3.

Table types
In aTabletype, the transfer function is defined with atable. The table contains

ordered triplets of numberslisting the frequency, magnitude or real value, and
phase or imaginary value of the transfer function. The general form of the table
entriesis:

(F1,X1,Y1) (F2,X2,Y2) ... (FN,XN,YN)

Fi isthei’th frequency valuein hertz.

Xi isthei’th magnitude value or the real value.

Yi isthei’th phase value or the imaginary value.
There are six rules for forming the table:

1. Values are separated by commas, triplets are enclosed in parentheses and
are separated by spaces.

2. Datatriplets must be arranged in order of ascending frequency.
3. Thefunction is constant at X1,Y 1 for inputs below F1.

4. The function is constant at XN,Y N for inputs above FN.
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5. Thefunctionislogarithmically interpolated for frequency values between

the table values.

6. The table should contain one data point at DC or zero frequency.

The table may be entered directly as the parameter string or indirectly using the

.define statement. For illustration, see the circuit P1.

Theinput variable and output variables and definition names are asfollows:

Source type
Current-controlled current source

Current-controlled voltage source
V oltage-controlled voltage source
Voltage-controlled current source
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I
\%
Vv

I
\%
\%
I

LTIOFI
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Macro

Schematic format
PART attribute
<name>

Example
2N5168

FILE attribute
<macro circuit name>

Example
SCR

Macros are the schematic equivalents of subcircuits. They are circuit building
blocks that have been created and saved to disk for use in other circuits.

To create a macro:
1. Create acircuit. Place grid text on the nodes that you want to make available
as macro pins. If you want to pass numeric parameters to the macro, use sym-
bolic names for VALUE attributes and/or model parameter values and declare
these names in a .parameters statement. Save the circuit to disk using the desired
macro name.
2. Enter acomponent in the Component library asfollows:

® Enter the macro file name for the Name field.

® Choose a suitable shape.

® Choose Macro for the Definition field.

* Place pins on the shape by clicking in the Shape drawing area. Name the

pins with the same grid text names you placed on the nodes in the macro

circuit.

* Add optional .MACRO statements to one of the *.LIB files to substitute
long parameter lists for shorter names.
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To use a macro:

Select the macro from the Component library. Placeit in the circuit that will
useit and edit its parameters, if it has any. Y ou can also use an alias which,
using a.macro statement, substitutes a short name like 2N5168 for the macro
FILE name and a corresponding set of parameters.

The format of the macro command is:
.MACRO <alias> <macro circuit name(parameter list)>

This statement lets you store the parameters that turn a general macro for, say an
SCR, into a specific model for a specific part like the 2N5168 SCR, and to access
the part with asimple meaningful name, like 2N5168. For more information on the
.MACRO statement see Chapter 26, "Command Statements'.

When amacro is placed in acircuit, the program reads the macro circuit file, de-
terminesif it has parameters from the PARAMETERS statement in the macro
circuit file and shows these parameters and their default valuesin the Attribute
dialog box. Edit the parameter values from their default values to those you want.
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MOSFET

SPICE format
Syntax
M<name> <drain> <gate> <source> <bulk> <model name>
+ [M=<mval>]
+ [L=<length>] [W=<width>] [AD=<drainarea>] [AS=<sourcearea>]
+ [PD=<drainperiphery>] [PS=<sourceperiphery>]|
+ [NRD=<drainsguares>] [NRS=<sourcesquares>]
+ [NRG=<gatesguares>] [NRB=<bulksquares>|
+ [OFF][IC=<vds>[,vgq[,vbs]]]

Example
M15790IRF350L=1.5E-6 W=0.25 OFF 1C=25.0,8.0

Schematic for mat
PART attribute
<name>

Example
M1

VALUE attribute

[M=<mval>]

+ [L=<length>] [W=<width>] [AD=<drainarea>] [AS=<sourcearea>]
+ [PD=<drainperiphery>] [PS=<sourceperiphery>]|

+ [NRD=<drainsguares>] [NRS=<sourcesquares>]

+ [NRG=<gatesquares>] [NRB=<bulksquares>]

+ [OFF][IC=<vds>[,vgq,vbs]]]

Examples
M=20 NRD=10 NRS=25 NRG=5

L=.35ulC=.1,2.00
L=.4u W=2u OFF 1C=0.05,1.00

MODEL attribute
<model name>

Examples
IRF350

MM150
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Supported Models

Level Model Name

1 Schichman-Hodges

2 MOS2 Grove-Frohman model (SPICE 3F5)

3 MOS3 empirical model (SPICE 3F5)

4 BSIM1 Original BSIM model (Berkeley Short Channel IGFET)
5 BSIM2 Second generation BSIM model

8

or 49 BSIM3 Third generation BSIM model BSIM3v3.2.4 (12/2001)
14 BSIM4 Fourth generation BSIM model BSIM4.4.0 (3/4/2004)
44 EKV 2.6 Charge based-short channel model developed by the

Swiss Institute of Technology. See the MOSFET(EKV) section
following thisM OSFET section

<width> and <length> are the drawn device dimensions, before side diffusion, in
meters. They can be specified as device attributes, model parameters, or by using
the global default values, DEFW and DEFL. Device attributes supersede model
parameters, which supersede the global DEFW and DEFL values from the Global
Settings dialog box or alocal .OPTIONS statement.

Theinitiaization [ C=<vds>[,vgg],vbs]]] assignsinitial voltagesto thedrain-
source, gate-source, and body-source terms in transient analysisif no operating
point is done (or if the UIC flag is set). The [OFF] keyword forces the device off
during thefirst iteration of the DC operating point.

<sourceperiphery> and <drainperiphery> are the diffusion peripheries (m).
<sourcearea> and <drainarea> are the diffusion areas (sg. m). Source and
drain junction capacitances may be specified directly by the model parameters
CBS and CBD. If absent, they are calculated from area and periphery terms.

The parasitic resistances may be specified directly with the model parameters RS,
RD, RG, and RB. If unspecified, they are calculated from the product of the
sheet resistivity, RSH, and the number of squares terms, <drainsquares>,
<sourcesguares>, <gatesquares>, and <bulksguares>. If these terms are ab-
sent, or zero, and the model parameters RS, RD, RG, and RB are absent or zero,
then the parasitic resistances are not included in the model.

<drainsquares> and <sourcesguares> default to 1.0. The other parameter line
values default to zero.

<mval> isamultiplier (default = 1) that provides away to simulate the effect of
paralleling many devices. It multipliesthe effectivewidth, overlap, and junction
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capacitances, and the junction currents. It multiplies the drain and source areas,
the device width, and the two peripheries, and divides the four resistances RS,
RD, RG, and RB.

Model statement forms
.MODEL <model nhame> NMOS ([model parameters])
.MODEL <model nhame> PMOS ([model parameters])

Examples
.MODEL M1 NMOS (W=0.2 L=0.8U KP=1E-6 GAMMA=.65)

.MODEL M2 PMOS (W=0.1 L=0.9U KP=1.2E-6 LAMBDA=1E-3)

Common model parameters
These model parameters are common to levels 1, 2, 3,4, 5, and 8: Levels 1-5
share common default values. Level 8 defaults are shown in the last column.

Name Parameter Units Default Values For
Lev 1-5 Lev 8
LEVEL Model level 1 1
L Channel length m DEFL DEFL
w Channel width m DEFW DEFW
RDS Drain-source shunt resistance  Q 00 00
RD Drain ohmic resistance Q 0.00 0.00
RS Source ohmic resistance Q 0.00 0.00
RG Gate ohmic resistance Q 0.00 0.00
RB Bulk ohmic resistance Q 0.00 0.00
RSH Source and drain sheet res. Q/sq 0.00 0.00
CGDO Gate-drain overlap cap. F/m  0.00 0.00
CGSO Gate-source overlap cap. Fm 0.00 0.00
CGBO Gate-bulk overlap cap. F/m 0.00 0.00
CBD Bulk p-n zero-bias B-D cap. F 0.00 0.00
CBS Bulk p-n zero-bias B-S cap. F 0.00 0.00
CJ Bulk p-n zero-bias bot. cap. F/m> 0.00 5E-4
CISW Bulk p-n zero-bias s/w cap. F/m  0.00 5E-10
MJ Bulk p-n zero-bias bottom grad. 0.50 0.50
MJSW Bulk p-n zero-bias s/w coeff. 0.33 0.33
TT Bulk p-ntransit time S 0.00 0.00
IS Bulk p-n saturation current A 1E-14 1E-14
N Bulk p-nemission coefficient 1.00 1.00
JS Bulk p-n bot. current density ~ A/m?  1E-8 1E-4
PB Bulk p-n bottom potential V 0.80 1.00
PBSW Bulk p-nsidewall potential Vv PB 1.00
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Name Parameter Units Default Values For

Lev 1-5 Lev 8
KF Flicker-noisecoefficient 0.00 0.00
AF Flicker-noiseexponent 1.00 1.00
FC Forward-bias depletion coeff. 0.50 0.50
GDSNOI Channel shot noise coefficient 10 10
NLEV Noise equation selector 20 None
T MEASURED Measured temperature °C
T_ABS Absolute temperature °C
T REL_GLOBAL Relative to current temp. °C

T REL_LOCAL Relativeto AKO temperature °C

Model parameters for levels 1, 2, and 3
In addition to the 33 common parameters, the following table liststhe additional
parameters used in thelevel 1, 2, and 3 models.

Name Parameter Units Default Level
LD Lateral diffusionlength m 000 123
WD Lateral diffusionwidth m 000 123
KP Process transconductance AlV? 2E-5 123
VTO Zero-biasthreshold voltage V 000 123
GAMMA Body-effect coefficient Vo5 000 123
PHI Surfaceinversion potential V 060 123
LAMBDA Channel-lengthmodul ation vt 000 12
TOX Gate oxide thickness m 1E-7 123
uo Surfacemobility cm?V/se00 23
NEFF Total channel charge coeff. 10 2
NSUB Substratedoping density cn®  None 23
NSS Surface state density cm?  None 23
NFS Fast surface-state density cn?  None 23
XJ Metallurgical junctiondepth m 000 23
VMAX Max drift velocity of carriers  m/s 000 23
DELTA Width effect on VTO 000 23
THETA Mohbility modulation vt 000 3
ETA Static feedback on VTO 000 3
KAPPA Saturation field factor 020 3
TPG Type of gate material 100 23
UCRIT Mobility degrad. critical field ~ V/em 1E4 2
UEXP Mobility degradation exponent 000 2
UTRA Mobility degrad. tr. field coeff. m/s 000 2
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Mode equations for levels 1, 2, and 3
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Figure 22-15 MOSFET model
Definitions
Vgs = Internal gate to source voltage
Vds = Internal drain to source voltage
Id = Drain current
VT =k-T/q

Temperature effects

T isthe device operating temperature and Tnom is the temperature at which the
model parameters are measured. Both are expressed in degrees Kelvin. T is set
to the analysis temperature from the Analysis Limits dialog box. TNOM is deter-
mined by the Global Settings TNOM value, which can be overridden with a.OP-
TIONS statement. T and Tnom may be customized for each model by specifying
theparametersT MEASURED, T_ABS,T_REL_GLOBAL,andT_REL_LOCAL.For
details on how device temperatures and Thom temperatures are calculated, see
the MODEL section of chapter 26 "Command Statements".

EG(T) = 1.16 - .000702.T.T/(T+1108)
| S(T) = S_e(EG(Tnom)-T/Tnom—EG(T))/VT

JS(T) - Js_e(EG(Tnom)-T/Tnom—EG(T))/VT

JSSVV(T) — JSS\/v.e(EG(Tnom)-T/Tnom—EG(T))/VT

KP(T) = KP(T/Tnom) 5

UO(T) = UO-(T/Tnom)™*5

PB(T) = PB.(T/Tnom)- 3.V T.In((T/Tnom))-EG(Tnom).(T/Tnom)+EG(T)
PBSW(T) = PBSW.(T/Tnom)- 3.V T.In((T/Tnom))-EG(Tnom).(T/Tnom)+EG(T)
PHI(T) = PHI.(T/Tnom)- 3.V T.In((T/Tnom))-EG(Tnom).(T/Tnom)+EG(T)
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CBD(T) = CBD-(1+MJ(.0004(T-Tnom) + (1 - PB(T)/PB)))
CBS(T) = CBS(1+MJ(.0004(T-Tnom) + (1 - PB(T)/PB)))
CJ(T) = CJ(1+MJ3(.0004-(T-Tnom) + (1 - PB(T)/PB)))
CJISW(T) = CISW-(1+MJI(.0004-(T-Tnom) + (1 - PB(T)/PB))

The parasitic lead resistances have no temperature dependence.

Current equations

Only the Level 1 an N-channel drain equations are shown here. The Level 2 and
Level 3 current equations are too complex for presentation in this manual. Inter-
ested users should consult reference (2) for more information.

K=KP.W/(L-2.LD)
VTH = VTO + GAMMA . ((PHI - VBS)Y2 V(PHI))

Cutoff region: For Vags< VT

Id=0.0

Linear region: For Vgs> VTH and Vds < (Vgs - VTH)

Id = K-(Vgs - VTH - 0.5Vds).Vds(1+LAMBDA.Vds)

Saturation region: For Vgs > VTH and Vds > (Vgs- VTH)

Id = 0.5K-(Vgs - VTH)2(1 + LAMBDA.Vds)

Capacitance equations

Meyer model for gate capacitance

Levels 1-3 use the capacitance model proposed by Meyer. The charges are mod-
eled by three nonlinear capacitances, Cgb, Cgd, and Cgs.

Cox = COX - W . Leff

Accumulation region (Vgs< Von - PHI)
For Vgs< Von - PHI,

Cgb = Cox + CGBO . Leff
Cgs=CGSO . W

Cgd =CGDO . W
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Depletion region (Von - PHI < Vgs< Von)

Cgb = Cox - (Von - Vgs)/PHI + CGBO . Leff
Cgs=2/3.Cox - ((Von - Vgs)/PHI + 1) + CGSO - W
Cgd = CGDO - W

Saturation region (Von < Vgs< Von + Vds)
Cgb = CGBO . Leff

Cgs=2/3.Cox + CGSO . W

Cgd = CGDO - W

Linearregion:

For Vgs>Von + Vds,

Cgb = CGBO . Leff

Cgs=Cox - (1- ((Vgs- Vds- Von)/(2(Vgs- Von) - Vds))? + CGSO . W
Cgd = Cox - (1 - ((Vgs - Von)/(2(Vgs - Von) - Vds))?) + CGDO - W

Junction capacitance
If CBS=0 and CBD=0 then
Cbs = CJ(T)-ASf1(VBS) + CISW(T)-PSf2(VBS) + TT.GBS
Chd = CJ(T)-ADf1(VBD) + CISW(T).PD.f2(VBD) + TT.-GBD
else
Cbs = CBY(T)f1(VBS) + CISW(T)-PSf2(VBS) + TT.GBS
Chd = CBD(T)-f1(VBD) + CISW(T).PD.f2(VBD) + TT.GBD

GBS= DC bulk-source conductance = d(IBS)/d(VBS)
GBD= DC bulk-drain conductance = d(IBD)/d(VBD)

If VBS < FC. PB(T) then
f1(VBS) = 1/(1 - VBS/PB(T))
Else
f1(VBS) = (1 - FC.(1+M)+M.(VBS/PB(T)))/ (1 - FC) &™)

If VBS < FC. PBSW(T) then
f2(VBS) = 1/ (1 - VBS/PBSW(T))
Else
f2(VBS) = (1 - FC.(1+M)+M.(VBS/PBSW(T)))/ (1 - FC) &™)

If VBD < FC . PB(T) then
f1(vBD) = 1/(1 - VBD/PB(T))M
Else
f1(VBD) = (1 - FC.(1+M)+M.(VBS/PB(T)))/ (1 - FC) *™
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If VBD < FC . PBSW(T) then
f2(VBD) = 1/ (1 - VBD/PBSW/(T))™

Else

f2(VBD) = (1 - FC.(1+M)+M.(VBD/PBSW(T)))/ (1 - FC) @™

Model parameters for level 4
These are the model parameters for the BSIM1 model, level 4. There are no de-
fault values. All parameter values must be specified. All parameters are binnable
except those marked with an asterisk.

Name
DL*
DwW*
TOX*
VDD*
XPART*
DELL*
VFB
PHI
K1

K2
ETA
X2E
X3E
MUZ*
X2MZ
MUS
X2MS
X3MS
uo
X2U0
Ul
X2U1l
X3U1l
NO
NB
ND
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Parameter

Channel lengthreduction

Channel widthreduction

Gate oxide thickness

Supply voltagefor MUS

Channel chargepartitioningflag
Unused: Length reduction of S-D diff.
Flat band voltage

Strong inversion surface potential

Bulk effect coefficient 1

Bulk effect coefficient 2

VDS dependence of threshold voltage
VBS dependence of ETA

VDS dependence of ETA

Mohility at vds=0,vgs=vth

VBS dependence of MUZ

Mobility at vds=vdd,vgs=vth

VBS dependence of MUS

VDS dependence of MUS

V GS dependence of mobility

VBS dependence of UO

VDS dependence of mobility

VBS dependence of Ul

VDS dependence of Ul
Subthresholdslope

VBS dependence of subthreshold slope
VDS dependence of subthreshold slope

Units
U

H
H

V&
V—l
cm3Vs



Model parameters for level 5
These are the model parameters for the BSIM 2 model, level 5. All parameters
are binnable except those marked with an asterisk.

Name
DL*
Dw*
TOX*
VFB
PHI
K1

K2
ETAO
ETAB
MUO*
MUOB
MUSO
MUSB
MU20
MU2B
MU2G
MU30
MU3B
MU3G
MuU40
MU4B
MU4G
UAO
UAB
UBO
UBB
ul10
UiB
uib
NO
NB
ND
VOFO
VOFB
VOFD
AIlO

Parameter

Channel lengthreduction

Channel widthreduction

Gate oxide thickness

Flat band voltage

Strong inversion surface potential

Bulk effect coefficient 1

Bulk effect coefficient 2

VDS dependence of threshold voltage
VBS dependence of ETAO

Mohility at vds=0,vgs=vth

VBS dependence of MUO

Mohility at vds=vdd,vgs=vth

VBS dependence of MUS

VDS dependence of MU in tanh term
VBS dependence of MU2

V GS dependence of MU2

VDS dependence of MU in linear term
VBS dependence of MU3

V GS dependence of MU3

VDS dependence of MU in quad. term
VBS dependence of MU4

V GS dependence of MU4

Linear VGS dependence of mobility
VBS dependence of UA

Quadratic V GS dependence of mobility
VBS dependence of UB

VDS dependence of mobility

VBS dependence of Ul

VDS dependence of Ul

Subthreshold slopeat vds=0,vbs=0
VBS dependence of N

VDS dependence of N

vV
V&

Threshold voltage offset at vds=0,vbs=0 V

VBS dependence of VOF
VDS dependence of VOF
Pre-factor of hot electron effect

Default

0.00
0.00
0.00

-1.00

0.75
0.80
0.00
0.00
0.00
400

0.00
500

0.00
15

0.00
0.00
10.0
0.00
0.00
0.00
0.00
0.00
0.20
0.00
0.00
0.00
0.10
0.00
0.00
1.40
0.50
0.00
1.80
0.00
0.00
0.00

427



AlIB VBS dependence of Al Vv 0.00

BIO Exponential factor of hot electron effect 0.00
BIB VBS dependence of Bl Vv 0.00
VGHIGH Upper bound of cubic splinefunction  peV 0.20
VGLOW Lower bound of cubic splinefunction  V -0.15
VDD* MaximumVDS \Y 5.00
VGG* MaximumVGS \Y 5.00
VBB* MaximumVBS Y 5.00
XPART* Channel chargepartitioning flag 0.00
DELL* Unused: length reduction of S-D diff. m 0.00
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Modd parameters for level 8 and 49
These are the model parameters for the BSIM 3 model. Thisisthe Berkeley
BSIM3 model, BSIM3v3.2.4, dated December 21, 2001. All parameters are
binnable except those marked with an asterisk.

Name

NJ*

XTI*

TPB*
TPBSW*
PBSWG*
TPBSWG*
JSSW*
TCF
TCISW~
CISWG*
TCISWG*
MJISWG*
LMIN*
LMAX*
WMIN*
WMAX*
LREF*
WREF*
BINUNIT*
BINFLAG*
MOBMOD*
CAPMOD*
NQSMOD*
NOIMOD*
PARAMCHK*
VERSION*
VTHOM*
VTHO

K1

K2

LK2

K3

K3B

WO

NLX

Parameter
Emission coefficient (takes priority over N)

Junction current temperature exponent coefficient

Temperature coefficient of PB
Temperature coefficient of PBSW

S/D gatesidewall junctionbuilt-in potential
Temperature coefficient of PBSWG

Bulk p-n sidewall saturation current density
Temperature coefficient of CJ
Temperature coefficient of CISW

S/D gate sidewall junction capacitance
Temperature coefficient of CISWG

S/D gate sidewall junction capacitance grading coeff.

Minimum channel length

Maximum channel length

Minimum channel width

M aximum channel width

Reference channel length

Reference channel width

Bin units selector

Binning method sel ector

Mobility model

Flag for short channel cap. model
Flag for NQS model

Flag for noise model

Parameter check flag

Version number 3.1 or 3.2
Short-distance threshold matching parameter
VTH at vbs=0 for large channel length
First-order body effect coefficient
Second-order body effect coefficient
Length dependence of K2

Narrow width effect coefficient

Body effect coefficient of K3

Narrow width effect parameter

L ateral non-uniform doping coefficient

Default

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
1.00
0.00
0.00
1.00
0.00
1.00
3.00
0.00
1.00
0.00
3.20
0.00
0.00
0.00
0.00
0.00
80.00
0.00
2.5E-6
1.74E-7
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Model parameters for level 8 and 49

Name
DVTO
DVT1
DVT2
DVTOW
DVTIW
DVT2W

uo

UA

uB

ucC
VSAT
AO
AGS
BO

Bl
KETA
Al

A2
RDSW
PRWB
PRWG
WR
WINT*
LINT*
DWG
DWB
VOFF
NFACTOR
ETAO
ETAB
DSuUB
CIT
CDSC
CDSCB
CDSCD
PCLM
PDIBLC1
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Parameter Default
First coefficent of short-channel effect on VTH 2.20
Second coefficent of short-channel effect on VTH 053
Body bias coefficent of short-channel effect on VTH -.032
First coefficient of narrow width effect on Vth 0.00
Second coefficient of narrow width effect on Vth 5.3E6
Body-bias coefficient of narrow width effect on Vth

for small channel length -.032
Mobility at Temp=TNOM 0.00
Linear gate dependence of mobility 2.25E-9
Quadratic gate dependence of mobility 5.87E-19
Body-biasdependence of mobility 0.00
Saturation velocity at Temp = TNOM 8.0E4
Bulk charge effect coefficient 1.00
Gate bias coefficient for channel length 0.00
Bulk charge effect coefficient for channel width 0.00
Bulk charge effect width offset 0.00
Body bias coefficient of the bulk charge effect -.047
First non-saturation effect parameter 0.00
Second non-saturation effect parameter 1.00
Parasitic resistance per unit width 0.00
Body effect coefficient of RDSW 0.00
Gate bias effect coefficient of RDSW 0.00
Width offset from Weff for Rds cal culation 1.00
Width offset fitting parameter from I-V without bias 0.00
Length offset fitting parameter from 1-V without bias 0.00
Coefficient of Weff's dependence 0.00
Coefficient of Weff’s substrate body bias dependence 0.00
Offset voltage in the subthr. region for large W and L -0.08
Subthreshold swing factor 1.00
DIBL coefficient in subthreshold region 0.08
Body bias coefficient for the subthr. DIBL coefficient -0.07
DIBL coefficient exponent in subthreshold region 0.00
Interface trap capacitance 0.00
Drain/source to channel coupling capacitance 24E-4
Body-biassensitivity of CDSC 0.00
Drain-bias sensitivity of CDSC 0.00
Channel length modulation parameter 1.30
1'st output resist. DIBL correction parameter 0.39



Modd parameters for level 8 and 49

Name
PDIBLC2
PDIBLCB
DROUT
PSCBE1
PSCBE2
PVAG
DELTA
NGATE
ALPHAO
ALPHA1
IJTH*
BETAO
XPART*
CGSL
CGDL
CKAPPA

CF
CLC
CLE
DLC
DWC*
WLC*
WWC*
WWLC*
LLC*
LWC*
LWLC*
VFBCV
NOFF
MOIN
VOFFCV
ACDE
ELM
WL*
WLN*
WW*
WWN*

Parameter

2'nd output resist. DIBL correction parameter

Body coefficient of DIBL parameters

L dep. coeff. of the DIBL corr. parameter in ROUT
First substrate current body effect parameter
Second substrate current body effect parameter
Gate dependence of Early voltage

Effective Vds parameter

Poly gate doping concentration

Substrate current model parameter 1

Substrate current model parameter 2
Diodelimitingcurrent

Substrate current model parameter 3

Channel chargepartitioning flag

Non-LDD region s-g overlap cap. per unit ch. length
Non-LDD region d-g overlap cap. per unit ch. length
Coefficient for lightly doped region overlap

fringing field capacitance

Fringingfield capacitance

Constant term for short channel model

Exponential term for short channel model

Length offset fitting parameter from C-V

Width offset fitting parameter from C-V

Width reduction parameter for CV

Width reduction parameter for CV

Width reduction parameter for CV

Length reduction parameter for CV

Length reduction parameter for CV

Length reduction parameter for CV

Flat-band voltage parameter (for capmod=0 only)
C-V turn-on/off parameter

Coefficient for gate-bias dependent surface potential
C-V lateral-shift parameter

Exponential coefficient for finite charge thickness
Elmore constant of the channel

Coefficient for length dependence of width offset
Power of length dependence of width offset
Coefficient for width dependence of width offset
Power of width dependence of width offset

Default
0.0086
0.00
0.56
4.24E8
1E-5
0.00
0.01
0.00
0.00
0.00
0.10
30.00
0.00
0.00
0.00

0.60
0.00
1E-7
0.60
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-1.00
1.00
15.00
0.00
1.00
5.00
0.00
1.00
0.00
1.00
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Model parameters for level 8 and 49

Name
WWL*
LL*
LLN*
LW*
LWN*
LWL*
TNOM*
UTE
KT1
KT1L

KT2

UA1l

UB1

ucCl

AT

PRT
NOIA*
NOIB*
NOIC*
EM*

EF*

TOX*
TOXM*
XJ
GAMMA1
GAMMA?2
NCH
NSUB
VBX

VBM

XT
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Parameter

Coeff. of len. and width cross term for width off.
Coefficient for length dependence for length offset
Power of length dependence for length offset
Coefficient for width dependence for length offset
Power of width dependence for length offset
Coeff. of length and width cross term for length offset
Temperature at which parameters are extracted
Mobility temperatureexponent

Temperature coefficient for threshold voltage
Channel length sensitivity of temperature
coefficient for threshold voltage

Body bias coefficient of the threshold

voltage temperature effect

Temperature coefficient for UA

Temperature coefficient for UB

Temperature coefficient for UC

Saturation velocity temperature coefficient
Temperature coefficient for RDSW

Noise parameter A (PMOS=9.9E18)

Noise parameter B (PMOS=2.4E3)

Noise parameter C (PMOS=1.4E-12)
Saturationfield

Freguency exponent for noise model = 2

Gate oxide thickness

Gate oxide thickness in meters

Junctiondepth

Body effect coefficient near the interface

Body effect coefficient in the bulk

Channel doping concentration

Substrate doping concentration

VBS at which the depletion width equals XT
Maximum applied body biasin Vth calculation
Dopingdepth

Default
0.00
0.00
1.00
0.00
1.00
0.00

27.00
-1.50
-0.11

0.00

0.022
4.31E-9
-7.61E-18
0.00
3.3E4
0.00
1E20
SE4
-1.4E-12
4.1E7
1.00
1.5E-8
0.00
1.5E-7
0.00
0.00
0.00
6E16
0.00
0.00
0.00



Model parameters for BSIM4 level 14
These are the model parameters for the BSIM4.4.0 model dated March 4, 2004.
All parameters are hinnable except those marked with an asterisk.

BSIM4 Model Selection Parameters

Name Default
VERSION* 44,0
PARAMCHK* 1
MOBMOD* 1
RDSMOD* 0
IGCMOD* 0
IGBMOD* 0
CAPMOD* 2

RGATEMOD* 0 (no RG)
RBODY MOD* 0 (network off) Substrate resistance network model
TRNQSMOD* 0
ACNQSMOD* 0

FNOIMOD*
TNOIMOD*
DIOMOD*
PERMOD*
GEOMOD*

RGEOMOD*

TEMPMOD*

BSIM4 Process Parameters

Name
EPSROX*
TOXE*
TOXP*
TOXM*
DTOX*
XJ
GAMMA1
GAMMA1
NDEP
NSUB
NGATE
NSD
VBX*

1
0
1
1
0(isol ated)
0

0

Default
3.9(S02)
3.0e-9m
TOXE
TOXE
0.0m
1.5e-7m

Description

Model version number

Switch for parameter value check

Mobility model

Bias dependent source/drain resistance model
Gate-to-channel tunneling current model
Gate-to-substrate tunneling current model
Capacitance model

Gate resistance model

Transient NQS model

AC small signal NQS model

Flicker noisemodel

Thermal noise model

Source/drain junctiondiode |V model

Flag for PS/PD includes the gate-edge perimeter
Geometry dependent parasitics model
Source/drain diffusion resistance and contact
model selector

Temperature mode selector

Description

Gate dielectric constant relative to vacuum
Equivalent el ectrical gate oxide vacuum thickness
Physical gate equivalent oxidethickness

Tox at which parameters are extracted

Defined as (TOXE-TOXP)

S/D junctiondepth

calculated(V¥?) Body effect coefficient near the surface
calculated(V¥?) Body effect coefficient in the bulk

1.7el7cm®
6.0el6cm?
0.0cm'®

1.0e20cm®

calculated (v)

Channel doping at depletion edge for zero bias
Substrate doping concentration

PolySi gatedoping concentration
Source/draindoping concentration

Vbs at where depletion region width equals XT
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BSIM4 Basic Model Parameters

Name Default

XT 1.55e-7m
RSH* 0.0ohm/sguare
RSHG* 0.1ohm/sguare
VTHO 0.7V NMOS
(VTHO) -0.7v PMOS
FVB -1.0v

PHIN 0.0v

K1 0.5V 12

K2 0.0

K3 80.0

K3B 0.0v1?

WO 2.5e-6m
LPEO 1.74e-7m
LPEB 0.0m

VBM -3.0v

DVTO 22

DVT1 053

DVT2 -0.032v1
DVTPO 0.0m

DVTP1 0.0v+?
DVTOW 0.0

DVT1W 5.3e6m*
DVT2W -0.032v1

uo 0.067m?/(Vs)
Uo (PMOS)  0.025nm7?/(Vs)
UA 1.0e-9m/V
MOBMOD=0,1
MOBMOD=2 1.0e-15m/V
uB 1.0e-19m?/V?
ucC -0.0465V!
MOBMOD=1

MOBMOD=0,2-0.0465e-9m/"?
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Description

Dopingdepth

Source/drain sheet resistance

Gate electrode sheet resistance

Long channel threshold voltage at Vbs=0

Flat band voltage PHIN

Non-uniform vertical doping effect on

surface potential

First order body bias coefficient

Second order body bias coefficient

Narrow width coefficient

Body effect coefficient of K3

Narrow width parameter

Lateral nonuniform doping parameter

Lateral nonuniform doping effect on K1
Maximum applied body biasin VTHO calculation
First coefficient of short channel effect on Vth
Second coeff. of short channel effect on Vth
Body bias coeff. of short channel effect on Vth
First coefficient of drain induced Vth shift dueto
long channel pocket devices

Second coefficient of drain induced Vth shift
dueto long channel pocket devices

First coefficient of narrow width effect on Vth
for small channel length

Second coefficient of narrow width effect on
Vth for small channel L

Body bias coefficient of narrow width effect for
small channel L

Low field mobility for NMOS

Low field mobility for PMOS

Coefficient of first order mobility degradation
dueto vertical field

Coefficient of second order mobility degradation
dueto vertical field

Coefficient of mobility degradation

due to body bias effect



BSIM4 Basic Model Parameters

Name
EU*

VSAT
A0

AGS
BO

Bl
KETA
Al

A2
WINT*
LINT*
DWG
DWB

VOFF

VOFFL*
MINV
NFACTOR
ETAO
ETAB

DSUB
CIT
CDSC

CDSCB
CDSCD
PCLM
PDIBLC1
PDIBLC2
PDIBLCB
DROUT

PSCBE1
PSCBE2
PVAG

Default
1.67 NMOS
1.0 PMOS
8.0edm/s
1.0

0.0v+?
0.0m
0.0m
-0.047v1
0.0v+?
1.0

0.0m
0.0m
0.0m/V
0.0m/VY2

-0.08V

0.0mv
0.0

1.0

0.08
-0.07v+1

DROUT
0.0F/m?
2.4e-4F/m?

0.0F/(Vm?)
0.0(FVm?)
13

0.39

0.0086
0.0V

0.56

4.24e8V/m
1.0e-5m/V
0.0

Description
Exponent for mobility degradation MOBMOD=2

Saturationvelocity

Coefficient of channel length dependence of
bulk charge effect

Coeff. of Vgs dependence of bulk charge effect
Bulk charge effect coefficient for channel width
Bulk charge effect width offset

Body bias coefficient bulk charge effect

First non-saturation effect parameter

Second non-saturation factor

Channel width offset parameter

Channel length offset parameter

Coefficient of gate bias dependence of Weff
Coefficient of body bias dependence of Weff
bias dependence

Offset voltage in subthreshold region for large
W and L

Channel length dependence of VOFF

Vgsteff fitting parameter for moderate inversion
Subthreshold swing factor

DIBL coefficient in subthreshold region

Body bias coefficient for the subthreshold
DIBL effect

DIBL coefficient exponent in subthreshold
Interface trap capacitance

Coupling capacitance between source/drain
and channel

Body bias sensitivity of CDSC

Drain bias sensitivity of DCSC

Channel length modulation parameter

DIBL effect on Rout

DIBL effect on Rout

Body bias coefficient of DIBL effect on Rout
Channel length dependence of DIBL effect
on Rout

Sub. current induced body effect parameter #1
Sub. current induced body effect parameter #2
Gate bias dependence of Early voltage
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BSIM4 Basic Model Parameters

Name
DELTA
FPROUT
PDITS
PDITSL*

PDITSD
RDSW

RDSWMIN*

RDW

RDWMIN*

RSW

RSWMIN*

PRWG
PRWB
WR

NRS*
NRD*
LAMBDA
VTL

LC*

XN

Name

AGIDL
BGIDL
CGIDL

Default Description

0.01v Parameter for DC V dseff

0.0V/mY2 Effect of pocket implant on Rout degradation

0.0v1 Impact of drain-induced Vth shift on Rout

0.0m? Channel length dependence of drain induced Vth
shift for Rout

0.0v1 Vds dependence of drain induced Vth shift for

200 ohm(um)“R Zero bias LLD resistance per unit width for
RDSMOD=0

0 ohm(um)"R  LDD resistance per unit width at high Vgs and
zero Vbs for RDSMOD=0

100 ohm(um)“R Zero bias lightly-doped drain resistance Rd (V)
per unit width for RDSMOD=1

0 ohm(um)"R  Lightly-doped drain resistance per unit width at
high Vgs and zero Vbs for RDSMOD=1

100 ohm(um)"R Zero bias lightly-doped source resistance Rs (V)
per unit width for RDSMOD=1

0.0 ohm(um)"R Lightly-doped source resistance per unit width at
high Vgs and zero Vbs for RDSMOD=1

lov? Gate bias dependence of LDD resistance

0.0v-12 Body bias dependence of LDD resistance

1.0 Channel width dependence parameter of
LDD resistance

1.0 Number of source diffusion squares

1.0 Number of drain diffusion squares

0.0 Velacity overshoot coefficient

2.05E5m/s Thermal velocity

0.0m Velocity back scattering coefficient

30 Velacity back scattering term

BSIM4 Gate-Induced Drain Leakage Model Parameters

Default Description

0.0ohm Pre-exponential coefficient for GIDL

2.3e9V/m Exponential coefficient for GIDL

0.5Vv3 Body bias effect on GIDL

0.8v Fitting parameter for band bending for GIDL

DGIDL
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BSIM4 Impact lonization Current Model Parameters

Name
ALPHAO
ALPHA1
BETAO

BSIM4 Gate Didlectric Tunneling Current Model Parameters

Name
AIGBACC

BIGBACC
CIGBACC
NIGBACC
AIGBINV
BIGBINV
CIGBINV
EIGBINV

NIGBINV
AIGC

BIGC

CIGC

AIGSD

Default Description

0.0AM/V 1'st impact ionization current parameter
0.0AV Isub parameter for length scaling

30.0v 2'nd impact ionization current parameter

Default Description

043 Parameter for Igb in accumulation
(Fszlg)O.Sm-l

0.054 Parameter for Igb in accumulation
(Fszlg)O.Sm-lV-l

0.075v+1 Parameter for Igb in accumulation
10 Parameter for Igb in accumulation
0.35 Parameter for Igb in inversion
(Fszlg)O.Sm-l

0.03 Parameter for Igb in inversion
(Fszlg)O.Sm-lV-l

0.0006V1 Parameter for Igb in inversion
1.1V Parameter for Igb in inversion

30 Parameter for Igb in inversion

0.054 NMOS Parameter for Igcs and Iged
0.31 PMOS
(Fszlg)o.sm-l
0.054 NMOS Parameter for Igcs and Iged
0.024 PMOS
(Fszlg)o.sm-lv-l
0.075 NMOS  Parameter for Igcs and Iged
0.03 PMOS V!
0.43NMOS  Parameter for Igs and Igd
0.31 PMOS

(Fszlg)o.sm-l
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BSIM4 Gate Dielectric Tunneling Current Model Parameters

Name Default Description
BIGSD 0.054 NMOS  Parameter for Igs and Igd
0.024 PMOS
(Fs2/g)0smiv-1
CIGSD 0.075NMOS  Parameter for Igs and Igd
0.03 PMOS V*
DLCIG LINT S/D overlap length for Igsand 1gd

NIGC 1.0
POXEDGE 10

PIGCD 1.0
NTOX 10
TOXREF* 3.0e-9m

VFBSDOFF 0.0V

Parameter for Igcs, Igcd, Igsand I1gd

Factor for the gate oxide thickness in source/
drainoverlapregions

Vds dependence of Igcs and Igcd

Exponent for gate oxideratio

Nominal gate oxide thicknessfor gate dielectric
tunneling current model only

Flatband voltage offset parameter

BSIM4 High-Speed/RF Model Parameters

Name Default
XRCRG1 12.0

XRCRG2 10

RBPB* 50.00hm
RBPD* 50.00hm
RBPS* 50.00hm
RBDB* 50.00hm
RBSB* 50.00hm
GBMIN* 1.0e-12mho
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Description

Parameter for distributed channel resistance
effect for intrinsic input resistance and charge
deficit NQS models

Parameter to account for the excess channel
diffusion resistancefor bothintrinsicinput
resistance and charge deficit NQS models
Resistance between bNodePrime and bNode
Resistance between bNodePrime and dbNode
Resistance between bNodePrime and sbNode
Resistance between dbNode and bNode
Resistance between sbNode and bNode
Conductance in parallel with each of thefive
substrate resistances



BSIM4 Charge and Capacitance Model Parameters

Name
XPART*
CGSO*
CGDO*
CGBO~*
CGSL
CGDL
CKAPPAS
CKAPPAD
CF

CLC

CLE

DLC*
DWC*
VFBCV
NOFF
VOFFCV
ACDE

MOIN

Default
0.0

calculated F/m

calculated F/m

0.0F/m

0.0F/m

0.0F/m

0.6V

CKAPPAS

calculated F/m

1.0e-7m
0.6
LINT m
WINT m
-1.0v
1.0

0.0v

1.0m/V

150

Description

Charge partition parameter

Non LDD region source-gate overlap
capacitance per unit channel width

Non LDD region drain-gate overlap capacitance
per unit channel width

Gate-bulk overlap capacitance per unit
channel length

Overlap capacitance between gate and lightly
doped source region

Overlap capacitance between gate and lightly
dopeddrainregion

Coefficient of bias dependent overlap
capacitance for the source side

Coefficient of bias dependent overlap
capacitance for the drain side

Fringingfield capacitance

Constant for the short channel model
Exponential for the short channel model
Channel length offset for CV model

Channel width offset for CV model

Flat-band voltage parameter (for CAPMOD=0)
CV parameter in Vgsteff, CV for weak to
stronginversion

CV parameter in Vgsteff, CV for weak to
stronginversion

Exponential coefficient for charge thicknessin
CAPMOD=2 for accumulation and depletion
Coefficient for the gate-bias dependent
surface potential
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BSIM4 Flicker and Thermal Noise Model Parameters

Name Default Description

NOIA* 6.25e41 (N)  Flicker noise parameter A
6.188e40 (P)
eV—lSl-EFm—S

NOIB* 3.125e26 (N)  Flicker noise parameter B
1.5e25 (P)
eV—lSl-EFm—S

NOIC* 8.75 eV-1s"¥'m Hicker noise parameter C

EM* 4.1e7VIim Saturationfield

AF* 1.0 Flicker noiseexponent

EF* 10 Flicker noise frequency exponent

KF* 0.0 A%EF g-BFF Hicker noise coefficient

NTNOI* 10 Noise factor for short channel devices for
TNOIMOD=0 only

TNOIA* 15 Coefficient of channel length dependence of
total channel thermal noise

TNOIB* 35 Channel length dependence parameter for
channel thermal noisepartitioning

RNOIA* 0.577 Thermal Noise Coefficient

RNOIB* 0.37 Thermal Noise Coefficient

LINTNOI* 0.0m Length Reduction Parameter Offset

BSIM4 Layout-Dependent Parasitics Model Parameters

Name Default Description

DMCG* 0.0m Distance from S/D contact center to gate edge

DMCI* DMCG Distance from S/D contact center to the
isolation edgeinthe channel length direction

DMDG* 0.0m Same as DM CG but for merged device only

DMCGT* 0.0m DMCG of test structures

NF* 1 Number of device figures

DWJ* DWC Offset of the S/D junction width

(inCVmodel)

MIN* 0 Whether to minimize the number of drain or
source diffusions for even number fingered
device

XGW* 0.0m Distance from the gate contact to channel edge

XGL* 0.0m Offset of the gate length due to variationsin
patterning

NGCON* 1 Number of gate contacts
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BSIM4 Asymmetric Source/Drain Junction Diode Model Parameters

Name
IJTHSREV*
IJTHDREV*
I ITHSFWD*
IJTHDFWD*
XJBVS*
XJBVD*
BVS*

BvD*

JSS*

JSD*

JSWS*
JSWD*

JSWGS*
JSWGD*

CJIs*
CJDb*
MJIS*
MJD*
MJISWS*
MJISWD*
CISWS*
CISWD*
CISWGS*

CISWGD*

MJISWGS*

Default
0.1A
IJTHSREV
0.1A
IJTHSFWD
1.0

XJIBVS
10.0v

BVS

JSS
1.0e-4A/m?
JSS

O0A/m

JSWS

0.0A/m
JSWGS

5.0e-4 FIny
CJs

05

MJS

0.33
MJSWS
5.0e-10F/m
CJISWS
CJISWS

CISWS

MJISWS

Description

Limiting current in reverse biasregion

Limiting current in reverse biasregion

Limiting current inforward biasregion
Limiting currentin forward biasregion

Fitting parameter for diode breakdown

Fitting parameter for diode breakdown
Breakdown voltage

Breakdown voltage

Bottom junction reverse saturation current
density

Bottom junction reverse saturation current
density

Isolation edge sidewall reverse saturation
current density

Isolation edge sidewall reverse saturation
current density

Gate edge sidewall reverse saturation current
Gate edge sidewall reverse saturation current
density

Bottom junction capacitance per unit area at
zerobias

Bottom junction capacitance per unit area at
zerobias

Bottom junction capacitance grading coefficient
Bottom junction capacitance grading coefficient
I solation edge sidewall junction capacitance
grading coefficient

I solation edge sidewall junction capacitance
grading coefficient

Isolation edge sidewall junction capacitance per
unit area

I solation edge sidewall junction capacitance per
unit area

Gate edge sidewall junction capacitance per unit
length

Gate edge sidewall junction capacitance per unit
length

Gate edge sidewall junction capacitance grading
coefficient
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BSIM4 Asymmetric Source/Drain Junction Diode Model Parameters

Name
MJISWGD*

PBS*

PBD*
PBSWS*
PBSWD*
PBSWGS*
PBSWGD*
JTSS*
JTSD*
JTSSWS*
JTSSWD*
JTSSWGS*
JTSSWGD*
NJTS*
NJITSSW*
NJITSSWG*
XTSS
XTSD*
XTSSWS*
XTSSWD*
XTSSWGS*
XTSSWGD*
VTSS*
VTSD*
VTSSWS*

VTSSWD*
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Default
MJISWS

1.0v
PBS
1.0v
PBSWS
PBSWS
PBSWS
0.0A/m

JTSSA/m

0.0A/m?

JTSSWS A/ny?

0.0A/m

Description

Gate edge sidewall junction capacitance grading
coefficient

Bottomjunctionbuilt-inpotential
Bottomjunctionbuilt-inpotential

| solation edgesidewall junction potential

| solation edgesidewall junction potential

Gate edge sidewall junction potential

Gate edge sidewall junction potential

Source bottom trap-assisted saturation current
density

Drain bottom trap-assisted saturation current
density

Source STI sidewall trap-assisted saturation
current density

Drain STI sidewall trap-assisted saturation
current density

Source gate-edge sidewall trap-assisted
saturation current density

JTSSWGSA/m Drain gate-edge sidewal |l trap-assisted saturation

20.0
20.0
20.0
0.02
0.02
0.02
0.02
0.02
0.02
10.0
VTSS
0.0

VTSSWS

current density

Non-ideality factor for JTSS, JTSD
Non-ideality factor for JTSSWS,JTSSWD
Non-ideality factor for JTSSWGS,JTSSWGD
Source power dependence of JTSS on
temperature

Power dependence of JTSD on temperature
Power dependence of JTSSWS on temperature
Power dependence of JTSSWD on temperature
Power dependence of JTSSWGS on
temperature

Power dependence of JTSSWGD on
temperature

Source bottom trap-assisted voltage dependent
parameter

Drain bottom trap-assisted voltage dependent
parameter

Source ST sidewall trap-assisted voltage

Drain ST sidewall trap-assisted voltage



BSIM4 Asymmetric Source/Drain Junction Diode Model Parameters

Name
VTSSWGS*

VTSSWGD*
TNJITS

TNJITSSW*
TNJITSSWG*

Default
0.0

VTSSWGS

0.0
0.0

0.0

Description

Source gate-edge sidewall trap-assisted
dependent parameter

Drain gate-edge sidewall trap-assisted dependent
parameter

Temperature coefficient for NJTS

Temperature coefficient for NJTSW
Temperature coefficient for

BSIM4 Temperature Dependence Parameters

Name
TNOM*
UTE
KT1
KT1L

KT2
UA1
uBl1
uCl

AT
PRT
NJS, NJD*

XTIS, XTID*

TPB*
TPBSW*
TPBSWG*
TCF
TCISW *
TCISWG*

Default
27°C
-15
-0.11VvV
0.0vm

0.022
1.0e-9m/V
-1.0e-18 m/V?
0.067V+1

Description

No Parameter measurement temperature
Yes  Mobility temperatureexponent

Yes  Vthtemperature coefficient

Channel length dependence of the Vth
temperature coefficient

Body-bias coefficient of Vth temperature effect
Temperature coefficient for UA

Temperature coefficient for UB

Temperature coefficient for UC

for MOBMOD=1

0.025m/V?

for MOBMOD=0,2

3.3e4 m/s
0.0ohm-m
NJS=1.0
NJD=NJS
XTIS=3.0
XTID=XTIS
0.0V/K
0.0V/K
0.0V/K
0.0K?
0.0K?
0.0K?

Temperature coefficient for saturation velocity
Temperature coefficient for Rdsw

Emission coefficients of junction for source and
drainjunctions, respectively

Junction current temperature exponents for
source and drain junctions, respectively
Temperature coefficient of PB

Temperature coefficient of PBSW
Temperature coefficient of PBSWG
Temperature coefficient of CJ

Temperature coefficient of CISW
Temperature coefficient of CISWG
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BSIM4 Matching Parameters

Name Default
BINFLAG* 0.0
BINUNIT* 1.0
VTHOM* 0.0

LMIN* 0.0
LMAX* 10
WMIN* 0.0
WMAX* 10
WREF* 0.0
LREF* 0.0

Description

Binning method sel ector

Binningunit selector

Short distance threshold matching parameter
Minimumchannel length

Maximum channel length

Minimum channel width

M aximum channel width

Reference channel width

Reference channel length

BSIM4 dW and dL Parameters

Name Default

WL* 0.0mwWtN
WLN* 1.0

WWw# 0.0mwwn
WWN* 1.0

WWL* 00 mWWN+WLN
LL* 0.0mt-t3N
LLN* 1.0

LW* 0.0m-WN
LWN* 1.0

LWL* 00 mLWN+LLN
LLC* LL

LWC* LW

LWLC* LWL

WLC* WL

WWC* wWw
WWLC* WWL
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Description

Coeff. of length depend. for width offset

Power of length depend. of width offset

Coeff. of width depend. for width offset

Power of width depend. of width offset
Coefficient of length and width crossterm
dependence for width offset

Coefficient of channel length dependence for
length offset

Power of length dependence for length offset
Coefficient of width dependence for length
offset

Power of width dependence for length offset
Coefficient of length and width crossterm
dependence for length offset

Coefficient of length dependence for CV
channel length offset

Coefficient of width dependence for CV channel
length offset

Coefficient of length and width crossterm
dependence for CV channel length offset
Coefficient of length dependence for CV channel
width offset

Coefficient of width dependence for CV channel
width offset

Coefficient of length and width crossterm
dependence for CV channel width offset



BSIM4 Stress Effect Model Parameters

Name Default Description

SAREF 1.0E-6m Reference distance between OD and edge to
poly of oneside

SBREF 1.0E-6m Reference distance between OD and edge to
poly of other side

WLOD* 0.0m Width parameter for stress effect

KUO* 0.0m Mobility degradati on/enhancement

KV SAT* 0.0 Saturation velocity degradation/enhancement
parameter for stress effect

TKUO* 0.0 Temperature coefficient of KUO

LKUO* 0.0 Length dependence of KUO

WKUOQO* 0.0 Width dependence of KUO

PKUO* 0.0 Cross-term dependence of KUO

LLODKUO* 0.0 Length parameter for UO stress effect

WLODKUO* 0.0 Width parameter for UO stress effect

KVTHO* 0.0Vm Threshold shift parameter for stress effect

LKVTHO* 0.0 Length dependence of KVTHO

WKVTHO* 0.0 Width dependence of KVTHO

PKVTHO* 0.0 Cross-term dependence of KVTHO

LLODVTH* 0.0 Length parameter for VTH stress effect

WLODVTH* 0.0 Width parameter for VTH stress effect

STK2* 0.0m K2 shift factor related to VTHO change

LODK?2* 10 K2 shift modification factor for stress effect

STETAO* 0.0m ETAO shift factor related to VTHO change

LODETAO* 10 ETAO shift modification factor for stress effect
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Binning

Binning isthe process of adjusting model parametersfor different values of
drawn channel length (L) and width (W). Itsisavailableinal BSIM versions. All
model parameters are binnable except those with marked with an asterisk.

Binning in BSIM1 and BSIM2 uses the Berkeley method and uses the length and
width termsonly.

Binning for both BSIM3 (Level = 8 or Level = 49) and BSIM4 (Level = 14) uses
length, width, and product terms. There are two ways to bin in these models:

Original Berkeley method
This method is used if the parameter BINFLAG is<= 0.9 or, if either the WREF
or LREF parameters are absent.

A binnable parameter X, with anominal value of X0 iscalculated for agiven L
and W asfollows:

Leff =L - 2*DL
Weff = W - 2*DW
X = X0 + XL/Leff + XW/Weff + XP/Leff/Weff

XL = Parameter X's length dependence
XW = Parameter X's width dependence
XP = Parameter X's product (length*width) dependence

HSPICE method

This method uses the model parameters LMIN, LMAX, WMIN, WMAX and
LREF, WREF to provide multiple cell binning. LMIN, LMAX, WMIN, WMAX
define the cell boundary. LREF, WREF are offset values used to interpolate a
value within the cell boundaries. The model parameters are assumed to apply for
the case Leff = Lref and Weff = Wref.

When this method is used Micro-Cap expectsto find multiple model statements
(or parameter sets) of the form:

.MODEL NC.1 NMOS (WMIN=1U WMAX=5U LMIN=.1U LMAX=.3U...)
.MODEL NC.2 NMOS (WMIN=5U WMAX=20U LMIN=.1U LMAX=.3U...)
.MODEL NC.3 NMOS (WMIN=1U WMAX=5U LMIN=.3U LMAX=1U...)
.MODEL NC.4 NMOS (WMIN=5U WMAX=20U LMIN=.3U LMAX=1U...)
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Here NC is the basic model name and NC.1, NC.2, ... are the model parameters
for the W values between WMIN to WMAX and L values between LMIN to
LMAX.

Micro-Cap selects the model statement or parameter set for which the following
statements are both true:

WMIN <=W AND W <= WMAX
LMIN <=L AND L <= LMAX

If it can't find amodel statement (or parameter set) for which these conditions
are true, an error message is generated.

Once the model statement (or parameter set) is selected the binnable parameters
are calculated asfollows:

Leff =L - 2*DL
Weff = W - 2*DW

X = X0 + XI* (Leff - LLREF) + Xw* (L/Weff - 1/WREF)
+ Xp / (ULeff -ULREF) / (UWeff - /WREF)

where XI| = Parameter X's length dependence
Xw = Parameter X's width dependence
Xp = Parameter X's product (Ilength*width) dependence

Note that the starting values of L and W are those specified on the device line
for a SPICE netlist device or in a VALUE attribute for a schematic device.
Micro-Cap alows L and W to be specified in the model statement also, but
binning always uses the L and W specified at the device level.

The units for the geometry parameters can be selected to be in microns by
setting the model parameter BINUNIT = 1. For other choices of BINUNIT, the
dimensions arein meters.

Short-distance matching for BSIM3 and BSIM4

BSIM3 and BSIM4 use the parameter VTHOM to account for short-distance
VTH matching. The devicethreshold is adjusted as follows:

VTH = VTH + VTHOM / SQRT (Weff* Leff)

447



448

MOSFET (EKV)
SPICE format

The EKV device format is similar to other MOSFET s but has a few more device
parameters that are not found in the other models.

SPICE format
Syntax
M<name> <drain> <gate> <source> <bulk> <model name>
+ [L=<length>] [W=<width>] [AD=<drainarea>] [AS=<sourcearea>]
+ [PD=<drainperiphery>] [PS=<sourceperiphery>]
+ [NRD=<drainsquares>] [NRS=<sourcesquares>]|
+ [NRG=<gatesquares>] [NRB=<bulksguares>]
+ [NP|M=<no_parallel>] [NS|N=<no_series>]
+ [SCALE=<scale>] [GEO=<geometry_model>]
+ [TEMP=<temperature>]
+ [OFF][IC=<vds>[,vg9[,vbg]]]

Examples of device instance
M15790IRF350 L=1.5E-6 W=0.25 NP=10 OFF 1C=25.0,8.0
MS 12 34NSC SCALE=.8 GEO=2 NRD=1 NRS=2 AS=1E-11 AD=1E-11

Schematic format
PART attribute
<name>

Examples of PART attribute
M1
Ul

VALUE attribute

+ [L=<length>] [W=<width>] [AD=<drainarea>] [AS=<sourcearea>]
+ [PD=<drainperiphery>] [PS=<sourceperiphery>]

+ [NRD=<drainsquares>] [NRS=<sourcesquares>]|

+ [NRG=<gatesquares>] [NRB=<bulksguares>]

+ [NP|M=<no_parallel>] [NS|N=<no_series>]

+ [SCALE=<scale>] [GEO=<geometry_model>]

+ [TEMP=<temperature>]

+ [OFF][IC=<vds>[,vgd[,vbs]]]
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Examples of VAL UE attribute
M=20 NRD=10 NRS=25 NRG=5
L=.35ulC=.1, 2.00

L=.4u W=2u OFF IC=0.05,1.00

MODEL attribute
<model name>

Examples of MODEL attribute
IRF350

<width> and <length> are the drawn device dimensions, before side diffusion, in
meters. They can be specified as device attributes, model parameters, or by using
the global default values, DEFW and DEFL. Device attributes supersede model
parameters, which supersede the global DEFW and DEFL values from the Global
Settings dialog box or alocal .OPTIONS statement.

Theinitialization [IC=<vds>[ ,vg9[,vbs]]] assignsinitial voltagesto thedrain-
source, gate-source, and body-source termsin transient analysisif no operating
point is done (or if the UIC flag is set). The [OFF] keyword forces the device off
during thefirst iteration of the DC operating point.

<sourceperiphery> and <drainperiphery> are the diffusion peripheries (m).
<sourcearea> and <drainarea> are the diffusion areas (sg. m). Source and
drain junction capacitances may be specified directly by the model parameters
CBS and CBD. If absent, they are calculated from area and periphery terms.

The diffusion resistances may be specified directly with the model parameters
RS, RD, RG, and RB. If unspecified, they are calculated from the product of the
sheet resistivity, RSH, and the number of squares terms, <drainsguares>,
<sourcesguares>, <gatesquares>, and <bulksguares>. If these terms are ab-
sent, or zero, and the model parameters RS, RD, RG, and RB are absent or zero,
then the parasitic resistances are not included in the model. The procedure used
to calculate the resistive values is dependent upon the ACM model parameter and
isdescribed in the section "EKV diode parameter cal cul ation methods'.

<drainsquares> and <sourcesguares> default to 1.0. The other parameter line
values default to zero.

<no_parallel> is the number of devicesin parallel. <no_series> is the number of
devicesin series.
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<no_parallel> multiplies the drain and source areas, the device width, the drain
and source peripheries, and divides the lead resistances RS, RD, RG, and RB.

<no_series> divides the device length.

<scale> isascaling parameter that multiplies or divides device parameters to ac-
count for device geometric scaling.

<geometry_model> is the geometry model selector. It is used only when the
ACM (Area Calculation Method) model parameter is set to 3.

<temperature> is an optional device operating temperature. If specified, it takes
precedence over the operating temperature computed from the model parameters,
T_MEASURED, T_ABS, T_REL_GLOBAL, and T_REL_LOCAL. For more
details on how device operating temperatures and Tnom temperatures are calcu-
lated from model parameters, see the .MODEL section of Chapter 26, "Com-
mand Statements”.
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Model parameters for EKV level 44

Setup Parameters

Name Default Range
LEVEL None 44
EKVINT None None
EKVDYN 0 01
UPDATE None None
SATLIM exp(4) None
XQC 04 None

Process Related Parameters

Name Default Range
COX 0.7E-3F/m? None

XJ 0.1E-6m >=1.0E-9
DW Om None
DL Om None

Basic Intrinsic Model Parameters

Name Default Range
L DEFL m DEFL m
W DEFW m DEFW m
VTO 05V None
GAMMA 1.0 V12 >=0

PHI 0.7 >=0.1
KP 50.0E-6 A/V2 None

EO or EO 1.0E12V/m  >=1E5
UCRIT 2.0E6V/m >=1E5

Description

MOSFET model level. Must be
44 for EKV.

Interpol ation method sel ector.
EKVINT = 1 selects F(v) =
IN2(1+exp(v/2))
EKVDYN=1setsal intrinsic
capacitances to zero.

RD,RS selector for ACM=1
Ratio defining the saturation
limit. For operating point
informationonly.
Charge/capacitance model
selector. XQC=.4 selects
original charge/transcapacitance
model. XQC=1 selectssimpler
capacitance only model.

Description

Gate oxide capacitance/area
Junctiondepth

Channel width correction
(normally negative)

Channel length correction
(normally negative)

Description

Channel length

Channel width

L ong-channel thresholdvoltage
Body effect parameter

Bulk Fermi potential
Transconductance parameter
M obility reduction coefficient
Longitudinal critical field
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Model parameters for EKV level 44

The following parameters are to accommodate scaling behavior of the process
and basic intrinsic model parameters, aswell as statistical circuit simulation. Note
that the parameters TOX, NSUB, VFB, UO, and VMAX are only used if COX,
GAMMA and/or PHI, VTO, KP and UCRIT are not specified, respectively.
Further, asimpler mobility reduction model dueto vertical field isaccessible. The
mobility reduction coefficient THETA isonly used if EQ isnot specified.

Optional Parameters

Name Default Range
TOX Om None
NSUB None cm3 None
VFB None V None
uo None cm?/(Vs) >=0
VMAX None m/s >=0
THETA ov? >=0

Description
Oxidethickness

Channel doping

Flat-band voltage
Low-fieldmobility
Saturationvelocity

Mobility reduction coefficient

Channel Length Modulation and Charge Sharing Parameters

Name Default Range
LAMBDA 05 >=0
WETA 0.25 None
LETA 01 None

Reverse Short-channel Effect Parameters

Name Default Range
Q0 or QO 0 A-s/m? None
LK 0.29E-6m >=1.0E-8

Impact lonization Related Parameters

Name Default Range
IBA 0l/m None
IBB 3.0E8V/m >=1.0E8
IBN 10 >0.1
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Description

Depletionlength coefficient

for channel length modul ation
Narrow-channel effect
coefficient

Short-channel effect coefficient

Description

Reverse short channel effect
peak charge density

Reverse short channel effect
characteristic length

Description
1'stimpactionization coefficient
2'ndimpact ionization coefficient
Saturation voltage factor for
impactionization



Model parameters for EKV level 44

Temperature Parameters

Name Default Range Description

TR1 0VUK None Linear resistance
temperature coefficient

TR2 0K None Quadratic resistance
temperature coefficient

TCV 1.0E-3V/K None Vth temperature coefficient

BEX -1.5 None Mobility temperatureexponent

UCEX 0.8 None Longitudinal critical field
temperature exponent

IBBT 9.0E-4 /K None Temperature coefficient for
IBB

TNOM 27 None Parameter measurement

temperature. TNOM takes
priority over T_MEASURED.

XTI 0.0 None Junction current temperature
exponent coefficient

T_MEASURED None°C >00 Measured temperature

T_ABS None°C >00 Absolute temperature

T REL_GLOBAL None°C None Relativeto current temperature

T REL LOCAL None°C None Relativeto AKO temperature

Extrinsic Resistance Parameters

Name Default Range Description

RDS 00 None Drain-source shunt resistance
RDC 0Q None Drain contact resistance

RSC 0Q None Source contact resistance

RD 0Q None Drain ohmic resistance

RS 0Q None Source ohmic resistance

RG 0Q None Gate ohmic resistance

RB 0Q None Bulk ohmic resistance

RBSH 0Q /s None Bulk sheet resistivity

RGSH 0Q /s None Gate sheet resistivity

RSH 0Q /s None Source/ drain sheet resistivity
Extrinsic Capacitance Parameters

Name Default Range Description

CGDO 0.0F/m None Gate-drain overlap capacitance
CGSO 0.0F/m None Gate-source overlap cap.
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Model parameters for EKV level 44

Extrinsic Capacitance Parameters

Name
CGBO
CBD
CBS
CJ
CISwW

CIGATE

Default
0.0 F/m
00F
00F
0.0 F/m?
0.0F/m

0.0F

Range
None
None
None
None

None

None

Extrinsic Junction Parameters

Name
MJ
MJISW

Default
0.50
MJ

PN Junction Parameters

Name
ACM

TT
IS

JS
JSW
PB
PBSW
FC
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Default
0

0.00s
le-14 A
1.00

0.0 A/nm?
JSW A/m?
0.80V

PB V

0.50

Range
>0.0
>0.0

Range
0-3

>

>0
None
>
>=0
None
None
None

Description

Gate-bulk overlap capacitance
Bulk p-nzero-bias
bulk-drain capacitance

Bulk p-nzero-bias
bulk-source capacitance
Bullk p-nzero-biasbottom
capacitance

Bulk p-n zero-biassidewall
capacitance

Zero-bhias gate-edge sidewall
bulk junction capacitance
Only used with ACM=3

Description
Bulk p-n zero-bias bottom grad.
Bulk p-n zero-bias s/w coeff.

Description

Area calculation parameter
0=SPICE style

1=ASPEC style
2=HSPICE style
3=HSPICE and stacked devices
Bulk transittime

Bulk saturation current
Bulk emission coefficient
Bulk bottom current density
Sidewall current density
Bulk bottom potential
Sidewadll potential
Forward-biasdepletion
coefficient



Model parameters for EKV level 44

Matching Parameters

Name Default
AVTO oV'm
AKP Om
AGAMMA 0.0 V¥2m
Noise Parameters
Name Default
KF 0

AF 1
GDSNOI 10
NLEV 20

Geometry Parameters

Name Default
SCALM 10
HDIF Om
LD Nonem
LDIF Om
WMLT 1

XJ Om

Range
None

None
None
Range
None
None

None
None

Range
>0
None

None

None

None

None

Description

Arearelated threshold voltage
mismatch parameter
Arearelated gain mismatch
parameter

Area related body effect
mismatch parameter

Description

Flicker noise coefficient
Flicker noise exponent
Channel shot noise coefficient
Noise equation selector

Description

Model parameter scale factor
Length of heavily doped
diffusion, from contact, tolightly
doped region (ACM=2, 3only)
HDIFwscaled=HDIFxSCALM
Lateral diffusioninto channel
from source and drain diffusion.
If LD and XJ are unspecified,
LD default=0.0. When LD is
unspecified, but XJisspecified,
LD iscaculated from XJ. LD
default=0.75 x X J.

Lengthof lightly doped diffusion
adjacent to gate (ACM=1, 2)
LDIFscaled = LDIF x SCALM
Widthdiffusionlayer shrink
reduction factor

Metallurgical junctiondepth
XJscaled = XJ x SCALM
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EKV diode parameter calculation methods

The EKV model employs an ACM (Area Calculation Method) parameter to
select different methods of cal culating the drain and source diode parameter. The
method is similar to that employed by HSPICE.

ACM=0 specifies the original SPICE method.

ACM=1 specifiesthe original ASPEC method.

ACM=2 specifies an improved HSPICE method, which is based on a model
similar to the ASPEC method.

ACM=3 specifies a further HSPICE refinement that deals with capacitances of
shared sources and drains and gate edge source/drain-to-bulk periphery
capacitance and facilitates the modeling of stacked devices.

If the ACM model parameter is not set, the method defaults to the ACM=0
SPICE model.

ACM=0 and ACM=1 models do not use HDIF. ACM=0 does not use LDIF.

The geometric element parameters AD, AS, PD, and PS are not used for the
ACM=1model.
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ACM=0 SPICE style diodes

Effective Areas and Peripheries
ADeff =M - AD - WMLT?- SCALE?
ASeff =M - AS - WMLT?- SCALE?
PDeff =M - PD - WMLT - SCALE
PSeff =M - PS- WMLT - SCALE

Sour ce Diode Saturation Current
val = JSscaled - ASeff + JISWscaled - PSeff

If val > 0 then,
isbs = val

Otherwise,
ishs=M - IS

Drain Diode Saturation Current
val = JSscaled - ADeff + JSWscaled - PDeff

If val > 0 then,
isbd = val
Else
isord=M - IS

Sour ce Resistance
val = NRS-RSH

If val > 0 then,

RSeff = (val + RSC) / M
Else

RSeff = (RS+ RSC) / M

Drain Resistance
val = NRD-RSH

If val > 0 then,

RDeff = (val + RDC) / M
Else

RDeff = (RD + RDC) / M
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ACM=1 ASPEC style diodes

When ACM=1 the ASPEC method is used. The parameters AD, PD, AS, and
PS are not used. The units JS and CJ differ from the (ACM=0) SPICE case.

Effective Areas and Peripheries
Weff = Weff - M - (Wscaled - WMLT + XWscaled)
ADeff = ASeff = Weff - WMLT?
PDeff = PSeff = Weff

Sour ce Diode Saturation Current
val = JSscaled - ASeff + JISWscaled - PSeff

If val > 0 then,
ishs=val

Otherwise,
isbs=M - IS

Drain Diode Saturation Current
val = JSscaled - ADeff + JSWscaled - PDeff

If val > 0 then,
isbd = va
Else
isbd=M - IS

Source Resistance
If UPDATE=0
RSeff = RS - (LDscaled + LDIFscaled) / Weff + (NRS - RSH + RSC) / M
Elseif UPDATE >= 1 and LDIF=0 then
RSeff = (RS+ NRS - RSH + RSC) / M
Else
RSeff =0

Drain Resistance
If UPDATE=0
RSeff = RD - (LDscaled + LDIFscaled) / Weff + (NRD - RSH + RDC) / M
Elseif UPDATE >= 1 and LDIF=0 then
RDeff = (RD + NRD - RSH + RDC) / M
Else
RDeff =0
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ACM=2 HSPICE™ style diodes

Thismethod uses afold-back calculation similar to the ASPEC method, retaining
full model-parameter compatibility with the SPICE procedure. It also supports
both lightly and heavily doped diffusions (by setting the LD, LDIF, and HDIF
parameters). The units of JS, JSW, CJ, and CISW used in SPICE are preserved,
permitting full compatibility. ACM=2 automatically generatesmorereasonable
diode parameter values than those for ACM=1. The ACM=2 geometry can be
generated one of two ways:

Device parameters: AD, AS, PD, and PS can be used for parasitic
generation when specified for the device. Default option values for
these parameters are not applicable.

If the diode is to be suppressed, set 1S=0, AD=0, and AS=0.

The source diode can be suppressed if AS=0is set in the element and I1S=0 is set
in the model, a useful setting for shared contacts.

Effective Areas and Peripheries
If AD isnot specified then
ADeff = 2 - HDIFeff - Weff
Else
ADeff =M - AD - WMLT?- SCALE?

If ASisnot specified then
ASeff = 2 - HDIFeff - Weff
Else
ASeff =M - AS - WMLT?- SCALE?

If PD isnot specified then,

PDeff = 4 - HDIFeff + 2 - Weff
Else

PDeff =M - PD - WMLT - SCALE

If PSisnot specified then,

PSeff = 4 - HDIFeff + 2 - Weff
Else

PSeff =M - PS - WMLT - SCALE
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ACM=2 HSPICE™ style diodes
Where the terms are defined as follows:

Weff = M - (Wscaled - WMLT + XWscaled)
HDIFscaled = HDIF - WMLT - SCALM
HDIFeff = HDIFscaled

Sour ce Diode Saturation Current
val = JSscaled - ASeff + JISWscaled - PSeff

If val > 0 then,
ishs=val

Otherwise,
ishs=M - IS

Drain Diode Saturation Current
val = JSscaled - ADeff + JSWscaled - PDeff

If val > 0 then,
isbd = val
Else
isbrd=M - IS

Source Resistance
If NRSis specified

RSeff = RS - (LDscaled + LDIFscaled) / Weff + (NRS - RSH + RSC) / M
Else

RSeff =RSC/ M + (HDIFeff - RSH + (LDscaled - LDIFscaled) - RS) / Weff

Drain Resistance
If NRD is specified

RDeff = RD - (LDscaled + LDIFscaled) / Weff + (NRD - RSH + RDC) / M
Else

RDeff = RDC /M + (HDIFeff - RSH + (LDscaled - LDIFscaled)- RD) / Weff
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ACM=3 Improved HSPICE™ style diodes

The ACM=3 method is designed to model stacked devices properly. The
CJIGATE model parameter separately models drain and source periphery
capacitances along the gate edge, so PD and PS cal cul ations do not include the
gate periphery length. CIGATE defaultsto CISW, which, in turn, defaultsto O.

The AD, AS, PD, PS calculations depend on the layout of the device, whichis
determined by the value of device parameter GEO (specified in the Attribute
dialog box or in aSPICE file, on an element line). It can have the following
values:

GEO=0 (Default) Neither drain nor source is shared with another device.
GEO=1 Drain is shared with another device.

GEO=2 Source is shared with another device.

GEO=3 Both drain and source are shared with another device.

Effective Areas and Peripheries
If AD isnot specified then
For GEO = 0 or 2: ADeff = 2 - HDIFeff - Weff
For GEO = 1 or 3: ADeff = HDIFeff - Weff
Else
ADeff =M - AD - WMLT?- SCALE?

If ASisnot specified then
For GEO = 0 or 1: ASeff = 2 - HDIFeff - Weff
For GEO = 2 or 3: ASeff = HDIFeff - Weff
Else
ASeff =M - AS - WMLT?- SCALE?

If PD isnot specified, then,
For GEO = 0 or 2: PDeff = 4 - HDIFeff + Weff
For GEO =1 or 3: PDeff = 2 - HDI Feff

Else
PDeff =M - PD - WMLT - SCALE

If PSisnot specified, then,
For GEO = 0 or 1: PSeff = 4 - HDIFeff + Weff
For GEO = 2 or 3: PSeff = 2 - HDIFeff

Else
PSeff =M - PS - WMLT - SCALE
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Weff and HDIFeff are calculated as follows:

Weff = M - (Wscaled - WMLT + XWscaled)
HDIFscaled = HDIF- SCALM
HDIFeff = HDIFscaled - WMLT

Effective Saturation Current Calculations
(Same as ACM=2)

Sour ce Diode Saturation Current
val = JSscaled - ASeff + JISWscaled - PSeff

If val > 0 then,
ishs=val

Otherwise,
ishs=M - IS

Drain Diode Saturation Current
val = JSscaled - ADeff + JSWscaled - PDeff

If val > 0 then,
isbd = val
Else
isbrd=M - IS

Effective Drain and Source Resistances
(Same as ACM=2)

Source Resistance
If NRSis specified

RSeff = RS - (LDscaled + LDIFscaled) / Weff + (NRS - RSH + RSC) / M
Else

RSeff = RSC /M + (HDIFeff - RSH + (LDscaled - LDIFscaled) - RS) / Weff

Drain Resistance
If NRD is specified

RDeff = RD - (LDscaled + LDIFscaled) / Weff + (NRD - RSH + RDC) / M
Else

RDeff = RDC /M + (HDIFeff - RSH + (LDscaled - LDIFscaled)- RD) / Weff
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Noise models

The MOSFET noise model described below isused for Level 1, 2, 3, 4, 5 and
EKV models.

Itisalso used for BSIM3 (Level 8) and BSIM4 (Level 14) when NLEV isde-
fined. If NLEV isundefined, the native Berkeley BSIM3 and BSIM4 noise
models are used.
Pin resistance thermal noise terms

Izrg =4k.T/RG

2 =4kT/RD

rd

|2rs =4kT/RS

I2rb =4kT/RB
Channel and shot flicker noise terms

Ichannel? = Ishot? + Iflicker?

Intrinsic flicker noise;
If NLEV =0 Iflicker?= KF.Idrain*F/ ( COX . Leff2.f)

If NLEV =1 Iflicker?= KF.Idrain®F/ ( COX . Weff . Leff .f)
If NLEV =2 or 3 Iflicker?= KF.Gm*"/ ( COX . Weff . Leff .fAF)

Intrinsic shot noise;
If NLEV < 3 then

Ishot?= (8/3)-k-T.gm
If NLEV = 3 then
Ishot? = (8/3)-k-T.gm-GDSNOI.beta(Vgs-Vth).(1+a+a?)/(1+a)

wherea=1- Vds/Vdsat if Vds <= Vdsat (linear region) and a = 0 elsewhere.
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Short-distance matching for EKV

The EKV model provides the short-distance matching parameters AVTO for
threshold voltage, AGAMMA for gamma, and AKP for KP. The parameters are
calculated asfollows:

VTH = VTH + AVTO / SQRT(Weff* Leff)

GAMMA = GAMMA + AGAMMA / SQRT(Weff*Leff)

KP = KP + AKP / SQRT(Weff*Leff)
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N_Port

Schematic format
PART attribute
<name>

Example
SP1

FILE attribute
<file name>

The FILE attribute specifies the path and name of the N-Port parameter file.

Example
E:\MC8\data\Gg10v20m.s2p

The N_PORT device is a general device with N ports characterized by a set of
S, Y, Z, G, or H parameters contained in standard Touchstone data files.

Typicaly these files are provided by RF suppliersin atext file as atable of val-
ues. Here, for example, is aset of typical 2-port S parameters:

' SSEEMENS Small Signal Semiconductors

| BFG194

I' Si PNP RF Bipolar Junction Transistor in SOT223
I'VCE=-10V IC=-20mA

I Common Emitter S-Parameters: August 1996
#GHz S MA R 50
I f S11 S21 S12 S22

'GHz MAG ANG MAG ANG MAG ANG MAG ANG
0.010 0.3302 -25.4 35.370 169.9 0.0053 85.3 0.9077 -10.0
0.020 0.3471 -48.2 33.679 161.6 0.0108 77.5 0.8815 -19.8
0.050 0.4525 -95.0 27.726 139.2 0.0226 61.4 0.7258 -43.7
0.100 0.5462-131.5 19.023 118.7 0.0332 52.2 0.5077 -68.7
0.150 0.5723-149.4 13.754 106.4 0.0394 49.1 0.3795 -84.8
0.200 0.5925-159.8 10.787 99.1 0.0443 50.1 0.3068 -95.0
0.250 0.6023-167.0 8.757 93.4 0.0497 51.2 0.2581-104.8
0.300 0.6089-172.2 7.393 89.0 0.0552 52.4 0.2298 -112.2
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MC8 converts the incoming parameters to Y -parameters and then implements the
N_PORT device as a set of Laplace table sources. Here, for example, is the
equivalent circuit for a4-port.

1P 4 Port Equivalent Circuit Model

1P P Ea 4
PDR“} J;"UCD 11 ?;‘ (i ’ RIESREE ’ (e

Y Y

Figure 22-16 Four port equivalent circuit

The equations are:

11=Y11*V(1P,1M) + Y12*V(2P,2M) + Y 13*V(3P,3M) + Y 14*V/ (4P,4M)
12 = Y21*V(1P,1M) + Y 225V (2P,2M) + Y 23*V/(3P,3M) + Y 24*\/ (4P,4M)
13 = Y31*V(1P,1M) + Y32*V(2P,2M) + Y33*V(3P,3M) + Y 34*\/ (4P,4M)
14= Y41*V(1P,1M) + Y425V (2P,2M) + Y 43*V/(3P,3M) + Y 44*\/ (4P,4M)

For an example of how the N-Port device is used see the sample circuit file
NPORTA4.CIR.
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OPAMP

Schematic format
PART attribute
<name>

Examples
OP1

MODEL attribute
<model name>

Example
LF351

There are three model levels for the OPAMP. Each succeeding level provides
increasingly more realistic models at the expense of increasingly more complex
equivalentcircuits.

Level 1isasimplevoltage-controlled current source with afinite output resis-
tance and open loop gain.

Level 2 isathree stage, two pole model with slew rate limiting, finite gain, and
output resistance.

Level 3isan enhanced Boyle model, similar to those implemented in other SPICE
programs as subcircuits. It is not, however, amacro or asubcircuit, but afully
internal M C8 device model. It models positive and negative slew rates, finite gain,
AC and DC output resistance, input offset voltage and current, phase margin,
common mode rejection, unity gain bandwidth, threetypesof differential input,
and realistic output voltage and current limiting.

Model statement forms
.MODEL <model name> OPA ([model parameters])

Examples
.MODEL LM709 OPA (A=45K VOFF=.001 SRP=250K GBW=1E6)

.MODEL LF155 OPA (LEVEL=2 TYPE=1 A=50K SRP=330K)
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Model parameters

Name
LEVEL
TYPE

C

A
ROUTAC
ROUTDC
VOFF
|OFF
SRP

SRN
IBIAS
VCC
VEE
VPS
VNS
CMRR
GBW

PM

PD

I0OSC

T _MEASURED
T ABS

T REL_GLOBAL

T REL_LOCAL Relative to AKO temperature

Parameter

Model level(1, 2, 3)

1=NPN 2=PNP 3=JFET
Compensation capacitance
DC open-loop gain

AC output resistance

DC output resistance

Input offset voltage

Input offset current
Maximum positive slew rate
Maximum negative slew rate
Input bias current

Positive power supply
Negative power supply

M aximum pos. voltage swing
Maximum neg. voltage swing
Common-moderejectionratio
Gainbandwidth

Phase margin

Power dissipation

Short circuit current
Measured temperature
Absolute temperature
Relative to current temp.

Units Def. Level
1 123
1 3

F 30E-12 3
2E5 123

Q 75 1,23

Q 125 123

\Y 0.001 3

A 1E-9 3

VIS BEs 23

VIS BEs 23

A 1E-7 3

\YJ 15 3

\Y -15 3

V 13 3

\Y -13 3
1IE5 3
1IE6 23

deg. 60 23

W 025 3

A .02 3

°C

°C

°C

°C

VCC and VEE are the nominal power supply values at which VPS and VNS are
specified. It is possible to operate the OPAMP at other supply voltages. VEE and
V CC affect only power dissipation and the output saturation characteristics.
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Modd schematic and equations:

(=) ouT

GM R
$)om %R
+) N

R = ROUTAC+ROUTDC
GM = A/ROUT

Figure 22-17 The level 1 opamp model

Figure 22-18 The level 2 opamp model
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RC1

D34

ROUTAC

HVCC

- WC
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ouT

D4 o

YET

WLMN

Figure 22-19 The level 3 opamp model with NPN inputs

RC1

W52 ROUTAC

YCo

I{
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Lyl

WC
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ouT
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13

1
RO2

D4

1

Figure 22-20 The level 3 opamp model with PNP inputs
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Figure 22-21 The level 3 opamp model with JFET inputs

Definitions
T Junction temperature in degrees Kelvin
VT k-T/q

BETA1l Forward beta of Q1

BETAZ2 Forward beta of Q2

BJT1IS  Saturation current (1S) of Q1
BJT2IS  Saturation current (1S) of Q2
V(A1) Voltage at node A1

V(A2 Voltage at node A2

V(CM) Voltage at node CM

I(VS1) Current through source VS1
I(VC) Current through source VC
I(VE) Current through source VE
I(VLP) Current through source VLP
I(VLN)  Current through source VLN
V(VCC) Voltage across source VCC
V(VEE) Voltage across source VEE
I(VS2) Current through source VS2
I(GA) Current of source GA
I(GCM)  Current of source GCM
I(F1) Current of source F1

V(EL) Voltage of source E1

V(H1) Voltage of source H1
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Temperature effects

Temperature affects diodes, BJTs, and JFETs in the usual way as described in
the model sections for these devices. Default temperature parameters are used.

Level 1 equations
R = ROUTAC+ROUTDC
GM =A/R

Level 2 equations
R = ROUTAC+ROUTDC

GM =AY/ R
F1L=GBW/A (Firstpole)
F2 = GBW / tan(90 - PM) (Second pole)

Cl = 1/(2TtFLR)
C2 = U(2TtF2R)

Level 3 equations
C3=C
C1=0.5*C* tan(90 - PM)
RC1 = V/(21eGBW.C3)
RC2 =RC1
R2 = 1E5
GA =1/RC1

NPN and PNP input stages
VAF =200
NPN input
IC1 = SRP.C3/2
CE = 2IC1/SRN-C3
PNP input
IC1 = SRN.C3/2
CE = 2IC1U/SRP-C3
BETA1 = ICY/(IBIAS+IOFF/2)
BETA2 = ICL/(IBIAS-IOFF/2)
|IEE = (((BETA1+1)/BETA1)+((BETA2+1)/BETA2)).IC1
RE1 = ((BETA1+BETA2)/(BETA1+BETA2+2)).(RC1-VT/IC1)
RE2 = RE1
RP = ([VCC|+|VEE|)%(PD-|VCC|.21C1-|VEE}IEE)
RE = VAF/IEE
BJT1IS=1E-16
BJT2IS = BJT1IS(1+VOFF/VT)
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JFET input stage
IEE = C3.SRN
CE = IEESRP-C3
RE = VAF/IEE
RE1=1
RE2=1
BETA1 = 0.5GA?%IEE
BETA2 = BETA1
RP = ([VCC|+|VEE|)?PD

ALL STAGES
RO2 = ROUTDC - ROUTAC
GCM = J/(CMRR-RC1)

GB = RC1.A/RO2

VLP = 10SC-1000

VLN = VLP

VC = VCC - VPS

VE = -VEE + VNS

Controlled source equations
I(GA) = GA.(V(A1)-V(A2)
[(GCM)= GCM.V(CM)
I(F1) GB.I(VS1)-GB.I(VC)+GB.I(VE)+GB.I(VLP)-GB.I(VLN)
V(ELl) = (V(VCC)+V(VEE))/2
V(H1) =1000.(1(VS2))
V(VS1)=0.0 (Only used to measure current)
V(VS2)=0.0 (Only used to measure current)

Level 2 and 3 models use Gain Bandwidth (GBW) as an input parameter. The
model s produce an OPAM P which, in open-loop configuration, produces the
specified phase margin (PM) and again of -3.01 dB at F = GBW. The intersec-
tion of the gain curve asymptote (a straight line tangent to the mid-band gain
curve) and the line F = GBW occurs at 0.0 dB.

Note PM = Phase Margin = Phase Angle + 180. To plot the phase margin of
V(OUT), the Y expression would be PH(V(OUT)) + 180.

473



Pulse source

Schematic format
PART attribute
<name>

Examples
P1

MODEL attribute
<model name>

Example
RAMP

The PULSE source is similar to the SPICE PUL SE independent voltage source,
except that it uses amodel statement and its timing values are defined with re-
spect to T=0.

Model statement forms
.MODEL <model name> PUL ([model parameters])

Example
.MODEL STEP PUL (VZERO=.5 VONE=4.5 P1=10n P2=20n P3=100n

+ P4=110n P5=500n)

Model parameters

Name Parameter Units Default
VZERO Zerolevel Vv 0.0
VONE Onelevel Vv 5.0

P1 Timedelay to leading edge S 1.0E-7
P2 Timedelay to one-level S 11E-7
P3 Timedelay totrailing edge S 5.0E-7
P4 Timedelay to zero level S 5.1E-7
P5 Repetitionperiod S 1.0E-6
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Equations

The waveform value is generated as follows:

From To
0 P1
P1 P2
P2 P3
P3 P4
P4 P5

Value

VZERO
VZERO+((VONE-VZERO)/(P2-P1)).(T-P1)
VONE
VONE+((VZERO-VONE)/(P4-P3)).(T-P3)
VZERO

where From and To are T values, and T=TIME mod P5. The waveform
repeats every P5 seconds. Note that P5 > P4 > P3 > P2 > P1.

MODELPUL CIR T =27

50

4.0

.

oo

u
W(PULSE,

0.0 0.40u

Figure 22-22 Sample waveform for model parameters
vzero=1 vone=4 P1=.1u P2=.2u P3=.4u P4=.5u P5=1u
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Resistor

SPICE format
Syntax

R<name> <plus> <minus> [model name] <value> [TC=<tc1>[,<tc2>]]

Examples
R12350

R2 78 10K

<plus> and <minus> are the positive and negative node numbers. The
polarity references are used only for plotting or printing the voltage across,
V(RX), and the current through, 1(RX), the resistor.

Schematic format
PART attribute
<name>

Examples
R5

CARBONS

VALUE attribute
<value> [TC=<tcl>[,<tc2>]]

Examples
50

10K
50K * (1+V (6)/100)

FREQ attribute

<fexpr>

Examples
2K+10* (1+F/1€9)

MODEL attribute
[model name]

Example
RMOD
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VALUE attribute
<value> may be asimple number or an expression involving time-domain
variables. The expression isevaluated in the time domain only. Consider the
expression:

100+V(10)*2

V(10) refersto the value of the voltage on node 10 during atransient analysis,
aDC operating point calculation prior to an AC analysis, or duringaDC
analysis. It does not mean the AC small signal voltage on node 10. If the DC
operating point value for node 10 was 2, the resistance would be evaluated as
100 + 2*2 = 104. The constant value, 104, isused in AC analysis.

FREQ attribute
If <fexpr>isused, it replaces the value determined during the operating point.
<fexpr> may be a simple number or an expression involving frequency
domain variables. The expression is evaluated during AC analysis asthe
frequency changes. For example, suppose the <fexpr> attribute is this:

V(4,5)* (1+F/1€7)

In this expression, F refersto the AC analysis frequency variable and V(4,5)
refers to the AC small signal voltage between nodes 4 and 5. Note that there
is no time-domain equivalent to <fexpr>. Even if <fexpr> is present,
<value> will be used in transient analysis.

Stepping effects

The VALUE attribute and all of the model parameters may be stepped. If
VALUE is stepped, it replaces <value>, even if <value> is an expression. The
stepped value may be further modified by the temperature effect.

Temperature effects

There are two different temperature factors, a quadratic factor and an exponen-
tial factor. The quadratic factor is characterized by the model parameters TC1
and TC2, or <tc1> and <tc2> from the parameter line. The exponential factor is
characterized by the model parameter TCE.

If [TC=<tc1>[,<tc2>]] is specified on the parameter line, <value> ismultiplied by
a temperature factor, TF.

TF = 1+<tc1>.(T-Tnom)+<tc2>.(T-Tnom)?
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If [model name] is used and TCE is not specified, <value> is multiplied by atem-
perature factor, TF.

TF = 1+TC1.(T-Tnom)+TC2.(T-Tnom)?

TC1 isthelinear temperature coefficient and is sometimes given in data sheets as
parts per million per degree C. To convert ppm specsto TC1 divide by 1E6. For
example, a spec of 3000 ppm/degree C would produce a TC1 value of 3E-3.

If [model name] is used and TCE is specified, <value> is multiplied by atem-
perature factor, TF.

TF= 10 1TCE-(T—Tnom)

If both [model name] and [TC=<tc1>[,<tc2>]] are specified, [ TC=<tc1>[,<tc2>]]
takes precedence.

T isthe device operating temperature and Thom is the temperature at which the
nominal resistance was measured. T is set to the analysis temperature from the
AnalysisLimitsdialog box. TNOM isdetermined by the Global Settings TNOM
value, which can be overridden with a .OPTIONS statement. T and Thom may
be changed for each model by specifying valuesfor T_MEASURED, T_ABS,

T REL_GLOBAL,andT_REL_LOCAL. Seethe . MODEL commandfor moreon
how device operating temperatures and Tnom temperatures are calculated.

Monte Carlo effects

LOT and DEV Monte Carlo tolerances, available only when [model name] is
used, are obtained from the model statement. They are expressed as either a per-
centage or as an absolute value and are available for all of the model parameters
except the T_pa