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Typographic conventions

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

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

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

Typeinthename"TTLINV".

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

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

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

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

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

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.
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Chapter 1 Windows Basics

What's in this chapter

This chapter introduces and reviews the basics of working with Windows. It de-
scribesthe common Windows structuresincluding menus, dial og 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.



Control menu box

Circuit control menu box

Windows border

Window corner ——

Introduction

MC7 isaWindows program. To use the program, it is necessary to understand
how Windows itself operates. Even though it is assumed that you are familiar
with the Windows system, this chapter provides a brief introduction and review of
the basic Windows features. If you feel a need for more information after reading
this chapter, review the first chapter in the Windows User Guide that came with
your Windows operating system. It has an excellent introduction to Windows.
Much of what we present here is adapted from the Guide.

Parts of a window

Most MC7 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 MC7 functions.

Minimizebutton

Minimize/ Restore

Menu bar button

Title bar

Close button
Micro-Cap 7.0.0 - [E-\MC"\DATA\CIRCUIT1 CIR] _I
i File Edit Component nclows  Options  Analysis  Design Help 8] x|
Dl a8k v+t ++0 MOCE PG
ko TLN 88§ K2 e — i e &g
Vertica
scroll bar

W[ AT [H\ Tt pPage 1

Tl | i o

Horizontal scroll bar

Figure 1-1 The parts of a window
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The various parts of awindow and their purposes are as follows:

Control menu box

The Control menu box islocated in the upper-left corner of the window. This box
isastandard feature of all Windows applications and is mainly used to control the
MC7 window size and location on the desktop. It letsyou re-size, move, maxi-
mize, minimize, and close the MC7 window. The mouse can aso be used to per-
form these tasks by dragging.

Circuit control menu box

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

Menu bar

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

Title bar

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

Tool bar

Thetool bar shows the tool buttons. These are graphical equivalents of the menu
items. Clicking on atool bar button isthe 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 depressed
modal button means that the mode is enabled. Thisis the same asiits correspond-
ing menu item having a check mark.



Close button
The Close button closes the window.

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

Minimize button
The Minimize button reduces the window to anicon.

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 alist box, they let you browse thelist.

Window border

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

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
drag here simultaneously moves the two corner sides, changing the window size.
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Basic mouse and keyboard techniques

This section explains the basic terms and techniques used to select and choose
itemsfrom windows, menus, list boxes, and dialog boxes. The definitions of the
more common termsare asfollows:

This Term M eans

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

desired location on the screen.

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

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

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

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

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

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



Menus
Menus provide the basic commands and options that let you use MC7 features.
To select a menu:

Mouse

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

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

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

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

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

Menu conventions:
Convention Meaning
Dimmedor missingitem  Theitemisnot availableor simply inappropriate.
For example, the Copy command is dimmed
when nathing is sel ected.

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

Check mark A check mark means the option isin effect.

A key combination The key combination isashortcut for thisitem.

A triangle This indicates that a cascading menu appears

listingadditional choices.
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Dialog boxes

Dialog boxes are used to request information about atask you are performing or
to provideinformation you might need. An ellipsis after amenu item meansadia-
log box will appear when you choose that item. For example, choosing the Open
item from the File menu invokes the File Open dialog box. It lookslikethis:

Open
Lookin: | 3 deta Rciio|y=]
1lback 2 10floss cir
1 New Folder B0 _circir
B #OSKILLAATTORI _1FA.CIR [ ®1260LoadEquiv.CIR
B #OSKILLAATTORI _1FAW.CIR [ ®1250nade.cir
B cir B 12Ph29p6.CIR
= 100350a.cir [®1512C81030IR
B 1 00SEGMENT.CIR 18125t CIR
. =1 0FOOTSEGMENT CIR [ ® 1 nnw.cir
Listbox
L [
Text box Filename: | —- Open bhutton
Drop-down list box Files of fype: |Schematic (*CIR:* MAC) j Cancel — Cancel button
Help

Figure 1-2 The File Open dialog box

This particular dialog box lets you choose afileto open. It also lets you choose the
drive, directory, and selectively display availablefile names.

Dialog boxes let you choose different program features and control the program's
behavior. Choices are made using several types of controls, including command
buttons, text boxes, list boxes, drop-down list boxes, option buttons, and check
boxes.

Dialog box option types:

Command buttons

Y ou choose acommand button to initiate immediate action, such as executing
or canceling acommand. The OK and Cancel buttons shown in Figure 1-2 are
typical command buttons.



Text boxes

A text box is used to enter text information such as the name of afile,
analysisrun time, or an algebraic formula. For example, hereisthe text box
used by the Find command.

Find Component

Search Fields
# Mame  Shape O Defintion © Memo © All

|| W Beginning of line

Find | ‘ Cancel | ‘ Help... ‘

Figure 1-3 The Find text box

When the text box appears, old text is selected and any typing replaces the
old text. Y ou can also delete selected text by pressing the Delete key. If no
old text existsthe text cursor is placed at the left of the text field.

To select text in a text box:

Mouse
Drag the text cursor across the text to be selected. To select a single word,
double-click onit.

Keyboard
1. Use the cursor arrow keys to move to the left of the first character you
want to select.

2. To extend the selection, hold the SHIFT key down while pressing either the
left or right arrow key. Press SHIFT + END to extend the selection to the
last character in the field.

List boxes
A list box displaysalist of choices. If there are more choices than can fit in
the box, scroll bars appear that let you browse the remainder of the list.

Normally, you select only oneitem from alist box, but somelist boxeslet you
select more.
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Figure 1-4 A typical list box

To select a single item from a list box:

Mouse

Click on the scroll arrows until theitem you want is displayed. Click onthe
item you want to select. Double-click on theitem to both select and choose it
inasingle step.

Keyboard
Use the arrow keysto scroll to the desired item or type the first letter of the
item. Press ENTER to choose the selected item.

To select multiple contiguous items from a list box:

Mouse

Click on thefirst item. Then press the SHIFT key down and click on the last
item. Thisselectsal of the items between the first and the last, inclusive. To
cancel the selection, click on any itemin thelist with the SHIFT key up.

Keyboard

Use the arrow keysto scroll to the desired item or type the first letter of the
item. Press and hold the SHIFT key. Press the UP or DOWN ARROW keys
until the items you want are selected. To cancel the selections, release the
SHIFT key, and press either the UP or DOWN ARROW key.

To select multiple noncontiguous items from a list box:

Mouse

This procedure can only be done with the mouse. Press and hold CTRL and
click on each item you want to select. To cancel a selection, press and hold
CTRL and click on the selection you want to cancel.



Drop-down list boxes

Drop-down list boxes appear initially as arectangular box with the current
selection marked. When you select the arrow in the square box at the right, a
list of alternative choices drops down. If thelist istoo big for the box, scroll
bars appear that let you browse the list.

Open [ 2]x]
Look in: ‘ i data j @ @
lhack B 10floss.cir
1 New Falder 11 _circir
B #OSKILLAATTORI _TFXCIR B1250LoadEquiv.CIR
BHOSKILLAATTORI TP CIR B 1250nade.cir
B cir B 12Ph23pB.CIR
B 100350a.cir B1812C3-103.0R
B 100SEGMENT CIR B181estCIR
B 10FOOTSEGMENT.CIR: 2 nnwe cir
KIN M
Files of type: |Schemat\c (* IR WAC) j Cancal ‘

Schematic (* CIR*MAC) o
Drop-down list box SPICE (. CKTLIB*STM) qelp
Model Library (L BF)

Figure 1-5 A drop-down list box

To open a drop-down list box and select an item:

Mouse
1. Click the arrow in the square box at the right to open the box.

2. Click the up or down scroll arrow, or drag the scroll box until the item you
want to selectisvisible.

3. Click theitem.

Keyboard

1. Press ALT + DOWN ARROW to open the box.

2. Press the UP or DOWN ARROW key to select the desired item.

3. Press ALT + UP ARROW or ALT + DOWN ARROW to choose it.
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Option buttons

Option buttons are used when you must choose between mutually exclusive
options. The selected item button contains a black dot. Itemswhich are not

available are dimmed. In the dialog box below, the Method option is chosen

from the mutually exclusive group containing Linear, Log, and List.

Stepping
tRivas |2 x4 |5 e |z e lw e i iz e 4]
Step What =] [velue =
Fram [50
To [100

Step Value  [10

Step It Method Parameter Type
CYes @ Mo @ Linear C Log ¢ List & Component  C hodel c

Change
€ Step all variables simultaneously @ Step variables in nested loops oK Cancel | Help.

Figure 1-6 Option buttons

To select an option button:

M ouse
Click the option button.

Keyboard
1. Press TAB to move to the desired option group.
2. Use the UP or DOWN ARROW keys to select the desired button.

If the option has an underlined letter, you can select the option button by
typing ALT + the underlined letter. This selectsthe option. Actually choosing
the selected option occurs when you exit the dialog box by choosing the OK
button.

11



Check boxes

A check box adjacent to an option means you can select or clear the option.
If the box contains an X the option is selected, or in effect. If the box is
empty the optionisclear, or not in effect. When you select the option you
toggle its state between selected and clear. The names of unavailable options

are dimmed.
Cammaon Optians lCDIDrPa\eﬂes} Formaﬂ Status Barl Iain Toaol Eiarl Component Pa\eﬂes} Auto Sa\/e] ‘“Warnings }

General

™ SelectMode I Lock Tool Bar ™ Time Stamp File List Size 4
W Sound ™ Print Background I~ Date Stamp Warning Time |3 Sec
Analysis

™ Floating Nodes Check [ Add DC Path to Ground ¥ Inertial Cancellation Auto Scale Grids |5
W DC Pathto Ground Check ¥ Flot On Top ™ Analysis Progress Bar

V¥ Convergence Assist ¥ Select Curve Colar ¥ Grin Stepping
Circuit

¥ TextIncrement ¥ Compaonent Cursar Nodes Recalculation Threshold — |1000000

¥ MNode Snap ™ Rubberbanding ¥ Block Select Display Mode

I~ Auto Show Model [ Show Slider I Automatically Add Opamp Power Supplies

Default

(0]4 Cancel | Apply Help

Figure 1-7 Check boxes

To select or deselect a check box:

M ouse

Click each blank check box that you want to select. Click each selected box
that you want to clear.

Keyboard

1. Press TAB to move to the desired check box group.
2. Press the SPACEBAR to select the box.

3. Press the SPACEBAR again to clear the selection.

If the option has an underlined letter, you can select or clear the option by
typing ALT + the underlined | etter.
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Chapter 2

N
TheCircuit Editor

What's in this chapter

This chapter describes the Circuit editor, the foundation of the Micro-Cap 7 user
interface. The Circuit editor provides accessto al of the basic program functions,
including circuit construction, analyses, and the variouseditors.

Features new in Micro-Cap 7

* Portable schematic files save shape, component, and model data.
¢ User-specified paths (folders) for circuit and model library files.
* Edit and plot within the Attribute dialog box.

* Multistage Undo and Redo commands.

* Improved Component Find command.

* Status bar shows digital expressions, current, and power at mouse location.
* Formulatext.

® Smooth one-pixel schematic panning.

* Bill of materials.

* PADS PCB output.

* Model parameter range checker.

* Multiplefile opener opens many files at once.

* CTRL+delete cuts wires at box boundary.

* Automatic file saver.

* Expandable component pal ettes.

* JPG, BMP, and GIF picturefiles.
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Circuit structure

MC7 analyzescircuits. A circuit isan interconnection of electrical components.
There are two basic types of circuit description that MC7 uses:

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

Schematics

Schematics are comprised of drawings and text. Drawings provide the circuit
description and text providesthe modeling and analysisinformation required for
an AC, DC, or transient analysis. MC7 runs analyses from data contained in the
schematic. It is not necessary to convert it to a SPICE netlist first, although MC7
can also analyze SPICE netlists. Sometimes MC7 a so uses modeling information
from libraries referenced in the schematic.

Each schematic contains a drawing area and a text area.

Drawing area

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

Text area

Thetext area contains only text. It can holdlocal command statements,
subcircuit descriptions, model statements, and digital stimulus statementsthat
may be too bulky for convenient display in the drawing area. Thereisonly
one page, but it can be aslong asyou like. The editor is capable of handling
multi-megabytetextfiles.

The display can be toggled between the text area and the current schematic page
by pressing CTRL + G. The text area can be selected by clicking on the text area
tab in the page scroll bar area. To return to the schematic, click on one of the
desired pagetabsor pressCTRL + G.

Chapter 2: The Circuit Editor



Y ou can split the display to simultaneously show different parts of the drawing
and/or text areas by dragging the vertical or horizontal splitter bar towards the
middle of the window.

SPICE text files

SPICE text files are standard SPICE text descriptions of a circuit, a subcircuit, or
amode statement. MC7 generally followsthe original Berkeley SPICE2G for-
mat, with many PSpice™, SPICE3, and even afew HSPICE extensions. Text
files are entered and edited in atext document similar to what atext editor or a
word processor creates. When you create a new SPICE text file, MC7 opens a
text document and lets you edit it as desired. Only when you start an analysis
does MC7 error check it.

Note that MC7 can also trand ate schematics into SPICE text files of various fla-

Vors, in case you want to check the accuracy of an external SPICE simulator
against MC7. MC7 will, of course, accept such filesfor analysis.
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Schematic objects

Object, in the context used here, is ageneral term for anything that can be placed
in a schematic. There are several types of objects:

® Components: Thisincludes 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 types of
wires: orthogonal and diagonal. Orthogonal wires are restricted to the vertical or
horizontal direction. They may contain both avertical and ahorizontal segment.
Diagonal wires are drawn at any angle and only contain one segment.

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

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

Schematics may contain picturefilesin any of the following formats: WMF, EMF,
JPG, BMP, and GIF. The most common use of this feature is to place a picture of
an analysis plot in aschematic. Picture files of any MC7 window with graphics
may be captured by the Copy The Entire Window to a Pictur e File command on
the Edit menu. Once the picture file has been created, it can beincluded in asche-
matic asagraphic 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 circuit
locations. They are most useful in very large circuits, where the display redraw
time may be too long for convenient use of the scroll bars.

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

Note that grid text is the only object that can be shuttled between the drawing and
text areas.
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Schematic modes

The Schematic editor isamodal editor. That means the behavior of the mouse
when it isclicked or dragged in the schematic depends upon what modeit isin.
Schematic modes affect either the mouse behavior or the schematic display.

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

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

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

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

mode is active. Y ou can tell which mode is active by looking at the mode buttons.
An active mode button is pushed in. Aninactive mode button is pushed out.
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To select amode click its button. This deselects the prior mode button.

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

* Editing the selected object (Requires adouble click)

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

* Moving the selected region

* Rotating the selected region

* Stepping the selected region

* Mirroring the selected region

* Making a macro of the selected region

* Copying the selected region to the clipboard

* Making aBMP file of the selected region

* Drag copying the selected region

* Moving the selected object to front or back

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

* Defining the upper-1eft corner position of a subsequent paste operation

To select an object you must first bein Select mode. To enter Select mode:

® 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 or CTRL key down. In this mode you can select
an object or aregion, but you can't drag the mouse. When the key is
released, the original modeis restored.

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

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

T Text mode: This mode letsyou add grid text to the schematic. Grid text is used for
— nodenaming, defining electrical characteristics, and documentation.

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

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

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

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

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

Point to End Paths: In this mode, you click on a digital component and MC7
traces dl of the digital pathsthat originate at the component and end when they
driveno other combinatorial component.

Point to Point Paths: In this mode, you click on two successive digital compo-
nents and have MC7 trace all of the digital paths between the two components.

View modes:

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

Grid text mode: This mode controlsthe display of al grid text. If disabled, al grid
textisinvisible. If enabled, all grid text isvisible except command text, whichis
visible only if this button and the command text button are both enabled.

Node numbers. This mode displays the numbers assigned by MC7 and used to
identify circuit nodes.

Node Voltages/ Sates. This mode displays time-domain values of node voltages
for analog nodes and node states for digital nodes.
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Current: This mode shows the last time-domain currents for each component.
Currents are shown with an arrow indicating the direction of positive current.

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

Condition: Thismode displaysthe last time-domain condition for each compo-
nent which has conditions. Typical conditionsfor aBJT areLIN (linear), SAT
(saturated), OFF (both junctions off), and HOT (excessive power dissipation).

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

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

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

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

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

The Circuit editor creates and edit circuits. When the circuit is a schematic, it
becomes the Schematic editor and itsdisplay lookslikethe figure below:

& Micro-Cap 7.0.0 - [E:\MC7\DATA\PRINT.CIR]
#4 File IEdit Component Windows Opfions  Analysis  Design Help -|&]x]| Vertlcal Spll'[ter
Main tool bar DB SR tbrk +»+ ¢ MO0 @ PG
Circuittool bar N TLN 8§ K2 [0 mem 32 o 8 — i [ NEIEE
PINIS  CN I —
FiNg
=11)
pipgiiy ) ]
ugz sk [ o
=
= Vertical scroll
5 il bar controls
H —
Page selector tabs
PIN3 A0 I
FINZ B
Page scroll bar controls ——— & =
| Ug! T —
T+ un U1 ‘
Horizontal splitter gy —— M H=— o —
Select Mode | Drawing prea Grid 65,14 UB Nor3 ~[17 | 20 | 21)

Page tab display width control

|
Horizontal scroll bar control

I
Selected page J
Statusbar (showing componentinformation)

Figure 2-1 The Schematic editor

The principal components of the editor are asfollows:
Menus: Located beneath the title bar, menus select major functional groups.

Title bar: Located in the top center of the window, the title bar displays the name
of the window. The mouse can be used to move the window by dragging thetitle
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 abutton will activate the desired option.

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

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

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

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

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

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

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

When the mouseis over a part, the center pane will show its Component library
memo field if it has any descriptive text.

The pane at the right shows the part type and information about its last current
and power values.

If thepartisadigital primitivegate, it will print thelogic expression.
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Sel ecting and desel ecting objects

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

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

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

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

To select or deselect a single abject:

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

To select multiple contiguous objects:
Drag the mouse creating aregion box. This selects all objects that originate
within thebox.

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

To select or deselect multiple noncontiguous objects:

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

When would you want to deselect specific objects? Sometimesit is necessary to
select most but not all of alarge group of contiguous objects. It 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 acomponent's attribute text, the text will be selected, not the com-

ponent. Be careful to click within the component where there is no attribute text.
Single-clicking on attribute text selectsit and letsyou moveit. Double-clicking on
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attribute text opensalocal edit box at the text location and lets you edit it there
without using the Attribute dial og box.

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

Rapid switching to/from Select mode:

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

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

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

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

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

SPACEBARIis by far the easiest method of alternating between Select
and other modes.
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Creating anew circuit

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

New
H (=
|
Cancel
" SPICE/Text
_ Help...
" Likrary

Figure 2-2 The New dialog box
This dialog box lets you create one of three types of files:

® Schematics: These are combined drawing and text documents.

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

® Library: These are binary files that store the model parameters
for someof the Analog Library.

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

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

First step: Select a component from the Component menu, from one of the com-
ponent 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 isdivided into six broad categories:

1. Analog Primitives

2. Anaog Library

3.Digita Primitives

4.Digital Library

5.Animation

6. Filters(Visibleafter creating afilter macro.)

7. Macros (Visible after creating amacro with the Make Macro command.)

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

The Analog Library section contains pre-modeled analog components refer-
enced by part names similar to their commercial names. In this section, you'll find
partslike IRF510, 2N2222A, and 1N914. These parts have el ectrical attributes
aready defined in subckts, macros, or model statements somewherein one of the
model library filesreferenced by the master index file, ".LIB NOM.LIB", which
MC7automatically includesinevery circuitfile.

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 torely on .LIB
statements to access modeling information.

TheDigital Library section contains commercia digital components with part
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namessimilar totheir corresponding commercial part names. Inthissection, you'll
find partslike 7400, 7475, and 74L S381. These parts also have electrical attributes
defined inthemodel library filesreferenced by thefile,".LIB NOM.LIB".

The Animation section contains components that are used to provide behavioral
animation. Theseinclude LEDSs, seven segment displays, and digital switches.
The Filterssection contains filter macros created by the filter design function,
accessed from the Design menu. The Macr os section holds macros created with
the Make Macros command.

Second step: Make sure MC7 is in the Component mode. Selecting a part from
the Component menu will automatically switch to Component mode. If MC7 isin

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

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

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

To edit a component's attributes:

Click on the Select button M inthe Tool bar. Double-click on the component

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

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

Y ou can change an attribute's font by first selecting the attribute and then clicking
on the Font button and choosing anew font, style, size, or effect. Y ou can also
change the display flag for attribute text and pin names. Choose OK to put your
changesinto effect.
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The Attribute dial og box

When you add a component that has not been modeled, the Attribute dialog box is
presented to let you enter certain component information. The exact information
required varies with the component but generally a part name and avalue are the
minimum required for the simpler partslike resistors, capacitors, and inductors.
More complex parts usually require a part name and a model statement. Digital
parts sometimes require logic expressions, block names, or stimulus table names.
The number of attributes is determined by the type of component. Figure 2-3
showsthe dialog box asit appearsfor atypical NJFET primitive.

NJFET
MName
MODEL I~ Show =]  Show M_ Change button
Display
™ PinMarkers ™ Pin MNames ™ Fin Numbers ¥ Current ~ Power ¥ Condition
Attribute list box Faved  —— Plot selector

AR =1
VALUE-2.0 OFF1C=3.5.5.0

$GENERIC_N B
PACKAGE=TO-18 2113070

ey i —— Model listbox
2N3370
M358 =l
Command buttonS —e— ox Cancel ‘ Eont ‘ 2dd ‘ ‘ Help ‘ ﬂ ﬂ ﬂ _ | Navi gate
New | Syntex | Piot | Expand. | HelpBar | ‘ | buttons
Source of di Spl ayed | source:Gional iibrany Incated st EAMCTALIBRARAJFETLER. |
mOdeI information wTo [a34243 BETA [2.95364M LAMBDA [100M
15 [1oF RO [0 RS [206.385
cep [e7837P cas [316421P w1 [500M
X Pe[rosrs Fc [soom vrote o
Edit areafor model _— BETATCE [0 PullE KF [4997636E-018
parameters, subcircuits, aF FI0SE8M T MEASURED [imasined ) =
etc T_REL_GLOBAL [undefined T_REL_LOCAL [undsfined

WTO:Threshold voltage
These are the model parameters. Editing makes the parameters local to this circuit and saves them as a model statement
in the text area

Figure 2-3 The Attribute dialog box

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

Attribute Name Attribute Value
PART J1

VALUE 2.00FFIC=35,5.0
MODEL 2N3369
PACKAGE TO-18

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

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

To edit aparticular attribute value, select it by clicking on the attribute namein the
Attributelist box. Next, click inthe Valuefield and edit it as desired.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

left or right navigate button will display another part of the same type. Each click
on the up or down navigate button will display a different part type.

31



32

Adding wiresto aschematic
Wires are added to a schematic by dragging the mouse from one point to another.

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

First step: Click on the Wire mode button *71_|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 rel ease the | eft
mouse button.

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

—

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

o

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

]

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

T

® |f the Node Snap option is enabled, wireswill snap to the nearest node
withinaonegrid distance. Although thisisusually helpful with analog parts, it
is sometimes a problem with dense digital connections on aonegrid pitch.

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

* Although wires are the principa method of interconnecting nodes, grid text
may also be used. Two nodes with the same piece of grid text placed on
them are automatically connected together. This feature is especially
useful in cases where you have many components sharing a common node,
such asanalog VDD and ground nodes, or digital clock, preset, and clear
nodes.

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

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

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

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

Grid Text
Tenut lPatterns] Ulientationl Font ] Stepping]
MODEL gn npn (hf=748 is=11 cje=5p cje=2p vaf=450 t=.4n tr=8n var=100) J
Qk. | Cancel | Help |

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

Orientation: Thisletsyou edit the print order / orientation. There are four
choices. Normal specifiesleft toright order. Up specifies bottom to top
order. Down specifiestop to bottom order. Upside Down specifiesright to
|eft order and upside down orientation.

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

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

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

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

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

Pitch Y: Thisspecifiesthe spacing in number of gridsbetween
columnsof text.

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

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

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

Toedit grid text:
First step: Click on the Select mode buttonﬂ inthe Tool bar.

Second step: Double-click the mouse on the text you want to edit. A Text dialog
box will appear showing the sel ected text. Edit thetext asdesired.
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Formulatext

MC7 providesaspecia kind of schematic grid text that can be used to calculate
formulas. Itsformisasfollows:

=formula

Grid text of thisform behaveslike asmall spreadsheet. The presence of the =" at
thefirst character position tellsMC7 that thetext isreally aformulaand that it
should calculate the value of the formulaevery timethereisany change to sche-
matic text. For example, thefollowing four pieces of text definethreevariables, L1,
C1, and C2 and apiece of formulatext:

DEFINE C1 IN
DEFINE C2 IN

DEFINE L1 10U
=2*PI/SQRT(L 1* C1* C2/(C1+C2))

Notethat these areindividual piecesof text, not asingle block of text. Theformula

text must be placed in the schematic, not the text area. The .define statements may
be placed in either thetext area or in the schematic.

Theformulaisfor the resonant frequency of a Colpitts oscillator. Any changeto
any text updates the value and MC7 printsthe following:

2*PI/SQRT(L1*C1*C2/(C1+C2))=88.857E6

Formulatext isdesigned to provide aconvenient way to automatically compute and
display new design valuesfrom complicated formulas. For example, if you change
the value of C1to 10nF, MC7 prints anew resonant frequency asfollows:

2* PI/SQRT (L 1* C1* C2/(C1+C2))=65.898E6

Formulatextisentirely visual. The values can not be used in other expressions. To
do that the formulamust be defined with asymbolic variable namelikethis:

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

FO could now be used in an expression or in, for example, acapacitor'sVALUE
attribute.
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Adding and editing graphic objects

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

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

Graphic objectsincludetheline, ellipse, rectangle, diamond, arc, pie, and picture.
All have handleswhich 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 anon-corner
handl e to change the width or length of the object's bounding box. Thisletsyou
change the aspect ratio or relative shape of the object.

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

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

Hereisan example of acircuit filewith a JPG picture of MonaLisa.

EsMicro-Cap 7.0.0 - [E:\MC7\DATA\MONA.CIR] M= E
4 File Edit Component MWindows Options  Analysis  Design Help -|®8] x|
DSBS » B +~4++L++4 MONE PG
b T LN 6B i N e =il a & # B @8
Mona Stable Oscillator m
[
vl 01U
ST e
] b
S VCC] CONT
555 585 ut
THRES OU
TRIG DISC

£

Figure 2-5 A circuit with a JPG file

MC7 can import picturesin JPG, BMP, GIF, WMF, and EMF formats and can
export (create) picturesin WMF, EMF, and BMP formats.
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Adding and editing flags
First step: Click on the Flag mode button H|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. Typein the name of the flag and click OK.

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

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

Rotating schematic objects

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

Torotate agroup of objectsfollow 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 button M
rotates the region about the horizontal axisin 180 degreeincrements, flipping it
about the horizontal axis. The Flip Y axisbutton ﬂ rotates the region about the
vertical axisin 180 degree increments, flipping it about the vertical axis. TheZ
axis button g rotates the region about the Z axis (the Z axisis perpendicular to
the schematic plane) in 90 degree increments, producing four distinct orientations.
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Stepping schematic objects

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

First step: Click on the Select mode button M inthe 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 thisway, you'll end up with
unconnected sections due to the space between the objects and the original box
boundaries. Thisisusually not what you want. The way around thisisto use the
box handles. These handles are on all four corners and each side of the box. Af-
ter theinitial box creation, the handles can be dragged to eliminate the spaces.
This lets the stepping process create contiguous, connected sections.

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

Step box
Direction

8l ™ Copytext

" Yerical

£ Buoth Timestostep |1

9] | Cancel ‘ Helg... ‘

Figure 2-6 The Stepping dialog box

Thisdiaog box lets you make three choi ces; the direction in which to step the box,
the number of timesto copy it, and whether or not you want to copy the box's grid
text. All attributes of componentsfound in the box are copied, except Part name,
whichisalwaysincremented. Grid text, if copied, will beincremented if the Text
Increment optioninthe Preferencesdialog box isenabled.
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Mirroring schematic objects

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

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

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

Third step: Click onthe Mirror button, ﬂ Thisinvokesthe Mirror dialog box. It
look likesthis:

Mirror
Feflection

 Vertical [ Copy text

izancel Help...

Figure 2-7 The Mirror dialog box

Thisdiaog box letsyou choose avertical or horizonta reflection and whether or
not you want to copy the box's grid text. A vertical reflection produces a copy
vertically below theoriginal region. A horizontal reflection producesacopy hori-
zontally to theright of the original region. All attributes are copied except Part
name, which isincremented. Grid text, if copied, will beincremented 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 M inthe Tool bar.

Second step: Select the object (component, text, wire, flag, or graphic object) to
be deleted by clicking onit. To select multiple objectsfor deletion, hold the SHIFT
key down while you click on each object. Y ou can aso select one or more objects
by dragging the mouse to define arectangular 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).

TheDeletekey aloneremovesall selected wire segment entirely from one endpoint
to another. CTRL + Delete cutswire segmentsthat cross the select region box ex-
actly 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 theUndo item
from the Edit menu. Undo is available for most edits to text fields, schematics,
shapes, and analysis plot objects. Changesavail able for undoing include editing,
deleting, moving, rotating, reflecting, and stepping. Search and repl ace operations
on text documents and the text area of schematics are not reversible. Text edits
are not reversible after the text cursor has been moved to another field. If a com-
mand is not reversible, you can still reverseits effects by saving the file prior to
using the command, and then using the Revert option from the File menu to load
the old version of thefile stored on disk.

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

Thereisa so amultistage Redo command. It isactivated by pressing CTRL +Y,
by clicking on the Redo button ﬂ or by selecting the Redo item from the Edit
menu. It is the complement of Undo. It restores the undone state.
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Node number assignment

MC7 automatically assigns numbers to the circuit nodes when an analysisisre-
guested, when the circuit is saved to disk, or when any change is made to the cir-
cuit and the Options/ View / Node Numbers option isactive. Node numbers
are displayed on the schematic only when this option is enabled. When you want to
plot or print anode'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 pro-
gram or atext name assigned by you. For MC7 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, makesthis easier by moving the text to the near-
est node within one grid. The Node Snap option is selected from Preferences dia-
log box (CTRL + SHIFT + P).

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

3. When an analog node and a digital node touch, or are connected by awire,
both nodes are assigned a unique number. The program automatically inserts
an interface circuit between the two nodes. The interface circuit generates an
interface node of the form <num>$ATOD or <num>$DTOA depending upon
whether the digital nhode isan input or an output, respectively. If the interface
nodeis accessible (can be referenced in aplot 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 abox with sguare corners.

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

The clipboard is atemporary storage area that is used to save schematic or text
fragments, as a prelude to pasting them to anew 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
totheclipboard.

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

Copy CTRL +C Copiesthe selected object to the clipboard.

Paste CTRL +V Pastes the clipboard contents to the last

mouseclick location.

To copy something to the clipboard, select the object or drag select aregion. Press
CTRL + C or click on the Copy button. All objectswithin the rectangular region
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.

MC7 maintains two separate clipboards: atext box clipboard and a schematic
clipboard. Text copied from atext box will not mix with text copied from the
schematic. Text from the text area of a schematic is regarded as schematic ma-
terial and is stored to or copied from the schematic clipboard. Thus, itis possible
to copy text from the text area and paste the same text to the drawing area. Of
course, the shuttle command, CTRL + B doesthis directly. Schematic objects
saved to the clipboard are available only for use within MC7 and cannot be pasted
to other applications. To export schematic picturesor plots, usethe Copy the En-
tire Window to a Pictur e Filecommand on the Edit menu.
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Drag copying

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

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

This procedure copies the selected abjects and drags the copy along with the
mouse, leaving the original objectsundisturbed. Aswith other copying operations
like stepping, mirroring, and pasting, part names are alwaysincremented, but grid
textisincremented only if the Text Increment option (Preferences) isenabled.

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

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

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

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

1. Enter Component mode.

2. Select Resistor.

3. Click in the schematic.

4. Enter theresistor VALUE and (sometimes) MODEL attributes.

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

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

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

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

Second step: Click on the command or component.

TheInfo function will provide someinformation for all components and some
command statements. It generally providesinformation that isnot easily visible,
such as asubckt listing or amodel statement from an external file, adigital source
stimulustable, or aLaplace or Function source data table. For simpler compo-
nents without model statements, the Info function usually invokesthe Attribute
diaogbox.

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

The Help command

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

First step: Click on the Help mode button 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 compo-
nent. Thisisthe same information available from the Help system. It isjust alittle
easier to accessin the context of working with the Circuit editor.
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Thedigital path commands

One of the most important properties of digital circuitsis path delay. Path delay is
how long asignal takes to propagate through each of the many possible pathsin a
circuit. MC7 provides several related commandsfor analyzing and displaying
these paths. These commands do three things:

« |[dentify and list the gates involved in the paths.

* Show the delay of each path, calculated from the individual delays of the
gatesin the path list.

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

There are three path commands:
1. Point to End Paths command: This shows all paths from the component at

the point of amouse click to the end points. A path ends when a gate does
not drive another standard or tri-state gate.

|

2. Paint to Point Paths command: This shows al paths from the point of the
first mouse click to the point of the second mouse click.

3. Show All Paths command: Thisshowsall pathsin the circuit starting on
STIM, FSTIM, or flip-flop outputs and ending when a gate in the path does
not drive another standard or tri-state gate.

[ |

The procedure to use these commands is as follows:
First step: Select one of the three path commands from the Options menu.
Second step: For the Point to End command, click on the body of a gate or

stimulus component. For the Point to Point command, click on the starting compo-
nent and on the ending component.
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At this point, MC7 shows alist of paths appropriate to the chosen command in the
Path dialog box. It typically lookslikethis:

=BT
=151

W T o) page 1Tl | .

Figure 2-8 The Path dialog box

Scroll through the list and click on a path and MC7 will redraw the schematic and
highlight the path. Y ou can use the DOWN ARROW key to trace each path in
thelist 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 alow to high transi-
tion at the path start. It then traverses the path, summing the delays using the ac-
tual signal transitions at each gate, the gate’'s timing model, and the gate's MN-
TYMXDLY value. To calculate the HL transition, the program assumes a high to
low transition at the path start and performs asimilar analysis.

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

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

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

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

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

Panning: Pan the schematic. Panning means to move the view to a different
part of the circuit. In keyboard panning you use CTRL + <CURSOR KEY >
to move the view in the direction of the cursor key arrow. In mouse panning
you click and hold the right mouse button, while dragging the mouse. The
effect islike 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 togglesthe scale between 1:1 and 1:4
and centers the schematic at the mouse position.

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

Page scrolling: Use the Page scroll bar if the desired area is on another
page. You can aso 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 very small view
changes, use scrolling. For medium changes, use panning. For large changesin
medium size schematics, use centering. For very large changesin very large
schematics, use flags.
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Global Settings

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

ABSTOL: Absolute current tolerance. This venerable SPICE parameter
specifies the absolute tolerance to be added to the relative current tolerance.
Together, their sum must exceed the difference in successive solution values
for each current in the circuit to achieve convergence at a particular solution
point. Increasing ABSTOL often helpsto converge high current devices.
CHGTOL: Absolute charge tolerance. This parameter is like ABSTOL but
appliesonly to chargevariables. Adjusting CHGTOL isoccasionally required
to converge MOSFET devices.

DEFAD: MOSFET default drain area.

DEFAS. MOSFET default source area.

DEFL: MOSFET default channel length.

DEFW: MOSFET default channel width.

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

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

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

DIGFREQ: Theminimum digital timestepis1/DIGFREQ.
DIGINITSTATE: Initial state of flip-flops and latches: O=clear, 1=set, 2=X.

DIGIOLVL: Default digital 10 level, 1 to 4. Specifies one of four DtoA
and AtoD interfacecircuits.

49



50

DIGMNTYM X: Specifiesthedefault digital delay: 1=Min, 2=Typical,
3=Max,4=Min/Max.

DIGMNTY SCALE: Specifiesscalefactor usedto cal cul ateunspecified
minimum delaysfrom specified typical delays.

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

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

GMIN: Specifies the minimum branch conductance.

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 analysisiteration limit for each time point.

PERFORM _M: Thisis 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 isused 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 apivot in the matrix solver.
RELTOL: This parameter sets the relative voltage and current tolerance.
Successive solution values for each iterated voltage or current variablein the
circuit must be less than the sum of the relative and absol ute tol erances to
achieve convergence at a solution point. Increasing or decreasing RELTOL is

occasionally required to convergedifficult circuits.

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

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

TNOM: Default model parameter measurement and analysis temperature.
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TRTOL: Thisisthe amount by which the standard LTE formulas are
presumed to overestimate the true error.

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

WIDTH: Controlsinput and output column width. Must be either 80 or 132.
NOOUTM SG: Disables output error messages.

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

PRIVATEDIGITAL: If enabled, all digital devices have private model
libraries. A device can have aprivate copy of itsmodel library or apublic
copy. If the copy isprivate, alterations made to the model values by stepping,
optimization, or Monte Carlo features affect only the one device. If the copy
ispublic, it will be shared by al digital partswith the same model nameand
changes made to the model values by the stepping or Monte Carlo features
affect al devices which share the copy. The presence of a DEV tolerance in
amodel statement forces a private copy, regardless of the state of the
PRIVATEDIGITAL flag. Thedefault valuefor thisoptionisdisabled.

TRYTOCOMPACT: If enabled, this flag causes MC7 to compact the past
history of lossy transmission lineinput voltages and currents.

GEAR: If enabled, selects Gear integration.

TRAPEZOIDAL: If enabled, selects trapezoidal integration.
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TheFilemenu

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

o
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* New: (CTRL + N) This command invokes the New dialog box to create a
new file.

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

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

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

® Paths: Thislets you specify one or more default paths for DATA (circuits),
LIBRARY (model libraries), and PICTURE (wmf and bmp picture files).

If more than one path is specified, they must be separated by a semicolon (;).
MCT first lookslocally in the circuit for model data. It looksin the LIBRARY
paths next, searching multiple pathsin left to right order.

* Trandate:
* Binary Library to SPICE Text File: This command translates a
binary MC7 library parameter file, FILE.LBR, into atext file, FILE.LIB,
containing model statements.

® SPICE Text Fileto Binary Library: This command translates a
SPICE text file, FILE.LIB, containing model statements, into abinary
MC7 library parameter file, FILE.LBR.

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

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

* MC7 Schematic to MC5 Version 1 Schematic File: This command
saves the circuit file to disk under the older MC5 Version 1.0 format
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* MC7 Schematicto MC5 Version 2 Schematic File: This command
saves the circuit file to disk under the older MC5 Version 2.0 format.

* MC7 Schematic to MC6 Schematic File: This command saves the
circuit file to disk in the MC6 format, creating afile that MC6 can read.

* Bill of Materials: This command creates a bill of materials for the
schematic listing part name, type, value, quantity, cost, and power budget.

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

* Revert: This command restores the file in the active window to the one
currently ondisk.

® Close: (CTRL+F4) This command closes the active file. This means it
removesit from the MC7 memory but not from the disk. It will optionally
ask if you want to save any changes on disk.

* Print Preview: Thisoption previewswhat the printed schematic, analysis
plot, 3D plot, performance plot, or Monte Carlo plot will ook like with current
print options. It also lets you select, move, and resize the schematic and plot.

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

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

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

® Exit: (ALT+F4) This exits Micro-Cap 7.
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The Edit menu

Thismenu providesthefollowing options. Equivalent tool bar buttons appear next
to the commands bel ow.
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® Undo: (CTRL + Z) MC7 has a multistage undo. It can undo the last N
operationsthat change acircuit file. N islimited only by RAM memory and is
usually greater than 20. Undo can aso restore the last state of atext field, if
thetext cursor isstill inthefield.

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

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

® Copy: (CTRL + C) Thiscommand copies sel ected objectsto the clipboard.
Objectsincludetext fromtext fieldsand schematic objects.

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

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

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

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

* Copy to Clipboard: Thiscommand copiesall or part of the visible portion
of the front window in graphics format to the clipboard. It copies all or apart
of the window contentsin BMP, WMF, or EMF format to the clipboard. The
picturein the clipboard may then beimported via pasting to other programs,
such asWord or Excel.
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Y ou can't paste a clipboard picture to MC7, though you can import a picture
file to MC7 using the Picture item from the Mode part of the Options
menu. After selecting the Picture mode, drag or click in the schematic and
MC7 prompts for the picture file name.

* Copy the Entire Window to a Picture File: This command creates a
picturefilein BMP, WMF, or EMF format from the front window. Thefile
can then be imported into MC7 or other Windows applications.

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

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

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

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

* Mirror Box: Thiscommand creates a horizonta or vertical mirror
image of the objects enclosed in a selected region.

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

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

* Flip Y: Thiscommand flips the objectsin a selected region about a 'Y -
axis. TheY-axisisthe vertical line that bisects the selected region.

®* Make Macro: (CTRL + M) This command makes a macro circuit

from the circuitry inside of the current box region. It gathersthe circuitry
into a new circuit, labels the pin names, saves the circuit to disk under a
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name you choaose, records an entry in the macro componentslibrary file,
MACRO.CMP, and replacesthe circuitry within the box region with an
adjustable macro symbol representing the circuitry. After themacro
command, thecircuit will ssimulate just asbefore, but the schematic will
havelesscluitter.

® Change: This option lets you change severa attribute features:
* Properties: (F10) Thisaccessesthe Propertiesdialog box for thecircuit

window. From here you can change the color of circuit features such as
wire or component color. Changes affect all objectsrather than just

selected objects.
Attributes: Thislets you change the display status of the five main
W : . S
el attributes of all componentsin the circuit, en masse.

Color: This lets you change the attribute color of selected components.

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

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

Rename Defines: This command renames all .defined symbolic names
where conflicts exist between the symbol name and predefined names.

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

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

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

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

Itlookslikethis;

Find
Search On Frevious
" Part Name |P|NEl
& hode Name _ﬂ
 Attribute Text trans
drmac
" Component Type P |
 Grid Text
Current
oAl FING =]
FINT
" Exact Match PIME
[SINE]
SicitA
SIGhMAZ
Close SIGMAZ
SIGhA4
Help ZI

Figure 2-9 The Find dialog box

* Repeat Last Find: (F3) Thiscommand repeats the search and findsthe
next object in the circuit that matches the search criteria.

® Replace: This option replaces text in atext document or in the text area of

a schematic. The replace function for schematic attributes is done from the
Attribute dial og box using the Change button.
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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 heed to do much editing. One part of the menu lookslikethis:

i File Edit  Component Windows Options Analysis Design Help 18] ]
D=l Analog Primitives 3 »+d1 (nnf ] PG
— T g & r
& ~~ T "L "5l Primitives y BITPwr > &
Digital Librany } Comparator * =l
Animation b Crystal » [y
Macros »  Diode y o Advlin b
Find Component  CtrlsShiftsF IRl bl '
IGET > Analogl »
1UA723 JFET 5 3 3 n%_
2 DUALGATESCR Misc. y Apex »  OP37_AD- »  OPLLAD
3 Capacitor MOSFET » BurBm »  OP43_AD- »  OPZ0B_AD
4 Ground Oparp b Comlin - »  OPI0_AD- »  OP2IC_AD
5 Resistor Passive »  Elantec »  OPI77_AD- »  OP20F_AD
B74ACE40 Reference >  Hamis  »  OP200_AD- » OP20G_AD
2AL2701SA_AL Regulator  » IR »  OF220_AD- »  OP20H.AD
8 NMOS RF »  Linear » OP275_AD- »  OFZI_AD
Sensor ¥ Moim  » OP29I_AD-  »  OPZIAAD
Swich/Mux  »  Motorola »  OP400_AD-  »  OP2IE_AD
Thyristor ~ »  National »  OP421_AD- » OP2IF_AD
Trensline »  ONSemi » OP480_AD- »  OPZIG_AD
Tubes > Phiips » OP486.AD- » OP2IH_AD
aristor Yool » SSM2017_aD- »  OP27_AD
§  Zotex b OP274_AD
OPZ7B_AD
OP27C_AD
D DTeappage (e | OP27E_AD
[Select Mode OP08_AD:Precision Low-Input Current Opamj OP27F_AD
Mstar| | #8 A FE & =0 | [Fadobe | s 00 | @Eudora. [[Fmicro- M. 0P27G_AD

Figure 2-10 The Component menu

The Component menu lets you select acomponent for placing in the schematic. It
is designed to provide easy accessto any of the more than 15,000 partsin the
library. Accessto more common generic partsis best done from a Component
palette or a Component button. The menu contains these sections:

Analog Primitives: Thissection has generic analog componentsfor which the
user suppliesthevaluesor model statementsthat definetheir electrical behavior.

Analog Library: Thissection hasmodelsfor commercial analog components.
Thevaluesor model statementsthat definetheir electrical behavior are provided
intheModel library.

Digital Primitives: Thissection hasgeneric digital componentsfor which the user
suppliesthevaluesor model statementsthat definetheir electrical behavior.

Digital Library: Thissection hasmodelsfor commercial digital components.
Thevaluesor model statementsthat definetheir electrical behavior are provided
intheModel library.
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Animation: Thissection contains objectswhich changetheir display or respond to
user clicksduring asimulation. The objectsinclude aseven-segment display, an
LED, and a switch which togglesiits state between 1 and 0 when you click onit.
These objects are designed to operate in transient analysisin conjunction with the
Animate mode. In this mode, asingle analysistime step is taken and the states
and animate devices updated on the schematic. MC7 then waits for either akey
press or a specified time delay before taking the next time step. The purpose isto
slow the simulation down to show individual node voltage or state changes.

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

M acr os. Thissection is present if macros have been created by the Make Macro
command, accessible from Edit / Box / Make M acr os.

Find Component: (SHIFT + CTRL + F) The Find Component command lets
you select apart by its name, shape, definition, or memo field. It look like this:
To select acomponent for placement, use the cursor keys or click the mouse on

Find Component

Search Fields
C MName ¢ Shape © Definiion € Memo & All

|Ncuse ™ Beginning of line

" Find (o] 8 Cancel hake File Helg..

ACF2101M_BB iitc

ADED0_AD [Dual, Low MNoise, Wideband Variable Gain A,
ADGD0J_AD [Dual. Low MNoise, Wideband “arishle Gain A
ADBD2_AD [Dual, Low Moise, Wideband Variable Gain A
ADED2J_AD [Dual, Low Moige, Wideband Variable Gain A
ADB03_AD [Low Moise, 90MHz “Yariahle Gain Amplifier]
ADEB03IA_AD [Low Moise, 0MHz Warighle Gain Amplifier]

ADBO4AN_AD [Uhralow Noise Wariable Gain Amplifier]
ADBISAN_AD [Low Noise. Single Supply Variable Gain Am)

ADE45_AD [Lorw Moiss, Low Diift FET Opamp]
ADBABA_AD [Low Moise, Low Drift FET Opamp]
ADB45E_AD [Low Moise, Low Drift FET Opamp]
ADE4B)_AD [Law Moise, Low Drift FET Opamp]
ADEABK_AD [Low Moise, Low Drift FET Opamp]
ADE4SS_AD [Low Moise, Low Drift FET Opamp]
AD743_AD [Ulralow Noise BIFET Opamp]

AMT474 AN T IHralma Maiza RIFFT MNnamnl =

Figure 2-11 The Find Component dialog box

one of the parts on the Component menu items. When you select a component,
MC7 automatically changesthetool modeto Component. To actually placethe
component, click theleft 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 |eft button is rel eased.

Last Used: This part of the menu shows recently selected parts.
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The Windows menu

® Cascade: (SHIFT + F5) This command cascades the open circuit
windowsin an overlapping manner.

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

* TileHorizontal: This command horizontally tiles the open circuit
windowsin anon-overlapping manner.

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

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

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

® Zoom-In: (CTRL + numerickeypad +) If the active circuit window is

a schematic, this command magnifies the schematic. This command affects
only the display, not the printed size. If the active circuit window is atext
window, this command draws the window using the next largest font size.

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

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

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

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

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

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

* Package Editor: Thisaccessesthe Package editor, which managesthe
information needed to generate netliststo popular PCB programs.

®* Model Program: This command accesses the Model program, which is
used to extract model parameters from data sheet information

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

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

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

VBE(Q1)*1B(Q1) + VCE(Q1)*I1C(Q1)....power in a BJT
SERIES(N,0,25,1/FACT(N))...Evaluatesthefirst 26 termsof YFACT(N).
The derivative of 1(L1)*V(L1) W.R.T. I(L1) returns V(L1). This example
worksonly in analysismode only sincel(L1) and V(L 1) are defined only in
analysis mode. Expressions using generic symbolswork in schematic mode.

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

* Check Model Library Parameters: ThischecksModel library parameters
against thelimitsset inthe Model Parameter Limits Editor.

* Filesin Memory: Thisgroup liststhe openfilesin memory. If multiple
circuits have been loaded, you can select one for display from thislist.
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The Options menu

®* Main Tool Bar: (CTRL + 0) Thistogglesthe main tool bar on and off.
® Default Main Tool Bar: This option restores the default main tool bar.
® Status Bar: This option toggles the Status bar on and off.

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

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

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

® 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). Normally, you invoke this mode by
clicking on the Text button, or by typing CTRL + T, but you may also
invokeit by selecting thismenu item.

* Wire: (CTRL + W) This mode adds orthogonal wires to the
schematic. Wires are used to connect components together. Normally,
you invoke thismode by clicking on the Wire button, or by typing
CTRL + W, but you may also invoke it by selecting this menu item.

* WireD: Thismode is used to draw diagonal wiresin the schematic.

* Line, Rectangle, Diamond, Ellipse, Arc, Pie: These modes let you
draw graphic objects on the schematic or plot. Y ou can select 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.

* Polygon: Thiscommand letsyou place apolygonin an analysis plot.
The polygonisintended for usein defining valid specification ranges.
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After rough drawing apolygon object, double-clicking onit letsyou type
in more exact values. The key words MIN and MAX place a polygon
vertex coordinate flush with the plot sides.

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

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

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

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

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

* Help: (CTRL + H) Thiscommand 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 +1) Thisinvokesthe Info mode. Inthis mode, clicking on
acomponent displaysitsmodel parameters, model statement, subcircuit
description, or command statement, depending upon the component.

® Point to End Paths: This command invokes the Point to End Paths
mode. Inthismode, clicking onadigital component displaysall paths
from the component clicked to al 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. Inthismode, clicking onadigital component displaysall paths
from the first component clicked to the second component clicked.
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* View: These options determine what will be drawn on the schematic.

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

— ® 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 dlias for the node number.

* Node Voltages/ States: This option displays the last AC, DC, or

transient analysis time-domain node voltages and digital states. If these
are theresult of an operating point only run, the display showsthe DC
operating point values.

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

[#L

® Power: Thisoption displaysthelast AC, DC, or transient analysis
time-domain power.

[+

o ® Condition: Thisoption displaysthelast AC, DC, or transient analysis

— time-domain conditions. Conditions define the operating state for devices
such as ON, OFF, LIN, SAT, and HOT for BJTs.

— * Pin Connections. This option displays a dot at the location of each

— pin. This helps you see and check the connection points between parts.

Goc ® Grid: Thisoption displaysthe schematic grid.

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

] * Border: This option adds a border to the schematic.

= * Title: This option adds atitle block to the schematic.

ity * Show All Paths: Thiscommand 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
reguire mouse clicks to specify path endpoints before a path list appears.
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ﬂ * Preferences: (CTRL + SHIFT +P) Thisaccessesthe Preferencesdialog
box, where many user preferences are selected. These include:

®* Common Options: This accesses a list of operational choices:

® Select Mode: This option causes the schematic mode to
revert to Select mode after any other mode is completed. For
example, to place acomponent you must be in the Component
mode. After placing the component, the mode normally staysin
Component mode. If thisoption is selected, the schematic

mode reverts to Select immediately after acomponent is placed.
The same thing would happen when drawing wires, placing
text, querying a component, or any other mode-based action.

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

* |ock Tool Bar: This option disables movement and locks
thetool bar into its current position.

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

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

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

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

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

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

® DC Path to Ground Check: This checks for the presence of
aDC path to ground. It should normally be on.
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® ConvergenceAssist: Thisoption enablesthe Convergence
Assist routine which attempts to optimize selected Global Settings
parametersto help acircuit converge. It may modify RELTOL,
ABSTOL, VNTOL, ITL4, ITL2, METHOD, GMIN, and others
to achieve convergence. If it succeeds, it adds a .OPTIONS
statement to the circuit with the modified parameters, so that
subsequent runs converge more readily.

* Add DC Path to Ground: This option automatically adds a
1/GMIN resistor to any path where there is no path to ground.

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

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

* | nertial Cancellation: If enabled, this option causes the logic
simulator toemploy inertial cancellation, which cancelslogic
pulses whose durations are shorter than the device delay. If this
option isdisabled, the simulator does not cancel short pul ses.

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

* Gmin Stepping: If enabled, this option tries Gmin stepping
after both normal methods and source stepping have failed to
achieve DC convergence.

*® Auto Scale Grids: This setsthe number of gridsto use when
autoscalingaplot.

® Circuit Options: Thisaccessesalist of optionsrelated to circuits:
* Text Increment: Thiscontrolswhether non-command grid

text isincremented during a paste, step, drag copy, or mirror
operation. Incrementing meansthat the ending numeralsinthe
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text areincreased by one. If no numeralsare present, a'l' is
added to the text.

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

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

* Component Cursor: If enabled, this option replaces the
mouse arrow with the shape of the currently selected component
whenever Component mode is active. This has the advantage of
showing the currently selected component and its size.

* Rubberbanding: 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.

SHIFT + CTRL + R toggles the feature on and off to alow the
rapid mode switches, necessary when dressing up a schematic.

* Show Slider: If enabled, this option placesadider control on
the schematic adjacent to batteries and resistors during Dynamic
DC Analysis. This lets the user change the battery or resistor
values by dragging the slider with the mouse. With or without the
dlider, the values can be changed by regular amounts with each
press of an UP ARROW or DOWN ARROW cursor key.

* Nodes Recalculation Threshold: If the Show Node Numbers
optionisenabled, nodesarerecal culated and displayed whenever
any schematic editing isdone. For large schematicsthiscan be
time consuming. Thisvalue setsan upper limit for node count
beyond which automatic noderecal culationwill beignored, evenif
the Show Node Numbers option is enabled.

*® Block Select Display Mode: This option enables the block
select mode, which shows the background of selected objectsin
the Block Select color. This makesthe selected objects easier to
spot, especially when thereisonly one object. If disabled, the
selected object isdrawn in the standard foreground Select color.
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* Automatically Add Opamp Power Supplies: Thisoption
automatically adds and connectsthe VCC and V EE power
suppliesfor level 3 opamp primitives. It places the batterieson a
schematic page called Power Supplies. Notethat it will not work
for vendor-generated opamp subckt models.

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

® Format: This option controls the numeric format to be used when
displaying analysisplot tag values, DC operating point valuesinthe
numeric output text page, schematic node voltages, currents, and powers,
schematic path delays, and formulatext.

* StatusBar: Thisletsyou change the Status bar text attributes.

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

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

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

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

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

® Quit Warning: Thisasksif you really want to quit.

® Opamp Power Supplies: This alerts the user when MC7 adds
VCC and VEE power supplies.

* Add DC path to ground: Thiswarnswhen adding resistorsto
avoid a DC path to ground.
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* Default PropertiesFor New Circuits. Thisdialog box controlsthe
properties of new circuits. It includes:

® Schematics: Thiscontrolsthreetypes of featuresfor schematics:

* 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.

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

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

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

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

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

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

® Scales and Formats: This panel lets you specify the numeric
format for the Numeric Output, plot scales, Cursor mode tables,
Optimizer values, and Watch values. It alows selection of Same
Y Scalesfor separate plot groups and lets you select the method
for measuring slope: normal, dB/octave, and dB/decade. The
latter two are more appropriate to certain AC measurements.

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

* Tool Bar: Thispanel letsyou select the tool bars and buttons
that will appear inthelocal tool bar arealocated just below the
maintool bar.
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* 3D Plots: Thisprovides control for several 3D plot features:

® Color: Thisprovidescolor control of 3D plot features such as
general scale and title text, window and graph background colors,
axiscolors, patch color, and surface line color.

® Font: Thisprovidesfont control for all text in the 3D plot.

® Scales and Formats: This panel lets you select the numeric
format for the X, Y, and Z axis scales and the numeric valuesin
the cursor tables. It also controlsthe slope cal culation method.

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

* Monte Carlo Histograms:. This provides control for Monte Carlo
histogram plot features:

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

® Font: This providesfont control for all text in the histogram.
® Tool Bar: This panel lets you select the tool bars and buttons

that will appear in the local tool bar arealocated just below the
main tool bar.

* Performance Plots. This panel controls performance plot features:

® Scales and Formats: This pandl lets you select the numeric
format for plot scales and values shown in the Cursor tables. It
also alows selection of same Y scales for separate plot groups.

® 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, andindividual plot
color, thickness, and pattern.
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® Tool Bar: Thispanel letsyou select the tool bars and buttons
that will appear in thelocal tool bar arealocated just below the
main tool bar.

* Global Settings: (CTRL + SHIFT + G) Thisaccessesthe Global Settings
dialog box where many simulation control choices are made. These settings
are discussed in greater detail in the Global Settings section of the Circuit
editor chapter of the Reference Manual.

® User Definitions: This option displays the file MCAP.INC. Thisfile,
located on the directory with MC7.EXE, stores global definitionsfor useinall
circuits. The contents of thefile are automatically included in all circuit files.

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

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

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

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

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

* DC: (ALT + 3) Thisoption 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
MC7 automatically respondsto user edits by finding and displaying the DC
solution to the current schematic. Y ou can change battery voltages and
resistor values with slider controls or with the cursor keys. You can aso
make any edit such as adding or removing components, editing parameter
values, etc. MC7 responds by cal culating the DC solution and will display

voltages and statesif @ is enabled, currents if ﬂ is enabled, power
dissipationifﬂisenabled, and device conditionsif SH |isenabled.

® Transfer Function: (AL T + 5) Thisoption selectsan analysismodein
which the program calculates the small signal DC transfer function. Thisisa
measure of the incremental change in a user-specified output expression,
divided by avery small change in a user-specified input source value. The
program also calculates the input and output DC resistances.

® Sensitivity: (AL T + 6) Thisoption selects an analysismodein which the
program cal culates the DC sensitivity of one or more output expressions to
one or more input parameter values. The input parameters available for
measurement include all those availablefor component stepping, whichis
practically all model parameters, al value parameters, and all symbolic
parameters. Thus you can create alot of data with this analysis. A suitably
smaller set of parameters is specified in the default set, or you can select
only one parameter at atime.
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* ProbeTransient: (CTRL + ALT + 1) Thisselectstransient analysis

Probe mode. In Probe mode, the transient analysisis run and the results are
stored on disk. When you probe or click part of the schematic, the waveform
for the node you clicked on comes up. Y ou can plot al of the variable types,
from analog node voltagesto digital states. Y ou can even plot expressions
involvingcircuitvariables.

* Probe AC: (CTRL +ALT + 2) Thisoption selects AC Probe mode.

* ProbeDC: (CTRL + ALT + 3) Thisoption selects DC Praobe mode.
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TheDesign menu
The Design menu accesses the Filter Design functions.

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

Active Filter Designer
Desian | implementation | Options |

Type Response
© LowPass N  Butierworth E]
el - RO el

High-Pass a — R Chebyshew 1
& Bandpass c 2
" Notch = & Elliptic: 5

3
 Delay £ Inverse Chefyshey Bl
Spedifications Pales and Zeros
# Mode 1 © Wode 2 Siage | FO a0 EN
1 95AEBEAZER.. 33.02341041. 0444805125 .
Passhand Gain B of 2 1044 95R348 3392341241 1056136157
Passhand Ripple () 02 4B 3 948 FRTEFAN . 22N 1R79398 028 NRUANZ]
4 1051 348299 PPN1R7I398 1074 11RZE
Btopband Aften [5) |20 B 5 9987497177 12 92657304
Centar Frag, (Fo) Tk, Hz
Passhand (PB) 100 Hz
SBtopband (S8) 110 Hz
Defeault ‘ Flot ‘ oK Cancel | Help ‘

Figure 2-12 The Active Filter Designer

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

Thefilter design functions from the Design menu is covered in more detail in
Chapter 12.
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The Moddl editor

Modé libraries provided with MC7 come in two forms, text and binary.

In text form, they are contained in files with the extension L1B, and encode de-
vice models as .MODEL, .MACRO, and .SUBCKT statements. Text files can
be viewed and edited with any text editor, including the MC7 text editor.

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

The Model editor should not be confused with the MODEL program, whichis
accessed from the Windows menu. MODEL is a separate Windows program
which produces optimized analog model parameters from commercial data sheets.
MODEL can create model librariesin 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 lookslikethis:

l& Micro-Cap 7.0.0 - [E\MC7\DATA\IRPMOS.LBR]

Filemenu—.g File Edit Component ‘Windows Options Analysis Design Help =] x|
0= P k)
Type selector < b lwm PE
# [NMos -] Add Delete... Pack Copy... Merge... Go To...
Par it
tname T Nams [2NG761

Memo ‘N—Channel 500V 1.5 Ohm 4.5A

Name List Parameters

m LEVEL [undefined'S VTO [3.30551 =
2N6762
IN6TE5 KP [20U L fpu
Part selector NG766 W [235519M GAMMA o
IRF024
IRF025 PHI [600M LAMBDA [14.9095M
IRFO34
IRFO35 RD [1.0663 RS o
IRFO44
IRFO15 CBD [397.524P cBs o
IRF054 s [loF PB [00M
IRF220
IRF221 CGSO [1.65276N CGDO [1.65276N
IRF222
IRF223 ccBO o RSH [0
IRF230 o MJ [500M
IRF231 =l =

Model display
Figure 2-13 The Model editor
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The various parts of the editor function asfollows:

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

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

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

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

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

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

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

* Merge: Thiscommand merges alibrary from disk with the library
currently in memory. The merged library isdisplayed but isnot automatically
saved to disk.

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

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

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

¢ Sear ch for Help On...: The search feature lets you access information by
selecting atopic from an al phabetized list.

* Product Support: Thisoption providestechnical support contact numbers.

* Tip of the Day...: Thisoption provides short tips on product features that
aredisplayed eachtime MC7 is started.

* About Micro-Cap: Thisoption showsthe software version number.

* Statistics: Thisdisplaysalist of statistics showing the key ID, MC7
version number and executable date. In an analysisit also shows the setup
and run time, the number of analog and digital nodes, the number of data
points calculated during the run, alist of the actual partsin the circuit after
macro and subcircuit expansion, and alist of the number of iterations and
solutionsfor therun.

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

* Demos: These live demos show the sequence of actionsinvolved in
commonfunctions. They include:

® General Demo: This provides a genera overview of MC7. It includes
each of the demos below and runs continuously until ESC is pressed.

* 3D Plots Demo: Thisillustrates the use of 3D plots, which let you
show how circuit waveforms or performance functions vary with two
different parameters.

* Analog and Digital Demo: This shows how to mix analog and digital
partsin a schematic and their analysis plots.

® Analysis Demo: This shows how to start and control an analysis.
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* Animation Demo: Thisillustratesthe use of the animation feature, in
which animated circuit componentslike L EDsand seven-segment
displaysrespond to circuit states by turning on and off.

* Dynamic DC Demo: This demonstrates the Dynamic DC feature,
which automatically calculatesthe DC operating point of the circuit asit
is changed by the user.

* Filter Demo: Thisillustrates the use of the built-in active and passive
filter designfunctions.

® Fourier Demo: Thisillustrates the use of the DSP functions to do
Fourier analysis on circuit waveforms.

* Monte Carlo AnalysisDemo: Thisillustrates the use of Monte Carlo
analysis, whichanalyzescircuit behavior statistically ascircuit parameters
arevariedaround specified distributions.

® Optimizer Demo: Thisillustrates the use of the optimizer function to
optimizeandfine-tunecircuits.

* Probe Demo: Thisillustrates the use of the Probe feature which letsyou
probe (point and click) the schematic for curves and waveforms.

* Performance Plots Demo: Thisillustratesthe use of performance
plots, which let you plot important circuit characteristics, like bandwidth
or rise time versus model and other parameters.

® Schematic Demo: This shows how to create a schematic.

® Sensitivity Demo: Thisillustrates the Sensitivity analysis mode, which
calculates the DC sensitivity of the circuit to one or more parameters.

* Stepping Demo: Thisillustrates the use of component parameter
stepping, which lets you systematically step or change model and other
parameters to see their effect on circuit behavior.

® Subcircuits Demo: This demo shows how to create and use
new subcircuits, including how to add them to the Component library.

* Transfer Function Demo: This illustrates the Transfer Function
analysis mode, which calculates the DC transfer function.
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Chapter 3 The Shape Editor

What's in this chapter

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

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

A largelibrary of shapesis supplied with MC7, so most users will not need to use
the Shape editor. For those who want to customize their shapes or add new ones,
this chapter isfor you.
Features new in Micro-Cap 7

* Drag copy command.

* Shapeoriginicon.
* Font size memory retained.
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The Shape editor layout

The Shape editor is selected from the Windows menu. Its display lookslike this.
There are five mgjor regions:

|Shape Editor &
Tool bar DEEe AR OO0 s BN EE~TE® 1 O Hx_a

LTC1440 Al

LTC1442 T T e T T LT

Shapelist box e B T e B : B : B ]
LTC1445 N . . N @_’ B

LTIOF| [ . N S O
LTIOF_Euro (notused) o N o N o N o N o 3
LTIORY [ . N N . D O
LTIOFY_Eura (notused) - - : o : f : : o : o ;
LTVOF| [ . N N . D O

Command buttons Edtor | 1200 e

Shape display
Figure 3-1 The Shape editor
Shape list box:
Thislist box displaysall of the shapes currently inthelibrary.
Command buttons:
Add: This command adds a new shape to the library.
Delete: This command deletes the currently selected shape.
Revert: This command restores the selected shape to its original version
when the shape was first displayed. This only affects the displayed shape.
Edits on other shapes during the current invocation of the Shape editor
remain in effect. Selecting a new shape disables the Revert feature for the
old shape. All edits on al shapes are temporary, however, and may be

discarded when you exit the editor or close the file. Only when you exit or
close the file are the changes saved to disk.
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Editor: Thisinvokesthe Object editor, which lets you edit the numeric
parameters of the fundamental objects comprising the selected shape. This
providesfiner control over object size and shape than can be obtained with
the normal mouse editing. Some features, such asthe digital block pin
symbols, are only changeabl e from the Object editor.

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

Help: This accesses the Help system.

Tool bar:

E 2 & [©

| 5

X 8 |& [

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

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

Open: (CTRL + O) This command loads an existing shape library file. Its
shapes are then availablefor usein the Component library.

Save As: Thiscommand saves the current shape library file under anew name
specified by the user.

Remove: Thiscommand removesthe currently loaded shapelibrary file. Its
shapesareno longer availablefor useinthe Component library.

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

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

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

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

Clear: (DELETE) This command deletes the selected items without copying
them to the clipboard.
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All: (CTRL + A) Thiscommand selects all itemsin the shape.

Slect: Click thisbutton to activate the Select mode. Y ou must be in Select
mode to edit or select aportion of shape for editing.

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

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

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

Ellipse: Click 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 acircle, pressthe SHIFT key before dragging the mouse.

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

Block: Click thisbutton to create adigital 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 aline in the shape by dragging the mousein
the Shape display. To change the direction or length of theline, drag on one
of the two handles.

Closed Palygon: 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 afinal edge between thefirst and last vertices.
To change the overall dimensions of the polygon, drag one of the handles.
Usethe Object editor to edit theindividual vertex coordinates.
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Open Polygon: Click this button to create an open polygon. Click the mouse
in the Shape display, once for each vertex. Thereisno limit on the number of
vertices. Double-click on 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 Shape: Click this button to include an existing shape in the current
shape by clicking the mouse in the Shape display where you want the shape
placed. Thisinvokesalist of existing shapes. Choose the shape you want to
include from thislist. Once the shapeisincluded, it can be dragged about.

Text: Click this button to add text to the shape by clicking the mousein the
Shape display where you want the text placed. Thisinvokes atext dialog box.
Typethetext and press Enter. To edit text, double-click on it in Select mode.

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

LED diode: Click this button to create an LED diode shape for usein
animated components.

Switch: Click this button to create a switch shape for use in animated
components.

Current: Click thisbutton to add adirection indicator for positive current.
It isused only when the schematic Currents ﬂ modeis enabled.

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

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

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

Grid Snhap: Click this button to force the coordinates of all shape objects to

occur at agrid point. This ensures that the coordinate points will be usable as
connecting points (pins) in aschematic.
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Zoom-Out: Click thisbutton to decreasethe displayed image size. Thisdoes
not affect the size of theimage in the schematic.

ZoomtIn: Click thisbutton 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 abjectsto 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
overlapping objects. Click the button until the one you want is selected.

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

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

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

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

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

Shape drawing window:

Thiswindow shows the selected shape. Y ou can change the image size, and
pan or scroll the window to see larger shapes.
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Tool bar

The Object editor

Most objects can be created and edited by simple mouse operations. For the

closed and open polygons and the block, it isnecessary 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 isinvoked by clicking the Editor button or by double-clicking on
the object that you want to edit. The editor lookslikethis:

Object list box

Pin selector

Object Editor
< i P v
O ERIE [Tee <]
T~ —| [[® I
< (=] |[oe E3
~~|T —| |fos [72
LI =] [104 E
il —[ | [roe 104 L
O/m| 14|[=| | s [120

15[=] | e [136 .|

Delete Claze Ep... | |__|

Object parameters

Figure 3-2 The Object editor

There arefive mgjor partsto the Object editor:

Tool bar:

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

to add it to the object list.

Object list box:

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

When the selected object isablock, this showsthe pin symbols. These
symbolsareintended toiconically convey the existence and function of the
pin. They do not, of course, affect the actual behavior of the pins that they
represent. There arefive basic pin symbols:

Open: No pin at thislocation.

Clock: A clock pin.

Inversion: A logical inversion.

Inverted Clock: Aninverted clock pin.

Normal: Noindication of thepin function.

Object parameters:

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

The Shape library contains the graphical shapes used in schematics to represent
components. Each shapeis comprised of various graphical primitives. Shapes are
created, edited, and maintained by the Shape editor. The name of the file that
holds the standard Shape library is called STANDARD.SHP. Thisfileisfound on
the same directory as the MC7.EXE program.

It ispossibleto have morethan one shapefilein the shapelibrary. Multiplefiles
can be maintained, and viewed with the Shape editor, but it isrecommended that
theoriginal shapelibrary, STANDARD.SHP, beleft unmodifiedinitsoriginal
state.
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I
Chapter 4

|
The Component Editor

What's in this chapter

The Component editor manages the Component library. Thislibrary providesthe
circuit components used in MC7 circuits. It stores the name of each component,
the shapeit uses, the electrical definition, component text placement, and pinin-
formation. All components, from resistors to macros and SPICE subcircuits are
linked to MC7 using the Component editor.

Thischapter isorganized asfollows:

* The Component editor layout

* Adding componentsto thelibrary
* Adding subcircuitsto thelibrary
® Using the Add Part wizard

® Using the Import wizard

® Making circuit files portable

Features new in Micro-Cap 7

* Add Part wizard

* Automatic import from acircuit file
* Find command

® |mport wizard

* |nfo command

* Move command

® Partslist

* Redo command

® Replace command

* Sort command
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The Component editor layout

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

Tool bar buttons

Datafields

Shape / pin display

Attribute placement display

DS 2 @R A+ 9 RERXE o [0 Qai 46 e
Name INPN ™ Assign Component Name to MODEL. >~
Shape [NPN ]  Display PART Atibute
Definition |NPN ~| ™ Display VALUE Attribute. .
F il MOBE  Atinan Options
Cost 0 Power |0 I™ Display Pin Names.
Paletie  [Analog <] I Display Pin Numbers
Memo |
L)t x
pr— Yy
.
8 T
- [
4 Collector = Analog Librery (1249)
= BJT (1200)
- % BT Pwr (538)
« Comparator (123)
Base # Crystal (40)
*Emitter + Diode (1639
Ferite (257)
# IGET (83)
= JFET (510)
= Misc. (45)
= MOSFET (1129)
# 0 p (519)
R
o
Yy
=l

Figure 4-1 The Component editor

Tool bar buttons:

Dl

| &,

New: (CTRL + N) Thiscommand creates anew Component library file with
asingle group. Its components are then available for use in schematics and
shown in the Component menu.

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

Merge: This command lets you merge an MC4, MC5, MC6, or MC7
Component library file with the current MC7 Component library. It providesa
dialog box to let you locate the external library file that you want to merge
into the current library. Only unigue componentsfrom the external library file
are included. Components with duplicate names are not merged. If an
incoming part uses a shape whose name isn't in the current MC7 Shape
library, the shape is copied from the external shape library to the current MC7
Shape library. A '$ is added to the shape name.
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The Import Wizard button imports subckt-based parts from atext file en
masse. It copiesthe model file to the library folder, adds the file name to the
master index file, NOM.LIB, and makesthe required entriesin the Component
library. It findsall of the subcircuitsin thefile and enters each asanew part
using the 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 alist of
parts whose pin names match the new part. New parts whose pins do not
match existing parts are added with generic shapes and their memo fields are
annotated to indicate that additional work is needed to complete them. Usually
thisinvolves picking asuitabl e shape and placing the appropriate pins on the
shape. The Import wizard is optimized for automating the mass import of
vendor-modeled parts.

The Export to MC6 button saves the Component library file in aformat that
MC6 can read.

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 MC7 libraries. Like the Import wizard, it copies the model
fileto thelibrary folder, adds the file nameto the master index file, nom.lib,
and makes the required entries in the Component library. It differs from the
Import wizard in that it handles asingle part of any type, not just subcircuits.

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

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

Copy: Thiscommand copies the current component to the clipboard, awaiting
a paste operation.

Paste: This command pastes the clipboard component with a generic nameto
the slot beforethe currently selected component in the Component Selector.

Replace: The command replaces the current component description with the
one in the clipboard except for the part name which remains the same.
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Delete: Thisdeletesthe selected file, group, or component. Only empty groups
may be deleted. If the group contains another group or acomponent, an error
message will result. Filesare deleted only from thelibrary, not from disk.

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

The Undo button undoes prior edits. It is amultistage undo for editsto the
datafields. It doesnot undo part additions/deletions.

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

TheFind 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.

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

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

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

Help: This command accesses the help files for the Component editor.

Data fields:

Name: Thisisthe component name as it appearsin the Component menu.

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

Definition: Thisisthe electrical definition of the component. It implicitly
defines the mathematical model to be used. It does not specify the numeric
parameters. These come from amodel library or amodel statement name
inthe Attribute dial og box when the component isadded to acircuit.
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Cost: Thisoptional fieldisusedintheBill of Materialsreport whereitis
listedindividually andincludedinthecircuittotals.

Power: Thisoptional field isused in the Bill of Materialsreport whereitis
listedindividually andincludedinthecircuittotals.

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

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

Options.
Assign Component Name to MODEL (or NAME , or File, or others): This
automatically assignsthe component nameto the MODEL or NAME attribute
when the component is added to a schematic. This bypassesthe Attribute
dialog box, simplifying the process of adding components. Thisoptionis
enabled onall Analog Library and Digital Library partsandisdisabledonall
Analog Primitiveand Digital Primitiveparts.

Display PART Attribute, Display VALUE Attribute, and Display MODEL
Attribute: These options set the display flag for the attributes. They control
theinitial display only, when the part isfirst placed. Afterwards, display is
controlled by toggling the appropriate display flag inthe Attribute dialog box.

Display Pin Names and Display Pin Numbers: These options set the initial
display flag for showing pin names and package pin numbers. These flags
can beindividually changed on the part when it is placed in a schematic. Pin
names are normally shown for complex 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
So easy to identify pin names on acomplex linear part. Pin number display is
mostly used to facilitate PCB work.

Shape/ pin display:
This display shows the shape and its pins. Placing named pins on the shape
associ ates specific shape locations with electrically, subcircuit, or macro
defined pin names. When you add a basic component, like an NPN transistor,
pin names automatically appear and need only be dragged to suitable locations
on the shape. Pins and their names may be independently located on the
shape by dragging the pin dot or the pin name.
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Since macros and subcircuits have no intrinsic pin names, the user must
specify the pin names and their position on the shape. Thisisdoneby clicking
inthe Shape/ pin display, typing the pin name into the Pin Name dial og box,
specifying whether itisan analog or adigita pin, and then dragging the pinto
the proper position on the shape.

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

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

Additional pin fields:
Some digital parts have avariable number of pinsand thusrequire an
additional Pinfield to specify the number of input, output, or enable pins. For
example, anor gate may have an unlimited number of inputs. An Input field
then specifies the number of inputs.

Attribute placement display:
This display shows the shape and the location where the attribute text will
initially be placed. Theinitial attributetext locationisspecified by dragging
the generic text block to the desired location relative to the shape in the two
basic orientations. Thisonly affectstheinitial location when the part isfirst
placed in a schematic. Thereafter, attribute text can be dragged to a new
location.

Component Selector:
The selector isahierarchical list box that lets you select a component for
viewing or editing. To open or close agroup, double-click onit, or click once
onits+ or - box. To select acomponent, click on it.

The display order used in the Component editor is also used in the Component
menu to select partsfor placement in the schematic.

Total Components:

This showsthe number of componentsin all files currently open in the
Componentlibrary.
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Adding componentsto the library

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

To add acomponent to thelibrary you first chooseits group by clicking on the
group name in the component selector. Next, you click on the Add Component
button and specify thefollowing:

* The name of the component.

* The name of the shape it uses.

* Theelectrical definition.

* An optional memo description.

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

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

* Thedisplay options.

If the component isamacro, subcircuit, logic expression, pindly, or constraint,
then named pins must be explicitly added.

Normally, logic expressions, pindlys, and constraintsare used only in subcircuits

asbuilding blocksfor the Digital library, so the Component library has only token
components of thistype. It is not expected, for example, that a user will want to

add alogic expression to aschematic, but it is possible.
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Adding subcircuitsto thelibrary

Many vendor-supplied modelsare already included inthelibrary. Thissection
shows you how to add new ones. We'll add a hypothetical OPAMP called the
OP09_AD. Thiscomponent is similar to the OPO8 component supplied by Analog
Devices. The subcircuit, astypically supplied by avendor, is shown below.

& Micro-Cap 7.0.0 - [C:\AD.LIB] _[=]x]
T\ File Edit Component ‘Windows Options Analysis Design Help -18| x|
DedB&ak - B+~ +L>+¢ DO B PG

iR E M B | 9F

*******************
* OP0Y_AD SPICE Macro-model Rev. &, June /1894
n

+ Copyright 18%4 by Analogous Devices Ltd
-+

+ Node assigrments
on-inverting input
inverting input
positive supply
| negative supply
| | output
[
[
* [
. SUBCRT OPO9_AD 99 50 45 15 17
N

* INPUT STAGE
n

1 1 50 4.0016E-6
ol 5 z 1 Qn
(24 3 1 Qn
RL kR 12.9307E2
RZ kR 12.9307E2
CIN Z 1E-1Z

TOs 2 Z5B-12
DLz DX

[EE RN IS

Figure 4-2 The OP09_AD subcircuit model

Note that the subcircuit employs seven pins, arranged as follows:

Pin name Function

3 Non-invertinginput
2 Invertinginput

9 Positivesupply

50 Negativesupply
45 Output

15 Compl

17 Comp2

The first decision is where to put the new component. Since thisis a vendor sup-
plied model, put itinthe Vendor section. Click onthe Analog Library + symbol in
the Component selector. Click Vendor, then Analog2, then OP08_AD-. Finadly,
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click onthe Add Partﬂ button. Type"OP09_AD" inthe Name field. Pressthe

Tab key to move to the Shape field. Press O until OPAMPY is shown. Pressthe
Tab key to moveto the Definition field. Press Suntil Subckt appears. Click onthe
Assign Component Nameto NAME check box. Turnthe Display PART Attribute
and Display NAME Attribute check boxeson.

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

Drag the initial attribute text XX Y'Y inthetwo display areasto a suitable posi-
tion out of thelikely wire connection paths. Thefinal display should look likethis:

Des S@RB A+ o8 Ko al@Qli(8B® 2

Name  [OPD3_AD W Assign ComponentName to NAME. # Analog Primitives (152) |
Shepe  [[SERTEH <]  Display PART At = Analog Librery (12499)
= BJT(1200)
Defiiion [Subki  »] ™ Display NAME Atribute « BJTPwr (539)
- % Comparalor (123)
® Crysial (40)

Cost 0 Power [0 I™ Display Pin Names + Disdls (1339)
= Fenite (257)
Palete  [Nane ~| ™ Display Pin Numbers 7 \(:B""rg(e(a) )

e || = JFET (510
% Misc. (45)
% MOSFET (1128)
% Opamp (519)
% Passive (959)

2%

99 &
= OP08_AD-(21)

OP03_AD —
OPDE_AD
45 OP20_AD
OP20B_AD
1 OP20C_AD
OP20F_AD

15 50 OP20G_AD

OP2IH_AD
OP21_AD

OP21A_AD
OP21E_AD

OP21F_AD

OP21G_AD

OP21H_AD
pos hy

0OP27_AD
Yy .

0OP27A_ AD
0OP27B_AD
0P27C_AD
OPZTE_AD
OP27F_AD
Cretso o

Total Campanents 14756

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

This completesthe Component library entry. Exit the Component editor. Click
OK if you want to save the part edits. If you do click OK, the edits are saved in
the Component library, assuring that it is on the Component menu and available
for placement in a schematic. It also means that MC7 knows that it is a subcircuit
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and will be expecting to find the subcircuit model in one of several places.

1. In the text area.

2. Inthe optional filelisted in the FILE attribute.

3. In afile referenced in a user .LIB statement.

4. In afile 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 afile from the vendor.
Letscal 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 .L1B 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
MC7 can access it. The NOM.LIB fileis a standard text file, so you can add the
new entry using any text editor, including the MC7 text editor. Load NOM.LIB
from the library directory. Add the following text to the NOM.LIB file.

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

LIB "C:\MYPATH\AD.LIB"
(if AD.LIB is at C:\MYPATH)

On the next access of the NOM.LIB file, MC7 will discover that it has been
modified and will regenerate anew index to all of the subckt, model, and macro
statementsin the file. This can take several seconds. After the index is generated,
finding a particular model, subckt, or macro statement is quite fast. Indices are
regenerated only when the NOM.LIB file or one of the files referenced in the
NOM.LIB file changes.

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

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

The lengthy procedure just described shows how to add a subckt part from
scratch. The Add Part wizard can often simplify this task. It combines al 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 inthelibrary.

Well illustrate the procedure with the samplefile, AD.LIB supplied with MC?7,
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. Select Analog Library / Vendor / Analog2 / OPO8_AD.

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

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

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

8) The next prompt asksfor an optional memo field. Click Next.

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

10) The next panel letsyou set theinitial display of the various part attributes.
Click Next.

11) The next panel lets you make the assignment of the component name to the
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NAME attribute. This assignment avoids the need to invoke the Attribute dialog
box when one of these partsis added to a schematic. Click to enable the option.
Click Next.

12) Thefinal panel advisesyou to examine the entry to be sure all elements have
been selected properly, particularly the choice of shape and where the pin names
have been placed on the shape.

For our example, the new part should look like this:

Component Editor
D8 @B A+ - B X B LBICRCUE WL - 4

Name 7 Assign Companent Name to NAME. = Analog Primitives (152) =
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r « Comparaor (123)
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Cost [0 Power [0 I™ Display Pin Names « Diode (1839
+ Fertite (257)
Palste  [None <] I Display Pin Numbers + IGBT (63)

Moo | % JFET (510)

% Misc. (45)
* MOSFET (1129)
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= Reference (86)
= RF (262)
= Sensor (56)
% Switch/Mux (44)

= Thyristar (430)

% Trans Line (40)
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Figure 4-4 Using the Add Part wizard
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Using the Import wizard

MC7 asoincludesan Import wizard for importing large numbers of similar
subcircuit-model ed parts.

Well illustrate the procedure with the samplefile, AD.LIB supplied with MC?7,
and located in the library folder. We'll pretend that you have just downloaded it
from avendor. In the file are multiple subcircuits. Hereis how you add them to
thelibrary using the Import wizard.

1) Select Component Editor from the Windows menu.

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

3) Click on the Import wizard ﬁ button.

4) Thefirst prompt isfor thefile name. Typein"ad.lib". In thisexample, you don't
need to specify a path since thefileis already in the MC7 library folder. If it were
not, you would specify or browse to the location of thefile. Click Next.

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

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

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

Near Miss: If the search finds one or more exact pin matches and the matching
parts use different shapes, it presents a list and asks you to select a part. If you're
unsure about which part to use, scan the subcircuit listing in the Info dial og box,
especially the comments near the .SUBCKT line. These often reveal enough
about the part to pick a suitable shape. Y ou 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. Select the MTD10N10EL _ON part, which usesthe
DNMOS shape. Click OK.

The search results are shown in the dialog box. Several partswith exact matches
were found and these parts were entered without assistance. No matches were
found for the ODDBALL part so it was entered generically. The IRF5101A was
entered with the MTD10N10EL _ON part as atemplate.

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

For our exampl e, thedisplay should ook likethis:

Component Editor
DSE L@E A« o @ XK 2 RQ §H e 2
Neme  [RFSI01A 7 Assign Component Name 1o NAME. stonderd cmp (14747
Shape  [DRMOS ~| ™ Display PART Attribute. # Analog Primitives (152)
= = Analog Library (12503)
Definition |Subckt ~| I Display NAME Attribute. - BJT (1200)
r = BJT Pur (536)

= Comparator (123)
cost Power [0 I™ Display Pin Names = Ciystal (40)

+ Dinde (1839
Peletie  [None <] I Display Pin Numbers e ;fmi((zm)
Memo | = IGBT (53)

= JFET (510)

= Misc. (45)

« MOSFET (1129)

« Opamp (519

= Passive (359)
= Reference (6)
% RF (262)
% Sensor (55)
e Switch/Mux (44)
a % Thyistar (430)
K % Trans Line (40)
Jﬁxx + Tubes (28)
= Varistor (537)
% Vendor (3794)
LF155 NSA
OPDI_AD
S5M2275_ADI

J§ ODDBALL [Needs Wark]

= Digtel Primitives (84)

= Digtel Librery (2002)
H q = Animation (3)

 Filters (3)
importcmp (3)
Fitter.crp (1)
Macro.cmp (2)

Tatal Campanents 14759

Figure 4-5 Using the Import wizard
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Using Copy, Paste, and Replace

The clipboard can also be used for rapid entry of similar parts. Toillustrate, as-
sume we want to enter a number of 5 pin opamp parts from Analog Devices that
use the same pins as the OPO8_AD part listed previously in this chapter.

1) Select Component Editor from the Windows menu.

2) Select the part that isto serve as atemplate. For thisillustration simply select
Anaog Library / Vendor / Analog2/ OP08_AD/OP08_AD.

3) Click on the Copy button. The program copies the OP0O8_AD to the clip-
board.

4) Click on the Paste button. MC7 pastes the clipboard part (the OP08_AD)
to anew position, and names it new_1. Change its name to OP09_AD and you've
just entered the OPO9_AD part. Each new part added takes one click and a few
keystrokes for the name.

The Paste operation adds a new part using all of the properties of the clipboard
part except the name which is generic and must be changed by the user.

The Replace operation is similar, but it does not add a part. It merely replaces the
properties of the selected part with those from the clipboard part, except for the
name, which remains the same.

The purpose of the Replace command is to replace many nearly identical parts

with a new template where the pin placements or attribute text placement isto be
madeuniform.
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Making circuit filesportable

Older versions of Micro-Cap could not load acircuit fileif 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 with MC7.

Toimprovefile portability, circuit files saved in MC7 format contain copies of
their shape and component library data. A friend's MC7 can read your circuit file
without needing your shape and component libraries because the circuit fileitself
hasthat information.

When MC7 loads acircuit file that has a part that is not in the Component library
(i.e. not listed in any of the currently open component library files), it reads the
shape and component data from the circuit file, automatically creates an entry for
the part, and placesit in the auxiliary component library file, IMPORT.CMP. This
makesthe part instantly usable. Note that the circuit file must have been saved by
MCY7 for thisfeatureto be available.

Y ou can drag or move the part into any group of any component library file. Until
deleted, the part isavailablefor usein any circuit.

If your friend also wantsto run asimulation, they will need model information as

well. The Refresh E button adds or updates mode! statements and subckts and
copiestheminto thecircuit file so that thecircuit filealoneisall that isneeded to
runananaysis.

Macro circuits (*.MAC) used in a circuit are separate files and are not added or
updated by the Refresh command. It will still be necessary to send them along
with the circuit file if you want total file portability.
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Chapter 5

|
The Package Editor

What's in this chapter

The Package editor manages the Package library. Thislibrary provides the pack-
age information for the componentsin the MC7 Component library and enables
the program to create netlist files for use by external PCB programs. It stores the
name of each package and the pin information for each package. All package
information islinked to the components using the Package editor.
Thischapter isorganized asfollows:

* The Package editor layout

* Adding basic packagesto the library

* Adding complex packagesto thelibrary

Features new in Micro-Cap 7

* PADS PCB field added.

* Package library isautomatically |oaded.

* Package editor showsthelast referenced part when invoked.
® |nfo feature
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The Package editor layout

The Package editor is accessed from the Windows menu. It looks like this:

Package Editor
i [ Package [DPZ0 =] Component [14AC299 FinCrt [0 Total Parts 17080
Datafields Accel | OCed | Protel | PADS |
- FinName FCE NoJo [P R 18 |T Ju v W |z |
— 4 ¢ b |E |F |6 |H | 14 | LS S |
Pin1 s - i
" I O T RN LI A [ AL L
Pin2 OETBAR  » [F4ACO0DIPT4 74ACTET DIP16 74ACZET DIFTG TAACADZ0 T
PEeam =f [HceDei 244C162 DIP16 74AC258 DIP16 74AC40401
Pin3 OE2BAR 74AC040IP14 74AC163 DIP16 74AC259 DIP16 74AC520D
Find 0% <[ 74AC05 DIP14 24AC164 DIP14 74AC27 DIP1G 74AC521 D
744C08 DIP14 244C164 DIP16 74ACZ73DIP20 74AC533D
Pins 1104 - 5 74AC10DIP14 4AC1740IP16 74AC280 DIF14 74AC534D
74AC103 DIP16 244C175 DIP16 74AC283 DIP16 T4AC540D
Pin 6 1102 -] |8 [74AC11 DIP14 74AC190 DIP16 74AC28E DIP14 74AC541D
oo = [ucnzoee 24AC191 DIP16 P2AC239 DP20 74AC563 D
. Fin7 /00 ’ 74AC113DP14 74AC193 DIP16 7F4ACI0DIP14 74AC564D
Pinfields Ping a0 <[ 74AC125 DIP14 24AC134 DIP16 74AC32 DIP14 74AC573D
744126 DIP14 24AC20DIF14 74AC323 DIF20 74AC574D
Find MRBAR -] [8 744132 DIP14 74AC21 DIP14 4AC34 DIP20 74AC590D
74AC138 DIP1G 74AC238 DIP16 4ACI50 DIP1G 74AC593D
Pin10 DGND -] 10 [74AC138DIP18 74AC240 DIP20 4AC352 DIPTE 74ACE20D
- eI 74AC1401P14 74AC241 DIP2D 4AC35I DIP6 74AC623D
74AC151 DIP16 744C244 DIP2D 4ACI73 DIP20 74ACE40D
Pin12 3 < iz 74AC153 DIP16 2440245 DIP2D 4AC374 DIP20 74ACE43D
744C157 DIF16 74AC251 DIP16 4AC3T? DIP20 74ACE46 D
Pin13 1701 F 3 paacisoRis 4AC253 DIP16 4ACIT8 DIP1G T4ACE47D

Command buttons
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[74AC160 DIP16 74AC256 DIP16 4AC338 DIP16 74ACE4B D
Pin14 1103 MEIE -1 L nl |

Addl ‘Addgnmp\ex‘ Dup\itate‘ Delete | Merge ‘ e ‘ abse ‘ Help ‘ Info |

Packageselector

Figure 5-1 The Package editor

Command buttons:

Add: This command adds an entry to the Package library. A Find dialog box
appears reguesting the name of the component whose package and pin infor-
mation is to be defined. This command should be chosen when the package
contains only one instance of the specified component.

Add Complex: This command adds an entry to the Package library. A Find
dialog box appears requesting the name of the component whose package
and pin information isto be defined. This command should be chosen when
the package contains multiple instances of the specified component.

Duplicate: Thiscommand duplicatesthe currently selected entry, except for
the component name, which is chosen from aFind dialog box. The purpose of
the command isto speed data entry when the new part isvery similar to an
existing part, except for the component name.

Delete: Thiscommand del etesthe highlighted package.
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Merge: Thiscommand mergesaPackagelibrary file (* .PKG) with the current
Packagelibrary file. It providesadialog box to let you locate the external li-
brary filethat you want to merge with the current library. Only unique pack-
ages from the external library file are included. Packages with duplicate
names are not merged.

Find: Thiscommand finds a specified library entry. A Find dialog box ap-
pears requesting the text of the entry. The text would typically be the part
name followed by the package type, although the search routine works with
fragments by returning multipleitems. For example, performing afind on
"740" will return all entriesthat start with 740.

Close: This command closes the Package editor and optionally saves any
changes to the STANDARD.PKG file.

Help: Thiscommand accesses the Package editor Help system.
Info: Thiscommand displays model information for the part.

Datafields:
Package: Thisisthe package asit will appear in the Attribute dialog box of the
specified component for the PACKAGE attribute.
Component: Thisis the component that the package is being defined for.
Thisfield isfixed except when the package isfirst entered from an Add, Add
Complex, or Duplicate command.

Pin Cnt: This controlsthe pin count for the entry.

Accel: Thisfield overwrites the Package field when the schematic is trans-
lated to an Accel netlist.

OrCad: Thisfield overwrites the Package field when the schematic is trans-
lated to an OrCad netlist.

Protel: Thisfield overwrites the Package field when the schematic is trans-
lated to a Protel netlist.

PADS: Thisfield overwritesthe Package field when the schematicistranslated
toaPADSnetlist.
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Pinfields;

These fields define the configuration of the pinsin the PCB netlist. For abasic
package, there are two fields: Pin Name and PCB. The Pin Name fields con-
tain the names of the pins asthey appear in Micro-Cap for the specified com-
ponent. These are the pin names as they appear in the Component editor. If
the Pin Nameis set to NC#, for no connection, the corresponding PCB fieldis
ignored. The PCB fields contain the names of the pinsthat will be used inthe
output PCB netlist. Normally, these are the pin numbers from the component's
data sheet that correspond to the pins specified in the Pin Namefields. For a
complex package, athird field will be present called Gate. Since acomplex
package has multipleinstances of the componentinit, the Gate fields specify
whichinstancethepinisbeing defined for. A *'inthe Gate field indicates that
al instances of the component in the package share thispin.

Package selector:

The selector isalist box that lets you select a package for viewing or editing.
The packages are sorted in groups according to their first character. The tabs
at the top of the selector control the group that is shown in the list box.

Chapter 5: The Package Editor



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 isto 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.

x|
Package [DIF14 =] Comporent [74164 Pin Crt [14 Total 14339
aceel | OrCad | Protel |
Fin Hame Pee D JE JF )G JH QI 4k QL QM N0
P i g T U W z
Fin1 i 1
: = 12 q3 q¢ s 48 7 e A e & |
o2 B =l FAO0 DIFT2 TATIE DIF2 TSR DIFTE T
Pin3 - <1 7401 DIP14 7412 DIP14 74157 DIPTG 7417
" Y 7402 DIF14 74120DIF1E 74159 DIF24 747
Fin 4 08 =] [ 7403DIP14 74125DIP14 7415 DIP14 7417
7404 DIF14 74126 DIF14 T4IB0DIFTG 7418
Pin& ac M 7405DIP14 74128DIP14 74161 DIPTG 7418
- [emoe 7413 DIF14 741614 DIP1E 7418
I a Rl 7407 DIP14 74132DIP14 74152 DIPT6 7418
Bin7 ao <] [ 7405 DIF14 74135 DIF14 T4IB3DIFIG LK
" 74039 DIP14 7414 DIP14 741638 DIP16 7419
Fing I3 =] [8 T4NDIPI4 74143 DIF24 74154 DIF14 k|
74100 DIP24 74145DIP1G 74165 DIPTE 7419
Pind CLRBAR > |3 74104 DIF14 74147 DIF1E THEEDIFTE 7419
74105 DIP14 74148 DIP1E 74167 DIPTG 7419
iy 2 =] o 74107 DIF14 74150 DIF24 7417 DIFT4 7413
Pin 11 g ~] [ 74103 DIP16 741514 DIP1G T4170DIPTG 7419
" Y 7411 DIF14 74153 DIF1E TAITIDIFIG 7415
Pin12 0G =] [tz 74110 DIPTY 74154 DIP24 74174 DIPTG 7419
74111 DIF1E 74155 DIF1E 74175 DIFTG 7415
Pin13 OH =] iz
Pin 14 oPwR =] 1 L1 L]
Add | Add Complex ‘ Duplicate | Delete | Merge ‘ Find ‘ Llose | Help.. |

Figure 5-2 The Package editor settings for the 74164
Adding abasic package uses the following procedure:
* Click onthe Add command button.

¢ |n the Find Component dialog box, specify the component name such as
74164.

* Define the package type in the Package field such as DIP14.

* Define the number of pinsin the Pin Cnt field such as 14.

* Define the Pin Name fields with their corresponding PCB fields. Click on
the drop-down list of a Pin Name field to view the available pin names. For
example, in Tl's data sheet for the 74164, pin 1 on the package is specified as
the A pin. In the Package editor, the Pin Name field should be set to A, and
its corresponding PCB field should be set to 1.

109



Adding complex packagesto the library

Figure 5-3 displays the package information for the 7400 component which uses a
complex package. The data sheet for this component can be found in TI's TTL
L ogic data book.

x|
Package  [DIPT4 =] Component [7400 Pin Crit [14 Tatal 14333
Acel | OrCad | Protel |
Gate  PinName FCE O O L o L L [

) u v z |
Pin1 [a =] [1& =1 [
. 15 16 7 o jA |8 |5 |
e L] R hd S 7400 DIFT4 18 DIF2A 7AER DIFTE T
Pns [ax] v =] [A0iDF1 7412 DIP14 74157 DIP16 7417
i 7402 DIPT4 74120DIP18 741530 1P24 7417
Find [6 =] [1& -] [+ 7403 DIP14 74125 DIPT4 7416 DIP14 7417

7404 DIPT4 74126 DIPT4 741E0DIP1E 7413
Fin& |8 ~| |18 ~| 5 7405 DIP14 74128 DIP14 74161 DIP1E 7418
) 740G DIPT4 7413DIP14 741614 DIP1E 7413
Fins [e =] [1v =l 7407 DIFT4 74132 DIF14 74162 DIP1G 7418
Fin7 [+ =] [oGND =] [7 7408 DIPT4 74136 DIPT4 74163 0IP1E 7413
w7 [ -] 7403 DIP14 7414 DIP14 741638 DIP1G 7413
Fing [C =] [1r - [ F410DIPTS 74143 DIP24 74164 DIPT4 7413
) 74100 DIP24 74145 DIP16 74165 0IP16 7413
Fing [c =] & R E] 74104 DIP14 74147 DIP1S 741G DIPIG 7413

74105 DIP14 74148 DIP16 74167 DIP1G 7413
Fin10 [C =] 1B =] o 74107 DIF14 74150 DIP24 7417 DIP14 7413
Pn1 [0 =] v =] [ [pi09DiFs 741514 DIP16 741700 /P16 7413
S & 7411 DIPT4 74153 DIP18 741730IP16 7413
P12 [o x| 1 =]z [#1i00iPie 74154 DIF24 74174 DIF1E 7413

74111 DIF1E 74155 DIF18 74175 0IP16 7413
Pin13 [0 =] [1B -] 13
Fin1a [+ =] [oPwR =] [14 KN |

dd | AddComplex | Dupicate | Debis | Mege | Fnd | Dme | Hep. |

Figure 5-3 The Package editor settings for the 7400

Adding acomplex package uses the following procedure:
® Click on the Add Complex command button.

* |n the Find Component dial og box, specify the component name such as
7400.

* Define the package type in the Package field such as DIP14.
* Define the number of pinsin the Pin Cnt field such as 14.

* Define the Pin Name fields with their corresponding Gate and PCB fields.
Click on the drop-down list of aPin Name field to view the available pin
names. For example, in Tl's data sheet for the 7400, pin 4 on the package is
specified as the 2A pin which isthe 1A pin for the second instance of the
7400 component in the package. In the Package editor, the Pin Name field
should be set to 1A, the Gate field to B to denote the second instance of the
component, and the PCB field to 4.
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Chapter 6 TransientAnalysis

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 componentsin the circuit. The device models are covered in a
later chapter.

Theprincipal topicsdescribed in thischapter include:

® What happensin transient analysis
* Transient AnalysisLimitsdial ogbox
* Transient menu

® |nitidization

® Using the P key

* Numeric output

Features new in Micro-Cap 7
® Optimizer
* \Watch window

* Breakpointswindow
* Range format <high> [,<low>] [,<grid spacing>] [,<bold spacing>]
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What happensin transient analysis

Transient analysis predicts the time-domain behavior of acircuit. It triesto predict
what would happen if you built the circuit in the lab, hooked up power supplies
and signal sources, and looked at the curves with a scope or alogic analyzer.

The program assumesthat the circuit isfully nonlinear, though it can handle linear
circuitsaswell. It beginsby first constructing aset of nonlinear, time-varying,
differential equationsto represent the circuit. The remaining processis comprised
of three steps:

* Initialization of statevariables
» DC operating point (optional)
e Maintransient analysis

Initialization of state variables:
Theinitialization processis explained in more detail |ater in this chapter. State
variablesinclude node voltages, inductor currents, and digital node states.

Optional DC operating point:

The purpose of the operating point isto establish, by iterative calculation, astable
set of state variable values that represent the steady state condition the circuit is
assumed to have for the Time = 0 starting point of the transient analysis. The op-
erating point is calculated by treating capacitors as open circuits and inductors as
shorts. Using a DC nonlinear model for the other devicesin the circuit, the pro-
gram linearizes the model about the last set of state variable values. Linearizing
means replacing the nonlinear model with simple numeric constants that express a
linear relationship between the terminal voltages and currents of the device.

These numeric constants are usually obtained by differentiating the state variables
with respect to their controlling variables. The linear model isassumed to hold
over theinterval of one iteration. The program then solves for the incremental
voltages and currents. It adds these increments to the prior state values, and
checksto seeif they have stabilized, or converged. When all state variables have
converged, the operating point is complete and the program starts the main tran-
sientanalysis.

Main transient analysis:

The main transient analysi s begins with the state variables computed during the
operating point, or theinitialized valuesif the operating point was skipped. Using a
standard nonlinear time-domain model for each devicein the circuit, the program
linearizes the models about the last set of state variable values. It then solves a
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set of linear equations for incremental voltages and currents. It adds these linear
increments to the prior state variable values and checks to seeif they have stabi-
lized. When all of the state variables have stabilized, convergence at this data
point is achieved and the data point is evaluated to seeif the local truncation error
(LTE) isacceptable. If so, the time point is accepted and added to the plot, timeis
incremented, and the next data point is attempted. If the LTE is not acceptable,
the data point is discarded, the time step is reduced, and a new data point is at-
tempted. This process continues until the time variable equal s the specified tmax.

To summarize, the basic conceptual sequence for Transient analysisis asfollows:

1. Initidlize state variables.

2. Optionally calculate the DC operating point.
3.SetTlast=T =tminand DT = minimum time step.

4. Solvefor dl state variables.

5. If variables have converged go to step 6, else go to step 4.
6. If LTE of state variables is acceptable go to step 8.

7. Discard time point: DT = DT/2, set T = Tlast , and go to step 4.
8. Plot or print requested variables. Set Tlast = T.

9. If Time equalstmax, quit.

10. Time = Time + time step.

11. Goto step 4.
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The Transient Analysis Limitsdialog box

Load the MIXEDA4 circuit file and select Transient from the Analysis menu.
MCY7 extracts the necessary circuit information directly from the schematic. More
information is needed before the analysis can begin, and that information is sup-
plied by the AnalysisLimitsdial og box.

[l Transient Analysis Limits [x]
Command buttons Run | Add ‘ Delete | Expandd. ‘ Stepping... ‘ Properties... | Helg.. ‘
Tirne Range E00n Bun Options Marmal -

Maxirmum Time Step 0 State Variahles
MNumber of Points v Opetating Point

Termperature ‘Lmear j |Z7 I™ Operating Paint Pnky

Numericlimits

‘ X Expression ‘ Y Expression | KPRy

B P

[MEWE] [ [V G007
mE_= |W— |T |V(OUT) Be-007
[EME] 7 Cpand. | G007 %
- |T ! Constants
l:l IT t Functions
|:| |1— ,7t Operators

Curve

Curve options

1 1

{

[ . .

( —tVariableslist
(

Device Currents...

[MENE IT |t |DEC(QBA) Device Power /A

Flesistances 4

Expressions

Figure 6-1 The Analysis Limits dialog box

The AnalysisLimitsdialog box isdivided into five areas: the Command buttons,
Numericlimits, Curveoptions, Expressionfields, and Options.

The Command buttons, located just above the Numeric limitsfield, contain seven
Command commands.
buttons

Run: This command starts the analysis run. Clicking the Tool bar Run button
ﬂ or pressing F2 will also start the run.

Add: Thiscommand adds another Curve optionsfield and Expression field
line after the line containing the text cursor. The scroll bar to the right of the
Expression field scrolls through the curves when there are more than can be

displayed.

Delete: This command deletes the Curve option field and Expression field
line where the text cursor is.
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Expand: This command expands the text field where the text cursor isinto a
large dialog box for editing or viewing. To use the feature, click the mousein
the desired text field, and then click the Expand button.

Stepping: Thiscommand invokesthe Stepping dialog box. 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.

Help: Thiscommand invokes the Help screen which providesinformation by
index and topic.

— The Numeric limitsfield provides control over the analysistimerange, time step,
Numeric limits  number of printed points, and the temperature(s) to be used.

* Time Range: Thisfield determines the start and stop time for the analysis.
Theformat of thefieldis:

<tmax> [,<tmin>]

The run starts with time set equal to <tmin>, which defaultsto zero, and ends
when time equal s <tmax>.

* Maximum Time Step: Thisfield defines the maximum time step that the
program is allowed to use. The default value, (<tmax>-<tmin>)/50, is used
when the entry is 0.

* Number of Points: The contents of this field determine the number of
printed values in the numeric output. The default valueis 51. Note that this
number isusually set to an odd value to produce an even print interval. The
print interval is the time separation between successive printouts. The print
interval usedis:

print interval = (<tmax> - <tmin>)/([number of points] - 1)
* Temperature: Thisfield specifies the global temperature of the run. This
temperatureis used for each device unlessindividual device temperatures are

specified. If the Temperature list box shows Linear the format is:

<high> [, <low> [, <step>] ]
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Curve options

Expressions

Variables list

The values are in degrees Celsius. The default value of <low> is <high>,
and the default value of <step> is <high> - <low>.

If the Temperature list box shows List the format is:

<t> [, <t2> [, <t3>][,..]]
where t1, t2,.. are individual values of temperature.

All values are in degrees Celsius. One analysis is done at each specified
temperature, producing one curve branch for each run.

The Curve optionsfield islocated bel ow the Numeric limitsfield and to the left of
the Expressions field. Each curve option affects only the curve initsrow. The
optionsfunctionasfollows:

Thefirst option toggles the X-axis between alinear M and alog |[T]| plot.
Log plots require positive scale ranges.

The second option toggles the Y -axis between alinear | and alog
plot. Log plotsrequire positive scale ranges.

The []| option activates the color menu. There are 64 color choices for an
individual curve. The button color isthe curve color.

The EF| option prints a table showing the numeric value of the curve. The
number of values printed is set by the Number of Pointsvalue. Thetableis
printed to the Output window and saved in the file CIRCUITNAME.TNO.

A number from 1 to 9 in the (P) column selects the plot group the curve will
be plotted in. All curves with like numbers are placed in the same plot group.
If the P column is blank, the curveis not plotted.

The X Expression and Y Expression fields specify the horizontal (X) and vertical
(Y) expressions. MC7 can evaluate and plot awide variety of expressions for
either scale. Usually these are single variableslike T (time), V(10) (voltage at
node 10), or D(OUT) (digital state of node OUT), but the expressions can be
moreelaboratelikeV(2,3)* I (V1D)*sin(2* PI* 1E6* T).

Clicking theright mouse button inthe Y expression field invokesthe Variables
list which lets you select variables, constants, functions, operators, and curves, or
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Transient
options

expand the field to allow editing long expressions. Clicking theright mouse button
in the other fieldsinvokes asimpler menu showing suitable choices.

The X Range and Y Range fields specify the numeric scales to be used when
plottingthe X and Y expressions.

Theformat is:
<high> [,<low>] [,<grid spacing>] [,<bold grid spacing>]

<low> defaults to zero. [,<grid spacing>] sets the spacing between grids.
[,<bold grid spacing>] sets the spacing between bold grids. Placing "AUTQO" in
the X or Y range cal culates the range automatically. The Auto Scale Ranges option
calculates scalesfor all ranges during the simulation run and updatesthe X and Y
Rangefields. The Auto Scale (F6) command immediately scalesall curves, without
changing the range values, letting you restore them with CTRL + HOME if de-
sired. Note that <grid spacing> and <bold grid spacing> are used only on linear
scales. Logarithmic scalesuseanatural grid spacing of 1/10themajor grid values
and bold is not used. The Auto Scale command usesthe Preferences/ Auto Scale
Gridsvalueto set thegrid spacing.

Theseoptionsincludethefollowing:
* Run Options
* Normal: Thisrunsthe simulation without savingit.

* Save: Thisrunsthe simulation and savesit to disk, using the same
format asin Probe. The file nameis NAME.TSA.

* Retrieve: Thisloads apreviously saved simulation and plots and prints
it asif it were anew run. Thefile nameisNAME.TSA.

* State Variables
These options determine the state variables at the start of the next run.

® Zero: Thissetsthe state variableinitial values (node voltages, inductor
currents, digital states) to zero or X.

* Read: Thisreadsapreviousy saved set of state variables and uses
them astheinitial valuesfor therun.
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* |_eave: Thisleavesthe current values of state variablesaone. They
retain their last values. If thisisthefirst 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.

® 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: This calculates a DC operating point only. No
transient run is made. The state variables are |eft with their final operating
pointvalues.

® Auto Scale Ranges: This sets the X and Y range to AUTO for each new
analysisrun. If it isnot enabled, the existing scale valuesfromthe X and Y
Range fields are used.

The Run, State Variables, and Analysis options affect the simulation results. To

see the effect of changes of these options you must do arun by clicking on the
Run command button or pressing F2.
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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.
AnalysisWindow: (F4) This command displays the analysis plot.

Watch: (CTRL + W) This displays the Watch window where you define
expressions or variables to watch during abreakpoint invocation.

Breakpoints: (ALT + F9) This accesses the Breakpoints dialog box.
Breakpoints are Boolean expressions that define when the program will enter
single-step mode so that you can watch specific variables or expressions.
Typical breakpoints are T>=100ns AND T<=10ns, or V(OUT)>5.5.

3D Windows:. Thisletsyou add or delete a 3D plot window. It isenabled only
if morethan onerunisdone.

Performance Windows: Thisletsyou add or delete a performance plot
window. It isenabled only if there is more than one run.

Numeric Output: (F5) This shows the Numeric Output window.
State Variables editor: (F12) This accesses the State Variables editor.

DSP Parameters: This opensthe DSP dialog box. It lets you specify the
time window lower and upper limits and the number of sample pointsto use
for the DSP functions. See Chapter 24, "Fourier Analysisand Digital Signal
Processing”, for more details on DSP functions.

Reduce Data Points: Thisitem invokes the Data Point Reduction dialog
box. It lets you delete every n'th data point. Thisis useful when you use very
small time steps to obtain very high accuracy, but do not need al of the data
points produced. Once deleted, the data points cannot be recovered.

Exit Analysis: (F3) This exits the analysis.
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Initiaization

State variables define the state or condition of the mathematical system that rep-
resents the circuit at any instant. These variables must beinitialized to some value
prior to starting the analysisrun. Hereishow MC7 doesthe initialization:

Setup initialization:
When you first select atransient, AC, or DC analysis, all state variables are
set to zero and all digital levelsto X. Thisis called the setup initialization.

Run initialization:

Each new run evokes the run initialization based upon the State Variables
option from the Analysis Limitsdial og box. Thisincludes every run, whether
initiated by pressing F2, clicking on the Run button, stepping parameters, using
Monte Carlo, or stepping temperature. There are three choices:

Zero: The analog state variables, node voltages, and inductor currents are
set to 0. Digital levelsare set to X, or in the case of flip-flop Q and QB
outputs, setto'0', '1', or 'X' depending upon the value of the global value
DIGINITSTATE. Thisvaueisdefined inthe Global Settingsdialog box.
Thisistheonly optionin DC analysis.

Read: MC7 reads the variables from the file CIRCUITNAME.TOP.
Thefileitself is created by the State Variables editor Write command.

L eave: MC7 does nothing to the state variables. It simply leaves them
alone. There arethree possibilities:

First run: If the variables have not been edited with the State
Variableseditor, they till retainthe setup initialization val ues.

Later run: If the variables have not been edited with the State
Variables editor, they retain the ending values from the last run.

Edited: If the variables have been edited with the State
Variables editor, they are the values shown in the editor.

After the State Variables option has been processed, .IC statements are pro-

cessed. Device IC statements, such as those for inductor current and capacitor
voltage, override .IC statementsiif they arein conflict.
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Note that .IC statements specify values that persist throughout the initial bias
point calculation.

They are moreresilient than simpleinitia valueswhich can (and usually do)
change after the first iteration of the bias point. This may be good or bad depend-
ing upon what you are trying to achieve.

Using theseinitial values, an optional operating point cal culation may be doneand
the state variables may change. If no operating point is done, the state variables
areleft unchanged from theinitialization procedure. If an operating point only is
done, the ending state variable values are equal to the DC operating point val ues.

Using the P key

During asimulation run, the value of the expressions for each curve can be seen
by pressing the'P key. This key toggles the printing of the numeric values on the
analysis plot adjacent to the expressions. Thisis a convenient way to check the
course of anew, lengthy simulation when theinitial plot scales are unknown. This
feature may significantly slow the simulation, so only useit to "peek" at the nu-
meric results, then toggle it off with the ‘P key.
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The State Variables editor

The State Variables editor isfor reviewing or editing state variables. It lookslikes

this:

1 State Yariables Editor

Mode Yoltages Inductor Currents MNode Levels

our [Fazamesonn | L [1509162=003 | | CLA i i‘

1 [+473523e-000 [ | |Free [

12 [FTemerem | |+ o

1 P | |- o

1 [Eomae | |s i

15 [iomsemn | |s i

6 [oraeme | |s i

17 [Eommee | |s o
LClose | Clear | Read | Wwrite | Print | IC ‘ Help. ‘

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 buttonsfunction asfollows:

* Close: This exits the dialog box.

* Clear: Thisimmediately setsall analog valuesto zero. Digital node levels
are set to 'X".

® Read: Thisimmediately reads a new set of values from adisk file, after
prompting for afile name.

* Write: Thisimmediately writesthe displayed valuesto adisk fileusing a
user-supplied file name. Thisfileis created for use when the Analysis Limits
State Variables Read option is selected. The Read option uses the values
storedinthisfileat the Runinitialization stage.

* Print: This copiesthe valuesto atext file called CIRCUITNAME.SVV.

* | C: Thiscommand trand atesthe existing state variablesinto .| C statements
and saves them in the circuit's text area. The following translations are made:
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Statevariable | C statement

Nodevoltage IC V(Node name) = Node voltage
Inductor current IC I(Inductor name) = Inductor current
Digital node state .IC D(Digital node name) = Digital node state

The purpose of this command is to provide a handy way to create .IC
statements, which some prefer as a means of initializing state variables.

It is important to note that the clear and read commands, and all manual
edits result in immediate changes, as opposed to the delayed changes made
by the Analysis Limits options. The Zero, Read, and Leave options from the
Analysis Limits dialog box affect the values at the start of the simulation
(Run initialization).

* Help: Thisaccesses help topicsfor the State Variables editor.
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Numeric output

Numeric output may be obtained for each curve by clicking the Numeric Output
button in the curve row. Numeric output is of several types:

Analysis Limits Summary: Thisisa printout of the main analysis limitsfrom
the AnalysisLimits, Stepping, and Monte Carlo dial og boxes.

Operating point information:; Thisis a printout of the DC operating point
values for each devicein the circuit. It includes a selection of device currents,
voltages, conductances, and capacitances.

Curve tables: Thisisatabular printout of the value of each X and Y
expression of each selected curve. The values are interpolated from the
actual data points. The Number of Points value from the Analysis Limits
dialog box determines the number of points printed in the table.

Digital warnings: Theseinclude digital hazard and constraint violations.

Output is saved in the file CIRCUITNAME.TNO and printed to the Numeric
Output window, which is accessible after the run by clicking on the button.
Hereisatypical output window.

EsMicro-Cap 7.0.0 - [E-\MCT\DATAYMIXED4.TNO]

T Eile  Edit Windows Options Transient Scope  Monte Carlo Help —18] x|
BESR =} OO0E PG BRI E™
LAl ) aaafF
Micro-Cap 7.0.0 -

Bill §teele
Spectrum Software
Transient Analysis of MIXED4

Tine Range £00n _
axinum Time Step il
unber of Points o
Tenperature Linear 27
[ Oprions Normal
state Variables Zero
Dperating Point On

operating Point Only Off

Tenperature=27

DC Operating Point Values

DC Operating Point Woltages

ode Voltage Node Voltage Node Voltage
ot 3.699656229 11 4.995537984 12 169. 657429820
13 9,95443093™n 14 4.976267616 15 4.317899427
16 5.000000000 17 B864.360338420n 18 151.44549601 1m
i 100.000000000m  §G_DGHD 0.000000000  $G_DPUR 5. 000000000
i 2.084713058 1.308587577 3 654. 293769534

DC Operating Point Digital $tates

ode State Node State Node State Node State Node State

Figure 6-3 Numeric output
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Chapter 7 ACAnaysis

What's in this chapter

This chapter describesthe AC analysisroutines. AC analysisisalinear, small
signal analysis. Beforethemain AC analysisisrun, linearized small signal models
are created for nonlinear components based upon the operating point bias.

Features new in Micro-Cap 7

® Smith charts

* Polar plots

® Optimizer

* Watch window

* Breakpointswindow

® Range format <high> [,<low>] [,<grid spacing>] [,<bold spacing>]
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What happensin AC analysis

AC analysisisatype of small-signal or linear analysis. Thismeansthat all circuit
variables are assumed to be linearly related. Double one voltage, and you double
any related quantities. When you plot or print V(1) you are seeing the small-signal
linear voltage between node 1 and the ground node.

Using asmall-signal model of each devicein the circuit, MC7 constructs a set of
linear network equations and solves for every voltage and current in the circuit
over the specified frequency range. The program obtains the small-signal models
by linearizing the devices about the state variable values. These are usually the
result of an operating point calculation, but may also result from aread, from edits
in the State Variables editor, or may simply be left over from the last run.

Linearizing meansreplacing adevice's nonlinear model with asimple constant
that expresses alinear relationship between the terminal voltages and currents of
the device. Thelinear model is assumed to hold for small signal changes about the
point at which the linearization takes place, the DC operating point. Digital parts
aretreated 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 isthe time-domain resistance, capacitance, or induc-
tance computed at the operating point. This means that in aresistor with avalue
expression like 1+2*V(10), the V (10) refersto the time-domain V(10), not the
AC small signal V(10). If the operating point cal culation produces a DC value of
2.0voltsfor V(10), then the value of thisresistor during AC analysiswill be
1+2*2 =5 Ohms. During the small-signal AC analysis, the resistance, capaci-
tance, or inductance does not change. There is an exception to this rule however.

If the component's FREQ attribute is specified, then the FREQ expression isthe
AC resistance, capacitance, or inductance, and is allowed to be afunction of fre-
quency. See Chapter 22 for the specifics on the use of the FREQ attribute with
resistors, capacitors, inductors, and NFV and NFI function sources.

For nonlinear componentslikediodes, JFETs, MOSFETS, and bipolar transistors,
the conductances, capacitances, and controlled sources that comprise the AC
model are obtained by partial derivatives evaluated at the operating point value.
These values are also constant during AC small-signal analysis.

The only devices whose transfer function or impedance can change during AC
small-signal analysis arethe Z transform, Laplace function and table sources, and
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when their FREQ attribute is specified, resistors, capacitors, inductors, and NFV
and NFI function sources. Z transform and L aplace sources use the complex fre-
guency 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 ssimply 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 V or | sources:

The AC magnitude value is specified as a part of the device parameter. For
example, a source with the value attribute "DC 5.5 AC 2.0" hasan AC
magnitude of 2.0 volts.

Pulse and sine sources:
These sources have their AC magnitude fixed at 1.0 volt.

User sources: User sources provide a signal comprised of the real and
imaginary partsspecifiedintheir files.

Function sources: These sources create an AC signal only if a FREQ
expression isspecified.

Because AC analysisis linear, it doesn't matter whether the AC amplitude of a
single input sourceis 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). Thisratio will be the
same regardless of the value of V(IN). If V(IN) is 1, then it is not necessary to
plot ratios, since V(OUT)/V(IN) = V(OUT)/1 = V(OUT). If there is more than
one input source with anonzero AC value, then you can't meaningfully look at
gains from one of the source nodes to another node.

The basic sequence for AC analysisisthis:

1. Optionally calculate the DC operating point.

2. Compose the linear equivalent AC model for every device.
3. Construct a set of linearized circuit equations.

4. Set frequency to fmin.

5. Solvefor all voltages and currentsin the linearized model.
6. Plot or print requested variables.

7. Increment frequency.

8. If frequency exceeds fmax, quit, else go to step 5.

127



Command buttons

Numericlimits

Curve options

Expressions

The AC AnalysisLimitsdiaog box

TheAnaysisLimitsdialog box isdivided into five principal areas: the Command
buttons, Numericlimits, Curveoptions, Expressions, and Options.

W AC Analysis Limits
Run | add | peete | Ewpand. | Swepping. | Properies | Hep. |
—— Freguency Range ,TEIMEI;JK— Bun Optiong ’WL‘
Number of Paints |— State Variables ]ﬁ )
Temperature [Linear =] 27 Erequency Step  [amoe 7] — Optlons
Maxirum Change % ,E— =
| MNoise Input ,\/1— ™ Auto Scale Ranges
Naise Output o
P | X Expression | ' Expregsion ‘ ® Range ‘ ' Range
[ [MEmEE) [ [MOUTA) [1oMeq 1K [o0.160
EF [PHOOUTE) [1omeg. 1K [eo0.40
F [NOTSE I [FEn2Enzea
| [OEmEE [onDIsE [1oMeq 1K [poun 46
[ [FECOUTA) [MOEUTAY [poo-20mz00  [100-400.100

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: Thiscommand adds another Curve optionsfield and Expressionfieldline
after the line containing the cursor. The scroll bar to theright of the Expression
field scrollsthe curve rowswhen needed.

Delete: Thiscommand deletesthe Curveoption field and Expressionfield line
wherethetext cursor is.

Expand: This command expands the working area for the text field where
thetext cursor currently is. A dialog box is provided for editing or viewing.
To usethefeature, click in an expression field, then click the Expand button.

Stepping: Thiscommand call sup the Stepping dial og box. Steppingis
reviewed in aseparate chapter.
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Properties. Thiscommand invokes the Properties dialog box which letsyou
control the analysis plot window and the way curves are displayed.

Help: Thiscommand calls up the Help system which provides information by
index and topic.

Thedefinition of each item inthe Numericlimitsfieldisasfollows:
* Frequency Range: Thisfield controls the frequency range for the
analysis. The syntax is <Highest Frequency> [, <Lowest Frequency>]. If
<Lowest Freguency> is unspecified, the program calculates a single data
point at <Highest Frequency>.
* Number of Points: This determines the number of data points printed in
the Numeric Output window. It also determines the number of data points
actually calculated if Linear or Log stepping is used. If the Auto Step method
is selected, the number of points actually calculated is controlled by the
<Maximum change %> value. If Auto is selected, interpolation is used to
produce the specified number of points. The default value is 51. This number
isusually set to an odd value to produce an even print interval.
For the Linear method, the frequency step and the print interval are:
(<Highest Frequency> - <Lowest Fregquency>)/(<Number of points> - 1)
For the Log method, the frequency stepis:
(<Highest Frequency> / <Lowest Frequency>)Y/(Number of points> - 1)

* Temperature: Thisfield controls the temperature of the run. If the
Temperature list box shows Linear the format is:

<high> [, <low> [, <step>]]

The default value of <low> is <high>, and the default value of <step> is
<high> - <low>.

If the Temperature list box shows List the format is:
<tI>[,<t2>[,<t3>][,..]]

where t1, t2,.. are individual values of temperature.
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All values are in degrees Celsius. 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.

* Noise Input: Thisisthe name of the input source to be used for noise
calculations. If the INOISE and ONOI SE variables are not used in the
expressionfields, thisfieldisignored.

* Noise Output: Thisfield holds the name(s) or number(s) of the output
node(s) to be used for noise calculations. If the INOISE and ONOISE
variables are not used in the expression fields, thisfield isignored.

The Curve options are located below the Numeric limits and to the left of the Ex-
pressions. Each curve option affects only the curve in its row. The options func-
tionasfollows:

The first option toggles the X-axis between alinear M and alog |[T[| plot.
Log plotsrequire positive scale ranges.

The second option toggles the Y -axis between alinear 5| and alog
plot. Log plotsrequire positive scale ranges.

The []| option activates the color menu. There are 64 color choices for an
individual curve. The button color isthe curve color.

The EF| option prints atable showing the numeric value of the curve.

Thetableis printed to the Output window and saved in thefile
CIRCUITNAME.ANO.

The [[]] option selects the basic plot type. In AC analysis there are three
types available, [[il] rectangular, || polar, and [&] Smith chart.

A number from 1to 9 in the P column is used to group the curvesinto
different plot groups. All curves with like numbers are placed in the same
plot group. If the P column is blank, the curveis not plotted.

The Expressions field specifies the horizontal (X) and vertical (Y) scaleranges
and expressions. The expressions are treated as complex quantities. Some com-
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mon expressions are F (frequency), db(v(1)) (voltagein decibels at node 1), and
re(v(1)) (real voltage at node 1). Note that while the expressions are evaluated
as complex gquantities, only the magnitude of the Y expression vs. the magni-
tude of the X expression is plotted. If you plot the expression V(3)/V(2), MC7
eval uates the expression as a complex quantity, then plots the magnitude of the
final result. Itisnot possible to plot acomplex quantity directly versus frequency.
Y ou can plot the imaginary part of an expression versusits real part (Nyquist
plot), or you can plot the magnitude, real, or imaginary parts versus frequency
(Bodeplot).

The scale ranges specify the scales to use when plotting the X and Y expres-
sions. Therangeformat is:

<high> [,<low>] [,<grid spacing>] [,<bold grid spacing>]

<low> defaults to zero. [,<grid spacing>] sets the spacing between grids.
[,<bold grid spacing>] sets the spacing between bold grids. Placing "AUTQO" in
the X or Y scale range calculates its range automatically. The Auto Scale Ranges
option calculates scalesfor al ranges during the simulation run and updates the X
and Y Rangefields. The Auto Scale (F6) command immediately scalesall curves,
without changing the range values, |etting you restore them with CTRL + HOME
if desired. Note that <grid spacing> and <bold grid spacing> are used only on
linear scales. Logarithmic scales use a natural grid spacing of 1/10 the major grid
valuesand bold is not used. The Auto Scale command uses the Pr efer ences/
Auto Scale Gridsvalueto set the grid spacing.

Clicking theright mouse button inthe Y expression field invokesthe Variables
list. It lets you select variables, constants, functions, and operators, or expand the
field to allow editing long expressions. Clicking theright mouse button in the other
fieldsinvokes asimpler menu showing suitable choices.
TheOptionsgroupincludes:

* Run Options
* Normal: Thisrunsthe simulation without saving it to disk.

® Save: Thisrunsthe ssmulation and saves it to disk.

* Retrieve: Thisloadsapreviously saved simulation and plots and
printsit asif it were anew run.

® State Variables: These options determine what happens to the time
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domain state variables (DC voltages, currents, and digital states) prior to
theoptional operating point.

® Zero: Thissetsthe state variableinitial values (node voltages, inductor
currents, digital states) to zero or X.

* Read: Thisreads a previously saved set of state variables and uses
them astheinitial valuesfor the run.

* Leave: Thisleaves the current values of state variables alone. They
retain their last values. If thisisthefirst run, they are zero. If you have
just run an analysis without returning to the Schematic editor, they are
the values from that run.

* Frequency step
* Auto: Thismethod usesthefirst plot of the first group as apilot 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
thefourth numeric field of the AC AnalysisLimitsdialog box. Auto isthe
standard.

* Linear: This method produces a frequency step such that, with alinear
horizontal scale, the data pointsare equidistant horizontally.

* Log: This method produces a frequency step such that with alog
horizontal scale, the data pointsare equidistant horizontally.

® List: Thismethod uses acomma-delimited list of frequency points
from the Frequency Range, asin 1E8, 1E7, S5E6.

*® Operating Point: This calculates a DC operating point, changing the time-
domain state variables as aresult. If an operating point isnot done, the time
domain variables are those resulting from the initialization step (zero, leave, or
read). Thelinearization is done using the state variables after thisoptional
operating point. In anonlinear circuit where no operating point is done, the
validity of the small-signal analysis depends upon the accuracy of the state
variablesread from disk, edited manually, or enforced by deviceinitial values
or .IC statements.

® Auto Scale Ranges. This sets all ranges to Auto every time asimulation is
run. If disabled, the values from the range fields are used.
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The AC 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.
AnalysisWindow: (F4) This command displays the analysis plot.

Watch: (CTRL + W) This displays the Watch window where you define
expressions or variables to watch during abreakpoint invocation.

Breakpoints: (ALT + F9) This accesses the Breakpoints dialog box.
Breakpoints are Boolean expressions that define when the program will enter
single-step mode so that you can watch specific variables or expressions.
Typical breakpointsare F>=10Meg AND F<=110Meg, or V(OUT)>2.

3D Windows:. Thisletsyou add or delete a 3D plot window. It isenabled only
if morethan onerunisdone.

Performance Windows: Thisletsyou add or delete a performance plot
window. It isenabled only if there is more than one run.

Numeric Output: (F5) This shows the Numeric Output window.
State Variables editor: (F12) This accesses the State Variables editor.

DSP Parameter s: Thisopensthe DSP dialog box. It letsyou specify the
frequency window lower and upper limits and the number of sample pointsto
usefor the DSP functions. See Chapter 24, "Fourier Analysisand Digital
Signal Processing”, for moredetailson DSP functions.

Reduce Data Points: Thisitem invokes the Data Point Reduction dialog
box. It lets you delete every n'th data point. Thisis useful when you use very
small time steps to obtain very high accuracy, but do not need al 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 the X and Y expressions of each curve by

clicking the button in the curve row. Numeric output includes:

Analysis Limits Summary: Thisisa printout of the main analysis limitsfrom

the AnalysisLimits, Stepping, and Monte Carlo dial og boxes.

Operating point information: Thisis a printout of the DC operating point
values for each devicein the circuit. It includes a selection of device currents,
voltages, conductances, and capacitances.

Curve tables: These are tabular printouts of the value of each X and Y

expression of selected curves. Duplicated X expressions (like F for

frequency) are eliminated.

Output is saved to the text file CIRCUITNAME.ANO and printed to the window,
which is accessible after the run by clicking on the button. Hereis atypical

result.
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Figure 7-2 Numeric output
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Noise
MC7, like SPICE, models three types of noise:

* Thermal noise
* Shot noise
* Flicker noise

Thermal noise, produced by the random thermal motion of electrons, isaways
associated with resistance. Discrete resistors and the parasitic resistance of ac-
tive devices contribute thermal noise.

Shot noiseis caused by arandom variation in current, usually due to recombina-
tion and injection. Normally, shot noise is associated with the dependent current
sources used in the active device models. All semiconductor devices generate
shot noise.

Flicker noise originates from avariety of sources. In BJTSs, the source is normally
contamination traps and other crystal defects that randomly release their captured
carriers.

Noise analysis measures the contribution from all of these noise sources as seen
at the input and output. Output noise is cal culated across the output node(s) speci-
fied in the Noise Output field. To plot or print it, specify 'ONOISE' asthe Y ex-
pression. Similarly, input noiseis calcul ated across the same output nodes, but is
divided by the gain from the input node to the output node. To plot or print input
noise, specify "INOISE" asthe Y expression.

Because the network equations are structured differently for noise, it is not pos-
sible to simultaneously plot noise variables and other types of variables such as
voltage and current. If you attempt to plot both noise and other variables, the pro-
gram will issue an error message.

Because noiseis an essentially random process, there is no phase information.
Noiseis defined as an RM S quantity so the phase (PH) and group delay (GD)
operators should not be used.

Noise is measured in units of Volts/ HZY2.
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AC analysistips

Here are some useful things to remember for AC analysis:

Unexpected output when bypassing the operating point:

If your circuit is producing strange results and you are not doing an operating
point, make surethat theinitial conditions you've supplied are correct. You
must supply all node voltages, inductor currents, and digital statesif you skip
the operating point in order to get meaningful results.

Zero output:

If your circuit is producing zero voltages and currentsit is probably because
the sources are absent or have zero AC magnitudes. Only the PULSE and
SIN sources have a nonzero 1.0 default AC magnitude. The User source
supplies what its file specifies. Function sources generate an AC excitation
equal to the value of their FREQ expression, if any. The other sources either
have no AC magnitude at all or else have a 0.0 volt default AC magnitude.

Smultaneous Auto Fregquency step and Auto Scale:

If you select both Auto frequency stepping and Auto Scale, the first plot will
probably be coarse. Auto frequency stepping uses the plot scale employed
during the run to make dynamic decisions about a suitable frequency step. If
Auto Scaleisin effect, the plot scale employed during therunis preset to a
very coarse scale. The frequency steps are not referenced to the actua
range of the curve, sinceit isonly known after the run. The solutionisto
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 isavery narrow band reject filter and your gain plot isflat, itis
probably because the frequency step control is not sampling in the notch. This
can happen when the sweep starts at a frequency far to the left of the notch.
Sincethe plot isvery flat, the frequency step is quickly increased to the
maximum. By the time the frequency nears the notch, the step exceeds the
notch width and the sweep jumps over the notch. Thisislike acar moving so
fast that is doesn't notice a narrow pothole that would have been apparent at
alower speed. The solution is to set the fmin much nearer the expected
notch, or use one of the fixed frequency step methods. If you use afixed
step, make sure the frequency step is smaller than the notch. This can be
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accomplished by increasing the Number of Points value or decreasing the
frequency range and centering it near the expected notch frequency.

Plotting reactive power:

To plot reactive power through a capacitor C1, plot V(C1)*1(C1). To plot
reactive power through an inductor L1, plot V(L1)*I(L1). For a port whose
input nodes are A and B, plot (V(A,B))*1(V1), where V1 isazero-volt
independent voltage source in series with one of the port leads.

Using the P key

During an AC analysis run, the value of the expressions for each curve can be
seen by pressing the 'P' key. This key toggles the printing of the numeric values
on the analysis plot adjacent to the expressions. Thisis a convenient way to check
the course of anew, lengthy simulation when theinitia plot scales are unknown.
Thisfeature may significantly slow the simulation, so only useit to "peek" at the
numeric results, then toggle it off with the'P key.
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I
Chapter 8

|
DCAnaysis

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 devel op-
ment of electrical engineering technology. For our purposes, DC means simply
that the sources are constant and do not vary with time.

During aDC analysis, capacitors are open-circuited, inductors are short-circuited,
and sources are set to their time-zero values. DC analysis sweeps one or two
input independent variables (such as current or voltage source values) over a
specified range. At each voltage or current step, MC7 performs an operating
point cal culation.

Transfer characteristics are atypical application for DC analysis.
Features new in Micro-Cap 7

® Optimizer

* \Watch window

* Breakpointswindow
* Range format <high> [,<low>] [,<grid spacing>] [,<bold spacing>].
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The DC AnalysisLimitsdiaog box

The AnalysisLimitsdialog box isdivided into five major areas: the Command
buttons, Numericlimits, Curveoptions, Expressionfields, and Options.

Wl DC Analysis Limits
Command buttons ———— Pun | avo | | | _stpora.. | Properes. | ger. |
Sweep
Method MName Range
Wariahle 1 ‘Aulu j ‘\/1 j ‘ J |[IIJE;[IEI5
oL Warighle 2 ‘NUHE j ‘ J ‘ J |NONE
Numericlimits
Temperature MNumber of Paints bexirnurn Change %5
hethod Fange
Linear j ‘2? 3
Bun Options  [Mormal - [T Auto Scale Ranges Optl Ons
. [ ‘ » Expression ‘ ' Expression ‘ * Range | Y Range |
Curve options —_— |1—‘V(\n) [#(Outa) [005.-005.0.002  [6EA0E
[mMEE] |2— ‘V(\n) |de|(v(0um))me|(v(m)) ‘n 005.-0.005.0.002 |—1 000.200
e | | |
=] | | | |
|

Expressions | |

Figure 8-1 The Analysis Limits dialog box

Command buttons provide these commands.

Run: This command starts the analysisrun. Clicking the Tool bar Run ﬂ
button or pressing F2 will also start the run.

Add: Thiscommand adds another Curve optionsfield and Expressions
field line after the line containing the cursor. The scroll bar to theright of the
Expressionsfield scrolls through the curves when needed.

Delete: This command del etes the Curve option field and Expressions
field line where the text cursor is.

Expand: This command expands the working areafor the text field where
thetext cursor currently is. A dialog box is provided for editing or viewing.
To usethefeature, click in an expression field, then click the Expand button.

Stepping: Thiscommand calls up the Stepping dialog box. Stepping is
reviewed in a separate chapter.
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Properties. Thiscommand invokes the Properties dialog box which letsyou
control the analysis plot window and the way curves are displayed.

Help: This command calls up the Help system.

The definition of each field in the Numeric limitsare asfollows:
® Variable 1: Thisrow specifies the Method, Name, and Range fields for
variable 1. Itsvalueisusually plotted along the X axis. Each value produces
aminimum of one data point per curve. There are four column fieldsfor this

variable,

* Method: Thisfield 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 % val ue.

® Linear: Thismode uses the following syntax from the Range
columnfor thisrow:

<end> [,<start> [,<step>] ]

Sart defaults to 0.0. Sep defaults to (start - end)/50.
Variable 1 starts at start. Subsequent values are computed by
adding step until end is reached.

* Log: Log mode uses the following syntax from the Range
column for thisrow:

<end> [ <start> [,<step] |

Sart defaults to end/10. Sep defaults to exp(In(end/start)/10).
Variable 1 starts at start. Subsequent values are computed by
multiplying by step until endis reached.

® List: List mode uses the following syntax from the Range
columnfor thisrow:

<vl> [,<v2> [,<v3>] ..[,<vn>] |

The variable is simply set to each of the valuesvl, v2, .. vn.
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* Name: Thisfield specifies the name of variable 1. The variable itself
may be a source value, temperature, a model parameter, or a symbolic
parameter (one created with a .DEFINE statement). Model parameter
stepping requires both a model name and a model parameter name.

* Range: Thisfield specifies the numeric range for the variable. The
range syntax depends upon the Method field described above.

* Variable 2: This row specifies the Method, Name, and Range fields for
variable 2. The syntax isthe same asfor variable 1, except that the stepping
optionsinclude None and exclude Auto. Step defaultsto (start - end)/10. Each
value of variable 2 produces a separte branch of the curve.

* Temperature: This controls the temperature of the run. The fields are:

* Method: This field specifies one of two methods for stepping the
temperature: Linear or List.

® Linear: Thismode uses the following syntax from the Range
columnfor thisrow:

<end> [,<start>[,<step>] |
Sart defaults to end. Step defaultsto start - end. Temperature
begins at start. Subsequent values are computed by adding step

until endisreached.

e List: List mode uses the following syntax from the Range
column for thisrow:

1> [,<v2> [,<v3>] ..[,<vn>] |

Temperature is smply set to each of the values vi, v2, .. vn.
One run is produced for each temperature. Note that when temperature
is selected as one of the stepped variables (variablel or variable 2)
this field is not available.

* Range: Thisfield specifies the range for the temperature variable. The
range syntax depends upon the Method field described above.
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* Number of Points. Thisisthe number of datapointsto beinterpolated and
printed if numeric output is requested. This number defaultsto 51 and is often

set to an odd value to produce an even print interval. Itsvalueis:
(<finall> - <initial1>) /(<Number of points> - 1)

<Number of points> values are printed for each value of the Variable 2
source.

®* Maximum Change %: Thisvaueisonly used if Auto is selected as the

step method for Variable 1.

The Curve options are located below the Numeric limits and to the left of the Ex-
pressions. Curve options affect the curve in the same row. The definition of each

optionisasfollows:

Thefirst option toggles the X-axis between alinear m and alog |[]| plot.

Log plots require positive scale ranges.

The second option toggles the Y -axis between alinear | and alog
plot. Log plots require positive scal e ranges.

The g option activates the color menu. There are 64 color choices for an

individual curve. Thebutton color isthe curve color.

The option prints atable showing the numeric value of the curve. The

number of values printed is set by the Number of Pointsvalue. Thetableis
printed to the Output window and saved in the file CIRCUITNAME.DNO.

A number from 1 to 9 in the Piot (P) column places the curve into a plot
group. All curves with like numbers are placed in the same plot group. If
the P column is blank, the curveis not plotted.

The Expressionsfield is used to specify the horizontal (X) and vertical (Y) scale
ranges and expressions. Some common expressions used are VCE(Q1) (collector

to emitter voltage of transistor Q1) or IB(Q1) (base current of transistor Q1).

The X Rangeand Y Range fields specify the scales to be used when plotting the

X and Y expressions.
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Therangeformatis.
<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 "AUTQ" in
the scale range calculates that individual range automatically. The Auto Scale
Ranges option calculates scales for all ranges during the simulation run and up-
datesthe X and Y Rangefields. The Auto Scale (F6) command immediately
scalesal 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 mgjor grid values and bold is not used. The Auto Scale command usesthe
Preferences/ Auto Scale Gridsvalueto set the grid spacing.

Clicking theright mouse button inthe Y expression field invokesthe Variables
list which letsyou select variables, constants, functions, and operators, or expand
thefield to allow editing long expressions. Clicking theright mouse button inthe
other fieldsinvokes asimpler menu showing suitable choices.
The Options areais below the Numeric limits. The Auto Scale Ranges option has
acheck box. Clicking the mousein the box will toggle the options on or off with
an X in the box showing that the option is enabled.
The options available from here are:

®* Run Options

* Normal: Thisrunsthe simulation without saving it to disk.

® Save: Thisrunsthe smulation and savesit to disk.

* Retrieve: Thisloads apreviously saved simulation and plots and
printsit asif it were anew run.

® Auto Scale Ranges. This setsthe X and Y range to auto every time a
simulationisrun. If itisdisabled, the valuesfrom the range fields will be used.
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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.
AnalysisWindow: (F4) This command displays the analysis plot.

Watch: (CTRL + W) This displays the Watch window where you define
expressions or variables to watch during abreakpoint invocation.

Breakpoints: (ALT + F9) This accesses the Breakpoints dialog box.
Breakpoints are Boolean expressions that define when the program will enter
single-step mode so that you can watch specific variables or expressions.
Typical breakpointsareV(A)>=1AND V(A)<=1.5,and V(OUT)>5.5.

3D Windows:. Thisletsyou add or delete a 3D plot window. It isenabled only
if morethan onerunisdone.

Performance Windows: Thisletsyou add or delete a performance plot
window. It isenabled only if there is more than one run.

Numeric Output: (F5) This shows the Numeric Output window.
StateVariableseditor: (F12) Thisaccessesthe State Variableseditor.
Reduce Data Points: Thisitem invokes the Data Point Reduction dialog
box. It lets you delete every n'th data point. Thisis useful when you use very
small time steps to obtain very high accuracy, but do not need all of the data
points produced. Once deleted, the data points cannot be recovered.

Exit Analysis: (F3) This exits the analysis.
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Numeric output

Numeric output may be obtained for the X and Y expressions of each curve by
clicking the Numeric Output button [E|in the curve row. Numeric output in-
cludes:

Analysis Limits Summary: Thisisa printout of the main analysis limitsfrom
the AnalysisLimits, Stepping, and Monte Carlo dial og boxes.

Expression tables: Thisis atabular printout of the value of each X and Y
expression of each selected curve. Duplicated X expressions are
eliminated. The values are interpolated from the actual data points. The
Number of Points value from the Analysis Limits dialog box determinesthe
number of points printed in the table.

Output is saved to the text file CIRCUITNAME.DNO and printed to the Nu-
meric Output window. Thiswindow is accessible after the run from the DC
menu. Hereisatypical numeric output window.

& Micro-Cap 7.0.0 - [E:\MC7ADATA\DIFFAMP DNO] HF E3
7 File Edit Windows Options DC Scope  Monte Carlo Help —|&] x|
HR &R DOME PG EWd ! @™
LI ] aa @F
Micro-Cap 7.0.0 -

Bill Steele
spectrum Software
DC Analysis of DIFFANP

ariahle 1 Method Auto
ariable 1 Name vl
ariable 1 Range .005,-.00%
ariable 2 Method HNone
ariable Z Name NONE
arisble 2 Range NONE
Tenperature Linear 27
mber of Points 51

eximm Change % &

R Oprions Hornal

Temperature=27

¥(In) V(Outh) del(v(Outh])/del{w(in|)

(u¥) 1) (K)
-5.000  6.000 ik
-4.800  6.000 -0.000
-4.600  6.000 -0.001
-4.400  5.998 -0.001
-4.200  5.983 -0.001
-4.000 5.993 -0.002
-3.800 5.998 -0.003
-3.600 5.998 -0.004
-3.400 5.998 -0.006
-3.200 5.995 -0.009
-3.000 5.992 -0.012 =

Figure 8-2 Numeric output
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Using the P key

During a DC analysis run, the value of the expressions for each curve can be
seen by pressing the 'P' key. This key toggles the printing of the numeric values
on the analysis plot adjacent to the expressions. Thisis a convenient way to check
the course of anew, lengthy simulation when theinitial plot scales are unknown.
Thisfeature may significantly slow the smulation, so only useit to "peek" at the
numeric results, then toggle it off with the'P key.

Troubleshooting tips
Here are some useful things to remember for DC analysis:

IV curves:

To generate 1V curves for a device, place a voltage source across the output
leads and sweep itsvoltage using the Variable 1 source. Place avoltage 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
dothis.

No convergence during a sweep:

DC anaysisisthe most difficult of al the analysis modes, because it does not
benefit from the converging effects of capacitors and inductors, as transient
analysisdoes. If convergencefails, especially during a sweep, try changing
the starting and/or step value to avoid the problem area.

147



148  Chapter 8: DC Analysis



Chapter 9 DynamicDCAnalysis

What's in this chapter

This chapter describes the features of Dynamic DC analysis. This analysis mode
isdesigned to dynamically display the DC voltage, current, power, and device
conditions, asthe circuit responds to user changes.
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What happensin Dynamic DC analysis

Dynamic DC is an interactive process in which the user modifies the circuit and
the program calcul ates the DC response immediately and displays one or more
measures of the DC state. The process looks like this:

* User modifiesthe circuit
* MCY findsthe DC solution
® The schematic display isupdated

The schematic hasfour optional display buttonsfor displaying the circuit'stime
domain quantities. Each can beindividually enabled.

B| Voltages/states

5| Device pin currents

5| Device power

‘51| Device condition (ON, OFF, SAT, LIN, etc.)

When the Dynamic DC mode isinvoked, the Voltages/states button is enabled, so
that, at a minimum, the schematic shows these values. To display current, power,
or condition you must click these buttons separately.

Y ou can make any kind of change to the schematic and the program will respond
by calculating the new DC state. Y ou can rewire, add or delete components,
change parameter values or any edit you wish and the display will show the
updated values.

The battery, V source, | source, and resistor values can be adjusted in one of two
ways:

* By selecting a device and dragging the slider which appears next toit. The

presence of the dider can be enabled or disabled from the Preferences dialog
box (SHIFT + CTRL + P). By default it is off. The attributes SLIDER_MIN
and SLIDER_MAX control the slider range for the part. When a part isfirst

placed in a schematic or edited, its SLIDER_MIN attribute is set to zero and

its SLIDER_MAX attributeis set equal to the VALUE attribute.

Chapter 9: Dynamic DC Analysis



* By selecting adevice (clicking on it) you can use the UP ARROW and
DOWN ARROW keys to increase or decrease the source value. One or
more parts may be selected for simultaneous manipulation in thisway.
Each key press changes the VALUE attribute by a convenient portion of
the difference between SLIDER_MAX and SLIDER_MIN.

Notethat the display buttons show the indicated quantitiesfor all analysis modes,
not just Dynamic DC. After atransient analysis, the buttons display the ending
conditions of thetransient analysis, which typically isnot the DC operating point
but the last transient analysis time point. It would be the result of the transient
analysis operating point if the Operating Point Only option has been selected.

After an AC analysis, the buttons show the results of the last DC operating point
performed during the analysis, if one was performed. The DC operating point is
recommended but optional in AC.

After aDC analysis, the buttons show the results of the last DC sweep point.
When the Dynamic DC mode is exited, either by deselecting the Dynamic DC
button on the Analysis menu, or by selecting another analysis type from that
menu, the program lets you optionally restore the circuit edits made during the
Dynamic DC.

Note that if you drag a component away from acircuit and drop it in an empty
space, MC7 will normally object during the analysis setup since this creates one
or more nodeswith no DC path to ground. Sincethisislikely to temporarily occur
during Dynamic DC,

MC7 enables the Add DC Path to Ground option during Dynamic DC.

After the Dynamic DC mode is exited, the option's original statusis restored.
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A sample of Dynamic DC analysis

Toillustrate Dynamic DC analysis, load thefile TTLINV. Select Dynamic DC
fromthe Analysismenu. Thedisplay should look likethis:

@Micro-Cap 7.0.0 - [EAMC7\DATA\TTLINY.CIR] [_ (5] x]
¢4 Ele Edit Component Windows Oplions Analysis Design Help - 18] x|
EEE&R t-dHx -+ MO E PG
Ao T LN EB~ i W2 oo g S 5 O 5[] & | I JE=RICHCR
TTLINV.CIR
RS This circuit feeds a pulse source inta an analog
5 100 wersion of a TTL inverter which is then connected to
l T two digital versions ofthe inverter. Run transient and -
DC analysis.
BZBIm70B8mNA2 (L3Z
=
W ‘
OEIDCNEY Y S— K \ i

Figure 9-1 Display of initial node voltages

MC7 solved for the DC voltagesin the circuit and displayed the voltages and digi-
tal states on the screen. Select the battery by clicking on it, and press the DOWN
ARROW key. Each time you press the key, the battery voltage goes down by .1
volts so that by the seventeenth key press, the display lookslikethis:

il Micro-Cap 7.0.0 - [E:AMC7\DATAVTTLINY.CIR] |_[=]x
b File Edit Componemt Windows Options  Analysis  Design Help _ || x|
bzRE&ER - ¥ By t~+w k>0 MO E PG
N T L™ B4 K e B 5 3= 5 #E e aF
TTLINV.CIR
RS This circuit feeds a pulse souree into an analog
33 100 wersion of a TTL inverter which is then connected to
l N two digital versions ofthe inverter. Run transient and
L DC analysis.
-
M4 DN Text\Page 1 N« | v

Figure 9-2 Display of voltages at the switching point
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The battery voltage has declined to about 3.3 volts and the output of the analog
stage and hasfallen to about 2 volts. The digital states have all changedto X. The
dynamic control can be used to adjust DC voltages precisely to show the switching
point of thecircuit.

Now disable the @ voltage button, and enable the g button. This produces a
display likethis:

yMicro-Cap 7.0.0 - [E:\MC7\DATAVTTLINV.CIR]

7% Eile Edit Component Windows Options Analysis Design Help 18] x|
heEB&R « % B L~k ++ ¢ TMOCE PG

Ao~ T LN 68§ K mej sV @5 3 O 3 [ 3 [ B E aa aF

TTLINV.CIR

DED DN S— | B

Figure 9-3 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
specifiedinPrefer ences/ Format / Schematic Voltages/Current/Power . Y ou
can changethisformat to display moredigitsif you like. The numeric format is
explained in Chapter 2. More digits produce more numbers on the screen and often
lessclarity, so thereisatrade-off.

Y ou can also display power terms. Depending upon the device, there may be gen-
erated power, dissipated power, or stored power. In general, active devices have
both stored and dissipated power terms. In a DC operating point cal culation, how-
ever, the stored power term will be zero. Sources generally have only generated
power terms.
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To see what the power displays ook like, disablethe ﬂ button, and enable the
ﬂ button. Thisproducesadisplay likethis:

@ Micro-Cap 7.0.0 - [EAMC7\DATA\TTLINV.CIR] (5] x]

¢ Ele Edit Component Windows Oplions Analysis Design Help _ 18] x|

DEEBRER - & B t~+H+ +-+-d OO @ PG

A T LN B~ i W e e 2 5 O 5 #E e aF
TTLINV.CIR

= is circuit feeds a pulse souree info an analog
1555 B30 gion of 3 TTL tnvertor which s then connected to
two digital versions ofthe inverter. Run transient and | |
DG analysis

1K
d=3 04E-020]
WD M TexthPager, 4] | DI

Figure 9-4 Display of device power terms

Finally, to seewhat the condition display lookslike, disablethe ﬂ button, and
enablethe % button. Thisproducesadisplay likethis:

Micro-Cap 7.0.0 - [E-A\MC7{\DATA\TTLINY.CIR]

ii File Edit Component Windows Options Analysis Design Help & x|
DEEB&ER <~ & & Lok +-d MOTE PG
Ao TN 4B~ § W2 e B 32 5 00— [ | HwEHee oF

Ir1

TTLINV.CIR
s This circuit feeds a pulse souree into an analog
Ton  version ofa TTLinverterwhich is then connected to
two digital versions ofthe inverter. Run transient and =
DC analysis.
LIM]
%
OFF
HI» M Test jPage 1,/ 4| | [

Figure 9-5 Display of device conditions
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1
Chapter 10 Transfer Function Analysis

What's in this chapter
This chapter describes the features of Transfer Function analysis. Thisanalysis
mode is designed to calculate the DC transfer function from a specified input
source to a specified output expression.
Theprincipal topicsdescribed in thischapter include:

* What happensin Transfer Function analysis

® The Transfer Function analysisdia og box
* A Sample of Transfer Function analysis
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What happensin transfer function analysis

Transfer function analysis cal culates 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)
Thisanalysis mode al so cal cul ates 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 avery small changein 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 betruewith 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 asmall DC changeis made in the output test source and the resulting
changeinits current noted. The ratio of these two quantities produces the output
impedance result.
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The Transfer Function Analysis Limitsdialog box

Toillustrate how thistype of analysis works, load the file DIFFAMP. Select
Transfer Function from the Analysis menu. The dialog box looks like this:

Transfer Function
Output Expressian |\r’(O UTA) j
Input Source Name |\ﬂ j

Transfer Function ,7 W Place Text
Input Impedance ,7
Output Impedance ,7

W Close | Helg... |

Figure 10-1 The Transfer Function dialog box

Thedia ogbox providesthefollowinginputfields:
* Qutput Expression: Thisiswhere you specify the desired output expression.
It can be any legal expression involving any number of DC time-domain
variables and functions. Usually it'sasimple expression like V(A,B) or 1(R1).
* Input Source Name: Thisisthe part name of the input source.

Theresults are placed in these fields:

* Transfer Function: Thisisthe field where the program places the result of
thetransfer function calculation.

* Input Impedance: Thisisthe field where the program places the result of
theinput impedance cal culation.

* Qutput Impedance: Thisis the field where the program places the result of
the output impedance cal cul ation.

Thereisaso afield called "Place Text". If this box is checked, then the numeric
results are placed into the schematic as grid text.
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A sample of transfer function analysis

Toillustrate, make sure the Place Text option is selected, then click on the Calcu-
late button. Thedisplay should look likethis:

Transfer Function
Output Exprassion |V(OUTA) j
Input Source Mame |V1 j
Transfer Function ’W W Flace Text

Input Impedance 100069
Output Impedance (5000

Figurel1l0-2 Theanalysisresults

MC7 solved for the transfer function and impedances and printed the resultsin
the dialog box. If you run DC analysis and manually calculate the small-signal DC
transfer function, you will get the same result, though it will take longer to set up.
Click on the Close button. Notice that the program added a piece of grid text de-
scribing the results of the transfer function analysis to the schematic

EaMicro-Cap 7.0.0 - [E:\MCTADATA\DIFFAMP.CIR]

i+ Eile Edit Component Windows Opfions Analysis  Design Help 8]}
DERESR - -+ >+¢ MONE PG

ko~ TLN 48~ 5 R w8 R — i a #Eeaq

Output =W{OUTA)

Input Source Mame =41 10K.
Transfer Function=604.23 gy
Input Impedance =100063
Output Impedance =5000

MODEL %1 PUL {V¥OMNE=0.001 P2=.2U P3=2.6U P4=2.7J P4=5L))
MODEL M1 NPN (BF=250 CJC=08F CJE=1 8P TF=4N TR=1MN}
va MODEL M2 NPN (BF=50 CJC=1P CJE=2P TF=1N TR=6M)

l<[ <[> [Tt jpage . 114 | ]
Figure 10-3 The annotated schematic
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Chapter 11 Sengitivity Analysis

What's in this chapter

This chapter describes the features of Sensitivity analysis. This analysis mode
calculates the DC sensitivity of one or more output expressionsto one or more
circuit parameters.

Theprincipal topicsdescribed in thischapter include:
* What happensin Sensitivity analysis

* TheSensitivity analysisdial og box
* A Sampleof Sensitivity analysis
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What happensin sensitivity analysis

Sensitivity analysis calculatesthe small-signal DC sensitivity of one or more out-
put expressionsto one or moreinput variables. Sensitivity isdefined as:

Changein an output expression/ Small changein aninput variable

The"Small change” part isimportant, asthe intention isto approximate the value
of the derivative at the nominal operating point. Accordingly, achange of
1E-6*Value, or 1U if the valueis zero, is used.

Sensitivity analysisisliketransfer function analysis, except that it calculatesthe
sensitivity of aimost any DC expression to any variable that can be stepped.
Transfer function analysis, by contrast, only calculates the DC sensitivity of ex-
pressions to the value of input DC source val ues.

Sensitivity analysis can calculate agreat many quantities depending upon the
choices made in the dialog box. Y ou can choose one input parameter or you can
choose many. If you choose many, and opt for all parameters, the program may
grind away for along time, so choose wisely. If you select the All On and Model
options, for example, each MOSFET level 1-3 model will require 51 operating
point calculations, and the MOSFET level 5-8 will require several hundred.

Chapter 11: Sensitivity Analysis



The Sensitivity AnalysisLimitsdial og box

Toillustrate how thistype of analysis works, load the circuit DIFFAMP. Select
Sensitivity from the Analysis menu. The dialog box looks like this:

Sensitivity Analysis
Sensitivity
Output | Sensitity | sensitivity (3/%) |-
WIOUTA)
YIOUTE)
=l
Input Variahle
MNP 2
FULYA
" Componert # Maodel " Symbaolic
# One " Multiple

Calculatel Close | Help... ‘

Figure 11-1 The Sensitivity dialog box

Thedialogbox providesthefollowinginputfields:

® Sensitivity group: Thisiswhere you specify the desired output expressions
and it is also where the sensitivity answer is returned. There are three fields:

® Qutput: Thisiswhere you specify one or more output expressions. Each
expression is placed on anew line. To edit an existing expression click onit.
To add anew output, click on ablank line and type in the new expression.

* Sensitivity: Thisisthe absolute sensitivity expressed asapureratio.

161



Theresult isprinted hereif only oneinput variable is selected. If more
than one parameter is selected, then the results are placed in a text output
file called CIRCUITNAME.SEN.

* Sensitivity (%/%): Thisissensitivity expressed asthe percentage change
in the output expression divided by the percentage change in the input
parameter.

* Input Variable group: Thisgroup is used to specify theinput parameter. The
fields are the same as in the Stepping dialog box, as the same parameters
are available in both cases. There are several buttons that select the input
parameter(s):

* Component: This specifies asingle instance of a part's parameter.

* Model: This specifiesamodel parameter, affecting all parts that use the
model name.

* Symbolic: This specifies a symbolic parameter (one created with a.define
statement)

® One: This selects asingle parameter for testing.

* Multiple: Thisselectsmultipleparametersfor testing. Specifically, it
specifies al those parameters shown as selected in the Input Variable

group.

To specify which parametersto test when doing multiple input parameters,
you can use the buttons as follows:

* All On: Thisselects al parametersfor all devices, creating lots of data.

* Default: This selects a special subset of parameters for al devices. The
set has been chosen to reflect common usage.

* All Off: This deselects all parametersfor all devices.

Y ou can manually select the parameters you want by using the CTRL + click
method to select alist of preferred parameters.

To start the sensitivity calculation use the Calculate button. The Close button
closesthedial og box without saving any changes.
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Select NPN N1 and its BF parameter. Click on the Calculate button and the dialog
box showstheresults.

Sensitivity Analysis
Sensitivity
Output | Sensitivity | Sensitivity (%2/%) |-
WDLTA) -3.8861e-006 -0.000473075
WDUTE) -3.8861e-006 -0.0004730756
=
InputYariable
MPR N2
FULMT
" Component # Maodel " Symbolic
& One " Multiple

it Close | Help. |

Figure 11-2 The Sensitivity dialog box

The Sensitivity fields show the raw and percentage relative sensitivity of
V(OUTA) and V(OUTB) to the BF parameter.

Because we elected to calculate for only one parameter, the results are shown in
thedialog box.

To see the effect of doing sensitivity for many parameters, click on the Model and
Multiple optionsand the Default button.

Click on the Calculate button and the program computes the sensitivity of the two

output expressions to the default model parameters and presents the resultsin a
text page called DIFFAMP.SEN. It looks like Figure 11-3.
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The file shows the two sensitivity measures for each checked model parameter in
atabular format as show below:

ro-Cap 7.0.0 - [E:\MC7 A\DIFFAMP sen] HE
71 File Edit Component Windows Options  Analysis  Design Help -8 x|
HBHER - L~4%K -4 MO PG
iR EHEE &QRABF
W (OUTA} 7 (QUTE) N
ane Value Sensitivity Sensitivity [%/%) Sensitivity Sensitivity [5/%)
IR1. value 10000 0.00263545 5.04453 -0.00258296 -4.94406
R4, Value 10000 -0.00258286 -4, 94406 0.00263545 5.04453
IRz, value 5000 -1.437e-011 -1.37529e-00& -0.000155125 -0.148463
IS, Value 5000 -0.000155125 -0.148463 -1.88919e-011 -1.80805e-008
IRe. value 10000 7. 66959e-005 0.146804 7. 669592-005 0.146804
IR3. Value 20000 0.000520174 1.59134 -0.000520232 -1.99156
IR7. Value 20000 -0.000520232 -1.99156 0.000520174 1.99134
R10.Value 5000 -8.63966e-005 -0.0826861 -8.63966e-005 -0.0826861
IR, Value 1000 0.000415557 0.079542 0.000415557 0.079542
RS, Value 2000 -0.000255418 -0.0977782 -0.000255418 -0.0977792
3. de.value & 0.0990337 0.113737 0.0950337 0.113737
2.de.value 6 0.753532 0.865403 0.753532 0.865403
PN WL.IS le-0l6 -6.37146e+013 -0.00121956 -6.37148e+013 -0.00121957
FN N1.EF 250 -5.8861e-006 -0.000473076 -9.8861e-006 -0.000473076
BN N1.HF 1 0.175835 0.0342501 0.176935 0.0342501
PN NL.HE 1.5 0 0 0 0
PN N1.ER 1 2.95444e-008 5.6551e-009 -2.79101e-008 -5.34229-009
FN N1.HR 1 1.57863e-008 3.022042-009 -1.58025e-008 -3.02476-009
FN NL.HC z 0 o 0 o ]
PN NZ. I3 le-016 2. 56016e+013 0. 000450041 2. 56014e+013 0. 000450036
PN N2.BF 50 0.000290741 0.00278254 0.00029074 0.00278254
FN N2.HF 1 -0.0661533 -0.0126624 -0.0661533 -0.0126624
FN NZ.HE 1.5 0 o 0 o
PN N2.ER 1 -1.71667e-008 -3.26589e-009 4. 68958e-009 8.97635:-010
PN H2.HR 1 7.81597e-010 1.496062-010 -8.2423e-010 -1.57766e-010
FN HZ.HC z 0 0 0 0
4

Figure 11-3 Multiple parameter sensitivity results
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.
Chapter 12 Filter Design

What's in this chapter

MC7 provides afilter design function that lets you create filter circuits. You can
select the filter type, response, and circuit implementation. MC7 will then create a
schematic of the filter circuit for you. This chapter shows you how to useit.

There are two types of filter design available, activefilter design and passive filter
design. Both are accessible from the Design menu.

Features new in Micro-Cap 7

¢ Circuitsvisibleinbackgroundduringfilter design.
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How the activefilter designer works

The MC7 active filter designer is selected from the Design menu. It lets you se-
lect thefilter type, specifications, response, and circuit implementation, then cre-
ates the required filter circuit.

Thebasicfilter typesinclude:

® Low pass
*® High pass
* Bandpass
* Notch
* Delay

The first four are defined by their Bode plot characteristics. Delay filters are
characterized by the time delay specification.

Theavailablefilter responsesinclude:

® Butterworth

* Chebyshev

* Bessel

* Elliptic

* Inverse-Chebyshev

Not all of these responses are available for every filter type. Bessel, for example,
isavailablefor delay filtersonly.

Theimplementations, or circuits, may be different for each stage and include:

* Sdlen-Key

* MFB (Multiple Feedback)

* Tow-Thomas

* Fleischer-Tow

* KHN

* Acker-Mossberg

* Tow-Thomas 2

* DABP (Dua Amplifier Band Pass)

Not all of these circuits are available for all responses, since some of the circuits
cannot achieve some responses. Available circuits range from three to eight.

166 Chapter 12: Active Filter Designer



TheActiveFilter dialog box

The activefilter designer islocated on the Design menu. Selecting this menu
invokesthefollowingdial og box:

Active Filter Designer

Diesign l Implementation] Dptions]

Type Response
™ Low-Pass % Butterworth 4
" High-Pass |: ------ —Rr 2 " Chebyshey 3
" Bandpass = 2
€ HNatch i € Ellipic 2
" Delay " |nverze Chebyshey 3
Specifications Poles and Zeroz
& Mode1 Mode2 Stage | FO | ao FN
. 1 1000 1.306562.. .
ete e ' @ 2 10m 0BT
Pazsband Ripple [R] dB
Stopband Atten. [&] |20 dB
Pagzband [Fc) 1000 Hz
Stopband [Fs) 2000 Hz
Pot | 0k | Cancel | He

Figure 12-1 The Active Filter dialog box

This dialog box has three main panels, accessible by clicking on anamed tab.

Design
Thispanel letsyou pick thefilter type, specifications, and the response
characteristic. Each time you change one of these selections the number of
stages, the pole location, Q value, and, depending upon the response type, the
zeros of each stage are calculated and shown in the Poles and Zeros display.
Y ou can edit the FO (pole frequency), QO (Q vaue), and FN (zero frequency)
values to change the shape of the response.

Implementation
Thispanel letsyou maketheimplementation decisions, including which circuit
to use, whether to use exact passive component values or to select them from
specified lists, which OPAMPs to use, and how to build the odd order stages.
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Options
In this panel you choose the number of digits of precision to be used in the
component values, what to plot, whether to create a macro or acircuit, and
whether to use an existing circuit or anew one.

Design Panel: The main panel contains three sections:
Type: This section lets you select one of the five basic types of filters:

® Low pass
* High pass
* Bandpass
* Notch
* Delay

Response: This section lets you select the mathematical approximation to the
ideal filter.

* Butterworth

® Chebyshev

* Bessel

* Elliptic

* |nverse-Chebyshev

Different responses provide different design trade-offs. Butterworth filters re-
quire much more circuitry for agiven specification, but have aflatter time delay
response. Chebyshev and inverse-Chebyshev responses require fewer stages, but
have amore pronounced time delay variation. Elliptic responses require the few-
est number of stages, but generate the greatest delay variation. Bessel filters are
low passfilterswith avery flat time delay curve and are redlly suitable only for
delay types. The number of stagesto implement the current design is shown to
the right of each response.

Specifications: Thisiswhere you enter the numerical specifications of the filter.
There are two ways to specify afilter, Mode 1 and Mode 2. In Mode 1, you
specify the functional characteristics of thefilter, like passband gain, cutoff fre-
quency, stop frequency, and attenuation. Y ou specify what you want and the pro-
gram figures out the number of stages required to achieveit, using the specified
response approximation. Mode 2, on the other hand, lets you directly specify the
main design values and the number of stages directly.
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Polesand Zeros. This section shows the numeric values of the poles, zeros, and
Qs of the response polynomial. It essentially shows the mathematical design of
the filter. When you make a change to the Type, Response, or Specifications
fields, the program redesigns the polynomial coefficients and updates the numbers
in this section. If the Plot button has been clicked, the program also redraws the
response plot. It may be aBode plot with gain, phase, and group delay shown, or it
may be just adelay plot, depending upon the selectionsin the Options panel.

Theplot isidealized becauseit is based on a standard polynomial formulafor the
selected response and the calculated or edited FO, QO, and QN values. Its plot
can only be achieved exactly with perfect components. The actual filter, made
from real components, may behave differently. When the circuit is compl eted, you
can run an analysis and see how well it fares. The actual circuit can be con-
structed from any opamp in the library ranging from ideal to ordinary and from
resistors and capacitors that are either exact or chosen from alist of standard
values. Real OPAMPs and approximate component values can have a profound
effect on the response curves.

Y ou can edit the values, to see their effect on the plot. Y ou can even create your
filter with modified values. Though thiswill not produce an ideal filter, thecircuit
created will approximate the plot shown. Note that editing any item in the Type,
Response, or Specifications areas will cause the program to recal cul ate the values
in the Poles and Zeros section, overwriting your edits.

The exact form of the approximating polynomials for each stageis shown below.
Note that U isthe complex frequency variable S, normalized to the specified FC.

Definitions
Symbol Definition

F Frequency variable
S J2*PI*F Complex frequency
U S/ (2*PI*FC) = J*F/FC  Normalized complex frequency

FO PolelocationinHz
Q0 Qvalue

FN Zerolocationin Hz (Elliptic and inverse Chebyshev filters only)
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FC

FCI

Stopband frequency for low-pass filters. Passband frequency for
high-pass filters. Center frequency for bandpass and notch filters.
The specified center frequency may be changed slightly to produce a
symmetrical band pass/reject region. The adjusted FO can be seenin
the define statement. For example, a Butterworth bandpass filter
using the default center frequency of 1000, and bandwidth of 100, is
actually designed with a center frequency of 998.75 Hz.

Passhand frequency for low-pass filters. Stopband frequency for

high-pass filters. For bandpass and notch filters FCI = FC
W0  FO/FC Normalized polefrequency
WOl FO/FCI Inverse Chebyshev normalized pole frequency
WN  FN/FC Normalized zero frequency
WNI  FN/FCI Inverse Chebyshev normalized zero frequency

Low Pass and Delay
Butterworth  F(U) =1/ (U? +U/QO0 + 1)
Chebyshev F(U) =1/ (U2 +U*WO0/Q0 + W(?)
Elliptic F(U) = (UAWN?) / (U? +U*W0/Q0 + W(?)
Inv. Chebyshev F(U) = (UA#WNI?) / (U2 +U*WO0I/Q0 + WO0I?)

High Pass
Butterworth  F(U) = U2/ (U2+U/Q0 + 1)
Chebyshev F(U) = U2/ (U2 +U/(W0*Q0) + /W)
Elliptic F(U) = (UAWN?) / (U? +U/(W0*QO0) + 1/W(0?)
Inv. Chebyshev F(U) = (UA#WNI?) / (U2 +U/(WOI*QO0) + 1/WOI?)

Bandpass
Butterworth  F(U) = U / (U? +U/(W0*QO0) + L/W(?)
Chebyshev F(U) = U/ (U? +U/(W0*QO0) + 1/W(?)
Elliptic F(U) = (UAWN?) / (U? +U/(W0*QO0) + 1/W(0?)
Inv. Chebyshev F(U) = (UA#WNI?) / (U2 +U/(WOI*QO0) + 1/WOI?)

Notch
Butterworth  F(U) = (U?+1) / (U? +U/(WO*QO0) + L/W0?)
Chebyshev F(U) = (U2+1) / (U2 +U/(W0*QO0) + 1/W(?)
Elliptic F(U) = (UAWN?) / (U? +U/(W0*QO0) + 1/W0?)
Inv. Chebyshev F(U) = (UZ=WNI?) / (U? +U/(WO0I*QO0) + 1/WO0I?)
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Implementation Panel: This panel lets you decide how to build or implement the
filter design. It has several major sections:

Active Filter Designer
Design  Implementation ] Dptions]
Low-Pazs
Stage | Circuit [ Gain FO | oo FN
1 Sallen-Key a 1000 1.30B5E2964. ..
2 Sallen-Key 1000 0.541196100...
MFE
Tow-Thomaz
Fleizcher-Tow
EHH
Acker-Mossberg
Tow-Thomas 2
W Same Circuit for Each Stage Odd Low Pass Stage Lopptl =
Impedance Scale Factar 1 Odd High Pazs Stage
Opamp Model to Use $IDEAL - Gain Adjust Stage
Resiztar Values Capacitor Values
W Exact Browse. .. W Exact Browse...
Defat | Pot | 0k |  Cacel | Hes |

Figure 12-2 The Implementation panel

Stage Values: This section lets you specify, stage by stage, the type of circuitry
to use and the gain to allocate to each stage. It even lets you edit the poles, Q's,
and zeros, by stage. Y ou can swap the pole/Q sets with other stages by clicking
in the FO or QO fields with the right mouse button. A pop-up menu lets you select
another row to interchange FO/Q sets with. Why would you want to? Y ou may
want to optimize signal swing and noise sensitivity. Somecircuitimplementations
can handle larger swings and are less noise sensitive. The zeros are fixed and
can't be swapped.

To change the stage, click the left mouse button in the Circuit column at the row
where you wish to change the stage. Thiswill display alist of the available circuit
implementations for the selected filter type and response. Thislist will havea
maximum of eight circuits, but may have aslittle asthree circuits, since not all
circuits types can realize the requisite transfer function.

When the filter circuit is created, the stages are added and numbered from one on
the left to N on the right. The input is always on the left and the output or last
stage is always on the right.
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Same Circuit for Each Stage: This option forces all stages to use the same cir-
cuit. When disabled, you can specify different circuits for each stage.

Impedance Scale Factor: This option lets you specify a scale factor to apply to
all passive component values. Thefactor multipliesall resistor valuesand divides
all capacitor values. It does not change the shape of the response curve, but shifts
component values to more suitable or practical values.

Opamp Modéd to Use: By default, the model is set to $IDEAL. This model isa
voltage controlled current source with asmall output resistance. It has avery
large gain, infinite bandwidth, and no leakage. Its main purposeisto demonstrate
how the filter will behave with a nearly perfect device. Y ou can select adifferent
model from thelist. It contains hundreds of popular OPAMP models. Vendor
supplied OPAMP subcircuit modelsare not included in thelist.

Resistor Values: This option determines how resistor values are chosen. During
the implementation phase, when the circuit is being created, MC7 calculates the
exact resistor values required by the design. Of course, resistors preciseto 16
digits areimpractical, so you must choose whether you want to create the circuit
using the exact values, or to use closest fit values chosen from alist of standard
parts. The choice is compounded somewhat in that you may be using mostly stan-
dard part values, but trimming some. There are severa lists of standard parts, and
you may add to them or make new lists to special requirements. See the section
on list format at the end of this chapter. The Browse button lets you select thefile
containing the resistor values to use when the Exact check box is disabled.

Capacitor Values: This option lets you decide how the capacitor values will be
determined. It works as described in the Resistor Va ues section.

Odd Low Pass Stage: This option lets you select the last stage to use for low
passfilters. There are several different kinds. LODD1isasimple RCfilter.
LODD2isan RCfilter, buffered with anon-inverting unity-gain amplifier. LODD3
isan RCfilter, buffered with aninverting unity-gain amplifier.

Odd High Pass Stage: This option lets you select the last stage to use for high
passfilters. There are three choices. HODD1 isasimple RC filter. HODD2isan
RCfilter, buffered with anon-inverting unity-gain amplifier. HODD3isan RC
filter, bufferedwithaninvertingunity-gainamplifier.

Gain Adjust Stage: This option lets you select the stage to use when again ad-
justment is required. There are two choices. NULL adds no stage, which means
the gain specification will beignored. GADJisasimpleinverting amplifier.
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OptionsPand: Thispanel letsyou set several options. It lookslikethis:

Active Filter Designer m

De:mgﬂ Implementation  Options l

Component Yalue Format Folynomial Format Flot

" Scientific " Scientific v Gain

+ Engineeting " Engineering [ Phase

" Default « Default [™ Group Delay

Digits |5 El Digits  [5 E| [" Separate Plots
MNumber of Data Points (500

Save To Text v Show Circuit

+ MNew Circuit WV Show Title

" Current Circuit V¥ Show Pokynomial

Create

" Circuit

& Macra v Auto
Default Flot | ok | Tenezl Help

Figure 12-3 The Options panel

There are severa options:

Component Value Format: This option lets you select whether the component
valuesareto be specified in scientific, engineering, or default notation. Y ou can

al so set the number of digitsto use when specifying the value. These choicesare
mainly cosmetic, but for somevery high order filters, increasing the number of
digitsfrom the default of 5 may be necessary to get an exactly correct Bode plot.

Polynomial Format: This option letsyou select whether the polynomia coeffi-
cient valuesareto be specified in scientific, engineering, or default notation. It
works the same way as the component values format. The polynomial valuesare
used to define the transfer functions, LP, HP, BP, and BR. These functions are
usedin AC analysisto plot theideal transfer function alongsidethe actual filter
transfer function for comparison.
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Plot: Thisoption letsyou select what to plot. Y ou can select:

Gain

Phase

Group delay
Separate plots

These optionsaffect several things.

First, it affects the plot displayed when the Plot button in the lower part of the dia-
log box isclicked. Thisplot issimply agraph of theideal complex frequency trans-
fer function. It showsyou how the circuit would perform if built fromideal compo-
nents.

Second, if the Save To/ New Circuit option is selected, it changes the AC analy-
sis setup when the circuit is created. It sets up the analysis plot expressions so
that you need only select AC analysis and press F2 to see an actual analysis of
both the circuit and the ideal transfer function, plotting the variables selected un-
der the Plot option.

Number of Data Points

Y ou can also set the number of data points to be calculated in the plot by editing
thisfield. Theinternal plot and the AC analysis plot both use fixed log frequency
steps rather than auto. Thisfield determines how many data points will be plotted.
The default of 500 isusually sufficient, but for very high order filters, you may
need to increase the number of pointsto retain fidelity near steep band edges.

Show Circuit

When checked, this option showsthefilter circuit in the background, responding to
user changesto specifications.

Save To: Thisoption letsyou select wherethefilter is placed.

* New Circuit: Inthisoption thefilter isplaced in anew circuit.

® Current Circuit: Inthisoption thefilter is placed in the currently
selected circuit.

Create: Thisoption lets you select how thefilter is created.

* Circuit: Inthisoption thefilter is created and placed into either anew
circuit or thecurrent circuit.
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* Macro: Inthisoption thefilter is created as a macro and placed into
either anew or current circuit. The macro consists of a number of stages
asinthe Circuit option, except that they are contained in amacro circuit
which isstored on disk. The macro component is entered into a separate
component library filecalled FILTERS.CMP and isavailablefor use by
other circuits.

Text: Thisletsyou decidewhether toinclude several optional piecesof text:

* Show Title: Thisisaself-documenting block of text formed asatitle. It
identifiesthe main specifications of thefilter.

* Show Polynomials. The polynomial functionsthat comprisethedesign
areavailablein aseriesof .DEFINE statementsthat can optionally be
included with the circuit. Thisis sometimes handy asareference. The
polynomial functionisasymbolic variable and can be plotted versus
frequency as a standard against which the actual circuit output can be
compared. The names of the polynomials are asfollows:

Type Symbolic Polynomial Name

Low Pass LP
High Pass HP
Bandpass BP
Notch BR
Deay LP

Buttons: There are several buttons at the bottom of the dial og box:
Default: Thisrestoresdefault valuesto all datafields and option buttons.

Plot: Thisoption displaysaplot of the selected characteristic(s). Theseinclude
gain, phase, and/or group delay, depending upon which of theseitemshave
been enabled from the Options panel. The plot isagraph of theideal transfer
function for the selected filter. It isnot aplot of the actual transfer function
that can be achieved with the chosen circuit(s). For that, you must run AC
analysis on the completed circuit. If the specification modeis set to Mode 1,
the plot includes adesign polygon to show the allowed region for the curve,
based upon thedesign specifications.
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Hereisasamplefilter plot showing the design polygon.

Plot =

= AN ALy

Bandpass Chebyshev Sallen-Key
203 g o0 H

BT EE - R EREREt b EEEEEPTECREREEE

-33.54

-50.21

-67.11

-g2es

1TA1K
Slope

IMF
1.000E00

Figure 12-4 A plot of the filter characteristics

OK: Thisoption buildsthe circuit to meet the chosen design, using the
specified circuitsfor each stage. If the New Circuit optionisenabled, it also
setsup the AC analysis dialog box to be ready to plot the circuit output and the
theoretical transfer function output over asuitable frequency or timescale. If
the specification modeis set to Mode 1, it adds adesign polygon to show the
allowed region for the curve, based upon the design specifications. After
creating thefilter circuit, the program exitsthedial og box.

Cancel: Thisoption exitsthedial og box without saving any changes.

Help: Thisaccessesthe Help system.
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Component lists

Circuits can be constructed from the exact values required to fit the specification
exactly, or they can be constructed from nearest-fit values obtained from stan-
dard lists. The lists are kept in ASCI|I text files that use the extensions CAP for
capacitors, IND for inductors (for passive filters), and RES for resistors. The for-
mat of thesefilesisasfollows:

TOLERANCE
<tolerance>[%]

DIGITS
<digit 1>
<digit 2>

<digit n>
MULTIPLIERS

<multiplier 1>
<multiplier 2>

<multiplier m>

ADD
<value 1>
<value 2>

<value p>

REMOVE
<value 1>
<value 2>

<value g>

The <tolerance> value is used when setting up the model statement for the com-
ponents and affects only Monte Carlo analysis.

The program creates alist of acceptable values by forming all possible products
of digitsand multipliers, then adding any valuesfound under the ADD keyword,
and removing any values found under the REM OV E keyword.
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For example:

TOLERANCE
1%

DIGITS
10
50
80

MULTIPLIERS
1

10

100

ADD
26
135

REMOVE
8000

In this example the program would first compile atentative list fromthe DIGITS
and MULTIPLIERS groups containing these elements:

10, 50, 80, 100, 500, 800, 1000, 5000, 8000

The program would then add the values 26 and 135 and remove the 8000 value to
producethefinal list:

10, 26, 50, 80, 100, 135, 500, 800, 1000, 5000

Thelist is constructed in this way to make specification of standard component
values easier. Standard values frequently are created from a small list of values,
multiplied by various powers of ten. There are often exceptions, usualy at the
high and low ends. DIGITS and MULTIPLIER keep the list specification con-
cise, while ADD and REMOVE help with the exceptions. All keyword items are
optional, so you could create alist using only the ADD elements.
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Filter support files

Thefilter design program uses afile called FILTER.BIN, which isresident on the
same directory asthe MC7.EXE program file. It must not be removed, for it con-
tainsthe generic circuit stages for each of the different circuit implementations
used to build completefilter circuits. Thefilter program will be ableto do only the
mathematical portion of thedesignif thisfileismissing. That is, the program will
not be able to create actual filter circuits without FILTER.BIN.

MC7 aso saves your last used settings from the dialog box inthe ACTIVE.FLT
file. These settings can be restored to the original default settings by clicking on
the Default button at the bottom of the dia og box.

When you press OK, the program creates a circuit to implement the specified

filter. It namesit CIRCUIT2. Each subsequent circuit becomes CIRCUIT3, then
CIRCUIT4, and so on. The circuits can be renamed when they are saved to disk.
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Filter specification: mode 1

The active filter program uses two modes to define filter specifications, Mode 1,
and Mode 2. Mode 1 includesthefollowing:

Low Pass Filters:
Low passfilter specs are defined relative to the figure below:

b

Figure 12-5 Low pass filter specifications

Passband Gain
Thisisthelow frequency gainin dB.

Passband Ripple (R)
Thisisthevariationin gain (in dB) across the passband.

Stopband Attenuation (A)
Thisisthe maximum gain in dB in the passband minus the maximum gainin
dB at the stopband. Attenuation is a positive number.

Passbhand Frequency (Fc)
Below Fcthe gainis equal to the passband gain +- ripple.

Stopband Frequency (Fs)
Above Fsthe gainislessthan or equal to the passband gain +- ripple less the
stopband attenuation.

For Chebyshev and elliptic filters the passband gain varies with the order of
thefilter asfollows:
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Order Gain at DC Gain at passband edge
Even Passband Gain Passhand Gain + Ripple
Odd Passband Gain Passband Gain - Ripple

Butterworth and inverse-Chebyshev passband gain varies asfollows:

Type Gain at DC Gain at passband edge
Butterworth Passband Gain Passband Gain - Ripple
Inverse-Chebyshev Passband Gain < Passband Gain - Ripple

Inverse-Chebyshev filters meet the passband spec with margin and meet the
stopband spec exactly, with no margin. |deal realizations of the other filters do just
the opposite. They meet the stopband spec with margin and meet the passband
specs exactly, with no margin.

-

Figure 12-6 High pass filter specifications

High Pass Filters:
High passfilter specs are very similar to their low pass cousins and are defined
relativeto Figure 12-6.

Passband Gain
Thisisthe high frequency gainin dB.

Passband Ripple (R)
Thisisthevariation in gain (in dB) across the passband.

Stopband Attenuation (A)

Thisisthe maximum gain in dB in the passband minus the maximum gainin
dB at the stopband. Attenuation is a positive number.
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Passband Frequency (Fc)
Above Fc the gain is equal to the passband gain +- ripple.

Stopband Frequency (Fs)

Below Fsthe gain isless than or equal to the passband gain +- ripple less the

stopband attenuation.

For Chebyshev and elliptic filters the passband gain varies asfollows:

Order Gain at DC Gain at passband edge
Even Passhand Gain Passhand Gain + Ripple
Odd Passband Gain Passhand Gain - Ripple

Butterworth and inverse-Chebyshev passband gain varies asfollows:

Type Gain at DC Gain at passband edge
Butterworth Passband Gain Passband Gain - Ripple
Inverse-Chebyshev Passband Gain < Passhand Gain - Ripple
l |
| | ~B .
A
I —PE- A,

I D

Figure 12-7 Bandpass filter specifications

Inverse-Chebyshev filters meet the passband spec with margin and meet the

stopband spec exactly, with no margin. Ideal realizations of the other filtersdo just

the opposite. They meet the stopband spec with margin and meet the passband
specs exactly, with no margin.

Bandpass Filters:
Bandpassfilter specsare defined relativeto Figure 12-7
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Passband Gain
Thisisthe maximum gain in dB in the passband.

Passband Ripple (R)
Thisisthevariation in gain in dB across the passband.

Stopband Attenuation (A)
Thisisthe maximum gain in dB in the passband minus the maximum gainin
dB at the stopband. Attenuation is a positive number.

Center Frequency (Fc)
Thisis the center frequency of the passband.

Passband (PB)
Thisisthe band of frequencies where the filter gain is equal to the passband
gain (plusor minustheripple).

Stopband (SB)

Thisisthe band of frequencies which includes the PB plus the two transition
regions above and below the passband. It is also the frequency where the
filter gainislarger than thetotal of passband gain + attenuation (plus or minus
theripple).

For Chebyshev and elliptic filters the passhand gain varies with the order of
thefilter asfollows:

Order Gain at DC Gain at passhand edge
Even Passband Gain Passhand Gain + Ripple
Odd Passband Gain Passband Gain - Ripple

Butterworth and inverse-Chebyshev passbhand gain varies asfollows:

Type Gain at DC Gain at passhand edge
Butterworth Passband Gain Passband Gain - Ripple
Inverse-Chebyshev Passband Gain < Passband Gain - Ripple

Inverse-Chebyshev filters meet the passband spec with margin and meet the
stopband spec exactly, with no margin. Ideal realizations of the other filters do just
the opposite. They meet the stopband spec with margin and meet the passband
specs exactly, with no margin.
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Notch Filters:
Notch or band reject filter specsare defined relativeto Figure 12-8:

PB

—{ 1 b—

-~ H -+

Fc

Figure 12-8 Notch filter specifications

Passband Gain
Thisisthe maximum gain in dB outside the passband.

Passband Ripple (R)
Thisisthevariationin gain (in dB) outside the passband.

Stopband Attenuation (A)
Thisisthe maximum gainin dB outside the passband minus the maximum
gainin dB inthe stopband. Attenuation is a positive number.

Center Frequency (Fc)
Thisisthe center frequency of the stopband.

Passband (PB)
Thisisthe band of frequencieswhich includesthe SB plusthe two transition
regions above and below the stopband.

Stopband (SB)
Thisisthe band of frequencies where the filter gain is smaller than the total
of passband gain minus stopband attenuation (A), plusor minustheripple.
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For Chebyshev and elliptic filters the passband gain varies with the order of
thefilter asfollows:

Order Gain at DC Gain at passhand edge
Even Passband Gain Passhand Gain + Ripple
Odd Passband Gain Passband Gain - Ripple

Butterworth and inverse-Chebyshev passband gain varies asfollows:

Type Gain at DC Gain at passhand edge
Butterworth Passhand Gain Passhand Gain - Ripple
Inverse-Chebyshev Passband Gain < Passhand Gain - Ripple

Inverse-Chebyshev filters meet the passband spec with margin and meet the
stopband spec exactly, with no margin. Ideal realizations of the other filters do just
the opposite. They meet the stopband spec with margin and meet the passband
specs exactly, with no margin.
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Filter specification: mode 2

Mode 2 formats allow direct specification of the filter order. Its formats are as
follows:

Low (High) Pass Filters:

Gain
Thisisthelow (high) frequency gainin dB.

Passbhand Fregquency
Thisisthe frequency below (above) which the gain isequal to Gain.

Ripple
Thisisthevariation in gain (in dB) across the passband.

Order
Thisisthefilter order.

Bandpass and Notch Filters:

Gain
Thisisthe center frequency gainin dB (bandpass) or the low / high
frequency gain in dB (notch).

Center Frequency
Thisisthe frequency at which the maximum (bandpass) or minimum (notch)
gainisachieved.

Ripple
Thisisthevariation in gain in dB across the passbhand (bandpass) or outside
the passband (notch).

Order
Thisisthefilter order.

Q

Thisisthefilter Q factor. Q is a measure of the resonance near the center
frequency.
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Delay Filters:

Gain
Thisisthelow frequency gainin dB.

Delay
Thisisthefilter delay in seconds.
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How the passivefilter designer works

The passive filter design function operatesin amanner similar to the activefilter
function. It is selected from the Design menu. Like its active filter counterpart, it
letsyou select thefilter type, specifications, response, and circuit implementation,
then creates the required filter circuit.

Thebasicfilter typesinclude:
® Low pass
*® High pass
* Bandpass
* Notch

Thefilter responsesinclude:

* Butterworth
® Chebyshev

The implementations are of two types.

¢ Standard
® Dua
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The Passive Filter dialog box

The passive filter design function is accessed from the Design menu. Selecting it
invokesthefollowingdial og box:

Passive Filter Designer
Design Ilmplamentation} Dptions]

Type Response
" Low-Pass | —sE—i &+ Buttenworth 4
" High- R [

ngh F’asﬁ £ oo N Chebyshew 3
o e
" Match .

Fc
S pecifications Pales and Zeros
% Mode 1  Mode 2 Stage | FO [ oo [Fu
. 1 9536748 26.12648.

IRz BT v L 2 046013, 2612648 |

Passband Ripple [R] dB
Stopband Atten. [A4] |20 dB

Center Freq. [Fe] 1000 Hz
Pazshand [FB) 100 Hz
Stopband [SB) 200 Hz

Detault | Plot | ’T‘ Cancel | Help |
Figure 12-9 The passive filter design panel

This dialog box has three main panels, accessible by clicking on anamed tab.

Design
This panel letsyou pick thefilter type, specifications, and the response
characteristic. Each time you change one of these selections, the number of
stages, the pole location, and the Q value change as shown in the Poles and

Zerosdisplay. You can edit the FO (pol e frequency) and QO (Q value) values
to change the shape of the response.

Implementation
Thispanel letsyou maketheimplementation decisions, including which circuit
to use, whether to use exact passive component values or to select them from

specified lists, whether to scale the values or not, and the source and load
resistances.

Options
In this panel you choose the number of digits of precision to be used in the

component values, what to plot, whether to create a macro or acircuit, and
whether to use an existing circuit or anew one.
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Design Panel
Themain panel contains three sections:

Type: This section lets you select one of thefilter types:

® | ow pass
® High pass
® Bandpass
* Notch

Response: This section lets you select the mathematical approximation to the
idedl filter.

* Butterworth
® Chebyshev

Different responses provide different design trade-offs. Butterworth filters re-
guire much more circuitry for agiven specification, but have aflatter time delay
response. Chebyshev responses require fewer stages, but have a more pro-
nounced time delay variation. The number of stagesto implement the current de-
sign is shown to the right of each response.

Specifications. Thisiswhere you enter the numerical specifications of the filter.
There are two ways to specify afilter, Mode 1 and Mode 2. In Mode 1, you
specify the functional characteristics of the filter, like passband gain, cutoff fre-
guency, stop frequency, and attenuation. Y ou specify what you want and the pro-
gram figures out the number of stages required to achieveit, using the specified
response approximation. Mode 2, on the other hand, lets you directly specify the
main design values and the number of stages.

Poles and Zeros: This section shows the numeric values of the poles and Qs of
the response polynomial. It essentially showsthe mathematical design of thefilter.
When you make a change to the Type, Response, or Specificationsfields, the
program redesigns the polynomial coefficients and updates the numbersin this
section. If the Plot button has been clicked, the program also redraws the re-
sponse plot. It may be aBode plot with gain, phase, and group delay show, or it
may be just adelay plot, depending upon the selections in the Options panel.

Theplot isidealized becauseit is based on a standard polynomial formulafor the
selected response and the calculated or edited FO and QO values. Its plot can only
be achieved exactly with perfect components. The actual filter, made from real
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components, may behave differently. When the circuit is completed, you can run
an analysis and see how it behaves. The actual circuit can be constructed from a
finitelist of standard inductors and capacitors. Approximate component values
can have a big effect on the response curves.

Y ou can edit the values, to see their effect on the plot. Y ou can even create your
filter with modified values. Though thiswill not produce anideal filter, the circuit
created will approximate the plot shown. Note that editing any item in the Type,
Response, or Specifications areas will cause the program to recal culate the val-
ues, overwriting your edits.

The exact form of the approximating polynomials for each stage is shown below.
Note that U isthe complex frequency variable S, normalized to the specified FC.

Definitions
Symbol Definition

F
S
U
FO
Qo0

FC

WO

Frequency variable

J2*PI*F Complex frequency

S/ (2*PI*FC) = J*F/FC  Normalized complex frequency

PolelocationinHz

Qvalue
Stopband frequency for low-pass filters. Passband frequency for
high-pass filters. Center frequency for bandpass and notch filters.
Note that the specified center frequency may be changed dlightly by
the program to produce a symmetrical band pass/reject region. The
adjusted FO can be seen in the define statement. For example, a
Butterworth bandpass filter using the default center frequency of
1000, and bandwidth of 100, is actually designed with a center
frequency of 998.75 Hz.

FO/FC Normalized polefrequency
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Low Pass Transfer Functions
Butterworth FU) =1/ (U?+U/QO0 + 1)
Chebyshev FU) =1/ (U? +U*W0/Q0 + W(?)

High Pass Transfer Functions
Butterworth  F(U) = U?/ (U2 +U/Q0 + 1)
Chebyshev F(U) = U?/ (U2 +U/(W0*Q0) + /W)

Bandpass Transfer Functions
Butterworth  F(U) = U / (U? +U/(W0*Q0) + L/'W(?)
Chebyshev F(U) = U/ (U? +U/(W0*QO0) + 1/W(?)

Notch Transfer Functions

Butterworth  F(U) = (U%+1) / (U? +U/(W0* QO) + L/W(R)
Chebyshev  F(U) = (U2+1) / (U? +U/(W0*QO) + L/W(R)
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Implementation Panel
Thispand letsyou decide how to build or implement thefilter design.

It has several major sections:

Circuit: This section lets you specify whether to use the standard LC passive
circuit, or itsdual circuit.

Resistor Values: This section lets you specify whether to use exact values or to
select them from a specified file. These choices are used only for the source and
load resistors.

Capacitor Values: This section lets you specify whether to use exact capacitor
values or to select them from a specified file.

Inductor Values: This section lets you specify whether to use exact inductor
values or to select them from a specified file.

Impedance Scale Factor: This option lets you specify a scale factor to apply to
all passive component values. The factor multipliesall resistor and inductor values
and divides all capacitor values. It does not change the shape of the response
curve, but is used to shift component values to more suitable or practical values.

Sour ce/L oad Resistor: Thisoption letsyou specify the desired source and load
resistor value. If the Exact option is selected, thisvalue, after multiplication by the
impedance scale factor, will be used for the source and load resistorsin thefinal
circuit. If the Exact option isnot checked and aresistor file (*.res) is selected, the
valueintheresistor file nearest the desired value will be used instead.

Options Panel

The options panel has the same content and use as in the active filter design func-
tion. It letsyou set component value and polynomial numeric format, determine
what to plot and how to plot it, whether to create a circuit or a macro, whether to
place thefilter in the current or anew circuit, and whether to add atitle and poly-
nomial text.
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Chapter 13 Scope

What's in this chapter

Scopeisaterm for the collection of toolsfor displaying, analyzing, and annotating
the analysis plot and its curves. Availablein transient, AC, and DC analysis, it lets
you expand, contract, pan, and manipul ate curves, and display their numeric val-
ues. Cursors are available with commands to locate local curve peaks, valleys,
maxima, minima, slopes, inflection points, and specific values. Tags, text, and
graphics are available to annotate and document the plot.

Features new in Micro-Cap 7

¢ | abel Data Points command.

¢ | abel Branches command.

* Mouse or Go To Branch command to select individual branches.

* Top and Bottom to find branch extremes.

* Even Decimal Values Cursor Positioning Mode.

® [ncremental auto-ranging.

* New Grid Type (+).

* New range format <high> [,<low>] [,<grid spacing>] [,<bold spacing>]
* Plot Grids Quantity, Width, and Pattern Control.

® Thumb Nail Plot.
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Analysis plot modes

After an AC, DC, or transient analysisis over, there are several modes for re-
viewing, analyzing, and annotating theanalysispl ot.

N

 Select: (CTRL + E) In this mode, the left mouse button is used to select
text, tags, and graphic objectsfor moving and editing.

* Graphics: Clicking on this button lets you select agraphic object (line,
elipse, rectangle, diamond, arc, pie, or polygon) for placement on theplot.
Once the object has been selected you drag the mouse to create the object.

« Scale: (F7) In this mode, you can drag the left mouse button to define a
plot regiontomagnify.

* Cursor: (F8) In this maode, the display shows the value of each curve at
each of two numeric cursors. The left mouse button controls the left cursor
and theright button controlstheright cursor. Theleft cursor isinitially placed
onthefirst datapoint. Theright cursor isinitially placed on the last data point.
The LEFT ARROW or RIGHT ARROW keys move the left cursor (or right
cursor if SHIFT isalso 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, or ssmply the next data point.

« 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 thismode, the left mouse button is used to drag
between two data points to measure the horizontal delta.

 Vertical Tag: Inthis mode, the left mouse button is used to drag between
two data points to measure the vertical delta.

e Text: (CTRL + T ) Thismodeletsyou placetext on an analysisplot. You
canplacerelative or absolutetext. Relativetext maintainsitsposition relativeto
the curvewhen the plot scaleis changed. Absolutetext maintainsits position
relativeto the plot frame. Y ou can also control text border and fill colors,
orientation, font, style, size, and effects.

Chapter 13: Scope



Panning the plot

Panning means to change the plot view without changing the scale. It isusually
employed after zooming in. There are two ways to pan the plot:

Keyboard:
Use CTRL + LEFT ARROW to pan the plot to the left.
Use CTRL + RIGHT ARROW to pan the plot to the right.
Use CTRL + UP ARROW to pan the plot up.
Use CTRL + DOWN ARROW to pan the plot down.

Keyboard panning is available from any mode.

M ouse:
Cursor mode: Press and hold the CTRL key down. Place the mouse
in the plot window and drag the right mouse button in the desired
direction.

Other modes. Place the mouse in the plot window and drag the right
mouse button in the desired direction.

Panning moves only the curvesin the selected plot group. Click in another plot

group, click on aplot expression in another plot group, or use the Tab key to se-
lect adifferent plot group.
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Scaling the plot

Scaling means to shrink or magnify the analysis plot after the analysisis complete.
Magnifying enlargesasmall region of the plot for inspection. Shrinking bringsthe
plot scale back to asmaller size for amore global view of the plot. There are sev-
eral scaling commands:

Auto Scale: (F6) This command immediately scales the selected plot group.
The selected group isthe plot group containing the sel ected or underlined
curve.

Restore Limit Scales: (CTRL + Home) This command draws all plots
using the existing scale ranges from the Analysis Limits dial og 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 @ does the same thing.

M ouse:
Scale mode: Place the mouse near one corner of the region to be
magnified and drag the left mouse button to the other corner.

Cursor mode: Press and hold the CTRL key. Place the mouse near one
corner of the region to be magnified and drag the left mouse button to the
other corner. Thisisthe same asin Scale mode, but with the CTRL key
held down during the drag.
Other modes. There is no mouse scaling for all other modes.
Properties dialog box: (F10) This dialog box controls the characteristics of
the front window. When the front window is an analysis plot, the dialog box
contains a Scales and Format panel which lets you change the scales of
individual curves after theanalysisrun.
Undo: (CTRL + Z) This command restores the prior scale.

Redo: (CTRL + Y) This command undoes the last scale undo.
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Tagging the plot

Tagging isaway of both measuring and documenting a data point or difference
between two data points. Tagging can be done on a single curve, between two

points on asingle curve, or between two points on two curves. There are three
tagging modes:

Point Tag mode: This mode lets you tag a data point on a curve. It shows
the X expression and Y expression values at the data point. This mode is very
useful for measuring or documenting the exact time of adigital event, or the
peak or valley of an analog curve.

Vertical Tag mode: This mode lets you drag a tag between two data points
on one or two curves. It shows the vertical difference between the Y values
at the two data points.

Horizontal Tag mode: This mode lets you drag a tag between two data
points on asingle curve or two different curves. It shows the horizontal
difference between the X expression values at two data points. It is most
useful for measuring the time difference between two digital events such as
the width of a pulse or the time delay between two events.

There are also several immediate commands for tagging the data points at the
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 atag to the right
cursor data point on the selected curve.

® Tag Horizontal: (SHIFT + CTRL + H) This command attaches a horizontal
tag from the left to the right cursor, showing the difference between the two
X expression values.

® Tag Vertical: (SHIFT + CTRL + V) This command attaches a vertical tag
from the left to the right cursor, showing the difference between the two Y
expression values.

The numeric format of the tag numbersis determined by the numeric format set
a Options / Preferences / Format / Analysis Plot Tags.
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Adding graphicsto the plot

Y ou can add graphic symbols to the analysis plot when in the Graphics mode. To
invoke the Graphics mode, click on the graphics button, 5| and select one of the
objects from the menu that pops up. To add one of the graphic objects, click and
drag in the plot area. The objects are:

Rectangle
Line
Ellipse
Diamond
Arc

Pie
Polygon

Each of these objects can be edited after creation by double-clicking on them.
Thisinvokes adialog box that lets you change their border and fill characteristics.

The polygon abject allows direct numerical editing of the polygon vertices. Itis
intended as a design template, a region describing the area that a curve or curve
may occupy and still be within specification. Thefilter 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 coordinateseasily.

To see an example of adesign polygon, create afilter circuit using the active or
passive filter functions from the Design menu and run an AC analysis. Enter
Select mode and then double-click on the yellow polygon to seeits properties,
includingitsborder, fill, and vertex structure.
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Scope menu

The Scope menu provides these options:

.,

3

|EH

D & m |5

* Delete All Objects: This command removes all objects (shapes, tags, or
text) from the analysis plot. To delete an object, select it by clicking oniit, then
press CTRL + X or the DELETE key. To delete al objectsuse CTRL + A to
select all objects, then press CTRL + X or the DELETE key.

* Auto Scale: This command scales the plot group containing the selected
curve. F6 may also be used. The selected curve is the one whose Y
expressionisunderlined.

* Restore Limit Scales. This command restores the range scales to the
valuesinthe Analysis Limitsdialog box. CTRL + HOME may also be used.

* View: Theview options only affect the display of simulation results, so
you may change these after arun and the screen is redrawn accordingly.
These options may also be accessed through Tool bar icons shown below.

¢ Data Points: This marks the actual points calculated by the program
onthecurveplot. All other valuesarelinearly interpol ated.

* Tokens: Thisaddstokensto each curve plot. Tokens are small graphic
symbolsthat help identify the curves.

* Ruler: Thissubstitutesruler tick marks for thenormal full screen X
and Y axisgridlines.

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

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

* Minor Log Grids: Thisadds minor log grid lines between the major
gridsto any axiswhich usesthelog option.

* Basdline: This adds a plot of the value 0.0 for use as a reference.
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® Horizontal Cursor: Thisaddsahorizontal cursor intersecting each of
thetwo vertical numeric cursorsat their respective datapoint locations.

* Trackers: Theseoptions control thedisplay 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 inthe User's Guide.

* | abel Branches: This accesses a dialog box which lets you select from
the automatic and user-specified X location method for labeling multiple
branches of acurve. This option appears when multiple branches are created
by Monte Carlo, parameter stepping, or temperature stepping.

* L abel Data Points: This accesses a dialog box which lets you specify a
set of time, frequency, or input sweep data points, in transient, AC, or DC
analysis, respectively, which areto be labelled. Thiscommand is mostly used
to label frequency data points on polar and Smith charts.

® Animate Options: This option displays the node voltages/states, and
optionally, device currents, power, and operating conditions (ON, OFF, etc.),
on the schematic as they change from one data point to the next. To use this
option, click onthe £ button, select one of the wait modes, then click on

the Tile Horizonta a button, or Tile Vertica M button, then start therun. If
the schematic isvisible, MC7 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 on % It
lets you see the evolution of states as the analysis proceeds. To restore afull

screen plot, click on theg button.

* Normalize at Cursor: (CTRL + N) This option normalizes the selected
(underlined) curve at the current active cursor position. The active cursor is
the last cursor moved, or if neither has been moved, then the left cursor.
Normalization divides each of the curve's Y values by the Y value of the
curve at the current cursor pasition, producing anormalized value of 1.0
there. If the Y expression contains the dB operator and the X expressionis F
(Freguency), 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.
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®* Goto X: (SHIFT + CTRL + X) Thiscommand lets you movetheleft or
right cursor to the next instance of a specific value of the X expression of the
selected curve. It then reportsthe Y expression value at that data point.

* GotoY: (SHIFT + CTRL +Y) This command lets you move the left or
right cursor to the next instance of a specific value of the Y expression of the
selected curve. It then reports the X expression value at that data point.

® Go to Performance: This command calculates performance function
values on the Y expression of the selected curve. It also moves the cursors to
the measurement points. For example, you can measure pulse widths and
bandwidths, riseand fall times, delays, periods, and maximaand minima.

® Goto Branch: This command lets you select which branch of a curveto
place the left and right cursors on. The left cursor branch is colored in the
primary select color and the right cursor branch in the secondary select color.

® Tag Left Cursor: (CTRL + L) This command attaches a tag to the |eft
cursor data point on the selected curve.

* Tag Right Cursor: (CTRL + R) This command attaches a tag to the
right cursor data point on the selected curve.

® Tag Horizontal: (SHIFT + CTRL + H) This command places a
horizontal tag between the left and the right cursor, showing the difference
between the two X expression values.

® Tag Vertical: (SHIFT + CTRL + V) This command places a vertical tag
between the left and the right cursor, showing the difference between the two
Y expression values.

® Align Cursors: Thisoption, available only in Cursor mode, forces the
numeric cursors of different plot groups to stay on the same data point.

* Keep Cursorson Same Branch: When stepping produces multiple runs,
one lineis produced 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 severa branches. If this option is disabled the cursor keys
will move only theleft or right numeric cursors, not both, allowing them to
occupy positions on different branches of the curve.
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® SameY Scales. Thisoption forcesall curvesin aplot group to usethe
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.

] * Thumb Nail Plot: Thisoption draws a small guide plot which givesa
global view of where the current plot(s) are on the whole curve. You can also
select different views by dragging a box over the curve. Dragging the cursors
on the guide plot drags them on the main plot.
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The Plot Properties dialog box

Curve display and format can be changed after the run with the Properties dialog
box. Itlookslikethis:

Properties
Plot \ Scales and Formats 1 Caolors, Fonts, and Lines 1 Header] Save Curves 1 Tool Bar}
Curves Title
e FIEENER 7 Auto
)
Curve Flot Group Plot Type
¥ Show [ -l [ =
Ok | Cancel | ‘ Help

Figure 13-1 The Plot Properties dialog box

The Plot Properties dialog box lets you control the analysis plot window. It can be
used for controlling curve display after or even before the plot. Before a plot ex-
ists, you can access the dialog box by clicking on the Properties button in the
AnalysisLimitsdialog box. Thedialog box providesthefollowing choices:

* Plot
Curves. Thisletsyou select the curve that Plot and Graph fields apply to.

Title: Thisletsyou specify what the plot title isto be. If the Auto button

is checked, thetitle is automatically created from the circuit name and
analysisrundetails.

Curve: This check box controls the plotting of the selected curve. To
hide the curve, remove the check mark by clicking in the box.

Plot Group: This controls the plot group number.

Plot Type: This controlsthe plot type, rectangular, polar, or Smith chart.
The latter two are available only on AC analysis.
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® Scales and Formats

Chapter 13: Scope

Curves: Thislets you select the curve that the other fields apply to.

X: Thisgroupincludes:

Range Low: Thisisthe low value of the X range used to plot the
selected curve.

Range High: Thisisthe high value of the X range used to plot
the selected curve.

Grid Spacing: Thisis the distance between X grids.
Bold Grid Spacing: Thisisthe distance between bold X grids.

Scale Format: This lets you specify the numeric format used to
print the X axis scale.

Value Format: This lets you specify the numeric format used to
print the X valuein the table below the plot in Cursor mode and in
the tracker boxes.

Auto Scale: This command scales the X Range and places the
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 X scale log.

Y: This group provides complementary commands for the Y axis group:

Range Low: Thisisthe low value of the Y range used to plot the
selected curve.

Range High: Thisisthe high value of the Y range used to plot
the selected curve.

Grid Spacing: Thisisthe distance betweenY grids.
Bold Grid Spacing: Thisisthe distance between bold Y grids.

Scale Format: Thisisthe numeric format used to print the Y
axisscae.



Value Format: Thisletsyou specify the numeric format used to
print the Y valuein the table below the plot in Cursor mode and
inthetracker boxes.

Auto Scale: Thiscommand scalesthe Y Range and placesthe
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 makesthe Y scale log.
Same Y Scales: Enabling this check box forces the Auto Scale command
to use asingle common scale for all plots within a graph group. If the box

is not checked, the Auto Scale command determinesindividual scalesfor
each curve.

Save Range Edits: Enabling this check box causes any edits to the range
fieldsto be copied to the appropriate range fields of the Analysis Limits
dial og box, making them permanent.

Sope Calculation: Thislist box lets you select the Normal, dB/Octave,
or dB/Decade method of calculating slopes. The latter two are most
useful in AC analysis.

Use Common Formats:. Clicking this button copiesthe X and Y formats
of the selected curve to the format fields of all curves.

* Colors, Fonts, and Lines
Objects: Thislist box letsyou select the object that the other commands
(color, font, lines) apply to. Theseinclude:

General Text: Thisistext used for axis scales, titles, cursor
tables, and curve name.

Grid: Thisistheanaysisplot grid.

Graph Background: This is the plot background.
Window Background: This is the window background.
Select: Thisisthe color of a selected object.

Sdect Box: Thisis the Select mode box.
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Initial Object: Thisgovernstheinitial propertiesof anaysistext
added to the plot, graphical objects, and numeric tags. Object
properties can be changed after they are added to a plot by
double-clickingonthem.

Tracker: Thissetsthetext and color properties of trackers.

Select Color Primary: This setsthe color of the branch that the
Go To Branch Left button selects.

Select Color Secondary: This setsthe color of the branch that the
Go To Branch Right button selects.

Data Point Labels: This setsthetext and color properties of data
pointlabels.

Plot All: Thissetsthetext, line, and color properties of all curves
simultaneoudly.

Curve Names: This setsthetext, line, and color properties of the
individual curves.

Variable Name (Color): Thisgroup lets you change the color of the
selected object. The group name changesto reflect the object chosen.

Curve Line: Thisgroup letsyou change the color, width, and pattern of
the curve. The Rainbow option assigns a spectrum of colors to each
branch of a stepped curve.

Font: Thisfield lets you change the font of the selected object.

Sze: Thisfield lets you change the text size of the selected object.
Font style: Thisfield letsyou change the text style of the selected object.

Effects: This field lets you change text effects of the selected object.

Sample: Thisfield showsasample of the selected object using current
text, line, color, width, and pattern properties.

* Header: Thisgroup controlsthe header format for text numeric out.
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Left: Thisgroup letsyou add text to the left side of the text output.
Center: Thisgroup lets you add text to the center of the text output.
Right: Thisgroup letsyou add text to the right side of the text output.

In each casethefollowing formatsareavailable:

$MC PrintsMicro-Cap

$User Prints user name

$Company Prints company name

$Andyss Printsanalysistype (Transient, AC, DC)
$Name Printscircuit name

Y ou can use these or any other text in the | eft, center, or right.

Delimiters: Thisgroup letsyou select the delimiter that will be placed
between itemsin the curve tables of the numeric output. The choices
are Tab, Semicolon, Comma, Space, and Other.

® Save Curves: Thisgroup letsyou save one or more curvesfor later display
or useinaUser source. It providesthesefields:

Curves. Thisletsyou select the curve that the other fields apply to.
Temperature: If the analysis run stepped temperature and produced
multiple curves, thisfield letsyou select which to save. Thisfield will be
grayed out if temperature was not stepped.

Sepped Variable: If the analysis run stepped a variable and produced
multiple curves, thisfield letsyou select which to save. Thisfield will be
missing if nothing was stepped.

Save Curve: This field is a copy of the selected curve name.

As (New Name): Thisletsyou specify the name to save the curve under. It
isthe name you later use to select the curve for display or use in a source.

In File: Thisletsyou specify the file name to save the curve under.

Browse: Thiscommand letsyou browse directoriesfor the file nameyou
want to save the curve under or to delete.
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Save: Thiscommand savesthe selected curve using the specified curve
name and file name. Note that when curves are saved to existing files,
they are added to thefile. If the curve aready existsinthefile, itis
overwritten. All other curvesinthefile are unaffected.

Delete: Thiscommand lets you delete the specified curve name.

* Tool Bar: Thispageletsyou select the buttonsthat will appear in thelocal
tool bar areabelow the Main tool bar.

Tool Bar: Thislist box letsyou select the different local tool bars.

Buttons: This box lets you select the buttons that are to appear in the
selected local tool bar.

Show Button: If checked, the selected button is shown inthe analysis
plot tool bar.

Top: If enabled, the tool bar is placed at the top part of the window.
Left: If enabled, the tool bar is placed at the left part of the window.
All On: Thiscommand places all buttonsin the tool bar.
All Off: This command places no buttonsin the tool bar.
Default: This command places the default set of buttonsin the tool bar.
Thefour buttons at the bottom have the following function:
OK: This button accepts all changes, exits the dialog box, and redraws the
analysis plot. Subsequent runswill use the changed properties, and they will

beretained inthecircuit file, if it islater saved.

Cancel: Thisbutton rgjects all changes, exits the dialog box, and redraws the
analysisplot using theoriginal properties.

Apply: Thisbutton displaysthe analysis plot using the current settingsin the
dialog box to show how the display would be affected by the changes. The
changes are still tentative, until the OK button is clicked.

Help: Thisbutton accessesthelocal helpfiles.
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Chapter 14 Probe

What's in this chapter

This chapter describes the use of Probe. Prabe is a display tool for transient, AC,
and DC analysis. When one of the Probe optionsis selected and an analysisis
subsequently run, the simulation results are saved to disk. Probe then lets the user
review the results by probing the schematic with the mouse.

Features new in Micro-Cap 7

* Adding or deleting curveswith CTRL + click in One Curve mode
* Probing differential voltageswith SHIFT +click

* Probing SPICE files

® Probing energy terms
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How Probe works

Probe is another way to view simulation results. It lets you point to alocationin a
schematic and see one or more curves associated with the node or component at
that point. It functions exactly like anormal simulation, but accessesall of the
variablesfor each solution point from adisk file. When you first invoke Probe, the
program determinesif thereis an up-to-date simulation filein the working data
directory. If not, it runsthe analysis and creates the simulation file. When you
click on the schematic, Probe determines where the mouse pointer is, extracts
from thefile the appropriate variable for both the vertical and horizontal axes, and
plotstheresulting curve.

The simulation or analysis run is conducted according to the values set in the
AnalysisLimitsdialog box. For example, intransient analysis, one of theimportant
valuesis Time Range, which determines how long the analysiswill run. To edit
this or any other value, press F9 to access the dialog box. Thiswill present an
abbreviated version of the standard dialog box. Y ou can edit the fields as needed.
Press F2 to rerun the analysis, prior to probing.

Plots are constructed using the properties from Options/ Default Propertiesfor
New Circuits/ Analysis Plots. Numeric scales and Cursor mode values are for-
matted using the Scalesand For matssettings. Plot text, line properties, and colors
aretaken from the Colors, Fonts, and Lines settings. Tool bar choices are taken
from the T ool Bar settings.

Y ou can temporarily change plot propertiesfrom the Properties dialog box (F10).
These changes are used during the current Probe session and are discarded after
exiting Probe. Subsequent invocationsof Probewill start again with the settings
from Options/ Default Propertiesfor New Circuits/ Analysis Plots
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Probe menu

* New Run (F2): This option forces a new run. Probe automatically does a
new run when the time of the last saved run is earlier than the time of the last
edit to the schematic. However, if you have changed RELTOL or some other
Glabal Settings value or option that can affect asimulation run, you may want
to force anew run using the new value.

 Limits: Thisletsyou edit theanalysislimitsfor the run.

» Add Curve: Thisoptionletsyou add aplot defined by aliteral expression
using any circuit variable. For exampleyou might enter VCE(Q1)* IC(Q1) to
plot atransistor's collector power.

» Delete Curves: This option lets you selectively remove curves.
* Delete All Curves: (CTRL + F9) Thisremovesall curvesfrom the plot.

 Separate Analog and Digital: This puts analog and digital curvesin
separate plot groups, overriding the P setting.

» One Curve: In thismode, only one curveis plotted. Each time the
schematic is probed, the old curveis replaced with the new one. You can also
add more than one trace with this mode by holding the CTRL key down while
clicking on an object. This adds the curve if not already plotted or deletes it
if it is already plotted.

» Many Curves. In this mode, new curves do not replace old ones, so many
curves are plotted together using one or more vertical scales.

 Save All: This option forces Probe to save al variables. Useit only if you
need to display charge, flux, capacitance, inductance, B field, or H field.

» Save V and | Only: This option saves space and lowers access time by
saving only time, frequency, digital states, voltage, and current variables. It
discardsthe remainder, including charge, flux, capacitance, inductance,
resistance, power, and magnetic field values.

* Plot Group: Thisletsyou pick the plot group to place the next curvein.

* Exit Probe: Thisexits Probe. F3 also works.
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Transient analysisvariables

The Vertical menu selects the vertical variable and the Horizontal menu selects
the horizontal variable. When the user clicks the mousein a schematic, Probe
determines whether the object at the mouse tip is a node or a component and
whether itisanalog or digital.

If the object isadigital node, Probe plots the state curve of the node.

If the object isan analog macro or subcircuit, or adigital component, Probe pre-
sents alist showing its pin names and the associated node names. Y ou can select
one or more analog node voltagesor digital state curvesby clicking onthepin
name or node name. After clicking the OK button, Probe plotsthe selected curve.

If the object is either an analog node or analog component (other than a macro or
asubcircuit), Probe extracts the vertical and horizontal variables specified by
these menus and uses them to plot the analog curve.

« Voltage: If the mouse probes on a node, a node voltage is selected. If the
mouse probes on the shape of a two-lead component, the voltage across the
component is selected. If the mouse probes between two leads of a three or
four lead active device, the lead-to-lead difference voltage is sel ected.

Press the SHIFT key and click on two nodes and you'll get the
differential voltage across the two nodes.

 Current: If the mouse probes on the shape of atwo-lead component, the
current through the component is selected. If the mouse probes on alead of a
three or four lead active device, the current into the lead is selected.

 Energy: If the mouse probes on a component, it plots the energy dissipated
(ED), generated (EG), or stored (ES) in that component. If the component
has more than one of these, alist appearsallowing selection. Clicking off a
component letsyou select one of thetotal energy terms, EGT (total generated
energy), EST (total stored energy), or EDT (total dissipated energy).

 Power: If the mouse probes on a component, it plots the power dissipated
(PD), generated (PG), or stored (PS) in that component. If the component
has more than one of these, alist appearsallowing selection. Clicking off a
component lets you select one of the total power terms, PGT (total generated
power), PST (total stored power), or PDT (total dissipated power).
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* Resistance: If the mouse clicks on aresistor, this selectsthe resistance.

 Charge: If the mouse clicks on acapacitor, this selectsits charge. If the
praobe occurs between the leads of a semiconductor device, this selects the
charge of the internal capacitor between the two leads, if any. For example, a
click between the base and emitter of an NPN selects the CBE charge stored
inthe diffusion and junction capacitance.

» Capacitance: If you click on acapacitor, this selectsitscapacitance. If the
probe occurs between the leads of a semiconductor device, this selectsthe
capacitance of theinternal capacitor between thetwo leads, if any. For
example, aclick between the base and emitter of an NPN selectsthe diffusion
and junction capacitance of the base-emitter region.

* Flux: If the mouse clicks on an inductor, this selects the flux.

* Inductance: If the mouse clicks on an inductor, this selectsitsinductance.
* B Field: If the mouse clicks on an inductor which is referenced in aK
(coupling) device with anonlinear core model specified, this selectsthe B
field of the core.

* H Field: If the mouse clicks on an inductor which isreferenced in aK
(coupling) device with anonlinear core model specified, this selectsthe H
field of the core.

» Time: Thisselectsthe transient analysis simulation time variable.

e Linear: This selects a linear scale.

» Log: Thisselectsalog scale.
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ACanalysisvariables

Only analog variables and operators are availablein AC analysis. They include:

« Voltage: If the object is a node, a complex node voltage is selected. If the
object isatwo-lead component, the complex voltage across the component is
selected. If the mouse probes between two leads of athree or four lead
activedevice, thelead-to-lead differential complex voltageisselected. Hold the
Shift key down and probe on two nodesto get differential voltage.

 Current: If the object is atwo-lead component, the complex current
through the component is selected. If the mouse probes on alead of athree
or four lead active device, the complex current into the lead is sel ected.

* Inoise: This selects a plot of noise, regardless of where the mouse is
clicked. Inoiseisreferenced to the input source specified in the Noise Input
field of the AnalysisLimitsdialogbox (F9).

» Onoise: This selects a plot of noise, regardless of where the mouse is
clicked. Onoise is referenced to the output node name specified in the Noise
Output field of the AnalysisLimitsdialog box (F9).

» Frequency: This selects the sweep frequency variable.

» Magnitude: This plots the magnitude of the probe variable.

* Magnitude(dB): This plots the decibel magnitude of the probe variable. It
isthe default operator.

 Phase: This plots the phase of the probe variable.

» Group Delay: This plots the group delay of the probe variable.
* Real Part: Thisplotsthereal part of the probe variable.

* Imag Part: Thisplotstheimaginary part of the probe variable.

* Linear: This selects alinear scale.

» Log: Thisselectsalog scale.
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DCanalysisvariables
Both analog and digital variablesare availablein DC analysis. They include:

* Voltage: If the mouse probes on adigital node, the digital state of the node
is selected. If the mouse probes on an analog node, its node voltageis
selected. If the mouse probes on the shape of atwo-lead component, the
voltage across the component is selected. If the mouse probes between two
leads of athree or four lead active device, the lead-to-lead differential voltage
isselected. Hold Shift down and probe on two nodesto get differential voltage.

* Current: If the mouse probes on a digital node, the digital state of the node
is selected. If the mouse probes on the shape of atwo-lead component, the
current through the component is selected. If the mouse probes on alead of a
three or four lead active device, the current into the lead is selected.

 Power: If the mouse probes on a component, it plots the power dissipated
(PD), generated (PG), or stored (PS) in that component. If the component
has more than one of these, alist appears allowing selection. Clicking off a
component lets you select one of the total power terms, PGT (total generated
power), PST (total stored power), or PDT (total dissipated power).

 Linear: This selects alinear scale.

» Log: This selects alog scale.
The default horizontal variableisthe value of the specified Variable 1 of the DC
AnaysisLimitsdialog box. For example, if the sourceisavoltage source, the
horizontal value is the voltage across the source, or if the source is a current
source, the horizontal valueisthe current through the source.
This default can be changed through the Plot item in the Properties dial og box.

The Propertiesdialog box isinvoked by clicking in the Probe plot, then pressing
F10. A plot must be present before an X variable change can be made.
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Probe analog variables

The Horizontal and Vertical menus are used to select the curve variables and

operators which will be displayed by Probe. The curves displayed for each vari-
able or operator are dependent upon the component selected. The variables and
operators are shown in the following tables.

Component Variables
Capacitance / Energy / Power Energy / Power | Energy / Power
Component Voltage Current Inductance Charge / Flux Generated Stored Dissipated
Sources \2 I NA NA EG / PG NA NA
Resistor \% | NA NA NA NA ED / PD
Capacitor \% | (o} Q NA ES / PS NA
Inductor \2 | L X NA ES / PS NA
Diode A\ | (o} Q NA ES/PS ED / PD
- . VAP, VAM, VBP IAP, IAM
Transmission Line NA NA NA NA NA
VBM IBP, IBM
VB,VC, VE,
BJT VBE, VBC, VEB IB, IE, IC |CBE, CBC QBE, QBC NA ES / PS ED / PD
VEC, VCB, VCE
VB,VC, VE, VS,
VBE, VBC, VB
! ! S IB, IE, IC |CBE, CBC QBE, QBC
BJT4 VEB VEC, VES s ces cs NA ES/PS ED / PD
VCB, VCE, VCS Q
VSB, VSE, VSC
VG, VS VD, VB,
VGS, VGD, VGB 1G. 1S, 1D CGS, CGD QGS, QGD
MOSFET: LEV 1-3 |VDS, VDG, VDB IBV ' CGB, CBD QGB, QBD NA ES/PS ED / PD
VSG, VSD, VSB CBS QBS
VBG, VBD, VBS
VG, VS VD, VB,
VGS, VGD, VGB 1G. 1S, 1D
MOSFET:LEV 4,58 |VDS, VDG, VDB IBV ! NA NA NA NA ED / PD
VSG, VSD, VSB
VBG, VBD, VBS
VP, VM, VOUT,
OPAMP NA NA NA NA NA NA
VPM, VCC, VEE
VG, VD, VS,
JFET VGS, VGD, VSG IG, ID, IS |CGS, CGD QGS, QGD NA ES / PS ED / PD
VsD, VDG, VDS
VG, VD, Vs,
GaASFET VGS, VGD, VSG |IG, ID, IS |CGS, CGD QGS, QGD NA ES/ PS ED / PD
VSsD, VDG, VDS
Variables that are mere permutations of the leads are not shown. For example CGS and CSG produce the same plot as do QGS and QSG.

Table14-1 General syntax for Probevariables

Resistanceis available only for resistors. Inductance, B field, and H field are
availableonly forinductors.
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Probe regions

When probing for node voltages or digital states, you click the mouse on one of
the round dots shown on the node, or on any portion of any wire connectingto a
node. If there is more than one dot on a node, it doesn't matter which you pick.

Probe can plot many internal device variables. For example, the internal charge
and capacitance of aMOSFET (Level 1-3 only) can be accessed. The probe re-
gionsfor deviceswith three or more pins are more complicated than for nodes and
other devices. For example, the variable selected for atransistor is determined by
the nearest device pinline segment. Theseline segmentsareillustrated below for
the case of aMOSFET. When the mouse is clicked near a device, the distance
from each line segment to the point where the mouseis clicked isdetermined. The
closest line segment determinesthetwo leads. The V ertical and Horizontal menu
choicesdeterminethevariabletype.

Drain to Gate Drain to Body

Drain to Source

Gate to Source Source to Body

Gate to Body

Figure 14-1 MOSFET line segment diagram
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Probing a SPICE file

MC7 can a so probe SPICE files. Clicking on two-terminal devices like sources,
resistors, and diodes plots the voltage across or current through the device, de-
pending upon whether the Vertical option is set to Voltage or Current.

Clicking on three-terminal devices, presents a dialog box where you can select the
desired voltage or current variable.

Clicking on anode number plotsthe node voltage.
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Chapter 15

|
Stepping

What's in this chapter

Stepping is the process of varying a parameter value to see its effect on circuit
behavior. Transient, AC, and DC analysisall providethe capability of stepping
parameter values.

This feature cannot be used simultaneously with Monte Carlo analysis. If both are
enabled, MC7 will enable the last one turned on by the user, and disable the other.

Stepped waveforms are plotted on the same graph. To distinguish one from the
other, use Cursor mode and the UP CURSOR ARROW and DOWN CURSOR
ARROW keys to switch between branches. As the cursor keys change the se-
lected branch (step value) of the waveform, the window title changes showing the
value of the stepped parameter(s). Y ou can also label the individual branches and
use the mouse or the Go To Branch feature to select individual branches.

Features new in Micro-Cap 7
* Text stepping using symbolic parameters and the list method.
* Stepping symbolic parameterscreated with .PARAM.

* Ability to identify curve branches by labeling them and by selecting
them with the ALT key and amouse click or the Go To Branch feature.
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How stepping works

Stepping systematically alters the value of one or more parameters of one or
more components and then runs the analysis, drawing multiple branches for
each curve. Earlier versionsof the program placed restrictions on changing some
variables, such asthe model level and parasitic resistances. Most parameter types
can now be stepped, including attribute parameterslikethe resistance of aresistor,
model parameterslike atransistor beta, and symbolic parameterscreated with a
.define or a.param command. If the parameter changes the equation matrix, MC7
simply recreates the equations. For each parameter set, arun is made and the
specifiedwaveformsplotted.

With parameter stepping enabled, 3D plots can be used to display performance
function dependence on parameter values.

What can be stepped?

There are three basic types of variables that can be stepped:

Attribute parameters
Model parameters
Symbolic parameters (those created with a .DEFINE statement)

Some components such as the simple dependent sources, 10FI, IOFV, VOFI,
and VOFV, are characterized by a single attribute parameter called 'VALUE'.
In this type of component, thisisthe only parameter that can be stepped.

Some components have only model parameters, and these are the only param-
eters that can be stepped.

Some components have both attribute and model parameters and both types of
parameters can be stepped.

Symbolic parameters used in model statements or attributes can be stepped.
Using a symbolic variable, you can also step text using the list option. This

is handy for changing models, stimulus files, or other text-based param-
eters.
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The Stepping dialog box

Parameter stepping is controlled by the Stepping dialog box. It looks like this:

Stepping

(R T P S PR - O P

[ T R R R 1Y

StepWhat

j ‘Va\ue j

From |50

To oo

Step Yalue |1D

Method
@ Lingar C Log © List

Step It
& Yes  C MNo

Parameter Type

& Compaonent  © Model  ©

Change
" Step all variables simultaneously & Step varighles in nested loops

’T‘ Cancel ‘ Help |

Figure 15-1 The Stepping dialog box

Thediaog box isdivided into several areas:

* Parameter Panels

The dialog box provides tabs for up to twenty parameters, although two or
three is a practical maximum. Each tab accesses a panel which controls a
single parameter. Stepping for each parameter is enabled when its Step It

optionisset to Yes.

* Step It: Set this option to Y es to enable stepping for the parameter.

* Step What

The left Step What list box in each parameter panel specifies the name
of the model parameter, component, or symbolic variable value to be
stepped. Since dissimilar parts may share the same model name, the
electrical definition is shown along with the name. Clicking on the list
box displaysalist of theitems availablefor stepping. To select one, click
onit. Theright Step What list box in each panel specifies the name of
the parameter to be stepped. Clicking on the list box displaysalist of the
available parameters. To select a parameter, click on it.

* From: Thisfield specifies the starting value of the parameter.

* To: Thisfield specifies the ending value of the parameter.
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* Step Value: Thisfield specifies the step value of the parameter.

* Method: The Method option in each panel controls how the Step
Vaue affects the parameter value.

® Linear: Linear stepping adds the Step Value.
® Log: Log stepping multiplies by the Step Vaue.

® List: List stepping lets you enter a comma-delimited set of
specific values in the From field.

* Parameter Type: This option in each panel specifies whether the
Step What field refersto amodel, component, or symbolic name.

* Component: Thisis used for passive parameter values, as
for example, the resistance of aresistor.

* Modd: Thisisused for model parameters, as for example,
the BF of aBJT, or adelay parameter for adigital device.

® Symbolic: Symbolsarevariables created with a.DEFINE or
a.PARAM statement. They can be used in component value
parametersor in model parameters. Stepping them isapowerful
way of controlling many parameter values. For example, you can
control theW and L of many MOSFET deviceswith this:

.DEFINE W1 2U
.DEFINEL10.3U

.MODEL NM1NMOS (W=W1L=L1..)

Thislets you selectively step only the W and L of the devices
that use the symbols W1 and L 1.

Y ou can step an individual instance or all instances of amodel parameter.
In Component mode, stepping affects one parameter of one deviceonly if
thePRIVATEANALOGand PRIVATEDIGITAL options(Global
Settings) are enabled. In Model mode, stepping affects one parameter of
all devicesthat usethat model name. Thisistrue regardless of the state of
thePRIVATEANALOG or PRIVATEDIGITAL flags.



® Change: The Change option only comesinto play if you are stepping
multiple parameters. It controls whether the parameter changes are to be
nested or simultaneous.

* Step all variables simultaneoudly: In thistype of change, all
parameters change value simultaneously, so you get asmall set of matched
parameter val ues.

* Step variablesin nested loops: In thistype of change, each parameter
changesindependently, soyou get all combinationsof the specified values.

For example, suppose you step L1 through the values 1u and 2u and you
step C1 from 1n to 2n. Simultaneous stepping, will produce two runs,
and nested stepping will produce four runs as shown below.

Nested Simultaneous
L1=1u C1=1n L1=1u C1=1n
L1=1u C1=2n L1=2u C1=2n
L1=2u C1=1n
L1=2u C1=2n

Simultaneous stepping requires an equal number of steps for each
parameter. If the parameter panels specify different numbers of steps, an
error message will be issued. Use nested stepping when you want all
combinations of parameter variation. Use simultaneous stepping when
you want only specific combinations.

* OK: This button accepts the changes made and exits the dialog box.
® Cancel: This button ignores any changes and exits the dialog box.

® Help: This button accesses the Help system.
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Public vs. private libraries

To illustrate the stepping possibilities with the four combinations of public or
privatelibraries and component or model stepping, imagineacircuit with two
transistors, each having aMODEL attribute of "2N2903".

This circuit uses two transistors with component names Q1 and Q2. They both
use the 2N2903 model. This diagram illustrates the four possibilities.

Private Models Public Models

Component M ode Stepping Q Q+——2N2903
Case 1. Step Q1.BF
Qz——]2n2003] Q—

Model Mode Stepping QL Qr—{2nzus |
Case 2 Step 2N2903.BF

Q 2N2903 Q2

The shaded models are changed by stepping. In case 1, we are stepping Q1.BF.
In this case we step the model that Q1 points to. When the libraries are private,
then the model pointed to by Q1 would be stepped and that pointed to by Q2
would not be stepped. They point to distinct model locations, even though they
use the same model name. When the libraries are public, stepping the model
pointed to by Q1 also steps the model pointed to by Q2 since they point to the
same model |ocation.

In case 2, we are stepping 2N2903.BF. In this case we step al of the instances
of the 2N2903 model. It doesn't matter whether models are private or public,
since al instances of the model are changed.

Only component stepping and private libraries selectively step individua in-
stances of model parameters. All other cases step all instances of model param-
eters.
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Stepping summary
The most important things to remember when using stepping include:
1. The parameters of these components may not be stepped:

® Transformer

® User sources

* L aplace sources

® Function sources

* SPICE dependent sources (E,F,G,H sources)

* Old switches (S and W switch parameters can be stepped)

The behavior of User, Laplace, Function, and SPICE sources are embodied in
algebraic formulas and numeric tables, and thus have no parameters to be
stepped. Y ou can step symbolic parameters which are used in Laplace,
Function, and SPICE source functions. For example, you could use
.DEFINE TAU 5

A Laplace function source whose LAPLACE attribute is:

V(A+TAU*S)

could then be changed by stepping TAU.

Similarly in a Laplace table source like

.DEFINE RVAL 2.0

.DEFINE TAB (1k,0,RVAL)

you could change the behavior of the source by stepping RVAL.

The User source gets its data from an external data file and has no parameter
that can be stepped.

2. In Component mode, stepping affects one parameter of one device only if
the PRIVATEANALOG and PRIVATEDIGITAL options (Globa Settings)
are enabled. In Model mode, stepping affects one parameter of all devices
that use that model name. Thus you are potentially affecting many devices.
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This is true regardiess of the state of the PRIVATEANALOG or
PRIVATEDIGITAL flags. In model stepping, AKO models track stepped
parametersin the parent model and all of the temperature model parameters
are available for stepping.

3. The MOSFET Level model parameter may be stepped, but an error will
occur if the model statement has been created with parametersfor level 1, 2,
or 3 and the level changesto aBSIM model (Level 4, 5, or 8). Each BSIM
model uses model parameter names that are different from the other BSIM
models aswell asthelevel 1, 2, and 3 models, so the parameter names
would be meaningless.

4. Linear stepping starts with the From value and adds the Step Value until
it reaches the To value. Log stepping starts with the From value and then
multiplies by the Step Value until it reachesthe To value. A Step Vaue of 2
is often convenient and is called octave stepping. A Step Value of 10is
sometimes referred to as decade stepping. List stepping simply uses the
values specified in the From field.

5. If multiple parameters are to be simultaneously stepped, they must each
specify the same number of steps. If there is a mismatch, an error message is
generated.

6. At least two parameters must be varied to create 3D plots where a
performance function is chosen for the Y axis.

7. Stepping aresistor, capacitor, or inductor that uses an expression for its
value, replaces the value calculated from the expression with the step value.
In other words, the step value takes precedence over the calculated value.
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|
Monte Carlo Analysis

What's in this chapter

After successfully simulating acircuit, a user may want to know how the circuit
performance is affected by parameter variation. Monte Carlo analysis provides a
means of answering that question.

During Monte Carlo analysis, multiple runs are performed. For each run, anew
circuit is generated from components whose numerical parameter values are ran-
domly selected. The selection processis based upon user-specified parameter
tolerances and distribution types. MC7 extracts performance characteristics from
each run and displaystheinformation graphically in the form of histograms and
numerically in the form of statistical parameters.

Monte Carlo-related features new in Micro-Cap 7
* Ability toidentify curve branchesby labeling them and by selecting
them with the ALT key and amouse click or the Go To Branch feature.

* Ahility to use performance function expressionsin histogramsinstead of
single performance functions.
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How Monte Carlo works

Monte Carlo works by analyzing many circuits. Each circuit is constructed of
components randomly selected from popul ations matching the user-specified tol -
erances and distribution type.

Tolerances are applied to a component's numeric model parameters. Only model
parameters and symbolic parameters can be toleranced. Tolerances are
specified as an actual value or as a percentage of the nominal parameter value.

Both absolute (LOT) and relative (DEV) tolerances can be specified. A LOT
toleranceis applied absolutely to each device. A DEV toleranceisthen applied to
thefirst through last device relativeto the LOT toleranced value originally chosen
for thefirst device. In other words, the first device in thelist receivesaLOT tol-
erance, if onewas specified. All devices, including the first, then receive the first
device's value plus or minus the DEV tolerance. DEV tolerances provide a
means for having some devices track in their critical parameter values.

Both tolerances are specified by including the key words LOT or DEV after the
model parameter:

[LOT[t&d]=<value>[%]] [DEV[t& d]=<value>[%]]

For example, this model statement specifies a 10% absol ute tolerance to the for-
ward beta of the transistor N1:

.MODEL N1 NPN (BF=300 LOT=10%)

In thisexample, for aworst case distribution, each transistor using the N1 model
statement has a forward beta of either 270 or 330. If a Gaussian distribution were
used, arandom value would be selected from a Gaussian distribution having a
standard deviation of 30. If auniform distribution were used, arandom value
would be selected from auniform distribution having a half-width of 30.

This example specifies a 1% rel ative tolerance to the BF of the N1 mode!:
.MODEL N1 NPN (BF=300 DEV=1%)
The DEV vaue specifies the relative percentage variation of a parameter. A

relative tolerance of 0% implies perfect tracking. A 1.0% DEV tolerance implies
that the BF of each N1 device is the same to within +- 1.0% for a worst case
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distribution. DEV tolerances require the use of private libraries, regardless of the
state of the PRIVATEANALOG or PRIVATEDIGITAL flags. Theseflagsare set
in Options/ Global Settings.

This sample specifies a 10% absolute and 1% relative BF tolerance:

.MODEL N1 NPN (BF=300 LOT=10% DEV=1%)
In this example, assuming aworst case distribution, the first N1 model isran-
domly assigned one of the two values 270 or 330. These two values are calcu-

|ated from the mean value of 300 and 10% L OT tolerance as follows;

BF =270 = 300 - .1.(300)
BF =330 = 300 +.1.(300)

Suppose that the LOT toleranced BF value was randomly chosen to be 330.
Thenall N1 transistors, including the first, are randomly given one of these val-
ues, based upon the 1% DEV tolerance:

327 =330-.01.300
333=2330+.01-300

If the LOT toleranced BF value had been randomly chosen to be 270, then all N1
transistors, including thefirst, would be randomly given one of these values,
based upon the 1% DEV tolerance:

267 =270-.01.300
273=270+.01.300

Assuming aworst case distribution, all BF valuesin any particular run would be
chosen from the set { 267, 273, 327, 333} .

Resistors, capacitors, and inductors must be toleranced through their multiplier
model parameter. This example provides a 10% LOT tolerance and a 1% DEV
tolerance for aresistor.

.MODEL RMOD RES (R=1 LOT=10% DEV=1%)

Any resistor that uses the RMOD model will be toleranced, since the toleranced
R valuewill multiply itsresistor value.
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[t&d] specifiesthetracking and distribution, using thefollowing format:
[/<lot#>][/<distribution name>]

These specifications must follow the keywords DEV and LOT without spaces
and must be separated by "/".

<lot#> specifies which of ten random number generators, numbered O through 9,
are used to calculate parameter values. This lets you correlate parameters of an
individual model statement (e.g. RE and RC of aparticular NPN transistor model)
as well as parameters between models (e.g. BF of NPNA and BF of NPNB).
The DEV random number generators are distinct from the LOT random number
generators. Tolerances without <lot#> get unique random numbers.

<distribution name> specifies the distribution. It can be any of the following:

Keyword Distribution

UNIFORM Equal probability distribution
GAUSS Normal or Gaussiandistribution
WCASE Worst casedistribution

If adistribution isnot specified in [t&d], the distribution specified in the Monte
Carlodialog box isused.

Toillustrate the use of <lot#>, suppose we have the following circuit:

1 Q2
NPN1 NPN2

MODEL NPN1 NPN (RE=1 LOT=10%)

MODEL NPN2 NPN (RE=2 LOT=10%)

Figure 16-1 Uncorrelated RE values

In this example, Q1's RE value will be uncorrelated with Q2's RE value. During
the Monte Carlo runs, each will receive random uncorrelated tolerances.
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Now consider thiscircuit:

Q1 Q2
NPN1 NPN2

MODEL NPN1 NPN (RE=1 LOT/1=10%)
MODEL NPN2 NPN (RE=2 LOT/1=10%)
Figure 16-2 Using <lot#> to correlate RE values
Here, the presence of LOT/1 in both RE tolerance specs forces the LOT toler-
ance of the RE values to be the same. The values themselves won't be the same

since their nominal values (1.0 and 2.0) are different.

DEV can aso use [t&d] specifications. Consider this circuit.

o] Q2
NPN1 NPN2

.MODEL NPN1 NPN (RE=1 LOT/1/UNIFORM=10% DEV/2=1%)

MODEL NPN2 NPN (RE=2 LOT/1/UNIFORM=10% DEV/3=1%)

Figure 16-3 Using <lot#> in DEV and LOT

Here the LOT toleranced RE values will track perfectly, but when the DEV tol-
erance is added, the values will be different due to the use of different generators

for DEV.
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Tolerancing symbolic parameters

Symbolic parameters, those created with a .DEFINE statement, may also be
toleranced. The format isasfollows:

.DEFINE [{lotspec devspec}] <varname> <expr>

where the format of lotspec is the same as for other parameters:
[LOT[t& d]=<value>[%]]

and theformat of devspecissimilar:
[DEV[t& d]=<value>[%]]

[t&d] specifiesthe tracking and distribution, using the usual format:
[/<lot#>][/<distribution name>]

For example,

.DEFINE {LOT/1/GAUSS=10%} RATE 100

Thisdefinesavariable called RATE that has a Gaussian distribution withaLOT
tolerance of 10% and its tolerances are based on random number generator 1.

Here is another example:

.DEFINE {LOT/LJ/GAUSS=10% DEV/2/UNIFORM=2%} VOLTAIRE 100
This defines avariable called VOLTAIRE that has a Gaussian distribution with a
LOT tolerance of 10% and a uniform distribution with aDEV tolerance of 2%.

Its LOT tolerance is based on random number generator 1 and its DEV tolerance
is based on random number generator 2.
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Tolerances and public vs. private libraries

In order to accomplish relative DEV tolerancing, it is necessary to have private
libraries. Consider this case:

.MODEL N1 NPN (BF=300 LOT=10% DEV=1%)

Because of the DEV tolerance, each instance of a BJT using the N1 model will
have aunique BF. This can only happen with private libraries. Thus, when a
model uses a DEV tolerance, the PRIVATEANALOG or PRIVATEDIGITAL
flags are enabled, forcing the use of a private library for all parts which use the
model. The flags are not affected for other models.

To summarize, for all parts which use the model statement:

If DEV isused, then al devices have their own private model parameter set,
regardless of the PRIVATEANALOG or PRIVATEDIGITAL flag settings,
and may have different parameter values if the tolerances are not zero.

If DEV is not used, and PRIVATEANALOG or PRIVATEDIGITAL are
disabled, then all devices that use the same model name will have the same
parameter values, since public libraries are being used.

If DEV is not used, and PRIVATEANALOG or PRIVATEDIGITAL are
enabled, then al devices that use the same model name may have different
parameter values, if the tolerances are not zero.

This table summarizes how the parameters of two parts using the same model
vary depending upon DEV use and the PRIVATE flags.

PRIVATE PUBLIC
DEV USED UNIQUE UNIQUE
DEV NOT USED UNIQUE SAME

This table summarizes how the parameters of two parts using the same model
vary depending upon LOT use and the PRIVATE flags.

PRIVATE PUBLIC

LOT USED UNIQUE SAME
LOT NOT USED SAME SAME
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Distributions

The actual values assigned to a toleranced parameter depend not only on the tol-
erance, but on the distribution aswell.

A worst case distribution places al values at the extremes of the tolerance band.
There are only two values:

Min = Mean - Tolerance
Max = Mean + Tolerance

The mean value is the model parameter value.

A uniform distribution places values equally over the tolerance band. Vaues are
generated with equal probability over the range:

From Mean - Tolerance to Mean + Tolerance

A Gaussian distribution produces a smooth variation of parameters around the
mean value. Vaues closer to the mean are more likely than values further away.
The standard deviation is obtained from the tolerance by thisformula:

Standard Deviation = Sigma = (Tolerance/100)-Mean/ SD

SD (from the Global Settings dialog box) isthe number of standard deviationsin
the tolerance band. Thus, the standard deviation is calculated directly from the
tolerance value. The value chosen depends upon how much of anormal popula
tion isto be included in the tolerance band. Here are some typical values:

Standarddeviations Percent of population
1.0 68.0
1.96 95.0
2.0 95.5
2.58 99.0
3.0 99.7
3.29 99.9

If asupplier guarantees that 99.9% of all 10% resistors are within the 10% toler-
ance, you would use the value 3.29. Using a Gaussian distribution, a 1K -10%
resistor may have avalue below 900 ohms or above 1100 ohms. The probability
would be less than 0.1% for an SD of 3.29, but it could happen.

Chapter 16: Monte Carlo



Performance functions

MC7 savesall X and Y expression values of each plotted expression at each data
point for each run, so you can create histograms using expressions comprised of
the functions after the runs are done. For example if you plotted the curve
V(OUT), you could do a histogram of the expression:

Rise Time(V(3),1,1,1,2)+Fal_Time(V(3),1,1,1,2)

Performance function expressions reduce an entire curve to a single number that
captures an important behaviora characteristic for one particular run. Individual
numbers are then combined to form apopulation which is statistically analyzed
anditshistogramisdisplayed. |deally, the histograms and popul ation statisticswill
reveal expected variations in the performance function expression when the cir-
cuit is manufactured.

The performance functions are described in greater detail in Chapter 26, "Perfor-
mance Functions.”
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Options

The Monte Carlo options dialog box provides these choices:

* Status: Monte Carlo analysisis enabled by selecting the On button. To
disableit, click the Off button.

* Number of Runs: The number of runs determines the confidence in the
statistics produced. More runs produce a higher confidence that the mean and
standard deviation accurately reflect the true distribution. Generaly, from 30
to 300 runs are needed for a high confidence. The maximum is 30000 runs.

* Report When: Thisfield specifies when to report afailure. The routine
generates afailure report in the numeric output file when the Boolean
expression inthisfield istrue. The field must contain a performance
function specification. For example, thisexpression

rise time(V(1),1,2,0.8,1.4)>10ns

would generate a report when the specified rise time of V(1) exceeded 10ns.
The report lists the model statement values that produced the failure. These
reports are included in the numeric output file (NAME.TNO for transient,
NAME.ANO for AC, and NAME.DNO for DC) and can be viewed directly.
They are al'so used by the Load MC File item in the File menu to recreate
the circuits that created the performance failure.

* Distribution to Use: This specifies the default distribution to use for all
LOT and DEV tolerances that do not specify a distribution with [t&d].

® Gaussian distributions are governed by the standard equation:
f(x) = e>%Ya(2e)*°

Where s = x-p/o and p isthe nominal parameter value, o is the standard
deviation, and x istheindependent variable.

* Uniform distributions have equal probability within the tolerance
limits. Each valuefrom minimumto maximumisequally likely.

* Worst case distributions have a 50% probability of producing the
minimum and a50% probability of producing the maximum.
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Chapter 17

|
The MODEL Program

What's in this chapter
This chapter describes the operation of the MODEL program.

MODEL is designed to make the creation of device model parameters from data
sheet values fast, easy, and accurate. It is an interactive, optimizing curve fitter
that takes numbers from data sheet graphs or tables and produces an optimized
set of device model parameters. MODEL uses Powell's direction-set method for
optimization. Thisrobust algorithmiswell suited to thetype of error minimization
required in device modeling. For those interested in the algorithm, see Numerical
Recipes in C, The Art of Scientific Computing, published by Cambridge Univer-
sity Press.

Asageneral guideline, two to five data pairs should be taken from the appropriate
data sheet graphs. If the graphs are not available, use a single data pair from the
specification tables. If the specification table is missing from the data sheet, use
the default values supplied. Use typical, room temperature values. After entering
the data, use the I nitialize option under the Run menu for afirst estimate, then
use the Optimize option under the Run menu.

How to start MODEL

MODEL isastand alone program and can be started by double-clicking on its
icon from the Windows Program Manager. It may also be invoked from within
MC7 using the Windows menu.
MODEL may also be invoked with the name of adatafile:

MODEL datafilename

Thisform runs the MODEL program and loads the specified datafile.
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Pull-down menus

The MODEL window

The MODEL window houses all of the functions necessary to create and access
datafilesand to produce optimal models. Itsdisplay lookslikethis:

B Model 7.0.0 - [E:\MC7\LIBRARY \IRPMOS.MDL]

[&] e Edit Windows Qptions View Bun Help |2 x|

Part 63 NMOS Vds Ids Vgs

T IRF540 — 0 o

it ional Rectifier 0.5 5

Textfields

Numeric datafields

T3 |N-Channel 100 0.077 Ohm 28A i ©
T4 lids 7117/ A 10

— 1

Model graph

50.00 n

40.00

w (0597689
3000 vTO [3.16838
LAMBDA [0.00780986

Conditionfields

/(—4"102 RS o
20.00 RD 0.0177868

KP [2e-005
o L [2e-006
10.00 -

0.00 ‘ ‘
0.00 200 4.00 6.00 8.00 10.00 ‘ ‘

Model fields

Figure 17-1 The Main Display

The principal components of the MODEL window are asfollows:

Text fields: There are four Text fields; 'T1', 'T2, 'T3, and 'T4". The'T1 and 'T3'
fields are imported to MC7 model libraries. The 'T1' field holds the part name and
isused in sorting. The other text fields serve only as additional documentation.

Numeric data fields: There are from one to three data fields, depending upon the
device type and graph. From one to fifty data sets may be entered in the fields.
Thedatais usually obtained from a data sheet graph. If the graph is not available,
asingle data point may be taken from the specification tables. If the specification
valueis not available, no datais entered and default values are used for the corre-
sponding model parameters.

Modd Graph: The model graph shows a plot of the curve for the model param-
etersin the Model fields. It also plots the numeric data points, if any are entered
by the user. The quality of thefit can be judged by noting how close the data
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points match the model curve. A more rigorous estimate is shown in the error
display just above the text fields. This error figure is the average percentage error
of al datapoints.

Model fields: Model parameters are changed by initialization or optimization, but
may also be directly edited. Thisis sometimes useful to gauge the effect of a
model parameter change. Occasionally, it isuseful to manually initialize the model
parameter valuesto obtain a better fit than can be obtained by using initialization.

Condition fields: These fields hold the value of any external test condition used
in the measurement from which the data points were obtained.
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TheFilemenu

MODEL uses datafiles with the extension "MDL". This menu provides functions
for managing the data files, SPICE text model files, and MC7 device model files.

* New: (CTRL + N) This creates a new data file containing a single device.
® Open: (CTRL + O) Thisloads an existing data file from disk.

® Save: (CTRL + S) This saves the current data file to disk.

® Save As: Thislets you save the current data file to disk under a new name.

® Paths...: Thisletsyou specify the default path(s) where the program loads
and savesitsfiles.

* Create SPICE File: This saves the parameter values as model statements
in atext file, using afile name extension of "LIB". They can be accessed in
thisform by the MC7 simulator, but not by the MC7 Model Editor.

* Create Model Library: This saves the parameter values as a binary data
file, using afile name extension of "LBR". They may be accessed in thisform
by both the MC7 simulator and by the MC7 Model Editor. Thisform isthe
preferred form for use by MC7, since it provides faster access to the part
model valueswhen MC7 is searching the libraries in preparation for arun.

* Revert: Thisrestores the currently displayed file to the version stored on
disk. If you have made many edits to the current file, and want to abandon
them and start with a fresh copy of thefile, thisis the command to use.

® Close (CTRL+ F4): This command closes the current data file.

* Merge: Thismergesthe current datafile with onefrom the disk. The results
aredisplayed in the current datafile, but are only saved to disk if requested by
the user with a Save or Save As command or when thefileis unloaded.

® Sort: Thisoption sortsthe current datafile using the T1 field.

* File Name: Recently opened files are listed here.

® Exit: (ALT+ F4) This command exits the MODEL program.
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The Edit menu

This menu provides the commands for editing the datafile:

* Undo: (CTRL + Z) Any change to atext field may be reversed with the
Undo command. Undo will only reverse the last change.

® Cut: (CTRL + X) This command del etes the selected text and copies it to
theclipboard.

® Copy: (CTRL + C) This command copies selected text to the clipboard.

® Paste: (CTRL + V) This command copies the contents of the clipboard
starting at the current cursor position.

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

® Select All: (CTRL + A) This command selects all text in the field where
the text cursor is.

* Copy Front Window to Clipboard: This copiesall or part of thevisible
portion of the front window in bitmap graphics format to the clipboard.

* Change Polarity: This command lets you change the polarity of the
displayed device. For example, you can change the polarity of abipolar
transistor from NPN to PNP, or MOSFET from PMOS to NMOS.

* Add Part: Thisoption letsyou add a new part to the current file. The part
typeis selected from a submenu and added to the end of thefile.

* Delete Data: (CTRL + D) Thisoption lets you delete the data pair or data
triplet in the data field where the cursor is presently located. It only affects
the Numeric Datafields, not the text fields. It is enabled only when the text
cursor islocated in one of the Numeric Data fields. Note that thereis no
Copy Part or Delete Part command on this menu. These functions are part of
the Parts List dialog box. Y ou can delete one or more parts by selecting them,
then cutting or clearing them. Y ou can copy one or more parts by selecting
them, copying them to the clipboard, then pasting them into thefile.
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The Windows menu
This menu provides commandsfor arranging the openfiles:

® Cascade: (SHIFT + F5) This command cascades open filesin an
overlapping manner.

* TileVertical: (SHIFT + F4) This command vertically tiles the open files
in anon-overlapping manner.

* TileHorizontal: Thiscommand horizontally tilesthe openfilesina
non-overlapping manner.

* Arrange I cons: This command neatly arranges any minimized fileicons.

* File names: Thislists the open files by hame. Choosing one of thefiles
makes it the active or front window.
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The Options menu
Thismenu providesthefollowing choices:

* Help Bar: Thistogglesthe display of the Help Bar, a one line window
which provides short descriptions of the item at the current mouse location.

* Preferences. These are simple operationa preferences.
* FileWarning: Thisprovidesawarning when closing editedfiles.
* Sound: This controls the use of sound for warnings.
* Quit Warning: This providesawarning when quitting.

* Time Stamp: This adds atime stamp at the top of the SPICE model
statement output file.

* Date Stamp: This adds a date stamp at the top of the SPICE model
statement output file.

* Global Settings: The optimizer must achieve these limits before stopping.

* Maximum Relative Per-iteration Error: If the relative difference
inthe RMS error function from one iteration to the next drops below this
value, the optimization will stop. Thisvalueistypically luto 1m.

* Maximum Percentage Per-iteration Error: If the percentage
difference in the RMS error function from one iteration to the next drops
bel ow thisvalue, optimization will stop. Thisvalueistypically 1uto 1m.

* Maximum Percentage Error: If the actual percentage error of the
RM Serror function drops bel ow thisvalue, optimization will stop. This
valueistypically 0.1t05.0.

®* Model Defaults

This accesses an editor which | ets you change the minimum, initial, and
maximum valuesfor all model parameters. The minimum and maximum serve
aslimitson the value of optimized parameters during the optimization process.
Theinitial valueisusedfor initialization prior to optimization.
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® Color Preferences
Thisletsyou select the color of the curve, data point icons, graph grid, graph
background, and numeric scale.

* Auto Scale (F6)
Thiscommand automatically scalesthe plot.

* Manual Scale (F9)
Thisoption letsyou manually changethe plot scale.

* Step Model Parameters

This option lets you step any of the model parameters to see their effect on
the curve. It isatool for exploring the effect of different model parameters.
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TheView menu

This menu lets you access the different graphs for each part and the parts them-
selves. The datafile can be viewed as atwo-dimensional structure. The graphs
are arranged from left to right. The parts are arranged from top to bottom. The
CTRL + ARROW keys provide akind of two-dimensional accessto thefile:

PreviousGraph: CTRL + LEFT ARROW shows the graph to the left.

Next Graph: CTRL + RIGHT ARROW shows the graph to the right.
Previous Part: CTRL + UP ARROW shows the part above.
Next Part: CTRL + DOWN ARROW shows the part below.

The graphs and parts are accessed with these options:
® PartsList (CTRL + L ): Thiscommand displays alist box showing all of
the partsin the current file. Double-clicking on one of the part names displays
the part and its data. The menu lets you cut, copy, paste, and delete parts.
To select apart, click on it. To select more than one part, drag the mouse
over the part names, or use CTRL + mouse click to toggle the selection state
of single parts, or SHIFT + mouse click to toggle the selection state of many
parts.

To delete one or more parts, first select them, then cut (CTRL + X) or clear
(Del) them.

To copy one or more parts, first select them, then copy them to the clipboard
(CTRL + C), then paste (CTRL + V) them to the end of thefile.

* Find Part (CTRL + F): This searches the current file for a part namein
the T1field.

® Previous Part (CTRL + UP ARROW): This shows the prior part.
* Next Part (CTRL + DOWN ARROW): This shows the next part.
* First Part (CTRL + HOME): This shows the first part in the datafile.
® Last Part (CTRL + END): This shows the last part in the datafile.

® Previous graph (CTRL + LEFT ARROW): This shows the prior graph.
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®* Next Graph (CTRL + RIGHT ARROW): This shows the next graph.

® First Graph (CTRL + SHIFT + LEFT ARROW): This shows the
first graph of the current part.

® Last Graph (CTRL + SHIFT + RIGHT ARROW): This shows the
last graph of the current part.

* All Graphs: This mode shows al graphs for the part. When you select
thisoption, all graphs are displayed. A list of the graphsis presented at the
end of the menu, together with a check mark. Y ou can selectively add or
delete graphs by clicking on the graph name. When more than one graph is
shown, the data fields shown are for the selected graph. The selected
graph is the one whose title is underlined. Y ou can change the selected
graph by clicking on thetitle bar. When you do, the screen shows the
appropriate data fields for the graph.

* One Graph at a Time: This mode shows only one graph at atime.

® Graph Names: This portion lists each of the graphs for the part. If the
All Graphsoptionisenabled, clicking on one of the graph namestoggles
itsdisplay status. If the One Graph at a Timeoption is enabled, clicking
on one of the graph names selects it for display.
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The Run menu
Thismenu providescontrol over theinitializationand optimizationfunctions:

® |nitialize: (CTRL+I) Thisinitializes the model parameter values
for the displayed graph of the part. Thisis usually the prelude to optimizing.

® Optimize: (CTRL+T) This optimizes the model parameter values to fit the
supplied data points. Optimizing is done for the selected graph of the current
part. Optimization is done by minimizing the RM S difference between the
data points and the plot values predicted by a particular set of parameters.

* | nitializeand Optimize All: Thisfirst initializes and then optimizes
each part in the datafile. If the parts have never been optimized, thisisa
convenient way of optimizing all partsin the datafile.

* Optimize All: Thisoptimizeseach part inthe filewithout initialization. If
the parts have been optimized one or more times, and you wish to tighten the
optimization tolerances to produce a better fit, or possibly you have changed a
few datavaluesin the file, but can't remember which have been changed, this
option provides a convenient way to re-optimize the entire datafile.
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A bipolar transistor example

Toillustrate the use of MODEL, we'll use the 2N3903 transistor. The exampleis
based upon the product data sheet which begins on page 2-3 in the data book,
Motorola Small-Sgnal Transistors, FETs, and Diodes Device Data Rev 5.

Begin by creating anew file. Select New from the File menu. Use the name
"NEW1.MDL". Click onthe NPN type option. Click OK. The program createsa
new file with one part of the selected type. The cursor isinitially inthe T1 text
field. Type"2N3903". Enter any text you wishin theremaining threetext fields.

Now you're ready to enter data. Locate Figure 17, the "ON" VOLTAGES graph,
on page 2-7 of the Motorola handbook. From the two Vbe vs. Ic plots choose the
Vbe(sat) @ Ic/Ib = 10 curve. Pressthe Tab key or use the mouse to move the
cursor to the Ic datafield. Enter these data sets from the graph.

Ic Vbe
.001 .65
01 74
.025 .80
A 93
PressCTRL + | toinitializeand CTRL + T to optimize the values. The results
looklikethis:
ladel 7.0.0 - [E\MC7\ A\l -MDL] [-[5]x]
@ File Edt ‘Windows Options View Run Help -|8] x|
Part 1 NPN le Vbe
T1 PN390s [0.001 065 %
T2 0.01 0.74
T3 0.025 08
T4 0.1 0.93
Vb lc Error=1.1%
1.10
1.00
Model Parameters.
RE 1.4393
0.90 NF 1.01526
IS 19.9807e-015
0.80
//‘"/
070 //
. [ ]
1000u 10m 100m l:l

Figure 17-2 The Vbe vs. Ic plot
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The model parameters RE, NF, and | S are optimized to produce afit to the Vbe
vs. Ic curve of about 1%. Thisisadlightly better than average error for thistype

of graph.

Press CTRL + RIGHT ARROW. This displays the Hoe vs. Ic¢ graph. Use the
maximum value of 40 umhos from the table for Hoe.

Press CTRL + RIGHT ARROW. This displays the Beta vs. Ic graph. Locate the
graph, Figure 15, DC Current Gain, on page 2-6. Select the 25° plot. Enter the
following data pointsfrom the graph:

lc Beta lc Beta
.0001 44 .030 72
.001 77 .050 50
.005 98 .100 27
.010 100

Move the cursor to the Measurement Conditions field and enter 1.0 for Vce.
PressCTRL + | toinitializeand CTRL + T to optimize. The resultslook like this:

[ Model 7.0.0 - [E\MC7\LIBRARY\NEW1.MDL] [_[o]x] I
n

@) Fle Edt Windows Options \View Ru Help -1&]x|
Part 1 NPN le Beta
T1 2N3903 0.0001 44 ;{
T2 0.001 77
T3 0.005 98
T4 0.01 100
Betavs. Ic Error=10% 0.03 72
200 [0.05 50
0.1 27
10 s o o o A Model Parameters
= NE [1ao2s6 |
ISE 6.64136e-014
BF [238.516
IKF 0.0210007
Measurement it Conditions
v
N L
100U m 10m 100mn

Figure 17-3 The Beta vs. Ic Plot
The model parameters NE, ISE, BF, and IKF are optimized to fit the plot to within

an error of about 11%. A typical error range for this plot is 1% to 20%. Press
CTRL + RIGHT ARROW and MODEL will display the next graph, Vcevs. Ic.
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From the same "ON" VOLTAGES graph used earlier, select the Vce(Sat) curve.
From the curve enter the following data points:

lc Vce
.001 A
.010 A1
.05 2
.10 .35

Move the cursor to the Measurement Conditions field and enter 10 for Ic/Ib. Ini-
tialize and optimizethevalues. Theresultslook likethis:

@ File Edit Windows Options Miew Bun Help _|®|x]
Part 1 NPN Ic Vee
T1 [2N3903 0.001 0.1 %
T 001 0.1
T3 005 02
T 0.1 035
Veevs. IcError=7.1%
500.00m
400.00m
Model Parameters
RC [0.392875
300.00m BR [0.459545
NC 2
1SC [9.7599¢-012
200.00m KR [747 506
/
100.00m T
Measurement t Conditions
o L]
1000u 10m 100m

Figure 17-4 The Vce vs. Ic Plot

The model parameters RC, BR, NC, ISC, and IKR are optimized to produce afit
totheVcevs. Ic plot of about 7%. Thisisagood fit for the Vce plot. Generally an
error range of 5% to 25% isto be expected here.

Press CTRL + RIGHT ARROW to select the next plot, Cob vs. Vch. From Cobo
plot in Figure 3, CAPACITANCE graph, on page 2-4 enter these values.

Vcb Cob
0.10 3.5pf
1.00 2.7pf
10.0 1.7pf

Initializeand optimizeand theresultslook like Figure 17-5.
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B Model 7.0.0 - [E:\MC7\LIBRARY\NEW1.MDL] !E|
Tl Fle Edit Windows Options Miew Pun

B Help || x|
Part 1 NPN Veb Cob
T1 [2N3903 0.1 3.5e-012 ;{
T2 n 2.7e-012
T3 10 1.7e-012
T4
Cob vs. ¥eb Error=2.1%
p
Model Parameters
’\—\\\\ cJc 13.61485e-012
]
™1 mic 03
wvJC 0.880014
FC 0.5
o0t [ 1
100 1000m 0 L

Figure 17-5 The Cob vs. Vcb Plot

Press CTRL + RIGHT ARROW to select the next plot Cib vs. Veb. From Cibo
plot in Figure 3, CAPACITANCE graph, on page 2-4, enter these values.

Veb Cib Veb

Cib Veb Cib
10 4.2pf 1.0

3.3pf 5.0 2.5pf

Initializeand optimizeandtheresultslook likethis:

@/ File Edit Windows Opfions Yiew Bun Help - |8] %]
Part 1 NPN Veb Cib
T1 [2N3903 0.1 1.2e012 |~
T2 i 3.3e-012
T3 5 2.5e-012
T4
Cib vs. Veb Error=1.8%
7p
— Model Parameters
\\_\\\ GJE 14.32714e-012
\\ MJE 03
VIJE 0.956769
100m 1000m 5

Figure 17-6 The Cib vs. Veb Plot
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Press CTRL + RIGHT ARROW to select the next plot, TSvs. Ic. From the Ic/Ib

=10curvein Figure 7, STORAGE TIME, graph on page 2-5, enter these values
for collector current and storage time:

Ic TS
Im 100n
10m 130n
200m 53n
Set the Measurement Condition field to 10. Initialize and optimize and theresults
look likethis:
@, file Edit Wincows Options View Bu Help -|@] %]
Part 1 NPN le s
T1 2N3903 0.001 1e-007 =
T2 0.01 1.3e-007
T3 0.2 (5.3e-008
T4
TSvs lcError=74%
200n
Model Parameters.
TR [3.70841e-007
100n P e
Measurement it Conditions
- o
1000u 10m 100m 200m l:l

Figure 17-7 The TS vs. Ic Plot
The model parameter TR is optimized to produce an average error of under 10%.

Press CTRL + RIGHT ARROW to select the next plot, FT vs. Ic. From the
Small-signal specification tablesenter thisdata point.

Ic FT
10m 250E6
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Enter 10.0for Vceinthe Measurement Conditionsfield. Initialize and optimize and
theresultslook likethis:

A Model 7.0.0 - [E:\MC7\LIBRARY\NEW1.MDL] [_[o[x]

@ Ble Edt Wndows Opions View Bun Help _19|x|
Part 1 NPN lc FT

T1 [pN390S oot [2.56+008 q
T2
3
T4

FT vs. e Error=0%

300M

Model Parameters

TF 6.49234e-010
— ITF 0.00998732
XTF 0.499999
VTF 10

Measuremen it Conditions

1000u 10m 100m

Figure 17-8 The FT vs. Ic Plot

The model parameters TF and I TF are optimized to produce a near perfect fit to
the single data point. Standard, unoptimized X TF and VTF values are used.

This completes the example for the 2N3903. Probably because it is such a popu-
lar device, it hasafairly good selection of graphs and specification values to use.
Other parts may not be well documented. In these cases, you have three choices:

1. Measure the data sheet values on a sample of actual parts.
2. Use the default model parameter values.
3. Use a part from a different manufacturer with better documentation.

Save the results in amodel file using the Save option from the File menu.

Thefinal step isto create amodel library file that MC7 can use. Select the Cre-
ate Model Library option from the File menu. The program will present a Save
Asdialog box and | et you specify the path and name of the model library fileto
use. Click onthe OK button to accept the default name NEW1.LBR. Thelibrary
fileis now saved and ready for use by MC7. Finally, be sure to enter the line
.LIB"NEWL1.LBR" intothe NOM.LIB text fileto tell MC7 about the new file.

Parameters for other device types are created in a similar fashion. A summary of
each graph and some guidelines are included in the following pages.
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Diode graphs

Title
Purpose
Input
Output
Equations
Guiddines

Title
Purpose
Input
Output
Equations
Guidelines

Title
Purpose
Input
Output
Equations
Guiddines

Title
Purpose
Input

Output
Equations
Guidelines

Forward current vs. Forward voltage

This screen estimates IS, N, and RS.

One or more pairs of If and Vf values.

Model valuesfor IS, N, and RS.

Vf = VT.log(If/19)+If.RS

Use data from the If vs. VT graphs. If unavailable, use typical values
from the tables. Use data from both the low and high current ranges.
The low-current data will determine the value of 1S and NF, and the
high-current data pointswill determine RS.

Capacitance C vs. Reverse voltage

This screen estimates CJO, M, VJ, and FC.

One or more pairs of Cj and Vr values.

Model valuesfor CJO, M, VJ, and FC.

C = CJIO/(1+VRIVIM

Use data from the C vs. Vr graphs. Vr is the value of the reverse
voltage and isalways positive.

Id vs Vrev

This screen estimates RL.

One or more pairs of Irev and Vrev values.

Model valuefor RL.

Irev = Vrev/RL (the breakdown portion isignored)

Use data from the Irev vs. Vrev graphs. If unavailable, use typical
values from the tables. RL models the main reverse |eakage current
component. BV isnot optimized.

Trrvs. Ir/If ratio

This screen estimates TT, the transit time parameter.

One or more pairs of Trr and Ir/If values. Ir/If isthe ratio of the
forward and reverse base currents used to measure Trr.

Model valuefor TT.

trr =tt-log10(1.0+1.0/ratio)

Use data from the Trr vs. Ir/If ratio graphs. If unavailable, use
typical valuesfrom thetables. If the typical valueis not
available, use an average of the min and max values.
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Bipolar transistor graphs

Title
Purpose
Input
Output
Equations
Guiddines

Title
Purpose
Input
Conditions
Output
Equations
Guiddines

Title
Purpose

Input
Conditions
Output
Equations
Guidelines

Title
Purpose

Input
Conditions
Output
Equations
Guiddines

Vbevs. Ic

This screen estimates IS, NF, and RE.

One or more pairs of Vbe and Ic values.

Model valuesfor IS, NF, and RE.

Vbe=VT.NF.log(lc/IS)+IcRE

Use data from the VbeSat vs. ¢ graphs. If unavailable, use typical
values.

Hoe vs. Ic

This screen estimates the forward Early voltage, VAF.

One or more pairs of Hoe and Ic values.

The value of Vce.

Model valuesfor VAF.

Hoe=Ic/ (VAF+Vce-0.7)

Usethe Hoe vs. Ic graphs. If unavailable, use typical values.

Beta vs. Ic

This screen estimates the parameters, NE, ISE, BF, and IKF. These
parameters model the low-current recombination and high-level
injection effects that produce a drop-off in the forward beta.

One or more pairs of Beta and Ic values.

The value of Vce.

Model values NE, ISE, BF, and IKF.

BF=f(Ic) = smulated tabular function of BF vs. Ic

Use the Betavs. Ic graph. If unavailable, use typical table values.

Vcevs. Ic

This screen estimates NC, ISC, BR, IKR, and RC. These model the
low-current recombination and high-level injection effectsthat cause
reverse beta drop-off. The collector resistance is also estimated.
One or more pairs of Vce and Ic values.

The value of the Ic/Ib ratio used in the measurement.

Model values NC, ISC, BR, IKR, and RC.

Vce = (smulated tabular function of Vcevs. I¢c)+Ic.(RC+RE)
Usethe Vcevs. Ic graphs. If unavailable, use typical table values.
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Title
Purpose
Input
Output
Equations
Guidelines

Title
Purpose
Input
Output
Equations
Guiddines

Title
Purpose
Input
Conditions
Output
Equations

Guiddines

Title
Purpose
Input
Conditions
Output
Equations

Guiddines

Cob vs. Vcb

This screen estimates CJC, MJC, VJC, and FC.

One or more pairs of Cob and Vcb values.

Model valuesfor CJC, MJC, VJC, and FC.

Cob = CJC/(1+Vch/VIC)M*

Use the Cab vs. Vcb graphs. Vcb is the value of the collector-base
voltage and isalways positive.

Cib vs. Veb

This screen estimates CJE, MJE, and VJE.

One or more pairs of Cib and Veb values.

Model values for CJE, MJE, and VVJE.

Cib = CJE/(1+Veb/VIE)ME

Use the Cib vs. Veb graphs. Veb is the value of the emitter-base
voltage and isalways positive.

TSvs Ic

This screen estimates Tr, the reverse transit time value.

One or more pairs of TSand Ic values.

The value of the Ic/Ib ratio used in the measurement.

Model valuefor Tr.

ar = br/(1.0+br) , af=bf/(1.0+bf)

k1 = (1.0-afar)/ar , k2=(af/ar). TF
TS=((Tr+k2)/k1).In(2.0/((Ic/Ib)/bf+1.0))

Usethe TSvs. Ic graphs. Use atypical value. If thetypical valueis
unavailable, use an average of the min and max values.

Ft vs. Ic

This screen estimates TF, ITF, XTF, and VTF.

One or more pairs of Ft and Ic values.

The value of Vce.

Model valuesfor TF, ITF, XTF, and VTF.

vbe=VT.N-In(1c/ISS), vbc = vbe - Vce

atf=1+X TF.(Ic/(Ic+ TF))2.glvbe/(144VTF)

tf =Tk (atf+2.(atf-1).I TF/(Ic+I TF)+VT.N.(atf-1)/(1.44VTF))

fa =(1-vbc/VAF).(1-vbc/VAF)

Ft =1/(2Pl.(tf/fatVT.N.(cjetcjc(1+Ic-RC/(VT-N)))/Ic))

Use data from the Ft vs. Ic graphs. If unavailable, use typical values
from thetables. If the typical value is unavailable, use an average of
the min and max values.
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JFET graphs

Title
Purpose
Input
Output
Equations

Title
Purpose
Input
Output
Equations

Title
Purpose
Input
Conditions
Output
Equations

Title
Purpose
Input
Conditions
Output
Equations

Title
Purpose
Input
Conditions
Output
Equations

Id vs. Vgs

This screen estimates the value of BETA, VTO, and RS.
Values for Vgsand Id.

Model values for BETA, VTO, and RS.

Vgs=RSId- VTO - sgrt(Id/BETA)

Gos vs. Id

Thisscreen estimatesthevaue of LAMBDA.
Enter valuesfor Gos and Id.

Model value for LAMBDA.

Gos = |dLAMBDA

Crss vs. Vgs

This screen estimates the value of CGD, PB, and FC.

Enter valuesfor Crssand Vgs.

The value of Vds at which the capacitance was measured.

Model valuesfor CGD, PB, FC.

Crss=CGS/(1-(Vds-Vgs)/PB)*® {(Vds-Vgs)< FC.PB}

Crss=CGS/(1-FC)'5.(1-FC.1.5+.5.(Vds-Vgs)/PB)
{(Vds-Vgs)>=FC.PB}

Ciss vs. Vgs

This screen estimates the value of CGS.

Enter values for Cissand Vgs.

The value of Vds at which the capacitance was measured.
Model valuefor CGS.

Crss=Ciss+ CDS/(1-Vgs/PB)* {Vgs<FC.PB
Crss=Ciss+CDS/(1-FC)'*.(1-FC.1.5+.5.Vgs/PB){ Vgs>=FC.PB}

Noise

This screen estimates the value of KF and AF.
Enter the values of En and frequency.

Thevalue of Ids at which the measurement is made.
Model values for KF and AF.

vgs=VTO + Id-RS + sort(Id/BETA)

gm = 2.0.BETA (vgs- VTO)

En = sort((8k-T-gm)/3 + (KRIDAF) / freg)/gm
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MOSFET graphs

All voltage and current values are entered as positive quantities for N-channel
devices and negative quantities for P-channel devices.

Title Transconductance vs. lds graph
Purpose  Thisscreen estimatesKP, W, L, VTO, and RS.
Input One or more pairs of Gfsand Ids values.

Output Model valuesKP, RS, W, VT, L.

Equations beta = KPWI/L
t1 = (2.Idsbeta)V?
Gfs=t1/ (1+RStl)

Guiddines Use datafrom the Gfsvs. Id curves. If unavailable, use typical
values from the specification tables. Use data points from the highest
current values to get the most accurate value of RS.

Title Static drain-source on resistance vs. Drain current
Purpose  This screen estimates RD from the Ron vs. Id curves.
Input One or more pairs of Ron and Id values.

Conditions The value of Vgs.
Output Model value for RD.
Equations beta = KPWI/L
vgst =Vgs-VTO - Id-RS
vds = vgst - (vgst>-2.|d/beta) ¥
RON = RD + RS + 1/(beta(vgst - vds))
Guidelines Use datafrom the Ron vs. Id curves. If unavailable, use typical
values from the tables. Use low current values for the best results.

Title Output Characteristic C