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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 is to be typed by the user is denoted by the text enclosed in double
quotes. For example:

Type in the 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 / Options / General / Sound

means the Sound item from the General section of the Options group in the
Preferences dialog box, accessed 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 in italics. 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
describes 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

Micro-Cap is a Windows program. To use the program, it is necessary to un-
derstand 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.

.|
Parts of a window

Most Micro-Cap 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 Micro-Cap functions.

Minimize button

Menu bar Title bar Maximize / Restore
button

Close button

Control menu box.
Circuit control menu box
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Figure 1-1 The parts of a window
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The various parts of a window 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 is a standard feature of all Windows applications and is mainly used to con-
trol the Micro-Cap window size and location on the desktop. It lets you re-size,
move, maximize, minimize, and close the Micro-Cap 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 menu is a list of commands or options that
lets you access various program features. Some items on a menu have an imme-
diate 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 Wire from the Mode item of the Op-
tions menu, nothing happens immediately. When you later drag the mouse in the
circuit window, it draws a wire, instead of drawing a component or text.

Title bar

The title bar shows the name of the window. If the window is a circuit window,
the title shows the circuit name and directory path. If the window is a dialog 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

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

Maximize / Restore button
The Restore button restores the windows prior size or maximizes the windows
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 a circuit,
the scroll bars are one of several ways to view different parts of the circuit. If the
scroll bars are part of a list 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 changes to a vertical or horizontal
double arrow. A mouse drag then moves the underlying border, changing the win-
dow size and proportions.

Component panel
The optional Component Panel is used to select components for placement in the
schematic window. It can be placed in a variety of locations within the window.

Window corner
The window corner is a control object on the corner of the window. When the
mouse passes over the corner, the cursor changes to a diagonal double arrow. A

Chapter 1: Windows Basics



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:

This Term Means

Click To quickly press and release a mouse button.
Double-click To click a mouse 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 /eff 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
a region containing the object. Selected text in a text field or in the text area ap-
pears in reversed video. Selected schematic objects, including text objects, are
shown in the user-specified select color. Selected items from a window or dialog
box may be shown as a highlight, or a dotted rectangle.

To choose a selected item in a dialog 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. The keys can also be changed by the user.

Accelerator keys are well worth learning. For frequently used features, they can
save a lot of time. Appendix D has a list of the accelerator keys.

21



Menus

Menus provide the basic commands and options that let you use Micro-Cap fea-
tures.

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

Keyboard

Press ALT+first letter in the menu name. If the item name contains an
underlined letter, press the letter, otherwise, use the UP and DOWN arrow
cursor keys to select the desired menu item. Then press ENTER to open it.

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 Meaning
Dimmed or missing item  The item is not 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 means the option is in effect.
A key combination The key combination is a shortcut for this item.
A triangle This indicates that a cascading menu appears

listing additional choices.
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Chapter 2

|
The Circuit Editor

What's in this chapter

This chapter describes the Circuit editor, the foundation of the Micro-Cap user
interface. It provides access to all of the basic program functions, including cir-
cuit construction, analyses, and the various editors.

Features new in MC12

® Spreadsheet: A spreadsheet that can reference simulation variables was
added. It can be included as a schematic object.

® Pin Recent Files: An editor for the Recent Circuit files list allows pinning
some file names so they stay at the top of the list.

® Graphics Objects: Open and closed polygons, star, and triangle were
added to the graphics objects of the circuit editor.

® Pan mode: A Pan mode was added. In this mode dragging the left mouse
button pans the schematic. This is in addition to the older, direct pan
available from the right mouse button drag.

® Build command: The Build command feature has been expanded to
handle the .RELTOL, .TR, and .WARNING commands.

® Localize command: The Localize command feature has been expanded to
handle files that use the extensions USR, STM, ROM, RAM, S2P, PLAND,
PLOR, and PLNXORC. Files are localized by including them on schematic
text pages.

® Three region enable modes: These enable modes make it easy to switch in
or out different circuit regions to test different implementations.
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Circuit structure

Micro-Cap analyzes circuits. A circuit is an interconnection of electrical compo-
nents. There are two basic types of circuit description that Micro-Cap uses:

* Schematic, a picture of the circuit topology.
* SPICE text file, a textual description of the circuit topology.

Schematics

Schematics are comprised of drawings and text. Drawings provide the circuit
description and text provides the modeling and analysis information required for
the analysis. Micro-Cap runs analyses from data contained in the schematic. It is
not necessary to convert it to a SPICE netlist first, although Micro-Cap can also
analyze SPICE netlists. Sometimes Micro-Cap also 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 area to the
text area and vice-versa by selecting it and pressing CTRL + B. This is called
the shuttle command. Pages can be added or deleted from the Edit menu or
with a right 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 left part of the circuit window.

Text area

The text area contains only text. It typically holds /ocal command statements,
subcircuit descriptions, model statements, and digital stimulus statements that
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 one of text page tabs 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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You 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 netlists are standard SPICE text descriptions of a circuit, a subcircuit, or

a model statement. Micro-Cap generally follows the original Berkeley SPICE2G
format, 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 a word
processor creates. When you create a new SPICE text file, Micro-Cap opens a
text document and lets you edit it as desired. Only when you start an analysis
does Micro-Cap error check it.

You can also translate schematics into SPICE netlists of various flavors, in case
you want to check the accuracy of an external SPICE simulator against MC12.
MC12 will, of course, accept such files for analysis.

Direct SPICE netlist inclusion

The program includes a pair of commands, .SPICE and .ENDSPICE, which al-
lows the direct inclusion of SPICE coded circuitry within a schematic's text
pages. For example:

.SPICE
LTINOUT 1U
CI1OUTO IN
R1 OUT 0 50
.ENDSPICE

Adding this text to a text page creates a piece of circuitry which connects to the
schematic nodes labeled IN and OUT. The circuitry need not be a subcircuit.

Any SPICE circuitry from the text pages contained within the lines between the
.SPICE and .ENDSPICE commands is available for use in the schematic and may
be connected by using identical schematic and SPICE node names.

You can even encapsulate an entire SPICE netlist within .SPICE and .ENDSPICE

statements and because the circuit is a schematic, MC12 remembers all of the
analysis settings, whereas the conventional SPICE netlist does not.
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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: This includes all analog and digital sources, active and passive
parts, and connectors. In short, it includes any object chosen 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 a vertical and a horizontal 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 a
grid, is used for naming nodes, creating command statements, and general docu-
mentation.

* Spreadsheets: One or more spreadsheets that can reference simulation values.

* Graphics: Graphical objects include lines, rectangles, ellipses, diamonds, arcs,
pies, brackets, and pictures. They are used for aesthetic or documentation pur-
poses and have no effect on the electrical behavior of the circuit.

Schematics may contain picture files in any of the following formats: WMF, ICO,
EMEF, JPG, BMP, GIF, TIFF, and PNG. The most common use of this feature is

to place a picture of an analysis plot in a schematic. Picture files of graphics win-
dows may be captured by the Copy the Entire Window to a Picture File com-
mand 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 locations in a schematic that you are likely to want to view
many times. They facilitate rapid switching of the display between multiple cir-
cuit locations. They are most useful in very large circuits, where the display re-
draw time may be too long for convenient use of the scroll bars.

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

Text can be moved between a drawing page and any text page.
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Schematic modes

The Schematic editor is a modal editor. That means the behavior of the mouse
when it is clicked or dragged in the schematic depends upon what mode it is in.
Schematic modes affect either the mouse behavior or the schematic display.

® Behavioral modes

® Circuit altering modes
* Select mode
® Pan mode
* Component mode
® Text mode
® Wire mode
® Bus mode
* Diagonal wire mode
® Graphics / Picture File mode
* Flag mode
® Spreadsheet mode
® Region Enable mode

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

® View modes
* Attribute Text
® Grid Text
® Node Numbers
* Node Voltages / States
¢ Current
® Power
* Condition
* Pin Connections
® Grid
® Cross-hair Cursor
* Border
* Title
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The behavioral modes are mutually exclusive. At any given moment, only one
mode is active. You can tell which mode is active by looking at the mode buttons.
An active mode button is pushed in. An inactive mode button is pushed out.

To select a mode, click its button. This deselects the prior mode button.

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

* Editing the selected object (Requires a double 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 a BMP file of the selected region

* Drag copying the selected region

* Moving the selected object to front or back

* 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 the following:

* Click on the Select mode button ﬂ or press CTRL + E.

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

® Press and hold the SHIFT key down. In this mode you can select objects or
a region, but you can't drag the mouse. When the key is released, the original
mode is restored.

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

Pan Mode: This mode lets you move the schematic view with a left-click drag.
Right-click drag also works in any mode.
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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.

Bus mode. This mode lets you add bus connectors to the circuit. Buses are drawn
while in Wire mode if one end is a Bus connector or a bus.

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, brackets, or picture file) to a circuit. Such
files are 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.

Spreadsheet mode: This mode lets you add a spreadsheet to the schematic.

Info mode: This mode provides model information about a part when you click
on it. The information is usually a model, subckt, or define command statement
for the part. If the part is a macro, the macro circuit which it represents is dis-
played. If it is a subckt, the subcircuit description is displayed. If it is a device
that uses a model statement, the model statement is displayed. Double-clicking
on the part also displays model information in the Attribute dialog box.

File Link mode: In this mode, you click on a part to display its file link. A link
can be an internet URL, a local pdf file, an executable program, or any other file.
You can also use a piece of grid text as a file link. See the sample circuit LINKS.
CIR.

Help mode: In this mode, you click on a component 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 a digital component and Micro-
Cap traces all of the digital paths that originate at the component and end when
they drive no other combinatorial component.
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Point to Point Paths: In this mode, you click on two successive digital compo-
nents and have Micro-Cap trace all of the digital paths between the two compo-
nents.

Region Enable: In this mode, you drag select a region and assign to it a boolean
expression that typically depends upon values of symbolic (.define or .param)
variables within the circuit.

View modes:

Attribute text mode: This mode controls the display of all attribute text. Attribute
text will be displayed only if the individual attribute display check boxes are en-
abled and the Attribute text mode is enabled.

Grid text mode: This mode controls the display of all grid text. If disabled, all
grid text is invisible. If enabled, all grid text is visible.

Node numbers: This mode displays the numbers assigned by Micro-Cap and used
to identify circuit nodes.

Node Voltages / States: This shows time-domain node voltages or digital states. It
=,

shows AC node voltages in Dynamic AC mode. The VIP button “t| selects last,
RMS, average, or peak, if enabled from Properties (F10) / View / Display.

Current: This shows time-domain currents for each part. It shows AC branch
currents in Dynamic AC mode. Currents are shown with an arrow indicating the
direction of positive current. The VIP button selects last, RMS, average, or peak.

Power: This shows time-domain values of stored, generated, and dissipated pow-
er for each component. It shows AC power terms in Dynamic AC mode. The VIP
button selects last, RMS, average, or peak.

Condition: This mode displays the last time-domain condition for each compo-
nent which has conditions. Typical conditions for a BJT 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 a selection of schematic grids. All wires, components,
and other objects are anchored to a grid point.
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Cross-hair cursor: This mode adds a full-screen schematic cross-hair cursor. Its
principle use is in aligning 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. There is

an option to have only one title block per page. This option is accessible from the
Title Block panel of the Properties (F10) dialog box.

31



Menus

Circuit editor

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

Title bar

Main tool bar

I " Vertical splitter

Bl Fle £t Comporent Windows Options fnabsi Deign Model Help

DEEERSE

e T L K E R Y- 2
TYYAR -BOAFHI ¢ [FEEL - F= L4 =ADESH L apEe T

B | |

Circuit tool bar

Mouse info box

Analog TTL Inverter Interface Digital Synchronous Divide By 5 Counter
.TIE JKFF CLKB —_—
.IC D(PREB)=1

Vertical scroll
bar control

Component panel

Page selector tabs

Page scroll bar control

Horizontal splitter

s

[Select Mode INeN

Horizontal scroll bar control

Window tabs ———— Status bar (showing component information)

Figure 2-1 The Schematic editor
The principal components of the editor are as follows:

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. The tool bar provides a quick way to access those options.
Clicking on a button will activate the desired option.

Circuit tool bar: Shown below the main tool bar, the circuit tool bar contains but-
tons that represent the most frequently used menu options that apply specifically
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to the circuit. The tool bar provides a quick way to access those options. Clicking
on a button will activate the desired option.

Mouse info box: When the mouse is over a part, the status bar center pane and
the mouse info box both show its Component library memo field if it has any
descriptive text. It also shows the part type and information about its last time-
domain voltage, current and power values. If the part is a digital primitive gate,
it will print the logic expression. This feature is enabled from Preferences / Op-
tions / Circuit / Element Info. The box may also show expanded device info
such as transconductance, beta, and other terms from the internal device struc-
ture. The expanded feature is enabled from Preferences / Options / Circuit /
Element Info / Expanded Element Info.

Component Panel: This panel lets you select a part from its display of the Com-
ponent library, or search for a part by typing in part of its name. Its dynamic,
as-you-type, display makes finding a part easy. Its location, content, and other
display options are controlled from Preferences / Panel/Window Tabs / Panel.

Page selector tabs: Located in the lower left of the window, the page selector
tabs let you select a particular page for viewing. The text page is selected by
clicking on the Text tab. CTRL + G may also be used.

Page scroll bar controls: These control scrolling between schematic pages.

Horizontal and vertical scroll bar controls: These controls, located to the right
and the bottom of the window, let you pan the schematic vertically or horizon-
tally. 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 a location proportionate to the new scroll
box position relative to the scroll bar end points.

Window tabs: These select from among the open circuit or analysis windows.
Horizontal and vertical splitter bars: Dragging these bars splits the window
into two parts, with a vertical or horizontal bar between. Each part can be sized,
scrolled, and toggled between text and drawing areas. Each split section can be

scrolled or panned to view different parts of the schematic.

Status bar: This bar describes the items the mouse pointer is currently passing
over. It is also used to print informative messages.
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Selecting and deselecting 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 Windows rules.

First step: If not already in Select mode, click on the Select mode button ﬂ in
the Tool bar or press CTRL + E. You 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 deselect 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 a region box. This selects all objects that originate
within the box.

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 non-contiguous objects:

Press and 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? Sometimes it is necessary

to select most but not all of a large group of contiguous objects. It is easier 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 selects it and lets you move it. Double-clicking
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on attribute text opens a local edit box at the text location and lets you edit it
there without using the Attribute dialog box.

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

Rapid switching to/from Select mode:

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

* To temporarily suspend the current mode and enable Select mode,
press and hold the SHIFT key down. You can use this pseudo Select
mode for object selection only. You 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.
You 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. You 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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Creating a new circuit

To create a new circuit, select the New item from the File menu. This presents
the New dialog box which looks like this:

chematic File {.dr)

: Cancel
Macro File (.mac)

Help. ..

ddil

General Text File (, tt)

SPICE File {.ckt)

Text Library File (.lib)

Binary Library File {,lbr)

Madel File {.mdl)

script File {.bat)

Worst Case Tolerance Library (*.dib)

—|

¥ Annotations

Figure 2-2 The New dialog box

This dialog box lets you create one of several file types:

® Schematic(.cir) These are text files that describe schematics.
® Macro(.mac) These are text files that describe macro schematics.
°* Text(.txt) These are general text files.
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* SPICE(.ckt) These are text files used for SPICE circuit netlists.

® Text Library(.lib)  These are text files containing subcircuit and model
statements for the Digital Library, Analog Library, and
Spectrum supplied model libraries.

* Binary Library(.lbr) These are binary files that store the model parameters
for some of the Analog Library. This type of file is
rarely used for new files. It is made available for
legacy purposes.

® Model File(.mdl)  These are binary files that store the data sheet or
measured values from which the Model routines create
model parameters for use in the Analog Library.

® Script File(.bat) These are text files used for performing various
specialized functions.

® Worst Case Tolerance Library(*.tlib)
These are text library files for bias tolerances used in
the Worst Case feature.

® Derating Library(*.dlib)
These are text library files specify derating values for |
the Smoke parameters.

If the Annotations box is checked the files will be created with text explanations
for usage.

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 gives it a generic
file name.
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Adding and editing components
To add a component to a schematic:

First step: Select a component from the Component panel or menu, from one of
the component buttons in 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

* Analog Library

* Digital Primitives

* Digital Library

® Animation

* Import (Holds parts imported from a circuit file)

* Filters (Visible after creating a filter 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
picking its name from the Model list box. Editing a model statement localizes
the information by saving a copy of the edited model statement in the circuit text
area. The same applies to subcircuits. Editing a subckt 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 referenced
by part names similar to their commercial names. In this section, you'll find parts
like IRF510, 2N2222A, and I1N914. These parts have electrical attributes already
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 MC12

automatically includes in 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 commercial digital components with part
names similar to their corresponding commercial part names. In this section,
you'll find parts like 7400, 7475, and 74LS381. These parts also have electrical
attributes defined in the model library files referenced by the file, 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 parts imported
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 Micro-Cap is in Component mode. Selecting a part from
the Component menu will automatically switch to Component mode. If Micro-
Cap is in the Component mode, its Tool bar button ﬁ 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 left button when the part is where you want it.

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

To edit a component's attributes:

Click on the Select button ﬂ 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 in the Value field and type in any changes. You 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
edits localize the information by placing a copy of the model statement or subckt
within the models page of the circuit.

You can change an attribute's font by first selecting the attribute and then clicking
on the Font button and choosing a new font, style, size, or effect. You can also
change the display flag for attribute text and pin names. Choose OK to put your
changes into effect.
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The Attribute 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 informa-
tion required varies with the component but generally a part name and a value are
the minimum required for the simpler parts like resistors, capacitors, and induc-
tors. More complex parts usually require a part name and a model name. Digital
parts sometimes require logic expressions, block names, or stimulus table names.
The number of attributes is determined by the type of component. Here is the
dialog box as it appears for a typical inductor.

Show check boxes

ge button

—

—MName Value ﬁ .

[moDEL I Show “ <] .| I show  change || 4f—=rfNavigate buttons
¥ Colpr buttons

. I |
—Display Shap] 1
| " PinMarkers [ PinNames [ PinNumbers I Current ¥ Power [¥ Condition ’7 Border le Fill |

Plot selector

INDUCTANCE=10
FLUX= | @l
FREQ=

MODEL=IND2 —  Model list box
SHOKE=
Fsv=
COST=

OK I Cancel I Font... I Add | Delete |Browse...| Combinat’onsl

Find... I Flot... ISymax...l IEIS. .. | Help... | Single I

v

Enabled ITRUE ;I Columns |3 vl Columns
selector
¥ Help Bar File Link ile Link

| Source: Local page Text' |

P |undefined 11 o nz [o
L [Loot=10% RS [undefined T_a8S [undefired
T_MEASURED [undefined  T_REL_GLOBAL [undefned  T_RELLOCAL [undefined
Tc1 ie3 o =l

Description: Optional model name
Syntax: [name]
Example: RMODEL

Figure 2-3 The Attribute dialog box
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The attributes are shown in the Attribute list box. For an inductor, the attribute
and name are as shown in the table.

Attribute Name Attribute Value
PART L1
INDUCTANCE 10m
FLUX BLANK
FREQ BLANK
MODEL IND1
SMOKE BLANK
COST BLANK
POWER BLANK
PACKAGE BLANK
SHAPEGROUP Default

The first attribute is the part name. The optional second attribute is a text string
describing the value, tolerances and initial conditions, if any. All parts have at
least these two attributes. Some have many more.

In this example:

FLUX is an optional flux expression that replaces the INDUCTANCE expression
in transient analysis.

FREQ is an optional expression that replaces the INDUCTANCE expression in
AC analysis.

MODEL specifies the model name which in turn specifies a set of model parame-
ters which may be located locally within the circuit in the text, model, or drawing
pages of the schematic, or may be located globally in the libraries.

SMOKE functions like a MODEL attribute and specifies the smoke parameters.

The COST and POWER attributes specify the unit cost and power budget for
the Bill of Materials (BOM) report. This is a type of netlist report that shows the
parts count, cost, and power budget of the circuit. POWER is also used for the
Conditions display. If the power dissipation exceeds this amount the part will be
shown as HOT.

PACKAGE specifies the physical package used by the part. Package information
is used to create netlists for external PCB (Printed Circuit Board) programs.
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SHAPEGROUP specifies the shape group to which the shape belongs.

To edit a particular attribute value, select it by clicking on the attribute name in
the Attribute list box. Next, click in the Value field and edit it as desired.

You 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 is left blank. You
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.
This displays the Font dialog box. The Font dialog box lets you edit text features.

Display Controls: This lets you show or hide these items:

Pin Markers: This controls the display of pin markers on the device, which
show where connections to the device are made

Pin Names: This controls the display of pin names. Sometimes this is helpful
for vendor-supplied subcircuit models where node numbers are used instead
of more meaningful names. Normally this option is turned off.

Pin Numbers: This controls the display of package pin numbers used in PCB
work. Normally this option is off.

Current: This controls the display of the last time domain or AC current val-
ue for the part, if the Current display button g is enabled.

Power: This controls the display of the last time domain or AC power value

for the part, if the Power display button ﬂ is enabled.
Condition: This controls the display of the last condition (ON, OFF, etc.) for
the part, if the Condition display button ﬂ is enabled.

Attribute list box: This lists the attributes. Attributes can be edited by selecting
one and then editing its value in the VALUE edit box.

Command buttons: These provide the following functions:
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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: This lets you 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.

Browse: This button allows file browsing when the part uses the FILE at-
tribute, as for example, with user and fstim sources, macros, subcircuits, and
PLAs. It is only enabled when the FILE attribute is selected.

Combinations: This finds the best series / parallel combination of standard
part values that approximates the RESISTANCE, CAPACITANCE, or IN-
DUCTANCE value. For example, a value of 1234567 ohms becomes

1.235MEG = 1.2MEG + (133K | 47.5K) (€=0.0035% n=3).

This means that the closest value is achieved by placing a 1.2MEG resistor in
series with a parallel combination of a 133K and a 47.5K resistor. The result-
ing value is 1.235MEG, which is within .0035% of the requested value. Pref-
erences are set at Options / Preferences / Combinations.

This option is similar to the Fit to Standard Values command.

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

Find: This invokes the Find dialog box which locates parameter names and/
or descriptions. Modern bipolar and MOSFET models have a great many
model parameters. The Find command helps you locate them for editing or
review.

Plot: This produces plots for each primitive part type. Plots are created on
from mini-simulations of test circuits. Some parts, like the Pulse source, have
a simple simulation and a single plot (two cycles of its waveform). Others,
like the NPN, have several plots that can be chosen from the plot selector.

43



44

Some parts, like macros and subckts, have no plots. Once the plot is shown,
it responds dynamically to parameter edits.

Syntax: This displays the syntax for the primitive from the help file.
Play: For WAV sources, this plays the WAV file.

IBIS: This button accesses the IBIS Translator when the part is an IBIS com-
ponent, allowing editing or selection of IBIS I/O models.

Help: This accesses the help topic for the Attribute dialog box.

Single: This finds the closest single standard part value that approximates the
RESISTANCE, CAPACITANCE, or INDUCTANCE value. Preferences are
set at Options / Preferences / Combinations.

This option is similar to the Fit to Standard Values command.

Enabled field: You can enable or disable a part with this field using TRUE,
FALSE, or a Boolean expression (e.g. V(2)>.5). You can also enable or disable a
part from the Edit menu, or by using the Enable ﬂ or Disable ﬂ tool bar but-
tons. A disabled part stays in the schematic but is not included in analyses, Bill of
Materials reports, or SPICE netlist translations. Any object, including parts, text,
and wires, can be enabled or disabled. To enable or disable a group of objects,
drag select them with the mouse, then click on the Enable or Disable tool bar
button.

Columns: This lets you specify the number of columns in the model and smoke
parameter edit and display areas.

Help Bar check box: This adds a help bar with descriptions of the various parts of
the dialog box and model parameters.

Source of displayed model information: This shows the source of the displayed
model information. It is usually either the model or text area of the circuit if
localized, or a model folder and path if globally accessed. Editing model param-
eters always localizes them to a circuit model or text page.

Edit area: These fields lets you edit model parameters, subcircuits, digital stimu-
lus statements, or other model information.
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Help bar: This area shows helpful information for the item under the mouse.
Show Data on Exit: If enabled, this shows the source material for the part. This
usually means a .model statement.

File link: Click on this link and the program executes the link. You can set the
link to a local file, like an Adobe PDF data sheet, or to a URL link to the vendor's
web site. The default URL link is http://www.google.com/search?q="%s"+"data
sheet" which basically looks for a data sheet using the model name. The %s sub-
stitutes the model name.

Navigate buttons: These scroll through other parts in 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 a different part type.

Model list box: This displays a list of available model names from the libraries.
You can scroll through the list and choose a model by clicking on it.

Plot Selector: A plot is created by clicking the Plot button. This field lets you
select from a list of characteristic plots for the device. Some devices have as
many as three plots, while some have none.

Color buttons: These let you change the part's border and fill colors. Border
controls the outline color. Fill controls the interior color. The interior can only

be filled if the shape already has a fill color. If the Fill button is disabled, it is
because the shape has no fill color specified. You can change this by specifying a
fill color for the shape using the Shape Editor.

Change button: This lets you copy the displayed attribute value to the attribute
fields of parts selected from a list. For example, you could use this command to
change all 2N2222 model attributes to 2N3903.

Show check boxes: Adjacent to the Name and Value fields, these boxes control
whether the selected attributes name and value are displayed on the schematic.
Normally the attribute name is not displayed and only some of the attribute val-
ues are. Typically, only the part attribute value (in this case 'J2") is displayed, al-
though occasionally the model attribute value (in this case 2N3071") is also.
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Adding Wires to a schematic

Wires are added to a schematic by dragging the mouse from one point to an-
other. If the mouse moves horizontally or vertically a straight wire is created. If it
moves diagonally a corner is created.

First step: Click on the Wire mode button ﬂ in the 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 points are worth keeping in mind:

* The segment orientation of a two-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 a dot.

f—

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

o

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

[

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

Q1

* If the Node Snap option is enabled, wires will snap to the nearest node
within a one grid distance. Although this is usually helpful with analog parts,
it is sometimes a problem with dense digital connections on a one grid pitch.
You may want to temporarily disable this option if you notice a wire end
point jumping to an undesired location. The Node Snap option is enabled 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 as
analog 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.

BEC BEC
1k 2k
R1 R2

Naming is done by dropping a piece of text on a node or by double-clicking
on a wire and changing its node name. Both procedures name the node.

* Holding the Shift key down affer starting a wire forces the wire to stay hori-
zontal or vertical, depending upon its principal 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 a two-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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Using the Bus

Bus mode @ lets you place bus connectors in the schematic. These are conve-
nient for drawing many wires at once, especially wires that are logically related
as for example, data and memory sets in a CPU or RAM function. A typical bus
connector looks like this:

e —— Connected bus

AQ
. P — ]
Wire port =
A2
Connected wires A3
Ad

AS Bus port

" p

S Z AT

Figure 2-4 Typical bus connector

The connector has two ports, the wire port and the bus port. Pins are electrically
connected to similar pins of other connectors attached to the bus.

To draw a bus, select Wire mode, then drag the mouse from another bus or from
the bus port of a connector. Buses connect and rubberband just like wires.

A bus and its connectors may transport analog or digital signals, depending upon
the type of component attached to their wires.

Placing a bus connector invokes the Bus dialog box, which look like this:

&) X

Part I Busi [~ show

Enter Pin Mames
| PING

Ex: 1,2:5 CLK[1:5,3],9:10,[B,K][1,2,3]

Grids Between Pins I 2 Bus Mode Placement ITop VI

Wire Node Alignment ISh’aight vl 7 PinMarkers | Pin Names

Calor Dy | Enabled I TRUE ;I
’TI Cancel | Help... |

Figure 2-5 The Bus dialog box
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The dialog box has these features:

Part: This field contains the bus connector name. A check box alongside lets
you show or hide the name.

Enter Pin Names: This field contains the pin names, implicitly defining the
number of separate wires / nodes for the bus connector. The names can be
listed separately or using the indicated forms. For example:

A,B,C,D A four pin bus with pins labeled A, B, C, and D

All:4] A four pin bus with pins labeled A1, A2, A3, and A4
C[1:4,8,9] A six pin bus with pins labeled C1, C2, C3, C4, C8, and C9
0:7 An eight pin bus with pins labeled 0, 1, 2, 3, 4, 5, 6, and 7
[A,B][1,2] A four pin bus with pins labeled A1, A2, B1, and B2

Grids Between Pins: This specifies the number of grids between pins.

Bus Node Placement: This specifies where to place the bus connector
name. There are three options; top, middle, and bottom.

Wire Node Alignment: This specifies how the wires will emerge from the
connector. There are three options:

Straight: Wires emerge perpendicular to the connector.
Up: Wires slant in one direction.
Down: Wires slant in the opposite direction.

Color: This controls the connector color.

Pin Markers: This check box controls the display of pin markers.
Pin Names: This check box controls the display of pin names.
Enabled: This check box enables/disables the connector.

OK: This accepts the changes and exits the dialog box.

Cancel: This ignores the changes and exits the dialog box.

See ANIM3 for an example of how to use the bus in a circuit.

49



Adding and editing grid text

There are several kinds of text visible in a schematic. First, there is the attribute
text of individual components. This type of text is created and edited from within
the Attribute dialog box. The second kind of text is called grid text. Although grid
text can be used for any purpose, one important use is for naming nodes.

To add grid text to a schematic:
First step: Click on the Text mode button ll 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 offers the following options:

Text | F Borderl Stepping |

[<select Style> ~|[® verdana s =B & U e x x |[A-A-bH T -Ca@E DS

.DEFINE RESISTOR _VALUE 100K]

Enabled ITHUE - I~ Formula Delimiter ||] I~ Use RTF Rotation Angle [0 _Ij
Anchor Location —————————————————
¥ Grid Snap ’7|Boﬂom j ILeﬂ j I Pin

ok | Cancel Hep |

N

Figure 2-6 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: This ignores any user edits and exits the dialog box.
Apply: This applies the changes to the selected text.

Help: This accesses the Help system.
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Page Tabs

Text: This is where you enter or edit the text.

Border: This lets you control the color and weight of the border.

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

Options

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 A0, ... A15 vertically
arranged, you enter text of "AQ", select Instances X =1,
Instances Y = 16, and Pitch Y = 2 (grids).

The stepping tab is present only when you place text. Later,
when you edit a piece of grid text, it is absent since it not needed
for editing.

Font list box: This selects the text font.

Size list box: This selects font size.

ﬂ Selects bold font.

ﬂ Selects italic font.

E Selects underline font.

ﬁ Selects strike through font.
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ﬂ For RTF, selects superscript font.
E For RTF, selects subscript font.
g Selects the font color.

@ For RTF, this selects the background color for selected characters. In
normal text this selects the background color for all characters.

% For RTF, this selects the background color for all characters.

ﬂ Copy to clipboard list. This copies the text to the clipboard list using
an assigned name.

@ Pastes from the clipboard list.

ﬁ Build command: Invokes the Command Builder to build a piece of
command text. This is useful for building complex command statements.
It handles these commands.

* HELP

* DEFINE

* PARAMETERS
* 'WARNING

°* MEASURE

* RELTOL

* TR

* WARNING

It is invocable only when starting a piece of text or when editing an
existing command.

ﬂ Selects and inserts unusual characters.
Check boxes
Enabled: This lets you enable or disable the text. Enabling is important

for text used as a node name and for command text like .DEFINE or
.MODEL statements.
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Formula: Checking this tells the program that the text contains a
formula and that the expressions it contains are to be calculated.

Delimiter: This tells the program what character(s) are to be used to
define or delimit the embedded expressions. Although any characters
may be used, brackets [], or braces{} are recommended.

Use RTF: This tells the program that the text will be an RTF (Rich Text
Field). RTF text can have many interesting properties.

Rotation Angle: This specifies the angle of rotation for the text. Default
is 0 degrees.

Grid Snap: If enabled this causes the text to snap to the nearest grid.

Justification: These list boxes select the location of the text handle. The
handle, shaped like a small box, is the thing that snaps to the nearest grid
and is the thing you use to drag the RTF text to create a different angle.

To add or edit existing text, select the Text panel of the dialog box. Type in or
edit the text and press OK. To make a piece of text start on a new line place the
insertion 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 M in the Tool bar.

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

Grid text can also be edited directly on the schematic by holding the Alt key
down while double clicking the text.
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.|
Formula text

There are two varieties of schematic grid text that use formulas.

First Format
The first form is as follows:

=formula
Grid text of this form behaves like a small spreadsheet. The presence of the "="
at the first character position tells Micro-Cap that the text is really a formula and
that it should calculate the value of the formula every time there is any change to
schematic text. For example, the following four pieces of text define three vari-
ables, L1, C1, and C2 and a piece of formula text:

DEFINE C1 IN
DEFINE C2 IN

DEFINE L1 10U
=2*PI/SQRT(L1*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 formula is for the resonant frequency of a Colpitts oscillator. Any change to
any text updates the value and Micro-Cap prints the following:

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

Formula text is designed 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, Micro-Cap prints a new resonant frequency as
follows:

2*PI/SQRT(L1*C1*C2/(C1+C2))=65.899E6

Formula text can not be used in other expressions. To do that the formula must be
defined with a symbolic variable name like this:

DEFINE F0 2*PI/SQRT(L1*C1*C2/(C1+C2))
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FO could now be used in an expression or, in the AC analysis limits Frequency
Range field, or in a device attribute.

Second Format
The second form is as follows:

text....[formula]...text

For example, if the following four pieces of grid text are entered,
.DEFINE L1 1U

.DEFINE L2 4U

.DEFINE N SQRT(L1/L2)

The voltage gain of a transformer with a primary inductance of [L1] and a
secondary inductance of [L2] is [SQRT(L1/L2)]. The voltage gain is [ 1/N].

The last piece of text will actually appear as follows:

The voltage gain of a transformer with a primary inductance of 1u and a second-
ary inductance of 4u is 0.5. The voltage gain is 2.0.

In this example the delimiter characters are [ and ].

Formula text of this type is calculated only if the Text dialog box's Formula box
is checked.

For both formats of formula text, circuit variables such as V(Out) or I(R1) can
also be used in the equations. The results would not be calculated until an analy-
sis 1S run.
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Spreadsheets

Micro-Cap can have spreadsheets in a schematic. Here is a typical spreadsheet:

B Fie ot Componen: Windows Qptons fnahsis DynemicOC_Deign_bode_belp

DFEdE@Ag baBaxXEH vl Epo+¢ ¢ BNIHO0B  OIB@ (3|63 *8 % 7
kOTYYAD-40@2FEHERTESL-FXILTA%-0QF(F(1 o a 2 advo L W(QQ P
42502 (50} ' 2
ca 39K
100uF
= 0
46.856
=C2 =
RS 220uF i
ok | 2| Transistors [AGHiallpower Spac Power [Power Margin|
T 13| Pp@1) 21.279 200u 21.279
R47 14|  pp@2) 8.659m 10m 1.341m
@ﬁ 15| PD@Q3) 267.208m 500u -266.708m
’ 16| PD(Q4) 21.503 20 -1.503
e I | 7 | Total Transis... 21.279 20.011 Statement s R...
B . 3906 R6 8
2Kk2 @ﬁ 0 .
23554 [o| Resistors [NAGHEINN SpeciFowerl [Poweriarain!
10
@os] 1| POR1) 1.442m 1m -441.633u
11| PD(R2) 65.919m 50m -15.919m
R9 RIO =L 5 112|  PD(R3) 439.458m 400m -39.458m
120000 8kz [ 2200F 13| PD(R4) 409.877u 1m 590.123u
|14 PD(R5) 3.696m 1m -2.696m

The Basics:
Spreadsheets use the usual format. You can enter text or formulas. To enter text
or a formula you double-click on a cell and type it in.

Cells are referred to as column name (A to Z), then row number (1 to 100), so
D24 refers to the cell at column D, row 24.

Text is entered directly. "TABC" prints "ABC". If the cell B1 contains "Power"
then "=B1" in another cell prints "Power".

You can also add strings. If cell A1 contains "Voltage" and B1 contains "Value'
then "=A1+B1" in another cell prints "Voltage Value".

Formulas begin with an "=". For example
= SIN(2)

prints the value of sin(2)

=D1

prints the value of the cell at column D row 1.
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Simulation Values: You can use simulation values in the spreadsheet. For
example:

=VI1)*I(I1)

This prints the product of the voltage across and the current through the source
named [1. In general any expression that is legal in an analysis plot can be used
in a cell.

V(1) refers to the voltage on node 1. What voltage? Well that depends on which
analysis you are running.

In AC and Dynamic AC it means the complex frequency domain value at the last
frequency point. In every other analysis it means the time domain value.

What simulation value? The value is the last one computed in the analysis. In
Dynamic DC, it's simply the DC operating point value. In AC or Dynamic AC,
it's the complex value at the last frequency. In transient it's the value at the last
timepoint.

.Define values: You can also use .defined values. For instance.

.define f1 1e6
.define w1 2*pi*fl

Then "=w1" will print 6.28Meg.

Note that if a conflict arises between a .defined variable and a cell variable
name, then the .defined variable takes precedence.

For example, if you have this .define in the schematic:
.define C12 36

Then any cell that uses C12 in its expression will get the .defined value of 36, not
the value of the expression in cell C12.

Wildcard Variables:

Micro-Cap spreadsheets can use the wildcard syntax to enter a large number of
variables.:
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Example 1: Node voltages

=V([(@@])

This prints the value of all node voltages, one per row, and it looks something
like this:

=V(1)
=V(2)
=V(@3)

=FORMULATEXT(V([@@]))

This prints the names of the node voltages, one per row. This is designed to
match the corresponding node voltage values and looks like this typically:

V(1)
V(2)
V(3)

Example 2: Power dissipation

=PD([R@])
prints the power dissipation of all resistors and looks like this typically:

=PD(R1)
=PD(R2)
=PD(R3)

=FORMULATEXT(PD([R@)))

prints the names of the power variables of all resistors, one per row. This is de-
signed to match the corresponding resistor values and looks like this typically:

PD(R1)
PD(R2)
PD(R3)
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Spreadsheet right click menu: The properties of the spreadsheet are controlled
by this menu. To access it, right-click the mouse over a cell or group of cells. It
offers these items:

Edit Item: This lets you control the title text, the font and its colors, and the num-
ber of rows and columns in the spreadsheet.

Cell Color: This lets you set the default background color of the selected cells.
Format Cells: This lets you control several items:
Horizontal Alignment: This sets the horizontal text alignment.
Vertical Alignment: This sets the vertical text alignment. Because the cell's
vertical size can be varied, vertical text alignment is necessary and this item
lets you control it.

Format: This lets you control the numeric format of the selected cells.

Text: These three buttons let you control the text font, font color, and cell
background color. The last item is redundant with the Cell Color item above.

The next two items control the conditional background color of the cell:

If: This field holds a Boolean expression which, if true, changes the color
of the cell from the default color to the one specified in the Color field.

Color: This is the color the cell background will be if the If expression is
true.

For example, if cell D4 has this expression in the If field, C2>E4, then if
cell C2's value is greater than E4's value, the background color will be
set to the color specified in the Color field.

How would you use this? One application would be checking if a circuit

parameter is within specification. You can use circuit variables like V(10)
and even performance functions like PEAK_Y(DB(V(3)),1,1).
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Auto Sum: This invokes a function that sums the contents of the cells
above. It adds the cells until it finds a cell with plain text. You can do this
manually with, for example, SUM(C1:C10), This feature just makes

it easier.

Auto Average: This works the same way as Auto Sum, but averages the
cells instead of summing them.

Adding a spreadsheet to a circuit: You add a spreadsheet by first getting into
Spreadsheet mode and you do that by:

1) Clicking on the Spreadsheet % icon.
2) Selecting Spreadsheet mode from Options / Mode / Spreadsheet

3) Selectine Spreadsheet mode from the Graphics menu invoked by the
Graphics icon.

Once in Spreadsheet mode, you can either click the left mouse to get a default-

sized (100 rows by 26 columns) spreadsheet or drag the left mouse to create a
smaller one.
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Adding and editing graphic objects

First step: Click on the Graphics mode button ﬂ in the Tool bar. A menu ap-
pears, listing the available graphic objects. Choose one of the objects by clicking
on it. Drag the mouse in the schematic to create the object.

Graphic objects include the line, ellipse, rectangle, diamond, arc, pie, braces, and
picture. All have handles which can be dragged to alter 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. This
lets you change the aspect ratio or relative shape of the object.

Double-clicking on a graphics object invokes a dialog box for editing the object.

If the object is a picture, a file dialog box will be presented. Select the name of
the picture file, border and fill options, and then click on the OK button.

Here is an example of a circuit file with two WMF pictures created and captured
in Harmonic Distortion analysis. Micro-Cap can import or export (create) pic-
tures in TIFF, JPEG, BMP, GIF, PNG, WMF, and EMF formats.
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o
R
27 =
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[STRIST> T3\ Main {To  Wedal , Poer Scpsies A F
rtlor HOBBY_AUDIO_AWP2_PICSCIR

Select Mode

Figure 2-7 A circuit with two WMF picture files
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Adding and editing flags
First step: Click on the Flag mode button ﬁ 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 a flag, 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 ﬂ 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 drawing
to the desired location and release 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 a single object, click on it and hold the left mouse button down, then
click on the right mouse button. Each click rotates the part 90 degrees. CTRL+R
also rotates a selected object.

To rotate a group of objects follow the following procedure:

First step: Click on the Select mode button ﬂ 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 ﬂ button
rotates about the horizontal axis in 180 degree increment. The Flip Y axis ﬂ
button rotates about the vertical axis in 180 degree increments. The Rotate button
ﬂ rotates about the Z axis (perpendicular to the schematic plane) in 90 degree
increments, producing four distinct orientations. CTRL+R also rotates about the
Z axis.
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Stepping schematic objects

Stepping lets you define a rectangular 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 procedure is as follows:

First step: Click on the Select mode button ﬂ 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 boundaries just 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 this way, you'll end up with
unconnected sections due to the space between the objects and the original box
boundaries. This is usually not what you want. The way around this is to use the
box handles. These handles are on all four corners and each side of the box. After
the initial 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, ﬂ to invoke its dialog box.

12 %

Times to step Haorizontal =

Times to step Vertical I ] 3:

r Copy text

oK I Cancel | Help... |

Figure 2-8 The Step dialog box

This dialog box lets you make three choices; the direction in which to step the
box, the number of times to 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 always incremented. 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 a rectangular region called a box and then copy a re-
flected image of the box contents. The mirroring procedure is as follows:

First step: Click on the Select mode button ﬂ 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 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 mirror this way, you'll end up with unconnect-
ed sections due to the space between the objects and the original box boundaries.
This is usually not what you want. The way around this is to use the box handles.
These handles are on all four corners and each side of the box. After the initial
box creation, the handles can be dragged so that the box has no spaces in it. This
lets the mirroring process create a contiguous, connected copy.

Third step: Click on the Mirror button, g This invokes the Mirror dialog box.
2 *

Reflection

™ Vertical I™ Copy text

% Horizontal

oK I Cancel | Help...

Figure 2-9 The Mirror dialog box

This dialog box lets you choose a vertical or horizontal reflection and whether

or not you want to copy the box's grid text. A vertical reflection produces a copy
vertically below the original region. A horizontal reflection produces a copy hori-
zontally to the right of the original region. All attributes are copied except Part
name, which is incremented. Grid text, if copied, will be incremented if the Text
Increment option in the Preferences dialog box is enabled.
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Deleting schematic objects

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

Second step: Select the object (component, text, wire, flag, or graphic object)

to be deleted by clicking on it. To select multiple objects for deletion, hold the
SHIFT key down while you click on each object. You can also select one or more
objects by dragging the mouse to define a rectangular region (box). All objects
within 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 edits to text fields, schematics,
shapes, and analysis plot objects. Changes available for undoing include editing,
deleting, moving, rotating, reflecting, and stepping. Text edits are not revers-
ible after the text cursor has been moved to another field. If a command is not
reversible, you can still reverse its 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 the file stored on disk.

There is also a 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.

These commands are multistage. They can undo/redo many times and are only

limited by available memory.

65



66

Enabling / disabling schematic objects

Schematic objects, including parts, text, and wires, can be enabled or disabled.
Enabled objects are included in analyses, SPICE netlist translations, and Bill of
Materials reports. Disabled objects are not included. Enabled objects are colored
normally, while disabled objects are shown in gray. The disabled color is set from
Properties (F10) / Color/Font / Disabled. To enable or disable an individual
object, double click on it, and click the Enabled check box to the state you want.

Here is how you enable or disable schematic objects:

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

Second step: Select the object or group of objects.

Third step: Click on the Enable ﬂ or the Disable g tool bar button, or if you
prefer, select the Enable or Disable item from the Edit menu. If the item is a
single object, you can also double click on it and in the dialog box that comes
up click the Enabled check box. A check means the object is enabled. No check
means it is disabled.

The Enable function is useful when you want to temporarily remove text, wires,
or circuitry to see the effect while retaining the disabled circuitry for future use.

In addition to simple enabling there are several other region enabling modes:

Regions enabled with an expression:

You can make the enablement of a region dependent upon expressions involving
symbolic variables (those created with a .DEFINE or a .PARAM statement). This
lets you switch blocks of circuitry back and forth by changing a single parameter.
Use the Region Enable mode, at Options / Mode / Region Enable, or click on
the Region Enable tool bar button ﬂ to define a region and then its enabling
expression. To change the expression double-click on the expression text within
the Region Enable box.

You can also employ pure logic expressions using Check variables. Check vari-

ables are named check boxes and are added to the schematic from ﬂ or Options
/ Mode / Check. These variables have only two states; 1 if their check box is
checked and 0 if not.
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Regions enabled with a check box:

If you click the Check box in the Region Enable dialog box, then the region's
objects are enabled or disabled by clicking on the check that appears in the box.
Enabling the Check mode disables the Expression mode.

Regions enabled with a group name:

If you click the Check box in the Region Enable dialog box and specify a name
in the Group field, then the region's objects are enabled or disabled by clicking
on the button that appears in the box. Only one named region can be enabled at
a time. Clicking on the button disables all other regions using the same group
name. You can have multiple groups of the same or different names.

L1 Regions enabled with an expression (CA)
. m ouT
v 5u A ICA R1 212
- . c2 =—=100p e THE BOX IS ENABLED IFIT'S EXPRESSION
.define CAO i
| ISTRUE(>0),
L
L2 Regions enabled with a check box
. m = OUT1
5u v v 12
ve Re 2

‘ €3 ==10n c4 ==100p

A CLICK ON ANY CHECK BOX ENABLES THE
REGION. MULTIPLE REGIONS CAN BE ENABLED.

L3 Regions enabled with a button group name (G1)

L : OUT?2
Bu & 61 : 61 61 ! S 10
V3 | | RS 3

A CLICK ON ANY BUTTON ENABLES THE BOX.
ONLY ONE REGION CAN BE ENABLED.

C5 ==10n |

This circuit, called Region_Enablel, is included on the CD. It demonstrates the
three region enabling modes.

Region enabling is a quick and convenient method for evaluating different circuit

options. It is most useful when you tile a schematic and analysis plot and then
toggle the different regions to see the effect on the analysis plot.

67



68

Node number assignment

Micro-Cap automatically assigns numbers to the circuit nodes when an analysis
is requested, when the circuit is saved to disk, or when any change is made to

the circuit and the Options / View / Node Numbers @ option is active. Node
numbers 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 a text name assigned by you. For Micro-Cap 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 a wire,
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 a plot expression), it will be printed
on the schematic. In general, interface nodes between analog parts and digital
primitives are accessible unless they occur at a subcircuit interface.

4. Analog node numbers are displayed in a box with rounded corners while
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 a temporary storage area that is used to save schematic or text
fragments, as a prelude to pasting them to a new location. It is an invaluable 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 copies it to
the clipboard.

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

Paste CTRL+V Pastes the clipboard contents to the last

mouse click location.

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

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.

Micro-Cap maintains two separate clipboards: a text box clipboard and a sche-
matic clipboard. Text copied from a text box will not mix with text copied from
the schematic. Text from the text area of a schematic is regarded as schematic
material and is stored to or copied from the schematic clipboard. Thus, it is pos-
sible 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 Micro-Cap 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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The clipboard list

In addition to the standard clipboard, there is another private clipboard called

the keyboard list. This clipboard holds both normal and RTF grid text, text field
text (like that in a text field or page), pictures from the standard clipboard, circuit
fragments, and analysis limits. You can name the objects you store for later ease
of recall. You might, for example, save favorite circuit fragments for later rapid
use in your designs.

Here is what a typical Clipboard List looks like:

| Name | &
Limits Transient Limit12

Text MODE A IS

Limits Transient Limit

Circuit diffamp

Image <bmp = Clipboard.bmp

Limits Transient Limit 1

Text .MODEL V1 PUL

Type

Image <bmp>
Text

Circuit

RTF

Image <jpeg=
Circuit

Limits Transient
Limits Transient

Clipboard.bmp
MODEL QML NPN
UAT09 text
ABCDEFG
Funny-Dog[1].jpg
pric

Limit

Limit PLL

Limits Transient Limit1
limite Transisnt 1imit?
£ >

o]

Rename... |

The list is best used to save frequently used items like circuit fragments, analysis
limits, or text.
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Drag copying

Copy and paste works well when you want to duplicate a part of a circuit, but
there is another, often easier, option called drag copying. It works as follows:

* Select a circuit 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. As with other copying operations
like stepping, mirroring, and pasting, part names are always incremented, but grid
text is incremented only if the Text Increment option (Preferences) is enabled.

Drag copying can be used on any schematic object, whether it is a component,
wire, graphics object, spreadsheet, flag, or piece of grid text.

Drag copying is especially convenient since it replaces the two step process of
cut and paste with a simple 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 is fast 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 RESISTANCE 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 entire region, like the differential stage

of an amplifier, can be copied. Even if some editing of the copied region's objects
is required, the entire process is usually simpler, faster, and less error prone.
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The Info command

The Info command displays model information about a command statement or a
component. It works like this:

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

The Info function will provide some information for all components and some
command statements. It generally provides information that is not easily vis-
ible, such as a subckt listing or a model statement from an external file, a digital
source stimulus table, or a Laplace or Function source data table. For simpler
components without model statements, the Info function usually invokes the At-
tribute dialog box.

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 .LIB command statements, Info displays the contents of
the file referenced in the command statements.

If the information is found in the text area, the Info command switches to 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 ﬂ 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 com-

ponent. This is the same information available from the Help system. It is just a
little easier to access in the context of working with the Circuit editor.
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The Digital Path commands

One of the most important properties of digital circuits is path delay. Path delay is
how long a signal takes to propagate through each of the many possible paths in a
circuit. Micro-Cap provides several related commands for analyzing and display-
ing these paths. These commands do three things:

* I[dentify and list the gates involved in the paths.

» Show the delay of each path, calculated from the individual delays of the
gates in the path list.

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

There are three digital path commands:
1. Point to End Paths: This shows all paths from the component at the point
of a mouse 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: This shows all paths from the point of the first mouse
click to the point of the second mouse click.

3. Show All Paths: This shows all paths in the circuit starting on STIM, FS-
TIM, 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 is as follows:

First step: Select one of the three commands from the Options menu.

Second step: For the Point to End command, click on the body of a gate or stimu-

lus component. For the Point to Point command, click on the starting component
and on the ending component.
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At this point, Micro-Cap shows a list of paths appropriate to the chosen com-
mand in the Digital Path dialog box. It typically looks like this:

o. | Path [tHDelay [HDelay |
USU7US U Us U14U12U13U17 76n n
UsSU7uU9Ue UBUI4U18UI9 UL ULT 93n 78n
USU7US U1 UIS U1s U7 63n 5in
Usu10Us U14U12U13U17 s 57n
USU10 U8 U14U1B U1S Uls U17 F4n 55n
Usu10U19U1e U7 “n 3n

Figure 2-12 The Digital Path dialog box

Scroll through the list and click on a path and Micro-Cap will redraw the sche-
matic and highlight the path. You can use the DOWN ARROW key to trace each
path in the list from top 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 a low to high transi-
tion at the path start. It then traverses the path, summing the delays using the
actual 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 performs a similar analysis.

A path ends when any gate in the path does not drive a standard gate or a tristate
gate. Path commands handle combinatorial gates only. Subcircuits are not ex-
panded.
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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. This is the conventional method. It is slow but sure.

Scaling: Use the Zoom-Out ﬂ or Zoom-In E buttons in 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 is like sliding 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 a flag
from the Select Flag dialog box which is accessed from the Tool bar E or
from the Go To Flag item on the Edit menu.

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

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 changes in 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 be found in the individual 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 helps to converge high current devices.

CHGTOL: Absolute charge tolerance. This parameter is like ABSTOL but
applies only to charge variables.

CSHUNT: If nonzero, a capacitor of this value is added from each node to
ground as an aide to transient convergence.

DEFAD: MOSFET default drain area in sq-m.

DEFAS: MOSFET default source area in sq-m.

DEFL: MOSFET default channel length in m.

DEFNRD: MOSFET default number of drain squares.

DEFNRS: MOSFET default number of source squares.

DEFPD: MOSFET default drain periphery in m.

DEFPS: MOSFET default source periphery in m.

DEFW: MOSFET default channel width in m.

DIGDRVF: Minimum drive (forcing) resistance for digital IO models.
DIGDRVZ: Maximum drive (high impedance) resistance for digital models.

DIGERRDEFAULT: Default maximum error message limit for individual
digital constraint devices.
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DIGERRLIMIT: Default maximum error message limit for all digital
devices during each analysis run.

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

DIGIOLVL: Default digital 1O level, 1 to 4. Specifies one of four DtoA
and AtoD interface circuits.

DIGMNTYMX: Specifies the default digital delay: 1=Min, 2=Typical,
3=Max, 4=Min/Max.

DIGMNTYSCALE: Specifies scale factor used to calculate unspecified
minimum delays from specified typical delays.

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

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

DIODE_MAX_IS: Clips the temperature adjusted diode parameter IS at the
specified value when the N parameter in the diode is below .1.

GMIN: Specifies the minimum branch conductance.

INTERPOLATION_ORDER: Specifies the interpolation order used in
FFTs in transient and Harmonic and Intermodulation distortion analysis.

ITL1: Operating point iteration limit before supply relaxation is attempted.
ITL2: DC transfer curve iteration limit for each point of the DC sweep.
ITL4: Transient analysis iteration limit for each time point.

LONE: This is the value produced by a logical expression when the
expression is TRUE.

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

LZERO: This is the value produced by a logical expression when the
expression is FALSE.

PERFORM_M: This is the 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 absolute value required of a pivot in the matrix solver.

RELTOL: This is 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 achieve
convergence at a solution point. Increasing or decreasing RELTOL is
occasionally required to converge difficult circuits.

RMIN: This is the minimum absolute value of the resistance of a resistor or
an active device lead resistance, (e.g. BIT RB, RE, and RC).

RP_FOR_ISOURCE: If nonzero, a resistor of this value is added across all
current sources.

RSHUNT: If nonzero, a resistor of this value is added from each node to
ground as an aide to DC operating point and possibly transient convergence.

R_NODE_GND: This is 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. A value of 0 means no resistor is added.

SANDH_PRECISION: This is the precision used to determine when a
Sample and Hold has converged.

SD: This is the number of standard deviations in the tolerance band.
SEED: This is the 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.
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TNOM: Default model parameter measurement and analysis temperature.

TRTOL: This is the 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 is useful in converging high voltage devices.

WIDTH: Controls output column width.
Check Box Options:
NOOUTMSG: This disables the creation of output warning messages.

NUMERIC_DERIVATIVE: If enabled, this flag causes Micro-Cap to use
numeric derivatives in lieu of algebraic formulas for function sources.

PRIVATEANALOG: If enabled, all analog devices have private model
libraries. A device can have a private copy of its model library or a public
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
is public, 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
affect all devices which share the copy. The presence of a DEV tolerance in
a model statement forces a private copy, regardless of the state of the
PRIVATEANALOG flag. The default value for this option is enabled.

PRIVATEDIGITAL: If enabled, all digital devices have private model
libraries. A device can have a private copy of its model library or a public
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
is public, it will be shared by all 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
a model statement forces a private copy, regardless of the state of the
PRIVATEDIGITAL flag. The default value for this option is disabled.
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TRYTOCOMPACT: If enabled, this flag causes the program to compact the
past history of lossy transmission line input voltages and currents.

PATH_TO_GROUND: If enabled, this option causes Micro-Cap to do the
path to ground check before running an analysis. All nodes must have a DC
path to ground in order to be solvable. If such nodes are found, Micro-Cap

can optionally add a Gmin conductance from the node to ground to resolve
the problem.

VOLTAGE_LOOQOP_CHECK: This option causes Micro-Cap to do a check
to ensure that there are no loops containing only voltage sources. The circuit
must have no such loops in order to be solvable, but the check can usually be
done just once and then avoided to save analysis setup time. This time is
usually only a concern with very large circuits.

FLOATING_NODES_CHECK: This option causes Micro-Cap to do a
check to ensure that there are no nodes having only one connection. Since the
presence of such nodes poses no problem for Micro-Cap, it is recommended
that this option be disabled, unless you are creating a circuit that you plan to
port (via the translate to SPICE command) to another simulator that does not
handle such nodes and you want to check for them.

Method Options:

EULER: Selects the Backward Euler integration method. This is mostly
for academic investigations and is rarely used for practical simulations,
mainly because the other two methods are more accurate.

GEAR: Selects the Gear integration method. This method is best used in
circuits where inductors are in series with switches of any kind. This is
usually the case with SMPS circuits.

TRAPEZOIDAL: Selects the trapezoidal integration method. This is the
best overall integration method.
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The File menu

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

s]
=

=1

® 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 file from the disk.

® Save: (CTRL + S) This command saves the active window file to disk us-
ing the name and path shown in the title bar.

* Save As: This command saves the active window file to disk after prompt-
ing the user for a new file name and (optionally) a new path.

* Encrypt / Decrypt: This option lets a user encrypt a file with a password
or decrypt an encrypted file by supplying its password. An encrypted file can
only be opened for viewing / editing if the password is supplied. Encrypted
files can be simulated without requiring the password. This option is used to
protect proprietary macros (*.mac) and library files (*.1ib). It can also be used
on any schematic file. It cannot be used on binary files (*.mdl, *.lbr).

To decrypt a .lib file: Load the file. The program will display the file with
the critical parts of any subcircuits encrypted. Invoke the Encrypt / Decrypt
command. The program will ask for the password. When you supply the
password the program will display and save to disk the decrypted file.

To decrypt a .mac or .cir file: Load the file and supply the password. The
program displays the decrypted file. Use the Save command to save the file
in standard format without encryption.

* Paths: This option lets you specify default paths for DATA (circuits and
output files), LIBRARY (model libraries), PICTURE (picture files), and
DOCUMENT (Reference Manual, User Guide, and other information files).
If more than one path is specified, they must be separated by a semicolon
(;)- Micro-Cap first looks locally in the circuit for model data. It searches
LIBRARY paths next, scanning multiple paths in left to right order. See the
Libraries chapter for more information on paths. Local .PATH commands,
within the circuit can be used to specify different paths.
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)

Defined Paths

Data

C:\MC12W\data

E3

—Model library and indude files (*.lib, *.lbr, *.mac, *.res,*.ind, *.cap;*.mdl)

I C:MC 120 Vibraryy

E3

r~Picture (*.bmp; * wmf;*.emf;* gif; *.jpg; = tif)

| C:WMC12W\data\,

E3

- Document

I C:\MC 120 \documents

E3

Preferred Paths

Brochure
CIR
MC12CD
MC12W
MCNC

Add...

Update |

File Dialog Initial Path
@ Use Defined Path
7 Use Last Path

£~ Use Current Path

UserPaths ————————
CD=c:\mcl2cd\dat Add...

Edit... |

= Delete |
ele |
[V Lookin St 5

[V Allow Non-existent Paths

0K I Cancel | Path... | Help... |

Figure 2-12 The Path dialog box

The Path dialog box provides these options:

Data: This field specifies the DATA path. This path is used mainly for
circuits, source data files, and output files.

Library: This field specifies the LIBRARY path. This path is used
mainly for model files. This includes binary (*.LBR), text (*.LIB),
Model program (*.MDL), and macro (*. MAC) files.

Picture: This field specifies the PICTURE path. This path is used
for picture files.

Document: This field specifies the DOCUMENT path. This path is used
for the Reference Manual, User Guide, and other information files.

Each field may have one or more paths, separated by semicolons, with
the leftmost paths having higher priority when searching.

Preferred Paths: This group lets you select or manage the path sets.

List box: This field lets you select a path set.
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Add: Creates a new path name for the set of displayed paths.
Update: Updates selected path name with the displayed paths.
Delete: This deletes the selected path set name.

File Dialog Initial Path: This group lets you decide what folder the File
Open dialog box uses for its initial display.

Use Defined Path: This employs the path fields.

Use Last Path: This employs the last path used in a file open
operation.

Use Current Path: This employs the path of the displayed file.

Look in Subfolders: This option causes the program to search in any
subfolders within the specified paths.

Allow Non-existent Paths: This lets you specify paths which do not
exist at the time of creation, but may later. For example, USB or CD
drives.
User Paths: This lets you define path names variables and the associated
paths that can be used in any place where a file path is expected such as
the FILE attribute of a WAV source or in a .LIB statement. There are
three commands to manage the list:
Add: This lets you define new path names and associated paths.
Edit: This lets you edit selected user paths.
Delete: This lets you delete selected user paths.
OK: This accepts changes and exits the dialog box.

Cancel: This ignores changes and exits the dialog box.

.PATH: This adds new or replaces existing .PATH commands in the
top, or displayed circuit.

Help: This explains how to use the dialog box.
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* Cleanup: This lets you remove clutter by deleting many working files
created by Micro-Cap but often 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: This lets you migrate selected files from an earlier version of
Micro-Cap. After you specify the location of a MCAP.DAT file, MC12
reads it and makes a list of files that may be copied to suitable new locations.

* Translate:

o * Binary Library to SPICE Text File: This command translates a
binary Micro-Cap library parameter file, FILE.LBR, into a text file,
FILE.LIB, containing model statements.

i * SPICE Text File to Binary Library: This command translates a
SPICE text file, FILE.LIB, containing model statements, into a binary
Micro-Cap 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 Protel, Accel, OrCad, or PADS.

* Schematic to Old Version: This translates the current schematic file to
older formats. For example, if you want to simulate a circuit created with
MCS through MC10, you would use this command. MC12 can read any
of the older formats. Saving a file in MC5 format, and then reading it
back with MC12 will lose some of the MC12 options in the original file.

* Bill of Materials: This command creates a bill of materials for the
schematic listing part name, type, value, quantity, and other attributes.
It 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
files into SPICE style model statements in a SPICE text file.

* IBIS to SPICE File: This accesses the IBIS dialog box. It creates
SPICE files from IBIS files, set up for a transient run in either Standard
Models or Golden Waveforms Check format.
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® Touchstone Files: This option converts Touchstone file parameters
from S, Y, Z, G, H, T, or ABCD (Cascade) format to any other format
(S,Y,Z, G, H, T, or ABCD).

* Load MC File: This command is still available but has been superseded by
the Create Circuit command in the histogram window. It loads a 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, showing each circuit with parameter values which caused
failure.

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

* Backup and Restore...: This command lets you create a backup file and
later restore any file within. You can make multiple backups for extra
security. Mainly this preserves the standard component and shape libraries,
but there are other files in the backup as well (e.g. waveform buffer).

* Close: (CTRL+F4) This command closes the active file. It will optionally
ask if you want to save any changes on disk. You can disable this query at
Options / Preferences / Warnings / File.

® Close All: This command closes all active files.

* Print Preview (Ctrl+Alt+P): This previews what the printed schematic,
analysis plot, 3D plot, performance plot, or Monte Carlo plot will look like
with current print options. It also lets you select, move, and resize the

schematic and plot.

® Print: (CTRLAP) This command prints a copy of the document shown in
Print Preview in accordance with the instructions in Print Setup.

* Print Window: This command prints the contents of the active window.
* Print Selected Region: This prints the selected region of a circuit.
* Print Setup: This option changes the printer settings and paper choices. Its

format will vary with different printers, but usually it lets you specify a
particular printer to use and the paper size, source, and orientation.
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* Edit Recent Files: This lets you manage the display of recently used files
The Recent Files dialog looks like this

@) :
Bl Dptions Check a box to pin the file to the list

General [IEA IR tsmake, sampie, CIR TA Flelstsze |30

Analysis +\CIR \Smoke_igbt.CIR

Circuit :\MC 120 \DATAWorst Case Analysis\WorstCase_Sample. CIR RElmmiETE
Recent Files :\CIR\SMOKE_NOTES.CIR % Show Full Paths
;:?nrt:: o Cigilév;\gg:\g:;h;r;s,MUuUR © Variablize Paths
Color Palettes [¥]C:\CIR\MILITARY.TLIE " Don't Show Paths
Rainbaw [¥]C:\CIR \Standard. tib
Status Bar [W]C:\CIR\smoke 1.bat
Panel [WC:\CIR\bench12.bat
Window Tabs [w]C:\CIR \smoke2.bat.
Error Window [W]C:\MC 1200\ TBR AR Y \Standard. b
Component Palettes [W]C:\MC 120/ \DATAMC 12Circuits. CIR.
Auto Save [¥]C:\MC 12\ TBRAR Y \measure. lib
Warnings W] C:\MC 120/\DATARegion_Enable. CIR
Did you know? ] C:\MC 12/ \DATAMeasurements_Window, CIR
Style [C:\MC12w\DATA\Region_enable3.CIR
Combinations [1C:\MC 12V \DATAVAUDIO_AMPLIFIER.27b. wmf
Slider [C]C:\MC 120w \DATA\Spreadsheet_Sample_A.CIR
International Settings M TTMVr112 e i
Threads

Remave
OK I Cancel Apply Help...

Figure 2-13 The Recent Files dialog box

This dialog lets you pin some of the file names to the top of the list by
clicking in the checkbox. The dialog also lets you control the file list size
and manage the display of path information.

* Show Full Paths. This shows the full path in the display. The full path
can get to be pretty long but is helpful when you've used multiple folders.

® Variablize Paths. This shortens the path by using a variable name
instead of the full path name. E.g. <Data> rather than c:\mc12\data.

* Don't Show Paths. This shows only the file name.

* Exit: (ALT+F4) This exits the program.
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The Edit menu

This menu provides the following options. Equivalent tool bar buttons appear
next to the commands below.

Ll

< |2

@

® Undo: (CTRL + Z) Micro-Cap has a multistage undo. It can undo the last
N operations that change a circuit file. N is limited only by RAM memory
and is usually much greater than 100. Undo can also restore the last state of a
text field, if the text cursor is still in the field.

® 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 a circuit file.

¢ Cut: (CTRL + X) This command deletes the selected objects and copies
them to the clipboard. Objects include text field text and schematic objects.

® Copy: (CTRL + C) This command copies selected objects to the
clipboard. Objects include 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 a group of characters in a text 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.

* Paste Image: (Ctrl+Shift+Alt+V) This pastes the clipboard image to the
schematic at the location of the last left-click of the mouse.

® Clear: (DELETE) This deletes the selected items without copying them to
the clipboard. This command deletes 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 all text in the current text field or document.

* Copy to Clipboard: These options copy all, or the visible portion of, the
front window in several formats to the clipboard, which may then be pasted
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to other programs. You can't paste a clipboard picture to Micro-Cap, but you
can import a picture file to Micro-Cap using the Picture item from Options /

Mode, or by clicking on the graphic ﬂ icon. Select Picture, then drag or
click in the schematic and Micro-Cap prompts for the picture file name.

* Export Graphic File: This creates a picture file from the front window
which can be imported into Micro-Cap or other programs.

* Copy to Clipboard List: This copies the selected schematic region or text
to the Clipboard List.

* Copy Image to Clipboard List: This copies the image in the standard
clipboard to the Clipboard List. For example, if you had previously copied an
analysis plot to the clipboard in say .bmp format, you could then copy it into
the Clipboard List.

* Paste From Clipboard List: This lets you select an object from the
Clipoard List and paste it into the circuit.

* Edit Clipboard List: This lest you delete or rename any object in the list.
* Enable: This enables the selected circuit region.

* Enable With: This enables the selected circuit region conditioned on the
Boolean expression. For example, analysis= AC would be enabled while AC
analysis is active.

* Disable: This disables the selected circuit region.

* Add Schematic Page: This adds a new schematic page to the circuit.

* Add Text Page: This adds a new text page to the circuit.

* Localize File to Pages: This copies a selected data file to a text page in the
circuit. The file is usually a source file like *.USR or *.WAV.

* Delete Page: This deletes one or more schematic or text pages.

* Add Macro Section: This adds a new macro section to the schematic.
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® Localize...: This localizes circuit model data by copying macros,

subckts, and model statements from the libraries to the circuit. It is a handy
way to embed model information in the file prior to sending the circuit to a
colleague who may not have your models. It can also serve as a refresh step,
restoring model information from the master libraries in case you have edited
the models and want to restore them.

® Build Command: This accesses the Command Builder dialog box.
* Box: These commands affect objects enclosed in the selected "box" region.

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

M | ® Mirror Box: This creates a horizontal or vertical mirror image of the
= objects enclosed in a selected region.

ﬂ * Rotate: (CTRL + R) This performs a counterclockwise rotation of the
objects in a selected region.

j * Flip X: This flips the objects in a selected region about the X-axis. The
= X-axis is defined as the horizontal line that bisects the selected region.

E * Flip Y: This command flips the objects in a selected region about a Y-
axis. The Y-axis is the vertical line that bisects the selected region.

®* Make Macro: (CTRL + M) This makes a macro from the circuitry
inside of the current box region. It gathers it into a new circuit, labels the
pin names, saves the macro under a 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 symbol representing
the circuitry. After the macro command, the circuit will simulate just as
before, but the schematic will have less clutter.

® Change: (Ctrl+Shift+A)These options let you change several attribute
features:

ﬂ ® Properties: (F10) This accesses the Properties dialog box for the

current window. From here you can change the color of features such as
wire or component color. Changes affect all objects.
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® Graphic Object Properties: This accesses the Properties dialog box
for the graphic objects line, ellipse, rectangle, diamond, arc, braces, and
pie. From here you can change the default properties like 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: This lets you change the display status of the five main
attributes of all components in the circuit, en masse.

Tolerances: This lets you change the tolerances of one or more parts.

Apply Display Properties: This command copies the display properties
of a selected part to all other parts with the same component name. It
could be used, for example, to make all resistors blue and use Arial 12
point font for the RESISTANCE 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: This lets you change the color of selected parts, text, and wires.
Font: This lets you change the font of selected grid text and parts.

Rename Components: This renames all parts using standard naming
conventions and reorders the parts to make the node numbers flow from
left to right and top to bottom. It updates the part names in analysis plot
expressions, so R(RX) changes to R(RY) if the part name is changed
from RX to RS. It does not update node numbers in analysis expressions,
however, so these must be changed manually.

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
its text. This command restores their original default positions.

Fit to Standard Values: (Ctrl+Shift+S) This fits all of the resistors,
capacitors, and inductors in the circuit to a single standard value or to a
series / parallel combination of standard values. The dialog box looks
like the next figure.

Chapter 2: The Circuit Editor



¥ Combinations ™ Single Part

¥ Create Report

Preferences Combinations... |

oK I Cancel | Help...

Figure 2-13 The Fit to Standard Values dialog box

This dialog box provides several options:

Combinations: This finds the best series / parallel combination
of standard part values that approximates the resistance,
capacitance, and inductance values. For example, a capacitance
of 50.45pF becomes:

50.435p = (120p+87p) (=-0.02973% n=2)

The closest value is achieved with a 120pF capacitor in series

with an 87pF capacitor. The resulting value is 50.435pF, which is
within 0.02973% of the original value. New values are assigned |
to the RESISTANCE, CAPACITANCE, or INDUCTANCE, and
COMBINATION is set to the construction formula. Its syntax is:

vl + v2 means the series combination of vl and v2

v1 | v2 means the parallel combination of v1 and v2

vl + (v2 | v3) means the series combination of vl and the
parallel combination of v2 and v3.

(vl +v2) | (v3 + v4) means the series combination of vl and v2
in parallel with the series combination of v3 and v4.

Single Part: This finds the closest single part value for
RESISTANCE, CAPACITANCE, or INDUCTANCE.

The Create Report option places a summary of the choices made
in a schematic page called Standard Values. The part files to use,
maximum error, and maximum series, parallel, and total parts to
use are set at Options / Preferences / Combinations.
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* Align: These options let you align grid or part attribute text.
® Align Left: (Ctrl+Shift+Alt+L) Aligns text to the left side.
¢ Align Right: (Ctrl+Shift+Alt+R) Aligns text to the right side.
® Align Top: (Ctrl+Shift+Alt+T) Aligns text to the top side.

® Align Bottom (Ctrl+Shift+Alt+T): Aligns text to the bottom side.

&l x
—Search On———— —Previous
[~ Part Mame I oUTA]
™ Node Mame OUTE ~
[T Atiribute Text rmi_1
anl_1
™ Component Type gl W
™ Grid Text current
vl 1 ~
1K
[~ whole Word 2
2K
Find Mext 3
q
Close | 5
oK
Help... | 6 v
Replace With: I MNewvalue LI
1 Match
Replace | Replace Al

Figure 2-14 The Find dialog box

* Bring to Front: A click on a stack of overlapping objects selects the front
object in the stack. This command makes the selected object the front object.

&

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

* Next Object (CTRL + Tab): This selects the next object in a stack.

& &
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® Go To Flag: This dialog box lets you reposition the display on a flag.
Select a flag, click on the OK button and the program redraws the schematic,
with the selected flag at the center of the display.

* Find: (CTRL + F) This invokes the Find dialog box shown below.
It's used to find and optionally replace circuit text, including part names,
node names, attribute text, component type, and grid text.

12 X
—Search Fields
@ Text ( Shape ( Definiion ¢ Component ¢ Attribute Al

—Find

Text  |our -]

Definition INI_lLL ;I
Look In

I ci\dr ;I é%l [ Look in Subfolders
—File types

I = qr ;I
:\arY038 10V00-Temp-LT-v6.CIR Transient Limits ~
c:\gir\ 125UHIGHFLUXCORE2.CIR AC Limits
c:\ar'\128bitpwla. CIR. Transient Limits
c:\dr\12PHSCR.CIR Section=12PHSCR Page=Te
:\ar\12PHSCRE.CIR Section=12PHSCRE Page=1
c:\dr\12PHSCRT.CIR Section=12PHSCRT Page=1
c:\ar\12PHSCRDIUALESZ.CIR Section=12PHSCRDUALGa2
c:\ary 12PHSCRDUALGAZY. CIR Section=12PHSCRDUALGAZ
o h\arVINNWLCIR Page=Page 1
c:\dr\1STLOPLL.CIR Section=15TLOPL1 Page=T
cihar\2, cr Transient Limits

+ i Page=Main
c:\arl20150602_1.CIR Section=20150602_1 Page:
c:\airi23CL200.CIR AC Limits e

Find I Skop | Open | Close | Help...

Figure 2-15 The Find In Files dialog box
* 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 a text 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.
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@ * Find in Files: This command invokes the Find in Files dialog box, which is
used to search the disk for files. You 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,
IN914,) or any attribute value (e.g. 2.4K, TOS). The principal purpose of this
command is to find a circuit whose name has been forgotten, but some small
part of its content is still known (e.g. I remember I used a 2N4124 in it).
You 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. The library
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 looks like this:

{8 fie £t Componert | Windows Options Anaysz Desgn bodel Hep
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Figure 2-16 The Component menu

The Component menu lets you select a component for placing in the schematic.
It is designed to provide easy access to any of the more than 24,000 parts in 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 supplies the 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
in the Model library.

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

Digital Library: This section has models for commercial digital components.
The values or model statements that define their electrical behavior are provided
in the Model library.
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Animation: This section contains objects which change their display or respond
to user clicks during a simulation. The objects include meters, seven-segment
displays, LEDs, and a variety of digital and analog switches. They work with the
Dynamic DC, Dynamic AC, and Animate modes.

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

Filters: This section is present if filter macros have been created by the filter de-
sign 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 a part by its name, shape, definition, or
memo field. It looks like this:

. X

Search Fields

ADE I™ Beginning of line [ " Name (" Shape {  Definiton {* Memo (* Al |

| AD600_AD _[Dual, Low Noise, Widsband Variable Gain APY)
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ADE02T_AD  [Dual, Low MNoise, Wideband Variable Gain A
ADE03_AD  [Low Noise, 90MHz Variable Gain Amplifier]
ADG03A_AD [Low Noise, S0MHz Varisble Gain Amplifier]
ADS04AN_AD [Ultralow Noise Variable Gain Amplifier]
ADS05AN_AD [Low Noise, Single Supply Variable Gain Amp
ADE20_AD1 [Low Power Instrumentation Amplifier]
ADE20_AD  [Low Power Instrumentation Amplifier]
ADE20A_AD  [Low Power Instrumentation Amplifier]
ADG20B_AD  [Low Power Instrumentation Amplifier]
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ADE24A_AD  [Precision Instrumentation Amplifier]
ADE248_AD  [Precision Instrumentation Amplifier]
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13 grpe 9
(EFRARE

v
>

Shape |mﬁuu Dgﬁnmonlsuhdit e |c:wn12w\=standardmp

Memo | Dual, Low Noise, Wideband Variable Gain Amplifier
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Figure 2-17 The Find Component dialog box

To select a component 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,
Micro-Cap 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 Component panel

There is an additional way to access components from the library, the Component
panel. It looks like this:
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The Browse panel presents the Component library in the same hierarchical man-
ner that the Component editor does and shows the shape of the selected compo-
nent.

The Search panel searches the library for matching text strings, much like the
Find Component command (SHIFT + CTRL + F) does.

The Favorites panel provides a list of the most often used components.

The panel can be toggled from Preferences / Panel/Window Tabs / Show and
from Options / Panel. CTRL + ALT + X also toggles the panel display.

Double-clicking in the area above the panel tabs undocks the Component panel.
Another double-click in the same area restores it to the docked position.
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The Windows menu

® Cascade: (SHIFT + F5) This cascades the open windows in an
overlapping manner.

li#

* Tile Vertical: (SHIFT + F4) This vertically tiles the open windows.
* Tile Horizontal: This horizontally tiles the open windows.

* Overlap: This overlaps the circuit and analysis plot windows. If the Plot on
Top option is enabled, the circuit is maximized and a 1/4 size analysis plot is
placed on top, otherwise the analysis plot is maximized and a 1/4 size circuit
is placed on top. This option is available only during an analysis.

I |m |5

® Maximize: This maximizes a selected window or circuit window icon.

[}

® Arrange Icons: This neatly arranges any minimized circuit window icons.

E ® Maximize Over Multiple Monitors: This maximizes the selected
window and spreads it out over two or more monitors. This is handy when
you have two monitors with the same resolution and the same pixel count.
The Tile Vertical or Tile Horizontal command then places the schematic on
one monitor and the analysis window on another.

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 a text
window, this command draws the window using the next largest font size.

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

|£

® Auto Scale: (F6) Auto scales the schematic to fit the window.

® Toggle Drawing/Text: (CTRL + G) Every schematic has a drawing

area and a text area. The drawing area contains the schematic. The text
area is where local model, subckt, stimulus, and source table statements are
stored. This toggles the display between the drawing and text areas.
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® Split Horizontal: This horizontally splits the front schematic window into
two panes for simultaneous viewing of different parts of the schematic.

¢ Split Vertical: This vertically splits the front schematic window into two
panes for simultaneous viewing of different parts of the schematic.

® Space Splitters Evenly: This arranges any active splits evenly.
® Remove Splitters: This removes any split panes in the window.
® Component Editor: This accesses the Component editor.

® Shape Editor: This accesses the Shape editor.

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

¢ Title Block Editor: This accesses the Title Block editor.

¢ Calculator: This invokes the Calculator window. It lets you type in
expressions and it calculates the result. You can use circuit variables if you
are in an analysis mode. It can even do symbolic derivatives. Here are some
sample expressions:

(14+2*))*(1+2%j)....complex product returns -3 + 4%j

VBE(Q1)*IB(Q1) + VCE(Q1)*IC(Q1)....power in a BJT
SERIES(N,0,25,1/FACT(N))...Evaluates the first 26 terms of 1/FACT(N).
The derivative of X*X returns X*X"(X-1)+X X*LN(X).

® Check Model Library Parameters: This checks the model parameters
of parts in the Model library against the limits set in the Model Parameter
Limits Editor. The check is only done for parts that are implemented from
basic model primitives such as NPNs, NMOS, JFETs, diodes, etc. Subckt and

macro-based parts are not checked.

* Files in Memory: This group lists the open files in memory. If multiple
circuits have been loaded, you can select one for display from this list.
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The Options menu
* Main Tool Bar: (CTRL + 0) This toggles 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.
°* Panel (CTRL + ALT + X): This option toggles the Component panel.
* Show Error Window: This displays the Error Window.
* Window Tabs: This option toggles the window tabs on and off.
® Mode: This option accesses the Mode sub-menu. It contains these items:
J ® Select: (CTRL + E) This mode selects objects for editing. To change
) attributes like part name or model name, to edit grid text, or to select a
schematic region for moving or deleting you must be in the Select mode.
You invoke this mode by clicking on the Select button, pressing the

SPACEBAR, by typing CTRL + E, or by selecting this menu item.

* Pan: This lets you move the schematic view with a left-click drag.
Right-click drag also works in any mode.

* Component: (CTRL + D) This mode lets you add a component to the
schematic. Invoke this mode by clicking on the Component button, typ-
ing CTRL + D, or selecting this menu item.

13

® Text: (CTRL + T) This mode 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).

e}

® Wire: (CTRL + W) This mode adds orthogonal wires. Wires are used
to connect components together.

L

® WireD: This mode is used to draw diagonal wires in the schematic.

B |4

* Bus: This mode is used to add Bus connectors to the schematic.
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® Check: This lets you create a Check box variable. These variables have
only two states; 1 if their box is checked and 0 if not.

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

* Closed Polygon: This command lets you place a closed polygon in a
schematic or an analysis plot. In an analysis the polygon is intended for
use in defining valid specification ranges. After rough drawing a polygon
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Figure 2-19 The Polygon dialog box
object, double-clicking on it lets you type in more exact values. The key
words MIN and MAX place a polygon vertex coordinate flush with the
plot sides. Start the polygon with a left-click and finish with a right-click.

® Open Polygon: This operates like the closed polygon except that the
finishing right-click does not add a line to close the polygon.

If you double-click on either polygon type, you see this display:
This dialog lets you choose the Border and Fill colors:

® None: This produces a clear fill.
* Solid: This produces a solid fill using Color 1.
* Gradient: This produces a gradient from Color 1 to Color 2 fill.

* Pattern: This produces a patterned fill of the selected pattern.
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* Picture: This fills the space with a selected picture.
* Browse: This lets you select the picture file.
* Fit to size: This fits the picture within the polygon.
® Tile: This tiles the picture within the polygon.
* Center: This centers the picture within the polygon.
* Points: This lets you edit the numerical coordinates of the polygon.
* Left Brace: This mode is used to place a left brace graphical object.
* Right Brace: This mode is used to place a size right brace.
® Brace Pair: This mode is used to place a pair of braces.
* Flag: This mode is used to place flags on the schematic. Flags are used
to mark locations for quick navigation. Normally, you invoke this mode
by clicking on the Flag button, but you may also use this menu item.
* Spreadsheet: This mode lets you place spreadsheets in the schematic.
® 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: This mode lets you place a point tag on a plot. A point tag
labels the X and Y values of a single data point on a waveform.

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

* 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.

* Function Tag: This mode lets you place a performance or measure
function tag on an analysis plot. The tag calculates the function each time
the analysis is run and then labels the tag with the function value.
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® Help: (CTRL + H) This command invokes the component help mode.
This mode lets you click the mouse on a schematic component to see its
parameter and model syntax.

® Info: (CTRL + I) This invokes the Info mode. In this mode, clicking
on a component shows its model parameters, model statement, subcircuit
description, or command statement, depending upon the component.

* File Link: This invokes Link mode, in which clicking on grid text or a
part shows its link, which is usually an internet URL, local file address,
or a local executable program.

°* Region Enable: This mode lets you drag select a region and assign to
it a boolean expression that typically depends upon values of symbolic
(.define or .param) variables within the circuit.

¢ Title Block: This mode lets you place a title block in the circuit. It in-
vokes the Title Block display where you may select a title block design
from those already created in the Title Block editor.

* Point to End Paths: This command invokes the Point to End Paths
mode. In this mode, clicking on a digital component displays all paths
from the component clicked to all possible end points. End points include
flip-flops and gates which drive no other gates.

* Point to Point Paths: This command invokes the Point to Point Paths
mode. In this mode, clicking on a digital component displays all paths
from the first component clicked to the second component clicked.

* Probe: (SPACEBAR) Since you can edit schematics while probing,
this sets the mouse behavior to probing as opposed to editing.

* 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.

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

¢ Attribute Text: If checked, this shows component attribute text.
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® Grid Text: This option 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: This option displays the last AC, DC, or transient analysis
time-domain currents. During Dynamic AC, AC currents are shown.

® Power: This option displays the last AC, DC, or transient analysis
time-domain power. During Dynamic AC, AC power is shown.

* Condition: This option displays the last AC, DC, or transient analysis
time-domain conditions. Conditions define the operating state for devices

such as 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: This displays no schematic grid.
* Grid: This displays a standard grid without bold grid points.
* Grid Bold 5: This shows a fine schematic grid bolding every 5'th point.

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

° Bold Grids User (N): This puts a bold grid every N'th grid point. The
distance between bold grids is selectable from the Properties dialog box.

® Graph Paper: This shows a grid which looks like graph paper.

The next four choices can also be selected from the VIP button E, if
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they are enabled from Properties (F10) / View / Calculate.

° Last Value: This displays the last current, voltage, or power.

* RMS Value: This displays the RMS current, voltage, or power.

* Average Value: This displays the average current, voltage, or power.

°® Peak Value: This displays the peak current, voltage, or power.

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

* Border: This option adds a border to every page in the schematic.

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

* Title: This option displays the title block if one has been added.
* Show All Paths: This command shows all 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-General:
® Time Stamp: This adds a time stamp to numeric output files.
® Date Stamp: This adds a date stamp to numeric output files.
® Warning Time: This sets the duration of warning messages
* Help File on Top: This keeps the Help file on top of any window.
* Print Background: If enabled, this option adds the user-selected
background color to the printouts. It is usually disabled, since most

background colors do not print well.

* Component List Size: This value sets the number of part names
to include in the Recent Parts section of the Component menu.
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* Add Parentheses to Define:. This brackets the right side of
.define statements with a pair of parentheses to avoid expansion
problems. For example, with the added parentheses, .DEFINE A
1+V(1) is interpreted as (1+V(1)). Without the added parentheses an
expression like 1/A becomes 1/1+V(1) = 1+V(1), which is probably
not what was intended. With the added parentheses 1/A becomes
1/(1+V(1)) as most likely was intended.

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

* Splitter Size: This value sets the size or the window splitters.

* Show Full Paths Title: This shows the full file and path in the
window title bar. If you use long path names, disabling this option
may unclutter the menu and title bars, though it may be hard to

distinguish files of the same name in different folders.

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

* Auto Load Last Files: This automatically loads the specified
number of recently opened files

* Sort Model Parameters: This option alphanumerically sorts
model parameters in the Attribute dialog box, the numeric output,

and the Model Parameters Limits editor.

* Bold Group Names: This option bolds the group names in the
Component menu and panel hierarchical display.

°* Large Tool Bar: This enables large tool bar icons.

°* WMF / EMF Transparent: Places transparent graphics images.
® User Name: This lets you edit the user name.

® Company Name: This lets you edit the company name.

® Component Menu Column Height: This sets the number of
components in a single column of part names in the Component
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menu. If the default value of 0 is used, the program determines an
optimal height.

® Sound...: These three options control the use of sound for errors,
illegal operations, and to indicate the end of a simulation run.

* Options-Analysis:

* Select Mode: This causes the mode to revert to Select after any
other mode is completed. This flag applies only when in an analysis.

* Add DC Path to Ground: This option automatically adds a
R_NODE_GND resistor from node to ground where there is no
resistive path from the node to ground.

° Inertial Cancellation: If enabled, this option causes the logic
simulator to employ inertial cancellation, which cancels logic pulses
whose durations are shorter than the device delay. If this option is
disabled, the simulator does not cancel short pulses.

® Select Curve Color: This option colors the selected curve branch
in the Select Color Primary. It is nearly always on.

* Smart Entry: This option suggests entries for the stepping fields
based upon the parameter's nominal value.

* Plot on Top: This option places the analysis plot on top of the
schematic if they are overlaid, otherwise the schematic floats above.

* 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.

® Macro Drill Down: Prior to MC9, probing a macro produced a list
of macro nodes and parts, which could be selected for display. This
option enables direct probing of macro schematics.

* Convergence Assist: This enables Convergence Assist which
optimizes Global Settings parameters to help a circuit 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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* Dynamic Auto Run: Micro-Cap has a mode called Dynamic
Analysis. In this mode, you simultaneously see and edit the
schematic and view the analysis plot. The plot is dynamically
updated after every edit is made to the schematic if this option is
enabled. If it is disabled, the analysis and plot are updated only when
you expressly ask for it by clicking the Run button or pressing F2.

* Derivative Threshold: Function sources using expressions need
partial derivatives. The expressions for these derivatives are created
automatically. Complex expressions can lead to even more complex
derivatives, which can bog down the analysis. If the symbol length of
the derivative expression exceeds this threshold, then a numeric
derivative is used instead.

* Data Point Buffer: This sets the size of the data point buffer. An
analysis plot line is drawn only when the number of undrawn data
points equals this value. Since it is much faster to plot a line with 10
points if they are closely spaced, making this a large value usually
speeds up analyses that are plot-time limited.

* Options-Circuit:

* Text Increment: (Ctrl+Alt+N) This toggles grid text incrementing
for paste, step, drag copy, or mirror operation. Incrementing means
that the ending numerals in the text are increased by one. If no
numerals are present, a '1' is added to the text.

* Component Cursor: If enabled, this option replaces the mouse
arrow pointer with the shape of the currently selected component
when Component mode is active.

* Copy / Paste Model Information: This option copies and pastes
any associated .model or .define text statements along with the part.
This is handy when pasting localized models between circuits.

* Node Snap: (Ctrl+Alt+N) This flag compels components, wires,
and text to originate on a node if a node's pin connection dot is

within one grid of the object being placed or moved.

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

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

* Node Highlight: This option automatically highlights the entire
node as the mouse cursor passes near the node.

* 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.

* Element Info: If enabled, this shows element information for the
object under the mouse pointer.

* Expanded Element Info: If enabled, this shows additional
element information for the object under the mouse pointer. This
includes a fair amount of data from the device structure such as
beta, transconductance, capacitance, etc.

* Component Import: This option imports part information from a
circuit file and installs the part in the Component library, making it
available for use by the circuit. If disabled, unique parts not in the
Component library cannot be shown or analyzed.

* 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 stays in 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 a part, or any other mode-based action.

* Nodes Recalculation Threshold: If Show Node Numbers is
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enabled, nodes are recalculated and displayed when any editing is
done. For large schematics this can be time consuming. This value
sets an upper limit for node count beyond which automatic node
recalculation will be ignored.

* File Link Default: This field lets you set the syntax for the File
link. The default is www.google.com/search?q="%s"+"data sheet"
which does a Google search for the part name. The %s symbol stands
for the part name.

* Recent Files: This dialog box allows you to select file names for
pinning and set file name and list size options.

* Shortcuts: This accesses the Shortcuts dialog box which lets you
customize the accelerator or shortcut keys.

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

* Color Palettes: This option lets you define your own palettes. Click on
any of the color squares to invoke a color editor that lets you customize
the hue, saturation, and luminance of the selected palette color.

* Rainbow: This option controls the Rainbow color sequence.

* Status Bar: This lets you change the Status bar text attributes.

°* Panel/Window Tabs: This section lets you control the display and
appearance of the Component panel and Window tabs.

® Error Window: This controls the display of the Error Window.

* Component Palettes: This lets you name the nine component palettes
and control their display in the Main tool bar. You 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 files to disk every time you run an

analysis or on a specific time schedule.

® Warnings: This accesses the Warnings dialog box from which you can
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enable or disable specific warning messages including:

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

® Quit: This asks if you really want to quit.

* Opamp Power Supplies: This alerts the user when Micro-Cap
adds VCC and VEE power supplies.

* Add DC Path to Ground: This warns when adding resistors to
avoid a DC path to ground.

* Excessive Time Points: This warns when the circuit analysis
limits call 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.

* Excessive Source Points: This warns when a PWL, STIM, or
User source generates an excessive number of breakpoints.

® Revert: This asks for confirmation before allowing a file revert.

® AC Signal: This issues a warning when attempting an AC analysis
in which the AC signal for all sources is zero. This is nearly always
incorrect as all AC voltages and currents will be zero.

* Part and Node the Same: This warns when a part and node

use the same name, which is legal but risky as it may lead to
ambiguous plots. If D1 is both a node name and a diode name, V(D1)
might mean the voltage on the node D1 or across the diode D1.

* Spice3 TEMP Parameter: Issues a warning when the SPICE3
Temp parameter is used as a device attribute.

* Level Changed: Issues a warning when a Level parameter is
changed where the model parameters would need to change.

* TNOM and T_MEASURED: Issues a warning when both
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TNOM and T MEASURED have been specified for a part.

* Smoke Pervasive Change: Issues a warning when user is about to
make a change that has a large-scale affect.

* Model Attribute Not Used: Issues a warning when both a time
varying expression and a model attribute are defined for a resistor,
capacitor, or inductor. Model attributes cannot be used when
time-varying expressions are defined for the resistance, inductance,
flux, capacitance, or charge.

* Change Part Name: [ssues a warning when a part name needs to
be changed.

* Duplicate Part Name: Issues a warning when a part name has
been used more than once, creating a potential ambiguity.

* Leave / Retrace with Threads: Issues a warning when using
Retrace or Leave disables the use of threads.

* Create .IC Statement: Issues a warning when generating an .IC
statement in the State Variables Editor.

* For S in Transmission Line: Issues a warning when an F or S
variable is used in the transmission line component, and an analysis
besides AC or Dynamic AC analysis is being run.

* Excessive Temperature Coefficients: Issues a warning when one
of the temperature coefficients in a resistor, capacitor, or inductor is
set to an excessive value.

* Duplicate Components: Issues a warning when duplicate
parts (with the same name) in the Component library.

* Missing ) for Model statements: I[ssues a warning when a
missing ) is detected in a model statement.

* Numeric Node/ Pin Names: Issues a warning when a pure
number is used for a pin or node name. This can cause confusion
with program assigned numeric names and is not recommended.
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* Digital Messages: Controls the use of use of digital warning
messages, which can become numerous.

* Improper FFT X Variables: Issues a warning if you have the
wrong X variable. For example, in transient analysis, if you try to
plot with X =T and Y = HARM(V(A)). In this case, X should be F.

® Monte Carlo Create Circuit: Issues an advisory / warning when
you press the Create Circuit button.

* Did You Know?: This accesses a list of new feature reminders.

* Style: The Style dialog box lets you select and define different circuit
styles. Styles consist of text fonts, colors, sizes, and display styles.

* Combinations: This controls the Fit to Standard Value command.

® Slider: This controls how the Slider works. The slider is a device for
smoothly changing the value of component, model, and symbolic (.define
or .param) variables, while watching the analysis plot respond. Both the
mouse and the Up and Down cursor keys control the slider. Sliders can
be placed anywhere on the screen.

* International Settings: This provides selection of the language used
for menus and other text.

® Threads: Threads are separate execution streams that can be used to
execute multiple tasks in parallel, usually saving considerable run time.

There are several threading control options:

® Use Threads: If enabled, this option uses threads if your computer
has multiple CPUs available.

® Use Threads Count: If the Use Threads option is enabled, this
specifies the maximum number of threads to use.

* Use Extra Thread for Plotting: If enabled, this option uses one
thread for plotting, if it is not being used for an analysis.
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* Default Properties for New Circuits: (ALT + F10): These items let you
set the default or initial value of the various circuit options. When a circuit is
first created it will use the option settings below. These options can all be
changed after the circuit is created from its Properties (F10) dialog box.

* 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.

* Format: This sets various numeric format options.
* View: This sets the default bold grid spacing and shape group.
* User Grids: This sets the schematic bold grid spacing.

* Shape Group Priority: When a part is placed in a schematic,
its shape group is set to Default which tells MC12 to select its
shape from this list in the order specified. You can change the
order (priority) by selecting a shape group and using the up/
down icons to move it to a new position in the list.

* Schematic Display of Voltage, Current and Power:

* Calculate: This panel controls whether to calculate the
RMS, Average, and Peak values during an analysis. Because
these calculations add about 10% to the run time, you should
enable these flags only if you need the values.

* Default Display: This panels sets the default display to be
used. Last shows the ending values and is always calculated.
RMS, Average, and Peak show the ending RMS, average,
and peak values for the run. Each of these values is
calculated during the analysis run.

* Title Block: This panel lets you specify the existence and content
of the title block.

* Info Page: This lets you select the items that will be printed to the
Info page.
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* Tool Bar: This lets you select the tool bars and buttons that appear
in the local tool bar area located just below the main tool bar.

* SPICE Files: This provides two types of features for SPICE text files.
* Color/Font: This provides font and color control for SPICE files.

* Info Page: This lets you select the items that will be printed to the
SPICE file Info page.

* Tool Bar: This panel lets you select the tool bars and buttons that
appear in the local tool bar area located 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 analysis plots. It provides some plot options
for both the X and Y axes:

® Scale Factor: Only None and Auto are available. Auto picks a
suitable scale factor from the list (T,G,Meg,K,m,u,n,p,f).

® Scale Units: This adds units (Volts, Amps, etc,) to the plot.
Only None and Auto are available. If Auto is selected MC12 will
guess what the units should be from the plot expression.

® Scale Format: This controls the numeric format for the plot
X /'Y scales. Choices include Scientific (1.00E4), Engineering
(10.00K), Decimal (10,000.00), or Default (10K).

® Cursor Format: This controls the numeric format for numbers
printed in the Cursor tables.

® Auto / Static Grids: This specifies the number of grids to use
when auto scaling or when the Static Grid option is enabled.

® Enable Scaling: This option enables scaling in the X or Y
direction. To allow scaling in the Y direction only, disable this

option in the X panel, and vice versa.

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

® Same Y Scales for 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.

e Static Grids: If enabled this option produces fixed plot grids
that stay in place as the plot is panned, as in MC6. Otherwise the
grids move when the plot is panned, as is standard in Micro-Cap.

® 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.

® Save Range Edits: This flag copies Range changes to the
Analysis Limits dialog box Range fields.

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

® Scope: This sets initial Scope options:

® View: This sets the initial Scope view options, including:

® Data Points: This marks calculated points on the plot. All
other values are linearly interpolated.

® Tokens: This adds tokens to each curve plot. Tokens are
small graphic symbols that help identify the curves.

® Ruler: This substitutes ruler tick marks for the normal full
screen X and Y axis grid lines.

® Plus Mark: This replaces continuous grids with "+"
marks at the intersection of the X and Y grids.

® Horizontal Axis Grids: This adds horizontal axis grids.
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® Vertical Axis Grids: This adds vertical axis grids.

® Minor Log Grids: This adds but does not label minor log
grids between major grids at the 2, 3, 4...9 positions.

® Minor Log Grids 2 5: This adds and labels minor log
grids between major grids at the 2 and 5 positions.

® Baseline: This adds a zero baseline as a reference.

® Horizontal Cursor: In cursor mode (F8), this adds a
horizontal cursor which intersects the two vertical numeric
cursors at their respective data point locations.

® Tracker: 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: These options control the initial cursor behavior flags.

® Align Cursors: This flag forces the cursors in different
plot groups to be aligned at all times.

® Keep Cursors on Same Branch: This flag forces the
cursors to stay on the same curve branch

* Tool Bar: This panel lets you select the tool bars and buttons that
appear in the local tool bar area located just below the main tool bar.

* Fourier: This lets you select the default parameters for Fourier
functions used in analysis plots, including number of points to use in
the routine, and autoscaling options.

® Numeric Qutput: This group lets you choose what to include
in the Numeric Output displays and the corresponding output text

files (*.TNO, *.ANO, and *.DNO).

¢ Show: This allows selection of the material to include in the
numeric output file.
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* Include Numeric Output: This enables creation of the
numeric output file. The other options control content of the file.

Chapter 2: The Circuit Editor

* Include Main Header: This prints the main header.
* Include Analysis Limits: This adds the analysis limits.

* Include Branch Headers: This adds branch headers that
identify the item being stepped or the Monte Carlo case
number.

* Include Model Parameters: This prints the model
parameters.

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

* Include Undefined Parameters: This shows
undefined model parameters using their default values.

* Include Operating Point Values: This controls printing
of the operating point data to the file.

® Include Noise: This adds individual part noise values.

* Include Waveform Values: This controls waveform
printing. The numeric output icon E in the analysis limits
dialog box, adjacent to each expression, must be enabled.

* Include Waveform Headers: This prints identifying
expression text above each numeric column.

* Table Formats: This controls how the numeric output
curve / waveform tables will be arranged. Horizontal, the
conventional format, uses horizontal column vectors.
Vertical prints the time column, followed sequentially by
single column vectors, one for each output. Vertical XY
Alternate is the same but with an extra analysis variable
column inserted between each output vector. Finally,
Vertical XY Pairs produces vertically arranged column pairs
of the analysis variable and one output.



* Formats: These settings control the numeric formats:

* Numeric OQutput Values: This controls the format of
everything except the values of the waveforms / curves.

® Curve X: This controls the format of the X values of the
waveforms / curves ( typically T in transient, F in AC).

® Curve Y: This controls the format of the Y values of the
waveforms / curves.

* 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,
axis colors, patch color, and surface line color.
* Font: This provides font control for all text in the 3D plot.
* 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 calculation 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:

® Color: This provides color control of histogram features such as
scale and title text, window and graph background, and bars.

* Font: This provides font control for all text in the histogram.

® Tool Bar: This panel lets you 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
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options are similar to those for analysis plots.

* Colors, Fonts, and Lines: This provides control of text font and
color for various performance plot features.

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

* Numeric Qutput: This group lets you choose what to include in
Performance plots numeric output and the corresponding output files.

* Fourier: This panel controls the Fourier window features:

* Scales and Formats: This panel lets you specify units, scale
factor, numeric format and other options for FFT plots. The options
are very 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 in the local tool bar area located just below the main tool bar.

* Fourier: This lets you select the default parameters for Fourier
operations used in the window, including the number of points

to use in the FFT routine, and auto scaling options. These parameters
are distinct from similar parameters specified for Fourier operations
used in the analysis plots. They are usually the same but need not be.

* Numeric OQutput: This group lets you choose what to include in
the FFT numeric output and the corresponding output files.

® Model: This panel controls the Model Program features:

* Color/Font: This provides control of text font and color for
various plot features for the Model program displays.

* Formats: This lets you specify the X and Y plot scale formats.
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* Tool Bar: This panel lets you select the tool bars and buttons that
appear in the tool bar area of the Model Program display.

* Smoke: This panel controls the Smoke features:

* Color/Font: This provides control of text font and color for
various plot features for the Model program displays.

® Formats: This lets you specify the X and Y plot scale formats.
® Options: This lets you specify various Smoke feature options.

* Show Parts With No Smoke Statement: This shows parts in
the Smoke display which have no Smoke parameters.

* Show Mouse Tracker: This enables the small text descriptions
describing the fields under the mouse.

* Show Non-Valid: This shows parameters that have been
declared not valid.

* Show Measured Value Signs: This enables display of the sign
of the measured quantity, which is usually hidden.

* Device, Show and Valid: These fields select the parameters
of the various devices that will show and which are valid.

® Derating: This lets you select the derating library.
® Worst Case: This panel lets you control these features:
* Formats: This lets you select the various numeric formats.
® Libraries: This lets you select the tolerance library.
* Bias Tolerances: This lets you specify the bias tolerances,

* Globals: This panel controls the properties of new graphical objects
and the type of format type assumed when reading in SPICE files.
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°® Graphical Object: This panel controls the 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 loads the file MCAP.INC. This file, located
on the directory with MC12.EXE, stores global definitions for use in all
circuits. The contents of the file are automatically included in all circuit files.

® .Measure Definitions: This option loads the file Measure.lib. This file,
located in the library folder, stores global .measure definitions for use in all
circuits. The .measure definitions are automatically available to all circuit
files. Definitions for measuring pulse width, overshoot, frequency, period,
delay, and power factor are included.

* 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 message is
generated and placed in the numeric output file for parameters that do not fall
within the limit values. To run a comprehensive check of all models, use
Windows / Check Model Library Parameters.

* Component Palettes: Palettes provide a quick alternative to the
Component menu when choosing components for placement. Membership in
a palette is specified from the Component editor. Palettes can be tailored to
suit personal preferences. Palette display can be toggled by pressing CTRL +
palette number. For example, CTRL + 1 toggles the display of palette 1.
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The Analysis menu

The Analysis menu is used to select the type of analysis to 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 oscilloscope.

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

* DC: (ALT + 3) This option selects DC sweep analysis. This lets you 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
MCI12 automatically responds to user edits by finding and displaying the DC
solution to the current schematic. You can change battery voltages and
resistor values with slider controls or with the cursor keys. You can also
make any edit such as adding or removing components, editing parameter
values, etc. MC12 responds by calculating the DC solution and will display
voltages and states if is enabled, currents if g is enabled, power
dissipation if ﬂ is enabled, and device conditions if ﬂ is enabled.

* Dynamic AC: (ALT + 5) In Dynamic AC, MC12 runs AC analysis and
displays AC voltages, currents and power terms directly on the schematic
while stepping through a list of frequency values. The program displays AC

voltages if & J is enabled, AC currents if 2= J is enabled, and AC power
terms if ﬁ is enabled.

* DC OP Worst Case: (ALT + 6) This option selects an analysis mode in
which the program calculates the DC OP worst case values. It computes three
measures of worst case: RSS (root sum square of variances), Monte Carlo,
and extreme value analysis. The worst case feature is also available on the
Scope menu for AC, DC Transfer, and transient analysis.

* Transfer Function: (ALT + 7) This option selects an analysis mode in
which the program calculates the small signal DC transfer function. This is a
measure of the incremental change in a user-specified output expression,
divided by a very small change in a user-specified input source value. The
program also calculates the input and output DC resistances.
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* Harmonic Distortion: (ALT + 8) This option selects Harmonic Distortion
analysis. It runs an instance of transient analysis and then analyzes the
distortion products in the output signal by using FFT routines. You can step
input level and/or frequency and create plots of THD, THDN (with noise),
SINAD, SNR, and any harmonic vs VIN, VOUT, PIN, or POUT. Plots can be
done as voltage or power ratios in dB, %, or simple numeric format. PSS
methods can be used to achieve rapid convergence of the output waveforms
to minimize FFT errors, producing accurate distortion analysis.

* Intermodulation Distortion: (ALT + 9) This selects Intermodulation
Distortion analysis. Intermodulation distortion analysis lets you step input
level and/or frequency and create plots of IM2, IM3, or H1 (1'st harmonic)
vs F, VIN, VOUT, PIN, or POUT. Plots can be done as voltage or power
ratios in dB, %, or simple numeric format. PSS methods are also available as
in the case of harmonic distortion. You can use SMPTE, CCIF, or DIN
standards for input voltage and frequency, or enter your own.

* Stability: (ALT + 0) This selects Stability analysis. This is a variation of
AC analysis that measures gain and phase margin by the Middlebrooke and
Tian methods.

°* Probe Transient: (CTRL + ALT + 1) This selects transient analysis
Probe mode. In Probe mode, the transient analysis is 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. You can plot all of the variable types,
from analog node voltages to digital states. You can even plot expressions
involving circuit variables.

® Probe AC: (CTRL + ALT + 2) This option selects AC Probe mode.
* Probe DC: (CTRL + ALT + 3) This option selects DC Probe mode.
* Run Script: This option runs the currently displayed batch file. This is a

convenient alternative to running a batch file from the Start menu, a DOS
command line, or setting up an icon to run the batch file.
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The Design menu
The Design menu accesses the Filter Design functions.

Active Filters: This part of the program designs an active filter from your filter
specifications. The filter type can be low pass, high pass, band pass, notch, or
delay. The filter response can be Butterworth, Chebyshev, Bessel, Elliptic, or In-
verse-Chebyshev. Polynomials are calculated 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 avail-
able. Filters can be created as circuits or as macro components.

Design | Implementation I Options I

~Type — Response
" Low-Pass | b—5B—i " Butterworth 20
iah-] R
" High-Pass £ 5 A " Chebyshev 1
% Bandpass % Eliiptic 8
" Notch Ey " Bessel 2
" Delay £ " Inverse Chebyshev 1
— Specifications — Poles and Zeros
& Mode1 " Mode2 Stage | FO [ao | N |
. 1 558863.8... 290.0514... 5839073..
Passband Gain [0 i 1001112 2300514 1010170,

9968824... 366.6005.. 9833280..
1003102.... 366.6095.. 1011734,
99552195.. 6037514 5830526..
1004473 6037814 1017214,
934858.9.. 1837.333.. 9534332
1005142 1837.335.. 1048814,

Passband Ripple (R) [0.100000000 dB
Stopband Atten. (%) [100 4B
Certer Freq. (F)  [1000000  Hz
Passband (FE) [foooo e
Stopband (SB) [ooo0 He

00 =~ N e o P

Defaut | Bode | Sep | mpuse |[ OK | Cancel | Hep
Figure 2-19 The Active Filter Designer

Passive Filters: This part of the program designs a passive filter from your speci-
fications using capacitors and inductors. The filter type can be low pass, high
pass, band pass, or notch. The filter response can be Butterworth, Chebyshev, or
Elliptic. The filter polynomials are calculated and implemented in either standard
or dual circuit configuration. Optional plots of the idealized transfer function are
available. Filters can be created as circuits or as macro components.

The filter design functions from the Design menu are covered in more detail in
Filters chapter.
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The Model menu

The MODEL program, accessed from the Model menu, produces optimized ana-
log model parameters from commercial data sheets. It creates model libraries in
either text or binary form. Its main display looks like this:
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Figure 2-20 The Model program
MODEL takes data sheet information and using a variety of methods, optimizes

the model parameters to 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 the Model Program chapter.
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The Model editor

Model libraries provided with Micro-Cap come in two forms, text and binary.

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

In binary form, model libraries are contained in files with the extension LBR, and
are implemented 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 is invoked
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, which is ac-
cessed from the Model menu. MODEL produces optimized analog model param-
eters from commercial 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
edit them. The Model editor display looks like this:
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Model parameter display

Figure 2-21 The Model editor

The Model editor is invoked from the File menu by loading a binary model li-
brary file (e.g. one with a LBR extension).
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The various parts of the editor function as follows:

* Name: This field is where the part name is entered. If the part has been
imported from the MODEL program, this field is a copy of its Name field.

®* Memo: This is a simple text field that may be used for any descriptive
purpose. If the part has been imported from the MODEL program, this field
is a copy of its Memo field.

* Type selector: This is used to select which device type to display. Each
library may contain a mixture of different device types. Selecting NPN for
example, displays all of the NPN bipolar transistors in the file.

* Part selector: This selects a part by name for display and possible editing.
It provides a window to review the specific model values for the displayed
part. As in 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: This removes all duplicated and untitled parts and reorders the parts
alphanumerically.

* Copy: This command copies a part from the displayed library to a target
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: This command merges a library from disk with the library
currently in memory. The merged library is displayed but is not automatically
saved to disk.

* Find: This command 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 file or in one of the library files on disk. Simply click on the Find

button ﬂ in the Tool bar.
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Build Command

Micro-Cap includes a utility to help build complex .commands. The dialog box is
invoked from the Edit menu and looks like this:

Command Analysis Output name
.MEASURE ~| [pont specify | [rwiom
Function Expression When Value
e | |veoum o~ =3
Time Delay (optional) Search nor LAST
™= | [eross +] =[5
Function Expression When Yalue
[Tars | |vom e~ =3
Time Delay (optional) Search nor LAST
= | |oross  +| = |4
MEASURE TWIDTH TRIG V(OUT) VAL=3 CROS5=3 TARG V(OUT) VAL=3 CROS5=4
Bold Keywords I OK I Cancel |

Figure 2-22 The Build Command dialog box

The Build Command can also be invoked from the icon on the main tool bar @
or from the same icon within the Text dialog box. The utility provides support for
these commands:

.HELP
.WARNING
.DEFINE
.MEASURE
.PARAMETERS
.RELTOL

.TR

It is particularly helpful with .define and .measure statements whose syntax can
be complex.

The way it works is simple. Start typing or editing the text for one of the com-
mands above, then click on the Build Command icon. When the dialog box
comes up, select a command, then fill in the boxes. If the command is complex
like a .measure that uses TARG or TRIG then additional fields will open up.
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The next figure shows such a case:

1) x

Command Analysis Qutput name
I.MEASURE - IDan't specify = | twidth
Function Expression When Yalue
[mae | [vam fra. =] =1

Time Delay (optional) Search nor LAST
™= | [eross -] = [3
Function Expression When Value
[rars | [ve [va =3

Time Delay (optional) Search nor LAST
™= | [eross <] = [+
\MEASURE TWIDTH TRIG V(IM} VAL=1 CROS3=3 TARG V{A) VAL=3 CROS3=4

Bold Keywords | OK I Cancel I

Figure 2-23 .Measure command with TRIG and TARG
This measures the time delay between the second rise of V(IN) above 2.5 to the
fourth fall of V(OUT) below 2.5.

The dialog box doesn't explain the syntax but it does show what must be entered
in order to create the command, so it helps with learning the syntax.

Here is a simpler case, a .DEFINE command with the key words shown in Bold.

£ x

Command LOT# (Optional) Distribution Tolerance Tolerance High {Optional)
DEFINE ~| W ot/ |1 IIGAUSS ~| =|10 ¥ % . | %}

Name[(params])]
| rov

Value
| 10K

Comment (Optional)

DEFINE {LOTAIGAUSS=10%} RIV 10K

Bold Keywords | oK I Cancel |

Figure 2-24 .Define command
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The Title Block editor

The Title Block editor is selected from the Windows menu. It functions very
much like the Shape editor. Its display looks like this.

) x

NEHBE @9 ¢ B XS eOCONCOWTEH|E 2T 0% -0 -3 H(#8Q Q|wn|
WALAS W@
[Bome

Figure 2-25 Title Block editor

Title Block list box:

This list box displays all of the existing title block designs in the selected
Title Block file.

Command buttons:
Add: This command adds a new title block to the library.
Delete: This command deletes the currently selected title block.
Duplicate: This command duplicates the currently selected title block.

Revert: This command restores the selected title block to its original version
when the title block was first displayed. This only affects the displayed title
block.
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Edits on other title blocks during the current invocation of the editor
remain in effect. Selecting a new title block disables the Revert feature for
the old title block. All edits on all title block are temporary, however, and
may be discarded when you exit the editor or close the file.

Editor: This invokes the Object editor, which lets you edit the numeric
parameters of the fundamental objects comprising the title block. This
provides finer control over object size and shape than can be obtained with
the normal mouse editing.

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

Help: This accesses the Help system.

Tool bar:

=

B |E D |&

i B

The Tool bar provides the buttons to select tools for creating, editing, and
viewing the selected title block. The tools and their properties are as follows:

New: (CTRL + N) This command creates a new title block library file. Any
title blocks added to it are available for use.

Open: (CTRL + O) This command loads an existing title block library file. Its
title blocks are then available for use.

Save: This command saves the current title block library file under its exist-
ing name.

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

Revert: This command reloads the current title block library file from the
disk. It is a convenient way to restore the file and ignore any changes.

Remove: This command removes the currently loaded library file. Its title
blocks are no longer available for use.

Add Title Block: This adds a new title block with a user-specified name to the
currently selected title block group and title block file.
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Add Group: This adds a new group with a user-specified name to the
currently selected file.

Undo: (CTRL + Z ) Operations that change a title block can be reversed with
the Undo command. Multiple Undo commands are allowed.

Redo: (CTRL +Y ) The Redo command cancels one Undo command.
Multiple Redo commands are allowed.

Cut: (CTRL + X) This command deletes the selected 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 display.

Paste: (CTRL + V) This command copies the contents of the clipboard start-
ing at the last mouse position.

Clear: (DELETE) This command deletes the selected items without copying
them to the clipboard.

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

Select: Click this button to activate the Select mode. You must be in Select
mode to edit or select a portion of a title block for editing.

Pan: Click this button to activate the Pan mode. Panning is used to move the
display view to see different parts of a large title block. As usual, you can
also pan with the mouse. Mouse panning involves dragging the right mouse
button and can be done in any mode. Alternatively, you can select this mode
and drag with the either the left or right mouse button.

Rectangle: Click this button to create a rectangle in the title block by drag-
ging the mouse in the display. To change its shape, drag one of the eight

handles (small black rectangles).

Diamond: Click this button to add a diamond to the title block by dragging
the mouse. To change its shape, drag one of the eight handles.
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Ellipse: Click this button to add an ellipse to the title block by dragging the
mouse in the display. To change its shape, drag one of the eight handles. To
create a circle, press the SHIFT key while dragging the mouse.

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

Line: Click this button to create a line in the shape by dragging the mouse in
the display. To change the direction or length of the line, drag on one of the
two handles after entering Select mode.

Closed Polygon: Click this button to add a closed polygon. Click the mouse
in the display, once for each vertex. There is no limit on the number of ver-
tices. Double-click on the last vertex or click the right mouse button. This
finishes the polygon by adding a final edge between the first and last vertices.
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 display, once for each vertex. There is no limit on the number of verti-
ces. Double-click on the last 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 Title Block: Click this button to include an existing title block in the
current title block by clicking the mouse in the display where you want the
title block placed. This invokes a list of existing title blocks. Choose the one
you want to include from this list. Once the title block is included, it can be
dragged about.

Text: Click this button to add text to the title block by clicking the mouse in
the display where you want the text placed. This invokes a text dialog box.
Type the text and click OK. To edit text, double-click on it in Select mode.

Align-Left: Left-aligns one or more selected pieces of attribute or grid text.
Select one piece as the anchor (CTRL+click).

Align-Right: Right-aligns one or more selected pieces of attribute or grid
text. Select one piece as the anchor (CTRL+click).

Align-Top: Top-aligns one or more selected pieces of attribute or grid text.
Select one piece as the anchor (CTRL+click).
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Align-Bottom: Bottom-aligns one or more selected pieces of attribute or grid
text. Select one piece as the anchor (CTRL+click).

Line: Click this button to select the outline color of an object. You can also
select the default or no color options.

Fill: Click this button to select the fill color of an object. You can also select
the default or no fill options.

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

Grid Snap: Click this button to force the coordinates of all objects to occur at
a grid point. This ensures that the coordinate points will be usable as connect-
ing points (pins) in a schematic.

Find: Click this button to locate title blocks by name. As you type the name,
it fills the list box with all title blocks that match the name.

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 objects to the front.

To Back: Click this button to send the selected object in an overlapping stack
of objects to the back.

Next Object: Click this button to select a different object in a stack of over-
lapping 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 axis in 180
degree increments, essentially flipping the object or group about the X axis.
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Flip Y: This command rotates the selected region about the Y axis in 180 de-
gree increments, essentially flipping the object or group about the Y axis.

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

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

Move Parts: This lets you move title blocks from any group or file to
another group or file.

Sort: This command lets you sort title block names within a group or whole
file alphanumerically or alphanumerically plus. You can sort names or group

names, within a group or within a group and its children groups.

Help: This accesses the Help material for the Title Block editor.
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Title Block mode

The Title Block editor creates a library of title block designs that can be selected
and used in schematics. To actually place a title block in a schematic, you use the
Title Block mode.

It is accessed from the Options menu / Mode / Title Block or from the % tool
bar icon.

It invokes the Title Block dialog box that lets you select and modify a title block.
It looks like this:

0 =
Select Title Block Placement SNAME This prints the drcuit name.
Default - IEﬂtmm Right - SMAMEEXT This prints the circuit name with its exten

EMC This prints the version of Micro-Cap.
SDATE This prints the current date.

T — o [ |S55 v e umesnane,

Title - E Shame SCOMPANY This prints the user's company.

Description #DESCRIPTION SPAGE This prints the page number,

Designed By #DESIGNED Slser SPAGENAME  This prints the name of the page.

Company By ZCOMPANY ‘SCompary SMAXPAGE This prints the largest page number.

Checked By #CHECKED SSECTION This prints the section number.

Approved By £APPROVED SSECTIONMAME This prints the name of the section.

Document Mo, #00C N SMAXSECTION This prints the largest section number.

Date EDATE SDateSaved SSHEET This prints the sheet number.

Max Sheet EMAXSHEET SMaxShest SMAXSHEET This prints the largest sheet number,

Shaz:at = :SHE!:‘I' ssha:et == SDATESAVED  This prints the date that the file was last

Custom :REV\SIDH STIMESAVED  This prints the time that the file was last

#
Custom —TATUS SPATH This prints the path of the file.
[~ One Title ¥ Keep Aspect Ratio Border .l Fill @
Default Set Default | Revert To Orignal Size | OK I Cancel | Apply Help...

Figure 2-26 Title Block dialog box
This dialog box has the following controls:

Title Block Select list box: This lets you select a title block from the list of those
already created.

Placement: This lets you choose where to place the title block. The choices in-
clude Top Left, Top Right, Bottom Left, Bottom Right, and Floating.

Field List: This shows a list of the text fields defined in the original design. Text
fields are denoted by a #. For example, #Description. These specify a field that
can be and usually is edited when placed in a schematic. The list shows:

Description: This is a text description of the field that will show in the actual
title block. The text descriptions are fixed for the predefined field names. For
user-defined field names, the word "Custom" is used for the description.
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Variable: This is a text field name where it is expected that the user will
supply a piece of text to fill in. Example #DESIGNED.

Value: This is the piece of text the user fills in for this field.

Description
Title
Description
Designed By
Company By
Checked By
Approved By

Document No.

Date

Max Sheet
Sheet

Max Page
Page
Section

Field Name
#TITLE
#DESCRIPTION
#DESIGNED
#COMPANY
#CHECKED
#APPROVED
#DOC N
#DATE
#MAXSHEET
#SHEET
#MAXPAGE
#PAGE
#SECTION

One Title: This places one title block per page. The alternative is one title block

per schematic.

Keep Aspect Ratio: This maintains the aspect ratio as you drag the title block to

stretch its size.

Border: This lets you pick the border color of objects like rectangles or circles,

and lines.

Fill : This lets you select the fill color of objects like rectangles, circles, or lines.

Predefined Text Variables List: This is a list of predefined variables whose val-

ues are these:

$NAME
SNAMEEXT
$MC

$DATE
$TIME
$USER
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This prints the circuit name.

This prints the circuit name with its extension.
This prints the version of Micro-Cap.

This prints the current date.

This prints the current time.

This prints the user's name from Options menu /
Preferences / Options / General / User Name



$COMPANY This prints the user's company from Options menu /
Preferences / Options / General / Company Name

SPAGE This prints the page number.

SPAGENAME This prints the name of the page.

SMAXPAGE This prints the largest page number.
$SECTION This prints the section number.
$SECTIONNAME This prints the name of the section.
SMAXSECTION This prints the largest section number.
SSHEET This prints the sheet number.

SMAXSHEET This prints the largest sheet number.
$DATESAVED This prints the date that the file was last saved.
$TIMESAVED This prints the time that the file was last saved.
SPATH This prints the path of the file.

Default: This sets the title block properties for all of the objects in this page to
the values specified in the Default Properties For New Circuits dialog box un-
der the Options menu.

Set Default: This sets the values in the Default Properties For New Circuits
page to the values that are currently specified in this page.

Revert to Original Size: This restores the title block to the size specified in the
Title Block editor (same number of grids in width and length)

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.
Apply: This applies your changes.

Help: This accesses the Help article for this dialog box.
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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 a topic from an alphabetized list.

® Product Support: This option provides technical support contact numbers.
® User's Guide: This accesses the User's Guide.
* Reference Manual: This accesses the Reference Manual.

* Tip of the Day...: This option provides short tips on product features that
are displayed each time Micro-Cap is started.

* New MC12 Features...: This shows a summary of the new MC12 features.

e Statistics (ALT + Z): This displays a list of statistics showing the key ID,
Micro-Cap version number and executable date. In an analysis it also shows
the setup and run time, the number of analog and digital nodes, the number
of data points calculated during the run, a list of the actual parts in the circuit
after macro and subcircuit expansion, and a list of the number of iterations
and solutions for the run.

® Check For Updates: This shows the latest version of Micro-Cap available
from the Spectrum web site and assists in downloading it.

* Spectrum Web Site: This brings up the Spectrum Software web site.
® Online Registration: This brings up the Micro-Cap registration form.

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

* Sample Circuits: This shows a list of the sample circuits and the features
they illustrate.
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® 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 parts to the library, using Probe, IBIS files, parameter
stepping, Fourier analysis, analog behavioral modeling, filter design, anima-
tion, distortion, optimization, Monte Carlo analysis, performance plots, and
more.

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

® CTRL + 0: Fits the page within the window. This is probably the best
size for browsing.

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

® Page Down: Takes you to the next higher 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: Takes you to the last page of the index. Index entries are hypertext
links. Clicking on any entry takes you to the referenced page.

* ALT + LEFT ARROW: Takes you back one step to the prior page. This
is handy when using the hypertext links. Use the keyboard arrow, not the
numeric keypad arrow. The right keyboard arrow takes you forward one
step.

® CTRL + F: The Find command lets you search for any text.

* About Micro-Cap: This option shows the software version number.
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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 maintains the Component library, from which components
are selected for use in schematics.

A large library of shapes is supplied with Micro-Cap, 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 is for you.

Features new in MC12

® Block editor: An editor for quickly building large block shapes with many
pins was added.
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Figure 3-1 The Shape editor

The Shape editor layout

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

Shape list box:

This list box displays all of the shapes in the selected shape file.
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
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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.

Editor: This invokes the Object editor, which lets you edit the numeric
parameters of the fundamental objects comprising the selected shape. This
provides finer control over object size and shape than can be obtained with
the normal mouse editing. Some features, such as the digital block pin
symbols, are only changeable from the Object editor.

Duplicate: This creates a new shape by copying the currently selected shape.

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

Help: This accesses the Help system.

Tool bar:

2 & e

3

|

-5

The Tool bar provides the buttons to select tools for 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: This command saves the current shape library file under its existing
name.

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

Revert: This command reloads the current shape library file from the disk. It
is a convenient way to restore the file and ignore any changes.

Translate: This command translates the current shape library file to an older
version of the file ( e.g. MC9, MCS, etc.)
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Remove: This command removes the currently loaded shape library file. Its
shapes are no longer available for use in the Component library.

Add Shape: This adds a new shape with a user-specified name to the
currently selected shape group and shape file.

Add Group: This adds a new shape group with a user-specified name to the
currently selected shape file.

Undo: (CTRL + Z ) Operations that change a shape can be reversed with the
Undo command. Multiple Undo commands are allowed.

Redo: (CTRL +Y ) The Redo command cancels one Undo command.
Multiple Redo commands are allowed.

Cut: (CTRL + X) This command deletes the selected 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 start-
ing at the last mouse position.

Clear: (DELETE) This command deletes the selected items without copying
them to the clipboard.

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

Select: Click this button to activate the Select mode. You 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 a large shape. As usual, you can also
pan with the mouse. Mouse panning involves dragging the right mouse but-
ton and can be done in any mode. Alternatively, you can select this mode and
drag with the either the left or right mouse button.

Rectangle: Click this button to create a rectangle in the shape by dragging the
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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 this button 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 a circle, press the SHIFT key while 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 a digital block in the shape by dragging the
mouse in the Shape display. To change the shape and number of leads, 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 a line in the shape by dragging the mouse in
the Shape display. To change the direction or length of the line, drag on one
of the two handles after entering Select mode.

Closed Polygon: Click this button to add a closed polygon. Click the mouse
in the Shape display, once for each vertex. There is no limit on the number of
vertices. Double-click on the last vertex or click the right mouse button. This
finishes the polygon by adding a final edge between the first and last vertices.
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. There is no limit on the number
of vertices. Double-click on the last 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 coor-
dinates.

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. This invokes a list of existing shapes. Choose the shape you want to
include from this list. Once the shape is included, it can be dragged about.
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Text: Click this button to add text to the shape by clicking the mouse in the
Shape display where you want the text placed. This invokes a text dialog box.
Type the text and click OK. To edit text, double-click on it 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 a digital LED diode shape for
use in animated components.

Digital Switch: Click this button to create a digital switch shape for use in
animated components.

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

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

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

Stoplight: Click this button to create a three-color stoplight shape for use in
animated components.

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

Analog Bar: Click this button to create an analog bar shape for use in ani-
mated 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.

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

Motor: Click this button to create a DC motor shape with a rotating shaft for
use in animated components.
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Current: Click this button to add a direction indicator for positive current. It
is used only when the schematic Currents g mode is enabled.

Line: Click this button to select the outline color of a shape. You can also
select the default or no color options.

Fill: Click this button to select the fill color of a shape. You can also select
the default or no fill options.

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

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

Find: Click this button to locate shapes by name. As you type the shape
name, it fills the list box with all shapes that match the name.

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 objects to the front.

To Back: Click this button to send the selected object in an overlapping stack
of objects to the back.

Next Object: Click this button to select a different object in a stack of over-
lapping 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 axis in 180
degree increments, essentially flipping the object or group about the X axis.
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Flip Y: This command rotates the selected region about the Y axis in 180 de-
gree increments, essentially flipping the object or group about the Y axis.

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

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

EEI Move Parts: This lets you move shapes from any shape group or file to
another shape group or file.
A Sort: This command lets you sort shape names within a group or whole file
Al alphanumerically or alphanumerically plus. You can sort shape names or
group names, within a group or within a group and its children groups.
@ Help: This accesses the Help material for the Shape Editor.
Shape display:

This shows the selected shape. You 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 objects, 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 is invoked by clicking the Editor button or by double-clicking
on the object that you want to edit. The editor looks like this:
() x
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Figure 3-2 The Object editor

4

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

This lets you select new objects to 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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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 is the rectangle that contains the object. Polygon parameters
are a set 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.

Buttons:

Delete: This deletes the selected object.

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.

Help: This invokes the Help system for the Block editor.

Border: This lets you select a border color.

Fill: This lets you select a fill color for objects that have a fill.
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Pin count

Alignment

Spacing

The Block editor

When the object is a block, double-clicking on it shows the Block editor.
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Figure 3-3 The Block editor

This editor lets you quickly create a block to house complex components requir-

ing many pins. Here are the main elements and controls

Pin Count:

This specifies the number of pins. There are four sides and a pin count for

each side.

Pin Alignment:

This specifies the pin alignment. There are four sides and an alignment for

each side.
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Pin Spacing:
This specifies the pin spacing in grids. There are four sides and a spacing for
each side.

Pin Length:
This specifies the length of the pins in grids. All four sides use the same
length.

Pin Symbols:
These pin 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 this location.

Clock: A clock pin.

F = [=

Inversion: A logical inversion.

Inverted Clock: An inverted clock pin.

ki

Normal: No indication of the pin function.

Buttons:

Shrink: This reduces the block width and length to the minimum required to fit
in the specified number of pins.

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.

Help: This invokes the Help system for the Block editor.
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The Shape library

The Shape library contains the graphical shapes used in schematics to represent
components. Each shape is 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,
this file is placed in the same directory as the MC12.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 is possible to have more than one shape file in the shape library. Multiple files
can be maintained, and viewed with the Shape editor.

Shape information is saved in the circuit file since Micro-Cap 7. When a circuit
is loaded and is found to contain components whose shape names are not in the
current Shape library, the program imports them and places them in a file called
IMPORT.SHP. These shapes then become part of the Shape library and are avail-
able for general use.

The check box at Preferences / Options / Circuit / Component Import can be

used to disable this feature. If not checked, shape or component information from
a circuit file is not imported.
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Chapter 4 The Component Editor

What's in this chapter

The Component editor manages the Component library. This library provides the
circuit components used in Micro-Cap circuits. It stores the name of each com-
ponent, the shape it uses, the electrical definition, component text placement, and
pin information. All components, from resistors to macros and SPICE subcircuits
are linked to Micro-Cap using the Component editor.

This chapter is organized as follows:

® The Component editor layout

® Adding components to the library
® Adding subcircuits to the library
® Using the Add Part wizard

® Using the Import wizard

® Making circuit files portable
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The Component editor layout

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

e

Tool bar buttons

Name

Data fields cost

D5 ER @b o % D7 Ra@dA X (R0 clale_ (el Z| e

x

[Bop21212 <Root>Standard.cmp (32577)
- 5| Analog Primitives (275)
Analog Library (30152)
subckt ~| I assignc BIT (4508)
[standard ~ ED‘“EV"“‘"""“’“‘E Comparator (192)
Display NAME Attribute. Connector (382)
0 rover [z - Crystal (40

)
None. | I Display PinNames [~ Display Pin Numbers DC-DC Converter (36)

[tnfineon physics-based model for IGBT Vee=1200V Ic=22A Diode (7750)
Ferrte (315)
Test | [ 1GET (205)
@hns  C Atrbute TextOrentaton 1 C Atrbute Text Orientatn 2 AUIRGPS0BEOPD1- (3)
BLP212 12-(3)

Component

CPV3BHMK_IR- (4)
IRG4BC 10KD- (20)
TRG4VICIOF- (19)
RGHPFSOW- (15)
IRGSI330UPEF- (4)

selector

Shape / pin display

19)
IRGLC0KD1_IR- (25)
IXBHEN 170- (7)
TXGHBN 100- (21)
IXGK3SN120C- (12)
TXGT10N170- (18)

IXGX35N120C- (9)
MGP 11NSDED- ()
Thermal (17)
JFET (473)

ano Miscellaneous (725)
MOSFET (5873)
gate Opamp (3323)

kat Reguiator (83)

Switch/Mux (98)
Thyristar (1161)
nnnnnnnnnnnn

Digital Primitives (88)
Digital Library (2050)
Animation (12)
<Rootsimport.cnp (521)
<Root>Macro.cmp (2)

Total Components 33108

Figure 4-1 The Component editor

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

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

Save: (CTRL + S) This command saves the open library file including any
changes made since it was opened.

Save File As: This command lets you save the file under a different file name
or path.
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Revert: (CTRL +ALT + R) This command loads the disk version of the
library ignoring any changes made since it was opened.

Merge: This command lets you merge another Component library file with
the current MC12 Component library. It provides a dialog box to let you
locate the external library file that you want to merge into the current library.
Only unique parts from the external library file are included. Those with
duplicate names are not merged. If an incoming part uses a shape whose
name isn't in the current MC12 Shape library, the shape is copied from

the external shape library to the current Micro-Cap Shape library. A '$' is
added to the shape name.

Remove File: This lets you remove a file from the Component library list.

The Import Wizard button imports .MODEL and .SUBCKT-based parts

from a text file. It copies the model file to the library folder, adds the file
name to the master index file, NOM.LIB, and makes the required entries into
the Component library. It finds all of the model statements and subcircuits in
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 a guide a part selected by the user from a list 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 complete them. Usually this involves picking a suitable
shape and placing the appropriate pins on the shape. The Import wizard is
optimized for automating the mass import of vendor-modeled parts.

The Translate button converts and saves the Component library file into
earlier Micro-Cap formats.

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 MC12 libraries. Like the Import wizard, it copies the model
file to the library folder, adds the file name to the master index file, nom.lib,
and makes the required entries in the Component library.

Add Part: This adds a new component if the name selected in the

Component selector window is any group or component name except the
highest level, the library file name.

159



160

It

o
W

M
=
| 1

[

p -|-E

|

25

& |2

E

© &

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 is disabled, since you can't add a group to a component.

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

Copy: This command copies the current component to the clipboard where it
can be used in a paste operation.

Paste: This command pastes the clipboard component with a generic name to
the slot before the currently selected component in the Component Selector.

Replace: This command replaces the current component description with the
one in the clipboard except for the part name which remains the same.

Delete: This deletes the selected file, group, or component. Files are removed
from the list of files that comprise the Component library, but are not deleted
from the disk.

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

The Undo button undoes prior edits. It is a multistage undo for edits to the
data fields. It does not undo part additions/deletions.

The Redo button restores prior edits. It is a multistage redo for edits to the
data fields. It does not redo part additions/deletions.

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

Zoom-In: 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 a subckt listing or a model statement.
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The Sort command lets you sort the parts and/or groups alphabetically.

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

Help: This command accesses the help files for the Component editor.

Data fields:
Name: This is the component name as it appears in the Component menu.

Shape: This is the shape group and name. The Group Name list on the left
shows the available group names. The Shape Name list on the right shows
the available shape names. You can edit the group / name associations from
the <Edit List> item at the top of the Group Name list.

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

Type: This optional field appears when the Definition is set to Subckt. It has
five possible values.

Standard For non-IBIS subcircuits

IBIS Input For IBIS input buffers

IBIS Input with Supplies For IBIS input buffers with power pins
IBIS Output For IBIS output buffers

IBIS Output with Supplies For IBIS output buffers with power pins

Cost: This optional field is used in the Bill of Materials report where it is
listed individually and included in the circuit totals.

Power: This optional field is used in the Bill of Materials report where it is
listed individually and included in the circuit totals.

Palette: This list box lets you assign the currently displayed part to one of
the component palettes.

Memo: This field may be used for any desired documentation purpose. It is
mainly used to describe the function of the component.
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Link Field: This field provides space for a link to an internet URL, or a local
document or executable file. To use the link, double-click on the part in the
schematic to invoke the Attribute dialog box, then click on the File Link. You
can also single-click on the part while in Link mode ﬁ to invoke the link.

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 is used for rotations that are equivalent to 0 degrees. As

with other cases, this controls only the initial 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
simplifies the process of adding components. This option is enabled on all
Analog and Digital Library parts and is disabled on all Analog and Digital
Primitive parts.

Display PART Attribute, Display VALUE Attribute, and Display MODEL
Attribute: These options set the display flag for the attributes. They control
the initial display only, when the part is first placed. Afterwards, display is
controlled by toggling the appropriate display flag in the Attribute dialog box.

Display Macro Parameter Names and Values: This option sets the Show
flag for the Value and Name text for each macro parameter. A macro with
this option set will show the name and value of all parameters when placed
in a schematic. The Show flags can, of course, be individually toggled on or
off after placement.

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 be individually changed on the part when it is placed in a schematic. Pin
names are normally shown for complex LSI 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 lead of an NPN, but not
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so easy to identify pin names on a complex 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
associates specific shape locations with electrically, subcircuit, or macro de-
fined pin names. When you add a basic component, like an NPN transistor,
pin names automatically appear and need only be dragged to suitable loca-
tions 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 spec-
ify the pin names and their position on the shape. This is done by clicking in
the Shape / pin display, typing the pin name into the Pin Name dialog box,
specifying whether it is an analog or a digital pin, and then dragging the pin
to the proper position on the shape.

Editing an existing pin name involves double-clicking on the pin name or pin
dot to invoke the Pin Name dialog box.

Hidden pins are assigned to a fixed named node in the schematic and are
never displayed. This type of pin is occasionally used to simplify the process
of wiring up power pins.

Additional pin fields:
Some digital parts have a variable number of pins and thus require an
additional Pin field to specify the number of input, output, or enable pins. For
example, a nor gate may have an unlimited number of inputs. An Input field
then specifies the number of inputs.

Component Selector:
The selector is a hierarchical list box that lets you select a component for
viewing or editing. To open or close a group, double-click on it, or click once
on its + or - box. To select a component, click on it.

The display order used in the Component editor is also used in the Compo-
nent menu to select parts for placement in the schematic.

Total Components:

This shows the number of components in all files currently open in the
Component library.
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Adding components to the library

As originally supplied, the Component library contains all of the usual compo-
nents that you ordinarily need. The main use of the Component editor is to define
new macro and subckt components, although you might find it desirable to add
your own common components. You may, for instance, wish to create several
types of grounds, or several types of resistors to reflect different physical con-
struction, or to explicitly denote the plus and minus leads. Users may also need to
add a part whose model has been supplied by a vendor in the subckt format.

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

To add a component to the library you first choose its group by clicking on the
group name in the component selector. Next, you click on the Add Part button
and specify the following:

® The name of the component.

* The name of the shape it uses.

® The electrical definition.

* An optional memo description.

* The initial text coordinates of the attributes (by dragging text into place).

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

* The display options.
If the component is a macro, subcircuit, logic expression, pindly, or constraint,
then named pins must be explicitly added. Normally, logic expressions, pindlys,
and constraints are used only in subcircuits as building blocks for the Digital li-
brary, so the Component library has only token components of this type. It is not
expected, for example, that a user will want to add a logic expression to a sche-
matic, but it is possible.
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 subcircuits to the library

Many vendor-supplied models are already included in the library. This section
shows you how to add new ones. We'll add a hypothetical OPAMP called the
OP09_AD. This part is similar to the OP08 component supplied by Analog De-
vices. The subcircuit, as typically supplied by a vendor, is shown below.
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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-inverting input
2 Inverting input

99 Positive supply

50 Negative supply

45 Output

15 Compl

17 Comp?2

The first 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 / O / OP07_LT. Finally, click on the
Add Part j button. Type "OP09 AD" in the Name field. Press the Tab key to
move to the Shape Group field. Press Tab again to accept the Main group and to
move to the Shape Name field. Press O until Opamp7 is shown. Press the Tab key
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to move to the Definition field. Press S until Subckt appears. Enable the Assign
Component Name to NAME feature. Enable the Display PART Attribute and
Display NAME Attribute features.

The next step is to add the pins. Click in the Shape / pin display. Type "3" into
the Pin Name dialog box that appears. Note that the default pin type is analog.
Click on the OK button. This places a pin 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 pins in the same manner. Click on At-
tribute 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 on
Pins. The final display should look like this:
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Figure 4-3 Entering the OP09_AD subckt in the Component library

This completes the 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 Micro-Cap knows that it is a sub-
circuit and will be expecting to find the subcircuit model in one of several places:
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1. In a text or model page of the schematic.

2. In the optional file listed in the FILE attribute.

3. In a file referenced in a user .LIB statement.

4. In a file referenced in the default .LIB NOM.LIB statement.

.LIB statements are the preferred way of handling vendor-supplied subcircuit
models. In this case you would presumably have received a file from the vendor.
Lets call it AD.LIB. The file would contain the subcircuit model for the new
OP09 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 .LIB 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
Micro-Cap can access it. The NOM.LIB file is a standard text file, so you can add
a new entry using any text editor, including the Micro-Cap text editor.

To complete this example, load the NOM.LIB file from the /ibrary directory. Add
the following text to the NOM.LIB file.

.LIB "AD.LIB"
(if AD.LIB is in the current library directory)

.LIB "C:\MYPATH\AD.LIB"
(if AD.LIB is at C:\MYPATH)

On the next access of the NOM.LIB file, Micro-Cap will discover that it has been
modified and will regenerate a new index to all of the subckt, model, and macro
statements in the file. This can take several seconds. After the index is gener-
ated, 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 extra or missing characters are allowed. Many vendors supply standard com-
ponents using the same name, so Micro-Cap libraries must distinguish them. That
is why a two letter name like ' AD' is appended to the name as supplied by the
vendor. For example, the LM 128 supplied by Linear Technology is LM128 LT.
The National Semiconductor version is LM128 NS. If you add duplicate mod-
els, 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 this task. 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
already in the library.

We'll illustrate the procedure with the sample file, AD.LIB supplied with Micro-
Cap, 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 / O /
OPO07_LT. If you have already entered this part manually from the last section,
delete it now by selecting it and pressing the Delete ﬂ button.

3) Click on the Add Part wizard E button.
4) The first prompt is for the electrical definition. Select Subckt. Click Next.

5) The prompt asks for the name of the file containing the subckt. Type AD.LIB
(the file is already in the library folder so no path is needed). Click Next.

6) The next dialog box lists all of the candidate parts found in the AD.LIB file.
Select "OP09_AD". Click Next.

7) The next prompt is the tricky one. The wizard scans the Component library
and compiles a list of all subcircuit parts that have pin names matching the
OP09_AD. Actually it presents only a representative list, as there may be many
matching parts. Accept the recommended choice since this is a typical 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.
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10) The next panel lets you set the initial display of the various part attributes.
Click Next.

12) The next panel 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 parts is added to a schematic. Click to enable the option.

Click Next.

12) The final 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. Click Finish.

The new part should look like the last example as shown in Figure 4-3.
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Using the Import wizard

MCI12 also includes an Import wizard for importing large numbers of similar
.MODEL and .SUBCKT-based parts.

We'll illustrate the procedure with the sample file, AD.LIB supplied with MC12,
and located in the library folder. We'll pretend that you have just downloaded it
from a vendor. In the file are multiple subcircuits. Here is how you add them to
the library 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 this illustration simply select Analog Library.

3) Click on the Import wizard @ button.

4) The first prompt is for the file name. Type in "ad.lib". In this example, you
don't need to specify a path since the file is already in the MC12 library folder. If
it were not, you would specify or browse to the location of the file. Click Next.

5) The next prompt is for an optional suffix. Click Next.

6) The program scans the ad.lib file looking for subcircuits and models. 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 matching
parts use the same shape it simply enters the part using the shape and pin loca-
tions 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 a list 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. You may want to create a special
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. Scroll down the list and select the NMOS subckt 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 using the NMOS SUBCKT 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.

Click on the IRF5101A. The display should end up like this:
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Figure 4-5 Using the Import wizard
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Adding SPICE Models from Manufacturers

The websites of manufacturers are often great resources for additional SPICE
models that can be used in Micro-Cap. For importing models into Micro-Cap,
the Component Editor provides two wizards, the Import Wizard and the Add Part
Wizard, or the user may also add the model manually. The Import Wizard pro-
vides the simplest route to importing models and will be the method desribed in
this section. In this example, three models were downloaded from the internet
and placed in a text file called Vendor.lib. Typically, a model file downloaded
from the internet can be used directly with the Import Wizard. The Vendor.lib file
was created to demonstrate the three possible outcomes that can occur when us-
ing the Import Wizard. The three models in the Vendor.lib file are:

ADS827 (Analog Devices) - High speed, low power opamp
ADB8145 (Analog Devices) - High speed, differential receiver
IRFE330 (International Rectifier) - 400V N-Channel MOSFET

The recommended location to place the downloaded file is the LIBRARY folder
under the main Micro-Cap folder. The recommended extension of the file is
.LIB. Neither of these are requirements though. Once the file is on the hard
drive, the first step in importing the models is to access the Component Editor
under the Windows menu. The Component Editor manages all of the circuit
components used in the schematics.

In the Component Editor, select the group that you want to import these parts
into. The component tree on the right hand side of the Component Editor sets
the structure of the Component menu in the schematic editor. Double click on a
group name to open or close the group. The Add Group icon can also be used to
add a new group to the tree. Highlight the group name that the parts should be
in. Then invoke the Import Wizard by clicking on the following icon in the Com-
ponent Editor toolbar: w

The first page in the Import Wizard is the File page which is shown in Figure 4-6.
This page specifies the library file that contains the models to be imported. The
Browse button lets you browse through the hard drive to locate the library. In ad-
dition, an option called "Copy the above file to the library directory" is available.
When enabled, this option will copy the library file into the specified path. This
option is useful in relocating the library file to the defined library path if it was
downloaded into a different folder. Once the library file has been selected, click
Next.
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 File::

I\rendnr lib Browse...

r— Memo for all added components:

I” Include Local Subckts
¥ Copy the above file to the library directory C:\mc12cd2\ibrany',

This wizand is designed to import one or more model and./or subckt parts from a single library file by using existing
parts as templates. To start the process, enter the name of the library file.

< Back Next > Cancel | Hep |

Figure 4-6 File Page of the Import Wizard

The next page in the Import Wizard is the Suffix page as shown in Figure 4-7.
This page specifies an optional suffix that can be added to all of the subcircuit
names within the library file. To add a suffix, enter a string in the "Suffix to Ap-
pend to SUBCKT names" field and then click the Append button. This will re-
write all of the subcircuit names in the library file to include this suffix. Note that
upon clicking Append, the library file is modified and saved to the hard drive. If
the wizard operation is later cancelled, the library file will still contain the modi-
fied subcircuit names. An appended suffix can be useful when trying to import a
model that has the same name as one that already exists in the component library.
The Import Wizard only imports models that have a name that does not exist in
the component library and adding a suffix will let the wizard import the model.

In most cases, no suffix is needed and this page can be ignored as it will be in this
example. Click Next.

After the Suffix page, the wizard starts the process of importing all unique mod-
els from the library file. Micro-Cap will compare the part(s) in the library to the
existing parts in the Component Editor. For subcircuits, it compares both the
amount of pins defined within the model along with the names of those pins to all
existing subcircuit entries. There are three possibilities that can occur with each
model in the library file. If it finds a single match, it will automatically add the
part using the template of that match. If it finds no matches, it will place the part
in the library with a generic template along with a designation that the part needs
more work. If it finds multiple matches, a list of all of the available matches is
then shown, and the template that is most applicable to the specified model can
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—Suffix to Append to SUBCKT names

[ Aopend |

This option appends a suffix label to all subckt names in the file and saves the modified file to disk. Suffixes help
distinguish one vendor's UA70S from another's. To skip this option click on Next

< Back Next > Cancel | Hep |

Figure 4-7 Suffix Page of the Import Wizard

then be selected by the user. In addition to the list of matching templates, a sec-
ond dialog box will also be invoked that displays the netlist of the model being
imported. This netlist can often be useful in deciding which of the listed tem-
plates provides the best match. In this example, multiple matches are found for
the IRFE330a device. The following two dialog boxes are then displayed.
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Figure 4-8 Choose a Template and Subcircuit Listing dialog boxes
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Since the IRFE330a is an NMOS, select the template based on the 2N6845 IR
component which uses an NMOS shape. Clicking OK imports the IRFE330a
using the same shapes and pin configuration as the NMOS_subckt component in
the component library. Clicking Cancel will skip this component in the import
process.

Once all of the models in the library file have been processed, the Import Status
page will be displayed which shows the results of the Import Wizard operation. It
looks like this:

— Part Status

Added ADS27AB using AD8024
Added ADB145A using AD8145
Added IRFE330A using 2N6845_IR

Library vendorlib contains 3 Subckts.

Library vendor lib containg 0 Models.

3 components have been added to Standard.cmp.
0 parts are already in the library.

0 components have been skipped.

This is the part that actually does the importing. i reads the specified file, extracts subckts and puts them into
the library using similar parts as templates. The results are shown in the Part Status bowx.

<Back [ Fnsh | Cancel | Hep |

Figure 4-9 Import Status Page of the Import Wizard

The top section of the status listing describes the results for each model in the
library file. For the AD827AB model, a single match was found and the part

has been imported using a template defined by the AD8024 component. For the
ADS8145A model, no match was found and the part was imported using a generic
template. Note that this part has been flagged with a Needs Work label. For

the IRFE330 model, the part has been imported using a template defined by the
2N6845 IR component which was selected in a prior step.

The bottom section of the status listing describes the total results for the library

file. In this case, three subcircuit models were found in the file, and all three
were imported. Click Finish to complete the import process.
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The parts will now be available in the Component Editor within the group that
was selected when the Import Wizard was launched. Double check the parts to
make sure the shape and the pin connections are correct. Highlight a part and
then click on the Info icon in the toolbar. This will display the SPICE listing for
the device which usually contains comments on the pin functions. Drag on the
red dots to move the pin connections around as needed. At this point, you can
edit the component just like any others in the Component Editor. For this ex-
ample, the AD827AB and IRFE330A need no additional work. The AD8145A,
which states Needs Work next to the component name in the tree to the right,
needs a shape assigned and pins moved to the appropriate locations. Selecting a
shape such as Opamp7d and then dragging the pin connections to the ends of the
appropriate leads completes the importation.
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Using Copy, Paste, and Replace

The clipboard can also be used for rapid entry of similar parts. To illustrate, as-
sume we want to enter a number of 7 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 a template. For this illustration simply select
Analog Library / Opamp / Precision/Rail-to-Rail / O / OP07_LT / OP08_AD.

3) Click on the Copy ﬁ button. The program copies the OP0O8_AD to the clip-
board.

4) Click on the Paste @ button. Micro-Cap pastes the clipboard part (the OP08
AD) to a new position, and names it OP08 AD 1. Change its name to OP09_AD
or any other unused name. Each new part added requires only a single 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 is to be made uniform.
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Making circuit files portable

Micro-Cap 5 and 6 could not load a circuit file if it contained a part that was not
already in the component library. If you wanted to share a circuit with a friend,
you had to send your component and sometimes your shape library along with
the circuit. That is no longer necessary.

To improve file portability, circuit files now contain copies of their shape and
component library data. Your friend's Micro-Cap can now read your circuit file
without needing your shape and component libraries because the circuit file itself
has that information.

When Micro-Cap loads a circuit file containing a part that is not in the Compo-
nent 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 places it in the auxiliary component library file, IMPORT.
CMP. This makes the part instantly usable. Note that the circuit file must have
been saved in MC7 or later format for this feature to be available.

You can drag or move the part into any group of any component library file. Until
deleted, the part is available for use in any circuit.

The check box at Preferences / Options / Circuit / Component Import can be
used to disable this feature. If not checked, shape or component information from
a circuit file is not imported.

If your friend also wants to run a simulation, they will need model information as

well. The Localize Models @3l| button adds or updates model statements, subckts
and macros, and copies them into the circuit file so that the circuit file alone is all
that is needed to run an analysis.

Chapter 4: The Component Editor
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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 components in the Micro-Cap 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 is linked to the components using the Package editor.
This chapter is organized as follows:

® The Package editor layout

® Adding basic packages to the library

® Adding complex packages to the library
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Data fields

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 requesting 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 pin information is to 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: This command deletes the highlighted package.
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Find: This command 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 multiple items. For example, performing a find on
"740" will return all entries that start with 740.

Close: This command closes the Package editor and optionally saves any
changes to the package file.

Help: This command accesses the Package editor Help system.

Info: This command displays model information for the selected part.

File command buttons:

o
=
ol

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 a dialog box to let you locate the exter-
nal library file that you want to merge with the current library. Only unique
packages from the external library file are included. Packages with duplicate
names are not merged.

Save File: This command saves the current package library file under its
current name.

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: This is the package as it will appear in the Attribute dialog box of
the specified component for the PACKAGE attribute.

Component: This is the component that the package is being defined for. This
field is fixed except when the package is first entered from an Add, Complex,
or Duplicate command.
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Pin Cnt: This controls the pin count for the entry.

Accel: This field overwrites the Package field when the schematic is trans-
lated to an Accel netlist.

OrCad: This field overwrites the Package field when the schematic is trans-
lated to an OrCad netlist.

Protel: This field overwrites the Package field when the schematic is trans-
lated to a Protel netlist.

PADS: This field overwrites the Package field when the schematic is trans-
lated to a PADS netlist.

Pin fields:

These fields define the configuration of the pins in the PCB netlist. For a ba-
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 edi-
tor. If the Pin Name is set to NC#, (no connection) the corresponding PCB
field is ignored. 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 a complex package, a third field, called Gate, will be pres-
ent. Since a complex package contains multiple instances of the component,
the Gate fields must specify which instance the pin is being defined for. A '*'
in the Gate field indicates that all instances of the component in the package
share this pin.

Package selector:

The selector is a list 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 packages to 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 a basic package uses the following procedure:
® Click on the Add command button.

® In 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 pins in the Pin Cnt field such as 14.

® Define the Pin Name fields with their corresponding PCB fields. Click on
the drop-down list of a Pin Name field to view the available pin names. For
example, in TI'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 packages to 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
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Figure 5-3 The Package editor settings for the 7400

Adding a complex package uses the following procedure:
* Click on the Add Complex command button.

® In 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 pins in 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 a Pin Name field to view the available pin
names. For example, in TI's data sheet for the 7400, pin 4 on the package

is specified as the 2A pin which is the 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.
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Chapter 6

Transient Analysis

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.

Features new in MC12

® Worst Case analysis: This function has been enhanced by an improved
editor and inclusion of bias template libraries.

® Performance functions: This function has been improved by the addition
of .measure functions from the Measure.lib.

® Time dependent temperature: The temperature field can now be a
function of time and other circuit variables.

® Measure commands: These are now available from the Get Function
command.

Smoke: Smoke tests device operating conditions against user-defined limits
and displays a color-coded chart depicting how close each device is to
exceeding the limits.

.Nodeset: This command in the State Variables editor maps the current

conditions into a .Nodeset statement in the text area of the schematic to serve
as an initialization aide for a subsequent run.
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What happens in transient analysis

Transient analysis predicts the time-domain behavior of a circuit. It tries to pre-
dict what would happen if you built the circuit in the lab, hooked up power sup-
plies and signal sources and looked at the curves with a scope or a logic analyzer.

The program begins by constructing a set of nonlinear, time-varying, differential
equations to represent the circuit. The remaining process is comprised of three
steps:

* Initialization of state variables
* DC operating point (optional)
* Main transient analysis

Initialization of state variables:
The initialization process is explained in more detail later in this chapter. State
variables include node voltages, inductor currents, and digital node states.

Optional DC operating point:

The purpose of the operating point is to establish, by iterative calculation, a stable
set of state variable values that represent the steady state condition the circuit

is assumed to have for the Time = O starting point of the transient analysis. The
operating point is calculated by treating capacitors as open circuits and inductors
as shorts. Using a DC nonlinear model for the other devices in the circuit, the
program linearizes the model about the last set of state variable values. Linear-
izing 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 is assumed
to hold over the interval of one iteration. The program then solves for the incre-
mental voltages and currents. It adds these increments to the prior state values,
and checks to see if they have stabilized, or converged. When all state variables
have converged, the operating point is complete and the program starts the main
transient analysis.

Main transient analysis:

The main transient analysis begins with the state variables computed during the
operating point, or the initialized values if the operating point was skipped. Us-
ing a standard nonlinear time-domain model for each device in the circuit, the
program linearizes the models about the last set of state variable values. It then
solves a set of linear equations for incremental voltages and currents. It adds
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these linear increments to the prior state variable values and checks to see if they
have stabilized. When all of the state variables have stabilized, convergence at
this data point is achieved and the data point is evaluated to see if the local trun-
cation error (LTE) is acceptable. If so, the time point is accepted and added to the
plot, time is 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 attempted. This process continues until the time variable equals the speci-
fied tmax.

To summarize, the basic conceptual sequence for Transient analysis is as follows:

. Initialize state variables.

. Optionally calculate the DC operating point.

. Set Tlast =T =0 and DT = minimum time step.

. Solve for all state variables.

. If variables have converged go to step 6, else go to step 4.
. If LTE of state variables is acceptable go to step 8.

. Discard time point: DT = DT/2, set T = Tlast , and go to step 4.
. Plot or print requested variables. Set Tlast = T.

. If Time equals tmax, quit.

10. Time = Time + time step.

12. Go to step 4.

O 00 31 N L B WK —
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The Transient Analysis Limits dialog box

Load the MIXED4 circuit file and select Transient from the Analysis menu.
Micro-Cap extracts the necessary circuit information directly from the schematic.
More information is needed before the analysis can begin, and that information is
supplied by the Analysis Limits dialog box.
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Figure 6-1 The Analysis Limits dialog box

The Analysis Limits dialog box is divided into five areas: the Command buttons,
Numeric limits, Curve options, Expression fields, and Options.

Command buttons
The Command buttons are located just above the Numeric limits field.

Run: This command starts the analysis run. Clicking the Tool bar Run button
_b | or pressing F2 will also start the run.

Add: This adds another Curve options field and Expression field line after
the line containing the text cursor. The scroll bar to the right of the Expres-
sion fields scrolls through the curves when there are more than can be dis-

played.
Delete: This deletes the waveform row where the text cursor is.
Expand: This expands the text field where the cursor is into a large dialog

box for editing or viewing. To use the feature, click the mouse in the desired
field, and then click the Expand button. Use Zoom buttons to adjust text size.
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Stepping: This invokes the Stepping dialog box. Stepping is reviewed in a
separate chapter.

PSS: This invokes the Periodic Steady State dialog box where you control
PSS parameters. See the chapter, Periodic Steady State, for more details.

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 invokes the Help screen which provides information by
index and topic.

Copy to Clipboard List: This command copies the upper analysis limits to
the Clipboard List. Analysis limits include everything but the waveforms.

Copy to Clipboard List: This command lets you paste one of the analysis
limits sets from the Clipboard List to the current analysis limits.

Numeric limits
The Numeric limits field provides control over the analysis time range, time step,

number of printed points, and the temperature(s) to be used.

* Maximum Run Time: This specifies the maximum run time for the
analysis. The format of the field is:

<tmax>
The run starts with time equal to zero and ends when time equals <tmax>.
® Qutput Start Time (tstart): This field specifies when the program will
start saving output. Output includes plots, numeric output, and Probe files
available from Run Options / Retrieve. The format of the field is:

[<tstart>]

For example, if you wanted to do a 200mS run, but only save the last
ImS, then you would enter 200mS for <tmax> and 199mS for <tstart>.

* Maximum Time Step: This field defines the maximum time step that the

program is allowed to use. The default value, (<tmax>)/50, is used when the
entry is 0 or blank.
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* Number of Points: This sets the number of printed values in the numeric
output. The default is 51. This value is usually set to an odd value for an even
print interval. The print interval is the time between successive printouts. The
interval used is (<tmax> - <tstart>)/([number of points] - 1).

* Temperature: This field specifies the global temperature(s) of the run(s)
in degrees Celsius. This temperature is used for each device unless individual
device temperatures are specified.
If the Temperature 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 high/low (log mode). Temperature values
start at </ow> 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>[,<i2> [, <t3>1[,..]]

where ¢/, ¢2,.. are individual values of temperature.

One analysis is done at each specified temperature, producing one curve
branch for each run.

Temperature expressions that depend upon time-varying variables may also
be used. For example, 27+PD(Q1(1))*300 or 27+VCE(Q2)*1C(Q2))*250. If
expressions are used then the Temperature list box value is set to List since
you can't step an expression.

Retrace Runs
This field specifies the number of retrace runs.

Curve options

The Curve options field is located below the Numeric limits field and to the left
of the Expressions field. Each curve option affects only the curve in its row.
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@ , Save and Don't Plot ) ,

and Don't Save or Plot g If you save but don't plot, you can later add the
plot back to the display from the Properties (F10) dialog box.

The first option toggles between Save and Plot

The second option toggles the X-axis between a linear M 5g o log M plot.
Log plots require positive scale ranges.

The third option toggles the Y-axis between a linear Sanda log %
plot. Log plots require positive scale ranges.

Color

The g option activates the color menu. There are 64 color choices for an
individual curve. The button color is the curve color.

Numeric Output

The i option prints a table showing the numeric value of the curve. The
number of values printed is set by the Number of Points value. The table is
printed to the Output window and saved in the file CIRCUITNAME.TNO.

Plot page
This field lets you organize waveforms into groups which can be selected
for viewing from the tabs at the bottom of the plot window.

Plot group

A number from 1 to 19 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. You can also use .defined
variables to simultaneously enable or disable plots. For example, if you use
P1 in several P fields, then

.define P1 10 would plot the waveforms, and

.define P1 (blank) would not plot the waveforms

Expression fields

The X Expression and Y Expression fields specify the horizontal (X) and vertical
(Y) expressions. Micro-Cap can evaluate and plot a wide variety of expressions
for either scale. Usually these are single variables like T (time), V(10) (voltage at
node 10), or D(OUT) (digital state of node OUT), but the expressions can be
more elaborate like V(2,3)*[(V1)*sin(2*PI* 1 E6*T).
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Variables list

Clicking the right mouse button in the Y expression field invokes the Variables
list which lets you select variables, constants, functions, operators, and curves, or
expand the field to allow editing long expressions. Clicking the right mouse but-
ton in the other fields invokes a simpler menu showing suitable choices.

X Range and Y Range fields: These specify the numeric scales to be used when
plotting the X and Y expressions.

The format 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 "AUTO" in the X

or Y range calculates the range automatically. The Auto Scale Ranges option
calculates scales for 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, 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 a natural 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: This runs the simulation without saving it.

* Save: This runs the simulation and saves it to disk, using the same
format as in Probe. The file name is NAME.TSA.

* Retrieve: This loads a previously saved simulation and plots and prints
it as if it were a new run. The file name is NAME.TSA.

* State Variables
These options determine the state variables at the start of the next run.

® Zero: This sets the state variable initial values (node voltages, inductor
currents, digital states) to zero or X.
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* Read: This reads a previously saved set of state variables and uses
them as the initial values for the run.

* Leave: This leaves the current values of state variables alone. They
retain their last values. If this is the 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: This runs the analysis N times, where N is the number in the
Retrace Runs field. For the first run, normal initialization is done and, if
requested, 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.

° Ignore Expression Errors: If checked, expression errors are ignored. This
is useful when you want to temporarily disable portions of the schematic but
not have to delete the corresponding plot expressions.

® Operating Point: This calculates a DC operating point. It uses the initial
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 all sources.

°® Operating Point Only: Computes a DC operating point only. No transient
run is made. State variables are left with their final operating point values.

* Auto Scale Ranges: This sets the X and Y range to AUTO for each new
analysis run. If it is not enabled, the existing scale values from the 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 a run by clicking
on the Run command button or pressing F2.

* Accumulate Plots: This accumulates waveforms or curves that result from
editing the circuit. The Clear Accumulated Plots command J clears any
accumulated plots.

* Fixed Time Step: This option forces the program to use a fixed time step
equal to the specified Maximum Time Step. This feature is made available
for theoretical study and is not often used. The native variable time step
based upon local truncation error theory is far more efficient.
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* Periodic Steady State: This option uses a shooting method to eliminate
transients and produce steady state waveforms. Transient-free waveforms are
essential for accurate results in harmonic and intermodulation distortion,
switch-mode, and RF circuits. If the option is enabled, the program runs a
series of full transient analyses, with each iteration ideally producing a more
stable waveform. You can watch the progress on the screen as each plotted
waveform is shown and on the status bar where the periodicity error is shown
for each iteration. The bottom of the Schematic Info page also recaps the PSS
iteration and error history. To study PSS in more detail see the chapter on
Periodic Steady State.

Resizing
The Analysis Limits dialog box can be resized in a variety 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 the field sizes to 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 Transient menu

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.

Worst Case (ALT + F6): This accesses the Worst Case analysis dialog box.
Analysis Window: (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.

Operating Point Methods (CTRL + SHIFT + O): This lets you select
the operating point method to be used and the order in which each is tried.

3D Windows: This lets you add or delete a 3D plot window. It is enabled
only if there is more than one run.

Performance Windows: This lets you add or delete a function plot window.
It is enabled only if there is more than one run.

Fourier Windows: This adds or deletes Fourier windows. It opens the dialog
box, where you can select waveforms and specify Fourier parameters.

Slider: This lets you add or delete a slider bar to control a circuit parameter.
Numeric Output: (F5) This shows the Numeric Output window.

State Variables editor: (F12) This accesses the State Variables editor.
Smoke: This enables the Smoke feature. Smoke tests device operating

conditions against user-defined limits and displays a color-coded chart
showing how close each device is to exceeding the limits.
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Reduce Data Points: This invokes the Data Point Reduction dialog box. It
lets you delete every n'th data point.

Exit Analysis: (F3) This exits the analysis.
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Initialization

State variables define the state or condition of the mathematical system that
represents the circuit at any instant. These variables must be initialized to some
value prior to starting the analysis run. Here is how Micro-Cap does the initial-
ization:

Setup initialization:
When you first select a transient, AC, or DC analysis, all state variables are
set to zero and all digital levels to X. This is called the setup initialization.

Run initialization:

Each new run evokes the run initialization based upon the State Variables
option from the Analysis Limits dialog box. This includes every run, whether
initiated by pressing F2, clicking on the Run button, stepping parameters,
using Monte Carlo, or stepping temperature. There are several choices:

Zero: The analog state variables, node voltages, and inductor currents are
set to 0. Digital levels are 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.
This value is defined in the Global Settings dialog box. This is the only
option in DC analysis.

Read: MC12 reads the variables from the file CIRCUITNAME.TOP.
The file itself is created by the State Variables editor Write command.

Leave: MC12 does nothing to the initial state variables. It simply leaves
them alone. There are three possibilities:

First run: If the variables have not been edited with the State
Variables editor, they still retain the setup initialization values.

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: MC12 does nothing to the initial state variables. It simply
leaves them alone.
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Device initialization: Device initialization is the third step. It is always 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 more resilient than simple initial values which can (and usually
do) change after the first iteration of the bias point. This may be good or
bad depending upon what you are trying to achieve.

Using these initial values, an optional operating point calculation may be
done and the state variables may change. If no operating point is done,
the state variables are left unchanged from the initialization procedure. If
an operating point only is done, the ending state variable values are equal
to the operating point values.

The transient analysis begins after the setup, run, and device initializations are
complete.

At first glance, you might think Retrace mode could be used to do eye diagrams,
but there is a much 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 like this;

TMOD 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 is for reviewing or editing state variables. It looks like
this:

@ x
- Mode Voltages ~Node Levels
out [3.33264E400 11 467958400 ar 1
12 [1709%6E01 13 [4o13eE01 PrE8 [T
14 [497823E400 15 [3.98006E+00 4o
15 [0 17 88620501 Ao
18 152882601 m[Er 51
$G_DGND [DE+00 $G_DPWR [ SE+00 B0
x1s.1 [20138E+00 x1s.2 [12983E400 st
X183 [6.40428E01 X16.Q1_COLLECTOR [1.330076+00 s o
<
sgatoD [1
Time =6e-007
’WI Clear Format... Read... Write... Frint Ic | .NODESET | Help... |

A

Figure 6-2 The State Variables editor
The editor displays node voltages, inductor currents, and digital node levels. The
scroll bars may be used to review values not visible on the display. Any value
may be edited.
The command buttons function as follows:

* Close: This exits the dialog box.

® Clear: This immediately sets all analog values to zero. Digital node levels
are set to 'X".

* Format: This lets you set the numeric format to be used in the Write, Print,
and .IC commands.

® Read: This immediately reads a new set of values from a disk file, after
prompting for a file name.
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® Write: This immediately writes the displayed values to a disk file using a

user-supplied file name. This file is created for use when the Analysis Limits

State Variables Read option is selected. The Read option uses the values
stored in this file at the Run initialization stage.

* Print: This copies the values to a text file called CIRCUITNAME.SVV.
* .IC: This command translates the existing state variables into .IC

statements and saves them in the circuit's text area. The following
translations are made:

State variable IC statement

Node voltage 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 this command is to provide a handy way to create .IC

statements, which some users prefer as a means of initializing state variables.

* Nodeset: This command is similar to the .IC command but generates a
.NODESET command instead.

1t 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 P key

During a simulation 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. This is a convenient way to check

the course of a new, lengthy simulation when the initial plot scales are unknown.
This feature may significantly slow the simulation, so only use it to "peek" at the

numeric 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 numeric output
button ﬂ in the curve row. Content is also controlled from the Numeric Output

panel of the Properties dialog box (F10).

® Curves: This lets you select which curves to print, their numeric format,
and an alternative alias for the curve name.

* Show: This section allows selection of the other material to include in the
numeric output file.

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

* Include Main Header: This prints the main header.
* Include Analysis Limits: This adds the analysis limits.

® Include Branch Headers: This adds branch headers that identify
the item(s) being stepped or the Monte Carlo case number.

° 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 Operating Point Values: This controls the printing of the
operating point data to the file.

* Include Noise: This controls the printing of the individual device
noise contributions to the file. This is enabled only for AC analysis.

° Include Waveform Values: This controls the printing of all
waveform values to the file. The numeric output icon ﬂ, adjacent to
each waveform expression in the analysis limits, must also be
enabled for printing to occur.
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* Include Waveform Headers: This prints identifying
expression text above each numeric column.

* Begin Printing At: This specifies the time value at which
printing of the waveform values begin.

°* End Printing At: This specifies the last time value at which
waveform printing occurs.

* Table Formats: This controls how the numeric output curve /
waveform tables will be arranged. Horizontal is the conventional
format, with column vectors shown horizontally. Vertical prints
the time column, followed sequentially by single column vec-
tors, one for each output. Vertical X,Y Alternate is the same but
with an extra analysis variable column inserted between each
output vector. Finally Vertical X,Y Pairs produces column pairs
consisting of the analysis variable and one output. The pairs are
arranged vertically.

Output is saved in the file CIRCUITNAME.TNO and printed to the Numeric
Output window, which is accessible after the run by pressing F5, clicking on the
=] | button, or by selecting the Numeric Output Window tab after F5 is hit.

Bl Fie_Edt_Component Windows _Opti e M s
SHER 3|9 4@ X i S ke ik A 1 = =1 ] \L'Jl“u‘:}ﬂ 1| @ 5= %= |2
&
UT) D(CLR) D(3SATOD) D(a) D(B) DEC(C,B,A) ol
(secs) )
0.000 811 0 10 o 0
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1l201n 931 0 10 o 0
1le02n 316 0 10 o 0
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3.003n 978 0 10 o 0
3l604n 733 0 10 o 0
2 204n 158 0 10 o 0
4.805n 171 0 10 o 0
5.405n 899 0 10 o 0
6.006n 640 0 10 o 0
6.607n 390 0 10 o 0
7.207n 172 0 10 o 0
7.808n 1l961 0 F oo o 0
&.408n 1778 0 oo o 0
9.009n 1l602 0 Foo o 0
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13.213n 703.774m 0 o o o 0
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22.823n  3.500 23.055m 0 o o o 0
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Select Mode Text area 1n20Cal 70

Figure 6-3 Numeric output
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Operating Point Methods

The operating point calculation methods and the order in which they are tried is
user controllable from the Operating Point Methods dialog box, available from
many analysis menus. It looks like this:

() X

—Available ————— —Using,Time,Tterations

Standard Newton-Raphson 0

Source Stepping
Diagonal Gmin Stepping
Junction Gmin Stepping

ﬂ Pseudo Transient
Rl

[l Bl e e 5

[ >

a
a
a
a

Test For Best | Default | oK I Cancel | Help...

Figure 6-4 Operating Point Methods

There are five basic methods:

* Standard Newton-Raphson: This is the simplest, and still the most often
successful method for solving for the operating point.

* Source Stepping: This is the first of the continuation methods that all
attempt to set a control parameter to a value to solve an easier problem, and
then gradually move the targeted parameter towards its final 100% value. In
this case the parameter is a scale factor which multiplies all DC voltage
sources. It starts with a small value and, when convergence is achieved,
increases the factor until convergence is achieved with the factor at 100%.

* Diagonal Gmin Stepping: This method adds a small conductance to the
diagonal of the solution matrix and when convergence is achieved decreases
it until convergence is achieved with the conductance set to zero.

* Junction Gmin Stepping: Gmin is a conductance which is normally added
across the junctions of many devices. This method sets Gmin to a large value.
If convergence is achieved, it decreases the Gmin value until convergence is
achieved with Gmin set to the Global Settings value.
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* Pseudo Transient: In this method, time-varying sources are set to their
T=0 value, and a fixed capacitor is added from each node to ground. A
transient analysis is then run until the circuit stabilizes. The stable set of
voltages then becomes the operating point. This method works slowly but
very well for most circuits. It does not usually work on unstable or oscillatory
circuits.

The dialog box lets you select which methods will be used and the order in which
they are used. The top method is used first, and so on to the end of the list. The
dialog box also provides a means to test for the best methods and adjusts the or-
der accordingly. It provides these options:

Up Triangle: This moves the selected method up in the list.

Down Triangle: This moves the selected method down in the list.

Left Triangle: This moves the selected method from the Using list and parks it in
the Available list, deactivating it.

Right Triangle: This moves the selected method from the Available list to the
Using list, activating it.

Test for Best: This tests all five methods and arranges their execution order from
fastest to slowest. If a method fails to converge, it is so indicated and placed at

the end of the list.

Default: This resets the method order to the default settings. These are the set-
tings that produce the shortest overall time on a large number of test circuits.

OK: This accepts any changes you have made and exits the dialog box.
Cancel: This ignores any changes you've made and exits the dialog box.

Help: This accesses the Help information for the dialog box.
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Chapter 7 AC Analysis

What's in this chapter

This chapter describes the AC analysis routines. AC analysis is a linear, small
signal analysis. Before the main AC analysis is run, linearized small signal mod-
els are created for nonlinear components based upon the operating point bias.
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What happens in AC analysis

AC analysis is a type of small-signal or linear analysis. This means that 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-sig-
nal linear voltage between node 1 and the ground node.

Using a small-signal model of each device in the circuit, Micro-Cap 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 usu-
ally the result of an operating point calculation, but may also result from a read,
from edits in the State Variables editor, or may simply be left over from the last
run, depending upon the selected State Variables option.

Linearizing means replacing a device's nonlinear model with a simple constant
that expresses a linear relationship between the terminal voltages and currents of
the device. The linear model is assumed to hold for small signal changes about
the point at which the linearization takes place, which is usually the DC operating
point. Digital parts are treated as open circuits during the linearization process.
For linear resistors, capacitors, and inductors, the linearized AC value is the same
as the constant time-domain value. For nonlinear passive components whose
value changes with bias, the linearized AC value is the time-domain resistance,
capacitance, or inductance computed at the operating point. This means that in

a resistor with a value expression like 1+2*V(10), the V(10) refers to the time-
domain V(10), not the AC small signal V(10). If the operating point calculation
produces a DC value of 2.0 volts for V(10), then the value of this resistor during
AC analysis will be 1+2*2 = 5 Ohms. Normally, during the small-signal AC anal-
ysis, the resistance, capacitance, or inductance does not change. If, however, the
component's FREQ attribute is specified, then the value of the FREQ expression
is the AC resistance, capacitance, or inductance, and is allowed to be a function
of frequency. See the Analog Devices chapter for the specifics on the use of the
FREQ attribute with resistors, capacitors, inductors, and NFV and NFI function
sources.

For nonlinear components like diodes, JFETs, MOSFETSs, and bipolar transis-
tors, 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
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small-signal analysis are the Z transform, Laplace function and table sources, and
when their FREQ attribute is specified, resistors, capacitors, inductors, and NFV
and NFI function sources. Z transform and Laplace 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 is simply 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" has an AC
magnitude of 2.0 volts.

Pulse Source and Sine 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 parts specified in their files.

Function Source: These sources create an AC signal only if a FREQ
expression is specified.

Because AC analysis is linear, it doesn't matter whether the AC amplitude of a
single input source is 1 volt or 500 volts. If you are interested in relative gain
from one part of the circuit to another, then plot V(OUT)/V(IN). This ratio will
be the same regardless of the value of V(IN). If V(IN) is 1, then it is not neces-
sary to plot ratios, since V(OUT)/V(IN) = V(OUT)/1 = V(OUT). If there is more
than one input source with a nonzero AC value, then you can't meaningfully look
at gains from one of the source nodes to another node.

The basic sequence for AC analysis is this:

. Optionally calculate the DC operating point.

. Compose the linear equivalent AC model for every device.
. Construct a set of linearized circuit equations.

. Set frequency to fmin.

. Solve for all voltages and currents in the linearized model.
. Plot or print requested variables.

. Increment frequency.

. If frequency exceeds fmax, quit, else go to step 5.

OO\ L AW —
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The AC Analysis Limits dialog box

The Analysis Limits dialog box is divided into five principal areas: the Command
buttons, Numeric limits, Curve options, Expressions, and Options.

Command buttons —— | |{77Hir " Add I Delete I Expand... | Stepping... | Properties... I Help... I ﬁl @ il ﬂ
Freguency Range ILng LI I 1e8,1e5 Bun Cptions MNormal -
Number of Peints I 200 State Variables  |zero -
. . Temperature ILmear ;I 27 .
Numerlc llmltS Maximum Change % = Cperating Point Optlons
Noise Tnput [™ Auto Scale Ranges
Moise Output [~ Accumulate Plots
- Ignore Expression Errors Page | I X Expression | ¥ Expression | X Range Auto_51ze
[@m=MEx .- [T F [veoury [1=-+008, 100000 [208
Curve options ———— @ m=MEx .| [TF [reatvioum) [1=--008, 100000 [-208
| la m l% . IE _I |1_ IF IIMAG (out)) |1e+ous,1uuuuu IZ,—Z,U‘S Grow

Expressions

Figure 7-1 The Analysis Limits dialog box

The command buttons are located just above the Numeric limits.

Run: This command starts the analysis run. Clicking the Tool bar Run ﬂ
button or pressing F2 will also start the run.

Add: This command adds another Curve options field and Expression field
line after the line containing the cursor. The scroll bar to the right of the Ex-
pression 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
the text cursor currently is. A dialog box is provided for editing or viewing.

To use the feature, click in an expression field, then click the Expand button.

Stepping: This command calls up the Stepping dialog box. Stepping is re-
viewed 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.
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Help: This command calls up the Help system which provides information
by index and topic.

Copy to Clipboard List: This command copies the upper analysis limits to
the Clipboard List. Analysis limits include everything but the curves.

Copy to Clipboard List: This command lets you paste one of the analysis
limits sets from the Clipboard List to the current analysis limits.

The definition of each item in the Numeric limits field is as follows:

* 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: This method uses the first plot of the first group as a pilot 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 Analysis Limits dialog box.

® Linear: This method produces a frequency step such that, with a linear
horizontal scale, the data points are equidistant horizontally. The Number
of Points field sets the total number of data points employed.

® Log: This method produces a frequency step such that with a log
horizontal scale, the data points are equidistant horizontally. The Number
of Points field sets the total number of data points employed.

® List: This method uses a comma-delimited list of frequency points
from the Frequency Range, as in 1E8, 1E7, SE6.

The Frequency Range field specifies the frequency range for the analysis.

For the List Option:
The syntax is <FrequencyI> [, <Frequency2>] ... [, <FrequencyN>].

For Auto, Linear, and Log Options:

The syntax is <Highest Frequency> [, <Lowest Frequency>]. If
<Lowest Frequency> is unspecified, the program calculates a single data
point at <Highest Frequency>.
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* 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
produce the specified number of points. The default value is 51. This number
is usually 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 step is:
(<Highest Frequency> | <Lowest Frequency>)"/(“Number of poinis>-1)
* Temperature: This field specifies the global temperature(s) of the run(s)
in degrees Celsius. This temperature is used for each device unless individual
device temperatures are specified. If the Temperature 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 high/low (log mode). Temperature values
start at </ow> 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>[,<e2>[,<t3>][,..]]

where ¢/, ¢2,.. are individual values of temperature.

One analysis is 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.
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® Noise Input: This is the name of the input source to be used for noise
calculations. If the INOISE and ONOISE variables are not used in the
expression fields, this field is ignored.

® Noise Output: This field 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, this field is ignored.

The Curve options are located below the Numeric limits and to the left of the
Expressions. Each curve option affects only the curve in its row. The options
function as follows:

Py
[
e

&

The first option toggles between Save and Plot 2, Save and Don't Plot

and Don't Save or Plot 2 If you save but don't plot, you can later add the
plot back to the display from the Properties (F10) dialog box.

The second option toggles the X-axis between a linear M 51, & log @ plot.
Log plots require positive scale ranges.

The third option toggles the Y-axis between a linear Eanda log %
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 is the curve color.

Numeric output
The ﬂ option prints a table showing the numeric value of the curve. It is
printed to the output window and also to the file CIRCUITNAME.ANO.

Plot Type
This option selects the basic plot type. In AC analysis there are three types

available, @ rectangular, @ polar, and @ Smith chart.

Plot page
This field lets you organize curves into groups which can be selected for
viewing from the tabs at the bottom of the plot window.
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Plot group

A single digit number from 1 to 19 in the P column sorts the curves into
different plot groups. All curves with like numbers are placed in the same
plot group. If the P column is blank, the curve is not plotted.

The Expressions field 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)) (voltage in 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 magnitude
of the X expression is plotted. In the expression V(3)/V(2), MC12 evaluates it as
a complex quantity, then plots the magnitude of the final result. It is not possible
to plot a complex quantity directly versus frequency. You can plot the imaginary
part of an expression versus its real part (Nyquist plot), or you can plot the real,
magnitude, or imaginary parts versus frequency (Bode plot).

The scale ranges specify the scales to use when plotting the X and Y expressions.
The range format 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 "TAUTO" in the X or
Y scale range calculates its range automatically. The Auto Scale Ranges option
calculates scales for 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, 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 a natural 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 in the 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 fields invokes a simpler menu showing suitable choices.
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The Options group includes:
¢ Run Options
® Normal: This runs the simulation without saving it to disk.
® Save: This runs the simulation and saves it to disk.

® Retrieve: This loads a previously saved simulation and plots and
prints it as if it were a new run.

* State Variables: These options determine what happens to the time
domain state variables (DC voltages, currents, and digital states) prior to
the optional operating point.

® Zero: This sets the state variable initial values (node voltages, inductor
currents, digital states) to zero or X.

* Read: This reads a previously saved set of state variables and uses
them as the initial values for the run.

°® Leave: This leaves the current values of state variables alone. They
retain their last values. If this is the 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.

* Ignore Expression Errors: If checked, expression errors are ignored. This
is useful when you want to temporarily disable portions of the schematic but
not have to delete their plot expressions.

® Operating Point: This calculates a DC operating point, changing the time
domain state variables as a result. If an operating point is not done, the time
domain variables are those resulting from the initialization step (zero, leave,
or read). The linearization is done using the state variables after this optional
operating point. In a nonlinear circuit where no operating point is done, the
validity of the small-signal analysis depends upon the accuracy of the state
variables read from disk, edited manually, or enforced by device initial val-
ues or .IC statements.
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® Auto Scale Ranges: This sets all ranges to Auto for each run. If disabled,
the existing values from the range fields are used to produce the plots.

* Accumulate Plots: This accumulates curves that result from editing the
circuit. The Clear Accumulated Plots command J clears accumulated plots.

Resizing
The Analysis Limits dialog box can be resized in a variety 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 the field sizes to 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.

P Key
The plot values for each curve can be seen during the run by pressing the 'P' key.
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The AC menu

El

|5 |

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.
Worst Case: This accesses the Worst Case analysis routine.
Analysis Window: (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.

Operating Point Methods (CTRL + SHIFT + O): This lets you select
the operating point method to be used and the order in which each is tried.

3D Windows: This lets you add or delete a 3D plot window. It is enabled
only if there is more than one run.

Performance Windows: This lets you add or delete a performance plot
window. It is enabled only if there is more than one run.

Slider: This lets you add or delete a slider bar to control a circuit parameter.
Numeric Output: (F5) This shows the Numeric Output window.

State Variables editor: (F12) This accesses the State Variables editor.
Reduce Data Points: This item invokes the Data Point Reduction dialog
box. It lets you delete every n'th data point. This is 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
E in the curve row. Content is also controlled from the Numeric Output panel
of the Properties dialog box (F10).

® Curves: This lets you select which curves to print, their numeric format,
and an alternative alias for the curve name.

* Show:

This section allows selection of the other material to include in the

numeric output file.

* Include Numeric Output: This enables creation of the numeric output

file.
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The other options control content of the file.
* Include Main Header: This prints the main header.
* Include Analysis Limits: This adds the analysis limits.

* Include Branch Headers: This adds branch headers that identify
the item(s) being stepped or the Monte Carlo case number.

* 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 Operating Point Values: This controls the printing of the
operating point data to the file.

* Include Waveform Values: This controls the printing of all curve
values to the file. The numeric output icon E, adjacent to each
expression in the analysis limits, must also be enabled for printing to
occur.

* Include Waveform Headers: This prints identifying
expression text above each numeric column.



* Start Printing At: This specifies the frequency value at which
printing of the waveform values begin.

* End Printing At: This specifies the last frequency value at
which waveform printing occurs.

* Table Formats: This controls how the numeric output curve /
waveform tables will be arranged. Horizontal is the conventional
format, with column vectors shown horizontally. Vertical prints
the frequency column, followed sequentially by single column
vectors, one for each output. Vertical X,Y Alternate is the same
but with an extra analysis variable column inserted between each
output vector. Finally Vertical X,Y Pairs produces column pairs
consisting of the analysis variable and one output. The pairs are
arranged vertically.

Output is saved in the file CIRCUITNAME.ANO and printed to the Numeric
Output window, which is accessible after the run by pressing F5, clicking on the
=l | button, or by selecting the Numeric Output Window tab after F5 is hit.

B fie_gdt_ComponentYin = bep mOm
sHER4E +LErere d[RDEEN0B[ dB[wE@=REE
[k OE|= @ @|Qa
[Tolerance Detail =
[foleranced Model Value:Ll .MODEL IND2 IND (TCl=1m)
[L1 Device Inductance=1.00u
Interpolated Waveform Values
F V(OUT) REAL(V(OUT)) IMAG(V(OUT))

100.000K 1.000 1.000 -12.574m

1035328 1.000 1.000  -13.01%m L

107.185%  1.000 1.000  -13.480m

110.975K 1.000 1.000 -13.956m

114.895K 1.000 1.000 -14.450m

118.953K 1.000 1.000 -14.961lm

1230155k 1.000 11000  -15.451m

127.505k  1.001 1.000  -16.03%m

1520058 1.001 1.000  -16.607m

136.672K 1.001 1.000 -17.195m

141.499K 1.001 1.000 -17.804m

146.497K 1.001 1.001 -18.434m

i1si.672k  1.001 1001 -15.087m

157,028 1.001 1l001  -13.764m

le2.5768  1.001 1.001  -20.464m

168.318K 1.001 1.001 -21.18%m

174.263K 1.001 1.001 -21.941m

180.419K 1.001 1.001 -22.71%m

186,791k 1.001 1.001  -23.525m

193385k 1.001 1.001  -24.35%m

200,220k 1.001 1.001  -25.224m

207.292K 1.001 1.001 -26.120m

214.614K 1.001 001 -27.048m

222.195K 1.002 001 -28.009m

230,043k 1.002 001 -29.005m

238169k 1.002 001 -30.037m

246.581K 1.002 001 -31.106m

255.291K 1.002 002 -32.213m

264.308K 1.002 002 -33.361m

273.644K 1.002 002 -34.550m

283.310k  1.003 002 35.783m

253317k 1.003 002 -37.060m

303.677K 1.003 002 -38.384m

314.404K 1.003 002 -39.757m

325.509K 1.003 003 -41.180m

337.006x  1.004 1,003 -42.655m

348,910k 1.008 1.003  -s4.180m 5]
CID e o7« O
A ho | e R, e 0

Figure 7-2 Numeric output
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Noise
Micro-Cap models three types of noise:

® Thermal noise
* Shot noise
* Flicker noise

Thermal noise, produced by the random thermal motion of electrons, is always
associated with resistance. Discrete resistors and the parasitic resistance of active
devices contribute thermal noise.

Shot noise is caused by a random 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 a variety of sources. In BJTs, 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 calculated across the output node(s)
specified in the Noise Output field. To plot or print it, specify 'ONOISE' as the
Y expression. Similarly, input noise is 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" as the 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.
Noise is defined as an RMS quantity so the phase (PH) and group delay (GD)

operators should not be used.

Noise is measured in units of Volts / Hz'.
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AC analysis tips
Here are some useful things to remember for AC analysis:

The magnitude of the expression is plotted:

If you ask for a plot of V(OUT), you might wonder what gets plotted if
V(OUT) has both an imaginary and a real part. If no operator is used, Micro-
Cap plots the magnitude, which is defined as follows:

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 expression is real (i.e. its imaginary part is zero) you get the real part.
If the expression is complex (i.e. its imaginary part is nonzero) you get the
magnitude of the real part and imaginary parts.

Condition 1 lets you see polarities as the real part can be negative. Condition
2 necessarily masks negative real parts as it requires squaring the real part.

Plotting complex power:
Power expressions in AC plot complex AC power. For example

AC power dissipated in R1 PD(R1)
AC power stored in C1 PS(C1)
AC power stored in diode D1 PS(D1)

AC power dissipated in diode DI~ PD(D1)
AC power generated in source V1 PG(V1)

Total power generated PGT
Total power stored PST
Total power dissipated PDT

Unexpected output when bypassing the operating point:

If your circuit is producing strange results and you are not doing an operating
point, make sure that the initial conditions you've supplied are correct. You
must supply all node voltages, inductor currents, and digital states if you skip
the operating point in order to get meaningful results.
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Zero output:

If your circuit is producing zero voltages and currents it is probably because
the sources are absent or have zero AC magnitudes. Only the PULSE and
SIN sources have a nonzero 1.0 default AC magnitude. The User source sup-
plies 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 all or else have a 0.0 volt default AC magnitude.

Simultaneous 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 Scale is in effect, the plot scale employed during the run is preset to a
very coarse scale. The frequency steps are not referenced to the actual range
of the curve, since it is only known after the run. The solution is to 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
a smoother plot.

Flat curves:

If your circuit is a very narrow band reject filter and your gain plot is flat, it
is 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. Since the plot is very 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. This is like a car mov-
ing so fast that it doesn't notice a narrow pothole that would have been appar-
ent at a lower speed. The solution is to set the fimin 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 accom-
plished 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 DC Analysis

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 a DC analysis, capacitors are open-circuited, inductors are short-circuited,
and sources are set to their DC value for SPICE independent sources (Voltage
Source or Current Source) or time-zero values for all other sources. DC analysis
sweeps one or two input independent variables, such as current or voltage source
values, model parameters, resistor values, or temperature over a specified range.
At each step, a DC operating point calculation is done.

Transfer characteristics are a typical application for DC analysis.
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Command buttons

Numeric limits

The DC Analysis Limits dialog box

The Analysis Limits dialog box is divided into five major areas: the Command
buttons, Numeric limits, Curve options, Expression fields, and Options.

Curve options

E x
g Add | Delete | Expand... | Stepping... | Properties. .. | Help... |£| @Iilll
~Sweep
Method Name Range
varisble 1 [auto x| [v1 =] | [-005,-005
Variable 2 [More | [NONE =] | [none
~Temperature —————— ~Number of Points Maximum Change % —
Method Range
[unear =] [27 [s1 [1
Run Options Normal - [~ AutoScaleRanges |~ Accumulate Plots

Expressions

I Ignore Expression Errors Page | P | XExpression | ¥ Expression | X Range | vRenge | =] Auto-size
lslml%._l |1—|V(IN} IV(OUTE} |.nns,-.nns,n‘nnz |s.5,4,0‘5
lalml%-_l IZ_IV(IN} IDEL(\I(DLITE)M]EL ) |u‘nns,-n‘uus,n.unz |-1nnu,n,zuu Grow

Figure 8-1 The Analysis Limits dialog box

Command buttons provide these commands.

Run: This command starts the analysis run. Clicking the Tool bar Run ﬂ
button or pressing F2 will also start the run.

Add: This command adds another Curve options field and Expressions field
line after the line containing the cursor. The scroll bar to the right of the
Expressions field scrolls through the curves when needed.

Delete: This command deletes 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
the text cursor currently is. A dialog box is provided for editing or viewing.
To use the feature, click in an expression field, then click the Expand button.

Stepping: This command calls up the Stepping dialog box. Stepping is
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.
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Help: This command calls up the Help system.

Copy to Clipboard List: This command copies the upper analysis limits to
the Clipboard List. Analysis limits include everything but the waveforms.

Copy to Clipboard List: This command lets you paste one of the analysis
limits sets from the Clipboard List to the current analysis limits.

The definition of each field in the Numeric limits are as follows:
® Variable 1: This row specifies the Method, Name, and Range fields for
variable 1. Its value is usually plotted along the X axis. Each value produces

a minimum of one data point per curve. There are four 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
column for this row:

<end> |,<start> [,<step>] |
Start defaults to 0.0. Step defaults to (start - end)/50. Variable 1
starts at start. Subsequent values are computed by adding step until

end 1s reached.

® Log: Log mode uses the following syntax from the Range column
for this row:

<end> [,<start> [,<step>] |
Start defaults to end/10. Step defaults to exp(In(end/start)/10).
Variable 1 starts at start. Subsequent values are computed by

multiplying by step until end is reached.

® List: List mode uses the following syntax from the Range column
for this row:
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<vI> [[<v2> [[<v3>] L <vn>] ]

The variable is simply set to each of the values v/, v2, .. va.

® Name: This field 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: This field specifies the numeric range for the variable. The
range syntax depends upon the Method field described above.

® Variable 2: This row specifies the Method, Name, and Range fields for
variable 2. The syntax is the 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: This list box specifies one of the 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 high/low (log mode). Temperature
values start at </ow> and are either incremented (linear mode) or
multiplied (log mode) by <step> until <high> is reached.
If the list box shows List the format is:

<tI>[,<t2>[,<t3>][,.]]
where ¢/, ¢2,.. are individual values of temperature.
One analysis is done at each specified temperature, producing one curve
branch for each run. When temperature is selected as one of the

stepped variables (variable 1 or variable 2) this field is not available.

® Range: This field specifies the range for the temperature variable. The
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range syntax depends upon the Method field described above.

® Number of Points: This is the number of data points to be interpolated and
printed if numeric output is requested. This number defaults to 51 and is
often set to an odd value to produce an even print interval. Its value is:

(<finall> - <initialI> ) /(<Number of points> - 1)

<Number of points> values are printed for each value of the Variable 2
source.

® Maximum Change %: This value is only 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
option is as follows:

@ , Save and Don't Plot o ,

and Don't Save or Plot g If you save but don't plot, you can later add the
plot back to the display from the Properties (F10) dialog box.

The first option toggles between Save and Plot

The second option toggles the X-axis between a linear M 5 o log @ plot.
Log plots require positive scale ranges.

The third option toggles the Y-axis between a linear Eanda log %
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 is the curve color.

Numeric output

The ﬂ option prints a table showing the numeric value of the curve. The
table is printed to the Numeric Output window and saved in the file
CIRCUITNAME.DNO.

Plot page
This field lets you organize curves into groups which can be selected for
viewing from the tabs at the bottom of the plot window.

Plot group
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A single digit number from 1 to 9 in the P column sorts the curves into
different plot groups. All curves with like numbers are placed in the same
plot group. If the P column is blank, the curve is not plotted.

The Expressions field 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 IB(Q1) (base current of transistor Q1).

The X Range and Y Range fields specify the scales to be used when plotting the
X and Y expressions. The range format 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 "AUTO" in the scale
range calculates that individual range automatically. The Auto Scale Ranges op-
tion calculates scales for all ranges during the simulation run and updates the X
and Y Range fields.

The Auto Scale (F6) command immediately scales all curves, without chang-

ing 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 a natural 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 in the Y expression field invokes the Variables
list which 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 fields invokes a simpler menu showing suitable choices.

* Ignore Expression Errors: If checked, expression errors are ignored. This is
useful when you want to temporarily disable portions of the schematic but not

have to delete their plot expressions.

The Options area is below the Numeric limits. The Auto Scale Ranges option has
a check box.

The options available from here are:
® Run Options

® Normal: This runs the simulation without saving it to disk.
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® Save: This runs the simulation and saves it to disk.

® Retrieve: This loads a previously saved simulation and plots and
prints it as if it were a new run.

® Auto Scale Ranges: This sets the X and Y range to auto every time a
simulation is run. If disabled, the values from the range fields will be i

* Accumulate Plots: This accumulates waveforms or curves that result
from editing the circuit. The Clear Accumulated Plots command J clears
accumulated plots.

Resizing
The Analysis Limits dialog box can be resized in a variety 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 the field sizes to 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.

P Key

As in the other analyses, the value of the expressions for each curve can be seen
during the run by pressing the 'P' key. This key toggles the printing of the nu-
meric values on the analysis plot adjacent to the expressions. This is a convenient
way to check the progress of a new or lengthy simulation.
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The DC menu

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.
Worst Case: This accesses the Worst Case analysis routine.
Analysis Window: (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.

Operating Point Methods (CTRL + SHIFT + O): This lets you select
the operating point method to be used and the order in which each is tried.

3D Windows: This lets you add or delete a 3D plot window. It is enabled
only if there is more than one run.

Performance Windows: This lets you add or delete a performance plot
window. It is enabled only if there is more than one run.

Slider: This lets you add or delete a slider bar to control a circuit parameter.
Numeric Output: (F5) This shows the Numeric Output window.

State Variables editor: (F12) This accesses the State Variables editor.
Reduce Data Points: This item invokes the Data Point Reduction dialog
box. It lets you delete every n'th data point. This is 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 numeric output
button ﬂ in the curve row. Content is also controlled from the Numeric Output
panel of the Properties dialog box (F10).

® Curves: This lets you select which curves to print, their numeric format,
and an alternative alias for the curve name.

* Show: This section allows selection of the other material to include in the
numeric output file.

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

* Include Main Header: This prints the main header.
* Include Analysis Limits: This adds the analysis limits.

® Include Branch Headers: This adds branch headers that identify
the item(s) being stepped or the Monte Carlo case number.

° 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 Waveform Values: This controls the printing of all curve
values to the file. The numeric output icon ﬂ, adjacent to each
expression in the analysis limits, must also be enabled for printing to
occur.

* Include Waveform Headers: This prints identifying
expression text above each numeric column.

* Begin Printing At: This specifies the DCINPUT]1 value at
which printing of the waveform values begin.
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°* End Printing At: This specifies the last DCINPUT1 value at
which waveform printing occurs.

* Table Formats: This controls how the numeric output curve
tables will be arranged. Horizontal is the conventional format,
with column vectors shown horizontally. Vertical prints the X
Expression column, followed sequentially by column vectors,
one for each output. Vertical X,Y Alternate is the same but with
an extra analysis variable column inserted between each output
vector. Finally Vertical X,Y Pairs produces column pairs con-
sisting of the analysis variable and one output. The pairs are ar-
ranged vertically.

Output is saved in the file CIRCUITNAME.ANO and printed to the Numeric
Output window, which is accessible after the run by pressing F5, clicking on the
=l | button, or by selecting the Numeric Output Window tab after F5 is hit.

Troubleshooting tips
Here are some useful things to remember for DC analysis:

1V 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
to do this.

No convergence during a sweep:

DC analysis is the most difficult of all the analysis modes, because it does not
benefit from the converging effects of capacitors and inductors, as transient
analysis does. If convergence fails, especially during a sweep, try changing
the starting and/or step value to avoid the problem area.
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Chapter 9 Dynamic AC Analysis

What's in this chapter
This chapter describes the features of Dynamic AC analysis. This analysis mode
displays AC voltage, current, and power terms, directly in the schematic as fre-

quency is stepped. It can also display AC values responding dynamically to sche-
matic edits.
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What happens in Dynamic AC analysis

In Dynamic AC, the program runs AC analysis for a list of frequency values and
then displays AC voltages, currents, and power terms on the schematic.

When the Dynamic AC mode is invoked, the Analysis Limits dialog box is pre-
sented to let you set up or change the analysis conditions. It looks like this:

12| x
=" T
WA b | e e e —
Frequency List 1m. 1.1k, IMEG ¥ Flace Text

Temperature List I 27
Slider Percentage Step Size I 10

—Complex Value Display
—First Value
" Magnitude {” Magnitude in dB ¥ Real Part " None
Second Value
" Phase in Degrees {" Phase in Radians % Imaginary Part " None

Start | Previous | Stop | oK I Cancel | Help... |

Figure 9-1 The Dynamic AC Analysis Limits display
The Analysis Limits dialog box contains these items:

* Display buttons: There are several buttons for controlling the display.
Each can be individually enabled, from within the dialog box or, after it is
closed, from the tool bar.

EI Grid Text EI AC pin currents

El Attribute text £| AC power terms

Node numbers EI Pin connections

Node AC voltage

* Frequency List: This is the list of the frequency values to simulate.
Dynamic AC uses a fixed list of discrete frequencies, rather than a linear or

log frequency range.
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* Temperature List: This is the list of temperatures at which the analysis is
to be run.

* 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 component or model parameter value.

* Complex Value Display: First Value: Complex AC values are generally
shown with two numbers. This lets you select what to display in the first
number position:

® Magnitude: This shows the magnitude of the real and imaginary parts.

® Magnitude in dB: This shows the magnitude of the real and imaginary
parts in decibels.

* Real Part: This shows the real part.
® None: This shows nothing in the first position.

* Complex Value Display: Second Value: This lets you select what to
display in the second number position:

°* Phase in Degrees: This shows the phase in degrees.

°® Phase in Radians: This shows the phase in radians.

* Imaginary Part: This shows the 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 Analysis Limits dialog box also has these buttons:

e Start: This starts the analysis. Each press of the button produces one
analysis at each of the frequency values. When the end of the list is

reached, it starts over at the first frequency in the list. After the first value the
button name changes to Next.
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* 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: This exits the dialog box, but Dynamic AC mode is still in effect.
Edits to the schematic now produce dynamic updates to the selected AC
quantities at the last frequency.

°* Cancel: This exits the 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 is as follows:

While the Analysis Limits dialog box is displayed:
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.

When the Analysis Limits dialog box is not displayed:
The program responds dynamically to edits by running a new analysis and
then updating the AC values on the schematic. Any change to the schematic,
such as adding or deleting parts, as well as using the cursor keys to control
the value of selected resistors, capacitors, inductors, and batteries, SPICE V
and I sources, produce a new analysis at the last frequency.

Dynamic AC values (node voltages, currents, and power terms) have a back-

ground fill to readily distinguish them from Dynamic DC quantities which are
shown without a background fill.

234 Chapter 9: Dynamic AC Analysis



A sample of Dynamic AC analysis

To illustrate Dynamic AC analysis, load the circuit file DYAC]1. Select Dynamic

AC from the Analysis menu. Click on the OK button. The display should look
like this:
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Figure 9-2 AC voltages in real, imag

Micro-Cap finds the AC voltages at the first frequency (.001Hz) in the list and

displays them in the default real, imaginary format. Press F9 and select Magni-

tude in the First Value group. Click on OK. The display now looks like this:
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Figure 9-3 AC voltages in mag, phase (degrees)
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Press F9 again and click the Start and Next buttons. MC12 sets the frequency to
the second item in the list (1Hz) and presents the AC voltages.

Ele Edt Component Wi st - Design bodel Help
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Figure 9-4 Cycling through the frequency list

After the first 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. You can use the
Previous button to redo the analysis at the prior frequency value. After the last
item in the list, the analysis starts over at the first value.

As in Dynamic DC, you can edit the schematic by removing or deleting parts, or
by editing component parameter values and immediately see the effect on the AC
voltages, currents, and power terms. Resistor, capacitor, and inductor values, and
battery voltages are adjustable using the cursor keys and sliders.

To illustrate, close the Dynamic AC dialog box. Then press CTRL + ALT + R to
restore the DYACT] circuit. Click in the Voltages button 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 look like Figure 9-5.
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Figure 9-5 AC voltages at V1 = 13.5V DC

Disable the voltage button, and enable the El current button. This produces
a display like this:
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Figure 9-6 AC currents at V1 =13.5V DC

The AC currents are displayed in the real, imaginary format. Exit Dynamic AC
with SHIFT + F3 key.

Dynamic AC is similar to Dynamic DC, except that it shows AC quantities and
works in the frequency domain.
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Chapter 10 Dynamic DC Analysis

What's in this chapter

This chapter describes the features of Dynamic DC analysis. This analysis mode
is designed to dynamically display the DC voltage, current, power, and device
conditions, as the circuit responds to user changes.
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What happens in Dynamic DC analysis

Dynamic DC is an interactive process in which the user modifies the circuit and
the program calculates the DC response immediately and displays one or more
measures of the DC state. The process looks like this:

* User modifies the circuit
® Micro-Cap finds the DC solution
* The schematic display is updated

The schematic has four optional display buttons for displaying the circuit's time
domain quantities. Each can be individually enabled.

Voltages/states

E Device pin currents

ﬂ Device power

ﬂ Device condition (ON, OFF, SAT, LIN, etc.)

When the Dynamic DC mode is invoked, 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.

You can make any kind of change to the schematic and the program will respond
by calculating the new DC state. You can rewire, add or delete components,
change parameter values or make any edit you wish and the display will show the
updated values.

The battery, voltage source, current source, and resistor values can be adjusted in
one of two ways:

*Select a device and drag the slider which appears next to it. The presence
of the slider can be enabled or disabled from the Slider section of the Prefer-
ences dialog box (SHIFT + CTRL + P). By default it is off.

*Select a device (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 this way. Each key press
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changes the value by a fixed percentage value of the high (3 times the origi-
nal value) and low (-1 times the original value). The percentage value is set
in the Analysis Limits dialog box.

Note that the display buttons show the indicated quantities for all analysis modes,
not just Dynamic DC. After a transient analysis, the buttons display the ending
conditions of the transient analysis, which typically is not 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 a DC analysis, the buttons show the results of the last DC sweep point.

Note that if you drag a component away from a circuit and drop it in an empty
space, Micro-Cap will normally object during the analysis setup since this creates
one or more nodes with no DC path to ground. Since this is likely to temporarily
occur during Dynamic DC, Micro-Cap enables the Add DC Path to Ground op-
tion during Dynamic DC.

After the Dynamic DC mode is exited, the option's original status is restored.

When Dynamic DC mode is invoked, its Analysis Limits dialog box is presented
to let you set up or change the analysis conditions. It looks like this:

== 4 L=
T B e e e e —
Temperature 27 [ Place Text

Slider Percentage Step Size I 10
QK I Cancel | Help... |

Figure 10-1 Dynamic DC Analysis Limits dialog box
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The Analysis Limits dialog box contains these items:

* Display buttons: There are several buttons for controlling the display.
Each can be individually enabled, from within the dialog box or, after it is
closed, from the tool bar.

E| Grid Text

E Attribute text

Node numbers

DC node voltages / states
E DC pin currents

ﬂ DC power terms

ﬂ Conditions

E Pin connections

* Temperature: This is the temperature at which the analysis is to be run.

* Slider Percentage Step Size: This is the percent change that occurs for
each key press that increases (Up Arrow) or decreases (Down Arrow) the
selected component, model parameter, or symbolic parameter value.

* Place Text: This check box enables the placement of grid text in the
schematic showing the Dynamic DC parameters.

The Analysis Limits dialog box also has these buttons:

® OK: This exits the dialog box, but Dynamic DC mode is still in effect. Ed-
its to the schematic now produce dynamic updates to the selected DC quanti-

ties.

* Cancel: This exits the 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
Analysis Limits dialog box. The circuit should look like this:

0
[

Jvee 4k 1.4% RS
5 R2 R1

786.197m

wwwwww

Figure 10-2 Display of initial node voltages

Micro-Cap solved for the DC voltages in the circuit and displayed the voltages
and digital 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 circuit looks like this:

o= % |5

chc 4K
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Figure 10-3 Display of voltages at the switching point
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The battery voltage has declined to 3 volts and the output of the analog stage has
fallen to about 1.8 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 the circuit.

Now disable the voltage button, and enable the E current button. This pro-
duces a display like this:
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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 Properties / Format / Schematic Voltages/Current/Power. You can
change this format to display more digits if you like. More digits produce more
numbers on the screen and often less clarity, so there is a trade-off.

You can also display power terms. Depending upon the device, there may be
generated power, dissipated power, or stored power. In general, active devices
have both stored and dissipated power terms. In a DC operating point calculation,
however, the stored power term will be zero. Sources generally have only gener-
ated power terms.
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To see what the power displays look like, disable the El button, and enable the
£| button. This produces a display like this:
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Figure 10-5 Display of device power terms

Finally, to see what the condition display looks like, disable the £| button, and
enable the il button. This produces a display like this:
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Figure 10-6 Display of device conditions
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Chapter 11 Transfer Function Analysis

What's in this chapter

This chapter describes the features of Transfer Function analysis. This analysis
mode is designed to calculate the DC transfer function from a specified input
source to a specified output expression.
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What happens in transfer function analysis

Transfer function analysis calculates 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)
This analysis mode also calculates the small-signal input and output impedances.

To measure the transfer function, the program makes a very 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 "IB(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 a small DC change is made in the output test source and the resulting
change in its current noted. The ratio of these two quantities produces the output
impedance result.
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The Transfer Function Analysis Limits dialog box

To illustrate how this type of analysis works, load the file DIFFAMP. Select
Transfer Function from the Analysis menu. The dialog box looks like this:

12 x
Qutput Expression I by [oUTA)] ;I
Input Source Name I V1 ;l

Transfer Function I W Place Text
Input Impedance I

QOutput Impedance I
Calculate I Close | Help... |

Figure 11-1 The Transfer Function dialog box

The dialog box provides the following input fields:
* Output Expression: This is where you specify the desired output expres-
sion. It can be any legal expression involving any number of DC time-do-
main variables and functions. Usually it's a simple expression like V(A,B) or
I(R1).
® Input Source Name: This is the part name of the input source.

The results are placed in these fields:

® Transfer Function: This is the field where the program places the result of
the transfer function calculation.

* Input Impedance: This is the field where the program places the result of
the input impedance calculation.

* Output Impedance: This is the field where the program places the result of
the output impedance calculation.

There is also an option called "Place Text". If this box is checked, then the nu-
meric results are placed into the schematic as grid text.
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A sample of transfer function analysis

To illustrate, make sure the Place Text option is selected, then click on the Calcu-
late button. The display should look like this:

Output Expression | V(OUTA)

Input Source Mame I Vi

Transfer Function I 604.23 [¥ Place Text

Input Impedance I 100059
Cutput Impedance I 5000
Calculate I Close | Help... |

Figure 11-2 The analysis results

MC12 solved for the transfer function and impedances and printed the results in
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. MC12 adds a piece of grid text describing the
results of the transfer function analysis to the schematic. Drag it anywhere.
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Figure 11-3 The annotated schematic
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. ____________________________________________________________|
Chapter 12 DC OP Worst Case Analysis

What's in this chapter

This chapter describes the DC operating point Worst Case Analysis. It uses the
general Worst Case Analysis routines run in transient analysis with the Operating
Point and Operating Point Only options set. For the Monte Carlo portion, it also
uses the Monte Carlo Settings for transient analysis.
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What happens in DC Operating Point Worst Case Analysis

DC Operating Point Worst Case Analysis is accessed from the Schematic editor's
Analysis menu or with Alt+6.

It accesses the basic Worst Case routines described in more detail in the Worst
Case Analysis chapter. These are available for AC, DC, and transient analysis. In
the present case, the routines are applied to the DC operating point. Mechanically
it uses transient analysis with the Operating Point and Operating Point options
set. For the Monte Carlo portion, it also uses the Monte Carlo Settings for tran-
sient analysis.

It is the purpose of this analysis to compute estimates of the worst case DC
operating point variation in critical circuit performance parameters.
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The Worst Case Analysis dialog box

To illustrate how this type of analysis works, load the circuit WC_DC_OP2.CIR.
Select DC OP Worst Case Analysis from the Analysis menu. The dialog box
looks like this:

) X
rInputs [SartBy
Variable Nominal Initial Drift Name:
Mominal
Name Value Tolerance|  Neg Pos| Rnd Tolerance
R4R LOT=1% 0 0 0 RSS Min Tol%
RS5 Max Tol%
RSR LOT=1% 0 0 0 EVA Min Tol%
_ EVA Max Tol%
R7R Lor=1% 0 0 0 RSS Parameter Low
V1.dc.value LOT=20% 0 0 i RSS Parameter High

EVA Parameter Low
EVA Parameter High
RSS Variance High
Sensitivity
Sensitivity(%e/%)

—Outputs
w(ouT)

¥ Tile windows [~ Write to Excel [# Update plot [~ Estmaterss | sens WM Rss W Eva [ EVA (Optimizer)

¥ McA ¥ RSSTable ¥ EVATable [~ Monte CarloDetail [~ Worst Case Change [¥ Worst Case Value W Worst Case Percent

Caliate(F2) | Properties... Close Cancel Help... 0| ™

Figure 12-01 The DC OP Worst Case Analysis dialog box

The dialog box provides the following fields:
* Inputs: This field shows all circuit parameters that have a LOT tolerance.

® Outputs: This field defines one or more output expressions. In DC OP
Worst Case Analysis, because there is a single value for any expression, these
can be simple expressions like V(OUT) (the DC voltage on node OUT). In
AC, DC Transfer, or transient analysis, the output expression must be a
performance or measure function like Y _Level(V(A),1,1,10K) (the AC
voltage on node A at F=10K). These functions extract a single value from a
curve of many points. You can right-click in this field to edit existing
functions or to add new ones.

® Sort By: This option sorts the results from low to high by the selected item.

* Tile Windows: This option tiles the dialog box and the result windows.
Otherwise the windows remain as the user has arranged them.
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* Write to Excel: This creates an Excel file similar to the text file output.

* Update Plot: This enables or disables the plot update. If checked, the plots
and histograms will be dynamically updated during the runs. If unchecked,
the plots are disabled and the Worst Case execution proceeds faster.

* Estimate RSS: This option causes the program to estimate the RSS dv
(change in output function) as the product of sensitivity and the toleranced
value. Otherwise, the dv is calculated exactly by changing the toleranced
quantity to its limit and then running the simulation to see what the dv
actually is.

* SENS: This option causes the program to compute and show sensitivities
in the output window.

® RSS: This option causes the program to compute and show the RSS values
in the output window.

* EVA: This option causes the program to compute and show the EVA values
in the output window.

* MCA: This option causes the program to compute and show the MCA
values in the output window.

There are several buttons provided.

* Calculate (F2): This starts the calculations and puts the results in the output
window and Excel file, if selected.

* Properties:

Formats: This lets you control the numeric formats of the various items
in the table.

Bias Tolerance: This lets you select a Bias Tolerance library. You can
load many, but only one is checked-marked and in use at any given time.

Libraries: This lets you add, edit, or delete a bias tolerance. For example,
you might add a tolerance for aging, humidity, high and low temperature,
radiation, or any environmental variable that can produce parameter shift.
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Tolerances for negative bias, positive bias, and random may be specified. A
bias tolerance is a fixed shift, either negative or positive. This function only
creates the tolerance category. Click on any parameter's bias tolerance entry
to edit the tolerance values. The values may be absolute (e.g. 10) or a
percentage (e.g. 10%). If the main parameter is zero, then the tolerances must
all be absolute.

® Close: This closes the dialog box and saves any changes.
* Cancel: This closes the dialog box without saving any changes.
® Help: This accesses the Help system
In this example we have these toleranced parameters:
The R multiplier for R4
The R multiplier for R7
The R multiplier for RS
The DC value of V1

One output function is specified, V(OUT), the DC voltage of the node OUT.

0 x
File Edit Component Windows Options Analysis Design Model Help
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DC oF Worst case 2/3/2018 9:44:25 aM Bl EEEEREE AN - N EE L EEE I
Bias Tolerance Library = C:\MC12W\library\Standard.tlib Q=% % QR g mue-aA
Temperature = 27 3
jumber of Input Variables = 4
jumber of Output Variables = 1 .
ors -ase Analysis o e Vo eofa regulate
Worst Case Anal f the DC voltage of a LM117 late
utput Function = v(0UT) Output is V(OUT) in Transient DC Operating Point
jominal value = 16.4539
Press ALT+6, then F2 to run DC OP Worst Case
[RSS Table X1
ariable Nominal Initial Drift Total RSS
ame Value Tolerance Neg Pos Rnd Min% 17 MODEL RM1 RES (I
1.dc.value  2.200E+001 Lor=20% 20.00 )
RS . 1.000E+000 roT=1% 1.00 +—IN OUT [—=
R7.R 1.000E+000 LoT=1% 1.00 ADJ c2
R<.R 1.000E+000 LoT=1% 1.00 T
lormal EVA Table 4 268
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ame Valus Tolerames Neg Bos  Rnd Min% Vi < R4 R6
1.dc.value  2.200E+001 LOT=20% 20.00 £ - 100
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R7.R 1.000E+000 LoT=1% 1.00
R<.R 1.000E+000 LoT=1% 1.00
324k 3 c1 -
orst case percent error of V(OUT) relative to the nominal value o - z L
By Root Sum Squared Low -4.32% R5 < 4700p
By Root Sum Squared High +1.29% -
By Monte Carlo Znalysi= Low -46.30% MODEL=RM1
By Monte Carlo Bnalysis High +40.14%
By Extreme Value Low -4.13% -
By Extreme Valus High +1.91%
jorst case value of V(OUT) DC OP Worst Case 3/3/2014 9:36:22 AM
By Root Sum Squared Low +15.786
By Root Sum Squared High +16.712 Number of Input Variables = 4
By Monte Carlo Znalysi= Low  +8.859 Number of Output Variables = 1
By Monte Carlo Bnalysis High +23.121
By Extreme Value Low +15.818 Output Functien = V(OUT)
By Extreme Valus High +16.815 Neminal value = 16.495
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Click on the OK button and the program places the results in the output window.
It looks like this:

The results are shown on the bottom few lines:
Estimated value of output function

By Root Sum Squared Low 15.786
By Root Sum Squared High 16.713
By Monte Carlo Analysis Low 16.195
By Monte Carlo Analysis High 16.786
By Extreme Value Low 15.818
By Extreme Value High 16.815

RSS and Monte Carlo arrive at similar estimates of the maximum change in the
specified output function, V(OUT).

The EVA variations are larger than the RSS estimate, but if you set the toleranced
values to the appropriate extremes you will get these values.
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. ____________________________________________________________|
Chapter 13 Distortion Analysis

What's in this chapter

This chapter describes the features of the two distortion analysis types. Harmonic
Distortion addresses distortion at frequencies that are an integer multiple of the
input frequency. Intermodulation Distortion addresses distortion at frequencies
that are not an integer multiple of either of the two input frequencies.

The original Distortion analysis, now called Harmonic Distortion analysis, has
been completely rewritten to provide for plots of THD, THDN, SINAD, SNR,
and HM (any harmonic) vs F, VIN, VOUT, PIN, and POUT.

Intermodulation Distortion is a new analysis mode. It provides plots of H1, (the
fundamental), IM2 (second-order intermodulation distortion), and IM3 (third-or-
der intermodulation distortion) vs VIN, VOUT, PIN, and POUT.

In both distortion analysis modes, you can plot in either voltage or power mode,
and show the results as a percentage, dB, or a pure number, supporting common
usage modes of both RF and audio applications.

Broadly, the topics described in this chapter include:

® Harmonic Distortion analysis
* Intermodulation Distortion analysis

Both analysis types are accessible from the Analysis menu.
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Harmonic Distortion

Harmonic distortion is a type of transient analysis that applies a sinusoidal signal
to a named input source, applying specified frequencies and amplitudes, and then
measures the resulting distortion in the specified load resistor using the HARM
function.

If a pure, single frequency, sine wave signal is applied to the circuit input and if
the circuit is perfectly linear, the output will be a sinusoid at the same frequency.
The spectral content of the input and output will be the same except possibly in
amplitude and phase. There will be no distortion.

If the circuit isn't perfectly linear, some output signal level will be found at fre-
quencies other than the input frequency. In other words, distortion will occur. The
Harm function shows the signal level at each harmonic frequency (a frequency
which is an integer multiple of the input frequency). If there is significant signal
level at these frequencies we usually call it distortion and seek ways to minimize
it. However, in an RF circuit such as a mixer, detector, or frequency multiplier,
we actually want and expect a frequency-shifted signal.

Many of the things done in distortion analysis could also be done in transient
analysis, although the plots would have to be done outside of Micro-Cap using
data provided by the transient analysis. Harmonic Distortion automates the setup
and creates the appropriate plots to show distortion results easily.

For Harmonic Distortion, a Sin source or a Voltage Source or Current Source of
type SINE must be connected to the circuit input. Its frequency and amplitude will
be set by values from the Harmonic Distortion Analysis Limits dialog box.

Guidelines:
* Distortion accuracy is sensitive to initial transients: If not using PSS,
use Max Simulation Cycles to insure that transients have settled. Start with
10 periods and then increase the number until the plots no longer change.

* Distortion accuracy is sensitive to maximum time steps: Occasionally
you can use a maximum time step that is as large as .01/F0 but .001/F0 is
sometimes required to generate clean THD plots.

* If you are only concerned with the largest THDs that occur at the highest
input signal levels, then you can use larger timesteps to accelerate the run.
Larger THD values have smaller relative errors.
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The Harmonic Distortion Analysis Limits dialog box

To illustrate, load the circuit DIST DEMOI. Select Harmonic Distortion from
the Analysis menu. The dialog box provides the following input fields:

Run | C Add I Delete | Expand... | Stepping... | PS5... | Properties. .. | Help... | EI EI il ll

Fundamental Frequency IL\st LI 1k, 50k Run Options lm

Mame of Input Source VIN ~ | State Variables m

Input Source Amplitude  [Log | [ 400m,2m, 1.5 [¥ Operating Point

Name of Source Resistor MNone ¥| ¥ Auto Scale Ranges

MName of Load Resistor m [~ Accumulate Plots

Noise Frequency Range 1°°Krl— [ Periodic Steady State

Temperature IL\nEar ;I 27

Max Simulation Cydes 400

Steady State Tolerance 0

Time Step Ratio ™M

Highest Harmonic in THD 7

Mumber of Time Points 51

Mumber of Frequency Points 51

[ Ignore Expression Errors Page | P I X Expression I 'Y Expression I X Range I Y Range I B II
lalm’g._l I_I_IF [FarmEvED) [s00000,0, 50000 [1=8,1e-12
Cm=EmE .- EF [V&D [0-00125,0,0.00025 [oe3
Cm=EME - EF [FEHARMEGL) [50o000,0, 50000 [0.05.0,0.01
lslm’%._l I—I_IF [FronGaarmey RN [s00000,0, 50000 [o20,004
lslm’%._l I_I_IF [FarmEzomD) [s00000,0, 50000 [1=5.0,2=%
e m=EmME .. [[ [F [FarmErovng) [so0000 [Lie

Figure 13-1 Harmonic Distortion Analysis Limits dialog box

® Fundamental Frequency: This is the set of fundamental frequencies (F0)
to be used in the analysis. The frequency of the source driving the input will
be set to these values. The usual stepping formats are provided:

List: A comma delimited list of values. Example 1K,5K,10K
Linear: End, Start, Step. Example 20K, 1K, 1K
Log: End, Start, Multiplier. Example 20K, 1K, 2

® Name of Input Source: This is the 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: This is the amplitude of the input sinusoid. The
usual stepping formats are provided.
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® Name of Source Resistor: This is the name of the source resistor for the
input port. Its resistance is used in RF circuits to calculate the input power,
PIN = (V/2)*(V/2)/RSOURCE. If the None option is selected, then the usual
audio convention for input power is used instead, PIN = VIN*IIN.

®* Name of Load Resistor: This is the name of the load resistor to be used to
measure distortion (e.g. RL, RLOAD, R23).

® Noise Frequency Range: This is the frequency range over which the noise
will be measured. Noise is measured by running AC analysis and computing
SQRT(SD(ONOISE*ONOISE)) with the integration limits specified in this
field. The noise calculation is used only in THDN (THD+NOISE), SINAD
(1/THDN), and SNR.

® Temperature: This is the operating temperature for the simulation. It has
the usual stepping options.

These next two options are used only if the Periodic Steady State option is
disabled.

® Max Simulation Cycles: This is the number of fundamental frequency
periods that the simulation will run for. It should be long enough to get past
any initial transients. A suitable number for most circuits is 50-1000. Note
that even though MC12 might run the simulation for the specified number
of cycles, it only uses the last full cycle for FFT calculations. For example,
if you specified a fundamental frequency of 1kHz and 50 for this field,
MC12 would run the simulation for tmax = 50/F0 = 50/1K = 50mS. It
would then use that part of the waveform from the end of the 49'th cycle
(49mS) to the end of the 50'th cycle (50mS) for the FFT calculations. This
truncated waveform can be seen in the plots and is labeled V(RL), if RL is
the name of the resistive load.

® Steady State Tolerance: Use this value to specify the THD relative
change tolerance, below which the program will exit prior to completing
the Max Simulation Cycles. Set it to zero if you want the program to
complete all of the Max Simulation Cycles.

® Time Step Ratio: Use this value to control the maximum time step to be

used in the analysis. This value is typically set to 1E-3. It sets the maximum
time step to (Time Step Ratio)/FO0. It is usually between 1E-2 and 1E-3.
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® Highest Harmonic in THD: Use this value to specify the largest harmonic
to be used in the calculation on THD. It rarely needs to be set larger than 7.

® Number of Time Points: This is the number of data points in the numeric
output for the transient run. The numeric output for each of the Harmonic
plots is controlled by their Properties window (F10) settings. The number of
points is set by the number of frequencies times the number of amplitudes.

® Number of Frequency Points: This is the number of data points in the AC
Analysis run used for noise calculations. It is also used for numeric output for
frequency-based curves such as HARM(V(RL)).

The Run, Add, Delete, Expand, Stepping, PSS, Properties, and Help buttons
behave in the same way as in a transient run, as do the Run, State Variables, Op-
erating Point, Auto Scale Ranges, Periodic Steady State, and Accumulate Plots
options.

The plot expressions required for the distortion plots are automatically supplied.
You can add additional plots by enabling the disabled plots (by supplying a plot
number) or by using the Add button to plot new expressions.

MC12 provides two methods for determining the steady state waveforms from
which the FFT extracts distortion numbers.

* Run a lot of cycles until the initial transients are gone. This is the option
used if PSS is not selected. It works robustly if the input signal amplitude is
low and the attendant distortion numbers are also low and also when the
circuit has an intrinsically fast settling time.

® Periodic Steady State. This option uses a shooting method to eliminate
transients and produce steady state waveforms. If the option is enabled, the
program runs a series of full transient analyses, with each iteration producing
a more stable waveform. You can watch the progress on the screen as each
plotted waveform is shown and on the status bar where the periodicity error
is shown for each iteration.

Periodic Steady State (PSS) option is usually the best choice, especially if you are

running analyses with a very low level of distortion. It will nearly always yield a
more accurate set of plots with a shorter run time.
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Harmonic Distortion analysis example

To illustrate Harmonic Distortion we'll use the file DIST DEMOL. This is an
earlv audio amolifier designed about 1965 and attributed to John Linslev Hood.

Lc 39K l\”
I 100UF 02 150
- 150
R3 -
} Ql
" by 11JE480
- C2
RS 220UF
100K 10 Watt Class A Power Amplifier circa 19652
by John Linsley Hood
R4 .13% THD at 1KHz and 10 watts
287 http: ilberink.nl/amps/amps.htm

http: v.tcaas.btinternet.co.uk/jh1946% pdf

c4

IN . R7 Q2 ) ouT
Il [N R&

. oo %o IN3904 c3

220

K Q3 2200uF
™ 2N1613
RL
) | Qs g @
- 54 RIO =G5 IMJE480

120000 8K2 [ 220uF

R11
2K2

Figure 13-2 Harmonic Distortion sample circuit

Select Harmonic Distortion from the Analysis menu. This displays the Analysis

Limits dialog box which is set up to produce the first two of the following plots.

All except V(RL) are plotted versus multiples of the harmonic frequency or time.
HARM(V(RL)): This plots the magnitude of the harmonics in V(RL).
V(RL): This plots V(RL), the voltage across the output resistive load.
THD(HARM(V(RL))): This plots the THD of the harmonics of V(RL).

THDN(HARM(V(RL))): This plots THDN (THD + noise) of the
harmonics of V(RL).

HARM(I(VIN))): This is the value of the input current.
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Any or all of these plots can be disabled by blanking the plot number. Press F2 to
start the analysis. The results look like this:

File Edit Component Windows Options Harmonic Distortion Scope Monte Cario Help

I E IR T I R S T e I EEET T E e ]
Harmonic Distortion PIoETHDV vs POUT : F = TKTHDNY vs POUT : F = 1K [-o-[ - ]3] Harmonic Distortion Analysis EIE=]
Ol 2 T L Gl 2T L

THBY vs POUT : F= 1K.THDNV vs POUT : F = 1K dist_demolLcir F1K 50K VIN:2m...400m

15849
10

. N\

- 0.0m 0.3m 0.5m 0.8m 10m 13m
P VRL) (V)
a T (Secs)
} /

1000

OOOOMOOK 50.0K 1000K  1300K 2000 2500 3000k 3300K 4000k 450.0€  300.0K
0 T in Tom T00m T THDARMVEL) (7).
Ty (v THONY (1v7V) Fia

[T o] Main, =

EoEE=ax. = Gl o
Figure 13-3 THD and THDN plots

This analysis presents a ImV, 1kHz sine signal to the input signal source called
VIN, runs a PSS analysis with a 1ms period until it converges, then creates the
requested distortion values. It then steps the input level by a factor of 2.0 until it
reaches 400mV.

The whole process is repeated for the second frequency of S0kHz. If threading is
enabled, the points are taken two at a time (or more, depending upon the number
of available CPUs) to accelerate the overall run time.

The window shows the transient and HARM plots (on the right) and a distortion

plot (on the left ) of THD and THDN vs. POUT(RMS) with branches for 1kHz
and 50kHz. The distortion plot is derived from data taken from the HARM plots.
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Harmonic Distortion Properties dialog box

Select one of the harmonic distortion plots and press F10 to see the Properties
dialog box. This dialog box provides the control for plotting many different vari-
ables in a variety of different modes. It provides the following panels:

* Plot
Curves: This lets you add, delete, or hide/show a plot before or after the
run. Click on Add to add a curve. Use the X-Axis and Y-Axis sections to
select variables and plotting options. A check mark enables the selected
plot. A blank hides it. Click the box to toggle the check mark on or off.

Title: This section lets you name the plot. If Auto is selected, the title is
generated automatically from the selected plot choices.

X Axis: This lets you select the variable for the X axis of the selected
plot. Here are the choices:

F The fundamental frequency
VIN The input voltage level
VOUT The output voltage level
PIN The input power level
POUT The output power level

The Show As provides these options

dB: This plots the selected variable in dB. If a voltage term is
selected, this plots 20*LOG10(value). If a power term is chosen,
this plots 10*LOG10(value).

dBm: This plots the selected variable in dBm. It is available only
when a power term is selected. It plots 10*LOG10(value/1E-3).

Number: This plots the value of the selected variable.

Form: This lets you choose between Peak and RMS. The choice affects
both the X and Y axis variables. RMS voltage values are related to peak
voltage values by RMS = Peak / sqrt(2). RMS power values are related to
peak power values by RMS = Peak / 2. Of the Y axis values, only the H_
are affected by this choice. The others, being ratios, are unaffected.
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Y Axis: This lets you select the variable for the Y axis of the selected plot.

Parameter: There are five choices:

THD Total harmonic distortion

THDN Total harmonic distortion + noise
SINAD 1/ THDN

SNR Signal to noise ratio

H The value of the N'th harmonic

GAIN H1/VIN

PHASE ATAN(IMAG(H1)/REAL(H1)) - 90.00

Type: This selects either a Voltage or Power representation.

Voltage: This plots the selected variable as a voltage ratio or in
the case of H_as a voltage value.

Power: This plots the selected variable as a power ratio or in the
case of H _as a power value.

Show As: This provides these options:

%: This plots the selected variable as a percentage of the value at
the first harmonic, HI.

dB: This plots the selected variable in dB. If voltage type is
selected, this plots 20¥*LOG10(value). If power type is chosen,
this plots 10¥*LOG10(value).

dBm: This plots the selected variable in dBm. It is available only
when a power term is selected. It plots 10*LOG10(value/1E-3).

Number: This plots the value of the selected variable.
Designator:

Simple. This choice labels the variables with simple designators such
as THD or SNR.

Literal. This labels the variables with more complex designators such
as THDV(%V/V). Because the variables can be measured in many
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ways, this form identifies how the variable is computed.

Buffer: This accesses the Waveform Buffer. It lets you request a plot of a
previously saved distortion plot. Plots are saved by right-clicking on the
underlined waveform name in the plot, then selecting the Add to Buffer
option from the small pop-up menu.

What to Plot: 1f you step more than one variable (e.g. TEMPERATURE,
F0, VIN), this drop-down list lets you select the branches to plot.

In each section, the selection applies only to the selected curve . The All
option applies the selection to all curves.

Plot Group: You can separate plots into different groups by selecting plot
integers in this field.

Labels: A check mark in the Show field displays labels for the selected
plot. A blank hides the labels. Click the field to toggle the check mark on
or off. The Font option lets you change the label's font parameters.

* Scales and Format: This panel provides the usual numeric format control
for the plot.

* Colors, Fonts, and Lines: This panel provides the usual color, font, and
line control for the plot.

* Scope: This panel provides the usual optional plot items control.
® Header: This panel provides the usual numeric output header control.

* Numeric Output: This panel provides numeric output control for the
distortion plot. You can include any variable in the numeric output regardless
of whether it has been plotted or not. Simply put a check mark in the box
adjacent to the variable name. To create the output click on the Create button.
This creates the numeric output in a file called CIRCUITNAME.HDNO.
Note that the numeric output for a distortion plot is distinct from the numeric
output for the waveforms. You can generate both or neither.

* Tool Bar: This panel provides the usual tool bar control.

Chapter 13: Distortion Analysis



Plotting other variables

There are three distortion windows in the DIST DEMOL file. Click on the H1
vs. POUT tab, then click on its Maximize icon. This shows plots of the first three
harmonic powers vs the input power PIN. Both axes are plotted in dB.

EEIY:) % e rlfpers J[(RANENOB[ 0B nEE s 2EE|
hoR-EEAUHE FlooUEnn HEQee e |EEm e E s E E = AlauEaTa
150,000 H1vs POUT : F = 1K H2 vs POUT : F = 1K H3 vs POUT : F = 1K

0.000| MMM:\K

1
s
///
/’/
150000 //
25000 30000 15000 0000 15000 30000
H1 (dBW]) H2 (dBW) H3 (dBW)
POUT (dBW)
SHFvs POUT | OV POUT_ it v PouT [Famon Do s _gene ot

Figure 13-4 Harmonic Power vs. VIN

Click on the SNR vs. POUT RMS tab to see another plot.
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Figure 13-5 SNR vs. POUT_RMS
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Intermodulation Distortion

Intermodulation Distortion analysis is also a type of transient analysis. It applies
two sinusoidal signals to the named input source with user-specified non-har-
monic frequencies and amplitudes, and then measures the resulting distortion in
the specified load resistor using the HARM function.

For the FFT routines to function properly, the transient analysis must run for a
period of time equal to an integer multiple of the periods of a// frequencies. De-
pending upon the two frequencies chosen, this requirement can and sometimes
does require a long run time. For example, for the two standard CCIF frequen-
cies F1 = 13kHz, and F2 = 14kHz, the requirement is minimally met with a run
time of 4mS as this provides 52 periods of F1 and 56 periods of F2. However, for
the two standard SMPTE frequencies F1 = 60Hz, and F2 = 7kHz, a run time of
200ms is required as this provides 1400 periods of F2 and 12 periods of F1.

Sometimes you can ease the problem by shifting one of the frequencies. In this
case using F1=70, and F2=7K requires only 100ms for 7 periods of 70Hz and
700 periods of 7kHz. The intermodulation distortion is unlikely to change much
when F1 changes from 60 to 70 but the run time is halved.

For mixers, the ratio of the two frequencies can approach unity. If this happens
the required number of cycles gets very large. For example, with F1=920MHz
and F2=921MHz, a tmax of 1uS is required to provide 920 cycles of F1 and 921
cycles of F2. That is manageable, but if F1 is changed to 920.99MHz, then a
tmax of 0.1mS is required, necessitating more than 1E8 timesteps. As a practical
limit, the ratio of F1 to F2 should be less than 0.999.

If PSS is selected the actual run time is the number of PSS iterations times the
minimum run time. This is nearly always the best choice. The only time PSS is
not used is when a circuit does not converge under PSS, which is rare.

If PSS isn't selected the actual run time is the product of the minimum run time
multiplied by the Max Simulation Cycles. Its purpose is to allow sufficient total
run time for the transients to settle. Because of the requirement of an integer mul-
tiple of each sinusoid's periods, the minimal run time is usually large, so the Max
Simulation Cycles value does not need to be as large as in Harmonic Distortion.

For Intermodulation Distortion, a Sin source or a Voltage Source or Current
Source of type SIN must be connected to the circuit input. Its two frequencies and
amplitude(s) will be set by values from the Analysis Limits dialog box.
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The Intermodulation Distortion Analysis Limits dialog box

To illustrate how this type of analysis works, load the circuit DIST DEMO1 and
select Intermodulation Distortion from the Analysis menu. The dialog box pro-
vides the following fields:

i ad | osete | e | stepong.. | pss.. | properties..| web.. | Ga| @ 9| |

FiFrequency e

F2 Frequency 14Hz State Variables m

Name of LO Source h ¥ Operating Paint

Mame of Input Source [N <] @ AutoScaleRanges

F1/F2Level Ratio 1 [~ Accumulate Plots

F2Level |Lng ;I 200m, 50m, 2 [ Periodic Steady State

Name of Source Resistor m [Standards ————————————

Name of Load Resistor P.L—;I Apply SMPTE | Apply CCIF

Noise Frequency Range 100K, 1 an

Temperature ILmaar ;I 27

Max Simulation Cycles Fi

Time Step Ratio 1m

Number of Time Points 51

Number of Frequency Points 51

I~ Ignore Expression Errors Page | P | X Expression | Y Expression | xmange | vRange |> ||
EME.J | Il_IF IHARM(V(RL)} |ssnnn,1nnm,ssn: |1e+€,le-12
lalml%-_“ |2_|T |V(RL} |u.nn125,n,u.nnn |9,-6,3
WIMIE-_I | |3_|F |HARM(I(VIN)) IEEUUU,l{]DU,EﬁUE |nm?.1ﬁzza,1a-1
WIMIE-_I | |_|F |HARM(I(\‘IN)) IEEUUU,l{]DU,EﬁUE |1,1a—zn a

—

Figure 13-6 Intermodulation Distortion Analysis Limits dialog box

® F1 Frequency: This is the value of the low frequency to be used.

® F2 Frequency: This is the value of the high frequency to be used.

® Name of LO Source: This is the name of the local oscillator source, if any.
It must be either a Sine Source, or a Voltage Source or Current Source of
type SIN. It's specified in RF circuits so that its frequency (FL) may be added
or subtracted from the H1, IM2, and IM3 frequencies. Addition or subtraction
is specified on the Intermodulation Properties (F10) window.

® Name of Input Source: This is the 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.
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® F1/F2 Level Ratio: This is the ratio of the amplitude of the low frequency
sinusoid (F1) to the amplitude of the high frequency sinusoid (F2).

® F2 Level: This is the amplitude of the high frequency sinusoid.

® Name of Source Resistor: This is the name of the source resistor for the
input port. Its resistance is used in RF circuits to calculate the input power,
PIN = (V/2)*(V/2)/RSOURCE. If the None option is selected, then the usual
audio convention for input power is used instead, PIN = VIN*IIN.

® Name of Load Resistor: This is the name of the load resistor to be used to
measure distortion (e.g. RL, RLOAD, R23). It is used to calculate the output
power, POUT = V*V/RLOAD.

® Noise Frequency Range: This is the frequency range over which the noise
will be measured. Noise is measured by running AC analysis and computing
SQRT(SD(ONOISE*ONOISE)) with the integration limits specified in this
field. Note the noise contribution is used only when the Include Noise option
from the distortion window Properties dialog box is checked.

® Temperature: This is the operating temperature for the simulation. It has
the usual stepping options.

® Max Simulation Cyecles: This is the multiplier of the minimum run time
that determines how long the simulation will run for. It should be long
enough to get past any initial transients. A suitable number for most circuits
is 10-100. The minimum value is 4.

® Time Step Ratio: Use this value to control the maximum time step to be
used in the analysis. This value is typically set to 1e-3. It sets the maximum
time step to (Time Step Ratio)/F2.

® Standards: Use these buttons to select the specific values for amplitude
and frequency specified by the SMPTE, DIN, and CCIF standards.

® Number of Time Points: This is the number of data points in the numeric
output for the transient run. The numeric output for each of the Harmonic
plots is controlled by their Properties window (F10) settings. The number of
points is set by the number of frequencies times the number of amplitudes.

Chapter 13: Distortion Analysis



® Number of Frequency Points: This is the number of data points in the AC
Analysis run used for noise calculations. It is also used for numeric output for
frequency-based curves such as HARM(V(RL)).

The Run, Add, Delete, Expand, Stepping, PSS, Properties, and Help buttons
behave in the same way as in a transient run, as do the Run, State Variables, Op-
erating Point, Auto Scale Ranges, Periodic Steady State, and Accumulate Plots
options. It is important to note that if you use the Leave option, then threading
cannot be employed, so it is usually best to avoid its use. Threading can save a
considerable amount of total run time.

The plot expressions required to produce the data for the distortion plots are those

that are shown. You can add additional plots by enabling the disabled plots (by
supplying a plot number) or by using the Add button to plot new expressions.
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Intermodulation Distortion analysis examples

To illustrate distortion analysis we'll again use the file DIST DEMOI1. Select
Intermodulation Distortion from the Analysis menu. This displays the analysis
limits dialog box. The analysis limits are set up to produce these plots.

HARM(V(RL))
This plots the magnitude of the harmonics present in the output
expression V(RL) versus harmonic frequency.

DB(HARMN(V(RL),F2)
This plots the normalized magnitude in DB of the harmonics in V(RL)
versus the difference in the F1 and F2 frequencies.

V(RL)
This shows a plot of V(RL), the voltage across the output resistive load.

Press F2 to start the analysis. The results look like this:
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Figure 13-7 H1, IM2, and IM3 plots for DIST DEMO1

Here we apply a 50mV, 14kHz sinusoid and a 50mV 13kHz sinusoid to the input
signal source called VIN for 1ms. We then step the F1 and F2 levels by a fac-
tor of 2 until each reaches 200mV. The distortion window shows a plot of H1,
IM2, and IM3 vs. PIN(dBW) for the single frequency set of F1 = 13K and F2 =
14KHz. Both axes show the results in dB and power.
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To illustrate distortion analysis with RF circuits load the file MIXERI1. This cir-
cuit uses the NE600Op in a down converter configuration. We'll show how to plot
the H1, IM2, and IM3 curves and how to measure the 1dB compression point and
the IM2 and IM3 intercepts.

Select Intermodulation Distortion from the Analysis menu. This displays the
analysis limits dialog box. It looks like this:

f i Add | Delete | Expand. .. | Stepping... | PS5 | Properties... | Help.... | EI EI il ﬂ

F1Frequency [saomeg  Runoptons  [normal -

F2 Frequency 921Meg— State Variables m

Name of LO Source VLD—;[ ¥ Operating Point

Name of Input Source [RFT | ¥ AutoScaleRanges

F1/F2 Level Ratio ~ I Accumulate Plots

F2Level Jlog  »|[355.234m,28.2172Im,1.2  [¥ periodic Steady State
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Figure 13-8 The Distortion Analysis Limits dialog box for MIXER1

The main difference between this and the DIST DEMOI analysis limits is the
specification of the LO source and the source resistor. The source resistor is
needed to calculate RF input power and the LO source frequency (FL) is added
or subtracted from the other frequencies to find the H1, IM2, and IM3 frequency
slots. Whether we add or subtract is determined by the Add and Subtract radio
buttons in the Distortion Properties (F10) dialog box. The default for new circuits
is Subtract FL.
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Press F2 to initiate the run. After a few minutes the display should look like this:

-

e

nnnnnnnnnnnn

MIXERTor s H1vs PINIM2vs PINIM3vs PIN |

Figure 13-9 H1, IM2, and IM3 plots for MIXER1

The plot shows H1, the 1'st harmonic, IM2, the second order intermodulation dis-
tortion, and IM3, the 3'rd order intermodulation distortion, all versus PIN, the in-
put power. All quantities are in dBm. The input voltage is swept from 28.217mV
to 355.234mV producing PIN that varies from -24 dBm to -2 dBm. The program
scans the curves and locates the pair of datapoints where the IP2 slope is closest
to 2.0 and the IP3 slope is closest to 3.0. It then draws lines from these points

to where they intersect with H1 ( or where H1 would be if it didn't saturate), and
calculates the corresponding second order intercept, IP2, and the third order in-
tercept, IP3. IP2 is shown as [P2 = IIP2,0IP2. IP3 is shown as IP3 = [IP3,01P3.
Each is marked with a circle icon.

The program also calculates P1dB, the 1dB compression point. This is the point
on the H1 curve where it falls 1dBm below the ideal H1 line with a slope of 1.0.

To calculate the intercept points accurately, you only need 2 points. The slope be-
tween these points should be close to 2.0 for IM2, and close to 3.0 for IM3. It is
not necessary to calculate as many points as we did in this example. However, to
accurately calculate the 1 dB compression point, P1dB, sufficient points must be
plotted to see the slope = 1 portion of the curve, (which occurs at lower power)
and also to see the compression point (which occurs at higher power).
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Intermodulation Distortion Properties dialog box

This dialog box(F10) provides control for plotting many different variables in
many different modes. It provides the following panels:

* Plot
Curves: This section lets you add, delete, or hide/show a plot.

Title: This section lets you name the plot. If Auto is selected, the title is
generated automatically from the selected plot choices.

X Axis: This lets you select the variable for the X axis of the selected plot.
Here are the choices:

VIN The input voltage level
VOUT The output voltage level
PIN The input power level

POUT The output power level
The Show As provides these options

dB: This plots the selected variable in dB. If a voltage
term is selected, this plots 20*LOG10(value). If a power
term is chosen, this plots10*LOG10(value).

dBm: This plots the selected variable in dBm. It is
available only when a power term is selected. It plots
10*LOG10(value/1E-3).

Number: This plots the value of the selected variable.

Form: This lets you choose between Peak and RMS. This choice affects
both the X and Y axis variables. RMS voltage values are related to peak
voltage values by the relation RMS = Peak / sqrt(2). RMS power values
are related to peak power values by the relation RMS = Peak / 2. IM2 or
IM3 with a denominator of F2 will be unaffected by this choice. They are
ratios and the RMS factor, applied to both numerator and denominator,
cancels out leaving the ratio unchanged.

Y Axis: This lets you select the variable for the Y axis of the selected plot.
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Numerator: There are three basic choices:

H1 Output amplitude
M2 Second-order intermodulation distortion
IM3 Third-order intermodulation distortion

Below each option is a list of the chosen frequency slots. IM2 and
IM3 are computed as ratios if the denominator is specified as F1 or
F2, otherwise they are the raw values from the Fourier coefficient
array. When IM2 is selected, this lets you specify the content of its
numerator. You can select any value at F2-F1 £FL, or the value at
F1+F2+FL. If IM3 is selected, this lets you specify the content of its
numerator. You can pick any of the combinations 2F1 + F2 = FL or
2F2 + F1 £ FL. FL is added or subtracted only when the LO source is
specified.

Add FL: 1f an LO source is specified the frequency slot choices have
terms that add FL. For example in the MIXERT1 circuit, F1=920E6,
F1=921E6, and FL=1000E®6. If the Add option is enabled, then H1
will be found in the F2 + FL = 1921E6 slot. Similarly, IM2 will be
found at F2 - F1 + FL = 1001E6. IM3 will be at 2F2 - F1 + FL =
2*921E6 - 920E6 + 1000E6 = 1922E6. This option is used for
up-converter mixers.

Subtract FL: If an LO source is specified the frequency slot choices
have terms that subtract FL. For example in the MIXERI circuit,
F1=920E6, F1=921E6, and FL=1000E®6. If this option is enabled,
then H1 will be found in the F2 - FL = 79E®6 slot (the sign is changed
to plus). Similarly, IM2 will be found at F2 - F1- FL = 999E6. IM3
will be found at 2F2 - F1 - FL =2%921E6 - 920E6 - 1000E6 = 78E6.
This option is used for down-converter mixers.

Include Noise: This adds noise to the IM2 and IM3 values. The noise
value is computed in AC analysis.

Type: This selects either a Voltage or Power representation.

Voltage: This plots the selected variable as a voltage ratio or in
the case of HI1 as a voltage value.

Power: This plots the selected variable as a power ratio or in the
case of H1 as a power value.
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Show As: This provides these options:

%: This plots the selected variables in percentage. IM2 and IM3
are calculated as a percentage of H1. H1, if plotted, will always
come out 100 (%).

dB: This plots the selected variable in dB. If voltage type is
selected, this plots 20*LOG10(value). If power type is chosen,
this plots10*LOG10(value).

dBm: This plots the selected variable in dBm. It is available only
when a power term is selected. It plots 10*LOG10(value/1E-3).

Number: This plots the actual value of the variable.

Denominator: You can select the value at F2 + FL or 1. The value at
F2 + FL is used when you want to plot IM2 and IM3 as ratios to the
HI signal. The value of 1 is used when you want to plot the actual
values of H1, IM2, and IM3.

Designator:

Simple: This choice labels the variables with simple designators such
as H1, IM2, and IM3.

Literal: This choice labels the variables with complex designators
such as IM3P(dBW). Because the variables can be measured in many
ways, this identifies how the variable is computed and presented.

Buffer: This accesses the Waveform Buffer. It lets you request a saved
distortion plot. Plots are saved by right-clicking on the underlined
waveform name in the plot, then selecting Add to Buffer option from the
small pop-up menu.

Show IM2 Intercept: This calculates the point where the H1 curve would
cross the IM2 curve if each has its ideal slope of 1 and 2 respectively. If
no pair of data points have a slope in the range 0.9 to 1.1 for H1, or 1.8
to 2.2 for IP2, then the intercepts and line are not shown. To plot the IM2
curve correctly, its denominator must be 1, and Power and either dB or
dBM must be selected. The X axis variable should be PIN and dBm used.
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Show IM3 Intercept: This calculates the point where the H1 curve would
cross the IM3 curve if each has its ideal slope of 1 and 3 respectively. If
no pair of data points have a slope in the range 0.9 to 1.1 for HI, or 2.8
to 3.2 for IP3, then the intercepts and line are not shown. To plot the IM3
curve correctly, its denominator must be 1, and Power and either dB or
dBM must be selected. The X axis variable should be PIN and dBm used.

Show I dB Compression Point: This finds the point of the H1 curve
where it drops 1dB below the ideal slope = 1 line. The point is marked
as P1dB = PIN, H1. The X and Y quantities must both be power terms
and must both be dB or both be dBm.

What to Plot: If you step more than one variable (e.g. TEMPERATURE,
F2, VIN), this drop-down list lets you select the branches to plot.

In each section, the selection applies only to the selected curve. The All
button applies the selection to all curves.

Plot Group: You can separate plots into different groups by selecting plot
integers in this field.

Labels: A check mark in the Show field displays labels for the selected
plot when more than one value for F2 is requested. Click the field to
toggle the check mark on or off. The Font option lets you change the
label's font parameters.

* Scales and Formats: This panel provides numeric scale format control.

* Colors, Fonts, and Lines: This panel provides the usual color, font, and
line control for the plot.

* Scope: This panel provides the usual optional plot items control.
® Header: This panel provides the usual numeric output header control.

* Numeric Output: This panel provides numeric output control for the
distortion plot. You can include any variable in the numeric output regardless
of whether it has been plotted or not. Simply put a check mark in the box
adjacent to the variable name. To create the output click on the Create button.
This creates the numeric output in a file called CIRCUITNAME.IDNO.
Note that there are two kinds of numeric output. The conventional kind is for
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the transient plots and is generating automatically. The distortion kind is
generated by selecting the distortion window, pressing F10, then selecting the
Numerical Output panel, then clicking on the Create button.

* Tool Bar: This panel provides the usual tool bar control.
Here are some hints to obtaining good intermodulation plots:
® Use PSS: PSS nearly always produces faster, more accurate plots.

* Keep the F1 to F2 ratio less than 0.99: The closer the ratio approaches
1.0, the longer the run will take. The difference in results from a ratio of 0.90
and 0.99 is usually insignificant but the run time can be up to 10 times faster.

* Fast IP2 and IP3 plots: Computing accurate intercepts requires only two
suitable values of the stepped input voltage. Experiment with an F2 level list
like 1m,10m, or 10m,50m to find the range where the slopes are nearly ideal.
The slopes of H1, IM2, and IM3 should be 1.0, 2.0, and 3.0 respectively. You
can see the slope values in the slope column of the cursor mode table. Cursor
mode is invoked by pressing F8. To see the slope values, position the left and
right cursors on adjacent data points. In the case of an F2 two value list, the
cursors are automatically positioned to measure the slopes. The optimal
starting point is typically Im to 10m for an audio amplifier and 10m to 50m
for an RF mixer. Once determined for a given circuit the optimal start does
not shift appreciably with small circuit changes. If you are unsure, use a log
step of 100m,1m,1.2 then peruse the slopes in this range.

* Missing intercepts: If an intercept is requested and does not show, it's
because one of the slopes is not sufficiently close to ideal. For H1 the slope
must be between 0.9 and 1.1. For IM2 the slope must be between 1.8 and 2.2.
For IM3 the slope must be between 2.7 and 3.3.
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Harmonic Calculation Notes

Here are the formulas used in Harmonic Distortion.

Symbol Percent dB Number
THD 100*D/S, A*LOG(D/S)) D/S,

THDN 100*(D+N)/S,  A*LOG((D+N)/S)) (D+N)/S,
SINAD  100*S /(D+N)  A*LOG(S /(D+N)) S /(D+N)

SNR 100*S /N A*LOG(S,/N) S/N

H 100*S /S, A*LOG(S,) S,

Variable Voltage Power

A 20 10

S, \A V */RL

D SQRT(V 4V +..V ?) (V A4V 7 4.V, )/RL

N SQRT(SUM(ONOISE?)) SUM(ONOISE?)/RL
D+N SQRT(V +V +..V *+N?) (V,4V 7 +..V +N?)/RL

VOUT  SQRT(V +V j+..V,?)

POUT (V V7 +..V, )/RL

PIN  V(IN)*I(IN) if a source resistor is not specified.

PIN  (V(IN)/2)* (V(IN)/2)/RSOURCE if a source resistor is specified.
Where IN is the specified input source name.

Definitions:

A =dB scale factor

D = Distortion amplitude

H = The n'th harmonic

[IN = Input current amplitude

M = Number of harmonics to use in THD and THDN
N = Noise amplitude

S, = Harmonic amplitude from the Fourier array.
SUM(ONOISE?) = Integral of ONOISE? over the Noise Frequency Range
VIN = Input voltage amplitude

V, = Amplitude of 1'st harmonic (fundamental)

V, = Amplitude of 2'nd harmonic

V_ = Amplitude of n'th harmonic
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Intermodulation Calculation Notes

Here are the formulas used in Intermodulation Distortion.

Percent dB Number
H, 100 A*LOG(S) S
IM2  100*N2/D2 A*LOG(N2/D2) N2/D2
IM3  100*N3/D3 A*LOG(N3/D3) N3/D3
Voltage Power
A 20 10
S A% V ?/RL

1

PIN  V(IN)*I(IN) if a source resistor is not specified.
PIN  (V(IN)/2)* (V(IN)/2)/RSOURCE if a source resistor is specified.
Where IN is the specified input source name.

Definitions:

A = dB scale factor

S = Harmonic amplitude from the Fourier array.
V1 = Amplitude at the fundamental ( F2 = FL)

When Voltage is selected:

N2 = RMS sum of the IM2 numerator terms
D2 = RMS sum of the IM2 denominator terms*
N3 = RMS sum of the IM3 numerator terms
D3 = RMS sum of the IM3 denominator terms*

When Power is selected:

N2 = RMS sum squared of the IM2 numerator terms
D2 = RMS sum squared of the IM2 denominator terms*
N3 = RMS sum squared of the IM3 numerator terms
D3 = RMS sum squared of the IM3 denominator terms*

*If"1" is selected as the Denominator term, D2=D3=1.0 for Voltage or
Power.
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Chapter 14 Stability Analysis

What's in this chapter

Stability analysis is a variant of AC analysis that applies the Middlebrook or Tian
method to determine the circuit stability by examining closed loop gain.
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What happens in Stability Analysis

Stability analysis uses either the Middlebrook or Tian method to calculate the
closed loop Gain Margin and Phase Margin. To use this method the user chooses
a place in the circuit to insert a probe. The program breaks the loop at this probe
point and measures the appropriate parameters needed in the calculation.

For those who would like to read more of the theory behind these methods con-
sult these references:

1) Tian Method:
"Striving for Small-Signal Stability", Michael Tian, V. Visvanathan, Jeffrey Hant-
gan, and Kenneth Kundert, Circuits & Devices, January 2001.

2) Middlebrook Method:
"Measurement of Loop Gain in Feedback Systems", David Middlebrook, Interna-
tional Journal of Electronics (volume 38, no. 4, pages 485-512, April 1975).
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An example of Stability Analysis

To demonstrate the use of Stability Analysis open the file, STABILITY.CIR. It
looks like this:

B b £t conpon onsbnasi_Qeign st
'ECEET LR T T R LT EEEFE O R EEE Al
ROVT2YAD - BAOBAFHIR(TFERL-FcL£ZAB-0UCF|H s4</28800=4%QR&|a|
STABILITY ANALYSIS FOR A FEEDBACK AMPLIFIER
PRESS ALT+0, THEN F2 TO RUN
1w
12
R21 R23 R24. L
100k 10K 8k =
L e
Probel
Q6
R20  Ci4 2N3904
f 4
b 10k N 2Ns904
vz 10u
= R25
R28 R22  ==CI5
15k 870 10u 34K :Lcu
10u
R27
10K
RESULT: GM=45.87DB PM=87.38 DEGREES
V= ol o

Figure 14-1 The Stability circuit

In this feedback amplifier we want to find the gain and phase margins. Press
Alt+0 to select Stability Analysis. Press F2 to start the run and you'll see this:

®[=%

vk Epw+ ¢ 6 BONEEO0B[IB@

dumemuBuEHeeeadEERN @ EEEE-aaEreae
Stablitycir OPEN
—~Z
\\\
[Gain Margin=45 87 FG=531.49MEG]
~——
60000 0M 100M 16
cB(LoapGcin)
&\\
[Phase Margin=87.38 FP=5.13MEG] ~
4160000| N
__________________________ R 0 SRR SRR SUUS SN S P i
-200000| \\
) o o0 i
shlLocpGian) (degrees)
F(Hz)
I3 ) OPEN (UST =)

Sty sty fos

Figure 14-2 The Stability Analysis Plot
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The program runs AC analysis twice; once to determine the open circuit voltage
gain and once to determine the short circuit current gain at the point of the probe.
It computes the gain and phase margins in this case by the Tian method. The re-
sults are shown on the plot and can be read as:

Gain Margin = 45.87 at F=531.49 MHz

Phase Margin = 87.38 at F=5.13 MHz
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How Stability Analysis works
How does it work? The user inserts the probe component into the circuit at any

point in the loop. At the point of this probe, MC12 replaces the probe component
with the following circuit.

AC {volt
. ]
Frobe 5 '©+ fu]
I . .
Ting
&C {iolt

During the run the variable Loop is stepped from 1 to 2 and the sources Vinj and
linj take on these values:

if Loop==
iol=0
vol =1

if Loop==
iol=1
vol =0

The Tian method uses the following equation to determine the margins:

LoopGain = -1/(1-1/(2*(I(Vin))@1*V(o))@2-V(o)@1 *I(Vin))@2)+V(o)@1+1
(Vinj)@2))

The equation in the LoopGain variable was derived from the Tian article. It uses

the step selection operator @ to combine the waveform results from different
steps. For example, the following expression:

V(ol)@2

specifies the voltage at node ol during the second step of the simulation, and
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I(Vinj)@1
specifies the current through the source Vinj during the first step.

Together, the quantities V(o)@1, V(ol)@2, and I(Vinj)@!1 determine the vari-
able LoopGain and its plot is examined to determine the gain and phase margins.

The gain margin is computed as follows:
Gain Margin = -dB(LoopGain) where Phase(LoopGain) equals -180.
The phase margin is computed as follows:

Phase Margin = 180+Phase(LoopGain) where dB(Loopgain) equals 0.

Caveats:

1) The Middlebrook method requires that the probe be inserted with the arrow
pointing in the direction of the loop.

2) The probe may be inserted in either direction for the Tian method.
3) Both methods work best in a circuit with a single feedback loop.

4) Stability analysis works only with linear circuits. It cannot be used in switch-
ing circuits like SMPS circuits or SC filters.
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Chapter 15 Scope

What's in this chapter

Scope is a term for the set of tools for displaying, analyzing, and annotating the
analysis plot and its curves. Available in transient, AC, DC, Stability, and both
Distortion analyses, it lets you expand, contract, pan, manipulate curves, and
display their numeric values. Cursors are available with commands to locate lo-
cal peaks, valleys, maxima, minima, slopes, inflection points, and specific values.
Tags, text, and graphics are available to annotate and document the plot.
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Analysis plot modes

After an AC, DC, transient, or distortion analysis is complete, there are several
modes for reviewing, analyzing, and annotating the analysis plot.

¢ 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 this button lets you select a graphic 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) In this mode, you drag the left mouse button to define a plot
region box to magnify. When the mouse is released, the plot is redrawn to the
image scale of the region. You can also use CTRL + + and CTRL + - keys to
magnify and shrink the scale.

* 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 cur-

sor and the right button controls the right cursor. The left cursor is initially
placed on the first data point. The right cursor is initially placed on the last
data point. The LEFT ARROW or RIGHT ARROW keys move the left cur-
sor (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 high or low, inflection point, next simulated data point,
next interpolated data point, 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.

* Horizontal Tag: In this mode, the left mouse button is used to drag be-
tween two data points to measure the horizontal delta. The tag will snap to
the nearest data points.

* Vertical Tag: In this mode, the left mouse button is used to drag between
two data points to measure the vertical delta. The tag will snap to the nearest
data points.
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* Function Tag: In this mode, the left mouse button is used to place a func-
tion tag which measures a performance or measure value for any subsequent
run. This includes stepped runs, Monte Carlo runs, or even simple dynamic
edits. In each case the tag measures the quantity and dynamically adapts its
display to show the new value.

* Text: (CTRL + T ) This mode lets you place text on an analysis plot. You
can place relative or absolute text. Relative text maintains its position relative
to the curve when the plot scale is changed. Absolute text maintains its posi-
tion relative to the plot frame. You 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 is usually
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.

Mouse:
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 curves in the selected plot group. Click in another plot
group, click on a plot expression in another plot group, or use the Tab key to se-
lect a different plot group.
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Scaling the plot

Scaling shrinks or magnifies the analysis plot after the analysis is complete.
Magnifying enlarges a small region of the plot for inspection. Shrinking brings
the plot scale back to a smaller size for a more global view of the plot. The En-
able Scaling option in the X and Y sections of the Properties (F10) / Scales and
Formats panel allows scaling to occur in either or both the X and Y directions. It
controls each of the following scaling methods:

Auto Scale: (F6) This command immediately scales the selected plot group.
The selected group is the plot group containing the selected or underlined
curve.

Restore Limit Scales: (CTRL + Home) This command draws all plots
using the existing scale ranges from the Analysis Limits dialog box.

Zoom-Out: (CTRL + Numeric pad -) This command shrinks the image
size of the selected plot group. Zoom-Out ﬂ does the same thing.

Zoom-In: (CTRL + Numeric pad +) This command enlarges the image
size of the selected plot group. Zoom-In ﬂ does the same thing.

Mouse Scaling:
Scale mode: Place the mouse near one corner of the region to be
magnified and drag the /eff 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 /eff mouse button to the
other corner. This is the same as in 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 is an 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 is a way 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 a single curve, or between two points on two curves. There are four
tagging modes:

ﬂ 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. This mode is very
useful for measuring or documenting the exact time of a digital event, or the
peak or valley of an analog curve.

Wl 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.

E Horizontal Tag mode: This mode lets you drag a tag between two data
points on a single 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.

i Function Tag: In this mode, the left mouse button places a tag which
measures a performance parameter for the current and subsequent plots.
This includes stepped runs, Monte Carlo runs, and dynamic edits. In each
case the tag measures the quantity dynamically and adapts its display to show
the new value. Function tags may use any of the measure or performance
functions.

There are also several immediate commands for tagging the data points at the
numeric 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 a tag 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.
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® Tag Vertical: (SHIFT + CTRL + V) This command attaches a vertical tag
from the left to the right cursor, showing the difference between the two Y
expression values.

The numeric format used by each new tag is set at Properties / Colors, Fonts,
and Lines / Plot Tags. You can change the format on an existing tag by double-
clicking on it. This brings up its dialog box. The Format button in this dialog box
lets you change the numeric format.

The numeric format for all instances of formula text is set at Properties / Colors,

Fonts, and Lines / Formula Text. All instances of formula text share this one
format setting.
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Adding graphics to the plot

You can add graphic symbols to the analysis plot when in the Graphics mode. To

invoke the Graphics mode, click on the graphics button, ﬂ 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 objects are:

Rectangle
Line
Ellipse
Diamond
Arc

Pie

{

H

{

Picture
Polygon

Each of these objects can be edited after creation by double-clicking on them.
This invokes a dialog box that lets you change their border and fill parameters.

The polygon object allows direct numerical editing of the polygon vertices. It is
intended as a design template, a region describing the area that a curve or curves
may occupy and still be within specification. The filter designer adds a polygon
to the AC plot to indicate the acceptable region for the Bode plot from the user's
filter specs. You can use the constants MIN and MAX to specify the plot mini-
mum and maximum coordinates easily.

To see an example of a design polygon, create a filter 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 see its properties,
including its border, fill, and vertex structure.
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Scope menu

The Scope menu provides these options:

® Delete All Objects: This command removes all objects (shapes, tags, or
text) from the analysis plot. To delete an object, select it by clicking on it,
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 (F6): This command scales the plot group containing the
selected curve. The selected curve is the one whose Y expression is
underlined.

® Auto Scale Visible Region: This command scales the vertical or Y axis
of the curves by considering only Y values within the currently visible or
displayed X region. This command is handy when you have zoomed in on a
small part of a curve and want to auto scale only the vertical region while
maintaining the X axis scale.

¢ Restore Limit Scales (CTRL + HOME): This command restores the
range scales to the values in the Analysis Limits dialog box.

® Go Up a Level (ALT + Up): In Probe mode, this displays the next highest
level in a hierarchical schematic (one containing macros or subcircuits).

® View: The view options only affect the display of simulation results, so
you may change these after a run 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
on the curve plot. All other values are linearly interpolated.

® Tokens: This adds tokens to each curve plot. Tokens are small graphic
symbols that help identify the curves.

® Ruler: This substitutes ruler tick marks for the normal full screen X
and Y axis grid lines.

® Plus Mark: This replaces continuous grids with "+" marks at the
intersection of the X and Y grids.
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® Horizontal Axis Grids: This adds grids to the horizontal axis.
® Vertical Axis Grids: This adds grids to the vertical axis.

® Minor Log Grids: This adds but does not label minor log grids
between major grids at the 2, 3, 4...9 positions.

® Minor Log Grids 2 5: This adds and labels minor log grids between
major grids at the 2 and 5 positions.

® Label All Minor Grids: This labels minor grids.
® Baseline: This adds a plot of the value 0.0 for use as a reference.

® Horizontal Cursor: In cursor mode (F8), this adds horizontal cursors
to complement the vertical cursors.

® Margin Line: Adds a reference line at 0db to the gain plot and -180
degrees to the phase plot in Stability analysis.

® Margin Arrow: Adds a reference arrow showing the gain margin and
phase margin measurements in Stability analysis.

® 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.
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® Waveform Buffer: (Ctrl+Shift+B) This buffer saves curves and
waveforms for later use. There are several items on this menu.

* Waveform Buffer: This accesses the Waveform Buffer dialog box. It
lets you manage the curve collection and select curves for display.

® Save a Waveform to the Buffer: This lets you add one of the plotted
curves to the Waveform Buffer.

® Retain: This also lets you add a plotted curve to the Waveform Buffer
but it adds a plot of the saved waveform to the Analysis Limits.



® Label Branches: This lets you select an automatic or user-specified X
location for labeling multiple branches of a curve. This option appears when
multiple branches are created by Monte Carlo, or parameter or temperature
stepping. To remove labels, select them with the mouse, or select all objects
with CTRL + A, then press the delete key.

® Label 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 are to be labelled. This command is mostly used
to label frequency data points on polar and Smith charts. To remove labeled
points delete them from the dialog box.

® Envelope: This option draws a polygonal region enveloping all of the
branches of the selected curve. To use this option, select one of the curves,
then select this item from the menu. To delete the envelope, select it and
press the Delete key.

* Animate Options: This option displays the node voltages/states, and op-
tionally, 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 on the 3 button, select one of the wait modes, then click on
the Tile Horizontal g button, or Tile Vertical E button, then start the run.
If the schematic is visible, MC12 prints the node voltages on analog nodes
and the node states on digital nodes. To print device currents click on E To
print device power click on ﬂ To print the device conditions click ﬂ It
lets you see the evolution of states as the analysis proceeds. To restore a full
screen plot, click on the | button.

® Thumbnail plot: This option draws a small guide plot which gives a
global view of where the current plot(s) are on the whole curve. You 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.

® Measurements: This invokes the Measurements window which shows
the results of any selected measure or performance functions.

® Curve Fit: (Ctrl+Alt+C) This invokes the Curve Fit window which lets
you find linear or polynomial curve fits to any of the selected curves.

® Add Marker: This invokes the Marker window which lets you place
vertical or horizontal lines, or circles on the plot for visual reference.
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® 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
curve at the current cursor position, producing a normalized value of 1.0
there. If the Y expression contains the dB operator and the X expression is 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.

® Normalize at Minimum: This option normalizes the selected (underlined)
curve at its minimum value.

® Normalize at Maximum: This option normalizes the selected (under
lined) curve at its maximum value.

® Go to 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 reports the Y expression value at that data point.

® Go to Y: (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 Function: This calculates performance and measure function values
on the Y expression of the selected curve. For performance functions, it also
moves the cursors to the measurement points. For example, you can
measure pulse widths and bandwidths, rise and fall times, delays, periods,
and maxima and minima.

® Go to Branch: This selects which branch of a curve to 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.
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® 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.

® Align Cursors: This option, 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,
one line is plotted for each run for each plotted expression. These lines 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 the left or right numeric cursors, not both, allowing them to
occupy positions on different branches of the curve.

® Copy Cursor Values to Clipboard: This copies the cursor table values to
the clipboard, where they may be pasted to another program or to an MC12
text field.

® Same Y Scales for Each Plot Group: This option forces all curves in a
plot group to use the same Y scale. If the curves have different Y Range
values, one or more Y scales will be drawn, which may lead to crowding of
the plot with scales.

® Enable X Scaling: This option enables horizontal axis scaling for the

F6 (Auto Scaling), Zoom (+,-), and panning and drag scaling commands. If
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 this option. The Auto Scale option on the Analysis Limits dialog 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. If
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
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by this option. The Auto Scale option on the Analysis Limits dialog box
overrides this option and auto-scales both the X and Y axes.

® 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
panning in plot group 1 will change the horizontal scale in all 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.

® Clear Accumulated Plots: If the Accumulate Plots option is enabled,
MCI12 accumulates plots resulting from schematic changes. The plot area can
become congested. This command clears the congestion by removing the
accumulated plots for the next run.

In all modes except Cursor, a drag of the right mouse button pans the plot. In
Cursor mode, CTRL + right mouse drag pans the plot.

Press the SPACEBAR key to toggle between the current mode and Select mode.
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The Plot Properties dialog box

Curve display and format can be changed after the run with the Properties dialog
box. It looks like this:

Plot I Scales and Formats ~ Colors, Forts, and Lines |Scnpe | Fourierl Hsaderl MNumeric Output I Save Curves | Tool Earl

 Objects r~Curve Line Curve Text Font
Anchor hd
Baseline Color N . :
Curve Fi Colr M| P rortse
Data Point Labels o - -
Gererel Text O -
Graph Background R [T Stikeout I~ Underline
Grid EEEEEE = =
Select L ]
Select Box ] I:Select Style> vl
Select Color Primary —Sample
Select Color Secondary 100 _
Tracker o o
Windaw Background Pt [Filed Squa | I8 Wl =T W O 0
Plat All § 1
Style INorrnaI 'I 0 ] ‘\
I Rainbow -50
2 Digit Engineering -100 V(out)
Plot Tz Format...
= 4 2 Digit Engineering
Formula text Format 2 Digit Engineering
Defak | SetDefaut |

Ok | camce | mpy | Hep

Figure 15-1 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
exists, you can access the dialog box by clicking on the Properties button in the
Analysis Limits dialog box. The dialog box provides the following choices:

* Plot
Curves: This lets you select the curve that Plot Group and Plot Type
fields apply to. The check box controls the plotting of the selected curve.
To hide the curve, remove the check mark by clicking in the box.

Title: This lets you specify what the plot title is to be. If the Auto button
is checked, the title is automatically created from the circuit name and
analysis run details.

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 in AC analysis.
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Print Values: Pressing the P key during an analysis prints the values of
the waveforms and the simulation variable (T, F, V) on the plot to give an
idea of how the simulation is proceeding. This is sometimes useful in
transient analysis when the simulation is proceeding very slowly. The
value in this field controls how often the values are printed out. Using

a larger number than the default of 1 can avoid slowing the run with too
many printed values, yet still give a good indication of the run's progress.

® Scales and Formats
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Curves: This lets you select the curve that the other fields apply to.
X: This group includes:

Range Low: This is the low value of the X range used to plot the
selected curve.

Range High: This is the high value of the X range used to plot
the selected curve.

Grid Spacing: This is the distance between X grids.
Bold Grid Spacing: This is the distance between bold X grids.

Scale Factor: This lets you specify an optional X scale factor
from the list (None, Auto, T, G, Meg, K, m, u, n, p, f).

Scale Units: This lets you specify optional X axis units from the
list (None, Auto, Seconds, Volts, Amps, Ohms, ...). Auto can
select suitable units for simple expressions such as S for Time,
but complex expressions such as T+10 are ignored.

Scale Format: This lets you specify the numeric format used to
print the X axis scale.

Cursor Format: This lets you specify the numeric format used to
print the X value in the table below the plot in Cursor mode, in
the tracker boxes.

Auto Scale: This command scales the X 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: 1f checked this makes the X scale log.

Auto/Static Grids: This is the number of X axis grids to use
when auto scaling or Static Grids are used.

Enable Scaling: When this item is checked, all immediate action
X axis scaling and panning commands (F6, CTRL ++, CTRL +
-, mouse drag) are enabled.

Y: This group provides complementary commands for the Y axis group:

Range Low: This is the low value of the Y range used to plot the
selected curve.

Range High: This is the high value of the Y range used to plot
the selected curve.

Grid Spacing: This is the distance between Y grids.
Bold Grid Spacing: This is the distance between bold Y grids.

Scale Factor: This lets you specify an optional Y scale factor
from the list (None, Auto, T, G, Meg, K, m, u, n, p, f).

Scale Units: This lets you specify optional Y axis units from the
list (None, Auto, Seconds, Volts, Amps, Ohms, ...). Auto can
select suitable units for simple expressions such as V for V(A),
but complex expressions such as V(A)"2 are ignored.

Scale Format: This is the Y axis scale numeric format.

Cursor Format: This lets you specify the numeric format used to
print the Y value in the table 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.
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Auto/Static Grids: This is the number of Y axis grids to use
when auto scaling or Static Grids are used.

Enable Scaling: When this item is checked, all immediate action
Y axis scaling and panning commands (F6, CTRL + +, CTRL + -
mouse drag) are enabled.

Static Grids: This option uses the number N specified in the Auto/Static
Grids field for the number of grids in the X and Y axes, keeping the grid
spacing at (Range High - Range Low ) / N. This option forces the use of
fixed location, variable value, MC6-style plot grids versus the newer
floating grids that move as the 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
panning in plot group 1 will change the horizontal scale in all 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.

Slope Calculation: This lets you select the Normal, dB/Octave, or dB/
Decade method of calculating slopes.

Same Y Scales for Each Plot Group: Enabling this check box forces the
Auto Scale command to use a single common scale for all plots within a
plot group. If the box is not checked, the Auto Scale command sets
individual scales for 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
dialog box, making them permanent.

Use Common Formats: Clicking this button copies the X and Y formats
of the selected curve to the format fields of all curves.

Common Y Scale: Clicking this button copies the Y range fields of the
selected curve to the range fields of all curves in the same plot group.

It determines the common range at run time from the extremes of the

individual ranges.

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
Objects: This list box lets you select the object that the other commands
(color, font, lines) apply to. These include:
Anchor Color: This is the text anchor color.
Baseline Color: This is the baseline color.

Curve Fit Color: This is the color of the fitted curve

Data Point Labels: This sets the text and color properties of
data point labels.

General Text: This is text used for axis scales, titles, cursor
tables, and curve names.

Graph Background: This is the plot background.
Grid: This is the analysis plot grid.

Select: This is the color of a selected object.

Select Box: This is the color of the Select mode box.

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.

Tracker: This sets the text and color properties of trackers.
Plot All: This sets the curve and scale text color, and the curve
width, pattern, data point, and drawing style of all curves
simultaneously.

Window Background: This is the window background color.
Curve Names: This sets the curve and scale text color, and the

curve width, pattern, data point, and drawing style of individual
curves.
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Curve Line: This group lets you change the color, width, pattern, point
and style of the plot lines. The Rainbow option assigns a spectrum of
colors to each branch of a stepped curve.

Curve Text: This group lets you change the color of the selected curve
name, shown just below the plots

Font: This field lets you change the font of the selected object.

Size: This field lets you change the text size of the selected object.
Effects: This field lets you change text effects of the selected object.

Text style: This field lets you set the text style of the selected item in the
Object list. Text styles consist of a font, size, color, style, and effect. Text

styles can be assigned to general text, trackers, and data point labels.

Sample: This field shows a sample of the selected object using current
text, line, color, width, and pattern properties.

Plot Tag Format: This button accesses the numeric format for plot tags.

Formula Text Format: This button accesses the numeric format for
analysis formula text.

® Scope: This controls the Scope options for the circuit.
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View: This sets the initial Scope view options, including:

Data Points: This marks calculated points on the plot. All other
values are linearly interpolated.

Tokens: This adds tokens to each curve plot. Tokens are small
graphic symbols that help identify the curves.

Ruler: This substitutes ruler tick marks for the normal full screen
X and Y axis grid lines.

Plus Mark: This replaces continuous grids with "+" marks at the
intersection of the X and Y grids.

Horizontal Axis Grids: This adds horizontal axis grids.



Vertical Axis Grids: This adds vertical axis grids.

Minor Log Grids: This adds but does not label minor log grids
between major grids at the 2, 3, 4...9 positions.

Minor Log Grids 2 5: This adds and labels minor log grids between
major grids at the 2 and 5 positions.

Label All Minor Grids: This labels minor grids. It is useful when you
have zoomed in on a scale and need labels on the minor grids.

Baseline: This adds a zero baseline as a reference.
Horizontal Cursor: In cursor mode (F8), this adds horizontal cursors.

Margin Line: In Stability analysis, shows reference lines; -180 for
phase and 0 for gain.

Margin Arrow: In Stability analysis, shows arrows denoting margins.

Margin Text: In the Stability analysis Open plot tab, shows text
denoting the gain and phase margins.

Nyquist Text: In the Stability analysis Nyquist plot tab, shows text
denoting the gain and phase margins.

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 the mouse position.

Cursor: These options control cursor behavior.

Align Cursors: When more than one plot group is used the cursors
for each are kept at the same horizontal location when this flag is set.

Keep Cursors on Same Branch: When a plot has more than one
branch, due to stepping for example, this option forces the cursors to
stay on the same branch. When you use the Up/Down arrows to
move one of the cursors, it moves the other as well and keeps it on
the same branch. If this flag is not set, then you can move the cursors
independently to different branches.
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* Fourier: This panel controls parameters for use in Fourier functions.

Upper Time Limit: This specifies the upper time limit for Fourier
functions. It should be a multiple of the fundamental period.

Lower Time Limit: This specifies the lower time limit for Fourier
functions. Generally this is set to a multiple 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
fundamental period.

Frequency Step: This specifies the fundamental frequency to be used in
the FFT calculations. If you enter a new value MC12 adjusts the lower
time limit to match according to the formula.

FO =1/ (upper time limit - lower time limit )
Number of Points: This specifies the number of interpolated data points
to use for FFT functions. Typically 1024, 2048, or 4096 are nearly

always suitable choices.

Auto Scaling: This group controls auto scaling options for Fourier
functions and includes these options.

Include DC Harmonic: This option includes the DC harmonic
when auto scaling is done. Typically it is disabled.

Auto Scale First .... Harmonics: This number specifies the
number of harmonics to include when scaling.

® Header: This group controls the header format for text numeric output.
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Left: This group lets you 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 Prints circuit name

You can use these or any other text in the left, center, or right.
Delimiters: This group lets you select the delimiter that will be placed
between items in the curve tables of the numeric output. The choices
are Tab, Semicolon, Comma, Space, and Other. Comma is best for

exporting to Excel.

* Numeric Qutput: This group lets you choose what to include in the
numeric output text files.

Curves: This section allows selection of which curves to print and an
alternative alias for the curve name.

Check All: This prints all listed waveforms.

Clear All: This prints no waveforms.

Arrows: Use these to adjust the printing order.

Hide Non-selected: This hides unselected plots in the list.

Alias: An alias can be used on the column headers instead of the
full waveform name.

X Format: This button controls the numeric format for the X
values of the selected waveform.

Y Format: This button controls the numeric format for the Y
values of the selected waveform.

Use Common Formats: This button sets the format for all curves
to that of the selected waveform.

Curves List Box: This allows selection of which curves to print.

Show: This section allows selection of the other material to include in the
numeric output file.
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Include Numeric Output: This enables creation of the numeric output
file. Other options control content of the file.

Include Main Header: This prints the main header.
Include Analysis Limits: This adds the analysis limits.

Include Branch Headers. This adds headers that identify the item(s)
being stepped or the Monte Carlo case number.

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 Operating Point Values: This controls the printing of the
operating point data to the file.

Include Noise: This controls the printing of the individual noise
values in AC.

Measurement Values: This controls printing of the performance
functions and .measure quantities.

Include Waveform Values: This controls waveform printing. The
numeric output icon J, next to each expression, must be enabled.

Include Waveform Headers: This prints identifying expression
text above each numeric column.

Allow Duplicate Y Expressions. This prints duplicate Y
expressions. Otherwise duplicate Y expressions are not printed.

Begin Printing At: This specifies the time, frequency, or DC
Variable 1 value at which printing of the curve values begin.

End Printing At: This specifies the time, frequency, or DC
Variable 1 value at which printing of the curve values ends.



Table Formats: This controls how the numeric output curve
waveform tables will be arranged. Horizontal is the conventional
format, with column vectors shown horizontally. Vertical prints the
time column, followed sequentially by single column vectors, one for
each output. Vertical X,Y Alternate is the same but with an extra
analysis variable column inserted between each output vector.
Finally Vertical X,Y Pairs produces vertically arranged column pairs
of the analysis variable and one output.

Horizontal: This option prints values in the usual tabular format:

Datapointl Exprl12 Expr21 ... ExprM1
Datapoint2 Exprl12 Expr22 ... ExprM2

DatapointN Expr1N Expr2N ... ExprMN

Vertical: This option prints curve values as a succession of
single vertical columns like this:

Datapointl
Datapoint2

DatapointN

Exprl2
Exprl2

ExprIN

Expr21
Expr22

Expr2N

ExprM1
ExprM2

ExprMN
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Vertical X, Y Alternate: This option is the same as Vertical except
that the Datapoint column is repeated vertically between each
ExprlJ column.

Vertical X, Y Pairs: This option prints as follows:

Datapointl Exprl2
Datapoint2 Exprl2

DatapointN Expr1N

Datapoint] Expr21
Datapoint2 Expr22

DatapointN Expr2N

Datapointl ExprM1
Datapoint2 ExprM2

DatapointN ExprMN

Other Output Values: This button controls the numeric format for all
non-waveform values such as the operating point values.

® Save Curves: This group lets you save one or more curves for later
display or use in a User source. It provides these fields:

Curves: This lets you select the curves to save.

What to Save: If temperature or any other variable has been stepped, list
boxes will appear to select the branch to be saved.

Save Curve(s): This field is a copy of the selected curve name.

Auto Save: If this box is checked, MC12 will automatically save the
selected curves after each run.

USR, CSV: This sets the parameters for saving the curve in either format.
Select USR or CSV from the /n File list box below.

As (New Name). This lets you specify the name to save the curve

314 Chapter 15: Scope



under. It is the name you later use to select the curve for display
or use in a User Source.

Number of Points: This lets you specify the number of data
points to calculate by interpolation from the actual curve if the
Save Actual Data Points option is disabled.

Save Actual Data Points: If this option is disabled, the curve
saved to the file will be calculated by interpolation using Number
of Points equidistant data points from the actual curve. If this
option is enabled, the curve saved to the file will contain the
actual simulation data points, which generally will occur at
irregular time (or frequency) points.

Format: This sets the numeric format used in writing the file.

Delete: This command lets you delete the specified curve name
from the specified file name.

WAV: This sets the parameters for saving the curve in the WAV format.
Select WAV from the /n File list box below.

Sample Rate: This sets the sample rate to use.

Number of Bits: This sets the number of bits to use.

Range: This sets the audio amplitude range to use.

Play: This plays the selected waveform using your speakers.

Stop: This stops the playing.

Auto Range: This automatically sets the range to use.
In File: This lets 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. You can also

select the data format file type. USR is for User Sources. CSV (Comma
Delimited for Excel files). WAV is for playable audio files.
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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 the file. If the curve already exists in the file, it is
overwritten. All other curves in the file are unaffected.

* 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: This list box lets you select local tool bars.

Buttons: This box lets you select the local tool bar buttons.

Show Button: 1f checked, the button is shown in the analysis tool bar.
Left: This places the tool bar at the left part of the window.

Top: This places the tool bar at the top part of the window.

Right: This places the tool bar at the right part of the window.
Bottom: This places the tool bar at the bottom of the window.

All On: This command places all buttons in the tool bar.

All Off: This command places no buttons in the tool bar.

Default: This command places the default set of buttons in the tool bar.

OK: This button accepts all changes, exits the dialog box, and redraws the
analysis plot. Subsequent runs will use the changed properties, and they will
be retained in the circuit file, if it is later saved.

Cancel: This button rejects all changes, exits the dialog box, and redraws the
analysis plot using the original properties.

Apply: This button displays the analysis plot using the current settings in the
dialog box to show how the display would be affected by the changes. The
changes are still tentati